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Disclaimer 

 
This publication is intended to be informational and does not indicate endorsement of a particular 
product(s) or technology by the Department of Defense or NAVFAC EXWC, nor should the 
contents be construed as reflecting the official policy or position of any of those Agencies. Mention 
of specific product names, vendors or source of information, trademarks, or manufacturers is for 
informational purposes only and does not constitute or imply an endorsement, recommendation, 
or favoring by the Department of Defense or NAVFAC EXWC. Although every attempt is made 
to provide reliable and accurate information, the authors of this publication do not warrant or 
otherwise represent in any way the accuracy, adequacy, efficiency, or applicability of any product 
or technology discussed or mentioned herein, including the suitability of any product or technology 
for a particular purpose. 
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EXECUTIVE SUMMARY 
 
 

From January 2013 through January 2015 the U.S. Department of Defense (DoD) Environmental 
Security Technology Certification Program (ESTCP) sponsored the Naval Facilities Engineering 
and Expeditionary Warfare Center (NAVFAC EXWC) and the Construction Engineering 
Research Laboratory (CERL) in a joint effort to demonstrate a smart water conservation system 
that reduces the volume of potable water required for landscape irrigation.  A suite of specific 
water saving technologies was demonstrated including: evapotranspiration (ET) irrigation 
controller; centralized and site-specific sensor inputs (ET gauge, rain, soil moisture, leak 
detection); efficient sprinkler distribution systems; and water harvesting (rain and air conditioning 
condensate).  
 
The DoD has numerous facilities that use inefficient irrigation practices (timer based and manual 
watering systems) that are no longer sustainable given the limited water supplies in many U.S. 
locations and future water demand.  Executive Order (EO) 13693 requires the Federal government 
to reduce potable water usage 36% by 2025.  The smart water conservation system may provide 
DoD a pathway to preserve green landscape assets while simultaneously reducing potable water 
demand for landscape irrigation, hence complying with the EO. In addition, to move forward with 
greater energy independence, the DoD seeks ways to reduce energy use as required by the Energy 
Independence and Security Act (EISA). Reducing potable water demand for landscape irrigation 
correlates to lower energy costs necessary to treat and convey water to DoD facilities.   
 
The primary project objective was to validate the retrofit of an existing landscape irrigation system 
with a smart water conservation system to reduce potable water use by as much as 70% in support 
of meeting EO 13693. Additional performance objectives were to validate energy reduction, cost 
effectiveness, and system reliability while maintaining satisfactory plant health.  This report 
provides potential users with cost and performance data for using the smart system components on 
an existing landscape and on new developments. 
 
The demonstration was conducted for two different climatic regions in the southwestern part of 
the United States, where a typical DoD building landscape irrigation system was retrofitted with 
an integrated suite of commercially available water conservation technologies designed to decrease 
potable water usage.  The demonstration sites were Naval Base Ventura County (NBVC) Port 
Hueneme, California and Fort Hood, Killeen, Texas. 
 
The project was performed on two similar turf plots, one using “smart” irrigation practices (smart 
plot) and the other using traditional timer based irrigation (control plot). Specific success metrics 
were established to compare potable water use, energy use, operating cost, economic payback, 
irrigation effectiveness and qualitative turf health (appearance) for the smart and control plots. The 
selected smart and control turf plot areas had similar initial landscape, plant health, plot size, 
microclimate, sun/wind exposure and usage/traffic so that an equitable comparison could be made 
over a two year monitoring period.  
 
The irrigation systems at both demonstration sites were outfitted with flow meters at various 
locations to track the volume of potable irrigation water delivered to the smart and control plots, 



 

ESTCP Final Report 
Smart Water Conservation System  x May 2016 

as well as the volume of rain and HVAC condensate water harvested by the smart irrigation system. 
Volume data was collected monthly and at the end of the two years totaled to assess overall and 
individual performance of the system.  
 
Unfortunately, significant equipment failures and instrumentation issues at the Fort Hood 
demonstration site resulted in data gaps that prevented adequate assessment of the technology. 
This final report focuses on findings from the NBVC Port Hueneme demonstration, but includes 
key information and lessons learned from the Fort Hood demonstration that are provided in the 
appendices. 
 
The following performance metrics were obtained from the two year demonstration at NBVC site: 
 

• The smart water system as a whole reduced potable water use by 81%  

• The evapotranspiration controller’s  contribution towards water  reduction was 55% 

• Overall energy usage was reduced by  57.4%  

• All smart water system components achieved 100% operational availability during the 
monitoring phase.     

• At the conclusion of the monitoring phase, turf specialists from California State 
University, Fresno determined the appearance of the smart plot was slightly less than 
the control plot but still considered satisfactory. 

• The performance objective for economic payback set at 25 years was not achieved. The 
primary reason was the high cost to install the harvest tank and the relatively small size 
of the smart plot 

• The economic payback for the retrofitted ET controller was 2 years. 

• The calculated economic pay back for a new ET controller installation (without 
condensate and rainwater harvesting) was 5.2 years.  

 
The smart water conservation system at NBVC met primary water reduction goals and all of the 
additional performance objectives with the exception of economic payback.  The system did not 
meet the economic payback period due to the high cost of the water harvest tank, relatively low 
cost of potable water, and relatively small size of the smart turf plot.  However, as the amount of 
irrigated landscape is increased, and/ or the cost of water increases, the payback period will trend 
to a more favorable figure due to the substantial water reduction provided by the ET controller.  
 
The downside is as the size of the irrigated landscape increases for a given tank size, the overall 
water reduction will trend lower towards the 55% reduction demonstrated by ET controller, thus 
reducing the value of the harvested water.  Offsetting potable water with rain water to irrigate turf 
landscape at the NBVC site, where there is minimal to no summer rain, would require a larger tank 
(over 20,000 gallons) to store winter rain. In southern California, the goal is to install the largest 
tank possible to meet summer irrigation requirements. However, the economics do not indicate 
that there is a reasonable return on investment.   
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The ideal geographic areas to implement a smart water conservation system are locations such as 
Tucson, Arizona and Fort Hood, Texas which receive summer monsoonal rains that replenish the 
water harvest tank during the summer months when demand is greatest. In addition, facilities in 
these locations are also known to generate large amounts of air conditioning condensate. Areas 
that have high local water costs or limited water supply options may also benefit from water 
harvest.   
 
Economic payback and water reduction potential is determined on a case by case basis with 
consideration for site specific factors including local water cost, irrigation demand, roof size and 
water harvesting tank size.   If current tank capital costs were held at $3.13 per gallon, then potable 
water costs would have to be $34 per 1,000 gallon to meet the 20-year performance objective  
 
EXWC has developed an excel economic spreadsheet to calculate overall water reduction and 
payback for potential end users to assist in evaluating system cost effectiveness based on site 
conditions. The spreadsheet is available to federal activities to assist potential users determine 
when it is appropriate to install the entire smart water system or simply components such as the 
smart ET controller alone.   The chart assumes a Mediterranean climate, and water cost similar of 
Port Hueneme area and tank cost of $3.98 per gallon of storage. 
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1.0  INTRODUCTION 

From January 2013 through January 2015 the U.S. Department of Defense (DoD) Environmental 
Security Technology Certification Program (ESTCP) sponsored the Naval Facilities Engineering 
and Expeditionary Warfare Center (NAVFAC EXWC) in collaboration with the Construction 
Engineering Research Laboratory (CERL) to demonstrate a smart water conservation system for 
landscape irrigation. The demonstration was conducted at two different climatic regions in the 
southwestern part of the United States, where the typical DoD building landscape irrigation system 
was retrofitted with an integrated suite of commercially available water conservation technologies 
designed to reduce potable water usage.  The demonstration sites were Naval Base Ventura County 
(NBVC) Port Hueneme, California, and Fort Hood, Killeen, Texas.  
 

• The primary project objectives were to; 1) demonstrate the feasibility of retrofitting an 
existing, traditional landscape irrigation system with a smart water conservation system 
that uses water harvesting and real-time weather data to optimize irrigation scheduling 
and 2) validate the smart water conservation system’s ability to reduce both potable 
and overall water consumption for irrigation at our DoD installations located in semi-
arid regions where alternative water conservation measures are being pursued. 

 
The demonstration project compared two turf areas with contrasting irrigation practices (smart and 
control) that had similar initial landscape, plant health, plot size, microclimate, sun/wind exposure 
and usage/traffic.  The primary metrics used to evaluate irrigation system performance were 
potable water use, operating cost, energy use, irrigation effectiveness, and plant health.   
 

• Unfortunately, significant instrumentation issues at the Fort Hood demonstration site 
resulted in unreliable data that prevented adequate assessment of the technology. This 
report focuses on findings from the NBVC Port Hueneme demonstration site, but 
includes key information and lessons learned from Fort Hood provided in Sections 2, 
3 and 8 and Appendix J. 

1.1 Background 

The DoD operates numerous facilities in the southwestern U.S. that utilize irrigation systems and 
practices which are highly inefficient and no longer sustainable given current water supplies and 
projected future water demand.  DoD facilities located within this region and their respective 
mission are particularly impacted by this decreasing water supply and quality (e.g., salinity issues), 
increasing cost of water production, and degradation of ecological habitat, with these issues 
anticipated to intensify into the future. 
 
In addition, the Federal Energy Management Program (FEMP) of the Department of Energy 
(DOE) estimates that the Federal Government used approximately 164 billion gallons of potable 
water in fiscal year (FY) 2007 (Annual Report to Congress on Federal Government Energy 
Management and Conservation Programs: FY 2007 FEMP, January 2010).  The DoD consumed 
117 billion gallons of water, representing 71.1% of the Federal Government water consumption at 
an annual cost of $359M.   
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Overall, DoD facilities use significant volumes of potable water to irrigate large turf areas (e.g., 
athletic fields, parade grounds, and housing landscape) for recreational, aesthetic, and morale 
purposes.  In certain cases, potable water consumption for irrigated landscape surrounding DoD 
buildings is equivalent to two to five times the internal water consumption of the building.  In 
addition, the United States Environmental Protection Agency (U.S. EPA) estimates that more than 
50% of this water used for irrigating landscape is then lost to evaporation, wind, and overwatering. 
 
As such, current irrigation practices at many DoD facilities may require upgrades with innovative, 
smart irrigation systems that can be integrated with existing infrastructure and operated in a 
manner to reduce water consumption and operating cost.  As part of this project, a smart water 
conservation system for irrigated landscapes with several features, including weather-based 
irrigation controllers, centralized and site-specific sensor inputs, leak detection sensors, and the 
use of harvested water (i.e., rainwater and air condition water condensate), was demonstrated to 
determine its effectiveness in reducing water consumption, decreasing operating costs, and 
maintaining landscape compared to a traditional irrigation system.   

