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ARIZONA WA TER COMPANY

I.

Q.

Direct Testimony of

Fredrick K. Schneider

Introduction and Qualifications

PLEASE STATE YOUR NAME, EMPLOYER AND OCCUPATION.

My name is Fredrick K. Schneider. I am employed by Arizona Water Company

(the "Company") as Vice President of Engineering. My business address is 3805

N. Black Canyon Highway, Phoenix, Arizona 85015.

Q. PLEASE DESCRIBE YOUR EDUCATIONAL BACKGROUND.

I graduated in 1990 with a Bachelor of Science degree in Hydrology from the

College of Engineering and Mines at the University of Arizona, in Tucson,

Arizona. Additionally, I have taken graduate level classes at the University of

Phoenix.

Q. PLEASE DESCRIBE YOUR WORK EXPERIENCE.
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In 1987, I began working for the united States Department of  Agriculture

performing chemical and granular gradation laboratory soils analysis. In 1988, I

accepted a position with the City of Tucson as an Engineering Intern in its

Engineering Department performing civil engineering site reviews. I later

transferred to the City of  Tucson's Water Department where I worked on

groundwater modeling, environmental remediation and groundwater

contamination investigation until I graduated from the University of Arizona in

1990.

Upon obtaining my degree in 1990, joined Boyle Engineering Corporation

("Boyle") in Phoenix, Arizona as an Assistant Engineer and was later promoted to

the position of Associate Engineer. Boyle provides consulting engineering

services to the public and private sectors in the areas of water and wastewater.

while employed by Boyle, I was involved in a variety of consulting assignments,

W:\FredsTestimony\F KS WG TY 2014 Western GroupRate Case.docx
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reconnaissance level investigations, feasibility studies and construction phase

services, including water and wastewater master planning, groundwater supply

development, surface water supply development, storage reservoir design and

construction, treatment facilities, pipeline systems and wastewater collection,

treatment and disposal.

In 1995, I accepted a position with Wood, Patel and Associates

("Wood/patel") in Phoenix, Arizona. While employed by Wood/Patel, my duties

consisted of engineering design and project management for various water and

wastewater pipeline feasibility analyses, evaluation of alternatives, cost

estimating, detailed hydraulic analysis and master planning new developments

ranging in size from several hundred to several thousand acres.

In 1998, I joined Citizens Water Resources ("Citizens") as a Senior

Development Engineer and was later promoted to the position of Development

Services Supervisor. While employed by Citizens, I negotiated development

agreements, reviewed water and wastewater master plans and facility

infrastructure plans, and was responsible for the inspection and approval of

constructed facilities for projects within the metropolitan Phoenix area. I became

an employee of Arizona American Water Company ("Arizona-American") when

its parent company, American Water, purchased the water and wastewater
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assets of Citizens on January 15, 2001. Subsequently, I was promoted to the

position of Development Services Manager, and was responsible for the same

duties described above on a statewide basis. In 2003, I was promoted to the

position of Manager of Arizona-American, moving from engineering to

operations. In this capacity, I was responsible for all of the operations of Arizona-

American's water and wastewater treatment facilities, distribution and collection

W:\Freds Testimony\FKS WG TY 2014 Wester Group Rate Case.docx

facilities, and customer service. In May 2004, I was promoted to the position of

Director of Engineering for American Water's Western Region, where my

responsibilities included overseeing all capital planning and engineering activities
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II

for American Water's operations in Arizona, California, Hawaii, New Mexico and

Texas.

In October 2005, joined Brown and Caldwell as an Associate. My duties

included managing the Phoenix Infrastructure department, including design,

project management and construction administration of water and wastewater

infrastructure projects within the Metropolitan Phoenix Area.

In August 2007, I joined Arizona Water Company as Vice President of

Engineering, where my responsibilities include capital planning, design, and

construction management of all of the Company's engineering projects.

In July 2013, I took over responsibil i ty for daily coordination and

supervision of the Company's Administrative Services Department, which

includes the Company's safety, water resources, water quality compliance and

environmental compliance. In th is ro le,  l  a lso support  and oversee the

Company's operations.

Q. ARE you A MEMBER OF ANY PROFESSIONAL ORGANIZATIONS?

Yes. I am a member of the American Water Works Association ("AWWA"), the

Arizona Water Association, and American Society of Civil Engineers. I was also

a member of the Infrastructure Replacement Group of the Blue Ribbon Panel on

Sustainability, a panel formed to address water sustainability jointly chaired by

the Arizona Corporation Commission (the "Commission"), the Arizona

Department of Water Resources ("ADWR"), and the Arizona Department of

Environmental Quality ("ADEQ").

Q. ARE you A REGISTERED PROFESSIONAL ENGINEER?
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Yes. I have been a registered professional engineer in the State of Arizona since

1995.
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Q. DO you HAVE ANY OTHER CERTIFICATIONS?

Yes. I am an ADEQ Grade 2 certif ied operator in Water and Wastewater

Treatment and a Grade 3 certified operator in Water Distribution and Wastewater

Collection.

Q. HAVE YOU TESTIFIED PREVIOUSLY BEFORE THE COMMISSION?

Yes. I have testified in rate proceedings and Certificate of Convenience and

Necessity ("CCN") hearings before the Commission. In addition, I have testified

in California before the California Public Utilities Commission and prepared pre-

filed testimony in Hawaii and New Mexico. I testified in the Company's last four

general rate case applications, including the Company's 2007 test year general

rate case (Docket No. W-01445A-08-0440), the Company's adjusted 2010 test

year Western Group general rate case (Docket No. W-01445A-10-0517), the

Company's 2010 test year general Eastern Group rate case (Docket No.

w-01445A-11-0310), and the Company's 2011 Northern Group general rate case

(Docket No. W-01445A-12-0348).

II.

Q.

Purpose of Direct Testimony

WHAT IS THE PURPOSE OF YOUR DIRECT TESTIMONY?
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I address several engineering and operations related issues in this general rate

case application for the Company's Western Group. Specifically, I address:

1. The critical and necessary post-Test Year plant additions which are, or

will be completed and placed in service prior to the hearing in this case

in the Ajo, Pinal Valley and white Tank service areas, and the reasons

why such additions should be included in rate base in this proceeding .

The Company's planning and budgeting process for the construction of

utility plant additions and improvements.

Company-funded utility plant additions since the last rate proceeding.
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The Company's need to construct an additional arsenic removal facility

in the Pinal Valley water systems and the Company's request to

continue the arsenic cost recovery mechanism ("ACRM").

The Company's plan to construct the Pinal Valley Recharge and

Recovery Facility and its request to continue collecting an off-site

facilities fee for the purpose of funding this facility and related facilities.

The Company's plan to construct the white Tank Recharge and

Recovery Facility in the white Tank service area and its request for a

new off-site facilities fee to fund construction of this facility and related

facilities.

The Company's work to reduce water loss in the Ajo, Pinal Valley and

White Tank service areas and its request for a system improvement

benefits ("SlB") mechanism to replace aging infrastructure.

The Company's tank maintenance program and associated costs in the

Company's Ajo, Pinal Valley and White Tank service areas.

The Company's need to construct a nitrate removal facility in the Pinal

Valley Service Area and its request for Commission authorization of a

Nitrate Cost Recovery Mechanism ("NCRM").

The Western Group is comprised of the Ajo, Pinal Valley and white Tank

service areas. The Pinal Valley service area is comprised of the Casa Grande,

Coolidge Airport, Tierra Grande and Stanfield public water systems, which were

consolidated for rate making purposes in Decision No. 71845.
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III.

Q.

Post-Test Year Plant Additions

IS THE COMPANY PROPOSING TO INCLUDE POST-TEST YEAR PLANT

ADDITIONS IN RATE BASE IN THIS PROCEEDING?

W:\Freds Testimony\FKS WGTY 2014 Wester Group Rate Case.docx
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meter shop. These utility plant additions include the revenue-neutral projects,

identified by Work Authorization ("WA") number, which I describe in detail later in

this section of my testimony. Exhibit FKS-t also contains detailed project

information, descriptions and supporting data for each post-test year plant

addition. These projects are also shown in the Company's Application in the

appendix to Schedule B-2, sponsored by Company witness Mr. Reiker.

Q. WHAT DO YOU MEAN BY "REVENUE-NEUTRAL" PROJECTS?

Revenue-neutral projects include only those items of utility plant required for the

provision of service to existing customers served during the test year and does

not include projects undertaken for the purpose of serving future customers or to

expand system capacity.

Q. HAVE ANY OF THESE PROJECTS BEEN COMPLETED AND PLACED IN

SERVICE?

Yes. As of the date of this pre-filed testimony, 23 of these projects have been

completed and placed in service, as noted below. The Company will provide

Staff and interveners with updates to the status and final cost of each project,

including supporting documentation, as it is completed and placed in service.

Q. PLEASE SUMMARIZE THE PROJECTS THE COMPANY PROPOSES TO

INCLUDE IN RATE BASE AS POST-TEST YEAR UTILITY PLANT

ADDITIONS.

The Company proposes in this proceeding to include the following projects in

rate base as post-test year plant:

A. Pinal Valley Service Area

Pinal Valley Water System - PWSID No. 11-009

WA 1-4806 CONSTRUCT AN ARSENIC REMOVAL FACILITY AT WELL no.

13.

i.

1
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Arsenic in Well No. 13 has increased from 8 to 14 parts per billion ("ppb").

The Company needs to construct an arsenic removal facility to comply with the
W:\Freds Testimony\FKS WG TY 2014 Western Group Rate Case.docx 1 1
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arsenic Maximum Contaminant Limit ("MCL") of 10 ppb as required by Safe

Drinking Water Standards and to provide sufficient production capacity to satisfy

water system demands. Company engineers analyzed the production capacity

of the Coolidge portion of the Pinal Valley water system and determined that

approximately 800 rpm of additional production capacity is required to satisfy

system demands. The well was shut down until the Company could complete a

treatment technology evaluation, construct an arsenic removal facility and place

the arsenic removal facility in service.

technology as recommended by the United States Environmental Protection

Agency ("EPA") for removing arsenic. Historical arsenic results, treatment

technology evaluation, cost estimates, construction drawings, photos, the

proposal/contract, and design and construction schedules are included in Exhibit

FKS-1. The total estimated cost to complete this project is $1,500,000 and the

Company expects to complete and place the arsenic removal facility in service by

May 23, 2016.

The Company will use a best available

WA 1-5076 LOWER AND REPLACE 460 LINEAR FEET OF 6-INCH

DIP WATER MAIN TO SERVE THE ARIZONA GRAIN DEPOT.

("LF")
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The Union Pacific Railroad constructed a second railroad track and is

constructing a new railroad spur to serve Arizona Grain in Casa Grande. The

Company's existing water main was in conflict with the proposed railroad spur

and was inaccessible for maintenance and repairs. A water main break under

the proposed railroad spur would cause significant damage to the railroad track

and right-of-way and would require costly repairs at the Company's expense. To

prevent this, Company engineers determined the water main must be replaced at

a lower elevation and placed in a steel casing. Cost information, construction

drawings, photos, the proposal/contracts, and construction schedule are included

in Exhibit FKS-1. The total estimated cost to complete this project is $196,000

and was placed in service on September 3, 2014.
W:\Freds Tessi mony\F KS WG TY 2014 Western Group Rate Case.docx 12
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WA 1-5164 REPLACE TWO MOTORS AND TWO BOOSTER PUMPS AT

WELL nos. 9 AND 10 BOOSTER PUMP STATION.

This booster pump station produces approximately 65% of the total water

supplies produced in the Coolidge portion of the Pinal Valley water system. The

existing booster pump station includes two boosters that have been in service for

29 years. This project is necessary to restore the pumping capacity of the

booster pump station due to motor and pump age. When booster pump No. 2

was removed for inspection, the pump showed signs of extensive wear on the

pump impellers, shaft and bearings. Company engineers determined that

booster pump No. 1 also requires replacement because its production has

decreased from 2,200 rpm to less than 1,900 rpm, As part of this project, the

Company plans to replace both of the motors and pumps. Replacing both

motors and both pumps will allow the Company to continue to provide adequate

service during peak system demands of the Pinal Valley water system. Cost

estimates, construction drawings, the and construction

schedule are included in Exhibit FKS-1. The total estimated cost to complete this

project is $75,000 and the Company plans to place the booster pump stations in

service on or about November 15, 2015.

proposal/contract,

WA 1-5165 - CONSTRUCT BLOCK WALLS AROUND WELL nos. 21, 30,

AND 31 IN PINAL VALLEY, INSTALL ACCESS GATES AND CONSTRUCT

WATER RETENTION BASINS.

This project included the design, permit and construction of 833 LF of an

8-feet tall block wall, 238 LF of 6-feet tall block wall and three rolling gates at

Well Nos. 21, 30 and 31 for security and access. The existing chain link fences

were old no longer serviceable, were starting to fall over and did not provide

adequate security to the sites. Construction of these block walls was necessary

1
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to screen the well sites from public view as part of the City of Casa Grande's

beautification project. In addition to 1,071 LF of block walls, the Company
13W:\Freds Testimony\FKS WG TY 2014 Western Group Rate Case.docx
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constructed a retention basin at both Well Nos. 31 and 26 to retain flush to waste

water on-site and mitigate standing water off-site. Cost information, as well as

the structural evaluation and analysis, construction drawings, photos, the

proposal/contracts, and construction schedules are included in Exhibit FKS-1

The total estimated cost to complete this project is $418,000 and was placed in

service on January 12, 2015

WA 1-5167 CONSTRUCT ARSENIC REMOVAL FACILITY AT VALLEY

FARMS WELL no. 2

This project was completed and placed in service on June 30, 2015, at a

total cost of $1 ,250,000. The Company constructed an arsenic removal facility at

Valley Farms Well No. 2 because the arsenic concentration in the water

increased to 16 ppb. The Company removed the well from service before the

arsenic concentration reached the MCL of 10 ppb. Continued monitoring and

sampling of the water show arsenic concentrations as high as 16 ppb. As a

result of these high arsenic levels, blending with another source to comply with

the arsenic MCL was not a viable option. EPA has determined the adsorptive

process is a best available technology is a commonly used method for arsenic

removal, and the Company has successfully operated over a dozen similar

facilities. Accordingly, Company engineers determined that treating the water

using adsorptive media is the best available technology. The arsenic removal

facility design and permitting was completed and construction began in 2014

Cost estimates, construction drawings, photographs, the proposal/contract, and

schedules for the ARF are included in Exhibit FKS-1

WA 1-5168 INSTALL FOUR 16-INCH GATE VALVES TO REPLACE THREE

16-INCH BUTTERFLY VALVES ALONG HIGHWAY 84 BETWEEN VIP

BOULEVARD AND THORNTON ROAD

W:\Freds Testimony/\FKS WG TY 2014 Wester  Group Rate Case.docx

This project is necessary to increase reliability and minimize service

disruptions and water loss. While tying in a new water main extension on
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Highway 84, the Company discovered three inoperable 16-inch butterfly valves

between VIP Boulevard and Thornton Road in Casa Grande. This 16-inch water

main provides service to five large industrial customers. In the event of a main

break, service to the industrial park would be interrupted while the Company

makes repairs. Because of the inoperable valves, additional time is required to

isolate the area of the break and drain water from the main, resulting in increased

water loss and a longer service interruption to the industrial park. Installing one

additional gate valve and replacing the three inoperable butterfly valves will

reduce service disruptions and water loss. Cost estimates, construction

drawings, photos, the placed in service notice, the proposal/contract, and

construction schedule are included in Exhibit FKS-1. The total estimated cost to

complete this project is $110,000 and was placed in service on July 20, 2015

WA 1-5169 CONSTRUCT 3.857 LF OF 12-INCH DUCTILE IRON PIPE

("DIP") TO REPLACE APPROXIMATELY 3,870 LF OF S-INCH PVC ALONG

OVERFIELD ROAD

This project, completed and placed in service on May 21, 2015 at a total

cost of $392,000, was necessary to reduce water loss and increase system

reliability. Water loss in the Penal Valley service area is currently more than 9%

and has approached 10% in the past. Water mains in this portion of the Pinal

Valley service area were constructed using thin walled pvcj' The existing water

main and services had 13 recorded leaks since 2013. The Company estimates

that before 2013 this water main had an additional 15 leaks. The number and

increasing frequency of leaks shows that the condition of the water main has

deteriorated and must be replaced to provide reliable service

A 12-inch water main was required because the Company's Tarif f

Schedule No. TC-243 ("Terms & Conditions") requires water mains installed

along section lines to be a minimum diameter of 12-inches. In addition, the

These thin walled PVC water mains were installed prior to the Company's acquisition of the Woodruff water system

W:\Freds Testimony\FKS WG TY 2014Western Group Rate Case.docx 15



Company's Pinal Valley Water System Master Plan requires the installation of

12-inch water mains in this area. Cost information, construction drawings

photos, the placed in service notice, the proposal/contract, and schedules related

to this project are included in Exhibit FKS-1. A copy of the Company's Penal

Valley Water Master Plan is also included in Exhibit FKS-2

WA 1-5170 -_ RECONSTRUCT THE COTTONWOOD LANE STORAGE TANK

AND BOOSTER PUMP STATION

This project, completed and placed in service on May 27, 2015 at a total

cost of $1 ,200,000, was necessary to correct structural defects in the rafters, roof

plates and walls of a one million gallon water storage tank and to replace aging

booster pumps located at the Company's Cottonwood Lane facility. Company

engineers determined that the roof plate of the water storage tank had bowed

upward causing parts of the walls to be pulled inward. This movement resulted

in large dents, up to 9-inches deep, around the perimeter of the top 4 feet of the

tank. The rafters were severely corroded, bent, twisted up to 8 degrees and

displaced up to 12-inches. The flanges connecting the rafters to the roof were

severely corroded with up to 1/8-inch in material loss. The roof plate was

severely distorted, corroded and raised off of the rafters by up to 9-inches

Distortion on the roof exterior created locations for rain water and dirt to

accumulate instead of properly draining off the roof. The center column was

distorted, lifted and rotated approximately 6 degrees. The roof was no longer

capable of sustaining the required loads to comply with AWWA Standard D100

for Welded Carbon Steel Tanks for Water Storage. The rafters, roof plates, eave

angle and upper 4 feet of the tank wall were irreparably damaged and were

completely replaced in this project. A new 24-inch roof vent and 18-inch overflow

pipe were constructed to replace the old and undersized vent and overflow to

comply with current AWWA standards

W:\Freds Testimony\FKS WG TY 2014 Western Group Rate Case.docx 16



In addition, three new booster pumps, one new discharge head and one

new motor were installed to replace existing equipment at the booster pump

station, which was originally constructed more than 50 years ago. Cost

information, as well as the structural evaluation and analysis showing the severity

of the tank structural condition, construction drawings, photos, the

proposal/contract, and construction schedule are included in Exhibit FKS-1 .

WA 1-5111 -_ CONSTRUCT 2,189 LF OF 12-INCH DIP WATER MAIN TO

REPLACE APPROXIMATELY 2,840 LF OF 12-INCH WATER MAIN ON

COTTONWOOD LANE FROM ARIZOLA ROAD TO PEART ROAD.

This project, which was completed and placed in service on April 15, 2015

at a total cost of $517,000, was necessary to reduce water loss and increase

system reliability. The existing water main had a total of 13 leaks and breaks, 3

of which occurred since 2013. Water main leaks and breaks along Cottonwood

Lane (a major arterial roadway) flood the roadway and result in lane restrictions

and significant traffic disruption. This project will reduce breaks and service

disruptions and help reduce water loss in the Pinal Valley water system. Cost

information, construction drawings, photos, the placed in service notice, the

proposal/contract, and construction schedule are included in Exhibit FKS-1 _

WA 1-5173 INSTALL ELECTRICAL PANEL SAFETY IMPROVEMENTS AT

30 SITES IN THE PINAL VALLEY WATER SYSTEM.

This project includes relocating operational controls from the interior

electrical panels to panel exterior doors, installing two starter reset plungers, one
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motor saver, 38 motor saver displays, and shielding over exposed conductors,

and 75 disconnect switches for electrical panels and equipment at various sites

throughout the Pinal Valley water system. Controls for operation and

maintenance of well, tank, and booster stations are located inside electrical

control panels. Logging operating parameters, recording error codes, and

making operational adjustments require that electrical control panels are
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energized. The Company's Energy Control Program prohibits employees from

entering energized panels to protect employees from injury and to comply with

The

Company contracts with outside electrical contractors to perform this routine

work. The proposed panel modifications allow Company Cperators access to

system controls, which will reduce Company's dependency on outside electrical

contractors and system down time. Cost information, photos, the

proposal/contracts, and construction schedule are included in Exhibit FKS-1.

The total estimated cost to complete this project is $107,000 and was placed in

service on December 31, 2014.

the OSHA Control of Hazardous Energy Standard, 29 CFR 1910.147.

33.

The Company recently lost all production at Well No. 33. This amounts to

a loss of approximately 2.2 million gallons per day (MGD) of water. Company

engineers determined that three joints of column pipe were split and 16 additional

joints of column pipe require replacement because they were severely corroded

and nearing the end of their service life. Additionally, 28 joints of oil tube and

WA 1-5251 PULL AND REPLACE THE PUMP, COLUMN PIPE, TUBE AND

SHAFT, AND LOWER THE PUMP 100 FEET AT WELL no.

shaft had severe corrosion on the tube, threads, and butt joint, and numerous
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bearings are out of tolerance. The well casing is approximately 90% plugged

and required brushing to restore full pumping capacity. Additionally, the nitrate

concentration in Well No. 33 is above 9 mg/L and approaching the EPA's MCL of

10 mg/L. Spinner log testing and zonal sampling was completed to develop a

plan to mitigate the increasing nitrate level and allow the Company to provide

adequate service during peak system demands and will provide adequate back

up capacity for the Pinal Valley water system. Based on analysis of the testing

result, a packer was installed at 630 ft below land surface to limit the vertical

migration of nitrates into the well. However, the packer is a temporary measure
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and is discussed in detail in Section X of my testimony. Cost information, the

well rehabilitation analysis, photos, and the proposal/contract and construction

schedule are included in Exhibit FKS-1. The total estimated cost to complete this

project is $246,000 and was placed in service on January 22, 2015.

WA 1-5260 REPLACE SODIUM HYPOCHLORITE TANK AT WELL no. 29

ARSENIC REMOVAL FACILITY.

This project is necessary to replace a sodium hypochlorite chlorine tank at

the Well No. 29 arsenic removal facility that is leaking because repairing the tank

is not feasible. Sodium Hypochlorite (commonly referred to as bleach) is

commonly used in drinking water applications for its ability to disinfect and

maintain a residual level of disinfectant throughout the distribution system. Cost

estimates, photos, and construction schedule are included in Exhibit FKS-1. The

total estimated cost to complete this project is $25,000 and the Company plans

to place the chlorine tank in service on or about August 28, 2015.

WA 1-5296 REPLACE PUMP AND RELATED EQUIPMENT AT WELL no.

19.

This project is necessary to restore the amount of water produced from

Well No. 19 because production from this well has dropped more than 20% from

approximately 2.4 MGD to less than 1.9 MGD, a sign of impending failure. Well

No. 19 provides water supplies critical to meeting peak water demands in the

After study of the well, Company engineers

determined that the pump and related equipment needed to be replaced to

restore the lost water production. Cost estimates, photos, well video logs, the

Pinal Valley water system.

proposal/contract, and construction schedule are included in Exhibit FKS-1. The
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total estimated cost to complete this project is $175,000 and the Company plans

to place the well in service on or about August 28, 2015.

WA 1-5299 CONSTRUCT A NEW ACCESS ROAD TO THE NITRATE

REMOVAL FACILITY LOCATED AT WELLS no. 9 AND 10.
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Company operators currently access the Wells No. 9 and 10 booster

pump station and nitrate removal facility on a daily basis using the existing dirt

roads.

accessible by employees and large trucks and equipment. Access by large

trucks and equipment is necessary to deliver chemicals and haul brine waste.

Without these chemicals and waste hauling, the existing nitrate removal system

could not be operated. Company engineers determined that a new access road

However, during and after rain events, the existing dirt roads are not

is needed to provide direct, reliable access to the site from Arizona Boulevard.

Cost estimates, construction drawings, photos, the proposal/contract, and

construction schedule are included in Exhibit FKS-1. The total estimated cost to

complete this project is $100,000 and the Company plans to complete the new

access road on or about September 25, 2015.

WA 1-5301 CONSTRUCT APPROXIMATELY 1,500 LF OF 12-INCH DIP

ALONG HANCOCK TRAIL FROM WELL no. 33 TO HACIENDA ROAD.
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This project, completed and placed in service on June 6, 2015 at a total

cost of $180,000, was needed in order to properly flush Well No. 33 upon startup

and shutdown. It is industry standard for vertical turbine pumps, such as Well

No. 33, to flush on start up and shutdown. Company operators increased the

flush time of this well to reduce nitrate levels after startup. Prior to completing

this project, this well routinely flushed to a retention basin located south of the

site. After increasing the flush time, the retention basin is no longer large enough

to contain the discharge. To avoid overflowing the retention basin onto the

adjacent golf course, the Company constructed a flush line to an adjacent

drainage area to flush the well without flooding the golf course. Cost estimates,

construction drawings, photos, the proposal/contract, and construction schedule

are included in Exhibit FKS-1 .

WA 1-5303 INSTALL NITRATE ANALYZERS AND ELECTRICAL

CONTROLS AT WELLS no. 32 & 33.
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This project, completed and placed in service on June 5, 2015 at a total

cost of $174,000, was necessary to monitor nitrate levels at Wells No. 32 and 33

and to automatically turn off the wells if nitrate levels approach the EPA's MCL of

10 mg/L. Nitrate levels over the MCL have been known to cause a potentially

fatal blood disorder in infants under six months of age called

methemoglobinemia, or "blue-baby" syndrome, which causes a reduction in the

oxygen carrying capacity of blood. This is discussed in detail in Section X of my

testimony. An evaluation of historical water quality results for each of these wells

shows a steady increase in nitrates over the past seven years. As a result, the

Company determined that it was necessary to install nitrate analyzers at each

well to monitor nitrate levels and automatic controls to shut the wells off to

prevent water exceeding the nitrate MCL from being pumped into the distribution

system. This project allows the Company to continue to provide a safe drinking

water supply in the Pinal Valley service area until a nitrate removal facility is

constructed for each well. Cost information, construction drawings, photos, the

placed in service notice, water quality results, the proposal/contract, and

construction schedule are included in Exhibit FKS-1 _

WA 1-5304 INSTALL AN ADDITIONAL BOOSTER PUMP AT THE WELL

no. 27 BOOSTER PUMP STATION.

The Well No. 27 booster pump station supplies water to the Pinal Valley

upper pressure zone, which includes the Central Arizona College campus. This

booster pump station consists of a single booster pump with no backup,

Consequently, when the pump failed twice in the past five years, water pressure
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in this portion of the Pinal Valley water system was lower than planned.
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Constructing a back up booster pump will allow the Company to maintain

adequate water pressure in the event of a pump failure. Cost estimates,

construction drawings, photos, the proposal/contract, and construction schedule

are included in Exhibit FKS-1. The total estimated cost to complete this project is
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$175,000 and the Company plans to place the pump in service on or about

October 30, 2015.

WA 1-5307 CONSTRUCT A THIRD AUTO STRAINER AT COOLIDGE WELL

nos. g AND 10.

This project is necessary to remove sand from water pumped from Well

Nos. 9 and 10. These wells were drilled by cable tool and do not have a gravel

pack around the well casing to prevent sand from infiltrating the casing. As a

result, these wells produce a large amount of sand. To correct this, in 2013 and

included in this proceeding on test-year plant additions, the Company installed

two 80-micron automatic strainers with provisions for a third strainer in the event

that additional strainer capacity is needed. While the existing automatic strainers

remove sand from the well water, at times sand production exceeds their

capacity, resulting in premature plugging of the strainer screens. On average,

Company operators expend one to two hours to disassemble, reassemble and

clean the strainers twice per day. The additional capacity provided by the third

automatic strainer will significantly reduce the number of times the strainers

require disassembly and cleaning, resulting in a more reliable well and nitrate

removal facility operation. Cost estimates, photos, the placed in service notice,

the proposal/contract, and construction schedule for adding the third strainer are

included in Exhibit FKS-1. The total estimated cost to complete this project is

$40,000 and was placed in service on July 1, 2015.

WA 1-5329 CONSTRUCT 85 LF OF 4-INCH WATER MAIN, REPLACE

THREE 4-INCH GATE VALVES, TWO 4-INCH TEES AND ONE FIRE

HYDRANT ON 4TH STREET BETWEEN CAMERON AND MORRISON

AVENUES.
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This project, placed in service on February 12, 2015, at a total cost of

$24,000, was necessary to restore water service to customers located on 4th
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installed in 1929, saturated the asphalt sub-base and surrounding soil, requiring

an emergency water main replacement to prevent further damage to the

roadway. Cost information, photos, the placed in service notice, and the

proposal/contract are included in Exhibit FKS-1 .

WA 1-5332 CONSTRUCT 140 LF OF 36-INCH DIP TO REPLACE 140 LF OF

FAILED 36-INCH CONCRETE LINED CYLINDER TRANSMISSION

MAIN ON CASA GRANDE MOUNTAIN SOUTH OF INTERSTATE 8.

("CLC")

This project, completed and placed in service on May 5, 2015 at a total

cost of  $300,000, was an emergency replacement of  a 140 LF section of

transmission main. The Arizona Department of Transportation notif ied the

Company that water was running down Casa Grande Mountain onto Interstate 8.

The Company discovered a 10-inch diameter hole in the 36-inch CLC, cracks in

the exterior concrete coating, and corrosion of the steel cylinder. Installed in

1978, this 36-inch CLC main is the primary supply main to and f rom the

Company's five million gallon storage tank located on Casa Grande Mountain.

This storage tank represents approximately 30% of the Pinal Valley water

system's total storage capacity.

Construction of a 12-inch bypass water main was necessary to keep the

five million gallon storage tank in service during construction of the new 36-inch

DIP transmission main. The 36-inch CLC main is paralleled by a 12-inch DIP

transmission main, which is located above and adjacent to the 36-inch CLC.

Excavation of the 36-inch CLC main exposed the 12-inch DIP transmission main.
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In order to safely excavate the 36-inch CLC main, the 12-inch DIP main needed

to be temporarily removed from service and drained to prevent flooding of the

excavation trench in the event of a break.

The remaining sections of the 36-inch CLC transmission main will be

replaced in future years, as needed and are identified as necessary projects in

the Company's infrastructure replacement plan in Exhibit FKS-12.
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estimates, photos, the placed in service notice, the proposal/contract, and

construction schedule are included in Exhibit FKS-1 .

WA 1-5339 REPLACE FAILED WATER SERVICE LINE ON ARIZOLA

BOULEVARD.

This project, completed and placed in service on June 21, 2015, at a total

cost of $62,000, was an emergency service line replacement. This service line

broke, damaging a portion of Arizona Boulevard (ADOT SR-87) south of Verde

Lane. The Company replaced the water service line and constructed a

temporary asphalt patch to replace the damaged asphalt. The Arizona

Department of Transportation ("ADOT") required the Company to re-pave 50 feet

of the highway on each side of the service line. Cost information, the ADOT

photos, the placed in service notice, the proposal/contract, and

construction schedule are included in Exhibit FKS-1 .

permit,

WA 1-5341 REPLACE FAILED WATER SERVICE LINE ON PINAL AVENUE.

This project, completed and placed in service on June 20, 2015, at a total

cost of $43,000, was an emergency service line replacement. This service line

broke, damaging a portion of Pinal Avenue (ADOT SR-387). The Company

replaced the water service line and constructed a temporary asphalt patch and

sidewalk to replace the damaged asphalt and sidewalk. ADOT required the

Company to re-pave 50 feet of the highway on each side of the service line.

Cost information, the ADOT permit, photos, the placed in service notice, the

proposal/contract, and construction schedule are included in Exhibit FKS-1 .

WA 1-5344 CONSTRUCT APPROXIMATELY 25 LF OF 8-INCH DIP WATER

MAIN, INSTALL TWO VALVES TO REPLACE 25 LF OF 8-INCH WATER MAIN

AND TWO GATE VALVES ON SECOND STREET.
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This project, completed and placed in service on June 20, 2015 at a total

cost of $27,000, was an emergency water main replacement. This water main

broke, damaging a portion of Second Street. The Company constructed a new
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1-111 I



water main to replace the failed water main, installed two new valves to replace

two inoperable valves, and constructed a temporary asphalt patch to replace the

damaged asphalt. The City of Casa Grande required the Company to re-pave a

portion of the roadway which was damaged. Cost information, the City permit,

photos, the placed in service notice, the proposal/contract, and construction

schedule are included in Exhibit FKS-1.

WA 1-5345 CONSTRUCT 13 LF OF 8- INCH DIP WATER MAIN TO

REPLACE 13 LF OF 8-INCH WATER MAIN AT 1955 NORTH CASA GRANDE

AVENUE.

This project, completed and placed in service on June 24, 2015 at a total

cost of $62,000, was necessary to replace a portion of leaking 8-inch CA water

main and to repair a damaged roadway, sidewalk, curb, and gutter. The City of

Casa Grande required the Company to replace a 44 x 78 foot section of

damaged asphalt and replace 28 LF of concrete sidewalk, curb and gutter in

accordance with City specifications. Cost estimates, photos, the placed in

service notice, the proposal/contract, and construction schedule are included in

Exhibit FKS-1 .

WA 1-5348 INSTALL A BACK-UP RADIO SYSTEM, SOLAR SHIELDS, FAN

AND FILTER KIT, AND SURGE ARRESTOR AT THE BURGESS PEAK

SUPERVISORY CONTROL AND DATA ACQUISITION ("SCADA") RADIO

REPEATER.

This project is necessary to ensure the reliability of the Company's

The Burgess Peak SCADA radio

repeater ("Radio") has failed twice this year. On average, the Radio fails three

times per year but most frequently during the summer and monsoon seasons.

All communication between the Pinal Valley SCADA master computer and 17

SCADA system in the Pinal Valley system.
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other well, tank, treatment, and booster pump station sites are transmitted

through this Radio.
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management are unable to remotely monitor, control or receive alarms from

these 17 sites and must operate the sites manually, including evenings,

weekends and holidays. Company operators must remove and replace the failed

Radio with a spare that is kept in the Pinal Valley office. The Radio must then be

programmed and reconfigured by a consultant programmer. This process can

take several days or more to complete, during which time the Company is unable

to receive any alarms from the 17 sites. Failures to receive the critical alarms

has caused unplanned tank overflows and critically low tank levels. Installation

of an automatic, reliable back-up radio system will ensure that the Company is

notified of an alarm during a primary Radio failure and the SCADA system will

continue to operate until the failed radio is replaced. The Radio is located on top

of a mountain and is subject to lightning strikes. The installation of a surge

arrestor will reduce the number of Radio failures caused by lightning strikes and

power surges during monsoon season. The installation of a solar shield and fan

kit will increase equipment life by reducing temperatures in the equipment

cabinet during the hot summer months. Cost estimates, the proposal/contract,

and construction schedule are included in Exhibit FKS-1. The total estimated

cost to complete this project is $27,000 and the Company plans to place the

Radio in service on or about August 14, 2015.

WA 1-5358 REPLACE PUMP AND RELATED EQUIPMENT AT WELL no.

be.

This project is necessary because the well pump failed. Company

engineers determined that the pump and related equipment at Well No. 26 needs

replacement. Well No. 26 is needed to meet peak water system demands. The

well produces 2.2 MGD.

inspecting the well, and replacing the well pump and related equipment. Prior to

Planned work includes pulling the pump, video
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reinstalling the new pump, company engineers will inspect the existing oil tube

and line shaft and replace all failed or unserviceable components.
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engineers also plan to brush and bail the well prior to returning the well to

service. Cost estimates, photos, well video logs, the proposal/contract, and

construction schedule are included in Exhibit FKS-1. The total estimated cost to

complete this project is $115,000 and the Company plans to place the well in

service on or about September 4, 2015.

WA 1-5359 REPLACE PUMP AND RELATED EQUIPMENT AT WELL no.

27.

No. 27 requires replacement.

inspecting the well, and replacing the well pump and related equipment. Prior to

This project is necessary because Well No. 27 is the only well producing

water in the upper zone of the Pinal Valley water system. well No. 27 production

has dropped from approximately 70% or 0.65 MGD to less than 0.22 MGD and

no longer provides sufficient production capacity to meet peak system demands.

Company engineers determined that the pump and related equipment at Well

Planned work includes pulling the pump, video

reinstalling the new pump, company engineers will inspect the existing oil tube

and line shaft and replace all failed or unserviceable components. Company

engineers also plan to brush and bail the well prior to returning the well to

service. well No. 27 has elevated levels of nitrates and requires nitrate removal.

I discuss the need for nitrate removal in Section X of my direct testimony. In the

mean time, to help mitigate the elevated nitrate levels, Company engineers plan

to install a packer prior to returning the well to service to restrict water production

from the upper portion of the aquifer, which has nitrate levels over EPA's MCL of

10 mg/L. Installing a packer will reduce nitrate levels in Well No. 27. However,
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the well must be blended with sources of supply from the Coolidge portion of the

water system. Well No. 27 requires nitrate removal for its continued long term

operation. Cost estimates, photos, well video logs, the proposal/contract, and

construction schedule are included in Exhibit FKS-1. The total estimated cost to
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complete this project is $200,000 and the Company plans to place the well in

service on or about September 30, 2015.

WA 1-5361 CONSTRUCT OVERFLOW AND REPLACE CATHODIC

PROTECTION ON THE ELEVATED STORAGE TANK IN COOLIDGE.

This project was completed and placed in service on July 9, 2015 at a total

cost of $70,000. While recoating the interior of the elevated storage tank,

Company engineers determined the cathodic protection system had failed and

needed to be replaced. It was necessary to replace one 8-inch inlet gate valve,

one 4-inch drain valve. The Company also replaced the undersized 8-inch

overflow line with a 16-inch overflow line in accordance with current AWWA

standards. The overflow line was undersized and unable to sufficiently discharge

water without over pressurizing and damaging the tank. Cost estimates, photos,

the proposal/contract, and construction schedule are included in Exhibit FKS-1 .

WA 1-5362 -_ REPLACE PUMP AND RELATED EQUIPMENT AT WELL no.

31.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Well No. 31 production has dropped from 1.7 MGD to 1.3 MGD and was

showing signs of failure. Company engineers have determined that the pump

and related equipment at Well No. 31 in the Pinal Valley service area requires

replacement. Planned work includes pulling the pump, video inspecting the well,

and replacing the well pump and related equipment. Prior to reinstalling the new

pump, Company engineers will inspect the existing oil tube and line shaft and

replace all failed or unserviceable components. Company engineers also plan to

brush and bail the well prior to returning the well to service. Well No. 31 is

needed to meet peak water system demands. Cost estimates, photos, well video

logs, the proposal/contract, and construction schedule are included in Exhibit

FKS-1. The total estimated cost to complete this project is $117,000 and the

Company plans to place the well in service on or about September 27, 2015.
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ii. Coolidge Airport Water System - PWSID No. 11-707

WA 1-5166 INSTALL POINT OF USE ("POU") ARSENIC REMOVAL

DEVICES AT  20  LOCATIONS IN THE COOLIDGE AIRPORT WATER

SYSTEM.

The Coolidge Airport water system receives its water supply from two

wells,  W ell Nos. 1 and These wells produce water with an arsenic

concentration of approximately 13 ppb, which exceeds the arsenic MCL of 10

ppb. The Coolidge Airport water system was previously classified by ADEQ as a

transient, non-community water system. Because the number of customers now

sewed by the Coolidge Airport water system, ADEQ now classifies the water

system as a non-transient, non-community water system and must comply with

Safe Drinking Water standards. The Coolidge Airport water system is 10 miles

from the closest portion of the Pinal Valley distribution system. Therefore,

interconnecting the two water systems is not economically feasible. ADEQ

recommended that the Company install POU devices as a cost effective solution

that eliminates the need to build an expensive arsenic removal facility mainly

sized for fire flows. Company engineers determined that POU devices are a

viable and least-cost alternative to constructing a centralized arsenic treatment

facility. A copy of the January 27, 2015 letter from ADEQ, cost estimates,

manufacture data sheets, and construction schedule are included in Exhibit

FKS-1. The total estimated cost to complete this project is $80,000 and the

Company plans to place the POU arsenic removal devices in service on or about

September 30, 2015.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

WA 1-5173 -_ INSTALL ELECTRICAL PANEL SAFETY IMPROVEMENTS AT 2

SITES IN THE COOLIDGE AIRPORT WATER SYSTEM.
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electrical panels to panel exterior doors, install one starter reset plunger, install

one motor saver display, install shielding over exposed conductors, and install
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three disconnect switches for electrical panels and equipment at two sites in the

Coolidge Airport water system. Controls for operation and maintenance of well,

tank, and booster stations are located inside electrical control panels. Logging

operating parameters, recording error codes and making operational adjustments

require that electrical control panels are energized. The Company's Energy

Control Program prohibits employees from entering energized panels to protect

employees from injury and to comply with the OSHA Control of Hazardous

The Company contracts with outside

electrical contractors to perform this routine work. The proposed panel

modifications allow Company Cperators access to system controls which will

reduce Company's dependency on outside electrical contractors and system

down time. Cost information, photos, the proposal/contracts, and construction

schedule are included in Exhibit FKS-1. This project was placed in service on

December 31, 2014.

Energy Standard, 29 CFR 1910.147.

iii. Tierra Grande Water System - PWSID No. 11-076

WA 1-5173 INSTALL ELECTRICAL PANEL SAFETY IMPROVEMENTS AT

ONE SITE IN THE TIERRA GRANDE WATER SYSTEM.

This project includes relocating operational controls from the interior

electrical panels to panel exterior doors, install three motor saver displays, install

shielding over exposed conductors, and install three disconnect switches for

electrical panels and equipment at one site in the Tierra Grande water system.

Controls for operation and maintenance of well, tank, and booster stations are

located inside electrical control panels. Logging operating parameters, recording

error codes and making operational adjustments require that electrical control

panels are energized. The Company's Energy Control Program prohibits

employees from entering energized panels to protect from injury and to comply
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with the OSHA Control of Hazardous Energy Standard, 29 CFR 1910.147. The
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Stanfield Water System _ PWSID No. 11-012

WA 1-5173 INSTALL ELECTRICAL PANEL SAFETY IMPROVEMENTS AT

Two SITES IN THE STANFIELD WATER SYSTEM.

work. The proposed panel modifications allow Company Cperators access to

system controls which will reduce Company's dependency on outside electrical

contractors and system down time. Cost information, photos, the

proposal/contracts, and construction schedule are included in Exhibit FKS-1.

This project was placed in service on December 31, 2014.

iv.

This project includes relocating operational controls from the interior

electrical panels to panel exterior doors, install four motor saver displays, install

shielding over exposed conductors, and install six disconnect switches for

electrical panels and equipment at two sites in the Stanfield water system.

Controls for operation and maintenance of well, tank, and booster stations are

located inside electrical control panels. Logging operating parameters, recording

error codes and making operational adjustments require that electrical control

panels are energized. The Company's Energy Control Program prohibits

employees from entering energized panels to protect employees from injury and

to comply with the OSHA Control of Hazardous Energy Standard, 29 CFR

1910.147. The Company contracts with outside electrical contractors to perform

this routine work. The proposed panel modifications allow Company Operators

access to system controls which will reduce Company's dependency on outside

electrical contractors and system down time. Cost information, photos, the

proposal/contracts, and construction schedule are included in Exhibit FKS-1.

This project was placed in service on December 31, 2014.
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WA 1-5306 _I INSTALL AN ADDITIONAL 30 HORSE POWER BOOSTER

PUMP AND STARTER AND UPGRADE TRANSFORMERS AT THE

STANFIELD BOOSTER PUMP STATION.
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The Stanfield booster pump station supplies 100% of the water to the

Stanfield water system. This booster pump station consists of one 10 HP pump

and one 15 HP pump with a combined pumping capacity of 0.27 MGD. Both

pumps are required in order to provide peak system demands and fire flow

requirements, but they lack backup capacity in the event of a pump or motor

failure. The Company requires at least one back-up pump at each booster pump

station to maintain water service in the event of a pump failure. A new 30 HP

pump provides backup capacity for the water system and increases the "firm"

largest pump out of service. and

construction schedule are included in Exhibit FKS-1. The total estimated cost to

complete this project is $43,000 and the Company placed the booster pump in

service on June 30, 2015.

capacity of the booster pump station from 0.08 MGD, to 0.27 MGD, with the

Cost estimates, the proposal/contract,

B. White Tank Service Area

WA 1-5032 CONSTRUCT PHASE 1 OF THE WHITE TANK SCADA

SYSTEM.

This project, completed and placed in service on June 1, 2015 at a total
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cost of $327,000, was necessary to allow the Company to better operate

production and treatment facilities in the white Tank water system. The

Company currently has three employees that operate the White Tank water

system, which is managed from the Pinal Valley office, located approximately 90

minutes away in Casa Grande. Currently, the water system has limited basic

fault alarms and local controls.

The White Tank water system consists of five wells, two arsenic removal

facilities, and one nitrate removal facility. Phase 1 of the SCADA system

includes the installation of SCADA monitoring and control equipment at the

Monte Vista arsenic removal facility, installation of a SCADA master computer,

as well as a radio and antenna.
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removes arsenic from Well Nos. 2, 4, and 8. A Nitrate Removal Facility at Well

No. 7 reduces the nitrate level from 40 mg/L to 18 mg/L before the water is

pumped to the Monte Vista arsenic removal facility for blending with water

treated from Well Nos. 2, 4, and 8. Operators will use the new SCADA system to

trend daily tank levels, monitor well and blend plan status, and receive alarms

when the system is not operating within established parameters. Constructing

this SCADA system phase will allow management staff to monitor and control

facilities in the White Tank system remotely from Casa Grande. Cost

information, the proposal/contract, and construction schedule are included in

Exhibit FKS-1 .

WA 1-5263 INSTALL APPROXIMATELY 230 LF OF 6-INCH DIP AND ONE

AIR RELIEF VALVE ALONG CITRUS ROAD.

This project, completed and placed in service on February 3, 2015 at a

total cost of $52,000, was necessary to eliminate two dead end mains.

Eliminating two dead end water mains creates a looped system that improves

water quality by reducing water age improves fire flow, and stabilizes water

system pressures. Cost estimates, the proposal/contract, and construction

schedule are included in Exhibit FKS-1.
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WA 1-5309 REPLACE 16-INCH DUCTILE IRON FITTINGS AND

BUTTERFLY VALVES AT THE BLUE HORIZON ARSENIC REMOVAL

FACILITY.
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This project was completed and placed in service on April 21, 2015 for a

total cost of $54,000 to replace corroded pipes. Company operators must use

corrosive chemicals in the arsenic treatment process, which corroded pipes at

the Blue Horizon arsenic removal facility. Because this piping is critical to the

facility's operation, it needed to be replaced. In order to protect against

corrosion, the Company determined that the concrete lined fittings required

replacement with ceramic epoxy lined fittings and the standard epoxy lined
33



valves required replacement with modified polyamine epoxy lined valves. This

site is critical because it produces 50% of the water supply for the White Tank

service area. Cost estimates, the proposal/contract, and construction schedule

are included in Exhibit FKS-1 .

WA 1-5360 CONSTRUCT 12-INCH OVERFLOW AND NEW LADDER ON

THE 500,000 STORAGE TANK AT BEAUTIFUL ARIZONA ESTATES TANK

SITE.

While recoating the interior of the water storage tank, Company engineers

noticed that the interior ladder failed and required replacement. A storage tank

interior ladder is required so that operators and inspectors can access the tank to

perform routine tank maintenance and inspections. Additionally, the existing 6-

inch overflow is undersized because of increased production capacity in the

white Tank service area. Constructing a 12-inch overflow line is required to

comply with AwwA standards and to prevent over pressurizing and damage to

the storage tank. This tank is critical because it provides 30% of the storage

capacity to the Northern portion of the White Tank water system. Cost estimates,

the proposal/contract, photos, and inspection documents are included in Exhibit

Phoenix Office

WA 1-5324 REPLACE OBSOLETE PHONE SYSTEM IN THE PHOENIX,

PINAL VALLEY, WHITE TANK AND AJO OFFICES.

FKS-1. The total estimated cost to complete this project is $20,000 and the

Company plans to place the storage tank in service on or about August 31, 2015.

c.
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that operates using Microsoft Windows NT.

Windows NT.
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This project is necessary to replace the Company's current phone system

has failed at least four times in the past year and can no longer be repaired or

serviced. The Company's current phone system is a 15 year old analog system

The manufacturer no longer

provides support for the phone system, and Microsoft no longer supports

Installing a new phone system will improve reliability. A new
34



phone system will also better integrate with future technologies. By upgrading to

a Voice Over IP ("VOlP") system, the Company can transfer calls between the

Phoenix off ice and its division offices, making customer call handling more

efficient. Additionally, a VOIP system will allow employees to reroute calls to

other division offices during busy periods to make more efficient use of customer

service representatives. Cost estimates, the proposal/contract, and construction

schedule are included in Exhibit FKS-1. The estimated total cost to complete this

project is $85,000 and the Company plans to place the phone system in service

on or before December 15, 2015.

WA 1-5325 REPLACE OFFICE BUILDING SIGNS.

This project is necessary to install a new sign at the entrance to the

parking lot for better visibility. The existing sign is located high on the building

but is not visible from Indianola Avenue. This makes it difficult for customers and

visitors to f ind by the of f ice. Cost estimates, the proposal/contract, and

construction schedule are included in Exhibit FKS-1. The total estimated cost to

complete this project is $31,000 and the Company plans to have the signs

installed on or before December 15, 2015.

WA 1-5326 REPLACE THE ANTI-VIRUS AND PATCH SERVERS AND

MIGRATE ACTIVE DIRECTORY TO NEW SERVER.
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This project is necessary to maintain the integrity, security and reliability of

the Company's computer network. The patch and anti-virus servers are used to

send software updates to user workstations and to run the company's anti-virus

software. These servers are over six years old and need to be replaced.

Addit ionally, the Microsof t Active Directory Domain Service which

authenticates and authorizes all users and computers in the network needs to be
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updated to a newer version in order to increase reliability of user access to the

company's network. Cost estimates, the proposal/contract, and construction

schedule are included in Exhibit FKS-1. The total estimated cost to complete this
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project is $14,000 and the Company plans to place the computer software and

servers in service on or before October 30, 2015.

WA 1 -5327 DESIGN AND IMPLEMENT A NEW COMPANY WEBSITE.

Customers use the company's website to find payment options, local office

addresses, phone numbers, tariffs, Consumer Confidence Reports and to learn

about water conservation. The current website has become difficult to maintain

and is difficult for customers to navigate. Designing and implementing a new

website will allow the company to fix these problems and allow it to offer new

services to customers, such as e-billing. Cost estimates, the proposal/contract,

and construction schedule are included in Exhibit FKS-1. The total estimated

cost to complete this project is $20,000 and the Company plans to have the

website operational on or before December 15, 2015.

Q. IS THE COMPANY PROPOSING TO INCLUDE ANY ADDITIONAL POST-

TEST YEAR PLANT IN RATE BASE NOT DESCRIBED ABOVE?

Yes. In addition to the projects described above, the Company proposes to

include smaller post-test year projects, known as blanket projects, in rate base.

Blanket projects are projects with short lead times that are managed by the

division of f ices and reviewed on an aggregate basis by the Company's

engineering department. The Company's proposed post-test year blanket

projects for the Ajo, Pinal Valley, and white Tank service areas and for the

Phoenix office and meter shop are reflected in the appendix to Schedule B-2 of

the Company's Application, sponsored by Mr. Reiker.
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iv.

Q.

Description of Company-Funded Construction Budgeting Procedures

HOW DOES THE COMPANY DETERMINE WHICH PROJECTS TO BUDGET

IN A GIVEN YEAR?

Each year, the Company prepares the next year's construction budget for each of

its water systems. Division managers prepare proposed construction budgets for

utility plant additions in the water systems they manage as part of the budget
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process. Each division manager identifies the water facilities needed to improve

or maintain service to existing customers. For example, division managers

propose construction project such as storage tanks, booster pump station

replacements or upgrades, new wells, or replacement of water mains or water

transmission lines. Division managers make recommendations based on the

need to maintain safe, reliable and adequate water service.

Company engineers then review and analyze the proposed construction

projects and further investigate and evaluate the need for each project.

Company engineers develop preliminary schematics and cost estimates and

collect data supporting for each project. Engineers also review current and

projected water system demands and evaluate production, pumping, and storage

capacities available to meet such demands. Among the factors Company

engineers consider when reviewing proposed projects are compliance with

applicable codes, ordinances, and safe drinking water standards, trends in

source water quality, and changes in regulations that may affect continued

compliance with drinking water standards.

Several days are scheduled each year for division managers, engineers,

operations staff, and other Company managers to meet at each division office to

review and discuss that Division Manager's proposed construction projects for

the next year. Company engineers subsequently conduct on-site visits to review

and discuss larger-scale construction projects. The Company's President,

Division Manager's and engineers and I prioritize the proposed projects and a

final construction budget is prepared and presented to the Company's Board of

Directors for their review and approval.

Q. wHo DETERMINES HOW MUCH WILL BE ALLOCATED AND APPROVED

FOR COMPANY-FUNDED PROJECTS?
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The Company's Board of Directors establishes the annual construction budget for
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increases each year to reflect increasing costs of construction such as materials

and labor, general inflation, and additional regulatory requirements. Since 2009,

the Company's construction budget has increased steadily, reflecting improved

economic conditions and increases in revenues. The Company's Board of

Directors approved a construction budget of $18.3 million for calendar year 2015.

Q. HOW DO you PROCEED ONCE THE COMPANY'S CONSTRUCTION

BUDGET IS APPROVED BY ITS BOARD OF DIRECTORS?

Once the Board of Directors approves the Company's construction budget, the

Company prepares detailed construction plans for the utility plant additions and

obtains the required regulatory permits and approvals. Once the Company

receives the required permits and approvals,  i t  re leases the project to

construction. Company engineers solicit competitive bids for infrastructure, such

as booster pump stations, storage tanks, and new wells. The division managers

solicit competitive bids from a list of qualified independent contractors for pipeline

projects. The Company typically award these projects to the qualified contractors

who submit the lowest bids.

Q. DOES THE COMPANY FUND THE COST OF INFRASTRUCTURE NEEDED

TO SERVE NEW DEVELOPMENTS?

No. Developers fund .the infrastructure needed to serve their projects through

advances in aid of construction or contributions in aid of construction.

Q. ARE DEVELOPER ADVANCED FUNDS FOR WATER FACILITIES INCLUDED

IN THE COMPANY'S ANNUAL CONSTRUCTION BUDGET?

No.

Q. HOW ARE DEVELOPERS'

DETERMINED AND BUDGETED?

WATER FACILITY REQUIREMENTS
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The Company works with developers to determine the infrastructure needed to

provide water service to their developments. Such infrastructure includes

waterlines, f ire hydrants, water services, and water meters.
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developments, the Company may also require water storage tanks, booster

pump stations, wells, and water treatment plants. This infrastructure is included

in main extension agreements between the Company and developers.

Developers fund this infrastructure. Project timing is entirely dependent upon the

developer's construction schedule. Because the Company does not fund these

infrastructure requirements, it does not include developer advances or

contributions in its annual construction budget.

v.

Q.

Description of Company-Funded utility plant Additions For The Western

Group

PLEASE SUMMARIZE THE COMPANY-FUNDED UTILITY PLANT ADDED IN

THE WESTERN GROUP SINCE DECEMBER 31, 2010, THE TEST YEAR

UTILIZED IN THE LAST GENERAL RATE CASE FOR THE WESTERN

GROUP.
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From the adjusted test year in the Company's last Western Group general rate

case through the adjusted December 31, 2014 test year in this proceeding, the

Company funded construction projects in the Western Group are summarized

below.

replace infrastructure, address water loss, resolve operational problems, and

comply with safety regulations and Safe Drinking Water Act standards. A

summary of the cost of these utility plant additions is provided in the following

table:

Company funded utility plant additions were added to maintain and
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ARIZONA WATER COMPANY
Western Group

Company-Funded utility plant Additions
From 2011 through 20142

Ajo $250,579
Pinal Valley $24,248,976
White Tank $2,314,448

Total $26,814,003

Plant Addition Summary
for PWSID No. 10-003

WA No. Project Description
4919 Replace the booster pumps and related equipment at the Ocotillo

Booster Pump Station.
5034 Install SCADA System at the Ocotillo Booster Pump Station.
5035 Replace the obsolete handheld meter reading devices.

Plant Addition Summary
for PWSID No. 11-009

WA No. Project Description
4617 Construct a 2 MG water storage tank, 4,800 GPM booster pump

station, and related appurtenances at the Arizona City storage tank
and booster pump station site.

4702 Construct 127 LF of 8-inch DIP, 2,185 LF of 6-inch DIP, and 37 LF
of4-inch DIP water main to replace 155 LF of 8-inch CI, 50 LF of 6-
inch CA, 1,946 LF of 4-inch CI, and 280 LF of4-inch CA water main
along Florence Street between Main Street and Florence Boulevard
as part of the City of Casa Grande downtown street improvement
project.
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The following is a summary of the major projects the Company has

completed and placed in service since December 31, 2010, the adjusted test

year in the last Western Group rate case:
8

9

10
A. Ago Service Area

11
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15

16

17 B. Pinal Valley Service Area

18

19 i. Pinal Valley Water System - (11-009)
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28 2 Excludes post-test year plant included in rate base in the previous rate proceeding (test year ended December 31, 2010)
and includes post-test year plant requested in this proceeding.

W:\Freds Testimony\FKS WG TY 2014Western Group Rate Case.docx 40

l l



4704 Construct a permanent post pH adjustment system including a new
sodium hydroxide chemical storage tank and redundant chemical
injection pumps to replace the chemical storage tank, injection
pump, and controls at the Pinal Valley Well No. 28 arsenic removal
facility.

4772 Construct 2,144 LF of 12-inch C-900 and 4,193 LF of 6-inch c-900
water main to replace 6,510 LF of 4-inch and 370 LF of 6-inch CA
water main and replace 162 service connections along Lincoln,
Seagoe, and Elm Avenues.

4773 Construct 1,312 LF of 12-inch C-900 and 1,115 LF of 6-inch C-900
water main to replace 2,400 LF of 6-inch CA water main with along
Vah Ki Inn Road and Moore Road.

4774 Construct 2,614 LF of 12-inch DIP and 1,532 LF of 16-inch DIP
water main from Pinal Valley Well No. 28 to the Arizona City storage
tank and booster pump station site.

4802 Pull and replace the pump and related appurtenances at Pinal
Valley Well No. 23.

4803 Pull and replace the pump, motor, and related appurtenances at
Pinal Valley Well No. 14.

4804 Install a 16-inch control valve and related fittings at the Casa
Grande Mountain 5 MG water storage tank.

4807 Construct grading and drainage improvements at the Valley Farms
storage tank site.

4846 Pull and replace the pump and related appurtenances at Penal
Valley Well No. 7.

4850 Construct 92 LF of 6-inch DIP water main to replace 92 LF of 6-inch
CA water main along Geronimo Drive.

4854 Construct 200 LF of 10-inch C-900 water main to replace 200 LF of
10-inch CA water main along La Palma Road south of Windsor
Road.

4861 Pull and replace the pump and related appurtenances at Pinal
Valley Well No. 29.

4876 Construct 13 LF of 6-inch DIP water mains to replace 13 LF of 6-
inch CA water main along McMurray Boulevard at Crane Street.

4911 Replace two base station radios, six remote desk sets, and four
radios, reprogram seven radios and purchase two new handheld
radios to comply with FCC Narrowband requirements.

4912 Construct a surge anticipator valve and related appurtenances at
the Coolidge Well Nos. 9 and 10 booster pump station.

4915 Construct entrained air removal system and sanitary seal at Pinal
Valley Well No. 17. Pull and replace the pump and related
appurtenances.

4943 Pull and replace the pump motor and related appurtenances at
Pinal Valley Well No. 20.

4955 Construct 13 LF of 6-inch DIP water main to replace 13 LF of 6-inch
CA water main at McMurray Boulevard and Houck Street.

4958 Construct 3 LF of 4-inch DIP water main to replace 3 LF of 4-inch CI
water main at the intersection of 1st Street and D Lake Street.
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4961 Replace nitrate analyzer at Pinal Valley Well No. 27.
4967 Construct 18 LF of 12-inch DIP water main to replace 18 LF of 12-

inch DIP water main along Cottonwood Lane between Desert
Willow Avenue and Arizola Road.

4972 Construct 39 LF of 6-inch DIP water main to replace 39 LF of 6-inch
CA water main at McMurray Boulevard and Crane Street.

4979 Purchase 4.38 acres of vacant land at the northeast corner of
Highway 84 and Thornton Road in the City of Casa Grande's
Industrial Park to store company materials.

4985 Purchase 8.88 acres at the southeast corner of Cottonwood Lane
and Peart Road in Casa Grande to construct water storage tanks,
arsenic removal facility, well, and booster pump station.

4988 Construct 340 LF of 6-inch DIP water main to replace 325 LF of 4-
inch CI water main along First Street between Picacho and Dry
Lake Street.

5017 Construct a sludge dewatering filter at the Cottonwood Lane arsenic
removal facility.

5019 Construct two variable frequency drive motor controllers, replace
electric utility service and electric service entrance section at the
Coolidge Well Nos. 9 and 10, booster pump station.

5023 Construct automatic cleaning filtration system at the Coolidge Well
Nos. 9 and 10 site.

5024 Construct a 950 GPM booster pump station, hydropneumatic tank,
and related appurtenance at the Valley Farms storage tank site.

5025 Replace 3,062 linear feet of old deteriorated and failing 4-inch and
6-inch concrete asbestos water main with 6-inch ductile iron water
main and replace 68 service connections in the Rancho Grande
Subdivision, Phase 1.

5026 Replace 2,791 LF of deteriorated and failing 2-inch GS, 3-inch CA,
4-inch CA, and 6-inch CA water mains with 326 LF of 6-inch DIP
and 2,563 LF of 8-inch DIP and replace 34 service connections
along McMurray Boulevard between Schultz Street and Pinal
Avenue.

5027 Install a 150kW generator at the Arizona City storage tank and
booster pump station site.

5028 Purchase a set of Leak Finder RT leak noise correlators for leak
detection in the Pinal Valley system.

5029 Construct 380 LF off ft tall C.M.U. wall and gates to replace the
chain link fence and slump block wall at Pinal Valley Well No. 25.

5031 Construct a perimeter fence around the Highway 84 and Thornton
Road/ material storage yard.

5075 Construct 174 LF of 6-inch DIP water main to replace 174 LF of 6-
inch DIP water main and 6-inch PVC water main at UPRR Rail
Road Crossing.

5079 Pull and replace the pump and related appurtenances at Pinal
Valley Well No. 30.

5080 Pull and replace booster pump No. 2 and related appurtenances at
the Hen fess Booster Pump Station.
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5087 Pull and replace the pump, motor, and related appurtenances at
Pina! Valley Well No. 21 .

5095 Install a 2-inch domestic service along Colorado Street to serve the
Odyssey Charter School.

5118 Replace 4,334 LF of old deteriorated and failing 4-inch and 6-inch
CA water main with 6-inch DIP water main and replace 76 service
connections in the Rancho Grande Subdivision, Phase 2.

5122 Construct a line stop and 16-inch gate valve on the 16-inch CA
water main at the southwest corner of Gila Bend Highway and VIP
Boulevard.

5123 Pull and replace the pump, motor, and related appurtenances at
Pinal Valley Well No. 25.

5127 Replace the mechanical seal, pump shaft, and bearings in pump
No. 1 and install a temporary plug in water storage tank to control
flow at the Cottonwood Lane Booster Pump Station.

5176 Purchase no-lead Brass compliant meters.
5195 •Replace a leaking fire hydrant at the SRP Substation.
5198 Construct 13 LF of 10-inch DIP water main to replace 13 LF of 10-

inch CA water main along McMurray Boulevard and Gilbert Avenue.
5200 Pull and replace pump, modify on-site piping, and construct a flush-

to-waste line at Coolidge Well No. 10.
5204 Pull and replace the pump and related appurtenances at Pinal

Valley Well No. 10.
5205 Construct 5 LF of 6-inch DIP water main to replace 5 LF of 6-inch

DIP water main on Sand Hills Court.
5208 Pull and replace the pump and related appurtenances at Pinal

Valley Well No. 28.
5211 Remove and reinstall media to replace 840 failing nozzles and

replace the interior coating in six vessels at the Pinal Valley Well
No. 28 Arsenic Removal Facility.

5215 Pull and replace pump and related appurtenances at Pinal Valley
Well No. 14.

5224 Expand the Hen fess Road booster pump station to a firm capacity
of 6,000 rpm. Construct 24-inch DIP suction and discharge
manifolds to replace 16-inch DIP and install a surge anticipator
valve.

5236 Remove and reinstall media to replace 604 failing nozzles and
replace the interior coating in four Vessels at the Pinal Valley Well
No. 29 Arsenic Removal Facility.

5239 Replace one 1-inch leaking copper service with one 1-inch copper
service at 512 E. Cottonwood Lane.

5264 Pull and replace the pump. motor, and related appurtenances at
Pinal Valley Well No. 32.

5265 Pull and replace the pump and related appurtenances at Pinal
Valley Well No. 7.
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Plant Addition Summary
for PWSID No. 11-701

WA No. Project Description
4768 Construct 3,430 LF of 12-inch DIP water main to replace 3,680 LF

of 6-inch plc water main from the Airport booster pump station to
Coolidge Airport Road South of Boeing Avenue.

Plant Addition Summary
for PWSID No. 11-076

WA No. Project Description

4801
Pull and replace the pump, motor and related appurtenances at
Tierra Grande Well No.3.

Plant Addition Summary
for PWSID No. 11-012

WA No. Project Description
4951 Purchase the existing Envirogen arsenic and nitrate removal facility

at the Stanfieid site and replace resin media in 13 vessels.
5020 Install a nitrate analyzer, electrical controls and control valve at

Stanfield Well No. 1.
5062 Pull and replace the pump, motor, and related appurtenances at

Stanfield Well No. 1.
5098 Replace the plenum and relocate the tank fill line on the brine tank

at the Stanfield arsenic and nitrate removal Facility.

plant Addition Summary
for PWSID No. 07-128

WA No. Project Description
4808 Construct 400 LF of 8-inch DIP water main on 1915i Avenue

Coolidge Airport Water System (PWSID No. 11-707)

iii. Tierra Grande Water System (PWSID No. 11-076)

Stanfield Water System (PWSID No. 11-012)

c. White Tank Service Area
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between Melvin Street and Van Buren Street.
4810 Construct 254 LF of 6-inch DIP, 264 LF of 8-inch DIP and 70 LF of

12-inch DIP water main to replace 588 LF of 6-inch 8-inch and 12-
inch water mains along Jackrabbit Trail.

4917 Reconstruct backwash tank overflow and construct
grading/drainage improvements at Monte Vista site and install
equipment shade canopies at Golightly and Monte Vista Sites.
Isolate the transmission main that runs from Golightly Well No. 7
site to Monte vista site.

4918 Construct 560 LF of HDPE casing, 1,560 LF of 12-inch DIP, 230 LF
of 8-inch DIP, and 230 LF of 6-inch DIP water main to replace
approximately 1,860 LF of CA water main on Perryville Road at the
Interstate 10 Interchange.

4948 Pull and replace the pump, motor and related appurtenances at
White Tank Well No. 2.

5033 Replace two handheld meter reading devices.
5060 Pull and replace the pump, motor and related appurtenances at

White Tank Well No. 8.
5061 Pull and replace the pump, motor and related appurtenances at

white Tank Well No. 4.
5073 Replace electrical wire from the service entrance section to the

starter and from the starter to the motor at White Tank Weil No. 9.
5119 Replace conduit and wire between terminal box and RTU at the

White Tank Well No. 7 Nitrate Removal Facility.
5193 Install an alarm system and security lighting at white Tank Well No.

9.
5209 Replace eight water services along 1 ask" Drive and 193'°  Avenue

between Thomas Road and Catalina Drive.
5234 Pull and replace the pump and related appurtenances at white

Tank Well No. 10.

Plant Addition Summary
for Phoenix Office

WA No. Project Description

5186 1Replace the en sneering department computer sewer.
5187 Replace two domain controller servers and the exchange email

server.
5188 Purchase additional office furniture and reconfigure existing space

to accommodate two additional employees. Purchase cubical
partitions and furniture for new workstations.
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Additional Arsenic Removal Facilities and the Need to Continue the ACRM

DOES THE COMPANY NEED TO CONSTRUCT ADDITIONAL ARSENIC

REMOVAL FACILITIES IN THE WESTERN GROUP?

Yes. The Company needs to construct an arsenic removal facility for Pinal

Valley Well No. 34 to reduce arsenic levels from 40 ppb to under the federally

mandated MCL of 10 ppb to comply with Safe Drinking Water standards. The

Arizona City portion of the Pinal Valley water system currently has one source of

supply, Well No. 28, which serves more than 4,700 customers. When Well No.

28 has a well pump failure, water is pumped from limited well supplies in Casa

Grande to Arizona City by the Tanger booster pump station. The Tanger booster

pump station and transmission line have capacity to provide up to 1.2 MGD to

Arizona City but do not have sufficient capacity to supply the max day demand of

1.9 MGD in Arizona City. Therefore, an additional source of supply is required in

Arizona City. If a new source of supply is not added to the Arizona City portion of

the Pinal Valley water system, during the summer t ime, customers wil l

experience low pressures, poor water quality or may not have water.

Constructing an arsenic removal facility to utilize Well No. 34 increases

water supply reliability by adding a second source of supply in this portion of the

The Company will use one of the best available

technologies for arsenic removal as recognized by the EPA, similar to the more

than 20 ARFs the Company currently owns and operates.

Pinal Valley water system.

Q. IS THE COMPANY REQUESTING COMMISSION APPROVAL TO RECOVER

THESE ADDITIONAL COSTS UNDER THE ARSENIC COST RECOVERY

MECHANISM ("ACRM")?

Yes. In Decision No. 73144, the Commission authorized continuation of the

ACRM in the Company's Pinal Valley service area. The Company requests the
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Commission authorize continuation of the ACRM in this proceeding. Mr. Harris
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Q. WHERE IS THE COMPANY PLANNING TO CONSTRUCT THE ARSENIC

REMOVAL FACILITY FOR WELL no.34?

Adequate space is not available at the Well No. 34 site to construct an arsenic

removal facility. Therefore, the arsenic removal facility will be constructed at the

Arizona City storage tank and booster pump station site, where there is adequate

space.

Q. ARE ADDITIONAL TRANSMISSION MAINS REQUIRED TO CONVEY

GROUNDWATER TO THE NEW ARSENIC REMOVAL FACILITY?

Yes. A 3,400 LF 12-inch DIP transmission main is required to move water from

Weil No. 34 to the Arizona City storage tank and booster pump station site,

where the arsenic removal facility will be constructed.

Q. WILL THIS ARSENIC REMOVAL FACILITY BENEFIT THE ENTIRE PINAL

VALLEY WATER SYSTEM?

Yes. By constructing an arsenic removal facility at Well No. 34, the Company

can pump water from the Arizona City area to the Casa Grande area, thereby

providing an additional source of water supply to the Pinal Valley water system.

Cost estimates, the proposal/contract, and construction schedule are included in

Exhibit FKS-3.

Q. WHEN WILL THE COMPANY COMPLETE CONSTRUCTION OF THIS

ARSENIC REMOVAL FACILITY?

The Company anticipates this project will be completed and placed in service on

or before December 31, 2016. The estimated cost to construct for the Pinal

Valley Well No. 34 arsenic treatment facility is $3,400,000
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Q. DO ANY OTHER WATER SOURCES IN THE WESTERN GROUP REQUIRE

TREATMENT FOR ARSENIC?

No. The Company monitors all of its sources of supply to ensure compliance

with Safe Drinking Water Standards, including the federally-mandated arsenic

MCL.
W:\Freds Testimony KS WG TY 2014 Wester Group Rate Case.docx 47

A.

A.

A.

A.

A.

la l



Q. How IS THE COMPANY PROPOSING TO RECOVER THE COSTS

ASSOCIATED WITH THE PINAL VALLEY WELL no. 34 ARSENIC REMOVAL

FACILITY?

As mentioned above, the Company requests continuation of the ACRM in this

proceeding for the purpose of recovering the costs to construct and operate the

ARF at Well No. 34 and the cost of other arsenic removal facilities the Company

may need to construct in the Pinal Valley and white Tank service areas prior to

its next Western Group rate case. As Mr. Harris describes in detail in Section ll

of his direct testimony, the Company will experience a significant negative effect

on its financial performance without the ability to recover a portion of the costs

associated with this federally mandated ARF investment through the ACRM.

Q. ARE THERE OTHER REASONS THE COMPANY REQUIRES THE

CONTINUATION OF THE WESTERN GROUP ACRM?

Yes. In addition to the arsenic removal facility noted above, the Company

requests the continuation of the ACRM to recover its cost of removing arsenic

from the treatment plants listed as post-test year plant additions which require

twelve months of  operating costs prior to recovering those actual costs.

Specifically, these ARF's are Valley Farms Well No. 2, Pinal Valley Well No. 13

and the POU devices at the Company's Coolidge Airport water system.

VII.

A.

Q.

CAP Use Plan

Pinal Valley Service Area

HOW MUCH CAP WATER DOES THE COMPANY HAVE UNDER

SUBCONTRACT WITH THE CAP FOR USE IN THE PINAL VALLEY SERVICE

AREA?
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The Company holds annual CAP water allocations totaling 10,884 acre-feet

("AF") in the Pinal Valley service area. The Company delivered 1,928 AF of CAP

water to customers for non-potable use in 2014.
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Q. HAS THE COMPANY PREPARED A PLAN TO PUT THE UNUSED PORTION

OF ITS PINAL VALLEY CAP ALLOCATION TO USE?

Yes. The Company's plan is outlined in the Pinal Valley 2015 CAP Use Plan,

filed in this docket. The Pinal Valley 2015 CAP Use Plan was filed on August 7,

2015 in this docket and is sponsored by Mr. Garfield. The Pinal Valley 2015 CAP

Use Plan is an update to the Company's CAP Water Use Plan ("2006 CAP Use

Plan") filed in Docket No. W-01445A-04-0650, on December 29, 2006 as

required in Decision No. 68302. In the 2006 CAP Use Plan, the Company

contemplated constructing a 10 million gallon per day ("MGD") surface water

treatment plant at an estimated cost, in 2006 dollars, ranging from $34 million to

$66 million.

Q.

A.

HAS THE COMPANY UPDATED THIS 2006 ESTIMATED COST?

Yes. In the Company's 2010 test year Western Group rate case, I provided an

updated cost estimate of $82 million to design and construct a 10 MGD surface

water treatment plant. In 2014, after further refinements to design specifications

and a general increase in equipment, materials, and construction costs, that

estimate increased to $94 million. The Company has developed a far less costly

and more efficient means of delivering much needed CAP water to the

Company's Pinal Valley customers.

Q. WHAT DOES THE COMPANY'S PINAL VALLEY 2015 CAP USE PLAN

RECOMMEND?

The Pinal Valley 2015 CAP Use Plan outlines the Company's plan to deliver CAP

water to its customers through recharge and recovery beginning in 2015. The

estimated construction cost to construct the Pinal Valley recharge and recovery

facility is approximately $5.8 million, making it a practical, cost-effective and

financially feasible alternative to treatment and direct delivery of CAP water.
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Q. WILL THE COMPANY ACHIEVE ANY COST SAVINGS UNDER THE PINAL

VALLEY 2015 CAP USE PLAN?
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Yes. In addition to the $357,500 grant the Company received from ADWR's

Water Management Assistance Program, the Company's Pinal Valley 2015 CAP

Use Plan achieves the following cost savings:

Construction cost savings of $88 million

Operating cost savings of $2.4 million per year

Customer savings of $17.5 million per year

Residential customer savings of more than $24 per month or a savings of

84 percent.

Q. WHAT IS RECHARGE AND RECOVERY?

Recharge and recovery involves the intentional recharge of water into an aquifer

system for intended recovery and beneficial use as an element of long-term

water resource management.3 Under ADWR's recharge and recovery program,

water can be stored at either underground storage facilities or groundwater

savings facilities. Underground storage facilities are constructed typically using

recharge (or spreading) basins where water directly recharges the groundwater

aquifer through infiltration. Other type methods of underground storage facilities,

such as shallow wells (vamoose zone) or deep injection wells, are used when

recharge basins are impractical or technically not feasible.

Q. PLEASE DESCRIBE THE COMPANY'S PLANNED PINAL VALLEY

RECHARGE AND RECOVERY FACILITY, AS OUTLINED IN THE PINAL

VALLEY 2015 CAP USE PLAN.

The Company's Pinal Valley recharge and recovery facility will consist of

recharge basins and the infrastructure necessary to deliver CAP water to these

basins. The Company will eventually drill recovery wells on-site to deliver
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recovered CAP water to customers throughout the Pinal Valley service area. In

the meantime, the Company will obtain permits for its existing Pinal Valley wells

so that it may receive stored water through them.

3 . . .
Southwest Hydrology. May/June 2008. UnlversNy of Arlzona.
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Q. WHERE DOES THE COMPANY PLAN TO CONSTRUCT THE PINAL VALLEY

RECHARGE AND RECOVERY FACILITY?
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A map showing the location of the Pinal Valley recharge and recovery facility is

shown below in Figure 2-1. A conceptual plan showing the recharge basins and

the facility's connection to the CAP canal is shown below in Figure 2-2.
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1 Figure 2 -1 Pinal Valley Recharge and Recovery Facility Location and Pinal
Valley Service Area
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1 Figure 2 - 2 Pinal Valley Recharge and Recovery Facility Conceptual Plan
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26 DOES THE COMPANY'S PLAN COMPLY WITH ARIZONA POLICY?

27 A Yes. As explained by Mr. Garfield in Section III of his direct testimony, the
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recovery complies with Arizona's public policy on water storage and water

savings. Mr. Garfield also discusses how the Company's plan addresses and

mitigates over-reliance on groundwater in the Pinal Active Management Area

("AMA") and the resulting threat to the sustainability of water supplies in the area.

Q. WHAT IS THE STATUS OF THE COMPANY'S PINAL VALLEY RECHARGE

AND RECOVERY FACILITY?

On March 12, 2014, Company engineers prepared a Request for Proposal

("RFP") from qualified hydrogeological and engineering firms. After an extensive

review of the proposals and interviewing the individuals who would be

responsible for the project analysis, modeling, application, permitting and design,

the Company selected the team of Clear Creek and Associates and Carollo

Engineers to complete the necessary work.

The project commenced on May 21, 2014, and on December 19, 2014,

the Company completed and submitted to ADWR its Application to Construct an

Underground Storage Facility and a Water Storage Permit. On May 28, 2015,

ADWR notified the Company that it had completed its review of the Company's

applications and supporting analyses and determined that both applications were

Administratively Complete. Copies of the Company's application to construct the

Pinal Valley recharge and recovery facility, water storage permit are included in

Exhibit FKS-4. Copy of ADWR's determination is included in Exhibit FKS-5.
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Q. WHAT IS THE NEXT STEP?

Because ADWR determined the applications are administratively complete,

ADWR provided a public notice to surrounding landowners and regulatory

agencies and published the notice in the local newspaper. The last of these

notices were published on June 4, 2015 and on June 11, 2015. The public

comment period closed on June 26, 2015. Once the Company receives ADWR's

comments, the Company will proceed with a 60-day pilot recharge project to

verify and validate the study's recharge estimates.
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Q.

Yes. The Company has met with CAWCD and CAP to discuss the necessary

facilities necessary and how the Company will utilize the facilities to recharge and

recover CAP water. The Company will submit its preliminary design to CAWCD

and CAP in September 2015.

Q.

The Company has studied the hydraulics of conveying water from the CAP canal

to the recharge basins and determined that water can be conveyed from the CAP

canal to the recharge basins by gravity and without the use of large pumps and

pumping equipment. In the company's effort to minimize the long term cost of

recharging CAP water, it determined that water can be siphoned from the canal

and then conveyed through a 24-inch transmission main to the recharge basins

without continuous pumping, thereby reducing construction, operating, and

maintenance costs.

Q.

HAS THE COMPANY COORDINATED WITH THE CENTRAL ARIZONA

WATER CONSERVATION DISTRICT ("CAWCD") AND CAP TO CONSTRUCT

THE NECESSARY FACILITIES TO CONVEY CAP WATER TO THE

RECHARGE BASINS?

HOW IS THE COMPANY PLANNING TO DELIVER WATER FROM THE CAP

CANAL TO THE RECHARGE BASINS?

WHAT IS THE COMPANY'S SCHEDULE TO COMPLETE PINAL VALLEY

RECHARGE AND RECOVERY FACILITY?
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A detailed design, permitting, construction and start-up schedule is included as

Exhibit FKS-6. The company's schedule is summarized in the following table:
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Pinal Valley Recharge and Recovery Facility
Schedule Summa

ACTIVITY DURATION
ADWR Permitting Nine months ending September 2015.
Facility Design and CAP
Permitting

Nine months. Begin July 2015 and complete April
2016.

Bidding Solicit bids May 2016.
Award of Contract June 2016.
Construction Six months with a completion date of December

2016.

Groundwater Savings Facility
ADWR Water Storage

Permit Number
CAIDD 73-531382.0700
MSIDD 73-531381 .0700
HIDD 73-5344890800

How WILL THE COMPANY FUND THE PINAL VALLEY RECHARGE AND

RECOVERY FACILITY?

The Company is funding the design and construction of  the Pinal Valley

Recharge and Recovery Facility primarily with offsite facility fees, which are

recorded as contributions in aid of construction and excluded from rate base,

thereby keeping customer rates low.

DOES THE COMPANY HAVE THE NECESSARY PERMITS IN PLACE TO

STORE CAP WATER GROUNDWATER SAVINGS FACILITIES REFERENCED

IN MR. GARFIELD'S TESTIMONY?

Yes. On August 22, 2014, the Company received the necessary ADWR Water

Storage Permits. Those permit numbers are shown below.

WHAT EFFECT WILL RECHARGE AND RECOVERY HAVE ON

GROUNDWATER PUMPING UNDER THE PINAL VALLEY 2015 CAP USE

PLAN?
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The Company's 2014 Pinal Valley service area water production totaled 18,214

acre-feet, with pumped groundwater making up nearly 90% of  all water
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2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Mined Groundwater 16,366 16,626 16,218 15,748 16,322 11,46410,606 9,748 8,890 8,076 8,218
CAP Water 1,848 1,503 1,668 1,614 1,928 6,928 7,928 8,928 9,928 10,884
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production. Implementing the Pinal Valley 2015 CAP Use Plan will increase the

amount of CAP water used through recharge and recovery delivered to

customers, thereby reducing the amount of mined groundwater pumped by 50%,

as shown below:

Figure 2 - 3 Pinal Valley Service Area Water Production
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2010 2011 2012 2013

16,21 15,74 16,32 11,46 10,60 = 9,748 8,890 8,076 8,218

2014 2015 2019 2020

Under the Pinal Valley 2015 CAP Use Plan, the Company will reduce

pumping of mined groundwater by over 8,000 acre-feet by 2019, as shown

below.

Figure 2 - 4 Pinal Valley Service Area Groundwater Pumping Reduction

Over the next ten years, the Company will recharge nearly 8,000 acre-feet

of CAP water per year, saving nearly 80,000 acre feet of groundwater by 2024.

Q. WHAT IS MINED GROUNDWATER?

Mined groundwater is the withdrawal or removal of groundwater over a period of

time that exceeds the recharge rate of the supply aquifer.
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Q. DOES MINING GROUNDWATER CAUSE PROBLEMS?

Mining groundwater over a long duration can cause several problems. Mining

groundwater can lead to land subsidence and earth fissures. On August 12,

2015, the Arizona Republic published an article regarding an Arizona State

University study, in cooperation with ADWR, evaluating the efforts of mining

groundwater. ADWR stated that "Land subsidence has been happening in
58W:\FredsTestimony\FKS WG TY 2014 Wester GroupRate Case.docx
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Arizona since the early 1900s with parts of Maricopa and Pinal Counties

The study also concluded that fissures

can threaten canals, utility lines, water mains, storm drains and sewers. A copy

of the Arizona Republic article in included in Exhibit FKS-7.

subsiding more than 18 feet since then".4

Q. How DOES THE COMPANY PLAN TO RECOVER STORED CAP WATER?

The Company will initially recover stored CAP water through its 39 existing wells

located throughout the Pinal Valley service area. As the area near the recharge

and recovery site develops, the Company plans to recover stored CAP water

from recovery wells constructed at or near the recharge and recovery site. The

Company will then deliver that water to the Pinal Valley service area through a

36-inch transmission main. The Company will construct on-site recovery wells as

needed to satisfy water system production needs and to meet recovery

objectives as previously shown in Figures 2-3 and 2-4.

Q. HAS THE COMPANY APPLIED FOR AND RECEIVED RECOVERY WELL

PERMITS FROM ADWR?

Yes. On June 9, 2015, ADWR issued Recovery Well Permit No.

74-224234.0000 permitting the Company's 39 Pinal Valley service area wells as

recovery wells. A copy of the recovery well permit is included in Exhibit FKS-8.

Q. WAS THE COMPANY'S RECHARGE AND RECOVERY PLAN ADOPTED BY

ANY PUBLIC AGENCIES?
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Yes. The City of Coolidge incorporated the Company's Pinal Valley Recharge

and Recovery Facility into the City of Coolidge 2025 General Plan Update dated

June 23, 2014. A copy of the City of Coolidge 2025 General Plan Update in

included in Exhibit FKS-9.

4 . . . . . .
Arizona Republic Article, August 12, 2015 ASU Study: Parts of metro Phoenix area are sinking, Anne Ryman.
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How AND WHEN WAS THE PLAN ADOPTED?

The City of Coolidge Planning and Zoning Commission approved the 2025

General Plan Update on May 7, 2014. The City Council approved the plan on

June 23, 2014 and the voters approved the plan on November 4, 2014.

B. white Tank Service Area

Ho w MUCH CAP WATER DOES THE COMPANY HAVE UNDER

SUBCONTRACT WITH THE CAP FOR USE IN THE WHITE TANK SERVICE

AREA?

The Company holds a CAP allocation totaling 968 acre-feet per year for its white

Tank service area.

HAS THE COMPANY OUTLINED A PLAN TO PUT THE UNUSED PORTION

OF ITS WHITE TANK CAP ALLOCATION TO USE?

Yes. The Company's plan is outlined in the White Tank 2015 CAP Use Plan,

filed in this docket on August 7, 2015.

As explained in the White Tank 2015 CAP Use Plan, the Company has

developed a far less costly and more efficient means of delivering much needed

CAP water to customers in the White Tank service area.

Ho w D O E S  T HE  C O MP ANY P L AN T O  D E L IV E R  C AP  W AT E R  T O

CUSTOMERS IN THE WHITE TANK SERVICE AREA?

The Company plans to deliver CAP water to its customers through recharge and

recovery. The estimated construction cost related to the Company's white Tank

recharge and recovery facility is $2.6 million, making it a practical, cost-effective

alternative to treatment and direct delivery of CAP water.
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WILL THE COMPANY ACHIEVE ANY COST SAVINGS UNDER THE WHITE

TANK 2015 CAP USE PLAN?

Yes. The Company's White Tank 2015 CAP Use Plan achieves the following

cost savings:

Construction cost savings of $8.6 million
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Operating cost savings of $180,000 per year

Customer savings of $1 .6 million per year

Residential customer savings of more than $33 per month or a savings of

77 percent

Q. WHAT IS THE STATUS OF THE COMPANY'S WHITE TANK RECHARGE

AND RECOVERY PROJECT?
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Company engineers completed the conceptual design and facility sizing of the

white Tank CAP recharge and recovery facility. Also, Company engineers

identified several sites in or near the Company's White Tank water system. A

map showing the possible locations of the White Tank recharge and recovery

facility is shown below in Figure 2-5. A conceptual plan showing the recharge

basins and the facility's connection to the Maricopa Water District Canal is shown

below in Figure 2-6. The Company's facility sizing, estimated cost of construction

and annual operation and maintenance cost are included in Exhibit FKS-10.
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Interstate 10

Figure 2 - 5 white Tank Recharge and Recovery Facility Proposed Location1
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Q. How IS THE COMPANY PLANNING TO DELIVER WATER FROM THE CAP

CANAL TO ITS RECHARGE BASINS?

Company engineers evaluated options and determined that working with

Maricopa Water District ("MWD") to wheel the Company's CAP water, using

MWD's existing canal, is the most cost-effective solution. Company engineers

discussed this possibility with MWD, and MWD representatives have indicated

their support.

Q. HOW WILL THE COMPANY FUND THE WHITE TANK RECHARGE AND

RECOVERY FACILITY?

The Company is planning to fund the design and construction of the white Tank

Recharge and Recovery Facility primarily with offsite facilities fees, which are

recorded as contributions in aid of construction and excluded from rate base,

thereby keeping customer rates low.

Q. DOES THE COMPANY HAVE AN OFFSITE FACILITIES FEE FOR THE WHITE

TANK SERVICE AREA?

No. However, the Company is requesting Commission approval of a new off-site

facilities fee for the white Tank service area, as discussed in more detail by Mr.

Harris in Section v of his direct testimony.

Q. WHAT IS THE AMOUNT OF THE COMPANY'S PROPOSED OFF-SITE

FACILITIES FEE?

As discussed in Section v of Mr. Harris' direct testimony, the proposed off-site

facilities fee tariff is $2,500 for each new service connection with a 5/8 x 3/4-inch

meter. The amount of the Facilities Fee increases for larger meter sizes. The

proposed Off-Site Facilities Fee tariff is included in Mr. Harris' direct testimony as

Exhibit JDH-6.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Q. WHAT IS THE COMPANY'S SCHEDULE TO COMPLETE THE RECHARGE

BASINS?
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White Tank Recharge and Recovery Facility
Schedule Summa

ACTIVITY DURATION

Real Property
Acquisition

9 months after approval of the Company's
requested Off-Site Facilities Fee.

ADWR Permitting 9 months.
Facility Design and
MWD Permitting 9 months.
Bidding and award
of contract 2 months.
Construction 6 months.

Total Duration = 35 months

A detailed design, permitting, construction and start-up schedule for this work is

included as Exhibit FKS-11. In summary, the Company's schedule is shown

below.
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If the funds from the offsite facilities fees will not fund the project based on the

above schedule, the Company proposes to fund the necessary construction

using Company funds and collect post in-service AFUDC until sufficient offsite

facilities fees are collected. This is discussed in more detail in Section V of Mr.

Harris' testimony.
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DOES THE COMPANY HAVE THE NECESSARY PERMITS IN PLACE TO

STORE CAP WATER IN MARICOPA WATER DlSTRICT'S GROUNDWATER

SAVINGS FACILITY DESCRIBED IN MR. GARFIELD'S TESTIMONY?

Yes. On August 22, 2014, the Company received the necessary ADWR Water

Storage Permit, permit No. 73-558246.1500.

WHAT ELSE HAS THE COMPANY DONE TO PREPARE TO STORE CAP

WATER FOR THE WHITE TANK WATER SYSTEM?

On April 7, 2015, per the Company's request, CAWCD sent the Company a letter

stating that CAWCD consents to allow the Company to store its CAP Water at

both the CAWCD Agua Fria Constructed Recharge Project and their Hieroglyphic

Mountains Recharge Project. On May 1, 2015, the Company applied for the

necessary ADWR Water Storage Permit to store CAP Water at both of these

recharge sites. On June 5, 2015, the Company sent CAP a Letter of Intent to

store the Company's CAP Water at two existing facilities owned by CAWCD. On

June 16, 2015, ADWR determined the Company's Agua Fria permit was

administratively complete. On June 19, 2015, ADWR determined the Company's

Hieroglyphic Mountain permit was administratively complete. This provides the

Company with several options to store CAP water until the Company's white

Tank Recharge and Recovery Facility is complete.

WHAT EFFECT WILL RECHARGE AND RECOVERY HAVE ON FUTURE

WATER SUPPLIES UNDER THE COMPANY'S 2015 CAP USE PLAN?

The Company's 2014 water production in its white Tank system totaled 1,319
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acre-feet, with pumped groundwater making up 100% of all water production, as

shown below in Figure 2-7. Implementing the White Tank 2015 CAP Use Plan

will begin recharging, recovering and delivering of CAP water to customers,

thereby reducing the need to pump mined groundwater by 55%, as shown below.

The Company will reduce its pumping of mined groundwater by 968 acre-feet by

2020, as shown below in Figure 2-8.
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Figure 2 - 7 White Tank Service Area Water Production

Figure 2 - 8 white Tank Service Area Groundwater Pumping Reduction
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Over the next ten years, the Company will recharge nearly 800 acre-feet

of CAP water per year, and by 2024, will have saved nearly 8,000 acre feet of

groundwater under this plan.

Q. HOW DOES THE COMPANY PLAN TO RECOVER STORED CAP WATER?

The Company will initially recover stored CAP water from any of its seven

existing wells located throughout the white Tank service area. As the White

Tank recharge and recovery site develops, the Company plans to recover stored

CAP water from additional recovery wells at the recharge and recovery site. The

Company will construct on-site recovery wells as needed to satisfy water system

production needs and to meet recovery objectives as shown in Figures 2-7 and

2-8.

Q. HAS THE COMPANY APPLIED FOR RECOVERY WELL PERMITS FROM

ADWR?

Yes. On May 12, 2015, the Company applied for the necessary ADWR permits

to permit all seven of the Company's existing White Tank service area wells as

recovery wells.

Q. DOES THE COMPANY PLAN TO FUND THE CONSTRUCTION OF

ADDITIONAL RECOVERY WELLS WITH OFF SITE FACILITIES FEES?

Yes. The Company intends to use funds from its proposed off-site facilities fee to

fund additional recovery wells as well as transmission and distribution mains,

storage tanks and booster stations needed to pump treat, store, and ultimately

provide safe, reliable and adequate water service and to transition to sustainable

supplies.

VIII.
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Q.

Aging Infrastructure and the Need for a System Improvement Benefits

Mechanism ("sIB")

DID THE COMMISSION ESTABLISH A WATER LOSS STANDARD FOR THE

COMPANY?
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Water Loss for each Western Group of Water Systems

System
PWS ID

No.

Calendar Year
2013

Reported
Water Loss

Calendar Year
2014

Reported
Water Loss

Ajo 10-003 6.14% 5.98%
Coolidge Airport 11-707 21% 5.11%
Pinal Valley 11-009 8.32% 9.26%
Tierra Grande 11-076 5.55% 3.96%
Stanfield 11-012 7.24% 6.18%
White Tank 07-128 3.40% 4.24%

Yes. In Decision No. 71845. The Commission ordered the Company to reduce

water loss for each of its water systems to less than ten percent.

Q. HAVE you REVIEWED WATER LOSS FOR THE COMPANY'S WESTERN

GROUP OF WATER SYSTEMS?

Yes.

water systems remains below the Commission-mandated ten percent limit.

Water loss for each of the six Western Group water systems is shown in the

following table:

As of December 2014, water loss in the Company's Western Group of

Q.

A. . Yes. As shown in the table above, all water systems in the Western Group have

water loss less than ten percent.

IS THE COMPANY COMPLYING WITH THE COMMISSION'S ORDER?

Q. DOES THE COMPANY'S WESTERN GROUP OF WATER SYSTEMS HAVE A

SIB?

No. In the Company's previous Western Group rate case, the Commission did

However, in the Company's most recent Eastern and

Northern Group rate case proceedings, the commission approved and authorized

a SIB.

not authorize a SIB.
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Q. IS THE COMPANY REQUESTING A SIB MECHANISM IN THIS PROCEEDING

FOR ITS WESTERN GROUP OF WATER SYSTEMS?
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Yes.

Q. WHY IS A SIB NECESSARY FOR THE WESTERN GROUP OF WATER

SYSTEMS WHEN WATER Loss IS LESS THEN 10 PERCENT?

Water loss in those water systems is trending upward as shown in the above

table. It is more efficient and cost effective to keep water loss below ten percent

by replacing aging infrastructure in a timely fashion rather than let water loss

increase above ten percent before beginning to replace failing infrastructure.

The Company's plan identified the need to increase the rate of replacing aging

infrastructure, however this level of investment will have a significant negative

effect on the Company's financial performance without the SIB mechanism that

the Commission developed to allow water utilities to recover a portion of the cost

of these replacements on a more timely basis.

Q. HAVE YOU PREPARED AN ANALYSIS OF AGING INFRASTRUCTURE IN

THE WESTERN GROUP?
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Yes. The Company prepared "Aging Infrastructure Replacement Plan for the

Company's Western Group of Water Systems" in 2015, attached to this

testimony as FKS-12, which provides a comprehensive analysis outlining the

historical, current and anticipated future efforts and requirements to effectively

replace aging infrastructure in the Company's Western Group of water systems.

The analysis shows approximately 318,300 LF of water main, or approximately

7.3 percent of the mains in the Western Group of water systems are in need of

replacement including 4,110 service lines. This analysis is based on a complete

review of the documented water main and service line leak, break and repair

history, summarized in Appendix 6.2 of Exhibit FKS-12. The specific

replacement projects are identified in Appendix 6.3 of Exhibit FKS-12. The

Company estimates that replacing these failing water mains and service lines will

cost $55.8 million. Each year, as the number of water mains and service lines
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replacing the water mains and service lines, making it more difficult for the

Company to keep up.

Q. WILL THESE WATER MAIN AND SERVICE LINE REPLACEMENTS HELP TO

MAINTAIN WATER LOSS TO LESS THAN 10 PERCENT?

Yes. These projects replace aging and failing water mains and service lines,

which are prone to leaks and breaks, with new infrastructure that is less

susceptible to leaks. These waterline replacements are needed to reduce the

rising costs of repairing leaks and comply with the Commission's order to keep

water loss below ten percent. The Company is prepared to increase the rate of

replacement of aging and failing water mains and service lines, but needs

Commission's support and rate increases to do so.

Q. CAN THE COMPANY CURRENTLY FUND THE REPLACEMENT OF AGING

INFRASTRUCTURE NEEDED TO MANAGE WATER LOSS TO LESS THAN

10 PERCENT?

No. Not without adequate rate relief and not without an effective cost-recovery

mechanism such as the SIB mechanism, which the Commission adopted in the

Company's Eastern and Northern Group rate cases. This is discussed in more

detail in Mr. Garfield and Mr. Harris' direct testimony.

Q. How DOES THE COMPANY PLAN TO CONTINUE TO REPLACE AGING

INFRASTRUCTURE?

By implementing the Commission adopted SIB mechanism. The SIB allows the

Company to replace aging water mains and service lines as it becomes
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necessary, rather than waiting until the next test year. As with the SIB the

Commission adopted in the Eastern and Northern Group rate cases, the SIB will

allow the Company to limit water loss by replacing aging infrastructure in a cost

effective and timely manner. The Western Group's need for the SIB mechanism

is discussed in more detail in Mr. Garfield and Mr. Harris' direct testimony.
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Q. THROUGH THE ANALYSIS OF AGING INFRASTRUCTURE COMPLETED BY

THE COMPANY, WHAT WERE THE FINDINGS?

AIo Service Area
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The Ajo Service Area experienced a significant amount of customer growth

during the 1960s and, with that growth, came the installation of a large number of

cement asbestos ("CA") water mains as well as the installation of polybutylene

and polyethylene ("poly") water service lines. Unfortunately, poly service lines

have proven to become brittle and split longitudinally. Repairing this type of

service line is difficult and normally leads to their full replacement when leaks are

discovered. Planned service line replacements reduce or eliminate damage to

asphalt roadways and concrete curb, gutter and sidewalk which significantly

decreases the cost compared to unplanned replacements. Leaking service lines

often damage asphalt roadways and concrete curb, gutter and sidewalks which

increases the cost of the unplanned service line replacement. These unplanned

service line replacements typically cost more than $10,000 each and can cost

$60,000 or more if the leak occurred in ADOT right-of-way. Failing poly service

lines are still in service and require replacement in the very near future. Without

these replacements, water losses are expected to increase.
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Diameter Miles of Water Main

<=2-inch 0.14

4-inch 7.57

6-inch 7.07

8-inch 0.55

1

2

The following three sets of charts and tables show the miles of water

mains in service size, material type and decade installed within the Ajo Service

3 Area, respectively.

4
Ajo Service Area - Miles of Water Main by Diameter
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22 The table above shows that 8 miles or over 40,700 LF of water mains in
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service today are less than six inches in diameter.

The chart and table below show miles of water mains currently in service

by material type. A majority of the water mains are CA.
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Material Type Miles of Water Main

Cement Asbestos 11.50

Cement Lined Concrete 0.04

Copper 0.12

Ductile Iron 3.65

Steel 0.02

1 Ago Service Area - Miles of Water Main by Materia/
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The chart and table below show the miles of water mains installed by

decade and still in service. Seventeen percent or nearly 14,000 LF of water

mains currently in service were installed prior to 1960 and are over 55 years old.

Much of these water mains are at or reaching the end of their useful service lives

and require replacement in the future.
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Decade Installed Miles of Water Main

1940-1949 0.25

1950-1959 2.36

1960-1969 5.39

1970-1979 2.46

1980-1989 1.28

1990-1999 1.94

2000-2009 1 .64

2010-2019 0

Ajo Sewlce Area - Miles of Water Main by Decade Installed

Miles of Water Main by Decade Installed
2000-2009

1.64

1940-1949

0.25

1950-1959

2.36

1990-1999

1.94

1980-1989

1.28

4

1940-1949

1950-1959

1960-1969

1970-1979

1980-1989

1990-1999

2000-2009

1970-1979_

2.46
. 1960-1969

5.39

PinaiValleléewice Area

A review of the Pinal Valley Service Area shows that many of the water

mains have been in service since the early 1920s, and are well past their useful

service life. Many of these old water mains, some as small as 2-inch, do not

comply with today's minimum standards. Because of their age and industry

practices at the time, modern corrosion protection was not available when cast

iron, galvanized steel and steel water mains were installed and, as a result, are
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susceptible to numerous leaks, which are difficult to detect, locate and repair.
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Planned service line

replacements reduce or eliminate damage to asphalt roadways and concrete

curb, gutter and sidewalk which significantly decreases the cost compared to

unplanned replacements. Leaking service lines often damage asphalt roadways

and concrete curb, gutter and sidewalks which increases the cost of the

unplanned service line replacement. These unplanned service line replacements

typically cost more than $10,000 each and can cost $60,000 or more if the leak

occurred in ADOT right-of-way.

The Pinal Valley Service Area experienced a significant amount of

customer growth during the mid-1970s and, with that growth, came the

installation of a large number of CA water mains as well as poly water service

lines. Unfortunately, poly service lines have proven to become brittle and split

longitudinally. Repairing this type of service line is difficult and normally leads to

their full replacement when leaks are discovered.
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service and require replacement in the very near future.

replacements, water losses are expected to increase.

The following three sets of charts and tables show the miles of water main

in service by size, material type and decade installed within the Pinal Valley

Service Area, respectively.

Thousands of poly service lines are still in

without these
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Diameter
Miles of Water

Main Diameter
Miles of Water

Main

<=2-inch 8.54 12-inch 124.70

3-inch 5.05 14-inch 0.67

4-inch 63.02 16-inch 34.13

6-inch 311.84 24-inch 8.81

8-inch 162.19 36-inch 0.32

10-inch 9.96

1
Pinal Valley Service Area - Miles of Water Main by Diameter

2 I

3 Miles of Water Main by Diameter

4 14-inch

0.67

16-inch

34.13 _
24-inch cinch <=2-inch

831-  0 . 32 _8.54

5

3-inch

5.05
4-inch

63.026

7

12-inch i

124.70

8

9 10-inch _

9.96
Lr

10

11 3
I

12
8-inch _

162.19

l <=2-inch

3-inch

4-inch

6-inch

8-inch

10-inch

12-inch

14-inch

16-inch

24-inch

cinch 8
I

8

13
6-inch
311.84

14

15

16

17

18

19

20 The table above shows that 77 miles or over 404,500 LF of water mains in

21 service today are less than six inches in diameter.
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28
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Material Type
Miles of Water
Main Material Type

Miles of Water
Main

Cement
Asbestos

323.00 Galvanized
Steel

0.44

Cast Iron 2.96 High Density
Polyethylene

1.98

Cement Lined
Concrete

3.80 Polyvinyl
Chloride

87.27

Copper 0.20 Steel 0.35

Ductile Iron 308.58 Unspecified 0.65

1

2

3

The chart and table below show miles of water mains currently in service

by material type. A majority of the water mains are CA. Nearly 20,000 LF of

water mains are constructed of cast iron, galvanized steel and steel.

4 Pina/ Valley Service Area - Miles of Water Main by Material

5 Miles of Water Main by Material
6

7
87.27

PVC8
0.35

STL
1.98

HDPE

0.65

Unspecified

CA - Cement

Asbestos
Cl - Cast Iron

9

10 0.44

GS

CLC - Cement Lined

Concrete
CU - Copper

11 .323.00
CA DI - Ductile Iron

12

13 308.58

DI

I

14 I

GS - Galvanized

Steel
HDPE - High Density

Polyethylene
PVC - Polyvinyl

Chloride
STL - Steel15

16 3.80

CLC
2.96

CI

17
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19
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Miles of Water Main by Decade Installed
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0.95
1920 1929

2.73
1940 1949

16.63 1950 1959

32.43
1920 19291 .

UNSPECIFIED

13.06
2010 2019

9.58
1960 1969 1930 1939

. '*";
|",J

4 gv
4

37.15
l 1940 1949

* Il." .
11

' i*\ AV
.P .|.

1 1 .

$8

ms
Apll.. *

fa.
1950 1959.

¢*9i.* .f
4 . 4 ,

,4*§5*=*;
:

,a1

. 3 l 1960 1969
t.;,r _*-;..

i n

I
a

41»9 ,a
1970 1979

195.41
1
*a I 1970 1979: a§ \ '§

.3,
8 .4. .

1980 19891.

1=*§'
U.

~r%=i
.

4 =
s L"

.
w

. f :.. . 4

j L\¢f

r * " i  . n
* x

.E

1990 1999~l

£ 3 g..4 e

.fr

. 1 1 ='-*a
» .

s . 4 4 ( .

F T \ . \

, * . -  1 Vt .
*b&1"8:J " . . l  .' \ | * w .

4T-"4~.
. 4 "  . .  Q*
.24 ¥?$' .
a * :

4 n

'w"1»° " w s 4,*f~. is . -
. u in.

*g . .
_|.: ] '._R"%"1tT£*,

~ . i = . . . .~

: . ,8 l l ' .

.."4 4.
.

3 .

' . '8">»'

r " Q .

.»4»;¢...\
* ; .

¢ r:7" .

F

2000 2009

282.45 . 4.
:fr 2000 20099

*

L .|.
. . t

2010 2019

UNSPECIFIED

1990 1999-/
67.23

1980 1989

71.61

Decade
Installed

Miles of
Water Main

Decade
Installed

Miles of
Water Main

1920 1929 2.73 1980 1989 71.61

1930 1939 0.95 1990 1999 67.23

1940 1949 16.63 2000 2009 282.45

1950 1959 32.43 2010 2019 9.58
1960 1969 37.15 Unspecified 13.06

1970 1979 195.41

The chart and table below show the miles of water mains installed by

decade and still in service. Three percent or over 107,000 LF of water mains

currently in service, were installed prior to 1950 and are over 65 years old. Much

of these water mains are at or reaching the end of their useful service lives and

require replacement.

Pine/ Valley Service Area - Miles of Water Main by Decade Installed
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28

installation of a large number of CA water mains as well as poly water service

lines. Unfortunately, poly service lines have proven to become brittle and split

longitudinally. Repairing this type of service line is difficult and normally leads to

their full replacement when leaks are discovered. Planned service line

replacements reduce or eliminate damage to asphalt roadways and concrete

curb, gutter and sidewalk which significantly decreases the cost compared to

unplanned replacements. Leaking service lines often damage asphalt roadways

and concrete curb, gutter and sidewalks which increases the cost of the

unplanned service line replacement. These unplanned service line replacements

typically cost more than $10,000 each and can cost $60,000 or more if the leak

occurred in ADOT right-of-way. It is estimated that several hundred poly service

lines are still in service and require replacement in the very near future. Without

these replacements, water losses are expected to increase.

The following three sets of charts and tables show the miles of water

mains in service by size, material type and decade installed within the white

Tank Service Area, respectively.
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Diameter Miles of Water Main

4-inch 2.21

6-inch 33.34

8-inch 31.08

12-inch 11.29

16-inch 1.23

24-inch 0.01

1

2 White Tank Service Area ..Miles of Water Main by Diameter

3

4

5
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7

8

9

10
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15

16

17

18

19

20
The table above shows that 2 miles or over 11,600 LF of water mains in

21
service today are less than six inches in diameter.
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Material Type Miles of Main

Cement Asbestos 27.45

Ductile Iron 51.33

Polyvinyl Chloride 0.37

Unspecified 0.02

1

2

3

The chart and table below show miles of water mains currently in service

by material type. A majority of the water mains are either ductile iron or CA.

White Tank Service Area - Miles of Water Main by Material
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Decade
Installed

Miles of Water
Main

Decade
Installed

Miles of Water
Main

1950-1959 0.46 1990-1999 7.86

1960-1969 1.27 2000-2009 41.25

1970-1979 18.42 2010-2019 1.93

1980-1989 7.94 Unspecifled 0.03

The chart and table below show the miles of water mains installed by

decade and still in service. Two percent or over 9,000 LF of water mains

currently in service, were installed prior to 1970 and are over 45 years old. Much

of these water mains are at or reaching the end of their useful service lives and

require replacement.
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White Tank Service Area - Miles of Water Main by Decade Installed
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1 Q.

2

3

THE WESTERN GROUP OF WATER SYSTEMS STILL USE WATER MAINS

DATING BACK TO THE EARLY 1920s, 1930s, 1940S AND 1950S. WHY ARE

THESE FACILITIES A PROBLEM?

4

5

6

7

There are numerous studies which document the failure of infrastructure installed

during this time period.5

Deteriorating water distribution system infrastructure results in: (1)

increased leaks and breaks, (2) taste, odor and rusty water complaints, (3)

8 reduced flow capacity because of corrosion build up on the internal unlined

9

10

11

12

surface of the pipe as shown in the photo below, and (4) reduced chlorine levels

because corrosion on aging water mains increases the rates of bioflim growth

and chlorine residual decay. Consequently, there is an increased potential for

water quality degradation and, ultimately, health risks associated with aging

13 infrastructure.6 As a result, this aging infrastructure needs to be replaced. The

14

15

analysis included as Exhibit FKS-13 discusses, in detail, the numerous problems

caused by aging infrastructure.

16

17
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26
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28

5 DeBerry, David w., Kidwell, James R., and Malish, David A. (1982). Corrosion in Potable Water Systems. United States
Environmental Protection Agency. Thomson, James and Wang, Lili (2009). State of Technology Review Report on
Condition Assessment of Ferrous Water Transmission and Distribution Systems. united States Environmental Protection
Agency.
6 Aging Water infrastructure (AIM) Research (2009). United States Environmental Protection Agency.
<http:/hm/vw.epa.gov/awi/distributionsys.html> October 28, 2010.
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1
Corrosion build up inside cast iron water main

2

Corrosion weakens the structural integrity of the pipe, increasing the

likelihood of failure. Over 20,000 LF of water mains currently in service in the

Western Group are constructed of cast iron, galvanized steel, or iron materials,

without any additional form of corrosion protection which was industry practice at

that time. Like any other product made from iron, water mains deteriorate

through pitting, corrosion, graphitization, and tuberculation build-up. One form of

corrosion protection, cement lining applied to the interior of water mains, reduces

internal rates of corrosion. However, cement lining of pipes did not begin until

the 1940s. Consequently, cast iron water mains that were installed before 1940

suffer from both the internal and external effects of corrosion, further increasing

the potential for leaks. The oldest cast iron water mains installed in 1921 in the

3

4
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Western Group of water systems are failing from corrosion. The EPA completed

a Condition Assessment of Ferrous Water Transmission and Distribution
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Systems and a copy of that assessment is included as Exhibit FKS-13. A copy of

a similar assessment of Gray Cast Iron pipe is included in Exhibit FKS-14.

CA water mains were predominantly used from the 1930s to the mid

1980s and were originally expected to have a longer useful life and better flow

characteristics than cast iron, galvanized steel, or steel pipe. CA water mains

were commonly used in the Company's water systems beginning in the 1930s.

CA does not corrode in the same manner as ferrous (i.e. cast iron, galvanized

steel, or steel) water mains and, as a result, was initially considered a superior

product by the water utility industry because of its low friction factors and non-

metallic construction. However, chemical changes occur in the cement substrate

of the CA pipe because of the interaction between water and the internal surface

of the pipe, and because of the interaction between the surrounding soil and the

external surface of the pipe.7 Failure Conditions of Asbestos Cement water

mains is included in Exhibit FKS-15.

These  chemica l  changes cause  the  CA p ipes to lose strength.

Deterioration of the pipe and changes in material or pipe integrity are not

immediately visible, as there is no color change or reduction in wall thickness.

The result is a material that is weak and unstable, leading to leaks, breaks, and

ultimately, failure of the pipe. The Company stopped using CA pipe for new

water mains in 1986 when it updated its specifications to require the use of
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ductile iron pipe. Concerns over the failure and useful life of CA water mains

have prompted many studies by the EPA, Universities and other organizations.

For example, a study that analyzed pipe breaks of CA water mains in urban

water systems identif ied the positive relationship between the rate of pipe

breakage and age. This study confirmed the effects of age on pipe breaks and

validates the Company's observation that water leaks are increasing as its water

7 Kettler, A.J. and Goulter, I.C. (1985). An Analysis of Pipe Breakage in Urban Water Distribution Network. Canadian
Journal of Civil Engineering, 12:286-293. National Research Council Canada.
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systems age. Other studies show that the pipe breakage rate is also influenced

by pipe diameter, with a higher rate of breaks for smaller diameters.8 The higher

rate of breaks can be attributed to thinner pipe wall and lower bending resistance

of smaller diameter pipe. The Company's Western Group of water systems have

many smaller diameter water mains, totaling more than 2,300,000 LF of 6-inch

and smaller. Besides being a major problem within the Western Group of water

systems, aging and failing water infrastructure is a national phenomenon.

AVV\NA's Assessment of Aging and Failing Infrastructure documents this crisis in

their report, Buried No Longer. A copy of AW\NA's assessment is included in

Exhibit FKS-16.

Q. ARE THE WATER MAINS AND SERVICE LINES IN THE WESTERN GROUP

MADE OF THE SAME MATERIAL AS THE COMPANY'S EASTERN AND

NORTHERN GROUPS?

Yes. The Company's Western Group of water systems have galvanized steel

and cast iron water mains and contain a significant amount of poly service lines,

which have shown increasing frequencies of failure. The Company presented

evidence that CA, cast iron, and galvanized steel water mains and poly service

lines were near or past the end of their useful service lives in the Company's last

Western Group rate case (see Docket No. W-01445A-10-0517), last Eastern

Group rate case (see Docket No. W-01445A-11-0310) and the last Northern

Group rate case (see Docket No. W-01445A-12-0348).

Q. ARE THERE OTHER PROBLEMATIC WATER MAIN MATERIALS IN THE

COMPANY'S WESTERN GROUP?
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Yes. Over 20,000 LF of water mains in service in the Western Group are

constructed of Concrete Lined Cylinder materials. The majority of these water

mains are 24-inches or 36-inches in diameter and are among the largest

a Guan x. 1995, Condition and Replacement of Regina's Water Distribution System, M.Sc. Theses, University of Regina,
Regina, SK, Canada. Mordak and Wheeler 1988. Deterioration of Asbestos Cement WaterMains, Final Report to the
Department of the Environment, Water Research Center,Wiltshire, UK. `
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8

4

6

7

5

2

3

1 diameter water mains in service in the Company's Western Group. These water

mains have shown signs of failure and require replacement. Breaks and failures

on these water mains, as shown in the photos below, require emergency repair

and replacement and may result in a disruption of service to thousands of

customers.

36-inch CLC water main failure

4. "_ . .

9

10
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13

14

15

16

17

18
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21

WA 1-5332, described in my testimony under Post-Test year plant

addit ions, is a recent example of  a 36-inch CLC water main failure and

emergency replacement. The photo below shows the significant amount of water

loss and disruption caused by this 36-inch CLC water main failure.
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Roadway Hooding caused by 36-inch CLC water main failure

Planned replacement of this aging infrastructure will reduce water loss and

reduce construction costs because emergency replacement is always far more

costly than planned replacement

How IS  THE COMPANY PROPOSING TO INCREASE THE RATE OF

INFRASTRUCTURE REPLACEMENT TO MAINTAIN WATER LOSS BELOW

10 PERCENT?

The Company has prepared a detailed plan to replace approximately 318,300

linear feet of aging water mains, 4,110 aging service lines, 176 fire hydrants, and

4,110 meters, in its Western Group of water systems as discussed in the

Company's Aging Infrastructure Replacement Plan for the Company's Western

Group of Water Systems, Exhibit FKS-12.
W:\Freds Testimor:y\FKS WG TY 2014 Western Group Rate Case.docx
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o •A in Infrastructure Replacement Cost by Water System
Area Cost Estimate

A`o service area $559,000
Pinal Valley service area $48,110,000
White Tank service area $7,141,000

and detailed design and construction cost estimates which are included in

Appendix 6.3 of Exhibit FKS-12.

Q. DID THE COMPANY PREPARE A COST ESTIMATE TO REPLACE THIS

INFRASTRUCTURE?

Yes. The Company prepared cost estimates to replace the aging infrastructure

in its Ajo, Pinal Valley and White Tank service areas. The estimated cost to

replace this infrastructure for each service area are shown in the following table:

Details of these cost estimates are included in Appendix 6.5 of Exhibit

FKS-12. Replacement unit costs are based on recent bids from other Company

projects within the Western Group.

Q. How DID WE ESTIMATE THESE COSTS?

Company engineers estimated these costs based on previous projects and

competitive bids from qualified contractors.

Q. ARE THERE OTHER METHODS TO CALCULATE COSTS TO REPLACE

AGING INFRASTRUCTURE?

Yes. The cost of replacing infrastructure can be calculated by using the Handy

Whitman Index of Public Utility Construction Costs. The Handy Whitman Index is

an engineering cost index that tracks the cost of constructing various types of
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public utility plant in different parts of the country. This index compares the cost

of constructing public utility plant from one time period to another. For example,

water mains that were installed in 1921 have a cost index of 27, while the index

for water mains installed in 2015 is 735.
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Q. WHAT DOES THIS CHANGE IN ENGINEERING COST INDEX MEAN IN

TERMS OF DOLLARS TO INSTALL TRANSMISSION AND DISTRIBUTION

("T&D") MAINS IN 2015 VERSUS INSTALLING T&D MAINS IN 1921?

The index is used to estimate construction costs by using today's cost index and

comparing it to the cost index for the time period of the original installation. In the

example above, the 2015 cost index (735), divided by the 1921 cost index (27),

shows that the cost of constructing cast iron or ductile iron water mains in 2015 is

more than 27 times the cost of installing the same pipe under the same

conditions that existed in 1921 .

Q. DOES THIS ENGINEERING COST INDEX ACCOUNT FOR THE FULL

REPLACEMENT COST?

No. This engineering cost index does not account for cost increases caused by

changes in construction conditions.

Q. PLEASE EXPLAIN FURTHER WHAT YOU MEAN BY CHANGES IN

CONSTRUCTION CONDITIONS.

In many of the Company's water systems with older water mains, the T8¢D mains

were installed before streets were paved, curbing and gutters installed, telephone

lines installed, and other more recent underground utilities installed. Therefore,

the cost of replacing T&D mains in these areas now would also need to include

the cost of repairing streets and sidewalks, providing traffic control and working

around other underground and above-ground installations to protect them against

damage. Replacement water mains are generally larger in diameter and the

replacement cost is higher than the original water main.
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IX.

Q.

Tank Maintenance Program

HOW MANY WATER STORAGE TANKS DOES THE COMPANY HAVE IN ITS

WESTERN GROUP?
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ARIZONA WATER COMPANY
WESTERN GROUP WATER STORAGE TANKS

Water System PWS ID No. Number of Storage
Tanks

Pinal Valley 11-009 19
Coolidge Airport 11-707 1
Tierra Grande 11-076 2
Stanfield 11-012 2
White Tank 07-128 7
Ajo 10-003 2

The Western Group has 33 steel water storage tanks that were constructed from

1929 to 2013. A summary of the Company's Western Group water storage

tanks, by PWSID number, is shown below:

A comprehensive list of water storage tanks in the Company's Western

Group, including diameter, year constructed, and the pertinent

maintenance schedule and cost is shown in Exhibit FKS-17.

height,

Q. WHY DO STORAGE TANKS REQUIRE PERIODIC INSPECTION AND

CLEANING?
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In accordance with American Water Works Association ("AWWA") Manual M42

for Steel Water Storage Tanks, standard AWWA practice calls for tanks to be

inspected by industry professionals on a regular basis to ensure structural and

sanitary integrity and to extend the useful life of the storage tank. Regular

storage tank inspection also helps the Company identify problems in the storage

tank which may develop into major problems if left undetected or repaired. Lack

of proper maintenance and repairs leads to costly repairs and premature tank

failure. These inspections should also include routine cleaning as necessary.

Water storage tanks that are not routinely cleaned can cause water quality issues

such as poor bacterial quality, turbidity, reduced chlorine residual and taste and

odor and can lead to customer complaints. In addition to routine inspections and

cleaning, AWWA standard practice calls for every tank inspection to included a
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detailed inspection of the structure and foundation and a report performed by a

qualified inspector documenting the inspection results.

Q. PLEASE DESCRIBE THE COMPANY'S TANK MAINTENANCE PROGRAM.

The Company inspects and cleans water storage tanks on a regular schedule,

typically every three to five years. The Company redcoats interiors every 14 years

and redcoats the exteriors every seven years. without this program, water

storage tanks would deteriorate more rapidly, shortening the useful life of each

tank and increasing costs.

Q. How OFTEN DOES THE COMPANY INSPECT ITS WATER STORAGE

TANKS?

In addition to the three to five years inspection schedule, inspections occur more

often as the coating reaches the end of its useful life, and depends on tank age,

condition from previous inspection, and amount of material accumulation in the

storage tank.

Q. wHo PERFORMS INSPECTIONS OF COMPANY TANKS?

Company engineers and a NACE-certified inspector perform the tank

inspections. NACE is the National Association of Corrosion Engineers. NACE is

the largest corrosion professional institution in the world and is the national

recognized leader in training, testing, and certifying inspectors in the protective

coating industry.

Q. WHAT TASKS ARE PERFORMED DURING A TANK INSPECTION?

A NACE-certified inspector carefully investigates the tank's interior, exterior,

foundation, and accessories, such as roof vents and ladders.

Q. H o w DOES THE COMPANY PERFORM WATER STORAGE TANK

INSPECTIONS?
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There are generally three options for inspection - dry, commercial divers, and

remote operated vehicle ("ROV"). Dry inspection is where all water is removed

A.

from the water storage tank and qualified inspectors enter the tank to conduct the
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internal inspection in accordance with Company and AWWA standards. This

method requires draining the tank, includes the expense of re-filling the tank,

extended down time, lockout/tag-out for confined space, and disinfection of the

tank.

Commercial diver inspections require disinfection of the diving equipment,

lockout/tag-out of the tank, and raise serious safety concerns always present

when a person enters a tank full of water.

ROV inspections does not require draining and filling the tank, nor do they

require the lockout/tag-out procedures associated with commercial divers. ROV

complies with AWWA inspection requirements and standards and is a cost

effective solution often used by the Company to inspect tank coating and interior

conditions. Each option for tank inspection is used by the Company to perform

storage tank inspections where applicable and as appropriate.

Q. How DOES THE COMPANY NORMALLY CLEAN ITS WATER STORAGE

TANKS?

If inspection reveals minor cleaning of the water storage tank is required, the

Company will clean the tank while it is in service and full of water by using large

vacuum-type equipment.

drains the water storage tank, then cleans and physically inspects it using

If more extensive cleaning is required, the Company

specialized ventilation equipment and inspection scaffolding inside the tank.

Q. WHAT IS THE INDUSTRY-STANDARD TANK COATING INTERVAL?

The Company has adopted a 14-year and 7-year coating interval for interior and

exterior coating, respectively. The generally accepted interval for tank coating is

10-15 years depending on tank material and exposure to environmental

conditions such as water quality, weather, and soil conditions. The Company's

adopted coating interval is in accordance with industry standards.
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Q. WHY DOES THE COMPANY USE 14-YEAR AND 7-YEAR COATING

INTERVALS?
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Typically, the Company finds that interior coating shows deterioration after 14

years. It has been the Company's experience that postponing interior recoating

beyond 14 years will result in premature metal damage, which increases repair

and replacement costs. Similarly, after 7 years exterior coating show signs of

chalking and cracking due to exposure to ultraviolet rays from sunlight.

Recoating is required to protect the exterior metal surface to maintain a suitable

exterior appearance, and to prevent surface corrosion. The Company's 14-year

and 7-year schedules work well, keep the tanks protected, and maintain a

suitable exterior appearance.

Q. DOES THE COMPANY USE METHODS IN ADDITION TO PROTECTIVE

COATINGS TO REDUCE STORAGE TANK CORROSION?

Yes, the Company uses cathodic protection systems on new storage tanks and

where Company engineers have observed increases in corrosion and shortened

coating life.

Q. WHAT IS A CATHODIC PROTECTION SYSTEM?

In the water industry, there are two types of cathodic protection systems used on

steel water storage tanks, sacrificial anode and impressed current.

Sacrificial anodes are attached to a coated steel storage tank and are

pieces of metal more electrically active than steel. The most common metal

anodes are made of zinc, magnesium and aluminum. Because these anodes are

more active, the corrosive current will exit from them rather than the steel. This

means the steel is protected from corrosion and the attached anode is
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"sacrificed" or corroded. For effective corrosion protection using anodes,

depleted anodes must be periodically inspected and replaced. This type of

cathodic protection is used on smaller storage tanks, typically under 500,000

gallons.

impressed current cathodic protection systems use a rectifier to convert

alternating current (Ac current) to direct current (ac: current).
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The current then flows through the soil to the tank cathodic protection system

and returns to the rectifier through an insulated wire attached to the storage tank.

The storage tank is protected because the current going to the storage tank

overcomes the corrosion-causing current normally flowing away from it.

A schematic of each type of cathodic protection system is shown beIow.9

household current (AC) is converted to current typically used in a vehicle (DC).

The DC current is sent through an insulated wire from the DC source to the

anodes, which are special metal bars buried in the soil near the storage tank.
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Q. WHAT IS THE COMPANY'S SCHEDULE FOR INSPECTING CATHODIC

24
PROTECTION SYSTEMS ON WATER STORAGE TANKS?

25
Cathodic protection systems are inspected annually by Company engineers and

NACE Certified Cathodic Protection Inspectors and Technicians. Any necessary
26

27

28 9htID:/lwww.MdDi.COm/2075-4701/2/3/353/htM
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servicing and repairs are performed during the inspection process. Not all

storage tanks have or require cathodic protection.

Q. WHAT ARE THE ESTIMATED COSTS TO PERFORM THIS STORAGE TANK

MAINTENANCE?

The estimated normalized annual maintenance expense for the next 14-year

cycle, beginning with the adjusted recorded 2014 test year, is $231,105, $55,199

and $18,953, in the Pinal Valley, White Tank and Ajo service areas, respectively.

Mr. Reiker discusses the adjustment to annual tank maintenance expense in

Section Vll of his direct testimony.

x.

Q.

Nitrate Cost Recovery Mechanism ("NCRM")

IS THE COMPANY EXPERIENCING INCREASED LEVELS OF NITRATES IN

ITS GROUNDWATER SUPPLIES?

Yes. Nitrate levels are increasing in the Company's Pinal Valley Service Area

wells and are approaching the maximum drinking-water standard or maximum

contaminant level ("MCL") in four of the Company's wells in the Pinal Valley

service area, specifically Well Nos. 7, 27, 32 and 33.

Q. HAS THE EPA PERFORMED AN ASSESSMENT OF NITRATES AND

NITRITES ON HUMANS?

Yes. The EPA completed a Toxicity and Exposure Assessment for Children's

Health in May 22, 2007. That report shows the detrimental effects of nitrates on

children, pregnant women and even adults. A copy of the EPA Toxicity and

Exposure Assessment for Children's Health is included in Exhibit FKS-18.

Q. HAVE THE EPA AND ADEQ ESTABLISHED AN MCL FOR NITRATES IN

DRINKING WATER?
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Yes. In 1974, Congress passed the Safe Drinking Water Act and in 1992, the

EPA established regulations for nitrates in drinking water. EPA has set a nitrate

MCL of 10 mg/L (10 ppm). ADEQ has adopted this MCL by reference to EPA's

Safe Drinking Water Act regulations.
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Q. WHYDIDTHE EPAESTABLISH A DRINKING WATERMCL FOR NITRATES?

The EPA established an MCL for nitrates in drinking water due to the severe

health effects on humans and the common occurrence of nitrates in groundwater

used for drinking water. Nitrates in drinking water are an acute violation of the

Safe Drinking Water Act and require a Tier 1 public notice for any MCL violation

or exceedance.

Q. WHAT IS AN ACUTE VIOLATION?

Acute violations are very serious, life threatening occurrences and must be

reported to the public within 24 hours. Additionally, a water system must use

media outlets such as television, radio, newspapers, and internet, post notice in

public places, or personally deliver notice to those who may be affected. Acute

health effects result from ingestion of a contaminant over a short period of time.

Q. IS AN ACUTE VIOLATION LIFE THREATENING?

Yes. An acute violation means that if humans drink the water, they could die.

MCL exceedances of nitrates in drinking water are that serious.

Q. WHO IS MOST AT RISK OF DEATH FROM NITRATES IN DRINKING

WATER?

Infants below six months who drink water containing nitrate in excess of the

maximum contaminant level (MCL) may become seriously ill and, if untreated,

may die. Nitrate levels above the MCL have been proven to cause a fatal blood

disorder in infants under six months of age called methemoglobinemia, or more

commonly known as "blue-baby" syndrome. Blue baby syndrome disrupts and

greatly restricts oxygen-carrying capacity of blood. Other people at risk include

pregnant women, individuals with reduced gastric acidity, and individuals with a

hereditary lack of methemoglobin reductase.
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Q. CAN A CUSTOMER BOIL DRINKING WATER TO REMOVE NITRATES?

No. Boiling water makes the nitrate contamination even more deadly because it

significantly concentrates the nitrates in the water through evaporation.
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Q. WHAT ARE THE NITRATE LEVELS IN THE COMPANY'S WELLS YOU

NOTED?

The nitrate levels in three wells are approaching and one well has exceeded the

10 ppm MCL and is blended. Company constructed a tank and booster pump

station in 2010 to blend Well No. 27 water with low nitrate water from Coolidge

prior to EPDS. Data in graph represents Well No. 27 results, not EPDS. Well

nos. 7, 27, 32 and 33 will require nitrate removal equipment in the near future. A

graph and table showing the nitrate results and trends from these wells is shown

below.

Pinal Valley Wells
Nitrate Concentrations
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Q. WHAT CAUSES INCREASING NITRATE LEVELS IN GROUNDWATER

SUPPLIES?

According to the EPA, the major sources of nitrates in drinking water are runoff

from fertilizer use for agriculture, leaking from septic tanks, sewage, and erosion

of natural nitrate deposits. When nitrogen fertilizers are used to enrich soils, rain,

irrigation, and other surface waters carry the nitrates through the soil into ground

water. Human and animal wastes can also contribute to nitrate contamination in

groundwater.

Q. WHAT CAUSED THE INCREASED NITRATE LEVELS IN THE COMPANY'S

GROUNDWATER SUPPLIES IN PINAL VALLEY?

The increased nitrate levels are caused by agriculture and is a widespread

problem in the Pinal Valley area, a national problem and a legacy that must be

dealt with. The USGS map below shows a national risk assessment of nitrate

contamination in groundwater.

National Risk Assessment of Nitrate Contamination in Groundwater
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The map shows four levels of nitrate contamination risk (low to high) and

the Pinal Valley area is located in the red which is the highest risk. The report is

included in Exhibit FKS-19.

Q. How MUCH OF THE COMPANY'S DRINKING WATER COMES FROM

GROUNDWATER SUPPLIES IN PINAL VALLEY?

Drinking water supplies the Company provides to its customers in the Pinal

Valley Service Area come from local groundwater supplies. More specifically,

the Company pumped 16,332 acre-feet in 2014.

Q. IS NITRATE GROUNDWATER CONTAMINATION WIDESPREAD IN

ARIZONA?
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Yes, nitrate is the most common pollutant in Arizona's groundwater and is

undetectable without testing because it is colorless, odorless and tasteless.

Nitrate contamination levels in Arizona groundwater are increasing.1°  The map

of Arizona shown below was published in July 2011 by the Arizona Cooperative

Extension of the University of Arizona, College of Agriculture and Life Sciences.

10 . . . . .
http://extenslon.arlzona.edu/sltes/extenslon.anzona.edu/files/pubs/az1536.pdf ].
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The map shown above predicts concentrations of nitrate contamination in

groundwater. The Arizona Cooperative Extension publication shows over nine

percent of the state, or 12,200 square miles, has shown an 80 percent chance

(probability) of nitrate groundwater contamination. The red color on the map has

the highest probability. For reference purposes, I overlaid the Company's Pinal

28
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Pinal Valley Planning Area is in the red area of the map and has the highest

probability of nitrate contamination. The entire publication is included in Exhibit

FKS-20.

Q. HAS NITRATE GROUNDWATER CONTAMINATION IN THE PINAL VALLEY

AREA BEEN STUDIED AND QUANTIFIED?

Yes. Studies have been completed by the United States Geological Survey,

Bureau of Reclamation, Arizona Department of Water Resources, Arizona

Department of Environmental Quality, University of Arizona and other various

smaller agencies. According to the 1995-1998 USGS report, the Central Arizona

groundwater basin is predicted to equal or exceed the EPA drinking-water

standard." A copy of the United States Geological Survey report, summary of

findings which evaluated groundwater conditions and the increasing specific

nitrate contamination in groundwater between the southern Arizona border and

Phoenix is included in Exhibit FKS-21. In 2010, Arizona Department of

Environmental Quality completed a study of surface and groundwater conditions

in Arizona.

Groundwater Basin for nitrate contamination. The report concluded that despite

The ADEQ report studied the Pinal Active Management Area

the average well depth in the Pinal AMA being 1,040 feet deep, nitrates were

detected in 89 groundwater samples and 15 of those samples were over the

nitrate MCL of 10 ppm, The highest detected was nearly 4 times the national

drinking-water standard (MCL) at 36.4 ppm. A copy of the cover sheet of the

report and the Appendix I

FKS-22.

- Groundwater Assessment is included in Exhibit
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Q. CAN THE COMPANY BLEND THESE HIGH NITRATE WELLS WITH WELLS

HAVING A LOWER NITRATE LEVEL?

11
USGS release 9/27/12: http://www. usgs.gov/newsroom/article.asp?l D=3411#.vdIJIK3blkl
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Blending water from other Company wells is not possible because there are no

lower nitrate level wells nearby. Where blending is possible and has been

implemented, the Company runs the risk of losing a source of supply if the well

having a low nitrate level needs to be shut down or the nitrate level increases to

levels where blending is no longer possible. Due to increasing nitrate levels in

these four wells as shown on the graph and table above, the Company must

construct four new nitrate removal facilities.

Q. CAN THE COMPANY DRILL NEW WELLS IN ANOTHER NEARBY AREA?

No. As shown in the maps above, the nitrate contamination of groundwater in

the  P ina l  Va l ley area is  widespread and we can ' t  s imp ly  move to  an

uncontaminated area. In addition, there is tremendous risk to drill a well as a

new well could have higher levels of nitrate contamination or could require other

forms of treatment, possibly more costly, to comply with Safe Drinking Water

Standards.

Q. HOW ARE NITRATES REMOVED FROM DRINKING WATER SUPPLIES?

EPA has determined that the best available treatment technologies are ion

exchange, reverse osmosis, and electrodialysis all of which are approved as

effective at removing nitrates from drinking water.

Q. CAN YOU PROVIDE A BRIEF SUMMARY OF THE EPA LISTED BEST

AVAILABLE TECHNOLOGIES FOR REMOVING NITRATES IN

GROUNDWATER FOR DRINKING WATER SUPPLIES?
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Nitrate is removed by flowing

water through a bed of anion exchange resin and displacing chloride ions from

the resin. Once the resin is saturated with nitrates, nitrate is then removed from

Yes. Ion Exchange is the most commonly used nitrate removal method for

drinking water. Ion exchange for nitrate removal is similar to a home water

softener, except nitrate ions are removed rather than hardness ions by the use of

resins specifically designed for nitrate removal.
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solution that displaces the nitrate from the resin by chloride. The concentrated

waste brine solution is high in nitrate and requires disposal at a permitted landfill

or in evaporation ponds.

In a reverse osmosis nitrate removal process, nitrate is removed from

drinking water by forcing water through a semi-permeable membrane under high

pressure, typically hundreds of pounds per square inch. The water passes

through the membrane while the nitrate and other contaminants are too large to

pass through the membrane. Pretreatment of the influent is required to prevent

membrane fouling and scaling. Reverse osmosis requires large pumping

equipment. To clean the membranes, the flow is reversed using treated drinking

water. Water which bypasses the membrane (waste) is a highly concentrated

brine solution and requires disposal at a permitted landfill or in evaporation

ponds.

Electrodialysis for nitrate removal in drinking water supplies works by

passing an electric current through a series of anion and cation exchange

membranes that trap nitrate and other ions in a concentrated waste stream.

Pretreatment of the influent is required to prevent membrane fouling and scaling

and chemicals are required to enhance the cleaning process. The polarity of the

system can be reversed with electrodialysis reversal to reduce membrane

fouling. Reversing the polarity reverses the flow direction and moves ions in the

opposite direction through the membranes which minimizes build up. Water

which bypasses the membrane (waste) is a highly concentrated brine solution

and requires disposal at a permitted landfill or in evaporation ponds.

Nitrate removal processes are costly to construct, operate and maintain.

Q. HAVE COMPANY ENGINEERS ESTIMATED THE COST TO CONSTRUCT

EACH OF THESE TYPES OF NITRATE REMOVAL TECHNOLOGIES?
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Yes. Company engineers performed a detail cost estimate for each EPA

W:\Freds Teslimony\FKS WG TY 2014 Western Group Rate Case.docx

A.

recommended nitrate removal option including construction, operational and
105



Nitrate Removal
Technology

Pinal Valley Well No. 33
NRF Estimated Construction Cost

Ion Exchange $6,529,000

Reverse Osmosis $9,902,000

Electrodialysis $11,197,000

maintenance costs at the Company's Well No. 33. The table below summarizes

the construction cost of each EPA best available technology at Well No. 33.

The Company's analysis shows that the least cost option for removing

nitrates from groundwater to comply with the Safe Drinking Water Act using the

best available technology defined by the EPA is Ion Exchange. A detailed cost

estimate for each of the nitrate removal technologies listed above are shown in

Exhibit FKS-23.

Q. DOES THE COMPANY HAVE EXPERIENCE CONSTRUCTING, OPERATING,

AND MAINTAINING A NITRATE REMOVAL FACILITY?

Yes. The Company currently owns, operates, and maintains two nitrate removal

facilities and one combination arsenic and nitrate removal facility. One nitrate

removal facility is located in the Company's white Tank water system and the

other is located in Pinal Valley. The Company's combination arsenic and nitrate

removal system is also located in Pinal Valley in the Company's Stanfield water

system.

