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1 Introduction

The present tutorial intends to illustrate the idea of the dynamic link between WEAP and MODFLOW.
The techniques presented are kept as simple as possible in order to make you familiar with the
necessary steps for building up a WEAP model that is linked to MODFLOW and to give you an
introduction to solving common water management problems.

The first part will guide you through building a WEAP model based on the data stored in a MODFLOW
model (“Hard Data approach”). Despite this approach is not recommended in general, as flexibility is
lost and many of WEAP’s powerful modelling options are not available, it might be useful in case
measured data (e.g. precipitation) used to build and calibrate the existing MODFLOW model is
unavailable for whatever reason.

The second part focusses on building and linking a model that makes use of WEAP’s internal
functions to model groundwater recharge and surface runoff.

In the last part, you will learn how to cope with various challenges typical to modellers like
implementing artificial recharge or changes in land use.

Before you start with the tutorial, be advised to have downloaded the associated shape files
(Catchment.shp, Landuse.shp, Wellfields.shp) and the csv-file (InputData.csv).

This tutorial refers to WEAP Version 3.001 (Sep 2012) and LinkKitchen Version 1.00 (Sep 2012).

It is based on the WEAP-MODFLOW-Tutorial by BGR/ACSAD (2009) and includes contributions by M.
Al-Sibai (Chapter 2).
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2 MODFLOW Model

The MODFLOW model used in this tutorial was designed with the intention to make many planning
options possible (dams, irrigation) and to remain easy to understand. It is a modification of the
original GMS-Tutorial model and in the following named “Main River Basin”.

2.1 Model Area - “Main River Basin”

The Main River basin encompasses 783 square kilometres. It is located in a semi-arid climate, with
precipitation only in the winter months. Most of this precipitation is lost by evapotranspiration. The
aquifer consists of fractured crystalline bedrock and alluvial fills in the valleys, its saturated thickness
varies between 35 m in the South to about 53 m in the North.

Groundwater flow is towards the spring, the Main River and its 2 tributaries. The spring represents
the headflow of the Main river, with an average monthly discharge of about 320 000 m3. In the

north, outside the model area the Main River finally drains into a reservoir lake with a constant water
level of 304.8 m a.s.l.

The topography gradually decreases from South (353 m.a.s.l) to North (335 m.a.s.l).

Elevation

dem
Value

—

Low : 334.447601
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2.2 Mathematical Model
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GRID: The model consists of one layer (1 unconfined aquifer, 60-80m layer thickness, 35m — 50m
saturated thickness) with 88x70 cells. The cell sizes vary in width and height between 200 m to 1200

m (see figure below)

Model Boundaries & Stresses

Specified head= 304.8 m

BOUNDARY CONDITIONS: Specified-Head boundary in the North (Reservoir Lake level). All other
boundaries are No-Flow boundaries (see figure above).

HYDRAULIC CONDUCTIVITY: The 4 hydraulic conductivity zones for the model are shown in the
figure below. The hydraulic conductivity of the aquifer varies between 100 m/day along the river

valley to 40 m/day towards the basin boundary.

HK

100
75
50
40

I—«
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RECHARGE: 5 different recharge zones have been defined. The values in the zones ranging from 0 to
0.0015 m/d (see figure above).

ADDITIONAL PACKAGES: The spring was modelled as 2 DRAIN-cells (pink in the figure above) and the
rivers as RIVER-cells (blue in the figures above).

INITIAL HEAD: The initial head ranges from 306 — 327 m.a.s.l. resulting in a depth to water table of 25
to 36 m (see figures below).

Starting Heads: Depth to groundwater table

Starting Heads 3
327

L L.

The Model has been built and run on transient state in order to cover two years of recharge
variation. It consists of 24 monthly stress periods, which contain 3 equal time steps each. The final
balance (see figure below — units in m® or m3/d) shows that the model is almost balanced or close to
steady state, with recharge as the main inflow and river leakage as the main outflow fraction.

P budget_5f.txt - Editor — 101 x|
Catei Bearbeiten Format  Ansicht 2
VOLUMETRIC BUDGET FOR EWTIRE MODEL AT EMD OF TIME STEP 3 IM STRESS PERIOD 24 _I
CUMULATIVE VOLUMES L3 RATES FOR THIS TIME STEFP L®W3 /T
Im: In:
STORAGE = 158684992, 0000 STORAGE = 25869.2040
CONSTANT HEAD = 0. 0000 COMSTANT HEAD = 0. 0000
DRATINS = Q. 0000 DRAINS = 0. 0000
RIVER LEAKAGE = 0. 0000 RIVER LEAKAGE = 0. 0000
RECHARGE = 357105632, 0000 RECHARGE = 6535431, 5625
TOTAL IMN = 515790624, 0000 TOTAL IN = BEL300. 8750
ouT ouT
STORAGE = 160023184 . 0000 STORAGE = 248629, 9062
CONSTANT HEAD = 5145124, 0000 COMNSTANT HEAD = 6988, 5078
DRAINS = 7527775, 5000 DRAINS = 10504 . 3506
RIVER LEAKAGE = 343096672, 0000 RIVER LEAKAGE = 30478700938
RECHARGE = Q. 0000 RECHARGE = 0. 0000
TOTAL OUT = 515792768, 0000 TOTAL OUT = 6e1310.3750
IN - QUT = -2144, 0000 IMN - QUT = -9, 5000
PERCENT DISCRERPAMNCY = 0. 00 PERCEMT DISCREPAMCY = 0. 00 =]
| | H
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3 Create and link a WEAP-model based on MODFLOW data

At the beginning, you will create a new WEAP Area and design the Schematic for it. The necessary

tasks are:

* Create a new WEAP area

e Set the area’s spatial boundaries
e Load background layers

e Digitize 4 rivers

e Add 5 catchment and 5 groundwater nodes

The result will look similar to the image below.

| [¥— River )
— Diversion

- Runoff/nfilration (5)
— Transmission Link
¥/ Wastewater Treatment Plant
— Return Flow
H:l ¥ ssRun of River Hydro
¥ Flow Requirement
™

1 Streamflow Gauge

@ WIF_River trans_modify_Sf_drc
M WIF_Domain_trans_modify 5.

¥/ Recharge SP3

*GW,MainLower

LS
RIS,

‘m

GW_East

< !

WEAP:3.3001 | Areat DSS-Tutorial | 2000-2001 (monthly) | Schematic View | Licensed to: Markus Huber, geortools, Germany, until September 12, 2013
e
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3.1 Create a new WEAP - Area

1. Inthe Main Menu in WEAP, go to Area - Create Area. In the following dialog, create a new
Area, which is initially blank and give it the name: “DSS-Tutorial”:

Marme: |DSS-TutoriaI

Create from Description of DS5-Tutarial
ea [Weaping River Basin J

Passwaord Protection (Optional)
{* Mo Password

~ Password Required to Open

" Password Required to Save

Enter pazzwond: |

Confirm pazswond: |

" 0K X Cancel |

2. Click “OK” and ignore the following dialog (“Area boundary”) by clicking on “Cancel”. The
model should look like below:

Area Edit View Schematic General Advanced Help

¥/ River

¥ Diversion

¥ A Reservair

VM Groundwater
¥® Other Supply
¥® Demand Site

¥® Catchment

¥i-- Runofffinfittration
¥ — Transmission Link
/@ Wastewater Treatment Plant
¥ — Return Flow

¥l sRun of River Hydro
¥ Flow Requirement
¥i# Streamflow Gauge

Schematic

V1@ Major Rivers
M States

¥ Country

¥ Ocean

o
SR Ty
e n it EONS Y
<y ’sn_;.’.ﬁ.,.r L
.;4‘\ 2 .n"l“; =
B

"y
w

Xl

- T R

WEAP:3.3001 || Areat DSS-Tutorial | 2000-2005 (monthly) | Schematic View | Licensed to: Markus Huber, geortools, Germany, until September 12, 2013
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3.2 Start LinkKitchen

LinkKitchen is a GIS-alike tool designed to assist the setup of the Linkage Shapefile without the need
of further GIS- and Spreadsheet-software. It provides all necessary functionality for producing the
linkage file and for its attribution. Furthermore, it allows direct parameterization of the WEAP-model
based on linkage file’s attributes.

If you are not yet familiar with the use of LinkKitchen, please read its User Manual before you
continue with the tutorial.

(e S == Romain WEAP open and start LinkKitchen in parallel.

o " At start-up, you are prompted to select the one of your WEAP
Lln l ITCHEN models which you want to work on. Select DSS-Tutorial and
R confirm the dialog by click on OK.

