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Abstract

Traffic and census tract population projections are analyzed using ArcGIS to estimate
future potable water demands for the City of Tucson, Arizona. The estimated demands
are applied to Tucson Water’s current hydraulic model using Haestad Methods’
WaterGEMS software. The model is then used to determine what facility and piping
modifications will be required to meet growth within current service areas and future
development in outlying areas. Using capital and energy cost estimation tools within the
hydraulic modeling software, different planning scenarios can be compared as to their
overall costs.
________________________________________________________________________

Introduction

Tucson Water currently serves water for the greater Tucson area, as well as outlying
areas within Pima County, Arizona.  Where, when, and how the current distribution
system expands is greatly dependent on where new housing developments are built now
and will be in the future.  Population projections generated through the use of census data
and water service area boundaries are used in conjunction with a projected future
boundary to determine what facilities and piping will be needed, when, and where.

In an effort to determine costs associated with changes and additions to the water system
network, hydraulic models of the water system were used with projected spatially correct
future demands, based on US census population projections for years 2030 and 2050.
With these demands properly distributed within the current water service area zone
boundaries, the hydraulic models estimated capital costs and energy costs associated with
changes or additions to the current water system needed to provide adequate water
supply, adequate water pressure, and necessary fire flow to future service areas.

For the most recent planning efforts performed in 1989, a similar process was conducted
manually using ‘flat’ population projections.  Planners and engineers calculated how
much of the county Tucson Water served in the past and then expanded this percentage
into the future, based on a projected population for the county.  This process gave a good
estimate of total volume, but it was not spatially distributed.  With the advance of GIS
tools, spatially distributed dis-aggregated population projection data, and advanced
hydraulic modeling software we have developed a better method for projecting



expansions and additions to the water infrastructure to accommodate new development
within our predicted service area.

Tucson Water’s potable system served over 180,000 services, maintained over 4000
miles of pipe, and installed over 500 new meters per month at the time this paper was
written.  Tucson Water also served reclaimed water to over 550 reclaimed services,
maintained over 100 miles of reclaimed pipe, and installed between 75 and 100 new
reclaimed meters per year.
________________________________________________________________________

Data Sources

Data for this project came from existing data maintained by the Tucson Water, new data
created by Tucson Water, data acquired from Pima County and US census data.

US Census/TAZ population projections

US Census dis-aggregated population projection data was received in the form of
polygon shapefiles, with associated population projections for each year from 2000
through 2050.  This provided a baseline to compare 2000 population versus customers
served in 2000, and gave a total predicted build-out population for 2050. There were 192
population polygons that were analyzed for the purposes within the ILRPB for the year
2050, (Figure 1).

Figure 1 - US census tracts with associated data table

The Pima Association of Government (PAG) took these US census tracts for the year
2030 and broke them up further into smaller dis-aggregated population projection
polygons, or TAZs (Traffic Analysis Zones).  These TAZs were used for planning of
streets and other traffic projects, and by other various agencies within Pima County for
planning purposes.  The TAZ data contained population for 2000, population projections
for 2030, housing units in 2000 and 2030, and people per housing unit for 2000 and 2030.



There were 817 population polygons that were analyzed for the purposes within the
ILRPB for the year 2030, (Figure 2).

Figure 2 - Pima Association of Government TAZ file and data table

Boundary, ILRPB (Integrated Long Range Planning Boundary)

It was necessary to designate a boundary to provide water service that we expected to
serve through 2050.  Engineers, planners, and administrators made up a ‘Resource
Planning Committee’ that determined the boundary, which was a modified version of a
boundary used for previous planning efforts.  We assumed that we would not serve any
customers outside this area though the year 2050, (Figure 3).

                                Figure 3 - ILRPB shown with all pipes for Tucson Water



Extended WSA (Water Service Area)

Tucson Water’s service area is currently broken into 19 pressure zones based on
elevation, designated as A, B, C, etc...  Each pressure zone is 105 feet, serving water to
customers at a pressure between 40 and 85 pounds per square inch (psi).  These pressure
zones are further broken down into water service areas (WSA), designated as A1, A2,
A3, B1, B2, etc…  WSA A1 and A2 being in the same pressure zone, but contain water
separate from each other.