Q. WHAT IS REQUIRED TO CONSTRUCT A NITRATE REMOVAL FACILITY AT

THE COMPANY'S WELL no. 33?

Company's Well No. 33 has a production capacity of 2.2 MGD.
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To construct a

nitrate removal facility of this size, additional land is required because the

existing well site is too small.

brine and brine waste tanks are required. A storage tank and booster pump

station is required so that the resin used in the treatment process is not subjected

to water system operating pressures which can damage or destroy the expensive
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specialized resin. The Company's other nitrate removal facilities required similar

equipment. Company engineers estimate the cost to construct a nitrate removal

facility at Well No. 33 in Pinal Valley is $6,529,000

As I described earlier in this section of my testimony, the company will

likely need to construct four of these nitrate removal facilities at a total estimated

construction cost of $18,900,000 to continue supplying a safe drinking water

supply in the Pinal Valley service area. Project descriptions, preliminary site

plans and construction cost estimates for each of the four nitrate removal

facilities are shown in Exhibit FKS-24.

Q. WHAT IS  THE COMPANY'S ESTIMATED COST TO OPERATE AND

MAINTAIN A NITRATE REMOVAL FACILITY?

Company engineers estimate the cost to operate and maintain a nitrate removal

facility, using Ion Exchange technology is $1,400 per acre foot. The Company

bases this estimate on actual operation and maintenance costs of the Company's

two existing ion exchange nitrate removal facilities. For the Company's Well No.

33, this would be $1,750,000 annually. A detailed summary of the operational

and maintenance costs are shown in Exhibit FKS-25.

Q. HOW DOES T HE COST  T O OPERAT E AND MAINT AIN A NIT RAT E

REMOVAL FACILIT Y COMPARE T O T HE COST  T O OPERAT E AND

MAINTAIN A SIMILAR SIZED ARSENIC REMOVAL FACILITY?

In comparison, the Company's arsenic removal facility located at Well No. 29 in

the Pinal Valley service area, which has a similar production capacity of 2.2

MGD, costs approximately $45,000 annually to operate and maintain. It costs 20

times more to operate and maintain a nitrate removal facility than it does to

operate and maintain an arsenic removal facility.
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Q. WHY IS  T HE T REAT MENT  COST  FOR REMOVING NITRATE MORE

EXPENSIVE THEN ARSENIC?
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The primary reason is the amount of contaminant which must be removed from

the drinking water. As a comparison, arsenic is measured in parts per billion or

ppb and nitrates are measured in parts per million or ppm, One ppm is equal to

1,000 ppb. For a well with 13 ppm nitrates, that would be equal to 13,000 ppb of

nitrates.

Q. you ARE REMOVING 1,000 TIMES MORE CONTAMINATION FOR NITRATE

REMOVAL THAN ARSENIC REMOVAL?

Yes, that is correct.

Q. WHY IS A NITRATE COST RECOVERY MECHANISM (NCRM) NECESSARY?

Nitrate removal facilities require high capital investment and significant operating

expense. Constructing, operating and maintaining four nitrate removal facilities

without the ability to recover the associated costs until the Company files a new

rate case will divert capital needed by the Company's to fund other critical and

necessary utility plant infrastructure to provide safe and reliable water supplies.

Q. HAS THE COMPANY REQUESTED A COST RECOVERY MECHANISM

REQUIRED FOR NITRATE REMOVAL?

Yes, for the reasons outlined above, the Company requests an NCRM for the

Pinal Valley and White Tank service areas.

Q. DOES THIS CONCLUDE YOUR DIRECT TESTIMONY IN THIS MATTER?

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Yes.
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PREUMWARY

ACTUAL

ARIZONA VVATER compAny
cosT ESTIMATE WORKSHEET 7/31/2015

PREPARED BY:

James Wilson

SYSTEM:

Pinal Valley
SHEET 11 OF

PROJECT LOCATION: DRAWING NO.

» s»51-wJ:u s c R o l l  n ;

Design and permit an Arsenic Removal Facility (ARF) at the Arizona City Water Campus (AZWC) to treat water from Well No. 34. Re-equip Well
No. 34 and install new electrical panels. Construct a 12-inch DIP raw water transmission line from well No. 34 to the AZWC.

PlANT PROP ACCT OUANTIW UNIT cosT TOTAL

C
o
N
T
R
A
c
T

w
o
R
K

DESCRIPTION

332 1 $ 180,000.00 $ 180,000Engineering Design and Permitting (Consultant)

332 1 125,000.00 125,000Pump Testing and water quality evaluation

343 3,400 115.00 391,000Provide and Construct 12-inch DIP transmission line

325 1 125,00000 125,000pull and replace the pump at Well No. 34

332 1 50,000.00 50,000Provide and Construct Site Grading and Preparation

332 1 750,000.00 750,000Provide and Construct Pressure Vessels

332 1 350,000.00 350,000Provide and Construct Chemical Containment Area

332 1 550,000.00 550,000Provide and Construct Backwash Tank and related facilities

332 1 150,000.00 150,000Provide and Construct On-Site Piping

332 1 175,000.00 175,000Provide and Construct Electrical and SCADA Controls at Well No. 34

150,000.00 150,000Construction Management/Inspection 332 1

345S E R V I C E  C O N N E C T I O N S :  D O U B L E - L O N G

345S E R V I C E C O N N E C T I O N S : D O U B L E - S H O R T

345T A X A B L E  S E R V I C E  C O N N E C T I O N S  C O M P L E T E :  S I N G L E - L O N G

T A X A B L E  S E R V I C E  C O N N E C T I O N S  C O M P L E T E :  S I N G L E - S H O R T 345

$ 2,996,000

M
A
T
E
R
I
A
L
s

S E R V I C E  C O N  N E C T I O N S s  D O U B L E - L O N G 345

S E R V I C E  C O N  N E C T I O N S :  D O U B L E - S H O R T 345

345T A X A B L E  S E R V I C E  C O N N E C T I O N S :  S I N G L E  L O N G

345T A X A B L E  S E R V I C E C O N N E C T I O N S :  S I N G L E - S H O R T

T A X A B L E  M E T E R S 346

346M E T E R S

T O T A L  M A T E R I A L S S

L
A
B
o
R

Project Management 332 300 55.00$ $ 16,500

T E S T I N G  F E E 332 1 $ 1,000.00 1,000

9,600.00 9,600P E R M I T  F E E 332 1

S U R V E Y  F E E 332 1 3,000.00 3.000

F I E L D  I N S P E C T I O N 332 300 55.00 16,500

I N S T A L L  S E R V I C E  C O N N E C T I O N S I  D O U B L E - L O N G 345

I N S T A L L  S E R V I C E  C O N N E C T I O N S i  D O U B L E - S H O R T 345

I N S T A L L  T A X A B L E  S E R V I C E C O N N E C T I O N S :  S I N G L E L O N G 345
I N S T A L L  T A X A B L E  S E R V I C E  C O N N E C T I O N S :  S I N G L E - S H O R T 345

TOTAL LABOR $ 46,600

SUBTOTAL . CONTRACT WORK, MATERIALS, AND LABOR $ 3,042,600

365,200OVERHEAD

N O N - R E F U N D A B L E  P O R T I O NTOTAL R E F U N D A B L E  P O R T I O N COST ESTIMATE $ 3,407,800

PV W e l l  3 4  AR F  C o s t  Es t i m a t e  I  7 / 2 4 / 2 0 1 5

ll wmllllllll
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ARIZONA WATER COMPANY

PINAL VALLEY RECHARGE UNDERGROUND STORAGE FACILITY

AND WATER STORAGE PERMIT APPLICATIONS

AND

PINAL VALLEY RECHARGE USF HYDROGEOLOGIC STUDY

Prepared for:

Arizona Water Company

P.O. Box 29006 Phoenix, Arizona 85038

3805 n. Black Canyon Hwy. Phoenix, Arizona 85015

A1TN: Andy Haas, P.E.

(602) 240-6860 x231

Prepared By:

Clear Creek Associates

6155 E. Indian School Road, Suite zoo

Scottsdale, Arizona 85251

A1TN: Don Hanson, R.G. and Steve Corell. R.G

(480)659-7131

CLEAR I
CREEK W
ASSOCI ES

December 17, 2014

26036
DGNALD P
HANSON
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FOR OFFICE USE ONLY

Application No.:

Date Received:

ARIZONA DEPARTMENT OF WATER RESOURCES
Water Management Division

3550 North Central Ave, 2nd Floor
Phoenix, Arizona 85012-2105

Phone (602) 771-8585 Fax (602) 771-8689

APPLICATION FOR UNDERGROUND
STORAGE FACILITY PERMIT (A.R.S. §45-811.01)

The initial fee for an Underground Storage Facility Permit .
Application is $2,000. Total fees for this application are based upon
an hourly billable rate, which can be found on the ADWR web site
@www.azwater.gov. If the costs of reviewing your application
exceed $2,000, you will be invoiced for the difference, up to a
maximum total fee of $25,000. Payment may be made by cash, check,
or credit card, (if you wish to pay by credit card, please contact the Recharge Program at 602-771-8599). Checks should be
made payable to the Arizona Department of Water Resources. In addition to the hourly application fee. the applicant must pay
any review-related costs associated with the application and the actual cost of mailing or publishing any legal notice of the
application or any notice of a pre-decision administrative hearing on the application. Review related costs are: (l) costs
associated with a pre-decision hearing on the application, such as court reporter services and facility rentals for the hearing, and
(2) mileage expenses for a site visit conducted bette issuing a decision on the application. Failure to enclose the initial
application fee will cause the application to be returned. Fees for an Underground Storage Facility Permit Application
areauthorized by A.R.S. §45-871.01 and A.A.C. R12-I5-103.

FACILITY DESIGN: (check one) APPLICATION FOR: (check one)

ET Constructed ET Underground Storage Facility (USF)

Q Managed [3 Modification of USF permit no.:

71-

E] Renewal of USF permit no.:

71-

GENERAL INFORMATION

Arizona Water Company
AZ .
State

Name otlApplicant:

3805  N.  B l ack  Canyon Hi ghway
Mailing Address

Contact Personzpredr igk Schneider.  p_E_ Telephone:

Phoenix ,
City

(602) 240-6860 Fax:

85015-5351
Zip

(602) 240-6878

Is this a State Demonstration Project" Yes No

(NOTE: Pursuant to A.R.S. §45-893.01,onlyConservation Districts qualify to participate in State Demonstration

Project program.)

X

Nameof Active Management Area or Irrigation Non-Expansion Area where the facility will be located:

Pinal Active Management Area
flffllefaciliry is NOT located within an AMA or INA, please indicate "NONE.")

Name of groundwater basin and subbasin where the facility will be located:

Eloy sub-basin of the Pinal Active Management Area

Page I off
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5. Legal description of the location of the facility: Portion of Western *Q of Section 18
T ownsh ip  6 S ,  Ra nge  9 E ,  G i la  &  S a l t  R ive r  Ba se l ine  &  Me r id ia n

(quarter/quarter/quanerkeefion, township and range _ see Appendllv C of USF Application Guide)

6. Does the applicant own the land where the facility is to be located" X Yes No

The total design capacity of the fac ility : 2 1 7  1  6 8 0
(acre-feet to be stored over the duration of the USFpermir)

8. The maximum annual amount of water proposed for storage at this facility: 10 , 884
(acre-feet per year)

Proposed duration of permit: 20 years
(rears)

10. Type of source water to be stored:

CAP Water l j EffluentM [I] Decreed and Appropriative
Surface Water

If Decreed and Appropriative Surface Water. list river(s):

I agree under penalty of law to obtain any required floodplain use permit from the county flood control district before

beginning any construction activities, as required by A.R.S. §45-Sl l.0l(C)(4). Agree I] DisagreeRx

IZ. For managed USFs where effluent will be stored only: Arc you requesting that this facility be designated as a facility

that could add value to a national park, national monument or state park, as described in A.R.S. §45-81 l.0l(D)"

[]  Yes IZ] No

If yes, please submit a completed USF Pcimit Application Supplement to designate a Managed Underground Storage

Facility as one that could add value to a national park. national monument. or state park and all additional information as

described on the USF Permit Application Supplement.

13. For permit modifications only, give a brief description of the modification(s) requested by this application :

SUPPORTING EVIDENCE

Check the following items that have been included with this submittal. For a new USF application, all items must be
submitted prior to receiving a complete and correct determination by the Department. For a modification to an existing USF
permit, submit only those items that apply to the modification. For a till description of these requirements refer to the US F
Application Report in the USF Application Guide.

lx:

14. USF Site and Facility Characteristics:

Site Characteristics

Facility CharacteristicsFS

Geology

Hydrogeology

Page 2 of 3
(Revised6/201 l)
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15. Unreasonable Harm and Hydrologic Feasibility Analysis:

Procedures and Results for Calculating Maximum Area of Impact and Mounding Analysis

Land and Water Use Inventory Unreasonable Harm Analysis

M Water Quality M Hydrologic Feasibility Conclusions

£2

LE: ii! Li!

>£4

Monitoring Plan

Operation and Maintenance

16. Legal Requirements:

Technical CapabilityLa 18 FinancialCapability Legal Access

NOTARIZED SIGNATURE

I (We), F r e d r i c k  S c h n e i d e r  1 P . E . __the applicant(s) named in this application, do hereby certify

under the penalty of perjury, that the information contained and statements made herein are to the best of my (our) knowledge

and belief true, correct and complete.

(_602) 240-6860
Telephone

4 4 >
Sngnnlurc of owner or authorized agent

P/1-4 ¢1@a.247

Vice President - Engineering
Title

Phoenix , AZ ¢3805 n. Black Canyon Highway
MailingAddress City State

8 5 0 1 5 - 5 3 5 1
Zip

STATE OF ARIZONA

County of fy\4424.@plrl»

)

) as.

)

Sub fibcd and swarm to before me this m day of l§Qc.e .JQQM .20 H

w ~lv ~ '~  *

Notary Pull

I r

*s w - r
C 5-AS

ANN FRANCES HEIL
Notary Fuhllc- s\a¢¢°fAlunn»

MMRICOPA couuw
My Commission Expllu

February 11, 2018

' $.»v '~._1 .
My commlssion expires

*£.2D18
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(Revised 6/2011)

II

P14



FOR OFFICE USE ONLY

Application No.:

Date Received:

ARIZONA DEPARTMENT OF WATER RESOURCES
Water Management Division

3550 North Central Ave, 2nd Floor
Phoenix, Arizona 85012-2105

Phone (602)771-8500 Fax (602)771-8689

APPLICATION FOR WATER
STORAGE PERMIT (A.R.S §45-83I.0l)

The init ial fee for a W ater Storage Permit Applicat ion is
$1,000. Total fees for this application are based upon an
hourly billable rate, which can be found on the ADW R web
site @www.azwater.gov. I f  the cos ts  of  reviewing your
appl icat ion exceed $l ,000,  you wi l l  be invoiced f or  the
difference, up to a maximum total fee of $10,000. Payment may
be made by cash, check, or credit card, (if you wish to pay by
credit card, please contact the Recharge Program at 602-'77l-8599), Checks should be made payable to the Arizona Department
of Water Resources. In addition to the hourly application fee, the applicant must pay any review-related costs associated with the
application and the actual cost of mailing or publishing any legal notice of the application or any notice of a pre-decision
administrative hearing on the application. Review related costs are: (1) costs associated with a pre-decision hearing on the
application, such as court reporter services and facility rentals for the hearing. and (2) mileage expenses For a site visit conducted
before issuing a decision on the application. Failure to enclose the initial application fee will cause the application to be
returned. Fees for a Water Storage Permit Application are authorized by A.R.S. §45-871.01 and A.A.C. R12-I5-103.

PLEASE SUBMIT ONE ORIGINAL AND ONE COPY OF THE COMPLETED APPLICATION AND ALL
SUPPORTING MATERIALS

APPLICATION FOR: (Check one)

51 New Water Storage Permit lj Modification of Water Storage Permit lj Renewal of Water Storage Permit

No. 73- No. 73-

GENERAL INFORMATION

1. Name of Applicant:

3805  n .  B l ack  Canyon  H i ghway
Mailing Address

A r i z o n a  W a t e r  C o m p a n y

P h o e n i x  , AZ | 85015-5315
City State Zip

Contact Person:F r€d»I ` i ck  Schne i der ,  p . E . Telephone: (602)240-6860 Fa>¢602)240_6878

Name and penni number of storage facility where water storage will occur: P i n a l  v a l l e y  R e c h a r g e  P r o ' e c t

Name of Active Management Area or Irrigation Non-Expansion Area where the facility will be located:

Pinal Active Management Area
(U'tlleflcility is NOT locate within an AMA or INA, please indicate "NONE. ")

Name of groundwater basin and subbasin where the facility will be located: E l o y  s u b - b a s i n  ,

Pinal Active Management Area

5. If this water storage permit application is for the storage of CAP water and meets the requirements of A.R.S. 45-
83I.0l(G) or 45-87l.0l(E) and the applicant will not also be the holder of the storage facility permit, please submit a
consent agreement signed by the facility pcnnit holder.

Page l of f
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6. The maximum annual amount of water that may be stored at the facility: 10 , 884
(acre-feet per year)

The maximum annual amount of water proposed for storage pursuant to this water storage permit: 10 , 884
(are-feet per year)

8. Proposed duration of the permit: 20-years

9. The maximum amount of water proposed for stoiagc for the duration of the permit pursuant to this water storage permit:

2 1 7 1 6 8 0
(acre-feet)

10. The stored water will be recovered (select one):

E1 Only on an annual basis pursuant to ARS § 45-85 l .01

lj Only be credited to long-tenn storage account #70-

Ki! Either recovered on an annual basis and/or credited to long tern storage account #70- 431230. 0000

I l. Type of source water to be stored:

CAP Waiver [ I  Et i luentL*4 [I Decreed and Appropriative
Surthcc Water

If Decreed and Appropriative Surface Water, list river(s):

[NOTE: In order tr the storer to accrue long-term storage credits for the stored water, the source water must comply with

A.R.S. § 45-802.0l(2l ), "Water that cannot reasonably be used directly".]

12. If the water to be stored is appurtenant to a place of use, the legal description of the location of that use:

(quaner/quaner/quanerlvection, township and range)

13. What is the applicant's legal right to use the proposed source(s) of water"

CAP Contract III Right to municipally treated effluent55 CI Decreed and appropriative surthce water right

[I Other, please explain:

Cite the right number, law, court decree, contract or other legal basis for acquiring and using each source of watcr to be

stored pursuant to this pcnnit: See attached CD with copies of Arizona Water
Company's Casa Grande and Coolidge CAP subcontracts .
If municipally treated effluent will be stored and the applicant is the producer of the effluent, does the applicant certify that,

after meeting all contractual obligations for delivery of effluent to other parties, the applicant retains the legal right to the

volume of effluent requested in item 7 of this application? [I] Yes El No

14. Do you own the system through which the water to be stored will be delivered to the storage/savings facility?

Yes E] No If no, please provide a copy of the transportation agreement that allows the proposed water

delivery system to be used to carry the water to be stored to the storage/savings facility.

15. Do you want this water storage permit to be designated as storing non-recoverable water pursuant to A.R.S. § 45-833.01 ?

E] Yes NoET

7.

lg

Page 2 of 3
(Rev. 6/201 I)



16. For effluent storage:

is the facility where storageis to occur currently regulated under an Aquifer Protection Permit (APP) issuedby the Arizona

Dcpanment of Environmental Quality? El Yes El No

If no, will the applicant be obtainingan APP? [ll Yes 13 No

If no to both,please explain methodof compliance with A.R.S. §45-83l.0l(B)(2):

17. For water storage at a Groundwater Savings Facility, ifthe applicant is not the GSF permit holder,does the applicant

agree to comply with thePlan of Operation for the GSF permit listed in Item 2 of this application? E] Yes [I No

NOT ARIZ ED SIGNAT URE

I (We). F r e d r i c k  S c h n e i d e r  I P . E . , the applicant(s) named in this application,do hereby certify
under the penalty ofpeijuly, that the information contained and statements made herein arc to the best of my (our) knowledge
and belieftrue, correctand complete.

(602)240-6860
Telephone Sign tore of owner or auxhorszn. a 'cut

3444444547

Vice President E n  i n.ea r ing
Title

3 8 0 5 _n.
Mailing Address

Black Canyon Highway AZ 85015-5351Phoenix ¢
City State Zip

STATE OF ARIZONA

County of LC-O PO~

)

)ss.

)

Subscribed u d sitcom lmbeforc me this WT* day of \e£r2lfvWaw H

Notary Public

MQ. VI L QQ18
My commission expires
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ARIZONA WATER COMPANY PINAL VALLEY RECHARGE PROJECT

ADWR USF/WS PERMIT APPLICATION

A. EXECUTIVE SUMMARY

This report was prepared by Clear Creek Associates (CCA) in support of  Arizona Water

Company's (AWC) Pinal Valley Recharge Project (PVRP) Underground Storage Facility (USF) and

Water Storage (WS) permit applications. The PVRP is located in the Arizona Department of

Water Resources (ADWR) Penal Active Management Area (AMA) within the Eloy sub-basin. The

PVRP site covers about 49.5-acres located between the Florence-Casa Grande Canal and the

Central Arizona Project (CAP) Canal in the east % of the west % of Section 18 of Township 6

South, Range 9 East and about 3-miles southwest of the Coolidge Municipal Airport (Figures 1

and 2). The site is located north of Storey Road alignment and east of Wheeler Road on Pinal

Co. Assessor Parcel No. 400-01-006C. Infiltration basins are the proposed method of recharge

for about 10,884 acre-feet per year (AF/Y) of AWC's CAP surface water allocation at the PVRP

site.

ADWR's USF Application rules require an applicant provide evidence "to demonstrate that the

USF will satisfy the statutory requirements of A.R.S. §45-811.01(C). These requirements include

a demonstration that the applicant has the technical and financial capability to construct and

operate the USF, that the project is hydrologically feasible, and that the project will not cause

unreasonable harm" (ADWR, 2013). The primary intent of this report is to satisfy the hydrologic

feasibility of the PVRP constructed USF and to demonstrate that the project will not cause

unreasonable harm. Supporting documentation to satisfy all requirements are also included.

Recharge will be conducted through 5 infiltration basins encompassing a total surface area of

approximately 42.4 acres. The analyses presented in this report are based on simulated

recharge of 10,884 AF/Y over a 20-year period. To conduct the Area of Impact (Aoi) and

groundwater mounding analyses, ADWR's recently updated numerical groundwater flow model

of the Pinal AMA was utilized. The ADWRs transient groundwater flow model was calibrated for

the 1922 to 2009 t ime-f rame. The PVRP USF numerical  model holds current rates of

groundwater pumping and recharge constant (at 2009 values) to the year 2034. The simulation

includes recharge from currently permitted USF's located within the Pinal AMA at permitted

rates for the predictive portion of the model. The groundwater model simulates the effects of

groundwater recharge from the PVRP site and other permitted USF's to the year 2034. The

groundwater mounding analysis and AOI evaluation incorporates recharge from the PVRP at a
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rate of 10,884 AFY, with a total facility limit of 217,680 AF over 20-years. Monitoring of

recharge will be achieved by installing a new monitoring well at the facility.

As a requirement for the USF permit, this report includes technical information required

pursuant to A.R.S. 45-811.01(C) for a USF permit and follows the guidance and general

structure presented in Section Ill of ADWR's USF Permit Application Guide (ADWR, May 2013).

The Pinal Valley Recharge Project is hydrologically feasible as the groundwater mounding

analysis projected a maximum 84.5-foot mound height (Figure 13a), and a predicted model

calculated depth to water of about 22.5 feet (Figure 13b) after 20-years of continuous recharge

and no recovery of the recharged water. The current static depth to water at the site is about

105 feet bis which provides sufficient storage capacity at the site. The predicted Area of Impact

(1-foot water level rise) extends across nearly the entire Eloy sub-basin (Figure 11) and was

calculated by subtracting ending model calculated water levels (year 2034) from initial model

calculated water levels (year 2014). The predicted Area of Hydrologic Impact or AOHI (one-foot

water level rise) extends about 12.2 miles north, about 12 miles northwest, about 9 miles west,

about 8.8 miles southwest, about 10 miles south, and about 6 miles east to the model

boundary. The AOHI shown was calculated by subtracting the ending water levels (year 2034)

from model simulations with and without PVRP recharge and shows the impact of the PVRP

only(Figure12). No unreasonable harm is anticipated to land or water users within the AOI as a

result of recharging water at the PVRP.
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B. USF SITE AND FACILITY CHARACTERISTICS

The Arizona Water Company (AWC) plans to deliver, store, and recover all or a portion of

AWC's 10,884 acre-feet per year (AF/Y) of  Central Arizona Project (CAP) surface water

allocations not currently delivered to customers in the Casa Grande and Coolidge areas of

AWC's Pinal Valley service area. AWC will store the unused CAP surface water in underground

storage by recharge at the PVRP.

ADWR USF application rules require the applicant to provide evidence to demonstrate that the

USF will satisfy the statutory requirements of A.R.S. § 45-811.01(C). USF requirements include a

demonstration of technical and financial capability to construct and operate the USF, that the

project is hydrologically feasible, and that the project will not cause unreasonable harm (ADWR,

2013). This hydrogeologic study supports the USF and WS permit applications for recharge at

the PVRP.

1. USF Site Characteristics

AWC will take delivery of CAP surface water from AWC's planned pipeline from the CAP canal to

5 infiltration basins at the PVRP site. AWC will recover stored CAP surface water from wells in

the AWC Pinal Valley Service Area and potentially from future wells planned at the PVRP site,

pursuant to ADWR recovery well permits. Recovered water from on-site wells would flow from

the PVRP through a transmission main to the Pinal Valley water system.

a. Narrative Description

The PVRP is located in the Pinal Active Management Area (AMA) within the Eloy sub-basin. The

PVRP site encompasses about 49.5-acres between the Florence-Casa Grande Canal and the CAP

Canal in the east % of the west % of Section 18 of Township 6 South, Range 9 East and about 3-

miles southwest of the Coolidge Municipal Airport. Figure 1 is a regional map showing the

location of the PVRP and hard rock boundaries, Pinal AMA boundary, Eloy sub-basin boundary,

and major surface water drainages. The PVRP site is located at an elevation of about 1,520 feet

above mean sea level (AMSL). Figure 2 is a local site map that shows features within about one-

mile of the PVRP including the facility boundary, major streets, and local surface water features.

The Pinal County, Arizona Earth Fissure Planning Map (AZGS, 2007) shows four reported,

unconfirmed earth fissures about 2/3-mile to the north, about %-mile to the east at the CAP

canal, about 1-mile to the south at the Florence-Casa Grande Canal, and about 1.6-miles to the

west of the PVRP (Figure 3). The Arizona Geological Survey (AZGS) indicates that these earth
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fissures are a result of area wide subsidence due to historic groundwater pumping in the area.

Available information suggests that the PVRP site is located within an area of observed

subsidence (Figure 3).

2. Facility Characteristics

a. Description of the Facility

O

The proposed PVRP facility consists of the following:

Five recharge basins ranging in size from 7.0 to 9.7 acres with a total of 42.4 acres of
wetted area,
Water distribution system;
Groundwater monitoring well, and
A small maintenance shed near the north end of the site between Basins 4 and 5.

O

O

O

Figure 4a shows the PVRP facility layout.

i. Description of Wells

AWC will install one groundwater monitoring well near the PVRP basins to monitor water

quality and measure the level of groundwater mounding caused by infiltration of CAP water.

AWC will locate the monitoring well on the PVRP property just north of Basin 5 (Figure 4a).

AWC will construct the monitoring well using 4-inch diameter plc installed to a total depth of

120 feet bis with a screened interval from 50 to 120 feet bis. Prior to installation, Awc will

obtain a well drilling permit from the ADWR. A proposed well design is included on Figure 4b.

No other groundwater wells exist on the property.

Qescription of_ Recharge Basins

Figure 4a shows a site layout of the proposed PVRP with f ive (5) recharge basins and one

groundwater monitoring well. Each of the 5 recharge infiltration basins will be constructed 3

feet below grade and the wetted area will range in size from about 7 to 10 acres (Table 1). The

upslope berms around the basins will be constructed a minimum of 3-feet above existing grade

to protect against stormwater f rom entering the recharge basins. To address overf low

potential, each basin will be designed with piping connecting between individual basins and

with a minimum of 3-feet of free board. All exterior berms will be 15 to 20 feet in width to

prevent breaching. A conceptual basin layout and elevation profile is presented on Figure 4c.

ii.
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Description of Source Water and Delivery Svstem

Untreated CAP surface water will flow by gravity from the CAP canal to five (5) recharge basins

constructed at the site through a 3,000 foot long pipeline that will be installed from the CAP

canal to the PVRP within AWC's existing Arizona State Land Department (ASLD) lease. AWC will

use an ultrasonic meter located at the point of delivery at the CAP canal to measure water

deliveries through the pipeline. Due to the high quality of CAP surface water, the untreated CAP

water will not require pre-treatment prior to delivery to the infiltration basins.

3. Geology

The PVRP study area is located in the basin and range physiographic province of south-central

Arizona, which formed as a result of extensional tectonics about 15 million years ago (Wickham

and Corkhill, 1989). The physiography of the Pinal AMA consists of broad alluvial plains with

isolated mountains that rise abruptly from the valley floor (Wickham and Corkhill, 1989). Major

ephemeral streams include the Gila River which flows from east to west and the Santa Cruz

River which flows to the northwest.

a. Depth-to-Bedrock

The depth to bedrock and thickness of basin-fill alluvium in the study area is based on results of

previous gravity surveys and studies. Figure 5 shows depth-to-bedrock contours as prepared by

Richard and others (2007) for the PVRP study area. Depth to bedrock across the study area

ranges from about 400 feet in the southeast portion of the study area to about 4,800 feet in the

southwest port ion of  the study area or towards the central  area of  the sub-basin. The

estimated depth to bedrock at the PVRP site is about 3,200 feet.

b. Regional Cross Sections

Montgomery & Associates (February 2009) prepared a recovery well-field siting study for the

CAP in Pinal County. The study identified four sites in Pinal County for further evaluation in CAP

recovery well-field development. One of the sites identified, Site 2 is located within the PVRP

study area adjacent to the CAP canal. The 2009 Montgomery study included regional

hydrogeologic cross sections from ADWR drillers logs, USBR graphic logs, and hydrogeologic

contacts based on information from Wickham and Corkhill (1989) and the USBR (1976). The

locations of hydrogeologic sections A-A' and B-B' from the 2009 Montgomery report are shown

on Figure 5. A summary of drillers' logs used by Montgomery & Associates (Feb. 2009) to

prepare the cross sections is provided in Appendix A. Hydrogeologic section A-A' runs north to

south adjacent to the PVRP site. Hydrogeologic section B-B' extends from west to east and is
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about 1-mile south of the PVRP. Section A-A' is shown on Figure 6a which indicates a depth to

bedrock of more 2,000 feet at the PVRP site. Section B-B' is shown on Figure 6b which also

shows depth to bedrock in excess of 2,000 feet at the site with shallower bedrock to the east

approaching the Picacho Mountains.

Both Sections A-A' and B-B' (Figures 6a and 6b) show thick deposits of fine-grained sediments

in the vicinity of the PVRP. The northern end of Section A-A' (Figure 6a) near the PVRP shows

that sediments are generally sandy clay, silty clay, and clay with sand and gravel lenses to a

depth of about 1,000 feet.

Section B-B' (Figure 6b) shows the Middle Alluvial Unit or Middle Silt and Clay Unit for the Eloy

Sub-basin as being absent just east of  the PVRP site. The absence of thick f ine-grained

sediments east of the site suggests unconfined aquifer conditions occur to the east with good

hydraulic connection between the upper and lower units. Section B-B' (Figure 6b) also suggests

that coarser sediments in the Upper Alluvial Unit occur east of the PVRP site. The groundwater

level at the PVRP site occurs in the Upper Alluvial Unit as shown on Figures 6a and 6b.

4. Hydrogeology

The PVRP study area is located in the Pinal AMA which includes five groundwater sub-basins:

Maricopa-Stanfield, Eloy, Vekol Valley, Santa Rosa Valley, and Aguirre Valley. Most of the

agricultural and urban groundwater withdrawals occur in the Eloy and Maricopa-Stanfield sub-

basins. Urban centers include Casa Grande, Florence, Coolidge, Eloy, Maricopa, and Stanfield.

The Eloy and Maricopa-Stanfield sub-basins are separated by a shallow buried bedrock ridge

referred to as the Casa Grande Ridge (Liu, S. and others, 2014). The Casa Grande Ridge trends

north to south from the Sacaton Mountains to the Silver Reef Mountains and is about 150 feet

below land surface.

a. Description of Hydrogeology and Aquifer Characteristics

Wickham and Corkhill (1989) identified four major hydrogeologic units in the Pinal AMA which

include in descending order; the Upper Alluv ial Unit (UAU), the Middle Silt and Clay Unit

(MSCU), the Lower Conglomerate Unit (LCU), and the Hydrologic Bedrock Unit (Hsu). A brief

description of the primary water bearing units follows.
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Upper Alluvial Unit (UAU)

The UAU generally consists of unconsolidated to slightly consolidated inter-bedded sand and

gravel with some fine-grained lenses (Liu, S., and others, 2014). Cementation is low to non-

existent (Wickham and Corkhill, 1989). UAU sediments generally grade from coarse-grained

near basin margins to fine-grained toward basin centers (Anderson and others, 1990). The UAU

also include playa deposits locally. The UAU generally has a greater thickness in the basin

center with a maximum estimated thickness of about 450 feet in the Eloy sub-basin (Liu, S. and

others, 2014). The regional groundwater table that will receive recharge water occurs in the

tAu. Based on the 2014 ADWR Pinal AMA numerical model (Liu, S., and others, 2014), the

hydraulic conductivity of the UAU at the PVRP site is 20 feet per day and the specific yield is

0.15 (unit-less).

Middle Silt & Clay Unit (MSCU)

The MSCU is generally fine-grained and consists of silt, clay, and sand (Wickham and Corkhill,

1989). ADWR defined the MSCU by criteria which required at least 40 percent clay and/or silt

and a minimum thickness of 60 feet. The MSCU consists of alluvial faces and a playa faces that

includes evaporate (gypsum) deposits. Pool and others (2001) indicate that sand and gravel

interbeds commonly occur in the upper portion of  the playa faces. The Mscu acts as a

confining bed between upper and lower aquifer zones. Sand and gravel beds within the MSCU

may be locally productive, however, these beds are not laterally continuous and do not form a

unified regional aquifer (Wickham and Cork hill, 1989). The mscu is not present in the Casa

Grande Ridge area, along the Gila River corridor (between the Sacaton Mountains and the San

Tan Mountains), and near basin margins (ADWR, 2014A). The MSCU generally increases in

thickness from basin margins toward basin centers, and decreases toward the Casa Grande

Ridge (Liu, S. and others, 2014). ADWR estimated the maximum thickness of the Mscu at

nearly 6,000 feet in the center of the Eloy sub-basin.

Lower Conglomerate Unit (LCU)

The LCU consists of alluvial faces of conglomerate and playa faces of evaporates, sandstone,

and mudstone. The LCU is generally semi-consolidated to consolidated coarse sediments

consisting of granite fragments, cobbles, boulders, sand and gravel of varying degrees of

cementation (Wickham and Corkhill, 1989). The conglomerate faces primarily occurs along

basin margins, and the playa faces occurs at basin centers. The LCU is the lower most water

bearing unit and generally overlies impermeable bedrock (Liu, s. and others, 2014). Estimated
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thickness of the LCU ranges from less than 50 feet to over 8,000 feet in an area southwest of

Eloy (Liu, S. and others, 2014).

Hydrologic Bedrock Unit (HBU)

The HBU generally consists of Precambrian granite, gneiss, and schist and also includes

Mesozoic granite, volcanic f lows, and sedimentary and metamorphic rocks (Wickham and

Corkhil l , 1989). The HBU forms an impermeable barrier to groundwater f low and is not

considered an aquifer.

b. Description of the Vadose Zone

Clear Creek under contract with AWC, conducted a hydrogeological investigation at the site

during July 2014 to characterize conditions beneath the recharge basins. The investigation

included the drilling of five shallow soil borings using hollow-stem-auger drilling methods and

the drilling of two deep soil borings using the rote-sonic drilling method. The shallow borings

were drilled in each of the five basins and sampled every five feet to a total depth of 30 feet bis.

The deep rote-sonic soil borings were each drilled to a total depth of 150 feet bis in Basins 2

and 4, and provided a continuous core of material beneath the site for observation. The soils

encountered within the footprint of the recharge basins were highly variable with depth and

from boring to boring but were predominately si l ts with sands and gravels intermittently

present. No evidence of continuous confining layers that would impede vertical infiltration or

cause perched water conditions were encountered. The location of the borings and a cross

section that shows the materials encountered is shown on Figure 7. Copies of the boring logs

for the 7 borings identified on Figure 7 are included in Appendix A.

The thickness of the vamoose zone (depth-to-groundwater) was determined from the measured

static water level of approximately 105 feet bis at the deep rote-sonic borings drilled in Basins 2

and 4 during July 2014. Recharge water from the basins should percolate vertically and laterally

through the unsaturated sediments of the vamoose zone materials to the water table at 105 feet

bis.

Clear Creek also collected two surface soil samples from each of the proposed basins and

several samples from the shallow borings for Geotechnical analyses. The soil samples were

submitted to Speedie and Associates for sieve analysis and hydrometer analysis. Results were

summarized in a table included with the Speedie report in Appendix B. The soil sample

locations are shown on Figure 7.
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c. Infiltration Testing

To further assess the potential infiltration rates that could be expected after construction, Clear

Creek conducted infiltration testing at a temporary test basin during July 2014. The basin was

excavated to a depth of about three feet and the floor of the basin measured approximately 16

x 17 feet for a total floor area of approximately 270 square feet. The test basin was located in

the future footprint of  Basin No. 4 where a greater percentage of f ine grained soils were

observed. To evaluate the degree of lateral spreading beneath the basin, a shallow (30-foot

deep) piezometer well was temporarily installed. The distance between the edge of the test

basin and the associated piezometer well was 15 feet.

Infiltration testing was completed over a series of three days by repeatedly filling the test basin

during the day and then allowing it to drain overnight. The amount of time for drainage was

used to estimate the infiltration rate. The water source for the test was irrigation water from

the nearby San Carlos Irrigation Drainage District (SCIDD) canal.

The results indicate that the test basin could drain one foot of standing water in a period of

about 16 hours which equates to a test infiltration rate of 1.5 feet per day (ft/d). This measured

infiltration rate is consistent with published literature for the observed soil types of about 1

ft/d. Additionally, routine monitoring of the nearby piezometer did not detect the presence of

water, suggesting there was not excessive lateral migration during testing.

Using the measured infiltration rate of 1.5 ft/d for the constructed facility shows that only 20

acres of  basins would be requi red to inf i l t rate 10,884 AFY of  water.  Using the more

conservative estimate of 1.0 ft/d for the constructed facility shows that 30 acres of basins are

required to infiltrate 10,884 AFY of water. The proposed facility consists of approximately 42

acres of basins. Therefore, with the largest basin out of service (Basin 2 @ 9.7 acres), there

remains excess capacity using the more conservative infiltration rate of 1.0 ft/d.

d. Description and Map of Current Water Levels

Groundwater level data were obtained from ADWR's Groundwater Site Inventory (GWSI)

database for wells located within about 3-miles of the PVRP site. A query of ADWRs GWSI

database for the study area resulted in 806 measured water levels in 111 GWSI wells.

Measurements of  depth to groundwater lev el  and groundwater lev el  elev at ions are

summarized in Table z. The occurrence and movement of groundwater in the PVRP study area

was estimated using measurements of groundwater levels for November 2013 to January 2014

(or winter 2013/2014) obtained from the ADWR GWSI database. Measured groundwater levels
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and groundwater level contours for the PVRP study area a shown on Figure 8. The 2013-2014

groundwater level data define a lower main water zone and an upper main water zone in the

PVRP study area described below.

Lower Main Water Zone

Groundwater levels in the lower main water zone are primarily within the lower basin fill.

Groundwater level elevations in the lower main water zone range from about 1275 ft AMSL in

the northeast portion of the PVRP study area to about 1225 ft AMSL in the southwest portion of

the PVRP study area (Figure 8). Groundwater flows from the northeast to the southwest in the

lower main water zone. Depth to groundwater in the lower main water zone at the PVRP site is

estimated at about 254 feet. Most recharge to the lower main water zone is likely from natural

sources (Hammett, 1992). In the Eloy sub-basin groundwater sub-flow enters from the Avra

Valley sub-basin between Picacho Peak and the Silver Bell Mountains, and from Aguirre Valley

sub-basin between the Sawtooth and West Silver Bell Mountains (Hammett, 1992). Some

mountain front recharge also occurs from highlands east of Florence and Eloy and along the

Picacho Mountains. Significant flow to the lower main water zone also occurs from overlying

saturated sediments (Hammett, 1992).

Upper Main Water Zone

Groundwater levels in the upper main water zone are mostly within the upper basin fill. The

upper main water zone generally overlies the extensive fine-grained faces in the Eloy sub-basin

(Hammett, 1992). The upper main water zone is the primary aquifer for groundwater well

production in the Eloy sub-basin. Groundwater level elevations in the upper main water zone

range from about 1350 ft AMSL to about 1425 ft AMSL (Figure 8) within the PVRP study area. As

noted previously, the depth to groundwater beneath the site was measured at approximately

105 feet bis. Groundwater level contours of the upper main water zone shown on Figure 8

suggest a groundwater mound west of the CAP canal and north of the Florence-Casa Grande

Canal. Groundwater mounding may be due to incidental recharge from percolation of excess

agricultural irrigation water. At the PVRP site, the local direction of groundwater flow in the

upper main water zone is to the northeast.

In the Eloy sub-basin, groundwater underf low exits toward the ESRV sub-basin between

Florence and the Santan Mountains, and between the Santan and Sacaton Mountains.

Groundwater recharge occurs as deep percolation from excess agricultural recharge, and from

unlined canals that distribute surface water and groundwater.
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e. Description of Water Level Changes

Hydrographs of depth to groundwater versus time at seven selected ADWR GWSI Index Wells

within the study area are shown on Figure 9. The locations of the selected Index Wells are

shown on Figure 8. Groundwater level measurements for all of the selected hydrographs are

included in Table 2. Groundwater levels since about year 2000 in two of the wells (D-06-08

S02DAD and D-06-08 11ADA1) show a stable trend or slightly rising trend of about % feet per

year (Figure 9). Groundwater levels in the remaining five hydrographs show decline rates of -

0.9 to -2.9 feet per year and average about -1.9 feet per year (Figure 9) since about year 2000.

The observed recent declining groundwater level trend may be due to reductions in use of CAP

water for irrigation and a subsequent increase in groundwater pumping for agriculture.

f. Surface Water

The Gila River (Figure 1) is a Major ephemeral river and is located in the northern portion of the

Eloy sub-basin f lowing f rom east to west. During pre-development, the Gila River was

perennial. Since construction of the Ashurst-Hayden Dam, flow in the Gila River is regulated by

upstream reservoir releases and diversions at Ashurst-Hayden Dam (Liu, S., and others, 2014).

The Santa Cruz River (Figure 1) f lows to the northwest across the Eloy sub-basin and has a

poorly defined channel in the western portion of the Eloy sub-basin. The Santa Cruz River only

flows in response to intense precipitation events. The confluence of the Gila and Santa Cruz

Rivers is located in the northwestern portion of the Pinal AMA.

The CAP main aqueduct (Figure 2) is located about 2/3 of a mile east of the PVRP. The CAP

canal is a concrete lined canal. Nearby San Carlos Irrigation Drainage District (SCIDD) canals

include the Florence-Casa Grande Canal (Figure 2), located along the western boundary of the

PVRP, and the Florence Canal (Figure 2) located about % mile west of the PVRP. Both SCIDD

canals are earthen and unlined.

The Picacho Reservoir (Figure 1) is located about 2% miles to the southwest and is an irrigation

water storage facility operated by the SCIDD.

Clear Creek reviewed the Flood Insurance Rate Map for Pinal County prepared by the Federal

Emergency Management Agency (Panel 1250 of 2575, Map Number 04021C1250E, Effective

December 4, 2007). The recharge basins are not located within a Special Flood Hazard Area .
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c. UNREASONABLE HARM AND HYDROLOGIC FEASIBILITY ANALYSIS

1. Procedure for Calculating Maximum AOI and Mounding Analysis

An impact analysis was conducted to evaluate groundwater mounding from recharging 10,884

AF/v at the PVRP site. The impact analysis was also used to determine the Area of Impact or

AOI. The Arizona Revised Statute §45-802.01(2) defines the "Area of Impact", as projected on

the land surface, the area where the stored water has migrate or is located. ADWR requires the

AOI to be characterized based on the distance to the 1-foot rise in groundwater level that is

attributable to the proposed USF facility. In ADWR's USF Permit Application Guide (Section

lll.C.1.a), ADWR also requires the consideration of potential effects from water storage at

permitted USFs in the area. Permitted USF's in the Pinal AMA include the Arizona City Sanitary

District, Southwest Water Distribution, Santa Rosa Utility Co, EJR Ranch Recharge Facility,

Anthem at Merrill Ranch, Southwest Water Reclamation, Eloy Detention Center, Casa Grande

Managed and Constructed, North Florence Recharge Facility, Hohokam WRF, Eloy Reclaimed

Water Recharge Project, and the Sun Lakes at Casa Grande Effluent Recharge Facility.

a. Numerical Model

ADWR completed an update of the Pinal AMA numerical model in 2014, information about the

model background, conceptual model, numerical model, calibration, sensitivity analysis, and

recommendations is documented in ADWRs Modeling Report No. 26 (Liu, S., and others, 2014).

ADWRs Pinal AMA model simulates an initial steady-state condition and transient annual stress

periods from 1923 to 2009. The numerical model documented in ADWRS Modeling Report No.

26 does not include model projections beyond year 2009.

Predictive model simulations requested by ADWRs Analysis of Assured Water Supply (AAWS)

section are documented in an ADWR memo titled Pinal Groundwater Model Projections Follow-

Up Analysis and Results (ADWR, June 10, 2014). ADWR simulations includes both issued and

proposed pumping, the issued pumping begins in year 2010 and proposed pumping begins in

year 2014 (Stress Period 93). ADWR initially assigned all AAWS pumping to model layer 3, then

pumping in areas exceeding the 1,100 depth to groundwater limit were moved to model layer

2.

ADWRs Scenario No. 13 served as the starting point for simulation of the PVRP proposed

recharge. ADWR Scenario No. 13 includes both issued and proposed pumping. Scenario No. 13

includes removal of agricultural pumping (cumulative 12.4 MAF) in areas to be developed
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according to the AAWS program beginning in year 2010. ADWR states that Scenario No. 13 still

results in unmet demands with a cumulative 11.5 MAF under-simulated.

ADwRscenario assumptions are not official projections based on detailed input from planners,

irrigation districts, Indian reservations, and others. Therefore, they may not accurately portray

what has occurred between 2009 and present, and should not be relied upon as accurate

predictions of future groundwater supply within the Pinal model area (Yunker, D., September

2014).

ADWR's predictive scenario assumptions include the following (Yunker, D., September 2014):

1. These projections are based on high-demand agricultural activity continuing at 2009 levels

out to 2115 with increased dependence on groundwater.

2. The pumping locations are assumed to remain the same out to 2115.

3. These projections assume that the GRIC will keep 100% of its CAP allotment within the

boundaries of the reservation and apply most of its allotment to existing or future agriculture,

resulting in increased agricultural recharge localized to their lands

4. The final three projection scenarios (Nos. 11, 12 and 13) assume that 263 square miles of

mostly agricultural land in the Pinal model area would be entirely converted to non-agricultural

land in 2010 and replaced with AAWS pumping. In reality, almost none of those areas have

actually been converted as of 2014, and it is unknown which lands will be developed and when,

if ever.

5. ADWR's predictive simulations did not incorporate periodic flood events along the Santa Cruz

and Gila Rivers into predictive simulations. Other sources of recharge and natural recharge

were held constant at 2009 levels.

ADWR used Groundwater Vistas version 6 as a pre- and post- processor and Arc Map 10.2 to

build GIS f iles used to populate new pumping and recharge packages for each projection

(Yunker, D., September 2014). Model simulations use MODFLOW-2005 in DOS so the

Subsidence package (SWT) may be used as it is not currently supported in Groundwater Vistas

(Yunker, D., September 2014).
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b. MODFLOW Modeling Assumptions

The PVRP site is located in the north central portion of the Eloy sub-basin. Current groundwater

flow in the area of the subject site is to the northwest (Figure 8). USF sites listed in Table 3 were

included in the 20-year predictive simulation of recharge impacts and simulated at permitted

volumes to the end of the simulation or to their permit expiration date. Figure 10 shows the

location of permitted facilities in the Pinal AMA. In support of the PVRP USF/WS submittal the

fol lowing changes and/or assumptions were made to ADW Rs Scenario No. 13 model

simulations for the mounding analysis and calculation of the AOI.

O Recharge at the PVRP site is simulated in the model from year 2015 (Stress Period 94) to

year 2034 (Stress Period 113).

O Recharge from the PVRP is simulated in the numerical model in two model cells, at row

143 column 198, and row 144 column 198 (D-06-09 east % of west % Section 18) and is

simulated in MOD FLOW's Recharge package. The maximum amount of water to be

stored at the PVRP site is 217,680 AF (10,884 AFY x 20 yrs) over 20 years.

O Groundwater pumping in the model is held constant at 2009 rates for years 2010 to

2034. Year 2009 pumping was selected because it is the most recent year available with

reported pumping data incorporated into the ADWR models well package.

O Permitted USF's within the Maricopa-Stanfield and Eloy sub-basins of the Pinal AMA

were updated with reported recharge volumes to year 2013 (Table 3). The predictive

portion of  the model (Stress Periods 94 to 113) includes USF's at their permitted

volumes ei ther to the end of  the simulat ion or to the permi t  expi rat ion. Model

simulated USF's are shown on Figure 10.

O Water recharge at the PVRP was immediately accounted for in the model mounding

analysis. No lag time was incorporated to account for inf iltration of recharge water

through the vamoose zone at any of the recharge facilities.

O All other recharge in the model is held constant at 2009 rates.

O The model does not simulate recovery of stored water from the PVRP.
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Model Layer Horizontal Hydraulic Cond. (ft/d) Vertical Hydraulic Cond. (ft/d) Specific Yield

Layer 1 (UAU) 20.0 2.0 0.15

Layer 2 (MSCU) 3.0 0.03 0.05

Layer 3 (LCU) 5.0 0.0025 0.04

Modeled aquifer parameters in the vicinity of the PVRP are unchanged from the 2014 ADWR

Pinal AMA numerical model (Liu, S., and others, 2014). Numerical model aquifer parameters in

the vicinity of the PVRP are summarized in the table below:

Numerical Model Aquifer Parameters at PVRP

No additional model calibration was performed, nor was it necessary for this project. After

completing the model changes noted above, a model calculated water balance for 1923 to 2034

was prepared to verify that the PVRP USF model performed similarly to the ADWRs Scenario

No. 13. The model water balance on Table 4 shows acceptable percent discrepancy errors

ranging from -0.30% to +0.32%. Model simulated pumping and recharge for the 1923 to 2009

time-frame also compare favorably with model simulated pumping and recharge values

summarized in Table 5 of ADWRs January 27, 2014 memo (Yunker, D., 2014). The general

agreement between simulated water budgets demonstrates that the model is suitable to assess

impacts of recharge at the PVRP.

c. Calculating the AOI and Mounding of Groundwater

During the predictive recharge simulation, all recharge facilities listed in Table3 were simulated

at their permitted volumes to the end of simulation or to the permit expiration date. To

calculate the maximum AOI of the PVRP facility, the heads of the end of the recharge simulation

were compared with the heads at the beginning of the recharge simulation.

d. Results - Calculated AOI

ADWR requires a characterization of the AOI which is the distance to the 1-foot rise in

groundwater level that is attributable to the proposed USF facility. In ADWR's USF Permit

Application Guide (Section Ill.C.1.a), ADWR also requires the consideration of potential effects

from water storage at permitted USF's in the area. The nearest permitted USF sites to the PVRP

include North Florence about 12 miles NNE, Anthem Merrill Ranch about 11 miles NNW,

Hohokam WRF about 6 % miles w, FJR Ranch about 9 miles WSW, Sun Lakes Casa Grande about

10 % miles SW, and the Eloy Detention Center about 7 miles sw(Figure10).
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To calculate the AOI and groundwater mounding, the predictive model was run for 20 years

(2015 to 2034) with 20 sequential one-year stress periods, and 10 time-steps per stress period.

The model does not simulate recovery of water recharged at the PVRP site, or other USF's in

the area. Determination of the AOI and groundwater mounding includes simulating recharge at

the PVRP at a rate of 10,884 AFY (9.7 MGD) for 20 years with a facility limit of 217,680 AF. A

digital copy of the groundwater model is provided in Appendix C (Groundwater Vistas version

6.70.5).

The AOI that would result from the operation of PVRP over 20-years is shown onFigure 11.The

predicted AOI extends across nearly the entire Eloy sub-basin, extending about 2.7 miles

northeast, about 3.4 miles north, about 21 miles west, about 21 miles southwest, and about 24

miles to the southern model boundary. The AOI shown on Figure 11 was calculated by

subtracting the ending water levels (year 2034) from the initial water levels (year 2014) as

required by ADWR. A digital copy of the AOl shapefile is also included inAppendix C.

The Area of Hydrologic Impact or AOHI that would result from the operation of PVRP over 20-

years is shown on Figure 12.The predicted AOHI (one-foot water level rise) extends about 12.2

miles north, about 12 miles northwest, about 9 miles west, about 8.8 miles southwest, about 10

miles south, and about 6 miles to the eastern model boundary. The AOHI shown on Figure 12

was calculated by subtracting the ending water levels (year 2034) from model simulations with

and without PVRP recharge and shows the impact of the PVRP only.

e. Mounding Analysis

The mounding analysis simulated 10,884 AFY recharge at the PVRP in two (2) model cells from

2015 to 2034. To evaluate groundwater impacts, model calculated heads at the proposed

monitor well, PVRP MW-1 were exported from the model for the entire simulation period. A

model hydrograph of PVRP MW-1 is shown on Figure 13a.The model hydrograph at PVRP Mw-

1 (Figure 13a)shows a maximum groundwater mound height of about 84.5 feet, and an ending

depth-to-water of about 86.5 feet. The predicted water level rise at proposed monitor well

PVRP MW-1 was corrected to the July 2014 observed depth-to-water of 105 feet (or 1415 ft.

AMSL) at rote-sonic borings B2-RS1 and B4-RS2, the applied correction is +63.9 feet as the

model calculates low in model layer 1.Figure13b shows the corrected PVRP MW-1 hydrograph

which shows a predicted depth-to-water of about 22.5 feet.

CLEAR
CREEK-'Q\3
ASSOCIATES

Pinal Valley Recharge Project
USF/WS Pemlit Application
Coolidge, Arizona

16 December 2014
Clear Creek Associates Job No.011010

P:\AR1ZONA WATER COMPANY\PVRP_011010\TASK SERIES400 FIELD INVESTIGATION\USF PERMMFINAL AWC PVRP USF HYDRO STUDYDOCX



Model results suggest that there is sufficient storage capacity in the aquifer to accommodate

the proposed recharge volume. The nearest structures within about a % mile of the site are the

Florence-Casa Grande Canal and three registered wells. The modeled water level rise does not

exceed the proposed 20-foot AL or the 15-foot OPL (Section ac) and should provide sufficient

protection for the canal. The model results demonstrate that the proposed recharge at the

PVRP will not cause unreasonable harm to land and water users in the Aol.

The mounding results do not take into account observed declining trends in area wells, an

approach that contributes to a conservative mounding calculation.

f. Narrative Supporting Maximum AOI and Mounding Analysis

To calculate the maximum AOI and groundwater mounding, Clear Creek used a predictive

numerical model of the Pinal AMA provided by ADWR to simulate recharge at the PVRP. The

model is based on the 2014 ADWR Pinal AMA model (Liu, S., and others, 2014). ADWR

calibrated the numerical model using available data from 1923 to 2009. The numerical model

utilizes a uniform %-mile square grid, and was developed using a Groundwater VistasTm,

Microsoft AccessTm, and ESRI Ar<;GlsTm 10.2 platform. The approach maximizes interconnectivity

with a Geographic Information System (GIS) environment, as Groundwater Vistas is well

integrated with GIS. Revisions to the numerical model specific to this project included, updated

USF recharge rates in the Pinal AMA, and carrying forward 2009 pumping and recharge rates.

The AOI and mounding analysis considered impacts of all permitted USF's within the Pinal AMA

to year 2034. All other model boundary conditions were held constant. A numerical model

water balance (Table4) demonstrates that the model is consistent with ADWR results.

z. Land and Well Use Inventory

a. Inventoryof Wells

An inventory of wells for the PVRP study area (about 42 min) was prepared using the ADWR 55-

Well Registry database (ADWR, 2014a), the ADWR 35-well Registry database (ADWR, 2014b),

and the ADWR Groundwater Site Inventory (GWSI) database (ADWR, 2014c). The ADWR 55-

Well Registry, ADWR 35-well Registry, and ADWR GWSI wells information is provided in

Appendices D, E, and F respectively. For this investigation the ADWR well database queries

were not combined into a single well inventory. Therefore, duplicate or incorrect information

between the three databases may exist.
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The ADWR 55-well Registry database indicated about 168 registered wells within 3 miles of the

PVRP (Figure 14, Appendix D). Figure 14 shows 48 exempt wells, 100 non-exempt wells, 7

monitor wells, and 13 wells listed as other. Figure 15 shows the location of 113 wells from

ADWRs 35-well Registry database located within about 3 miles of the site. And Figure 16 shows

the location of 126 wells from ADWRs GWSI database.

b. Inventory of Structures, Land Uses, Conditions, and Facilities

General land ownership in the PVRP study area is shown on Figure 17. Most of the land in the

study area is owned either Arizona State Land or private land. Land located adjacent to the CAP

canal is managed by CAP. Land west of the Florence-Casa Grande and CAP canals is generally

undeveloped. Land use east of the Florence-Casa Grande canal is primarily agricultural with

some residential use. Water for agricultural use is primarily CAP surface water and groundwater

withdrawn from wells.

An Environmental Database Search was conducted by Allands to identify facilities that may

have existing groundwater contamination or contaminated soils that may be mobilized as a

result of recharge activities at the PVRP. Clear Creek contracted the services of Allands of

Goodyear, Arizona to complete an environmental database search within a three-mile radius of

the PVRP. Allands maintains their databases to be current within 30 days of the latest published

information. A copy of the Database Report, dated December 3, 2014, is included in Appendix

G. A list of environmental databases searched is included in the ALT report.

Federal Sites

The Federal environmental record search resulted in two reported facilities within a 3-mile

search distance from the PVRP including two Resource Conservation and Recovery Act (RCRA)

facilities. Loreal USA C/O Bright Corp is located at the Coolidge Municipal Airport over 2.5 miles

to the northeast and Coolidge Generating Station is located over 2.5 miles to the west-

northwest.

State Sites

The State environmental record search resulted in three Registered Underground Storage Tanks

(USTs), and one Leaking Underground Storage Tank, (LUST) site within 3-miles of the PVRP. Two

UST sites are located at the Coolidge Municipal Airport and the third UST site is located

approximately 3 miles to the northwest. The LUST site, located at the Coolidge Municipal

Airport is reported as closed .
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Additional Sites

No sites were identified in the search of additional environmental records within 3-miles of the

PVRP.

There is no known existing subsurface soil contamination or groundwater contamination in the

vicinity of the PVRP that would be impacted by recharge water; therefore, there is no known

potential for leaching or migration of pollutants as a result of recharge activities at the PVRP.

3. Water Quality

a. Source Water

The source water used for recharge at the facility will be CAP water. Therefore, water storage at

the PVRP will not be governed by an Aquifer Protection Permit (APP) issued by the Arizona

Department of Environmental Quality (ADEQ). Quality of CAP water is acceptable for recharge

applications. The source water quality is not anticipated to vary and pretreatment will not be

conducted.

b. Regional Groundwater

To obtain information about regional aquifer water quality, Clear Creek, with permission from

the well owners, grabbed water samples from a total of 9 existing production wells located

within the Study Area (Figure 18). Samples were collected during September 2014 and

submitted to Legend Technical Services of Phoenix, Arizona (Legend) for analysis of metals

including arsenic, calcium, chromium, magnesium, potassium, sodium and inorganics, including

alkalinity, chloride, fluoride, nitrate/nitrite, sulfate, and TDS. Elevated levels of fluoride, arsenic,

nitrate and TDS are present in the regional aquifer at levels above the EPA MCLs. Results are

summarized in Table 5.

c. Local Groundwater

In addition to obtaining lithology information from the soil boring program completed by Clear

Creek at the site, groundwater samples were also collected from the deep rote-sonic borings.

Several water samples were grabbed from within the drill pipe between the water table

encountered at about 105 feet bis and the total depth of the borings or 150 feet bis.
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Groundwater samples were collected with a bailer and dispensed to laboratory provided

sample containers and submitted to Legend for analysis of the same constituents as the

production wells sampled for the regional groundwater quality. Samples submitted for metals

analysis had to be filtered in the lab prior to analysis. Therefore, metals results are reported as

dissolved. Elevated levels of fluoride were reported in the aquifer beneath the proposed

recharge basins. Results are summarized in Table 6 and also shown for select constituents on

Figure 7.

d. Leaching Potential

The site of the proposed PVRP is located on native desert land. Therefore, there is no known

potential for leaching of pollutants from surface soils or vamoose zone materials to groundwater

at the proposed basins.

4. Unreasonable Harm Analysis

As detailed in the preceding sections of this report, the PVRP will be designed, constructed, and

operated in such a fashion that it will not cause any unreasonable harm to neighboring land or

structures. The nearest structures within a quarter mile radius are the earthen Florence-Casa

Grande Canal and three registered wells. The modeled water level rise does not exceed the

proposed 15 foot Operation Prohibition Limit (OPL).

5. Hydrologic Feasibility Conclusions

The PVRP is designed, constructed, and operated in such a fashion that it will not cause

unreasonable harm to neighboring land or facilities. The projected rise in the local water table

that will result from recharging 10,884 AFY at the PVRP and other nearby USFS at their

permitted volumes, with no groundwater pumping or recovery, will still result in a remaining

groundwater depth of 22.5 feet bis in the regional aquifer in 20 years (Figure 13b) no

accounting for the observed declining water trends in the area. Therefore, the PVRP facility is

both hydrologically feasible and appropriate.

6. Monitoring Plan

The monitoring plan for PVRP includes water level monitoring, inflow monitoring for all basins,

and basin water level monitoring for the use. The monitoring plan prepared for the PVRP

evaluates the facility's ability to recharge water for long-term storage. This monitoring plan is

specific to groundwater level monitoring, groundwater quality monitoring, and source water

monitoring.
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a. Monitoring Plan Design

This section defines the specific elements of the facility monitoring including the monitoring

well location, source water sampling location, and the types, f requency, and duration of

monitoring. The goals of the monitoring plan are:

O Demonstrate that the facility is not causing unreasonable harm,

o Monitor the impacts of the recharge, and

O Track the facility's operation with respect to defined Alert Levels (AL) and Operation

Prohibition Limits (OPL).

b. Monitor Point Locations and Measurements

The monitoring points used to monitor water levels, source water quality, and groundwater

quality are identified on Figure 4a and Table 7. Water levels and groundwater quality at the

PVRP facility will be monitored at monitoring well MW-1 that will be installed at the northern

end of the facility. Source water quality will be monitored at a point on the CAP water pipeline

on the PVRP facility.

i. Water Levels

The depth-to-water will be measured to the nearest one-tenth (0.1) foot at MW-1 on a monthly

basis during operation of the facility. An annual data report will be submitted to ADWR that

includes all water level monitoring data. Water level data will be presented in tables and

hydrographs containing the following:

O Facility well identifier,

O ADWR well registration number,

O Cadastral number,

O Measurement date,

O Depth-to-water in ft. bis, and

O Groundwater elevation in feet above mean sea level (ft. amyl).

The water level monitoring report will note any conditions, such as pumping from nearby wells,

surface water f lows, or any other hydrologic or known environmental conditions that have
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affected the water level at the time of measurement. The annual report will also include a

facility map showing the location of all facility monitoring points and relevant facility features

including all constructed basins. The facility map will include township, range, and section lines.

Annual reports will be submitted to ADWR no later than March 31 following the end of each

annual reporting period.

ii. Water Quality

Recharge of CAP water at the PVRP facility does not require an APP according to ADEQ rules.

The source water and groundwater quality will be monitored under the PVRP USF permit. The

source water and groundwater wil l  be sampled at the points identif ied on Figure 4a. The

sampling frequency will be once every 3 months for the first 12 months of recharge operations

and every six (6) months thereafter.

Results of sampling of the source water groundwater will be reported in annual supplemental

data reports. All samples will be collected consistent with sampling protocols described in the

most recent version of the ADEQ Quality Assurance Project Plan. All analyses will be performed

by a laboratory licensed by the Arizona Department of Health Serv ices (ADHS), Off ice of

Laboratory Licensure and Certification using ADHS approved methods. If no ADHS approved

method exists, then an appropriate method, approved by the United States Environmental

Protection Agency will be used. Detection limits for any analytical method will be sufficient to

determine compliance with the permit limits for the analyses to be specified in the permit.

c. Alert Levels and Operational Prohibition Limits

As required in the USF Permit Guidance (ADWR, 2013), the monitoring plan consists of a two-

tier system for monitoring water levels and water quality:

The first tier is the Alert Level (AL), which is an indicator that an initial response action is

required to avoid the potential for unreasonable harm. If on AL is reached, the course of action

developed and submitted by the applicant must be implemented to prevent water levels from

reaching or exceeding the second tier of the monitoring plan.

The second tier is the Operational Prohibition Limit (OPL), which is the level above which the

potential for unreasonable harm exists. The recharge activity at the USF must cease /'f any water

level or water quality OPL is reached and recharge activity may not resume until the level drops

below the OPL.
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As previously stated, the vicinity of the PVRP is dominated by agricultural uses. The nearest

structures within a quarter mile radius are the earthen Florence-Casa Grande Canal and three

registered wells. Proposed AL's and OPL's for the facility will provide sufficient protection

against unreasonable harm for the Florence-Casa Grande Canal and agricultural well owners in

the study area.

i. Operational Prohibition Limits for Water Levels

The proposed OPL for water levels is 15 feet bis. This depth is the estimated total depth of the

Florence-Casa Grande Canal adjacent to the west of the PVRP facility. The water level OPL is

shown inTable 8.

ii. Alert Levels foLWater Levels

The proposed AL for water levels is 20 feet bis. The AL is shown inTable 8.

Operational Prohibition Limits for Groundwater Quality

Based on groundwater samples collected at the site and in the area, groundwater near the

facility exhibits elevated levels of fluoride and possibly nitrate. The concentration of these

constituents may vary seasonally. Therefore, Awc will calculate OPLs for fluoride and nitrate

using the results of the first four rounds of groundwater samples that are collected during

recharge operations or after the first 12 months of operation. The OPLs for these two

constituents are marked as "Reserved" in Table 9. The OPL for the remaining constituents is

the maximum contaminant level (MCL) for that constituent, if established.

iv. Alert Levels for Groundwater Quality

With the exception of fluoride and nitrate, the ALs are established as 80% of the OPLs. AWC will

calculate ALs for fluoride and nitrate after the first four rounds of samples are collected on the

every three month basis during the first 12 months of operation. The ALs for fluoride and

nitrate are listed as "Reserved" inTable9.

Operational Prohibition Limits for Source Water Quality

OPLs for source water quality are primary drinking water standards as shown inTable9. No ALs

are established for the source water.

v.
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Action Plan for Water Levels

Alert Level

If  the water level at any monitor point l isted in Table 8 rises to, or above the alert level

specified for that monitor point in the table, a water level alert status shall exist and AWC will

implement the following:

1. Take actions that are sufficient to prevent water levels from reaching the operational

prohibition limit for water levels at MW-1.

2. Notify ADWR within forty-eight (48) hours of becoming aware of the alert level status.

3. Increase the frequency of water level measurements at MW-1 to daily.

4. Submit weekly reports of daily water level measurement results to ADWR. The water

level data shall be displayed in tables and hydrographs containing the following: facility

well identifier, ADWR well registration number, cadastral location, measurement date,

the depth-to-water in feet below land surface, and the groundwater elevation in feet

above mean sea level. The report shall note any conditions, such as pumping from

nearby wells, surface water flows, or any other hydrologic or environmental condition

that may be reasonably known and have af fected the water level at the t ime of

measurement.

5. Resume routine water level monitoring when the alert level status ends. The alert level

status ends when water levels remain below the alert level for 2 consecutive weeks.

Operation Prohibition Limit

If the water level at MW-1 rises to, or above the operation prohibition limit specified in Table 8,

a water level prohibition status shall exist and AWC will implement the following:

1. Immediately cease all recharge activities

2. Take actions that are sufficient to prevent water levels from causing unreasonable harm

to land and other water users.

3. Notify ADWR within forty-eight (48) hours of becoming aware of the prohibition status.
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4. Increase the frequency of water level measurements at MW-1 to daily. If daily water

level measurements are already required under the alert status, continue the daily

water level measurements.

5. Submit weekly reports of daily water level measurement results to ADWR. The water

level data will be displayed in tables and hydrographs containing the following: facility

well identifier, ADWR well registration number, cadastral location, measurement date,

the depth-to-water in feet below land surface, and the groundwater elevation in feet

above mean sea level. The reports will note any condition, such as pumping from nearby

wells, surface water flows, or any other hydrologic or environmental condition that may

be reasonably known and have affected the water level at the time of measurement.

6. The prohibition status ends when water levels decline below the operational prohibition

limit for seven (7) consecutive days. Alert level status and associated monitoring

frequency and reporting requirements as specified previously will resume at this time

and recharge activities may recommence.

vii. Action Plan for Water Quality

Water Quality AL's and OPL's Operational Response

1. Within 48 hours of becoming aware of any water quality AL or OPL being reached: notify

the department of the AL or OPL being reached, followed within two weeks by a

detailed report of the incident.

2. Within five days of becoming aware of any water quality AL or OPL being reached:

collect a verification sample from the same location and submit it for analysis of the

same pollutant(s).

3. Monthly: conduct sampling during any period in which a water quality AL or OPL has

been reached and continuing until the concentration drops below the AL or OPL.

4. Monthly: report to the department sample results during any period in which an AL or

OPL for water quality has been reached and continuing for one month thereafter.
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d. Narrative Justifying Monitoring Plan

To determine the impacts of  the proposed recharge at the PVRP, a groundwater model

previously developed for the Pinal AMA was updated and modified for the site to determine

the Area of  impact and groundwater mounding. Groundwater levels at the si te wi l l  be

measured at monitor well MW-1. The AL and OPL levels for the PVRP were selected based on

projected water level rise at the site.

Based on model simulation results, the AL and OPL limits were defined to ensure a substantial

factor of safety.

The current depth to water was measured in two rote-sonic borings drilled within the footprint

of the proposed basins. Given the 100 plus foot depth-to-groundwater at the site, there is a

relatively low likelihood that rising groundwater will impact any surface structures. Therefore,

hav ing the AL and OPL set at the chosen levels wi l l  enable any needed actions to be

implemented early in any action process.

Water quality ALs and OPLs were established using primary drinking water standards for OPLs

and an 80% factor for the ALs. Fluoride and nitrate ALs and OPLs were reserved and will be

determined using a statistical analysis of groundwater quality data collected from the proposed

monitor well. Further, the source water for the project is CAP water which has a long history of

compliance with primary drinking water standards.

e. Water Quantity Monitoring

PVRP discharge to the recharge basins will be equipped with a totalizing flow meter that will be

monitored and recorded on a daily basis. Manufacturer's specifications for the flow meters are

provided in Appendix H.

One metering location is proposed to record the daily volume of water recharged at the facility.

The metering area will be the intake structure meter at the CAP canal (Meter A). A water level

measuring device will be installed in each basin to measure basin water levels (see Appendix

H). Table 10 shows the water quantity monitoring plan. Latitude and longitude of the water

quantity monitoring location will be provided once the final design has been completed. The

daily volume of water delivered to the recharge basins will be measured with totalizing flow

meters. These data will be tabulated in monthly summaries indicating the month that recharge

occurs, and daily and monthly volumes, in gallons and acre-feet of water delivered to the

recharge wells as required by USF permit guidelines.
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AWC will make notifications described in this Monitoring Plan to:

1

Arizona Department of Water Resources

Water Management Division

3550 North Central Avenue

Phoenix, AZ 85012-2105

(602) 771-8585

7. Operation and Maintenance Plan

a. Operation and Maintenance Plan

AWC will operate the basins on a wet/dry cycle for a duration determined during operation of

the facil ity. When an appreciable deterioration of the inf i ltration rate is experienced, the

basin(s) will be dried and the soil disked, scraped, or scarified to depths ranging from several

inches to several feet, prior to being put back into service. If mechanical removal of clogging

layers is needed, Awc will excavate and transport soils to an appropriate disposal facility in

accordance with existing State and local law.

Basin maintenance will also include mechanical or manual removal of vegetation. In addition,

AWC will conduct a monthly inspection of the berms during operation for evidence or erosion

or damage and after major storm water runoff events. If substantial damage has occurred, AWC

will conduct basin repairs immediately.

During operation of the facility, AWC maintenance staff will conduct any vector control

requirements. Maintaining infiltration rates will mitigate the proliferation of mosquitoes.

b. Description of Evaporation

AWC wil l  estimate evaporation f rom the recharge basins on a monthly basis using the

maximum rating curve for evaporation and the applicable adjustment factor specif ied in

Evaporation from Open Water Surfaces in Arizona (Cooley, Keith R., 1970). The Cooley method

uses a graph of maximum and minimum daily evaporation rates for Arizona. An adjustment

factor is used basedon the location of the site to estimate evaporation from open surfaces.

AWC will determine the daily wetted area for each basin in operation based on measured water

level height in the basin and a relationship between the height of the water and wetted area.

AWC will calculate the total daily water evaporated based on the evaporation rate and the

wetted area of the basins.
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D. TECHNICAL CAPABILITY

AWC, the USF permit applicant, will operate the PVRP and has demonstrated the technical

competence needed to carry out the terms and conditions of the USF permit. Carollo Engineers

designed the PVRP and has designed similar basin recharge facilities in Arizona. Robert Buss,

P.E. was in charge of the design. Clear Creek Associates completed the hydrologic feasibility of

the PVRP and has completed hydrologic feasibility studies for numerous USF and WS projects.

Donald Hanson, R.G. managed the project and Steven Corell, R.G. completed the groundwater

modeling. Resumes for the professionals listed above are included in Appendix I. Ray Murrieta

is identif ied as the Awc operator of the facil ity, whose qualif ications are also included in

Appendix I.

E. FINANCIAL CAPABILITY

Arizona Water Company has the financial capability to construct and operate the facility as

described herein. The total construction costs are estimated at about $4,800,000. Total annual

operations and maintenance costs are estimated at about $64,000 not including water cost and

delivery, and $2,000,000 with water. Supporting documentation can be found in Appendix J.

F. LEGAL ACCESS

Arizona Water Company owns the property where the PVRP is located. A copy of the special

warranty deed is included in Appendix K.

AWC has obtained a pipeline easement across Arizona State Land from the CAP canal to the

project. A copy of the lease is included in Appendix K.

AWC has legal access to the CAP water. A copy of the CAP agreement is also included in

Appendix K.
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FIGURE 4b
PROPOSED MONITORING WELL

DESIGN

PVRP SITE

I

la III

1

120 Feet

50 Feet

40 Feet

47 Feet

105 Feet

20 Feet

1 Foot

3€'

1,

I

=».

4

¢

4

a t

.'_-i . "

x.¢-*v3ri.4-*

4-inch Flush Threaded SCH 40 plc
Slotted Well Screen (0.030-inch slots)

4-inch Low Carbon Steel Blank Casing

4-inch Flush Threaded SCH 40 plc
Blank Casing

2'x3'x2'Above Ground Steel Vault

Threaded SCH 40 plc End Cap

Approximate Depth to Groundwater

97/8 inch Borehole

Silica Sand Filter Pack
(8-16 sieve size)

Bentonite Seal

3'x4'x4" Concrete pad
' Ground surface

Cement Seal

Not To Scale

CLEAR
CREEK /:>*J
ASSOCIATES
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YEAR sties Tim up

7v mp"S'2 i
PERCENT

ERROR
STORAGE

consT
HEAD WELLS RECHARGE

INTERBED

sTORAGE

TOTAL

INFLOW STORAGE

co n sT
HEAD WELLS ET

STREAM

LEAKAGE

TOTAL

DUTFLOW

1922 1 1 80 23 1 254 359 41 253 60 363 10.309
1923 2 10 96,128 30,151 8,401 9 , 3 7 0 3,0s1 s,9s5 234,715 12,495 13,105 94,zoa 84,107 30,435 see 235,814 10.121

1924 3 10 77374 31,655 s,424 83,861 1,333 7,743 210,454 4,761 13,221 97,457 70,902 23,700 316 210,367 0.01
1925 4 10 so,:ro3 32,124 8,424 57,783 1,04? a,o17 198102 1,so? 12,54? 99,4sa 61,189 22514 106 197,932 0.02
1926 5 10 74,974 32473 8,424 A n n a 1,046 7,721 192,426 1,zs9 12,512 102,468 53875 22038 8 ? 192,269 0.02
1927 6 ID 50,487 32,747 a,424 ao,043 1,045 6,544 89,292 1,769 12,205 104,461 43,371 21,599 104 189,115 0.02
1928 7 10 59,055 32,956 s,424 50,043 1,047 6 2 2 5 187750 1,512 11,922 107467 45,151 21,4as 97 187,587 0.02
1929 8 10 47,370 33,109 a,424 93,550 1,047 5,320 188920 3,520 11,756 109,4ss 42,531 21233 223 188,787 0.02
1930 9 10 41,260 33231 s,424 1a0,s30 1,0as 4,575 219502 11,911 11,557 133467 40,939 20710 855 219,499 0.00
1931 10 10 39,142 33345 s,424 160,234 1,144 4,444 247,333 15,094 11,440 15a,466 40,114 20335 1,256 241,306 0.00
1932 11 10 56,336 aa,786 9,clas 156,944 1191 5,361 263,205 B,5o1 11,340 183,072 39,413 20,091 746 263,163 o.oo
1933 12 10 s5,6-1 33,804 9,oas 143,523 1,232 8,81a 282,141 s,ss2 1 1 2 4 3 203,070 3 5 4 3 1 19889 540 282036 0.01
1934 13 10 141,519 33,852 9,oaa 176,715 1,259 9,043 311,541 14,9s9 11,135 233,011 3 1 5 7 7 19,129 1,223 311,693 ( o m
1935 14 10 8 2 3 1 7 33,525 9,0as 292,014 1,357 1,630 425,943 92,112 11,363 257,455 37,064 19,490 5,235 425,718 0.01
1936 15 10 104,715 33,007 9,0ss 247,743 1,510 10,318 ao6,aa1 54,907 11,753 279,226 36577 19,1ss 4,a7o 406,521 [0.01]
1937 15 10 98,156 32,414 9,osa 279,5a0 1,691 9,aa2 430,621 56,398 12,129 300,813 36,197 1s,s46 5,693 430,243 0.02
1938 17 10 129787 31,982 s,os8 218,287 1,593 14,421 405,1ss 19 788 12,435 317898 34,689 1a,s91 1,480 405,179 ( M G I
1939 18 10 1 5 2 6 9 1 31,575 9,0ea 21?,858 1,570 15,400 428,182 16 , -no 12,649 347952 31,311 1 5 , 9 9 1,057 428,319 ( D P I )
1940 19 10 152,591 29,958 9,oaa 257,014 1,542 14,981 465,182 29,955 12,950 3711551 29,055 19,862 1,946 465,351 ( u m )
1941 20 10 135,945 29913 9,oss 358005 1,741 14,753 549,445 71,304 1 3 1 1 4 411414 29,124 1s,14a 5,613 549375 0.00
1942 21 10 192,347 2a,s4o 11,sao 381987 1 ,s2 '.r 17,862 634,342 69,151 14,339 496,242 30576 i s ,195 5,ans 634320 o m
1943 22 10 113,511 28628 11,sao 397150 1,s53 17,295 5 3 0 , 1 3 57,143 15,244 500,539 32835 18,425 4,575 630062 0.00
1944 23 10 1 8 7 5 8 1 26,253 11,6so 372,525 1,942 1 4 4 9 8 518,480 25,2a2 2 0 , 9 ? 519,425 33,221 17,933 1,95a 618,505 (000)
1945 24 10 266142 25,590 11,680 as5,45s 1,919 25,829 686619 14,931 25,607 s9s,402 ao,1s3 1 8 4 7 7 95? 585,535 0.00
1946 25 10 347,611 25,149 11,6so 311,280 1,99s 32,555 731275 8,974 m o s s 648453 25,40? 1 7 7 4 2 566 131,290 0 . w
1947 26 10 390,188 26849 11,680 307613 1,554 a4,auo 772,983 9,254 33393 691,027 20,826 1a,045 514 773059 ( 000 )
1943 27 10 528539 25,147 11,580 390,573 1,894 49,025 1,006,as9 s,ana 35,722 927672 17, 102 17,5s7 377 1,006,858 (0430)
1949 pa 10 583,505 22757 1 1 , 8 0 491,299 1,95? 51,469 1,162,778 23710 2 9 0 2 1 1016,256 15,154 17,160 1,542 1,162,842 W n u l
1950 29 10 579,109 11,691 11,680 395563 2,111 46,963 1,053,?23 9,201 34,585 979396 1 3 7 1 2 16,219 693 1 0 5 3 8 0 6 ( o m
1951 30 10 so-\,sus 20,285 11,6ao 380,251 2,390 52,789 1,0?1,903 9,526 31,602 991,331 1 1 6 2 6 15,410 492 1,071,986 (o.o0)
1952 31 10 470,574 21,704 15,501 451,981 2,569 4 3 , 9 2 1,006,070 23,034 37,222 919,072 1 0 3 6 7 14,551 1,759 1,006,114 ( o m )
1953 32 10 aas,uo4 22,567 15,501 454,960 2,555 94,751 1,425,571 14,704 38,435 1,341,791 9,418 15,011 442 1,425,501 ( 0 0 0 )
1954 33 10 s27,seo 21,22? 15,601 510,682 2,as7 74,607 1,252,565 24,011 39,695 1,150,637 8,994 16,306 1,571 1,251,214 0.03
1955 34 10 590,092 18353 15,601 537 107 2,834 82263 1,246,260 15,379 39,886 1,153,537 s,942 17,455 889 1 2 4 5 1 8 8 0.00
1956 35 10 633,977 15,566 15,501 378,141 3,047 82214 1. 136,546 4,103 39,839 1,063,039 a,o3a 13,725 311 1,134,058 0.05
1951 36 10 528,599 19,451 15,601 378,182 2,012 ss ,9s1 1 1 3 2 8 8 6 4,609 39,932 1 0 6 9 0 9 5 7,119 11,534 239 1,132,878 0.00
1958 37 10 587,471 19,1s4 15,601 524,974 1,035 101,172 1 2 5 0 0 1 0 24,a98 41,785 1 1 6 4 2 3 8 6,67? 10,534 1,612 1,250,044 (0.00)
1959 38 10 631632 19,404 15,601 4 s 5 , 2 n ?54 103,452 1,236,130 4,3s4 43,741 1,171,659 6,287 9,sus 253 1,236,142 ( 0 9 0 )
1960 39 10 535963 20,476 1s,so1 490,397 ms 92,399 1,156,081 11,90s 44,732 1,075,367 5,a9a 9,457 I r s : 1 1 4 8 ,2 8 0.17
1961 40 10 677805 21,910 15,601 334,567 698 96,362 1,197,443 7,155 45,4aa 1,12a,139 5453 a,9ss 499 1,191,420 0.00
1952 41 10 558,602 23,039 15,601 440,362 716 74, 728 1,113,045 19,90a 46,532 1 0 3 1 4 ? ? 4,960 B,os2 1,535 1112,576 o m
1953 42 10 546736 21,952 16,a88 401,943 7s3 ao,242 1,065,053 20989 41,206 9a4,s4s 4,514 5,357 876 1064 ,791 0.08
1964 43 10 632,187 21,230 16,365 436 189 840 121,539 1,228,350 aa,94a 42,623 1 1 3 6 3 6 4 4,230 5,992 593 1,223,751 0.09
1965 44 III 391, 167 25,222 1s,a65 545,216 ssh 65,159 1,044,712 79,6-4a a4,usa 8 9 3 0 2 1 4,9a8 19,141 4,697 1,035,498 0.22
1966 45 10 411,567 2?,247 15,365 467,083 9?3 61,051 9a4,2s5 34,056 30817 897,612 4,5so 7,096 1,1191 976,053 0.21
1957 45 10 4s3,ss5 33,605 16,355 596743 289 8 5 9 3 7 1196,525 49,633 27,893 1,095,041 4,393 9,919 1,505 1,188,384 0.17
1968 41 10 414,222 31,171 15,355 452,629 1,a11 52,201 961,898 21,745 2 8 2 4 1 890,725 3,a1o 5,237 2,92 955,441 0.25
1969 pa 10 45s,14a ao,5s2 15,365 471,325 1,a4o 72,320 1 0 8 1 0 8 1 21,185 27529 1,015,988 3,115 4,022 793 1,073,636 0.17
1970 49 10 415,891 27,-la4 15,365 410,011 1522 52,122 924,525 1 4 4 4 6 28,s2s 867,769 2,115 2.,30s 2,441 919,506 0.14
1971 s o 10 445,727 27,350 16,355 317787 939 49,396 858,094 12,515 a2,s5a 796,609 2,446 2,492 2,109 819078 0.25
1972 51 10 314,873 2 9 8 6 1 16,355 471,371 ans 44,017 876832 41,300 28,451 778,237 2 7 4 8 8,442 3,100 s6s,279 0.25
1973 52 10 414,453 27,774 15365 513,823 1,34? 64,29a 1 0 3 8 0 5 1 37,357 27,591 959,595 2,511 a,sso 1,160 1,032,380 0.14
1974 53 10 515,032 28753 15,365 564,265 346 89,475 1,214,237 4o,osa 2s,sao 1 1 3 5 3 6 4 2,101 1,?ao 910 1,207,753 0.13
1975 54 10 425,965 34129 16,365 511,04? 41 s4,sss 1,053,435 t o 14? 24,786 982,553 1,19a L a n e 1,720 1,042,312 0.27
1976 55 10 475,559 32,5sa 16,355 432,353 10 69,09s 1028,982 14,033 25,111 977,961 1,552 1,126 525 1,0201318 0.21
1977 56 ID 516693 31,304 15365 426952 15 75,149 1,057,087 30,345 22154 1,005,510 1,440 1,091 979 1061,519 0.13
1 9 8 57 10 210844 32,164 1 5 ,3 8 511,910 591 36,624 908,497 128358 22,362 732,323 1,91? 4,159 7,556 8961984 0.32
1979 so 10 2M ,585 32,244 16,365 505,549 328 32,937 832008 15,550 21,505 718,549 1,a5s 1,946 5,219 525,627 0.19
19m kg 10 271,164 34,153 16,355 676,515 59? 45,935 1 0 4 7 7 9 0 132703 20,653 s7o,us4 1912 5,310 5,447 1,037,089 0.25
1981 60 10 321,474 2.z,s43 16,365 531,333 300 641,31? 1,059,132 so,aae 21,139 9ss,:r1s 1,635 1,599 2,aa9 1,060,027 0.21
1982 61 10 282,290 31,120 15,365 517,861 4 45,369 899,010 34,579 1s,ns 833323 1,322 1,110 2,64? a91,17tJ 0.20
1983 62 10 120,814 39,'.r:rs 11,365 942,323 432 14,352 1 1 3 5 0 6 4 5701428 19,421 475207 2,929 29,905 aa,44o 1, 131,332 0.08
1984 63 10 223,829 37,747 14,105 570,820 211 31,979 985,290 282,778 19,054 640,495 a,245 17,295 1 5 5 3 5 978,413 0.18
1985 54 10 154,194 39,024 14,705 775,941 607 35,161 1020231 287,515 19,129 653453 3,306 20,952 1 6 6 1 4 1,010,969 0.23
1986 65 10 199,900 37,385 14,705 562443 53? 21,016 8414985 211,659 18620 583,104 2,703 6,61? 13,12? 835840 o.1a
1987 66 10 188,461 36,553 14,105 544077 1,139 27,459 812,394 164,594 1B,252 510,652 2094 2,993 101017 808,611 0.12
19Bs 6 ? 10 1291089 34,975 14,105 624,426 127 19,524 822,146 195,511 1B,521 589,991 : J o e 1,540 10,595 819,033 0.12

EB 10 127,077 34,192 14,105 558861 20 18213 853,057 211,245 1a,651 599,174 1,419 1,186 12,15? 850,861 0.05
1990 69 10 215,213 30,466 14,705 415519 11 16758 692,672 196,259 1 9 3 8 7 455,841 1,320 1,359 17,904 a93,oso [0.01]
1991 TD 10 112,053 3 6 5 3 1 14,:ms 495868 3 10,643 669832 12s, 194 17,507 509,642 1,38 1,s90 10,509 659,100 0.03
1992 71 10 51,030 41,089 14,705 645,0a7 133 4,oa4 756,078 404,224 16,200 300,735 1,176 7,20? 35,212 765353 0.02
1993 72 10 32,743 42,061 15,705 1,278,696 14,954 z,s4a 1,386,703 920,071 19,065 275482 12,781 91,313 67,431 1385,145 0.01
1994 73 10 207,661 41,713 14,705 592,257 2,195 15,155 873745 413,723 19,463 394,555 a,396 11,024 2s,0n5 875,458 (n.05)
1995 74 10 3a,16s 40,643 14,705 725,436 597 4,278 823827 333,907 19,040 433884 s,2o7 5,630 23453 821,122 o ne
1995 75 10 94,518 39,913 14,705 716,253 1,21s 10,985 877,s91 277,029 18,976 557851 4,691 a,1os 16,447 878109 ( o m )
1997 TO 10 128,555 aa,1o8 14,105 596878 258 9,943 7891046 263,551 1s,4a4 482,094 a,5o-s 1,??5 19,701 789,445 (0101)
1998 7? 10 ?2,259 35,215 14,705 sss,399 55 5,090 712,725 234,938 1a,sas 435,180 2,162 1,460 1 7 6 2 5 ?11,601 0.04
1999 TG 10 139,145 32,830 14, ins 491,216 41 10,614 689210 193,121 18,935 459,137 2,233 1,427 14,265 689,118 0.00
2000 79 ID 109,001 31,457 14,705 543,669 70 5,975 712881 225,530 1s,941 447,65s 2,053 2,032 1 6 1 7 4 712,385 0.02
2001 BO 10 100,555 3 2 2 3 6 14,105 532599 4? 6,100 686,a41 211,321 1 8 2 2 5 429,293 1,so4 1,494 1?,?10 sss,s4s 0.02
2002 81 10 101,597 a0,eas 14,105 534894 33 s,54:5 596,722 214,118 1 8 2 8 7 449,954 1,557 1,599 13,678 699,354 : o m
2003 82 10 130,854 29,643 14,705 523416 so 1 4 2 3 6 712,914 157,406 1s,400 523,416 1,662 1,179 9,340 712005 0.03
2004 s o 10 112489 a1,662 14,705 514,233 85 9,299 682,472 145,572 14294 509,755 1,?20 1915 1o,sus ss2,o6s 0.01
2005 54 10 50,505 34,172 14,705 589,991 100 a,aaa 592,809 234,294 17,765 415,519 1,770 1,720 21,557 592526 0.01
2006 as 10 29,844 34,597 14, Jus 695,592 303 2,321 777,362 294,19a 1a,530 433884 2,361 7,519 18931 775,422 0.06

T A B L E 4 .  M O D EL  W A T ER  B A L A N C E ( 1 9 1 3  .  2 0 3 4 )
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YEAR stress Tim up

/ ,8;
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PERCENT

ERROR
STORAGE

consT
HEAD wE u5 RECHARGE

TOTAL

INFLOW STORAGE

CONST

HEAD WELLS ET

STREAM

LEAKAGE

INTERBFD

STORAGE

TOTAL
ouTfLow

zoo? 86 10 61983 33857 14,105 531,313 1,305 4,975 74s,148 229,686 1s,7ou 482,094 2,350 4,121 14,051 751,013 10.101

2008 87 10 68,871 33,120 14,795 5708.-no 1,163 6,a5a 795056 204,740 1a,a44 s4s,ss.9 2,202 3,046 13,579 791,130 0.12
2009 88 10 so,349 30885 14,705 560,147 509 s,oea 691,653 152677 18,896 502,755 2,065 2,1ss 15,265 a93,844 (Una)
2010 89 10 so,sn 29,594 14,795 550, 147 131 3,a52 677299 139,098 1a,a35 502,755 1,979 1,5a2 12,sa0 676,930 0.01
2011 90 10 611983 28,sss 14,105 550,147 T1 3,905 se9,ses 132,370 18810 502,755 1,943 1,sss 11,948 saa,as2 0.01
2012 91 10 57,392 2s,309 14,105 560,141 63 4, 174 664789 128,804 1s,ao2 502755 1,939 1,508 11596 655,404 ( o m )
2013 92 10 55,096 2 '.r,s66 14,697 560,147 a s 4,263 662,127 125,043 1B,812 500,459 1,966 1,4ao 11,30:r 559.017 0.12
2014 93 10 43,209 27,491 14,659 569,330 56 3,894 6sa,64s 126,694 18,83? 502755 2,018 1,465 11,538 s6a,30a 0.01
2015 94 10 45,914 2T,163 14,659 592287 56 3,701 653,789 145348 18,872 502,755 2,092 1,463 12,151 683292 0.02
2015 95 10 41,322 2s,ss9 14,sos 592287 58 3,337 678,540 140,9sa 18915 500,459 2,191 1,469 13,091 677,115 0.05
2017 96 10 39,027 26,59s 14,569 592287 60 3,0€19 675,549 13T,250 18974 502,755 2,318 1,4s3 13,157 615,936 lam)
2018 97 10 35,731 26,343 14,669 592287 64 2,756 672,850 133,932 19,043 500,-w9 2,456 1,503 13,122 670,525 0.09
2019 is 10 34,435 26,100 14,659 592,287 59 2,570 670,130 131,095 19,122 502,755 2,634 1,528 13,054 570,188 (000)
2020 g o 10 32,140 25,866 14,see 592,287 75 2,423 667,45 s 128,424 19,209 sou,4ss 2,a2a 1,58 12,954 665,43? 0.08
2021 100 10 29,814 25,639 14, sos 592,287 103 2,248 564190 125959 19,300 500,459 a,u34 1,614 12,a4s 653,242 0.06
2022 101 10 27,5sa 25,415 14,669 592,287 216 2,14? 562,282 123,641 19,395 502755 3,278 1,75s 12,717 663,546 l0.05)
2023 102 10 25,253 25,201 14,659 5s4,sa2 358 1,99a 662,060 121313 19,494 509,459 3,560 1,936 12,503 659,365 0.10
202. 103 10 25,253 24,9sa 14,659 sa9,991 551 1,aso 651,301 118782 19,592 500459 a,a69 2,16? 12,460 657328 (050)
2025 104 10 22,95? 24,719 14,se e 592287 T44 1,7sa 657,193 115,397 19,689 500,459 4,195 2,401 12,256 654898 0.09
2025 105 10 20,661 24,575 14,569 592287 910 1,606 554;70s 113,686 19,787 5m,459 4,537 2,612 12,083 6sa,1ss 0.06
2021 106 10 18,365 24376 14,569 589,991 1,172 1,496 sso,os9 111,580 19,s90 sw,459 4,a9s 2,922 11,922 651,775 l a m )
2028 107 10 18,365 24,155 14,669 539,991 1,459 1,351 650029 109,254 2o,oon 500,459 5,25a 3,265 11,750 649,990 0.00
2029 108 10 20661 24,007 14, ass 585,399 1,720 1323 97,719 104,939 to, 136 500,459 5531 3,594 11,450 s4s,zo9 0.05
2030 109 l a 16,070 23,s44 14, hes 5a5,a99 1,740 1,190 512,912 101917 20,281 49a,163 5,013 a,a3s 11217 641,427 0.06
2031 110 10 18,365 2a,sa7 14,569 583,104 1,sao 1,577 543,081 99,802 20,389 5m,459 6,397 3,972 11,014 642033 0.04
2032 111 10 20,661 23,535 14,669 573,921 1,525 1,76? 635,178 93956 20,433 500,459 6,791 4,093 10,44s sa6,2ao (0001
2033 112 10 16,070 23389 14,669 5T3,921 1,574 1,515 631,137 89843 20,553 498,163 7,200 4,208 9,9641 529,942 0.05
2034 113 ID 20661 23,246 14,sos 5591330 1,525 1 ? 1 6 631,148 se,9so zo,644 500,459 1623 4,319 9,631 629,638 0.06

mi

M

10301

0.32

TABLE 4. MODEL WATER BALANCE (1923 . 1034)
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Appendix A

DRILLERS LOG SUMMARY FOR SECTION A-A' AND B-B' ON FIGURE 5

AND FIELD INVESTIGATION BORING LOGS

FINAL AWC PVRP USF Hydro Study.docx
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CADASTRAL INTERVAL DESCRIPTION

(0-06-08)24ada 0- 10
10-1a0
180-490

490-1,390
1,390-1,570
1,570- 1,760
1160- 1,850

:email
silly sand
swdvdav
sinydav
silufmsandvdav
dayeysilt
bnownish sitysand8»glave|

(D-06-09)06ded 0-10
10-20
20-70
70-90
90-120
120-135
135-140
140-150
150-155
155-187
187-203
203-222
222-255
255-259
259-292
292-295
295-324
324-329
329-356
356-360
360-435
435-490
490-518
518-575
575-720
720-726
726-778
778-796
796-874
874-910
910-944
944-995

995-1,050

4¢° ° MP° S¢<l granite

up soi l
calicle. sand & some day
sand. some grand a day
sandy day & some grand
sandy day. sand stone with hard steaks (water @ 130')
decomposed granite quartz
sandy day
darklille sand
éanay any aim ham sandstone streaks
red day & some sand
Me sandy day
red day a. gravel
broken quartz 8\ hard calicle
red day & some sand
red, hard shale
red day
red shale
red day
red shale & sandstone
red day 81 hard streaks delay shale
red day shale & sandstone
red day
rd day shale & sandstone
silfyday
silly day a sandstone
silly day
brown day shale
silly day .
sill. fine sand & day
line AM day sandstone & broken quartz
day
sandyda_y. hard streaks with sorneqraveltr sandstone

(0-06.09)07caa 0-30
30-50
50-155
155-160
160-165
165-175
175-295
295-305
305-325
325-335
335-789
789-792
792-925

925-1,045
1.045-1.055
1,055-1,000
1,060-1,077

Dav
said
day
said
day
sal1d&wam'
Dav
hard sand

Dav
had sand
day
sand

day
dayasaminsua»al=saah¢m5'ead1
haru abasivesam
havdday
had abaasiweoelnentedsand

IIII II



CANAS1RAL Il41ElwAL DESCRIPTION

(0.06.09)07cdd 0 - 20
20-45
4s-ss
55-65
65-445

445-460
460-770

770-1,045
1,045- 1,140
1.140-1.210
1.210-1,600

sand. day & didue
day
sand
anent

lishlday
cement sand
day
day.Mesal1d8\siK
da dayshaseasana
gravel
gl2vGI\ndlhstlaIao[day

(D-06-09)18bad 0- 10
10-so
50-60

60-220
220-240
240-450
450-470

410-1,150
1,150- 1,160
1,160- 1,110
1.170-1,260
1.260- 1.275
1,275- 1,440

topsoil
sandy day
sanaagraveu

day
Sand 8\g|2rvd

day
sandstone

day
sand&gravd
day
sand8»gravd

day
sand&gravd

(D-06-09)18bda 0-41
47-63
63- 105
105-115
115-133
133- 144
144-170
170-255
255-263

263-1,095
1,095- 1,402

sandy day
eoarsesand

sandvchy
eoarsesand
sandyaaywimsmausuaeaasana
gl8vel&bculdefs
cemented shalandjoimea day
day
sand&gravd

sinvday
conglo_nlelatedda sand&glayeI

(D-06-09)30aalc 0-22
22- 115
115-210
210-390
390-450
450-460
450-473
473-495
495-505
505-517
517-531
531-537
537-550
550-580
580-582

alt&dryday
dry day
sanyday
daywithsomeglavd&sll
stidcyday
day.someglave&ooalsesand
day
stidcyday
dfvday
day shale
v-vwnsvdwdavq
day a finesandq
stidwdav
dvday
sand
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CADASTRAL INTERVAL
582-586
586-595
595-600
600-615
615-621
621 -630
630-640
640-695
695-710
710-715
715-736
736-812
812-821
821 -941
841 -B85
885-893
893-906
906-919
919-925
925-940
940-978

97s-1,005

DESCRIPTION
fed stidvdav
smvday
aayasand
bmwnday
|ig||¢h|uwn 5u¢|¢yday
=\id<vd=y
day&sit
dry.hadday
s\id<Yd2Y
dry hafd day
stidxyday
dry.haldday
day&somesand
slidcyday
dry.haldday
dry, hadday
hard day sh8e
sillvday
stidcyday
r e d d y
sinvdav
said<yqay_

(0-06-09)33bad 0 - 5 0
so- 176

176-267
267-300
300 -421
427-500
500-575
575-650
650-758
7 5 8 - n 0
770-950

950-1.085
1,085- 1,100

sl1t&sand
salad&glavel
daywithsandshleaks
boulders
sand withdaysheaks
sand&gra~el
day
sand&gravelq
sand&glavdwithdaystreaks
day
sand&gla~elwithdaystreaks
salad&gavel

.d=x.
(D-07-08)25001: o - 1 o o

100-180
180-200
200-260
260-380
380-400
400-440
440-470
470-500
500-520
520-580
580-620
620-G80
680-710
710-770
770-860
s e a - s a c
930-960

9e0-1,020
1.020-1,400
1,400-1.944

sand
gravel

Dav
gravel
sand
gravel

sand
sill
sand
sill
sand

d°\f
sand

day
sand
silt
sand

day
sand

sillandday

_dev

Data Source:

Montgomery & Associates, Inc. Feb. 2009. Report. Recovery Wellfield Siting Study Phase 1

Pinal County, Arizona. Prepared for Central Arizona Project.

ADWR Wells-35 Registry Database.
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GEOTECHNICAL ANALYSES
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Project No.
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Report Date:
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7/25/2014
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Submitted By: Client

Authorized By: Client
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L140 ADDITIONAL TESTING

Comments: NT denotes material not
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* denotes material out

of specification.

Laboratory test resits reported herein apply only to the
spedtlc sample on which the test was run. The above services
and report were performed pursuant lo the terms and
conditions of the agreement or proposal. if any, between SA
aid lent. SA warrants that this work was performed under the
appropriate standard of care. Including the skill and ludgement
that is reasonably expected from simitariy situated
profssslonals. No other warranty, guaranty, or representation,
either express or Implied is tnctuded or intended.

Reviewed by
- I HIP
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Copies Io: Addressee (1)
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PHYSICAL PROPERTIES

RESULTS

TARGET/

SPECIFICATION

LIQUID & PLASTIC PROPERTIES, ASTM D 4318
Liquid Limit

Plastic Limit

Plasticity Index

28

14

14

I
I

i

SPEEDIE
ANDASSQCIATES
Geotechnical Environmental Materials Engineers
3331 EAST WUDD STFIEET• pHoEnix, AH|Z0NA 85040

F'hysical Propertie§_g[ soil and Aggregate

Client: Clear Creek Associates, PLC
ATTN: Tyler Levon
6155 E. Indian School, Suite 200
Scottsdale, Az, 85251

Project No.
Lab No.
Field No.
Report Date:

141101.LA
422348 .
N/A.
7/25/2014

Sampled By: Client

Submitted By: Client

Authorized By: Client

Date: 07-09-14

Date: 07-11-14

Date: 07-11-14

Project: Pina! County Recharge Site

Location: Pinal County Recharge Site

Material: Sandy Leangiay _

SourcellD: Boring No. 2 @ 15'

Supplier: Unknown

Sample Location: Not Available _ __

SIEVE ANALYSiS - to_§TM C 136 & D 1140 AQQLTIONAL TESTING

Comments: NT denotes material not

tested for this property.

* denotes material out

of speciflcatiun.

Laboratory test results reported herein apply only to the
specific sample on which the test was run, The above services
and report were performed pursuant to the terms and
conditions of the agreement or proposal, If any, between SA
and client. sA warrants that this work was performed under the
appropriate standard or care, Including the skill and judgment
that is reasonably expected from similarly situated
professionals. No other warranty, guaranty, or representation,
either express or implied is included or intended.

Reviewed by

Laboratory Manager
Copies to: Addressee (1)



LABORATORY REPORT

SI EVE

SIZE in/mm

CUMULATIVE

% PASSING

PROJECT

SPECIFICATION

6 I150.0
3 I 75.0

2%/62.5
2 I 50.0

1% / 37.5
r I25.0

A I 19.0
%/ 12.5
% / 9.5
%/6.3

#4 / 4.75
#8 I 2.36
#10 I 2.00
#16 / 1.18
#30 / .600
#40 / .425
#50 / .300
#100 / .150
#200I .075

100
100
100
100
100
100
100
100
100
100
99
98
97
93
87
83
78
64

49.7

PHYSICAL PROPERTIES TARGET!

SPECIFICATIONRESULTS

2 7

1 4

1 3

L I Q U I D  a  P L A S T I C  P R O P E R T I E S ,  A S T M  D  4 3 1 8

L iqu id  L im i t

Plas t ic  L im i t
Plas t ic i t y  Index

/

SPEEDIEAr ASSOCIATES
Geotechnical  I  Env i ronmental Materials  Engineers
3331 EAST WDDD STREET • PHOENIX, ARIZQNA B504O

Physical Propeg'tig§_pf_§oil and Aggregate

Client: Clear Creek Associates, PLC
ATTN; Tyler Levon
6155 E, Indian School, Suite 200
Scottsdale, Az, 85251

Project No.
Lab No.
Field No.
Report Date:

141101LA
422349
N/A
7/25/2014

Sampled By: Client

Submitted By: Qlient

Authorized By: Client

Date: 07-09-14

Date: 07-11-14

Date: 07-11-14

Project: Pine! County Recharge Site

Location: Pinal County Recharge Site _

Material: Clayey Sand_ _

Source/ID: Boring No. 2 @20'_ _

Supplier: Unknown

Sample Location: Not Available ___ _

SIEVE ANALYSIS ... ASTM C 136 & D 1140 ADDITIONAL TESTING

Comments: NT denotes material not

tested for this property.

-nr denotes material out

of specification.

Laboratory test reaulls reported herds apply only to the
specllic sample on which the test was Mn. The above services
and report were performed pursuant to the rems and
conditions of the agreement or proposal, ll any, between SA
and client. SA warrants that this work was perlonmed under the
appropri Te standard of care, inducing the skill and judgment
that Is reasonably expected from similarly situated
professionals. No other warranty, guaranty, a representation.
em-.er express or implied is included or intended.

Reviewed by

Laboratory Manager
Copies to: Addressee (1)

III I



LABORATORY REPORT

SIEVE
SIZE inly

CUMULATIVE

% PASSING

PROJECT

SPECIFICATION

6/15a0
3/750
298/625
2/500
1%/315

Ir/250
A/190
%/125
%/95
%/63
#4/475
#8/236
#10/200
#16/148
#30/.600
#40/.425
#50/.300
#100/150
#200/.075

100
100
100
100
100
100
100
100
t00
100
99
97
96
92
86
83
78
68

56.5

PHYSICAL PROPERTIES TARGET/

SPECIFICATIONRESULTS

30

14
16

_IQUlD & PLASTIC PROPERTIES, ASTM D 4318
Liquid Limit

Plastic Limit
Plasticity Index

/

I

SPEEDIEANDASSQCIATES
Geotechnical Environmental Materials Engineers
8331 EAST WOOD STFIEET • PHOENIX. ARIZONA 85040

Physical Properties of Soil a_nd Aggregate

Client: Clear Creek Associates, PLC
ATTN: Tyler Levon
6155 E, Indian School, Suite 200
Scottsdale, Az, 85251

Project No.
Lab No.
Field No.
Report Date:

1411 QS LA

422350
N/A

7/25/2014

_

_ _
Date: 07-09-14

Date: 07-11-14

Date: 07-11-14

__ Sampled By: Client

Submitted By: Qlient

Authorized By: Client

Project: Pinal County Recharge Site

Location: Penal County Recharge Site

Material: Sandy Lean Clay

Source/ID: Boring No. 2 @25'

Supplier: Unknown

Sample Location: Not Available

SIEVE ANALYSIS - ASTM C 136 & D 1140 ADDMONAL TESTING

Comments: NT denotes material not

tested for this property.

* denotes material out

of specitkzation.

Laboratory lest results reported herein apply only to the
spedic sample on which the test was Mn. The above services
and report were performed pursuant to the terms and

conditions of the agreement or proposal, if any, between SA
and client. SA wanrarlts that this work was performed under the
appropriate standard of care, including the skill and ludgemenl
that is reasonably expected from similarly situated
professionals. No other warranty, guaanly, or representation,
either express or implied Is Included or irrlended.

Revlewed by /©,,..4.
Laboratory Manager

Copies to: Addressee(1)



LABORATORY REPORT

SIEVE
SIZEinly

CUMULATIVE

% PASSING

PRGJECT

SPECIFICATION

6 / 150.0
3 / 75.0

2%/62.5
2 I 50.0

1% I37.5
. 1 2 5 . 0

4 I 19;0

M / 12.5
% I 9.5
% I6.3

#4 f 4.75
#8/2.36
#10 / 2.00
#16 I 1.18
#30/ .800
#40 / .425
#50 / .300

#100 / .150
#200 / .075

100
100
100
100
100
100
100
100
100
100
100
99
98
95
89
87
82
72

50.6

PHYSICAL PROPERTIES

RESULTS

TARGET/

SPECIFICATION
LIQUID & PLASTIC PROPERTIES, ASTM D 4318

Liquid Limit
Plastic Limit
plasticity Index

31
16

15

/

SPEEDIEANDASSDCIATES
Geotechnical I Environmental l Materials Engineers
3231 EAST WOOD STFIEET 1 pHoEnix, AFIIZCINA s5o4o

Physical _E';9p_er§ies of Roi_Iand Aggregate

Client: Clear Creek Associates, PLC
ATTN: Tyler Levos
8155 E. Indian School, Suite 200
Scottsdale, AZ, 85251

Project No.
Lab No.
Field No
Report Date:

141101LA
422351 _-
_n/A
7/25/2014

-

Sampled By: Client

Submitted By: Client

Authorized By: Client

Date: 07-09-14

Date: 07-11-14

Date: 07-11-14

Project: Pinal County Recharge Site

Location: Penal County Recharge Site

Material: Sandy Lean Clay

Source/ID: Boring No. 2 @30'

Supplier: Unknown .

Sample Location: Not Available

.Sl§8vE ANALYSlS - ASTM C 136 & D 1140 ADDITIONAL TESTlNG
-

Comments: NT denotes material not

tested for this property.

* denotes material out

of specification.

Labaalory test results reported herein apply only to the
specjtic sample on which the rest was Mn. The above services
and report were performed pursuant to the Isms and
conditions of the agreement or proposal, if any, between SA
and client. SA warrants that this work was performed under the
appropriate standard of care, Including the skill and judgment
that is reasonably expected from sirrilarly situated
professionals. No other warranty, guaranty, Ur representation,
either express or Implied Is induced or Intended,

Reviewed by
J

Laboratory Manager
Copies to: Addressee(1)

4
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LABORATORY REPORT

SIEVE
SIZE inly

CUMULATIVE

% PASSING

PROJECT

SPECIFICATION

6/15U0
3/750
2%/625
2/500
1%/315
-P/250
A/190
%/125
%185
%/63
#4/475
#8/236
#10/200
#16/148
#30/.600
#40/.425
#50/.300
#mo/A50
#200/.075

100
100

100
100

100

100
100
100

100
100
100

99
98

94

86
80
74

58
43.9

PHYSICAL PROPERTIES TAREET/
SPECIFICATIONRESULTS

Geotechnical I Environmental Materials Engineers
3331 EAST WOCID STREET • PHOENIX, ARIZONA 85040

SPEEDIEAnl:AssoclATEs

P h y s i c a l  P ro p e r t i e s  o f  S o i l  a n d  A g g re g a te

Client: Clear Creek Associates, PLC
ATTN: Tyler Levos
5155 E. Indian School, Suite 200
Scottsdale, AZ, 85251

Project No.
Lab No.
Field No.
Report Date:

14@1LA
42235_2
N/A
7/25/2014

-

-

Sampled By: Chert

Submitted By: client

Authorized By: Client

Date: 07-09-14

Date: 07-11-14

Date: 07-11-14

Project: Pinal County Recharge Site

Location; Penal County Recharge Site

Material: Clayey Sand

Source/ID: S1A

Supplier: Unknown _

Sample Location: Not Available _ _

SIEVE ANALYSIS - ASTM C 136 & D 1140 ADDITIONAL TESTING

Comments: NT denotes material not

tested for this property.

* denotes material out

of specification.

Laboratory test results reported herein apply only to the
spednc sample an which me lest was run. The above services
and report were performed pursuant to the terms and
conditions of the agreement or proposal, ll any, between SA
and client. SA warrants that this work was performed under the
appropriate standard et care, lndudlng the skill and judgment
that Is reasonably expended from similarly situated
professionals. No other warranty, guaranty, or representation,
either express or Implied is included or intended.

Reviewed by
-

Labora or Manager
Copies Io: Addressee (1)

_II



LABORATORY REPORT

Sl EVE

SIZE in/mm

CUMULATIVE

% PASSING

PROJECT

SPECIFICATION

6/ 150.0
3 / 75.0

2% l 62.5
2 / 50.0

1% / 37.5
.1 I25.0

A/ 19.0
M 12.5
% l 9.5
% / 6.3

#4/4.l75
#8 / 2.36
#10 I 2.00
#161 1.18
#30 / .600
#40 / .425
#50 I .300
#100 I .150
#200 / .075

100
100
100
100
100
100
100
100
100
100
100
99
98
95
89
84
77
64

52.3

PHYSICAL PROPERTIES TARGET/

SPECIFICATIONRESULTS

2 0

1 3
7

L I QU I D  &  PLAST I C  PR OPER T I ES ,  AST M  D  4318
L iqu id  L im i t

P las t ic  L im i t
Plas t ic i t y  Index

/

SPEEDIEANDASSOCIATES
Geotechnical Environmental Materials  Engineers
3331 EAST WDDD STREET • PHOE\IlX, ARIZONA85040

P h y s i c a l P r o p e r t y  Q r S o i l  a n d A g g r g g g t e

Client:

I

Clear Creek Associates, PLC
ATTN: Tyler Levon
6155 E. Indian School, Suite 200
Scottsdale, AZ, 85251

Project No.
Lab No.
Field No.
Report Date:

141101 LA
422353
N/A
7125/2014

-

Date: 07-09-14

Date: 07-11-14

Date: 07-11-14

Sampled By: Client -

Submitted By: Client

Authorized By: Client

Project: Pinal County Recharge Site

Location: Pinal County Recharge Site

Material: Sandy Silty Clay

Source/ID: SI B

Supplier: Unknown

Sample Location; Not Available

SIEVE ANALYSIS - ASTM C 1.36 & D 1140 ADDITIONAL TESTING

Comments: NT denotes material not

tested for this property.

* denotes material out

of specification,

Laboratory teal results reported herein apply only to the
specific sample on which the lest was Mn. The above services
and report were performed pursuant to the rems and
conditions of the agreement or proposal. if any, between SA
and client, SA warrants that ans work was performed under the
appropriate standard of care. indudlng the skill Ono iudgemenl
Thai is reasonably expected from Similarly situated
professionals. No other warranty, guaranty, M representation,
dtha express or implied Is included or intended,

Reviewed by

Laboratory Manager
Copies toz Addressee(1)

i

i

l I



LABORATORY REPORT

SIEVE

SIZE in/mm

CUMULATIVE

% PASSING

PROJECT

SPECIFICATION

6/ 1s0.0
3 / 75.0

2%/62.5
.2 / 50.0
1% / 37.5

r I25.0
Al 19.0
M I 12.5
% / 9.5
M I6.3

#4 I4.75
#8/2.36
#10/2.00
#16 / 1.18
#30 / .600
#40/ .425
#50 I .300
#100 / .150
#200 / .075

100
100
100
100
100
100
100
100
100
100
99
96
94
89
81
76
71
57

42.2

PHYSICAL PROPERTIES

RESULTS

TARGET/

SPECIFICATION

16
14

2

LIQUID & PLASTIC PROPERTIES, ASTM D 4318
Liquid Limit

plastic Limit
Plasticity Index

/

SPEEDIEANDASSQCIATES
Geotechnical Environmental Materials Engineers
3331 EAST W000 STREET • PHDENIX. ARIZONA 95040

-

Phygggfygperties of Soil and Aggregate -

Client: Clear Creek Associates, PLC
ATTN: Tyler Levis
6155 E. Indian School, Suite 200
Scottsdale, Az, 85251 .

Project No.
Lab No.
Field No.
Report Date:

141101 LA
422854
N/A
7/25/2014 4

-

_

Project: Pinal County Recharge Site

Location; Pine! County Recharge Site

Material: Silty Sand

Source/ID: S2A

Supplier: Unknown

Sample Location: Not Available
-

Sampled By: Client

_ Submitted By: Qenl _

. Authorized By: Client

Date: 07-09-14

Date:07-11 -14

Date: 07-11_-14

SIEVE ANALYSIS - ASTM Q 136 & D 1140 ADDITIONAL TESTING

Comments: NT denotes material not

tested for this property.

" denotes material out

of specification.

Laboratory test results reported herein apply only to the
spednc sample on which the lest was Mn. The above services
and report were performed pursuant to the terms and
conditions of the agreement or proposal. It any, between SA
and client. SA warrants that this work was perfom'led under the
appropriate standard at care, including the skill and judgment
that is reasonably expected from similarly situated
professionals. No other wenanty, guaranty, or representation,
either express or implied is included or intended.

Reviewed by

Labor ryManager
presto: Addressee(1)

\Il\IIluI



SIEVE

SIZE in/mm

CUMULATIVE

% PASSING

PROJECT

SPECIFICATION

6 / 150.0
3 / 75.0

2% I 62,5
2 I50.0

1% / 37.5
, 1  I 25 . 0

A/ 19.0
W  12.5
% / 9.5
% I 6.3

#4 I4.75
#8 / 2.36
#10 / 2.00
#16 / 1.18
#30 / .600
#40 / .425
#50 / .300
#100 / .150
#200 / .075

100
100
we
100
100
100
100
100
100
100
99
95
91
78
63
56
48
33

22.9

SPEEDIEANDASSQCIATES
Geotechnical Environmental l M l:eri Is Engineers
3331 EASTWOCID STFIEET • pHoEnix. ARIZONA B504D

Physical Properties of Soil and_Aggregate

Client 141101LA
422355

Clear Creek Associates. PLC
A`ITN: Tyler Levos
6155 E. Indian School. Suite 200
Scottsdale; AZ. 85251

Project No
Lab No
Field No
Reporl Date: '7/25/20t4

Project: Pinal County Recharge Site

Location: Pinal County Recharge Site

Material: Silty Sand

Source/ID: S2B

Supplier: Unknown

Sample Location: Not Available

SIEVE ANALYSIS - ASTM C 136 & D 1140 ADDITIONAL TESTING

Sampled By: Client

Submitted By: Client

Authorized By: Client

Date: 07-09-14

Date: 07-11-14

Date: 07-11-14

Comments: NT denotes material not

tested for this property

denotes material out

of specification

Laboratory test results reported herein apply only lo the
specitlc sample on which the test was Mn. The above services
and report were performed pursuant to the terms and
conditions of me agreement Ur proposal, Ir aw. between SA
and dlenL SA warrants that this work was pafomled under the
appropriate standard of care. lnduding the skill and ludgement
that is reasonably expected from slmllarty situated
professionals. No other warranty, guaranty, or representation
either express or Implied Is included or intended

Reviewed by

Laboratory Manager
Copies to: Addresses (1)



LABORATORY REPORT

SIEVE

SIZE in/mm

CUMULATIVE

% PASSING

PROJECT

SPECIFICATION

6/ 150.0
3 / 75.0

2% I 62.5
2 f 50.0

1% / 37.5
hi I25.0

A / 19.0
M / 12.5
% / 9.5
y,/6_3

#4/4,75
#8 I2.36
#10 I2.00
#16 / 1.18
#30 / .600
#40 / .425
#50 I .300
#100 / .150
#200 I .075

100
100
100
100
100
100
100
99
98
98
97
93
91
84
75
70
63
50

37.7

PHYSICAL PROPERTIES

RESULTS

TARGET/

SPECIFICATION

S
SPEEDIE
ANDASSOCIATES
Geotechnical Environmental Materials Engineers
3331 EAST WODD STREFI' I pHoEnix. AFIIZONA 85040

Physical Properties of Soil and Aggregate

Client: Clear Creek ASsociates, PLC
ATTN: Tyler Levon
6155 E. Indian School, Suite 200
Scottsdale, AZ, 85251

Project No.
Lab No.
Field No.
Report Date:

141101LA
422356
N/A
7/25/2014

-

- L

-

_ Sampled By: Client

_Submitted By: Client

Authorized By: Client

Date: 07-09-14

Date: 07-11-14

Date: 07-11-14

Project: Pinal CountyRechar.g_e Site

Location: Pinal County Reclprge Site

Material: silty_Sand

Source/ID: SSA _
Supplier: Unknown

Sample Location: Not Available_

SIEVE ANALYSIS - ASTM C 136 a D 1140 ADDITIONAL TESTING

Comments: NT denotes material not

tested for this property.

* denotes material out

of specification.

Laboratory test results reported herein apply only to the
specific sample on whim the test was run. The above services
and report were performed pursuant to the terms and
conditions or the agreement or proposal, if any, between SA
and cllenl. SA warrants Thai this work was performed under the
appropriate standard of care, including the skill and judgment
that is reasonably expected from similarly situated
professionals. No other warranty, guaranty, or representation.
either express or implied Is Included or intended.

Reviewed by

Laboratory Manager
Copies to: Addressee(1)

lllll N l



LABORATORY REPORT

SIEVE
SIZE inly

CUMULATIVE

% PASSING

PROJECT

SPECIFICATION

6/1590
3/750
2%/625
2/500
1%/315
If /250
A/180
%/125
%/95
%/63
#4/475
#8/236
#10/200
#16/148
#30/.600
#40 l.425
#50/.300
#w0/450
#200/.075

100
100
100
100
100
100
100
100
100
99
98
93
90
82
73
68
62
51

39.2

PHYSICAL PROPERTIES TARGET/

SPECIFICATIONRESULTS

16

13

3

LIQUID 8. PLASTIC PROPERTIES, ASTM D4318
Liquid Limit
Plastic Limit
Plasticity Index

/

SPEEDIEANDASSQCIATES
Geotechnical l Environmental I Matzeriais Engineers
3331 EAST WOOD STREET • PHOENIX, ARIZONA 85040

Phi$jc_a_! Pr o p e r t i e s  o f Soil and A g g r e g a te

Client: Clear Creek Associates, PLC
ATTN: Tyler Levon
6155 E. Indian School, Suite 200
Scottsdale, AZ, 85251

Project No.
Lab No.
Field No.
Report Date:

141101LA
42.857
N/A _
7/25/2014

- l
Sampled By: Client

.Submitted By: Client

Authorized By: Client

Date: 07-09-14

Date:07-_1_]-14 ___

Date: 07j1-14 i
II

Project: Pina! County Recharge Site

Location: Pine! County Recharge Site

Material: Silty Sand

Source/ID: S3B

Supplier: Unknown _

Sample Location: NotAvailable

SIEVE ANALYSIS - ASTM C 136 & D 1140 ADDITIONAL TES_TlNG
__

:

l
n1

I

I

i
:
i

!

E

I

3

I
I

Commerns: NT denotes material not

tested for this properly.

* denies material out
of specification .

Laboratory lest results reported had apply only to the
specific sample on which the test was run. The above services
and report were performed pursuant to the rems and
conditions of the agreement or proposal. if any. between SA
and client. SA warrants that this work was performed under the
appropriate standard of care. inducing the skill and judgment
that Is reasonably expected from similarly situated
professionals, No other warranty, guaranty, or representation,
either express or implied is included or intended.

Reviewed by

Laboratory Manager
Copies to: Addressee (1)

5

I
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LABORATORY REPORT

PHYSICAL PROPERTIES TARGET/

SPECIFICATIONRESULTS

/

SI EVE

SIZEin/mm

CUMULATIVE

% PASSING

PROJECT

sPECIFICATiON

6/ 150.0
3 / 75.0

2% / 62.5
2 150.0
1% / 37.5

,1 I25.0
A / 19.0
M / 12.5
% / 9.5
% / 6.3

#4 I 4.75
#8 / 2.36
#10 / 2.00
#16 / 1.18
#30 / .500
#40 / .425
#50 / .300
#100 I .150
#200 / .075

100
100
100
100
100
100
100
100
100
99
99
94
92
86
78
74
69
57

43.5

SPEEDIEANDASSQCIATES
l

a
i

!

E
!
I

Geotechnical I Environmental I Materials Engineers
3331 EAST WOOD sT=zEET 9 PHDENlX. ARIZONA85040

I Pllysfe Properties g§§oil and Agggqgate

i

:

9
iII
I
4

s

Client: Clear Creek Associates, PLC
A l̀Tn: Tyler Levon
6155 E. Indian School, Suite 200
Scottsdale, Az, 85251

Project No.
Lab No.
Field No.
Report Date:

141101 LA
422358
NIA
7/25/2014

i
:
!
r

_*

Sampled By: Client

Submitted By: Client

___Aulhori'zed By: Client

Date: 07-09-14

Date: 07-11-14

Date: 07-11-14

Project: Pinal County Recharge Site

Location: Penal County Recharge Site

Material: Silty Sand

SourcelID: S4A

Supplier: Unknown

Sample Location: Not Available

sIEvE AnA_L_ysls .. ASTM c.136 & D 1149 gDDITIONAL8ESTING

Comments: NT denotes material not

tested for this properly.

* denotes material out

of specification.

Laboratory test results reported herein apply only to the
specific sample on which the lest was Mn. The above services
and report were performed pursuant to the terms and
conditions of the agreement or proposal, if any, between SA
and diem. SA warrants that this work was performed under the
appropriate standard of care, Including the skill and ludgement
that is reasonably expected from similarly sllualed
professionals. No other warranty, guaranty, or representation,
either express or implied is included or intended.

Reviewed by

Laboratory Manager
Copies to: Addressee (1)



LABORATORY REPORT

SIEVE
SIZE Inly

CUMULATIVE

% PASSING

PROJECT

SPECIFICATION

6 / 150.0
3/750

2% / 62.5
2 / 50.0

1% / 37.5
'1 I25.0

A/ 19.0
%/ 12.5
% / 9.5
% I0.3

#4/4.75
#8 I 2.36
#10 / 2.00
#16/ 1.18
#SOI .600
#40 / .425
#50 / .300
#100 / .150
#200 I .075

100
100
100
100
100
100
100
100
100
100
100
98
96
90
81
76
70
57
44.5

PHYSICAL PROPERTIES TARGET/

SPECIFICATIONRESULTS

17

14

3

LIQUID & PLASTIC PROPERTIES, ASTM D 4318

Liquid Limit
Plastic Limit

Plasticity index

SPEEDIE
ANDASSQCIATES
Geotechnical Environmental Materials Engineers
3331 Ensrwooo STREFI' • PHUENIX. AFIIZCINA 85040

Physical Properties of Soil and Aggregate

Client: Clear Creek Associates, PLC
ATTN: Tyler Levos
6155 E. Indian School, Suite 200
Scottsdale, AZ, 85251

Project No.
Lab No.
Field No.
Report Date;

141101 LA

422249
N/A
7/25/2014

Sampled By: Client

Submitted By: Client

.Authorlzed By:_went

Date: 07-09-14

Date: 07-11-14

Date: 07-11-14

Project: Pine! County Recharge Site

Location: Penal County Recharge Site __ _

Material: Silty Sand

Source/lD: S4B

Supplier: Unknown _

Sample Location: Not Available

SIEVE ANALYSIS - ASTM. C 8.5 & D 1140 ADDITlO_N_/-§l, TESTING

Comments: NT denotes material not

tested for this properly.

* denotes material out

of specification.

Laboratory test results reported herein apply only Io the
specific sample on which the lest was Mn. The above servcea
and report were pertbrmed pursuant to the rems and
conditions of the agreement or proposal, if any, between SA
and client. SA warrants that this work was performed under the
appropriate standard of care, including the skin and judgment
that Is re sociably experted from similarly situated
professionals. No other warranty, guaranty, or representation,
either empress or implied is included or Intended.

Reviewed by

Laboratory Manager
Copies to: Addressee (1)

llllllll I l l ll



LABORATORY REPORT

SIEVE

SIZE irilmm

CUMULATIVE

% pASSING

PROJECT

SPECIFICATION

6 / 150.0
3 I 75.0

2% / 62.5
2 I 50.0

1% / 37.5
r I25.0

A/ 19.0
vi I 12.5
% / 9.5
%/6.3

#4 / 4.75
#8 I 2.35

#10 / 2.00
#161 1.18
#30 f .600
#40 I .425
#50 / .300

#100 / .150
#200 I .075

100
100
100
100
100
100
100
100
99
97
96
89
87
79
68
62
55
42

29.4

PHYSICAL PROPERTIES TARGET/

SPECIFICATIONRESULTS

i
I
I SPEEDIEAr ASSOCIATES

Geotechnical Environmental Materials Engineers
3331 EASTWDDD STREET I PHOENIX, AFIIZONA 85040

Physical pr°:>eL'ti§..Qt§°iI and Aggregate

Client: Clear Creek Associates, PLC
A`ITN: Tyler Levos
6155 E. indian School, Suite 200
Scottsdale, AZ, 85251

Project No.
Lab No.
Field No.
Report Date:

14Q01LA
422361
N/A
7/25/2014

Sampled By: Client

Submitted By: Client

Authorized By: Client
-

Date: 07-09-14

Date: 07-11-14

Date: 07-11-14

Project: Pinal County Recharge Site

Location: Pinal County Recharge Site

Material: Silly Sand

Source/ID: S5A

Supplier: Unknown

Sample Location: Not Available _ __ _

SIEVE ANALYSIS - ASTM C 136 & D 1140 ADDlTIQ_NAL TESTING
_

I

i
l

Comments: NT denotes material not

tested for this properly.

* denotes material can

of specification.

Laboratory test results reported herein apply only to the
specific sample on which the test was Mn. The above services
and report were performed pursuant to the terms nd
conditions al the agreement or proposal, If any, between SA
aM client. SA warrants that mis work was performed under the
appropriate standard of care, including the sklli and judgment
that Is reasonably expedced from similarly situated
professionals, No other wanranly, guaranty, or representation,
either express or Implied is included or intended.

Reviewed by

Laboratory Mane ers

' Copies to: Addressee (1)
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LABORATORY REPORT

SIEVE
SIZE inly

CUMULATIVE

% PASSING

PROJECT

SPECIFICATION

6 I 150.0
3 I 75.0

2% I62.5
2 / 50.0

1%I37.5
,1 I25.0

A/ 19.0
m 12.5
% / 9.5
% / 6.3

#4 I4.75
#8 / 2.36
#10 / 2.00
#16/ 1.18
#30 / .600
#40 / .425
#50 / .300
#100 I .150
#200 I .075

100
100
100
100
100
100
100
100
100
100
99
96
94
86
78
75
71
61

49.1

PHYSICAL PROPERTIES

RESULTS

TARGET/

SPECIFICATION

22
17
5

LIQUID & PLASTIC PROPERTIES, ASTM D 4318
Liquid Limit
Plastic Limit

Plasticity Index

SPEEDIEANDASSOCIATES
Geotechnical Environmental Materials Engineers
3331 EAST WODD STREET•PHDENIX, AHSZONA B5D4O

Physical Properties of Soil and Aqqregate

Client: Clear Creek Associates, PLC
ATTN: Tyler Levos
6155 E. Indian School, Suite 200
Scottsdale, Az, 85251

Project No.
Lab No.
Field No.
Report Date:

144014
@312
N/A
7/25/2014

-

Sampled By. Clip

Submitted By: gent

Authorlzed By: Client

Date: 07-09-14

Date: 07-11 -14

Date: 07-11-14

Project: Pinal County Recharge Site

Location: Pinal Coup! Recharge Site

Material: SiIty§layey s

SourcellD: S5B

Supplier: Unknown

Sample Location: Not I@lable

SIEVE ANALYSIS - ASTM C 136 & Q_1_ 140 ADDITIONAL TESTING

Comments: NT denotes material not

tested for this property.

" denotes material out

of specification.

Laboratory test results reported herein apply only to the
spedtlc sample on which the test was run. The above services
and report were performed pursuant to the terms and
conditions of the agreement or proposal, if any, between SA
and diem. SA warrants that this work was pafcrmed under the
appropriate standard of care, including the skill and iudgement
that is reasonably expected from similarly situated
professionals. No other warranty, guaranty. or representation,
either express a Implied is Induced or intended.

I
Reviewed by

Labors or Manager
Copies to: Addressee (1)

I

nu



lSieve
Size

Percent
Passing

a"'
2"

1%"

3/4"
1/2"
3/8"
1/4"
#4
#8

#10
#16
#30
#40
#50

#100
#200

.020 mm

.005 mm

.002 mm

.001 mm

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
96.1
94.6
92.9
88.0
85.5
83.0
71.0
57.0
39.5
31.6
24.5
20.6

51.16

2.650
1.000

40.60
40.23
19.54

1.79%

60.09
63.49

0.0
43.0
32.5
24.5

Elapsed
Time,

(minutes)

Temp
"C

Hydrometer
Reading Correction R - Corr

Percent
Passing

Effective
Depth (L)_

(cm)

Constant

(K)

Particle
Diameter,

(mm)

1.0215
1.0200
1.0185
1.0175
1.0170
1.0150
1.0140
1.0115

0.0030
0.0030
0.0030
0.0030
0.0030
0.0030
0.0030
0.0030

1.0185
1.0170
1.0155
1.0145
1.0140
t.0130
1.0110
1.0085

46.8
43.0
39.2
36.7
35.4
32.9
27.8
21.5

10.7
11.0
11.5
11.8
11.8
12.1
12.6
13.4

0.01272
0.01272
0.01272
0.01272
0.01272
0.01272
0.01272
0.01272

0041608
0.029831
0.019201
0.011282
0.007978
0.005712
0.002856
0.001227

1
2
5

15
30
60
250

1440

26.1
26.0
26.0
26.1
26.1
26.2
26.3
26.1

SPEEDIE
Ar ASSOCIATES
Geotechnical Environmental Materials Engineers
3331 EAST WOOD STFiEET a PHOENIX, ARIZONA85040

PARTICLE SIZE ANALYSIS OF SOILS - HYDROMETER
ASTM D-422

CLIENT Clear Creek Associates, PLC
PROJECT: Penal County Recharge Site
PROJECT NC 141101 LA
MATERIAL: Sandy Lean Clay
SOURCE: Boring No. 1 @20'

SAMPLED BY:
SUBMITTED BY:
TESTED BY:
REVIEWED BY:

Clien
Client
w. Hottya
B. Wong

DATE;
DATE:
DATE:
DATE:
LAB NO:

7/9/2014

711112014

712412014

712512014

422363

SIEVEANALYSIS
DISPERSION SAMPLE

Air Dry wt., gas
Specific Gravity of Soil
Specific Gravity of Liquld

HYGROSCOPIC MOISTURE SAMPLE

wt. of Container~+ Air Dry Sample, gas
Wt. of Container + Oven Dry Sample, gas
wt. Container (tare), gas

Hygroscopic Moisture Content, %

HYDROMETER CALCULATIONS

Wt. Soil Dispersed, gas
Oven Dry Mass - Total Sample, gas

% Gravel
% Sand
% Silt
% Clay

422363- Hydrometer.xls
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Appendix c

NUMERICAL MODEL INPUT AND OUTPUT FlLES (on DVD)

FINAL AWC PVRP USF Hydr0 Study.docx



Appendix D

ADWR 55-WELL REGISTRY FOR WELLS IN PVRP STUDY AREA

FINAL AWC PVRP USF Hydro Study.docx
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Appendix E

ADWR 35-WELL REGISTRY FOR WELLS IN PVRP STUDY AREA

FINAL AWC PVRP USF Hydro Study.docx
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1 Allands
14947 w. Piccadilly Road, Goodyear, AZ 85395 • Phone: 623 535 7800 • Fax: 623 535 7900

.allwds.com • e~mail: sharon@allands.com

Historical T itle and Environmental Research

SPECIAL DATABASE SEARCH

YOUR FILE NO: 01 Iol0 / Task 450

ALLANDS FILE NO: 2014-1 l-081D

DATE OF REPORT: December 3, 2014

ALLANDS hereby reports the search results of Federal and State Databases. Allands is
not responsible for errors in the available records. The total liability is limited to the fee
paid for this report. This is a confidential, privileged and protected document for the use
of Clear Creek Associates.

•

The land referred to in this report is located in Pinal County, Arizona, described as
follows:

Property located South of Kelk Road and East of Wheeler Road, being in the West half of
Section 18, Township 6 South, Range 9 East, Gila and Salt River Base and Meridian.
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Database
Date of

Database

Approximate
Minimum Search
Distance (miles)

Reported
Facilities

Standard Federal ASTM Environmental Record Sources

NPL (National Priorities List) / Proposed NPL / DOD
(Department of Defense Sites)

10/14 3.0 0

Delisted National Priorities List 10/14 3.0 0
CERCLIS (Comprehensive Environmental Response,
Compensation and Liability Information System)/No
Further Remedial Action Planned (NFRAP)

01/14 3.0
0

RCRA (Resource Conservation and Recovery Act) 10/14 3.0 2
RCRA CORRACTS TSDFs (Corrective Action
Treatment, Storage, and Disposal Facilities)

10/14 3.0
0

RCRA Non-CORRACTS TSDFs 10/14 3.0 0
ERNS (Emergency Response Notification System) 10/14 3.0 0

Standard State ASTM Environmental Record Sources

WQARF (Water Quality Assurance Revolving Fund)
Areas 10/14 3.0 0

Superfund Program List (replaces ACIDS) 08/04 3.0 0

Operating andSolid Waste Facilities/Landfill Sites
Closed

05/99 &
05/04

3.0
0

Brownfields / Voluntary Remediation Program 01/14 3.0 0
Registered USTs (Underground Storage Tanks)

(includes Tribal Records)
03/14 3.0

3

LUSTs (Leaking Underground Storage Tanks)
Incident Reports (includes Tribal Records)

03/14 3.0
1

Additional Environmental Record Sources

RCRA Compliance Facilities 10/14 3.0 0

Hazardous Materials Incidents Emergency Response
Logbook

1984 -
06/01

3.0
0

ADEQ Drywall Registration Database

(includes Tribal Records)
10/14 3.0

0

Topographical / Aerial Maps See text 3.0 2

DRYCLEANER 06/06 3.0 0

Arizona Department of Water Resources Well
Registration Database 04/14

3.0
See Text

REGULATORY DATABASE SEARCH SUMMARY

Allands contacts the appropriate soirees on a quarterly basis to maintain currency of data

2014-ll-081D 2 of16
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Standard Federal ASTM Environmental Record Sources

SUPERFUND NATIONAL PRIORITIES LIST (NPL)

Under Section 105 of the Comprehensive Environmental Response, Compensation and Liability Act the
Environmental Protection Agency established a National Priorities List (NPL) of Superfund sites. In
addition, Proposed NPL and DOD (Department of Defense) Sites are researched in the section. These
databases are provided by the EPA and the Arizona Department of Environmental Quality, dated October,
2014, and searched to identify all NPL/Proposed NPL/ DOD sites within a 3.0 mile search distance from
subject property exterior boundaries.

