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Chapter 1 

INTRODUCTION 

The following sections review the project background, purpose, and the report organization. 

1.1   Project Background 

Marana Water owns and operates a municipal potable water system currently comprised of 
groundwater production wells, storage tanks, booster pumping stations, and distribution system 
piping located throughout Marana in seven individually-designated public water systems and 
one small isolated well. Recent groundwater quality monitoring results indicated that water 
produced from seven of Marana Water's wells contained trace amounts of currently-unregulated 
compounds at concentrations exceeding certain health advisory levels recently published by the 
U.S. Environmental Protection Agency (EPA). These compounds are 1,4-dioxane and 
perfluoroalkyl substances (PFASs), particularly perfluorooctyl sulfonate (PFOS) and 
perfluorooctanoic acid (PFOA). According to EPA, PFASs are fluorinated organic chemicals used 
in manufacturing water, grease, or stain resistant materials, such as clothing, paper packaging, 
and cookware. PFASs have also been used in fire suppressants. 1,4-dioxane is a synthetic 
chemical used as a stabilizer for chlorinated solvents (particularly 1,1,1-trichloroethane) and is 
used in products such as paint strippers, greases, and waxes. Both PFASs and 1,4-dioxane have 
been found in wastewater since they are used in consumer products, such as shampoos and 
cosmetics. EPA's Drinking Water Health Advisory Levels are not enforceable standards but are 
included among the factors EPA considers when setting new or revised Safe Drinking Water Act 
Maximum Contaminant Levels (MCLs), which are enforceable standards. 

1.2   Purpose 

Marana Water commissioned an evaluation of alternatives for groundwater quality 
improvements, including blending opportunities and alternative treatment process technologies 
to reduce concentrations of PFOS, PFOA, and 1,4-dioxane at specific water 
production/distribution facility locations. The evaluation includes preliminary engineering 
information necessary for comparison of the blending and treatment alternatives and for 
advancing implementation of groundwater quality improvements as a pro-active public health 
measure. The results include a recommended implementation plan for groundwater quality 
improvements. 

1.3   Report Organization 

This report is organized into the following chapters and appendices: 

• Chapter 1 - Introduction 
• Chapter 2 - Water Quality and Infrastructure 
• Chapter 3 - Development of Alternatives 
• Chapter 4 - Treatment Technologies 
• Chapter 5 - Evaluation of Alternatives  
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• Chapter 6 - Conclusions and Recommendations 
• Appendix A - Simplified Process Schematics 
• Appendix B - Conceptual Site Layouts 
• Appendix C - Comparative Assessment of "Non-cost" Advantages and Disadvantages 
• Appendix D - Capital and Annual Operations and Maintenance Cost Opinions 
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Chapter 2  

WATER QUALITY AND INFRASTRUCTURE 

Chapter 2 reviews the regulatory background, water quality goals, current water quality, and the 
existing infrastructure in place for the water systems considered in this study. 

2.1   Regulatory Background and Water Quality Goals 
In January 2009, EPA established a provisional Drinking Water Health Advisory (PHA) of 
400 nanograms per liter (ng/L) for PFOA and 200 ng/L for perfluorooctyl sulfonate (PFOS) to 
assess the potential risk from short-term exposure of these chemicals through drinking water. 
PHAs reflect reasonable, health-based hazard concentrations above which action should be 
taken to reduce exposure to unregulated contaminants in drinking water. 

On May 19, 2016, EPA released its final Drinking Water Health Advisory levels for PFOA and 
PFOS in drinking water, as summarized in Table 2.1. The Health Advisory levels identify the 
concentrations of PFOA and PFOS in drinking water at or below which adverse health effects are 
not anticipated to occur over of a lifetime of exposure. Because these two chemicals could cause 
similar types of adverse health effects, EPA recommends that when both PFOA and PFOS are 
found in drinking water, the Health Advisory level for the combined concentrations of PFOA and 
PFOS is 70 ng/L, or 70 parts per trillion (ppt). 

Although 1,4-dioxane is not currently regulated by EPA under the Safe Drinking Water Act, EPA 
set a Drinking Water Health Advisory level of 35 µg/L in 2011 based on an excess estimated 
lifetime cancer risk of 1 x 10- 4 (2011 Edition of the Drinking Water Standards and Health 
Advisories). The corresponding drinking water concentration representing a 1 x 10- 6 cancer risk 
level (one in one million) for 1,4-dioxane is 0.35 micrograms per liter (µg/L). 

Table 2.1  EPA Drinking Water Health Advisory Levels for PFOS, PFOA, and 1,4-dioxane 

Parameter Units Value(1),(2) 

PFOA Carollo Engineers ng/L 70 

PFOS ng/L 70 

PFOS + PFOA ng/L 70 

1,4-dioxane µg/L 0.35 
Notes 
(1) EPA's health advisories for PFOA and PFOS (May 19, 2016). 
(2) EPA risk assessments indicate that the drinking water concentration representing a 1 x 10-6 cancer risk level for 

1,4-dioxane is 0.35 µg/L (2011 Edition of the Drinking Water Standards and Health Advisories). 

Health advisories (HA) serve as informal technical guidance to assist Federal, state, and local 
officials, as well as managers of public or community water systems in protecting health. They 
are not regulations and are not legally enforceable Federal standards. HAs may change if new 
toxicological assessments from EPA become available. 
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For the purposes of this study, Marana Water has set operational targets for PFOS/PFOA and 
1,4-dioxane at 50% the HAs to reliably maintain concentrations below the HA levels. Table 2.2 
lists the water quality goals for the entry point to the distribution system after treatment or 
blending.  

Table 2.2  Water Quality Goals for the Entry Point to the Distribution System (after treatment/blending) 

Parameter Units Value(1) 
Analytical 
Method(2) 

Method 
Reporting Limit 

PFOS + PFOA ng/L 35 EPA 537 2 

1,4-dioxane µg/L 0.175 EPA 522 0.1 
Notes 
(1) The water quality goals for the entry point to the distribution system (after treatment/blending) are set at 50% of the 

current Drinking Water Health Advisory levels for 1,4-dioxane and combined PFOS/PFOA. 
(2) PFOS/PFOA are sent to a contract lab, while Tucson Water analyzes 1,4-dioxane samples for Marana Water.  

2.2   Groundwater Quality Data 

Of the seven systems sampled, wells that supply both the Continental Reserve and the Saguaro 
Bloom reservoirs have seen increased concentrations of PFASs and 1,4-dioxane well above the 
HA. The wells that supply both reservoirs were sampled in 2016 and 2017 for PFASs and 
1,4-dioxane, and the water quality results are shown in Table 2.3. Every sample listed in Table 2.3 
has concentrations exceeding EPA's Drinking Water Health Advisory Levels for both PFOS/PFOA 
and 1,4-dioxane.  
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Table 2.3  Well Water Quality Results for PFOS, PFOA, and 1,4-dioxane 

Well Name 
Date 

Sampled 
PFOA  
(ng/L) 

PFOS  
(ng/L) 

PFOA + 
PFOS (ng/L) 

1,4-dioxane 
(µg/L) 

Picture Rocks System (10-092) 

Continental Reserve 1 10/18/2016    0.91 

Continental Reserve 1 12/13/2016 24.0 56.0 80.0 0.90 

Continental Reserve 1 5/31/2017    0.89 

Continental Reserve 2 10/18/2016    0.94 

Continental Reserve 2 12/13/2016 65.0 27.0 92.0 1.0 

Continental Reserve 2 5/31/2017    0.95 

Airline Lambert System (10-138) 

Airline 10/20/2016    0.83 

Airline 12/13/2016 21.0 81.0 102.0 0.97 

Airline 5/30/2017    0.77 

La Puerta 10/18/2016    0.82 

La Puerta 12/13/2016 14.0 70.0 84.0 0.94 

La Puerta 5/30/2017    0.77 

Lambert 10/18/2016    1.0 

Lambert 12/13/2016 29.0 61.0 90.0 1.0 

Lambert 5/30/2017    0.95 

Saguaro Bloom 10/18/2016    0.94 

Saguaro Bloom 12/13/2016 15.0 94.0 109.0 0.95 

Saguaro Bloom 5/30/2017    0.88 

Falstaff (no system number) 

Falstaff 10/18/2016    0.76 

Falstaff 12/13/2016 26.0 61.0 87.0 0.76 

Although PFOA and PFOS are the only PFASs that currently have an EPA Drinking Water Health 
Advisory level, there were other PFASs found during water quality sampling. Figure 2.1 below 
shows the speciation for all PFASs, including PFOA and PFOS, found in the project wells. 
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Figure 2.1  PFAS Speciation for Project Wells 

Figure 2.2 below shows the PFAS speciation for the water quality samples collected at all wells 
that supply water to the Marana potable water distribution system and at the water reclamation 
facility outfall.  

 

Figure 2.2  PFAS Speciation for Water System 

Figure 2.3and Figure 2.4 show 1,4-dioxane and PFAS concentrations, respectively, for Marana 
Water wells and selected Tucson Water wells and other locations.  
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Z-001A
<1 ug/L

Z-014B
<0.1 ug/L

Z-013A
1.76 ug/L

Z-005A
0.23 ug/L

Z-018A
<0.1 ug/L

A-053A
<0.1 ug/L

Y-001B
0.86 ug/L

Z-017A
<0.1 ug/L

Y-004A
0.72 ug/L

Z-015A
0.57 ug/L

Z-002A
<0.1 ug/L

Gladden
0.35 ug/L

Honea E
0.15 ug/L

Lambert
1.00 ug/L

Hartman
<0.07 ug/L

Falstaff
0.76 ug/L

Sandario
0.23 ug/L

La Puerta
0.94 ug/L

San Lucas
<0.07 ug/L

Airport SE
<0.07 ug/L
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<0.07 ug/L
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0.07 ug/L

Airline
0.97 ug/L
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0.08 ug/L
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<0.07 ug/L

Saguaro Bloom
0.95 ug/L

Airport NW
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Continental Reserve #2
1.00 ug/L

Continental Reserve #1
0.90 ug/L
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<0.07 ug/L
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1 ug/L

WR-199A
1.1 ug/L

WR-369A
0.85 ug/L
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0.66 ug/L

WR-200A
<1 ug/L
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1.3 ug/L
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1.01 ug/L

WR-201A
0.99 ug/L
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0.86 ug/L

WR-069B
0.73 ug/L

WR-068B
0.76 ug/L

WR-204A
1.27 ug/L

Tres Rios WRF
0.76 ug/L

Agua Nueva (522)
0.89 ug/L

Tucson Water RWP
0.97 ug/L

SANTA CRUZ RIVER

RILLITO RIVER

CANADA DEL ORO WASH

Wanda
<0.07 ug/L

Moore
<0.07 ug/L

Mona Lisa
<0.07 ug/L

Cresta Loma
<0.07 ug/L

Horizon Hills
0.41 ug/L

Ina/CDO Wash
<0.07 ug/L

New Linda Vista
<0.07 ug/L

Tucson National East
<0.07 ug/L

Marlene
<0.07 ug/L

Wildwood
<0.07 ug/L Escondido

<0.07 ug/L

Deconcini
<0.07 ug/L

Thornydale
<0.07 ug/L

South Shannon
0.89 ug/L

Latamore South
0.28 ug/L

Latamore North
0.98 ug/L

Riverside
<0.07 ug/L

Tucson National North
<0.07 ug/L

Oracle Jaynes Station
<0.07 ug/L

Tucson National West No. 2
<0.07 ug/L
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Y-001B 2/27/2017 0.86 2/27/2017 0.86 2
Y-004A 5/8/2017 0.72 12/8/2016 0.91 3
Z-001A 9/9/2002 <1 9/9/2002 <1 1
Z-002A 9/6/2016 <0.1 9/6/2016 <0.1 2
Z-005A 2/27/2017 0.23 2/27/2017 0.23 4
Z-013A 2/28/2017 1.76 2/28/2017 1.76 2
Z-014B 5/9/2017 <0.1 7/25/2016 0.40 5
Z-015A 2/28/2017 0.57 9/6/2016 0.75 2
Z-017A 9/6/2016 <0.1 9/6/2016 <0.1 1
Z-018A 9/6/2016 <0.1 9/6/2016 <0.1 1

CountSample Location

Tucson Water 1,4-dioxane (ug/L)
Most Recent Maximum

Date  Result Date Result 
Airline 12/13/2016 0.97 12/13/2016 0.97 2
Airport NW 12/13/2016 <0.07 12/13/2016 <0.07 2
Airport SE 12/13/2016 <0.07 12/13/2016 <0.07 2
Continental Reserve 1 12/13/2016 0.90 10/18/2016 0.91 2
Continental Reserve 2 12/13/2016 1.00 12/13/2016 1.00 2
Cortaro Ranch East 12/15/2016 <0.07 12/15/2016 <0.07 2
Discharge at Outfall 12/15/2016 0.86 12/15/2016 0.86 1
Falstaff 12/13/2016 0.76 12/13/2016 0.76 2
Gladden 12/15/2016 0.35 12/15/2016 0.35 2
Hartman Vistas 12/15/2016 <0.07 12/15/2016 <0.07 2
Honea East 12/15/2016 0.15 12/15/2016 0.15 2
Honea West 12/15/2016 0.08 12/15/2016 0.08 2
La Puerta 12/13/2016 0.94 12/13/2016 0.94 2
Lambert 12/13/2016 1.00 12/13/2016 1.00 2
Oshrin 12/15/2016 0.07 12/15/2016 0.07 2
Palo Verde 12/13/2016 <0.07 12/13/2016 <0.07 2
Saguaro Bloom 12/13/2016 0.95 12/13/2016 0.95 2
San Lucas 12/15/2016 <0.07 12/15/2016 <0.07 2
Sandario 12/15/2016 0.23 10/20/2016 0.27 2
Tangerine Business  Park 12/15/2016 <0.07 12/15/2016 <0.07 1