1.2 Objective of the Demonstration 

The primary objectives of this project were to:   
 

1. Demonstrate the feasibility of retrofitting an existing, traditional landscape irrigation 
system with smart water conservation technologies; and  

2. Demonstrate the effectiveness of the smart water conservation technologies in reducing 
water consumption, decreasing operating costs, and maintaining landscape compared 
to the traditional landscape irrigation system (timer based irrigation).   

 
The overarching objectives of the field demonstration were to: 
 

1. Reduce water consumption (particularly potable water consumption) used for 
irrigation; 

2. Reduce associated potable water and operating costs; 

3. Determine the payback period for implementation of smart water conservation 
technologies (as a system and individual components); and  

4. Maintain an acceptable quality of landscape turf and flora for aesthetic purposes. 

1.3 Regulatory Drivers 

• An appreciable amount of water use in the U.S. is for irrigation purposes (i.e., at 33%; 
U.S. Geological Survey [USGS], 2014); therefore, the results of this demonstration 
project may provide a mechanism for DoD facilities to more easily meet regulatory 
requirements for water conservation and sustainability enforced at the federal, state, 
and installation level.   
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• Executive Order (EO) 13693, Planning for Federal Sustainability in the Next Decade, 
was released on March 25, 2015 and expands upon, but also revokes, previous EOs 
13514 and 13423, which outline sustainability goals for federal agencies (e.g., DoD).  
As such, EO 13693 serves as the current federal regulatory driver for this demonstration 
project and requires agencies to improve water use efficiency and management, as 
follows:   
i. Reducing agency potable water consumption intensity measured in gallons per 

gross square foot by 36% by fiscal year (FY) 2025 through reductions of 2% 
annually through FY 2025 relative to a baseline of the agency’s water consumption 
in FY 2007; 

ii. Installing water meters and collecting and utilizing building and facility water 
balance data to improve water conservation and management; 

iii. Reducing agency industrial, landscaping, and agricultural (ILA) water consumption 
measured in gallons by 2% annually through FY 2025 relative to a baseline of the 
agency’s ILA water consumption in FY 2010; and 

iv. Installing appropriate green infrastructure features on federally-owned property to 
help with stormwater and wastewater management. 

 
Additionally, drought conditions have persisted within the southwestern U.S., requiring states, 
particularly California, to establish mandates for reductions in water usage.  On April 1, 2015, 
Governor Brown of California signed EO B-29-15 into law, proclaiming a Continued State of 
Emergency throughout the state due to the ongoing drought.  The EO imposes restrictions to 
achieve a statewide 25% reduction in potable urban water usage through February 28, 2016 
compared to the amount used in 2013. 
 
Due to these drought conditions in California, the Commanding General at Marine Corps Air 
Ground Combat Center Twentynine Palms also released a Water Conservation Policy, which 
establishes specific water-saving measures and leads all efforts to ensure the conservation and 
sustainability of its water resources and ultimately, the mission of the Marine Corps into the future. 
Measures include using hoses with shut off nozzles, insuring that outdoor watering does not cause 
runoff to adjacent property sidewalks, parking lots or structures and elimination of potable water 
used on fountains and decorative water features.    
 
Overall, implementation of a smart water conservation technology for landscape irrigation may 
assist DoD facilities in meeting the water sustainability goals outlined in EO 13693, specifically 
reducing potable water consumption intensity, reducing ILA water consumption, and installing 
appropriate green infrastructure, as well as meeting any state or installation level requirements. 
 
For new development or redevelopment projects, implementation of water harvesting cisterns 
supports compliance with Section 438 of the Energy Independence and Security Act (EISA) of 
2007, requiring federal facilities to reduce runoff to protect water resources.  Section 438 
specifically calls for developments that exceed 5,000 square feet to maintain pre-development 
hydrology by retaining water on-site.  Federal activities can comply using a variety of green 
infrastructures including the use of “low impact development” practices such a water harvesting 
with cisterns to retain and reuse water.  Activities have two options to demonstrate compliance of 
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predevelopment hydrology: managing on-site the total volume of rainfall from the 95th percentile 
storm or managing the total storm based on site specific hydrologic analysis. Implementation of a 
smart water conservation system, specifically the water harvesting components can help activities 
meet pre-development hydrology requirements.  
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2.0  TECHNOLOGY DESCRIPTION 

2.1 Technology Overview 

The smart water conservation system demonstrated during this project was composed of an 
integrated suite of commercially available technologies for irrigating landscape (i.e., turf and low-
water demand ground cover).  The primary system components selected for this study are 
described in further detail in Section 5.3.  
 

1. Advanced evapotranspiration (ET) controller to reduce potable water usage by 
minimizing operating times (calculates run time based on real time weather conditions).  
System includes the following components: 

• Soil moisture sensor – shuts down irrigation once optimum soil moisture is reached  

• Rain gauge – shuts down irrigation on rainy days 

• ET gauge – estimates daily water loss from plant and land surfaces 

• Leak flow sensors – shuts down irrigation if a pipe/sprinkler ruptures 
2. Rainwater and HVAC condensate water harvesting system components: 

• Pipeline collection system 

• First flush diverter 

• Underground storage tank (UST) for harvested water 

• Pumping and float switch system 
3. Irrigation hardware: 

• Efficient sprinkler heads – to provide uniform coverage and prevent 
misting/overspray  

• Pressure regulating valves – to ensure optimum nozzle pressure and prevent 
misting/overspray 

 
The rainwater harvesting system is comprised of off-the shelf plumbing and tank components 
including a first flush diverter that redirects the first part of a rain event, which normally contains 
the greatest concentration of pollutants, away from the harvest tank. The “first flush” contains 
contaminants such as bird droppings and suspended solids that can clog sprinkler components, 
thereby reducing irrigation efficiency and increasing maintenance requirements.  It is better to 
remove the debris prior to entering the tank, and conventional design guidance suggests diverting 
1 liter per square meter roofing for lightly loaded roofs and 2 liters per square meter for heavier 
loads.  Appendix A provides manufacturer specifications and general schematics for the first flush 
diverter and other system components that were tested during the demonstration.  
 
The resultant harvested rainwater and HVAC system condensate water is used to irrigate a portion 
of the landscape via an advanced ET controller system, integrated with a pump and a water 
efficient sprinkler system. The advanced ET controller used at the Port Hueneme Demonstration 
site was the Calsense 2000E smart irrigation modular controller, developed by the Calsense 
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Corporation.  It is a programmable logic controller (PLC) capable of configuring up to 32 stations, 
while providing numerous flexible programming options and self-diagnostic feedback to identify 
field wiring, sensor input, and solenoid problems during operation.  One goal of this project was 
to demonstrate the controller’s ability to efficiently manage landscape irrigation by using real-time 
data and multiple water sources to minimize the volume of potable water required to supplement 
landscape irrigation.  
 
The Calsense controller uses real-time weather data via radio signals broadcasted or hardwired 
from local weather stations and site-specific soil and rain sensor inputs to adjust watering 
schedules.  The system allows remote control of the system via personal computer, and includes 
remote features such as manual operation, program adjustment, along with dial and switch settings.  
These features can potentially provide substantial travel savings by allowing routine irrigation 
programming modification and, in some cases, more complicated troubleshooting to be conducted 
remotely. 
 
The advanced controller used at the Fort Hood demonstration site used a soil moisture sensor and 
the Baseline 3200 irrigation controller, developed by Baseline Incorporated.  The controller is 
capable of configuring up to 200 zones while providing numerous flexible programming options 
and self-diagnostic feedback to identify field wiring, sensor input, and solenoid problems during 
operation.  In lieu of direct ET data to adjust the irrigation schedule, the Baseline 3200 controller 
uses the soil moisture sensor to adjust water schedule by measuring the effect of evapotranspiration 
in the root zone using a relative measure of soil moisture captured at 6” below the soil surface.  
The controller can be configured to keep the soil moisture at user defined levels for maintaining 
optimum plant health, and kept below field capacity.  Keeping the soil moisture below field 
capacity reduces water waste by minimizing excess runoff or drainage.  Similar to the Calsense 
controller this effort was to demonstrate the controller’s ability to efficiently manage landscape 
irrigation by using real-time data and multiple water sources to minimize the volume of potable 
water required to supplement landscape irrigation. 
 
When combined with efficient irrigation hardware and water harvesting, the advanced controller 
technologies provide an innovative method to reduce the amount of potable water used for 
irrigation purposes by up to 70%.  Figure 1 presents a schematic diagram of the smart water 
conservation system (including all components) as well as the traditional irrigation system (i.e., 
control plot) that was evaluated at Port Hueneme, California.         

2.2 Technology Development 

The smart water conservation system was devised from existing sensor and water harvesting 
technologies developed in agriculture and turf industries. Rainwater has been harvested for 
centuries from the roofs of buildings, and condensate water is currently being harvested and used 
for irrigation at several large institutions on the east coast. The rainwater and HVAC condensate 
are advantageous water sources because they require no pre-treatment (other than a first flush 
diverter) and can be inexpensively harvested and applied to landscape irrigation. The sensor 
technologies have been used and extensively tested in the last 20 years by reputable universities 
across the United States.   
 



 

ESTCP Final Report 
Smart Water Conservation System  7 May 2016 

A study conducted by Cardenas Lailhacar et al. (2010) in Florida compared the water usage of 
Bermuda grass plots with traditional timer-based systems, timer-based systems with rain sensors, 
and systems with soil moisture sensors.  The traditional systems and the systems with rain sensors 
were watered twice a week, and the soil-moisture sensor based system was tested watering once, 
twice, and seven days a week.  A control plot that received no irrigation was also included in the 
study.  The systems with rain sensors reduced water usage 13-24%, and the systems with soil-
moisture sensors reduced water usage 16-83%. 
 
A study conducted in the mid-1990s in Boulder, Colorado evaluated maintenance requirements 
for soil moisture sensors in urban settings.  Of 23 sensors in service at least three years, only two 
failed during the study.  The effort to maintain the system was estimated to be approximately 6 to 
7 minutes per weekly visit.    
 
In addition to these studies conducted in Florida and Colorado, many studies have been conducted 
in California – the location of this demonstration project.  The Pacific Institute (pacinst.org) 
summarizes seven studies conducted on farms in California that demonstrate activities that:  1) 
lead to more efficient applied water use or enhance water quality; 2) increased crop yields or 
quality; and 3) provided multiple benefits (Christian-Smith et al., 2010).  Overall, the majority of 
studies indicate that soil moisture sensor systems can significantly reduce water usage without 
sacrificing the quality of the crops, as long as the sensors are installed correctly and settings are 
optimal for the crops based on site conditions, such as soil and plant type. 
 
