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v Preface

PREFACE

This document is a user manual for the HYDRUS-2D software package (Simitinek et
al., 1999), which simulates water flow and solute transport in two-dimensional
variably saturated media. The manual mostly relates to modelling water flow;
however, several introductory examples on solute transport are discussed in an
appendix. Over one hundred example projects are included on the accompanying CD.
Most of the example projects on the accompanying CD were prepared using
HYDRUS-2D version 2.007; hence you might encounter problems when using older
versions of the software.

This manual covers in details all aspects of modelling water flow that can be
accomplished with HYDRUS-2D. It includes step-by-step procedures for beginners,
as well as techniques and tips for advanced users. Many of the example applications
and tips were inspired by numerous questions and comments put forward by users
through the HYDRUS discussion group at www.pc-progress.cz.

This manual is organised into eight major parts:

e Introductory Examples: Includes two basic examples designed to demonstrate the
capabilities of the software for first-time users.

e Section 1: This section takes the user on a journey through all HYDRUS
windows. It covers various aspects that include starting new projects, setting up
finite element grids, assigning boundary conditions, running the model, and viewing
the results.

e Section 2: This section explains the various output files that HYDRUS produces.
It explains the meaning of the different variables involved, and provides examples
on how to manipulate the output data.

e Section 3: This section includes example projects on root water uptake.

e Section 4: This section includes 13 example applications. Examples 1-8 are
‘Vertical Plane Flow’ examples. Examples 9 and 10 are ‘Axisymmetric Vertical
Flow’ examples. Example 11 is a ‘Horizontal Plane Flow’ example. Examples 12
and 13 show extra features for advanced users.

e Section 5: This is a comprehensive section on inverse parameter estimation. It
demonstrates through numerous examples important issues such as non-uniqueness
of a solution, effects of temporal and spatial distributions of the calibration data,
effects of initial values of the optimised parameters, statistical issues, and validation
of results. This section ends with a list of recommendations on inverse modelling.

e Section 6: This section relates to trouble-shooting. We demonstrate through many
examples cases where HY DRUS may not perform as well as it should, present likely
reasons, and put forward measures for avoiding such problems.

e Appendixes: In Appendixes I to V we present theoretical backgrounds related to
soil hydraulic properties, modelling evaporation and root water uptake, the meaning
of scaling factors, and various aspects related to inverse parameter estimation.
Appendix VI presents two basic examples on modelling solute transport. Appendix
VII includes an alphabetical index of HYDRUS windows with cross-referencing to
related pages and examples in the manual. Finally, Appendix VIII includes a list of
available toolbars and their meaning.

Modelling variably saturated flow with HYDRUS-2D
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Preface

Example projects on the CD

Follow the instructions below if you want to use the ‘HYDRUS Project Manager’ to
access the example projects shipped on the CD that accompanies the manual:

Copy directory ‘HYDRUS Manual Projects’ from the CD to your local hard
drive.

In “Windows Explorer’, right click on the  Gewnl|shaing] secuis
directory and select ‘Properties’; this L] [FRVORDS el Pt
window will then appear.

Type: File Folder

Location: [:AHYDRUS Documents
UIlChCCk the ‘Read Ol’lly, bOX and hlt OK Size: 124 MB [130,421,392 bytes)

Size on disk: 129 MB (135,858,416 bytes)

Cantains 2106 Files, 115 Folders

Created: Tuesday, 12 November 2002, 3:15:48 P

Advanced... |

Altribiutes: i~ ﬂea nly
™ Hidden

[0]:8 I Cancel Apply

You will be prompted to confirm the X
attribute Changes, CheCk the lower bOX ¥ou have chosen ta make the following attribute change(s):
‘Apply changes to this folder, subfolders

unset read-only

. . . Do you want to apply this change to this Folder only, or do you want ko
and files’, and hit OK. This will allow by 10l subfalders and it a2 wel? e
HYDRUS to access the project files. { foatyhangesto il ere
= {Anply changes to this Folder, subfolders and Files
Cancel
Since these projects were x|
copied from an external RGBS
source, you will need to Name: Il"\""e”d'“
. Diescription: Prajects related to Appendizes
inform HYDRUS that the
exist 50 that ou can aCCGSyS Directory: |D:\HYDHUS Manual Projects\apendis
them fI‘OIn ‘lglroj eCt Manager’ [T Connect a directorny with projects of the HYDRUS-20 version 1.0 [16-bit)

In this example, we are setting ok | cace | Hep |
a workspace for the projects
saved in the ‘Appendix’ subdirectory (where all projects related to the
appendixes are stored). Start HYDRUS, ‘File/Project
Manager/Workspaces/New’, enter the information as shown here (in Browse,
you should provide the relevant directory path on your computer). Hit OK.
Note that ‘D:\..” here refers to the path on your hard drive.

Modelling variably saturated flow with HYDRUS-2D



Vil Preface

6. You will see that the “Workspaces’ window will now look like this.

Project Manager x|

Workspaces | Projects |

Current Workspace:  Appendix
Directary: D:AHYDRUS Manual Projects\Apendix

YDA ‘dhdefault
Direct Prablem Examples C:A\Program FileshUSSLAHydruz2D4Direct
Additional Direct Problems | C:\Program Files\ U S SLYHpdrus2D4Direct 1

-

Change | Remave | Set Az Current Cloze ”

7. Double click on the ‘Appendix’ Workspace (or select ‘Appendix’ and click
on ‘Projects’). The ‘Projects’ window should look like this (you should have 9
projects in this workspace).

Project Manager x|

‘WWorkspaces  Projects I

Current Workspace:  Appendix

Directary: DAHYDRUS Manual Projects\Apendis
MName Description Date At | &
BC Appendis |: Using Brooks and Coreymadel 12.11.02
Dr-evap Appendix V: Demontrate caliration data acquisition 2011.02
Sal-1 Appendis V1: Horizontal flow with solute tranzpart 07.0.03
Sol-Za Appendix VI: Solute ransport example 17.01.03
Sol-2b Appendis V1: Solute transpart exanmple 17.01.03
VG Appendix | Compare WG model 121102
V-2 Appendis || Compare to VG model with -2 cm AEW 12.11.02
Wogel Appendix |; Using Vogel-Cesrelova model 121102
Weight Appendis V. Show weighting concept 18.11.02

‘ Mew | Copy |Hename| Delete | Open | Close ”

8. Repeat this process 7 times, each time providing the relevant directory
structure. The final “Workspaces’ window should look like this.

Project Manager ﬂ

Workspaces | Projects |

Current \Workspace: Sectf
Directary: D:AHYDRUS Manual Projects\Sect-6

Path
ual Projects\Bpendis

Description
Projects related to Appendi:

i Direct ’ Direct Prablem Examples C:\Program Flles\LIES\HydrusED\Dlrecl

Direct] Additional Direct Problems | C:\Program Files\UJS SL\Hydrus2DMDirect]
Int-exam Introductony examples D:AHYDRUS Manual Projects\Int-exam

Sect1 Example for Section 1 D:AHYDRUS Manual Projects\Sect-1

Sect-2 Examples for Section 2 D:AHYDRUS Manual Projects\Sect-2

Sect-3 Examples for Section 3 D:AHYDRUS Manual Projects\Sect-3

Sect-4 Examples for Section 4 D:AHYDRUS Manual Projects\Sect-4

Secth Eramples for Section 5 D:AHYDRUS Manual Projects\Sect-5

Sectb Examples for Section & D:AHYDRUS Manual Projects\Sect-6

-

‘ Mew | Change | Remave | Set &g Current Close ”

Modelling variably saturated flow with HY DRUS-2D
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iX Introductory Examples

INTRODUCTORY EXAMPLES

In this introduction, we will present two water-flow examples that will cover some of
the basic features of HYDRUS-2D. The examples are meant to demonstrate the basic
capabilities of the software package and to guide first-time users.

The examples represent a 200 cm-deep soil block having two horizons (the top 30 cm
has a lower hydraulic conductivity). The soil initially has a water content of 0.1. The
water table is located far below the freely draining bottom boundary. We model 5
days of surface saturation. The simulation will provide the following information:

. Inundated .
e How the water content of the soil changes at '«— surface —»
two locations, ‘@’ an_d ‘b’ in the profile 50 K= 10 cm/day S
e Advance of wetting boundary after 1 day. cml —
e How much water infiltrated the soil profile. all Llb
e How much water drained from the soil profile. “Z20cm . 200 cm
e How much water was stored in the soil profile
during the 5-day period. K,= 25 cm/day

\2

« 100cm 0
' Free-draining '
boundary

Example 1: 1-Dimensional infiltration problem.
Example 2: 2-Dimensional infiltration problem. This example is almost identical to

the first; we convert example 1 into a 2-dimensional problem by simply changing the
width over which infiltration is applied.

1. Project ‘1D-Infil’

=10l

We will create this project step-by-step. The [l velp
final project is found on the CD (.\HYDRUS
Manual Projects\Int-exam). SN Froj=ct Manager

1 C{HYDRUSZd, .\ 1-D Infil.hzd

2 C:\HYDRUS24Y, .\ 10-Infil hzd
S‘_:art HY_DRUS_ZD : 3 CHHYDRUS2d deFaultisalt.hzd
File, Project Manager (E2) 4 1D Infil.i2d

Exit
*Note that as you move the mouse
over ‘Project Manager’, the
dynamic help appears in the

WindOW explaining What It does' I |Opens an exisking projeck or creates a new project |7

Modelling variably saturated flow with HYDRUS-2D



X Introductory Examples

This is the ‘Project Manager’ window. x|
Wnlkspanes

Select the first line ‘Default’; this is b DA

thge directory where the project _ BRTLCIS — C

will be saved. Diect Aitons Dreck bl | CAFegram FlerLS<L e Dimet

Click ‘Projects’

A new window will appear with a list
of projects saved in this workspace; if
you are trying this for the first time, | en | Chos [ Fenone | S o ||
this workspace will be empty. We will
now create a new project in this workspace.

[«

In the *Projects’ window, select ‘New’ x|

Froject Mame and Description

Name: |1 DIl

Dezcription: |I Dirnenzianal Infiltration

Enter the details as shown here.
Select OK.

Directory: ID:\HYDHUS DOCUMENTS Projects for COMRtro Erowse |

ak. I Cancel | Help I

EdHydrus2D - 1-D Infil =10l

File Wiew Pre-processing Calculation  Posk-processing  Window  Help

D|s|m|e| &w|w|s(w| &s(m| 2[x[ol

This window will appear.

This is the main HYDRUS W own =0l x|
- . Pre-processing FPost-processing |
window, through which you M/ Main Processes I
can access all available eomelyy Infornatin I
funCtlonalltleS in the / Print Infarrmation :
1 [T “Water Flaws - Tteration Criteria
SOftware Alternatlvely’ you [T777 Water Flow - Soil Hydraulic Madel 1
can access them a|SO from =I Water Flow - Sail Hydraulic Parameters I
Geometry and FEM Mesh Editar 1
the menu. —————p T e h
INPUT OUTPUT
|F0r Help, press F1 I_WI_ i
The easiest way to set a new project is to x
go Step-by-Step throth the Pre- Heading: |1-Dimensi0nalInfiltration problem
Processing section shown above. _
Simulate
[V ‘water Flow [ Heat Transport Cancel
A A [~ Solute Transport [~ Boot 'water Liptake TIDI
Double-Click “Main Processes’ =
A . [ Irverse Solution 7 R@ﬁ
Enter the Heading section and check the Mot |
box Water Flow.
Next....

Modelling variably saturated flow with HYDRUS-2D
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Introductory Examples

Enter the information as shown here:

e We are using centimetres
for length units.

We are modelling flow in a
vertical plane.

We are using a basic
rectangular geometry.

We have 2 materials.

We want 2 mass balance

regions (more relevant to next example).

Enter the information as shown
here:
e We are using days for time
units.

The simulation length is 5
days.
The remaining numbers relate
to the numerical time-stepping
scheme; they are explained in
Section 1.1.3.

Enter 10 for number of print times —» ynber of Prine Times: [10

Click “Select Print Times’

x
— Length Unitz — Tupe of Flow
oK
© mm " Harizontal Plane _
C |
& cm & Yerlical Plane il
m  Awizymmetiical Vertical Flow &I
— Geometry Type —Soil Profile R@Q
'_ |2 Mumber of Matenals [Heterogeneity] Mest . |
" General |2 MNurnber of Layers [Mazs Balances] Presious ... |
Next....
Time Information x|
— Time Unitzs—— — Time Digcretization
€ Seconds | | ital Time [0
 Wingtes | | Einal Time [5 Cancel |
Iritial Time Step f0.001
" Hours iy _ ﬂl
timirnurn Tirme Step |0.0001
' Daps b amimum Time Step |1

r— Boundary Conditions

[ TimeYariable Boundary Conditions

IU Mumber of Time-ariable Boundary Becords

1=
[
=

]

Previous ...

Print Information

Print Dptions

v T-Level Information
¥ Screen Output

v Print Elu=es

Next....

£

. Cancel Jl
Help |

@
et |

Select “Print Times’, in this
case click ‘Default’ for uniform
spacing of print times
(5/10=0.5 day).

o Select Print Times |
L

Previous ... |

x
1. | 2z | 3 | 4 | 5

Print Times 05 1 15 2 25
| | »
(] | Cancell

OK....Next....
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Introductory Examples

Leave all default values in this
window except ‘Initial
Conditions’.

Details on the remaining
parameters are found in Section
1.1.5.

Check the radio button “In the
Water Content” as shown here.
This means that our initial
conditions will be interpreted as
water contents rather than
pressure heads.

Iteration Criteria

r— Iteration Criteria
20

taximum Mumber of lterations

0.0001 W ater Content Tolerance

i

a1 Pressure Head Tolerance

Cancel

i

Help

— Time Step Caontral

(5%}

Lower Optimal lteration B ange

=1

111

Upper Optimal lteration R ange
1.3
or

Lower Time Step Multiplication Factor

Upper Time Step Multiplication Eactor

Previous ..

i

— Internal Interpolation T able:
1e-006

10000

i

Lower Limit of the Tension Interval

Upper Limit of the Tension [nterval

Imitial Condition

' In the Pressure Head
@ |ny the Water Content

Leave the default model as shown

here.

We use the van Genuchten-Mualem
model to describe the soil hydraulic

properties.

Soil Hydraulic Model

— Huydraulic Model
¥ van Genuchten - Mualem
[ with &ir-Enty Value of -2 cm
" Modified van Genuchten
" Brooks-Corey
! Kosugillog-namall

) Look-up Tables

) Dual-porosity [van Genuchten - kualem]

— Hysteresis
¥ Mo Hysteresis

"~ Hysteresis in Retention Curve

) [mitially Drying Curve
! [nitially wetting Curve

" Hysteresis in Fletention Curve and Conductivit

Nest ... |
Previous .. |

Next....
:
Enter the following =~ eSS =
t tenti ar [ 0s | Alpha [ n | Ks [ 1
water retention 1 0078 043 0.038 158 10 05
parameters_ Note that 2 0.078 0.43 0.036 1.56 25 05
the row number here
refers to the material
number (two
materials in our case).
Soil Catalag I 'I Meural Netwark Prediction | [ Iemperature Dependence
Cancel | Help | R@h Mext ... Previous ...
Next....
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Introductory Examples

Enter the values as shown here.

x|

. . . — Rectangular Dimenzions
e Horizontal rectangular dimension Hatzontal Rectanguiar Dimersion: [0
(Wldth) _IS 100 cm. B . Wertical Rectangular Dimension: IEDD ﬂl
e Vertical rectangular dimension Sloge of the Base O Heb |
(depth) is 200 cm. — ——

R R . — Boundar Dizcretization R@a

e We chose to split (discretize) the Mubor of Vorical Caltmne T—

H 1 - Mext ...
width into 11 columns (10 cells). Nunber o HoregnalCokns: 71— Ll
e We chose to split (discretize) the _Erovious |
depth into 21 columns (20 cells or
elements).

Next....
i
Accept the defaUIt Uniform Haorizontal Discretization:
grid shown in this window. 1 | 2 | 3 | 4 [ 5 | 6
x-coord 0 @ 20 30 40 &0 ﬂl
. . . . dz 0 0 0 0 0 0 Help
The discretization resulted in [« | v
a unIfOI‘m 1O-Cm Square g”d Wertical Dizcretization: z-coord | & R@‘O
system. 1 200( et . |
Fiegenerate YWertical Coordinates 2 190 -
Density at the Top: |1— i Eg —IEIBWDUS
Density at the Bottom: I'I j 160
6 180
Begenerate Coordinates | 7 140
8 130
9 120
10 10| =

HYDRUS-2D guide

Do paow want bo specity or edit boundan conditionz and domain properties ?

: Cancel |

q@ et | Previous

Next....

X

OK....
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Assign Water Flow Boundary Conditions SRS —
PP File Edit Wiew Condition Options Help
(N) " Boundary conditions

‘wiater Flow
We will assign a Constant Pressure A,LL

B|S|E|E| [~ =
-]

boundary conditions (BC) to the surface Const Flus

H W ‘ar Pressure
nodes and a Free Drainage BC to the lower B Va |
HOdES — P B Free Drainage

[ieep Drainage
B Seepage Face

Click the Const. Pressure button, and notice ——
. — Edit Condition
the change in the cursor.

Make selection
Select
rselect
Wnselect Al

Left-click and drag the cursor over the top

nodes, and then left-click again to end. The Edi selection
- - - R .
following window will apear. —ee | < -
Ready ... For Help, press FL | n=222518 |Y= 2

Enter the value 0.43, which corresponds

to saturated water content conditions. X
Although the window prompts for

constant pressure, remember that we Lonstant pressure head value: |'143

opted to enter initial conditions as ‘In o ,

the Water Content”. [ Equilibrium fram the lowest located nodal point

Click OK Default | ok, I Cancel

Click on Free Drainage, and repeat the same for the lower nodes. There is no value
associated with this BC.

Hydrus2D - 1-D Infil: Boundary Cond o [m] 5|
File Edit Wew Condition Options Help
. . .. . [ Domandefiion S| H|E| == |m =g |4 |-
Assign Material Distribution: Moo Dision __
Quantity
Condition, Material Distribution (&=) 2%%%
VAT
. . . A vave
Click Select (from sidebar), the cursor will G
change. A adavd
v
2252
Left-click slightly to the left of the first column 9%%%
and above the fourth row and drag below e IR G At
Unzelect ﬂﬁﬁﬁ
the bottom row and last column to select all T ]
nOdeS beIOW rOW 3 Edit selection 1117171
—w Set Value I

|Far Help, press F1 [k=174.40¢ |v= 6. 4

Click Set Value (sidebar buttons)

A window will appear, enter number 2. This means that all selected nodes below the
third row are assigned material number 2 (which corresponds to the row numbers in
the window “Water Flow Parameters’). The top 3 rows default to material number 1.

Modelling variably saturated flow with HYDRUS-2D
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Assign Initial Conditions:

Conditions/Initial Conditions (%)
Pressure Head/Water Content

Water Flow Initial Condition x|
Top W ater Content Walue: ID-1

Click Select (sidebar button as done previously in
Material Distribution).

' Same value fior all nodes

Select all nodes from row 2 right down to the
bottom boundary. Note that we exclude the first " Linear distribution with depth
row because it is a constant head BC and its
value has already been prescribed.

Cancel |

Click Set Value (sidebar button), and this
window will appear. Check ‘Same value for all
nodes’, and enter the initial water content 0.1

Assign Subregions:

Condition/Subregions (&) sets the number of mass balance
regions. Remember that we earlier decided on 2 in the “Geometry
Information” window.

Click Select (sidebar button); select the nodes as shown here.

Click Set Value (sidebar button); enter the number 2 meaning that
the right-hand side rectangle will be subregion 2.

Assign Observation Nodes:

Condition/Observation Nodes (E=)

Click Insert (sidebar buttons); cursor changes to open square.

Select the nodes as shown here.

Note: If you fail to enter the right number of materials or subregions then a warning
will be issued in this window and you will be requested to do so.

Click the save button, or File/Close, and you will be prompted to save.

Modelling variably saturated flow with HYDRUS-2D
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Running the simulation

Click, Calculation, Run HYDRUS-2D (). . - =
CliCk OK tO run. Do you want ta run the HYDRUS2 application ?

When Screen Output is checked in the “Print
Information” window, the results will be
dynamically displayed as the simulation proceeds.

Cancel | R@Q HHext | FPrevious |

For our current problem, this DOS window provides the following information:

= |Hydrus-2D Calculation: 1-D Infil =101 =l

Code for simulating two—dimensional variabhly | ;I

saturated water flow, heat transport, and i

transport of solutes involved in sequential J
first—order decay reactions

version 2.8

Last modified: April. 1999

H-Dimensional Infiltration problem 4— H H—1 H
Uer;ical p&arie f%ow, U = L=L Headlng In Maln
reading nodal information -
reading element information PI‘OCESSES' WlndOW
reading geometric infopmation
reading material information
generating materials
preading time information
heginning of numerical solution
Time ItW ItCum vConstBC CumConst vBeep hConst hSeep
.giga 7 ?  —.978E+B4 -.97BE+@2 -BARE +AA a. a.
.aiv7a 5 12 —.5B6E+B4 -.139E+@3 -BARE +BA a. a. ;I

Column 1 Time

Column 2 Number of iterations at each time step

Column 3 Cumulative number of iterations

Column 4 Constant head/saturation BC flux

Column 5 Cumulative volume for constant head/saturation/flux BC. Flux across
boundary with prescribed constant head/saturation/flux BC

Column 6 Flux across seepage face (not assigned in this example)

Column 7 Average pressure head at constant head/saturation BC

Column 8 Average pressure head at seepage face (not assigned in this example)

At the end of the simulation, hit the Enter keyboard button to return to the HYDRUS
window (you can always hit the Enter button before the simulation ends).

Display the results in the Post-processing window

e How the water content of the soil changes with time at two locations (observation
nodes) ‘1’ and ‘2’ in the profile (on the previous page).

In Post-processing part (right side of the HYDRUS main window), double-click on
Observation Points

Modelling variably saturated flow with HYDRUS-2D
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In Vertical Variable list box, choose Water
Content and this figure will show.

Notice that the two observation points
produced identical results. Although this
problem is run as a 2-dimensional domain, it is
basically a 1-dimensional problem. That is,
results are the same at any point along a
horizontal line across the domain.

Click Close.
[ ]

Advance of wetting boundary after 1 day

Double-click on Graphical Display of Results (ll])

On the sidebar buttons, scroll the Time-value bar t

Quantity/Water Content

Options/Grid Settings (%), enter the values as
shown.

Click OK.

x
Harizantal Y ariable: I Time d
P Vertal Varictle: [ - |

Introductory Examples

Observation Nodes: Water Content

1_D Graph/Cross Section (I])

Select a node on the upper boundary (anywhere
since results do not vary horizontally), move
the mouse vertically and click on the lower
boundary. This graph showing the water
content profile after 1 day will appear (notice
the shape of the wetting front).

Click OK.

0.15 4
0.10 t t t t i
u] 1 2 3 4 5
Tirme [days]
Drefault Print Previous | Hext | Cloze I
0 1 (day).
x
— Option oK I
¥ Snap to Grid
Cancel |
— Origir Spacing Help |
% [o width, |10
Default
s ID Height: |1D 4'
oGraph x

Water Content

Water Content

0 20 40 B0 &0 100 120 140 7160 180 200
Length

E xport Export &l Import

File/Close; Return to the main Hydrus-2D
module.
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XViii Introductory Examples

e How much water infiltrated into the profile?

Double-click on Cumulative Water Boundary X
FlUXES. Horizontal atiable:  [Time =
For the Vertical Variable, select Constant B
Bou ndarv F|UX. Cumulative Constant Boundary Flux
Notice that fluxes into the transport domain are 0
negative. om0 1
g 2000 +
é -3000 +
5 -4000 +
-5000 T+
-6000 +
1] 1 2 3 4 5
Time [days]

Default PErint P_leviausl Mest | Close I

Right-click on the chart
Select Edit Chart Data

=lo/x]

Edit Insert Delete
Scroll down until C1 reads 5, which is [0 [ @ ] 4
the final time (5 days). The volume of i s Cares |
water that has infiltrated from the R665 asess | 5150 sorly_|
constant-head boundary (soil surface) is poss sy | o oo |
5190 cm? (cm®/cm); the negative sign e
indicates water entering the domain. R669 5 5190

-
Click OK (leave the Cumulative Water - Giid Sizes
- Bows:  |6E9 Fiows Labels: 1

Boundary Fluxes dialog open). Cotuns " Cotam Lo [——

e How much water drained from the profile? —— -

Werlical Variable:

Cum. Free/Deep Drainage Boundary Flux

As Vertical Variable, select Free or Deep Drainage 000008
Boundary Flux 0.00007
= 0.00006 -+
. . i £ 0.00005 -
This window shows that drainage from the lower 2 00004 |
boundary is almost zero. § o]
Notice that fluxes out of the transport domain are 0.0t |
positive. S B R
Tirme [days]

Click Close.

Defaul Pint Pivious | He | Cose |
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XiX Introductory Examples

e How much water was stored in the profile.

HYDRUS keeps track of the x|

mass balance and pr0V|deS 1-Dimensional Infiltration problem -
results at print times. Dare: 2811, Timer 1s:z3:as
Time independent boundary conditions

Vercical plane flow, ¥ = L*L
Units: L=cu , T = days , ¥ = mmol

Double-click on Mass Balance | ... ., S—
Information. . 2

ALreg L] OOE40E5 -100E+405 _100E+405

volume (7] _z17E+04| . 102E404 . 108E404

- InFlow [V/T1 - 000E+00 -0O00E+400 -0O00E+00

We are |00k|ng here at the hMean  [L] —.383E+04 —3826.4 -3826.4
1 .5000 1 2

total maSS balance’ that IS’ for Area vl _Z00E+405 -100E+405 -100E+405

H Vol 1% (ZIEE+04 . 148E04 . 147E404

the whole region regardless of | %ai W

- hMean [L] -.31ZE+04 —-3108.3 —-3126.9
regions. =
subregions N _lJ

At time 0, Volume = .217E+4 (volume of water stored in the soil)

x
hMean [L] -_103E+04 -1017_8& —-104Z7_ & ;I
- - WatBalT [V] -.127E+01
Scroll down to the final time, WatDalk (4]
h h 4. 8000 1 4
as S Own ere' Area (vl -ZO0E+0E -100E+0E .100E+0&
Vo lume (vl _BBARE+04 _343E+04 . 343E+04
InFlow [V/T] - 973E+03 .483E4+03 .430E+03
hMfean [L] -.7Z1E+03 -717.3 -7E5.1
WatBalT [V] -.14ZE+01
- WatBall [%] .0z0
At time 5, Volume = .735E+4 ) .
o000
Area It _ZO0NE+0S5 _100E+05 _100E+05
Volume [V] .7353+04| .363E+04 .367E+04
InFlow [V/T] - 97IE+03 .490E403 .490E+03
hMean [L] -.4Z3E+03 -416. 9 -440.9
WatBalT (V] -.1lE0E+01
WatBall (%] .02l
-
El »

Therefore, the change in storage=7350-2170=5180 (gain, increase in storage).

This value is very close to the cumulative infiltration (5190). The difference is the
error in the mass balance (remember that free drainage is almost zero).

Modelling variably saturated flow with HYDRUS-2D



XX

2. Project ‘2D-Infil’

Introductory Examples

This project is found on the CD (.\HYDRUS Manual Projects\Int-exam)

Project Manager (E5)
Select Project ‘1D-Infil’
Copy

Enter the name as shown
OK

Open

This will create an identical copy
of the previous project.

Double click on Boundary Condition Editor (&)

Copy Project E|

Copy Directary

Capy: 1D-Infil
WNew Mame: 2Dl

Description: |2 Dimenzional infiltration

1] 4 | Cancel Help

Select No Flux, from the sidebar buttons

Left-click and drag over the right hand surface nodes as shown

here.
Left-click again to end.

Conditions/Initial Conditions/
Pressure Head/Water Content
Click Select

Select the same surface nodes (shown in figure here) to change the
initial condition from 0.43 (specified here as a boundary condition for the previous

run)
Set the initial water content to 0.1

Save the changes; a warning will appear that the existing output files will be deleted,

click OK.

Calculation/Run HYDRUS-2D/OK (&)

View results:

e How the water content of the soil
changes at two locations ‘a’ and ‘b’ in the

profile

In Post-processing, double-click on

Observation Points.

As Vertical Variable, choose Water Content.

Observation Nodes

X

Horizontal Y ariable: |Time

L

Wertical W ariable: ' ater Cantent

Observation Nodes: Water Content

045 +
0.40 +

We see here that the response is now
different for the two observation points. The
problem is not 1-dimensional any more.

Time [days]

Default | Frint |

F'[evious| Mest | Lloze |
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Introductory Examples

e Advance of wetting boundary

Double-click on Graphical Display of Results

(WD)

On the sidebar buttons, slide the Time-value

scroll bar to 1 (day).

Quantity/Water Content

2-D Graph/Spectrum +Isoline (i)

The figure here shows that the wetting boundary advances in a 2-dimensional manner.

e How much water infiltrated the profile?

Repeat the same procedure as before to access the cumulative constant boundary flux;
it is equal to 3000 cm? (much less than before).

e How much water drained from the profile?

Free drainage is still close to
zero.

File/Close - Close the
Graphics module

e How much water was
stored in the profile during
the 5-day period?

Click on Mass Balance
Information

At time 0

Mass Balance Information

Sub-region number ...

1
_100E+0E

. 103E+04
- 000E+00
-28E6.4

z
LLOOE40E

1
- 100E+05
-146E+04
-4ZEE+02
-3148.9

Welcone tao HYDRUS-ZD
Program HYDRUSZ
Date: Z3.11. Time: Z0:27:55
Time independent boundary conditions
Vertical plane flow, W = L*L
Units: L =em , T = days , M = mmol
Time [T] Total

.oooo
Area_ _(_ _ _ § _ . zooEios
I¥olume ~ 7] Z03E+04
InFlow [W/T] O000E+00
hMean [L] —.237E+04

_Eooo
Area [¥] - Z00DE+05
Volume [V] -Z56E+04
InFlow [V/T] - EE7E+02
hMean [L] —.34ZE+04

-100E+05
.110E+04
-14ZE+032

-3688.7

|

| £

Total volume =1080+1010=2090 cm? (sum for the two regions).

Notice that the initial volume in region 1 is slightly higher because the surface

constant head BC nodes were saturated.
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Introductory Examples

At time =5 days

Total volume
=3000+2080=5090 cm?

Notice that region 1 (below
the constant head BC)
contains more water.

The increase in storage during the 5-day period=5090-2090=3000 cm? (equal to the

Mass Balance Information

hMean [L] -.193E+04 -l586.0 —-E£306.4
WatBalT [V] -.110E+01
WatBalRk [%] 045

4. 5000 1 4
Area [v] .Z00E+05 -100E+05 -100E+05
Volune vl .481E+04 .Z86E+04 .195E+04
InFlow [W/T] .EE1lE+03 .E94E+03 .EZ67E+03
hMean [L] -.174E+04 -126E5.3 -Z1l10.1
WatBalT [V] -.1Z0E+01
WatBal® [%] -044

5.0000 1 Z
Area _ AVL _ _ _ |- .zoomros Y| aoosios || roomios
rVolume [V] S09E+04 300E+04 Z08E+04
TeFlew oA T 7| T TEélevos [| Eferros | Earror
hMean [L] -_1E55E+04 -11380.%3 —19Z23.4
WatBalT [V] -.122E+01
WatBalRk [%] 043

&l X

constant head BC cumulative flux).
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Section 1: HYDRUS Windows

1. AJOURNEY THROUGH HYDRUS WINDOWS

Opening Existing HYDRUS Projects

File/Open:

This window will appear. The file type
that HYDRUS looks for has the extension
“h2d”. Each project has such a file that is
located in its parent directory. In the
window shown here, directory
“MeshGen” contains three projects,
Mesh-1, 2, and 3. Notice that there are
three “*.h2d” files that have names
identical to the directories where the
projects are stored (the directory name is

Loak, jn: |lf} MeshGen ﬂ - ok B
[ZIMesh-1

[ZIMesh-2

) Mesh-3

RE=m

ﬂMesh-Z

ﬂMesh-S

Flomars Mot
Files of type: |Fi|etype Hypdrus2D (" h2d) j Cancel

identical to the project name). The *.h2d file is not project-specific, that is, it does not
relate to the contents of the project in any way. Hence, it is merely a project name file.
It is possible to copy this file, re-name, and then use it with another project.

Alternatively, and much easier, a project can be opened directly from the Project

Manager.

Project Manager

Workspaces:

Workspaces refer to directories that contain HYDRUS projects. Each workspace is
characterized by its name, brief description and path. The window here shows the
default workspaces that contain the project examples shipped with the software.

Project Manager. rg|
e e
Current ‘Warkspace: Inwverse
Directorny cAHYDRUS2d4N nverse
Mame Diescription Path -~
Direct Direct Problem Exarmples cAHYDRUS 2d\Direct
Directl Additional Direct Problemns | cAHYDRUS 2d4Direct
Inverse Problem Examples | c\HYDEUS 2d\ mverse
w
New | Change | Remove | Set Az Current Claze
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1.2 Section 1: HYDRUS Windows

New: Will set a new workspace.
Enter a name, provide a
description, and browse to specify
a path.

New Workspace E|
“Workspace Attibutes

Mame: MeshGen

Description: |Proiecls demonstrating the use of MeshGen

Directany: |C:AHydrus manualvwindows\teshGen

Change: Select an existing

workspace and click “change”. A
similar window will then appear, 0K Cancel
which allows changes to be made
to the details of the selected workspace.

[ Connect a directory with projects of the HYDRUS-20 version 1.0 [16-bit)

Help

Remove: Will remove a workspace from the list (will not delete existing projects).

Set as current: Select the workspace that you will work in. The projects in this
workspace will appear whenever you open Project Manager.

Projects:

Projects refer to a particular HYDRUS run. Its input and output files are stored in one
subdirectory. A project is characterized by its name (up to 8 characters) and a brief
description. Select a workspace, then click on the Projects button on top of the Project
Manager Window.

New: Creates a new project (e X
‘workspaces
@pY' Coples prOJ eCtS' YOU Current ‘Waorkspace: Direct]
Should provide a new name Directony: c:\HYDRUS2d\Direct]
1 1 M ame Diescription Date Altr |4~
for the Copled prOJ eCt' Capbarl Example of a capilan barrier, fine mesh 03.11.01
Caphar? Complex capillary barrier 0311.01
Daml Flows under a dam - steady state satuiated water flow 03.11.01
. Damz Flow under a dam - steady-state sat. water flow, solute transport | 03.11.01
m' Change any Of the Dike Flow and transport through a dike with a seepage face, root uptal | 03.11.01
: : . : Drainage Simplified description of horizontal drain 0311.01
detalls Of the prO_] eCt9 hke lts Drip Drip irrigation, water flow and solute tanspart 03.11.01
. . Fluzinf Flu infiltration followed by redistribution - Hysteresis, Heterogenei | 03.11.01
name or descrlptlon- Object Saturated flow araund an underground object 03.11.01
Parabola Flow around parabolical object 03.11.01
Plurmel Plurme movement from a landfil - water flovs tharugh transect 03.11.01
. . Plume2 Plurne movement from a landfil - water flow from surface sowce | 03.11.01
RemOVe: ThlS Optlon deletes Plume3 Plurne mavement - solute transport from surface source 0311.0
. e e . . Plumed Plume movemnent from a landfil to a river - solute transport 03.11.01
prOJ eCtS; 1t 1S lrreverslble River Joke - Example of FE mesh, Tejo Estuary, Brazl, Narvealistic sim. | 03.11.01 v
nd hence gi
a d e ce g ves you a Mew | Copy | Rename | Drelete | Open | Close
warning.

Open: Select a project from the list and click “open” to work on that project.
Alternatively, projects may be opened also by double-clicking on its name or
description.

We recommend that project manipulations be carried out within the Project Manager
rather than using Windows Explorer or the File/Open command.
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1.3 Section 1: HYDRUS Windows

Start New Project
Click the “New Project Icon” (L), or go to =lnix
File/Project Manager/Projects/New —» D|SE(E] &lv|w]s|m| 2E(T| 2o

New project

e Enter the project name (use up to 8 characters;
longer names are possible, but then projects cannot
be manipulated using Project Manager).

[Creates anew project | I

X
° . . . Project Name and Description
Enter a brief description. -
e Specify a directory where the project is to be e :HTS:E:USM; : .
SaVed. 0K I Cancel | Help |

1.1 Pre-Processing

e For a new project, we recommend that you go sequentially through the windows.
Start by double clicking on “Main Processes” (or @), and then click button “next” to
go to subsequent windows.

e If changes are to be made to an existing project, you can go directly to the relevant
window.

1.1.1 Main Processes

e Heading: Type a heading that you want to

appear in the output files.

e Simulate: Specify the scope of your problem. T IsoluicTrampon T Bokater Uptoke
You can simulate water flow, solute transport, root &,
water uptake, heat transport, or any combination of _ew |

these processes. The number of options (or
windows) available under “pre-processing” will depend upon the options that you
select in this window. Deselecting any of these options in existing projects causes you
to lose all data relevant to the unchecked option.

e Inverse Solution: For normal simulations or “forward problems”, you provide the
known input parameters and HYDRUS will run once through the specified time
duration. However, under the “inverse solution” option, HY DRUS will compare the
simulation results with observed experimental data (that you provide), and then re-run
the model a number of times (the number depends on how correct the initial input
parameters were) with a new set of parameters until a close fit to the observed
experimental data is obtained. This process is alternatively referred to as “Model
calibration”, or “Inverse parameter estimation”. Refer to Section 5 and Appendix V
for more details.

e Note that unchecking all boxes will result in a steady-state analysis of water flow
for specified boundary conditions.

Click next....
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1.1.2 Geometry Information
e Length Units: Selects the length
units. You have to be consistent
throughout the project. We will be
using mostly “cm” throughout this
document. Note that any later change in
units will lead to conversion of the
entire input data set to new units. We
do not recommend this action without

Section 1: HYDRUS Windows

Geometry Information
i Length Units i Type of Flos

= mm " Haiizontal Plane

Ci |

& cm & Yertical Plane il

im  Asisymmetrical Vertical Flow &I
— Geometry Typ — Soil Prafil ‘1@“

= Rectangular |1_ MNumber of M aterials [Heterogeneity] Mext ..

1+ General I‘I_ Mumber of Layers [Mass Balances) Previous ..

additional checking of consistency of input data.

Geometry Type: The “Rectangular” option defines a simple structured finite

element mesh. The “General” option, which requires the MESHGEN2D interface, can
handle more complex geometries (see Figure 1.1).

Rectangular

General

SRXK]

PREOCERSE]
RESOOSAAKT

ORISR

W\
VLTAVAVAVAVAT ¢
AvAX#ng i )

i N
vaV) VY VAVAV >
RTINS

R EROORISS AR
EACRREONy R
DOIRERRA RS

VYA S OAV SRLK
XEALK AN oA
VAV TV = N s pavay
QR R RN
‘eﬂlﬁmmnﬂmhuvﬂb‘

e i

NP, <A
TS S A
CRIRES

Figure 1.1: Rectangular and General meshes

Type of Flow:

Section “A”
Y-axis, invisible in 2- ‘—l
D pro%l\ems
Infinite soil block I—I
X-axis in Sections “A” and “B” are identical
HYDRUS

e Vertical Flow models an infinite

soil block in the y-direction as
demonstrated in Figure 1.2a.

\
Z-axis in HYDRUS;

represents soil depth

Section “B”

Figure 1.2a: 2-Dimensional vertical plane flow

e Axisymmetric Flow considers

radially finite, 3-dimensional
geometry as shown in Figure 1.2b
where the modelled 2-D plane
represents a 3-D cylindrical shape.

R

> X-Axis in
HYDRUS

Z-Axis in HYDRUS
represents depth

Figure 1.2b: 3-Dimensional axisymmetric flow
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e Horizontal Flow is modelled in the x-y plane that ignores the effect of gravity (see
x-y plane in Figure 1.2a). Refer to example 4.11.

Soil Profile:

e Number of Materials: You can introduce heterogeneity by selecting more than one
material. You’ll be prompted later to enter several sets of soil hydraulic or other
parameters, equal to the material number you enter here. In addition, you’ll have to
define where these materials are located within the domain (in the “Boundary
Conditions Editor”).

e Number of Layers (mass balance sub-regions) does not affect the solution but
provides more detailed mass balance calculations relevant to particular regions of
interest that you will need to specify later. If you leave the default value of 1,
HYDRUS will provide at each print time the mass balance calculation only for the
entire domain.

For example, in a two-dimensional drainage problem you might like to know how the
block next to the drain is draining compared to another part in the domain that is away
from the drain.

Under the section “Boundary conditions”, you’ll have to define later a number of sub-
regions equal to the number of mass balance layers that you entered in this window.
If you define a different number of sub-regions, a warning will be issued and you will
be requested to enter the correct number.

Click next....

1.1.3 Time Information

o Time Units: Select the time unit. You have to IS
be consistent throughout the project. HY DRUS € econds | | e Tine
re-adjusts all time-related variables if the unit C e || EvalTne = G |
R . S Inifal TimeStep [0 o
system is changed after setting the model. :
Mest I

Mirimum Time Gtep  [0.001
@ Daps Magximum Time Step [5

e Time Discretization: Enter initial and final RS
times. Initial time is usually zero, except for more ';T,—VN']‘E:'TNVmHEMBd
advanced applications when re-starting existing
runs (see Section 4.1).

Selection of the initial time step relates to the numerical solution, which is a self-
adjusting time marching scheme. This is the initial time step that HYDRUS adopts at
the beginning of the solution and whenever boundary conditions change significantly.
As the iterative numerical solution finds it more difficult to converge, the time step is
automatically reduced. However, a limit is introduced on how small the time step is
allowed to become. This limit is the minimum time step. We recommend allowing the
minimum time step to be on the order of 1 s.

On the other hand, if the solution is converging fast, the time step is increased. The
maximum time step is a limit on how large the time step can become.

More details on the time marching scheme are provided in Section 1.1.5 and Chart
1.1.
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e Time-Variable Boundary Condition allows a user to include atmospheric data
such as precipitation and evaporation, plant transpiration, and time variable BCs such
as pressure heads and/or fluxes; the relevant data is input as a time-series. Once this
option is selected, the box ‘Number of Time-Variable Boundary Records’ will be
activated and prompt the user to enter an integer >1.

For example, when simulating a constant evaporation rate of 2 mm/day for 100 days,
the number of time-variable boundary records is 1, which indicates that 1 constant
evaporation rate is being simulated. However, when using variable daily weather data,
the number of time-variable boundary records is 100; you should later then provide a
time series that comprises 100 evaporation rates, one for each day being simulated
(there will be a table having 100 empty lines under “Variable Boundary Conditions”,
which should be filled with the evaporation data).

Click next....

1.1.4 Print Information
Print Information

e Time Level Information: If this option is x|
checked, then detailed results of fluxes, pressure Print Optians
heads, and other variables are printed at each time % TALevel Information
step. This may lead in some cases to enormous F Scieen Qutput Carize |
output files, especially if the simulation time is ' Print Eluses Hep |
long or the solution is not converging (time steps q@\s
can become very small and HYDRUS writes to Numbes of Pint Times:  [10 e |
output files at the end of each time step). In such Select P Tes | o |
cases, the information provided might be =

redundant and may unnecessarily increase the run time. Manipulating extremely large
output data sets may become problematic, and hence it may be advantageous to turn
this option off if there is no real need for the transient data; in that case the
information will be provided at prescribed print times only, which could be increased
to provide the necessary details.

e Screen Output: This option decides whether or not results are dynamically shown
on the computer screen during a simulation. We recommend to always use this option,
especially for new projects so as to monitor their progress. It is, however,
recommended to uncheck this option for “inverse solution”.

e Print Fluxes: If this box is unchecked, nodal fluxes will not be printed, that is, in
the “Graphical Display of Results”, velocities will not be available. In ‘Convert
Output to ASCII, the 4™ option “Velocities’ will not be available (the ‘V.OUT’ file
will be empty).

e Print times: These are prescribed times at which detailed run information is
printed to the output files, such as fluxes, pressure heads, water contents, and
concentrations. The data provided at print times could be of particular significance in
many ways:
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1. They provide a full suite of results at specified transient times. Information in
the following output files is only provided at print times: ‘h.out’, ‘th.out’, ‘v.out’,
‘concx.out’, ‘sorbx.out’, ‘temp.out’, ‘boundary.out’, and ‘balance.out’.

2. They are used for animating the simulation, that is, the more print times the
smoother the animation.

3. If T-level information is turned off, you will get fluxes only at the print times.

Number of Print Times: Specify the number of print times (250 maximum in the
Graphical Interface; for a higher number see Section 4.12).

Select Print Times: The default option will provide equally spaced print times, that is,
run time divided by the number of print times. You can enter times manually provided
they are listed sequentially and are less or equal to the total run time. It is useful to
choose the default option and then to manually change some of the default times. The
interval between print times cannot be less than the minimum allowed time step.
An optimal distribution of the print times generally depends upon the type of problem.
Figure 1.3 holds for a high-conductivity soil (loamy sand, K¢,=350 cm/day) that is
freely draining for 10 days. Most of the drainage takes place during the first half day
of the simulation. To get a good animation, and to obtain useful nodal fluxes during
the early drainage period, you must have most print times during this period
(uniformly distributed default print times will then be less useful). If you prefer a
large number of print times (50 or 100), it would be very tedious to enter these
manually. It is then a good idea to prepare them first in a spreadsheet in one row
(make sure the number is identical to that specified under ‘number of print times’),
copy the row, then click on ‘Select Print Times’ in
HYDRUS, select the first cell, and use “Ctrl _V” to paste the ® Whenever you
print times. We include the spreadsheet “Print times.xI|s”, change run time
which has templates for 10 to 250 print times. You then (especially ”: you

. - . . shorten it), don’t forget
qnly need to pr0V1'de the total run time. The resulting print to change print times
times vary according to a power function where the user
specifies the power (positive or negative; 0 results in uniformly-spaced times). Copy
the results and paste into HYDRUS.

Free or Deep Drainage Boundary Flux

140000 +
120000 +
100000 +
80000

60000 ~

Flux [cm2/days]

40000 -

20000 +

0

o 1 2 3 4 5 6 7 8 9 10
Time [days]

Figure 1.3: Example where closely spaced print times are required
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1.1.5 Water Flow Iteration Criteria

Iteration Criteria, Time Step Control, and Internal —*==E= o
. . . 20 Masirum Number of Iterations o I
Int.erp‘olatlo.n Tables are well described in the P W Cret e = |
built-in online HELP in HYDRUS. Part of the BT FressueHead Tokiance |
. . . . . - Time Step Contig—————————,
following description about this window was [ LowesOpimsihesionfangs &,
extracted from the HYDRUS Help. T o om o e e |
Because of the nonlinear nature of the Richards U7 Upp Tine Step Hullpicalon Esctr oo
. . .  Internal Interpolation T abl Initial Condition
equation, an iterative process must be used at [ro5s Lo Lottt oo i {ﬁ e o
each new time step. ThlS iterative pro cess [10000 | Upper Linit of the Tension Interval I the Wwater Content

continues until a satisfactory degree of convergence is obtained, i.e., until the change
in pressure head (or water content) at all nodes between two successive iterations
becomes less than a small value (i.e., the absolute pressure head (or water content)
tolerance).

e [teration Criteria

Maximum Number of Iterations: The maximum number of iterations allowed during
any time step. If the maximum number of iteration is reached without reaching a
solution, the time step is divided by 3 and the computation at the current time level
restarted.

Water Content Tolerance: Absolute water content tolerance for nodes in the
unsaturated part of the flow region. This parameter represents the maximum allowed
absolute change in the value of the water content between two successive iterations
during a particular time step.

Pressure Head Tolerance: Absolute pressure head tolerance for nodes in the saturated
part of the flow region [L]. This parameter represents the maximum allowed absolute
change in the value of the pressure head between two successive iterations during a
particular time step.

e Time step control

Refer to online Help for details about the optimal iteration range and the time step
multiplication factor. The information required in this window relates mainly to the
numerical time-marching scheme. We recommend not to change the default values
unless you are an advanced user. For more details on ‘Time Control’, refer to the
HYDRUS Technical Manual (p.48). Chart 1.1 demonstrates the time marching
scheme and explains the meaning of the various parameters in this window. Note that
for Chart 1.1:

o The indicated ‘Time Step Control’ parameters are all default values.

0 ATpin and AT,y are the minimum and maximum allowed time steps,

respectively (specified in the window “Time Information’), ATiy, is the

initial time step, and Tjy;: the initial time.

o Time discretization associated with implementing the boundary

condition (herein called T,): refers to times when the imposed BCs change

(such as variable pressure heads or flux BCs), or times when the

introduced fluxes change (such as precipitation in atmospheric BCs).

o The time discretisation associated with print times is T,.
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Iterative numerical solution starts
1* Time step (Time-level 1); Time=Tjy;
Aty = AT, T1 = Tinit + Aty
ATmin < time between any consecutive T,’s or T,’s

Solution Converging? Iterate until [=maximum

number of iterations;

’7 No — Terminate solution;
New At, =At;/3

Yes

!

Solution converges after ‘I’ iterations
Is adjustment of time step needed?

l

If I<3 then new time step At,
= At1>< 1.3

If I>7 then new time step At,
l = At1X0.3

2™ Time step (Time-level 2); T,=T+ Aty
Time step= At
Solution converges after ‘I’ iterations

!

This time increment is automatically adjusted at each time level so that it coincides with
times T, and T,

!

Is adjustment of time step needed?

l l

If I,<3 then new time If I,>7 then new time
step= At, x1.3 step= At x0.3
Time-step can only be Time-step can be
increased up to AT max reduced down to
l ATmin
|
v

Continue up to Final time

Chart 1.1: Time marching scheme in HYDRUS
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¢ Internal Interpolation Tables

At the beginning of a numerical simulation, HYDRUS generates for each soil type in
the flow domain a table of water contents, hydraulic conductivities, and specific water
capacities from the specified set of hydraulic parameters. Values of the hydraulic
properties are then computed during the iterative solution process using linear
interpolation between entries in the table. Doing so has been shown to speed up the
calculations.

Interpolation in the tables can be avoided by specifying both values equal to zero.
Then the soil hydraulic properties are always evaluated analytically directly from the
hydraulic functions, i.e., without interpolation. The soil hydraulic properties are also
evaluated directly for values of the pressure head outside of the pressure head interval.

Lower limit of the tension interval: Lower limit [L] of the tension (absolute value of
the pressure head) interval for which a table of hydraulic properties will be generated
internally for each material.

Upper limit of the tension interval: Upper limit [L] of the tension interval for which a
table of hydraulic properties will be generated internally for each material.

e Initial Conditions

Initial water flow conditions can either be described in terms of volumetric water
contents or pressure heads; they describe the state of the system prior to the
simulation. The initial conditions themselves are later set in “Boundary Conditions
Editor/Initial Conditions”. There are two options, pressure-head or water content. It is
the “Initial Condition” option here under “Iteration Criteria” that will decide whether
the initial soil conditions to be entered later are to be interpreted as water contents or
pressure heads.