Most Recent Maximum
CountSample Location

Marana Water 1,4-dioxane (ug/L)

Figure 2.3 1,4-dioxane Concentrations
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Date  Result Date Result 
Cresta Loma 2/19/2015 <0.07 2/19/2015 <0.07 2
Deconcini 8/22/2017 <0.07 2/28/2017 <0.07 3
Escondido 2/19/2015 <0.07 2/19/2015 <0.07 2
Horizon Hills 10/25/2016 0.41 4/19/2016 0.86 9
Ina/CDO Wash 8/14/2017 <0.07 8/14/2017 <0.07 8
Latamore North 8/22/2017 0.98 8/25/2016 1.10 16
Latamore South 9/13/2017 0.28 9/11/2013 0.64 28
Marlene 2/17/2015 <0.07 2/17/2015 <0.07 2
Mona Lisa 2/17/2015 <0.07 2/17/2015 <0.07 2
Moore 11/1/2016 <0.07 11/1/2016 <0.07 1
New Linda Vista 9/17/2015 <0.07 9/17/2015 <0.07 2
Oracle Jaynes Station 2/19/2015 <0.07 2/19/2015 <0.07 2
Riverside Crossing 2/25/2015 <0.07 2/25/2015 <0.07 2
South Shannon 9/13/2017 0.89 7/20/2016 0.94 31
Thornydale 8/14/2017 <0.07 8/14/2017 <0.07 8
Tucson National East 2/18/2015 <0.07 2/18/2015 <0.07 2
Tucson National North 2/18/2015 <0.07 2/18/2015 <0.07 2
Tucson National West No. 2 2/18/2015 <0.07 2/18/2015 <0.07 2
Wanda 2/18/2015 <0.07 2/18/2015 <0.07 2
Wildwood 8/17/2017 <0.07 8/17/2017 <0.07 10

Maximum
Count

Metro Water 1,4-dioxane (ug/L)

Sample Location
Most Recent
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Agua Nueva (522)
20.2 ng/L

SANTA CRUZ RIVER

RILLITO RIVER

CANADA DEL ORO WASH

Wanda
<60 ng/L

Moore
<6 ng/L

Mona Lisa
<60 ng/L

Cresta Loma
<60 ng/L

Horizon Hills
60 ng/L

Ina/CDO Wash
<60 ng/L

New Linda Vista
<60 ng/L

Tucson National East
<60 ng/L

Marlene
<60 ng/L

Thornydale
<60 ng/L

South Shannon
<5 ng/L

Riverside
<60 ng/L

Tucson National North
<60 ng/L

Oracle Jaynes Station
<60 ng/L

Tucson National West No. 2
<60 ng/L

Z-014B
6.7 ng/L

Z-013A
119 ng/L

Z-005A
5 ng/L

Z-018A
5 ng/L

Y-001B
86 ng/L

Z-017A
5 ng/L

Y-004A
66 ng/L

Z-015A
88 ng/L

Y-001A 
51.3 ng/L

Gladden
20.4 ng/L

Honea E
11.9 ng/L

Lambert
90 ng/L

Hartman
2 ng/L

Falstaff
87 ng/L

Sandario
9.9 ng/L

La Puerta
84 ng/L

San Lucas
2 ng/L

Airport SE
2 ng/L

Palo Verde
2 ng/L

Oshrin
9.9 ng/L

Airline
102 ng/L

Honea W
8.5 ng/L

Cortaro E
2 ng/L

Saguaro Bloom
109 ng/L

Airport NW
2 ng/L

Continental Reserve #2
92 ng/L

Continental Reserve #1
80 ng/L

Tangerine Business Park
2 ng/L

WR-203A
13.5 ng/L

WR-092B
71 ng/L

WR-202A
57 ng/L

WR-201A
35 ng/L

WR-205A
83 ug/L

WR-068B
150 ng/L

WR-204A
42 ng/L EW-007A

38 ng/L

EW-004A
91 ng/L

EW-003A
63 ng/L

EW-005A
57 ng/LEW-006A

86 ng/L

EW-008A
69 ng/L

EW-001A
185 ng/L

EW-002A
141 ng/L

Tucson Water RWP
11.7 ng/L
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Date: December 2017

Legend
! Metro Water Production Well

! Tucson Water Reclaimed System Recovery Well

! Tucson Water Monitoring Well

! Tucson Water Production Well

! Marana Water Production Well

#* Tucson Water Reclaimed Water Plant

#* Water Reclamation Facility

Township, Range & Section

Major Wash
Disclaimer: Features shown in this figure are for planning purposes and represent 
approximate locations. Engineering and/or survey accuracy is not implied.

Date Result Date Result 
A-053A 10/17/2013 0 10/17/2013 0 2
EW-001A 7/20/2016 185 7/20/2016 185 1
EW-002A 7/20/2016 141 7/20/2016 141 1
EW-003A 7/20/2016 63 7/20/2016 63 1
EW-004A 7/21/2016 91 7/21/2016 91 1
EW-005A 7/21/2016 57 7/21/2016 57 1
EW-006A 7/21/2016 86 7/21/2016 86 1
EW-007A 7/20/2016 38 7/20/2016 38.0 1
EW-008A 7/21/2016 69 7/21/2016 69 1
W-001B 7/27/2016 10 7/27/2016 10.0 1
WR-068B 12/6/2016 150 12/6/2016 150 1
WR-092B 12/6/2016 71 12/6/2016 71 1
WR-201A 12/6/2016 35 12/6/2016 35.0 1
WR-202A 12/1/2016 57 12/1/2016 57 1
WR-203A 12/1/2016 13.5 12/1/2016 13.5 1
WR-204A 12/1/2016 42 12/1/2016 42 1
WR-205A 12/6/2016 83 12/6/2016 83 1
WR-398A 12/6/2016 29.6 12/6/2016 29.6 1
Y-001A 7/17/2014 51.3 6/29/2011 115 6
Y-001B 2/27/2017 86 7/27/2016 97 4
Y-004A 5/8/2017 66 6/16/2010 106 11
Z-005A 2/27/2017 5 7/26/2016 6.2 2
Z-013A 5/8/2017 119 7/27/2016 178 11
Z-014B 5/9/2017 6.7 7/26/2016 32.8 4
Z-015A 5/9/2017 88 7/26/2016 109 4
Z-017A 7/26/2016 5 7/26/2016 5.0 1
Z-018A 7/26/2016 5 7/26/2016 5.0 1

Tucson Water PFAS (PFOA+PFOS) (ng/L)
Most Recent Maximum

CountSample Location

Date Result Date Result 
Reclaimed Water (509) 12/6/2016 16.4 12/6/2016 16.4 1
Reclaimed Water (510) 7/20/2016 11.7 7/20/2016 15.7 2
Agua Nueva WRF (522) 7/26/2016 20.2 7/26/2016 71 2

Additional Locations PFAS (PFOA+PFOS) (ng/L)

Sample Location Count
Most Recent Maximum

Sample Location Date Result 
Airline 12/13/2016 102
Airport NW 12/13/2016 2
Airport SE 12/13/2016 2
Continental Reserve 1 12/13/2016 80
Continental Reserve 2 12/13/2016 92
Cortaro Ranch East 12/15/2016 2
Discharge at Outfall 12/15/2016 21.4
Falstaff 12/13/2016 87
Gladden 12/15/2016 20.4
Hartman Vistas 12/15/2016 2
Honea East 12/15/2016 11.9
Honea West 12/15/2016 8.5
La Puerta 12/13/2016 84
Lambert 12/13/2016 90
Oshrin 12/15/2016 9.9
Palo Verde 12/13/2016 2
Saguaro Bloom 12/13/2016 109
San Lucas 12/15/2016 2
Sandario 12/15/2016 9.9
Tangerine Business  Park 12/15/2016 2

Marana Water PFAS (PFOA+PFOS) (ng/L)

Date  Result Date Result 
Cresta Loma 2/19/2015 <60 2/19/2015 <60 2
Horizon Hills 8/15/2017 60 8/23/2016 80 5
Ina/CDO Wash 2/17/2015 <60 2/17/2015 <60 2
Marlene 2/17/2015 <60 2/17/2015 <60 2
Mona Lisa 2/17/2015 <60 2/17/2015 <60 2
Moore 11/1/2016 <6 11/1/2016 <6 1
New Linda Vista 9/17/2015 <60 9/17/2015 <60 2
Oracle Jaynes Station 2/19/2015 <60 2/19/2015 <60 2
Riverside Crossing 2/25/2015 <60 2/25/2015 <60 2
South Shannon 9/13/2017 <5 5/16/2017 <5.3 8
Thornydale 2/17/2015 <60 2/17/2015 <60 2
Tucson National East 2/18/2015 <60 2/18/2015 <60 2
Tucson National North 2/18/2015 <60 2/18/2015 <60 2
Tucson National West No. 2 2/18/2015 <60 2/18/2015 <60 2
Wanda 2/18/2015 <60 2/18/2015 <60 2

Sample Location
Most Recent Maximum

Count

Metro Water PFAS (PFOA+PFOS) (ng/L)

Figure 2.4 PFAS Concentrations

File Path: M:\Client\Marana\10700A00\GIS\mxd\Revised\MDWID_Marana_TW_PFAS_summary.mxd

O
0 21
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In addition to PFASs and 1,4-dioxane, other water quality parameters were tested for the wells 
currently used to supply both the Continental Reserve Reservoir and the Saguaro Bloom 
Reservoir. Table 2.4 shows an average of the additional water quality data for Continental 
Reserve wells 1 and 2, and Table 2.5 shows the additional water quality data for the Saguaro 
Bloom well.  

Table 2.4  Average Additional Well Water Quality Data - Continental Reserve Wells No. 1 & 2 

Parameter Units Average Minimum Maximum 

pH S.U. 7.2 6.9 7.5 

Temperature °C 24 23 25 

Alkalinity as CaCO3 mg/L 244 225 263 

Total Hardness as CaCO3 mg/L 212 197 230 

Total Dissolved Solids (TDS) mg/L 619 534 760 

Arsenic µg/L 0.0050 0.0048 0.0054 

Barium mg/L 0.049 0.048 0.051 

Sodium mg/L 110 110 110 

Chloride mg/L 113 102 127 

Fluoride mg/L 0.6 0.6 0.7 

Nitrate as Nitrogen mg/L 4 3.4 4.5 

Sulfate mg/L 107 98 116 

Table 2.5  Additional Well Water Quality Data - Saguaro Bloom Well 

Parameter Units Average Minimum Maximum 

pH S.U. 7.3 7.1 7.5 

Temperature °C 24 24 24 

Alkalinity as CaCO3 mg/L 235 223 254 

Total Hardness as CaCO3 mg/L 203 191 222 

TDS mg/L 676 568 848 

Arsenic µg/L 0.0052 0.0048 0.0056 

Barium mg/L 0.0395 0.038 0.041 

Sodium mg/L 92.5 88 97 

Chloride mg/L 74 67 83 

Fluoride mg/L 0.6 0.5 0.6 

Nitrate as Nitrogen mg/L 3.325 3 3.5 

Sulfate mg/L 98 84 109 
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2.3   Existing Potable Water Infrastructure 

The study area consists of the Picture Rocks and Airline-Lambert water systems. The Picture 
Rocks and Airline-Lambert systems can be seen in Figure 2.5 represented by the orange and 
purple shaded areas. Within the two distribution systems, there are seven potable water wells 
that pump either to storage tanks or directly into the potable water system. Continental Reserve 
Wells 1 &2, Saguaro Bloom, Airline, La Puerta, and Lambert pump to storage tanks whereas, 
Falstaff pumps directly in the potable water system. Table 2.6 summarizes key information for 
each production well. All seven wells in the two distribution systems currently have very low duty 
cycles, with Continental Reserve 2 Well having the highest at approximately 25 percent.  

Table 2.6  Production Well Summary  

Well Name 

Actual 
Pumping 
Capacity 

(gpm) 

ADWR 
Permitted 
Capacity 

(gpm) 

Duty 
Cycle 

(%) 

Horse-
power 

Discharge 
Pressure(1)  

(psi) 

Casing 
Diameter 

(in) 

Bowl 
Setting  
(ft bls) 

Water 
Level 

Q3 
2015  

(ft bls) 

Picture Rocks System (10-092) 

Continental 
Reserve 1 

1422 N/A 13.3% 150 10.4 16 280 175 

Continental 
Reserve 2 

1003 N/A 25.4% 100 9.8 20 340 172 

Airline Lambert System (10-138) 

Airline 168 200 0.5% 20 4.2 8 357 246 

La Puerta 292 1125 1.1% 50 9 20 190 154 

Lambert 150 90 8.9% 20 8 12 357 245 

Saguaro 
Bloom 

1126 N/A 6.5% 200 7.8 18 390 244 

Falstaff (no system number) 

Falstaff 59 150 0.4% 5 40-60 12 189 147 
Notes: 
(1) Continental Reserve and Saguaro Bloom wells pump to storage tanks, while the other production wells pump directly to 

the potable water distribution system.  
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Within the two distribution systems there are five cylindrical steel ground storage tanks. The 
storage tanks range from 15,000 gallons to 1,870,000 gallon capacity. Table 2.7 below lists 
information for the five storage tanks within the distribution systems.  

Table 2.7  Storage Tank Summary 

Storage Tank Name Capacity (gallons) Diameter (ft) 
Operating Range  

(Min. and Max. Levels) 

Picture Rocks System (10-092) 

Continental Reserve 1,000,000 87 17-20 

Airline Lambert System (10-138) 

Airline 18,000 20 4-7.5 

La Puerta 15,000 12 11-19 

Lambert 25,000 16 12-15 

Saguaro Bloom 1,870,000 137 12.5-14.5 

Each of the five storage tanks also serve pump stations. Table 2.8 below shows a summary of 
each of the five booster pump stations.  