A variety of commercially available first flush diverters can be used in rainwater harvest systems. 
The three diverters initially used at the Port Hueneme demonstration site were developed by the 
Australian company SafeRain and incorporate a flow rate based diversion valve design. In 
addition, a constant volume diverter was incorporated into the evaluation. During the 
demonstration period it was discovered that the flow rate-based diversion valve required 
substantial maintenance after every storm event to fully drain the diverter valve body and reset the 
device for subsequent storm events. After some minor adjustments, the problem still was not 
resolved. NAVFAC EXWC constructed a new constant volume diverter to replace one of the flow 
based diversion valves to address the reset issue.  The constant volume diverter, which is a 
variation of an existing design, required minimal maintenance and reset itself for the next storm 
event without intervention, as observed during the rest of the demonstration. The design is simple 
and can be made with commercially available products.  Figure 9 in Section 5.3.2 displays a picture 
of both first flush designs.  Appendix A provides greater detail for each diverter design. 
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Figure 1.  Schematic Diagram of the Smart Water Conservation System and Traditional Irrigation System 
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2.3 Advantages and Limitations of the Technology 

The primary advantages of implementing the smart water conservation system over a traditional 
irrigation system are:  1) the conservation of potable water resources; and 2) the cost savings 
associated with reducing potable water use.  Specific technical advantages of the smart water 
conservation system compared to a traditional irrigation system are provided in Table 1. 
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Table 1.  Advantages and Limitations of Selected Irrigation Systems 
Irrigation System Advantages Limitations 

Smart Water 
Conservation 
System 

• Uses harvested water to offset the use of potable water; 
potable water is only used if necessary to supplement the 
volume of water required for irrigation. Less water used 
results in reduced energy usage.  

• Controller collects and evaluates real-time sensor data to 
determine when it is necessary to irrigate and how much 
water to apply based on site conditions. 

• Provides remote access to the controller which allows 
operators to modify certain operational settings of the 
system without being present at the site. 

• Equipped with high-efficiency volume sprinkler nozzles 
and pressure regulating devices to achieve a more 
uniform distribution of water throughout the landscape. 

• Supports compliance with EO 13693. 

• HVAC condensate from rooftops can be easily routed to above or 
below-grade tanks using gravity, whereas floor-level HVAC 
systems may require pumping systems.  The added cost to install and 
maintain a pumping system can negatively impact feasibility. 

• Condensate collection systems for large buildings with 
decentralized/multiple HVAC units can be expensive to plumb, 
which can negatively impact feasibility.  For buildings with multiple 
HVAC units, it is best to draw condensate water from those that chill 
outside air and are nearest to the water harvest tank. Units that chill 
outside air will provide more condensate water than those units that 
intake re-circulated indoor air. 

• Application in an extremely arid climate is limited to non-turf 
landscape and small areas of turf.  The volume of water needed to 
support a substantive turf area in an arid climate is exorbitantly high 
and not considered sustainable. 

• HVAC condensate may not be practical in a semi-arid climate, 
where indoor air is mostly re-circulated, and HVAC unit 
temperature set points are intentionally high to conserve energy. 

Traditional 
Irrigation System 

• May be applicable in any climate (i.e., arid and/or semi-
arid). 

• Are economical in many regions of the country where 
potable water is inexpensive. 

• Rely entirely on potable water. 

• Timer-based and will operate whenever programmed to, regardless 
of whether irrigation is necessary. Typically, timer-based systems 
are adjusted higher than needed to account for consecutive hot days 
that stress turf beyond the wilting point. 

• Require personnel to be onsite to make adjustments to the watering 
schedule. 

• Do not provide high-efficiency irrigation hardware. 
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3.0  PERFORMANCE OBJECTIVES 

The primary success criteria for the smart water conservation system was to reduce potable water 
usage for landscape irrigation by 70%, while maintaining or increasing landscape condition.  Table 
2 summarizes all the established quantitative and qualitative performance objectives, their 
respective success criteria for determining progress towards meeting the goals, and the final 
results.  
 

Table 2.  Summary of Quantitative and Qualitative Performance Objectives 

Performance 
Objective Metric Data Requirements Success Criteria Results 

Quantitative Performance Objectives 
Reduction of potable 
water usage 

Amount of potable 
water used for 
irrigation (gal) 

• Metered water usage 
• Historic metered water 

usage  

> 70% reduction 
in potable water 
use 

Achieved 81% 

Reduction of potable 
water costs 

Water and electrical 
costs 

• Metered water usage 
• Historic metered water 

usage  
• Current and historic water 

rates/costs  
• Calculated electrical usage 
• Current and historic 

electrical costs 
• Hours of pump operation 

> 50% reduction 
in potable water 
cost 

Achieved 81% 

Economic payback 
period  Cost savings from 

smart water 
conservation system 

• Capital equipment costs 
• Electrical costs 
• Water costs 

≤ 20 years  Not Achieved 
53 years 

Savings to 
Investment Ratio 
(SIR) 

SIR >1.0 Not Achieved 
0.53  

Overall energy use 
reduction 

Pumping costs per 
amount of water used 
for irrigation 

• Metered water usage 
• Historic metered water 

usage  
• Calculated electrical usage 

• Historic metered electrical 
usage 

• Hours of pump operation 

> 40 % reduction 
in energy  

Achieved 
57.4% 

System Availability Time system is 
operational  

• Downtime, Uptime 
• Number of failures 
• Time to repair 
• Mean Time Between 

Failure  
• Mean Time To Failure 
• Maintenance and repair 

logs  

> 95% 
Availability 

Achieved 98%   
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Performance 
Objective Metric Data Requirements Success Criteria Results 

System Reliability Time system performs 
as designed 

• Downtime, Uptime 
• Number of failures 
• Time to repair 
• Mean Time Between 

Failure  
• Mean Time To Failure 
• Maintenance and repair 

logs 

8,760 hours 
(17,520 hours) 
 

Achieved 98% 

Qualitative Performance Objectives 
Landscape aesthetics Appearance: 

professional opinion 
of recognized experts 
in turf science 

• Photographic records Equal or 
improved 
appearance of 
landscape  

 Slightly 
diminished 
appearance but 
satisfactory 

Plant/turf health Appearance: 
professional opinion 
of recognized experts 
in turf science 

• Photographic records No degradation 
or improvement  
of plant/turf 
health  

 Slightly 
diminished but 
satisfactory 

Ease of use Ability of landscape 
technician/manager to 
use/maintain the 
technology 

• Feedback from the 
landscape technician on 
maintainability 

Equal or reduced 
workload on 
landscape 
technician   

Achieved*  

(*Some additional workload was caused by pump failure after the demonstration period.) 
 
The results of each performance objective was determined by analyzing the data compiled in 
Appendix B for both the control plot (i.e., using current/traditional irrigation practices) and the 
smart plot, using the smart water conservation system.  The smart and control plots were selected 
as comparable areas, having similar initial landscape, plant health, plot size, microclimate, 
sun/wind exposure (i.e., based on the presence of Building 1100 directly adjacent to the study 
area), and usage/traffic within the landscape.   

3.1 Reduction of Potable Water Consumption 

Purpose: The DoD has substantial landscape areas that are irrigated with inefficient, traditional 
systems that can benefit from technologies that reduce potable water usage. It is estimated that 
smart water conservation technologies along with a water harvesting system can reduce the amount 
of potable water used for irrigation by approximately 60 to 70%. The primary objective is to 
determine if these smart water conservation technologies along with water harvesting system can 
be retrofitted into existing facilities to reduce potable water use by up to 70% in support of meeting 
EO 13693.  
 
Metric: During the demonstration project, the volume of water used for irrigation at both the smart 
and control plots were measured and recorded/downloaded on a monthly basis to determine the 
reduction in potable water usage between the smart water conservation system and traditional 
irrigation system, respectively (see calculations below).   
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Data:  A total of 24 months of water usage data were collected during the demonstration project.  
The cumulative volume of water data were collected for each irrigation event by the controller on 
the smart water conservation system.  These data were downloaded on a monthly basis.   
  
Success criteria:  Achieve a reduction in potable water consumption greater than 70%. 
 
Achievement:  Success criteria were achieved with a reduction in potable water consumption of 
81% (see calculations and assumptions below). 
 
Determination:  A total of five flowmeters were installed, four within the smart plot and one within 
the control plot, as follows: 
 

• Flow meter #1 – Measures the flow rate and total volume of HVAC condensate water 
contributing to the UST. 

• Flow meter #2 – Measures the flow rate and volume of rain water overflow exiting the 
UST during a rain event.   

• Flow meter #3 – Measures the flow rate and total volume of potable water contributing 
to the UST to supplement irrigation for the smart plot. 

• Flow meter #4 – Measures the flow rate and total volume of water actively pumped 
from the UST to support irrigation of the smart plot. 

• Flow meter #5 – Measures the flow rate and total volume of potable water used by the 
traditional irrigation system to support irrigation of the control plot. 

 
Figure 2 illustrates the relative location of the flow meters (or totalizer) on the control and smart 
plots used to determine reduction of potable water consumption.  The control plot was watered 
using a timer-based, traditional irrigation system that is currently in place and operated by the 
facility at the demonstration site.  As stated previously, the traditional irrigation system was 
outfitted with a flow meter (i.e., Flow meter #5) to measure the total volume of potable water used 
to irrigate the control plot during the two year demonstration period.  The total volume of potable 
water used to irrigate the control plot is represented by Equation 1. Small leak losses through the 
tank walls at pipe penetrations were minimal and not included in any of the following calculations.  
 

ControlVol potable = ControlVol irrigated + Losses    (Equation 1) 
 
Where:  

 
• ControlVol potable = cumulative volume of potable water used to irrigate the control plot 

during the demonstration period (Flow meter #5) 

• ControlVol potable = 67,423 gal 
 
The smart plot demonstration area was equipped with four flow meters to measure the total 
volume of rain water overflow exiting the UST, HVAC condensate water entering the UST, 
make-up potable water entering the UST, and smart plot irrigation water exiting the UST.  Rain 
water that was collected within the UST was determined by manually measuring UST water 
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levels prior to and after each rain event, and performing a summation of the values for the 
demonstration period.  Flow meter #2 measured the total volume of rain water that could have 
been harvested had the UST been larger, and differentiates water collected within the UST from 
water that flowed through the UST.   
 
Water from the potable water supply system was introduced into the UST as needed to ensure that 
the pump inlet remained fully submerged in the tank.  This potable water (i.e., SmartVol potable) 
was used to irrigate the smart plot, as needed and compared to the potable water used to irrigate 
the control plot.  The volumetric balance of water in the UST and water used to irrigate the smart 
plot is shown in Equation 2.   
 