Tucson Water staff maintains polygon shape files that describe pressure zones and WSAs
for the entire service area based on a parcel base of our customers.  The WSA file was
expanded to include all areas within the ILRPB, predicting a WSA designation for each
parcel based on elevations generated from topography files acquired from the county.
This extended WSA file was necessary to determine the pressure zone of each new
customer  (Figure 4 and 5), and to determine storage and pumping requirements for each
WSA.

 Figure 4 - Old WSA map with ILRPB                                     Figure 5 - Extended WSA map with ILRPB

Hydraulic Model

Tucson Water currently maintains ten hydraulic models of our central water system
called local area models, and five smaller models that represent isolated systems outside
the central system.  All these models were calibrated to the peak day for the year 2000.
Each of these models is a skeletonized representation of several water service areas.  The
ten central system models were further skeletonized and joined together to create a
comprehensive central system model.  The other isolated models were also joined to the
comprehensive central system model to create an entire network model representing the
complete water system for the year 2000, (Figure 6).



Figure 6 - 2000 hydraulic model of the Tucson Water distribution system shown with all pipes within the ILRPB

This entire network model was used as a base model to accommodate future projected
demands.  Then, scenarios for additions and upgrades to the water system, and the
associated capital and energy costs could be priced and compared.

Master Plans (Proposes planned communities or developments)

Tucson Water’s New Development Unit maintains shape files of proposed master plans.
These files were used as a backdrop to compare population projections with prospective
new developments planned for the near future, and to make sure that these areas were
correctly represented in the 2030 and 2050 model.

SCADA/Billing/Production records

Tucson Water maintains several databases to monitor facility status, customer water
usage, and water production.  A SCADA system records attributes for about 70% of our
facilities every 3 minutes or when values change, whichever comes first.  We use this
data to calibrate our hydraulic models and to answer questions concerning past events.
We also maintain records of monthly meter readings for all of our customers from 1996
to present.  Using the SCADA system along with well data maintained by our hydrology
department, water production data from any period of time can be acquired.  Billing
records give water usage data.

Cost Estimates

Tucson Water’s engineering economist has compiled detailed cost estimates from bid
tabs from old construction projects within Tucson Water, and from consultants in and
around the Tucson area as well as other data for our local area.  These values will be used
to estimate storage, pumping, and piping costs for additions to the existing water system



and expansions to new areas of service.  Values have also been calculated to estimate
capital costs and maintenance for these entities.  All these factors can be considered when
comparing different water system scenarios.

Hydrology Supply Scenarios

Tucson Water’s hydrology department runs and maintains a groundwater flow model of
the aquifer from which Tucson Water pumps.  As well, they have developed and used
tools that estimate production costs and water quality for different supply scenarios.
Looking at different water sources, their predicted amounts, and total dissolved solids for
each, supply alternatives were created.  Selection of possible supply scenarios that will be
used as inputs into the 2030 and 2050 hydraulic models have been selected.
________________________________________________________________________

GIS Analysis/Hydraulic Modeling Tools

With recent advances in technology, we have seen tremendous yet affordable increases in
both computer storage capacity and processor speeds.  These hardware upgrades, along
with constantly advancing software tools, allow us to do more advanced and complicated
analysis and queries.

ArcMap/ArcINFO Workstation

ESRI ArcMap was used to perform most of the analysis and queries necessary for taking
raw population data and converting it into spatial demand data for use in our hydraulic
model.  It is also the vehicle on which Haestad Methods WaterGEMS operates.  Some of
the more advanced geoprocessing was performed using ESRI ArcINFO Workstation.

Haestad Methods WaterGEMS/WaterCAD

Tucson Water has multiple WaterCAD v6.0 network licenses it uses to build, run, and
maintain its hydraulic models.  Engineering associates do most of the modeling from day
to day within the stand-alone version of WaterCAD or WaterCAD for AutoCAD.
Tucson Water also has one WaterGEMS license used by the Author for more advanced
hydraulic modeling processes and GIS capabilities.

