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ABSTRACT 
Research regarding the sustainability of groundwater resources in Tuba City, AZ has been carried out in this 

paper using an analytical model, with the Theis equation in Matlab. Tuba City, AZ is within the Navajo Nation 

with the highest population and has been experiencing water resource issues with the climate becoming arider. 

There are six active groundwater wells in Tuba City that are near each other causing concern for cones of 

depression overlapping increasing the rate of drawdown. The water used in Tuba City is pumped from the 

Navajo aquifer and this unit will be the focus of the study.  With the projected increase in water demand in Tuba 

City, the increase in pumping from the Navajo aquifer will cause the aquifer to become unreliable. Results of 

the simulation in Matlab using the Theis equation show a max drawdown of ~300 m by 2030 and ~ 700 m by 

2060 with the aquifer thickness ranging from 150-300 m. Wells that are close together show an overlap of 

cones of depression increasing the drawdown rate.  More data is needed through field measurements to obtain 

a better understanding of the well-pumping impacts in the Navajo aquifer within Tuba City, AZ. 
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INTRODUCTION 
 The Navajo Nation is located within the four corners of the Colorado Plateau and extends into Utah, 

Arizona, New Mexico, and Colorado. This area covers 71,000 km² (shown in Figure 1) and is considered the 

largest of the native tribes in the United States. The Navajo Nation is its own sovereign nation with an elected 

tribal government but is still dependent on the federal government (Bureau of Reclamation, 2018). This part 

of the United States is climatically arid and thus the Navajo people experience water problems. As the climate 

warms there has been a growing concern for water resources (Brown and Caldwell, 2016). The current primary 

water source that is used throughout the Navajo Nation is groundwater. The aquifer that is most reliable is the 

Navajo multiple aquifer system. The Dakota aquifer and Coconino aquifer are not reliable resources for water 

because of water quality or quantity issues (Mason, 2021).  

 

FIGURE 1 - NAVAJO NATION RESERVATION MAP, (BUREAU OF RECLAMATION, 2018) 

Water use within the Navajo nation is projected to increase (Bureau of Reclamation, 2018). This 

growing demand for water will begin to stress the N aquifer. Over time, the N aquifer will not be able to sustain 

the expected water demands on the Navajo Nation. Some proposed alternatives by Brown and Caldwell have 

been discussed and planned. Three current alternatives include routing surface water from Lake Powell to all 

of the Navajo Chapters, providing surface water to only chapters that have an unreliable groundwater supply, 

and finally only using groundwater. These alternatives have varying pros and cons. The rerouting of water to 

every chapter within the Navajo nation would be the best option in terms of reducing the use of the N aquifer. 

However, this option is the costliest at approximately $358.9 million dollars. Rerouting water to some of the 

chapters that have unreliable groundwater is also costly, but this is less than rerouting water to all chapters at 
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$270.9 million dollars. This option relieves stress on the N aquifer while also being the most energy-effective 

option compared to the rerouting to all chapters.  The option to only use groundwater will not sustain the future 

water demands of the Navajo people as the aquifer will be used to a point that re-supplying the aquifer through 

recharge will not be enough.   

In this study, I specifically look at the sustainability of groundwater withdrawals within the N aquifer 

in Tuba City, AZ using the Theis equation to analytically model the impact of well pumping in the Tuba City area. 

Tuba City, AZ is the largest populated area and is one of the most urbanized within the Navajo Nation. There 

exists a concentration of pumping wells very close together that over time have developed overlapping cones 

of depression within the N aquifer. 
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DESCRIPTION OF STUDY AREA 

OVERVIEW 

The study area is a 24 km by 24 km area around Tuba City, AZ with the Echo Cliffs along the west side 

of the boundary and the Moenkopi Wash running through the middle of the study area. This area is part of the 

larger Colorado Plateau that extends into Utah, New Mexico, and Colorado covering about 362,600 km². It is 

surrounded by highlands ranging from 900 m to 3,300 m above sea level. Far to the west is the Sierra Nevada 

Mountains, which create a rain shadow, causing the climate to be semi-arid to arid (Bureau of Reclamation, 

2016). The Tuba City area receives 152 mm of rainfall per year, resulting in a desert climate that is less than 

the surrounding Colorado Plateau, receiving nearly 254 mm per year (Mason, 2021).  

