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EXECUTIVE SUMMARY

With the completion of the redevelopment and enhancement of the Irrigation Demand Model version 3
(IDM-3), researchers and river basin managers have a user-friendly platform available to calculate
irrigation water demand in Alberta, both past and future, and assess factors that impact it. Irrigation
water demand data is vital knowledge used by decision makers in managing water resources,
particularly in the South Saskatchewan River Basin (SSRB) where more than 90% of Alberta’s irrigation
occurs. The IDM-3, now owned by the Minister of Agriculture and Forestry, and residing on a server of
the Department, will be publically available and remotely accessible to external users on the condition
of some basic training with the Department. New GIS capabilities, simplified data entry, graphical
presentation of results, and greater ease for scenario analysis are key enhancements that increase the
model’s utility beyond that of the IDM-3 model precursors.

The volume of water licenced to Alberta’s 13 irrigation districts for diversion is 3.45 billion cubic metres
per year. This equates to about 40 per cent of the annual flow in the Alberta portion of the SSRB.
Irrigation districts diverted approximately 45 per cent of their licenced volume over the past 10 years.
As the largest consumptive user of water in Alberta, irrigation is a significant factor in water
management in the Province. Output from the IDM-3 will be useful to all who model or otherwise study
basin water management and are involved in water-related decision making in the SSRB.

The enhancements made to the model as a result of this project include the following:

The redeveloped model IDM-3

a) is GlIS-based which facilitates spatial representation of conveyance networks, visualization of
certain results, the selection of sub-blocks of irrigation districts to model, making and evaluating
changes to delivery system characteristics such as changing an open lateral to a pipeline, and/or
changes to on-farm delivery equipment used on specific parcels, insertion of a reservoir
anywhere in the irrigation delivery system, etc.;

b) simplifies selection of variables to be examined, and whether a parameter is included or
excluded from a run;

c) is useful in analyzing efficiency gains from rehabilitation of the irrigation delivery system and
adoption of improved on-farm water management practices;

d) includes seepage and evaporation from canals and reservoirs in water loss calculations;

e) enables the user to insert a reservoir, small or large with user-defined storage capacity and
operation rule curves, anywhere in the irrigation network and incorporates the operation of the
reservoir into demand management calculations (the original model did not include reservoirs
or their operation);

f) makes scenario analysis much simpler than the original model: individual variables can be
changed readily rather than having to input an entire data set for each scenario run. This
facilitates scenario analysis, such as testing the implications of climate change weather sets,
crop type shifts, area expansion, etc. on irrigation demands;

g) produces output files for use in Alberta Environment and Park’s Water Resources Management
Model and other models requiring irrigation demand data for basin water management
evaluations;

h) produces graphical presentations of results;



i) includes a “Help” section and provides useful error messages;

j) is written using up-to-date software that is compatible with the Department’s requirements;
and

k) is publically and remotely accessible, with some training from Alberta Agriculture and Forestry
staff.

Some of the anticipated uses of the IDM-3 are

1. The amount of water needed for a sustainable agriculture economy in the irrigated region
will be regularly assessed using this model, and the volume and timing of water needed will
be compared to available supply to determine whether demands can be met. Trends in
demands will be assessed to determine the impact of crop types, climate change, and
growth on the demand for water from agriculture, communities and businesses supplied by
the irrigation system.

2. Part of the irrigation district demand is water that is delivered by the irrigation system to
communities, farms and rural water cooperatives for their domestic water, and the model
will be used in assessing security of these supplies.

3. The model will provide water demand information to other models which will be used by
stakeholder partnerships and government staff to evaluate decisions based on enhanced
knowledge, and shared responsibility for water management.

4. The model will be used to determine the efficiency gains that can be achieved by changes in
on-farm irrigation systems and by rehabilitating portions of the irrigation delivery system.
This will enhance conservation of water, and will likely reduce diversions from river systems.

5. The model will be used to determine whether enough water has been saved through
efficiency gains to warrant expansion of the irrigated acreage, which would result in more
productivity of water allocated to irrigation.

With the enhancements to this redeveloped model, it is expected the model will be a valuable tool for
researchers and government staff to explore options for water management and formulate policies and
actions to provide for the social, economic and environmental needs of Albertans.
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Project Description

Introduction/challenge

Irrigation district members of the Alberta Irrigation Projects Association (AIPA), Alberta Agriculture and
Forestry (AAF), and Alberta Innovates — Energy and Environment Solutions (AI-EES) have collaborated to
redevelop and enhance the current Irrigation Demand Model (IDM) used in providing data for water
basin management decision making. The enhanced model will provide information needed by public
and private entities as they formulate policy and consider and act on emerging and future water
management challenges, including economic and environmental opportunities in the South
Saskatchewan River Basin (SSRB). Irrigation water use accounts for more than 80% of the water that is
consumed in the SSRB. With the closure of much of the SSRB to further water allocation applications,
innovative solutions are required to ensure the best and most efficient use of water.

The demand for irrigation water in the basins of the Bow and Oldman Rivers is a key component of
water withdrawal from southern rivers in the Province of Alberta, and hence, of basin water
management in that region. The region is characterized by relatively high heat units and moderate to
low precipitation, with water being the key limiting factor to growing a diversity of crops and supporting
a large livestock industry. Development of irrigation systems early in the 20" century was a key factor in
economic and social development in the region and a widely expanded, modern irrigation system
continues to be a significant part of the social fabric of southern Alberta. Over 50 crop types are now
grown on approximately 560,000 ha (1.4 million acres) of irrigated land and over 60 per cent of Canada’s
fed cattle are produced in the region. In addition to thousands of irrigated farms receiving water
through the irrigation system, many communities, rural water cooperatives, food processors, market
gardens, recreation areas, and wetlands rely on water supplied via the irrigation system.

The volume of water licenced to Alberta’s 13 irrigation districts for diversion is 3.45 billion cubic metres
per year. This equates to about 40 per cent of the average annual flow in the Alberta portion of the
South Saskatchewan River Basin (SSRB). As the largest consumptive user of water in Alberta, irrigation is
a significant factor in water management in the Province. Being able to assess potential demand for
irrigation water is key to basin water management decisions now and into the future.

