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1 Introduction

1.1 Background

Many regions are facing formidable freshwater management challenges. Allocation of limited water
resources, environmental quality andigiels for sustainable water use are issues of increasing concern.
Conventional supphpriented simulation models are not always adequate. Over the last decade, an
integrated approach to water development has emerged which places water supply progcisntexh

of demanekide issues, as well as issues of water quality and ecosystem preservation.

The Water Evaluation and Planning System (WEAP) aims to incorporate these values into a practical tool
for water resources planning. WEAP is distinguished byiritegrated approach to simulating water
systems and by its policy orientation. WEAP places the demand side of the equatiemuse patterns,
equipment efficiencies, rese, prices, hydropower energy demand, and allocatioran 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 easyse, and attempts to assist rather thdstsute 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, and
pollution generation, treatment and dischadye 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.

See alsoQverview WEAP ApproachGetting Started

Operating on the basic principle of water balance accounting, WEAP is applicable to municipal and
agricultural systems, single subbasins or complex river systems. Mor¥ék&f> 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 and energy
demands, pollution trackingcosystem requirements, and project bewegt analyses.

The analyst represents the system in terms of its various supply sources (e.g., rivers, creeks, groundwater,
reservoirs); withdrawal, transmission and wastewater treatment facilities; ecosggtgérements, 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 incladseveral steps. The study definition sets up the time frame, spatial
boundary, system components and configuration of the problem.Clineent Accountsprovide a
snapshot of actual water demand, pollution loads, resources and supplies for the systeativAlsets

of future assumptions are based on policies, costs, technological development and other factors that affect
demand, pollution, supply and hydrology. Scenarios are constructed consisting of alternative sets of
assumptions or policies. Finallhe scenarios are evaluated with regard to water sufficiency, costs and
benefits, compatibility with environmental targets, and sensitivity to uncertainty in key variables.
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1.3 The WEAP Approach

Computer modeling in the field of water resources has a long history. Many sophisticated models have
faltered by being mathematically obscure and overly ambitious in attempting to "optimize"rsobatio
reaklife problems. Experience shows that the best approach is to build a straightforward and flexible tool
to assist, but not substitute for, the user of the model. WEAP represents a new generation of water
planning software that utilizes the powdrfcapability of today's personal computers to give water
professionals everywhere access to appropriate tools.

The design of WEAP is guided by a number of methodological considerations: an integrated and
comprehensive planning framework; use of scenamalyses in understanding the effects of different
development choices; Demanthnagement capability; Environmental assessment capability; and Ease
of-use. These are discussed in turn below.

1.3.1 Integrated and Comprehensive Planning Framework

WEAP places the eduation of specific water problems in a comprehensive framework. The integration
is over several dimensions: between demand and supply, between water quantity and quality, and between
economic development objectives and environmental constraints.

1.3.2 Scenario Analysis

With WEAP, you first create &€urrent Accountf the water system under study. Then, based on a
variety of economic, demographic, hydrological, and technological trends, a "reference" or "basiness
usual"scenarioprojection is established,fegred to as a Reference Scenario. You can then develop one
or more policy scenarios with alternative assumptions about future developments.

The scenarios can address a broad range of "what if* questions, such as: What if population growth and
economic deslopment patterns change? What if reservoir operating rules are altered? What if
groundwater is more fully exploited? What if water conservation is introduced? What if ecosystem
requirements are tightened? What if new sources of water pollution are Atltlatl# a wateirecycling

program is implemented? What if a more efficient irrigation technique is implemented? What if the mix
of agricultural crops changes? What if climate change alters the hydrology? These scenarios may be
viewed simultaneously in thesults for easy comparison of their effects on the water system.

1.3.3 Demand Management Capability

WEAP is unique in its capability of representing the effects of demand management on water systems.
Water requirements may be derived from a detailed set df dises, or "water services" in different
economic sectors. For example, the agricultural sector could be broken down by crop types, irrigation
districts and irrigation techniques. An urban sector could be organized by county, city, and water district.
Industrial demand can be broken down by industrial subsector and further into process water and cooling
water. This approach places development objectiem/iding enduse goods and servicest the
foundation of water analysis, and allows an evaluatiorffetts of improved technologies on these uses,

as well as effects of changing prices on quantities of water demanded. In addition, priorities for allocating
water for particular demands or from particular sources may be specified by the user.
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1.3.4 Environmental Effects

WEAP scenario analyses can take into account the requirements for aquatic ecosystems. They also can
provide a summary of the pollution pressure different water uses impose on the overall system. Pollution
is tracked from generation through treatthand outflow into surface and underground bodies of water.
Concentrations of water quality constituents are modeled in rivers.

1.3.5 Ease of Use

An intuitive graphical interface provides a simple yet powerful means for constructing, viewing and
modifying the gstem and its data. The main functietsading data, calculating and reviewing results

are handled through an interactive screen structure that prompts the user, catches errors and provides on
screen guidance. The expandable and adaptable data straftMHSAP accommodate the evolving

needs of water analysts as better information becomes available and planning issues change. In addition,
WEAP allows users to develop their own set of variables and equations to further refine and/or adapt the
analysis tdocal constraints and conditions.

1.3.6 Urban Water Management

One of the strengths of WEAP is that it is adaptable to whatever data is available to describe a water
resources system. That is, it can use daily, weekly, monthly, or annuastép®to charactee the

system'’s water supplies and demands. This flexibility means that it can be applied across a range of
spatial and temporal scales. Indeed, WEAP has been used throughout the world to analyze a diverse set of
water management issues for small commesiéind large managed watersheds alike.

Historically, WEAP has been used primarily to assess the reliability of water deliveries and the
sustainability of surface water and groundwater supplies under future development scenarios. This type of
application & WEAP has focused on the water supply implications of proposed management and/or
infrastructural changes, but has overlooked the impacts of these changes on the management of storm
water and wastewater. Recent advancement of the model, however, had ditowide holistic,
comprehensive consideration of each of these facets of managing local water resources. The updated
model can now be used to address questions surrounding the integration of storm water, waste water, and
water supply. These include:

1 How will water supply and wastewater treatment facilities be affected by the retention and/or
diversion of storm waters?

1 How will improvements in water collection systems affect water supply and wastewater
treatment?

1 How will modifications of combined sewer exflow systems affect wastewater treatment?
1 How can reclaimed wastewater be used to augment water supply?
The enhanced WEAP model includes updated features that allow the user to include the following:

T Infiltration and Inflow _from groundwater to sewage tadtion systems. These inflows can stress
rivers and streams by removing clean water from watersheds and place additional burden on
wastewater treatment by taking up valuable plant capacity and limiting future sewer connections.

T Infiltration Basins & Retention Pondsas management practices. These can be used to offset the
impacts of urbanization, where water demands increase and potentially threaten water supplies as
more rainfall runs off of expanding impervious surfaces, rather than recharging loca&rsaquif
They can also serve to attenuate-point source pollution.
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Display of UserDefined Performance Measures as ResultFhis will allow for the output of
site-specific performance measures and criteria, which are commonly guided by the objectives of
individual studies and systems configuration and local conditions.

Tiered Water Pricing policies as a means of promoting demand management.

Combined Sewer Overflows(CSOs) that pose potential risks to public health and aquatic life,
because they discharge ofieals and diseassausing pathogens directly into waterways.

1.4 Getting Started

Each WEAP analysis is conducted in a single area. An atgpicglly a watershed, but could also be a
larger or smaller geographic region. The last viewed area will open automatically when WEAP starts.

These help files contain comprehensive information on using the WEAP software. To get started, we
suggest you faitiarize yourself with some of the major concepts:

1

Help: Use the Help menu to get access to WEAP's online documentation. Pregkéyeto get
contextsensitive help anywhere in WEAP.

Views: WEAP is structured as a set of five different "views" onto yérga: Schematic, Data,
Results, Scenario Explorer, and Notes. These views are listed as graphical icons on the View Bar,
located on the left of the screen.

Current Accounts: The Current Accounts represent the basic definition of the water system as it
currently exists, and forms the foundation of all scenarios analysis.

Scenario analysigs at the heart of using WEAP. Scenarios areaifistent storines of how

a future system might evolve over time in a particular secamomic setting and under a
particular set of policy and technology conditions. The comparison of these alternative scenarios
proves to be a useful guide to development policy for water systems from local to regional scales.

User Interface: This documentation assumes you are familith Windowsbased programs.

The main screen of the WEAP system consists olMik& Bar on the left of the screen and a
main _menuat the top providing access to the most important functions of the program, and a
status bar at the bottom of the screen shgwhe current area name, current view, licensing
information and other status information. The layout of the rest of the screen will depend on
which view is selected.

Calculation Algorithms: WEAP calculates a water and pollution mass balance for evely no

and link in the system on a monthly time step. Water is dispatched to meet instream and
consumptive requirements, subject to demand priorities, supply preferences, mass balance and
other constraints.

Sample Data WEAP comes with a sample data set féichonal area called the Weaping River

Basin. The User Guide refers to this data set when describing data entry screens and reports. It is
worthwhile exploring this data set, as it illustrates most of the features of WEAP and the types of
analysis that WEP facilitates. Essentially, the area depicts a river basin with growing problems

of water shortages, groundwater depletion and environmental pressures. These problems of the
Reference Scenario are addressed in a series of scenarios employing a véadtydaimand

and supplyoriented measures.



1.4 Getting Started

1 Importing Data: If you have a full sequence of annual or monthly data, for example on
streamflows or municipal demands, tRead From Fildunction allows you read this data from

an ASCII data file.

T Additional Inf ormation on thehardware and softwaneequirements for using WEAP, and on
how to license the system and obtain technical support is also available.

See alsoBackgroundOverview WEAP Approach







2 WEAP Structure

2.1 Main Menu

The main menu in WEAP provides access to riast important functions of the program. There are
seven sufmenus:

2.1.1 Area Menu

The area menu provides options for creating, opening, saving and managing areas (typically river basins),
as well giving access to Argeide operations such as managing scesaréetting print options and
exiting WEAP.

Click on Manage Areas to see all recent WEAP areas, associated planning periods, date and time of last
changes, initials of person who made changes, directory size of the area, and zip status. An accompanying
image of each WEAP area is shown in the inset in the lower left. A notes field is also provided. In
Manage Areas, a new WEAP area can be created, areas can be opened, renamed, deletep, dacked
mailed, and zipped. To open a previously baakedVEAP area ot listed, click on Restore. The Repair

button will check and repair the database files of the highlighted area.

2.1.2 Edit Menu

The edit menu gives access to standard Windows editing operations: ctX)(@wopy (CtrlC), paste
(Ctrl-V) and undo (CtrlZ). Note that the Undo feature is limited to a single undo operation and only
within a given text editing box. WEAP does not currently support undoing of operations that affect data
structures, nor does it support mudtizel undo.

2.1.3 View Menu

The View menu allowgou to switch between the five basic views in the WEAP system. It also lets you
show or hide the View Bar, which by default is shown on the left of the screen. If the View Bar is hidden
(to make more room on screen), use the View menu to switch viewshé&¢éiew Bar help topic for a
description of each view.

2.1.4 General Menu

The general menu gives access to basic parameters, suchteseth®rizonand units used for your
analysis and thevater quality constituent® be modeled. The user also has the optmdetermine
whether or not individual demand branches within a demand site have the same monthly variation.

2.1.5 Schematic View

Various formatting options are available for the Schematic View. The user can set the area boundaries,
change the size of the dendanodes and labels, hide all WEAP objects, and choose among a variety of
priority views (e.g., demand site priorities, supply preferences).
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2.1.6 Tree Menu

The tree menu is used to edit and navigate through the Tree which appearfSaimathéew Options on
this menu allow you to add, rename, delete, move and organize branchdsdiBee the Tre&for more
information. Many of these functions are also available by-Gtibking on the Tree.

2.1.7 Favorites Menu

The Favorites menu, which is only displayed whenhi@ Results View lets you save favorite charts
including all settings for the axes, type of chart, and formatting. This feature is similar to the
bookmark/favorites features found on popular Internet browsing software. Stémario Explorer View

you can group together favorite charts to create overviews of different results. UsBahe Chart as
Favorité' option to bookmark the current highlighted chart. You will be asked to give the favorite a name.
Use the "Delete Favorite" option to delete a sdawdrite. To switch to a favorite chart, select its name
from the favorites menu.

2.1.8 Explorer Menu

The Explorer menu covers all aspects of displaying and formatting the data (inputs) and results (outputs)
in theScenario Explorer View

2.1.9 Help Menu

The Help menugives access to the contents, index and search pages of WEAP's help system. You can
also press thé&1l key at any time to access contsensitive help appropriate to the screen you are
working in.

The Help menu also gives access to the WEAP web sitaétiuires an Internet connection) and lets you
send an email to SEI requesting technical assistance. This feature requires that you have a MAPI
compliant email system installed on your PC, such as Microsoft Outlook or Netscape Navigator. An
"About" screergives you contact information should you wish to contact SEI by mail, phone or fax. This
screen also gives you system information which can be useful in identifying problems you may encounter
while running WEAP. An option labeledCheck on Internet for Updates' automatically checks for

newer versions of WEAP over the Internet, and installs them onto your PC. This is the preferred method
of updating the software as it requires a much smaller download compared to a full download and re
installation of the syem. WEAP will automatically check for a newer version on startup, if there is an
active Internet connection at the time.

NB: the versions of WEAP available on the Internet work by default in "evaluation" mode (i.e., with the
"Save" feature disabled). Ftitose using this version, the "Register WEAP" option can be used to enter a
user name and registration code to fully unlock the software. User names and registration codes are
distributed by SEI to licensed users of the system. VisitVigAP web sitefor more information on
licensing WEAP.

2.2 View Bar

WEAP isstructured as a set of five different "views" of your area. These views are listed as graphical
icons on the "View Bar", located on the left of the screen. Click an icon in the View Bar to select one of
the views. For the Results and Scenario Explorew, M#EAP will calculate scenarios before the view is
displayed, if any changes have been made to the system or the scenarios.




2.3Schematic View

The Schematic Viewis the starting point for all activities in WEAP. A central feature of WEAP
.__z\‘ is its easyto-use "drag and drographical interface used to describe and visualize the physical
> features of the water supply and demand system. This spatial layout is calkzhéneatic
You can create, edit and view it in the Schematic View. GIS layers can be added for clarity and
impact. The Schematic View provides you with aniek access to your entire analysight click on
any element in the schematic to access its data or results.

The Data View is the place where you create your data structures, models and assumptions in
WEAP. In the Data View, the screen is divided into four panes. On the top left, a hierarchical
tree is used to create and organize data structures under six major categories Key Assumptions,
Demand Sites, Hydrology, Supply and Resources, Environment, andA3thenptions. The tree is also

used to select the data to be edited, which is shown on the right of the screen. For example, clicking on
the "Demand Sites" tree branch on the left of the screen, will display the data for all demand sites on the
right of the screen. On the bottom left is a data inset schematic. Clicking on an element in the schematic
will result in a jump to its place on the tree. On theright of the screen, a data entry table is used to edit
data and create modeling relationships. Tifermation you enter here is displayed graphically in the
bottom right pane.

The Results View displays a wide variety of charts and tables covering each aspect of the

system: demand, supply, costs, and environmental loadings. Customizable reportsiearde v

for one or more scenarios. You can also use the "Favorites" option to bookmark the most useful
charts for your analysis.