Eefore the program starts, you need to select the WEAP area you wart
to link with MODFLOW

sy change e i s of LG s In the following dialog, LinkKitchen prompts for the location of the
cortea AP e st possi o svich  mthes WEAF area

o MODFLOW model and the Linkage File. Browse for the MODFLOW
model that comes with the Tutorial data and select the Namefile.
Qatf‘dliﬁﬁﬁ.;:“i?i‘;mwm As a linkage file does not yet exist, select to create a new Linkage
WE?S,MFJmmiaU .
Weaping Fiver Easin File.

ltutorial_data_weep_mf_tutorial_1_zip

Once you confirm with OK, all MODFLOW files will be copied to
the WEAP-Area’s standard directory.

LinkKitchen produces the Linkage File as well as two other
shapefiles in the background. Those will be used during the next
steps.

Federal Institute for Geosciences
BGR o renseto o

 Select MODFLOW MNamefile

F 'j'd Clsers'"\Markus Documentz"WEAP Areas \D55-Tutora \MODFLOW trans_modify_5F_...

- Select or create Linkage Shapefile

;d |j CilUsers'Markus\Documents \WEAP Areas'DS5-Tutoral\SHAPE\Linkage shp

WEAP-MODFLOW-Tutorial 10/45 Hard-Data-Approach
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3.3 Set the WEAP Area’s Boundary

Your LinkKitchen User Interface will show an empty grid that represents the geometry of your
MODFLOW model. This is the linkage File.

=)
" 00f4831 selected A= i )

- Demand Stes
: - Catchments
‘. Groundwater
i... Rivers

) o )
[ Linkage Shapefile E

MODFLOW 5 T [

St_Head L1 Recharge SP& Rech:
Recharge SP1 Recharge SP7 Rech:
Recharge SP2 Recharge SP8 Rech:
Recharge SP3 Recharge SP9 Rech:
Recharge 5P4 Recharge SP10 Rech:
Recharge SP5 Recharge SP11 Rech:

<[] b

[ X -12924 ;18645 (7

Switch back to WEAP (don’t close LinkKitchen).

[ e

Right-click into the Layer-pane and select Add Vector Layer
from the context menu.
Browse to your WEAP Area directory/SHAPE/ and select
the file MF_Domain_trans_modify_5f drain.shp. This file
% : i::::::t::: was created at start-up and represents the spatial
boundary of the MODFLOW model. You will use this file to
define the area’s boundaries.

=
—| |/ @ Major Rivers
[-]D v/ States
Country
Ccean

Set Area Boundaries

|x Streamflow Gauge Remove all other layers (Major Rivers, States, Country,

Ocean) except MF_Domain_trans_modify_5f drain.shp.

——| |/l MF_Domain_trans_modify_Sf_

b L
B States + Add Vector Layer...

Country | 4  Add Raster Layer...
Ocean

U

Set Area Boundaries

% Major Rivers
Edit...

= Remove...

Set Label to 4

WEAP-MODFLOW-Tutorial 11/45 Hard-Data-Approach
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v Flow Requirement Right-click into the Layer-pane and select Set Area
vl o Streamflow Gauge Boundaries from the context menu.

o F
N
*
[}
S
L}
Q
)
:
g
=
=y
%

+  Add Vector Layer...
@ %  Add Raster Layer...
Set Area Boundaries

Edit...

W Set Area Boundari

Click and drag

Draw the green rectangle (the area boundary) around the
complete extent of the black rectangle (the MODFLOW
model’s extent) and confirm by click on OK.

v oK X Cancel
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3.4 Add Catchment and Groundwater Nodes to the Schematic

It is assumed, that MODFLOW is the only source of information about the model area. Catchments
and Groundwater nodes are thus delineated by zones of equal recharge rate. You will use
LinkKitchen to delineate the Catchment and Groundwater zones in WEAP.

1. Switch to LinkKitchen and browse to the MODFLOW-Layer Recharge SP1 in the MODFLOW
Viewer. Click the Preview-Button =% to show the recharge zones.

= B w @ Lalle Uz 20 @ [ | M 004831 selected [Chl = i ]
MODFLOW View Recharge, SP 1
i~ GW_MainCentral -
PG 1,006 E-03
i b GW_MainUpper
. GW_MainLower
=) Rivers
=I- Main River
: Below Main River Headflow
: 2.045 E-04
i |- Below West River Inflow .
;- Below East River Inflow
: Below Spring Inflow
= West River
;' Below West River Headflow =
5] East River
: ' Below East River Headflow
&l Spring
Below Spring Headflow =
& o LR ER )
g ayers @ " 'ﬁr
[ Linkage Shapefie &
MODFLOW &
5t_Head L1 e £y e
F(e_d'i:ge 5P Show preview of selected MODFLOW Dataset
Recharge SP2 [Ctrl + P]
Recharge SP3 Recharge SP9 Rech:
Rechamge SP4 Recharge SP10 Rech:
Recharge SP5 Recharge SP11 Rech:
<« ] ’
| X;-15045 ¥; 14805 |7

2. Click the Make Snapshot-button i@ to save the preview-image permanently to disc. The
image appears in the List of Layers as a regular Background Layer.
3.

At this stage, the recharge zones are saved as a JPEG-image-file in the WEAP-area directory. The file
doesn’t store any information besides a different colour for each zone.

WEAP-MODFLOW-Tutorial 13/45 Hard-Data-Approach




Below Main River Headflow
- Below West River Irflow
- Below East River Inflow
Below Spring Inflow

i - Below West River Headflow
5] East River
: ' Below East River Headflow
=) Spring

Below Spring Headflow

BEEe s | -R 7S H R
& layers

i Linkage Shapefie
|5 Recharge SP1

968

 MODFLOW 51 B B

5t_Head L1 Recharge SP6
Recharge SP1 Recharge SP7
Recharge SP2 Recharge SP8
Recharge SP3 Recharge SP9
Recharge S5P4 Recharge SP10
Recharge SP5 Recharge SP11

< [

X -12804 ;17219 |7

4. Switch back to WEAP and load the file “Recharge_SP1.jpg” as a background raster layer to

the Schematic.

A View Schematic General Advanced Help

] — River )

— Diversion

A Reservoir

1M Groundwater (5)
¥® Other Supply
@ Demand Site

1 ® Catchment (5]
B _Runctinfitrations) |
-] — Transmission Link

® Wastewater Treatment Plant
— Return Flow

m=Run of River Hydro

“ Flow Requirement

# Streamflow Gauge

MF R odify 5 dr:

MF_Domain_trans_modify_5t,

M Linkage
¥/ Recharge SP3

< !

WEAP:3.3001 || Areat DSS-Tutorial | 2000-2001 (monthly) | Schematic View | Licensed to: Markus Huber, geortools, Germany, until September 12, 2013
E
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In the MODFLOW model, five zones of different recharge are defined. You will take these zones as
blueprints for the delineation of WEAP-Catchments and groundwater nodes.

1. Dragand drop one Catchment and one Groundwater node for each recharge zone onto the
schematic.
2. Connect the Groundwater and Catchment nodes by infiltration links.

Catchment node name connection groundwater node name
C_East infiltration link GW_East

C_MainCentral infiltration link GW_MainCentral
C_MainLower infiltration link GW_MainLower
C_MainUpper infiltration link GW_MainUpper

C_West infiltration link GW_West

NOTE: It is good practice to add the prefix “C_" before the catchment’s name and the prefix “GW_"
before groundwater nodes in order to avoid getting confused by identical names of groundwater
nodes, catchments and demand sites.

Groundwater (5) !{GW,MamLower Ml

Other Supply

Demand Site

Catchment (5)
Runoff/Infilration (5)
Trensmission Link
\Wastewater Treatment Plant
Return Flow

Run of River Hydro

Flow Requirement
# Streamflow Gauge

&

WF_Domain_trans_madify_5f_
Linkage
¥ Recharge 5P3

LS B
C_East s,

‘m

GW_East

3 T —

WEAP: 33001 || Area; DSS-Tutorial | 2000-2001 (monthly) | Schematic View | Licensed to: Markus Huber, geortools, Germany, until September 12, 2013
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3.5 Add Rivers to the Schematic

1. Add the file MF_River_trans_modify_5f drain.shp (located in the folder SHAPE in the area
directory) to the Schematic and give it a solid blue colour.