The modeling of the irrigation water delivery system has evolved over the decades, since computers
were introduced, to facilitate management decisions regarding irrigation water diversion and use in the
SSRB. Several components including an on-farm irrigation demand model, an irrigation network
(delivery system) model, a database conversion subroutine that prepares input data, and a scenario
builder used to modify the input to look at irrigation expansion, were amalgamated into an “Irrigation
Demand Model.” The original IDM has a number of deficiencies in its usefulness.

a) Itis not accessible to external users

b) It does not account for infrastructure capacity limitations

c) GIS technologies are only minimally used, limiting the ease of use and the utility of the model

d) Reservoirs to store and supply water are not simulated

e) The routing algorithm is very simple, and, as a result, the routing of the water in the network is
not optimal and at times unrealistic

f) The error logs tend to be very large and difficult to work with



g)

h)

Some of the individual tools comprising the IDM are not integrated and the demand data for the
entire simulation has to be stored in files for importing into the other model components;
therefore, processing is slow and tedious.

A large number of steps are required to run a simulation and numerous external tools are
required for setting up the simulation, handling the output, and analyzing the results.

The technology that IDM is based on is outdated, is increasingly difficult to support, and does
not meet current AAF IT standards for software.

This project has corrected these deficiencies, producing a user-friendly model with much greater utility
than the precursor versions and will be readily available for researchers and decision-makers. The new
model will expand the knowledge of researchers and water managers who are developing improved
plans and practices for basin water management and those assessing future risks of and adaptation to
shifts in climate and agricultural changes. Because the IDM-3 will be available to external users, more
researchers will have the opportunity of examining various scenarios that may impact water demand in
the South Saskatchewan River Basin and its sub-basins.

Technology or Research description
The redeveloped model, IDM-3, addresses past deficiencies and contains the following enhancements:

1)
2)

A linear programming engine is used for routing of water in the network in an optimal way,
Reservoirs and reservoir functionality are simulated, with ease of insertion of a reservoir in the
GIS layer and reservoir characteristics into the data set via dialog boxes,

All the IDM components are now integrated into IDM-3 allowing for faster and more flexible
operation of the model,

Extensive GIS capabilities simplify the task of inputting data into the model and improve the
usability and intuitiveness of the user interface,

Output of the model can be tailored for input into Alberta Environment and Park’s WRMM
model, which is used by the Department in their assessments of water use in the SSRB,

The model includes user-friendly screens and dialogues, including GIS mapping and graphical
presentation of model output,

The model produces useful error messages,

Calculation of seepage and evaporation from canals and reservoirs are included in water balance
calculations and outputs,

Calculation of potential evapotranspiration and lake evaporation are incorporated into the
model, and

10) External users can access the model remotely.

The IDM-3 is designed to simulate the entirety of all 13 irrigation districts, individual districts, portions of
an individual district, or a private irrigation project. Some of the model’s new capabilities allow the

model to

1) Calculate irrigation demands and return flows (at the irrigation project level and the on-farm
level)

2) Calculate seepage losses from open canals and reservoirs

3) Calculate evaporation for open canals and reservoirs

4) Calculate reservoir levels and volumes of water stored for and supplied to the distribution
system

5) Identify capacity restrictions in the network of open canals and pipelines.



In order to facilitate performing a “what-if” analysis, IDM-3 includes a scenario-builder tool that can be
used to alter a base case and create various scenarios. These scenarios can then be simulated by IDM-3.
A comparison of the individual outputs will show the effects of the change. Examples of scenarios
include

e Changes in cropping patterns

e Changes to irrigation water application methods (system types)

e Increases to irrigation area, such as expansion of a district

e Changes to conveyance structures such as pipelines, addition of a reservoir

o Use of different weather sets to simulate changes to temperature or precipitation

Project goals/objectives
The project has the following goals:

1) Develop a model of irrigation water demand to assist researchers and water managers in
analyzing irrigation water diversions (which meet irrigation demand), crop water use (which
drives irrigation demand), and return flows (excess of water diverted over-and-above irrigation
demand to keep the system operational) in the SSRB.

2) Enhance the ease of use and utility of the model by adding GIS capability, functionality of
reservoirs, enhanced scenario analysis, seamless data transfers within the model, data
formatted for external models requiring this information, graphical presentation of results, etc.

3) Make the IDM-3 accessible to the public from remote locations; this is fostered by transferring
ownership of the model and any associated IP from GENIVAR Inc. (and its successor, WSP
Canada Inc.) to the Minister of Agriculture and Forestry, plus the creation of a “Help” directory
in the program.

Work scope overview and modeling details

A detailed description of the work done to produce the model can be found in Appendix 1, the 51-page
“Scope and Project Plan” document used to guide work completed in this project. Appendix 1 is
attached to this report. Preparing the “Scope and Project Plan” initially put the project behind-schedule
but was invaluable in guiding the work that has resulted in a model that water managers and
researchers will find user-friendly as they search for answers to pressing questions about water demand
in the SSRB.

The deliverables for the project follow in Table 1. Upon completion of each deliverable by WSP Canada
Inc., AAF staff evaluated and tested each deliverable and, when satisfied with the operation and/or
results of the deliverable, signed-off for payment of work completed. Funds were administered by AIPA
staff. Several challenges arose in meeting initial deliverable dates, in particular, the discovery of a flaw
in the original IDM code which had to be corrected, and a challenging deliverable which took much more
time than initially expected requiring adjustments at AAF’s request to meet the criteria for sign-off of
the deliverables. Predicting the timeframe required for programming is challenging. As a result two
amendments to the contract between WSP and AIPA extending the completion of the project were
agreed to by both parties and the work progressed to completion.
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Deliverable

Table 1. IDM-3 Project Deliverables & Milestones Schedule

Start Date

Delivery Date

Completion Date

Details

Verifiable

(GENIVAR)