Note: Due to inconsistency between the general area site description in the Narrative site information and
the detailed site map, the distance/directions are determined based upon the most current site map available
from ADEQ.

No National Priorities List (NPL) / Proposed NPL / DOD Sites were found located within a 3.0 mile
search distance from subject property exterior boundaries.

DELISTED NATIONAL PRIORITIES LIST

Site may be delisted from the National Priorities List where no further response is appropriate. This
database is provided by the Environmental Protection Agency, dated October, 2014, and searched to
identify all Delisted NPL Sites within a 3.0 mile search distance from subject property exterior boundaries.

No Delisted National Priorities List (NPL) Sites were found located within a 3.0 mile search distance from
subject property exterior boundaries.

2014-ll-081D 3 of16
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FEDERAL CERCLIS / NFRAP LIST

The CERCLIS list contains sites which are either proposed to or on the NPL and sites which are in the
screening and assessment phase for possible inclusion on the NPL. Those sites on the NFRAP list have no
further remedial action planned. This database is provided by EPA dated January, 2014, and searched for
facilities within a 3.0 mile search distance from subject property exterior boundaries

No CERCLIS/NFRAP facilities were found located within a 3.0 mile search distance from subject
property exterior boundaries

RESOURCE CONSERVATION AND RECOVERY ACT FACILITIES (RCRA)

UnderRCRA the Environmental Protection Agency compiles a database of facilities that are involved in
the generation of hazardous materials. This database is from the Arizona Department of Environmental
Quality RCRAInfo Database, dated October, 2014 and checked for Federal RCRA facilities located within
a 3.0 mile search distance from subject property exterior boundaries

CODES

LQG; Large quantity generator (more than 1000 kg per month)
Small quantity generator (100 - 1000 kg per month)
Conditionally exempt small quantity generator (less that 100 kg per month)
Not a generator verified or inactive generator

2014-ll-081D 4 of16



CORRACTS FACILITIES

Under RCRA the Environmental Protection Agency compiles a database of Corrective Action Sites, sites
with known contamination. Also known as the RCRA CORRACTS List, this is a list maintained by the
EPA of RCRA sites at which contamination has been discovered and where some level of corrective clean
up activity has been undertaken. For example, a site may have been on the RCRA TSD or the RCRA
Generators site list, and was placed on the CORRACTS list once contamination was discovered and
remediation was underway. This database is dated October, 2014, and checked for facilities which occurred
within a 3.0 mile search distance from subject property exterior boundaries

No Facilities were found which occurred within a 3.0 mile search distance from subject property exterior
boundaries

TSD FACILITIES

Under RCRA the Environmental Protection Agency compiles a database of facilities that are involved in
the transportation, treatment, storage, or disposal of hazardous materials. This database is from the Arizona
Department of Environmental Quality Arizona Hazardous Waste Treatment, Storage and Disposal
Facilities, dated October, 2014, and checked for Facilities which occurred within a 3.0 mile search distance
from subject property exterior boundaries

No TSD Facilities were found which occurred within a 3.0 mile search distance from subject property
exterior boundaries

2014-11-081D 5 ofl6



FEDERAL EMERGENCY RESPONSE NOTIFICATION SYSTEM (ERNS) LIST

The ERNS list is a national database used to collect information on reported releases of oil and hazardous
substances. This database is provided by the National Response Center and the EPA through the Right of
Know Net by OMB Watch and Unison Institute from 1983 to October, 2014, and checked for incidents
located within a 3.0 mile search distance from subject property exterior boundaries.

No incidents were found located within a 3.0 mile search distance from subject property exterior
boundaries.

2014-11-081D 6 ofl6
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Standard State ASTM Environmental Record Sources

WATER QUALITY ASSURANCE REVOLVING FUND (WQARF)

The state of Arizona established a remedial program under A.R.S. 49-282 to facilitate the conservation and
clean-up of Arizona drinking water and water sources. Under the authority of the WQARF program, the
state actively identifies any actual or potential impact upon state waters, evaluates the extent of
contamination, identifies parties responsible, and provides money grants to assist in clean-up activities.
This database is provided by the Arizona Department of Environmental Quality dated October, 2014, and
searched to identify all WQARF sites within a 3.0 mile search distance from subject property exterior
boundaries.

Note: Due to inconsistency between the general area site description in the Narrative site information and
the detailed site map, the distance/directions are determined based upon the most current site map available
from ADEQ.

No WQARF Registry List sites were found located within a 3.0 mile search distance from subject property
exterior boundaries.

ARIZONA SUPERFUND PROGRAM LIST

The Arizona Superfund Program List replaces the Arizona CERCLIS Information Data System (ACIDS)
This list is more representative of the sites and potential sites within jurisdiction of the Arizona Department
of Environmental Quality Superfund Programs Section (SPS). This database is provided by the Arizona
Department of Environmental Quality, dated August, 2004, and searched to identify all sites within a 3.0
mile search distance from subject property exterior boundaries.

No facilities on the Arizona SuperfUnd Program List were found located within a 3.0 mile search distance
from subject property exterior boundaries.

Program Status codes:

Pending PI
On Registry
ACTIVE
On NPL

WQARF Preliminary Investigation (PI) is scheduled or in process
PI has resulted in inclusion of a site on the WQARF Registry
The Department of Defense is presently addressing the site
site has been listed on the CERCLA National Priorities List

2014-11-081D 7 of16
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LANDFILLS

The state of Arizona maintains listings of closed and permitted, operating landfills and solid waste dump
sites. Lists of closed facilities are not necessarily complete - older dumping areas may not be documented.
This database is from the Arizona Department of Environmental Quality Waste Programs Division, Solid
Waste Section Directory of Arizona Active and Inactive Landfills dated May, 1999 and May, 2004, and
checked for active and inactive landfills located within a 3.0 mile search distance from subject properly
exterior boundaries.

No active nor inactive landfills were found located within a 3.0 mile search distance from subject property
exterior boundaries.

Codes:

MSWLF:
CSWLF:
CSWOD:

Municipal Solid Waste Landfills
Closed Solid Waste Landfills
Closed Solid Waste Dumps

BROWNFIELDS / VOLUNTARY CLEANUP PROGRAM

The Arizona Department of Environmental Quality has developed the AZURITE Database, reviewed
through ADEQ GIS eMacs, which includes the ADEQ Voluntary Remediation Program and the ADEQ
Brownfields Tracking System, dated January, 2014, and searched for sites which occurred within a 3.0 mile
search distance from subject property exterior boundaries.

No brownfield sites were found which occurred within a 3.0 mile search distance from subject property
exterior boundaries.
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Facility
ID

Facility Name Address
Tank

No
Tank

Inst Date
Closure

Type
Closure

Date

0-001653 city Of Coolidge - Municipal Airport 6300 N Airport Rd 1 1/1/1982 g

10-001653 City Of Coolidge - Municipal Airportl6300 N Airport Rd 2 1/1/1982 g
3

;0-001653 City Of Coolidge - Municipal Airport 6300 N Airport Rd 3 1/1/1950 Removal 1/30/1996

0-003959 Paul S Prechel 7534 N Attaway Rd l 1/22/1976 Removal 12/1/1990

0-003959 Paul  S  P reche l 7534 N Attaway Rd 2 1/22/1976 Removal 12/1/1990

10-003959 Paul  S  P reche l 7534 N Attaway Rd 3 1/21/1978 Removal 12/1/1990

§0)008673 Coolidge Airport No Address On File l 1/1/1942 Removal 11/2/1995

'0-008673 Coolidge Airport No Address On File 2 1/1/1942 Removal 1/1/1960

0-008673 No Address On File 3 1/1/1942 Removal

REGISTERED UNDERGROUND STORAGE TANKS
(UST)

State (A.R.S. 49-1001 to 1014) and Federal (RCRA Subtitle 1) laws require that persons who own or have
owned underground storage tanks containing "regulated substances" complete a notification form and
register the tank with the state. Tribal UST records are researched when subject property exterior
boundaries are within search distance of Tribal lands. This database is from the Arizona Department of
Environmental Quality UST Log dated March, 2014, and searched for UST sites located within a 3.0 mile
search distance from subject property exterior boundaries.

Coolidge Airport 11/2/1995

DETAILS

NOTE: Details section is from the ADEQ 2003 UST list, newer lists do not provide this information.

Facility Id Facility
Tank No. Status
Tank Release Detection

Content
Pipe Material

Owner Id
Capacity
Piping Type

Owner
Age Tank Mate r i a l

P ipe  Re lease  Detect ion

0-001653 CoolidgeMuniewal Airport Pinal Co. 869 City Of Coolidge
6300 N Airport Rd ,Coolidge AZ 85228
l ACTV Aviation G 10000 Tank Tightness with Inventory Controls Bare Steel Pressure Automatic Line
Leak Detectors Gasoline Line Tightness Testing
2 ACTV Jet Fuel 10000 Tank Tightness with Inventory Controls Bare Steel Pressure
3 REMV Aviation G 1000 Bare Steel Suction: Check Gasoline

0-003959Paul S Prechel Pinal Co. 2594 Paul S Prechel
S Attaway Rd ,Coolidge AZ 85228
1REMV Gasoline 1000 Galvanized Steel
2 REMV Gasoline 2000 Galvanized Steel
3 REMV Diesel 4000 Galvanized Steel

0-008673 Coolidge Airport Pinal Co. 5343 Us Army Corps Of Engineers
Airport Rd ,Coolidge AZ 85228
1 REMV Gasoline 12000 Bare Steel
2 REMV 2500 Bare Steel
3 REMV Diesel 290 Bare Steel
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ID LUST
ID NO

FACILITY ADDRESS DATE
OPEN

DATE
CLOSED

P
CODE

DIST./
DIREC.

0-008673 4254.01
4254.02

Coolidge Airport Airport Road 11/2/1995
11/15/1995

3/10/2000
3/18/1996

5s
7

3.0 mi. NE

5S Closed case for suspected release (false alarm)

7 LUST case close-out involving combination with other LUST number/case at the same facility

REGISTERED LEAKING UNDERGROUND STORAGE TANKS
(LUST)

Owners of USTs are required to report to the Arizona Department of Environmental Quality any and all
releases of tank contents for which ADEQ maintains an ongoing file documenting the nature of
contamination and the status of each such incident. Tribal LUST records are researched when subject
property exterior boundaries are within search distance of Tribal lands. This database is from the ADEQ
LUST Log dated March, 2014, and searched for LUST sites located within a 3.0 mile search distance from
subject property exterior boundaries.

P CODE (Leaking UST Priority):

2014-11-081D lOof16
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Additional Environmental Record Sources

RESOURCE CONSERVATION AND RECOVERY ACT (RCRA) COMPLIANCE
FACILITIES

The RCRA Compliance Log lists facilities that have been or presently are under investigation for non-
compliance with RCRA regulations. Inclusion of any facility on this list indicates a history of compliance
problems and RCRA regulatory violation. This database is from the Arizona Department of Environmental
Quality RCRA Compliance Log, dated October, 2014, and searched for compliance facilities within a 3.0
mile search distance from subject property exterior boundaries.

No compliance facilities were found located within a 3.0 mile search distance from subject properly
exterior boundaries.

HAZARDOUS MATERIAL INCIDENTS

The Arizona Department of Environmental Quality (ADEQ) Response Team documents spills and
incidents involving hazardous materials that are reported to the unit. This database is from the Arizona
Department of Environmental Quality Emergency Response Log from 1984 through June, 2001, and
checked for hazardous material incidents located within a 3.0 mile search distance from subject property
exterior boundaries.

No hazardous material incidents were found located within a 3.0 mile search distance from subject property
exterior boundaries.

2014-11-081D 11 ofl6
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ADEQ DRY WELL REGISTRATION DATA BASE

Dry wells are constructed for the purpose of collecting storm waters. Dry wells are required to be registered
with ADEQ. Tribal Drywell records are researched when subject property exterior boundaries are within
search distance of Tribal lands. This database is from the ADEQ dry well registration database dated
October, 2014, and searched for dry wells located within a 3.0 mile search distance from subject property
exterior boundaries.

No registered dry wells were found located within a 3.0 mile search distance from subject property exterior
boundaries.

USGS 7.5 MINUTE TOPOGRAPHICAL MAPS
AERIAL PHOTOS

The United States Geological Survey Topographic maps and Aerial Photos are derived from Terrain
Navigator Software from My Topo, a Trimble Company. (www.mytopo.com) and are for infonnational
purposes only.

Valley Farms
Bing

Topo
Aerial

1992

2014

None 5 feet

DRYCLEANERS

The Drycleaners Inventory List summarizes current and historic dry cleaners sites throughout the state of
Arizona and is not all inclusive. This database is from the Report for the Arizona Depa ent of
Environmental Quality Dry Cleaners Inventory Project, dated June, 2006, and searched for dry cleaners
sites located within a 3.0 mile search distance from subject property exterior boundaries.

No drycleaners were found located within a 3.0 mile search distance from subject property exterior
boundaries.
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R
5 S 9 E 31 SE SE SE D 360 230 6

621954 5 S 9 E 31 SW NE NE A 1137 209 16 San Carlos Irrig,
'604214 5 S 9 E 32 SE NW SE A 1105 240 20 Neely, Rex,
i604215 5 S 9 E 32 SW SW SW D 600 240 6 Neely, Rex,
606778 6 S 8 E 1 NW aw §n18 A 1752 337 16 cardinal, Trs
606777 6 s 8 E 1 NW SW NE A 602 210 20 Cardinal, Trs
605561 6 s 8 E 1I SE SW SW D 401 215 10 Holland,H
610583 6 S 8 E 2 NE NE NE A 1440 153 13 Mesa, City OL
610585 6 s 8 E 2 NE NE SW A 490 350 20 Mesa, City Of,
610584 6 S 8 E 2 NE SE SE A 402 350 20 Pen, John & Lois,
»533191 6 s 8 E 2 NE SE SE N 230 0 0 Sw Gas Corp,

617563 6 S 8 E 2 NW SE SE A 0 0 0 Mesa, City OQ
6 S 8 E 2 SE NE SE A 0 0 0

ARIZONA DEPARTMENT OF WATER RESOURCES
WELL REPORT

This database is from the Arizona Department of Water Resources Well Report Operations Division
Report, dated April, 2014. This report identifies existing wells sequenced by legal description and checked
for inclusion of subject site and adjacent properties within 3 miles.

Imaged Records are available at: http://www.water.az.gov/adwr/Content/ImagedRecords/default.htm

Water Uses (WU) Legal Description

T
N/S
R
E/W
S
Q1
QS
QS

Township
North or South
Range
East or West
Section
Quarter of Section (160 Acres)
Quarter Quarter of Section (40 Acres)
Quarter Quarter Quarter of Section (10 acres)

A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P
R
T
U
V

Irrigation
Utility (Water Co.)
Commercial
Domestic
Municipal
Industrial
Recreational
Remediation
Mining
Stock
Other - Exploration
Drainage
Monitoring
None
Other - Non-Production
Remediation
Recharge
Test
Unknown
Dewatering

ID
WD
WL
DIA

Well Registration Number
Well Depth
Water Level
Casing width

9633911 Cole,M F

617565 Mesa, City Of
I
i
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ID T N/S R E/W S Q1 Q2 QS WU WD WL DIA Name
617777 6 S 8 E 2 SE SE NE A 0 0 0 Mesa, City Of,
617776 6 s 8 E 2 SE SE SE A 0 0 0 Mesa, City Of,

617564 6 s 8 E 2 SW NE SW A 0 0 0 Mesa, City Of,
617775 6 s 8 E 2 sw SE SE D 0 0 0 Mcfarland,B C

907688 6 s 8 E 3 N ?60 59 8 El Paso Natural Gas, Attn: William Baltz
605237 6 S 8 E 3 SE NE SE A 360 160 20 Freeman

605239 6 S 8 E 3 SE SE NE A 300 160 20 Freeman
5

805408 6 s 8 E 3 SE SE SE D 350 0 20 N.S.K. & B. Prtshp,
605242 6 s 8 E 3 SE SE SE D 300 160 20 Peterson,G E

809361 6 s 8 E 3 SE SW SE 570 ¥230 16 Freeman

1605238 6 S 8 E 3 SE SW SW A 800 160 120 Freeman

525240 6 s 8 E 10 NE NW NW M 0 0 0 Sunbelt Refining Co,
524748 6 s 8 E 10 NEW SW M 135 0 10 Sunbelt Refining Co,
218256 6 s 8 E 10 NE SE SE Coolidge Power Llc
617778 6 S 8 E 110 NE SE SE A 806 60 120 Coolidge Power Llc
218257 6 s 8 E 10 NE SE SE Coolidge Power Llc
910128 6 s 8 E 10 NW I coolidge Power, Llc Attn: John Cassady
617774 6 S 8 E 10 SE SE NE D 10 0 0 Mcfarland,B C

.617780 6 s 8 E 10 SE SE SW A 610 176 16 Mesa, City O£
'617779 6 S 8 E 10 SE SW SW A 0 0 0 Mesa, City Of,

805285 6 S 8 E 11 NE NEQNE D 0 10 0 McFarland, Bonnye,C
617558 6 S 8 E 11 NE SE NE A 0 0 10 Mesa, City OL
617559 6 s 8 E 11 NE SE NE A 10 0 0 Mesa, City Of,
617560 6 S 8 E l l NE SE SW A 0 0 IO Mesa, City Of,
617557 6 S 8 E 11 NW SE NEIA 0 0 0 Mesa, City Of
617561 6 S 8 E 11 SE USE NE A 10 0 0 Mesa, City Of
518655 6 s 8 E 11 SE SE SE C 0 0 0 Connolly Invest Corp,
523310 61s 8 E 11 SE SE SE D 0 10 0 Connolly Invest Corp,
617562 6 s 8 E 11 SE SE SE A 0 0 0 Mesa, City Of

300 80 10 Vail 160 Llc530066 6 S 8 E SW SW NE

'634731 6 S 8 E 12 NE NE

609758 6 s 8 E 13 NE NE

609762 6 S 8 E 13 NE NE

609759 6 S 8 E 13 NE NE

550668 6 s 8 E 14 NE SE

507832 6 S 8 E 14 SE SW

507871 6 S 8 E 14 SE SW

504821 6 S 8 E 14 SE SW

D 0 0 0 Valley National Bank,

A 1200 0 20 Goree,R L

D 141 0 6 Goree,R L

A 500 0 20 Goree,RL

N 500 0 8 El Paso Natural Gas,

D 440 160 6 Cooper, Theodore,J

D 350 180 6 Martin

D 360 150 6 Cooper,T J
625234 6 s 8 E 14 SW SW law A 450 300

ARIZONA DEPARTMENT OF WATER RESOURCES
WELL REPORT (cont.)

D

20 mesa, city at;
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ID T N/S R E/wls Q1 Q2 QS WU WD WL DIA Name

625235 6 s 8 E 15 SE SW SW A 400 250 12 Mesa, city Of
638418 6 S 8 E 22 D 400 220 8 Dickerson,M

1625239 6 s 8 E 22 NE SE SE A 500 350 16 Mesa, City Of,

625238 6 S 8 E 22 NE SE SW A 600 350 16 Mesa, city Of,

'625237 6 s 8 E 22 NE SW SE A 600 350 16 Mesa, city Of,

-622458 6 s 8 E 23 NETNE NE A 600 250 20 Mesa, City Of,

'622457 6 s 8 E 23 NW SE SE A 1000 250 20 Mesa, City Of

625241 6 s 8 E 23 SE NE NE A 500 350 16 Mesa, ci ty 0£

625242 6 s 8 E 23 SE SW A 500 350 12 Mesa, City Of,

622463 6 S 8 E 24 NE SE SE D 0 250 £20 Brown Land Cattle Co,

2625243 6 S 8 E 124 NE {SE SE A 11900 350 20 Mesa, city Of,

=807475 6 s 8 E 24 NW SE SE D 300 0 20 Mesa, City Of

622460 6 S 8 E 24 NW SE SE A 800 300 20 Mesa, city OL

526158 6 S 8 E 24 SE i s m NE D 500 150 6 Brebeton, Margaret,

625222 6 S 8 E 25 NE NE NE A 600 380 20 Inland Farms Inc,

625225 6 S 8 E 25 NE NW NW A 500 380 20 Inland Farms Inc,

625223 6 s 8 E 25 ONE SE SE A 11600 380 16 Inland Farms Inc,

6̀25224 6 8 E Q25 SE SE SW A 600 400 16 Inland Farms Inc,

2̀12344 6 S 8 E 26 NE NE SW D I Clark

904706 6 s 8 E 26 NE NWiNE D 400 130 6 Cedar Creek/Kay Davis

8622461 6 s 8 E 126 NW NE USE A 800 300 16 mesa,  cry of,

512225 6 S 8 E 27 NE NW NE J 650 230 12 Goldman Dairy Inc,

508445 6 s 8 27 NE NW SE F lo 0 0 Goldman Land Co,

620635 6 S 8 E 27 NE SW SW A 400 325 20 Goldman Dairy Inc,

620634 6 s 8 E 27 SE SE SE A 400 325 20 Ochoa Brothers,

604213 6 s 9 E 6 NE NE NE A 1000 240 20 Neely, Rex,
621903 6 S 9 E 6 NE SW NW A 982 225 16 San Carlos Irrig,

'621909 6 s 9 E 6 SE SE SW A 1020 211 20 San Carlos Irrig,

638443 6 S 9 E 7 D 200 120 4 Mitchell,H A

1639047 6 s 9 E 7 D 0 0 0 Lewis,L C

634025 6 S 9 E 7 NW A 0 120 6 Mitchellet A1,R

594042 6 s 9 E 7 NW NW NE D 300 85 6 Skiles Sr

639695 6 S 9 E 7 NW NW NW D 200 125 6 Ha1*ris,I C

525629 6 s 9 7E N W NW NW N 228 0 0 Southwest Gas Corp,

610635 6 s 9 E 7 NW NW SW J 350 0 6 IRotz,J L
581230 6 s I9 E 7 NW SW NW D 500 300 5 Cantu

597046 6 S 9 E 7 NW SW NW D

ARIZONA DEPARTMENT OF WATER RESOURCES
WELL REPORT (cont.)

SE

S

E

Cantu
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514011 6 S 9 E 7 NW SW SW D 0 0 0 Carter, Tony,L

522489 6 s 9 E 7 nwlsw SW D 0 0 0 Carter, Tony & Betty,

$503714 6 s 9 E 7 SW NE NE A 0 310 0 Holland,H

605556 6 S 9 E 7 SW NE NE A 1077 228 20 All State Associates Of Holland Ii-945,
L.L.C.

638440 6 s 9 E 7 SW NW NW D 2 2 0 118 6 Carter,C

605559 6 s ilE 7 SW S E sE IA 1600 274 20

-605557 6 s 9 E 7 SW SE SE A 500 196 20 All State Associates Of Holland Ii-945,
L.L.C.

'622456 6 s 9 E 18 NW NE SW A 1420 250 20 Mesa, City OF

622462 6 S 9 E 18 NW SE SW A 11500 250 20 Mesa, city O11

6̀22459 6 s 9 E 1 9 NW NW SE A 8 0 0 300 20 Mesa, City Of

515452 6 S 9 E 21 NE N 300 0 8 All Am. Pipeline,

548748 61 S 9 E 22 NW NW NW N 400 0 0 All American Pipeline,

638400 6 S 9 E 33 NE SW NW D 1200 0 ¥20 Shelley Ranch Llc

615435 6 S 9 E 33 NW NE SE J 120010

ARIZONA DEPARTMENT OF WATER RESOURCES
WELL REPORT (cont.)

20 {As State Land Dept, I
a
a
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Start a New Search

ea Link to Thls Parcel 41 Prlnt View

Parcel Number: 400-01-006C (Taxing
Information) Primary Owner: ARIZONA WATER COMPANY

Section: 18 Name 2:Township: 06S Range: 09E

Atlas Number: In C/O:081-18 Map: View Parcel
Map

Tax Bill Mailing AddressProperty Description: (What is this?)

Address: PO BOX 29006

City: PHOENIX

State: AZ

Zip Code: 85038

THAT PART OF E1/2 W1/2 OF SEC 18-6S-9E LYING
E OF CANAL 49.50 AC + OR -

Date of Sale: 1/13/2005 Property Address (Location):

Sale Amount: $661,830.00

Document(s) : Subdivision:

2005-004484
2004-042729

Unit: Block: Lot: Phase:

Cabinet: Slide:

Imp: 0.00 Item:
-

Const year: 0 Grnd Flr Perim: 0

Stories: Total Sq. Ft.: 0

Parcel Size: 49.50

Size Indicator: Acres

Tax Area Code: 0162 (Rates current as of 2013)

Use Code: 0004

Parcel Search*

£3 Search Results (1 Entries)

Parcel Details (400-01-006C)

open

Owen

Previous year valuations are subject to change as prescribed in the Arizona Revised Statutes. All changes in value may
not be reflected in this data. For updated/correct figures, please refer to the Treasurer's Office website.

Parcel Number 400-01-006C shows the following information for Tax Year: 2015 v Tax Year Chart

Illlll



Imp. Legal Class:

Full Cash Value (FCV): $32,817.00

Limited Value (LPV): $32,817.00

Real Property Ratio:

Assessed FCV: $5,251.00

Assessed LPV: $5,251.00

Land Legal Class:

Attached Personal Property: No Personal Property Listed

02RL - Vacant Land / Non-profit Imp

>

*The data presented on this website is deemed reliable but not guaranteed. This information should be
used for informational use only and does not constitute a legal document for the description of these
properties. The Pinal County Assessor's Office disclaims any responsibility or liability for any direct or
indirect damages resulting from the use of this data.

mu l



Appendix H

FLOW MEASUREMENT DEVICE SPECIFICATIONS

FINAL AWC PVRP USF Hydro Study.docx
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& Custom Staff Gages
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Style A Style C Style l Style E Style M

Description
The Staff Gage has a long history of providing a direct visual indicator for determin-

ing water level. Stevens staff gages are designed for easy mounting to a wall or pier,

with heavy metal grommets and a 0.188 inch opening for screws or nails.

Each gage consists of a metal core, coated with porcelain enamel and marked with

accurate measurement markings at specific intervals. The metal core is heavy 16

gauge (0.075 in ll .9 mm) iron, which is completely covered with a baked-on porce-

lain enamel finish to resist rust or discoloration. Different colors of enamel are used

to provide the markings, typically black numbers on a white background. Stevens

staff gages are designed for years of troublefree use, and can be easily cleaned.

Custom Staff Gages - a unique service offered by Stevens Water!

revens designs and provides custom staff gages for applications requiring larger

displays, unique mounting angles, slopes or visual flow measurements.

www.stevenswater.com 1.800.452.5272
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15395 3.33 to 6.66 feet

15396 6.66 to 10.0 feet

15397 10.0 to 13.33 feet

15398 13.33 to 16.66 feet

15415 0 to 3.33 feet

15403 Ito 1.56 fL 15410 16.66 to 20.00 ft.

15404 02.06ft. 15411 20.00 to 23.33 ft.

15418 0 to 3.06 fL 15412 23,33 to 26.66 fl.

15419 3.06 to 5.06 fl. 15413 26.66 to 30.00 fL

43082 0 to 4.06 ft. 15414 30.00 to 33,33 ft.

15405 0 to 3.33 ft. 14509 33.33 to 36.66 fl.

15406 3.33 to 6.66 ft. 14510 36.66 to 40.00 ft.

15407 6.66 to 10.00 ft. 14511 40.00 to 43.33 ft.

15408 10.00 to 13.33 ft. Please contact Stevens for availability of other ranges.

15402 Ito 1.06 ft.

Range

13.33 to 16.66 ft.

44405 0 to 18.0 inches

44406 0 to 24.0 inches

44407 0 to 30.0 inches

45637 0 to 36.0 inches

45480 0 to 48.0 inches

0 to 14.0 inches

Standard Staff Gages Styles
Style A
The Style A staff gage is 4 inches wide and comes in 3.33 fl. sections. The standard maximum height is 13.33 feet. The

Style A has graduated marks every ft., 1/10th ft., and 0.02 ft. with total elevations.
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Style C
The Style C staff gage s 2.5 inches wide and is available in separate lengths of 0 - 1.06 feet., 0 - 1.56 feet, 0 - 1 .56 feet,

0 - 2.06 feet, 0 - 3.06 feet, 0 - 4.06 feet, and 3.06 - 5.06 feet. Style C also comes in standard 3.33 ft. sections. Style C

has graduations every 100th of a foot with numerical marks every ft. and every tenth of a ft.
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Style I
The Style I staff gage is 2.5 inches wide and has graduation every 0.25 inches with numerical marks every inch.

Style I is available in any length ranging from 0 to 48 inches.
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15421 2 foot section

15422 5 foot section

15420 1 foot section

1 15425 90981 28135

2 15426 90982 28136

3 15427 90983 28th
4 15428 90984 28138

5 15429 90985 28139

6 or9 15430 90986 28140

7 15431 90987 28141

8 15432 90988 28142

Minus figure (-) 24187 ¢

0 15424 90980 28134

Separate numerical figure plates are available in 2" x 3", 3" x 4" and 4" x 6" sizes. Figure plates are commonly used with

Style E or Style M staff gages and are fastened to a pier or wall to mark custom elevations.

The Style M is a metric measurement staff gage that is 65 mm wide and is available in 1 meter sections. The Style M is

divided into centimeters with each decimeter numbered. Separate figure plates (see below) can be fastened on a pier, wall

or other surface next to the Style M staff gage to number any desired elevation.

The Style E is an English measurement staff gage that is 3.5 inches wide and is available in 1, 2 or 5 fl. sections. Style E is

graduated in feet every tenth of a ft. Separate figure plates (see below) can be fastened on a pier, wall or other surface next

to the Style E staff gage to number any desired elevation.

Figure Plates

Style M

Style E
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Porcelain Enameled Staff Gage

Custom Staff Gages
Stevens is the leading provider of custom staff gages for unique applications. Staff

gages can be designed for applications requiring large displays, flow measurement,

slopes, or other unique mounting angles for easy visual measurements. Numbers,

graduated markings, and colors used on the gage can also be customized to present

a clear, visual measurement of water flow.

Contact Stevens today to discuss your custom staff gage requirements.

Custom Stevens staff gage mounted on

a sloped pier on the Willamette River in

Portland, Oregon. The submarine pictured

is the USS Blueback.
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Appendix I

TECHNICAL CAPABILITY

FINAL AWC PVRP USF Hydro Study.docx



Arizona Water Companv
Technical Capabilitv

Raymond G. Murrieta, Arizona Water Company - Division Manager. More than 30 years of
experience in operating and maintaining water treatment and distribution systems.

ADEQ Certified Water Treatment Operator, Grade 4 - No. 03555
ADEQ Certified Water Distribution Operator, Grade 4 - No. 03555

Fredrick K. Schneider, P.E., Arizona Water Company - Vice President - Engineering. 24 years
of experience in designing and operating water and wastewater systems.

ADEQ Certified Water Treatment Operator, Grade 2 - No. 11557
ADEQ Certified Water Distribution Operator, Grade 3 - No. 11557
ADEQ Certified Wastewater Treatment Operator, Grade 2 - No. 11557
ADEQ Certified Wastewater Collection, Grade 3 - No. 11557
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DONALD p. HANSON. R.G.

Principal Hydrogeologist

n m Hydrogeology, Groundwater Recharge, Water Resources

Academic
Background

B.S., Geology/Hydrogeology, Northern Arizona University, 1984

Registration

Experience

Registered Geologist, 1992 - Arizona Registration No. 26036
Professional Geologist, 1998 - Wyoming Registration No. PG-2983

Don Hanson joined Clear Creek Associates in May 2000. He has 30 years of experience in
developing water resources, conducting hydrogeologic investigations, siting and permitting
for groundwater recharge, and aquifer storage and recovery (ASR) and public supply wet]
design and installation. He currently manages multiple water resources and recharge
projects, including the evaluation and rehabilitation of existing recharge facilities. He has
worked wi th ADEQ and ADWR to successful ly permi t  and re-permi t  numerous
groundwater recharge facilities.

PRIOR TO JOINING CLEAR CREEK ASSOCIATES

Mr. Hanson was manager of the Phoenix office of Harding Lawson Associates, a national
engineering and environmental consulting firm.

Representative
Prqieets

REPRESENTATIVE PROJECTS INCLUDE:

City of Surprise Manager for siting, design, installation and testing of five new vamoose zone
injection wells to recharge reclaimed water produced from the Cityls new SPA-2 reverse
osmosis WRF. Project included development of O&M plans, operator training, and technical
support for automated control logic development. Project also included APP and USF/WS
permitting.

City of Glendale- Manager for siting and conceptual design of new recharge facilities to manage
increased reclaimed water production from an expansion to the City's West Area WRF.
Project included an evaluation of technologies 80m managed recharge to full ASR, a cost
benefit analysis for siting, reclaimed water quality requirements, and groundwater modeling of
the preferred sites.

City of Phoenix Manager for the CCWRP vamoose zone well evaluation project. The project
included a determination of the causes leading to premature failure of seven vamoose zone
injection wells, development of remedies to rehabilitate existing wells, and development of a
new VZ well design for future VZ wells at the site.

City of Phoenix - Manager for the NE Phoenix Aquifer recharge siting project. The intent of the
project was to evaluate recharge technologies and locations for a fixture indirect potable reuse
system that will recharge reclaimed water from the City's CaveCreek WRP with recovery for
both potable and non-potable uses. The project included the development of several scenarios
including managed recharge, VZ wells and ASR, extensive groundwater modeling and particle
tracing, and life cycle cost analysis.

Vistancia, LLC. - Manager for the design, permitting (WS, USF & APP), and construction
management of two vamoose zone injection wells for reclaimed water from the City of Peoria's
Jomax WRF. Project includes City Agency meetings, a hydrologic study, AOI, DIA and
mounding modeling to demonstrate hydrologic feasibility.

City of Scottsdale Managed the design, drilling, construction, and testing of a new ASR well.
This project also included the design and installation of two deep (l,000') groundwater
monitoring wells as required to meet APP and USF permit requirements.

City of Peoria - Managed the evaluation of performance problems at two new recharge basins at
the City's Beardsley Road WRP. The project included detailed hydrogeologic investigation,
pilot testing of recommended solutions, implementation and construction management of fills
scale remedy, and oversight of final testing.

lllllll I
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DONALD p. HANSON. R.G.

4?
Town of Gilbert - Managed USF permitting at several new and existing vamoose zone recharge

facilities. Several sites had significant environmental issues associated with nearby
documented groundwater contamination Hom chlorinated solvents. Developed agency
approved monitoring and contingency plans.

City of Chandler - Managed the design and installation of 6 high capacity ASR wells for the
Ocotillo Recharge and Recovery Project and 9 high capacity ASR wells at the Tumbleweed
Recharge and Recovery site. Projects included well design, bidding services, WS, USF and
APP permitting, installation and testing and O&M support.

Memberships Arizona Water Association (AZ Water)
National Groundwater Association (NGWA)
American Institute of Professional Geologists (AIPG)

Publications!
PvesentaMons

2013 - High Capacity Well Design. National Groundwater Association, 2013 Groundwater Expo _
Nashville. TN. December.

2013 - Water Reuse - New Perspectives on Policy and Science 2013 Annual AHS Symposium -
Shifting Botmdaries, Recalibrating the Hydrologic Approach, September.

2013 - Well Screen Rehabilitation. Groundwater Resources Association of California, High
Resolution Tools and Techniques for Optimizing Groundwater Extraction for Water Supply
Symposium, June.

2013 - Capitalizing on Well Capacity Analysis. 86111 Annual AZ Water Conference, May.

2013 - Groundwater Recharge For The Future of Chile Presented to the Chilean Government.
Department of Agriculture, April.

2012 - Groundwater Recharge In Arizona. Presented to the Chilean Government, Department of
Agriculture, December.

2012 - High Capaeity Well Design. National Groundwater Association, 2012 Groundwater Expo _
Las Vegas, NV, December.

2012 - lI7 Degrees in The Shade _ Solutions to a Hot Water Supply Well. 28th Annual Tri-State
Seminar-on-the-River, September.

2012 - Basin Recharge - Planning For Sueeess. 85'" Annual AZ Water Conference, May.

2012 - Well Evaluation Concepts and Techniques, Well Rehabilitation ondModuication Methods.
ADEQ Operator Certification Program Workshop, April.

2011 - Enhancing Basin Recharge A presentation to the City of Pomona, California, October.

2011 - Aquifer Recharge-From Wsion to Reality. 84 h Annual AZ Water Conference, May.

2011 - Well Evaluation Concepts and Techniques, Well Rehabilitation andModification Methods.
ADEQ Operator Certification Program Workshop, February.

2010 - Groundwater Recharge- Tips for Siting, Design, andOperation. 26"' Annuaul Tri-State
Seminar-on-the-River, September.

2008 - Groundwater Recharge and its Impacts on Non-Point Source Nitrate Contamination. Peer
reviewed article in The Professional Geologist, Volume 45, Number 4 Auglst/September.

2006 - New Well Techniques for Well Installation. 22""' Annual Tri-State Seminar-on-the-River.
September.

2006 - Developing a Wet Water Supply. A presentation to Pulte Homes of Arizona, March.

2005 - Is It a Pump or Well Problem 21" Annuaul Tri-State Seminar-on-the-River, September

2005 - Maintaining ASR Well Efficiency. 12'*' Biennial Symposium on Groundwater Recharge, June.

2005 - Well Cleaning Eliminates Costly Arsenic Treatment. AWPCA 78 Annual Conference and
Exposition, May.

2004 - The Data Game, How Much, What Kinds, and Why. 20 h Annual Tri-State Seminar-on-the-
River, September.

2004 - Chandler's Reclaimed Water Program Yields 30 MGD Water Supply, Co-author, 19th Annual
Water Reuse Symposium, September.
2003 - Groundwater Recharge And Its Impacts On Non-Point Source Nitrate Contamination. 11"'
Biennial Symposium on Groundwater Recharge, June.
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STEVEN w. CORELL, R.G.
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Senior Hydrogeologist

Hydrogeology/Geology, Groundwater Modeling

B.A., Geology, State University of New York at Plattsburgh, 1981
NGWA - Short Course: Visual MODFLOW, Salem, Mass., 1998
U.S.G.S. Water Resources Division - Advanced Modeling of Groundwater Flow,
National Training Center, Denver, Colorado, 1995
University of Arizona - Subsurface Hydrology, 1990
Arizona State University - Groundwater Hydrology, 1987

Registered Geologist: Arizona, No. 30999(1997)

CLEAR CREEK ASSOCIATES, PHOENIX, ARIZONA; 1999 TO PRESENT

Steven is a Senior Hydrogeologist with 30 years of professional experience, including 23
years of groundwater experience in Arizona. Areas of specialization include Underground
Storage Facility applications, Aquifer Protection Permit applications, Assured Water Supply
applications, construction of groundwater flow models, evaluation of groundwater
resources, and Geographic Information Systems (GIS). Representative projects include the
following.

UNDERGROUND STORAGE FACILITY PERMITTING

Salt River Project Granite Reef Underground Storage Project
City of Phoenix Well 300
City of Phoenix Well 299
Anthem at Merrill Ranch Water Reclamation Plant
City of Surprise - SPAN Regional Water Reclamation Facility
Chandler Heights Recharge Project
Avondale Wetlands
City of Peoria Beardsley Road WWTP
City of Chandler Ocotillo Recharge and Recovery Facility
City of Chandler Tumbleweed Recharge Facility
Intel Recharge Facility
CAWCD Agua Fria Recharge Project

GROUNDWATER SUPPLY STUDIES

American West Potash, Holbrook, Arizona, water supply study
Buena Vista Ranch, Analysis of Assured Water Supply
City of Cottonwood, Designation of Assured Water Supply
Arizona Water Company, Pinal AMA Physical Availability Demonstration
Cimmaron DevelopMent, Vekol Valley, Analysis of Assured Water Supply
Long Meadow Ranch, Williamson Valley, Analysis of Assured Water Supply
Global Water Company - Santa Cruz Water Company, Designation of Assured
Water Supply
Swan Southlands Development - Tucson, Arizona, Analysis of Assured Water
Supply
Broadstone Preserve - Mobile, Arizona, Analysis of Assured Water Supply
City of Chandler, Hydrologic Map Series
City of Mesa Well Siting and Hydrologic Impact Analysis
City of Peoria, Groundwater Resource Investigation

NWI l
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American Ranch - Prescott, Arizona, Analysis of Assured Water Supply
Johnson Ranch - Queen Creek, Arizona, Assured Water Supply
City of Nogales - Portrero Canyon, Assured Water Supply

Arizona Water Company - Apache Junction Service Area, Physical Availability
Demonstration
PG&E National Energy Group - groundwater model of Harquahala Valley for
water supply analysis

AQUIFER PROTECTION PERMITTING

Freeport McMoRan Twin Buttes Mine
Freeport McMoRan Sierrita Mine
City of Peoria Vistancia Recharge Facility
Copper Basin Water Reclamation Plant, Queen Creek, Arizona
Tove of Gilbert, South Recharge Facility and Riparian Facility

Hydrogeologist, Bookman-Edmonston Engineering, Inc., Phoenix, Arizona, 1999
Hydrogeologist, Hydrosystems, Inc., Tempe, Arizona, 1997 to 1998
Hydrologist, Arizona Department of Water Resources, Phoenix, Arizona, 1988 to 1996
Geologist, Envirogas Inc., Mayville, New York, 1982 to 1987
Hydrocarbon Well Analyst, Continental Labs, Inc., Denver, Colorado, 1981

Governors Recognition Award - Salt River Groundwater Modeling Team, 1994

Corell, S.W., Putman, F.P., Lovvik, D., and Corkhill, E.F., 1996, A GroundwaterFlow
Model of the Sierra Vista Subwatershed of the Upper San Pedro Basin - Southeaster
Arizona, ADWR Modeling Report No. 10.

Corell, S.W., and Corkhill, E.F., 1994. A Regional Groundwater Flow Model of the Salt
River Valley-Phase II, Phoenix AMA, Numerical Model, Calibration, & Recommendations.
ADWR Modeling Report No. 8.

Corkhill, E.F., Corell, S.W., Hill, B.M., and Carr, D.A., 1993. A Regional Groundwater Flow
Model of the Salt River Valley - Phase I, Phoenix AMA, Hydrogeologic Framework and
Basic Data Report. ADWR Modeling Report No.6.

Corell, S.W., 1992. Groundwater Flow and Contaminant Transport Model
Maricopa County, Arizona. ADWR Modeling Report No. 3.

Central Phoenix,

Corell, S.W., Presentation 2002. "Expanded West Salt River Valley Groundwater Flow
Model and its Application to the City of Peoria" .- presented at the Arizona Hydrological
Society's Symposium 2002.
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Rob Buss, P.E.
Role: Carollo's Project Manager

Education:
BS Civil Engineering

Licenses:
Civil Engineer, AZ (14718)
Professional Engineer, NM (19168)

Years of Experience: 37 Years

Benefit to the Project:
Rob has a strong background in civil related infrastructure projects, from master planning of municipal
water, wastewater, and reuse water systems to detailed design and construction of those systems. For
this project, Rob brings his extensive knowledge of spreading basins recharge facility design to the team.
He has current working relationships with Central Arizona Project (CAP) engineering and operations staff
and his experience as the Project Manager for the CAP's Tonopah Desert Recharge Project (TDRP) is
directly relevant to the Pinal Valley Recharge project since many of the project elements are the same.
Rob also has a strong background in potable municipal well construction, equipping, and operations,
therefore he brings insight into the details of the proposed recovery well and pipeline design and
construction.

Responsibility:
Rob will provide his wealth of knowledge of detailed design of Recharge Facilities through many recharge
projects experience. Rob is responsible for Carollo's portion of the work, and will review key work
products to maintain project quality. He will maintain close contact with Clear Creek's project manager so
that the work is carried out efficiently and meets CCA's expectations.

Relevant Project Experience:

Project manager for the CAP Tonopah Desert Recharge Facility (TDRP).
Project manager for the City of Chandler, Chandler Heights Recharge Project (CHRP).
Project manager for the City of Chandler Alamosa Wells Equipping Project.
Project manager for the City of Chandler Price Road well Equipping Project.
Project engineer for the Chandler/Intel Fab 12 Industrial Process WTF Recharge Well Design.
Project manager / resident engineer for the Town of Gilbert Riparian Preserve at Water Ranch.
Project manager for the Town of Gilbert South Recharge Site.
Project manager for the Orange County Water District Imperial Headgates Rehabilitation.
Project civil engineer for the Orange County Water District Weir Pond Rehabilitation Project.
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Appendix J

FINANCIAL CAPABILITY LETTER

FINAL AWC PVRP USF Hydro Study.docx
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ARIZONA WATER COMPANY
3805 N . BLACK CANYON HIGHWAY, PHOENIX, ARIZONA85015-5351 l P.O. BOX 29006, PHOENIX, AZ 85038-9006

PHONE: (602) 240-6860 I FAX: (602) 240-6874 • TOLL FREE: (800) 533-6023 I www.azwater.com

December 17, 2014

Arizona Department of Water Resources
3550 North Central Avenue
Phoenix, AZ 85012

Re: Financial Capability Statement - Underground Storage Facility Permit

Dear Sir or Madam:

As part of Arizona Water Company's Pinal Valley Recharge Project and Underground
Storage Facility we plan to construct five recharge basins as a means to recharge the underlying
aquifer. The estimated construction cost of the five recharge basins is $4.8 million. The annual
cost to operate and maintain the facility including the delivery cost of Central Arizona Project
water is estimated to be $2.0 million. This letter certifies that Arizona Water Company has the
financial capability to construct and operate the facility for the twenty (20) year permitting time
frame.

Ifyouhave any questions, please contact me at 602-240-6860.

Very truly yours,

joseph D. Harris
VicePresident and Treasurer

job

E-MAIL: mail@azwater.com

n:\pouclEs MEMOS AND CORRESPONDENCE\CORRESUDH\ADWR_UNDERGROUNDSTORAGEPERMITJ20914.DOCX
JDH:JGBI 12/17/20143708 PM
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Arizona Water Company

Pinal Val ley Recharge Project

Engineer's Opinion of Construction Cost

9c c31'I~""l1
Ehgil186fs...Workmg Wonders VWIh Water 4 December 3, 2014

Item No.

1

Quantity Unit Price/Unit S Amount

1 Lump Sum s 250,000 s 250,000
2

1 Lump Sum s 300,000 s 800,000
3

1 Lump Sum s 500,000 s 500,000
4

1 Lump Sum S 150,000 S 150,000
5

6,200 LF s 200 s 1,240,000
6

8,000 LF s 12 s 96,000
7

1 Lump Sum s 150,000 S 150,000
8

Description
Mob/Demob / Clearing &

grubbing; site work

Excavation of Basins & Haul off

(60 Acres)

Turnout at the CAP canal;

coffer dam; meter vault

Control Valve vaults, gauges,

overflow conduits

24-inch Raw Water Pipeline,

valves and fittings

Perimeter fencing (7-foot high)

with access gates

Drainage control, access roads

& ABC

Monitoring & Piezometer
Wells - Solar powered

Electrical & Instrumentation

3

1

EA

Lump Sum

S 80,000 s

s 100,000 s

240,000

100,000

TOTAL DIRECT COST s 3,526,000

CONTINGENCY (20%) s 705,200

CONTRACTOR OVERHEAD, PROFIT, AND RISK (12%) S 423,120

SALES TAX (BASED ON 50% MATERIALS - 4%) s 70,520

TOTAL OPINION OF PROBABLE CONSTRUCTION COST s 4,125,000

III l



No. Item Description Maintenance Required Estimated Cost per Year

1 Trashrack Cleaning debris/hauling off s 8,880

2 Flow Meter Calibration/repair 8,320s

3 Isolation Valve(s) Repair/adjustment 500s

4 24-inch waterline Inspection/cleaning S 2,000

5 Valve Vaults Inspection/adjustment/repair 8,320s

6 Basins Scarifying/weed removal/repair s 27,840

7 Monitoring wells Adjustment/repair S 8,320

OPINION OF PROBABLE O&M ANNUAL COST s 64,180

Arizona Water Company

Pinal Valley Recharge Project
Opinion of Probable Operations and Maintenance Costs

C:ll'*"4 December 17, 2014
Engin8ers...Wwkrng Wont¥£'rsWife? 1r's4'e!f9:"8*

Assumptions:

1 Requires one person and service truck _ hauling directly to landfill

8 hrs x 12 days/year x S80/hr = $7,680; Tipping fee = $100 x 12 = $1,200; Total : $8,880

2 Requires one person and service truck
2 hrs x 52 days/year x $80/hr = $5,200; Total = $8,320

3 Requires one person and service truck

Same as Item 2, except done concurrently.

Assume annual repair : LS = $500

4 Requires Contract Company to CCW _ once every 5 years

Cost to CCW $10,000/5 = $2,000 per year

5 Requires one person and service truck

2 hrs x 52 days/year x $80/hr : $8,320; Total = $8,320
Assume this is done by same person on same day as Items 2 &3 above.
Makes for longer day, therefore, this cost is ADDED to the O&M total.

6 Requires three people, service truck, dozer, and dump truck - hauling directly to landfill
24 hrs x 12 days/year x $80/hr = $23,040; Tipping fee : $100 x 12 = $1,200; Total : $24,240
Dozer and dump truck costs (assume AWC owns both) $300/day x 12 = $3,600

7 Requires one person and service truck
2 hrs x 52 days/year x $80/hr = $8,320; Total = $8,320
Assume this is done by same person on same day as Items 2 & 3 above.
Makes for longer day, therefore, this cost is ADDED to the O&M total.

C
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Appendix K

TITLE DOCUMENTS & STATE LAND LEASE

FINAL AWC PVRP USF Hydro Study.docx
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STATE LAND DEPARTMENT
STATE OF ARIZONA

Right of Way
R/W No. 14-108857

THIS RIGHT OF WAY ("Right of Way") is entered into by and between the State
of Arizona (as "Grantor") by and through the Arizona State Land Department and

ARIZONA WATER COMPANY
("Grantee"). In consideration of payment and performance by the parties of each of the
provisions set forth herein, the parties agree as follows:

EXTENT OF DOCUMENT

"Additional Conditions", "Exhibits", and "Appendixes" are an integral part of this
document. In case of a conflict between the printed boiler document and the additional
conditions, exhibits, or appendixes, the applicable additional condition, exhibit, or
appendix shall be considered the governing document and supersede the printed boiler, but
only to the extent necessary to implement the additional condition, exhibit, or appendix,
and only if the additional condition, exhibit, or appendix does not conflict with governing
state or federal law.

ARTICLE 1
SUBJECT LAND

1.1 Grantor grants to Grantee a Right of Way on, over, through, and across the
State lands described in Appendix A attached hereto ("Subject Land").

1.2 Grantee MMes use of the Subject Land "as is", and Grantor makes no
express or implied warranties as to the physical condition of the Subject Land.

ARTICLE 2
TERM

2.1 The term of this Right of Way commences on December 11. 2009
("Commencement Date"), and expires on December 10, 2059 ("Expiration Date"),
unless sooner canceled or terminated as provided herein or as provided by law.

STANDARD R/W 12/05 Rev. 9/09
1

20.12.
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ARTICLE 3
RENT

3.1 Base Rent shall be payable in advance every 25 years for the above
mentioned term in such amount as determined to be due on the basis of appraisals made by
the Commissioner.

3.2 If the Grantee should fail to pay rental when due, or fail to keep the
covenants and agreements herein set forth, the Commissioner, at his option, may cancel
said Right of Way or declare the same forfeited in the manner provided by law.

3.3 There shall be added to the delinquent rental or other monies due, a penalty
and delinquent interest. The delinquent interest rate shall be set by the State Treasurer
according to law. The penalty shall be the greater of a minimum processing cost as
determined by the Commissioner or five (5%) percent. The delinquent rent, penalty and
interest shall be a lien on the improvements and property on the land.

ARTICLE 4
PURPOSE AND USE OF SUBJECT LAND

4.1 The purpose of this Right of Way is the location, construction, operation, and
maintenance of:

An underground 24 inch water transmission pipeline

4.2 No material may be removed by Grantee or its contractors without the
written approval of the Grantor.

4.3 Grantee shall not exclude from use the State of Arizona, its lessees, or
grantees, or the general public the right of ingress and egress over this Right of Way.

4.4 Grantee s11M acquire required permits prior to construction, and adhere to
all applicable rules, regulations, ordinances, and building codes as promulgated by the
local jurisdiction and any applicable State or Federal agencies.

4.5 All use of State land outside the Right of Way must be applied for and
authorized in accordance with applicable law.

4.6 Grantee shall not sublet or assign this Right of Way or any portion thereof
without the written consent of the Grantor.

4.7 The Grantor retains ownership of the Subject Land. The use of this Right of
Way is to be non-exclusive. This Right of Way is sold subject to existing reservations,
easements, or rights of way heretofore legally obtained and now in full force and effect.

4.8 When necessary for Grantee's reasonable use of this Right of Way for the
purposes for which the grant is made, it shall be deemed to include the rights in, upon,

STANDARD R/W12/05 Rev. 9/09
z
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over, and across the described Subject Land to erect, construct, reconstruct, replace,
repair, and maintain the facilities authorized by this Right of Way.

4.9 Grantee shall have the right to erect, maintain, and use gates in all fences
under the control of the Grantor which now cross or shall hereafter cross said Right of
Way, and to trim, cut, and clear away trees or brush whenever in its judgment the same
shall be necessary for the convenient and safe exercise of the right herein provided.

4.10 Grantee shall not fence any portion of this Right of Way unless specifically
authorized in the attached additional conditions without prior written consent of Grantor,
nor shall Grantee exclude from the use of the surface thereof the State of Arizona or its
lessees or grantees as reserved in Paragraph 10.1.

ARTICLE 5
CONFORMITY TO LAW

5.1
State lands.

This Right of Way is subject to applicable laws and covenants relating to

ARTICLE 6
CANCELLATION, TERMINATION AND ABANDONMENT

6.1 This Right of Way is subject to cancellation pursuant to A.RS. § 38-511.

6.2 If at any time the Right of Way ceases to be used for the purpose for which it
was granted, it shall become void, and the right to use the Subject Land and all the rights
of Grantee hereunder shall revert to the Grantor.

6.3 Upon revocation or termination of the Right of Way, the Grantee shall
remove all equipment or facilities, and so far as is reasonably possible, restore and/or
rehabilitate the Subject Land to its original condition, and to the satisfaction of the
Grantor.

ARTICLE 7
ENVIRONMENTAL INDEMNITY

7.1 Grantee shall protect, defend, indemnify, and hold harmless the Grantor
from and against all liabilities, costs, charges, and expenses, including attorneys' fees and
court costs arising out of (or related to) the presence of (or existence al) any substance
regulated under any applicable federal, state, or local environmental laws, regulations,
ordinances, or amendments thereto because of: (a) any substance that came to be located
on the Right of Way due to Grantee's use or occupancy of the lands by the Grantee before
or after the issuance of the Right of Way; or (b) any release, threatened release, or escape
of any substance in, on, under, or from the Right of Way that is caused, in whole or in part,
by any conduct, actions, or negligence of the Grantee, regardless of when such substance
came to be located on the Right of Way.
STANDARD R/W 12/05 Rev. 9/09
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9

shall notify the Grantor and the Arizona Department of Agn'culture 30 days prior to any
destruction or removal of native plants to allow salvage of those plants where possible.

12.3 Prior to surface disturbance, the Grantee hereof shall provide evidence of
archaeological clearance to the Department. Archaeological surveys and site mitigation
must be conducted in accordance with rules and regulations promulgated by the Director,
Arizona State Museum. In the event additional archaeological resources are detected by
Grantee after receipt of archaeological clearance, all work shall cease and notification shall
be given to the Director, Arizona State Museum, and Grantor.

ARTICLE 13 .
GRANTEE SHALL PROTECT AND RESTORE THE SUBJECT LAND

13.1 Grantee shall be required, upon completion of Right of Way construction, to
make such rehabilitation measures on the State lands, including but not limited to
restoration of the surface, revegetation, and fencing as determined necessary by the
Grantor.

13.2 Grantee shall conduct all construction and maintenance activities in a
manner that will minimize disturbance to all land values including but not limited to
vegetation, drainage channels, and streambanks. Construction methods shall be designed
to prevent degradation of soil conditions in areas where such degradation would result in
detrimental erosion or subsidence. Grantee shall take such other soil and resource
conservation and protection measures on the Subject Land under grant as determined
necessary by the Grantor.

13.3 Costs  incurred  by the Gran tee in complying with restoration and
rehabilitation requirements, as determined by the Department, on State lands shall be
borne by the Grantee.

13.4 Grantee shall conduct its operations on the Subject Land in such a manner
as is consistent with good environmental practices. Grantee shall exert reasonable efforts
to avoid damage of protected Ilora, and restore the surface to its condition prior to the
occupancy thereof by Grantee.

ARTICLE 14
MISCELLANEOUS

14.1 The described Subject Land shall be used only for the purpose stated in
Paragraph 4.1, and as may be further detailed elsewhere.

14.2 This Document is submitted for examination and shall have no binding effect
on the parties unless and until executed by the Grantor (after execution by the Grantee),
and until a fully executed copy is delivered to the Grantee.

STANDARD R/W12/05 Rev. 9/09
6
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shall notify the Grantor and the Arizona Department of Agriculture 30 days prior to any
destruction or removal of native plants to allow salvage of those plants where possible.

12.3 Prior to surface disturbance, the Grantee hereof shall provide evidence of
archaeological clearance to the Department. Archaeological surveys and site mitigation
must be conducted in accordance with rules and regulations promulgated by the Director,
Arizona State Museum. In the event additional archaeological resources are detected by
Grantee after receipt of archaeological clearance, M work shall cease and notification shall
be given to the Director, Arizona State Museum, and Grantor.

ARTICLE 13 ,
GRANTEE SHALL PROTECT AND RESTORE THE SUBJECT LAND

13.1 Grantee shall be required, upon completion of Right of Way construction, to
make such rehabilitation measures on the State lands, including but not limited to
restoration of the surface, revegetation, and fencing as determined necessary by the
Grantor.

13.2 Grantee shall conduct all construction and maintenance activities in a
manner that will minimize disturbance to all land values including but not limited to
vegetation, drainage channels, and streambanks. Construction methods shall be designed
to prevent degradation of soil conditions in areas where such degradation would result in
detrimental erosion or subsidence. Grantee shall take such other soil and resource
conservation and protection measures on the Subject Land under grant as determined
necessary by the Grantor.

13.3 Costs incurred  by the Grantee in  complying  wi th restoration and
rehabilitation requirements, as determined by the Department, on State lands shall be
borne by the Grantee.

13.4 Grantee shall conduct its operations on the Subject Land in such a manner
as is consistent with good environmental practices. Grantee shall exert reasonable efforts
to avoid damage of protected flora, and restore the surface to its condition prior to the
occupancy thereof by Grantee.

ARTICLE 14
MISCELLANEOUS

14.1 The described Subject Land shall be used only for the purpose stated in
Paragraph 4.1, and as may be further detailed elsewhere.

14.2 This Document is submitted for examination and shall have no binding effect
on the parties unless and until executed by the Grantor (after execution by the Grantee),
and until a fully executed copy is delivered to the Grantee.

STANDARD R/W 12/05 Rev. 9/09 6
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14.3 In the event of a dispute between the parties to this Right of Way, it is agreed
to use arbitration to resolve the dispute, but only to the extent required by A.R.S. § 12-
1518. In no event shall arbitration be employed to resolve a dispute which is otherwise
subject to administrative review by the Department.

14.4 The Grantor does not represent or warrant that access exists over other State
lands which intervene respectively between the above Right of Way and the nearest public
roadway.

14.5 Grantee agrees to indemnify, hold, and save Grantor harmless against all
loss, damage, liability, expense, costs, and charges incident to or resulting 'm any way from
any injuries to person or damage to property caused by or resulting from the use,
condition, or occupation of the Subject Land.

14.6 If for any reason the State of Arizona does not have title to any of the Subject
Land described herein, this Right of Way shall be null and void insofar as it relates to the
land to which the State has failed to receive title.

14.7 Every obligation of the State under this Right of Way is conditioned upon the
availability of funds appropriated or allocated for the payment of such obligation. If funds
are not allocated and available for the continuance of this Right of Way, this Right of Way
may be terminated by the State at the end of the period for which funds are available. No
liability shall accrue to the State in the event this provision is exercised, and the State shall
not be obligated or l iable for any future payments or any damages as a result of
termination under this paragraph.

14.8 The parties agree to be bound by applicable State and Federal rules
governing Equal Employment Opportunity, Non-discrimination and Disabilities, including
Executive Order No. 99-4.

14.9 Within 30 days of project completion, Grantee shall submit a completed
certificate of construction (copy attached).

STANDARD R/W 12/05 Rev. 9/09 7
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Page 1 of 6. ADDITIONAL CONDITIONS
#14-108857

1. The legal description of this right-of-way is detailed in EXHIBIT A attached.
Subject to the Grantor's rules and policies then 'm place, and as a result of
construction-related restrictions, Grantor and Grantee may agree to modify the
legal description via the Grantee submitting "as built" or "proposed realignment"
legals, depending on the situation, to the Grantor for the Grantor's review. If
approved by the Grantor, and additional acreage is impacted, Grantee agrees to
pay an appraised or pro-rated charge as the Grantor determines is appropriate. No
refund will be made for a reduction in acreage.

2. A11 rock brought to the surface along with topsoil and overburden &om the
affected State Trust lands shall be salvaged and stockpiled separately 'm a manner
that replacement shall utilize one hundred (100%) percent of the materials upon
project completion. Excess rock unsuitable for scattering shall be disposed of in a
manner and location that is authorized by the Grantor. .

3. All equipment shall be removed from the site within seven (7) days of project
completion.

4. In the event the Grantor determines that the affected State Tnlst lands have not
been restored and/or rehabilitated to the satisfaction of the Grantor, or the
surrounding State Trust lands have been adversely affected, Grantee shall amend
this right-of-way to include the affected State Tnlst lands, and remit compensation
to the Grantor in an amount representing the greater of actual damages or three (3)
times the contract rent within (30) days.

5. Grantee shall maintain the easement area in the mamler described above during the
term of this easement. Grantee agrees to complete any necessary restoration and
rehabilitation to the satisfaction of the Grantor within ninety (90) days of written
notification of non-compliance.

24./2.
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Page 2 of 6. ADDITIONAL CONDITION
FOR THREATENED/ENDANGERED SPECIES

#14-108857

The Arizona Game & Fish Department's Heritage Data Management System has
been accessed, and current records show that the species listed below has/have
been documented as occurring in the project vicinity.

Common Name Scientific Name Status

Yuma Clapper Rail RaLllus longirostris
yumanensis

Listed Endangered

The Arizona Game & Fish Department recommends that you contact the u.
Fish & Wildlife Service for additional information regarding the Endangered
Species Act and how it applies to the species noted above.

G:\ROW\Readfile\J8mes\2009\14-108857_ThIe8t-End Spc.doc
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Extmarr A
#14-108857
page 3 of 6.

The North 50.00 feet of the South 150.00 feet of the Southwest quarter of Section 17, Township
6 South, Range 9 East of the Gila and Salt River Base and Meridian, Pinal County, Arizona,
lying West of the West right-of-way line of the Salt-Gila Aqueduct Reach 4, according to the
records of the Arizona State land Department in right-of-way file 93-85542. (0.79 Acres)

Legal Description

W1\AWC EXHIBITSMISC LEsAn.s\2oas\cusTATE unto LEGN. DESCRIPTION 17 REVISED 1_s_os.ooc
XJ(X:XXX I 09:1D| 15/09
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#14-J08857
Ge 5  c f  6 . Legal Description

The North 50.00 feet of the South 150.00 feet of the Southeast quarter of Section 18, Township 6
South, Range 9 East of the Gila and Salt River Base and Meridian, Pinal County, Arizona. (3.02
Acres)

wnAwc EXHIBITS MISC LEGALS\2005\CL\STATE LAND LEGAL DESCRIPTION 18 REVISED 1_5__09.DGC
xzccxxx I 0119 I 1/sms
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STATE OF ARIZONA LAND DEPARTMENT
1616 w. ADAMS
PHOENIX, AZ 85007

RUN DATE 18-DEC-2009
RUN TIMES 09:33:18
APPENDIX A
PAGE: 001

014-108857~00-000 APPTYPE: NEW

06.0-S-09.0-E-17-11 -053-9004

06.0-S-09.0-E-18-11-031-9003

KE-LEASE#:

AMENDMENT#: 0

LAND# LEGAL DESCRIPTION AUS ACREAGE

N 50FT OF S 150FT LYING W OF 93-85542 0.00 0.790

N 50FT OF S 150FT OF SE 0.00 3.020

TOTALS: 0.00 3.810

20.12.
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IN WITNESS HEREOF, the parties hereto have signed this Right of Way effective the day
and year set forth previously herein.

STATE OF ARIZONA, GRANTOR
Arizona State Land Commissioner

\ 3-8'/-/0
DateDate

ARIZONA WATER COMPANY
GRANTEE

Authorized signl¢!5e

(SEAL)
\ 5&w£€&

Title

\ 38o$_ A104171 8»9<,< 4»1»»J. 44~»/my
Address

\ 4044! .
City

\. AE \. 9s'o/J
State Zip

STANDARD R/W12/05 Rev. 9/09 \

8

By:

s
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GRANTEE'S CERTIFICATE OF CONSTRUCTION

RIGHT OFWAY NUMBER:

NAME OFGRANTEE:

DATE ISSUED:

PERMITTED USE:

LAND DEPARTMENT ADMINISTRATOR:

DATE CONSTRUCTION STARTED:

DATE CONSTRUCTION COMPLETED:

I hereby certify that the facilities authorized by the State Land Commissioner, were
acmally constructed and tested in accordance with the terms of the grant, in compliance
with any required plans and specifications, and applicable Federal and State laws and
regulations.

Grantee's Signature Date

Title

Return To: Arizona State Land Department
R/W Section
1616 W. Adams Street
Phoenix, AZ 85007

STANDARD R/W 12/05 Rev. 9/09
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Recorded at the request of Capital Title Agency Inc.
when recorded mail to

OFFICIAL RECORDS OF
PINAL COUNTY RECORDER

LAURA DEAN-LYTLE

Arizona Water Company

M
DATE/TIME; 01/13/05 1647
FEE: $16.00
PAGES: 4
FEE NUMBER: 2005-004484

Special Warranty Deed
Escrow No. 1042105B

For the consideration of Ten Dollars, and other valuable considerations, I or we,
Fast Tract, ' ' ' `'
Langley Desert View,
interest,
real property situated in Pinal, County,

Boa Sorta Steele &
LLC, an Arlzona Llmited LlablIlty Company as to an undivided 50% interest and

L.L.C., an Arizona limited liability company as to an undivided 50%
do/does hereby convey to Arizona Water Company, an Arizona corporation, the following

Arizona:

See Exhibit A attached hereto and made a part hereof.

SUBJECT TO: all matters of record, all matters that an accurate survey or inspection would reveal, and
any and all other matters of which Buyer or its officers and employees have actual knowledge.

And the Grantor hereby binds itself and its successors to warrant and defend the title, against all acts of
the Grantor herein, and no other, subject to the matters set forth.

Dated this10th day of January , 2005

Boa Sorte Steele & Fast Tract LLC
By: Boa Sorte Limited Partnership, sole
member
By: Boa Sorte LL

Langley Desert View, L.L.C.

enerll partner
»

By: Wilford R. CG ager By: Steven G. Rees, Manager

STATE OF [ARIZONA]
COUNTY OF Maricopa

}ss:

This instrument was acknowledged before me this L/day of January, 2005 by Wilford R. Cardon,
Manager of Boa Sorte LLC, General Partner of Boa Sorte Limited Partnership, sole member of Boa
Sorte Steele & Fast Tract, LLC

My Commission Expires:
No are Public

OFFICIAL SEAL
JOI'I2l§h8l1 Bi°fk

law=~puv»q»Alnww

Coulwisdm

)0-\

Mn
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Recorded at the request of Capital Title Agency Inc.
when recorded mail to

Arizona Water Company

Special Warranty Deed
Escrow No. 1042105B

For the consideration of Ten Dollars, and other valuable considerations, I or we, Boa Sorte Steele &
Fast Tract, LLC, an Arizona Limited Liability Company as to an undivided 50% interest and
Langley Desert View, L.L.c., an Arizona limited liability company as to an undivided 50%
interest, do/does hereby convey to Arizona Water Company, an Arizona corporation, the following
real property situated in Pinal, County, Arizona:

See Exhibit A alTached hereto and made a part hereof.

SUBJECT TO: all matters of record, all matters that an accurate survey or inspection would reveal, and
any and all other matters of which Buyer or its officers and employees have actual knowledge.

And the Grantor hereby binds itself and its successors to warrant and defend the title, against all acts of
the Grantor herein, and no other, subject to the matters set forth.

Dated this 10th day of January , 2005

Boa Sorte Steele & Fast Tract LLC
By: Boa Sorte Limited Partnership, sole
member
By: Boa Sorte LLC, general partner

Langley Desert View, L.L.C.

By: Wilford R. Cardon, Manager By: Steven G. Rees, Manager

STATE OF [ARIZONA]
COUNTY OF Maricopa

}ss:

This instrument was acknowledged before me this _ day of January, 2005 by Wilford R. Cardon,
Manager of Boa Sorte LLC, General Partner of Boa Sorte Limited Partnership, sole member of Boa
Sorte Steele & Fast Tract, LLC

My Commission Expires:
Notary Public

20./2.
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STATE OF [ARIZONA]
COUNTY OF Maricopa

}ss:

44~
This instrument was acknowledged before me this day of January, 2005 by Steven G. Rees,
Manager of Langley Desert View, L.L.C.

My Commission Expires: I ; M § / ¢ / Q J 6  8 /

LINDA R. SIEGFRIED
Notary  Publ ic  -  Ar izona

M c r i c o p o  C o u n t y
Mv Commiss ion Expires

nl21,  2008

20./Z
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Exhibit A

That portion of the East half of the West half of Section 18, Township 6 South, Range 9 East of the Gila

and Salt River Base and Meridian, Pinal County, Arizona lying East of the New Florence-Casa Grande

Canal,

EXCEPTING THEREROM 50% of all oil and mineral rights, as reserved in instrument recorded in

Docket 723, Page 735, Pinar County Records.

20. /2



1 BEFORE THE ARIZONA CORPORATION COMMISSION

2
)*w " x w 3 ; 4 n y*

W Y > ~ 8' : » - X I 3

*~» » "-*"» --4"§';.... f
3

4

COMMISSIONERS
SUSAN BITTER SMITH, Chairman
BOB STUMP
BOB BURNS
DOUG LITTLE
TOM FORESE

2815 J"L 31 i
s ...J' _. r

5 [Lr-\Z CSR" CQ"H'.t

UOChET CGHIML
6 DOCKET no. W-01445A-15-

7

8

NOTICE OF INTENT TO FILE GENERAL
RATE CASE AND REQUEST FOR

ACCOUNTING ORDER

9

10

IN THE MATTER OF THE APPLICATION OF
ARIZONA WATER COMPANY, AN
ARIZONA CORPORATION, FOR A
DETERMINATION OF THE FAIR VALUE OF
ITS UTILITY PLANT AND PROPERTY, AND
FOR ADJUSTMENTS TO ITS RATES AND
CHARGES FOR UTILITY SERVICE
FURNISHED BY ITS WESTERN GROUP AND
FOR CERTAIN RELATED APPROVALS.

11

12

13

14

In accordance with A.A.C. R14-2-l03(A)(3), Arizona Water Company ("Company") hereby

provides notice of its intent to file a general rate case for its Western Group, including the Penal

Valley, White Tank and Ajo service areas. This general rate case will focus on the Company's plan

15

16

17

18

19

20

21

to put its Central Arizona Project ("CAP") water allocations in the Western Group to full beneficial

use through groundwater recharge and recovery. Because the Company's plan to deliver CAP water

to customers through recharge and recovery is of decisive importance with respect to future water

supplies and costs, the Company has developed updated CAP Water Use Plans which it will tile in

this docket to aid the parties in their reviews and analyses. Additionally, pursuant to A.R.S. §40-

221 , the Company hereby requests Commission authority to record the cost of delivering CAP water

to its Western Group customers in 2015, net of grants and other credits, as a deferred asset on its

The Commission can determine the disposition of this deferred asset in the22

23

balance sheet.

Company's Western Group general rate case.

24

25

Notice of Intent to File General Rate Case

1.

2.

26

27

28 3.

The following is a summary of the Company's Western Group general rate case:

Anticipated filing date: on or about August 7, 2015.

Test Year ended: December 31, 2014.

Requested effective date of new rates: on or before November 1, 2016.

1
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1 4.

2 a.

3

4 b.

5

6
d.

7

8

9

e.

The major factors necessitating a rate increase:

The cost of delivering renewable CAP water supplies to customers. These
costs include the CAP municipal & industrial ("M&I") capital, operation,
maintenance, and pumping charges and the related portion of deferred CAP
M&I capital charges.
Increased rate base as a result of utility plant replacements and improvements
since the last general rate case.
Increased operation and maintenance expenses above the amounts currently
reflected in rates .
Continued declines in per customer sales volumes since the last general rate
case.
Increased income and property taxes above the amounts currently reflected in
rates.
Increased capital costs.

10 Request for Accounting Order

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

As mentioned above, the Company has developed updated CAP Water Use Plans outlining

the Company's plan to deliver renewable CAP water supplies to customers in the Pinar Valley and

White Tank service areas through recharge and recovery. In 2015, the Company is delivering 5,000

acre feet of CAP water to groundwater savings facilities for the purpose of storage and recovery in

the Pinal Valley service area.

Pursuant to A.R.S. §40-221, the Company hereby requests Commission authority to record as

a deferred asset on its balance sheet $357,500 -- the net cost to deliver 5,000 acre feet of CAP water

to groundwater savings facilities for the purpose of storage and recovery in 2015. As shown on

Exhibit l (page 1, line 17), based on current CAP M&I capital, operation, maintenance, and

pumping rates, the total cost to deliver 5,000 acre feet of CAP water to the Pinal Valley service area

in 2015, is $895,000. For each acre foot of CAP water the Company delivered in 2015 to

groundwater savings facilities in the Western Group for storage and recovery, the owners of those

facilities are contractually obligated to pay the Company $36, reducing the total cost by $180,000

(page 1, line 28 of Exhibit 1).

In addition, in April 2015, the Arizona Department of Water Resources ("ADWR") awarded

the Company a Water Management Assistance Program Grant of $357,500 to help offset the

significant cost of delivering renewable CAP water supplies. As a result of the ADWR grant, the

Company's net cost to deliver CAP water to customers in the Pinal Valley service area in 2015 is

2

f.

c.

Ill\



$357,500. This cost is extraordinary because it represents the cost of delivering much needed

renewable CAP water supplies to general service customers in Pinal Valley, which will

immediately reduce groundwater pumping in the area by 5,000 acre feet, and because this

significant cost is not currently reflected in the Company's rates for service approved in Decision

73144 (May 1, 2012). Accordingly, the Company requests authority to record this cost in the

deferred asset account 186 - miscellaneous deferred debits. Defend of these costs will allow for,

but not yet authorize, future recovery and/or other necessary ratemadcing treatment as determined to

be appropriate by the Commission in the Company's Western Group general rate case.

All correspondence regarding the Company's request herein should be sent to :

Arizona Water Company
Attn: Joseph D. Harris, Vice President and Treasurer
3805 North Black Canyon Highway
Phoenix, AZ 850]5
(602)240-6860

RESPECTFULLY SUBMITTED this 31st day of July, 2015.

ARIZONA WATER COMPANY

I I

By:¢  _ -
E. Robert Spear
General Counsel
ARIZONA WATER COMPANY

Phoenix, Arizona 85038-9006
Post Office Box 29006

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Steven A Hirsch
Cores E. Neumeyer
BRYAN CAVE LLP
Two North Central Avenue, Suite 2200
Phoenix, AZ 85004
Attorneys for Applicant
Arizona Water Company

3
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1 ORIGINAL and thirteen (15) copies of the foregoing filed this 3 IT day of July, 2015, with:

2 Docket Control Division
Arizona Corporation Commission
1200 West Washington Street
Phoenix, Arizona 85007

3

4

5
COPY of the foregoing hand-delivered this 31st day of July, 2015, to:

6

7

8

9

Lyn Fanner
Chief Administrative Law Judge
Hearing Division
Arizona Corporation Commission
1200 West Washington Street
Phoenix, Arizona 85007

10

11

12

Thomas Broderick, Director
Utilities Division
Arizona Corporation Commission
1200 West Washington Street
Phoenix, Arizona 85007

13

14

15

16

Janice Alward, Chief Counsel
Legal Division
Arizona Corporation Commission
1200 West Washington Street
Phoenix, Arizona 85007

17 COPY of the foregoing mailed this 3 IS day of Judy, 2015, to:

18

19

20

Daniel W. Pozefsky, Chief Counsel
Residential. Utility Consumer Office
1110 West Washington Street, Suite 220
Phoenix, Arizona 85007

21

22

23

24

25

26

27

28

4

By:
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CENTRAL ARIZONA PROJECT
FINAL 2015-2016 RATE SCHEDULE

Approved
June 5, 2014

2014
Firm
2015

Provi-
sional
2016 2017

_Advisor_
2018 2013 8620

Municipal and 1dustriaI

Long Term Subcontract (B+C) 1

Non-Subcontract (A+B+C)2

Recharge (A+B+c) a

AWBA Interstate Recharge (A+B+C+D) 4

$ 146 $ 157 $ $ 166 s 171 $ 174 $ 196

166 179 190 196 199 221

166 17s 190 196 199 221

189 n.p. n.p. n.p. n.p. n.p. n.p.

161

184

184

Federal (3+0)5 $ 146 $ 157 s 161 $ 166 $ 171 $ 174 8 196

AqrLculturaj

Settlement Pool (C) e $ 67 $ 75 $ 76$ 79$ 81$ 828 99

Agricultural Incentives 6
Meet Settlement Pool Goals
Meet AWBA/CAGRD GSF Goals
Meet Recovery Goals

(14>
(2)
(2)

(18)
(2)
(2)

(15)
(2)
(2)

(14>
(2)
(2)

(12)
(2)
(2)

(9)
(2)
(2)

(22)
(2)
(2)

2014
Firm
201§

Provl-
slonal
2016 20i'7

Advisory
2018 2019 2020

Capital fM"s1e8

(A) Municipal and Industrial - Long Term Subcontracts $ 20$ 22$ 23$ 24$ 25$ 25$ 25

Qsiiverv Charges

(B) Fixed OM&R e

(C) Pumping Energy Rate 19

(D) Property Tax Equivalency 10

$ 79 $ 82 $ 85 $ 87 $ 90 $ 92 $ 97

67 75 76 79 81 82 99

23 n.p. n.p. n.p. n.p. n,p. n.p.

2014
Firm
2015

Provi-
sional
2016 2017

Advisory
2018 2019 2020

11Underground Water Storage O&M
Phoenix AMA
Tucson AMA

$ s s $ $ s $8
15

9
15

10
15

12
15

13
15

14

15

15

15

Underground W ater Storage Capital Charge 12
Phoenix AMA
Tucson AMA

$ 15
9

$ $15
9

15
9

$ $ $ $'15
9

15
9

15
g

15

9

Page 1 of 2
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CENTRAL ARIZONA PROJECT
FINAL 2015-2016 RATE SCHEDULE

Approved
June 5, 2014

3)

4)

5)
6)

7)

8)

9)

10)

11)
12)

NOTES:
1) Long-Term Municipal and Industrial (M&l) Subcontract include those users that hold a M&I subcontract.
2) Non-Subcontract includes M&l users that are taking water under an agreement other than a subcontract and

may also be referred to as "Excess" water. it is administered according to CAP's Access to Excess policy.
Recharge includes the Arizona Water Banking Authority, CAGRD, BOR and M&l subcontract holders and other
Arizona entities who have valid Arizona Department of Water Resources water storage permits and accrue
long-term storage credits. It is administered according to CAP's Access to Excess policy.
The AWBA Interstate Recharge rate is currently not published (n.p.) and will be provided upon request as
there is not any anticipation of water available for this class.
Federal water may also be referred to as "Indian" water.
Rate is the Pumping Energy Rate 1 component. incentives may be earned for meeting delivery goals in three

areas. Any incentives earned are applied to Settlement Pool deliveries.
For M8¢l subcontract water, the Capital Charge is paid on full allocation regardless of amount delivered and
not included in delivery rates.
Fixed o8.M costs divided by projected total water volumes plus components to fund capital replacements and
a rate stabilization reserve. This amount is collected on all ordered water whether delivered or not.

The energy rate applies to all actual water volumes as opposed to scheduled. The calculation is pumping
energy costs divided by projected volumes. '
The rate is based upon the tax levy for the previous elapsed tax year divided by the average water deliveries
(excluding Federal deliveries and water storage credits) for the three previous completed delivery years (e.g.,

for 2012, the tax equivalency is the levy for the 2010-2011 tax year divided by the average water deliveries for
2008, 2009 and 2010). This rate is currently not published (n.p.) and is available upon request, although it is
not anticipated there will be water available for this class.
Underground Water Storage O&M is paid by all direct recharge customers using CAP recharge sites.
Underground Water Storage Capital Charge is paid by all direct recharge customers except AWBA for M&l
firming, the CAGRD, municipal providers within the CAP service area and co-owners of CAWCD recharge
facilities using no more than their share of capacity.

Page 2 of 2
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ARIZONA WATER COMPANY
3805 n. BLACK CANYON HIGHWAY, PHOENIX,ARIZONA85015-5351 9 RO. BOX 29006, PHOENIX,AZ 85038-9006

PHONE: (602)240-6860 q FAX: (602)240-6874 C TOLLFREE' (800) 533-6023 l www.azwater.com

November 20, 2014

2 :

Mr. Andrew J. Craddock
Recharge Program Manager
Arizona Department of Water Resources
3550 North Central Avenue, Second Floor
Phoenix, AZ 85012-2105

Groundwater Savings Facility Storage Agreement between
Central Arizona Irrigation and Drainage District and Arizona Water Company
Water Storage Permit No. 73-531382.0700

Dear Mr. Craddock:

Enclosed is a fully executed copy of the above referenced agreement for your records.

1

Yours very Mlle,

Fredrick K. Schneider
Vice President - Engineering

arc
Enclosure

I I I I

E-MAIL: mail@azwater.com

FK8:JRC 1\l2Df1 a

Re:

1-_l-111l\lll\Il al I



GROUNDWATER SAVINGS FACILITY STORAGE AGREEMENT
BETWEEN

CENTRAL ARIZONA IRRIGATION AND DRAINAGE DISTRICT
AND

ARIZONA WATER COMPANY

PARTIES

The Parties to this Groundwater Savings Facility Storage Agreement ("Agreement") are
CENTRAL ARIZONA IRRIGATION AND DRAINAGE DISTRICT ("CAIDD") and
ARIZONA WATER COMPANY ("AWC"). CAIDD and AWC are referred to in this
Agreement as the "Parties" and each is referred to as a "Party."

CAIDD is a political subdivision of the State of Arizona formed pursuant to A.R.S. § 48-
2901 et seq. and is authorized to enter into this Agreement pursuant to A.R.S. §§ 48-2901 and
48-2978.

AWC is an Arizona corporation that holds one or more subcontracts for Central Arizona
Project ("CAP") water pursuant to a three party agreement between the United States Bureau of
Reclamation, the Central Arizona Water Conservation District, and AWC. AWC is eligible to
store CAP water underground pursuant to Arizona's Underground Water Storage, Savings and
Replenishment statutes, A.R.S. § 45-801.01 et seq.

2. CAIDD's GROUNDWATER SAVINGS FACILITY

2.1 CAIDD operates a groundwater savings facility (the "CAIDD GSF") pursuant to
Permit No. 72-531382.0005 (the "GSF Permit") issued by the Arizona Department of Water
Resources ("ADWR").

2.2 CAIDD's GSF Permit authorizes CAIDD to accept CAP water into CAIDD's GSF
in lieu of pumping groundwater on a gallon-for-gallon substitute basis. AWC may be eligible to
store CAP water in CAIDD's GSF and recover such stored CAP water on an annual basis
pursuant to a water storage permit and recovery well permits approved by ADWR.

2.3 AWC has applied for a water storage permit with ADWR to store CAP water at
CAIDD's GSF (the "AWC Water Storage Permit") and will be entitled to store CAP water at
CAIDD's GSF once the AWC Water Storage Permit is approved by ADWR and pursuant to this
Agreement. All such CAP water ordered by AWC for delivery to CAIDD's GSF is referred to in
this Agreement as "AWC CAP Water."

3. TERM

This Agreement will be effective when fully executed by the Parties,

This Agreement will terminate on December 31, 2020, unless the Parties agree in writing
to extend the term or unless it is sooner terminated in accordance with Section 12 of this
Agreement.

1
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4. CONDITIONS FOR DELIVERY OF WATER

The delivery and use of AWC CAP Water under this Agreement are conditioned on the
following, and the PartieS agree that:

4.1 AWC is responsible for keeping the AWC Water Storage Permit in effect
dmroughout the term of this Agreement, and for all expenses and administrative requirements,
including filing annual reports with ADWR, associated with obtaining and maintaining the AWC
Water Storage Permit.

4.2 CAIDD is responsible for keeping the GSF Permit in effect throughout the term
of Ms Agreement, and for all expenses and administrative requirements, including filing annual
reports with ADWR, associated with obtaining and maintaining the GSF Permit. CAIDD will
provide notice to AWC if, during the term of this Agreement: (i) CAIDD receives notice from
ADWR that ADWR intends to amend the GSF Permit; or (ii) CAIDD elects to submit an
application for amendment of the GSP Permit.

\

4.3 AWC will annually determine, in its sole discretion, whether to order AWC CAP
Water for delivery to the CAIDD GSF, and CAIDD will annually determine, in its sole
discretion, whether to accept AWC CAP Water into the CAIDD GSF.

4.4 All uses of AWC CAP Water delivered to CAIDD's GSF must be consistent with
all applicable Arizona laws and the terms of CAIDD's GSF Permit.

4.5 Upon receiving AWC CAP Water into the CAIDD GSF, CAIDD will deliver the
AWC CAP Water only to CAIDD customers within the boundaries of the CAIDD GSF. CAIDD
is responsible for all expenses and administrative requirements associated with maintaining and
operating the GSF Permit, including filing annual reports with ADWR and paying groundwater
withdrawal fees to ADWR pursuant to A.R.S. § 45-873.01. CAIDD's delivery of AWC CAP
Water widiin the CAIDD GSF must at all times comply with the Plan of Operation of the GSF
Permit required by A.R.S. § 45-812.01. If the GSF Permit for the CAIDD GSF is suspended,
cancelled, or expires for any reason, CAIDD will immediately notify AWC, and deliveries of
AWC CAP Water to CAIDD's GSF may, at the option ofAWC, be discontinued immediately.

4.6 CAIDD will deliver AWC CAP Water within the CAIDD GSF only on a gallon-
for-gallon substitute basis directly in lieu of groundwater that CAIDD otherwise would have
pumped within the Penal Active Management Area.

5. SCHEDULING DELIVERIES

5.1 On or before September 1st of each year, AWC will notify CAIDD in writing of
the amount of AWC CAP Water that AWC desires to store in the CAIDD GSF during the
following year.

5.2 On or before September 15th of each year, CAIDD will notify AWC in writing of
the amount of AWC CAP Water that CAIDD agrees to receive and use in lieu of groundwater
pumping on a gallon-for-gallon substitute basis during the following year.

2
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5.3 On or before September 30th of each year, AWC will submit an order to the
CAWCD for CAP water (the "AWC CAP Water Order") in an amount equal to the quantity of
AWC CAP Water that CAIDD has agreed to use in lieu of groundwater during the following
year pursuant to Section 5.2 of this Agreement

5.4 CAIDD will determine a proposed xnondily schedule of its use of AWC CAP
Water for the following year. CAIDD will provide AWC with a copy of the proposed schedule
on or before September.20th of each year. AWC will submit the proposed delivery schedule to
CAWCD along with the AWC CAP Water Order. The Parties agree that the proposed delivery
schedule is an estimate of how CAIDD may receive the AWC CAP Water during the following
year and that the schedule may be subject to change based on CAWCD's final delivery schedule

5.5 AWC hereby authorizes CAIDD to receive AWC CAP Water directly from
CAWCD. The amounts, times, and rates of delivery of AWC CAP Water to CAIDD during any
month will be determined by CAIDDand CAWCD

5.6 At any time during the termof this Agreement, the Parties may agree to enter into
a mu1ti~year commitment regarding specific quantities of AWC CAP Water to be ordered by
AWC and received by CAIDD for use in the CAIDD GSF. At the request of either Party, both
Parties will meet in good faith to discuss the terms under which they might agree to such a multi
year commitment. If the Parties agree to a multi-year commitment, that commitment will be
documented in the form of an amendment to this Agreement signed by both Parties

REDUCTION OR DISCONTINUATION OF DELIVERIES

Upon providing CAIDD with 15 days' advance written notice, AWC may reduce or
discontinue deliveries of AWC CAP Water to CAIDD if one or more of the following events
occur

6.1 ADWR notifies AWC that ADWR will not allow AWC to recover water on an
annual basis in exchange for the storage of AWC CAP Water in the CAIDD GSF as
contemplated by this Agreement

6.2 AWC has been informed by CAWCD that the amount of AWC CAP Water made
available to AWC has been or will be reduced

CAIDD's CONTRIBUTION TO COST OF AWC WATER

7.1 The Parties agree that CAIDD will pay AWC $36.00 for each acre-foot of AWC
CAP Water delivered to CAIDD during the initial year of delivering AWC CAP Water to
CAIDD under this Agreement ("CAIDD's Contribution"). AWC may revise the cost to deliver
AWC CAP Water to CAIDD in subsequent years after first giving notice to CAIDD no later than
June let of the previous year. If AWC gives notice of its intent to revise the cost of delivery of
CAP Water to CAIDD, the Parties shall meet and confer in good faith to reach agreement on the
cost to deliver AWC CAP Water for the subsequent year. If the Parties are unable to reach
agreement on the revised cost by August let, AWC may choose not to schedule deliveries of
AWC CAP Water for delivery to the CAIDD GSF for the subsequent year
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7.2 On or before die 20th day of each month during the term of this Agreement
CAIDD will pay to AWC CAIDD's Contribution for any AWC CAP Water received by CAIDD
during the preceding month. CAIDD will provide AWC with a copy of CAIDD's monthly "CAP
Water Use Accounting Report" and a transmittal letter documenting the calculation of the
monthly CAIDD Contribution.

7.3 If CAIDD fails or refuses to pay AWC for the monthly CAIDD Contribution
AWC may suspend delivery of AWC CAP Water to CAIDD until the payment has been received
by AWC. AWC will provide CAIDD 15 days' written notice prior to suspending the delivery of
AWC CAP Water to CAIDD. In the event that CAIDD does not pay AWC within 15 days after
receiving such written notice, AWC may suspend deliveries of AWC CAP Water to CAIDD and
deliver the remainder of AWC CAP Water scheduled for delivery to CAIDD's GSF for that year
to another GSF operator or to any other potential recipients.

s. NO ALLOCATION OF WATER

8.1 Nothing in this Agreement will be construed as an allocation of water to CAIDD
nor will this Agreement entitle CAIDD to any water other than any AWC CAP Water ordered
pursuant to this Agreement,

8.2 Until a specific quantity of water is agreed upon by the Parties for a particular
year pursuant to Section 5 of this Agreement, nothing in this Agreement will be construed as
requiring AWC to provide AWC CAP Water to CAIDD in any year, and, nothing in this
Agreement will be construed as requiring CAIDD to accept deliveries of AWC CAP Water in
any year.

9. WATER QUALITY

Neither Party guarantees the quality of water delivered, received, or used pursuant to this
Agreement. Each Party waives its right to make a claim against the other Party for any effect on
the quality of stu'face or underground water as a result of this Agreement.

10. RECOVERY, SALE, OR TRANSFER OF STORED WATER AND CREDITS

10.1 AWC will have the right to recover, sell, or transfer any stored CAP Water AWC
recovers as a result of storing AWC CAP Water at the CAIDD GSF pursuant to this Agreement
provided, however, CAIDD and AWC acknowledge that the recovery of  water stored
underground in the CAIDD GSF is beyond the scope of this Agreement, and recovery of such
water will be the sole responsibility of AWC.

10.2 Recovery of stored CAP Water may be the subject of a separate agreement
between the Parties if they so desire. At the request of either Party, both Parties will meet in
good faith to discuss the terms of such a separate agreement to recover water stored pursuant to
this Agreement.

10.3 At the request of either Party, both Parties will cooperate to seek approval from
the United States Bureau of Reclamation, CAWCD, or any other entities with authority to
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control wheeling of recovered water through Central Arizona Project facilities or other water
delivery infrastructure interconnected with the CAIDD GSF.

11. DELIVERY OF AWC WATER

11.1 AWC CAP Water furnished to CAIDD pursuant to this Agreement will be
delivered to CAIDD at such delivery point(s) as have been approved by CAIDD and CAWCD.

11.2 A11 water delivered to CAIDD from the CAP system will be measured with
equipment furnished, operated, and maintained by CAWCD. Upon the request of CAIDD or
AWC, the Parties will request that the accuracy of such measurements be investigated by
CAWCD, and any errors that are mutually determined to have occurred will be corrected.
However, if the Parties cannot agree on any requiredadjustment,CAWCD's determination will
control.

11.3 AWC will not be responsible for the control, carriage, handling, use, disposal, or
distribution of water beyond CAlDD's CAP delivery point(s).

11.4 AWC will not be responsible for any action taken by CAWCD or CAIDD
regarding the construction, operation, or maintenance of connection facilities between the
CAWCD and CAIDD systems.

11.5 The Parties understand and agree that deliveries of CAP water scheduled under
this Agreement may be subject to temporary interruption due to investigation, inspection,
construction, testing, maintenance, repair or replacement of the CAP water delivery facilities.
Further, the Parties agree that deliveries of AWC CAP Water scheduled under this Agreement
may be subject to temporary interruption by CAWCD due to insufficient water supplies or
insufficient delivery capacity needed to deliver water through the CAP system.

12. TERMINATION OF AGREEMENT

12.1 This Agreement may be terminated for any of the following reasons~

12.1 .1 If any agreement by which AWC secures the right to order CAP Water is
terminated, AWC may terminate this Agreement, which termination will be effective 15 days
alter mailing written notice of termination to CAIDD.

12.1 .2 If ADWR notifies AWC that AWC may not store and recover water on an
annual basis in exchange for AWC CAP Water delivered to the CAIDD GSF, AWC may
terminate this Agreement, which termination will be effective 15 days after AWC delivers
written notice of termination to CAIDD.

12.1.3 If AWC determines, in its sole discretion, that continued deliveries of
AWC CAP Water to the CAIDD GSF are not in the best interest of AWC, then AWC may
terminate this Agreement effective at the end of the period encompassed by the then-current
AWC CAP Water Order by giving not less than 15 days' written notice of termination to
CAIDD.

5
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12.1.4 If CAIDD detennines, in its sole discretion, that continued deliveries of
AWC CAP Water to the CAIDD GSF are not in the best interest of CAIDD, then CAIDD may
terminate this Agreement effective at the end of the period encompassed by the then-current
AWC CAP Water Order by giving not less than 15 days' written notice of termination to AWC.

12.1.5 Upon mutual written agreement of the Parties.

12.2 A Party's right to collect any monies owed under this Agreement will survive the
termination of this Agreement.

13. COMPLIANCE WITH LAWS

In carrying out this Agreement, CAIDD and AWC will comply with all applicable laws
and regulations of the State of Arizona and will obtain and maintain all required permits or
licenses from appropriate federal, state, and local authorities.

14. BOOKS AND RECORDS

CAIDD will maintain records pertaining to the administration of the terms of this
Agreement, including records of CAIDD's water supply and water use data. Copies of such
records will be furnished to AWC upon request.

15. AUTHORIZED REPRESENTATIVES; NOTICES

The individuals named below are authorized to act as the designated representative for
the respective Parties and will serve as a primary contact person for such Party. Any notice,
demand, or request authorized or required by this Agreement will be in writing and will be
deemed to have been duly given if: (i) mailed, via certified United States Mail, return receipt
requested, postage prepaid, (ii) personally delivered to the Parties at the address set forth below,
or (iii) sent via national overnight delivery service. The date a notice will be deemed to have
been given, received, and become effective will be: (a) three days following the date of deposit
in the mail, if the notice is sent by certified United States Mail, return receipt requested, postage
prepaid, or (b) the date on which the notice is delivered or refused, if notice is given by personal
delivery or delivery by a national overnight delivery service. No notice will be deemed effective
unless sent in one of the manners described above. The designation of the addressee or the
address may be changed by notice given in the same manner as provided for in this Section 15.

If to AWC :

President
Arizona Water Company
P.O. Box 29006
Phoenix, AZ 85038-9006
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If to CAIDD :

General Manager
Central Arizona Imlgation and Drainage District
P.O. Box 605
231 S. Sunshine Blvd,
Eloy, Arizona 85131

16. ASSIGNMENT

The provisions of this Agreement will apply to and bind the successors and assigns of the
Parties hereto, but no assignment or transfer of this Agreement or any interest in it will be valid
unless and unti l  approved in wri t ing by  both Parties. Any assignment or transfer of  this
Agreement by a Party in breach of this Section 16 will be null and void and of no legal force or
effect.

17. MUTUAL DEFENSE AND COOPERATION

The Parties will exercise good faith efforts to defend this Agreement from and against
any challenge made by third parties, and each Party will do so at its individual expense.

18. UNCONTROLLABLE FORCES

Neither Party  wi l l  be  considered to be  in defau l t  in the  performance  of  any  of  i ts
obl igat ions under  thi s  Agreement when the  fa i lu re  of  such performance  i s  the  resu l t  of
uncontrollable forces. The term "uncontrollable forces" will mean any cause beyond the control
of the Party unable to perfonn an obligation under this Agreement, including, but not limited to,
failure of or threat of failure of facilities, flood, earthquake, storm, fire, lightning, drought, and
other natural catastrophes, epidemic, war, riot, civil disturbance or disobedience, strike, labor
dispute, labor or material shortage, sabotage, government priorities, restraint by a court order or a
public authority, or any action or non-action by, or failure to obtain the necessary authorizations
or approvals from, any governmental agency or authority, which by exercise of due diligence the
affected Party could not reasonably have been expected to avoid and which by exercise of due
diligence it is unable to overcome.

19. ENTIRE AGREEMENT; MODIFICATIONS

This Agreement embodies the entire agreement of the Parties with regard to the subject
matter addressed herein. There are no promises, terms, conditions, or obligations between the
Parties relating to this subject matter other than those contained in this Agreement. This
Agreement will supersede all previous coimnunications, representations, or agreements, either
verbal or written, between the Parties relating to the subject matter herein. There will be no
modification of this Agreement except in a writing executed by both Parties.

20. COUNTERPART EXECUTION
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This Agreement may be signed in counterparts, each of which will be an original and all
of which will constitute one and the same instrument. A11 signatures need not be on the same
counterpart.

21. AUTHORIZATIONS

The Parties to this Agreement represent that the individuals signing this Agreement in the
spaces provided below have been appropriately authorized to enter into this Groundwater
Savings Facility Storage Agreement on behalf of the Party for which they sign and that no
further action or approvals are necessary before execution of this Agreement.

IN WITNESS WHEREOF, this Agreement is executed this 2014.

CENTRAL ARIZONA IRRIGATION AND DRAINAGE
DISTRICT, an Arizona municipal corporation

By:
Name: DeWitt Waddle
Title: President, Board of Directors

By:
Attested td by: Timo\&y J. )9l'§her
Title: Secretary Board of binectors

ARIZONA WATER COMPANY

By: .
Name: William M. Garfield
Title: President and Chief Operating Officer

M
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ARIZ ONA WATER COMPANY
3805 n. BLACK CANYONHIGHWAY,PHOENIX, ARIZONA85015-5351 • PO. BOX 29006, PHOENIX, AZ 85038-9006

PHONE: (602)240-6860 D FAX' (602)240-6874 I TOLL FREE: (800)533-6023 I www.azwatcr.com

November 20, 2014

Mr. Andrew J . Craddock
Recharge Program Manager
Arizona Department of Water Resources
3550 North Central Avenue, Second Floor
Phoenix, AZ 85012-2105

Groundwater Savings Facility forage Agreement between
Maricopa-Stanfield Irrigation and Drainage District and Arizona Water Company
Water Storage Permit No. 73-53138 I .0700

Dear Mr. Craddock:

Enclosed is a fully executed copy of the above referenced agreement for your records,

Yours very truly,

,4/
Fredrick K. Sch rel Er
Vice President - Engineering

arc
Enclosure

E-MAIL: mail@azwater.com

FKS:JRC 11/20/\4

Re:



GROUNDWATER SAVINGS FACILITY STORAGE AGREEMENT
BETWEEN

MARICOPA STANFIELD IRRIGATION AND DRAINAGE DISTRICT
AND

ARIZONA WATER COMPANY

1. PARTIES

The Parties to this Groundwater Savings Facility Storage Agreement ("Agreement") are
MARICOPA STANFIELD IRRIGATION AND DRAINAGE DISTRICT ("MSIDD") and
ARIZONA WATER COMPANY ("AWC"). MSIDD and AWC are referred to in this
Agreement as the "Parties" and each is refen'ed to as a "Party."

MSIDD is a political subdivision of the State of Arizona fanned pursuant to A.R.S. § 48-
290] et seq. and is authorized to enter into this Agreement pursuant to A.R.S. §§ 48-2901 and
48-2978.

AWC is an Arizona corporation that holds one or more subcontracts for Central Arizona
Project ("CAP") water pursuant to a three party agreement between the United States Bureau of
Reclamation, the Central Arizona Water Conservation District, and AWC. AWC is eligible to
store CAP water underground pursuant to Arizona's Underground Water Storage, Savings and
Replenishment statutes, A¢R.S. § 45-801.01 Hz seq.

2. MSIDD's GROUNDWATER SAVINGS FACILITY

2.1 MSIDD operates a groundwater savings facility (the "MSIDD GSF") pursuant to
Permit No. 72-531381.0005 (the "GSF Pelmit") issued by the Arizona Department of Water
Resources ("ADWR").

2.2 MSIDD's GSF Pennie authorizes MSIDD to accept CAP water into MSIDD's
GSF in lieu of pumping groundwater on a gallon-for-gallon substitute basis. AWC may be
eligible to store CAP water in MSIDD's GSF and recover such stored CAP water on an annual
basis pursuant to a water storage permit and recovery well permits approved by ADWR.

2.3 AWC has applied for a water storage permit with ADWR to store CAP water at
MSIDD's GSF (the "AWC Water Storage Pcnnit") and will be entitled to store CAP water at
MSIDD's GSF once the AWC Water Storage Per nit is approved by ADWR and pursuant to this
Agreement. All such CAP water ordered by AWC for delivery to MSIDD's GSF is referred to in
this Agreement as "AWC CAP Water."

3. TERM

This Agreement will be effective when fully executed by the Parties.

This Agreement will terminate on December 31, 2020, unless the Parties agree in writing
to extend the term or unless it is sooner terminated in accordance with Section 12 of this
Agreement.

I
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4. CONDITIONS FOR DELWERY OF WATER

The delivery and use of AWC CAP Water under this Agreement are conditioned on the
following, and the Parties agree that:

4.1 AWC is responsible for keeping the AWC Water Storage Permit in effect
throughout the tern of this Agreement, and for all expenses and administrative requirements,
including filing annual reports with ADWR, associated with obtaining and maintaining the AWC
Water Storage Permit.

4.2 MSIDD is responsible for keeping the GSP Permit in effect throughout the tern
of this Agreement, and for all expenses and administrative requirements, including filing annual
reports with ADWR, associated with obtaining and maintaining the GSF Permit. MSIDD will
provide notice to AWC lg during the term of this Agreement: (i) MSIDD receives notice firm
ADWR that ADWR intends to amend the GSF Permit; or (ii) MSIDD elects to submit an
application for amendment of the GSF Permit.

4.3 AWC will annually determine, in its sole discretion, whether to order AWC CAP
Water for delivery to the MSIDD GSP, and MSIDD will annually determine, in its sole
discretion, whether to accept AWC CAP Water into the MSIDD GSF.

4

4.4 All uses of AWC CAP Water delivered to MSIDD's GSF must be consistent with
all applicable Arizona laws and the terms of MSIDD's GSF Pennie.

4.5 Upon receiving AWC CAP Water into the MSIDD GSF, MSIDD will deliver the
AWC CAP Water only to MSIDD customers within the boundaries of the MSIDD GSF.
MSIDD is responsible for all expenses and administrative requirements associated with
maintaining and operating the GSP Permit, including filing annual reports with ADWR and
paying groundwater withdrawal fees to ADWR pursuant to A.R.S. § 45-873.01. MSlDD's
delivery of AWC CAP Water within the MSIDD GSP must at all times comply with the Plan of
Operation of the GSP Permit required by A.R.S. § 45-812.01 . If the GSF Per nit for the MSIDD
GSF is suspended, cancelled, or expires for any reason, MSIDD will immediately notify AWC,
and deliveries of AWC CAP Water to MSIDD's GSF may, at the option of AWC, be
discontinued immediately,

4.6 MSIDD will deliver AWC CAP Water within the MSIDD GSF only on a gallon-
for-gallon substitute basis directly in lieu of groundwater that MSIDD otherwise would have
pumped within the Penal Active Management Area.

5. SCHEDULING DELIVERIES

5.1 O11 or before September let of each year, AWC will notify MSIDD in writing of
the amount of AWC CAP Water that AWC desires to store in the MSIDD GSP during the
following year.

5.2 On or before September 15th of each year, MSIDD wit] notify AWC in writing of
the amount of AWC CAP Water that MSIDD agrees to receive and use in lieu of groundwater
pumping on a gallon-for-gallon substitute basis during the following year.

2
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. 5.3 On or before September 30th of each year, AWC will submit an order to the
CAWCD for CAP water (the "AWC CAP Water Order") in an amount equal to the quantity of
AWC CAP Water
year pursuant to Section 5.2 of this Agreement.

that MSIDD has agreed to use in lieu of groundwater during the following

5,4 MSIDD will determine a proposed monthly schedule of its use of AWC CAP
Water for the following year. MSIDD will provide AWC with a copy of the proposed schedule
on or before September 20th of each year. AWC will submit the proposed delivery schedule to
CAWCD along with the AWC CAP Water Order. The Parties agree that the proposed delivery
schedule is an estimate of how MSIDD may receive the AWC CAP Water during the following
year and that the schedule may be subject to change based on CAWCD's final delivery schedule.

5.5 AWC hereby authorizes MSIDD to receive AWC CAP Water directly from
CAWCD. The amounts, times, and rates of delivery of AWC CAP Water to MSIDD during any
month will be determined by MSIDD and CAWCD.

5.6 At any time during the tern of this Agreement, the Parties may agree to enter into
a multi-year commitment regarding specific quantities of AWC CAP Water to be ordered by
AWC and received by MSIDD for use in the MSIDD GSF. At the request of either Patty, both
Parties will meet in good faith to discuss the terms under which they might agree to such a multi-
year commitment. If the Parties agree to a multi-year commitment, that commitment will be
documented in the font of an amendment to this Agreement signed by both Parties.

6. REDUCTION OR DISCONTINUATION OF DELIVERIES

Upon providing MSIDD with 15 days' advance written notice, AWC may reduce or
discontinue deliveries of AWC CAP Water to MSIDD if one or more of the following events
occur:

6.1 ADWR notifies AWC that ADWR will not allow AWC to recover water on an
annual basis in exchange for the storage of AWC CAP Water in the MSIDD GSF as
contemplated by this Agreement.

6.2 AWC has been informed by CAWCD that the amount of AWC CAP Water made
available to AWC has been or will be reduced.

7. MSIDD's CONTRIBUTION TO COST OF AWC WATER

7.1 The Parties agree that MSIDD will pay AWC $36.00 for each acre-foot of AWC
CAP Water delivered to MSIDD during the initial year of delivering AWC CAP Water to
MSIDD under this Agreement ("MSIDD's Contribution"). AWC may revise the cost to deliver
AWC CAP Water to MSIDD in subsequent years after first giving notice to MS ADD no later than
June let of the previous year. If AWC gives notice of its intent to revise the cost of delivery of
CAP Water to MSIDD, the Panties shall meet and confer in good faith to reach agreement on the
cost to deliver AWC CAP Water for the subsequent year. If the Parties are unable to reach
agreement on the revised cost by August let, AWC may choose not to schedule deliveries of
AWC CAP Water for delivery to the MSIDD GSF for the subsequent year.
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7.2 On 01' before die 20th day of each month during the term of this Agreement,
MSIDD will pay to AWC MSIDD's Contribution for any AWC CA? Water received by MSIDD
during the preceding mouth. MSIDD will provide AWC with a copy of MSlDD's monthly "CAP
Water Use Accounting Report" and a transmittal letter documenting the calculation of the
monthly MSIDD Contribution.

7.3 If MSIDD fails or refuses to pay AWC for the monthly MSIDD Contribution,
AWC may suspend delivery of AWC CAP Water to MSIDD until die payment has been received
by AWC. AWC will provide MSIDD 15 days' written notice prior to suspending the delivery of
AWC CAP Water Io MSIDD. in the event that MSIDD does not pay AWC within 15 days after
receiving such written notice, AWC may suspend deliveries of AWC CAP Water to MSIDD and
deliver the remainder of AWC CAP Water scheduled for delivery to MSIDD's GSF for that year
to another GSP operator or to any other potential recipients.

8. NO ALLOCATION OF WATER

8.1 Nothing in this Agreement will be construed as an allocation of water to MSIDD,
nor will this Agreement entitle MSIDD to any water other than any AWC CAP Water ordered
pursuant to this Agreement.

8.2 Until a specific quantity of water is agreed upon by the Parties for a particular
year pursuant to Section 5 of this Agreement, nothing in this Agreement will be construed as
requinlllg AWC to provide AWC CAP Water to MSIDD in any year, and, nothing in this
Agreement will be construed as requiring MSIDD to accept deliveries of AWC CAP Water in
any year.

9. WATER QUALITY

Neither Party guarantees the quality of water delivery, received, or used pursuant to this
Agreement. Each Party waives its right to make a claim against the other Party for any effect on
the quality of surface or underground water as a result of this Agreement.

10. RECOVERY, SALE, OR TRANSFER OF STORED WATER AND CREDITS

10.1 AWC will have the right to recover, sell, or transfer any stored CAP Water AWC
recovers as a result of storing AWC CAP Water at the MSIDD GSF pursuant to this Agreement,
provided, however, MSIDD and AWC acknowledge that the recovery of water stored
underground in the MSIDD GSF is beyond the scope of this Agreement, and recovery of such
water will be the sole responsibility of AWC.

10.2 Recovery of stored CAP Water may be the subject of a separate agreement
between the Parties if they so desire. At the request of either Party, both Parties will meet in
good faith to discuss the terms of such a separate agreement to recover water stored pursuant to
this Agreement,

10.3 At the request of either Party, both Parties will cooperate to seek approval from
the United States Bureau of Reclamation, CAWCD, or any other entities with authonlty to
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control wheeling of recovered water through Central Arizona Project facilities o other water
delivery infrastructure interconnected with the MSIDD GSP.

11. DELIVERY OF AWC WATER

11.1 AWC CAP Water furnished to MSIDD pursuant to this Agreement will be
delivered to MSIDD at such delivery point(s) as have been approved by MSIDD and CAWCD.

11.2 All water delivered to MSIDD from the CAP system will be measured with
equipment flimished, operated, and maintained by CAWCD. Upon the request of IVISIDD or
AWC, the Parties will request that the accuracy of such measurements be investigated by
CAWCD, and any en° ors that are mutually detennined to have occur° ed will be corrected.
However, if the Parties cannot agree on any required adjustment, CAWCD's determination will
control.

11.3
distribution of water beyond MSIDD's CAP delivery poiz11(s).

AWC will not be responsible for the control, carriage, handling, use, disposal, or

11.4 AWC will not be responsible for any action taken by CAWCD or MSIDD
regarding the construction, operation, or maintenance of connection facilities between the
CAWCD and MSIDD systems.

11.5 The Parties understand and agree that deliveries of CAP water scheduled under
this Agreement may be subject to temporary interruption due to investigation, inspection,
construction, testing, maintenance, repair or replacement of the CAP water delivery facilities.
Further, the Parties agree that deliveries of AWC CAP Water scheduled under this Agreement
may be subject to temporary interruption by CAWCD due to insufficient water supplies or
insufficient delivery capacity needed to deliver water through the CAP system.

12. TERMINATION OF AGREEMENT

12.1 This Agreement may be terminated for any of the following reasons:

12,].1 If any agreement by which AWC secures the right to order CAP Water is
terminated, AWC may terminate this Agreement, which teunination will be effective 15 days
after mailing written notice of termination to MSIDD.

12. 1 .2 If ADWR notifies AWC that AWC may not store and recover water on an
annual basis in exchange for AWC CAP Water delivered to the MSIDD GSF, AWC may
terminate this Agreement, which termination will be effective 15 days after AWC delivers
written notice of termination to MSIDD.

12.1.3 If AWC determines, in its sole discretion, that continued deliveries of
AWC CAP Water to the MSIDD GSF are not in the best interest of AWC, then AWC may
terminate this Agreement effective at the end of the period encompassed by the then-current
AWC CAP Water Order by giving not less than 15 days' written notice of termination to
MSIDD.
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12.1.4 If MSIDD determines, in its sole discretion, that continued deliveries of
AWC CAP Water to the MSIDD GSF are not in the best interest of MSIDD, then MSIDD may
terminate this Agreement effective at the end of the period encompassed by the then-cun'ent
AWC CAP Water Order by giw'ng not less than 15 days' written notice of termination to AWC.

12.1 .5 Upon mutual written agreement of the Pallies.

12.2 A Pally's right to collect any monies owed under this Agreement will survive the
termination of this Agreement.

13. COMPLIANCE WITH LAWS

In can;'ing out this Agreement, MSIDD and AWC will comply with all applicable laws
and regulations of the State of Arizona and will obtain and maintain all required permits or
licenses from appropriate federal, state, and local authorities.

14. BOOKS AND RECORDS

MSIDD will maintain records pertaining to the administration of the terms of this
Agreement, including records of MSIDD's water supply and water use data. Copies of such
records will be furnished to AWC upon request.

i

15. AUTHORIZED REPRESENTATIVES; NOTICES

The individuals named below are authorized to act as the designated representative for
the respective Parties and will serve as a primary contact person for such Party. Any notice,
demand, or request authorized or required by this Agreement will be in writing and will be
deemed to have been duly given if: (i) mailed, via certified United States Mail, return receipt
requested, postage prepaid, (ii) personally delivered to the Parties at the address set forth below,
or (iii) sent via uadoual overnight delivery service. The date a notice will be deemed to have
been given, received, and become effective will be: (a) three days following the date of deposit
in the mail, if the notice is sent by certified United States Mail, return receipt requested, postage
prepaid, or (b) the date on which the notice is delivered or refitsed, if notice is given by personal
delivery or delivery by a national overnight delivery service. No notice will be deemed effective
unless sent in one of the manners described above. The designation of the addressee or the
address may be changed by notice given in the same manner as provided for in this Section 15.

If to AWC1

President
Arizona Water Company
P.O. Box 29006
Phoenix, AZ 85038-9006
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If to MSIDD

General Manager
Maricopa Stanfield Iuigation and Drainage District
41630 West Louis Johnson Drive
Maricopa, Arizona 85138

16. ASSIGNMENT

The provisions of this Agreement will apply ro and bind the successors and assigns of the
Parties hereto, but no assignment or transfer of this Agreement or any interest in it will be valid
unless and until approved in writing by both Parties. Any assignment or transfer of this
Agreement by a Party in breach of this Section 16 will be null and void and of no legal force or
effect

17. MUTUAL DEFENSE AND COOPERATION

The Parties will exercise good faith efforts to defend this Agreement from and against
any challenge made by third parties, and each Party will do so at its individual expense

18. UNCONTROLLABLE FORCES

Neither Party will be considered to be in default in the performance of any of its
obligations under this Agreement when the failure of such per fonnance is the result of
uncontrollable forces. The term "uncontrollable forces" will mean any cause beyond the control
of the Party unable to perfonn an obligation under this Agreement, including, but not limited to,
failure of or threat of failure of facilities, flood, earthquake, storm, Hre, lightning, drought, and
other natural catastrophes, epidemic, war, riot, civil disturbance or disobedience, strike, labor
dispute, labor or material shortage, sabotage, government priorities, restraint by a court order or a
public authority, or any action or non-action by, or failure to obtain the necessary authorizations
or approvals from, any govermnental agency or authority, which by exercise of due diligence the
affected Party could not reasonably have been expected to avoid and which by exercise of due
diligence it is unable to overcome

19. ENTIRE AGREEMENT; MODIFICATIONS

This Agreement embodies the entire agreement of the Parties with regard to the subject
matter addressed herein. There are no promises, terms, conditions, or obligations between the
Parties relating to this subject matter other than those contained in this Agreement. This
Agreement will supersede all previous communications, representations, or agreements, either
verbal or written, between the Parties relating to the subject matter herein. There will be no
modification of this Agreement except in a writing executed by both Parties

20. COUNTERPART EXECUTION

This Agreement may be signed in counterparts, each of which will be an original and all
of which will constitute one and the same instrument. All signatures need not be on the same
counterpart



21. AUTHORIZATIONS

The Parties to this Agreement represent that the individuals signing this Agreement in the
spaces provided below have been appropriately authorized to enter into this Groundwater
Savings Facility Storage Agreement on behalf of the Party for which they sign and that no
further action or approvals are necessary before execution of this Agreement

IN WITNESS WHEREOF, this Agreement is executed this day of

MARICOPA STANFIELD IRRIGATION AND
DRAINAGE DISTRICT, an Arizona municipal corporation

By
Name:/BIy511 M. Hartman
Title: 'Board President

By
Attested Io by: Brian M.
Title: Assistant Secretary

By
Approved as to form and content by: Paul R. Orme, Esq

ARIZONA WATER COMPANY

By
Name: William M. Garfield
Title: President and Chief Operating Officer

I/Jw¢»»Wi

etcher



; CAP Central Arizona project
P.O. Box 42447

Phoenix. Az 85080-2447
E`e»rr1t.AL AizTz"¢NA rnqeCr

11/20/14
4*

Arizona Water Company (Coolidge System)
» M&l Subcontract

for
January - December 2015

Customer # 1099

CY 2015 CAP Water Delivery Schedule

Delivery
Schedule (AF)

Delivery
Charges

Invoice
Schedule

219,800

$
$
$
$
$
$
$
$
$
$
$

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
ac t
Nov
Dec
TOTAL

0
0
0
0

1,400
0
0
0
0
0
0
o

1,400

$
$
$
$
$
$
$
$
$
$
$
$

as

Jll

an

I!

219,800

18,316.67
18,316.67
18,316.67
18,316.67
18,316.67
18,316.67
18,316.67
18,316.67
18,316.67
18,316.67
18,316.67
18,316.67

219,800,00
A/F Rate $ 157

Please refer any invoice questions to Tina Brown at (623) 869-2149.
Please refer any delivery questions to Mary Jan Josser at (523)869-2565.



CAP Central Arizona Project
P.O. Box 42447

Phoenix, AZ 85080-2447
CENIRAL AMEFS pnoyscr

11/20/14

Arizona Water Company (Casa Grande System)
M & l  S u b c o n t r a c t

f o r
J a n u a r y - D e c e m b e r 2 0 1 5

C u s t o m e r  #  1 0 7 9

CY 2015 CAP Water Delivery Schedule

D e l i v e r y
S c h e d u l e  ( A F )

D e l i v e r y
C h a r g e s

lnvoiee
Schedule

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
TOTAL

1 7 3
1 6 1
2 4 5
2 5 0

2 , 8 5 0
1 , 3 3 7

3 0 7
2 6 4
2 2 8
2 6 5
2 0 3

3983
6 , 4 5 1

$
$
$
$
$
$
$
$
$
$
$
$

27,161
25,277
38,465
39,250

447,450
209,909
4B,199
41,448
35,796
41,605
31,871
26,376

1,012,807

$
$
$
$
$
$
$
$
$
$
$

84,400.58
84,400.58
84,400.58
84,400.58
84,400.58
84,400.58
84,400.58
84,400.58
84,400.58
84,400.58
84,400.58
844400.58

1,012,807.00

A/F Rate $ 157

P l e a s e  r e f e r  a n y  i n v o i c e  q u e s t i o n s  t o  T i n a  B r o w n  a t  ( 6 2 3 )  8 6 9 ~ 2 1 4 9 .
P l e a s e  r e f e r  a n y  d e l i v e r y  q u e s t i o n s  t o  M a r y  J a n  J o s s e r  a t  ( 6 2 3 )  8 6 9 - 2 5 6 5 .

lulllll IIIIIW l l  l



ARIZONA WATER COMPA NY
3eo5 n. BLACK CAr4von HleHWAY

PHOENIX, ARIZONA 55015

WILLIAM m. GARFIELD
PRESIDENT AND

Cl-ner Owznmno OFFICER

PLa4sa RNLY To
p . O .  B o x  an o d e
P H o E n i x .  A Z  8 5 0 3 5 - 9 0 0 6
(802)  z 4o -eaeo

December 19. 2014

Arizona Department of Water Resources
Attention' Mr. Jeff Tanner
3550 North Central Avenue. 2nd Floor
Phoenix, Arizona 85012

Notice of Availability of Funds for Solicitation for Grant Applications for
Water Management Assistance Program - as Published on December II. 2014
i n the Arizona Business Gazette

Dear Mr. Tanner

Arizona Water Company ("AWC") hereby applies for Grant funding in the amount of
three hundred Icily seven thousand five hundred dollars ($357,500) for the purchase and storage
of 5,000 acre-feet of Central Arizona Project ("CAP") water in the Penal Active Management
Ame ("AMA"), pursuant to the aboveqeferenced notice under the Arizona Department of Water
Resources' ("ADWR") Water Mzmagemeni Assistance Program, as further shown below

Application Criteria Pursuant L>_Deceg1bQ1j ll . 2014 Notice

Criteria #1, Applicant must hold a Municipal and Industrial (M&1) subcontract for
CAP water within the Pinar AMA

Response' AWC holds an M&I subcontract for CAP water for Coolidge and Casa
Grande, which are both within the Plnal AM4

Criteria #2
of CAP water

The Grant will be for the purchase and storage of 3,000 to 5,000 acre~fect

Response: AWC has ordered for purchase 2,500 acre et of CAP water to be stored
within the Maricopa Star; Irrigation and Drainage Dis!ricf's ("MSIDD'9 Groundwater
Savings Facility ("GSF'9 Permit No.72-53/381, and 2,500 cre el of CAP water to be
stored within ire Centro! Arizona Irrigation and Drainage District's ("CAIDD'Q GSF Permit
No. 72-531382, for calendar year 2015 as par! of AWC's Water Storage Permit Nos.
73-53]38I.0700 and 73~531382.070Q respectively, for a total of5,000 acre ef of CAP wafer

for storage at two GSFs in the Pine! AMA

COP Y
IRECGEIIVE

APR 282015

Re:

A R I I ON A WATER conxwav

ll)



¢

Q

Criteria #3. The amount Rf the Grant is not to exceed $500,000, with funding equally
matched by the applicant.

Response:
calculated as follows:

The amount  of Grant  g i rd ing requested by .WC is $357500, which fs

CAWCD Cost Component
Municipal and Industrial Delivery Rate
M & I Capital Charges
GSF Credi ts f rom MSIDD and CAIDD

Rate Ouantitv

$157/AF 5,000 AF
$22IAF 5,000 AF
$36/AF 5,000 AF
TotalNet Cost =
Half of Net Cost =

Subtotal

.$785,000
$110,000
($180,000)
$715,000
3357.50Q

I am enclosing excerpts from the company's CAP order for 2015, a copy of the
comp*any's water storage permits for the MSIDD and CAIDD GSFs, and a copy of the CAWCD
rata schedule for 2015. Please let me know if you need any other information to support AWC's
application for Grant funding under the Water Management Assistance Program.

Very truly yours,

VJut»~»ml my
William M. Garfield .

arc
vrA 1=Acs1m1us (602-771-8686) AND u,s. MAIL

Enclosures



INVOICE DESCRIPTION AGY documenT/sFx AMOUNTINVOICE no. INVOICE DATE

wmA 21551294 357500.0004/22/15

EVER WONDER WHERE YOUR PAYMENT FROM THE STATE IS? OR, WHICH
STATE AGENCY PAID YOU THROUGH DIRECT DEPOSIT/ACH? VISIT OUR
VENDOR PAYMENT WEBSITE, HTTp://www.vEnpAy.GAo.AzDoA.sov/ . IIIIIIIIIII n~ll¢lllllI

FUND: WARRANT AMOUNT
3 5 7 , 5 0 0 . 0 0

ISSUE DATE:
04/22/15

VENDOR NAME: ARIZONA WATER COMPANY

•WARRANT N G
7063915

04/zz/15

M O- D AY - Y R

10/19/15
. pAv THIS AMOUNT

5357,500.00

__

-xtxsmi.*li;x*nn¢x*xsi-Qian*1¢'°*nnx¢sau¢saxssnsxsslnux*357 I 500-00

:p8iarTo =me onneh .gr

......

u . '
'

*u
..

_;:- * .
- ; ..

.
.

pnxiérzIxi »

i\R12¢nA WATER
PUBDX 29098

DEPT OF WATER RESOURCES

compan8i ,8

656399098

STATE OF ARIZONA REMlllTANCE ADVICE

FQJND

._

FQLD OH SEPARATE AT COLORED LINE BELOW

AGENCy
c A

NOT GOC513 AFT :
V010 QATE JSHQW N .

DOCUMENT no.

;*: avian.: or :rm fnnslnuu or AnlzollA

(602)  417-2450 EXT.

4:

oeéA§Jme~r oF ADMINISTRATION

¢.L»~.- 0- . , , _
cou ERSIGNED GOVERNOR

I

WAHHANI NU.

217063915

s1-11s
1221

AZ

Ill Illll

av
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DOUGLAS A. DUCEY
Governor

THOMAS auscl4ATzKE
Director

May 28, 2015

ARIZONA DEPARTMENT 4wAno Rl80llR¢l8
3550 North Central Avenue. Second Floor

Phoenix, Arizona 85012-2105
602.771.8500
azwater.gov

Arizona Water Company
Am: Mr. Fredrick Schneider
3805 N. Black Canyon Highway
Phoenix, AZ 85015-5351

Arizona Water Company, Underground Storage Facility (USF) Per nit Application, No. 71-
224242.0000, and Water Storage (WS) Permit Application, No. 73-2242A2.0000.

Dear Mr. Schneider:

The Arizona Department of Water Resources ("Department") has completed its review of the above

referenced applications and has determined them to be administratively complete and correct under

A.R .s.  §§41-1074 and45-87LOl .

Pursuant to A.R.S. § 45-871.01, notice of these applications will be published in the Casa Grande
Dispatch and will run for two consecutive weeks, tier which there will be a fifteen (15) day objection
period. The dates of publication will be June 4 and June 11, 2015, and the objection period will conclude
on June 26, 2015. A copy of the public notice is enclosed. Please contact us immediately if you discover
any inaccuracies in the notice.

Pursuant to A.R.S. §45-87 I-01(E), public notice of this Water Storage Permit is required.

If you have any questions, please contact me at (602)771 -8622.

Sincerely,

Zlchard B. Obenshain, Manager
Recharge, Assumed & Adequate Water Supply Programs

, I

Enclosure

RBo/slr

Re:

ill



LEGAL NOTICE
ARIZONA DEPARTMENT OF WATER RESOURCES

BEFORE THE DIRECTOR

In the matter of application number 71-22.4242.0000 for an underground storage facility
permit and application number 73-2242420000 for a water storage permit, located within the Eloy
Sub-basin of the Pinal Active Management Area, the Director given notice that Arizona Water
Companyhas filed the above referenced applications pursuant toArizona Revised Statutes, §§45-
811.01 and45-831.01.

The Pinar Valley Recharge Project Underground Storage Facility is located within a portion
of the western 84: of Sec. 18, Township 6 South, Range 9 East, GSRB&M. The applicant proposes to
store up to 10,884 acre-feet per year of CAP water at the Arizona Water Company Pinal Valley
Recharge Project Underground Storage Facility for 20 years. The duration of water storage penni,
application number 73-224242.0000, is to coincide with underground storage facility permit,
application number 71-224242.

Copies of the underground storage facility permit application and the water storage permit
application, including documentationand detailedmaps of the location of the proposed storage, are
available for review in the Water PlanningDivision, asectionof the Department of Water Resources
locatedat 3550 NorthCentral Ave., Phoenix, Arizona 85012.

Objections to the issuance of these permits may be filed by persons who may be adversely
affected by these projects and must be filed, in writing, with the Docket Supervisor of the
Department of Water Resources, Legal Division, 3550 North Central Ave., 2nd Floor, Phoenix,
Arizona 85012, within fifteen (15) days after the last day of publication of this notice. For these
applications, the final date on which an objection may be tiled is June 26, 2015. Objections are
limited to whether the application for the underground storage facility permit meets the criteria of
Arizona Revised Statutes, § 45-Sl1.01, and whether the application for the water storage permit
meets the criteria of Arizona Revised Statues, §45-831.01. An objection shall state the name and
mailing address of the objector, be signed by the objector, his agent, or attorney, and must clearly set
forth reasons why the permits should not be issued.

IssUed a m z9"= day of May, 2015
Thomas Buschatzke

Director

PublicationDates: June 4, 2015 and June 11, 2015
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ASU study: Parts of metro Phoenix area are sinking
IAnne Ryman, The Republic I azcentral.com 7:22 p.m. MST August 12, 2015

Ground elevation levels in Apache Junction are seeing the fastest
drop, followed by Sun City West, Peoria and the north Valley, ASU
researchers say.

Story Highlights

ASU scientist say ground elevation levels are changing in parts of metro Phoenix
Groundwater pumping before 1980 led to the problem
Fissures in the ground can form when the elevation drops

8/11/2015 mlller_shlrzael_lgr2015Jpg(1200><713)

10 Dunn web:  rat lab .asu .cdu

Parts of metro Phoenix are sinking by about three-quarters of an inch a year, according to new
research by Arizona State University.

The culprit: large amounts of groundwater pumped years ago.
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Scientists at ASU's School of Earth and Space Exploration say ground-elevation levels in
Apache Junction arc seeing the fastest drop. Sun City West, Peoria and the north Valley are also
descending.

People shouldn't panic, said ASU researcher Megan Miller, co-author of the study published
recently in the Journal of GeophysicaZ Research.

"If anything this is slow. It's rarely going to cause anything you would associate with a disaster.
It can be a nuisance but has the potential to cause costly structural damages, and is something to
keep an eye on," she said.

The study didn't examine whether people in the affected areas are seeing an impact.

If the trend continues over several years, more cracks in the ground called fissures will develop,
she said,

Fissures can threaten canals, utility lines, water mains, storm drains and sewers. The foundations
of homes and buildings can be damaged as ground levels drop. Changes in ground level also can
affect where flood waters flow as water typically seeks the lowest spot when floods occur.

State officials have been aware of what's called "land subsidence"
and drops --for years.

where the earth collapses

The Arizona Department of Water Resources is working with NASA to collect radar data to
compliment the department's data and maps on where land has subsided. The department has
been collecting and processing data since 2002 to monitor land subsidence, which is occurring
over 2,800 square miles in Arizona.

The department says land subsidence has been happening in Arizona since the early 1900s with
parts of Maricopa and Pinal Counties subsiding more than 18 feet since then. In Arizona, land
subsidence in so-called geographical basin areas like the Vallcy is usually due to a lowered water
table, according to the department.

But not all areas of the Valley are sinking, the ASU study found. Parts of Scottsdale, Chandler
and Mesa have risen by as much as half a centimeter. ASU scientists say they did not observe a
change in most of the city of Phoenix.

So how did it happen?

Miller said the variations of subsidence around the Valley depends on the composition of aquifer
layers, the layer thicknesses and bedrock structure, as well as how much groundwater was
removed.

When water was pumped out, the sediment layers essentially resettled after breaching a certain
level of stress, leaving less available space for water than before and causing the ground level
above to drop.
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The study attributes the dropping water levels to water pumped from subsurface aquifers before
1980. Legislation passed in 1980 reduced the amount of groundwater pumping, with much of the
Valley relying on the Central Arizona Project canal for surface water.

But even with the reduced groundwater pumping -- and subsequent increase in the groundwater
level - research published in 2005 and 2011 found the ground continued si1N<ing and cracking
in parts of the Phoenix metro area and other locations, including Tucson, Casa Grande and Eloy.

In the Valley, fissures have been reported in places including Apache Junction, Queen Creek,
Chandler and Scottsdale. Some Valley homeowners have even filed claims and lawsuits against
real-estate agents and builders, hoping to be compensated for property damage from fissures they
say they weren't told about.

The Arizona Geological Survey is mapping the fissures and posts the data online.

The ground sinking is not unique to the Valley. It's also occurring in southwestern Arizona and
agricultural valleys in CalifOrnia.

Land subsidence also has been identified in Denver, Colo., the New Jersey coast, Savannah,Ga.,
and New Mexico's Albuquerque Basin. The U.S. Geological Survey has identified more than
17,000 square miles of land subsidence in 45 states, an area equivalent to the size ollNew
Hampshire and Vennont combined.

Once the resettlement of the layers, or compaction, occurs, there's nothing scientists can do to
stop or reverse it, ASU's Miller said.

"It's important we, as scientists, get a better understanding of what's happening," she said, "so
we can get a better idea of what the effects will be if we have to change our pumping rates or if
we withdraw more water."

The Bureau of Reclamation has projected about a l-in-3 chance that as a result of the prolonged
Southwestern drought Lake Mead will drop low enough to force Arizona to forgo some of its
usual Colorado River water deliveries. The bureau has also forecast a better than a 2-in-3 chance
that it will happen in 2017. The agency plans to release a new 24-month projection on Monday.

Any water shortage will initially affect central Arizona fanners, but a prolonged or deepening cut
in supplies could force the state to start drawing water from its underground storage.

If Phoenix is forced to increase groundwater pumping due to the drought, that could affect both
the extent of land subsidence and the rate at which it occurs, Miller said..

The ASU study used satellite data dating back to 1992 to examine elevation levels around the
Valley and compare changes over time.

Miller and the study's co-author, ASU professor Manoochehr Shirzaei, plan to continue their
research, including a model to predict where fissures in the ground could font.

3
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Their research group, the Remote Sensing and Tectonic Geodesy Laboratory, orRaTLaB for
short, uses remote sensing to observe and model defonnation in the ground due to natural
processes: subsidence, volcanic activity , earthquakes and landslides.

Reporter Brandon Loomis contributed to this story.

Reach the reporter at: 602-444-8072 or anne.ryman@arizonarepuI;Iic;com.
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Permit No. 74-224234.0000 LTSA No. 70-4312300000

DITAT DIUS

9
so

ARIZONA DEPARTMENT OF WATER RESOURCES

RECOVERY WELL PERMIT

PERMIT no. 74-224234.0000

STATE OF ARIZONA

COUNTY OF MARICOPA

)
) ss.

)

This is to certify that I have examined Application No. 74-224234.0000 for a recovery well permit to
recover water stored in a storage facility pursuant to a water storage permit, and I have determined
that the application meets the requirements of Title 45, Chapter 3.1, Article 3, Arizona Revised
Statutes. The Department hereby grants the Arizona Water Company-Pinal Valley authority to
operate the recovery wells subject to die requirements and limitations set forth in A.R.S. §45-834.0 l
and subject to the following limitations and conditions:

Permit Limitations

Permittee: Arizona Water Company-Pinal Valley
3805 N. Black Canyon Highway
Phoenix, AZ 85015

I



Location of Well
(All located within
GSRB&M)

Design
Pump

Capacity
(GPs)

Well
Depth
(Feet)

Casing

Diameter
(Inches)

Maximum
Annual

Recovery
(Acre Feet)

Well
Registration
Number

1129

1 161

H56

1129

l 290

I 050

I
1290

1291

2016

1500 18

2005 19

[506 18

2258 19

1000 19

1200 19

1238 20

--_»-_.-.....~

100055-208822 5E1/x_ so. SE%, Sec. 22, T6S, R6E

55-210293 NM, saw, so, Sec. 20, Tbs. R85 750

55~210294 SWIA, NE'/, SE1/1, Sec. 15 T6S, R6E l 200

55-212419 NE1/4. NWV4, NW%, Sec 20, T5S, R8E 1500

55-212523 NEW, SW%. NE//4. Sec. 25, T6SR6E 800

55-214248 NE1/4, SWI/, NEW, Sec 36, T6S, R6E 1500

55-506809 SW%, SE%, SW'/, Sec. 22, T6S, R6E 800

1 161

H56

1129

685.5

1137

2580

1828

I202

2322

H53

55-513443 nu,nova.now. Sec. z1. Tas. R65 800 1230 12

NE%. NE%. n u. Sec. 22. T6S. R6E 1600 1005 18

SWM. SE%. NE*/4. Sec.19. T6S. R4E 230 1002 18

SE%. SEE. SW%. Sec. "2. T6S. R6E 1000 1000 18

NE%. SE%, NWV4, Sec. 22. T6S. R6E 1600 1074 18

SE%. SE%.SW%. Sec. 15, T6S.R6E 1200 1240 18

NEVA. NE%. NW'A. Sec. 5. T6S. R'/E sao 1110 19

SE%. SEE. SE%, Sec. 35. T7S. R6E sao 1387 18

NWE4.SW'A.NWM. Sec. 25. T6S. R6E 1500 1120 18

SW%. SE'A. SW'A.Sec. 9. T7S. R5E la I048 16

sew. SE%. SE%. Sec. 6. T7S. R5E 750 650 20

NW'A. SEVI. SE%. Sec. l. Tss. R6E 300 llano 16

SWV4, SW%. SW%, Sec.9. T7S. R5E n/a 1022 16

SE'A. NW%, NW96, Sec. 9. T6S. R6E 400 1055 16

swf, hw%. nwla. Sec. 21 _ T6s. Res 1000 1260 20

SEE, SE'A. NW%. Sec. 9. T6S. R6E 1100 1100 16

NEW, NW'/. nm. Sec.al. T6S. R68 425 I 203 20

55-522319

55-526586

55-540306

55-546719

55-560803

55-568553

55-57 l 205

55-595284

55-616582

55-616583

55-616588

55-616593

55-616594

55-616595

55-616596

55-616597

685.5

1137

2580

I153

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

Permit No. 74-224234.0000 LTSA No. 70-431230.0000

Permitted recovery wells:
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Well
Registration
Number

Location of Well
(All located within
GSRB&M)

Design

Pump
Capacity

(GPM)

Well
Depth
(Feet)

Casing
Diameter
(Inches)

Maximum
Annual

Recovery
(Acre Feet)

55~61660l 450now. saw, saw, Sec. 15, T6s, R6E 16805 n/a

r

55-616603 NW%, NW%, SW%, Sec.23, T6S, R6E 1500 1000 20 n/a

55-616604 so, NE%, NW*/4, Sec. 22, T6S, R6E 1200 1000 20 n/a

n/a55-616605 NE'/, NWV4, NE'/, Sec. 25, T5S, R6E 85 320 10

55-616606 NEW, NEV., SW%, Sec. 22, T5S, R8E 1 I5O 1 105 20 n/a

55-616608 NE%, SW%, NW%, Sec. 10, T5S, RSE 1360 475 20 n/a

55-616609 NEW, saw, we, Sec. 10, Tbs, RSE 1200 1000 20 n/a

55-616682 SE%, SE'A, NE%, Sec. 36, T6S, R7E 800 578 20 Ma

n/a55-616683 SW'/, SE%, NE%, Sec. 36, T6S, R7E -L00 508 20

55-616684 SW%, SW%, SW%, Sec. 20, T6S, R4E 350 81 I 16 n/a

55-616686 SW%, SE%, SW'/, Sec. 17, T5S, R9E 240 345 10 n/a

55-616687 saw., SE'/», sw%, Sec. 17, T5s, RQE 312 700 8 n/a

55-620899 NW%, NE%, NEW, Sec. 4, T6S, R9E 333 475 16 n/a

55-620900 now., no, nEw/., Sec. 4, Tbs. RQE 1000 545 16 n/a

55-801030 SE%, SE1/4, NEVI, Sec. 36, T6S, R7E 600 585 20 n/a

Permit No. 74-224234.0000 LTSA No. 70-431230.0000

An "n/a" under the cnlunm dtkd "Maximum AnnualRecovery(Acre Feet)" shrines a pre-cUde well for which there is m annual volume limit. \

Recovered water will be used for: Municipal Purposes

Legal description of the land on
which recovered water will be used: Within due  Arizona Water  Company Pima! Val ley

Public Water System service area

Effective Date: Effective upon signature

3



Permit No. 74-2242340000 LTSA No. 70~431230.0000

Permit Conditions

1. The quantity of water recovered shall be reported to the Arizona Department of Water
Resources, 3550 North Central Ave., Phoenix, Arizona, 85012 in die form of annual data
reports. The annual report shall be submitted no later than March 31 following the end of
each completed annual reporting period. The first annual reporting period shall be from the
effective date of this permit through December 31, 2015. Subsequent annual reporting
periods shall be January 1 Mouth December 31.