]] |£~*The Scenario Explorer Viewis used to group together "Favorite" charts (created earlier in the

| (P 'Results” view into "Overviews" for simultaneous display. With Overviews, you can get a
birds-eye perspective on different important aspects of your system, such as demands, coverage,

flows, storage levels, environmental impacts and costs. You can create multiple Overviews, each of which

can display up to 25 different Favoritds addition to showing Results, the Scenario Explorer View can

display selected Data across many scenarios, to help demonstrate the impact of various assumptions and

policies on resultsThese input values car lthanged on the spot and WEAP will recalculate and update

the results.

@ The Notes Viewis a simple word processing tool with which you can enter documentation and
references for each branch of the tree. To edit the notes, either type directly into ése Not
Window, or selecEdit to display a larger window with additional weptlocessing features.
Notes can include formatting (bold, underline, fonts, etc.) and can also include standard Windows
"objects" such as spreadsheets. UséPtiive andPrint All buttons \%) to print one or all of the notes or
the Word buttons to export one or all of the notes to Microsoft Word. We highly recommend extensive
use of notes to document each scenario.

Tip: If you are working on a lowesolution screen, we suggest that yade the View Bar to make more
space on the screen. Use the menu optiiemv: View Barto do this. You will then need to use Wiew
menu to select the different views.

2.3 Schematic View

The Schematic View is the starting point for all activities in WEAP. A central feature of WEAP is its
easyto-use irag and dropgraphical interface used to describe and visualize the physical features of the
water supply and demand system. This spatial kaigpuoalled theschematic You can create, edit and
view it in the Schematic ViewsIS layerscan be added to provide clarity and impact.
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The schematic also provides you with atiek access to your entire analysis. Right click on any element

in the MainSchematic, and choose the data variable to edit under Edit Data, or the result table to view
under View Results. In the example at the right, the user is about to edit Storage Capacity data for the
groundwater node named West Aquifer.

~

Wiest
Adquifer

Central
Feservolr

City

West Aquifer

General Info

Storage Capacity
Wieww Results » Initial Skorage
Mairmumm Yithdrawal
Matural Recharge
Method
BOD Concenkrakion
I.SS Concentration . South
Mitrogen Concentrakion ] .
ity

Movve Label
Delete

Wie st
WAWWTP

Phosphorous Concentr akion

\]

South, City
W TP

10



2.4Data View

2.4 Data View

In the Data View you build the model of your system, entering the data structures, data, assumptions,
modeling relationships and documentation for Ghgrent Accountsnd for eactscenario. The screen is

divided into four panes (marked by red boxes in figure below):

& weap: Weaping River Basin |Z||E|E|

fArea Edit Wiew General Tree Advanced Help

+- Key Assumptions Data for |F|eferenc:e (201 1-2020) ﬂ |#£ Manage Scenarios [ Data Expressions Repart

—I-|Demand Sites| =
+- South City { water Use  Loss andReuss ) Demand Management J} - Water Quality }  Cost )
Schematic west City 3 - 1 - - |
Industry Maorth Priority ] Advanced j

+- Industry E ast
+- Agriculture Morth

. SN Annual water Use Hatel MDnthI_l,lVariation] Consumption]
+- Agriculture West

+|- Hydrology ivi ivil i
o Resouces|| | Annshicvel of actvly driving demand. such 2 sgricaltul srea. 7 elp|
i ION DemendSite __ [2010__[2011-2020 = T
Other Azsumptions — - - — —
South City 375 Growth[k et DrivershPopulation Grovth B ate[%]%) Million cap
Wiest City 2025 Growthlk. e DrivershPopulation Grovath B ate[5]%] Million cap
Industry Morth 100 Interpl 2032400 ] HMillion L3
(1% Industry E ast 1 GrovthdsKepDrivers\GDP[Milion $1.0.25)
Agriculture North |157.5 GrowthdsKepsDrivershBuilt Ervironment Expan... Thouzand  ha
A | Agriculure wWest A8 3

Chart ‘ Tahble l Note&l

Annual Activity Level

260 W I Yest City
[}
£ 40 ~ I southcity| Bl
v =) &
0.0 E
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 ¥
WEAR: 3001 Area: “Weaping River Basin | 2010-2020 [monthly]  Data View  Licenszed to: Stockholm Environment Institute
24.1 Tree

On the top left, a hierarchical tree is used to create and organize data structures under six major
categories: Key Assumptions, Demand Sites, Hydrology, SuppulyResources, Environment, and Other
Assumptions. The tree is also used to select the data to be edited, which is shown on the right of the
screen. For example, clicking on the "Demand Sites" tree branch on the left of the screen will display the
data forall demand sites on the right of the screen. Note that when you click on a tree branch, the
associated object in the schematic will flash on the mapT &eeOverviewfor more information.

2.4.2 Inset Schematic

A small schematic of your area is located ontitbdom left. When you click on an element, it will be
highlighted in the tree (above) and its data will be displayed in the data entry tables to the right.
Conversely, when you click on a branch in the tree, the associated element on the Schematt will fla
briefly. Move thezoom bar (below the schematic) to zoom in or out. Alternatively, hold dowrCine

key and click and drag to define a region to zoom in to. Hold dowhife key and click and drag on

the schematic to pan. When the mouse cursoosgtipned over the inset schematic, rotating the mouse
wheel will zoom in or out.
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Chapter2: WEAP Structure

2.4.3 Data Entry Tables

The data entry tables on the top right are used to enter expressions that define Current Accounts and
Scenario values of variables. Each data variable app@eits own tab; related variables are grouped into
categories (selected via buttons). Above the data entry tables is a set of buttons giving access to the
different variable categories associated with each branch. The buttons and tabs you see will vary
depending on what part of the data set you are working on. For example, when editing demand sites you
will see buttons giving access to "Water Use," "Loss and Reuse,” "Demand Management," "Cost,"
"Priority,” and "Advanced,” while for reservoirs you will esbuttons for "Physical,” "Operation,"
"Hydropower," "Water Quality,” "Cost," and "Priority." Click on one of these buttons to see the variables

in that category. For example, "Water Use" has three variables: "Annual Activity Level," "Annual Water
Use Raté' and "Monthly Variation." There are wizards to help you construct the expressams
Expression BuilderYearly TimeSeries Wizardand Monthly TimeSeries Wizard There is a "Help"

button next to the description of each variable that can be clickéal retrieve more information about

that variable.

Immediately above the data entry tables is a toolbar containing a selection box and the Manage Scenarios
button. Use the selection box to choose which data te-@ditent Accounts or one of the Scenarios.

Click on Manage Scenario$o create, rename or delete scenarios, or to change their inheritance
relationships.

2.4.4 Data Entry Results and Notes

The bottom right pane displays the data you entered in the top pane as either a chart or a table. These let
you quickly examine the values generated by the expressions you have entered above. A toolbar on the
right of the pane gives access to a range of options for formatting charts and tables (e.g. picking chart type
and stacking options, colors, 3D effects, gridssnber of decimal places, etc.) and for printing and
copying charts and tables and exporting tables to Microsoft Excel.

The bottom pane also gives access to a notes screen: a word processing tool in which you can enter
documentation and references for eadmbh of the tree. To edit the notes, righitk and selecEdit to

display the notes in a larger window, which includes a basic set of word processing controls. Notes can
include formatting (bold, underline, fonts, etc.) and can also include standaddWw¢iriobjects" such as
spreadsheets.

You may resize each of these four panels by dragging the dividing bars between them.

A record of all changes made to data in the order the changes were made are recorded in the text file
Changes.txt (stored in the sutsgitory for a WEAP area). Users enter their initials upon logging in when
WEAP starts so that any changes can be catalogued in this file and attributed to a specific user.

See alsoView Bar

2.5 Results View

Once you have entered data for your area, click on the Results View. WEAP can run its monthly
simulation and report projections of all aspects of your system, including demand site requirements and
covelge, streamflow, instream flow requirement satisfaction, reservoir and groundwater storage,
hydropower generation and energy demands, evaporation, transmission and return flow losses,
wastewater treatment, pollution loads, and costs. Calculations catebepted by pressing the Cancel
button.

12



2.7 Scenario Explorer View

The Results View is a general purpose reporting tool for reviewing the results of your scenario
calculations in either chart or table form, or displayed on your schematic. Monthly or yearly results can be
displayedfor any time period within the study horizon. The reports are available either as graphs, tables
or maps and can be saved as text, graphic or spreadsheet files. You may customize each report by
changing: the list of nodes displayed (e.g., demand siteshagos, time period, graph type, unit,
gridlines, color, or background image. (Séearts, Tables and Majer more details.) Once you have
customized a report, you can save it asfavdrite' for later retrieval. Up to 25 "favorites" can be
displayed sid by side by grouping them into anverview'. Using favorites and overviews, you can

easily assemble a customized set of reports that highlight the key results of your analysis.

In addition to its role as WEAP's main reporting tool, the Results Viewasimiportant as the main place
where you analyze your intermediate results to ensure that your data, assumptions and models are valid
and consistent.

The reports are grouped into three main categddiesiand Supply and ResourceandEnvironment

2.6 Scenario Explorer View

The Scenario Explorer View is used to group together multiple "Favorite" charts and tables (created
earlier in theResults View into "Overviews." With Overviews, you can simultaneously examine
different important aspects of your system, such as demands, coverage, flows, storage levels,
environmental impacts and costs.

In addition to showing Resultshe Scenario Explorer View can display selected Data across many
scenarios, to help demonstrate the impact of various assumptions and policies on Tassksinput
values can be changed on the spot and WEAP will recalculate and update the results.

For details on choosing and configuring the Data Variables and Results Charts in the Scenario Explorer,
seeScenario Explorer

See alsoView Bar, Scenario Explorer

2.7 Notes View

The notes screen @&ssimple word processing tool with which you can enter documentation and references
for each branch of thzee To edit the notes, either type directly into the Window, or radjick and
selectEdit to display a larger window with additional wepdocesing features.

Notes can include formatting (bold, underline, fonts, etc.) and can also include standard Windows

"objects" such as spreadsheets. Use the Print and Print All bL@)nm(print one or all of the notes or
theWord buttons to export one ol &f the notes to Microsoft Word.






3 Setting Up Your Analysis

To setup an area, the problem under study is characterized by defining physical etem@nising the

water demandgupply system and their spatial relationships, the study time period, units, hydrologic
pattern, and, when needed, water quality constituents and cost parameters. A central feature-is-an easy
use "drag and drop" graphical éntace used to lay out and visualize the physical features of the water

supply and demand system. This spatial layout represents the Schematic.

3.1 Creating an Area

3.1.1 Create Area

An "area" in WEAP is defined as a setontained set of data and assumptions. Its geographical extent is
typically a river basin. The data is separated itarent Accountsand any number of alternative
scenariosAn area is sometimes referred to as a "data set."

A study area can be a set of demand sites defined by political or geographic boundaries. It can also be
defined as a specific water supply system such as a river basin or a groundwater aquifer. In one case, the
point of focus will be the demand sites, while mother, it will be the water supplies in a region of
interest. In yet other cases, it may be necessary to conceive of both a set of demand sites and the specific
river system together as the study area. Study area boundaries could be somewhat morihdiextee

rigid definition of the hydrologic boundaries in order to include the adjacent demand areas served by
water supplies from within the hydrologic supply system, or possibilities of importing or exporting water
from or to sites outside the study are

Whichever you choose, ultimately the study area in WEAP will contain a distinct set of information and
assumptions about a system of linked demands and supplies. Several different study areas as defined in
WEAP could actually be used to represent thmesgeographic area or watershed, each under alternative
configurations or different sets of demand data or operating assumptions. In this way, study areas can be
thought of as representing separate databases where different sets of water supply andatansaed

stored, managed and analyzed.

To begin your analysis, you will first create a new afeado so, choose Area, New Area... from the
Main Menu.When creating a new area, you can begin with a copy of an existing area or start fresh with a
blank arealf starting from a blank area, you will be prompte&ts Area Boundaries

Another way to create an area as a copy of an existing area is from the Main Menu: Area, Save As....

See alsoManage Areas
3.1.2 Set Area Boundaries

Here you can change the geographical extent of your study area. The Set Area Boundaries dialog shows
an inset schematic on the lower left, whmntrols what is shown on the main schematic on the right.

The main schematic has a green box that indicates the current area boundaries. To change, click and drag
on the main schematic to specify the new boundaries.

Menu Option: Schematic: Set Area Bouades
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3.2 Schematic

The Schematic View is the starting point for all activities in WEAP. A central feature of WEAP is its
easyto-use "drag and drop" graphical interface used to describe and visualize the physical features of the
water supply and demand systeThis spatial layout is called tlsehematic You can create, edit and

view it in the Schematic View. GIS layers can be added to add clarity and impact.

3.2.1 Screen Layout

WEAP Legend

The legend, shown in the upper left corner of the Schematic View, lists the symbols used to represent
each type of WEAP component. The checkbox next to each symbol can be used to hide or show all
elements of that type on the schematic. To create a new elemepty, glick on its symbol in the legend

and drag to the schematic on the right.

Background Maps

You may display GIS layers as overlays or backgrounds on your WEAP Schematicbatieg®und
mapsare listed on th left side of the Schematic View, below the legend. The checkbox next to each layer
can be used to hide or show it on the schematic.

To add a layer, right click on the list of background layers and chaddd/ector Layer (e.g. ArcView

Shape files: *.shpdpr Add Raster Layer (e.g. ArcView GRID or GeoTIFF). This menu also allows you

to edit, delete, set labels or reorder the background maps. For instance, to view or edit the attribute data
associated with a GIS layer, rigtlick on the layer name, then set Edit to go to the Map Layer
window (shortcut: double click on the layer name to edith theMap Layer window that appears, click

on an element in the map to see its data (displayed in the table to the left of thdmljt or Table

view, clickthe Edit button (below the map) to be able to edit the attribute values.

Vector layers display geographic features using discretelotations. Lines are constructed from strings

of points, and polygons (regions) are built from lines which close. Venthods are sometimes
contrasted with raster techniques which record geographic features within a matrix of grid cells. A raster
display builds an image from pixels, pels, or elements of coarse or fine resolution, from centimeters to
kilometers. Many satkides, like Landsat, transmit raster images of the earth's surface.

Inset Schematic

On the left side of the Schematic View, below the list of background maps, you will finidstie
schematic This small schematialways shows your complete area, and may be used to zoom in and out
of the display on the main schematic. The area currently shown in the main schematic is indicated by a
red box on the inset schematic. Click and drag on the inset schematic to change shloatn on the

main schematic. You can also move #oem bar (below the inset schematic) or use the mouse wheel to
zoom in or out on the main schematic.
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3.2Schematic

Main Schematic

The large area on the right side of the Scheméé&w shows théMain Schematic It is here that you will

create and edit the schematic. Click and drag a symbol from the WEAP legend on the left and drop it on
the main schematic on the right to create a new object. You can also click and drag an dbgeatain
schematic to move it. Right click an object on the main schematic to edit general properties or data, view
results, delete, or to move the label. These actions are described in more detail below.

The schematic has scroll bars for moving sideide.sYou may also hold down ti&hift key and click
and drag on the schematic to pan. To zoom in, hold dowgtthekey and click and drag to define a
region to zoom in to.