Project scope document, execution plan, and budget

Project Scoping Completed 30-Nov-13 20-Dec-13 completed. Signed documents.
Detailed Design: Data Model Completed 01-Jan-14 13-Feb-14 plus 10 business Dat? moo.lel pOI‘"[IOI‘\ of D'etalle'd DeS|gn‘Doc!Jment‘completed. ARD IT review and sign off.
days Design will continue while deliverable is being reviewed by IT.
Detailed Design: Object Model Completed 13-Feb-14 29-Mar-14 plus 15 business ObJ.eCt mpdel pgrtlon Of. Detal.led Desgn chumer_ﬂ completed. ARD IT review and sign off.
days Design will continue while deliverable is being reviewed by IT.
. _ .. . Application Pages & Description portion of Detailed Design
Detall.ed.De5|gn. Application Pages & 29-Mar-14 23-May-14 plus 15 business Document completed. Design will continue while deliverableis  ARD IT review and sign off.
Description Completed days . .
being reviewed by IT.
Al iue 15 Businese Remainder of Detailed Design Document completed.
IDM-3 Application Phase 1 Completed: 23-May-14 21-Jun-14 e B:\S/ielr??srle;ri\; o:\}:ie;\?vzlzj/et: ,0;$pllcat|on will begin while Detailed ARD IT review and sign off.
Detailed Design & & v
GENIVAR (now WSP) will run example Linear
lus 10 business Solver application (server application that solves LP problems ;::tg;‘;r:;ler:ngt(sL:Zep:c))Erlsgs Z‘R%A;:;Sri\;alfafﬁl
Solver Application Completed 21-Jun-14 25-Aug-14 P using IBM CPLEX) completed and deployed to UAT. Conversion . . ' . 8
days . . . witness runs, verify results, and sign off.
of model engine demand components will begin.
ARD IT will review code and sign off.
Model engine components associated with calculating on-farm  GENIVAR will run an example IRM project and
Model Engine Demand Components Library 25-Aug-14 08-Oct-14 plus 10 business  demand converted from C# to Java. Tested and verified against  will validate against output generated by IRM.

Conversion Completed

days

IRM-4. Conversion of model engine network components will
begin.

ARD Lethbridge will witness runs, verify results,
and sign off.
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Model Engine Network Components

plus 10 business

Model engine components associated with the network

GENIVAR will run an example IDM-2 project and
will validate against output generated by IDM-2.

8 Library Conversion Completed 08-Oct-14 13-Dec-14 days converted from C# to‘Java. TeSt?q and. Venﬂ.ed against [DM-2. ARD Lethbridge will witness runs, verify results,
Development of persistence entities will begin. )
and sign off.
ENIVAR will | test t
. . . . Persistence entities (Java classes associated with storing and G Wit supply a.n'd run a test program to
Persistence Entities Implementation plus 10 business ) . demonstrate that entities can be created,
9 13-Dec-14 04-Jan-15 reading data from the database) implemented. Development of . . .
Completed days . . modified, and deleted. ARD Lethbridge will
servlets will begin. . . .
witness runs, verify results, and sign off.
. Servlets (Java classes the perform functions requested by the GENIVAR will supply and run a test pr.ogram
. plus 10 business . . . that demonstrates the proper operation of the
10 Servlets Implementation Completed 04-Jan-15 05-Feb-15 application) implemented. Development of network simulator . o
days . . servlet methods. ARD Lethbridge will witness
will begin. . .
runs, verify results, and sign off.
lus 10 business IDM-3 model engine completed and tested against a manually Sjrl:lslt\:ﬁ(i:gl:;ump_gly f;:crtuglz ::]Zn:;:]y are the
11 Network Simulator Completed 05-Feb-15 01-Apr-15 P constructed IDM-3 project (XML) file. Results compared to proJ . . p
days N . . . results to IDM-2. ARD Lethbridge will witness
IDM-2. Modification of model engine will begin. . .
runs, verify results, and sign off.
With support from GENIVAR, ARD Lethbridge
Al Modifications to model engine completed (e.g., reservoir Y\”” run test I.DM_3 pr‘OJe.C.tS t.o verify proper
lus 10 business  algorithm changes, filling algorithm changes, downtime losses Ll G E e el ML
12 IDM-3 Application Phase 2 Completed: 01-Apr-15 24-Apr-15 P davs chgan es..) Deglo,ed togUAgT Develo mgen'é of model
Code Conversion and Model Engine v R T - . ARD Lethbridge will sign off.
configuration pages will begin.
Development
ARD IT will review code and sign off.
. Web pages associated with the configuration of an IDM-3 . . .
13 Model Configuration Pages Completed 24-Apr-15 29-Jun-15 plus 18abtismess project completed and deployed to UAT. Development of time ﬁ;D Lethbridge will test the web pages and sign
y series chart, grid, and export functions will begin. )
Time Series Chart, Grid, and Export plus 10 business erb pages assouated‘wnh dlspla'ymg the time series data in a ARD Lethbridge will test the web pages, review
14 29-Jun-15 12-Aug-15 grid or chart or exporting to CSV file completed and deployed to :
Completed days : . . . output, and sign off.
UAT. Development of scenario builder pages will begin.
lus 10 business Web pages associated with configuring and applying a Scenario
15 Scenario Builder Pages Completed 12-Aug-15 24-Sep-15 P Builder scenario completed and deployed to UAT. Writing of ARD Lethbridge will test web pages and sign off.

days

help file and preparations for deployment to PRD will begin.
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plus 15 business  Code reviewed by ARD IT. GENIVAR will fix any deficiencies

16 ARD IT Code Review 24-Sep-15 31-Oct-15 days identified. ARD IT sign-off.
Milestone 3 IDM-3 application completed and deployed to PRD. Help ARD Lethbridge to test IDM-3 in PRD and sign
document completed. Training delivered. Detailed Design off.
7 \om-3 Application Phase 3 Completed: 24-5ep-15 15-Nov-15 30-Nov-15 Document updated to reflect as-built system. 60 day warranty
Application Development period begins. ARD IT sign-off.

Completion date = ARD will complete evaluation of deliverable and a) if the deliverable is substantively complete, approve payment, or b) if the deliverable
has substantive deficiencies, provide details on the deficiencies to GENIVAR for revision

13



Approach and Results

Results of model development and sample simulations

The following screen shots exemplify and illustrate the results of this project:

€ - C 8 htps//uatvweb.aguatgov.ab.ca win/authenticat =
i Apps (1 Links @ IDM-3 Magic @ UAT direct [ IDM3 PROD (3 Other bookmarks
I Alberta Agriculture and Forestry Wrigation Demand Model Version 3 - UAT_1.0-31

Figure 1. IDM-3 Welcome screen.