2. The annual report shall include the following information:

a. The well registration number arld location of the wells used to recover stored water.

For each recovery well from which stored water was recovered during the year, the
quantity of stored water recovered from the well, as measured in a manner consistent
with the requirements and specifications for water measuring devices adopted
pursuant to A.R.S. §45-872.01 , the Water Storage Permit Number(s) from which the
water storage originated, the amount of recovery (in acre feet) attributed to each
Water Storage Permit, the amount and source of stored water recovered on an annual
basis, and the amount and source of stored water recovered from a long-term storage
account.

c. For each recovery well from which water was recovered during the year, whether
recovery occurred inside or outside the area of impact of the stored water.

3. Total withdrawals from the wells referenced below, including all production and recovery
regardless of ownership, shall not exceed the following specified annual volume limits:

Well Registration Numbers Acre Feet per Annum Limit

55-208822
55-210293
55-210294
55-212419
55-212523
55-214248
55-506809

1129

1161

1156

11z9

1290
1850

1290

b.

4



Permit No. 74-224234.0w0 LTSA No. 77-431230.0000

55-513443
55-522319
55-526586
55-540306
55-546719
55-560803
55-568553
55-571205
55-595284

1291

2016

6855
1137

2580

1828

1202

2322

1153

4. Recovery of stored water shall continue to be consistent with the management plan and
achievement of the management goal for the Penal Active Management Area for the duration
of this permit.

Permitted may only recover the following:

Water stored by permittee in the Penal AMA pursuant to permitted's Water Storage
Permits, or

Long~term storage credits originating from water stored by another person pursuant
to a water storage permit in the Pinal AMA, that have been assigned to permitted's
long-term storage account pursuant to A.R.S. §45-854.01.

If ownership of the wells listed above changes at any time after the permittee has applied for
this recovery well permit, the permittee shall submit to the Depamnent written consent from
the new well owner or  other  documentation that the permittee may legally continue to
operate the well as its recovery well.

Michael Johnson,
Assistant Director

WITNESS my hand and seal of o]§'ice this 9th day of
June, 2015.

5
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2025 GENERAL PLAN

GENERAL PLAN PROCESS & PUBLIC PARTICIPATION PLAN

The Mayor and City Council directed City staff to seek public input

and prepare a new City of Coolidge General Plan to replace the

General Plan Update adopted on November 10, 2003. This sixteen

month planning effort began in January 2013 with a General Plan

Kick-off meeting and discussion about Land Use. Every month there

after through July the Growth Management Department held public

meetings to review and receive comment on the six other elements

of the plan including Circulation, Growth Areas, Parks, Open Space

and Trails, Cost of Development, Water Resources and Environment

The next seven months of the planning process involved monthly

public meetings on the evening of the regularly scheduled Planning

and Zoning Commission meeting. A series of monthly newsletters

were published and distributed throughout the City. Every General

Plan meeting was televised and these recordings are available on

the City of Coolidge website at www.coolidqeazcom. The Coolidge

Examiner was also instrumental in keeping the public informed

through detailed reporting of each planning meeting

Most City General Plans including the November 2003 update are

filled with text and data that can be useful but difficult to read. This

General Plan is going to be an exception to that rule. The Growth

Management Department has made a special effort to introduce

more pictures, graphics and charts and limiting the text. It is said "a

picture is worth a thousand words" so this plan will be full of illustra

sons

Formal 60 day review of the draft plan was held from March 5, 2014

through May 1, 2014 with the formal adoption of the plan by City

Council on June 23, 2014. Following the statutory 120 day waiting

period from City Council approval, the General Plan 2025 will be

presented on the ballot during the City of Coolidge General Election

on November 4. 2014

Illlll



THE FUTURE TODAY

The preparation of the City of Coolidge General Plan-2025 began in

January 2013 during a kick-off meeting attended by a diverse group

of eager participants. Three questions were asked

How would you describe Coolidge as it is today to someone who

has never been to the City?

What word, or one line sentence, would you want to be able to

use to describe Coolidge in the future?

What challenges do you think Coolidge may face in achieving
those future visionary statements?

The answers to these questions were integrated into the following

Community Vision Statement" that describes the city we are proud

to call our home

Historic Coolidge, Arizona is

Located midway between Phoenix and Tucson in the heart of the

Sun Corridor. It is a safe community bum on a solid foundation

shaped by faith and family values. This home to the early ancestors

of the Pima Indians is an up and coming cultural arts hub within Pi

pal County and continues to be a major agricultural center and a

great place to start a business. It is rich in educational programs in

eluding the Coolidge Unified School District, Imagine Charter School

Centraf Arizona Vocational Institute of Technology and Central Ari

zone College

In 2025 Coolidge will be

warm, inviting, and beautiful City with prospering individuals

strong families and active seniors. It is a well planned and managed

city having strong and capable leadership. Cultural and recreational

opportunities flourish and it is the epicenter of educational excel

fence. It is a city that has attracted quality businesses and industry

creating jobs to keep our young people working, prospering, and

growing a strong tax base that is re-invested here. The City is a

wise steward of its natural resources and continues to be capable of

delivering the necessary public services to support new growth. It is

a City with acceptable laws and regulations that are sensitive to

business and promote quality development
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Community History and Regional Setting
Archaeologists date human occupation of the Coolidge area as early as 300 A.D. beginning with the Hohokam

who lived in Central Arizona for hundreds of years. The Hohokam established farming communities that include

ed irrigation canals. The extensive irrigation system diverted water from the Gila and Salt Rivers for agricultural

purposes throughout the Gila River Valley. Between 1200 - 1450 A.D., the Hohokam built walled villages, in

eluding the Casa Grande Ruins, during the 1300s. Around 1450 A.D., the Hohokam villages, including the Casa

Grande Ruins, were abandoned

The Hohokam ruins were discovered by Europeans

during the 1600s but were left undisturbed until the

1900s when active settlement of the area began. At the

time of the European discovery, the Pima, thought to be

descendants of the Hohokam, were living in the area

in 1694 A.D., Father Eusebio Francisco Kino. a Jesuit

Missionary, discovered and named the Casa Grande

Ruins, which translated means "Big House" or "Great

House

In 1884 A.D., a petition was submitted to protect the ancient ruins of Casa Grande. By this time, weathering and

the removal of artifacts had already damaged the ruins. In 1918, the Casa Grande Ruins were officially pro

claimed a National Monument and the Country's first archaeological preserve

In 1924 the San Carlos Irrigation Canal was completed

and the area around Coolidge became a major agricul

rural area. By 1925, the Southern Pacific Railroad was

completed through the community and the City of Coo

lodge was founded. Richard J. Jones platted the original

80-acre town site that was later named after President

Calvin Coolidge who dedicated the Coolidge Dam on

the Gila River in 1930. Also in the 1920s the Coolidge

Picacho link of the Tucson-Phoenix highway was com

plated

The City's economic base continued to be based on farming through the 1950's. The City grew as the comer

coal center of Arizona's cotton industry until the late 1940'swhen mechanization of cotton production slowed pop

elation growth of the area. Retail shifted during the 1950's from servicing the needs of cotton farmers into Manu

fracturing and mining. Interest in the Casa Grande Ruins placed a greater emphasis on the tourism industry. The
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The City of Coolidge is located in central Pinal County between the metropolitan areas of Phoenix and Tucson

It is situated in the heart of what many call the "Sun-Corridor" which is one of the fastest growing Mega Regions

in the Country over the past few decades. The Arizona Department of Transportation has been studying routes

for a future North South freeway corridor connecting the East Valley at the US 60 in Apache Junction with Inter

state 10 just south of Eloy near Picacho Peak State Park. The economic impact that a North South Freeway will

have on the City is significant and one of the most important transportation and land use goals that must be ad

dressed by local, county and state leaders as well as private property interests

The Coolidge Municipal Airport, located southeast of

the City, is a general aviation airport sewing Coolidge

and Florence. This historic airport was originally con

structed in the early 1940's for the Army Air Forces as

an air transport command base and served as an auxin

vary operating base to Williams Airfield during World

War II. The City owns and operates the Airport which

will become a significant employment center as the

region builds out

City continued to maintain its importance as a regional trade and service center until the shift to discount retail

in, which was established in Casa Grande during the 1980's
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City of Coolidge
Planning Boundary
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2025 GENERAL PLAN

Planning Area Boundary
The City of Coolidge Planning Area Boundary is approximately 117,026 acres or 183 square miles. A Planning

Area Boundary defines the area which the City will establish long range planning goals and policies including but

not limited to: pre-annexation development agreements, annexation, infrastructure planning, zoning facilitation

subdivision facilitation, specific area planning etc

It should be noted that the Planning Area Boundary may be expanded upon request by property owners to ex

pond the City limits boundary beyond the existing Planning Area Boundary. Efforts by the City to extend the

Planning Area Boundary are considered to be minor amendments to the General Plan and will be coordinated

together with annexation of property that necessitates the expansion of the Planning Area Boundary

In 2005, the City of Coolidge and the City of Casa Grande entered into an intergovernmental agreement to es

tallish a mutual understanding of where the two jurisdictions eastern and western boundaries would extend re

spectfully. Since 2005, the City of Casa Grande received an annexation request by property owners to be an

hexed. The mutually agreed upon boundary was revised following the annexation of that property into the City

of Casa Grande. The intergovernmental agreement is no longer in place. The City of Coolidge does not have a

similar intergovernmental agreement with the Town of Florence or the City of Eloy and will consider annexation

request by property owners that expand the Coolidge Planning Boundary into these adjacent community plan

ring areas

Figure 1.2 : Planning Area Boundary
, 3
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TOPOGRAPHY AND SLOPE

The study area geographically falls within the basin and range province of Southern Arizona, consisting of broad

expansive valleys interrupted by rugged mountain terrain. Typically, the valleys consist of a deep alluvial fill, due

to erosion of nearby mountains. Elevation ranges from 2,282 feet in the northwestern corner of the study area

near Signal Peak to 1,429 feet north of the City near the Gila River

Environmental Characteristics
Environmental characteristics describe the physical and man-made conditions in the City and the surrounding

area, which is presented in the following sub-sections

THE FUTURE TODAY

Topography within the area is gently sloping to the north to the Gila River and to the southwest to the Casa

Grande Valley. Slopes range from less than one percent over most of the study area to greater than twenty-five

percent on the mountain hillside at Signal Peak. The average elevation of the City is 1,450 feet above sea level

and gently slopes north to the Gila River

RENEWABLE ENERGY USE

Coolidge is located in an area that receives more than 300 days of sunshine each year, known by many as the

Sun Corridor". As a result, development within the City is in a good position to take advantage of passive and

active solar energy systems. Passive solar systems consist of architectural and site designs that provide for

shading of structures and windows during summer months, while providing for sunlight and natural heating Dur

in winter months. Simple techniques include orienting a building to lessen the impact of the sun's heat and in

stalling skylights or clerestory windows to maximize the use of natural lighting. Active solar systems generally

include systems for heating domestic and pool water and photovoltaic panels for solar-generated electricity. Use

of solar power is encouraged for new development within the City



2025 GENERAL PLAN

DRAINAGEWAYS AND FLOODPLAINS

The Gila River and washes in the southeast part of the study area comprise the major drainage ways and flood-

plains in the region. The Picacho Reservoir, located within the 100 year floodplain, drains an area of approxi-

mately 200 square miles along the western slopes of the Picacho Mountains. Drainage is generally east to west,

ending at the Picacho Reservoir and the Florence-Casa Grande Canal. Run-off from the reservoir passes

through the Central Arizona Project Salt - Gila Aqueduct embankment, which temporarily detains runoff, and

reduces the 100-year storm discharge. The Picacho Reservoir emergency spillway has historically overflowed

onto land located west of the reservoir and east of the Union Pacific railroad tracks. The Casa Grande and Flor-

ence-Casa Grande Canal extensions have also overflowed. There are no plans to improve the reservoir to pro-

vide flood protection to downstream properties, therefore these areas will be subject to infrequent overflows. The

Gila River and adjacent areas in the northern portion of the study area are also located within the 100-year flood-

plain. Runoff from buttes to the southeast and mountain ranges to the north flows into the river. Agricultural ac-

tivities, roadways and canals have modified the natural drainage patterns

§2i~.~;l;99»- .

VEGETATION AND WILDLIFE

This sub-section will be further discussed in the Environmental Element found in Chapter 6 of this Plan. Native

vegetation of the Gila River Valley, found only on undeveloped or non-farmed land, is generally composed of

Lower Sonoran Desert plant species. The lower Sonoran Desert is composed of three distinct plant communities

based on elevation above sea level. The Desert Saltbush Community occurs in elevations between 1,000 and

1,500 feet above sea level and was once found in areas now under agricultural use. The Creosote Bush Com-

munity occurs in areas with elevations ranging from 1,500 feet to 2,000 feet. The Palo Verde-Saguaro Commu-

nity occurs where elevations range from 2,000 to 3,000 feet, which in the study area is primarily around Signal

Peak to the Northwest and the Picacho Mountains to the Southeast

l l



THE FUTURE TODAY

As most of the surrounding areas are located within the

Desert Saltbush Community some wildlife species also

cited with the Sonoran Desert may exist. However

since much of the area has been developed for agricul

tore, any native wildlife would most likely be found in

foothills areas or in the area generally east of the central

Arizona Project Salt-Gila Aqueduct. In the foothills area

located near the Picacho Mountains, Walker Butte, and

Black Butte, known as the Creosote Bush Community

larger mammals exist. The Picacho Reservoir, a major

riparian area southeast of the City, includes a number of

waterfowl and other aquatic birds. The area surround

in the reservoir has a history of providing fishing opp or

munities and dove and quail habitats. An extended Ari

zone drought has dried up much of the reservoir, but

during heavier rainfalls the reservoir does hold water for

extended periods. Pinal County has considered Pica

cho Reservoir for development as a regional recreation

facility including enlargement of the reservoir for recrea

tonal boating and waterskiing, camping, etc. As urban

development continues, the potential support for the

Picacho Reservoir recreational area will gain women

tum and have a significant impact on the region. Open

space linkages and corridors must be maintained for the

renewal of wildlife habitats through wildlife migration

from surrounding areas.

AIR QUALITY

The main air pollutant in southern and western deserts

is particulates. Sources of particulate matter vary widely

in Arizona from region to region and season to season

Farming activity and vehicular traffic on unpaved roads

suspends large quantities of dust, contributing to the

majority of the particulate concern in the Casa Grande

Valley. Other significant dust sources include construe

son and windblown dust from disturbed soils. The great

er Casa Grande Valley has been designated a non

attainment area by the Federal Environmental Protec

son Agency.

ll



2025 GENERAL PLAN

I1/ie/I I441/P904, a yea/3 I/wrt aw. If/44/I I444/29 Ar a 844

//Mt fn8e5£ I1/444 I/M4/2904, a 4 6/wif we! eéwafe Iow/4,

-64/kwa / s w f !



'ran Flavia MPM;

1-11 I



2025 GENERAL PLAN

Land UseElement
Overview

The Land Use Element establishes a blueprint to

guide development in the direction that gives focus to

the vision that the City hopes to create through zoning

and land use regulations. Goals, objectives and stat

egis are also developed to put the plan into action

and can be found in Chapter 9

General Plan 2025 Land Use Plan is more general-

ized with 6 land use classifications. The Land Use

Policy Map (Figure 2.1, Figure 2.2) illustrates the loca-

tions for the six land use categories that are further

described in this section. The six land use classifica-

tions include:

The City experienced a 52% increase in population

between 2000 and 2010 growing from 7,786 to 11,825

permanent residents. Much of the new growth ac

curred in the newer subdivisions that were developed

since 2000. There is still a large supply of buildable

lots ready for new homes throughout the planning ar

ea

•

Agriculture

Rural Ranchette

Urban Neighborhood

Downtown Core

Business & Commerce

Industrial & Manufacturing

Figure 2.1 provides a breakdown of the land use clas-

sifications by acreage and percent of the total plan-

ning area.

Coolidge Area 20]3

Land Use Summary

Each of the land use classifications are summarized in

the following pages with accompanying photographs

that provide a visual depiction of how this land use

would appear from an aerial or landscape point of

view. Specific direction on appropriate uses, zoning,

density and intensity, infrastructure and mobility, spa-

tial form and design, and transition land uses are also

provided for each of the land use classifications.

Land Use Plan

The land use plan is the backbone of the General

Plan 2025 document. It provides the guidance on de-

velopment decisions in a manner that is consistent

with the Community vision

The City of Coolidge General Plan Update adopted in

2003 established 14 land use classifications. The

Numbers identified as "targets" in this Plan are not

intended to be binding restrictions but are instead of-

fered as examples of vision for the areas described.

Proposals that fall outside of any "targets" offered in

the Plan will still be deemed consistent with the Gen-

eral Plan and will be able to be heard without the need

for a General Plan Amendment of any kind.

nu
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2025 GENERAL PLAN

DESCRIPTION

Over a thousand years the ancestral people of the Sonoran Desert supported themselves with food they grew

hunted, or gathered. The Salt and Gila rivers were their lifelines which they tapped with irrigation canals that

diverted water to the floodplains rich soil. Since these early days, agriculture has been a valuable economic re

source in the Coolidge planning area. This industry is an asset to the City's landscape. The General Plan 2025

recognizes the importance of agriculture in the planning area and this land use accounts for nearly 19 square

miles of the entire planning area

APPROPRIATE LAND USES

l.;;iF,=L. L ,LQ

Agricultural Production and Processing Agricultural Operations

Dairies. Feedlots Ag-Related Residential, Farm Worker Housing

Ag Related Commercial, Feed Stores, Ag Machinery Sales, Service and Repair, Irrigation Equipment Sales etc

nullul l



ACCESS AND INFRASTRUCTURE

Accessibility from arterial, collector and local

streets, some of which may not be paved, graded

or maintained and may be offset from typical City

DENSITY AND INTENSITY

The maximum density for this land use classifica

son is one dwelling unit per acre

Target lot coverage ._ 40%

Target Building Height - 30' (exclusive of silos

gins, barns and other accessory buildings)

APPROPRIATE ZONING

Agricultural Zone (AG)

Neighborhood Business Zone (C-1)

General Business Zone (C-2)

Planned Area Development (pAD), maximum 1

dwelling unit per acre

Open irrigation ditches and canals may be present

Emergency, safety and community services are

available but may be below City norms

Above ground utility wires are common

Natural drainage may be found in the area

Provisions may be made to support on-site septic

and wastewater treatment facilities

TRANSITION TO LAND USES

Rural Ranchette - Minor Amendment

Urban Neighborhood .- Major Amendment

Downtown Core - Major Amendment

Business 8< Commerce .- Major Amendment

Industrial & Manufacturing- MajorAmendment

LAND USE FORM AND DESIGN

Unobstructed, flat landscapes w/expansive views

Linear features such as crop rows and canals

Buildings that may not front on to streets

Buildings with linear forms and varying geometric

Odors from dairy, feedlot and grazing operations

Bright lights from outdoor roping arenas and other

agricultural operations

Larger buffer zones between agricultural and ad

jacenta non-agricultural uses

Unpaved and unmarked parking areas

Outdoor equipment that may be visible from street

or adjacent properties

Limited street lighting along arterial roads

Agricultural activities that may at times impact air

quality levels through the generation of dust

Aerial spraying that are common practices in agree

cultural operations and are likely to cause noise

THE FUTURE TODAY
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2025 GENERAL PLAN

APPROPRIATE LAND USES

The Rural Ranchette land use classification is often found at the boundary between the urban neighborhoods

and the open undeveloped desert land areas. Rural commercial activities may be located within this land use

classification including small tack rooms, veterinarian services, convenience stores, and other business services

that cater to and are designed to compliment the rural nature of the area

DESCRIPTION

The Rural Ranchette land use classification defines those properties within the planning area that have not type

cally developed under a set of adopted subdivision standards. These distinctive environments are characterized

by very low density, rural residential developments that convey a mini-ranch lifestyle. Lands are typically divided

into a minimum of one acre but five acre and larger parcels are intermixed in the rural areas

RURAL RANCHETTE

Large Lot Residential Hobby Farms

.wee

Small Scale, Low Intensity Commercial Agriculture Commercial and Private Stables

FAF4mt=8 i4s mAFu<le8T

Very Low Intensity, Neighborhood Retail and Support Services
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APPROPRIATE E LONING

Agricultural Zone (AG)

Neighborhood Business Zone (C-1)

Commercial OfficeZone (C-O)

Planned Area Development (pAD), maximum 1

dwelling unit per acre

.*# 3,

_4 ACCESS AND INFRASTRUCTURF

Arterial streets are generally paved, collector and

local streets to existing development may be un

paved and may be offset from the City grid

Collector and arterial streets should be paved ac

cording to rural design standard

Commercial water service may be available

City sewer may be available

Open irrigation ditches and canals

Electric and communication lines may be visible

DENSITY AND INTEWSITY

The net density for this land use category is t

dwelling unit per acre; the City-wide target density

is 0.6 dwelling units per acre

Target residential lot coverage, (inclusive of park

in) is 25%

Target Commercial Floor Area Ratio (FAR) of 0.2

1_1l-1ll IIII I
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RURAL RANCHETTE
LAND USE FORM AND DESIGN

RESIDENTiAL

Development that conserves open spaces, natural

landscapes and habitats and allows for expansive

Large front and side yard setbacks when appropri

ate to terrain

Variety in building architecture and design

Building placement that varies from lot-to-lot

Rear and side yard walls should be a minimum

50% view fencing
Outbuildings necessary to support farming or live

stock may be visible from the street and adjacent



THE FUTURE TODAY

COMMERCIAL

Development that contributes to making the area

a pedestrian and equestrian friendly rural destine

Primary vehicular and pedestrian access to and

from an arterial street

'pnnnucft

In commercial developments of 10 acres or great

er, at least 0.5% of the net lot area (exclusive of

setbacks, pedestrian ways, sidewalks and parking

areas) shall be used to provide public open space

in the form of seating, gardens or shaded areas

that connote a rural town center feel

On-site buildings should be reused and added to

when appropriate

When possible and practical, all new solely com

mercia uses should be located adjacent to exist

in commercial development

Equestrian friendly commercial uses, such as

public riding and boarding stables are permitted

on sites not less than 10 acres and in accordance

with the City's Zoning Ordinance

The grazing and raising of livestock that is in ac

cordance with the City's Zoning Ordinance

Commercial buildings should be set back no more

than 50 feet from the outside edge of the arterial

right of way. Parking is permitted within this set

TRANSITION TO LAND USES

Agriculture - Minor Amendment

Urban Neighborhood - Major Amendment

Downtown Core - Major Amendment

Business & Commerce - Major Amendment

Industrial & Manufacturing - Major Amendment
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URBAN NEIGHBORHOOD

The Urban Neighborhood land use category provides for a mixture of uses that would typically be found in an

urbanized section of land including neighborhood scale commercial services, professional office, single family

and multi family residential at varying densities, community facilities including churches and schools, public utility

installations and parks and open space. within the Planning area boundary, the Urban Neighborhood category

is located over previously approved planned area developments that provide a mix of uses that are designed

with places of character. Commercial services and parks shall be accessible from residential areas by bicycles

pedestrians and designed to promote non-motorized circulation between residential units and non-residential

activity areas

APPROPRIATE LAND USES

Single Use Retail, Service, or Office Development

iilalt

Neighborhood and Community Retail Development

Horizontal and Vertical Mixed-Use Retail/Office/Residential Developments

Mn



THE FUTURE TODAY

APPROPRIATE LAND USES

Single Family Residential

Neighborhood and Community Parks

»»;,__.....¢.¢

Mobile Home and Recreational Vehicle Parks

APPROPRIATE ZONING

Single-Family Residential Zone (R-1 )

Single-Family Residential/Duplex (R-2)

Multi-Family Residential Zone (R-3, R-4)

Mobile Home & Recreational Vehicle (R-5, R-6)

Neighborhood Business Zone (C-1 )

General Business Zone (C-2)

General Services Zone (C-3)

Commercial Office Zone (CO)

Planned Area Development (PAD)
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DENSITY AND INTENSITY

RESIDENTIAL

The Citywide net target density for this land use

category shall be 4.0 dwelling units per acre

Developments on sites greater than 160 gross

acres shall provide a minimum of 10% of the total

gross acreage at densities of one or less dwelling

units per acre or as approved through the PAD

process

Development on sites greater than 160 acres may

include up to 12.5% of the total gross develop

went area at residential densities up to 16 dwell

in units per acre

Developments on sites between 40 and 160 acres

may be permitted to achieve up to net target den

cities of 4.0 dwelling units per acre or less

Development up to 4.5 dwelling units per acre

may be permitted for developments on sites be

tween 40 and 160 acres that provide for a range

of lot sizes and integrate housing attainable by

low, moderate and other income households. inti

victuals or families

Developments on sites over 160 acres may

achieve up to a net target density of 4.5 dwellings

per acre

Residential densities up to 18 dwelling units per

acre net are permitted on single site develop

merits of less than 25 acres

Residential densities up to 20 dwelling units per

acre are permitted as part of vertical, mixed-use

commercial and residential developments

Multi-family housing shall have primary direct ac

cess to an arterial or collector street

URBAN NEIGHBORHOOD

COMMERCIAL

Permit neighborhood and community commercial

and service development on single sites up to 40

acres

A single commercial site of up to 40 acres shall be

designed in such a way as to represent an appro-

priate neighborhood human scale

Permit horizontal and vertical mixed-use retail/

office/residential developments on sites up to 40

acres (residential 30% maximum of total site ar-

-"° '-iftnnnu
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THE FUTURE TODAY

ACCESS AND INFRASTRUCTURE

Development in this land use category includes the

following:

• Paved streets constructed to City standards and

connected to the City-wide grid at key access

points.

Development that is connected to an approved

water provider and approved sewer system.

Services that are within this land use category

meet or exceed City norms.

Publicly accessible usable open space, exclusive

of detention, roadway landscaping and entry man

aments, comprises a minimum of 15% of the total

residential acreage in this land use category.

Direct pedestrian, bicycle and open space con

sections between neighborhoods that are proved

ed at maximum intervals of 1/4 of a mile.

Utilities that are provided underground.

Publicly accessible usable open space to include

a minimum of 10% of all commercial acreage in

this land use category.

COMMERCIAL

Commercial uses that provide direct vehicular ac

cess to arterial streets and to adjacent residential

mixed use and commercial developments

A primary entrance to buildings that shall be con

necked to the sidewalk

Mixed-use buildings located across local or collect

tor streets or adjacent to residential development

that shall be appropriate in form and scale

Neighborhood service uses such as service Sta

sons, drive-thru, or other auto-oriented uses that

may be incompatible with residential uses shall be

buffered from mixed use and single use residential

areas

Shading shall be provided through either trees

stand-alone shade structures, or building ele

merits and cover at least 25% of the public and

private sidewalks or as approved by the Growth

Management Director where innovative design or

specific challenges warrant a deviation from this

standard

944448
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SPATIAL F()RvI AND DESIGN

Development within this land use category provides:

**4l*¢.w».»*4w*¢ ¢9%. m a  r . i J 9 ¢ ~

•

RESIDENTIAL:

Streets that are united with common design ele

merits.

A variety of residential types and building design

within neighborhoods.

Mitigation, through setbacks, height limits, step

backs and/or other design techniques of the mega

five impacts of height between buildings.

TRANSITION TO LAND USES

Downtown Core - Minor Amendment

Rural Ranchette - Minor Amendment

Agriculture - Minor Amendment

Industrial 8< Manufacturing -

Business & Commerce -

Major Amendment

Major Amendment
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APPROPRIATE LAND USES

DESCRIPTION

This land use category is represented along the historic State Route 87 that was the primary route between

Phoenix and Tucson prior to the construction of Interstate 10 in the late 1960's. In addition. the historic down

town area bounded by Arizona Boulevard on the west, Pinkley Avenue on the north, Main Street on the east

and Coolidge Avenue on the south is also represented by this designation. The Downtown Core allows a mix

tore of uses at intensities that are pedestrian friendly and not designed around motorized travel. Higher density

residential structures occupy this area to provide the economic stimulus necessary for retail shops and services

to succeed. The Downtown Core is designed for the pedestrian and features elements that promote non

motorized circulation including outdoor plazas, abundant landscaping, water features, shade, continuous

streetscapes with architectural variety featuring recessed patios and interesting outdoor social gathering places

DOWNTOWN CORE

Higher Density Residential Developments

Established Historic Neighborhoods

Ill

111

Horizontal and Vertical Mixed-Use Retail/Office/Residential Developments

as
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APPROPRIATE ZONING

Residential Zones (R-2, R-3)

General Business Zone (C-2)

Commercial Office Zone (CO)

Planned Area Developments (PAD)

ACCESS AND INFRASTRUCTURE

Development within this land use category includes

Paved streets constructed to City standards and

integrated into the City-wide grid

Streets that include facilities for pedestrians, cy

lists. automobiles and considerations for future

transit

DENSITY AND INTENSITY

Residential development shall be at net densities

between 4 and 20 dwelling units per gross acre

The scale and form of buildings shall be appropri

ate to their siting along roadway classifications

and abutting land uses

Where single family residential uses exist along

the opposing collector street, a target of 65% of all

new ground floor uses should be residential

Development that is connected to an approved

water provider and City sewer

Services that shall meet or exceed City norms

Through pedestrian access and egress that shall

be provided at a maximum of 400' intervals

Electrical utilities are underground
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DOWNTOWN CORE
New or re-development abutting or across a local

or collector street from single-family residential

development that shall be single-family residential

or mixed-use residential/retail development

illiillllillilillis

XrflMf tr' II

Connected parking areas between abutting level

opments

Pedestrian access shall be provided between

abutting and adjacent residential and other mixed

or single use developments

To retain a small town feel, vertical residential and

commercial mixed use developments that are over

30 acres must provide a target of 2.5% open

space visible from the street. The development

must be accessible to the public during operating

hours exclusive of parking, drainage and land

scoped setbacks

Parking areas abutting and adjacent to single

family development shall be screened from view

Parking and vehicular access is secondary to pe

destrian accessibility and mobility

84. i l h i l l l l i l f l h

In order to retain a small town feel, single use rest

denial developments must provide a target of

10% open space exclusive of parking, drainage

and landscaped setback areas

On-street parking will be permitted on local and

collector streets and may be permitted along prim

copal arterials

l l I



THE FUTURE TODAY

The primary entrance of all development along

arterial streets shall provide direct pedestrian ac

less from the building to the public sidewalk

imrzv..

Frontage on a minimum of 75% of the ground

floor building, such frontage includes sidewalks

and landscaped pedestrian areas along arterial

and collector streets for public right of way and

pedestrian accessibility

Shade structures will be provided through either

trees or building elements covering at least 25%

of the public sidewalk adjacent to development

IN

TRANSITION TO LAND USES

Urban Neighborhood - Minor Amendment

Business 8< Commerce - Minor Amendment

Rural Ranchette - Major Amendment

Agriculture - Major Amendment

Industrial & Manufacturing - Major Amendment



2025 GENERAL PLAN

1111 I

DESCRIPTION

The Business/Commerce land use category provides for intense commercial, retail and light manufacturing in an

attractive setting and within enclosed buildings as well as those uses necessary to support these developments

The majority of this land use category is located in the eastern portion of the City's planning area in the vicinity of

the proposed North/South Freeway that will connect the U.S. 60 near Apache Junction with Interstate 10 south

of Eloy. The Business/Commerce area is also situated around the City of Coolidge Airport and Central Arizona

College. This land use allows a mix of complimentary uses that also support future transit to these employment

and regional shopping centers. Single family residential uses are not an acceptable use but higher density multi

family housing would be a complimentary use

APPROPRIATE LAND USES

BUSINESS & COMMERCE

_v
m I IH -\ |

Single Use or "Big Box" Retail

if:

Medical Campus or Hospital
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THE FUTURE TODAY

Enclosed or Open-Air Regional Retail Shopping Centers

Freeway, Rail, and Auto-Oriented Retail/Commercial

Transit Terminals and Park & Ride Facilities

A

a .9¢

Campus-Style Developments including Offices, Light Manufacturing

Flex-Space, Lodging and Commercial Services

-l-ll II



2025 GENERAL PLAN

BUSINESS & COMMERCE
APPROPRIATE ZONING

Multi-Family Residential Zone (R-3)

General Business Zone (C-2)

General Service Zone (C-3)

Garden and Light IndustrialZone(l-1)

Planned Area Development (pAD), commercial

Commercial Office Zone (CO)

INFRASTRUCTURE AND MOBILITY

Development within this land use category includes

Paved arterial streets connected to the City street

Emergency and other services provided to level

prent within this land use category shall meet or

exceed City norms

Pedestrian facilities between buildings and the

DENSITY AND INTENSITY

Minimum site acreage shall be 5 acres

Multi-family residential units are allowed only

when this land use category is over 60 acres and

is adjacent to Neighborhood land use category

Target residential land use 30% of the gross site

Development connected to City sewer and an ap

proved water provider system

Primary access and egress to collector or arterial

streets. Access to primarily residential local or col

lector streets is discouraged

Utilities that are either above or below ground

Left-turn access from driveways, local or collector

streets onto arterial streets at no closer than 1/8

mile spacing

Where the land use is a business/office park

landscape and outdoor plazas/patios (inclusive of

landscape features) shall comprise a target of

20% of the gross site area



THE FUTURE TODAY

Internal pedestrian circulation and identified pe

destrian districts and direct pedestrian connect

sons to adjacent pedestrian districts

Shared parking should be maximized

Landscaped areas connected to other public open

spaces and trails

Residential uses should not comprise more than

% of the total area designated Commerce and

Business on the Land Use Map
SPATIAL FORM AND DESIGN

Development within this land use category provides

Multiple buildings in a campus setting

Mix of building forms and building heights

Consistent architectural styles

Direct pedestrian connections between buildings

and public sidewalks

TRANSITION TO LAND USES

Downtown Core- Minor Amendment

Industrial & Manufacturing - Minor Amendment

Agriculture - Minor Amendment

Rural Ranchette - Major Amendment

Urban Neighborhood - Major Amendment

Illll



2025 GENERAL PLAN

INDUSTRIAL & ACTURING
DESCRIPTION

There are excellent opportunities for industrial development at three different sectors within the planning area

These sectors include the Union Pacific Railroad, Coolidge Municipal Airport and the Existing Coolidge Industrial

Park adjacent to the City's wastewater treatment facility. The City will support a wide range of manufacturing

and industrial uses within these sectors to provide a stable economic base. This land use category preserves

locations that are best suited for industrial development well into the future as the City continues to expand al

lowing citizens of Coolidge to work in the community they live. It is anticipated that there could be a major inland

port adjacent to the Union Pacific Railroad R.O.W. and State Route 87 (Arizona Blvd.)

APPROPRIATE LAND USES

41

Single Site Manufacturing, Industrial, & Production Activities

Outdoor Assembly, Storage

»w.mw4.*-»-

Warehousing and Distribution

Ill



THE FUTURE TODAY

Rail and Freight-Based Activities

Land Uses that result in Noise, Dust or Other Impacts that Extend Beyond the Site

Resource Extraction

IuHIIH

Transportation Related Activities such as Light Rail, Rail Yards, Aircraft Maintenance and Operations

Vehicle Maintenance, Storage and Crushing

lllllllll



2025 GENERAL PLAN

INDUSTRIAL & FACTURING
APPROPRIATE ZONING

Neighborhood Business Zone (C-1)

General Business Zone (C-2)

General Service Zone (C-3)

Garden and Light Industrial Zone (I-1)

General Industrial Zone (I-2)

Planned Area Development (pAD), manufacturing

uses only

DENSITY AND INTENSITY

Target lot coverage (including parking, storage and

roadway areas) shall be 80%

INFRASTRUCTURE AND MOBILITY

Development includes the following attributes

Development that is connected to the City sewer

system and shall be connected to an approved

water provider

Development that shall provide vehicular access

and egress to the street network as well as rail

spurs, and limited access roadways where app ro

private

Development that shall be accessible by paved

arterial streets, capable of servicing the require

merits of the development and built to City norms

_Ill



THE FUTURE TODAY

SPATIAL FORM AND DESIGN

Development within this land use category provides

Large front setbacks and, if appropriate, side and

rear yard setbacks that will be encouraged to re

duce the impact and mass of buildings from the

street and adjacent non-manufacturing develop

merits

Perimeter fencing or walls and buffers to screen

storage, equipment, and outdoor activities shall be

required

Entry ways that are landscaped

Pedestrian connections between the street and

building

Monument style entry signs

TRANSITION LAND USES

Business & Commerce - Minor Amendment

Agriculture - Minor Amendment

Rural Ranchette - Major Amendment

Downtown Core - Major Amendment

Urban Neighborhood - Major Amendment



2025 GENERAL PLAN

Arizona Revised Statute requires cities to identify current aggregate operations within the planning area and to

develop measures to preserve currently identified aggregates for future development and policies to avoid in

compatible land uses. Aggregate means cinder, crushed rock or stone, decomposed granite, gravel, pumice

pumicite and sand

Within the City Planning Area Boundary there are existing sand and gravel operations along the Gila River flood

plain. These locations are shown on Figure 2.3 and were identified from current aerial photography as well as

records provided by the Arizona State Mine Inspector

EXISTING AGGREGATE LOCATIONS

W ~=¢ 9nx&s#aa4:4» ¢sa..L'l L I I s l l  : w s  a n
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Figure 2.3 : Aggregate Land Use

The City recognizes that future sand and gravel operations are possible along the Gila River and has identified

existing operations in the area. The City will carefully review any development plan for private property adjacent

to active aggregate mining operations and will develop land use policies to avoid incompatible land uses, by

providing equal protection for active aggregate mining operations and residential development

The City will discourage the construction of new residential development where future residences would be ada

cent to an active aggregate mining operation. New residential zoning may be allowed adjacent to, or coinciding

with, active mining operations, but may not proceed to develop until such mining operations have permanently

ceased

The City will discourage new mining operations adjacent to or in close proximity to existing or planned residential

development and existing or planned City recreation facilities

The City will promote non-residential development such as business-park, commercial, or industrial uses ada

cent to active mining operations, where such mining operations are not required to cease upon development of

adjacent property
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GENERAL PLAN AMENDMENT PROCESS
From time to time, the City may choose to amend the General Plan in order to respond to opportunities or for

other reasons. Arizona Revised Statutes §9-461.06 allow for an annual Major Amendment to the General Plan

as well as Minor Amendments, (which may occur at any time during the year). State Law defines a Major

Amendment as "a substantial alteration of the municipality's land use mixture or balance as established in the

municipality's existing general plan land use element

An amendment to the General Plan is initiated by a request that

May be submitted by the Coolidge City Council or the Coolidge Planning and Zoning Commission

By the owner of a property within the City or its Planning Area

As a result of a determination by the City of Coolidge Growth Management Department that a proposed re

zoning request is not in conformance with the General Plan

All requests to amend the General Plan shall be submitted to the City of Coolidge Growth Management Depart

went and shall be accompanied by

A response to the General Plan Amendment Determination

A map detailing the proposed location of the amendment and its current General Plan land use designation

along with the land use designations of properties within 1/4 mile of the proposed amendment

A map detailing the proposed change in General Plan land use designation and the land use categories of

the properties within 1/4 mile of the proposed amendment

The Coolidge Growth Management Department will consider Major Amendments to the General Plan according

to a Public Participation Schedule approved by City Council each year. This schedule will be posted on the City's

web page, www.coolidgeaz.com. Minor Amendments to the General Plan may be considered at any time during

the calendar year

1/4 Mile Buffer 1/4 Mile Buffer

Urban Neighborhood Ul'b*§87IN§i§Hb0Fh00d
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GENERAL PLAN AMENDMENT PROCESS
MAJOR AMENDMJ8NTS=

In conformance with Arizona State Statute, a Major Amendment to the General Plan will be required for

Any rezoning request that is not in conformance with the Coolidge General Plan 2025 Land Use Map (Figure

2.1) and that meets the General Plan 2025 Major Amendment Criteria listed within each Land Use Classifi

cation Summary

Addition of new roadway classifications that result in wider lane widths, increased number of lanes and/or a

reduced pedestrian or multi-modal transportation environment to Table Cb: Access Management, and/or the

Transportation Plan Map (Figure 3.3)

Any changes to the Coolidge General Plan 2025 land use category text in the Description, Appropriate Zon

in, Density and Intensity and Transitional Land Uses sections

Any changes to the Coolidge General Plan 2025 that change the original intent of the Plan or that contradict

the intent or meaning of the Coolidge General Plan 2025 Vision, Goals, Policies, or Strategies or that would

alter the density, intensity, infrastructure, or development standards described herein

MINOR AMENDMENTS.

Minor Amendments to the Coolidge General Plan 2025 may be processed at any time and in accordance with

the City's usual Planning and Zoning Hearing Schedule. A Minor Amendment to the General Plan is considered

Any rezoning request that is not in conformance with the Coolidge General Plan 2025 Land Use Map (Figure

2.1) and that meets the General Plan 2025 Minor Amendment Criteria listed within each Land Use Classifi

cation Summary

Updates to statistics, descriptions and summary text that reflect changing conditions and new facts

Addition of new roadway classifications that result in narrower lane widths, reduced number of lanes and/or

an enhanced pedestrian or multi-modal transportation environment to Table Cb: Access Management, and/

or the Transportation Plan Map (Figure 3.3)

Other changes determined by the Coolidge Growth Management Department staff to constitute a minor

amendment to the Coolidge General Plan 2025 or not described herein as a Major or Minor Amendment



DETERMINATION CRITERIA:

A determination to make a Major or Minor Amendment to the Coolidge General Plan 2025 shall be based on the

following criteria:

2.

3.

Describe how the proposed amendment furthers the General Plan Vision

Describe how the proposed amendment furthers Smart Growth principles to

1. Mix land uses.

Take advantage of compact building design

Create a range of housing opportunities and choices

4. Create walk-able neighborhoods.

5. Foster distinctive, attractive communities with a strong sense of place

Preserve open space, farmland, natural beauty, and critical environmental areas

Strengthen and direct development towards existing communities

8. Provide a variety of transportation choices

Make development decisions predictable, fair, and cost effective

10. Encourage community and stakeholder collaboration in development decisions

11. Further the sustainable use of resources and materials

Describe how the proposed amendment enhances or has no net impact on future water supplies

Describe how the proposed amendment enhances or has no net impact on mobility and traffic congestion

Describe how the proposed amendment enhances or has no net impact on the quality and quantity of public

Ly accessible open spaces and trails.

Discuss if the proposed amendment will result in a higher net cost to the City or its residents for city Ser-

vices.

Does the proposed amendment require public investment or financing

Describe how the proposed amendment enhances or has no net impact on the natural environment, include

in air and water quality.

Describe how the proposed amendment enhances or has no net impact on the rural character of the City

Describe how the proposed amendment results in the creation of jobs for Coolidge residents

Describe how the proposed amendment provides enhanced educational opportunities for Coolidge rest

dents.

Discuss how the specific goals, policies and strategies are furthered by the proposed amendment

6.

7.

9.
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Circulation Element
The Circulation Element addresses multimodal trans-

portation improvements to roads and infrastructure

sewing motorists, transit patrons, pedestrians, and

bicyclists. Much of the information in this section is

directly from the City of Coolidge Comprehensive

Transportation Feasibility Study adopted by Coolidge

City Council in June 2012

Approximately 30% of the future primary roadway net

work is currently paved, but these paved roads are not

in the form of an ultimate arterial or parkway standard

In addition, of the arterial network in place, more than

half of that system needs major or significant sainte

nonce. The strategy outlined in this element provides

an approach to establish the critical transportation cor-

ridors in a phased manner so to maximize system mo-

bility and connectivity while minimizing maintenance

activity requirements

Key objectives of this section include identifying and

establishing a multimodal transportation plan that pro-

vides a vision that promotes community growth and

economic development, accommodates anticipated

local and regional travel demand, and supports re

goral multimodal initiatives in a manner that informs

regional decision making. The recommendations and

direction provided in this section is the first of several

required steps to implementation. The Circulation Ele-

ment provides the community vision for transportation

investments

REGIONAL COORDINATION

This plan worked closely with other regional stake

holders to ensure that plans were coordinated in an

efficient manner. One of the key studies referenced

throughout this work effort was the Pinal County Re

gionally Significant Routes for Safety and Mobility

Study (RSRSM). The recommendations from the Cir-

culation Element will inform and augment the County's

Regionally Significant Routes (RSR) map (Figure 3.1)

The significance of this map is that it illustrates those

regional facilities designated for preservation through

planning and access management applications. The

principal arterials and parkway facilities illustrated in

Figure 3.3 of this Plan should be integrated as Re

gionally Significant Routes for Pinal County

The urbanization process and general population

growth is expected to add significantly to the number

of households in the study area through year 2040,

and beyond. Household and employment growth will

be further enhanced by the regional transportation

investments being contemplated. Being directly be-

tween the two metropolitan areas of Phoenix and Tuc-

son, Coolidge is situated to provide residents and

businesses a great amount of flexibility and proximity

to these two key established population and employ-

ment areas of Arizona, while providing the framework

to grow jobs and households locally. At this regional

level, Coolidge is also positioned to be a central hub

to support regional travel demand and tie into other

regional transportation investments such as a North

South Corridor and an Intercity Rail system

There are three key multimodal parts of the Circulation

Plan, including Roadways, Transit, and Bicycle/

Pedestrian. Although described separately, they

are all interrelated and must be implemented as a sys

tem

I I
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2025 GENERAL PLAN

The future roadway facilities described herein are based

on the existing and committed model network used for

the North/South Corridor Study. The current travel de- iii

and model does not identify Principal Arterials versus

Minor Arterials, and it does not differentiate between

Major and Minor Collectors. The proposed changes, lat

Er described in this section, will correct these issues

Roadway Functional Classification Roads are classified according to specific design and traffic characteristics

The functional classification process categorizes roads by how they perform in regard to providing access and

mobility within the community. The region's roadway network includes five roadway functional classifications

The following roadway functional classifications are recommended to provide a sound transportation system for

the City to accommodate local growth and regional transportation demands. The functional classification of the

roadway network in Coolidge has been established in accordance with the definitions provided by ADOT and

FHWA_ as summarized below

Freeway: Multi-lane, high-speed, controlled access, divided roadway with the primary purpose of efficiently

serving longer regional or interregional trips

Parkway: High capacity multi-lane, higher speed, controlled access, divided roadway with the primary purpose

of efficiently and safely sewing longer regional trips, major activity centers, providing access to freeways and

arterials, and providing controlled access to abutting property owners

Principal Arterial: Higher speed, controlled access, divided roadway of two or more lanes in each direction, de

signed for efficient travel between major activity centers, providing access to freeways with limited access to/

from abutting property

Minor Arterial: Higher speed, controlled access, divided roadway of two or more lanes in each direction con

necking lower and higher functionally classified facilities as well as major activity centers, and facilitating access

to and connectivity between larger land tracts and commercial developments

Major Collector/ Commerce Park Collector: Two-lane roadway facilitating connectivity to the higher order Arte

rial network, while providing direct access to the roadway

network for larger commercial parcels and larger resider

rial developments, and

Minor Col lector /  Residential  Col lector:  Two-lane

roadway providing direct access to the roadway network

for commercial parcels and multi-family residential level

opments via major collector and minor arterial roadways

Illlll I l a l  l l l l l l l



THE FUTURE TODAY

The Circulation Element graphically depicts all freeway, parkway, principal and minor arterial routes planned for

the Coolidge Planning Area Boundary (Figure 3.3). The regional routes that include freeways, parkways and

principal arterials facilitate regional travel and have the greatest amount of access control and management

These facilities should be integrated into the Pinal County Regionally Significant Routes system, the Sun Corri

dot MPO's Long Range Transportation Plan, and be part of the Regional Transportation Plan network. The ma

jar and minor collector facilities are not all identified as many of those facilities have the greatest potential for

change as development occurs. Collectors that change cardinal direction should be discouraged as it creates

out of direction travel and additional turning traffic movements, ultimately reducing capacity and decreasing inter

section safety. As the functional classification transitions from arterial roadways to local roadways, the level of

access increases, the capacity decreases, and the purpose of the roadway changes from efficiently moving verdi

oles to providing direct property access. This system of functional classifications is critical to provide a network

capable of accommodating regional mobility and local property access

Figure 3.2 : Access vs Mobility

Freeway

Major
Arterial

Parkway
Minor

Arterial

Major
Collector

Minor
Collector

i
Local

Street



2025 GENERAL PLAN

ROADWAYS
FUNCTIONAL CLASSIHCAT1ON CAPACITIES

Roadway capacity corresponds directly with roadway functional classification. In general, as the roadway classy

fiction is elevated, the roadway can handle higher traffic volumes. Factors such as level of access control. num

Ber of driveways, availability of left-turn lanes, and if the roadway is divided or undivided play a critical role in

overall capacity

Table pa : Roadway Capacities (Daily Volume Threshold)

Decided

Divided

Divided

I52,400

Divided 90.000

Scare Class I

Arterials

I 5.500

23.940

34.200

51 .400

Undivided

Undivided

Divided

Divided

Undivided

Undivided

Undivided

Divided

Undivided

Undivided

Continuous LTL

Undivided

Undivided

Undlvided

Corrdnuous LTL

State Class 2

Arterials 14.500

22.900

30.600

10.800

I 3.600

I 5.000

I5.200

Source: Florida Department of Transportatlon Quality Level of Servlce Handbook, 2001

Table pa above provides planning level capacities that should be considered as the transportation system is be

in phased and implemented. The capacities above also illustrate the significance of improved capacity for dl

vided versus undivided roadways. Dividing the freeway, parkway, principal and minor arterial roadways with a

raised median can provide approximately 40% additional capacity and greatly enhanced safety without a signify

cant difference in investment costs
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THE FUTURE TODAY

TRANSPORTATION PLAN & ACCESS MANAGEMENT

Table Cb below documents the roadway criteria and design standards including the applicable access manage

went strategy for each cross section

Table Cb : Access Management

Road Purpose Mobllicy Mobducy Mobility/Access Access Access

Planing Average

Daily Traffic 45.000 ._ mono

Design Speed 55 mph 55 mph 35 mph 35 mph

Right-of-Way

Width

Median Divided Duded Duvvded

Number of Lanes

Left-turn Lanes

Indirect Left-Turn
Spacing at l320' or

660' as permitted
Ac all locations where
permitted and war

1/4 . 112 mule 1/4 - 1/2 mule

Righarurn Lanes

At all locations where
permitted and warrant

Ar all locations where

permitted and warranted

Ar all locatlons where

permitted

At all locations where
permitted and war

At all locations where

permitted

Ac all locadcns where
permitted and wan

danced

Public Access 1/8 - 1/2 male 1/8 .- HE mule 1/8 - 1/4 mile 118 mile

Property Access Right 4nlRight out
Full access where

approved
Full access where

approved

ic Sngrsal Spec
I mule: 112 mile

where warranted and

permitted

112 mule locations. 1/4

mule locations where

warranted

Typical Tragic

Conrrd

Slgnalized, two-way

Rlghr.in/Right out
Full access where op

proved

1/2 mule locations. 1/4
mule locations where

warranted, fully coordl

noted and progressed

Signalized, two-way stop
(Interim - roundabout

allowed)

Signalized, rounds

bout stop

Signalized, rouncia

bout !

Parking Prohibited

1/8 _ 112 mile

Right inlRlght our_
Full access where ap-

proved

Mile and 1/2 mule loco

UOHS where warranted
ful ly coordinated and

progressed

Signalized, two-way
stop (interim - rounds

bout allowed)

Prohibited Pmhiblced Restricted Resin :Ted

Transit
Bus pull-outs and

queue limpers where

warranted

Bus pull-outs and queue
jumpers where war

Bus pull-outs and queue

jumpers where warrant

Share the Road Share du: Road

Multi-use Path

TWTL - Two way Turning Lanes



ROADWAYS
CROSS SECTIONS

Roadway cross sections provide the framework for a community to understand how to move people from their

travel origins to their destinations. Several factors are balanced when developing cross sections to best manage

future traffic demand based on existing and future land uses, including

Amount of traffic (high-volume versus low-volume)

Type of traffic (large vehicles, heavy vehicles, buses, cars)

Level of pedestrian activity

Level of bicyclist activity

Density of driveways

Turning traffic volume (driveways, street intersections, offset versus aligned intersections)

Surrounding land uses (schools, residential, industrial, commercial)

Regional mobility corridors (through route, established bicycle route)

In communities across the nation, transportation system investments have strived to better accommodate multi

pie travel modes through "Complete Streets" initiatives. Whether it is providing sidewalks for pedestrians, shared

use paths or shoulders for bicyclists, wide outside travel lanes to allow for a safe area for cyclists to ride either

in the shoulder or in a signed bicycle lane, bus pull-outs for transit stops, or trails for equestrians, communities

are making the investments to provide safe mobility options to their residents, employers and visitors. Many of

the proposed cross sections include a shared-use path that would be wide enough for more than two people to

walk side-by-side, bicycle use and/or equestrian use, Each cross section also includes a detached sidewalk that

is at least five-feet wide, and is separated from the roadway by at least five feet as indicated in the Arizona De

apartment of Transportation (ADOT) Roadway Design Guidelines. All roadways should be designed in a context

sensitive manner, meaning the roadway condition should be proportional in scale to the adjacent development

This is particularly true in the two collector cross-sections (Commerce Park and Residential), which should be

designed according to their adjacent land uses. Figures 3.4 and 3.6 through 3.9 depict the typical cross sections

for each functional classification, and Figure 3.5 illustrates an indirect left-turn lane treatment for Parkway fun

tonal classification roadways. Where approved by Grovvth Management and Public Works, modifications may

be made to these cross sections as necessary and appropriate to provide enhanced safety, design, circulation,

or streetscape

Figure 3.4 : Arizona Parkway Typical 6-Lane Section
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Figure 3.5 : Indirect Left-Tum Treatment

Figmfe 3.6 : Principal Arterial Typical Section

g

Figure 3.7 : Minor Arterial Typical Section

Figure 3.8 : Commerce Park Collector Typical Section

Figure 3.9 : Residential Collector Typical Section
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TRANSIT
The provision of transit, both at a local level and at a regional level, is very important to the Coolidge community.

Successful transit is a core component of a stable economic program to serve not only social service needs, but

support and promote employer needs. Successful transit requires continued system investments that integrate

transit into the framework of a community so as roads are improved, as developments are constructed and as

new employment centers are attracted, transit can be a viable means of transportation for those patrons, visitors

and employees. There are several key factors that directly apply for a transit provider to operate and manage a

successful transit system. Seven key factors that relate to the city of Coolidge Cotton Express system success

include

4.

Reliability: Reliable transit service is critical to ensure users that the bus will pick up patrons at a

scheduled time

Predictability: Predictable transit service is very important to those users that have to arrived at their

destination at a certain time. For work, school and trips that involve a scheduled appointment, predictability

of when the bus will arrive at the destination stop is critical.

Cost Effectiveness: Cost effective transit service is a balanced equation between the cost al' attract-

ing transit users and the expense to the users to make it a viable alternative to driving.

FrequencylHeadways: Many systems have different needs during the morning and evening peak

hours than during the mid-day or late evening travel periods. The frequency of service should be set in a

manner that allows the user to have choices and flexibility regarding scheduled service. Service frequencies

of less than 20 minutes by direction should be developed.

Ties to Origins and Destinations: Providing safe, direct and easy access for transit users to access

the transit stop and providing safe direct easy mobility for transit users to reach their destination once they

depart from the bus is critical for a successful transit system. When it is easy for users to access transit, the

user identifies transit as a potential viable alternative to driving. Additionally, when the user can reach their

destination safely and easily after being dropped off at a transit stop, that ease of making their complete trip

is directly measured against the cost and ease of using other modes such as driving.

Bus Stop Accessibility: Due to the high degree of pedestrian and bicycle use to access transit, elimi-

nating barriers transit patrons face as they arrive at / depart from transit stops is critical for the ultimate suc-

cess of the transit system. Typically, the average transit user is willing to walk one-quarter mile to a station

or stop, although external factors can affect this distance. There are both soft and hard factors that affect the

experience of the pedestrian transit user. Hard factors include the street design, land use, and frequency of

transit service. Soft factors include weather protection, landscaping, social experience, and personal safety.

Trip Duration: Minimizing the need to transfer ult imately reduces the amount of t ime dedicated to

making the transit trip which therefore increases the potential reliability and predictability.

Providing transit services that incorporate the seven factors above will result in a successful and well used trans-

it system

7.

6.

5.

2.

3.

1.
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Figure 3.10 : Proposed Transit Service
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In 2009, the Cotton Express: City of Coolidge Five Year

Transit Plan was completed, which identified transit is

sues and suggested a simplified route be created along

SR-87/Arizona Boulevard that would offer more frequent

10-minute headways. This suggested route would lm

prove transit access along the City's most heavily tray

led commercial corridor. Additionally, the 2009 plan rec

commended an additional transit study to determine the

feasibility of the SR-87 route including the need for bus

bays (pull-outs). After further examining the potential lm

probement with the SR-87 route, the future transit recon

emendation includes a local circulator route to be created

to improve transit service throughout the community 8441
Similar to the SR-87 route, the local circulator route is recommended to have 10-minute headways but would

connect Coolidge east-to-west (Figure 3.10). The local service would provide direct support for planned long

term regional transit services (Figure 3.11). In addition, ADOT is examining prospective regional intercity pas

Zenger rail services between Phoenix and Tucson. Cotton Express can actively support this with a potential

passenger rail stop in Coolidge

~»-.wa

Figure 3. 11 : Regional Long-Term Transit Improvements
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2025 GENERAL PLAN

BICYCLE/PEDESTRIAN
The City has an extensive local roadway network, and a developing collector and arterial network. Developing a

network of sidewalks and paths within the community provides opportunities to walk or ride to a near-by destina-

tion instead of driving. Additionally, connecting key nodes in the City, such as schools, parks, and commercial

centers are of utmost importance. The grid street pattern found in Coolidge helps to promote pedestrian mobili-

ty, however many of the existing roadways do not have sidewalks for pedestrians. The roadway cross sections

included herein, when implemented, will provide a safe system of paths and detached walkways for non-

motorized use. within the built environment of the City, there are key corridors that should be improved to pro-

vide existing Coolidge residents, transit riders and activity center patrons safe corridors for pedestrian mobility.

Figure 3.12 below shows the corridors where sidewalks should be constructed or continued as a priority.

Figure 3.12 : Priority Pedestrian Improvement Corridors
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Figure 3.13 : Detached Sidewalk Layout

A

Figure 3.13 to the right shows a detached

sidewalk with a defined curb and gutter,

buffer zone, and sidewalk. Signs and oth-

er utilities are located in the buffer zone or

in the area adjacent to the sidewalk so

that pedestrians have a clear walking path _,

along the sidewalk. This provides a de-

fined zone or area to place items such as street signs, fire hydrants, light poles, street furnishings, utilities and

greenery all while leaving the sidewalk free and clear of obstacles. This area can also be useful for fu1:ure con

struction projects and updates since it is unlikely that additional right-of-way will be needed. A five-foot paved

shoulder services the bicycle traffic and also provides an additional buffer between the pedestrians and the verdi

oles along the roadway. Detaching the sidewalk and path from the curb and gutter can offer several advantages

including:

v

Increased safety for the pedestrian,

Lower cost for maintenance since the sidewalk and curb/gutter are not monolithic

Pedestrians would potentially not be impacted by roadway and curb/gutter maintenance activities

Improved ability to maintain sidewalk use during maintenance activities, and

Improved ADA accessibility, particularly during roadway maintenance activities

um 'I`I-USE PATHS

Multi-use paths serve multiple users including pedestrians and bicyclists. They are generally 10-feet wide. Simi

far to sidewalks that cross over railroad crossings, paths also have limitations and design concerns at rail cross

inks, as described below.

Complete Streets: Integrating multi-modal elements in a community's transportation system is critical for the

ultimate success of achieving community mobility. The movement of "Complete Streets" has been in motion for

several years. Complete Streets are designed to serve everyone - pedestrians, bicyclists, transit riders and div

ere. Complete Streets in communities improve safety and mobility for all regardless of age or special needs

Canals: Land adjacent to canals is a great resource for a larger community or regional trail system. An added

benefit of locating a multi-use path adjacent to a canal is the immediate water access which can be rare to find in

Arizona. There are several canals that cross through the City. A 10-foot to 15-foot multi-use path adjacent to

each of these canals would provide an excellent regional trail system.

Railroad Crossings: Railroad crossings can be dangerous for pedestrians, bicyclists, and especially wheelchair

dependent pedestrians. There are several methods to reduce this hazard including approach treatments, sign

age, crosswalk design, additional warning mechanisms, and materials.
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2025 GENERAL PLAN

Glen Space Element
§;s8>;~i® r*utL ?ARKSParks, Open Space and Trails are important compo-

nents of a healthy and desirable City. Many of us en

joy the quiet solitude of our own private back yard

where we can socialize with friends and neighbors or

have time to ourselves. Other residents depend on

property management companies to provide and

maintain these outdoor spaces within apartment com

flexes, townhomes or other higher density neighbor

hoods. Our children enjoy active outdoor play areas

at the local schools during their recess where they

interact with coaches, teachers and other school chit

pren. The Open Space Element provides information

about the existing parks, open spaces and trails as

well as how these important community amenities will

be planned for in the future

There are currently no regional parks in the Coolidge

Planning Area Boundary that are maintained and op

erased by the City Parks and Recreation Department

MQ39

There may be other opportunities for regional park

development within or just outside the Coolidge Plan

ring Area Boundary that should be considered. One

such area is located near the Picacho Reservoir which

is famous for bird watching and has been considered

as a recreational lake for the region
The Casa Grande Ruins National Monument is

uniquely located inside the existing City limits and at

tracts nearly 100,000 visitors per year. The City is Community parks are intended to serve as a draw for

the entire community and should be strategically local

ed along a major trail corridor and when possible, next

to a school site. A community park should be utilized

as a unifying element within a community, providing a

civic core, central amenity, social gathering spot, and

fortunate to have this pre-historic cultural treasure and

the abundant open space that surrounds the Casa l

Grande Ruins. There is quite a contrast driving along

the busy Arizona Boulevard retail corridor and enter

in the National Monument surrounded by the pristine

beauty of the desert surrounding the ruins

_ll



Neighborhood parks varying in size from five acres to

ten acres should be included within new development,

serving as neighborhood cores within the residential

parcels. All residents should be located within a quar-

ter of a mile or a three to five minute walk from an

open space amenity, creating a walkable neighbor-

hood. The neighborhood parks are designed to pro-

vide both active and passive recreational activities,

while also providing storage for storm water runoff in

retention basins. These parks will provide opportuni-

ties for people of all ages with appropriately scaled

amenities as well as shaded areas in each park. A

community destination. A community park should

contain lighted fields for evening activity as well as

daytime recreation. The Parks Amenities Table

(Table 4b) describes the potential amenities that may

be programmed into a community park. A desirable

design for a community park would provide a mini-

mum of three items from Category 1, four items from

Category 2, and five items from Category 3 as listed in

the Parks Amenities Table, but may include additional

or alternative amenities to provide a comparable or

enhanced set of amenities. These parks are usually

10 to 20 acres to accommodate the desired uses.

7 *§€Q§§2 f .

A trail and/or path system should serve to physically

and visually tie neighborhoods together. The internal

multi-use paths and walkway network should be de

signed to provide safe and convenient connections to

all open spaces, uses and neighborhoods. All walk

ways and paths should be constructed of concrete

asphalt, or other approved material

Table, but may include additional or alternative amend

ties to provide a comparable or enhanced set of

amenities. Where physical structures have been pro

posed, site grading will elevate those structures above

the bottom of the retention basin to minimize nuisance

flows and to keep those facilities more accessible

THE FUTURE TODAY

JLll;L Hun ..11..lllllllu

Major collector streets running through a project will

include a 10 foot wide multi-use path on one side of

the roadway located in a 20 foot wide landscape ease

went. In addition, there will be a 6 foot wide walkway

on the opposite side of the street, also located in a 20

foot wide landscape easement. The two paths will

serve as the connective backbone of the trail and

pathway system through a project

desirable design for a neighborhood park would pro-

vide a minimum of two items from Category 2 and two

items from Category 3 listed in the Park Amenities

A 10 foot wide multi-use path will also be provided

along arterial streets. Connectivity can be established

through a trail provided in a linear park corridor, within

an existing gas line easement, along or adjacent to



2025 GENERAL PLAN

Open Space Element
canals, or in other existing corridors. In addition, four

foot wide sidewalks along the local streets will provide

neighborhood and community links. This hierarchy of

paths and trails will provide connectivity throughout a

project, connecting residents with all land uses and

promoting an active and social lifestyle

EX1ST1NG PARKS

Coolidge currently has approximately 50 acres of ex

listing City owned parks and open space (Table 4a)

Privately (HOA) maintained parks and open space

totaling roughly 112 acres also exist throughout Coo

lodge. The City plans to provide a uniform level of ser

vice and equal service for parks and recreation facile

ties throughout the City

The City should consider a Parks and Recreation

Master Plan and a Trails Master Plan to better ad

dress the Parks, Open Space and trails development

needs to serve the residents of the City with access

be, equitable and quality recreational opportunities at

the local and regional level. Residents of the City

should be surveyed to determine the community

needs and desires for recreation and establish a plan

for the implementation of these improvements

Table pa : city Owned Parks & Open Space

Adult Center

East Park

Hohokam Park

250 S, 3rd Street

301 N. Pacific Street

1795 N. Arizona Boulevard

2.4

Kenilworth Sports Complex

Landmark Field

Main Street Park

Nlltt Park

Palo Verde Park

San Carlos Park

Teen Center

Walker Park

West Skate Park

671 E. Coolidge Avenue

800 W. Sunset Drive

203 W. Coolidge Avenue

800 N. 3rd Street

200 N. Washington Street

146 W. Palo Verde Avenue

300 W. Central Avenue

660 S. Main Street

650 W. Vah Ki Inn Road

OH W. Wilson Avenue
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Table Cb : Parks Amenities Table

Swimming Pool Facility

Recreation Center

Interactive Water Play

Aesthetic Water Feature

Soccer Field

Football Field

Baseball Field

Gathering Plaza

Restroom

Recreation Lake

Skate Park

Parking Area

Lighting

Softball Field

Half Court Basketball

Full Court Basketball

Sand Volleyball

Benches (Minimum 2)

Umbrella and Table Set

BBQ /Trash Can (Minimum 2)

Tetherball

Sand Play Area

Horseshoes

Frisbee Golf

Bocce Ball

Passive Turf Are a

Pe: Station

Outdoor Chess Game

Tennis Court

Pickle Ball

Interactive Garden

Exercise Far Course

Group Picnic Area

Climbing Structure

independent Play Structure (riders, panels, spring toys)

Boulder Play Area

Shaded Play Structure for 2-5 year olds

Shaded Play Structure for S-IN year olds

Shaded Ramada / Gazebo with Picnic Tables

Play Structure with Swings, Slides, and Imaginative Play

Drinking Fountain

During the community meeting on the Open Space

Element, the participants discussed several recrea

tonal opportunities for the area and ranked these in

order of importance. A new pool/water park was listed

as the most desired recreational opportunity followed

by a YMCA/Boy's and GirTs Club and a new library

as expected and there has been a lack of sainte

nonce where these community assets were intro

diced. As residential construction picks up n these

planned developments, the City will require the level

aper and/or homebuilder to improve these recreational

amenities

The are approximately 2,160 acres of proposed parks,

open space and t rai ls ident i f ied on a number of

Planned Area Developments that were reviewed and

approved by the City during the housing boom. City

residents in some of the constructed planned develop-

ments enjoy the benefits of these recreational facili-

ties. Some subdivisions in the City failed to develop

As a community, Coolidge places a high importance

on its parks. Staff takes pride in providing clean, well

maintained parks and the community responds by us

in and appreciating the parks and recreation facile

ties. Impact fees for parks and recreation facilities will

be collected to maintain the current level of service

offered to residents of the City

ll



2025 GENERAL PLAN

Open Space Element

For the purposes of this plan, natural open space is

defined as lands to be acquired and/or preserved in

their current state or returned to a natural state. For

the purposes of this plan, open space is defined as

developed common and private open areas designed

to provide functions such as recreation, aesthetics

and a balance to the built environment. Examples of

open space would be lakes, landscaped tracts, parks

trails, plazas, sport fields, and cultural landmarks. In

some cases open space may also include educational

institutions or other public facilities, and corridors for

public uses such as canals and power line ease

merits: These lands should provide for low impact

recreation that is compatible with resource protection

goals. It is not uncommon for open space to be up to

% or more of the land area set aside for new com

munity parks. The open space areas tend to buffer

the active recreation areas within the park from ada

cent houses. The City is fortunate to have one of the

best examples of preserved open space within the

boundaries of the Casa Grande Ruins National Monu

future open space can be preserved due in part to the

floodplain development limitations. This major wash

corridor can serve as a separator and connector sim-

ultaneously. Linking open lands together creates a

network of corridors that allow for the movement of

wildlife and people along natural open space areas.

The Gila River can link the City of Coolidge 'together

with the Town of Florence while at the same time sep-

arating them to allow each community to keep its own

identity. Natural open space corridors connecting the

Gila River floodplain to the Casa Grande RLlins Na-

tional Monument is very important to maintain migra-

tion of wildlife to and from these important open space

preserves for future generations.

The City has several open space properties and corgi

does (Figure 4.1). The Gila River floodplain on the

City's northern boundary has been identified as an

area where aggregate resources are extracted and

The area around Picacho reservoir offers a tremen-

dous opportunity for open space and wildlife habitat.

This area is one of the best locations in the State of

Arizona for bird-watchers and wildlife photography.

Open space corridors must be planned to connect this

natural system with other systems as future develop-

ment is planned.
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PARKS OP] \J QPALF U: S`f(1N Co UGH T !`\JIIS

The City needs to establish parks and open space

guidelines that can be used for new construction and

to keep existing parks up to the same standards. The

following guidelines should be used for addressing

future development ordinances and in discussions

regarding development requirements in Planned Area

Developments (PAD's).

• A minimum of 15% open space shall be provided

within the single family residential portions of a

PAD.

•

Developer introduces a Planned Area Development to

the City that is one square mile. As stated, the follow

in acreages would apply

Total PAD acreage = 640 acres

15% required open space = 96 acres

50% developed open space = 48 acres

25% trail dedication = 12 acres

Of the required open space, 50% of the area shall

be developed as usable for parks and trails. Usa-

ble open space does not include detention or re-

tention areas unless approved by the City Parks &

Recreation and Growth Management Depart-

ments. In each retention areas, a minimum of one

operational drywall may be required and main-

tained in perpetuity. In addition, during construc-

tion, all subdivisions are required to comply with

the Storm Water Prevention Protection Plan.

Within the developed area, 25% shall be set aside

for trail corridors (assuming a 25' ROW). The re-

mainder of the usable open space shall be devel-

oped for recreational improvements subject to the

requirements as it is written below.

Generally, golf course do not fall into the open

space category, however, a portion of golf cours-

es in PAD's may be counted in open space fig-

ures, especially in age targeted or age restricted

communities

When looked at in terms of linear feet of trail in the

development it looks like this

=;»

r
.1
.I

12 acres of 25' trail ROW = 12ac x 43,560 sf per

acre = 522.720 sf / 25' width of trail = 20908.8 linear

feet of trail. 20908.8 linear feet of trail / 5,280 ft per

mile = 3.96 miles of trail which will create two. one

mile trails that run through the center of the PAD and

2 one-mile perimeter trails. As adjacent properties

develop, it is assumed that the other perimeter trails

adjacent to the property will be developed



2025 GENERAL PLAN

Open Space Element

A comprehensive connected network of trails should

be planned as the City grows. Primary trails should

follow along drainage ways, irrigation canals, gas line

easements, and electrical transmission corridors. The

Gila River floodplain will also serve as a primary Corri

dot for trails. These trail systems can also follow

along parkways, and major arterial streets if they are

designed to provide an enjoyable recreational expert

Primary trails incorporate landscaping and amenities

along the way and ideally create a circuit and return to

the starting point without having to backtrack. Primary

trails are the backbone of this non-motorized trail sys

tem which links neighborhoods and schools and com

munity parks together. Primary trails should be

spaced no more than one mile apart and are generally

constructed with concrete at least 10 feet wide. In

some cases this width could be reduced to eight feet if

an adjacent 3 foot crusher fines trail is incorporated

which is sometimes preferred by runners and others

who like having a choice of surfaces along a particular

route. Primary trails are intended to be multi-use

paths and should meet the requirements of the Ameri

cans with Disabilities Act

The City should work toward the development and

adoption of a Regional Trails Master Plan that identi

fies opportunities for a comprehensive network of

trails. The Master Plan would serve as a guiding doc

rent as the City works with developers of master

planned communities to insure that neighborhoods are

interconnected with an alternative to motorized trans

potation. Walking, jogging, cycling and horseback

riding are activities that promote a healthy community

and are one of the highest ranking public amenities

that a developing city can offer to residents

-_I I I l
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2025 GENERAL PLAN

Growth Areas Element
The Growing Smarter/P/us Act was approved by the

Arizona State Legislature and became effective on

May 18, 2000. The purpose of the Act is to strength-

en the ability of Arizona's communities to plan for

growth, acquire and preserve open space, and level

op strategies to address growth related pressures

The Act requires cities with populations over 10,000 to

include seven elements within the General Plan in

eluding a Growth Area Element

fits to the City in the form of economic development

are encouraged throughout the City planning area with

proper planning for important factors such as transport

ration, infrastructure, schools, and a variety of land

The Growth Area Element of the Plan is used to assist

potential developers with an understanding of the cur

rent limits of existing City infrastructure, and to help

citizens know where to expect future growth

The primary growth area is the area served by the

City's existing wastewater collection system. The out

er boundary of this growth area is approximately one

quarter of a mile beyond the closest sewer mains

sewing Coolidge Residents. This area is where the

City should encourage near term development to take

place due to the proximity of City services. This area

of the community will best accommodate growth

through the year 2025
The City experienced its fastest rate of growth in the

last decade when the Phoenix metropolitan area and

Pinal County had the second fastest growth rate in the

United States. Even though the City went through this

period of unprecedented growth, much of the develop

went was a logical extension of the City's infrastruc

tore and the developed part of the City is still some

what compact and extending outward in a manner that

is efficient to service with City programs and re

sources

The Growth Areas Element identifies four areas that

are defined by suitability for development due to the

availability of existing City resources, contrasted by

the areas that are less suited for development due to

the absence of services and infrastructure. The outer

limits of the Growth Area Map is the extent of the

City's "Planning Area Boundary". Growth areas are

not prohibitive to new development, but simply target

development to identified areas that are best served

with City infrastructure and programs. In particular

large master planned communities that provide gene

A secondary growth area was defined on the map

which encompasses an area that extends approx

mutely one mile beyond the primary boundary. This

area lacks City sewer service and is mostly rural/

agricultural land. It also includes a significant number

of Planned Area Developments that were approved

during the height of the real estate boom but never

developed. This area may experience isolated level

prent in closer proximity to other major influences

like the Central Arizona College and proximity to Inter

state 10 and the Southeast Phoenix metro area. Sig

Illllll\l\\ l
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THE FUTURE TODAY

nificant development in this area is not expected in the

next ten years but possibly ten to twenty years from

now.

An area extending two miles beyond the secondary

growth boundary represents an outer growth area that

is also largely vacant/rural/agricultural property. Simi

far to the secondary growth area, future development

may extend into this area near 1-10 with the potential

for rail served industrial land along the Highway 87

and Union Pacific Railroad. There are no develop

went timelines predicted within this growth area or the

outer growth area.

I f  the assumptions hold true, al l  of  the projected

growth in the next twenty years can easily be accord

iodated within the existing vacant lots in the City's

infill area and within the 3,800 vacant lots that were

improved for new home construction during the last

housing boom in 2006 and 2007. As the Southeast

Valley continues to extend south into Pinal County

and a proposed North South Freeway is constructed

connecting the US 60 to Interstate 10 near Picacho

the projections for the Coolidge Planning Area must

be re-evaluated. Until this occurs, the City should

continue to support plans for development within the

primary growth area by focusing its capital infrastruc

tore expansion within this areaOne additional growth area is featured on the map

which involves a large area of State Trust Lands sur

rounding isolated pockets of private property. There

shouldn't be any development within this growth area

well into the future unless a funding alternative is

found for the proposed North/South Freeway connect

in 1-10 south of Eloy to the US 60 near Apache Junc

son.

The City can implement smart growth strategies that

encourage the outward expansion of development

from those areas where services are readily available

it is economically advantageous to develop resider

rial, commercial and industrial properties where City

services are available and have capacity to support

the new growth.

Planning for Growth will make automobile, transit and

other modes of transportation more efficient, make

infrastructure expansion more economical and provide

a rational pattern of land development as contrasted

with costly "leap frog" development

In the City's land use assumptions, it is projected that

an average of 140 dwelling units per year will be con

structed over the next twenty years with 120 dwelling

units per year being constructed in the next ten years

The City evaluated build out projections within the

planning area in each of the growth boundaries using

a moderate (3,4 du/acre) and high (4.4 du/acre) rest

denial density assumptions.

As the growth areas develop, the City will identify and

conserve any significant natural and cultural resources

and plan for open spaces within and connecting to

open spaces outside of proposed developments. The

City will continue to partner with the Casa Grande Ru

ins National Monument and the Gila River Tribal Gov

ernment to discuss the potential impacts from level

prent on important cultural resources

l l l l l l l
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2025 GENERAL PLAN

Each of these topics are addressed in this section of

the Plan. Requirements of ARS § 9-461.05.D.3 state

that the Environmental Element must contains anal

sis, policies and strategies, to address any anticipated

effects of the Plan's elements and new development

called for by the Plan on any water quality and natural

resources. These polices and strategies will have

community-wide applicability and do not require envy

ronmental impact statements beyond those that are

already required

Ground and surface water quality, air quality, soils

conditions, geologic hazards, wildlife habitat must all

be maintained and/or evaluated at a high level to in

sure a safe, healthy and enjoyable environment for

the current and future citizens of Coolidge

The management and preservation of natural re

sources is an important consideration in the General

Plan 2025. The purpose of the Environmental Plan-

ning Element is to ensure that growth and develop-

ment that occurs should be balanced with the interest

of protecting natural resources

Environmental Element

There are four potable water companies within the

City of Coolidge Planning Area. Arizona Water Com

party is largest encompassing approximately 64

square miles. At the end of 2012 this company ser

viced approximately 4,600 connections within the

Coolidge Planning Area. 1,600 of these connections

were made in the last ten years demonstrating the

significant growth that occurred during the housing

boom starting in 2004 and tapering off in 2007

GROUND & SURFACE WATER RESOURCES

The City of Coolidge Planning Area Boundary is local

ed within the Pinal Active Management Area (Figure

6.1) designated by the Arizona Department of Water

Resources. The Water Resources Element in Chapter

7 of this Plan provides a more detailed analysis of

Ground and Surface Water Resources which are sum

marized in this section of the Environmental Element

me

1_1l



THE FUTURE TODAY

Figure 6.1 : Pinal AMA Water Quality Status
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2025 GENERAL PLAN

Environmental Element
To satisfy the Arizona Corporation Commission and

the Arizona Department of Water Resources Best

Management Practices, Arizona Water Company and

the agencies approved the following ten water censer

cation programs within the City's planning area

In addition to the groundwater supplies, the Coolidge

Planning Area has other sources of water available

The Central Arizona Project has an allocation to the

Arizona Water Company for its Pinal Valley water sys

tem. Hohokam Irrigation and Drainage District pro

vides irrigation water for 32 square miles of agriculture

al land within the planning area and the San Carlos

Irrigation and Drainage District provides irrigation wa

tar for another 28.5 square miles of agricultural land

Public Education Program

Residential Audit Program

Customer High Water Use Notification

Customer High Water Use Inquiry resolution

Water waste Investigations and information

Special Events 8 Community Presentations

New Homeowner landscape information

Landscape Consultation

Leak Detection Program

Meter Repair or Replacement Program

The City wastewater treatment facility receives and

treats up to 1,000,000 gallons per day and has capac

ty to treat up to 2,000,000 gallons per day to Class C

Effluent Standards. This treated water is delivered to

adjacent farms for non-edible food crops. Eventually

the City will treat this water to Class A standards

The first eight water conservation programs are cos

tamer-oriented and the last two are water conserver

son measures the Arizona Water Company uses to

monitor and control water loss. The City of also re

quires the use of drought tolerant native landscaping

in its landscape code and the use of low flow plumb

in fixtures outlined in the 2006 International Plumbing



AIR QUALITY

In 1967, the Pinal County Board of supervisors stab

listed the Pinal county Air Quality Control District

(PCAQCD) to provide for the local protection and reg

elation of air quality. The District has the primary re

sponsibility for the administration of the County's air

quality program. The Pinal County Air Quality depart

went is generally responsible for protecting the pub

lie's interest in assuring that the air remains safe to

breathe. what ensures this safety is air quality stand

aids which originate from federal, state and local laws

and regulations

THE FUTURE TODAY

Western Penal County, including the City of Coolidge

has been designated by the EPA as a PMt0 Non

Attainment Area. PM10 is particulate matter where

the size of the actual particles is 10 microns in Jame

tar or less. PM10 is a type of air pollution that includes

dust, soot, and tiny bits of solid materials that are re

leased and move around in the air. This includes

burning of diesel fuels, incineration of garbage, mixing

and applying fertilizers and pesticides, road construe

son, steel making, mining, field burning, forest fires

fireplaces and woodstoves. It causes eye, nose and

throat irritation and respiratory problems. The primary

cause of PM10 in the Coolidge Planning Area is fug

five dust kicked up by vehicles traveling on unpaved

roads, farm cultivation, and shaping land. Every pre

caution should be taken to reduce the amount of dust

generated by these activities

Dust in the air is a hazard to humans for many Rea

sons. As fine particles, dust can have a direct adverse

effect on human and animal health. Dust may contain

pesticides, pollen, fungi, and other irritants to the

lungs and eyes of humans. Dust can affect visibility

Traffic accidents involving up to 100 cars and trucks

have occurred at times when dust obscured stopped

vehicles on highways. Probably the greatest economic

impact of dust is the cost of filters and of wear and

tear on vehicles and on mechanical appliances, such

as air conditioners. Dust is never appreciated when it

enters the home. Soils contribute dust to the amos

there from natural forces, such as the wind, and from

human activities, such as driving vehicles on dirt

roads, cultivating fields, and shaping land



2025 GENERAL PLAN

Environmental Element

Figure 6.2 illustrates the types of soils that ere com

manly found within the Coolidge Planning Area

The sediment is unsightly in the local area, clogs

storm-water drains, reduces the capacity of reservoirs

and adds nutrients and sediment to streams. Erosion

on construction sites is commonly 100 times greater

than that on agricultural land. Adequate measures are

available to prevent onsite and offsite damageSoil is important but is often an overlooked component

of our urban infrastructure. It is especially important in

regulating runoff of storm water and in supporting

trees, shrubs, lawns, and gardens. Soil erosion during

construction commonly is a serious problem. lnfor

motion about many erosion-control practices is availer

be in local soil and water conservation district offices

Preventing soil-related problems is easier and more

cost effective than correcting them later. Developers

contractors, and local governments need to work to

ether to limit compaction and soil loss during con

struction operations

The City should continue to enforce regulations in

tended to control or prevent erosion on construction

sites by requiring contractors to develop detailed era

sion- and sediment-control plans before beginning

construction projects

Although construction activities may affect only a rely

lively small acreage of land in a watershed, they can

be a major source of sediment and increased water

runoff. Construction activities often leave the soil dis-

turbed, bare, and exposed to the abrasive action of

wind and water. These conditions greatly accelerate

erosion, which produces large amounts of sediment

Soils in the Coolidge area should also be evaluated

for their shrink/swell potential. Sandy and Clay Loam

soils are the most commonly found within the Planning

Area Boundary. Homes built on expanding clays may

experience structural damage as the clay takes up

The American Society of civil Engineers estimates

that half of the homes in United States are built on

expansive soils and half of these will have some dam

age. The group claims that these soils are responsible

for more home damage every year than floods, toma

does, and hurricanes combined. Building contractors

should take precautions to stabilize the structures

One solution is post-tensioned foundations for homes
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THE FUTURE TODAY

The natural habitats of the Coolidge Planning Area

are located in the lower Sonoran Desert region. Veg

elation in this area of the Sonoran Desert consists of

pockets of plant life, usually dominated by creosote

bush, bursae and brittlebush scrub with mixed cacti

Mesquite, Palo Verde, and ironwood trees are also

prevalent within the planning area. Since the dam

ming of the river in 1928, the Gila River has been

largely barren, with the exception of periods following

heat rainfall. Because of the damming and the cur

rent sand and gravel operations along the river Corri

dot, the vegetation and wildlife of this riparian area

has significantly decreased. While a large portion of

the Planning Area consists of agricultural land, there

are still significant areas of natural desert that support

native wildlife to be preserved and protected

In 2006, the Arizona Wildlife Linkages Workgroup (a

collection of nine public and nonprofit agencies, in

eluding the Arizona Department of Transportation and

AGFD) completed Arizona's wildlife Linkages Assess

went (Figure 6.3), which is an initial effort to identify

potential linkage zones important to Arizona's wildlife

and natural ecosystems that may be interrupted by

large transportation infrastructure projects. The two

main reasons for this project are highway safety and

wildlife conservation. Consideration of wildlife Corri

does and connectivity can be integrated into the plan

ring stages of transportation projects such as free

ways. Through this process, significant wildlife linkage

es have the potential to be maintained or conserved

The Planning Area has two main designated corridors

the Gila River area and the Central Arizona Project

canal. However, the two canals located east of the

City Core Florence Casa Grande Canal and the Flor

ency Canal-are natural wildlife corridors as well. and

should be considered for conservation purposes. Ari

zone State Land and the Bureau of Land Management

should also be engaged in land conservation efforts

The Sonoran Desert region supports a variety of any

mal and reptile species, including rattlesnake, coyote

black-tailed jackrabbit, cottontail rabbit, javelins

mountain lion, badger, bobcat, and mule deer, A vary

etc of birds also inhabit the area, including dove, quail

and red-tailed hawks. Three species in the Planning

Area have been defined by the Federal Government

as a Species of Concern or Endanged, including the

Western Burrowing Owl, Nochol Turk's Head Cactus

and the Arizona Hedgehog Cactus



2025 GENERAL PLAN

Environmental Element
no Geological Survey (AZGS) with comprehensive

mapping of earth fissures throughout Arizona and

delivering earth fissure map data to the State Land

Department to be posted online with other GIS map

layers for the public to use to build their own custom

ired maps

Earth fissures and flood prone areas are two hazards

that can be encountered within the Coolidge Planning

Area. Figure 6.4 depicts the general proximity where

these two conditions can exist. Earth fissures have

been documented east of Wheeler Road and typically

South of the Coolidge Municipal Airport. Earth fissures

are associated with basin subsidence that accompa

mies extensive ground water mining. In Arizona, fig

sores were first noted near Eloy in 1929. Their phys

cal appearance varies greatly, but they may be more

than a mile in length, up to 15 feet wide, and hundreds

of feet deep. During torrential rains they erode rapidly

presenting a substantial hazard to people and infra

structure. Moreover, fissures provide a ready conduit

to deliver runoff and contaminated waters to basin

aquifers. Ariz. Rev. Stat. § 27-106 charges the Arizo

The area with the greatest flood potential is along the

Gila River on the north boundary of the planning area

and along the McClellan Wash influence area in the

Northeast part of the planning area. Other areas prone

to flooding are low lying areas along Raymond and

Bealey Streets and in several area drainage channels

that were developed to convey storm-water around

developments like Heartland Ranch

IlluI nu l
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2025 GENERAL PLAN

Water Resources Element

Arizona Water Company ("AWC") is a public service

corporation regulated by the Arizona Corporation

Commission ("ACC") which owns, operates and

maintains the Pinal Valley water system which serves

the City of Coolidge and the surrounding areas. AWC

prepared the Water Resources Plan with AWC's his

topical information and projections as well as info

motion provided by the City . The Water Resources

Plan addresses the development and delivery of safe

reliable and adequate water supplies within the City's

projected planning area through the year 2025

The Water Resources Plan focuses on issues that

influence water availability, supplies and demands

through the year 2025. Among the issues are current

and future sources of supply, population growth rates

and projections, projected water demands and con

sedation requirements. The Water Resources Plan

focuses, in a large part, on areas within the City's pro

ejected planning area with the highest potential for

growth

Fr¢;~sh

,vater 3 Rzvefva 2

4

Distribution of Earth's Water

Olin' 0.9
Surface
waler

Ground
water
30 1%

Swamp; 11%

Earths avatar Freshwater Fresh
sudan water

(lsqufd)

There are four public service corporations (or water

companies) that provide water service within the City's

planning area boundary, Arizona Water Company

Carter Water Company, Signal Peak Water Company

and Woodruff Water Company. AWC provides pot

be water service to residential, commercial, and in

dustrial users and is the largest potable water provider

in the Coolidge area with a service area encompass

in 68 square miles of the City's planning area

Woodruff Water Company has the second largest ser

vice area with approximately five square miles alt

Hough it serves only a few customers. Signal Peak

Water Company and Carter Water Company have the

smallest service area with 0.71 and 0.21 square miles

respectively. Figure 7.1 shows the ACC-authorized

Certificates of Convenience and Necessity areas for

water providers in the City's planning area
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WATER COMPANIESWITHINTHE CITY OF COOLIDGE PLANNING AREA BOUNDARY

Portion of Arizona Water Company
68 Sq Mi (in PAB)

Woodruff Water Company
4.62 Sq Mi

Signal Peak Water Company
0.71 Sq Mi

Carter Water Company
o.21 Sq Mi

Figure 7.1 : Certificate of Convenience and Necessity Areas
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Water Resources Element
SERVICE CONNECTIONS

At the end of 2012, AWC's Pinal Valley water system provided water service to about 27,850 service connect

sons of which more than 4,600 are in the City's planning area. 90% of the service connections are residential

9% are commercial, the remaining 1% are either industrial, private fire service or other types of non-residential

service

In the past ten (10) years, AWC has added over 1,600 new service connections within the City's planning area

Growth during this time has resulted in a 54% increase in the number of residential service connections and a

56% increase in the number of commercial and other non-residential service connections, as illustrated in Figure

7.2. The majority of this growth occurred between 2004 and 2006. Since 2007, growth has been flat

Figure 7.2 : Arizona Water Company Service Area Connections by Type

COOLIDGE SERVICE CONNECTIONS 2002-2012

4.000

'S 2,000

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Residential commercial l lndust/Fire/Other

The other water companies within the City's planning area: Signal Peak Water Company, Carter Water Compa

ny, and Woodruff Water Company collectively have less than sixty service connections. There has been very

little or no growth in these three water companies' service areas



Well No. 9 55-616608 t ,240 1.80

Will No. 10 55-616609 1 ,430 2.00

Well No. 27 55-568553 455 0.65

we" No. 1 VF 55-616686 250 0.36

Well No. 2 VF 55-816687 250 0.36

Welt No. 1 CL 55820899 350 0.50

Well No. 2 CL 55-620900 320 0.46

TOTAL 5,395 GPM 7.73 MGD

Well No. 7 55-616606 1,1o0

w :

GROUNDWATER SUPPLY

within the City's planning area, AWC currently provides water from seven groundwater wells located in the Coo

lodge area and from one groundwater well located in the Casa Grande area, through a 16-inch water main local

ed on the west side of Coolidge. These eight wells have a combined supply capacity of over 5,000 gallons per

minute ("GPM") or 7.73 million gallons per day ("MGD"), as shown in Table 7a, below

Table 7a: Well Identiiicadon and Source Capacity

Woodruff Water Company has one well with a maximum pump yield of 1,760 GPM and Carter Water Company

has one well with a maximum Pump yield of 20 GPM. Signal Peak Water Company has no wells. Instead AWC

supplies water to Signal Peak Water Company from a connection to AWC's Pinal Valley water system

TREATMENT & STORAGE

AWC's 7.73 MGD of source capacity located within the City Planning Area includes one 1.4 MGD nitrate treat

went facility and one 0.7 MGD arsenic treatment facility. The remaining water sources comply with the safe

drinking water requirements without treatment, other than chlorination

Within the City's planning area AWC currently has eight water storage tanks with a combined capacity of over

two million gallons. Five of the water storage tanks are centrally located within or near the center of the City

The remaining three water storage tanks are located at Valley Farms, Coolidge Airport and at the Well No. 27

site near Overfield and McCartney Roads

Carter Water Company has one 2,500-gallon water storage tank for its service area. According to the annual

reports on file at the ACC, Woodruff Water Company and Signal Peak Water Company do not list any water

storage tanks

11111111



Water Resources Element
WATER CONSERVATION REQUIREMENTS - BEST MANAGEMENT PRACTICES

As part of the ACC and Arizona Department of Water Resources ("ADWR") Best Management Practices, AWC

proposed and the agencies approved the following ten water conservation programs for AWC in the City's plan

1. public Education Program

2. Residential Audit Program

3. Customer High Water Use Notification

4. Customer High Water Use Inquiry Resolution

5. Water Waste Investigations and Information

6. Special Events/Programs and Community Presentations

7. New Homeowner Landscape Information

8. Landscape Consultations

9. Leak Detection Program

10. Meter Repair or Replacement Program

The first eight water conservation programs are customer-oriented conservation measures. The Leak Detection

and Meter Repair or Replacement Programs are water conservation measures AWC uses to monitor and control

AWC's Leak Detection Program utilizes visual inspection as well as state of the art electronic leak detection

equipment to quickly identify leaks and breaks. Consequently, leaks and breaks can be identified quickly and

repaired in a timely manner, thus reducing water loss

AWC's Meter Shop, located in the Coolidge, has established specific meter replacement criteria based on total

gallons and years in service. Meter Shop employees also perform periodic testing of meters both while in ser

vice and after replacement to provide an ongoing assessment of the current replacement criteria. In this man

her, AWC thereby ensures that meter accuracy is maintained and confirmed

In addition to the water conservation measures described above, the City requires that any new and expanded

development adhere to the plumbing guidelines outlined in the 2006 lntemational Plumbing Code, which pro

vides specific criteria for low-flow water fixtures and appliances. Also, Article XII of the City of Coolidge Zoning

Code promotes water conservation with specific landscape design and maintenance requirements for all new

and expanded developments within the City. Included in Article Xll is a low water use plant list which includes a

wide variety of trees, plants, shrubs and grasses indigenous to arid regions



THE FUTURE TODAY

ADDITIONAL SOURCES OF SUPPLY

In addition to the available groundwater supply within the City's planning area, several other sources of supply

are available. AWC currently has Central Arizona Project ("CAP") water allocations for its Pinal Valley water

system. These municipal and industrial CAP subcontracts entitle AWC to 2,000-acre-feet and 8,884 acre-feet

respectively of CAP water per year for AWC's Coolidge and Casa Grande areas, respectively. The other three

water companies in the City's planning area do not have CAP allocations

Hohokam Irrigation and Drainage District ("HlDD") provides irrigation water for 41 square miles of agricultural

land within the planning area. San Carlos Irrigation and Drainage District ("SclDD") provides irrigation water for

35 square miles of agricultural land within the planning area. Central Arizona Irrigation and Drainage District

("CAlDD") provides irrigation water for 14 square miles of agricultural land within the planning area. Figure 7.3

shows the service area for each irrigation and drainage district

Figure 7.3 : Irrigation and Drainage Districts

_ Hohokam Irrigation District

HIDD receives 47,303 acre-feet of non-Indian agricultural CAP water per year. HIDD also banks over 85,000

acre-feet of water annually for the Arizona Water Banking Authority. When available, SCIDD also has the ability

to receive and deliver over 100,000 acre-feet of Gila River water annually. SCIDD delivers over 35,000 acre-feet

of CAP water annually for agricultural irrigation. CAIDD delivers 325,000 acre-feet annually for agricultural Arri

cation, 124,000 acre-feet come from CAP allocations

San Carlos irrigation District Central Arizona Irrigation District

The City's wastewater treatment facility receives and treats up to 1 million gallons per day. The treated re

claimed water is then delivered to adjacent farms for non-edible crops

l l
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Water Resources Element
FUTURE PLANNING

Short-Term Planning

To meet the projected annual demands of 1.2 billion gallons in 2025 for the City's planning area, by 2025 it will

be necessary to acquire or develop additional sources of supply, To meet these new demands, AWC plans to

drill and equip six wells within the City's planning area. These six new wells will be funded primarily by develop-

ers as part of developing new subdivisions. The new wells are needed to meet the projected demands of these

new subdivisions

AWC is also developing a plan to use its CAP water allocation through groundwater recharge, storage and re-

Recharge is accomplished through direct basin recharge, either by spreading CAP water in ponds tocovary.

percolate down through the soil, to be stored in local groundwater basins or pumping CAP water through injec-

ln both instances, the CAP water is stored in what is known as anson wells directly into the groundwater basin.

Underground Storage Facility ("USF"). AWC then recovers the stored CAP water through its recovery wells and

delivers it to AWC's customers in Coolidge and elsewhere in the Pinal Valley water system.

Long-Term Planning

AWC also has identified several long-terms plans to meet the growing demands in the City's planning area as

further described below

AWC will utilize the full amount of its CAP water allocations and, if necessary, acquire additional CAP water allo-

cations as they become available. AWC has a site in the southern portion of the City's planning area (Figure

7.7) to utilize its CAP water. AWC has plans for a CAP surface water treatment facility at this site, which would

employ best available treatment technology for direct potable use. AWC extended the schedule for the CAP

surface water treatment facility originally scheduled for 2012 because of the severe downturn in homebuilding in

Pinal County. Meanwhile, AWC will design and operate facilities at this site to recharge, store and recover CAP

water as a lower cost method of using CAP water until a treatment plant is needed.

Under this plan, AWC will take delivery of CAP surface water from a planned 24-inch transmission main from the

CAP canal to the recharge site. The CAP surface water will flow into one or more recharge basins and percolate

into the groundwater basin and be stored pursuant to a USF permit from ADWR. AWC will recover stored CAP

surface water from wells at the recharge, storage and recovery site and from other wells in the AWC Pinal Valley

service area, pursuant to recovery well permits from ADWR. The water recovered from the on-site wells will flow

from the site through a 36-inch transmission main to the Pinal Valley water system. The groundwater recharge,

storage and recovery facility will assure long-term availability of sustainable water supplies for AWC's customers

in Coolidge and elsewhere in the Pinal Valley water system

III I



THE FUTURE TODAY

Arizona Water Company
CAP Surface Water Facility

79

Figure 7.7 : Fumle Water Demand Planning

Future Well Sites Canals City of Coolidge Planning Area

The City's wastewater reclamation facility will also provide another source of water for the City's planning area

while currently treating up to one million gallons per day, the water reclamation facility has an expansion capo

ability of up to four million gallons per day which could be delivered to additional agricultural users. Upgrades to

the City's wastewater reclamation facility to Class A+ quality reclaimed water will also allow reclaimed water to

be recharged into groundwater basins. Other long-term plans for additional supplies within the City of Coolidge

planning area will focus on the conversion of water used for agriculture to municipal/industrial uses

City of Coolidge Wastewater Treatment Plant

ll l I l
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2025 GENERAL

Cost of Development Element
OVERVIEW

The 2025 General Plan presents strategies to manage

Coolidge's land use and growth decisions in a fiscally

which is usually collected on a situs-basis (point of

sale). Other states collect sales tax at the state level

and distribute the revenue to communities using a

sustainable manner. The 2025 General Plan includes population-based formula.

SERVICES PROVIDED

strategies to maximize land uses, preserve the quality

of place, and ensure development pays its fair share

of improvements to provide necessary public services

like transportation infrastructure, utilities, parks, recre-

ational facilities, and public safety.

Another important factor in the fiscal equation is the

Jurisdictionsservices provided by the jurisdiction.

provide different services and the fiscal impact analy-

sis wil l reflect this-and stakeholders and the audi-

Numerous factors influence the fiscal results for differ- For

ant land uses. These factors include, but are not lim-

ecce for the study will need to understand this.

example, in many states, school districts are separate

ired to In oth-

Local revenue structure,

entities with their own tax rates (e.g., Arizona).

er states, schools get their local funds from County

General Fund taxes (e.g., Virginia).
Services provided

Local levels of service,

Fiscal analyses

will obviously reflect the services provided and funding

streams, and audiences need to be aware of this to
Capacity of existing infrastructure

prevent both unintentional and deliberate confusion.
Demographic and market characteristics of new

growth
LEVELS OF SERVICE

LOCAL REVENUE STRUCTURE
Another factor in fiscal impact analysis is an under-

standing of the levels of service currently being provid-
A key determinant in calculating net fiscal results from

new development is the local revenue structure, which

affects fiscal findings through both its composition and

revenue distribution/collection formulas. Every com-

ed in a community.

fined as the facility or service standard currently being

Examples of level of ser-

Existing levels of service are de-

munity has at least one major revenue source, and in

some cases, several on which it is reliant.
day per connection), parkland per capita, etc.

funded through the budget.

vice standards are wastewater ratios (i.e., gallons per

This is
Examples

include property tax, local sales tax, and state shared
an important factor since levels of service generally

revenues. An important component of revenue struc-
vary from community to community.

tore is the distribution/collection formulas for various
CAPACITY OF EXISTING INFRASTRUCTURE

sources. With the exception of property tax, the distri-

formulasbutton/collection for common revenue
The capacity of existing infrastructure in a community

also has a bearing on the fiscal sustainability of new
For ex-

development.
sources can vary greatly from state to state.

ample, in states where sales tax is collected, some

allow communities to assess a local option sales tax,

For example, a community may have

the capacity to absorb a large number of additional

vehicle trips on its existing road network or may be

lllllll



THE FUTURE TODAY

market values per square foot, sales per square foot

(retail), and floor area ratio

significantly under capacity with regards to high

school enrollment. In either of these situations, using

a case study-marginal cost approach that account for

existing facilities and levels of usage to assess fiscal

impacts, a community with excess capacity could ab-

sorb substantially higher growth over time without

making additional infrastructure investments than a

community without these capacities. This excess ca

pacify results in lower capital costs over time. This is

an important factor in the fiscal equation, since the

largest cost associated with capital facilities are the

annual operating costs, which typically account for

approximately 80% of a community's budget

GENERAL FUND REVENUES

The primary revenue source for the City General Fund

is sales tax revenue generated from retail activity

(under Local Taxes). The City is working to diversify

the mix of residential and nonresidential development

in an effort to diversify the tax base and revenues gen

erased

DEMOGRAPHIC & MARKET

CHARACTERISTICS OF NEW GROW TH

Next to a community's revenue structure, no other

factor has as great an impact on the net fiscal results

as the demographic and market characteristics of dif

fervent land uses. Examples of demographic and mar

kef variables for residential development include aver

age household sizes, market value of housing units,

trip generation rates, density per acre, and average

household income. Important demographic and mar

kef characteristics for nonresidential development in

elude square feet per employee, trip generation rates

Table 8a shows the revenue sources for the City Dur

in fiscal year 2014. Local Taxes is the most signify

cant revenue source ($4,658,726) for the City. It rep

resents 47% of all General Fund revenue collected in

2014. Intergovernmental revenue disbursed to the

City during fiscal year 2014 totals $2,859,465, and

represents 29% of revenues generated. These man

yes are generated from three types of taxes: state

sales, income and vehicle license. As is the case in

many states, State Shared Revenues are unpredicta

be; and are largely disbursed based on municipal

shares of state population. Property Taxes generated

$762,858 in revenue, representing only 8% of the total

$9.8 million

Table ba : General Fund Revenues FY2014

$3.621,000

$108,000

$2.859.465 29%

Property Tax

Local Taxes

Licenses & Permits

Intergovernmental

Charges for Services

Fines and Forfeits

Interest on Investments

In-Lieu PropertyTaxes $591.000

$9,836.922 100%



City augments

wastewater impact fees, designed to recoup new

growth's share of needed infrastructure.

operating and some capital items such as debt ser-

The

terprise fund, where user fees are set to recover the

cost of providing wastewater services and facilities to

Wastewater Fund:

its customer base. These revenues are used to cover

source is not used to fund growth-related transporta-

The City uses these funds to address street mainte-

nonce such as overlay improvements, striping and

Signage and general maintenance. This revenue

Highway User Revenue Fund: The Highway User

Revenue Fund (HURF) is funded through gasoline

and fuel taxes distributed from the State of Arizona.

The City has several funds/revenue sources in place

to contribute to and address the cost of development.

Below is a description of some of the sources of reve-

nue the City has established to fund infrastructure.

GROWTH RELATED INFRASTRUCTURE

Funds, Highway Users Revenue Fund, etc.

towards the various costs to serve development con-

These Funds include the:

framework established to distribute these revenues

gists of several Funds.

General

for the City is generally a balanced process from year

to year, however, some expenditures and investments

in infrastructure can occur over several years.

The balance of revenue to expenditures is a complex

process, the details of which are best reviewed in ei-

ther the City's annual budget or Comprehensive An-

null Financial Report (CAFR).

Cost of Development Element

Fund, Capital

The Wastewater Fund is an en-

Projects

these

The budget process

Fund,

revenues

Enterprise

with

The

The General Plan presents strategies to

introduce more fiscally neutral housing stock by en-

couraging housing unit built closer to existing services

and amenities. A healthy mix of land uses can serve to

Density:

boyhood) that may host commercial, office and resi-

dential development.

The Future Land Use Map designates 18,719 acres

for nonresidential development (Business/Commerce

and Industrial), and an additional 38,415 acres for

mixed use development (Downtown Core and Neigh-

community could develop over the course of a build-

out, which is not expected for many decades.

The 2025 General Plan process identified a tolerance

for more intensity of development in appropriate are-

as, and identified parts of city with the capacity to ab-

sorb such growth (e.g., Downtown Core and Urban

Neighborhoods). The maximum allowable densities

identified in the Land Use Element describe how the

scale projects. However, the City does not have much

bonding capacity at the present.

to bridge funding gaps and leverage additional funds.

Bonds provide an inexpensive way to finance large

STRATEGIES TO REDUCE COSTS

will include pay-as-you-go funding out of current reve-

nues for lower cost improvements. Grants will be used

Other Funding: Other funding for improvements

proportionate and

facility service demands of new development.

City collects impact fees for transportation, police, fire,

libraries, parks/recreation and wastewater.

accommodate development.

Impact Fees:

used to construct system improvements needed to

Impact fees are one-time payments

Impact fees must be

reasonably related to the capital

The

O

I' l l  |



THE FUTURE TODAY

balance revenue sources and demands on necessary

public services like public safety and parkland

in multi-unit structures, which generates more vehicle

trips, and demands for public safety, and parkland

capital investments

Infill Development: The 2025 General Plan identi

yes a community desire to encourage infill develop

The Land Use Element examines increases in allows

be development densities as a part of a new Future

Land Use Map for the City. Areas of City with the in

frastructure capacity to absorb additional development

will support increased density, which is intended to

create more fiscally balanced or profitable land use

mixtures. Given the revenue structure and capital de

mends of land uses in the City the best means to

maintain fiscal sustainability is to diversify and intensi-

fy the land uses. As shown in Table 8b below, the

City collects property tax and sales tax from retail es

tablishments, but of the nonresidential land uses retail

has the highest operating and capital demands. Retail

generates the highest number of vehicle trips, stress-

ing the street infrastructure, and has higher rates of

public safety calls compared to other nonresidential

land uses. Low density residential, generates higher

property tax revenues, but requires extension and

maintenance of streets, water, and utilities out to

greater distances than higher density clustered level

prent. Sprawling development generates more verdi

ole trips per housing unit than a unit in a multi-unit

structure, and on average single residential units in

Coolidge have more persons per household than units

went as a means to slow outward growth, to create

vibrancy in the Downtown Core. Infill development

takes advantage of already existing public infrastruc

tore like streets, water, and utilities with the capacity to

absorb the growth in a vacant or underutilized proper

ty. By encouraging investments to be made within de

eloped areas the property values of the surrounding

neighborhood may benefit. Increased property values

is a net gain for the City, however because property

tax is not a large revenue stream for Coolidge, the

purpose of infill is more to encourage vibrancy and

create demand for commercial services that generate

sales tax revenue. infill development that is compati

be with the existing neighborhood character restores

continuity to the built environment. infill development

is environmentally friendly in many ways, it does not

require use of fresh Greenfield land. it does not threat

en existing trees, it requires fewer raw building maters

ale than a ground-up build, and it absorbs growth in

already built districts close to services and amenities

Table Cb : Hierarchy of Land Uses and Fiscal Impacts

Agriculture

Rural Ranchette

Urban Neighborhood

Medium High Negative

High Medium Negative

Downtown Core High Medium Positive

Retail

Industrial/Manufactuxing
High Positive

I I
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2025 GENERAL PLAN

Plan Implementation
This chapter focuses on the community goals, object

rives and strategies that will be used to implement the

community vision that has been expressed in the in

production of the Plan. The following are generalized

definitions which should be referred to when reading

this section of the Plan

GOAL: A desired end or condition which, if pursued

over a long term will ultimately result in the attainment

of a desired living, working or recreational environ

The stated community goals in this plan are as fol

lows

OBJECTIVE:  A desi red level  of  achievement  or

measurable step which if pursued and accomplished

in conjunction with other objectives, will ultimately re

suit in the attainment of the goal to which it relates

A Clean and Safe City

A High Performing City Organization

Expanded Economy

Managed Growth and Revitalization

A Revitalized Downtown

A More Livable City

STRATEGY: A more specific prescribed step applied

to attain the established goals. Strategies are a pre

ascription for a course of action

The Community Vision Statement on page 2 of this

Plan includes several statements that coincide with

these stated goals including

Most of the goals, objectives and strategies discussed

in the following pages were developed as part of a

Strategic Plan for the City of Coolidge but they relate

very well with the Community Vision as stated in Coo-

lidge General Plan 2025 - "The Future Today

A safe community built on a solid foundation shaped

by faith and family values; Prospering individuals, Rich

in educational programs, Warm inviting and beautiful

city, well planned and managed city having strong

and capable leadership, Cultural and recreational op

portunities flourish; Epicenter of educational excel

fence, city that has attracted quality businesses and

industry creating a strong employment base; A wise

steward of its natural resources, and capable of deli

ring services to support new growth

The goals, objectives and strategies outlined in the

remaining pages of this Plan are all supportive of the

community vision and bring life to the plan if they are

implemented. This chapter is the "make it happen

part of the plan and will require the work and effort of

the City Government and involved citizenry

Ill\ lllw l ml



A Clean and Safe City: Low Crime, Attractive City

Community Pride

Reduce the number of homes and businesses not

meeting Code

Complete inventory of existing homes and busy

nesses that are blighted and a public nuisance

Utilize current health and safety, sanitation, public

nuisance, and zoning laws to correct violations

and clean up these homes and businesses

Develop additional codes to address property

maintenance and upkeep where they may be

lacking

Demolish or reuse abandoned buildings and

homes

Complete an inventory of existing abandoned

buildings and homes that are candidates for Dem

volition

Issue property abatement notices to owners of the

properties and take action to remove the danger-

ous and unhealthy structures

Continue to request funding in the City Budget for

the demolition of dangerous and unsafe vacant

buildings and homes

' f
Iv

Maintain low crime rate

Reduce trash, litter and rubbish from the City

Develop a City-wide recycling program

Establish a solid waste transfer station that allows

residents to dispose of their bulk trash items

Install surveillance cameras in areas where illegal

dumping is occurring to catch illegal dumping in

progress and issue proper citations for such acts

Establish stricter laws and penalties for illegal

dumping in the City limits

Use City resources to immediately remove illegal

dumpsites on public right-of-way and lands

Initiate Code enforcement action against property

owners that have unsightly buildings and premise

THE FUTURE TODAY

Increase police presence and visibility in the com

munity
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GENERAL PLAN'M

Plan Implementation
Strategies

A High Performing City Organization: Exceptional Continue City leadership academy to train future

Service, Financially Sustainable. boards/com missions/committees.

Init iate a volunteer outreach program to al low
Objective

Align the city organization around the core beliefs of
greater citizen participation in government ser~

Service, Productivity, Integrity, Responsibility, Innova-
vices.

son and Teamwork "S.P.I.R.I.T.".
GOAL 3

Strategies Expand City Economy: More Jobs, More Diverse

Implement City-wide employee training programs Economy.

focused on the core beliefs.

Recognize employees through a "Spirit Award" for
x*
F-J

demonstration of the core beliefs. »..»

Objective
Rx: 1

Expand City revenues to support services at current

service levels

Strategies
nu 4

n it
\ill Q

Evaluate land use assumptions, infrastructure 'a
improvement plan and development impact fees

every two years to determine if fees are aligned Objective
with the City's current levels of service and pro Prepare the community to successfully locate new
jested facility expansion due to growth. manufacturing and businesses that are consistent with

Survey citizens to determine their expectations of the community's vision and create quality jobs for the
City services and willingness to pay. city.

bijective Strategies

Outcome based performance measures for all City Conduct an inventory of existing commercial and
activities industrial space and available infrastructure.

Strategy The City, Access Arizona, Coolidge Economic

Establish performance measures of the City or- Development Committee, and the Chamber of

ganization and service effectiveness. Commerce wil l  complete the development of a

regional-based and community-based economic

Objective
database to include all the information that a site

Increase citizen participation in City Government.
selector would typically require when selecting a

location to establish a business facility.

I

t

- u
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objefri

Work with private partner, Penal Land Holdings, (PLH)

to develop the Inland Port of Arizona Project adjacent

to the Union Pacific railroad Right-of-way north of

Houser road and Highway 87.

Strategies

Negotiate a pre-annexation development agree

went with PLH for all property that was previously

purchased by the City of Mesa for water rights.

Complete the annexation of the PLH and City of

Mesa properties into the City limits and establish

Planned Area Development (PAD) zoning con

sister with the Land Use Policy Map in this Plan

Objective

Strengthen existing Coolidge businesses.

Strategies

Establish and foster businesses that provide com

alimentary services to existing businesses.

Working with the Small Business Development

Center at Central Arizona College and Access

Arizona, the Chamber shall create a comprehend

give local business retention and expansion pro

gram. The purpose of the program is to deter

mine local business needs, understand the busy

nesses better,  and match resources and pro

grams to local business needs.

Evaluate and establish plans to expand infrastruc

tore to employment areas as needed.

Prepare a master plan for industrial parks together

with appropriate marketing materials which shall

be developed and continually updated.

Complete a comprehensive building inventory for

new business development.

Establish certified ready sites for Employment and

Industrial Uses.

Qbjective

The Community Vision and General Plan 2025 will

guide development decisions

Strata Aries

Managed Growth and Revitalization: Quality New

Development, Quality Infill

Objective

Complete the annexation of the municipal airport prop

Strategies

Update General Plan 2025 as needed to meet the

opportunities and challenges the City of Coolidge

will face over the next ten years at which time a

new General Plan update will be adopted and re

feared to the voters

Investigate alternatives to bring additional electro

cal power capacity to the Coolidge Municipal Air

port including, but not limited to, Arizona Public

Service, Electrical District No. 2, and San Carlos

Irrigation Project

Work with Arizona Water Company to increase

water reservoir capacity at the airport to insure

adequate f ire protection of existing and future

structures at the Coolidge Municipal Airport

Support the development of a world class outdoor

shooting facility on adjacent State Lands to the

east of the Coolidge Municipal Airport property in

conjunction with the development of a high end

recreational vehicle park in the non-aviation area

of the airport

_I'll vIII-Illlllll I



2025 GENERAL PLAN

Insure services and infrastructure coincides with new

development

Plan Implementation

Continue to monitor the land use assumptions and

infrastructure improvement plan prepared by

Tischler/Bise and to keep impact fees at levels

that maintain current services

Require developers to install public improvements

in accordance with minimum development stand

aids outlined in the zoning and subdivision regular

sons

Review and track all previous development agree

merits to verify infrastructure is completed in ac

cordance with the provisions in the agreements

Review and update development standards and

design standards to promote quality new develop

went and quality infill

As construction begins in the previously ban

domed subdivisions, require homebuilders to es

tallish or re-establish the neighborhood improve

merits in accordance with approved plans

Capital improvement decisions should be based

on the goals, objectives and Strategies of the

General Plan 2025

Upgrade City streets and sidewalks in older neighbor-

hoods

Initiate a neighborhood profile program designed

to gain greater citizen involvement in neighbor-

hood revitalization efforts and local government.

Inventory entire City to identify vacant, abandoned

and unsafe buildings and houses that should be

demolished or re-used

Clean and lien properties that are identified in the

inventory

\-....

Update City pavement management system and

develop a City-wide sidewalk program in older

neighborhoods

Remove or re-use abandoned buildings and homes

Improve and expand wastewater system as necessary

to keep up with capacity demands

Monitor the wastewater mechanical plant: timing,

design and funding of plant expansion to keep

pace with growth

I'll I



THE FUTURE TODAY

GOAL 5

Revitalized Downtown: Becoming a Community

Focal Point and Economic Center

Expand community events and festivals downtown

Improve the cleanliness end appearance of downtown

commercial buildings

Organize a Downtown Business Association that

will continuously work on the image of downtown

Investigate possible Downtown Business improve

went District

Establish a downtown promotions committee that

can identify a number of downtown special events

that attract people from the surrounding areas

Expand government -schools and civic center in the

downtown area

Continue Code enforcement and voluntary demo

Tuition programs in the downtown area
A More Livable City

Attract additional retail and restaurants to the down

Work with a downtown economic restructuring

committee to look for retail and entertainment de

velopment opportunities in the downtown area

Work with the Coolidge Economic Development

Committee, Chamber of Commerce. and the Per

forming Arts Center to develop the Artisan Village

of Coolidge (maker space and business incubator)

and to transition activities from the Center Village

into downtown retail space

Work with Coolidge Unified School District, Central

Arizona Vocational institute of Technology, Imagine

and Central Arizona College for quality schools and

educational programs

1llul



2025 GENERAL PLAN

Plan Implementation

Enhance marketing and promotion of existing

quality educational programs and facilities that

exist in the City today and improve upon those

assets

Support the Artisan Village of Coolidge, a center

for creativity, innovation and design, located in the

former north School facility

Expand recreational facilities, programs and services

for all age groups

Improve the quality of the roads in Coolidge including

landscaping and streetscape enhancements

Initiate the planning and development of a state of

the art aquatics park for the City

Initiate planning and development for a new Ii

bray/city hall complex in the downtown

Prepare a Parks and Recreation Master Plan for

the City Planning Area

Prepare a Community Trails & Open Space Plan

Continue to fund a City-wide roadway improve

went program including the continued requests for

grant funding to offset these costs

Support for family oriented activities

Complete a citizen survey on quality of life

Re-open discussions about the proposed Picacho

Reservoir Recreational Area



Much of the housing activity in the City during this

time and the recent economic decline left the City with

a surplus of vacant and foreclosed single family prop

eries. Housing projects halted due to this surplus and

the City has been challenged with the potential for

vandalism and lack of maintenance which negatively

impacts the neighborhoods where the new housing

stock was constructed. Until this surplus inventory is

absorbed in the Phoenix metro area, the pace of new

construction for single family homes is expected to

rebound at a slower pace.

The City's housing stock dramatically increased in

recent years fueled by housing speculation by invest

tors in the Phoenix and Tucson metropolitan housing

market. Rising prices of housing in the metro areas

resulted in many residents driving into Pinal County to

seek inexpensive homes in Coolidge, Florence, Casa

Grande, San Tan valley and Maricopa. The City of

Coolidge issued 1,242 permits for new single family

homes in just two years, 2005-2006.

l\\I \

Rehabilitate substandard housing

GOAL 7

Provide a variety of housing alternatives

THE FUTURE TODAY

I

\ 8 . .
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Continue to identify homes and/or neighborhoods

that are in need of renovation, establish a rehabili

ration program for the identified homes and neigh

boyhoods, and prioritize and schedule renovation

projects

Work with lending institutions to offer low-interest

loans for home repairs and upgrades

Solicit funding opportunities from public and pry

vote organizations such as Habitat for Humanity

local chambers, Lions Club, Rotary Club, U.S

Department of Housing and Urban Development

(Hun), and Community Development Block

Grants
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The General Plan 2025 provides for a continuation of

the housing goals, objectives and strategies that were

approved in the City of Coolidge General Plan Update

adopted on November 10, 2003. The four goals out

lined below were identified in the plan with accompa

hying objectives and strategies.
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Utilize a variety of sources to support the development

of affordable housing in the community.

GOAL IQ

Increase the supply of affordable housing for low

and moderate income families in the community.

- 5

The City shall provide Code enforcement activities

in conjunction with rehabilitation services as an

educational process to remove health and envy

ronmental hazards and promote cleanliness and

pride of ownership.

The City shall offer referral services to the various

agencies offering assistance in areas of housing

medical, financial hardship, and legal aid, among

others.

The City wil l  ensure that the housing staff are

trained to provide assistance from initial contact

through completion of work and loan services.

The City will ensure that Code enforcement per

sorrel are trained to serve as liaisons for all avail

able programs and environmental/beautification

programs.

The City will continue its Demolition Program to

demolish vacant, abandoned, and di lapidated

buildings. This effort removes slum and blight con

editions and allows for the redevelopment of land

for safe, decent and affordable housing.

The City will provide temporary housing for Tami

lies whose house is under construction through

the City's housing rehabilitation program.

The City will support and encourage the simple

meditation of neighborhood improvement pro

grams as a way to better the community housing

while maintaining the historic character and arch

tectural variety of the historic core.

vi

The City wil l  examine the potential to develop

standards for housing density bonus for large pro

sects that offer affordable housing

The City will support coordination with local non

profits and state and federal agencies to develop

programs and a network of resources for home

ownership opportunities

The City will examine ways to provide incentives

to developers to reduce the cost of housing level

prent where long-term affordability is assured in

large projects

The City shall utilize the development of affords

be housing in the City as a tool  for economic

growth and job opportunities for local residents

The City shall actively seek funding from a variety

of sources including, but not limited to, the United

States Department of Housing and Urban Devel

prent (Hun), Community Development Block

Grants (CDBG), HOME Investment in Affordable

Housing (HOME), Housing Trust Funds, Rural

development 504 Grants and Loans, Rural level

prent  Hous ing Preservation Grants (HPG)

Community Action Human resources Agency

(CHARA) and local banks

The City will utilize its Capital Improvement Pro

gram to improve deficient infrastructure in mature

neighborhoods, where possible

1528i *s*-war M
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2025 GENERAL PLAN

tau 441/e awwm 4?6e a//6446904 law I8/M/(e//" 0a/'~

@4 ax Mm 406/444464094

-f/wa/*of £1/e/"e¢l/' 124

llllllulIl





I' l l
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Bethany Home

india School

Beardsley Canal
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White Tank CCN
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DESCRIPTION QUANTITV UNITS UNIT PRICE TOTAL
Engineering

Design/plan Approvals 1 LS $ 100,000 100,000S
Mob[Dg[nob/Bongs[Insurance Permits

Mob/Demob 1 LS $ 50,000 s 50,000
Construction Facilities and Temp Controls 1 LS s 10,000 s 10,000
Permits 1 LS $ 30,000 s 30,000
Bonds/Insurance 1 LS s 20,000 $ 20,000

Site Work

Clearing and Grubbing 6 AC 2,500s s 15,000
Basin Excavation and Disposal 30,000 CY 15s s 450,000
CAP Turnout/Trash Rack/Suction Line 1 LS s 100,000 100,000s
Grading and Drainage 1 LS s 25,000 $ 25,000
Access Drive ( 6" ABC) 500 CY 100S s 50,000
Site Fence 2,000 LF 20s s 40,000

Pu_mp Station

Pumps (2 duty, 1 stay, 400 rpm each) 1 LS s 75,000 s 75,000
Concrete Slabs 1 LS s 10,000 s 10,000
Electrical and Instrumentation 1 LS S 200,000 s 200,000

Piping and Ap.purtenances

Discharge Piping/Transmission Main (12") 200 LF 125s s 25,000
Valves (12") 3 LF s 5,000 s 15,000
Valves (8") 2 EA s 4,000 s 8,000
Mag Meter (8") 1 EA s 10,000 s 10,000
Overflow Main (18") 200 LF 150s s 30,000
Flapper Valves 2 EA S 5,000 S 10,000
Micellaeous Appurtences 1 LS s 10,000 s 10,000

Monitoring

Monitoring Well 1 EA s 100,000 S 100,000
SUBTOTAL s 1,383,000

Contractor Overhead and Profit 12 % S 1,383,000 165,960s
Sales Tax 8 % s 1,383,000 s 110,540
Contingencies 15 % s 1,383,000 s 207,450

SUBTOTAL s 484,050

Project Management/Administrative 200 HR 65s s 13,000
Testing 1 LS s 2,500 2,500s
Inspections 150 HR 55s 8,250S

SUBTOTAL s 23,750

OPINION OF PROBABLE CONSTRUCTION COST s 1,890,800

Land Acquisition 6 AC s 125,000 s 750,000

OPINION OF TOTAL PROJECT COST $ 2,640,800

ARIZONA WATER COMPANY

OPINION OF PROBABLE COST

PROPOSED WHITE TANK CENTAL ARIZONA PROJECT

RECHARGE AND RECOVERY FAclLITv

FOR THE WHITE TANK WATER SYSTEM



DESCRIPTION QUANTITV UNITS UNIT PRICE ANNUAL COST
Trash Rack/Weeds

Clean Trash Rack/Weed Site 20 MHR 75s s 1,500
Debris Disposal/Dump Fee 10 TRIP 50s 500s
Vehicle/Fuel 10 TRIP 100S 1,000s

Pump Station

Pump Station/pipe/Valve Maintenance 40 MHR 75s s 3,000
Electricity 30,000 kph 0.12s s 3,600
Parts 1 LS s z,50o s z,500
Vehicle/Fuel 10 TRIP 100s s 1,000

Basins

Basin Maintenance 80 MHR 75s 6,000s
Equipment 12 TRIP 200s 2,400s
Vehicle/Fuel 10 TRIP 100S s 1,000

Monitoring
Monitoring 12 MHR 75s 900s
Laboratory 1 LS 400s 400s
Vehicle/Fuel 12 TRIP 100s s 1,200

OPINION OF PROBABLE ANNUAL O&M COST 25,000$

ARIZONA WATER COMPANY

PROPOSED WHITE TANK CENTRAL ARIZONA PROJECT

RECHARGE AND RECOVERY FACILITY

FOR THE WHITE TANK WATER SYSTEM
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9419514

AGING INFRASTRUCTURE REPLACEMENT
PLAN FOR THE COMPANY'S WESTERN

GROUP OF WATER SYSTEMS

PWSID #11-009
PWSID #11-012
PWSID #11-076
PWSID #11-707
PWSID #07-128
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1.0 Executive Summary

Arizona Water Company (the "company") prepared this Aging Infrastructure
Replacement Plan for the Company's Western Group of Water Systems ("Replacement Plan") to
provide a comprehensive analysis outlining the historical, current, and anticipated future efforts
and requirements to effectively replace aging infrastructure in the company's Western Group of
water systems. The Replacement Plan shows that the frequency of water main and service line
leaks and breaks are increasing. The company's engineers analyzed each Western Group water
system to assess the condition of water mains and service lines and detennined that many of
these water mains and service lines are beyond their useful life and require replacement. The
company's engineers determined that the primary causes of water loss are aging and failing water
mains and service lines.

Nearly 800 miles or over 4.2 million feet of water mains are currently in service in the
White Tank water system, Ajo water system, and the Penal Valley service area, which consists of
the Penal Valley (i.e. Casa Grande and Coolidge), Stanfield, Tierra Grande, and Coolidge Airport
water systems. These water systems comprise the Company's Western Group of water systems.
A variety of materials have been used for water mains with cast iron ("Cl") pipe in the l 920s,
cement asbestos ("CA") pipe first used in the 1930s, and ductile iron ("DI") pipe and polyvinyl
chloride ("PVC") pipe first used in the 1980s. DI and PVC pipe were almost exclusively used in
the Western Group of water systems for new water main construction since 1986. Other types of
water mains were also used, but account for only a small portion of the water mains currently in
use within the Western Group of water systems.

The Western Group of water systems currently have over 32,000 active water service
connections. A variety of materials have been used for service lines including copper ("CU"),
galvanized steel ("GS"), polybutylene ("PB"), polyethylene ("PE"), and PVC.

Water mains and service lines must be properly managed, monitored, and maintained to
minimize water loss. However, aging water mains and service lines are increasingly failing,
causing water loss beyond the company's ability to control solely through repair or maintenance
efforts. The company expects this trend to continue in the Western Group of water systems
thereby increasing the rate at which infrastructure requires replacement. At the current rate of
replacement, the company will be unable to replace all water mains and service lines before
reaching the end of the useful life of their respective materials.

Company engineers concluded that a more aggressive aging infrastructure replacement
plan is needed and recommend replacing aging water mains and service lines annually in the
Western Group of water systems. In its previous rate case, the company developed the Water
Loss Reduction Program for the Pinal Valley Service Area dated April 28, 201 l ("20ll Report"),
which documented the company's efforts to reduce water loss. The company developed its aging
infrastructure replacement plan with a specific list of 88 aging infrastructure replacement
projects. Company engineers prepared detailed cost estimates for replacing water mains and
service lines in the Western Group of water systems, currently estimated at $55.8 million. The
estimated costs to replace this infrastructure for each water system are shown in Table l-l .
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Area Cost Estimate
Air service area $559,000
Pinal Valley service area $48,110,000
White Tank service area $7,141,000

Table I-I : Aging Infrastructure Replacement Costs by Water System

The detailed cost estimates which identify water mains, service lines, fire hydrants and
meters for replacement are shown in Appendix 6.3. However, because of the sheer magnitude of
this additional level of capital expenditures, the company is requesting the Commission to
authorize a System Improvement Benefits ("SiB") surcharge mechanism as part of this
application for new rates for the company's Western Group of water systems

2.0 Introduction

2.1 Purpose

The purpose of this Replacement Plan is to update the evaluation of the extent of
aging and failing infrastructure and support the company's proposal to establish a SIB
mechanism. This Replacement Plan presents the company's plans to comply with the
Colnmission's order in Decision No. 7i845 by maintaining water loss in its water systems to less
than ten percent, and describes the company's aging and failing infrastructure replacement needs
A detailed analysis is provided which identifies the company's break and repair history and
recommendations for necessary infrastructure replacements

2.2 Abbreviations

The following abbreviations and nomenclature are used throughout this 2015
Report

2011 RCPOI't

company
CU
DI

PB

Replacement Plan

Water Loss Reduction Program for the Pima] Valley Service
Area report dated April 28, 2011
Arizona Department of Water Resources
Cement Asbestos
Cast Iron
Arizona Water Company
Copper
Ductile Iron
Galvanized Steel
Polybutylene
Polyethylene
Polyvinyl Chloride
Aging Infrastructure Replacement Plan for the Company's
Western Group of Water Systems, dated July 15, 2015
System Improvement Benefits
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73 111

61 52

2013

3.0 Break and Repair History

The company recorded approximately 600 leaks and breaks in the Western Group of
water systems since 2011. Company servicemen collected data including the date and location
of the leak. Historical leaks are displayed visually on maps found in Appendix 6.2. In 2013,
there were 163 recorded leaks and breaks, which equates to more than one leak or break for
every two workdays. Historically, the company experienced a higher frequency of leaks,
however, Graph 3-1 shows the increase in the number and frequency of leaks and breaks per year
since 201 l, indicating further deterioration and the increased need for replacements.

Graph 3-1 .' Western Group of Water Systems Leaks by Type

Western Group of Water Systems
Leaks by Type

120

100

80m
X
m
as_|

o
x..

q_l
n
E
3

60

40

20

0 I .
2011

86

2012 2014

89Service

Main 63 60

The company's engineers assessed the condition of infrastructure using the information
on water main and service line leaks, breaks, repairs, and replacements. Graph 3-1 indicates that
the frequency of the Western Group of water systems' water main breaks has increased slightly.
Graph 3-1 shows the number of recorded leaks is relatively steady since 201 l.

There are variations in the annual number of leaks over the past 10 years, however,
company engineers observed a shift from predominantly service line leaks to a significant
increase in water main leaks. For example, Graph 3-2 shows that approximately 46 percent of all
leaks in 2012 were water main breaks compared to 17 percent in 2006, as shown in Graph 3-3 .
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Company engineers observed this shift in leak type and as a result of this trend, recommend an
emphasis on water main replacements, described in Section 4.

.G/yph 3-2: 20]2_L€¢1k.$'-b_y Type §/-Q 3-3: 2006 Le_aks~by Ty/£e

Western Group of Water Systems
2012 Leaks by Type

Western Group of Water Systems
2006 Leaks by Type
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4.0 Water Infrastructure Replacement Program

Company engineers analyzed leak maps, water main and service line age and materials to
develop a program to replace aging and leaking water infrastructure. Graph 3-2 shows that 54
percent of the repairs and replacements were on service lines and 46 percent on water mains in
recent years. Most leaks on water mains were associated with water mains constructed of CI,
CA, or PVC materials. Most service line leaks were associated with service lines constructed of
GS, PB, or PE materials. Based on this leak history, the company's engineers identified projects
that focused on replacement of aging and leaking water mains and service lines constructed of
these materials, as summarized in Appendix 6.1. The company may modify or add additional
replacement projects as the company performs additional water system assessments and gathers
additional leak information.

The company's engineers developed preliminary maps and detailed cost estimates for
each replacement project, see Appendix 6.3.

4.1 Areas Where Replacing Aging Infrastructure is Required

Since 2005, the company's employees repaired approximately 1,800 leaks and
breaks in the Western Group of water systems. Appendix 6.4 shows leaks and breaks and lists
more detailed information including:

7
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Location Map
Water Main

Breaks
Service Line

Leaks
Total Leaks AMi

Breaks
Downtown Casa
Grande PV-28 84 176 260
Downtown Casa
Grande PV-33 89 142 231
Old Town Coolidge PV-4 29 123 152
Old Town Coolidge PV-5 55 233 288
Old Town Coolidge PV-9 32 92 124

2.
3,

The Location of the leak,
The Date of leds, and
The Type of leak (i.e. water main or service line).

The maps included in Appendix 6.2 show the location (by section, township, and
range) within the company's Western Group of water systems where a high portion of leaks were
found. On these maps, each section has a different color and cross-hatching to distinguish
between the following:

1,
2.
3.

Areas with more than 20 reported leaks repaired since 2005 ,
Areas with water main installed prior to 1965, and
Areas evaluated for replacement projects.

The company identified 88 projects to replace 318,300 linear feet of aging water
mains, 4,110 aging services lines, 176 fire hydrants, and 4,110 meters in the companys Western
Group of water systems.

4.1.1 Pinal Valley Service Area

The areas in the Pima] Valley Service Area where replacing aging infrastructure is
required are included in Maps Pv-l through PV-43 in Appendix 6.2. The areas with the highest
number of leaks are outlined in Table 4-1 .

Table 4-l: Areas with Highest Number Qr Leaks by Geographic Area
Area

Pima] Valley Service

The first area in the Pinal Valley Service Area where replacing aging
infrastructure is required is the Downtown Casa Grande area. The oldest water mains still in
service in the Pinal Valley Service Area are located in this area. The water mains in this area are
constructed of CI materials and were installed in the 1920s. These water mains show signs of
advanced aging resulting in leaks caused by corrosion. Significant rust and scale build up
require extraordinary volumes of flushing to maintain water quality, resulting in significant non-
billable deliveries. In addition to these water loss issues, old water mains in this area were not
designed to comply with modem day fore flows. The available fire flows are reduced because of
rust and scale build up inside the water main. This can create a public safety problem.
Replacement projects for this area are summarized in Appendix 6. 1 .
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The next area where aging infrastructure replacement is required is the Old Town
Coolidge area. Water mains in this area are constructed of CA materials and were installed in
the 1930s, 1940s, and 1950s. Table 4-1 shows the large number of water main and service line
leaks and breaks repaired in this portion or area of the Penal Valley service area. In addition to
these water loss issues, old water mains in this area were not designed to comply with today's
fire flow requirements. Replacement projects for this area are summarized in Appendix 6.1. The
estimated cost to replace this aging infrastructure in the Pinal Valley service area is $48,110,000.

4.1.2 White Tank Water System

Water mains and service lines in the White Tank water system are approaching
the age of those found in the Penal Valley Service Area and are nearing the end of their useful
service life. The company's engineers determined a water infrastructure replacement program is
required to replace aging water infrastructure before the required replacement rate is
unmanageable. Water mains in the White Tank water system that require replacement are
constructed of GS and CA materials and were installed in the 1950s, 1960s, and 1970s. Old
water mains in this area were not designed to comply with today's higher tire flow requirements.
Replacement projects for this area are summarized in Appendix 6.1. The estimated cost to
replace this aging infrastructure in the Pinal Valley service area is $7,14l,000.

4.1.3 Ajo Water System

Water mains and service lines in the Ago water system are similar in age to those
found in the White Tank water system and are approaching the end of their useful service life.
The company's engineers determined a water infrastructure replacement program is required to
replace aging water infrastructure before the required replacement rate is unmanageable. Water
mains in the Ajo water system that require replacement are constructed of GS and CA materials
and were installed in the 1950s, 1960s, and 1970s. Old water mains in this area were not
designed to comply with today's higher fire flow requirements. Replacement projects for this
area are summarized in Appendix 6.1.. The estimated cost to replace this aging infrastructure in
the Pina] Valley service area is $559,000.

