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ABSTRACT 

Water management in the Tucson AMA is unique and challenging due to its climate and growing 

population. To maintain a stable aquifer, CAP water and local recharge must equal or exceed 

recovered groundwater pumping. However, management rules allow users to withdraw 

recharged water to be pumped anywhere in the AMA. 

 
 

The Tucson AMA consists of six areas known as WAZ’s: Marana, Oro Valley, Tucson, Avra 

Valley, Southeast Tucson, and Sahuarita/Green Valley. Each area presents its own unique water 

needs and challenges. These challenges are based on historic and projected growth as well as 

limited water infrastructure and their capacity. The water use and infrastructure systems results 

in an uneven distribution of water across the system. CAP water delivered to the Tucson AMA 

is delivered in the north and west, while severe over-pumping is occurring in the south. 

 
 

The LSCR Basin Study was undertaken to better understand current and future conditions and 

provide adaptations to ease the long-term water supply system. The uncertainty in future 

conditions requires the study to assess different scenarios in a predictive model. 

 
 

A System Dynamics model can represent the Tucson AMA using a mass balance of inflows and 

outflows within and between each WAZ in the AMA. The AMA groundwater system model 

will provide estimates of the changes in groundwater volume year to year in the six WAZ’s. 
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Data collection has been supported through a collaboration with the Bureau of Reclamation’s 

Lower Santa Cruz River (LSCR) Basin Study. 

 
 

The model will be able to evaluate a variety of scenarios based on various factors including 

population and climate. The modeling objective is to assist the LSCR Basin Study in their 

decision-making process to achieve sustainable yield throughout the Tucson AMA. The model 

will also improve the public’s understanding of the water issues in the region by providing a 

simple user interface to analyze the alternative future scenarios. 
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CHAPTER 1: Introduction 
 

1.1 Overview 
 

Groundwater is a vital water source, especially in arid regions with little or no surface water, 

such as the Southwestern United States. Although groundwater is a renewable resource, it must 

be carefully monitored to ensure that it provides a sustainable yield. Growing populations and 

climate change are placing additional strains on groundwater dominant supply systems. Meeting 

growing demands is proving to be a significant challenge. However, processes such as natural 

and artificial recharge as well as use of reclaimed water assist in counteracting the effects of 

groundwater pumping. 

 
 

When performing water budget studies in Arizona, wet and paper water must be considered. Wet 

water is actual physical water whereas paper water is water that is recharged and stored at a 

location away from the point of later demand/use. User’s pump wet water from the aquifer that 

may have no physical connection to the water recharge location. This spatial imbalance between 

pumping and recharge, if not addressed, could cause a depletion of local aquifers. For the 

consumer, this could mean poorer water quality or rising cost due to the scarcity of local 

groundwater or larger pumping lifts. It is crucial to understand wet and paper water imbalances 

in order to balance an aquifer in space and time. 
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Tucson presents an extreme wet water imbalance within the Tucson Active Management Area 

(AMA). Much of Tucson’s wastewater is delivered, recharged and stored in the northwest of the 

AMA. However, demand is spread throughout the region. Most notably, infrastructure is lacking 

to deliver water to the growing population and demand in South and Southeast AMA regions. 

This water use pattern is creating a significant imbalance; causing the southern region of Tucson 

and Pima County to pump from its aquifer without proper replenishment. To understand the 

long-term implications of this imbalance, a water budget by sub aquifer is developed to provide 

an accounting by water user and spatial distribution. This budget will expose water deficiencies 

over time and suggest opportunities for planning, infrastructure, and trading. 

 
 
 
 
 
 

CHAPTER 2: The Tucson Active Management Area 
 

2.1 Characteristics of the Tucson AMA 
 

As part of Arizona’s 1980 Groundwater Management act, high water use regions in the state 

were divided into five active management areas (AMAs); Phoenix, Pinal, Prescott, Santa Cruz, 

and Tucson. These divisions were created to improve and localize management of the State’s 

finite water resources. The Tucson AMA encompasses 3,866 square miles and includes portions 

of Pinal, Pima, and Santa Cruz counties. In 2015, it housed an estimated one million people. 

Geographically, it is bounded to the north by the Picacho and Black Mountains, to the East by 
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the Santa Catalina, Rincon, and Santa Rita Mountains, to the South by the Sierrita and Santa Rita 

Mountains, and to the West by the Babquivari, Roskruge, Waterman, and Silverbell Mountains 

(Figure 1). 

 
 

The AMA includes a large unincorporated area, that is, primarily in Pima County, and five 

municipalities: Tucson, South Tucson, Oro Valley, Marana, and Sahuarita. It also includes parts 

of three Native Nations: the Pascua Yaqui tribal lands, a portion of the Schuk Toak District, and 

the entire San Xavier District. All surface flow drains to the Santa Cruz River that originates in 

Mexico and flows north to the confluence with the Gila river just south of Phoenix. The primary 

tributaries within the AMA originate in the eastern portion of the basin: Pantano Wash, Rillito 

Creek, Canyon del Oro Wash and Sabino Creek. The majority of flow in these channels is 

derived from runoff in the Santa Catalina Mountains. The Altar and Brawley Washes carry flow 

from the west and southwest in the southern portion of the AMA. 
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Figure 1: Tucson AMA 
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2.2 Water Availability in the Tucson AMA 
 

The Tucson AMA’s water management goal is to achieve safe water yield by 2025. Safe yield is 

defined as balancing water consumption and supply; this goal was met in 2011, 2012, and 2013 

(ADWR, 4th Management Plan). To meet customer demands, major AMA water providers 

extract water from the underlying aquifers and use their Central Arizona Project (CAP) 

allocations. Treated reclaimed water is also used for irrigation purposes throughout the AMA. 

 
 

The CAP carries water from the Colorado River to the AMA through a 330-mile long canal to 

Tucson. In total, the project distributes approximately 1.5 million acre-feet of water throughout 

Arizona using a system of pumps, tunnels, pipelines, and canals. AMA water is also stored 

outside the Tucson AMA in lakes and aquifers through the Central Arizona Groundwater 

Recharge District (CAGRD). 

 
 

Some of the specific challenges facing Tucson (LSCR Basin Study) include: 
 

● Meeting and maintaining the safe-yield goal 
 

● Utilization of available CAP supplies 
 

● Increased use of reclaimed water 
 

● Physical availability of groundwater within the Tucson AMA 
 

● Renewable supplies 
 

● Limitations of the Management Plan Authority 
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Understanding the current challenges and planning for future demands will allow the Tucson 

AMA to continue to achieve safe yield. 

 
 

The methodology applied here is based on a mass balance of spatial groundwater flow and 

distribution within and between the six defined regions (WAZs) comprising the Tucson AMA. 

The model combines water provider demands and relevant large-scale water/wastewater 

infrastructure. The primary model function is to determine the change in groundwater storage 

credits spatially and by water provider. A system dynamics (SD) modeling approach is applied 

as the modeling framework for several reasons. 

 
 

SD is an objective oriented tool that allows non-modelers to see the model of the equivalent 

physical system structure and resolve its equivalence. The modeling tool applied here, Goldsim, 

is accepted by local stakeholders given its application by the Central Arizona Project for high 

resolution LSCRB modeling. SD interfaces permit changing parameters to examine their impact 

and are straight-forward to set up and, for non-modelers, to easily and quickly understood. 