(The application can be accessed online through a web browser. Users external to GOA will be able
access the application remotely.)
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' = irigation pemand 1 x

« > C https://uatvweb.aguat.gov.ab.ca/idm3/secured/main/authenticate
i Apps (O Links I IDM-3 Magic I UAT direct [ IDM3 PROD

B Alberta Agriculture and Forestry

Project View Reports Maintain Help Util

| Map || Supply || Reservoir || Weather || Options || Scenarios || Time Series || Exceptions || Execution Log |

Network Configuration

Data Collection: | 2013_PRIV_MID_ERID v | Base Flow Start Day: [125 V|

Start Year: [2014 * Base Flow Scaling Factor:
End Year: |2014 v Base Flow Collectors: | Default Collectors v

Il

Metwork Start Day: * ET Scaling Factor: *
Network End Day: * Random Field Selection: ® on O Off
Irrigation Start Day: * Initial Seil Meisture Fraction: | 0.6 Vo
Irigation End Day: * Randomize Seeding Date: ® Qn O Off
Wheat Planting Day Adjustment: * Randomize Imigation Thresheld: ® Qn O Off

Irrigation Methods: | Default Irmig Method Type ¥ | Percent of Fall Irrigated Area: *
Crop Types: | Default Crop Type '| Fall Irrigation: ® Qn O Off
Irigation Systems: | Default Img Systems ¥ | Default Soil Moisture Holding Capacity:
System Crops: Conveyance Works & Drains Layer: m

Input Units: | Metric v Delivery Locations Layer:

II
@
o
=%
=

Output Units: | Metric v Simulation Parameters Layer: | Default v

Figure 2. Dialog page used to set up a project.
(Data in the model will be organized in data collections consisting of individual districts, districts within a

basin or private irrigation. Data collections will contain yearly district data that a user can modify for a
specific project.)
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[l Alberta Agriculture and Forestry

Project View Reports Maintain Help utit

Layer Visibility

l} @@.@(ﬁd)(b@.!i@ # B & B  Thematic Overlay | Select

~ | Retesn ]

[#| Thematic Map

¥l Selected Network 40km o

—
) = 30mi
¥ Supply Points o

¥ Reservoirs -
¥ Base Map
B PLACE

® HAMLET

¥ Conveyance works
and drains

== Concrete Lined

[ 5 ot
= Closed Pipe L
Drain .
¥

== Earth Lined
== |RP Earth Lined s
== Membrane Lined
= Open Pipe ©

Reserveir Segment

— Settling Pond

¥/ Delivery Locations
{ TOFARM

L Simulation
Parameters

File BRID Feb 16 Res (upload required)

Figure 3. Sample GIS-based view of irrigation district infrastructure in

Alberta.

(IDM-3 incorporates ArcGIS technologies and mapping functions for displaying and interacting with
spatial data. The user can select any part of the network for a simulation and can zoom in to see the
details of a specific segment of the irrigation network. There are approximately 8,000 km of canals,

laterals and pipelines in this modelled network.)
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Reservoir Configuration B

*

Reservoir Name: | MecGregor Reserveir v

Enabled: ¥
Reservoir Key: 2123
File Version Name: N/A

File Version Description: N/A

Live Storage [dam3]: |343372.000 v\

Initial Level [volume %]: |90 v

Filling Priority: M
Elevation at Maximum Drawdown [m]: |EDEB.[]L][] "|
FSL [m]: |874.380 v

Seepage Rate [dam3/day]: |0,?BT v

Maximum Overfilling [%]: |100 v

Use Stage Curves: ¥

Use Rule Curves: ¥

e
AREA No 7] A P
Ce VOLUME No v

Y

NIA &

Figure 4. Reservoir description/data page.

(IDM-3 can model reservoir storage, a new feature in the model. The user can customize the
configuration of a reservoir and easily add that new reservoir at any location in the network.)



Maintain Weather Sets

Weather Sets:

i

e o
ARDTWP A om0
n ARDTWP BRID Township daily weather dataset (BRID only ) Aol
n ARDTWP Fail S|
Climate Change AT w3
n IMCIM Weather stations with near-time data Aol
“ XxX A om0

Figure 5. Weather set selection page.

(Multiple weather sets can be added to the IDM-3 database to model different weather scenarios such
as potential impacts of climate change. Evapotranspiration can be calculated using several equations

depending on the availability of weather variables.)
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New Scenario

Select scenario type:

Area Expansion

Area Expansion

Crop Change

Imigation Methed Change
Crop Type Parameter Change
Irrig Method Parameter Change
Metwork Conveyance Change

Figure 6. Scenario selection page.

(Several types of scenarios can be modeled with IDM-3 including area expansion, changes to crop types
and irrigation method types, changes to crop and irrigation system parameters, and changes to
infrastructure. Changes can be configured for the entire district, by blocks within the district or by
spatial query. The process of creating a new scenario has been simplified compared with the process

required in IDM-1.)
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Initialization Messages

Summary Messages

.

- 101020 870 structures do not supply any irrigation systems.
101022 1338 structures supply at least one irrigation system.
B 101023 Total irrigated ares = 91125.%27 hectares.

n 101025 33,072.505 hectares selected for fall irrigation.

& Pagc [ ot 1 £ View 1- 4 of 4

Detail Messages
. R
- 1827 of 1827 irrigation systems in the BRID irrigation district were included in the model.
n 0 of 569 irrigation systems in the PRIV irrigation district were intluded in the model.
B 0 of 245 irrigation systems in the MID irrigation district were included in the model
Structure BRID. 1882 does not supply any irrigation systems.

B Structure BRID. 719 does not supply any irrigation systems.

n Structure BRID. 717 does not supply any irrigation systems

Structure BRID. 718 does not supply any irrigation systems.

“ Structure BRID. 1698 does not supply any irrigation systems.

n Structure BRID. 1895 does not supply any irrigation systems.

gl Structure BRID. 1695 does not supply any irrigation systems.

Page-cm T m View 1- 10 of 703

= O O

Figure 7. Initialization messages page.
(Initialization messages allow the user to identify issues with a project before running it. These messages

can help to clean up the input data and help the user to understand what will be included in a simulation
and how the model will handle the input data.)
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Simulation Exception

The model execution has stopped due to a simulation exception.

[l Alberta Agriculture and Forestry Irrigation Demand Model Version 3 - UAT_1-0-31

Project View Reports Maintain Help Util

| Network H Map ” Supply H Reservoir H Weather ” Options ” Scenarios ” Time Series ‘ Exceptions ‘ Execution Log ‘

Exceptions

Summary Messages

e s B [+ rosne |
1 o 1000 1 Node supply deficit.
=

4 »
o Page-uﬂ X2 View 1-10f 1

Detail Messages

Ignore: D Timestep Index Date “Year Day Of Year Type Object ID Message
EIE 1000 130 2014/05H1 2014 13 Node 768 4 supply deficit of D.007754 m3s ocoured at node.
“ 3
5 Pege [ -1 B2 View 1-10f 1
File: BRID Feb 16 Res Completed Timesteps: 130 of 365 (Day 131, Year 2014, 2014/05/11) Run State: Paused Exceptions: 1 Server Memory: 656/2048 MB Used (1392 MB free) oK

Figure 8. Model exception page during a simulation.