5.0 Conclusions

The company's efforts to repair leaks and breaks in the Western Group of water systems
are well-documented. However, many miles of water main and hundreds of service lines are
approaching the end of their useful service life. A replacement plan, as summarized in Appendix
6.1, is required to replace aging infrastructure in the Western Group of water systems. There are
geographic areas in the Western Group of water systems where water main and service line
replacements are critically needed, including the Downtown Casa Grande and Old Town
Coolidge areas. These areas have a significant number of recorded led<s and breaks associated
with aging water mains and service lines. The company's engineers determined a water
infrastructure replacement plan is required to replace aging water infrastructure before the
required replacement rate is unmanageable in the White Tank and Ajo water systems.
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The company's engineers developed 88 specific projects with an estimated cost of
approximately $55.8 million. Because of the sheer magnitude of this additional level of capital
expenditures, the company is unable to fund these replacement projects without rate relief such
as a SIB surcharge mechanism. The company's engineers plan to evaluate the needs of the
Western Group of water systems and update this replacement program in the next 3 to 5 years, or
as needed.
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6.0 Appendices
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DISCLAIMER

The U.S. Environmental Protection Agency, through its Office of Research and Development, funded and
managed, or partially funded and collaborated in, the research described herein under Task Order (TO)
0062 of Contract No. EP-C-05-057 to Battelle. It has been subjected to the Agency's peer and
administrative review and has been approved for publication. Any opinions expressed in this report are
those of the author (s) and do not necessarily reflect the views of the Agency, therefore, no official
endorsement should be inferred. Any mention of trade names or commercial products does not constitute
endorsement or recommendation for use. The quality of secondary data referenced in this document was
not independently evaluated by EPA and Battelle.
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FOREWORD

The U.S. Environmental Protection Agency (EPA) is charged by Congress with protecting the Nation's
land, air, and water resources. Under a mandate of national enviromnental laws, the Agency strives to
formulate and implement actions leading to a compatible balance between human activities and the ability
of natural systems to support and nurture life. To meet this mandate, EPA's research program is
providing data and technical support for solving environmental problems today and building a science
knowledge base necessary to manage our ecological resources wisely, understand how pollutants affect
our health, and prevent or reduce environmental risks in the future.

The National Risk Management Research Laboratory (NRMRL) is the Agency's center for investigation
of technological and management approaches for preventing and reducing risks from pollution that
threaten human health and the environment. The focus of the Laboratory's research program is on
methods and their cost-effectiveness for prevention and control of pollution to air, land, water, and
subsurface resources, protection of water quality in public water systems, remediation of contaminated
sites, sediments and groundwater, prevention and control of indoor air pollution, and restoration of
ecosystems. NRMRL collaborates with both public and private sector partners to foster teclmologies that
reduce the cost of compliance and to anticipate emerging problems. NRMRL's research provides
solutions to environmental problems by: developing and promoting technologies that protect and improve
the enviromnent, advancing scientific and engineering information to support regulatory and policy
decisions, and providing the technical support and information transfer to ensure implementation of
environmental regulations and strategies at the national, state, and community levels.

This publication has been produced as part of the Laboratory's strategic long-term research plan. It is
published and made available by EPA's Office of Research and Development to assist the user
community and to link researchers with their clients.

Sally Gutierrez, Director
National Risk Management Research Laboratory
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prestressed concrete cylinder pipe
polyethylene
Pressure Pipe Inspection Company
Pipeline Test Apparatus
polyvinyl chloride

RFEC
RBI
RFT

remote Held eddy current
risk based inspection
remote field technology

SAM
SBIR
SF
SRB
STAR
STREAMS

Strategic Asset Management
Small Business Innovation Research
safety factor
sulfate reducing bacteria
Science to Achieve Results
Scientific, Technical, Research, Engineering, and Modeling Support

TIP
TO

Technology Innovation Program
task order

UHF
UKWIR
UT

ultra high frequency
United Kingdom Water Industry Research
ultrasonic testing

WERF
WRC
WSAA
WSSC

Water Environment Research Foundation
Water Research Centre
Water Services Association of Australia
Washington Suburban Sanitary Commission
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EXECUTIVE SUMMARY

As part of the U.S. Environmental Protection Agency's (EPA's) Aging Water Infrasmcture Research
Program, which supports the Sustainable Water Infrastructure Initiative, scientific and engineering
research is being conducted to evaluate and improve promising innovative technologies that can reduce
costs and improve the effectiveness of operation, maintenance, and replacement of aging and failing
drinking water distribution and wastewater conveyance systems (EPA, 2007). Task Order (To)62 (EPA
STREAMS Contract No. EP-C-05-057) is being conducted by Battelle, in collaboration with Jason
Consultants, Virginia Tech University, National Research Council of Canada (NRC), and PARS
Environmental, Inc., to identity and characterize the state of the technology for condition assessment of
drinking water transmission and distribution systems. This State of Technology Review Report is one of
the first deliverables prepared under this project.

Purpose of the State of Technology Review Report

This State of Technology Review Report was developed to serve as the basis for discussion at a
Technology Forum on Condition Assessment of Water Transmission and Distribution Systems that was
held on September 9 and 10, 2008, at Edison, NJ. It was distributed to the Forum participants for review
in advance of the meeting. The Forum and State of Technology Review Report focused on ferrous water
mains, which represent two thirds of the installed network. The State of Technology Review Report
covers transmission and distribution pipelines with diameters larger than 4 in., but does not include
appurtenances or service connections. Comments received have been considered and incorporated, where
applicable, into the final document.

The State of Technology Review Report summarizes the current state of the ferrous pipes in the water
network, their defects and causes of failure, and the state of condition assessment technologies. It also
discusses current barriers to effective use of condition assessment, prospects for short-term and long-term
improvement, key performance and cost improvement areas, approaches for measuring success, potential
roles of government in accelerating development and acceptance of innovative condition assessment
technologies, and approaches for getting utilities to accept effective, innovative technologies and
procedures.

Forum Objectives

The overall goals for the Technology Forum were to describe and discuss user needs, the state of the
technology, and applied research and demonstration needs and opportunities regarding condition
assessment of ferrous transmission and distribution mains. The Forum convened national and
international experts in condition assessment to discuss several key issues. In cooperation with these key
stakeholders, the Forum helped identify and characterize specific options for research to accelerate and
expand the development and acceptance of innovative, cost-effective water main condition assessment
approaches including technologies, procedures, and databases. Better condition assessment approaches
can provide substantial added value to utilities by enabling: (a) early detection and economical correction
of problem conditions, which reduce both maintenance costs and catastrophic failures, and (b)
confirmation that high-risk pipelines are in good condition, which reduces premature replacement.

State of Technology Review Report Organization

Section 1 provides an overview and characterization of the U.S. drinking water transmission and
distribution network in terms of miles of various types of pipe installed, pipe diameter, and pipe age. The
focus of this State of Technology Review Report and the Forum is on ferrous pipe types, which make up
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approximately two thirds of the distribution network. The review covers ferrous pipe cast in its various
forms, such as grey cast iron, ductile iron, and steel, together with an overview of failure modes by
corrosion, mechanical causes, and leaks. Section 2 presents the current state of the art in condition
assessment, specifically the key factors that are needed to evaluate both the likelihood and consequences
of failure. Section 3 provides a review of the principal approaches and technologies employed for
condition assessment with a focus on non-destructive inspection.

Section 4 gives an overview of the ways in which information from databases and inspection records is
currently used to arrive at a condition evaluation. Any assessment must be based on a combination of
available production/installation data, experience, and inspection records. Techniques such as belief
networks, life cycles, and the methods to predict remaining service life by means of life predictions,
modeling, and life expectancy curves are discussed. In addition, some of the barriers and limitations of
the techniques are examined, together with the technical and economic problems associated with
obtaining robust information from databases and inspection activities.

The information provided in Sections 5 and 6 was intended to stimulate discussion at the Forum. Section
5 identifies key performance and cost improvement outputs for consideration. Section 6 sets down some
observations on the prospects for short-term and long-term improvements. Section 7 provides a list of
references.

Appendix A provides descriptions of some current and emerging inspection tools to supplement the
review in Section 3. Appendix B provides a summary of presentations, discussions, and key findings
from the Forum.

Current Barriers to Effective Use of Condition Assessment

A number of barriers to effective use of condition assessment were identified in this State of Technology
Review Report and acknowledged by the Forum participants:

Database Quality. All condition assessment programs are based on high quality asset and
failure databases. Lack of robust databases for many water utilities is a major barrier to
condition assessment in painting a picture of failure patterns for pipes with different ages and
types in a range of locations. The existing U.S. utility databases are incomplete and/or
inaccurate. Failure databases are not standardized when kept, and failures are normally not
recorded or attributed in a uniform manner to allow for any sensible comparison.

Regional and Local Variations. Regional and local variations have not been given
sufficient consideration in applying condition assessment and management tools. Some
existing models and curves often need to be modified to reflect local conditions, such as soil
conditions and support For example, the relationship between corrosion of an unprotected
cast iron pipe and local soil conditions should be taken into account. Lack of soil support,
often coupled with increased external loadings, is another local factor that can alter life
expectancy curves.

Inspection Data Set Requirements. There is no consensus on what key data sets are needed
or can be obtained from an inspection for a reliable condition assessment and life prediction.
Inspection can only provide a snapshot of current conditions. To make predictions, basic
pipe information including type, age, and original wall thickness is needed. Additional
information such as how long corrosion has been taking place and if it has been uniform is
also needed.

X

lllll ll la



Current Condition Assessment Methodologies. There is no consensus on what key
parameters and what their comparative weighting factors should be used in a prediction
model. Many models require a high level of technical input, which may be available only in
large utilities. Level of sophistication of these models and multiplicity of the associated
approaches often can be daunting to managers and engineers in small to medium size utilities.
There is a need for improving the situation for utilities to conduct in-house condition
assessment.

Current Inspection Technologies. Some progress has been made on structural condition
inspection tools and more developmental work is currently underway. However, to fully
meet the needs of water utilities, there is still a long way to go.

Physical Difficulties and Costs of Inspection. Internal inspection has a significant cost in
gaining access to the line. Many utilities have reservations about introducing inspection tools
into operational mains due to concerns of potential contamination. Other internal
technologies can only operate with the main out of service, emptied and cleaned. For an
external investigation of a main under a roadway, activities such as excavation, traffic
control, pavement removal, reinstatement, and dealing with existing utilities will add
significant cost to the inspection.

Relationship between Information Needed and What Current Technologies Provide.
The quality of the information obtained by internal and external inspection technologies is not
well defined. Currently, utilities have to adjudge any technology or method based on the
sales pitch and cost. There is no independent testing and evaluation information to compare
competing methods for their ability to provide the infonnation needed.

Relationship between Performance and Cost. The value of pipeline inspection information
is not well quantified, thereby making cost/benefit decisions about assessment difficult or
impossible.

Key Performance and Cost Improvement Areas

The State of Technology Review Report and the Forum together identified the following key performance
and cost improvement areas, which fall into two main categories: l) improving the consolidation,
organization, analysis, and use of data that already have been, or are being, collected by utilities, and 2)
improving the capability and cost-effectiveness of inspection technologies:

Adoption of a national standardized asset and
failure database would be a major step in improving condition assessment.
Standardized Asset and Failure Databases.

Condition Assessment Priority-Setting & Implementation Guidelines. User-friendly
guidelines should be developed for utilities for identifying high risk scenarios, interpreting
defects and distress indicators, developing pipe condition rating, and selecting specific
investigation or monitoring techniques. Guidelines are also needed for utilities on
undertaking a two-stage condition assessment after a decision has been made and the goals of
condition assessment have been established. The first stage is an initial assessment based on
asset and failure databases, which, in some cases, may be sufficient for a decision to be made
without investigation. In other cases it will define and prioritize the second stage, which isa
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more detailed, specific investigation that will typically involve inspection.

User Friendly Residual Life and Deterioration Models. User-friendly models to predict
residual life and deterioration are needed that can be used by utilities to assist them in their
asset management planning and expenditure forecasting. The prediction models for
individual water mains need to be tailored to the local characteristics and experience, but not
too complicated and costly to use. An evaluation of the effectiveness of the existing models
and their extent of use by utilities will be valuable.

Better Inspection and Condition Forecasting. Cost-effective inspection tools and
methodologies are needed to provide data on existing structural condition and prediction of
future deterioration. A consensus is required on what data need to be collected, over what
percentage of a pipeline, to what accuracy, and what cost the utilities are willing to pay.

Determining an Acceptable Relationship between Cost of Inspection and Value of Asset.
Utilities seem prepared to pay the relatively high cost of inspection for large mains as the
consequences of failure can be very high in terns of damage, loss of service, and repair cost.
There is value, after cost of investigation is deducted from the benefit, in avoiding a failure.
More in-depth studies on the value of inspection in relation to asset value for different
diameter and types of pipes are needed. This could go hand in hand with alternative ways of
condition assessment for smaller diameter pipes and justify the use of NDT inspection tools.

Short- and Long-Term Improvements to Condition Assessment for Ferrous Water Mains

The State of Technology Review Report and Forum contributions together provide clear guidance on the
potential short- and long-term improvements to accelerate and expand the development and acceptance of
innovative, cost-effective ferrous water main condition assessment approaches (i.e., technologies,
procedures, and databases).

O

O

Short-Term Opportunities to Improve Condition Assessment.
Improved effectiveness of collection, analysis, and use of existing information (i.e.,
environmental, historical, and operational) for condition assessment offers the best
opportunity to improve the asset management performance of the water industry. The
knowledge and understanding of local conditions, defects, and failures reside with the
utility management, engineers, and operators and should be harnessed.
Recent and emerging advances in leak detection and structural inspection technologies
show promise of providing relatively low-cost, low-intrusion capability for utilities to
undertake inspection.

O

O

Long-Term Opportunities to Improve Condition Assessment.
Utilities should be provided with better understanding of the behavior of different forms
of ferrous pipes in the water network. A national database of assets and failures relating
breaks and leaks to specific materials and environment can allow utilities to benchmark
their own experience and support the decision-making process.
Long-term advances in inspection technologies can be accelerated by developing a
consensus on cost and performance targets for next-generation inspection and condition
assessment goals, technologies and procedures. Advances in electronics, sensor
technology, and computer science will enable the emergence of new technologies that
can be applied to the inspection, monitoring, and assessment of the conditions of water
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mains. Technologies initially developed for non-water applications should be assessed
for potential transferability to water main condition assessment.

Measuring Success. Measuring success will take a number of forms. By the nature of the
utility structure and the measures needed it will take time for the full benefits to flow. Over
time, the improved condition assessment activities should result in reduced unforeseen
failures and catastrophic events as well as the associated direct and indirect costs. Improved
life prediction curves will provide a sound basis for budgeting for renewals and allow a
running program to be developed

O

O

O

O

O

Accelerating Development ._ Potential Government Roles. In cooperation and
collaboration with relevant stakeholders, the government can play important roles in
accelerating technology development. Examples include:

Support for guaranteed minimum work programs for internal inspection
Support for national database development

o Defining next-generation inspection technology needs
Funding technology innovation research & development
Support of condition assessment technology test facilities, and
Support of field demonstrations.

Getting Utilities to Accept Effective, Innovative Technologies. The benefits of condition
assessment and the techniques used in inspection, assessment, and prediction should be
communicated with utilities more effectively through various channels, including workshops,
conferences, webinars, papers, and articles. By raising awareness and interest, the benefits of
adopting the methods and technologies will become apparent to the utilities. They will adopt
these techniques only if such an action helps them save money, make their work easier, and
make their customers happier. Field demonstration will be a key way to show utilities what
can be done and at what cost.
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Total Ductile Iron

Ductile Iron Other
Lining/Unknown

Source of Data
Water Industry

Databased"
Water://Stats 1996

Distribution Survey(bl
Water://Stats 2002

Distribution Surv¢y'°'
Utilities Responded/Surveyed 1,097/3,000 898 3,200 337/3,066 .
Response Rate 37°o 28% 1l°o
Pipe Material Miles

Installed(dl
Percent of

Total
Miles

Installed
Percent of

Total
Miles

Installed
Percent of

Total
Cast Iron Unlined 153,415 17.8 NA NA 37,433 18.5
Cast Iron Cement Mortar
Lined

159,284 18.5 NA NA 34,039 16.8

Cast Iron Other
Lining/Unknown

28,476 3.3 NA NA NA NA

Total  Cast  Iron 341,175 39.6 155,038 41.3 71,472 35.4
Ductile Iron Unlined 35,916 4.2 NA NA 9,886 4.9
Ductile Iron Cement Mortar
Lined

150,705 17.5 NA NA 35,118 17.4"

Ductile Iron Other
Lining/Unknown

2,494 0.3 NA NA NA NA

189,115 21.9 81,119 21.6 45,004 22.3
Steel 34,047 3.9 16,415 4.4 7,821 3.9
Subtotal for Ferrous Pipes 564,337 65.4 252,572 67.3 124,297 61.5

_Asbestos Cement
Pre-stressed Concrete

136,196 15.8 56,360 15.0 30,484 15.1
23,584 2.7 15,921 4.2 4,774 2.4

Glass Reinforced Plastic 665 0.08 422 0.1 NA NA
Polyethylene 3,349 0.4 1,318 0.4 1,377 0.7
Polyvinyl Chloride 114,152 13.2 42,125 11.2 29,835 14.8
Others/Unknown 20,169 2.3 6,719 1.8 11,391 5.6
Subtotal for Non-ferrous
Pipes

298,115 34.6 122,865 32.7 77,861 38.5

Grand Total 862,452 100 375,437 100- 202,158 100

1.0 CHARACTERIZATION OF WATER NETWORK IN U.S.

1.1 Overview of U.S. Water Transmission and Distribution Network

The basics of the U.S. water transmission and distribution network are profiled in Tables 1-1, 1-2, and 1-3
based on studies and surveys conducted by American Water Works Association (AWWA) and AWWA
Research Foundat ion (AwwaRF) (AWWA and AwwaRF, 1992 ; 1996; AWWA, 2004 ) .  Because  these
surveys are based on l imited responses, there are some variations in percentage breakdowns by pipe
materials. As shown in Table 1-1, about two thirds of the instal led network consists of various forms of
ferrous pipes, including cast iron, ducti le iron, and steel pipes. This State of Technology Review Report
and the Forum concentrated on ferrous pipes to allow for a more focused and in-depth evaluation of the
condition assessment and inspection needs. This focus has the advantage that the causes of deterioration
and the technologies of inspection to identify and quantify defects in ferrous pipes are common.

Table 1-1. Water Network by Pipe Material

NA = not available
(a) AWWA and AwwaRF, 1992.
(b) AWWA and AwwaRF, 1996.
(c)  AWWA, 2004.
(d) Data represent population-based extrapolations to national totals.
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Age in Years Miles Installed Percentage
0 t o l 0 245,000 28.4

10 to25 325,000 37.6
25 to 50 156,500 18.1

>50 137,000 15.9
Total 863,000 100

Diameter Range in. Miles Installed Percentage

<6 107,200 12.4
6 to 10 523,200 60.6
l2 to 16 138,600 16.3
18 to 24 29,700 3.4
30 to 48 57,700 6.7

>48 6,000 0.8
Total 863,000 100

Table 1-2. Water Network by Age

Source: AWWA and AwwaRF, 1992.

Table 1-3. Water Network by Diameter

Source: AWWA and AwwaRF, 1992.

Various forms of grey cast iron pipes account for nearly 40 percent of the network and are at least 40
years old with some well over 100 years old. The production of grey cast iron pipes ceased from the
1970s so all the iron pipes laid in the last 30 to 40 years have been ductile iron pipes. According to the
AWWA 1992 Water Industry Data Base (AWWA and AwwaRF, 1992), 34 percent of the network was
more than 25 years old and 72 percent was installed more than 10 years ago (see Table l-2). Due to lack
of recent survey data on pipe age, it is estimated that, at the present time (i.e., 17 years from 1992), about
75 percent of the current network is older than 25 years and that about half of the current ferrous pipe
network is older than 50 years.

Water transmission mains usually range in diameter from 12 to 96 in. and greater. From Table 1-3, it is
noted that over 70 percent of the network was in diameters of 12 in. or less. The smaller diameter pipes
have more frequent failures than larger diameter pipes as a result of a greater installed length of small
pipes and a higher failure rate than the larger pipes. While most of the failures occur in smaller
diameters, the risk posed by single failure of a large transmission line can be orders of magnitude higher
due to the significant damage and loss of service that can occur.

1.2 Types of Ferrous Pipes

1.2.1 Cast Iron Pipes. Cast iron usually refers to grey cast iron. Most grey cast iron pipes that are
in service were manufactured by either pit casting or spin casting. The earliest cast iron pipes were
vertically pit-cast grey iron. In the early nineteenth century, the first pit-cast iron pipes in the U.S. were
imported, but from 1830, local production became more widely established. Pit-cast iron pipes were
manufactured and installed until the l 940s.

Pit-cast iron pipes are characterized by:

High degree of variability in wall thickness, often with an eccentric bore
Casting defects such as blowholes, pinholes, etc.
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Mould parting seams
Poured lead joints
Easily fractured with a sharp impact
Flake graphite form
Unlined pipe.

Spun-cast iron pipes followed in the late 1920s and were extensively installed until the l 970s. Spun-cast
iron pipes are characterized by:

•

•

•

•

•

•

•

Thinner wall than vertically cast pipes, but uniform thickness
Manufacturing defects, laps, laces, and pinholes
Stress corrosion fissures
Leadite joints and rubber gasket seals
Easily fractured with a sharp impact
Flake graphite form
Unlined pipe.

1.2.2 Ductile Iron Pipes. Ductile iron pipes were commercially introduced in the 1950s and
because of greatly improved characteristics, they replaced spun iron by the late 1960s. The characteristics
of ductile iron pipes are:

•

•

•

9

•

•

•

•

•

Thinner wall with uniform thickness
Shrinkage porosity (angular pores resulting form non-uniform solidification)
Reverse peen pattern on surface
Not subject to brittle fracture
Rubber gasket seals
Spheroidal or nodular graphite form
Approximately twice the strength of cast iron (tensile, beam, ring bending, and bursting tests)
Increased use of scrap metal in pipe production changing the microstructure
Generally lined pipe.

1.2.3 Steel Pipes. The level of carbon in the metal is what distinguishes steel from cast iron. Steel
normally has less than 1.2 percent by weight of carbon and its structure is dominated by pearlie. Both
grey and ductile iron pipes have a carbon content of 2 to 5 percent by weight. Various methods are used
to fabricate steel pipes. One early form was Lock-Bar pipes (American Society for Testing and Materials
[ASTM] -137-34), which originated in Australia, where pipes were made by rolling steel plate in two half
cylinders and joining the two edges with a locking bar. In the early nineteenth century, pipes were
formed by using riveted steel plates. Such pipes are still in operation in the cities of Toronto and Los
Angeles. Since the 1930s, they have been fabricated as welded pipes.

Diameters up to 20 in. can be manufactured to produce seamless pipes. Larger diameter pipes use "O" or
"U" dies to form plates into the required shapes and the longitudinal seams are welded. Other methods
take plates and roll them to the required shapes, which are welded together by submerged arc with one or
more circumferential and longitudinal seams. One technique is spiral fusion welding, in which coiled
strip is formed helically into a pipe and the spiral seam is continuously welded.

Contemporary steel pipes in the water network typically have a diameter of 14 in. or greater. The
characteristics of steel pipes are:
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Advantages Limitations
IGr (Pit and Spun Cast Iron Pipes

•

•

•

Thicker wall than ductile iron or steel
Similar rate of corrosion to ductile iron and
steel
Most pipes after 1950 supplied with
cement mortar lining or retrofitted

•

•

•

•

•

•

•

No elastic behavior and lower mechanical strength
Prone to external and internal corrosion in aggressive conditions
Older pipes having caulked joints with little flexibility
Often no external protection
Most pipes unlined before 1960
Manufacturing defects including variations in wall thickness
Poor records

Ductile Iron Pipes
•

•

Greater ductility than grey iron
Greater impact resistance than grey iron
Greater strength than grey iron
Lighter and easier to lay than grey iron
Simplicity ofjoints

• Joints can accommodate some angular
deflection

•

•

•

•

•

Similar rate of corrosion to grey iron and steel
Prone to external and internal corrosion
Internal and external protection systems required
Limited number of protection systems available in U.S.
Polyethylene wrappings can be damaged

Steel Pipes with Lining

•

I High tensile strength
High compressive strength

• Range of corrosion protection systems
• Wide range of diameters and wall

thickness Welded joints give continuity

•

•

•

•

•

Prone to external corrosion
Electrolysis prone
Jointing requires skilled welders
Internal/extemal corrosion protection systems add to price
Coatings and linings can get damaged during installation and by
third parties

•

•

•

•

•

•

•

•

•

Thinner wall than grey cast iron or ductile iron pipes
High strength with ability to deflect without breaking
Shock resistance
Lighter weight than ductile iron pipe
Ease of fabrication of large pipe
Availability of special configurations by welding
Ease of field modification
Protective coating externally, cathodic protection is routinely installed
Generally lined pipe.

1.2.4 Summary of Ferrous Pipes. A summary of the advantages and limitations of various types
of ferrous pipes is provided in Table 1-4.

Table 1-4. Advantages and Limitations of Types of Ferrous Pipes

The improved characteristics developed over the years allowed a significant reduction in the thickness of
pipe walls permitted under AWWA recommendations, as shown in Table 1-5.

Pipes were, and are, manufactured in a range of pressure classes. The date of manufacture is significant
in any consideration of ductile iron mains. The first AWWA standard C151/A21.5l was issued in 1965
and revised in 1971, 1976, 1981, and 1986. These standards were based on a series of seven thickness
classes designated as Class 50 to Class 56. The wall thickness for a 42-in. pipe could vary from 0.47 in.
at Class 50 to 0.83 in. at Class 56.
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Year of
Installation Material Wall Thickness (in.)

1908 Cast iron 1.58
1952 Cast iron 1.22
1957 Cast iron 0.94
1965 Ductile iron 0.58
1976 Ductile iron 0.43
1991 Ductile iron 0.38

Table 1-5. Change in Wall Thickness Specifications
for a 36-in. Pipe Operating at 150 psi

Every pipe from the standard of the same class has the same d/t ratio. This links directly to pressure
capability as the hoop stress is equal to Pd/2t, where P is internal pressure, d is internal diameter, and t is
wall thickness. Therefore, for a given allowable hoop stress, every pipe of the same thickness class would
have the same pressure rating, ignoring external load. In 1991, the standard was changed to a "pressure
class" system and the "thickness class" was no longer standard. However, this change was not
universally accepted and some engineers stayed with "thickness class" specifications. These are still
included in the standards as "Special."

Pressure to keep installed costs as low as possible often results in selecting the lowest pressure class of
pipe for use. The use of a lower pressure class of pipe with a thinner wall frequently results in a shorter
service life and in most cases, this disadvantage far outweighs any short-term economic advantage.

Ductile pipes nonnally are lined with cement mortar, and coatings and plastic sheaths help resist external
corrosion.

Other forms of lining are used, including epoxies and urethanes. Water lines can be rehabilitated in-situ,
with polyethylene (PE) and cure in place being the most widely used material and lining system,
respectively.

Steel pipes used for water mains are normally lined internally and coated externally. Linings include
cement mortar and polyurethane. Coatings include tape, coal tar enamel, cement mortar, epoxy, and
polyurethane. Cathodic protection by an impressed current or sacrificial anode system for wrapped or
coated steel lines is generally recommended and widely used. The continuity of welded joints facilitates
the use of cathodic protection.

Early cast iron pipes were jointed rigidly with metal to metal contact with a bell and spigot. Lead and
leadite were used for jointing. Semi-rigid joints, with a packing material such as jute or yarn and caulked
with lead, became the predominant method.

Ductile iron pipes can have a variety of joints, bell and spigot push fit type is used primarily for pipes in
trenches, with an elastomeric seal. Bolted mechanical and flanged joints are also available.

Steel pipes used for water mains principally have welded or flanged joints.

1.3 Overview of Failure Modes of Ferrous Pipes

The primary research focus of this project is on structural condition of water transmission and distribution
mains as opposed to hydraulic or water quality condition. It is estimated that there are 300,000 main
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breaks a year for all types of pipe material in the U.S. (Grieg, 2007). The modes of structural failure for
ferrous pipes have been extensively researched, and this section provides a summary of the literature
search.

Causes of failure can be considered under two categories: corrosion and mechanical failures. Although
these causes are distinct, they are related in that mechanical failures may result from corrosion such that
the pipe is no longer able to resist applied internal and external forces.

Leakage is an additional category that may or may not be classified as a structural failure depending on its
location and its severity. Corrosion of the pipe wall may lead to perforation and leakage. Leakage can
also occur at joints and contribute to mechanical failures in eroding pipe bedding support. Leakage can
be seen as an indicator of wall penetration by pitting.

1.3.1 Corrosion - Internal and External. Many different mechanisms and parameters are
involved in corrosion and failure of ferrous pipes. This complexity has given rise to controversy and
differences of opinion about the relative performance of different forms of ferrous pipes.

Overview of Corrosion Mechanisms

The criteria essential for corrosion by oxidation include

•

•

•

•

Oxygen supply
Moisture
Soluble salts
Cathodic and anodic sites.

Conditions may vary widely along the length of a buried pipeline and can result in considerable
variability found when investigating external corrosion. It is common to find a section of badly corroded
pipe adjacent to a sound section. This situation is emphasized by the observation of corrosion "hot spots"
in which accelerated corrosion can be focused on one location in the pipe exposed to conditions that are
conducive to corrosion.

A more detailed consideration to mechanisms of external corrosion is presented in "Corrosion Control
Measures for Ductile Iron Pipe" (Stroud, 1989). More in-depth infonnation on the mechanisms of
internal corrosion can be found in "Iron Pipe Corrosion in Distribution Systems" (McNeill and Edwards,
2001).

Graphitization

For iron pipes, graphitization is an important form of corrosion. Graphitization occurs where soil
conditions including pH, dissolved salts, and organic content are favorable to anaerobic bacterial growth.
For grey iron, the metal goes into solution leaving behind a corrosion product that consists of a mass of
residual graphite flakes interspersed with iron oxides. Over time the wall becomes a composite of grey
cast iron and a graphite matrix with the corrosion product occupying the space previously occupied by the
grey iron. An example is shown in Figure 1-1. It is difficult to identify graphitization during visual
inspection because there is no apparent wall thickness loss. The graphitized material has some strength,
although possibly greatly reduced, which explains why some extensively graphitized grey cast iron pipes
have continued to function.
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Source: Dempsey and Manook, 1986.

Figure 1-1. External and Internal Graphitization in a Cut Section of Grey Iron

Often grey cast iron pipe failure comes from mechanical stress or a hydraulic shock (roadwork, transport
damage, or ground movement) acting on the weakened structure. This is then classified as a mechanical
failure rather than a corrosion failure.

General con'osion can occur in ductile iron in the form of graphitization, but the corrosion material that
forms is weaker and more friable than that in grey iron. The graphite corrosion products are in the form
of discrete nodules that are easily detached, and a structure is not retained. This can lead to leakage and
break failure occurring more quickly than in grey cast iron (Vrab, 1992).

The relative merits of the different metallurgical forms of grey cast iron and ductile iron and their
resistance to graphitization have been an area of some disagreement among researchers.

Graphitization does not occur in steel pipes.

Pitting Corrosion

For all types of ferrous pipes, external corrosion in the form of isolated pitting, general corrosion, and
graphitization is the most common form of deterioration, which can lead to leakage or failure.

Pitting corrosion is a concentration of corrosion in one particular area. The metal goes into solution
preferentially at that spot rather than adjacent areas. Figure 1-2 shows a pipe corroded externally.

Pitting corrosion is the most common deterioration mechanism for all ferrous pipes. It can occur
internally, although it is more likely to be found externally. Pitting occurs quite randomly, usually
leading to wall penetration and leaks rather than failures. A group of pits in one area can weaken the wall
sufficiently for the pipe to fail. Figure 1-3 shows external pitting on a pipe.
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Source: Dempsey and Manook, 1986.

Figure 1-2. External Corrosion of a Grey Iron Pipe

Source: Dempsey and Manook, 1986.

Figure 1-3. External Pitting after Shot Blasting
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The AwwaRF report "The Effect of Corrosion Pitting on Circumferential Failures in Grey Cast Iron
Pipes" gives a detailed presentation on pitting in grey cast iron pipes (Maker, 2005).

The extent and rate of external pitting on an unprotected pipe is governed primarily by the corrosivity of
the environment. Consequently, various protective measures are installed to counter external corrosion,

The most common form of external protection in North America is polyethylene encasement (AWWA
C105 issued in l972), and its use has been specified in ASTM Dl248 since the l950s. This is a site
operation where the pipe is wrapped in polyethylene sheet at the time of laying. The objective is to
isolate the pipe from the soil environment. The Ductile Iron Pipe Research Association (DIPRA) sets out
a strong case for this as the only protection system needed. However, cases of failure of wrapped ductile
iron pipes have been reported. Damage to the polyethylene wrap during installation or subsequently by
third party activities can allow ingress of groundwater, creating corrosive conditions. Some utilities base
decisions on the grounds of non-corrosive condition and/or cost reduction and have not followed DIPRA
recommendations. It is thought that as much as 50 percent of ductile iron pipes have been laid without
poly-wrap.

Bonded coatings normally are not recommended on ductile iron pipes, while bonded coatings on steel
pipes are readily supplied. The only AWWA standards for ductile iron cover polyethylene encasement
and the standard asphaltic shop coating.

Lining the ferrous pipe interior with cement mortar maintains water potability. It also protects the metal
from corrosion by providing a coating of electrically inert material between metal and liquid. High pH of
the conveyed water can be incompatible with cement mortar lining (CML). Deterioration takes the form
of leaching of lime from the cement matrix, causing calcium loss. An on-going Water Research
Foundation project, "Life Expectancy of Field and Factory Applied Cement Mortar Linings in Ductile
Iron and Cast Iron Water Mains" (Project #3 l 26), will address such issues in more detail.

Leakage

Leakage can occur both from joints due to poor installation and from the body of the pipe where
perforations occur due to pitting. Leakage through perforations in the pipe wall is common to all ferrous
pipes. Leakage from joints is probably most common due to incorrect installation. Another cause is
movement of adjacent pipe lengths. In the case shown in Figure 1-4, the deep corrosion pitting
perforating the pipe wall did not lead to a structural failure.

Often small leakage from water mains goes undetected and therefore continues without remedial action.
All forms of leakage can in theory lead to erosion of the pipe bedding and to structural failure. In
practical terms most leaks, particularly from joints, are defects rather than failures and do not create
conditions leading to failure. This is not to undervalue the serious costs and problems that arise from
leakage.

The interaction between a leaking pipe and its surrounding soil is complex (Van Zyl and Clayton, 2005).
The relationship between head loss and flow is not linear, as a result of the interaction of the soil particles
with the orifice, turbulent flow in the soil, the changing geometry of the unconfined flow regime,
hydraulic fracturing, and piping. Theoretical considerations suggest that small continuous leaks will drain
away without trace into underlying granular soil. This cannot be expected to occur in lower permeability
clays and silts, where hydraulic fracture is more likely, with leaks rapidly becoming visible as wet patches
and bursts at the ground surface.
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Source: Dempsey and Manook, 1986.

Figure 1-4. Deep Corrosion Pits Leading to Perforation

Microbiologically Influenced Corrosion

Buried ductile iron and grey cast iron pipe can be subject to microbiologically influenced corrosion
(MIC). There are two forms - anaerobic and aerobic. Anaerobic corrosion is what is often referred to as
hydrogen sulfide corrosion.

Sulfate reducing bacteria (SRB) are a typical example of anaerobic bacteria. The attack is ascribed to the
bacteria's ability to make the oxygen that is present in sulfates, nitrates, and carbonates available for a
cathodic reaction. This is significant in that it means that corrosion can occur even in the absence of
dissolved oxygen. It is calculated that the corrosion rate of iron under anaerobic conditions is nearly 20
times as great as under sterile conditions. According to a study in Australia, it is estimated that 50 percent
of their studied failures that occurred on buried metal were due to MIC (Ferguson and Nicholas, 1984).

Galvanic Corrosion

Galvanic corrosion is an electrochemical process that occurs when dissimilar metals are electrically
connected and installed in a uniformly conductive soil, or when a metallic pipe is installed in a soil that
has a non-unifonn character. In both cases, electrical current flows from the anode to the cathode. As the
anode loses electrons, the anode metal is oxidized, and corrosion results.

Galvanic corrosion can be found where a ferrous pipe is connected to copper service lines. The service
piping used in North America is almost exclusively copper, with a small amount of lead and galvanized
steel pipe used in the older areas. When ferrous and copper pipes are connected, the mixed metal system
may accelerate corrosion where the iron piping acts as the anode of a galvanic corrosion cell and the
copper acts as the cathode.

10
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Corrosion cells develop on a ferrous pipe exposed to different electrolytes (Fitzgerald, 1984). This
situation may occur on a long pipeline that passes through different types of soils, i.e., one portion of the
line might be laid in sandy loam while another in clay. Substantial natural pipeline currents may occur,
which leads to corrosion cells. In soils of low resistivity, such currents exit from the pipeline, causing the
loss of metal at the exit points by anodic dissolution (corrosion). Anodes and cathodes may be miles
apart. Similarly, mixtures of soils in the backfill will cause corrosion. Lumps of clay mixed into a sand
backfill will lead to severe corrosion where the clay contacts the pipe. The same phenomenon causes
corrosion on pipe exposed to soil and concrete or other highly alkaline backfill.

Electrolytic Corrosion

Electrolytic corrosion, also called stray current corrosion, occurs when the pipeline picks up stray
electrical current from a direct current (DC) source. Electrolytic corrosion is similar to galvanic except
that an outside source rather than a chemical reaction drives the cell. Ferrous pipelines buried in the
ground can offer a better path for conducting earth return currents from electrified transport systems,
electrical installations, and cathodic protection systems. The point of corrosion normally is located at the
point where the positive current exits the pipe and enters the earth.

Pipes that are bell and spigot and jointed with a rubber gasket are not considered as being electrically
continuous. However, several case histories are reported in which cathodic protection has been installed
after experiencing high rates of failure (Rajani and Kleiner, 2007). The City of Calgary, Canada requires
sacrificial anode cathodic protection for all metal pipe systems. Some grey cast iron pipes had a jointing
system that involved metal to metal contact, which theoretically could provide a continuous electrical
path. Retrofitting by opportunistic fitting of anodes to pipes when exposed has also been increasingly
used.

Steel pipelines with welded joints offer a continuous electrical path, but are normally protected by an
impressed current or sacrificial anode system.

Both ductile iron and spun-cast iron pipes can become subjected to corrosive conditions as a consequence
of damage to the annealing oxide scale formed during manufacture. The action appears to be the
electrochemically more noble thennal oxide scale fanning a galvanic cell with any damaged area of bare
iron that becomes the anode. Because of the relatively large ratio of cathodic to anodic area, this can
provide conditions for rapid localized corrosion attack.

Crevice corrosion occurs where the surface is flawed by mill scale, scratches, or rust. This is found to be
more prevalent in spun-cast iron pipes.

Tuberculation

Internal corrosion of iron can lead to the formation of loose porous rust, i.e., ferric iron hydroxide
F€loH)3 , which can transform into a crystallized form called tubercles on the internal unlined surface of a
ferrous pipe. Depending on the pH and other ions present, a variety of precipitates can mix with the iron
oxide forming an internal "lining" of tuberculation. This "lining" can slow corrosion by cutting off the
metal from the water and air supply. Figure 1-5 shows a tuberculated water pipe.

It has been observed that pitting is often present below the tuberculation. The removal of tuberculation
will cause the pitting to continue at an accelerated rate until a new coating is formed. Utilities normally
line a pipe with cement mortar after cleaning, which protects the internal surface.
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Source: provided by John Black of Opus Consultants in Australia

Figure 1-5. Tuberculated 6-in. Cast Iron Water Pipe

Tuberculation creates problems of How and water quality. It also creates a barrier for many internal
inspection tools. Disturbing the tuberculation "lining" without subsequent lining can lead to water quality
problems and further accelerated internal corrosion. For this reason, cleaning or seriously disturbing the
tuberculation by internal investigation is generally avoided.

Relative Resistance to Corrosion of Cast and Ductile Iron

There have been many published discussions on the relative resistance of cast and ductile iron, and some
organizations suggest that in terms of corrosion resistance, ductile is superior to cast iron. This is
considered to be an optimistic conclusion by De Rosa and Parkinson (l986), who, alter reviewing a large
range of investigations and evidence, determined that:

The evidence that ductile iron exhibits superior pitting resistance is not conclusive, for all
practical purposes, there is no significant difference

External pitting rates depend on the aggressivity of the soil environment

For equal thickness, steel is the best material when buried bare.

The Water Research Foundation study "Long Term Performance of Ductile Iron Pipe" (Project #3036) is
expected to provide valuable information on this contentious topic when it is completed in 2010.

1.3.2 Mechanical Failures. Mechanical failures are more complex to investigate and interpret.
Undoubtedly for a utility operator repairing a failure, it would be very difficult to distinguish between a
corrosion and mechanical failure. A survey by the National Research Council of Canada (NRC) reported
that 23 out of 25 mechanical failures investigated were associated with corrosion pitting (NRC, 2003).
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Figure 1-6 illustrates the most common failure modes of water main breaks, as well as the forces acting
on the pipe that cause breaks to occur (NRC, 2003).

Source: NRC, 2003.

Figure 1-6. Examples of Structural Failure Modes for Water Mains

Exposed fracture surfaces and cracks indicate a mechanical failure. Six different mechanical failure
modes have been identified for cast iron pipes (Makar, 2001). These modes are:

Circumferential failures, typically found in smaller diameter pipes and due to longitudinal
stresses

Longitudinal failures, typically found in larger diameter pipes and caused by internal
pressure or compressive forces which push spigots into bells

Shearing failures, typically found in large diameter pipes often associated with over forcing
of spigots into bells

Spiral failures, which have been found in medium diameters of up to 20 in.

Bell splits, normally associated with leadite-sulfur based joint sealant, and caused by
differing thermal expansion between metal and non-metallic leadite

Perforations, normally created by through-wall pitting. The failure will be leakage rather
than structural.

The seventh failure mode - rupture/blow-out, mainly occurs in prestressed concrete cylinder pipes
(PCCP) due to prestressed wire failure. Often what is described as blow-out in ferrous pipes is actually
one of the other six modes.
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Circumferential Longitudinal Hole Joint
66.4% 13.3% 16.1% 4.2%

Circumferential or circular failures may be caused by one or more of the following:

Thermal contraction

Bending stresses arising from differential soil movements or voids in the bedding,
which in tum may be caused by leaks

Bad installation practice

Third party impingement

Internal pressure in combination with one of the above.

Longitudinal breaks are caused by transverse stresses, and one or more of the following factors are
involved:

•

•

•

Internal pressure
Hoop stress due to live loads
Increased ring stress due to thermal changes (frost loads).

From a study of 72,000 data records of U.K. ferrous water mains laid in the period between 1880 and
1980, the overall percentage of failure types is shown in Table 1-6 (United Kingdom Water Industry
Research [UKWIR], 2001).

Table 1-6. Percentages of Failures of Iron Pipe with Different Modes in U.K.

The large percentage of circumferential failures was concentrated in the smaller diameters up to 12 in.,
which also represent the greatest length of the network. Longitudinal failures became dominant in the
larger diameters.

Mechanical failure for steel pipe is by longitudinal crack propagation.

1.4 Main Break Occurrence Factors

Table 1-7 summarizes the main break occurrence factors. It is based on Table 1 from an EPA "White
Paper on Improvement of Structural Integrity Monitoring for Drinking Water Mains" (Royer, 2005).

1.5 Causes of Failure and Indicators in Ferrous Pipes

Table 1-8 is a summary of main causes of failure and indicators in ferrous pipes. Break failure refers to
situations where pipe loses its functionality and is no long serviceable, structural failure refers to presence
of cracks, holes, and other defects on serviceable pipes.
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Factor Description
•Chemical

stressors
Internal and external corrosion caused by factors such as aggressive water or soil,
microbes stray currents, oxygen gradients and bi-metallic connections

Physical
stressors

Damage during transport, unloading, storage and installation
Traffic loads
Soil loads from differential settlement caused by soil movement
Point loads (impingement)
Internal radial loads from internal pressure fluctuation
Axial loads from seismic activity, soil movement and water hammer
Thermal stress from temperature differences between water, pipe and soil
Damage by third parties - dig-ins
Damage to external coatings or internal linings

Other factors • Aging accumulation over time of chemical and physical stressors
Pipe flaws .- inadequacies in design, raw materials or manufacturing
Installation defects incorrect bedding, backfill, jointing, encapsulation and coatings

Indicators of FailureForm of Failure Causes of Failure

Break failure Lining damage, wall loss from
internal pitting, graphitization,
leaks, external loads, and pressure
variations

Cast Iron Pipes
Internal pitting and
graphitization corrosion
weakening wall often combined
with induced strain

Table 1-7. Summary of Factors Leading to Main Break Occurrences

Table 1-8. Main Forms of Failure and Indicators in Ferrous Pipes
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Break failure External pitting and
graphitization corrosion
weakening wall often combined
with induced strains

Coating damage, wall loss from
external pits, graphitization (hard to
detect), leaks, external loads, and
pressure variations

Break failure

Break failure

Third party impact damage Construction activity

Cracks in body or bellManufacturing defects coupled
with fatigue and/or soil
movements

Structural failure Movements from thermal,
seismic, external loading

Joint leaks, poor bedding, and pipe
movements

Thermal contraction, poor
support leading to movement,
internal pressure

Circumferential cracks, frost
regions, leaks, pipe movements,
and expansive clays

Structural failure
(Circumferential cracking
smaller diameters <12 in.)

Structural failure
(Longitudinal cracking
larger diameters >l2 in.)

Internal pressures, external
loadings, thennal stresses

Longitudinal cracks, frost regions,
and changed internal/external loads

Structural failure (bell splits) Leadite joints

Leaks (joints)

Cracking at bell

Loss of soil support and
bending failure

Leak noise, wet areas, and pressure
variations



Indicators of FailureForm of Failure Causes of Failure

Break failure
Duetile Iron Pipes

External pitting and
graphitization corrosion
weakening wall often combined
with induced strains

Damaged protection, wall loss from
external pitting, graphitization
(hard to detect), leaks, external
loads, and pressure variations

Break failure Internal pitting and
graphitization corrosion
weakening wall often combined
with induced strains

Damaged lining, wall loss from
internal pitting, graphitization (hard
to detect), leaks, external loads, and
pressure variations

Third party impact damage Construction activityBreak failure

Structural failure and pipeJoint leaks, poor bedding,
movements

Movements from thermal,
seismic, external loading

Thermal contraction, poor
support leading to movement,
internal pressure

Circumferential cracks, frost
regions, leaks, pipe movements,
and expansive clays

Internal pressures, external
loadings, Thermal stresses

Longitudinal cracks, frost regions,
and changed internal/extemal loads

Leak noise and wet area

Structural failure
(Circumferential cracking-
smaller diameters <12 in.)

Structural failure
(Longitudinal cracking-
larger diameters > la in.)
Leaks (wall perforations and
joints)

Loss of soil support and
bending failure

Steel Pipes with Cement Mortar Lining
Break failure Pitting corrosion weakening wall Damage to coating/linings, wall

loss, pitting, and leaks

Longitudinal cracking Graphitization, groups of pitting,
and wall loss

Construction active

Thinning from general corrosion,
and areas of pitting corrosion

Third party damagePipe bursts

Table 1-8. Main Forms of Failure and Indicators in Ferrous Pipes (Continued)
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Driver Focus of Condition Assessment Program
Assessments of renewal budgets and timing
of spending

Provide data for use in budget setting and/or
justifying capital deferment

Prioritization of capital programs Target priorities for renewal spending
Determination of appropriate intervention Determine the level of renovation required,

select the most cost-effective whole life
approach

Regulato requirements Comply with regulate or financial reporting
Forensic investigations Understand failure and support litigation

2.0 STATE-OF-THE-ART CONDITION ASSESSMENT OF WATER MAINS

2.1 Role in Relation to Asset Management

Asset management is playing an increasingly important role in utility operations. It is defined in the
International Infrastructure Management Manual (Institute of Public Works Engineering Australia
[IPWEA], 2006) as:

"Asset management is a combination of management, financial, economic,
engineering, and other practices applied to (physieab assets with the objective of
maximizing the value derived from an asset stock over the whole life cycle, within
the context of delivering appropriate levels of service to customers, communities
and the environment and at an acceptable level frisk. "

Asset condition assessment is an important component of asset management in terms of quantifying and
determining asset performance. Condition assessment is used to provide accurate information about
current and likely future conditions of an asset. Table 2-1 is a summary of drivers and areas of focus for
undertaking a condition assessment, based on the Governmental Accounting Standards Board (GASB)
(Marlow and Burn, 2008).

Table 2-1. Drivers for Undertaking Condition Assessment (Marlow and Burn, 2008)

The foundation for asset and condition assessment lies in a comprehensive asset inventory. The pipe
inventory should ascertain characteristics for each pipe segment: size, material (including lining and
external protection, if any), and age. This covers a great deal more than the pipe network and is outside
the scope of this paper. Numerous publications provide guidance on asset management and development
of asset inventories (Association of Metropolitan Sewerage Agencies [AMSA], 2002, IPWEA, 2006).

To facilitate benchmarking and comparisons, it is necessary to have a robust asset management
framework together with standardized data reporting. In order to undertake robust appraisals within an
asset management framework, some font of national standard for asset inventory would be of
considerable value. Research bodies such as AwwaRF have undertaken extensive research and published
numerous reports, including "Asset Management Planning and Reporting Options for Water Utilities"
(Matichich et al., 2006), which reviews how utilities handle asset management and defines three options
for utilities to use.
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2.2 Condition Assessment

Condition assessment may have a variety of goals including strategic, tactical, and operation and
maintenance (O&M), which determine the condition assessment implementation and affect the type and
accuracy of predictions required.

According to Commonwealth Scientific and Industrial Research Organization (CSIRO), there are two
types of condition assessment:

•

•

Assessment of an individual pipe
Assessment of a collection (cohort) of pipes.

An assessment of individual or short sections of the network is usually undertaken when there is a reason
to believe that the particular pipe is in a condition leading to its failure. An assessment of a cohort of
pipes gives a general overview of the overall condition of a group of pipes and is often used in strategic
decision making. Additional information can then be used to develop the condition assessment to focus
on individual pipes. In either cohort or individual condition assessment, it is implicit that a condition
assessment be based on asset and failure data, which then dictate what procedures and locations will be
critically rated and prioritized for inspection and development of life predictions.

In the EPA's water infrastructure research plan (EPA, 2007), condition assessment is defined as the
collection of data and information through direct and/or indirect methods, followed by analysis of the data
and information, to make a determination of the current and/or future structural, water quality, and
hydraulic status of the pipeline. The primary research emphasis in this project is structural condition
assessment, as opposed to hydraulic or water quality condition assessment.

Condition assessment should be a structured and logical process. The need is to determine quantifiable
objectives and understand causes of deterioration, then quantify deterioration in order to reach a sound
understanding of the condition.

A comprehensive assessment can be viewed as a four-stage process:

O

Stage 1. Initial identification of physical characteristics of a pipeline in terms of historical,
environmental, and operational data

From this data identify and prioritize assets for condition inspection based on the
consequences of failure
Determine what information is required from an inspection program. "If you don't know
what you are looking for, you are unlikely to find it."

O

Stage 2. Evaluate the possible methods of inspection for their appropriateness and cost
effectiveness to provide the required type and level of information. Undertake an inspection
using an appropriate technology

Stage 3. Carry out a final condition assessment based on the information from stage 1 and
inspection to provide an assessment of the likelihood and consequences of failure. Bear in
mind that inspection provides data, not assessment, and needs to be interpreted.
Interpretation may include developing life expectancy curves and predictions of time to
failure

Stage 4. A final stage should be to measure the success of the undertaking.

18
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2.3 Condition Assessment - Risk and Prioritization

Risk is defined as the consequences of failure times the likelihood of failure. In any program of condition
assessment and prioritization, it is necessary to determine not only the likelihood, but also the
consequences of failure. This Risk Based Inspection (RBI) approach has been successfully used for some
years in the oil and gas industry. This is represented in Figure 2-1, which graphically shows the
combination.

The reality of water utility management, with limited resources, is that when the likelihood of failure may
be high but consequences are low, the cost of investigation may not be justified. For example, with a 4-
in. cast iron main in open ground in a rural area it will be more economical to repair any failure and
replace when an unacceptable level of failure is reached. Any condition assessment should include such a
risk evaluation, because it is a key factor in prioritization of investigation.

Consequence of Failure
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Figure 2-1. Risk: Consequences and Likelihood of Failure

2.3.1
headings:

Consequences of Failure. The consequences of failure can be evaluated under three main

Direct costs
Environmental costs
Socio-economic costs.

Each individual main can be assessed on the basis of these headings. If the assessment to any of these
headings indicates a high impact and cost, then the main would have a high rating in terms of
consequences of failure.

Some of the factors that increase the consequences of failure are set out in Table 2-2.
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• •

•

•

•

Large populations
Government, defense sites
Hospitals
Key industries
Critical care individuals

•

No alternative routes
Large diameter lines
Difficult terrain

• Heavy traffic
»  Remote sites

No alternative water supply lines

•

•

•

Industrial/commercial/residential
• Highways, bridges, tunnels, railroads,

airports, subways
¢ Potential landslips

Water courses
Areas prone to flooding
Major utility crossings

Critical Customers Critical Locations Difficult phvsRal Factors

Table 2-2. High Consequence of Failure

A program under development by UKWIR called "Failure of Large Diameter Trunk Mains" is expected
to provide a flexible framework tool for utilities estimating this kind of risk.

Likelihood of Failure - Key Indicators. In this section some of the key and secondary
indicators of likelihood of failure are reviewed. Four key indicators are critical in carrying out a condition
assessment and criticality review. These are defined as three types of burst or break together with leakage
failure. There are also secondary indicators that will modify the assessment.

2.3.2

It should be noted that there is no agreed definition of failure terms in the industry. An on-going Water
Research Foundation/WERF project "Key Asset Data for Water Sector Utilities" (Project #4 l 87) may
help address this problem.

The term "burst" is commonly used internationally for a structural failure, which makes the pipeline no
longer operable. The term "break" is sometimes used in the same sense as "burst" but it has also been
used for a crack in the pipe where the pipe is still serviceable.

Burst/Break Failures

For all types of ferrous water mains, the most critical data set is the number of failures (or bursts and
breaks), their location, and the nature of the failure. Bursts could be further subdivided according to their
significance, as follows.

Class A Failures have greater operational, environmental, and consequential impact and
cannot be repaired routinely. It is particularly important for the utility to carry out, in such
cases, as comprehensive an investigation and interpretation as possible. Undoubtedly, it is
difficult for a utility operator to distinguish between a corrosion and mechanical failure. In
many cases both types of failure will be involved. The larger the diameter of the pipe, the
more important is the quality of the investigation.

Class B Failures are considered routine pipe breaks and are repaired as they occur, usually
for smaller diameter pipes and often involving circumferential breaks. Their impact is much
less in terms of cost and environmental, operational, and consequential damage. It was noted
earlier that circumferential breaks, predominantly in small pipes, represent a large percentage
of structural failures. Such breaks are often caused by excess stress due to factors like soil
movement, external loading, and lack of bedding support.

Class C Failures are those that occur due to third party activities and that fall outside the
scope of likelihood evaluations. They are not easily predicted, although many Class C
failures are avoidable if proper procedures are followed by third parties.

20



This failure information is most readily available from maintenance records and failure databases
developed by the utilities. It should be possible to identify the number, location, and type of breaks, as
well as repairs undertaken. Many utilities take the number of failures per mile as the only factor in
determining the likelihood of failure and the need to replace a pipe. This is a very common approach in
smaller diameters where the cost of structural investigation and assessment may be a significant
percentage of the replacement cost.

Leak Failures

Leak failures may be sub-classified into:

•

•

Joint and fitting leaks
Pipe wall leaks.

Most leaks can be considered as defects as the line remains in service until such time as it is repaired.
Leaks in pipe walls can be important, because they are likely to indicate perforation in the pipe wall,
which in some mains is considered to lead to structural failure. Stress raisers around the pitting create
high local stress leading to fracture.

An AwwaRF study "Leakage Management Technologies" examines the use of proactive leakage
management techniques in the U.K and assesses the practicality of applying them to North American
utilities (Fanner et al., 2007). An upcoming Water Research Foundation report by American Water will
examine the application of continuous acoustic monitors placed throughout a distribution system
(Hughes, 2008).

Pipe Wall Corrosion

Pipe wall corrosion indicators are considered in terms of direct data and by inference from environmental
conditions, particularly soil aggressivity. Knowing the extent of the metal loss will allow calculation of
the current beam and hoop strength and the factor of safety.

Investigation Data. The presence of corrosion in the form of pitting occurring internally and externally is
used as a basis for the likelihood of break and predicted life. When inspection data on wall thickness,
such as wall thickness loss and pitting depths, are available, this quantitative information can be used to
predict the remaining pipe life based on the original pipe wall thickness and the age of the pipe. A major
problem in the U.S. is that the availability and quality of data from U.S. utilities are extremely variable,
and there is no common reporting standard, which makes comparison difficult.

The findings of a UKWIR study using data from a large utility set out in Table 2-3 may warrant further
consideration of the assumption for cast iron pipes that failure will occur when a corrosion pit just
penetrates the pipe wall (UKWIR, 2000). It should be noted that corrosion holes only account for 14.3
percent of failures, and most of these failures are concentrated in smaller diameter pipes. Some of the
findings of the study were:

Cast iron pipes do not fail when graphitization just penetrates the wall. It has been found that
9 to 10 percent of random samples of pipes operating successfully had holes in the walls after
shot blasting

When penetration is through the pipe wall, a fracture analysis shows that there is insufficient
stress concentration to cause cracking by internal pressure alone
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Size Range
(in.)

Failure Type (count)
Fracture Joint OtherHole

381
1,136

29
16
29
0
7

1,022
3,152
156
70
17
3
29

5,947
17,237
449
226
226
15
88

2 to 3
4 to 7

8 to 10
12 to 14
15 to 18
20to 24

>24

232
678
53
55
55
5

61

Percent 77.014.3 5.13.7

Table 2-3. Number of Different Types of Failure in a U.K. Utility (1991-1997)

Leakage in cast iron pipes after wall penetration does not always occur as graphitization
product acts as a plug.

The UKWIR study findings need to be compared to the findings on the main failure mode for ductile iron.
This was identified not as general corrosion or graphitization, but as pitting attack (Rajani and McDonald,
1995). A study of 359 failures on l 18 ductile iron water mains in U.K. suggested that pitting was the
primary mode of failure (De Rosa and Parkinson, 1986). The pitting rate appears to be similar for all
types of ferrous pipe so that the wall thickness and external protection become key issues. An AwwaRF
study "The Effect of Corrosion Pitting on Circumferential Failures in Grey Cast Iron Pipes" focused on
small diameter pipes (Makar, 2005). Spun cast iron pipes with pits larger than 1.6 in. in diameter were
vulnerable to failure. Pit-cast iron pipes were vulnerable with pits larger than 0.8 in. in diameter. The
thinner wall pipes were more prone to circumferential failure than thicker wall pipe. Large changes in
soil support were found to be an important factor producing substantial levels of bending stress.

Environmental Corrosion. Environmental corrosion applies to both external and internal pipe
corrosions. External corrosion is related to environmental conditions, specifically the corrosivity of the
soil. It is necessary to use this information as a proxy to assess the likelihood of corrosion. It is important
that a utility populate a database with soil conditions in the area of its water mains. However, natural or
man-made changes to the soil environment can create significant differences over the same pipeline. For
internal corrosion, there are only some broad indicators, such as aggressive water with low pH that may
signify internal corrosive conditions leading to pipe wall loss. For both external and internal corrosion,
likelihood of failure will be modified by the type of protection provided, taking into account any defects
or damage.

Soil chemistry is an indicator in screening for the likelihood of failure from external corrosion. Soil
chemistry and its potential for causing corrosion to ferrous material have been known for many decades.
It is recognized in numerous codes and guides as a key factor. Soil chemistry is a particular concern for
pit-cast, spun-cast and some ductile iron mains installed without external protection..

The research on corrosion to ductile iron pipe and the use of polyethylene wrap dates back to the early
1950s. Even where corrosive soil is known to exist, the potential for external pipe corrosion may, to
some extent, be discounted if the utility has taken precautions to protect the pipes from the aggressive soil
conditions. Protection measures include encapsulating in PE, external coatings and wrappings, and
cathodic protection. In some cases retrospective protection has been provided.
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Diameter
(in.)

1880 to
1899

Date Range of Installation

1900 to 1920 to 1940 to1919 1939 1959 1960 to
1980

Avg.
RL (8)
(yr)

112

99
95
107

59
52
18
62

57
72
33
73

71
53
57
150
68

6

9

12

15

18

69
60
91
102
68

7848112 100 80 59Avg.
RL'° " (yr)

2.3.3 Likelihood of Failure - Secondary Indicators. Several of the indicators listed below are
not indicators of failure in the narrow sense but important factors in the nature and likelihood of failure.

Pipe Age

Pipe age is often used as a direct basis for making replacement decisions. However, it needs to be placed
in the context of a rate of deterioration or corrosion in order to have a rational basis for replacement
decisions based on remaining service life. Undoubtedly, older pipes have had more time to suffer various
forms of corrosion and stress. Older pipes may not have been designed for the stresses being imposed
today. In addition, they have not been provided with the level of protection required on more recent
installations. Thus, if two pipes have been subject to identical environmental and operational conditions,
the younger pipe will have a longer life. The problem is that identical conditions seldom occur and many
factors need to be considered when using age as an indicator for predicting remaining life.

Predicting failure purely based on age could be misleading when one considers in detail the causes and
complexities of failure. Some failures occur in the early life of a pipe due to manufacturing and
installation defects.

The variability in service life is well illustrated in Table 2-4, which shows average remaining life in years
for ferrous water pipes for a U.K. water utility for pipe sizes of 6-in. diameter and greater (UKWIR,
2001). These are predictions from an analysis of condition data taken from pipes adjacent to a burst.

Table 2-4. Average Remaining Life Predictions in Years for Ferrous Water Mains
Based on Period of Installation (UKWIR, 2001)

(a) Average Remaining Life (Yr)

Certainly age is an indicator that can be taken into account as an adjunct to the key critical factors. Age
can be a guide to the type of pipe in that dates for the introduction of spun-cast iron and ductile iron pipe
introduction are well established.

Pipe Diameter

As noted in Table 2-3, the number of failures is much larger for the smaller diameter pipes. This is the
result of a combination of greater installed lengths of small pipes, and a higher failure rate than the larger
pipes. The predominant failure type, regardless of diameter, was found to be fracture failure with a much
higher number of failures at the smaller diameters. While most of the failures occur in smaller diameters,
the risk posed by single failure of a large transmission line can be very high due to the large amount of
damage and loss of service that can occur.
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Pipe Thickness

The initial pipe thickness when installed is of importance. This is taken as the calibration base point from
which loss of metal is calculated. Together with pipe age, this provides a theoretical rate of corrosion.
Variation in wall thickness can be large for cast iron pipe. Pipe thickness can be found in contemporary
AWWA Standards that are used in procuring the pipe.

Type of Internal Lining

CML is the standard font of lining provided since the 1950s with most spun-cast iron pipes and all
ductile iron pipes. It will provide internal protection unless damaged or deteriorated. Pipe lining
rehabilitation methods are available and can extend pipe life if structural integrity is present or restored.

Joints

The type of joint used for ductile iron in trenches is predominantly bell and spigot push fit with an
elastomeric seal. These allow some flexibility for soil movement.

Spun-cast iron pipes also used this form of joint although earlier versions of cast iron pipes (i.e., pit-cast)
can have lead and leadite joints. Steel pipes have flanged and welded joints. Welded, lead, and leadite
Joints cannot accommodate movement, any movement causes stresses in the pipe.

Joint leaks occur due to improper installation and soil movement, so the indicator is not the joint but the
installation. The exception is leadite joints, as bell splitting has found to be associated with this type of
joints. Leadite is a plasticized sulfur cement compound that was used as an alternative to lead. It was
found to be an inferior product to lead for two reasons. First, leadite has a different coefficient of thermal
expansion than cast iron and results in additional internal stresses that can ultimately lead to longitudinal
splits in the pipe bell. Secondly, sulfur in leadite can facilitate pitting corrosion, resulting in
circumferential breaks on the spigot end of the pipe near the leadite joint. The failure rate for a leadite
joint pipe is significantly higher than that for a lead joint pipe even though the pipe may not be as old.
Therefore, for a leadite joint pipe, the indicator is the joint in conjunction with soil movement.

Location

Location and depth of cover can identify external loadings on a pipe. This information should be readily
available. It should include key features such as crossings of roads, rail tracks, waterways, depth of
cover, and other situations. A U.K. study showed that pipes laid under heavily trafficked roads had a very
high rate of failure, particularly in the colder months of November through February, although these are
thought to be circumferential fractures and mainly in smaller diameters (UKWIR, 2001).

Loading on a pipeline in practice is a combination of external loadings and internal pressure.

Installation Defects

A remarkably large number of defects in pipelines originate from the time of installation. Improper
bedding and badly made joints are examples. Some failures appear shortly after installation but often
show up many years later as a structural failure. External corrosion resulting from improperly installed
polyethylene wrapping may not show for many years. Experience and records will show up patterns that
build a picture on the good and the bad.
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Potential Soil Instabilities

Soil instabilities can arise from various causes, including the soil type. A UKWIR study found that for
pipes in clay soils the annual rate of bursts was nearly twice that of pipes laid in chalk areas (UKWIR,
2001). The study also concluded that the most likely cause of enhanced seasonal failures was the change
in clay soil volume caused by variations in moisture.

Examples of more extreme causes are seismic movements and locations where a pipeline is on or adjacent
to a slope.

An AwwaRF study of grey cast iron pipes found that changes in soil support were a major contributory
factor to circumferential failures (Makar, 2005).

Soil Temperature

Changing soil temperature is of particular concern in Northern regions where ground frost and the
freeze/thaw cycle can cause movement. Since high temperature can accelerate corrosion rates, it needs to
be considered in conjunction with soil aggressivity. It should be noted that soil temperature is used as a
surrogate measure of water temperature which may be the actual cause of most breaks (see below).

A UKWIR study showed that circumferential fractures in pipe of smaller diameters (4 to 6 in.)
significantly increased in the months of November through January (UKWIR, 2001). No similar pattern
was present for longitudinal fractures. NRC published a paper on the influence of weather and burial
conditions on break rates and developed an empirical model for correlating break rates with climatic
changes (Kleiner and Rajani, 2002; 2004; 2008).

Groundwater Levels

Seasonal changes of groundwater level and those caused, for example, by tidal variations can contribute
to both soil instability and corrosive conditions. In sensitive clays, seasonal changes can cause heave and
shrinkage, resulting in significant pipe movement.

Pressure Changes

Transient pressure can be a significant cause of failures. Some authorities consider that this can be the
most important cause of induced stress failures. The original design would be based on an operating
pressure with a maximum test pressure that would allow for surges and other intennittent pressure
variations. In the normal operating life, the pipe should be quite capable of working within this design
range. However if there are surges or increases in operating pressures beyond those allowed in the
design, or that occur when the pipe has deteriorated, then there is a likelihood of failure.

Water Temperature Changes

Thermal stress due to changes in water temperature in the pipe has been found to be a contributory factor
to failure in some regions. When the water in the pipe becomes colder, especially near the maximum
density of water, it seems that pipes tend to break. This occurs when the water in a reservoir turns over in
the fall, and although soil temperature may still be well above freezing, pipes tend to break. Also, rapid
temperature changes seem to possibly be another secondary factor.

An overall summary of failure modes and indicators is given in Table 2-5, as an initial attempt to provide
a set of indicators and ranking.
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Causes of LeakCauses of Structural FailuresMode:

Wall
Perforations

(Can be a
Subset of

Internal and
External

Corrosion)

Induced Stresses
(Often in

Combination with
Internal and

External
Corrosion)

Internal
Corrosion
(a Direct
Form of
Failure)

External
Corrosion
(a Direct
Form of
Failure)

Joint
Failure

(a Defect)
Key Indicators

VC
NC
VC

NC
VC
VC

VC
NC
VC

VC
NC
VC

NC
C

NA

C C VC VC NA

Break Failures
Leak Failures
Pipe Wall Corrosion
(Investigation Data)
Pipe Wall Corrosion
(Environmental
Conditions)
Secondary Indicators

C
NC
NC

C
NC
C

N A
C(3)

N A
NC
C(b)

NC

C
CM)

N A

N C
C(b)

N C

N C

C
NC
NA
NA
NA
VC
C

VC
VC
C
C
C
C

C
NC
C

VC
NA
NA
NC
C(b)

NC
NC
NC
NC
NC

C
NC
NC
NA
NC
C
C

C(c)

VC
C
C

VC
C

C
C

NC
NC

Pipe Age
Pipe Diameter
Pipe Thickness
Type of Internal Lining
External Protection
Joints
Location
Installation Defects
Soil Instabilities
Soil Temperature
Groundwater Levels
Pressure Changes
Water Temperature
Changes(d)

C
NC
NC

Table 2-5. Failure Modes and Indicators

VC = very critical, C = critical, NC = not critical, NA = not applicable
(a) Can be a positive indicator and reduce failure potential.
(b) Damaged linings and external protection.
(c) Defective installation.
(d) Applying to cold regions only.
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3.0 TECHNOLOGIES FOR CONDITION ASSESSMENT

Condition assessment methods can be classified as direct and/or indirect methods. Direct assessment
usually requires access to the inside or the outside of the pipe, including visual inspection, destructive
testing, and non-destructive testing (NDT). Indirect methods include the analysis of failure history,
leakage level, hydraulics, and soil properties. Several AwwaRF reports provide a description of a number
off DT with trials of prototypes (Dingus et al., 2002, Reed et al., 2004, Lillie et al., 2004). The WERF/
AwwaRF study "Condition Assessment Strategies and Protocols for Water and Wastewater Utility
Assets" lists 85 individual condition assessment tools and techniques (WERF, 2007). The report "Non-
Destructive Testing of Water Mains for Physical Integrity" (AwwaRF, 1992) is outdated, and thus is less
relevant in view of the developments over the last 30 years.

This section provides the basic technologies and their applications together with observations on their
limitations and potential application to ferrous water mains. Examples of commercial technologies are
listed in Appendix A.

3.1 Visual Investigations

3.1.1 External Condition Inspection. The visual judgment of an experienced utility engineer or
operator can have considerable value. Where pipelines are laid above ground, visual surveys play a more
important role in that the pipeline can be directly observed for evidence of coating damage, leaks, or other
defects. For buried pipelines, these can range from walk-over inspection of the surface along the line to
various forms of aerial surveys. Aerial surveys are rare in the water industry but have been used in times
of drought to look for water leaks by noting unexpected areas of green vegetation.

The monitoring of a line by walk-over surveys is relatively common practice for many pipelines. It is
valuable in that it can give a warning of some defect or problem such as leakage or ground movement.
However, as no direct observations of the pipeline can be made, it has limitations.

Opportunistic visual inspections when a pipe is exposed for maintenance or repairs can provide a great
deal of valuable information to an experienced engineer or technician. Deb (2002a) offered a standard
data form that can be used for opportunistic visual inspection of a pipe when it is exposed for
maintenance or repairs.

3.1.2 Internal Condition Inspection Using CCTV. Closed circuit television (CCTV) is a well
known technique employed in gravity sewer mains. The current generation of CCTV systems has
features that enable an operator to obtain useful information on the internal condition of a pressure main.
Key components include:

•

•

•

•

Pan and tilt head
Zoom lens
Sonde
Crawlers/tractors.

A CCTV inspection does not provide any quantitative information on the structural condition of the pipe.
The main purpose of such a survey would be to provide some visual indicators to possible defect
locations. Where a pipe has an internal lining, it will provide some qualitative information on the
condition of the lining. It may also be possible to identify leaks from inward groundwater infiltration
when the pipe is empty.
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In common with many other "internal" technologies, the main barrier in undertaking such inspections is
the need to gain access to the line, which may require temporary by-passing, shut down, dewatering,
cleaning and removal of pipe sections or fittings to allow a camera to be put into the line. The costs
associated with these support requirements will be many times the cost of the CCTV survey. Where a
line has to be closed down and emptied for maintenance or repairs, then the opportunity to carry out a
CCTV survey can be taken.

The Water Research Centre (WRc) in the U.K. has developed a CCTV capability based on the same kind
of launch system used for Sahara® leak detection, which is described in A.3.l in Appendix A. The
camera is attached to a calibrated umbilical cable through which it transmits data in real time. In water
mains a drogue is attached which propels the camera through the line. The cable also controls the speed
of movement of the tool and allows its retrieval. Color surveys of live water mains up to 2,500 ft from
the entry point are possible. The location of the camera can be detected from the surface using a
walkover tool so that the operator can mark the surface with the exact location. The operation of a
camera may be incorporated as a supplement to the Sahara® leak detection system

3.2 Pit Depth Measurements

A manual technique is widely used as a basis for obtaining a rate of corrosion by measuring pit depth.
Tools are widely available, portable, and simple to use.

Although pit depth often is used as a key factor in calculating the remaining life of a water main, there
appears to be no standard method of measurement. At least five different measurement methods can be
used, ranging from mechanical calipers and depth gauges to ultrasonic and electromagnetic techniques.

In field investigation a section of buried pipe is exposed in an excavation and a selection of pits that are
observed is measured. The number chosen for measurement varies among investigation companies. For
mechanical measurement methods, cleaning and preparation of pipe are required, which may be done in
different ways.

For laboratory testing of samples, the pipe is shot-blasted, in some cases the laboratory may take up to 10
random measurements. Other laboratories will take a given number of the largest pits that can be seen. It
is therefore difficult to interpret and compare utility databases on pit depth measurements, and it is normal
to Lind a large variation in results.

3.3 Destructive Testing

The most common practice is to retain, inspect, and test coupons of pipe wall in a laboratory, however
this is not routinely done in the U.S. and is highly variable among utilities. Core and coupons can be
taken from a ferrous pipe wall using drilling techniques, including pipes in service using pipe tapping
techniques. Some utilities performing non-structural rehabilitation will collect samples to confirm the
structural integrity of the newly lined pipe.

In addition, sections or length of pipe (cut outs) are removed for laboratory analysis. Gas distribution and
potable water utilities commonly undertake laboratory tests on samples.

The mechanical tests carried out include:

•

•

•

Burst test
Tensile test
Ring test
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•

•

Fracture toughness test

Four-point bending test.

The metallurgical tests include:

Examination of the metal structure and properties

Examination of fracture surfaces, inclusions and fracture pits
Analysis of fracture surfaces and corrosion pits.

A full description of these mechanical and metallurgical tests can be found in Chapters 2 and 4
respectively of the AwwaRF study "Investigation of Grey Cast Iron Water Mains to Develop a
Methodology for Estimating Service Life" (Rajani, 2000).

3.4 Non-Destructive Testing

3.4.1 Sonic/Seismic Technologies. Sonic and seismic technologies generate mechanical waves in
a medium and measure the time taken for a reflected wave to reach a transceiver. This time can be
correlated to material thickness if the elastic response characteristics of the medium are known.

Ultrasonics measure the propagation time of high-frequency, short-wavelength mechanical waves through
a ferrous pipe wall, and correlate this with the nominal thickness of the material. The detection of flaws
is based on the reflection of the wave from the interface between materials of different properties, for
instance graphite or a cement mortar lining. The resolution is such that small areas of wall loss can be
identified, allowing the creation of a map of the wall thickness of a pipe. Ultrasonic waves are at
frequencies greater than 100 kHz, but accurate thickness measurements use frequencies in the order of 10
MHz.

External Applications of Ultrasonics

Ultrasonic measurements are among some of the best-established methods for simple external testing of
points along a ferrous pipeline wall. The equipment is in the form of hand-held instruments where a
probe is positioned on the metal (see Figure A- l, Appendix A). The tool is calibrated to provide a direct
thickness reading, which can then be compared with the original wall thickness. These measurements are
point readings of the depth, and there can be substantial variations that are not detected between the
chosen points.

Ultrasonics performs best on steel and ductile iron, and less well on thicker grey iron. Most ultrasonic
devices require direct contact with clean metal, which involves removal of coatings, linings, and
corrosion products.

Because ultrasonic tools are inexpensive, they have become popular in-house inspection tools with some
utilities. However, operators still need to be properly trained and understand how the tools work,
including their limitations, to avoid generating misleading data.

In-Line Investigation Ultrasonic Pigs

The ultrasonic principle is used in intelligent pigs that have been developed for in-line inspection (III) of
oil and gas pipelines. The tools directly measure the wall thickness as they travel through the line. They
are equipped with transducers that emit ultrasonic signals perpendicular to the surface of the pipe. These
transducers are located in a carrier that covers the internal circumference. Typically the spacing will be
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every 8 mm circumferentially and 3 mm longitudinally. An echo is received from the internal and
external pipe surfaces. By timing these return signals and comparing them to the speed of ultrasound in
steel pipe, the wall thickness can be calculated.

Using ultrasonics in-line requires good contact with the pipe wall to obtain an accurate response.
Typically the contact medium is a liquid. This contact, or coupling, is usually sufficient for liquid-
carrying pipelines. This method may be impractical in tuberculated mains and potentially compromised
in lined pipes.

It should be noted that the tools used in the oil and gas industry are not suited technically or economically
to the inspection of water mains. Various laboratory developments have been reported and prototypes
have been built. However, a commercial proven tool is not thought to be available.

3.4.2 Guided Wave Ultrasonic Testing. Guided wave ultrasonic testing (GWUT) has the
potential to inspect portions of pipes with continuity from accessible locations. GWUT uses the pipe wall
as a conduit for the ultrasonic energy.

Guided wave pipe inspection technology was developed for external remote detection. The concept is to
generate ultrasonic Lamb waves and send them along a pipe using one of several transducer types.
Discontinuities such as corrosion give a differing reflection back to the transducer, which is able to
measure and determine the size of the defect. A guided wave propagation and reception collar is mounted
on the outer surface of the pipe. This transmits and receives ultrasonic pulses around the full
circumference of the pipe. Losses of wall thickness can be identified and mapped. To date tools that are
commercially available have been used in the process, oil, and gas industries on pipes with welded steel
joints that provide the continuity. The diameter ranges from 2 to 48 in. Typically, the length of pipe that
can be scanned depends on pipe condition, coating, and type of soil with maximum distance in the order
of 100 ft. It works for pipes that are insulated or coated. It is particularly useful for buried steel pipelines
and road crossings.

Trials of guided wave systems on steel mains are described in an AwwaRF report, "Techniques for
Monitoring Structural Behavior of Pipeline Systems" (Reed et al., 2004).

3.4.3 Electromagnetic Methods. Several technologies are based on electromagnetic principles,
but all are variations on two: magnetic flux leakage (MFL) and eddy currents. They are applicable to
ferrous pipes, or pipes with a ferrous component.

Magnetic Flux Leakage

When a magnet is placed next to a pipe wall, most of the flux lines pass through the pipe wall. That is,
the pipe wall is a preferred path for the flux. While most of the flux lines concentrate in the pipe wall, a
few pass through the surrounding media. Flux leakage at a metal-loss region is caused by a local decrease
in the thickness of the pipe wall. At a metal-loss region, the flux carried by the thin section is less than
that carried in the full wall. Flux leaks from both surfaces of the pipe.

A sensor positioned on the inside (magnet side) of the pipe is typically used to measure the magnetic field
adjacent to the pipe wall. At a metal-loss region, a sensor records a higher flux density or magnetic field,
which indicates the presence of an anomaly. In this maier, an MFL tool detects an anomaly that causes
flux to leak. The measured leakage field depends on the radial depth, axial length, circumferential width,
and shape of the anomaly, as well as the magnetic properties of the nearby material. To characterize the
anomaly, the measured leakage field must be analyzed.
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MFL is the most commonly used inspection technology for oil and gas pipeline inspection. Numerous
inspection companies provide services, but these tools are not suited to "pigging" of water mains.

MFL tools detect and characterize metal loss from corrosion, one of the most common causes of ferrous
pipeline failures. As currently used, though, MFL tools cannot detect all metal loss or reliably detect
other defects such as axial cracking. High resolution and extra high resolution tools can provide
improved detection capabilities.

Eddy Currents

When an energized coil is brought near the surface of a metal component, eddy currents are induced in
the specimen. These currents create a magnetic field that tends to oppose the original magnetic field. The
impedance of a coil in close proximity to the specimen is affected by the presence of the induced eddy
currents in the specimen. When the eddy currents in the specimen are distorted by the presence of flaws
or material variations, the impedance in the coil is altered. In effect, the eddy currents act as a shield, and
defects reduce the eddy current shield.

These induced eddy currents are the key to defect detection. Defects block and distort their preferred
flow patterns. This change is measured and displayed in a manner that indicates the type of flaw or
material condition. Cracks at right angles to the current path interrupt the surface eddy current flow and
are detected. Cracks lying parallel to the current path will not cause any significant interruption and may
not be detected.

Skin effects limit conventional eddy current inspection teclmiques to inspection of only the surface
nearest to the probe.

One eddy current technique, the remote field eddy current (RFEC), is capable of inspecting the entire wall
thickness without the need to use ultra low frequency. An exciter that is sized to nearly the same diameter
as the inside diameter of the pipe, is driven with a low-frequency sinusoidal current. A small, magnetic
field sensor is positioned some distance away. One portion of the magnetic field generated by the exciter
travels down the inside of the pipe, with the field directly coupled to the sensor. A second portion of the
alternating magnetic field propagates through the material of the pipe, inducing eddy currents as it goes.
Once the magnetic field penetrates the outside wall of the pipe, it spreads along the surface of the pipe
and re-enters the pipe, again inducing eddy currents to flow in the pipe material. This second path is
referred to as the remote path. The total magnetic field and eddy current flow at any point is the
combination of directly coupled and remotely coupled fields.

Several RFEC tools are in commercial use for ferrous pipeline inspection.

Eddy current technologies have some inherent limitations:

Frequency - most systems are frequency dependent or have a limited number of frequencies
in their operating range. This limits the detectability of material thickness variations

Size and shape of sensors - the transmitter and receiver size and shape affect the operational
frequency, so antenna configuration is not easily altered to suit survey configurations.

3.4.4 Radiographic Testing. Radiography is a non-destructive test method that can be used on
ferrous pipes. Radiography shows changes in thickness and density that are associated with corrosion. It
has been used widely in petrochemical processing plants and outside the U.S. on water mains. It has
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CommentsIndicator Criticality

technical limitations in that pipes of 15 in. inner diameter and greater must be emptied. It also has
considerable health and safety issues. Radiographic testing is expensive and requires specialist operators.

3.5 Environmental Testing

The soil, water table, and pollutants can create conditions leading to corrosion of unprotected ferrous
pipe. Soil environments are not all corrosive to ferrous pipes, and even in moderately corrosive soils the
rate of corrosion may be such that the pipe will have a service life of more than 100 years. AIl types of
ferrous pipes can suffer potential damage from contaminated soils.

Due to the lack of better indicators of corrosion, the soil environment evaluation is currently the best
approach to evaluating external corrosion for unprotected pipe. Table 3-1 provides a summary of
indicators and criticality ratings for soil environment data.

Table 3-1. Indicators and Criticality from Environmental Data
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Soil Resistivity High

Soil Moisture Content Low

Soil pH High

Chloride Ion Content Medium

Sulfate and sulfide Medium

RedonPotential High

Known Corrosive
Environments

High

Soil Temperature Low

Groundwater Levels Medium

Potential Soil
Instabilities

Medium

A function of soil moisture, temperature, and
concentrations of ionic soluble salts
Soils with moisture content greater than 20% considered
more corrosive
Likelihood of corrosion increases in acid soils with pH
values of 4.5 and less
Use of De-icing salts on paved surfaces can lead to high
concentrations of chloride ions in trench. Where
concentrations are in the range of 10 to 1,000 ppm there is
an increasing potential for corrosion
Presence of sulfide in waterlogged soils indicates that
bacteria have been promoting reduction of sulfate ions and
indicates MIC activity
Redox potential is an indicator of degree of aeration in
soil. A high level is an indicator of aerobic soil and
increase potential for corrosion. A low negative redo
potential is an indicator of anaerobic conditions and
potential for SRB and MIC forms of corrosion
Experience indicates that some soils and site conditions
are corrosive regardless of testing. These include polluted
sites, cinders, landfills, and peat bogs
Changing soil temperature is of particular concern in
northern climates where ground frost can cause
movement. High temperatures can accelerate corrosion
rates
Groundwater levels need to be recorded including
seasonal changes. Those caused for example by tidal
variations can contribute to both soil instability and
corrosive conditions. Constant high groundwater level
can create anaerobic conditions
Soil instabilities can arise from various causes including,
for example, seismic movements and locations where a
pipeline is on or adjacent to a slope or subject to man-
made vibration, such as subway, rail line, heavy vehicle
traffic



Various researchers have tried to establish a direct correlation between soil properties and corrosion
measurements. The aim is to predict the size of a corrosion pit over time from the estimated corrosion
rate, the known soil properties, and the size of the pit as measured at inspection. However, this work has
not been conclusive. Although external corrosion is influenced by soil environment, the particular
properties and how they govern this behavior are debatable

For example, it has been shown that the "average corrosion rate" does not reflect the process as the
maximum pitting rate is high and then falls, so it is not a constant. Another problem lies in changing
environmental conditions that can change the soil properties

Although internal water quality has no bearing on external corrosion, there is some evidence that the
treatment of water by chlorination and oxygenation is a potential cause of internal corrosion in unlined
cast iron pipes

The National Association of Corrosion Engineers (NACE) Corrosion Basics provides a table for soil
resistivity vs. degree of corrosion (NACE, 1984)

American National Standards Institute (ANSI)/AWWA C-105/A21.5 provides a 10-point system for
evaluating the likelihood of corrosion deterioration

DIPRA has a Design Decision Model (DDM) (DIPRA, 2005), which uses a 10-point system for
likelihood of corrosion and uses the same basis of environmental factors as the ANSI/AWWA Appendix
A. It is intended for new design, but the same considerations can be applied to evaluation of existing
installations

A discussion of soil tests and corrosion is presented in "Investigation of Grey Cast Iron Water Mains to
Develop a Methodology for Estimating Service Life" (Rajani, 2000)

Some key points that arise from this research are of importance in evaluating likelihood of failure

The growth of corrosion pits is time dependent and depends to a large degree on the
surrounding soil and its properties

The rate of pitting is higher early in the life of a pipe and then falls

There is no single dominant soil property that appears to govern corrosion

Low values of saturated soil resistivity appear to be directly related to high rates of corrosion

The conclusion was that the predicted pit depth was a function of

Time (exposure period)
Pipe diameter
Chloride content
Soil sulfide content
Soil redo potential
Saturated soil resistivity
Liquid limit for soil

The correlation between pH and pitting corrosion was shown to be weak and is not included in the
analysis. A mathematical analysis using these factors showed a moderate correlation (mean error 45
percent) between predicted and actual pit depths. However, American Water observed external corrosion
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on polywrapping ductile iron pipes in areas affected by acid mine drainage (causing low pH soil) and
employed polyethylene pipe instead (Hughes, 2008).

3.6 Leakage Management

3.6.1 Overview of Leak Management. The International Water Association (WA) has suggested
that there are four key tasks in leakage management:

•

•

•

•

Pressure Management
Leak Detection
Leak Repair
Pipeline Replacement.

The focus of the Forum was on the first two tasks.

Leakage management in North America has been mainly reactive by responding to identified leaks and
from information obtained from water loss audits. To date there has been no regulatory pressure, but
drought and limited water resources are increasing political, economic, and environmental concern to
reduce leakage. In some countries, such as the U.K., water utilities are subject to government regulation.
This has provided the incentive to develop pro-active approaches such as leak management and improved
leak detection methods. Leak management based on District Metering Area (DMA) has been used by the
U.K. water utilities as a basic approach for over 10 years and covered most of the national network. A
DMA is an area of between 500 to 3,000 connections into which water can be measured and analyzed to
determine the level of leakage.

A recently published AwwaRF report titled "Leakage Management Technologies" addresses the use of
leakage management methods (Fanner et al., 2007). This report has three objectives:

Review proactive management techniques used internationally
Assess the applicability of these techniques to North America
Provide guidance on how to practically and cost effectively apply these techniques.

The report highlights the importance of understanding the nature and extent of their water losses in order
to develop the best water loss management strategy. The study found that a water audit can provide the
necessary information on the level of losses. DMAs are recommended to facilitate the identification of
areas of probable leakage and focus leak detection surveys. Pressure management was identified as being
important in reducing the flow rate of hidden breaks and short term break frequency.

A more detailed description of flow metering, logging, and analysis of the data is presented in
"Technology and Equipment for Water Loss Management" (Farley, 2007).

Pressure management has been identified as an important measure for the long-term reduction of real
losses. The principle behind pressure management is quite simple - lower system pressures during
periods of lower demands (when system pressures normally rise) and reduce the flowrate from the
existing background leakage (those small weeping leaks from fittings and joints). An additional benefit
of pressure management is the potential reduction in water main break frequencies, which in tum helps to
extend the life of the pipeline.

3.6.2 Leak Detection Technologies. Leak detection uses a variety of methods including acoustic,
acoustic with correlation, infrared thermograph, chemical (using a tracer gas), and mechanical (Smith et
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al., 2000). Acoustic leak detection is the most widely used method. Since the beginning of the 21s'
century, a number of new leak detection technologies have been developed, including ground penetrating
radar (GPR), combined acoustic logger and leak noise correlate, digital correlate, and radio-frequency
interferometer (Pilcher, 2003). One of the recent advances is in-line leak detection systems, such as the
Sahara® and Sma1tBall® acoustic systems. Selected leak detection technologies are described below.

External Leak Detection

External technologies fall into two groups: acoustic and correlators. The former works on the basis of
directly locating the noise of a leak, in its most effective form, it entails the use of a monitor brought in
contact with the main to listen for leakage noise. Other monitors, called hydrophones, do not come into
direct contact with the pipe, valves, or hydrants but are placed over the location of the pipe. There have
been numerous acoustic and electronic advances to improve the capability of "stick sounding."

Correlators are based on the velocity of sound made by a leak as it travels along the pipe wall between
two hydrophones or similar sensors. The sensors are situated at convenient locations on the pipe some
distance away from, and on either side 0£ the leak point. The difference in time taken for the sound to
travel to each sensor allows the difference in path length to be calculated, from which the leak position
can be identified. It has long been recognized that correlators are not as effective on large-diameter
transmission mains.

A recent advance in external technology is the deployment of monitoring units designed to monitor
acoustic noise over extended time periods including permanent installations. There are several variations
in these systems. Some units provide data by downloading to mobile receivers that stop or pass nearby
the monitors. Others are linked to automatic meter reading (AMR) networks that transmit data to a base
station or website. Some systems are connected to water service lines while others are connected to the
top of valves.

In-Line Leak Detection

One of the most recent valuable leak detection developments has been "In-Pipe Technology." Leaks can
be detected by passing a hydrophone through the interior of the pipe to the point where the leak noise
signal is detected. As the hydrophone travels through the pipe it can only be a maximum of one pipe
diameter away from the leak, so even small leaks can be detected.

Commercially available tools include Sahara® and SmartBall®. Sahara® is a single hydrophone attached
to a calibrated umbilical cable that can detect and locate leaks, in real time, as it travels through the
interior of the pipe. SmartBall® is a free-swimming foam ball with an instrument-filled aluminum alloy
core that records acoustic activity to identify leaks as it moves along the pipeline. Both are described in
Appendix A.

Ground Penetrating Radar

GPR technology has been adapted for leak location. GPR uses electromagnetic wave propagation and
scattering to locate and identify changes in the electrical and magnetic properties in the ground. It is the
ability to detect differences in the density and water content of soils that allows GPR to be used as a leak
detector.

It is used in South Africa on a daily basis for leak detection. It is used frequently as a rapid
reconnaissance survey tool by attaching an array of antennae to a vehicle and driving the pipeline route.
This kind of survey can cost around $500 per mile for a long transmission line.
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However, as with all GPR investigations there are limitations depending on soil conditions, surface
pavement, and other underground structures in urban areas, and the use and data interpretation require a
high level of skill and experience

Radio Frequency Interferometry

This technology uses a radio-frequency interferometer that transmits low power, ultra high frequency
(UHF) radio waves into the ground. The signal is reflected from the leaking water back to the antenna
The signal is amplified and processed by a sensitive interferometer system, which ignores signals that do
not change with time but identifies rapidly changing signals that can be displayed to show strength and
character

Infra-Red Thermography

Infra-red thermograph is used to detect leaks in pipelines and the voids around them. High-resolution
temperature measurements made by infra-red cameras show variations in temperature in a pipe wall. The
method is frequently used from aircraft over-tlying long and remote pipelines, it is fast and provides
instant feedback on-site. The pressure drop at a leak point and the plume of leaking fluid in the
surrounding soil both show measurable temperature changes. It has been used for leak surveys on less
accessible water mains

3.7 Summary of Inspection Methods and Applications

Tables 3-2 through 3-4 present summaries of the current inspection methods and applications discussed
above. More information on the technologies is provided in Appendix A

For external technologies, if the pipe is not exposed, it will be necessary to excavate inspection pits
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Table 3-2. Tools and Technologies for Inspecting Structural Integrity Externally

BEM = Broadband Electromagnetic, ECAT = External Condition Assessment Tool: MOL = magnetic
flux leakage
See Appendix A for more detailed information.
(a) Real time provides immediate structural condition without further processing. Full data processing

is an additional cost.

Table 3-3. Tools and Technologies for Inspecting Structural Integrity Internally

BEM = broadband electromagnetic, MOL = magnetic flux leakage, RFT = remote field
technology
See Appendix A for more detailed information.
(a) For oil and gas pipeline.
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4.0 APPROACHES TO CONDITION ASSESSMENT

Condition Assessment Basics

In condition assessment it is necessary to have a logical and robust basis for estimation of the likelihood
of failure for the range of assets in the network. Where there is a significant amount of data, in particular
break data, the likelihood of failure can be assessed using statistical techniques. Where there is no failure
history, the approach needs to be modified

Historical, environmental, and operational data can be used to

Provide an overall screening tool for an evaluation of a water main and focus field
investigation activities

Predict failure without use of structural integrity investigation

The key to screening for likelihood of failure is to have a structured database or inventory that is
constantly updated, can be interrogated, and records the full data on the pipeline, its surroundings, and its
operation. There are programs of condition assessment developed for water utilities that provide
guidance on developing and operating an appropriate database. If the database can be based on a
Geographic Information System (GIS), it becomes more useful and effective

Equally important, a likelihood of failure analysis should provide a sound basis on which to develop a
cost-effective investigation program. This allows a utility to focus its site investigation not only in terms
of where but also of how, when, and what to investigate. Such an investigation program needs to
supplement and fill the gaps in the information available from historical, environmental, and operational
data. Thus, data gaps need to be identified before embarking on an investigation program so that the
investigation is focused on the data required

In the American Petroleum Institute (API) Recommended Practice for Risk Based Inspection (API, 2002)
an important point is made that is relevant to the development of any program. The document explains
that a risk-based inspection (RBI) can be based on qualitative data, quantitative data, or a mixture of the
two. Quantitative risk analysis requires hard data that can be used to calculate, for example, the
anticipated remaining life of a pipe. The data set needs to be comprehensive for the line under
consideration and the methods used in the calculation need to provide answers that conform closely to
actual performance. For much of the water network, utilities do not have either the comprehensive data
or performance records that allow them to use quantitative risk approaches

Therefore, it is necessary to rely heavily on qualitative data, which involves inputs based on engineering
observation, judgment, and experience as the basis for determining likelihood of failure. Where it is
possible to obtain measurable data such as pitting depth or metal loss in the wall of a pipe, such data will
be a major contributor to that judgment. Likelihood judgments and criticality rating are not given as
mathematical answers, but rather in qualitative terms such as high, moderate, or low or some comparative
numerical value

A consensus has emerged that RBI that considers the consequences and likelihood of failure is the
preferred approach. Figure 2-1 from Section 2 illustrates this approach. The Global Water Research
Coalition (GWRC) is leading an international project "Tools for Risk Management" that uses this
approach. This project is one element of Track 4 of the Strategic Asset Management (SAM) initiative, as
described below



There is a multitude of papers and programs on the subject of condition assessment, including the
following studies published by AwwaRF that cover ferrous pipes:

Risk Management of Large-Diameter Water Transmission Mains (Kleiner et al., 2005)

Assessment and Renewal of Water Distribution Systems (Grigg, 2004)

Prioritizing Water Main Replacement and Rehabilitation (Deb, 2002a)

Investigation of Grey Cast Iron Water Mains to Develop a Methodology for Estimating
Service Life (Rajani, 2000)

Quantifying Future Rehabilitation and Replacement Needs of Water Mains (Deb, 1998).

A specific and very comprehensive study running to several hundred pages is the WERF/AwwaRF
"Condition Assessment Strategies and Protocols for Water and Wastewater Utility Assets" (WERF,
2007). This study has now been incorporated along with others into an overall SAM Challenge program
involving WERF, Water Research Foundation, and several international associations and agencies. Three
of the tracks being pursued are of relevance here:

Track 2: SAM Benchmarking and case studies
Track 3: Decision support tools
Track 4: Prediction of remaining asset life.

Each track has several embedded research projects.

4.2 Condition Assessment and Likelihood of Failure

The whole purpose of collecting data from inventories, records, observations, and inspections is to use the
information to make an assessment of the current condition of the asset. The second aspect based on this
assessment is to determine the likelihood of failure and predict the future structural condition and life
expectancy. A third use is to prioritize inspection where additional data are needed.

A key element of effective asset management is a cost-effective approach for assessing condition
assessment and performance. The demand will differ greatly between utilities according to size and
outcome required. Many programs have been developed in order to meet regulatory requirements.

The uses and needs of utilities for condition assessment vary, and approaches can range from simple in-
house evaluations to sophisticated programs operated by specialists.

4.2.1 Relative Criticality. Determination of the relative criticality of mains and a priority ranking
is undertaken using experienced judgment or some more structured approach. Criticality should begin
with water customer considerations such as interruptions of water supply that are life threatening (e.g.,
kidney dialysis), impact on a large number of customers, industrial or commercial commerce, or
disruption of transportation. Other ranking considerations can include:

Ranking of sections for inspection
Ranking of structural concern
Ranking of operational concern
Ranking of critical concern sections.
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Belief Networks". Bayesian theory defines probabilities as "reasonable degrees of belief.
Probabilities are assigned to propositions based on beliefs gained from observations. The probabilities
are conditional based on the state of the variables

In reality, it is a structured application of expert knowledge and experience to the available information
and observation. Many engineers and operators use this approach instinctively in making their
assessments

A sophisticated version of Bayesian "Belief Networks" is "Sewer Cataloguing, Retrieval and
Prioritization System" developed for WERF (WERF, 2004). This is a computer-based expert system for
identifying pipelines at risk of operational and structural failure, and takes into account consequences of
failure. Although developed for wastewater, it is relevant and adaptable to potable water and many other
assets

A simpler version has been developed by Jason Consultants, which is aimed at small to medium utilities
that have need for a tool that can be used by their own staff. A "Relative Criticality Ranking" of large
diameter water transmission mains was developed for a major U.S. city using this technique

The technique is used to provide a rating both for likelihood and consequences of failure. Supporting
detailed "Belief Networks" are developed to provide the information for this overall network (see
Figure 4-1)

Criticality Rating

Likelihood of Failure Consequences of failure

Direct Cost

Overall Structural overall operational

Healthlenvironmental
operational defects

Material degradation

Internal corrosion External corrosion

Figure 4-1. Overall Belief Network - Likelihood and Consequences

4.3 Life Cycle Curves

The "Bathtub Curve" is a widely accepted conceptual representation of a pipeline life cycle
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Figure 4-2 shows such a curve. There is an early high premature failure due to defective design, material
or workmanship. This is followed by a long period of low failures and moves into a higher rate of
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Figure 4-2. Life Cycle of Typical Pipeline

What is of interest is the effective service life, which can be much greater or sometimes less than the
design life. It is worth noting the factors that determine the effective service life by operational limit,
which are:

Actual pressure load
Actual external load and other pipe stresses such as thermal stresses
Actual corrosion rate.

4.4 Residual Life - Life Predictions, Modeling, and Life Expectancy Curves

It has long been the aim to find a means to accurately predict when a pipe will fail. The detemlination of
residual life depends on many factors, interpreting these to reach a residual life that corresponds with
operational experience is challenging. Predicting future performance is based on past performance and
there are considerable variations in experience between utilities due to different local conditions.

4.4.1 Life Predictions. Pit depth measurement is a widely used method for inferring the residual
life of a ferrous water main. The rate of corrosion is based on combining maximum external and internal
pit depths together with the pipe age and original thickness. A linear rate of corrosion is assumed when
the pit or pits will fully penetrate the pipe wall and this is then taken to be the time of failure. ASME B31
code provides guidance on determining the remaining strength, but not on pit depth measurement
(ASME, 1991).
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RaDefects Condition

5Failed; immediate action required
>

Cracks, breaks, significant change in cross
section, bending deflection > 4 mm for CI,
0.06D for DI and 0.lD for lined DI

4Severe damage, preventive action requiredGreater than 75% loss of wall thickness at any
cross section, noticeable sag or change in
cross section

Wall thickness loss between 50-75% 3Moderate damage, preventive repair planned

Wall thickness loss between 25-50% 2Small damage, preventive repair on basis of
remaining service life

0-25% wall thickness loss 1Minimal damage, no immediate action required

This approach has several weaknesses:

It can be difficult to determine the true age of the pipeline

It can be difficult to determine the original pipe wall thickness

The way pit depths are measured is not a standard procedure

Pit depth sampling is very random and pitting is very variable along a pipeline so that it is an
act of faith to assume the pit depths recorded represent the worst case

Internal pitting is very difficult to identify and measure in a pressure main

Pitting in coated pipelines may start after failure of the coating

It has been observed that the rate of pit corrosion is not uniform and tends to slow down over
time.

Utility experience has shown that such predictions can significantly underestimate or overestimate the
service life. The reality is that isolated pit penetration which can lead to leakage is not a major cause of
pipe burst failure (UKWIR, 2001). Only if an area becomes weakened by a group of pits is it likely to be
an important contribution to failure. It has been noted earlier that grey cast iron pipes continue to
function even when full wall penetration has occurred. However, in ductile iron it becomes a more
frequent cause of failure.

Various attempts to improve the reliability of life predictions have been developed. For example, when
the extent and depth of pitting can be compared with a database of various types of pitting in pipes of a
similar age and type, then it becomes more meaningful. CSIRO developed a failure model that takes into
account variations in corrosion rate, the resistance as the pipe corrodes, and the applied service loads.

New York City Department of Environmental Protection (NYCDEP) is currently undertaking non-
destructive evaluation and development of an asset management system for wastewater force mains.
They developed an asset inventory database first, including a standardized reporting tool. In order to
develop a structural rating, a detailed finite element analysis was conducted on typical mains. This has
resulted in Table 4- 1 , which defines the level of defect and action.

Table 4-1. Structural Condition Ratings for Force Mains (after NYCDEP)

CI = cast iron, D = diameter, DI : ductile iron
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Although this analysis was for force mains, it has a relevance to ferrous pipes in the water network.

4.4.2 Modeling. Modeling is used to assist utilities in a wide range of infrastructure situations.
Models can be used to provide indications of the overall network picture as well as detailed structural
evaluations at a zonal level (McKellar, 2006). A specific example of this approach is the "Burst
Consequence" model developed by Thames Water. This identifies where flooding would occur if there
were a burst and the financial consequences (Blakey, 2001).

A paper "Comprehensive Review of Structural Deterioration of Water Mains: Statistical Models"
provides an overview of work carried out in the past 20 years to quantify the structural deterioration of
water mains by analyzing historical performance data (Kleiner and Rajani, 2001). The authors consider
the physical mechanisms that lead to pipe failure often require data that are not readily available and are
costly to obtain. Physical models may currently be justified only for major transmission water mains,
where the cost of failure is significant, whereas statistical models, which can be applied with various
levels of input data, are useful for distribution water mains. The statistical methods are classified into two
classes, deterministic and probabilistic models. Subclasses are probabilistic multi-variate and
probabilistic single-variate group processing models. The review provides descriptions of the various
models including their governing equations, as well as critiques, comparisons and identification of the
types of data that are required for implementation.

A current prob act undertaken by NRC in conjunction with Water Research Foundation is "Dynamic
Influences on the Deterioration Rates of Individual Water Mains" (Project #3052). The objective is to
develop a model that considers both the static and dynamic factors of individual water mains. The
deterioration process is complex with many static factors like soil, pipe material, size, and age as well as
dynamic factors like climate, operation, and protection. It is expected that the outcome will be a model
and analytical tool that covers dynamic factors for an individual main.

A model to prioritize the replacement of cast iron distribution mains was developed for AwwaRF and
AWWA titled "Decision Support System for Distribution System Piping Renewal" (Deb, 2002b). It is
based on the relationship between remaining wall thickness and residual strength. External and internal
loads are used to model the stresses on the pipe, fed into a model and compare them to the current
strength and the current Safety Factor (SF) is calculated.

A partnership between AwwaRF and NRC has produced a report titled "Risk Management of Large-
Diameter Water Transmission Mains" that provides a method to translate distress indicators obtained
visually or from non-destructive evaluation techniques on large water mains into condition ratings
(Kleiner et al., 2005). The process involves "fuzzy logic", a method for combining scarce condition data
with modeling that predicts the statistical likelihood of deterioration and failure of a given pipe.

4.4.3 Life Expectancy Curves. The concept of determining the economic life of an asset using
statistically developed life expectancy curves has been developed by a number of researchers and
authorities. There is some disagreement about the value of this approach.

Any pipe material laid in a given year will have an average life, but may not require replacement at the
same time due to a multitude of factors. The basis is that the mains will have a probability of needing
replacement spread on either side of the average. Typically, a life expectancy model combines a series of
nonna distribution curves for types of pipes and the year laid. The simplest approach is to decide the life
of the asset and then using standard deviations (10 to 20 percent) to produce a series of replacement cost
curves.
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Commercial ly
Available

skills
Required

Tool  or
Technique

Some fundamental assumptions like "average life" and standard deviations are made, but they should
correspond with experience to match real life.

4.4.4 Software Programs. Many programs have been developed for residual life prediction as
part of condition assessment strategic planning. These programs range widely in degree of sophistication.
Many of them are developed as planning models, but all are concerned with making an evaluation of the
life of an asset.

"Condition Assessment Strategies and Protocols for Water and Wastewater Utility Assets" (WERF,
2007) has an extensive table in Chapter 7 that summarizes the tools and techniques available for condition
assessment of both water and wastewater systems that have been developed worldwide. Table 4-2 was
modified based on this work for condition assessment strategic planning of water systems.

Tab l e  4 -2 .  Tool s  and  Techn i ques for  Cond i t i on  Assessm ent  S tr a teg i c  P l ann i ng

Note: many of these programs cover more than pipeline assets.
Updated based on Table 7-6 in WERF, 2007.

The tools and techniques listed in Table 4-2 have the following in common:

•

•

All are computer-based
Very high data needs - assets and failures
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Fai lNet- Stat Failure forecasting High -
asset and
failure data
Moderate

High High

WRc Trunk
Main Structural
Condition
CARE -w

Current condition/
remaining life

High Basic generic
approach

No (only research
application in
Europe)
Available as
manual

High

KANEW

Strategic planning
with rehab planning
Strategic tool for
replacing

High

Basic generic
approach

High

No (trials in
Europe)
Available from
CHEM Hill

MRP Decision support
tool for main
renewal

High High Yes

PARMS-
PLANNING

Decision support for
asset renewal

High High Yes (in Australia)

PIREP High High No (under
development)

UtilNets

Decision support
system for rehab
planning
Reliability support
system

High High No (prototype
stage)

W A R P Long term planning
using asset failure
curves

Dependant on
tools used
High
comprehensive
data
Very High
asset,
performance
and failure
High
asset and
failure
High
asset and
failure
Very high -
asset and
failure
High
asset and
failure

High High Yes



• High professional engineering skills required.

This list is by no means comprehensive and there are a number of other programs and developments
currently under way. It would require an extensive effort to evaluate these programs for their
comparative merits.

An example of one of these programs is "UtilNets." European funding invested a significant sum in this
forecasting model, which is a decision-support system (DSS) for rehabilitation planning and optimization
of the maintenance of underground pipe network of water utilities. The DSS performs reliability-based
life predictions of the pipes and detennines the consequences of maintenance and neglect over time in
order to optimize rehabilitation policy. While admirable in its aims and logic, it was found that the model
requires more data than currently available to make its use worthwhile.

4.5 Current Barriers to Effective Use of Condition Assessment

There are a number of barriers to effective use of condition assessment. The following is not meant to
serve as a comprehensive list.

4.5.1 Database Quality. In the previous section it was noted that all condition assessment
programs are based on high quality asset and failure databases. The lack of robust databases for many
water utilities is a major barrier to condition assessment in building a picture of the failure patterns for
different ages and types of pipe in a range of locations.

The UKWIR's "Nationally Agreed Failure Data Base and Analysis Methodology for Water Mains" has
provided statistically robust information on mains failure together with basic data on the assets for more
than 95 percent of the U.K. water network (UKWIR, 2004). It has more than 500,000 records and is
increasing the number and quality of records in a staged development. The data from the utilities was
taken and reformatted to be consistent and comparable. This has provided valuable insights into both
national and regional patterns of failure for all types of pipe material.

Currently, Water Research Foundation is pursuing a project (Project #4l95) to try to make use of the
architecture, definitions and structure of the UKWIR database for data on main breaks in the U.S. This is
being done in parallel with Australian water utilities. At present, Water Research Foundation is
identifying a handful of utilities that have interest in the topic of main breaks and condition assessment to
work on this prob et and provide some feedback on adaptation of this model to the situation in the U.S.,
while the Water Services Association of Australia (WSAA) follows a similar path in Australia.

In many cases, the existing U.S. utility databases are incomplete and/or inaccurate. Failure databases are
not standardized when kept, and failures are normally not recorded or attributed in a uniform manner that
could allow any sensible comparison.

The fragmentation and diversity of water utilities in the U.S. would make the development of a national
database a difficult, but valuable task. The U.S. electrical utilities have the North American Electric
Reliability Corporation (NERC) database. It is maintained by the electrical utilities and contains
information on reliability and failure of electrical power systems supplied by vendors.

An AwwaRF paper supports the concept of National Water Main Failure Database and believes that it
would be of great value to water utilities (Gaewski and Blahs, 2007).

4.5.2 Regional and Local Variations. In an attempt to provide all-purpose condition and
management assessment tools applicable to a wide range of clients, the importance of local variations that
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can arise from a number of reasons, not just environmental, has not been given sufficient consideration in
the past. This is now better recognized, and several organizations including NRC, WRC, and UKWIR are
building frameworks that allow individual utilities to model around their own experience and data.

4.5.3 Inspection Data Set Requirements. Although a great deal has been written on both the
asset and failure data, there is not a good consensus on what key data sets are needed or can be obtained
from an inspection to make a reliable condition assessment and life prediction. This lack of consensus is
likely due to the fact that it is difficult to define the exact and reliable pre-failure conditions leading to
structural failures because of multiple types and magnitudes of loadings and pipe strengths. Furthermore,
for technical and economic reasons, it is often difficult to measure the pipe and loading parameters with
adequate spatial, temporal, and failure mode coverage even though the feasibility of measuring critical
parameters may change as technologies improve and costs decline. For structural condition assessment, a
typical aim is to try to determine the loss of metal by general corrosion, graphitization, and pitting.
Detecting cracks and flaws is also needed, though.

However, external investigations, which can only cover a small percentage of the main, may not represent
the maximum loss of metal or be typical of the line. Internal investigations are costly and disruptive to
the utility operation, and are rarely undertaken. The quality of the data in terms of identifying pitting is
often poor. General areas of metal loss are more easily identifiable than graphitization or pitting.

At best, inspection can only provide a snapshot of the current condition. To make predictions, the basic
information on the pipe (type, age, and original wall thickness) is needed. Additional infonnation such as
how long corrosion has been taking place and if it has been uniform is also needed.

The use of soil characteristics to determine the likelihood of corrosion and particularly pitting has
relevance when the pipe is unprotected, but a large part of the ferrous network has been laid with some
sort of protection. Polyethylene encasements became common, but not universal, in the U.S. in the l 970s
and now installation of ductile iron pipe with polyethylene encasement is considered routine by most
utilities. However, many unprotected pipes have been and continue to be installed. Cathodic protection
installed during initial work, retroactively or opportunistically, is another protection method.

In earlier sections of this report some anomalies are highlighted both in the forms of failure and the
relevance of the statistical and inspection data.

Many vendors' reports are prefaced with a wide range of disclaimers as to their accuracy.

4.5.4 Current Condition Assessment Methodologies. All models and predictions must detennine
what key factors leading to failure will be used in a model. It is apparent that there is no consensus
among researchers on what these factors are and what their comparative weighting should be. Differing
pipe manufacturers, vintages, and local environmental conditions make it difficult to develop a model to
fit all.

Many programs require a high level of technical input, which is probably only available in larger
organizations or by the consultants promoting the method. The multiplicity of approaches and level of
sophistication of these programs can be daunting to managers and engineers in the small to medium size
utilities. There is a need for improving the situation for utilities to operate in-house condition assessment.

4.5.5 Current Inspection Technologies. The technologies currently available are described in
Section 3 and Appendix A. Undoubtedly, progress has been made and there have been valuable
developments that will continue.
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However, the reality is that there is a long way to go for an inspection tools for structural condition that
will fully meet the needs of the water utilities. The typical "wish list" is set out below:

Inspect without disruption of service

Inspect unlined pipe without disturbing tuberculation

Access live mains

No obstruction to flow

Negotiate multiple bends, restrictions and appurtenances

Determine presence of linings and coatings and their condition

Inspect without removal of linings and coatings

Provide comprehensive structural data, including loss of metal through general corrosion,
graphitization and pitting to an accuracy of 10 percent of the original wall thickness

Provide both internal and external loss of metal

Identify longitudinal and circumferential cracks and flaws

Low mobilization cost

Inspection cost of 3 to 5 percent of the asset value.

Internal Inspection

No commercial internal inspection tools currently available can meet all of the criteria either technically
or economically. Recently, tools have been developed that claim to work in pipe diameters up to 14 in.
with the main in operation. These are recent innovations and little field experience is available.

Major shortfalls lie in the tooTs ability to identify pitting and the high cost of mobilization and inspection.

External Inspection

In terms of the "wish list" above, external investigation comes closer to meeting the criteria. There are
tools that will closely identify the structural condition for the section of pipe exposed and inspected.

The downside of external inspection lies in the cost of exposing a section of pipe and the reliability of
such investigations as being representative of the whole line. This point is discussed elsewhere.

In undertaking limited external sampling, locations and conditions need to be chosen so as to be fairly
uniform in the section being investigated.

Leak Detection

The developments in in-line leak detection have brought us closer to meeting most of the utilities' "wish
list" for leak investigation. However, mobilization and setting up launch and/or retrieval points can be a
significant cost. Current in-line leak detection is a snapshot of the current leaks. It is possible for a leak
to develop immediately after examination and remain undetected until being inspected again.
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4.5.6 Physical Difficulties and Costs of Inspection. Major barriers to inspection by utilities are
the physical difficulties and the costs involved in gaining access to the pipe.

For an internal investigation the tools that can be used in an operational main are currently limited by
diameter and quality of the data collected. To gain access for such tools, some form of launch and/or
retrieval facility needs to be retrofitted. Any tuberculation would need to be removed prior to inspection.
Several of the technologies can inspect the ferrous pipe through lining. Other internal technologies can
only operate with the main out of service, emptied and cleaned.

Many utilities have reservations about introducing inspection tools into operational water mains. The
possibility of contaminating the water supply is a major concern.

For an external investigation of a main in the road, the costs of excavations can easily be several times the
cost of the inspection. If these are located in roads, then traffic control, pavement removal, reinstatement,
and dealing with existing utilities add to the cost.

4.5.7 Relationship between Information Needed and What Current Technologies Provide.
The quality of the information that is obtained by external and internal inspection technologies is not well
defined. Currently, a utility has to adjudge any technology or method on the sales pitch and cost. There
is no independent testing and evaluation information to compare competing methods for their ability to
give the information needed.

A number of inspection technologies produce a great deal of data that after processing is presented to the
client in relatively simplistic plots. However, the interpretation of the data lays in the hands of the vendor
whose understanding of electronics and data processing may be greater than his understanding of pipes.
There have been a number of inspections that have not identified or quantified key defects.

4.5.8 Relationship between Performance and Cost. A paper "Economic Assessment of
Inspection - The Inspection Value Method" sets out the concept of a performance-based economic model
of inspection based on cash values (Wall and Wedgwood, 1998). It defines value of inspection as the
benefit less the cost of inspection (Value = Benefit - Cost). For cost, it uses three elements:

•

•

Fixed cost
Time and speed-dependent cost
Cost depending on reliability.

These can be readily expressed in cash terms.

To estimate the benefit in cash terms is more subjective. Avoidance of costs associated with breaks might
be considered to be a major benefit. It could also be considered as the benefit gained from avoiding
renewal for a longer period.

Grand Central Model (GCM) was developed as a standard Microsoft® Excel spreadsheet to assist utilities
to calculate the cost of failure (Cromwell et al., 2002). The AwwaRF paper "Analysis of Total Cost of
Large Diameter Pipe Failures" continued this work (Gaewski and Blaha, 2007). It was recognized in the
later work that it was unlikely that water utility managers would use the original model to develop the
extensive data inputs as needed. A simplified data collection sheet was developed that made certain
assumptions on behalf of the utility. The approach and assumptions are detailed in the paper.
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Direct costs of the majority of failures are relatively low. A recent AwwaRF paper estimated that for
diameters of 20 in. and less, there are 300,000 breaks per year, with the average direct cost of a break
being $5,000 and with societal cost accounting for another $5,000 (Grigg, 2007). The paper estimated
that for diameters over 20 in. there was approximately 500 breaks a year and from a range of records
calculated that the geometric mean of all costs was $500,000. Again the breakdown is 50 percent direct
cost and 50 percent societal cost. Societal costs are paid by the utility sometimes or only partially.

It cannot be assumed that inspection will directly identify a pending structural failure. This reality is well
understood by many utility managers who find it more cost-effective to fix breaks than anticipating them.

In terms of the benefit, it will be difficult to show value for smaller diameters taking into account all of
the costs of inspection.

An AwwaRF study "Performance and Cost Targets for Water Pipeline Inspection Technologies" (Proj et
#3065), still to be published, addresses the issue of value of inspection. The interim findings state that for
many situations neither the performance nor the cost of many water inspection technologies is acceptable.
It proposes that quantitative cost and performance targets for technologies be identified. The point is
made that value of pipeline inspection information is not well quantified, thereby making cost/benefit
decisions about assessment difficult or impossible.

It is noted that the cost of inspecting just 0.2 percent of a line externally will involve pits every 3,000 ft
(this is based on exposing a 6-ft length). Statistically this is a small sample. The cost of pits in a highway
can easily be in the range of $20,000 to $50,000. The actual cost of the inspection element and reporting
could be in the order of $3,000 to $5,000 at each excavation. Improving the quality of the data by
conducting more inspections in excavations will add significant cost.

Internal inspection should be able to provide more comprehensive information, but has a significant cost
in gaining access to the line. Therefore, the inspection company's high cost associated with equipment
mobilization, data collection, and data processing can be a significant percentage of the asset value.

There is a strong economic case for not inspecting smaller diameters as the cost of any inspection will be
a significant percentage of the replacement or rehabilitation cost.

The AwwaRF study also discussed the "acceptable" costs to utilities of collecting investigation
information. Generally, utilities considered the cost too high, even for large mains. For cases in which
they were prepared to offer a percentage relationship, there were two schools. One considered something
between 2 and 5 percent of the pipeline value, the other was willing to pay less than 1 percent. For a
comprehensive survey even the upper levels will be difficult to achieve because, based on the costs of the
current technologies, it is likely to be 10 percent or even higher.

Undoubtedly, cost of investigation is a major barrier to greater use of inspection devices. For many in-
line technologies the scope for reducing cost appears to be limited because of the following factors:

High development and production cost of intelligent pigs
High cost of mobilization
Significant cost in providing launch and recovery facilities
Large amount of data collected which has to be processed.
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5.0 KEY PERFORMANCE AND COST IMPROVEMENT AREAS

The Technology Forum brought the experience and expertise of a wide range of people to bear on the
issue of improving performance and cost of structural condition assessment for ferrous water transmission
and distribution pipes. The following subsections provide brief descriptions of six key, potential research
products that the authors recommended for consideration and discussion by the Forum attendees. The
products fall into two main categories: (1) improving the consolidation, organization, analysis, and use of
data that already have been, or are being, collected by utilities, and (2) improving the capability and cost-
effectiveness of inspection technologies.

5.1 National Asset and Failure Database Guidelines

The adoption of a national standardized asset and failure database would be a major step in improving
condition assessment.

AWWA has recognized that such a database would provide considerable benefit and they could make a
valuable contribution by pursuing this initiative. In keeping with this sentiment, Water Research
Foundation is currently pursuing a project (Project #4195) to try to make use of the architecture,
definitions, and structure of the UKWIR database for main breaks in the U.S. This is being done in
parallel with Australian water utilities. At present, Water Research Foundation is identifying a handful of
utilities that have interest in participating in this project and providing feedback on adaptation of this
model to the situation in the U.S., while the WSAA follows a similar path in Australia.

5.2 Guidelines for Interpreting Defects and Distress Indicators and Developing
Condition Ratings

Progressive utility managers and operators have a significant body of knowledge and experience in
interpreting defects and distress indicators for their own networks. Less experienced managers and
operators could benefit if guidelines are developed, based on input from leading utilities, on interpreting
distress indicators and defects and determining their significance. In addition, guidance on rating pipe
condition and on specific investigation or monitoring techniques would be of great help to utilities in
interpreting and allocating defects and distress indicators to the correct cause. This in tum will mean
more accurate inputs into condition rating and life expectancy predictions.

This guidance will also assist utilities to implement the suggestion in Subsection 5.4 that, for models and
life prediction curves to be useful, they need to be modified to take into account local experience.

A great deal of literature addresses this subject, and it should be possible to synthesize it to develop user
friendly guidelines for utilities and their operators.

5.3 Guidelines for Utilities on Undertaking Condition Assessment

These guidelines would address actions to be taken after a decision has been made to do condition
assessment, and the goals of the condition assessment have been established. The guidelines should
present condition assessment as a two-stage process. The first stage is an initial assessment based on
asset and failure databases. This will in some cases be sufficient for a decision to be made without
investigation. In other cases it will define and prioritize the second stage, which is a more detailed,
specific investigation that wit] typically involve inspection.
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The initial condition assessment should define what additional information, if any, is required from an
inspection to complete the assessment. A feature of the initial assessment should be a definition of type,
quality, and quantity of additional data needed, which in tum defines the inspection approach.

The guidelines should emphasize actions and approaches to ensure that the information obtained through
inspection is not an end in itself, which is not an uncommon approach. Rather, it should be emphasized
that database and inspection information needs is a complementary and integral part of a final condition
assessment and life prediction.

5.4 Developing User-Friendly Models to Predict Residual Life and
Deterioration

The current approaches are discussed in Section 4. A good deal of work has been undertaken on the
prediction of residual life. Some font of evaluation of the effectiveness of these models, and their extent
of use by utilities, would be valuable.

The need is to develop user-friendly techniques that can be used by a wide range of utilities to assist them
in their asset management planning and expenditure forecasting. Some earlier prediction and life cycle
tools did not correspond well with utility experience, which created some distrust.

The prediction models for individual water mains need to be tailored to the local characteristics and
experience. However, the process to customize these models to local conditions and provide reliable
results could be complex. Some programs are building in this facility but the more complex and
structured the model, the more difficult and costly they are to support data requirements and operate.

5.5 Developing Cost-Effective Inspection Tools and Methodologies

Development of cost-effective inspection tools and/or methodologies to provide data on existing
structural condition and prediction of future deterioration is the most challenging task of all.

A consensus is required on what data need to be collected, over what percentage of a pipeline, to what
accuracy, and at what cost so that the utilities are willing to pay. Questions that should be considered
include the following:

Can external inspection of a small percentage of the pipeline provide sufficient data to be able
to draw conclusions on the whole line?

Can limited external inspection be combined with other condition assessment techniques to
reach conclusions on the whole line? This appears to be possible, for instance, for an
unprotected cast iron pipe where external corrosion is a key factor and soil aggressivity can
be defined.

Can the circumstances be determined under which a full internal inspection is needed for
metal loss or for leakage?

Can tools be developed that can be used with a main in operation? Leakage tools like Sahara®
and SmartBall® using appropriate launch and retrieval measures are able to do this. For
structural investigation diameters above 14 in. require the main to be taken out of service,
cleaned and emptied. It may be possible for some technologies to work in mains that are out
of service but not emptied.

Can acoustic or other technologies be developed for internal investigation that can provide
the required level of information on structural condition? For example, can the Sahara® or
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S1nartBall® technologies be developed to carry sensors which collect data on the structural
condition?

Can the method of installing a wire or fiber optic cable in a pipe to collect acoustic emissions
or other data on leaks and wire breaks in PCCP be adopted to collect information on
structural condition of ferrous pipes?

Are "Smart Pipes" a viable option? The concept of "Smart Pipes" has been promoted for
many years and has never made many inroads although technically possible. The cost and
practical difficulties have all discouraged utilities.

How much are utilities willing to pay for inspection to prevent failures for critical high risk or
high interest scenarios?

5.6 Determining an Acceptable Relationship between Cost of Inspection and
Value of Asset

For any vendor or developer of inspection tools to achieve success, they need to understand the potential
market and the cost that the market will bear.

The potential market is very large, but in reality the current market is very small because of the barriers
discussed. Even basic, relatively inexpensive technologies like ultrasonic tools find few applications.
Several vendors have withdrawn from the market. Currently, the cost that the market will apparently bear
may discourage commercial companies in investing substantial sums in development. In addition, the
data collection and processing require a good deal of manual input and is a significant cost element of
inspection.

This can be compared to the oil and gas transmission industries where there is a wide array of available
tools to serve a very large market that will pay for inspection. The even greater volume of data collected
is analyzed automatically using specially developed software. It is often suggested that some of these
tools might be adapted to use in ferrous water transmission pipes, but there are considerable differences
that will make the transition difficult:

The value of oil and gas is high. A large transmission line can easily be carrying a million
dollars of product a day.

The value of water is low.

Leaks from oil and gas lines are highly dangerous to life and property.

Leaks from water lines occur all the time and are rarely dangerous.

Federal regulations impose a strict set of rules for oil and gas inspection performance and
frequency.

There are no similar requirements for the water industry.

Most oil and gas transmission lines investigations are on very long and straight lines.

Most water transmission mains are relatively short andhave linings, bends, tees, valves
which create obstructions and limit the use ofintelligentpigs.

The very high cost of mobilization becomes acceptable when spread over an inspection of
many miles.
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Water utilities do not have the funds or the need ro carry out very large inspection programs.

Oil and gas transmission lines use steel pipe with welded joints giving continuity.

Most waterpores are bell and spigotjointeal

Oil and gas transmission lines are externally wrapped for corrosion protection and methods
are available to check discontinuities of coatings and potential corrosion spots.

Where water pipes are externally protected it is with polyethylene baggies and no method is
available for checking condition. Cathodic protection indicators (accessible sacrificial
anodes) are available but seldom employed

Oil and gas transmission lines do not have internal coatings so that inspection methods can be
in direct contact with the metal.

A large percentage of water lines are lined internally with cement mortar linings or other
materials. Where no linings nave been installed tlzen many older water lines are
tuberculated

Oil and gas transmission lines are constructed with launch and recovery facilities for
intelligent pigs.

Most water lines would require retrofitting with launch and recovery traps to use intelligent
pigs.

For the inspection of prestressed concrete water pipes, the water industry has accepted that inspection is
required to determine the structural condition of pipes. PCCP has been used mainly for large
transmission lines where there have been a number of catastrophic failures. It is possible to identify the
mains at most risk, but without inspection, it is not possible to determine the structural condition.

Utilities seem prepared to pay the relatively high cost of inspection as the consequences of failure can be
very high in terms of damage, loss of service, and repair cost, especially after a utility has experienced a
catastrophic failure or knows someone with a similar system who has. This squares with the report on the
costs associated with failures of large mains. There is value, after cost of investigation is deducted from
the benefit, in avoiding a failure.
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6.0 PROSPECTS FOR SHORT- AND LONG-TERM IMPROVEMENTS TO
CONDITION ASSESSMENT FOR FERROUS WATER MAINS

The objective of this Forwn was to bring the experience and expertise of a wide range of people to
discuss how both short- and long-term improvements can be made to condition assessment for ferrous
transmission and distribution mains. The following potential improvements were set out to stimulate
discussion and identify additional improvements.

6.1 Starting Points for Evaluating and Improving Short- and Long-Term
Advances in Condition Assessment

The "EPA Water Infrastructure Research Plan" (EPA, 2007) spelled out the following questions that, if
addressed, will lead to a better understanding of the capabilities and limitations of condition assessment
for ferrous transmission and distribution mains, and a clear recognition of opportunities for short- and
long-term improvements of condition assessment.

•

•

•

•

•

•

•

•

•

What is water main condition assessment?
What are the goals?
What outputs are required?
What is the minimum precision and accuracy needed to meet the goals?
What data, calculations and criteria are required to produce the outputs?
What conceptual, preliminary and physical tasks are involved in obtaining the data?
Do suitable methods exist to collect the data?
How does one determine the value of condition assessment?
What are the limits of condition assessment?

6.2 Short-Term Improvements to Condition Assessment

6.2.1 Short-Term Improvements to Use of Existing Information. Within the short-term, the use
of existing information for condition assessment could offer the best opportunity to improve the asset
management performance of the water industry.

There is a wealth of environmental, historical, and operational information that has been or can be
developed into an asset database. Operational records should provide information on failures and repairs.

A great deal of literature has been published on asset management and condition assessment programs.
Many of the programs require very good quality data and high levels of expertise to operate. Some of
these programs have been developed to meet the needs of very large water companies to satisfy regulator
demands for data and expenditure justification. Because of their size they are able to have specialists
allocated to operate such tools. Such specialized expertise is not normally available except in a few large
U.S. utilities and/or through consultants.

The knowledge and understanding of the network of the management, engineers, and operators should be
harnessed, because they are in the best position to understand local conditions, defects, and failures.

Providing a logical framework on recording the assets and the failures, using this information along with
developed life expectancy curves or models, and then applying their own observations and local
knowledge could lead to significant improvements in condition assessment. It would enable practitioners
to prioritize both investigation and planned investment.
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Some guidance should be developed for identifying the high risk scenarios, which requires characterizing
both likelihood and consequences of failure. With limited funds, it is necessary for utilities to focus on
the highest risk situations.

The role of government in this area should be through coordination with and support of organizations
such as Water Research Foundation and WERF.

6.2.2 Short-Term Advances in Inspection Technologies. The various barriers to short-term
advances in inspection technologies were discussed earlier in this State of Technology Review Report.

Regarding internal inspection technologies and tools, because the current technologies cannot meet
technical and economic requirements and because there is no regulatory driver for utilities to inspect
water mains, the limited current market for inspection becomes a major deterrent to potential vendors,
particularly for smaller diameter ferrous pipes.

However, progress has been made in developments of in-line leak detection/location/characterization and
pressure management to reduce water loss and prevent small water main breaks. Adopting novel
approaches for proactive maintenance of low-risk mains may have the potential to be economically viable
for some applications.

Sahara® and SmartBal1® also offer platforms for carrying sensors to assess the pipe wall conditions in a
live main. For example, the Sahara® Video carries a camera for CCTV inspection of in-service water
mains, such as the overall condition of the internal cement mortal lining. The Sahara®- and SmartBall®-
based tools are being developed to assess the changes in the pipe wall thickness by measuring either the
speed of sound or the pipe stiffness at certain intervals along the pipe as the tool travels through the pipe.

External inspection, if, as suggested earlier, used in conjunction with other tools, can provide the level of
information needed to support water infrastructure managers, then there are opportunities for short-term
improvements to current external inspection methods. For example, Gas Technology Institute (GTI) has a
program of developing inspection tools that will work from keyhole excavations. A combination of open
and keyhole excavations/inspections could provide a better level of inspection while keeping the cost of
pipe exposure to a reasonable level.

6.3 Long-Term Improvements to Condition Assessment

6.3.1 Long-Term Improvements to Use of Existing Information. There is considerable
potential for utilities to be provided with a better understanding of the behavior of different forms of
ferrous pipes in the water network. There is a wealth of information available from a large body of
research and reports. However, the various research generated can be abstract, sometimes offer
information contradictory to each other, and may have limited applicability. Where contradictions and
anomalies occur, they need to be understood and resolved. The information should be synthesized into
practical guidelines for operators. For instance, it would be possible to develop a range of more specific
life expectancy curves and models that relate not just to a pipe material but to various periods in the pipe
manufacture that have different failure expectancies. It is commonly accepted that some ferrous pipes of
later vintage have a reduced life expectancy compared to earlier vintage.

Such curves and models need to be changed to reflect local conditions such as soil parameters and
support. For example, the relationship of local soil conditions and the corrosion of unprotected cast iron
should be taken into account. Lack of soil support, often coupled with increased external loadings, may
be another local factor that can modify life expectancy curves.
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Taking a wider range of historical factors and experience into account along with specific local conditions
for a utility could provide more realistic life expectancy predictions. This should help identify the most
vulnerable pipes and reduce failures. It will also allow improved asset management and allocation of
funds in a long-term program of replacement or rehabilitation.

If a national database of assets and failures were available relating breaks and leaks to specific materials
and environment, this would support the decision-making process of utilities, allowing them to
benchmark their own experience.

6.3.2 Long-Term Advances in Inspection Technologies. A staged approach is needed for long-
term advances in inspection technologies. Initially the objective should be to reach agreement and define
technical and cost performance targets for both internal and external tools.

One means of obtaining inputs from all sides would be to organize workshops with attendees from
utilities, consultants, developers, and manufacturers. The objective would be to determine if there is
consensus on effective approaches and ideas on how the objectives can be achieved cost-effectively.

For internal investigations a number of prototypes and trials are under way that could lead to longer-
term improvements. Fundamental characteristics and limitations to the basic technologies employed in
in-line tools need to be understood, along with their cost implications, for any development of internal
inspection in operational water mains.

The New York trials with non-contact ultrasonic tools, the Super-Pig, and Russell Technologies' new
tools, "See Snake", are described in Appendix A. Technically they appear to have potentials for effective
internal inspection of water networks. However, the tools will require launch and recovery features to be
retrofitted. These tools are sophisticated and likely to be costly to produce, mobilize, and operate.

In the case of the Super-Pig, its diameter range is limited so that a series of tools will be required to cover
the size spectrum. Although the prototype performed well, this tool remains at the developmental stage.
The cost of development compared to the potential market and the rates the market would bear is likely to
limit its use to the larger diameters. `

One apparently easy approach is to undertake continuous monitoring of pipes for indicators of
deterioration, such as corrosion, wall loss, acoustic emissions (e.g., from leakage, cracking, or
impingement), or strain. An embedded sensor system would be required for continuous monitoring. The
initial cost of an embedded sensor system is potentially offset by reduction in mobilization and
demobilization costs, and better spatial and temporal coverage of the pipe network. Continuous
monitoring is already done for corrosion in some industries, and some of the current commercial tools can
be adapted relatively easily. For example, fiber optic sensors are developed to measure pipe wall
thickness directly by measuring the change of strain on the pipe outside surface. However, it seems to
have limitations for monitoring corrosion in the water network. Only a small number of locations can be
monitored, and the rate of deterioration is slow and would require years of data collection to yield any
useful data.

The advances in electronics, sensor technology, infonnation science, electrical and computer engineering
promote the emergence of new technologies that can be applied to the inspection, monitoring, and
assessment of the conditions of water mains. Some technologies are initially developed for non-water
applications. The opportunities of technology transfer to the water main condition assessment should be
evaluated.
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A major need is to have some independent test facilities where tools can be tested for their abilities to
identify and quantify defects in varying types of pipes. Tools could then be given an initial classification
based on the results from the test bed. It should include evaluation of mobilization, launch, parameter
measurement capability (e.g., type and number of parameters measured, precision, accuracy, speed,
effects of interferences), and operational and reporting costs. Such independent tests would allow
engineers and utilities to have some basis for choosing an inspection vendor. Currently, there are no
benchmarks or comparisons among different methods and tools.

6.4 Measuring Success

Measuring success will take a number of fonts. By the nature of the utility structure and the measures
needed it will take time for the full benefits to flow. Initially it would require the following activities:

Adoption by utilities of a standardized form of asset database and reporting together with a
standardized failure database and reporting

Adoption of guidelines with a standard approach to interpreting data and carrying out
condition assessments to allow comparisons and benchmarking

Getting utilities to use life prediction charts tailored to their type of pipes and local conditions

Using risk-based assessment approaches in determining priorities for renewal and inspection

Encouraging utilities to allocate funds to investigation of critical lines.

Over a period of time, these activities should result in reduced unforeseen failures and catastrophic
events. This will reduce direct and indirect costs associated with unforeseen failures. Improved life
prediction curves will provide a sound basis for budgeting for renewals and allow a running program to
be developed.

If inspection methods and technologies can be developed that improve the quality of the information
collected and reduce the current high cost, this in itself will be a significant success, as it will lay the
foundation for better temporal, spatial, and failure mode inspection coverage of the pipe network, which
will enable better assessment of pipe condition, and more appropriate, timely, and economical inspection,
repair, rehabilitation, and replacement programs.

6.5 Accelerating Development - Potential Government Roles

The potential government roles cited below are understood to be undertaken in cooperation and
collaboration with relevant stakeholders.

6.5.1 Guaranteed Minimum Work Programs for Internal Inspection. Currently the
development of cost-effective inspection tools, with the exception of in-line leak detection, faces a
"chicken and egg" situation, where the lack of market discourages developers from developing better and
more economical technologies, and the lack of cost effective inspection methods discourages utilities
from inspecting. Also, some of the more sophisticated and expensive technologies may only be cost-
effective for larger diameter, high risk lines.

If some form of guaranteed minimum work program for inspection of ferrous pipes were established with
a number of utilities, this could be attractive for vendors to spend money on developing tools to meet the
program's technical goals and cost targets. This approach could apply to both external and internal
inspection, and should initially focus on the larger diameters, for which the value and willingness to pay
for inspection will be greater. Vendors would have to meet performance specifications. In the case of
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external inspection, they would need to set out what other support methods would be used to ensure that
the external inspections were representative of the whole line.

6.5.2 Support for Database Development. Transmission and distribution systems are
"laboratories" that produce large amounts of valuable data. However, it can be difficult and costly to
collect, organize, analyze, and disseminate the results. Government support, in cooperation with the
user/expert communities, can help accelerate and expand collection and use of valuable data, e.g., failure
statistics, deterioration rates, failure cause analysis, failure consequences, inspection technology
performance, decision support system performance, etc. that will help improve asset management
decision-making.

6.5.3 Defining Next-Generation Inspection Technology Needs. If target performance and cost
specifications can be developed for "next-generation", as opposed to ideal inspection technologies, this
could be invaluable for focusing intellect, energy and resources toward developing the desired inspection
capability.