Computationally, however, SD is slower than coding in a higher-level programming language 

due to the overhead of its object-oriented basis. For this application, run-time is expected to still 

be quite fast and is not a significant concern of the model’s end-users. 
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2.3 Infrastructure and Demand in the Tucson AMA 
 

The Tucson AMA can be described as a set of demand points connected by water transport 

infrastructure. Demand points include municipal, agriculture, and industrial uses. The major 

municipalities are the central City of Tucson, the northwest Towns of Oro Valley and Marana, 

and the growing southern communities of Sahuarita and Green Valley. Agricultural demand is 

primarily located in the northwest and southern sections of the AMA. The southernmost region 

also supports several mining operations. Historic and projected AMA demands are shown by 

water sector in Figure 2. 

 
 
 
 
 

Figure 2: Tucson AMA Demand (Arnold 2009) 
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Infrastructure within the AMA includes water and wastewater treatment facilities, long-term 

storage and recharge facilities, the CAP aqueduct, and local pipe networks (Figure 3). Three 

primary recharge facilities are located in the Tucson AMA. The Central Avra Valley and South 

Avra Valley Storage and Recharge Projects (CAVSARP and SAVSARP, respectively) are 

located east of the Tucson Mountains. The Pima Mine Road Recharge Project is directly south 

of downtown Tucson near Sahuarita. These facilities receive CAP water allocations for various 

water providers and store it for future use. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Tucson AMA CAP infrastructure 
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The CAP aqueduct runs from the far northwest border of the Tucson AMA to south of the City 

of Tucson. The line terminates at the Pima Mine Rd, the northern border of the Town of 

Sahuarita. Due to the storage facility locations, their capacity and the CAP delivery system, 

much of the AMA’s water is stored away from and inaccessible to majority of the demand 

points. 

 
 

Water treatment facilities are located throughout the AMA in plants or is performed at the well- 

head. The Hayden Udall water treatment plant is the largest centralized plant and treats waters 

extracted from CAVSARP and SAVSARP prior to distribution through the Clearwater Reservoir 

to Tucson Water customers and wheeled to the northwest communities. 

Wastewater treatment is largely performed at two recently upgraded facilities in Northwest 

Tucson; Tres Rios and Agua Neuva water reclamation plants. Wastewater from all communities 

except Marana, Sahaurtia and Green Valley is collected and travels to these two plants. Post- 

treatment effluent is released to the Santa Cruz river. Reclaimed water flows to the northwest 

and largely infiltrates within about 6 miles. Of note, prior to the plant improvements flow was 

maintained in the channel well into Marana and, at times, to near the Pinal county border. 

 
 

Another portion of the Tucson AMA’s water storage and supply is distributed throughout the 

state outside of the AMA’s boundaries in open reservoirs and underground storage facilities. 

Major underground storage facilities are located on the Salt, Verde, Gila, and Agua Fria Rivers 

(Figure 4). However, infrastructure to properly distribute the stored water throughout the region 
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of service is lacking. This is creating an imbalance in water storage and pumping throughout 

Arizona and the Tucson AMA. 

 
 

 
 

Figure 4: State of Arizona CAP Infrastructure 
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2.4 Tucson AMA Groundwater Imbalance 
 

Within the Tucson AMA, pumping and recharge do not occur at the same location. With current 

CAP infrastructure, the majority of the Tucson AMA’s aquifer replenishment is delivered to 

Avra Valley as wastewater return flows. However, due to mining and population growth, a large 

groundwater volume is pumped in Sahuarita and Green Valley and west of the Tucson 

Mountains. Pumping in the City of Tucson was largely curtailed with the introduction of CAP 

water.  As a result, water tables are rising in the north and falling in the south.  While meeting 

the standards and requirements within the Tucson AMA as a whole, this spatial distribution has 

created a significant storage imbalance that will increase in the future. Central to this disparity is 

the storage credit system. Storage credits (or paper water) allow municipalities to withdraw water 

from the aquifer in one location within the AMA as long as it is recharged in another region 

within that AMA. 

 
 

Figure 5 displays changes in water table levels between 1994-1995 and 2004-2005. The light 

pink line outlines the two sub-basins located within the Tucson AMA, Avra Valley and Upper 

Santa Cruz. The black arrows show flow directions. As represented by the red dots, a positive 

water flux is occurring to the north. The blue and purple dots centered around Sahuarita show 

the dramatic groundwater level decrease in the southern region. The issue of imbalanced 

pumping and recharge is coupled with the fact that Sahuarita’s wastewater flows north to 

Marana. 
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Figure 5: Tucson AMA Level Overview 
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2.5 The Lower Santa Cruz River Basin Study 
 

The Lower Santa Cruz River (LSCR) Basin Study is a three-year study under the auspices of the 

Bureau of Reclamation in partnership with Pima County and various agencies within the AMA. 

The overarching project goal is to develop a long-term plan for water supply in the LSCR basin. 

In part, the study is responding to the historic imbalance between groundwater pumping and 

replenishment in the basin. Even with CAP delivery starting in 1993, the imbalance between 

supply and demand locations continues throughout the Tucson AMA. The structural deficit on 

the Colorado river, population growth and expected changes in climate further complicate LSCR 

water supply planning and reinforce the need for long term planning. 

 
 

To that end, the LSCR Basin study has six listed objectives: 
 

1. Develop future demand projections under a variety of growth scenarios 
 

2. Select relevant climate change scenarios, including Colorado River shortages. 
 

3. Update of the ADWR TAMA Groundwater Model to evaluate effects of scenarios on 

groundwater levels, including shallow groundwater (riparian) areas 

4. Develop system reliability metrics to identify infrastructure vulnerabilities 
 

5. Formulate adaptation and mitigation strategies to address water supply vulnerabilities and 

preserve groundwater dependent (riparian) ecosystems 

6. Conduct assessments of adaptation and mitigation strategies and trade-off analyses 
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The Study team therefore intends (1) to understand where water is physically needed in order to 

counteract the supply-demand imbalances and (2) to create a plan to improve reliability across all 

water use sectors (municipalities, industrial, and agricultural). 

 
 

The Study is attempting to incorporate uncertain future conditions; primarily climate change and 

population growth through a scenario planning analysis. The LSCR Basin Study team identified 

three scenarios: base, best, and worst based on different emission and development patterns. The 

inflows and outflows considered for all scenarios are outlined in the chart below. 

 
Table 1: Supply and Demand within the Tucson AMA 

 
CAP Deliveries 

 
Municipal 

Local Ground and Surface 
Water 

 
 

Tribal 
Recycled Water 

Agricultural 

Stormwater Environmental 



24  

 
 
 
 
 

Although the Basin Study has developed a wide variety of scenarios, they have not implemented 

a model to provide rapid feedback to the planning team on the impacts of adaptation strategies. 

The demand and supply conditions for each scenario will be provided to a detailed groundwater 

model that will need weeks to evaluate. A key goal of this thesis is to provide the Basin Study 

team a means to quickly analyze the impact of alternative decisions on scenarios. Quantifiable 

outcome assessment gives stakeholders and decision makers control of the decision process and 

will improve the decisions for the Tucson community’s future. This thesis’s initial effort in this 

direction focuses on the regional storage. Additional work will be necessary to forecast local 

groundwater conditions. 