(During a model run, the model will stop running if it finds a model exception. The user can choose to
ignore similar exceptions and resume the simulation. Exception messages can be exported for further
analysis and to resolve problems in the input data.)



Options

¥/ Include Canal Seepage
¥/ Include Reservoir Seepage
¥/ Include Canal Evaporation
¥ Include Reservoir Evaporation
¥ Include Filling / Draining
¥ Include Irrigation Demand
¥ Include Reservoirs
¥/ Include Base Flow
Apply Scenarios

¥ Stop On Exceptions

Figure 9. Calculation (component) selection page.

(The user has the ability to control which calculations or components are included in a simulation.)
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% lirigation Demand Model | X ¥ I Irigation Demand Model % Y__Y A anarea [ [ =1 [T
& > € | & h#ps://uatvweb.aguat.gov.ab.ca/idm3/secured/redirect/page/content/tsWindow jsp?outputUnits =Metric Ay
Apps (J Links O [DM-3Magic @E UATdirect [} IDM3 PROD (3 Other bookmarks

Output Type: T o a
Gid | Chat | Ropors |
R | reresn | Exort T
praETmEE———— e e e | oe | pmigembans |

ay

A B S—

L e e e e 12 a0 12 EI 25930247

Network  Network | BaseFlowEnabled  Indicates f base flou s enabied (i, after the base fiow start day). | + res 214 e 20140702 37677034

Netvork  Network | Exception 1001 ount  Exception 1000 count. unspeciied] G+ 184 2014 e 201407103 5151653

Metviork | Network | Exceplion 1002 Count | Exception 1000 count. nspesified] G+ 185 2014 o8 2014704 6184 5376)

Network  Network | Exception 1003 Count  Exception 1000 count,[unspeciied] o+ 18 o4 e 201407 £848.6204

Network  Network | Exception 1004 Count  Exception 1000 count. unspeciied] Q4+ e 2014 7 20140710 Gea2 5521

Netvork  Network | Exception 1005 Gount  Exception 1000 count. unspeciied] G+ 188 2014 et 201407107 6654.963

Network | Network | Exception 1006 Count | Exception 1000 count. [unspecifid] G+ e o 19 201407108 068951

Network  Nework | Exception 1007 Count  Exception 1000 count,[unspecifed] G+ 1o 2014 o0 201407108 7245.850)

Network  Network |mgationEnabled  Indicates f imigation s enabled (i, afterthe imigaton start day). [u| 4| ot 2014 1ot 20140710 782145

102 2014 192 20140711 7548.085.

193 2014 193 20140712 7826275

194 2014 194 201407113 8257567

125 2014 195 201407714 8287757

195 2014 196 20140715 8355 745.

197 2014 197 201407716 8697772

198 2014 198 20140717 8763276

198 2014 199 201407118 8713545

200 2014 200 201471 8559103,

0 2014 201 201407720 7945 803

2 2014 S 201407721 59152812

203 2014 20 201407722 5135.669

20 2014 204 201407223 2310

i3 kdiatad vewt ootz x5 s 205 anan72s moass

26 2014 206 201407725 3644628

Start Date: 207 2014 207 201407726 3376.3755.

208 2014 208 20140727 3359.6264

End Date: E) En ) Er ) o717

g 210 2014 210 2014107728 4080 4524

None
© Weekly
©) Monthly
© Yearly

Figure 10. Time series data view page.

(IDM-3 includes an interface for displaying time series data associated with a model simulation. The
data/output can be aggregated and shown in tabular form or as a chart.)
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Output Type:

Network v
Conveyance Arc
Demand Direct Arc
Demand Node

Drainage Bypass Arc
Irrig Band

Irrig Field

Irrig System

Irigation Returns Arc

| Network |
Reservoir

Return Flow Arc

Return Flow Collector
Server

Supply Point

WRMM Block

Weather Station

Figure 11. Output selection page.
(IDM-3 produces a wide range of output variables under each output type listed here. It creates a

default set of output for the user but the user can also customize the variables and instances to be
displayed.)
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Figure 12. Sample data output chart.

(The graph shows typical output calculated by an IDM-3 simulation for Total Gross Irrigation Demand
(red) and compares it with Total Average Precipitation (blue).)
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Aberton Crop Type by
Agriculture Irrigation District

System ID Crop ID PFL Crop Code  Crop Name Area [hectares]
Irrigation District: BRID