The schematic also provides you with ariek access to your entire analysis. Riglick on any element

in the Main Schematic, and choose the data variable to edit under Edit Data, or the result table to view
under View Results. In the example at the right, the user is about to edit Water Use Rate data for the
demand site Industry Nibr.

|
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P i
West Aquifer _$_ \‘%:_B eservor /

oy . -
\-\ L
General Info T *7

Yiew Resulks » Initial Skarage
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Delete
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\.]
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3.2.2 Elements of a WEAP Schematic

A node represents a physical component such as a demand site, wastewater treatmgraupldweter

aquifer, reservoir or special location along a river. Nodes are linked by lines that represent the natural or
manmade water conduits such as river channels, canals and pipelines. These lines include rivers,
diversions, transmission links aneturn flow links. A river reach is defined as the section of a river or
diversion between two river nodes, or following the last river node. WEAP refers to a reach by the node
above it.

Each node (except demand sites and tributary nodes) may have a gtatupefore which it is not
active. With this feature you can include nodes in the analysis that may be built after the Current
Accounts Year, or selectively exclude nodes from some scenarios. To exclude a node from a scenario
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entirely, set it to be nactive in theCurrent Accountsand therenter O for the startup year. WEAP will
ignore any nodes (not active in the Current Accounts) with startup year equal to O.

To capture the features of most water systems, different types of components (or nodesy@oeated
in WEAP. Below we present detailed descriptions of each type of componé&lcmation Algorithms
we present the set of rules defining system water allocation and storage in successive time periods.

Demand Sites

A demand site is best defined as a set of water users that share a physical distribution system, that are all
within a defined region, or that share an important withdrawal supply point. You also must decide
whether to lump demands together iafggregate demand sites (e.g., counties) or to separate key water
uses into individual demand sites. The level of aggregation generally is determined by the level of detail
of water use data available. Demand data may not be available for individuabsttesay only be
available for a larger unit such as a city or county. In addition to data, your definition of demand sites may
also depend on the level of detail desired for your analysis.

When defining demand sites, it is useful to inventory the actuaigal infrastructure, such as pumping
stations, withdrawal facilities, wastewater treatment plants and well fields. You should think carefully
about the configuration of the entire demand and supply system, including the links between supplies and
demand. You should also take into consideration the details of the water accounting picture you wish to
present, any key water uses, and any key supply sources and river points that need to be tracked,
described and evaluated. You might want to define demélagcording to the following groupings:

1 major cities or counties

T individual user which manages a surface or groundwater withdrawal point, such as an industrial
facility

1 irrigation districts
1 demands which return to a unique wastewater treatment plant
1 wate utilities

Each demand site needs a transmission link from its source, and where applicable, a return link either
directly to a river, wastewater treatment plant or other location. The demand site cannot be placed directly
on the river. Thaiserdefined miority systemdetermines the order of allocations to demand sites.

Catchments

A catchment is a useatefined area within the schematic in which you can specify processes such as
precipitation, evapotranspiration, affi irrigation and yields on agricultural and nagricultural land.

When you create a catchment in the schematic, a window pops up in which you can select a number of
options which will apply for this catchment. In addition to requesting whether thédf rinom the
catchment will contribute headflow to a river, this box also asks whether irrigation will occur in the
catchment (and if so, the demand priority). If irrigation is selected for a catchment, the user will be
required to create transmission lifksm a supply to the catchment for the irrigation water and to input
additional variables that parameterize the irrigation activity.

For a catchment, the user can choose ortaret different method® compute water use (both rainfed
and irrigated), ruoff and infiltration from agricultural and other land cover.
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3.2Schematic

TheFAO Crop Requirements (either rainfed or irrigated) method focuses on crop growth, and assumes
simplified hydrological and aghydrological processes (n@gricultural crops can be included well).
Runoff from these processes can be diverted back to a river or to a groundwater node.

The Soil Moisture method includes a one dimensionatcdnpartment (or "bucket") soil moisture
accounting scheme for calculating evapotranspiration, surfacdf,reabsurface runoff (i.e., interflow),

and deep percolation for a watershed unit. This method allows for the characterization of land use and/or
soil type impacts to these processes. The deep percolation within the watershed unit can be transmitted to
a surface water body as baseflow or directly to groundwater storage if the appropriate link is made
between the catchment node and a groundwater node. If the latter link is made, the method essentially
becomes a-tompartment model, where the runoff frone tupper compartment is divided among runoff

to the river and infiltration directly to groundwater.

Rivers, Diversions and River Nodes

Both rivers and diersions in WEAP are made up of river nodes connected by river reaches. Other rivers
may flow in (tributaries) or out (diversions) of a river. There are seven types of river nodes:

1 Reservoir nodes, which represent reservoir sites on a river. A river r@sergde can release
water directly to demand sites or for use downstream, and can be used to simulate hydropower
generation.

1 Run-of-river hydropower nodes, which define points on which rafiriver hydropower stations
are located. Runf-river stations geerate hydropower based on varying streamflows but a fixed
water head in the river.

1 flow requirement nodes, which defines the minimum instream flow required at a point on a river
or diversion to meet water quality, fish & wildlife, navigation, recreat@ownstream or other
requirements.

1 Withdrawal nodes, which represent points where any number of demand sites receive water
directly from a river.

1 Diversion nodes, which divert water from a river or other diversion into a canal or pipeline called
a diversion This diversion is itself, like a river, composed of a series of reservomgfriiver
hydropower, flow requirement, withdrawal, diversion, tributary and return flow nodes.

§ Tributary nodes define points where one river joins another. The inflow frathwdry node is
the outflow from the tributary river.

1 Return flow nodes, which represent return flows from demand sites and wastewater treatment
plants. (You may actually have return flows enter the river at any type of river node: reservoir,
run-of-river, tributary, diversion, flow requirement, withdrawal, or return flow node.)

1 Streamflow gauges which are placed on river reaches and represent points where actual
streamflow measurements have been acquired and can be used as points of comparison to
simulaed flows in the river. Streamflow data is typically added using the ReadFromFile function.

In results, look at Supply and Resources, River, Streamflow Relative to Gauge to view the report
comparing actual and simulated streamflow.
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Groundwater

Groundwater nodes can have natural inflow, infiltration from Catchments, demand site and wastewater
treatment plant returns, inflows from transmission and return flow link leakage, river interactions and
storage capability betweenonths.

A groundwater supply node can be linked to any number of demand sites. The user must assign a
preference to each link to order withdrawals. Demand site and wastewater treatment plant return flows
can be returned to groundwater sources.

Non-River Supplies

A local reservoir source can have predetermined monthly inflows, receive runoff from catchments, and
demand site and wastewater treatment plant returns, can have storage capability between months and
hydropowergeneration capability. In contrast to river reservoir nodes, they are mandgedndentlypf

any river system.

" Other" sources have predetermined water quantities available on a monthly basis, but with no storage
capability between months (e.g., streaorsother unconnected rivers, iesisin transfers or other
imports, and desalination plants.

Local reservoirs and other sources can be linked to any number of demand sites. The user must assign a
preference to each link to order withdrawals. Demandasite wastewater treatment plant return flows

can be returned to local reservoir sources, but since "other" sources do not have storage capability, WEAP
does not capture the water returned to them.

Transmission Links

Transmission links deliver water from surface water (reservoir nodes, and withdrawal nodes),
groundwater and other supplies to satisfy final demand at demand sites. In addition, transmission links
can deliver wasteater outflows from demand sites and wastewater treatment plants to other demand sites
for reuse. WEAP uses two usggfined systems to determine the water allocation along each transmission
link in each month, as describedRnorities for Water Allocatin.

Runoff/Infiltration Links

Runoff/infiltration links carry runoff and infiltration from catchments to rivers, reservoirs, and
groundwater nodes. Catchment runoff and infiltration is water from precipitation, sedwimgation

and soil moisture storage that is not consumed by evapotranspiration or losses to increased soil moisture.
Catchment Runoff can also be designated as runoff as the headflow te-thisreption can be selected

in the window that opens weh the catchment runoff link is created.

Return Flow Links

Water that is not consumed at a demand site can be directed to one or more demand sites, wastewater
treatment plants, suida or groundwater nodes. Return flows are specified as a percentage of outflow.

Wastewater treatment plant return flow can be directed to one or more demand sites, river nodes or local
supply sources. Like demand site return flows, they are specifiedeaisentage of outflow.

20



3.2Schematic

Wastewater Treatment Plants

Wastewater treatment plants receive water from demand sites, remove polandrtsn return treated
effluent to one or more demand sites, river nodes or local supply sources. A wastewater treatment plant
can receive wastewater from multiple demand sites.

Priorities for Water Allocation

Two userdefined priority systems are used to determine allocations from supplies to demand sites and
catchments (for irrigation), for instream flow rempments, and for filling reservoirs and generating
hydropower.

Competing demand sites and catchments, reservoir filling and hydropower generation, and flow
requirements are allocated water according to thexinand priorities. The demand priority is attaeti to

the demand site, catchment, reservoir (priority for filling or hydropower), or flow requirement, and can be
changed by right clicking on it and selecting General Info. Priorities can range from 1 to 99, with 1 being
the highest priority and 99 thewest. Reservoir filling priorities default to 99, meaning that they will fill

only if water remains after satisfying all other higher priority demands. (Hydropower priorities for
individual reservoirs are set in the Data View urideservoir, HydropowefTo set a system hydropower
priority, go to the Supply and Resources branch in the Data ViMla)y demand sites can share the
same priority. These priorities are useful in representing a system of water rights, and are also important
during a water shortag in which case higher priorities are satisfied as fully as possible before lower
priorities are considered. If priorities are the same, shortages will be equally shared. Typically, you would
assign the highest priorities (lowest priority number) to aaitdemands that must be satisfied during a
shortfall, such as a municipal water supply. You may change the priorities over time or from one scenario
to another.

If a demand site or catchment is connected to more than one supply source, you may raideg<ah
supply withsupply preferences The supply preferences are attachettdosmission linksand can be
changed by right clicking on a link in the Schematic View and selecting General Info, or Edit Data,
Supply Preference.

Using the demand priorés and supply preferences, WEAP determinesalloeation order to follow

when allocating the water. The allocation order represents the actual calculation order used by WEAP for
allocating water. All transmission links and instream flow requirementstigtsame allocation order are
handled at the same time. For example, flows through transmission links with allocation order 1 are
computed, while temporarily holding the flows in other transmission links (with higher allocation order
numbers) at zero flowThen, after order 1 flows have been determined, compute flows in links with
allocation order 2, while temporarily setting to zero flows in links ordered 3 and higher.

In general, if a source is connected to many demand sites with the same demandWid#Ryattempts

to allocate these flows simultaneously, regardless of the supply preferences on the links. For example,
demand site DS1 is connected to both a river and a groundwater source, with preference for the
groundwater, while demand site DS2 is onbnnected to the river. Both demand sites have the same
demand priority. The allocation orders would be 1 for DS1's link to the groundwater, and 2 for both
demand sites' links to the river. In calculations, first DS1 is allocated water from grouncwetdren

both DS1 and DS2 are allocated water from the river. In this way, both demand sites have an equal
chance to receive water from the river in the case of a water shortage. Note: in some unusual
configurations, the supply preferences may be incomsistéth this rule. In those cases, a supply
preference of 1 is used for all demand sites.
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You may switch among viewing demand priorities, supply preferences or allocation orders on the
schematic: from the Main Menu, select Schematic, Change Priority View.

Tip: If WEAP is not allocating water as you would expect, change the priority view on the Schematic to
"Allocation Order" to make sure that it is allocating in the order you intend.

3.2.3 Creating and Editing WEAP Elements

Creating

To create anew node(demand site, groundwater node, river node, wastewater treatment plant or flow
requirement), merely click on the node's symbol in\WIEAP legendand drag it anywhere inside the

main schematic. To createnaw river or diversion, click on the symbol (a line segment) in the legend

and drag onto the main schematic, then release the mouse button to specify the headflow. Next, single
click oncefor each intermediate point on the river, then double click to specify the endpoint of the river,
as modeled in this particular system.

When you create a node or river, you will be prompted to enter the object's Name, a Schematic Label
(used only for dislay on the schematic), and whether or not it is Active inGherent AccountsThe

label can be displayed as mditie text-use semicolons to indicate line breaks. The label will be
displayed below the object. However, you can move the label anywherevaot to enhance the
legibility of the Schematic. Right click on the object and choose the Move Label option. When you create
a demand site or flow requirement, you will be prompted to entBeitsand Priority

A river consists of a headflow point, andpint, and zero or more points in between. You may add as
many bends in the river as you wish, to more closely approximate the actual shape of the river. To add a
new bend in the river, just click on any straight section of the river and drag to cbeaig. a

To add anew transmission (i.e., withdrawal) or return link, click on the symbol (a line segment) in the
legend for the desired type of link and drag onto the main schematic, releasing the mouse button on the
node or river where the link originatesext, single click once for each intermediate point on the link,

then double click on the destination node. You will be prompted to enter the demandugipiis
preferencdor the supply connected to this transmission link.

For instance, to create a temission link from a local reservoir to a demand site, click on the
transmission link symbol in the legend, drag it to the local reservoir and release, then double click on the
demand site. To later add new bends in the link, just click on any straigiohsefcthe link and drag to

create a bend.

River withdrawal nodes will automatically appear if you start a transmission link from a previously
unused place along the river. Similarlysedurn flow node will automatically appear if you end a return
flow link on a previously unused place along the river, andtehment inflow nodewill automatically
appear if you end a runoff/infiltration link on a previously unused place along the river

Catchment Runoff Links are created in a similar way; drag the syfmiol the legend first to the
particular Catchment, single click, then double click on the river or groundwater node where the
Catchment Runoff is to be directed. If you position the Catchment Runoff anywhere above the first node
of a river, the dialog bothat appears will ask if you wish this runoff to represent headflow to the river. If
you do select the Catchment Runoff as headflow to the river, the Headflow variable for that river will be
set/locked to "Inflow from Catchment" in the Data view. No ottmurces of headflow can be input for

that river using the direct input methods (for example, the Read from File method). This is in contrast to
groundwater nodes, where sources of inflow in addition to Catchment Runoff can be input from Read
from File or Expressions.
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Moving

To move an existing node in the schematic, merely click and drag the object to its new location. When
you move a river node, the river underneath the node will not move with the node. Rartimrssron
moving a river node along with the river underneath, see Moving Multiple Elements at Once below.

You may move a node from one river to another. Because reservoirs can exist both on (river reservoir) or
off (local reservoir) a river, you may moweeriver reservoir off of a river, or a local reservoir onto a river.

Moving Multiple Elements at Once

For convenience, there is a way to move more than one object at a time. To select multiple objects, hold
down the Alt key as you click and drag on theilmachematic to draw a grouping box around the
intended objects. After a moment, a red box will appear. Click inside this red box and drag to move all
objects, including river points.

Deleting

To delete any objedinode, link, river point), simply right click on it and select Delete. You will be
prompted for confirmation before the object is deleted (except for river points). Transmission and return
flow links to the deleted object will also be deleted. If you teteriver, all its river nodes will also be
deleted.

Edit General Info

To edit informationassociated with a node, link or river (name, schematic label, active in Current
Accounts, demand priority, supply preference), right click on the object and choose the General Info
option. A dialog will pop up with the relevant information.