 
2.6 System Dynamics Model 

 
Models are tangible numerical representations of real-world systems. An array of types of model 

are available. Hydrological systems can be examined in steady state or under dynamic 

conditions. In a steady state model, volumes, inflows, and outflows are constant over time. In a 

dynamic model, these factors vary each time step; therefore, the previous time step’s result can 

influence the next period’s conditions. Dynamic models create predictions of future states. 

 
Here, a system dynamics (also known as stock and flow) model representation is applied to 

capture the dynamic basin conditions. The system dynamics (SD) methodology is defined by 

Doyle and Ford as a “feedback process in which mental models are used to develop a computer 

model, which in turn creates new opportunities for learning that improve the accuracy, 
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coherence, and complexity of mental models”. This feedback process allows for scenario testing 

and adjusting inflow effects the outflows and overall results. An advantage of a dynamic model 

is that it tests real world systems in a computational environment, providing results in an 

inexpensive and fast manner (Winz). 

 
SD has been applied to a range of applications including business, engineering and ecological 

systems. The SD structure and a few applications are described in the following sections. To 

begin, an SD application software is discussed to provide context followed by two more detailed 

applications and a brief summary of other relevant studies. 

 
2.6 a Goldsim: A System Dynamics Software 

 
 

Goldsim is a system dynamics modeling software used by industry and academics to build and 

solve system dynamics models. It is used for decision making and risk analysis to “make better 

decisions in an uncertain world”. 

 
 

Goldsim is used to create dynamic simulation models that allow users to “play” with a real-world 

system by testing how inputs effect outputs. By evaluating how a system evolves over time, 

Goldsim can help predict the future behavior of the system as well as the associated uncertainty 

of the future behavior. It can be used as: 

● a simulator 
 

● a system integrator and 
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● a visual information management system 
 

The graphic oriented interface creates intuitive designs, visually showing the structure of a 

system and the flow within a system. 

 
 

Goldsim has been applied in a wide variety of fields including: 
 

● Environmental systems: water resources, mine water and waste, energy etc. 
 

● Business systems: strategic planning, supply chain, finance etc. 
 

● Engineered Systems: risk, failure, and vulnerability etc 
 
 
 

2.6 b Basic Structure of System Dynamics Model 
 
 

The structure of Goldsim and system dynamics models in general consists of nodes referred to as 

elements. These elements are used for data entry, variable manipulation, organization, and 

visualizations of the system and results. They are the model’s building blocks. Elements are 

represented by different icons representing each element’s unique function. Goldsim divides 

elements into seven categories (Table 2): 

1. Input: input elements allow the user to define the inputs for the system. For the following 

model, the primary input element is the time series element is defined as water in units of 

acre-ft of per year 
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2. Stock: stock elements mathematically represent time integrals. The primary uses of stock 

elements for this model include pools or reservoirs that show the accumulation of 

material over time and are therefore primary responsible for the model dynamics. 

3. Function: function elements convert inputs into outputs based on defined relationships. 
 

4. Event: event elements are used to represent discrete events. 
 

5. Delay: delay elements create outputs that are lagged of their input 
 

6. Result: result elements collect, analyze and display results of the system either 

graphically or in a table. 

7. Container: container elements provide a clean and efficient way to organize different 

subsections of the model 

Related elements are connected via arrows representing the flow of information or material 

between elements. Stocks and flows are the key model elements that leads to the stock-flow 

model description. 
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ELEMENT TYPE VISUAL 
REPRESENTATION 

DESCRIPTION 

Container  

 
example of container element 

provide a clean and efficient 
way to organize different 
subsections of the model 

Event  

 
example of event element: 

discrete change 

used to represent discrete 
events 

Function  

 
example of function element 

convert inputs into outputs 
based on defined 

relationships 

Delay  

 
example of delay element: 

material delay 

create outputs that are lagged 
of their input 

Stock 
 

 
example of stock element: 

reservoir 

mathematically represent 
time integrals 

Input example of input element: 

 
time series 

allow the user to define the 
inputs for the system 

Results 

 
example of result element: 

graph 

collect, analyze and display 
results of the system either 

graphically or in a table 

Table 2: System Dynamics elements as represented in Goldsim 
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2.6 b System Dynamics Model Case Study: Middle Rio Grande Basin 
 
 

The Rio Grande Basin is located in the northern section of central New Mexico and is facing 

rapid population growth. As part of the UA based NSF Center on Sustainable Hydrology and 

Riparian Zones (SAHRA), this region was selected for study due to increasing demands, falling 

groundwater levels and competition for water between use sectors. The Rio Grande Basin Study 

model was conducted in collaboration with the Middle Rio Grande Water Assembly, the Mid- 

Region Council of Governments, the Utton Transboundary Resources Center, Sandia National 

Laboratories (SNL) Geoscience and Environment Center, the SNL Small Business Assistance 

Program, and the State of New Mexico. 

 
The overall study goal was to create a water balance model including groundwater and surface 

water components. A System Dynamics Model provided a platform to perform this analysis and 

to provide stakeholders the ability to manipulate the different contributing factors affecting the 

water balances, including hydrological, economic, and demographic. The model created 66 

variables that could be manipulated by the user in order to run a variety of scenarios. Users can 

compare the outcomes to identify the best management strategies. The complex system 

interactions are summarized in Figure 6. 
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Figure 6: Rio Grande Basin System Dynamics Model Schematic 
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The RGB-SD model provided various insights and abilities for the study team (Tidwell). It: 
 
 

● provided a quantitative framework to aid in the decision-making process, helping the 

stakeholders to make the best decision based on data available. 

● assisted in public understanding of the complexity of the regional water system, in order 

to better understand the urgency of water budgeting. 

● showed feedback between nodes, especially concerning time delayed feedback such as 

recharge. 

● helped present options and the impacts that were not previously considered. 
 
 

2.6 c System Dynamics Application: CAP:SAM 
 
 

The study and model developed herein is a combination of environmental and engineered 

systems. An example of a similar project executed in Goldsim is “Central Arizona Project 

Service Area Model” or CAP:SAM (Goldsim). This model simulates water demand for 100 

major water users in the state with 16 different supply types and is reliant and a statewide 

collection of data from sources such as Central Arizona Project (CAP), Arizona Department of 

Water Resources (ADWR), as well as numerous county and government agencies. CAP:SAM 

runs through many different future scenarios including: growth, shortage, effluent use, recharge, 

and groundwater pumping. 
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The CAP:SAM model is organized into four basic steps: 
 

1. Project demands, 
 

2. Determine supplies, 
 

3. Request supplies, and 
 

4. Fulfill demands 
 

These steps are completed for six scenarios with varying climate, population, and usage. 
 
 

CAP:SAM output will be employed in the LSCR Basin Study. Each scenario produces distinct 

demand and water supply outputs within the Tucson AMA. 