The ‘Iteration Criteria’ and ‘Internal Interpolation Tables’ parameters may be changed
in cases where numerical instabilities occur because of extreme conditions; see
Section 6.4.

1.1.6 Water Flow-Soil Hydraulic Model

HYDRUS allows users to select three types of x|
models to describe the soil hydraulic properties: van [t
Genuchten (1980), Brooks and Corey (1964) and it =
. . Modified van Genuchten
modified van Genuchten type equations (Vogel and | ¢ geckesoey EE
. £~ Kosugi(log-hormal]
ClSlerOVa, 1988). o Dga\-pg:lurcl:ly [ean Genuchten - Musglern]

£ Look-up T ables

Those models describe the water retention

parameters of the soil as well as the hydraulic | lev=
. . . ysteresis In petenion Lurve

conductivity function, often referred to also as the |« e inneenion cuve and Condciiy @

. . . . . . Nest ...
constitutive relationships. They relate water content Dlitelh Do _ et |
= nitially 4 etting Eurve Previous

and hydraulic conductivity to the pressure head. A
detailed explanation of these models is found in Appendix I. For details on hysteresis,
refer to Section 4.4.

Modelling variably saturated flow with HYDRUS-2D
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1.1.7 Water Flow-Soil Hydraulic Parameters

The required input parameters ]
vary with each model. The [T "G [ Apha | 0 | Ks [
. . | 1 | o0e7 0.45 0.02 1.41 10.3 05|

meaning of the input
parameters for each of the
three models is outlined in
detail in Appendix L.
More parameters will be

. . o« . Soil Catalog | Sik Loam 'l Meural Metwork Prediction | ™ Temperaturs Dependence
required if hysteresis is o =

. Ok E Mext .. Brevious ...

modelled, see Section 4.4. If Sancy Cly Lo | “@a# B | ‘

you have directly measured
estimates, these can be entered into the “Water Flow Parameters” window.

HYDRUS provides two levels of help in providing users with soil hydraulic
parameters. In cases where only the soil textural class is known (e.g., silt or clay
loam), a drop down list (shown above) provides all of the required parameters. The
user must accept the fact that these only represent very approximate averages for the
different textural classes. The parameters were taken from Carsel and Parrish (1988).
Another possibility is to use the Neural Network Prediction option.

Neural Network Prediction (Rosetta)

HYDRUS was coupled with the Rosetta Lite DLL (Dynamically Linked Library),
which was independently developed by Marcel Schaap at the U.S. Salinity
Laboratory. Rosetta implements pedotransfer functions (PTFs) which predict van
Genuchten (1980) water retention parameters and the saturated hydraulic conductivity
(Ks) in a hierarchical manner using soil textural class information, the soil textural
distribution, bulk density and one or two water retention points as input. Rosetta has
its own help features containing all relevant information and references.

Click the “Neural Network Prediction” button and this window will appear.

x

r Select Model
= Testural classes {~ SSCBD+ water content at 33 kPa [TH33)
™ % Sand, Silt and Clay [55C) % Same + water content at 1500 kPa [TH1500)
" %Sand. Silt, Clay and Bulk Density [BD)

— Input — Output
Tentural Class IEIay = l Theta t [em3/em] IW
Sand [%] |25 Theta s [ cm3fem3] IW
Sile [7] E3 Alpha [1/em] [oosz
Cley 7 |ECI e e
BD [gr/cma] I‘I.2 K [ern/day] IT
TH33 [em3/em3] E
TH1500 [zrm3dcm3] .055 Help! TPredict | Accept | Cancel |
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Section 1: HYDRUS Windows

Depending upon the availability of soil information, you have five options; select the
appropriate option under “Select Model”. The relevant cells will activate accordingly:

4,

5.

Textural class: you are prompted to only enter the textural class, more or less
like the built-in drop-down list in HYDRUS.

% Sand, Silt, and Clay; enter the required percentage values (SSC).

As 2 above (SSC), but additionally enter the measured bulk density (BD)
(g/cm’).

As 3 above (SSCBD), but also enter the measured water content at 33 kPa (3.3
m, or one third bar).

As 4 above, plus the measured water content at 1,500 kPa (150 m, or 15 bar).

Once you finish, click “Predict”. If you are not happy with the result, re-enter values
and re-predict. Finally, click “Accept”, which will automatically import the predicted
values into the “Water Flow Parameters” window.

1.1.8 Variable Boundary Conditions

In this window, the user is prompted to enter boundary conditions that vary with
simulation time. These conditions are dynamic (variable) through the simulation but
static (constant) through a defined period of time. That is, the modeller discretizes the
total simulation time into portions with different boundary values. For example, refer
to the precipitation values below:

0-10 days 1 cm/day
10-50 days 0
50-100 days 2 cm/day

B
Time | Precip. | Fvap. | Transp. | hCritA | 1GWL | GWL
1 10 1 0.1 0.2 10000 0 0
2 50 0 0.35 0.35 10000 0 1]
3 100 2 0.07 0.07 10000 0 0

(n] I Cancell Help | Aidd Lime |DeleteLine| R@h Mest ... |Erevious...|
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The number of rows (3 here) in this window depends on the number of “Time
Variable Boundary Records” specified earlier in the “Time Information” window.
Note that the last “Time” must be equal to the “Final Time” specified in the “Time
Information” window.

Time  Time for which a data record is provided (T)

Precip Precipitation or rainfall rate (L/T)

Evap  Potential evaporation rate (L/T)

Trans  Potential transpiration rate (L/T)

hCritA Absolute value of the minimum allowed suction at the soil surface (L).
Refer to Appendix II for more details.

rGWL Drainage flux (L/T) across the bottom boundary (inflow is negative),
or other time-dependent prescribed flux boundary condition; set to zero
when no time-dependent flux boundary condition is specified.

GWL  Groundwater level (L), or other time-dependent prescribed head
boundary condition; set equal to zero when no time-dependent head
boundary condition is specified

More details are found in Section 1.1.10 under points 4, 5, and 9.

1.1.9 GEOMETRY AND FINITE ELEMENT MESH EDITOR

1.1.9.1 Rectangular Grids

When the basic shape of the domain is ]
. . . ength Unil r Type of Flor = =
rectangular, this is the quickest way to  nm @ e T e ]

Cancel

prepare the finite element mesh. Actually, it e ::tym:l.wu _
is the only option in the absence of the -
MeshGen2D grid generator. The use of
Rectangular grids makes it possible to
construct an essentially rectangular domain
made up of a number of triangular elements. The domain is a simple continuous
square or rectangle with some undulating surface topography.

Help

Sl Profil

Geometry Type——]

\_@*

% Rectangular 1 Nurnber of Materials (Heterageneity] Mest ..

" General 1 Murnber of Layers (Mass Balances) Previous |

This option is activated when you select the “Rectangular” option of geometry type.
Please go back and do so as needed, and then click OK.

Next double click ‘Geometry and Finite e ”" ar '""e & =
; - N — Rectangular Dimensian:
Element (FEM) Editor’ (or #); this window |, _ o
- | orizontal Rectangular Dimension: |1 i)

Wlll a'ppear' Enter Values as ShOWl’l. Wertical Rectangular Dimension: |1D ﬂl
Slope of the Base: |1 &I

Horizontal and Vertical Dimensions: Enter ~ Boundary Discretization q@“

the dlmenSIOHS Of the domaln. Murnber of Yertical Columing: |11 Mest .
Mumber of Horizantal Columins: |11 i |

Previous ...

Slope of the Base: refers to the slope of the
entire mesh.
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Number of Vertical and Horizontal Columns: refers to the number of rows and
columns that will be used to construct the mesh; the minimum number is two. Two
columns are needed to simulate one dimensional problems (see Testl, 2, 4, 5, and 6 in
the Workspace ‘Direct’). The maximum allowed is 10,000.

Click next....

If you accept all default options in the next window, you’ll get a grid with a slope of
45° (slope=1, which is the tangent of 45°; see Figure 1.4 left side). However, if a
slope=0 is selected, you will get the grid shown in Figure 1.4, right side.

You can view these meshes graphically in the “Boundary Conditions Editor (%&)”.

45°; slope

Slope of base = 1 Slope of base = 0
Figure 1.4: Rectangular grids with different slopes

Horizontal Discretization: The x|
default discretization in the —_—
. . . . onzontal Dizcretization:

horizontal (x) direction is ol a0 s s ]
simply the horizontal x-coord g el |
dimension divided into the - _"IZ 0l 01 02 04 08 ”f teb |
number of vertical columns q@Q

. Y . Wertical Dizcretization: z-coord S
minus one. You can Qverwrlte 1 0 et.._|
these ValueS by enterlng ncw — Fegenerate Vertical Coordinates 2 9 -

1 11 1 t th Denzity at the Top: I‘I— 3 8 4IEIBVIDUS
values manually into the i 7
indiVidual Cells. Denzity at the Bottam: I‘I g 2
You can alSO prepare the Begenerate Coordinates | 7 4
coordinate data set in a g 3
spreadsheet, and copy it; click 10 1=

the relevant cell and then
Ctrl V to paste the data into HYDRUS.
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You have the option of introducing an undulating surface
topography as shown here. This is done manually; click each
cell along “dz” and enter a vertical increment (positive or
negative) to the surface node coordinate. The resulting mesh
is shown in Figure 1.5.

Figure 1.5: Rectangular grid
with surface topography

Vertical Discretization: You have more control over the vertical discretization. You
can change the density of the vertical elements either from the top or from the bottom.

Density at the Top, and Density at the Bottom: The densities decide the mesh sizes;
the smaller the density the finer the mesh near that end. The only thing that matters is
the ratio between the two values. Assigning any set of equal values for both the top
and the bottom will result in the default uniform vertical discretization, that is,
elements along that column are of equal height.

To obtain a finer mesh at the top end of the grid, specify
for example 0.1 (Top density/Bottom density < 1) for
“Density at the Top” then click Regenerate Coordinates.
Notice that the distances between coordinates in the
vertical column are now smaller near the top than near
the bottom. Again, you can view the mesh in the
“Boundary Conditions Editor (%&)”.

Figure 1.6: Rectangular grid
with fine density at top

1.1.9.2 General Grids; Meshgen in HYDRUS-2D

x|
— Window Center Window Estents

If under ‘Geometry Information/Geometry Type’, w [E width, |40
you chose ‘General’, HYDRUS will proceed as v [s0 Height: [254.047
follows to create your mesh using the embedded ot Fotio 074]
finite element mesh generator ‘MeshGen2D’. Go " Get view stretching factors accarding to

" s given extents.
ﬁrSt to Geometry and FEM Generator (Or W) " Dan't modify curent view stretching factors

and modify given extents if necessany

The Set Viewport window (may be edited later, see
View/Viewport) will appear.

v Update grid settings autormatically

ak. I Cancel | Help |

=  Window Centre and Extents: You should know
the physical size of your problem, that is, the width and height of the domain so that
the screen can accommodate and make it visible. Enter the window centre and
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extents using the units (e.g., cm) that you specified earlier (in ‘Geometry
Information”).

= Aspect Ratio: The aspect ratio (Y/X dimensions) of your domain does not
necessarily match that of the screen; you have two options:

Either keep the extents and stretch (deform) the domain, or keep the stretching factor
(default value=1 keeps original shape of grid) and modify the domain extents
(HYDRUS will accommodate the larger of the two dimensions and change the other
one according to the aspect ratio (about 0.67)).

The latter option is the default and is the preferred option; it is generally better to start
with an undeformed domain to get a good feeling of the problem; you can always
change the stretching factor later.

Upgrade Grid Settings: It is also useful to have Grid Setting change automatically
according to the size of the domain so leave the box checked. Alternatively, the Grid
Settings may be changed manually using Tool/Grid Settings.

There are basically three stages during
construction of the finite element mesh; they
are found under ‘View’ or at the toolbar and
should be processed sequentially:
1- Geometry () lets you draw the
domain of the problem,

M Heshgen?2D in Hydrus2D - [Dike] [~ |[B[X]
File  Edit

U Insert Tools  Help

Geometry
1

Boundary Points
v FEM Mesh

[y wy

Toolbars. ..

et MNurnber ¢
1 v Skatus Bar

2- Boundag. Points (“)lets you contr.ol [o8 Y mier opsions .

the density of the mesh by controlling El®

the density of boundary points B ::':r;: T

(external or 1nternal), and Triangulali Reduce view Mires
3- FEM Mesh (&) actually creates the FFundar 00"

. ————  Previous zoom
mesh. If you are not happy with the ™ Fiefiner

7 Bemes Viewpart. .,
[ Smooth Stretching. .
[T Cirnwes

results then repeat the three steps again.

We will now go through a few mesh examples redran
that cover the most important aspects of the
Meshgen package.
Example 1: Draining a soil block :
next to a stream; Project ‘Grid- RS0 (X
1’ (CD\HYDRUS Manual Preject Name and Desciiption
Projects\Sect-1) Name: Mesh-1
Description: |Mesh Example #1
Start a new project as shown; Directory:  |C:\Hydrus marual Browse
select a suitable directory using the
Browse button. Y ¢ K| _Cocd | Heo |

We will create a mesh that represents a soil block located next to a shallow stream and
drained along the other side. The block is 6 m wide and 2 m high.
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The following example demonstrates how the finite element mesh is constructed. To
do so we will skip all other options and start directly with the Mesh Editor. We will
use the default length units (cm).

Double click on Geometry FEM Mesh Editor (or ).

Window Centre: 300,200

Window Extents: 650,400 (it is a good idea to make the extents slightly larger than
the maximum dimension in the grid to ensure that the 0,0 origin point is visible). If
the origin is not visible, use the scroll bars to show it.

Leave the remaining options at default.

We will draw part of the grid graphically (using the mouse). With this option,
coordinates can be precisely located only using the “snap to grid” option, which is
turned on by default. You can change the grid spacing to suit your needs.

Tools/Grid Settings (or #i); change the grid spacing to 10,10. When the grid spacing
is too fine compared to the dimensions of the view window, the grid will not be
displayed, even if active in the background.

Insert Line/Graphically (or s ); a special cursor (a pair of cross-hairs) will appear.
Click on the following coordinates (coordinates appear dynamically on the lower
RHS of the screen):

(0,0), (600,0), (600,200), (90,200)
Right-click to end.
We have drawn a polyline consisting of three segments (still one entity)

Tools/Arc Input Mode: Select Centre, Radius, and Two

Angles (or 1) x|
— Center Fiadiu
; % [40 R: [50 ILI
Insert Arc: Select Numerically (or use ) v fn _tancel |
Help |

—Angles [in degrees]

Enter the data as shown here and click OK. o 270
Ending: 360

We will now close the grid by drawing two lines
numerically.

Insert Line/Numerically (or use )
Under Current Point

X:40, Y:150 click Add New Point, === ]
X:O’ Y: 150 CliCk Add NeW POil’lt. Tatal Murnber of Points: |3_ —lﬁ"dCI Hew Paint
X:O, Y:0 click Close. Insert Mew Pairt |

r— Current Paint Other Paints Dielete Paint

Faint No: |_3 _<I;| Update Graphics |
Tools/Circle Input Mode: Select Centre and ® o R e
Radius (or [2]) g B EN Cancel | Hebp |

Insert/Circle: Select numerically (@)
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Enter coordinates as shown here. x|
— Center | ok I
s IE?5 Cancel |
L Help |
— Radiuz
F |1 4]

View/Boundary Points (K), Discretization of Boundary Nodes

From the sidebar select: Number of Points

The cursor will turn into a hand. Click any boundary to find the number of points on
that boundary. In cases where you have only one boundary, the number defaults to
120. The default number of points in this case is

Nodes on outer boundary =113

Nodes on inner circle =15

Note that we included this step only for demonstration purposes.

View/FEM Mesh (E8), Finite element discretization

From the sidebar select: Make Mesh

You should see the mesh shown below.
File/Close and Return (Bl) takes you back to HYDRUS,

Save changes? YES

i Meshgen2D in Hydrus2D - [Mesh-1] =10l x|

File Edit \iew Insert Tools Help
B|E[S|| ZiME (x| EEIQAIRZ[E w2l

e e el ol ol e = [ e R
Crer ot [ RS SEEEEEEE IR
Al 0 ioniiiiin N

Triang

= Fundamental
[~ Refinement
[~ Remeshing

[~ Smoothing

[~ Convvexity

Automatic

[ Make Mesh |

Ready ... For Help, press F1 | 106,555 177.029 4
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Referring to the MeshGen window on the previous page, the encircled numbers refer
to the following:

1106 Number of nodes.
2086 Number of mesh-triangles (elements).
3192 Number of edges.

Alter the density of the mesh: produce a coarse uniform mesh
Double click on Geometry and FEM Mesh Editor (or %):

View/Boundary Points
Number of Point (sidebar); a warning will appear, click YES.

x
Click anywhere on the outer boundary and enter

0. Mumber of Pointz on the Curve: IBU
View/FEM Mesh () 0k | Comcel | Hep |

Make Mesh (sidebar)

Figure 1.7 shows that the resulting mesh is much coarser.

Figure 1.7: Finite element mesh with fewer boundary points

File/Close and Return ([| ),
Save changes? YES

Alter the density of the mesh: produce a mesh of varying density

Double click on Geometry and FEM Mesh Editor (or #):

View/Boundary Points (ﬂ)

All default (sidebar); this will bring back the default values (outer number of
nodes=113)

We will now try to alter the density of the node distribution along the outer boundary
to get a coarse mesh on the lower LHS and a finer

x|
meSh on the lower RHS- Reciprocal Y alues of Density ’TI
) ) ) . From the Left; |1.5 Cancel |
Fixed Point/Density (sidebar) Aol | b |
. . . elp
Se?lect the lower LHS fixed point; pink coloured point Tl o ™
will turn yellow.

Right click and enter the values as shown.
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Note that if you want the density to be equal on both sides, leave the box “Use Left
Value for Both” checked and enter a value in “From the Left”.

The arrows in Figure 1.8 show the convention used for right and left (notice that you
are always looking at the grid from the outside).

ﬂ
Select the lower RHS fixed point, and enter the Feciprocsl Valuss of Densly [ oc |
values shown here. Note that when value is <1 this Fromthe Left: |05 Concel |
results in a finer mesh and vice versa. From the Right: |1 He |
Usge Left Walue for Both [

View/FEM Mesh (E8)
Make Mesh (sidebar)

Figure 1.8 shows that the lower boundary has an increasing number of elements
towards the RHS of the mesh.

Fixed point
SIS
LR o
5 e S e
XK c < SHIARIAA
1 AVAY
) OO

KNSR
ORROREEARRE

vaV,
VAVA XA AVav,
Left T KPR KOTSRS

)
PR

DRDIARORIRRS

Figure 1.8: Convention for changing mesh density

File/Close and Return (M),
Save Changes? YES

Example 2: Hill, 30 m wide sloping at 15%; Project ‘Grid-2’ (CD\HYDRUS
Manual Projects\Sect-1)

Start New Project:
Project Name: Grid-2

Double click on Geometry and FEM Mesh Editor (or &):
Enter the following extents: Centre; 1500, 500 Extents; 3500, 1000

Insert Line/Graphically (or “#); click on the following coordinates:

(0,0) (3000,0) (3000,500) (0,500) (0,0) Right-click to end
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We will now introduce a slope to the square grid.

Tools/Manipulation Mode/Numerical

From the side menu: click Move

Select the upper LHS node; enter the new Y-coordinate=950 (500+3,000x15%) OK
Select the lower LHS node; enter the new Y-coordinate=450 (0.0+3,000x15%) OK

We have a neutron probe at a distance of 1000 cm from the LHS of the mesh
measuring water contents at four depths (100, 200, 300, and 400 cm from the soil
surface). To be able to compare simulated and measured values, we must make sure
that nodes exist at these locations.

Insert Line/Numerically (or )

Under Current Point

X:1000, Y:700 (at x=1000, soil surface level is 800 cm)  click Add New Point
X:1000, Y:400 click Close

View Boundary Points (or #)
Fixed Points/Insert (sidebar, inserts one point at a time)
Click on 1000,600 and 1000,500 (it is best to do this with the snap option on).

This should result in a line having four fixed points at the desired locations (by adding
fixed points you are making sure that nodes exist at these locations).

You can control the density of the mesh by changing the number of points on the line,
which defaulted to 15. We will slightly coarsen the mesh around the line:

Boundary/Number of Points (sidebar)
Click on the line and change to 10

We now refine the upper part of the mesh (only the area above the inserted line). To
do this we need to add a fixed point to define a density around it:

Fixed Points/Insert (sidebar)

Click on 1000, 800

Fixed Points/Density (sidebar); select fixed point
(1000, 800), right-click and enter values as shown Fremthe Lt

From the Right: 1R3]
here. ! _ e |

Use Left Walue for Bath | ]

Density of Boundary Points |

Reciprocal ¥alues of Density

Fixed Points/Density (sidebar), select fixed point (0, 950), right-click, and enter the
following values:

From the left: 0.5

From the right: 1

Uncheck ‘Use Left Value for Both’.

View/FEM Mesh (or £8)
Make Mesh (sidebar) (final result shown in Figure 1.9)
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File/Close and Return ([| ),
Save Changes? YES

X0 O
AVAVAVAVAS o TAVAvAy oY aVA
VAVSATAYAAYA
A A RIS IE
AVAV, v, 3 R YA VAV A AYAYAVAY sy
LSRR
RV viv i

Figure 1.9: Sloping mesh with high density along a vertical axis

Example 3: Hypothetical mesh; Project ‘Grid-3° (CD\HYDRUS Manual
Projects\Sect-1)

Start New Project:
Project Name: Grid-3

Double click on Geometry and FEM Mesh Editor (or %):
Enter the following extents: Centre; 8, 0 Extents; 25, 17

Insert/Object from File

Select Spline x

Obiect Type Continue I
Enter file name: Wavy Sine Mesh.txt (CD\HYDRUS ' Polyine — |
Manual Projects\Sect-1). Click Help to read more | {Zainé 5 |

about file formatting.

Continue: change file type to ‘all files’ since default is
“h2d’.

You should see a boundary as shown in Figure 1.10. The coordinates were generated
in a spreadsheet using a sine function. This option is useful when you have a large
surveyed landscape (e.g., survey data for a large hill slope).

Figure 1.10: Imported spline from file
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Use the scroll bar at the bottom of the screen to move the view to the right until the
point (0,0) is near the RHS of the screen.

View/Enlarge View (&%) 2-3 times to zoom in on point 0,0 and leave some working
space to the left.

Tools/Grid Settings/Snap off (£)  (do not use the snap option since the coordinates
of the spline do not conform to the grid)

Insert/Spline/Graphically () (we could draw this exactly using the numerical option,
but in this exercise we try to demonstrate most of the available features)

1* point: (0,0) (end of sine curve)

2" point: (-0.5, -0.5) (approximately)

3" point: (-1.5, -0.9) (approximately)

4™ point: (-3.0, -1.0) (approximately) Right-click to end.

Tools/Manipulation Mode/Numerical

Object’s Points/Move (sidebar)
Select the last point on the spline, and change the coordinates to exactly -3.0, -1.0
(with snap off, you can never get precise coordinates graphically).

View/View All (&)
Tools/Grid Settings/Snap on (i)
Tools/Manipulation Mode/Graphical

Select the wavy boundary by clicking on the line between the nodes (should turn
yellow when selected).
Press and hold the SHIFT key; select the other spline also.

From the Sidebar
Selection Move (cursor turns into a square)

Select the middle peak on the sine-shaped boundary; the entire drawing should now
move when you move the cursor. Click on nearby grid point (7,1) (we want the peak
to coincide with a grid point so that we can draw a horizontal line that starts from a
point directly underneath the peak).

Now we want to know the coordinates of the end w x|
of the spline.

Object’s Point/Move Coordinates | or I
If you click on the last point of the spline, you’ll . [E

coordinate (unknown because we moved the grid) T
will be highlighted; right click on this coordinate
and copy it to the clipboard. Select Cancel.

see its coordinates as in this figure. The x- Lemzel |
Help |
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Alternatively,

View/Zoom (Q)

Select a small window around the end point of the spline (high magnification)
Edit/Geometry/Object’s Points/Coordinates

Copy the x-coordinate onto Clipboard

View/Zoom Previous (@\)

Insert/ Line/Numerically (draw Polyline)

(7,-5) Add new point
(-3.85398, -5) (you can paste the x-coordinate from the clipboard) Add new point
(-3.85398, -1) Close

Tools/Manipulation Mode/Graphical (the snap feature should be on)
Select the Polyline and hold the SHIFT key to select the spline also.

Selection/Reflect: you’ll be prompted for an axis for reflection,
Click points 7,1 (peak of sine shape) and 7, -5 (end of Polyline).
The boundary should now look as in Figure 1.11.

=

Figure 1.11: Outer boundary of domain

We now vary the density of the grid around the middle =]
mound. -~ Center ok |

" I? Canicel |
Tools/Circle Input Mode/Radius and Centre (or @) v. [as

Insert/Circle/Numerically (or @) e |

— Radius

R: IDE|

Enter the coordinates as shown here.

v

View/Boundary Points (or )
Hole x|
Select the circle

Check ‘Internal Curve’ as shown here. This ——»
will convert the circle from an opening in the
transport domain to an internal curve that will help us o |
change the local grid density.

[~ Hale

¥ Intemal Curve

Cancel Help
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View/Boundary Points (or %)
Number of Points: click on the circle and change the number to 25.

View/FEM Mesh (or £8)
Make Mesh (sidebar) (final result shown in Figure 1.12)

A}“‘I‘VE‘
KRR
SISOLITKAD
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mwﬂﬂagkﬂehhv‘uu
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N S ANANSTAVAR N
R e A I RO iy

VAN

NG5

ZaN TAVAVAVAYAY 05 NS, nq{éfs‘A%mﬁﬂvAumVAVAﬂWNNMVNV‘VAVAVAV
R I O R S RO AR

K AR R A R A K X X KSR
D T A A S R AT ey

VaY NNKAFK QL N/

hgh,‘}{mwgiﬂé'ﬁzﬁizmmvm N vV, vaVANA A VAYAVA v v waVAYA DS D N
s O YAV AV S VAVANAVAVATAVATAT AT Py AVATAVavay v AvaY B SN <] S
Ny SOy OROSIRKRIERY SORRED

Figure 1.12: Final mesh

File/Close and Return (or i ),
Save Changes? YES

Several other useful features exist that have not been covered:

FILE, you can:

Print the mesh (%)

Print Preview before printing

Copy mesh to clipboard and paste into another software
Save the mesh details into a text file

Edit, you can:
Undo/redo (£2 /&2); is very useful to reverse the last action
Geometry split/merge; lets you join and split similar objects like polylines or splines.

View/Display Options; you can show/hide edges, nodes, elements, and their
numbers.

Tools/Check Geometry (8a”); this is usually done automatically when you finalise the
geometry of the mesh and move to the boundary points. You can also check the
integrity of the grid manually using this option (e.g., the outer boundary must form
one continuous closed shape, and/or no intersecting lines can exist in the grid).

Tools/Find; you can find a particular Node/Edge/Triangle by entering its number.

Tools/Point Picking; when checked during drawing in Graphical Mode, a square

appears around the cross hairs of the cursor. This causes one to snap to an existing
point (when the square encloses the point). This snap-to-point feature can be very

useful; we recommend leaving it on.

Help/Context Sensitive (K2, ®); click this option and then click on any command in
both the drop-down and sidebar menus and you will get help on them.

Note that “Insert/Periodical Condition” is outside the scope of HYDRUS.
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1.1.10 Boundary Conditions and Domain Properties Editor

Specifying appropriate boundary conditions (BCs) is one of the most critical tasks
when constructing a numerical model. A water flow BC is a known value of the flux,
head, or gradient along the outer boundary of the FE mesh (it means the external
boundary of the selected flow domain; it is the interface between the soil and the
outside world). Solving the governing equations for saturated/unsaturated flow, which
means finding the new head at each node in the FE mesh in a time-marching scheme,
requires knowledge of those BCs. Otherwise the problem becomes mathematically
indeterminate. The BCs in a model must simulate real-life conditions and hence must
be selected with extreme care.

In HYDRUS, boundary conditions are categorised as follows:

- System-dependent: or dynamic BCs, meaning that they can change during the

simulation (i.e., they depend on the solution at the end of each time step). They may
depend on saturation conditions (as in a seepage face or a drain), or on soil properties
and/or climate conditions (as at soil/atmosphere interfaces).

e System-independent: This type of BC is entirely known a priori, is implemented
by the user, and is independent of the simulation results.

Hydrus2D - [Dike]: Boundary Conditions
Fil=  Edit

Wiy Bl (s Cptions  Help

Boundary condition - YWaker Flow Mo Fl
Boundary condition - Solute Transport
Boundary condition - Heat Transpart ¥ | Conskant Flox

Boundary cond
Wfater Flow
Ma Fluw

Conskant Pressure Head

Conzt, Prez)  Material Distribution Seepage Face
| (e, Wariable Pressure Head
B Yar Pressy  Modal Recharge
B Var Flux
B Free Draina

Deep Drain
e i |

I. Seepage Fi - Local Anisotrophy »
| Atrmozpheric

Wariable Flux
Scaling Fackor 4 Free Drainage

Deep Drainage
Initial candition 3 : 9

akmospheric Boundary

Subreqgions
Edit Condition Observation Nodes

| Set Fang

Specifies a seepage TACE 45 & DOUndary conaibon ' w=-110,343 |¥= 101,246

>

System-independent water flow BCs include:

e A known head (as in Constant Pressure and Variable Pressure)
e A known flux (as in No Flux, Constant Flux, Variable Flux, and Deep Drainage)
e A known gradient (as in Free Drainage)

Refer to the HYDRUS Technical Manual p. 24-26 for more details.
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1.1.10.1 Water Flow Boundary Condition (=):

A Water flow BC is set as follows:

e Double-click on Boundary Condition Editor (or %&).

e The appropriate condition is selected from the drop-down menu
(Condition/Boundary Condition-Water flow) or from the buttons located on the left
hand side of the window (this option is quicker). The cursor turns into a finger-like
pointer.

e Left-click and drag on the required nodes, and left-click to end the node selection,
or right-click to abort this task.

e Ifa certain value is associated with the BC as in ‘Constant Head’, ‘Constant Flux’,
or ‘Deep Drainage’, a window will appear where you are required to enter the
relevant data.

e Repeat the procedure in case of multiple BCs.

e Ifyou have made a mistake, you can make changes using the LHS buttons while
the appropriate BC button is still activated. Use “Edit condition” and then “Select”,
which activates “Set value” that changes the boundary value.

We will now explain in detail the meaning of each water flow BC:

1. No Flux: this BC means that the boundary is sealed from the outside world; no
water flows into or out of the domain through this boundary; all boundary
conditions default to this option if nothing is specified.

2. Constant Head: this BC refers to a constant pressure head during the entire
simulation. Values for the pressure head (positive or negative) are entered in the
window shown below. We recommend that the initial conditions be set first
followed by this BC (if the reverse is done, initial conditions will overwrite BCs,
since constant head BCs are stored in the same vector as the initial condition).
We illustrate a variety of cases where a constant head boundary condition is
applicable (refer to Figure 1.13):

BC-1: A tension disc infiltrometer; head = h;—h, (negative) on the nodes representing
the soil immediately beneath the disc.

BC-2 and BC-3: A constant head from an overflowing tank or a Mariotte Bottle
assembly; head = h.

BC-4: Linearly varying hydrostatic head on nodes X
representing the soil beside a stream. When Constartpressurs headvabas [

prompted for the head value, check the
“Equilibrium from the lowest located nodal point”
box and enter the value for head at the lowest petai_| x| ol |

point, which is equal to ‘h’.

[V Equilibriumn from the lowest located nodal point

BC-5: A constant negative head resulting from a hanging water column assembly;
head=-h.

Modelling variably saturated flow with HYDRUS-2D



1. Disc infiltrometer

ull_%_,,x

2. Overflowing tank

3. Mariotte Bottle
A

— — Overflow

4. Stream

Porous stone and sealed /
water compartment

5. Hanging water column

h (negative)

Figure 1.13: Various applications for a
constant head boundary condition
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3. Constant Flux: this BC refers to a constant flux during the entire simulation.
The flux (v) has the units (Length/time, L/T), like rainfall rate (cm/day). The flux
is applied over a certain width of the outer boundary of the FE mesh (W). The
applied flux is entered after selection of the nodes.

If you need to know the total flow rate over the constant-flux boundary (Q, L%/T),
the flux is integrated (summed) over the width (W); Q (L¥T)=v (L/T) x W(L).
Refer to p. 2.9 for an example.

4. Variable Pressure: this BC refers to a variable pressure head that is input as a
time series. The time series has as many records as the number of times the head
changes over the boundary (you can enter as many records as you like). For each
record in the time series, you enter a constant head that is effective during the
period between the time of the previous record and the current one.

This BC may be applied also to a sloping or vertical surface where the specified
head is assigned to the lowest vertical coordinate of the boundary; the upper
points are then assigned heads that satisfy hydrostatic equilibrium (e.g., a variable
water level along a stream bank; see Section 4.1). Another example application is
on a horizontal surface as in a multi-stage, tension disc infiltrometer experiment.
We refer to one of the examples included in the HYDRUS package: Project
‘Disc’, which is found in the ‘Inverse examples’ workspace. That example
considers a three-stage tension disc infiltrometer experiment.

x
° Check Cm r Time Units Time Discretization
Information/Boundary Conditions’, - Mindes | | EraiTims [om ||| cocs |
and enter 3 in the box (as shown). - g || eSO o

Minimum Time Step ID ot
" Daps Mazimum Time Step IEUUU

i~ Boundary Conditior: ‘1@“

¥ Time-Yariable Boundary Conditions Nex |
|3 Mumber of Time-Variable Boundary Becords Previous |

% Seconds | | sl Time o Lo Ok
t

e Under ‘Variable Boundary Conditions’, enter the Time and GWL
(applied head). Referring to the figure (hCritA is irrelevant here):
i. 0 <Time <3400 seconds, h=-20 cm
ii. 3400 <Time<6450 seconds, h=-10 cm
iii. 6450 <Time <10505 seconds, h=-3 cm

zl
Time | Precip. | Evap. | Transp. | hCritA [|[fGWL | GWL
1 3400 1] 1] 0 100000 1] -20
2 B440 0 0 0 100000 0 -10
3 10505 i i 0 100000 i -3 Prescribed
» Time-variable

0K I Cancell Help | Add Ling |QelelaLine| R@“ Nest ... |Eleviuus |
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5. Variable Flux: this BC refers to a variable flux that is input as a time series.
The data is input in a similar manner as the ‘Variable Head’ boundary, but instead
of ‘head’ (GWL) enter ‘flux’ (rGWL) in the time series. An example is drip
irrigation with variable intensity.
We refer to one of the examples included in the HYDRUS package: Project
‘Drip’, which is found in the ‘Direct]’ workspace. In that example, the intensity is
varied 6 times during a 10-day period.

Check the ‘Time Information/Boundary
Conditions’, and enter 6 in the box (as shown).

—
Siep  [ooooT
meStep [le0DE
TineSten [5

' Daps Masi

- Boundary Condition:
¥ Time-ariable Boundary Conditiors

3 Mumber of Time¥ariable Boundary Records

e Under ‘Variable Boundary Conditions’, enter the Time and rGWL
(flux). Referring to the window below:
i. 0<Time <1 day, flux =-0.15 m/day (negative is inflow)

i
ii.
iii.
iv.
V.
Vi.

1 <Time < 2 day, flux =0

2 <Time < 3 day, flux =-0.25 m/day

3 <Time < 4 day, flux =0

4 <Time < 5 day, flux =-0.25 m/day

5 <Time < 10 day, flux =0

x|
Time | Precip. | Evap. | Transp. | hCrith | rGWL | GWL

1 1 0 0 0.005 1000 015 0

2 2 0 ] 0.005 1000 ] 0

3 3 0 ] 0.005 1000 025 0

4 4 0 ] 0.005 1000 ] 0

5 g 0 ] 0.005 1000 025 0

6 10 0 ] 0.005 1000 ] 0

| | »
Cancel | Help | Add Line | Delete Linel Q@E Mest .. | FPrevious |
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6. Free Drainage: this boundary conditions specifies a unit gradient along the lower
boundary (outflow, drainage) of the FE mesh. It is applicable in cases where the water
table is located far below the domain of interest. This BC assumes a unit total vertical
hydraulic gradient, that is, gravity flow with no pressure head gradient. This boundary
condition should never be used along sides of the transport domain. It should be used
only at the bottom of the domain.

7. Deep Drainage: this is a variable flux BC based on an observed experimental
relationship between head and discharge. It is based on an expression proposed by
Ernst and Feddes (1979) (as reported by Hopmans and Stricker, 1989):

q= ae’l" ™! (1.1)

where q is the discharge, a and b are fitting parameters (obtained from experimental
observations ), h is the groundwater level, and hy some equilibrium level of the
groundwater table. The parameters a and b account for the effects of soil hydraulic
properties (of the deeper layers) and regional flow on changes in the groundwater
table.

The nodal flux at each time during the simulation is calculated using Equation 1.1.
This flux depends upon the pressure head, which varies during the simulation. You
are required to enter three values:

[x

Deep Drainage Boundary Conditi

o The parameters a and b (of
Equation 1. 1), &gh parameter in glGiw/L-relationship: kL
o The reference position of the - R I P

. .q. Egh parameter in g -relationzhip: i
groundwater table, ho, which is like a I —

datum value. Beference Groundwater level position: |51

W

The calculated flux is assigned to the ok | Cancel |
node at each time step. Applications of
this BC are limited because it requires field data to evaluate the fitting parameters.

8. Seepage Face: this is a dynamic outflow (or drainage) BC that changes according
to the flow conditions during the simulation. The user selects the potential seepage
nodes through which water may seep out of the domain during the simulation.
HYDRUS assumes a uniform pressure head equal to zero along the saturated (active)
part of the seepage face through which water seeps out from the saturated part of the
domain. Along the unsaturated segment of the seepage face, where water is still held
up in the capillaries (under tension), the flux across the boundary is assumed to be
zero. Since the length of the active seepage face is dynamic (i.e., it changes during the
simulation), the active seepage nodes may decrease or increase during any time step.
This forces the numerical solution to be iterative.
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A seepage face occurs in many cases like:

e Water freely draining through a soil surface exposed to the outer atmosphere, like
the open bottom boundary of a finite soil column, or to a tile drain.

Figure 1.14: Seepage across the
\ bottom of an open-ended finite soil

Figure 1.15: Seepage into a tile drain

7 EOEE Example: Direct\Furrow

7

\

e Water draining through a soil surface in contact with a filter material having a
large pore structure like gravels or coarse sands as in ditch drains.

.......................................... ] Figure 1.16: Seepage across the

Acnnnni i face of a ditch drain
AL o)

e Seepage occurs at the downstream side of a dam where water seeps above the
phreatic level.

Figure 1.17: Seepage
from a dam
— Example: Direct1\Dike

e Water may seep through an unlined tunnel.

Figure 1.18: Seepage into an
underground tunnel
Example: Direct]\Tunnel

L
SIS S S S S S
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9. Atmospheric Boundary x

Condition: this boundary condition
lets us incorporate climatic

Heading: IWelcome to HYDRUS-2D

conditions like rainfall (precipitation) Simulste
and evaporation, or transpiration IV et Flow I Heat Transpor Corcel_|
(root uptake) by plants. The latter is W sepErpe A et Hep |
only activated if root water uptake is “@a
checked in ‘Main Processes’ as I Inverse Salution ?

shown. ot

The window shown here will appear only

lf ‘Time-Variable BC’ IS Checked ln the Time ¥ariable Boundary Conditions

e . s . | Time |Precip. | Evap. | Transp. "hCri!A rGWL GWL |
Time Information’ window. 1 S| —| 0 ol| 10000 0 0

The data are entered as a time series. The

number of records in the series depends on

A 4

the variability of the data, not the length of Precipitation,

the simulation. For example, you may evaporation, M

have a 10-day simulation where the and plant See Appendix II
precipitation is recorded at an average rate transpiration for more details

of 5 cm/day throughout the 10-day period, |L data e | | ot | pvine. |

in which case you will need only one
record as shown here.

However, you may also have rainfall data obtained from a 0.5 mm tipping bucket for
a 12-hour duration. The raw data are shown in columns 1 and 2 of Table 1.1.
Precipitation in HYDRUS is entered as a rate (having the units chosen for the
simulation, cm/day in this example). Using the tipping-bucket data, we must calculate
a rate during each tipping period as follows (refer to Table 1.1):

e Column 3: calculate the duration between consecutive tips. Convert ‘min’
to ‘day’ in Column 4.

e Column 5: convert rainfall to cm.

e Column 6: calculate cumulative time (simulation time).

e Column 7: calculate rainfall rate, x|
Column5/Column4 —‘T'-l.me Uit Time Discretization
Seconds Initial Time IU [

o Colum{ls '6 and 7 are ready to be || BT fo— e
entered as ‘Time Variable Boundary ) Intia Time Step~ [01 o

.. . Haurs - : =
Conditions’ under ‘Time’ and Minimum Tine Step —[0.001

: . & Daps axirnurn Time Shey
‘Precip.’. In many cases (especially || MeminTieste o ™
for very long simulations) the weather [ = =

ry g ¥ Time-ariable Boundany Conditians Mest ..
data are best entered from a [ENumber of TimeVarisble Boundarp Becords || | Eravious .
spreadsheet. The easiest way to enter

the data is as follows:
e Enter the exact number of Time-Variable Boundary Records, 8 (Number
of Time-Variable Boundary Records) in this case.
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Time Yariable Boundary Conditions x|

Time | Precip. | Evap. | Transp. | hCrith | rGWL | GWL
I

e Copy the 8 cells from Columns
6 and 7 (shaded cells in Table 1.1).
e Open ‘Variable Boundary
Conditions’; the table should
contain 8 rows. Select the first cell
in Row 1 under column ‘Time’, and
Press “Ctrl_v” on the keyboard; the
data should appear as in the

0.0042 24 10000
0.0083 12
0.0167 B
0.025 ]
0.0417 3
0.1125 07059
035 02105
0.5 03333

]

10000
10000
10000
10000
10000
10000
10000

w

-

o

@

oooooooo
coooocoooo
cooocoooo

=

ooooooolg

-]

WindOW shown here. ‘,D—KI Cancel | Help | AddLine | Delete Ling| w@u Next .| Previous |
Table 1.1: Rainfall data
Time Rainfall  Duration  Duration Time (day) Rate
(mm) (min) (day) Rainfall (cm) Cumulative  (cm/day)

5:36:00
5:42:00 1 6 0.00417 0.1 0.0042 24
5:48:00 0.5 6 0.00417 0.05 0.0083 12
6:00:00 0.5 12 0.00833 0.05 0.0167 6
6:12:00 0.5 12 0.00833 0.05 0.0250 6
6:36:00 0.5 24 0.01667 0.05 0.0417 3
8:18:00 0.5 102 0.07083 0.05 0.1125 0.7059
14:00:00 0.5 342 0.23750 0.05 0.3500 0.2105
17:36:00 0.5 216 0.15000 0.05 0.5000 0.3333

What if the specified flux is higher than what the soil can accommodate?

When an atmospheric flux boundary condition is used and the specified flux
into the soil is higher than the infiltration capacity of the soil, HYDRUS
switches the BC from a flux to a pressure head BC, with the pressure head
then becoming zero along that boundary. The amount of water infiltrating the
surface is subsequently calculated according to the hydraulic conductivity
and pressure head gradient at the soil surface (using Darcy’s law), while
excess water is instantly removed as surface runoff. Similarly, when the soil
cannot supply the specified flux out of the soil, some generally low
(negative) constant pressure head (hCritA) is specified, and the flux out of
the profile is calculated.

How many records can one enter using time-variable boundary conditions?

There is no limit on the number of time-variable BCs in the computational
module. The interface, however, is limited to 15,000 data records. If you feel
it is difficult to manually enter thousands of data or want to use more than
15,000 you can enter the data directly into the “atmosph.in” input file using a
spreadsheet. Specify the total number under ‘MaxAl’, then enter as many
columns as needed.
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10. Drain Boundary Condition: this boundary condition is only available for use
with ‘Rectangular Geometry’ (if you select ‘General’ in ‘Geometry Information’, the
‘Drain’ option in the ‘Boundary Condition Editor’ will be inactive).

x4
— Length Units — Type of Flo
" mm " Harizontal Plane
& cm & ertical Plane ﬂl
“m  Axisymmetrical Yertical Flow ﬂl
— Geometry Type — Soil Profile
Select Rectangular ————— | & Rectangular |1_ Mumber of Materials [Heterogeneity) Mest .
" General |1_ MNumber of Layers [Mass Balances) Breviaus ... |

x

Drrain parameters are the zame for all drains.

Effective diameter of the drain: IZ'I
Beduction in the corection factor Cd; |4

k. I Cancel |

Boundary Conditions/Conditions/Drains/Insert (%)

When you are finished inserting drains, click the right mouse button, and enter
parameters in this window. This option implements a drain by means of an equivalent
nodal sink. Refer to example (Direct1\drainage) included in the HYDRUS package.

1.1.10.2 Material Distribution (&=):

HYDRUS defaults to a homogeneous domain having only one material (with one set
of material properties). However, you can model heterogeneous domains by
introducing more than one material. This is done as follows:

Geometry Information f‘5__<|
Length Units Type of Flow
ok
" mm " Horizontal Plane
C |
* cm + Yertical Plane ance
' m " Awispmmetrical Vertical Flow %
Geometry Type Sail Profile W@ﬂ
+ Bectangular 3 Mumber of Materials [Heterogeneity) Mast
" General ’1_ Mumber of Layers [Mazs Balances) Previous ..
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In “Geometry Information, Soil Yater Flow Parometers
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Profile”: enter the number of
materials that best represents your

E3
Qr Os Alpha n Ks |
0.078 0.43 0.036 1.56 24.96 0.5
0.1 0.38 0.0z27 1.23 2.68 0.5
0.035 0.41 0.019 1.31 5.24 0.5

field conditions (up to 100). We
selected here 3 materials.

In “Water Flow Parameters”, you
will see now a number of rows
equal to the number of materials

that you specified, 3 in this case. k] _Coed |

Help | Q@o Mest .. Prewious ..

Y ou should enter the water flow
parameters for these soils.

In the “Boundary Condition Editor”, select
“Condition/Material Distribution” or click
the relevant button on the toolbar (&=). All
of the domain defaults to Material 1. Select

the nodes that you want to change. The

“Edit Selection, Set Value” button on the

sidebar will then be activated; click and

enter the material number. Repeat for the

third material. You will see the colour
legend in the LHS of the window. Make
sure to set the right number of materials
before closing the window; otherwise a

warning will be issued and you will not be

File Edt Wiew

Condition  Gptions  Help

Quantity

Make selection

Edit selection

For Help, press F1

Domain definition
Material Distribution

Select

>

H=90.802 Y= 26,791

allowed to leave the Boundary Conditions Editor until you do so.

For problems having a sloping soil profile (like Project “Mesh-2”), selecting the
appropriate nodes with an orthogonal window is not easy.
You may want to make the selection along the slope of the profile at any appropriate

angle (parallel to the slope of the grid).

In the “Boundary Condition Editor” select Condition/Material Distribution (&=).

In this example, you want to select all nodes along the upper boundary. You need to

use the command
“Edit/Select by Rhomboid”

Figure 1.19a: Node selection by rhomboid

Click on the domain to define a line whose angle will set the orientation of the
window as shown in the Figure 1.19a (the two points defined by the two arrows).
Click and drag, and you will see that the selection window is no longer orthogonal.
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1.1.10.3 Root Distribution (&=):

For all information related to root water uptake, refer to Section 3 and Appendix III.

1.1.10.4 Initial Conditions (%7):

These refer to the initial soil conditions prior to the simulation. They could either be
specified in terms of the water content or the pressure head, depending upon available
data such as water contents from neutron probes/TDR probes, pressure heads from
tensiometers (unsaturated zone), or pressure heads from pressure transducers
(saturated zone). The values entered in the BC editor will be interpreted as water
contents or pressure heads depending upon which box you selected under “Iteration
Criteria, Initial Condition” as shown below.

Iteration Criteria g|
Iteration Criteria

20 b awinnum Mumber of Iterations

0.0001 Water Content T olerance Cancel
01 Pressure Head Tolerance Help

Time Step Control

o
_ e |
@,

Mest .
_Breious.._|

,37 Lower Optimal [teration Fange

,?7 Upper Optimal [teration Fange

|'|.37 Lower Time Step Multiplication Factor

ltl.?i |Upper Time Step Muliplication Factar Brevious ...

Internal Interpolation T ables Imitial Conditiot

1e-008 Laower Limit of the Tensgion Interval * Irithe Pressure Head  f————
10000 Upper Limit of the Tension [ntereal " In the 'water Content

Select the relevant nodes. Either assign values to individual nodes or select the entire
domain and choose one of the following four options:

1. Assign equal values to all nodes (for both water contents and pressure heads).

2. Linear distribution (for both water contents and pressure heads); specify the
top and bottom values; HYDRUS will then linearly interpolate between them.
This option is useful when imposing linearly variable gradients that are
different from hydrostatic (not equal to 1; see Section 6.5).

Water, Flow: Initial Condition @ Water Flow Initial Condition E|

Top Frezsure Head ' alue: 0 Top 'wfater Content W alue: 0.4
Bottom Pressure Head Yalue: 100 Bottam ' ater Content Y alue: 01
" Same value for all nodes " Same value for all nodes

" Equilibriurn fram the: lowest located nodal point
* Linear distribution with depth {* Linear distribution with depth

I~ Slope [tangentum alpha): I Slope [tangentumn alphal:

0K | Cancel QK | Cancel
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3. Assign hydrostatic equilibrium conditions (for pressure heads only); you have
to specify the pressure head at the lowest point, and HYDRUS will calculate
the rest. For example, if you have a 100-cm profile and you want the water
table to be at the surface, enter ‘Bottom Pressure Head Value’=100 (see

below).

Hydrus2D - x*: Boundary Conditions

Ble Edic Visw Condtion Options Hel

0 ERE || o | I|FA H
a

Diamain definition

Initial Conditions

Quantity

Pressure Head -

Make selection
Select

=

|
L
A
]

&

I
L
- —
/]

Edit selection

C— In - .

Ready ... ForHelp, pressF1 ! = 28354 Y= 83.35¢

|<

YWater Flow Initial Condition [g|

Bottarm Pressure Head Y alue: 100

(™ Same value for all odes

(*  Equilibriur fram the: lowest located nodal point
" Linear distribution with depth

[ Slgpe [tangenturn alpha]:

Cancel

3. When we model a hill slope and want to locate the water table at the surface of
the slope, do the following (refer to Project ‘Mesh-2’):

= Select ‘Equilibrium From the Lowest Located Nodal Point’

= Check ‘Slope (tangent alpha)’

= Enter the slope (tangent of angle); the slope
in the figure below represents a negative tangent
(the sign merely reflects the orientation of the
slope).

The resulting head distribution is shown below.