First, the WaterGEMS skeletonization tool, Skelebrator, was used to reduce the existing
local area models down to a point where they could be combined into a complete system
model and calculated effectively.  Second, within WaterCAD for AutoCAD, the
import/export submodel tool was used to combine the ten local area models and the
isolated system models into the complete water system model.  Third, the new model was
balanced and checked for calibration to peak day conditions.  Fourth, demands were
allocated to the model using processed data to predict demands for years 2030 and 2050.
The WaterGEMS demand allocation tool, LoadBuilder, was used to distribute this
demand correctly onto the model.  Lastly, scenarios for new additions to the system were
made using WaterGEMS and WaterCAD for AutoCAD, and these scenarios’



functionality, capital cost, energy costs, and operations and maintenance (O&M) costs
were evaluated using built-in tools in the hydraulic modeling software.
________________________________________________________________________

Analysis

US census and TAZ breakdown within ILRPB boundary

The first step in creating a process to predict necessary water system upgrades for future
development was to identify a boundary that would define possible water service areas.
This boundary was a modified version of a previous boundary used in the latest long term
planning process from 1989.  This boundary included all predicted areas that Tucson
Water expects to serve through the planning horizon of this effort, 2050.  One of the
assumptions in creating this boundary was that Tucson Water would not serve any area
outside of this area before 2050.

Using the TAZ and US census population projection polygon files as input layers and the
ILRPB boundary, the population data was clipped to include only those population
polygons that were within the ILRPB.  As per our assumptions, any polygon that was
partially within the ILRPB was clipped, and all of the population for that polygon was
attributed to the clipped portion within the ILRPB.  This made the assumption that
whatever population was predicted to be in that polygon would be within our boundary,
and it gave us a reasonable safety factor for demand and supply estimations along the
boundary areas.  Almost all of these clipped polygons had relatively small populations
and large areas.

Per capita demand factors from SCADA billing and production records

Per capita demand factors were calculated using meter readings, population figures, and
SCADA data of production and outflow into the system.  Taking meter readings for a
given time period and knowing the population and number of people per household for
given areas, average potable water usage per person per day can be calculated.  Looking
at production and supply data for the same time periods, average total water requirements
per person per day could be calculated, this included potable and reclaimed water.

Looking at different time periods, we determined factors for calculation and converting
average annual daily demand, average day demand for peak month, peak day demand,
and peak hour demand.  It was also noted that Tucson Water has an average 10% factor
for lost and unaccounted for water when comparing meter reading data to production data
for the same time period.

1st Phase population input: Areas of current network

The process of allocating demands into the hydraulic model based on population
projections was split into two phases for calibration and scenario planning simplification.



All population polygons for a given year were split into two categories, one for each
phase.

The first category consisted of areas where Tucson Water currently has piping network,
and the second had all other areas containing no piping network, (Figure 7).  Areas
containing transmission mains, which had no customers, being the exception.  To do this
we selected ‘by location’ all population polygons that intersected a file that contained all
pipes, excluding transmission mains.  This selection of population polygons was exported
as a population polygon layer to be used for demand allocation into the existing hydraulic
model.

Figure 7 - Areas with current network shown in salmon, and new areas shown in blue

Demands and Supplies loaded into system hydraulic model using WaterGEMS

Having a current hydraulic model calibrated to year 2000 peak day conditions, population
projections for a given year, and daily per capita water usage, we were ready to allocate
demands for areas of town where we currently have piping network.  Using Haestad
Methods WaterGEMS software, the load allocation tool, LoadBuilder, was used to assign
demands to the model using the ‘Demand Estimation By Land Use’ method.  A back
check comparing summed populations with the applied per capita usage against a sum of
demand junctions in our model revealed a balance in the results.  The hydraulic model
now had projected peak day demands for 2030 in areas that we currently have
distribution-piping network.

Using supply scenarios given to us by our hydrology department, water supplies were
input into the model to balance our new demand alternative.  These inputs will be varied
when we compare different alternatives for supplying new WSAs.



Hydraulic additions to areas with current water network

Looking at WaterCAD hydraulic run computations, shortfalls in our current network
were made apparent.  Some preliminary upgrades and modifications to the existing water
system were made to balance and calibrate the model.  Some changes include upgrades to
booster stations, increases to storage facilities size, PRV (pressure reducing valve) setting
modification, and the addition of some parallel pipes.