Six LSCR scenarios are summarized in Figure 7. CAP:SAM was executed for each condition to 

estimate the resulting spatially distributed demands. 
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Figure 7: LSCR Basin Study Scenarios 
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Where: 
A. Medium, Official Growth: Current Climate 

 
B. Slow, Compact Growth: Best Case Climate 

 
C. Rapid Outward Growth: Best Case Climate 

 
D. Slow, Compact Growth: Worse Case Climate 

 
E. Medium, Official Growth: Worse Case Climate 

 
F. Rapid Outward Growth: Worse Case Climate 

 
 
 

2.7 Problem Statement and Proposed Solution: Application of System Dynamics Model 

in Tucson, AZ 

 
Similar to the Middle Rio Grande Basin, the Tucson AMA is pressured with expanding 

urbanization and a long drought period. These factors are stressing the groundwater balance. The 

issues of an unbalanced spatial distribution of groundwater pumping are coupled with the 

stresses of climate change and population growth. A system dynamics model is proposed as a 

platform to better understand the groundwater balance in the region due to population growth 

and changes in climate. 

 
 

The model developed for the Tucson AMA study will have a similar data structure as CAP:SAM 

with inflows, outflows and transfers between water providers. However, the Tucson AMA model 

is scaled to the basin study and simplified compared to CAP:SAM. It will focus on a limited set 

of scenarios as developed in the LSCR study. The simpler model allows Tucson AMA 
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stakeholders to quickly examine scenarios; providing a rough estimate of results that aids in the 

decision-making process. In addition, demands and infrastructure will be linked with a 

groundwater system representation to provide a rapid assessment of the groundwater imbalance. 

 
 

The Tucson AMA is represented in Goldsim as a combination of containers, reservoirs, and time 

series elements. 

 
 

The Tucson AMA consists of six subareas known as water assessment zones (WAZ): Marana, 

Oro Valley, Tucson, Avra Valley, Southeast Tucson, and Sahuarita/Green Valley. Each WAZ 

corresponds to a portion of the Tucson aquifer. Within the SD model, each WAZ is represented 

by a container; when the container is ‘opened’ it contains each node as an element. The elements 

are connected as wet water flows between each of them. Aquifers and storage facilities are 

generally described as reservoirs (stocks) where as demand nodes are described using time 

series. Water moves between the WAZs and is represented as arrows (flows) between containers. 

Outpur tools for each WAZ are including in the respective WAZ’s container and results for the 

basin are shown on the same screen as all containers. Details on model construction are 

presented in Chapter 5. Chapters 3 and 4 present details on the physical system and mathematical 

relationships built in the model, respectively. 
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CHAPTER 3: Geographic Information 
 
 

This chapter provides background on the physical system that was modeled in this project; 

detailed by the six water assessment zones and describes the major community/water providers 

and their infrastructure within each WAZ. A critical step in model development is ensuring that 

the model represents the true system. To that end, support of local agencies through key 

representatives was vital. The following tables summarize the data and individual who supplied 

the information. These representatives also worked iteratively with the author on model 

structure. Tables 3-8 below organize the representatives and the data they provided for the 

project. 

 
 

Table 3: Oro Valley Information Sources 
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Table 5: Marana Information Sources 

 
 

Table 6: SE Tucson Information 
Sources Table 4: Avra Valley Information Sources 
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Table 7: Sahuarita/Green Valley Information Sources 
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Table 8: City of Tucson Information Sources 
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3.1 Tucson AMA 
 

3.1 a Oro Valley 
 

Oro Valley is located in the northern region of the Tucson AMA. It encompasses approximately 

35 square miles and has a population of 44,350 (2017). The Town of Oro Valley predicts it will 

reach build out by 2030. Oro Valley demands are nearly entirely residential as no major water 

consuming industries are located in the town. 

 
 

In the early 2000’s, the Town of Oro Valley was experiencing aquifer depletion. However, since 

2004, they have been able to reduce groundwater pumping by half, from 3.3 billion gallons per 

year to 1.6 billion gallons per year. This decrease was made possible by the delivery of CAP 

water coupled with the use of reclaimed water. Reclaimed water is primarily used in order to 

irrigate local golf courses. Since it does not treat its own wastewater, Oro Valley uses the City of 

Tucson’s reclaimed infrastructure to ‘wheel’ reclaimed water through the City’s non-potable 

distribution system. 

 
 

To improve water security and further reduce groundwater pumping, the Town of Oro Valley is 

currently collaborating with the Town of Marana and Metro Water to build the Northwest 

Recharge, Recovery, and Delivery System. This system will construct wells to recover the 

utilities’ CAP water that will be recharged in Avra Valley. A 13-mile transmission line will 

deliver this water to the so-called northwest providers and Marana. 



41  

 
 
 
 

 
Figure 8: Town of Oro Valley 
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3.2 b Marana 
 

The Town of Marana was established in 1977; since then, it has seen rapid growth from a 

population of 3,316 in 1990 to 43,474 in 2015. Marana covers a large spatial area, comprising of 

121.7 square miles that allows for significant room for growth compared to its neighbor Oro 

Valley. Much of the land in Marana is currently used for irrigated agriculture including alfalfa 

and wheat. 

 
 

The most prominent farms in the region are Kai Farms and BK Wong Farms that flood irrigate 

with CAP water. The Cortaro-Marana Irrigation District manages CAP deliveries for all farms in 

the Town of Marana. Farms receive 100% recharge credits on all water used for irrigation. 

 
 

The Town of Marana receives a CAP allocation of 2,336 acre feet per year. Marana and other 

providers recharge CAP water via the Lower Santa Cruz Recharge Project (LSCRP) for pumping 

credit; contributing to the uneven water distribution throughout the AMA. Additional 

infrastructure in the Town of Marana includes the relatively new Marana Wastewater Treatment 

Facility. Marana is also a participant in the Northwest Recharge, Recovery, and Delivery System 

described in the previous section. 
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Figure 9: Town of Marana 
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3.2c City of Tucson 
 

The City of Tucson is the central section of the Tucson AMA. Tucson encompasses 226.7 square 

miles and its current population is 530,706. Tucson includes major businesses such as the 

University of Arizona, Raytheon, and the Davis Monthan Air Force Base. The City also expects 

economic growth due with the establishment of new business such as the Amazon distribution 

center. 

 
 

Due to its extensive size, the City of Tucson has three water providers: Tucson Water, Metro 

Water, and Flowing Wells Irrigation District. Tucson Water is the largest provider in the AMA, 

serving a total of 725,000 people within a 390 square mile service area, including areas outside 

the City limits. Tucson Water meets potable demands using 100% recovered CAP water. It also 

uses an extensive reclaimed water system to provide for the outdoor demands for golf courses, 

parks, and schools. As noted above, Tucson Water also wheels water to other municipalities 

including Oro Valley through its reclaimed system. 

 
 

Metro Water provides service to 50,000 consumers, primarily in the northwest regions of 

Tucson. It is part of the collaboration for the Northwest Recharge, Recovery, and Delivery 

System with the Towns of Marana and Oro Valley. Finally, Flowing Wells Irrigation District 

serves 16,000 people in a small service area north of the Rillito River and east of Interstate 10. 
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Figure 10: City of Tucson 
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3.1d Avra Valley 
 

Avra Valley is located in the Northwest portion of the Tucson AMA, west of the Town of 

Marana. It has a current population of 6,050 and has seen a 20% increase in population from 

2000 to 2010. 