Water, Flow Initial Condition E|

Bottomn Pregzure Head Walue: 500

" Same value for all nodes
{* Equilibriumn from the lowest located nodal point

" Linear diztnbution with depth

v Slope [tangentum alphal: -15
QK. | Cancel |

490 500 600

S
A

Figure 1.19b: Pressure head distribution
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Another possible option is to import initial conditions (water contents or pressure
heads) from a previous simulation, provided that problem had the same FE mesh. You
may import the pressure heads for all nodes from any previous print time; HYDRUS
then accesses the output ‘h.out’ file and prompts you to enter the time level. This
option is useful in many cases, for example:

e Starting a simulation from a steady-state condition (will be demonstrated in this
section).

e The boundary condition could change as in the case of a stream with a fluctuating
water level (refer to Section 4.1 for an example).

Establishing a Steady-State Solution:

HYDRUS-2D can find the steady state flow profile using two approaches. First, one
can specify initial and boundary conditions and run the program for a long time until
pressure heads and/or water contents do not change anymore. Second, one can try to
find the steady state solution in a single step by unselecting “Water Flow” in the
“Main Processes” window. We will demonstrate this option by means of the
following example.

Refer to example ‘Dike-ST’ on your CD (.\HYDRUS Manual Projects\Sect-1).
This example represents a dike with a hydrostatic constant pressure distribution along
the LHS (h=50 m at toe), and a seepage face on the RHS (see Figure 1.20a). Since the
initial condition shouldn’t matter that much, we have chosen equal pressure heads at
all nodes, h=0. The problem is similar to ‘Direct]\Dike’ included in the HYDRUS
examples.

Note that the steady-state solution is more suited for fully saturated conditions. It can
also be found for unsaturated conditions when the soil parameters are not highly
nonlinear and the initial conditions are close to the final steady state. In cases where
the steady-state conditions could not be established, run a transient simulation for a
long time until no changes are detected in the solution (can be done by monitoring
observation nodes).

To obtain a steady-state solution, un-check all options in the ‘Main Processes’
window.
Click “Calculation/Run HYDRUS (&7)’

The solution should be quick; a message will say ‘Steady state was reached after —
iterations’.

Constant head Seepage face

Figure 1.20a: Boundary conditions for Project dike
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Import the Steady-State Solution

: x|
File/Project Manager (E2) Copy Directary
Select project ‘Dike-ST’ Copy [OkesT
Copy MewMName:  [Dke |
Rename as in figure; in this way we Description: — [Import Steady state condtion as iritial State
obtain an identical copy of the
[ ok | cancel Help

project. We will import the steady-
state solution as an initial state for the newly copied project ‘Dike’.

Boundary Condition Editor/Condition/Initial Condition/Import Pressure-Water
Content

You will be prompted for a HYDRUS output file oo 21x]
from a previous project :f::’t'a"““ demcker
Browse and select the directory: ‘Dike-ST’
Click on ‘h.out’ (since we are importing initial
pressure heads) —— .
Ogen Files of twpe: | Pressure Head file [h.out) | Cancel
[~ Open as read-only A

This solution has only two time levels since it is a x|
steady-state solution (initial and final steady state); The e s saes o2t s [7
print times hence are irrelevant. For other Which time level do you wanl to use?
simulations (transient state) you have to select the ok | Cancel |
time level you want to import as initial state (2
means the second print time). Click OK

X

The selected time level is £ = 0.1000000015 days .
Do you wank ko use this time level 7

Next you will be informed about the time at that
print level. Select Yes. &
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The initial conditions for the model are shown in Figure 1.20b.

VAVAvAL
XA
Gy |
WA S A
NKNNRIE SR
VNN oY KA
=y </ A"«%‘Aﬁ%&?ﬁh

Figure 1.20b: Steady-state initial conditions

1.1.10.5 Sub-regions:

The domain may be subdivided into a number of sub-regions (maximum allowed is
10). Sub-regions do not affect the solution in any way but provide further mass
balance information. The possible use of additional mass balance information is
demonstrated in Section 2.2.3. For each sub-region, the amount of water in that sub-
region and the sum of inflow/outflow is provided at each print time. This is how you
specify sub-regions:

x
. . — Length Units — Type of Flo

Geometry Information/Soil P C Hedizontal Flans
Profile/Number of Layers (Mass & om # Vartial Plans
balances); enter the required Cm € risyrometical ertical Flow
number Of Sub-reglons' — Geometry Type — Soil Profile:

" Rectangular |2 Mumber of Materials [Heterogeneity]

" General |2_ Mumber of Layers (Mass Balances) Previous ... |

Select the area of each sub-region in a way similar to that used when selecting the
‘Material Distribution’.

The user often wants the additional mass balance calculations when more than one
material is present; HYDRUS can do this automatically. After finishing ‘Material
Distribution’, simply click:

Options/Sub-region = Material Distribution. Manual adjustment is often needed since
automatic assignment of subregions is not unambiguous; this is because materials are
assigned to nodes and subregions to elements.
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The concept of scaling factors is briefly described in Appendix IV. The following
options are available in the “Boundary Conditions Editor”.

1. Explicitly assigning scaling factors to individual nodes

Boundary Conditions/Scaling Factors (or
=ol): enter the relevant scaling factors for
hydraulic conductivity and/or pressure
head, and/or water content. Assigning the
scaling factors to the grid nodes is done
in a manner similar to that previously
described for “Material Distribution’.

2. Automatic generation of scaling
factors using stochastic
distribution

Onptions/Stochastic Distribution of
Scaling Factors:

Hydrus2D - stoch *: Boundary Conditions

File Edt ‘iew | Condition Options Help

Boundary condition - Water Flow 3
Boundary condition - Saluke Transport *
Boundary condition - Heat Transpork — »

Boundary cond
—water Flow——
I No Fluz
Const, Pres
W Const. Flux
B ar. Pressu
W ar. Flus
M Free Draina
Deep Drain

Matetial Distribution
Rt Distribution
Modal Recharge

Hydraulic Conductivity
Pressure Head
‘Water Content

Scaling Factor

Initial condition

M Seepage F:
Atraspheric

Local Anisotrophy 3

Subregions
Observation Modes
Drains

Flowing Particles

— Edit Condition—
Set Hané

Make selection

Select
Lnselect

[k= 3842 |v=11000 2

Stochastic Distribution of Scaling Factors =l

Stochastic Distribution of Scaling Factors

Becalculate |
Parameters |

Cancel |

Help |

¥ Hydraulic Conductivity Scaling Factor

[” Pressure Head Scaling Factor

[ Watar Content Scaling Factor

[ Miller-Miller Similitude

In addition to explicitly assigning scaling factor to grid nodes, there is an option of
assigning stochastic (randomly distributed) scaling factors. This window appears
when that option is selected. Select the parameters that will be scaled (check the

relevant boxes).

The following window appears. For each scaling factor, provide the standard

deviation, and the correlation lengths in
the x and z directions. More details on
the meaning of these parameters are
found in Appendix IV.2.

When done, click OK. The previous
window will re-appear; you can either
click OK or view the results by clicking
Re-calculate.

x|
rHydraulic Conductivity Scaling Factor Water Content Scaling Factar ———————
IW Standard Deviation 0.1 Standard Deviation
IEI 1 Carrelation Length in x 0 Correlation Length in x
I1 Correlation Length in 2 \ Corrglation Length in z
W Log-homal Distribution 7| Log-Normal Distitbution
~Pressure Head Scaling Factor
IW Standard Deviation
Cancel
ID Correlation Length in x
IU Conelation Length in z
W Loglormme Distibuticn
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1.1.10.7 Observation Nodes (E=):

You may specify up to 10 nodes in the FE mesh to obtain a time (T-level) series of
pressure heads, water contents, and solute concentrations.

Condition, Observation Nodes (E=)
Click Insert (sidebar buttons); cursor changes to an open square
Select the appropriate nodes.

You can access the results from ‘Observation Points’ in ‘Post-Processing’.

1.1.10.8 Nodal Recharge (*¢):

This option allows you to specify a sink/source node anywhere in the domain.

Condition, Nodal Recharge (%) Jerlimy gyl

Click Select (sidebar buttons); cursor changes to a Rechage/Dischaige Rae: [01
hand; select the appropriate nodes.

Enter the rate as shown in the window here. ok | cancel |

Note that a negative sign refers to a sink (water is being withdrawn from the domain).
When a nodal recharge is specified to a set of external boundary nodes, HYDRUS
considers those nodes to be constant flux nodes with the appropriate flux value. Refer
to example 4.10 for a sample calculation. For 2-dimensional flow problems the units
are L*/T, and for 3-dimensional (axisymmetric) flow the units are L*/T.

1.1.10.9 Local Anisotropy (=):

HYDRUS allows you to introduce anisotropy in the hydraulic conductivity as well as
changes in the orientation of the local principal directions (in each element).

Condition, Local Anisotropy (*")

Click Quantity (sidebar buttons); then sequentially select Angle, First Component
(corresponds to x-axis), and Second Component (corresponds to z-axis).

Click Select (sidebar buttons); cursor changes to a hand; select the appropriate
elements.

Click Set Value (sidebar buttons), then enter the appropriate values as shown below.
The default values shown below refer to isotropic conditions.

Local Anisotrophy - Angle @ Local Anisotrophy - First Component E|
Angle of Local Anizotrophy: i} First Component of Local Anizotrophy: |1
Ok | Cancel | oK | Cancel |

Refer to example 4.8. For a theoretical background on ‘Implementation of hydraulic
conductivity anisotropy’, refer to Section 5.3.12 (p. 55; HYDRUS Technical Manual).
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1.2 Post-Processing

There are many ways of viewing and/or manipulating the simulation results. Post —
processing is done in the RHS of the default window.

1.2.1 Graphical Display of Results
Open Project ‘Mbal-2’ (CD\HYDRUS Manual Projects\Sect-1); Double click on

Graphical Display of Results (or lil}).
You have the following options in the drop-down menu (see Figure 1.21):

1. Quantity: Choose the variable you want to view; water content, pressure head,
velocity, temperature, or concentration. You may choose them from the sidebar or
the drop-down menu.

2. Time: Specify the print time you want to view. You may choose this option from
the drop-down menu (Time/First (Next, Previous, Last) Time Level) or from the
sidebar menu (scroll bar above Flow Animation button or from the drop-down list
box — ‘Layer No:’).

3. Flow Animation: Having selected the variable to be displayed (e.g., head), click
‘Flow Animation’ to view an animated flow simulation.

4. 2D-Graph: specify the preferred visualization method, such as isolines (),
spectrum (2),or a combination of isolines and spectrum ().

5. 1D-Graph (inactive when velocity vectors are chosen in the 2D-Graph): You can
get 1-dimensional plots along boundaries (EL,), or along specified lines
through the domain ().

6. Tools: You can search for a node, an element edge, or an element by entering its
number.

7. Options: You may change display options such as isoline parameters, velocity
vector parameters, and colour palettes.

All of these options are straightforward; we will demonstrate several of them here.

Screen Captures:

* You may capture the active window by pressing Alt-Shift-Print Screen, then
pasting this window into another software like Word (Figure 1.21).

* You may capture the entire screen by pressing Shift-Print Screen

= Another option is to let HYDRUS do the screen capture for you. From 2-D
Graphs, choose velocity vector. Zoom in on the area of interest in the middle. Go
to:
File/Copy to Clipboard, and choose view to obtain the velocity vector. Now you
can paste the captured view into other softwares (e.g. MS Word, MS PowerPoint).
Then repeat and choose spectrum. The results are shown in Figure 1.22.
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Ele View

20-Graph  10-Graph  Tools

©ptions  Help

[E Hydrus2D - [MBal-2]: Graphical Display of Results - [Water, Content]

iV el praR ALIC)

Time Layer

Layer Moo |8 -

Time Yalue:
il

Figure 21: Graphical P vt

Interphase

3

For Help, press FL

#=263,166 Y=134.895

- BX

5

= Another option is to let HYDRUS do the screen capture for you. From 2-D
Graphs, choose velocity vector. Zoom in on the area of interest in the middle. Go

to:

File/Copy to Clipboard, and choose view to obtain the velocity vector. Now you
can paste captured view into other softwares (e.g. MS Word, MS PowerPoint).
Then repeat and choose spectrum. The results are shown in Figure 1.22.

Figure 22: Velocity vectors
for Project ‘Mbal-2’

10 20 30 40

0
_\ \ \- |

1-D Plots Along an External Boundary:

* You can obtain 1-D plots of any variable (water
content, etc.) over the entire boundary. Try this:

Quantity/Water Content

1-D Graph/Boundary - Whole Curve (@); the
cursor turns into a hand. Click anywhere on the
outer boundary of the domain.

You will obtain a plot as shown below. Note that
‘Length’ (x-axis) represents the perimeter of the
external boundary of the domain.

1D Graph

Water Content

045
0.40
035
030
025
020
0.15
0.10

\Water Content

005 +

0

200

400

600
Length

800

1000

1200

Export

Export Al

Import

You can get 1-D plots of any variable (water content, etc.) over part of the boundary.

Try this:
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1-D Graph/Boundary Selection([2])

Click and drag on the boundary part you want the plot for (this part will turn red), and

click again to finish.

For the plot below, we dragged over the top boundary nodes (Y=140, X=150 to 230).

Water Content

YWater Content

3| 40 S50 B0 FO B0 S0
Length

E xport I

Expart All I

Irmpart I

Alternatively, you can obtain the same information by selecting ‘Boundary Indexes’
(IE]). When using this option you need to know the node numbers that define the
starting and ending points of the boundary section you want to plot. To find the node

numbers, do the following:

Options/Display Options ([El)

To get the node numbers only on

the outer boundary, check the last
two boxes as shown in the figure

You will see that the boundary
section of interest is between nodes
82-92 (coordinates X=150-230).

Display Options g|

[ Single Points S
[] Mesh Modes

[] Mesh Edges

M ezt Edges on Boundaries

] Mumbering of Mesh Triangles

] Murbering of Mesh Edges

Murnbering of Mesh Nodes

Murnbering only on Boundaries »
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1-D Graph/Boundary Indexes .
= e xes (=) Quantity on boundany E|
Enter the values as shown in the figure; First Curve
’ 0k |
you will obtain the same 1-D plot for Ity o s
the defined portion of the boundary. Cancel

Index of the last point :

Pozitive orientation ;

Second Curve

92
™
Index of the first paint ; 1
1]
r

Cross-Sections along Outer Boundaries

Index of the lazt point :

We will demonstrate the use of cross- Positive orientation :
sections along the lower boundary of
the domain for Project ‘Mbal-3’. This option will allow you to view the water table
profile at two different times during drainage.

=

. Open Project (CD\HYDRUS Manual Projects\Sect-2\Mbal-3).

. Double click on Graphical Display of Results

. Quantity/Pressure Heads

. Select Time Layer 10, or select Time Value = 0.15 day

. 1_D Graph/Boundary Selection/Select the lower boundary of the domain
6. Export/give a file name/save (CD\HYDRUS Manual Projects\Sect-
2\head T value 10)

7. Repeat step 5 for Time Value=0.2 day

8. Import/enter the file name you craph =
saved for time=0.02 day

Rl Rl hadl g

9. Double click on a line and change Pressure heads =

its style to dashed. 40 1 _ 1=002day

10. To add legends 120 § R day

Right-click on the plot £ 100 4

Legend/Visible, OK £oaq

Right-click on the plot . B 807

Edit chart data < ot

Click on column heading (c1) and 01

write T=0.02 day; repeat for column 0 R

(04) and Write T=02 day 0 a0 100 150 Ljr?;h 250 300 350 400
Expart Expart Al Impart

The resulting figure shows the water
table profiles at two times during drainage.
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Cross-Sections Through the Domain

It is possible to get a cross section through the domain at any angle.

Here we demonstrate a vertical cross-section TN x|
that shows the vertical pressure head profile. Pressure heads

The cross-section shown here is at T=0.2 day; 100 -

x=200. 0 |

B0 A
40 4

1-D Graph/Cross Section ()
Click a point on the upper boundary.

20 4

Pressure heads

0

To ensure a perfect vertical section, use the 03

keyboard, use the ‘Page Down’ key for coarse T T T e o
downward movement then use the arrow keys S

to move the cross hairs vertically to a point fpt | Emoril | ot |

exactly on the lower boundary.

Alternatively, use the Snap to Grid option as described below.

If you are comparing cross-sections from Grid Settings

consecutive runs, make sure that the cross- DT 5
sections are identical, that is, taken at exactly the v Sreplofid IV fGrdvisbl Carcel
same position. Origin Spachg Heo |
Under Options/Grid Settings (), check both * % wists [ D
boxes “Snap to Grid” and “Grid Visible”. C = e

Change the origin of the grid, and choose suitable
grid spacings (Width and Height) to ensure that the cross-section’s starting and ending
points coincide with a grid point so that the cross hairs will snap to it.

Velocity profiles can be generated also inside the domain, and then integrated

externally to obtain flow rates across a cross-section inside the domain; refer to
Section 4.5 for details.

Other Charting Options

1D Graph X

By right clicking on the plot, you will
obtain a long list of charting options. We

Pressure heads

92 4

will not discuss these in detail (some are o |
1 izard,..
actually disabled). o5 ] Hed
2 g5 General...
g Plet...
A few examples: g 641 Seres ,

. T e | s 3
Edit Chart Data: get access to data values =0 Lager..

. . . a0 Title...
Axis/Titles: changes titles, fonts, etc v Foonete... |
Legend/Visible: adds a legend o W e @ e| L]

Length -
S
Load...

Expart Export &ll Impart | —il
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Chart Wizard gives these options:
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statistical parameters.

Chart Wizard

Gallery Eijle T Layout T hes
Select a chart style:
2 3 4 5
F F .
3 - .
I Y v,
6 7 8
. +
VLR | LFY
9 10 n
o 4|
v ¥
Help Cancel ‘ < Back | Hest > | Einish

Format series allows you to obtain

Iw Standard Deviation:

Format Series E|
Optiohs T Fill T Line T Markers T Statistics T Guidelines
Show: Line Styles:

v Minimuri — z |
SNCEl
v b zgirnumm: te oo~
- Apply
¥ tean: T
= Help
LR RN}

™ Regression:

widthy

Color:

Other Features in Graphical Display of Results:

Isolines Parameters

Options/Isoline Parameters: Allows you to change

isoline settings, their density and starting point. A
very small offset is sometimes useful to remove

extremely small numerical oscillations from
concentration contours.

Options/Velocity Vector Parameters: Allows you to change

the size and scale of the velocity vectors.

Options/Colour Palette: Allows you to choose
from many colours, or black-and-white
palettes, or to custom-make your own. To
make your own palette, select “Custom” from
the Palette name. Enter a number in “No. of
colors” (6 here). Click on each colour in
“Palette Preview” then change the colour by
scrolling on R, G, and B (red, green, and
blue). Move to the next colour.

Increment:

S
—

Offzat:

Default settings |

Cancel

Velocity vectors

Stretching factar :

Max. length [in pizels):

o]

—
EL

Cancel |

Color, Palettes ]

Current Palette

Palette name:
Custom hd

v Adiust using colors to the spectral scale (1 tick = 1 color)
[¥ Reverse Colors

Palette Preview

Edit Palette Colars
Hint:

want to modify colors.

Moof colors: |6 Update |  Curent color: |1
R4 | | Js7
GREl N | [0
B4 ] | [E

Standard palettes can not be edited. They are supposed to be used as default
color presets or as kemplates for user's palettes. Create your own new palette if pou

E9

1]

Cancel

New Palette

Delete Palett

i

Copy

il

Irrverse
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1.2.2 Pressure Heads

Harizortal Variable:  [Time

Vertical Variable: | Elag

The data are found in the output file “h_mean.out”. Seepage Face e ]

1}

You get a time series of average pressure heads across 2
boundaries. )
3 8

Unit System: i

Pressure heads are reported in length units. S

Time [days]

h [em]

Qefault‘ Erint \ F‘gawnusl Next \ Close

1.2.3 Water Boundary Fluxes

Boundary Water Fluxes gl

=l

2

The data are found in the output file “v_mean.out”.

Hotizontal Varisble: [ Tim

Werlical Y ariable:

Seepage Face Flux

30000 4

You get a time series of various boundary fluxes.
25000

= 20000 1

16000 -4

Unit System: —
5000 4

Atmospheric and root uptake (transpiration): L/T e A e s S
(Iength / time); the flux is reported per unit length of ey '
the boundary; like precipitation units (e.g., mm/day).
It physically means: water volume/unit length of
boundary/unit length in 3" dimension/unit time (mm®/mm/mm/day=mm/day). The 3"
dimension is perpendicular to the 2-D domain that we model.

Flost [cnn2/cays]

Default ‘ Print | F‘gevmus| Mest | Close

Remaining (free drainage, seepage, etc.): V/T (area / time); the flux is reported over
the entire boundary (volume/unit length in 3™ dimension/time). Note that V/T is the
notation used in the output files. V has units of L* for two-dimensional problems and
L* for axisymmetrical three-dimensional problems.

1.2.4 Cumulative Water Boundary Fluxes T ———— =

Horizontl Varisble:  [Tims

Vettical Variable: |l etaT]

The data are found in the output file “Cum_Q.out”. Cumulative Seepage Face Flux

5000

Unit system: a0 |

3000 -

[em2]

Cumulative flow is reported in units of area (V) for ol
2D problems, which means volume/unit length in the om0 |
3" dimension (e. g., cm’/cm), and volume for

Cum. Flux

0

oo 01 02 0.3 04 0s

axisymmetrical 3D problems. 2
Cumulative boundary flows are obtained by bne | e | e | e | [ ]
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integrating boundary fluxes (from the output file v_mean.out) to obtain the total
volume of water (Q). Refer to Section 2.2.2 for example calculation.

For atmospheric and root uptake boundary: we integrate (sum up) fluxes over the
length of the boundary and over time to obtain the cumulative flow.

For other boundaries: we integrate fluxes over time to obtain cumulative flow.

1.2.5 Soil Hydraulic Properties

The data are found in the output file “check.out” [E IR X
Horizontal W ariable: ‘PIESSUIE head d
ertical Y ariable: ‘Water Content j
You cap view the input soil hydraulic Hydraulic Properties: Theta vs. Head
properties. For example, select pressure head for
. . 045 +
the x-axis and water content for the y-axis to ok
obtain a plot of the water retention curve. el
- 030 +
% 026 T
ooz 4
015 +
010 +
0.05 t +——+—+— t —t+—+
The retention curve is best plotted as water o e e
content versus pressure head on a logarithmic
scale. Follow these steps: T T = (=]
. . Format Axis §|
After selecting the axes variables: —
Opions | Giid | e Ticks
Right click on the chart 4 S el
X-aXiS [ Automatic Scale I~ Uniform Ases Cancel
Value x-axis Minimur: T Al
Select I airnuinn: 100,

Change the values in “Format Axis” as

Major Divisions: {10
Minar Divisions: |1

ShOWH. Type: Logarithmic +
Uncheck “Automatic scale” and enter LogBase:  [10

shown values

[Chart Masinun ]

Az Intersection

[~ Autarnatic

Cross At |0

[™ Labels Inside Plat

Type: select “Logarithmic”

Alternatively, a log scale for pressure heads and conductivities is offered from the list
boxes “Horizontal Variable” and “Vertical Variable”, respectively.
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1.2.6 Run-Time Information

Run-Time Information E
The data are found in the output file “Run_Inf.out” | Heizorivaisse: [ime =l
“ertical Variable: Curnulative Mumber of lterations
Provides valuable run time information such as Run-Time Information: Time vs. Cum.iter
number of iterations at any time step. This feature 1000
allows you to check whether or not the maximum 200 |
number of iterations has been exceeded at any oo |
. £
time or not. 3
400 4
200
1] + + + + {
oo 01 02 03 04 048
Time [days]
Default ‘ Print ‘ Previous | ‘ Close

1.2.7 Mass Balance Information

Provides mass balance information for the entire domain and for individual sub-
regions at print times.

Area: the area (2D) or volume (3D) of the domain (constant for all print times)
Volume: volume of soil water

InFlow: the sum of fluxes going into and leaving the domain (or sub-region).
hMean: the average pressure head.

WatBalT (V): the total water balance error in the water volume of the domain.
WatBalR (%): the water balance error as a percentage.

As an example, the screen capture below is for a drainage problem.

* Volume is decreasing with time because water is draining from the soil.

» Inflow is negative, indicating a net flux out of domain.

= Inflow decreases with time because drainage is faster at the beginning and then

slows down.
Mass Balance Information ﬁ|

L0500 1 ~

Lrea w1 _EE0E+05 . EE0E+0E

Volume [V] .ZZOE+05 . ZZOE+0S

InFlow  [¥/T] -.143E+05 -.143E405

hMean  [L] . 446E+02 44.6

WatBalT [V] -.154E-01

WatBall [%] .00z
-1000 1

Area 1 .EE0E+05 . SE0E+0E

Volume [V] .Z14E+05 . Z14E+05

InFlow  [¥/T] -.111E+05 -.111E+405

hMean  [L] .352E+02 39.2

WatBalT [V] .156E-01

WatBall [%] 0oL
1500 1

Area w1 .EEO0E+05 . SE0E+05

Volume [V] .ZOSE+05 . ZO9E+0E

InFlow [¥/T] -.933E+04 -.933E+04

hMean  [L] .352E+02 35.2 =
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1.2.8 Convert Binary Output to ASCI|I

During calculations HYDRUS

generates the binary files ‘h.out’,
‘th.out’, ‘V'Out’a ‘concx.out’, Convert to ASCI the following files:
‘sorbx.out’, and ‘temp'OUt, that [v Mesh Information [Meshtia 000)

contain nodal values of pressure ¥ Bressurs Heads (hout

Convert to ASCII

heads, water contents, velocities,

solution and sorbed ,'; ;a;%:ter e Cancel
concentrations, and temperatures -

at selected print times. These r

binary files can be converted into r

ASCII files ‘h.txt’, ‘th.txt’, ‘v.txt’,
‘concx.txt’, ‘sorbx.txt’, and
‘temp.txt’ using the dialog window shown here.

The following information can be obtained in text format when needed. Check the
appropriate boxes in the window; text files will be generated and saved in the Project
directory. The files are:

1. TH.out -> Th.txt: water content
V.out ->v.txt: Velocities (in ‘Print Information’; Print Fluxes box should be
checked)

3. H.out ->h.out: Pressure heads

These three files provide nodal information at each print time. The data are reported
in ten columns. That is, the first row represents data for nodes 1-10 and so forth.
Output file “V’ has two data blocks at each print-time; one for the x-component and
one for the z-component of the velocity. This information is used for animation, and
for producing 1-D Graphs (along outer boundaries or internal cross-sections).

4. MeshTria.000 - > MeshTria.txt: mesh information

This file provides detailed mesh information by means of three data blocks; for
Project ‘Grid-1" Section 1.1.9.2; Example 1 (p. 1.18):

First block: 1106 rows for nodes

Second block: 3192 rows for edges

Third block: 2086 rows for triangles
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2. HYDRUS OUTPUT FILES

Section 2: Output files

1 Hydrus2D - [x] (=]
| File  Yiew Pre-processing  Calculakion  Post-processing Window  Help - |5’ |£|

D|(E|d] &lw|w|@/W B5m 2

Pre-processing | Post-processing |
7 i ——
=F ain Processes [II] iaraphical Display of Results  ———>- 1. h., th., & v.out
/ Ireerse Solution 00 oCbservation Paints —> 2. ObsNod.out
/ Geormetry InFarmation w] Pressure Heads —> 3. h_mean.out
/ Time Information 00 water Boundary Fluxes —> 4. v_Mean.out
/ Print Information m Curnulative Water Boundary Fluxest > 5. Cum_Q.out
[T water Flow - Ikeration Criteria m Soil Hydraulic Properties L > 6. Check.out
[T Water Flows - Soil Hydraulic Madel 00 Run Time Information  ———+> 7. Run_Inf.out
[T swater Flow - Soil Hydraulic Parameters 0] Mass Balance Information  ——> 8. Balance.out
F{f) variable Boundary Conditions 00 Convert Cutput to ASCIT —> 9. Optional files
0% Inwerse Solution Data 000 1reverse Solution | > 10. Fit.out

Geametry and FEM Mash Editor

Boundary Conditions Editor
|Far Help, press F1 |

[riira | 4

2.1  Output Files

The graphical display that appears in the post-processing section uses information
from the output files in the manner shown above. These files are found in the local
directory of the project. The units associated with the various variables are discussed
in detail in Section 1.2.4. Note that ‘P-Level’ refers to print time-level, ‘T-Level’ to
run-time, and ‘A-Level’ to a variable boundary condition time; refer to HYDRUS
Technical Manual (p.161) for more details.

2.1.1 Boundary.out (data at print time; P-level information)

> i n X z | Code | Q* | V** h th Temp | Conc
[VIT]| [L/T] [L] [] [C] [M/L3]
Numbering| Number of Concent-
Data of node in FE | Coordinates [As in Table| Nodal | Velocity | Head Water |Temperature| ration
Boundary mesh 2.1 flow (flux) content
Block* nodes
— [Number of rows equal to number of outer boundary points (except for no-flux nodes) —
P> | | | | | | | | | |
v_ | [ 1 ] [ | | | | |

*The number of data blocks in each file is equal to the number of print times.

**You can access individual nodal fluxes and flow rates across an outer boundary at
print times in this output file. The velocities reported in this file are more accurate
than those used in the Graphical Module (obtained in ASCII form; see Section 2.1.9);
they are the ones used for the mass balance calculations.

This file is stored in the project folder and is not displayed/used by the interface. For
more details on the coding of boundary conditions (Table 2.1), refer to the HYDRUS
Technical Manual (p.77).
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Table 2.1: Boundary codes (column 5; ‘boundary.out’ output file)

1 | Constant head 4 | Atmospheric (capacity exceeded *)
-1 | Constant Flux -4 | Atmospheric (capacity not exceeded)
-2 | Potential Seepage (unsaturated) | -5 | Drain (unsaturated)

2 | Actual Seepage (saturated) 5 | Drain (saturated)

3 | Variable head 6 | Free or Deep Drainage

-3 | Variable Flux

* Either the evaporation capacity exceeded (when head<hCritA), or the infiltration
capacity exceeded (when head>hCritS).

2.1.2 ObsNod.out (data at run time; T-level information)

The output below shows that we have two observation points, and hence also two data
blocks, for nodes 431 and 601, which refer to the numbers of observation nodes in the
FE mesh. The information provided is pressure head (hNew), water content (theta),
and temperature (Temp). This file exists only when you include observation nodes.
Additional information on concentrations is displayed if solute transport is considered.

Node(431) Node(601)
time | hNew theta Temp hNew theta Temp

0 | head | Water content | Temperature -1 0.4293 20

2.1.3 h_mean.out (data at run time; T-level information)

This file contains average pressure heads along various boundaries, such as
atmospheric boundary, root zone, variable (flux or head) boundaries, constant (flux or
head) boundaries, seepage face, and drainage boundaries.

Time HAtm hRoot | hKode3 | hKodel | hSeep | hKode5 hKode6
(7] [L] [L] [L] [L] [L] [L] [L]

Atmospheric| Root Variable | Constant | Seepage | Drain |Free drainage

2.1.4 v_Mean.out (data at run time; T-level information)

This file contains average flux/flow rates across various boundaries, such as the
potential atmospheric fluxes, potential root uptake fluxes, actual atmospheric fluxes,
actual root uptake fluxes, variable (flux or head) boundary flow rates, constant (flux
or head) boundary flow rates, seepage boundary flow rates, and drainage boundaries
flow rates.

Note that the atmospheric and root data are reported as fluxes having units of
length/time, whereas the other fluxes are flow rates reported as area/time (area
represents volume per unit length in the perpendicular direction) for 2D problems.
When calculating cumulative root and evaporation flow rates, the fluxes (in the 1%
four columns) are integrated over the width of the atmospheric boundary condition.
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Time| rAtm rRoot vAtm | vRoot | vKode3 vKodel vSeep vDrain |vBottom...
[T] [L/T] [L/T] [L/T] [L/T] [VIT] [VIT] [VIT] [VIT] [VIT]
< Atmospheric boundaries >
Constant Lower
Boundary Boundary
Potential Potential Actual Actual Variable Flow rate Seepage Drain (free/deep
Atmospheric Root Atm. Root Boundary (constant Flow rate Flow rate drainage)
Rain+Evap Flux Flux Flux Flow rate head/flux & Flow rate
nodal recharge)
=
Double click on “Boundary Water Fluxes/Vertical Variable™; e i |

the list that appears (shown here) corresponds to the columns

in the “v_Mean.out” file (given above).

Potential

e

Flus [

-4

Potertisl Froot Water Uptake
e
ke

ictual Atmosphesc P
Actusl Floot wates U
/ ariatle D Fi

1 o
V.8 | uredany Mhis
Aney 7

I

0 + + + + 1
0000 Q002 0004 0006 0008 0010
Time [days]

(|

B | |

| |

2.1.5 Cum_Q.out (data at run time; T-level information)

This file provides cumulative fluxes across various boundaries, that is, flow rates
integrated over the simulation time. All values have area units (V; volume/unit length;
e.g. cm*/cm=cm?) for 2D problems and volume units (cm®) for axisymmetric 3D

problems.

Time| CumQAP | CUmQRP | CumQA |CumQR| CumQ3 | CumQ1 | CumQS | CumQ5 | CumQ6

(7] [Vl [Vl [Vl \4| [Vl [Vl [Vl [Vl [V]

Actual

Potential Root Cumulative | Cumulative Cumulative
Potential | Root Uptake Actual Uptake Variable Constant | Cumulative | Cumulative | Free/Deep
Evaporation Flux Evaporation Flux Boundary | Boundary Seepage | Drain Flow | Drainage

Flux Flux Flux Flux Flux Flux Flux

2.1.6 Check.out

This file contains the data in the look-up table used by HYDRUS to interpolate soil
hydraulic properties during the simulation, in addition to some of the input parameters
contained in the input files. The information in this file may be used to plot water
retention and hydraulic conductivity curves of the soil. The range of values for h, K,
etc. depends on the limits entered in “Internal Interpolation Tables”, Section 1.1.5.

Mat Qr Qs Alfa n Ks I
1 0.078 0.43 3.60E-02 1.56E+00| 2.50E+01 0.5
Table of Hydraulic Properties which are interpolated
theta h Log (h) C K Log(K) |
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2.1.7 Run_Inf.out (data at run time; T-level information)

This file provides run-time information, which includes time level, time, time step,
number of iterations, and cumulative number of time steps at every time step. The
first column is simply a counter for time steps, always an integer whose final value
depends on the minimum time step, the maximum time step, and how quickly or
slowly the solution converges. Refer to the Chart 1.1 (p 1.9) on how the time stepping
scheme proceeds. Additional information on the maximum nodal Peclet and Courant
numbers is displayed if solute transport is considered.

TLevel Time dt Iter [tCum
Time-level Cumulative
‘current time step|Time at current| Time step Number of iterations number of
number’ time-level iterations
1 1.00E-03 1.00E-03 2 2
2 2.30E-03 1.30E-03 2 4
3 3.99E-03 1.69E-03 2 6

2.1.8 Balance.out (data at print time; P-level information)

This file provides mass balance information at the print times. The sample file below
is for a simulation with two print times (at 0.5 and 1 day). Initial conditions are
always reported at the beginning of the file (Time=0).

The print time is printed at the beginning of each data set. The set comprises: Area,
Volume, InFlow, hMean, and water balance errors for the whole domain and each
subregion. Explanations of the terms are given below in the column ‘Explanation’.

Time [T] Total Sub-region number Explanation
For total grid and each sub-
region
0 1 2
Area [V] 1.92E-04 9.82E-05 9.38E-05 Area
Volume V] 8.24E-05 4.21E-05 4.03E-05 Water volume stored
InFlow [VIT] 0.00E+00 0.00E+00 0.00E+00 ¥ In/out flow (out is +)
hMean [L] -1.00E+00 -1 -1 Mean head
0.5 1 2
Area V] 1.92E-04 9.82E-05 9.38E-05
Volume V] 8.24E-05 4.21E-05 4.03E-05
InFlow [VIT] 0.00E+00 0.00E+00 0.00E+00
hMean [L] -1.20E+00 -1.2 -1.2
Absolute error in water mass
WatBalT [V] 8.45E-07 balance of entire domain
Relative error in water mass
WatBalR [%0] .025 balance of entire domain
1.0 1 2
Area V] 1.92E-04 9.82E-05 9.38E-05
Volume V] 8.24E-05 4.21E-05 4.03E-05
InFlow [VIT] 0.00E+00 0.00E+00 0.00E+00
hMean [L] -1.20E+00 -1.2 -1.2
WatBalT V] 1.64E-06
WatBalR [%0] .035
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2.1.9 Optional ASCII files (data at run time; P-level information; for files *h.out’,
"th.out’, and ’v.out’)

During the calculations HYDRUS generates the binary files *h.out’, ‘th.out’, ‘v.out’,
‘concx.out’, ‘sorbx.out’, and ‘temp.out’ that contain nodal values of pressure heads,
water contents, velocities, solution and sorbed concentrations, and temperatures at
selected print times. These binary files can be converted into the ASCII files *h.txt’,
‘th.Txt’, “v. txt’, ‘concx. Txt’, ‘sorbx. Txt’, and “temp.txt” using the following dialog
window. These files are not available by default. Once this option is triggered, this
window is displayed.

The options are:

= Mesh Information: details finite element

mesh information (file name; MeshTria.txt)

= Pressure head: nodal pressure heads at the Convet to ASC the following fls: q@ﬂ
print times (file name; H.txt). ; f“”H“”d[:Mt]“‘”””]
= Water content: nodal water contents at the T —
print times (file name; TH.txt). M Hfaelfes et
= Velocities: x- and z-components of the E
nodal velocities at the print times (file r
name; V.txt).

More details can be found in Section 1.2.8 (P 1.53).
2.1.10 Fit.out

This file relates to the inverse solution. The file lists the input soil hydraulic
parameters, the optimisation results at each iteration, the final optimized (estimated)
parameters as obtained with a non-linear least squares analysis (final results are
numbers shown in Bold), input inverse data (i.e., observed data that HYDRUS is
calibrating against; found under column ‘Obs’), and the simulated data (found under
column “Fitted”). The meaning of “Type’ and “position’ is explained in the HYDRUS
on-line Help.

Non-linear  |least-squares janalysis: ffinal results
95%Confidence [limits
\Variable \Value S.E.Coeff. |Lower Upper
ALPHA 1.56E-02 0.00082  0.01373  0.01738
N 2.19E+00 0.10786] 1.94905  2.42969
CONDS 1.27E-02 0.00234,  0.00748  0.01788
RSQUARE |for regression |of predicted s observed =
Contributions [to the final objective [function
Measurement|Set 2:000 1.66E-01

Difference between

fitted and observed

& Fitted QUANTITY
Resi- v
No Time Obs Fitted dual Type Position
1 33 0.113 0.112 0.001 2 1
2 66 0.121 0.112 0.008 2 1
3 1000 A 0.142] A 0.126 0.016 2 1
Observed data (experimental Fitted data (what HYDRUS simulated
data; what you entered) using the final optimized parameters)

Modelling variably saturated flow with HYDRUS-2D



2.6

Correlation matrix

ALPHA N CONDS
ALPHA 1
N -0.2156 1
CONDS 0.9887 -0.3591 1

The correlation matrix (shown above) indicates whether the parameters are correlated

Section 2: Output files

or not, with 1 indicating perfect positive correlation and -1 indicating perfect negative
correlation.

S.E. Coeff. refers to the standard error.

RSQUARE refers to the goodness of fit.

Upper and lower limits refer to the sensitivity of the model to the parameter. Refer to
Appendix V.2 for more details on statistical issues in inverse modelling.

2.1.11 A Level.out (data at variable boundary time)

This file contains data at the variable boundary time levels, that is, the number of
times (rows in this file) is equal to the time-variable boundary records entered in
Window “Time Information/Boundary Conditions’. This file will not be created if you
do not have time-variable boundary conditions (infiltration, evaporation, transpiration,
variable flux, or variable ground water table).

Al |cumulative [fluxes (CumQ) fare positive out of the region
Time| CumQAP | CumQRP | CumQA |CumQR| CumQ3 hAtm hRoot |hKode3|A-level
[T] [V] [V] V] [V] [V] [L] [L] [L]
Cumulative Cumulative Average

Time Potential potential root Actual flow across Average | headin | Average | Number
cumulative uptake cumulative |Cumulative variable head at |root zone| head of ‘A’
flow across | (transpiration) |flow across |Actual root| boundary atmospheric variable | Level
atmospheric atmospheric| uptake boundary boundary
boundary boundary

2.2 Examples Demonstrating the Use of Output Files

2.2.1 Project ‘WT-1’ (CD\HYDRUS Manual Projects\Sect-2): This example
demonstrates a case where we must have access to the HYDRUS output files. This
problem considers a fully saturated soil profile (i.e., water table at the soil surface).
We simulate the decline of the water table as a result of evaporation (see Figure 2.1),
and want to plot the actual surface flux ratio (actual over potential flux) versus depth
to the water table. For this purpose we need to place an observation node at the base
of the soil profile, and then plot the flux (from *v_Mean.out’ file) versus the pressure
head (from the *ObsNod.out’ file).
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Watertable

Atmospheric BC
Evaporation rate = 0.5 cm/day A

NOTE: The initial water table is at the soil surface; however,
experience has shown that setting the initial head

at the surface to O is often problematic for getting
convergence in the numerical solution (the entire

domain is then saturated). The problem is
avoided by setting the initial water table
depth at 1 cm. l

1,000 cm

Observation node

AN 2

Figure 2.1: Domain and BC
Project WT-1

Open file Flux Ratio-1.xls on the CD (CD\HYDRUS Manual Projects\Sect-2).

The relevant output files are imported into
two worksheets, ‘v_Mean’ and ‘ObsNod’.

In order to obtain the flux ratio we normalise the flux with respect to the potential
evaporation rate, that is, we divide all fluxes by 0.5 cm/d. The depth to the water table
is calculated by subtracting the head from the initial head (remember 999 rather than
1000).

Since the data in both files are at the same run time levels, we can plot flux ratios
calculated from the v_Mean.out file versus depth to water table calculated from
’ObsNod.out’ file. The result is demonstrated in Figure 2.2, which shows the critical
water table depth below which the soil cannot sustain the flux at its potential rate.

0.9 1
0.8
0.7 A
0.6

05 EH

Flux ratio

0.4 -| |Water table depth (critical depth)
at which soil can no longer

0.3 — provide water as dictated by
potential evaporation (climatic
0.2 demand)
0.1
O T T T
0 50 100 150 200 250

Depth to water table (cm)

Figure 2.2: Change of flux ratio with water table depth
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2.2.2 Project “Mbal-2” (CD\HYDRUS Manual Projects\Sect-2): the domain of
the problem is shown in Figure 2.3. Part of the upper boundary is an atmospheric BC
and the lower boundary is a seepage face; rainfall is simulated at two different rates
during the 2-day simulation.

Rainfall
Day 1 = 30 cm/day
Day 2 = 60 cm/day

|

\

‘ |

\ Code (4) 1

‘ |

' Loamy sand |

} Uniform initial potential = -100 cm 140cm
| |

; Seepage face BC; 39 nodes ;

| Code (2) \
L—I—I—I—I—H—I—I—I—I—I—H—I—I—I—IE—I—H—I—I—H—I—I—I—I—I—I—I—H—I—I—‘ \4
< 400 cm >

Figure 2.3: Domain and BCs for Project Mbal-2

We provide details by means of the following files:
Boundary.out
v_Mean.out
Cum_Q.out
A-Level
5. Balance.out
Those files contain the most valuable flux and mass balance data. We will
demonstrate how the data in those files are interrelated.

el AN S

Open file Mbal-2.xlIs on the CD (CD\HYDRUS Manual Projects\Sect-2).
1. Boundary.out data at print time level (in Worksheet: Boundary):

Column 1:1=1, 2,.....44 represents the boundary nodes (other than no-flux); in this
problem the sum of seepage and atmospheric boundary nodes is 44 (39+5).

Column 2: n represents the actual corresponding node number in the FE mesh.

Columns 3, 4: x and z represent the coordinates of the nodes. For example, if you
want to know the width of the atmospheric boundary condition, do the following:
X(1=44) = X(1=40) = 217.8-184.1 =33.7cm
Column 5: code refers to the boundary condition code (as listed in Table 2.1). Note
that all seepage face nodes are coded (-2) up to Time=1.6 day, which means that they
are considered to be a potential seepage face (i.e., there is no actual seepage face yet).
At Time=1.8 days, nodes (1=19-21) are coded (2), which means they are now actual
seepage face nodes. At T=2 days, the seepage face extends to 5 nodes (1=18-22).
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Column 7: v refers to the nodal flux (cm/day). For atmospheric BCs, v is simply the
rate of rainfall, which is 30 and 60 cm/day, for Time=1, and 2, respectively.
Individual nodal fluxes are readily available only in this file (they can be obtained
also from *“v.out”; Section 2.1.9; however, those are less accurate). The significance
of the data is demonstrated in Figure 2.4, which shows fluxes through individual
actual seepage points (Worksheet ‘Boundary’, Cells ‘C440, G444’ and Cells ‘C490,

G496").
50 \\ //
<
= 100
=
<
ke
o
c -150
g, HYDRUS Project
s Mbal-2
% -200
n
——2 Days
-8~ 1.8 days \m/
-250
-300

16 1‘7 1‘8 1‘9 2‘0 2‘1 2‘2 2‘3 24
Node number
Figure 2.4: Individual nodal fluxes from ‘Boundary.out’ file

Column 6: Q refers to flow rate (cm?/day). This is the flux (v) integrated over the
nodal spacings (Figure 2.5). When integrating, the first and the last nodal fluxes (for
=40 and 44) will be multiplied by half the spacing only.

Note that if the flux at two neighbouring nodes (of an element) is different, it is
common practice in finite element methods to assume a linear distribution of the flux
along the element.

i=41 42 43
x =209.5 201.1 192.7
l l l Atmospheric Boundary
Flux = 30 cm/day

«—— w —>

Q = 30w
30x8.4 = 252 cm?/day

Figure 2.5: Definition of v and Q

Columns 7, 8, 9, and 10: h, th, temp, and conc, refer to pressure head (cm), water
content, temperature, and solute concentration, respectively.
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2. v_Mean.out data at run time level (in Worksheet: v_Mean):

Column 1: Time (days) refers to run time. The smaller the time steps, the more
records will be stored in this file. Time steps are controlled by the minimum and
maximum time steps and by how quickly the solution converges (if the solution does
not converge quickly, the time steps decrease and hence the number of records will
increase).

Columns 2 and 4: rAtm and vAtm refer to potential and actual atmospheric flux
(cm/day), respectively (equal in this problem).

Column 8: vSeep is the seepage flux across the boundary (cm?/day). Note that
seepage starts at Time=1.6988 days (row 931 in spreadsheet).
At time=1.8 days, vSeep=574 cm?/day. This value can be calculated from output file
“Boundary.out” as follows:

Go to print time=1.8 day in Worksheet Boundary,

Sum Q in column G, cells G441+G442+G443=573 cm?/day

The mass balance may be calculated from this file as follows:
= Calculate Qum by multiplying the actual atmospheric flux by the width of the
atmospheric BC (33.7 cm calculated in the previous section).
=  Add Qam to Column (I, vSeep) to get the total In/out flow.
= This is demonstrated in column P, Worksheet v_Mean. The result is shown in
Figure 2.6.

2500

Constant atmospheric
inflow acoss the whole
boundary as result of 60
cm/day rainfall

2000

1500

Constant atmospheric
inflow acoss the whole
boundary as result of 30
cm/day rainfall

result of \
uf

\4

.
1)
S
S}

¥ Flow in/out (cmZ/day)

<& From Balance.out

a
Q
S

— From v_Mean.out

0 0.2 0.4 0.6 0.8 1 12 14 16 18 2

Time (days)
Figure 2.6: Sum of inflow and outflow rates

In the next section, the results shown in Figure 2.6 will be compared with those
obtained from the “Balance.out” file at the print times.

The flow rates may be integrated over time to obtain cumulative fluxes identical to
those found in output file “Cum_Q.out”. This is demonstrated in Columns M and N
(Worksheet v_Mean) for cumulative atmospheric and seepage flows, respectively.
The results are very close to the corresponding values reported in the “Cum_Q.out”
output file (Columns E and I; Worksheet Cum_Q). The difference is less than 0.3%.
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3. Cum_Q.out data at run time level (in Worksheet: Cum_Q):

Columns 2 and 4: CumQAP and CumQA refer to potential and actual cumulative
atmospheric fluxes (cm?), respectively (equal in this problem) across the entire
atmospheric boundary.

Column 8: CumQS is the cumulative seepage flow volume (cm?) across the entire
seepage boundary.

4. A_level.out data at atmospheric time level (in Worksheet: A_level):

Columns 1: Time is atmospheric time, that is, any time where a variable atmospheric
boundary condition has been specified. For our problem here this was at 1 and 2 days.
We specified (under variable boundary conditions) that:

during time = 0-1 day, rainfall is 30 cm/day, and

during time = 1-2 day, rainfall is 60 cm/day.

Columns 2 and 4: CumQAP and CumQA refer to potential and actual cumulative
atmospheric flow volumes (cm?), respectively, across the whole atmospheric
boundary. These numbers can also be found in Output file “Cum_Q” at times 1 and 2
days, respectively. They are calculated as follows:

At time 1 CumQA = 30x33.7x1 = 1010 cm®

At time 1 CumQA = 1010 + 60x33.7x(2-1) = 3030 cm?

5. Balance.out data at Print time level (in Worksheet: Balance):
The mass balance can be calculated on a volume basis as follows:

Volume of water stored in soil prior to simulation, (Time=0) = 3990 cm? (Cell D13)
Volume of water stored in soil at end of simulation, (Time=2) = 6820 cm? (Cell D91)

Change in water storage (gain) = 6820 —3990 = 2830 cm?

Cumulative infiltration (rainfall into domain) = -3040
Cumulative seepage (out of domain) = 202
Mass balance (should be zero) = 8

= For all print times, write the ‘InFlow” values (Cells D14, D20, etc.) and the
corresponding times in two neighbouring columns as shown in Cells
(G12-H22). Insert the data set into Figure 2.6. Notice that you obtained the
same results as from the calculations in file “v_Mean.out”, but only at the
print times. To get a more continuous set of mass balance results, you can
increase the print times up to 250 (or up to 5,000 if done outside the
graphical interface; see Section 4.12).
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2.2.3 Project “Mbal-3” (CD\HYDRUS Manual Projects\Sect-2): the domain of
this problem is shown in Figure 2.7a. The upper 120 cm of the profile is sandy loam
and the lower 20 cm is silt. Due to the configuration of the soil layers and boundary
conditions, this system will promote lateral flow. The left-hand side of the upper
boundary is an atmospheric BC, the lower boundary is a free drainage BC, and the
right-hand vertical boundary is a seepage face. The soil profile is initially fully
saturated, rainfall is simulated at a rate of 10 cm/day during the 0.2-day simulation.
The number of print times was set to 100 to obtain a good resolution of nodal fluxes
reported at print times in the “Boundary.out” output file.

In this example we will go through the mass balance calculations by considering
subregions. Referring to Figure 2.7a, there are two subregions in this example (the
domain is split vertically). The atmospheric boundary condition is restricted to
subregion 1 (nodes 84-95), the free drainage BC goes through both regions (nodes 2-
14 in subregion 1, and nodes 15-36 in subregion 2), while the seepage face is in
subregion 2 (nodes 37-53).