Area Edit View Schematic General Advanced Help

I —River (4) =

| — Diversion

¥l & Reservoir

P *
¥ % Other Supply

/@ Demand Site

¥/ ® Catchment (5)

-~ Runoff/Infitiration (5)

¥ — Transmission Link

/@ Wastewater Treatment Plant

¥ — Return Flow

H:l ¥ mRun of River Hydro
¥ Flow Requirement

¥is Streamflow Gauge

[ER=] [*'® VF Riverans modify 51 dn

E] /M WF_Domain_trans_modify_5f_

m Lmkaie

.rGW,MamLower

"C,MamLower

@ C_MainCentral

Y
WGW_MainCentral

'Y

C_East .

‘m

GW_East

C_West@,

‘.GW_West

C_MainUpper
‘\

GW_MainUpper

T i, v
WEAP: 33001 || Area: DSS-Tutorial | 2000-2001 (monthly) | Schematic View | Licensed to: Markus Huber, geortools, Germany, until September 12, 2013

oo | 2.Dragand Drop river nodes onto
L the Schematic and digitize each river,
in flow direction, on top of the blue
area. The rivers’ names are Main

@C MainCentral River, East River and West River. East
River and West River are tributaries
to Main River.

‘.C»MainLower

West River \
I iGW,MainCentra\

C_West@ ) -
% C_East ™.
L

“WGW_West
GW_East

\ Main River

WEAP: 33001 | v D5-Tutoiel | 2000-20) (i) etV 135

Main River
3. A fourth River needs to be digitized in addition to the three rivers. In
MODFLOW, it is represented by two drain cells upstream of Main River. That
River is named Spring.

Spring
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3.6 Set the Model Runtime in WEAP

In order to ensure, the WEAP calculation correlates correctly with the MODFLOW model, adjust the
WEAP time steps and the starting month according to the MODFLOW stress periods (here: October
1999 — September 2001).

This is done using the General menu item = Years and Time Steps

~Time Horizon

& Title Abbrev. |Length| Begins
Current Accounts Year: | 2000 -;—I

: x 1 October Oct 31 Octl Oct31
Last Year of Scenanos:‘ 2001 ';I — : :
remitd 2 November  Mav 30 Neovl Nov3l

_3:Decemher I Dec 31 _Decl Dec3l
“TimeStepsperYear —————— | 4January  Jan  3lJanl Jan3l

Feb 28 Feb1l Feb 28
Mar 31 Marl Mar 31
itk L=ap Dt 7 Api Apr  MAprl  Aprd
iy | Ml

—Time Step Boundary um cib b
& Based on calendar month Al 31 Jull
© Alltime steps are equal length E_AUQU“ EQ | 31-AU91

| T Settime step length manually | 12 September Sep 30 Sepl

12 -

—Water Year Start

i The study period will run from October, 1999 to September, 2007,
2 b |

Initially you won’t use any WEAP internal model to calculate surface runoff, groundwater recharge
and irrigation demand, therefore choose in

Data View - Demand Sites and Catchments > Advanced

Setect method for calculating runcff and irrigation dermands

" Rainfall Runoff (simplified coefficient method)

& Trrigation Demands only (simplified coefficient method)

" Rainfall Runoff (soil moisture model)
" MABIA (FAQ 56, dual KC, daily)

7 Help I

WEAP-MODFLOW-Tutorial 17/45 Hard-Data-Approach
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3.7 Define Catchment and Groundwater in the Linkage File

Switch back to LinkKitchen and see how it reflects the changes you made in WEAP. The Nodes you
added to the Schematic are now visible in LinkKitchen’ s Branch Viewer. During the following steps,
you will relate cells of the Linkage File to Catchments, Groundwater Nodes and Rivers.

= E | ) i . i 5 @ [ | ™ 0of4831 selected [Chl = i ]
.~ Demand Sites -
[=)- Catchments P
C_MainCentral
C_East
C_West
C_MainUpper
- C_MainLower
[=)- Groundwater
GW_East
- GW_West =
- GW_MainCerntral
GW_MainUpper
- GW_MainLower
[=)- Rivers
= Main River
- Below Main River Headflow
Below West River Irflow
- Below East River Inflow L
[=l- West River
: Below West River Headflow =
1 Eaet Biuar
. >
B - L2 =-1- -
G Llayers @ b,
[f# Linkage Shapefile &
MODFLOW 5 M I
St_Head L1 Recharge SP4 Rech:
Rechage SP1 Recharge SP5 Rech:
Recharge SP2 Recharge SPE Rech:
Recharge SP3 Recharge SP7 Rechi

ZH | b

| X -15411 ¥:15303 |7

As you have the recharge zones loaded in the background, you will use these zones as stencils for
selecting cells. Use LinkKitchen’s selection-tools (s. LinkKitchen User Manual) to select cells
corresponding to recharge-zones. The thus selected cells are then attributed with the name of the
catchment as defined in WEAP.

The procedure of attributing groundwater nodes is identical.

1. Select all cells located in the green area (C_Main Upper).

WEAP-MODFLOW-Tutorial 18/45 Hard-Data-Approach




. C_MainUpper

. C_MainLower

[=}- Groundwater

- GW_East
GW_West
GW_MainCertral

- GW_MainUpper

. GW_MainLower

= Rivers

= Main River
Below Main River Headflow
Below West River Irflow
Below East River Inflow

. Relruw Snena Inflow

734 of 4831 cells selected

BE e §|
£ Layers

i} Linkage Shapefie
|| Recharge 5P1

B L=

2995

- MODFLOW [ B I

St_Head L1 Rechange SPE Rech:
Recharge SP1 Recharge SP7 Rech
Recharge SP2 Recharge 5P Rech:
Recharge SP3 Recharge SP3 Rechi
Recharge 5P4 Recharge SP10 Rechi
Recharge SP5 Recharge SP11 Rechi

¢ X:12657 Y:12007 L@?I

2. Highlight C_MainUpper in the Branch-Viewer and click Add Attribute to Linkage File. This will write

the Branch’s name to the linkage file.

3. Highlight GW_MainUpper and click Add Attribute to Linkage File.

BLsB2E®R||~wW .

Blsmaei-w
[Add attribute to Linkage File] - |Add sttribute to Linksge File| =
e - C_MainUpper
- C_West . C_MainLower
- C_MainUpper [ Groundwater
. C_MainLower . GVW_East
- Groundwater . GW_West
. GW_East .GV _MainCertral
GEW West .. G\W_MainUpper
PTYaT M — . GW_MainLower
=1~ Rivers
= Main River
... Below Main River Headflow
Below West River Inflow

3. Repeat Steps 1 and 2 for the other Catchments

4. Highlight the Parent-Branch Catchments and look at the Linkage File Preview:
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ey

- C_MainUpper

.. C_MainLower

=1 Groundwater

.. GVW_East
GW_West

- GW_MainCertral

- GW_MainUpper
GW_MainLower

=- Rivers

& Main River

Below Main River Headflow

Below West River Inflow

Below East River Irflow

- West River

Below West River Headflow

(=) East River

Ralnu East Bivar HazAmu

i1

B e e s
£ lapers

%, Catchments

[ Linkage Shapefils

MODFLOW %
St_Head L1 Recharge SP4
Recharge 5P1 Recharge SF5
Rechargs 5P2 Recharge SPE
Recharge 573 Recharge SF7

|

Linkaqe File Preview: Catchment

C_MainLower
C_MainCentral
C_wWest
C_MainUpper
C_East

|
A

IR
HH S HE R WA
HBE N W B

Il
T
L]

i
1]

X: 7867 V: -896 |7

WEAP-MODFLOW-Tutorial

Hard-Data-Approach




B Y Am—

3.8 Define Rivers in the Linkage File

In WEAP, a river is defined as a “chain” of reaches, sections between inflow or outflow nodes. Any
river reach requires to have a representation in the Linkage File.

There are two different ways to assign river reaches to the Linkage File. The method to choose
depends on how accurate you digitized the rivers in the WEAP Schematic beforehand. If the WEAP-
rivers are digitized very accurately with no overlaps of the river lines out of the blue river cells, you
should opt for method 2. If the rivers are digitized only roughly around the river cells, choose the first
method. Both methods are described in the following section.

Simplistic > Method 1 Accurate - Method 2

R
=10
East River =
®C MainCentral - @®C MainCentra |

Method 1:

The procedure to assign river reaches to Linkage File cells is similar to the procedure to assign
Catchments except that you start from Information you get from MODFLOW rather than from an
overlay shapefile.