Due to the lack of precipitation and droughts, 96% of streams are intermittent. This makes them 

unreliable as a source of drinking water. Thus, groundwater is the primary water resource. In the area around 

Tuba City, groundwater withdrawals come from the Navajo Sandstone aquifer system. This aquifer, also known 

as the N aquifer, is the most productive aquifer in the region. The aquifer here is used primarily for municipal, 

domestic, and industrial use (Brown and Caldwell, 2016). High-capacity wells in the N aquifer were a source of 

water used to slurry coal to Nevada by Peabody Western Coal Company. This large pumping center was located 

approximately 80 km northeast of Tuba City (Mason, 2021). Although the cone of depression at the Peabody 

mine is large, its impact on groundwater levels in the vicinity of Tuba City is not significant (Leake et al., 2016). 

The largest pumping at the mine occurred before 2005 and has since been reduced by more than 70% (Mason, 

2021).  

HYDROGEOLOGIC SETTING 

The geologic setting of the study area will only concern the N aquifer multiple system. In ascending 

order this consists of the Moenave Formation, the Wingate Sandstone, the Kayenta Formation, and the Navajo 

Sandstone. Figure 3 shows a stratigraphic column with the N aquifer in relation to other units in the Black Mesa 

Area. Sands of the Moenave Formation were deposited to the northwest by streams. The Wingate Sandstone 

was deposited at the same time in the northeast. The lithology of the Navajo Sandstone is described as a cross-

bedded fine to coarse fluvial siltstone and silty sandstone. The Wingate Sandstone is not consistently present 

in the Black Mesa area, and its spatial distribution is not well known. It is an eolian deposit consisting of very 

fine-grained quartz sandstone and is water-bearing where present. Over time, the eolian sand deposits began 

to transition to a fluvial deposit forming the Kayenta Formation. This deposit is a mix of sandstone and silt 



 4 

where the streams were present. This unit is not considered a source of water. Figure 2 shows a cross section 

of the aquifer distribution in the Black Mesa Area. 

 

The Navajo Sandstone is the most productive water unit within the N aquifer system. The Navajo 

Sandstone is exposed at the surface within the study area. This is the most productive aquifer unit penetrated 

by the wells in this study therefore it is the unit from which all hydraulic properties are derived. The Navajo 

Sandstone is early Jurassic in age, deposited around 200 million years ago. This deposit is an eolian wind-blown 

deposit that was developed in a highly arid climate. The Navajo Sandstone, thus, formed from the lithification 

of ancient sand dunes. Being sorted by wind, the grains were a well-sorted distribution of subrounded fine to 

medium-grained quartz arenite, a subarkose sandstone (Beitler, 2005).  In the Tuba City area, the Navajo 

Sandstone and the Kayenta Formation are interfingered and together range between 150-300 m thick (Macy, 

2021). The Kayenta Formation acts as a confining layer beneath the Navajo Sandstone and does not provide a 

significant source of water. This layer separates the Navajo Sandstone from the Wingate Sandstone. It is not 

well known where the Wingate Sandstone is present and how much water is present (Mason, 2021).  The study 

area terminates to the west at the Echo Cliffs Monocline where the N aquifer ends and extends to the south 

FIGURE 2 - GEOLOGIC CROSS SECTION OF BLACK MESA AREA, FROM NAVAJO NATION DEPARTMENT OF WATER RESOURCES 

IMAGE CREDIT GOOGLE MAPS 
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ending ~ 10 km south of the Moenkopi Wash. The northern and eastern portion of the study area is considered 

infinite and approximately 8 km beyond the eastern boundary, the N aquifer is confined by the Carmel 

Formation consisting of clay (Cooley et al, 1969). 