\4

|
<«<—— Subregion 1 >« Subregion 2

O — .

96 95 94 93 92 91 90 89 88 87 86 85

|97 .
|98 | Atmospheric BC ! j
|99 Code (4) No flux BC

120 cm, Sandy loam

Seepage face BC

Code (2)
Free drainage BC
Code (6)

[1 2 3 5 6 7 8 9 101112 13 '415162w718192021222324252627282930313233343536

111 8382 81807978 77767574737271706968676665646362616059585756>5>4;

\4

<«——— Subregion 1 >« Subregion 2

Figure 2.7a: Domain and BC for Project Mbal-3

We are interested in quantifying the amount of lateral flow from subregion 1 to
subregion 2 (refer to the block diagram in Figure 2.7b). Let us study individual mass
balances for each subregion at the end of the simulation (Time=0.2 day).

Infiltration

Region :rL Lateral flow from | Region
1 = Region 1to 2 2 j Seepage

< [ >le [ ] N
1< |

Free drainage Free drainage Figure 2.7b: Flow through regions
from Region 1 from Region 2

b3
52
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Cumulative fluxes are reported across entire boundaries (e.g., the flux for the free
drainage boundary is reported across nodes 2-36). Hence, we must split this boundary
in order to calculate how much water leaves subregion 1 (nodes 2-14) and how much
leaves subregion 2 (nodes 15-36). This is achieved by manipulating the data reported
in the “Boundary.out” output file.

Open file Mbal-3.xls in the CD (CD\HYDRUS Manual Projects\Sect-2).
The ‘Boundary.out’ output file is imported into Worksheet ‘Boundary’.

e For each print time,
o Write the print time (1* print time is in Cell C10) in “‘Cell N6’.
0 Sumup Q’s for nodes n = 2-14 (G15-G27); this represent the flow rate
from subregion 1 at the first Print Time. Write the result in “‘Cell O6’.

e Repeat 100 times to get data in Cells “N6-O105" (writing a macro in Visual Basic
helps).

e Integrate the flow rate over the print times to obtain volumes; if the print times are
equal, simply multiply Q by the print time to get volume. If they are unequal, use an
average. For example, to get the volume (V) at print time Tx:

0 Vyx=0Qxx (Tx—l - Tx+1)/2

0 The result is shown in Column ‘P’.
e Calculate cumulative volume as in Column *Q’.

e Repeat the same process by summing nodes 15-36 to get the cumulative volume
from free drainage under subregion 2. The results are shown in (Cells S5-V105).

e Add the final numbers from both subregions; this should be equal to that reported
in output file Cum_Q.out; referring to Worksheet ‘Boundary’:
Cell Q105 + V105 = 161.82 + 298.32 = 460.14 ~ 460 (Sheet Cum_Q, Cell K142) OK.

e Mass balance for subregion 1 = Infiltration (water gained, negative sign) + Free
boundary flux (sum of nodes 2-14, water lost) + change in storage (note that water
drained from the soil is a gain to the water balance, and thus has a negative sign;
calculated as the difference in Volume at time 0.2 day and the initial Volume,
Worksheet Balance ) + Lateral flow from subregions ‘1’ to ‘2’ = 0 (only lateral flow
is unknown)

e The amount of lateral flow that resulted in a zero-mass balance is added as “flow
in’ to subregion 2’; the water balance for subregion ‘2’ is calculated in the same way;
the lateral out flow from subregion ‘2’ should be equal to the cumulative seepage
reported in output file ‘Cum_Q.out, Cell 1142”.

A sample calculation is shown in Worksheet “Volume-based mass balance’, and is
also shown in Table 2.2.
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Cumulative Boundary Flow from ‘Cum_Q.out’ output file found in Worksheet Cum_Q

Table 2.2: Volume-based mass
Cumulative Free Boundary Flow Cell K-142 460 balance (from spreadsheet of same
Cumulative Seepage Flow Cell I-142 906 name in Workbook Mbal-3.xls
Cumulative Actual Atmospheric Flow Cell E-142 -257

Mass Balance Region 1

Spreadsheet Cell
Atmospheric Boundary, Rain = -257 gained Cum_Q E142
Free Boundary flow out under Region1 = 161.8 lost Boundary| Q105
Change in Soil-water storage (drained) = -110 gained Balance 019
Summation -205.2 |Out of region 1 laterally into Region 2|
Mass Balance Region 2
Spreadsheet Cell
Input from Region 1 = -205.18 | gained | [This sheet E13
Free Boundary flow out under Region 1 = 298.3 lost | [Boundary V105
Change in Soil-water storage (drained) = -1000 gained | Balance P19
Ra2|27|n | Summation -906.9|Out of region 2 laterally as Seepage |
Lateral flow
-205.2
-257 +
+ .
REGION 1 110 REGION 2 -1000 Close to cumulative
-110 Drained from storage + »|  -1000 Drained from » _*  |——» seepage flow (306)
(gain to mass balance) 161.8 storage 298.3 in *Cum_Q.out
= v 906.9
! -205.2
Free Boundary out Free Boundary out
161.8 298.3

| | Sum = 460.14; close to value in ‘Cum_Q.out’

Y
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Compare the flow rates during the simulation from output files ‘v_Mean.out’ and
‘Balance.out’.

e Flow rates at run times are found in output file ‘v_Mean.out’. In the case of
atmospheric BCs, fluxes are reported (cm/day). Hence, we sum them up over the
entire boundary to obtain the total flow rate (cm®day). This is achieved by
multiplying the flux by the width of the atmospheric BC, which is 130 cm in this case.
The calculations are shown in Worksheet ‘Flow rates, Columns C and D’.

e Add ‘Column D’ (Worksheet ‘Flow rates’) to *Columns I and K* (Worksheet
‘v_Mean’); find the result in ‘Column H* (Worksheet ‘Flow rates’). This will result
in total inflow/outflow rates during the simulation.

e Plot the result versus time as shown in Figure 2.8.

>7""7---h N Jr/

Hatched area = Change in storage volume = 1,100 cm? /

—=— Flow sums from v_Mean.out file

feal
o
o
o

o
I

—o— Total InFlow from Balance.out file

DDDDDcPE‘T

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
Time (days)

Figure 2.8 : Total inflow/outflow from ‘Balance.out’ and ‘v_Mean.out’ files

s Inflow/Outflow (crf/day)

a1

o

o

o
I

-10000

The same data may be obtained from output file ‘Balance.out’.

Go to Worksheet “‘Balance’.

For each print time,
0 Write the print time (1% print time is found in Cell B11) in ‘Cell G3°
o Write Inflow (1* Inflow is found in Cell D14) in “Cell 13".

Repeat 100 times to get data in Cells *G3-1103".
e Plot inflow data versus time as shown in Figure 2.8; you will see that they are
similar to those obtained from the ‘v_Mean.out’ file.

If we integrate flow rates over time we obtain cumulative fluxes (or volumes). The
area under the curve shown in Figure 2.8 represents the change in storage during the
simulation (1100 cm?).

Modelling variably saturated flow with HYDRUS-2D



2.16 Section 2: Output files

Modelling variably saturated flow with HYDRUS-2D



3.1 Section 3: Root Water Uptake

3. ROOT WATER UPTAKE

3.1 Relevant Windows in HYDRUS

x

IWelcome to HYDRIS-20

Heading:
When root water uptake (plant

transpiration) is modelled, the
relevant box in “Main Processes”
should be checked.

Simulate

[ ‘water Flow

[ Heat Tranzpart

Cahcel |

¥ Boat'water Uptake |

[~ Solute Transport

Help

@

Mext ..

™ lrwerse Solution 7

n HydrusZD - [rook-5 *]
| Eile Wiew Pre-processing Calculation
Post-processing  Window  Help

=10l x|

—18]x|
DEE & w|w(am BBM 2
I

As a result, two new input lines
are added under “Pre-

Processing”. They are: “Root
Water Uptake Models” and
“Root Water Uptake Models-
Pressure Head Reduction” as
shown here.

/ Geometry Infarmation
/ Time Information
/ Print Information

[T water Flow - Theration Criteria

[0 water Flow - Soil Hydraolic Model
277 wwater Flow - Soil Hydraulic Parameters
Rook WWaker Lipkake Models
ﬁ Rook Waker Upkake Models - Pressure Head Reduction
----- y A
Geometry and FEM Mesh Editor

[For Help, press F1 | [

Other related windows where input is required are:

e “Variable Boundary Conditions”, enter ‘potential transpiration’. Described in
Boundary conditions, Section 1.1.10-9; Atmospheric.

e “Boundary Condition Editor”
Either:
0 “Condition/Root Distribution™ (1)
Select nodes
Set Value
Water Uptake Distribution; enter appropriate value
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3.2 Section 3: Root Water Uptake

o Select a set of nodes, and choose x|
one of the options as shown in this Iop oot Water UtakeVae [T
WindOW. When SeIeCting ‘Same Battamn Foot water Uptake Walue ID—
value for all nodes’, only the “Top ~
Root Uptake Value’ is needed.  Game valus for ol nodes
Refer to Appendix 111.2 for details. 5 Linear distrbition with depii

ITI Cancel

o0 Alternatively, you can enter appropriate parameters under
“Option/Parameters for Root Distribution”; see Appendix 111.3 for
details.

Root Water Uptake Model:

x|
The water uptake reduction model defines the manner == pefeeimbizser -
in which transpiration is reduced below the potential ::p e |
rate when the soil is no longer capable of supplying e b |
the amount of water demanded by the plant under the & Ng Solite Stess
prevailing weather conditions. There are two € e odd) “@u
alternative reduction models: one by the Feddes et al. c o _ e |
(1978), further referred to as the Feddes model, and ) S5hame _ Provows |
one by van Genuchten (1987), further referred to as
the S-shaped model. The former is more commonly used.
Feddes’ Model Parameters
The Feddes model assigns plant transpiration rates x|
according to the soil’s pressure head.  Feddes' Parameters

. . Ok

Feddes’ model parameters are shown in this AT o |
window. The meaning of those parameters is POt [25 =
graphically demonstrated in Appendix I11.1. P[00 _ b |
PO: Value of the pressure head below which roots ZL I_I;EEE q@ﬂ
start to extract water from the soil. B et |
Popt: Value of the pressure head below which roots e a1 Previous .. |

extract water at the maximum possible rate
(potential transpiration).

P2H: Value of the limiting pressure head below which roots no longer extract water at
the maximum rate (assuming a potential transpiration rate of r2H).
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3.3 Section 3: Root Water Uptake

P2L: As above, but for a potential transpiration rate of r2L.

P3: Value of the pressure head below which root water uptake ceases (usually taken at

the wilting point).

A database of suggested values for different plants is provided based on studies by

Wesseling (1991) and Taylor and Ashcroft (1972).

r2H: Potential transpiration rate (L/T) (currently set at 0.5 cm/day).
r2L: Potential transpiration rate (L/T) (currently set at 0.1 cm/day).

The above 2 input parameters permit one to make the variable P2 a function of the
potential transpiration rate (P2 presumably decreases at higher transpiration rates).
HYDRUS currently implements a linear interpolation scheme for this purpose (given

in the HYDRUS Technical Manual).

S-Shaped Model Parameters

van Genuchten (1987) proposed an S-shaped function
to describe root water uptake reduction, which is
applicable to water stress as well as salinity stress. P50 |-800

Two input parameters are required in this model: P3, B
which is an experimental constant, and P50, the

pressure head at which the actual uptake rate is half

the potential rate. More details about the S-shaped

function are found in Appendix I11.1.

5-S5hape Parameters

Root Water Uptake Param il

Cancel

Help

Previous ...

[ B
@
[Eers

3.2 Root water uptake simulations

Projects Root-1 to Root-8 (CD\HYDRUS Manual Projects\Sect-3) demonstrate the
effects of various root water uptake parameters on root zone fluxes and soil water
pressure heads. The projects simulate root water uptake from a freely draining, 1-m

deep silty-loam soil profile.

The initial pressure head for all projects is hydrostatic equilibrium with the zero
pressure head at the freely draining bottom boundary (initially set equal to zero).

Projects Root-1, 2 and 3: Effect of range of optimal root water uptake (difference

between P2H and P2L).

The Projects assume a uniform root distribution down to a depth of 50 cm (no roots
below 50 cm), and a potential transpiration rate of 0.2 cm/day. Note that in the case of
a uniform root distribution, the absolute value for the water uptake distribution does
not really matter; any number that you enter will yield the same result since the root

distribution values are internally integrated and normalized by HYDRUS .

Project Root-4: As above but the root distribution gradually decreases from unity at

the surface to zero at a depth of 50 cm.
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3.4 Section 3: Root Water Uptake

Results:

Projects Root- 1 and 2: Figure 3.1 shows that the actual flux falls below the potential
rate at a later time when P2L is higher. In other words, root water uptake stays at the
potential rate longer.

0.2

0.15 -

0.1

Actual root flux (cm/day)

= Project Root-1: Wide optimal range; P2H = -50; P2L = -4000

0.05 +——
— Project Root-2: Narrow optimal range; P2H = -500; P2L =-1000 \

0 25 50 75 100
Time (days)

Figure 3.1: Effect of P2H and P2L on calculated actual root fluxes

Projects Root- 1 and 2: Figure 3.2 shows that since actual root uptake is reduced at a
later stage (high P2L), the pressure heads in Simulation Root-1 are lower than those in
Simulation Root-2.

-2000 \
E
S
8
£ -4000 -
2
®
e
3
S -6000 -
.
2
g
o

-8000 - == Project Root-1: Wide optimal range; P2H = -50; P2L = -4000

— Project Root-2: Narrow optimal range; P2H = -500; P2L = -1000
-10000 1 1 1
0 20 40 60 80 100

Time (days)

Figure 3.2: Effect of P2H and P2L on calculated soil water pressure heads
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Project Root-3: Figure 3.3 shows that toward the end of the relatively long simulation,
the flux fluctuates due to upward migration of moisture caused by the gradient
between the dry soil within the root zone (at depth=50 cm) and the soil below it. This
process is the result of the selected precision for calculations. Uptake rates at larger
time are very small (<0.001 cm/d) and thus below the water content precision
tolerance (=0.001). Oscillations can be eliminated by decreasing the water content
tolerance to 0.0001.

Time = 54 days

0.1 1

\

0.01 1 \

\
\M

0.001 1 PPN AN A

THIAMA M,
Project 'Root3' has identical parameters to Project ‘Root1'

0.0001 ‘ | ‘
0 500 1000 1500 2000

Time (days)

Actual root flux (cm/day)

Figure 3.3: Root fluxes with abrupt change in root distribution (Root-3)

Figure 3.4 shows that the soil within the root zone eventually reaches a pressure head
equal to P3 (-8,000 cm in this example). Notice that at a depth of 52 cm (just outside
the root zone), the pressure head does not reach that value.

0 | | | |

— At surface

— Depth = 50 cm within root zone
-2000 — Depth = 52 cm below root zone | |
B
2
o
2
o -4000
2
\Nx
R'\ﬂ—\-
\ ISR A SIS

I~ ———

-8000 T T T T T
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Time (days)

Figure 3.4: Calculated pressure heads at various depths (Root-3)
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Projects Root- 1 and 4: in Project Root-4, the root distribution gradually decreases
from unity at the surface to zero at a depth of 50 cm.

Referring to Figure 3.5, notice that for a uniform root distribution at different depths,
there is a lag in the pressure head change; however, the trends are identical.

\ Equal root density

-2000 A

5
)
e]
3 — At surface
< -4000
§ — Atdepth=20cm
(%]
L
[N
-6000 -|
-8000 T 7 T
0 10 20 30 40 50 60 70 80 90 100

Time (days)
Figure 3.5: Calculated pressure heads for uniform root distribution (Root-1)

Figure 3.6 shows that when the root densities are different at two locations in the root
zone, the pressure heads will evolve very differently in time.

0

-2000
€
)
o
[
£ J
o -4000
>
2
<
o

-6000 — At surface; root density = 1

— At depth = 20 cm; root density = 0.3
-8000 T T \
0 10 20 30 40 50 60 70 80 90 100

Time (days)

Figure 3.6: Calculated pressure heads for non-uniform root distribution
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Projects Root-5: This simulation is identical to Root-1, except that the potential
transpiration rate is doubled to 0.4 cm/day. Figure 3.7 shows that increasing the
potential transpiration rate causes the pressure heads to drop much earlier; however,
the trends are similar in both cases.

0
| |

—Pt=0.4 cm/day

— Pt =0.2 cm/day

-2000 A

-4000 A

Pressure head at surface (cm)

-6000 A

-8000 \ \ \ EE— T \
40 50 60 70 80 90 100

Time (days)

o
=
o
N
=)
w
S

Figure 3.7: Effect of potential transpiration rate (Pt) on calculated pressure heads

Figure 3.8 shows the effect of increasing the potential transpiration rate on cumulative
root extraction.

16 —

—

=
N
I

o]
L

— Pt=0.4 cm/day

Cumulative root extraction (cm?)

— Pt=0.2 cm/day

0 10 20 30 40 50 60 70 80 90 100
Time (days)

Figure 3.8: Effect of the potential transpiration rate on cumulative root extraction
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Project Root-6: Effect of initial conditions

In this simulation, the initial pressure head of the soil is higher than PO (i.e., nearly at
saturation). The lower boundary is sealed (not drained). Since the pressure head is
higher than PO everywhere in the domain, it will stay that way and transpiration will
never start. This problem will be addressed in Projects Root- 7 and 8.

Project Root-7: The surface nodes (only the top 2 nodes) are set to a pressure equal to
PO. The results are shown in Figure 3.9.

x]

Boundary Water Fluxes

L

Huorizontal Variable: | Time

Yertical Variable: Actual Root Water Uptake

Actual Root Water Uptake

020 +

=
m

010 +

Flux [ days]

a 100 200 300 400 500
Time [days]

Default | Frint | Frevious | Mext | LCloze |

Figure 3.9: Actual root uptake
for Project Root-7

Project Root-8: Introduce surface evaporation for a short duration of time. The time
variable BC records are increased to 2. The first record represents an evaporation
period of 0.1 day at an evaporation rate of 0.1 cm/day. This will decrease the surface
pressure head to a value below PO, which in turn induces the initiation of

transpiration.
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4. EXAMPLE APPLICATIONS

4.1  Fluctuating Stream Level

In this section, we model a stream with a fluctuating water level. When the water
level in the stream is rising, a variable head BC is suitable. The specified pressure
head is assigned to the lowest point and hydrostatic equilibrium is assumed for the
points above it. For a falling stream stage, this boundary does not represent what
actually happens since a seepage face likely will develop. HYDRUS at present is not
capable of modelling such a problem in one project because of the changing nature of
the boundary representing the stream. Therefore, simulations must be carried out in
two stages as follows:

1. Project “Ris-St”: simulate the rising water level using a variable head
boundary representing the stream.

2. Project “Fall-St”: simulate the water table drawdown that results from the
lowered stream level. The initial conditions for this project are imported from
the last time level in Project “Ris-St”.

All related Projects are found on the CD (.\HYDRUS Manual Projects\Sect-4).
Project “Ris-St”

The conceptual model for this problem is shown in Figure 4.1. The soil used is a
sandy loam. The flow domain is initially in hydrostatic equilibrium with the water
table that is located at the lower base of the domain. The stream rises in three stages
as shown in Figure 4.1.

Rising stream levels

7 A 180cm 6-10 days
Hydrostatic Variable (60 cm  2-6 days
equilibrium Initial water table; level=0 pressure

boundary
) v P P 0 om 0-2 days

Figure 4.1: Conceptual model for Project “Ris-St”
=

Horizontal ¥ ariable: | Time

K1Y

Wertical Variable: I Pressure head

Observation Nodes: Pressure Heads

Figure 4.2 shows the pressure head response at ol
50 cm and 150 cm away from the stream .
obtained at two observation points (OP in _mq
Figure 4.1). St
304
20+
10 +

0 t t t t t t t t t {

o1 2 3 4 5 B 7 85 8 10

Time [days]

Figure 4.2: Response to an
increase in the stream level

Default Frint Brevious 57 LCloze
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Figure 4.3 shows the pressure head distribution across the entire domain at Time=10
days. This distribution will be used as the initial condition for the next project.

g P e

Figure 4.3: Pressure head distribution; Time=10 days

Project Manager: Select Project “Ris-St” e =

Copy, and change details as shown here. This will R
provide us with an identical copy of the project. — :TI —
We will only change the initial conditions and the

boundary conditions representing the stream.

Project: “Fall-St”

Boundary Condition Editor (&)
Sidebar Menu: Water Flow Buttons/Seepage face: select the vertical points
representing the stream down to a depth of 40 cm.

Condition/Initial Condition/Import Pressure fupor T Sonarton =
Directory path...... \Ris-St\h.out\Open The fls has values for 2 tine levels
ICh e IEvel do You wank [0 LEe ¢
Accept the default value 2 (as shown here).
Ok I Cancel |
Accept the default value t=10 days (as shown =
here). _ ,
The selected time level is £t = 10, days .
& Do wou wwant ko use this time level 7
The initial pressure head distribution should be
. . . . [t
identical to that shown in Figure 4.3. =
Observation Nodes x|
Huorizontal Yariable: IT”"E j
Vertical Variable:  |Pressure head =l
Figure 4.4 shows the pressure head response to the elbeelvailo okt Plessile Hede
falling-stream stage at the two observation nodes. e
o e . . . . a8
Note that the initial time of the simulation is day 10, "
which is the final time of the previous simulation; =%
. . . . . o, . £ B0
this is set in “Time Information/Initial Time”. = .
a0
45
40 4 + + + + + + + + + i
o 11 12 13 14 15 16 17 18 19 20
Time [days]
Figure 4.4: Response to drop in stream level === =
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4.2 Modelling Evaporation: Effect of Discretization

The spacing of the elements near the soil surface can have a significant impact on the
results of evaporation simulations. The effect is related to movement of the drying
front through the soil profile and development of potentially very low (negative)
pressure heads (and gradients) near the soil surface. All related Projects are found on
the CD (.\HYDRUS Manual Projects\Sect-4).

4.2.1 Advance of Drying Boundary

(I
I
10 cm |
i | Figure 4.5: Grid spacing near the soil surface
Project ‘ Project
‘Evapl’ ‘ ‘Evap2’
| |
Coarse Fine
mesh mesh

In projects “Evap1” and “Evap2”, we track the movement of the drying front for two
contrasting meshes, coarse and fine, respectively (see Figure 4.5).

— Coarse mesh

—s— Fine mesh

-20000 -

-40000 1

hCritA = 100,000 cm

Pressure head (cm)

-60000 -

-80000

Ist element

-100000

0 2 A; ; 8 10

Time (days)
Figure 4.6: Surface pressure heads during evaporation as calculated using fine and
coarse meshes

Figure 4.6 shows the pressure head time series for the two meshes. Due to the
shallower depth of the 1* element in the fine mesh, hCritA was reached at an earlier
time; evaporation stage 2 hence commenced earlier. hCritA is the minimum allowed
pressure head at the soil surface (set at a very low —100,000 cm in this example). For
more details about hCritA, refer to Appendix II.
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Figure 4.7 shows pressure head data at deeper points in the profile. For the fine mesh
we see that the drying front has advanced to the second node (at 2 cm). However, the
front has not progressed as much for the coarse mesh because of the larger element
size (10 cm). For the fine mesh, at 10 cm depth, pressure heads are still very low since
the drying front moves through the soil profile on an element-by-element basis
depending upon the pressure gradients between them.

04

-2000

\ |Time when hCritA is reached E\E\B\
1\ |at surface element E\B\B\E\E

— Fine mesh 2nd element @ 2 cm

-4000

—8- Coarse mesh 2nd element @ 10 cm

Pressure head (cm)

—&-Fine mesh @ 10 cm

-6000

\

-8000

0 2 4 6 8 10
Time (days)

Figure 4.7: Pressure heads at two depths during evaporation as calculated using fine
and coarse meshes

This phenomenon indicates that modellers should investigate the suitability of the
mesh when simulating evaporation. In the following section, we will demonstrate the
effect of mesh size on predicted evaporative fluxes.

4.2.2 Mesh Density and Evaporative Fluxes

We demonstrate the effect of mesh density by conducting four simulations
having rectangular grids of varying density near the soil surface. We achieve this by
changing the total number of elements as well as the node density at the soil surface
(Density at Top, in Space Discretization). Mesh details for the four simulations are
listed in Table 4.1.

Figure 4.8 shows the significant effect of spatial discretization on the predicted
evaporative fluxes. However, these changes tend to become less significant at some
level of mesh density. Apparently the coarser mesh (“Cmesh’) is not an option; this
mesh is far too coarse and overestimates the flux. The predictions tend to converge to
some value as the mesh is made finer. Of course, a mesh that is very fine may take too
long to run; see Table 4.1 for run times. We conclude that for this set of simulations
the best mesh is “Vfmesh” since it produces results very close to those obtained with
mesh “VVFmesh” in less than one-tenth of the run time.
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e m]
W

0 0.5

1
Time (days)

Table 4.1: Run details of rectangular 100-cm deep

1.5 2

Figure 4.8: Effect of mesh density on evaporative fluxes

rid used to simulate evaporation

Project name Number of Density at top Depth of surface Run time
element (cm) (Seconds)
elements
Cmesh 20 1 5 1
Fmesh 100 1 1 20
VFmesh 100 0.1 0.2 43
VVFmesh 200 0.05 0.05 652

Concluding remarks:

1. Mesh density has a significant effect on predictions of evaporative fluxes
since it impacts how the drying front advances.

2. When modelling evaporation, it is worthwhile to investigate the

appropriateness of the mesh beforehand. In addition, a value of hCritA that
best suits the soil modelled must be identified (refer to Appendix II).
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4.3  Capillary Barrier

The principle of a capillary barrier is having a fine-textured soil layer situated on top
of a coarse-textured soil layer. The goal is to minimize water leaching into the lower
layer. Capillary barriers are widely used in mining applications and landfills where a
soil cover (the fine material) retains the water and loses it to evaporation and/or
transpiration with a minimum leaching-component into the underlying waste material
(such as mine waste rock or tailings). Project “Mesh9” is found on the CD
(.\HYDRUS Manual Projects\Sect-4).

In Project Mesh9, we simulate a 1-dimensional freely draining soil profile that

comprises 2 layers; an 80-cm fine layer that overlays a 20-cm coarse layer. The
optimum mesh parameters established in Project ‘Mesh8e’ (of Section 6.4) are

adopted here to simulate this practical application.

The results shown in the three figures below were obtained for two observation points
located close to the interface separating the two layers (see Project Mesh9). Figure 4.9
shows the pressure head data for the two layers. The wetting front arrives just after
0.4 day. Both pressure heads increase at comparable rates.

Time (day)

20 H

40 =—Sand layer

—— Clay layer

Pressure head (cm)

-60 1

-80

-100

Figure 4.9. Pressure head data for sand and clay layers

Figure 4.10 shows the manner in which the water content varies in the two layers.
Notice that there is a clear lag in response, with the sand keeping a much lower water
content after the pressure head in the clay layer had already increased significantly.
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'/

= Water content; sand layer

—— Head; clay layer

+-20

+ 40

-+ -60

-+ -100

-120

Pressure head (cm)

0.6

=

0.2 0.4 0.8 1

Time (day)

Figure 4.10. Water content and head data for sand and clay layers, respectively

In Figure 4.11, the water content is represented in relative terms as degree of
saturation. The simulation shows that the clay reached 98% saturation at t=0.5 d while
the sand is still at 3%, eventually reaching only about 30% saturation.

35 ‘ 100

= Sand layer

—— Clay layer 499

T98

+97

% Saturation (sand layer)
% Saturation (Caly layer)

T 96

T T
0.4 0.6 0.8 1

Time (day)

Figure 4.11. Relative water content (% saturation) for sand and clay layers

Figure 4.12 shows that the cumulative free drainage flow, which may represent a
hazardous leachate, has dramatically dropped from 42.6 cm? (for Project Mesh-8¢ of
Section 6.4) to only 3.77 cm”.

[Lumulative Boundary Water Hues x|
Horwontal Vassble:  [Tine =l
Wertical Varisble: Irsingge o
Cum. Free/Deep Drainage Boundary Flux
40
35 |
0 /
B
€15
Rt
ns /
Figure 4.12' Cumulative drainage UD”“ ||I| II'? III:': (I.-‘. III.‘s II'H III." IIIHJIII'J |I||
Time [days|
boundary flux for a layered system
Domt | Bt | Pwves | wew | [Coowe ]
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4.4  Modelling Hysteresis

Hysteresis refers to the non-unique relationship
between pressure head and water content in the soil
water retention curve. A drying cycle requires
more energy (a higher negative pressure head) to
arrive at the same water content compared to a
wetting cycle. That is, it is easier to wet the soil
than to dry it to the same water content. It is
possible to incorporate hysteresis with HYDRUS
only when using the van Genuchten-Mualem soil
hydraulic model.

Hysteresis can be extended also to the conductivity
function.

Soil Hydraulic Model

Section 4: Example Applications

— Hudraulic Model
& wan Genuchten - Mualem
™ “with &i-Entry Yalug of -2 cm
" Modified wan Genuchten
" Brooks-Corey
| Kosugi(log-homal]
| Dualtporosity [van Getuckten - fualem)

| Look-up Tiables

I
" Mo Hysteresiz

£~ Hysteresis in Betention Curve

' Hysteresis in Retention Curve and Conductivity

i |nitially Drying Curve

 Initially ‘Weting Curve

Cancel |
Help |

Mest ... |
Previous ... |

One should specify where the simulation starts, i.e. whether the initial water contents
and pressure heads are on a drying or on a wetting curve.

Drying curve parameters

Water Flow Parameters

x|

[ [ ar [ @s [Alpha| n | Ks [ 1 [ om | osw Blphaw Ksw |

| 1 0095 034 00034 2189

0012 05 034 034 00155 D.DW2|

Q:: residual water content
Qs: saturated water content
Alpha, n, Ks, I, and Qy,.

Note that Qy, in this window refers
to a drying parameter. The meaning

of Qn, is explained in the modified SolCaden [ ]

Nevral Network Prediction | ™ Iemperature Dependsnce

van Genuchten model (see ‘ ] G | beb |

Q@ﬂ Heat .. | Previous ... ‘

Appendix I).

Wetting curve parameters

QsW: saturated water content

AlphaW: parameter Alpha for wetting

K W: saturated hydraulic conductivity

Qm for wetting is calculated by HYDRUS such that

(Qs'Qr)drying/ (Qs‘Qr)wetting = (Qm‘Qr)drying/ (Qm‘Qr)wetting-

Q: and n are usually equal for drying and wetting, whereas Alpha for wetting is larger
than that for drying (Siminek et al., 1999). When no data are available for AlphaW, a

good initial guess is AlphaW=2xAlpha.

In the following section, we will briefly investigate the effect of hysteresis by
comparing results obtained from three simulation series: (1) Using drying data and no
hysteresis, (2) Using wetting data and no hysteresis, and (3) Using wetting and drying
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data with hysteresis. All related Projects are found on the CD (.\HYDRUS Manual
Projects\Sect-4).

The parameters used in the following simulations are listed in Table 4.2. The resulting
drying and wetting water retention curves are shown in Figure 4.13.

Table 4.2: Input parameters for hysteresis simulations

Q: Qs Alpha n K Qn | QW | AlphaW | KW
0.095 | 0.34 0.0094 2.189 | 0.012 | 0.34 0.34 0.0155 0.012

0.4
0.3 AR
5 E
=
8
g
E
9 0.2
=
153
g
=
=}
> - - - - Wetting curve
0.1 [
— Drying curve
0
10 100 1000

Matric suction (cm)

Figure 4.13: Drying and wetting water retention curves

Details of the simulations are outlined in Section 5.2.1. We model infiltration into an
initially dry soil sample; a drying cycle is then initiated when the surface flux is
terminated; another wetting cycle is subsequently simulated when the flux is
reintroduced to the soil surface.

Refer to Project ‘Cyc-1" on the CD (.\HYDRUS Manual Projects\Sect-4). Figure
4.14 shows that some numerically induced fluctuations were encountered during the

second wetting cycle. Altering the iteration criteria solves the problem (see Table
4.3).

Table 4.3: Iteration criteria details for hysteresis simulations

Cyc-1 Cyc-2
Water content tolerance 0.0001 0.00001
Pressure head tolerance 0.1 0.01
Lower limit of tension interval 0.01 0.0001
Upper limit of tension interval 200 1000
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— Cyc-1

— Cyc-2

J ‘

0 400

Time (minutes)

800 1200

Figure 4.14: Comparison of simulations ‘Cyc-1’ and ‘Cyc-2’

For projects ‘Drying’ and ‘Wetting’, we use drying and wetting water retention
parameters without hysteresis, respectively. Figure 4.15 compares the resulting
pressure heads for the two cases. Pressure head predictions obtained from project
‘Cyc-2’, which incorporates hysteresis, are compared with the previous two runs (see
Figure 4.15). Note how the pressure head prediction with hysteresis moves from the
wetting to the drying cycle, and then again to the wetting cycle.

-200

-400

Pressure head (cm)

-600

-800

f
ﬂ S
e — _a
— Wetting parameters
— Drying parameters | |
—=— Hysteresis
T
0 200 400 600 800 1000 1200

Time (minutes)

Figure 4.15: Comparison of pressure head predictions with wetting, drying, and

hysteresis parameters
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Water content predictions are compared in Figure 4.16. When hysteresis is modelled,
the predicted water content is mostly higher during the wetting cycle and lower during
the drying cycle, as compared to the other two scenarios.

0.3

o

0.25

0.2 7

Water content

— Wetting parameters

0.15 — Drying parameters | |
== Hysteresis

0.1 T T
0 200 400 600 800 1000 1200

Time (minute)

Figure 4.16: Comparison of water content predictions with wetting, drying, and
hysteresis parameters

Figure 4.17 shows that the three approaches gave different predictions for soil water
storage. The storage term is obtained from the output file ‘Balance.out’ (the water
volume stored in the soil is represented by the variable “Volume” in this output file).

Notice that consideration of hysteresis may have implications in the design of soil
COVers.
35

— Wetting parameters
— Drying parameters
1.5

=== Hysteresis

Water volume stored (cm?)
N
[38) W

0 400 800 1200
Time (minutes)

Figure 4.17: Comparison of water storage predictions with wetting, drying, and
hysteresis parameters
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45  Estimating Flow Rates Inside a Domain

In HYDRUS, fluxes at the run time levels are only reported along external
boundaries. Fluxes (or flow velocities) may be integrated (summed) along external
boundaries to obtain rates from parts of a boundary (done outside HYDRUS; see
Section 2.2.3). This information is not readily available for locations inside the
domain, but still can be calculated. Nodal flow velocities for the entire domain are
only available at print times. They can either be obtained in text format for the whole
domain (in file “v.out”; see Section 2.1.9), or for individual sections throughout the
domain within the graphical interface. In both cases, to obtain flow rates across an
internal line, the integration should be handled externally (e.g., in a spreadsheet).

In this exercise, the velocity profiles across internal line are obtained from the Post-
Processor Graphical Interface. Turning the ‘Snap to Grid’ on facilitates the selection
of the end points. Numerical integration is performed in a spreadsheet using the
trapezoidal rule.

The project series (Pipe-) simulates flow through a hypothetical set-up where two
compartments are connected by a 10-cm wide conduit. Compartment ‘A’ has a
constant head boundary on its surface and compartment ‘B’ has a seepage face
boundary on its side. We wish to estimate the velocity distribution across various
sections along the conduit length, estimate the flow rate through the conduit, and
compare it with the inflow and outflow rates through the external boundaries.

The advantage with this project is that we have a priori knowledge of the flow rate;
mass balance stipulates that at any time, the flux through the pipe must be equal to the
fluxes across the constant head boundary inflow rate, and the seepage face boundary
outflow rate (all three fluxes are equal). We will demonstrate the effect of mesh
discretization on the results. All related Projects are found on the CD (.\HYDRUS
Manual Projects\Sect-4).

Project Pipe-1

Details of this project are shown in Figure 4.18. The default mesh that HY DRUS
produces is accepted.

Constant head

Inflow
«  r------
1 |
~=z! “—__l____
a b .-A\Seepage face
C -2
\|r l_ Outflow
Compartment A - Compartment B
T y
a b C

Figure 4.18: Conceptual model and FE mesh for Project Pipe-1
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Velocity (cm/day)
30 35 40 45

—=— Section a-a

—*— Section b-b

- -4~ - Section c-c

Distance (cm)

Figure 4.19: Velocity profiles for Project Pipe-1

The velocity distributions along three cross-sections in the conduit are shown in
Figure 4.19 (refer to Figure 4.18 for the section locations). The velocity is uniform
along the middle section. Integrating the velocities along this cross-section resulted in
a flow rate identical to that calculated from the constant head boundary and the
seepage face.

However, Table 4.4 shows that the flow rates obtained from the other two cross-
sections have produced significant errors. Notice that the velocity profiles along
sections a-a and c-c are highly non-linear especially near the top. This problem will be
addressed in the following projects.

Table 4.4: Results from for various projects

Project lfs’roje}ct Pipe:& proioct | Profect Pipe-3SS
i ectionsa-a
Fipel cc Pipe-2 | Pipes | Steady state
Section b-b analysis
Flow rates at
internal 418.978 355; 352 890.27 | 940.25 940.25
x-sections
cm’/day
Error % 0.00048 15.2;15.7 6.94 1.72 1.72
External
boundary flow 418.98 956.7
rate cm’/day

Projects Pipe-2

In this project, the seepage face extends through the entire RHS boundary (see Figure
4.20) and the conduit is shorter. These changes will increase the nonlinearity in the
velocity profile in the conduit. We will obtain velocity profiles for cross-section a-a
only (highest non-linearity) and try to get the best possible results by manipulating the

mesh.
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Figure 4.20: Finite element mesh for Projects Pipe-2

Let us refine the mesh in this project along cross-section ‘a-a’ (see Figure 4.20). This
should result in a more refined velocity profile, and hence improve numerical
integration.

Velocity (cm/day)

70 80 90 100 110 120 130 140 150 160 170
. I I

B
1 % o PropetPpes —
3 /;//(D/U

—— Project Pipe-2

Ditance (cm)
s
!

Section a-a

10

Figure 4.21: Velocity profiles at section a-a for Projects Pipe- 2 and 3

Figure 4.21 shows that the velocity profile is smoother; notice that we now have 28

points defining the profile as compared to only 10 in the previous example. Table 4.4
shows that error has dropped to 6.94%, but it is still significant.

Projects Pipe3

In this project, the mesh representing the entire area of the conduit is refined (see
Figure 4.22). Figure 4.21 shows now a very smooth velocity profile was obtained.
Table 4.4 indicates that the error has dropped to only 1.72%.
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Figure 4.22: Finite element mesh for Projects Pipe-3

Figure 4.23 shows velocity contours obtained for this simulation; Notice the very high
velocities at the corners. The simulation was repeated to obtain a steady-state
solution; the results were identical (see Project Pipe-3SS; (CD\HYDRUS Manual
Projects\Sect-4)).

Figure 4.23: Velocity contours at steady state

Comments:

= [t is possible to obtain flow rates across internal cross-sections inside the domain.
Obtain the velocity profile and integrate outside HYDRUS (e.g., using a
spreadsheet).

= You are likely to obtain better results if the velocity distribution across the section
is either constant or varies in a linear manner.

= [t is very important to investigate the existence of velocity nonlinearity across a
section and discretize the mesh accordingly. That is, the higher the non-linearity,
the finer the mesh should be.

= Note that this procedure is possible only at print times. Therefore, when deciding
on print times, one should take into account the temporal nonlinearity that may
exist in some problems (e.g. high early drainage rate in the case of a coarse soil).

= For external boundaries, the velocities reported in the Graphical interface are
slightly different (less accurate) than those reported in the “Boundary.out” file.

= Velocities are secondary variables calculated by applying Darcy’s law to the
pressure head (primary variable) field. Their precision is lower than the solution
of the flow field itself (as obtained with the Richards equation).
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4.6  Effect of Mesh Spatial Discretization and Tolerance Limits

Section 4: Example Applications

Projects ‘cmbal’ and ‘fMball’, and ‘fMBal2’ demonstrate the effects of mesh
density and tolerance limits on the simulation results, and subsequent impacts on the
mass balance. The Projects are found on the CD (.\HYDRUS Manual Projects\Sect-

4).

The three projects simulate a rectangular domain with an atmospheric BC at the
surface, a free drainage BC at the bottom, and a seepage face on part of the RHS
boundary. Infiltration is simulated as follows:
0-2 days 100 cm/day
2-4 days -
4-6 days 25 cm/day
The first two projects ‘cmbal’ and ‘fMball’ differ in terms of their mesh size, with the

former having a relatively coarsely-spaced mesh. Project ‘fMbal2’ has a mesh size
similar to Project ‘fMball’ but with looser tolerances. Details are listed in Table 4.5.

Table 4.5: Summary of mesh, mass balance, run time, and tolerance details

Project Element Number of Tolerance Run Mass balance
name size (cm) elements WwC Pres. time \Y %
(sec.)
cMBal 50x50 120 0.0001* 0.1%* 19 -232 0.046
fMBall 10x10 3000 0.0001* 0.1%* 1947 -64 0.013
fMBal2 10x10 3000 0.01" 0.5 1459 | -20,200 | 4.134

*Default values
#High tolerance; not recommended.

Table 4.5 shows that the much finer grid produced a better mass balance. However,

notice that this required a 100-fold increase in run time. Loosening the tolerances

resulted in a significant error in the mass balance. The run time decreased by 25 %.

Figure 4.24 compares cumulative free drainage fluxes for the three simulations.

Cumulatuve free drainage flux

3.0E+05

2.5E+05 4

2.0E+05 -

1.5E+05

s fMBall; Fine grid

1.0E+05

4 cMBal; Coarse grid

5.0E+04 -

— fMBal2; Fine grid/loose tolerance | |

0.0E+00
0

1 2

3

Time (days)

4 5 6

7

Figure 4.24. Comparison of cumulative free drainage flux for three projects
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4.7  Simulating Surface Runoff

HYDRUS does not evaluate surface runoff. When precipitation exceeds the
infiltration capacity of the soil, it instantaneously removes excess water from the soil
surface. However, it is possible to mimic surface runoff by using an imaginary surface
layer having a very high hydraulic conductivity and a saturated water content
approaching unity. The excess water that cannot infiltrate layer 2 will move laterally
and ultimately drain through a seepage face located at the end of this imaginary layer.
Note that this technique should not be used if evaporation is simulated. The Project is
found on the CD (.\AHYDRUS Manual Projects\Sect-4).

Atmospheric BC
Seepage face Imaginary soil layer
] A A A
1 preee 1

Real soil layer

: Observation node T
|
|

Free Drainage

Figure 4.25: Boundary conditions for Project ‘Runoff’
Project ‘Runoff’

The scenario shown in Figure 4.25 is modelled in this project. Figure 4.26 shows the
cumulative flow for the atmospheric and free drainage boundary, the difference is the
runoff represented by the seepage component. The observation node shows that the
water ponds to a height of about 2.2 cm on top of the real soil layer (results not shown
here; see values for the observation node in the HYDRUS project).

10000 ‘ ‘

Infiltration
7500 T Seepage (Runoff)

--o-- Free drainage

5000

2500 7
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7500 4 Seepage (runoff) = 8360
Free drainage = 1400

-10000 ! !
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Figure 4.26: Cumulative flow components for project ‘Runoff’
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4.8:  Local Anisotropy

In this hypothetical example we demonstrate the use of the ‘Local Anisotropy’ feature
in HYDRUS. Refer to Section 5.3.12 for the theoretical background on
‘Implementation of hydraulic conductivity anisotropy’ (p. 55; HYDRUS Technical
Manual).

We use the FE mesh constructed in Section 1.1.9.2 (Example 2, Project ‘Grid-2’),
which represents a 15% sloping hill. We assume that a fault exists along the slope that
acts as a preferential path for water draining along the slope. The hydraulic
conductivity along the preferential path is equal to 50K (Kj is the saturated hydraulic
conductivity elsewhere in the domain). Details of the domain, the boundary
conditions, and the fault location are shown in Figure 4.27. We simulate precipitation
for 1 day; the initial pressure head is —1 c¢m for the entire domain.

\4

< 30m
Atmospheric

s
KK
Y

- 15% slope; 6 = 8.53°
R 'vAVAVA.VAVA‘VAVAAVVA : ~ p‘ ’
SRR PSS ey AV AV AYAVy 477447‘:"47

A LCOTNO00 aravar
o AVAVAVAW, AVAYAV. s AVAVAV, v e
A O e L [
. Y A a S AYAY s v e AYAVavavaTavay,
Free drainage . TAVAVAV, v,y A YAVAY VA o AYAVAVA W vAyA S
AavvivyaYavavava Sl RR
AVaVav,o i3y

Figure 4.27: Domain and BC for Project ‘Aniso’ Seepage face

We define a local coordinate system for the anisotropy x|
tensor oriented with the hill slope (Boundary Condition

Editor/Local Anisotropy/Angle; or ="/Side bar-Angle: ndl ofbocslfsotcpls 653
Select the entire domain and enter the angle as shown o |

Ok Cancel
here). |
We define the first component of the hydraulic x|
conductivity tensor K;: Boundary Condition _ _
Editor/Local Anisotropy/First Component; or e o
=7 /Side bar- First Component: Select the elements ok | concel |

representing the fault (approximately parallel to the
slope; see Figure 4.27; remember that ‘Edit/Select
by Rhomboid’ is a useful option here); enter the value for the first component K; as
shown here. The second component is left at the default value (=1).

The orientation of the local coordinate system for the anisotropy tensor is shown in
Figure 4.28. Note that z-axis is positive upwards.
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We copy Project ‘Aniso’, and rename it ‘Iso’; remove the anisotropy (set K;=K,=1)
and run it in order to compare results from the two runs.

Global coordinate system
(x-z Principal axes)

\ 4

0 =-8.53° Local coordinate system
oriented with slope angle

K;=50 (along the
preferential path)

Ko,=1 (perpendicular to
the preferential path)

Figure 4.28: Coordinate system for local anisotropy

Results:

Figure 4.29 shows the velocity vectors at T=1 day. Note the direction and the
magnitude of the velocity vectors along the preferential flow path. Figure 4.30 shows
the velocity vectors for the isotropic domain (K is equal everywhere in the domain).

Figure 4.30: Velocity vectors at T=1 day; Project ‘Iso’
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Figure 4.31 shows the effect of the preferential path in lowering the pressure heads as
a result of enhancing drainage.
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Figure 4.31: Pressure heads along the lower boundary for Projects ‘Aniso’ and ‘Iso’

Figures 4.32 and 4.33 show how the preferential path slightly reduced the cumulative
free drainage flux, but significantly increased the cumulative seepage face flux,
respectively.
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Figure 4.32: Cumulative free drainage flux for the Projects ‘Aniso’ and ‘Iso’
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Figure 4.33: Cumulative seepage face flux for the Projects ‘Aniso’ and ‘Iso’
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4.9 Tension Disc Infiltrometer

The axisymmetric option in Geometry may be used to simulate a three-dimensional
domain with symmetry around the vertical axis (z in HYDRUS). This option in
HYDRUS creates a domain that is essentially still two-dimensional; it represents a
volume that results from revolving the 2-D domain around the symmetry z-axis (refer
to Section 1.1.2, Figure 1.2b). Practical applications include modelling flow for the
following conditions:

e A single drip source.

¢ Finite-length cylindrical laboratory soil columns.

e Disc or ring infiltrometers.

o Wells

In this section we will demonstrate flow under a disc infiltrometer. In addition, we

show the effect of introducing a confining ring under the source. We use the capillary
barrier phenomenon to model the isolating effect of the ring.

Domain and boundary conditions:

The domain measures 50x50-cm (radius and depth, respectively). This means that we
are modelling a 100x50-cm soil cylinder (diameter and depth, respectively). The disc
infiltrometer has a 20-cm diameter membrane; therefore, it is represented by a 10-cm
radius on top of the domain. All related Projects are found on the CD (.\HYDRUS
Manual Projects\Sect-4).

The lower boundary condition is free drainage. The disc infiltrometer provides water
at a constant negative head. However, the experiment is conducted in two stages:

0-0.1day  pressure head =-20 cm
0.1 -0.5day pressure head =-5cm

The pressure heads are entered as variable head data in the window “Variable
Boundary Condition”, column “GWL” as discussed in Section 1.1.10-3.

The 20-cm diameter isolating ring that forces flow from the disc infiltrometer to be
vertical could of course be modelled using a no-flux condition. As an exercise, we
model the ring using the concept of capillary barriers. The subsurface for this purpose
is represented by two materials of contrasting texture, fine and coarse. Figure 4.34
shows that the technique is effectively inhibiting any lateral flow (see location of
observation points in Figure 4.35). The effect of the ring is investigated for two soils,
namely, a silt and a loamy sand. Details of the domain and its boundary conditions are
shown in Figure 4.35.

Alternative approach (use of Local Anisotropy)

The ring can be alternatively (and more precisely) simulated using only one material
but by significantly decreasing the coefficients of the anisotropy tensor in certain
locations. Refer to Project ‘DF-Aniso’ on the CD (.\HYDRUS Manual
Projects\Sect-4).
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Figure 4.34: Effect of a capillary barrier in preventing lateral flow
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head BC | | Points
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| Capillag bgrrier: ‘
‘ — < Qreen line is coarse material
‘ == =r=»—=+% Red line is fine material
\
Free ‘ ‘
drainage
BC | |

Figure 4.35: Domain and boundary conditions for axi-symmetric model

Project “D-F Project “D-FR”
Silt without ring Silt with ring

Project “D-C” Project “D-CR”
Loamy sand without ring Loamy sand with ring

Figure 4.36: Advance of wetting front under disc infiltrometer
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4.10 De-watering of a Cylindrical Pit

Project ‘Dewat’ simulates de-watering of a cylindrical pit having a diameter of 10 m
and a depth of 8 m. A constant head BC is located at 25 m away from the edge of the
pit. The initial water table is at a depth of 5 m; hydrostatic equilibrium is assumed.
Water is pumped at a rate of 50 m*/day for a period of 4 days. The cross-section of the
pit is shown in Figure 4.37.

Nodal x-Coordinates
Node 4 =187.5 cm
Node 5 =250 cm
Node 6 =312.5 cm

R,=218.75 cm

R,=281.25 cm

Hatched area =98,171.875 cm?

Pumping rate = 50 m*¥/day (applied to 10 nodes)
Individual nodal recharge = -5 m¥day =-5,000,000 cm?/day

Cenire
line Flux for node 5 =-5,000,000/98,171.875 = -50.931 cm¥/cm?®/day
F
Constant head boundary /|
8m
Initial water table
+
R > 3m
A=l L 25m SN
Ry
—

Figure 4.37: Sample calculation for nodal flux from recharge rate

The problem is modeled as axisymmetric vertical flow. The base of the pit is
discretized into 10 nodes where each node is assigned a recharge rate of —5 m*/day (in
Boundary Condition Editor/Condition/Nodal Recharge).