1. In the MODFLOW-Viewer, browse to the Layer IsDrain and click select. The drain cells represent
the river Spring in WEAP.

b ] 200 of 4831 selected EE DR 0
Demand Sites
Catchments
Groundwater
B Rivers
= Main River
i-. Below Main River Headflow
i Below West River Inflow
- Below East River Inflow
i Below Spring Inflow
=~ West River
i... Below West River Headflow
- East River
i Below East River Headflow
= Spring
i Below Spring Headflow
t s LRI
g Layers @ \
i, catehments "
[ Linkage Shapefie -
MODFLOW ' B ’
Recharge SP20 Drain_Elev SP5 L1 Drain_
Recharge 5P21 Drain_Blev 5P6 L1 Dirsin_
Recharge 5P22 Drain_Bev SP7 L1 Drain_
Drain_Elev SP8 L1 Drain,
Recharge SP24 rain_Blev SPS L1 Dirain
( H Is Drain sin_Blev SP10L1  Drain.
in_Elev SP1L1 Drain_Blev SP11 L1 Drain,
- Drain_Blev SP12 L1 Dirain
Drain_Elev SP3 L1 Drgin_Blev SP13 L1 Drain,
Drain_Elev SP4 L1 Drain_BElev SP14 L1 Drain,
4 [l »
i
; [ X:-11333 v:11401 7
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2. Highlight the River-branch Below Spring Headflow in the Branches-Viewer and click Add Attribute
to Linkage File.

AliRER(~W
Add attribute to Linkage File 0

R Below Spring Inflow
E--West River
i... Below West Fiver Headflow
E| East River
‘... Below East River Headflow
- Spring

... Below Spring Headflow

m

1

The two drain cells are now linked to the WEAP river reach Below Spring Headflow.

3. Browse to the layer IsRiver in the MODFLOW Viewer to select River cells.

rAERE P W " 2of483L selected =EEIE2 0

- Below West River Inflow -
Below East River Inflow

i - Below Spring Inflow
- West River

- Below West River Headflow
(=} East River
: Below East River Headflow
[=)- Spring

- Below Spring Headflow

f R L= E-
£ Layes @
%k catchments
[ Linkage Shapefile -

o i

MODFLOW [

Drain_Cend SP14 L1 Drain_Cond SP21 L1 River,
Drain_Cond SP15 L1 Drain_Cond SP22 L1 River,
Drain_Cond SP16 L1 Drain_Cond SP23 L1 River,
Drain_Cond SP17 L1 Drsin_Cond SP24 L1 River.
Drain_Cond SP18 L1 |s River River. -
Drain_Cond SP19 L1 River_Stage SP1L1 River.

Drain_Cond SP20 L1 River_Stage SPZ L1 River.

< Lo | b

X -4483 v:15809 |7

4. Use LinkKitchen’s selection-tools to sub-select those cells corresponding to the WEAP-rivers.

E.g. Click and hold the Alt-Key while drawing a rectangle around West River in order to select from
selected river cells.
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5. Highlight the River-branch Below West River Headflow in the Branches-Viewer and click Add
Attribute to Linkage File.

6. Repeat the last two steps for all other river reaches.

The preview of the river-attribution should show an image similar to the image below:

@ BEQ@I-wW

GW_MainCentral

@ "y

EEIEE)

‘m

Linkage File Preview: RiverReach

GW_MainUpper B 1iain River Below EastRiver Inflow -
GW_MainLower D East River,Below East River Headfl T
=~ Rivers . Main River,Below West River Inflow N

= Main River W Main River Belaw Main River Headfow L,
i . Below Main River Headflow [ westRiver Beiow WestRiver Headflow T
Below West River Inflow . Spring,Below Spring Headfow H
Below East River Inflow [] Mo value (4529)
i Below Spring Inflow
[ West River
i . Below West River Headflow = i
(=} East River F
: Below East River Headflow -
1=} Spring H
- Below Spring Headflow = : = =
N i i
- B/=0 B ]
Y4 Catchments £ 5
[ Linkage Shapefile o
MODFLOW = B8 [° I I
St_Head L1 Recharge SP& Rech: =
Recharge SP1 Recharge SP7 Rech: il il
Recharge SP2 Recharge SP8 Rech:
Recharge SP3 Recharge SP9 Rech: 1 Ll
Recharge 5P4 Recharge SP10 Rech:
Recharge SP5 Recharge SP11 Rech: = =

X461 Y:5207 7

Save the Linkage File to disc by clicking on the Write Linkage File button
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I

|Write Linkage File

Method 2:

You can make WEAP “guess” the river reaches and drains in accordance to your digitizing rivers in the
Schematic. In order to make this procedure work, it is necessary to link WEAP and MODFLOW first.
Continue with the next chapter and once you are about to link with MODFLOW, click the Guess River

Point Linkages and Guess Drain Cell Linkages — Buttons (Chapter 3.11).

Background Shape File with MODFLOW Linkage Information ]SHAPE\Linkage.shp

MODFLOW Cell Row Field iMF_Rcrw _vj Catchment Name Field |CATCHMENT

MODFLOW Cell Column Field [MF_Col | Land Use Name Field {LANDUSE

Groundwater Name Field |GRDUNDWAT :j Demand Sites Name Fields [[825 00818 -
River Reach Name Field |RIVERREAC B!

Guess Groundwater Linkages i Guess Demand Site Linkages I Guess River Point Linkages

|pEMman

*MF_Row ’MF_CDI |mF RC |CATCHMENT |LANDUSE  |GROUNDWAT |RIVERREAC  |DEMANDL

0101

0102

01-03

0104

0105

01-06

01-07

01-08

01-09

BT- NN RO S VTR i

—
=

01-10

-
e

01-11

g = ey oy g gy ey g gy ey

i~

01-12

Note: it is good practice to save the linkage file frequently in order to not lose your edits. The file is
overwritten every time you save it.
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3.9 Setthe FLOW-STAGE-WIDTH relationship

In order to allow WEAP to calculate river-related functions correctly, you need to assign a parameter
called “Flow-Stage-Width relationship”. This parameter (or set of parameters) describes the physical
properties of a river and its riverbed and is the basis for WEAP to calculate groundwater-river-
interactions. If you set up a WEAP-model based on the information from a MODFLOW model, it is
likely that the required information about rivers is missing.

LinkKitchen provides a rather pragmatic method to assign the Flow-Stage-Width relationship with
standardized parameters.

1. Switch to LinkKitchen and highlight the River Reach Spring, Below Spring Headflow.

2. Click the £ - Command to open the Flow-Stage-Width-Dialog. The following Window shows nine
images of rivers of various sizes. Left-click on the top left image (this one should come closest to a

spring).

The show fivers . slopes andflow volumes
Select the one that looks most alike the selected Rver Reach
Right-click on an mage to change nver parameters f necessary.

Flow Gradient:

Flow
Volume

LinkKitchen will produce a Flow-Stage-Width-curve based on parameters stored with the image (see
the LinkKitchen manual for further details).

3. Click the WEAP-button to send the curve to WEAP and check the result.
Supply and Resources = River = Below Spring Headflow = Reaches = Physical = Flow Stage Width

Data for: | Current Accounts (2000) | 2% Manage Scenarios (L) Data Expressions Report
Inflows and Outflows ) { Physical Water Quality ) Cost )

Distance Marker J3L IR TS

Enter data relating river stage and width to flow. Use Flow-Stage-Width Wizard. To use values from upstream reach, leave blank. Only required if modeling non-conservative constituents or if linking % Help
to MODFLOW. E—

Reach | 2000 |
Below Spring Headllow | FlowStageWwidihCurve(0.4,0.4.2.14, 0.56,05,2.22, 0.737,0.6.2.32, 1.93.0.7,2.44, 1.141,0.8.2.57, 1.371,0.9,2.72, 1 621.1.2.89,1.894,1.1,3.08, 2.192.1.2.3.28. 2.518.1.3.2.5); - proposed by Linkkiichen..|

Note that the curve can be changed in WEAP using the Flow-Stage-Width-Wizard.

Repeat steps 1-3 for all other Rivers.
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3.10Send Linkage File Data to WEAP

In the currently used approach, you use the initial MODFLOW model inputs in WEAP rather than any
of the WEAP built-in models for calculating groundwater recharge. The groundwater recharge
retrieved from MODFLOW will be entered as input in WEAP instead.

Data View - Supply and Resources - Groundwater > Natural Recharge.

As a second obligatory parameter you need to enter catchment areas in WEAP
Data View - Demand Sites and Catchments - Landuse - Area

Both parameters are calculated by LinkKitchen and can be sent automatically to the correct input-
position in WEAP.