 

There are three main aquifer systems within the Black Mesa area. The Dakota, Navajo, and Coconino 

aquifer systems (Figure 4). The Dakota aquifer occurs across the Black Mesa itself, 32 km from Tuba City, and 

is therefore not present in the study area. The Coconino aquifer system occurs below the Navajo aquifer and is 

FIGURE 3 - STRATIGRAPHIC SECTION OF BLACK MESA AREA, (HARSHBERGER AND OTHERS, 1966) 
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known to supply water to wells. However, the dissolved solids concentration makes water from the Coconino 

Sandstone unsuitable as a potable water resource.  

The N aquifer in the study area is the thickest in the northeast corner and begins to thin out moving 

south towards Moenkopi Wash and west towards Echo Cliffs. The following hydraulic properties are taken from 

Cooley, 1969 from field tests, pumping, bailing, and pressure tests of wells. Laboratory tests were also 

conducted on drill cores and outcrop samples. The average diameter of the grains was found to be 0.18 mm. 

Sorting coefficient, 1.18. Porosity ranges from 25-35%. Specific yield between 18-29%. Hydraulic conductivity 

values were determined from 105 slug tests and 21 aquifer tests across the Black Mesa area (HDR, 2003). The 

range is from 6 x 10⁻⁴ to 3.86 m/d with a mean of 0.34 and a median of 0.15 (m/d).  A transmissivity value of 

4.65 m²/d for the N aquifer was determined from an aquifer test conducted 6 km from the study area by USGS 

in 2012 with the Navajo Sandstone having a thickness of 85 m (Carruth and Bills, 2012).  Fractures are present 

within the Navajo Sandstone in the study area and are oriented north-south (Macy, 2012). Recharge across the 

entire N aquifer is estimated to be 1 x 10⁷ m³/yr (Lopes and Hoffman, 1997).  

WATER REQUIREMENTS TUBA CITY 

Tuba City is important for commerce and the Navajo government. In 2010, its population was 8,072 

(U.S. Census, 2020). At present, supplies are adequate but likely not sustainable (Bureau of Reclamation, 2018). 

Needs for potable water are expected to grow in the future as the population grows. The population is estimated 

to grow at 1.3% annually (Brown and Caldwell, 2016). Assumptions of water needs for the Tuba City Chapter 

9 region assume 0.61 m³ per day per capita by 2060 (Brown and Caldwell, 2016). Table 1 shows the projected 

maximum day demand for Tuba City, AZ from 2013 to 2060 (Brown and Caldwell, 2016). 

FIGURE 4 - GROUNDWATER AQUIFERS AROUND TUBA CITY, (U.S. DEPARTMENT OF THE INTERIOR, BUREAU OF RECLAMATION, 2016) 
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Table 1 - Tuba City Projected Future Water Demand (m³/day) 

Year Maximum Day Demand (m³/day) 

2013 6,564 

2020 7,611 

2030 9,353 

2040 11,430 

2050 13,903 

2060 16,840 

 

A water resource assessment and plan were provided by Brown and Caldwell in 2016 to address water 

demands in the future. The average daily water demand in Tuba City is projected to grow by 1.2x every ten 

years. By 2060 the maximum day demand in m³ per day is projected to be 16,840 (Table 1). This projection is 

based on estimated population growth and the average water demand per person compiled from data in the 

surrounding communities. The increase in water demand in the areas surrounding Tuba City, which includes 

nine different chapters, will exceed the Navajo aquifer capabilities. After 2025, the Navajo Aquifer will be over-

pumped and will no longer support the demands of the region according to Brown and Caldwell (2016). The 

Navajo aquifer is the primary source of water for the Navajo people and the springs have cultural and religious 

importance therefore it is important to keep groundwater withdraws at a sustainable level for future use 

(Bureau of Reclamation, 2016). Brown and Caldwell discussed various alternatives to alleviate stress on the 