The space representing the excavated soil (the pit) is assigned a high-porosity
(=0.999), high-conductivity material (=100 m/day) that mimics air (as in the case of
the imaginary surface layer of example 4.7). The water content profile shown in the
following page demonstrates that the technique works well; the figure shows a
vertical cross-section through the pit prior to pumping (at Time=0). The water content
between 500 and 800 cm (below the water table) in the excavated area is equal to
unity (it represents water), but drops to zero just above the water table due to the high
Alpha and n used. Project ‘Dewat’ is found on the CD (.\HYDRUS Manual
Projects\Sect-4).
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Note that once the recharge is assigned to the ten nodes at the base of the pit, they
become constant-flux boundary nodes; HYDRUS assigns the appropriate value of the
flux to each node. Select the ‘Constant Flux’ option in ‘Boundary Condition Editor’,
left-click on node 5 twice, and the flux value will be displayed as shown below.
Figure 4.37 demonstrates how this flux is calculated.

Constant Flux Boundany Condition rz|

LConstant boundary fus value: |-50_E|31‘|

Default | aK | Cancel |

The pressure heads at the base of the domain are shown below; they demonstrate the
water table depression as pumping progresses.

1D Graph 3
Pressure heads
300 +
240 4
=
2 180 +
Z
2 % 120 +
&
B0 +
0 t t t t t |
0 500 1000 1500 2000 2500 3000
Length
Ex=part Expart &l Impart
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411 Steady-State Horizontal Flow

Project ‘Hor-Flow’ uses the horizontal-plane flow option. This option is mostly
relevant only to saturated water flow. The horizontal flow domain shown in Figure
4.38 is a ‘Plan view’ where the third dimension represents soil depth. Figure 4.38
shows the constant head boundary conditions imposed at the two corners of the flow
domain. Project ‘Hor-Flow’ is found on the CD (.\HYDRUS Manual Projects\Sect-
4).

Steady-state head contours are shown in Figure 4.38 (Graphical Display of
Results/Options/Isolines Parameters/Increment=1).

r Constant head =40 m

EZ —_—
‘\ [ 1 T A
< 200 m ‘\\ I \ T \\ >
\ | \ \ \ ~_ . -
L \\\ \ \\‘ \\\ N T~ .
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_ \ \\\ \ \\\
— \ \ \ \ \
~_ 48 \\ \ \ \ \
- \ \ \ | \
\\\ \\\ \\\ ‘\\\ \
A \ v
=

T_ Constant head = 50 m

Figure 4.38: Flow domain, boundary conditions, and steady-state head contours

A 3D surface representing the steady-state water table can be obtained as follows.
Obtain 11 1-D graphs at each 10 m of the y-coordinate from the graphical interface
and export them into text format. Next, import the data into a software package such
as ‘Surfer’ to plot a 3-dimensional surface (see Figure 4.39).
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Figure 4.39: 3-D surface representing steady-state water table
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412 Print Times > 250

The graphical interface (Print Information/Number of Print Times) allows one to enter
up to 250 print times. However, the HYDRUS code (h2d_calc.exe) and the graphical
display interface (Post-Processing/Graphical Display of Results) allow print times of
up to 5000. This is only possible in HYDRUS version 2.007 and later.

The user has to enter the print times that exceed 250 manually by accessing the
“Selector.in” input file using a spreadsheet. Below is the relevant part of the input file.
Project “Trial” is found on the CD (.\AHYDRUS Manual Projects\Sect-4).

Relevant part in Input file “Selector.in”

dt dtMin dtMax DMul DMul2  [[tMin ItMax MPL
0.001 0.001 1 1.3 0.7 3 7 5000
tInit tMax
0 400
0.08 0.16 0.24 0.32 0.4 0.48
0.56 0.64 0.72 0.8 0.88 0.96

e Under “MPL”, enter the number of print times (maximum 5000).
e Print times are entered in rows each containing 6 print times. Make sure that the
number of entered print times add up to MPL.

e Save the file; if you are use in Excel
0 Click the “Save” button

0 The “Save as” window will appear
0 Keep the default file name “Selector.in”
0 Accept the option to overwrite the existing file
0 Click “Yes” to keep the file in the existing format.
Open the project in HYDRUS; run HYDRUS =10l
. . e . . 0 File ‘iew OQuantity Time 20-Graph 1D-Graph  Tools
without accessing the “Print Information s s
window. 8| BoEEE REEE =5 H5
Frezzure heads j
— Time Layer
PrOjeCt “Trial” Layer Mo: ISDDD '"
Click on “Graphical Display of Results” and you Time Value: 400,00
will see 5,000 time layers as shown here. = Flow Arir o Dn—'*f
h L a
[—— -£00 P "

|For Help, press F1 [=1.4958

Y= 4
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4.13 Running Multiple Sequential Simulations

If you have a large number of simulations that need to be run sequentially, you can do
this from the Start-Run option in Windows, which is similar to the old DOS prompt.
The multiple runs are executed from a batch file. In this example, we want to run
Projects “Triall” and “Trial2”. Follow the steps below:

1. Identify the directory path of the project you want to run; in this case it is:
“D:\HYDRUS manual\trial1”. Create a text file (e.g. in Notepad) and give the
file a name; in this case “Path1.txt”; copy the path into the file and save.

2. Repeat this process. Copy the path “D:\HYDRUS manual\trial2” and save the
file as “Path2.txt”.

3. When Calculate/Run HYDRUS (&) is clicked it executes the h2d_calc.exe
program. When the run finishes it requires one to press “Enter” on the
keyboard. Accordingly, we must have a text file that contains the hexadecimal
code for “Enter”. Create a text file in Notepad; write in it “1C” (code for
Enter), call the file “Return.txt”, and save.

4. Create the batch file. First we should let HYDRUS know where the location of
the project is; this is done by copying the text file that contains the path and
renaming it “level 01.dir” (the file that HYDRUS looks for when not run from
the graphical interface to identify the directory where the project exists).
Create the following file to run projects “Triall” and “Trial2”. Call the file
“Run.bat”; notice that the extension of the file must be (.bat). Also notice that
spaces are present between the DOS commands.

copy pathl.txt level 01.dir
h2d_calc <return.txt
copy path2.txt level 01.dir
h2d_calc <return.txt

5. Place the four files in the HYDRUS home directory (where the “h2d_calc.exe”
is stored; usually C:\Program Files\USSL\Hydrus2D); the files in this case are:
“Run.bat”, “Path1.txt”, “Path2.txt”, and “Return.txt” (copies of these files are
found on the CD; (.\HYDRUS Manual Projects\Sect-4\4_13).

6. In Windows: Start/Run ron 21|
Through “Browse”, go to
Type the name of a program, Folder, document, or

the HYDRUS home E Internet resource, and Windows will open it For wou,
directory and click on the

. : i ydrus2Dhrun, bat
“Run.bat” file; then click Qpen dsZiin e
OK.

(04 I Cancel Browse, .,
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5. INVERSE SOLUTION

5.1 Inverse Solution Options in HYDRUS

Main Processes

In normal simulations or “forward [T S— X
2 b

problems , the modeller provides the known | . = crromes
input parameters and HYDRUS runs once

. . . Simulate
through the specified time duration. ST  Heat Transpor —
However, under the “Inverse Solution”  Solute Transpart |~ Foot Woater Uptake QMD
option, HYDRUS runs the problem using -
the initial estimate for the parameters, W Inverse Solution ? R@“
compares the simulation results with et |

observed experimental data that the user

provides, and then re-runs the model a number of times with modified sets of
parameters until a close fit to the observed experimental data is obtained. The number
of iterations depends, among other things, on how close the initial input parameters
were to the final estimate. This process is usually referred to as “Model calibration”,
or “Inverse parameter estimation”. The technique has many valuable applications,
which will be discussed in a later section. For more details, refer to Appendix V.

Click next.....
Inverse Solution E|
Inverse Solution — This window appears Estimate ..
only if you have checked “Inverse W Sail Hydhaulic Parameters
solution?” in “Main Processes. r Cancel

Help

Weighting of Inversion Data

e Estimate: Select whether you want to & Nl iR

il

estimate soil hydraulic parameters, solute  ‘Weighting by Mean Ratio

transport parameters, or both. The latter O “wicieHing 5 Serere) Do Forn

will only be activated if solute transport is B e
simulated (mostly outside the scope of 50 Ma Number o eratons

this document). TER 5 o e e e e

e Weighing of inversion data provides
the user with two different options for weighting the inversion data. The weighting
process manages differences in weights because of the use of different types of
calibration data. Refer to Appendix V for more details.

e The maximum number of iterations is an upper limit for the number of runs if
convergence is not achieved. In such cases the user might change the starting values
for the optimised parameters or limit their number. If zero is entered, the simulation
will run once (as in usual forward modelling). The latter option is very useful since it
gives you an option to test the quality of the initial input parameters. HYDRUS will
then display the observed and predicted values under “Observation Points” and by
means of other graphical outputs.

e The number of data points in the objective function refers to the number of
observed laboratory and/or field data in the optimisation such as pressure head water
content, and/or flux. For example, let us assume you conducted a 10-hour drainage

Modelling variably saturated flow with HYDRUS-2D



52 Section 5: Inverse Solution

experiment in a laboratory soil column and recorded 10 water content readings using
a TDR device, one reading every hour. You want to use the inverse solution option to
estimate the soil hydraulic parameters that would give the closest prediction to those
laboratory measurements. You should enter 10 as the number of data points, and
you’ll be prompted to enter the time and the 10 water content values under “Data for
Inverse Solution”.

.. o :
If hyStereSIS 18 CheCked under SOll Constraints on Hysteresis Model g|
Hydraulic Model’, then the following Satuwated Water Cortert
window will appear. You can apply " ThetaSD > ThetaSw/
. . ™ ThetaSw = ThetaMi, ThetaSD = ThetatD Cancel
constraints on the hysteresis model. & ThataSW = ThetaSD = Thetahd —
. Help
. ThethD and Thetasw.—eS for drying I bty =2+ Aphd
and wetting cycles, respectively. W KW =KD @'*
o, Meut ...
e ThetaM=0,, the fictitious water content Qp :
crevious

in the modified van Genuchten model (MD
and MW are for main drying and main wetting, respectively).

e AlphaD and AlphaW represent Alpha for drying and wetting cycles, respectively.
More details are found in Simének et al. (1999).

ThlS ‘Water FlOW Parameters, Water Flow Parameters - Inverse Solution - Material 1 E‘
window will now appear . ar | Gs | Alpha " Ks i
. Initial Estimate 0.1 03418 0.02 2 001288 05

Notice that there are check Minimum Value | 005 0.3 0.001 1.1 0.001 0
b Maximum Value 0.15 0.4 0.2 25 0.015 0

oxes beneath each parameter. Fitted ? T g = - -
CheCklng a bOX along the llne Soil Catalog: - Mewural Netwark Prediction [T Temperature Dependence
11 1 f),

F1tt.ed. means that thg =] et | 1 | w@“ TN
particular parameter will be

optimised. You can enter
minimum and maximum values to make the search process more effective. If you do
not about those limits, leave zeros in the particular boxes.

x|
X [ Y [ Type [ Position | Weight
. . ()8
The meaning of the various : a 218 ! !
. . . . . Cancel |
inputs required in this window 3 3 2 0 3 1 —
. . . . 4 4 5 0 4 1 Hep |
is well explained in the on-line z E Ol i E i
1 1 6 53 7 0 53 1
Help. We w11'1 explain all > o R ; i||asaiine |
available options here. Refer to 8 N 02| 2 1 1| el |
Table 5.1 for an explanation of 10 400 016 2 0 1
: 1 -5 0.278 5 1 1
the window shown here. — 0 SoiE & 5 i q@u
13 10000 0.0023 7 1 1
Mest ...
Previous .. |

Remember that data points containing time (i.e., type=0 through 4) must be entered
first before any other data (such as retention or conductivity data or prior
information).
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Table 5.1: Details corresponding to window ‘Data on Inverse Solution’ (page 5.2)

Section 5: Inverse Solution

X y type Position wt
1 Time= Observed inflow (0) code for (1) code for constant | 1
1 day value= -2 Cumulative flux | pressure boundary
2 Time= Observed (0) code for (2) code for seepage | 1
2 days outflow Cumulative flux face boundary
value= 3
3 Time= Observed inflow (0) code for (3) code for variable | 1
3 days value=-2 Cumulative flux | pressure boundary
4 Time= Observed inflow (0) code for (4) code for 1
4 days value=-5 Cumulative flux atmospheric
boundary
5 Time= Observed (0) code for (5) code for drain 1
5 days outflow Cumulative flux boundary
value=0.5
6 Time= Observed (0) code for (6) code for free 1
6 days outflow value=7 | Cumulative flux | drainage boundary
7 Time= Observed (1) code for (1) Observation 1
10 days pressure head pressure head point number
value=5.5 cm
8 Time= Observed water (2) code for (1) Observation 1
20 days content water content point number
value= 0.265
9 Time= Observed flow (3) code for (1) code for constant | 1
30 days value= (.01 boundary flow pressure boundary
10 Time Observed (2) code for (0) code indicating | 1
(400days) average water water content that observed water
content content is for whole
value=0.16 domain
11 Observed Observed water (5) code for (1) code representing | 1
pressure head content point on water material number
value=-5 cm value= 0.278 retention curve
12 Observed Observed (6) code for (2) code representing | 1
pressure head hydraulic point on material number
value=-20 cm conductivity hydraulic
value= 0.0015 conductivity
function
13 dummy Observed Alpha (7) code for (1) code representing | 1
(10000) parameter parameter Alpha material number

value= 0.0023
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5.2 Inverse Modelling of Controlled Laboratory Column

In this section we will explore inverse parameter estimation by modelling flow
through a controlled laboratory column. We highlight cases that demonstrate the
following aspects:

. Non-uniqueness of the inverse solution

. Temporal and spatial distribution of calibration data
. Effect of initial parameters

. Correlation of variables and statistical issues

. Validation of results

We also provide some guidelines that you should keep in mind when using this
technique.

In this series of simulations we use data from Rassam and Williams (1999a). First we
give a brief description of the experiment: a 13-cm tailings sample is packed into a
flow cell where transient water contents and initial and final pressure heads are
measured. The lower boundary is a constant suction (negative head) and the upper
boundary is a constant flux. Two wetting cycles covering different suction ranges are
simulated in the same flow cell containing the same soil sample (wetting cycles ‘a’
and ‘b’; see Figure 7 of paper).

The water retention parameters obtained from the inverse solution and the transient
data are compared against those measured experimentally under static conditions in
the same flow cell. In addition, unsaturated hydraulic conductivities predicted from
the water retention curve are also compared to the experimental measurements. All
related projects are found on the CD (.\HYDRUS Manual Projects\Sect-5).

5.2.1 Simulating Wetting Cycle ‘@’

Refer to Project series ‘al-a8° on the CD. The initial and boundary conditions are:
= Initial pressure head = -780 cm

= Lower BC is a constant head = -780 cm

= Upper BC is a constant flux = 0.00643 cm/min (=3.86 mm/hr)

= Qs=0.3418; Qr=0.1

Project ‘al’

Calibration data = 12 water content measurements.
Optimise Alpha, n, and Ks.

Project ‘a2’
Calibration data = 7 water content measurements covering the same range as in Run
‘al’ (i.e. every other point was eliminated from the data set).

Optimise Alpha, n, and Ks.

Comments on Projects ‘al’ and ‘a2’:

Figures 5.1, 5.2, and 5.3 show that runs ‘al’ and ‘a2’ produced almost identical
results. Apparently the number of calibration points did not matter as long as the
temporal distribution was similar. The optimised parameters were found to be highly
correlated.
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Figure 5.1: Comparison of parameter Alpha for Projects ‘al-a8’
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Figure 5.2: Comparison of parameter n for Projects ‘al-a8’
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Figure 5.3: Comparison of parameter Ks for Projects ‘al-a6’
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Project ‘a3’
Calibration data = 12 water content measurements and a final pressure head at the
surface.

Optimise = Alpha, n, and Ks.

Comments on Projects ‘al’ and ‘a3’:

Figures 5.1, 5.2, and 5.3 show that although Projects ‘al’ and ‘a3’ use identical water
content calibration data, the additional calibration point (pressure head) had a
significant impact on the results.

Figure 5.4 shows that incorporating the pressure head at the end of the simulation
greatly impacted the simulated heads at time>100 minutes and produced better
agreement with the measurement.

Figure 5.5 shows that the simulated water contents for Projects ‘al’ and ‘a3’ are very
similar; both match the observed values. However, a close look at the ‘Inverse
Solution’ results in ‘Post-processing’ (or in the Fit.out output file) shows that the R? is
lower for Project ‘al’.

Adding the additional calibration point in Project ‘a3’ (final pressure head) resulted in
much lower correlation coefficients between the parameters compared to Project ‘al’.

-200

-400
600 / O Observed | |
B — — Runal
—Runa3
T

-800

Head (cm)

0 50 100 150 200 250 300 350 400

Time (min.)

Figure 5.4: Comparison of simulated head for Projects ‘al’ and ‘a3’
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Figure 5.5: Comparison of simulated and observed water contents for Projects ‘a-1°,
‘a-3’, ‘a-4’, and ‘a-6’
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Project ‘a4’
Calibration data = 7 water content measurements but now at times>200 minutes (i.c.,
the calibration is biased toward the wet end of the curve).

Optimise = Alpha, n, and Ks.

Comments on Project ‘a4’:

Figures 5.1, 5.2, and 5.3 show that the process resulted in a different set of
parameters.

Figure 5.5 shows good agreement between observed and simulated water contents (in
the calibrated wet range, time>200 min).

Project ‘a5’

Calibration data and parameter optimisation = As in Project ‘a4’.
Apply a more stringent water content tolerance.

Comments on Project ‘a5’:

Figures 5.1, 5.2, and 5.3 show that using a more stringent tolerance slightly impacted
the hydraulic conductivity.

The run time was doubled.

Project ‘a6’

Calibration data and parameter optimisation = As in Project ‘a4’.
Different set of initial parameter values Alpha, n, and k.

Comments on Project ‘a6’:

Figures 5.1, 5.2, and 5.3 show that the optimised parameters are now significantly
different.

Figure 5.5 shows that good agreement was obtained between simulated and observed
water contents in the calibrated wet range.

However, the water content predictions diverged from the observed values at the
beginning of the simulation (0<time<200) for which no calibration data was used.

Project ‘a7’

Calibration data = As in Project ‘al’.

Optimise Alpha and n (Ks excluded).

Assume that a good initial estimate for the hydraulic conductivity was provided.

Comments on Project ‘a7’:

Figures 5.1, 5.2, and 5.3 show that the optimised parameters are different from those
obtained in Project ‘al’.

The correlation coefficient was reduced to —0.2954.
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Project ‘a8’

Calibration data and parameter optimisation = As in Project ‘a7’.
A poor initial estimate for the hydraulic conductivity was provided.

Comments on Project ‘ag’:

Figures 5.1, 5.2, and 5.3 show that the optimised parameters are now significantly
different from those obtained in Project ‘al’.

The correlation coefficient was low at 0.2247.

Validation of Inverse Solution Results for Projects ‘a-*

The eight previous simulations produced eight sets of results. Which one is the best?
Fortunately, we have two independent data sets against which we can validate our
results. Firstly, a wetting water retention curve, and, secondly, a number of
unsaturated hydraulic conductivities measured over a limited suction range. Both data
sets were experimentally obtained from the same experiment, which means that they
can be given a high degree of confidence.

The optimised parameters obtained from the inverse solution are used to plot the
corresponding water retention curves. They are compared with the experimental
curve. Results from simulations ‘a2’ and ‘a5’ are not shown because they are similar
to simulations ‘al’ and ‘a4’, respectively. Refer to Figure 5.6:

Simulation ‘al’ (12 water content data points) resulted in an over-prediction of the
water contents (curve shifted upwards).

Simulation ‘a3’ (12 water content data points and final head) provided the best fit to
the experimental measurements.

Simulation ‘a4’ (7 water content data points at time>200) resulted in an under-
prediction of the water contents (curve shifted downwards).

Simulation ‘a6’ (as in simulation ‘a4’ but different initial parameters) also resulted in
a poor fit to the experimental values.

Simulation ‘a7’ (as in ‘al’ except that Ks was not optimised; a good estimate was
available) resulted in a better prediction than that provided by simulation ‘al’.
Therefore, provided the estimate for Ks was good, excluding Ks from the optimisation
procedure gave a better solution with relatively low correlation coefficients.

Simulation ‘a8’ (as in simulation ‘a7’ but with a poor initial estimate for Ks) produced
poor results.

Figure 5.7 shows similar trends when unsaturated hydraulic conductivities predicted
with the water retention parameters obtained from Projects ‘al-a8’ are compared to
the experimental data. Project “a3” still gives the best fit to the measured hydraulic
conductivities.
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Figure 5.7: Validation of unsaturated hydraulic conductivity data predicted using
water retention parameters obtained from Projects ‘al-a8’

Concluding Comments on Project Series ‘a-*:

Note that all simulations produced a good visual fit to the experimental transient
water content data. Therefore, a good visual fit does not ensure that the correct results
are obtained; one should closely look at the statistical information provided in the
‘Fit.out’ file.

Having additional data can be very advantageous (e.g., the final pressure head in
simulation ‘a3’). This may significantly reduce the correlation coefficients.

If you have a good experimental measurement of a certain parameter (e.g., Ks in our
example), it is advantageous not include that parameter in the optimisation. This may
reduce correlation between the remaining parameters and lead to a better solution.
However, if the initial estimate is poor, this may have the opposite effect and
adversely affect the solution. Hence, it is crucial to know “how much you trust the
parameters”.

Initial parameters have an impact on the simulation results if the solution is non-
unique. This phenomenon will be further investigated in Section 5.4

Modelling variably saturated flow with HYDRUS-2D
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5.2.2 Simulating Wetting Cycle ‘b’

Refer to Project series ‘b1-b6° on the CD. The initial and boundary conditions for this
series are:

= Initial head = -208 cm

= Lower BC is a constant head = -208 cm

= Upper BC is a constant flux = 0.008467 cm/min (=5.08 mm/hr)

= Qs=0.3418; Qr=0.1

Project ‘b1’

Calibration data = 6 water content measurements.
Optimise Alpha, n, and Ks.

Comments on Project ‘bl’:

Figure 5.8 shows that the calibration produced an excellent fit to the observed values.
The optimised parameters are plotted in Figures 5.9, 5.10, and 5.11.

Correlation coefficients are high.
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Figure 5.8: Comparison of simulated and observed water contents for Projects ‘b-1°
through ‘b-6’.

Project ‘b2’

Calibration data = 6 water content measurements and final pressure head.
Optimise Alpha, n, and Ks.
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Figure 5.11: Comparison of parameter Ks for Projects ‘b1-b6’

Modelling variably saturated flow with HYDRUS-2D



5.12 Section 5: Inverse Solution

Project ‘b3’

Calibration data = 6 water content measurements and 2 unsaturated hydraulic
conductivity measurements (weight=2 for the K measurements).
Optimise Alpha, n, and Ks.

Project ‘b4’

Calibration data = 6 water content measurements, final pressure head, and 2
unsaturated hydraulic conductivity measurements (weight=2 for K and the pressure
head measurements).

Optimise Alpha, n, and Ks.

Comments on Projects ‘b2’. ‘b3’, and ‘b4’:

Figure 5.8 shows that the calibration resulted in an excellent fit to the observed values
for the three Projects ‘b2-b4’. The optimised parameters are plotted in Figures 5.9,
5.10, and 5.11.

The optimised parameters for the three projects are in close agreement. Adding
additional calibration data types (pressure heads or hydraulic conductivities) was not
particularly advantageous in this example. Results would have improved if we
optimised more parameters.

Correlation coefficients are slightly lower for Project ‘b2’.
Correlation coefficients remained high for Project ‘b3’.

Correlation coefficients are much lower for Project ‘b4’.

Project ‘b5’

Calibration data = 6 water content measurements, final pressure head, 2 unsaturated
hydraulic conductivity data, and one point on the dry end of the water retention curve
(weight=2 for K, the pressure heads, and point on water retention curve).

Optimise Alpha, n, Ks, and Qr.

Project ‘b6’

Calibration data = 6 water content measurements, final pressure head, 2 unsaturated
hydraulic conductivity data, and a point on the dry end of the water retention curve
(weight=2 for K and the pressure heads; weight=5 for point on water retention curve).
Optimise Alpha, n, Ks, and Qr.
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Comments on Project ‘b5’ and ‘b6’:

Figure 5.8 shows that optimising Qr caused skewing of the calibration for Project
‘b5’. For calibration point no. 9 (type 5; head=-306 cm, water content =0.132), the
fitted water content was 0.151 (see file ‘Fit.out” for Project ‘b5”).

For Project ‘b6’, putting a higher weight on the water retention data point (calibration
point no. 9) resulted in a better estimate for the water content (predicted=0.142;
observed=0.132). However, Figure 5.8 shows that this resulted in a worse fit to the
transient water content data.

Validation of Inverse Solution Results for Projects ‘b-

Simulation ‘b1’: Figure 5.12 shows that calibration against water content data alone
produced the worst fit to the observed values.

Simulations ‘b2-b4’: Figure 5.12 shows that adding an additional data type (final
pressure head or Ks values) improved the calibration results. However, including both
did not improve the results much further, that is, the extra information was redundant
but had the advantage of reducing the correlation coefficients.

Simulations ‘b2-b4’: The three simulations failed to provide a good description of the
dry end of the curve (suction>100 cm). This is attributable to the fact that the pressure
heads covered in the physical model (wetting cycle b) cover the wetter end of the
curve (starting head=-208 cm). Note that we had a better overall prediction of the
water retention curve in first set of simulations (wetting cycle a; simulation ‘a3”)
because the pressure heads covered the dry end of the curve (the starting pressure
head was -780 cm).

Simulation ‘bS’: Figure 5.12 shows that including a point on the dry end of the water
retention curve (head=-306;water content=0.132) resulted in a better agreement
towards the dry end of the water retention curve.

0.3
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Figure 5.12: Validation of water retention parameters obtained from Projects ‘b1-b6’
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Simulation ‘b6’: Figure 5.12 shows that increasing the weight (to 5) for the point on
the dry end of the water retention curve (pressure head=-306;water content=0.132)
improved the agreement towards the dry end of the water retention curve. However,
the prediction was now worse in the wet range of the curve.

Concluding Comments on Project Series ‘b-‘:

Adding an extra data type improved the model predictions, but further additions
seemed redundant.

Due to the fact that the experimental wetting cycle covered the wet end of the water
retention curve, inferior prediction of the dry end of the curve resulted; wetting cycle
‘b’ provided a worse prediction than wetting cycle ‘a’.

Including a point from the water retention curve in the calibration process improved
the fit in the dry end of the curve. However, putting a high weight on this data point
resulted in a much poorer prediction of the wet end of the curve.

5.2.3 Optimising Parameter L in the Hydraulic Conductivity Function

This is the tortuosity factor in the hydraulic conductivity function. Its value was found
to be 0.5 by Mualem, but there is no general agreement about this in the literature.
Parameter L is an input parameter in HYDRUS and can hence be optimized.

The shape of the hydraulic conductivity function is controlled mainly by the retention
curve parameters ‘alpha’ and ‘n’. The saturated hydraulic conductivity merely scales
the hydraulic conductivity function; it provides us with absolute values for the
conductivity rather than only relative values provided by the analytical function.
Optimizing the tortuosity parameter permits one to change the shape of the hydraulic
conductivity function independently of the retention function. Since the older version
of HYDRUS could not jump over zero, we conduct below two runs, one starting with
a positive L value and one with a negative L value.

Projects “L-Par” and “L-Par-ve”:

In these Projects we use the problem modeled in series “a-*“. Let us use the optimized
Alpha and n from Project “a3”, which resulted in the best fit to the water retention
data. We calibrate against six measured unsaturated hydraulic conductivity values, in
addition to the measured final pressure head (water contents are excluded). The
hydraulic conductivity and the tortuosity factors are optimized.

Table 5.2: Optimization results of Projects “L-Par” and “L-par-ve’

Parameter L Kzt (cm/minute)
Project “a3” 0.5 (not optimised) 0.01268
Project “L-Par” 2.4x10°° (optimised) 0.00969
Project “L-Par-ve” -0.137 (optimised) 0.00894
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Figure 5.13: Measured and fitted conductivity for Projects “L-Par” and “L-Par-ve”

Table 5.2 shows that for Project “L-Parameter”, the best fit to the measured
conductivity data arose using a slightly lower saturated hydraulic conductivity and a
tortuosity parameters of 2.4x10°. For Project “L-Par-ve”, the best fit was obtained
with a tortuosity parameter of —0.137. Figure 5.13 shows the fit to the experimental
data; the negative tortuosity parameter produced a better match to the observed
conductivity at suction=54.87 cm. The water content data show that the integrity of
the previous optimisation was preserved (i.e., the new conductivity data did not
disrupt the water content predictions).

5.3 Effects of Model’s Initial Hydraulic Parameters on Inverse Solution

In this section a series of simulations will demonstrate how the starting hydraulic
parameters can affect the final solution and run time. The results obtained from the six
simulations are compared with those obtained from run ‘a3’. In the following
simulation, we only vary parameters Alpha and n; the other parameters are fixed at
their optimum value. Details of the six simulations are given in Table 5.3.

Table 5.3: Effect of initial parameters on inverse runs

Initial parameters Simulation | Quality of | Run time
Alpha n type results (seconds)
Sen 1 0.0015 1.5 Forward Very bad 1
Sen 2 0.0015 1.5 Inverse Very bad 12
Sen 3 0.008 2 Forward Fair 1
Sen 4 0.008 2 Inverse Very good 24
Sen 5 0.02 2 Forward Good 1
Sen 6 0.02 2 Inverse Very good 14

1. Simulation ‘Sen-1’: We start with arbitrary estimates of Alpha and n.
Figure-5.14 shows erroneous results that do not match the observed values.

2. Simulation ‘Sen-2’: Here we run Project ‘Sen-1 in inverse mode to produce a
poor estimate for the two optimised parameters.
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3. Simulation ‘Sen-3’: Based on concepts outlined in Appendix 1.3, we ran a few
trial forward runs and came up with a refined estimate for the initial values for
Alpha and n. Figure 5.14 shows that the results now at least are within the
range of observed values.

4. Simulation ‘Sen-4’: Use the initial parameters of Project ‘Sen-3’ and run in
inverse mode to refine the parameters. The final solution produces results
identical to those obtained with run ‘a3’ (Sen-4 is hence not included in Figure
5.14).

5. Simulation ‘Sen-5’: Further manual refinement of the parameters results in a
closer fit than that obtained from run ‘a3’.

6. Simulation ‘Sen-6’: Use the initial parameters of Project ‘Sen-5" and run the
inverse solution to refine the parameters. We obtain the same results as from
simulation ‘Sen-4’, so why going through the additional effort? The run time
is reduced by only 10 seconds! Is this worth it? Yes, if we think in relative
terms; 40% less. For complex 2-D runs, the run time could amount to days and
such a saving in run time may be significant.

5.4 Long Inverse Trials With a Multiple-Layer Soil Profile

In this section we demonstrate further complications introduced as a result of having a
multiple-layer soil profile. The data set was obtained from the Department of Land &
Water Conservation, Center of Natural Resources, Soils & Salinity Unit, NSW,
Australia (A. Rancic; personal communications).

Simulation ‘LongRun’ shows such a scenario. A 2-m, 3-layered soil system is
modelled (layer interfaces are at 30 cm and 110 cm). The lower BC is freely drained
and the surface is open to the atmosphere. A 2-year climate data series with
transpiration is simulated (root water uptake is modelled). We have water content
calibration data (such as neutron probe data) at three depths; 10, 50, and 140cm.

5.4.1 Sensitivity Analysis:

In addition to concepts related to the sensitivity analysis in Appendix 1.3, we will
highlight several points here: the effect of a nearby boundary, and the interaction of
parameters from various layers. The input parameters for all simulations are listed in
Table 5.4. The original parameters belong to Project “LongRun”; the three variations
for the sensitivity analysis are marked Runs A, B, and C (they are not included on the
CD).

1. The effect of a nearby boundary: Refer to Figure 5.15 (Run A). Doubling the
hydraulic conductivity (from 50 to 100) of the surface layer had very little effect on
the water content predictions at 10 cm.
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Figure 5.15: Run A (10 cm data), higher Ks for layer 1

Table 5.4: Input parameters for simulations ‘LongRun’

Layer 1; 0-30 cm Layer 2; 30-110 cm | Layer 3; 110-200 cm

Alpha| n k |Alpha| n k | Alpha n k

LongRun | 0.036 50 25
RunA 10036 | 56 1 100 1 0z | 141 | 108 0.036 | 1.56 |22
RunB__ | 0.036 50 50
RunC__| 0.01 50 25

However, Figure 5.16 shows that doubling the hydraulic conductivity (from 25 to 50)
of layer 3 (Run B) had a much more significant effect on the simulation results at 160
cm. This is attributable to the fact that this layer is freely drained. Subtle changes in
the hydraulic conductivity can have a direct impact on the amount of water exiting the
system, and hence would affect the simulation results
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Figure 5.16: Runs B and C (160 cm data), higher Ks for layer 3, and lower Alpha for
layer 1, respectively

2. Parameter interaction: Figures 5.16 and 5.17 show that changing Alpha for the 1%
layer had a major impact on the simulation results for the 2" and 3™ layers (depths of
50 and 160 cm, respectively).

5.4.2 Inverse Simulations With Layered System

Simulations presented in Section 5.4.1 are often conducted to evaluate the amount of
recharge to the groundwater table from cultivated land (represented by cumulative
free drainage). They are highly relevant for studying salinity in arid regions.

Note that simulation ‘LongRun’ has the correct water retention parameters (listed in
Table 5.4). This case yields a cumulative free drainage of 7.7 cm?; this is our
reference key prediction from the inverse modelling process. Predictions from all
subsequent simulations will be compared to this value.

Our objective here is not to come up with a magical procedure that yields the correct
answer, and is applicable to all situations. The objective is to demonstrate the
complexity of the problem, to show how different procedures may lead to different
answers, and how to best tackle such a problem.

Projects ‘Long-*

Simulation ‘Long-10’: We calibrate the parameters of the first layer against the
calibration data obtained from the same layer. Parameters for layers 2 and 3 are set at
their original values. Table 5.5 shows that the resulting parameters are very close to
the original parameters listed in Table 5.4 (with the exception of K). This simulation
also produced the best estimate for free drainage (result was identical to that from
‘LongRun’ and is hence not included in Figure 5.18). This is attributable to the fact
that only three parameters for the first layer were optimised.
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Simulation ‘Long-50’: We calibrate the parameters of the three layers against the
calibration data obtained from the second layer. Table 5.5 shows that the optimised
parameters for layer 2 are in close agreement to the original. However, the results are
different for the other two layers.

Simulation ‘Long-Alll’: We calibrate the parameters of the three layers against the
calibration data obtained from the three layers. A different set of results is now
obtained. Note the high value of the optimised Ks for layer 3; this is a typical case
where imposing a maximum limit becomes beneficial and can stop the model from
assigning physically unrealistically high values.

Simulation ‘Long-All2’: As above, but use different initial parameters. Yet another
set of results is obtained.

Table 5.5 and Figure 5.18 shows that the cumulative free drainage flux is different for
the four simulations. However, results obtained from Project ‘LongAll2’ are
significantly higher than the rest.
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Figure 5.18: Cumulative free drainage flow from the four simulations
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Note that although the free drainage prediction obtained from Project ‘LongAll2’ is
considered erroneous; the fit to the observed values was excellent (see Figures 5.19-

5.21).
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Figure 5.19: Observed and fitted water contents at depth=10 cm; Project ‘LongAll2’
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Figure 5.20: Observed and fitted water contents at depth=50 cm; Project ‘LongAll2’
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Figure 5.21: Observed and fitted water contents at depth=140 cm; Project ‘LongAll2’
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Table 5.5: details for Project series ‘Long-*

Section 5: Inverse Solution

Project name Long-10 Long-50 Long-Alll Long-All2 Long-All3
Soil layer L-1* | L-2 | L-3 L-1 L-2 L-3 L-1 L-2 L-3 L-2 L-3 L-1 L-2 L-3
Alpha | 0.02 [ 0.02]0.036 | 0.02 | 0.03 | 0.04 | 0.02 | 0.04 | 0.05 0.002 0.001 0.001 0.002 0.01
Input
parameters
n 1.4 | 141 1.56 1.5 1.41 | 1.65 1.4 1.55 1.3 1.25 2 2 1.25 2
Ks 40 |10.8 | 25 30 10.8 40 40 20 100 20 25 100 20 25
Alpha - -
0.037 0.024 | 0.021 | 0.034 | 0.025 | 0.016 | 0.073 0.0123 | 0.00198
Optimised 0.031571 | 0.01649 | 0.044808
parameters n 3 3
1.553 1.68 | 1.38 1.6 1.68 | 143 | 1.36 1.435 1.509
1.6132 | 1.4558 1.4706
Ks 79 - - 227 | 10.7 | 743 | 36.2 | 5.5 608 2.18 189.3 50.589 5.176 100
Calibration data Data at 10 cm Data at 50 cm depth | Data atdepths 10, | Data at depths 10, 50, and Data at depths 10, 50, and
depth 50, and 140 cm 140 cm 140 cm
Cumulative free 7.28 10.5 9.61 38.4 9.01

drainage cm?**

*L refers to Layer

**Reference value = 7.7
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What do the results in Figure 5.18 tell us? In real-life situations we generally do not
know what the correct answer is, but we may have a good feel for it (know its order;
for example, we may think it should be 5 not 50). The comparison in Figure 5.18
indicates a high likelihood that the result obtained from Project ‘LongAll2’ is
erroneous, or at least requires further investigation. The fact that three scenarios
produced results in the vicinity of 7-10 cm” makes us believe these figures more and
disbelieve those obtained from Project ‘LongAll2’. This is another case demonstrating
the effects of the initial parameters on the inverse solution, and the crucial role of the
modeller’s personal judgement.

Figure 5.22 shows the source of the error. It occurred mainly at the beginning of the
simulation; notice the high water content predictions for times<14 (prior to the first
calibration data). The prediction at time=14 is excellent (observed=0.3; fitted=0.312);
hence, plotting observed versus fitted points only at observation times as shown in
Figure 5.21 might mislead the modeller (data from “Fit.out” output file). This
discrepancy for times<14 days could very well be overlooked. HYDRUS provides
comparisons of fitted data with observation node data, which gives a more complete
picture.

Let us revisit the “Variable Boundary Conditions” and look at the precipitation data.
We see that the rainfall up to time =14 does not justify the high free drainage shown
in Figure 5.18. A close look at the water content data shows that the water content is
0.42 at time=0. If we go back to the sensitivity analysis performed in Appendix 1.3,
we see that an overestimation of the initial water content is caused by a low Alpha
(you can also see this by simply substituting values in the van Genuchten model).
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Figure 5.22: comparison of observed and predicted water contents for two simulations

Simulation ‘Long-All3’: We will attempt to solve the problem in Project ‘LongAll2’
by following two steps:

1. Increase the initial Alpha for layer 3 to 0.01. This will result in an initial
water content of 0.327 at depth =140 cm (substitute initial values in the van
Genuchten model).

2. Introduce minimum and maximum limits to the parameter values to avoid
unrealistic estimates obtained in the previous runs (very high K values for
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layers 2 and 3). Note that the model failed to run without these limits (the
model crashed).

5
0.35 T T

O Observed

03 — Predicted; n=2 —

— Predicted; n=1.5
025
o
02 o o

\gu\ﬁi_ o
B v oo
\\‘_‘/_,\\

Volumetric water content

0.05 4‘ Individual forward run time = 20 seconds i

0 100 200 300 400 500 600 700 800
Time (days)

Figure 5.23: Comparison of results from two forward simulations

3. We can investigate the effect of increasing Alpha to 0.01 by running a
forward simulation (under ‘Inverse Solution’, set maximum number of
iterations to zero). The result is shown in Figure 5.23 (the forward run took
about 12 seconds). Notice that the initial water content is 0.32. The entire
curve seems to be shifted downward. We demonstrated in Appendix 1.3 that
the curve could be translated upwards by reducing the parameter n. Use n=1.5
and re-run. Figure 5.23 shows that the prediction is now very close to the
observed values. We will keep the initial n=2 and run simulation ‘Long-All3’
in inverse mode.

Figure 5.18 shows that the cumulative free drainage predictions are reasonable and in
agreement with the other runs. The final “optimum” parameters are listed in Table
5.5.

Concluding Comments

Users should be wary of the complications associated with inverse simulations. Close
agreement between predicted and observed data does not necessarily mean that the
correct answer is obtained.

One should investigate different scenarios, especially for relatively complex problems
involving many unknown parameters. Such scenarios include different initial
parameters, calibrating various soil layers against the different calibration data, and
perhaps excluding results that deviate significantly from other scenarios.

For a multi-layered soil system, a parameter belonging to one layer may affect the
predictions for another layer.

Setting minimum and maximum limits for the parameter limits avoids the model from
assigning physically unrealistic values, which is advantageous in two ways; firstly, it
limits the search domain, thus reducing both run time and the likelihood of obtaining
erroneous results, and secondly, reduces the risk of crashing as a result of numerical
instabilities that are likely to occur when extremely low or high parameter values are
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assigned. It is always a good idea to specify the minimum for the n parameter
(n>1.05) when using the van Genuchten’s model.

The model may be more sensitive to parameters belonging to the soil located next to
an outer boundary such as a free drainage BC or a seepage face.

5.5 General Rules; Dos and Don’ts in Inverse Modelling

1. Having the correct conceptual model is always a crucial element of good
modelling (e.g., correct BCs). When conducting an inverse analysis,
sometimes a completely insensible result may indicate inadequate
conceptualisation of the problem.

2. Even if the model fitted the experimental data nicely, that does not necessarily
mean that the correct result has been achieved. Some degree of scepticism is
always useful.

3. Limit the number of optimised parameters as much as possible, especially if
there is a high correlation between the optimised parameters. The number of
optimised parameters should always be equal or less than the number of
calibration points. This is like solving a set of linear equations (each
calibration point represents an equation): the number of unknowns (optimised
parameters) that you can estimate must be equal to the number of equations.
For example, if you have four calibration points and five unknown parameters,
there will be an infinite number of solutions for such a problem.

4. It is highly recommended to have a second type of calibration data; even one
data point could make a tremendous difference. For example, if the calibration
data set comprises transient pressure heads, a final water content measurement
would be extremely useful.

5. Ifno good initial estimates for the model parameters are available, try running
the model first a few times in forward mode to get a feel for the final results.
This should produce a good set of initial parameters in addition to being able
to constrain minimum and maximum values. The procedure will be time
saving in the end, especially when running long simulations.

6. Even if a good set of starting parameters was selected, try other values to
make sure that the model converges to the same solution.

7. Define the final objective (the key prediction) of the modelling process. For
example, let’s assume that the goal is to estimate the cumulative flow across a
boundary, like seepage from a dam. Identify first which parameter the flow is
most sensitive to. For a multi-layered soil system, common sense suggests that
parameters belonging to the soil next to the seepage boundary is the most
crucial; hence, there should be a good calibration data set for that area.
Another example involves high-intensity rainfall areas where the saturated
conductivity of the surface soil will determine how much water will infiltrate
into the soil; this parameter hence is likely the most important.

8. Make sure that your calibration data are evenly distributed spatially and
temporally to eliminate any bias in the results. For example, if you are trying
to evaluate the water retention curve of a soil, your calibration data should
cover water contents from saturation down to points where the retention curve
changes its slope (where it starts curving toward the residual value). High data
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11.

12.

13.

14.

15.
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density (at some place or during some time period) results in skewing the
calibration.

Highly correlated parameters often lead to non-unique solutions. That is, more
than one set of parameters will result in a similar fit to the calibration data. In
these cases, either eliminate one of the correlated parameters from the
optimisation procedure (if you have a reasonably good independent estimate
for that parameter), or introduce new types of calibration data. For example, if
your calibration data consist of pressure heads in the saturated zone and the Ks
values of a draining two-layered soil system are highly correlated (model
responds to K,/K; ratio), you probably should try to measure the flow rate.
The more complex a model, the more likely non-uniqueness will become a
problem.

Weighing factors are useful, but do not use them unless you are very confident
of the data point to which you are assigning a high weight. For example, see
the ‘Crust’ example included in the HYDRUS package; a single measurement
on the retention curve was given a weight of 10. You can also assign higher
weights to data obtained from areas where predictions are important (e.g. data
next to a boundary where flow needs to be predicted).

Since inverse runs are generally time-consuming, it is always worthwhile to
first invest some time in devising a mesh that runs as fast and accurately as
possible. That is, use the coarsest possible mesh and loosen tolerances (while
still getting a reasonable mass balance). Once you come up with a good
preliminary result, tighten the tolerances to obtain the final answer.

Even if you obtain a nice fit between observed and modelled data, always
closely investigate “Inverse Solution” and “Mass Balance” under Post-
processing. Look at the statistical information provided and make sure that the
results are physically realistic.

Parameters with very wide confidence limits may be eliminated from the
optimisation process since the model is not sensitive to them.

Validation is always another way of confirming that you obtained the correct
results. You must validate against data that were not used in the calibration
process.

And finally: remember that the inverse method is not the black box
approach that always gives the right answer; some subjective judgement
of the modeller may well be critical in many problems.

Final remark: We refer readers to Section 1.6, 3.4.2, and 3.6 of the “Method of Soil
Analyses” book of the Soil Science Society of America for a detailed discussion of
the theory behind parameter estimation technique, and various applications for
estimating soil hydraulic and solute transport parameters (Simtinek and Hopmans,
2002; Hopmans et al., 2002; and Simeinek et al., 2002).
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6. TROUBLE SHOOTING

6.1 Infiltration After Long Dry Period
Project Mesh-1:

This project simulates infiltration into a silty soil after a long evaporation period.

Project ‘Mesh1’ is run using the default time stepping parameters. The results are
shown below. Projects ‘Mesh 1 & 2’ are found on the CD (.\HYDRUS Manual

Projects\Sect-6).

Checking the actual atmospheric flux reveals X
an error at time=50 days; notice the HorzonalVaiatle: [Time 2|
magnitude of the flux (1010 cm is equal to Vettical Varisble: BT g

500,000 kilometres!!). Actual Atmospheric Flux

28e+H010 +

2e+010 1

1.5e+010 +

Te+H10 +

Flux [ermidays)]

Se+Hl09 +

0

-5e-+109 t t t t t {
0 10 20 30 40 &0 B0
Tirne [days]

Default Prirt Pjeviousl Mext | Cloze I

5
Volume [V] _Z9576E+03 . Z9576E+03 -]
InFlow [V/T] - 82470E400 -.B2470E+00
Lhlean, Ll e e = S2FSLEHOS —996.3954
WatEBalT [V] cazzzzE-oL |
. QEsalbd ol =B
Checking the mass
balance information
Time [T £1.0000
confirms the presence :
. Sub-region mam. 1
of serious errors
. Area [V _100DOE+04 . 10000E+04
between times 50 and Volume [¥] _46000E+03 . 46000E+03
InFlow [V/T] _O0000E+00 . OOOOOE+00
51 days S FV W & /) P o 2T _804
WatBalT [V] _3z748E+03 |
DEEEa G813
Kl »
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5I
The sudden increase in the number of HotielVesob: [Tims =
lteratlons at around tlme = 50 days ls also “Werical Variable: Curnulative Number of lkeratiors
suspicious and should be investigated, even Run-Time Information: Time vs. Cum.lter
though it may not necessarily indicate an error. 000 -
G000 -
5000 +
g 4000
g 3000
2000
1000
0 t t t t t i
ul 10 20 30 40 a0 60
Time [days]
Defalt | Print | Frevious | Hest | Close I
x|
This figure suggests that the solution did not e————.
Converge at tlmezso days (number Of ertical Variable: INumbarolIterations j

iterations exceeded the maximum limit of 20).  Run-Time Information: Time vs. Iter

25

20 4

lter

0 10 20 30 40 a0 B0
Time [days]

Liefault | Frint | Previous | Next | LClose I

Spreadsheet ‘Mesh1.xIs’ shows the output file ‘h-mean.out’; notice the errors at
time=50 day (shown below). If you try to access the pressure head data in HYDRUS,
you will get an error message; this is due to the errors shown below in ‘h-mean.out’

50.002 -988063
50.003 59811490
50 . 0040*********** 0
50.0050*********** 0
50.0060*********** 0
50 i 0070*********** O

0 0 -138.3
0 0 -138.3
0 -138.3
0 -138.3
0 -138.3
0 -138.3

[eNeolNeoloNolNo
[eNeolNeoloNolNo]
[oNelNeoloNolNo
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Project Mesh-2:

The problem encountered in Project ‘Mesh1’ is fixed by lowering the minimum time
step to 1E-5 day. This will allow the model to lower the time step to a small enough
value that will accommodate the numerical instabilities encountered when
precipitation is suddenly introduced at time=>50 days.

X x
Horizontal ‘ariable: IT\me ﬂ Harizontal Yariable: -
Wertic:al Variable: he Wetical Variable: INumbar of Iterations ﬂ
Cumulative Actual Atmﬂspheric Flux Run-Time Information: Time vs. lter

100 0+
80 4
— 15 4
2]
=
& B0
z Z o
£ 40
3
20 A 51
0 t t t t t i o t t t t t i
0 10 20 30 40 50 B0 1] 10 20 30 40 a0 B0
Time [days] Time [days]
Default FErint Previous | Hext | Cloze I Drefault Erint Previous | Hext | Close I
Actual atmospheric flux is now correct. There is now no divergence in the

solution at time=50 days.

Mass Balance Information x|
Sub-region mum. 1 |
Area %1 .10000E+04 . 10000E+04
Wolume [V] .Z9ETEE+02 . Z9ETEE+03
InFlow [VsTI -.82470E400 -.5Z470E+00
hMean  [L] —.33655E+03 —-396.5954
WatBalT [¥] . 42328E-01
WatBall [%] _0ZE
Time [T1 51.0000
Sub-region num. 1
Area vl .10000E+04 . 10000E+04
Volume [V] .36433E403 . 36433E+03
InFlow [V/T] _ESEZSE+0Z . ESEZSE+0Z
hMesn  [L] —. 10504E+03 -105.035

_________
WatBall [V] —.ZZ041E-01
=Bl B o - - - -oel e
Kl Ll_l

The mass balance results are now acceptable.

Conclusion: Always allow small time steps by specifying a “Minimum Time Step” on
the order of seconds.
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6.2  High Infiltration Rate Into a Two-Layer Soil System
Project Mesh-3:

This project simulates infiltration into a two-layered coarse-above-fine soil system.
The soil profile is initially relatively dry (uniform pressure head=-100 cm). The
profile further dried out due to evaporation for 1 day. An intense rainstorm then
occurred at a rate of 300 cm/day. Project ‘Mesh3’ is run using the default time
stepping parameters. The results are shown below. Projects ‘Mesh 3 & 4’ are found
on the CD (.\HYDRUS Manual Projects\Sect-6).