Connecting and Disconnecting Rivers and Diversions

To have one river flow into another (a tributary), move the endpoint from the first river onto a previously
unused place along the secornider. A tributary node will appear, connecting the two rivers. To
disconnect a tributary, right click on it and choose Disconnect Endpoint.

To have one river flow out of another (a diversion), move the headflow point from the first river onto a
previousy unused place along the second river. A diversion node will appear, connecting the two rivers.
To disconnect a diversion, right click on it and choose Disconnect Headflow.

To have a river flow into a groundwater node, move the endpoint from river ongootinedwater node.
This will cause all water flowing out of the last reach on the river to flow into the groundwater node.

Catchment Setup

When a catchment node is crahie a schematic, a window appears in which the user is required to select

a number of options appropriate for the catchment. In addition to the name and label for the catchment,
the user must select a river to which runoff from the catchment will betelire©ne and only one river

can be selected to direct runoff to for each catchment.
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Chapter3: Setting Up Your Analysis

Once a river is selected, the text "Represents Headflow?" and associated toggle box will appear out of
shadow, and the user can click this box if the runoff is to représaalflow to this river. The user can

also choose a groundwater node to direct infiltration from the catchmesgléxting a groundwater node

for infiltration, unlike runoff, is not required, though. Selecting a groundwater node to which to direct
infilt ration will modify the Soil Moisture model from that of a two soil layer formulation to one layer (see
Overview of Catchment Calculation Methdds

Finally, if the catchment is to include irrigated areas, click on the box associated with "Includes Irrigated
Areas?". If this box is clicked, a box requesting input of the Demand Priority will appear. Only if this box

is selected will the window associated with inputting irrigation variables (such as irrigated fraction)

appear for that catchment in the Data view

The catchment node will then appear in the schematic view, along with an associated Runoff/Infiltration
Link that connects the node to the indicated river and, if appropriate, to a groundwater node. If the
catchment runoff was selected to represent headb the river, the link will terminate at the first node

of the river.

Automatically created Runoff/Infiltration Links that do not represent headflow to the river can be moved
to another location along the river if desired. If you try to move a Runbltvhtion Link that does
represent headflow to a river, a dialog box will appear asking if you no longer want this catchment inflow
to represent headflow to that river.

Runoff/Infiltration Links can also be created manually by using the -anaglrop fedaure. The
appropriate details for link will be set accordingly (in General Info).

When you go to the Data view and select, for the first time, from the data tree the created catchment, a
dialog box will automatically appear requesting that you selectabigedi catchment simulation method

(such as Rainfall Runoff, Irrigation Demand Only, or Soil Moisture Metheds Overview of
Catchment Calculation Methods

Viewing Changes History

A record of every change made to a WE#Ra is logged in the text file "Changes.txt," which is stored in
the subdirectory for a WEAP area. Each change is tagged with the date and time of the change, as well as
who made it.

3.2.4 Schematic Options

Set Area Boundaries

Here you can change the geographical extent of your study area. The Set Area Boundaries dialog shows
an inset schematic on the lower left, whadntrols what is shown on the main schematic on the right.

The main schematic has a green box that indicates the current area boundaries. To change, click and drag
on the main schematic to specify the new boundaries.

Menu Option: Schematic: Set Area Bouades

Set WEAP Node and Label Size

You may change the size of the WEAP symbols and labe&seTbptions are available either from the
General menu or by right clicking on the WEAP Legend. The dialog has a slider bar to make the nodes
or labels either larger or smaller.
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Menu Option: Schematic: Set WEAP Node Size or Set WEAP Node Label Size
Priority Views

You may view demand priorities (for demand sites, flow requirements and resesugiy, preferences
(for transmission links) or allocation orders (for transmission links and flow requirements) on the
schematic. SeBriorities for Water Allocatioior more information.

Menu Option: Schematic: Change Priority View

Show or Hide by Element Type

In some cases, you may wish to temporarily hide certain types of objects from display, such as all demand
sites or wastewater treatment plants. Uncheclbtheon the WEAP legend next to the type you want to
hide. You may hide all objects at once: chooseHite All WEAP Objects option from the General

menu or from the rightlick menu on the WEAP legend. Once some or all WEAP objects are hidden, an
optionto Show All WEAP Objectswill be available.

Printing a Schematic

A schematic can be saved or printed as a graphic. You can copy the schematic to the Windows clipboard
for pasting into Word or other applications. In the Schematic View, go to the main menu and select:
Schematic, Copy Schematic to Clipboard. You will be asked to choose the level of detail to-4aslude

you move the slider bar, WEAP will tell you how large tiraphic will be, both in pixels (width and
height) and megabytes. More detail will yield a sharper image, but files will be much larger.

3.3 General Area Parameters

3.3.1 Years and Time Steps

Time Horizon

Enter theCurrent Accounts Year and Last Year of Scenarios WEAP performs a monthly analysis

from the first month of the Current Accounts Year through the last month of the LastTYe Current
Accounts Year is usually the most recent year for which reasonably reliable and complete data are
available and from which future demand projections can be made. The Current Accounts year data
comprise theCurrent Accounts, which all scenaos use as the basis for their projections.

Time Steps per Year

The time step can be set anywhere from one day to 365 days. Each year and scenario in an area must have
the same time step.

CheckingAdd Leap Days?will add an extra day in leap years (e2000, 2004, 2008) to the timestep
that includes February 28 (e.g., the February timestep in a monthly anaR@igjaily models there will
be 366 time steps in leap years, 365 time steps in all other yEais.would be useful if you have
datasets,gh as river streamflow gauges, that include data for leap days.
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Chapter3: Setting Up Your Analysis

Time Step Boundary

The user has the option to have time steps be based on (a) the calendar year, (b) all time steps are equal,
or (c) the time step lengths are entered manually.

Water Year St art

Any particular time step (for example, a particular month) can be designated as the starting point for the
"Water Year."

Time Step Names

In the grid on the right, the user can change the title and abbreviation of the time steps. If the Time Step
Bounday is set to "Set time step length manually," the length can be set in the grid.

Menu Option: General: Years and Time Steps

3.3.2 Units

Here you choos¢he units for data entry. The units can be set for the following components: Rivers,
Reservoirs, Groundwater, Other Supplies, Land Use, Wastewater Treatment, and Monetary. The
exception is thdefault Water Use Rateset on theDemandtab. The Default Watedse Rate you set

will be the default data entry unit, but you will be able to change the units individually for each branch.
Also, the systenDiscount Rateis entered on the Monetary tab.

Units Definition

Regardless of the unit used for data entry, yauaw results in any units. Usdefined units can be
added by clicking on thenits Definition button.

Menu Option: General: Units

3.3.3 Water Quality Constituents

Water Quality Constituents

WEAP tracks water quality, including pollution generation at demand sites, waste removal at wastewater
treatment plants, effluent flows to surface and groundwater sources, and water quality modeling in rivers.
On the wéer quality constituents setup screen, turn on water quality modeling by checkiBgahie

water quality modeling checkbox. You may then define up to 20 constituents to track in your
application. Set thecaleandload unit as appropriate for enteringettannual production of the pollutant

by the demand site, per unit of activity. Set dwncentration unit appropriate for entering data on
concentrations of constituents in demand site outflows, and in headflows, reservoir outflows and
groundwater outflows

For each constituent, specify which method WEAP should use to calculate surface water quality
concentrations, in th€alculate By column:
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3.3General Area Parameters

Conservative There is no decay of this constituetite instream concentration will be computed using
simple mixingand weighted average of the concentration from all inflows.

First-Order Decay. This constituent decays following an exponential decay function. Enter the daily
decay ratehere.

BOD: WEAP will use its buikin BOD model to simulate the changes in the béwsital oxygen demand
(BOD) in the river. In order to model BOD, you will need to include temperature as one of your water
guality constituents (with unit = Celsius), and either enter as data the temperature of water in the river for
each reach, or modeliit WEAP.

DO: WEAP will use its buitin DO model to simulate the changes in dissolved oxygen (DO) in the river.
Because the DO model uses BOD as an input, you will also need to simulate BOD.

For temperature values (required by WEAP to implement the BQ@DD&h modeling), one can choose
from either of two methods:

Temperature (Modeled in WEAP). WEAP will calculate water temperature for each river reach based
on climate data (air temperature, humidity, wind, and latitude) input in the Data view (undemthageCli
tab for the reach).

Temperature (Data). the user specifies the water temperature for each reach. If this option is selected
and temperature for a particular reach is left blank, WEAP will assign to that reach the temperature of the
immediate upstreameach. Water temperature is needed by the BOD model.

Modeled in QUALZ2K: Link to the US EPA water quality model QUALZ2K and let it model water quality
for some or all water quality constituents. $etwfor details.

Menu Option: General: Water Quality Catituents

Linking to QUAL2K

QUAL2K is a Xdimensional, steady state, instream water quality model for well mixed channels
(laterally and vertically). Constituents modeled include: ammonia, nitrate, organic and inorganic
phosphorous, algae, sediment, ahtl pathogens. QUAL2K was developed by Dr. Steve Chapra and his
grad students at Tufts University.

To model a WEAP constituent using QUAL2K, choose "Modeled in QUAL2K" inGhtulate By

column. If you want to model any constituents in QUAL2K, you misit enodel water temperature in
QUALZ2K. QUAL2K will calculate water temperature for each river reach based on WEAP climate data
(air temperature, dew point, wind speed, and cloud cover and shade fractions) input in the Data view
(under the Climate tab fohé reach). For each constituent that will be modeled in QUAL2K, choose the
corresponding QUAL2K constituent in tHank to QUAL2K Constituent column. Note: you can
choose to model just a subset of your constituents in QUALZ2K, with the others modeled . WEA

QUALZ2K has many parameters and options, too many to include in WEAP. Therefore, you will need to
first create a QUALZ2K data file (.q2k) with the appropriate parameters. Use the Excel file QUAL2K.xls
in the WEAP directory to create and edit QUAL2K datasf Put that .q2k input file into the WEAP
area's subdirectory and select it using the .g2k data file drop down in the lower left of the Water Quality
Constituents window. Alternatively, choose < Copy file from another directory > from the drop down to
copy the .g2k file from another directory.

If the QUAL2K data file (.q2k) includes more than one river, you will need to match the rivers in the
QUALZ2K data file with those in WEAP. Click the "Link WEAP Rivers to QUAL2K Rivers" button
below the .q2k datal& drop down (the button will only appear if the .q2k file has multiple rivers). Note:
you do not need to model all WEAP rivers in QUAL2fou may choose to model some and not others.
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When WEAP calculates, it will read in the specified .q2k data file tadidthe data specified in WEAP
(headflows, point and diffuse sources of water and pollution, climate data), write the new .q2k file and
run QUAL2K. Because QUALZ2K provides for more detailed water quality modeling than is available in
WEAP, you may wanta take the .q2k file created by WEAP and examine, modify and run it yourself in
the QUAL2K Excel interface. To do so, check thave every .q2k file created (for each time step)
checkbox, and specifyhere to saveeach .g2k file. After WEAP calculates, yaull find a new .q2k

file in this directory for every scenario and time step (e.g., for a monthly time step over 20 years for 4
scenarios, there will be 960 .q2k files created). Each .qg2k file occupies about 20K of disk space. You may
then load any of ttee files yourself in QUAL2K and change data (e.g., add diurnal variation to climate
data) and view results in the many graphs available in the QUAL2K Excel interface.

See QUAL2K Overview for more information about QUAL2K, andRunning QUALZ2K in the
Calculaton Algorithms section for more information about the linkage from WEAP.

3.3.4 Basic Parameters

The user can choose whether all the branches within a demand site will have timeoseinte variation
in demand, or whether each branch can have a different monthly variation.

Separately, theiser can choose whether all land use branches within a catchment will have the same
climate data Soil Moisture Method Climated=FAO Climateor MABIA Climate), or whether each branch

can have different climate data. This second option might be necesaeiis a large variation in the
elevation among different land uses within a catchment. Alternatively, the catchment could be divided
into several different catchment nodes according to elevation, so that the climate within each catchment
did not vary ly land use.

Before December 2010, WEAP incorrectly usedltagent Heat of Vaporization (2260 kJ/kg, at 100 C)
instead of the.atent Heat of Fusion (334 kJ/kg) for calculatingnow meltin the soil moisture methad
Although we recommend that you use Latkleat of Fusion, if you have a previously calibrated model
that used Latent Heat of Vaporization, you might want to use that setting instead.

If you havelinked your WEAP model to a MODFLOW modejou can choose whether all land use
branches within a catment will pump from the same MODFLOW layer or set of layers (see the Pump
Layer variable undeBoil Moisture Method Irrigatiolr FAQ Irrigation), or whether each land use branch
can pump from a different layer or set of layers.

Menu Option: General: Basi Parameters

3.4 Advanced

3.41 MODFLOW Link

Note: linking WEAP to MODFLOW is an advanced feature.

For situations where the buit WEAP groundwater model is not sufficiently complex, there is the
option to link a WEAP model to a MODFLOW model. MODFLOW is a &uenensional finite
difference groundwater model created by the U.S. Geological Survey (USGS). When properly linked,
data and results flow back and forth between WEAP and MODFLOW for each calculation timestep. With
this tight coupling between the modeilsis possible to study how changes in local groundwater levels
affect the overall system (e.g., groundwatgeam interactions, pumping problems due to drawdown,
lateral groundwater recharge) and vice versa (e.g., infiltration and abstraction). Hdveeadvjsed that
building and calibrating a MODFLOW model is not a trivial task, and the linkage to WEAP requires
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creating a GIS shape file to connect the WEAP elements to the MODFLOW cells. The version of
MODFLOW that WEAP is designed to link to is MODFLOX®00.

For more information, please see the Appendikrdang WEAP to MODFLOW

3.4.2 MODPATH Link

Note: linking WEAP to MODPATH is an advanced featu

MODPATH is a groundwater particle tracking ppsbcessing package that was developed to compute
threedimensional flow paths using output from steatite or transient groundwater flow simulations by
MODFLOW, the U. S. Geological Survey (USGS) find#ference groundwater flow modelts purpose

is to evaluate advective transport through a mot#DDPATH uses a senanalytical particle tracking
scheme that allows an analytical expression of th
difference grid cell. Particle paths are computed by tracking particles from one cell to the next until the
particle reaches a boundary, an internal sink/source, or satisfies some other termination cfitexion.

version of MODPATH that WEAP is designgallink to is MODPATH 5.0.

For more information, please see the Appendijirdiing WEAP to MODPATH
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4 Data

4.1 Data View

In the Data View you build the model of your system, entering the data structures,adatanptions,
modeling relationships and documentation for Ghgrent Accountsnd for each scenario. The screen is
divided into four panes (marked by red boxes in figure below):

[ weap: Weaping River Basin E@@
fArea Edit Wiew General Tree Advanced Help
+- Key Aﬁu"'fpliﬂns Data for |F|eference (201 1-2020) ﬂ |#£ Manage Scenarios [ Data Expressions Report
E\ - ~
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Industy North Priority J  Advanced )
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+- Agriculture West

-+ Hydrology ivil i i
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£ 40 v I Southcity | BEE
=) &
0.0 E
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WEAR: 3001 Area: “Weaping River Basin | 2010-2020 [monthly]  DataView  Licenszed to: Stockholm Environment Institute
4.1.1 Tree

On the top left, a hierarchical tree is used to create and orgaaiaesttuctures under six major
categories: Key Assumptions, Demand Sites, Hydrology, Supply and Resources, Environment, and Other
Assumptions. The tree is also used to select the data to be edited, which is shown on the right of the
screen. For example,icking on the "Demand Sites" tree branch on the left of the screen will display the
data for all demand sites on the right of the screen. Note that when you click on a tree branch, the
associated object in the schematic will flash on the mapT @eeOveview for more information.