Navajo aquifer which included rerouting surface water from Lake Powell to areas where the N aquifer does not 

have a sustainable saturated thickness. According to Brown and Caldwell, using only the Navajo aquifer to 

supply the surrounding Tuba City region is not an option moving forward. Reducing the amount of water 

individuals use daily is not expected due to the per capita use being much less than most communities in the 

United States. One of the largest water users of the N aquifer in the Black Mesa area was the Peabody Western 

Coal Company. The water being pumped from the N aquifer was used to transport coal and this put a large 

stress on the aquifer. The results of this caused the awareness of the Navajo aquifer health and pumping. The 

Peabody Western Coal Company reduced pumping by 70% after 2005. There have been annual investigations 

on the impact of the PWCC withdrawing water from the N aquifer by the USGS. This mining area is over 80.5 

km away from Tuba City and has not attributed a large impact on groundwater drawdown in the study area 

(Macy, 2018).   

TUBA CITY WELL FIELD 

 The Tuba City well field consists of six current active wells reported by the United States Geological 

Survey (Mason, 2021). In this study, seven wells were simulated with one well (reference number 1 in Table 2) 

being active from 1971-2004. Figure 5 shows a map of the study area with the positioned wells using 

coordinates from USGS. 



 8 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 5 – TUBA CITY WELL FIELD, WELL COORDINATES FROM USGS, MAP CREATED USING ARCGIS PRO 
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TABLE 2 - TUBA CITY WELL FIELD IDENTIFICATION, SOURCE: USGS 

Well Reference Number USGS Site Number Date of Operation 

1 361018111142401 1971-2004 

2 360953111142401 1971- 

3 360927111142401 1971- 

4 360904111140501 1959- 

5 360734111144801 1955- 

6 360918111080701 1955- 

7 360217111122601 1955 
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METHODS 
The purpose of this study is to evaluate the sustainability of groundwater in supplying Tuba City with 

water through 2060 and show that after 2025, the Navajo aquifer will be over-pumped and will no longer 

support the demands of the region according to Brown and Caldwell (2016). The common approach for these 

kinds of studies is through the utilization of theoretical forward modeling using well-hydraulics approaches. 

This approach is complicated by the presence of many wells that historically have been installed at different 

times as the population grew with time. Another complication stems from the fact the N-aquifer pinches out 

west of Tuba City (Figure 4). These complications necessitated the development of a Matlab code to handle the 

complications. Matlab also facilitated the visualization with the construction of both two-dimensional and 

three-dimensional plots showing the cone of depression in 2030 and 2060. Thus, drawdown calculations were 

carried out at node points on a square grid with the wells positioned using coordinates sourced from USGS 

National Water Information System. Overall, the grid consisted of 300 rows and 300 columns across the 24 km 

by 24 km study area around Tuba City providing a grid spacing of approximately 80 m. The accuracy of the 

Matlab code was established through comparison with simple cases with known drawdowns 

For the calculation, it is assumed that the aquifer is confined with drawdown as a function of time and 

described as determined by the Theis equation (Ferris et al., 1962). To avoid errors inherent in the Copper-

Jacob approximation (Schwartz and Zhang, 2002) the integral form of the well function equation was evaluated 

numerically. 

HYDRAULIC PARAMETERS 

Modeling the drawdown in the Tuba City area requires knowledge of hydraulic parameters, such as 

the pumping rate (Q), the aquifer transmissivity, determined as a function of aquifer thickness (b), and 

hydraulic conductivity (K) and specific yield. Total N aquifer withdrawal from the Tuba City well field includes 

