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4 WEAP Tutorial

Introduction

WEAP® is a microcomputer tool for integrated water resources planning. It
provides a comprehensive, flexible and user-friendly framework for policy
analysis. A growing number of water professionals are finding WEAP to be a
useful addition to their toolbox of models, databases, spreadsheets and other
software.

This overview summarizes WEAP’s purpose, approach and structure. The
contents of the WEAP tutorial are also introduced; the tutorial is constructed
as a series of modules that takes you through all aspects of WEAP modeling
capabilities. Although the tutorial itself is built on very simple examples, it
covers most aspects of WEAP. A more complex model presenting those
aspects in the context of a real situation is included with WEAP under the
name “Weeping River Basin”. A detailed technical description is also
available in a separate publication, the WEAP User Guide.

Background

Many regions are facing formidable freshwater management challenges.
Allocation of limited water resources, environmental quality, and policies for
sustainable water use are issues of increasing concern. Conventional supply-
oriented simulation models are not always adequate. Over the last decade, an
integrated approach to water development has emerged that places water
supply projects in the context of demand-side issues, water quality and
ecosystem preservation.

WEAP aims to incorporate these values into a practical tool for water resources
planning. WEAP is distinguished by its integrated approach to simulating
water systems and by its policy orientation. WEAP places the demand side of
the equation - water use patterns, equipment efficiencies, re-use, prices and
allocation - on an equal footing with the supply side - streamflow, groundwater,
reservoirs and water transfers. WEAP is a laboratory for examining alternative
water development and management strategies.

WEAP is comprehensive, straightforward, and easy-to-use, and attempts to
assist rather than substitute for the skilled planner. As a database, WEAP
provides a system for maintaining water demand and supply information. As a
forecasting tool, WEAP simulates water demand, supply, flows, and storage,
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Tutorial Overview 5

and pollution generation, treatment and discharge. As a policy analysis tool,
WEAP evaluates a full range of water development and management options,
and takes account of multiple and competing uses of water systems.

WEAP Development

The Stockholm Environment Institute provided primary support for the
development of WEAP. The Hydrologic Engineering Center of the US Army
Corps of Engineers funded significant enhancements. A number of agencies,
including the World Bank, USAID and the Global Infrastructure Fund of Japan
have provided project support. WEAP has been applied in water assessments in
dozens of countries, including the United States, Mexico, Brazil, Germany,
Ghana, Burkina Faso, Kenya, South Africa, Mozambique, Egypt, Israel, Oman,

Active
® Completed

The WEAP Approach

Operating on the basic principle of a water balance, WEAP is applicable to
municipal and agricultural systems, single catchments or complex
transboundary river systems. Moreover, WEAP can address a wide range of
issues, e.g., sectoral demand analyses, water conservation, water rights and
allocation priorities, groundwater and streamflow simulations, reservoir
operations, hydropower generation, pollution tracking, ecosystem requirements,
vulnerability assessments, and project benefit-cost analyses.
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6 WEAP Tutorial

The analyst represents the system in terms of its various supply sources (e.g.,
rivers, creeks, groundwater, reservoirs, and desalination plants); withdrawal,
transmission and wastewater treatment facilities; ecosystem requirements,
water demands and pollution generation. The data structure and level of detail
may be easily customized to meet the requirements of a particular analysis, and
to reflect the limits imposed by restricted data.

WEAP applications generally include several steps. The study definition sets up
the time frame, spatial boundary, system components and configuration of the
problem. The Current Accounts, which can be viewed as a calibration step in the
development of an application, provide a snapshot of actual water demand,
pollution loads, resources and supplies for the system. Key assumptions may be
built into the Current Accounts to represent policies, costs and factors that affect
demand, pollution, supply and hydrology. Scenarios build on the Current
Accounts and allow one to explore the impact of alternative assumptions or
policies on future water availability and use. Finally, the scenarios are evaluated
with regard to water sufficiency, costs and benefits, compatibility with
environmental targets, and sensitivity to uncertainty in key variables.

Program Structure

WEAP consists of five main views: Schematic, Data, Results, Overviews and
Notes. These five views are presented below.
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Tutorial Overview

Schematic:

This view contains GIS-based tools for easy configuration of your system.
Objects (e.g., demand nodes, reservoirs) can be created and positioned within
the system by dragging and dropping items from a menu. ArcView or other
standard GIS vector or raster files can be added as background layers. You can
quickly access data and results for any node by clicking on the object of interest.

WEAP: Weaping River Basin
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Data:

The Data view allows you to create variables and relationships, enter
assumptions and projections using mathematical expressions, and dynamically

link to Excel.
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Results:

The Results view allows detailed and flexible display of all model outputs, in

charts and tables, and on the Schematic.

WEAP: Weaping River, Basin
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10 WEAP Tutorial

Overviews:

You can highlight key indicators in your system for quick viewing.

WEAP: Weaping River Basin
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Notes:

The Notes view provides a place to document your data and assumptions.

WEAP: Weaping River, Basin H |Z||E|rg|
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< | > and the types of analysis that WEAF facilitates.

Essentially, the area depicts a river basin with
crowing problems of water shortages,
oroundwater depletion and environmental
pressures. These problems of the Reference
Scenario are addressed in a series of scenarios
emploving a variety of both demand- and supply-
oriented measures.

Area; Weaping River Basin MHotes View Registered to; Tellug Ingtitute
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The Tutorial Structure

This complete tutorial guides you through the wide range of applications that
can be covered with WEAP. The first three modules (WEAP in one hour,
Basic Tools and Scenarios) present the essential elements needed for any
WEAP modeling effort. The other modules present refinements that may or
may not apply to your situation.

Aside from the three basic modules, the tutorial modules are designed in a
way that they can be completed in any order and independently, as you see
tit. They all start with the same model that you will create after completing
the first three modules.

( WEAP in one hour )
- /
( Basic Tools |
S J
[ Scenarios }
Demand Analysis | § Supply Analysis
\ 7 \ /
§ Format, Data and Results | § Reservoirs and Power |
Production
. S - S
Water Quality ) i Hydrology
. S . >

Stockholm Environment Institute June 2005



12

WEAP Tutorial

Below is a list of all modules, starting with the three basic modules; the

bulleted points indicate the aspects covered in each module.

WEAP in one hour
O Creating a Study Area
O Drawing the Model
O Getting first Results
Basic Tools
O Creating and Using Key Assumptions
Q Using the Expression Builder
Scenarios
Q Preparing the Ground for Scenarios
O Creating the Reference Scenario
O Using the Water Year Method
Q Creating and Running Scenarios

Refining the Demand Analysis

O
O
Q

Disaggregating Demand

Modeling Demand Side Management, Losses and Reuse

Setting Demand Allocation Priorities

Refining the Supply

O
o
O
Q

Changing Supply Priorities
Modeling Reservoirs
Adding Flow Requirements

Modeling Groundwater Resources

Format, Data and Results

O

O
O
O

Stockholm Environment Institute
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Importing Time Series
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Tutorial Overview 13

Reservoirs and Power Production
O Modeling Reservoirs
O Adding Hydropower Computation
Q Modeling Run-of-River Power Plants
Water Quality
Q Setting up Quality Modeling
O Entering Water Quality Data
O Modeling a Wastewater Treatment Plant
Hydrology
O Modeling Catchments: the Rainfall Runoff Model
O Modeling Catchments: the Soil Moisture Model

Q Simulating Surface Water-Groundwater Interaction
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16 WEAP Tutorial

Creating a New, Blank Study Area

1. Establish a New, Blank Area.

You are now going to practice creating a new, blank area. When you open
WEAP for the first time, a project area called “Weaping River Basin” will
appear. Use the Area, Create Area menu option to make a new, blank area.

WEAP: Weaping River Basin
Area Edit wiew Schematic  General Help
g Create Area...  Chr+N =
[= open »
}ﬁ Manage Areas...

-~ dter

| = Chrlts hply
Save As... ite

t

Filration

ion Link.

er Treatment Plant

" —

er Hydro

irement

Save Version,..
@ Revert: to Yersion L4

E Manage Scenarios. ..
5 Print Setup
Edit User Info

=

0 Change Language F

Exit Alb+F4

|Area' ‘wieaping River Basin H Schematic Yiew || H Fegistered to: Chris Swartz, Tellus Institute |l

A window, as shown below, will appear in which you should click on the
“Initially Blank” option. In the next steps, you will be defining this area for a
specific geographic area of the world - so you can name the area based on this
selection if you like (e.g., My_Ghana_Area).

x

I arne; IM_I,I Ghana frea

Create new area
* |nitially blarnk

Az acopy of area: IWeaping River Bazin j

¢ Ok x Cancel

After clicking “OK”, you will get the following screen:
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IR

frea Edit  view Schematic General Help

& Reservoir
W Groundeeater
*

“Runcff/nfiltation
ransmission Link

@ st - = =
St F LI
mRun of F
Flovs Re

On the following screen, select the boundaries of your WEAP area.

—
O Courtry
@ Hajor Ri
1 [ v
|A|ea My Ghana &rea || Schematic: View || || Registered tor Chiis Swartz, Tellus Institute .:E|

Click “OK” again. In the next screen, you will select the geographic area for
your project from the world map that appears. Click once where you want to
begin drawing a rectangle around the area that your project will represent. A
green rectangle will appear around the area selected.

ol

Click and drag to select the rectangular boundary of your area [boundary will
be shown in green).

You can then use the slider bar on the lower left of the window to zoom into
this selected area.
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18 WEAP Tutorial

=

Click and drag to gelect the rectangular boundary of your area [boundany will
be shown in green).

] ;

— o

T G A [

" 0K x LCancel | :

Click on “OK” when you are satisfied with your area boundaries. Note that
you can modify these boundaries later by choosing “Set Area Boundaries” on
the pull-down menu under Schematic on the top menu bar.

-ioix]
Area  Edit  Wiew ’m General  Help

Set Area Boundaries

Sek WEAP Node Siee

Set WEAP Node Label Size

Set "Active in Current Accounks?

|
!
U Hide Al WEAP Objects
[
Copy Schematic to Clipboard...
mm_l
Rietun Flow

l EmRun of River Hudro

# Flow Fiequiremnent ﬂ

O Country
@ W jor Rivers

Change Priority Yiew

Results

Y

————— ) N

| Area My Ghana fiea || Schematic View || || Fiegistered to: Chiis Swartz, Tellus Instine o3|
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©

In WEAP, models are called “areas”.

Areas are limited by boundaries, which define the extent of the project area. If you
create a new area by copying an existing one, the boundary is kept identical to that of
the existing area. To modify boundaries once you have established a New Area, go to
Schematic on the menu, and choose “Set Area Boundaries.”

Note that if you want to start with a “blank” area, you can use the steps above to select a
geographic area over one of the oceans instead of a land mass.

2_ Add a GIS layer to the Area

You can add GIS-based Raster and Vector maps to your project area - these
maps can help you to orient and construct your system and refine area
boundaries. To add a Raster or Vector layer, right click in the middle window
to the left of the Schematic and select “Add a Raster Layer” or “Add a Vector
Layer”.

[ venw:rychanaea -Inix]

: Area Edit Wew Schematic General Help

Fiver =
Diversion

A Fleservoi

¥ M Groundwater

* Other Supply

[+ @ Demand Site

@ Catchment

> Runaft/nfilration
“Transmission Link

[+ @ wastewater Treatment Plant
~PRietum Flaw b
mmRun of River Hydio

M Flow Requiement ﬂ

—
O County
@ Major Rivers

Add Veckor Layer..,
Add Raster Layer. ..
Ovwerviews Editys

Delete,,

Z—"l Moye Up:
W [aye Dot
= Set Area Boundaties -
a [« I _>|J

| | Area My Ghana Area || Schematic View | || Registered to: Chiis Swarlz, Tellus Institute ;%

A window will appear in which you can input the name of this file and where
WEAP can find it on your computer or on the internet.

@

Background vector data can be added by clicking “Add Vector Layer”. WEAP reads
vector information in the SHAPEFILE format. This format can be created by most GIS
software.

A large amount of georeferenced data (both in vector and raster format) is available on
the Internet, sometimes for free; websites such as www.geographynetwork.com or
www.terraserver.com provide good starting points for a search. Beware that some of
the downloadable data might need GIS processing before being usable in WEAP,
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20 WEAP Tutorial

especially to adapt the projection and/or coordinate system.

3. Saving an Area

If you want to save this Area for your own use later, Use the “Area”,
“Save...” menu or press Ctrl+S.

-Ioix]

’E Edit View Schematic General Help
[ create area...  Crrl+h f
= open 3
ﬁ Manage Areas...

Save As..
Save Version...
@ Reverk ko Yersion 4

ion Link.
E Manage Scenarios. . er Treatment Plant

v
er Hpdio _I

iremnent i

é Print Setup
Edit User Infa

@ Change Language 4
Ers

Exit Ale+F4

) o

Area; My Ghana Area Schematic Yiew Fregistered to: Chris Swartz, Tellus Institute ;%

Setting General Parameters

We are now going to proceed with learning how to navigate through WEAP
and its functionalities. For the remaining exercises in this tutorial we will be
using a pre-defined Area called “Tutorial”.

To open this Area, on the Main Menu, go to Area and select “Open”. You
should see a list of Areas that includes “Tutorial” - select this Area.

1. Set the General Parameters

Once the Area opens, use the “General” menu to set Years and Time Steps
and Units.

Model the year 2000 with 12 time steps per year, based on calendar years and
starting in January. Keep the default (SI units) for now. Set the period of time
for which scenarios will be generated from 2000 to 2005.
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N,

The year 2000 will serve as the “Current Accounts” year for this project. The Current
Accounts year is chosen to serve as the base year for the model, and all system
information (e.g., demand, supply data) is input into the Current Accounts. The
Current Accounts is the dataset from which scenarios are built from. Scenarios explore
possible changes to the system in future years after the Current Accounts year. A
default scenario, the “Reference Scenario” carries forward the Current Accounts data
into the entire project period specified (here, 2000 to 2005) and serves as a point of
comparison for other scenarios in which changes may be made to the system data.
There will be a more detailed discussion of scenarios in an upcoming module.

WEAP: Tutorial =10l %]
Area Edit Wiew Schematic | General Help
—River L 3 "
Diversion Uniks
A Reservoll  yosker Quality Constitusnts
W Groundg Basic Parameters
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~Retun Flow e
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& Flow Requirement j

[ Rivers_Polygons
® Rivers_fics

[ cities
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] |

0 4 1 »
| Area: Tutarial | Schematic View || | Registered to: Chris Swartz, Tellus Instiue o}
1I
r~Time Hanizon
# ‘ Title ‘ Abbrev. | Length ‘ Beginz Ends
Current Accounts Year:l 2000 3:
_ = |1 January Jan 3 Jani Jan 31
Last ear of Scenaros:| 2005 3] |2 Februan Feb 2BFeh1  Fehom
| 3 March b ar 3 Marl tar 31
. 4 April Apr 30 Apri Apr 30
r—Time St Year———— | =
IS S (= e | 5 May May N Mayl  Map 3l
12 - | B .June Jun 30 Jun 1 Jun 30
| 7 duly Jul 3 Jul1 Jul 3
| 8 August Aug 31 Augl Aug 31
Time Step Boundany———— |3 September Sep 30 Sep 1 Sep30
' Based on calendar manth | 10 Dctober Oct 3 Oct1 Oct 3
Al time steps are equal length | 11 Hovember Maw 30 Mow 1 Mow 30
" Set time step length manually 12 December Dec 3 Decl  Decd  »|
—wlaterYear Stalt——————————
lﬁanuaf}' - The study period will rn from January, 2000 to December, 2005.
/ Close |
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22 WEAP Tutorial

shorter time step will increase the calculation time, especially when several scenarios

> The time steps must be chosen to reflect the level of precision of the data available. A
@
have to be calculated.

2. Save a version of your Area

Select “Save Version” under the “Area” menu. A window will appear asking
for a comment to describe this version. Type “general parameters set”.

e

Ares  Edit Wiew Schematic General Help

> Riiver = -
Diversion

A& Reservair

[ M Groundwater

® Other Supply
@ Demand Sits
® Catchment

~Runaff/Irfilration

~Transmission Link .

@ Wastenater Trea = =
~PRetuin Flow

I [w| mmFiun of River Hyd
P Flow Fequiremen Igeneral parameters set

——
] Rivers_Polygons

(vl @ Rivers_&ues Caneel |
[ cities
W rivers

Results

] |

=, of]

|A|ea Tutarial ” Schematic: Views || ” Redgistered to: Chris Swartz, Telus Institute _:E|

As with any other program, it is usually a good idea to regularly save your work in
WEAP. WEAP manages all the files pertaining to an area for you. Saving a new area
will automatically save the related files. The files are saved in the WEAP program
installation folder. You can manage the areas, export and import them, back them up
and send them per email using the Area..., Manage Areas menu.

<i i > WEAP also has a very convenient versioning feature that allow saving versions of a
model within the same area. Use the “Area”, “Save Version...:” menu to save a version,
and the “Area”, “Revert to Version” to switch to another version. You can switch
between recent and older versions without losing data. WEAP will automatically create
versions of your model every time you save. It is however better to manually create a
version of a status you really want to keep since WEAP will eventually delete old
automatic versions to save disk space, keeping only a few.
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Entering Elements into the Schematic

3. Draw a River

Click on the “River” symbol in the Element window and hold the click as you
drag the symbol over to the map. Release the click when you have positioned
the cursor over the upper left starting point of the main section of the river.
Move the cursor, and you will notice a line being generated from that starting
point.

WEAP: Tutorial Click and drag onto diagram to =1alx]
Area Edb View Schematic  Gene oreats
rsion
A Reservair
VI Groundwater
* Other Supply
V] @ Demand Site
@ Catchment
~?Runofi/Infitration
T ransrrission Link
@ wastewater Treatment Flant =

—Fietum Flaw e
I EmFun of River Hydro
# Flow Renuirement ﬂ

Results

1 Rivers_Polygons
® Rivers_tics

[ Cities

W rivers

Y L

————— of

| &rea; Tutorial | Schematic iew || | Riegistered to: Chris Swartz, Tellus Institute -

from where water will flow. You can edit the river course later on by simply clicking-

The direction of drawing matters: the first point you draw will be the head of the river
@
moving any part of the river to create a new point, or right-clicking any point to delete it.

Follow the main river, drawing from the upper left to the lower right, clicking
once to end each segment that you draw. You can follow the line of the river as
closely as you like, or you can draw a less detailed representation (below).
Zooming in on the river (using the zooming bar in the lower schematic window)
can help if you want to follow the rivers path more closely. You do not need to
draw a river on the branch coming horizontally from the left. You can also
adjust the river later if you want to add more detail.
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[ WEAP: Tutorial
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WEAP Tutorial

When you double click to finish drawing the river, a dialog box appears for
naming the river (see below).

Name the river " Main River".

o

Area Edit  View Schematic General Help

A

—Fetun “? Help |
mRun =

-0 TR

Optional Label for Schematic ="
Trans [Usze ; for line break) IMam River

| R

River

Hame IMain River

[ Rivers_Polygons
@ Rivers_tics

W rivers

# Flow Renuirement ﬂ

P

0—

VS of

|Area Tutarial

H Schematic View H

” Registered tor Chris Swartz, Tellus Institute .:E‘

You may also enter an optional label for the schematic presentation (a shorter

label can help to keep the schematic from becoming cluttered).
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You can move the river label to another location by right clicking anywhere
on the river and selecting "Move Label". The label will follow the cursor -
single click when the label is in the desired location.
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4. Enter Data for the Main River

To enter and edit data for the Main River, either right-click on the Main River
and select Edit data and any item in the list, or switch to the Data view by
clicking on the Data symbol on the left of the main screen. Select: Supply and
Resources/ River /Main River in the Data tree. You may have to click on the
“plus sign” icon beside the Supply and Resources branch in order to view all
of the additional branches below it in the tree.