Table 2.8  Booster Station Summary 

Booster Station 
Name 

Flow  
(# of pumps - gpm) 

Horsepower  
(# of pumps - HP) 

Inlet Pressure 
(psi) 

Discharge 
Pressure 

(psi) 

Picture Rocks System (10-092) 

Continental Reserve 

1-565 
1-750 
1-875 

1-1260 
3-500  

1-40 
1-50 
1-50 
1-75 
3-30  

10 
10 
10 
10 
10 

80 
80 
80 
80 
80 

Airline Lambert System (10-138) 

Airline 2-120  2-10  4 65 

La Puerta 
1-130  
1-250  

1-1000  

1-7.5 
1-15 
1-60 

9 
9 
9 

69 
64 
60 

Lambert     

Saguaro Bloom 

1-250  
1-500  
1-750  

2-1,000  

1-15  
1-25  
1-40  
2-60  

50 
47 
44 

41/38 

70 
67 
64 

61/58 

Figure 2.5 below shows a system map of the Marana Water distribution system with wells, 
storage and pump stations.  

 



UT

UT
UT

UTUT

UT

UT

UT
UT

UT

UTUT

UT

UT

UT

UT

UTUT

UT

UT

UT

UT

")")")

")")")

")")")")")")

")")")")

")")")
")")")")")")

")")")

")

")

")")")

")")
")")")")

")
")")")")

")")")")")
")")")

")")")

") ")")")

")")")")

")")")

")")")")

")

")!(

!(

!(

!(

!(

!(
!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

Oshrin

Springs

Pioneer

Honea E
Honea W

Airline
Lambert Falstaff

Sandario

Cortaro E

San Lucas

La Puerta

Wade Road

Palo Verde

Airport NW

Airport SE

Marana Park

Hartman Vista

Gladden Farms

Saguaro Bloom

Picture Rocks

San Lucas Booster 2

Hartman Vista Booster

Continental Reserve #1

Continental Reserve #2

Tangerine Business Park

Blue Bonnet

Sources: Esri, HERE, DeLorme, USGS, Intermap, INCREMENT P, NRCan, Esri Japan, METI, Esri
China (Hong Kong), Esri Korea, Esri (Thailand), MapmyIndia, NGCC, © OpenStreetMap contributors,
and the GIS User Community

Groundwater Quality Improvement | Alternatives Evaluation & Implementation Plan
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File Path: M:\Client\Marana\10700A00\GIS\mxd\Revised\Marana System Map.mxd
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Picture Rocks Disclaimer: Features shown in this figure are for planning purposes and represent 
approximate locations. Engineering and/or survey accuracy is not implied.

O
0 21

Miles

Figure 2.5 Marana System Map
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Chapter 3 

DEVELOPMENT OF ALTERNATIVES 

The following sections review potential blending strategies as well as potential locations for 
implementing water quality improvement alternatives.  

3.1   Blending Alternatives 

One potential strategy for meeting water quality goals for both PFASs and 1,4-dioxane is to 
provide recovered CAP Water or alternative groundwater sources available to Marana Water to 
replace or blend with water from the study area’s affected wells. To meet the water quality goal 
of 50 percent of the Drinking Water Health Advisory levels for both 1,4-dioxane and PFAS, 
82 percent of the total flow sent to each distribution system would need to be blend water. The 
82 percent blend water would require 10,690 gpm supplied to the Picture Rocks system and 
7,740 gpm supplied to the Airline Lambert system. 

Marana Water performed an internal study to explore non-treatment alternatives for delivering 
water from other sources to the Airline-Lambert and Picture Rocks water systems to replace or 
mix with current source water.  

3.1.1   Options Common to the Picture Rocks and Saguaro Bloom Water Systems 

The Northwest Recharge, Recovery, and Delivery System (NWRRDS) is a multi-agency project 
that will recover Central Arizona Project (CAP) water stored in the Lower Santa Cruz 
Replenishment Project, the Avra Valley Recharge Project and the BKW Farms Ground Water 
Savings Facility and deliver it to the Northwest Providers (Metro Water, Marana Water, and the 
Town of Oro Valley). The NWRRDS pipeline will terminate at a forebay reservoir located in 
Marana’s Hartman Vistas water system where each agency will then convey water to their 
individual systems with separate infrastructure. Existing wells in the Airport water system will 
provide Marana Water’s recovered CAP Water source for the NWRRDS, as these wells are within 
the area of hydrologic impact of the recharge facilities mentioned above. Marana will be able to 
take up to 2,400 acre-feet per year of water from this project to deliver to its customers. The 
project is expected to be operational in 2025. 

In the Airline-Lambert and Picture Rocks water systems, sample results have shown that all wells 
are currently above EPA’s current drinking water health advisories for 1,4-dioxane and 
PFOS/PFOA. Therefore, additional source water or treatment would still be required. The 
specifics of how each water system would benefit from the NWRRDS project are discussed 
below. 

3.1.2   Picture Rocks Water System 

Currently, the Picture Rocks water system is served by Continental Reserve Wells No. 1 and 2. 
Both of the wells exceed the current EPA drinking water health advisories for 1,4-dioxane and 
PFOS/PFOA.  
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3.1.2.1   Tucson Water Interconnect 

Marana Water has an existing emergency interconnect with Tucson Water located at the 
Continental Reserve Reservoir and Booster Station site. Unfortunately Tucson Water is 
experiencing similar water quality concerns and has ceased water production at its wells in the 
vicinity of Picture Rocks. This particular Tucson Water service area is being served through other 
portions of the Tucson Water distribution system. Tucson Water does not have the capacity to 
provide a sufficient quantity of water to meet Marana Water’s demands within the area.  

3.1.2.2   Additional Well Capacity 

Marana Water explored the possibility adding well capacity in the Hartman Vistas water system 
by drilling one or more new wells. This would require a siting study, pilot holes, and new 
distribution infrastructure. Typical construction costs for production wells are approximately 
$1 million each, and it may take six months to 1.5 years to complete all studies, design and 
construction to complete. Multiple wells could be required depending on the available 
hydrologic capacity at individual well(s) and to make up for the current large available capacity at 
the Continental Reserve Wells. It should be noted that when moving east of the Santa Cruz River 
in this area, well production capacity typically decreases. The most convenient location 
discussed is immediately north of the existing Hartman Vistas Well in the proposed Cascada 
development. Adequate capacity at this location would be expected as it is the closest to the 
existing Santa Cruz River when compared to other possible locations in the area. However, it also 
poses a major concern, because it is closest to the Santa Cruz River and may have similar water 
quality issues as other affected wells in this study. By ceasing production at the Continental 
Reserve wells and increasing the demand on the aquifer in areas close to the Santa Cruz River, 
there is the strong probability that the new well(s), and others in the area, would begin to see 
compounds of concern not currently present in that area. Furthermore, this area has proposed 
developments with additional source capacity requirements that will increase groundwater 
withdrawals, which could modify current groundwater flow patterns.  

Should new wells or existing wells not currently exceeding drinking water health advisories begin 
to see elevated concentrations of 1,4-dioxane and/or PFASs, these wells would likely be taken 
out of service (i.e., become lost assets) or require treatment systems. The costs of installing a 
treatment system at each affected site or adding infrastructure to create one combined service 
area treatment system, such as that proposed at the Continental Reserve Reservoir and Booster 
Station site in this study, would be extremely costly and maintenance intensive.  

For the Picture Rocks water system to benefit from additional well capacity in the Hartman 
Vistas water system, the 24-inch Twin Peaks - Continental Reserve Interconnect project (Capital 
Improvement Project WT035) would need to be constructed. The project consists of 
approximately 6,200 linear feet of 24-inch diameter transmission main and will connect the 
Hartman Vistas and Picture Rocks systems, creating one larger service area. This will provide 
system redundancy in storage and partial redundancy in well capacity. This project is currently 
included in Marana Water’s capital improvement program and is expected to be completed 
within the next 1.5 years. 
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3.1.2.3   Northwest Recharge, Recovery, and Delivery System 

As mentioned above, the NWRRDS project will terminate in the current Hartman Vistas water 
system, where Marana will construct its own infrastructure to convey water to the Twin Peaks 
Reservoir. From this location, water can be served to all of the Hartman Vistas water system. 
Once the 24-inch Twin Peaks – Continental Reserve Interconnect (WT035) project is complete, 
water from the NWRRDS project can also be delivered to the Picture Rocks water system. The 
NWRRDS will likely be the long term solution for additional source water but will not be 
complete for approximately seven years (2025). 

3.1.2.4   Summary for Picture Rocks System 

It was determined that implementing one of the proposed treatment options at the Continental 
Reserve Reservoir and Booster Station site will provide the most stable, predictable and timely 
outcome for Marana Water’s needs. Treatment will allow continued use of existing water 
production capacity and assets with a known outcome. Implementation of the NWRRDS project 
will likely prove to be the long term solution and a redundant source. 

3.1.3   Airline-Lambert Water System 

The Airline-Lambert water system is currently served by four wells: Saguaro Bloom, Airline, 
Lambert and La Puerta. All four wells exceed the current EPA drinking water health advisories 
for 1,4-dioxane and PFOS/PFOA.  

3.1.3.1   Northwest Recharge, Recovery, and Delivery System 

As cited above, construction of NWRRDS project is not slated to be complete for seven years. 
Once the NWRRDS is operational, Marana Water would need to construct approximately 
3,000 linear feet of pipeline from the NWRRDS pipeline located on the Avra Valley Road 
alignment to the Saguaro Bloom Reservoir and Booster Station site to provide an alternate 
source of water to the water system. If a treatment system is constructed, the NWRRDS would 
provide a redundant source of water.  

3.1.3.2   Transmission Main from Airport System 

One option discussed was to install a transmission main from the Airport water system, where 
excess well capacity is available to meet the Airline-Lambert water system demand. This would 
require the design and installation of approximately 18,000 linear feet of transmission main and 
a booster station. The cost to design and install this project is comparable to providing treatment 
at the Saguaro Bloom well site. The proposed transmission main and booster station would be 
replaced by the NWRRDS pipeline in approximately seven years. For these reasons, this option 
was eliminated from further consideration. 

3.1.3.3   Summary for Airline-Lambert System 

It was determined that implementing one of the proposed treatment options at the Saguaro 
Bloom Reservoir and Booster Station site will provide the most stable, predictable and timely 
outcome for Marana Water’s needs. Treatment will allow continued use of existing water 
production capacity and assets with a known outcome. Constructing a pipeline from the 
NWRRDS to the Saguaro Bloom Reservoir and Booster Station site in the future will provide a 
redundant source of water.  
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3.2   Treatment Alternatives 

Three well sites were identified as potential locations for implementing water quality 
improvement alternatives: Continental Reserve 1, Saguaro Bloom, and La Puerta. All three well 
locations have a reservoir on site that can be used for storage after treatment. The Falstaff well is 
currently only supplying water to one customer and would require an additional pipeline to pump 
water to a reservoir site where treatment could be placed. It is therefore recommended to 
transfer ownership of the Falstaff well to the customer, along with a notice regarding water 
quality.  

Marana Water conducted test operations during peak demand periods in the summer of 2017 to 
verify La Puerta area demands can be met without operating La Puerta well. It was verified that 
water demands in the area of La Puerta well area can be served by the Saguaro Bloom 
reservoir/booster station site without operating La Puerta well, even during peak demands. It 
was also determined that pressure drops across the system were less than 8 psi during the peak 
demand periods with La Puerta well out of service, including during simulated fire flow demands. 
Based on the results of the test operations, it is recommended that La Puerta well be removed 
permanently from routine service. However, La Puerta well should be maintained as a 
contingency supply for emergency purposes.  

Table 3.1 summarizes all of the treatment alternatives considered in the study, along with 
inactivation of Falstaff and La Puerta Wells.  

Table 3.1  Water Quality Improvements Alternatives Summary 

System Name 
and Number 

Alternative Description 

Picture Rocks 
(10-092) 

1 
Combined blending/treatment of flows from Continental 
Reserve Well Nos. 1 and 2 at the reservoir site. 

Airline Lambert 
(10-138) 

2 

Combined blending/treatment of flows from the Airline, 
Lambert, and Saguaro Bloom wells at the Saguaro Bloom 
reservoir site. 
Separate individual wellhead treatment system at La Puerta 
well site. 

3 

Combined blending/treatment of flows from the Airline, 
Lambert, and Saguaro Bloom wells at the Saguaro Bloom 
reservoir site. 
Remove La Puerta well from routine service, and serve 
La Puerta area from Saguaro Bloom reservoir/booster station 
site. 

Falstaff 4 
Transfer well ownership to the single customer, with notice 
regarding water quality. 
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Chapter 4 

TREATMENT TECHNOLOGIES 

Both PFASs and 1,4-dioxane can be treated by several different treatment technologies. The 
following sections provide an overview of each treatment technology considered in the study 
and review the benefits and challenges of each technology.  

4.1   PFOS/PFOA Treatment Processes 

The following sections include selected treatment technologies available for PFAS removal. 