FIGURE 6 - TOTAL N AQUIFER WITHDRAWALS TUBA CITY 1985-2018, DATA SOURCED FROM USGS BLACK 

MESA MONITORING PROGRAM 
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the National Tribal Utility Authority wells and Bureau of Indian Affairs wells both of which are added together 

from 1984 to 2018 (Figure 6). This withdrawal data is used to average the pumping rates for each well from 

the start of each well pumping. From the start of pumping to 2004,  seven wells were operating in the study 

area and after 2004 the northernmost well was shut off. The pumping rate used up to 2004 was the average of 

the withdrawal data from the well field normalized over the seven wells being 845 m³/day. After 2004, the 

pumping rate was then averaged over the withdrawal data from 2004 to 2018 normalized over the remaining 

six wells being 840 m³/day. This N aquifer withdrawal data came from an ongoing investigation that the USGS 

has carried out as a result of over-pumping of the N aquifer from the Peabody Coal Company. These annual 

reports date back to 1978 (1978 report inaccessible) with the most recent being 2018 shown in Table 3 

 

 

TABLE 3 - USGS PROGRESS REPORTS FOR BLACK MESA MONITORING PROGRAM 1978-2018 
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The pumping rate used to simulate future withdraws was derived from projected future water 

demands determined by Brown and Caldwell (Table 1). The increase in water demand shows an estimated 1.2x 

increase every ten years. Withdraw rates were expected to increase by 1.2x every ten years up until 2060 thus 

the pumping rate was increased 1.2x every ten years. A transmissivity estimate of 4.65 m²/d within the N 

aquifer was used in the modeling. The specific yield was determined by Cooley and others to be 0.23. Values 

were adjusted through trial and error until computed drawdowns matched the well test conducted by USGS 

(Carruth and Bills, 2012).  

  The Theis-based approach to modeling assumes zero recharge. Various studies (Mason, 2021; Brown 

and Caldwell, 2016; Lopes and Hoffman, 1997) found recharge to the N-aquifer to be small. Thus, utilization of 

the Theis equation is appropriate.  

THEIS EQUATION 

The governing equation to determine the drawdown due to well field pumping from the N aquifer used 

in this investigation is the Theis equation. This equation is an analytical solution used to calculate declines in 

the hydraulic head at a radial distance from a pumping well under unsteady flow conditions (changes in head 

with time). Assumptions when using the Theis equation include the following, the aquifer is bounded by a 

confining layer below, geologic formations are horizontal and infinite (boundary conditions calculated using 

image wells), the potentiometric surface is horizontal before the start of pumping, changes in the 

potentiometric surface are a result of only pumping, the aquifer is homogenous and isotropic, flow is radially 

symmetric, groundwater flow is horizontal, constant pumping rate, wells are fully penetrating, no recharge 

source, and the wells have a very small diameter being 100% efficient (Fetter, 1994).  

With the assumption of a constant pumping rate, any changes made to pumping values are calculated 

separately through temporal superposition, as one set of drawdown values associated with one pumping rate 

over a specific time is then added to another set calculated with a different pumping rate. Within this study, 

there were seven separate pumping rates determined from past withdrawal data and future projected water 

use. Also, the total drawdown associated with multiple wells pumping together is calculated individually for 

each well and the drawdown values are added together as a sum giving the total drawdown. This approach is 

known as the principle of superposition. Within Matlab (also known as Matrix Laboratory), these calculations 

were done over a grid sized 300 x 300 where each node was given a value of drawdown related to each well. 

The Theis equation is written a 

 

ℎ0 − ℎ =
𝑄

4𝜋𝑇
 ∫

𝑒−𝑢

𝑢

∞

𝑢
 𝑑𝑢                                                                                                                               (1) 

 

The integral is defined by the following infinite series: 

 

ℎ0 − ℎ =
𝑄

4𝜋𝑇
 [−0.5772 − ln(𝑢) + 𝑢 −  

𝑢2

2∙2!
+ 

𝑢3

3∙3!
−

𝑢4

4∙4!
+ ⋯ ]     (2) 

 

𝑢 is defined as 
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𝑢 =  
𝑟2𝑆

4𝑇𝑡
                                                                                                                                   (3) 

Where 

𝑄  is the pumping rate (m³/s) 

ℎ is hydraulic head (m) 

ℎ0 is hydraulic head before the start of pumping (m) 

