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Project Purpose
►Conduct preliminary research into “best water 

practices” of innovative small and/or rural 
communities in the United States, Europe, and 
elsewhere….

► to identify, evaluate and prioritize technologies 
and strategies that can be used by the rural 
Arizona providers to conserve water, reduce 
energy usage and related expenditures, and 
minimize greenhouse gas (GHG) emissions. 

(Letter of Intent RFP to AWI)



Gen. Conclusions, Observations
► Rural WWS’s, large & small, old & current -- can be optimized to 

enhance operational efficiency, reduce O&M costs, increase ROI 
leverage purchase power, & attract investment

§ On-site visits 
► Promote open discussion, collaborative data collection, review & analysis
► “pilot checklist” developed and recommended - can lead to new insights, 

questions, and strategy for researchers and on-site managers
► Continuation of detailed state-wide rural systems inventory is recommended

§ Interdisciplinary - “neighborhood watch” approach 
► Cost-effective sharing and opportunity to enhance material management, 

process, reduce infrastructure & O&M costs, & develop energy-efficiency
► Invest in “low-hanging fruit” -- opens/maintains communication, builds advocacy, 

partnerships, experience to complete future and long-term investment for savings
► Comparative “systems” analysis leads to continuous improvement

§ Rural partnerships
► Provide for a “neighborhood watch”--faster transitions, less loss
► Able to leverage & develop much needed political, financial and 

technical“capital” (intra- & interstate)-- the “school” effect (“we” vs. “me”)
► Smart growth, sustainability



Site Assessment
► Extraction Bulk Source
►Conveyance
►Treatment
►Delivery
► End Use
►Wastewater Treatment
►Compile, Analyze, 

Contrast Available Data

http://www.watergy.org/resources/publications/watergy.pdf

Lifecycle of Water Supply

Treatment
Delivery

End use Waste

Waste-waste water treatment & use

Conveyance

Extraction from bulk supply



NAU-UA WWS study --Project Methodology

► Identify Study Sites
§ Rural Arizona towns (<50,000 pop.)
§ Relative proximity to universities
§ End-user, technical and geographic diversity

► Site Assessment
§ Visit each site to meet with personnel
§ Data accessibility for water/wastewater facilities

► Site Selection
§ Inventory of major processes – NAU 

questionnaire
§ Operational table matrix

►Analysis
§ Energy Usage (kwh)/1000 gals processed
§ Comparative Analysis



A Water/Energy Best Practices Guide for Rural Arizona’s 
Water and Wastewater Systems 

http://www.waterenergy.nau.edu/

http://www.waterenergy.nauag.maricopa.gov/detail.cms?item=11400�


NAU-UA WWS study



NAU-UA WWS study

ASP technical contribution



City of Benson, AZ
► Water Distribution 

Network
§ Brad Hamilton, City 

Engineer & Public Works 
Director

§ Al Carruthers, Water 
Supervisor

► Wastewater Treatment 
Plant
§ Larry Napier, Public Works 

Wastewater Supervisor
► Sulphur Springs Valley 

Electric Cooperative, Inc.
§ Dave Bane, Key Account 

Manager Sulphur Springs 
Valley Electric Cooperative, 
Inc. 



Example page from site
survey questionnaire



Benson Water Distribution Network

302 Well 
Elev. 
4083

302 Tank 291 Well 291 
Tank Elev. 4196

Cochise 
College  Well 

Elev. 4109 Jennella 
Well & 

Tank  Elev. 
4074 Upper 

Tank Elev. 
3840

WWTP
Elev. 3520

Service Area

Benson 
West 

Tanks 
Elev. 3726

2007 Arsenic Rule



Benson Wastewater Plant 

► Major Energy Consumption 
Processes
§ Oxidation Ditches – 3 rotors
§ Blowers/Agitators 

► Plant Efficiencies
§ Gravity-Fed System
§ Completely Automated
§ Recently built in 2003
§ Expandable

► Plant Inefficiencies
§ Concrete piping

Facility Size ~ 250,000 sq ft

Influent

Effluent 
Storage Bio 

Reactor 
Aerobic 
Digester
Oxidatio
n ditches

Clarifiers

Sand Filtration 
& Chlorination

UV

Discharge



Benson Water Distribution Audit

► Total gallons pumped 
(2007) – 274.6 MG

► Energy consumed –
856,659 kwh

► Kwh/1000 gallons pumped 
– 3.12

► Jennella & Cochise 
Pumping Efficiencies in 
2008

► Possible Water Loss – 2.7 
MG (10%)

► Non-Chlorination 

Benson Water Distribution (2008 %  figures)

291 Well
8%302 Well

15%

Cochise 
College

44%

Jenella
33%

2.842.73



Benson Wastewater Audit 
► 135.4 MG processed 

(2007) 
► Energy consumed –

984,516 kwh
► Kwh/1000 gals  – 7.27
► Annual Billing Cost –

$124,200
► Cost($)/1000 gals  

processed – $0.92 



NAU-UA 
“case study” briefs

- 2-pg summaries

- consistent metrics

- quick-look capability for comparison 
and analysis

- applied training for future resource 
managers, planners

- basis for new research (algorithm) 
= measuring effective system 
performance despite sig. diversity in 
infrastructure, age, demographics, 
population size 



NAU-UA WWS study

Town of Benson 
(pg. 1)



NAU-UA WWS study

Town of Benson 
(pg. 2)



City of Payson 
example - NAU

System/process illustration



Kartchner State Park - example

► Water Distribution Network
§ Don Fletcher, Kartchner SP 

Building Maintenance
► Wastewater Plant
§ Rob Van Zandt, ASP

► Sulphur Springs Valley 
Electric Cooperative, Inc.
§ Dave Bane, Account 

Manager, Sulphur Springs 
Valley Electric Cooperative, 
Inc. 