4.1.1   Granular Activated Carbon Adsorption 

Granular activated carbon (GAC) is a porous material with a very high volumetric surface area 
that is effective for adsorption of many contaminants. Studies and full-scale installations have 
shown GAC to be effective at removing both PFOS and PFOA from contaminated water. 
However, once active adsorption sites have been loaded, the GAC media must be replaced with 
new carbon and sent for off-site disposal or regeneration. The carbon life for PFAS removal can 
vary widely depending on carbon type and water quality. To better predict the carbon life for this 
application, it is recommended to perform bench scale studies with multiple carbon types. For 
the cost estimates in this study, carbon manufacturers recommended using approximately 
50,000 bed volumes as a carbon bed life estimate. When UV-peroxide AOP is used, GAC can be 
installed for hydrogen peroxide quenching. Bed life for GAC used just for hydrogen peroxide 
quenching will exceed the bed life for PFAS removal. GAC systems can be configured with 
reversible lead-lag pressure vessels to monitor contaminant breakthrough and increase efficient 
utilization of media by replacing media in lead vessels and switching lag vessels to lead service. 
During initial loading and normal operation, some degradation of the carbon particle structure 
can occur, resulting in carbon fines that require periodic backwashing to reduce pressure loss 
through the vessels. Backwash supply and backwash waste equalization and settling provisions 
would be provided for GAC systems. Figure 4.1 below shows an installed GAC vessel system. 
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Figure 4.1  Example GAC Vessels 

4.1.2   Ion Exchange (IX) 

Ion exchange can be used for removal of both PFOS and PFOA. An ion exchange treatment 
system is constructed with pressure vessels, similar to GAC pressure vessels, with an ion 
exchange resin instead of GAC. An ion exchange resin would provide a basic adsorptive material 
for PFAS compounds to be removed from groundwater. The removal capacity will diminish over 
time with the volume of water treated, and the resin must be replaced and sent off-site for 
disposal or regeneration. Backwashing is not recommended for ion exchange resin beds, as the 
spherical resin beads are structurally stable, and disturbance of the ion exchange zone in the 
media bed can reduce its effectiveness. Figure 4.2 below shows an example of installed ion 
exchange vessels. The vessels that will be used for ion exchange will be similar to the vessels 
used for GAC applications. 
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Figure 4.2  Example Ion Exchange Vessels 

4.2   1,4-dioxane Treatment Processes 

The following sections include selected treatment technologies available for 1,4-dioxane 
removal. 

4.2.1   UV-Peroxide AOP 

UV-peroxide AOP can be used to destruct specific trace level contaminants in water, such as 
1,4-dioxane. The UV light and hydrogen peroxide will form hydroxyl radicals that oxidize the 
contaminants. In AOP treatment, excess hydrogen peroxide is fed to the system leading to 
hydrogen peroxide leaving the UV reactors. Both GAC, as mentioned in Section 4.1.1 and sodium 
hypochlorite addition can be used to quench (or neutralize) the excess hydrogen peroxide. 
Sodium hypochlorite addition will require chemical feed pumps to be paced off of the hydrogen 
peroxide feed rate. With varying sodium hypochlorite feed rates, there is an increased risk of 
exceeding the maximum residual disinfection level of 4 mg/L for chlorine. For this study, low 
pressure high output (LPHO) and medium pressure (MP) UV lamp systems were considered. 
LPHO lamps have lower UV intensities and more energy efficient compared to MP lamps, 
resulting in lower power costs. Figure 4.3 below shows an example of installed LPHO UV-
peroxide AOP reactors. 
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Figure 4.3  Example LPHO UV Reactors 

4.2.2   ETS-UV AOP 

ETS-UV AOP is a proprietary system manufactured by Evoqua Treatment Technologies. The 
system is capable of producing hydroxyl radicals for advanced oxidation without the use of 
chemical additives, such as hydrogen peroxide. Since there is no peroxide is added to the 
system, there would be no excess peroxide requiring quenching. There is also an advantage to 
not having to purchase and store chemicals on site for AOP. Figure 4.4 below shows an example 
ETS-UV AOP system. 

 

Figure 4.4  Example ETS-UV AOP Reactor 
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4.3   Pretreatment for Solids Removal 

Pretreatment removal of solids typically produced by wells is prudent for all groundwater 
treatment systems to protect downstream process equipment. In the event of a well casing 
failure, or if sand, gravel, or other sediment are present in the well discharge flow, pretreatment 
will mitigate potentially damaging effects of sediment. For example, if sediment is deposited in 
ultraviolet light advanced oxidation process reactor vessels, UV lamp sleeves can begin to foul or 
potentially break. If sediment gathers on top of granular activated carbon media beds, 
differential pressure across the media will increase, leading to additional backwash 
requirements. Ion exchange vessels should not be backwashed, and, therefore clogging the 
system will lead to operational issues. For the purposes of this evaluation, duplex bag filter units 
are assumed to be included for the influent stream of all groundwater treatment systems. 
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4.4   Treatment Technology Benefits and Challenges 

Table 4.1 below summarizes benefits and challenges for each of the 1,4-dioxane and PFAS 
treatment technologies considered in this study. The benefits and challenges in Table 4.1 impact 
the non-cost analysis in Section 5.4. 

Table 4.1  Benefits and Challenges of Feasible Treatment Technologies 

Treatment 
Technology 

Benefits Challenges 

GAC 
Adsorption 

• Effective in removing PFASs. 
• Well-established technology with 

multiple sources of media and 
equipment. 

• Mechanically simple and low O&M 
requirements. 

• Lower media unit costs compared to 
ion exchange resins. 

• Relatively low power requirements to 
overcome additional headloss through 
contactors. 

• Uncertainty in media replacement 
frequency must be addressed through 
testing and may vary over time. 

• May be less effective in removing 
short-chain PFASs according to 
literature. 

IX • Limited facility anecdotes indicate up 
to 1-log removal of PFASs.  

• Well-established technology with 
multiple sources of media and 
equipment.  

• Potentially less frequent resin 
replacement requirements compared 
to GAC media, depending on site-
specific water quality.  

• Must be tested to determine efficiency 
and effectiveness, especially at lower 
concentrations. 

• Uncertainty in media replacement 
and/or regeneration frequency must be 
addressed through testing. 

• Either resin disposal/replacement or 
chemicals and residuals management 
due to regeneration. 

• Waste regenerant, if required, must be 
contained and disposed offsite. 

UV-
peroxide 
AOP 

• Well-established technology currently 
utilized for full-scale 1,4-dioxane 
treatment. 

• Local full-scale facility in operation. 

• Primarily automated process operation. 

• Peroxide chemical storage/feed system 
necessary. 

• Peroxide does not readily absorb UV 
light, so the peroxide residual must be 
quenched for a free chlorine residual to 
be maintained in the distribution 
system.  

• Peroxide scavenges hydroxyl radicals, 
which impacts the efficacy of the AOP. 

ETS-UV 
AOP 

• Limited pilot results at the lowest flows 
tested show up to 1-log removal of 1,4-
dioxane may be achievable. 

• No chemical feed system necessary for 
AOP treatment.  

• No full-scale AOP treatment to date. 
Unknown how the hydrodynamics will 
scale to larger flows. 

• Method under development to monitor 
the performance of the electrodes, but 
not yet demonstrated. 

• Unknown electrode life/maintenance/ 
replacement requirements due to 
corrosion. 
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Chapter 5 

EVALUATION OF ALTERNATIVES 

The following sections review the recommended treatment alternatives for the Continental 
Reserve and Saguaro Bloom sites. The following sections include conceptual design criteria, 
simplified process schematics, conceptual site layouts, a non-cost analysis, and conceptual cost 
estimate for all treatment trains at both site locations. 

5.1   Conceptual Design Criteria 
Design capacity and influent water quality criteria used for evaluating treatment alternatives are 
provided in Table 5.1 below. These criteria form the fundamental basis of process equipment 
sizing for alternative treatment systems.  

Table 5.1  Design Capacity and Influent Water Quality Criteria 

System 
Name & 
Number 

Alt. Treatment Site 
Design 

Capacity 
(gpm) 

PFOS + 
PFOA 
Conc. 
(ng/L) 

Total 
PFASs 
(ng/L) 

1,4-
dioxane 
(µg/L) 

Duty 
Cycle(1) 

(%) 

Picture 
Rocks 
(10-092) 

 
Continental Reserve 
(with capacity for Wells 1 & 2) 

2,425 85 130 0.95 19.3% 

Airline 
Lambert  
(10-138) 

1 

Saguaro Bloom  
(with capacity equivalent to 
Saguaro Bloom, Airline, and 
Lambert Wells)  

1,444 106 158 0.96 6.3% 

2 

Saguaro Bloom  
(with capacity equivalent to 
Saguaro Bloom, Airline, and 
Lambert Wells) 

1,444 106 158 0.96 6.0% 

La Puerta 
(separate treatment system) 

292 84 173 0.94 1.1% 

Notes: 
(1) Duty cycle based on 2016 pumping data. 

Conceptual design criteria for GAC systems are provided in Table 5.2, including design criteria for 
both PFAS adsorption and for hydrogen peroxide quenching. If GAC vessels are used for PFAS 
adsorption, they will be placed downstream of UV peroxide to also provide hydrogen peroxide 
quenching. A GAC treatment system designed for PFAS adsorption will make use of reversible 
lead and lag contactors to extend the empty bed contact time and carbon bed life.  
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Table 5.2  GAC Conceptual Design Criteria 

Parameter Units 
Continental Reserve Saguaro Bloom 

Adsorption 
Peroxide 

Quenching 
Adsorption 

Peroxide 
Quenching 

System 

Design Capacity gpm 2,425 2,425 1,444 1,444 

Contactors 

Configuration -- 

3 parallel 
trains of lead 

and lag 
contactors in 

series 

3 contactors in 
parallel 

2 parallel 
trains of lead 

and lag 
contactors in 

series 

2 contactors in 
parallel 

Flow per Train gpm 808 808 722 722 

Contactor 
Diameter 

ft 12 10 12 10 

Liquid Loading 
Rate 

gpm/sf 7.1 10.3 6.4 9.2 

GAC per Contactor lbs 20,000 20,000 20,000 20,000 

Bed Depth  ft 6.3 8.5 6.3 8.5 

EBCT  min 7.1 6.6 15 7.5 

GAC Media Size mesh 8 x 30 8 x 30 8 x 30 8 x 30 

Backwash 

Backwash Flow 
Rate 

gpm 1,000 710 1,000 710 

Conceptual design criteria for ion exchange systems at both the Continental Reserve and 
Saguaro Bloom facilities are shown in Table 5.3. Similarly to GAC adsorption contactors, ion 
exchange vessels used for PFAS removal will be configured as reversible lead/lag vessels in series 
to extend the total empty bed contact time and bed life. Ion exchange vessels will not be 
backwashed and therefore will not produce any waste until the ion exchange resin is replaced.  
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Table 5.3  Ion Exchange Conceptual Design Criteria 

Parameter Units Continental Reserve Saguaro Bloom 

Design Capacity gpm 2,425 1,444 

Number of Trains -- 2 1 

Number of Vessels per Train -- 2 2 

Media Manufacturer & Type -- DOWEX PSR2 Plus CI DOWEX PSR2 Plus CI 

Media Quantity per Vessel cubic ft 360 386 

Design Capacity gpm per vessel 1,212 1,444 

Vessel Diameter ft 12 12 

Bed Depth  ft 3.2 3.4 

EBCT at Design Flow Rate    

Each Vessel mins 2 2 

Total (Series) mins 4 4 

Pressure Loss at Design Flow psi 4 4 

Table 5.4 presents the conceptual design criteria for the three UV AOP systems considered in 
this study: 

• UV-peroxide AOP using low pressure high output lamps 
• UV-peroxide AOP using medium pressure lamps 
• Chemical-free AOP proprietary system (Evoqua ETS-UV). The chemical-free AOP 

system does not need hydrogen peroxide to form hydroxyl radicals but makes use of 
more trains to achieve the same log reduction as UV-hydrogen peroxide systems.  
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Table 5.4  UV AOP Conceptual Design Criteria 

Parameter Units 

Continental Reserve Saguaro Bloom 

UV-H2O2 
LPHO 

UV-H2O2 
MP 

ETS-UV 
UV-H2O2 

LPHO 
UV-H2O2 

MP 
ETS-UV 

Conceptual Design Parameters 

Design Capacity  gpm 2,425 2,425 2,425 1,444 1,444 1,444 

Target 
Contaminant 

-- 
1,4-

dioxane 
1,4-

dioxane 
1,4-

dioxane 
1,4-

dioxane 
1,4-

dioxane 
1,4-

dioxane 

Log Reduction -- 1 1 1 1 1 1 

Lamp Fouling 
Factor 

 0.9 0.9  0.9 0.9  

Assumed UVT % 95 95 95 95 95 95 

Conceptual Equipment Sizing 

Number of Duty 
Trains 

-- 1 1 3 1 1 2 

Flow per Train gpm 2,425 2,425 808 1,444 1,444 722 

Reactor 
Chambers per 
Train 

-- 2 3 2 1 2 2 

Lamp 
Technology 

-- LPHO MP MP LPHO MP MP 

Vessel Diameter in 30 24 20 30 24 20 

Flange 
Connection Size 

in 20 24 20 20 24 20 

Hydrogen 
Peroxide Dose 

mg/L 6 9 NA3 7 8 NA 

Hydrogen 
Peroxide 
Residual 

mg/L 5 7.8 NA 5.5 6.8 NA 

Bulk Hydrogen 
Peroxide 
Concentration 

% 35 35 NA 35 35 NA 

Peroxide 30-day 
Storage 

gallons 1,800 540 NA 1830 540 NA 
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Table 5.5 presents conceptual design criteria for a chlorine quenching system. Chlorine doses are 
based on estimated hydrogen peroxide residual as the chlorine system will only be used to 
quench hydrogen peroxide before entering the reservoir. Since the chemical free AOP system 
(ETS-UV) does not use hydrogen peroxide, a chlorine quenching system would not be needed.  