ℎ0 − ℎ is the drawdown (m) 

𝑇 is the transmissivity of the aquifer (m²/s) 

𝑡 is the start time of pumping (s) 

𝑟 is radial distance from pumping well (m) 

𝑆 is the storativity of the aquifer (dimensionless) 

 

Within the model, the integral was computed numerically, which eliminated certain errors in 

evaluating the infinite series. The transmissivity is a measurement of the amount of water that can pass through 

the saturated thickness of an aquifer and is a product of hydraulic conductivity and the saturated thickness 

length. Storativity describes the ability of an aquifer to release water under changes in head values (Schwartz 

& Zhang, 2002). These two properties of the aquifer are inversely related to the drawdown and the pumping 

rate being directly proportional (Freeze & Cherry, 1979). 

IMAGE-WELL THEORY 

The N-aquifer pinches out to the west of Tuba City (Cooley et al., 1969; U.S. Department of the Interior, 

Bureau of Reclamation, 2016). Although the Theis equation applies to an infinite aquifer, the use of image wells 

can account for the presence of a no-flow boundary. In this application, seven image-wells were added west of 

the pinch out at Echo Cliffs an equal distance from the boundary. Assigning these image wells as pumping wells 

with the same pumping rate as their symmetrical paired well, simulate the presence of the no-flow boundary 

illustrated in Figure 7.  The Moenkopi Wash was not added as a boundary condition because the stream does 

not supply a significant amount of recharge because the Moenkopi Wash is an intermittent stream (Macy, 2021).  
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FIGURE 7 - CROSS SECTION ILLUSTRATING A WELL NEAR NO-FLOW BOUNDARY USING IMAGE WELL THEORY, (FERRIS ET AL., 

1962) 
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RESULTS 
The results of the simulation show a maximum drawdown of ~ 300 m by 2030 and ~700 m by 2060 at well 2, 

3, and 4 (see Table 2, Figure 5 for reference) both exceeding the aquifer thickness. Figures 10-13 illustrate the 

produced cones of depression by 2030 and 2060 with a north and east viewpoint in 3D. Well 1 was shut off in 

2004 and therefore has little impact on water levels the entirety of the simulation for both 2030 and 2060.  Well 

5 has a maximum drawdown of ~ 265 m by 2030 and 680 m by 2060. Well 6 and 7 have a simulated maximum 

drawdown of ~240 m by 2030 and ~ 595 m by 2060. Wells 1-5 are close to one another, causing interference 

among the wells, magnifying the drawdown and the overall size. Wells 6 and 7 are at a distance that does not 

have a significant impact on the developing cones of depression produced by wells 1-5.  Wells 1-5 are aligned 

in a north-south orientation and therefore produce a cone of depression that extends in growth from north to 

south. The cones of depression begin to overlap within the well 1-5 region for both 2030 and 2060 simulations. 

Figures 8 and 9 show an aerial view of the extent of these cones laterally. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 17 

 

FIGURE 8 – AERIAL VIEW OF DRAWDOWN ON 300X300 GRID 2030 

FIGURE 9 – AERIAL VIEW OF DRAWDOWN ON 300X300 GRID 2060 

N 

N 
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FIGURE 10 – NORTH VIEWPOINT OF CONES OF DEPRESSION PRODUCED BY 2030 IN TUBA CITY, AZ 

FIGURE 11 – EAST VIEWPOINT OF CONES OF DEPRESSION PRODUCED BY 2030 IN TUBA CITY, AZ 

N 

N 



 19  

FIGURE 12 – NORTH VIEWPOINT OF CONES OF DEPRESSION PRODUCED BY 2060 IN TUBA CITY, AZ 

FIGURE 13 – EAST VIEWPOINT OF CONES OF DEPRESSION PRODUCED BY 2060 IN TUBA CITY, AZ 

N 

N 
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DISCUSSION 
The assessments in various other studies (Brown and Caldwell, 2016) indicated that the groundwater 

supply was not sustainable for the needs of Tuba City.  The preliminary simulation results show that the well 

field is not well optimized in terms of well spacings. Interference among the various pumping wells has 

magnified the drawdown. At this stage, the results are preliminary because of the absence of measured 

drawdowns in pumping wells and dedicated monitoring wells. Such data are essential to calibrate and validate 

the model fully. I expect that as additional data become available it will be essential to revisit this modeling.  

