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ABSTRACT 

The United States Environmental Protection Agency recently issued a new Maximum 

Contaminant Level (MCL) for arsenic in drinking water. The new MCL lowers the 

acceptable level of arsenic in drinking water from 50 parts per billion to 10 parts per 

billion. Treatment technologies for arsenic removal are expensive to operate. 

 

Nontreatment options pose an alternative to treatment. Nontreatment is allowed under 

government regulation. However, such options are limited by local hydrogeologic 

conditions. Many areas in Arizona have favorable conditions. Estimates for the capital 

costs for several nontreatment options were collected through surveys. In a comparison of 

the capital costs of nontreatment options to treatment, nontreatment was less than half the 

cost of treatment. Operating costs for nontreatment are also expected to be several times 

smaller than for treatment. A comparison using annualized costs shows that nontreatment 

costs less than one fifth of treatment. 
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CHAPTER 1 
 

INTRODUCTION 
The thesis of this study is that, nontreatment options for compliance with the new arsenic 

MCL are a cost effective and hydrogeologically feasible alternative to treatment options 

in Arizona. The thesis draws on the work conducted in the first year of a two-year study 

that is funded by a grant from the Water Sustainability Program of The University of 

Arizona. The study is targeted at assisting small water providers in the State of Arizona. 

 

STATEMENT OF PROBLEM 

Recently, the United States Environmental Protection Agency (US EPA) issued a new 

Maximum Contaminant Level (MCL) that lowered the acceptable level of arsenic from 

50 parts per billion (ppb or µg/l) to 10 parts per billion (US EPA, 2001, National). The 

new regulation goes into effect January, 23 2006. As a result, arsenic has now become a 

regulatory concern for hundreds of groundwater-based water companies. The only form 

of treatment that most groundwater-based water companies currently do to their water is 

chlorination. The new MCL is forcing them to implement costly and complex water 

treatment. Nontreatment options pose a possible alternative. By extracting water from 

aquifer zones low in arsenic, the need for treatment is eliminated or lessened. There are 

be considerable cost savings involved. This thesis is part of a larger project that aims to 

evaluate nontreatment options and help water companies choose the best option, be it a 

treatment or nontreatment option, for their system. 
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The new MCL disproportionately impacts small water companies in Arizona. There are 

287 small water systems, serving 10,000 or fewer people, in Arizona impacted by the 

standard. Of these, 60 percent serve fewer than 500 people. The estimated lowest total 

capital costs of treatment for these systems is $39,090,720. For all small water systems in 

Arizona, the total estimate is $109,734,629. Conservatively, the annualized cost per 

household can exceed $300 when Operations and Maintenance (O&M) costs are included 

(ADEQ, 2003).  

 

METHODOLOGY 

The thesis of this study will be proven in four steps. First, the geologic setting of Arizona 

will be described as it relates to arsenic concentrations in groundwater. Second, available 

nontreatment methods will be described. Third, the development of a nontreatment 

planning tool will be discussed. Fourth, an analysis will be presented that compares the 

costs of nontreatment options to treatment. 

 

ORGANIZATION 

CHAPTER 2 provides background on arsenic. CHAPTER 3 presents the geochemistry 

and distribution of arsenic. CHAPTER 4 discusses the available nontreatment options. 

CHAPTER 5 describes the development of a planning tool. CHAPTER 6 includes 

analysis of available data on nontreatment and discussion of results. CHAPTER 7 

presents a summary and conclusions. 
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PREVIOUS WORK 

The most noticeable aspect of the available literature on nontreatment options is the lack 

thereof. At this time, this researcher is able to locate very little scientific literature on 

nontreatment methods. This thesis appears to be the first comprehensive study of arsenic 

nontreatment options. This may be due in part to the vast number of variables involved 

with nontreatment. The success of nontreatment depends greatly on the geographic 

location in which it is implemented. Another possible factor is that nontreatment  is not 

cutting edge technology. Most options require no more technical expertise than is had by 

the typical distribution operator. Nontreatment is routine and thus does not receive 

attention. Some consultants have been working with water companies on nontreatment 

projects, but the projects are still in too early of a stage to provide results. Consultants 

also have incentive to retain their knowledge for their own use. It is, in a sense, trade 

secrets. As more water companies implement nontreatment options, there should be an 

increase in the available literature. This study will hopefully spark interest in the subject 

matter and encourage further research. 

 

There is some literature on nontreatment efforts to handle a regional arsenic problem in 

Bangladesh and India (Project Well, 2005). Millions of people in that part of the world 

are drinking water that exceeds 50 ppb of arsenic. The method implemented there is new 

well construction. That literature does not provide much useful insights for community 

water supplies in the US; the wells are hand-dug and relatively small and the shallow 
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wells would likely not meet MCLs for some drinking water contaminants other than 

arsenic, especially bacteria.  

 

IMPORTANT PUBLICATIONS ON ARSENIC COMPLIANCE 

The EPA has published two documents that detail the methods by which the costs and 

benefits of the new MCL were assessed. Report of the Arsenic Cost Working Group to 

the National Drinking Water Advisory Council and Arsenic Rule Benefits Analysis: An 

SAB Review review the costs and benefits respectively of the MCL (ACWG, 2001; US 

EPA, 2001, Arsenic). The documents address the controversial aspects of the cost and 

benefit analyses. A discussion of the EPA criteria in making their decision and the cost-

benefit figures they use is included in the final rule (US EPA, 2001, National).  

 

Before the publication of those documents, EPA had already conducted a cost study of 

the available treatment options. The document is titled Technologies and Costs for the 

Removal of Arsenic from Drinking Water (US EPA 2000). The document thoroughly 

explains the technology of each treatment process and the costs involved. 
 

Implementation Guidance for the Arsenic Rule is the document that EPA has created to 

give water companies instructions on how to implement treatment technology (US EPA, 

2002). It answers most of the questions necessary to use treatment for compliance with 

the new arsenic MCL. This includes specifications on monitoring requirements and 

operation of treatment equipment. 
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Due to the disproportionate impact on small water companies, EPA has prepared the 

Arsenic Treatment Technology Evaluation Handbook for Small Systems (US EPA, 

2003). This document goes into detail about implementing treatment technology on a 

small scale. Cost functions are also provided for the treatment technologies. There are 

diagrams and explanations of the various treatment technology to assist those water 

companies that do not have experience with the treatment methods. There is a short 

section in the document about nontreatment options. The options considered are 

blending, new sources, and variable pumping schedules. There are no cost estimates or 

functions provided for nontreatment options in the document. Hydrogeologic feasibility 

of the options is not discussed. 

 

The Arizona Department of Environmental Quality produced a document for water 

companies within the state titled Arizona Arsenic Master Plan (ADEQ, 2003). The 

document is a targeted compliance strategy. It is intended for small water companies. 

There are sections on compliance requirements, compliance options, funding sources, and 

technical assistance. There are cost functions provided for treatment methods. Those cost 

functions are integrated into the ADEQ’s web-based costing tool for treatment 

technology (ADEQ, 2005). A section of the Arizona Arsenic Master Plan is devoted to 

nontreatment options. The section provides some sound advise for selecting an 

appropriate nontreatment option. They give a multi-step process to be used in assessing 

the feasibility of nontreatment options to the individual water company. Neither 

information on the feasibility of each option nor cost estimates are provided. 
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CHAPTER 2 

 

BACKGROUND 

HEALTH RISKS OF ARSENIC 

Arsenic is one of the oldest known poisons.  Acute exposure to arsenic has been proven 

to cause keratosis, hyperpigmentation, and vascular complications. Chronic exposure has 

been shown to increase the risk of various skin cancers and internal cancers, notably, 

bladder and lung cancer. There is also evidence to suggest increased rates of diabetes and 

high blood pressure (US EPA, 2005; NRC, 2001). The US EPA based the new MCL on 

toxicology data from studies in Taiwan, Argentina, and Chile (US EPA, 2001; NRC, 

1999 & 2001). There are conflicting studies that were conducted in the United States. 

One study showed no increase in cancer risks with arsenic concentrations up to 100 ppb 

in the drinking water. This study has been discredited due to the fact that the sample 

population lived in a rural part of Utah and were mostly Mormon. Their religious beliefs 

prohibit the consumption of alcohol and the use of tobacco. Their lifestyle gave them a 

lower cancer risk than the overall population of that state even with drinking water that 

contained ten times the amount of arsenic as the general population (Lewis et al., 1999). 

A recent study conducted in rural California and Nevada included individuals with 

different lifestyles. It showed nonsmokers could consume water that contained over 40 

ppb of arsenic without increasing their risk of cancer. On the other hand, smokers did see 

an increase in cancer risk at high arsenic concentrations (Steinmaus et al., 2003). The 
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benefit estimates that the EPA used in setting the new MCL were only based on the 

decrease in bladder and lung cancer occurrence. They did not include the risk of other 

adverse health effects of chronic arsenic exposure in their estimates. The studies by 

Lewis et al. (1999) and Steinmaus et al. (2003) suggest that the EPA overestimated the 

benefits of cancer reduction. However, if included, the other health effects would lead to 

a higher benefits estimate. 

 

TREATMENT TECHNOLOGY 

The US EPA divides treatment technology into three categories: sorption treatment 

processes, membrane treatment processes, and precipitation/filtration treatment processes 

(US EPA, 2003). These treatment processes are generally carried out at each wellhead. 

Combining treatment of wells that are in close proximity can lower the treatment cost per 

unit of water. The Arizona Arsenic Master Plan assesses the examples of each type of 

treatment that are most promising for use in Arizona (ADEQ, 2003). 

 

Water systems with fewer than 90 household connections may use point-of-use (POU) 

treatment. POU treatment is a small treatment system that is usually installed on a single 

tap in each household. The device will only be treating the water that is consumed by 

people. POU treatment requires less capital costs than large scale treatment but requires 

large administrative costs since the water utility must monitor and maintain the devices at 

every household.  