Stockholm Environment Institute June 2005



26

WEAP: Tutorial

Area Edit Wiew General Tree Help

Results

- Key Assumptions
i Demand Sites
- Hydrology
=) Supply and Resources
. E-Ri

=101 x|
Data far: | Current Accounts [2000) 'l | Manage Scenarios.. [ [|

| Inflows and Outflows —— W'ater Quality )

Reach Length |

Headflow

Average monthly inflow at head of river

T Help I
|2000]5cale |2

River IGet alues from

tain River | Eriter Expression

o | o

[ T able | Nulasl

Headflow [monthiy]

M
u
<
1l
|
|
|
|
|
|
|
|
|
|
|
0 ¢

T T T T T
Jan Mar ity Jul Sep Mo

|Alea: Tutarial

|| D ata View

| Pegistered o: Chiis Swartz, Tells Institute J

WEAP Tutorial

Alternatively, you can use the Tree pull-down menu and select “Expand All”
to view all branches.
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The "Inflows and Outflows" window should be open - if it isn't, click on the
appropriate button. Click on the "Headflow" tab. Click on the area just
beneath the bar labeled “2000” in the data input window to view a pull-down
menu icon. Select the “Monthly Time-Series Wizard” from the drop--down

menu.
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SR
Area Edt Wiew General Tree Help
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Note that as you enter each data point, the data is shown graphically also. Do
not input or change any other data yet.

©

reaches.

WEAP divides up rivers into reaches (segments). Originally your river has only one
reach; as you add withdrawal and return points, WEAP will automatically create new

Stockholm Environment Institute
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5. Create an Urban Demand Site and Enter the Related Data

Creating a demand node is similar to the process you used to create a river.
Return to the Schematic view and pull a demand node symbol onto the
schematic from the Element window, releasing the click when you have
positioned the node on the left bank of the river (facing downstream) in the
yellow area that marks the city’s extent.

Enter the name of this demand node as “Big City” in the dialog box, and set the
demand priority to 1.

e
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The Demand Priority represents the level of priority for allocation of constrained
- resources among multiple demand sites. WEAP will attempt to supply all demand sites
z with highest Demand Priority, then moving to lower priority sites until all of the
demand is met or all of the resources are used, whichever happens first.
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Right click on the Big City demand site and select "Edit data" and "Annual
Activity Level". (This is the alternative way to edit data, rather than clicking
on the "Data" view icon on the side bar menu and searching through the data

tree.
WEAP: Tutorial =101 x|
Area Edit View Schematic General Help Annual Water Use Rate
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|Area: Tutarial H Schematic Yiew ||

You must first select the units before entering data. Pull down the "Activity
Unit" window, select "People”, and click “OK”.
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In the space under the field labeled”2000”, enter the Annual Activity Level as
800000.

il
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Next, click on the “ Annual Water Use Rate” tab and enter 300 under than year
2000.
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Finally, click on the "Consumption” tab and enter 15. Note that the units are
pre-set to “percent”.
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- Consumption represents the amount of water that is actually consumed (i.e. is not
returned in the form of wastewater).

6. Create an Agriculture Demand Site

Pull another demand node symbol into the project area and position it on the
other side of the Main River opposite and downstream of Big City.

Name this demand node "Agriculture”, and set the demand priority to 1.
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In the same manner as for Big City, enter the Annual Activity Level and
Annual Water Use Rate in the Data View for the Agriculture demand site
after first selecting "hectares" as the units (you may have to click on the
“plus” sign to the left of area in the tree in order to see all of the area options).

Annual Activity Level 100,000 hectares
Annual Water Use rate 3,500 m3/hectare
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Select the Monthly Variation tab and the Monthly Time Series Wizard to enter
the data below for the monthly variation in the water use rate.
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Finally, click on the Consumption tab and enter 90.
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@

The monthly variation is expressed in a percentage of the yearly value. It therefore has
to sum up to 100% over the full year. If you don’t specify monthly variation, WEAP will

prescribe a monthly variation based on the number of days in each month.

You could have created one single demand site integrating both urban and agriculture

demand. However, we will see later that this removes some of the flexibility in the

water supply priorities allocation.

Connect the Demand with the Supply

You now need to tell WEAP how demand is satisfied; this is accomplished by
connecting a supply resource to each demand site. Return to the Schematic
view and create a Transmission Link from the Main River to Big City and to
Agriculture. Do this by dragging the Transmission Link first to a position on
the river, releasing the click, then pulling the link to Big City and double
clicking on this demand node. Do the same for Agriculture, but start the
Transmission Link downstream of the one created for Big City.

Select a Supply Preference of 1 for each Transmission Link.
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©

The Supply Preference parameter allows you to define which source should be used in
priority to supply water to this Demand Site. WEAP will attempt to supply all of the
demand with sources having highest preference level, only using lower-level sources if

the high-level sources do not have sufficient supply.
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8. Create Return Flow Links

Now create a Return Flow from Big City to the Main River. Do the same for
Agriculture to the Main River. Follow the same "drag and release" procedure
as for the Transmission Links.

The return flow for the urban demand site should be positioned downstream of
the agriculture withdrawal point. In the flow direction, the sequence should be:
withdrawal for City, withdrawal for Agriculture, return from City, return from
Agriculture.
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Next, set the Return Flow Routing for the Big City Return Flow. Do this by
right-clicking on each Return Flow and selecting "edit data" and "Return Flow
Routing" or by going to the Data view/Supply and Resources/Return
Flows/from Big City. Do the same for the Agriculture Return Flow.

Set the Return Flow Routing to 100%.
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9. Check your Model

At this point, your model should look similar to the figure below.
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Getting first Results

1. Run the Model

Click on the “Results” view start the computation. When asked whether to
recalculate, click yes. This will compute the entire model for the Reference
Scenario - the default scenario that is generated using Current Accounts
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information for the period of time specified for the project (here, 2000 to 2005).
When the computation is complete, the Results view will appear.

x

® Results are out of date, Do you want to recalculate now?

Mo | Cancel |

2. Check your Results

Click on the Table tab and select “Demand” and “Water Demand” from the
Primary Variable pull-down menu in the upper center of the window (see
below). Also, click the “Annual Total” Box.
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If you have entered all data as listed in previous steps, you should obtain the
following annual demand values for each year (2000 to 2005) of the Reference

scenario:
Annual Demand for Agriculture 350 M m?
Annual Demand for Urban Area 240 M m?
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If you do not obtain those values go back to the “Data” view and check your inputs.

2 If you obtain an error or warning message read it carefully as it might reveal where in
your inputs is the discrepancy, or which step you skipped.

3. Look at Additional Results

Now, look at the monthly Demand Coverage rates in graphical form. Click on
the “Chart” tab. Select “Demand” and “Coverage” from the Primary Variable
pull-down menu in the upper center of the window.
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Format the graph by selecting the 3-D option on the left side-bar menu, and
ensure that “All months” is selected in the pull-down menu above the graph
(also keep the “Monthly Average” option checked). The graph should like the
one below (right).
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During the months of December and February, which have little flow in the
river, Big City lacks water, and therefore demands go unmet. Agriculture only
has a shortfall in supply in the month of August and September, when the
plants require most water.

i You can fully customize the way WEAP charts are displayed, as well as print or copy
graphs to the clipboard using the toolbox located to the right of the graph.
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40 WEAP Tutorial

Note:

For this module you will need to have completed the previous module (“WEAP in
one hour”) or have a basic knowledge of WEAP (creating an area, drawing a model,
entering basic data, obtaining first results). To begin this module, go to the Main
Menu, select “Revert to Version” and choose the version named “Starting Point for
‘Basic Tools” module.”

Creating and Using Key Assumptions

1 . Using Key Assumptions

Key Assumptions are created by going to the Data view and right-clicking on
the Key Assumptions branch of the Data Tree. Select “Add” - this will create
a new Key Assumption variable below the Key Assumption branch.
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Create and name the following Key Assumptions (be sure to select the
appropriate units from the Units pull-down menu):

Unit Domestic Water Use 300 m?
Unit Irrigation Water Needs 3,500 m?
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=l Ky Assunplins Diata for: | Current Accounts (2000] 'I | Manage Seenarios.. (1) Data Repott. ‘
-~ Urit Domestic Water Lse
Unit Inigation ‘w/ater Needs K s
Demand Sites
- Hydralogy These are defined variables that can be ref d 2 Help
[ Supply and Resources elsewhere in your analysis. For monthly variation, use —I
Linking Demands and Supgly Monthly Time-Series Wizard.
El- River Key Assumptian] 2000 |scale  [unit | B
£ B Main River MewBranch | |
| - Reaches
Retumn Flows
Enwironment
- Other Assumptions
By Tccie | otes |
Key Assumptions (manthly)
s | =
-_—_l_G
Jan - Feb  Mar  fpr o May Jun o Jul o Aug Sep Ot Mow  Dec
|#rea Tutorial | Data View Il || Registered to: Chris Swartz, Tellus Institute: JI
WEAP: Tutorial —1oixi

Area  Edit Wiew iGenersl Tree Help

&

Nates

= Kep Assumptions
- Unit Domestic ' ater Use

+|Unit Irrigation ‘w!ater Needs|

]

ata for. | Cunent dcoounts (2000 = | |4 Manage Seenarios.. (L) Data Repart.
iors

[#- Demand Sites
[#- Hydrology These are user-defined variables that can be referenced 7 Hel
(- Supply and Resources elsewhere in your analysis. For monthly variation, use —pl
Linking Diermands and Suply Monthly Time-Series Wizard.
[=I- River Fey Agsumption | 2000 | Scale |Unil =
- Main River Uit Irrigation W ater Nesds ‘3500
[+ Reaches
Retum Flows
[#- Envitanment
Other Assumptions
i+ Cubic Feet
o Aore-fiest J
i Aoreinches
- Gallons =
Do et =
4| | ;'J hd
Chart Tab\el Notesl o 0K I X Canc_le\ L
Key &ssumptions [monthly]
_Iﬂ e 2,0001 -
s E
- 5
Jan Feb Mar Bpr May  Jun o Jul o fug Sep Oct Mow  Dec nn

| Avea; Tutorial

| DataView

|| Registered to: Chiis Swartz. Tellus Instiute
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With Key Assumptions, it is important to ensure that the units designated in

a Key Assumption variable match the units indicated for the variable as it

occurs elsewhere in the data tree.

Create one more Key Assumption, Domestic Variation, that is unitless, and
use the Monthly Time Series to populate it with values:

Domestic Variation

- Jan to Feb & Nowv. to Dec.:
- Mar. to May & Sept. to Oct.

- June

- Jul, Aug

Stockholm Environment Institute

[&l{Monthly Data: Domestic ¥ariation

Key Assumptions

0-9 anth I Yalue I
Jan 0.5001
1.0 Feb 0.900
Mar 1.0000
1 1 Apr 1.000
. ay 1.000
Jun 1.100
1 . 1 5 Jul 1.150
Aug 1.150
Sep 1.000
Oct 1.000
Moy 0.500

Dec

(=]

—Previe
v Allow dragging of values

El

115

045

og

JanFebMar  May

Jul Aug

Qct D

X canca |
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The use of key assumptions is especially worthwhile when the model has a large
number of similar objects, for example demand sites, and when performing scenario

analyses. In this case, you can easily set all your demand sites to have the same unit
domestic consumption. Then, you can create scenarios to vary this consumption

without having to edit each and every demand site — simply by changing the key
assumption value.

Creating References to Key Assumption

Create a Key Assumption reference for Big City Annual Water Use. Do this
by going to the Annual Water Use window for Big City in the Data view.
Click on the Expression Builder pull-down menu in the space where you
entered the Annual Water Use Rate (300 m?) previously.

WEAP: Tutorial

Area Edt ‘iew

General Tree  Help

B

=]

=
B

Results

2}

Keyp Assumptions
- Unit Domestic Water Use
~ Urit Irrigation Water Meeds
Domestic Variation
Demand Sites
- Agriculture
Hydrology
Supply and Resources
Linking Demands and Supply
[=- River
) Main River
[+ Reaches
[+ Retum Flows
Ervironment
Other Azsumptions

Dt for: | Current Accaunts [2000) | | Manage Scenarios..  [L) Data Report... |

=10l

Waler Use  Logs and Reuse) Demancd Management) Cost J

Priority ) Advanced )

LUEERTAEIEN Annual \Water Use Rate

tdonthly Variation | Conzumption |

Annual water use rate per unit of activity

7 Help

Scale |Unit | I

Demand Site | 2000
Big City [300]

m"3

/person

(K1}

Annual\Water Use Rate

iy City

| Area Tutorial

| Data View

| Registered to: Chiis Swartz, Telus Institute

cme

In the Expression Builder window, delete the value of 300 from the text field
at the bottom of the Expression Builder window, click on the “Branches” tab,
then click on the “Unit Domestic Water Rate” Key Assumption (you may
have to expand the data tree to see all of the branches) in the Data tree field
and drag it down to the text field. Click on “Finish”.

Stockholm Environment Institute
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Expression Builder: Big Gity:Annual Water Use Rate _ Ol x|

H BB

Click-and-drag a branch or function to add to the expression below,

B0 Key Assumptions
D
-1 Unit lmigation Water Meeds
[ Domestic Yariation
B2 Demand Sites
-1 Big City
-1 Agiculture
{23 Hydrology
{23 Supply and Resources
=3 Enwiranment
{22 Other Assumptions

Functions m
Big City:Anhual \Water Use Rate = _+| ;I
Kep\Unit Domestic 'water L se j _"‘I
2
? Help o Firish I By Werity | X Cancel | )

Repeat this procedure to replace the 3500 m?ha water use rate for the
Agriculture Demand Site with the newly created “Unit Irrigation Water
Needs” Key Assumption.

If you check the results now by re-recalculating, you should have the same
annual total values for demand as obtained in the WEAP in One Hour module:
- Annual Demand for Agriculture 350 M m?

- Annual Demand for Urban Area 240 M m?

helpful in certain cases. Upon dragging and dropping the object to be referenced from

Using the same process, references to other objects” data can also be created. This can be
@
the tree to the expression builder’s text field, a list of all available variables appears.

Using the Expression Builder

1. Creating Mathematical Expressions

You will now alter the monthly variation in water demand for Big City using
a mathematical expression. Click on the Monthly Variation tab (in the Water
Use window) and select the Expression Builder from the pull-down menu in
the data entry bar.
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=lofx|
Area Edit Wiew Gereral Tree Help
& KFPAS_SUWDUD“S Dt for: [Cunent Accaunts (2000 = | |42 Manage Scenarios.. L) Data Report |
o+ Unit Diomestic 'water Use
 Unit Inigation 'water Needs { water Use  Loss and Reuse } Demand Management J  Cast J
Sahenls % Domestic Yaration
(= Demand Sites Priot 7
. riofi Advanced
o Agriculture

Annual Activity Levsll AnnualWater Use Rate EREEG

h EDnsumDthl
[#- Hydrology
£l Supply and Resources Monthly share of annual demand. If proportional to number of ¢ Y
f 3 T Hell
Lirking Demands and Supply days in month, leave blank. All branches within a demand —pl
= River site have the same variation. To set branches differently,
5 Main River change setting in General, Basic Parameters
- FFI‘eatheS Demand Site [2000 [Scale  [unit | -
et Flavs Big City T |Percent  share
[+ Enviranment M‘ J
Other Assumptions —

" Manthly Time-Series YWizard,

Ll

Chart [REE | Notes |

‘|
# 0

tdonthiy Wariation [manthly]

Motes

|L|_
4
share

W<

T T
Jan Feb Mar fpro May  Jun Jul o Bug Sep Ot Mov Dec an

| Area Tutarial || DataView [ | Registered to: Chiis Swartz, Tellus Instiute |

Create the following expression by pulling down the Domestic Variation Key
Assumption and typing in the modifying terms:

Domestic Variation Pattern * 100/ 12

Expression Builder: Big City:Monthly ¥ariation =13

LN -

Click-and-drag a branch or function to add ta the expression below,

=3 Key Assumptions
-1 Unit Comestic ‘water Use
4 Unit lrrigation Water Meeds
b
=3 Demand Sites
--[ Big City
[ Agriculture
{23 Hydrology
®-C3 Supply and Resources
-2 Envionment
{23 Other Assumptions

Functions m
Big City:Monthly Wariation = _+I ;I

Key\Domestic Variation™100/12 ﬂ ﬂ

=
? Help " Finish I By Werity | X Cancel |

Note that if you had made a mistake in typing the expression, such as entering a space
instead of a division sign, an error message would have appeared after clicking

2 “Finish”. You would then be given the opportunity to review and correct the
expression. After the correction of an error, you must click “Verify” before “Finish”.
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View the new results for Demand Site Coverage after making these changes.
Click on the Results view and click on “Yes” to recalculate. The results should
appear as below:

-iix]

Area Edit Wiew Favorites Help

Table | Map |
IDemand Site Cowverage (% of requirement met) F {|Percent |3
Schematic ISceﬂariU. Feference x| |AII months | [ $onihly Average®

100 Al Demand Sites | -
an v I Agriculture n
v B Big City 30
a0 =
70 Log
&0 ity
E 50 H;t
5
o
40 Q
30 @
i
20 :I
(7]
10
o T u T T u u T T
January hlarch  Aprl  May  June  July  Bugust October December
Al Years = [~ Percent of Time Excesded
| Area: Tutorial | Results View II | Registered to: Chris Swartz, Tellus Instilute J

Note that there now is no unmet demand in December for the Big City
because the fraction of demand in December decreased from 8.5% (originally
based on the number of days in the month) to 7.5% (now based on the
expression using the Domestic Variation Key Assumption). You can review
the numerical values calculated from the Monthly Variation expression by
selecting the “Table” tab in the data review panel at the bottom of the data
window.

=]

Area Edit Yiew General Tree Help

- Key Assumptions Dats for: ICurrenl Aosounts (2000) = | |# Manage Scenarios... (L) Data Report. ‘
Unit Damestic Water Use

Sk oatichiat=gHads { WaterUse  Lossand Reuse) Demand Manﬁgemem) Crst J

-+ Diomeshic Y ariation

Ly De“:nd;"es Priority J Advanced
[Fatiy] ) ) ) )

- Agnculure

Annual Activite Leve\l Annual water Uze Fate RS IREEN TN Comsumptionl
[+ Hydrolagy i
=8 Supp!y a_”d Resources Monthly share of annual demand. If proportional to number of % el I
[#- Linking Demands and Supply days in month, leave blank. All b hes within a d d
= River site have the same variation. To set branches differently.
B Main River change setting in General. Basic Parameters
B Reaches Diemand Site [ 2000 |ocale  Junt | sl
B Belum Flows Big City |KEy\Dnmeshc Variation*100/12 Percent  share |
[#- Erwironment
- Other Assumptions
=
-
Chart IR Motes: |
= - !
Monthly Yariation [monthly] (% share]
| e 'W Aug 2000 Sep 2000 Oct2000  MWov 2000 Dec 2000 *
4 3
Big City 96 8.3 83 75 75 B
G 4 3
| Area Tuterial || Data iew I || Registered ta: Chris Swartz, Tellus Instituts ;I
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2. Using Built-In Functions

We will assume that the current population of Big City (2000) is not known,
but we know its population during the last census and the growth estimate.
Use the built-in “GrowthFrom” function to compute the current population of
Big City. Do this by selecting the Expression Builder from the pull-down
menu in the year 2000 data input field within the Annual Activity Level
window for Big City. Delete the present value of 800000, click on the
“Function” tab rather than the “Branch” tab and drag down into the text field
the “GrowthFrom” expression selected from the list of built in expressions.