=
Checking the actual atmospheric flux ponmea |T'me — =l
el Wikl [ctual Atmospheric Flux

does not reveal a problem. The

magnitude of the flux is equal to the Cumulative Actual Atmospheric Flux

potential rate (0.2x300x10=600), 100 ¢
which is timexintensityxwidth. B mz
=
This value could be believable if you 0]
overlook the fact that the introduced Sl
flux exceeds the saturated conductivity el |
of the surface layer. 500 — —
0.0 0.z 0.4 0.6 0.8 1.0 1.2
Tirne [days]

Default Erint Frevious | Mext | Cloze I

Run-Time Information x|
Horizontal Variable -

Wertical Variable: IEumuIatwe Murnber of lterations ;I

Run-Time Information: Time vs. Cum.lter

600 +
The rapid increase in the cumulative

number of iterations at time=1 day is
expected but should be investigated.

a00 +

400 1

300 +

KC

200 -

100

0

0.0 0.2 0.4 0.6 0.s 1.0 1.2
Time [days]

Default Frint Previous | Hext | LCloze I
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The atmospheric boundary pressure head drops to hCritA (-10,000) due to
evaporation, which is correct. However, the pressure head does not increase due to
rainfall at time=1. Why??

Boundary Pressure Heads x|
Harizontal * ariable: I Tirme ;I
“Yertical Yariable: ric Boundary Head

Atmospheric Boundary Head

0

-2000 +

-4000 +

-B000

h ]

-8000 +

-10000 +

-12000

oo 0.z 0.4 06 0.5 1.0 1.2
Time [days]

Default I Print | Previous | Mest | Cloze I

A graphical display of the results reveals that the soil surface at the end of the
simulation is completely dry; No rainfall was apparently introduced.

ocraph x|

Pressure heads

-2000 +

-4000

-B000 +

-8000 +

Pressure head [cmj

-10000

-12000

0o o0& 10 15 20 25 30 35 40 45 50
Depth {crm)
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Checking the mass balance at time >1 day reveals extremely large errors.

Mass Balance Information |
Sub-region mam. 1 Z A
Area [¥] - 10000E+04 -39206E+03 -E0194E+03
Volune [V] - 17540E+03 -4771ZE+02 -131&eSE+03
InFlow [W/T] —.459Z88E+00 - 4546ZE+00 -.38Z53E-01

[L] —.14007E+03 —Z00. 468 -1l00.123
——————————
[W] Z0129E-0Z
all [#] 153]
——————————
[T] 1.0800
gion mam. 1 Z
[W] - 10000E+04 - 39806E+03 -E0194E+03
Volume [V] -17924E+02 -47560E+02 -131e2E+02
InFleow [W/T] —.4E4EEE+00 - 41949E+00 - 2E078E-01
hMean L] —.14021E+03 -Z01.037 -100.144
T S
lacpalr [v1 —.Z4003E+03
PatBalR 131 _ _ _ _ 93453
-
Kl _>|_I

Project Mesh-4:

The problem encountered in example Mesh3 is solved here using a simple trick. The
variable boundary condition is discretized into 3 stages. A very short (0.001 day, less
than 1.5 minute) imaginary period of moderate rainfall (5 cm/day) is introduced
before the intensive-rainfall period. The problem is solved.

Mass Balance Information x|
Volume [V] JZTTEEE+03 14582E403 | 1ZIEIEH0Z d
InFlow [V/T] _10603E+04 . 10S3EE+04  6533SE+0L
hH_ean_ _[L]_ — _—.6_5421]”_02 -13.127 -1l00.125
atEalT [V] - 33401E-01
[racEalk [%] 034
Time [T] 1_&000
Mass balance is S B -
reStored' Area [v] . 10000E+04 .30206E+02 .&0124E+02
Volume [V] _36494E+03 | 1EZ1ZE40Z  ZOLS0E+0Z
InFlaw [V/T] _4964ZE+03  00000E+00 | 4964ZE+03
M‘I_ean_ _[L]_ —_ _—.1_049_SE+_02 10.314 -Z4.258
atBalT [V] - 136Z6E+00
PePalt DL _ _ _ 973
-
K ¥

The pressure head at the soil surface increases to zero when rainfall starts.
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Boundary Pressure Heads x|

Harizartal Yariable: ITime

L L

ertical Variable: IAtmospheric Boundany Head

Atmospheric Boundary Head

0
-2000 4
— -4000 -
=
8
< 5000 A
5000 1
-10000 t t t t |
0o 02 0.4 06 08 1.0 12
Time [days]
Default | Print | Previous & Close |

The cumulative flux is now much lower than the potential, which is believable since

the rainfall intensity is much higher than the saturated hydraulic conductivity of the
soil.

Cumulative Boundary Water Fluzes x|
Horizontal anable: ITima j

Wertical Y arizble:

Cumulative Actual Atmospheric Flux

50 4

0

-A0 A

-100 4

Curn. Flux [erm2]

-180 4

-200

0.0 0z 0.4 06 08 1.0 12
Tirne [days]

Diefault Frint Pievious | Next | Lloze I

Remark: This problem could have been solved also by allowing smaller time steps,
1.e., a “Minimum Time Step”’=1e-6 d.
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6.3  Simulations With Potentially Unstable Initial Conditions; Drainage of a
Saturated Coarse-Grained Soil

Project Mesh-5

This example demonstrates a case where the initial conditions are potentially unstable,
which could lead to divergence problems. The instability is related to the presence of
a fully saturated coarse-textured soil profile with a free-draining base and a seepage
face along the side. We proceed with setting up the problem and accepting all default
values that HYDRUS provides (initial time step=0.1 day; minimum time step=0.001
day; maximum number of iterations=20). Projects ‘Mesh 5, 6 & 7’ are found on the
CD (.\HYDRUS Manual Projects\Sect-6).

v |Hydrus-2D Calculation: Mesh-5 =101.xI

transport of solutes involved in sequential
first—order decay reactions

The results are
shown here. During
the first time steps
the malel:lm A elcome to HYDRUS-ZD _
number of iterations  Peaiing nodal® intomnation

. reading element information
reading geometric information

18 exceeded' reading material information

iyenerating materials

reading time information

reading seepage face information

heginning of numerical solution

version 2.8

Last modified: February. 2081

L v

Time ItW ItCum vConstBC CunConst vSeep hConst hSeep
.B6818 21 121 . BBAE +88 .BBEE+BA . BABE +B8 B . oo
.B828 21 142 .BBAE +88 .BBRE+AA . BABE +B8 a. a._ LI
: : H2d_calc.exe has generated emors and will be closed by
The SOluthl’l dlverges and the program Windows, Tou will need to restart the program.

is terminated.

An emar log iz being created.

Project Mesh-6

Trying to solve the problem of Mesh-5 by increasing the maximum number of
iterations does not work.

Reducing the initial time step to 0.001 day does not work either.

Try doing both. Increase the maximum number of iterations to 50 and reduce the
initial time step to 0.001 day.

Time Information x| zn
ok
~ Tirne Uniits Tirne: Discretizatio ]
 Seconds A : 0 I 50 Manimum Nurmber of lterations I
2 nitial Time
. IU.UUU1 ‘wiater Content Tolerance Cancel
€ Minutes | gl [0 1 Cancel_| o Pressure Head Tolerance e |
@ Initial Time Step 0.0m Help | — Time Step Control
e Mirimum Time Step (0,001 &l Lower Optimal Iteration Range R@o
& Days e T S IE— 7 Upper Optimal lteration Range
13 Lovwer Time Step Mulipcation Factor e |
i~ Boundary Condition ) ) P
ik Upper Time Step Multiplication Factor Lrevious ..
[~ TimeVariable Boundar Conditions Mext |
= ~ Internal Interpolation T abl Initial Condition
0 Number of Time-ariable Boundary Records Previous .. | 1e-006 Lower Limit of the Tension Interval 0 (I e E e e
10000 Upper Limit of the Tensian [nterval " |n the Water Content
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The solution converges and the problem is solved. Note that the number of iterations
during the first time step is 31, higher than the default value of 20.

[ Hydrus-2D Calculation: Mesh-6 o ]
first—-order decay reactions

version 2.8

Last modified: February. 2881

[

elcome to HYDRUS-2D

Vertical plane flow,. U = LxL
reading nodal information
reading element information
reading geometric information
reading material information
jenerating materials

preading time information

reading seepage face information
bheginning of numerical solution

Time ItW ItCum vwConstBC CumConst vSeep hConst hSeep
-B818 31 31 - BBBE +B8 -BABE +88 - BBBE +B8 a. -1.
-Aaz2a 1@ 41 - BBAE +BA -BARE +AR - BBAE +BA a. -1.
.8838 13 54 . BBBE +B8 -BERE +BA . BBBE +B8 a. -1.
-B848 18 64 . BBBE +B8 -BABE +AA .BBBE +B8 a. —2. LI

Project Mesh-7

Alternatively, solve the problem of Project ‘Mesh-5" by reducing the initial time step
to 0.0001 day (better option).

x|
Changing the initial time step to -~ Time Units—— - Time Discretization
0.0001 day should solve this problem. € Seconds | | il Time [o
Make sure that the minimum time step | © inees | | Eraltime Carcel |
is simultaneously reduced to a value < ¢ Haus el Time Step 0. 0001 Help
to the initial time step. Mo =S, OO0
* Days W zimum Time Step |5

— Boundary Condition:

The maximum number of iterations
should be reset to 20 (to see if
reducing the initial time step would
solve the divergence problem).

[ Time-ariable Boundary Conditions

IU Mumber of Time*ariable Boundary Becords Previous ...

i |

%% |Hydrus-2D Calculation: Mesh-7 =101 ]

elcome to HYDRUS-2D
Vertical plane flow,. U = LxL
reading nodal information
reading element information

reading geometric information
reading material information
lyenerating materials

reading time information

reading seepage face information
lheginning of numerical zolution

Time ItW ItCum vConstBC CumConst vSeep hConst hSeep
.1AARARE—A3 15 15 -AARE+AR . AAAE +AA . AARE +HA a. a.
.aAA2 6 21 - AARE +AR .AARE +AR . BAAE +AA a. a.
.AAA3 4 25 . AARE +AR .AARE +BR . BAAE +AA a. a.
aaa4d 3 28 . AABE +BA .AABE +8A . ABAE +08 a. a.
ApRs 3 31 - AARE +AR .AARE +AR . BAAE +AA a. a.
51515 A 35 - AARE +AR .AARE +AR . BAAE +AA a. a.
aaae? 4 39 . ABBE +B8 .BBBE+8A8 . BBBE +B8 a. —1.
Apie 3 42 - AARE +AR .AARE +AR . BAAE +AA a. =il
AR13 3 45 - AARE +AR .AARE +AR . BAAE +AA a. =il
BEis 4 49 - BBBE +08 . BBBE +868 . BBBE +B8 a. 1. :J

The problem is solved!
Conclusion: Allowing smaller time steps is almost always a good idea!
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6.4 Infiltration Into a Thick Clay Soil Layer After a Dry Period

Project Mesh-8:

This project simulates a drying and a wetting cycle in a 100-cm thick fine-textured
(clay) soil block. The soil is at a uniform initial pressure head of —100 cm.
Evaporation is simulated for a period of 0.2 days followed by infiltration up to 1 day.
The precipitation rate is equal to the infiltration capacity of the soil (equal to the
saturated hydraulic conductivity of 4.8 cm/day). Boundary conditions are atmospheric
at the surface and free drainage at the base.

Note that for the first two cases below (1 and 2) we used the optimum time
discretisation and iteration criteria (of run Mesh8e). This to be able to isolate the
effects of each problem, that is, the high precipitation rate (1), and the soil hydraulic
model (2). All related projects are found on the CD (.\HYDRUS Manual
Projects\Sect-6).

Project Mesh8: use this project to try (1 and 2)
Problems that are likely to be encountered in such a simulation:

1. Precipitation > saturated hydraulic conductivity (4.8 cm/day)

Make sure you check the [ |Hydrus-2D Calculation: mesh-8 S [=1 S|
cwith ai alte R b ambe e aew o 3 ooa O
. —2@5E+ . B@RE+ _ + hch -
with air entry value of 14678 21 81649 -.205E+02  .@@BE+BB  .195E+@1 -982. 8. -180
) b in th il la679 4 81653  —.2@5E+B2  _@WAE+MA  .195E+B1 2. A. 1@
_ l467@ 21 81674 —.2@5E+M2  _AAAE+AB  .195E+@1 982, #. -1A@
cm’ box 1n the so1 J467@ 4 81678 —.2@5E+M2  _AAAE+AB  .195E+@1 @ 2. A. 1@
. l467@ 21 81699 - .2@5E+M2  .AAGE+AB  .195E+@1 982, A. 1@
hydrauhc model. Under 14678 4 81793 -.2@5E+P2  .PAAE+AR  .195E+@1 2. A. -1@@
eddE o oo oy o oo
1 - A —.2A5EH o +A@ a + —2. - -—18
variable BC, set the 14678 21 81749 -.2@5E+D2  .DOPE+AD  .19SE+B1L  —982. a. -188
L. 14678 4 81753 -.2@5E+P2  .POME+AR  .195E+@1 2. B, -16@
preCIPItatlon rate to 48 Time ItW ItCum CumfAtnBC CumConst CumDrain hAatm hConst hDrain
.4678 21 81774 -.205E+B2 .POEE+AB  .195E+@1 -982. 8. -16@
cv/day, and run. insto MR owmmE uam o @ ol
. . —2@5E+ . B@RE+ _ @1 -982. =
Notice how the 14678 4 81803 —.2@5E+@2  _G@GE+GR  .135E+G1 2. 8. -1@@
mulai cadde S o o ok
= = + - + . + -9 =
simulation does not J4678 21 81849 —.2@5E+@2  _PPBE+AB  .195E+@1 -982. B. -1@@8
. l467@ 4 81853 - .2@5E+M2  _AAAE+AB  .195E+@1 2. A. 1@
l467@ 21 81874 —.2@5E+M2  _.AAAE+AB  .195E+@1 982, A. -1@8.
progress beyond time > 14678 4 81878 - .2@5E+B2  _AAME+AB  .195E+@1 2. . 1#@._ x

0.467 day.

Solution: decrease the precipitation slighlty to 4.7 cm/day and the simulation will run
in only 48 seconds with a total number of iterations of 16,239.

Modelling variably saturated flow with HY DRUS-2D
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2. Soil hydraulic model used

The preferred model for very fine-textured (clayey) soil is the van Genuchten-Mualem
model with an air entry value of —2 cm. This model improves numerical stability for a
soil that has a highly nonlinear hydraulic conductivity function close to saturation.

Reset the precipitation rate to 4.7 cm/day in Project Mesh8, and uncheck the ‘with air
entry value of —2 cm’ box in soil hydraulic model. Run the model.

The screen capture below shows the progress of the simulation when the normal van
Genuchten-Mualem model is used. Notice the number of iterations and the time. The
simulation almost does not progress beyond time>0.246 day.

% |Hydrus-2D Calculation: mesh-& o =] |
2468 2124566 —.321E+88 . HABE +B08 .116E+08 a. B. -18@ ‘:J
2468 2124%68 —.321E+88 .BABE+B8 .116E+88 a. 8. -188
.2468 2124578 —.321E+88 .BABE +B8 .116E+88 a. Aa. -188
.2468 41245974 —.321E+88 .BAEE+B8 .116E+88 a. 8. -188
.2468 61246008 —.321E+80 - BAAE+BA -116E+88 8. a. -188
-2468 2124682 —.321E+80 - BAAE+BA -116E+88 8. a. -188
.2468 2124604 —.321E+80 -BARE+BA -116E+8@ 8. a. -188
2468 3124687 —.321E+B8 .BABE+B8 .116E+@8 a. a. —-18@
2468 11124618 —.321E+88 . BABE+BA .116E+@8 a. a. -18@
2468 3124621 —.321E+88 . BABE+B8 -116E+88 a. a. -188
2468 3124624 —.321E+88 .BABE+BA .116E+88 a. a. -188
.2468 4124648 —.321E+88 .BABE+B8 .116E+88 a. 8. -188

Time ItW ItCum CumAtmBC CumConst CumDrain hAtm hConst hDrain
2468 6124654 —.321E+88 .AABE+B8 .116E+@8 a. d. -—-18@
2468 2124656 —.321E+B8 .BABE+B8 .116E+@8 a. a. —-18@
2468 2124658 —.321E+88 . BABE+BA .116E+88 a. a. -18@
2468 21246608 —.321E+88 . BABE+B8 -116E+88 a. a. -188
2468 2124662 —.321E+88 .BABE+BA .116E+88 a. a. -188
.2468 6124668 —.321E+88 .BABE +B8 .116E+88 a. Aa. -188
.2468 2124698 —.321E+80 - BAAE+BA -116E+88 8. a. -188
.2468 4124694 —.321E+80 - BAAE+BA -116E+88 8. a. -188
-2468 6124708 —.321E+80 -BARE+BA -116E+8@ 8. a. -1@88.
2468 2124782 —.321E+88 .AABE+B8 .116E+@8 a. 8. —-18d._ =~

Solution: Select the soil hydraulic model as shown below
x
—Hydraulic Model

; Cancel
roaks-Corey Help

B
Kosugi(log-normal]
Dual-porosity ([Durmer. dual wan Genushten - Mualsm]

Dual-porogity [mobile-mmatile, water ¢, mass transfer]
Dual-porosity [mobileammobile, head mass transfer]
Dual-perme sbility

Look-up Tables

+ Mo Hysteresiz R@ﬁ
- . Mext ..
= Hysteresis in Betention Curve

" Hysteresis in Retention Curve and Conductivity Erevvious .

C [nitialy Diying Cunve
! [nitiall setting Curve
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3. Time discretization and iteration criteria

For Projects Mesh-8a to Mesh-8e: use the van Genuchten model with a -2 cm air
entry value, and a surface flux=4.7 cm/day.

e Project Mesh-8a: using default time step and iteration criteria (run
time = 11 sec.)

The mass Balance results are very poor

WatBalT [V] 0.53537E+09
WatBalR [%] 100.000
= Select Hydrus-2D Calculation: mesh-8a - 1ol =l
6916 2 1978 —.422E+82 . AARE +A8 -137E+@2 =#a a. =2 :J
-6958 2 1988 —.426E+A2 . AAAE+A8 141 E+@2 =fa a. =
7888 2 1982 —.438E+A2 . BABE+PA -145E+@A2 —2. a. —2.
.7848 2 1984 —.434E+82 . AAAE +B8 -149E+@2 =Pa a. =2
.7111 2 1986 —.440E +A2 . AAAE+B8 -155E+@A2 =Fa a. =2
.71922 3 1989 —.448E+A2 . AAAE+A8 .163E+A2 —2. a. —2.
.7293 14 2883 —.458E+A2 . AAAE +B8 J172E+82 a. a. a.
.7383 21 2864 —-.452E+A2 . AAAE+B8 -173E+@A2 a.
7313 21 2885 —.435E+A2 . AAAE+AA -1 74E+A2 s A.92A322.
.7323 21 2186 . 298E+@A5 . AARE +B8 -174E+@2 a.
7333 21 2127 .298E+@5 . AAAE+B8 -175E+A2 a.
Time ItW ItCum CumfAtmBC B CumConst CumDrain hittm hConst hDrain
7343 21 2148 .535E+@A7? . AAAE+AA 175E+A2 a.
7353 21 2169 .535E+@9 . BABE+B@ -176E+B2 59. a. 59.
7363 21 2198 .535E+@% . AAAE +B8 177E+@2 11. a. 11.
7373 3 2193 .535E+@A7? . AAAE+AA -178E+A2 a. a. a
7386 3 2196 .535E+@9 . BABE+B@ -179E+B2 a. a. a
483 3 2199 .535E+@% . AAAE +B8 -181E+@2 a. a. a
7425 3 2282 .535E+@7? . AAAE +A8 -183E+@A2 a. a. a.
7454 3 2285 .535E+@9 . BABE+B@ -186E+B2 a. a. a. J
.7498 3 2288 .535E+@% . AAAE +B8 -189E+@2 a. a. a.
27536 3 2211 .535E+@A? . AAAE +A8 -194E+@A2 a. a. a
7683 3 2214 .535E+8% . BB6E+B@ .2BEE+B2 a. a. a |

The cumulative actual atmospheric flux is incorrect; HOWEVER, the free drainage
flux is correct!!!

£ x
Harizontal W ariable: ITime j Harizontal W ariable: ITime j
“ertical Yariable: Yertical Yariable: Free or Deep Diain
Cumulative Actual Atmospheric Flux Cum. Free/Deep Drainage Boundary Flux

Be+l08 — a0 4
Se+l08 + 40 J
¥ 4408 1 g
= =30
E] E]
T Jdetlls T
1 2 20 1
Lg) 2e+108 + Lg)
1e+008 iy
-45.851 t t t t t t t t i 0 i t t t t t t t i
01020304 0506 07 0580810 01 02 03 04 05 06 0F 08 0% 10
Time [days] Time [days]
Default Print Previous | Hext | Cloze I Detault Frint Previous | Hext | Close I
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6.13 Section 6: Trouble Shooting

e Project Mesh-8b: default time step and iteration haes ound ' =
criteria, but we reduced the number of print times to . =
1.

Cumulative Actual Atmospheric Flux

20 4

The mass balance improved, and the actual
atmospheric flux is correct!!

0

-0 4

40 4

Cum. Flux [em2]

WatBalT [V]  -.13266E+01
WatBalR [%] 1.100

£0

-80

01 02 03 04 05 06 07 08 09 10
Time [days]

Defait | Pit | Previous | Hew | Doss |

This suggests that in the previous run, print times must have interfered with the time
stepping scheme. This is not a solution but an indication that the time stepping
parameters were not correct.

e Project Mesh-8c: change the minimum time step and the water content tolerance

e We decrease the initial and minimum time steps to as low as 1E-15 but it
does not solve the problem.

e Try initial and minimum time step = 1E-10 day and tighten the water
content tolerance to 1E-7. Run time is 64 sec. And the results are correct. The
run time information reveals no divergence problems.

Mass balance:
WatBalT [V] 45776E-04
WatBalR [%] .000

Total number of iterations = 22,161

Cumulative Boundary Water Fluxes x| Run-Time Information x|
Horizonial Variable: [ Time | Horizontal Verisble: [Time =l
Wertical Y ariable: Wertical Y ariable:

Cum. Free/Deep Drainage Boundary Flux Run-Time Information: Time vs. Iter
50 4 20
40
- 15 4
&
=
£ 30 4
3 & 10
= 2
= 20
3
54
10 4
0 t i T + + + +——t + i 0 + + + + + + + + + i
00 01 020304050607 080810 00 01 020304050607 080910
Time [days] Time [days]
Defaut | Pint Frovious | Mew | [ Cose | Defaut | Pint Frovious | Mew | [ COese |
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e Project Mesh-8d: Modify the lower tension intervals

Lower limit of the tension interval = 0.001
WatBalT [V] .75912E-03
WatBalR [%] .001

HorizontslYarisble: [ Time =l

Weitical Variable:

Run-Time Information: Time vs. iter

Iter
[ R R - -]

Number of iterations is well below the maximum.

Total number of iterations = 20,097

00 01 0203 04 050607 0809 10
Time [days]

Default | Pint Previos | Met | [ Clse |

e Project Mesh-8e: Modify the upper tension intervals

Upper limit of the tension interval =200

Mass balance:
WatBalT [V] .12970E-02
WatBalR [%] .001

Run time = 51 sec.

Cumulative Boundary Water Fluxes x|
Horizantal Y ariable: ITime j

Total number of iterations = 16,239.

Yertical W ariable: Free or Deep Drainage Boundary Flux

The cumulative free drainage flow is Cum. Free/Deep Drainage Boundary Flux
shown here; compare the result with that 50 -
obtained from project ‘Mesh8a’ and
‘Mesh8¢’. 5 1
% 30 4
E 20 1
)

o
+

0

00 0102030405 0607 080910
Time [days]

Default | Frrint | P[eviousl Mext | LCloze I

Conclusions: Specified infiltration rates close to the Ks value of heavy textured soils

may cause numerical instabilities. We showed above several ways of overcoming
these instabilities.
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6.5  Simulations With Highly Unstable Initial Conditions; Very High-Pressure
Gradient

This series of projects (“Grad-"") demonstrates the difficulties that are likely to be
encountered when highly unstable initial conditions are assigned to the domain. The
runs simulate infiltration into a 10-cm soil column with extremely high initial pressure
gradients of up to 250. The pressure head is assumed to be linearly distributed with
depth and the pressure head is set to zero at the free drainage boundary for all
simulations. All related projects are found on the CD (.\HYDRUS Manual
Projects\Sect-6).

* Projects ‘Grad-1’ and ‘Grad-1a’

For simulation ‘Grad1’, the elements were evenly spaced at 1 cm. The pressure head
at the surface was set at —1200 cm. Table 6.1 indicates that this grid produced a
relatively small mass balance error. Figure 6.1 shows that the number of iterations has
exceeded the maximum limit (solution did not converge) during the first 16 time
steps.

In Project ‘Gradla’, we try to reduce the initial time step but this produces extremely
poor results! This suggests that the grid should be refined.

Table 6.1 Summary of the results obtained from the seven runs.

Simulation | Run | Surface | Mesh Initial and Mass Notes on
Project time time | potential | size* | minimum time | balance** mass
(day) (sec) (cm) step (day) balance
Grad1 1 2 | -1200 | U] defautt s fair
Grad la 1 1| -1200 111 1E-6 91;’;‘3 poor
Grad 2 1 2 -1200 511 default 0008236 good
Grad 3 1 6 -1500 })011 default 0008838 good
Grad 4 1 5 | 2500 })911 0.0001 2_2155 poor
Grad5 | 0.1 81| 2500 | 0| 000001 | OO | fair
Grad6 | 0.1 144 | 2500 %‘?11 0.00001 0'00988248 good

* Number of elements and density at top of mesh, respectively

** Mass balance volume and % error, respectively

*Default values are: Initial time step=0.1; minimum time step=0.001
@Reducing the time step to 1E-12 did not improve the results

Modelling variably saturated flow with HY DRUS-2D
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25

" s m " m m m N [ I I I | [ ]

® Grad 1
. O Grad 2

20

_g 15 A
- n
g Maximum number
% of iterations = 20
5
S 10
£ oo
Z oo O
O O O O ] L |
m} m} m} O0oa
5 {1 HOHO 00
" an | n |
n
0 T T
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035
Time (day)

Figure 6.1. Run-time information for projects ‘Gradl’ and ‘Grad2’

* Projects ‘Grad-2’

For simulation ‘Grad2’, the grid was refined. The elements were evenly spaced at
0.2 cm (see Table 6.1). The mass balance is now improved. Figure 6.1 shows that the
maximum number of iterations was exceeded once only. Figure 6.2 shows that the
cumulative free drainage flow was different for the two simulations. The trend
obtained for Project ‘Grad 1° shows an anomaly at the beginning of the simulation.

— Grad 1 /
— Grad 2

2.5

Cumulative free drainage flow .
&
L

1
0.5 //
N ‘ |

0 0.2 0.4 0.6 0.8 1 1.2

Time (day)

Figure 6.2. Cumulative free-drainage flow for projects ‘Gradl’ and ‘Grad2’
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* Projects ‘Grad-3’

For simulation ‘Grad3’, the surface pressure head was decreased to —1500 cm. In
order to get a stable run with a good mass balance, the grid had to be further refined.
The total number of elements was increased to 101 and the density at the top was
reduced to 0.1; this resulted in a surface element of 0.02 cm. Results were acceptable
(see Table 6.1).

» Projects ‘Grad-4’

For simulation ‘Grad4’, the surface pressure head was decreased to —2500 cm. We
used the same grid spacing as that for Project ‘Grad3’. In order to get the HYDRUS to
run, the initial time step had to be reduced to 0.0001 day. The simulation proceeded as
shown below. Notice that the number of iterations always exceeded the maximum
limit of 20; also notice that ‘hAtm’ and ‘hDrain’ fluctuate in a chaotic way.
Nevertheless, the run proceeds and results are displayed in a normal manner (the run
does not terminate automatically as in Project ‘Grad 1°). We will examine the
erroneous results. If you encounter such a run, there is no point in continuing it; better
terminate it by pressing Ctrl-C.

[ |Hydrus-2D Calculation: grad4 o ] 4|

.2B1E+B4 . BBRE+BA - 581 E-B2 s
.201E+@4 . BBAE+PA - 63FE—B2 s
.2P1E+P4 . BBRE+PA - 63FE—P2 st
.5A2E+B6 . BBRE+PA - 79 4E—D2 sz
-5A2E+PA6 . BBRE+PA - PR E-P2 st
.5A2E+B6 . BBRE+PA - 1B4E—B1 s
-5A2E+PA6 . BBAE+PA - 1B4E—1 wmmeacn
.5A2E+B6 . BBRE+PA - 129 E—B1 sesemmeacnse
.5B2E+B6 . BBRE+PA -129E-B1-26275.
.5SB?E+B6 . BBRE+BA - 154E—B1 sz
-562E+B6 . BBRE+PA - 154E—1 smmecn
-562E+B6 . BBRE+PA -1 79E—B1 s
.562E+B6 . BBRE+PA - 179 E—B1 s
-562E+B6 . BBRE+PA -2P4E-B1 -4552.
.562E+B6 . BBAE+PA -204E-A1 77488.
.558E+P6 . BBRE+PA .229E-P1
.558E+B6 . BBAE+PA - 229 E—1 s
.558E+B6 . BBRE+PA .254E-P1

=
=
=
13
ma
[
o
s}
b3
rrrr e rrrrn
SODOSREIRAREREE2E D E
R IR IR R R R Rt it
|
&
I
-
v

Time ItW ItCum CumAtmBC CumConst CumDrain hAtm hConst hDrain

.Ap21 21 581 —.55%8E+A6 . BBAE+PA - 25 4E—P1 smeacn A.-68433.
.8p22 21 682 .237E+@7 . BBRE+PA .279E-Pi a.

.0823 21 623 .237E+B7 . BBRE+PA .279E-B1 a. B, s
.8B24 21 644 .237E+@7 . BBRE+BA -3B4E-B1 a. j

If you did not look at the screen information during the run, you will likely only check
the final displayed results. If you have lots of confidence in the model (and yourself
I) and don’t check everything, you may overlook errors.

Suppose that you are only interested in free drainage flow. You check atmospheric
flow, but instead of checking the actual atmospheric flow, you only check the
potential flow. The latter looks correct as shown (next page); in fact the potential
atmospheric flow is always correct since it represents what could potentially go
through the boundary, not what actually entered the boundary.
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Cumulative Boundary Water Flures x|
Horizortal Variable: [Time =]

Yertical Variable:

Cumulative Patential Atmospheric Flux

0

1

2

Curn. Flux [cm2]

00 01 0203 04050607 080810
Time [days]

Defat | Pt | P | Mes | Coss |

The free drainage flux also looks reasonable if you do not check its magnitude. A
quick assessment of the reported value suggests that it must be wrong since it is 5
times the potential atmospheric flux (initial soil profile was dry so it can’t be higher

than the potential atmospheric flux). Close examination of the actual atmospheric flux
shows the source of the error.

| x
Harizontal Varisble:  [Time | Horizontal Variable: [Time |
Wertical Variable: “Wertical Yariable: Actual At
Cum. Free/Deep Drainage Boundary Flux Cumulative Actual Atmospheric Flux

25 - 1.5e-+006 -
20 4 1e+005
= o
E E
£ 15 4 £ 500000 4
E] E]
T [
£ 107 £ 0
E 5
&3 &)
54 500000
0 —t—t————+——+——+——+——+—— -1e+106 + + + + |
0.0 01 020304050607 08 09 10 00 02 04 0B D& 10
Time [days] Time [days]
Defaul Piint Pievious | Hent | Cooss | Defaul Print Provious | et | Cose |

Table 6.1 shows that the mass balance is very poor. Notice that the run time was very

short (even shorter than Project ‘Grad3’). When the initial conditions are unstable and
the initial time step is very small, one should expect a much longer run time. Hence, if
the simulation is unexpectedly short, that should be a warning.

* Projects ‘Grad-5’

In simulation ‘Grad5’, the initial time step is further reduced to 0.00001 day. Table
6.1 indicates that mass balance results improved, but the errors are still significant.
Further reduction in the initial time step does not improve the results. Notice the

significant increase in run time (also notice that the simulation time is only 0.1 day,
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which is 1/10 of the previous runs). The screen capture at the beginning of the run
indicates divergence of the solution during the first two time steps, which explains
why the mass balance results were not good.

= |Hydrus-2D Calculation: grad5 o ] 4
reading time information d
reading atmospheric information
heginning of numerical solution
Time ItW ItCum CumfAtmBC CumConst CumDrain hAtm hConst hDrain J
I 7iepe6eE-B4 21 21 —.500E-A4 . BAGE +BA -258E-83 -1535. a. —ag. 1
L 200PQOF-P4 71 _ 42 _ = 1@@E-Q3 _ .@PEE+A0_ _429E-P3 —1750._ _ O _ _1@. |
-30UAWAE-A4 B8 58 —.158E-@3 . HWAUE +bBA -SH2E-83 -1228. a. —48 .
-400ABAE-A4 9 59 —.280E-A3 . BAGE +BA -5A5E-A3 -10818. a. —48 .
-5A0ARRE-A4 7 66 —.258E-@A3 . BAGE +BA -5A8E-A3 -875. a. —48 .
-6AAARAE-A4 13 79 —.388E-A3 . BAAE +BA -511E-83 -771. a. —48 .
.700ABAE-A4 7 86 —.358E-A3 . BAAE +BA -514E-83 -783. a. —-49
-8APABAE-A4 7 23 —.488E-A3 . BAAE +BA -517E-83 -646. a. —-49
-900ABRE-A4 7 188 —.458E-A3 . BAAE +BA -519E-83 -606. a. -5@.
.BAp1L 7 187 —.5HAE-BA3 . BBRE+88 .522E-83 -569. a. -5a.
.AAA1 11 118 —-.55HE-BA3 . BBRE+88 .525E-83 -544. a. -&a.
a861 18 128 —.6HAE-BA3 . BBRE+88 .527E-83 -521. a. -51.
.BAp1L 7 135 —.65HE-BA3 . BBRE+88 .53BE-83 -5@3. a. -E1
a1 ? 142 —.78HE-BA3 . BBAE +A8 .532E-83 -485. a. -51
.AAA2 & 148 —.758E-A3 . BBAE +A8 .535E-H3 -469. a. -52
.AAA2 & 154 —.8HAE-A3 . BBAE +A8 .537E-B3 -452. a. -52
4.5 155 P 162 —.85HE-A3 . BBAE +A8 .54BE-B3 -448. a. -53
[ 5155 P 168 —.980E-A3 . BBAE +A8 -542E-83 -428. a. -53
-aaaz 9 1?27 —.950E-A3 . BBAE+A8 -545E-83 -418. a. -53 ;l

Projects ‘Grad-6’

For simulation ‘Grad6’, the total number of elements was increased to 201; this
resulted in a surface element of only 0.01 cm. Table 6.1 indicates that the mass
balance results are now satisfactory. The run time has increased significantly. Figure
6.3 shows that the cumulative free drainage flux is different for the two simulations.

0.0025

— Grad6
= Grad5

0.002

0.0015

0.001 7

Cumulative free drainage flov

0.0005

0 0.02 0.04 0.06 0.08 0.1
Time (day)

Figure 6.3. Free drainage flow for runs ‘Grad5’ and ‘Grad6’

Hence, one may expect that the presence of very steep pressure gradients will cause
more difficulties in getting the model to run smoothly. In addition, the run time should
also increase dramatically.
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6.6

10.

11.

12.

13.

Concluding Remarks

At the conclusion of a simulation, always inspect mass balance and run time
information; also make sure that reported fluxes are realistic. Whenever the
maximum number of iterations is used, closely inspect the results for possible
inconsistencies.

For each condition, try to get an optimum combination of mesh size and time
stepping scheme that runs as fast as possible, while still producing good mass
balance results.

Avoid initially fully saturated profiles; they may result in a diverging numerical
solution (refer to Section 2.2.1); setting a few surface nodes at a very low negative
pressure heads usually helps avoiding the problem.

Avoid introducing fluxes that are equal or higher than Ks into the domain.

Use the van Genuchten model with AEV=-2 cm for fine-textured clayey soils.

Some inverse simulations may stall; providing realistic minimum and maximum
limits for the optimized parameters should overcome this problem.

Complex simulations that run unexpectedly fast indicate a problem.

It is always a good idea to monitor the advance of the simulation; screens similar
to those shown in pages 6.12 and 6.17 indicate errors. Such simulation may well
be terminated using ‘Ctrl C’.

Extremely slow simulations usually indicate a flawed set up; check minimum and
initial time steps, the density of the grid, and the suitability of the hydraulic model.

It is always a good idea to allow small initial and minimum time steps (in the
order of seconds).

Introducing intense precipitation into an extremely dry soil profile may be
problematic (refer to Section 6.2).

Leave the default ‘Time Step Control” unchanged; in most cases divergence
problems are solved by changing the mesh density, the time discretization, and the
iteration criteria controls.

Using unrealistic initial pressure head profiles is problematic; either use stable
initial conditions such as hydrostatic equilibrium or import initial conditions from
previous simulations when available.

Modelling variably saturated flow with HY DRUS-2D
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APPENDIX I
SOIL HYDRAULIC PROPERTIES
I.1 Water Retention Properties

The fundamental relationship between soil moisture content (usually calculated on a
volumetric basis), and pressure head (or matric suction) is referred to as the soil-water
retention curve (SWRC), or the soil water-characteristic curve. Matric suction is the
difference between pore air pressure and pore water pressure. If a change in moisture
content occurs at any point in a mass of soil initially in a state of moisture
equilibrium, the soil matric suction (or the negative pore water pressure) at that point
changes (assuming atmospheric conditions, pore air pressure = 0). Following this
change, there will be a differential in the energy level between the point where the
change occurred and the surrounding soil, which will cause moisture to flow in the
soil until a new condition of suction equilibrium is established (Croney, 1952).
Knowledge of the water retention curve is essential when investigating how soil
moisture reacts following changes in the pressure head resulting from events such as
infiltration, evaporation and drainage. Due to the hysteretic behaviour of soils upon
wetting and drying, different SWRC curves are obtained depending upon whether the
soil is undergoing a drying cycle, a wetting cycle, or a re-drying cycle (Collis-George,
1955).

I.1.1 Shape of Soil-Water Retention Curve

The general shape of the SWRC under wetting and drying conditions is shown in
Figure 1.1 (semi-log scale). The following parameters are identified:

e The saturated volumetric water content 65, which theoretically corresponds to the
soil’s porosity, but practically is often about 10-25% less because of dissolved
and/or entrapped air.

e The air-entry value, AEV, is the critical suction value at which the largest pores in
the soil matrix begin to lose water.

e The residual water content 6, is the water content beyond which further increase
in the soil’s suction results in only marginal changes in water content.
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Figure 1.1: Typical SWRC
The total suction corresponding to zero water content is essentially the same for all
soils. This value is about 10° kPa (10" cm) and has been supported experimentally by
Croney and Coleman (1961), Koorevaar et al. (1983), and by thermodynamic
considerations (Richards, 1965).

Definition of the Residual Water Content

The residual water content and the corresponding suction, termed residual suction,
have been defined in a number of ways in the literature; however, the accepted use of
these terms is not always agreed upon. Tinjum et al. (1997) defined it as the water
content corresponding to the asymptote of the SWRC at low degrees of saturation.
van Genuchten (1980) defined it as the water content for which its rate of change with
respect to suction becomes zero, or when liquid flow of water ceases (excluding the
region near saturation); he suggested that often it is sufficient to define it as the water
content at a suction equal to 1500 kPa.

Classically, moisture in the unsaturated zone is separated into three components:
gravity, pellicular, and hygroscopic water (Everett 1993). Gravity water is the
moisture in a soil that can be drained by gravitational forces; pellicular water is the
moisture in a soil that cannot be drained by gravity forces, but can be lost by
evaporation; and hygroscopic water is moisture that will never be lost through the
above natural forces. The residual water content is the water content at the limit of
liquid water extraction. De-saturation beyond residual conditions occurs primarily as
a result of vapor movement up to the point where the soil water content is in
equilibrium with the vapor pressure of its surrounding. Brooks and Corey (1966)
pointed out that it is difficult to determine residual saturation for clayey materials;
they related residual saturation to the clay content of the soil. The well-defined,
residual state for sands, silts, and their mixtures can reasonably well be predicted from
the SWRC as shown in Figure I.1.

1.1.2 Models Describing SWRC

A mathematical representation of the SWRC is essential when using numerical
models for simulating fluid flow and mass transfer in the unsaturated zone. HYDRUS
allows users to select one of three types of models to describe the soil hydraulic
properties: van Genuchten (1980), modified van Genuchten (Vogel and Cislerova,
1988), and Brooks and Corey (1964). Those three models are described briefly in the
following section.

a. van Genuchten Model

Van Genuchten (1980) proposed a mathematical representation of the SWRC, which
depicts an S-shaped curve when plotted on a semi-log scale. It is given by:

Se :(1+‘0L\y‘n)m (1.2)
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where o, m, and n are fitting parameters (usually m=1-1/n), and S, is the normalised
volumetric water content (also called effective saturation) given by:

_0-6,

S
s (1.2)

where 6 is the volumetric water content at any pressure head, and 6 and 6, are the
saturated and residual water contents, respectively.

Each of the three fitting parameters (., m, and n) control part of the S-shape curve.
Figure 1.2 shows the effect of o (Alpha), which is closely related to the reciprocal of
the air-entry value (AEV) of the soil. Coarse-grained soils have a low AEV and high
o whereas fine-textured soils have a lower a.

0.35

0.3 \\x
0.25
0.2

0.15 7| — Alpha = 0.015 mﬂ\
-8~ Alpha = 0.05

0.1 7 - Alpha=0.1

Volumetric water content

0.05 T T
1 10 100 1000

Suction (cm)

Figure 1.2: Effect of a in van Genuchten model

Figure 1.3 shows the effect of n, which controls the slope of the curve and reflects the
particle size distribution. The plots indicate that a unit increase in suction at or near
the steepest part of the curve causes more water to be extracted from coarse-textured
soils (high n) than from fine-textured soils (low n), but not at other places of the
curve.
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Figure 1.3: Effect of n in van Genuchten model
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The parameters n and m are usually correlated as m=1-1/n, which results in a
relatively simple equation for the hydraulic conductivity when combined with a
theoretical model for K (see section 1.2). Figure 1.4 shows that when the two
parameters are correlated, the curvatures (A and B) of the S-shape curve become
correlated. When individual values are assigned to n and m the curvatures become
independent.
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Figure 1.4: Relation of m and n in van Genuchten model

b. van Genuchten Model with AEV of -2 cm

This option in the van Genuchten model implements a small non-zero air-entry value
(AEV) of -2 cm. Figure 1.5 shows that the effect is very marginal on the SWRC. In
fact one can only notice the difference when that part near saturation is significantly
enlarged. Figure 1.5 shows that the water content remains at saturation for suctions
below 2 cm.
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Figure 1.5: van Genuchten model with AEV of -2 cm
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We will show later that implementing this low non-zero AEV has a significant effect
on the hydraulic conductivity function. This option is particularly relevant to very
fine-textured (clayey) soils (see example in section 6.4).

¢c. Modified van Genuchten Model (Vogel and Cislerova)

Vogel and Cislerova (1988) modified the van Genuchten model by incorporating a
non-zero AEV into the model. The modification is implemented by introducing a
fictitious water content 6, that is higher than 65 and replaces 6s in the van Genuchten
model. This fictitious water content is used only when h< AEV. Above AEV the
water content is equal to 6s.

a

0= (1+‘och" Tm (1.3)
6, h>AEV

Figure 1.6 shows how the model is implemented. The data points at suctions<17 cm
are only a hypothetical continuation to the S-shape curve. That is, when the head is
below this value, the water content is fixed at 6s.
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Figure 1.6: Modified van Genuchten model

d. Brooks and Corey Model

Brooks and Corey (1964, 1966) concluded from comparisons of a large number of
experimental data that the SWRC could be described by the following formula:

S, = (%j (1.4)

where AEV is the air entry value (corresponds approximately to 1/a in HYDRUS),
and n is a soil characteristic parameter, called the pore-size-distribution index.
Experimental data of suction and water content are often plotted as log | h| versus log
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0. Linear regression can then be performed on the straight-line relationship. The slope
and intercept of the best-fit line correspond to 1/n and AEV, respectively. Figure 1.7
shows a comparison of this model with the van Genuchten model using the
parameters listed in Table I.1.

Table 1.1: Parameters for two SWRC for Figure 1.7.

Theta r Theta s Alpha n
Van Genuchten 0.078 0.43 0.036 1.56
Brooks & Corey 0.027 0.434 0.0897 0.293
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Figure 1.7: Comparison of Brooks & Corey and van Genuchten models

1.2 Hydraulic Conductivity Functions

a. van Genuchten-Mualem Model

Mualem (1976) developed the following equation for predicting the relative hydraulic
conductivity K, from knowledge of the SWRC:

It /B

where h is the pressure head, given as a function of the dimensionless water content
Se defined by Equation (1.2).

For the special case where m = 1-1/n (fitting parameters of Equation (1.1)), a closed-
form solution was obtained by van Genuchten (1980) as follows:

k(h)= Kss'e[1—(1—s’e/m)“]2 (16)
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where | is a pore connectivity parameter established to be 0.5 by Mualem (1976).
Alternatively, this equation may be written in terms of the effective water content (see
online HYDRUS Help). When the —2 cm AEV option is used, Equation 1.6 becomes
applicable only for heads<- 2 cm. Figure 1.8 shows the impact of using this option.
Note that hydraulic conductivity functions are usually plotted to log-log scale, but in
this case we chose to plot it on a semi-log scale to emphasize the dramatic differences
near saturation.
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Figure 1.8: Effect of non-zero AEV on hydraulic conductivity function

b. Modified van Genuchten Model (VVogel and Cislerova)

When using this model, the hydraulic conductivity function is discretized into three
zones as shown in Figure 1.9:

* h>=hs(AEV) K(h) = Ks
» hy<h<h K(h) = linear value between K and Ky
= h<=hy K(h) = non-linear value (Mualem model)

where h is the head corresponding to a user-defined water content 6y (Qx in
HYDRUS); Ok is water content below saturation where a measurement of the
hydraulic conductivity Ky is available. The mathematical formulation for this model is
found in the online Help and will not be repeated here. A comparison between the
results of this model and the original van Genuchten model is shown in Figure 1.10.
Figure 1.8 shows the significant differences near saturation. The modification was
made to enable relatively large increases in K near saturation that are often observed
in structured (macroporous) soils.
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Figure 1.10: van Genuchten and VVogel & Cislerova hydraulic conductivity functions

c. Brooks and Corey Model

For heads <AEV, the hydraulic conductivity is defined as follows:

k(h)= k{%}mn (1.7)

A comparison of the results obtained with this model, and those obtained with the van
Genuchten model is shown in Figure 1.11. The hydraulic parameters listed in Table 1.1
were used for this purpose.
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Figure 1.11: van Genuchten and Brooks & Corey hydraulic conductivity functions

1.3 Sensitivity Analysis; Understanding How the Hydraulic Parameters of a Soil
Can Affect Simulation Results

It is crucial for users to understand how each of the many input parameters impacts
the simulation results. If the model is more sensitive to a particular parameter, one
should invest more resources and effort into getting a high-confidence estimate for it.
This is also crucial when conducting inverse simulations where the task is estimating
a set of parameters for the model. Parameters that the model is insensitive to may be
omitted from the optimisation list, thus reducing correlations between the other
optimised parameters. In addition, modellers may not have good prior knowledge of
the soil hydraulic parameters but they still need to come up with realistic initial
starting parameters before running the inverse mode.

In this section we will investigate the effect of each of the five hydraulic parameters
Alpha, n, Ks, Qs, and Qr. This sensitivity analysis is conducted using Project “a3”,
section 5.2.1.

This exercise enhances our physical understanding of the effect of various hydraulic
parameters. In addition, it helps when we manually choose initial parameters for
inverse runs, which may have a great impact on the optimisation result (Section 5.3).
That is, if we know the effects of each of the parameters, we can manually change
them and run trial forward runs until a reasonable agreement is obtained with the
observed data, and then let the inverse solution do the final refinement (see Section
5.3). This is advantageous in two aspects: firstly, it excludes unrealistic results that
arise when starting with physically unrealistic initial parameters, and, secondly, it
reduces the run time (very advantageous for relatively long, complex simulations).

1.3.1 Parameter Alpha. Increasing this parameter leads to (see Figure 1.12):

= | ower initial water contents, since in this case the soils initial condition is
represented by the pressure head.
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Figure 1.12: Effect of parameter Alpha
1.3.2 Parameter n. Increasing this parameter leads to (see Figure 1.13):

Downward translation of the entire curve.
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Figure 1.13: Effect of parameter n

1.3.3 Parameter Ks. Increasing this parameter leads to (see Figure 1.14):

Earlier arrival of the wetting boundary.
Lower final water contents.
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Figure 1.14: Effect of parameter k

1.3.4 Parameter 0. Increasing this parameter leads to (see Figure 1.15):

= Slightly later arrival of wetting front
= Changes in the shape of the curve in a manner opposite to that
when Ks is increased.
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Figure 1.15: Effect of parameter Qs
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1.3.5 Parameter 0,. Increasing this parameter leads to (see Figure 1.16):

= Higher initial water contents.
= Earlier arrival of the wetting front.
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Figure 1.16: Effect of parameter Qr
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APPENDIX 11
CONCEPTS RELATED TO MODELLING EVAPORATION

Evaporation from a soil surface is an important component of the water budget.
Evaporation rates are influenced by external weather conditions as well as soil
parameters. Weather conditions usually dictate what is known as “potential
evaporation”, which is the maximum rate of evaporation from a pure water surface.
Figure 11.1 shows the shape of the drying curve during evaporation, which comprises
three stages. During the first stage, the evaporation rate is relatively constant, and the
soil can fully deliver water to keep the potential rate, yet remains at or near saturation
(actual evaporation = potential evaporation). The second stage commences when the
soil surface starts to de-saturate and can no longer supply water at the rate dictated by
atmospheric demand (actual evaporation < potential evaporation). At this stage, the
soil hydraulic and water retention parameters start to play an important role in the
evaporation process. As drying proceeds, the evaporation rate continues to decline as
more water is extracted from the soil and the contribution of the liquid-water phase to
flow starts to diminish. During the third stage of evaporation, the water phase
becomes discontinuous and water flow occurs predominantly through vapour
diffusion.

\ Drying soil column
No water table

Relative evaporation =

Actual evaporation

Potential evaporation

Stage 1

Relative evaporation

Stage 2

Stage 3

Time

Figure 11.1: Drying curve during evaporation

I1.1  Significance of Suctions at the Soil Surface

HYDRUS does not model vapour flow, but uses a mathematical scheme that mimics
the stages of evaporation. In this section we briefly review the significance of soil
suctions at the evaporating soil surface, and how they relate to vapour flow and
relative humidity.