3.10.1 Send catchment areas to WEAP

Catchments’ areas are calculated by LinkKitchen and can be sent to WEAP by a single mouse-click:

1. Highlight the Catchments — parent branch and click the WEAP-button on the top toolbar

I U @
LinkageFile P

;- Demand Sites Calculate WEAP-data and
El Catchments send them directly to WEAP |C_MainLc
] ©_MainCe
O c_west
B c_mainy;

m

W C [ c_East
.. ©_MainLower
E| Gn:uundwater

2. Switch to WEAP and browse to Data View - Demand Sites and Catchments - Landuse - Area

Data for: [ Current Accounts (2000) ] |+ Manage Scenarios (L) Data Expressions Report
{  Land Use . Climate J Lossan d Reuse ) Yield J . Water Qualiy ) |
EZH < | recmerecponen] If the area’s units are not yet defined, you need to select

hectares as the area unit in order to make the entries visible.

ment| 2000 Scak  |unit |
34005; [ha] - caloulated by Link Kitchen 21092012 16:29 ha
7389; [na] - caleulated by LinkKitchen 21-09-2012 16:29 ha

I No data entered at this leve

The area distribution should look similar to the following:
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Datafor [Corrent Accounts (2000) ] 1 Mans ios (1) Data
Land Use Climate ) Loss and Reuse } Vield ) Water Quality ) Cost ) _ Advanced )
[ e | ersciveprcieion|
Enterthe and area for branch, b 2 Help
Range:0 and higher
2000 o [umt [ =
ar 34005 [ha - caculaed by LkKachen 21 092012 1628 ha
Eas 7388, [ba] - calcated by LirkKichen 21 092012 1829 ha L)
~wes ha
by LinKichen 21092012 16:23 ha
EP
e
)
2000 @
2000 ®
31000
000 [z
25000 =
2000 4
27000
5000 5
25000
26000 E
200
200 #
21000 =
2000 2
19000 4
18000 (]
217000 =
16000
pres 3
16000
13000 &
12000, B
11000
10000 L
s000
s000
7000
000
s000
000
3000
2000
\ 1000
T, o
[ . Cmest - Coarious
g
WEAP: 33001 Area: DSS-Tutorial | 2000-2001 (monthy) | Data View | Area: 2000, C_MainCentral = 34 005.0 ha B |

3.10.2 Send groundwater recharge to WEAP

The procedure to send natural recharge to WEAP is similar to sending catchment areas.

1. Highlight the Groundwater — parent branch and click the WEAP-button on the top toolbar
2. Switch to WEAP and browse to

Data View - Supply and Resources - Groundwater - Natural Recharge.

Note: LinkKitchen calculates all recharge-values as million m3 which is the default scale for natural
recharge in WEAP. Check and change the scale if necessary!

General - Units - Groundwater: change the scale to Million m?3,

The recharge values should look like:

Physical Water Quality )
Storage Capacity | Initial Storage | Maximum Withdrawal [[JEWSEREWENY vetnod |
WEAP. 7 Help. ‘
GetVakes rom_[2000 [sesle [um il
o I Vilon 3 E
ot ) MM 1634 Milion w3 3
oy | G MarCerd < o e Vil 3 =
SW Maillppar ol 210320121634 Million m'3
erer Exr 1634 Miln 3 g
[TE=]
L) Table | Notes |
Nl Recharge monts)
|
@ 5 il
0 @
2% I
3 Bl
z |z
& w
e S
2 =
2 g
2
z g
2 i
9 |
®
5
ott 2
2 =l
B G el
© st Su
3 g 3
> " 2
2
" &
5 10 |
e \ 9 P
s
7
o . = s
- . 5
2
4
3 2
* 1
\ : =
\ E
 —
@ Nw 0k o M ke Ny w s
- e s s a0 a0 A om0 a0 a0 om0 om0 2w
WEAP: 33001 Aves: DSS-Tutorial | 2000-2001 (monthly) | Date View | Licensed to: Markus Huber, geortools, Germany, untilSeptember 12, 2013 i |
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3.11Link WEAP and MODFLOW

After having entered the required data in both the Linkage File and WEAP, you are now ready to link
both models. This is done by:

e Loading the linkage shapefile to WEAP
¢ Set up the linkage in WEAP

Load the linkage shapefile to the WEAP schematic:
Add Vector Layer - select the linkage file (linkage.shp)

ITGW_M ainLower

@C MainLower

@ C_MainCentral

West River NI !
‘ iGW_MainCentraI

C West@_ :
= C East |

WewW West
GW _East

J{Main River

WEAP: 33001 || Area: DSS-Tutorial | 2000-2001 (monthly) | Schematic View | Licensed to: Markus Huber, geortools, Germany, until September 12, 2013

From the top menu, select:
Advanced > MODFLOW Link > MODFLOW Name File > MODFLOW/trans_modify_5f drain.mfn
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v¢] Link to MODFLGH [ X

[¥ Linkto MODFLOW

MODFLOW Narme File [MODFLEW\tans_modfy_5{_drain min =l View/Edit Packages v

Choase shape file that has MODFLOW linkage information |

Groundwater (5)
Other Supply

Dernand Site WEAP:
Catchment (5) Time steps per year 12

* Runoff/infiltration () Time step lengths (Days): 3L, 30, 31, 31, 28, 31, 30, 31,30,31, 31, 30
5 groundwater nodes (5 are linked to MODFLOW cells)

Transmission Link
Wastewater Treatment Plant
Return Flow

5 catchments (5 are linked to MODFLOW cells)
10 land use branches (5 are linked to MODFLOW cells)
7 river reaches (6 are linked to MODFLOW cells)

Run of River Hydro MODFLOW linkage file: SHAPE\Linkage.shp

Flow Requirement

I

Streamflow Gauge MODFLOW:
88 rows, 70 columns, 1 layers = 6160 total cells: 4 831 active cells, 1329 inactive cells, 0 constant hezd cells
Row width: varies from 200 to 1823690418431 Meter

MF_River trans_modify_SF._dr
F_Domain trans_ modify 5t | Column width: varies from 200 to 849.64067698651 Meter
Linkage Active cells linked to WEAP groundwater node: All are linked
EEM_ Active cells linked to WEAP Land Use Branches: All are linked
Confining beds: 0
Time unit: Day

BE
&l

Stress period length: 31 Days
Time steps per stress period: 3

'WARNING: No well file specified in name file.

Recharge file name: trans_madify_5f_drainsch

River Reach cells defined in River file (trans_modify_5f_drain.riv): 205
| River Reach cells linked to WEAP River Reach: All are linked

||

|

|

| Length unit: Meter

| I Siress periods; 24 (NOTE: Only one stress period will be used)
|

|

|

| NOTE: 7 duplicate River Reach cells (thiz iz not 3 problem): (see below for fist)
| Drain cells defined in Drsin file (trans_modify.57_drain.dm): 2
Drain cells finked to WEAP River Reach: All are linked
| Stress period is transient
| Flow package: LPF
| Value for inactive cells: 999; Value for dry cels: -85
| #* NOTE: 7 duplicate River Reach cells (this is not 2 problem):
| Row=11, Column=21, Layer=1
l
Il Row=25, Colurmn=29, Layer=L
| Row=54, Column=43, Layer=1
|
l
l
l
Il
|
|
l
|| “? Help [¥ Save every MODFLOW input and output file created (for each time step)--required to view cell results v
Il —_— J

\WEAP: 33001 | Area: DSS-Tutorial | 2000-2001 (monthly] | Schematic View | Licensed to: Markus Huber, geoitaols, Germany, until September 12, 2013

Choose your linkage shapefile and assign the respective attribute fields for Row and Column,
Groundwater, River Reach and Catchment (this should be correct by default).

If you have not yet assigned river reaches (because you opted for Method 2 in chapter 3.8), you
should now click on Guess River Point Linkages and Guess Drain Cell Linkages.