4.1.2 Inset Schematic

A small schematic of your area is located on the bottom left. When you click on an element, it will be
highlighted in the tree (above) and its data will be displayed in the data entry tables to the right.
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Conversty, when you click on a branch in the tree, the associated element on the Schematic will flash
briefly. Move thezoom bar (below the schematic) to zoom in or out. Alternatively, hold dowrCine

key and click and drag to define a region to zoom in tdd ldown theShift key and click and drag on

the schematic to pan. When the mouse cursor is positioned over the inset schematic, rotating the mouse
wheel will zoom in or out.

4.1.3 Data Entry Tables

The data entry tables on the top right are used to enter dagpeskat define Current Accounts and
Scenario values of variables. Each data variable appe#samn tab; related variables are grouped into
categories (selected via buttons). Above the data entry tables is a set of buttons giving access to the
different variable categories associated with each branch. The buttons and tabs you see will vary
depending on what part of the data set you are working on. For example, when editing demand sites you
will see buttons giving access to "Water Use," "Loss and RelBemand Management,” "Cost,"
"Priority,” and "Advanced,” while for reservoirs you will see buttons for "Physical,” "Operation,"
"Hydropower," "Water Quality," "Cost," and "Priority." Click on one of these buttons to see the variables

in that category. & example, "Water Use" has three variables: "Annual Activity Level," "Annual Water
Use Rate,” and "Monthly Variation." There are wizards to help you construct the expressmns
Expression BuilderYearly TimeSeries Wizardand Monthly TimeSeries Wizad. There is a "Help"

button next to the description of each variable that can be clicked on to retrieve more information about
that variable.

Immediately above the data entry tables is a toolbar containing a selection box and the Manage Scenarios
button. Wse the selection box to choose which data to-@iitrent Accounts or one of the Scenarios.

Click on Manage Scenarioso create, rename or delete scenarios, or to change their inheritance
relationships.

4.1.4 Data Entry Results and Notes

The bottom right paneigblays the data you entered in the top pane as either a chart or a table. These let
you quickly examine the values generated by the expressions you have entered above. A toolbar on the
right of the pane gives access to a range of options for formattimts @nd tables (e.g. picking chart type

and stacking options, colors, 3D effects, grids, number of decimal places, etc.) and for printing and
copying charts and tables and exporting tables to Microsoft Excel.

The bottom pane also gives access to a nate=is. a word processing tool in which you can enter
documentation and references for each branch of the tree. To edit the notadickgintd selecEdit to

display the notes in a larger window, which includes a basic set of word processing cowtiesdscayh

include formatting (bold, underline, fonts, etc.) and can also include standard Windows "objects" such as
spreadsheets.

You may resize each of these four panels by dragging the dividing bars between them.

A record of all changes made to data ie tirder the changes were made are recorded in the text file
Changes.txt (stored in the subdirectory for a WEAP area). Users enter their initials upon logging in when
WEAP starts so that any changes can be catalogued in this file and attributed to @sgmcifi

See alsoView Bar
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4.2 Current Accounts

The Current Accounts represent the basic definition of the water system as it currently exists. Establishing
Current Accounts requirethe user to "calibrate" the system data and assumptions to a point that
accurately reflects the observed operation of the system. The Current Accounts are also assumed to be the
starting year for all scenarios. Note that the Current Accounts Year is aat tnebe an "average" year,

but the best available estimate of the current system in the present. The Current Accounts include the
specification of supply and demand data (including definitions of reservoirs, pipelines, treatment plants,
pollution generabn, etc.) for the first year of the study on a monthly basis.

At the heart of WEAP is the concept of scenario analysis. Scenarios azersaitent storines of how

a future system might evolve over time in a particular secamomic settig and under a particular set of

policy and technology conditions. Using WEAP, scenarios can be built and then compared to assess their
water requirements, costs and environmental impacts. All scenarios start from a common year, for which
you establish yauCurrent Accountsiata.

The scenarios can address a broad range of "what if* questions, such as: What if population growth and
economic development patterns change? What if reservoir operating rules are altered? What if
groundwater is more fully exploitedWhat if water conservation is introduced? What if ecosystem
requirements are tightened? What if new sources of water pollution are added? What if a water recycling
program is implemented? What if a more efficient irrigation technique is implemented?f\tffeamix

of agricultural crops changes? What if climate change alters the hydrology?

Scenarios in WEAP encompass any factor that can change over time, including those factors that may
change because of particular policy interventions, and those tHatt reifferent socieeconomic
assumptions. Sensitivity analyses may also be done by varying uncertain factors through their range of
plausible values and comparing the results.

4.3.1 Manage Scenarios

Use the Manage Scenarios screen, to create, delete, organize and set the properties of the scenarios in an
Area.

The tool bar at the top of the Scenario Manager letsagall copy, delete and rename scenarios. Click on
Add (*) to add a new scenario, immediately under the current scenario. Clid&lete (™) to delete a
scenario. Bear in mind that deleting a scenario will also delete all data associated with that Stiexkario.
on Copy ("1-1) to make a copy of a scenario with a different name, and clidRemrameto rename the
scenario.

On the left side of the screen, the Area's scenarios are listed in a hierarchical tree showing the main
scenario inheritance structure. Sagmanheritance describes how each scenario inherits the expressions
from the scenarios above it in the hierarchy. For more information, refsetaario InheritanceClick on

a scenario in the tree to edit it or to add a new scenario beneath it.

On the mght of the screen, you can edit a scenario's inheritance and description. Uséddsed on
selection box to change the scenario's "parent.” For those branch/variable combinations in the scenario for
which no expression has been explicitly defined,faudeexpression is inherited from one of its ancestor
scenarios. First the parent is checked for an expression. If none is found, then the parent's parent is
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searched. This continues until an expression is found, either in an ancestor scenario @uimethte
Accounts

To show or hide results for individual scenarios, check or uncheck "Show Results for Scenario” for each
scenario. If this box is unchecked, then WEAP will not calculate results for that sceGhcio."Show
All" to check all scenarios;Show None" to uncheck all.

In the example shown below, there are four scenarios def#nBeference scenario, and three variants of
the Reference scenario.

W Manage Scenarios lth

e Add ;'1.‘ Copy = Delete %' Rename

= Current Accounts [1333) |ntegrated Meazures iz bazed on:
-1 Reference [1993-2008] |Heference j
Supply Meazures [1333-2008)
Demand Measures [1333-2003) Scenario Description:

Integrated Measures [1333-2005] & combination of changes in Demand Measures

and Supply Measures scenarios.

[v Show rezults for this scenario
Unicheck ba reduce caleulation time

Show Al Show Mane of Cloze ? Help

Menu Option: Area: Manage Scenarios (also on Data View toolbar)

See alsoScenariosData View

4.3.2 Scenario Inheritance

An important concept in using scenarios is the idea of scenario inheritance. In WEA®P'€iew you

create mathematical expressions that define the datasvadieach branch/variable combination in your
analysis. Scenario inheritance allows you to create hierarchies of scenarios that inherit default expressions
from their parent scenario. Initially, you create expressions foCthieent AccountsThese can tier be

constant expressions, or expressions that generate-adimas of values. Then, you can create additional
scenarios, with expressions that either simply inherit the Current Accounts expressions, or override these
for particular branches and varlas. So, for example, you might create a scenario that examines an
irrigation efficiency program, that inherits most of its expression from a baseline "business as usual”
scenario. Because the efficiency scenario inherits from the baseline scenarimitidincreated it will

contain exactly the same expressions as the baseline scenario, and hence will yield exactly the same
results. To fully define the scenario you only need to type in expressions to reflect the branches and
variables affected by thierigation efficiency program. The inherited expressions for all other branches
stay the same. You can define any number of levels of inheritance. So for example you coudsh make
irrigation efficiency scenario that inherits from the first, with slighdyised assumptions. This approach
makes it very easy to edit and organize scenarios, since a) they can be created with a minimum of data
entry and b) common assumptions in families of scenarios can be edited by just editing the parent
scenario. The abilityo establish scenario inheritance is demonstratdthimage Scenarios
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When editing scenario data in WEAPgata View the expression fields in data entry tables aer
codedto show which expressions have been entered explicitly in the current ecematiwhich are
inherited either from a parent scenario or from the data specified for Current Acéoemtsxiindicates

a value entered explicitly in the current scenario, while black text indicates an inherited value (or data
entered in Current Accots).

The tree is a hierarchical outline used to organize and edit the main data structures in a WEAP analysis.
You can edit the tree structure underneath the branches for Demand Sites, Key Assumptions, and Other
Assumptions (by rightlicking with the mouse on a tree branch, or by using the Tree menu options), and
you also click on the tree to select the data you want to view and ediEd&eg the Tredor details.)

You cannot add or remove schematic nodes (e.g., reservoirs, wastewater trpltnshby editing the

tree; all schematic changes must be done through the Schematic View

Data in the tree are organized under six major categories, which appear as the top level of branches in the
tree: +- Kep Azsumptions

. . . Demand Sites
1 Key Assumptions: under which you create and orgmi Hygy

independent variables used to "drive” the calculations in \Water Year Method
analyses. Driver variables are not directly calculate Fead from File

WEAP, but they are useful as intermediate variables thi ;. 5,nply and Resources
be referenced in your modeling calculations. It is very U . & Tranzmission Links

to credae variables here for all you major mode @ = River

assumptions, especially those that will vary from scena —|- Weaping River

scenario. Less important intermediate variables shou +- Reservoirs

underOther Assumptions(see below). +- Flow Requirements
1 Demand Sites: Demand analysis in WEAP is . ETUEH;;EETES

disaggregatd, eneuse based approach for modeling +- Grey River

requirements for water consumption in an area. - Groundwater

1 Hydrology: under which future inflows for each sup [ Fetum Flows
source are projected using either the Water Year Metl = */ater Luality _
the Read From File Method. You specify the detdilthese =~ * Pollutant Decrease in Retun Flows

two methods under the Hydrology section. + Wastewaler Treatment
Other Azsumphions

1 Supply and Resources: given the monthly supply
requirement from Demand and definitions of Hydrology, the Supply and resources section
determines the amounts, availability and allocation of supplies, simutaathly river flows,
including surface/groundwater interactions and instream flow requirements, and tracks reservoir
and groundwater storage.

1 Environment: the Environment section tracks pollution from generation to treatment to its
outflow and accumulati in surface and underground bodies of water.

1 Other Assumptions userdefined intermediate variables are created, similar to Key Assumptions
(see above).

4.4.1 Editing the Tree

The branch structure underneath theleyel branche&ey AssumptionsandOther Assumptions and
under each demand site under theleygl branchDemand Sites is edited directly from the tree, much
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like the tree in Windows Explorer. You can rename branches by clicking once on them and typing, and
you can expand and collapse the outline by clicking on theyribols to the left of each branch icon.
Additional options to edit the tree are accessed by-glititing on the tree and selecting an option from

the popup menu that appears, or by using Tree menu.

* Add is used to add a new branch as a "child" of the highlighted branch.

Rename allows you to rename a branch. Alternatively, you may click on the bramaih a
second, then click again to be put into edit mode.

= Deleteis used to delete the current highlighted branch and all branches underneath it. You will
be asked to confirm the operation before the branch is deleted, but bear in mind that a delete can
be undone. Note, however, that you can exit WEAP without saving your data set to restore it to its
status prior to the previous Save operation.

Sort by Name (all levels below)orders all branches alphabetically at all levels below the selected
branch.

Sort by Name (just one level below)orders only the one level of branch that is below the
selected branch. For example, to order the list of demand sites alphabetically but leave each
demand site's sector branches unsorted, this option would be selbetedightclicking on the
"Demand Sites" branch.

# Cut Branchesis used to mark a branch and all branches below it to be cut. Later when you

selectPaste Branches%), the marked branches will be moved to the new position selected in the
tree. Notice thatunlike a conventional cut operation in a standard Windows program, the cut
operation does not actually delete the branches, nor does it copy the branches to the Windows
clipboard.

Copy Branchesis similar to the Cut operation except that on the Pastetipe, branches are
subsequently copied not moved.

Auto-Expand specifies whether the branches in the tree automatically expand and collapse as you
click on them.

Expand All fully expands the tree.
Collapse All fully collapses the tree.
Outline Level expars or collapses the tree to show all branches up to the selected level of depth.

Font is used to change the typeface and size of displayed tree.

Drag and Drop Editing of Branches

You can also move branch (and all branches below it) by dragging and dydppitio another branch.

To copy rather than move a branch, hold downG@té key and then click and drag the branches. This
approach allows you to rapidly create data sets, especially those containing many similar groups of
branches (for example a hohséd subsector with many similar disaggregated eses).

See alsoTree Overview
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4.5 Key Assumptions and Other Assumptions

You can creat&Key Assumptions and Other Assumptions which you can reference in expressions
elsewhere in WEAP. It is very useful to create variables here for all your major ngpdsinmptions,
especially those that will vary from scenario to scenario, as it will organize and highlight the most
important parts of your model, help ensure that consistent assumptions are used throughout your model,
and make it convenient to view anditethem. (Less important intermediate variables should go in the
Other Assumptions section.)You may create a multilevel, hierarchical structure for your Key
Assumption and Other Assumption branches, grouping together related concepts. For example, the
categories of Key Assumptions in the Weaping River Basin dataset are Drivers, Monthly Variation, and
Elasticity. You can create any number of levels of grouping.

Although Key Assumptions can be thought ofvasiables they are actually added as nbvandchesto

the Data View Tree under the Key Assumptions and Other Assumptions sedtitaraatively, you can

also add your owitdserDefined Variablesinder the sections for Demand Sites, Supply and Resources,
and Water Quality As opposed to Key Assumptisnwhich are added as new branches to the tree; User
Defined Variables are added as new variable tabs to existing brante#ssumptions are best if you

are using the same expression in multiple places in your model, or to highlight a major modeling
assumption. Userdefined variables are better if you want to create a variable whose values will vary by
demand site (or groundwater node, or reservoir, eee theCustomizing Data Variablesection for

more information about them.

To create a Key Assmption branch, right click on the branch under which you want to add the new
branch (on or under the Key Assumptions and Other Assumptions top level branches), and\dtioose
from the context menuA new branch will appear, with the name "New Branch" ldgited for you to

type a new nameTo create a multilevel structure, first create the branch that will hold the other branches
(e.g., "Drivers"), then create the other branches underneath it (e.g., "GDP," "Price of Water," and
"Technical Innovation™).