-Iojx

Area Edit View General Tree Help

) Key Assumplions Dt for: | Curtent Accourts (2000) 7] | Manage Scenarioe L) Dats Repart ‘

- Urit Domestic Water Use

Unit rrigation 'w/ater Neads {waterUse  LossandReuse J Demand Management J  Cast }

- Domestic Variation

E-Demend Stes Priority } Advanced

Agriculture Annua WA Lnnualwiater Use Halel HManthly Variationl Consumpl\onl
[+ Hydrology
7 Supply and Resources Annual level of activily diiving demand, such as agricultural % Help |
Linking Demands and Supply area, population using water for d i . Of

- River industrial output.

| | = ai”HH‘VEh' Demand Site [2000 [Scae  Junt | B
- Fieaches —
Results Retumn Flows Big City @ém person

[ Eneiranment
. Oither Assumptions

Ll

Chart | RIS | Notes |

Annual Activity Level

- — 5
500,000
o = =
4 1 > ol 3D

G Big City ﬂ

person

| DataView [ || Registered to: Chiis Swartz, Tellus Institute J

Expression Builder: Big Gity:Annual Activity Level _ Ol x|
& L= ‘

Click-and-drag a branch or function to add to the expression below,

¥ Use wizard to add time-series functiors

Functions: [Modeing > Swntax
GrowthFrom{GrowthRate, StarfYear, StartValue)

Currentaccountsyalue ﬂ o

Curmenbicoountsyear Description

Endrear (Calculates avalue in any given year using a growth rate from the Starfvalue in
ExpForecast he Startvear. The StadYear can be any year, past, present or future

Growth

Example
GrowthFrom(5%, 1940, 100)

2000 =162.89
LinForecast 2002=171.03

LoanF: t

s GrowthFrom (5%, 2010, 100)
LogisticForecast

tanthiy alues 2001 = 61.39

Parent 2002 = 64.46

Frevrear ﬂ

Big City:Annual Activity Level = _+| ;I

GrowthFrom{] j _"‘I
i
? Help " Finish I By Werity | X Cancel | )

Input the following data into the GrowthFrom expression, using the format
indicated in the description window next to the expression list.
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Date of last Census 1990
Population at last census 733,530
Estimated growth rate 1.75%
This results in the following format for the expression:
GrowthFrom(1.75%, 1990, 733530)
Estpression Builder: Big City:Annual Activity Level ]
& [ =Ng)
Click-and-drag a branch or function to add ta the expression below,
¥ Use wizard to add time-series functiors
[Meceing =] Bymtax
! oceling oW o (GrowhRats, Startysar, Slatvalus)
Currentdcoountsialue -
CurrentAccountsyear Description ) )
Endvesr Calculates avalue in any given year using a grawth rate from the Startvalue in
he Startrear. The StadYear can he any vear, past, present or future
ExpForecast
Growth Example
Growthés GrowthFrom(5%, 1890, 100)
2000 =162 89
LinForecast 2002=171.03
LaoanPayment
LoghtioFarnasl GrowthFram (&%, 2010, 100)
Monthiy alues 2001 = 61.39
Patent 2002 = 54.46
Prevrear ;I
Big City:Annual Activity Level = j J
GrowthFrom(1.75%, 1990, 723530) ]
I T
? Help " Finish I By werity | X Cancel |
The Expression Builder is only a simple way of entering expressions and functions.
[ 3
2 Savvy users can by-pass it and enter functions, references and mathematical expressions

directly in the main Expression window.
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50 WEAP Tutorial

Note:

For this module you will need to have completed the previous modules (WEAP in
One Hour and Basic Tools) or have a fair knowledge of WEAP (data structure, key
assumptions, expression builder). To begin this module, go to the Main Menu, select
“Revert to Version” and choose the version named “Starting Point for ‘Scenarios'
module”.

Preparing the Ground for Scenarios

1. Understand the Structure of Scenarios in WEAP

In WEAP the typical scenario modeling effort consists of three steps. First, a
“Current Accounts” year is chosen to serve as the base year of the model;
Current Accounts has been what you have been adding data to in the
previous modules. A “Reference” scenario is established from the Current
Accounts to simulate likely evolution of the system without intervention.
Finally, “what-if” scenarios can be created to alter the “Reference Scenario”
and evaluate the effects of changes in policies and/or technologies.

Read the “Scenario Analysis” and “Scenarios Analysis” help topics for a
more detailed description of the WEAP approach.

2. Change the Time Horizon for the Area

Under the “General”, “Years and Time Steps” menu, change the Time
Horizon of the Area.

Current Accounts Year 2000 (unchanged)
Last Year of Scenarios 2015

3. Create an Additional Key Assumption

Create the following key assumption:
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Population Growth Rate 2.2%

There is no Unit for this Key Assumption, but remember to change the Scale
field to Percent.

Creating the Reference Scenario

1. Describe the Reference Scenario

The “Reference” Scenario always exists. Change its description in the “Area”,
“Manage Scenarios...” menu to reflect its actual role. Note that you must be
in the Data View to have access to the “Manage Scenarios” option in the Area
menu.

For example, “Base Case Scenario with population growth continuing at
the 1960-1995 rate and slight irrigation technology improvement”.

|'le Manage Scenarios

H Add ;'1-, Copy = [Delete Rename

= Current Accounts [2000] Feference iz based on:
|Eurrent Accounts ﬂ

Scenario Description:

Base-case scenario with population growth
continuing at the 1960-1985 rate and slight
irrigation technology improvement

[w Show regultz far this scenario
Uncheck to reduce calculation time

" Close ? Help

2. Change the Unit Irrigation Water Use

In the Data View, change the Unit Irrigation Water Use (an existing Key
Assumption) to reflect a new annual pattern for the period (2001-2015) after
the Current Accounts year. To make the change, you will need to select the
“Reference” scenario from the drop-down menu at the top of the screen. Use
the “Yearly Time-Series Wizard” to construct the time series.

Stockholm Environment Institute June 2005



52 WEAP Tutorial

Lol

Area Edit View General Tree Help

[ Keyp Assumplions Data for: |Feference (2001-2015) || |4 Manage Scenarios.. (L) Data Report ‘
4 s

- Unit Domestic Water Use

Unit | migation 'Water Nesds|

- Diomestic Yariation

Population Growth Rate
[=)- Demand Sites

=) Supply and Resources
[#- Linking Demands and Supply

elsewhere in your analysis. For monthly vaiiation. use
Monthly Time-Series Wizard.

These are user-defined variables that can be referenced 7 Help

Big City
- Agriculture Key Assumption 2o [2o00-2015  [Seale  unt [l
B Hydralogy Unit |migation YWater Needs ‘3500 =2 m'3

Expression Builder

2 Monthly Time-Series Wizard,

l = River

(= Main River
Results FReaches
[+l Feturn Flaws

[ Enwiranment

. Oither Assumptions

Ll

Chart B | Notes |

Key Assumptions [monthly)

- — >
@
b 220 B
T C i 4
Jan Feb Mpr Jun fug Oct Dec Feb Mpr Jun Bug Oct Dec Feh 3D
| Area: Tutorial | Dataigw Il | Registered ta: Chris Swartz, Tellus Institute =

First, select the function "interpolate” by clicking on it, then click "next". Click
on "enter data" in the next window, click "next", then click "add" to add the
following data to the time series:

Type of Time Series: Interpolate

Data:

2000 3500
2005 3300
2010 3200
Growth after last year: 0%
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Time-Series Wizard: Unit Irrigation Water Needs
Select function
Interpolate Step Function Smooth Curve
Linear Forecast Exponential Forecast Logistic Forecast
_ ol
‘ Enter Time-Series Data: Interpolate |
Previe
+ Add = Delete ¥ Allow dragging of values
Year - 3,500
2000 3500.00 3,480
2005 3300.00 3,460
2010 3200.00 3440
2015 3150.00 '
3,420
3,400
3,360
3,360
g 3340
fu 3320
3,300
3,260
3 260
3,240
3220
3,200
3160
= 3160
Ematinelies kxigmer lq— Z_ 2000 20‘01 20‘02 20‘03 20‘04 20‘05 ED‘DE 20‘07 20‘03 20‘09 20‘10 20‘11 20‘12 20‘13 20114 2015
4A Previous | Iext 52 x Cancel |.:E
As you can see while running the Yearly Time Series Wizard, WEAP offers a wide range
of techniques to build time series, including importing from Excel files, creating step
functions, using forecasting equations etc.
[ J
2 The Yearly Time Series Wizard does nothing else than help you create expressions. You

can also simply type or edit the expression (in this case, “Interp( 2000,3300, 2005,3300,
2010,3200 )” without running the wizard, either directly, or through the Expression

Builder.

Stockholm Environment Institute
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3. Set the Population Growth

Set the population of Big City to grow by the rate defined by the “Population
Growth Rate” key assumption defined in an earlier step. Here again you will
have to select the “Reference” scenario in the drop-down menu at the top of
the Data view.

Make sure you have the Big City Demand Site and its Annual Activity Level
tab selected. Delete the current expression and select the “Growth” function in
the Expression Builder in the pull-down menu below the 2001-2015 field (Note
that the present expression in this field is the same as that for the Current
Accounts year). Then click on the Branch tab above the text field. Double click
on the "Population Growth Rate” Key Assumption in the Data Tree. Your final
function should read “Growth(Key\ Population Growth Rate/100)”

Note that you have to divide the Population Growth Rate by 100 in order for
WEAP to recognize the value of 2.2 in the Key Assumption as 0.022 in the
calculation.

Expression Builder: Big City:Annual Activity Level =13

LN -

Click-and-drag a branch or function to add ta the expression below,

[¥ Use wizard to add time-series functions

Functons Wodeing x| Simtax
U El Current AccountsYearvalue or

Current Accountsearvalue{BranchMame)

Cuirentc W alue

Currenticcountsyear

Endrear Description

ExpForecast Calculates the Current Accounts value of either the current branch, or of another
branch referred to as a parameter to the function

Growth

Growthis Examples

GrowithFram 10+ Current Accountsrearvalue for a Current Accountsvalue of 100

Interp

LinFarecast Evaluated in any year=110

LoanPayment
LogisticForecast
Monthiyalues

10+Current AceountstyalueHousehold=suJrbar)
or branch "HouseholdWrban® with a Current Accounts value of 1000

Parent Evaluated in anyyear=1010
Prevrea j
 Funcions [T
Big City:Annual Activity Level = _+I ;I
Growth(keytPopulation Growth Rate/100] ﬂ ﬂ
i
? Help o Firish I By Werity | X Cancel | )

The same effect could have been modeled without creating a key assumption in the first
place. We will see however that doing so provides more flexibility when adding other

& .) scenarios.
Any value for which no time series is defined for the “Reference” scenario is assumed to
remain constant. In our case for example, the agriculture scenario will remain constant
until 2015 unless we change this variable as well.
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4. Run the Reference Scenario

Run the Reference Scenario by clicking the “Results” view. Look at a 3-D
graph of the Unmet Demand (select Annual Total) for both demand sites. It
should be similar to the figure below. Think about the following points.

How does the demand evolve compared to the unmet demand?
Why is the total unmet demand decreasing at first and then increasing?

L=

Area Edit Wiew Faworites Help

Tabls | Map |
: Jemand | ¥ JE[~  (Million |Cubic Meter | |)
|Branch Demand Sites j |Scemario: Reference j |A\I months j ¥ Annual Total? [ Monthly Average?

Al Branches -7

v Il Big City
v [l ~ariculture

nelm<

o -
o 3

(<E ey

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Al Years * [~ Percert of Time Exceeded

Area: Tutorial Results View Reaistered to: Chris Swartz, Tellus [nstitute:

JR1=TE

Area Edit Wiew Favorites Help

Table I dap I

IS:enarln' Reference ﬂ IA\I months j I Annual Total? [~ Monthly sverage?

ULk[ = (Million [Cubic Meter | )

Al Demand Sites - v
¥ Il Biy City =
¥ I Aariculture 3D
Log
Gip:
H
&
=

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

All'vears v | [ Percent of Time Exceeded

Area: Tutorial Results View Reqistered to: Chris Swartz, Tellus [nstitute
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Creating and Running Scenarios

1. Create a New Scenario to Model High Population Growth

WEAP Tutorial

Create a new scenario to evaluate the impact of a population growth rate for
Big City higher than 2.2% for the period 2001-2015.

For this, choose the menu “Area”, “Manage Scenario”, right-click the

“Reference” scenario and select “Add”. Name this scenario “High Population
Growth” and add the description “this scenario looks at the impact of increasing

the population growth rate for Big City from a value of 2.2% to 5.0%.”

WEAP: Tutorial

Area Edit View General Tree Help

=) Ky Assumptions ‘
- Unit Domestic Water Use

Unit | migation 'water Nesds
- Domestic Yariation

Data for: |Reference (2001-2015) =] | Manage Scenarios.

=101 x]

L) Data Report ‘

Hf WaterUse ~ Loss and Reuse) Demand Management) Cost )

- Pg ‘ﬁiManage Scenarios x|
[ Demar z
B M add =, Copy = Delete Fename ‘
o nl EDnsumDthl
A9 [ = Curent Accaunts (2000) Fieference is based on:
[ Hydrol L8 01-2015] C Itural
d Ay urrent Accounts v | |ultural T Help
= Supply [~ " I
Lir Soenario Description
l =R cale Unt | =]
e person
Results
(- Re
[ Enwiral -
- Other ¢ =
—
I [V Show results for this scenario
Uncheck to reduse calculation time
- 2o |, &
= - i
4 1 » 30
00 2002 004 2006 2008 2010 2012 2014 Log

| &vrea: Tutorial

| Data View Il

|| Registered to: Chiis Swarlz, Telus Instituts |

x|

e Add ;'1-, Copy = Delete Rename ‘
=S E_unent Accounts [2000) Higher Population Growth iz based on:
= Fieference [2001-2015) Reference ﬂ

i Higher Population Growth [2001-2015]

Scenario Degcription;

IThis scenario looks atthe impact of
increasing the population growth rate for Big
City from awalue of 2.2% to 5.0%

¥ Show results for thiz scenario
Uncheck to reduce calculation time

g/ Close I

? Help
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2.

Enter the Data for this Scenario

57

Make the following changes in the Data view after having chosen your new
scenario in the drop-down menu at the top of the screen:

Select the Population Growth Rate Key Assumption and change the value under
the 2001-2015 field to 5.0. Note that the color of the data field changes to red

after the change - this occurs for any values that are changed to deviate from the
Reference scenario value.

WEAP: Tutorial

Area Edit Yiew General Tree Help

[=- Key Assumptions
- Unit Domestic ‘W ater Use
- Unit lmigation W ater Meeds
- Domestic Yariation
=
- Demand Sites
- Big City
- Agriculbure
[#- Hydrology
[=- Supply and Resources
Linking Demands and Supply
(=) River

E- Main River

[ Reaches

[ Return Flows
[#1- Ernvironment
- Other &ssumptions

D ata Yiew

Area Tutorial

] 73
D ata for: IHighef Fopulation Growth |~ | | Manage Scenarios... L) Data Report. ‘
phions
These are user-defined variables that can be referenced 7 Help I
elsewhere in your analysis. For monthly variation. use
Monthly Time-Series Wizard.
Key Assumption |2o00  J2om-zo18 [scale  Jurit [
Fopulation Growth Rate |2 2 5.0 |
-
m Table I Motes |
K.ey Assumptians [monthly)
4 _I -
#y =
1] T T T T T T T T T T T T T T Al
Jan Jan Feb Apr May  Jul fuyg Sep Mo Dec Jan Mar Spr Jun Jul 3D
Reaqistered to: Chris Swartz, Tellus Institute

Scenarios

Compare Results for the Reference and Higher Population Growth

Compare, graphically, the results for the two scenarios we have established
so far (Reference and Higher Population Growth).

For example, select Water Demand from the Primary Variable pull-down menu.
Click in the drop-down menu to the right of the chart area (above the graph
legend), and select “All Scenarios”. Choose to show only Big City demand by
selecting it from the pull-down list in the upper left pull-down menu of the
Results window. Your graph should be similar to the one below.
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Area Edit Wiew Favorites Help
Table I dap I
IWater Demand (nhot including loss, reuse and DSM) F (Millian | Cubic Meter | )
Schematic IElanch' Demand Sites\Big City x| |An morths | [ Anvusl Totsl? [~ Mankthlp Average?
IAII Scenarios ﬂ v
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m ~ I Reference 3D
=
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=]
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150 %
|
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a
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H Registered to: Chris Swaitz, Tellus [nstitute J

‘Area' Tutorial H Results View ||

WEAP Tutorial

Note the higher Big City Water Demand for the Higher Population Growth

scenario, as expected.

Next, compare Unmet Demand for the two scenarios. Use the Primary

Variable pull-down menu to select Unmet Demand.

-5
Area Edit Wiew Favorites Help
Table | Map |
[Unmet Demand [+ (tiion Cubic Weter =] )
Schematic [pernand Site: Big City x| [allmonths > 1 Annual Total? [~ Manthly Average?
130 IAII Scenarios j ‘v
120 v I Higher Population Growth u
110 I Reference ’5
100 =
an Log
E a0 Grp
2 70 jicé
é 60
% 50 Q
40 =]
a0 / =
0 [+ ]
10
0

T T T T T T T T
2000 2001 2003 2005 2007 2009 201 03 2015

Al Years = [~ Percent of Time Excesded

II | Registered to: Chris Swartz, Tellus Instilute J

| Results View

| Area: Tutorial

Again, note the higher Unmet Demand for the Higher Population Growth

scenario.

When creating many scenarios in the same area, the computation can become lengthy.
/ 4 In this case you can exclude some of the scenarios from the calculation by unchecking
the “Show results for this scenario” box in the scenario manager for those scenarios.
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Using the Water Year Method

1 . Create the Water Year Definitions

The previous exercise only varied demand, not supply. In this step we now want
to see how natural variation in climate data (stream flow, rainfall etc.) can be
taken into account in WEAP through scenario analyses. We will use the
Water Year Method as an example. . The Water Year Method is a simple
means to represent variation in climate data such as streamflow, rainfall, and
groundwater recharge. The method first involves defining how different
climate regimes (e.g., very dry, dry, very wet) compare relative to a normal
year, which is given a value of 1. Dry years have a value less than 1, very wet
years have a value larger than 1.

With the Reference scenario selected, go into the data view and click on the
"Water Year Method" branch under "Hydrology" in the Data Tree.

frea Edit ¥iew General Iree Help

- Key Assumptions = 2 Manage Scenarios.. (L) Data Report ‘
i - Unit Domestic Water Use e d F
Unit Imigation ‘water Needs
Domestic Variation
H Fopulation Growth Rate Inflow relative to Normal Year inflow. E.G_. if Wet vear has % Help I
- Demand Sites 25% more flow than Normal year. enter 1.25 for Wet year.
H . [Use Monthly Fluctuation Wizard if relative values vary by
Big City
A month.]
Agriculture
Hydrology “wiater rear Type| Aelative ta Mormal Water Yeal -~
Water Year Method ey Dy 1
-~ Read fram Fils Dry 1
l - Supply and Resources Mormal 1
[#- Linking Demands and Supply el 1
Results ;- River ] \eny el ]
H El- Main River
E [¥- Reaches —
[ Retun Flows =

[#- Environment

... Other Assumptions LI m Table | Nates |
~ -
Drefinitions [manthly]
= | 1

nn ¥ —VenDry|
et = ¥ —Dry =
1 _>|—1 ¥ — Hormal Al

1] T T T T T T T T T ¥ et
Jan Feb Mar Bpr Mlay Jun Buy Sep Oct Mow Dec 30

Area: Tutorial D ata Yiew Registered ta: Chiis Swartz, Tellus Institute

Select the "definitions" tab and enter the following data:

Very Dry 0.7
Dry 0.8

Stockholm Environment Institute June 2005



60 WEAP Tutorial

Normal 1.0
Wet 1.3
Very wet  1.45

-lolx

Area Edt View General Tree Help

E-Key Assumptlu@ 21| Data for: lm |4 Manage Soenarics.. L) Data Repart.. |
i i Unit Domestic ' ater Use
hit |migation ' ater Meeds Definitions |Jef=alcgt) |
ormestic Yariation
- Population Growth R ate Inflow relative to Normal Year inflow. E.G.. if Wet year has 2 Help I
emand Sites 25% more flow than Normal year. enter 1.25 for Wet year.
[Use Monthly Fluctuation Wizard if relative values vary by
. month.]
e griculture
[=1- Hydrology ‘Water Year Type| Relative to Mormal W ater Year ;I
o Ve Diy 07
i - Riead fom File Dry ns
[l Supply and Resources Narmal 1
i Linking Demands and Supply it 13
ey Wet 1.45
(=] Main River o
- Reaches
- Retumn Flows LI
- Enwironiment
- Other Assumptions Chart (EGE] | Notes I

Definitians [manthly)

=
-
iy =

. ; ¥ —venDn] %

ot = ¥ —Dry =

i ﬁ ¥ — Mormal &l

J 0 T T T T T T T T T ¥ st
G Jan Feb Mar Apr May Jun Mg Sep Oct Mow Dec 3D
Area: Tutorial H D ata Wiew H || Registered to: Chiis Swartz, Tellus Institute J

‘g z ’ Monthly variations can be entered if data is available.

2. Create the Water Year Sequence

The next step in using the Water Year Method is to create the sequence of
climatic variation for the scenario period. Each year of the period is assigned
one of the climate categories (e.g., wet). For the Reference Scenario, we will
assume the following sequence:

2001-2003 mnormal
2004 very dry
2005 wet
2006-2008 mnormal
2009-2010 dry
2011 very wet
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2012 normal
2013 wet
2014 normal
2015 dry

To input this sequence, select the "Sequence" tab under the "Water Year
Method" branch.

Set the Current Account as Normal

WEAP: Tutorial P ]

Ares Edit Wiew General Iree Help

=I- Kiay Assumplions A
* Unit Domestic Water Use
LoUnit Imigation W ater Meeds
i Domestic Yariation

----- Population Growth Rate

[=)- Demand Sites

=| £ Manage Scenatios.. [ Data Repart ‘

Type of water year for the Current Accounts.