SmartVol potable + Vol rain + Vol condensate = SmartVol irrigated + Vol overflow + Losses    (Equation 2) 
 
Where: 

• SmartVol potable = total volume of potable water contributed to the UST (Flow meter #3) 

• Vol rain = total volume of rain water contributed to the UST (summation of UST water 
level increase after rain event) 

• Vol condensate = total volume of HVAC condensate water contributed to the UST (Flow 
meter #1) 

• SmartVol irrigated = total volume of water used to irrigate the smart plot (Flow meter #4) 

• Vol overflow = total volume of water that has overflowed from the UST (Flow meter #2) 
 
The simplest approach to determine the reduction in potable water consumption is to determine 
the difference in cumulative volumes of potable water used to irrigate the control plot compared 
to the smart plot (see Equation 3).  The success criterion for this performance objective is 70% 
reduction.  SmartVol potable is the cumulative volume of potable water passing through Flow meter 
#3.  However, Flow meter #3 includes the total volume of potable water used to irrigate both the 
smart plot turf and groundcover areas served by the UST.  Therefore, separate flow data was 
collected for both the smart plot and groundcover area using Flow meter #4, which were irrigated 
on separate schedules.   
 
Approximately 51% of the total volume of potable water was applied to the smart plot (see 
Appendix B).  Accordingly, for equal comparison the total volume of potable water applied to the 
smart plot was multiplied by 0.51 (i.e., equal to 12,843 gal). 
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Figure 2.  Details of Smart Water Conservation System, Traditional Irrigation System, and Flow Meters Used to 
Quantitatively Evaluate System Performance
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Percent Reduction = (ControlVol potable – SmartVol potable) / ControlVol potable      (Equation 3) 
 

Percent Reduction = (67,423 gal – (25,183 gal × 0.51)) / 67,423 gal 
 

Reduction of Potable Water Consumption = 81.0% 
 
Where: 

• ControlVol potable = Cumulative volume of potable water used on control plot (Flow 
meter #5) 

• SmartVol potable = Cumulative volume of potable water used on smart plot (Flow 
meter #3) 

3.2 Reduction of Potable Water Costs 

Purpose: The primary purpose of the cost reduction performance objective is to determine the 
annual cost savings resulting from the displacement of potable water use and any resulting 
decrease in electrical use due to the smart water conservation system.  The percent reduction in 
potable water cost is expected to be approximately equal to the reduction in potable water 
consumption, since there is only a minimal cost associated with pumping the harvested water and 
supplemental potable water.  In addition, the pumping occurs on-site, pump size and pressure is 
optimized, and pressure loss is held to a minimum.  The reduction in potable water cost can be 
used to determine the payback on investment for follow-on system implementation. 
 
Metric: Total volume of water used to irrigate the control plot and smart plot, an average water 
rate/cost, an average electrical cost, and hours of pump operations were used to calculate reduction 
in potable water cost.     
 
Data:  During the demonstration project, potable water use, harvested water use, and flow data 
were collected (over a 24 month period) and used to determine hours of pump operation.  The 
cumulative volume of water data were collected during each irrigation event by the controller on 
the smart water conservation system.  These data were downloaded on a monthly basis.  Water 
rates and electrical costs were captured from average local utility bills.   
 
Success Criteria: Achieve a reduction in potable water cost greater than 50% to support an 
economic payback/return on investment. 
 
Achievement: Success criteria were achieved with a reduction in potable water cost of 81% (see 
calculations and assumptions below). 
 
Determination:  The reduction in potable water cost was determined by comparing the cost of 
potable water used to irrigate the control plot with the cost of potable water used to irrigate the 
smart plot (see calculations below). The smart plot has two cost factors:  1) the electrical cost to 
pump water from the UST to the smart plot and 2) the cost of the makeup (i.e., potable) water 
contributing to the UST.   
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The electrical or pump cost to irrigate the smart plot was determined assuming an electrical cost 
of $0.14 per KWh and a flowrate set at 13 gpm throughout the demonstration period.  In addition, 
a water rate or cost of $6.54 per 1,000 gallons was used to determine the cost reduction. Since 
many municipalities provide incentives to consumers to conserve water, this unit cost takes into 
account the rate that would have been charged if no reductions were made by the consumer.  The 
cost of pumping 12,843 gallons of potable water for irrigating the smart plot was used in the 
analysis (see Equation 4).  
 

Pump Cost = Cost per Hour × Total Hour 
 

Cost per Hour = 0.746 Qhc / 3960 µm µp 
Cost per Hour = 0.746 × (13 gpm) × (92 ft) × (0.14) / 3960 × (0.7) × (0.6)  
Cost per Hour = $0.075 
 

Where: 
 Q = Flow rate (gpm) 
 h = Head (ft) 
 C = Electrical cost per KWh 
 µm= Motor efficiency 
 µp = Pump efficiency 

 
Total Hours = (12,843 gallons/13 gpm) / 60 min = 16.5 hours 

 
 Pump Cost = $0.075 × 16.5 hours = $1.24 
 
  

Cost Reduction = ��ControlVolpotable× unit cost�-(�SmartVolpotable×unit cost�+𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐)
ControlVolpotable× unit cost

�×100%   

(Equation 4) 
 
 

Cost Reduction = �(67,423 gal × $6.54/1000gal)-((12,843 gal×$6.54/1000gal)+$1.24)
67,423 gal × $6.54/1000gal

�×100% 
 

Cost Reduction = 81.2% 
 

Where: 
• ControlVol potable = cumulative volume of potable water used on control plot (Flow 

meter #5) 

• SmartVol potable = cumulative volume of potable water contributed to the UST (Flow 
meter #3) 

3.3 Economic Payback Period and Savings to Investment Ratio 

Purpose: The primary purpose of the economic payback period and savings to investment ratio 
(SIR) performance objectives are to demonstrate the economic feasibility of implementing a smart 
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water conservation system at an existing DoD facility.  Specifically, these performance objectives 
will determine if the system or components of the system are financially feasible for potential 
widespread implementation at sports field, parade grounds, and/or landscape near buildings.  
Appendix C details the life cycle cost for the smart water conservation system. 
 
Metric: System capital equipment costs were compared to annual cost saving to calculate an 
economic payback period and SIR.  Costs for the smart water conservation system design, capital 
equipment, installation, potable water, pumping, and annual maintenance were included in the 
evaluation. 
 
Data:  The data required to complete the analysis include costs for electrical and water; design, 
capital equipment, and installation of the smart water conservation system; and operational and 
maintenance. 
 
Success Criteria: Achieve an economic payback period of less than or equal to 20 years and a SIR 
greater than 1.0. 
 
Achievement: Not achieved. The payback for the smart water conservation system deployed at 
Naval Base Ventura was 53 years.  SIR = 0.53. 
 
Determination: The National Institute of Standards and Technology (NIST) Building Life Cycle 
Cost Program was initially used to evaluate the smart water conservation system economic 
payback period and SIR. However, the payback period for the entire system was outside the limits 
of the program, so a simplified excel spreadsheet was developed to perform the economic analysis.  
 
The spreadsheet incorporated a 4% discount or interest rate for the lifecycle cost calculation (see 
Appendix C).  A 4% interest rate is approximately the long-term government bond rate and 
represents the cost of alternative uses for capital investment funds.  For the purposes of evaluating 
this performance objective, the economic payback is considered the time period when the 
discounted future savings of a project (i.e., the smart water conservation system) repays the initial 
investment costs.  The future savings was determined based on a comparison of the annual 
reduction of potable water used and the associated cost (as compared to the traditional irrigation 
system) and any reduction in annual operation and maintenance costs associated with the smart 
water conservation system.  Payback was calculated based on a present worth evaluation of the 
annual cost savings, assuming that interest is compounded continuously.  The economic payback 
period equals the point that the present worth of the annual cost savings is greater than the initial 
investment costs of the smart water conservation system.  If the economic payback period was less 
than or equal to 20 years, then this performance objective is considered achieved for the 
demonstration project. 

3.4 Overall Energy Use Reduction 

Purpose: The purpose of the energy use reduction performance objective is to demonstrate the 
overall energy saving resulting from using smart water conservation technologies compared to 
traditional irrigation systems.  Potable water used for irrigation purposes at (NBVC is provided by 
the Port Hueneme Water Agency, whose source water includes local groundwater and water 
purchased from Calleguas Municipal Water District).  The Calleguas Municipal Water District 
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imports water from the Metropolitan Water District of Southern California (MWDSC), who 
acquires raw water from Northern California (Sacramento Delta) and the Colorado River. The 
MWDSC published energy cost for water supplied to users in Southern California is $161 per acre 
foot and reflects the electrical cost associated with the following: 
 

1. pumping raw water to treatment plants; 

2. treatment at the water plant (i.e., pumps, injection systems, mixers);  

3. pumping treated water to the end user/customer and maintaining adequate pressure and 
disinfectant; and  

4. the 10 to 20% overburden due to water lost through leaking water distributions systems. 
 
The energy cost to manufacture and transport the treatment chemicals (e.g., chlorine, fluoride, 
alum, etc.) used in potable water treatment is not included in this evaluation, but is an important 
consideration to overall energy saving.  
 
On-site harvested water is free of treatment chemicals and has a significantly smaller electrical 
footprint than potable water.  Specifically, a smaller pump operating at lower pressure due to 
reduced friction losses results in increased energy saving using harvested water. Quality of 
rainwater should also enhance overall turf health; thereby, reducing the requirement for fertilizers 
and maintenance.  Energy reductions for these benefits are not included in the calculations, but are 
important factors to note. 
 
Metric: The metrics used to measure energy use reduction were: 1) the published energy cost to 
supply water to customers in southern California and 2) the energy cost to irrigate with an on-site 
pump.  Regional energy cost for potable water is $161 per acre foot (or $0.49/1,000 gal) and the 
average cost of electricity is $0.14 KWh. 
 
Data: The data required is the volume of water used to irrigate the control plot and smart plot, cost 
of electrical power, and hours of pump operation (in addition, see Section 3.2). 
  
Success Criteria: Achieve an energy use reduction of greater than 40%. 
 
Achievement:  The smart water conservation system achieved an energy use reduction of 57.4% 
compared to the traditional irrigation system. 
 
Determination:  The energy analysis compared the energy cost to harvest and use water generated 
on-site for the smart water conservation system with energy costs resulting from imported off-site 
potable water for the traditional irrigation system.     
 