Based on a mass transfer equation proposed by Dalton in 1802 (reported by Gray,
(1970)), actual evaporation E, from a soil surface may be estimated using the
following formula (Campbell, 1985), which estimates the actual evaporative flux from
a soil surface in response to a gradient in the relative humidity between the soil and
the atmosphere:
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H. - H
E, = F (I1.1)

where E, is the potential or pan evaporation rate, Hs is the humidity at the soil surface
calculated using Eq. (11.2), and H, is the atmospheric humidity. Relative humidity is
related to soil’s total suction as follows (Edlefson and Anderson, 1943):

H, = exp(g"év;l’j (11.2)

where M, is the mass of a mole of water (0.018 kg/mol), y is the soil-water potential
in Pa (Pa is Newton/m? Newton=J/m; 1 kPa=1000 pa= 10 cm water pressure head), R
is the gas constant (8.3143 J/mole K), ® is the absolute temperature (K; =°C+273),
and py, is the density of water (998 kg/m? at 20°C). Assuming a mean temperature of
20 °C, a total suction of 300 m corresponds to a 97.8% relative humidity. Equation
I1.2 is plotted in Figure 11.2.
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Figure 11.2: Relation of total suction to relative humidity

Figure 11.3 shows a numerical simulation of evaporation with vapour flow. During the
1% stage of evaporation, flow is mainly in the liquid phase. Stage 2 starts when the
surface dries and can no longer supply moisture at the potential rate (Time>32 hrs);
the vapour component then rapidly increases. Notice how the suctions significantly
increase during this stage (Figure I1.4; Time>32 hrs). Rassam and Williams (1999b)
have shown that the maximum rate of change of the surface relative humidity occurs
at a Suction of 300 m (3,000 kPa).
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Figure 11.4: Development of surface suctions during evaporation

Wilson et al. (1997) experimentally showed that regardless of soil texture, the actual
evaporation rate from a soil surface starts to drop below the potential rate when the
surface suction reaches 300 m (3,000 kPa, a relative humidity of about 98%).

I1.2  Concept of hCritA

HYDRUS implements a scheme whereby the actual evaporative flux remains equal to
the potential flux up to some user-defined suction called “hCritA”. This value is
specified in the “Variable Boundary Condition” as a positive value that represents
suction (negative head) using the unit that was adopted in the simulation (m, cm, or
mm). This value may vary with soil type and could have a significant effect on the
simulation results.

Project “Evap” simulates evaporation from a 3-m deep soil profile with a constant
head boundary at the bottom. This project is identical to projects ‘Evapl’ and ‘Evap2’
(CD..\HYDRUS Manual Projects\Sect-4). Various combinations of soil types and
hCritA values were used; results are shown in figures I1.5, 11.6, and 11.7. The time at
which the evaporative flux falls below potential is hereby termed Tt In this analysis
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we assume that the suitable hCritA is that value beyond which no significant change
in Tt OCCUIS.

1 [T
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0.8 ——hCritA=500m —
— hCritA = 1,000 m
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Evaporative flux ratio
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hCritA
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Figure 11.5: Effect of hCritA on evaporative flux for loamy sand

Figure 11.5 shows that the effect of hCritA is marginal for a loamy sand (a fairly
coarse-texture soil). The trends for values of 100 m and 500 m are almost identical.
Figure 11.6 shows that for a silty soil, a higher value is warranted. Figure 11.7 indicates
that a clayey (fine-textured) soil is the most sensitive to hCritA. Table I1.1 shows the
recommended values for several soil classes.

Notice the effect of soil type on T, where silt continues to provide flux at potential
for periods much longer than the two other soil types.

Table I1.1: hCritA for various soil classes

Soil class hCritA (m)
Sandy 500
Silty 1,000
Clayey 3,000

1 |
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Figure 11.6: Effect of hCritA on the evaporative flux for a typical silt
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Figure 11.7: Effect of hCritA on the evaporative flux for a typical clay
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APPENDIX 111

ROOT WATER UPTAKE

111.1 Root Water Uptake Reduction Models

The water uptake reduction models define the manner in which transpiration is
reduced below potential when the soil is no longer capable of supplying the amount of
water required by the plant under the prevailing climatic conditions. There are two
alternative models in HYDRUS: the Feddes model (Feddes et al., 1978) and an S-
shaped model (van Genuchten, 1987). The former is more commonly used.

Feddes Model Parameters

The Feddes model at any point in the root zone assigns plant root water uptake rates
according to the local soil water pressure head. The meaning of the Feddes’
parameters is demonstrated in Figure I11.1.

PO: Value of the pressure head below which roots start to extract water from the soil.

Popt: Value of the pressure head below which roots extract water at the maximum
possible rate (potential transpiration).

P2H: Value of the limiting pressure head below which roots no longer extract water at
the maximum rate (assuming a potential transpiration rate of r2H).

P2L: As above, but for a potential transpiration rate of r2L.

P3: Value of the pressure head below which root water uptake ceases (usually taken at
the wilting point).

A database of suggested values for different plants is provided based on studies by
Wesseling (1991) and Taylor and Ashcroft (1972).

s
08 K

0.6
Optimal
uptake

a(h)
Wilting
i
Water logging

0.4

0.2 A

’
/

v v »

P, P,L P,H POPt PO 0

Pressure head

Figure 111.1: The Feddes root water uptake reduction model
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r2H: Potential transpiration rate (L/T) (currently set at 0.5 cm/day).

r2L: Potential transpiration rate (L/T) (currently set at 0.1 cm/day).

The above input parameters permit one to make the variable P2 a function of the
potential transpiration rate (P2 presumably decreases at higher transpiration rates).
HYDRUS currently implements a linear interpolation scheme (defined in the
HYDRUS Technical Manual).

S-Shaped Model Parameters

van Genuchten (1987) proposed an S-shaped function to describe root water uptake
reduction, which is applicable to water stress as well as salinity stress:

1
P3
1+ (Pj
P50
where P3 is an experimental constant and P50 is the pressure head at which local

uptake rate is half the potential rate. Figure 111.2 below shows the S-shaped function
for a case where P50=-800 cm and P3=3.

a(h) = (111.1)

— —P50=-800cm; p3=3

0.8

0.6

g <4———P50 = 50% reduction in root uptake rate
IS
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-
-
-~
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_—" l
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-2000 -1500 -1000 -500 0
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Figure 111.2: S-shaped root water uptake reduction model
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111.2 Root Density

Relative root densities are assigned to each node in the root zone. Values are either
manually assigned to individual nodes or HYDRUS assigns it using a root distribution
function. Figure 111.3 shows an example of a root distribution along 12 equally spaced
nodes representing a 1.2-m deep root zone.

Root density
0 1 2 3 4 5 6 7 8 9 10

A, is the small shaded area (inclined dotted lines)
associated with root water uptake assigned to an
individual node

I
s
—

o
~
|

Depth (m)
o
(o2}

o
(o]
B

A is the large shaded area (horizontal solid lines) associated with total
14 maximum root water uptake
1.2

Figure 111.3: Root distribution and water uptake

Referring to Figure 111.3, root density (x-axis) is the number assigned to each node
(values provided in “Water Uptake Distribution); when plotted versus depth, this
results in a root distribution. Integrating this shape gives the total area A;, which is
internally normalized by HYDRUS to be equal to one. The area is subsequently
discretized into sub-areas (A,) associated with each individual node. The root water
uptake assigned to each node is:

Nodal water uptake = total transpiration x A, / Aq
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111.3 Root Distribution Functions

Another way of defining a root distribution is by assigning root distribution
parameters that belong to the following root distribution function built into HYDRUS
(Vrught et al., 2001):

Bz)=1{1- 2 ot 2

- (11.2)
1 z

Bz )_I{l—z} (111.3)

where (z) denotes the dimensionless spatial root distribution as a function of depth z;
Zm is the maximum rooting depth; A, P, (parameter A in HYDRUS), and z* (depth of
maximum potential uptake ) are fitting parameters. The value of P, is set to unity for
z>z*. Figures 111.4 and 111.5 demonstrate the effects of varying z* and P, for the case
where A=1 and z,=1. When A=1, the root density at depth z*=1-z/z, (see Figures Il1.4
and 111.5). For z>z*, the root distribution decays exponentially. The parameter P,
controls the root density at depths z<z*.
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1

Figure 111.4. Effect of P, on root distribution for A=1, z=1, and z*=0.2
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Figure 111.5. Effect of P, on root distribution for A=1, z»=1, and z*=0.6

Figure 111.6 shows the effect of the parameter A, which scales the root density at depth
z* (see Equation 111.3). The effect of parameter P, remains restricted to depths z<z* as
was demonstrated in Figures I111.4 and 111.5.
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Figure 111.6. Effect of A on root distribution for z,=1 and z*=0.6

2-Dimensional Root Distribution

A radial root distribution may be implemented using a model similar to that depicted
by Equation 11.1 (Vrught et al., 2001):

Py
B(r)—{l—%}e o

(111.4)
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where §, r, and P, have the same meaning in the radial (r) direction as A, z, and P, in
Equation I1.1.

The 2-dimensional root distribution p(r,z) is now simply the product of Equations
[11.2 and I11.4.

When the check box “Horizontal Distribution” is selected as shown below, the user is
prompted to enter the required input parameters for a horizontal (radial) root
distribution. The figures below show the result of varying the parameters A and Delta
(or Pz and o).

Root Distribution Parameters
Parameters for Wertical Distribution
M axirium Roating Depth 100
Liepth of Marimum Intengity IEU*
Farameter Lambda |17
Parameter & I'Ii

[v Harizontal Distibution
Pararmeters for Horizontal Distribution

M aximurn Footing Fadius 100
Biadiuz of Maximum Intenzity 100

Parameter Delta

Root Distribution Parameters E
Parameters for Vertical Distribution
I awirnurn Roating Depth ,1007
Depth of b asimum [nkenzity ,E-'Ui
Parameter Lambda '17
Farameter &, ,27

[+ Horizontal Distribution

Parameters for Horizontal Distribution

b awirmum Rooting B adiuz 100
Biadius of Maximum [ntenzity 100
FParameter Delta 2

Cancel ‘
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APPENDIX IV
SCALING FACTORS
V.1 Background

HYDRUS-2D implements a scaling procedure designed to simplify the description of
spatial variability of the unsaturated soil hydraulic properties in the flow domain. The
code assumes that the hydraulic variability in a given area can be approximated by
means of a set of linear scaling transformations that relate the individual soil
hydraulic characteristics 8(h) and K(h) to reference characteristics 6*(h*) and K*(h*).
The technique is based on the similar media concept introduced by Miller and Miller
[1956].

Miller and Miller (1956) stated that it is possible to obtain detailed similitude of
interface shapes and microscopic flow patterns between two media whose solid
geometries differ only by a constant magnifying factor. Two such media are called
‘similar’ media, by analogy to the familiar term ‘similar’ triangles. A pair of similar
media in similar states is illustrated in Figure IV.1. When each of these geometries is
reduced, i.e., expressed in terms of a characteristic length, A, the resulting reduced
geometries are identical. The two similar media shown in Figure IV-1 differ only in
the scale of their internal microscopic geometries; they have equal porosities.

£
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e atettete!
oielelol W AuteTely
S NG
S NGRS

¥ e

Ke000008 S0
SRS,

SRS

e

Soil at location ‘1’

Reference soil

Figure IV.1: Illustration of two similar media

The similar media concept allows results, either experimental or computed, of soil
water behaviour in one soil to be used to describe the behaviour in another by
employing reduced variables defined in terms of the macroscopic characteristic
length. The purpose of scaling is to simplify the description of statistical variations in
soil hydraulic properties. By using this simplification, the pattern of spatial variation
is described by means of a set of scale factors o relating the soil hydraulic properties
at each location r to a representative mean or reference soil (Hopmans, 1987). The
scaling factor is defined as:

o = N (IV.l)
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where r=1, 2, ....., R denotes location. The soil water retention and hydraulic
conductivity functions at given water contents at any location r are related to a mean
or reference hy,, and K, such that for each pressure head:

h
h =—m
TS (Iv.2)
and each hydraulic conductivity:
K, =K, o? (IV.3)

Since different soils generally do not have identical porosity values, h and K are
written in terms of degree of saturation S.

Hopmans (1987) reviewed in detail various methods of scaling. This is a
demonstration of his Method II, which is derived from Peck et al. (1977). To evaluate
the scaling factor at any location, we need to calculate the mean values for both the
pressure head and conductivity. These values are given by:

h,(S.)= R{i{ﬁ}l (IV.4)

r=l

and

Km(Si)zélzlj:q/Kr(SijT (IV.5)

Equations (IV.4 and 1V.5) evaluate the average value (pressure head or conductivity)
over all locations r, for any saturation level (S;). The scaling factors are then
calculated as follows:

(IV.6)

(IV.7)

where SL denotes the different pressure steps at location r; the scaling factors are
averages over all levels of saturation (SLs).

Vogel et al. (1991) demonstrated several cases where the concept of scaling may be
utilised in numerical modelling applications. We summarise here one of their
exercises:

1. 20 undisturbed soil cores were obtained from the field.
Cumulative outflow curves were obtained during pressure desorption.

3. 20 inverse modelling runs were carried out for each of the outflow curves to
obtain the soil hydraulic functions of each soil.
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Alternatively:

1. Scale the outflow curves and obtain a set of scaling parameters for each
sample.

2. Conduct 1 inverse modelling run for the reference outflow curve to obtain the
soil hydraulic functions of the reference soil.

3. Use the scaling factors to obtain the soil hydraulic functions of each soil.

Results using both techniques compared relatively well. The latter approach is a time
saver since inverse numerical runs are iterative and can be very time-consuming.

IVV.2 Stochastic Scaling Factors in HYDRUS

HYDRUS has an option for assigning stochastic scaling factors. This option can be
used to:

e Implement the above-described scaling concepts in a random manner.

e Assign random hydraulic conductivities to the domain. The conductivity of
each node will then be multiplied by the scaling factor, which randomly varies
from node to node, thus resulting in a grid with randomly variable
conductivities.

The stochastic distribution option requires three input parameters for each scaling
factor:

1. Standard deviation: Indicates the extent of variation of the scaling factors; the
higher this value the wider the range over which the scaling factors vary
(larger difference between minimum and maximum values).

2. Correlation length in x-direction: A number that indicates the manner in which
the scaling factor changes in the x-direction.

3. Correlation length in z-direction: As above for the z-direction.

The meaning of correlation length:

The measured values of any variable are correlated up to a certain distance. This
means that values close to a given point have a large probability to have similar
values. The correlation length indicates the distance to where those values are fairly
similar, or correlated. The correlation length can be different in different directions
(x-horizontal and z-vertical). For example, one would expect that the correlation
length in the vertical direction to be relatively small because of layering, while it
could be much larger in the horizontal direction. The correlation length can be
different for different properties.

The correlation length may simply be defined as “the distance over which a
significant correlation exists (Kutilek and Nielsen, 1994).

The correlation length L in a 1-dimensional transect (x or z) is commonly defined as:
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X
r=re L (IV.8)

where r, represents the base correlation coefficient taken equal to 1, which means that
at the measured point itself (x=0), the correlation coefficient is equal to 1 (scaling
factor multiplier=1). At a distance equal to the “Correlation Length, L”, r is equal to e’
' (0.3678). Figure IV.2 shows the manner in which L affects the correlation
coefficient (and hence the scaling factors). Note that the dotted line intersects each of
the three curves at a distance equal to L.

1
Values change slowly away —-1=20
0.8 from the reference point = [=10 |—1
——1=0.25
=
c
2
£ 06
[}
8
c
c
=1
K l\‘\K\o\
g 04 — B \o\!
5 T T T B T
O
Values change rapidly away
0.2 from the reference point '\'\.\
0 T :
0 0.5 1 1.5 2

Distance from a reference point where a parameter is measured

Figure IV.2: The concept of Correlation Length

Effect of standard deviation on distribution of scaling factors:

The standard deviation affects the extent of variation in the scaling factors, where
higher deviations lead to more variation in the scaling factors. The figures below
demonstrate the impact of a 10-fold increase in the standard deviation. Note that when
the standard deviation is increased, the range of scaling factors follows course (see
range of colour palette bars in Figure IV.3; 0-4 on the right as compared to 0.6-1.3 on
the left).
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Effect of correlation length on distribution of scaling factors:

The correlation length (L) is a measure of how similar the scaling factors are in a
particular direction. A high Ly means that the scaling factor maintains its value for a
long horizontal distance away from the reference point, that is, it does not change
rapidly. Conversely, a low Ly means that it changes at a small horizontal distance.

Figure IV.4 shows the effect of different L values in the x- and z-directions. When
Ly/L,=0.1, the contours are vertically stretched, and when L,/L,=10, the contours are
horizontally stretched.

Standard
deviation=1.0

Standard
deviation=0.1

Figure IV.3: Effect of standard deviation on
distribution of scaling factors

Figure IV.4: Effect of correlation length on
distribution of scaling factors
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APPENDIX V

INVERSE SOLUTION

This process is usually referred to as “Model calibration”, or “Inverse parameter
estimation”. The technique is used in many applications, some of which are listed in
the Table V.1.

Table V.1: Example applications for inverse solution

Experiment/application Calibration data Goal (Key Prediction)
Field drainage Cumulative flow, pressure | Field-scale Kgy
heads
Disc infiltrometer Cumulative inflow, pressure | Water retention and
heads, water contents hydraulic conductivity
parameters
Cultivated land Neutron probe data (water | Leakage (recharge to water
contents) table)
Field tracer experiment | Solute concentration in Ksat, flow rates
injection/capture wells

It is crucial that a correct conceptualisation of the problem be established first
(involving boundary conditions and initial conditions); otherwise the inverse solution
will not yield a result or may yield physically unrealistic parameters. It is the
modeller’s responsibility to distinguish between “realistic” and “unrealistic”
parameters.

V.1 Inverse Method

The ultimate aim of model calibration is to adjust input parameters such that the
model predictions fit observations in an optimal manner. The so-called “best fit” is
assessed objectively by using a quantitative measure of the quality of the fit by
measuring the errors involved. Minimising the sum of the squares of the residuals is
the most common procedure and is adopted in HYDRUS:

n n

Sr :Z(qp,i _qo,i)2 ZZRiZ (Vl)

i=1 i=1

where n is the number of calibration data points (e.g., measured water contents), gy, is
the i predicted value, and g, is the i"" observed value. The difference between
predicted and observed values in Equation V.1 is called the residual R; (see Figure
V.1). Each point in a calibration data set can be assigned a weighting factor
depending upon the degree of confidence or the significance associated with
individual calibration points (provided by the user; w;;). The weighting factors give
individual points higher or lower significance (or weight) relative to the total sum S.
The residuals are then called “weighted residuals”. HYDRUS implements another
weighting factor v; for each data set to allow for differences in absolute values of
various data sets, such as pressure heads and water contents. Heads are measured in
cm and hence might have higher values when compared to volumetric water content.
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Pressure head contributions to S, are generally hence much higher than water
contents, which may lead to a biased calibration.

4
4--- Observed
—=— Predicted

M R7
N

Data (e.g. water content)
N

Residual (R1)

Time

Figure V.1. Meaning of residuals

Another contribution to bias is the use of different unit systems; for example, the
hydraulic conductivity could have a very low value when expressed in m/s but be
thousands of times higher when expressed in cm/day. HYDRUS overcomes this
problem by introducing a weighting factor associated with each data type. The term
representing the sum of the weighted residuals from various data types hence
becomes:

m n
Sur = D VD Wi R/’ (V-2)
[

where m is the number of data types used, v; is the weighting factor associated with a
data type provided by HYDRUS, and wj; is the weighting factor associated with
individual data points provided by the user. The definition of the weighting factors v
and w; j is found in the HYDRUS Technical Manual (p.72).

Differences between measured and predicted soil hydraulic parameters (such as
retention parameters and the saturated hydraulic conductivity), and having known
hydraulic parameters (also referred to as prior information) form another two terms
that look like Equation V.2. The sum of the three terms makes what is known as the
Obijective Function (see HYDRUS Technical Manual, p.71, Eq. 7.1). HYDRUS uses
the Margquardt-Levenberg optimisation algorithm to minimise the objective function,
that is, to come up with parameters that produce the minimum difference between the
observed and predicted values.

V.2 Statistical Issues
V.2.1 Distribution of Residuals

Figure V.2 shows an ideal case where the distribution of the weighted residuals is
random and centred around a zero value.
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Figure V.2. Random distribution of weighted residuals
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By contrast, Figure V.3 shows a case where the weighting process is inadequate. The
data between 0 and 16 are under-weighted; they may represent concentration data
that have low values, whereas data in the range 20-30 may represent much higher
pressure head values.

Figure V.3.

0.5

Weighted residuals
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T T
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30

Distribution of weighted residuals suggesting inadequate weighting

Figure V.4 shows another case with a systematic bias in the distribution. This case
may indicate an erroneous conceptualisation of the problem (e.g. an incorrect
boundary condition).
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Weighted residuals

T T T
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Data
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Figure V.4. Distribution of weighted residuals with systematic bias

V.2.2 Confidence Limits

The lower and upper bounds of the confidence limits indicate the sensitivity level of a
model to any particular parameter measured by the response of the objective function.
Figure V.5 shows a case where the model is very sensitive to a parameter in that a
small change in the parameter values causes a dramatic change in the objective
function.

10

—=— High sensitivity to parameter

Confidence limits:
Parameter range that produces
acceptable calibration

i i

41 95% Confidence limits:
Acceptable departure from the
l minimum objective function

Objective function

I
T lower i I upper
bound ’ i bound
O T T T T T Y T v

0 1 2 3 4 5 6 7 8 9 10

Parameter value

Figure V.5: Model with high sensitivity to parameter change

On the other hand, Figure V.6 shows a model with very low sensitivity to a particular
parameter. Significant changes in the parameter value now cause only a very small
change in the objective function. In such cases one may consider eliminating the
parameter from the optimisation scheme.
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Figure V.6: Model with low sensitivity to parameter change

V.2.3 Goodness of Fit and Errors

The goodness of fit is measured using the r* values. The equation for r? is found in the
HYDRUS Technical Manual (p.73, Eq. 7.3). The r? indicates that the best fit is
obtained when its value approaches or is equal to 1. However, an r? close to 1 does
not always guarantee a good fit. Users should always investigate this problem. It is
best to always plot the observed data along with the model predictions for a visual
inspection. Figure V.7 demonstrates a case where two regressions have r values of
unity, but one of them has the wrong slope; note that only the 1:1 (45°) line represents
a perfect fit. This line is referred to as the “Line of Perfect Fit”.

10

Predicted

Perfect calibration

¥ =1 for both series

Bad calibration
wrong slope

2 /
2 4

6 8
Observed

Figure V.7: Goodness of fit

10

The standard error of the estimated parameter quantifies the spread of the model
predictions around the observed values, and is defined as follows:
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SI’
s(b, )= (V.3)
n-n,
where nj, is the number of unknown parameters to be fitted. The T-value provides an

absolute measure for the deviation:

b;
-5 (V.4)

where by is the final estimate of the parameter.

V.2.4 Correlation Matrix

HYDRUS produces a correlation matrix, which specifies the degree of correlation
between the fitted parameters. The correlation matrix quantifies changes in model
predictions caused by small changes in the final estimate of a particular parameter,
relative to similar changes as a result of changes in the other parameter (HYDRUS
Technical Manual). The matrix as reported in the “Fit.out” output files, is shown in
Table V.2:

Table V.2: Correlation matrix

Cond
Alpha n
Alpha 1
n -0.216 1
Cond 0.98 1

The correlation matrix indicates whether the parameters are correlated or not, where 1
indicates perfect positive correlation and -1 indicates perfect negative correlation.
The matrix shown above indicates that there is a significant correlation only between
Alpha and the saturated conductivity. The matrix diagonal has always values of unity
because it refers to correlation with the parameter itself. Figure V.8 shows an
example of two highly correlated parameters; notice that a straight line was fitted to
the data with an R? of 0.952.
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Figure V.8: Parameters correlation

Correlated parameters are often closely associated with non-unique solutions. More
than one set of parameters may then produce a good fit to the observed trends. This
phenomenon results in a high degree of predictive uncertainty. In cases where a high
degree of correlation does exist, the number of optimised parameters must be
decreased, or new types of calibration data must be added. For example, if you are
only monitoring pressure heads, try to also include flow rates. We emphasize that
increasing the number of calibration data in the set that produced the highly correlated
parameters by itself may not solve the problem.

V.2.5 Weighting Parameters

The number of the calibration data, and their absolute values, can have a profound
impact on the objective function. For example, if you use time units as hours, the
absolute value of the hydraulic conductivity will be 60 times higher compared to
when a time unit of minutes is used. The absolute difference between the observed
and predicted values hence will be higher also, and thus will have a greater impact on
the objective function (the sum of all differences). This means that you will get
different results depending upon what unit is used, which seems illogical. HYDRUS
uses two approaches to manage this problem: weighting by mean ratio and weighting
by standard deviation. For more details, refer to the HYDRUS Technical Manual P.
72.

Inverse Solution |

— Estimate ..

¥ Soil Hydraulic Parameters

Cancel

[~ Salute Transport Parameters

Help |
|'weighting of [nversion D ata
* No|ntemal ‘Weighting R@G

" wWeighting by Mean Ratio

Next ...

¢ wieighting by Standard D eviation __I
Previous ... |

|5D tax Number of [terations

I1D Mumber of Diata Points in the DObjective Function

Modelling variably saturated flow with HYDRUS-2D



V.8

Appendix V

We demonstrate how weighting factors avoid the problem introduced by changing the
units. Let us copy project ‘Inver-b5” and name this project ‘Weight’ (CD.\HYDRUS
Manual Projects\Appendix). We change the time units to hours and re-run the

project.

The following information is copied from the output file “Fit.out”.
Refer to Table V.3 (the values under column “Weight’). Notice the high weighting
factors for data points 8 and 9. These are hydraulic conductivity measurements in

cm/minute (time units is minutes).

Table V.3: Inverse data from Project ‘Inver-b5’

Obs Time QUANTITY Type Position Weight

1 33 0.179 2 1 7.020282

2 66 0.211 2 1 7.020282

3 100 0.246 2 1 7.020282

4 133 0.271 2 1 7.020282

5 166 0.282 2 1 7.020282

6 200 0.286 2 1 7.020282

7 200 -46 1 1 2

8 -92 3.35E-04 6 1 2786.627 | 0.93352
9 -52 1.35E-03 6 1 2786.627 | 3.761946
10 -306 0.132 5 1 14.04056

The data in Table V.4 are from the same project but with time unit system changed to
hours (absolute value of conductivity increased 60 folds). Notice that the weighting
factors for data points 8 and 9 have decreased by exactly 60 fold. The numbers in bold
are the products of the measured value and the weighting factor; notice that they are
equal to the corresponding numbers in Table V.3. These are the numbers that will be
incorporated into the objective function. All other weighting factors have remained
the same since they are independent of time (the unit we changed).

Table V.4: Inverse data from Project ‘Inver-b5’

Obs Time QUANTITY Type Position Weight

1 0.55 0.179 2 1 7.020282

2 1.1 0.211 2 1 7.020282

3 1.667 0.246 2 1 7.020282

4 2.217 0.271 2 1 7.020282

5 2.767 0.282 2 1 7.020282

6 3.34 0.286 2 1 7.020282

7 3.34 -46 1 1 2

8 -92 0.02 6 1 46.44379 | 0.928876
9 -52 0.081 6 1 46.44379 | 3.761947
10 -306 0.132 5 1 14.04056

V.3 Intelligent Data Acquisition
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It is extremely important that the calibration data be as representative as possible of
any spatial and temporal variations in a model proposed for calibration. Calibration
data are either obtained from laboratory or field experiments. A sound
conceptualisation and physical understanding of the system should precede the
instrumentation stage. Preliminary predictive modelling enables a modeller to identify
what type of data are needed (pressure heads, water contents, etc.), the location where
they are mostly needed (spatial distribution), and the frequency at which they should
be acquired (temporal distribution). Unless this process is carefully undertaken, one
might either end up with redundant data, or have data gaps in space and/or time that
could result in a biased calibration. The following simulation will shed some light on
how to obtain a useful calibration data set when simulating a drainage problem.

Project ‘Dr-evap’ (CD.\HYDRUS Manual Projects\Appendix) involves a fine-

textured soil block 10-m wide and 1-m deep that drains into a ditch in two

consecutive stages in the absence and presence of evaporation, respectively. The
pressure head in the saturated zone is measured, and the negative pressure head in the
unsaturated zone is monitored at a depth of 10 cm.

The predictive modelling process reveals the following:

1. Figure V.9 shows that during drainage alone (day 1), pressure head changes
are less significant away from the drain. Hence, observation wells should be
placed with a higher density close to the drain.

2. Figure V.9 shows that 1 m from the drain an almost instantaneous decrease of
about 15 cm occurs in the water table level. This suggests having a higher
sampling frequency at this location during this time period.

3. Figure V.9 shows that in the presence of evaporation (rate=1 cm/day), the
water table behaves significantly differently (water table will decline away
from the drain at almost the same rate as close to it). This means that the

dominant processes are different in high-evaporation, arid areas.
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Figure V.9: Pressure head data from the saturated zone at various distances from the

drain
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4. Figure V.10 shows that during drainage alone, monitoring pressure heads
(with tensiometers) in the unsaturated zone alone does not portray the full
picture. However, when evaporation is modelled, the data are more valuable.

-200

Draingeonly ———— |

-400

—— 9.8 m from drain
— 5.2 m from drain

-600 77 =1 m from drain \ \
[« Drainge & evaporation \

0 0.2 0.4 0.6 0.8 1 1.2 14 16 1.8 2
Time (days)

Figure V.10: Head data from the unsaturated zone at various distances from the drain

Head in unsaturated zone (cm)

-800

5. Figure V.11 shows that the cumulative seepage flux neither reflects the
subtleties in the groundwater dynamics, nor the pressure heads in the
unsaturated zone. Hence, we do not expect to obtain a good calibration from
drainage data alone. However, those data may still be valuable when used
together with pressure head measurements.

Cumulative Boundary Water Fluxes x|
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Figure V.11: Cumulative fime ldasel
seepage outflow
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APPENDIX IV
SCALING FACTORS
V.1 Background

HYDRUS-2D implements a scaling procedure designed to simplify the description of
spatial variability of the unsaturated soil hydraulic properties in the flow domain. The
code assumes that the hydraulic variability in a given area can be approximated by
means of a set of linear scaling transformations that relate the individual soil
hydraulic characteristics 8(h) and K(h) to reference characteristics 6*(h*) and K*(h*).
The technique is based on the similar media concept introduced by Miller and Miller
[1956].

Miller and Miller (1956) stated that it is possible to obtain detailed similitude of
interface shapes and microscopic flow patterns between two media whose solid
geometries differ only by a constant magnifying factor. Two such media are called
‘similar’ media, by analogy to the familiar term ‘similar’ triangles. A pair of similar
media in similar states is illustrated in Figure IV.1. When each of these geometries is
reduced, i.e., expressed in terms of a characteristic length, A, the resulting reduced
geometries are identical. The two similar media shown in Figure IV-1 differ only in
the scale of their internal microscopic geometries; they have equal porosities.

£
Sialele

e atettete!
oielelol W AuteTely
S NG
S NGRS

¥ e

Ke000008 S0
SRS,

SRS

e

Soil at location ‘1’

Reference soil

Figure IV.1: Illustration of two similar media

The similar media concept allows results, either experimental or computed, of soil
water behaviour in one soil to be used to describe the behaviour in another by
employing reduced variables defined in terms of the macroscopic characteristic
length. The purpose of scaling is to simplify the description of statistical variations in
soil hydraulic properties. By using this simplification, the pattern of spatial variation
is described by means of a set of scale factors o relating the soil hydraulic properties
at each location r to a representative mean or reference soil (Hopmans, 1987). The
scaling factor is defined as:

o = N (IV.l)

Modelling variably saturated flow with HY DRUS-2D



Iv.2 Appendix IV

where r=1, 2, ....., R denotes location. The soil water retention and hydraulic
conductivity functions at given water contents at any location r are related to a mean
or reference hy,, and K, such that for each pressure head:

h
h =—m
TS (Iv.2)
and each hydraulic conductivity:
K, =K, o? (IV.3)

Since different soils generally do not have identical porosity values, h and K are
written in terms of degree of saturation S.

Hopmans (1987) reviewed in detail various methods of scaling. This is a
demonstration of his Method II, which is derived from Peck et al. (1977). To evaluate
the scaling factor at any location, we need to calculate the mean values for both the
pressure head and conductivity. These values are given by:

h,(S.)= R{i{ﬁ}l (IV.4)

r=l

and

Km(Si)zélzlj:q/Kr(SijT (IV.5)

Equations (IV.4 and 1V.5) evaluate the average value (pressure head or conductivity)
over all locations r, for any saturation level (S;). The scaling factors are then
calculated as follows:

(IV.6)

(IV.7)

where SL denotes the different pressure steps at location r; the scaling factors are
averages over all levels of saturation (SLs).

Vogel et al. (1991) demonstrated several cases where the concept of scaling may be
utilised in numerical modelling applications. We summarise here one of their
exercises:

1. 20 undisturbed soil cores were obtained from the field.
Cumulative outflow curves were obtained during pressure desorption.

3. 20 inverse modelling runs were carried out for each of the outflow curves to
obtain the soil hydraulic functions of each soil.
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Alternatively:

1. Scale the outflow curves and obtain a set of scaling parameters for each
sample.

2. Conduct 1 inverse modelling run for the reference outflow curve to obtain the
soil hydraulic functions of the reference soil.

3. Use the scaling factors to obtain the soil hydraulic functions of each soil.

Results using both techniques compared relatively well. The latter approach is a time
saver since inverse numerical runs are iterative and can be very time-consuming.

IVV.2 Stochastic Scaling Factors in HYDRUS

HYDRUS has an option for assigning stochastic scaling factors. This option can be
used to:

e Implement the above-described scaling concepts in a random manner.

e Assign random hydraulic conductivities to the domain. The conductivity of
each node will then be multiplied by the scaling factor, which randomly varies
from node to node, thus resulting in a grid with randomly variable
conductivities.

The stochastic distribution option requires three input parameters for each scaling
factor:

1. Standard deviation: Indicates the extent of variation of the scaling factors; the
higher this value the wider the range over which the scaling factors vary
(larger difference between minimum and maximum values).

2. Correlation length in x-direction: A number that indicates the manner in which
the scaling factor changes in the x-direction.

3. Correlation length in z-direction: As above for the z-direction.

The meaning of correlation length:

The measured values of any variable are correlated up to a certain distance. This
means that values close to a given point have a large probability to have similar
values. The correlation length indicates the distance to where those values are fairly
similar, or correlated. The correlation length can be different in different directions
(x-horizontal and z-vertical). For example, one would expect that the correlation
length in the vertical direction to be relatively small because of layering, while it
could be much larger in the horizontal direction. The correlation length can be
different for different properties.

The correlation length may simply be defined as “the distance over which a
significant correlation exists (Kutilek and Nielsen, 1994).

The correlation length L in a 1-dimensional transect (x or z) is commonly defined as:
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X
r=re L (IV.8)

where r, represents the base correlation coefficient taken equal to 1, which means that
at the measured point itself (x=0), the correlation coefficient is equal to 1 (scaling
factor multiplier=1). At a distance equal to the “Correlation Length, L”, r is equal to e’
' (0.3678). Figure IV.2 shows the manner in which L affects the correlation
coefficient (and hence the scaling factors). Note that the dotted line intersects each of
the three curves at a distance equal to L.

1
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0.2 from the reference point '\'\.\
0 T :
0 0.5 1 1.5 2

Distance from a reference point where a parameter is measured

Figure IV.2: The concept of Correlation Length

Effect of standard deviation on distribution of scaling factors:

The standard deviation affects the extent of variation in the scaling factors, where
higher deviations lead to more variation in the scaling factors. The figures below
demonstrate the impact of a 10-fold increase in the standard deviation. Note that when
the standard deviation is increased, the range of scaling factors follows course (see
range of colour palette bars in Figure IV.3; 0-4 on the right as compared to 0.6-1.3 on
the left).
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Effect of correlation length on distribution of scaling factors:

The correlation length (L) is a measure of how similar the scaling factors are in a
particular direction. A high Ly means that the scaling factor maintains its value for a
long horizontal distance away from the reference point, that is, it does not change
rapidly. Conversely, a low Ly means that it changes at a small horizontal distance.

Figure IV.4 shows the effect of different L values in the x- and z-directions. When
Ly/L,=0.1, the contours are vertically stretched, and when L,/L,=10, the contours are
horizontally stretched.

Standard
deviation=1.0

Standard
deviation=0.1

Figure IV.3: Effect of standard deviation on
distribution of scaling factors

Figure IV.4: Effect of correlation length on
distribution of scaling factors
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APPENDIX VII

ALPHABETICAL INDEX OF HYDRUS WINDOWS

To display click: Geometry and FEM x|
Mesh Editor (MeshGen-2D)/Insert Arc
i ™
Numerically () 1-st paint: # IE T IEI
Function: Inserts an arc numerically. 2rdpoint  X: [0 v: o
F-rd point; o IEI T IEI
Required Input: Coordinates of three
points on the arc (two end points and Ok | Cancel | Help
one intermediate).

Related pages: N/A

*Display is Conditional: Select “Tools/Arc Input Mode/Three Points’ (£3)

To display click: Geometry and FEM =
Mesh Editor (MeshGen-ZD)/lnsert Arc 4 : .
Numerica”y () — Center R adiuz ok
S Im R: |1 |_I
Function: Inserts an arc numerically. v [o ﬂl
Help |
Required Input: Coordinates of centre ~Angles (in degrees)
of arc, radius of arc, starting and Initial [o
ending angles; check box for Erding: E
. . ! o a0
orientation.
Related 117 — Origntation
pages: 1. N :
elated pages Pozitive [counter-clockwize]: v
Related examples: Project “‘Grid-1’,

page 1.16

*Display is Conditional: Select ‘“Tools/Arc Input Mode /Centre, Radius, and Two
Angles’ (=)
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To display click: Boundary

. . & HydruszD - [grad5]: Boundary Conditions: _lofx|
Condition Editor (Boundary) Fle Gty G _Gpors e
(in Pre-Processing) (=) S — e e e T
Function: Sets boundary s
conditions, material RN
distribution, root distribution, —
nodal recharge, scaling factors, |—==—
initial conditions, anisotropy,
subregions, and observations -
nodes. e

e :

Required Input: Input is For el . = w4

described in individual windows.

Related pages: 1.26 to 1.43 (General); p. xiii; Section 3 and Appendix Il (Root
distribution); Appendix IV (Scaling factors).

To display click: Pressure Heads (in Post- «
Processing) Horzontd Vaiatle: [Time =
Vertical Variable: |4l Boundaries |
_ ) . _ All Boundaf fo e
Function: Provides graphical display of average g 1o
pressure heads across various boundaries. e e
o]
- - - - - 2000 +
Required Input: Choice of vertical variable, which T o
represents the relevant boundary type. " e
-8000
Related pages: 1.50; 2.1, 2.2. L
Time [days]
Default il Pevious | Hed | [ Close |
To display click: Water Boundary Fluxes (in Post- x|
Processing) HorzartalVarable: [ Tire =
Verical Vaiable:  [Actual Root Water Uptake =l

Potential Atmaspheric Flus

Actual Root|P=2 ot Water Unisks

Actual Atmospheric Flus

Function: Provides graphical display of fluxes across

i Warial Bl I
Varlous boundaries - g?;ﬁaﬁg:ui:‘;gﬂm
s Fre or Deep Drainags Boundary Flux
Required Input: Choice of vertical variable, which fol
represents the relevant boundary type. £
Related pages: 1.50; 2.1,2.2. A
Time [days]

Related examples: Project “Mbal-2’, page 2.8; Project
‘Mbal-3’, page 2.12. These examples demonstrate the
use of the raw flux data from the relevant output files.

Default Print Pevious | New | Coss |

Modelling variably saturated flow with HYDRUS-2D



VIIL.3 Appendix VII: HYDRUS Windows Index

To display click: Graphical Display of Chart wizard
Results/Right-click on a chart/Wizard Balei | sye ] lwow | e

Select a chartbype: & 20 ¢ 3D

Area Bar Line Step Combination

E;tr}gtrign: Provides a variety of charting W mnﬂ ﬁ ti M}

Pie Horz Bar Hi Lo Gantt Bubble

Required Input: Gallery/Select a chart type; e % g’ || = w?
Style/Select style; Layout/change title and
footnotes; Axes/changes axes titles.

Paolar Radar

Re I ated Qag eS 1 48 Help | Cancel | < Back | Nest » | Finish I

To display click: Geometry and FEM X
Mesh Editor (MeshGen-2D)/Insert Circle
Numerlca”y (@) 1-gt paint: o IE A IEI
Function: Inserts a circle. 2rdpoit ;[0 Yo

3-rd paink: e IEI Y IEI
Required Input: Coordinates of three
points on the circle. 0k | _Cancel | Heb

Related pages: N/A

*Display is Conditional: Select “Tools/Circle Input Mode /Three Points’ (&)

To display click: Geometry and FEM Mesh Editor x|
(MeshGen-2D)/Insert Circle Numerically () Cort
— Lenter |

ok |
Function: Inserts a circle. 8 |E Cancel |
Required Input: Coordinates of centre and value for LD Help |
radius. — Fiadius
Related pages: 1.24 R: |1

Related examples: Project ‘Grid-3’, page 1.22

*Display is Conditional: Select “Tools/Circle Input Mode /Centre and Radius’ (&)
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To display click: Boundary Condition Editor x|
(Boundary)/Options/Colour Palette Color palette settings
Mumber of Colorz: |32 - colors "I
gupctllo_n: gzrowldes options for colour displays; T ;;
efault is 32 colours.

) - ’TI 128 - colors il |
Required Input: Select from drop-down list.
To display click: Graphical Display of Results %_‘
(Graphics)/Options/Color Palette PR
Function: Provides colour options to display results ﬁ I =
Required Input: Palette name; it is possible to create Qmﬁmw.w..wmmm”
custom palettes. T e e ]

(T i
& 1 | e

Related pages: 1.49 "B A ter ]
To'displav click: Bound_ary Condition x|
Editor (Boundary)/Condition/Boundary
Condition Water Flow/Constant Flux; Constant boundary flus walue: |E
or LHS Water Flow Buttons/Const.
Flux Default | ak I Cancel |

Function: Assigns a constant flux BC
for a set of selected boundary nodes.

Required Input: Value of flux; has units of L/T (e.g., cm/day).

Related pages: 1.29

Related examples: Inverse Simulations Series ‘a’, page 5.4

*Display is Conditional: Select the nodes and left-click when you finish
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To'displav click: Bound'ary Condition x|
Editor (Boundary)/Condition/

Boundary Condition Water/ Consztant preszure head walue:

Flow/Constant Head; or LHS Water

Flow Buttons/Const. Pressure ™ Equilibrium from the lowest located nodal point
Function: Assigns a constant pressure Defat_ | ok | Cancel
head BC for a set of selected boundary

nodes.

Required Input: VValue of pressure head (positive or negative); has units of L

(e.g., cm). When “Equilibrium from the lowest located nodal point’ is checked, the
specified value is assigned to the lowest selected point and hydrostatic equilibrium is
assumed above that point.

Related pages: 1.27

Related examples: Projects ‘Pipe-’, page 4.12

*Display is Conditional: Select the nodes and left-click when you finish

To display click: Soil Hydraulic x|
Model/Next (in Pre-Processing) otes e e
ThetaSDh > ThetaSw'
" ThetaSWw = Thetabw, ThetaSD = ThetatD Cancel |
Function: Provides constraints on ellcibdlea il Heb |
hysteretic parameters when using the I Alohaw/ = 2 AlphaD q@“
inverse solution. W Ksw/ =KsD
Mest ... |
Brevious ... |

Required Input: Check appropriate boxes.

Related pages: 5.2

*Display is Conditional: Select ‘Inverse Solution’ in ‘Main Processes’, and,
‘Hysteresis’ in ‘Soil Hydraulic Model’.

To dlspl_av click: Conv_ert Output to i
ASCII (in Post-Processing)
Convert ko ASCI the following files: Q@Q
. . [ Mesh Infarmation [Meshtria.000]
Function: Converts selected binary output = : ,
R R Pressure Heads [ho.owt) | i
files into ASCII form. I \water Contents (th.out e _|

[~ Welocities [v.out)

Required Input: CheCk the appropriate = Concenrations (zone.aut and sorbout]
b = Temperatures [Femp aut]
0X.

I | Particle Trajectonies (particle out]

Related pages: 1.53; 2.5
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To display click: File/Project x|
Manager/Projects/Copy Copy Directay
Copy: IW
Function: Provides copies of EEW'_“_“‘% _
HYDRUS projects escription: IFhsmg water level in stream

QK I Cancel | Help |

Required Input: A new file name and
description. The copy of the project will be saved in the same directory (workspace)
by default.

Related pages: 1.2

Related examples: Project ‘Dike’, page 1.40; Project ‘Ris-st’, page 4.2

To display click: Cumulative Water Boundary Cumnltiv Boundory Water Fes x
Fluxes (in Post-Processing) vt j

Cumulative

Function: Provides graphical display of cumulative
flow volumes across various boundaries.

#
e or Deep Diainage Boundary Flu

Required Input: Choice of vertical variable, which
represents the relevant boundary type.

Cum. Flux [rmz2]
@

Related pages: 1.49; 2.1,2.2.

] 100 200 300 400 500
Time [days]

Related examples: Project ‘Mbal-2’, page 2.8;
Project ‘Mbal-3’, page 2.12. These examples
demonstrate the use of the raw flux data from the relevant output files.

Defat | B | Peviws | New | oz |

To display click: Geometry and FEM Mesh Editor i x
(MeshGen-2D)/View/Boundary Points/Hole (Side ol
buttons) T

Function: Decides whether an internal continuous [0k | concel | Hep |
boundary is a hole (nodes on this boundary represent
interface with outside world) or just an internal curve for mesh refinement purposes.

Related pages: 1.24

*Display is Conditional: Select continuous internal boundary.
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To display click: Inverse Solution Data =
(in Pre-PFOCESSing) ; X 33\ Y 0_113| Typ92| Pusmon1| Welght1 T
2 GG 01207 2 1 1 Cancel
: : — - R I [ —1
Function: Provides an entry table for 5 5 0245 1 i
. - 6 200 0.2317 2 1 1
the calibration data. 7 233 0.2 2 1 1| || _ddLine
[ 266 0.2624 2 1 1 e Line
9 300 0.272 2 1 1 m
. - . 10 333 0.275 2 1 1
Required Input: Calibration data, data KN %6 omy 2 1 i
. . 12 400 0.263 2 1 1 R@ﬁ
type, temporal and spatial data details, —
and weight for individual data points. B

Related pages: 5.2, 5.3.

Related examples: All projects in Section 5.

*Display is Conditional: Check the box ‘Inverse Solution’ in ‘Main Processes’

To display click: Right click on any figure in Post- =Bl
Processing/Edit chart data [ e 2l
_ _ _ e mET Cece

Function: Displays the data set for the displayed e | e e _towb |
figure, provides an option to edit the data and _ [RETEECL e |
change the legend (unless fixed internally). RisD s [ o -

_ =
Required Input: Click on any cell and change its e l_lgﬂa A
value; click on the column headings and change the

legend.

Related pages: 1.46-1.47

Related examples: Project ‘1D-Infil” page xvii.

To diSD'&V click: Boundary Condition
Editor (Boundary)/Condition/Boundary

Condition Water FIOW/Deep Drainage; Agh parameter in glGWL]-relationship:
or LHS Water Flow Buttons/Deep

x|
IEI
Drainage Bah parameter in g[GYWwL]-relationzhip: ID
IEI

Reference Groundwater level position:

Function: Assigns deep-drainage BC
parameters.

Cancel

Required Input: ‘a’ and ‘b’ parameters
and reference groundwater level position.

Related pages: 1.31

*Display is Conditional: Select the nodes and left-click when you finish.
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To display click: Geometry and FEM Mesh Editor x|

(MeshGen-2D)/View/Boundary Points/Density (Side  -RecpracalValies of Densiy o]

bUttOﬂS) From the Left: |1.5 Cancel |
Fraom the Right: |1 Help |

Function: Assigns mesh densities on either side of UseLeftValeforBoth ¥

fixed points.

Required Input: Density on right and left hand sides of a fixed point.

Related pages: 1.19-1.21

Related example: Projects ‘Grid-1 &2’ page 1.20-1.21

*Display is Conditional: Select a fixed point on a boundary in the mesh.

To display click: Boundary Condition x|
Editor (Boundary)/Options/Display

. Boundary Curves e i
Opthf}S ()’ or [ Boundary Points
Graphical Display of Results [] Single Points ﬂl

H H H H ] Mesh Modes
(raphlcs)/Optlons/DlspIay Options -
() tdezh Edges on Boundaries
] Mumbering of Mesh Triangles

Function: Provides mesh display BICT e ER e (R =l

options.

Required Input: Check the relevant box.

Related pages: 1.46

To display click: Boundary Condition x|
Editor (Boundary) /Condition

/Drains/Insert/Left click to select node/right ~~ Dran parameters are the same for all diains.
CIICk to end Effective diameter of the drain: ID

Function: Asgigns drain BC parameters. Reduction in the carrection factar Cd: |4

Required Input: Effective diameter of the
drain and the reduction factor.

Related pages: 1.35

*Display is Conditional: Select "Rectangular’ in ‘Geometry Information’.

Modelling variably saturated flow with HYDRUS-2D
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Edit Object Type x|

To display click: Geometry and FEM Mesh  Cuttent Objact Type

Editor (MeshGen-2D)/Edit/Geometry/Change :
Object Type Spiine Cancel |

Help |

Function: Changes type of the geometric object. ~ New Object Type
= Palyline

Required Input: Select a new object type. % Spine

' Single Points

Display is Conditional: Select object to be

changed.
To display click: Geometry and FEM x|
Mesh Editor (MeshGen-2D)/Edit/
Geometry/Object’s Points/Coordinates TotalNumber of Points: [T | o P |
Inzert Mew Paint |
Function: Changes polyline points - Cunent Point Other Pairts Delete Paint
coordinates, adds new or deletes PaintNe: [ 1 < | > || " Updoto Graphics |
existing points of the polyline o « | » |
numerically. N [ e |
v Ll;ll Cancel | Help |
Required Input: New x and y
coordinates of a point.
*Display is Conditional: Select Polyline to be modified.
To display click: Geometry and FEM Edicspine x|
Mesh E_dltor (MEShGen_- — Current Paint Mo of Paoints—— .
2D)/Edit/Geometry/Object’s ratias [T | | sesfl Wy Pl 1 |
Points/Coordinates ' Insert Mew Foint |
] ) ] * IE— - Other Paints — Delete Point |
Function: Changes spline point " < | > || ™ Upcete Graphics |
coordinates, adds new and delete wl | » |
existing points of the spline 5[;_ —

Ll;ll Eancell Help |

numerically.

Required Input: New x and y coordinates of the point, Weight, and Standard
Deviation.

*Display is Conditional: Select Spline to be modified.

Modelling variably saturated flow with HYDRUS-2D
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To display click: Geometry and FEM Mesh Edit Point x|

Editor (MeshGen-2D)/Edit/Geometry/Object’s
Point/Move

Coordinates | I

Function: Moves a point numerically.

Required Input: New x and y coordinates of the
point.

*Display is Conditional: Select ‘Tools/Manipulation Mode/Numerical’.

To display click: Geometry and FEM Mesh x|
Editor (MeshGen-2D)/Tools/Find, or

Boundary Condition Editor o o
(Boundary)/Tools/Find, or Graphical Display Find Triangle Humber: 1

of Results (Graphics)/Tools/Find
Cancel | Help |

Function: Locates a triangle, a node, or an
edge in the finite element mesh.