7 Help I

- Big City 2000 -]
- Agriculture \w/ater Year Type
=1+ Hydiology

[water Year Method

- Read from File

=1 Supply and Resources

[#- Linking D emands and Supply
- River

| B Main River

- Peaches

[#- Retum Flows

(- Enwironment

-~ Other Assumptions = EEY st | tetes |

L4l

Current Accounts

.
— , 5
[ =

G ol 3D

Water Log
|Area Tutarial | Data View \ | Registered to: Chriz Swartz, Tellus Institute: _|

Then, select the Reference scenario and input the sequence given above.

-laix

Area Edit View General Tree Help

£} Key Assumplions 21|/ Datafor: [Feference [2001-2015) || |# Manage Seenarins.. (L) Data Fieport ‘
- Unit Domestic 'water Use
Unit | migation ‘w/ater Needs Definitions D
- Domestic Yariation
- Population Growth R ate The sequence of wet and dry years for this scenario.
E D?rn;;dci;es Water Year Type: 1 = Very Dry. 3 = Noimal. 5 = Yery Wet
Agiubue [ os [wtor Yo Ty S | i —
B Hydrology 2000 Homal [ Allow dragging of values
~[water Year Method) 20m Mormal 5 L
Read from File 2002 Mormal -
I Supply and Resources 2003 Mormal z
[ Linking Demands and Supply 2004 Yery Dry %
4
B River ME et H
B Main River 2006 Momal 2
Fisaches W07 Momal £
[+l Retum Flows &3
— | |2008 Mormal =
Erironment ||
Other Assumptions =l ELL Oy o
2010 Dy E
21| J2om Yery wet =2
| |amz Homal Z
2m3 et -
204
- _ | 1 i T T
» 25 2000 2003 2006 2009 2012 201
J Year
{Wet I
| fuea; Tutorial || Data View [ \_EWWL,rFeg\stered to: Chris Swartz, Tellus Institute J
o In order to let the inflows to the model (in our case, the headflow of the main river) vary
(4 in time, WEAP offers two strategies. If detailed forecasts are available, those can be read

using the ReadFromPFile function (refer to the Tutorial module on Format and Data for
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more details). Another method, which is the one presented here, is the “Water Year
Method”. Under this method every year in the model’s duration can be defined as
normal, wet, very wet, dry or very dry. Different scenarios can then alter the chosen
sequence of dry and wet years to assess the impact of natural variation on water
resources management.

3_ Set up the Model to Use the Water Year Method

In the Data Tree, change the Headflow for the Main River in the “Reference”
scenario to use the “Water Year Method”. Note that before, the monthly
values of headflow were the same for the period 2001-2015 as for 2000, the
Current Accounts year.

Use the drop down menu in the “Get Values from” to select this method. You
may have to scroll left in this window to get the “Get Values from” field to
appear

v

WEAP: Tutorial - ol x]
= Kep Assumplions

Area Edit View General Tree Help
Data for: |Feference (2001-2015) || |4 Manage Scenarios.. (L) Data Report ‘
- Unit Domestic Water Use
Unit Imigation ‘w/ater Needs Inflows and Outflows ‘Water Cuality J

- Diomestic Yariation

i Population Growth Rate
) Demand Sites

Big City Average monthly inflow at head of river 7 Help

: - Aagriculture

£} Hydrology 2000 [2001-2015[5cale [
i Waler Year Method Monthly... ‘Waterve..
£ - Read from File
=) Supply and Resources piater Tearhethod
- Linking Demands and Supply
- River

= L
Reaches
- Retumn Flows ﬂ_l LI_

nvironment
“o Other Assumptions

B Fieach Length |

Gt Walues from

Main Riiver

Chart B | Notes |

Headflow [monthly]

1 100

z =

(]
Al

Jan Feh Mlar fpr May Jun Jul Aug Sep Oct Mow Dec 3D

=
i O |

ot

| Area: Tutorial | Dataigw Il | Registered ta: Chris Swartz, Tellus Institute =

4. Re-run the Model

Run the model again and compare Unmet Demand for the Reference and

Higher Population Growth scenarios, as before (of course, Water Demand
will not have changed after altering the supply side of the model with the
Water Year Method).
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WEAP: Tutorial ol x|
Area Edit Wiew Favorites Help
Table I dap I
Unmet Dermand | Milion [cubic Meter = |3
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-
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=
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Area: Tutorial Results View Reqistered to: Chris Swartz, Tellus [nstitute

Note that Big City Unmet Demand for both scenarios is much more erratic
using the Water Year Method than assuming a constant headflow to the Main
River, as observed in the previous exercise. In the present case, the Unmet
Demand varies as the future climate varies. During years wetter or much
wetter than normal (2000, the Current Accounts year), Unmet Demand is
actually lower than in 2000 for both scenarios, even with the increase in Water
Demand from population growth (2.2% for the Reference and 5.0% for the
Higher Population Growth scenarios). The increased precipitation, and
headflow to the river, mitigates this increased demand in the wetter years.

The opposite occurs in the dry to very dry years, where the population
growth is exacerbated by the lower precipitation and headflow in the river in
these years. This leads to even higher Unmet Demand than is simulated
assuming a constant climate (as performed in the previous exercise).

Since unmet demand is the difference between a large demand and a large supply, even
a rather small change in the supply at nearly-constant demand can have a very large

impact on the unmet demand.

<§ 2 > This model does not take any kind of inter-year storage into consideration (reservoirs,
groundwater). Therefore, there is no way that the shortage in a dry year can be
alleviated by using surplus from previous, wetter years. For more details on how to
model storage, refer to the “Supply” WEAP tutorial module.

If you had wanted to compare, in the same graph in WEAP, results for the
Water Year Method to that generated assuming a constant climate, you could
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have created a new scenario that used the Water Year Method rather than
changing the data in the Reference Scenario to accommodate the Water Year
Method. This new scenario would be inherited from the Reference scenario,
and the scenario tree in the Scenarios Manager would look as follows:

x
H Add ;'J_-, Copy = Delete Rename |

= E_unent Accounts [2000] Wwhater vear Method is bazed on:
= Heference [2001-2015) Reference j

i Higher Population Growth [2007-2015)

Scenano Descriphion;

v Show results for this scenario
Uncheck to reduce calculation time

\/ Cloze I ? Help

Note that in this case, both the Reference (constant climate) and Water Year
Scenarios (variable climate) would use a Population Growth Rate equal to
2.2% for Big City, since the Water Year Scenario is inherited from the
Reference Scenario. If one wanted to compare, in the same WEAP graph,
constant climate and variable climate using a 5% Population Growth Rate,
you could create another new scenario inherited from the Water Year
scenario and change the Population Growth Rate Key Assumption in this
scenario to 5% - the tree structure would look as follows:
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x
e fdd ;"_-, Copy = Delete Renarme
= I:urrent Accounts [2000) ulation Growth and Y ariable Climate i
=~ Reference [2001-2015) ' ater Vear Method j
Higher Population Growth [2001-2015]
= Water ear Methad [2001-2015) Scenanio Description:

% Higher Fopulation Growth and Y ariable Climate (200

w Show rezults for this scenario
d ey

Uncheck ta reduce calzulation time

./ Close I ? Help

WEAP allows for unlimited versatility in the arrangement of scenarios. Note that you

i can output results to Excel, which also facilitates results comparisons among scenarios.
This feature will be discussed in greater detail in the Data, Results, and Formatting
module.

5. Change Scenario Inheritance

The following example demonstrates the utility of changing scenario
inheritance within WEAP.

Create a new scenario inherited from the Reference scenario, and name it
“Extended Dry Climate Sequence”. The scenario tree structure should look as
follows:
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x
e fdd ;'1-, Copy = Delete Rename |
E- I:_urrent Accounts [2000] Estended Dy Climate Sequence iz based on:
[l Reference [2001-2015) Freferance j

Higher Population Growth [2007-2015]
B [ tended Dy Climate Sequence [2001

Scenario Description:

W Show resulks for this scenario
Uncheck to reduce calculation time

& Close I

? Help |.:E

WEAP Tutorial

Go to the Data view and select this new scenario for editing. Click on the
Water Year Method branch of the data tree (below Hydrology) to edit the
climate sequence as follows:

2001-2003
2004
2005
2006-2008
2009-2010
2011
2012
2013
2014
2015

wet

dry
dry

dry

normal

normal
normal
very dry

normal
normal

The results (shown below) indicate that Big City Unmet Demand for the
Extended Dry Climate Sequence (new climate sequence and a 2.2 %
Population Growth Rate) falls somewhat in between those for the Reference
scenario (original climate sequence and a 2.2 % Population Growth Rate) and
the Higher Population Growth Rate scenario (original climate sequence, but a
5% Population Growth Rate).
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Reqistered to: Chris Swartz, Tellus [nstitute

67

Now, we will change the Scenario Inheritance of the Extended Dry Climate
Sequence, placing it under the Higher Population Growth Rate scenario so

that it inherits the 5% Population Growth Rate of that scenario. In the

Scenario Manager, select the Extended Dry Climate Sequence scenario, click
on the drop down list to the right (below the text saying “Extended Dry
Climate Sequence is based on:”) and select “Higher Population Growth” as

the new parent scenario.

x|

Rename

ok Add ;'J_-, Copy = Delete

= I:_urrent Accounts [2000]
(I~ Reference [2001-2015)
=1 Higher Population Growth [2001-2015]

‘... Extended [y Climate Sequence [2001-20°

Extended Dy Climate Sequence is bazed on:

Higher Population Growth

Current Accounts
Reference

[ Show results for this scenario

Uncheck to reduce caleulation tme

g/ Close I ? Help

Now, recalculate the results and look again at Unmet Demand for Big City.
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What changes do you notice to the unmet demand for the Extended Dry Climate
Sequence?

il

Area Edit Wiew Faworites Help

Tahlel Map I

|Unrnet Demand Iv (Mllllnnlcubic Meter vl)

IDemand Site: Big City j IAI\ months j W Annual Tatal? [~ Monthlp Average?

|AI\ Scenarios j ‘v
180 I Extended Dry Climate Sequence n
180 v I Higher Population Growth 3D
' I Reierence =
140 Log
E 120 G
£ 100
3
S a0 Q
= 60 é
e
40 =l
&

20

o T T T T T T T
2000 2002 2004 2006 2008 2010 2012 2014

Al Years * [~ Percert of Time Exceeded

| Area: Tutorial | Results View II | Registered to: Chis Swarte, Tellus Institute J

With the higher population growth rate and dryer climate, Unmet Demand increases

N,

substantially.
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70 WEAP Tutorial

Note:

For this module you will need to have completed the previous modules (“WEAP in
One Hour, Basic Tools, and Scenarios) or have a fair knowledge of WEAP (data
structure, key assumptions, expression builder, creating scenarios). To begin this
module, go to the Main Menu, select “Revert to Version” and choose the version
named “Starting Point for all modules after ‘Scenarios” module.”

Disaggregating Demand

1_ Create a new Demand Site

In the Current Accounts, create a new demand site downstream of Big City to
simulate rural demand. Name this node “Rural” and give it a Demand Priority
= 1. Provide a Transmission Link from the Main River positioned
downstream of the Big City Return Flow, but upstream of the Agriculture
Return Flow. The Supply Preference should be set to 1. Also provide a Return
Flow for Rural positioned upstream of Agriculture Return Flow.

Your area should now look as follows:

WEAP: Tutorial _1gf x|
Area Edit wiew Schematic Genmeral Help

FRiiver e
Diversion
. Reservair
¥ M Groundwater

Other Supply
[+ @ Demand Site
® Catchment
~Runoff/Ifilration
= Transmission Link
® ‘w/astewater Treatment Plant i
| Main, River
[ mmRun of River Hydro o
# Flow Requiremert =l
[ Rivers_Polygans
® FRivers_ Ao
[ Cities
M rivers

Agriculture (1)
- }.)@q‘
-
] 1 I »

Area: Tutorial Schematic View Fegistered to: Chris Swaitz, Tellus Institute

2. Create the Data Structure for “Rural” demand node

In order to create a data structure, right-click the “Rural” demand site in the
data view tree, and select “Add” to implement the following structure (do not
enter any data yet):
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=~ Rural
-- Single Family Houzes
Showerz
Toilets
Wazhing
Others

Appartment Buildings

71

Note that “Showers”, “Toilets”, “Washing”, and “Others” are added as sub-
branches below “Single Family Houses”.

WEAP: Tutorial ~=lolx|
Area Edit Wiew General Tree Help
- Key Assumplions 21| Data for IEUHEHE Accounts (2000] 'I |#£ Manage Scenarios.. (L) Data Report... |
i+ Unit Domestic Water Use =
-+ Unit Irrigation '/ ater Needs { Water Use Loss and Reuse ) Demand Management J Cost ]
i+ Domestic Yariation : : ') ) '_)
i Population Growth Rate Prioti 1
tioti Advanced )
I Demand Sites _1)/)
-~ Big City Arnual Activity Level |ERGIERNEERE Hatel Monthly Vanat\oml Consumpliunl
é--AgncuIturE _
=- F\=ural. . Annual level of activity driving demand, such as agricultural 7 Help |
[=- Single Family Houses area. population using water for d i . of
industrial output.
Demand Site 2000 IScaIE |L|n|t =
Rural N4
. [op— Apartment Buildings N
=1 Hydralor —
- Water Year Method =
i - Read from File =
4 »
-
= - =
wfn -
< 1 »
| Area: Tutorial | Data View II | Registered to: Chis Swarte, Tellus Institute J

3. Enter the Annual Activity Level data

Enter the following data under the Rural Demand Site, Annual Activity Level

tab:
Rural 120,000 Households

Single Family Houses 70% Share
Showers 80% Saturation
Toilets 90% Saturation
Washing 55% Saturation
Others 35% Saturation

Apartment Buildings Remainder share (use the Expression
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WEAP: Tutorial

Area Edit wiew General Tree Help

El- Key Assumptions

- Damestic Variation

Demand Sites
- Big City

- Agriculture
=1 Rural

=]

Showers
Toilets
Washing
Others

[l Hydralogy
-Water Year Method
i-- Read from File:

i Unit Domestic Water Use
- Unit Irrigation "/ ater Meeds

i Population Growth Rate

Apartment Buildings

ol x|
21| Datafor ICuHEHl Accounts (2000] 'I | Manage Scenarios.. L) Data Report... |

{ Water Use Lossand Reuse) Demand Maﬂagement) Cost )
Priority ] Advanced ]

Annual Water Use Hatel Manthly Vanahnnl Ennsumpllnnl

Annual level pf actiyily driving demand,rsuch as agricultural % Help |
area. population using water for d t . or
industrial output.
Demand Site 2000 |scale  Juni | B
Rural 120000 HHald
Single Family Houses 70 Peicent  share of househalds
Showers a0 Percent  saturati... of households
Toilets 50 Percent  saturati... of households
Wazhing 55 Percent saturati... of households [T
Others 35 Percent  saturati... of hougeholds
=]

m Table | Notasl
Annual Activity Level

ration of

Showers Toilets Niazhing Others

Uji—_—_—_l%
=

Area: Tutarial H Diata View ||

H Registered tor Chris Swartz, Tellus Institute:

er: Apartment Bui ivi ;IEIEI

Click-and-drag a branch or function to add to the expression below...

v Usze wizard to add time-series functions

Functions: IModeling vl

Syntax B
FemainderiExprassion)

ExpForecast d

Grawth Description

Growthis Calculates the remainder between an Expression and the sum of the values

GirowthFrom of neighhoring {sibling) branches.

lr?te'p Example

LinForecast Consider two neighboring branches in a demand tree in which you are

LoanPayment specifying the changing population distribution:

LogisticForecast J

Monthiy alues Branch Expression

Parent SouthCitSingle Interpolate(2000, 50, 2020, 30)

Prevrear South CibAkult family Remainder{100)

PIEWE&N&_'UE Remainder{100) is evaluated as follows:

FeadFromFile 2000 = 50.0 .
TR | |v10- o0 o
 Funcions [T
Apartment Buildings:Annual Activity Level = ll ;I

Fiemainder(100]

? Help |

[/
2 %
J Finish I Q/Eerify | x Cancel |
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WEAP: Tutorial ol x|
Area Edit wiew General Tree Help
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Area: Tutorial Data View Reqistered to: Chris Swartz, Tellus [nstitute

Share vs. Saturation: even though both types of percentages are treated mathematically
the same by WEAP, they are conceptually different. At a given level of the tree, shares
- should always sum up to 100%. They also allow the use of the “remainder” function.
z Saturation indicates the penetration rate for a particular device and is independent of
the penetration rate for other devices (i.e., saturation rates for all sub-branches within a
given branch do not have to sum to 100.

4. Enter the Annual Water Use Rate data
Enter the following data under the Rural Demand Site, Annual Water Use

Rate tab.
Rural
Single Family Houses
Showers 80 m3/household
Toilets 120 m3/household
Washing 60 m3/household
Others 40 m3/household
Apartment Buildings 220 m3/household
Consumption (in consumption tab) 80%

Note that the Consumption value is entered for the entire Rural demand node,
and not the sub-branches.
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5 . Check the results

Recalculate your results. You should get an error message, as pictured below.
Note that a Return Flow percentage was not input when the Return Flow link
for the Rural demand node was created.

eror x|

Demand Site return Flove Fractions musk sum to 100 percent. In this case, the sum
is 0 percent,

Branch: Supply and ResourcesiReturn Flows\From Ruralito Return Flow Mode 3
Scenario: Currenk Accounts

Year: 2000

month: 1

Yariable: Runoff Fraction

Return to the data view and input a value of 100% for the Return Flow Routing for
the Rural demand node.

Now recalculate again. In the Results view, choose Water Demand as the
Primary Variable from the pull down menu. Select “All Branches” from the
pull-down menu directly above the graph legend. Select 3-D and bar graph as
the format using the pull-down menu for the “Chart Type” icon on the
vertical graphing toolbar (see first and second screen shot below). Select the
Rural demand node from the pull down menu above the graph (see third
screen shot below).
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a0
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a0 [ [ By City N -
[~ I R urahapartme L Line -
70 ¥ [ RurahSingle F @ Fic Log
T ol
ﬁ" - . ol U G
=
-§ 50 i
3
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= Q
30 =]
L
20 Z
[+ ]
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i
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Area: Tutorial Results View Registered to: Chris Swartz, Tellus Institute

Stockholm Environment Institute June 2005



Refining the Demand Analysis

S
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In order to view Water Demand results for all of the Rural sub-branches (e.g.,
Single Family Houses/Showers; Apartment Buildings), toggle up to Level 2
on the “Levels” selection field (directly above the center of the graph). The
resulting graph should look like the one below.
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WEAP Tutorial

Do you understand why the rural demand varies along the year even though we

have not entered any variation?

The variation in Rural demand is due to the fact that WEAP assumes a constant daily

January).

- demand per day (no monthly demand was specified by the user), so months that have
less days (like February) have a lower demand than months that have more days (like

Now create a 3-D graph of Demand Site Coverage and select all demand sites
for presentation (the pull-down menu to do the latter is to the right of the

graph; see below).
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Do you understand why the coverage is always 100% for rural but not for Big
City and Agriculture, even though they all have the same demand priority
level ?

The Rural withdrawal point is downstream of the return flow point for the Big City,
‘; Y A > which means there is an additional volume of water available in the river; this return

flow can easily cover the rather small Rural demand.

Modeling Demand Side Management,
Losses and Reuse

1. Implement Demand Side Management - the disaggregated Approach

We will now create a new scenario that explores a demand side management
strategy. Create this scenario inherited from the Reference Scenario so it will
have the same climate and Big City population growth rate as the Reference

Scenario. The scenario tree in the Manage Scenarios window should look like

this:
x
e fdd ;'1-, Copy = [Delete Rename |
= I:_urrent Accounts [2000] Mew w'ashing Machines DS iz bazed on:
= Reference [2001-2015) e =]
E| Higher Population Growth [2001-2015]
i i Extended Dy Climate Sequence [2001-207 Scenario Description:
fazhing Machines DSM [2001-2015)
[ Showe rezults for this scenanio
< I I LI Uncheck to reduce calculation time
& Clozs I ? Help
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We will assume that a new type of washing machines allows a 2/3 reduction
(66.7%) in washing water consumption. This new scenario will evaluate the

impact of this Demand Side Management measure if 50% of the households
can be convinced to purchase the water-saving machine.