IS.BRID.63E IS BRID.G3S:F  0151T18SEXXX\W4 ALZ ALFALFA 2 CUT 49.70
IS.BRID.237 IS BRID.2371:1  0131330SEXXX\W4 AL2 ALFALFA 2 CUT 7.04
IS.BRID.248 IS BRID.2486:  0131326NEXXXW4 AL2 ALFALFA 2 CUT 19.09
IS.BRID.112 IS.BRID.1132:  0121320NVROC0WS AL2 ALFALFA 2 CUT 22.26
IS.BRID.117 ISBRID.1174:  01313285W0000W4 ALZ ALFALFA 2 CUT 4476
IS.BRID.117 IS.BRID.1174:  0131321NVROO0WNS AL2 ALFALFA 2 CUT 24.65
I5.BRID.&58 IS BRID.B5&:F  01618335W000W4 ALZ ALFALFA 2 CUT 53.70
I1S.BRID.953 ISBRID.OS3:F 0141934 3W0000NW AL2 ALFALFA 2 CUT 23.88
IS.BRID.111 ISBRID.1118:1  0121307TNVRCCAWS AL2 ALFALFA 2 CUT 11.76
IS.BRID.117 IS.BRID.1173:1 0131321500004 AL2 ALFALFA 2 CUT 17.40
IS.BRID.21€ IS.BRID.2162:1  01313M19NEXW4 AL2 ALFALFA 2 CUT 33.43
IS.BRID.4TE IS.BRIDATS:F  0131730SEXXX\W4 AL2 ALFALFA 2 CUT 4.78
IS.BRID.12¢ ISBRID.1260:  01214135EXXX\W4 ALZ ALFALFA 2 CUT 31.61
I1S.BRID.24C IS BRID.2404:1  0131T30SEXXX\W4 AL2 ALFALFA 2 CUT 12.14
IS.BRID.588 IS BRID.588:F  0151TO1NVRCOOWS AL2 ALFALFA 2 CUT 10.12
IS.BRID.588 IS BRID.588:F  0151TOINEXXXW4 AL2 ALFALFA 2 CUT 10.12
I1S.BRID.204 IS.BRID.2047:  0121424NEXXXW4 AL2 ALFALFA 2 CUT 14.74
IS.BRID.12C IS.BRID.1202:1  0131330SEXXX\W4 AL2 ALFALFA 2 CUT 6.41
IS.BRID.12C ISBRID.A202:  0131329NVDO00WS ALZ ALFALFA 2 CUT 10.11
IS.BRID.238 IS BRID.2385:  01312195WW000W AL2 ALFALFA 2 CUT 18.43
IS.BRID.11£ ISBRID.1153:  01313138W000W4 ALZ ALFALFA 2 CUT 0.69
IS.BRID. 118 ISBRID.1153: 01313138000 AL2 ALFALFA 2 CUT 12.69
I1S.BRID.797 IS.BRID.797:F  0161803NEXXXW4 AL2 ALFALFA 2 CUT 36.30
IS.BRID.137 IS.BRID.1372:  0151822NEXXXW4 AL2 ALFALFA 2 CUT 48.48
IS.BRID.112 ISBRID.1121:1 0121 318NV ALZ ALFALFA 2 CUT 20.23
IS.BRID.11C ISBRID.1106:1  01312185W000W ALZ ALFALFA 2 CUT 10.83
IS.BRID.11C ISBRID.1106:1  01312185W000W ALZ ALFALFA 2 CUT 26.54
I1S.BRID.6AC IS BRID.GBO:F 01418 10NVRCCKWS AL2 ALFALFA 2 CUT 20.74
I1S.BRID.B92 IS.BRID.BYZ:F  0141908SEXXX\W4 AL2 ALFALFA 2 CUT 20.14
I1S.BRID.B92 IS.BRID.BYZ:F  0141908NEXXXW4 AL2 ALFALFA 2 CUT 14.16
I1S.BRID.B92 IS.BRID.BYZ:F  0141908NVROCKWS AL2 ALFALFA 2 CUT 20.14
I15.BRID.832 IS BRID.B92:F  01419085WR0O00WS ALZ ALFALFA 2 CUT 13.76
IS.BRID.11¢ ISBRID.1191:  0131326NEXX0(W4 ALZ ALFALFA 2 CUT 4.94

Figure 13. Sample summary report of input data for specific irrigated

parcels.

(IDM-3 can prepare several reports summarizing the data included in a project.)
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Figure 14. Sample GIS-based evaluation: potential bottlenecks in a delivery
system.

(Thematic maps built by IDM-3 can be used to display different model output in a spatial way. This map
from a simulation shows segments of the network where the flow in a canal or pipeline exceed 50% of

its design capacity (in red). This feature can be used to show possible capacity constraints in the
infrastructure network.)
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Figure 15. Sample output chart of actual reservoir operation compared with
operational rule curve.

(This graph shows the simulated elevation of a district reservoir (blue) following its rule curve (red) very
closely.)
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Key steps in project.

Along the path to successful completion of the project, a number of key events took place:

1)

2)

3)

4)

AIl-EES approved the funding of a collaborative project with Alberta Irrigation Projects
Association and Alberta Agriculture and Forestry.

GENIVAR Inc., which developed and owns the original IDM code, was contracted to redevelop
and enhance the model. WSP Canada Inc. (WSP) assimilated GENIVAR Inc. partway through the
project and continued the project.

WSP prepared a “Scope and Project Plan” document to guide the development of the model and
facilitate an evaluation of the proposed work to accomplish the project.

Key AAF and AIPA staff met with AAF IT architecture personnel to determine the model platform
and assess costs of acquiring licences for portions of the model (the solver). The IT personnel
prepared a 7-page analysis of the architecture of the model and platform.

AAF procured the solver at its own expense.

AIPA member districts supplied data needed to develop and run the model, including detailed
district delivery system descriptions and locations, current crops grown, and current on-farm
irrigation systems for each and all irrigated parcels within the districts.

WSP enhanced and redeveloped the model according to the scoping and planning document.
AAF checked/tested deliverables of model components and once any deficiencies were
corrected by WSP, AAF authorized payment.

AIPA administered the project, made payments to WSP, and tracked and encouraged
progression in the model development and evaluations.

10) AIPA prepared and presented two talks on the IDM-3 model redevelopment and enhancement

at AI-EES events.

11) AIPA prepared two interim reports and this final report.
12) AIPA transferred the model and IP rights to the Minister of Agriculture and Forestry, which was

in accordance with the contract with WSP.

Project outcomes

1)

The IDM model was redeveloped and enhanced, providing a user-friendly platform for
researchers, policy formulators, and decision makers to examine irrigation demand within the
SSRB. IDM-3, the new version of the model developed in this project, is GIS based and has
added utilities that increase the ease of populating the model, inputting and manipulating data,
examining additional factors that affect water demand, and viewing output.

Ownership of the IDM-3 model code and IP has been transferred to the Minister of Alberta
Agriculture and Forestry.

A 60-day warranty period has now commenced and AAF staff will fully test the model and WSP
will fix deficiencies that are discovered.
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4)

5)

The model will be available to external users. This will allow academic and business researchers,
irrigation districts, as well as Government of Alberta staff, to use the model. A “Help” page and
documentation will assist new users, who will also receive some initial training from AAF staff as
a requirement for use of the model.

Irrigation district staff will be able to access the model to determine expansion capacity,
evaluate opportunities for efficiency gains from irrigation rehabilitation work and on-farm
equipment upgrades, test the utility of adding reservoirs to the irrigation network and identify
bottlenecks in delivering water to farms and other water users.

New utilities that broaden the value and potential use of the model include the addition of
reservoir analysis, where the user can insert a reservoir anywhere in the irrigation network and
specify its characteristics and operational rule curves; GIS capability to manipulate the irrigation
delivery system, select areas to be evaluated, and view certain results pictorially; ease of data
input and parameter selection; enhanced scenario analysis; greater ease of climate change
analysis; and the formatting of output data to facilitate use of data by other basin water
management models, such as WRMM and OASIS.

This project contributes to all three Water for Life goals and is based on many of the strategy’s
principles. Working with partnerships, shared responsibility for water management, developing
knowledge for decision making and action to guide water management all overlap with goals of
Alberta’s Water Research Strategy.

Important lessons learned

The preparation of the “Scope and Project Plan” was a time-consuming but tremendous
resource in guiding the work done in this project.

Collaboration takes communications, and with 5 parties involved in this project (AI-EES, AAF
Irrigation staff, AAF IT staff, WSP, and AIPA) regular feedback and connection helped get “over
the bumps” in this project.