Table 5.5  Chlorine System Conceptual Design Criteria 

Parameter Units 

Continental Reserve Saguaro Bloom 

UV-H2O2 
LPHO 

UV-H2O2 
MP 

UV-H2O2 
LPHO 

UV-H2O2 
MP 

Design Capacity gpm 2,425 2,425 1,444 1,444 

Estimated Peroxide Residual mg/L 5 7.8 5.5 6.8 

Chlorine Dose mg/L 9.3 14.5 10.2 12.6 

Bulk Sodium Hypochlorite 
(NaOCl) Concentration 

% 12.5 12.5 12.5 12.5 

Bulk NaOCl 30-day Storage gallons 6,500 10,120 4,240 5,240 

5.2   Simplified Process Schematics 

The simplified process schematics in Appendix A show the treatment strategies considered for 
both the Continental Reserve and the Saguaro Bloom treatment locations. All six treatment 
alternatives will treat both 1,4-dioxane and PFAS compounds. GAC contactors used for 
adsorption and ion exchange contactors are shown with dual lead/lag vessels in the simplified 
process schematics. These schematics do not illustrate the number of trains that may be 
necessary for each treatment scenario, but this information is provided in the conceptual design 
criteria tables. 

5.3   Conceptual Site Layouts 

A conceptual treatment layout at the Continental Reserve site is illustrated in Appendix B.1. The 
treatment system in the site layout includes ion exchange, LPHO UV-peroxide AOP, and GAC for 
excess peroxide quenching. The site layout also shows a backwash equalization tank used for 
settling carbon fines and solids from periodic GAC vessel backwashing. The treatment system 
shown in the site layout has the most treatment technologies of all the treatment systems 
considered. 

A conceptual treatment layout at the Saguaro Bloom site is illustrated in Appendix B.2. As with 
Appendix B.1, this layout concept is based on the treatment system with the most treatment 
technologies to demonstrate the treatment system with the largest footprint can be placed 
within the current Marana Water property. At the Saguaro Bloom site, the site enclosure would 
be expanded to facilitate construction of the treatment facility. This can be accomplished within 
the actual property boundaries, which include land east of the current walled facility site. Two 
openings in the current wall around the well site will likely be created for vehicular access to the 
treatment system. A backwash tank will also be placed at the Saguaro Bloom site if GAC is used 
for treatment.  
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5.4   "Non-Cost" Advantages and Disadvantages 

A non-cost comparison was developed to compare important criteria not evaluated in a cost 
estimate. The project team evaluated 12 criteria and used weighting factors to scale the 
importance of each criteria. Non-cost criteria are used to ensure there is confidence in the 
chosen treatment technologies and they are appropriate for the desired treatment site. 
Appendix C.1 shows the non-cost scoring criteria, weighting, and raw scores. Raw scoring is set 
on a 1-5 scale, with 5 being the highest score and 1 being the lowest. The maturity of each 
treatment technology received the highest weighting factor (30%). ETS-UV was the only 
treatment technology to receive a 1 for maturity of technology, as there are currently no full 
scale applications and very limited pilot data.  

Appendix C.2 shows the weighted scores for the non-cost evaluation. The weighting factor was 
applied to all raw scores in order to calculate a weighted score. To calculate the score for each 
criteria, an average was taken for each treatment strategy in each alternative. Total weighted 
scores are also based on a 1-5 scale, with 5 being the best score. The six treatment trains showed 
in the simplified process schematics were scored in the non-cost evaluation. The UV-peroxide 
trains included LPHO and MP lamp technologies, resulting in ten total treatment trains being 
scored. The highest scoring treatment train included ion exchange for removal of PFASs, 
UV-peroxide AOP for 1,4-dioxane treatment, and GAC for excess hydrogen peroxide quenching. 
The scores for the LPHO lamp AOP were higher than the scores for the MP lamp AOP due to the 
reduced power requirements. 

5.5   Cost Opinions 

Conceptual-level capital and annual operations and maintenance cost opinions were developed 
for all ten treatment alternatives considered. The cost opinions are included in Appendix D.1 for 
Continental Reserve and Appendix D.2 for Saguaro Bloom.  

The capital cost opinions are expressed in October 2017 dollars (corresponding 20-Cities Average 
Engineering News Record Construction Cost Index = 10,817). Cost opinions are consistent with 
Class 4 Estimates as defined by the Association for the Advancement of Cost Engineering 
(AACE) International. This level of engineering cost estimating is generally made with limited 
information, including process block diagrams, preliminary equipment lists, and conceptual 
layouts. Typical accuracy for Class 4 Estimates is expected to be in the range of -30 to 
+50 percent. 

The cost opinions do not include any costs for updating power service to the sites or adding 
additional Supervisory Control and Data Acquisition (SCADA)/communications equipment. To 
add any additional load to the Continental Reserve site, the electric service entrance would need 
to be increased from 600A. The Saguaro Bloom site currently has an 800A service entrance and 
approximately 50A of available capacity for additional loads. Power requirements of the most 
energy efficient UV reactors evaluated (over 55A) would also exceed available site power 
capacity, resulting in a need for an upgraded service entrance. Alignment of 
SCADA/communications hardware and software at both sites would be coordinated with Marana 
Water’s SCADA Master Plan Implementation efforts and standards as part of any treatment 
facility implementation. 
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5.6   Present Worth Analysis of Cost Opinions 

Present worth analyses were prepared for all treatment alternatives evaluated. These values 
represent the sum of capital cost opinions and the present work of annual operations and 
maintenance cost projections, assuming a discount rate of 4 percent and term of 20 years. The 
present worth analysis for all conceptual-level costs at the Continental Reserve site are 
presented in Table 5.6. The present worth analysis for all conceptual level costs at the Saguaro 
Bloom site are presented in Table 5.7. 
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Table 5.6  Continental Reserve Conceptual Cost Opinion 

Cost Opinions 

Trojan UV AOP (LPHO) Evoqua ETS-UV AOP (MP) Calgon UV AOP (MP) 

UV-H2O2 +  
Cl2 quench +  

GAC 
adsorption 

UV-H2O2 +  
GAC (quench/ 

adsorption) 

UV-H2O2 +  
Cl2 quench +  
Ion Exchange 

UV-H2O2 +  
GAC quench 

+ Ion 
Exchange 

ETS-UV +  
GAC 

adsorption 

ETS-UV +  
Ion 

Exchange 

UV-H2O2 +  
Cl2 quench +  

GAC 
adsorption 

UV-H2O2 +  
GAC 

(quench/ 
adsorption) 

UV-H2O2 +  
Cl2 quench +  

Ion 
Exchange 

UV-H2O2 +  
GAC quench +  
Ion Exchange 

Capital Cost $8,520,000  $8,183,000  $7,878,000  $9,344,000  $9,485,000  $8,851,000  $8,005,000  $7,665,000  $7,362,000  $8,828,000  

Annual O&M 
Cost $184,041  $167,436  $174,315  $172,916  $194,192  $184,485  $238,595  $213,167  $228,868  $218,647  

Present Worth 
of Annual O&M $2,502,000  $2,276,000  $2,369,000  $2,350,000  $2,640,000  $2,508,000  $3,243,000  $2,898,000  $3,111,000  $2,972,000  

Total Present 
Worth $11,022,000  $10,459,000  $10,247,000  $11,694,000  $12,125,000  $11,359,000  $11,248,000  $10,563,000  $10,473,000  $11,800,000  

Note 
(1) All present worth calculations assume a discount rate of 4% and term of 20 years 
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Table 5.7  Saguaro Bloom Conceptual Cost Opinion 

Cost Opinions 

Trojan UV AOP (LPHO) Evoqua ETS-UV AOP (MP) Calgon UV AOP (MP) 

UV-H2O2 +  
Cl2 quench +  

GAC 
adsorption 

UV-H2O2 +  
GAC 

(quench/ 
adsorption) 

UV-H2O2 +  
Cl2 quench +  

Ion 
Exchange 

UV-H2O2 +  
GAC quench +  
Ion Exchange 

ETS-UV +  
GAC 

adsorption 

ETS-UV +  
Ion Exchange 

UV-H2O2 +  
Cl2 quench +  

GAC 
adsorption 

UV-H2O2 +  
GAC 

(quench/ 
adsorption) 

UV-H2O2 +  
Cl2 quench +  

Ion 
Exchange 

UV-H2O2 +  
GAC quench +  
Ion Exchange 

Capital Cost $5,816,000  $5,468,000  $4,610,000  $5,599,000  $6,646,000  $5,441,000  $5,819,000  $5,480,000  $4,616,000  $5,610,000  

Annual O&M 
Cost $98,600  $94,390  $88,083  $94,333  $109,752  $99,235  $108,601  $103,615  $98,089  $103,553  

Present Worth 
of Annual O&M $1,341,000  $1,283,000  $1,198,000  $1,283,000  $1,492,000  $1,349,000  $1,476,000  $1,409,000  $1,334,000  $1,408,000  

Total Present 
Worth $7,157,000  $6,751,000  $5,808,000  $6,882,000  $8,138,000  $6,790,000  $7,295,000  $6,889,000  $5,950,000  $7,018,000  

Note 
(1) All present worth calculations assume a discount rate of 4% and term of 20 years  
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Chapter 6 

CONCLUSIONS AND RECOMMENDATIONS 

A summary of conclusions and recommendations for groundwater quality improvements 
resulting from evaluations presented in this report are included in this Chapter. The 
recommendations include strategies to increase the cost-effectiveness of groundwater 
treatment facilities by modifying well operations to reduce treatment equipment needs. 

6.1   Conclusions 

Evaluations of groundwater quality improvements for Marana to address wells affected by 
PFOA/PFOS and 1,4 dioxane levels above EPA Drinking Water Health Advisory levels resulted in 
the following conclusions: 

1. The U.S. EPA has published Drinking Water Health Advisories for 1.4-dioxane at 
0.35 µg/L and for PFOA/PFOS (combined) at 70 ng/L. While Drinking Water Health 
Advisories are not enforceable standards, they represent EPA’s recommendations for 
public water systems and will be taken under consideration in any forthcoming EPA 
rulemaking that may result in enforceable Maximum Contaminant Levels. 

2. Two Marana Water wells affected by 1,4-dioxane and PFOA/PFOS at levels exceeding 
the Drinking Water Health Advisories can be removed from routine service: 
a. Falstaff well is a low-capacity well (approximately 59 gpm) with a very low duty 

cycle that is isolated from other Marana Water systems and currently supplies only 
one customer with water used primarily for non-potable purposes. This well could 
be transferred to the customer, along with a notice regarding water quality. 

b. La Puerta well is a relatively low-capacity well (approximately 292 gpm) located in 
the southeast portion of Marana’s Airline-Lambert water system. This well also 
operates with a very low duty cycle, and recent Marana Water operations testing 
verified peak demand period water demands in the area of La Puerta well can be 
met by the Saguaro Bloom reservoir/booster station site, with La Puerta well out of 
service. This well should be removed from removed from routine service but 
maintained as a contingency supply for emergency purposes. 

3. The Picture Rocks and Airline-Lambert water systems will require water quality 
improvements to meet the Drinking Water Health Advisories for both PFOA/PFOS and 
1,4-dioxane. 

4. Blending options are limited due the following challenges: 
a. Significant volumes of alternate water supplies would be required to achieve 

Marana’s water quality goals through blending alone, and these volumes of water 
are not currently available to either of the affected water systems. 

b. Newly-constructed wells in or near the affected systems are also at risk of exceeding 
PFOA/PFOS and 1,4-dioxane Drinking Water Health Advisory levels. Increased 
pumping of unaffected wells near the Picture Rocks and Airline-Lambert systems 
can also increase their risk of being affected by the contaminants. 
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c. While the NWRRDS project could provide blending water and may be a viable long-
term strategy, the project is not projected to be operational until 2025, and an 
additional conveyance would be required to reach the Airline-Lambert system. 

5. Effective treatment technologies are available to reduce PFOA/PFOS and 1,4-dioxane 
concentrations and reliably meet Marana Water’s goals, but a single treatment process 
will not be effective for both types of contaminants. Either GAC adsorption or ion 
exchange is required for PFOA/PFOS treatment, and an advanced oxidation process is 
required for 1,4-dioxane treatment. 

6. Both the Continental Reserve reservoir and booster station site in the Picture Rocks 
water system and the Saguaro Bloom reservoir and booster site in the Airline-Lambert 
water system can accommodate the full range of treatment facility alternatives 
evaluated in this study. Available space is more limited at the Continental Reserve site, 
and the treatment facility would be constructed in an area of the site that includes space 
originally planned for a second reservoir. However, the second reservoir may no longer 
be needed under Marana Water’s plans for the Twin Peaks - Continental Reserve 
Interconnect project. The Saguaro Bloom site’s parcel includes significant open area east 
of the current walled enclosure that can accommodate a groundwater treatment facility, 
with additional space still available for future expansion. 

6.2   Recommendations 

Based on the conclusions presented above, groundwater treatment is the most feasible option 
currently available to Marana Water for mitigating PFOA/PFOS and 1,4-dioxane levels in the 
Picture Rocks and Airline-Lambert water systems, with treatment facilities added to the 
Continental Reserve and Saguaro Bloom sites, respectively. The NWRRDS and additional 
distribution system interconnections can provide a viable blending approach in the future and/or 
a reliable backup water supply to these areas. 

The paragraphs below outline the recommended approach for groundwater treatment to 
mitigate PFOA/PFOS and 1,4-dioxane levels at both the Continental Reserve and Saguaro Bloom 
sites. The treatment evaluations detailed in the previous chapters of this report were based on 
design capacities matching combined well pumping capacities. Because of the relatively low 
current and projected duty cycles for well operations in both the affected water systems, the 
recommended approach includes a strategy for modifying well operations that will allow for 
reductions in required treatment equipment sizing/units, resulting in lower capital costs. 