Background Shape File with MODFLOW Linkage Information iSHAPE\Linkage.shp

MODFLOW Cell Row Field IMF_Rcrw Catchment Name Field !CATCHMENT

MODFLOW Cell Column Field IMF_CUI Land Use Mame Field iLANDUSE

Groundwater Name Field 1GROUNDWAT A:j Demand Sites Name Fields DI:'M.AN-Dl vi

River Reach Name Field }RNERREAC _v_j

Guess Groundwater Linkages i Guess Demand Site Linkages I Guess River Point Linkages | Guess Drain Cell Linkages I

IMF_Row ’MF_CDI |mF RC |caTCHMENT |LanDUSE GROUNDWAT |RIVERREAC  [DEMANDL  |DEMAN »

01-01
01-02
01-03
01-04
01-05
01-06
01-07
0108
01-09
01-10
01-11
01-12

- R N - RV S VR A e

=
=

=
g

[y =y gy e gy g ey ey ey ey

i~

Click on the results-command and look at the result outputs like the groundwater levels (Supply and
Resources = Groundwater -» MODFLOW - Cell Head) etc.
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Area Edit View

Eavorites Advanced Help

Che Tabl
=7 ke V- |

3 MODFLOW CellHead ([ | [Meter ~|)

[Yesr: 2000 +| [Month: October v| [Scenario: Reference | ILayevll]

Results to Map Ml M.ﬂ;ﬁ S
 MODFLOW Cell Head =~ | y g
| Dermand Site Coverage |Mzz0te3zs P
(] Groundwater Storage | Wl 322st0520 (£
[ Infittration/Runoff Flow |l 3210t0325
7 Link Water Quali E | |
W[ MODFLOW Leakage Vol (Hsstenie
Net Cos |[[380to3195 | |
Results (] River Water Quality ‘ [ 3165103180
] Streamflow I Basstonso gy

| 15003165
[ 3135t03150
(B sz tosis
| O swste3120
| [] 3020103105
| 07.5t03090
| 3060103075
|l 3045 t0 3060
| [l 302.0t0 3045

Supply Requirement  _

] Add... Delete |

— Diversion M
% VI & Reservoir

VI Groundwater (5)
¥ ® Other Supply
VI® Demand Site
V1@ Catchment (5)
V-~ Runoff/infiltration (5) ~

(T

i

]
3n =
I

Ot MNov Dec  Jm  Fed  Mx A May Jm  Ji Ag  Sew O Nov D Jm  Fed  Mar A May Jm bl g Se
09 199 %9 00 2X0 200 X0 AN 20 200 2D 200 200 AGH 20 A0 0T NG 201 A0 A0 A0 A 20

g © 0 )

3001 | Area: DSS-Tutorial | 2000-2001 (monthly) | Results View  MODFLOW Cell Head: Row 63, Column 38, Value = 312.97 Meter ||\

[MODFLOW CeliHead ~| (Meten) [Row: 63+ [Column: 38 +| I
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4 WEAP-hydrology in linked models - Rainfall-Runoff

In the previous exercise, you entered groundwater recharge directly into WEAP as “Natural
Recharge” and delimited the catchments according to recharge zones in MODFLOW.

In the following exercises, the catchment names remain the same, but they correlate to different
spatial regions (surface water catchments). The Catchments are furthermore subdivided into Landuse
classes in order to reflect various water needs.

In addition, surface-runoff links are assigned to the catchment nodes (from the catchment to the
river).

In this chapter, WEAP will calculate the groundwater recharge based on its internal Rainfall Runoff
(simplified coefficient method) model.

4.1 Add Runoff links to the Schematic

In order to let WEAP calculate surface runoff, you need to add runoff-links from catchments to rivers
in the WEAP Schematic. Drag and drop a runoff-link from each Catchment Node to its corresponding
River.

‘ Catchment Runoff link to Headflow yes/no
C_MainUpper Main River No
C_West West River Yes
C_East East River Yes
C_Central Main River No
C_Main Lower Main River No

g .GW_Mainlower
WL §C_MainLower

T _East River ‘

€ East B ‘
GW_East

T @ MainCentral
West River

¥
B GW_MainCentral

C_westg”

HGW_West
[ Main River

" spring
C_MainUppér
[ 3

m
GW_MainUpper

WEAP: 33001 Area: DSS-Tutorial | 2000-2001 (monthly) | Schematic View | Licensed to: Markus Huber, geortools, Germany, until September12, 2013

WEAP-MODFLOW-Tutorial 31/45 Rainfall-Runoff-Model




B Y Am—

4.2 Assign catchments and Landuse Classes to the Linkage File.

1. Add Sub-branches to each of the Catchments.

In the Data-View: right-click on the Catchment - Add - type the name of the sub branch as specified
in the table below:

Catchment Landuse class

C_East unirrigated
C_East urban
C_MainCentral unirrigated
C_MainLower unirrigated
C_MainLower urban
C_MainUpper forest
C_MainUpper irrigated
C_MainUpper pasture
C_MainUpper shrub
C_West forest
C_West pasture
C_West unirrigated

2. Switch to LinkKitchen and load the two files Catchment.shp and Landuse.shp as Overlays.

$|E-B g =0

g Layers
ﬁ’ Catchment

Tﬁ’ Landuse

f Linkage Shapefile

) 3. Set Layer Catchment to be selectable

BR®* § |- 2= 1A
£ Layers o byl - 4. Set Layer Catchment’s Label to “Catchment”

Catchment Catchment
q | |

ﬁ Landuse &
[ Linkage Shapefile -

5. Right click into C_MainUpper and click on Select Cells from Overlay 21}
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6. Highlight C_MainUpper in the Branch Viewer and click Add Attribute to selected Cells.

7. Highlight GW_MainUpper in the Branch Viewer and click Add Attribute to selected Cells.

Repeat steps 5-7 for the other Catchments and Groundwater nodes.

8. Set Layer Landuse selectable and assign Landuse-Classes to the Linkage File. The procedure is
similar to steps 5-7.

9. Send the Area data to WEAP

iew General Tree Advanced Help
DSnand BEgsnd Calchmente Dats for: [ Current Accounts (2000) | | Manage Scenarios () Data Expressions Report
£ C_MainCentia
uriigated (" Landuse Climate Loss and Reuse Yield Water Quali Cost Advanced
Ll { J J J ity ) J J
uniigated Ke | Effective Precipitation |
I uban
-0 West Enter the land area for branch, or branch's share of land ares from branch sbove. 7 Hel
forest (BT
pastute Range: 0 and higher N
uninigated Dremand Sitss and Catohment] 2000 [Scale_[unt -
1 C Mainioce ] . Mainllpper [ -
H:l farest forest 2623 [hal - caloulated by LirkKilchen 22092012 14:33 ha |E
- iigated inigated 7121; Ihal - calculated by LinkKilchen 22092012 14:33 ha B
pasture pastue 23567, [hal - calculated by LinkKilchen 220820121433 ha
shiub shiub 7388; ha] - caleulsted by LinkKitchen 22.09-201214:33 ha
m' = C_MainLower
@) - uninigated
wban Table | Notes |
Supply and Resources
Key Assumptions Area
Water Qualiy |
@ Hydrology *
Ot Assumptions 24000 il
23000
2o L3
21000 i
20000 =
19 000 =
18 000 &g
17 000 o
16 000 m
15 000 =
14000 2
13000
& 2 2000 E
11000 =
10 000 2
o0 ]
B
8000
o0 2
5000
i 5000
4000
2000
2000
% 1000
e a
13 frest Frgad pasure st
4 I
WEAP: 33001 | Area: DSS-Tutorial | 2000-2001 (monthly) | Data View | Licensed to: Markus Huber, geottools, Germany, until September 12, 2013 i
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4.3 Data input in WEAP

Additional inputs at catchment level are precipitation and reference evapotranspiration (ETref). Crop
coefficients (Kc) are entered at Landuse class level. These inputs are read into WEAP using the
ReadFromFile-function. The file from which to read data is named INPUT_DATA.csv. Copy the file into
the TimeSeries-Folder in the WEAP area-directory.

4.3.1 Enter precipitation

1. In the Data View, select C_MainCentral and activate Climate = Precipitation.

2. Click on the arrow besides the data-entry box and select the ReadFromFile Wizard.

Land Usze ) | Clirmnate Loszz and Reuse .
. R . 4

|

Monthly Precipitation

Demand Sites and Catchment| 2000 S
C_MainCentral |E bl

Expression Builder

Table =  Monthly Time-Series Wizard
ReadFromFile Wizard

3. Open the file \TimeSeries\INPUT_DATA.csv

4. In the lower pane, select the data column Precipitation and click Finish.

CSV File Name iTImESE[IES\FAU_METHDD_|NPUT_DATA.CSV Maonthly, Oct 1999 - Sep 2001, 6 data columns, 24 data rows
Show on Dis ] e o | Table | Tedt |
Ehatt 4t Column tingt Missing | 100 =
Right? . == .
| I [3Kcshrub ? | 0ct1999 - Sep 2001 0 s 2 0 E 60 ‘\\ \ il
| | | ] =
™ |4KcForest 7 |0ct1999 - Sep 2001 0 12 N of |l € A \ / \ /'
= |5KeUnir 7 |Oct1o99-Sep2001 | 0 1 0 A 0| = G | / \ FUN |
= e ——— T T T f 3
76 PRECIPITATION |mm | Oct 1999 - Sep 2001 0 m 52 M of (4 G- e b Mr kMg 0N Dk P A am sy | P
= 1999 1990 2000 2000 2000 2000 2000 2000 2001 2001 2001 2001 ¥
Base Year First Year Last Year
Data Column Data from to Use to Use
=2 ll[6 PRECIPITATION[mm] [ jo00 -] |w00 | j201 «
o
& I~ Annual Total [~ Monthly Average I Percent of Time Exceeded
w 100 = |
° S TT—— e
iT 80 ™ /‘ S S -
= . \ 5
EN E e \ \ =
£
£ e \ \ /|2
= A
B \ / \ /%
ol \ / \ / =
Ot MNov Dec  Jan  Feb  Mar  A¥  May Jum  Ju Aug  Sep Ot MNev  Dec  Jen  Feb  Mer A May  dun Jul A Se
1938 1999 1999 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 0T 2001 2001 2001 2001 2001 2001 2008 200 %l
Demand Sites and Catchments\C_MainCentral:Precipitation[mm] = ReadFromFile(TimeSeries\FAQ_METHOD_INPUT_DATA.csv, 6)
? Help & Finish X Cancel |

5. Repeat steps 2-4 for the other Catchments
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4.3.2 Enter ETRef

ETrer is entered the same way as precipitation but with the data column [ET].