Setting model development timelines is challenging as the timeframe to complete a specific
deliverable is difficult to predict for a unique project.

Working together, keeping standards high, and all parties being patient with one another can
produce a good end product, even though not all goes as planned.

Dividing up a lengthy project into specific deliverables as check-points (and payment points)
along the way helps everyone know exactly where the project is in its progress.

Something of real value takes time, effort and resources.
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Relevance and Impact

What do the project results mean for Albertans?

Pressures on water resources in the SSRB have grown with increasing demands from a rapidly expanding
population within the SSRB. Projections of global demand for increased food production also point to a
growing need for water to produce food for the world. Climate change is happening and will have
repercussions on water supply and management. Decisions will need to be made that balance the
needs for water for environmental purposes, municipal use, resource extraction, recreation and
aesthetics, and food production. Decisions will need to be made that determine how the Province and
its people cope with/manage a changing water supply due to climate variability. Those decisions will be
local and provincial, will be the basis of government policy and legislation, and will impact every person
in the SSRB with ripple effects throughout the Province and beyond.

The redeveloped and enhanced IDM-3 will provide some very important information needed by decision
makers as we face increased water demands and fluctuating supplies. Irrigation accounts for 80 per
cent of water use in the basin and so being able to predict irrigation water demand and examine factors
that impact it and to what degree they impact water demand will be vital in water management within
the SSRB. The IDM-3 will be a valuable tool in providing that data for consideration.

Some of the trends in water use will show increased demands, but the IDM-3 can also be used to show
where reductions in demands can come from. For example, with change of on-farm irrigation systems
and rehabilitation of canals and laterals, water conveyance inefficiencies and demands are reduced.
Changes in crop types planted can either increase or decrease water use, since the consumptive use of
crops varies from crop to crop. The IDM-3 will be useful in identifying water-saving practices and in
estimating the amount of water that can be saved. It will also prove useful in studying how much water
can be used to expand irrigation for the purpose of producing food for a global population that needs
more calories, more protein, and enhanced nutrition.

In economic terms, each hectare of irrigated land adds $2400 to Alberta’s economy® through primary
production, food processing and associated economic linkages; if more water is available to expand
irrigation, then agriculture can diversify and generate more dollars for Alberta’s economy. An expansion
of 10% in irrigation districts would add annually $360 million to the provincial Gross Domestic Product.
Alternatively, water saved could be used as a buffer to reduce risk to irrigators, to supply domestic
water for rural and urban communities, to create additional wetlands, to increase riparian habitat, to
increase flows for instream needs, etc.

Output from a sample simulation in Figure 16 shows how much water would be required to expand the
Bow River Irrigation District, the third largest district, by 25 per cent from the area it irrigated in 2013 as
an example. The total irrigation demand volume increase for the season would be 60,040 dam® of water
for the on-farm irrigation portion alone. Capacity of the main canal and individual laterals coming off
the main canal would need to be examined in the GIS layer to evaluate whether they had adequate
capacity to handle the extra flow to that particular block of the district. Whether the expansion could be

! Economic Value of Irrigation in Alberta. 2015. Paterson Earth & Water Consulting Ltd., Lethbridge, Alberta.
115pp. (Electronic copies available from AIPA)
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accommodated by the existing irrigation distribution system and within the current licence conditions
for the district could then be evaluated using answers given by the IDM-3 model.

On a ten-year running average basis, irrigation districts already reduced annual irrigation demand by
over 500,000 dam® over the period of 2005-2014, even with an annual growth of about 1 per cent.
There is still room for further reductions as the irrigation distribution system is rehabilitated and as
farmers upgrade to higher efficiency systems on the 28% of the area still irrigated with less efficient
systems. Estimates of future potential water savings can be calculated using IDM-3.
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Figure 16. Chart of daily irrigation demand resulting from a 25% expansion
of the Bow River Irrigation District.

(This graph compares model output for two separate simulation scenarios. The chart shows total gross
irrigation demand volume calculated by IDM-3 for the Bow River Irrigation District for the area irrigated
in 2013 (91,126 hectares) in blue and the corresponding demand for a 25% area expansion scenario
(113,907 hectares) in orange. Both scenarios were run using the observed weather conditions of year
2014. The annual increase in demand for a year like 2014 due to a 25% expansion is predicted to be
67,040 dam’.)
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Overall Conclusions

Researchers, irrigation districts, and Alberta Agriculture and Forestry now have an enhanced and user-
friendly model, IDM-3, to predict irrigation water demand in Alberta, evaluate factors that impact that
demand, and view many of the results via GIS, graphical and tabular output. Irrigation demand modeling
data will now be more readily available in a compatible format for other river basin management
models such as WRMM used by Alberta Environment and Parks, and OASIS used by various research
organizations.

IDM-3 will be available for external use and will be maintained by Alberta Agriculture and Forestry. The
Minister of AAF is now the owner of the IDM-3.

This is a major step forward in river basin management water use and demand prediction based on
historical data and projecting into the future. Policy, governance and investment decision making
regarding water management in the “closed” SSRB will be enhanced by results of this new tool for river
basin management.

Next Steps, Communications Plan

The IDM-3 will be available for access by academic researchers, irrigation districts, government agencies
and others interested in modeling irrigation demand. One of the major outcomes of the project was to
make this model readily available to all who can benefit from its use. This will facilitate basin water
management research which is anticipated to drive policy formulation, investment, adaptation to
climate change, and change of practice.

A number of potential users of the model have already expressed interest. Once the warranty period
has ended and any discrepancies have been fixed, and internal testing has been completed, an open
house will be held in Lethbridge, Alberta for parties interested in learning about IDM-3 capabilities,
input requirements, and the “Help” utility. The open house would feature one day for irrigation districts
and the second day for researchers, Alberta Environment and Parks staff and other interested parties to
attend. Notice of this open house will be sent to interested parties, and announcements will be sent to
selected researchers at Alberta’s three major universities.

A presentation on the model will be made at two conferences, one being the November AIPA
conference in Calgary and the other at the Canadian Water Resources Association conference in

Montreal in May.

Comments by users of the model will be solicited as an ongoing opportunity to further enhance the
model.
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Scientific Achievements

Presentations on the IDM-3 model project have been made at the following events:

1) AI-EES Water Resources Sustainability Workshop, Edmonton, AB, May 22-23, 2013. Ron
McMullin described the IDM-3 project at this event, where many other “water” researchers
funded by AI-EES were in attendance.