6.2.1   Preferred Treatment Processes 

While all 10 of the alternative groundwater treatment process combinations developed and 
evaluated in the previous chapters are capable of mitigating PFOS/PFOA and 1,4-dioxane 
concentrations and meeting Marana Water’s quality goals for the affected water systems, two 
specific process trains emerged as preferred through the technical, cost, and “non-cost” factor 
evaluations: 

• LPHO UV-peroxide AOP + GAC (adsorption and peroxide quenching) 
• Ion Exchange + LPHO UV-peroxide AOP + GAC (peroxide quenching only) 
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In both cases, 1,4-dioxane will be treated with UV-peroxide AOP using LPHO lamp technology. 
PFOA/PFOS will be removed in the first process train listed above via GAC adsorption, and the 
same GAC contactors will also quench excess hydrogen peroxide from the AOP. Ion exchange 
will remove PFOA/PFOS in the second process train above, and the GAC contactors in this 
approach will serve only for peroxide quenching. 

Both alternatives employ technologies that are well-established and demonstrated for municipal 
drinking water treatment, are effective for treatment of the target contaminants, and are 
projected to be comparable in cost. Accordingly, each alternative is expected to be an effective 
treatment solution for Marana Water, and final selection should be based on: 

• Results of GAC adsorption and ion exchange bench-scale testing to identify the most 
effective GAC media type or ion exchange resin for Marana’s site-specific groundwater 
quality in terms of projected GAC or resin utilization rates, required change-out 
frequencies, and costs. 

• Marana Water’s operation and maintenance preferences. 

6.2.2   Strategies for Increasing Treatment Cost-Effectiveness 

Currently, all wells in the two affected water systems have a duty cycle of 25% or less, as shown 
in Table 2.6 in Section 2.3 above. In light of these low duty cycles, an approach was developed to 
reduce treatment system costs based on reduced design treatment capacities and operation of 
the systems for longer periods of time (higher duty cycles) at the lower flow rates to produce the 
same volume of water to meet system demands. This approach will reduce the size and/or 
numbers of treatment equipment required at each site, resulting in lower capital costs. In this 
way, the capital investment in the treatment facilities will be more efficiently utilized, and the 
extended average daily operating period will also enhance stable operations. More detail 
regarding these efficiency strategies is presented in Table 6.1 below. 

Table 6.1  Implementation Strategies 

Strategy 
Groundwater Treatment Site 

Continental Reserve Saguaro Bloom 

Managing 
Flows: 
Fewer wells 
operating at 
higher duty 
cycles 

• Meet demands alternating 
operation of Well 1 (1,422 gpm) 
and Well 2 (1,003 gpm). 

• Review reservoir level 
operations, and adjust where 
feasible to accommodate 
treatment system operating 
cycles while also meeting peak 
demand and fire flow criteria. 

• Meet Airline-Lambert system 
demands using Saguaro Bloom 
well only (1,126 gpm) at increased 
duty cycle. 

• Consider variable frequency drive 
or smaller well pump for near term 
to help increase duty cycle. 

• Potentially alternate well 
operation with second Saguaro 
Bloom well when it is constructed. 

Phasing 
Construction: 
Reduced initial 
treatment 
capacities 

• Construct initial treatment 
capacity for single well 
operation. 

• Plan site and construct building 
to accommodate future 
expansion for projected growth 
(and possibly Pioneer Well). 

• Construct initial treatment 
capacity for current Airline-
Lambert wells capacity only. 

• Plan site to accommodate future 
expansion (affects only GAC or ion 
exchange processes). 
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6.2.3   Refined Treatment Concepts 

Table 6.2 below presents adjusted design criteria for reduced-capacity GAC systems based on 
the efficiency strategies described above. Both the Continental Reserve and Saguaro Bloom 
treatment facilities would operate at approximately half of the current water system total well 
flow rates. GAC contactors used for adsorption would still operate in series, and GAC contactors 
used for peroxide quenching only will be in parallel. Under the reduced flow conditions, 
Continental Reserve would require one fewer train of GAC contactors. Saguaro Bloom would 
require one less train of GAC contactors when used for adsorption, but when used for peroxide 
quenching only, there would be two smaller GAC contactors for the reduced flowrate.  

Table 6.2  Reduced GAC System Conceptual Design Criteria 

Parameter Units 
Continental Reserve Saguaro Bloom 

Adsorption 
Peroxide 

Quenching 
Adsorption 

Peroxide 
Quenching 

Design Capacity gpm 1,444 1,444 750 750 

Configuration -- 

2 parallel 
trains of lead 

and lag 
contactors in 

series 

2 contactors in 
parallel 

1 train of lead 
and lag 

contactors in 
series 

2 contactors in 
parallel 

Flow per Train gpm 722 722 750 375 

Contactor 
Diameter 

ft 12 10 12 8 

Liquid Loading 
Rate 

gpm/sf 6.4 9.2 6.6 7.5 

GAC per Contactor lb 20,000 20,000 20,000 10,000 

Bed Depth  ft 6.3 8.5 6.3 6.8 

EBCT  min 15 6.9 15 6.8 

GAC Media Size mesh 8x30 8x30 8x30 8x30 

Backwash Flow 
Rate 

gpm 1,000 710 1,000 710 

Backwash 
Duration 

min 15 15 15 15 

Backwash Volume gal 15,000 10,650 15,000 10,650 

Table 6.3 summarizes conceptual design criteria for reduced-capacity ion exchange systems 
based on the efficiency strategies described above. The ion exchange system at Continental 
Reserve would require one fewer train of vessels, and Saguaro Bloom would require 10-foot 
diameter vessels instead of 12-foot diameter vessels. 
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Table 6.3  Reduced Ion Exchange System Conceptual Design Criteria 

Parameter Units Continental Reserve Saguaro Bloom 

Design Capacity gpm 1,444 750 

Number of Trains -- 1 1 

Number of Vessels per Train -- 2 2 

Media Manufacturer & Type -- DOWEX PSR2 Plus CI DOWEX PSR2 Plus CI 

Media Quantity per Vessel cubic ft 386 201 

Design Capacity gpm per vessel 1,444 750 

Vessel Diameter ft 12 10 

Bed Depth  ft 3.4 2.6 

EBCT at Design Flow Rate    

Each Vessel mins 2 2 

Total (Series) mins 4 4 

Pressure Loss at Design Flow psi 4 4 

Table 6.4 below presents conceptual design criteria for reduced-capacity LPHO UV-peroxide 
AOP systems based on the efficiency strategies described above. Under reduced treatment 
capacity conditions, the Continental Reserve site would require one less UV reactor, and the 
Saguaro Bloom site would include a smaller UV reactor.  

Table 6.4  Reduced UV AOP System Conceptual Design Criteria 

Parameter Units Continental Reserve Saguaro Bloom 

Design Capacity  gpm 1,444 750 

Target Contaminant -- 1,4-dioxane 1,4-dioxane 

Log Reduction -- 1 1 

Lamp Fouling Factor  0.9 0.9 

UVT % 97.4 98.4 

Reactor Model -- TrojanUVPhox D72AL75 TrojanUVPhox D72AL75 

Number of Duty Trains -- 1 1 

Flow per Train gpm 1,444 750 

Reactor Chambers per 
Train 

-- 1 1 

Number of Lamps per 
Train 

-- 144 72 

Lamp Technology -- LPHO LPHO 

Vessel Diameter in 30 30 

Flange Connection Size in 20 20 

Peroxide Dose mg/L 12 11 

Peroxide Residual mg/L 10.5 9 

Peroxide Concentration % 35 35 

Peroxide 30-day Storage gallons 1,830 900 
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Appendix B.3 and Appendix B.4 illustrate the updated site layouts under reduced treatment 
capacity conditions at both Continental Reserve and Saguaro Bloom site, respectively. Both 
figures are based on a treatment process train of ion exchange, UV-AOP, and GAC contactors for 
peroxide quenching. With reduced flowrates, less equipment is needed at the Continental 
Reserve facility, which allows space for future expansion. The reduced treatment capacity at 
Saguaro Bloom allows smaller vessels to be used for ion exchange and GAC for peroxide 
quenching. The smaller equipment will allow easier access for trucks and equipment used to 
replace ion exchange resin or GAC media. 

Conceptual-level capital and annual O&M cost opinions were developed for both reduced 
treatment capacity alternatives. More detailed cost opinions for both treatment alternatives are 
included in Appendix D.3 for Continental Reserve and Appendix D.4 for Saguaro Bloom. 
Table 6.5 summarizes the capital and annual O&M cost opinions and present for the reduced 
treatment capacity system at Continental Reserve. Table 6.6 summarizes the capital and annual 
O&M cost opinions and present worth for the reduced flow capacity system at Saguaro Bloom.  

Table 6.5  Continental Reserve Refined Conceptual Cost 

Cost Opinions UV AOP (LPHO) 

UV-H2O2 
+ GAC (adsorption & quench) 

Ion Exchange + UV-H2O2 

+ GAC (quench) 

Refined 
Conceptual 

Cost Opinion 

Cost Change 
(and %) 

Refined 
Conceptual 

Cost Opinion  

Cost Change 
(and %) 

Capital Cost $5,561,000  $2,622,000 (↓ 32%)   $5,696,000  $3,647,000 (↓ 39%)    

Annual O&M 
Cost 

$174,878  $7,442 (↑ 4%)   $164,912  $8,004 (↓ 5%)    

Present Worth of 
Annual O&M 

$2,377,000  $101,000 (↑ 4%)   $2,242,000  $108,000 (↓ 5%)    

Total Present 
Worth 

$7,938,000  $2,521,000 (↓ 24%)    $7,938,000  $3,755,000 (↓ 32%)    

Note 
(1) All present worth calculations assume a discount rate of 4% and term of 20 years 
(2) Costs based on Trojan UV AOP equipment. 
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Table 6.6  Saguaro Bloom Refined Conceptual Cost 

Cost Opinions UV AOP (LPHO) 

UV-H2O2 
+ GAC (adsorption & quench) 

Ion Exchange + UV-H2O2 
+ GAC (quench) 

Refined 
Conceptual Cost 

Opinion 

Cost Change 
(and %) 

Refined 
Conceptual 

Cost Opinion  

Cost Change 
(and %) 

Capital Cost $3,686,000  $1,782,000 (↓ 33%)    $4,331,000  $1,268,000 (↓ 23%)    

Annual O&M 
Cost 

$93,834  $556 (↓ 1%)    $97,740  $3,407 (↑ 4%)   

Present Worth of 
Annual O&M 

$1,276,000  $7,000 (↓ 1%)    $1,329,000  $46,000 (↑ 4%)   

Total Present 
Worth 

$4,962,000  $1,789,000 (↓ 27%)   $5,660,000  $1,222,000 (↓ 18%)    
 

Note 
(1) All present worth calculations assume a discount rate of 4% and term of 20 years 
(2) Costs based on Trojan UV AOP equipment. 

As indicated in Table 6.5 and Table 6.6 above, the cost-efficiency strategies developed in this 
Chapter are projected to reduce capital costs for a treatment facility at Continental Reserve by 
approximately 30 to 40 percent. The same strategies are also projected to reduce capital costs 
for a treatment facility at Saguaro Bloom by more than 20 percent, and potentially over 
30 percent, depending upon the treatment process train selected. Changes in annual O&M cost 
projections are minor in comparison to capital costs, and capital costs represent a large majority 
of the total present worth. 

6.2.4   Tentative Implementation Plan 
The following steps are recommended for Marana Water to provide groundwater quality 
improvements in the form of PFOA/PFOS and 1,4-dioxane mitigation for the Picture Rocks and 
Airline-Lambert water systems: 

6.2.4.1   Groundwater Quality Monitoring 
Continue monitoring PFOA/PFOS and 1,4-dioxane levels in wells throughout the Marana Water 
service area, and exchange monitoring results with other municipal water providers in the 
northwest metropolitan area. This monitoring and information sharing is important to track any 
trends in the areas of affected groundwater due to pumping patterns of the various utilities and 
to provide early warning of any additional wells that may need mitigation measures. Two key 
wells to add to Marana’s ongoing monitoring network are the second Saguaro Bloom well in the 
southern portion of that water system (when constructed) and the Pioneer Well at the Twin 
Peaks Road and Interstate 10 interchange, once that new well is equipped. 

6.2.4.2   Treatment Facility Engineering 
Full-scale implementation efforts for treatment facilities at the Continental Reserve and Saguaro 
Bloom sites is estimated to require a total of approximately 20 months, as summarized in 
Table 6.7 below. 
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Table 6.7  Time and Capital Investment Projections for Implementing Treatment Facilities 

Project Stage 
Approximate Time 
Required (months) 

Approximate Portion of 
Capital Investment Required 

per Stage Cumulative per Stage Cumulative 

Bench-scale column testing of GAC 
media and ion exchange resin 

2 2 > 1 % > 1 % 

Preliminary Design 2 4 4% 5% 

Detailed Design 3 7 7% 12% 

Permitting 2 9 > 1 % 13% 

Construction 10 19 84% 97% 

Commissioning and Startup 1 20 3% 100% 

Table 6.7 also illustrates how advancing pre-construction stages of the implementation process 
will reduce the remaining time required before facilities can be operational, while committing a 
relatively small portion of the overall capital investment. Accordingly, the pre-construction 
activities could be pursued to minimize the overall time period prior to PFOA/PFOS and 
1,4-dioxane mitigation for the water supply. 

6.2.4.3   Additional Efforts for System Redundancy/Resiliency 

Marana Water should continue to advance system interconnections to improve the redundancy 
and resiliency of water sources and distribution. This includes the 24-inch diameter Twin Peaks - 
Continental Reserve Interconnect project (Capital Improvement Project WT035). This project will 
provide the Picture Rocks water system operational flexibility for reservoir storage and partial 
well capacity redundancy from the Hartman Vistas water system. The project is currently 
included in Marana Water’s capital improvement program and is expected to be completed 
within the next 1.5 years. 