For example, suppose you wanted to model the population of your demand sites by using a simple growth
rate. If the growth rate was the same for all municipal demand sites, it would be best to create a single
Key Assumption branch called Population GrowthieR@and then reference this in thenual Activity

Level expression for the municipal demand sites (eGrowth( \ Key\ Population Growth

Rate ). However, if you wanted to use a different growth rate for each demand site, to do this with Key
Assumptions woul require adding a different Key Assumption branch for each demandtsiteuld be

better to create a singlesserdefined variablecalled Population Growth Rate in the Demand Sites section

of the tree.After entering the growth rate value for each dedhsite, the expression for Annual Activity

Level would beGrowth(Population Growth Rate)

Because the values &y Assumption variables can be displayed in the Results \Mieege variables

can also be used to create new result variables or alterimatigators. For example, you could perform a
social costbenefit analysis by creating indicators such as the social cost of unmet demand (shortages), or
the environmental cost of low river flows. The shortage cost key assumption could refer to the unmet
demand at one or more demand sites (using’tbeT SValudunction), with an increasing cost associated

with increasing unmet demands. A complete "triple bottom line" analysis could be done, involving
financial, social and environmental costs. You couldaiterea key assumption group for each of these
types of costs, with individual cost items under each. (The financial costs Key Assumption Variables
would reference thEinancial Resultsariables using PrevTSValue.)

Entered on EzData View, Branches: Key Assiptions, Other Assumptions
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4.6 Customizing Data Variables

4.6.1 User -Defined Variables

You can create uselefined variables under the seatiofor Demand Sites, Supply and Resources, and
Water Quality, which you can reference in expressions elsewhere in WEAP. This is a very powerful
feature, as it allows you to easily create your own models within WHAIP.example, SEI researchers
created amxperimental glacier module in WEAP, tracking accretion, depletions and runoff from glaciers,
using usedefined variables for WEAP's catchment objects.

As opposed t&ey Assumptionswhich are added as ndwanchesto the tree, UsebDefined Variables
are added as newvariabletabs to existing branche&ey Assumptions are best if you are using the same
expression in multiple places in your model, or to highlight a major modeling assumiggerdefined
variables are better if you want to create aialde whose values will vary by demand site (or
groundwater node, or reservoir, etcSee the&key Assumptionsection for more information about them.

To create a usatefined variable, go to the Data View, right click on any of the existing variatdeaat
chooseCreate. (Alternatively, for Create and all other us#fined variable actions, you can use the
main menu: Edit, Data VariableJo edit an existing variable, make sure it is the active variable, then
right click on the variable tab and aseEdit. When you create a variable, it will initially take on the
properties (described below) of the highlighted variable.

Definition
Each variable needs a Name and Category; Unit and Comment are optional.

Scope

The Scope section determines where ao@ the variable will appearChoose betweeMonthly or
Annual. Select whether the variable will appear in b@thrrent Accounts and Scenarios Current
Accounts Only, or Scenarios Only Finally, for variables under Demand Sites and Catchments, whether
the variable appears at ti®p Level Only (the Demand Site level), tHeowest Level Only, or atAll

Levels For comparison, Annual Activity Level appears at All Levels, Annual Water Use Rate appears at
the Lowest Level Only, and Monthly Variation appedrtha Top Level Only.

Values

The Values section determines how to constrain the values of the vaNahlesan specifiMinimum or
Maximum limits for values of the variable, or leave them blank if there are no liffillsthakes sense to
sum the valueacross the branches (e.g., Land Area can be summed, but not Consumptionjurheck
Across Branches

Default Value or Expression

Data variables will typically default to 0, but in some cases to another value (e.g., Consumption defaults
to 100%, Demand Prithy defaults to 1). You can also create variables that are calculated, which will
have a default expression that is not a consteot. example, to model population you might add two
variables: Population Growth Rate, and PopulatiBapulation GrowtlRate is data, and will contain the
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annual growth rate, whereas Population is calculated (in the Scenhridhis case, the scope of
Population Growth Rate is Scenarios Only, with a default oP@pulation will appear in both Current
Accounts and Scenas, but the default expressions will be differaihie default for the Current
Accounts is O (entered as data), and for the Scenarios the default willodvgh(Population
Growth Rate)

To delete a useattefined variable, right click on its tab and chobstete

You can reorder the variables taight click on a tab and choo#ove Left or Move Right.

4.6.2 Built -In Data Variables

You may customize WEAP's builh variables (such as Demand Site Annual Activity Level or
Consumption) to some extenY.ou are dbwed to edit (right click on the variable and choose Edit) a
variable's Unit, Category, Minimum and Maximum Values and Default Value or Expreg€ibanging

the default expression can be especially useful if you have created your own model usddjneskr
variables and you want to link a buiiit WEAP variable to the result from a ustafined variable.)You

may not change the name, comment or scofiu are not allowed to change the unit here if the unit is
chosen on the main me@eneral Unitscreen (e.g., Reservoir storage volume) or independently for each
branch (e.g., Demand Site Annual Activity Level).

Although you are not allowed to delete a binltvariable, you may hide itRight click on the variable

and choosélide. To unhide previougl hidden variables, right click and chodgehide, and then choose

the variable to show, &ll Variables to unhide all previously hidden variablediding unused variables

can be a useful way to simplify a model's appearance, perhaps for display holsiedse Note: variables

can still be used in calculations even when hidden (e.g., if you enter 50% for a demand site's consumption
and then hide the Consumption variable, WEAP will still use the hidden value of 50% in determining
how much water is conswed by the demand siteY.herefore, to prevent confusion, it is best not to hide
variables which currently hold data.

4.6.3 Data Variables Report

To see a list of all (unhidden) data variables along with their definitions (the information listed above),
from the main menu choose Edit, Data VariabReport. Variables for norexistent objects (e.g.,
catchments variables if the area has no catchments) are not shbeneport can be exported to a CSV,
ASCII, Excel, Word, HTML or XML file, or to the Windows cliplard. This report will not include any

data expressiongor those, you will need to see tbata Expressions Repart Export Expressions to
Excel

Note: If you want to perform an action on a variable (Edit, Delete, Move Left, Move Right, or Hide), you
must first make sure that the variable is the current, highlighted varidlbleis not, left click on the
variable tab to select it, then right click on it and choose the desired action.

Note: Customizing data variables only applies to the current WHARSset. If you want to add or
customize variables in other datasets, you will need to do it separately for each one.

See alsoCustomizing Result Variables
Menu Option: Edit: Data Variable
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4.7 Startup Year

Most WEAP elements (Demand Sites, Wastewater Treatment Plants, Groundwater nodes, Reservoirs,
Other Supply nodes, Transmission Links, Return Flow Links, Run of River Hydropower nodes, and
Diversions) can be specified aot being active in the Current Accoun{¥o view or change this setting,
seeEdit General Infg For elements that are not active in the Current Account, you can specify the
Startup Year in which it becomes active in a scenaribhe startup year cavary by scenario.Set the

startup year to 0 in a scenario to have it never be active in that scelBloents which are not active

yet will have no effect on calculation&or example, Demand Sites that are not activenwillhave any
demand, reseoirs will not store any water, transmission and return flow links will not have any water
flowing through them, wastewater treatment plants will not treat any water (water routed to it will flow to
its return flow links untreated).

4.8 Demand

Demand analysisiWEAP is a disaggregated, ense based approach for modeling the requirements for
water consumption in an Area. Using WEAP you can apply economic, demographic andisgater
information to construct alternative scenarios that examine how total and dgaiggl consumption of

water evolve over time in all sectors of the economy. Demand analysis in WEAP is also the starting point
for conducting integrated water planning analysis, since all Supply and Resource calculations in WEAP
are driven by the levels éihal demand calculated in the demand analysis.

WEAP provides a lot of flexibility in how you structure your data. These can range from highly
disaggregated endse oriented structures to highly aggregate analyses. Typically a structure would
consist of sctors including households, industry and agriculture, each of which might be broken down
into different subsectors, enses and watarsing devices. You can adapt the structure of the data to
your purposes, based on the availability of data, the typasad§ses you want to conduct, and your unit
preferences. Note also that you can create different levels of disaggregation in each demand site and
sector.

In each case, demand calculations are based on a disaggregated accounting for various measglres of soc
and economic activity (number of households, hectares of irrigated agriculture, industrial and commercial
value added, etc.). In the simplest cases, thetdty levelsare multiplied by thevater use ratesf each

activity (water use per unit of agty). Each activity level and water use rate can be individually
projected into the future using a variety of techniques, ranging from applying simple exponential growth
rates and interpolation functions, to using sophisticated modeling techniqueskihaadvantage of
WEAP's powerful buiin modeling capabilities. More advanced approaches can incorporate hydrologic
processes to determine demand (e.g. crop evapotranspiration calculations to determine irrigation
requirements).

4.8.1 Getting Started

The following types of data are often useful:
1 Basic water requirements data, categorized by sector and/or specific water users

1 Existing water use studies for the study area, and data from national, state, county or municipal
agencies

1 Population projections for cities and towns, production activity level projections for industry and
agriculture
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1 Water consumption (water consumed by a demand site that is lost to the system, lost to
evaporation, embodied in products, or otherwise unaceddot)

Note: Agricultural irrigation demands can either be calculated using activity levels and water use rates as
described above, or by simulating catchment processes such as evapotranspiration, runoff, infiltration and
irrigation demands. Se@verviewof Catchment Calculation Methofsr more information.

4.8.2 Dem and Tree

WEAP uses a hierarchical structure to disaggregate water demand data. = South City
easily adapt this structure to the nature of your problem and data availak E‘"S'”E“E

hypothetical example of a multilevel demand structure is shown on the rigt ?hf-;"“‘t"m
i e Toilets

The first level corresponds to the demand sites (from the Schematic cre - Washing

the Schematic View). Below this, you can create as many levels as you w b Other

example, South City is broken down into single andti-family, and further b é--r«lulti Farnily

end use, while West Citgas no disaggregation. WEAP is flexible in allov - Showers
you to enter aggregated data initially, and to refine the demand projectio - Toilets
as more detailed data becomes available or necessary. - W ashing
- Other
Examples of disaggregation: - West City

1 Sector. A sample sectoral partition elol include agriculture, industi ~— Industy Naith
urban domestic and rural domestic. The sector categories can  FIndustv East
flexibly to correspond to the particular problem under analysis + Manufacturing
example at the right has no sectoral breakdown within a demanths - Cocling
demand sits themselves each represent one sector (two ea 7 ~gficulture Noth

T : -~ Sprinkl
municipal, industry and agriculture). FEE.Z |Eirgati.:.n

1 Subsector For example, the industrial sector could be divided =-Agriculture west
industrial classifications, e.g., steel and iron, petroleum, cher  [E-Rase Courty Lom
textile, pulp and papeand food processing. The agriculture sector n -+ Flood | migation

be broken down by crop type, livestock or another appropriate subs - Gprinkler
. . =~ Roze County Wheat
1 End-use For example, a crop eagse might be characterized by w. ... Flond Iigation

requirements in different soil conditions or in different lowag in the 5. Orange Coutrw Rice
study area, or different irrigation techniques. Industrial-@ses migt . Furrow lmigation
include processing, cooling and sanitary amenities.

1 Device For example, sprinkler, drip or flooding irrigation in agricultural sectors, or showers,
toilets, and washinfpr domestic sectors.

You can organize the demand tree along the lines of the available data. For example, under the
agricultural sector, the irrigation area for each crop can be identified at the subsector level. One level
down, the percentage of eachigation technique in each crop may be assigned at thaisndevel.
Another equally valid way to organize the agriculture sector would be to identify irrigation districts at the
subsector level and the crops grown within the irrigation districts at thasenlevel.

4.8.3 Methods for Calculating Demands

Methods for Calculating Demands

The method for determining demands can be selected here. Currently three options are available: (1)
standard water use method (2) FAO crop requénets approach and the (3) direct method.
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Standard Water Use Method

In the simplest case, the user determines an appropditity level (e.g. persons, households, hectares
of land) for each disaggregated level and multiples these by the apprapriadéwater use ratior each
activity. Monthly variation is applied to this rate.

FAO Crop Requirements Approach

The FAO crop requirements approach is typically used to represent agricultural demand nodes. This
approach assumes for each demand site a simpfified hydrological and agrbydrological processes

such as precipitation, evapotranspiration, and crop growth emphasizing irrigated and rainfall agriculture.
Obviously noragricultural crops can be included as well. These processes are used tondetikem
irrigation requirements for each demand site. Some of the basic assumptions are:

1 water balance is calculated at a monthly base
f no carrying over capacity between months of soil water

1 water shortage is divided equally over the irrigated land classes
1 crop factors specified by month

{ vyield response factor constant for entire growing season

See FAO Irrigation and Drainage Paper 56 (1998) for more details. This method can also be used to
directly determine runoff contributions to rivers and groundwateplmg

Direct Method
Demands can be directly read into WEAP from a file or monthly water use rates can be inputted.
Entered on EzData View, Branch: Demand Sites, Category: Advanced, Tabs: Methods

Overview of Demand Calculat 1on Methods

Several options exist to input and calculate demand within WEAP. For a particular demand site branch
within the Data Tree, you can click on the "Advanced" button at the top of the Data Entry window to
select among the following options:

(1) Morthly Demand- this option allows you to input month by month demand values for the demand
site, or you may use the ReadFromFile function to read in monthly demands from a file.

(2) Annual Demand with Monthly Variationthis option allows you to expressrdands on an annual

level. It requires you to input an activity level (e.g., number of people) and a water use rate associated
with that activity level (e.g., an annual volume used per person). Monthly variation can then be described
either with some usetdefined expression or variation weighted by days in each month. If you want the
monthly variation to differ by branches within a demand site, WEAP can accommodajashgo to

the main menu at the top of the schematic, select General, Basic Paramiietdicate this option.

Losses, reuse, and efficiency are accounted for separately. Water demand is calculated by multiplying the
overall level of activity by a water use rate. Activity Levels are used in WEAP's Demand analysis as a
measure of social an@@nomic activity.

Note: Agricultural irrigation demands can either be calculated using activity levels and water use rates as
described above, or by simulating catchment processes such as evapotranspiration, runoff, infiltration and
irrigation demands. Se@verview of Catchment Calculation Methdds more information.
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Monthly Demand Option

Monthly Demand
Specify the demand for each month, typically usingReadFromFildunction.
Entered on EzData View, Branch: Demand SéteCategory: Water Use, Tab: Monthly Demand

Annual Demand with Monthly Variation Option

Annual Activity Levels

The annual demand represents the amount of water requiredchydemand. Losses, reuse, and
efficiency are accounted for separately. Water consumption is calculated by multiplying the overall level
of activity by a water use rate. Activity Levels are used in WEAP's Demand analysis as a measure of
social and economiactivity.