Kartchner Water Distribution 
e.g. site info collection

► Manual operated System 
(tank level dependent) –
sensors turned off – too 
costly

► Well #2 Pump manually 
operated 

► Gravity fed 
► Metered at well only
► Chlorine injection at well



Kartchner Wastewater Plant
► Major Energy Consumers
§ 2 Blowers/train 24/7 altern
§ Grinder Pumps
§ Effluent Pumps

► Gravity Fed 3 ft/sec –
topography

► Seasonal demand
► Metering – water & energy
► Single Utility Bill (estimate 

65% - inventory being 
performed)

► Minimal sludge disposal

Anaerobic/Bioreel (Aerated)



Kartchner Billing Records

4-Jan-07 91,200 

2-Feb-07 102,000 

5-Mar-07 109,680 

4-Apr-07 91,920 

2-May-07 75,120 

5-Jun-07 78,240 

5-Jul-07 76,080 

3-Aug-07 68,160 

6-Sep-07 81,360 

3-Oct-07 60,720 

5-Nov-07 86,160 

5-Dec-07 87,600 
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Kartchner Water & Wastewater 
Systems Comp.

►Water distribution
§ 2.3 MG pumped (2007)

► Energy Consumed 
(0.65% of total)
§ 6633 kwh

►Kwh/1000 gals – 2.83
►Cost($)/1000 gals - $0.44

►Wastewater
§ 4.3 MG processed (2007)

► Energy Consumed (65% 
of total)
§ 663,000 kwh

►Kwh/1000 gals – 154
►Cost($)/1000 gals - $16



Example of preliminary findings
► Kwh/1000 gals processed = an equalizing metric
► Cities more efficient than parks
§ More funding & tax revenues?
§ On-site engineer/certified operators
§ Modernized systems, profit driven, less waste

► Little or no intra-system metering at State Parks 
► Energy & water record keeping, monitoring, and knowledge transfer 

variable among many rural sites
► Macro billing data available, but little/no data for micro processes, on-

park intra-system analysis and optimization 
► Quantification of system losses is often minimal or inaccurate
► Best practice guides and flow metrics (audit templates) desired

Independent audits and data = raise candid questions, uncover data errors,
separate people from the process, promote consistency & objectiveness, present 
WWS in terms of mass balance and energy consumption, incite best practices for 

energy cost savings and investment = profitability, efficiency



Water Distribution Analysis
City 

Population

Number of 
Park 

Visitors

Number 
of Gallons 
Pumped 

(MG)

Energy 
Consumption

(kwh)

Kw h 
per 

1000 
gals 

pumped

Cost ($)/1000 
gals 

processed

City of 
Benson

5000 275 857,000 3.1 Being 
calculated

City of 
Patagonia

822 41 56,000 1.4 $0.20

Kartchner 
State Park

225,000 2.3 6633 2.8 $0.44

Patagonia 
State Park

230,000 3.7 8125 2.2 $0.47

Well Production

274.6

41.9

3.7

2.3

Benson

Patagonia

Patagonia Lake SP

Kartchner SP



Wastewater Analysis
Number of 
Gals 
processed
(MG)

Energy 
Consumed 
(kwh) for 
processing

Kwh/1000 
gals 
processed

Benson
WWTP

136 985,000 7.3

Patagonia
WWTP

22 296,000 13.5

Kartchner 
WWTP

4.3 663,000 154

Patagonia 
SP WWTP

2.5 29,000 11.7

Wastewater Processed

135.36

21.90

4.31

2.49

Benson 

Patagonia

Kartchner
SP 
Patagonia
Lake SP 



“Local & consistent 
energy needs of WWS 

are well-suited to 
renewable energy 

augmentation”

► wind
► solar
► biofuels
► small-scale hydroelectric 



Funds-websites



Refs-websites



Future Research
► System Constraints / Optimization
§ Historical context – town & park politics - system inheritance
§ Data reliability and repeatability
§ Quick-look assessment software capabilities
§ Topographic considerations
§ State/Federal regulations
§ Monetary funding mechanisms
§ Consistency in system audits
§ Develop Mass Balance Model
§ Land locked areas - Expansion

► Carbon Emissions Impact
► Application of green technologies
► Parallel Systems approach 



Big & small fry  --- think & act as a“cooperative”
Collaborative inventorying and management of diverse rural systems will help you 
learn what you have / what you need…so that you collectively plan, optimize, and 

sustain natural / human ecosystems for“smart growth”

“Neighborhood
watch” 

-- a tree trimming story
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“What gets measured, gets managed”.
(Peter Drucker)
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