The utility should also consider the potential for direct pipeline connectivity from the NWRRDS 
transmission main to the Saguaro Bloom facility to also provide future flexibility and redundancy 
of water supply for the Airline-Lambert water system.
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Appendix A 
SIMPLIFIED PROCESS SCHEMATICS 
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Appendix A.2
Simplified Process Flow Schematic
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Appendix A.3
Simplified Process Flow Schematic
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Appendix A.4
Simplified Process Flow Schematic
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Appendix A.5
Simplified Process Flow Schematic
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Appendix A.6
Simplified Process Flow Schematic
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Appendix B 
CONCEPTUAL SITE LAYOUTS 



Appendix B.1
Continental Reserve Site Conceptual Layout
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Appendix B.2
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Appendix C 
COMPARATIVE ASSESSMENT OF "NON-COST" 
ADVANTAGES AND DISADVANTAGES 



Appendix C: Conceptual Non-Cost Comparison
Marana Groundwater Quality Improvements

Task Order No. 1 - Alternatives Evaluation and Implementation Plan

Appendix C.1

GAC adsorption GAC (quench/
adsorption) Anion exchange LPHO UV-H2O2 MP UV-H2O2 ETS-UV  GAC quench Cl2 quench 

Maturity of Technology 30% 5 5 4 5 5 1 5 5
Ease of Operation 10% 3 3 5 1 1 5 4 1
Number of Processes 5% 1 5 1 1 1 5 1 1
Maintenance 10% 4 4 5 3 3 3 4 3
Footprint 5% 3 4 3 3 3 2 4 5
Flexibility/Adaptability 5% 5 5 5 5 3 3 5 5
Public Perception 5% 3 3 3 3 3 3 3 3
Power 10% 5 5 5 3 1 1 5 3
Backwash Waste 5% 1 1 5 5 5 5 1 5
SCADA Improvements 5% 3 3 5 3 3 3 4 3
Lead Time Required 5% 4 4 4 3 3 3 4 5
Staffing Requirements 5% 5 5 5 5 5 5 5 5

100%

Appendix C.2

UV-H2O2 + 
Cl2 quench + 

GAC adsorption

UV-H2O2 + 
GAC (quench/ 

adsorption)

UV-H2O2 + 
Cl2 quench + 

Anion exchange

UV-H2O2 + 
GAC quench + 
Anion exchange

ETS-UV + 
GAC adsorption

ETS-UV + 
Anion exchange

UV-H2O2 + 
Cl2 quench + 

GAC adsorption

UV-H2O2 + 
GAC (quench/ 

adsorption)

UV-H2O2 + 
Cl2 quench + 

Anion exchange

UV-H2O2 + 
GAC quench + 
Anion exchange

Maturity of Technology 1.50 1.50 1.40 1.40 0.90 0.75 1.50 1.50 1.40 1.40
Ease of Operation 0.17 0.20 0.23 0.33 0.40 0.50 0.17 0.20 0.23 0.33
Number of Processes 0.05 0.15 0.05 0.05 0.15 0.15 0.05 0.15 0.05 0.05
Maintenance 0.33 0.35 0.37 0.40 0.35 0.40 0.33 0.35 0.37 0.40
Footprint 0.18 0.18 0.18 0.17 0.13 0.13 0.18 0.18 0.18 0.17
Flexibility/Adaptability 0.25 0.25 0.25 0.25 0.20 0.20 0.22 0.20 0.22 0.22
Public Perception 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Power 0.37 0.40 0.37 0.43 0.30 0.30 0.30 0.30 0.30 0.37
Backwash Waste 0.18 0.15 0.25 0.18 0.15 0.25 0.18 0.15 0.25 0.18
SCADA Improvements 0.15 0.15 0.18 0.20 0.15 0.20 0.15 0.15 0.18 0.20
Timeline 0.20 0.18 0.20 0.18 0.18 0.18 0.20 0.18 0.20 0.18
Staffing Requirements 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Total Score 3.78 3.90 3.88 4.00 3.30 3.45 3.68 3.75 3.78 3.90

Criteria

WeightingCriteria

Raw Scores

Weighted Scores
Trojan UV AOP (LPHO) Evoqua ETS-UV AOP (MP) Calgon UV AOP (MP)

Peroxide Quenching1,4-dioxane TreatmentPFAS Treatment

Scores based on 1-5 scale (5 = best and 1 = worst) Page 1 of 1 December 2017
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CAPITAL AND ANNUAL OPERATIONS AND 
MAINTENANCE COST OPINIONS 
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Conceptual Cost Opinion Assumptions 

As stated in Chapter 5, conceptual capital and annual operations and maintenance cost opinions 
provided in Appendix D are consistent with Class 4 Estimates as defined by the AACE 
International. 

In addition, assumptions were made in development of the cost opinions regarding site layout, 
topography, and suitable subgrade (geotechnical) conditions to allow conventional construction 
methods. Topographical surveys and geotechnical investigations at the site have not been 
conducted. The following cost opinion assumptions apply to the information in Appendix D: 

• The total cost does not include owner's internal costs.  
• All labor costs are based on non-union labor.  
• Construction supervision and manpower labor has not been adjusted to account for 

compressed schedule and night-shift operations.  
• Natural grade in the area of the proposed groundwater treatment sites will not need to 

be raised or lowered substantially.  
• Construction cost estimating was developed using U.S. dollars for equipment costs and 

labor.  
• Unit costs for several items were taken from sources such as similar projects and 

discussions with internal design staff and equipment suppliers.  
• Detailed material takeoffs have not been completed for structural, piping, or electrical 

materials due to current level of planning. 
• Costs for relocation of existing buried utilities and pipelines have not been included.  
• Operator labor costs for training are not included. 
• Removal of abandoned electrical or instrumentation cable/conduit are not included. 
• Pricing for all equipment and special construction includes the equipment cost and an 

estimate for installation labor and materials costs.  

 



 December 2017

Conceptual Cost Opinions
CONTINENTAL RESERVE

AACE International Class 4 Estimate UV-H2O2 + 
Cl2 quench + 

GAC adsorption

UV-H2O2 + 
GAC 

(quench/adsorption)

UV-H2O2 + 
Cl2 quench + 

Anion Exchange

UV-H2O2 + 
GAC quench + 

Anion Exchange

ETS-UV + 
GAC adsorption

ETS-UV + 
Anion Exchange

UV-H2O2 + 
Cl2 quench + 

GAC adsorption

UV-H2O2 + 
GAC 

(quench/adsorption)

UV-H2O2 + 
Cl2 quench + 

Anion Exchange

UV-H2O2 + 
GAC quench + 

Anion Exchange

CAPITAL COST Factor
DIRECT COST
Site Work 5% $106,000 $102,000 $97,000 $118,000 $113,000 $104,000 $99,000 $95,000 $90,000 $111,000
Yard Piping and Valves 10% $277,000 $264,000 $253,000 $307,000 $293,000 $270,000 $258,000 $245,000 $234,000 $288,000
Building & Foundation $314,000 $314,000 $314,000 $314,000 $566,000 $566,000 $314,000 $314,000 $314,000 $314,000
Process Equipment

Prefilters $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000
UV AOP $729,000 $729,000 $729,000 $729,000 $952,465 $952,465 $586,518 $586,518 $586,518 $586,518
GAC $1,203,114 $1,203,114 -- $430,000 $1,203,114 -- $1,203,114 $1,203,114 -- $430,000
Anion Exchange -- -- $1,102,855 $1,102,855 -- $1,102,855 -- -- $1,102,855 $1,102,855
Chlorine Quenching $95,247 -- $95,247 -- -- -- $95,247 -- $95,247 --
Backwash System/Tank $81,000 $81,000 -- $81,000 $81,000 -- $81,000 $81,000 -- $81,000
Installation 30% $639,000 $610,000 $584,000 $709,000 $677,000 $623,000 $590,000 $561,000 $535,000 $660,000

Electrical 12% $256,000 $244,000 $234,000 $284,000 $271,000 $250,000 $239,000 $227,000 $217,000 $267,000
I&C 12% $256,000 $244,000 $234,000 $284,000 $271,000 $250,000 $239,000 $227,000 $217,000 $267,000

SUBTOTAL DIRECT COST $3,976,361 $3,811,114 $3,663,101 $4,378,855 $4,447,580 $4,138,320 $3,724,879 $3,559,632 $3,411,620 $4,127,373
Escalation to Mid-Point of Construction 5% $199,000 $191,000 $183,000 $219,000 $222,000 $207,000 $186,000 $178,000 $171,000 $206,000

Subtotal $4,175,361 $4,002,114 $3,846,101 $4,597,855 $4,669,580 $4,345,320 $3,910,879 $3,737,632 $3,582,620 $4,333,373
Contingency 25% $1,044,000 $1,001,000 $962,000 $1,149,000 $1,167,000 $1,086,000 $978,000 $934,000 $896,000 $1,083,000

TOTAL DIRECT COST $5,219,361 $5,003,114 $4,808,101 $5,746,855 $5,836,580 $5,431,320 $4,888,879 $4,671,632 $4,478,620 $5,416,373
INDIRECT COST
General Conditions, Overhead, Profit & Risk 22% $1,148,000 $1,101,000 $1,058,000 $1,264,000 $1,284,000 $1,195,000 $1,076,000 $1,028,000 $985,000 $1,192,000
Bonds and Insurance 3% $157,000 $150,000 $144,000 $172,000 $175,000 $163,000 $147,000 $140,000 $134,000 $162,000
Tax (65% of 8.6% Marana Rate) 5.59% $292,000 $292,000 $292,000 $292,000 $292,000 $292,000 $292,000 $292,000 $292,000 $292,000

TOTAL INDIRECT COST $1,597,000 $1,543,000 $1,494,000 $1,728,000 $1,751,000 $1,650,000 $1,515,000 $1,460,000 $1,411,000 $1,646,000
TOTAL CONSTRUCTION COST $6,816,361 $6,546,114 $6,302,101 $7,474,855 $7,587,580 $7,081,320 $6,403,879 $6,131,632 $5,889,620 $7,062,373
Engineering, Administration, and Legal 25% $1,704,000 $1,637,000 $1,576,000 $1,869,000 $1,897,000 $1,770,000 $1,601,000 $1,533,000 $1,472,000 $1,766,000
CMAR Pre-construction Services
Owner's Reserve for Change Orders
TOTAL CAPITAL COST $8,520,361 $8,183,114 $7,878,101 $9,343,855 $9,484,580 $8,851,320 $8,004,879 $7,664,632 $7,361,620 $8,828,373
ANNUAL OPERATION & MAINTENANCE COST1

Power 0.135$       $16,205 $16,205 $16,205 $16,205 $54,778 $54,778 $58,544 $58,544 $58,544 $58,544
Water Quality Monitoring $28,500 $28,500 $23,520 $23,520 $28,500 $23,520 $28,500 $28,500 $23,520 $23,520
Chemicals

Sodium Hypochlorite (12.5%) 0.79$         $15,779 -- $15,779 -- -- -- $24,601 -- $24,601 --
Hydrogen Peroxide (35%) 3.36$         $14,174 $14,174 $14,174 $14,174 -- -- $21,262 $21,262 $21,262 $21,262
GAC Changeout 1.80$         $41,691 $41,691 -- $10,801 $41,691 -- $41,691 $41,691 -- $10,801
Anion Exchange Resin Changeout 6.46$         -- -- $38,511 $38,511 -- $38,511 -- -- $38,511 $38,511

Maintenance Materials $31,292 $30,466 $29,726 $33,304 $32,822 $31,276 $27,597 $26,771 $26,031 $29,609
UV Lamps $10,093 $10,093 $10,093 $10,093 $4,768 $4,768 $4,178 $4,178 $4,178 $4,178
Lamp Sleeves $277 $277 $277 $277 $471 $471 $537 $537 $537 $537
Ballasts $901 $901 $901 $901 $578 $578 $2,913 $2,913 $2,913 $2,913
UV Sensors $139 $139 $139 $139 $4,768 $4,768 $1,344 $1,344 $1,344 $1,344
General 1% $19,882 $19,056 $18,316 $21,894 $22,238 $20,692 $18,624 $17,798 $17,058 $20,637

Labor 35.00$       $36,400 $36,400 $36,400 $36,400 $36,400 $36,400 $36,400 $36,400 $36,400 $36,400
TOTAL ANNUAL O&M COST $184,041 $167,436 $174,315 $172,916 $194,192 $184,485 $238,595 $213,167 $228,868 $218,647
ECONOMIC ANALYSIS
Present Worth of Annual O&M $2,502,000 $2,276,000 $2,369,000 $2,350,000 $2,640,000 $2,508,000 $3,243,000 $2,898,000 $3,111,000 $2,972,000
TOTAL PRESENT WORTH $11,022,361 $10,459,114 $10,247,101 $11,693,855 $12,124,580 $11,359,320 $11,247,879 $10,562,632 $10,472,620 $11,800,373

Annualized Capital Cost $627,000 $603,000 $580,000 $688,000 $698,000 $652,000 $590,000 $564,000 $542,000 $650,000
TOTAL EQUIVALENT ANNUAL COST $811,000 $770,000 $754,000 $861,000 $892,000 $836,000 $829,000 $777,000 $771,000 $869,000
COST $/1000 Gallons Treated $3.30 $3.13 $3.07 $3.50 $3.63 $3.40 $3.37 $3.16 $3.13 $3.53

1Annual O&M cost based on annual average 2,425 gpm and 19.3% duty cycle (468 gpm annual average)

Groundwater Quality Improvements
Task Order No. 1 - Alternatives Evaluation and Implementation Plan

Trojan UV AOP (LPHO) Evoqua ETS-UV AOP (MP) Calgon UV AOP (MP)
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Conceptual Cost Opinions
SAGUARO BLOOM