6.5.4 Funding Technology Innovation Research. Although full government funding of advanced
inspection technologies for ferrous water mains is unlikely, the U.S. government does have programs in
place that can accelerate improvement of technology at various points in the development process. For
example, The National Institute of Standards and Technology (NIST) Technology Innovation Program
(TIP) issued a large solicitation in July 2008 for advanced sensing technologies for infrastructure,
including roads, highways, bridges, and water systems. The EPA National Risk Management Research
Laboratory (NRMRL) recently (2007) initiated an Aging Water Infrastructure applied research program
that includes evaluation, improvement, controlled-condition testing, demonstration, verification, and
decision-support for condition assessment technology research. The program will be conducted by a
combination of in-house, contractor, and assistance agreement efforts. The EPA National Center for
Environmental Research's (NCER) Small Business Innovation Research (SBIR) program, included water
infrastructure inspection in their recent call for proposals. raCER's Science to Achieve Results (STAR)
Program issued a large solicitation to non-profit research organizations for innovation and research for
water infrastructure and water infrastructure sustainability. Also, the oil and gas sector and the U.S.
government place a high value on inspection of oil and gas infrastructure, and the U.S. government
supports this research through the Department of Transportation. So, even though there are many
technical and economic obstacles to transferring technology from oil and gas pipe inspection to water
pipe inspection, this is an area of research activity that must be periodically examined for potential
technology transfer opportunities.

6.5.5 Development and Support of Condition Assessment Technology Facilities. Providing test
facilities for conducting independent testing and evaluations would be of considerable value. This could
include laboratory testing of "breadboard" developments. Establishing a dedicated test site would be
most useful for evaluating existing and prototype tools for their ability to detect, identify, and accurately
characterize various forms of defects that typically occur in various types of water pipe.

There should also be some evaluation of the support work required and costs associated with an
inspection. It will be very important to plan the test pipe and flaws carefully. Inputs from utilities and
specialists will be needed as to what are considered to be the benchmarks laid down. The test facility
should focus on structural defects and not leakage.

It will be important to assess the capabilities of existing test facilities as part of the planning process. For
example, Battelle has a pipeline facility that was designed for testing and evaluating inspection tools for
the oil and gas industry. Organizations like the Electric Power Research Institute (EPRI) also operate a
similar test bed for evaluating investigation tools. One of the advantages these controlled-condition
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simulation/test sites offer the vendor is helping to define the strengths and weaknesses of a tool under
various conditions, and/or in comparisons with other tools, giving direction for making necessary
improvements. Other advantages of a test site include the reduced cost, complexity, time, risk, and
variability from field conditions, and the ability to characterize, control, vary, and repeat conditions of
interest. An advantage for both the utility and the industry is that they can obtain a basic independent
evaluation of tools as well as guidance on which tools might cost effectively meet specific needs.

EPA also has experience operating test facilities, including Test and Evaluation Facility, Cincinnati, OH,
Leaking Underground Storage Tank Test Apparatus, Edison, NJ, Pipeline Test Apparatus (PTA), Edison,
NJ, Oil and Hazardous Materials Simulated Environmental Test Tank, Leonardo, NJ. Upgrades of the
PTA in Edison, NJ are being planned. These research programs expect to generate products that can
reduce cost and increase benefits to utilities in the condition assessment process and condition inspection.
An EPA-developed test apparatus can be utilized by EPA and its contractors or by others under an outside
user agreement. Usage costs for non-profits may be waived or substantially reduced.

6.5.6 Support of Field Demonstrations. The government can also support proper field trials of
various types of tools. These should be real life situations _ monitored, recorded, and reported. They do
not serve just as vendors' demonstrations. Competing vendors could inspect the same pipeline where
practical to allow a direct comparison to be made.

Some utilities may be prepared to pay or make a contribution for high-quality inspection infonnation that
has direct use in their condition assessment work. Recent experience indicates that utilities are cutting
back on inspection because of lack of funds. Some technology vendors may be prepared to subsidize the
costs of investigations but may not be able to cover everything, and would expect to be paid for good
quality data.

Bringing both clients and vendors together on relatively unproven technologies can be difficult. Federal
support would facilitate this work. It could take the form of a partnership with a group of utilities,
vendors, and research organizations with the aim of developing a structured program. Some funding
would be required for the work involved in developing the program, monitoring, recording, and reporting
the trials. It may be necessary to provide some subsidy, for instance, when two technologies are tested on
the same line.

Federal support in these areas will:

Provide the potential users and the developers with understanding of the advantages and
limitations of the technologies and the tools

Accelerate acceptance and use of inspection tools and methods.

6.6 Getting Utilities to Buy-In

Several studies have shown that the benefits of condition assessment and the techniques used in
inspection, assessment, and prediction are not well understood in the industry. Some predictions from
earlier models and curves were costly to produce and did not tie in well with operational experience,
resulting in a loss of credibility.

After credible analysis of the cost-benefit trade-offs, it will be equally necessary to communicate the
benefits through various channels, including workshops, teleconferences, papers, and articles. By raising
awareness and interest, the benefits of adopting the methods and technologies will become apparent to the
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utilities. They will adopt these techniques only if such an action helps them save money, make their work
easier, and make their customers happier.

As suggested in Section 6.5.5 and 6.5.6, field trials will be a key way to show utilities what can be done
and at what cost.
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APPENDIX A
CURRENT AND DEVELOPING INSPECTION TECHNOLOGIES

It should be noted that much of the information in this appendix was obtained from the vendors or
developers and is provided on that basis. A critical evaluation would require extensive testing under
controlled and field conditions.

A.l Overview of Fielded and Demonstrated Inspection Technologies

A.l.1 Hand Held Ultrasonics

Many similar hand held tools are available for purchase. Figure A-l shows views of two tools being used
in the field. The following are some examples.

Figure A-1. Hand Held Ultrasonic Testing Tool

A more sophisticated tool that can scan the wall of a pipeline has been developed by GE Inspection
Technologies (GEl), a leading inspection group. The IAS50 consists of a high performance, five-channel
ultrasonic test kit coupled with a two-axis motion controller and data acquisition system. It can scan on
flat or curved surfaces and has the capability to map flaws and thickness, and internal and external
corrosion loss. It contains built-in remaining strength analysis software. The IS tool scanning the
external wall of a pipe is shown at Figure A-2.

Ultrasonics is also the basis for a range of intelligent pigs developed for the oil and gas industry. Such
tools are based on direct contact with the pipe wall.
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Reprinted with permission of GE Inspection Technologies.

Figure A-2. IAS50 Ultrasonic Scanning Tool (GEl)

A.l.2 Automated Ultrasonic Testing

The ultrasonic thickness measurement process has been automated to increase inspection speed and
repeatability. Fully automated, turnkey ultrasonic inspection systems are available to perform high-speed
ultrasonic thickness imaging, referred to as automated ultrasonic testing (AUT), of large structures such
as plate stock, pressure vessels, storage tanks, pipelines, and ship hulls.

Figure A-3 shows a typical system configured to inspect a 12-in. diameter pipe for internal corrosion.
The sensor moves back and forth along the axis of the pipe. A water source provides the necessary
coupling fluid to transmit the ultrasound into the pipe to obtain the thickness measurements.

Figure A-3. Water Column-Based Automated Ultrasonic (AUT) Scanner for
Measuring Wall Thickness
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Magnetic wheels hold the unit to the pipe and are indexed to attain measurements in successive scan lines
around the pipe circumference. About 10 min is required to cover a swath 18 in. wide around the full
pipe circumference. These systems produce maps of wall thickness, shown in Figure A-4, which are easy
to interpret using standard personal computers. Local inspection service providers have ultrasonic
inspection equipment readily available and typically provide a complete inspection service for about
$2,400 per day. This fee includes the cost of operating the equipment, the personnel to perform the
inspection, and an inspection report.

0 3 6 g 12 15 18

The nominal thickness is 0.365 (green), the weld is added material (blue), and the
corrosion pits appear in yellow, red, and magenta.

Figure A-4. AUT Output of Pipe Wall Thickness

A.1.3 C-Scan

This tool shown in Figure A-5, developed by Bodycote UK, maps an area of pipe wall and identifies
external and internal pits. It requires the pipe to be exposed externally and external coatings to be
removed from a minimum strip of 300 mm around the circumference. It takes thousands of readings on a
2 to 3 mm grid. The close grid setting and number of readings should provide an accurate definition of
metal loss. This tool is not currently available in North America but similar tools are available from U.S.
vendors.

A.l.4 Guided Wave Ultrasonic Systems

Teletest is an example of a tool available commercially. It is used on steel pipe with welded joints that
provide the continuity (Figure A-6). The diameter range is from 2 to 48 in. The transducer is mounted on
an exposed section of pipe about 18 in. long. Typically the length of pipe that can be scanned is
approximately 100 ft. It works for pipes that are insulated or coated and it is particularly useful for buried
pipelines and road crossings.

Another example, based on the guided wave principle, is the Long Range Ultrasonic Testing tool, which
claims to be able to inspect insulated welded steel pipelines over long lengths while the line remains in
service. It can detect both internal and external corrosion.
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Reprinted with permission of Bodycote PDL.

Figure A-5. C-Scan from Bodycote

Reprinted with permission of TWI Technology Centre.

Figure A-6. The Teletest Remote Detection Tool Showing Transducer
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A.l.5 Magnetic Flux Leakage Tool for External Investigation

A tool based on this principle has been developed by a U.K. company (AES Ltd.) for water, wastewater
and gas ferrous pipes investigation. The AES 5 I9 has been extensively used in the U.K. and also in
Europe and Australia. One version used for pipe diameters of 3 to 12 in. is an external full
circumferential wall inspection tool (Figure A-7). For diameters up to 6 in., the exciter and sensor ring
wrap around the pipe and the tool moves along the pipe. For diameters of 8 in. or more, pipe inspection is
by segments.

ECAT (External Condition Assessment Tool) is designed for non-intrusive assessment of larger diameter
ferrous pipe wall conditions. This tool, which uses the same basic technology, carries out a series
(Figure A-7) of inspection sweeps using a carrier mounted on guide rails. It is designed to work in
diameters of 12 in. and greater. The data can be displayed in both 3-D graphical and numeric form.

Reprinted with permission of AES Ltd,

Figure A-7. AES S19 and AES ECAT Pipe Wall Inspection Tools

Magnetic flux leakage (MFL) is the most commonly used inspection technology for ferrous pipelines
today, holding over 80 percent of the oil and gas inspection market. Numerous inspection companies
provide the service. Figure A-8 illustrates an MFL type of pig.

A.l.6 Remote Field Eddy Current

A number of remote field technology (RFT) tools are in commercial use for ferrous pipeline inspection.
A major advantage is that RFT does not require close contact with the pipe wall and tools are designed
with a minimum clearance of 0.25 in. This allows the tool to pass local diameter reductions and deposits.
It also allows scanning of ferrous pipes with internal linings including cement mortar, epoxy and PE.
RFT technologies have some inherent limitations:

Frequency: most systems are frequency dependent or have a limited number of frequencies to
operate at. This limits the material thickness variations that are detectable.

Size and shape of sensors: the transmitter and receiver size and shape affect the operational
frequency, so antenna configuration is not easily altered to suit survey configurations.
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Reprinted with permission oflGTI

Figure A-8. An MFL In-Line Inspection Pig

Russell Technologies of Canada has been involved in the development of a number of RFT tools mainly
for oil and gas applications. They were closely associated with the development of the Hydroscope tool.
The Hydroscope Company is currently no longer offering inspection services.

A.1.6.l "See Snake". The current main range of tools is based around the name "See Snake" which
operates in diameters from 2 to 14 in., although the company states they intend building larger versions.
The "See Snake" tool modules, illustrated in Figure A-9, allow for a large degree of flexibility with a
capability of negotiating 90 degree bends. The spacers center the tool and direct contact with the pipe
wall is not required. The tool can be free swimming or tethered on a wire line. Lengths up to 3,000 ft can
be inspected from one launch point when wire line tethered. The free swimming version can inspect
lengths up to 15,000 it from the launch point. A "T" or "Y" piece needs to be retrofitted into the line to
provide a launch trap. The tool is propelled through the line by the product How or compressed air while
the line is in operation.

access module battery module detector electronic
module 1

spacer
module detector module

a n

electronic module exciter
module

detector electronic
module 2

Reprinted with permission of Russell Technologies

Figure A-9. "See Snake" Modules and Spacers
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To date the tool has been used in lengths up to about two miles from the launch point. Russell
'Technologies claim that they can identify and measure internal and external pitting and remaining wall
thickness to an accuracy of 20 percent. The "See Snake" cannot distinguish between internal and external
defects. The "See Snake" is powered by internal batteries and the collected data are stored onboard and
downloaded by USB or Bluetooth connections.

Reported "See Snake" specifications are:

•

•

c

Run time: minimum 5 hr

Speed: approx. 10 ft/min

Pipe thickness: up to 0.5 in. steel, l in. for cast iron

Pipe diameters: 2 to 14 in.

Clearance is 0.25 to 1 in. around tool

Tool length is approximately 20 times diameter

Can negotiate some bends.

The limitations on thickness of 0.5 in. for steel and l in. for cast and ductile iron should not be a problem
for diameters up to 14 in.

Russell Technologies has also adapted a tool used for inspection of well casings and ferrous pipelines
with or without internal linings and of diameters greater than 24 in. The line needs to be closed down and
dewatered to allow an operator to "walk" the tool through the line collect data. The tool is shown in
Figure A-10.

Reprinted with permission of Russell Technologies

Figure A-I0. Russell Technology Internal RFET Tool
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A.1.6.2 Mainscan. This is an RFT tool that has been developed in Australia by Earth Tech
Engineering. It uses the response of a single frequency in the remote field region to determine the
thickness of remaining metal. The equipment consists of a 16 channel CPU unit, a laptop computer and a
scanning head. The probe module houses two differential and two absolute coils. The differential coils
used with an X-Y display detect and display absolute defects such as pits. The absolute coils are used to
detect and quantify general wall loss. Data are gathered and saved for analysis as the scanning head is
moved across the pipe surface (Vickridge et al., 2006).

A.1.6.3 Broadband Electromagnetic. A series of tools have been developed and patented by Rock
Solid Pty. Ltd., an Australian company. BEM is one application of electromagnetic or eddy current
systems. The technique works by inducing eddy currents to flow in close proximity to a transmitter. In a
ferrous pipe these eddy currents migrate with time allowing a complete profile of the ferrous pipe to be
obtained.

By assessing the primary and secondary induced currents it is possible to gauge the thickness of the metal
and to evaluate the metallurgical changes such as graphitization.

If a fracture exists, the scanned area of the fracture acts as a short circuit for the primary induced current
and perturbs the shape of the possible primary induced current. This perturbation is easily detected.

Typically, eddy current (EC) tools have either one or a limited number of signal frequencies at which they
can operate. BEM differs from other EC tools by being frequency independent. This means that the
frequency at which it operates can be altered or modified to suit the material and site conditions.

Various sizes of sensors are used, with the standard having a 2-in2 footprint. The sensor measures the
thickness of metal under the footprint and provides an average thickness over that area. Thus individual
pits will not be identified except as a general loss of material. It is claimed that metal loss can be
identified to 10% of the wall thickness in the area under the sensor. Any wall thickness can be scanned.

An available 1-in2. sensor provides a higher degree of accuracy when needed as the footprint is only 1 inc
rather than 4 inc. Sensors are made up into antennae with anywhere between l and 6 sensors.

The data are seen in real time on the computer screen as a traffic light display but can be fully processed
by the vendor and displayed as a contour plot although this adds to the cost. See Figure A-l l which
shows the comparison between the real time results and the same data analyzed and processed.

A major advantage is that BEM does not require close contact with the metal as the depth of penetration
of the magnetic flux is around 2.5 times the transmitter diameter. This capability allows BEM to scan
through coatings, linings and insulation.

One disadvantage when scanning pipelines internally, compared to other technologies, is that the process
is not continuous and therefore it takes more time to survey a pipeline.

A typical external scanning operation is shown in Figure A-12.

The costs of external scans are comparable to ultrasonic costs with the cost of exposing the pipe under
roads being the major cost.
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Reprinted with permission of Rock Solid Pty

Figure A-l1. Post-Survey Data Processing, Analysis, and Plotting

Reprinted with permission of Rock Solid Pty.

Figure A-12. A BEM Hand Held Tool Being Used to Scan a Gray Iron Pipe
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For internal scanning the antennae are made up into an in-line inspection pig. Pipes of 4 in. in diameter
and more can be scanned with an internal tool. Access to the line is required and it must be out of service,
emptied and cleaned of loose deposits.

The pig can be moved by hydraulics or by push or pull rod devices. Normally, the pig is designed to tire
off each 6-sensor antenna successively so that the pig travels for 12 in., takes a reading, and moves on.
This is relatively slow and means that a line has to be out of service for several days as well as being

dewatered and a section removed to gain entry. A BEM pig for a 24-in. diameter internal scan is shown
in Figure A-13. Because of the large number of readings, the cost becomes significant.

Other tools have been developed using the same basic EM principals. These include a hand held tool that
takes corrosion pit readings without the need for cleaning and measuring required with traditional
approaches.

The company also has a modification that will operate an antenna on a rod attachment to tadce scans on
top of pipes exposed in keyhole (vacuum) excavations. This has the potential to provide information
about pipe condition (wall thickness) without disrupting service or involving the heavy cost of full access
excavations.

A.l.7 Soil Investigation Technologies

Some tools for field testing provide a direct approach to capturing the data.

A.1.7.l NovaProbe. Russell Technologies of Canada has developed the NovaProbe which
simultaneously acquires soil related properties at the pipe depth and surrounds (Figure A-14). The
properties that it acquires are:

•

•

•

Resistivity

Pipe to soil potential

Soil redo potential

Soil temperature

pH.

It does not collect data on chlorides and sulfides.

A.l.7.2 Linear Polarization Resistance. This technology is available from Earth Technology,
Australia. Essentially this evaluates external corrosion in the form of pitting based on soil aggressivity.
This is not a new concept but Earth Tech has refined the approach. LPR soil testing is an electrochemical
soil testing technique using soil samples taken from pipe depth to obtain a quantitative measure of soil
corrosivity (see Figure A-15). This approach provides a corrosion rate that can be applied for
extrapolation to quantitative time to failure calculate.

The process involves the use of a specially developed cell that provides a measure of the combined effects
of several soil parameters. The assessment and time to failure calculation takes into account the pipe
class, age, length of main and type and life of coating.
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Figure A-13. A 24-in. BEM In-Line Intelligent Pig
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Figure A-l4. The NovaProbe from Russell Technologies
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A.2 Overview of Developing Technologies for Ferrous Pipe Investigation

For the sake of completeness a number of technologies that are under development or being tested arc
noted. At this time it is not thought that any are commercially available.

A.2.l Super-Pig

Three UK water utilities developed the Super-Pig, the field testing being undertaken by Thames Water.
This tool is designed to provide a comprehensive condition assessment of a water line. The prototype was
developed for mains in the range of 200 to 300 mm (8 to 12 in.) and will identify wall thickness loss to l
mm, longitudinal and circumferential cracks, damage to linings, and leaks (Figure A-16).
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Reprinted with permission at Thames Water plc.

Figure A-16. Ultrasonic Super-pig Modules

1 he pig is based on an electronic transducer array. These arrays are battery powered and miniaturized
and designed to collect and store data over several miles of inspection. For example, it generates 30 GB
of data for three miles of survey. It uses water as the contact medium and transducers are not in direcl
contact with the pipe wall. It can see through thin internal linings that are fully bonded to the pipe wall,

but it is reported that close fit polyethylene linings and thicker linings such as cement mortar present
difficulties. The pig can operate with a water main in service but needs special launch and recovery
facilities which need to be retrofitted to the line.

To date it has been used on proving trials and is stated to have performed well.

A.2.2 EMAT - Electro Magnetic Acoustic Transducer

EMAT is based on a coil in a magnetic field at the surface of the pipe internal wall. Alternating current
through the coil induces a current in the pipe wall causing Lorentz forces which in turn generate
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ultrasound. Lorentz forces are forces acting on moving charges in magnetic field. The type and
configuration of the transducer defines the types and modes of generated ultrasound and the
characteristics of propagation through the pipe wall

The advantage of such a tool is that it does not need a couplant. EMAT is dry coupled and suited to gas
pipelines. It is capable of identifying a wide range of defects including internal and external metal loss
and cracking. The disadvantage is that it needs to be very close (l mm) to the pipe surface. The
transmitted low frequency ultrasonic energy is a limitation on resolution

No Pig

This is another tool that was developed for non-piggable oil and gas lines. The above-ground tool detects
and measures corrosion in lines that are not suited to in-line inspection. It uses an applied signal of
various frequencies at two points along the pipeline up to i km apart. The magnetic field at these
frequencies is measured at inspection points along the line

Calculations are made to determine a cross-sectional position of an equivalent current line. Due to th(
skin effect, a variation of this position with frequency indicates a local wall thickness reduction. This
dependence is evaluated quantitatively to give the percentage of the metal wall loss
This technique has not been commercialized

Non-Contact Ultrasonics

The New York City Department of Environmental Protection (NYCDEP) commissioned research on non
destructive investigation of force mains. The cumulative effort of all the research into available
technologies concluded that in 2006 an ultrasonic based crawler developed jointly by Inspector Systems
GmbH (ROdermark, Germany) and the RTD Group (Rotterdam, NL), was the most fitting technology for
internal inspection of force mains (see Figure A-17). The technology has been verified for internal
inspection of pipes and is commercially available

Reprinted with permission of NYCDE P

Figure A-17. The Ultrasonic Crawler



The ultrasonic crawler system consists of a video inspection system robot with a ring of ultrasonic
transducers at the back of the crawler. Main features of this system are highlighted below.

Crawler System: The Video Inspection crawler has the ability to climb/descent vertically while moving
both forwards and backwards and to negotiate all standard bends >l .5 D.

RCCTV: The pan and tilt camera allows to rotate 3600 and to sweep 135° up and down. Together with
the integrated zoom, focus and high intensity light source, it is possible to have a direct view to each point
inside the pipe. The accuracy of the video inspection crawler including the high resolution camera is
better than l mm (length and width) in a pipe with diameter < approximately 23.6 in. (600 mm).

Non-contact Ultrasonics: The ring of ultrasonic sensors can be seen in Figure A-18. They scan the pipe
continuously and transmit data to the control which analyzes the data and generates a profile of the pipe
wall.

Crawler Connectivity: The crawler is connected to a special fiber optic cable for remote control and video
transmission.

Inspection/Scan Length: The crawler can travel at the speed of 200 in/h (660 ft/hr) and can inspect pipes
up to 500 m (1,650 ft in length).

Pilot Testing: A pilot testing of a steel pipe of 18 in. in diameter and 100 ft in length was carried out in
Rotterdam by RTD. The pipe had hidden damages that were to be detected by the crawler. It was
demonstrated during the pilot testing that the crawler could detect loss in pipe thickness of steel pipes
successfully.

Information is awaited on full-scale trials that the NYCDEP is proposing to undertake later in 2008 in the
field on force mains.

Reprinted with permission of NYCDEP

Figure A-18. Ring of Ultrasonic Sensors Marked by Arrow
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f Pipe

The technology works by measuring how quickly acoustic signals are transmitted along a section of pipe.
Acoustic signals are induced in pipes by releasing water at fire hydrants in a controlled manner. Then,
they are measured using acoustic sensors positioned at two longitudinally separated points on a pipe. The
sensors are attached at easy-to-access points, such as fire hydrants and control valves, or directly on pipes
in existing access manholes. A schematic of the measurement setup is shown in Figure A-19. The
acoustic propagation velocity is calculated based on the sensor spacing and time delay between the
measured acoustic signals. Average wall thickness of the pipe section between the acoustic sensors is
then back calculated from a theoretical model of its relationship with the acoustic velocity, the pipe's
internal diameter and Young's modulus of its wall, and the bulk modulus of elasticity of water, all of
which are usually known or easily determined.

A Canadian company based in Toronto, Echologics Engineering Inc., has entered into a collaborative
research agreement with NRC of Canada to develop and commercialize this technology. It is based on
utilizing the propagation and characteristics of acoustic signals (Hunaidi, 2006).

A.2.5 Acoustic Based Technology for Non-Destructive Testing Condition
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Figure A-19. Measurement of Acoustical Propagation Velocity Using: (a) an Out-of-Bracket Noise
Source; (b) an In-Bracket Noise Source

(b) Arrival time of signal l
(a) Wave propagation velocity (v) = D / AT, where AT is time delay between signals l and 2

: Tl =

A1Tival time of signal 2 = TO :
Time lag between signals l and 2 = AT = T2 - Tl : (L2 - L1) / v
v=(L2-Ll)/AT

L, / v, where v is sound propagation velocity in pipe
L2/ V

The length of the pipe section over which the acoustic velocity is measured can be arbitrarily chosen.
Initially, a section 100 to 200 meters long, which is the usual distance between fire hydrants or valves in
urban areas, may be chosen. Subsequently, if a higher resolution is needed where there are concerns
about a particular section, the resolution can be increased by moving the acoustic sensors closer together.

Velocity measurement can be performed with hardware normally used for locating pipe leaks using the
cross-correlation equipment, as shown in Figure A-20. However, measurement of the velocity tends to be
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more technical than the usually straightforward leak correlation. Velocity measurement and wall
thickness calculations are made in real time using specially developed software, trademarked as
"'ThicknesstinderRT". Recent research and development have led to a refined theoretical model for non-
unifonn pipe sections, an optimal procedure for acoustic velocity measurement, and a method for
inspecting the quality of the measurements.
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Figure A-20. Schematic View of Sahara® in Operation

Remaining pipe wall thickness predicted by NRC's acoustic technology represents an "effective" value
from a mechanics of materials point of view and subsequently it reflects general structural deterioration of
the pipe. Therefore, ferrous pipes in corroded condition may be significantly worse condition locally than
the average thickness indicates. This is not a limiting aspect for some pipe types such as asbestos cement
(AC) as generally such pipes will have a more-or-less uniform thickness profile. The developers
acknowledge that this is a limiting factor for ferrous pipes as average thickness between two sensors is
not the key concern. Echologics is conducting further research and development on this issue.

Pilot tests have been undertaken on 10 sites on the water distribution system of the City of Toronto. Pipes
were all pit- or spun-cast iron with diameters up to 20 in. The results coincided with independent testing
of samples for average thickness loss. Echologics has undertaken condition assessment in a number of
other sites. At Maple Ridge, British Columbia, 21 sections were surveyed. Pipes were ductile iron, cast
iron, and AC in diameters from 100 mm to 200 mm (4 to 8 in.). In Las Vegas, two sections of 150 mm
(6-in.) AC pipe were assessed and found to be in good condition with thickness greater than the records
(probably due to a higher class of pipe being installed than recorded).

A.2.6 Robotic Arm with Sensors

A current project of NRC and the University of Regina is to develop a robotic arm capable of
manipulating sensors in water mains. A robotic articulated arm would be mounted on an inspection robot
that would travel through a pipeline. Sensors mounted on the arm would be moved into position to take
readings on the pipe wall. Sensors could be of various types including ultrasonic.

q inI
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A.2.7 Autonomous Underwater Vehicle

NRC also has an ongoing project to develop a torpedo like vehicle to inspect large water mains. It is
envisaged that a number of NDT techniques could be mounted and manipulated from such a platform.
These could include ultrasonic testing, laser profiling and a multi-camera vision system.

A.3 Leak Detection Technologies

A.3.1 Sahara®

The Sahara® tool is a single, 1-in. diameter hydrophone attached to a calibrated umbilical cable through
which data is transmitted in real time (Figure A-20). In water mains a drogue is attached which propels
the tool through the line. The cable also controls the tooTs speed and allows its retrieval. Sahara® can be
inserted into a line through any standard2-in. tapping, such as an air valve in a water main, and can
survey up to 6,000 ft from the insertion point. The location of the sensor can be detected from the
surface, using a walkover tool, so that the operator can mark the surface with the exact location of any
leak. It operates on the principle that leaks cause turbulence, which in tum causes noise, and it detects
this noise.

Sahara® operates in any pipe material, in pipes 300 mm (12 in.) or greater diameter. Operating pressures
between 0.5 and 16 bar (7 to 230 psi) and How velocities between 0.3 and 1.5 m/s (1 to 5 ft/s) define the
operating range of Sahara®. It has provencapable of locating leaks as small as 0.25 gal/hr with a high
degree of accuracy.

The cost of setting up an insertion point can be significant but the survey costs vary, depending on
amount to be surveyed, but range from $2/ft for several miles to $4/ft for shorter runs.

The Pressure Pipe Inspection Co., Mississauga, Ontario, is the licensee of Sahara® from WRc for North
America and offers a leak inspection service.

A.3.2 SmartBall®

SmartBall®, developed by Pure Technologies Ltd, is another example of an in-line detector. This is an
acoustic acquisition device complete with power supply contained within an aluminum casing and then
placed inside a foam ball. The system can operate for up to 15 hr and is free swimming and capable of
investigating pipes of diameter greater than 10 in. although it operates most effectively in diameters of 24
in. and greater. SmartBall® can be inserted and retrieved from an operational pipeline. It can be inserted
through a 4-in. open port valve or 3.5-in. air valve.

Prior to insertion a number of transponders will be connected to existing appurtenances. These generate a
pulse that is detected by the SmartBall® providing synchronization with known points.
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Figure A-21. SmartBall Inspection Method - Insertion, Travelling, and Removal®
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APPENDIX B
FORUM SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Approximately 34 technical experts and representatives from utilities, technology and service providers,
academia, research organizations, consultants, and EPA attended the two-day Technology Forum held in
Edison, NJ on September 9 and 10, 2008. The Forum consisted of a State of Technology Review Report
feedback session followed by six breakout sessions. A companion EPA report titled "Draft Forum Report
on Condition Assessment of Ferrous Water Transmission and Distribution Systems" has been prepared to
fully document the Forum presentations and discussions (Thomson and Wang, 2008). Presentations and
discussions from each session and major conclusions and recommendations are summarized below.

B.1 State of Technology Review Report Review

The Forum attendees suggested some changes/corrections to the draft State of Technology Review
Report, but there were no major disagreements with the overall sense of the State of Technology Review
Report. The key points which arose from the open discussion are highlighted below.

One attendee suggested that more emphasis should be given to potential technology transfer from other
federal agency research developments. Some attendees expressed reservations because of the economic
and technical difficulties of transfer.

The relative benefits of inspection in terms of cost to asset value for small and large pipes were raised by
several attendees. There were two counter views. One considered that the total cost of the larger number
of small-diameter pipe failures was higher, therefore, reducing these failures would be more cost effective
than reducing the smaller number of large-diameter pipe failures. The counter view was that it was not
cost effective to inspect small diameter pipes. The "fail and fix" approach or condition assessment based
on pipeline asset and failure data was cost effective for small-diameter pipes.

The definition of condition assessment was raised and its role in asset management. Current condition
assessment is based on individual pipe sections rather than a cohort approach. The current approach is
needed because of the lack of homogeneity and the wide variations that occur in a set of pipes.

The lack of agreed rigorous definitions used commonly in the water industry was a key issue. One
example was the definition of failure. Some attendees considered that any event that would require
remedial action, including repairing a leaking joint, constituted a failure. The counter view was that
failure should be defined as when the pipe no longer was operating and serviceable. Leaks should be
defined as defects that needed to be fixed but did not stop a pipe from being serviceable. The term "Pipe
Life" was another term that was not rigorously defined. The "Design life" was not thought to be a useful
concept and an alternative of "Economic Life" was suggested where the cost of maintaining the line in
service became excessive.

Written comments were received from the project stakeholders and have been incorporated into the Final
State of the Technology.

B.2 Large-Diameter Cast Iron Pipes

Presentations included an overview by Yehudi Kleiner, NRC of failure modes and mechanisms of ferrous
pipes and case studies on large-diameter cast iron pipe failures experienced by the City of Cleveland and
Washington Suburban Sanitary Commission (WSSC).
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The overview of failure modes for cast iron pipes emphasized the need to understand failure modes and
mechanisms. Some key points that have arisen out of NRC work were

Pipe age is generally not a good indicator of pipe condition

For small-diameter distribution water mains, the strategy should be to manage failure
frequency. For large-diameter transmission mains, the strategy should be to prevent failures
because of the potential of high consequences

There are highly variable properties in cast iron pipes

Variable delivery and installation practices could lead to built-in defects

Large-diameter CIP and DIP are identified as high-risk and high-interest pipe scenarios for which better
cost-effective condition assessment capabilities are recognized by the user community as valuable, but
not attainable with available condition assessment tools (e.g., databases, inspection technologies, and
deterioration and failure models). Many different mechanisms and parameters are involved in corrosion
and failure of ferrous pipes. CIP can fail due to the rigid nature of joints, the lack of tensile strength, and
weakening due to graphitization

An ongoing Water Research Foundation/NRC study revealed that the large-diameter CIP failures
experienced at Cleveland were likely caused by longitudinal and bell cracks, which may originate from
defects or damages caused by manufacturing, delivery, or installation practices. The low rate of failure
(0.07%) did not justify any replacement program and inspection of the bells to find growing cracks is
technically difficult because of the complex geometry. This case study generated a lot of interest and
discussions as to whether potential technologies, such as the RFT and BEM, might be possible to detect
the bell cracks, whether similar failures were occurring elsewhere, and whether this high-risk scenario
would offer an opportunity to improve condition assessment capabilities

Potential difficulties in internal inspection due to fittings, tuberculation, etc. were reported. Utilities like
WSSC placed emphasis and value on data mining using extensive field records, GIS, and "Google Earth
to help survey the pipeline and assess the condition of their large-diameter CIP. Field records should be
consistently updated when the opportunity occurs during excavations and new installations

Large-Diameter Ductile Iron Pipes

This session focused on the corrosion issues with DIP and case studies provided by WSSC and Louisville
Water Company (LWC)

Mike Woodcock of WSCC emphasized that like all materials DI had limitations and it was important that
users understood these. He did not agree with the State of Technology Review Report where it was stated
that most DI was polyethylene wrapped. Much of WSSC's DIPs were not wrapped but laid bare
However, larger diameters were protected catholically. He considered that a typical life for DIP in
WSSC was 30 years. He pointed out that the thinner wall for DIP meant failure earlier when corrosion
was present

He discussed and illustrated the changes in DIP and coatings over the years. Originally DI was produced
from nearly pure iron, but the much greater use of scrap metal has resulted in a differing metallurgical
structure that has the same strength properties, but may not have the same corrosion resistance. He also
had concerns that some manufacturers were not heat treating pipe to the same extent because of high
energy costs



Greg Home of DIPRA presented on "Ductile Iron Pipe Failure Modes and Condition Assessment
Practices". He accepted that deterioration can occur but the problem lay in how to decide which pipes
need to be fixed. He did not consider that current inspection tools could provide this information cost
effectively. He recommended that condition assessment based on records was needed. He showed a
series of slides to illustrate this approach which included asset databases, customer complaints, and break
and leak records. He reiterated that CIP could fail due to its rigid nature and that DIP fails usually due to
corrosion. As corrosion was the potential problem for DIP he recommended that areas of potential soil
corrosion be identified by soil testing and use of the DIPRA "Design Decision Model" using
consequences and likelihood of failure ratings.

Dale Lindemuth of CORRPRO presented on "External Corrosion Condition Assessment Procedures".
The thrust of the presentation was the possible application of External Corrosion Direct Assessment
(ECDA) methods, which were developed for the oil and gas industry, to the water industry. These
methods are used for the condition assessment of pipelines that cannot be inspected by direct inspection
technologies. There are four stages involved in the ECDA :

Stage 1. Pre-assessment data gathering and planning

Stage 2. Indirect inspection with a number of different approaches. The outcome of this stage
is to integrate and analyze all data and develop rankings to select the most likely sites for
direct examination

Stage 3. Direct examination involving excavations to expose the pipe and taking direct
readings and measurements

Stage 4. Post assessment with the main activity being to calculate remaining life by different
methods.

Cathodic protection was recommended as being a viable method.

The final presentation was by Keith Coombs of the LWC "Case Studies from Louisville Water
Company". The overall goals of the company were the reduction of breaks to 600 per year, the
elimination of unlined CIP and the replacement of two vintages of CI mains showing a much higher break
frequency. Vintages of 1862 to 1865 and 1926 to 1931 had high break frequency and would be replaced
and unsized where necessary. Pipes of the 1866 to 1925 vintage had minimal maintenance history and
were adequately sized so they could be rehabilitated.

The discussion that followed on Sessions 1 and 2 emphasized a number of key issues. Several speakers
expanded on the multiplicity of defects and their causes in ferrous pipe and the need to understand "What
you were looking for," and then use the appropriate technology to find it.

In responding to a question about whether possible limitations to condition assessment arose from the
hardware or the signal processing, one of the leading technology developers pointed out that the real
limitations lay in the basic physics, which cannot be changed.

One university delegate suggested that in view of the costs and disruption involved in internal
investigations, multisensory platforms should be used to collect all possible data at one pass. The
response from a utility delegate was that this resulted in data overload and delays in getting key results
which needed to be immediately available to determine remedial works while the pipe was out of service.

The problems of access and disruption that are involved in internal inspection suggested that greater
consideration be given to developing external non-intmsive inspection and combining limited direct
inspection with asset, soil and coating data. Some inspection companies were developing this approach.
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A broader issue was the utilities' approach to the value of inspection. A leading inspection vendor of
ferrous pipes said that direct inspection costs were around 4 to 5% of the asset value but with a further 4
to 5% of indirect support cost. This was well above the highest figure of 5% of asset value that utilities
felt that they were prepared to pay according to an AwwaRF study. A leading utility representative stated
that he felt that utilities were aware of the technologies but needed to understand the value of inspection
in reducing failures before they would begin using them. Another speaker felt that, as with PCCP, the
critical need that condition assessment should address is to reduce catastrophic failures where the
consequential cost is high.

In conclusion a speaker pointed out that a utility inspection only told you that you had a problem.
However, it did not solve the problem.

B.4 Leakage Management

Mark LeChevallier of American Water opened with "American Water Leak Detection Technology
Update". He described their experience with AMR and how it became cost effective by coupling with
water leak detection. A number of permanent and semi-permanent water leak devices based on acoustic
monitoring tools were described. The data could also be mined to relate leaks to temperature changes and
patterns that repeat annually and revealed that the maximum number of leaks seemed to occur in the fall.
Conclusions to date include:

Acoustic monitoring works and may reduce leakage about 30 to 50% mainly on low-medium
leaks

Early detection and repair reduces operational cost

Leaks increase with water temperature drop. Large temperature drop trigger larger main
failure

Many leaks start in the fall

Acoustic monitoring does not find all leaks because of background noise

Acoustic monitoring and area metering can work effectively together

Acoustic monitoring and area metering analysis and decoders can identify metered leaks.

The second presentation "Optimizing Water Pressure Management to Sustain Distribution Infrastructure"
was presented by George Kunkel of Philadelphia Department of Water. In opening, he emphasized the
need to find ways to activate utilities to take action on water leakage as most utilities do not have any pro-
active approach. He described three components of leakage - reported, unreported, and background
leakage. Philadelphia had reduced leakage by about one third. He then described appropriate approaches
to intervention. This was followed by a representation of the four components of managing real loss to an
economic level:

Active leakage control
Pressure management
Improved system maintenance, replacement and rehabilitation
Improved response time to leak repair.

The second part of his presentation described Philadelphia's DMA project.
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Brian Mergelas of Pressure Pipe Inspection Company (PPIC) presented "Recent Advances in Leak
Detection Technologies" based on the Sahara® system licensed internationally from WRc the developer.
Sahara® in-line leak detection is able to identify small leaks of less than l gal/hr in operational lines due to
the proximity of the acoustic sensor as it passes a leak. It is suitable for diameters of 12 in. and greater.
Up to 6,000 ft can be surveyed from one insertion point and one to two miles of line can be surveyed in a
day. It is inserted by means of a 2-in. tap. All leaks were not created equal, and many leaks were found
that had not appeared at the surface.

The returns from a Sahara program were illustrated by reference to five projects. The client cost per mile
in line preparation was about $25,000 and the Sahara® survey cost $25,000 per mile. Using the number
of leaks detected and the cost of repair a total cost was determined. The savings from break avoidance in
terms of value of water recovered at 50% of retail price was calculated and the comparison of net benefits
against cost showed rates of return on the investment all in excess of l,000%.

PPIC have recently introduced a video camera which can be inserted into an operational main through the
launch point. He showed examples of the pictures obtained of the inside condition of the pipe including
air pockets.

The final presentation was by Michael Higgins of Pure Technologies "Leak Detection Ball for Large
Diameter Pipes and Future Leak Detection Technologies"

He set out the following goals of inspection:

Reliability of detecting defects
Pipe remains in service
Non-intrusive
Direct test for long pipelines
Inexpensive to deploy.

To his knowledge, currently there were no tools that met all these criteria. One of the tools that Pure has
developed is Smartball®. The ball is free swimming and propelled through the line at near flow velocity.
An acoustic ping is emitted every three seconds which allows tracking equipment to follow the ball. It
follows the dominant water flow and passes around bends and fittings. It can record data up to 12 hr so is
able to monitor many miles from one insertion. The tool requires a 4-in. port for insertion and removal.

A future approach to permanent leak detection was based on the use of acoustically sensitive fiber optic
cable which could be up to 25 miles long. This was seen as being a tool that would be installed in key
trunk mains and provide continuous permanent monitoring.

The key points which arose from the open discussion on leakage management are highlighted below.

On the question of how to convince utilities of the technical and economic feasibility and value of
reducing leakage, there was a variety of responses. It was pointed out that unlike countries, which had
achieved significant leakage reduction, there were no real drivers in the U.S. One vendor said his
experience was that there were a whole range of clients from pro-active to reactive. So some utilities did
not need convincing.

The representative from Philadelphia Water pointed out that there were many low tech utilities doing
nothing and using low tech designs. He cited utilities who could not isolate areas because they either did
not have valves that were operational or, in some cases, did not know where the valves were.
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Another speaker pointed out that he had problems of convincing utilities and particularly operators of the
value of inspection because they did not wish to have anything which might disturb the day-to-day
operations.

Steve McKellar referenced the U.K. experience with DMAs and suggested that it would be insane not to
use this approach. He pointed out that all the major U.K. water utilities had been using DMAs now for 10
years and there is 75 to 90% coverage of the network. It is almost mandatory now that UK utilities use
DMAs because of the leakage reduction that could be achieved.

It was questioned if leak monitoring combined with other data could provide information on condition
and if additional tools could be added to provide infonnation on structural condition.

WS SC believed from their experience that the data collected by Sahara® and SmartBall® contained a great
deal of additional information which could be extracted by improved signal analysis. For example, the
individual key pipelines could have each pipe tagged so that as the tool passed it could be identified. It
was thought that more could be done to closely identify defects and their locations.

A suggestion was made that a common system was needed to describe the different forms of leaks that
were found and repaired. As illustrated in the literature, a wide range of leaks occur. Leaks could be
from joints, fittings, perforation, and breaks. These failure data would be invaluable in understanding the
nature and causes of leaks and the collection of the data should be undertaken by utilities in conjunction
with the vendors.

B.5 Prediction Models and Databases

The session opened by Yehudi Kleiner of NRC who presented "Small Distribution Mains Breakage
Frequency Modelling".

His understanding of what utilities wanted to know included:

Remaining service life
Criteria for replace or rehabilitate
Optimal timing for renewal/inspection
Allocations for future budgets.

Rather than demonstrating the models, he discussed the development and results of the models. He
showed derived curves for small and large diameter pipes taking into account cost of renewal and failure
risk giving a total expected cost. He showed how the bottom of this curve was the most cost effective
time of renewal. The time to renewal for large mains was much shorter on this basis because the failure
risk curve was much steeper, He believed that this was the basis for managing small mains which was to
accept a higher failure frequency than for large mains where it is much more important to identify
impending failures.

Yehuda Kleiner commented on the pros and cons of modeling based on statistical and physical
information. Statistical models are simpler and data are more readily available. He listed the data
requirements and the trade off between group size and homogeneity. The benefits of opportunistic fitting
of CP anodes and retroactive systematic fitting were graphically illustrated. His final comments were
recommendations directed towards the need for robustness and simplicity in modeling.

B-6

III



This presentation was followed by Steve McKellar who outlined the "UKWIR Sewers and Water Mains
National Failure Database". Steve Mackellar pointed out that there were a number of differences between
the U.K. and the U.S. practices that needed to be taken into account. Operating pressures were higher in
the U.S, there was much greater use of PE for potable water in U.K. Probably the biggest difference was
the smaller number of large utilities in U.K. who were responsible for over 90% of the system and were
monitored for performance by a government appointed regulator. The regulator determined, from the
capital spending budgets and plans, the rate increases that would be allowed.

The initiative for development of National Failure Database was from UKWIR who wanted to:

Create a repository for failure data
Make data provision easy
Make data use easy
Manage data and keep secure
Respond to changing needs.

Participation in the database is voluntary and the operation is financed by subscription. Currently
participation is greater than 90%. The water database has now been operational for some years and is
proving to be highly beneficial to utilities in that they are able to compare their own experience with
failures and pipe materials against national experience. The sewer database will come on line shortly.

In conclusion he showed a wide range of analysis that was possible. A range of data sets were shown of
different pipe types, failures, leakage and assets and how they could be used to undertake forecast
modeling and mains replacement.

Sunil Sin ha of Virginia Tech presented "Condition Curves State-of-the-Technology" and
"Predictability/Preventability Indices" and his role in TO 62. Prediction deterioration models can be
grouped into five major categories:

•

•

•

•

•

Deterministic
Statistical
Probabilistic
Advanced mathematical
Heuristic.

Water Research Foundation has identified six concepts for modeling. Five of these were listed below:

Main age of failure
Total failures over time
Breaks as functions of single causative factors
Break probability in next time period
Aggregate data.

Sunil Sin ha emphasized that sound data had to be the basis of all modeling. It was not just taking data
from utilities which came in many forms. Virginia Tech on their other projects were taking the data from
utilities and interpreting it into their own format, which is termed "data cleansing". He emphasized that
they were not developing curves but looking into what might be possible.

He continued with his work on exploring the feasibility and value of developing procedures for
calculating predictability and preventability indices.
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The predictability index will indicate the inherent, theoretical predictability of various types
of pipe failure

The preventability index will indicate the technical and economic feasibility of preventing
pipe failure.

The predictability index was graphically shown in terms of five stages:

Type of failure
Failure mode and mechanism
Variables that predict failure
Develop scoring system for variables
Pipe failure preventability index.

The development of a preventability index was shown in five stages:

Identify water pipe technologies
Evaluate technical feasibility
Evaluate economic feasibility
Develop rating system
Preventability index.

The presentations in this session created significant comments and suggestions throughout the discussion.

One university delegate pointed out that in statistical modeling the stability of the model is essential. In
this type of modeling it is necessary to create a population of individuals which remain stable. However
in real life the "pipe" individuals change because of new works, repairs, and replacements. No longer is it
possible to accurately assign failures. This was illustrated by another speaker who provided an example
where a utility had replaced a lot of failing PVC with PE but the model attributed the earlier PVC failures
to PE.

She also commented that the data cleansing that Virginia Tech was proposing required a great deal of
effort. The representative from NRC emphasized this point and pointed out the difficulties of obtaining
data to populate models. He also sounded a warning note on data cleansing and the momentous task
involved. One set of 140,000 pipe records from one utility had proved to be unusable because of the way
they had been recorded. He considered that data recording had to be at utility level and involve operators
who had in-depth knowledge of the system.

Steve McKellar explained that the UKWIR database was based on two separate records. A higher level
Geospatial database presented a picture of long term requirements and investment in the system. The
second was an asset database which provided the information at the operational level on pipe behavior
and which to replace. This removed some of the difficulties discussed. It was essential to have a
snapshot of changes and in U.K. the changes were recorded every year. Since only l% of the system was
replaced annually it was thought to an acceptable compromise.

On the use of curves or models, Mike Woodcock said that WSSC did not use such methods. He felt that
the modelers were making things complicated. Using a GIS system, WSSC knew where their assets
were, the maintenance records, and where failures had occurred. There was no need to model, from this
information they could analyze to prioritize their selection of where to replace or inspect. Models don't
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take into account extraneous considerations, which can be most important. It was suggested that Mike
Woodcock was actually modeling.

A speaker pointed out that the description of the parameters in Sunil's model did not include leakage,
which could be a valuable indicator of pipe condition. This was accepted as being a valid comment. It
was pointed out that the factors used for predictability and preventability were the same. The value of the
preventability index was questioned. Another comment was that the predictability of failure seemed to be
the same as the current models which used the term "the likelihood of failure".
One university delegate said that his concern in modeling was "Garbage In and Garbage Out". There are
so many parameters in a model that you can make a model produce any desirable output. His advice was
to keep it simple.

B.6 Emerging Technologies

The session was opened by Marc Bracken of Echologics with "Condition Assessment of Water Pipes".
The basic concept of using acoustic technology to calculate the remaining wall thickness was developed
by NRC and is being further developed and commercialized by Echologics.

The method is based on how quickly low frequency acoustic signals are transmitted along a section of
pipe. Using this relationship between velocity of signal and pipe wall thickness it is possible to back
calculate thickness. Varying pipe thickness around the circumference can be calculated as being unicorn
or linearly variable. The calculated pipe thickness was the average along the section being inspected,
which was typically 100 meters long. Examples of inspections and findings on pilot tests on CI and AC
pipe were presented. The results of the inspections and the exhumed pipes were provided.

Krish Ramalingham of CCNY presented "Non-destructive Evaluation of Force Mains in New York".
The technologies being proposed for the evaluation of New York ferrous force mains has direct
application to the evaluation of ferrous water main condition. Initially asset information was collected
and a comprehensive database, standards for structural rating, and condition assessment framework were
developed. The tool that has been chosen for trialling is the Ultrasonic Crawler developed by Inspection
Systems GMBH. The tool is capable of meeting the criteria and can also provide high resolution digital
video of internal condition. It can be applied to different diameters and work through 1.5 diameter bends
and climb and ascend vertically. It can scan lengths up to 3,300 ft. The intention is to undertake field
trials in New York in early 2009.

Dave Russell of Russell Technologies presented "In-Line Inspection Tools (Intelligent Pigging) for Water
Mains". Russell Technologies have a range of in-line inspection tools based on RFT, including wire line,
free swimming, walk through and collapsible tools. He estimated, based on replacement cost of $150/ft,
the inspection cost was 10% of replacement. This included the clients cost with the investigation portion
accounting for 40% of the III cost which equated to 4% of replacement. The tool averaged some 1,800 ft
a day of inspection with access to the operating mains through hydrants.

Some of the concerns and the solutions were:

Internal pipe scale - solved by use of a soft foam pig
Red water - solved by a 20 min flush after using tool
Plugged customers filters - not a problem if customers did not use water during inspection
Lost/stuck tools - very occasional and had to be dug up to recover.

Some unexpected findings were:
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Pipelines with graphitized through-holes that had not leaked

DIP had commonly a band of corrosion 3 ft back from bell end which was traced to poor
coating adherence during manufacture

Corrosion hot spots were found near in-insulated copper services

Long lengths of CI and DI scheduled for replacement with almost no visible corrosion.

Dave Russell wound up by confirming that tools and technologies were available for III. The "See
Snake" is a remote RFT tool for diameters up to 14" with potential for larger diameters if there is a
demand.

The final presentation was by Edgar Smith of USACE Engineering Research Development Center
"Sensor Enabled Water Quality and Corrosion Degradation Assessment Systems for Water Distribution
Networks". His presentation focused on detection of water quality and corrosion monitoring by the use
of wireless sensors. These included corrosion rate sensors, HACH Pipe-Sonde water quality sensors. The
use of dynamic modeling and the integration of sensors and models in support of water distribution
networks were discussed. The use of permanently installed leak detection systems was illustrated. The
vision was that tying these tools together could provide a "smart" utility network.

Discussion on emerging technologies brought a variety of points.

One speaker believed that there were plenty of tools that a utility can use in inspecting its mains. However
the increase in use is very small compared to what it should be. The limitations are not due to the lack of
technology but the lack of incentive for utilities. He suggested that the barriers were institutional because
of the way utilities are organized, operated, and regulated. The utilities needed to look at the rates they
are setting as the income is insufficient to cover the basic level of service.

One vendor continued the theme from his experience working in two different markets - U.S. and U.K.
In U.K. he had found great interest from utilities who he termed "technology adaptors" as they were
seeking technical solutions in their work. In the U.S., the level of interest is very specific to individual
utilities. His company found that utilities will carry out leak detection so by coupling condition
assessment they are carrying out projects where almost the condition information is seen as an add-on
thrown in.

One sped<er considered that one potentially exciting development was the use of fibro optics in the pipe
and the potential to provide both the condition of the pipe and the stress in the pipe.

There are fundamental characteristics and limitations to the basic technologies employed in in-line tools
which need to be understood for any development together with cost implications for internal inspection
in operational water mains. It was also recognized that there were both economic and technical barriers to
inspection, not only in the ability of tools to detect cracks and corrosion but also the cost and difficulties
associated with both internal and external inspections.

The group discussed ideas for motivating the utilities to improve their inspection practices, including
possibly bringing together a group of utilities to develop a guaranteed minimum work program for
condition assessment and condition inspection. One of the problems of U.S. water utilities is the
fragmentation so that very few have the length of pipeline to justify the high mobilization cost for
condition inspection. Such a minimum program of inspection would be attractive to the vendors due to a
steady flow of work over an extended period and would offer cost-benefit to the participating utilities.
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The point was made that inspection technologies are most effective on pipelines with good records on
construction, maintenance, failure and repair. This information will focus inspection and lead to the
greatest cost-benefit.

The cost of an inspection must be kept low, an acceptable fraction of the replacement cost. Otherwise,
utilities will consider it to be more cost effective to execute a scheduled replacement program. Utilities
that do not keep detailed records often find this to be the most effective approach.

B.7 Technology Demonstration

Bruce Nestleroth of Battelle opened the session with "EPA Technology Field Demonstrations:
Protocols/Metrics/Site Selection." He laid out a framework with possible types and goals of the EPA
technology demonstrations, including both controlled-condition and field demonstrations of established
and new technologies. He highlighted the pros and cons of controlled demonstrations and field
demonstrations. Controlled demonstrations assess performance of inspection technologies on a full range
of anomaly types and sizes. Field demonstrations assess implementation variables and evaluate a few
anomalies that happen to be present. He then talked about the needs which included input and
contribution from stakeholder groups, water utilities, and inspection vendors.

The Final paper was by Rob Pennington of CDM with "Controlled Condition Assessment Needs." Under
Task Order 64 CDM had the task of looking at "Controlled - Condition Research on Wastewater
Collection and Drinking Water Distribution Systems." The scope included evaluating EPA's Edison
Pipeline Test Apparatus (EPTA) facility in Edison, New Jersey, and preparing a design basis and
preliminary designs of controlled-condition testing needs. This was to cover all types of gravity and
pressure pipe assessment and also pipe rehabilitation. Eleven pipe assessment situations along with four
pipe rehabilitation needs for both pressure and gravity pipe were identified.

During the discussion, comments came from all sides of the floor and particularly vendors that it was
important to simulate real life defects. Experience was that simulated defects in test facilities were not
representative of real life defects and would not be found by technologies which were structured to find
actual defects.

There was concern on the range of defects, conditions, and inspection technologies. It would be very
difficult to cover the whole range in a control testing facility or at best would be exorbitantly expensive.
It was pointed out that a loop fonnat was not suitable for leak detecting technologies.

It was also pointed out that vendors already have substantial experience and validation of inspection
findings. They didn't feel that they had to prove their technologies by doing tests in a simulated facility.
They felt that it would be more beneficial to find ways to validate their technologies on real pipes.

Utility representatives were lukewarm on the value of controlled testing. They suggested that it would
not make much difference to utilities in changing their demand for inspection. In their view,
demonstrations that are conducted on real pipes that have similarities to their own are more likely to
stimulate interest and provide more benefit.

The involvement of utilities is a key to the success of technology demonstration. A survey should be
conducted to determine the level of interest of the utilities. One suggestion was for EPA to subsidize
utilities' pilot studies by collecting supplementary data.
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LWC offered a 2,450-ft long, 24-in. 1933 cast iron main for use by the EPA technology demonstration.
Competing vendors could inspect the same pipeline where practical to allow a direct comparison to be
made.

B.8 Recommendations - "Top 10 Findings" from TO 62 Forum

1. Leakage management. Leak detection and mitigation provides the biggest bang for the
buck. With the reported six billion gallons of water loss out of 40 billion gallons extracted
daily, even a 20 percent reduction would achieve massive environmental benefits and cost
savings. Recent advances in leak detection and location technologies provide utilities with
tools and methods to reduce leakage. However, without regulatory pressure, there is little
incentive for many utilities to implement leak reduction programs. EPA should consider: (a)
if there is any existing requirement that can be utilized to audit utility performance, and (b)
setting rules with specific leakage targets. For example, Washington's Water Use Efficiency
Rule requires all municipal water suppliers to maintain their distribution system leakage at or
below 10 percent of their production (http://www.doh.wa.0ov/ehp/dw/Programs/wue.htm).
EPA could also undertake programs to demonstrate the technical and economic feasibility
and value of reducing leakage.

Data collection and management. A general consensus among the participants is that there
is insufficient data collection and management by utilities. For example, few water utilities
collect data on main breaks/burst/failure/repair events and there are no standardized protocols
for documenting, storing, and managing the data. Since the UKWIR mains break database
has been proven useful and workable in the U.K., the adoption of this database by the U.S.
will provide considerable value to water utilities and the researchers by improving
understanding of the type and distribution of failure modes and mechanisms, and this
information can be used to support better decisions regarding pipe selection, installation,
inspection, service-life prediction, and technology development. Water Research Foundation
is currently assessing the adaptability of the UKWIR database to the U.S. utilities. EPA
should consider supporting this initiative.

3. Barriers to effective condition assessment. From the utilities' perspective, there are plenty
of effective tools in providing the level of information required. It is not unusual to find that
a utility will use an ineffective method because it is low cost. There is some slight increase of
interest and usage for condition assessment. However, the real incentives are not there for the
utilities to conduct condition assessment. The limitations are not due to lack of technologies.
The limitations are institutional, which is the real barrier. Water rates need to reflect cost of
production and delivery.

Technology demonstration. There is a strong desire for EPA to subsidize field trials of
inspection technologies. LWC offers an immediate opportunity: a 2,450-ft long, 24-in. 1933
vintage cast iron main will be removed and replaced in August 2009. This section of main
can be used for testing of multiple leak detection and inspection technologies. At the time of
finalizing this State of Technology Review Report, EPA has provided funding to plan, setup,
monitoring, verifying, and reporting such field tests. For large-scale demonstrations at
multiple locations, a questionnaire should be sent to major cities to solicit their interest in
participation. The survey should be developed to reflect utility concerns and reasons why
they should participate and any potential benefits from participation.

5. Controlled-condition testing. Water utilities and vendors were generally unconvinced that a
controlled-condition testing facility for condition assessment technologies would provide

4.

2.
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substantial benefits. A key limitation is that controlled-condition testing is not equivalent to
real-world, field demonstration. Field demonstrations also have limitations, e.g., cost, risk,
complexity, and repeatability. However, should a controlled-condition test facility be
determined viable, utilities are willing to provide pipe samples for testing. Further evaluation
of potential controlled-condition testing needs was recommended. Another function for the
EPA PTA facility in Edison, NJ would be to keep an inventory of pipe samples, perform
forensic examinations of various pipe failures for all pipe types, and maintain a database of
forensic analysis.

Predictive models. Much work has been done on the prediction of residual life. An
extensive evaluation of the effectiveness of these models and their extent of use by utilities,
engineers, and consultants, would be valuable. Some existing curves and models need to be
changed to reflect local conditions such as soil parameters and support. For example, the
relationship of local soil conditions and the corrosion of unprotected CIP should be taken into
account. Lack of soil support, often coupled with increased external loadings, may be
another local factor that can modify life expectancy curves. A general consensus is that any
index or model development should be simple to understand, transparent to the users, and
easy to implement.

7. Definition of terms. There is lack of proper definitions in the water industry for terms like
leak, break, failure, condition curves, condition assessment, etc. A consensus needs to be
reached among research organizations such as Water Research Foundation, WERF, EPA,
NRC, UKWIR and others so that there is a common vocabulary and understanding of
alternative terms for the same thing.

8. Emerging technologies. Condition assessment and inspection technologies for existing pipe
are important, but emerging technologies should also be considered for enabling condition
assessment for future pipe design and installation (for example, embedded sensor, micro-
chip, wireless technologies, etc.).

9. Value of inspection. More in-depth studies should be conducted on the value of inspection
in relation to asset value for different diameter and types of pipes. This could go hand in
hand with alterative ways of condition assessment for smaller diameter pipes and justify the
use of NDT inspection tools.

10. Need for condition assessment guidance. Provide utilities a basic synthesis of the extensive
knowledge on pipe failures - cause and symptoms, the means to detect them, and basic
information about leak detection, condition inspection, and prediction methods. Some efforts
(e.g., WERF et al., SAM Challenge program) are underway to address this need. It will be
necessary to update the guidance as improvements occur in micro- and macro- level
understanding of pipe failure, pipe materials, liners, and coatings, and data collection and
analysis methods.

6.
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ABSTRACT: Failures in cast iron water mains are more complex and diverse than is widely understood in the
industry. This paper discusses the modes and causes of pipe failures that have been encountered during a
three year investigation by the National Research Council Canada. In addition to corrosion, manufacturing
defects, human error and unexpected levels of pipe loading all play a role in the large number of pipe failures
that occur each year.

1 INTRODUCTION per discusses the different modes of failure in gray
cast iron pipes and the causes behind those failures.
Individual examples of ductile iron failures will also
be examined. A number of photographs of pipes are
presented in order to assist practitioners in identify-
ing similar problems in other water systems Finally,
a case study will be presented that briefly discusses
the failure analysis process.

2 FORCES ON IN-SERVICE PIPES

Gray cast iron is the most common material used in
North American water systems, representing about
50% of the total length of installed water mains
(Kirmeyer, Richards and Smith, 1994). It is also the
material that is most prone to failure. A large water
utility may experience 300 or more water main
breaks a year. Each such main failure causes dis-
ruptions to water supply and may require emergency
repairs. If a large diameter main fails, millions of
dollars of damage may result. Even without a large
main failure, the total cost of small diameter water
main breaks represents a significant portion of the
annual operating budget of most water utilities.

Despite the economic and social significance of
water main breaks, little work has been done to
analyze the failures and understand the mechanisms
that cause: them. Past research has concentrated on
soil and corrosion behavior (Romanoff, 1964,
Zamanzadeh, 1990, Fitzgerald, 1968). The work
that has been done to investigate the failures them-
selves has largely been for legal purposes to deter-
mine liability for a particular single water main fail-
ure. This has led to a widely held belief that the
failure process is a simple one, where a pipe cor-
rodes to 1;he point at which it can no longer with-
stand the applied internal and external forces, re-
sulting in a main break.

However, recent work at the National Research
Council (`anada (NRC) has shown that the failure
process is much more complex than expected. Cor-
rosion plays a significant role in gray cast iron water
main failures, but soil-pipe interactions, poor pipe
casting techniques and human error are also i1npor~
tent factors. Failures also often take place in multi-
ple stages, rather than in a single episode. This pa-

At the most basic level pipe failures are caused by
applied forces exceeding the residual strength of the
metal. The forces applied to pipes have been inves-
tigated in detail elsewhere (Rajani, Zhan and
Kuraoka, 1996), but a brief summary will be pre-
sented here to provide the context for the remainder
of the paper. The forces applied to water pipes can
be considered as five groups: those produced by
internal water pressure, bending forces, crushing
forces, soil movement induced tensile forces, and
temperature induced expansive forces. Gray cast
iron pipe systems were generally designed to with-
stand only internal pressure and crushing forces
(AWWA, 1975). The loads that produced the latter
forces were assumed in the standards to be due to
ground weight or truck loading above the pipe.
However, frost loading and expansive clays may
also produce similar loads above the pipe. Crushing
failures appear to be very uncommon in gray cast
iron pipes. None of the eighty four pipe failures in-
vestigated by NRC have shown evidence of this type
of failure. Many of the same loads can also produce
bending in pipes, which is a common failure anode.
Additional loading conditions that can produce
bending include some forms of soil movement and



3.1 Blowout holespossibly thermal forces due to differences between
the temperature of the water in the pipes and the sur-
rounding soil. Another possible loading condition
that can cause pipe failures is one produced by soil
locking the pipe wall through friction. Soil
movements may then produce tension in the pipe,
producing simple tensile failures. Finally, leadite, a
sulfur based joint sealing compound used in the
1940s and 1950s appears to produce pipe failures
due to the difference between its coefficient of ther-
mal expansion and that of the metal in the pipes it
seals. This mechanism is discussed further in Sec-
tion 3.3

As discussed in the following sections, corrosion
plays a role in many mechanical failures. However,
corrosion by itself or in conjunction with internal
water pressure can also cause pipe failures. In this
case corrosion pitting occurs until the pipe wail has
thinned to the point where the water pressure blows
out the remaining, very thin pipe wall. This type of
corrosion failure may produce a very small hole or a
large one, depending on how localized the corrosion
process has been and the pressure experienced by
the pipe,

3 FAILURE MODES
3.2 Circumferential Cracking

Circumferential cracking is the most common failure
mode for small diameter (<380 mm diameter) gray
cast iron pipes (Figure I). Typically this type of fail-
ure is caused by bending forces applied to the pipe.
The resulting failure occurs in a manner similar to a
twig snapping, with the failure crack propagating
across the circumference of the pipe. This type of
failure may also be caused by soil movements pro-
ducing tensile forces on the pipe, producing a simple
tensile failure.

The tern "failure modes" refers to the actual manner
in which cast iron pipes fail, rather than the mecha-
nism that causes the failure. These modes vary de-
pending on the diameter of the pipe. Smaller di-
ameter pipes have lower water pressure but also
smaller moments of inertia, which makes them more
susceptible to longitudinal bending failures. Larger
pipes have higher water pressure and higher mo-
ments of inertia, producing a tendency to longitudi-
nal cracking and shearing at the bell.

3.3 Bell Splitting

This failure mode also appears to be most common
in small diameter pipe. Joints in cast iron pipes were
originally sealed using rope packed between the bell
of one pipe and the spigot of the other. Molten lead
was then poured into the joint to complete the seal.
Leadite, a rigid, sulfur based compound was used
in the 1930s and i 940s as a substitute for lead.
However, as a non-metallic compound, leadite has a
different thermal co-efficient of expansion than lead.
Consequently, very cold temperatures at the pipe can
cause the bell to split as shown in Figure l. This
failure mode is different from the longitudinal split-
ting shown in Figure 2 both because of different
causes and because the crack terminates just below
the bell of the pipe once the stresses produced by the
thennal expansion have been relieved.

Figure 1. Failure modes for small (<380 mm) diameter pipe.
Left pipe: bell splitting at top of pipe, circumferential cracking
at middle of pipe. Right pipe: corrosion through»hole at top al"
pipe, chain created corrosion pitting at middle of pipe, elon-
gated corrosion pitting with blow out hole at bottom of pipe.
Generally these failure modes will not be seen on the same
pipes.

to

3.4 Longitudinal Cracking

Longitudinal cracking appears to be confined to
large diameter pipes. This failure mode may be due
to internal water pressure, to crushing forces acting
on the pipe or possibly to compressive forces acting
along the pipe. Any of these loadings could result in
a longitudinal crack. Once the crack has initiated, it
may travel the length of the pipe. In some instances
cracks have formed on opposite sides of the pipe.
The end result has been the removal of a section of
the top of the pipe, producing a hole that may be as



long as tae pipe and taking up a third of its circum-
ference.

Figure 2. Failure Modes for large (>500 mm) diameter pipe.
Left pipe: Longitudinal splitting. Right pipe: Bell shearing.
Corrosion pit ihilure modes are also common on these pipes.

Figure 3. Spiral failure mode in mid-diameter (380 mm -500
mm) pipe. Corrosion pitting failures have also been seen in
these pipes.

3.5 Be/I Shearing

Large diameter pipes generally have too high a mo-
ment of inertia to produce the circumferential fail-
ures shown in Figure l. However, large diameter
gray cast iron pipes do fail by having a section of the
bell shear off as shown in Figure 2. A possible cause
of this failure mode is compressive forces pushing
the spigot of a pipe into the bell of the next pipe in
the pipeline. However, bending forces are more
likely to be the cause of this type of failure. Simple
compressive loading would tend to produce a crack
that propagates down the length of the pipe, but a
bending force would produce the type of shearing
shown in the figure. An example of this mode was
seen in a 1998 failure of a 914 mm diameter main in
Boston.

4 CAUSES OF FAILURE

4.1 Corrosion

3.6 Spiral Cracking

Some medium (380 mm -500 mm) diameter pipes
experience a unique failure mode where the crack in
the pipe appears to start in a circumferential fashion
and then propagates down the length of the pipe in a
spiral fashion. This failure mode has been seen in
Des Moines, St. Louis and Ottawa. In the two for-
mer cases the failures were associated with pressure
surges. The appearance of this failure mode also
suggests that the failure is produced by a combine
son of bending forces and internal pressure.

Corrosion induced failures are common to all pipe
diameters. Although many of the failure modes de-
scribed in section 3 are mechanical in nature, corro-
sion pitting is frequently associated with these fail-
ures, having produced the weakening in the fabric of
the pipe that allowed the failure to occur. As an ex-
ample, twenty three out of the twenty five circum-
ferential failures investigated by NRC have been as-
sociated with corrosion pitting. Other failures arc
due to corrosion alone (Figure 4). Simple corrosion
pitting is a minor failure mode in small diameter
pipes, but more important in diameters above about
300 mm.

Investigation of the effects of corrosion on gray
cast iron failures in particular is complicated by the
presence of two separate but closely related corro-
sion processes that may affect the pipes. Simple
corrosion pitting can occur in much the same way as
steel pipes. However, graphitization can also take
place. This process removes some of the iron in the
pipe, but leaves behind a matrix of graphite flakes
that is held together in part by iron oxide.
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it is clearly still a possibility. Visually undamaged
ductile iron pipes should not, therefore, necessarily
be assumed to be without corrosion damage.

Figure 4. Heavily corroded gray cast iron pipe. (City of To-
ronto)

Granhitisation

Figure 5. Cross-section of ductile iron pipe showing graphiti-
sation. (City of Ottawa)

4.2 Manufacturing Flaws

Gray cast iron pipe was manufactured using a num-
ber of different methods, with the two most common
being pit casting and spin or centrifugal casting
(Talbot, 1926). In the former method a vertical
mould was built from sand inside a pit. Molten cast
iron was poured into the mould, which then slowly
cooled until the pipe could be removed and tested.
Spun cast pipe was produced in horizontal, spinning
metal or sand moulds, with the former approach re-
quiring water cooling of the mould. In this method a
ladle entered the centre of the mould and poured
molten cast iron down its length while the mould
rotated. The spinning of the pipe caused the molten
metal to be distributed evenly about the surface of
the mould. Centrifugal casting also produced a
stronger pipe due to differences in the microstruc-
ture produced by the two processes (Maker and Ra-
jani, 2000).

Graphitisation can form a solid substance on the
pipe, producing the appearance of an undamaged
material. In many cases this corrosion product may
also be strong enough to temporarily resist the pipe's
internal water pressure. Cleaning the pipe surface
using sand blasting or other methods is frequently
the only way to determine the full extent of the cor-
rosion damage to the pipe.

Areas of graphitization are often thought to be
composed solely of the graphite flakes. In reality,
chemical analysis shows the presence of iron oxide,
which appears to be essential for the process. NRC
has used high speed corrosion ceils on gray cast iron
pipe in order to produce artificial corrosion pits.
These cells are capable of producing a 5 mm deep, 7
mm wide hole in one to two hours. This corrosion
process left behind the graphite in the pipe, but as
soft, easily removable carbon flakes, not hard
graphitization. Iron oxide therefore appears to be
necessary to form the corrosion product known as
graphitization. in addition, it also suggests that a
slow corrosion process is required for the graphite to
bond with the iron oxide.

Unlike gray cast iron, ductile iron does not have
a matrix sf cast iron flakes. Instead, its manufactur-
ing process produces time carbon spheres in the
metal. This produces a stronger, more ductile mate-
rial than gray cast iron, with the greater ductility
giving the alloy its name. The lack of connection
between the graphite spheres in this material was as-
sumed to mean that graphitization could not occur.

However, the Water Research Centre in the
United Kingdom has observed examples of graphiti-
sation in ductile iron pipe (De Rose and Parkinson,
1985). NRC has investigated ductile iron pipe fail-
ures from the cities of Ottawa and Toronto where
graphitization was also observed (Figure 5). An
elemental analysis of the graphitization from the
Ottawa pipe showed high amounts of carbon, iron
and oxygen in approximately the same proportions
as seen in graphitization in gray cast iron pipes. Ad-
ditional trace elements from the surrounding soil
were also identified. While graphitization is less
common in ductile iron pipes than in gray iron pipes,

Figure 6. Pit cast pipe showing porosity (black dots on cut
metal surface). (City of Toronto)



recsly below the flaw and an iron oxide boundary
layer was identified between the flaw and the pipe
wall. The presence of the boundary layer and the
semi-circular shape of the flaw cross-section sug-
gests that the flaw material solidified before the bulk
of the pipe. The iron oxide layer was produced by
contact with the air as the flaw metal cooled, while
the elongated shape and the observed cross-section
was produced by a combination of surface tension
and the centrifugal "forces" produced by the spin-
ning mould .

Longitudinal Flaw

Figure 8.
Ottawa)

Longitudinal flaw in spun cast pipe. (City of

NRC Has identified manufacturing flaws in both
types of gray cast iron pipe. The more recent ductile
iron pipe is also made by spin casting, but none of
the ductile iron failures investigated by NRC has
been due to manufacturing flaws. Porosity (Figure
6) is the most common manufacturing defect in pit
cast pipe. It is produced by air being trapped in the
metal as it solidifies. Air in pit cast pipe may have
had to travel from the bottom of the pipe to the top
to escape, providing much greater opportunities for
entrapment than in spun cast gray iron pipe, where
the air only needed to reach the inner wall of the
pipe surface to escape. However, NRC has found
smaller pores than those shown in Figure 6 (2 mm
diameter as compared to 8-9 mm) in clusters in
poorly manufactured spun cast pipe.

Inclusions are unintentional objects created in
metals during manufacturing that are not part of the
continuous fabric of the material (Figure 7). They
weaken the pipe metal by acting as crack formers,
reducing the total cross-section of metal in the pipe
and producing stress concentrations. The inclusion
shown was fanned from iron oxide, but a more
common inclusion is undissolved ferrosilicon. The
latter material was a common means of adding sili-
con to cast iron, which lowers the melting point of
the metal and makes it easier to cast. However, if
the metal cools too quickly, the ferrosilicon will not
complete Ly dissolve, leaving behind a black, spheri-
cal inclusion.

Pipe Metal Flaw Metal

\ $1

Boundary La

Inclusion
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Figure 7, Inclusion along a fracture surface. (City of Ottawa) Figure 9. Cross-section of longitudinal flaw. (City of
Ottawa)

Spun cast pipes generally appear to have fewer
casting defects than pit cast ones. However, they do
experience a variety of defects that can only be pro-
duced by the spin casting process. Figure 8 shows
an example of a longitudinal surface defect. The
particular pipe photographed here and in Figures 9
and 10 had numerous examples of this type of defect
on its outer surface, which would have been in con-
tact with the pipe mould. In some cases these de-
fects were detached from the pipe surface as shown
in Figure 8, while in others they appeared only as
parallel lines on the pipe.

Figure 9 shows a cross-section of the pipe wall
across one of these longitudinal flaws. Both the
flaw material and the pipe itself are composed of
cast iron. However, a noticeable pore is located di-

The same pipe also had lumps of metal standing
proud of the pipe surface (Figure 10). Normally
molten metal would be spread out by the spinning
process. The presence of the lumps suggests that the
pipe metal was cooler than desirable during the
casting process, allowing the lumps to solidify in
place.

Changes in the pipe wall thickness can also
weaken cast iron pipes. Pit cast pipes often have
non-uniform thickness around the circumference of
the pipe due to the inner sand core of the mould used
to make the pipe being off-centre from the outer
mould. These differences can be quite large, with a
variation from 8 mm thickness at one side of the
pipe to 14 mm at the other. Spun cast pipes do not



Figure 10. Lumps of metal on pipe surface. (City of Ottawa)

experience this type of problem due to the nature et
the casting process, which evenly distributes the
molten metal around the pipe wall. However the
pipe shown in Figures 7 to 10 also had a wall thick-
ness that varied along the length of pipe, changing
from 18 mm to 15 mm over a 2 m distance. This
amount cf change was significant since the maxi-
mum operating pressure allowed for the pipe under
the applicable standards could be significantly less
for the thinner walled pipe. This latter type of
manufacturing defect could only be produced by a
reduction in the amount of metal per second flowing
onto the pipe mould.

Lumps of metal

4.3 Excessive Forces

below 0.1 percent by weight (wt%) and often below
0.03 wt%. Gray cast iron pipes may have phospho-
rus contents as high as 0.9 wt% and are often in the
range of 0.4-0.6 wt.%

A thrall type of manufacturing flaw observed in a
number of cast iron pipes is the presence of iron
phosphide networks throughout the pipe metal
(Figure ll). Phosphorus was added to molten cast
iron in order to lower the melting point of the metal
and its viscosity. This meant that lower casting
temperatures could be used, reducing the total cost

Fe :rite

iron Phosphide

Graphite

Figure 11. Portion of iron phosphide network within pipe
metal. (City of Moncton)

Most observed pipe failures are due to a combina-
tion of some foam of damage or manufacturing Haw
and applied forces from the pipe's environment.
However, it is also possible for pipes to fail without
the presence of either corrosion pitting or a manu-
facturing flaw at the point of failure. In some cases
damage elsewhere along the pipe may contribute to
the failure. An example of this happening would be
where the pipe has failed in tension due to ground
movement forces being transferred to the pipe by
corrosion pitting. In other cases the applied forces
may cause the pipe to fail even without any previous
damage to the pipe.

These failures may be particularly perplexing to
the practitioner, since they have no apparent cause.
In addition, this type of failure has sometimes been
observed where there has been no apparent addi-
tional loading to the system (i.e. no truck loads, frost
loads, changes in temperature or changes in water
pressure that might have affected the pipe and
caused the failure). Such an event may result in re-
placement of the failed pipe and little further analy-
sis.

However, there is always a cause for pipe fail-
ures. If no defects or corrosion pits arc found on the
failed pipe, the most likely cause is that the forces
applied to the pipe have exceeded its resistance oa-
pacity. 'These forces may have built up gradually
over time and be difficult to detect, but their size and
direction can be determined by the nature of the
failure mode observed in the pipe. They are often
produced by ground movements and may have
originated at a significant distance from the failed
pipe. Failure may occur at a change in pipeline di-
rection at a thrust block, for instance, when the
ground movement that caused the applied forces
happened farther away along the line.

A major question related to this type of failure is
whether the forces on the pipeline were relieved by
the failure and the subsequent replacement process.
If they were not, the pipeline should be assumed to
be at a higher than normal risk of further failures.
Further research is required to determine the best
way of making this assessment. One part of the pro-
cess is the establishment of the forces that were
likely to be responsible for the failure itself. This
determination will require investigating the failure
mode, the mechanical strength of the pipe and also
the manner in which the pipeline was designed. In
some cases the resistance capacity of the line may
have been overestimated by mistakes in the assump-

of manufacture. However, the presence of phospho-
rus can also produce the type of network shown in
Figure ll. This iron phosphide compound is even
more brittle than gray cast iron and its presence
weakens the pipe. Most modern steel and cast iron
manufacturing attempts to minimize the phosphorus
content, with specifications calling for a value that
depends on the quality of the steel but is typically



sons made about ground cover, maximum truck
loads or maximum water pressure experienced by
line. It is also possible that installation procedures
that are now recognized as incorrect were used on
early pipelines. An example of the latter problem
was the use of wooden blocks under the pipe to raise
it above the floor of the trench. This approach was
later recognized to contribute to pipe failures due to
forces being concentrated on the pipe at the blocks,
rather than distributed along the length and width of
the pipe by the bedding material. It is important to
recognize, however, that failures due to excessive
forces can also take place even when there are no er-
rors in the* design and installation of the pipeline.

the pipe coating, resulting in a series of corrosion
pits located around the circ inference of the pipe
(see Figure l for a sketch of this failure).

Another common source of failures due to human
error is third party damage. Excavations made on or
near pipelines without accurate knowledge of their
location frequently causes pipeline damage or failure
(Figure 13). This type of failure is common to all
buried utilities, including both pipelines and other
services such as telephone and television cabling.

4.4 Human error

Design problems are one type of human error that
can contribute to pipeline failures. However, there
are other practices during construction and after that
can also promote or cause pipe failures. In particu-
lar, some types of corrosion induced failures have
been identified as being due to poor installation or
movemer.t techniques. Figure 12 shows an example
of a pipe that failed due to a large blow out of the
side of the pipe. This pipe had a pair of very long
corrosion pits that appear to have formed where the
black coating on the pipe was scratched during in-
stallation. Some additional scratches could also be
seen on the pipe. The coating is also seen on ductile
iron pipe and is a natural iron oxide byproduct of the
manufacturing process that provides some corrosion
protection to the pipe. Both spun cast gray

,

Figure 13. Dent and hole in ductile iron pipe due to third party
damage. (City of Toronto)

Long 0<>rr€>'éi

Figure 12. Elongated corrosion pits caused by scratching pipe.
(City ofOtlawa)

Sometimes problems can be perpetuated through
simply following a water utility's standard operating
procedures. Figure 14 shows two pieces of a single
pipe that experienced four distinct failures in the
length shown. The back of the left pipe section was
connected to the front of the right one by the clamp
that is shown in the picture. Each of the failures was
associated with corrosion pitting. These failures ap-
pear to have taken place over a significant length of
time, with the response to the first three cases being
to place a stainless steel clamp over the damaged
area. The pipe was not removed until the very long
corrosion pit on the left section developed.

An examination of the damage to the pipe makes
it clear that it was located in a very corrosive envi-
ronment. The stainless steel clamps held the pipe
together, but did not prevent further corrosion in a
nearby location. In fact, a number of pipe failures
observed by NRC occurred next to previous failures
covered by stainless steel clamps. It is possible that
some aspect of the repair procedure itseifmay be re-
sponsible for the subsequent failures. More research
is required to investigate this possibility.

This result suggests that alternate approaches to
simple clamping for dealing with corrosion related
failures may be desirable. One method used by
some cities is to add a sacrificial anode to the pipe at
the site of each failure. This should protect the pipe
for the duration of the anode's life. The anodes can

iron and ductile iron pipes have been observed to
corrode without noticeable coating damage, but
damage to the coating enhances the probability of
significant corrosion in the damaged area, In the
case shown in the figure, the long thin pits corroded
to the point where the metal was paper thin at the
bottom of' the pit. A pressure surge caused the pipe
to fracture along the pit, followed by a full blow out.
Similar damage has been observed on ductile iron
pipes from the City of Toronto. In this case an un-
padded chain was placed around the pipe when it
was being moved. Each link of the chain damaged



also be checked and replaced if necessary on a
scheduled basis, rather than through emergency re-
pairs.

Although the pipe in Figure 16 clearly shows that
not all circumferential failures require complete
cracking around the pipe, visual identification of dif-
ferent cracking episodes can be very subjective in
nature. Further evidence for this phenomena is pro-
vided by elemental analysis of the fracture surface.

Clamp

Carrosaan

Circumferential

Figure 14. Multiple failures on same pipe. (City of Toronto)

Figure 15. Multi-event circumferential failure. "I" indicates
the f irst cracking event, "2" indicates the second cracking
event and "3"indicates the region that was intact until broken
in the laboratory. (City of Toronto)
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Until recently, most mechanical failures of gray cast
iron pipe were assumed to have occurred in a single
event, with the pipe cracking to the point of failure
due to one incident of applied forces exceeding the
strength of the pipe material. Recent work at NRC
has shown that many circumferential and bell split
type failures occur as a series of multiple events
(Makar, 9000). In these cases the pipe cracks part
way through and may start leaking water, If the
damage not detected, a second or even third
cracking event may take place, with the process
continuing until the pipe fails completely or is re-
moved from service due to a leak detection cam-
paign.

Figures 15 and 16 show two examples of multiple
event failures. Their role in a pipe failure can be
detected by carefully examining the fracture surface
of the pipe. In the case of the pipe shown in Figure
16, only about 80% of the pipe circumference had
been cracked through at the time it was removed
from service. The intact circumference, labeled as
region 3 in the figure, was broken in the laboratory
using a stress testing machine. Examination of the
entire fracture surface afterwards showed that two
cracking episodes had taken place while the pipe
was in use. Region l was covered with a relatively
thick layer of corrosion products that had an orange
color and regions of gray material. The regions la-
beled 2 in the figure had a much thinner layer of cor-
rosion product with a dark red color. The gray col-
our of the graphite flakes that give gray cast iron its
name could also be seen below the corrosion prod-
ucts.

Figure 16. Multi-event bell splitting failure, "l" indicates the
start of the f irst cracking event at a small corrosion pit while
"Z" indicates the start of the second cracking event. (City of
Ottawa)

In the case of Figure 16 the visual examination
showed evidence of two cracking episodes, with one
region near the bell having thick corrosion products
and an orange-gray color and the other region
closer to the end of the crack having thin corrosion
products with a dark red color. An elemental analy-
sis shows the presence of a number of elements on
both regions of the fracture surface that are not pres-
ent in the pipe metal. These elements were therefore
acquired from the surrounding soil. However, the
region with thicker corrosion products showed the
presence of sulfur, aluminum, potassium and a
high quantity of calcium, while the region with the
thinner layer of corrosion products showed consid-
erably smaller amounts of the last three elements
and no sulfur at all. This difference indicates that
the fracture surface under the thicker layer had been
exposed to the surrounding soil for a longer period
of time than that under the thinner layer, providing



further evidence for a multi-event cracking process.
Elemental analyses have been done for other frac-
ture surfaces with similar results.

The cause of the multi-event fractures is unclear.
Normally brittle fractures would be expected to
propagate quickly across an entire object. More re-
search, including both finite element modeling and
fracture mechanics studies, will be necessary to
completely understand this aspect of cast iron bc-
haviour.

6 THE BATI IGATE MAIN A CASE STUDY

NRC was asked to conduct a failure analysis on a
broken 410 mm water main in the summer of 2000
by the Regional Municipality of Ottawa-Carleton
(now part of the City of Ottawa). This main had
experienced a spiral failure (Figures 3 and l7) and
appeared to have failed in a brittle manner. How-
ever, the Region's records showed the pipe as being
ductile iron rather than gray cast iron, The unusual
failure mode, the uncertainty in the records and the
need to determine the vulnerability of the rest of the
line led to the need for the failure analysis.

The sample delivered by the Region to NRC con-
sisted of only half the failed pipe. In addition, a
section of the pipe at the point where the crack likely
initiated was missing. These missing sections of
pipe meant that the exact cause of the failure could
not be determined. However, it was possible to ex-
amine the rest of the pipe and determine its quality.

Missing l3gg¢se<8tion

manufacturing defects were found. Numerous small
pores were seen in the metal of the pipe and along
the pipe surfaces. Each of the casting defects shown
in Figures 7 to 10 were found on this pipe. As noted
earlier, the longitudinal flaws in Figures 8 and 9 oc-
curred frequently on the outer pipe surface. This
pipe also experienced the change in wall thickness
mentioned earlier.

As shown in Figure 9, the microstructure of the
pipe was investigated in order to determine the type
of pipe. The presence of graphite flakes in the metal,
rather than spheres showed that it was gray east iron .
An elemental analysis confirmed that the pipe metal
did not have the small amount of magnesium neces-
sary to produce ductile iron. The mierostructural
analysis did show that the type and form of the
graphite flakes in the pipe changed part way through
the pipe wall. This change was responsible for the
change in the fracture surface shown in Figure 18.

The mechanical properties of the pipe were also
investigated, with five tensile tests and seven four
point bending tests being conducted on samples
from the failed pipe. Multiple tests have been found
to be necessary due to the high variability of gray
cast iron. Some pipes have shown a variation of as
much as 100% between the weakest sample and the
strongest (Rajani, Makar and McDonald, 2001). In
this case the samples were all taken from sections of
pipe without manufacturing defects. The tensile tests
all showed pipe strengths above the 124 or 145 MPa
called for by the two standards (ASA 1953, AWWA
1967) that may have been applicable to the manu-
facture of this pipe. However, one of the four point
bending tests produced a modulus of rupture signifi-
cantly below that allowed Hy either standard (224
MPa versus 276 MPa or 310 MPa). Six of the seven
tests were below the 310 MPa standard.

Qgiiiai re tack

Figure l ]vIe<xm-3ameterpipefaflure. (City ofOttawa)

The first step in the examination was to cut up the
pipe and expose the fracture surface. No evidence
for a multi-event failure was seen, but the fracture
surface did show a change in the direction of the
fracture part way through the pipe (Figure 18). This
change in the direction of the surface had not been
seen in other pipes that had been investigated by
NRC.

Subsequent investigation did not identify any sig-
nificant areas of corrosion on the fracture surface or
on the pipe in general. However, a large number of

Figure 18, Change in Hachure surface along spiral crack. (City
of Ottawa)

A second pipe was removed from the line to act
as a control sample for the investigation. It did not
show any of the manufacturing defects identified on
the failed pipe. The mechanical tests conducted on
the control pipe also showed values that were con-
sistently above those required by the standards.

The analysis concluded that the failure was duets
the manufacturing defects in the pipe. The inherent
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resistance of the pipe to bending was marginal at
best compared to the values required by the Applica
be standards. The frequency of the observed defects
was such that there was a very high likelihood of
one occurring at the failure site. The combination of
a weak pipe material and an inclusion, longitudinal
flaw or cluster of pores lowered the pipe's resistance
capacity to point where the failure occurred
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ABSTRACT: Approximately two thirds of the water mains in the City of Regina are asbestos cement (AC)
pipes. These pipes are experiencing more and more failures in recent years and account for almost all of
the water main breaks in the city. The AC water main failures, along with the failure of other types of
water mains in general, are a result of various factors, some of which are site specific. To assess the
condi1:ion and identify the factors that significantly influence the breakage of AC water mains, the historical
failure data for AC water mains in the City of Regina have been collected, along with their corresponding
working environments, including soil type, water quality, weather, etc. The AC water main break data were
analyzed for correlation between pipe breakage and all known physical, environmental and operational
factors. The predominant factors that influence the AC pipe breaks were identified. It was observed that
pipe age, diameter, climate, soil and construction and repair methods all influence the condition of the AC
water mains in Regina, with climate and soil conditions being the two critical factors. Water quality is not a
major determinant of the AC water main condition for the city. The observations will serve as a basis for
further research on the failure mechanisms of the AC pipes, which is essential for the performance
prediction of these water mains and, therefore, the management of the city's AC water main assets.

1. INTRODUCTION

In the City of Regina, approximately 531 Km, or two-thirds, of the water mains are asbestos cement (AC)
pipes. These pipes are experiencing more and more failures in recent years and account for almost all of
the . water main breaks in the city. In many municipalities, AC pipes are replaced whenever their
performance and condition warrant extensive repairs. This is not an option for the City of Regina because
of its large inventory of AC water mains and funding constraints. To ensure that the city's administration
can manage its AC water main assets to continue to provide an adequate supply of safe water in a cost-
effective, reliable and sustainable manner, it is essential that a clear understanding be developed of AC
pipe failure conditions and the mechanisms behind the failures.

The failure conditions and their corresponding mechanisms are dependent on a number of factors. These
factors may be grouped into three general categories: (a) physical characteristics of the pipes themselves
(e.g. flexural strength), (b) the environments in which the pipes are working (e.g. climate, soil type,
groundwater properties, water table), and (c) operational characteristics (e.g. water quality, operation and
maintenance, repair or replacement procedures) (NRC 2002, Rajani and Kleiner, 2001). The interplay of
these factors determines the failure processes and modes. However, the role played by each factor may
vary due to site-specific conditions. Therefore, identification of factors contributing to the occurrence of
water main fai lures in a given si te should be the f i rst step towards understanding of the fai lure
mechanisms.
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Previous studies on the performance of AC water mains have stemmed from two concerns. One was a
health concern related to the release of asbestos fibred into the drinking water due to chemical attack on
the asbestos cement material and the erosion of the internal surface of the pipe by the water. It was found
that in some environments, AC pipe materials are subject to damage due to various chemical processes
that either leach out the cement material or penetrate the pipe wall to form products that weaken the
cement matrix (Mordak and Wheeler 1988). Nebesar (1983) did a comprehensive review of these
"corrosion" mechanisms in AC pipes. A number of chemical agents were identified including acids,
sulphates, magnesium salts, alkaline hydroxides, ammonia and soft water. Some organic compounds
were found to be "corrosive" as well. Pits and holes on pipe walls are indicators of corrosion. External
corrosion of AC pipes follows the same principles as internal corrosion, i.e., pH, alkalinity, sulphates
contained in the soils or groundwater will attack AC pipes (Jarvis 1998).

The other concern was related to the asset management of AC water mains, which requires a condition
assessment of the pipes for determining the remaining service life and improving the service condition. AC
water mains were observed to deteriorate with pipe age and a linear relationship was identified between
the breakage rate and the pipe age (Kettler and Goulter 1985). It was also noted that the breakage rate of
AC pipe was influenced by pipe diameter, with a lower breakage rate for larger diameter (Guan 1995,
Mordak and Wheeler 1988), which was attributed to the thicker wall and higher bending moment
resistance associated with larger diameter pipe (Mordak and Wheeler 1988). The greater wall thickness
provided an inherently more robust pipe, which was not as likely to fail structurally as a result of chemical
attack; and external loading (Kettler and Goulter 1985).

AC water mains may also fail due to other operational, environmental and physical factors. For example, it
was observed by Mordak and Wheeler (1988) that the distribution of failures through the year has been
fairly random for areas where sandy/gravel soils commonly occur, whereas in areas with cohesive clay
soils, most failures occur during the dry summer months. Cohesive clay soils are also associated with high
incidence of circumferential fractures, which are commonly related to bending stresses.
Construction/repair methods may also contribute to the failure of AC water mains (Mavin 1996, Guan
1995). Pipe breakage is more likely to occur when the environmental and operational stresses act upon
pipes whose structural integrity has been compromised by corrosion, degradation, inadequate installation
or manufacturing defects (Rajani and Kleiner 2001 ).

All the aforementioned studies show that AC water main failure, along with the failure of other types of
water mains in general, is a result of various factors, some of which are site specific. To assess the
condition and identify the factors that significantly influence the breakage of AC water mains in the City of
Regina, the historical failure data of AC water mains in the city has been collected and analyzed, along
with their corresponding working environments, including soil type, water quality, weather, etc. In this
paper, the information was evaluated to determine the failure conditions of the AC water mains in the city.
The p'edominant factors that contribute to the AC pipe failure were identified.

2. REGINA'S WATER DISTRIBUTION SYSTEM

2.1. History of the Water Distribution System

Regina, Saskatchewan, Canada, was founded in 1903 and had a population of around 200,000 in 2003.
The earliest construction of the water distribution system was in 1904. Cast iron (CI) pipes were first used
in the water distribution system and were predominant until the 1940s. The use of asbestos cement pipes
was adopted in the middle 1940s and became predominant in the 1950s and 1960s. Since they were
considered by the city to have better performance than Cl pipes, AC pipes were used in all the new
subdivisions, as well as to replace failed CI pipes.

In the early 1980s, health concerns with the asbestos fibred and the wide acceptance of polyvinyl chloride
(plc) pipe by the water works industry changed the landscape of the water distribution system in City of
Regina. Since then, plc pipes have been used in the construction of new developments and in the
replacement of Cl and AC pipes.
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Besicles CI, AC and PVC, steel pipes were also used. Steel pipes have a good service performance but
are more costly. Most steel pipes in Regina are used for large diameter ( > 500 mm) transmission mains.
Other materials that were used to a much less extent are polybutylene and concrete.

Currently, Regina has approximately 753 kilometres of water mains within the city limits. These mains vary
in size from 100 to 600 mm in diameter. With about 531 km in service, AC comprises about two-thirds of
the total length of the pipe network. The length of AC pipe in service has not changed significantly since
1986, except for small reductions due to replacement during repairs. The pipe sizes for asbestos cement
water mains in Regina include 100, 150, 200, 250, 300 and 400 mm. The 150 and 200 mm pipes comprise
a large percentage of the system. There are only a few sections of 100 and 400 mm pipes.

2.2. Data Collection

The AC pipe repair information used in this study was acquired mainly from the Engineering and Works
Department of the City of Regina. The original records show that the earliest installation of AC pipe was in
1945. With the development of the city and the construction of new residential, commercial and industrial
areas, the water distribution system expanded. The dates of pipe construction, repair and replacement
were recorded and are available for most streets. However, these records are not complete and some
data are missing.

The data recorded on the water main repair report sheets include leak location, dates received and
repaired, pipe material, size, leak type, repair material and length and connection information. Some
particular situations were noted in a Remarks portion of the repair report. The installation year for each
AC water main can be found on the Water Main Distribution System Map of the City of Regina. However,
some AC pipes have been replaced with PVC pipes since the mid-1980s and the installation year data for
the original AC water mains were not available.

3. CONDITIONS OF AC WATER MAINS

3.1. Installation of AC Water Mains

Figure 1 shows the length of AC pipes installed each year from 1945 to 1986. The annual installation
lengths shown in this figure represent the AC water mains currently in service. Three peak periods can be
identilied in Figure 1. The first one is from 1953 to 1959 with around 20 km of AC water mains installed
each year. The second one is from 1964 to 1966 with about the same length of AC pipes installed
annually as the previous peak. The third peak period lasted from 1972 to 1980 with the highest annual
installation length of 42.8 km of AC water mains in 1976 falling in this period.

The annual installation length for the period between 1983 and 1986 was reduced gradually to zero when
use of PVC was fully adopted. It should be noted that the annual installation lengths may not be accurate,
especially for the earlier period, because of water main repairs. Some AC water mains are likely to have
been replaced during these programs and their records removed from the City's database.

3.2. History of AC Failure

The service condition of AC pipes is evaluated in terms of the number of breaks of water mains based on
the available data collected by the City of Regina. The term "break" in this study is taken to correspond to
an entry on a water main repair report sheet and constitutes a single repair event. The AC water main
breaks during the period from 1994 to 2003 were analyzed and a total of 911 breaks were recorded for
this period. Figure 2 shows the annual number of breaks. The plot indicates that the number of breaks
has, in general, been increasing steadily. Also included in this figure is a fitted exponential curve. The

good correspondence (the square of the correlation coefficient, R2, =0.83) between the fitted curve and
the historic data points indicates that the number of breaks is increasing at an accelerated (exponential)
rate and the overall system condition is deteriorating.
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The historic data plot shows that two peaks of breakage occurred in 2001 and 2003. The abnormal
weather in these two years might be the major factor inducing more pipe breaks. In 2001, a record rainfall
was noted in July followed by extremely low rainfall in August and September. City staff has reported that
the higher number of breaks in 2003 might have been due to the high temperature and dry weather during
the summer period of this year.
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3.3. Monthly Failure Conditions

The monthly breakage numbers are shown in Figure 3 for AC water mains in Regina. There are three
curves, which represent the monthly break numbers for 2001, 2003 and the average number for the 10-
year period from 1994 to 2003, respectively. The monthly break numbers for 2001 and 2003 are also
inclucled for comparison. This figure shows that high breakage rates occurred in August and September
and sometimes in February and March. The highest breakage of water mains occurred in September.
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Figure 3. Monthly breaks of water mains in Regina fro 2001, 2004
and the 10-year average (1994 to 2003)

The higher breakage in the summer season for both normal and off-normal years may be attributed to
different factors. The high temperature combined with relatively low precipitation will desiccate the soil,
inducing shrinkage and, consequently, differential movement, uneven bending support and/or uneven
loading conditions. More traffic in summer may also impose extra loading on the buried pipes. The second
peak for the two off-normal years may be related to extended periods of cold temperatures in these
particular winter seasons. If a decrease in the ambient temperature is sustained, the frost will penetrate
deeper into the ground, causing increased frost loads on the buried pipes, even though they are buried at
some distance below the maximum frost penetration depth (Bahmanyar and Edil 1983).

3.4. Spatial Failure Conditions

To assess the system failure condition in the entire city, the breakage distribution for the AC water mains
in the city was investigated. Figure 4 presents the breaks of AC pipes during a one-year period in 2003. It
can be seen from Figure 4 that the water main breakage was not evenly distributed within the city. The
breakage of AC pipe was most serious in the southern areas. Other areas that have a high concentration
of AC pipe breakage include the central, central west and northern pans of the city. These areas were the
earliest ones constructed using AC pipes. The southeast and northwest areas were developed since the
1980s and PVC pipes were used.
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Figure 4. Water main breaks in 2003

There are a few factors that may account for the spatial pattern of AC water main breaks as shown in
Figure 4. In addition to the earlier development period and greater age of the pipes, the pipe length per
unit area in these areas may also be a factor, i.e., the areas with greater pipe length per unit area may
have more breaks. The higher density of pipe breakage in the southern area may be affected by low
elevation and soil conditions as well.

3.5. Failure Modes

All breaks are divided into five categories: longitudinal, circumferential, hole-in-main, pinhole and other.
AlthoLlgh hole-in-main and pinhole are both primarily due to chemical attack, their failure modes are
different in that a hole-in-main failure requires internal pressure or external loading whereas pinhole fails
due to chemical attack only. A few breaks are characterized as "other", which include everything from joint
failure to subsequent leakage at a clamped repair location. Table 1 lists the different failure modes and
their corresponding percentages. Among the 911 breaks from 1994 to 2003, circumferential breaks
comprise the predominant failure mode (90.9%).

Table 1. Failure modes and their percentage

Longitudinal Circumferential Hole-in-mainFailure Modes

Breaks

Percentage

5

0.5%

828

90.9%

7

0.7%

Pinhole

2

0.2%

Other

69

7.6%

This table indicates that corrosion is not a big problem for the AC water mains, as the breaks due to
corrosion (hole-in-main and pinhole) account for less than 1% of the total breaks for this period. Because
the longitudinal break number is very small, internal water pressure, soil stresses and other circumferential
loading (e.g., traffic) also do not have a major influence on the breakage of AC pipe. The high rate of
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circumferential failure suggests that axial bending (or beam action) is the predominant loading condition
leading to failure.

3.6. Failure Pipe Size

The pipe breakage for different pipe sizes was also analyzed. Table 2 summarizes the break numbers of
AC water mains for the four major pipe sizes (150, 200, 250 and 300 mm diameter) during the 10 year
period, 1994 to 2003. Table 2 shows that most repair work was related to the 150 mm pipes and more
than 94% of the breaks occurred in the 150 and 200 mm pipes. The City of Regina provided the 1993
percentages of the four pipe sizes: 62.4%, 21.1%, 10.7% and 5.8%, respectively (Guan 1995). Based on
this information. When converted to the number of breaks per unit length (km) per year for AC water mains
(Table 2) the break rate decreases with increased pipe size. This finding agrees with that of previous
researchers, e.g., Mordak and Wheeler (1988), among others. For Regina, the rate for 150 mm pipes
(0.22 breaks per km per yr) is nearly double the rate for 200 mm pipes (0.13 breaks per km per yr), which
is nearly 4 times the rate for 250 and 300 mm pipe (about 0.04 breaks per km per yr).

_ Table 2 Number of breaks of various diameter pipes (1994-2003)

Diameter (mm) 150 200 250 300 Others*

No. Breaks

Percentage

719

78.9%

149

16.4%

20

2.2%

14

1.5%

9

1.0%

Total

911

100%

*

Breaks/km/year 0.215 0. 132 0.035 0.044

Others include 106 mm, 400 mm and unknown pipe sizes (not recorded)

The reasons for the tendency for decreasing pipe breakage with increasing pipe diameter may be
attributed to higher bending moment resistance associated with larger diameter pipes, as suggested by
Mordak and Wheeler (1988). A greater diameter pipe with a larger moment of inertia will have lower
bending stresses in the pipe if the external loading condition is the same and, therefore, will have less
possibility of circumferential failure. A large wall thickness associated with a larger diameter pipe may not
be important because chemical attack related breaks were only a small percentage of total breaks.

4. DISCUSSION

In the previous section, the failure conditions of AC water mains in the City of Regina were analyzed and
the possible factors causing the failures were also discussed. Pipe age, size, climate and soil conditions
were cited as possible factors which may influence the AC pipe conditions and cause them to break.
These factors, along with other possible factors identified during the repair records review and field
observations at repairs performed in the summer and fall of 2004, are discussed in this section.

4.1. Climate

Climate appears to be one of the most important factors contributing to the observed AC water main
failure patterns. Two peaks in the historic data plot (Figure 2) are all related to off-normal climate
conditions in 2001 and 2003, respectively. The higher number of breaks in 2003 corresponds to a hot
summer with a long dry period. Abnormal weather was also observed in 2001, with a record rainfall in July
followed by extremely low rainfall in August and September. The cyclic pattern of the monthly pipe
breakage, as illustrated in Figure 3, may also be attributed to the seasonal cyclic pattern of climate
changes in this region.

The summer season in Regina usually sees high temperatures and relatively low precipitation, especially
in August and September. During these dry months, soil moisture is depleted due to evapotranspiration. A
reduction in moisture content will result in shrinkage of the cohesive clay soils that are predominant within
the Regina region and cause loading of the buried pipes. Additionally, the drying of the clay may reduce
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the attenuation of imposed traffic and other loads, leading to higher loads transmitted to the pipes. The
relative effect of these factors in contributing to the high incidences of breaks in summer, especially those
in 2001 and 2003, requires further study.

Figure 3 also shows that a second peak in pipe break number occurs during the coldest period of the year
for both of the abnormal years. This phenomenon has been observed by many researchers, including
Rajani and Zhan (1996) and Selvadurai and Shinde (1993). It has been attributed to increased earth loads
on the buried pipes due to freezing and expansion of the water in the ground. The process involves not
only the water near the freezing front (0°C isotherm), but also the moisture around the front through
migration towards the freezing front (Shah and Razaqpur 1993). A loss in moisture, as discussed
previously, will further worsen the environment of water mains by causing soil movement around the
pipes. In addition, a decrease in temperatures external to the pipe during the winter season will cause an
increase in pipe tensile stress (Zhan and Rajani 1997). The very cold temperatures in the winter season of
2001 and 2003 may have contributed to the second peak of breaks that occurred in these two years.

4.2. Soil

The clay soil in the Regina region is a Montmorillonite type clay and consequently has high rates of
volumetric shrinkage and expansion due to changes in moisture content. The change in soil volume will
result in soil movement, which, in turn, induces additional stress on buried pipes. The soil movement may
cause these stresses through different mechanisms, such as non-uniform bedding support and differential
settlement. Since non-uniform soil bedding support or differential soil settlement is typically related to axial
bending or beam action, it is expected that bending-related failures will be significant, especially during the
periocl when greater soil moisture change occurs. The high incidence of circumferential failures (Table 1)
and the large proportion of failures on small diameter mains (Table 2) are consistent with such external
loading imposing bending stresses on the pipes.

Besides climate (temperature and precipitation), other factors may also cause change in moisture content,
including water uptake by vegetation (e.g., roots of large trees), pipe leakage and other activities, such as
pipe repairs.

4.3. Corrosion

In general, the water transported inside the pipes and the external soil and ground water conditions can
influence the condition of asbestos cement pipes. The total breaks due to corrosion (Hole-in-main and
Pinhole, as presented in Table 1), represent only 1 percent of the total number of failures, indicating that
corrosion is not an important factor in AC water main failure in Regina. The non-corrosive environment
was confirmed by exhumed AC water mains showing smooth internal surfaces even after 50 years in
sewlc~=.

4.4. Pipe age

The annual break curve of AC water mains (Figure 2) indicates that the system condition is deteriorating
with time, especially in recent years. Since all the impacts induced by the physical, environmental and
operational factors will accumulate with time, it is expected that more breaks will occur with increased pipe
age. Therefore, the age of water mains is expected to be a overall factor affecting pipe breakage.
However, the actual mechanisms behind the age effect have not been separately evaluated and these
factors require further study.

4.5. Other factors

Other factors may include construction specifications and practices, operating pressures, manufacturing
processes, traffic, etc. For example, the variable stresses due to traffic loading may induce pipe breakage
by fatigue action. The increased breaks in August and September may also be due to the increased traffic
volume in the summer season.
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5. SUMMARY AND CONCLUSION

The historical failure data for asbestos cement water mains in the City of Regina were analyzed for the
period from 1994 to 2003 to assess the condition and identify the factors that significantly influence the
breakage of these water mains. The failure data suggest that the condition of the AC water mains in the
City of Regina is deteriorating, with the number of failures increasing annually at an exponential rate
during the 10-year period. Years 2001 and 2003 have recorded the two highest water main break numbers
in history, due to particularly abnormal climate conditions in these two years. Most of the breaks occurred
during the dry summer months and the cold winter months. Circumferential breakage was the predominant
failure mode

breakage was concentrated in
southern areas.

Uneven spatial and temporal patterns of AC water main breaks in the city were also observed. Pipe
a few subdivisions such as the central, central-west. northwest and

Water quality was not found to be an important factor in terms of pipe corrosion

The primary causes behind the AC water main break patterns are attributed to the properties of the
Regina clay and the local climate. Regina clay has a very high swelling and shrinkage potential upon
moisture change. The high expansive characteristics of Regina clay coupled with a reduction of soil
moisture content in summer contributes to the high incidence of pipe breaks in summer seasons and the
break peaks in the driest years. Frost load and temperature change may have contributed to the relatively
small peaks in breakage noted during the winter months

Pipe diameter, age and other construction specifications and practices are also important factors when the
pipe failure patterns in Regina were analyzed. These factors may influence the pipe failure patterns
themselves and the effect may become more severe by combining with particular soil and climate factors
Further study of the contributing factors identified in this study will lead to a better understanding of the
failure mechanisms, which is essential for the performance prediction of these water mains and, therefore
the management of the city's AC water main assets
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A new kind of challenge is emerging in the United States, one

that for many years was largely buried in our national consciousness. Now it can

be buried no longer. Much of our drinking water infrastructure, the more than one

million miles of pipes beneath our streets, is nearing the end of its useful life

and approaching the age at which it needs to be replaced. Moreover, our shifting

population brings significant growth to some areas of the country, requiring larger

pipe networks to provide water service.

Introduction.

As documented in this report, restoring existing water
systems as they reach the end of their useful lives and
expanding them to serve a growing population will cost at
least $1 trillion over the next 25 years, if we are to maintain
current levels of water service. Delaying the investment can
result in degrading water service, increasing water service
disruptions, and increasing expenditures for emergency
repairs. Ultimately we will have to face the need to "catch
up" w th past deferred investments, and the more we delay
the harder the job will be when the day of reckoning comes.

In the years ahead, all of us who pay for water service will
absorb the cost of this investment, primarily through higher
water bills. The amounts will vary depending on community
size and geographic region, but in some communities
these infrastructure costs alone could triple the size of a
typical family's water bills. Other communities will need to
collect significant "impact" or development fees to meet the needs of a growing
population. Numerous communities will need to invest for replacement and
raise lands to accommodate growth at the same time. Investments that may be
required to meet new standards for drinking water quality will add even more to
the bill.

Although the challenge to our water infrastructure has been less visible than other
infrastructure concerns, it's no less important. Our water treatment and delivery
systems provide public health protection, fire protection, economic prosperity and
the high quality of life we enjoy. Yet most Americans pay less than $3.75 for every
1,000 gallons of safe water delivered to their taps.

This report demonstrates that as a nation, we need to bring the conversation
about water infrastructure above ground. Deferring needed investments today
will only result in greater expenses tomorrow and pass on a greater burden to
our ch Idren and grandchildren. It's time to confront America's water
infrastructure challenge.

. More than

the American Water Works Association (AWWA) announced that

dawning: the replacement era, in which our nation would need to begin rebuilding
the water and wastewater systems bequeathed to us by earlier generations. our
seminal report-Dawn of the Replacement Era-demonstrated that signify
investments will be required in coming decades if we are to maintain the water
and wastewater systems that are so essential to our way of life

The Fra of Infrastructure Replacement
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The Dawn report examined 20 water systems, using a relatively new technique
to build what came to be called a "Nessie Curve" for each system. The Nessie
Curve, so called because the graph follows an outline that someone likened to a
silhouette of the Loch Ness Monster, revealed that each of the 20 water systems
faced unprecedented needs to rebuild its underground water infrastructure-its
pipe network. For each system, the future investment was an "echo" of the
demographic history of the community, reflecting succeeding generations of
pipe that were laid down as the community grew over many years. Most of those
generations of pipe were shown to be coming to an end of their useful service
lives in a relatively compressed period. Like the pipes themselves, the need for
this massive investment was mostly buried and out of sight. But it threatens our
future if we don't elevate it and begin to take action now.

The present report was undertaken to extend the Dawn report beyond those
20 original cities and encompass the entire United States. The results are
startling. They confirm what every water utility professional knows: we face
the need for massive reinvestment in our water infrastructure over the coming
decades. The pipe networks that were largely built and paid for by earlier
generations-and passed down to us as an inheritance-last a long time, but
they are not immortal. The nation's drinking water infrastructure-especially the
underground pipes that deliver safe water to America's homes and businesses-
is aging and in need of significant reinvestment. Like many of the roads, bridges,
and other public assets on which the country relies, most of our buried drinking
water infrastructure was built 50 or more years ago, in the post-world War ll era
of rapid demographic change and economic growth. In some older urban areas,
many water mains have been in the ground for a century or longer.

Given its age, it comes as no surprise that a large proportion
of US water infrastructure is approaching, or has already
reached, the end of its useful life. The need to rebuild these
pipe networks must come on top of other water investment
needs, such as the need to replace water treatment plants
and storage tanks, and investments needed to comply with
standards for drinking water quality. They also come on top
of wastewater and st0rmwater investment needs which-
judging from the US Environmental Protection Agency's
(USEPA) most recent "gap analysis"-are likely to be as large
as drinking water needs over the coming decades. Moreover,
both water and wastewater infrastructure needs come on
top of the other vital community infrastructures, such as
streets, schools, etc.

Prudent planning for infrastructure renewal requires credible,
analysis-based estimates of where, when, and how much
pipe replacement or expansion for growth is required. This

report summarizes a comprehensive and robust national-level analysis of the
cost, timing, and location of the investments necessary to renew water mains
over the coming decades. It also examines the additional pipe investments we
can anticipate to meet projected population growth, regional population shifts,
and service area growth through 2050.
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This analysis is based on the insight that there will be "demographic echoes" in
which waves of reinvestment are driven by a combination of the original patterns
of pipe investment, the pipe materials used, and local operating environments
The report examines the reinvestment demands implied by these factors, along
with population trends, in order to estimate needs for
pipe replacement and concurrent investment demands to
accommodate population growth.

Although this report does not substitute for a careful and
detailed analysis at the utility level as a means of informing
local decisions, it constitutes the most thorough and
comprehensive analysis ever undertaken of the nation's
drinking water infrastructure renewal needs. The keys to
our analysis include the following:

1. Understanding the original timing of water system
development in the United States.

2. Understanding the various materials from which pipes were

made, and where and when the pipes of each material

were likely to have been installed in various sizes.

3. Understanding the life expectancy of the various types and
sizes of pipe ("pipe cohorts") in actual operating environments

Understanding the replacement costs for each type and size of pipe

Developing a probability distribution for the "wear-out" of each pipe cohort

Me1 h0d0Iogy
For this report, we differentiated across four water system size categories

Very small systems (serving fewer than 3,300 people, representing
84.5% of community water systems).

Small systems (3,300 to 9,999 served, representing 8.5% of community
water systems).

Medium-size systems (10,000 to 49,999 served, representing over

5.5% of systems). And,

Large systems (serving more than 50,000 people, representing
1.5% of community water systems).

* Note that the water system size categories used in this analysis are not identical to the size

categories USEPA uses for regulatory purposes. Note also that although data were analyzed

based on these four size categories, some of the graphs that accompany this report combine

medium-size and small systems. This is done for simplicity in the visual presentation, when the

particular dynamics being represented are closely similar for medium-size and small systems
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Next, we divided the country into four regions (Northeast, Midwest, South, and
West), as shown in Figure 1. These regions are not equal in population, but they
roughly share certain similarities, including their population dynamics and the

Figure 1: Regions Used in This Report

historical patterns of pipe installation driven by those dynamics. Data published

by USEPA, the water industry, and the US Census Bureau were tapped to obtain a

solid basis for regional pipe installation profiles by system size and pipe diameter.

The US Census Bureau has produced a number of retrospective studies of the

changes in urban and rural circumstances between 1900 and 2000 that proved

especially useful in this analysis. The report also used the AWWA Water/Stats

database, the USEPA Community Water Supply Survey, and data from the 2002

Public Works Infrastructure Survey (Pwls) as essential inputs in the analysis.

Figure 2: Historic Investment Profile for All US Water Systems, 1850-2000

In addition, we conducted a limited survey of professionals in the field concerning
pipe replacement issues and other relevant "professional knowledge." The
national aggregate for the original investment in all types and sizes of pipes is
shown in Figure 2, while Figure 3 shows the aggregate current replacement value
of water pipes by pipe material and utility size, totaling over $2.1 trillion.
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Northeast Medium & Small 66,357 61,755 28,777 26,007 16,084 5,533 6,899 211,411

Northeast Very Small 14,491 15,992 10,661 7,281 7,937 329 462 57,152

Midwest Large 37,413 9,151 3,077 2,504 1,098 784 512 54,539
Midwest Medium & Small 74,654 92,106 51,577 37,248 30,506 8,682 11,152

Northeast Large 48,958 8,995 5,050

Midwest Very Small 37,597 28,943 25,464 12,428 19,720 601 828 125,581

Southeast Large 30,425 28,980 29,569 21,229 14,936 9,337 7,227 141,703

South Medium 8< Small 54,772 98,608 140,079 103,659 102,804 21,394 17,160 538,475
South Very Small 43,183 24,998 49,791 34,529 47,823 1,461 1,244 203,028
West Large 15,448 16,055 28,949 14,774 14,723 7,443 6,215 103,607

West Medium & Small 15,775 50,145 70,355 50,541 48,885 12,276 9,806 257,782

West Very Small 16,344 11,199 17,910 13,166 17,245 545 453 76,862
Total 455,416 446,927 461,258 325,674 323,637 68,719 61,957 2,143,589
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Figure 3: Aggregate Replacement Value of Water Pipes by Pipe Material and Utility Size

(millions 2010 $s)

67.522

305.925

Cl: cast iron; ClcL. cast iron cement lined DI: ductile iron; AC: asbestos cement; PV polyvinyl chloride
PCCP: prestressed concrete cylinder pipe

Finally, we used historical data on the production and use of seven major types of
pipe with 14 total variations (Figure 4) to estimate what kinds of pipe were installed
in water systems in particular years. This was validated by field checking with a
sample of water utilities as well as checking against the original Nessie analysis
Together these steps resulted in the development of 16 separate inventories
(four regions with four utility sizes in each region), with seven types of pipe in
each inventory, thus providing the most comprehensive picture of the nation's
water pipe inventory ever assembled. Note that in some of the report's graphs
long-" and "sh0rt-lived" versions of certain pipe materials are combined, for

purposes of visual simplicity in the presentation

In order to consider growth, it was also necessary to examine population trends

across rural, suburban, and urban settings over the past century. US Census Bureau

Figure 4: Historic Production and Use of Water Pipe by Material

Commercaaily Avaliable

Predominantly in Use

Source AmericanWater
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Midwest Large 125 120 85 110 50 100 85 55 80 105

Sg4,1§1L3;a6

West Large 115 100 75 110 ea 105 75 70 95 75

Midwest Medium & Small 125 120 85 110 50 70 70 55 80 105
South Medium & Small Les 55 100 80 . 55 70 105
West Medium & Small 105 100 75 110 60 105 75 70 95 75
r .

Midwest Very Small 135 120 85 110 60 80 75 55 80 105
souzwuysman
West Very Small 130 100 75 110 60 105 65 70 95 75

LSL indicates a relatively long service life for the material resulting from some combination of benign ground conditions and
evolved laying practices etc.
SSL indicates a relativelyshort service life for the material resulting from some combination of marsh ground conditions and
early laying practices, etc.

projections of demographic trends allowed the development
of infrastructure need profiles for growth through 2050 in
each of the regions and utility size categories (for the latter
purpose, city size was used as a proxy for utility size)

The study generally assumes that utilities continue efforts
to manage the number of main breaks that occur per mile
of pipe rather than absorb increases in pipe failures. That
is, the study assumes utilities will strive to maintain current
levels of service rather than allow increasing water service
outages. We assume that each utility's objective is to make
these investments at the optimal time for maintaining current
service levels and to avoid replacing pipes while the repairs
are still cost-effective. Ideally, pipe replacement occurs at
the end of a pipe's "useful life", that is, the point in time

when replacement or rehabilitation becomes
less expensive in going forward than the costs of
numerous unscheduled breaks and associated
emergency repairs

With this data in hand and using the assumptions
above, we projected the "typical" useful service
life of the pipes in our inventory using the
Nessie M0del"Tm. The model embodies pipe

failure probability distributions based on
many utilities' current operating experiences
coupled with insights from extensive research
and professional experiences, with typical pipe

conditions at different ages and sizes, according to pipe material. The analysis
used seven different types of pipe in three diameters and addressed pipe
inventories dating back to 1870. Estimated typical service lives of pipes are

Figure 5: Average Estlmated Servlce Lives by Plpe Materlals (average years of service)

50
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Northeast $92,218 $16,525 I$108,744

Midwest $146,997 $25,222 $172,219

South $204,357 $302,782 $507,139

West $82,866 $153,756 $236,622
Tota I $526,438 $498,285 $1,024,724

(2010 $M) Replacement Growth

Northeast $155,101 $23,200 $178,301

Midwest $242,487 $36,755 $279,242

South $394,219 $492,493 $886,712

West $159,416 $249,794 $409,270

Total 5951,283 $802,242 $1,753,525

Replacement Growth Tota I

Figure 6: Aggregate Needs for Investment in Water Mains Through 2035 and 2050, by Region

reflected in Figure 5. Note that the actual lives of pipes may be quite different in a
given utility. Because pipe life depends on many important local variables as well
as upon utility practices, predicting the actual life expectancy of any given pipe is
outside the scope of this study. Many utilities will have
pipes that last much longer than these values suggest
while others will have pipes that begin to fail sooner
However, these values have been validated as national
averages" by comparing them to actual field experience

in a number of utilities throughout the country. The
model also includes estimates of the indicative costs to
replace each size category of pipe, as well as the cost
to repair the projected number of pipe breaks over time
according to pipe size

The analysis of pipe replacement needs is compiled in
the Nessie Model by combining the demographically
based pipe inventories with the projected effective
service lifetimes for each pipe type. This yields an
estimate of how much pipe of each size in each region
must be replaced in each of the coming 40 years
Factoring in the typical cost to replace these pipes
we derive an estimate of the total investment cost for
each future year. The model then derives a series of
graphs (the Nessie curves) that depict the amount of
spending required in each future year to replace each
of the different pipe types by utility size and region
Aggregating this information, we derived the dollar value
of total drinking water infrastructure replacement needs
over the coming 25 and 40 years for each utility size category per region, and for
the United States
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Water Main Costs per Household: Replacement (constant $2010)
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Key Findings

Investmentneeds for buried drinking water
infrastructure total more than $1 trillion nationwide over the next 25 years,
assuming pipes are replaced at the end of their service lives and systems are
expanded to serve growing populations. Delaying this investment could mean
either increasing rates of pipe breakage and deteriorating water service, or
suboptimal use of utility funds, such as paying more to repair broken pipes
than the long-term cost of replacing them. Nationally, the need is close to
evenly divided between replacement due to wear-out and needs generated
by demographic changes (growth and migration).

1. The Needs Are Large.

Over the coming 40-year period, through 2050, these needs exceed $1.7 trillion.
Replacement needs account for about 54% of the national total, with about
46% attributable to population growth and migration over that period.

Figure 6 (previous page) shows aggregate needs for investment in water mains

through 2050, due to wear-out and population growth.

Important caveats are
necessary here, because there are many ways that the increased investment in
water infrastructure can be allocated among customers. Variables include rate
structures, how the investment is financed, and other important local factors. But
the level of investment required to replace worn-0ut pipes and maintain current
levels of water service in the most affected communities could in some cases
triple household water bills. This projection assumes the costs are spread evenly
across the population in a "pay-as-you-go" approach (See "The Costs Keep
Coming" below). Figures 7 and 8 illustrate the increasing cost of water that can
be expected by households for replacement, and for replacement plus growth,
respectively. The utility categories shown in these figures are presented to depict
a range of household cost impacts, from the least-to-the-most affected utilities.

2. Household Water Bil ls Will  Go UP-

Figure 7: Costs per Household for Water Main Replacement by Utility Size and Region
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Figure 9: Water Main Replacement Costs per Region

The growing
national need affects different regions in different ways. in general, the South
and the West will face the steepest investment challenges, with total needs
accounting for considerably more than half the national total (see Figures 6 and
9). This is largely attributable to the fact that the population of these regions is
growing rapidly. In contrast, in the Northeast and Midwest, growth is a relatively
small component of the projected need. However, the population shifts away
from these regions complicate the infrastructure challenge, as there are fewer
remaining local customers across whom to spread the cost of renewing their
infrastructure.

with respect to the cost of growth, other caveats are important. Many
communities expect growth to pay or help pay for itself through developer fees,
impact fees, or similar charges. In such communities, established residents will
not be required to shoulder the cost of population growth to the extent that these
fees recover those costs. but regardless of how the costs of replacement and
growth are allocatedamong builders, newcomers, or established residents, the
total cost that must be borne by the community will still rise.

3. There Are Important Regional Differences.

Figure 8: Costs per Household for Water Main Replacement Plus Growth
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This regional perspective reveals the inherent difficulty of managing infrastructure
supply and demand. Although water pipes are fixed in place and long-lasting, the
population that drives the demand for these assets is very mobile and dynamic.
People move out of one community, leaving behind a pipe network of fixed
size but with fewer customers to support it. They move into a new community,
requiring that the water system there be expanded to serve the new customers.

4. There Are Important Differences Based on System Size.
As with many other costs, small communities may find a steeper challenge ahead
on water infrastructure. Small communities have fewer people, and those people
are often more spread out, requiring more pipe "miles per customer" than larger
systems. In the most affected small communities, the study suggests that a
typical three-person household could see its drinking water bill increase by as
much as $550 per year above current levels, simply to address infrastructure
needs, depending as always on the caveats identified above.

In the largest water systems, costs can be spread over a large population
base. Needed investments would be consistent with annual per household

cost increases ranging from roughly $75 to more
than $100 per year by the mid-2030s, assuming
the expenses were spread across the population
in the year they were incurred. Figure 10 illustrates
the differing total costs of required investment by
system size.

5. The Costs Keep Coming. The natonal-
level investment we face will roughly double from
about $13 billion a year in 2010 to almost
$30 billion annually by the 2040s for replacement
alone. If growth is included, needed investment
must increase from a little over $30 billion today
to nearly $50 billion over the same period. This level
of investment must then be sustained for many years,
if current levels of water service are to be maintained.
Many utilities will have to face these investment
needs year after year, for at least several decades.
That is, by the time the last cohort of pipes analyzed
in this study (predominantly the pipes laid between
the late 1800s and 1960) has been replaced in, for
example, 2050, it may soon thereafter be time to
begin replacing the pipes laid after 1960, and so on.
In that respect, these capital outlays are unlike those

required to build a new treatment plant or storage tank, where the capital costs
are incurred up front and aren't faced again for many years. Rather, infrastructure
renewal investments are likely to be incurred each year over several decades.

many utilities may choose to finance infrastructure replacement
on a "pay-as-you-go"basis rather than through debt financing.

12 BUHIED no LONGER: CONFHDNTING AMERICA'S WATEH INFRASTRUCTURE CHALLENGE



Total water Main Investment Needs for Asset
Replacement and Growth, by System Size

(billions 2010551see
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Figure 10: Total Water Main Replacement and Growth Needs by System Size

G. Postponing Investment Only Makes the Problem Worse.
Overlooking or postponing infrastructure renewal investments in the near term will
only add to the scale of the challenge we face in the years to come. Postponing
the investment steepens the slope of the investment curve that must ultimately
be met, as shown in Figure 11 (next page). It also increases the odds of facing
the high costs associated with water main breaks and other infrastructure
failures. The good news is that not all of the $1 trillion investment through 2035
must be made right now. There is time to make suitable plans and implement
policies that will help address the l0nger-term challenge. The bad news is that the
required investment level is growing, as more pipes continue to age and reach the
end of their effective service lives.

As daunting as the figures in this report are, the prospect of not making the
necessary investment is even more chilling. Aging water mains are subject to
more frequent breaks and 0therfailures that can threaten public health and
safety (such as compromising tap water quality and fire-fighting flows). Buried
infrastructure failures also may impose significant damages (for example, through
flooding and sinkholes), are costly to repair, disrupt businesses and residential
communities, and waste precious water resources. These maladies weaken our
economy and undermine our quality of life. As large as the cost of reinvestment
may be, not undertaking it will be worse in the long run by almost any standard.

This suggests that a crucial responsibility for utility managers now and in
the future is to develop the processes necessary to continually improve their
understanding of the "replacement dynamics" of their own water systems. Those
dynamics should be reflected in an Asset Management Plan (AMP) and, of
course, in a l0ng-term capital investment plan. The 2006 AWWA Report Water
Infrastructure at a Turning Point includes a full discussion of this issue.
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Asset Replacement:

Overall National Total
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Figure 11: Effect of Deferring Investment Five Years with a Ten-Year Make-Up Period

Conclusion

Because pipe assets last a long time, water systems that were built in the latter
part of the 19th century and throughout much of the 20th century have, for the
most part, never experienced the need for pipe replacement on a large scale.
The dawn of the era in which these assets will need to be replaced puts a
growing financial stress on communities that will continually increase for
decades to come. It adds large and hitherto unknown expenses to the more
apparent above-ground spending required to meet regulatory standards and
address other pressing needs

It is important to reemphasize that there
are significant differences in the timing
and magnitude of the challenges facing
different regions of the country and
different sizes of water systems. But the
investments we describe in this report
are real, they are large, and they are
coming.

The United States is reaching a
crossroads and faces a difficult choice.
We can incur the haphazard and
growing costs of living with aging and
failing drinking water infrastructure.
Or, we can carefully prioritize and
undertake drinking water infrastructure
renewal investments to ensure that our
water utilities can continue to reliably
and cost-effectively support the public

health, safety, and economic vitality of our communities. AWWA undertook this
report to provide the best, most accurate information available about the scale
and timing of these needed investments.
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It is clear the era AWWA predicted a decade ago-the replacement era-has
arrived. The issue of aging water infrastructure, which was buried for years, can
be buried no longer. Ultimately, the cost of the renewal we face must come from
local utility customers, through higher water rates. However, the magnitude
of the cost and the associated affordability and other adverse impacts on

communities-as well as the varying degrees of impact to be felt across regions
and across urban and rural areas-suggest that there is a key role for states and
the federal government as well. In particular, states and the federal government
can help with a careful and cost-effective program that lowers the cost of
necessary investments to our communities, such as the creation of a credit
support program-for example, AWWA's proposed Water Infrastructure Finance
and Innovation Authority (WIFIA).

Finally, in many cases, difficult choices may need to be made between competing
needs if water bills are to be kept affordable. Water utilities are willing to ask
their customers to invest more, but it's important this investment be in things
that bring the greatest actual benefit to the community. Only in that spirit can
we achieve the goal to which we all aspire, the reliable provision of safe and
affordable water to all Americans.

BUHIED NO LONGEH: CONFHONTING AMEHICA'S WATER INFRASTRUCTURE CHALLENGE 15
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Additional Information and Resources.

A full and robust infrastructure analysis is an indispensable tool for decision
making by water and wastewater utilities. This report does not substitute for
such detailed local analysis for purposes of designing an infrastructure asset
management program for individual utilities.

Additional information is available from AWWA concerning asset management.

Particular attention should be given to the WITAF reports Dawn of the

Replacement Era, Avoiding Rate Shock, Thinking Outside the Bill and Water

Infrastructure at a Turning Point. In addition, Manual M1, Principles of Water

Rates, Fees, and Charges, and the AWWA Utility Management Standards may be

helpful. For more information, visit the AWWA Bookstore atwww.awwa.org/store.

A number of graphs and figures from this report are also available through the
AWWA website at www.awwa.org/infrastructure. They include:

Estimated Distribution of Mains by Material

Northeast and Midwest

South and West

Household Cost of Needed Investment

by Region and Size of Utility

Proportion of 2010 Systems Built by Year

Northeast

Midwest

South

West

Northeast

Large

Medium

Small

Very Small

Investment for Replacement Plus Growth,

by Region and Size of Utility

Midwest

Large

Medium

Small

Very SmallNortheast

Large

Medium

Small

Very SmaII

South

Large

Medium

Small

Very SmallMidwest

Large

Medium

Small

Very Small

West

Large

Medium

Small

Very SmallSouth

Large

Medium

Small

Very Small

West

Large

Medium

Small

Very Small

www.awwa.org/infrastructure
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cl~ cast iron, clcL~ cast :ran cement lined, DI: ductile iron, Ac. asbestos cement, PV: polyvinyl chloride,
PCCP: prestressed concrete cylinder pipe

The charts show needs for replacement of particular types of pipe and for growth (see the keys below
and to the right of the chart). An artifact of the model and US Census data result in an apparent upward
or downward "spike" in growth-related needs between certain decades. In reality, the apparent sudden
shift in growth-related needs will be spread more evenly over the years bridging each decade to the next.
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The charts show needs for replacement of particular types of pipe and for growth (see the keys below
and to the right of the chart). An artifact of the model and us Census data result in an apparent upward
or downward "spike" in growth-related needs between certain decades. In reality, the apparent sudden
shift in growth-related needs will be spread more evenly over the years bridging each decade to the next.
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T h e  ch ar ts  sh ow n eed s  for  r ep l acem en t  of  p ar t i cu l a r  typ es  of  p i p e  an d  for  g r owth  (see  th e  k eys  b e l ow
and  to the  r i gh t  of  the  char t ) .  An  ar t i fac t  of  the  m odel  and  US  Census data  r esu l t  i n  an  appar en t  upwar d
or  d own war d  " sp i k e"  i n  g r owth - r e l a ted  n eed s  b e tween  cer ta i n  d ecad es .  I n  r ea l i ty ,  th e  ap p ar en t  su d d en
sh i f t  i n  g r owth - r e l a ted  n eed s  wi l l  b e  sp r ead  m or e  even l y  over  th e  year s  b r i d g i n g  each  d ecad e  to th e  n ext .
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CI: cast iron, CICL: cast iron cement lined, DI: ductile iron, AC: asbestos cement, PV: polyvinylchloride,
PCCP: prestressed concrete cylinder pipe
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The charts show needs for replacement of particular types of pipe and for growth (see the keys below
and to the right of the chart). An artifact of the model and US Census data result in an apparent upward
or downward "spike" in growth-related needs between certain decades. In reality, the apparent sudden
shift in growth-related needs will be spread more evenly over the years bridging each decade to the next.
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The charts show needs for replacement of particular types of pipe and for growth (see the keys below
and to the right of the chart). An artifact of the model and US Census data result in an apparent upward
or downward "spike" in growth-related needs between certain decades. In reality, the apparent sudden
shift in growth-related needs will be spread more evenly over the years bridging each decade to the next.
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Nitrates and Nitrites
TEACH Chemical Summary 4 \

P'RQ'\d\

U.S. EPA, Toxicity and Exposure Assessment for Children's Health
This TEA CH Chemical Summary is a compilation of information derivedprimarilyfrom US. EPA and ATSDR resources,
and the TEA CH Database. The TEACH Database contains summaries of research studies pertaining to developmental
exposure ana'/or health eactsfor each chemical or chemical group. TEACH does not perform any evaluation of the validity
or quality of these research studies. Research studies that are specyicfor adults are not included in the TEA CH Database,
and typically are not described in the TEA CH Chemical Summary.

|. INTRODUCTION

Nitrates and nitrites are chemicals used in fertilizers, in rodenticides (to kill rodents), and as food
preservatives (1-5). Nitrates and nitrites come in various fonts, but when dried are typically a white or
crystalline powder. Nitrate (NO3 )̀ and nitrite (NO2-) are also naturally-occurring compounds that are a
metabolic product of microbial digestion of wastes containing nitrogen, for example, animal feces or
nitrogen-based fertilizers (2, 4). Sodium and potassium nitrates are used as fumigants in canisters, which
are placed underground in rodent dens and holes, and then ignited to explode and release gases that kill
the rodents (l, 3). Sodium nitrite is a food additive that is used as a preservative (4, 5).

Likely exposure pathways for children include ingesting contaminated drinking water, most commonly
of concern for private wells (4), and foods containing preservatives, particularly cured meats such as hot
dogs and lunch meats (4-7). Nitrates have also been detected in fruits and vegetables (6, 8-10).

Exposure to nitrates and nitrites at levels above health-based risk values (see Section VI in this Chemical
Summary) has been reported to have adverse health effects on infants and children. The health effect of
most concern to the U.S. EPA for children is the "blue baby syndrome" (methemoglobinemia) seen most
often in infants exposed to nitrate from drinking water used to make formula (l 1). Infants of ages 0-3
months are at highest risk for blue baby syndrome because their normal intestinal flora contribute to the
generation of methemoglobin, older children and adults can experience this syndrome, but at higher
concentrations of nitrates (2, 4). The blue baby syndrome is named for the blue coloration of the skin of
babies who have high nitrate concentrations in their blood. The nitrate binds to hemoglobin (the
compound which carries oxygen in blood to tissues in the body), and results in chemically-altered
hemoglobin (methemoglobin) that impairs oxygen delivery to tissues, resulting in the blue color of the
skin (4, 12). The blue coloration can be seen in the lips, nose, and ears in early stages of blue baby
syndrome, and extend to peripheral tissues in more severe cases. Reduced oxygenation of the tissues can
have numerous adverse implications for the child, the most severe of which are coma and death (4).

Exposure to higher levels of nitrates or nitrites has been associated with increased incidence of cancer in
adults, and possible increased incidence of brain tumors, leukemia, and nasopharyngeal (nose and
throat) tumors in children in some studies (8, 9, ll, 13-19) but not others (20-29). The U.S. EPA
concluded that there was conflicting evidence in the literature as to whether exposures to nitrate or
nitrites are associated with cancer in adults and in children (l, 2).

Supporting references and summaries are provided in the TEACH database at http://www.epa.gov/teachA

Last revised 5/22/07: includes research articles and other information tnrougn 2006.
Page 1
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Diet Higher Use of nitrate fertilizer on crops can result in higher
concentrations in some foods. Nitrites and, less often, nitrates
are used as preservatives in foods such as cured meats, for
example, bacon and salami. Nitrates have been found in
vegetables and some baby foods that contain vegetables.

Groundwater Medium Nitrates and nitrites in fertilizers readily migrate from
fertilized soil to groundwater.

Drinking Water Medium For many situations, the potential for children's exposure from
drinking water is medium to low. The potential can be higher
when private wells become contaminated with nitrates from
feed lot and agricultural runoff; and contaminated
groundwater. Some geographic areas are at higher risk of
drinking water contamination of private wells with nitrates.

Sediment Lower Nitrates and nitrites are highly water soluble and therefore less
likely to partition to sediment.

Soil Lower Nitrates and nitrites are not retained in soil and quickly
partition to any water phase.

Ambient Air Lower Nitrates and nitrites are not volatile and are not generally
released into the air. Registered users of fumigant canisters
containing nitrates for killing of rodents follow strict use
protocols that limit exposure to fumes from its use.