First, go back to Current Accounts in the Data view, where you will create
two new branches (Old Machines and New Machines) in the Rural data
structure. Effectively, you are disaggregating the Washing variable to now
include two new sub-categories. Note that you must return to Current Accounts
because all new data structures have to be entered in Current Accounts, even if the
variable is not to be activated (i.e., given non-zero activity levels) in the Current
Accounts and Reference Scenario.

When you go to add the first sub-branch under Washing, you will get the
following message:

mptyCop

- ey Assumptions Datafor: | Curent Accounts (2000]  +| |4 Manage Scenarios... [ Data Report

51 Demand Sites P
Big City WaterUse  LossandReuse ) Demand Management J  Friority J
Agiculture b ) ™ ) _')

= Rl Advanced
=) Single Family Houses —/J

Showers
Toilets
Annu clivity drivi i

ty driving demand, such as agricultural area, 9 Hel,
Others nanulatinn nsinn water for domestic numnses ar industrial autnut g
- [T |

| ‘ Arrl wiater Use R | Morthl Vrision | Gonsunpton

Pesuls g\ Ifyouceate anewbranch undemeath Wasting’, you il lose the water use data aleady entered or
LAY

Washing. Water use data is entered only at the lowest level on the demand tree.) Do you want to delete
this data and create a new branch underneath "Washing” ?

b d
=
3D
Log
#
=
j Big Cay
Area: Tutorial EmptyCopy DataView Registered to: Tellus Institute

Click yes, and add the following structure:
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=1~ Rural
-+ Single Family Houses
Showers
Toilets
= Wazhing
Old Machines
Mew Machines
Others
Appartment Buildingz

Change the units for Old Machines and New Machines to Shares. Reenter the
Water Use Rate for Old Machines (60 m*/household), as was the value for the
original higher level variable “Washing”.

-lolx]

Area Edb  View General Tree Help

nit Domestic Water Use ] | by for [Ermrent Accourts [2000) =] | Manage Soenanios.. [ Data Fepart. |
it |mgation W ater Meeds =

omestic Yariation {WaterUse  Lossand Reuse ) Demand Management J Cost ]

'opulation Growth Fate . - ) - ) ‘—)

BJ- Demand Sites Friotity ) Advanced
‘.. Big City _ly) _)

- rgriculture

i Annual Activity Level IEXTTERY i Monthly Variat\onl Eomsumpliunl
= Rural
=) Single Family Houses | A
— Annual water use rate per unit of activity 2 Help I
- Tolets Washing 2000 IScaIE |L|mt | =
. New Machines m"3 Ahousehald
plsalachines OldMachines |60 m'3  thousehold
H 01d Machines
Lo Others _
Apartment Buildings
[=- Hydrology
-'Wwater Year Method _l;I =]
A F
m Table | Nokes |
Annualwiater Use Rate

£ 60

ja ~

Za =i

20 T

E Mew hachines Ol Machines £
Area: Tutorial DataView Reaistered to: Chiiz Swartz, Tellus Institute

Enter a value of 100% for the Old Machines Activity Level. Leave blank the
Activity Level for New Machines - this is the same as entering a zero.
Remember, you are entering these in the Current Accounts, so you want only
the Old Machines to be active in the Reference scenario. This recreates the same
effect as having the aggregated variable “Washing” in the original Current
Accounts and Reference scenario. The New Machines variable will be activated
in the New Washing Machines DSM scenario (see below).
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RI=TE
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Now, switch to the New Washing Machines DSM scenario.

Input a value of 50 for New Machines (50% of all washing machines will be this
new variety) and Remainder(100) for Old Machines (use the Expression Builder
for the latter).

il

Area Edit Wiew General Tree Help

- Unit Damestic ‘Water Use ;I Diata for: |0
- Unit Irrigation " ster Needs

- Domestic Yariation ( Watar Use . Lass and Reuse) Demand Management) Cost )

‘.. Population Growth Fate
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- hural
Single Family Houses Annual level of activity driving demand, such as agricultural area, 7 Help
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Demand Site 2000 [2001-2m5[Seale Uit | -
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0Old Mach
Others achines Single Family Houses 70 70 Percent share of houzeholds
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1 Hydrology New Machines 50 Percent  share  of housshalds
L Water Year Method - 0ld Machines 100 Fiemaind.. Percent  share  of househalds ﬂ
e 5
;I - Table | Nolesl
1 Annual Activity Level
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_H 5 ~ ew Machines =]
- B 3D
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| Area: Tutorial | Data View | | Registered to: Chis Swarte, Tellus Institute J

You will have to input again the original Water Use Rate for the Old Machines
(60 m3/household) as well as the new Water Use Rate for the New Machines:

Old Machines 60 m3/household
New Machines 60%0.667 m3/household
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JR1=TE
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Now compare the numerical Water Demand results for the Washing branch
of the Rural demand site for the Reference and New Washing Machines DSM
scenarios. In the Results view, click on the Table tab and select the Water
Demand variable. Also select Annual Total rather than Monthly Average and
choose 2001 (you can only view numerical results for one individual year at a
time when comparing scenarios in the Table view, but this does not present a
difficulty for this example, as we do not try to model any growth with time
for the Washing variable). Choose the Demand Sites\ Rural \ Washing \ Single
Family Houses\ Washing from the upper left pull-down menu and All
Branches from the upper left pull-down menu. Select the Reference and New
Washing Machines DSM scenarios from the pull-down menu at the bottom of
the window. The table should look like the following:
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JR1=TE

Area Edit Wiew Favorites Help

Chart dap I
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&
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Note that the use of the New Machines in 2001 (and all subsequent years in
the New Washing Machines DSM scenario period) results in about 460000 m?
less water demand than if only Old Machines are used (Reference scenario).

Demand-side management (DSM) refers to measures that can be taken on the
consumer’s side of the meter to change the amount or timing of water consumption (as
<i i ’ compared to the utility company's, or supply, side of the meter).

Another way of modeling disaggregated DSM is to reduce the unit consumption for the
affected category (in this case washing). There is no right or wrong way to model DSM.

2. Implement Demand Side Management - the aggregated Approach

If disaggregated data is not available, an equivalent value of DSM can be
computed. In this example, assuming we had not disaggregated the Rural
water demand, we could come to the same result by using the “Demand
Management” option for this Demand Site in the Data view tab. In this case
the reduction would amount to:

Original contribution of

washing to rural water use 2,772/26,316 = 10.5%
Share of New Machines 50%
Reduction of New Machines 66.6%
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Multiplying all of these percentages together = 3.5%

This value can be entered in the Demand Management/Demand Savings tab for
the Rural branch of a Demand Side Management scenario.
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view. To see the effect of a DSM measure, look at the change in Supply Requirement

Demand Side Management (DSM) measures are not taken into account in the demand
@
rather than Water Demand.

3 . Model Reuse

Another water conservation strategy that could be studied with scenarios is
water reuse. Create a new scenario inherited from the Reference scenario and
name it “Big City Reuse”. Make sure you are in this new scenario and click
on the Big City branch. Click on the Loss and Reuse button and click the
Reuse tab. Enter the following expression in the 2001-2015 field using the
Expression Builder:

Smooth(2000,15, 2005,22, 2015,25)

First, pull the Smooth function into the text field of the Expression builder
and select “smooth” from the options. Click “Next” and enter the data values.
You should get a plot like the one below. Click “Finish”.
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Time-Series Wizard: Big City — ol x|
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Compare Unmet Demand for Big City before (Reference) and after (Big City
Reuse) instituting this conservation strategy. You should get the graph below,
which shows substantial reductions in Big City Unmet Demand when the
water reuse strategy is used.
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4. Model Losses

Re-edit the model to take into account the fact that there is a 20% loss rate in
the network of Big City. Make this change for the Current Accounts so that it
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will be carried through the Reference scenario, and as a result of the
inheritance feature, throughout all scenarios.
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What happens to the unmet demand for the Big City, both in the Reference
scenario and the Big City Reuse scenario compared to the earlier exercise
without losses?
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Losses can happen in Transmission Link, in the Demand Site itself or in the Return flow.
- Losses in the Transmission Link will affect the supply to the Demand Site. Losses in the
Demand Site will affect the required Supply Requirements of this Demand Site. Losses
in the Return Flow will only affect the flow returned.
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Setting Demand Allocation Priorities

1. Edit Demand Site Priority

Create a new scenario, inherited from the Reference, and name it “Changing
Demand Priorities”. Change the Demand Priority of the Agriculture Demand
Site in the Data view by clicking on the Agriculture branch and then clicking
on the Priority button. and on the node in the Schematic View and selecting
"General Info".

Change the Demand Priority from 1 to 2.
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sme

A demand priority can be any whole number between 1 and 99 (99 is the default) and
allows the user to specify the order in which the water requirements of demand sites are
satisfied. WEAP will attempt to satisfy the water requirement of a demand site with a
demand priority of 1 before a demand site with a demand priority of 2 or greater. If two
demand sites have the same priority, WEAP will attempt to satisfy their water
requirements equally. Absolute values have no significance for the priority levels; only
the relative order matters. For example, if there are two demand sites, the same result

‘g i > will occur if demand priorities are set to 1 and 2 or 1 and 99.

Demand Priorities allow the user to represent in WEAP water allocation as it actually
occurs in their system. For example, a downstream farmer may have historical water
rights to river water, even though another demand site positioned upstream could
extract as much river water as it desired, leaving the farmer with little water in the
absence of such water rights. The Demand Priority setting allows the user to set the
farmer's priority for water above that of the upstream demand site. Demand Priorities
can also change with time or change in a scenario - more advanced subject matter to be
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dealt with later in the tutorial.

You can also change the Demand Priority in the Data View, Priority screen, Demand
Priority tab.

2 . Compare Results

Display graphically the Unmet Demand for Agriculture for the Reference and
Changing Demand Priorities scenarios. It should like the graph below.
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Notice that the Unmet Demand for Agriculture increases when its Demand
Priority is raised to 2. This is because Big City now has preference for having
its demand met first. Evidence of this can be observed by generating a graph
of the monthly average Demand Coverage for Big City and Agriculture across
all years of the Reference scenario.
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Now compare these results to the same graph generated for the Changing
Demand Priorities scenario.

il

Area Edit Wiew Faworites Help
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Notice that in the Reference scenario, for the spring and late summer months,
both Big City and Agriculture do not get full coverage of their demand
because they both compete equally for Main River flow. When Big City is
given preference for meeting demand (Changing Demand Priorities scenario),
however, its coverage improves relative to Agriculture. When coverage is
100% for Agriculture, but not for Big City, that is because there is no
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Refining the Demand Analysis 89

Agriculture demand (primarily observed for the winter months). Note that
the Demand Coverage for the Rural demand site is always 100% - this is
because the return flows for Big City and Agriculture satisfy the water
demand created by the Rural demand site.

Stockholm Environment Institute June 2005
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92 WEAP Tutorial

Note:

For this module you will need to have completed the previous modules (“WEAP in
One Hour, Basic Tools, and Scenarios) or have a fair knowledge of WEAP (data
structure, key assumptions, expression builder, creating scenarios). To begin this
module, go to the Main Menu, select “Revert to Version” and choose the version
named “Starting Point for all modules after ‘Scenarios” module.”

Changing Supply Priorities

1. Create a new Transmission Link for water reuse

Create a new transmission link starting at the Big City Demand Site and
ending at the Agriculture Demand Site. This is a conceptual model of reuse of
urban wastewater for agriculture purposes. Set the Supply Preference on this
Transmission Link to 2.

Supply Preference 2
o]
Area Edit wiew Schematic Genmeral Help
FRiiver Al e
Diversion
. Reservair
M Groundwater
* Other Supply
[+ @ Demand Site
® Catchment
&>
o reatment Plant
—Fetum Flaw Main, River =)
[ mmRun of River Hydro o
% Flow Requirement ;I
[ Rivers_Polygons
® Rivers_fucs
[ Cities
M rivers
Agriculture (1)
- }DA&
-
] 1 I »

Area: Tutorial Schematic View || "Rural' marked for cut Fegistered to: Chris Swaitz, Tellus Institute

If water quality were a concern, a wastewater treatment plant could have been added to

3 treat the water from Big City before Agriculture received it. Having the treatment plant

2 in the schematic would make it possible to simulate the changes in water quality before
and after treatment.
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2. Results when you change Supply Preferences

Try changing the supply preferences of the two links that now supply the
agriculture area and look at the related results for demand site coverage. To
change supply preferences, either right click on the Transmission Link in the
Schematic view or go to the Data view and click on the appropriate
Transmission link below Supply and Resources/Linking Demands and
Supply/Agriculture.

WEAP: Tutorial =101 x|
Area Edit Wiew General Tree Help
El-Key As.sumplluns 2| Data for: | Cument Acoounts (2000) 'I | Manage Scenarios.. [ Data Repott .. |
¢ i Unit Domestic Water Use =
nit Irigation Water Needs ( Linking Rules Losses ) Cost )
omestic Variation : :
apulation Growth Fate EIPPTIMENE o Flow ol | Masimum Flow. Petcent of Demand |
'emand Sites
-~ Big City Demand site’s preference for each source of water. If no % Help
“o- Agriculure preference. set all to 1. Does not vary over time or by scenario.
- Hydrology to Agriculture | Supply Preference I =
o Water Year Method rom Big Cit
i - Read from File -t
_upply and Resources
-1- Lirking Dematids and Supply
o Big City |
o_AgricuIlure
- from Withdrawal Nod
& [Fram Biig City| —
River > =
4 >
-
e - |
i =
< n »
| Area: Tutorial | Data View | "Rural’ marked for cut | Registered to: Chis Swarte, Tellus Institute J

Try the following combinations:

Supply Preferences = 1 from the Main River, 2 from Big City
=

Area Edit Wiew Favorites Help

| Table | Map |
IDemand Site Cowverage (% of requirement met) F (lPercent - |3
Schematic ISceﬂariU. Feference x| |AII months | [ Monthly Average?

100 Al Demand Sites | -
an v I Agriculture n
v B Big City 30
a0 =
70 Log
&0 ity
E 50 H;t
5
o
40 (o]
30 @
i
20 :I
(7]
10
o T u T T u u T T
January hlarch  Aprl  May  June  July  Bugust October December
Al Years = [~ Percent of Time Excesded
| Area: Tutorial | Results View | "Rural’ marked for cut | Registered to: Chris Swartz, Tellus Instilute J
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Supply Preferences = 2 from the Main River, 1 from Big City

WEAP: Tutorial 1ol x|
Area Edit Wiew Faworites Help
Table I Map I
IDemand Site Coverage (% of requirement met) F (|Percert =3
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Supply Preferences = 1 from the Main River and 1 from Big City

WEAP: Tutorial 1ol x|
Area Edit Wiew Faworites Help
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WEAP Tutorial

Do you understand why the differences in Demand Coverage occur when the

Supply Preferences change?

Stockholm Environment Institute
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You can modify the display of preferences on the schematic by using the Schematic,
Change the Priority View menu. The “View Allocation Order” option will display the
actual priority order in which WEAP computes supply. This is a function of the Supply

@ Preference of the link as well as the Demand Priority of the demand site.

Note that you can study the impact of changing Supply Preferences, like Demand

Priorities, by creating alternative scenarios.

3. Revert to original model

You can do this by deleting the transmission link between Big City and
Agriculture and making sure the Supply Preference for the link between the

Main River and Agriculture area is set to 1.

Modeling Reservoirs

1. Create a Reservoir and enter the related data

We will now create a new scenario inherited from Reference, and name it
“Reservoir Added”. Then add the reservoir object on the Main River
upstream of Big City, and name it "Big City Reservoir" Be sure to unclick the

box where it asks if this object is active in Current Accounts.

Leave the Demand Priority at 99 (default).

General Info x|

R eservair

tame IEig City Rezersair

Optional Label for Schematic

[Uze ; faor ine break) IEHEI City Reservai

[~ ichve in Curent Accourts?

Demand Priorty | 93 [for filling reservor]

Mate: 1 iz the highest prionity, 99 iz the [owest

? Help | / Finizh x Eancell
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WEAP: Tutorial ol x|

Area Edit wiew Schematic General Help

Main River
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~PRetum Flow

RN of River Hydro

Flowe Requirement ﬂ

. Big City Reservoir
N7 Big City (1)
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[
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B

Area: Tutarial H Schematic Yiew || H Registered tor Chris Swartz, Tellus Institute:

Right click on Big City Reservoir and select "Edit Data". (Make sure you have
the “Reservoir Added” scenario selected). To alter parameters, you will first
have to click on the “Startup Year” button.

Choose 2002 as the startup year for Big City Reservoir
Limix

Area Edit Yiew General Tree Help

- Key Assumplions Drata for IHESE'VDif Added (2001-20° *| | Manage Scenarios... L) Data Repar...

(=l Demand Sites

-~ Big City { Starup Year Physical) _Operatiun) _Hydrupuwer)

- Agriculture
= Hydrology \Water Quality ) Cast } Priarity |
= Supply and Resources W) _) - W)

-- Linking Demands and Supply Shartup vear

- River = N

- - Main River The first year of operation/availability. IF not active in this -

i A - 7 Hel
Reaches scenario, enter 0. 2
= Fi_eser.vou.s 7 Reservoit |Sta|tup eat | -

l ; *-|Big City Rezervoil . — | ‘ —

Retumn Flows Big City Reservair 2002

Fesults [ Erwironment
- Other Assumptions

g

|Area‘ Tutorial H Data Yiew H H Reagistered to: Chis Swartz, Tellus Institute

Then click on the “Physical” button and change the following parameters :

Storage Capacity 70 M m3
Note that the Scale is set to "Million”
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WEAP: Tutorial o=

Area Edit Yiew General Tree Help
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= Demand Sites
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Results [ Environment
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= m Tahle | Nntesl
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gé 50 / v
E gl r - r - r r -
2000 2001 2003 2005 2007 2003 20m 2013 2015 e
Area Tutorial H Data Yiew H H Reagistered to: Chis Swartz, Tellus Institute
- More details about reservoirs operation and hydropower production are provided in

the “Reservoirs and Power Production” module of the WEAP tutorial.

2. Run the Model and Evaluate the Results
Look at the following results and think about the related questions.
- Demand Coverage: why has the coverage now changed?

WEAP: Tutorial ] 4

Area Edit Yiew Favorites Help

m Table | Map |

IDemand Site Coverage (% of requirerment met) F (|rercert =)

IScEnann' Reservoir Added j IAII months j I Marthly Average?

a0 7 Il ~oriculture u
7 I Big City ol
a0 ]
70 Log
a0 {E]e}
E 50 H
5 |
o
40 (o)
30 &
5
20 TI
10
Nates 0 T T T T T T T T
January March  Bpal  May  June  July  Bugust October December
ll'Years »| [~ Percent of Time Exceeded
Area Tutorial H Results Yiew H H Reagistered to: Chis Swartz, Tellus Institute

Stockholm Environment Institute June 2005



98
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- Reservoir Storage Volume: does the solution of building a reservoir
appear to be sustainable? Use the Primary Variable pull down menu to
select Reservoir Storage Volume, and select all years from the pull down
menu at the bottom of the graph.

WEAP: Tutorial
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- Flow in the River: is the residual flow downstream of the reservoir
adequate in the winter and spring? Select Streamflow from the Primary
Variable pull down menu and click on Monthly Average.

Stockholm Environment Institute
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WEAP: Tutorial -|o]x

Area Edit View Favorites Help

T (Million (Cubic Meter = |3
TP i

Inflows to Area

Lverage’?

o Outflows from Area &l Reservoirs -
B5
B0 Streamflow Relative to Gauge (Absolute) Groundwater 3 3 City
55 Streamflow Relative o Gauge (%) v Reservoir 3
50 Stage Transmission Link r
a5 Welocity Okher Supply » Log
g
z Reach Length Return Link. 4
=40 - Eig
o
Sz i
3} .
£
25 Q
20 =
15 -
10 @
a
a T T T T T T T T T T T T
Jan Moy Mov Oct Sep Sep Sep fug Jul Jul Jun May hblay hay Apr hlar Mar
2000 2000 2001 2002 2003 2004 2005 2008 2007 2008 2008 2010 2011 2012 2015 2014 2015

&l Years »| [~ Percent of Time Excesded

| Area Tutarial | Results View I | Registered to: Chris Swartz, Tellus Institute

WEAP: Tutorial |0l x

Area Edt View Favorites Help

Table | Map |
IStreamﬂnw (below node or reach listed) F (Million [Cubic Meter | )

All Main River Nodes and Reachs «
[ I 0. Headfaw
[ Il 1. Big City Reserair
[+ I : Reach
¥ 13 withdrawal Node 1|
[ I 4. Reach
~ I 5 Withdrawal Hode 2 | 7
I3 Reach
3 Return Flow Made 1 :
[ M = Reach
[ I 9. Return Flaw Mode 2
[ [ 10. Reach
0 T T T T T T T

January  Wfarch April May June July fugust  Ocloher  Decernber

Al Years = | [~ Percent of Time Exceeded

|Alea Tutorial \ Results Yiew | | Registerad to: Chris Swartz, Tellus Institute

%
L

XA
-

<

<

Erbop=

Switch to a logarithmic axis to see more clearly the differences in flow
upstream and downstream of the Reservoir. Why do streamflows
increase in again downstream of the Reservoir?
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WEAP Tutorial

The creation of a large-size reservoir allows storage of “excess” water during high flow
periods to cover water demand during low flow periods. The price to pay is, however, a

N,

potentially large impact onto the hydrological regime of the river downstream of the

reservoir. The Return Flows from Big City and Agriculture provide the flow in the Main
River during the spring and winter months. A reservoir’s operation variables and flow

requirements can be used to mitigate the reservoir’s downstream impact.