 



18

Sorption treatment processes chemically bond arsenic to a filter media. The treatment 

may be carried out in a single vessel or two in series. The capital costs for sorption 

treatment include the reaction vessels, piping, controls, and booster pumps as needed. 

The  main O&M costs associated with sorption treatment are replacement and disposal of 

spent media. There is a wide variety of media available. Currently, research is being done 

to develop cheaper media. One such example is powdered water hyacinth roots 

(Freemantle, 2005). The Arizona Arsenic Master Plan includes granular iron media 

(GIM), iron-modified activated aluminum (FeAA), and point-of-use activated aluminum 

(POU-AA) in its analyses. GIM and FeAA have a similar system design. The defining 

difference between GIM and FeAA is the type of media used. The media work best under 

different water quality conditions. When the quality of the water does not dictate one or 

the other, GIM is often the cheaper media. POU-AA is a POU treatment process that uses 

cartrides of iron-modified activated aluminum. 

 

Membrane treatment, also known as reverse osmosis, uses pressure to push water through 

a semi-permeable membrane. This process not only removes arsenic but also removes 

many other dissolved and suspended substances from the water. Capital costs associated 

with reverse osmosis include the filter vessel, piping, controls, and booster pumps. The 

major O&M costs are replacement membranes and pumping costs. The Arizona Arsenic 

Master Plan considers the use of point-of-use reverse osmosis (POU-RO). POU-RO is a 

POU application of reverse osmosis. It operates without a booster pump using tap water 

pressure.  



19

Precipitation/filtration treatment processes add binding agents to water that form large 

colloides that arsenic attaches to. The colloides are then filtered out of  the water taking 

arsenic with it. The capital costs associated with precipitation/filtration include a reactor 

vessel, a filter vessel, and a backwash basin. O&M costs include replacement filters, 

binding agent, and disposal of the brine that is filtered out. Coagulation with filtration 

(CF) is the precipitation/filtration treatment included in the Arizona Arsenic Master Plan. 

The process uses ferric chloride as the binding agent. The colloids are removed with 

microfiltration or a granular media filter. 

 

METHODOLOGY OF THE RESEARCH PROJECT 

The research study was divided into four tasks. This first year, elements of all four tasks 

were accomplished. The remainder will be finished by other investigators in the coming 

year. The four tasks of the study are: select nontreatment options for evaluation, assess 

the hydrogeological applicability of nontreatment options, assess the cost of nontreatment 

options, and determine the set of cost-effective treatment or nontreatment options. 

 

Select Nontreatment Options for Evaluation 

The first task of the project was to consider the full range of nontreatment options. 

Working with ADEQ, the set of options that appear to be best suited for water companies 

in Arizona will be selected. Some possible nontreatment options are changing pumping 

schedules, using variable pumping rates to avoid deep high-arsenic water, rehabilitating 
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old wells to replace capacity lost by abandoning high-arsenic wells, blending multiple 

sources, and drilling replacement wells. 

 

The entire set of options known to the researchers were assessed. Of the options, I chose 

those that appear the most viable given the hydrogeology of Arizona. In December 2004, 

I met with Jeff Stuck of the Arizona Department of Environmental Quality. I discussed 

with him the set of options that I have chosen to evaulate. Meeting with the regulatory 

agency allows us to eliminate any confusion that may exist from differences in 

interpretation of options by the scientific and the regulatory communities. 

Assess the Hydrogeological Applicability of Nontreatment 

Options 

Once the set of nontreatment options is selected, the hydrogeologic applicability of each 

will be assessed in the context of Arizona. The hydrogeologic conditions necessary for 

each individual option to be successful will be established. The geology of Arizona will 

be examined to see where those hydrogeologic conditions exist. The distribution of 

arsenic in Arizona will be compared to the spatial geology of the state. The feasibility of 

each option will then be given for different geographic areas of Arizona. 

 

The theory of each nontreatment method was assessed in a hydrogeologic context. There 

is a lack of literature that specifically addresses the hydrogeologic applicability of 

nontreatment methods. In fact, no articles on the subject were locatable. There is 
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literature on the hydrogeology of arsenic. Of which, one subject of interest is the vertical 

distribution of arsenic in well water. Kim et al. (2003) sampled water at different 

intervals in newly drilled wells. One of the wells showed a two-fold difference in arsenic 

concentrations within a distance of less than 100ft. Comparison of rock samples from the 

wells to arsenic concentrations showed a correlation between arsenic concentration in 

aquifer material to concentration in well water. Other studies have also shown a 

correlation of arsenic concentrations to depth. This supports the possibility of modifying 

well screens to seal of high-arsenic zones of the aquifer. However, there are a couple of 

contraints to consider. The relatively small scale at which the arsenic concentrations vary 

necessitates detailed geologic investigations. In the case of new wells, this may be 

overcome by analyzing rock samples from the borehole before the screened interval of 

the well is chosen. For existing wells, water samples should be taken at different depths 

while isolating the zone with packers. Another important item for consideration is that 

these studies of vertical arsenic distribution have been conducted at low pumping rates. It 

can be expected that water production wells will be pumping at much higher flow rates. 

Without confining layers in the aquifer, sealing off an interval of screen might only 

redirect the flow path of the high-arsenic water. It will be drawn through other layers of 

the aquifer. The contribution of that zone to the well might be lessened but not 

completely eliminated. This is especially true with gravel-packed wells, in which 

isolating stratigraphic units is more difficult.  
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Blending sources in itself is not dependent on hydrogeologic conditions. Hydrogeology 

does indirectly affect blending, in that, at least one source that meets the arsenic MCL 

must be included in the blend. 

 

Well rehabilitation is limited by hydrogeologic conditions. According to Mansuy (1999), 

the extent to which rehabilitation restores lost capacity and the length of time until the 

capacity is lost again depend not only on the technique used, but also on the 

hydrogeologic conditions of the aquifer. Considering hydrogeologic conditions, 

rehabilitation is a feasible option for restoring lost capacity in wells that meet the arsenic 

MCL to replace the production capacity of high-arsenic wells. Using rehabilitation to 

reduce arsenic concentration in a well is not very feasible. Rehabilitation can change the 

contribution of different zones of the aquifer. However, over time, material will build up 

in the well and the hydraulics of the well will approach pre-treatment conditions. 

 

Assess the Cost of Nontreatment Options 

The study will evaluate the economic cost of the nontreatment options that are evaluated 

for hydrogeologic applicability. Cost estimates were obtained from contractors or 

previously implemented projects. The information will be used to create cost functions 

which will provide an estimate for a water company based on the characteristics of that 

system. 
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This researcher initially made inqueries to a few of the major consulting firms as to the 

best method of collecting the cost estimates. These attempts received a very pessimitic 

response. It was stated that too many variables are involved in nontreatment to create 

general cost estimates. The project proceeded with surveys to contractors and well 

drillers to receive cost estimates. Copies of the surveys are included in APPENDIX A. 

One survey was intended for drillers and solicited cost estimates for new well 

construction, rehabilitation, and well screen modification. A second survey was intended 

for contractors and solicited cost estimates for blending systems and well screen 

modification. The drillers to be surveyed were selected from the Arizona Department of 

Water Resources database of licensed drillers. A survey was sent to each driller currently 

licensed in the state of Arizona, 290 in all. The list of contractors to include in the survey 

was extracted from the Arizona Arsenic Master Plan (ADEQ, 2003). There were fifty-

three contractors on the list and all had replied to an ADEQ survey about expertise in 

arsenic. Table 1 contains a summary of the response to the cost surveys. The response to 

the surveys was dissapointing, less than 4% responded with cost estimates. Nine drillers 

and one contractor sent responses with cost estimates. Six drillers and 1 contractor sent 

responses stating their inability to generate such estimates. One contractor survey was 

returned due to an inaccurate address, the company might no longer exist. 
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Determine the Set of Cost-effective Treatment or 

Nontreatment Options 

The set of cost-effective options is the set of options that have relatively low costs yet 

still meet compliance limitations. The existing cost information for treatment options will 

be compared to collected cost information of nontreatment options. The comparison will 

take into account capital costs and ongoing costs. The hydrogeologic information and 

cost information collected by the study will be developed into a screening process. The 

screening process will take as input basic information about a water company. Then, the 

screening process will allow water companies to choose which nontreatment options are 

best suited hydrogeologically and most cost effective for their system.  

The screening process is in the form of a Microsoft Excel workbook (Microsoft 

Corporation, 1997). It allows users to input information about their water company. The 

information includes hydrogeologic characteristics and well construction information. 

Descriptions of the various nontreatment methods are presented along with the feasibility 

and regulatory constraints of each. The cost functions presented in the Arizona Arsenic 

Master Plan (ADEQ, 2003) have been incorporated. When more detailed cost 

information is available on nontreatment methods, it will be incorporated for comparison. 

The current version of the screening process will be released through the internet to allow 

water companies to initiate the planning process. Future updates to the tool will be 

publicly released. Web deployment of such planning tools allows great accessibility and 

rapid deployment. Sipala et al. (2003) describe a similar tool that was created to assist in 
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planning for reclaimed water treatment and usage. That tool also is web deployed and 

offers regulatory information in addition to cost information. The Arizona Department of 

Environmental Quality currently maintains a web-based tool for estimating the cost of 

treatment options (ADEQ, 2005). The nontreatment tool is intended to be used in 

conjunction with it. The operation of the tool is detailed in CHAPTER 5. 