2) AI-EES Water Innovation Program Forum, Calgary, AB, May 26-27, 2015. Ron McMullin gave a
presentation to members of Alberta’s water community and water researchers on the purpose
of the IDM-3 project and the progress made in the model’s development.

3) Northwest Irrigation Operators Conference in Boise, Idaho on February 16, 2016. The IDM-3
project was one of four key AIPA success stories presented at the NWIO conference this year.
The presentation made by Ron McMullin, AIPA’s Executive Director and NWIO board member, is
part of a biennial report on happenings in irrigation in Alberta at this conference focussed on
irrigation in the Pacific Northwest.

Ron McMullin and Jennifer Nitschelm provided information on the IDM-3 project to Jon Sweetman
which became part of an AI-EES publication describing active research projects in 2015.

Final Financial Report

The Tracking Document listing the deliverables, their completion, their sign-off and the issuance of
payments by AIPA to WSP is found in Table 2. This document details the cash receipts and expenditures
for the project.

In summary, AlI-EES committed up to $250,000 cash to this collaborative project. A $50,000 hold back
was retained by AI-EES until the completion of the project. The irrigation districts committed $100,000
cash from special funding from the Irrigation Rehabilitation Program for the project to be held in trust
by the Bow River Irrigation District (BRID). Alberta Agriculture and Forestry committed in-kind
contributions (salaries and benefits) of $260,000. WSP received a total of $327,600 for their services
and AIPA $5,000 for administration and reporting. A final payment from AI-EES to AIPA of $32,542.86 is
anticipated.

The summary budget from the “Contribution Agreement re: ‘Redevelopment and Enhancement of the
Irrigation Demand Model as a Tool for Basin Water Management” document (page 20) can be found in
Table 3. Note that the $3,000 in the “Research Plan and Budget” table of the aforementioned document
(page 17) for a start-up meeting and contract preparation were not required by AIPA.
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Table 2. Irrigation Demand Model-3 Project Deliverables/Receipts/Expenditure Tracking Document

Deliverable Target AAF Signoff Invoice Date Invoice / AIPA Source of
Completion Date Payment | Payment Date Funds
Date
1 Scoping & Plan Doc | Nov 30, 2013 Dec 18, 2013 $15,000 | Jan 10, 2014 BRID
2 Data Model Feb 13,2014 | April 30,2014 | May 1, 2014 $20,000 | May 12,2014 | BRID
3 Object Model Mar 29, 2014 | June 30,2014 | July 3, 2014 $20,000 | July 14,2014 | AI-EES
4 Application Pages May 23, 2014 | July 31, 2014 | Aug 25, 2014 $25,000 | Aug 31,2014 | AI-EES
5 Schema, Data base June 21, 2014 | Sept 18, 2014 | Sept 19, 2014 $13,440 | Sept 19,2014 | AI-EES
6 Solver App Aug 25, 2014 | Oct 2, 2014 Oct 7, 2014 $30,000 | Oct 17, 2014 Al-EES
7 Engine Demand Oct 8, 2014 Nov 28, 2014 | Dec 4, 2014 $20,000 | Dec 29,2014 | AI-EES
8 Engine Network Dec 13, 2014 Feb 11, 2015 Feb 20, 2015 $30,000 | Feb 28, 2015 BRID
9 Persistence Entity Jan 4, 2015 Apr 29, 2015 May 22, 2015 $10,000 | May 31,2015 | AI-EES
10 Servlets Feb 5, 2015 May 20, 2015 | June 26,2015 | $15,000 | Jun 30, 2015 Al-EES
11 Network Simulator | Apr 1, 2015 May 20, 2015 | June 26,2015 | $25,000 | Jun 30, 2015 Al-EES
12 Phase 1 Testing Apr 24, 2015 Dec 9, 2015 Dec 16, 2015 $10,720 | Dec 18,2015 | AI-EES
13 Model Config Jun 29, 2015 Sept 28, 2015 | Sept 30, 2015 $30,000 | Sept 30, 2015 | AI-EES
14 Output & Reporting | Aug 12,2015 | Jan 11, 2016 Jan 22, 2016 $20,000 | Jan 31, 2016 AIPA/AI-EES
15 Scenario Builder Sep 24, 2015 Feb 10, 2016 Feb 26, 2016 $20,000 | Mar 2, 2016 BRID
16 AAF IT Code Jan 4, 2016 n/a n/a n/a n/a
Review
17 Phase 2 Testing Nov 30, 2015 Feb 29, 2016 Mar 2, 2016 $23,440 | Mar 2, 2016 AIPA/BRID
AIPA: Administration As Per Project | $5,000 AIPA
and Reporting Contract
TOTALS $332,600
Source of Funds
January 9, 2014 BRID $15,000 Interest on Account as of March 7, 2016 was $57.14. This amount
May 13, 2014 BRID $20,000 is included in the sum amount received from AI-EES (below).
June 6, 2014 Al-EES $129,000
March 5, 2015 BRID $30,000 Totals as of March 7, 2016
March 27, 2015 Al-EES $71,000 Receipts $300,057.14: $200,057.14 AI-EES  $100,000 BRID
March 4, 2016 BRID $35,000 Payments $332,600: WSP $327,600; AIPA $5,000

Al-EES committed up to $250,000 of which $50,000 was held back until the completion of the project. AIPA has covered the hold-back
portion for deliverable completions that were invoiced by WSP and the administration/reporting amount of the contract due AIPA. The
amount requested from the AI-EES $50,000 hold-back as a result of the project completion is $32,542.86 ($332,600 - $300,057.14).
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Table 3. Budget Table from Contribution Agreement

Description (include task Year 1 Year 2 Year 3
breakdown as appropriate)

Capital
Operating Materials & Supplies $10,000 Cash
Contractors & Key Vendors $ 115,000 Cash $ 215,000 Cash
Personnel (Actual Salary & $ 150,000 (ARD) $ 110,000 (ARD)
Benefits) S 20,000 (District) S 10,000 (District)
Overhead (if any) S 4,000 Cash $ 6,000 Cash
Contingency (if any)
Total $ 129,000 Cash $ 221,000 Cash

$ 170,000 IK $ 120,000 IK

$ 299,000 Total $ 341,000 Total

Year 1 = April 2013 — March 2014, Year 2 = April 2014 — March 2015
S are either “cash”, or “IK” meaning in-kind contributions committed by participants
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Appendix “1”

(See attached “Scope and Project Plan” document.)
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