 
 

Although its demands are relatively small, Avra Valley houses two major water facilities, 

Central Avra Valley Storage and Recovery Project (CAVSARP) and Southern Avra Valley 

Storage and Recovery Project (SAVSARP). CAVSARP was built to better manage incoming 

CAP water. Due to quality and legislative issues, it was determined that CAP water cannot be 

directly delivered to consumers. Instead, the CAVSARP facility allows for recharge, storage, and 

recovery; this allows CAP water to be mixed with local groundwater alleviating quality 

concerns. The CAVSARP facility has a footprint of 317 acres consisting of 11 recharge basins 

that total can hold 10 million gallons of water. 

 
 

SAVSARP is located a few miles south of CAVSARP. Unlike CAVSARP that is laid out in a 

grid, SAVSARP is located on a paleochannel, or an ancient riverbed, in order to achieve 

maximum recharge. SAVSARP is an extension of CAVSARP and constructed more recently but 

has the same overall goals. It is covers 226 acres and can hold a total of 8.5 million gallons of 

water. 
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Figure 11: Avra Valley 



48  

 
 

3.1e Southeast Tucson 
 

Southeast Tucson is located south of Interstate 10 and east of I-17. It is currently sparsely 

population but is expected to grow in the future. Figures 13 and 14 show projected AMA 

population densities in 2000 to 2030, respectively, based on a Tucson Water study. The first map 

is the population density in 2000 compared and the second shows the projected population 

density in 2030. As seen, the Southeast region is the primary growth region in the Tucson AMA 

with dramatic increases in population density, from 2,000 people/square mile or less to 6,000 or 

more, over the 30 year span. This trend is predicted to continue through 2050 (Tucson Water). 

 
 

Southeast Tucson includes the City of Vail that is served by Vail Water Company; a private 

water company serves approximately 4,600 customers. The area may also receive water from 

Tucson Water as demand and development grow. Much of the region does not fall in a current 

water provider’s service area so significant uncertainty remains on how and who will deliver 

water to consumers. The region also contains the small Corona de Tucson wastewater treatment 

facility, but it also sends wastewater to the Ina Road wastewater treatment facility and uses septic 

treatment systems. 
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Figure 12: SE Tucson 
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Figure 14: SE Tucson Population Density 2000 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13: SE Tucson Population Density 2030 



51  

 
 

3.1f Sahuarita/Green Valley 
 

The towns of Sahuarita and Green Valley straddle I-19; approximately 20 miles south of Tucson 

(reference to map). Encompassing and area of 30 square miles, Sahuarita was only founded in 

1994. Its population has rapidly grown since its establishment from an initial population of 3,242 

to nearly 30,000 people today. The Town of Sahuarita is home to a variety of industries, 

including mining and agriculture. The major mines are American Smelting and Refining 

Company (ASARCO) and Freeport-McMoran. The agriculture is primarily Pecan Orchards 

owned by the Farmers Investment Company (FICO). Green Valley, primarily a retirement 

community, is located just South of Sahuarita and has a population of approximately 22,000 in 

2010. 

 
 

Water in the Sahuarita/Green Valley area poses an interesting problem. The region currently 

lacks sufficient water infrastructure. The CAP delivery systems end at the northern boundary of 

the region at Pima Mine Road. Therefore, the Towns rely on groundwater pumping while their 

CAP allocations are wheeled to the northern section of the AMA. Mining industries have 

contaminated portions of the groundwater, creating plumes of water that are diverted from the 

main aquifer to prevent their further spread. These practices are causing the water table to drop 

with little to no replenishment. 

 
 

However, several projects are in progress to attempt to reverse these trends. Project Renews, a 

collaboration between Rosemont Mines and Community Water Green Valley, will connect a 36- 
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inch pipeline to the CAP terminal for distributing water throughout the region. Similarly, 

Freeport-McMoran and FICO are constructing a pipeline to deliver water to the FICO crops. 

Both these projects will help alleviate the declining aquifer conditions. 

Figure 15:Sahuarita and Green Valley 
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CHAPTER 4: Methodology 
 
 
 
 

4.1 Problem Statement 
 

The SD model goal is to conduct basic mass balance analysis of the LSCRB, showing the spatial 

distribution of inflows and outflows within and between the six WAZs under different future 

scenarios and adaptations. All prominent water users and distributors are represented as nodes 

with inflows to and from other nodes. The spatial distribution will show the water imbalance 

between recharge and pumping and track purveyors’ water storage over time and by WAZ. This 

chapter presents the governing equations and the approach taken to accurately model the system. 

 
4.2 Modeling Approach 

 
4.2 a Overview 

 
The flow chart in Figure 16 outlines the general process for building the model. Detailed 

application of these model development steps is described in the next section. An overview is 

presented here for context. The development of a system dynamics model can be broken down 

into four basic steps (Gupta): 

1. Perceptual-conceptual model 
 

2. Conceptual model 
 

3. Mathematical model 
 

4. Computational model 
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The first step is considered informal while the remaining three are considered formal steps. All 

steps are applied to build and connect the six sub-aquifers in the Tucson AMA. For 

demonstration purposes, this next chapter describes the development and implementation of the 

Oro Valley sub-aquifer. All steps are repeated for the other five WAZs. 

 
 

Build General Schematic 

Collect business/ municipalities 
contact information 

Fact check schematic with 
businesses/municipalities 

Build shell of model based on 
schematic 

Collect and assimilate data 

Run model and check results 
Figure 16: Modeling Process 



55  

 
 
 
 
 
 

4.2b Perceptual-Conceptual Model 
 

The first step in model development is the perceptual-conceptual model, or the informal stage of 

development; this stage is based on an individual’s understanding of the system through 

observation, experiment, or education. First, a model is conceived mentally based on a personal 

understanding of the system, its structure and dynamics. 

 
 

4.2c Conceptual Model 
 

The second step, the conceptual model, is the formalization of step one into a set of verbal and 

pictorial descriptions; the system is put into a form that can be communicated and discussed. In 

this stage, the system boundaries are defined as well as the inputs, outputs, and variables. The 

physical and behavioral laws are specified along with the uncertainties and assumptions of the 

model. 

 
 

4.2 d Mathematical Model 
 

The mathematic model is the formalization of the conceptual model into a set of input and output 

relationships based on the system’s governing physical laws. 
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The Tucson AMA model is based on conservation of mass: 
 

∆𝐺𝑊 = 𝑉𝑜𝑙() − 𝑉𝑜𝑙+,- ± 𝑉𝑜𝑙/+0010 (𝐸𝑄 1) 
Where: 

 
● ∆𝐺𝑊 = 𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑔𝑟𝑜𝑢𝑛𝑑𝑤𝑎𝑡𝑒𝑟 

 
● 𝑉𝑜𝑙( = 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 

 
● 𝑉𝑜𝑙() = 𝑣𝑜𝑙𝑢𝑚𝑒 𝑖𝑛𝑓𝑙𝑜𝑤 (𝑒. 𝑔.,  𝑟𝑒𝑐ℎ𝑎𝑟𝑔𝑒) 

 
● 𝑉𝑜𝑙+,- = 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑢𝑡𝑓𝑙𝑜𝑤 (𝑒. 𝑔. , 𝑝𝑢𝑚𝑝𝑖𝑛𝑔) 

● 𝑉𝑜𝑙/+00 = 𝑙𝑜𝑠𝑠𝑒𝑠 𝑑𝑢𝑒 𝑡𝑜 𝑒𝑣𝑎𝑝𝑜𝑡𝑟𝑎𝑛𝑠𝑝𝑖𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑟 𝑝𝑖𝑝𝑒 𝑙𝑒𝑎𝑘𝑎𝑔𝑒 
 

The mathematical model also accounts for the spatial distribution of the water. Conservation of 

mass is implemented by creating unique inputs and outputs for each node (define the set of 

nodes). Historical and projected demand data are input as annual time series. The change in 

groundwater storage (ΔGW) is computed within each WAZ and accumulated for the entire 

Tucson AMA to show the interactions between the two spatial scales over time. 