 

TABLE 1: RESPONSE TO SURVEYS 

Drillers Contractors
Sent 290 53

Responses 15 2
5.20% 3.80%

9 1
3.10% 1.90%

Responses with 
Cost Estimates
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CHAPTER 3 

GEOCHEMISTRY AND DISTRIBUTION OF ARSENIC 
Arsenic, element 33 on the periodic table, is naturally occurring and one of the oldest 

known poisons (Bentor, 2005). It is abundant in some regions of the world and is usually 

associated with geologic formations of volcanic origin. Forms of pyrite are the most 

common arsenic-bearing minerals. In groundwater, arsenic is usually found in one of two 

forms. Arsenate is the oxidized state found in groundwater with a valency of five and 

arsenite is reduced, having a valency of three. Arsenite is a much more toxic form than 

arsenate (Payne 2005). Arsenic may be in a dissolved state in water or form complexes 

with other minerals such as iron. 

 

Arsenic is found in groundwater throughout the United States (Figure 1). While the 

majority of the country has water that has below 10 ppb of arsenic, there are several areas 

of the U.S. that face difficulty in complying with the new MCL. The Midwest and the 

Great Lakes area (Cannon, 2001) are the main troubled portions of the eastern half 

United States. Several spots throughout the Western United States have water that 

exceeds the new MCL. The Desert Southwest is one of the hardest hit spots. In Arizona, 

the hardest hit areas are the rural portions of the state (Figure 2). As mentioned 

previously, it poses a significant financial burden to the customers of those water 

companies. 
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Some areas of Arizona stand out in Figure 2. The cluster of high arsenic levels east of 

Prescott is the Verde Valley where the town of Camp Verde is located. The arsenic is 

associated with the Verde Formation, a lacustrine deposit of which volcanic minerals is a 

major component (Konieczki and Leake, 1997). Heading west from Phoenix, there are 

several areas where arsenic concentrations exceed the MCL. These areas were compared 

to spatial geologic data provided in the ASLD geology shapefile (ASLD, 1992). It was 

observed that volcanic rocks are present within a few miles of each of these clusters. In 

fact, most of the wells that meet the MCL near those clusters are on the opposite side 

from the volcanic rocks. There is a cluster of high-arsenic samples along the Mexican 

border, southwest of Tucson. Volcanic rocks were observed in the vicinty using geologic 

data (ASLD, 1992). There are other water samples scattered throughout the state that 

exceed the MCL. The geology of some was examined using the aforementioned method. 

The source of the arsenic was not readily apparent. More detailed geologic investigation 

might provide further insight. Many geologic formations are not large enough scaled to 

appear in the geologic data used. 
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FIGURE 2: ARSENIC DISTRIBUTION IN THE STATE 
OF ARIZONA 

Source Date: USGS, 2001



30

THE THREE GEOLOGICAL PROVINCES OF ARIZONA AND HOW THEY 

RELATE TO ARSENIC DISTRIBUTION IN GROUNDWATER 

There are three geologic provinces of Arizona. The Colorado Plateau lies in the north of 

the state. The Basin and Range Province occupies the south of the state. The Transition 

Zone, also known as the Central Highlands, is situated in between the Colorado Plateau 

and the Basin and Range Province (Chronic, 1983; Figure 3). 

 
The top layers of the Colorado Plateau are sandstone, limestone and other sedimetary 

rocks. These generally provide groundwater with acceptable concentrations of arsenic. 

There may be areas of Cenozoic volcanic activity that cause arsenic concentrations to 

exceed the MCL in some parts. The deep sandstone aquifers are expected to provide 

water below the MCL.  

 

The Basin and Range Province has alternating mountains and valleys. The valleys are 

filled with deep sedimentary deposits of mostly sand and gravel. The mountains, 

composed of consolidated rocks, are usually metamorphic or volcanic. Groundwater in 

the basin fill is usually below the arsenic MCL. Concentrations that exceed the MCL are 

generally associated with volcanic mountains or intrusions. There is a lot of variablity in 

the composition of the basin fill and hence a lot of variability in the distribution of arsenic 

in this region. 
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Precambrian rock is common in the Transition Zone. Precambrian rocks have been 

identified as often bearing arsenic (Cannon, 2001). Areas of volcanism are also common. 

The valleys and basins that lie between the mountain ranges have shallower fill than the 

Basin and Range Province. The Verde Formation which occupies the bottom of the Verde 

Valley has been known to produce groundwater of high arsenic concentrations. Some 

valleys have aquifers that provide groundwater with acceptable levels of arsenic; others 

do not. There is not much variability of arsenic occurance within a given valley. 

 

FIGURE 3: THE THREE GEOLOGIC PROVINCES OF 
ARIZONA 

Source Data: Chronic, 1983 



32

CHAPTER 4 

 

THEORY OF NONTREATMENT OPTIONS 

The summary of nontreatment methods in this chapter was writen by Jeffrey Stuck of the 

Arizona Department of Environmental Quality at my request (Stuck, 2005). The request 

was made to prevent misunderstanding between the regulatory agency and regulated 

water systems. The summary includes brief descriptions of the methods followed by the 

regulations that must be considered when applying the given method. The regulations 

cited by Mr. Stuck are from Title 18 of the Arizona Administrative Code. A more 

detailed description of various non-treatment methods follows. The list of methods in this 

section is not intended to be exclusive. Other methods likely exist or will be created. 

However, this section covers all of the viable non-treatment methods known to this 

researcher. 

 

SUMMARY OF NONTREATMENT OPTIONS 

NON TREATMENT OPTIONS 

 
1. Blending:  Blending is the mixing of two sources of water in a 
manner that assures the blended water quality meets regulatory standards.  
ADEQ has a regulation for blending that outlines the requirements of a 
water system in order to obtain ADEQ approval for a compliance blending 
plan. 
 

R18-4-221. Use of Blending to Achieve Compliance with Maximum 
Contaminant Levels 
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A. A public water system may use blending to achieve compliance with a 
maximum contaminant level MCL if all of the following requirements are 
met: 
1. The public water system has obtained the Department's written approval 
for a blending plan that includes the following elements: 
a. Detailed drawings and schematics that show flow, concentrations, and 
controls; 
b. Proposed automatic or electronic devices that will be incorporated to 
ensure that the blend remains in the desired range or shuts off the 
offending source or triggers an alarm when the blend falls out of the 
desired range; 
c. Individual test results from all sources proposed to be blended; 
d. Projected contaminant levels that will result from blending that show 
both best-case and worst-case scenarios; 
e. Identified techniques, and any other information requested by the 
Department, that show how the blending plan will produce water that will 
comply with MCLs. 
2. The public water system has obtained the Department's written approval 
for a monitoring program designed to verify continued compliance with 
MCLs at all subsequent downstream service connections. This program 
shall include monitoring on at least a quarterly basis of both of the 
following: 
a. All sources contributing to the blend; and 
b. Blended water to ensure that the provisions of this Section are met. 
B. A public water system shall submit an amended blending plan to the 
Department to confirm that the new blend achieves compliance with 
MCLs whenever sources are added to or removed from service or the 
relative flow rates from blended sources are changed in a way that changes 
the blend. 
 
2. Removal of Source:  Systems have the option to remove a source 
that exceeds regulatory standards.  Systems will have to determine if they 
can continue to meet supply demands without the offending source before 
implementing this compliance approach.  Consideration must be given to 
the storage requirements for water systems when making this 
determination.  ADEQ has a regulation for storage that outlines the storage 
requirements and how some of the requirement can be off-set by 
additional sources. 
 
R18-5-503. Storage Requirements 
A. The minimum storage capacity for a CWS or a noncommunity water 
system that serves a residential population or a school shall be equal to the 
average daily demand during the peak month of the year. Storage capacity 



34

may be based on existing consumption and phased as the water system 
expands. 
B. The minimum storage capacity for a multiple-well system for a CWS or 
a noncommunity water system that serves a residential population or a 
school may be reduced by the amount of the total daily production 
capacity minus the production from the largest producing well. 
 
3. Becoming a Consecutive Water System:  Systems may be able to 
interconnect to another public water system and receive all of their water 
from the other public water system in lieu of using their own sources that 
are above regulatory standards.  Consecutive water systems do retain 
certain monitoring requirements depending upon the agreement reached 
with the selling water system.  ADEQ has a regulation for consecutive 
water systems.  This regulation should be considered when determining if 
it is appropriate to become consecutive.   
 
R18-4-113. Consecutive Public Water Systems 
When a public water system obtains all of its water from another public 
water system that is regulated by the Department, the Department may 
modify the monitoring requirements imposed by this Chapter to the extent 
that the interconnection of the public water systems justifies treating them 
as a single public water system for monitoring purposes. Any modified 
monitoring by a public water system shall be conducted according to a 
written monitoring schedule prescribed by the Department and approved 
by the U.S. Environmental Protection Agency. 
 
4. Well Bore Modification:  Well bore modification is where selected 
intervals of the aquifer are sealed to prevent intrusion of water high in a 
contaminant into the potable water system.  This approach has been 
implemented in wells with mixed success. 

 

DETAILED DESCRIPTION 

The methods that I have chosen to analyze are new well construction, well rehabilitation, 

screen sealing, blending, becoming a consecutive water system and pumping schedule 

modification. New well construction and well rehabilitation are divisions of the source 

removal described by Stuck. Constructing new wells or rehabilitating wells replaces the 

production lost by abandoning sources high in arsenic.  
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New well construction 

New wells may be constructed to replace sources of water that exceed the arsenic MCL. 

The new wells should be sited and constructed to avoid arsenic bearing formations. This 

would require horizontal variability of geology in the area. Drilling new wells also allows 

for planning the screening of the well in such a manner as to avoid layers of the aquifer 

that bear water of high arsenic concentrations. Well construction is not only a viable 

method for bringing current POE’s (Point Of Entry) into compliance but also for future 

water system expansion. Carefully planned expansions of a water system may completely 

avoid future need to treat water for arsenic. 