        Energy CostControl = 67,423 gal × $0.49/1,000 gal 
       Energy CostControl = $33.04 
        Energy CostSmart = Pump Cost + Energy Cost (make-up water) 
 Pump Cost = $0.075 × 16.5 hours = $1.24 (see Section 3.2) 
 Energy Cost (makeup water) = 12,848 gal × $0.49/1,000 gal = $12.85 
 Energy CostSmart = $1.24 + $12.85 = 14.09 
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 Energy Use Reduction = [(Energy CostControl – Energy CostSmart) / Energy CostControl] × 100% 

 
Energy Use Reduction = ($33.04 – $14.09) / $33.04 = 57.4% 

3.5 Reliability and Availability  

Metric: System reliability is defined as the probability that equipment provided will perform its 
designed function over a specified period of time, or simply the amount of time the system 
performs as designed.  Reliability is quantified as mean time between failures (MTBF) for 
repairable products such as pumps, and mean time to failure (MTTF) for non-repairable products 
such as sensors. Table 3 details the reliability and availability of each component of the system. 
 
Repair and replacement for each of these components were kept throughout the 2 year monitoring 
program to monitor failure and to calculate MTBF and MTTF.  The formula for calculating MTBF 
is:  
 
 MTBF = T/R        
 
Where: 

T = Total time 
R = Number of failures  

 
The formula for calculating MTTF is; 
 
 MTTF = T/N        
Where: 

T = Total time 
N = Number of units under test. 

 
Availability (A0) is described as the amount of time a system is operational or ready to operate.  
Availability is directly related to MTTF and MTBF, and computed using the following formula  
 

A0 = MTBF / (MTBF + MTTR + MLDT)    
 

Where: 
MLDT = mean logistic delay time (time a technician receives a trouble call to fix and show 
up with parts and tools) 
 

A simpler approach and that used in this report is to use the following equation for the entire system  
 

A0 = (Up Time) / (Up Time + Down Time)  
 
The same data used to monitor reliability were used to compute availability for each of the 
individual components and the system as a whole.  System availability is projected to be over 95%.  
Data sheets were used to capture the date and duration of each repair and the associated system 
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downtime.  The collected information provides a repair record that identifies problematic system 
components and design practices. 
 
Success Criteria: The reliability and availability success criteria established for the smart water 
conservation system is greater than 95% 
 
Achievement:  Target 95% was achieved. 
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Table 3.  Reliability and Availability of Equipment 

Equipment 
Number 

of 
Failures 

Time to 
Repair 

Mean Time 
Between 
Failures 

(hrs) 

Mean 
Time To 
Failure 

(hrs) 

Availability 
(%) Success Criteria Notes 

Submersible Pump 1 14 days* >17,520 
(18,240)* NA 100 

(98) Met 

* Pump failed one month outside of 
demonstration period. Manufacture 
recommended replace versus repair.  Actual 
replacement time was 4 hours.  Time to 
replace was mainly awaiting procurement of 
new pump.  Recommend backup kept on 
site as government procurement process is 
not expedient.  Pump was estimated to last 
at least 5-7 years.  Possible cause of early 
failure was initial improper float system 
on/off setting causing pump to run dry. 

Makeup Water 
Subsystem (Float 

Controls) 
0 -- NA >17, 560 100 Met 

Float initially set too low causing pump to 
surge on and off.   

Controller 0 -- >17,560 NA 100 Met Controller operated as designed for the 24 
month period 

Soil Moisture 
Sensor 0 -- NA >17,560 100 Met 

Sensor performed as designed for the 24 
month period. Gopher hole in close 
proximity to the sensor was a problem 
causing the moisture reading to be non-
representative of plot. 

Irrigation Spray 
Heads 0 -- >17,560 NA 100 Met 

Reduced maintenance frequency resulted in 
blockage of sprinkler trajectory. 
Government sequestration caused budget 
shortfalls. 

Evapotranspiration 
Communications -- -- -- -- -- -- 

ET communication link were disrupted 
several times during the demonstration due 
as computer interface was turned off which 
resulted in monthly historical ET being used 
in lieu of actual measured ET. 
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3.6 Ease of Use 

Purpose:  The purpose of the “Ease of Use” qualitative performance objective is to provide an 
evaluation with respect to the feasibility of implementing a smart water conservation system for 
irrigation. 
 
Metric:  The performance metric is the ability of landscape technicians or managers to use and/or 
maintain the smart water conservation system technology.     
 
Data:  The project engineers interviewed landscape technicians to obtain their feedback or input 
on the “ease of use” of the smart water conservation system.  The landscape technicians provided 
feedback on their ability to operate the Calsense 2000E smart irrigation modular controller, and 
system maintenance based on “workload” and “ease of use”.  In addition, data was compiled on 
reliability, maintainability and time required for operation and maintenance.   
 
Success Criteria:  The success criteria are equal or reduced workload on landscape technicians or 
managers due to implementation of the smart water conservation system. 
 
Achievement:  Overall, workload was only marginally increased; therefore, the “Ease of Use” 
qualitative performance objective was achieved. 
 
Determination:  With the exception of a few call-ins to the Calsense help-line, the smart water 
conservation system is generally considered user-friendly and easy to use based on feedback from 
landscape technicians and managers.  Table 4 provides the workload and ease of use ratings for 
the smart water conservation system components.     
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Table 4. Ease of Use Qualitative Performance Objective 

Smart Water Conservation 
System Component Workload  Rating Ease of Use Rating User Comments 

Condensate Collection 
Subsystem 3 1 Simple piping system.  No additional workload.  

Rainwater Collection (First 
flush Devise) 5 * 

3 ** 
4 * 
2 ** 

COTS first flush diverter required maintenance after each 
storm. New design is user friendly.  Automatic self-drain 
worked. 

Harvest Tank 4 2 Requires some additional visual inspections and first year 
leak evaluation while tank is under 1 year warranty. 

Et Controller Initial workload is a 4, but after 
setup it is a 1. 3 

Requires some time to learn how to adjust soil sensor 
setting, program for soak and cycle.  Controller sensor 
field technician readily available for product support.  

Irrigation Pump 5 1,5 Requires some know-how on pump replacement when 
pump fails. 

Sprinklers 2 2 No new requirements. 
Pressure Regulating Devise 2 2 Requires initial pressure settings. 
Flow Sensor 4 3 No reported problems except for damaged wire caused by 

gophers. 
Soil Moisture Sensor 4 2 No reported problems except for non-representative plot 

readings caused by gopher hole near sensor.  
*COTS 
** Navy Developed First Flush Diverter 
Workload Rating:  1-Less Workload; 2-Equal Workload; 3-No Added workload; 4-Slightly More Workload; 5-More Workload; 6-Significanlty More. 
Ease of Use Rating:  1 - Very Easy; 2 – Easy; 3- Neutral; 4- Difficult; 5- Need a new skill set. 
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4.0  FACILITY/ SITE DESCRIPTION 

4.1 Facility/ Site Location and Operations  

The demonstration of the smart water conservation technology for landscape irrigation was 
conducted at NBVC, located northwest of Los Angeles, California and includes NCBC Port 
Hueneme, California.  The primary mission of NCBC is: 
 

To support the Naval Construction Force, fleet units and assigned organizational 
units deployed from or home ported at the CBC; to support mobilization 
requirements of the Naval Construction Force; to store, preserve, and ship 
advanced base mobilization stocks; to perform engineering and technical services, 
and such other tasks as may be assigned by higher authority.  

 
Naval Facilities Engineering and Expeditionary Warfare Center (NAVFAC EXWC) specializes in 
environmental and energy projects, including water conservation.  NAVFAC EXWC’s 
Environmental and Energy and Utilities Departments are standing at the forefront of implementing 
innovative technology to conserve water resources and reduce energy consumption.  These two 
departments have collaborated to modernize Building 1100 at NCBC Port Hueneme, California 
(see Figure 3), to achieve a Leadership in Energy and Environmental Design (LEED) “Silver” 
rating.  Implementing and showcasing new, innovative technologies, such as the smart water 
conservation system, is supported at the command and department levels.     
 
As such, NAVFAC EXWC Building 1100 served as the demonstration site for the smart water 
conservation system.  Building 1100 is a relatively new building (constructed in 1994) and houses 
over 500 engineers, scientists, and support staff.  Figure 4 provides a general layout of the 
demonstration area immediately north and west of Building 1100, including the location of the 
smart plot, control plot, approximate rainwater harvesting area, 17,000 gallon UST and Calsense 
2000E controller, and two 20-ton rooftop HVAC systems.  The rooftop HVAC systems are 
centrally located on Building 1100 and regulate building temperature and humidity during normal 
business hours.  
 
The smart plot and control plot were carefully selected based on the comparability of each area.  
Figure 4 provides a general plan view of the smart plot and control plot at Building 1100.  Both 
the smart and control plot have a turf area (1000 square feet) located at the main entrance of 
Building 1100 with an accompanying Myoporum ground cover area (6,500 square feet) situated 
further away from the main entrance. Figure 5 provides a close up of each turf area with the 
groundcover in the background.  Specifically, each area is the same size, contains similar 
landscaping, and is located on the north side of Building 1100; therefore, sun and wind exposure 
are similar.  Additionally, the control plot was equipped with an existing traditional irrigation 
system, which served as the baseline against which the smart water conservation system was 
measured during the project. 
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Figure 3.  NAVFAC EXWC Building 1100 Located at NBVC Port Hueneme, California 
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Figure 4.  Demonstration Area Immediately North of Building 1100 Depicting the Smart Plot, Control Plot, the Approximate 

Rainwater Harvesting Area, and the Underground Water Storage Tank
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Figure 5.  Photographs of Control Plot and Smart Plot at Building 1100 

 

4.2 Facility/Site Conditions 

Due to its proximity to the Pacific Ocean, Port Hueneme is described as having a Mediterranean 
climate and often experiences periods of fog in the early mornings.  The average temperature is 
approximately 60 ºF with an average high and low of 70 ºF and 51 ºF, respectively.  On occasion, 
Port Hueneme experiences hot, high winds blowing from the desert region known as “Santa Anas,” 
which can blow at gusts greater than 40 miles per hour (mph) on the coast.  Table 5 summarizes 
monthly rainfall, ET rates for grass (tall fescue), and humidity in Port Hueneme.  These data were 
used to properly size the water harvesting system.  
 
 

Table 5.  Summary of Monthly Weather Conditions for Port Hueneme, CA  

Month Avg. Rainfall (in.) Avg. Evapo-
Transpiration (in.) 