Required Input: Number of a triangle, a node, or an edge of the finite element mesh.

x| x|
Find Edge Mumber: I'l Find Mode Humber: I'I
Cancel | Help | Cancel | Help |
To display click: Right click on a e T
chart/Axis/Axis/Select or double click on an axis in [ . N
v Automatic Scale riform Axes Cancel
a chart . — =y
i [EE I
i ajor Divisions 7
Function: Formats chart axes. Vigo Divirs. [T Al ———
Ty [Grear =] ™ Automati
A . A Lonta IW— Crass bt [0
Required Input: Options/Line type and colour; e [ I Lol i i

Grid/Line type, width, and colour; Scale/scale
extents and type; Ticks/Location and length.

Related pages: 1.51

To display click: Right click on a chart/General or e
double click on a chart o o

" Pattemn

[ || = Gz

) © Gradiert: Horizontal 7] || cofor |~ Apply
Function: Formats chart. I —
— 5|

Patterm/To Color = ||| Shadaw Offsst: f5pe

- - H ool ar Paste | Biowse,
Required Input: Hide/show Title, Legend, Footnote, e e
and 2" Y-axis; changes fill and frame options. D | —

Modelling variably saturated flow with HYDRUS-2D
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To display click: Right click on a chart/Footnote

Function: Formats Footnotes.

Required Input: Similar to ‘Format Legend’.

To display click: Right click on a chart/Legend

Function: Formats Legends.

Required Input: Backdrop/set fill and frame
options; Font/set font types and size; Location/set
the legend location inside the plot and its visibility.

To display click: Right click on a chart/Plot
Function: Formats plots.
Required Input: Type/Chart type and series;

Location/default of specify location; Backdrop sets
fills and frames.

To display click: Right click on a
chart/Series/Series/Select or double click on a data
series in a chart

Function: Formats chart series.

Required Input: Options/Hides or excludes a
series/Smooths using two splines options;

Format Footnote

Appendix VII: HYDRUS Windows Index

Ix.

Backdiop | Text

[ Fm T

© TopLeht
 Left
= Battom Left

 Top

" Bottom

" Custam
Top, 0.00cm
LLeft:

Hefght:

ificlth

€ Tap Right
" Right
" Bottam Right

Lacation

Ok
Cancel
Apply

Help

Bl

Format Legend

Backdrop I

Font T

© TopLeht
 Left
 Battom Left

 Top

" Custam

Left,  [oomem
Hefght: IW
idty  [o0em |

Top

" Bottom

€ Tap Right
@ Right
" Bottam Right

Location
K
Cancel

Apply

sl

Help

Formal t Plot

[ aview | 0 Lighting | Base andwall| Elevation | Contouring
Tipe Location | Backdtop |  DOider | (Oplions
- Chat i
“m Series Name: Seiies Tupe
Chat Type Carcel
BuaPictonraph &
Line Apply
rea
Step Help
Conbination
Horzortel Bar
Gantt
Pie
Radar LI
I Stacked F Lines
I zaws I Markers
xq
fefrg | Al ] Line | Markers | Stalisies | Guidelines
i
" Exclude Eaee]
I | Blot O 2 i Al sl
Apply
~Barg HiLa Clase
) Hel
Sides: 4 Gain Color | Automatic + il
Top Ratio:  [100. Loss Color [Automatic [+
~ Smanthing————————————
Eunction:  [None ]
Fagtor IB

Line/changes line style, width, and colour; Markers/set style, colour, size, and width;
Statistics/plots minimum, maximum, mean, Standard deviation, and regression.

Related pages: 1.49
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VII.12 Appendix VII: HYDRUS Windows Index
E

Bokdon | Text | Fant

To display click: Right click on a chart/Title

& Mo Fil

C Paltem | =
" Gradient Horizontal >

- - . - Fattem/To Colar: I--
Required Input: Similar option to ‘Format Legend” | #=

it [1pt

Coler -:Iv Apply

[~ Shadow

Shiadow [ffset: |Spt

Function: Formats chart Title.

Fill?Erom Calar,

O Lotlel Biee
& Dot oo | Paste || Browss |
£ Streteh T Fit

None i Fil ¥ Embed
© Tied = =
) Erop Fitted.

To display click: Geometry |
Information (in Pre-Processing) - Length Urit [ Tope of Flo
© mm " Horizontal Plane

F t . S I t th I th .t t & cm & Vertical Plane
—unC lon. Selects € eng N units to “m 1 Aisymmetrical Vertical Flaw Help |
be used throughout the project, Type S o q@ﬂ

— Geometry Type — Soil Profile
Of fIOW’ geometry type (General uses & Rectangular r Mumber of Materials (Heterogeneity] Mest . |
MeshGen-2D package), number of ¢ General [T Namberf Lajrs s Balnces) | | previos . |
soil types, and number of layers -

(subregions).

Required Input: Check appropriate boxes, and provide number of materials and layers
(subregions).

Related pages: 1.4

Related example: Project ‘1D-infil’ page x.

CEITEE—— |

Pressure heads

To display click: Graphical Display of Results
(Graphics)/1D-Graph/Cross Section

A0 -
Function: Provides a cross section along a |
boundary or through the domain; displays water
content, pressure head, or velocity profiles.

20

Pressure heards

Required Input: Select one of the three 7
quantities you want to display. Click one of the N
three options to define the boundary.

m 15 200 25 30 3m 40 45
Length

Export Export 4l Import

Related pages: 1.45to 1.48
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To display click: Graphical Display of
Results (Graphics) (M)

Function: Displays selected variables in = | wene [ =

Time Value:

a transport domain using spectrum
maps, contour maps, velocity vectors,
and animations.

Required Input: Select the quantity
(water content, velocity, pressure head,
concentrations, or temperatures), choose
one of the display options, and specify a section.

[For Help, press F1

Related pages: 1.44

To display click: Boundary Condition x|
Editor (Boundary)/Options/Grid ~ Opions i
Settings, or Graphical Display of 7 Snaptolid [ Grid visble :
Results (Graphics)/Options/Grid i e Cancel |
Settings (i), or Geometry and FEM —— =g Hep |
Mesh Editor (MeshGen-2D)/Tools/Grid wo o || widhe [0

Settings (&) vo o | Heht o1 ﬂl

Function: Turns snap to grid and grid
visibility on/off; sets the origin and spacing of the grid.

Required Input: To activate snap and grid visibility, check the appropriate boxes.
Enter the x- and y-coordinates of the grid origin, and enter grid spacing.

Related pages: 1.48

Related example: Project ‘1D-infil” page xvi.

To display click: Boundary Condition x|
Editor (Boundary)/Condition/Scaling

Factor/Hydraulic Conductivity Hydraulic Conductivity Scaling Factor: I
Function: Assigns a scaling factor for

— o oK. I Cancel
the hydraulic conductivity. AN |

Required Input: Value for scaling factor.

Related pages: 1.42; Appendix IV
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VIl.14 Appendix VII: HYDRUS Windows Index

To display click: _B_ounda}r_y Condlt.u_)n Editor 5
(Boundary)/Condition/Initial Condition/Import _ _
Pressure-Water Content A BT

Function: Confirmation for importing initial
conditions at a certain Time Level from a
previous HYDRUS simulation.

Required Input: Confirms the Time Level at which the initial condition is imported.

Related pages: 1.40; 4.2

Related example: Project ‘Dike-St’ page 1.40; Project ‘Fall-St’ page 4.2

*Display is Conditional: Select an *h.out’ file from a previous HYDRUS simulations
and specify a Time Level.

To display click: Project x|
Manager/Projects/Delete 3) AR B, e

and all itz subdirectaries will be deleted | Do you want ta continue ?
Function: Permanently deletes a project | gzl ol iz es No

from the current directory.

Related pages: 1.2

To display click: Boundary Condition Editor X
(Boundary)/ Condition/Initial Condition/Import Lieflehes aoslor2tmeleves [

Pressure-Water Content
Ok I Cancel I

Function: Imports initial condition at a certain
Time Level from a previous HYDRUS simulation.

Required Input: Time Level at which the initial condition is imported.

Related pages: 1.40; 4.2

Related example: Project ‘Dike-St” page 1.40; Project ‘Fall-St’ page 4.2

*Display is Conditional: Select an ‘h.out’ file from a previous HYDRUS simulations.
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To display click: Inverse Solution (In X
Pre-Processing) Estimate .

. . ¥ Sail Hydraulic: Parameters
A eeectidmoiedell o oA e
scheme to be implemented; assigns a o il et et _tee |
limit to the number of iterations and the - Weighting of Inversion Data Q@Q

ber of calibration data points. ighti

P || e |
Required Input: Check the appropriate & ‘Weighting by Standard Deviation _Previous .|
boxes and enter values as demonstrated
in the figure here. IED tax Mumber of Iterations

I1 2 Mumber of Data Points in the Objective Function

Related pages: 5.1

Related examples: All projects in Section 5.

*Display is Conditional: Check the box ‘Inverse Solution’ in ‘Main Processes’

To display CIICI'<: Graphlcal Dls_play of x|
Results (Graphics)/Options/Isolines
Parameters
Inicrement:
Function: Sets isolines parameters. Offset:
Required Input: Provide increment Diefault settings |
value (difference between successive
isolines) and offset value (e.g., useful
when excluding zero isolines).
Related pages: 1.49
To display click: Water Flow Iteration Criteria ]
(in Pre-Processing) [0 Hdnun Nunber o esions
IW W ater Content Tolerance Cancel

R . R . R . IEH— Pressure Head Tolerance Help

Function: Sets iteration criteria, time step et |
- - . 3 Lower Optimal Ikeration Range
control, and details of interpolation tables for " Lo Ot e @
soil hydrau“c parameters; Speciﬁes type for 13 Lawer Time Slep Multpication Factor L{
initi 1t pper Time Step Multiplication Factar Erevious
Inltlal Condltlons' —\Dr'|t7xarr'valIrvlerp:latlnmTTar:-}5 = : Initial Conditior
W Lowwer Limit of the Tension Interval ’Vfo— In the Pressure Head

- - er Limit of the: Tension nterval £ In the Water Content

Required Input: Values for all boxes shown jn 2 tetweive e it

figure here; in most cases these default values need not be changed, especially the
“Time Step Control’. Check the box for ‘Initial Condition’.

Related pages: 1.8

Related examples: Project series ‘Grad-*, page 6.15 to 6.19.
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To display click: Boundary Condition Editor Local Anisotrophy - Angle X
(Boundary)/Condition/Local Anisotropy (=")/Angle

Angle of Local Anizatrophy: il

Function: Defines local principal directions along which 0K | cancel |

hydraulic conductivity anisotropy may be defined. The
angle is between the principal direction of K; and the x-axis of the global coordinate
system

Required Input: Angle in degrees, positive counter clockwise.

Related pages: 1.43

Related example: Project “‘Aniso’, Example 4.8

To display click: Boundary Condition Editor
(Boundary)/Condition/Local Anisotropy (=")/First

Local &nisotrophy - First Component E|

& Second Com ponentS Firgt Component of Local Anigotrophy: |4
Ok, | Cancel |

Function: Defines K; and Kj; they are the principal
components of the anisotropy tensor; by default,
they coincide with the global coordinate x and z
(when angle of local isotropy=0)

Local Anisotrophy - Second Component E|

Second Compaonent of Local Anisotrophy: q

Required Input: values K; and Kj. o |

Cancel |

Related pages: 1.43

Related example: Project ‘Aniso’, Example 4.8; Project ‘DF-Aniso’ p. 4.21.

To display click: Main Processes (in x|
Pre-Processing) (@") Heading:  [Welcame to HYDRIS-2D

Function: Determines the type of ,S,m\v:;tt Fow I Heat Transpor
simulation to be conducted. The number 0 = e Upse [ Gl |
of available windows in Pre-Processing - - b |
and Post-Processing depends on what I Inverse Sobtion 2 w@u
options are selected here; for example, ' Nest .

windows related to root water uptake
will not be shown if the option is not checked here.

Required Input: Check the box(es) relevant to the simulation. Note that leaving all
boxes unchecked prompts HYDRUS to run a steady-state analysis for water flow

Related pages: 1.3
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To display click: Maas Balance ﬂ
Information (in Post-Processing) i —— j
Function: displays mass balance poriices plene fon VI

information at print times for the entire | ™ ™ Teral | sresion muber

domain and for individual sub-regions |z, @ e

(if more than one layer -or subregion- [’ w™ e G

has been specified). s eme deows

Related pages: 1.52 i o

To display click: Inverse Solution (in : - :I
Post-Processing) T

Function: Displays inverse solution
results.

Related pages: Section 5

*Display is Conditional: Check the o
box ‘Inverse Solution’ in “Main

Processes’

To display click: Boundary Condition Editor X

(Boundary)/Condition/Material Distribution (&)

P aterial Mumber; I
Function: Assigns a material number to a selected
group of nodes; only relevant when more than one oK I Cancel |
material is modelled (default value is one).

Required Input: A material number from 1-100 should be specified.

Related pages: 1.35

Related examples: Project “1D-Infil” page xiii.

*Display is Conditional: Select nodes then “Set Value’.

Modelling variably saturated flow with HYDRUS-2D
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To display click: Geometry and FEM

[ MeshgenzD in Hydrus2D - [x]

Fle Edt Yiew Insert Toos Help

Appendix VII: HYDRUS Windows Index

8 [=] |

Mesh Editor (MeshGen-2D) ()

0|E|S|y| Z%E == ZEQal®]s [EH w2
v B 2255 A DEEEE EEER (=
-]

Function: Defines problem domain and
discretises it into a finite element mesh.

Required Input: Domain dimensions,
number of nodes on the domain
boundaries (default=120), and density of
mesh.

Trangulation

Automatic

Number of
B
Blscamll
Gl

I~ Fundamental
I~ Refinement
[~ Remeshing
[~ Smoothing
[~ Convexity

I~ Make Mesh

Rea

cly ... For Help, press F1 -1.509 0,556

Related pages: 1.15

Related examples: Project series ‘Grid-’ pages 1.16 to 1.25

*Display is Conditional: Purchased MeshGen package with HYDRUS-2D; Select
‘General’ in ‘Geometry Information/Geometry Type’.

To display click: File/Project Manager/ [ R
Workspace /New; File/Project Manager/ - |
PI’OjeCtS / N ew Directory: [D:AHYDRUS Documentshinverse runs Browse |

. ; . ,EI—KI Cancel | Help |
Function: Sets a new working directory
(Workspace), or creates new HYDRUS project.

=
Requ!req Input: Workspace/Pfoject name, — ,—
description of Workspace/Project, and directory  seewor |
path. Directory: I : : Browse I
™ Connect a directary with projects of the HYDRUS-2D version 1.0 (16-bit)

Related pages: 1.1; 1.3 2] oo |t |
To display click: Geometry and FEM Mesh x|
Editor (MeshGen-2D)/View/Boundary
Points/Number of Points (side buttons) Number o Poirts on the Cuve:  [20
Function: Sets the number of points on an ok ] _Cocel | Hep |

external or internal boundary in the finite
element mesh.

Required Input: The total number of points on the selected boundary.

Related pages: 1.19

Related example: Projects ‘Grid-1, 2, &3’ pages 1.16-1.25

*Display is Conditional: A boundary in the finite element mesh should be selected.
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To display click: Observation Points (in Post- x|
ProceSSIng) Harizontal Variable: ITimE j

Verlical Varisble: | Pressure head =
Function: Displays a time-series of pressure onsewaﬁow
heads/water contents/concentrations/
temperatures at a specified location defined
by ‘Observation Points’ in the grid. A
maximum of 10 observation points is allowed.

-100

-200 |
-300 A
-400 -

h [em]

-500 4

Required Input: Select ‘Vertical Variable’ as 00
shown here. 700 4
-B00 + + + + + + |
. u] A0 100 150 200 280 300 380
Related pages: Xiv-xv Time [min]

Related example: Project ‘Ris-St’ page 4.1 persat | i bovows | net | [ Do |
and many others.

*Display is Conditional: Specified ‘Observation Points’ in ‘Boundary Condition
Editor/Condition/Observation Node’.

To display click: File/Open (Drop down oeen 21x]
menu) Look it IaMeshGen Demo Project j = i EEE

Function: Opens existing HYDRUS
projects.

Required Input: Select a file with an .h2d Flenans:  [Viesh arzd Soen_|
extension and click Open. Fies of ge: [ Fetype HydusZD (- h2d) <] sl |

Related pages: 1.1

To display click: Boundary Condition x|
Editor (Boundary)/Condition/Scaling

Factor/Pressure Head (=a0) Preszure Head Scaling Factar: I
Function: Assigns a scaling factor for the I—IDK Cancel
Pressure Head. |

Required Input: Value for scaling factor.

Related pages: 1.42; Appendix IV
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To display click: Print Information (in Pre- x|
Processing)

Print Qptiors

¥ T-Level Infarmation
¥ Screen Output

v Print Fluzes

Function: Determines delivery of output
information to output files and screen.

Re_quireo! Input: Check_ appropriate box_for Numberof Pt Times: [T
print options and provide number of print

times then select print times (the window Select Print Times |
below appears).

Print-Times x|
Related pages: Page 16and 1.7 Pr_i||1tTimes| 10.01‘ 20.02‘ 3003‘ 4004' 5005

Related example: Project ‘Trial’ page 4.26

To display click: File/Project g | i
Manager/Projects (E2) e

ml l' ol & capila; b’_D’r‘:'bﬁ“}I zdn;uz A
Function: Sets new HYDRUS projects, B e ety S0
Copies / Renames/ Deletes /Opens existing B (i T e
HYDRUS projects. Lok -
Required Input: Click one of the options; .
New, Copy, Rename, Delete, or Open. ton | tor | bom | oo | v | —

Related pages: 1.2

To display click: Displays automatically
after abnormal program termination.

H2d_calc.exe haz generated emors and will be clozed by
windows, 'ou will need to restart the program.

Function: Warns the user of abnormal An erat log i being created,
program termination resulting from a
problematic numerical solution.

Related pages: 6.8
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To display click: File/Project
Manager/Workspace (E2)

| Froiects |

Current ‘workspace: inver-a

Directory:

DAHYDRUS Documentshlnverse muns

Project Manager

Workspaces

Appendix VII: HYDRUS Windows Index

Name

Deseriplion

Fath

Default
i

Function: Sets a new working directory

for HYDRUS projects, changes or Eic
removes an existing working directory for
HYDRUS projects, and sets a selected
workspace as default.

Direct Problem Examples
At i
Irivers

4P

C:AHYDRUS 2dhdetault
C:4Program Fi

iles\ IS 5L\ Hydis2D\Direct
i Direct]

Required Input: Click one of the options;

New, Change, Remove, or Set as Default.

Related pages: 1.1

To display click: Graphical Display of Results
(Graphics)/1-D Graph/Boundary Indexes ()

Function: Specifies a range of boundary nodes
over which a 1-D Graph is displayed.

Required Input: Starting and ending node
numbers representing the boundary section for
which the results will be displayed.

Related page: 1.47

To display click: Geometry and FEM Mesh
Editor (MeshGen-2D)/Insert/Object from File
(&)

Function: Imports coordinates of a set of points
representing a spline or a polyline.

Required Input: Check the appropriate box and
have a text file in the suitable format.

Related example: Project ‘Grid-3’ page 1.22

d [ o
| Remove Set & Current Close ‘
x|
r—First Curve | oK I
Index of the: first paint : |1 c |
ance |
Indes of the lazt paint : |1E|
Positive arientation : v
— Second Curve
Index of the first paint : ID
Indes of the last paint : ID
Positive arientation : | |
Read Object From File |
Object Tupe
= Polyline
" Spline
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To display click: Boundary Condition Editor x|
(Graphics)/Condition/Nodal Recharge (#*)

Becharge/Dizcharge R ate: IE
Function: Assigns a recharge or discharge rate
for a node anywhere in the domain that acts as |T| Cancel |
a source or sink, respectively.

Required Input: Provide value for recharge (+) or discharge (-) rate.

Related pages: 1.43

Related example: Project ‘Dewat’, Example 4.10 (p. 4.23).

To display click: Geometry and FEM

Mesh Editor (%) (in Pre-Processing) X
— Rectangular Dimengions

Function: Defines problem domain and bttt e st Blusrsles |

discretises it into a rectangular finite Vetied RectengearDimensior: 10

element meSh Slope of the Base: ID
— Boundary Discretization

Required Input: Domain dimensions, Mt etz v

slope of the bottom of the domain Humbetof Horzertal Columrs: 101

number of vertical and horizontal
columns for discretizing the domain.

Related pages: 1.13 to 1.15.

Related examples: Project series ‘1D-Infil” page xii.

*Display is Conditional: Select ‘Rectangular’ in ‘Geometry Information/Geometry
Type’.

Root Distribution |

To display click: Boundary Condition Editor
(Boundary)/Condition/Root Distribution (&)

Top Root ' ater Uptake Yalue 1

Bottom Root W ater Uptake Value ID

Function: Assigns root density to a set of selected

" Same value for all nodes

nOdes in the domain- & i inear distribution with deptts
Required Input: Either check ‘Same value for all ok | Cancal

nodes’ and provide one density value, or, check
‘Linear distribution with depth” and provide two density values.

Related pages: 3.2.

Related examples: Project ‘Root-4" page 3.6.

*Display is Conditional: Check ‘Root Water Uptake’ in “Main “Processes’, and,
Select nodes then “Set Value’.
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To display click: Boundary Condition Editor x
(Boundary)/Options/ Parameters for Root ~ Parameters for Vertical Distibution —————————
D|St|’| but|0n Mamimurn Footing Depth I'IUU
Diepth of Marimum [ntenzity IBU
Function: Assigns 1-D or 2-D root distribution Parameter Lambda [
parameters Pararneter & |1
¥ Harizontal Distribution
Required Input: Parameters as shown in figure FeEnzie ol Dt o
here g b agirurn Frooting R adius |5D
' Biadius of Masirnu [nbengiy |2D
‘arameter Delka |1|
Related pages: I11.4-111.6 FasneEBe
oK I Cancel |
*Display is Conditional: Check ‘Root Water
Uptake’ in “Main ‘Processes’.
To display click: Root Water Uptake Models (in Pre-Processing)
x
Function: Selects the water uptake reduction model. [
S &I
. . - Solute Stress Mods! Help
Required Input: Check appropriate box & NgSabieSiess

€ iy Mode] i@h

. £ Multiplicative Maode! Next
Related pages: Page 3.2, and Appendix IlI. ) Dt Froine

Related examples: See Section 3. = =

*Display is Conditional: Check ‘Root Water Uptake’ in “Main *Processes’ -

To display click: Root Water Uptake Models - Pressure Head Reduction (in Pre-
Processing)

| x|
Function: Sets pressure heads that control root  ~ " "\
water uptake for Feddes’ model.
P FO |-m

Required Input: Values shown in figure Popt [25
(database provides suggested values). PH [0

paL  [-6000
Related pages: Page 3.2, and Appendix II1. g [mom

. 2H [o5 Hest ...

Related examples: See Section 3. : _

2L Im— Previous .. |
*Display is Conditional: Check ‘Root Water Database | 5l
Uptake’ in “Main ‘Processes’, and checked

‘Feddes’ in “‘Root Water Uptake Model/Root Water Uptake Model’
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To display click: Root Water Uptake Models -

Pressure Head Reduction (in Pre-Processing) x|
5-Shape Parameters
Function: Sets reduction parameters for an S- R

Shaped model.

F3 |3

Required Input: P50 and P3.

Related pages: Page 3.3, and Appendix IlI.

*Display is Conditional: Check ‘Root Water
Uptake’ in “Main ‘Processes’, and checked ‘S-
Shape’ in ‘Root Water Uptake Model/Root Water Uptake Model’

To display click: Water Flow — Soil Hydraulic ~-SeaurEEees =
Parameters (ln Pre_ProceSS”‘]g)/Neural £ Testural classes  55CEDw mater content at 33 kPa THA3)
- - & % Sand, Silt and Clay [S5C) ~ Same + water content at 1500 kPa (TH1500)
Network PredICtlon = %Sand, Silt, Clay and Bulk Density [ED)
Inpul Output
Function: Provides predictions for soil o — i -
hydraulic parameters from pedotransfer st l_l— a1 —
. Clay [%] nl .
functions. 8D [gven) | Ks[ :cmfday] —
TH32 [om3/emd] —
. . Tiskndena [ | Hepl | Predet |[EZEEp0] cencel
Required Input: The input depends on the

selected model; soil textural class, or sand/silt/clay contents with or without bulk
density, and the latter with 1 or 2 points on the water retention curve.

Related pages: Page 1.11

To display click: Run Time Information (in Post- .
- Horizontal Vaiable: [ Time Lvel =l
P rocessin g) Vetial Variable: | Cumulative Nuber of erations =

= Murnber of Iterations
Run-Time INeererirrrrs

Function: Provides graphical display of information -
related to the numerical solution such as number of 3000 |
iterations. 2500 1
E 2000 +
. . . . . € 15 |
Required Input: Choice of vertical variable: time step, oo |
number of iterations, or cumulative number of 500 4
iterations; choice of horizontal variable: time or time S I Fs s s s e g
Ievell Level

Dol | B | Pviows | ten | Cose |

Related pages: 1.52

Related examples: Project ‘Mesh-1 & 2’, page 6.1.
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To display click: Geometry and FEM Mesh Editor i
(MeshGen-2D)/View/Viewport (E#), or Boundary ~Window Ceter Window Extent
Condition Editor (Boundary)/View/ Viewport, or x [ widts [22:8562
Graphical Display of Results (Graphics)/View/ x B Heigrt [12
Vlewport —&spect Ratio [v/4)
. S_et wiew stretching factors according to
given extents.
' Don't modify curment view stretching Factors
and modify given extents if necessamy

Function: Set the screen limits and centre; also sets
aspect ratio options

[v Update grid settings autornatically

QK I Cancel Help

Required Input: Coordinates for window centre and
extents, check appropriate option for stretching.

Related pages: 1.15

To display click: Geometry and FEM x|
Mesh Editor (MeshGen-

i i i Add New Pai |
2D)/Insert/8|ng|e POIn'[/NumEI’ICa”y Total Mumnber of Points: |1— 2w Mot

() Inzert Mew Point |

— Current Point Other Paints

Delete Point

Function: Adds a point to boundary. Paint Mo [~ 1 < | > Update Grapics |

A < >
Required Input: x and y coordinates of v o k| o | m
apOint. Eancell Help |

To display click: Soil Hydraulic Model (in Pre- e =

Processing) e
" Modified van Genuchten &I
" Brooks-Carey Help

Function: Sets one of three soil hydraulic models; &2 0 e

hysteresis option available only with van E{]'
Genuchten-Mualem model. £ Lo p aes

e *@1
Required Input: Check appropriate box for soil . :j:::z1:5::::E::Mmm —IE:.:;
hydl’aU”C m0de|. € Iritially Drying Curve:

€ [ritially k/etting Curve

Related pages: 1.10; Appendix I.

Related examples: All Project examples; hysteresis example page 4.8.
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To display click: Soil Hydraulic Properties (in =
POSt'ProceSS|ng) Horizontal Variable: IF‘Iessurahead ﬂ
Wertical Wariable: IWatel Cantent -
Function: Displays soil water retention and Hydraulic P[[/2s vt
hydraulic conductivity function. ot . |Elicevider o
H - . 0.40
Required Input: Select required “Vertical and
P . 5 T 035
Horizontal Variable’. F
=
Related pages: 1.51 0.25 1
0.20 + t t t i
1) 100 200 300 400 500
Ihl [em]
Default Print | Frevious I Nest I Close I

To display click: Geometry and FEM Mesh
Editor (in Pre-Processing)

Space Discretization x|

Horizontal Discretization:

1 | 2
. %-coord ] 1
Function: Changes default mesh dz G 0
discretization. AT reoont 2 &
1 10
_ e Bt 2 | s F_”—'l
Required Input: May manually change DerstysttreTor: i S| |[|iEse
A . Density at the Battom: |1 ] 9.91736
coordinates; enter density values to alter mesh H“' (el s
density at top or bottom. 8 | omEn
9 9.60826
10 9.77686| -

Related pages: 1.14

*Display is Conditional: Select ‘Rectangular’ in ‘Geometry Information/Geometry
Type’.

x
To dISpIav CIiCk Boundary Condltlon Stochastic Distribution of Scaling Factors
Editor (Boundary)/Options/Stochastic I Rydraulic Conductvity Sealing Factor .
Distribution of S.F. - Fresoue Hond el Fectr _Recalouste |
FParameters
. . . ; ; ; ™ ‘Water Content Scaling Factar ;l
Function: Assigns stochastic distribution to Corcel_|
scaling factors. SV RT—— _ tep |
x|
Requ|red Input: Check approp“ate boxes Hydraulic Conductivity Scaling Factor ‘Water Content Scaling Factor
d I k ‘P t y th d . d l-— Btandeard Deisson l— Standard Dinastion
and click “Parameters’, the second window " comisnlaogix ||| Capiintati
here will appear; enter values for standard O e ||| T et
deviation, and correlation length in x and z d I B b
directions. Prossans Homd Scsing Faco —
1 Standard Deviation
R ,— Correlation Length in % w
Related pages: 1.42; Appendix IV " Cosloiontenghinz
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To display click: Boundary Condition Editor x|
(Boundary)/Condition/Subregions (&)
Subregion Humber: I

Function: Assigns a subregion number to a selected

group of elements; only relevant when more than
. . . ] I Cancel
one subregion is modelled (default value is one). |
Required Input: A subregion number from 2-10 should be specified.
Related pages: 1.41
Related examples: Project ‘1D-Infil’ page xiv
*Display is Conditional: Select nodes then “Set Value’.
To display click: Time Information (in Pre- e —————— >
Processing) ~ Seconds —— ID—
£ Minutes (e i IE—

- - - - - Initial Time Ste; 0o
Function: Defines time units, time T T
discretization, and number of time-variable ©Das | HadmanTineStep |

111 i r Boundary Condition:

boundary Condltlons (If any)' o Tim:\r’ariableﬂoundary Conditiong X

. . . ID— Mumber of Time-/ariable Boundary Becords Previous ...
Required Input: Check appropriate box for time

units, and enter time discretization details; if time-variable boundary conditions are
checked then provide a number.

Related pages: 1.5

Related examples: Project in Section 6 show the significance of ‘Time Discretization’

To display click: Variable Boundary Conditions  mxsrrmmmemmms 5
(in Pre-Processing) | — ——— s — —

Function: Defines time-variable BC such as
precipitation (rainfall), evaporation, transpiration,
and time-variable pressure head or flux.

Required Input: Time series for relevant boundary L2 el v | sl | @ bt |poine|
condition.

Related pages: 1.12; 1.29-1.30; 1.33-1.34

Related examples: Project ‘Ris-St’ page 4.1; Project ‘Evap-1’" page 4.3; and Project
‘Tension Disc Infiltrometer’ page 4.21

*Display is Conditional: Check “Variable Boundary Condition’ in “Time
Information’.
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To display click: Graphical Display of Results

(Graphics)/Options/Velocity Vectors Parameters x|
Function: Scales arrows representing velocity Seliirg sl o
vectors. Max. length [in pixels): |2U

Required Input: As shown in figure here.

*Display is Conditional: Check ‘2D-
Graphs/Velocity Vectors’.

To display click: Boundary Condition x|
Editor (Boundary)/View/Stretching, or TR,

Graphical Display of Results Lok |
(Graphics)/View/Stretching, or Irn-Direction: Cancel |
Geometry and FEM Mesh Editor In¥-Direckors [
(MeshGen-2D)/View/Stretching Help |

Function: Stretches the domain. The
option is useful when the aspect ratios of the domain and the screen are significantly
different.

Required Input: Stretching factors in x- or y-directions; note that when the factor is <1
the mesh is stretched in that direction.

To display click: Boundary Condition x|
Editor (Boundary)/Condition/Scaling

Factor/Water Content Water Cortent Sealing Factor I
Function: Assigns a scaling factor for the |—|'3'K Cancel
water content. |

Required Input: Value for scaling factor.

Related pages: 1.42; Appendix IV

Modelling variably saturated flow with HYDRUS-2D



VII.29 Appendix VII: HYDRUS Windows Index

To display click: Boundary Condition X
Editor (Boundary)/Condition/Initial

Condition/Pressure Head-Water Content Top Pressure Head Value: -100

(?) Bottom Pressure Head Value: 100

Function: Assigns initial pressure heads or
water contents.

" Same value for all nodes
" Equilibrium fram the lowest located nodal point

O Linear distribution with deptk

Required Input: One value if “‘Same for all
nodes’ is checked; Top and Bottom values
if one of the other options is checked,;

Specify slope of the initial condition. ok |

[ Slope [tangentum alphal:

Related pages: 1.37-1.38

To display click: Water Flow - Soil ——— — 1
- - r s Ipha n s
Hydrau“c Parameters (|n Pre- 1 o0m8 043 0.0% 158 4% 05|

Processing)

Function: Defines the soil water

retention parameters, the saturated

hydraullc ConductiVity, and L SoiCatalog [Loam  v| | MewalNetwork Prediction | [ Tempersture Dependence
(turtuosity parameter). ) ([ Es ] @t | poien ||

Required Input: Water retention parameters and measured saturated hydraulic
conductivity; required values vary according to the selected hydraulic model.

Related pages: 1.11; Appendix I.

Related examples: All example Projects
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To display click: Water Flow - s
Soil Hydraulic Parameters (in B Or [ G | Apha | n | Ks [ 1
R I|!|t!al E: 0.1 03418 0.04 2 0.0051 05
Pre-Processing) T R — -
Fitted ? L L v v Iv u
Function: Defines Soil Water Soil Catalog: VI Neural Network Prediction [~ Temperature Dependence
retention parameters, the ‘!—I B ] cocel | b | i, e | oo |

saturated hydraulic conductivity,
and L (turtuosity parameter); if “Fitted” is checked, those values are used as initial
values for the inverse solution; sets upper and lower limits for the optimised
parameters. Determines which parameters are optimised.

Required Input: Water retention parameters, the saturated hydraulic conductivity, and
the tortuosity parameter; minimum and maximum limits for the optimised parameters;
along the line ‘Fitted’, check the parameters to be optimised.

Related pages: Page 5.2.

Related examples: All examples in Section 5.

*Display is Conditional: Check the box ‘Inverse Solution” in “‘Main Processes’.
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APPENDIX VIII
TOOLBARS

Main Program Toolbars: DeEEsFTL =B M 2 K2w

New Project (File Menu)

Open a Project (File Menu)

Project Manager (File Menu)

Save Project (File Menu)

Main Processes (Pre-Processing Menu)

Geometry and Finite Element Mesh Editor (Pre-Processing Menu)
Boundary and Initial Conditions (Pre-Processing Menu)
Run HYDRUS (Calculation Menu)

Graphical Display of Results (Post-Processing Menu)
Cascade Window (Window Menu)

Tile Windows Horizontally (Window Menu)

Tile Windows Vertically (Window Menu)

HYDRUS Help Topics (Help Menu)

Context Sensitive Help (Help Menu)

License Details (Help Menu)

EX<_HMISEd 406D

MeshGen2D Toolbars 1: N EE 7R e I H QAR S B ?

Close MeshGen2D (File Menu)
Save Mesh (File Menu)

Print (File Menu)

Delete Mesh (Edit Menu)

Edit Geometry (Edit Menu)

Edit Boundary Points (Edit Menu)
Edit FEM Mesh (Edit Menu)

Undo (Edit Menu)

Redo (Edit Menu)

Consistency Check (Tools Menu)
Grid Settings (Tools Menu)

Enlarge View (View Menu)

Reduce View (View Menu)

Zoom View (View Menu)

Previous View (View Menu)

View All (View Menu)

Redraw (View Menu)

Set Viewport (View Menu)

Context Sensitive Help (Help Menu)
MeshGen2D Help Topics (Help Menu)

STEH=@LLOHEHEI N L EENYLhO=
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MeshGen2D Toolbars 2: A SRR Y i e Y e [

[ Graphical Manipulation Mode (Tools Menu)
w Numerical Manipulation Mode (Tools Menu)
Read Object from File (Insert Menu)

“+  New Points Graphically (Insert Menu)

New Line Graphically (Insert Menu)

New Spline Graphically (Insert Menu)

New Arc Graphically (Insert Menu)

New Circle Graphically (Insert Menu)

New Points Numerically (Insert Menu)

New Line Numerically (Insert Menu)

New Spline Numerically (Insert Menu)

New Arc Numerically (Insert Menu)

New Circle Numerically (Insert Menu)

Arc by Three Points (Insert Menu)

Arc by Center, Radius, and Two Angles (Insert Menu)
Circle by Center and Radius (Insert Menu)

Circle by Three Points (Insert Menu)

Select Duplicated Points (Insert Menu)

Pick Existing Points (Tools Menu)

Edit Objects Coordinates (Tools Menu)

El&#E B OEBRERIECNHe 3 @

Boundary Conditions Editor Toolbars:

P S Bl 2 e o 05 T 0 I H QD] R0

Close BC Editor (File Menu)

Print (File Menu)

Save (File Menu)

Display Options (Options Menu)
Water Flow BC (Condition Menu)
Solute Transport BC (Condition Menu)
Heat Transport BC (Condition Menu)
Material Distribution (Condition Menu)
Root Uptake Distribution (Condition Menu)
Nodal Recharge (Condition Menu)
Scaling Factors (Condition Menu)
Initial Conditions (Condition Menu)
Anisotropy (Condition Menu)
Subregions (Condition Menu)
Observation Nodes (Condition Menu)
Nodal Drains (Condition Menu)
Flowing Particle (Condition Menu, currently inactive)
Zoom In (View Menu)

Zoom Out (View Menu)

Zoom View (View Menu)

Previous View (View Menu)

View All (View Menu)

SEERda*BERRREOLS

e
e
e

OOy Sl=pi= g
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#  Redraw (View Menu)

®? HYDRUS Help Topics (Help Menu)
K?  Context Sensitive Help (Help Menu)
(c) License Details (Help Menu)

Graphical Display of Results Toolbars:
S FNMNAEER] S EEHQEROE 7 % k2

Print (File Menu)

Display FE Mesh (2-D Graph Menu)

Velocity Vectors (2-D Graph Menu)

Isolines (2-D Graph Menu)

Spectral Map (2-D Graph Menu)

Spectral Map and Isolines (2-D Graph Menu)

1-D Graph along Cross-Section (1-D Graph Menu/Cross Section)

1-D Graph along Whole Boundary curve (1-D Graph Menu/Boundary Whole

EO [ @ R O

1-D Graph along a Boundary Between Two Given Points (1-D Graph
Menu/Boundary Indexes)

1-D Graph along a Boundary Between Two Graphically Selected Points (1-D
Graph Menu/Boundary Indexes)

Grid Settings (Options Menu)

Display Options (2-D Graph Menu)

Zoom In (View Menu)

Zoom Out (View Menu)

Zoom View (View Menu)

Previous View (View Menu)

View All (View Menu)

Redraw (View Menu)

HYDRUS Help Topics (Help Menu)

Context Sensitive Help (Help Menu)

License Details (Help Menu)

<]

2%==0e 0HH
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Index-1

ALPHABETICAL INDEX

Alphabetical index

o Page for Page in Pag_e in
Description Examples Appen. various
Vil Sections
1D-Graph 1.45-1.48
1D-Graph/boundary indexes 1.47
1D-Graph/boundary selection 1.46
1D-Graph/Boundary whole curve 1.45
1D-Graph/Cross section 1.48
Abnormal HYDRUS termination 6.8 VI1.20
Actual root water uptake 3.4/3.8 3.2
Air entry value (AEV) 1.3/1.5/1.10
Alpha-water flow parameter 1.11/1.3/
1.10
AlphaW-wetting Alpha parameter 4.8
Anisotropy 4.18 VII.16 1.43
Arc 1.17 VII1
Aspect ratio 1.16
Axisymmetric flow 4.21-4.24 1.4
Boundary conditions (see water flow Boundary conditions) 1.26
Brooks and Corey model 1.10/1.5/
1.8
Calibration data (data points in objective function) V.8 5.1-5.3
Calibration data/choice of data V.8&9
Capillary barrier 4.6/4.21
Change workspace 1.2
Check Geometry 1.25
Circle 1.17/1.24 VIIL3
Concentration VI.2/V1.6 VIIL5
Confidence limit V.4
Consistency check 1.25
Constraints on hysteresis model (inverse mode solution) 5.2
Convert to ASCII 1.53/2.5
Copy project 1.40/4.2 1.2
Correlation length/ Stochastic parameters IV.5
Correlation matrix/Inverse solution V.6
Cumulative water boundary fluxes/Graphical display of 1.50
results
Curve type 1.24 VII1.6
Data for inverse solution 5.2/5.3
Density at the bottom 1.15
Density at the top 1.15
Density of boundary points/MeshGen 1.19-1.21 VII.8
Disc infiltrometer 4.21 1.27/1.28
Dispersivity VI.2
Drain BC VII.8 1.35
Drying water flow parameters/hysteresis 4.8
Evaporation 4.3 1.13
Appen.-1l
Evaporation - advance of drying boundary 4.3/4.4
Evaporation - effect of hCritA 1.3
Evaporation - effect of mesh density 4.4
Evaporation - effect of relative humidity 1.2
Evaporation - effect of suction 1.1
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Alphabetical index

o Page for Page in Pag_e in
Description Examples Appen. various
Vil Sections
Evaporation - shape of drying curve 1.1
Evaporation - vapour flow 1.2
Feddes root water uptake reduction model 3.2/111.1
Final time 1.5
General geometry 1.15 1.4
Geometry Information window VII.12 14
Geometry Type/Geometry Information 14
Goodness of fit V.5
Graph-1D 1.45-1.48
Graphical display of results window VII.13 1.44
Grid settings window VIIL13 1.48
Guidelines on inverse modelling 5.24/5.25
GWL 4.1/4.21 1.13/1.29
hCritA-Evaporation parameter 1.3 1.13
Heading/main processes XVi 1.3
Heterogeneous profile X/xiv 1.5/1.35
hy parameter for Vogel & Cislerova model 1.7
Horizontal flow 4.25 1.5
HYDRUS (Multiple simulations) 4.27
Hysteresis 4.8 1.10
Import initial condition from previous HYDRUS | 1.40/4.2/V1.7
simulation
In the pressure head/lteration Criteria VII.15 1.8/1.10
In the water content /lteration Criteria xii VII.15 1.8/1.10
Initial condition/lteration Criteria 1.8/1.10
Initial conditions 1.37/1.40
Initial parameters for inverse solution 5.15/5.19 5.1
Initial time 4.2 1.5
Initial time step 6.9 1.5
Insert Arc/MeshGen 1.17 VII1
Insert circle numerically/MeshGen 1.17/1.24
Insert fixed point/MeshGen 1.21
Insert line numerically/MeshGen 1.17
Insert object from file/MeshGen 1.22 VIl.21
Insert periodical condition 1.25
Insert Spline/MeshGen 1.23
Internal interpolation tables/ Iteration Criteria 6.14 1.10
Inverse solution window VI1I.15 5.1
Inverse solution/in Main processes 1.3/5.1
Isolines parameters VII.15 1.49
Iteration Criteria window VII.15 1.8
Key predictions in inverse simulations 5.18
Ky parameter for Vogel & Cislerova model 1.7
Ks-  water flow parameter (saturated hydraulic 1.11/1.10
conductivity)
KsW-wetting saturated hydraulic conductivity 4.9
L-water flow parameter (Totuosity parameter) 1.11-5.14
Layers (or subregions) XV 1.41
Length units/ Geometry Information 1.4
Line 1.17
Lower-limit of the tension interval 4.9/6.14 1.10
Main processes window VII.16 1.3
Mass balance information/Graphical display of results 6.6/Xxix 1.52
Material distribution Xiv 1.35/1.36
Maximum number of iterations 6.8 1.8/1.9
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Index-3 Alphabetical index
Page in Page in
Description g;s;;f)cl)ers Appen. vari_ous
Vil Sections
Maximum number of iterations/inverse solution 5.1
Maximum time step 1.5/1.9
Merge object/MeshGen 1.25
Mesh density 4.4/4.16 1.15/1.20
MeshGen 1.15-1.25 1.15
Minimum time step 6.3 1.5/1.9
Modified van Genuchten model (Vogel & Cislerova) 1.10/1.5/1.7
m-parameter (van Genuchten model) 1.2/1.4
Multiple HYDRUS simulations 4.27
Neural Network Prediction (Rosetta) 1.11
New project 1.2
New workspace 1.2
Nodal drain 1.35
Nodal recharge 4.23 1.43
Non-unigueness of inverse solution Sec.5.2.1 5.4/V.6
Normalised water content 1.3
Number of boundary points/MeshGen 1.19 VII.18
Number of data points in objective function 5.1
Number of layers XIxv 1.4/1.41
Number of materials X/IXiv 1.5/1.35
Number of print times 4.26 1.7
n-water flow parameter 1.11/1.3/
1.10
Objective function/ Inverse solution V.1
Observation nodes XV 1.43
Open project window VIIL19 1.1
Output files 2.1
o A level.out 211
0o Balance.out 211 2.4
0 Boundary.out 2.8/2.12 2.1
0 Check.out 2.3
0 Cum_Q.out 211 2.3
o Fitout 2.5
0 H.out (Optionally converted to an ASCII file 2.5
h.txt)
0 h_mean.out 2.2
0 MeshTria.000 (Optionally convert to an ASCII 2.5
file MeshTria.txt)
0 ObsNod.out 2.7 2.2
0 Run_Inf.out 2.4
0 Th.out (Optionally converted to an ASCII file 2.5
Th.txt)
o V.out (Optionally converted to an ASCII file 2.5
v.txt)
0 V_mean.out 2.7/2.10/2.15 2.2
Parameter interaction in inverse solution 5.18
Pick existing points 1.25
Pointer to vector of solute BC V1.3
Precipitation 1.13
Pressure head tolerance 4.9/4.16 1.8
Pressure heads/Graphical display of results 1.50
Print fluxes 1.6
Print information window VI1.20 1.6
Print Options/Print Information 1.6
Program error/abnormal HYDRUS termination 6.8 VI1.20
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Page in Page in
Description ;?fri;?gs Appen. vari_ous
Vil Sections
Project manager window VI1.20 1.1
Pulse duration VI.2
Qm-(Theta_m) parameter Vogel & Cislerova model 1.5
(Modified van Genuchten)
Q-water flow parameter (residual water content) 1.11/1.2&3
Q.- water flow parameter (saturated water content) 1.11/1.3
Qs W-wetting saturated water content 4.8
Rectangular Geometry 1.13 1.4
Relative humidity 1.2
Remove workspace 1.2
Rename project 1.2
Residual water content (see Q,; Theta r) 1.11/1.2&3
RGWL 1.13/1.30
Root density 1.3
Root distribution parameters 111.4t0 6
Root distribution window 3.6 VI1.22 3.2
Root water uptake model window VI1.23 3.2
Root water uptake parameters VI1.23 3.2/111.1
Rosetta window VIl.24 1.11
Run time information/Graphical display of results 6.2-6.4 1.52
Runoff (see Surface flux higher than Ky) 4.17 1.34
Saturated water content (Q,; Theta_s) 1.11/1.3
Scaling factors 1.42/IV.1
Screen capture 1.45
Screen output 1.6
Select by rhomboid 1.36
Select print times 1.7
Sensitivity analysis for water retention parameters 1.9to 1.12
Set viewport window 1.17/1.20 VI1.25 1.15
Set workspace as current 1.2
Similar media v.1
Simulate/main processes 1.3
Soil hydraulic model window VI1.25 1.10
Soil hydraulic properties /Graphical display of results 1.51
Soil Profile/Geometry Information 1.4
Solute transport BC VI.2
Solute transport parameters V1.2
Spline 1.22 & 23
Split object/MeshGen 1.25
S-shaped parameters- Root water uptake 3.3/ 111.2
Standard deviation/ Stochastic parameters V.4
Steady state analysis 1.39/1.40/4.15 1.3/1.39
Stochastic distribution of scaling factor window VIIL.26 | 1.42/IV.3
Stochastic parameters window VIIL.26 | 1.42/IV.4
Subregions (or layers) XIxv 1.4/1.41
Surface flux higher than K 417 1.34
Tension disc infiltrometer 4.21 1.27/1.28
Theta m (Q,,) parameter Vogel & Cislerova model 1.5
(Maodified van Genuchten)
Theta_r water flow parameter (residual water content Q,) 1.11/1.2/1.3
Theta_s water flow parameter (saturated water content Q;) 1.11/1.3
Time discretization 1.5/1.9
Time information window VII.27 15
Time Step Control/lteration Criteria 1.8/1.9
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Page in Page in
Description ;?gri;f)cl)e:s Appen. vari_ous
Vil Sections
Time units 1.5
Time-variable BC, number of records allowed 1.34
Time-variable  boundary  condition  checkbox/Time 15
information
Time-variable boundary condition/window VIL27 | 1.12/1.29/
1.30/1.33/
1.34/
Tipping bucket rainfall data 1.33/1.34
T-level information 1.6/2.1
Tools/find VI11.10 1.25
Tools/point picking 1.25
Tortuosity parameter 1.11-5.14
Transpiration Section 3 1.13/Sec-3
Trouble shooting for HYDRUS-2D Section 6
o Effect of minimum time step 6.1-6.3
o Effect of abrupt intense infiltration 6.4-6.7
0 Unstable initial conditions/ Boundary + 6.8-6.9
saturation effects
o Infiltration into clay/ Model + flux/K; effects 6.10-6.11
o Infiltration into clay/ Time discretization + 6.12-6.14
Iteration criteria effects
o Effect of high initial press. head gradient 6.15-6.19
Type of flow/ Geometry Information 4.21/4.25 14
Upper-limit of the tension interval 4.9/6.14 1.10
Validation of inverse results 5.8/5.9/5.13 5.8
van Genuchten model 1.10/1.2/1.6
van Genuchten model with Air-entry value of =2 cm 1.10/1.4/.7
Vapour flux during evaporation 1.3
Velocity vectors 4.19
Vertical flow 4.1t04.20 1.4
Vogel & Cislerova model (Modified van Genuchten) 1.5/1.7
Water boundary fluxes/Graphical display of results 1.50
Water content tolerance 3.5/4.9/4.16/6. 1.8
13
Water flow Boundary conditions 1.27
0 No Flux 1.27
0o Constant head 4.12 VIL5 1.27/1.28
0 Constant flux 54 VIlL.4 1.29
0 Variable pressure 4.1/4.21 1.29
0 Variable flux 1.30
o Free drainage 4.6 1.31
0 Deep drainage VIL7 1.31
0 Seepage face 4.12/4.18 1.31/1.32
0 Atmospheric 5.17/4.18 1.33
0 Drain 1.35
Water flow parameters inverse solution window VI1.30 5.2
Water flow parameters window VI1.29 1.11
Water flow-initial conditions VI1.29 1.38
Water retention curve 1.1to 1.6
Weighted residual V.2
Weighting of inversion data/Inverse solution V.7/V.8 5.1
Weighting parameters V.1N.2/
V.7
Wetting water flow parameters/hysteresis 4.8
Workspace 1.1

Modelling variably saturated flow with HYDRUS-2D



Index-6 Alphabetical index

Modelling variably saturated flow with HYDRUS-2D