 

Well Rehabilitation 

The principle of well rehabilitation is removal of material from the well casing and 

surrounding formation. There are many methods of rehabilitation. Some methods are 

patented and used by specific companies. 

 

Well rehabilitation may return lost pumping capacity to wells. Older wells that 

historically have had low arsenic concentrations may be rehabilitated to compensate for 

the loss of water produced from high arsenic wells that are being shut down.  

 

Rehabilitation is not permanent. Treatment has to be repeated after a period of years. The 

number of years between required treatments depends on the individual treatment process 
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and the given well conditions. Generally, pumping capacity will be lost more quickly 

after rehabilitation than after well construction. This is due to the fact that newly 

constructed wells have excess capacity beyond their design capacity. Economic analyses 

may take into consideration the need to periodically rehabilitate wells. The costs of future 

rehabilitations may be discounted or converted into an annualized cost. 

 

Screen Sealing 

Well Screen Sealing, or well bore modification, is reducing the contribution of a geologic 

formation to a well's water by modifying the construction of the well. An interval of the 

screen is sealed by packing it with material or installing an inner sleeve in the casing.  

 

The exact method of sealing the screen depends upon the individual contractor. Some 

contractors have their own methods that they have developed. Other contractors usually 

have a preference to the products from a specific vendor. All solutions either line the 

casing, fill crevices in the gravel pack, or both. Lining the casing without filling the 

crevices of the gravel pack is likely to have less impact on arsenic concentrations than 

sealing the gravel pack. Lining the casing in addition to filling in the gravel pack 

probably does not further lower arsenic concentrations. In gravel packed wells, 

contribution from the geologic formation is not completely eliminated, but is greatly 

reduced. 
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This method will only work if there is vertical variability of arsenic in the surrounding 

formation. Sealing off geologic units that are above the water table will, in all probability, 

have no effect on the arsenic concentrations in the well water. Unsaturated strata 

contribute relatively very little discharge to wells. 

 

Blending 

Blending is combining several water sources together before they reach a POE. Water 

low in arsenic may be combined with water that is high in arsenic to get a resulting blend 

of water that is within the arsenic MCL. Blending requires construction of pipes and 

control valves as well as a mixing vessel. In many cases, much of the existing 

infrastructure may be incorporated to reduce cost. 

 

Under state regulation in Arizona, blending systems must have a blending plan approved 

by the Arizona Department of Environmental Quality. There are five elements necessary 

in the blending plan: one, a system schematic including controls, flows, and 

concentrations (AAC, 1995); second, proposed electronic or automatic devices that will 

guarantee that the blend of water remains under the MCL or sounds an alarm if the MCL 

is exceeded; third, water quality test data of the sources to be used in the blend; fourth, 

projected blend concentrations for worst-case and best-case scenarios; and finally, any 

additional information requested by ADEQ. Blending systems also require an ADEQ 

approved monitoring plan. At a minimum, quarterly sampling of the sources and resulting 

blend is required. 
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Blending is not dependent on the hydrogeologic conditions of any given well. 

Hydrogeology only constrains blending in that enough variability needs to exist for some 

sources low in arsenic need to be present. 
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CHAPTER 5 
 

NONTREATMENT PLANNING TOOL 
The greatest resources of this study have been spent developing the planning tool to assist 

small water companies in considering nontreatment. The Arsenic Nontreatment Options 

Planning Tool compiles all the information collected and analyzed in this study and 

makes it accessible to the general public. The tool makes use of ActiveX controls and 

Visual Basic for Applications code to automate certain features. The tool is designed to 

incorporate further cost estimates and feasibility data that is collected in the future. 

Without such a means of bridging the gap between science and general society, this 

research into nontreatment options would have little value. 
 
Newly collected information on nontreatment options is input into the tool. Users are 

provided with descriptions of the available nontreatment options. Users enter general 

information about their water system including geographic location and aquifer type. The 

feasibility of each option under the given hydrogeologic conditions of the users water 

system are given. Regulatory information is also provided since the options must meet 

compliance requirements to be useful. After the user inputs well construction 

information, the tool looks up nontreatment implementation costs from the available 

estimates. Tables and charts are provided that summarize the costs of each nontreatment 

option and compare them to treatment. 
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The planning tool utilizes advanced features of Excel to make it user friendly. Custom 

navigation buttons are on each page and on a custom toolbar. These buttons help avoid 

confusion about which pages of information should be filled out first. Also, the user does 

not have to remember what pages are named in the standard browsing tabs. Combo boxes 

and command buttons with special logic code allow calculations to be selective based on 

options chosen by the user. The user will only be provided with information that is 

pertinent to their water system saving the time and confusion of looking through large 

tables of data. The tool is programmed in such a manner that unused pages of POE 

information are hidden from view to allow quicker and easier navigation through the tool. 

 

Though the current set of available cost data for nontreatment options is limited, the 

planning tool is ready to handle information that may be collected in the future. Space is 

reserved in the underlying data tables for options that do not yet have cost estimates. The 

cost equations from existing data are not hard coded. The cost equations are updated 

automatically when new cost estimates are placed in the tables. As the new arsenic MCL 

is implemented, more cost estimates are likely to become available as water companies 

implement nontreatment. The descriptions of the options and the feasibility of each for 

given conditions is all stored in one location. Updating that one page will provide users 

with the most current knowledge on nontreatment options. 

 

The value of this thesis is in the increased savings that nontreatment implementation will 

generate. Without the planning tool, there would be no effective way to convey the 
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information that has been gathered by this study. The Arsenic Nontreatment Options 

Planning Tool takes scientific data and places it in a form that the general population can 

understand and use. The tool is provided on a supplemental CD with the thesis. It is also 

available for download at sahra.arizona.edu/arsenic . 
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CHAPTER 6  

 

ANALYSIS AND DISCUSSION 

RESULTS OF COST SURVEYS 

The cost estimates provided in the responses to the cost surveys mentioned in CHAPTER 

3 were placed into a MS Access Database. A database was used to store the information 

instead of a spreadsheet due to the expected number of responses and the ability to create 

user forms to facilitate data entry. After data entry, the data was exported to MS Excel for 

data analysis. Table 1 summarizes the response to the surveys. The reponses with cost 

estimates amounted to less than 4% of the number of surveys mailed, 10% to 20% would 

be expected. This provides a small sample set causing some uncertainty in this analysis. 

Table 2 provides the covariation between nontreatment cost and well diameter and well 

depth. Well rehabilitation and new well construction show a positive correlation between 

both diameter and depth with cost. The data on screen sealing does not show a clear 

trend. A covariation could not be generated for blending systems due to the lack of cost 

estimates. 

 

NEW WELL CONSTRUCTION 

The available estimates of the capital costs of new well construction were averaged for 

each well size listed in the surveys. Calculations were done for all the aquifer geology 

types combined and for the individual types segregated. Not all survey responses 
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contained estimates for every well size. When such was the case, all estimates provided 

were included in the analysis. The standard deviation was also calculated for the cost 

estimates at each well size. The standard deviation was then converted into a percent of 

the average estimate at the given size. 

 

Table 3 contains the average capital cost of new well contruction with all aquifer types 

combined as well as the standard deviation. Nine drillers provided cost estimates, one 

only providing an estimate with a 20 inch diameter. As would be expected, capital costs 

increase both with increasing well diameter and depth. The highest estimate was 

$555,000. That was with a diameter of 16 inches and 1500 feet deep in a basin fill 

aquifer. One driller wrote in an estimate at 20 inch diamter and 1250 feet deep. They 

estimated the cost at $750,000. The lowest estimate was $3,500 for a 6 inch diameter well 

250 feet deep in an aquifer of unknown type. We can see that the standard deviation 

always increases with the cost of the well with one exception. With a 6 inch diamter, a 

well 750 feet deep has a lower standard deviation than at 500 feet of depth. The standard 

deviations are more useful as percentages than as dollar values. The percentages are fairly 

high (Table 3). They range from 36% to 71%, the average being 54%. It is not surprising 

that there is a lot of variation in cost estimates with all aquifer types combined. Aquifer 

type is an important variable in the actual cost of well drilling. It affects the rate at which 

a well may be drilled and hence the length of the contract. The small sample size also 

contributes to the high standard deviation. 
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The capital costs and standard deviations of new well construction in basin-fill aquifers 

are presented in Table 4. Four drillers provided estimates for basin-fill aquifers, one 

providing the estimate at 20 inch diameter mentioned above. The capital costs followed 

the trend of increasing both with increasing diameter and depth. However, if we examine 

the table, we see several instances when the standard deviation does not follow the same 

trend. At quick glance, we can see that the standard deviations for wells in basin-fill 

aquifers is less than for all aquifer types combined in Table 3. The standard deviations for 

basin-fill aquifers as percentages are lower than those in Table 3. This is probably due to 

one less variable in Table 4, aquifer type. The percentages range from 1% to 42% with an 

average of 19%. That is less than half that with the aquifer types combined. 

 

Three drillers provided cost estimates for new well construction in sedimentary aquifers. 

Only one provided a complete set of estimates. The averages of the capital cost estimates 

can be seen in Table 5. The capital costs are much lower for the sedimetary aquifer than 

for basin fill. These averages do not always follow the trend of increasing cost with 

increasing well diameter and depth. This is a direct effect of having incomplete sets of 

cost estimates from two of the drillers. If a driller did not provide a cost estimate for a 

well size, the average at that size is weighted towards the drillers that did provide 

estimates. We see the same affect on the standard deviations in Table 5. The percentages 

range from 13% to 74%, with an average of 40%. That is considerably lower than the 

average percent from aquifer types combined but it is more than double that of the basin 

fill estimates. 
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Table 6 shows the capital cost estimates for drilling new wells in an aquifer of unknown 

type. Two drillers presented such estimates. Neither provided a complete set of estimates. 