Humidity 
High (%) Low (%) 

January 3.0 1.83 80 57 
February 3.1 2.20 79 58 
March 2.4 3.42 83 60 
April 0.9 4.49 76 58 
May 0.1 5.25 83 60 
June 0.0 5.67 88 62 
July 0.0 5.86 90 64 

August 0.1 5.61 86 63 
September 0.4 4.49 81 62 

October 0.3 3.42 77 52 
November 2.0 2.36 81 55 
December 2.0 1.83 83 60 
Annual 14.3 (Total) 46.43 (Total) 82 (Avg) 59 (Avg) 

 
 
Potable water supplied to NBVC originates from the Sacramento Delta, Colorado River, and local 
source waters and is provided by the Port Hueneme Water Agency and Base Public Works. The 
average cost of potable water is approximately $6.95 per 1,000 gallons; however, costs vary 
depending on availability and drought conditions.  Costs most likely have increased due to the 
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Continued State of Emergency because of the ongoing drought throughout the state. For purposes 
of this report the year 2010 billing rate of $6.54 per 1,000 gallons was used on all economic 
analysis.  

4.2.1 Site-Related Permits and Regulations  

Guidelines for rainwater harvesting are largely unaddressed by regulation and generally, only a 
few states (approximately 14) and local jurisdictions have established guidelines for rainwater 
harvesting systems.    The U.S. EPA Low Impact Development Center developed Managing Wet 
Weather with Green Infrastructure, Municipal Handbook, Rainwater Harvesting Policies (U.S. 
EPA, 2008), provides minimum water quality guidelines and treatment options for stormwater 
reuse.  For example, stormwater for outdoor use, such as irrigation, suggest pre-filtration with a 
first flush diverter.   However, stormwater for indoor use requires a first flush diverter, a 5 micron 
sediment filter, and chlorination or ultraviolet disinfection. 
 
In addition, water harvesting systems have been used for years without specific design 
requirements other than standard plumbing regulations for siting of tanks and piping systems.  
Neither the Uniform Plumbing Code nor the International Plumbing Code specifically addresses 
rainwater or condensate water harvesting.  However, various counties and cities within the U.S., 
such as Berkeley, California, have developed guidelines that highlight general best management 
practices (BMPs) for rainwater harvesting.  Some of the more prevalent BMPs are summarized 
below: 
 

• Provide first flush diverter to remove ambient contamination from roof runoff; 

• Protect existing potable water distribution systems; 
o Reused pipeline should not be cross connected with potable water  
o Provide backflow prevention on nearby potable water systems 
o Provide air gaps for potable water makeup into harvest tanks 

• Use rainwater for irrigation only (purple pipe indicating reuse water) and properly 
labeled “not for human consumption”; 

• Do not connect rainwater overflow discharge to sanitary sewer; 

• Provide screens on water storage tank openings to prevent mosquito hatching; 

• Provide minimum tank setback requirements from buildings and property lines; 

• Overflow cannot be discharged over public right-of-way or adjacent property; and 

• Provide adequate tank restraints/designs for local seismic and wind conditions. 
 

Most jurisdictions do not require permits to install a rainwater harvesting system with the 
exception of Colorado and a few counties.  In Colorado, a permit is necessary to install a water 
harvesting system.  Some communities in California, such as Berkeley, require a permit for any 
system over 100 gallons.  No known permits are required for installing water harvesting systems 
at NBVC or other Federal government or military installations outside of Colorado.   
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5.0  TEST DESIGN 

5.1 Conceptual Test Design 

Figure 1 illustrates the conceptual schematic diagram of the demonstration study, detailing both 
smart water conservation system and traditional irrigation system (i.e., control) as well as the 
location of flowmeters that will be used to quantitatively evaluate and compare performance of 
each system.   
   
Figure 6 presents a general process flow diagram for operation or irrigation using the smart water 
conservation system. The Calsense 2000E controller received soil moisture and ET data to 
determine the pump operation schedule (i.e., time and duration of operation).  The controller 
communicates daily with a pre-existing nearby Calsense ET gauge located on NBVC.  The ET 
gauge is designed to evaporate water at the same rate as tall fescue (representative of existing turf) 
via a ceramic evaporation plate.  ET data is then automatically sent to the controller, which 
calculates run time for the next irrigation cycle. The ET gauge is inspected and filled with distilled 
water every 2 months to ensure proper operation.  
 
An irrigation set point or soil moisture content level was established within the controller such 
that:   
 

• If the soil moisture content level (i.e., based on measurements from the soil moisture 
sensor) exceeded the irrigation moisture set point, then the smart water conservation system 
did not irrigate because the data indicated the soil was sufficiently moist to support plant 
health within the smart plot.   

• If the soil moisture content level (i.e., based on measurements from the soil moisture 
sensor) was below the irrigation moisture set point, then ET data were used by the 
controller to determine whether irrigation was necessary within the smart plot.    

 
This smart water conservation system ensured irrigation only occurred when it was needed, based 
on site- and area-specific data (i.e., moisture content and ET data).  Harvested water (along with 
potable water, if necessary) within the UST served as the water source and a pump was used to 
transport this water from the UST to the smart plot during periods of irrigation (i.e., as determined 
by the controller).   
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Figure 6.  Process Flow Diagram for Operation of the Smart Water Conservation System  

 

5.2 Baseline Characterization 

A separate area at the demonstration site served as the control plot and was irrigated using the 
existing traditional irrigation system.  As shown in Figure 4, the control plot was directly adjacent 
to the smart plot; therefore, it was expected to be highly comparable with micro-climates, soil 
conditions, and exposure to sun, shade, and wind as the smart plot.  Also, there were similarities 
in the landscape features, such as types of turf, plants, and vegetation density, between the smart 
plot and control plot.   
 
The control plot was approximately 7,560 ft2 and covered by two irrigations stations: one for the 
turf area and the other for ground cover.  The turf area was approximately 1,034 ft2.  The station 
for the ground cover could not be outfitted with a flow meter without major demolition and 
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construction; therefore, only the turf area was monitored with a flow meter during the 
demonstration project.  As illustrated in Figure 1, irrigation at the control plot was regulated by a 
simple timer.  In order to capture flow data for the demonstration a second Calsense controller was 
added and configured to operate as a simple timer.  Figure 7 presents the general process flow 
diagram for operation of the timer-based, traditional irrigation system.  
 
Irrigation using a timer-based system is solely dependent on:  1) the time of the year (i.e., summer 
month verses. non-summer month); 2) the day of the week; and 3) the time of day:   
 

• During the summer months, the timer was set to irrigate the turf and landscape on Monday, 
Wednesday, Friday, and Saturday between the hours of 10:00 p.m. and 6:00 a.m., which 
was consistent with current irrigation schedules.   

• During the fall/winter/spring months, the timer was set to irrigate the turf and landscape on 
Mondays and Thursdays between the hours of 10:00 p.m. and 6:00 a.m.  This schedule was 
based on discussions with the irrigation manager from the NBVC Public Works Office.   

 
The 2-year demonstration study began following installation and an initial evaluation of both the 
smart water conservation system and traditional irrigation system.  The overall performance of the 
traditional irrigation system was assessed using a flow meter capable of monitoring flowrate and 
total water volume.  These performance metrics were monitored on a monthly basis using this flow 
meter.  Appendix B provides a detailed spreadsheet of the total water volume measurements on a 
monthly basis.  To note, some adjustments were made by the landscape technician to the timer on 
the traditional irrigation system throughout the demonstration period to adjust for drought 
conditions and maintenance crew activities.  Groundskeepers turned off irrigation during the 
winter months and a few days prior to mowing.    
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Figure 7.  Process Flow Diagram for Operation of the Traditional Irrigation System 

 

5.3 Design and Layout of Technology Components 

This section provides a detailed, technical description of the primary components of the smart 
water conservation system, including the advanced ET controller, rainwater and HVAC 
condensate water harvesting system, and irrigation hardware.  The conceptual design and layout 
of the smart water conservation system (including components) is illustrated in Figure 1 and the 
spatial layout of the demonstration site is illustrated in Figure 4.    

5.3.1 Advanced ET Controller 

The Calsense 2000E smart irrigation modular controller is a programmable logic controller (PLC) 
and the main interface for the smart water conservation system.  Through the use of this controller, 
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operators are able to program the system to operate/irrigate based on site- and area-specific 
conditions.  Overall, the basic functionality of the Calsense 2000E smart irrigation modular 
controller includes:  
 

• Ability to control eight irrigation systems (with the option to upgrade up to 32 irrigation 
systems); 

• Flexible programming options and self-diagnostic feedback to identify field wiring, 
sensor input, and solenoid/valve issues during operation; 

• Four separate programmable settings to input different start times, system timing 
duration, and watering days; 

• Ability to draw from non-potable (e.g., harvested) water sources and control pumps 
and actuated valves, as necessary, to control operation; 

• Remote features, such as manual operation, program adjustment, and dial and switch 
settings via personal computer, radio signal, or cellular network provides substantial 
travel cost savings by allowing routine irrigation programming modification and, in 
some cases, more complicated troubleshooting to be conducted remotely 
(Unfortunately Navy IT requirements only allowed manual input/output via hard wire 
connection at the Port Hueneme demonstration site)   ;  

• The controller utilizes the following sensors to irrigate the smart plot: 1) a pre-existing 
nearby Calsense ET gauge to calculate the irrigation run time correlating to existing 
weather conditions; 2) a soil moisture sensor to terminate irrigation if actual soil 
moisture meets the programmed set-point; and 3) a rain gauge that terminates irrigation 
upon a rain event, offsets ET losses, and adjusts run time for following irrigation cycles.  
Figure 8 provides a photograph of the Calsense 2000E controller as well as ET sensor 
and rain gauge used during the demonstration project.  

• One of the primary objectives of this project was to demonstrate the controller’s ability 
to effectively and efficiently manage landscape irrigation by using real-time soil 
moisture, ET, and rainfall data as well as multiple water harvesting sources to minimize 
the volume of potable water required for landscape irrigation.  Overall, the Calsense 
2000E controller and system components were selected, installed, and demonstrated to 
determine the feasibility of irrigating, as needed, based on site- and area- specific 
conditions.  Appendix A provides the manufacturer’s specification sheet for the 
Calsense 2000E smart irrigation modular controller.   
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Figure 8.  Calsense 2000E Smart Irrigation Modular Controller, ET Gauge, and Rain 

Gauge (Clockwise from Left) 
 

5.3.2 Rainwater and HVAC Condensate Water Harvesting System  

The smart water conservation system includes a water harvesting system, capturing both rainwater 
and HVAC condensate water to displace potable water usage for irrigation.  The water harvesting 
system captures roof rainwater from the western half of Building 1100, which gravity feeds 
through three downspouts to a 17,000 gallon UST located approximately 25 feet west of the 
building foundation.  At the base of the building, rooftop runoff flows through first flush diverters 
to redirect the first portion of a storm event to the storm sewer.  The first flush of rooftop runoff 
typically contains debris such as bird droppings and sand size particles that can accumulate in the 
UST, or clog the sprinkler irrigation hardware.   
 