AACE International Class 4 Estimate UV-H2O2 + 
Cl2 quench + 

GAC adsorption

UV-H2O2 + 
GAC 

(quench/adsorption)

UV-H2O2 + 
Cl2 quench + 

Anion Exchange

UV-H2O2 + 
GAC quench + 

Anion Exchange

ETS-UV + 
GAC adsorption

ETS-UV + 
Anion Exchange

UV-H2O2 + 
Cl2 quench + 

GAC adsorption

UV-H2O2 + 
GAC 

(quench/adsorption)

UV-H2O2 + 
Cl2 quench + 

Anion Exchange

UV-H2O2 + 
GAC quench + 

Anion Exchange

CAPITAL COST Factor
DIRECT COST
Site Work and Walls/Gates 10% $141,000 $132,000 $108,000 $135,000 $155,000 $122,000 $141,000 $132,000 $108,000 $135,000
Yard Piping and Valves 10% $183,000 $171,000 $140,000 $175,000 $201,000 $158,000 $183,000 $171,000 $140,000 $176,000
Building & Foundation $220,000 $220,000 $220,000 $220,000 $377,000 $377,000 $220,000 $220,000 $220,000 $220,000
Process Equipment

Prefilters $16,000 $16,000 $16,000 $16,000 $16,000 $16,000 $16,000 $16,000 $16,000 $16,000
UV AOP $417,000 $417,000 $417,000 $417,000 $652,000 $652,000 $419,085 $419,085 $419,085 $419,085
GAC $802,076 $802,076 -- $287,000 $802,076 -- $802,076 $802,076 -- $287,000
Anion Exchange -- -- $551,427 $551,427 -- $551,427 -- -- $551,427 $551,427
Chlorine Quenching $95,247 -- $95,247 -- -- -- $95,247 -- $95,247 --
Backwash System/Tank $81,000 $81,000 -- $81,000 $81,000 -- $81,000 $81,000 -- $81,000
Installation 30% $419,000 $390,000 $319,000 $401,000 $461,000 $361,000 $419,000 $391,000 $320,000 $402,000

Electrical 12% $170,000 $158,000 $130,000 $163,000 $187,000 $147,000 $170,000 $159,000 $130,000 $163,000
I&C 12% $170,000 $158,000 $130,000 $163,000 $187,000 $147,000 $170,000 $159,000 $130,000 $163,000

SUBTOTAL DIRECT COST $2,714,323 $2,545,076 $2,126,674 $2,609,427 $3,119,076 $2,531,427 $2,716,408 $2,550,161 $2,129,759 $2,613,512
Escalation to Mid-Point of Construction 5% $136,000 $127,000 $106,000 $130,000 $156,000 $127,000 $136,000 $128,000 $106,000 $131,000

Subtotal $2,850,323 $2,672,076 $2,232,674 $2,739,427 $3,275,076 $2,658,427 $2,852,408 $2,678,161 $2,235,759 $2,744,512
Contingency 25% $713,000 $668,000 $558,000 $685,000 $819,000 $665,000 $713,000 $670,000 $559,000 $686,000

TOTAL DIRECT COST $3,563,323 $3,340,076 $2,790,674 $3,424,427 $4,094,076 $3,323,427 $3,565,408 $3,348,161 $2,794,759 $3,430,512
INDIRECT COST
General Conditions, Overhead, Profit & Risk 22% $784,000 $735,000 $614,000 $753,000 $901,000 $731,000 $784,000 $737,000 $615,000 $755,000
Bonds and Insurance 3% $107,000 $100,000 $84,000 $103,000 $123,000 $100,000 $107,000 $100,000 $84,000 $103,000
Tax (65% of 8.6% Marana Rate) 5.59% $199,000 $199,000 $199,000 $199,000 $199,000 $199,000 $199,000 $199,000 $199,000 $199,000

TOTAL INDIRECT COST $1,090,000 $1,034,000 $897,000 $1,055,000 $1,223,000 $1,030,000 $1,090,000 $1,036,000 $898,000 $1,057,000
TOTAL CONSTRUCTION COST $4,653,323 $4,374,076 $3,687,674 $4,479,427 $5,317,076 $4,353,427 $4,655,408 $4,384,161 $3,692,759 $4,487,512
Engineering, Administration, and Legal 25% $1,163,000 $1,094,000 $922,000 $1,120,000 $1,329,000 $1,088,000 $1,164,000 $1,096,000 $923,000 $1,122,000
CMAR Pre-construction Services
Owner's Reserve for Change Orders
TOTAL CAPITAL COST $5,816,323 $5,468,076 $4,609,674 $5,599,427 $6,646,076 $5,441,427 $5,819,408 $5,480,161 $4,615,759 $5,609,512
ANNUAL OPERATION & MAINTENANCE COST1

Power 0.135$       $2,615 $2,615 $2,615 $2,615 $17,881 $17,881 $11,265 $11,265 $11,265 $11,265
Water Quality Monitoring $28,500 $28,500 $23,520 $23,520 $28,500 $23,520 $28,500 $28,500 $23,520 $23,520
Chemicals

Sodium Hypochlorite (12.5%) 0.79$         $3,364 -- $3,364 -- -- -- $4,155 -- $4,155 --
Hydrogen Peroxide (35%) 3.36$         $3,214 $3,214 $3,214 $3,214 -- -- $3,674 $3,674 $3,674 $3,674
GAC Changeout 1.80$         $9,073 $9,073 -- $7,201 $9,073 -- $9,073 $9,073 -- $7,201
Anion Exchange Resin Changeout 6.46$         -- -- $6,474 $6,474 -- $6,474 -- -- $6,474 $6,474

Maintenance Materials $15,434 $14,588 $12,496 $14,909 $17,899 $14,960 $15,535 $14,703 $12,601 $15,020
UV Lamps $1,647 $1,647 $1,647 $1,647 $1,038 $1,038 $909 $909 $909 $909
Lamp Sleeves $45 $45 $45 $45 $103 $103 $117 $117 $117 $117
Ballasts $147 $147 $147 $147 $126 $126 $634 $634 $634 $634
UV Sensors $23 $23 $23 $23 $1,038 $1,038 $292 $292 $292 $292
General 1% $13,572 $12,725 $10,633 $13,047 $15,595 $12,657 $13,582 $12,751 $10,649 $13,068

Labor 35.00$       $36,400 $36,400 $36,400 $36,400 $36,400 $36,400 $36,400 $36,400 $36,400 $36,400
TOTAL ANNUAL O&M COST $98,600 $94,390 $88,083 $94,333 $109,752 $99,235 $108,601 $103,615 $98,089 $103,553
ECONOMIC ANALYSIS
Present Worth of Annual O&M $1,341,000 $1,283,000 $1,198,000 $1,283,000 $1,492,000 $1,349,000 $1,476,000 $1,409,000 $1,334,000 $1,408,000
TOTAL PRESENT WORTH $7,157,323 $6,751,076 $5,807,674 $6,882,427 $8,138,076 $6,790,427 $7,295,408 $6,889,161 $5,949,759 $7,017,512

Annualized Capital Cost $428,000 $403,000 $340,000 $413,000 $490,000 $401,000 $429,000 $404,000 $340,000 $413,000
TOTAL EQUIVALENT ANNUAL COST $527,000 $497,000 $428,000 $507,000 $600,000 $500,000 $538,000 $508,000 $438,000 $517,000
COST $/1000 Gallons Treated $11.02 $10.39 $8.95 $10.60 $12.55 $10.46 $11.25 $10.62 $9.16 $10.81

1Annual O&M cost based on annual average 1,444 gpm and 6.3% duty cycle (90 gpm annual average)

Groundwater Quality Improvements
Task Order No. 1 - Alternatives Evaluation and Implementation Plan

Trojan UV AOP (LPHO) Evoqua ETS-UV AOP (MP) Calgon UV AOP (MP)
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Appendix D.3 Refined Conceptual Cost Opinions 
CONTINENTAL RESERVE - 1,444 GPM

AACE International Class 4 Estimate
UV-H2O2 + 

GAC 
(quench/adsorption)

UV-H2O2 + 
GAC quench + 
Anion Exchange

CAPITAL COST Factor
DIRECT COST
Site Work and Walls/Gates 10% $131,000 $135,000
Yard Piping and Valves 10% $170,000 $175,000
Building & Foundation $220,000 $220,000
Well Pump $50,000 $50,000
Process Equipment

Prefilters $16,000 $16,000
UV AOP $415,000 $415,000
GAC $802,076 $287,000
Anion Exchange -- $551,427
Chlorine Quenching -- --
Backwash System/Tank $81,000 $81,000
Installation 30% $389,000 $400,000

Electrical 12% $158,000 $163,000
I&C 12% $158,000 $163,000

SUBTOTAL DIRECT COST $2,590,076 $2,656,427
Escalation to Mid-Point of Construction 5% $130,000 $133,000

Subtotal $2,720,076 $2,789,427
Contingency 25% $680,000 $697,000

TOTAL DIRECT COST $3,400,076 $3,486,427
INDIRECT COST
General Conditions, Overhead, Profit & Risk 22% $748,000 $767,000
Bonds and Insurance 3% $102,000 $105,000
Tax (65% of 8.6% Marana Rate) 5.59% $199,000 $199,000

TOTAL INDIRECT COST $1,049,000 $1,071,000
TOTAL CONSTRUCTION COST $4,449,076 $4,557,427
Engineering, Administration, and Legal 25% $1,112,000 $1,139,000
CMAR Pre-construction Services
Owner's Reserve for Change Orders
TOTAL CAPITAL COST $5,561,076 $5,696,427
ANNUAL OPERATION & MAINTENANCE COST1

Power 0.135$        $12,799 $12,799
Water Quality Monitoring $28,500 $23,520
Chemicals

Sodium Hypochlorite (12.5%) 0.79$          -- --
Hydrogen Peroxide (35%) 3.36$          $30,711 $30,711
GAC Changeout 1.80$          $44,403 $7,401
Anion Exchange Resin Changeout 6.46$          -- $31,685

Maintenance Materials $22,065 $22,396
UV Lamps $8,062 $8,062
Lamp Sleeves $221 $221
Ballasts $720 $720
UV Sensors $111 $111
General 1% $12,950 $13,282

Labor 35.00$        $36,400 $36,400
TOTAL ANNUAL O&M COST $174,878 $164,912
ECONOMIC ANALYSIS
Present Worth of Annual O&M $2,377,000 $2,242,000
TOTAL PRESENT WORTH $7,938,076 $7,938,427

Annualized Capital Cost $410,000 $420,000
TOTAL EQUIVALENT ANNUAL COST $585,000 $585,000
COST $/1000 Gallons Treated $2.50 $2.50

1Annual O&M cost based on annual average 1,444 gpm with a 31% duty cycle.
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Appendix D.4 Refined Conceptual Cost Opinions 
SAGUARO BLOOM - 750 GPM

AACE International Class 4 Estimate
UV-H2O2 + 

GAC 
(quench/adsorption)

UV-H2O2 + 
GAC quench + 

Anion Exchange

CAPITAL COST Factor
DIRECT COST
Site Work and Walls/Gates 10% $80,000 $98,000
Yard Piping and Valves 10% $104,000 $127,000
Building & Foundation $220,000 $220,000
Well Pump $35,000 $35,000
Process Equipment

Prefilters $8,000 $8,000
UV AOP $314,000 $314,000
GAC $401,038 $216,000
Anion Exchange -- $363,000
Chlorine Quenching -- --
Backwash System/Tank $81,000 $81,000
Installation 30% $239,000 $292,000

Electrical 12% $97,000 $118,000
I&C 12% $97,000 $118,000

SUBTOTAL DIRECT COST $1,676,038 $1,990,000
Escalation to Mid-Point of Construction 5% $84,000 $100,000

Subtotal $1,760,038 $2,090,000
Contingency 25% $440,000 $523,000

TOTAL DIRECT COST $2,200,038 $2,613,000
INDIRECT COST
General Conditions, Overhead, Profit & Risk 22% $484,000 $575,000
Bonds and Insurance 3% $66,000 $78,000
Tax (65% of 8.6% Marana Rate) 5.59% $199,000 $199,000

TOTAL INDIRECT COST $749,000 $852,000
TOTAL CONSTRUCTION COST $2,949,038 $3,465,000
Engineering, Administration, and Legal 25% $737,000 $866,000
CMAR Pre-construction Services
Owner's Reserve for Change Orders
TOTAL CAPITAL COST $3,686,038 $4,331,000
ANNUAL OPERATION & MAINTENANCE COST1

Power 0.135$        $5,016 $5,016
Water Quality Monitoring $28,500 $23,520
Chemicals

Sodium Hypochlorite (12.5%) 0.79$          -- --
Hydrogen Peroxide (35%) 3.36$          $5,051 $5,051
GAC Changeout 1.80$          $8,701 $3,600
Anion Exchange Resin Changeout 6.46$          -- $12,417

Maintenance Materials $10,166 $11,736
UV Lamps $1,580 $1,580
Lamp Sleeves $43 $43
Ballasts $141 $141
UV Sensors $22 $22
General 1% $8,380 $9,950

Labor 35.00$        $36,400 $36,400
TOTAL ANNUAL O&M COST $93,834 $97,740
ECONOMIC ANALYSIS
Present Worth of Annual O&M $1,276,000 $1,329,000
TOTAL PRESENT WORTH $4,962,038 $5,660,000

Annualized Capital Cost $272,000 $319,000
TOTAL EQUIVALENT ANNUAL COST $366,000 $417,000
COST $/1000 Gallons Treated $7.68 $8.75

1Annual O&M cost based on annual average 750 gpm with a 12% duty cycle.

Groundwater Quality Improvements
Task Order No. 1 - Alternatives Evaluation and Implementation Plan
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