Stockholm Environment Institute
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Adding Flow Requirements

1. Create a Flow Requirements

Create a Flow Requirement along the river in the city, downstream of the
water withdrawal for the urban and agricultural demand sites.

Demand Priority 1 (default)

General Info x|

Flow Requirement
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Demand F'ril:urit_l,ll 1

MHate: 1 iz the highest prianity, 99 iz the lowest
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Right click on the Flow Requirement and select Edit Data/Minimal Flow
Requirement. Add the value below (make sure you still have the “Reservoir
Added” scenario selected):
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2. Run the Model and Evaluate the Results
Look at the following results and think about the related questions.
- How does this change streamflow?

Reproduce the same graph as generated above and compare.

WEAP: Tutorial =] b3
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- What is the Flow Requirement coverage?

You can view these data by selecting "Instream Flow Requirement Coverage"
under Demand. (Switch off the logarithmic display for the y axis)
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WEAP: Tutorial o=
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- Why has the coverage now changed for the Big City?
Select Demand Coverage from the Primary Variable pull-down menu.

WEAP: Tutorial -10] x
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- Assuming this flow requirement was more important than supplying the
Big City, how should the model be changed to ensure that the flow
requirement is fulfilled?

The relative level of Demand Priority of Big City, Agriculture and the Flow
Requirement will determine which demand is covered first. To ensure that the Flow
Requirement is covered first, change the Demand Priority of Big City and Agriculture to

N,
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a value higher than for the Flow Requirement. The Rural demand priority does not need

to be changed since it is downstream of the Flow Requirement.

Modeling Groundwater Resources

1. Create a Groundwater Resource

Create a Groundwater Resource next to the City and name it "Big City

Groundwater". Also, make it active in Current Accounts.
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¥/ Catchment

¥/ = RunoffAinfitration
v 2 Transmission Link
V| @ \astewater Treatmen|
v| 2 Retan Flow

| mFun of River Hydio

¥l # Steamflow Gauge

¥ [ Rivers_Polygans

[E3

General Info

Mame

V¥ Flow Requiement | Olptional Label for Schematic

[Use . for e break]

v ® Rivers_Arcs ? Hep |

Groundwater

Bia City Groundwater
Eig City Groundwaler

Iv Active in Curent Accounts?

VI Citess
VI rivers
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Agriculture (1)

53
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Fiegistered to: Tellus Institute

Give Big City Groundwater the following properties (make sure you are in
Current Accounts when entering these data - you will realize you are not if

there is no tab for Initial Storage) :

Storage Capacity Unlimited (default, leave empty)
100M ms?

Initial Storage

Natural Recharge (use the Monthly Time Series Window, accessed in the

field under "2000")
- Nowv. to Feb.
- Mayr. to Oct.

Stockholm Environment Institute
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|§HMunthly Data: Big City Groundwater _ ||:||5|

Matural Recharge [Million m™3]

konth I Walue ;I -~ Freview
Jan o0 v Allow dragging of values
Feb 0.000 a0
b ar 10.000 9
Apr 10.000 g
hay 10,000 i
Jun 10.000 i g ]
Jul 10.000 = 4|
Aug 10.000 3]
Sep 10.000 2]
Oct 10.000 1
Moy 0000 o — — :
Dec 01,000 — Jan Feb Mar &pr Jun Jul Au oot Moy

" Finish I X Cancel | |
| i

Connect the Groundwater Field with Big City

Use a transmission link to connect the groundwater resources with the Big
City demand site and provide a Supply Preference of 2. Your model should
look similar to the figure below.

WEAP: Tutorial o=

Area Edit Wiew Schematic General Help

—River
Diversion

A Reservair

[ W Groundwater
* Other Supply
Demand Site
Catchment

|»
»

—PRetum Flow
l [ R un of River Hydro
2 Flow Requiremnent LI

Rivers_Polygons
@ Rivers_Arcs
Cities

[ M rivers

S Main. River Big City. Groundwater

Fesults

Agriculture (1)
- ,5&‘
=
0 1 I 3
Area: Tutorial H Schematic View H H Registered to: Chris Swartz, Tellus Institute =

105

June 2005



106 WEAP Tutorial

Update the characteristics of the link between Big City Reservoir and Big
City

Change the characteristics of the transmission link connecting Big City
Reservoir and Big City:

1 (default)

13 m3/sec

Supply Preference
Maximum Flow Volume

WEAP: Tutorial =] b3
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- Demand Sites -
-~ Big City { Linking Fules Losses Cost J
“ Agriculure . 2 - ') )
- Hydralogy Supply Preference [EESNIGAA" W taximum Flow Percent UfDemandl
(= Supply and Resources
£} Linking Demands and Supply Maximum monthly flow [as a volume). due to physical % Help |
[=]- to Big City pacity, tractual or other tramnt: no
from Ywithdrawal Mode 1 leave blank.
from Big City Groundwate o Big City | 2000 |seale  unmt | | =]
1o Agriculure fram Big City Groundwater |13 ﬂ m™3 per Secnndl
l - River
[=1- Main River
Results Reaches
[ Reservairs o
- Big City Reservair
[=)- Flow Requirements —
“ Flow Requirement =
[+ Return Flows x
= Chart [EES | Notesl
e e M aximum Flow Yolume [monthly]
g
g 10 ‘v
e = 2
b
g 1 E ) —— 0
G Jan  Feb  Mar  fpr May  Jun  Jul fug  Sep  Oct Mov Dec
Area: Tutorial Data Yiew Reaistered to: Chris Swartz, Tellug Institute

The Maximum Flow Volume or Percent of Demand parameter models restrictions in the
capacity of a resource (due, for example to equipment limits).

@

Run the Model and Evaluate the Results

4

Look at the following results and think about the related questions.
- Is the groundwater extraction sustainable?

To view these results, select Groundwater Storage from the pull-down menu
under Supply and Resources/Groundwater
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WEAP: Tutorial o=

Area Edit Yiew Favorites Help
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- How does the relative use of water from Big City Groundwater and the
Main River evolve at the Big City demand site?

To view these graphical results for Big City specifically, first select "Supply
Delivered" under Demand within the Primary Variable pull-down menu.
Then choose "All Sources" in the pull-down menu on the right side of the
window above the figure legend. Next, click on "Selected Demand Sites" in
the pull-down menu centered above the graph and directly below primary
variable field. Click OK.

WEAP: Tutorial N =]

Area Edit Wiew Fawvorites Help

Table | Map |
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=
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e
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| Area Tutrial
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WEAP: Tutorial o=
Area Edit Yiew Favorites Help
m Table | Map |
Supply Delivered |v (Millon |Cubic Meter | = |1
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Area Tutorial H Results Yiew H H Reagistered to: Chis Swartz, Tellus Institute

Groundwater recharge and interaction with rainfall and surface water can be modeled
rather that entered as inputs. Refer to the “Hydrological Modeling” tutorial for more
details.

N,

Other resources can be modeled using the “Other Supply” object, which is characterized
by a monthly “production” curve. This object can be used to simulate a desalination
plant or inter-basin transfers, for example.
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110 WEAP Tutorial

Note:

For this module you will need to have completed the previous modules (“WEAP in
One Hour, Basic Tools, and Scenarios) or have a fair knowledge of WEAP (data
structure, key assumptions, expression builder, creating scenarios). To begin this
module, go to the Main Menu, select “Revert to Version” and choose the version
named “Starting Point for all modules after ‘Scenarios” module.”

Exchanging Data

1. Export Data to Excel

Export the entire model to Excel by going to the Data view and selecting
“Edit”, “Export to Excel”.

Export all branches, and all variables of the “Current Accounts” only
(don’t export any of the scenarios for this example) to a new workbook.
Keep other options at default values.

-lo/x

Area | Edit View General Tree Help

7&“2 Datafor: | Cunert Accounts (2000w | |2 Manage Scenaros.. (L) Data Report ‘
il
Ctr|+c { Water Use  Loss and Reuse) Demand Management) Cost J
ifp . 3

Chrl+y

L. Priarity ) Advanced )

Annual Activity Level T REICRIES] Halsl Manthly Vanatlunl Eunsumplmnl
Annual level of activity diiving demand, such as agricultural 7 Help |
area, population using water for di i . or
industrial output.
Demand Site [2000 |5Dale |Uml |;
Big City GrowthFrom(1.75%, 1930, 733530) persan
Agriculure 100000 ha

E

Chart |RE) | Notes |

3

Annual Activity Lewel

- .
, é 500,000 e
i I s
Biiy City 0
Arear Tutorial Data View Registered to: Chris Swartz, Tellus Institute
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Export to Excel

—Branches
" Current and below

ariables

" Annual Activity Level

= al Al

v Export rows faor blank expressions
[T Export inherited expressions
[v &utofilter in Excel

¢ o4 x Cancel |

111

changed in the “Data” view, using the same structure as in the Data tree. In large

@ This instruction creates a new Excel workbook that contains all the variables that can be
[ 4

models, you can choose to export only the current branch and/or variable.

2_ Use Excel’s Auto Filtering Option

In the Excel Spreadsheet that was created in the previous steps, filter the
content to display only the “Consumption” variable. You will probably have
to scroll over to the right to see the column in the view.

Use the arrow to the right of the “variable” header to select the

“Consumption” variable in the drop-down list.

Stockholm Environment Institute

E3 Microsoft Excel - Sheet1 o [m] 53
@ Ele Edit ‘ew Insert Format Tools Data  Window Help Type aquestion farhelp = o @ X
DEEHSY SRV 4BR-T o -o-|§I-
arial -u -[B]z U E]= LA
3% % 4 @ M| @ W ¢ | veReply with Changes.. End Review...
K1 M fe
F | G | H | | J '2‘
1 Use the buttons below to
B £
3 |Level 3 ~|Level 4... ~|variahle [+|Scenario ~|Unit
4 (Al AlCurrent Accounts m*3
5 {Top 10...) Current Accounts m*3
| (Custam...)
5 Annual Ackivity Level Current Accaunts
7 Arirual Water Use Rate Current Accounts %
g BAD Cancentration Current Accounts
o BOD Decrease .
a BOD Intensity Current Accounts $im3
10 Capital Costs Current Accounts
11 2 Current Accounts $/m"3
M2 Cost of Delivered Water Current A ts §
| 1< | Demand Priority urrent Accaunts
13 Distance Marker Current Accounts person
14 gg EDHEEHUGUU" Current Accounts m*3pars:
BLIEasE o,
15 DO Intensity Current Accounts % shars
16 DS Cast Current Accounts %
17 D3M Savings Current Accounts % =
Evaporation JJ
H 4 b M\Sheety Fized Operating Costs [ I 0
Draw~ [3 | Adteshapes~ S W [ O B 4l 5 2 h-Fd-A-== Bal.
Ready UM VA
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i Auto-filtering does not change or erase the data; it only hides the rows that are not of
interest. Multiple filters can be used.

3 . Modify Data

In the Excel Spreadsheet that was created in the previous steps, make the
following changes in the yellow column (it may be good to hide a few of the
columns so that you can see both the variable values and the Demand Sites to
which they belong in the same view):

Big City Consumption 5% (value was 15 originally)

. . o . e
Agriculture Consumption 5% (value was 90 originally)
o
] Bl Edt ew Insert Format  Tools  Data Window  Help Type a question for help  [o/( 0 & X
DB S8 SRY LR oo @ -5
avial -0 LB rU|EE=EE Gie B LA
A E Bl 420 | e Reply with Changes... End Review... _
K30 > X &S
E | H | I [ 4 ] B
| 1 |Tutorial Use the buttons below to filter the data.
2
| 3 |Level2 ~|variable _~|Scenario ~|Unit  ~|Expression (c:
| 16 |Big City Consumption Current Accounts % 4]
| 30 [Agriculture Congumption Current Accounts % .
7]
[171]
172
173
174
175
[178]
[177]
178
179
[1a0)
[181] 5
W 4 ¢ w]\Sheetl 1K | LUJ
Draw~ [3 | Autoshapes~ . w [ O [E] 4 2 [Z FA-EEZEB .
Filter Maode: LM v

The values entered are not meant to be representative of realistic values, just examples.

<3 i > When creating a large model, a quick way to enter a lot of data is to use the Excel
Import and Export functions combined with the Excel lookup capabilities. This requires
the user to have set up the model in a consistent way (data structure, names), however.

4. Import the Data from Excel
Re-import the modified data in Excel.

In WEAP, choose “Edit”, “Import from Excel...”
Check that the Consumption data have been changed in your model.
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WEAP: Tutorial
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2, |
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@

WEAP always reads from the Excel file that had the focus last. If you have several Excel
files open, you should ensure that the appropriate Excel file is selected before beginning

the importation into WEAP.

When re-importing into Excel, all rows are read, even those that are filtered out through
the auto-filtering options.

Importing Time Series

1. Create a Streamflow Gauge Object

Add a Streamflow Gauge object to the model.

Insert the streamflow gauge downstream of the Big City, below the
return flow nodes for agriculture and the City supply.

Stockholm Environment Institute
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WEAP: Tutorial _lo ﬂ
Area  Edit View Schematic General Help
¥l & Reservoir Al ”| =
W Groundwater
Q Other Supply Genetal Info ﬁl
v/ @ Demand Site:
@ Catchment Streamflow Gauge
2 RuncifAnfitiat
> Transmission L Mame IS“EENHOW gaugd]
VI @ \Wastewater T
—Retum Flow  Optional Label for S chematic ISlleamFIow P
[ mmRun of River F [Use ; for line break)
—

B P Hep

=
I Rivers_Polygons
[v] @ Rivers_Arcs
VI Cities
v/ I rivers

N

Ll

XK Cancel
3 4.

Agriculture (1)

| Area Tutorial || Schematic View ||

| Redistered to: Chris Swartz, Telus Institutz =

Import Text File Data

Import stream flow data from a comma-separated text file containing

approximately 100 years of streamflow measurements up to 2003. To import
the file, use the “ReadFromFile” function in the streamflow gauge’s data tab
in the “Supply and Resources/River/Streamflow Gauges” branch of the Data

tree.

Type in the following function, which will read the file from a directory
called “Additional Files” located in your area’s folder.
"ReadFromFile(Additional Files\ River_Flow.csv)”

~=loix|
Area Edit Wew General Iree Help
i Water Tear Method 2| atafor [Cument Aocounts zaon = | Manage Seenarios.. (1) Data Repott. ‘
+ Read from File
(- Supply and Resaurces Gauge Data
- Linking Demands and Supply
) ta Big City Enter monthly streamflow data, which you can compare to ? Help |
- from Withdrawal Mode 1 computed streamflow [in the Results Yiew), to assist in
B to Agriculture calibration.
from withihawal Node 2 Streamflow Gauge | 2000 [Scale [unt <]
B River Streamflow gauge | ReadFromFilefadditional FilesRiver_Flaw. cov] CMS
[ Main River
£ Rieaches
- Below Main River Hez
i Below withdrawal Moo
i Below Withdrawal Nod
 Below Retumn Flow Ne
- Below Retun Flow Ne
®5eamflow Gauges ]
B arflow gauge ¥ ad
4| | D
= Tatle | Hotes |
=~ A Gauge Data (manthly]
. @4 b4
“ = S
g A L 0 —_———————
G Jaw o Feb Mar o Bpr May  Jun Jul Awg Sep Oot Mov Dec 20
|#rea Tutorial | Data View Il || Registered to: Chris Swartz, Tellus Institute: JI

The ReadFromFile function can be used for any variable that requires a time series,

monthly or yearly, such as headflow, groundwater recharge, etc.

WEAP will automatically locate the correct year and month and only use that data. If

Stockholm Environment Institute
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you change the years modeled, WEAP will automatically read the correct data.

More information about the syntax of this function and the format of the data file can be
found in the “Read from File” help topic.

3. Compare the Actual and Modeled Stream flow

Recalculate and compare the historical stream flow data with what WEAP
simulates. Do this by clicking on the chart tab of the Results view and
selecting from the pull-down menu for the Primary Variable window: Supply
and Resources/River/Streamflow Relative to Gauge (Absolute).

WEAP: Tutorial -1ol x|
Area Edit Wiew Favorites Help
Table | Mep |
[t Domand ISR
Demand Gite: £ ¥ Demand 4 ‘ Avnwa 12l Teskal? T Wbl Average?
S SUpply an: urces Inflows ko Area
Ouitflows From Area - =
Skreamflow ——— N
180
Streamflow Relative to Gauge (Absolute) Groundwater 3 Fn DW" ?“maGtE i{?ﬁuww 2D
160 Streamflow Relative to Gauge (%) Reservair y [fopulation Gro —
Stage Transmission Link b [22 =
[ Welacity Okher Supply 3 Log
B2 Reach Length Return Link, 3 G
=
2100 v
8
g 9
=
] =
-
40 il
o
20
o

T T T T T T T
w00 2002 004 2006 2006 2010 2012 2014

& ears +| [~ Percent of Time Excesded

Area; Tutarial Results View Registered to: Chris Swartz, Tellus Institute

WEAP will compare the observed flow at the streamflow gauge to the nearest upstream
- node. In the case for this example, that node is Return Flow 2(the Return Flow for
z Agriculture). Comparing observed and simulated streamflow is one means for the user
to assess if the model is representing the system accurately.

Choose the “Selected Years” option from the pull-down menu above the chart
legend and select only the years 2000, 2001, 2002, and 2003 (the Current
Accounts is 2000, and there is no streamgauge data beyond 2003). The
Reference scenario will automatically be displayed when you choose the
“Selected Years” option. You should obtain the graph below:
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JR1=TE
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Area: Tutorial Results View Reqistered to: Chris Swartz, Tellus [nstitute

Notice that the simulated streamflow is greater than the observed streamflow
in the Current Accounts year (2000), but falls to less than observed in
subsequent years.

Working with Results

1. Create a Favorite Graph

Create a graph of streamflow that shows both the actual flow as recorded at
the streamgauge and the simulated streamflow at the appropriate node
upstream of the streamgauge (in this example, Return Flow Node 2). First,
select Streamflow from the Primary Variable pull-down menu. Then select
Streamgauge and Below Return Flow Node 2 from the list that appears when
you choose “Select Nodes and Reaches...” in the drop down menu of the
Supply and Resources/River/Streamflow chart above the graph legend (see
below). Finally, select the years 2000, 2001, 2002, and 2003 to be represented in
the graph using the pull-down menu at the bottom of the window.

Save this graph as a favorite by using the “Favorite”, “Save Chart as Favorite”
option. Name the file "Simulated and Observed Streamflow Comparison".
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WEAP: Tutorial =[]
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From this point forward, the chart will appear in the list of favorite charts of the Results

view.

<§ 2 > You can also export the data to Excel or to the clipboard, change the format and the
display of figures and charts, calculate statistics, group series with the smallest values,
etc. from the toolbar located at the right of the “Results” view.

2. Create an Overview

Create an overview displaying the streamflow, inflow, and outflow to area
charts.

Select the “Ouverview” view. Under “Manage Overviews”, select
“Inflows to area”, “Outflows to area” and the Favorite graph created in
the previous step.
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Area Edit View Help
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Overviews can be created from any combination of favorites, but the charts need to be

i created in the “Results” view prior to their integration in an overview. The data
underlying overviews can also be displayed in tabular format (select the “Table” tab)

and exported to Excel.