4.3.3 Enter Kc

Go to Landuse — Kc and enter Kc values for each Landuse Class the same way as precipitation and
ETRef-

Landuse Classes Irrigated and unirrigated retrieve values from the same data column (unirrigated).

(For details on the Rainfall Runoff (simplified coefficient method)-model, see WEAP-help and FAO
Irrigation and Drainage Paper No. 56 “Crop Evapotranspiration”).

4.3.4 Enter Runoff- and Infiltration fractions

The total runoff volume can be fractioned to surface runoff and groundwater recharge:
Supply and Resources - Runoff and Infiltration - from catchment (C_...) - to ...~ Runoff Fraction

Enter a value of 50% for each link.

4.3.5 Run the model and browse the results

The result below shows the calculated recharge- and runoff-flows from C_MainLower.

Area Edit View Favorites Advanced Help
l’x\j Chart | Table m
Se- Infiltration/Runoff Flow ([Million -] [Cubic Meter ]}
Year: 2001 | [Month: January v | [Scenario: Reference w| I Annual Total [~ Monthly Averzge
Results to Map -l =
wiinfiltration/Runoff Flow : g
Demand Srie Coverage
Groundwater Storage =3
Link Water Quality 8
MODFLOW Cell Head |2 =l
MODFLOW Leakage Vol 48
Net Cast [=]
Results River Water Quality
Streamflow - . B
B e GW_MainLower I
D] .. ! -
XY
R . N
¥l — Diversion | \ ~ &
v, Reseron : \ 3.1
I Goomta ) || ~ . ainLower
¥I® Other Supply \ -
\ g
1® Demand Site (1) \ /’
VI® Catchment (5) \ P
V-~ Runoff/nfiltration (10) ~ 3 1 1
. i = '
Infiftration/Runoft Flow | (Million Cubic Meter)
150 ¥ — Runoff/Infiltration from C_MainLower to GW_MainLower | & &g
ot v Runoff/Infiltration from C_MainLewer to Main River il
™ — Runoff/Infiltration from C_MainUpper to GW_MainUpper =
C iltration from C_MainUpper to hain River @
} I~ — Runoff/Infiltration from C_West to GW_West *
o = =) I Runoff/Infiltration from C_West to West River v
Ot Nov Dec Jm Fer M A My Jn M A Se 0o Nov D Jm Feb Mer Ao May Jn bl A Sy
19 fwe i 200 0 00 AW 20 200 0K A0 N0 20 K A0 01 A0 A0 AW 2T 1 01 A0 200 v
Q ) 0 o
WEAP: 33001 | Area: DSS-Tutorial | 2000-200L (monthly) Results View | Infiltration/Runoff Flow: Runoff/Infiltration from C_MainLower to GW_MainLower, Aug 2001 = 0.00 Million Cubic Meter
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5 Common tasks

The following part of this tutorial will give you some workarounds for dealing with common modeling
challenges. It does make no claim to be complete nor does it pretend to show the one-and-only
solution for any of the problems presented. But you might use some of the shown approaches as the
starting point for your own modeling work.

The descriptions hereafter are reduced to the basic implementations and parameter setting. If you
want to visualize the impacts of each task on the system, you should apply the changes on scenarios
and compare the results with the reference.

5.1 Abstraction for irrigation

There are multiple ways to introduce irrigation abstraction. The two most commonly applied ways
are:

1. Define a Demand Site and enter the abstracted water directly
2. Let WEAP calculate irrigation demand based on climate and crop parameters

For the former, there is no need to care about the climate or what types of crop are grown. This
method is easier to implement but very inflexible when it comes to build scenarios. The later requires
more data to enter but gives better performance for future planning.

The following chapters will show both approaches.

5.1.1 Add irrigation abstraction by demand site

1. Drag and drop a new demand site onto the Schematic View and name it “Irrigation”.

2. Drag and drop a transmission link from groundwater GW_MainUpper to the new demand site
"Irrigation".

C_West@
»
Irrigation

a WGW West

Main River

Spring

GW_MainUpper C_MaiaUpper

3. Enter the water abstraction for irrigation under:
Data-> Demand sites and catchments - irrigation - water use - Annual water use

The irrigation demand is 30 million m® per year. As water is needed only during the months of May
and June, the annual irrigation is fractioned with the percentage (40%) in May and (60%) in June. This
is entered at
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Data—> Demand sites and catchments - irrigation - water use - Monthly Variation
Using the Monthly Time Series Wizard.

4. As WEAP needs to know from which cells to abstract water from, you need to update the Linkage
File with that information. It is assumed, that water is abstracted from wells located all over the
irrigated area.

Switch to LinkKitchen and highlight the Landuse Class C_MainUpper/irrigated in the Branch Viewer.

5. Click the Select Attributed Cells-Button.

6. Highlight Demand Site Irrigation and click Add Attribute to Linkage File. Now, every cell located
within the Landuse Class “Irrigated” supplies Demand Site Irrigation.

-~ W @ Yy i [ | ¥ 520 of 4831 selected BIER O
Linkage File Preview: DemandSite
[=- Demand Sites [
T i Inigation — | Il 'rigation
[ Catchmerts [ me value (4311)
1 C_MainCentral E
unimgated
= C_East L.
i - uninigated
: urban
= C_West
© o forest
i i pasture
{ . unimigated
= C_MainUpper
i forest
;- imgated =
| : nach s E
B BASH
|| Landuse
i catchment >3
[ Linkage Shapefile E
MODFLOW (5 8 [
St_Head L1 Recharge SP& Rech:
Recharge SP1 Recharge SP7 Rech:
Recharge SP2 Recharge SP8 Rechi
Recharge SP3 Recharge SP9 Rech:
Recharge 5P4 Recharge SP10 Rech:
Recharge SP5 Recharge SP11 Rech:
<[] b
X 15776 ¥: 25257 [ ;7

7. Save the Linkage File to disc and go back to WEAP.
8. Re-load the Linkage File if necessary and run WEAP. Browse the results

5.1.2 Add irrigation abstraction to a Landuse Class

Modelling irrigation demand by a WEAP-internal model requires a connection from groundwater to
the catchment. Further specifications, like from which cells to withdraw water and on which cells to
apply water, are defined in the Linkage File.

The water demand is controlled by the crop parameter Kc and by the climate parameters
precipitation and ET. WEAP will calculate water demand, if the plant evapotranspiration is higher
than precipitation.
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1. Drag and drop a transmission link from GW_MainUpper to
C_MainUpper

-
GW-.MainUpper .

2. Set the demand priority to 1

3. Switch the irrigated Landuse Class to irrigated:
Demand Sites and Catchments—>C_MainUpper->Irrigation->Irrigated = 1

Data for: Cum':nt Accounts (2000 vI £ Manage Scenario
Land Use ) ~ Climate ) 1 Irrigation ]

@ Irrigation Fraction | Pump Layerl

Enterl if area is irrigated; 0 otherwise. This value must be tl

Range:0tol

C_tainUpper|Irmigated

forest ]
imigated 1
pazture i]
shrub a

4. Run the model and evaluate the results in the results view.

= Frecpaton

= lingation
I Fiow to Groundwater
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I

Spﬂng

C_MainUpper

E.g. Land class inflows and
outflows:

You can see irrigation
takeing place during the
months May and June
when ET is high and
precipitation is low.
Although precipitation
remains low during July and
August, there is no need to
irrigate as the crops are
already harvested.
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The purpose of this exercise is to investigate the impact of changes in land use on the groundwater
recharge. In order to emphasize the changes, the total runtime of the model is extruded to 10 years.