2,3

Relative
Potential for
Children's
Exposure

Lower

Chemical Summary Form, Nitrates (continued)

ll. EXPOSURE MEDIA AND POTENTIAL FOR CHILDREN'S ExposuRE'

Exposure
Media

I 4
Basls

Indoor Air Nitrates and nitrites are not usually released in indoor air. Use
of nitrite or nitrate inhalants from commercial products in the
home may be a concern for adolescents.

For more information about child-specific exposure factors, please refer to the Child-Specific Exposure Factors
Handbook (http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm'?deid=55145).

2 The Relative Potential for Children's Exposure category reflects a judgment by TEACH Workgroup, U.S. EPA, that
incorporates potential exposure pathways, frequency of exposure, level of exposure, and current state of knowledge. Site-
specific conditions may vary and influence the relative potential for exposure. For more information on how these
determinations were made, go to http://www.epa.gov/teach/teachprotocols_chemsumm.htmI_

3 Childhood represents a lifestage rather than a subpopulation, the distinction being that a subpopulation refers to a
portion of the population, whereas a lifestage is inclusive of the entire population.

4 Information described in this column was derived from several resources (e.g., 1-5) including studies listed in the
TEACH Database (http://www.epa.gov/teach).

Supporting references and summaries are provided in the TEACH database at http://www.epa.gov/teachA

Last revised 5/22/07: includes research articles and other information Ihrougn 2006.
Page 2



Chemical Summary Form, Nitrates (continued)

III. TOXICITY SUMMARY

Reduced oxygenation of hemoglobin (methemoglobinemia) has been reported after exposure to nitrate
and nitrite-contaminated drinking water, also called the "blue baby syndrome" because of the cyanotic
(oxygen-deficient) symptoms that result from the reduced oxygenation of the blood (2, 4). Infants less
than 4 months old are the most sensitive population for methemoglobinemia following exposure to
nitrates and nitrites, but it does occur in older age groups (l2, 13, 30-33). Severe methemoglobinemia
can lead to coma or death (2, 4)

Other health effects following fetal exposure to elevated levels of nitrates in drinking water included
intrauterine growth retardation (34), increased incidence of Sudden Infant Death Syndrome (SIDS) (35)
cardiac defects (36), and increased risk of nervous system defects (37-40)

The U.S. EPA concluded that there was conflicting evidence in the literature as to whether exposures to
nitrate or nitrites are associated with cancer in adults and in children (l , 2). The types of cancers studied
included non-Hodgkin's lymphoma as well as stomach and gastric cancers in adults (1 l), and brain
tumors, leukemia, and nasopharyngeal cancers in children (13-18, 20-25, 28, 29). Maternal (during
pregnancy) or child consumption of nitrite-containing meats may be associated with increased incidence
of brain tumors in children (for more details, see Human Exposures and Effects section) (13, 15-17)

A few studies have reported other health effects that are possibly associated with nitrate exposure in
children, including increased incidence of childhood diabetes (41), recurrent diarrhea (42), and recurrent
respiratory tract infections (43). Other reported effects of chronic exposure reported in adults include
frequent urination and spleen hemorrhaging (bleeding) (2, 4). Acute high dose ingestion exposure to
nitrates can cause abdominal pain, muscle weakness, blood in stools and urine, fainting, and death (4)

Carcinogenicity Weight-of-Evidence Classification': There is no weight-of-evidence classification in
the U.S. EPA IRIS file available at this time for either nitrates (http://www.epa.gov/iris/subst/0076.htm)
or nitrites (http://www.epa.gov/iris/subst/0078.htm). The World Health Organization International
Agency for Research on Cancer (IARC) ranked nitrates and nitrites high on the priority list for
upcoming review of possible carcinogenicity of ingested nitrates and nitrites
(http://monographs.iarc.fr/ENG/Meetings/prioritylist.pdf)

Please refer to research article summaries listed in the TEACH Database for details about study design considerations
(e.g.,~ dose, sample size, exposure measurements)

This toxicity summary is likely to include information from workplace or other studies of mature (adult) humans or
experimental animals if child-specific information is lacking for the chemical of interest. Summaries of articles focusing
solely on adults are not listed in the TEACH Database because the TEACH Database contains summaries of articles
pertaining to developing organisms

For recent information pertaining to carcinogen risk assessment during development, consult "Guidelines for
Carcinogen Risk Assessment and Supplemental Guidance on Risks from Early Life Exposure" at
http://www. era. gov/eaneerguidelines

Supporting references and summaries are provided in the TEACH database at http://www.epa.gov/teachA

Last revised 5/22/07: includes research articles and other information tnrougn 2006
Page 3



Chemical Summary Form, Nitrates (continued)

iv. EXPOSURE AND TOXICITY STUDIES FROM THE TEACH DATABASE

This section provides a brief description of human and animal studies listed in the TEACH Database. These descriptions
generally include the overall conclusion in each study without evaluation or assessment of scientific merit by TEA CH For
more details about doses and exposure levels, query the TEA CH Database. Any consideration of adverse events should
include an understanding of the relative exposure on a body weight basis, In many cases, exposure levels in animal studies
are greater than exposure levels normally encountered by humans

A. HUMAN EXPOSURE AND EFFECTS

>

>

>

>

>

>

Nitrate contamination of drinking water is of special concern in agricultural areas (4, 12, 30, 44, 45)
Nitrate-contaminated drinking water often arises as a result of fertilizers applied to crops, which are
converted to nitrate in the soil and then seep into groundwater and into private residential wells. Of
particular concern is proximity of animal feed lots to some groundwater sources of drinking water
which may lead to groundwater contamination with nitrates from run-off from these feed lots (3, 6
11, 12)

Nitrates have been measured in foods, and have been detected in vegetables and preserved meats (6
8, 10, 13, 46, 47), and baby foods (9, 48, 49). Nitrate and nitrite intakes for children in Estonia were
estimated from measures of nitrate and nitrite concentrations in meat products (50) and in vegetables

(10)

Nitrates have been detected in breast milk, and concentrations increased with increasing
consumption of nitrates by the mother (51). Nitrates have also been measured in blood and stools of
children (46)

Nitrite exposure of teens from use of nitrite inhalants (e.g., "poppers" also called amyl nitrate
gasoline, shoe polish, halothane, whippets, and spray paints) has been reported in a survey of teens
(52) (See Considerations for Decision Making)

Measurement of methemoglobin concentrations in blood has been used as a biomarker of effect for
infants and children (43). Some studies found an association between concentrations of
methemoglobin in blood and nitrate exposure (33, 53), but other studies did not (45, 54)

Health effects that were significantly associated with nitrate or nitrite exposure during pregnancy
include increased incidence of intrauterine growth retardation (34), cardiac defects (36), central
nervous system defects (37-40), Sudden Infant Death Syndrome (SIDS) (35), and miscarriage (55)

The most sensitive health effect endpoint for nitrate exposure is methemoglobinemia in infants, also
called "blue baby syndrome". When humans metabolize nitrate, an alternative form of hemoglobin
called methemoglobin, is formed and is detectable in blood. Infants with blue baby syndrome tum
blue because their red blood cells, which contain methemoglobin, have a decreased ability to carry
oxygen. Blue baby syndrome has been reported following exposure of infants to nitrate
contaminated drinking water (12, 30-33). Infants of ages 0-3 months are at higher risk for blue baby
syndrome because their normal intestinal flora contribute to the generation of methemoglobin, older
children and adults can experience this syndrome, but at higher concentrations of nitrates (2, 4)

Supporting references and summaries are provided in the TEACH database at http:/Avww.epa.2ov/teachA
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Chemical Summary Form, Nitrates (continued)

>

>

The U.S. EPA concluded that there was conflicting evidence in the literature as to whether exposures
to nitrate or nitrites are associated with cancer in adults and in children (1, 2). Exposures to nitrates
or nitrites during pregnancy, and possible associations with incidence of cancer in children, have
been studied. Two studies reported that increased risk of brain tumors in children was significantly
associated with increased maternal consumption of increasing amounts of cured meats (containing
nitrates and nitrites) during pregnancy (13, 17)

Possible associations between childhood nitrate exposure and cancer have been investigated
Children living in areas with higher nitrate levels in drinking water had higher levels of some forms
of chromosomal damage than control children living in areas with lower nitrate levels (56). In some
studies, increased incidence of childhood brain cancer (13, 15-18) and nasopharyngeal cancer (21)
correlated with childhood nitrate exposure in the diet or drinking water, though other studies found
no such correlations for some of the same cancers (20-27). An association between nitrate exposure
and incidence of childhood leukemias was found in one study (57) but not in two others (28, 29)
Living in areas with high nitrate levels in drinking water during childhood was associated with a
higher incidence of testicular cancer (58) or urothelial cancer (a specific cancer of the urogenital
tract) (23)

Effects on other systems in humans have been associated with childhood exposure to nitrates or
nitrites (41-43, 59-62). Exposure of children to nitrates or nitrites was associated with increased
incidence of childhood diabetes in one study (41), but not others (59-61). Single studies have
reported associations between children's exposure to nitrates or nitrites, and recurrent respiratory
tract infections (43), increased risk for thyroid disorders during adulthood (59), or recurrent diarrhea

(42)

B. EXPERIMENTAL ANIMAL EXPOSURE AND EFFECTS

Several experimental animal studies of health effects following prenatal exposure to nitrates or
nitrites have been reported (all studies summarized here involved exposure via maternal ingestion)
Results of studies of teratogenic effects in offspring following maternal exposure to nitrates or
nitrites during pregnancy were equivocal. For example, adverse effects were observed in offspring
following prenatal exposure, including delays in brain development in the hippocampal region (63)
decreased fetal weight gain (64, 65), increased fetal mortality (64), and delayed acquisition of certain
behaviors (66). However in other studies, prenatal exposure resulted in no observable teratogenic
effects following prenatal exposure to nitrate (67, 68) or nitrite (67, 69)

Effects of prenatal exposure of mice to nitrites on the hematopoietic (blood cell formation) system
revealed increased liver hematopoiesis in fetuses in one study (70). The liver is a major organ for
blood cell development in fetuses. In another study, increased levels of methemoglobin were
observed in pregnant mothers but not their fetuses following prenatal exposure to nitrite (71)

Supporting references and summaries are provided in the TEACH database athttp://www.epagov/teachA
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Chemical Summary Form, Nitrates (continued)

> Prenatal exposure to mixtures of sodium nitrite with other chemicals may have different effects than
each chemical alone. For example, sodium nitrite administered together with ethylurea induced
malformations in fetuses, including eye, brain, kidney, and skeletal defects, such malformations
were not induced by administration of either chemical alone in this study (72). Increased incidence
of brain tumors was observed in hamster offspring following concurrent maternal exposure to nitrite
and ethylurea during pregnancy (73, 74). Nitrite and ethylurea are thought to chemically react in the
gastrointestinal tract to form the potent carcinogen, ethylnitrosourea (73). Female offspring had a
higher incidence of tumors than male offspring (74).

v. CONSIDERATIONS FOR DECISION-MAKERS
This section contains information that may be useful to risk assessors, parents, caregivers, physicians, and other decision-
makers who are interested in reducing the exposure and adverse health ejects in children for this particular chemical.
information in this section focuses on ways to reduce exposure, assess possible exposure, and for some chemicals,
administer treatment.

>

>

>

>

>

>

>

>

The most likely exposure pathways for children are ingestion of contaminated drinking water and
ingestion of food containing preservatives, such as cured meats and hot dogs (2, 4, 5).

General consumer information on preservatives in food is available from the U.S. FDA (75, 76).

Some nitrites in household products have been used as inhalants by adolescents and adults to
enhance sexual performance, and are commonly called "poppers" (77). Compounds include amyl,
butyl, isobutyl, and cyclohexyl nitrites, and are often sold in small brown bottles and labeled as
"video head cleaner," "room odorizes," "leather cleaner," or "liquid aroma" (77).

The U.S. EPA Oral Reference Dose (RfD) and the Maximum Contaminant Level (MCL) for
drinking water (see Toxicity Reference Values in this document) are set to prevent
methemoglobinemia in infants, the most sensitive health endpoint in children (78).

The MCL is 1 mg/L for nitrites and 10 mg/L for nitrates in drinking water. As a potential health
effect, the U.S. EPA states that, "Infants below the age of six months who drink water containing
nitrate in excess of the MCL could become seriously ill and, if untreated, may die" (78). The U.S.
EPA makes the same statement for nitrite in water (78).

Caregivers may consider an alternate water supply, e.g. bottled water, where nitrate-contaminated
ground water may be impacting drinking water.

The U.S. EPA regulates public water systems, and does not have the authority to regulate private
drinking water wells that serve fewer than 25 people (79). Some states may have rules to protect
users of these wells. The U.S. EPA urges owners of private wells to have their well water tested
annually and more often if someone in the household is pregnant or nursing. The U.S. EPA urges
owners to test their well water for nitrate concentrations and several other contaminants (80).

Nitrates are not filtered out of drinking water using filtration devices that utilize only carbon or
activated carbon filtration. Nitrates can be filtered from drinking water using ion exchange, reverse
osmosis, or electrolysis methods (81).

Supporting references and summaries are provided in the TEACH databaseat http://www.epa.gov/teachA
Last revised 5/22/07: includes research articles and other information through 2006
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>

>

A Nitrate/Nitrite Toxicity Case Study in Environmental Medicine is available from the U.S. Agency
for Toxic Substances and Diseases Registry (ATSDR), which provides clinical information for
physicians on the diagnosis and treatment of nitrate and nitrite toxicity. Details of a case study of a 2
month-old infant with blue baby syndrome is included (4).

Consult the "Child-Specific Exposure Factors Handbook," EPA-600-P-00-002B, for factors to
assess children's drinking water consumption rates (82). An updated External Draft of the 2006
version of this handbook is available (83).

VI. TOXICITY REFERENCE VALUES

Oral/Ingestion

U.S. EPA Reference Dose (RID) for Chronic Oral Exposure:

Nitrate, 1.6 mg/kg-day, based on the critical effect of early clinical signs of methemoglobinemia
in infants (excess of 10%) 0-3 months of age exposed to nitrate in infant formula
(http://www.epa.gov/iris/subst/0076.htm, I.A.I.) (11). Last agency verification date 8/22/90.

Nitrite, 1E-1 (or 0.1) mg/kg-day, based on methemoglobinemia in infants chronically exposed to
nitrite in drinking water (http://www.epa.gov/iris/subst/0078.htm, I.A.I.) (84). Last agency
verification date 2/26/86.

U.S. EPA Drinking Water Advisories (4 kg child):

Nitrate, 1 day=10 mg/kg and 10 day=10 mg/kg,

Nitrite, 1 day=l mg/kg and 10 day=1 mg/kg
(http://www.epa.gov/0st/drinking/standards/dwstandards.pdf, p. 9) (85). Last revised Winter,
2006.

U.S. EPA Maximum Contaminant Level (MCL) for Drinking Water:

Nitrate, 10 mg/L, nitrite, 1 mg/L.

Both are based on potential health effects of shortness of breath and blue baby syndrome in
infants (http://www.epa.gov/safewater/rncl.html#mcIs) (86). Last revised 7/02.

U.S. EPA Maximum Contaminant Level Goal (MCLG):

Nitrate, 10 mg/L, nitrite, 1 mg/L.

Both are based on potential health effects of shortness of breath and blue baby syndrome in
infants (http://www.epa.gov/safewater/mcl.html#mcls) (86). Last revised 7/02.

Supporting references and summaries are provided in the TEACH database at http://www.epa.gov/teachA
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Chemical Summary Form, Nitrates (continued)

VII. U.S. FEDERAL REGULATORY INFORMATION
>

>

>

>

The reference value, U.S. EPA Drinking Water Advisory for a 4 kg Child, for both nitrate and nitrite
were recently revised. The l-day and l0-day values for nitrate are both 10 mg/kg, and for nitrite are
both l mg/kg (see Toxicity Reference Values).

The U.S. EPA regulates drinking water for public water systems and drinking water wells that serve
at least 25 people (79); information is available for owners of private wells (80).

Nitrite and nitrate are listed as number 216 and 219 respectively out of 275 chemicals on the 2005
Priority List of Hazardous Substances for the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) section 104 (i), as amended by the Superfund
Amendments and Reauthorization Act (SARA). This is a list in the order of priority of concern of
substances most commonly found at sites listed on the National Priorities list (NPL), there are
currently 275 substances on this list (87).

The U.S. EPA requires reporting of quantities of certain chemicals that exceed a defined reportable
quantity, and that quantity varies for different chemicals. Under the Emergency Planning and
Community Right-to-Know Act (EPCRA) Section 3 la "Toxic Chemicals," quantities of nitrate
compounds (water soluble) or sodium nitrite greater than 25,000 pounds manufactured or processed,
or greater than 10,000 pounds otherwise used, is required, under the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA), reporting releases of sodium nitrite of any
quantity exceeding 100 pounds is required (88).

VIII. BACKGROUND ON CHEMICAL

A. CAS Number: Nitrate 14797-55-8, Nitrite 14797-65-0.

B. Physicochemical Properties: Nearly all nitrate and nitrite salts are soluble in water, and occur as a
whitish powder when not dissolved in water (5). Go to the National Library of Medicine ChemlD Web
site (http://chem.5is.nlm.nih.gov/chemidplus) and search for nitrate or nitrite.

C. Production: Fertilizers comprise the majority of environmental releases of inorganic sources of
nitrates (5). Total U.S. reported releases of nitrate compounds totaled over 291 million pounds in 2005
(89).

D. Uses: Primary sources of organic nitrates in the environment include human sewage and livestock
manure (5). Sources of inorganic nitrates in the environment include potassium nitrate and ammonium
nitrate, which may leach to ground water and contaminate private residential drinking water wells (3, 5).
Potassium nitrates are mainly used as fertilizers and may also be used in heat transfer salts, glass and
ceramics, rodenticides, and in matches and fireworks (2). Ammonium nitrates are mostly used as
fertilizers, but also in explosives and blasting agents (2).

Supporting references and summaries are provided in the TEACH database athttp://www.epa.gov/teachA
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Chemical Summary Form, Nitrates (continued)

E. Environmental Fate:Nitrates are very mobile in soil and have a high potential to migrate to ground
water due to high solubility in water and weak retention by soil (3, 5). Nitrates and nitrites do not
volatilize and therefore are likely to remain in water until consumed by plants or other organisms (3).
Ammonium nitrate is taken up by bacteria, and nitrate degradation is fastest under anaerobic conditions
(5). Nitrite is easily oxidized to nitrate, and nitrate is the more predominant compound of the two
detected in groundwater (4).

Additional information on nitrates and nitrites is available in the TEACH Database and at the following
Web sites :

www.epagov/iris/subst/0076. him
www. epa.gov/iris/subs!/0078. him
www.epa.gov/safewater/a'wh/c-ioc/nitrates. html

Supporting references and summaries are provided in the TEACH database at http://www.epa.gov/teaehA

Last revised 5/22/07.' includes research articles and other information tnrougn 2006.
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A new logistic regression (LR) model was used to predict
the probability of nitrate contamination exceeding 4
mg/L in predominantly shallow, recently recharged
groundwaters of the United States. The new model contains
variables representing (1) N fertilizer loading (p < 0.001),
(2) percent cropland-pasture (p < 0.001), (3) natural log of
human population density (p < 0.001), (4) percent well-
drained soils (p < 0.001), (5) depth to the seasonally high
water table (p < 0.00l), and (6) presence or absence of
unconsolidated sand and gravel aquifers (p= 0.002). Observed
and average predicted probabilities associated with
deciles of risk are well correlated (re = 0.875), indicating
that the LR model fits the data well. The likelihood of nitrate
contamination is greater in areas with high N loading
and well-drained surficial soils over unconsolidated sand
and gravels. The LR model correctly predicted the status of
nitrate contamination in 75% of wells in a validation data
set. Considering all wells used in both calibration and
validation, observed median nitrate concentration increased
from 0.24 to 8.30 milL as the mapped probability of
nitrate exceeding 4 mg/L increased from 50.17 to >0.83.

Introduction

shallow groundwater in an area is not used for drinking,
contaminants can migrate to deeper groundwater supplies.
Shallow groundwater is more susceptible to nitrate con-
tamination than deep groundwater, and privately owned
domestic wells typically are shallower than public-supply
wells and are not routinely monitored for water quality. Nine
percent of domestic wells sampled by the U.S. Geological
Survey's National Water-Quality Assessment (NAWQA) pro-
gram during 1993-2000 had nitrate concentrations exceeding
the U.S. Environmental Protection Agency's (USEPA's)
maximum contaminant level (MCL) of 10 mg/L as N (6),
compared with 2% ofpublic-supply wells. These exceedances
are based on 1710 domestic wells and 264 public-supply
wells, irrespective of depth to groundwater.

Elevated concentrations of nitrate (greater than 2 mg/L)
in drinking water have been associated with adverse health
effects. Ingestion of nitrate by infants can cause low oxygen
levels in the blood, a potentially fatal condition known as
methemoglobinemia or "blue baby" disorder (7). For this
reason, the USEPA established the MCL of 10 mg/L nitrate
as N. Nitrate concentrations of 19-29 mg/L in rural, domestic
wells in Indiana might have caused eight spontaneous
abortions among four women during 1991 - 1994 (8). Nitrate
in drinking water also might increase cancer risk through
production of N-nitroso compounds in the body, which are
highly carcinogenic (9)- A study of cancer incidence in Iowa
women 55-69 years old found that the risk of bladder cancer
was 2.83 times higher and the risk of ovarian cancer was 1.84
times higher when nitrate concentration in municipal water
supplies exceeded 2.46 mg/L. In another study, nitrate
concentrations of 4 mg/L or more in water from community
wells in Nebraska increased the risk of non-Hodgkin's
lymphoma (10). Shallow groundwater unaffected by human
activities commonly contains less than 2 mg/L of nitrate
(11) .

Determining where shallow groundwater is at risk of
nitrate contamination can help managers decide where to
allocate scarce resources for cleanup, monitoring, or imple-
mentation of alternative management practices. Logistic
regression (LR) has been used extensively in epidemiological
studies to predict risk and is becoming more commonplace
in environmental applications. Logistic regression differs from
classical, linear regression in that the modeled response is
the probability ofbeingin a category, rather than the observed
quantity of a response variable (18Groundwater is an important national resource that provides

drinking water for more than half of the people in the United
States (1). Unfortunately, shallow groundwater (typically less
than about 5 in in this study) is susceptible to contamination
by chemicals derived from the land surface. Nitrate, from
both natural and anthropogenic sources, is possibly the most
widespread contaminant in groundwater (8. Because nitrate
is both soluble and mobile, it is prone to leaching through
soil with infiltrating water. Nitrate in watersheds is derived
primarily from inorganic fertilizer, animal manure, and
atmospheric deposition (3) and can persist in shallow
groundwater for years. Natural sources of nitrate include
organic N in plant matter and fixed ammonium in till and
loess deposits (4, 5).

Contamination of shallow groundwater is a public-health
concern in areas where it is used for drinking. Even if the

e(bD+bx)

P - 1 + e(bn+bK)
(1)

* Corresponding author phone: (703) 648-4000, fax: (703) 648-
6693, e-mail: btnolan@usgs.gov.

T U.S. Geological Survey, Reston, VA.
1 U.S. Geological Survey, Denver, CO.

where Bo = constant and bx = vector of slope coefficients
and explanatory variables.

Logistic regression is well-suited to analysis of nondetects
because a threshold value is specified to define the response
categories and has been successfully applied in prior studies
on the risk of groundwater contamination (13-229.Readers
may consult Hosier and Lemeshow (23) and Kleinbaum
(24) for a detailed discussion of logistic regression.

Logistic regression is an improvement over earlier aquifer
vulnerability studies involving geographic information sys-
tems (GIS). Prior researchers (25) used GIS overlays to
estimate the likelihood of nitrate contamination of shallow
groundwater in the United States, with statistical verification
of resulting risk groups. In ranking and overlay methods, the
independent variables are weighted equally. In contrast,
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Distribution of wells for calibration and validation
• Sampled well from 1991 NAWQA study unit used for calibration
• Sampled well from 1994 NAWQA study unit used for validation

FIGURE 1. Locations of shallow wells comprising calibration and validation data sets used in logistic regression.

(9, 10). A modeling threshold based on the MCL of 10 mg/L
was not used because it is considered too high to adequately
protect drinking-water source areas. It is likely that ground-
water in highly susceptible areas already has been contami-
nated, and groundwater with nitrate concentration greater
than 10 mg/L is nearly impossible to remediate. In this paper,
a groundwater nitrate concentration greater than 4 mg/L is
designated an "event" and concentrations of 4 mg/L or less
are designated "nonevents,"

logistic regression assigns weights to independent variables
by way of slope coefficients estimated using the observed
data.

The current study is a follow-up to previous LR work that
related variables representing N sources and aquifer sus-
ceptibility to elevated nitrate concentration in shallow
groundwaters of the United States (20). The previous model
was developed using data collected from 1230 wells by the
first 20 NAWQA study units that began in 1991 and contained
the following variables: (1) N fertilizer loading to the land
surface, (2) percent cropland-pasture, (3) natural log of
human population density, (4) percent well-drained soils,
(5) depth to the seasonally high water table, and (6) presence
or absence of a fracture zone within a surficial aquifer. All
variables were highly significant at the 0.05 level, and the
model fits the data well. A linear regression fit of observed
and predicted probabilities of nitrate exceeding 4 mg/L
yielded a coefficient of determination (,2) value of 0.971.

The previous model was refined and used in the current
study to predict the probability of nitrate contamination of
predominantly shallow, recently recharged (within 10-20
years) groundwaters in unsampled areas of the nation, The
previous model had been calibrated to groundwater nitrate
data but was not validated with an independent data set. It
was used to identify variables that significantly influence
nitrate contamination of shallow groundwater but was not
used in prediction. The new model was recalibrated with
three updated variables that represent improved sources of
data and validated using data collected by a different set of
NAWQA study units that began in 1994. For example, land-
use data in the new model represent the 1990s and are more
current than the 1970s data used in the previous model.

A threshold of 4 mg/L nitrate was used to indicate
anthropogenic effects relative to the 2 mg/L background level
reported by Mueller and Helsel (11). Additionally, nitrate
concentrations greater than 2 mg/L but less than the MCL
of 10 mg/L have been associated with adverse health effects

M eth o d s

The calibration data set used in this study comprises 1280
wells that were sampled during 1992~ 1995 as part of land-
use studies conducted by the first 20 NAWQA study units
that began in 1991 (Figure 1). Springs and agricultural drains
were excluded from analysis because of uncertainties in the
source of water or contributing land-use area, and only one
sample per well was used to preclude undue influence by
wells that were sampled several times. Clustered wells were
excluded to preclude over-representation of small areas.
NAWQA land-use studies commonly have 2030 wells and
are designed to evaluate the quality of predominantly shallow,
recently recharged groundwater beneath selected land uses
in an aquifer of interest. The median depth to water for the
calibration data set is 4.5 m. A few wells in the data set have
depths to water approaching200 m, but these are in fractured
basalt in the Upper Snake River Basin. The fractured basalt
aquifer is hydraulically connected to irrigation recharge and,
therefore, is affected by overlying land use. The validation
data set comprises 736 wells sampled during 1996- 1999 as
part of land-use studies conducted by LG additional NAWQA
study units that began in 1994 (Figure 1).

All wells were sampled according to procedures described
by Koterba et al. (26). Nitrite-plus-nitrate was analyzed by
the USGS National Water-Quality Laboratory based on
procedures described in Fishman (27), and concentrations
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major rivers. The glaciated geology map comprises coarse-
grained and fine-grained stratified sediments, till, and other
materials in quaternary sediments (including river alluvium)
ofglaciated regions. The glaciated geology map complements
the principal aquifer map because glaciogenic and alluvial
aquifers (not shown on the principal aquifers map) are
important sources of water in the northern and Midwestern
United States. Wells in areas shown as unconsolidated sand
and gravel aquifers on the principal aquifer map or as coarse-
grained stratified sediment on the glaciated geology map
were coded and wells in all other areas were coded as
"0" to create the binary indicator variable.

State Soil Geographic (STATSGO) data describing the
infiltration characteristics of the upper 1.8 m of soil were
used in conjunction with the principal aquifer and glaciated
geology maps to describe the overall susceptibility of near-
surface aquifers to surface-derived contaminants. This ac-
counts for the possibility that overlying materials (e.g., loess)
might have infiltration characteristics different from un-
consolidated sand and gravel comprising a near~surface
aquifer.

The remaining variables in the new LR model are the
same as used previously (alb: natural log of 1990 human
population density (35), percent well-drained soils or hy-
drologic groups A and B from the STATSGO database (36) ,
and STATSGO depth to the seasonally high water table.
STATSGO data represent spatial patterns of soil properties
on the landscape and cover the nation at the 1/250 000 scale.
The STATSGO variables were compiled as weighted averages
within land-use study areas because STATSGO attributes vary
little within 500 m of sampled wells. Nitrogen fertilizer
loading, percent cropland-pasture, and population density
are more variable and were compiled as weighted averages
within 500 m of wells.

Variables in the new LR model were checked for statistical
significance using the Wald statistic, which is the ratio of the
maximum likelihood estimate of the slope coefficient to its
standard error (28, The Wald statistic p value indicates
whether slope coefficients are significantly different from
zero. Linear regression was used to evaluate goodness-of-fit
by comparing observed and predicted probabilities associ-
ated with deciles frisk. Deciles frisk are obtained by ranldng
predicted probabilities from low to high and creating 10
groups or bins, each with n/10 observations. The /2 value
was computed for the observed and average predicted
probabilities, with higher values indicating better fit. The
Hosmer~Lemeshow (HL) goodness-of-fit test statistic was
used to evaluate observed and expected probabilities in bins.
Forty bins were used to increase the ability of the test to
detect potential departures from model fit caused by a few
individual observations in a bin. Higher HL values indicate
a better fit because the null hypothesis is that the model fits
the data. Logistic regression modeling and related diagnostics
used SAS and SYSTAT software (brand names in this paper
do not constitute endorsement by the U.S. Geological Survey) .

All of the variables in the new model were recompiled
within 1-krn grid cells to predict nitrate contamination risk
at the national scale. Equation l was used with model inputs
corresponding to over 7 million 1-km grid cells to calculate
the probability for each that nitrate concentration in shallow
groundwater exceeds 4 mg/L.

are reported as elemental N. Nitrite-plus-nitrate concentra-
tion is referred to as "nitrate" in the current study because
nitrite concentration in groundwaters sampled by NAWQA
generally is negligible (28) .

In the current study, we updated three variables in the
previous LR model (20): N loading from inorganic fertilizer,
percent cropland~pasture, and the presence or absence of
rock fractures. Whereas the previous model had assumed an
equal allocation of fertilizer to agricultural and urban areas,
the new model uses separate estimates of farm and nonfarm
N loading from inorganic fertilizer. Farm and nonfarm N
loadings were estimated by David L. Lorenz (USGS. Un-
published data, 2001) using data from the Association of
American Plant Food Control (29). Estimated N loadings in
counties subsequently were allocated by Landsat-derived
National Land Cover Data (NLCD) (38 for 500-rn radius
circular areas around sampled wells. Farm fertilizer N was
allocated equally to NLCD categories comprising orchards/
vineyards, row crops, and small grains, and nonfarm fertilizer
N was allocated equally to low-intensity residential and
urban/recreational grasses. Assumption of equal N applica-
tion rate to different crop types is reasonable because crops
in a given area commonly are rotated. Although the fertilizer
application rate varies from year to year, groundwater
movement is slow and chemicals accumulate over several
growing seasons. Effects of changing N loadings are integrated
and averaged over time. Using a single farm application rate
of for a county is reasonable also because the range of crop
types in a given county is fairly limited.

The following individual NLCD categories were aggregated
for consistency with the combined cropland-pasture variable
in the previous model (20): pasture/hay, row crops, small
grains, and fallow land. The NLCD represent early to mid-
1990s land use, which is consistentwith the 1992- 1995 nitrate
data used to calibrate the LR model. Cropland-pasture data
used in the previous model were compiled by Anderson et
al. (31), but these data (1970s) are not current. The previous
model used Anderson data updated with 1990 Census
population data to reflect recent conversion of agricultural
land to new residential land (32).

Nitrogen loads from animal manure and septic systems
are not explicitly represented in the new LR model. A variable
representing animal manure, based on animal population
in counties, was tested with these data but found statistically
insignificant in regression. Although manure contributes
lesser amounts of N than inorganic fertilizer nationally, it is
an important regional source. Confined feeding operations
are not explicitly represented in the model because a current,
national coverage of such operations is unavailable. The
cropland-pasture variable in the new LR model, however,
contains information on N sources such as animal manure
and septic systems. Population density is a surrogate for
nonagricultural sources of nitrogen in urban areas, such as
septic tanks, sewer exfiltration, and domestic animals.

The previous model (20) included a variable for the
presence or absence of rock fractures, which had been
compiled locally by NAWQA study-unit personnel. Because
these data are not present outside of the NAWQA land-use
study areas, a geology variable of national scope was needed
to facilitate prediction in unsampled areas of the nation. To
determine the uppermost susceptible aquifer, a binary
indicator variable representing the presence or absence of
unconsolidated sand and gravel aquifers was substituted for
the former variable in the new model. The data sources are
(1) a 1/2 500 000-scale principal aquifers map in the National
Atlas of the United States (33), and (2) a 1/1 000 000-scale
map of glaciated sediments east of the Rocky Mountains
(34). The principal aquifer map shows the surface outcrop
or near-surface (shallow subcrop) locations of aquifers but
excludes glaciated sediments and alluvial aquifers along

Results and Discussion

Recalibration of Multivariate Logistic Regression Model.
Variables in the new LR model were checked for statistical
significance using Wald statistic p values. The new model
contains variables representing (1) N fertilizer loading (p <
0.001), (2) NLCD percent cropland-pasture (p < 0.001), (3)
natural log of human population density (p < 0.001), (4)
percent well-drained soils (p < 0.001), (5) depth to the
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TABLE 1. Explanatory Variables in the New L0gistic-Regression
ModeI

variable
estimated
coefficient

Wald
p value

-5 .541
0.004
0.016
0.229

<0.001
<0.001
<0.001
<0.001

0.025
1.088

<0.001
<0.001

constant
1992 fertilizer N (kg/ha)
NLCD cropland-pasture (%)
In (1990 population density),

In (people/km2)
well-drained soils (%)@
depth to seasonally high

water table (m)
presence or absence of unconsolidated

sand and gravel aquifers
0.424 0.002

a Sum of percentages of STATSGO soil hydrologic groups A and B
in area.
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FIGURE 2. Relation between observed and average predicted
probabilities of nitrate exceeding 4 milL in shallow groundwater,
for deciles of risk associated with the new logistic regression
model.

seasonally high water table (p < 0.001), and (6) presence or
absence of unconsolidated sand and gravel aquifers (p =
0.002). The Wald p values indicate that all six variables are
highly significant at the 0.05 level, and all slope coefficients
are positive (Table 1).

Average predicted probabilities were compared with
observed probabilities for deciles of risk to assess the fit of
the new model. Each decile or bin yields an average predicted
probability and an observed probability based on the number
of observed values in the group that are greater than the
threshold value. The observed and average predicted prob-
abilities are well-correlated (/2 = 0.875), indicating that the
new LR model fits the data well (Figure 2). The HL p value
is 0.224, indicating that the lit of the new model is acceptable
(higher HL values indicate better fit). These results generally
agree with those obtained with the previous model (20) .

The slope coefficients indicate that the probability of
nitrate contamination ofshallow groundwater increases with
increasing N fertilizer loading, percent cropland-pasture,
population density, percent well-drained soils, depth to the
seasonally high water table, and with the presence of
unconsolidated sand and gravel aquifers (Table 1). Relations
between groundwater nitrate concentration and N fertilizer
or agricultural land use are well-documented (2, 13, 21, 31
3"). Relations among percent population density, percent
well-drained soils, and depth to the seasonally high water
table are consistent with the previous model (20)- The positive
sign of the slope coefficient for seasonally high water-table

depth is consistent with the findings of Burkart et al. (17),
who observed a positive correlation between this STATSGO
variable and nitrate concentration in shallow aquifers.
Whereas very shallow depth to water indicates waterlogged
conditions conducive to denitrification, increasing depth to
water lessens denitrification potential and increases the
likelihood that nitrate exceeds 4 mg/L. Deep wells, which
might have yielded anoxic samples with low nitrate con-
centration, generally were not considered in this analysis of
predominantly shallow groundwaters.

The likelihood of nitrate contamination increases with
the presence of unconsolidated sand and gravel aquifers,
which comprise coarse-grained deposits that facilitate leach-
ing of water and chemicals to the water table. Other aquifer
types from the principal aquifer map that were tested but
found ineffective in LR include semiconsolidated sand
aquifers, sandstone aquifers, sandstone and carbonate-rock
aquifers, carbonate-rock aquifers, and basaltic and volcanic-
rock aquifers. Unconsolidated sands and gravels commonly
have high effective porosity compared with other types of
sediments and rock. Consolidated rocks have less inter-
connected pore space available for fluid flow, so the degree
of fracturing affects water and chemical movement. Some of
the above rocks (e.g., carbonate rocks and fractured basalt)
inherently are susceptible to contamination because of
solution channels and fractures. The reason for the inef-
fectiveness of these aquifer variables in LR is unclear.
However, the principal aquifer map represents rock subcrops
as well as outcrops, which might be deeper than some
sampled wells in the shallow groundwater data set and,
therefore, unrelated to the water-quality measurement.
Median well depth in the calibration data set is 11.5 m.
Although the NAWQA program characterizes geologic for-
mations in which sampled wells are completed, these data
are unavailable outside ofNAWQA study areas. The principal
aquifer and glaciated geology maps were used to characterize
geology outside of NAWQA study areas to enable LR
predictions in unsampled areas of the nation.

Some of the variables in the LR model (e.g., N fertilizer
and percent cropland-pasture; percent well-drained soils
and the presence or absence of unconsolidated sand and
gravel aquifers) are related and therefore raise multicol-
linearity concerns. These variables, however, are not strongly
related. Nitrogen fertilizer represents applications in urban
areas as well as agricultural areas. Percent cropland-pasture
contains information on additional N sources besides
inorganic fertilizer, such as manure, septic systems, and
atmospheric deposition, and although cropland-pasture
indicates where inorganic fertilizer likely is applied, it does
not indicate the rate factual application. The rate and timing
of fertilizer application depend on regional and local factors
such as crop type, tillage practice, soil type, and climate. If
multicollinearity were present, the p values corresponding
to both N fertilizer and cropland-pasture would be very
large (e.g., 0.7 or greater) because the model would be unable
to select from among the competing variables. Rather, both
p values are highly significant (<0.001) (Table 1). Similarly,
the binary indicator variable for unconsolidated sand and
gravel aquifers complements the 1/250 000 STATSGO data
representing well-drained soils. Whereas STATSGO data
represent the upper 1.8 m of surficial soils, the binary
indicator variable represents the underlying sediments and
rocks composing the principal aquifer. Both p values as-
sociated with these variables are highly significant at the
0.05 level (Table 1).

Groundwater Nitrate in Specific Areas Follows Predicted
Probabilities.Equation 1 was used with model coefficients
in Table 1 to predict the probability of nitrate exceeding 4
mg/L for 1-km grid cells, resulting in a national map of the
likelihood of nitrate contamination of shallow groundwater
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FIGURE 3. Probability that nitrate exceeds 4 milL in shallow groundwaters of the United States, based on the new logistic regression
model.

(Figure 3). Mapped probabilities reflect regional patterns of
N sources and aquifer-susceptibility characteristics. High
probabilities are most extensive in the High Plains, which
can have high N fertilizer loading and well-drained soils
overlying unconsolidated, coarse-grained deposits.

In most NAWQA study units, the exceedance probability
predicted with the LR model reasonably approximates the
observed proportion of wells with nitrate exceeding 4 mg/L,
indicating that the model adequately simulates regional N
loading and aquifer susceptibility in these areas. The observed
probability of nitrate exceedances is 0.031 for wells in land-
use studies of the Albemarle-Pamlico Drainage Basin (ALBE)
in northeastern North Carolina and southeastern Virginia.
The median predicted probability in the area (based on
probabilities predicted with eq 1 for each well in ALBE land-
use studies) is 0.085. Denitrification resulting from large
amounts of organic carbon in poorly drained sediments
contributes to low nitrate concentration in shallow ground-
water of the outer Coastal Plain in the region (39).

The observed probability of nitrate exceeding 4 mg/L is
0.333 in shallow groundwaters of the Las Vegas Valley area
and Carson and Truckee River Basins in western Nevada,
and the median predicted probability is 0.309. Nitrogen
loading is comparatively low in the Carson Desert, where
alfalfa is the major crop, Alfalfa, a legume that fixes
atmospheric N, does not need additional fertilizer after the

plants are established. However, excess application of
residential fertilizers, septic systems, and leakage from sewer
pipes can lead to nitrate contamination of groundwater in
the Las Vegas area (40).

In contrast to this, the probability of nitrate contamination
in shallow groundwaters of the Central Columbia Plateau
(CCPT) in eastern Washington is high. The observed prob-
ability that nitrate exceeds 4 mg/L is 0.703 for wells in land-
use studies of the area, and the median predicted probability
is 0.641. Irrigation and high rates of fertilizer application are
major contributors to the high nitrate concentration in
groundwaters of the area (41). Almost all of the water in the
Plateau supports irrigation in arid agricultural areas, greatly
increasing the recharge of water and nitrate to shallow
groundwater. Although irrigation was not explicitly consid-
ered in model calibration, fertilizer might be a useful surrogate
for irrigation in the region because arid areas that are fertilized
commonly are irrigated.

The model inaccurately predicts the probability of con-
tamination in some locales, such as the Rio Grande Valley
of southern Colorado and western New Mexico. The observed
probability that nitrate exceeds 4 mg/L only is 0.270 for wells
in land-use studies of the area, but the median predicted
probability 0.539. Diagnostic tests were used to evaluate
changes in the Pearson XI statistic and estimated model
coefficients resulting from poorly fitted, individual observa-
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FIGURE 4. Relation between observed and average predicted
probabilities of nitrate exceeding 4 milL in shallow groundwater,
for deciles of risk associated with the validation data set.

sons in the calibration data set. Three of four observations
that fit the LR model poorly and that have large effect (high
leverage) on the values of the estimated parameters are in
the San Luis Valley, which is in the northern (Colorado)
portion of the Rio Grande Valley. The three wells are in areas
with high estimated fertilizer loading (396-434 kg/ha) and

high percent cropland-pasture (94.6-96.7%), yet observed
nitrate concentration is <4 mg/L in all three cases (0.1-3.7
mg/L). Leaching of fertilizer is variable in the Rio Grande
Valley and depends on additional factors such as the timing
of fertilizer and irrigation and recharge rate to the aquifer
(48 .

In the Albuquerque area of the Rio Grande Valley, no
samples had nitrate concentration greater than 4 mg/L.
Relatively large dissolved organic carbon concentrations in
shallow groundwaters of the area increase the potential for
denitrification. High evapotranspiration in the southern part
of the study area also might limit nitrate leaching. Annual
potential evaporation may exceed l000% of annual precipi-
tation in the Rincon Valley area. A variable representing mean
annual precipitation minus potential evapotranspiration was
tested with the new logistic regression model to evaluate
climate effects but did not significantly improve the model
(p = 0.19). Mean annual precipitation was evaluated previ-
ously during LR model calibration (20) but was statistically
insignificant.

Logistic Regression Model Validation.The new LR model
was validated with an independent data set comprising 736
wells that were sampled during 1996-1999 (Figure 1). The
probability of nitrate exceeding 4 mg/L was calculated for
each well using model parameters in Table 1, and average
predicted probabilities and observed probabilities were
determined for deciles of risk to assess the fit of the model.
The observed and average predicted probabilities are rea-
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Ht is acceptable (Figure 4). The degree of correlation is
somewhat less than for the calibration data set (/2 = 0.875),
and observed and predicted probabilities ofexceeding 4 mg/L
nitrate concentration all are less than 0.6. Compared with
the calibration data set, the validation data set has fewer
agricultural sites relative to urban sites and fewer incidences
of nitrate exceeding 4 mg/L (Table 2).

Considering both events (nitrate > 4 mg/L) and nonevents
(nitrate 5 4 mg/L), the new LR model correctly predicted
nitrate status in three out of four wells in the validation data
set (Table 2). Although model capability to correctly predict
nonevents ("specificity") increased to 96% with the validation
data set, the capability to correctly predict events ("sensitiv-
ity") decreased to 12%. Only about 25% of wells in the
validation data set have nitrate > 4 mg/L, compared with
about 40% of wells in the calibration data set. This likely is
because the 1994 NAWQA study units sampled fewer wells
in agricultural areas. The 16 NAWQA study units that began
in 1994 conducted 1 l shallow groundwater land-use studies
in agricultural areas and 12 in urban areas. In contrast, the
20 NAWQA study units that began in 1991 conducted 36
shallow groundwater land-use studies in agricultural areas
and 13 in urban areas. Nitrate concentration typically is lower
in shallow groundwater beneath urban land, compared with
that beneath agricultural land (28) .

General Verification of Logistic Regression Model. As
an additional verification step, wells from both the calibration
and validation data sets were intersected with the national
probability map and assigned probabilities predicted with
the new model. Box plots associated with wells grouped by
mapped probability ranges are shown in Figure 5. Tukey's
multiple comparison test on the ranks was performed to
determine which groups are different, and test results were
evaluated at the 0.05 level of significance. Box plots labeled
with different letters (e.g., A and B in Figure 5) have medians
that are significantly different at the 0.05 level. As the mapped
probability of nitrate exceeding 4 mg/L increases, the
observed median nitrate concentration increases from 0.24
to 8.30 mg/L. The strong relation between observed median
nitrate concentration and mapped probability indicates that
the overall fit of the LR model is good.

Uses and Limitations. The national probability map can
help assess the vulnerability of source-water areas as
mandated by amendments to the Safe Drinking Water Act
(SDWA) (43), for scenarios where predominantly shallow
groundwater is used as public supply. Aquifer vulnerability
assessment is an integral component of the amended SDWA.
The map also can help managers prioritize areas for
monitoring, cleanup, or implementation of alternative
management practices.

The national probability map is intended for regional
(multicounty) use and has several limitations. Areas of high
probability on the map have high potential for nitrate
contamination but are not necessarily contaminated. Vari-
ables not significant in national-scale regression (such as
percent artificially drained soils) or not considered or available
during model calibration (such as irrigation) can affect nitrate
leaching locally, so the map should not be used for local
management decisions. Also, variations in local hydrogeo-
logic conditions can cause variations in water quality that
are inconsistent with mapped probabilities. For example,
sinkholes in karat areas can facilitate nitrate leaching to
groundwater, but karat features could not be mapped at the
national scale.

(1) Solley, W. B., Pierce, R. R., Perlman, H. A. Estimated Use of
Water in the United States in 1990 U.S. Geological Survey
Circular 1081, 1993.

(Z) Hallberg, G. R.; Keeney, D. R. Nitrate. InRegional Ground-Water
Qualigq Alley, W. M., Ed., Van Nostrand Reinhold: New York,
1993.

(3) Puckett, L.J Nonpoint and PointSourceso.fNitrogen in Major
Watersheds of the UnitedStates; U.S. Geological Survey Water-
Resources Investigations Report 94-4001, 1994.

(4) Boyce, J- S., Muir, J., Edwards, A. P., Seim, E. C., Olson, R.A. J.
Environ. Qual.1976, 5, 93-96.

(5) Hendry, M.]., MaCready, R. G. L.: Could, W.DJ Hydrol.1984,
70, 177-198.

(6) U.S. Environmental Protection Agency.Drinking WaterRegula-
tions and Health Advisories; Office of Water: Washington DC,
1995.

(7) Spalding, R. F., Exner, M.EJ. Environ.Qual. 1993, 22, 392-402.
(8) Centers for Disease Control and Prevention.Morb.Mort. Weekly

Rep.1996, 45, 569-572.
(9) Weyer, P. J.; Cerf an, J. R.; Kross, B. C., Hallberg, G. R.;

Kantamneni, J., Breuer, G., ]ones, M. P., Zhang, W., Lynch, C.
F. Epidemiol.2001, 11, 327-338.

(10) Ward, M.H., Mark, S.D., Cantor, K. P., Weisenburger, D. D.,
Correa»VillaseNor, A., Zahra, S.H. Epidemiol.1996, Z 465-471.

(11) Mueller, D. K., Helsa, D. R. Nutrients in the Nation's Waters-
Too Much of a Good Thing? U.S. Geological Survey Circular
1136, 1996.

(12) Helsel, D. R.; Hirsch, R. M. Statistical Methods in WaterRe5ources;
Elsevier: New York, 1992.

(13) Eckhardt, D. A. V., Stackelberg, P. E. Ground Water1995, 33,
1019-1033.

(14) Teso, R. R., Poe, M. P.; Younglove, T., McCoo1, p. M.].Environ.
Quai. 1996, 25, 425-432.

(15) Nolan, B. T., Clark, M.L. j. Environ. Qual.1997,26, 849-857.
(16) Rupert, M.G. Probability ofDetectingA trazine/Desethyl-A trazine

and Elevated Concentrations of Nitrate (NOT + N03_N) in
Ground Water in the Idaho Part of the Upper Snake River Basin,
U.S. Geological Survey Water»Resources Investigations Report
98-4203, 1998.

(17) Burkart, M. R., Kolpin, D. W., ]aquas, R. J., Cole, K.J- ]. Environ.
Qual. 1999,28, 1908-1915.

(18) Squillace, P.]., Moran, M.]., Latham, W. L., Price, C. V.; Clawges,
R. M.; Zogorski,]. S.Environ.Sci.Tech fol.1999,33, 4176-4187.

(19) Squillace, P.J.,Moran, M. J- Estimating the Likelihood ofMTBE
Occurrence in Drinking Water Supplied by Ground- Wa tee Sources
in the Northeast and Mid-Atlantic Regionsof theUnitedStates,
U.S. Geological Survey Open-File Report 00-343, 2000.

(20) Nolan, B. T. Ground Water 2001, 3.9,290-299.
(21) Tesoriero, A.]., Voss, F.D. Ground Water1997,35, 1029-1039.
(22) Tesoriero, A. ]., Inken, E. L., Voss, F.D. Assessing Groundwater

Vulnerability using Logistic Regression. In Proceedings of the
Source Water Assessment and Protection Conference, Dallas,
Tx, April 28-30, 1998.

(23) Hosmer, D. W., Lemeshow, S.Applied Logistic Regression,john
Wiley and Sons: New York, 1989.

(24) Kleinbaum, D. C. Logistic Regression-A Self-Learning Text:
Springer-Verlag: New York, 1994.

(25) Nolan,B. T., Ruddy, B. C., Hitt, K. J., Helsei, D.R. Environ. Sci.
Tech fol.1997, 31, 2229-2236.

Acknowledgments

(26) Koterba,M. T., Wilde, F. D., Latham,W. W. Ground- WaterData-
Collection Protocols and Procedures for the National Water-
QualityAssessment Program: Collection and Documentationof
Water-QualitySamplesandRelatedData, U.S. Geological Survey
Open-File Report 95-399, 1995.

(27) Fishman, M. J., Ed. Methods of Analysis by the US. Geological
Survey National Water Quality Laboratory-Determination of
Inorganic and Organic Constituents in Water and Fluvial
Sediments: U.S. Geological Survey Open-File Report 93-125,
1993.

(28) Nolan, B. T., Stoner,]. D.Environ.Sci. Tech fol.2000, 34, 1156-
1165.

(29) Association of American Plant Food Control. University of
Kentucky, Lexington, KY, 2000.

(30) Vogelmann, J.E.,Howard, S. M., Yang, L., Larson, C. R., Wylie,
B. K., Van Drill, N.Photogram, Elgin. RemoteSens.2001, 67,
650-662.

The authors thank the many NAWQA personnel who collected
the data used in this study. We also thank David L. Lorenz,

2144 l ENVIRONMENTAL SCIENCE a. TECHNOLOGY / VOL. 36, no. 10. 2002



(39) Spruill, T.B.,Harned, D. A., Ruhl, P. M., Eimers,]. L.;McMahon,
G., Smith, K. E., Galeone, D. R., Woodside, M. D. WaterQuality
in the Albemarle-Pamlieo Drainage Basin, North Carolina and
Virginia, 1992- 95, U.S. Geological Survey Circular 1157, 1998.

(40) Bevins, H. E., Liao, M. S., Lawrence, S. J. Water Quality in the
Las Vegas Valley Area and the Carson and Truckee River Easing,
Nevada and California, 1992- 96;U.S. Geological Survey Circular
l 170, 1998.

(41) Williamson, A. K., Muon, M, D.; Ryker, S.]., Wagner, R. J., Ebbert,
J- C.; Vanderpool, A. M. WaterQuality in the Central Columbia
Plateau, Washington andldaho, 1992- 95,U.S. Geological Survey
Circular 1144, 1998.

(42) Levings, G. W.: Healy, D. F., Richey, S. F., Carter, L. F. Water
Quality in ire Rio Grande Valley, Colorado, New Mexico, and
Texas, 1992-95; U.S. Geological Survey Circular 1162, 1998.

(43) U.S. Environmental Protection Agency. Safe Drinking Water
Aet Amendments of1996. Office of Ground Water and Drinking
Water: Washington, DC, 1996.

(31) Anderson, ]. R., Hardy, E. E., Roach, ]. T., Wither, R. E. A Land
Use and Land Cover Classilica son System for Use with Remote
Sensor Data, U.S. Geological Survey Professional Paper 964,
1976.

(32) Hitt, K. J. Refining 1970's Land-UseData with 19.90Population
Data to Indicate New Residential Development: U.S. Geological
Survey Water-Resources Investigations Report 94-4250, 1994.

(33) U.S. Geological Survey. The National Atlas of the United States
of America. Reston, Virginia, 1998. http://www.nationa1atlas.gov.

(34) Soller, D. R., Packard, P. H. Digital Representation of a Map
Showing the Thickness and Character of Quaternary Sediments
in the Glaciated United States East of the Rocky Mountains,U.S.
Geological Survey Digital Data Series DDS-38, 1998.

(35) U.S. Bureau of the Census. 1990 Census of Population and
Housing,Public Law 94-171 Data (United States), Washington
DC, 1991.

(36) Soil ConservationService. State Soil Geographic (STA TSCO) Data
Ease for the United States and Puerto Rico (CDROM). U.S.
Department of Agriculture, Soil Conservation Service, Ft. Worth,
Texas, 1994. http://www.ftw.nrcs.usda.gov/stat_data.html.

(37) Hall, D. w. Ground Water 1992, 30, 720-730.
(38) BOhlke, J- K.; Denver, J- M. Water Retour. Res. 1995, 31, 2319-

2339.

Received for review October 24, 2001. Revised manuscript
received February 4, 2002. Accepted February 19, 2002.

ES0113854

VOL. 36, no. 10, zoom I ENVIRONMENTAL SCIENCE & TECHNOLOGY 12145



Western Group Rate Case

Exhibit FKS-20



ARIZONA COOPERATIVE THE UNIVERSITY
OF ARIZONA

College clfAgricuILure
and Lift: Sconces

AZ1536 July2011

NITRATE CQNTAMINATIQN POTENTIAL
IN ARIZONA GROUNDWATERS

IMPLICATIONS For DRINKING WATER WELLS
Kristine Ullman, RG and Ianick F. Ar fiola, Ph.D.

Introduction
about local groundwater contamination may be difficult, if
not impossible, to obtain. In areas with historic or current
agricultural activities and/or served by individual septic
systems and domestic wells, nitrate contamination may be
prevalent if not expected.

The Nitrogen Cycle

Nitrate is the most common pollutant in Arizona's
groundwater and is undetectable without testing because
it is colorless, odorless, and tasteless.

The EPA Maximum Contaminant Level (MCL) for nitrate-
nitrogenl in a public water supply is 10 milligrams per liter
(mg/L) and is based on acute health effects, specifically the
risk of methemoglobinemia (sometimes referred to as "blue
baby syndrome"), in which blood lacks the ability to carry
sufficient oxygen to the individual body cells. Acute health
effects are those that result from ingestion of a contaminant
over a short period of time.

Domestic, private well owners are not required to
monitor their drinking water quality and information

Nitrogen (N) exists in many forms in the environment and
has a very dynamic cycle. For example, the atmosphere is
78% nitrogen gas and it also contains trace amounts of other
nitrogen gases produced naturally and from pollution such
as from burning fossil fuel (see Figure 1).
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The soil environment contains many forms of N, including
organic (carbon-based) forms produced from decaying plant
and animal residues. During the decay process inorganic
forms of N are also produced, including ammonia gas,
which reacts with water to form ammonium, and nitrate.
Nitrate is very mobile in soil and groundwater because,
unlike ammonium, nitrate does not adsorb onto soil or
aquifer geologic materials, and only precipitates as a mineral
under dry conditions. However, in the soil environment
nitrate can be taken up by plants and microorganisms and
recycled back into plant and animal tissue or transformed
into nitrous oxide or transformed back into harmless
nitrogen gas, as shown in Figure 1. Nitrous oxide, produced
in water-logged soils and by animals, is a 'green-house' gas,
partly responsible for global warming. (see AZ Cooperative
Extension Bulletin AZ1458).

render the water unfit for potable use. In addition, high
nitrate levels occur in Marina, St. David, Bullhead City,
and other areas in Arizona. Quartzsite and Lake Havasu
City have made significant efforts to address wastewater
disposal problems that have contributed to groundwater
contamination.

Septic system discharges are common nitrate sources in
rural areas and this has contributed to the contamination
of surface and groundwater in Arizona (ADEQ, 2006). Even
properly designed and efficiently operating traditional
septic tank/drain field systems discharge nitrate to the
environment. Quartzsite, Bullhead City and Lake Havasu
City are just a few locations with documented nitrate
problems from septic systems.

Fertilizers and Wastes

Predicting Locations of Possible Nitrate
Groundwater Contamination

The quality of drinking water supplied by public water
systems is regulated by the Environmental Protection
Agency and enforced by the Arizona Depar tment of
Environmental Quality (ADEQ). Information on nitrate
in groundwater is available through annual water quality
reports which suppliers must report to ADEQ. This data
was used to develop a methodology to predict locations
across the state vulnerable to nitrate contamination
(Rah ran, et al. 2009).

Groundwater quality data for 6,802 Arizona drinking
water well locations were used to map and tabulate well,
environmental, and land use characteristics (attributes) for
each location, as shown in Figure 2.
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Nitrogen gas from the atmosphere is used to produce
ammonia gas, which can be applied directly as an N
fertilizer to irrigation water, but requires special equipment
and precautions due to its toxicity and volatility. Ammonia
is most often used to produce easy-to-handle fertilizers,
which include granular forms such as urea, and ammonium
and nitrate salts. These N fertilizers can be applied to soils
directly or in liquid forms (pre-dissolved in water, called
'N solutions'), and in combination with other nutrients like
phosphorus.

Although plants prefer nitrate to ammonium, plants
can  take up both  forms.  There are economical  and
environmental benefits to the application of ammonium-
based fer ti l izer .  Ammonium is cheaper  than nitrate
and is much less mobile than the nitrate ion in the soil
environment. However, ammonium is quickly transformed
to nitrate when applied to moist (irrigated) and warm soils
of Arizona. The transformation occurs within days or
weeks. Therefore, most of the inorganic nitrogen in well-
drained soils is in the nitrate form. Nitrate groundwater
contamination is common in agricultural areas and can
occur due to 1) over-application of N fertilizer, 2) excessive
irrigation; and/or; 3) poor N fertilizer application timing.

Municipal and animal wastes are very rich in nitrogen
and contain many forms of this element. Therefore, nitrate
contamination of surface and groundwater is also commonly
associated with domestic septic systems, wastewater
treatment plants, and concentrated animal feedlots.

4
4 .
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Nitrate Groundwater Contamination in
Arizona
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High concentrations of nitrate in groundwater are usually
due to human activities, however, some nitrate (low mg/l)
is naturally occurring in arid soils (Graham, et. al., 2008).
Large portions of aquifers within the Salt River Valley,
areas in Glendale, Mesa, Chandler and Phoenix, contain
groundwater with nitrate concentrations high enough to

Figure 2: 'Multivariate logistic regression' was used to relate the probability of
nitrate concentrations based on known physicist attributes at each of the 6,802
well locations.
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Tests to determine the presence of nitrate in drinking water
should be done by a State-certified laboratory approved
for nitrate testing, listed with the Arizona Department of
Health Services, Bureau of State Laboratory Services ... http://
www.azdhs.gov/Iab/license/. The selected laboratory will
send you a special water sample container and sampling
collection instructions. Follow these instructions carefully
to obtain a representative sample. While a variety of test
kits and dip strips are available for nitrate testing outside
of a laboratory environment, laboratory analysis is needed
for an accurate and reliable nitrate measurement.

Options for Managing Nitrate
Contamination in Your Well Water

If nitrate exceeds a desirable concentration (recall footnote
about the units on page one) in a domestic well, the well
owner should consider an alternative drinking water source
or water treatment. It may be possible to obtain an alternate
water supply by drilling a new well in a different location
or a deeper well in a different aquifer. Bottled water might
be considered if the primary concern is water for infant
food and drinking.

Nitrate levels in drinking water can be lowered with any
of three treatment methods: distillation, reverse osmosis,
and ion exchange. Home treatment equipment using these
processes is available from several manufacturers. For
more information about home water treatment systems
see Arizona Know Your Water booklet (Artiola et al., 2006),
available from the College of Agriculture and Life Sciences
(CALS) publications website.

Note that carbon filters and standard water softeners
do not remove nitrate.Merely boiling water may increase
rather than decrease the nitrate concentration.
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could be due to both low-concentration naturally occurring
nitrates as well as nitrates derived from historic agricultural
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Nitrate in Ground Water
Probabluhty for Nitrate Exceeding 5mglL Nitrate in Ground Water
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Figure 3: This figure shows predicted concentrations of nitrate-N in ground-
water. Over 9% of the state, or 12,200 square miles, has an 80% chance
(probability) of nitrate groundwater contamination exceeding 5 mg/L, half the
drinking water MCL.

Figure 4: This figure shows predicted concentrations of nitrate-N in ground-
water. Less than 1% of the state, or 226 square mites, has an 80% chance
(probability) of nitrate groundwater contamination exceeding the EPA MCL of
10 mg/L.
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MAJOR FINDINGS

Natural Stream Water
Quality
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In the CAZB Study Unit, peren-
nial streams draining areas with lit-
tle or no agricultural or urban land
use represent baseline or "natural"
conditions in the basins. These nat-
ural streams are referred to as "for-
est/rangeland streams" in this
report because they drain basins
that are 93 to 100 percent forest
and (or) rangeland. Examples of
forest/rangeland streams include
the upper Verde, upper Salt, and
upper Gila Rivers and West Clear
Creek in the Central Highlands
province and the upper San Pedro
River in the Basin and Range Low-
lands province. Because some of
the forest/rangeland streams pro-
vide drinking water for Phoenix or
recharge aquifers used for drinking
water, the quality of these streams

Figure 5. Concentrations of nutrients increase and concentrations of dissolved solids
decrease during rainfall or snowmelt runoff.

is compared to drinking-water stan-
dards and guidelines as well as to
other water-quality criteria.

The water quality of
forest/rangeland streams is
primarily determined by natural
factors. Processes such as chemi-
cal weathering of bedrock and
soils, biological activity in soils
(Likens and others, 1977), ground-

water discharge to streams, and
runoff determine the water quality
of these streams. Locally, stream-
water quality may be affected by
agriculture, mining, or urban land
use.

Nutrient and dissolved-solids
concentrations fluctuate season-
ally in forest/rangeland streams.
The patterns of rainfall and snow-
melt runoff account for the sea-
sonal fluctuations in concentrations
of nutrients (fig. 5). Nutrient con-
centrations increase in streams dur-
ing times of rainfall and snowmelt
runoff because runoff carries nutri-
ents washed off the land surface to
streams, thereby increasing con-
centrations. Nitrogen in rainfall

and snowmelt also adds to nutrient
concentrations in streams. Con-
versely, during low stream flows,
nutrient concentrations are lower
because very little runoff reaches
streams, and aquatic life in the
streams take up the available nutri-
ents.

Seasonal patterns of dissolved-
solids concentrations are opposite
to those of nutrients. During peri-
ods of low flow, the sources of
streamflow are springs, which in
some areas, such as the upper Salt
River Basin, are quite saline (Feth
and Hem, 1963). During periods of
runoff flow in streams is diluted,
which lowers the dissolved-solids
concentrations (fig. 5).

NATURAL STREAM
SAMPLING SITE

NITRATE
AS NITROGEN

TOTAL
PHOSPHORUS

DISSOLVED
SOLIDS

EXPLANATION

Q 0 -

NATIONAL BACKGROUND
CONCENTRATION-
0.6 milligram per liter

c h a o s  • -

U.S. ENVIRONMENTAL
PROTECTION AGENCY
GOAL FOR PREVENTION
OF NUISANCE PLANT
GROWTH- 0.1 milligram
per liter

Q • c
ups ENVIRONMENTAL

PROTECTION AGENCY
SECONDARY MAXIMUM
CONTAMINANT LEVEL-
500 milligrams per liter

0 0.2 0.4 0.6 0.8 0 0.4 0.8 1.2 1.6 0 800 1 ,600 2,400 3,200

Figure s. Nitrate concentrations in forest/rangeland streams are significantly lower than the maximum contaminant level of 10
mg/L. Most water samples from the upper Salt River exceeded the secondary maximum contaminant level for dissolved solids
(500 mg/L) because saline springs sustain streamfiow during periods of low How.
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drinking water (fig. 6). Samples that
exceeded this drinking-water guide-
line were collected at times when
streamflow was sustained by flow
from springs. Saline springs drain
into the upper Salt River (Feth and
Hem, 1963), which accounts for the
particularly large number of samples
that exceeded the SMCL.

Nitrate concentrations in for-
est/rangeland streams were sig-
nificantly lower than the U.S.
Environmental Protection
Agency's (USEPA) Maximum
Contaminant Level (MCL) of
10 mg/L.Nitrate was detected in
43 percent of the samples from for-
est/rangeland streams. None of the
nitrate concentrations exceeded the
MCL, which was established for
the protection of human health
(fig. 6), and less than 2 percent of
the samples had concentrations of
nitrate that were greater than the
estimated national background
concentration in streams of 0.6
mg/L (U.S. Geological Survey,
1999). Concentrations greater than
background levels are generally
considered to be the result of
human activities. Samples that
exceeded the background concen-
tration were collected during high
flows associated with rainfall or
snowmelt runoff

Total DDT concentrations in
Tish tissue samples from forest/
rangeland streams were signifi-
cantly less than the New York
State guideline (Newell and others,
1987) for the protection of fish-

generally declined since the early
1980s (fig. 7). Phosphorus concen-
tration data showed the same trend
as nitrogen. In the upper, undevel-
oped parts of the Salt and Verde
River Basins (upstream from reser-
voirs) the decrease in nutrients
could be from a decrease in contri-
butions from natural sources (see p.
10), a decrease as a result of better
land-use management practices
upstream, and (or) an increase in
nitrogen use by aquatic life.

Dissolved-solids concentrations
decreased substantially in outflow
from reservoirs on the Verde River
from 1950-90 (fig. 7). This down-
ward trend, also seen on the Salt
River, probably is caused by both
increased rainfall and snowmelt
runoff diluting the dissolved-solids
concentrations and physical and
chemical processes in the reservoirs
that remove some dissolved solids
from solution.

eating wildlife.None of the other
organochiorine pesticides and PCBs
analyzed for were detected in fish
tissue from forest/rangeland streams
(Gebler, 2000). In addition, orga-
nochlorine compounds and PCBs
were not detected in streambed sedi-
ment from these streams.

Stream water quality generally
is improving on the basis of nutri-
ent and dissolved-solids concen-
trations in forest/rangeland
streams. Statistical analysis ofnitro-
gen data for forest/rangeland streams
indicates that concentrations have

l s I  I

500

W

U;

Qu:-13O<IIr.og;*_
8 2 3
3 : 8O  3 4
002

a

500

up 400

300

200

100

400

§8 QUIZ
LLO

298
m3$mom
1391

a 86
DISSOLVED SOLIDS

19601950 1970 1980
200

1990

; | ° : : | » -
o o o o

°9, o o  o o

anon mo o

o2:
LU 2

83
C -p
- I -1CE s o

Lu81-O
§ _ ; ;
...J 3LUZ
8 '1rnQ.. . 4:
I -

1
m 08

06

04

2 0.2

0

o

TOTAL NITROGEN

1980

6
1990

EXPLANATION

_ LOWESS SMOOTH OF CONCENTRATION DATA

LOWESS SMOOTH OF STREAMFLOW DATA

o CONCENTRATION DATA

Twenty-four percent of the
samples from forest/rangeland
streams exceeded the USEPA
desired goal for total phospho-
rus of 0.1 mg/L for the preven-
tion of nuisance plant growth
(fig. 6). The USEPA desired goal
of0.l mg/L is the same as the esti-
mated national background con-
centration for phosphorus (U.S.
Geological Survey, 1999). Phos-
phorus enrichment in streams can
lead to eutrophication, however, in
the forest/rangeland streams, phos-
phorus concentrations exceeding
the USEPA goal are generally lim-
ited to periods of rainfall and snow-
melt runoff

Dissolved-solids concentra-
tions exceeded the USEPA Sec-
ondary Maximum Contaminant
Level (SMCL) in 76 percent of
samples from the upper Salt
River. None of the samples from
the upper San Pedro River or West
Clear Creek exceeded the SMCL of
500 mg/L that is based on taste of

F i g u r e 7 .  W at e r  qua l i t y  o f  f o res t / r ange land  s t ream s  has  im prov ed ,  on  t he  bas i s  o f
dec reas es  i n  d i s s o l v ed -s o l i ds  and  nu t r i en t  c onc en t ra t i ons  du r ing  t he  pas t  30  t o  50
y ea rs .
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Dissolved solids are accumulating in basins with
agricultural and urban irrigation.

Data collected as part of the CAZB NAWQA study indicate that in 1997, about 1.6 bil-
lion kilograms (kg) (l .76 million tons) of dissolved solids were carried into the Basin and
Range Lowlands by streams draining the Central Highlands (Verde, Salt. and Gila Rivers)
and by the Central Arizona Project (fig. 8). Only 440 million kg (0.48 million tons) were
transported out of the study area in streams. The remaining 1.16 billion kg ll .28 million
tons) are accumulating in soils, the unsaturated zone, and ground water in inmated agri-
cultural and urban areas.

Much of the streamflow from the Central Highlands and the Central Arizona Project
Canal is used for irrigating agricultural fields and urban landscape. When plants are irri-
gated in the Basin and Range Lowlands, 50 to 80 percent of the water evaporates or is
transpired by plants as pure water. The dissolved solids that were in the evapotranspired
water remain in the soil or are concentrated in the water that remains. Over time these
salts build up in soils and ground water. To prevent crop damage from salt accumulation
excess irrigation water is commonly applied to leach the salts out of the root zone.

Excess water that percolates below the root zone can'ies a higher concentration of salts
than the original irrigation water (Cordy and Bouvier, 1999). If this deep-percolation
water reaches the ground water, the upper part of the aquifer can be contaminated by dis-
solved solids, nutrients, and pesticide residues. Because deep-percolation water moves
slowly through the unsaturated zone and ground water is several hundred feet deep in
basins with substantial agricultural and urban development, the effects of the contamina-
tion may not be seen in ground water for years or decades after inflation has declined or
ceased.

113`

112°

Flagstaff

n
Q

(

J
o

e
0

25 50 MILES

25 59 KILQMErERS

Y
I.. ,adv

m. Q'
r

HI"Prescott '8

. TG. i

HglapfgC

Q .8

._//\
2 85

J
t/')

M 1

3 - " ' »

,Q
I

x
8

...J"820 420a I...,>
-u\9

CT

52,0
49'

EXPLANATION 270

" / \ " \ . _ _ 11o°

, \ /M,m \
River

: \
X)JG°be

L,-

1Gila
Bend

I

STREAM LOAD OF
DISSOLVED SOLIDS
IN 1997 In mllllons of
kilograms per year e \¢ v "

29

Gr€r831

.4
k..Arrow indicates direction

of inflow

Basin nd
Range

Lo lands
( Prvince

Arrow indicates direction
of outflow

4249>
m .*r.v-. WON/.

8 /CENTRAL ARIZONA PROJECT
CANAL LHYDFIOLOGIC PROVINCE
BOUNDARY

Tubae
5.4

..15
w
g
m

2 ; ,.
Sierra C.
Vista420

v SAMPLING SITE Number is
m lions al kilograms per year
at site

4

\ . . . J  3

<3 _AR]ZQNA
< MEXICO

Figure 8. Streams and the CAP canal brought 1.6 billion kilograms of dissolved
solids into the Basin and Range Lowlands in 1997, but only 440 million
kilograms left the area in streams. The remaining dissolved solids
accumulated in soils, the unsaturated zone, and ground water.

Effects of Human
Activities on Stream
Water Quality

Streams affected by human
activities may have elevated con-
centrations of dissolved solids
and nutrients from a variety of
activities including urban and ag-
ricultural runoff. Manmade com-
pounds such as pesticides and
volatile organic compounds
(VOCs) in streams are a direct
result of human activities. To de-
termine the factors affecting wa-
ter quality in the CAZB,
annual stream loads of dissolved
solids (the mass of material
transported in the water) entering
the basins were compared to
annual stream loads leaving the
basins (see story at right). In ad-
dition, the quantifiable sources
of nitrogen and phosphorus
(nutrients) coming into major ba-
sins and leaving in streamflow
were used to identify basins
where water quality is affected
by human activities (see p. 10).
Water-quality characteristics of
affected streams are indicative of
the local effects of human
activities.

Streams sampled in the
CAZB that are affected by hu-
man activities can be divided
into two main categories--ef-
fluent-dependent and agricul-
tural/urban. Streamflow in
eMuent-dependent streams is
almost entirely treated sewage
effluent discharged from waste-
water-treatment plants
(WWTPs). These streams are
referred to in this report as "ef-
fluent-dependent" or "effluent-
dependent urban" streams (see p.
12) because the effluent reflects
urban land uses. Some sampling
sites in the CAZB receive irriga-
tion return flows and rainfall run-
off from agricultural fields as
well as treated effluent, and these
streams are referred to as
"agricultural/urban" streams.
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What are the sources of nitrogen and phosphorus in basins?

Major sources of nitrogen and phosphors that can be quantified include fertilizers, livestock-feeding operations (commercial
feedlot and dairy operations), inputs to sewer and septic systems, atmospheric deposition, industrial wastes, and streamflow into
basins. For the CAZB Study Unit, the quantities of nitrogen and phospllorLls contributed by each source amlually were determined
for selected drainage basins. Sources were quantified using records of fertilizer sales by county, livestock population counts, popu-
lation and housing census information, National Atmospheric Deposition data for Arizona, USEPA Toxic Release Inventory data,
and stream water-quality data collected in the CAZB for the NAWQA Program (Awning, 1998). The quantihlable sources ofnitro-
gen and phosphorus in three basins are shown in figure 9.

Many sources of nitrogen and (or) phosphorus, such as the weathering of geologic formations and soils or the decomposition of
vegetation, contribute nutrients to the basins but are difficult, if not impossible, to quantify. As a result, these and other urnquantifl-
able sources of nitrogen and phosphors are shown in figure 9 with question marks ('?) to indicate that the quantities are unknown
and may actually exceed the quantifiable sources.

The quantifiable and unquantifiable sources of nitrogen and phosphorus in basins represent potential contributors of nutrients to
streams, however, the quantity of nutrients contributed annually from each source does not necessarily reach the streams. Some
nutrients may be taken up in terrestrial ecosystems, transported to the ground water, or volatilized to the atmosphere. Conversely,
nutrients can enter streams directly when treated sewage effluent from WWTPs is discharged to stream channels or excess in'iga~
son water from agricultural areas discharges to streams. Best management practices and regulation of point-source pollution are
methods used to reduce or control the quantity of nutrients entering streams.

In the drainage basins of the upper San Pedro River, upper Salt River, and other perennial streams with minimal agricultural
and urban land use, the largest quantifiable source of nitrogen coming into these basins is from precipitation (Et. 9). Sewer and
septic systems, livestock-feeding operations, and fertilizers are the largest quantifiable sources of phosphorus in these basins.

In basins with substantial agricultural and (or) urban land use such as the middle Gila River, the quantities of nitrogen and phos-
phorus from quantifiable sources are much greater per unit area than those for basins with little or no agricultural or urban land use.
Additionally, fertilizers, livestock-feeding operations, and sewer (WWTPs) and septic systems account for a larger part of the total
nutrients in basins with agricultural and (or) urban land use than in basins without these land uses.
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Figure 9. Precipitation and human wastes are the largest quantif iable sources of nitrogen and phosphorus entering
basins with minimal agricultural and urban development. Human and animal wastes and fertilizers are the largest
quantifiable sources entering basins with substantial agricultural and urban development.
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NITROGEN
How much nitrogen and phosphorus

actually leaves the CAZB Study Unit in streams?

- L m :
199:

0 10 15 20 25

1 ass

11896

5

Iz-11

-1996

0 10 4030 50

EXPLANATION

STREAMFLOW F09 YEAR WAS LESS THAN
LONG»TERM AVERAGE

STREAM FLOW FOFO YEAR WAS GREATER THAN
LONG-TEFiM AVERAGE

F i g u r e  10 . D u r i n g  y e a r s  w h e n  a v e r a g e
annua l  s t r eam f l ow  i s  g rea t e r  t han  t he
l ong - t e r m  av e r age ,  m o r e  nu t r i en t s  a r e
c a r r i ed  ou t  o f  t he  bas ins  i n  s t ream s .

A small fraction of nutrients applied to the land surface in the
CAZB is transported to streams. The lack of rainfall in the Study
Unit limits the transport of nutrients into streams and out of the
basins. For the middle Gila River Basin, which includes most of the
CAZB Study Unit, about 1,100 tons of nitrogen and 500 tons of
phosphorus left the basin in 1998, these nutrient loads represent 1
percent of the quantifiable nitrogen and 2 percent of the quantifiable
phosphorus for the basin. During 1996 and 1998, only l to 21
percent of the nitrogen and 3 to 48 percent of the phosphorus from
quantifiable sources were transported out of basins in the CAZB in
streamiiow (D.W. Anning, U.S. Geological Survey, written com-
mun., 1999).

Nutrient loads leaving the upper Salt and upper Verde River Basins
in streamfiow were greater during wet years (when streamiiow was
greater than the long-tenn average annual streamflow) than during
dry years (when streamflow was less than the long-term average)
(Hg. 10). More nutrients were carried out of the Hassayampa River
Basin in streamiiow in 1996 than in 1998 because of more summer
rainfall in 1996. Because runoff has higher concentrations ofnutri-
ents than does base iiow (see fig. 5), wet years not only have addi-
tional streamflow but additional stream loads. Nutrients remaining
in the basins are taken up by the plants and animals within the basin,
adsorbed by streambed sediment (phosphorus only), volatilized to
the atmosphere (nitrogen only), or transported to the ground water.

EMuent-dependent streams

Nutrient concentrations in
effluent-dependent streams
exceeded the background con-
centrations found in forest/
rangeland streams (see fig. ll).

solved oxygen (DO) over a long
period of time to survive (Swenson
and Baldwin, 1965). At the Santa
Cruz River at Cortaro, DO concen-
trations were commonly lower than
3 mg/L (fig. ll), whereas concen-
trations at the other two effluent-
dependent sites were in the mini-
mal range. All the samples from
the effluent-dependent streams
exceeded the USEPA's desired goal
for phosphorus of 0.1 mg/L for pre-
vention of nuisance plant growth
(eutrophication) (U.S. Environ-
mental Protection Agency, 1986).
Excessive algae and aquatic plant
growth can lead to low DO concen-
trations (U.S. Geological Survey,
1999).

The 91st Avenue WWTP outfall
near Phoenix and the Santa Cruz
River at Tubac and at Cortaro Road
(Tucson, see p. 26 for location of
sites) are effluent-dependent
streams that were sampled in the
CAZB. Data from the San Pedro
River at Charleston and the Salt
River near Roosevelt represent
background values for nutrients in
the CAZB because these streams
drain areas with relatively little
urban or agricultural land use. By

comparison, the nutrient concentra-
tions at the effluent-dependent sites
in the CAZB are elevated because
the effluent discharged directly into
the stream channels is a major
source of nitrogen and phosphorus
(U.S. Geological Survey, 1999).

Effluent-dependent streams
can sustain riparian communities
and aquatic life, but the water
quality is poor. Some effluent-
dependent streams in the CAZB
can support valuable riparian com-
munities with high biodiversity of
terrestrial plants and animals, how-
ever, dissolved oxygen and phos-
phorus concentrations in these
streams indicate that the water-
quality is poor. At a minimum,
most fish need 3 to 5 mg/L of dis-

Major Findings 11
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12 Water Quality in the Central Arizona Basins
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In many of the urban areas in Arizona, treated sewage effluent from wastewater-treatrnent plants is dis-
charged into otherwise dry streambeds. Less than a century ago, some of these "effluent-dependent"
streams, such as the Santa Cruz River in Tucson (see below) and the Salt Rh Er in Phoenix, had natural
perennial streamflow, but ground-water pumping, damming of rivers, or other human activities have
resulted in a loss of natural streamiiow and associated riparian and aquatic communities (Tellman and
others, 1997).

In the did climate of Arizona, effluent-dependent streams provide perennial water resources W it a vaii-
ety of benefits, Effluent-dependent streams can support riparian communities with high biodi\ varsity of ter-
restrial plants and animals. These streams support limited aquatic invertebrate and fish communities, which
are food for organisms higher iii the food chain. Riparian plant communities along these streams can help
stabilize streambanks, reducing erosion and sedimentation. Trees and bushes provide plant material, creat-
ing habitat and food for aquatic organisms and shade that reduces evaporation. Effluent in streams is partic-
ularly important to cities and towns in Arizona because it recharges ground water in aquifers and can be
used by cities to accrue "recharge credits" that allow for pumping elsewhere in the ground-water basin
(Gelt and others, 1999).

Currently (2000), the water quality of effluent-dependent streams limits restoration of airstream commu-
nities. If the water quality of these streams is imp ro\ ed by upgrading wastewater-treatment methods, it is
likely that the streams would be able to support a greater number of aquatic species, and aquatic communi-
ties could even begin to resemble those of streams such as the upper San Pedro or upper Salt Rivers.

Effliuent-dependent streams are valuable water resources in the CAZB
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Figure 11. Nutrient enrichment in effluent-dependent streams contributes to abundant algal growth, which results in
decreased dissolved oxygen and limited aquatic communities.

The level of sewage treatment
and the distance effluent travels
downstream from the discharge
point influence the water quality

some nitrate and phosphorus are taken up by plants and aquatic life, and
phosphorus may be adsorbed by streambed sediments. Each of these pro-
cesses reduces concentrations of nitrogen and (or) phosphorus, resulting in
lower concentrations with distance downstream from the WWTP.

Abundant algal growth from nutrient enrichment in effluent-depen-
dent streams may adversely affect aquatic organisms. Phosphorus,
nitrate, and ammonia in effluent-dependent streams encourage algal growth.
Chlorophyll a concentrations (fig. 12), which are indicators of the quantity
of algae in a stream, were much higher in effluent-dependent streams than
in forest/rangeland streams (Gebler, 1998).

Abundant algal growth and the resulting increase in decaying organic
material in effluent-dependent streams can cause decreased DO concentra-
tions, particularly at night when plants cease photosynthesis and decrease
their oxygen production. The decreased DO can adversely affect aquatic
invertebrates and fish.
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of effluent-dependent streams.
Ammonia concentrations in efflu-
ent at the Santa Cruz River at Cor-
taro are extremely variable and
typically higher than those in the
Santa Cruz River at Tubac or the
91 st Avenue WWTP (fig. ll). Ef-
fluent at the Cortaro site has had
secondary treatment, which results
in nitrogen remaining in the effluent
as ammonia (David Garrett, Pima
County Wastewater, oral common.,
2000). In contrast, effluent sampled
at the discharge point from the 91st
Avenue WWTP has had tertiary
treatment in which the ammonia is
converted to nitrate. Converting
ammonia to nitrate during treatment
limits the direct threat of toxicity to
fish that ammonia presents, but it
does not change the potential for
eutrophication of the stream (Muel-
ler and others, 1996).

The lowest nutrient concentra-
tions in effluent-dependent streams
were at the Santa Cruz River at Tu-
bac (fig. ll). Effluent in this stream
receives secondary treatment and
travels about 15 miles downstream
to Tubac. As the effluent moves
downstream, ammonia is lost to the
atmosphere or converted to nitrate,

* NUMBER IN PAFIENTHESES IS DISTANCE OF SANIPLING SITES. IN KILOMETERS. DOWNSTREAM FROM TREATMENT PLANT

Figure 12. Nutrients in effluent-dependent streams encourage algal
growth, as indicated by chlorophyll a concentrations.
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CAZB (fig. 14). In forest/rangeland streams, may-
flies, stoneflies, and caddisflies were the most abun-
dant of all aquatic invertebrate groups, which is
consistent with good water quality and instreanr hab-
itat (Gabler, 1998).

SOUTHERN
ARIZONA EXPLANATION

AOUATIC WORMS AND MIDGES

Etlluent-dependent streams support limited
airstream communities of aquatic invertebrates.
The diversity of pollution-sensitive aquatic inverte-
brates such as mayflies, stoneflies, and caddisflies in
effluent-dependent streams is very low, especially
when compared to the high diversity in forest/range-
land streams (Hg. la). Pollution-tolerant species of
aquatic wons and midges account for more than 90
percent of the numbers of aquatic invertebrates in
effluent-dependent stream reaches sampled in the MAYFLIES STONEFLIES. AND

CADDISFL!ES
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Figure 13. Aquatic invertebrate communities
in effluent-dependent streams lack diversity.

Figure 14. Pollution-tolerant aquatic invertebrates are most
abundant in effluent-dependent streams.

Aquatic invertebrates are india

Aquatic invertebrates are animals such as
wons and insects that live in water. Fly
fishermen know that game fish such as trout
and bass eat insects such as mayflies, stone
Hies, and caddisflies. Biologists who study
water quality have found that some aquatic
invertebrates, such as certain aquatic worms
and midges, can tolerate poor water quality
Many types of mayflies, stoneflies, and cad
disflies are sensitive to water-quality Legra
cation and are most abundant in streams with
good water quality. Biologists can sample for
aquatic invertebrates and detennine the rely
five quality of the water by the numbers and
types of invertebrates found

14 Water Quality in the Central Arizona Basins
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Organochlorine pesticides and
PCBs in streambed sediment and
fish tissue from effluent-
dependent streams exceeded
guidelines for protection of
aquatic life and fish-eating wild-

concentrations in forestlrange-
land streams (fig. ll). This is no
surprise given that the two agricul-
tural/urban streams-Buckeye
Canal near Avondale and Has-
sayampa River near Arling-
ton-receive effluent from the 91st
Avenue WWTP in Phoenix. The
effluent is mixed with ground
water in Buckeye Canal and used
to irrigate cotton and other crops.
Downstream, effluent and irriga-
tion return flows in Buckeye Canal
are discharged into the Has-
sayampa River near Arlington. At
this point, the water has been used
and reused for agricultural irriga-
tion, and nitrate concentrations are
typically higher than those in the
original effluent (fig. ll) because

be reapplied in the fall to fields
where winter crops are grown.
These herbicides were detected in
surface-water samples from the
agricultural/urban streams in the
early spring and fall, soon after
application. Changes in concentra-
tions of dactyl at the Hassayampa
River near Arlington (fig. 15) are
representative of the patterns seen
for herbicide concentrations at both
sites. Agricultural and rainfall run-
off carry these pesticides to
streams. Because streamflow at
these sites is not used for drinking
water but does sustain aquatic life,
guidelines for the protection of
aquatic life were used to evaluate
water quality. Aquatic-life guide-
lines for simazine and trifiuralin
were not exceeded in any samples
from these sites. There are no
aquatic-life guidelines for dactyl
and EPTC.

of the use of fertilizers in the agri-
cultural area near Buckeye.

Herbicides were detected in
streams soon after application to
agricultural lands, but concen-
trations did not exceed guidelines
for protection of aquatic life. In
the West Salt River Valley west of
Phoenix, the pre-emergent herbi-
cides dactyl, EPTC, simazine, and
triiluralin are applied to tilled fields
prior to cotton planting in the early
spring to control weeds. They may

Organochlorine pesticides that
persist in streambed sediment
and in fish tissue from an agri-
cultural/urban stream are a con-
cern for aquatic ecosystem
health. PEL concentrations for
sediment were exceeded for DDE
and DDT at the agricultural/urban
stream site on the Buckeye Canal

4,000 0.1

3,000 • 0.075

2,000 0.05

life. Probable effect levels (PELs)
for sediment (Canadian Council of
Ministers of the Environment,
1999) were exceeded for DDE and
total chlordane in samples from the
91st Avenue WWTP and at a site
near the discharge point from the
Nogales WWTP into the Santa
Cruz River. The PEL is a concen-
tration above which adverse effects
to aquatic organisms are predicted
to occur frequently. Exceedance of
the PEL concentrations indicates
that bottom-dwelling aquatic
organisms may be adversely
affected by toxicity. Total DDT
(91st Avenue WWTP) and PCBs
(Santa Cruz River at Tubae) in
fish-tissue samples exceeded New
York State guidelines (Newell and
others, 1987) for the protection of
fish-eating wildlife. These guide-
lines are being applied to findings
from NAWQA Study Units nation-
wide. DDT, which breaks down to
form DDE and DDD, is associated
with past use of DDT in agricul-
tural areas. Use of DDT was dis-
continued in Arizona in 1969.
PCBs were primarily used in indus-
trial and urban settings, but their
use was discontinued in 1979.
Exceedances of tissue guidelines
can result in reduced reproductive
ability and other possible adverse
effects in wildlife that eat contami-
nated fish (Faber and Hickey,
1973).
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As in eMuent-dependent
streams, nutrient concentrations
in agricultural/urban streams
were elevated compared with
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Figure 15. Herbicides were detected in streams soon after being applied to crops.
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near the Hassayampa River (adja-
cent to the Hassayampa River at
Arlington site, see p. 26). Concen-
trations of DDE in fish-tissue sam-
ples from this site exceeded
guidelines established by New
York State (Newell and others,
1987) for the protection of fish-
eating wildlife. Concentrations of
toxaphene in two out of three fish-
tissue samples from the same site

exceeded the National Academy of
Science/National Academy of
Engineering (1973) guideline for
the protection of fish-eating wild-
life. Past use of pesticides includ-
ing DDT, toxaphene, and others on
agricultural areas in the West Salt
River Valley is the source of these
pesticides. Though use of these
pesticides was discontinued
decades ago, the pesticides persist

over time and their breakdown
products continue to enter streams
by erosion of contaminated soils,
surface-water runoff and atmo-
spheric deposition. Exceedances of
tissue guidelines indicate possible
adverse effects, such as reduced
reproductive ability and eggshell
thinning, to birds and other wildlife
that eat contaminated fish (Faber
and Hickey, 1973).

Pesticides in water were measured at 117 sampling sites on 114 rivers and streams across the United States as part of the
NAWQA Program from 1992-1998. At each site, concentrations of all insecticides detected during a 1-year period were
summed and categorized as low (lowest 25 percent), middle (middle 50 percent), and high (highest 25 percent) compared to
concentrations at all of the sites monitored (see figure below). This information was compared, by county, to insecticide use
during the early to mid-l990's on agricultural lands.

In the CAZB Study Unit, insecticide concentrations in streams with mixed agricultural/urban land use were among the
highest in the Nation. These sites-the Buckeye Canal near Avondale and the Hassayampa River nearArlington in the West
Salt River Valley are dominated by treated effluent and irrigation return flows that contain insecticides from urban and
agricultural land uses. Nearly one-half the samples (46 percent) collected Hom the Buckeye Canal during l year exceeded
aquatic-life guidelines for one or more of the following insecticides: diazinon. malathion, lindane, and chlorpyirifos. At the
Hassayampa River site, 30 percent of samples collected in a 1-year period exceeded aquatic-life guidelines for one or more
of the following pesticides: chloipyrifos, azinphos-methyl, DDE, dinoseb, malathion, diazinon, and parathion. Although
these streams are not used for drinking water, the water quality does present a potential hazard to aquatic life. In addition,
little is known about the effects of mixtures of pesticides, even at low concentrations, on aquatic life (Gilli om, 1999).

NAWQA Stream-Sampling Sites

EXPLANATION

URBAN AREA

I
\
I

I
\
\

INSECTICIDE USE-
In pounds per acre of
agricultural land

Highest Greater than 0.086
MediuM-0.033 to 0.086
Lowest-Less than 0.033
No reported use

sum oF INSECTICIDE
CONCENTRATIONS-
in micrograms per liter,
75th percentile

Highest 25 percent-Greater
than 0.086

Middle 50 percent-0.0013
to 0.073

HASSAYAM PA
RIVER NEAR
ARLINGTON

O Lowest 25 percent-Less
than 0.0013

BUCKEYE
CANAL NEAR
AVONDALE 50 AQUATIC-LIFE GUIDELINE

Bold outline indicates exceedence
by one or more insecticides.
Number is percentage of samples
that exceeded a guideline within
a 1-year period

Insecticide concentrations in streams in the West Salt River Valley near Phoenix are among the highest in the Nation.
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It is important to understand
how natural processes affect
ground-water quality in order to
identify the effects of urban and
agricultural development under
similar hydrogeologic conditions
In the CAZB, the majority of
ground-water basins do not have
significant urban or agricultural
development. The ground-water
quality in these basins is primarily
a product of natural processes such
as the interaction of ground water
with rocks and sediment in the
basins (Robertson, 1991)

Figure LG. Nitrate concentrations and specific conductance values in
ground water from basins with minimal urban development increase from
the southeast to the northwest. (Basins shown below in figure 17.)

Natural sources of dissolved
solids and nitrate can control
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Figure 17. Increasing specific conductance values in ground water from
southeast to northwest can be attributed to an increase in soluble
evaporate deposits in basin sediments. increasing nitrate concentrations in
the same direction may be the result of naturally occurring nitrate and of
human activities that include agriculture

ground-water quality in basins
with minimal urban develop
went. Specific-conductance vol
us (an indirect measure of the
dissolved-solids concentration) and
nitrate concentrations for ground
water in basins with minimal urban
development increase northwest
ward from southeastern Arizona
toward the central part of the State
(figs. 16 and 17). The increasing
specific-conductance values can be
attributed to a corresponding
increase in evaporate deposits in
basin sediments from southeast to
northwest (Gellenbeck and Coes
1999). Evaporite deposits in the
basins contain minerals such as
halite (salt) and gypsum that can be
easily dissolved in ground water
(Robertson, 199 l ). The increasing
nitrate concentrations can be
largely attributed to natural
sources: however. human activities
such as agriculture can be a source
in some basins. In some locations
in the CAZB, high nitrate concern
tractions in ground water reported
prior to any agricultural or urban
development indicate that natural

sources of nitrate are present in some basins (Hem, 1985, Robertson
1991; Gellenbeck, 1994; Gellenbeck and Coes, 1999). Dissolution of
evaporate deposits, decay of buried organic matter, precipitation, weather
in of rocks and soils, and fixation by microorganisms are just a few of
the possible sources of naturally occurring nitrate in ground water
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Figure 18. Ground water sampled in
the CAZB Study Unit generally is
from greater depths than ground
water sampled in NAWQA Study
Units across the Nation.

In general, ground water in Arizona is replenished (recharged) at very slow rates
because ofiittle precipitation, high evaporation losses, and the long distance water
must travel to recharge deep aquifers. In the CAZB, 63 percent of the wells sampled
that draw water from aquifers used for drinking vs amer w ere at least 250 feet deep
compared to 26 percent of NAWQA wells sampled nationwide (fig. lb). Recharge
takes longer to reach deep aquifers than shallow aquifers, therefore, deep ground
water typically was recharged earlier and is older than shallow ground water. Tritium
age dating of ground water (see below) confirms that 55 percent of the wells sampled
in the CAZB yielded ground water that was recharged prior to 1953 and possibly
thousands of years earlier. For example, some ground water in the Upper Santa Cruz
Basin was detennined to be about 6,500 years old (Kaiin 1994). Across the Nation
only 27 percent of the NAWQA wells sampled for tritium yielded ground water that
was recharged prior to 1953.

The age and depth of ground water in the CAZB have important implications for
water quality and quantity. Because much of the deep ground W amer sampled in the
CAZB was recharged prior to 1953 and has not mixed with younger recharge, drink-
ing-water quality generally has not been substantially affected by human activities
that took place after 1953. The movement of contaminants from the land surface to
the deep ground water is hindered by the thickness of basin-till sediments through
which contaminants must travel. Ground-water quantity is affected because ground
water pumped from deep aquifers is not being replaced by recharge (see p. 5), result-
ing in a net decrease in the quantity of ground water available for consumption.
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Tritium is a radioactive isotope that can be used to estimate whether ground
water has been recharged before or after I953, Large quantities oftritium were
released to the atmosphere during testing ofthermonuclear weapons from 1952
until the late 1960s. Atmospheric tritium is incorporated into water molecules
in the atmosphere prior to precipitation and recharge to ground water. The con-
centration of tritium in ground water at a given time is controlled by both the
quantity of tritium in the atmosphere when precipitation and recharge occur
and the radioactive decay rate of tritium, Ground water that does not contain
detectable tritium (less than 2.5 picocuries of tritium per liter) can be assumed
to have been recharged prior to 1953, and ground water that doescontain detect-
able tritium (more than 2.5 picocuries of tritium per liter) is assumed to contain
some component of ground water that was recharged after 1953.
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Concentrations of arsenic, fluoride, and molybde-
num exceeded drinking-water standards in samples
from major aquifers. The median arsenic concentration
in ground water for the three CAZB basins sampled was
4 Ag/L. One sample from the Upper Santa Cruz Basin and
one sample from the West Salt River Valley exceeded the
current MCL for arsenic of 50 Ag/L, however, a new,
lower standard of 5 Ag/L has been proposed by the
USEPA because of the cancer risk posed by arsenic in
drinddng water (U.S. Environmental Protection Agency,
rev. August 25, 2000). When arsenic concentrations in
ground water sampled in the CAZB are compared to the
proposed standard, more than 50 percent of samples from

aquifers in West Salt River Valley that are used for
drinking water exceed 5 Ag/L. Seventeen percent of
samples in the Upper Santa Cruz Basin and 10.5 per-
cent of samples in the Sierra Vista subbasin exceed
5 Ag/L. The USEPA may not settle on 5 Ag/L, but the
new standard is likely to be significantly lower than the
current MCL.

The median concentration of fluoride was 0.5 Ag/L,
about 2 percent of the samples exceeded the current
MCL for fluoride of 4 Ag/L. The median concentration
of molybdenum was 3 Ag/L, about 1 percent of the sam-
ples exceeded the current lifetime health advisory for
molybdenum of 40 Ag/L established by the USEPA.

18 Water Quality in the Central Arizona Basins
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Radon and uranium are
detected in most ground-water

Effects of Human Activities
on Ground-Water Quality

were drilled and sampled in the
southwestern part of the West Salt
River Valley (see "Study Unit
Design," p. 26). Because the aver
age depth to ground water in the
nine wells is 32 feet (table 1) com
pared to 230 feet for wells Sam
pled basinwide, irrigation seepage
does not have to travel far to reach
the shallow ground water in the
agricultural area. Sources of irriga
son water in this area include
treated sewage effluent, water
from the Salt River and CAP
canal, irrigation return flows, and
ground water. Dissolved-solids
concentrations of these sources
range from about 900 mg/L for
treated sewage eMuent (Tadayon
and others, 1998) to 650 mg/L for
CAP water and 470 mg/L for Salt
River water (Salt River Project
1997)

The median dissolved-solids
concentration in water from the
nine shallow wells exceeded
3,000 mg/L (table l). In addition
the effects of nitrate from fertilizer
applications and reuse of irrigation
return flows were evident from the
median nitrate concentration that
was nearly twice the MCL of
10 mg/L (table 1)

samples. Radon is a colorless and
odorless radioactive gas that is car
tied in the water pumped from
wells (fig.l9) and released to
indoor air by activities such as
cooking and showering. Breathing
radon increases the risk of lung
cancer (U.S. Environmental Pro
section Agency, rev. October 18
1999). Radon is naturally formed
in rocks and soils from the radioac
five decay of radium, an intermedi
ate product in the uranium decay
process. In the CAZB Study Unit
radon was present in 100 percent of
the samples, and uranium was
detected in 90 percent of the Sam
pies. The median concentrations
for radon and uranium were 584
picocuries per liter and 3 micro
grams per liter, respectively. Cur
renoly (2000), there are no USEPA
MCLs for radon and uranium
however, proposed MCLs could
result in increased costs for water
suppliers to treat drinking water for
these constituents or find alternate
supplies. Additional costs would
probably be passed on to the water
user (see information on proposed
standards for arsenic. radon. and
uranium on p. 20)

The contamination of major aqua
fees is largely controlled by hydros
ogy and land use (U.S. Geological
Survey, 1999). In the CAZB Study
Unit, deep ground water that was
recharged prior to 1953 typically has
not been affected by human activities
(see p. 18). In areas with recent
recharge (after 1953), ground water is
more likely to be contaminated by
nutrients and man-made chemicals
associated with urban and agricultural
land uses

Ground-water quality deterio
rates in irrigated areas. Irrigation
water that seeps downward is a prim
copal source of ground-water recharge
in irrigated areas of the CAZB. Dis
solved-solids concentrations in seep
age can be as much as five times
those in the original irrigation water
(Bouvier, 1990) because of concentra
son by evaporation and plant use (see
p. 9). The greater the dissolved-solids
concentration in the applied irrigation
water, the greater the concentration in
the seepage moving downward to the
ground water

To determine the effects of Arri
gated agriculture on shallow ground
water quality, nine monitoring wells

Table 1. Median concentrations of nitrate and dissolved solids were highest in
shallow ground water from an agricultural area in the West Salt River Valley

Figure 19. Samples are collected at the
well head for radon analysis to prevent
possible sample contamination from
exposure to the atmosphere Maximum Contaminant Level

Secondary Maximum Contaminant Level
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During 1991-98, arsenic, radon, and uranium were measured in ground-water samples Hom 36 NAWQA Study Units
across the United States. If the ground-water samples from these Study Units are representative of ground water across the
Nation, MCLs (see Glossary) proposed by the USEPA for these constituents will affect many water suppliers and municipal-
ities in the United States. Because ground-water supplies in many parts of the Nation will likely exceed the proposed MCLs
public-water systems would be required to either specifically treat their water to decrease concentrations of the constituents
or find alternative sources of supply. Costs of these options would probably be passed on to water users.

Arsenic
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Generally highest arsenic concentrations
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The current USEPA MCL for arsenic
in drinking water, 50 Ag/L, is under
review after recognition of the risks of
developing cancers (National Research
Council, 1999). In 2000 the USEPA
proposed a new, lower arsenic MCL of
5 Ag/L (U.S. Environmental Protection
Agency, rev. June 2, 2000). In samples
collected in three CAZB basins, only 2
percent exceeded the current USEPA'
MCL, however, 32 percent exceeded
the lower, proposed MCL. In samples
collected across the Nation, only 0.6
percent exceeded the culTent USEPA
MCL, however. 14 percent exceeded
the lower proposed MCL. Arizona,
including the CAZB, is among the areas
in the Nation where 10 percent or more
of ground-water samples are likely to
exceed the lower MCL (figure at right,
Welch and others, 2000).

l=l Generally lowest arsenic concentrations

ii Insufficient data

High concentrations of arsenic in ground water are more widespread in the West.

Radon and uranium RADGN, IN PICOCURIES PER LITER
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MCL, 91 percent exceeded the proposed
radon MCL, and I percent exceeded the
proposed radon AMCL. In the NAWQA
samples collected nationwide, 4 percent
exceeded the proposed uranium MCL,
6] percent exceeded the proposed radon
MCL, and 4 percent exceeded the pro-
posed radon AMCL (Dennis Wertz and
others, U.S. Geological Survey, written
comnlun., 1999). The Study Units with
the highest radon concentrations were in
the Colorado Rockies and the Easter
United States. Median concentrations of
radon and uranium in the CAZB Study
Unit were higher than median concentra-
tions for the United States (figure at
right).

0

Currently, USEPA MCLs for
radon and uranium do not exist.
Because of public health concerns,
including increased risks for develop-
ing lung cancer, the USEPA proposed
an MCL of 20 Ag/L for uranium in
199 l. In 1999, the USEPA proposed
an MCL of300 picocuries per liter
(poi/L) for radon, however, if States
or water suppliers implement meth-
ods to lower radon levels in indoor
air, they would only be required to
meet an Alternate MCL (AMCL) of
4.000 pct/L (U.S. Environmental
Protection Agency, rev. April 2 l ,
2000, U.S. Environmental Protection
Agency, rev. October 18. I999). Of
the ground-water samples collected
in the three CAZB basins, 9 percent
exceeded the proposed uranium

ma , l l

Median concentrations of radon and uranium in ground water in the CAZB
exceeded those for the Nation.
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EXPLANATION

PERCENTAGE OF SAMPLES EXCEEDING DRINKING-WATER
STANDARD FOR NITFIATE OF 10 MILLIGRAMS PER LITER
Each dot represents a major aquifer

O BACKGROUND CONCENTRATION
Bold outline indicates median values
greater than background concentration
of 2 milligrams per liter

•

•

Greater than 10 percent
Less than 10 percent
Zero samples exceed standard

The CAZB is one of eight Study Units in the Nation with nitrate concentra
sons in ground water that exceed the drinking-water standard in more than
10 percent of samples

The study of water quality in deep aqua
fees that provide drinking water in the West
Salt River Valley is one of eight NAWQA
ground-water studies nationwide that had
more than 10 percent of samples that
exceeded the USEPA MCL for nitrate of
10 mg/L (Figure at right). Of35 samples
collected basinwide in the West Salt River
Valley, 34 percent had concentrations
greater than the USEPA MCL. Seventy
eight percent of shallow ground-water Sam
pies from the agricultural land-use study in
the West Salt River Valley had concentra
sons greater than the USEPA MCL for
nitrate. Only 10 percent of samples from
the Upper Santa Cruz Basin and none of
the samples from the Sierra Vista subbasin
had concentrations that exceeded the
USEPA MCL for nitrate

Excessive nitrate in drinking water is a
health concern for children and adults. In
children, high nitrate concentrations can
result iii "blue-baby syndrome," in which
oxygen levels in the blood of infants are
low, sometimes fatally so (National Gover
noels Association, 1991)

Birth defects also have been attributed
to high nitrate concentrations (National
Governorls Association, 1991). in adults
high nitrate concentrations have been asso-
ciated with cancer (National Academy of
Sciences, 1977)

Sources of nitrate in the Central Ari
zone Basins Study Unit include evaporate
deposits in basin sediments, precipitation,
agricultural fertilizers, animal-feeding
operations, WWTP outflow, and others

(see p. 10). In areas with agricultural and (or)
urban development. sources of nitrate related to
human activities are prevalent, whereas precipi
ration and geologic sources of nitrate predomi
rate in undeveloped areas

The highest concentrations of nitrate and dis
solved solids were in shallow ground water
beneath an irrigated agricultural area.Shallow
ground water from the agricultural land-use study
area in the West Salt River Valley had median con
centrations of nitrate (19 mg/L) and dissolved solids
(3,050 mg/L) that exceeded the USEPA MCL and
SMCL, respectively (table 1). Nitrate and dissolved
solids from irrigation and agricultural practices are
accumulating in shallow ground water (see p. 9 and
ll). The shallow ground water in this area is not
used for drinking water, and clay beds reduce the

likelihood of contamination of the aquifers below that are
used for drinking water (see p. 22)

Deeper ground water from urban, rangeland, and agree
cultural areas in other parts of the West Salt River Valley
had a median nitrate concentration that was less than the
MCL of 10 mg/L, however, the median concentration of
dissolved solids exceeded the SMCL of 500 mg/L (table
1). Median concentrations of nitrate from the Upper Santa
Cruz Basin and the Sierra Vista subbasin also were less
than the MCL, and median concentrations of dissolved
solids were less than the SMCL (table 1)
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Occurrence and distribution of pesticides in ground water in the
CAZB reflect both agricultural and urban land uses. Ten pesticides
were detected in shallow ground water from the agricultural land-use
study area in the West Salt River Valley, west of Phoenix (fig. 22). In
other parts of the West Salt River Valley, consisting of agricultural
urban, and rangeland areas, eight pesticides were detected in ground
water. Five pesticides were detected in ground water from the Upper
Santa Cruz Basin, where there is a mixture of land-use types, but 60 per
cent of the basin is undeveloped rangeland (Ches and others, 2000). In
the Sierra Vista subbasin, where urban and agricultural land uses are
minimal (3.3 percent of basin, Coes and others, 1999) and have been
minimal in the past, no pesticides were detected in ground-water Sam
pies. During l99698, the largest quantities of pesticides used among
the three basins were for agriculture in the West Salt River Valley (Ken
Agnew, University of Arizona, Pesticide Information and Training
Office, written common., 1999)

Figure 22. The largest number of
pesticides was detected in an
agricultural area in the West Salt
River Valley

22 Water Quality in the Central Arizona Basins



Most of the pesticides detected
in ground water in the CAZB
were herbicides used to control

MIXED LAND-USE AREA

AGRICULTURAL AREA

0 2 4 6 B 10 12 14 16 18 20 22 24 26 28 80

Figure 23. Most of the pesticides detected in ground water in the CAZB
were herbicides used in agricultural and urban environments.

unwanted plants in urban and
agricul tural areas (fig. 23). Herbi-
cide use in urban areas is indicated
by detections of simazine and
prometon in the West Salt River
Valley and prometon and 2,4-D in
the Upper Santa Cruz Basin. These
herbicides are used primarily in
nonagricultural areas (U.S. Geo-
logical Survey, 1999). Detections
of atrazine and deethylatrazine (a
breakdown product of atrazine) in
the West Salt River Valley and the
Upper Santa Cruz Basin are an
indication that herbicides used in
areas of present and historical agri-
culture are affecting ground-water
quality. Atrazine is one of the most
heavily used herbicides in agricul-
tural areas in the United States
(U.S. Geological Survey, 1999).

Concentrations of pesticides in
ground water did not exceed
drinking-water standards or
guidelines. Although deethylatra-
zine, simazine, prometon, DDE,
atrazine, and diuron were detected
in more than 30 percent of the
ground-water samples from the
agricultural land-use study area of
the West Salt River Valley, none of
the concentrations exceeded drink-
ing-water standards or guidelines.
Similarly, pesticides detected in
ground water from the basinwide
sampling in the West Salt River
Valley during 1996-98 did not
exceed drinking-water standards or
guidelines.

Pesticides and Human Health

DDE was detected in 10 (56
percent) of the shallow ground-
water samples from the agricul-
tural land-use study area in the
West Salt River Valley. Detections
of DDE in this area are the result of
the persistence of this insecticide
breakdown product in the environ-
ment and the physical characteris-
tics of the ground-water system in

the area. In particular, the shallow
depth to ground water in the agri-
cultural land-use study area means
that irrigation seepage and recharge,
containing pesticides and their
breakdown products, do not have to
travel far to contaminate the ground
water. Clay layers impede the
movement of pesticides into the
deeper aquifers in the area. The
soils in the agricultural area have
been identified as a source of DDE
for the ground water (Brown, 1993).
The only detection of DDE in the
West Salt River Valley outside of
the agricultural area was in a sample
from the northern part of the Phoe-
nix metropolitan area. DDE was not
detected in samples from the Upper
Santa Cruz Basin or the Sierra Vista
subbasin.The large depths to ground
water and small amounts of DDT
used in most of the West Salt River
Valley, the Upper Santa Cruz Basin,
and the Sierra Vista subbasin limit
the potential for introduction of
DDE to the ground water.

Laboratory studies, mostly on ani-
mals,have shown that pesticides can
cause health problems such as birth
defects, nerve damage, cancer, and dis-
ruption of the endocrine system
(USEPA, rev. June 12, 2000). The
health effects on humans are not ade-
quately understood, particularly when
estimating the risks of exposure to mix-
tures of pesticides in water (U.S. Geo-
logical Survey, 1999). The USEPA
determines risk on the basis of toxicity
and exposure to a single pesticide (U.S.
Environmental Protection Agency, rev.
November 17, 1999), whereas
NAWQA studies in the CAZB (see p.
24) and nationwide have shown that
most contamination in water occurs as
pesticide mixtures (U.S. Geological
Survey, 1999). The effects of exposure
to low concentrations of pesticide mix-
tures in drinking water is not known and
will require further study to determine if
standards or guidelines can be devel-
oped.
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Detections of multiple pesti-
cides indicate the complexity of
contamination from land-sur-

112°

2D KILOMETERS

SALT RIVER

AGRICULTURAL
STUDY AREA

B Casa Gr ande

t
I

EXP LAN AT I O N

I GROUND-WATER BASINS STUDIED

I AGRICULTURAL AREA STUDIED

GROUND-WATER BASIN BOUNDARY

face activities.No standards or
guidelines currently exist for mix-
tures of pesticides in drinking
water because their effect on
human health is not known (U.S.
Geological Survey, I 999). All 9
wells in the agricultural land-use
study area had 3 or more pesticides
detected, whereas only 3 of the 35
wells sampled basinwide in the
West Salt River Valley had 3 or
more pesticides detected, and none
of the wells in the Upper Santa
Cruz Basin had 3 or more pesti-
cides detected (fig. 24). No pesti-
cides were detected in the Sierra
Vista subbasin.

lit
m NUMBER OF WELLS SAMPLED

NUMBER OF WELLS WITH THREE OR
MORE PESTICIDES DETECTED SANTA CRUZ

Sierra
Vista I

o data avarfabfe

Figure 24. Multiple pesticides were detected in all nine monitoring wells in
the agricultural land-use study area of the West Salt River Valley.

Volatile organic compounds (VOCs),
including gasoline compounds, solvents,
and refrigerants, have been identified as a
major concern for ground-water contami-
nation in Arizona (Marsh, 1994). Leaking

-

underground storage tanks and disposal of
solvents have been linked to most of the doc-
umented cases of ground-water contamina-
tion by VOCs. Electronic- and aerospace-
manufacturing facilities use solvents for
degreasing and are known to be sources of
some of the largest VOC contamination
problems in Arizona. Disposal of solvents
from these types of facilities has occurred
since the 1950s (Marsh, 1994). Dry-cleaning
facilities also have been identified as sources
of recent ground-water contamination by
VOCs. Some municipal supply wells in the
urban areas of Phoenix and Tucson are no
longer used because of contamination by
VOCs (Marsh, 1994).0 2 4 6 8101214161B2022242628303234

VOCs were detected in ground water
from all three basins sampled during

Figure 25. The VOCs trichloroethane, 1,2,4-trimethylbenzene,
and tetrachloroethene were detected most frequently in ground
water.

1996-98 (fig. 25). Of the 96 samples col-
lected, 33 (34 percent) contained trichlo-
romethane, 24 (24 percent) contained 1,2,4-
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trimethylbenzene, and 20 (21 per-
cent) contained tetrachloroethene
(otherwise known as perchloroeth-
ylene, PCE, a solvent commonly
used in dry cleaning). Only two
VOC detections exceeded drink~
in-water regulations-PCE (5.48
Ag/L) in the Upper Santa Cruz
Basin and 1,2-dibromoethane
(0,080 Ag/L) in shallow ground
water in the agricultural area of the
West Salt River Valley.

Shallow ground water from
the nine wells in the agricultural
land-use study area had the larg-
est number of VOC detections
(35). Ground water from the other
35 wells in the West Salt River Val-
ley had 32 detections. The Upper
Santa Cruz Basin (18) and the

Trichloromethane (chloroform), tetrachloroethene (PCE), and l,2,4-trimethylbenzene were three of the five most commonly
detected VOCs in the Nation and in the CAZB when concentrations above an assessment level of 0.1 Ag/L were considered. The
national data collected by the NAWQA Program during 1996-99 represent ambient ground water for all land-use types.Trichlo-
romethane and PCE have been shown to cause cancer in laboratory animals from long-term exposure at concentrations greater than
USEPA MCLs.

Trichloromethane is a by-product created during the use of chlorine to disinfect water, a solvent, and a degradation product of car-
bon tetrachloride. It can enter ground water from lawn initiation, leaking sewers and water mains, and spills or improper disposal at
industrial sites. The use of treated effluent from sewage-treatment plants for irrigation also provides a way for trichloroethane to
reach the ground water in the CAZB, specifically in the agricultural land-use study area in the West Salt River Valley.

PCE is a solvent used primarily for degreasing and at dry-cleaning facilities. l,2,4-trimethylbenzene is used to make trimellitic
anhydride, dyes, and pharmaceuticals. Because there are many individual sources of these compounds in urban areas of the CAZB, it
is difficult to identify the exact sources of ground-water contamination without site-specific studies, which were beyond the scope of
the NAWQA sampling program.

Five most frequently  detected volat i le organic compounds in the CAZ B and the Nation

Sierra Vista subbasin (13) had fewer
detections. The larger area of urban
land use in the West Salt River Val-
ley appears to be the reason for the
greater number of detections there
than in the other basins sampled.

Three wells that had five or
more VOCs detected in ground
water were located in the metro-
politan area of Phoenix in the
West Salt River Valley. The VOCs
detected in these wells were either
refrigerants, solvents and chemicals
used to make solvents, or gasoline
additives. These detections are typi-
cal of detections found in small-
capacity wells in the metropolitan
Phoenix area (Marsh, I 994). Combi-
nations of solvents and gasoline
additives are often detected in

ground water because their use is
widespread, not necessarily because
they are from the same source
(Squillace and others, 1999).

Detections of VOCs in ground
water in the relatively undevel-
oped Sierra Vista subbasin indi-
cate that ground water in localized
areas of the subbasin may be
affected by human activities.
These detections are not widespread,
therefore, the effects of human activ-
ity on present-day ground-water
quality are not considered significant
for the entire subbasin. These detect
sons are an "early warning" of what
could occur in the future in a basin
that is presently considered mini~
molly affected by urban activities.

(Data include all land-use types, assessment level of 0.1 microgram per liter)
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Appendix I
GROUNDWATER ASSESSMENT
Authors: Wayne Hood, R.G. (retired), Douglas Towne and GIS
Analysis by Steve Callaway

In production

Arizona's communities, agriculture, industries, energy production, and ecosystems,
such as wetlands and aquatic habitats, depend on adequate water supplies of
suitable quality. About 3.1 million acre-feet (mar), or 43 percent of Arizona's water
use annually, comes from groundwater sources, remaining water supplies come
from the Colorado River and in-state streams (3.8 mar) and reclaimed water (0.2
mar) (ADWR, 2009). Groundwater is the major source for crop irrigation and public
water supply in both cities and rural areas across the state. This report summarizes
groundwater quality conditions on a regional-scale partially based on water
monitoring results by ADEQ and collaborators from 1995 to 2009 for basin-fill
aquifers in Arizona. This extensive hydrologic system within the Basin and Range
Lowlands and Central Highlands Provinces represent the vast majority of the state's
groundwater withdrawals. Basin-fill aquifers provide a useful framework for regional
synthesis of water quality data within basins of comparable geologic or depositional
setting, land and water uses, and climate. However, water quality can vary
significantly within these aquifers, reflecting the heterogeneity of natural systems.

The data analyzed for regional groundwater quality conditions represent
investigations with different monitoring objectives (e.g., ambient and targeted
groundwater studies) and do not collectively denote statistically-based sampling
designs. This high quality dataset is adequate for assessments on occurrence and
general concentrations of contaminants evaluated for potential human health
impacts. Statistical summaries are derived and provided for several water quality
constituents in selected alluvial basins. In basin-fill aquifers with sufficient
monitoring results for nitrate, due to special concerns as a widespread contaminant,
a geostatistical general kriging approach was used to depict nitrate (as N) variations
spatially by extrapolating available groundwater quality data to unmonitored areas.
Finally, this report also includes summaries of comprehensive basin/sub-basin
ambient water quality and geochemical studies based on data collected by ADEQ's
Ambient Groundwater Monitoring program over the past 15 years using statistical
sampling designs (Hood, Meyers and Totman, 1988, Hood, 1991).

Arizona's Groundwater Management Act of 1986 protects all aquifers for drinking
water use. Many ecosystems are also dependent on direct access to groundwater or
from groundwater discharge to streams, lakes, and wetlands. Major pollutant
sources in Arizona are well documented including agricultural activities, wastes from
industry, leaking underground storage tanks, on-site wastewater treatment systems
(e.g., septic tanks), landfills, mining, wastewater treatment plants, and natural
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sources. Over the past 24 years, state groundwater protection programs have been
effective in protecting aquifers and preventing contamination. Generally,
groundwater quality throughout the state meets primary drinking water standards,
however there are numerous exceptions due to human-caused contamination and
pollutants present at naturally elevated levels.

Pollutants detected in groundwater include nitrate, volatile organic compounds
(typically industrial solvents), dissolved-solids (TDS) and sulfate, metals (e.g., arsenic,
chromium), pesticides, petroleum hydrocarbons (usually gasoline or diesel),
radiochemicals (e.g., radon-222) and bacteria. Although groundwater contamination
is a serious problem, the quality of water delivered in public supplies is strictly
regulated and monitored to meet state and federal standards set to protect public
health. However, there are more than 100,000 private domestic well owners
representing about 5% of Arizona's population that are not subject to State drinking
water regulations, and are not required to periodically conduct water quality tests.
Every year more than 3,000 new domestic wells are constructed adding to the
number of private well owners who are often unfamiliar with the water quality
condition of their wells and may not be aware of local water contaminants that could
adversely affect health. Comprehensive and reliable information on the occurrence
and levels of contaminants in groundwater is essential for the protection of public
health and the environment.

Principal Aquifers

Aquifers in Arizona are composed of unconsolidated sediments (alluvial aquifers),
consolidated sedimentary strata (sandstone and limestone aquifers), and crystalline
rocks of igneous and metamorphic origin (fractured and decomposed bedrock
aquifers). These aquifers are located within the three physiographic provinces of the
state based on hydrogeology, altitude and other factors: the Basin and Range
Province, the Central Highlands Province, and the Plateau Uplands Province, ADEQ
has adopted groundwater basin and sub-basin boundaries delineated by the Arizona
Department of Water Resources, basin designations are based on physiography,
surface drainage patterns, subsurface geology and aquifer characteristics (Figure 1).

The desert Basin and Range Lowlands Province constitutes 45 percent of the State's
land surface area and majority of population in the Phoenix and Tucson metropolitan
areas. Other major communities include Yuma, Parker, Bullhead City, Lake Havasu
City, Sanford, Sierra Vista, and Willcox. This province is characterized by broad alluvial
basins bounded by long mountain ranges rising sharply from the desert floor. The
basins are filled by great thicknesses of fine-grained and coarse-grained sediments
eroded from the mountains. The sediments deposited in the basins show much
variation laterally and vertically in groundwater storage and transmission properties.
Groundwater occurs in confined, unconfined and perched conditions. This basin-fill
alluvium forms the most productive aquifers in Arizona, from which a majority of all
groundwater is pumped. Depth to groundwater ranges from just below land surface
to more than 1,oo0 feet.
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The Ce_ntral Highlands Province, covering 15 percent of the state, provides a geologic
and physiographic transition from the Plateau Uplands to the Basin and Range
Lowlands. Major population centers include the city of Prescott and towns of Payson,
Chino Valley, and Prescott Valley. The Mogollon Rim marks the northern boundary of
this province. Aquifers in this province are varied, including alluvial aquifers
occupying relatively small basins, aquifers in consolidated sedimentary rocks, and
fractured and decomposed basalt (volcanic rocks) aquifers. For instance, in the
upper and middle Verde river watershed, the Big Chino sub-basin aquifer consisting
of limestone and dolomite units and subsurface basalt flows are likely directly linked
to Tertiary sediments (gravels and playa deposit faces) forming part of the
substantial regional basin-fill aquifer in that area. Much of the surface water flow
within Arizona originates in the Central Highlands Province. The streams and rivers
within this province are often fed by groundwater along parts of their length.

The Plateau Uplands Province in the northeastern 40 percent of the state is
underlain by extensive consolidated sedimentary rock formations. Most of the
groundwater is withdrawn from these strata, although localized alluvial aquifers also
provide supplies. A relatively small percentage of the state's population occupies
this province, but includes the city of Flagstaff. while groundwater may be found
near land surface, it generally occurs at a depth of more than 1,000 feet in the
consolidated sedimentary rocks. The multi-aquifer systems of the province contain
three major systems: 1) C-aquifer consists of Coconino Sandstone as the primary
water-bearing unit that underlies all of Apache, Navajo, and Coconino Counties
occurring near the surface along the Mogollon Rim extending northward to depths up
to 5,ooo feet in the Black Mesa and Monument Valley areas, 2) N-aquifer overlies
the C-aquifer consisting of Navajo Sandstone, Kayenta Formation, Moe nave
Formation, and Wingate Sandstone outcropping in the Kan ab area of northwestern
Coconino county extending eastward at depths near the surface to 1300 feet below
land surface in the Tuba City area, and 3) the D-aquifer system overlies the N-aquifer
comprised of Dakota Sandstone, Morrison Formation, Cow Springs Sandstone, and
Entrada Sandstone, but the main water-bearing unit is the Dakota Sandstone
extending over the Black Mesa area in Navajo County and northeastward to the
Chinle areas in eastern Apache County with usually small well yields. The Bidahochi
Formation and basalt consisting of volcanic rocks form relatively minor aquifers in
the province.
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Central Highlands Province
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Figure 1. Arizona Groundwater Basins and Watersheds
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PAR Parma
PHX Phoenix AMA
PlN Pinar AMA
PKB Parker
PRE Prescott AMA
PSC Peach Springs
RAN Ranegras Plain
SAC Sacramento Valley
SAF Safford
SBV San Bernadino Valley
SCA Santa Cruz AMA
SHV Shivwits Plateau
SRB Salt River
SRF San Rafael
SSW San Simon Wash
TIG Tiger Wash
TON Tonto Creek
TUC Tucson AMA
USP Upper San Pedro
UHA Upper Hassayampa
VRB Verde River
VRG virgin River
WlL Willcox
WMD West Mexican Drainage
YUM Yuma

AGF Agua Fria
ARA Aravaipa Canyon
BIS Big Sandy
BON Bonita Creek
BUT Butler Valley
BWN Bill williams
CCK Cienega Creek
COP Coconino Plateau
DET Detrital Valley
DON Donnelly Wash
DOU Douglas
DSW Dripping Springs Wash
DUN Duncan Valley
GIL Gila Bend
GWA Grand Wash
HAR Harquahala
HUA Hualapai Valley
KAN Kan ab Plateau
LCR Little Colorado River
LGB Lower Gila
LASH Lake Havasu
LSP Lower San Pedro
MEA Meadview
MHV Lake Mohave
MMU McMullen Valley
MOR Morena

Groundwater Basin Designations (Figure 1).

Regional Groundwater quality Conditions

Contaminants found in drinking water supplies are of concern when they approach or
exceed levels that may be harmful to human health. State and federal legally
enforceable standards for drinking water are Primary Maximum Contaminant Levels
(MCLs). These enforceable standards define the maximum concentrations of
constituents allowed in water supplied for drinking water purposes by a public water
system and are based on a lifetime daily consumption of two liters per person (WQA,
2006). Non-health-based standards, or Secondary MCLs (SMC Ls), have mostly
cosmetic effects (such as color and taste or odor) but are also important standards
to gage general water potability. These are unenforceable aesthetic guidelines that
define the maximum concentration of a constituent that can be present in drinking
water without an unpleasant taste, color, odor, or other effect (WQA, 2006). Also,
USGS Health Based Screening Levels (HBSLs) are used for those contaminants
without MCLs or SMC Ls, such as radon. USGS HBSLs are non-regulatory
benchmarks and guidelines developed using EPA toxicity data and methods
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(Toccalino and Norman, 2006). Table 1 lists the water quality parameters selected
and analyzed for the regional assessment of conditions in principal basin-fill aquifers.
These parameters are of special interest locally and nationally.

Table 1. Health-based criteria and sources for selected water quality parameters.

Water
Quality

Parameter
Arsenic (As) EPA MCL 10 IJ8/L

Health-Based
Standard or Guideline

Potential Health
Effects

PotentialSources

FIuorlde (F) EPA MCL 4 mg/L
EPA SMCL 2 mg/L

Hardness Hardness Classification:
Soft <75 mg/L as CaCO3
Moderately Hard 75-150 mg/L
Hard 150-300 mg/L
Very Hard >3OO mg/L

Skirl damage or
problems with
circulatory systems,
and possible increase
in cancer
Bone disease (pain
and tenderness of
bones), mottled teeth
Describes
effectiveness of soap
in water and tendency
for scale deposition in
water heaters

Naturally occurring as
Arsenic sulfide and other
minerals; elevated levels
favor low dissolved oxygen
and high pH
Naturally occurring,
elevated levels correlated
with TDS levels
Ca and Mg principal
contributors

filtrate
(NO 5 as N)

EPA MCL 10 mg/L as N Runoff from fertlIlzer use,
leaching from septic tanks,
erosion of natural deposits,
levels >2 to 3 mg/L suggest
human-caused sources

Radon~222 EPA Proposed MCL of 300 I4,000
sCI/ L

(EPA recommends indoor air radon
reductions if levels == or > 4 pi/L)

Sulfate
(SO4 )

EPA SMCL 250 mg/L

Restricts oxygen
transport in
bloodstream.
particularly In infants
resulting in
methemoglobinemia,
other serious health
effects documented
Adverse effects
primarily from
inhalation from water
aspiration contributing
to risk of lung and
gastrointestinal
cancers
Elevated levels tend to
deposit scale on
heating, cause
unpleasant taste and
gastrointestinal effects

Dissolved-
solids
(TDS)

EPA SMCL 500 mg/L

Salinity Classification:
Fresh Water <1,000 mg/L
Slightly Saline >1,000 - 3,000 mg/L
ModeratelySaline >3,000- 10,000
mg/L

Indicator of salinity,
degrading suitability of
water for certain uses;
effects of high levels
include objectionable
taste, increase use of
detergents and soaps,
corrosion of metallic
surfaces

Naturally occurring water
soluble radioactive gas
originating from radium-
226 (part of uranium-238
decay series), levels
controlled by distribution of
uranium bearing minerals
Naturally occurring by
gypsum dissolution,
oxidation of sulfide-bearing
minerals, fertilizer
application, and mining
operations, positively
correlated with TDS
TDS major constituents
include calcium,
magnesium, sodium,
bicarbonate, chloride, and
sulfate; and increases
through salt concentration
and pickup naturally or
human-caused by industrial
and municipal waste
discharges, agriculture
fertilizers and irrigation-
return flows, mining, and
activities leading to soil
erosion
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A statistical summary of the selected water quality variables compiled from ADEQ's
groundwater database is presented in Tables 2 through 8. The statistics are based
on data collected from 1995 to 2009 from basinffill aquifers representing the Basin
and Range Lowlands and Central Highlands provinces. Percentile concentrations of
these variables provide valuable information on overall water quality conditions that
reflect the multiplicity of land uses and differing hydrologic characteristics of aquifers
within the state's hydrologic provinces. The statistics derived are based on non-
parametric procedures accounting for censored data and do not consider water
quality changes with depth or areal spatial distribution.

Appendix I-7
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The local lithology and mineralogy of the alluvial sediments in the Basin and Range
Lowlands and Central Highlands provinces greatly affect the chemical composition of
groundwater. On examining tables 2 through 8 there are several important inferences
Naturally occurring arsenic levels vary from trace amounts to over 100 times the drinking
water MCL of 10.0 Ag/L in Tonto Creek and Verde River basins, and median levels
exceed the MCL in many basins across the state. Fluoride is found at trace amounts to
more than 15 times the MCL of 4.0 mg/L, with median concentrations exceeding the
MCL in only the Ranegras Plain basin. Water hardness can be generally classified as
hard to very hard (greater than 120 mg/L as calcium carbonate) throughout the state
Nitrate (as nitrogen) median concentrations do not exceed the MCL of 10.0 mg/L
however many basin-fill aquifers have concentrations greater than 2.0 to 3.0 mg/L
suggesting anthropogenic caused impacts. Median concentrations of radon exceed the
USGS HBGL of 300 picocuries per liter (pct/L) in many basins with measurements
Median sulfate concentrations vary from 13.0 mg/L in Virgin River basin to 611.0 mg/L
in Yuma basin, exceeding the 250.0 mg/L SMCL in only 6 basins. Median dissolved
solids (TDs) levels in water from all alluvial aquifers measured range from less than 100
mg/L to more than 2,5oo mg/L with 12 basins exceeding the 500 mg/L SMCL

of groundwater samples collected in basin-fill aquifers statewide (1995-2009), about
% exceed the arsenic MCL, 7% exceed the fluoride MCL. and about 63% exceed the

radon USGS HBGL. These results for naturally occurring contaminants in Arizona are
much higher than results recently released by a USGS study of water quality from
domestic wells sampled in principal aquifers across the nation (DeSimone, 2008). USGS
reports that of the 2,100 wells surveyed in 48 states, 6.8% exceed the arsenic standard

% exceed the fluoride standard. and about 65% exceed the radon guideline. These
dramatic differences are not unexpected, given climatic and hydrogeologic conditions of
the Southwest aquifers generally favor greater levels of natural contaminants such as
arsenic and fluoride. Also, notable is the frequency of nitrate (as nitrogen) MCL
exceedances at about 15% is more than three times greater than USGS national
estimates at 4.4%. Sulfate concentrations were greater than the standard in about 21%
of wells in Arizona basins as compared to national findings at 3.79%. The frequency of
wells exceeding the dissolved-solids (TDs) SMCL of 500 mg/L, an overall indicator of
water quality conditions, was reported at 15% nationally as compared to estimates at

6 in this study

These findings on regional groundwater conditions advocate for the importance of
sustained water quality sampling and testing to determine the safety of consuming water
from principal aquifers. Monitoring programs are severely under funded in Arizona
undermining efforts to more fully characterize aquifer-specific water quality conditions
for drinking water and environmental impacts to surface waters and sensitive wetland
habitats. Additionally, greater attention to the quality of drinking water from rural
domestic wells and public education efforts are important goals to protecting public
health. Private well owners are responsible for testing the quality of their well water and
necessary treatment. information and guidance about well maintenance, water quality
and testing options, and in-home water treatment devices is available through local and
State health and environmental protection agencies and at several online resources
http://water.usgs.gov/nawqa/studies/domestic wells/ and
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http://sahra.arizona.edu/wells .
Many human-caused groundwater quality problems are located in the Phoenix and
Tucson metropolitan areas, but as evidenced in the statistical summaries of several
parameters, groundwater quality problems are found statewide. A list of major groups of
pollutants found in Arizona groundwater is provided in Table 9 followed by pollutant
summaries.

Table 9: Major Types of Pollutants Contaminating Groundwater in Arizona.

Pollutant Group
Nutrients
Volatile Organic Compounds

Pollutant

Major Cations/Anions

Metals

Physical
Pesticides

Petroleum Hydrocarbons

Radiological

Microorganisms

Nitrate
Trichloroethylene (TCE)
Tetrachloroethylene (PCE)
Chloroform
1,1,1-trichloroethane (TCA)
Methylene chloride
Freon-11® , Freon-12® , Freon-113®
1,1-dichloroethane (DCA)
Vinyl chloride
BTEX
MTBE
Fluoride
Total Dissolved Solids (TDS)
Sulfate
Arsenic
Lead
Chromium (Cr+3, Cr+e)
Iron
Manganese
Selenium
pH
Ethylene Dibromide (EDB) (banned)
Dibromochloropropane (DBCP) (banned)
Diuron
Prometnm
lmidacloprid
Methoxyfenozide
Dimethomorph
Flutolanil
Atrazine
Gasoline & Jet Fuel
Diesel
Uranium
Radium-226 and 228
Radon
Total Coliform Bacteria
Fecal Coliform Bacteria
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Nutrients - Nitrate
Nitrate is one of the most common pollutants in the state's groundwater and is
associated with both human activities and, infrequently, natural nitrogen sources.
Nitrate reduces the ability of red blood cells to carly oxygen, particularly damaging to
infants who drink water with high levels of nitrate. Other serious health conditions may
include increased risks of spontaneous abortion or certain birth defects, ovarian and
bladder cancer, and non-Hodgkins lymphoma (enc, 1996, Ward et al, 1996, Weyer et al,
2001, Fewtrell, 2004). Nitrate levels in groundwater have decreased in some areas
where agricultural activities have been replaced with urbanization, but have increased in
other areas. Percolation of nitrate-laden water from irrigation, septic tanks, wastewater
treatment plants, concentrated animal feedlots and natural nitrate occurrences are likely
causes of elevated nitrate levels. Nitrate is not significantly attenuated by the soil and
therefore travels with the groundwater largely unchanged. Large portions of aquifers
within the Salt River Valley, including areas in Glendale, Mesa, Chandler and Phoenix,
contain groundwater with nitrate concentrations high enough to render the water unfit
for potable use. In addition, high nitrate levels in some wells have been detected in
Mara fa, St. David, Quartzsite, Bullhead City, Lake Havasu City and other areas. Septic
tank discharges are common nitrate sources in rural areas of Arizona and have
contaminated drinking water wells. Quartzsite, Bullhead City and Lake Havasu City are
just a few locations with elevated nitrate in groundwater that have taken significant
steps to address wastewater disposal problems.

Basin and Sub-basin scale maps (Appendix A) of nitrate levels in selected basin-fill
aquifers have been developed to represent the general magnitude and distribution of
this serious public health concern. Ordinary kriging analysis was employed, using ESRI,
Inc. Arc Map geostatistical analyst extension, to synthesize nitrate groundwater
monitoring data for discrete locations (wells and springs) into maps of the spatial pattern
of water quality variations. Few studies in Arizona have conducted spatial mapping of
groundwater quality monitoring data through kriging approaches that can be used to
provide an optimal estimate of the spatial extent of water quality parameters. The maps
are for regional use only and have limitations at the field scale. There are many
complexities that affect the concentration of nitrate in groundwater and in a particular
well. This spatial representation of nitrate levels in basin-fill aquifers is a starting place
for future assessments on potential drinking water risks and determination of areas of
concern.