Annual Activity Level [ERGEIERET RS Fiatel M anthly "-.-"ariatil:un] I:-:unsumptil:unl
Annual level of activity driving demand, such as agricultural area, population 2 Hel
using water for domestic purposes, or industrial output. Q
Demand Site  [1998  |1999-2008 |5cale  [umt | A
Sauth City 375 Growth[3%)] Millicn pErE0n
Single family |42 Inkerp] 202050 FPercent  share of people
Showers a0 [nterpl 202098 Fercent  saturation of people
Toilets 93 % ﬂF’ercent zaturation  of people
W azhing i) [rterpl 202085 ] Percent zaturation  of people
Other aa |nterpl 202090 ] Percent zaturation  of people

Activity levels for one of the hierarchical levels are typically described in absolute terms (in this case, the
number of people in South City is 3.75 million in tBarrrent Accounts while the other levels are
described in proportionate (i,eercentage share or percentage saturation) terms. In the example shown
above, 42% of the population lives in singgenily households in 1998 and of these, 90% have showers.
Notice that at the top level, the user chooses an absolute unit for the detieitfperson). At lower

levels, WEAP keeps track of the units, and hence knows that the percentage number entered at the second
level is the share "of people". In general, WEAP lets you choose the numerator units for activity levels,
while automaticallydisplaying the denominator unit. When selecting an activity level unit, you can
choose from any of the standard units. WEAP multiplies activity levels down each chain of branches to
get a total activity. (Se€alculation Algorithmsfor details.) For exampl the total number of single

family dwellers in South City with showers in 1998 = 3.75 million people * 42% * 90% = 1.42 million
people. Multiply this value by the water use rate per person per shower per year to get the total annual
demand for South Citginglefamily showers.

All values can be altered for future years in scenarios. This allows the planner to capture the combined
effects of separate changes at many levels, such as, for example, the growth in the total population (shown
above growing at 3% the change in household structure, the growing penetration of washing machines
(from 75% to 85%), and the market share of less efficient vs. more efficient washing machines. To project
these data, you first use the Manage Scenarios option to creabe moee scenarios. Then, in the Data

View, you override the default (constant) expressions entered in Current Accounts for each branch, with
new expressions that describe how each value changes over tinkxpBessiongor more information.

Entered on EZData View, Branch: Demand Sites, Category: Water Use, Tab: Annual Activity Level
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Annual Water Use Rate

The Water Use Rate is the average annual water consumption per aofivitf. WEAP displays the
denominator (person, in the example below) to emphasize that this is a rate per unit, not the total amount
of water used by all showers.

Annual Activity Level BEEEIEREEENNEEN=EEN Maonthly ‘»-’ariatiu:unl Ennsumptinnl

Annual water uze rate per unit of activity

Single family [1998  |1993-2003 |5cale |Unit | |
Showerz G2 B2 Girowthds[KepsDiiverss Technical Innovation,-0.25) ﬂ m™3 /persan
Tuoiletz F05 Growthdz(feyhDriversh T echnical Innovation,-0.25] m™3 /persan
W azhing 441 44.1 m™3 /perzon
Other 303 ang m™3  Aperson

Entered on EZData View, Branch: Demand Sites, Category: Water Use, Tab: Annual WatRaltése

Monthly Variation

In some demand sites, such as industrial sites, water use may remain constant throughout the year, while
other demands may vary considerably from mootmbnth. If the demand is constant throughout the

year, leave this line blank. Otherwise, enter the percentage of annual water used in each month. The
percentages will also be used to convert the annual pollution generated into monthly amounts. The
variation should reflect the weighted effects of all users within the demand site. In estimating monthly
variations for a demand site, historical patterns can be reviewed. If such records are unavailable, the user
can reference demand sites with similar propertiene twelve monthly coefficients must sum to one
hundred percent. If demand does not vary, all months are assumed to use the same amount, according to
the number of days in the month. For example, the default annual share for January is 31/365=8.49%,
whereas February is 28/365=7.67%. Depending on the settiBasic Parameterither the monthly
variation is the same for all branches underneath a demand site or each branch within a demand site can
have a different monthly variation.

Annual water demandzre the requirements for final water services in industry, agriculture, domestic and
other purposes. WEAP allows for three adjustmetésnand site losses and reuse, and transmission link
lossesto reflect more accurately the actual supply requiremeeatiec: to meet the demand for water
services.

Entered on EZData View, Branch: Demand Sites, Category: Water Use, Tab: Monthly Variation

Demand Managenent

If you want to model the effects of various demaide management (DSM) strategies for reducing
demand, you can use eithedigaggregatedor aggregatedapproach. The disaggregate approach would
make changes to the water use rates on individual bean€lor example, to model a program to promote
efficient washing machines, you would either decrease the water use rate for washing machines (if there
was only one branch for washing machines), or increase the share of efficient washing machines (if there
were two branchesone for traditional washing machines and one for more efficient ones). Another
example would be a tiered pricing strategy that charged more per unit water for higher usage rates, thus
encouraging individuals to reduce their consumptibine benefits generated by this pricing strategy
could be modeled using thH&ockRatefunction. However, you would need to separately estimate the
reduction inactivity levelor water use ratdue to increased prices.
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The disaggregated approach works wiejlaur demand data is already disaggregated to the level of end
uses or devices. However, most demand analyses will not be so disaggregated. With the aggregated
approach for DSM, you estimate the fraction of total demand for a demand site that coulackd tad

DSM programs, and enter that fraction unB&M Savings For example, if efficient washing machines

and toilets consume 60% less water than traditional ones, and those end uses account for 4% of overall
water consumption for a demand site, enté#@for the DSM Savings.

If there are costs associated with these DSM programs, enter the cost per unit of water save&Mdn the
Costtab.

Entered on EZData View, Branch: Demand Sites, Category: Demand Management, Tabs: DSM Savings,
DSM Cost

4.8.4 Consumption

Enter the consumptive losses for the demand-siger that is lost to evaporation or treatment, embodied
in products, or otherwise unaccounted for. These amounts are lost fromstam.sgonsumption is
entered as a fraction of the demand site inflow (supply).

Entered on EzData View, Branch: Demand Sites, Category: Water Use, Tab: Consumption

4.8.5 Pumping

Pump Layer

Groundwater layer or layers (as definedlinked MODFLOW model) from which to pump. Specify
layer=255 for a cell to have pumping come equally from all layers in that cell. To have withdrawals
handled instead as negative recharge, specify layer=0. If pump layer>0, WEAP will add cells to the well
file if they are not already there. Use tRempLayerfunction to specify fractions to pump from several
layers. If blank, will default to O (negative recharge).

Note: Pump Layer is only used whatked to MODFLOW
Entered on EZData View, Branch: Demarites, Category: Pumping, Tab: Pump Layer

486 Lossand Reuse

Loss Rate (%)

Loss Rateincludesdistribution losses within a demand site and otherwise unaccounted for demands. For
example, in municipal systems, distribution losses could represent physical leaks, unmetered water use in
public parks and buildings, clandestine connections, water wsetiné flushing, or water use for
firefighting. The effect of distribution losses is to increase the supply requirement by the factor 1 / (1
loss rate). NB: Do not include losses that are already accountedtfanasiission link losse#\Iso, do

not onfuse these losses wionsumptiorLoss Rateincreases supply requirements but is not lost from

the system, whereaSonsumption is lost from the system and will decrease the return flow of the
amount supplied.
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Reuse Rate (%)

Reuse Rateaccounts for waterecycling or reuse. This adjustment refers to processes by which water is
used in more than one application before discharge. For example, irrigation water may be routed for reuse
in more than one field. In industry, water may be recycled for multipds. ushe effect of reuse is to

reduce the supply requirement by the factor- (use rate). NB: This internal reuse should not be
confused with the direct reuse by one demand site of wastewater from another demand site. See Return
Flow Routing for more irdrmation on this noimternal reuse. The internal reuse happens within one
demand site.

Taking all these factors into account (d28M Savingy,
MonthlySupplyRequirement = MonthlyDemand x ReuseRate) x (IDSMSavings) / (1 LossRate)

Entered on E:Data View, Branch: Demand Sites, Category: Loss and Reuse, Tabs: Loss Rate, Reuse
Rate

4.8.7 Demand Management

If you want to model the effects of variodemanedside management (DSM) strategies for reducing
demand, you can use eithedigaggregatedor aggregatedapproach. The disaggregate approach would
make changes to the water use rates on individual branches. For example, to model a program to promote
efficient washing machines, you would either decrease the water use rate for washing machines (if there
was only one branch for washing machines), or increase the share of efficient washing machines (if there
were two branchesone for traditional washing achines and one for more efficient ones). Another
example would be a tiered pricing strategy that charged more per unit water for higher usage rates, thus
encouraging individuals to reduce their consumption. The benefits generated by this pricing strategy
could be modeled using tH&ockRatefunction. However, you would need to separately estimate the
reduction inactivity levelor water use ratdue to increased prices.

The disaggregated approach works well if your demand data is already disaggredagddwuel iof end

uses or devices. However, most demand analyses will not be so disaggregated. With the aggregated
approach for DSM, you estimate the fraction of total demand for a demand site that could be reduced by
DSM programs, and enter that fractiordenDSM Savings For example, if efficient washing machines

and toilets consume 60% less water than traditional ones, and those end uses account for 4% of overall
water consumption for a demand site, enter 2.4% for the DSM Savings.

If there are costs asdated with these DSM programs, enter the cost per unit of water saved D8Nhe
Costtab.

Entered on EZData View, Branch: Demand Sites, Category: Demand Management, Tabs: DSM Savings,
DSM Cost

4.8.8 Demand Site and Catchment Water Quality

Inflow: Maximum Allowed Inflow Concentration

In order to set a minimum water quality standard for supply to a demand site or catchment, enter the
maximum allowed concentration for each constituent. Theximum will be a constraint during
allocation, such that the inflow from all supplies to a demand site will not exceed the maximum
concentration entered. If a demand site is connected to more than one source, then the concentration of
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the mixed inflows Weighted average) must not exceed the maximum. Note: when computing the
concentration of the inflow, the concentrations from the previous time step of the supplies will be used.

Entered on E:Data View, Branch: Demand Sites and Catchments, Category: WatdityQ) Tabs:
<Constituent Name> Inflow

Outflow: Pollution Generation

Demand Sites may generate pollution, which is carried in their wastewater return flows to treatment
plants and local and river sources; catchments may generapwimbrsource pollutionwhich runs off to
surface water and infiltrates to groundwater. There are two different methods to use to enter pollution
generation data.

The first method to enter pollution data is similar to that of water demands. The data is broken down into
activity level and pollutiorintensity (amount of production) per activity. The activity level used is that
which was entered for Water Use. WEAP computes the annual wastewatergmimosource pollution
generated over time by multiplying activity levels withitypollution intensities. Projected unit pollution
intensities can be based on several methods. Annual pollution generated is converted to monthly values,
using theMonthly Variationentered under Annual Water Use.

Using the second method, enter tomcentration of each constituent in the demand site return flow or
catchment runoff. WEAP will multiply this concentration by the volume of wastewater return flow or
runoff to calculate the volume of pollution generated. Do not enter the pollution actiwtylewntensity.

For both the intensity and concentration methods, you may enter the data at any level of disaggregation.
For example, for a city, you might enter the kg BOD per person per year (at the top, demand site, level of
the tree), whereas the pdilon generated from agricultural lands might be disaggregated by crop type or
irrigation method, and thus data entered at a level below the catchment branch.

To edit the list of water quality constituents, go to the menu o@emeral, Water Quality Cotisients

Entered on E:Data View, Branch: Demand Sites and Catchments, Category: Water Quality, Tabs:
<Constituent Name> Intensity, <Constituent Name> Concentration

4.8.9 Priority

Determineghe demand site's priority for supply. Note: if there is a transmission link carrying wastewater
for reuse from one demand site to another demand site, the receiving demand site must have a lower
priority than the supplying demand site. Otherwise, no waiikibe reused. This is due to the fact that
demand sites with higher priorities are processed first by the WEAP allocation algorithm. Therefore, a
higher priority receiving demand site would not receive any wastewater from the supplying demand site
becase the supplying demand site has not yet received any water nor returned any wastewater by the
time the receiving demand site is process€deDemand Priority, Supply Preferences and Allocation
Orderfor more information.

Entered on EzData View, BranchDemand Sites, Category: Priority, Tab: Demand Priority

4.9 Catchments

There is a choice among four methods to simulate catchment processes such as evapotranspiration, runoff,
infiltration and irrigation demands. These methods include (1) the Rainfall Rumsf{23 Irrigation
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Demands Only versions of the FAO Crop Requirements Approach, (3) the Soil Moisture Method, and (4)
the MABIA Method. You can click on the "Advanced" button at the top of the Data Entry window for a
particular catchment to select amongstheptions. Your choice of method should depend on the level of
complexity desired for representing the catchment processes and data availability.

Irrigation Demands Only Method (FAO Crop Requirements
Method)

Of these four methods, the Irrigation DemanddyOnethod is the simplest. It uses crop coefficients to
calculate the potential evapotranspiration in the catchment, then determines any irrigation demand that
may be required to fulfill that portion of the evapotranspiration requirement that raiafatt meet. It

does not simulate runoff or infiltration processes, or track changes in soil moisture.

Rainfall Runoff Method (FAO Crop Requirements Method)

The Rainfall Runoff method also determines evapotranspiration for irrigated and rainfed cropsagsing cr
coefficients, the same as in the Irrigation Demands Only method. The remainder of rainfall not consumed
by evapotranspiration is simulated as runoff to a river, or can be proportioned among runoff to a river and
flow to groundwater via catchment links.

Rainfall Runoff Method (Soil Moisture Method)

The Soil Moisture method is the most complex of the four methods, representing the catchment with two
soil layers, as well as the potential for snow accumulation. In the upper soil layer, it simulates
evapotraspiration considering rainfall and irrigation on agricultural and-agmcultural land, runoff and
shallow interflow, and changes in soil moisture. This method allows for the characterization of land use
and/or soil type impacts to these processes. Bagafhuting to the river and soil moisture changes are
simulated in the lower soil layer. Correspondingly, the Soil Moisture Method requires more extensive soil
and climate parameterization to simulate these processes.

Note that the deeper percolation withhe catchment can also be transmitted directly to a groundwater
node by creating a Runoff/Infiltration Flow Link from the catchment to the groundwater node. The
method essentially becomes dager soil moisture scheme if this is link is madgee Grourdwater
Surface Water Interactiorisr more information.

MABIA Method (FAO 56, Dual Kc, Daily)

The MABIA Method is a daily simulation of transpiration, evaporation, irrigation requirements and
scheduling, crop growth and yields, and includes modules fionasig reference evapotranspiration and
soil water capacity.lt was derived from the MABIA suite of software tools, developed atiribgtut
National Agronomique de Tuniskey Dr. Ali Sahli and Mohamed Jablouior more information about
MABIA and to download standalone versions of the software, Wk://www.mabiaagrosoftware.net

The algorithms and descriptions contained here are for the combined MABWP calculation
procedure.

The MABI A Method uses t he ¢&AQlmdation ddd Draimage Rapet No. as d e
56 (Spanish version of FAO 56, whereby the Kc value is djandi ded i |
a separate component.,Kepresenting evaporation from the soil surface. The basal crop coefficient
represents actu@dT conditions when the soil surface is dry but sufficient root zone moisture is present to
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support full transpirationin this way, MABIA is an improvement ov€&ROPWAT, which use a single
Kc method, and hence, does not separate evaporation and trasspirat

See alsoFAO Method Calculation AlgorithmsSoil Moisture Method Calculation AlgorithmMABIA
Method Calculation Algorithms

4.9.1 FAO Crop Requirements Method

Land Use

(These parameters apply to the FAO Method. For the Soil Moisture Methdshis&éoisture, Land Use
for the MABIA Method, sedMABIA, Land Use)

Area

The land area for a catchment or subcatchment, or the share of land area fraandhe&bove.