General . Years and time steps - last year of scenarios = 2009

Land use 2000 Land use 2010

GW_MainLower GW_MainLower

C_MainLower C_MainLower

MainRiver MainRiver

C_MainCentral

C_MainUpper (1}

C_MainUpper

5.2.1 Urbanization

C_MainCentral (1

Storyline: Urban areas grow towards extending over the entire catchment areas of C_East and
C _MainLower until 2010. Infiltration vanishes and the entire precipitation runs off the rivers.

1. Let WEAP repeat time-dependant data each year (precipitation, ET, Kc):

CSV File Name iTImaGEHes\FAEIiMETHEIDJNF‘ULDATA cav Menthly, Oct 1999 - Sep 2001, 6 data columns, 24 data rows.

Show on - Tabre| Tet |

Chart at Data Unit Dates Min | Max | Mean s

Rightt Column Data | Missing i
™ [3KeShub 7 |0ct1999 - Sep 2001 s| o u 0 S
T |4 KeForest 7 |Oct1999 - Sep 2001 12 i 0 E ;g
5 Kelnirr 7 |Oct1699 - Sep 2001 [ e )
[

5 PRECIPITATION |mm | Oct 1993 - Sep 2001 e e ey Al ot Bec b ke am o
1993 1989 2000 2000 2000 2000 2000 2000 200 2001 2001 2001

Mum | Num

+ i)

coloo
“
13

|« @€ 51 [

BaseYear  First Year Last Year

Data Column Data from to Use to Use Cycle?
= [6PRECIPITATION[mm] 2000 ~ 2000 ~ 2001 ~ [Cce S
8
§
= I~ Annual Total I~ Monthly Average I~ Percent of Time Exceeded
w 100
2 80
i - g
E E &0
E EE 40 -
°
o 20 @
& : : i ‘ ey ‘ S ‘ 1 g

©ct Jan Ape Jul Ot Jen Apr Jul Oct Jan Apr Jul Ot Jan Apr Jul Oct Jan Ape Jul Oct dan Ar Jul Ot Jan Apr Jul Dot Jen Apr Jul Oct Jen Apr Jui OCt Jan Apr Jul
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Demand Sites and Catchment: _MainLower:Pr ion[mm] = ReadFromFile(TimeSeries\FAO_METHOD_INPUT DATA.c5v,6,,,, ., Cycle)

? Help o Einish | X Concel |
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2. Increase the surface runoff fraction from 50% in the year 2000 to 100% in 2009 and reduce the
fraction for groundwater recharge accordingly:

Supply and Resources = Runoff and Infiltration = from C_MainLower = Runoff Fraction
Supply and Resources = Runoff and Infiltration - from C_E ast-> Runoff Fraction

To interpolate the yearly fractions use the functions Interp(2009, 100) and Remainder(100).

Runoff Fraction (monthly)

100 .
~— to GW_MainLower

— to Catchment Inflow Node 5

95

90

85

80

75

70

Runoff Fraction |

Percent of outflow to each destination. Only required if using Simplified Coefficient Methc
Wizard.
Range: 0to 100 Default: 100

[unit |

share

|5ca\e
Percent

2000 |2001-2009
Remainder100]

Interp(2009,100]

froomn C_M ainLawer
to G _MainLower 50
to Catchment Inflow Node 5 50

65

Percent  share

60-

55

50

% share

45

40|

35

30

25

20

0 - T T T T T T T T T T
Oct Feb Jun Oct Feb Jun Oct Feb Jun Oct Feb Jun Oct Feb Jun Oct Feb Jun Oct Feb Jun Oct Feb Jun Oct Feb Jun Oct Feb Jun
1999 2000 2000 2000 2001 2001 2001 2002 2002 2002 2003 2003 2003 2004 2004 2004 2005 2005 2005 2006 2006 2006 2007 2007 2007 2008 2008 2008 2009 2009

5.2.2 Irrigation growth

Land use class unirrigated is changed to be irrigated from the year 2001 onward.

1. Add transmission links from the groundwater to the catchment for the catchments C_MainUpper,
C _MainCentral and C_West.

2. Within these catchments, set the land use classes unirrigated and irrigated to be irrigated (1)

3. Define an irrigation fraction of 75% (= overirrigation)

4. Run the model and browse the results
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5.3 Domestic water supply from well fields

In this chapter, you will introduce two domestic demand sites (Cityl & City2), which are supplied by
local well fields. You need to make entries in both WEAP and the Linkage File for this to work.

1. Dragand drop two Demand Sites (City 1 and City 2) onto the Schematic.
Add a Transmission link from GW_MainUpper to City 1 and another transmission link from
GW_MainLower to City 2.

3. Set the Annual Water Use Rate for both Cities to 20 Million m3,

Set the Consumption to 100%: Demand Sites and Catchments - Water Use - Consumption
5. Switch to LinkKitchen and load the overlay-layer Wellfields.shp which indicates the location
of the two wellfields.

L) W N ] y w0 @ " 00f4831 selected El=lNE 0

B
B
(&
Y
W
=

=
H
s i6
@8

[ Linkage Shapefie
[£] Recharge 3R1

@

MODFLOW [ B IE

Si_Head L1
Recharge SP1

o
9
&
FERTRT
TSRS Y

X911 Y:18119 [?

6. Select all cells of the top wellfields first and assign City 2 to the selected cells. Repeat the step
with the second wellfield. The preview should look like:

Linkaqe File Preview: DemandSite

[ Ne value (4818)

7. Save the Linkage File and reload it
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8. Run WEAP and browse for Cell-Head-results (Map-View)

LA
k')

The result shows a significant cone of depression around the cells you defined as Demand Site
“City2”.
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5.4 Artificial groundwater recharge

Modelling artificial recharge (e.g. injection wells) is similar to modelling abstraction. The only
difference is that water is not consumed by the demand site but returned to a groundwater node.
The location of the injection is defined by the demand-attribute in the Linkage File.

1. Add a Demand Site “Artificial Recharge” to the Schematic and set Annual Water Use Rate to
20 Million m3; set Consumption to 0%

2. Add a Transmission link from Main River to the new Demand Site and a Return Flow Link
from the Demand Site to groundwater GW_MainLower

City ArtificialRecharge

GW_MainLower
East River

C_MainLower“‘

“@C_MainCentt

‘. GW_Me

West River

3. Switch to LinkKitchen and link some cells to Demand Site ArtificialRecharge. The preview
should look similar to the image below:

LNl ) 5 B | “ 30f4831 selected BRI E
. Demand Sites .
L.y 1 | Il ArificiaiRecharge B -
ArtficalRecharge | [ ci
-1 Catchments 12| | O novalue (2813) T
- C_MainCertrel | I
© L unimigated L
=C_East
i i-unimgated
i feuban
3 C_West
D forest
- pasture
¢ i.unimgated
=1 C_Mainlpper
D orest
| L] i
B R=-dE-3-
£ laes @ U,
L, Caichment ®
R Landuse &
[ Linkage Shapefile >
MODFLOW 5 B IF
St_Head L1 Recharge SPE Rech
Recharge SP1 Fecharge SP7 Rech:
Recharge SF2 Recharge SP8 Rechi
Rechamge SF3 Rechargs SF9 Rechi
Recharge SP4 Recharge SP10 Rechy e S B o W AW AR R AWM WU EEREEER A o B s |
Recharge SP5. Recharge SP11 Rech
«[m] v
%2034 ;41836 ;7

4. Save the Linkage File and go back to WEAP

5. Browse to the Cell-Head-results

WEAP-MODFLOW-Tutorial 43/45 Common Tasks




BGR
N £

Injecting water has a similar effect on the groundwater table as withdrawal but in the opposite
direction. The effects of withdrawal and artificial recharge are visualized in the Map Window and as
3D-chart (s. images below left and bottom). Image below right shows the annual flows as calculated

Transmission Link Flow, Return Link Flow ([Wilion. ] [Cubic Meter <]
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5.5 Climate Change

The possible impacts of climate change on surface runoff, groundwater levels and spring flow are (at
a simplistic glance on that complex subject) driven by changes in the parameters precipitation and
evaporation.

In order to visualize the impacts of climate change, create a new scenario “Climate Change” and
change the following parameters for every single catchment:

e ETges > Growth(3%)
¢  Precipitation - Growth (-3%)

Run WEAP and browse to the result for groundwater storage.

The comparison of the two scenarios climate change and reference shows the effect of climate
change on groundwater storage over time
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WEAP: 33001 | Area: DSS-Tutorial | 2000-2000 (monthly) | Results View | Groundwater Storage: Reference, Mar 2004 = 133.56 Million Cubic Meter

WEAP-MODFLOW-Tutorial 45/45 Common Tasks