The absence of dedicated monitoring wells is a serious problem for the management of this wellfield. 

Measuring water levels in the pumping wells can be affected by well loss associated with the completion of the 

wells. Well loss occurs when water finds it difficult for water to enter the well. With poorly designed and 

developed wells, the water level in a well can be much lower than water levels outside of the wells. Given the 

age of the wells, there is a likelihood of well losses occurring in the Tuba City wellfield. Thus, without dedicated 

monitoring wells, it is difficult to compare the simulation results with measurements in the well. In effect, the 

Theis calculations in the model assume perfectly constructed wells, which have no associated well loss. Clearly 

then, more work will be needed to assess what the field data may be showing. 

This model study was designed as a preliminary analysis, in line with the meager data available. As 

field data become available in the future, a switch to numerical modeling approaches will be necessary.  

The alternatives being offered at the beginning of this paper show the effort to remove stress from the 

Navajo aquifer to ensure its health and reliability in the future. The climate in the Black Mesa area is arid and 

continues to show a trend towards an increase in temperature. According to the Fourth National Climate 

Assessment, the temperature will increase in the study area by between 1.5 and 2.5 ℃ . The decrease in 

snowpacks and stream flow put the entire Navajo region in a position to rely on groundwater.  

The Navajo aquifer supplies most of the water used in the area being the most dependable. If the Navajo 

aquifer is used to a point that the recharge can no longer replenish the withdraws the Navajo aquifer will begin 

to decline rapidly due to the reduction in the saturated thickness impacting transmissivity (T = Kb, ‘b’ being 

the saturated thickness and K the hydraulic conductivity). Brown and Caldwell in response to the projected 

increase in water demand proposed the alternative of rerouting surface water from Lake Powell Navajo 

chapters with an unreliable groundwater resource.  

The simulation shows that the pumping of the Navajo aquifer is unsustainable past 2030 at which point 

the amount of drawdown exceeds the aquifer thickness and this was predicted by Brown and Caldwell. The 

alternatives proposed by Brown and Caldwell for water need to be addressed in the Tuba City region with the 

expectation the Navajo aquifer will become unreliable, and the damage could become irreversible amplifying 

the water resources issues being faced. 
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CONCLUSIONS 
 In this study, the objective was to understand how the Navajo aquifer would respond to the Tuba City 

well field using previous groundwater withdrawal data and future projected water use that was input into the 

Theis equation using Matlab. Brown and Caldwell indicated that solely relying on the Navajo aquifer was not 

an option. The use of the Theis equation brings some data forward for Tuba City in light of the water issues 

being faced by the Navajo Nation. The concentration of wells in Tuba City alongside the projected population 

growth and water use warrants the importance of making changes to where and how close together wells are 

placed. The alternatives for using surface water are also not sustainable options. The following list gives the 

important conclusions of this study. 

• The Navajo Aquifer is the primary source of water within the Navajo Nation and Tuba City, AZ thus its 

health is important to future generations for a dependable water source. 

• The climate in the Navajo Nation and Tuba City, AZ is becoming increasingly arid, and therefore surface 

water cannot be depended on. 

• The well field within Tuba City, AZ shows that the well spacing promotes an overlap of cones of 

depression increasing the drawdown rate. 

• The projected population increase in Tuba City, AZ will also put stress on the Navajo aquifer. 

• With the absence of recharge, depletion of groundwater reserves in and around Tuba City will likely 

continue. 

• At the present stage of investigations, data limitations, especially with measurements of head in and 

around the wellfield, preclude all but an initial assessment. 
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