The estimates in Table 6 do not follow the trend of increasing costs due to some sets of 

cost estimates being incomplete. Overall the average capital costs for new wells in 

aquifers of unknown material are lower than for any other material or all aquifer types 

combined. The standard deviations do follow the trend of increasing. This is not 

surprising since there are only two datasets to compare. The standard deviations as a 

percentage are high. They range from 53% to 69%, with an average of 63%. That average 

is higher than even the average standard deviation with aquifer types combined. The one 

driller provided estimates less than half that of the other driller. That same set of 

estimates was the lowest provided for any aquifer type.  

 

REHABILITATION COSTS 

The estimates of well rehabilitation costs were averaged by well size. Four drillers 

provided cost estimates for rehabilitation. One of the drillers only provided an estimate 

for a 20 inch diameter well and was not included in Tables 7 and 8. They estimated a cost 

of $200,000 for a 20 inch diameter well 1250 feet deep. As seen in Table 7, the capital 

costs of well rehabilitation increase with increasing well diameter and depth, as did well 

construction costs. The rehabilitation costs are lower than the capital cost of new well 

construction. Even the 20 inch well is less expensive to rehabilitate than the cost of 

drilling a 16 inch diameter well of that depth as seen in Table 3. If rehabilitation costs 
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were higher than constructing a new well, it would never be a desirable option. There are 

some instances where the standard deviation does not increase with increasing depth and 

diameter. The most notable is that the standard deviations for the 12 inch diameter wells 

are lower than for 10 inch wells. The standard deviations as percentages range from 4% 

to 40%, with an average of 23%. That is comparable to the standard deviations seen for 

new well construction in basin-fill aquifers. In fact, they are the same drillers. Table 8 

summarizes the data on rehabilitation efficiency. The average expected percentage of the 

original well capacity restored is 87%. The period of time until another rehabilitation is 

required was 20 years with a standard deviation of 14 years. 

 

WELL SCREEN SEALING 

The cost estimates for well screen sealing were averaged by well diameter and screen 

interval. Standard deviations were also calculated as absolute values and percentages. 

Four drillers and one cotractor provided cost estimates for well screen sealing. Two of the 

drillers provided complete sets of cost estimates. Though not requested in the survey, the 

contractor and one driller wrote in cost estimates for a well diameter of 20 inches with the 

interval of 500 to 600 feet being sealed. The capital costs are compiled in Table 9. The 

estimate for 6 inch diameter with an interval beginning at 300 feet appears to be 

unreasonably large. The contractor provided an estimate for this hypothetical at 

$100,000. That raises the average and the standard deviation for the procedure as seen in 

Table 9. That standard deviation is 184% of the average. There obviously is a huge 

difference between some of the estimates. The average capital cost for the 20 inch well 
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with the interval at 500 feet is $150,000. That is the average of $100,000 and $200,000. 

Both of those are several times larger than the next closest estimate. There is too much 

variability in this dataset to make reasonable estimates about the cost of well screen 

sealing. 

 

BLENDING 

There was only one survey response that provided an estimate of the cost of a blending 

system. They estimated it would cost in the range of $60,000 to $400,000. Looking at the 

upper and lower bounds, blending appears to potentially cost more than drilling a new 

well. The cost of blending depends a lot on the distance between sources and the existing 

infrastructure. The cost information available is not enough to draw conclusions as to 

when it is cost effective. 

 

TABLE 2: COVARIATION WITH RESPECT TO CAPITAL COSTS 

Diameter (in) Depth (ft)
New Well Construction All Aquifer Types Combined 0.64 0.63

Basin Fill Aquifers 0.69 0.59
Sedimentary Aquifers 0.56 0.66

Unknown Aquifers 0.14 0.81

Rehabilitation 0.67 0.73

Screen Sealing w/ Contractor Estimate -0.20 -0.26
w/o Contractor Estimae 0.15 0.08
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TABLE 3: CAPITAL COST OF NEW WELL CONSTRUCTION; AQUIFER TYPES 

COMBINED 

250 500 750 1000 1250 1500
6 $11,300 $20,000 $26,400 $41,600 $58,200 $73,800
8 $16,300 $31,500 $44,800 $71,900 $89,700 $113,800

10 $28,000 $54,600 $76,500 $120,000 $146,200 $207,900
12 $35,800 $70,700 $111,100 $179,700 $216,800 $266,300
16 $56,200 $111,500 $170,600 $258,300 $332,000 $400,000

250 500 750 1000 1250 1500
6 $6,708 $11,553 $11,297 $15,028 $21,147 $29,076
8 $10,092 $15,703 $23,727 $26,754 $33,993 $43,918

10 $19,600 $34,872 $52,013 $62,663 $71,666 $118,012
12 $23,864 $43,396 $73,153 $97,329 $119,754 $150,076
16 $38,809 $79,684 $118,107 $120,051 $158,764 $193,261

250 500 750 1000 1250 1500
6 60% 58% 43% 36% 36% 39%
8 62% 50% 53% 37% 38% 39%

10 70% 64% 68% 52% 49% 57%
12 67% 61% 66% 54% 55% 56%
16 69% 71% 69% 46% 48% 48%W
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TABLE 4: CAPITAL COST OF NEW WELL CONSTRUCTION; BASIN FILL 

AQUIFERS 

250 500 750 1000 1250 1500
6 $17,300 $23,500 $36,800 $51,700 $70,700 $88,300
8 $26,800 $45,000 $65,200 $90,700 $112,600 $141,800

10 $48,500 $88,700 $118,500 $160,700 $193,500 $280,300
12 $60,700 $114,300 $171,000 $224,300 $273,000 $335,000
16 $90,700 $179,700 $249,300 $311,000 $401,000 $483,300

250 500 750 1000 1250 1500
6 $6,658 $9,962 $7,155 $15,885 $16,773 $27,429
8 $7,077 $4,359 $4,481 $1,155 $6,424 $15,735

10 $1,323 $11,846 $33,343 $35,233 $29,022 $78,488
12 $1,155 $12,503 $35,539 $47,078 $50,269 $73,655
16 $9,292 $38,734 $64,392 $70,164 $96,141 $119,826

250 500 750 1000 1250 1500
6 38% 42% 19% 31% 24% 31%
8 26% 10% 7% 1% 6% 11%

10 3% 13% 28% 22% 15% 28%
12 2% 11% 21% 21% 18% 22%
16 10% 22% 26% 23% 24% 25%W
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TABLE 5: CAPITAL COST OF NEW WELL CONSTRUCTION; SEDIMENTARY 

AQUIFERS 

250 500 750 1000 1250 1500
6 $8,200 $21,700 $20,500 $30,900 $39,500 $51,900
8 $11,200 $27,300 $30,000 $43,600 $55,300 $71,800

10 $14,400 $26,800 $42,100 $58,900 $75,300 $99,100
12 $20,300 $45,700 $65,500 $45,500 $48,000 $60,000
16 $27,500 $55,000 $75,000 $100,000 $125,000 $150,000

250 500 750 1000 1250 1500
6 $3,547 $16,073 $2,828 $4,066 $7,778 $16,794
8 $4,646 $16,623 $10,607 $14,319 $24,395 $36,416

10 $6,187 $15,203 $9,976 $28,107 $45,608 $63,109
12 $4,509 $12,097 $38,184
16 $3,536 $7,071

250 500 750 1000 1250 1500
6 43% 74% 14% 13% 20% 32%
8 42% 61% 35% 33% 44% 51%

10 43% 57% 47% 48% 61% 64%
12 22% 26% 58%
16 13% 13%
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TABLE 6: CAPITAL COST OF NEW WELL CONSTRUCTION; AQUIFERS OF 

UNKNOWN GEOLOGY 

250 500 750 1000 1250 1500
6 $6,800 $12,400 $16,800 $33,000
8 $8,300 $17,500 $13,500

10 $6,500 $13,000 $19,500
12 $7,500 $15,000 $22,500
16 $10,000 $20,000 $30,000

250 500 750 1000 1250 1500
6 $4,596 $7,601 $8,839
8 $5,303 $12,021
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TABLE 7: WELL REHABILITATION CAPITAL COST 

250 500 750 1000 1250 1500
6 $8,400 $15,000 $22,200 $29,000 $35,500 $52,700
8 $10,700 $19,000 $27,300 $35,667 $44,000 $62,300

10 $15,700 $27,700 $39,300 $51,000 $62,700 $74,300
12 $19,400 $35,700 $51,250 $67,300 $81,400 $95,500
16 $25,700 $46,000 $65,667 $86,000 $106,000 $126,000

250 500 750 1000 1250 1500
6 $1,415 $577 $2,021 $3,606 $4,822 $15,373
8 $1,155 $3,606 $6,429 $9,292 $12,166 $23,692

10 $1,155 $6,807 $12,503 $18,248 $24,007 $29,771
12 $629 $5,008 $9,763 $15,044 $22,894 $30,753
16 $1,155 $9,644 $17,926 $26,889 $35,539 $44,193

250 500 750 1000 1250 1500
6 17% 4% 9% 12% 14% 29%
8 11% 19% 24% 26% 28% 38%

10 7% 25% 32% 36% 38% 40%
12 3% 14% 19% 22% 28% 32%
16 4% 21% 27% 31% 34% 35%

Average
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TABLE 8: EFFECTIVENESS OF WELL REHABILITATION 

Average 87% 20
Standard Deviation 6% 14

Percent of Original 
Capacity Restored

Years Until Next 
Rehabilitation
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TABLE 9: AVERAGE CAPITAL COSTS OF WELL SCREEN SEALING 