3. Use the Dynamic Map

Dynamic Results Maps are a quick way to obtain an overview of the results in
their temporal context. In the “Results” view, select the “Map” tab and play
with the time slider at the bottom of the display to see how the displayed
parameters change.

Try this by selecting the Main River’s streamflow.
=l

Area Edt View Favorites Help
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+ Add = Deler
== [Steamiion ] [Milion Cubic Meter)
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00— ©

|Alea Tutorial \ Results Yiew | | Registerad to: Chris Swartz, Tellus Institute

Is|m € m

Note that as you pull the slider across the bar, an indicator appears in the
graph above the bar to indicate the data selected (for this example, the year
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2004 annual total is selected). In the smaller schematic view at the top of the
window, the width of the river will increase and decrease with the changing

data, and numerical values appear for each of the reaches.

4. Export Results to Excel

All results can be readily exported to Excel from the “Results” view. A new
workbook is created that contains the results in table format, with the same

structure as in WEAP.

Recall the favorite graph you have created a few steps before by

selecting it in the “Favorite” menu of the Results View. Export the
related data to Excel by switching to the “Table” tab and hitting the

“Export Table to Excel” button ( 3 ) to the right of the screen.

5 . Calculate Statistics

You can generate statistics in the Results view for any table. Just click on the
Table tab and then click on the "Stat" icon on the right vertical menu bar.

WEAP: Tutorial g x
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Formatting

1. Change the Appearance of a Background Vector Layer

In the Schematic View, change the color of the Big City by right-clicking the
“Cities” layer in the box below the Element Selection box (see example below),
and selecting “Edit...”. Click on the Appearances tab, then click on the Fill
Color field. A color palette will appear.

Change the Background color to orange.
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WEAP: Tutorial -0l x
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You can also move various layers up or down relative to each other in the
schematic. Do this by right clicking on a layer and selecting "Move Up" or
"Move Down".

WEAP: Tutorial =10/ x
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Background vector data can be added by clicking “Add Vector Layer”. WEAP reads
vector information in the SHAPEFILE format. This format can be created by most GIS
software.

<§ ) > A large amount of georeferenced data (both in vector and raster format) is available on
the Internet, sometimes for free; websites such as www.geographynetwork.com or
www.terraserver.com provide good starting points for a search. Beware that some of
the downloadable data might need GIS processing before being usable in WEAP,
especially to adapt the projection and/or coordinate system.

2. Label a Vector Layer

You can edit the labels for the layers - right click on the “Rivers Polygons”
layer, select “Edit” and choosing the “Label” tab. You can also change the size
of the labels in this tab by going to the Size field at the bottom of the window.

S
VBT Fivers Palpgons [+ Preview?

tap FiIeI tppearance  Label |

Field:
| <NO LABEL> =l

Fant:
| Abcd123

Size [% of Average]:
Ir=|
10 =

.,/QK I x LCancel | G

You can also hide layers in the Schematic by clicking in the small box to the
left of the layer name (this makes the check mark disappear also).

3. Add a Raster Layer

In the Schematic View, add a background map of the Big City region by right-
clicking in the Layer window (see example below) and selecting Add Raster
Layer...

Select the file “Map.jpg” located in the “_Maps\ Tutorial” subdirectory of the
WEAP directory (e.g., C:\ Program Files\WEAP21\_Maps\ Tutorial). Also
enter a descriptive name to appear in the Layer window.
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_imix]

M amie: IMap_with_ruadﬂ [¥ Freview?
File M arne:
|dditional Files'Map.ipg |

f kK x LCancel | G

Your model should now look similar to the figure below.
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WEAP uses a “world file” to correctly position your raster file. Those files define the
coordinate of one of the corners of the raster and the cell size. They can be created by
many standard GIS programs such as ArcView or AutoCAD MAP.

The world file must have the same name as the raster file with a “w” added to its
extension and be in the same directory. For example, the world file for the above file is
called “map.jgw”.

Stockholm Environment Institute
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4. Move around Labels

Complete the formatting of your area by changing the node and label font
size and moving around labels.

Use the Schematic, Set WEAP Node Size and Set WEAP Node Label Size
menu to change the size of symbols and labels. For each of these actions,
a window with a slider will appear for increasing and decreasing the
size of these elements.

WEAP: Tutorial =10|x
Area  Edit View | Schematic Gemeral Help
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fow, gauge
3

]

4

Agriculture (1)

0 .’
1 J of
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Right-Click on any object and select “Move Label” to move its label.

WEAP: Tutorial ] 9
Area Edit View Schematic General Help
FRiver - ]
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[¥] & Reservair

v M Groundwater

1 Other Supply
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~Rstum Flow

W] mmRun of River Hydio

W Flow Requirement j

W[ Rivers_Puolygons

-
[ ® Rivers_Arcs

Big Cit:
VI Cities ! -
Il rivers e e gaUge
VI Map_with_roads - EdtData ¥

Vigw Results ¥

Notes

‘ Agriculture (1) Delete

E— i

| Area Tutorial || Schematic Wisw || || Registered to: Chiis Swartz, Tellus Instiute

If you don’t want a label to appear for a given object, just right-click that object, select
“General Info” and delete the optional label text.

7 You can copy your map to the clipboard for later use in reports and presentations by
selecting “Copy Schematic to Clipboard...” in the “Schematic” menu. The file size
indicated in the dialog box corresponds to an uncompressed format. It is usually safe to
go with the default level of detail.
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128 WEAP Tutorial

Note:

For this module you will need to have completed the previous modules (“WEAP in
One Hour, Basic Tools, and Scenarios) or have a fair knowledge of WEAP (data
structure, key assumptions, expression builder, creating scenarios). To begin this
module, go to the Main Menu, select “Revert to Version” and choose the version
named “Starting Point for all modules after ‘Scenarios” module.”

Modeling Reservoirs

1. Create a Reservoir

Create a Reservoir on the Lake located upstream of the Big City. Name it Big
City Reservoir

Demand Priority 99 (default)

i Entering a Demand Priority of 99 ensures that the reservoir will only fill if all other
needs are fulfilled, including downstream demand.

2. Enter the Physical Data

Right click on Big City Reservoir to edit data. Enter the following data in the
“Physical” window.

Storage Capacity 70 M m?
Initial Storage 25 M m?
Volume Elevation Curve

Volume Elevation

M ms3 m

0.0 190

30.0 210

70.0 216
Net Evaporation 25 mm/month.
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WEAP: Tutorial

Area Edit wiew General Tree Help

-0/ x]

- Ky Assumplions Drata for. ICuHEHl Accounts (2000) 'I | Manage Scenarios..  LL) Data Repar. . |
El-Demand Sites (__
- Big City Physical ~ Operation ) Hydropower J  Water Quality ] Cost
L Agriculture R : ) : ) : ) _)
B Hydrology Prioti
=8 S_upply and Resources —W)
' Llhkmg Demands and Suzply Storage Capacity | Initial Storage [ =8 Met Evaporation |
[=1- River
¢ [ Main River The relationship between reservoir volume and elevation.
Heache§ Big City Reservoir
= Resarvairs o
l + Add = [elete [¥ Use mouse to create or move points
Return Flows
Results B Enwironment Volume Elevation ;I 215
w Other Assumplions [Million m™3) [m]
0.000 190,00 210
30.000 21000 z
70.000 216.00 T 205
=3
b
% 210
]
195
190
0 10 20 30 40 S0 60 70
= “olume (Million m*3)

Area: Tutarial H Diata View || H Registered tor Chris Swartz, Tellus Institute: J
WEAP: Tutorial _1gf x|
Area Edit wiew General Iree Help
Bl ey Assumplions Data for ICunent Accounts (2000] 'I | Manage Scenarios.. (L) Data Report |
- Demand Sites :
-~ Big City { Physical ~ Opetation } Hydropower J  SWater Quality J  Cost
L Ariculture L ) ) ') —)
- Hydralogy =
o
=1 Supply and Resources __‘}’)
Llhkmg Demands and Sumply Storage Capacity I Initial Storage | Wolume Elevation Curve |l
iver
=5 Main River Monthly net tion rate = ti
Reaches precipitation on reservoir surface [negati p
Reservoirs indicates an increase in water].
. - FI“ ElgTothIHEsevol Fieservoil 2000 |5cale | =
[+ Feturn Flows = =
B} Erwironmert Big City Reservoir 25] J mm
- Other Assumplions
-
m Table | NUlEsl
Net Evaporation [monthly]
Lo L8
E
(1] T T T T T T T T T T ap
Jan Feb Mar Apr May  Jun Jul Aug  Sep Oct Mow  Dec T
| Area: Tutorial | Data View II | Registered to: Chris Swartz, Tellus Instilute J

The Volume Elevation Curve is used both to model the surface for evaporation and to
compute the head in case hydropower production is simulated. A cylindrical shape is
assumed in converting volume and elevation into area.

N,

Net evaporation needs to account for both rainfall and evaporation. It can therefore be a

positive or a negative number; monthly variations can be modeled using the “Monthly
Time Series Wizard”.

3.

Enter the Operation Data

In the same view, enter the following data in the “Operation” window.
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Top of Conservation

Top of Buffer
Top of Inactive
Buffer Coefficient
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Total Storage —#=

Flood Control Zone

Top of Conservation —=

Conservation Zone

Top of Buffer —=

©

Buffer Zone

Top of Inactive —=

Inactive Zone

As illustrated by the figure to the left,
WEAP allows the modeling of advanced
reservoir operation through the
definition of several zones that have
different operational constraints.

N

More can be learned through the
Help file’s “Reservoir Zones and
Operation” screen or by clicking
on the help button when in the

Reservoir’s Operation tab.

Understanding the Impact of the Buffer Coefficient

Run the Model as is, then again with a buffer coefficient of 0.1 and compare
the results for Reservoir Storage Volume, found under the Supply and
Resources/Reservoirs branch of the Primary Variable pull-down menu. Do
this for all months of the year 2000 by selecting this year on the pull-down
menu at the bottom of the graph, and choose the Reference scenario for
viewing from the pull-down menu below the Primary Variable pull-down
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menu at the top of the graph. You can choose “All Reservoirs” from the pull-
down menu above the graph legend.
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Compare results also for Demand Coverage (under the Demand branch). For
this graph, you can select “All Demand Sites” for viewing from the pull-
down menu above the graph legend.
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Demand Coverage; Buffer coefficient =1
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Afterward, set the buffer coefficient back at 1.
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The buffer coefficient provides a way to regulate water releases when the water level in
the reservoir is within the buffer zone (see figure in the information box of the previous
- step). The downstream demand is multiplied by the buffer coefficient to obtain actual
2 water release. Thus a buffer coefficient of 1 means that as much water is released as is
needed to cover downstream demand (in other terms, the buffer zone is a mere
extension of the conservation zone). A coefficient of 0 means no water is released.

Adding Hydropower Computation

1. Understanding the way WEAP models Power Production

WEAP can model Power Production in three different ways: through on-line
reservoirs, through off-line reservoirs, and through run-of-river hydropower
plants.

Refer to the help for more information on each category.

2. Add Power Production Capabilities to the Reservoir

In this example we will model an on-line reservoir power plant. Enter the
following data under the Hydropower window for Big City Reservoir.

Min Turbine Flow 5 CMS
Max Turbine Flow 80 CMS
Tailwater Elevation 195m
Plant Factor 100%

Generating Efficiency 60%
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- Look at the “Hydropower Calculations” help topic for more information about how

WEAP computes power production.

3. Compute Hydropower Production and Understand the Results

Run the model and look at the results in terms of power production for the

year 2000.

The results can be accessed under the Primary Variable pull-down
“Supply and Resources/Reservoir/Hydropower”.
=
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Do you understand why production levels between May and June are so similar,
even though flow in the river and downstream water release is much greater in
June?

@

The stream flow that can be processed by the turbine has been capped to 80CMS (see
previous step), meaning that even though there is a higher discharge in June, that excess
quantity flows downstream without going through the turbine. Hydropower in June
would be the same for May and June if not for the fact that the Storage Elevation in Big
City Reservoir was slightly lower at the end of April than it was at the end of May (look
at the Storage Elevation results to confirm this - these numbers represent the status at
the end of each month indicated). This effect was slightly offset by the fact that May has
31 days to produce power, whereas June has 30 days, but June still ended up having
slightly higher total production.

Off-line, “local” reservoirs’ hydropower production can be modeled in the same way.

Modeling Run-of-River Power Plants

1.

Create a Run-of-River Hydro Object

Create a Run-of-River Hydro Object on the Main River upstream of the Big
City Reservoir created in the previous exercise. Name it Big City Run of River.
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Enter the following data in the Supply and Resources/River/Run of River
Hydro branch of the Data tree in the Data View :

June 2005



Reservoirs and Power Production

2. Run and Compare Results

137

Run your model and create a graph comparing the power production for the

run-of-river and the reservoir power plants. Do this by selecting “All

Hydropower” from the pull-down menu above the legend.

What are the reasons for the differences between both curves?

L=
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Note that the Run of River hydropower is slightly higher in May than June, in contrast

May compared to June. Run of River hydropower production does not have Storage

@ to Big City Reservoir power production. This is due to the additional day available in
(4

Elevation as limiting effect, whereas the Reservoir was still filling in May, which

decrease the Reservoir production for that month compared to June.
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How does the run-of-river plant influence the streamflow of the river, when
compared to the reservoir plant?

To view this on the chart, select Streamflow from the Primary Variable pull-
down menu and choose “Selected Main River Nodes and Reaches” from the
pull-down menu above the legend. Select the following reaches: “Headflow”,
“Big City Run of River”, “Below Big City Run of River”, “Big City Reservoir”,
and “Below Big City Reservoir” from the list.
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While a reservoir can store water during high flows and release during low flow, thus

i having a smoothing effect, a run-of-river only processes whatever water flows in the
river at any given point in time. Therefore, it does not affect the shape of the streamflow
curve.
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Note:

For this module you will need to have completed the previous modules (“WEAP in
One Hour, Basic Tools, and Scenarios) or have a fair knowledge of WEAP (data
structure, key assumptions, expression builder, creating scenarios). To begin this
module, go to the Main Menu, select “Revert to Version” and choose the version
named “Starting Point for all modules after ‘Scenarios” module.”

Setting up Quality Modeling

1. Understanding Water Quality Modeling in WEAP

WEAP can model both conservative and non-conservative point pollutants.
Conservative pollutants are modeled through a simple mass balance. Several
models are offered for non-conservative pollutants.

Read the Environment Overview help topic for a more detailed description of
WEAP capabilities.

2. Create a Set of Pollutants

Create a set of pollutants that will be modeled by going to the “General”,
“Water Quality Constituents” menu. In the dialog box, make the following
change and create the following pollutants:

Name Calculate by Decay Rate
Temperature Change to “modeled”

TSS Decay 0.25 per day
Salt Conservative

Stockholm Environment Institute June 2005
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WEAP: Tutorial
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Water Quality Constituents il

& Add = [elate
Mame Scale Load Uit Concentration galculate Liazay bl Mate il
y [per day]
Temperature Celciuz Celcius Temperature [Modeled) Entered az data for each reach
BOC Kilogramme miligram/liter  BOD Model Biochemical oxpgen demand
0o Kilogranime miligram/dliter DO Model Dizzolved Oxpgen
T55 Kilogranime milligram/dliter  First-Order Decay 0.249

Water Quality Constituents il

& Add = [elate
Mame Scale Load Uit Concentration galculate Liazay bl Mate il
y [per day]
Temperature Celciuz Celcius Temperature [Modeled) Entered az data for each reach
BOC Kilogramme miligram/liter  BOD Model Biochemical oxpgen demand
0o Kilogranime miligram/dliter DO Model Dizzolved Oxpgen
T55 Kilogranime miligram/dliter  First-Order Decay 025
Salt Kilogramme miligrar/liter  Conzervative [No Decay]

*

i More details are provided on the different models used for BOD and DO models in the
“Dissolved Oxygen and Biochemical Oxygen Demand” help topic.

Entering Water Quality Data

1 . Enter River Water Quality data

In the Data view’s tree, select “Supply and Resources”, “River” and click on
your river. Then open the “Water Quality” screen and enter the following
data, which will represent water quality at the headflow of the river.

Model Water Quality? YES (check the box)
Temperature 15°C
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BOD concentration
DO Concentration
TSS concentration
Salt concentration
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Enter River Geometric Characteristics

145

River geometric characteristics are needed for the various water quality
models. They are mainly used to compute velocity / residence time of the
water. In the same view as in the previous step, select the “Reaches” branch

Stockholm Environment Institute
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of your river and enter the following information under the “Water Quality”

tabs.

Headflow Distance Marker

Tailflow Distance Marker
Note: intermediate reach lengths will be estimated by WEAP based on the

schematic.

WEAP: Tutorial

rea Edit Wiew General Tree Help

B- Supply and Resources

(1 ta Big City
S chematic
- to Agriculture
[=1- River
[=)- Main River

=1 [Beached]

Results

[=- Retumn Flows
1 from Big City
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[=I- Linking Demands and Supply
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0 km
300 km
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Inflows and Outﬂows_) _Chmate) | Water Quality = Cost )

BOD Concentration | D0 Concentration | T55 Concentration I Salt Cancentration

Flow Stage \Wwidth | Temperature
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walues for first reach and tailflow point. If any other values '—DI
are left blank, WEAP will estimate distance based on

h ic. Mot ired if only deling conservative
constituents.
Feach 2000 |Geale Junit |-
Eielow bain River Headflow 0 km
Eielow ‘withdrawal Mode 1 km
Below Withdrawal Mode 2 km
Below Return Flow Mods 1 km
Below Return Flow Mode 2 km
T ailflavs Paint 3od ﬂ km =

| o
=

-
-

e

rea; Tutorial Dataiew

Riegistered to: Chiiz Swaitz, Tellus Institute

Flow Stage Width for the headflow reach (use the Wizard by clicking on the

drop-down arrow)
Flow

Stage

Width

0
10
50
100
200

0.00
2.00
6.00
8.00
10.00

0.00

15.00
20.00
25.00
30.00

Your final formula should read:
FlowStageWidthCurve( 0, 0, 0, 10, 2, 15, 50, 6, 20, 100, 8, 25, 200, 10, 30 )
We will assume this section remains constant and leave other reaches empty.

Stockholm Environment Institute
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The “Reach Length” tab displayed under the “Inflows and Outflows” screen is used
- only for groundwater-surface water interaction modeling. Since this interaction can
2 occur along segments of the total reach length, it can differ from the total reach length.
Note that the reach length data input here is not used for water quality modeling.

3. Enter the Climatic Data

Climatic Data are needed to compute water temperature. In the same view,

select the most upstream reach and enter the following climatic data:

Air Temperature
Month

Value (°C)

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Set
Oct
Nov
Dec

Stockholm Environment Institute

10
11
13
15
21
24
29
31
28
20
16
12
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|§HMunthly Data: Below Main River Headflow

Air Temperature [C]

Muanth I Yalue ;I
Jan 10.000
Feb 11.000
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Oct 20.000
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=10 x|

—Freview
[+ &llow dragging of values

30
25
20

15

YWalues

10

Jan Feb Mar Apr

Jun Jul Aug

Ot Moy

" Finish

X Cancel | .
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Humidity
Wind
Latitude

65%
1 m/s
30°

Note: you can enter these values for the first reach and leave the other reaches
blank if you want the value to apply to all reaches.

WEAP: Tutorial

frea Edit Wiew General Tree Help
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Enter Pollution Generation Activities for the Big City

For Big City we will assume we know the concentration of pollutants in the
outflow of the City. Hence we will use the “Concentration” series of tabs in
the Environment, Pollutant Generation, Big City branch of the Data tree.

Enter the following data:

Temperature 16 °C
BOD Concentration 60 mg/l
DO Concentration 3 mg/l
TSS Concentration 5mgll
Salt Concentration 10 mg/l
imix
Area Edit iew General Tree Help
! g::z: z:::;z E:gx :zgzd Data for Im |4 Manage Scenarios.. L) Data Repar. .
[=l- Return Flaws Pallution Activity Level | BOD Intensity | L0 Intensity | TS5 Intensity
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monthly variation, use Monthly Time-Series Wizard.
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2] Eof .
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Reaistered ta: Chiiz Swartz, Tellus Institute

Enter Pollution Generation Activities for the Agriculture Area

For the agriculture area we will admit that we do not know the concentration
at the outflow, but we do know the pollutant generation intensity. Enter the

following data:

Annual Activity Level
BOD intensity

DO Intensity

TSS Intensity

Salt Intensity
Temperature

Stockholm Environment Institute

100,000 ha (create a link to the Demand Site data)

50 kg/ha
30 kg/ha
20 kg/ha
2 kg/ha
15°C
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igix
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Area: Tutorial Data Yiew Reqistered to: Chris Swartz, Tellus Institute
- Inputting data for pollutant generation, using either model, will cause WEAP to

disregard the pollutant concentration in the inflow to the demand site.