 
4.2e Computational Model 

 
The computational model is then developed to perform the mathematical model calculations. 

Here, Goldsim is applied to solve equation 1 for each user specified scenario for the six WAZ’s 

and the overall basin. Table 17 summarizes the Goldsim components used in the LSCRB model. 

Model input is provided to the model through Goldsim interfaces or, for time series data, through 

spreadsheets. The model output are demands and deliveries in acre-ft/yr as well as cumulative 

groundwater stored in acre-ft by user by WAZ. Graphical interfaces were developed using 

Goldsim’s output structures. 
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The initial run is comprised of collected historical and projected time series data supplied by 

water purveyors with data gaps are filled in by CAP:SAM outputs. Scenarios (or combinations of 

climate and population projections) to be executed can be defined using Goldsim click boxes to 

access appropriate spreadsheet tables. Demand time series data includes CAP:SAM or provider 

temporal demand forecasts. Combinations of conservation measures can also be evaluated by 

providing that data through GOLDSIM interfaces. 
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ELEMENT TYPE VISUAL 
REPRESENTATION 

APPLICATION 

Container  

 
example of container element 

WAZ – links all water users, 
and infrastructure 

LSCRB – links WAZs 

Event  

 
example of event element: 

discrete change 

Events are not used for the 
current application of the 
model. Events could be 

implemented in the future to 
describe pipe breaks or 

storms 
Function  

 
example of function element 

Functions are used to 
describe evapotranspiration 
and pipe loss in the system 

Delay  

 
example of delay element: 

material delay 

Lags were not needed for this 
application given the annual 
time step. For a shorter (e.g., 
monthly step) a lag could be 
applied to account for travel 

time of recharge water to 
reach the groundwater from 

the surface 
Stock 

 

 
example of stock element: 

reservoir 

WAZ sub aquifer and 
LSCRB 

Input example of input element: 

 
time series 

Inflow and population time 
series (CAP and natural 
recharge, population) 

Figure 17: System Dynamics elements applied in LSCR model 
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This model is then translated into GOLDSIM, the system dynamics software, as reservoirs, 

demand functions, or time series. Losses from the system such as pipe leakage, are also included. 

Once the schematic of the AMA is constructed, it is transformed to a Goldsim model. First, an 

empty shell model is built without data to replicate Visio schematics. Nodes are defined as 

reservoirs/pools or as time series and are connected based on the inflows and outflows of wet 

water for each node. Pipe losses are built into the model between each node and recharged into 

the aquifer. 

 
 

Data was collected from the major water providers and municipalities in each management area. 

While speaking to these municipalities, each conceptual model schematic was checked by 

appropriate local representatives to ensure their accuracy and slight adjustments were made as 

needed. Most time series data are collected in units of acre-feet per year while other data is based 

on population and water usage. This process creates a feedback loop between the conceptual and 

mathematical model; the schematic changes during data collection and the inputs and outputs of 

the mathematical model are update. During data collection, historic and projected data was 

collected to be used for model verification and for modeling future scenarios. Based on their 

ease of availability, CAP:SAM outputs can be used as inputs to quickly run the various 

CAP:SAM scenarios if other data sources are not available. 
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CHAPTER 5: Application to Oro Valley 
 

Application: Oro Valley 
 

With a limited number of inflows/outflows, Oro Valley provides a concrete example of the SD 

model development and application. 

 
 

5.1 Perceptual-Conceptual and Conceptual Models 
 

The first step in creating the computational model was to speak with water suppliers in the region 

in order to gain a general knowledge in how the different components of the system. In Oro 

Valley, the primary consultant was Peter Abraham, the Water Utility Director for the Town of 

Oro Valley. Based on those discussions or expected conditions, a draft visual model of the 

system is developed in Microsoft Visio. The schematic above represents an initiate thought 

model for the layout of Oro Valley created by Rebecah Hernandez (former UA CAEM Masters 

student).  The visual model defines the nodes and the inflows and outflows corresponding to 

each node. Nodes include wellfields, potable and non-potable demand, farms, mines, and 

reclamation facilities. The main AMA inflow is CAP delivery. The next most significant water 

movement is the reclaimed water that is discharged into the Santa Cruz river. 

 
 

This step can be time intensive and our contacts often had limited availability. Oftentimes, we 

arrived with a draft conceptual model schematic based on a basic understanding of the water 

provider system from web materials and preliminary discussions. 
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Contact meetings then focused on improving the accuracy of the perceptual-conceptual model 

and refine the conceptual representation. This was accomplished by discussing the layout and 

reviewing the visual model in multiple iterations with those with specific information until an 

accurate representation was produced. For this WAZ, Mr. Abraham provided feedback and 

updated the schematic to correctly represent infrastructure and linkages with emphasis on the 

four significant water providers, local demands and reclaimed water. 

 
 

The collaborative model development also identified the data needs to drive the model. Thus, 

once the connections were properly established, the water purveyors/municipalities and 

businesses immediately supplied historic and projected data to be analyzed by the model or had a 

firm list of needs. These data are primarily time series of inflow and outflow volumes to each 

node. 

 
 

The perceptual-conceptual step was repeated for each WAZ that were then compiled to create a 

comprehensive schematic for the Tucson AMA. Microsoft Visio was applied throughout for 

graphical representations (Appendix A). 

 
 

Although the AMA contains six water management areas, these management areas do not align 

with the water consumption with majority of water usage lumped together in one area. The 

schematic contains nodes including wellfields, potable and non-potable demand, farms, mines, 

and reclamation facilities. Each node is assigned specified inflows and outflows. The main 
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inflow into the Tucson AMA as a whole is the CAP delivery; very little flow leaves the AMA as 

most water is either used in consumption or returned to the aquifer for future use. The overall 

AMA schematic structure was developed by assessing current and future demands and 

infrastructure and speaking with various municipalities and water providers throughout the 

region. 

 
 

Figure 18: Town of Oro Valley Schematic 
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5.2 Mathematical Model 
 

The next step is to create the mathematical mass balance based on the conceptual model. Here, 

the Town of Oro Valley is represented as a reservoir that can accept time-varying inflows and 

outflows. This mathematical model directly applies a tailored from of conservation of mass 

(Equation 1). 