300-400 400-500 500-600
6 $26,600 $2,500 $3,000
8 $3,200 $3,800 $4,200

10 $4,400 $5,000 $5,700
12 $5,700 $5,100 $6,100
16 $4,200 $5,200 $6,200
20 $150,000

300-400 400-500 500-600
6 $48,944 $2,166 $2,570
8 $2,021 $2,339 $1,966

10 $2,281 $2,570 $2,831
12 $2,831 $141 $141
16 $212 $212 $212
20 $70,711

300-400 400-500 500-600
6 184% 87% 85%
8 64% 62% 46%

10 52% 51% 49%
12 49% 3% 2%
16 5% 4% 3%
20 47%

Screen Interval to Seal (ft)
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COMPARISON OF TREATMENT COSTS TO NONTREATMENT COSTS 

As already illustrated in this thesis the cost information available about nontreatment 

options is limited. However, we may make some preliminary observations from a 

comparison of the available nontreatment cost information to treatment technology cost 

estimates. Let us consider three hypothetical POE’s. The details of the three POE’s are in 

Table 10. The POE’s each have a single well the sizes of which were chosen to represent 

a range of what might be seen in water companies of different sizes. The flow rates of the 

wells are based on personal experience working at Tucson Water. Actual flow rates for 

wells of these sizes may be quite different than the hypotheticals. The maximum flow 

rate of wells depend on water table elevation, specific capacity, and the equipment 

installed on the well. It is assumed for these wells that the average flow rate and the 

maximum capacity are the same. The frequency of operation for each well is assumed to 

be 80%. The number of household connections for each POE is based on the assumptions 

of 120 gallons per person per day and a household size of four. 

 

TABLE 10: HYPOTHETICAL POE’S 

POE1 6 500 20 20 80 48
POE2 10 750 300 20 80 900
POE3 16 1000 700 20 80 2100

Diameter 
(in)

Depth 
(ft)

As Concentration 
(ppb)

Household 
Connections

Flow Rate 
(GPM)

Frequency of 
Operation (%)

Treatment cost estimates were obtained by using the Arsenic Decision and Costing Tool 

(ADEQ, 2005). All values were left at the defaults except for the values already specified 
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for the hypotheticals. Figures 4, 5, and 6 are screenshots of the results from the Arsenic 

Decision and Costing Tool. In comparing nontreatment to treatment for this thesis, I am 

going to annualize the capital costs except in the case of Point Of Use (POU) treatment. 

POU treatement does not have a capital cost because the equipment is leased. The leasing 

cost is included in the O&M costs.  

 

Estimates for O&M costs of nontreatment are not available for this analysis. It can be 

assumed that, if included, O&M costs would make nontreatment appear more desirable 

than in this analysis. Nontreatment options do not require much more O&M than is 

already needed by the water system. For example, replacing a well with a new one shifts 

the O&M expenses from one well to another; there is little net change in O&M costs. The 

low O&M costs of nontreatment can be the big financial advantage of nontreqtment. The 

O&M costs of treatment can exceed the annualized capital costs of installing the system. 

To allow a common currency for comparison, annualized capital costs will be added to 

annual O&M costs. The costs were annualized using a 7% discount rate and a 20 year 

planning horizon. Those are the default values of the Arsenic Decision and Costing Tool. 

 

For replacement well costs, I will use the cost estimates for basin-fill aquifers. I use those 

estimates for three reasons: one, they have less deviation than the estimates for the other 

aquifer types; two, this set of estimates is the highest and thus provides a more 

conservative comparison; and three, a large percentage of water companies in Arizona 

draw their water from basin-fill aquifers. For choosing the well rehabilitation cost, we 
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will assume two wells of the same size as the POE would need to be rehabilitated to 

replace the production lost by abandonement of the POE. That uses the assumption that 

the wells to be rehabilitated are down to 37% of their original capacity. In this analysis, 

the estimates for blending and well screen sealing will only be used as upper bounds of 

the cost of those options. The maximum annualized cost of blending is $37,757 and of 

well screen sealing is $14,159. 
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In Figure 4, we see the cost estimates for treatment on POE1. The least expensive 

technology appears to be ‘POU-AA’, which is POU treatment utilizing activated 

aluminum. The cost of the treatment is $19,600 per year. The annualized cost of a 

replacement well is $2,118. Rehabilitation would cost $2,895. Both of these nontreatment 

options cost less than one sixth of treatment costs, with a new well being the cheapest 

option. Well screen sealing is more expensive than new well construction and 

rehabilitation but still less expensive than treatment. Blending is more expensive than the 

rest of the nontreatment options and treatment. 

 

FIGURE 4: SCREENSHOT OF RESULTS FROM THE ARSENIC DECISION AND 

COSTING TOOL FOR POE1 
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The treatment costs for POE2 appear in Figure 5. The treatment with the lowest annual 

cost, at $129,000 is FeAA or Iron Modified Activated Aluminum. That easily exceeds the 

annual cost of a replacement well at $11,186. Using well rehabilitation would cost 

$7,426, which is less expensive than a new well. Treatment costs more than 17 times the 

cost of rehabilitation. The cost of treatment even exceeds the upper range of both 

blending and well screen sealing.  

 

FIGURE 5: SCREENSHOT OF RESULTS FROM THE ARSENIC DECISION AND 

COSTING TOOL FOR POE2 
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We have in Figure 6 the treatment costs for POE3. The lowest cost for treatment is 

$155,000 with Iron Modified Activated Aluminum. The cost of a new well would be 

$21,175 annually and the cost of rehabilitation would be $12,712 annually. Both of these 

options are several times cheaper than treatment. Treatment would cost more than 12 

times the cost of rehabilitation. The treatment cost once again exceeds the upper range of 

blending and well screen sealing.  

 

FIGURE 6: SCREENSHOT OF RESULTS FROM THE ARSENIC DECISION AND 

COSTING TOOL FOR POE3 

Nontreatment has proven cost effective for the three hypothetical POE’s. New well 

construction and rehabilitation were cheaper than treatment for all well sizes. Except for 
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the small hypothetical POE, rehabilitation was more cost effective than new well 

construction. Screen sealing was cheaper than treatment for all three of the POE’s. 

Blending was cheaper than treatment for the medium sized and the large POE’s. More 

reliable cost estimates for screen sealing and blending will possibly confirm they are less 

expensive than treatment. The cost estimates received from the surveys might not have 

caught all capital costs involved with nontreatment. For example, constructing a new well 

requires a well site and a water main to the well. These quite possibly were not included 

in the cost estimates. Those costs can be small or quite large depending on the individual 

water system. However, there exists a large margin between the costs of nontreatment 

and treatment. The costs of new well construction and well rehabilitation could quituple  

and still remain more cost effective than treatment. 

 

Nontreatment options have been largely ignored dispite the fact that they provide 

considerable cost savings. Water providers possibly have not given nontreatment much 

notice due to the fact that it requires acceptable hydrogeologic conditions. Treatment will 

work anywhere at a price. Another possible reason is the profit that vendors can make 

selling treatment systems. Treatment systems are advertised. Less money can be made 

contracting nontreatment options so there is less advertisement. 

 

HYDROGEOLOGIC FEASIBILITY OF NONTREATMENT OPTIONS IN ARIZONA 

All of the nontreatment options discussed in this thesis are feasible in Arizona. They are 

not guaranteed to work in every part of the state. Recalling Figure 2, there are many 
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places in Arizona where groundwater samples exceed the MCL. The areas where such 

samples are clustered have clear sources of arsenic. More detailed geologic investigation 

of these areas may provide enough information to avoid the sources of arsenic. The 

source of arsenic in an area might be too large for nontreatment to be feasible. For 

example, in the Verde Valley, groundwater that meets the MCL is several miles from the 

town of Camp Verde. The cost of building the distribution system might make all 

nontreatment economically infeasible. In such areas, treatment is the only viable 

alternative. Much of the state of Arizona have scattered occurances of high-arsenic 

groundwater. Low-arsenic sources of groundwater are often nearby. When such is the 

case, nontreatment options are likely hydrogeologically feasible. Local geologic data will 

allow water companies to avoid the arsenic source in their current system and in future 

expansion.  

 

There are risks associated with nontreatment options due to their dependence on 

hydrogeologic conditions. Localized hydrogeology is for the most part unknown. 

Geostatistical analysis may provide a probability of finding suitable hydrogeologic 

conditions in a given location. Some water companies may have enough information 

about their area to assess the probability of success. Most will need to gather more 

information. Blending has the least amount of risk involved. It utilizes water sources of 

known arsenic concentrations. New well construction and well screen sealing might fail 

to provide water that meets the MCL; they are the most risky nontreatment options. 

Rehabilitation might not restore enough production capacity to abandon a well high in 
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arsenic. Probability of success should always be considered when evaluating 

nontreatment options. A water company that fails to implement nontreatment 

successfully will have to pursue treatment. 

 

When nontreatment options are estimated to be a least cost alternative, they should be 

further investigated in the context of the localized area. Water companies should refer to 

the section on nontreatment in the Arizona Arsenic Master Plan for steps that should be 

followed. It will tell them what has to e done next. A consultant or contractor should be 

contacted to provide technical expertise where that of the water company is inadequate to 

assess the risks of nontreatment. 
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CHAPTER 7 
 

SUMMARY AND CONCLUSIONS 
This thesis provides: one, a planning tool that assists in the selection on nontreatment 

options; two increased understanding of where and when nontreatment applies; and three 

evidence that nontreatment options for complying with the arsenic MCL are cost 

effective and hydrogeologically feasible in Arizona. The various available nontreatment 

options for compliance with the arsenic MCL have been discussed. An investigation of 

the hydrogeologic feasibility and economic costs of nontreatment options has been 

conducted. Information obtained is being incorporated into a planning tool to assist water 

companies in evaluating nontreatment options in the context of their system. Economic 

data gathered shows that nontreatment can provide significant cost savings. The arsenic 

distribution in Arizona is such that nontreatment options are hydrogeologically feasible in 

areas of the state. 