6_ Evaluate the Results

Run the model and look at the following results for the various pollutants. All
the water quality-related results are displayed under the “Environment”
category.

Demand Site Pollution Generation
Surface Water Quality

-Ioix]

Area Edit Wew Favorites Help
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= i

E

Q
2
=

&
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2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000

ISaIactadYears 1418) 'I I~ Percent of Time Exceeded

Area: Tutanial Results iew Riegistered ta: Chris Swantz, Tellus Institute
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Note that the pollution generation for Agriculture is constrained to the spring
and summer months when farming is active.

Modeling a Wastewater Treatment Plant

1 . Create a Wastewater Treatment Plant

Create a new scenario named “Wastewater Treatment Plant Added”- this
scenario inherited from the Reference. Then, add a Wastewater Treatment
Plant for Big City (make it inactive in Current Accounts), and create another
Return flow link from the Big City to the WWTP. Keep the existing Return
Flow Link from Big City to the river. Also create a return flow from the
WWTP to the river. Your model should look similar to the figure below.

i

Area Edit View Schematic General Help

~River - =
Diversion
4 Reservoir

* Other Supply

[+ @ Demand Site

® Catchment

~Runofi/Infilration

2 Tranemission Link

@ ‘wastewater Traatment Flant
mFun of River Hydro

*# Flow Reauitement Jid

[ Rivers_Polyaons
® Rivers_Arcs

= [ Cities

W rivers

—>w.

Area: Tutorial Schematic Yiew Reqistered ta: Chriz Swartz, Tellus Institute

Main, River

‘ Agriculture (1)

You will have to set the Return Flow Routing variables for both link.

For the Return Flow from Big City to Return Flow Node 1, set this variable to
100% for the Current Accounts year and 0% for years 2001-2015 in the
“Wastewater Treatment Plant Added” scenario. For the Return Flows from Big
City WWTP, set the Return Flow to 100% for the Current Accounts year and
the years 2001-2015 even though flow is not passing through the WWTP in the
Current Accounts year (Return Flow Routing for any Return Flow Link must
always sum to 100%)

Stockholm Environment Institute June 2005
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You also have the possibility to set removal rates in the various return flows. This
- would be useful if, for example, a given pollutant is decomposed by bacteria in the
sewer system. Enter the appropriate data in the Environment, Pollutant Decrease in
Return Flows branch of the data tree.

2. Enter WWTP Data

First, enter the Start Year by clicking on the “Start Year” window under the
Environment/Wastewater Treatment branch of the data tree for Big City
WWTP.
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Start Year 2001

WEAP: Tutorial ] 73
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Also enter the following data in the “Treatment” window (with the
“Wastewater Treatment Plant Added” scenario selected:

Consumption 5%

Daily Capacity 2M m?

BOD Remouval 90%

DO Concentration 5mgl/l

TSS Removal 80%

Salt Removal 20%

Temperature 15°C (reference to Big City demand site)

Stockholm Environment Institute
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If only part of the wastewater is treated through the WWTP, there are two modeling
possibilities. One is to limit the Daily Capacity to whatever amount can actually be
treated. In this case the wastewater in excess will be discharged without treatment. The

share of untreated wastewater is not constant, but depends on the total flow. Another
solution is to create an additional return flow going from the demand site straight to the

river, by-passing the WWTP. In this case, a constant share can be set to by-pass the
WWTP by setting the return flow routing shares accordingly. A combination of both
methods is also possible.

Evaluate the Results

Run the model and look at the following results for BOD in the “Wastewater

Treatment Plant Added” scenario, comparing them with the Reference

scenario values without a wastewater treatment plant.

Surface Water Quality (BOD downstream of Big City’s outflow into the river).

To view these results, first select “Surface Water Quality” under
“Environment” in the Primary Variable pull-down menu. Then choose

“Selected Scenarios” under the pull-down menu above the chart legend and
select the “Reference” and “Wastewater Treatment Plant Added” scenarios.
Using the pull-down menu at the bottom of the chart, select the years 2000
and 2001 for viewing. Select “Below Return Flow Node 3” (Return Flow Node
3 is the return flow for the WWTP, so you will be looking at water quality in
the river just downstream of the outflow from the WWT) as the Main River
reach to view and BOD as the water quality constituent from the two pull-
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down menus above the chart, and unclick the monthly average button to the
far right. Your screen should look like below:

WEAP: Tutorial Bl [=)E]5)

Area Edt Wiew Favorites Help
B Tetle | Men |

Sudace Water Quality «| ¢ fmiligramater |3

Sl [River Main River = | [Main River Nodes and Reaches: Below Retur Flow Nade 3+ | [wil Canstiuent BOD | [l morts =] [ Marthiy
45

|5elecled Scenarios [2/4) j v

v I Reference
v I astewsater Treatment Plant Added | 30
-

Data

Log

I £

=
miligram fiter

-3

Jan Mar May Jul Sep Mow Jan Mar May Jul Sep Mov
2000 2000 2000 2000 2000 2000 2001 2001 2001 2001 2001 200

Selected Years (2/16) =| [~ Percent of Time Excesded

Area: Tutorial Results Wiew Registered to: tellusinstitute

" Note that BOD levels decrease substantially in 2001 compared to 2000 in the reach
‘g [ 4 > below the return flow from the treatment plant because the plant becomes active that

year.

WEAP can also display water quality results from upstream to downstream.
For the X-axis, choose “All Main River Nodes and Reaches” and check
“Represent true relative distance?” This will show all nodes and reaches
along the X-axis, with their spacing proportional to their distance
downstream (distances shown in parentheses). Select July, 2015 as the month
and year. For the chart type, select Line.

The charts shows that BOD levels rise as BOD-laden return flows enter the
river, and decline as the BOD decays as it moves downstream. The effect of

the wastewater treatment plant can be clearly seen. Your chart should look
like this:
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Wastewater Treatment Plant Inflows and Outflows.
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To view these results, select the “Wastewater Treatment Plant Inflows and
Outflows” from the Primary Variable pull-down menu.

WEAP: Tutorial

EE EEX

Area Edt Wiew Favorites Help

Table | Map |

|WastewalerTrealmem Plant Inflows and Outflows j (Million |Cubic Meter |

Schematic ‘Scenario ‘wiastewater Treatment P\antAddedj ‘A\\Waslewalerﬂeatmenl Plarts j |AII monthe j [ Annual Total? [~ Maonthly Average

20
18
18
14
12
10

Million Cubic Meter
o kbo e oo

oo kR

-10
-12
-14
-16
-18

|4l Sources and Destinations— ~|

v Il Outow to Main River =
v I Lozt in Treatment 3D
v I Inflow from Big City -
Log
T T T T T T T

I 2 F i

-3

—————
Jon  War Moy Ji Sep Mov  Jan  War My Jul S Mow
2000 2000 2000 2000 2000 2000 2001 2001 2001 2001 2001 2001

Selected Years (2/16) | [~ Percent of Time Excesded

Arear Tutorial

Results View Registered to: tellusinstitute

In this type of chart, the outflows are represented as negative values and inflows are

treatment plant.

- positive values. Note also that the “Lost in Treatment” category represents the flow
that is consumed - a consumption rate of 5% was input in the data view for the
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160 WEAP Tutorial

Note:

For this module you will need to have completed the previous modules (“WEAP in
One Hour, Basic Tools, and Scenarios) or have a fair knowledge of WEAP (data
structure, key assumptions, expression builder, creating scenarios). To begin this
module, go to the Main Menu, select “Revert to Version” and choose the version
named “Starting Point for all modules after ‘Scenarios” module.”

Modeling Catchments: the Rainfall Runoff
Model

1. Create a New Catchment

Create a Catchment object in the Schematic View to model the headflow of
big river. Do this by pulling over a catchment node and locating it near the
starting point of the Main River. Name it “Main River Headflow”. Once
positioned, a dialog box will open and request the following data:

Runoff to Main River
Represents Headflow Yes (check box)
Infiltration to No inflow to GW
Includes Irrigated Areas  No (Default)
Demand Priority 1 (default)

Note that when you have finished creating the Catchment node, a dashed
blue line will automatically appear in the schematic linking the node to the
Main River.
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s 5@\

Results
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| &rea; Tutorial | Schematic View || | Registered to: Chiis Swarlz, Tellus Institute

2. Create an Appropriate Substructure in the Basin

In the Data tree of the Data View, enter the following data. When first
selecting the catchment to enter data, select the “Rainfall Runoff (FAO)”

method under the “Advanced” tab.

Stockholm Environment Institute
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SER

Atea Edit Wiew General Tree Help
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Area 10M ha (you will have to choose the units first)
Effective Prec. 98%
Irrigated? 0 (1 indicates irrigation, 0 not)
Crop Coefficients (use the Monthly Time Series Wizard to input these data)
Sep to Feb 0.9
March 1.0
April 1.1
May 14
Jun to Aug 1.1

|§HMonthly Data: Main River Headflow -0 x|
Kc
tanth I Walue | d [ Preview
e 0,900 v Allow dragging of values
Feh 0.900
bl ar 1.000
Apr 1.100
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o Firish I x Cancel | "
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The Rainfall Runoff method is a simple method that computes runoff as the difference
between precipitation and plant’s evapotranspiration. A portion of the precipitation can
be set to bypass the evapotranspiration process and go straight into runoff to ensure a
base flow (through the “effective precipitation” parameter).

The evapotranspiration is estimated by first entering the reference evapotranspiration,
then defining crop coefficients for each type of land use (Kc’s) that multiply the
reference evapotranspiration to reflect differences occurring from plant to plant.

<i i > More information about this method can be obtained from the FAO Irrigation and
Drainage Paper 56, called “Crop Evapotranspiration” and available from the FAO'’s

website (www.fao.org).

Entering an effective precipitation other than 100% is one way of acknowledging the
fact that part of the rainfall is not submitted to evapotranspiration during high intensity
rainfall events, hence generating a minimal runoff to the river even when the rainfall is
lower than the potential evapotranspiration. Another solution is to move to more
developed models such as the 2-buckets soil moisture model coupled with Surface
Water — Groundwater interaction modeling, as presented later in this module.

3. Enter the Climatic Data

Climatic Data are entered at the catchment level. In the Data View, select the
new catchment under the “Demand Sites and Catchments” branch of the data
tree and enter the following data under the “Climate” tab using the Monthly
Time Series Wizard :

Month Precip. ETref
Jan 21 42
Feb 37 47
Mar 56 78
Apr 78 86
May 141 131
Jun 114 122
Jul 116 158
Aug 85 140
Sep 69 104
Oct 36 79
Nov 22 43
Dec 13 37
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@

If not available from on-site stations, precipitation data can sometimes be derived from
world-wide climate models such as the one developed by Tim Mitchell at the University
of East Anglia (http://www.cru.uea.ac.uk/~timm/data/index.html). The use of GIS
software to extract the appropriate data is required. Such models provide average data

in opposition to actual data, implying that the calibration is much more delicate.

The Reference Evapotranspiration can be determined from a set of climatic and
topographic parameters using the Penman-Monteith equation. More details are
provided in the FAO publication mentioned earlier. Also, there exist global models of
monthly reference evapotranspiration put together by the FAO, available from the
FAQO’s website.

4,

Stockholm Environment Institute

Look at First Results

Results for Catchments are located in the “Catchment” category in the
Primary Variable pull-down menu.

WEAP: Tutorial

Area  Edit

Area: Tutarial

Runoff from Precipitation to the Main River should look similar to the figure
below. Select the Reference scenario from the pull-down menu above the graph
legend and Main River Headflow from the pull-down menu above the graph

Favorites  Help
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Modeling Catchments: the Soil Moisture
Model

1. Replace the Agriculture Demand Site with a Catchment

Delete the Agriculture Demand Site and create a Catchment in its place.
Name it Agriculture Catchment and give it the following properties:

Runoff to Main River
Represents Headflow No (check box)
Infiltration to No inflow to GW
Includes Irrigated Areas  Yes (check box)
Demand Priority 1 (default)

Note that the Demand Priority data appears in the window only after selecting
“Yes” to “Includes Irrigated Areas”.

General Info x|

Catchment

MHame I.t’-‘«gliculture Catchrent

Optional Label far S chematic

[Use : for ling braak) I.-‘-‘«gliculture Catchment

Rurcff to[Main Fiver ECE

Infiltration to |< No inflow to G > = |

[ includes [migated Areas™

Demand Priority I 1

Muote: 1 iz the highest prionty, 99 iz the lowest

& Finish LCancel
| % corca

s
I
@
o

2. Connect the New Catchment

The new catchment should now already be connected to the Main River with
a Runoff/Infiltration link. Add a transmission link from the river (same
starting point as the former Agriculture demand site), with Supply Preference
of 1. Your model should now look similar to the figure below.
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i The purpose of this transmission link is to allow supplying irrigated areas with water
from the river in case rainfall is insufficient.

3. Create sub-structure in the Catchment

We will assume this catchment has three types of land use. In the Data View,
add the following branches to your new catchment by right-clicking it in the
data tree and selecting “Add”. (If you select the catchment for editing by right
clicking on the node in the schematic view rather than going through the data
view, you will be asked beforehand to choose a simulation method - pick the
“Rainfall Runoff (soil moisture model)” method).

Irrigated
Forest
Grasslands

4. Enter the Appropriate Land Use Data

If you have not done so already, select the newly created Catchment in the
Data view and pick the “Rainfall Runoff (soil moisture model)” method by
clicking on the “Advanced” button. Then enter the following data after
clicking on the “Land Use” button:

Total Land Area 300,000 ha (you will have to select units first)
Irrigated Forest Grasslands
Share of Land Area 33% 25% remainder(100)
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Area: Tutorial Data Yiew Reqistered to: Chris Swartz, Tellus Institute
Irrigated Forest Grasslands
Leaf Area Index 3.6 3.0 1.7
Root Zone Conductivity 60 35 45 mm/month
Preferred Flow Dir. 0.15 0.15 0.15
T4 O, O, O,
Initial Z1 50% 20% 20%

The remaining variables are the same for all land classes in the catchment:

Initial Z2 20%

Root Zone Water Capacity 900 mm

Deep Water Capacity 35,000 mm

Deep Conductivity 240 mm/month

Ke Use the same values as input for the Main River Headflow

catchment in the previous exercise. You can simply copy and paste
that expression into the Kc field for the Agriculture Catchment
land classes.

The Rainfall Runoff (soil moisture model) method has been developed to provide a
simple yet realistic way of modeling hydrological processes with a semi-physical
representation. Details about the method and its parameters, as well as calibration

‘g i ’ procedures, can be found in the appendix to this tutorial as well as in articles posted to
the “publication” section of WEAP’s website (www.weap21.org). The related WEAP
help topic provides a description of each parameter and an overview of the model as
well. The parameter values displayed above are for illustration purposes only.
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5. Enter the Appropriate Climate Data

In the same view as in the previous step, select the “Climate” screen and enter

the following data:

Precipitation

Temperature

Humidity
Wind
Latitude

Use the same values as input for the Main River
Headflow catchment in the previous exercise.

MonthlyValues( Jan, 9, Feb, 12, Mar, 16, Apr, 21,
May, 24, Jun, 27, Jul, 29, Aug, 29, Sep, 27, Oct,
22, Nov, 16, Dec, 11 )

65%

1ml/s

30°

Data about snow coverage are not needed if the basin is not exposed to snow. WEAP
i determines the appearance of snow based on the temperature and the melting and
freezing points parameters. If the last two are left empty, no snow will be allowed to

accumulate.

6. Set up Irrigated Areas

In the same view as in the previous step, select the “Irrigation” screen and

enter the following data:

Irrigated Forest Grasslands
Irrigated Area 100% 0% 0%
Lower Threshold 45%
Upper Threshold 55%

Stockholm Environment Institute
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7. Look at Results

Look at the following results. Here again, the results are located in the

169

“Catchment” category of the “Results” view. Select “Land Class Inflows and

Outflows” under the Primary Variable pull-down menu. Select “All

Srcs/Dests” (short for “All Sources and Destinations”) from the pull-down

menu above the chart legend. To view the Irrigated segment of the

Agriculture catchment select “Branch: Demand Sites and
Catchments\ Agriculture Catchment\Irrigated” from the secondary pull-
down menu above the chart.

“Land Class Inflows and Outflows” represents in a very detailed manner the
water balance for each land use class. You should obtain a graph similar to the

figure below for the “Irrigated” land class inflows and outflows graph.
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T
Janmary

You can also look at such parameters as Soil Moisture in the upper bucket
(Relative Soil Moisture 1 (%)), or “Flow to River Full Irrigation”, which
displays the water flowing to the river, including the irrigation water in excess.

September. Soil Moisture in the first bucket is rather constant throughout the year at ca.

@ As you can see from the series of graphs, irrigation only happens from April to
(4
45% to 50%, which is consistent with the lower threshold we set.

Simulating Surface Water-Groundwater
Interaction

1_ Create a new Groundwater Object
Create a new groundwater object.

Locate the Groundwater object next to the Agriculture catchment that you
created in the previous exercise. Name it “Agriculture Groundwater”.
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2. Connect the Groundwater Object

Create the following connections:

@ VeeliBE a4cem
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Transmission link from groundwater to the Agriculture catchment (Supply

Preference 1)

Infiltration/Runoff link from the Groundwater to the Catchment

Your model should look similar to the one below:

WEAP: Tutorial
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@

You can also create the infiltration/runoff link between the catchment and the
groundwater field by right-clicking the catchment in the Schematic View, selecting
General Info and then choosing the groundwater field in the “Infiltration to” drop-
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down menu.

3_ Enter the Appropriate Data

In the Data View, select the groundwater object you have just created, switch
to the “Physical” screen and select the “Model GW-SW flows” method from
the “Method” tab.

Area Edt Wiew General Tree Help
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Switch to the “Water Quality” window and then back to “Physical” window
for the change to take effect (you will now see several new tabs in the
“Physical” window). Enter the following data (leave blank if nothing is
specified) under the appropriate tabs:

Initial storage 50M m?3

Hydraulic Conductivity — 10m/day

Specific Yield 0.1

Horizontal Distance 5000m (the extent of the aquifer perpendicular to
the river )

Wetted Depth 5m

Storage at River Level 50Mm?
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Select the Reaches that Interact with the Aquifer

173

In the Data View’s tree, expand all the reaches of the Main River by clicking
on the “+” icon next to it in the “Supply and Resources”, “River” branch.
Select the reach that is below the return flow node from Big City (you might
have to switch to the Schematic View and right click on the nodes to find the

name of that node in your model). Then enter the following data in the

“Reach Length” tab for this reach:
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5. Look at the Results

Look again at the “Land Class Inflows and Outflows” for the Agriculture
catchment, and select “All Srcs/Dests” (all sources and destinations) for the
year 2000 (monthly averages).
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Note that these results now include “Inflow to Agriculture Groundwater” (due to the
- designation of the Agriculture Groundwater node as a source to supply irrigation water
to the Agriculture Catchment) and “Outflow to Agriculture Groundwater” (due to the
creation of a runoff/infiltration link between the two nodes).
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Look at “Groundwater Inflows and Outflows” for the year 2000 (monthly
averages).
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Note that the “Inflow from Upstream” source and destination indicates infiltration of
- Main River water to Agriculture groundwater along the river reach you selected earlier.
z Likewise, the “Outflow to Downstream” variable indicates groundwater seepage into
the Main River.

Look also at the height of groundwater above the river stage. This can be
viewed by selecting “Supply and Resources/Groundwater/Height above
river” from the Primary Variable pull-down menu. Choose “Agriculture
Groundwater” from the “Selected Aquifers” option in the pull-down menu
above the chart legend.
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WEAP: Tutorial =8|
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Note that in the months where groundwater seepage to the Main River occurs (January
- to March), the groundwater elevation is higher than the wetted depth of the river
designated in the data (i.e., the difference in elevations is positive). Likewise, when
Main River infiltration to groundwater is occurring, the elevation difference is negative.

Stockholm Environment Institute June 2005



	Tutorial
	Tutorial Overview
	WEAP in One Hour
	Basic Tools
	Scenarios
	Refining the Demand Analysis
	Refining the Supply
	Data, Results and Formatting
	Reservoirs and Power Production
	Water Quality
	Hydrology