 
 

𝑉𝑂𝑉(MN = 𝑉𝑂𝑉𝑉𝑂𝑉( + 𝐶𝐴𝑃𝐷𝑒𝑙𝑖𝑣TUVVWX + 𝐶𝐴𝑃𝑊ℎ𝑒𝑒𝑙𝑖𝑛𝑔 + 𝑅𝑒𝑐𝑙𝑎𝑖𝑚𝑒𝑑 − 𝑃𝑜𝑡𝑎𝑏𝑙𝑒 
 

− 𝑃𝑖𝑝𝑒𝐿𝑜𝑠𝑠 − 𝐸𝑇 (𝐸𝑄 2) 
 
 

For the Oro Valley WAZ, the inflows are: 
 

1. Volume of Storage in the Town of Oro Valley at time i, 𝑉𝑂𝑉( 
 

2. CAP Delivery, CAPDeliv 
 

3. CAP Wheeling, CAPWheeling 
 

4. Reclaimed Reuse Reclaimed 
 
 

The outflows are: 
 

1. Potable Demand, Potable 
 

2. Pipe loss, PipeLoss 
 

3. Evapotranspiration, ET 
 

This mass balance was written on an annual time step basis. 
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Some fundamental assumptions were made throughout the modeling processes for all WAZs. 

These assumptions are based on predictions of what occurs in the physical system and how to 

best simplify the model. Most assumptions are conservative and can be adjusted, if necessary. 

The model assumptions are: 

 
 

1. Three percent of water transported in a pipeline between sources and users is lost to 

leakage and is evaporated/transpired by local vegetation. 

2. Wastewater treatment plants incur a 3% loss to evaporation. 
 

3. All excess water is stored with an 8% loss to the aquifer during storage and recharge 
 

4. Only major water users are described in the model (1000+ acre-feet/yr). Other water 

users exist but do not have a great impact on the overall water distribution system. 

 
 

Assumptions 1 and 2 are based on engineering judgement and experience. Assumption 3 is 

based on ADWR definitions for managed recharge. 

 
 

Within the AMA, a few small water purveyors are omitted, and individual water users are 

neglected. The proportion of users not represented in the model is relatively small on the AMA 

scale, but some withdrawals may be significant in some regions (e.g., The University of Arizona, 

Tucson Electric Power, and Davis-Monthan Air Force Base). Capturing that information is time 

consuming and should be considered in future work. 
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This step includes an extensive data collection phase. The data for the Town of Oro Valley was 

provided by Peter Abraham (Table 9). As seen in Figure 18 and Table 9, the Town of Oro 

Valley’s water system is comprised of four major inflows and one major outflow. The excess 

water (inflow – outflow) is stored throughout the Tucson AMA and state of Arizona. 

 
 

Inflows Data Source 

Reclaimed Water Peter Abraham (OV Water) 

CAP Wheeling Peter Abraham (OV Water) 

NWRRDS Delivery Peter Abraham (OV Water) 

Groundwater Pumping Peter Abraham (OV Water) 

Outflows  

Potable Demand Peter Abraham (OV Water) 

Table 9: Town on Oro Valley Inputs 
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5.3 b Computational Model Construction Details 
 

The assumptions defined in the previous section coupled with the schematic and data collected 

allow the model to be built and run in an efficient manner. The settings in Goldsim must align 

with the assumptions and data. The model time settings are the critical and dictate how the model 

runs and must be consistent with all input data to correctly execute the resulting model. As 

shown in the Goldsim simulation setting template (Figure 19), the initial formulation for Oro 

Valley is specified as 2014 through 2030 with the calendar aligned time with an annual time 

step. Each supply and demand node are represented as an annual time series; the supply time 

series are added to the change in groundwater per year while the demand time series reduce the 

change groundwater per year. 

 
 

The collected inflow and demand data are provided to Goldsim via a spreadsheet for easy 

importation and manipulation (Figure 19). Here, units are defined as acre-feet per year and flows 

are projected until Oro Valley’s build out in 2030. Data is imported directly into Goldsim from 

Excel with time in units of year and data in acre-feet/yr or annual volumes of water in units of 

acre-feet. 
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Figure 19: Goldsim Data Import 
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Figure 20:Goldsim Output Example- Town of Oro Valley 

 
 
 
 

Once the data is imported, the model is run with results settings to show inflow, outflow, and 

storage (as defined in the mathematical model). Model results are given in two time series: 

excess acre-feet/yr and cumulative excess acre-feet. The cumulative acre-feet/yr shows the total 

storage accrued by Oro Valley from 2014 through the specific year. The town of Oro Valley 

does not have the capacity to retain all excess water on site, so they store their water through the 
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Tucson AMA and the state of Arizona. Results can be provided in tables or graphically. 

Goldsim interfaces allow definition of the type and format of figures (Figure 20). A 

representative plot is shown in Figure 21. 

 
Figure 21: Goldsim Results - Town of Oro Valley 

 
 
 

As shown in the results graph, Oro Valley has excess water every year therefore may sustainably 

pump from the aquifer and store water for future shortages during dry years. These results are 

consistent with expectations and will be reviewed by water purveyor personnel to confirm their 

accuracy and suggest modifications of the modeling structure or assumptions and input to more 

accurately represent the system. 
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The above modeling process was followed for the remaining five sub aquifers and the various 

water users in the Tucson AMA. Schematics for each WAZ are included in the appendix. Once 

complete the sub aquifer modules were integrated to form an AMA model. Figure 22 shows the 

integrated LSCRB model. 

Figure 22: Tucson AMA Integrated Schematic 
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Chapter 6: RESULTS 
 

The model outputs result in cumulative acre-feet throughout the twenty-five-year analysis period. 

Results can be displayed per WAZ or for the entire AMA. Within each WAZ, the results can be 

broken down further to water use by water provider. A brief discussion of representative results 

under current water use and expected growth and supply conditions are described below. 

 
 

6.1 TAMA Results 
 

Figure 22 shows the accumulation in storage by WAZ. As anticipated, groundwater storage in 

the Avra Valley (AV), Marana, and Oro Valley (OV) WAZ’s all increase whereas Sahaurita and 

Green Valley (S/GV) has a negative net change. Tucson also shows positive water accumulation 

while Southeast Tucson (SET), with current water provider and demand data, has a slight net 

negative storage. 
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Figure 23: Comparison of Cumulative Water Storage within each WAZ from 2016-2040 
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Figure 24: Cumulative Water Storage Avra Valley WAZ 2015-2040 
 
 

The majority of storage within Avra Valley results from CAP recharge in CAVSARP and 

SAVSARP (CAVSARP_SAVSARP) (figure 24). The Clearwater Reservoir (CWR) contains 

approximately one third of CAVSARP and SAVSARP and Avra Valley Water Reclamation 

(AVWRF_USF) facility has little net change. The results from Sahuarita (S_Wellfield)/Green 

Valley (GV_Wellfield) show a large drawdown due to the deficit between pumping and local 

recharge, an imbalance between wet and paper water (figure 25). Figure 25 shows that the 

majority of cumulative pumping in the region is due to Sahuarita by nearly an order of 

magnitude. Southeast Tucson, which currently consists of Vail Water Company (Vail_WC) also 
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has significant drawdown over the 25-year period; this is due to the lack of current infrastructure 

available to meet growth projections (figure 26). 