Figure 9 shows the two types of first flush diverters installed at the base of Building 1100.  The 
left side of the photograph shows a flow rate based first flush diverter valve, and the right side of 
the photograph shows a constant volume 100 gallon first flush diverter.  The diverter valve design 
was installed on two of the three downspouts leading to the UST, while the remaining downspout 
was served by the constant volume first flush diverter.  In either scenario, conventional design 
guidance suggests diverting 1 liter per square meter roofing for lightly loaded roofs and 2 liters 
per square meter for heavier loads. 
 
Constant volume first-flush diverters fill to capacity when a rain event begins regardless of the rain 
intensity.  Once full, rainwater is then conveyed to the UST.  If they are sized correctly, the 
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rainwater sent to the UST will be essentially free of contaminates and debris.  The first flush runoff 
volume slowly drains from the diverter over the next 72 hours via a weep hole connected to the 
storm sewer.    
 
First flush diverter valves are sensitive to the flowrate of the rainwater moving through a 
downspout or other conveyance. When the flow rate through the device reaches a design minimum, 
a spring-suspended hollow internal container (i.e. valve ball) located within the diverter body 
begins to slowly fill with water. As the valve ball fills, the increased weight of the ball causes it to 
contact a valve seat and stop diverting water flow. The remaining runoff is then conveyed to the 
UST. 
 
Both first flush diverter designs have advantages and disadvantages when considering the intensity 
and duration of each storm event.  Conventional wisdom indicates that rain intensity is the critical 
wash off factor for most storm events.  A constant volume first flush diverter may bypass 
contaminants and prematurely fill to capacity with relatively clean rain water for a storm event 
beginning with low rain intensity that then builds to a peak.  First flush valves operate by flow rate 
and should not actuate during low intensity rain (drizzle). The design essentially waits until the 
rain is intense enough to wash the roof, and then diverts the remaining flow to the UST.  
 
Condensate water from the two rooftop HVAC units normally gravity feeds directly to the UST 
under typical operating conditions.  However, to capture flow data for the demonstration the 
condensate water from the rooftop HVAC system at Building 1100 was rerouted through an 
overflow downspout via PVC pipe and hose to a temporary holding tank on the western half of the 
building, where it was directly pumped through a flowmeter and into the UST.  All harvested water 
stored in the UST is pumped to irrigate the smart plot, which utilizes the smart water conservation 
system.  
 

Figure 9.  Diverter Valve and Constant Volume First Flush Diverters Installed at Base of 
Building 1100 
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A nominal 17,000 gallon UST (16,755 gallons) was constructed onsite to store the harvested water.  
For a large facility such as NAVFAC EXWC, an HVAC system can potentially generate 0.4 to 5.3 
gallons per hour (gph) of condensate water, depending on the cooling load placed on the chillers 
(approximately 25,000 gallons annually).  In addition, the annual precipitation at Port Hueneme is 
14.3 inches (see Table 5).  Based on the 29,400 ft2 rainwater harvest area depicted in Figure 4, an 
estimated 262,080 gallons of rainwater was anticipated to be produced on an annual basis.  The 
anticipated volume of harvested water (i.e., HVAC condensate water and rainwater) was 287,046 
gallons annually, approximately 17 times the volume of the installed UST.  There are several 
methods used for sizing a harvest tank for residential use but if applied to a substantive turf area 
would require an exorbitantly large size tank. Monthly rainfall and ET rates for tall fescue grass in 
Port Hueneme, CA were considered in sizing the water harvesting system.  Tank sizing is discussed 
in greater detail in Section 7.2 and Appendix D.  
 
The UST was constructed with 2 ft × 2 ft × 2 ft modular polyethylene cells assembled together 
with an overall dimension of 14 ft × 40 ft × 4 ft (or 2,240 cubic ft). The nested cells were enclosed 
with a 36 mil polypropylene liner to hold water.  Two manholes were installed on the top of the 
tank to allow installation of a submersible pump, float switches, and ancillary piping.  Holes were 
installed through the polypropylene liner on the eastern sidewall to accommodate ports for the 
inlet harvested water and outlet pressure irrigation piping and electrical conduit.  In addition, 
overflow from large rain events was channeled from an overflow pipe installed at the top of the 
UST and discharged to the storm sewer, as appropriate.  The UST was covered with a 2 foot cap 
of native soil and sand which allows for incidental H-20 traffic loading, equating to a dual wheel 
live load (i.e., emergency vehicle) of 16,000 pounds without adverse impact to the UST.  Figure 
10 presents photographs of the construction and installation of the 17,000 gal UST.    
 
  
 
Figure 
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Figure 10.  Construction and Installation of 17,000 gal UST for Storage of Harvested Water 
 
 
A 1-horsepower, 110 volt submersible pump was installed at the bottom of the UST to irrigate the 
smart plot with harvested water.  The pump provides approximately 13 gpm at 40 pounds per 
square inch (psi).  A particulate filter or floating screen inlet was also installed to prevent debris 
from entering the underground sprinkler system that may have inadvertently entered into the UST.  
The pump was protected from running dry with the use of two low level float switches:   
 

• First float switch – connected to a potable water make-up system that ensures a minimum 
water level to prevent the pump from running dry (further discussed in following section). 
A few inches of water is required above the pump inlet to ensure proper operations.   

• Second float switch – located a few inches below the first float switch to deactivate the 
pump if the water level is too low in the event that the potable water supply to the building 
is turned off.   

 
The pump runtime was regulated by the Calsense 2000E controller.   
 
If rainwater collected from the rooftop and condensate water from the HVAC system were of 
insufficient volume to keep the pump primed or irrigate the smart plot, then potable water was 
obtained via the make-up water addition system. This system consisted of piping and a flow control 
valve/flowmeter connected to the potable water supply (i.e., after a backflow preventer). When 
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activated by the second float switch and directed by the Calsense 2000E controller (i.e., prior to 
irrigation), the flow control valve opened allowing potable water to flow into the 17,000 gal UST 
to supplement the harvested water. The makeup water level within the UST was set at a minimum 
to allow the greatest available volume for rain harvest. 

5.3.3 Water Efficient Sprinkler Heads, Flow Meters and Pressure Regulating Device 

Efficient irrigation hardware, including pipeline design, multiple high-efficiency volume sprinkler 
nozzles, pressure regulating valves, and flow meter, were also part of the smart water conservation 
system.  For the demonstration project, Rain Bird® MPR 10 Series sprinkler nozzles were used 
and integrated with a pressure regulating valve set at 30 psi.  These sprinkler nozzles are designed 
to provide even water distribution with a 10 ft radius, when properly installed and pressurized. The 
regulating valve device minimizes water loss caused by excessive/over pressure to the sprinkler 
nozzle, which causes misting resulting in overspray.  Appendix A provides the specification sheet 
for the Rain Bird® MPR 10 Series sprinkler nozzles.   
 
A flow meter was installed in the irrigation pipeline as a subsystem of the Calsense 2000E 
controller.  The controller was programmed to alert facility operators when flowrate was above a 
specified value. High flowrates occur as a result of a breach in the pipeline or broken sprinkler 
nozzle.  Since irrigation occurs in the early morning, typically many days can pass before the 
operator is alerted to the signs that there is a breach in the irrigation system.  If sprinkler nozzles 
are accidently broken by lawn equipment or maintenance crews, then the flowrates exceed normal 
flow patterns.  The controller can detect these changes in flowrate and shut down the irrigation 
system or provide an e-mail alert to operators.  Figure 11 provides photographs of a high-efficiency 
volume sprinkler nozzle and flow meter installed as part of the smart water conservation system. 
 

 
Figure 11.  High-Efficiency Volume Sprinkler Nozzle and Flow Meter  
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5.4 Operational Testing 

The primary metric used to measure the performance of the smart water conservation system was 
the reduction in potable water consumption used for irrigation compared to the timer-based, 
traditional irrigation system.  Flow rates and cumulative water volumes were the primary data 
collected to evaluate the performance of the system.  These performance data were collected from 
the demonstration site on a monthly basis for two years, which was scheduled in three phases (i.e., 
startup, performance monitoring, and demonstration completion).  

5.4.1 Phase I – Startup   

Once the smart water conservation system was completely installed on November 01, 2013, a 1 to 
2 day system startup and shakedown period was conducted to fully validate and determine the 
optimal program settings for the controller, based on soil moisture and ET data.   
 
In addition, the performance of the irrigation hardware (i.e., sprinkler nozzles and pressure 
regulating valve) and metering system (i.e., flow meters that measured performance of the system) 
were monitored and evaluated during startup/shakedown.   
 

• Irrigation Hardware – A standard irrigation audit of the sprinklers systems was conducted 
by the Center for Irrigation Technology (CIT), California State University, Fresno to 
ensure the system was properly constructed and operating within the irrigated area (i.e., 
smart and control plot).  This was accomplished by placing cups throughout the smart plot 
and the cups collected water distributed by the sprinkler nozzles for a 10 minute period.  
The volume of water collected in all of the cups is found in Appendix E.  The result ensured 
similar and equal water distribution was achieved within all areas of the smart plot and 
control plot.  In addition, representative sprinkler nozzles from the smart and control plots 
were pressure tested to establish a baseline and insure the water pressure as within the 
manufacturer’s specified range for optimal spray coverage and efficiency.  Pressure tests 
were also performed at the conclusion of the 2 year demonstration to determine whether 
any loss of pressure may have reduced coverage by the irrigation system.   

• Metering System – All flow meters were calibrated to ensure that the data was accurate.  
This was accomplished by monitoring the volume of water produced by the irrigation 
system over a pre-determined period of time and comparing this value to the flow meter 
measurements.  

5.4.2 Phase 2 – Performance Monitoring 

Performance data (i.e., flowrates and volumes of water from Flow meters #1 through #4) was 
collected from January 01, 2013 through December 30, 2014 during the demonstration project.  
The data was logged manually and digitally through an on-demand output obtained from the 
PLC/controller.  Field test data sheets were utilized to assist in collecting data and also to capture 
qualitative observations made by irrigation system operators, such as the occurrence of standing 
water, odor, algae formation in the UST, clogging of sprinkler heads, and overall aesthetic 
condition of the landscape.   
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Photographs of each plot (i.e., smart plot and control plot) were taken at the first, sixth, and twelfth 
month and 24 month of the performance monitoring to qualitatively assess the health of the 
vegetation within each plot.  The evaluation included documentation of any degradation in 
aesthetics or stress, and/or disease resulting from each respective irrigation practice.  This 
qualitative objective was measured by turf scientists on a scale from 1 to 9 (i.e., where 9 is the 
highest level) using their professional judgment.  The photographs and respective expert evaluation 
were used to determine and document the aesthetics or condition of each plot. 