 

There is a wide variety of nontreatment options available. The primary options 

investigated in this thesis are new well construction, well rehabilitation, blending, and 

well screen sealing. New well construction, well rehabilitation and well screen sealing are 

less expensive than treatment for all well sizes. Blending is also less costly than 

treatment, but only for medium to large wells. Nontreatment can be less than one twelfth 

the cost of the cheapest treatment technology available. Water providers that encorporate 

nontreatment options will receive considerable cost savings over treatment. 
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The hydrogeology of Arizona is such that nontreatment is feasible in some areas. The 

Tucson Basin and the Phoenix area show good potential for nontreatment. Preliminary 

geologic study shows that each of the three geologic provinces of Arizona have 

conditions favorable to nontreatment. Some entire aquifers, like the Verde Valley, do not 

produce any water that meets the arsenic MCL. In those cases, treatment provides the 

only feasible options. 

 

Water companies in Arizona will be able to comply with regulatory requirements at a 

considerable cost savings when incorporating nontreatment options. 

 

The results of the economic and hydrogeologic investigations are incorporated into a 

planning tool. The tool is designed to assist the small water companies in Arizona to 

evaluate nontreatment options. They will be able to make informed decisions and 

possibly obtain considerable cost savings, which will be passed on to rate payers. 

 

NEED FOR FURTHER RESEARCH 

The subject of nontreatment options of compliance with the arsenic MCL has need for 

further research in several areas. Some of the needs will be met in the near future, but 

other aspects require further attention. 
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There needs to be investigations on the effectiveness of field implementations of 

nontreatment. The cities of Mesa and Scottsdale are in the process of implementing 

nontreatment options. Those projects are still in stages too early to provide results. The 

effectiveness of such projects will help to assess the hydrogeologic feasibility of 

nontreatment.  

 

The cost information on nontreatment is still limited. Over the course of the following 

year, the project that provided data for this thesis will continue. More capital cost 

estimates will be sought and O&M costs will be obtained. The costs of other 

nontreatment options, such as variable rate pumping, should be obtained. 

 

The distribution of arsenic in relation to the geologic maps of Arizona should be further 

analyzed. This will help water companies select locations where wells low in arsenic may 

be constructed, with a decreased need for geologic boreholes. 
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APPENDIX A 
 

SURVEYS SENT TO CONTRACTORS AND DRILLERS 
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January 20, 2005 
 
Dear Licensed Contractor, 
 
I am a graduate student at the University of Arizona conducting a research project that aims to help water 
companies choose the best option for meeting the new arsenic standard. The research is funded by the State 
of Arizona through a grant from the Water Resources Research Center. As part of this research we are 
conducting an anonymous survey to collect cost information on methods for meeting the revised EPA 
arsenic standard. You were selected from the list of contractors that responded to the ADEQ survey on 
arsenic treatment. 
 
As you know, the revised arsenic standard for drinking water goes into effect on January 23, 2006. The 
allowable concentration of arsenic is going down from 50 ppb to 10 ppb. This regulation is expected to 
have a major impact on many water companies in Arizona. 
 
The costs of treatment technology have been well studied. However, cost information for non-treatment 
options for lowering arsenic concentrations is not readily available. One non-treatment option of interest is 
blending source water. We are asking for your help in developing a model for estimating costs of 
implementing some of these non-treatment options. We are requesting cost estimates of installing blending 
infrastructure and sealing of intervals of well casing. Water companies will compare the cost of treating 
water with the cost of non-treatment options. This project may ultimately lead water companies to choose 
more non-treatment. Your participation will be greatly appreciated. 
 
Your participation in this research will remain anonymous. The name of your company will not be used in 
conjunction with the cost estimates that you provide. Estimates from all respondents will be averaged 
together. Providing estimates for this project in no way constitutes a binding agreement by your firm to 
offer services for the amount specified. 
 
Water Blending System 
Estimate the cost of designing and installing the infrastructure required to blend water from two source 
wells. Assume the wells both have storage tanks and do not have automatic or remote control i.e. SCADA. 
The distance is the distance between the wells and the flow rate is both wells combined. The system must 
comply with the ADEQ regulation. Notably, there must be an automatic or electronic control on the blend 
of the water. 
 

0.25 mile 0.5 mile 0.75 mile 1 mile
0.0625 MGD

0.125 MGD
0.25 MGD

0.5 MGD
1 MGD

Distance Between Wells 

Flo
w

Ra
te
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The blending regulation is provided here for your reference. 
Arizona Administrative Code Title 18, Chapter 4, Article 1 
R18-4-221. Use of Blending to Achieve Compliance with Maximum Contaminant Levels 

A. A public water system may use blending to achieve compliance with a maximum 
contaminant level MCL if all of the following requirements are met: 

1. The public water system has obtained the Department's written approval for a blending plan that includes the 
following elements: 
a. Detailed drawings and schematics that show flow, concentrations, and controls; 

b. Proposed automatic or electronic devices that will be incorporated to ensure that the blend 
remains in the desired range or shuts off the offending source or triggers an alarm when the blend falls 
out of the desired range; 

c. Individual test results from all sources proposed to be blended; 
d. Projected contaminant levels that will result from blending that show both best-case and worst-case scenarios; 
e. Identified techniques, and any other information requested by the Department, that show how the blending plan 

will produce water that will comply with MCLs. 
2. The public water system has obtained the Department's written approval for a monitoring program 

designed to verify continued compliance with MCLs at all subsequent downstream service connections. This 
program shall include monitoring on at least a quarterly basis of both of the following: 
a. All sources contributing to the blend; and 
b. Blended water to ensure that the provisions of this Section are met. 

B. A public water system shall submit an amended blending plan to the Department to 
confirm that the new blend achieves compliance with MCLs whenever sources are added 
to or removed from service or the relative flow rates from blended sources are changed in 
a way that changes the blend. 

 
Well Screen Sealing 
Estimate the cost of sealing the well screen of a gravel-packed well over the given interval below land 
surface for the given casing diameters. 
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Thank you taking the time to respond to this anonymous survey. Your participation is greatly appreciated. 
This information is essential to this project. Please send all responses in the postage-paid envelope 
included. 
 
I may be contacted by phone or email (preferred) if you have questions or comments. 
Office (520) 626-1205 Tues & Thurs 8am-5pm 
Home (520) 326-1780 after 6pm 
Email jddavis@hwr.arizona.edu
Project updates and results will be posted on the project website. 
http://www.sahra.arizona.edu/arsenic 
 
Sincerely, 
 

Jacob Davis 
Research Assistant 
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January 20, 2005 
 
Dear Licensed Driller, 
 
I am a graduate student at the University of Arizona conducting a research project that aims to help water 
companies choose the best option for meeting the new arsenic standard. The research is funded by the State 
of Arizona through a grant from the Water Resources Research Center. As part of this research we are 
conducting an anonymous survey to collect cost information for meeting the revised EPA arsenic standard. 
 
As you know, the revised arsenic standard for drinking water goes into effect on January 23, 2006. The 
allowable concentration of arsenic is going down from 50 ppb to 10 ppb. This regulation is expected to 
have a major impact on many water companies in Arizona. 
 
The costs of treatment technology have been well studied. However, cost information for non-treatment 
options for lowering arsenic concentrations is not readily available. One non-treatment option is replacing 
high-arsenic sources with low-arsenic sources. Drilling new wells or rehabilitating wells, which have good 
quality water but have lost capacity, may do this. We are asking for your help in developing a model for 
estimating costs of implementing some of these non-treatment options. We are requesting cost estimates of 
drilling new wells and rehabilitating old wells from all well drillers in Arizona. This information will be 
used to develop a tool for water companies to evaluate the cost of non-treatment options. This project may 
ultimately lead more water companies to choose non-treatment over treatment options.  
 
Your participation in this research will remain anonymous. The name of your company will not be used in 
conjunction with the cost estimates that you provide. Estimates from all respondents will be averaged 
together. Providing estimates for this project in no way constitutes a binding agreement by your firm to 
offer services for the amount specified. 
 
New Well Construction 
Please fill in this table with your cost estimates of drilling to each of the given depths and casing diameters. 
If you have never a drilled a well of the given size and do not have the capacity to do so, leave the box 
blank. Assume the well is at a typical Arizona location, i.e. average rock type, drilling method etc. Please 
check the rock type that you assume. Include the pump and casing in the cost. 
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Rehabilitation 
Please fill in the boxes with the estimated cost of rehabilitating the given well sizes. If you do not perform 
well rehabilitation for the given well sizes, please leave the corresponding boxes blank. Also please 
estimate the percentage of original capacity restored and the number of years until the next rehabilitation. 
 

Basin Fill
Sedimentary
Crystaline

Rock Type
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Well Screen Sealing 
Estimate the cost of sealing the well screen of a gravel-packed well over the given interval below land 
surface for the given casing diameters. 
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Thank you taking the time to respond to this anonymous survey. Your participation is greatly appreciated. 
This information is essential to this project. Please send all responses in the postage-paid envelope 
included. 
 