Kc

The crop coefficient, relative to the reference crop, is given here for each land clasShgpe.is a
special case involving Kc and double cropping.cases where there are two different crops planted on
the same land at different tém of the year (double cropping), you can choose to model this with two
separate branches on the demand tree, one for eachlertiys case, set the Kc = 0 for branch 2 when
branch 1 is active and Kc = 0 for branch 1 when branch 2 is adtimeexamp, if winter wheat was
planted November through March and corn was planted May through September, the Kc's may look
something like this:

Wheat: Kc = MonthlyValues( Jan, 1.16gb, 1.15,Mar, 0.4, Apr, 0.05, May, 0, Jun, 0,Jul, O,
Aug, 0, Sep, 0,0ct, 0, Nov, 0.4, Dec, 0.7)

Corn: Kc = MonthlyValues( Jan, OFeb, 0, Mar, 0, Apr, 0, May, 1, Jun, 1.15,Jul, 1.15, Aug,
1.05, Sep, 1.05,0ct, 0.05,Nov, 0, Dec, 0)

Double cropping could also be modeled with one branch, where the varopuand land use parameters
would change over the year to reflect the two different crdpe important point to remember is that Kc
should not be set to 0 unless you are double croppigen Kc = 0, WEAP will ignore that land
entirely, including no gecipitation, evaporation or runoff-or fallow land, set Kc to a small but naaro
value, such as 0.05.

Effective Precipitation
The percentage of rainfall available for evapotranspiration. The remainder is available for runoff.

See alsoFAO Method Calalation Algorithm

Entered on E:Data View, Branch: Catchments, Category: Land Use, Tab: Area, Kc, Effective
Precipitation.

Climate

(These parameters aly to the FAO Method. For the Soil Moisture Method, Sed Moisture, Climatg
for the MABIA Method, sedMABIA, Climate.)
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Depending on the setting {Beneral: Basic Parametethe values for precipitation and ETref agither

be entered once for eachtddament and will apply to all the land use branches within that catchorent,

they will be entered separately for each branch within each catchment. This second option might be
necessary if there is a large variation in the elevation among different sasdwithin a catchment.
Alternatively, the catchment could be divided into several different catchment nodes according to
elevation, so that the climate within each catchment did not vary by land use.

Precipitation

The monthly precipitation time series cgither be read in from a file or entered in manually.

ETref

The monthly reference evapotranspiration can either be read in from a file or entered in manually.
See alsoFAO Method Calculation Algorithm

Entered on EZData View, Branch: Catchments, Categd@imate, Tab: Precipitation, ETreference.

Irrigation

(These parameters apply to the FAO Method. For the Soil Moisture Methdsbis&oisture, Irrigation
for the MABIA Method, sedABIA, Irrigation.)

If you indicak that irrigation is to occur in a Catchment at the time you create the Catchment in the
Schematic, the Irrigation tab will appear under the particular Catchment in the Data View. The following
irrigation-related variables will require input if the FAO rhet is chosen for the Catchment.

Irrigated

Enter 1 if the land class is irrigated. Enter O otherwise.

Irrigation Fraction

Irrigation fraction is the percentage of the supplied water available for ET consumption (i.e., irrigation
efficiency).

Pump Layer

Groundwater layer or layers (as defined in linked MODFLOW model) from which to pump for irrigation.
Specify layer=255 for a cell to have pumping come equally from all layers in that cell. To have
withdrawals handled instead as negative recharge, specifgtayépump layer>0, WEAP will add cells

to the well file if they are not already there. Use fhenpLayerfunction to specify fractions to pump
from several layers. If blank, will default to O (negative recharge).

Depending on the setting i@eneral: Basi Parametersthe pump layer casither be entered once for
each catchment and will apply to all the land use branches within that catclomean be entered
separately for each branch within each catchment.

Note: Pump Layer is only used wHarked to MODFLOW.
See alsoFAO Method Calculation Algorithm

Entered on EzData View, Branch: Catchments, Category: Irrigation, Tabs: Irrigated, Irrigation Fraction,
Pump Layer.
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Yield

(These parameters apply to the FAO Method.tRe MABIA Method, se@&ABIA, Yield .)

Potential Yield
The maximum potential yield assuming an optimal supply of water.

Yield Response Factor

Defines how the yield changes when the ETactual is less than the ETpotential. ActualYield = Potential
Yield*(1-YieldResponseFactor)*(¢ETActual)/ETPotential))

Market Price

The market price of the crops.

See alsoFAO Method Calculation Algorithm

Entered on E:Data View, Branch: Catchments, Category: Yield, Tab: Potential Yield, Yield Response
Factor, Market Price.

4.9.2 Soil Moisture Method

Land Use

(These parameters apply to the Soil Moisture method. For the FAO MethdthGedethod, Land Use
for the MABIA Method, sedABIA, Land Use)

Area

Land area for land cover class withirabch or basin catchment.

Kc

The crop coefficient, relative to the reference crop, for a land class type.

Root Zone Water Capacity

The effective water holding capacity of the top layer of soil, represented in mm.

Deep Water Capacity

Effective water holdingapacity of lower, deep soil layer (bottom "bucket"), represented in mm. This is
given as a single value for the catchment and does not vary by land class type. This is ignored if the
demand site has a return flow link to a groundwater node.

Deep Conductivty

Conductivity rate (length/time) of the deep layer (bottom "bucket") at full saturation (when relative
storage z2 = 1.0), which controls transmission of baseflow. This is given as a single value for the
catchment and does not vary by land class typsefBav will increase as this parameter increases. This

is ignored if the demand site has a return flow link to a groundwater node.
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Runoff Resistance Factor

Used to control surface runoff response. Related to factors such as leaf area index and |aRdrsitfpe.
will tend to decrease with higher values (range 0.1 to 10). This parameter can vary among the land class

types.

Root Zone Conductivity

Root zone (top "bucket") conductivity rate at full saturation (when relative storage z1 = 1.0), which will
be paritioned, according to Preferred Flow Direction, between interflow and flow to the lower soil layer.
This rate can vary among the land class types.

Preferred Flow Direction

Preferred Flow Direction: 1.0 = 100% horizontal, 0 = 100% vertical flow. Used titiggathe flow out
of the root zone layer (top "bucket") between interflow and flow to the lower soil layer (bottom "bucket")
or groundwater. This value can vary among the land class types.

Initial Z1

Initial value of Z1 at the beginning of a simulati@di. is the relative storage given as a percentage of the
total effective storage of the root zone water capacity.

Initial Z2

Initial value of Z2 at the beginning of a simulation. Z2 is the relative storage given as a percentage of the
total effective storag of the lower soil bucket (deep water capacity). This parameter is ignored if the
demand site has a runoff/infiltration link to a groundwater node. This rate cannot vary among the land
class types.
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Conceptual diagram and equations incorporated in the Twdbucket model

Precipitation,

including snowmelt Iitigation ET=PET*(5z1-2z1%)/3

l l —* Surface runoff = (precip + irrig) * z]Fumeff esimne famne

—* Direct runoff (onlv if z1 = 100%)

Bucket 1

z1 (o)

Percolation = Root zone cond. ®* [——* Interflow = (Root zone cond. * pref. flow dir) * z1°
(1 - pref. flow dir) * z1-

Bucket 2 l

Sotl waler capactly (mm)

"l
+

»
L

— Base flow = Deep conductivity * 222

Deep waler capacily (mm)

72 ()

L

See alsoSoil Moisture Method Calculation Algorithm

Entered on EiData View, Branch: Catchments, Category: Land Use, Tabs: Area, Initial Z1, Initial Z2,
Leaf Area Index, Kc, Root Zone Conductivity, Preferred Flow Direction, Root Zone Wafmcity,
Deep Water Capacity, Deep Conductivity.

Climate

(These parameters apply to the Soil Moisture method. For the FAO MethdeéA®eklethod, Climatg
for the MABIA Method, sedMABIA, Climate.)

Depending on the setting iGeneral: Basic Parameterthe values for all of these variables (except
latitude) careither be entered once for each catchment and will apply to all the land use branches within
that catchmentor they will be entered sepdedy for each branch within each catchment. This second
option might be necessary if there is a large variation in the elevation among different land uses within a
catchment. Alternatively, the catchment could be divided into several different catchnugs¥ no
according to elevation, so that the climate within each catchment did not vary by land use.

Precipitation

The monthly precipitation time series can eitherdzal in from a fileor entered in manually.
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Temperature

The weighted mean of high and low tezngture on a monthly basis.

Humidity
The average monthly relative humidity.
Wind

The average monthly wind speed.

Cloudiness Fraction

Fraction of daytime hours with no clouds (0.0=completely overcast, 1.0=no clouds). If blank, will default
to 1 (no clouds).

Latitude
The latitude in degrees.

Initial Snow

The initial value for snow accumulation at the beginning of the first month of the simulation.

Melting Point

Liguid water threshold for snow melt (defaults to +5 degrees Celsius).

Freezing Point

Solid water hireshold for snow accumulation (defaultsGadegrees Celsius).

Snow Accumulation Gauge

Historic data of snow accumulation (snowpack), to be usecalibration Measured in melt water
equivalent (MWE) depth.For calibrating, see theShow Accumulationvs. Gauge report, or use the
PEST CalibratioiwWizard.

See alsoSoil Moisture Method Calculation Algorithm

Entered on EEData View, Branch: Catchments, Category: Climate, Tabs: Precipitation, Temperature,
Humidity, Wind, Melting Point, Freezing Point, Liaiile, Initial Snow.

Ponding

(These parameters apply to the Soil Moisture method. For the FAO Methdth@ddethod, Climatg

Thes variables are used to model flooding for rice cultivation, or for wetlands (managed or unmanaged).

Maximum Depth

The maximum depth of water above ground. This is typically the height of the dike that contains the
water. Once the water reaches this heighy additional water will run off. This height may vary from
one timestep to the next. For example, if the rice fields are flooded in May and drained in September,
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using a dike 150 mm high, the following expression would be used: MonthlyValues( ApayQ,18D,
Aug, 150, Sep, 0 ). In this case, any remaining algpwend storage from the end of August would
become surface runoff in September.

Minimum Depth, Target Depth

Minimum Depth is the minimum required depth for healthy plant growth. When the déxadove

ground storage falls below this height, WEAP will irrigate with enough water to bring the level up to the
Target Depth. If the level is between the Minimum Depth and the Target Depth, no irrigation will be
applied. Leave Minimum Depth blank to leait default to the Target Deptthis will cause irrigation to

be applied each month to maintain the level at exactly the target level. The Minimum Depth is analogous
to the Lower Thresholdvariable for irrigation; Target Depth is analogous to theper Threshold
variable.

For an unmanaged wetland, enter 0 for minimum and target depth so that irrigation will never be applied.

Release Requirement

When modeling surface water storage on a land class, either for rice cultivation or a managed wetland, the
Rele@me Requirement is the amount of water to be released in the timestep, to be replaced with new
supply. This is typically used to maintain proper water temperature for rice. The release requirement for
the timestep will never exceed the amount of surfaceagtoat the beginning of the timestep. For
example, if the release requirement for August is 100 mm, but the amount of water at the beginning of
August is only 75 mm, then the release requirement will be reduced to 75 mm. Therefore, all of the water
will be released, and replaced by new supply.

Entered on E:Data View, Branch: Catchments, Category: Ponding, Tabs: Maximum Depth, Minimum
Depth, Target Depth, Release Requirement.

Irrigation

(These parameters apply to the Soil Moisture method. For the FAO Methddh©elethod, Irrigation
for the MABIA Method, sedABIA, Irrigation.)

If you indicate that irrigation is to occur in a Catchment at the time you create the Catchment in the
Schematic, the Irrigation tab will appear under the particular Catchment in th¥iBatarhe following
irrigation-related variables will require input if the Soil Moisture method is chosen for the Catchment.

Irrigated Area

The percent of area that is irrigated.

Lower Threshold

Irrigate when soil moisture falls below this percent level.

Upper Threshold

Cease irrigation when soil moisture reaches this percent level.
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Pump Layer

Groundwater layer or layers (as defined in linked MODFLOW model) from which to pump for irrigation.
Specify layer=255 for a cell to have pumping come equally fromagkrs in that cell. To have
withdrawals handled instead as negative recharge, specify layer=0. If pump layer>0, WEAP will add cells
to the well file if they are not already there. Use henpLayerfunction to specify fractions to pump

from several layes. If blank, will default to 0 (negative recharge).

Depending on the setting i@eneral: Basic Parametethe pump layer caaither be entered once for
each catchment and will apply to all the land use branches within that catclomean be entered
seprately for each branch within each catchment.

Note: Pump Layer is only used whatked to MODFLOW
See alsoSoil Moisture Method Calculation Algorithm

Entered on EZData View, Branch: Catchments, Category: Irrigation, Tabs: Irrigated Area, Lower
Threshotl, Upper Threshold, Pump Layer.

4.9.3 MABIA Method (FAO 56, dual Kc, daily)

Land Use

(These parameters apply to tMé&BIA Method. For the FAO Method, sdeAO Method, Land Usefor
the Soil Moisture Method, seoil Moisture, LandJse)

Area
The land area for a catchment or subcatchment, or the share of land area from the branch above.

If you want to plant different crops on the same piece of land in different years (crop rotation), you can do
this with two different branches undére catchmentFor example, if you wanted to plant corn in even

years and beans in odd years, create two branches (Corn and Beans) underneath the Catchment branch.
Enter the actual area for the Area variable on the catchment branch, and set theanoértoghare for

the Corn and Beans branchesse the Step function to alternate between 0% and 100% for each branch:
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Crops

Each catchment branch represents a piece of land on which one or more crops is planted eBoh year.
each branch, you need toegify which crop or crops (from therop Library are planted and the planting
date. Given the planting date and the crop stage duration, WEAP can determine the enlldidgs
before the planting date or after the harvest date will use the chetiztasf the crop named "Fallow"

(in the Crop Library).Use theCrop Scheduling Wizartb choose crop and planting date, or choose one
of the crop/planting dates already specified on another braBwth of these options are available on the
drop-down nenu in the data gridThere is also an option here to view or edit the Crop Librditye
expression created by tlrop Scheduling Wizardill use theCropLibraryfunction. It is not possible to

edit the expression directly in the data grid-eefle tle Crop Scheduling Wizard instead.

For perennial crops and land covers, choose the first day of the water year as the planting date, and make
sure that the end date is the last day of the water Yfeaot, edit that crop in the Crop Library so that the
stage lengths add up to 365 days.

Many crops grown for forage or hay receive multiple harvests during the growing season. Each harvest
essentially terminates a fTwhbdegraonwi nqnigdgeasers an
season and assated Ky, curve. The resulting ¥ curve for the entire growing season is the aggregation

of a series of I curves associated with each sub cycle handle this situation, the crop library has

different entries for the first cutting and subsequent aatiiSearch for alfalfa in the crop library to see

an example.)Specify multiple crops (in th€rop Scheduling Wiza)dor a particular branch, where the

first crop chosen is that for the first cutting, and the second (and third) crop is for the aifyrapthe

subsequent cutting's parameters.

Soil Water capacity

Specify the water holding properties of the solil, including saturation, field capacity and wilt pbant.
available water capacity (AWC) will be field capacity minus wilt poiivtou have dur options for
specifying these parameters (all available on the-doyan menu in the data grid):
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