Volatile Organic Compounds NOCS) and Superfund Sites
Aside from gasoline leaks reaching groundwater, disposal of solvents has resulted in
most of the state's documented cases of volatile organic compound-contaminated
groundwater. High-technology manufacturing facilities (often electronics and
aerospace), which use these solvents for degreasing are generally located in urbanized
areas where most of the volatile organic compound problems have been found.
Disposal of solvents has been documented from the early 1950s and probably began
earlier. Specific industrial waste disposal practices leading to groundwater
contamination by VOCs include injection into dry wells and disposal into surface
impoundments, leach fields, dry washes and unregulated landfills (Graf, 1986). Many of
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Site Name&
Location

Depth to
Groundwater

(ft bis)

Drinking
Water Wells

impacted

Water Quality
Parameters & Max

Levels Detected
(Hg/L)2

Investigation
& Action
Typesi

20*" St & Factor Ave
..Yuma No

Basin-fill 75 to
150+

WQARF
Rl

Basin-fill 10 to 60 No
WQARF
RI

Klondyke Tailings -
4.5 miles upstream
of Aravaipa Canyon
Wilderness Area

PCE @ 520
TCE
Cyanide @200
Lead, Cadmium,
Antimony, Beryllium,
Copper, Manganese,
Arsenic, Zinc in soils &
fish tissue

Granite 10 to 15 PCE @13,600 Yes, 2 wells
Payson PCE -
Payson

WQARF
Remediation
expanded

Pinal Creek -
Globe-Miami area

WQARF
Remediation

Basin-fill <5 to
100+

Yes, several
private wells

Aluminum, Arsenic,
Beryllium, Cadmium,
Copper Cobalt, Iron,
Manganese, Nickel,
Sulfate, Zinc, Acid,
Uranium, Radium,
Fluoride, Chromium,
Lead, Mercury

Granite 10+
Tonto & Cherty ..
Payson

PCE @47
TCE

Yes, 5 private
wells

WQARF
ROD completed

Tyson Wash
Quartzite

PCE @ 44 in Upper
TCE @ 2.8 in Upper

WQARF
Remedlation

Yes, 7 private
wells

Basin-fill:
Upper (perched) 40
to 70
Lower 400 to 500

Basin~fill <5 to 50+

Vulture Mill .... 1
mile NW
Wickenburg

Yes, several
private wells

Lead, Arsenic, lorn,
Manganese

WQARF
Remediation
completed

Apache Powder -
2.5 miles SW St.
David

NPL
Remediation

Nitrate, perchlorate,
Arsenic, Fluoride

Yes, several
private wells

Basin-fill:
Perched (local)
dry
Shallow 40 to 70
Regional (artesian)

the recently discovered volatile organic compound problems can be traced to disposal or
leaks at dry cleaning facilities. Surface spills are less common causes of volatile organic
compounds in groundwater. in the past, public drinking water wells in the Phoenix and
Tucson metropolitan areas and in Payson have been closed because of volatile organic
compound contamination. An overview of major sites in Arizona where groundwater
and/or soil contamination is present is summarized in Table 10, including the site name
and type of investigations employed, general groundwater conditions, primary water
quality parameters/contaminants of concern, and known impacts to private or public
drinking water wells. Detailed Superfund/wQARF program site information, maps and
definitions of terms in the table are at www.azdeq.gov/environ/waste/sbs/index.html .

Table 10. Status of Federal and State (WQARF) Superfund Sites in Arizona.
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Site Name &
Location

Depth to
Groundwater

(fr bis)

Drinking
Water Wells

impacted

Water 0uality
Parameters & Max

Levels Detected

(ug/L)2

Investigation
& Action
Typesl

350+

Basin-fill 70+ No
NPL
Remediation

Hassayampa
Landfill - 10 miles
West of Buckeye

DCE, Freon 113, TCA,
DCA, TCE, PCE,
Freon 11, 1,2-DCP,
Toluene

Yes, several
public and
private wells

NPL
RI

Arsenic @ > 10
Lead @ > 15

Basin-fill 30 to 50
Bedrock 200 to
1,000

Iron King Mine-
Humboldt Smelter
_ Dewey-Humboldt

Yuma Marine Corps
Air Station - Yuma

NPL
Remediation

Basin-fill:
Upper 40 to 50
Regional

TCE, DCE, and PCE @
500
Petroleum
Hydrocarbon

NPL - Delisted Asbestos in soil No

Basin-fill:
Regional - Gila
conglomerate

MMRP
S!

Basin-fill 24 to
660+

Mountain View
Mobile Home
Estates - Globe
Barry m. Goldwater
Range ... 2.7 million
acres in SW Arizona

10
IP, Rl/FS
Remediation,
Post Closure

Camp Navajo
(OB/OD Area)
miles West of
Flagstaff

Metals, explosives,
dioxin/furans,
perchlorate, VOCs,
Pesticides, PCBs

Alluvial >1O
Perched 350+
Consolidated -
Coconino-Supai
sandstone 1500+

Fort Huachuca
Sierra Wsta Basin-fill 300+ No

imP
St

Granite 14 to 27 No
I P
Remediation

IP

Lu be Waterdog Rec
Annex - East shore
of Apache Lake
Yuma Army Proving
Grounds (YPG) - 32
miles NE Yuma

Basin-fill:
Upper 30+

SA
Cleanup &
Sampling

ASARCO Hayden
Plant - Hayden and
Winkelman

Basin-fill:
Gila R. Alluvium
10+

No
7th Ave & Bethany
Home - Phoenix

W0ARF
ERA, RE

Basin-fill:
Upper 85

No

Basin-fill:
Upper 60 to 65

Organochlorine
Pesticides, metals,
VOCs, Petroleum
Hydrocarbon
BTEX:
Benzene @ >5
Toluene @ > 1000
Petroleum
Hydrocarbon, VOCs,
semi-vOcs, metals,
Pyrotechnics
Arsenic, Cadmium,
Chromium, Lead,
Copper in soils, air
Selenium &
Molybdenum in GW
PCE @ 15,000
TCE > 5
Vinyl Chloride > 2
1,2-DCA, MTBE
PCE @ 89
1,2-DCA @ 7

No

16th St &
Camelback ..
Phoenix
56th St & Early
Phoenix

WQARF
ERA, GW
monitoring
WOARF
ERA, Rt

PCE @46
TCE@ 770

Basin-filt:
Upper 13 to 75

Ceritrai 8¢ Basin-fiii:WQARF PCE @20,000
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Site Name &
Location

Depth to
Groundwater

(ft bis)

Drinking
Water Wells
impacted

Investigation
& Action
Typesi

Water Quality
Parameters & Max

Levels Detected
(pg/L)2

ERA, RI Upper 65 to 80camelback -
Phoenix

NoCooper/Commerce-Gilbert WQARF
ERA, RI

TCE
Cis-1,2-DCE, Benzene,
1,2-DCA,Vinyl
Chloride, MTBE, BTEX
PCE @ 6,600
TCE @ > 5
Metals & TPH in soils

Basin-fill:
Upper 130

WQARF
ERA, RI Basin-fill:

Upper 30 to 60
No, 1 irrigation
well

PCE @ 200
TCE @ > 5
BTEX, MTBE,

NoPCE @ 3,600
WQARF
ERA, RI

Basin-fill:
Upper 45

PCE @98 No
WQARF
ERA, R!

Basin-fill:
Upper 45

No
WQARF
ERA, Rl

PCE @ 180
TCE

Basin-fill:
Upper 45

No
WQARF
ERA, Rl

PCE @ 21o
TCE

Basin-fill:
Upper 32

PCE @ 78 No
WQARF
ERA, RI

Basin-flll:
Upper 25

East Central
Phoenix (ECP) 24m
St & Grand Canal
Phoenix
East Central
Phoenix (ECP) 32t°
St & Indian School
Rd - Phoenix
ECP 38th St &
Indian School Rd -
Phoenix
ECP 40th St &
Indian School Rd -
Phoenix
ECP 40rh St &
Osborn Rd -
Phoenix
ECP 48th St &
Indian School Rd -
Phoenix

No
East Washington
Fluff - Phoenix

Basin-fill:
Upper 76 to 85

Lead, Cadmium,
Arsenic, PCBs in soil

WQARF
Remediation
completed

No
Estes Landfill
Phoenix

Basin-fill:
Upper 60

WQARF
Finalizing PRAP
8¢ Monitoring

Arsenic
Chromium
cis-1,2-DCE @ > 70
TCE @ 2.8
Vinyl Chloride @ 510
Benzene, Barium,
Lead, Manganese

South Mesa
Mesa

No, 2 irrigation
wells

PCE @350
TCE, cis-1,2-DcE

WQARF
ERA (SVE)
Rl

WQARF
ERA, FS Yes, 4 wells

TCE, PCE, 1,1-DCE
BTEX

West Central
Phoenix (WCP) East
Grand Ave -
Phoenix

TCE
Yes

WCP West Grand
Ave - Phoenix

WQARF
ERA, RI, Ro

Yes
WCP North Plume
Phoenix

WQARF
ERA, RI

Basin-fill:
Upper 110 to 130
Middle
Lower
Basin-fill:
Upper 130 to 139
Mlddle
Lower
Basin» fill:
Upper 130
Middle
Lower
Basin-fill:
Upper 120 to 145

TCE, PCE, 1,1-DCE,
VlnyI Chloride,
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Site Name &
Location

Drinking
Water Wells
impacted

Depter to
Groundwater

in bis)

WaterQuality
Parameters & Max

Levels Detected
(118/U2

Investigation
& Action
Typesl

No
Williams Air Force
Base - Mesa

Jet fuel, TCE, assorted
VOCs, Radiological

Basin-fill:
Upper 140 to 180
Lower 245

NPL
RI/FS
Six Operable
Units
Remediation
SVE & GW

No
1615* Air National
Guard .. Phoenix

Basin-fill:
Upper 70 to 80
Middle
Lower

Benzene,
MEthylbenzene, PCE,
TCE, DCE, DCA

NoPCE, TCE, cig 1,2 DCE
7*" St & Arizona Ave
_ Tucson

Basin-fill:
Upper 65
Lower 173

Basin-fill:
Upper 315 to 370

Broadway-pantano
... TUCSDYI

Yes, Four city
wells

PCE @ 4.9
TCE, Vinyl Chloride,
Methylene Chloride

PCE@>5
TCE@>5Los Reales Landfill

_ Tucson

Basin-fill:
Regional 190 to
210

Yes
Miracle Mile
Tucson

DOD
RI - Monitoring
Remediation -
SVE/AS

WQARF
ERA (SVE/AS),
RI
WQARF
ERA (SVE/GW
GAC)
Rt/Fs
WQARF
RI/FS
Remediatlon -
SVE/GW

WQARF
ERA, RI/FS

Basir\~fTII:
Upper (perched) 70
Lower 160

Park-Euclid
Tucson

WQARF
ERA (SVE/MPE)
RI, monitoring

Basin-fi I I :
Upper (perched) 90
Lower 200

WQARF
Basin-fill:
Upper 120 to 135

Shannon Rd/El
Camino dei Cerro
Tucson

Yes, many
private wells &
city well

TCE
1,1 DCE
Chromium
PCE @ > 5
TCE @ > 5
cig 1,2 DCE @ > 70
Diesel free product
PCE, TCE, 1,1-DCE,
1,1-DCA, cig 1,2~DCE
Freon12, Benzene,
Vinyl Chloride

Basin-fill:
Upper 145 Yes, private wells

Sllverbell Landfill
Tucson

PCE@>5
TCE@>5

Basin-fill:
Regional 80 to 240 Yes, city and

private wells

ERA (SVE/GW
GAC)
RI/FS
WQARF
ERA, RAP
(SVE/GW pump
& treat)
NPL
RI/FS
completed
Remediation

Tucson
International Airport
Area (TiAA) ....
Tucson

TCE @ > 270
PCE @ > 43
1,1-DCE
cig 1,2-DCE

Basin-fill:
Regional 90 to 160

Yes, city and
private wells

NPL
RI/FS
completed
Remediation

Air Force Plant
44/Raytheon
Project Area (part of
TIAA) - Tucson

TCE
Chromium
1,4-Dioxane @ 600
1,1-DCE

Basin-fill:
Regional 8G to 240

Yes, city and
private wells

Airport Property
Project Area (part of
TIAA)- Tucson

Carbon Tetrachloride
1,4-Dioxane @36
1,1-DCE

Arizona Air National

NPL
RI/FS
completed
Remediation
NPL Basir1-fill: TCE @46 Yes, city and
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Site Name &
Location

Drinking
Water Wells

impacted

Depth tO
Groundwater

(ft bis)

Investigation
8¢ Action
Typesl

Water Quality
Parameters& Max

Levels Detected
(IJ8'/I-)2

Regional 90 private wellsRI/FS
completed
Remediation

Guard 162"6
Project Area (part of
TIAA) - Tucson

TCE @ 13
PCE

Basin-fill'
Regional 85

Yes, city and
private wells

Texas instruments
Project Area (part of
TlAA) - Tucson

NPL
RI/FS
completed
Remediation

TCE @ 100
1,4-Dioxane @ 12

Basin-fill:
Regional 80 to 240

Yes, city and
private wells

NPL
RI/FS
Remediation

Tucson Airport
Remediation
Project (part of
TlAA) - Tucson

Basin-fill:
Regional 85 to 100

Yes, city and
private wells

NPL
RI/FS
Remediation

TCE @ 530
PCE
1,1,1-TCA

TCE@ 15
Basin-fill:
Regional 75 to 90

Yes, city and
private wells

West-cap Project
Area (part of TlAA) -
Tucson
West Plume B
Project Area (part of
TlAA) - Tucson

NoPHC & BTEXin soils
Davis-Monthan AFB
.. Tucson

Basin-fill:
Regional 350

NPL
Rl/Fs, MNA

DOD
IP, SVE & GW
monitoring

Abbreviations: ERA = early response action, FS = feasibility study; GW = groundwater, IP = installation
restoration program, MNA = monitored natural attenuation,MMRP= military munitions response program,
NPL = national priorities list or superfund, RA = remedial actions, RI = remedial investigation, RPs =
responsible parties, SA = superfund alternative approach, SVE = soil vapor extraction, v = voluntary
investigation by responsible party. WQARF = water quality assurance revolving fund.

2 Chemical/compound abbreviations: TCE = Trichloroethylene, PCE = Tetrachloroethylene, TCA = 1,1,1-
Trichloroethane, DCA = 1,1~Dichloroethane, 1,2-DCA = 1,2-Dichloroethane, BTEX = Benzene, Toluene,
Ethyl benzene, & Xylene, DCE = Dichloroethene,1,1-DCE = 1,1-Dichloroethene, cis-1,2-DcE = cis-1,2-
Dichloroethyiene, 1,2-DCP = 1,2-Dichloropropane, PHC = petroleum hydrocarbons,Freonll =
Fluorotrichloromethane, Freon12 = Dichlorodifluoromethane, Freon113 = 1,1,2-Trichloro-1,2,2-
trifluoroethane, VOCs = volatile organic compounds,

Major Cations and Anions (Dissolved Mineral Content)
Ambient groundwater quality can vary widely within and between aquifers. TDS content,
which can be used to gage overall potability, generally falls within the range of suitability
for human consumption, although higher concentrations are relatively common. Some
areas in the state, particularly in some alluvial basins and along the Gila River, exhibit
much higher TDS concentrations, rendering the groundwater unsuitable for drinking and
other uses. Mining activities have been responsible for high levels of dissolved cations
and anions (the individual constituents composing the dissolved mineral content) in
groundwater in certain areas. Sulfate, TDS and hardness are commonly elevated
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downgradient from historic mining operations and tailings ponds. Excessive amounts of
sulfate and TDS in groundwater may also result from discharge of treated wastewater
effluent and deep percolation of salts leached by irrigated agriculture. Fluoride, which
occurs naturally in groundwater, is found in moderate to high levels in some basin-fill
aquifers, particularly in those which are confined aquifers.

Metals
Heat metals occur naturally in groundwater, and elevated levels are often associated
with mineralized areas. For example, hexavalent chromium is found in groundwater at
elevated levels in Paradise Valley (Robertson, 1975). Arsenic also occurs naturally in
some areas at elevated levels. Currently, the federal and state maximum contaminant
level for arsenic in drinking water is 0.01 milligrams per liter. Arsenic occurs in
groundwater above this level at several localities in Arizona, which prevents its use in
public drinking water systems unless treated. Much groundwater in Arizona contains
naturally-occurring arsenic above this level. As a result, many public water systems in
Arizona must implement treatment, blending or alternative supply measures to meet the
new standard. Metals may also reach groundwater from anthropogenic sources.
Chromium has been found in groundwater in several locations in the Phoenix and
Tucson metropolitan areas due to industrial discharges from electronics, aviation and
plating firms. Metals such as manganese, copper, iron, chromium and others have been
found in groundwater downgradient from mining operations and tailings ponds,
particularly where acid drainage has developed. Groundwater downgradient from
landfills commonly contains elevated concentrations of iron, manganese and barium,
and lower pH.

Pesticides
Prior to 1980, only two pesticides had been detected repeatedly in groundwater _
dibromochloropropane (DBCP) and ethylene dibromide (EDB). These pesticides were
found in groundwater in the Yuma area and in the Salt River Valley. DBCP and EDB were
applied from the 1950s through the 1970s to soils in citrus and cotton fields as
fumigants for the control of nematodes (Daniel, et al., 1988). These pesticides were
banned more than a decade ago because of their potential carcinogenicity. More
recently, the agricultural pesticide chemicals 2,4-D Acid, 2,4-D, atrazine, azoxystrobin,
bromacil, carbaryl, dicamba, dimethomorph, diuron, endosulfan, flutolanil, imazamox,
imazethapyr, imidacloprid, lindon, methomyl, methoxyfenozide, metribuzin, oxamyl,
prometon, and prometryn have been detected in shallow monitoring wells located in
areas of intensive irrigated farming within Maricopa and Yuma counties (Olade, per
com). The detections are localized and transitory, not found in production wells, and do
not represent a regional contamination problem. All detections are below MCLs and
health-based guidance levels.

Petroleum Hydrocarbons
Many underground storage tanks (USTs), primarily those containing petroleum fuels,
have leaked and are a significant source of groundwater contamination in Arizona.
Leaking USTs (LUSTs) are located throughout the state, but are concentrated in urban
areas. Many reported LUST sites are associated with service stations. Other locations
included utility, transportation and shipping companies, municipal facilities, pipelines,
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and mining, food, lodging, high technology and paint companies. Benzene, toluene,
ethyl benzene and xylene (BTEX), which are aromatic hydrocarbon components of
petroleum fuels, are the most commonly detected LUST-related chemicals in
groundwater. At some LUST sites, total petroleum hydrocarbons (TPH), methyl tertiary-
butyl ether (MTBE) and 1,2-dichloroethylene (1,2-DCE) have been detected. As of June
so, 2009, there were 987 LUSTs at 451 UST facilities in the state. About 345 of those
sites have releases to both groundwater and soil, and 106 have impacted soil only.
Since UST program inception in 1990, the department has closed 7,505 releases of a
total 8,512 reported (88%) and has reimbursed $306,130,995 to UST owners,
operators, and volunteers for eligible cleanup costs.

Radionuclides
Radioactive elements such as uranium, radon (radon-222) and radium occur naturally in
the soil and water at locations throughout Arizona, sometimes in concentrations elevated
enough to be of concern. Radionuclide concentrations such as gross alpha usually occur
in areas located in or near granite rock or alluvial areas composed of eroded granite
(Lowry, 1988). Mining activity also increases gross alpha concentrations because of the
increased rock surface exposure. Gross alpha exceedances occurred where other
radionuclide exceedances occurred, making this constituent an important harbinger of
elevated radionuclides concentrations in general.
Even though radon is not monitored as uranium and radium are for public water
systems, it is considered by EPA to be a potential health threat through inhalation
primarily. Studies by ADEQ, the Arizona Geological Survey, U.S. Geological Survey, and
Arizona State University found that radon concentrations greater than 300 Pico curies
per liter (pct/L) are normal for groundwater in several areas across the state (Barnett,
McKlveen and Hood, 1990, Duncan and Spencer, 1991, Wirt, Gray and Van Metre,
1989). Groundwater sampling by various agencies prior to 1992 have revealed
generally high levels (> 300 pct/L) of radon in wells in Phoenix, Cave Creek/Carefree,
McMullen Valley, South Tucson, and the Puerco River Basin. Based on known uranium
rich deposits, generally corresponding to higher radon levels, in Prescott (Dells area),
Payson, Yuma, Kingman, Bagdad, Camp Verde, Kirkland, Tombstone, Sierra Vista, and
St. Johns may have potential significant radon levels although there is a lack of testing
in these and many areas statewide. Contamination of groundwater has resulted from
uranium mining activities (waste dumps and mine tailings) and mine dewatering. These
uranium mining activities mainly occurred in the Plateau Uplands Province.

Bacteria
Septic tank effluent often has been linked to groundwater contamination by bacteria.
The 2000 census estimated that approximately 377,000 septic tank systems are
operating in Arizona, serving about 17.4 percent of the population. Contamination of
groundwater by microorganisms may result when the tanks are installed in areas with
inadequate soils or shallow depth to groundwater. Bad well construction and well seals
also can lead to the entry of microorganisms into a well so as to contaminate the
drinking water. Generally, however, most microorganisms will be removed from the
septic tank effluent after passing through a few feet of soil and do not survive long in
aquifers.
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Water quality Summaries for Selected Aquifers

The Arizona Department of Environmental Quality (ADEQ) Ambient Groundwater
Monitoring program was started in 1991 and charged with characterizing regional
groundwater conditions in the state. Since then, the program has sampled 31 of the 51
groundwater basins in Arizona. These reports are available in both a comprehensive
Open File Report (OFR) as well as a compact four-page fact sheet (FS) and are available
online at http://www.azded.gov/environ/water/assessment/ambient.html . A summary
of each report follows.

Agua Fria Basin - In 2004-2006, the ADEQ conducted a baseline groundwater quality
study of the Agua Fria basin (AGF) located between Phoenix and Prescott in central
Arizona. This groundwater basin encompasses the drainage of the Agua Fria River from
below the Prescott Active Management Area to Lake Pleasant and includes the
Bradshaw Mountains to the west and Bloody Basin to the east. This lightly populated
basin consists primarily of federal lands (U.S. Forest Service and Bureau of Land
Management), State Trust and private land (Littin, 1986). Minimal water developments
have occurred except around the communities of Mayer in the Bradshaw Mountains and
Cordes Junction and Black Canyon City along Interstate 17.

To characterize regional groundwater quality, samples were collected from 46 sites
located throughout the basin. Most sample sites consisted of shallow wells used for
domestic uses and wells and springs used for stock watering. All sites were sampled for
inorganic constituents and, at selected sites, for oxygen and deuterium isotopes (44
sites), radon (40 sites), and radiochemistry (33 sites). Nine isotope samples were also
collected from surface water sources.

Analytical results indicate that of the 46 sites sampled, 14 sites (30 percent) had
concentrations of at least one constituent that exceeded a health-based, primary federal
or State water-quality standard (McLs). These enforceable standards define the
maximum concentrations of constituents allowed in water supplied for drinking water
purposes by a public water system and are based on a lifetime daily consumption of two
liters per person (EPA, 1993, WQA, 2006). Health-based MCL exceedances included
arsenic (12 sites), fluoride (5 sites), gross alpha (1 site), and nitrate (1 site). Elevated
concentrations of arsenic, fluoride and gross alpha appear to be the result of natural
sources, the nitrate exceedance appears to be impacted by septic systems (Madison and
Brunett, 1984). At 31 sites (67 percent), concentrations of at least one constituent
exceeded an aesthetics-based, secondary federal water-quality guideline (SMC Ls). These
are unenforceable guidelines that define the maximum concentration of a constituent
that can be present in drinking water without an unpleasant taste, color, odor, or other
effect (EPA, 1993, WOA, 2006). Aesthetics-based SMCL exceedances included chloride
(4 sites), fluoride (7 sites), iron (2 sites), manganese (9 sites), pH-field (1 site), sulfate (3
sites), and total dissolved solids or TDS (26 sites).

1'
Groundwater quality in the AGF is remarkably homogeneous in many aspects. The
majority of sample sites are of calcium-bicarbonate or mixed-bicarbonate chemistry,
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have concentrations of TDS that typically vary between 450 to 625 milligrams per Liter
(mg/L) range, have hard-to-very hard water, have low concentrations of nutrients
including nitrate, and have few occurrences of trace elements other than fluoride and
arsenic

The exception to the uniformity of the basin's groundwater quality involves a limited
subgroup of sample sites that have sodium as their major cation and are almost devoid
of calcium and magnesium. The sodium chemistry sites tended to occur, interspersed
with calcium or mixed chemistry sites, in the southern portion of the basin along the
flanks of the Bradshaw Mountains stretching to the floodplain of the Agua Fria River
Besides very different water chemistry, the sodium chemistry sites tend to have
significantly higher TDs, chloride, sulfate, fluoride and arsenic concentrations than the
calcium or mixed chemistry sites (Kruskal-wallis test, p S 0.05). The arsenic and fluoride
concentrations at these sodium chemistry sites are frequently above MCLs often by
several orders of magnitude. A sample from a well near Black Canyon City had an
arsenic concentration of 2.25 mg/L (or 225 Ag/L), one of the highest arsenic
concentrations ever found in groundwater in Arizona

Water chemistry differences appear to be influenced by a 100-to-200 feet thick confining
layer of clay and silica-rich calicle that separates the unconsolidated deposits of the
Agua Fria River in the Black Canyon City area from the underlying, water-bearing schist
that is also present in places north of Lake Pleasant (Littin, 1981). Water produced from
the schist contains elevated concentrations of TDs, fluoride and arsenic while water
produced from shallower wells that only penetrate the overlying gravel, sand and silt
have significantly lower concentrations of these constituents (Littin, 1981)

The elevated fluoride samples all occur at sites with sodium as the dominant cation. The
main control on fluoride concentrations are calcium concentrations through precipitation
or dissolution of the mineral fluorite. If a source of fluoride ions is available for
dissolution, large concentrations of dissolved fluoride may occur if the groundwater is
depleted in calcium (Robertson, 1991). The elevated arsenic samples, all located in the
Bradshaw Mountains, are less predictable in occurrence. Although sites with sodium as
the dominant cation had the highest concentrations, MCLs were also exceeded at sites
at which the dominant cation was calcium or mixed. The cause of the elevated arsenic
concentrations is uncertain, although in Arizona such conditions are often associated
with clay-rich sediments, volcanic rocks, geothermal environments and/or areas with
gold deposits (Spencer, 2002)

Big Sandy Basin - The Big Sandy groundwater basin (BIS) covers approximately 1,900
square miles of rugged terrain in northwestern Arizona stretching from north of Route 66
to south of the town of Wikieup along Highway 93 (Cady, 1981). Located in Mohave and
Yavapai Counties, most lands are federally managed by the Bureau of Land
Management with the remainder consisting chiefly of State trust and private lands
Rangeland is the predominant land use with private land increasingly subdivided for
dispersed housing. Knight Creek and Trout Creek drain the northern part of the BIS and
converge 15 miles north of Wikieup to form the Big Sandy River. This waterway flows
southward exiting the basin and eventually debouching into the Santa Maria River just
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upstream of Alamo Lake. Groundwater is the source of the vast majority of water uses in
the BIS and occurs in at least five hydrologic settings: floodplain alluvium, unconfined
basin-fill, confined basin-fill, sedimentary rock in the east-northeast portion of the basin,
and the consolidated bedrock of the Hualapai, Peacock, Aquarius, and Mohon
Mountains (ADWR, 1994, Cady, 1981).

To support an ADEQ Total Maximum Daily Load study examining elevated mercury
concentrations in fish tissue, sediment and water from Alamo Lake, in 2003-2004, the
department conducted a baseline groundwater quality study of the BIS (Fitch, 2006).
Samples were collected for inorganic constituents (57 sites), isotopes of oxygen and
hydrogen (57 sites), radon (37 sites), radiochemistry (30 sites), and ultra-clean mercury
(21 sites) analyses. Samples were collected mainly from relatively shallow domestic or
stock wells and springs. ADEO was denied permission to sample deep wells owned either
by the Phelps Dodge Corporation or Caithness Energy. Ninety-five (95) percent of
groundwater pumped in the BIS is transported by Phelps Dodge to the Bill Williams basin
for use at the company's Bagdad copper mine (ADWR, 1994). Caithness Energy wells
were drilled for use at their proposed Big Sandy power plant which was denied a permit
in 2001 by the Arizona Corporation Commission (Acc, 2006).

Although 42 percent of the sites sampled contained one or more constituents that
exceeded a health-based MCL, most of these sites were located in the south-central
portion of the basin, other areas-particularly in the northeast-had relatively few
exceedances. of the 57 sites sampled, 24 sites had concentrations of at least one
constituent that exceeded an MCL. Health-based MCL exceedances included arsenic
(11 sites), fluoride (11 sites), gross alpha (9 sites), lead (1 site), radium (1 site), and
uranium (2 sites). At 29 sites, concentrations of at least one constituent exceeded an
aesthetics-based SMCL. Aesthetics-based SMCL exceedances included chloride (4
sites), fluoride (20 sites), iron (3 sites), manganese (4 sites), pH-field (2 sites), sulfate (2
sites), and total dissolved solids or TDS (22 sites).

Analytical results indicated that groundwater in the BIS is generally slightly alkaline,
fresh, and moderately hard to very hard based on pH, TDS and hardness analyses. Most
groundwater sample sites were either of mixed-bicarbonate or calcium-bicarbonate
water chemistry. Nitrate concentrations were generally low with no samples exceeding
health-based standards. Among trace elements, only arsenic, boron, copper, fluoride,
and zinc were detected at more than 20 percent of sample sites. Mercury was not
detected in any sample submitted to the Arizona State Health Department Laboratory
which has a Minimum Report Level of 0.0005 mg/L.

Patterns were found among groundwater sub-basins, aquifers, and recharge sources
(ANOVA with Tukey test using log-transformed data, p S 0.05). Temperature, TDS,
sodium, chloride, sulfate, fluoride, boron, iron and gross beta were higher in the down-
gradient Big Sandy sub-basin than in the up-gradient Trout Creek sub-basin.
Temperature, TDs, sodium, chloride, sulfate, fluoride, boron, and radon were higher in
basin-fill or artesian aquifers than in sedimentary rock. Temperature, pH-lab, sodium,
sulfate, and fluoride are higher at depleted recharge sites than at enriched recharge
sites, the opposite pattern occurs with calcium, magnesium, hardness, and nitrate.
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These patterns suggest that groundwater in the basin generally follows a flow path
evolving from calcium-bicarbonate chemistry, indicative of recently recharged
groundwater, in sedimentary rock in the Trout Creek sub-basin to a more saline, mixed
bicarbonate chemistry with higher concentrations of constituents such as sodium
chloride, sulfate, fluoride and boron that are indicative of groundwater with a longer
residence time (Robertson, 1991)

Detrital Valley Basin - The Detrital Valley groundwater basin (DET), located between
Kinsman and Hoover Dam in northwestern Arizona, is a north-south trending, semiarid
basin traversed by U.S. Highway 93. Lightly populated with retirement and recreation
oriented communities, the construction of a Hoover Dam bypass route for U.S. Highway
93 will likely bring many new residents who commute to Las Vegas. The DET is drained
by the ephemeral Detrital Wash which debouches into Lake Mead at Bonelli Bay. The
DET, with groundwater depth up to 800 feet below land surface near the center of the
valley, is reminiscent of basins in Nevada. Groundwater from the alluvial aquifer is the
principle water source. Where sufficiently fractured and faulted, mountain hard rock
provides limited supplies at shallower depths to groundwater. Near Lake Mead, a Lake
Mead aquifer recharged by Colorado River water is the main supply

In 2002, a baseline groundwater quality study of the DET was conducted by the Arizona
Department of Environmental Quality. The purpose of this study was to create a
comprehensive groundwater quality baseline assessment. For this study, 28
groundwater sites were sampled for inorganic constituents as well as isotopes of
hydrogen and oxygen, samples were also collected at selected sites for radon gas (9
sites) and radiochemistry (9 sites) analyses. In addition, surface water isotope samples
were collected from Lake Mead and Detrital Wash. One weakness of the groundwater
study was the few sites available for sampling in the northern third of the basin

Of the 28 sites sampled, 13 (46 percent) met all drinking water quality standards. Nine
sites (32 percent) had concentrations of at least one constituent that exceeded an MCL
Constituents that exceeded MCLs included arsenic (O sites under current standards, 3
sites under standards effective in 2006), gross alpha (3 sites), and nitrate (3 sites). Ten
sites (36 percent) had concentrations of at least one constituent that exceeded an
aesthetics-based SMCL. Constituents that exceeded SMC Ls included chloride (1 site)
fluoride (2 sites), iron (2 sites), manganese (3 sites), sulfate (7 sites), and total dissolved
solids or TDS (11 sites)

Groundwater in the DET generally meets drinking water standards and is suitable for
domestic, municipal, irrigation, and stock purposes. Groundwater in the DET is generally
fresh, slightly alkaline, and moderately to very hard based on TDS, pH, and hardness
concentrations (Heath, 1989). Groundwater is most commonly a mixed-mixed chemistry
though it varies widely in the basin. Boron, chromium, fluoride, and zinc were the only
trace elements detected at more than 25 percent of sites

Groundwater quality constituent concentrations varied significantly among aquifers
within the DET. Bicarbonate, calcium, and hardness were higher in hard rock than in the
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alluvial aquifer. In contrast, temperature, nitrate, and chromium were higher in the
alluvial aquifer than in hard rock. The Lake Mead aquifer had higher levels of oxygen
and hydrogen isotopes, sodium, sulfate, and boron (ANOVA test in conjunction with
Tukey test, p S 0.05). Many groundwater quality constituent concentrations varied
significantly with groundwater depth. Most constituents, including TDs, bicarbonate,
calcium, magnesium, hardness, chloride, and sulfate decreased with groundwater depth.
In contrast, temperature, pH-field, nitrate, and chromium increased with groundwater
depth (regression, p _< 0.05).

Hydrogen and oxygen isotope data form a Local Meteoric Water Line with a slope of 5.15
that is within the range normally found in arid environments (Coplen, et al., 1999). The
most depleted, or isotropically lightest sites are near (and include) Lake Mead and
consist of recent recharge from the Colorado River. A tight cluster of 16 depleted sites,
consisting mainly of deep alluvial wells, may represent the oldest water in the basin that
was recharged during a more humid time period than the present. Stretching from this
cluster to the most enriched site (runoff in Detrital Wash) is an evaporation trajectory of
10 shallow wells that produce water that may include recharge from recent precipitation.

Douglas Basin - ADEQ completed a baseline groundwater quality study of the Douglas
Groundwater Basin (DGB) in 1995-96. A total of 51 groundwater samples were collected
for the study, whose design included 29 grid-based, stratified random samples and 21
targeted samples. All groundwater samples were analyzed for Safe Drinking Water
(sow) inorganic constituents, 12 samples were analyzed for SDW Volatile Organic
Compounds (VOCs), 7 samples were analyzed for Groundwater Protection List (GWPL)
pesticides, and 6 samples were analyzed for radionuclides. Laboratory results revealed
no detections of any GWPL pesticides while the only SDW VOC detected was chloroform
in 1 sample. Radionuclide samples did not exceed MCLs for any parameter. With
inorganic parameters, levels of arsenic, beryllium, and nitrate each exceeded their
respective health-based Primary MCLs in 1 sample apiece. Aesthetics-based SMC Ls
were exceeded in 16 samples: 8 times by fluoride and total dissolved solids (TDS), twice
by pH and sulfate, and once by chloride, iron, and manganese. These results suggest
that regional groundwater quality conditions generally support drinking water uses, but
because of aesthetic factors, some residents may prefer to use treated water for
domestic purposes.

Piper trilinear diagrams reveal that of the two major aquifers in the DGB, bedrock aquifer
samples tend to exhibit a calcium-bicarbonate chemistry, alluvial aquifer samples also
typically exhibit a calcium-bicarbonate chemistry though sodium-bicarbonate, sodium-
sulfate, and calcium-sulfate varieties are also present in this aquifer. Statistical analyses
found that many significant differences exist in inorganic groundwater quality parameter
levels between aquifers while fewer differences existed between groundwater
management areas, and between various divisions (East-west, North-South) of the DGB.
A strong positive correlation existed between the levels of most major ions and nitrate, in
contrast, fluoride and pH tend to be negatively correlated with other groundwater quality
parameters while trace elements have few significant correlations. Many parameter
levels also significantly increased or decreased with increasing groundwater depth below
land surface in the DGB.
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Comparing parameter levels from targeted samples with 95% confidence intervals
established for the DGB indicated several potential impacts. Nitrate (as N) appears to be
elevated in the Elfrida area perhaps from agricultural practices and/or septic systems.
Near the City of Douglas, high sodium and pH levels in combination with low calcium and
magnesium levels appear to indicate groundwater is being subjected to natural softening
by cation exchange. Elevated sulfate levels in the Mule Gulch area might be the result of
mine tailings in the area. Finally, a geothermal anomaly appears to exist east of the
Bisbee-Douglas Airport resulting in TDS levels reaching 14,000 mg/L and elevated levels
of temperature, arsenic, and other parameters.

A time-trend analysis was conducted using groundwater quality data collected by ADWR
from 7 wells in 1987. The results indicated while many of the 12 parameters appeared
to have higher levels in 1995-96 than 1987, only nitrate and potassium were
significantly higher.

Hualapai Valley Basin - The Hualapai Valley groundwater basin (HUA) trends north-
northwest and is roughly 60 miles long and varying from 15 to 25 miles wide in
northwestern Arizona. The basin covers 1,820 square miles in Mohave County stretching
from Hualapai Peak just south of the City of Kinsman to Lake Mead to the north (Renwick,
1981). The basin is composed of lands federally managed by the Bureau of Land
Management, the National Park Service (as part of the Lake Mead National Recreation
Area), private, State Trust and Hualapai Indian Nation lands. Land use is mainly
rangeland and recreation, with private lands near Kingman, increasingly developed for
residential housing.

There are no perennial streams in the HUA basin (ADWR, 1994). The southern portion of
the basin is drained by an ephemeral watercourse, Truxton Wash, which flows north and
debouches after heavy precipitation into the normally dry Red Lake Playa. The other
major ephemeral watercourse, Hualapai Wash, runs north of Red Lake Playa after heavy
precipitation and debouches into Lake Mead (ADWR, 1994). Although the Colorado
River, impounded in Lake Mead, forms the northern boundary of the basin, it is not a
significant water supply within the HUA basin (Anning, Flynn and Truini, 2006).

Groundwater is the major source of water in the HUA (Renwick, 1981). It occurs in both
the extensive older alluvium deposits found in Hualapai Valley and, to a lesser degree,
the fractured rock and thin alluvium deposits of the Hualapai, Peacock, Music, and
Cerbat Mountains (Gillespie and Bentley, 1971). Historically, low-yield wells and springs
located in or near mountain areas provided the main source of water for the minimal
needs of the local economy that was based on ranching. Now, deep, high-yield alluvial
wells, often exceeding 1,000 feet in depth, are the main supply source for major water
users in the basin including the City of Kinsman and outlying housing developments
(Cella Barr Associates, 1990).

In 2000, ADEQ conducted a baseline groundwater quality study of the HuA, sampling 26
sites for inorganic constituents. Also collected at selected sites were volatile organic
compounds (VOCs)(21 samples), radiochemistry (16 samples) and radon (8 samples).
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Groundwater sites consisted of 20 relatively shallow, domestic or stock wells and/or
springs in bedrock mountain areas and 6 deep wells in the valley alluvium.

Of the 26 sites sampled, 9 sites (35 percent) had concentrations of at least one
constituent that exceeded a health-based MCL. MCL exceedances included arsenic (3
sites), fluoride (2 sites), gross alpha (3 sites), nitrate (3 sites), radium 226/228 (1 site),
and uranium (2 sites). At 17 sites (65 percent), concentrations of at least one
constituent exceeded an aesthetics-based SMCL. SMCL exceedances included chloride
(2 sites), fluoride (11 sites), iron (2 sites), manganese (3 sites), pH-field (2 sites), sulfate
(2 sites), and total dissolved solids or TDS (11 sites). There was one VOC detection of
toluene (at 4.7 Ag/L) in one of the 21 VOC samples collected.

Analytical results indicate that groundwater in the HUA is generally slightly alkaline,
fresh, and hard to very hard based on pH values and TDS and hardness concentrations.
The chemistry of groundwater samples varied widely with mixed-mixed and mixed-
bicarbonate the most common compositions. Among trace elements, only boron,
fluoride, selenium and zinc were detected at more than 20 percent of sample sites.
Nitrate (as N) concentrations were sometimes elevated, with 11 sites (42 percent)
having concentrations that may be from human activities (Madison and Brunett, 1984).

Statistically-significant patterns in water-quality data were found among groundwater
sources (ANOVA, p S 0.05). Temperature (field-measured), pH (field-measured), and
fluoride were significantly higher at sites in the alluvium than at sites in hard rock. In
contrast, calcium, magnesium and hardness were significantly higher at sites in hard
rock than in alluvium. TDS (p = 0.11) and bicarbonate (p = 0.08) were also higher at
sites in hard rock than in alluvium but failed to meet the statistical confidence level
(ANOVA, p S 0.05). The limited sampling conducted in wells tapping the older alluvium-
the aquifer that holds the majority of water reserves in the HUA-revealed generally
acceptable groundwater quality with fluoride generally the only constituent of concern.
Fluoride exceeded the MCL in one well and SMCL in four other wells, otherwise pH-field
and TDS were the only aesthetic standards exceeded in one well apiece. The elevated
fluoride concentrations are believed to occur naturally and are controlled by pH values
that also increase downgradient through silicate hydrolysis reactions (Robertson, 1991).

Lake Mohave Basin - Containing approximately 1,050 square miles, the Lake Mohave
groundwater basin (MHV) stretches along the Colorado River from Hoover Dam south to
the community of To pock in northwestern Arizona (ADWR, 1994). A granite outcrop
where Davis Dam on the Colorado River is located divides the MHV into North and South
basins. The North basin consists largely of rugged, undeveloped lands that are part of
the Lake Mead National Recreation area. The South basin consists of uplands managed
by the Bureau of Land Management and Mohave Valley which is a combination of
private, State Trust, and Fort Mohave Indian Reservation lands. The South basin is a
populated, highly developed area. Physically, the MHV is characterized by three distinct
geologic features: Colorado River floodplain deposits, piedmont alluvial deposits, and
consolidated bedrock of the Black Mountains (Darr, 1990).
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In 2oo3, ADEQ conducted a baseline groundwater quality study of the MHV, a basin that
was the focus of four previous department groundwater studies since the late 1980s
that sampled over 150 wells to investigate links between septic systems and nitrate
(Darr, 1990, Tuve and Giannelli, 1995, Tuve, 1999). For the 2003 study, 43
groundwater sites were sampled for inorganic constituents and isotopes of oxygen and
hydrogen. Samples were also collected at selected sites for radon (31 sites), perchlorate
(18 sites), and radiochemistry (15 sites) analyses.

Of the 43 sites sampled, 15 sites had concentrations of at least one constituent that
exceeded MCLs. Health-based MCL exceedances included arsenic (2 sites under the
current standard, 14 sites under the standard effective in 2006), fluoride (1 site) and
nitrate (3 sites). At 31 sites, concentrations of at least one constituent exceeded an
aesthetics-based SMCL. Aesthetics-based SMCL exceedances included chloride (19
sites), fluoride (8 sites), iron (7 sites), manganese (13 sites), sulfate (24 sites), and total
dissolved solids or TDS (30 sites). Perchlorate was not detected at any site.

Because of few sources, sampling in the North basin was limited to 10 sites, including
four thermal springs along the Colorado River. Hydrogen and oxygen isotope values
revealed four sites recharged by local precipitation, other sites by an indeterminate
recharge source (Guay et al., 2004). Sites other than thermal springs generally met
health based standards.

Groundwater sites in the South basin appeared to consist of 9 sites recharged by pre-
dam Colorado River water, 10 sites recharged by post-dam Colorado River water, 12
sites recharged by local precipitation, and 2 sites whose source is the marine-related
Bouse Formation (Guay et al., 2004, Robertson, 1991). Their water chemistry varies:
Colorado River recharge is higher in chloride and sulfate, local recharge contains more
bicarbonate, and the Bouse Formation is sodium-chloride.

Patterns were found among recharge sources (ANOVA with Tukey test, p S 0.05). Total
dissolved solids (TDs), sodium, chloride, and sulfate were higher at sites recharged by
pre/post dam-Colorado River water or tapping the Bouse Formation than at sites
recharged by local precipitation. Similarly, calcium, magnesium, and hardness were
higher at sites recharged by pre/post-dam Colorado River water than at sites recharged
by local precipitation. Arsenic, boron and fluoride were higher at sites tapping the Bouse
Formation than at sites recharged by pre/post dam-Colorado River water or local
precipitation. Temperature, pH, nitrate, and chromium were higher at sites recharged by
local precipitation than from pre/post dam Colorado River water. Finally, total Kjeldahl
nitrogen, ammonia, total phosphorus, iron, and manganese were higher at sites
recharged by post-dam Colorado River water than at sites recharged by local
precipitation, which may indicate that reducing conditions driven by the oxygen demand
presented by decomposing soil organic carbon occur along the Colorado River in Mohave
Valley (Robertson, 1991).

In the South basin, groundwater recharged by local precipitation is the preferred
domestic source because of its lower salinity and fewer aesthetic water quality standard
exceedances. However, sites sometimes exceeded health-based water quality standards

Appendix I- 40

l l II l I



for arsenic, which are probably naturally occurring because of long groundwater
residence time (Robertson, 1991). Groundwater recharged by the Colorado River had
fewer health-based water quality standards but was higher in salinity with numerous
aesthetics standard exceedances including TDs, sulfate, and chloride. These
concentration increases from fresher river water are probably the result of the
dissolution of halite and gypsum (Robertson, 1991). Sites tapping the Bouse Formation
were saline and had both health and aesthetics-based standard exceedances.

Lower San Pedro Basin - The Lower San Pedro groundwater basin (LSP) baseline
groundwater quality study was conducted by ADEQ in 2000. Located in southeastern
Arizona, this semiarid basin is drained by the San Pedro and Gila Rivers. The LSP is a
rural landscape with scattered towns and two extensive copper mining and processing
operations. Groundwater from three aquifers (floodplain, unconfined basin-fill, and
confined basin-fill or artesian) and fractured mountain hard rock is the principle source
of water supply. For this study, 63 groundwater sites were sampled for inorganic
constituents. In addition, fewer sites were also sampled for Volatile Organic Compounds
(25), radiochemistry (19), radon (19), and pesticide (2) analyses.

Eighteen (18) percent of sample sites had concentrations of at least one constituent that
exceeded a health-based MCL. Constituents that exceeded MCLs included antimony (2
sites), arsenic (1 site under current standards, 12 sites under standards effective in
2006), fluoride (8 sites), nitrate (1 site), and gross alpha (2 sites). In addition, 49
percent of sample sites had concentrations of at least one constituent that exceeded an
aesthetics-based SMCL. Constituents that exceeded SMC Ls included chloride (2 sites),
fluoride (16 sites), iron (4 sites), manganese (9 sites), pH (4 sites), sulfate (11 sites), and
total dissolved solids (24 sites). At one site, Volatile Organic Compounds that are
common by-products of chlorination were detected. No pesticides or pesticide
degradation by-products were detected.

Artesian conditions can exist whenconfined basin-fill aquifers,which are generally found
along the central portion of the basin's axis, are intercepted (Jones, 1980). Artesian
water in the LSP is suitable for domestic and irrigation purposes at its southern boundary
near Redington. Farther north, however the water quality deteriorates. Gypsum deposit
dissolution and the associated cation exchange in the Mammoth-Dudlewille corridor
create groundwater with elevated sulfate and sodium concentrations. The artesian
aquifer also has a chemically closed hydrologic system that favors alkaline pH values
and depleted calcium concentrations, which also contribute to the elevated
concentrations that can exceed water quality standards. The elevated sodium and other
salt concentrations also make these confined basin-fill aquifer waters unsuitable for
irrigation north of Redington.

The floodplain aquifer is the most productive in the basin and supplies water for most
irrigation and municipal uses. This aquifer forms a long corridor following the major
waterways and receives most of its recharge from surface water flows (ADWR, 1994). As
such, this aquifer is considered to be a chemically open hydrologic system. However,
leakage from the lower confined basin-fill aquifer upwards into the floodplain aquifer is
thought to be largely responsible for the variable salinity and fluoride concentrations that
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are particularly elevated near Mammoth (Page, 1963). The elevated salinity, sodium,
chloride, and potassium concentrations found in the most downgradient portions of the
floodplain aquifer appear to be related to the high concentrations of these constituents
in the Gila River. Elevated sulfate concentrations found along the floodplain aquifer
between Mammoth and Winkelman may be from leakage from the confined basin-fill
aquifer and the elevated concentrations carried north by the San Pedro River. The
source of sulfates for both aquifers appears to be a combination of nearby gypsum
deposits and mine tailing dumps, though the contribution of each would require an
intensive targeted study to determine.

Groundwater collected from the unconfined basin-fill aquifer and from hard rock areas
was the most dilute and had the fewest water quality standard exceedances.
Unfortunately, these areas also have a somewhat limited groundwater production
potential. Differences in water quality between these aquifers and the floodplain aquifer
appear to be related to a more dilute recharge source (mountain precipitation and
runoff) as well as minimal leakage from the confined basin-fill aquifer. Potential water
quality problems appear largely confined to fault zones producing water from great
depths and granitic rock areas which may have elevated radiochemistry concentrations
(Hein dl, 1952).

McMullen Valley Basin - In 2008-2009, the Arizona Department of Environmental quality
(ADEO) conducted a baseline groundwater quality study of the McMullen Valley basin
located in west-central Arizona. The basin consists of the drainage of the ephemeral
Centennial Wash within McMullen Valley and the surrounding mountains.6 Groundwater
is predominantly used for irrigation near the communities of Aguila, Wenden and
Salome? The City of Phoenix has purchased farms near Salome to obtain the water
rights for potential transfer to Maricopa County for municipal use?

The main source of groundwater in the basin is the Regional aquifer. 24 Heavy pumping
near Aquila and Salome has produced a groundwater divide near the La Paz-Maricopa
County line creating Eastern and Western Regional aquifers.25 In terms of spatial extent
and groundwater storage these are the largest aquifers in the basin. 25 Low hills east of
Aguila that minimize groundwater movement divide the Eastern Regional aquifer from
the Forepaugh aquifer.43 A subsurface extension of the Harquahala Mountains that
limits groundwater movement separates the Western Regional aquifer from the
Southern Regional aquifer located in Harrisburg Valley.25 Another subsurface geologic
feature separates the Harcuvar aquifer from the Southern and Western Regional
aquifers lying to the east. 24 Groundwater movement between the Western Regional
aquifer and the overlaying Perched aquifer is restricted by the Lake-bed Unit, a layer of
fine-grained sediments. 24 These deposits, however, are absent in an area one mile
northeast of Salome where groundwater flowing from the Perched aquifer into the
Western Regional aquifer is termed the Mixed aquifer. 24

To characterize regional groundwater quality, samples were collected from 124 wells.
The wells supply water for irrigation, domestic, municipal and stock uses throughout the
basin. Inorganic constituents and oxygen and deuterium isotopes were collected from all
wells. At selected wells, radon (79 sites), radiochemistry (50 sites) and pesticide (2 sites)
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samples were also collected. In addition to the 124 wells, 12 additional wells were
sampled for field parameters and nitrate.

Primary maximum contaminant levels (MCLs) for inorganic constituents were exceeded
at 54 of the 124 sites (44 percent). These enforceable standards define the maximum
concentrations of constituents allowed in water supplied for drinking water purposes by
a public water system and are based on a lifetime daily consumption of two liters. 38
Constituents exceeding Primary MCLs include arsenic (24 sites), fluoride (27 sites),
nitrate (25 sites), and selenium (2 sites). Primary MCLs for radionuclides were exceeded
at 9 of the 50 sites (18 percent) including gross alpha (9 sites) and uranium (4 sites).
Elevated concentrations of arsenic and fluoride likely occur naturally. Elevated nitrate
concentrations appear to be caused by nitrogen-laden recharge resulting from irrigation
applications and wastewater from septic systems. Gross alpha and uranium
exceedances are likely naturally occurring though may be impacted by anthropomorphic
activities.42 Secondary MCLs were exceeded at 87 of 124 sites (70 percent). These are
unenforceable aesthetics guidelines that define the maximum constituent concentration
that can be present in drinking water without an unpleasant taste, color, or odor.38
Constituents above Secondary MCLs include chloride (13 sites), fluoride (69 sites),
manganese (2 sites), pH (19 sites), sulfate (8 sites), and TDS (31 sites).

The basin's most important groundwater quality issue is the absence of the Lake-bed
Unit northeast of Salome. 24 Nearby wells commonly exceed water quality standards and
guidelines, nitrate concentrations were elevated up to seven times the 10 mg/L health-
based water quality standard. This is the result of percolating irrigation water containing
salts and nitrate recharging the Perched aquifer. With a higher static water level than the
Regional aquifer, groundwater drains downward from the Perched aquifer into the
Western Regional aquifer. This impacted area is referred to in this report as the Mixed
aquifer. 24 TDs, sodium, chloride, sulfate, and nitrate were significantly higher in the
Perched and Mixed aquifers than in all the other aquifers (Kruskal-Wallis with Tukey test,
p S 0.05).

Both the Eastern and Western Regional aquifers had water quality issues. In the Eastern
Regional aquifer, southeast of Aquila, some sample sites exceeded standards for
fluoride and, to a lesser degree, arsenic. Similarly, in the Western Regional aquifer near
Wenden, sample sites also exceeded standards for fluoride and, to a lesser degree,
arsenic. The Eastern Regional aquifer exhibited significantly lower concentrations of TDs,
sodium, and boron than in the Western Regional aquifer, the opposite pattern occurs
with well depth and groundwater depth. (Kruskal-Wallis with Tukey test, p S 0.05) These
differences may result from poor quality irrigation recharge minimally impacting the
Eastern Regional aquifer because of the great depths needed to percolate to
groundwater. Almost all the sites sampled in the Forepaugh aquifer exceeded water
quality standards for fluoride and arsenic.. Fluoride concentrations commonly were up to
three times the health-based standard. Few water quality standards were exceeded in
the Southern Regional and Harcuvar aquifers, both appear to consist of more recent
recharge.
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Meadview Basin - The Meadview groundwater basin (MEA), known unofficially as "Where
Lake Mead Meets the Grand Canyon," comprises approximately 190 square miles in
northwestern Arizona (ADWR, 1994). This small basin is sometimes considered a sub-
basin of the Hualapai groundwater basin (Renwick, 1981). Lightly populated, most land
within the MEA is managed by the Bureau of Land Management or the National Park
Sen/ice as part of the Lake Mead National Recreation area. Most residents live in the
retirement and recreation-oriented community of Meadview that was founded in the
early 1960s. Meadview is supplied with water by the Joshua Valley Utility Company
(ADWR, 1994).

The basin is drained by Grapevine Wash, an ephemeral waterway that debouches into
Lake Mead. A short perennial reach in the wash is caused by discharge from Grapevine
Spring (ADWR, 1994). The Muddy Creek Formation is the main aquifer in the basin and
can be divided into three units: an upper limestone unit, a middle sandstone/siltstone
unit, and a basal conglomerate (Laney, 1979). Although each unit is capable of
producing water, most wells draw from the basal conglomerate because of its high
hydraulic conductivity (ADWR, 1994). Where sufficiently fractured and faulted, mountain
bedrock at the margins also provides limited supplies.

A baseline groundwater quality study of the MEA was conducted by ADEQ from 2000-
2003. For the study, 8 groundwater sites were sampled for inorganic constituents.
Samples were also collected at selected sites for isotopes of oxygen and hydrogen (6
sites), radon gas (2 sites), radiochemistry (2 sites), and volatile organic compounds
(VOCs) (1 site) analyses.

To characterize this small basin, 8 sites were sampled. Three sites met all drinking
water quality standards. Concentrations of at least one constituent exceeded a health-
based MCL at 3 different sites. Health-based MCL exceedances included arsenic (O
sites under current standards, 1 site under standards effective in 2006), gross alpha (2
sites) and uranium (1 site). At 4 sites, concentrations of at least one constituent
exceeded an aesthetics-based SMCL. Aesthetics-based SMCL exceedances included
fluoride (3 sites) and total dissolved solids (TDs) (2 sites).

Based on sample results, groundwater chemistry is typically a calcium/mixed-
bicarbonate/mixed type. Groundwater is considered fresh (TDS less than 1,000 mg/L),
slightly alkaline (greater than 7 standard units pH), and moderately to very hard (greater
than 150 mg/L) (Heath, 1989). Nitrate (as N) concentrations frequently exceeded 3
mg/L, which is often an indication that human activities have impacted groundwater
quality. However, similar patterns in other nearby basins have shown this is more likely
the result of natural soil organic matter because of deep groundwater depths and
nitrogen isotope resifts (Towne, 2003). Fluoride, boron, chromium, and zinc were trace
elements detected at more than 33 percent of sample sites. Antimony, arsenic, barium,
beryllium, cadmium, copper, iron, lead, manganese, mercury, nickel, selenium, silver,
and thallium were rarely detected. Isotope results (available for six of eight sites)
matched those from sites in the nearby Detrital Valley basin that were from deep wells
and/or springs (Towne, 2003). These sites are thought to represent the oldest water in
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the basin, recharged during a colder climate. This groundwater age corresponds to the
low precipitation and recharge rates occurring in the Meadview basin (ADWR, 1994).

Groundwater movement in the basin is from south to north (Renwick, 1981). Bicarbonate
and calcium concentrations were significantly higher in samples influenced by granitic
geology in the south than in the alluvium/sedimentary rock further north, the opposite
pattern occurs with chloride and nitrate concentrations (ANOVA test, p S 0.05). This
illustrates a groundwater flow path with calcium-bicarbonate (often indicative of
recharge zones) of the highland areas gradually evolving into more of a mixed chemistry
as it moves downgradient to the north. As frequently occurs, sample sites impacted by
granite often exceeded health-based water quality standards for gross alpha and
uranium (Lowry and Lowry, 1988). Aesthetics-based SMCL exceedances for fluoride
and TDS also occurred. In contrast, sample sites further north in alluvium/sedimentary
rock usually met drinking water quality standards with the exception of arsenic, fluoride,
and TDS at one site apiece. The arsenic exceedance of 0.01 mg/L (or 10 Jg/L )
occurred at Grapevine Spring. This arsenic MCL concentration was effective in 2006
and also the minimum reporting limit for the state laboratory used in the study (USEPA,
1993).

Pinal AMA Basin - In 2005-06, ADEQ conducted a baseline groundwater quality study of
the Pinal Active Management Area (AMA) located between Phoenix and Tucson in south-
central Arizona. To characterize regional groundwater quality, samples were collected
from 86 sites located on non-tribal lands. Roughly two-thirds of the sampled sites were
irrigation wells using turbine pumps with the remainder mostly domestic wells using
submersible pumps. All sites were sampled for inorganic constituents and oxygen and
deuterium isotopes. At selected sites, samples were also collected for radon (41),
radiochemistry (21) and organics (semi-volatile compounds, chlorinated pesticides, and
organs-phosphorus pesticides) (14). Among Pinal AMA's five sub-basins, the majority of
groundwater samples were collected in Eloy (50 sites) and Maricopa-Stanfield (27 sites)
with the remainder in Aguirre Valley (5 sites) and Vekol Valley (4 sites).

Analytical results indicate that of the 86 sites sampled, 60 sites (70 percent) had
concentrations of at least one constituent that exceeded a health-based MCL. MCL
exceedances included arsenic (33 sites), fluoride (7 sites), gross alpha (5 sites), nitrate
(23 sites), and uranium (2 sites). These results appear to be naturally occurring with the
exception of nitrate whose concentrations are impacted by fertilizer and both human and
animal wastewater. At 59 sites (69 percent), concentrations of at least one constituent
exceeded an aesthetics-based SMCL. SMCL exceedances included chloride (25 sites),
fluoride (19 sites), iron (2 sites), pH-field (8 sites), sulfate (26 sites), and total dissolved
solids or TDS (50 sites). There were no detections of organic compounds in the 14
organic samples. Both irrigation wells and drinking water wells had similar frequencies of
drinking water quality standard exceedances.

Groundwater in the Pinal AMA basin was found to be generally slightly alkaline, fresh,
and hard-to-very hard as indicated by pH values and TDS and hardness concentrations.
Groundwater chemistry varied but tended to be calcium-sulfate/chloride in the upper
water zone and sodium-bicarbonate in the lower water zone (Hammett, 1992).
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Statistically-significant patterns were found among groundwater sub-basins, land uses,
irrigation districts and groundwater zones (Kruskal-wallis test with Tukey test, p S 0.05).
Of the water quality patterns found, the most numerous are those involving irrigation
districts and water zones.

Analytical results were compared among samples collected in three irrigation and
drainage districts: the Central Arizona (CAIDD), Maricopa-Stanfield (MSIDD) and San
Carlos (SCIDD). Groundwater depth, temperature, pH-field and pH-lab were higher in the
CAIDD and MSIDD than in SCIDD. TDs, SC-field, SC-lab, hardness, calcium, magnesium,
potassium, chloride, sulfate, TKN and boron were higher in the SCIDD than in CAIDD and
MSIDD. Seven constituents had unique patterns: sodium, bicarbonate, fluoride, arsenic,
radon, oxygen and deuterium.

Analytical results were compared among samples collected in three water zones within
the Eloy and Maricopa-Stanfield sub-basins: lower main water zone, upper main water
zone and local water zones. well depth, groundwater depth, temperature, pH-field and
pH-lab were higher in the lower main water zone than in upper and local water zones.
TDs, SC-field, SC-lab, hardness, calcium, magnesium, sodium, chloride, sulfate and
nitrate were higher in the upper and local water zones than in the lower main water
zones. Potassium, TKN and boron were higher in the upper main water zone than in the
lower main water zone.

Several factors contribute to these patterns, including evaporate deposits, such as
gypsum, salt and gypsiferous mudstone but their specific impacts are difficult to quantify
Hammett, 1992). The greatest impact however, appears to be the effect of salts and
calcite concentrated by evaporation during irrigation and then recharged to the upper
main or local water zones (Coes et al., 2000, Cordy and Bouvier, 1999). Since water
from the Gila River is the main source of irrigation for the SCIDD, its importation
maintains relatively shallow groundwater levels in this irrigation district. Thus, there is
little lag time before the highly saline recharge from irrigation applications percolates to
the aquifer and impacts groundwater quality in the SCIDD (Cordy and Bouvier, 1999). In
contrast, before 1987 the CAIDD and the MSIDD used groundwater as the sole source of
irrigation water (ADWR, 1998). This has led to declining groundwater depths in these
districts, but has probably protected the groundwater from the full impacts of saline
recharge from irrigation applications because of the increased distance necessary for
this water to percolate to the aquifer.

Prescott AMA Basin - A regional groundwater quality study of the Prescott Active
Management Area (AMA) was conducted by ADEQ to determine the suitability of
groundwater for drinking-water purposes, appraise current (1997-1998) baseline
conditions, and examine spatial and temporal groundwater-quality patterns. Sampling
was conducted at 58 sites, 41 randomly selected and 17 from the ADEQ index well
network. Groundwater samples were collected for Safe Drinking Water (sow) inorganic
analysis from all sites, for SDW radiochemistry analysis from 10 sites, and for
Groundwater Protection List (GWPL) pesticide analysis from 2 sites.
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The results found that 6 of 58 sites had parameters exceeding an MCL. Health-based
MCL exceedances included arsenic (four sites), fluoride (three sites), barium, gross
alpha, and nitrate (one site apiece). Aesthetics-based SMC Ls were exceeded at 9 of the
58 sites. SMCL exceedances included TDS (six sites), fluoride (four sites), iron,
manganese, and sulfate (two sites apiece). There were no detections of the 152
pesticides or degradation products on the GWPL. Although MCLs or SMC Ls were
exceeded at 11 of 58 sites, they were geographically scattered and do not appear to
indicate extensive areas of groundwater unsuitable for domestic use. Based on these
results, regional groundwater quality conditions generally support drinking-water uses.

Fluoride and arsenic, the most common health-based water quality exceedances, appear
to be the result of naturally occurring conditions. Elevated levels of these parameters
tend to occur at sites which are chemically very dissimilar from the prevalent calcium-
bicarbonate water chemistry (Jenkins and Myers, 1988). These sites are characterized
by moderately-alkaline groundwater largely depleted of calcium. Fluoride levels in the
AMA appear to have multiple controls. Previous research suggests that depleted calcium
levels influence higher fluoride levels (> 5 mg/L) through precipitation of the mineral
fluorite (Robertson, 1986). Relatively high levels of fluoride (> 7 mg/L) found at two
sites appear to be related to the corresponding low calcium levels (< 9 mg/L) that
constitute less than 5 percent of the total cation concentration. At lower fluoride levels,
hydroxyl ion exchange or sorption-desorption reactions may provide controls (Robertson,
1986). Levels of fluoride and arsenic are positively correlated (p=0.01) in this study as
well as in previous studies (Robertson, 1986). Arsenic levels may be related to the
alkaline, oxidizing environment which is created by elevated pH levels enhanced by
weathering of the alluvium (Hem, 1970). Basin-fill sediments in Arizona are rich in trace
elements which, under favorable conditions such as elevated pH levels along with a
change in redo potential, may be mobilized and contribute to elevated levels in
groundwater (Robertson, 1991). Other mechanisms such as exchange on clays or
oxyhydroxides have been cited as influencing arsenic levels (Robertson, 2000).
Previous studies have suggested that silicate hydrolysis is occurring which increases
levels of parameters such as sodium, pH, arsenic, and chromium (Jenkins and Myers,
1988).

Prescott AMA nitrate (as N) levels were generally below natural background levels of 3.0
mg/L, but elevated levels did occur, even exceeding health-based MCLs at a site near
the Dewey-Humboldt area. High nitrate levels in this area have been reported by other
sources and may be influenced by wastewater from older septic systems and/or
agricultural systems (Corkhill, 2000, Dodder, 1998). Septic and alternative wastewater
system impacts to groundwater are often best indicated by nitrate and chloride levels,
parameters which are positively correlated (p=0.01) in the study area (Bedient, Rifai and
Newell, 1994). Nitrate levels should continue to be monitored because of increasing
population growth and reliance on septic and alternative wastewater-disposal methods
in the study area. The MCL for gross alpha was exceeded at a site in the Granite Dells,
an area previously cited as having elevated radiochemistry levels (ADWR, 1988). Some
SMCL exceedances involving TDs, iron, manganese, and sulfate appear to be due to site-
specific conditions such as historic mining activity in the Black Hills and Bradshaw
Mountains.
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Groundwater quality parameters varied by sub-basin, aquifer, and groundwater depth in
the study area. The following statistically significant (p S 0.05) groundwater quality
parameter trends were observed:

> Bicarbonate, sulfate, total alkalinity, and TDS had higher levels in the Upper Agua
Fria sub-basin than in the Little Chino sub-basin, the opposite pattern occurs with
fluoride levels.

> Bicarbonate, calcium, hardness, magnesium, sodium, total alkalinity, and TDS
had higher levels in the hard rock aquifer than in the regional aquifer, the
opposite pattern occurs with temperature and pH values.

> Barium, bicarbonate, calcium, electrical conductivity, hardness, magnesium,
manganese, total alkalinity, TDs, and total Kjeldahl nitrogen levels decreased
with increasing groundwater depth. In contrast, pH, temperature, and zinc levels
increased with increasing groundwater depth.

Significant (p S 0.05) groundwater depth differences between each sub-basin and
aquifer suggest that for parameter levels vertical variation is less important than spatial
variation. Thus, groundwater depth patterns may be influenced by spatial patterns.
Other sources indicate groundwater parameter levels tend to be a function more of flow
path evolution than of vertical mixing (Robertson, 1991).

A limited groundwater quality comparison was conducted between the two main water-
bearing units in the Little Chino sub-basin regional aquifer. The results suggest that the
levels of many parameters may be higher in the Upper Alluvial unit, which is tapped by
numerous small-capacity domestic wells, than in the Lower Volcanic unit, which is the
source for most large capacity irrigation and municipal wells. This finding is supported
by earlier studies (Schwalen, 1967). The groundwater quality difference may be due to
recharge to the Lower Volcanic unit that occurs along the basin margins, thus allowing
for less evaporation and associated concentration of salts than recharge associated with
the Upper Alluvial unit (Corkhill, 2000).

A time-trend analysis was conducted using groundwater-quality data collected from 17
wells over a 7-year period. Of the 12 parameters examined, levels of chloride, SC-field,
fluoride, hardness, magnesium, nitrate, sodium, sulfate, total alkalinity, TDs, and zinc
did not significantly change between 1991-93 and 1997-98. Calcium levels were the
only constituent that varied significantly (p S 0.05), increasing between the time periods.
The calcium level variation may be due to major flooding and the associated
groundwater recharge that occurred in 1993 or to potentially different analytical
methods used by the Arizona Department of Health Services laboratory during the two
sampling periods (Corkhill, 2000, Roberts, 1997).

Sacramento Valley Basin - A regional groundwater quality study of the Sacramento Valley
groundwater basin (SVGB) was conducted by ADEQ to determine the suitability of
groundwater for drinking water purposes, appraise 1999 baseline conditions, and
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examine spatial groundwater quality patterns. The SVGB is located in Mohave County in
northwestern Arizona. Groundwater is the main water source in this semiarid basin.
Sampling was conducted at 48 sites: 40 random sites and 8 targeted sites.
Groundwater samples were collected for Safe Drinking Water (sow) inorganic
constituents, SDW Volatile Organic Compounds (VOCs), perchlorate, and isotopes of
hydrogen, oxygen, and nitrogen. At 40 sites, samples were collected for SDW
radiochemistry analysis.

Interpretation of results from laboratory analyses of collected groundwater samples
indicates that 20 of the 48 sites met all drinking water quality standards. MCLs were
exceeded at 22 of 48 sites. MCL exceedances included gross alpha (18 sites), nitrate (6
sites), fluoride (4 sites), radium-226+228 (4 sites), and antimony (2 sites). in addition,
17 sites exceeded the proposed Primary MCL for uranium. Aesthetics-based SMC Ls
were exceeded at 28 of 48 sites. SMCL exceedances included total dissolved solids
(TDs) (24 sites), fluoride (16 sites), chloride (7 sites), sulfate (7 sites), manganese (3
sites), and iron (2 sites). Arizona Aquifer Water Quality standards had exceedances that
were identical to Primary MCL exceedances. No VOCs, including methyl tertiary-butyl
Ether (MTBE), were detected at any site. Perchlorate, a man-made inorganic salt used in
the manufacture of explosives and very mobile in groundwater, was detected at four
sites.

Despite these numerous water quality exceedances many of the SVGB groundwater
sites, including those in the central valley and in the Black Mountains in the western
basin periphery, meet drinking water standards. Water quality standard exceedances
were identified in three principal basin areas.

> In the vicinity of the town of Chloride, exceedances of gross alpha, radium-
226+228, TDs, nitrate, chloride, antimony, sulfate, and manganese occurred.
These exceedances appear to be due to a combination of the area's granitic
geology, historic mining activity, and septic systems (Rosner, 1998).

> In the central and southern Hualapai Mountains, exceedances of gross alpha,
radium-226+228, fluoride, TDs, chloride, and sulfate occurred. The
radiochemistry exceedances appear to be related to the area's granitic geology
(Lowry and Lowry, 1988).

> In the vicinity of the town of To pock, exceedances of fluoride, TDs, and chloride
occurred. These exceedances appear to be due to dissolution reactions that
increase constituent concentrations as groundwater migrates downgradient
within the basin (Robertson, 1991).

Groundwater in the basin is generally slightly alkaline, hard to very hard, and fresh based
upon pH, hardness, and TDS levels (Hem, 1985). Half of the 48 sites had a calcium-
bicarbonate chemistry which is typical of recharge areas in Arizona (Robertson, 1991).
Sixteen sites had a calcium-sulfate chemistry, six samples had a sodium-bicarbonate
chemistry, and the two most downgradient sites had a sodium-sulfate chemistry. Nitrate
concentrations at 20 sites were greater than 3.0 mg/I (as nitrogen) which may indicate
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impacts from human activities (Madison and Brunett, 1984). Trace elements such as
aluminum, antimony, barium, beryllium, cadmium, iron, lead, manganese, mercury,
silver, and thallium were rarely detected, only arsenic, boron, chromium, copper, fluoride,
selenium, and zinc were detected at more than 10 percent of the sites.

Data from randomly-selected sample sites examined using various statistical methods
found groundwater quality constituents varied by aquifer, geology, geographic location,
and with groundwater depth. The following significant (p S 0.05) trends were observed.
Concentrations of many constituents were higher in the hard rock aquifer compared to
the alluvial aquifer, a pattern similar to that found in other Arizona groundwater basins
(Robertson, 1991). Additional patterns were revealed when the hard rock aquifer was
further subdivided into granitic, metamorphic, volcanic, and sedimentary rocks.
Groundwater associated with granitic rock frequently had higher constituent
concentrations than groundwater associated with volcanic rock and alluvial fill. These
findings support previous studies in the SVGB that found more mineralized groundwater
in or near mountain areas compared to the central valley (Gillespie and Bentley, 1971,
Rescore, 1991). Groundwater movement in the basin is from north to south. A
chemical towpath evolution was observed along this towpath. Concentrations of
constituents such as calcium, magnesium, bicarbonate, and hardness tend to decrease
downgradient while sodium, chloride, fluoride, and boron tend to increase. Statistical
tests support these observations. Concentrations of sodium and some trace elements
were higher in the southern, downgradient portion of the basin than in the upgradient
northern portion. These constituents probably are increasing due to dissolution
reactions (Robertson, 1991). In addition, a positive correlation existed among levels of
calcium, magnesium, bicarbonate, sulfate, and hardness. In contrast, a positive
correlation existed among levels of sodium, chloride, sulfate, boron, and fluoride.

Many constituent concentrations tend to decrease significantly (p _< 0.05) with
groundwater depth below land surface (bis) though parameters such as pH and
temperature increased with increasing groundwater depth bis. A critical level, ranging
between 50 and 200 feet bis, was established for many constituent concentrations. At
groundwater depths greater than the critical level, concentrations remain generally
constant, in contrast, concentrations are highly variable at more shallow depths.

A groundwater quality time-trend analysis was conducted utilizing data collected by the
U.S. Geological Survey in 1979, the Arizona Department of Water Resources in 1990,
and ADEQ in 1999. Constituent concentrations were largely found to be stable over a
period stretching up to 20 years. This suggests that constituents are largely controlled
by natural factors and are not prone to vary significantly over time.

This study is the f irst application of stable isotopes in characterizing regional
groundwater by ADEQ and was partially intended to test the usefulness of this
technology. Based upon deuterium and oxygen isotope data, groundwater in the basin
appears to have undergone a consequential amount of evaporation prior to recharge
which is characteristic of arid regions. Future sampling for these two isotopes appears
to be of greatest value for regional studies in basins having a major perennial river and
where there is a need to distinguish water recently recharged from river infiltration and
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paler-water representing a non-renewable resource. In contrast, there appears to be
fewer potential uses for regional nitrogen isotope sampling. Data interpretation for this
study suggests that it is not possible to determine the source of nitrate groundwater
contamination simply by measuring nitrogen isotopes without sampling sites which
specifically measure the nitrogen isotope signature of each potential source of nitrogen.

Safford Basin: Gila Valley Sub-Basin - In 2004, ADEQ conducted a baseline groundwater
quality study of the Gila Valley sub-basin of the Sanford groundwater basin located in
eastern Arizona. The sub-basin includes the drainage of the Gila River from the Peloncillo
Mountains down gradient to near the San Carlos Tribal Lands and the drainage of the
San Simon River downstream from a ridge near the railroad siding of Tanque (Towne,
2004). The sub-basin includes the communities of Safford, Thatcher, Pima and Fort
Thomas and consists primarily of federal lands (U.S. Forest Service and Bureau of Land
Management), State Trust and private land.

To characterize regional groundwater quality, samples were collected from 67 wells and
springs using a randomly stratified design. All sites were sampled for oxygen and
deuterium isotopes. At selected sites, samples were collected for inorganic constituents
(65 sites), radon (30 sites), radiochemistry (20 sites) and pesticides (4 sites). Nine
isotope samples were collected from surface water sources to help determine
groundwater recharge sources. Analytical results indicate that of the 65 sites sampled,
only 11 sites (17 percent) met all health and aesthetics-based drinking water quality
standards. Health-based MCLs were exceeded at 30 of 65 sites (46 percent).
Constituents exceeding MCLs included arsenic (21 sites), fluoride (20 sites), gross alpha
(3 site), nitrate (4 sites), and uranium (2 sites). The EPA proposed 300 picocuries per
liter (pct/L) drinking water quality standard for radon was also exceeded at 19 sites
(USEPA, 2009). These water quality exceedances, with the exception of nitrate, appear
to be the result of natural sources. Fluoride exceedances often occur at sites that are
depleted in calcium allowing for large concentrations if a source for fluoride ions is
available for dissolution (Robertson, 1991). Elevated arsenic concentrations may be
related to an oxidizing environment, aquifer residence time, lithology and clay mineralogy
(Robertson, 1991, Spencer, 2002). Aesthetics-based SMC Ls were exceeded at 54 of 65
sites (83 percent). Constituents above SMC Ls included chloride (29 sites), fluoride (35
sites), manganese (4 sites), pH (11 sites), sulfate (29 sites), and TDS (43 sites).

Groundwater is characterized as predominantly of either sodium-bicarbonate or sodium-
mixed chemistry, varied from fresh to moderately saline, had soft to very hard water, and
had few occurrences of trace elements other than arsenic, boron and fluoride. Analyses
of oxygen and deuterium isotope samples revealed two general recharge groups: Gila
River (18 sites) and local precipitation (47 sites). Local precipitation recharge was
further subdivided into four categories: recent (2 sites), newer (12 sites), older (29 sites),
and Mt. Graham springs (4 sites). These recharge sources roughly correlate to the
following alluvial units: Gila River recharge (younger alluvium), local precipitation (older
alluvium), recent local precipitation (summer monsoon recharge long tributaries to the
Gila River), newer local precipitation (clay-silt sub-unit), older local precipitation
(evaporate and/or basal conglomerate sub-unit), and Mt. Graham springs (winter
precipitation recharge in the high altitude Pinaleno Mountains).
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Statistically-significant patterns were found among the two main recharge sources
(Kruskal-wallis test, p S 0.05). TDS, major ions, nitrate and boron were higher in Gila
River recharge than local recharge, the opposite pattern occurred with pH. Older local
precipitation sites had significantly higher temperature, TDs, sodium, potassium,
chloride, sulfate, arsenic, boron, and fluoride concentrations than newer local
precipitation sites (Kruskal-wallis test with Tukey test, p S 0.05). These patterns indicate
the best strategy for developing public water supplies in the Gila Valley sub-basin from a
water quality perspective appears to be drilling shallow wells in the older alluvium along
the mountain front up from the Gila River.

In 1995, ADEQ conducted an extensive study of the Gila Valley sub-basin data sampling
81 targeted wells (Wallin, 1999). Despite different sampling strategies, the frequency of
water quality exceedances for each study was remarkably similar. Examination of the
1995 data revealed deficiencies with sampling protocol and data validation, but the
collected information was still considered suitable for making general groundwater
quality comparisons between the studies. Using well characteristics and isotope data
from the 2004 study, the 1995 sites were classified as either younger or older alluvium
(ADWR, 2009). Using the data from the younger alluvium, 49 sites sampled in 1995
were compared with the 18 sites sampled in 2004. Concentrations of TDs, sodium,
chloride, sulfate and pH-lab increased significantly in the decade between the studies
(Mann-whitney test, p S 0.05). Increases in concentrations of these constituents in the
younger alluvium appears to be the result of saline water under artesian pressure
entering from upward leakages along faults and abandoned wells and from saline
irrigation recharge (Black, 1991, Harris and Eastoe, 2009).

Safford Basin: San Simon Sub-Basin - The San Simon sub-basin (SS) of the Safford basin
is located in southeastern Arizona. The basin is sparsely populated and consists of
mainly of federal and State rangeland with irrigated farmland near the towns of Bowie
and San Simon. The SS is drained by the ephemeral San Simon River whose headwaters
are the now-dry San Simon Cienega. After heavy precipitation, the river flows north out
of the SS and debouches into the Gila River near Solomon. For the purposes of this
water quality report, based on water chemistry patterns, groundwater is divided into four
generalized, water-bearing units: the alluvial aquifer, upper aquifer, lower aquifer, and
mountain bedrock. The unconfined alluvial aquifer occurs south of the cienega and is
differentiated from connected alluvial areas to the north in this report because of its
superior groundwater quality. North of the cienega are the upper and lower aquifers.
Various blue-clay units separate the groundwater perched in the upper aquifer from
percolating to the lower aquifer, which occurs under either water table or artesian
conditions. Where sufficiently fractured and faulted, mountain bedrock also provides
limited supplies. Recent studies have indicated that groundwater occurs in a more
complex system than outlined here, but some simplification is needed for regional water
quality analysis.

A baseline groundwater quality study of the SS was conducted by ADEQ that consisted of
62 sites sampled in 2002 and an additional 17 sites sampled in 1997. Overall, 77
groundwater sites were sampled for inorganic constituents. Samples were also collected
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at selected sites for isotopes of oxygen and hydrogen (62 sites), radon (33 sites),
radiochemistry (23 sites), and pesticide (4 sites) analyses.

Of the 77 sites sampled, 28 met all drinking water quality standards. At 25 sites,
concentrations of at least one constituent exceeded a health-based MCL. MCL
exceedances included arsenic (2 sites under current standards, 17 sites under
standards effective in 2006), beryllium (2 sites), fluoride (19 sites), nitrate (3 sites),
gross alpha (3 sites) and uranium (1 site). At 49 sites, concentrations of at least one
constituent exceeded an aesthetics-based SMCL. SMCL exceedances included chloride
(6 sites), fluoride (35 sites), iron (5 sites), manganese (3 sites), pH (7 sites), sulfate (18
sites), and total dissolved solids or TDS (34 sites).

Groundwater composition and quality vary considerably in the sub-basin. Generally,
groundwater from the alluvial aquifer and bedrock can be used without treatment for
domestic purposes while that obtained from the upper or alluvial aquifer exceeds health
or aesthetic standards. The limited groundwater in the bedrock of the Chiricahua, Dos
Cabezas, Peloncillo, and Pinaleno Mountains generally meets health-based standards
except for gross alpha in the granite rock of the western Dos Cabezas and Pinalenos.
Though variable, groundwater chemistry is most commonly calcium-bicarbonate which is
associated with recharge areas (Robertson, 1991). Concentrations of sodium,
potassium, chloride, sulfate, fluoride, boron, and arsenic are lower in bedrock than in the
upper or lower aquifer (ANOVA test in conjunction with Tukey test, p S 0.05).
Groundwater in the alluvial aquifer also meets health-based standards except for
fluoride at one site. The alluvial aquifer is the most uniform with most sites having
calcium-bicarbonate chemistry. Concentrations of TDS, sodium, chloride, sulfate, boron,
and arsenic are lower in the alluvial aquifer than in the upper or lower aquifer (ANOVA
test in conjunction with Tukey test, p S 0.05). There are few significant water quality
differences between sites in the alluvial aquifer and bedrock.

Groundwater in the lower aquifer rarely met health-based standards because of elevated
fluoride and arsenic concentrations. The high fluoride concentrations are permitted by
very low calcium concentrations which result from a chemically closed system
(Robertson, 1991). This closed system also results in sodium-bicarbonate or sulfate
groundwater chemistry. Aesthetics-based standards such as TDS, sulfate, and pH were
also frequently exceeded. The most depleted or isotropically lightest waters, which may
represent the oldest water in the ss, are generally associated with lower aquifer sites.
Groundwater in the upper aquifer often did not meet health-based MCLs because of
elevated fluoride or nitrate concentrations. Aesthetics-based SMC Ls for TDS and sulfate
were also frequently exceeded. The least uniform geochemically, upper aquifer sites
sometimes reflect major impacts from saline irrigation recharge and/or leakage from the
lower aquifer. Concentrations of calcium, magnesium, hardness, and nitrate were higher
in the upper aquifer than in the lower aquifer (ANOVA test in conjunction with Tukey test,
psoom.

San Rafael Basin - The San Rafael groundwater basin (SRF) baseline groundwater
quality study was conducted by ADEQ in 2002. Located between Sierra Vista and
Nogales along the Mexican border in southeastern Arizona, this semiarid basin is
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relatively untouched by modern development. It contains some of the most pristine
desert grasslands in the Southwest. The basin consists of the San Rafael Valley and
the surrounding slopes of the Patagonia and Huachuca Mountains and the Carmelo
Hills. The local economy was originally based on mining and livestock grazing, but
mining operations have long been inactive (Hadley and Sheridan, 1995).

The SRF is noted as the headwaters of the Santa Cruz River. This watercourse,
perennial in stretches, flows into Mexico and later reenters the U.S. near Nogales,
Arizona. Groundwater from the alluvial aquifer is the principle water source though,
where sufficiently fractured and faulted, mountain hard rock provides limited supplies
(Murphy and Hedley, 1984). For this study, 20 groundwater sites were sampled for
inorganic constituents as well as oxygen and hydrogen isotopes. In addition, samples
were also collected at selected sites for radiochemistry (5), radon gas (5), and Volatile
Organic Compounds (2) analyses.

Two of the 20 sampled sites (10 percent) had concentrations of at least one
constituent that exceeded a health-based MCL. Constituents that exceeded MCLs
included antimony (1 site), lead (1 site), gross alpha (1 site), and uranium (1 site). In
addition, 3 of the 20 sampled sites (15 percent) had concentrations of at least one
constituent that exceeded an aesthetics-based SMCL. Constituents that exceeded
SMC Ls included iron (1 site), manganese (2 sites), sulfate (2 sites), and total
dissolved solids or TDS (2 sites). No Volatile Organic Compounds were detected.

Interpretation of the analytical results of the groundwater quality samples indicates
that groundwater in the SRF generally meets drinking water standards and is suitable
for domestic, municipal, irrigation, and stock purposes. Samples collected from two
sites in the Patagonia Mountains contained all the health-based standard
exceedances and the aesthetics-based guideline exceedances (except one) that
occurred in the SRF. The elevated sulfate, TDs, and trace element levels found at
these sites suggest impacts from the historic mining conducted in the area
(Henderson, 1984). The elevated radionuclide concentrations found at one of these
sites also suggest additional impacts from the granitic geology found in the area
(Lowry and Lowry, 1988).

Groundwater in the SRF is generally fresh, slightly alkaline, and hard based on TDs,
pH, and hardness concentrations (Heath, 1989). The majority of sites had a calcium-
bicarbonate chemistry. The two previously mentioned sites in the Patagonia
Mountains exhibited calcium-sulfate chemistry. Nutrient concentrations were low with
the exception of one site near the center of the basin whose nitrate (as N)
concentration approached the MCL. Barium, fluoride, and zinc were the only trace
elements detected at more than ten percent of sites. Antimony, arsenic, beryllium,
boron, cadmium, chromium, copper, iron, lead, manganese, mercury, nickel,
selenium, silver, and thallium were rarely, if ever, detected. Groundwater quality
constituent concentrations were compared among aquifers, watersheds, and geologic
types, few significant differences were found in any of the groupings (Kruskal-wallis
test in conjunction with the Tukey test, p S 0.05).
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Deuterium and oxygen isotope data formed a Local Meteoric Water Line whose slope of
4.6 conformed to the range of slopes (3 to 6) normally found in arid environments
(Coplen et al., 1999). The most depleted, or isotropically lighter, sites tended to be in the
highest mountains and may be from recent local precipitation less subject to
evaporation. In contrast, the most enriched, or isotropically heaviest, sites tended to be
at lower elevations within the central part of the basin. The levels of these two groups
were found to be significantly different (Kruskal-wallis test, p S 0.01).

Upper San Pedro Basin - Thirty-nine ground-water samples were collected and analyzed
in 1996-1997 by the USGS and ADEQ to assess ground-water quality in the Sierra Vista
sub basin (the Upper San Pedro basin) in southern Arizona. The MCLs and Arizona Aquifer
Water Quality standard for fluoride and the SMCL contaminant levels for fluoride, iron,
manganese, pH, sulfate, and total dissolved solids were exceeded in samples collected
for this study.

On the basis of statistical tests, significant variations were identified between ground-
water quality and well location, well depth and aquifer type. Significant differences were
not identified between ground-water quality data and geology, land use, or ground-water
quality data collected during 1950-65. Temperature and pH values increased and
calcium concentrations decreased with increased well depth. Sodium, potassium, and
fluoride concentrations in samples from the northern part of the sub basin were higher
than concentrations in samples from the southern part of the subbasin. Sodium and
chloride concentrations in samples from bedrock areas were higher than concentrations
in samples from unconfined parts of the basin-fill aquifer, sodium and fluoride
concentrations in samples from confined parts of the basin-fill aquifer in the St. David-
Pomerene area were higher than concentrations in samples from unconfined parts of
the basin-fill aquifer. Geochemical reactions in the basin-fill deposits are responsible for
the concentrations of constituents that exceeded MCLs, SMC Ls, State Aquifer Water
Quality standards, and the statistically significant variations of ground-water quality data
in relation to well location and aquifer type.

Quality-control samples collected and analyzed by the U.S. Geological Survey and the
Arizona Department of Environmental Quality generally verified that combining the
ground-water quality data collected by the two agencies for regional assessment was
acceptable. Statistically significant differences, however, were identified between quality-
control samples collected and analyzed by the two agencies for alkalinity, specific
conductance, magnesium, and potassium concentrations. Consideration of this
variability was taken into account when analyzing the data from this study.

Tucson AMA Basin: Upper Santa Cruz Sub-Basin - Fifty-eight ground-water samples
were collected and analyzed in 1998 by the USGS and ADEQ to assess ground-water
quality and to identify factors affecting ground-water quality in the Upper Santa Cruz
Basin. In addition, pre-existing ground-water quality data for six wells were analyzed to
determine changes in the ground-water quality of the basin over time.

Twenty-nine percent of the ground-water samples collected had concentrations of at
least one constituent that exceeded an MCL. MCLs and State Aquifer Water Quality
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standards were exceeded for arsenic, fluoride, and nitrite plus nitrate. SMC Ls were
exceeded for fluoride, iron, manganese, pH, sulfate, and dissolved solids.

Ground-water quality in the basin is affected by natural factors and human activities. The
natural factors that have the most effect on ground-water quality in the basin are depth
in the aquifer and distance from the major faults. Ground-water temperatures and pH
significantly increased with well depth (p S 0.05). Concentrations of dissolved solids,
alkalinity, calcium, potassium, chloride, and sulfate were significantly higher in samples
collected from wells less than 2 kilometers from major faults than in samples from wells
greater than 2 kilometers from major faults (p S 0.05). Previous studies have attributed
this relation to the upward migration through faults of ground water from gypsiferous
mudstones. Ground-water quality was not significantly different among the various basin-
fill units, between parts of the basin fill that differ in thickness, lateral extent, and
composition north and south of an inferred fault, or among areas that differ in distance
from stream alluvium (p S 0.05).

Human activities have a substantial effect on ground-water quality in the basin. Ground
water that contained recent (post-1953) recharge from urban areas had significantly
higher concentration of nitrite plus nitrate than ground water that did not contain recent
recharge from the land surface (p S 0.05). Ground water that contained recent recharge
from present agricultural areas had significantly higher concentrations of nitrite plus
nitrate, calcium, and potassium than ground water that did not contain recent recharge
from the land surface (p S 0.05). Ground water that contained recent recharge from
present agricultural areas also had significantly higher concentrations of calcium,
potassium, alkalinity, and dissolved solids than ground water that contained recent
recharge from urban areas (p S 0.05).

virgin River Basin - ADEQ completed a baseline groundwater quality study of the Virgin
River Groundwater Basin (VRGB) in 1997. Located in the arid northwest corner of
Arizona, the VRGB consists mainly of undeveloped public lands punctuated by small
areas of private land, some of which contain densely-settled residences utilizing septic
systems for wastewater treatment. A total of 38 groundwater samples were collected for
the study including 33 stratified random samples from four aquifers: Beaver Dam,
Littlefield, Virgin River alluvial, and virgin River basin. All groundwater samples were
analyzed for Safe Drinking Water (sow) inorganic constituents, 10 samples were
analyzed for radionuclides, and 3 samples were analyzed for Groundwater Protection List
(GWPL) pesticides. Laboratory results revealed no detections of GWPL pesticides, while
only one radionuclide sample exceeded the MCL for gross alpha. Inorganic parameter
levels of the VRGB samples did not exceed any health-based MCLs, though aesthetics-
based SMC Ls for chloride, iron, manganese, field pH, sulfate, and total dissolved solids
were exceeded, especially in the Littlefield and Virgin River alluvial aquifers. These
results suggest that regional groundwater quality conditions generally support drinking
water uses, however, some residents may prefer to use treated water for domestic
purposes because of aesthetic reasons.

Piper trilinear diagrams revealed each aquifer in the VRGB had characteristic water
chemistry's: Beaver Dam aquifer had bicarbonate-calcium water, Littlefield and virgin
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River alluvial aquifers had sulfate-calcium water, and virgin River basin aquifer had a
mixed water chemistry. Statistical analyses indicated that many significant differences
exist in groundwater quality parameter levels among aquifers in the VRGB. Generally,
inorganic parameters in the Littlefield and Virgin River alluvial aquifers have significantly
higher levels than the Beaver Dam and Virgin River basin aquifers.

A strong correlation existed among the levels of most groundwater quality parameters in
the VRGB, perhaps indicating a common natural source for most parameters.
Exceptions to this trend include nitrate, fluoride, iron, and manganese, parameters which
may come from other natural or cultural sources. There is also a significant relationship
between decreasing groundwater quality parameter levels and increasing groundwater
depth below land surface in the VRGB, however, when examined by individual aquifer
few of these statistical relationships are present. Thus, these VRGB depth-dependent
parameter levels may be more the result of parameter level differences among aquifers
and the accompanying groundwater depth variations than by any actual relationships
within aquifers.

The groundwater quality of the Beaver Dam and Littlefield aquifers may be impacted by
cultural factors as evidenced by the comparison of upgradient, control samples to the
95% confidence interval established for each aquifer. The presence of poorer-quality
groundwater beneath the Beaver Dam aquifer and better-quality groundwater beneath
the Virgin River alluvial aquifer was also indicated by results of limited sampling of
deeper aquifers.

Willcox Basin - A baseline groundwater quality study of the Willcox Groundwater Basin
(WGB) was completed by ADEQ in 1999. Groundwater is the main water supply in this
semiarid basin, which is located in Cochise and Graham Counties in southeastern
Arizona. The basin is surrounded by topographically higher areas so that most drainage
is internal and flows to the Willcox Playa, an alkali flat in the central portion of the basin.
For the study, 58 groundwater sites - 46 random sites and 12 targeted sites - were
sampled for inorganic constituents. Varying numbers of sites were also sampled for
Volatile Organic Compounds (VOCs) (54 sites), radionuclides (44 sites), nitrogen isotopes
(7 sites), and pesticides (4 sites).

Thirty-six (36) percent of the sample sites had concentrations of at least one constituent
that exceeded a health-based MCL. Constituents exceeding MCLs include antimony (1
site), arsenic (3 sites under current standards, 9 sites under standards due to become
effective in 2006), fluoride (8 sites), nitrate (5 sites), gross alpha (8 sites), and radium-
226+228 (1 site). Forty (40) percent of the sample sites had concentrations of at least
one constituent that exceeded an aesthetics-based SMCL. Constituents exceeding
SMC Ls include chloride (2 sites), fluoride (13 sites), iron (1 site), manganese (1 site), pH
(4 sites), sulfate (4 sites), and total dissolved solids or TDS (11 sites). At one site, VOCs
were detected that are common by-products of chlorination (Morrow, 1999). No
pesticides or related degradation by-products were detected. Although water quality
constituent exceedances occurred throughout the basin, they were largely concentrated
in four areas: near the Spike E Hills northeast of the city of Willcox (fluoride, arsenic, and
pH), areas of granitic rock (gross alpha), northwest of the Sulphur Hills (nitrate, fluoride,
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and sulfate), and immediately west of the Willcox Playa (chloride and sulfate). The study
results suggest that, apart from these areas, groundwater appears to be largely suitable
for domestic uses.

Groundwater in the WGB is generally fresh, slightly alkaline, and varies widely in
hardness concentrations. The chemistry is typically calcium-bicarbonate except near the
Willcox Playa (sodium-mixed anion) and northwest of the Sulphur Hills (calcium-sulfate).
Twenty-five (25) percent of sites had nitrate (as nitrogen) concentrations (> 3 mg/L)
which may indicate impacts from human activities (Madison and Brunette, 1984).
Analyses were conducted on 18 trace elements, only boron, chromium, fluoride, and zinc
were detected at more than 10 percent of sample sites.

Groundwater quality varied significantly by aquifer, geology, geographic location, and
with groundwater depth. Constituents such as nitrate, pH, potassium, and temperature
were higher in the alluvial aquifer than in hard rock areas. Sodium and chloride were
higher in young alluvium near the Willcox Playa than in old alluvium. Gross alpha was
higher in groundwater associated with granite rock than in old and young alluvium.
Bicarbonate, calcium, hardness, and sulfate were higher in the southern portion of the
basin than in the northern portion (Kruskal-wallis test, p S 0.05). Many constituents
such as bicarbonate, calcium, chloride, gross alpha, hardness, sodium, sulfate, TDS, and
total Kjeldahl nitrogen decreased with increasing groundwater depth below land surface
(bis) (regression analyses, p S 0.05). TDS and some major ions attained a critical level
at approximately 110 feet bis. These constituent levels remained generally constant at
groundwater depths greater than the critical level but were highly variable and
sometimes dramatically higher at depths shallower than 110 feet bis.

Although only limited time-trend analyses were conducted for this study, constituents in
most areas of the basin appear to be controlled by natural geochemical reactions and
would probably not vary significantly in the short term. An exception may occur near
Kansas Settlement, a farming community located southeast of the Willcox Playa.
Targeted sampling conducted indicates that shallow groundwater quality is probably
impacted by a variety of sources, especially irrigation recharge carrying salts and nitrate.

Yuma Basin - ADEQ conducted a baseline groundwater quality study of the Yuma
Groundwater Basin (YGB) in 1995. Fifty-five wells were sampled for Safe Drinking Water
(sow) inorganic constituents, with a lesser number of samples collected for the banned-
pesticides DBCP and EDB (41 samples), Groundwater Protection List pesticides (21
samples), and radionuclides (7 samples). A stratified random sampling design was used
to select 42 wells that are equally distributed in three physiographic areas (Gila Valley,
Yuma Mesa, and Yuma Valley) and two groundwater zones (upper, fine-grained and
lower, coarse-gravel). Also sampled were 13 wells targeted around land uses and/or an
area of high nitrate levels.
Laboratory results revealed no detection of any pesticides. of the inorganic and
radionuclide parameters with health-based MCLs, only nitrate (as N) exceeded the water
quality standard in five wells - four of which are located in the eastern South Gila Valley.
In this area of high nitrate levels, one nitrate sample exceeded the Primary MCL by a
factor of twelve. of inorganic parameters with aesthetics-based SMC Ls, chloride, iron,
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manganese, sulfate, and total dissolved solids frequently exceeded water quality
standards. This data suggests that regional groundwater quality conditions in the YGB
generally support drinking water uses but because of aesthetic factors, residents may
prefer to use treated water for some domestic purposes.

YGB groundwater has no dominant water chemistry and is chemically fairly uniform and
similar to Colorado River water. Many groundwater quality parameter levels are
positively correlated with one another which may indicate a common source of salts and
minerals. These findings support the assertion made by previous studies that
groundwater in the YGB consists largely of recharged Colorado River water (Olmstead,
Loeltz and lrelan, 1973).

Statistical analyses comparing the upper, fine-grained and lower, coarse-gravel
groundwater zones indicate no significant differences exist between groundwater quality
parameter levels, however, when groundwater quality parameter levels are compared
with groundwater depth below land surface (bis), many parameters have decreasing
levels significantly related to increasing groundwater depth bis. Numerous statistically-
significant differences exist in groundwater quality parameter levels among
physiographic areas, with many inorganic parameters having higher levels in Gila Valley
than Yuma Mesa and Yuma Valley. These spatial groundwater quality differences may
be due to unique histories involving how long an area has been irrigated, depth to
groundwater, and especially, the source of irrigation water. The irrigation source in Gila
Valley has predominately been groundwater with this resource being constantly recycled
and degraded, in contrast, "fresher" Colorado River water has been chiefly applied for
agriculture in the Yuma Mesa and Yuma Valley. A time trend analysis conducted on 15
wells sampled by both the U.S. Bureau of Reclamation in 1989-90 and ADEQ in 1995
showed few significant groundwater quality parameter level differences indicating that
groundwater quality has been relatively unchanged during this time period.
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Appendix A - Maps of Actual and Inferred Nitrate (as Nitrogen)
Concentrations in Selected Basin-Fill Aquifers
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ARIZONA WATER COMPANY
PRELIMINARY COST ESTIMATE

DATE PREPARED:

7/31/15
PREPARED BY:

AJH

APPROVED BY: SYSTEM:

Pinal Valley

DIVISION:

Casa Grande
NAME OF APPLICANT: PE # WA #

PROPERTY DEscRipTion;
Construct a 1,500 rpm Ion Exchange Nitrate Removal Facility at Pinal Valley Well No. so, purchase
property and construct a 500,000 gallon steel water storage tank and 3,000 rpm booster pump
station.

MATERIALS AND LABOR ESTIMATED PROJECT COST

ACCOUNT QUANTITY DESCRIPTION

ADVANCE FOR
CONSTRUCTION

NON-REFUNDABLE
CONTRIBUTION

1 Concrete Slabs and Site Work s 400,000

1 Treatment, Bypass, and Regeneration Piping 400,000

1 Ion Exchange Vessels and Media 1,100,000

1 Electrical and Instrumentation Controls, SCADA 450,000

1 Brine Regeneration System 600,000

1 Contracting Tax 125,000

1 Purchase Property 200 000

1 Construct 500,000 gallon welded steel water storage tank 600,000

1 Construct 3,000 rpm booster pump station 1 ,300.000

(1) SUBTOTAL - MATERIALS AND LABOR 5,175 000$ $
(2) PERFORMANCE BOND @ _;% oF LINE (1)

104,000

(3) SURVEY, R.O.W. PERMITTING, TESTING AND FIELD INSPECTION 104,000
(4) SUBTOTAL - LINES (1), (2) AND (3)

$ 5,383,000 $
(5)OVERHEAD- 1 z  % OF LlnE(4> 646,000
(8) PREPARATION OF DETAILED PLANS, SPECIFICATIONS, AND COST
ESTIMATES 500,000

SUBTOTAL - LINES (4), (5) AND (6) $ 6,529,000 $

ESTIMATED COST OF CONSTRUCTION $ 6,529,000
AFH
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ARIZONA WATER COMPANY
PRELIMINARY COST ESTIMATE

DATE PREPARED:

7/31/15
PREPARED BY:

AJ H

APPROVED BY:

l

SYSTEM :

Penal Valley

DIVISION:

Casa Grande
NAME OF APPLICANT: PE # WA #

TlON:Q'R TYDE C
Construct a 1,500 rpm Reverse Osmosis Nitrate Removal Facility at Pinal Valley Well No. 33,
purchase property and construct a 500,000 gallon steel water storage tank and 3,000 rpm booster
pump station.

MATERIALS AND LABOR ESTIMATEDPROJECT COST

ACCOUNT QLIANTIW DESCRIPTION

ADVANCE FOR
CONSTRUCTION

NON-REFUNDABLE
CONTRIBUTION

1 Concrete Slabs and Site Work 450,000$

1 Pretreatment Filters 450,000

1 Chemical Systems for pH Adjustment and Scale Inhibitor 550,000

1 Treatment and Bypass Piping 650,000

1 Reverse Osmosis Treatment Trains and Feed Pumps 1 ,500,000

1 Building for Treatment Train and Chemical Systems 300,000

1 Electrical and Instrumentation Controls SCADA 750,000

1 Waste Stream Handling System 750,000

1 Contracting Tax 200,000

1 Purchase Property 400,000

1 Construct 500,000 gallon welded steel water storage tank 600,000

1 Construct 3,000 rpm booster pump station 1,300,000

(1) SUBTOTAL _ MATERIALS AND LABOR
$ 7,900.000 $

(2) PERFORMANCE BOND @ __8_% OF LINE (1)
158.000

(3) SURVEY, R.O.W. PERMITTING, TESTING AND FIELD INSPECTION
158,000

(4) SUBTOTAL - LINES (1), (2) AND (3)
8,216,000$ $

(al OVERHEAD- 12 %oF UNE (4)
986,000

(5) PREPARATION OF DETAILED PLANS, SPECIFICATIONS, AND COST
700,000

SUBTOTAL - LINES (4), (5) AND (6) $ 9,902,000 $

ESTIMATED cosT OF CONSTRUCTION $ 9,902,000

AFH
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PROPERW IEscRlrTlon

ARIZONA WATER COMPANY
PRELIMINARY COST ESTIMATE

DATE PREPARel1

7/31/15
PREPARED BY:

AJ H

APPROVED BY: SYSTEM:

Pinar Vallev

DIVISION.

Casa Grande
NAME OF APPLICANT: PE # WA *

I •

lConstruct a 1.500 pm Electrodialysis Nitrate Removal Facility at Pnal Valley Well No. 33, purchase
properly and construct a 500,000 gallon steel water storage tank and 3,000 rpm booster pump
station.

M ATERIALS AND LABOR ESTIMATED PROJECT COST

ACCOUNT QUANTITY DESCRIPTION
As»vAncE FOR

CONSTRUCTION
NON-REFUNDABLE

CONTRIBUTION

1 Concrete Slabs and Site World $ 450.000

1 Pretreatment Flters 450.000

1 Chemical Systems for pH Adjustment and Scale Inhibitor 550.000

1 Treatment and Bypass Pping 650.000

1 Electrodialys s Treatment Trains 2,000,000

1 Building for Treatment Train and Chemical Systems 300.000

1 Electrical and Instrumentation Controls, SCADA 1 .250.000

1 Waste Stream Handling System 750.000

1 Contracting Tax 225.000

1 Purchase Property 400.000

1 Construct 500.000 gallon welded steel water storage tank 600.000

1.300.0001 Construct 3.000 rpm booster pump station

( 1 )  S U B T O T A L  n m  M A T E R I A L S  A N D  L A B O R
$ 8,925,000 _$

( 2 )  P E R F O R M A N C E  B O N D  @ 2  % O F  L I N E  ( 1 )
179,000 -

( 3 )  S U R V E Y ,  R . O . W .  P E R M I T T I N G ,  T E S T I N G  A N D  F I E L D  I N S P E C T I O N
179.000

(4) SUBTOTAL _ LINES (1), (2) AND (a)
s 9-283-000 $

(5) OVERHEAD- 12 %oF LINE (4)
1,114,000

( 6 )  P R E P A R A T I O N  O F  D E T A I L E D  P L A N S ,  S P E C I F I C A T I O N S ,  A N D  C O S T
¢ ' ¢ ' T l \ 4 l \T l ' 800,000
S U B T O T A L  _  L I N E S  ( 4 ) »  ( 5 )  A N D  ( 6 )

11,197,000s $
E S T I M A T E D  C O S T  O F  C O N S T R U C T I O N

11,197,000$

AFH

Eleckadialysls Cs! Asa I a/wzm s
06/20/11 I FKS:AFH I E-3-14-1a

_IIII I I



Western Group Rate Case

Exhibit FKS-24



Pinal Valley Well No. 7 Nitrate Removal Facility Project Description

Background
Arizona Water Company drilled Pinal Valley Well No. 7 in 1956. Since the well was

completed nitrate concentrations have trended upwards, are currently above 9 mg/L and continue
to increase. The United States Environmental Protection Agency Maximum Contaminant Level
for nitrate is 10 mg/L. Exceeding this MCL is a Tier l violation requiring public notice within
24 hours of the violation. Arizona Water Company engineers evaluated multiple nitrate
mitigation alternatives and determined constructing a nitrate removal facility is the most certain
and cost effective solution to remove high nitrate concentrations from drinking water.

Location
Pinal Valley Well No. 7 is located at 125 W. Northern Road in Coolidge, Arizona, east of

Highway 87 along Norther Road, in the Company's Pinal Valley water system.

Objective .
Reduce the nitrate concentration in water from Pinal Valley Well No. 7 to comply with

Safe Drinking Water Act.

Project Description
Currently Well No. 7 pumps to a water storage tank, then to the distribution system

through a booster pump station. Arizona Water Company will purchase property to construct a
nitrate removal facility. Arizona Water Company will investigate a suitable location near Well
No. 7.

Arizona Water Company will pump groundwater from Pinal Valley Well No. 7 through
the nitrate removal facility utilizing ion exchange technology to reduce elevated nitrate
concentrations. The treated groundwater is pumped to the storage tank where the booster pump
station will pump the water into the distribution system .

The nitrate removal facility will utilize ion exchange technology with a salt brine
regeneration system. Major components of the nitrate removal facility include coated carbon
steel treatment vessels, salt brine tank, recycle tank and waste tanks. Arizona Water Company
will use ductile iron or other compatible pipe materials for the vessel face piping. The fully
automated regeneration process will use motor operated valves and online analyzers to
regenerate the ion exchange resin when it is saturated with nitrates. Arizona Water Company
will integrate the nitrate removal facility into its existing Pinal Valley SCADA system .

Arizona Water Company will size the nitrate removal facility to treat 1,250 gallons per
minute, the production capacity of Pinal Valley Well No. 7. The nitrate removal facility will
treat a design raw water nitrate concentration of 15 mg/L down to a target treated nitrate
concentration of 7 mg/L. The nitrate removal facility will include bypass piping to blend raw
water with treated water to reach the 7 mg/L goal.

Arizona Water Company engineers estimate the cost to design and construct the nitrate
removal facility, tank and booster pump station is $3.5 million.

I



ARIZONA WATER COMPANY
PRELIMINARY COST ESTIMATE

DATE PREPARED:

7/31/15
PREPARED BY:

AJH
APPROVED BY: SYSTEM:

Pinal Valley
DIVISION:

Casa Grande
NAME OF APPLICANT: PE# WA #

•PR PERTY DESCRIPTION:
Construct a 1,250 rpm Nitrate Removal Facility at Pinal Valley Well No. 7.

MATERIALS AND LABOR ESTIMATED PROJECT COST

ACCOUNT QUANTITY DESCRIPTION
ADVANCE FOR

CONSTRUCTION
NON-REFUNDABLE

CONTRIBUTION

1 Concrete Slabs and Site Work $ 400,000

1 Treatment, Bypass, and Regeneration Piping 350,000

1 Ion Exchange Vessels and Media 1 ,000,000

1 Electrical and Instrumentation Controls 400,000

1 Brine Regeneration System 500,000

1 Contracting Tax 50,000

(1) SUBTOTAL _ MATERIALS AND LABOR $ 2,700,000 $
(2) PERFORMANCE BOND @ _2% oF LINE (1) 54,000
(3) SURVEY, R.O.W. PERMITTING, TESTING AND FIELD INSPECTION 54,000
(4) SUBTOTAL - LINES (1), (2) AND (3) $ 2,808,000 $
(5) OVERHEAD - 12 % OF LINE (4) 337,000
(6) PREPARATION OF DETAILED PLANS, SPECIFICATIONS, AND COST
ESTIMATES 325,000
SUBTOTAL _ LINES (4), (5) AND (6) 3,470,000$ $
ESTIMATED COST OF CONSTRUCTION $ 3,470,000
AFH
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Pinal Valley Well No. 27 Nitrate Removal Facility Project Description

Background
Arizona Water Company drilled Pinal Valley Well No. 27 in 1998. After the well was

completed, nitrate concentrations were approximately 7 mg/L. Since that time, nitrate
concentrations have trended upwards, are currently above 12 mg/L and continue to increase.
AWC blends water from Well No. 27 with another low nitrate source to reduce the blended
nitrate concentration to 9 mg/L prior to entry into the distribution system. The United States
Environmental Protection Agency Maximum Contaminant Level for nitrate is 10 mg/L.
Exceeding this MCL is a Tier l violation requiring public notice within 24 hours of the violation.
Arizona Water Company engineers evaluated multiple nitrate mitigation alternatives and
determined constructing a nitrate removal facility is the most certain and cost effective solution
to remove high nitrate concentrations from drinking water.

Location
Pinal Valley Well No. 27 is located at 7317 W. McCartney Road in Casa Grande,

Arizona, east of 1-10, along McCartney Road in the Company's Pinal Valley water system.

Objective
Reduce the nitrate concentration in water from Pinal Valley Well No. 27 to comply with

Safe Drinking Water Act.

Project Description
Currently Well No. 27 pumps to a water storage tank where it blends with another low

nitrate source to reduce the blended nitrate concentration to 9 mg/L, then to the distribution
system through a booster pump station .

Arizona Water Company will pump groundwater from Pinal Valley Well No. 27 through
an on-site nitrate removal facility utilizing ion exchange technology to reduce elevated nitrate
concentrations. The treated groundwater is pumped to the on-site water storage tank where the
existing booster pump station will pump the water into the distribution system .

The nitrate removal facility will utilize ion exchange technology with a salt brine
regeneration system. Major components of the nitrate removal facility include coated carbon
steel treatment vessels, salt brine tank, recycle tank and waste tanks. Arizona Water Company
will use ductile iron or other compatible pipe materials for the vessel face piping. The fully
automated regeneration process will use motor operated valves and online analyzers to
regenerate the ion exchange resin when it is saturated with nitrates. Arizona Water Company
will integrate the nitrate removal facility into its existing Pinal Valley SCADA system .

Arizona Water Company will size the nitrate removal facility to treat 500 gallons per
minute, the production capacity of Pinal Valley Well No. 27. The nitrate removal facility will
treat a design raw water nitrate concentration of 18 mg/L down to a target treated nitrate
concentration of 7 mg/L. The nitrate removal facility will include bypass piping to blend raw
water with treated water to reach the 7 mg/L goal.

I'll IIII



Arizona Water Company engineers estimate the cost to design and construct the nitrate
removal facility, tank and booster pump station is $2.4 million.
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ARIZONA WATER
PRELIMINARY COST ESTIMATE

DATE PREPARED:

7/31/15
PREPARED BY:

AJ H

APPROVED BY: SYSTEM:

Pinal Valley

DIVISION:

Casa Grande
NAME OF APPUCANT: PE# WA #

PROPERTY DESCRIPTION:
Construct a 500 rpm Nitrate Removal Facility at Pinal Valley Well No. 27.

MATERIALS AND LABOR ESTIMATED PROJECT COST

ACCOUNT QUANTITY DESCRIPTION

ADVANCE FOR

CONSTRUCTION
NON-REFUNDABLE

CONTRIBUTION

1 Concrete Slabs and Site Work $ 300,000

1 Treatment, Bypass, and Regeneration Piping 200,000

1 Ion Exchange Vessels and Media 750,000

1 Electrical and Instrumentation Controls 300,000

1 Brine Regeneration System 250,000

1 Contracting Tax 50,000

(1) SUBTOTAL _ MATERIALS AND LABOR
$ 1,850,000 $

(2) PERFORMANCE BOND @ _;% oF LINE (1)
37,000

(3) SURVEY, R.O.W. PERMITTING, TESTING AND FIELD INSPECTION
37,000

(4) SUBTOTAL - LINES (1), (2) AND (3)
$ 1 ,924,000 $

(5)ovERHEAD- 12 % oF LlnE(4)
231,000

(6) PREPARATION OF DETAILED PLANS, SPECIFICATIONS, AND COST
ESTIMATES 225,000

SUBTOTAL - LINES (4), (5) AND (6) $ 2,380,000 $

ESTIMATED COST OF CONSTRUCTION
$ 2,380,000

AFH
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Pinal Valley Well No. 32 Nitrate Removal Facility Project Description

Background
Arizona Water Company drilled Pinal Valley Well No. 32 in 2007. After the well was

completed, nitrate concentrations were approximately 7 mg/L. Since that time, nitrate
concentrations have trended upwards, are currently above 9 mg/L and continue to increase. The
United States Environmental Protection Agency Maximum Contaminant Level for nitrate is 10
mg/L. Exceeding this MCL is a Tier 1 violation requiring public notice within 24 hours of the
violation. Arizona Water Company engineers evaluated multiple nitrate mitigation alternatives
and determined constructing a nitrate removal facility is the most certain and cost effective
solution to remove high nitrate concentrations from drinking water

Location
Pinal Valley Well No. 32 is located at 278 E. Santa Ynez in Casa Grande, Arizona, east

of I-l0, south of Florence Blvd. in the Company's Pinal Valley water system

Objective
Reduce the nitrate concentration in water from Pinal Valley Well No. 32 to comply with

Safe Drinking Water Act

Project Description
Currently Well No. 32 pumps directly to the distribution system. However, Industry

practice is for the well to pump to a water storage tank, then to the distribution system through a
booster pump station. Arizona Water Company will purchase property to construct a water
storage tank and booster pump station. Arizona Water Company is currently investigating a
suitable location near Well No. 32

Arizona Water Company will pump groundwater from Pinal Valley Well No. 32 through
an on-site nitrate removal facility utilizing ion exchange technology to reduce elevated nitrate
concentrations. The treated groundwater is pumped to an off-site water storage tank where a
booster pump station will pump the water into the distribution system

The nitrate removal facility will utilize ion exchange technology with a salt brine
regeneration system. Major components of the nitrate removal facility include coated carbon
steel treatment vessels, salt brine tank, recycle tank and waste tanks. Arizona Water Company
will use ductile iron or other compatible pipe materials for the vessel face piping. The fully
automated regeneration process will use motor operated valves and online analyzers to
regenerate the ion exchange resin when it is saturated with nitrates. Arizona Water Company
will integrate the nitrate removal facility into its existing Pinal Valley SCADA system

Arizona Water Company will size the nitrate removal facility to treat 1,500 gallons per
minute, the production capacity of Pinal Valley Well No. 32. The nitrate removal facility will
treat a design raw water nitrate concentration of 15 mg/L down to a target treated nitrate
concentration of 7 mg/L. The nitrate removal facility will include bypass piping to blend raw
water with treated water to reach the 7 mg/L goal



Arizona Water Company will construct a 500,000 gallon welded steel water storage tank
on the purchased property. It is critical to have a water storage tank to limit the starts and stops
of a treatment plant and well. A 3,000 gallon per minute booster pump station will pump water
from the water storage tank into the distribution system. The booster pump station is sized with
firm capacity to pump the sum of 1,500 gallons per minute from Well No. 32 and 1,500 gallons
per minute for local fire flow.

Well No. 32 and the purchased property are located within the Mission Royale
subdivision and bound by its Covenants, Conditions, and Restrictions. Arizona Water Company
must amend the Covenants, Conditions, and Restrictions and obtain a Conditional Use Permit
from the City of Casa Grande to construct the nitrate removal facility, water storage tank, and
booster pump station.

Arizona Water Company engineers estimate the cost to design and construct the nitrate
removal facility, tank and booster pump station is $6.5 million.
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ARIZONA WATER
PRELIMINARY COST ESTIMATE

DATE PREPARED:

7/31/15
PREPARED BY:

AJH

APPROVED BY: SYSTEM:

Pinal Valley

DIVISION:

Casa Grande
NAME OF APPLICANT: PE# WA #

PROPERTY DESCRIPTION:
Construct a 1,500 rpm Nitrate Removal Facility at Pinal Valley Well No. 32, purchase property and
construct a 500,000 gallon steel water storage tank and 3,000 rpm booster pump station.

MATERIALS AND LABOR ESTIMATED PROJECT COST

ACCOUNT QUANTITY DESCRIPTION

ADVANCE FOR

CONSTRUCTION
NON-REFUNDABLE

CONTRIBUTION

1 Concrete Slabs and Site Work $ 400,000

1 Treatment, Bypass, and Regeneration Piping 400,000

1 ion Exchange Vessels and Media 1,100,000

1 Electrical and Instrumentation Controls, SCADA 450,000

1 Brine Regeneration System 600,000

1 Contracting Tax 125,000

1 Purchase Property 200,000

1 Construct 500,000 gallon welded steel water storage tank 600,000

1 Construct 3,000 rpm booster pump station 1 ,300,000

(1) SUBTOTAL - MATERIALS AND LABOR
$ 5,175,000 $

(2) PERFORMANCE BOND @ _2% oF LINE (1)
104,000

(3) SURVEY, R.O.W. PERMITTING, TESTING AND FIELD INSPECTION
104,000

(4) SUBTOTAL - LINES (1), (2) AND (3)
$ 5,383,000 $

(5) OVERHEAD - 12 _% OF LINE (4)
646,000

(6) PREPARATION OF DETAILED PLANS, SPECIFICATIONS, AND COST
ESTIMATES 500,000

SUBTOTAL - LINES (4), (5) AND (6) $ 6,529,000 $

ESTIMATED COST OF CONSTRUCTION
$ 6,529,000

AFH
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Pinal Valley Well No. 33 Nitrate Removal Facility Project Description

Background
Arizona Water Company drilled Pinal Valley Well No. 33 in 2007. After the well was

completed, nitrate concentrations were approximately 7 mg/L. Since that time, nitrate
concentrations have trended upwards, are currently above 9 mg/L and continue to increase, as
shown in Figure l. The United States Environmental Protection Agency Maximum Contaminant
Level for nitrate is 10 mg/L. Exceeding this MCL is a Tier 1 violation requiring public notice
within 24 hours of the violation. Arizona Water Company engineers evaluated multiple nitrate
mitigation alternatives and detennined constructing a nitrate removal facility is the most certain
and cost effective solution to remove high nitrate concentrations from drinking water.

Location
Pinal Valley Well No. 33 is located at 2602 E. Hancock in Casa Grande, Arizona, east of

1-10, south of Florence Blvd. in the Company's Pinal Valley water system.

Objective
Reduce the nitrate concentration in water from Pinal Valley Well No. 33 to comply with

Safe Drinking Water Act.

Project Description
Currently Well No. 33 pumps directly to the distribution system. However, Industry

practice is for the well to pump to a water storage tank, then to the distribution system through a
booster pump station. Arizona Water Company will purchase property to construct a water
storage tank and booster pump station. Arizona Water Company is currently investigating a
suitable location near Well No. 33.

Arizona Water Company will pump groundwater from Pinal Valley Well No. 33 through
an on-site nitrate removal facility utilizing ion exchange technology to reduce elevated nitrate
concentrations. The treated groundwater is pumped to an off-site water storage tank where a
booster pump station will pump the water into the distribution system.

The nitrate removal facility will utilize ion exchange technology with a salt brine
regeneration system. Major components of the nitrate removal facility include coated carbon
steel treatment vessels, salt brine tank, recycle tank and waste tanks. Arizona Water Company
will use ductile iron or other compatible pipe materials for the vessel face piping. The fully
automated regeneration process will use motor operated valves and online analyzers to
regenerate the ion exchange resin when it is saturated with nitrates. Arizona Water Company
will integrate the nitrate removal facility into its existing Pinal Valley SCADA system. A
conceptual design of the nitrate removal facility is provided on Figure 2.

Arizona Water Company will size the nitrate removal facility to treat 1,500 gallons per
minute, the production capacity of Pinal Valley Well No. 33. The nitrate removal facility will
treat a design raw water nitrate concentration of 15 mg/L down to a target treated nitrate
concentration of 7 mg/L. The nitrate removal facility will include bypass piping to blend raw
water with treated water to reach the 7 mg/L goal.

1--1 I I Illll l  I l l



Arizona Water Company will construct a 500,000 gallon welded steel water storage tank
on the purchased property. It is critical to have a water storage tank to limit the starts and stops
of a treatment plant and well. A 3,000 gallon per minute booster pump station will pump water
from the water storage tank into the distribution system. The booster pump station is sized with
firm capacity to pump the sum of 1,500 gallons per minute from Well No. 33 and 1,500 gallons
per minute for local fire flow. A conceptual design of the water storage tank and booster pump
station is provided on Figure 3.

Well No. 33 and the purchased property are located within the Mission Royale
subdivision and bound by its Covenants, Conditions, and Restrictions. Arizona Water Company
must amend the Covenants, Conditions, and Restrictions and obtain a Conditional Use Permit
from the City of Casa Grande to construct the nitrate removal facility, water storage tank, and
booster pump station.

Arizona Water Company engineers estimate the cost to design and construct the nitrate
removal facility, tank and booster pump station is $6.5 million, as shown in Figure 4. The
estimated annual operations and maintenance costs are $1 .77 million, as shown in Figure 5.
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ARIZONA WATER
PRELIMINARY COST ESTIMATE

DATE PREPARED:

7/31/15
PREPARED BY:

AJH

APPROVED BY: SYSTEM:

Pinal Valley

DIVISION:

Casa Grande
NAME OF APPLICANT: PE# WA #

PROPERTY DESCRIPTION:
Construct a 1,500 rpm Nitrate Removal Facility at Pinal Valley Well No. 33, purchase property and
construct a 500,000 gallon steel water storage tank and 3,000 rpm booster pump station.

MATERIALS AND LABOR ESTIMATED PROJECT COST

ACCOUNT QUANTITY DESCRIPTION

ADVANCE FOR
CONSTRUCTION

NON-REFUNDABLE
CONTRIBUTION

1 Concrete Slabs and Site Work $ 400,000

1 Treatment, Bypass, and Regeneration Piping 400,000

1 Ion Exchange Vessels and Media 1,100,000

1 Electrical and Instrumentation Controls, SCADA 450,000

1 Brine Regeneration System 600,000

1 Contracting Tax 125,000

1 Purchase Property 200 000

1 Construct 500,000 gallon welded steel water storage tank 600,000

1 Construct 3,000 rpm booster pump station 1 ,300,000

(1) SUBTOTAL _ MATERIALS AND LABOR
$ 5,175,000 $

(2) PERFORMANCE BOND @ _;% OF LINE (1) 104,000

(3) SURVEY, R.O.W. PERMITTING, TESTING AND FIELD INSPECTION 104,000

(4) SUBTOTAL - LINES (1), (2) AND (3)
$ 5,383,000 $

(5) OVERHEAD- 12 %oF LINE (4) 646,000

(6) PREPARATION OF DETAILED PLANS, SPECIFICATIONS, AND COST
ESTIMATES 500,000

SUBTOTAL - LINES (4), (5) AND (6) $ 6,529,000 $

ESTIMATED COST OF CONSTRUCTION $ 6,529,000

Figure 4

AFH
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Penal Valley Well No. 33 Nitrate Removal Facility

Estimated Operational and Maintenance Costs

• Arizona Water Company operates nitrate removal facility at Well Nos. 9and10 in

Coolidge

Operational and maintenance costs for the Well Nos. 9 and 10 nitrate removal facility

were approximately $1,370 per acre-foot of treated water in 2014

Operational and maintenance costs include chemicals, waste disposal, labor, vehicles, and

repair materials

• Well No. 33 has similar water quality to Well Nos. 9 and 10 in Coolidge

Well No. 33 nitrate removal facility will utilize the same ion exchange treatment

technology at the Well Nos. 9 and 10 nitrate removal facility

Well No. 33 is permitted for 1,290 acre-feet per year

Assumptions

• Assume operational and maintenance costs for the Well No. 33 nitrate removal facility

will equal those of the Well Nos. 9 and 10 nitrate removal facility ($1,370 per acre-foot)

• Assume Arizona Water Company will pump and treat full annual allocation of Well No

33 at the nitrate removal facility (1,290 acre-feet per year)

Calculations

Annual O&M Costs = (1,290 acre feet per year) * ($1,370 per acre foot)

Back round

Annual 08zMCosts = $1.77 Million per year



H-I..

I I | l | | | | 1 | l I I 1 1. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1L L l

l SS PCCP + Cone.

BSS Steel

SS PVC

SS AC

SS I

ITS CICL

SS CI

Growth

L 1 L 1 L L l | |L L | I I I I | I L

SVS PCCP + Conc.

In SVS Steel

I SVS PVC

SVS AC

SVS `l

I SVS CICL

SVS CI

Growth

Investment for Replacement & Growth
South Small

$6,000

$5,000

$4,000
an
c
.2

E

$3,000

$2,000

$1 ,000

$0
v-I

fol

LmH
o
N

N

N

£8 9
8

m
M

N

Q8
m
<r

N

8
nO

CI: cast iron. CICL: cast iron cement lined; DI: ductile iron; AC: asbestos cement; PV: polyvinyl chloride;
PCCP: prestressed concrete cylinder pipe
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CI: cast iron; CICL: cast iron cement lined; DI: ductile iron, AC: asbestos cement; PV: polyvinyl chloride.
PCCP: prestressed eondete cylinder pipe

T h e  ch ar ts  sh ow n eed s  for  r ep l acem en t  of  p ar t i cu l a r  typ es  of  p i p e  an d  for  g r owth  (see  th e  k eys  b e l ow
and  to the  r i gh t  of  the  char t ) .  An  ar t i fac t  of  the  m odel  and  US  Census data  r esu l t  i n  an  appar en t  upwar d
or  d own war d  " sp i k e"  i n  g r owth - r e l a ted  n eed s  b e tween  cer ta i n  d ecad es .  I n  r ea l i ty ,  th e  ap p ar en t  su d d en
sh i f t  i n  g r owth - r e l a ted  n eed s  wi l l  b e  sp r ead  m or e  even l y  over  th e  year s  b r i d g i n g  each  d ecad e  to th e  n ext .
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CI: cast iron,CICL: cast ironcementlined, DI:ductileiron, AC: asbestoscement, PV: polyvinylchloride,
PCCP:prestressed concretecylinder pipe

Investment for Replacement & Growth
West Medium
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CI:cast iron, CICL: cast iron cement lined, DI: ductile iron, AC: asbestos cement, PV: polyvinyl chloride,
PCCP: prestressed concrete cylinder pipe

T h e  ch ar ts  sh ow n eed s  for  r ep l acem en t  of  p ar t i cu l a r  typ es  of  p i p e  an d  for  g r owth  (see  th e  k eys  b e l ow
and  to the  r i gh t  of  the  char t ) .  An  ar t i fac t  of  the  m odel  and  US  Census data  r esu l t  i n  an  appar en t  upwar d
or  d own war d  " sp i k e"  i n  g r owth - r e l a ted  n eed s  b e tween  cer ta i n  d ecad es .  I n  r ea l i ty ,  th e  ap p ar en t  su d d en
sh i f t  i n  g r owth - r e l a ted  n eed s  wi l l  b e  sp r ead  m or e  even l y  over  th e  year s  b r i d g i n g  each  d ecad e  to th e  n ext .
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Investment for Replacement & Growth
West Small
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CI: cast iron, CICL: cast iron cement lined, DI: ductile iron, AC: asbestos cement, PV: polyvinyl chloride
PCCP: prestressed concrete cylinder pipe

Investment for Replacement & Growth
West Very Small
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CI: cast iron, CICL: castironcementlined, DI: ductile iron, AC:asbestos cement,PV: polyvinyl chloride
PCCP: prestressed concrete cylinder pipe

The charts show needs for replacement of particular types of pipe and for growth (see the keys below
and to the right of the chart). An artifact of the model and US Census data result in an apparent upward
or downward "spike" in growth-related needs between certain decades. In reality, the apparent sudden
shift in growth-related needs will be spread more evenly over the years bridging each decade to the next

8
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RepI. + Growth/Household -ReplacemenUHousehold

»Repl. + Growth/Household ¢ Replacement/Household

Household Cost of Needed Investment
for Replacement Plus Growth*

Northeast Large
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*This assumes costs are spread evenly across households of 2.6 persons each, based on data from the US Census.

Household Cost of Needed Investment
for Replacement Plus Growth*

Northeast Medium
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*This assumes costs are spread even/y across households of 2. 6 persons each, based on Dara from the US Census.

The charts show per household costs for replacement, and for replacement plus growth. The model assumes
costs are spread evenly over households averaging 2.6 persons per household in accordance with US Census
data. An artifact of the model and US Census data result in an apparent upward or downward "spike" in growth-
related needs between certain decades.
spread more evenly over the years bridging each decade to the next.

In reality, the apparent sudden shift in growth-related needs will be
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Household Cost of Needed Investment
for Replacement Plus Growth

Northeast Small

I I I I I I I I I I I I I

This assumes costs are spread evenly across households of 2.6 persons each, based on data from the US Census

Household Cost of Needed Investment
for Replacement Plus Growth

Northeast Very Small

l I I I I I I

This assumes costs are spread evenly across households of 2.6 persons each, based on data from the US Census

T h e  ch ar ts  sh ow  p er  h ou seh ol d  cos ts  for  r ep l acem en t ,  an d  for  r ep l acem en t  p l u s  g r ow th .  T h e  m od e l  assu m es
cos ts  a r e  sp r ead  even l y  over  h ou seh ol d s  aver ag i n g  2 . 6  p er son s  p er  h ou seh ol d  i n  accor d an ce  w i th  US  Cen su s
d ata .  An  a r t i f ac t  of  th e  m od e l  an d  US  Cen su s  d a ta  r esu l t  i n  an  ap p ar en t  u p war d  or  d own war d  " sp i k e"  i n  g r owth
r e l a ted  n eed s  b etween  cer ta i n  d ecad es .  I n  r ea l i ty ,  th e  ap p ar en t  su d d en  sh i f t  i n  g r owth - r e l a ted  n eed s  wi l l  b e
sp r ead  m or e  even l y  over  th e  year s  b r i d g i n g  each  d ecad e  to th e  n ex t
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Household Cost of Needed Investment
for Replacement Plus Growth

Midwest Large

I I I I I I
|, : l~ : 4 8 I

This assumes costs are spread evenly across households of 2.6 persons each, based on data from the US Census

Household Cost of Needed Investment
for Replacement Plus Growth

Midwest Medium

I I I I I I I

This assumes costs are spread evenly across households of 2.6 persons each, based on data from the US Census

T h e  ch ar ts  sh ow  p er  h ou seh ol d  cos ts  for  r ep l acem en t ,  an d  for  r ep l acem en t  p l u s  g r ow th .  T h e  m od e l  assu m es
cos ts  a r e  sp r ead  even l y  over  h ou seh ol d s  aver ag i n g  2 . 6  p er son s  p er  h ou seh ol d  i n  accor d an ce  w i th  US  Cen su s
d ata .  An  a r t i f ac t  of  th e  m od e l  an d  US  Cen su s  d a ta  r esu l t  i n  an  ap p ar en t  u p war d  or  d own war d  " sp i k e"  i n  g r owth
r e l a ted  needs  between  cer ta i n  decades .  I n  r ea l i ty ,  the  appar en t  sudden  sh i f t  i n  g r owth - r e l a ted  needs  wi l l  be
sp r ead  m or e  even l y  over  th e  year s  b r i d g i n g  each  d ecad e  to th e  n ex t
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» RepI. + Growth/Household Replacement/Household

Repl. + Growth/Household --ReplacemenVHousehold

Household Cost of Needed Investment
for Replacement Plus Growth*

Midwest Small
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*This assumes costs are spread evenly across households of 2.6 persons each, based on data from the US Census.

Household Cost of Needed Investment
for Replacement Plus Growth*

Midwest Very Small
$700

$600

$500

$400

$300

$200

$100

$0
o

I I I I
I I I I I I I- : * I I : + : I

I
I

I I I I I
I I I I I

I I I I I
| | | I | I

1-
ON

|,
LT
o
N

o
N
o
N

+

Lr>
N
o
N

4
omoN

|,
u'>
m
o
N

I
o9'
o
N

I I I I I I I I I
I I I I I I I I I

L O
O
Cal

LD
<r
o
N

*This assumes costs are spread evenly across households of 2.6 persons each, based on data from the US Census.

The charts show per household costs for replacement, and for replacement plus growth. The model assumes
costs are spread evenly over households averaging 2.6 persons per household in accordance with US Census
data. An artifact of the model and US Census data result in an apparent upward or downward "spike" in growth-
related needs between certain decades. In reality, the apparent sudden shift in growth-related needs will be
spread more evenly over the years bridging each decade to the next."
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Household Cost of Needed Investment
for Replacement Plus Growth

South Large

I I I I I I I I I I I

This assumes costs are spread evenly across households of 2.6 persons each, based on data from the US Census

Household Cost of Needed Investment
for Replacement Plus Growth

South Medium
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This assumes costs are spread evenly across households of 2.6 persons each, based on data from the US Census

T h e  ch ar ts  sh ow  p er  h ou seh ol d  cos ts  for  r ep l acem en t ,  an d  for  r ep l acem en t  p l u s  g r ow th .  T h e  m od e l  assu m es
cos ts  a r e  sp r ead  even l y  over  h ou seh ol d s  aver ag i n g  2 . 6  p er son s  p er  h ou seh ol d  i n  accor d an ce  w i th  US  Cen su s
d ata .  An  a r t i f ac t  of  th e  m od e l  an d  US  Cen su s  d a ta  r esu l t  i n  an  ap p ar en t  u p war d  or  d own war d  " sp i k e"  i n  g r owth
r e l a ted  n eed s  b etween  cer ta i n  d ecad es .  I n  r ea l i ty ,  th e  ap p ar en t  su d d en  sh i f t  i n  g r owth - r e l a ted  n eed s  wi l l  b e
sp r ead  m or e  even l y  over  th e  year s  b r i d g i n g  each  d ecad e  to th e  n ex t
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Household Cost of Needed Investment
for Replacement Plus Growth

South Small

I I I I I I I I I I

This assumes costs are spread evenly across households of 2.6 persons each, based on data from the US Census

Household Cost of Needed Investment
for Replacement Plus Growth

South Very Small

$1 ,000

I I I I I

This assumes costs are spread evenly across households of 2.6 persons each, based on data from the US Census

T h e  ch ar ts  sh ow  p er  h ou seh ol d  cos ts  for  r ep l acem en t ,  an d  for  r ep l acem en t  p l u s  g r ow th .  T h e  m od e l  assu m es
cos ts  a r e  sp r ead  even l y  over  h ou seh ol d s  aver ag i n g  2 . 6  p er son s  p er  h ou seh ol d  i n  accor d an ce  w i th  US  Cen su s
d ata .  An  a r t i f ac t  of  th e  m od e l  an d  US  Cen su s  d a ta  r esu l t  i n  an  ap p ar en t  u p war d  or  d own war d  " sp i k e"  i n  g r owth
r e l a ted  n eed s  b etween  cer ta i n  d ecad es .  I n  r ea l i ty ,  th e  ap p ar en t  su d d en  sh i f t  i n  g r owth - r e l a ted  n eed s  w i l l  b e
sp r ead  m or e  even l y  over  th e  year s  b r i d g i n g  each  d ecad e  to th e  n ex t
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Repl. + Growth/Household Replacement/Household

»Repl. + Growth/Household ReplacemenVHousehold

Household Cost of Needed Investment
for Replacement Plus Growth*

West Large
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*This assumes costs are spread evenly across households of 2.6 persons each, based on data from the US Census.

Household Cost of Needed Investment
for Replacement Plus Growth*

West Medium
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*This assumes costs are spread even/y across households of 2.6 persons each, based on data from the US Census.

The charts show per household costs for replacement, and for replacement plus growth. The model assumes
costs are spread evenly over households averaging 2.6 persons per household in accordance with US Census
data. An artifact of the model and US Census data result in an apparent upward or downward "spike" in growth-
related needs between certain decades. In reality, the apparent sudden shift in growth-related needs will be
spread more evenly over the years bridging each decade to the next."
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~Repl. + Growth/Household » Replacement/Household

RepI. + Growth/Household - Rep l a c em en t / Ho u s eh o l d

Household Cost of Needed Investment
for Replacement Plus Growth*

West Small
$700

$600

$500

$400

$300

$200

$100

$0 I- : : : |. |- I I I I
I I I I

I , | I I I + I- : I I I II I I I I I I I
I I I |, I I I I

: I I I I

(\|

:
Lm
o
Cal

I
oNoN

+
LD
N
o
N

omoIN

Lo
(*)
o
N

I
O9'
ON

+
Lm
v
O
N

I
o
LO
o
N

*This assumes costs are spread evenly across households of 2.6 persons each, based on data from the US Census.

Household Cost of Needed Investment
for Replacement Plus Growth*

West Very Small
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*This assumes costs are spread evenly across households of 2. 6 persons each, based on data from the US Census.

The charts show per household costs for replacement, and for replacement plus growth. The model assumes
costs are spread evenly over households averaging 2.6 persons per household in accordance with US Census
data. An artifact of the model and US Census data result in an apparent upward or downward "spike" in growth-
related needs between certain decades. In reality, the apparent sudden shift in growth-related needs will be
spread more evenly over the years bridging each decade to the next."

BUHIED NO LONGER. CONFRONTING AMERICA'S WATER INFRASTHUCTUFIE CHALLENGE 37

I