I may be contacted by phone or email (preferred) if you have questions or comments. 
Office (520) 626-1205 Tues & Thurs 8am-5pm 
Home (520) 326-1780 after 6pm 
Email jddavis@hwr.arizona.edu
Project updates and results will be posted on the project website. 
http://www.sahra.arizona.edu/arsenic 
Sincerely, 
 

Jacob Davis 
Research Assistant 
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APPENDIX B 
 

ARSENIC NONTREATMENT OPTIONS PLANNING TOOL USERS 
MANUAL 
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Arsenic Nontreatment Options Planning Tool 
Version 1.3 

 

User’s Manual 

 

Writen By: 

Jacob Davis 
Research Assistant: University of Arizona,  

Dept. of Hydrology and Water Resources
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Introduction 

Thank you for using the Arsenic Nontreatment Options Planning Tool. The tool is 

designed to assist in the task of choosing the best option for compliance with the new 

arsenic MCL.  The various nontreatent methods are defined. The tool presents the 

fesibility and regulatory constraints of each. The costs of treatment options are also 

included for comparison purposes. These estimates are not as accurate as those generated 

by ADEQ’s Arsenic Decision and Costing Tool (ADEQ. 2005). It is assumed that that 

tool will be the primary means of assessing treatment options. The nontreatment planning 

tool was developed as part of a research project at the University of Arizona. The project 

is funded by the state of Arizona through a grant from the Water Sustainability Program. 

That program is part of the Technological Research Initiative Fund. Researchers at the 

SAHRA research center are conducting the research. For how to contact the author or 

researchers undergoing the arsenic study, refer to the Contact Information section. 

 

A Note About System Requirements 

This planning tool was created using Microsoft Excel 97.* It should work properly with 

any newer version of Excel as well. Some formatting problems have been noted with 

newer versions of Excel such as cells sized incorrectly and colors being slightly off. We 

are working to resolve the issue, but it in no way affects the functionality of the tool. We 

might solve the problem by providing different versions of the tool depending upon the 

version of Excel in use. A version of the tool for earlier versions of Excel is not planned. 
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If you are using an older version of Excel, please contact the author for assistance. 

*(Microsoft Excel is protected by copyrights held by Microsoft Corporation) 

 

Getting Started 

Place the Excel Workbook in a location on your harddrive where you can find it. The tool 

allows for 10 POE’s with 8 wells each. If you have more than 10 POE’s you wish to 

analyize, simply make a copy of the Excel file and give it a different name. In this 

manner, you can analyze as many POE’s as you want with 10 per file. Macros must be 

enabled on your computer for the buttons in the planning tool to work. Ususally a 

message will appear at the time you open the file asking if you would like to enable 

macros in the workbook. Choose ‘Enabled’ to get proper functioning of the tool. Macros 

might be disabled by default if you use a newer version of Excel, and you won’t even 

receive a message. To disable the message box in Excel 97, go to the ‘Tools’ menu and 

choose ‘Options’. Select the ‘General’ tab and uncheck the ‘Macro virus protection’ box. 

To enable protection again, check the box. In newer versions of Excel, go to the ‘Tools’ 

menu and choose ‘Options’. Select the ‘Security’ tab and click ‘Macro Security’. Under 

‘Security Level’ choose Medium (recommended) or Low. You may have to close Excel 

and reopen it to get the message box that will ask if you want macros enabled. On the 

Low security setting, a macros will be enabled but a message box won’t appear. 
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The first page of the planning tool is the introduction. This page serves as a simple 

introduction and provides some important information. After reading the information, 

click the ‘Proceed’ button to continue on to the Water Company Information page. The 

instructions on the screen will help you begin. 
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Water Company Information 

The Water Company General Information page is where the user inputs some basic 

information about their water company. To return to the Introduction page, push the 

‘Back to Introduction’ button. 
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In these boxes 

enter some general 

information about 

your water 

company. The 

location of your 

company is as defined by the location map on the 

this page. Select the type of geology typically seen in 

your area from the three available categories. If you 

do not know the gology of your area, or it varies 

greatly, leave ‘Unknown’ selected.  

 

In these boxes, enter the names of the POE’s that you wish to include in the analysis. 

After you have entered the names, push ‘Click to Add POE Pages’. You may return to 

this page to add more POE’s later. After you have added the POE pages, you may go to 

the pages by pushing the small gray buttons next to their names. 
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Use the ‘Go to Summary Page’ 

button to open the summary 

page. The summary page brings 

together information from all 10 

POE’s. This is also the page on 

which cost estimates of 

treatment options are presented. To access the Summary page from a POE page, return to 

Main Page then push the summary button. The ‘View ADEQ Information’ button will 

take you to a page of information provided by ADEQ. The information includes a 

description of several nontreatment options and the full text of regulation that affect 

nontreatment. 

 

When viewing other pages of the planning tool, 

you may return to this main page by pushing one 

of the ‘Go back to Main Page’ buttons. 
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POE Information 

This is an example of one of the POE pages. There is one page for each POE added. The 

user may enter information specific to each well into the ‘Wells’ table. If the arsenic 

concentration and flow rate are not available for each well, the user should input the 

combined flow rate and arsenic concentration for the entire POE in the ‘POE Arsenic 

Concentration’ and ‘Average POE flow rate’ boxes respectively. However, it is 

recommended that water companies gather the specific information about each well, as it 

is necessary for many nontreatment methods. If the user has information about each well, 

the calculate buttons will calculate the arsenic concentration and flow rate of the 

combined POE.  

 

Explanation of Boxes in Wells Table: 

The ‘Name’ box is where the user inputs the name by which they wish to call the well. 

Diameter is the casing diameter of the well in inches. If the well has a constriction, the 
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larger diameter should be used. Depth is the finished depth of the well. As Concentration 

is the average arsenic concentration of water taken from the well. Flow Rate is the 

average flow rate in Gallons Per Minute at which the well operates. Frequency of 

Operation is the percent of time that the well is on from 1 to 100. The default is 50. 

 

Using the Tool to Plan Variable Pumping Rates 

The user may manipulate the numbers in the well table to calculate the flow rate and 

arsenic concentration at different pumping schedules for combined POE’s. It is advised to 

create a separate POE page that with the same information. For example, there could be a 

POE1 and a POE1_proposed page. Experiment with changing the Frequency of 

Operation of the different wells to get an acceptable concentration of arsenic. Sources 

may be removed from the blend by giving them a Frequency of Operation of 0. 

 

POE Summary 

This page is accessed by scrolling down form the POE Information page. This section 

provides the user with descriptions of each nontreatment option and the applicability of 

each to the given POE. In future version of the planning tool, this page will provide 

individualized cost estimates of nontreatment options for the POE. The ‘Print this Report’ 

button will take the user to the Print Preview view from which they may print the POE 

summary. 
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Description is the description of what is involved in the implementation of the given 

nontreatment option. Feasibility is the possibility of the option working given 

hydrogeologic conditions. Regulatory Constraints gives the regulations that limit the use 

of the nontreatment option. The full text of the regulations is on the ADEQ page. 
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Blending Summary 

The blending summary section provides a tool for calculating blended concentrations. 

New Additional Water Source is where the user inputs information about a water source 

low in arsenic that will be used in the blend. Arsenic Concentration, ‘Flow Rate’, and 

‘Frequency of Operation’ are entered for the new well below the headings. They are in 

the same units as the parameters in the well table. New POE Info is where information 

about the resulting blend will appear. The arsenic concentration and average flow rate of 

the new blend are given. 
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Summary Page 

This is the Summary Page. The Summary Page presents tables of the estimated 

nontreatment and treatment costs for each POE. The cost information for nontreatment 

options is still incomplete and is therefore not included in this verison of the planning 

tool. It will be included in future versions as it becomes available. The cost equations for 

treatment options included in the Arizona Arsenic Master Plan have been incorporated. 

This tool should not be used to estimate the cost of treatment for your water company. 

Use the Arsenic Decision and Costing Tool accesible through the ADEQ website. That 

tool takes into account more factors and should give a more realistic estimate. In the 

current version of the nontreatment planning tool, you may place your own cost estimates 

of nontreatment in the table provided. The Summary Page also totals costs along the 
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bottom row of the tables so the user may see what the total cost of an option would be for 

their system.  

 

The ‘View Sumary Chart’ button will open up a chart that summarizes the capital costs of 

all the nontreatment and treatment costs for each 

POE. If no cost information is entered by the 

user for nontreatment options, they will appear 

to have a cost of 0 in the chart. POE’s labeled 

zero in the chart do not have any information entered by the user about them. 

 

This treatment option table only 

includes the capital costs. There 

is a table farther down the page 

which also shows Operations and 

Maintenance (O&M) costs. The 

treatment options are labeled as 

alternatives. These are the 

treatment alternatives presented in the Arizona Arsenic Master Plan. An explanation of 

the alternatives is located farther down the page. 



85 

 

This is the table that includes treatment O&M costs.The estimates of the cost of both 

capital and O&M are based on the flow rate of each POE entered on their individual 

pages. Due to the nature of the cost equations, a minimum cost appears without a flow 

rate entered. Below the table is the list of alternatives. An explanation of the workings of 

each treatment option is available in the Arizona Arsenic Master Plan. It is available on 

the ADEQ website. The Master Plan also contains an explanation of the cost treatment 

cost functions. Point of use treatment options have not been included in this planning 

tool. To assess those options, refer to the Arsenic Decision and Costing Tool accessible 

through the ADEQ website. 
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Summary Chart 

This is an example of the Summary Chart. The height of the bars represent the capital 

costs of the various treatment and nontreatment options. The names of the POE’s are 

listed below the graphs. There is a legend along the bottom of the page. The colors in the 

boxes in the legend next to the names of the options correspond to the colors on the chart.  
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Author:  Jacob Davis, Research Assistant, Dept. of Hydology and Water Resources,  
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 James Hogan, Adjunct Assistant Professor, Dept. of Hydrology and Water  

Resources, University of Arizona, 520-626-2910,  

jhogan@hwr.arizona.edu
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Abbreviations Used in this Manual 

ADEQ:  Arizona Department of Environmental Quality 

MCL:  Maximum Contaminant Level, the maximum concentration of a 

contaminant allowed in drinking water under federal law. 

POE:  Point Of Entry 

SAHRA:  Sustainability of semi-Arid Hydrology and Riparian Areas.
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