 

Figure 25: Cumulative Water Storage in Sahuarita/Green Valley WAZ 2015-2040 
 

Figure 26: Cumulative Water Storage in SE Tucson WAZ 2015-2040 
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Figure 27:Cummlative Water Storage in Tucson WAZ 2015-2040 

 

Figure 28: Cumulative Water Storage in Marana WAZ 2015-2040 
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The town of Marana has a large positive total water storage (TOTAL) with water being stored in 

various locations including BKW (BKW_WF) and Kai Farms (Kai_WF) as well as Cortaro- 

Marana Irrigation District (CMID_WF) and Town of Marana Wellfield (ToM_WRF) with the 

most significant storage in the agricultural sector (Kai, BKW, and CMID) (figure 28). The City 

of Tucson also has a large positive total water storage between Central Wellfield (CWF) and the 

Santa Cruz River Recharge Project (SCRRP) (figure 27). The cumulative storage in the Town of 

Marana and City of Tucson WAZ’s are within an order of magnitude of the drawdown in 

Sahuarita/Green Valley Region, again emphasizing the large deficit between pumping and 

storage throughout the Tucson AMA. 
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CHAPTER 7: Model Improvements 
 

7.1 Missing Inputs and Improvements 
 

Model input that produced the above results contains estimated and interpolated data. Some data 

is collected as time series inputs from municipalities while the data gaps are filled with outputs 

from CAP:SAM. This need resulted from lack of data provided or available from local 

municipalities. To improve model outputs and results, it is imperative that the inputs come from 

a single data format, such as the specific municipality data. Another significant gap in data is the 

percentage or amount of flow from node to node. Again, due to lack of information, these 

amounts are primarily estimated. The current demands are solely based on population and per 

capita usage, so do not include changes due to climate. It is possible to incorporate correlations 

between demand and climate to better meet the LSCR Basin Study goals. 

 
 

The Oro Valley sub basin model should also include local inflow and natural recharge 

from the Catalina Mountains. On average, this natural recharge produces approximately 70,000 

acre-ft/yr in the Tucson AMA. However, this value is variable based on annual rainfall and 

climate. Further, the spatial distribution must be defined and agreed upon by the study 

participants. 

 
 

In the future, the model should also include the variations between industrial and 

municipal treatment plant returns. More evaluation and refined definitions are needed on 
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reclaimed water from the wastewater reclamation plants including: where is the water recharged, 

where does it enter the groundwater system, and who owns it at that location. 

Currently, there is also no accounting for water storage external to the AMA, such as in the 

Central Arizona Groundwater Recharge District (CAGRD). CAGRD water is stored throughout 

the state in aquifers and artificial lakes. Although this water is not readily accessible to the 

Tucson AMA and each WAZ, it should be included in how much water a provider ‘owns’. 

Therefore, these volumes must be represented in the model. 
 
 

This leads to the issue of how much water each WAZ has the right to compared to actual water 

availability. For example, in the Sahuarita and Green Valley WAZ, those communities have 

rights to a specific allocation of water but do not have a matching amount of sustainable water in 

their physical aquifer; that is, they are pumping more than is sustainable to their aquifer, even if 

they have legal rights to that amount of water. 

 
 

To prevent aquifer (WAZ) depletion, pending regional infrastructure should be included to give a 

clearer picture of the minimum capacity of the pipelines and other infrastructure that should be 

constructed to sustainably deliver water across the Tucson AMA and fulfilling water rights 

without straining the individual sub aquifers. 
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7.2 Model Improvements 
 

In addition to mathematical and conceptual model improvements, various additions and upgrades 

can be made to the computational model. These improvements will allow the model it run more 

seamlessly and create an easier interface for the user. 

 
 

The first major improvement is to create an interface that allows users to toggle between 

different scenarios and inputs. However, this requires multiple scenarios worth of data, either 

from CAP:SAM or local municipalities or as climate drivers. 

 
 

The model could also be improved by distinguishing between wet and paper water accounts. 

Currently the model only represents wet water and where the water is physically stored within 

the Tucson AMA. However, there is a large discrepancy between the wet water, where the 

physical water is, and the paper water, the amount of water each provider and WAZ ‘owns’ or 

has rights to. By showing each component side by side, the user and stakeholders could easily 

see the disparity between water supply and water rights. 

 
 

Lastly, it would be useful to create a groundwater response function in order to show the draw 

down response the local aquifers would have to either pumping or storage. This model 

advancement requires finer scale spatial extractions and supplies but will provide a higher 

resolution of water levels throughout the AMA. It would again allow users and stakeholders to 
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quickly evaluate the aquifers response to a variety of scenarios rather than the need for a full 

execution of the TAMA groundwater model and the associated output conversations to maps. 
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CHAPTER 8: Conclusion 
 

The model developed allows for a quick analysis of water imbalance across the Tucson AMA 

over a twenty five year period form 2015 through 2040 based on population and climate 

projections. The model is built in Goldsim , a system dynamics model, in which future time steps 

are influenced by previous time steps. The systems dynamics model is a useful tool to predict 

future conditions. Inputs into the model are represented as time series of flows. Data inputs are 

collected from various sources including local farms, municipalities, as well as the LSCR Basin 

Study CAP: SAM model. The model graphically displays the significant deficit in water 

pumping verse water storage across the Tuscon AMA, with water storage in the northwest and 

pumping and growing demands in the south and southwest of the AMA. 

 
The model was developed through a four-step process: perceptual-conceptual model, conceptual 

model, mathematical model, and computational model. The perceptual-conceptual model is an 

informal step which involves personally understanding the model structure and dynamics. The 

next step, the conceptual model, is the first formal step during which the inputs, outputs, and 

variables are defined and collected. This step-in model development required the input of local 

engineers, municipalities, and farms in order to construct the dynamics of the AMA and collect 

the required inputs. The mathematical model takes the conceptual model and translates it into a 

set of governing equations which explain how the model operates, how the inputs are related to 

the outputs. For this model, the governing equations are a basic mass balance of water 

throughout the Tucson AMA with inputs as acre-ft/year and output as cumulative acre-ft of water 
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usage over the twenty-five-year time period. Lastly, the mathematical model is inputted into a 

physical modeling software guided by the governing equations and inputs to produce the desired 

outputs. This involves implementing the water dynamics of the Tucson AMA and collected 

inputs into Goldsim and running the model. 

 
 

The developed model will provide an efficient decision-making tool for the community, 

specifically as a tool for the LSCR Basin Study. The model requires little computational time, 

allowing the user to run numerous simulations with varying population, infrastructure, and 

climate scenarios. 

 
 

Collecting data from practitioner experts at local municipalities proved to be a significant step in 

model development process. The gaps in input data are filled in with outputs from CAP:SAM’s 

run based on historical projections. Future work should continue to collect input data from 

municipalities in order to fill current gaps and compare model runs with varying input sets. 

 
 

The model outputs displayed predicted results, with drawdown in Sahuarita/Green Valley and SE 

Tucson and large water storage in Marana and Avra Valley. The model can be improved by 

adding future infrastructure plans, such as new treatments facilities and pipelines, to understand 

how these will impact the water imbalance. The current model only includes demands solely 

based on population projections; future improvements should build in the response of demands 

due to changes in climate. 
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APPENDIX 
 

APPENDIX A: Visio Schematics 
 
 
 
 
 

 
 
 
 

Appendix 1: SE Tucson Schematic 
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Appendix 2: Sahuarita/Green Valley Schematic Appendix 3: City of Tucson Schematic 
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Appendix 4: Avra Valley Schematic 
 
 

Appendix 5: Oro Valley Schematic 
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Appendix 6: Town of Maran Schematic 
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