Part of Tucson Water’s design criteria when designating a new WSA is to have storage
equal to twice the average day demand for any WSA.  The conversion factor for
converting average daily demands to peak day demands was found to be 1.8.  So, having
storage equal to 2 times the average day demand provided slightly more than one day of
supply during or near peak day conditions.  This is a safety measure taken in the unlikely
event of power shortage or booster failure for a given day.  If there is not storage capacity
equal to this amount for a given WSA, then the pumping or boosting capacity for that
WSA must be equal to 1.5 times average day demands for that WSA.  Using this design
criterion for supply and storage, necessary upgrades were made to each WSA for the
existing system.

All changes were tracked via label prefixes.  This allowed us to know if an element was
part of the existing 2000 system (2000e-…), an upgrade to the 2000 area of pipes based
on 2030 demands (2030e-…), an upgrade to new service area based on 2030 demand
(2030f-…), or the same based on 2050 populations (2050f-…).  These changes or
additions could be priced as to their estimated capital and energy costs.

2nd Phase population input: Areas of future network

The second category of population polygons were all remaining polygons within the
ILRPB that were not selected as areas containing current piping network from phase 1.
These areas represent water demands that Tucson Water will supply by the end of our
planning horizon.  Upcoming planned CIP projects, such as piping additions, boosting
upgrades or additions, and storage upgrades and additions were added to the model at this
time.

Demand nodes created for new service areas

The remaining population polygons were dissolved based on WSA designation, and their
associated populations for the planning year were summed.  This gave us a new polygon
set containing new WSAs with their respective total predicted population for the planning
year.  Then, demand junctions were assigned to each of these WSAs, with the appropriate
demand assigned to each.  Elevations and demand patterns were then assigned to each
based on the best available data.



Add scenarios for possible system additions to supply new service areas

Having a model containing predicted future demands for areas of current network,
planned prospective CIPs (capital improvement projects), and junctions that describe
predicted future demands for areas outside our current service area appropriately located,
possible design alternatives were created.  Several possible piping and networking
scenarios will be reviewed to assure that each new and existing WSA has appropriate
water supply, adequate water pressure, sufficient storage facilities, and proper boosting
facilities based on our design criteria for peak day requirements.

Analyze capital and energy costs for each scenario

This hydraulic model containing future demands gives us a powerful tool for resource
planning.  This tool provides a basis for appropriate upgrades to the existing areas,
demand junctions that describe areas of new water service, scenarios of different possible
piping and facility configurations, and estimations for capital and energy costs.  Planning
committees can compare and contrast these scenarios and make decisions as to how CIP
funds are allocated and how expansions to new areas of water service can be made.

Using this planning model in conjunction with other planning tools, planning engineers
and administrators hope to make better long-term decisions when it comes to expansions
and additions to our water system.

Repeat above process with 2050 US census data

Taking the hydraulic model described above, the process is repeated with 2050
population data from US census tracts.  More upgrades and expansions are made to the
model, and decisions can be made with respect to total build out of the water system
within the planning boundary based on population projections for 2050.
________________________________________________________________________

Conclusion

Ongoing advances in computer storage capacity, computer processor speeds, GIS
software tools, and hydraulic modeling software are allowing ongoing improvements to
current methodology and opening the doors to new theories and procedures.  As these
technologies grow and expand, they also are converging to provide an environment
where different and more types of data can be used within single or similar applications.
Data conversion is becoming simpler and easier, increasing the possibilities of more
advanced queries and data manipulations.

Having the hydraulic model stored in a geodatabase that can be utilized within ArcMap,
where all the other data and queries were performed, proved to be a valuable advance to
older hydraulic models which utilized different storage types.  Several new WaterGEMS
built-in tools proved time saving in various processes previously mentioned.



As with any data-based process or analysis, the results are only good as the quality and
types of data that are available, the quality and level of calibration within the hydraulic
models, project assumptions, past and current methodologies, and available time, budget
and manpower.  However, with creative thinking, pitfalls can be overcome, suspect data
can be corrected with educated predictions, and there can be confidence with the project
results.

Using population projections, ArcGIS, and Haestad Methods WaterGEMS future
planning hydraulic models can be created to analyze possible scenarios for future growth
of the water system, with estimated capital and energy costs.  These models can be used
as a tool in the long-term resource planning process, and for allocation of CIP funds to
areas of new development.  This process should be thought of as a ‘living process’, being
updated whenever new data or technological advances deem appropriate.
________________________________________________________________________
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