5.4.3 Phase 3 – Demonstration Completion 

The final evaluation of the smart water conservation system was performed at the conclusion of 
the demonstration project and involved interpretation of both the quantitative and qualitative 
performance objectives (see Table 2).  Critical data collected during the demonstration project 
included the facility’s metered water consumption, the water rates for the facility, and flowrates 
stemming from the water harvesting system and cumulative volume of potable water applied to 
the control plot.  
 
Final readings on each of the flow meters were logged at the completion of the demonstration 
period to support generation of the final data set (i.e., volumes of water from all flow meters) and 
calculation of the overall reduction in potable water use between the smart plot and control plot.  
A final irrigation audit was conducted and compared to the baseline audit to determine if there 
were any losses in sprinkler coverage, pressure, and spray pattern during the operational period of 
the smart water conservation system.  Final photographs of the smart plot and control plot were 
provided to the turf scientists at California State University, Fresno for a qualitative evaluation.  
Feedback from the NBVC landscape technicians was also obtained to understand the 
maintainability of the system and whether any significant complications were encountered during 
the demonstration period.  The total runtime for the irrigation pump was also collected from the 
controller to determine energy used and the associated cost.  Metrics, such as silting, clogging, 
pump failures, and water quality of the water harvesting system, were summarized through lessons 
learned.  
 
All of the system equipment (with the exception of the personal computer) was permanently 
installed at the demonstration site, and ownership of the equipment was transferred to the 
demonstration site facility manager.  The personal computer used to remotely and locally run the 
Calsense software was retained by NAVFAC EXWC and continues to be utilized for non-Navy 
Marine Corps Intranet (NMCI) proprietary software applications. 

5.5 Data Collection Protocol 

Flow and electrical use data were measured from the control plot and smart plot to validate the 
quantitative performance objectives (see Table 2).  Table 6 provides the monitoring parameters for 
the demonstration project.  At the onset of the demonstration, the flow meters were evaluated on 
a daily basis for a one week period to ensure accuracy of flow measurements. In addition, flow 
data was obtained by a facility technician or project engineer at the end of each month for the 
duration of the 2-year demonstration project.   
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The controller collected all water-related data on a daily basis, and stored the data on an internal 
flash memory for a 31-day period.  A laptop computer with Calsense Command Center Software 
was used to manually collect the data via cable connection on a weekly basis.  The collected data 
was backed up to an NMCI accepted external hard drive using the command center software 
backup feature.  A hardcopy was generated each month and a backup file was stored on the Naval 
Facilities e-project portal that allows multiple team members and stakeholders to view data and 
reports.    
 
Flow meters were operated by manually operating the irrigation system once a month for a set 
time to visually validate accuracy of flowrate and ensure proper operation.  Expected flowrates 
were compared with baseline flows to ensure reasonableness of the data and identify any 
discrepancies. Flow data accuracy within 5% is considered reasonable.  
 
Accuracy of electrical use data was also validated by comparing metered data to calculated current 
draws. 
 
The qualitative data was provided by a turf expert highly familiar with plant and turf biology to 
evaluate any degradation in aesthetics or stress and/or disease to the vegetation.  Photographic 
records were taken for both the smart plot and control plot and used for making visual assessments 
of the quality/condition of the landscape.   

5.5.1 Equipment Calibration and Data Quality 

All instrumentation and sensors were calibrated as specified by the manufacturer.  Instruments 
underwent initial calibration and were reevaluated periodically to ensure proper calibration.  If 
there were discrepancies in the data, instruments were inspected and recalibrated, as necessary. 

5.5.2 Quality Assurance  

Quality assurance of the test protocol was accomplished with monthly inspections of flow meter 
readings to ensure that the flow meters were functioning properly and within the quantitation limits 
specified in Table 6.  
 
 

Table 6.  Demonstration Project Monitoring Parameters 

Parameter Method Medium, Sampling Frequency Accuracy 

Water Volume * 
Calibrated flow meters 
(Flow meter #2 – Flow 
meter #1) 

Volume of rainwater, monthly ± 5% 

Water Volume Calibrated flow meter 
(Flow meter #1) 

Volume of HVAC condensate water, 
monthly ± 5% 

Water Volume Calibrated flow meter 
(Flow meter #3) 

Volume of potable water entering UST, 
monthly ± 2% 
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Water Volume Calibrated flow meter 
(Flow meter #4) 

Volume of harvested and potable water 
used to irrigate smart plot, monthly ± 2% 

Water Volume Calibrated flow meter 
(Flow meter #5) 

Volume of potable water used to irrigate 
control plot, monthly ± 2% 

*Tank water level measures were also taken to validate accuracy of flow meters and to validate mass 
balance of the water harvest tank.  
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6.0  PERFORMANCE ASSESSMENT 

Table 7 summarizes the planned assessment criteria for the performance objectives identified in 
Section 3.0 and actual performance.  The specific assessment methodology of each performance 
objective is discussed in the following subsections. 
 
 

Table 7.  Expected Performance and Performance Confirmation Methods 

Performance 
Objective 

Expected 
Performance 

Performance 
Confirmation Assessment 

Actual 
Performance 

Quantitative Performance Objectives 

Reduction of potable 
water consumption > 70% reduction  Complete and accurate 

record keeping 
Comparison with 
control plot 

The smart water 
system reduced 
potable water usage 
by 81% when 
compared to the 
control plot. 

Reduction of potable 
water costs > 50% reduction  Complete and accurate 

record keeping 
Comparison with 
control plot 

The smart water 
system reduced 
potable water cost by 
81% when compared 
to the control plot. 

NIST economic 
payback period and 
SIR  

≤ 20 years, SIR > 
1.0 

Complete and accurate 
record keeping 

Present worth cost 
evaluation 

The payback period 
for the system was 53 
years. 

Overall energy use 
reduction > 40% reduction Complete and accurate 

record keeping 

Comparison of 
energy cost with the 
control plot 

The system achieved 
a 96% reduction in 
energy use as 
compared to the 
control plot. 

Qualitative Performance Objectives 

Landscape aesthetics 
Equal or improved 
appearance of 
landscape  

Evaluation from turf 
experts 

Comparison with 
control plot 

Slightly diminished 
appearance but 
satisfactory 

Plant/turf health No degradation of 
plant health  

Evaluation from turf 
experts 

Comparison with 
control plot 

Slightly diminished 
but satisfactory 

Ease of use 
Equal or reduced 
workload on 
landscape technician   

Experience from 
demonstration 

Comparison with 
control plot 

Additional workload 
was caused by pump 
failure. Operators 
were called in to 
troubleshoot and 
perform pump 
replacement. 

 

6.1 Reduction of Potable Water Consumption 

The reduction in potable water consumption is the primary measure of success for the smart water 
conservation system.  The data required for assessing potable water reduction and the method in 
which this calculation was made is discussed in detailed in Section 3.1, and is the percent 
difference of the metered cumulative flow (volume over time) of the smart plot compared to the 
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control plot.  These data were captured using industrial-grade flowmeters with an accuracy of ±2%.  
To ensure the validity of the data, all flow metering devices were calibrated at the onset and data 
reviewed during the demonstration phase. This final report includes graphical analyses (i.e., graphs 
and charts) to convey the performance differences between the smart water conservation system 
and traditional irrigation system; the contribution of rainwater and HVAC condensate water; and 
the individual technologies.   
 
Assessment Criteria: 

• If the reduction in potable water consumption between the smart water conservation 
system and traditional irrigation system achieved 70%, then the smart water conservation 
system was considered to have achieved this performance objective.    

• If the reduction in potable water consumption between the smart water conservation 
system and traditional irrigation system was less than or equal to 70%, then the smart water 
conservation system did not achieve this performance objective. 

 
Results:  The smart plot reduced potable water usage by 81% when compared to the control plot. 

6.1.1 Data Analysis, Interpretation and Evaluation:   

Monthly irrigation flow data for the control plot and smart plot were collected for a 25-month 
period from December 2013 to January 2015. The Calsense ET controller was configured to 
capture irrigation runtime and log cumulative volume of water passing through the paddle wheel 
flow meter each day.  EXWC personnel downloaded the data to a personal computer at the end of 
each month. Table 8 displays the cumulative monthly volume of water passing through the flow 
meter to the control plot and smart plot.  Overall, approximately 53,805 gal of potable water were 
saved over the 25-month period, equating to an 81% reduction.    
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Table 8.  Monthly Water Use for Smart and Control Plot 

Month/Year 

Total Water 
Smart Plot 

(gal) * 

Potable Water 
Smart Plot 

(gal) 

Potable Water 
Control Plot 

(gal) 

2013 
January 0 0 296 
February 0 0 1,461 
March 0 0 2,153 
April 855 0 1,846 
May 883 0 2,302 
June 1,020 0 2,902 
July 1,013 0 3,118 
August 1,716 1,264 3,549 
September 2,192 1,811 3,329 
October 1,884 2,072 3,496 
November 455 763 3,160 
December 0 0 3,321 

2014 
January 0 0 3,137 
February 140 0 650 
March 534 0 77 
April 1,459 0 1,377 
May 2,873 0 4,477 
June 2,843 2,087 4,742 
July 3,846 1,546 4,970 
August 3,296 1,683 4,975 
September 2,730 328 4,767 
October 1,836 1,293 3,237 
November 533 0 2,345 
December 0 0 942 

2015 
January ** 0 0 24 
February ** 0 0 0 
Total 30,108 12,848  66,653  

*Total water includes condensate, rainwater and potable water. 
**Data downloaded but not used in calculations.  

 
 
Figure 12 provides a comparison of the total water (including rainwater, HVAC condensate, and 
potable make-up water) applied to each plot and illustrates the value of the ET/soil sensor 
component of the smart water conservation system to meet the overall water reduction 
performance objective.  Overall, approximately 36,521 gal of total water were saved over the 2 
year period, equating to 54.8 % reduction efficiency and demonstrating the value of the ET/soil 
sensor.   
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Figure 13 illustrates the contribution of the ET/soil sensor controller for overall water reduction 
during the 2-year demonstration. Data were derived by accounting for the days that the soil sensor 
overrode the computed ET irrigation runtime (i.e., if the soil in the smart plot had adequate 
moisture to sustain satisfactory turf health, then no additional water was applied).  
 

 
Figure 12.  Water Savings by ET and Moisture Sensor 

 
 
 

 
Figure 13.  ET Controller and Soil Moisture Sensor Contribution 

 

Moisture Sensor, 
9607 Gal, 26%

Smart ET 
Controller, 26914 

Gal, 74%
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Figure 14 provides the potable water applied to both the control plot and smart plot and illustrates 
the potable water displaced by the smart water conservation system. Approximately 53,805 gal of 
potable water were saved at the smart plot over the 24-month demonstration period when 
compared to the control plot, equating to an 81% reduction in potable water usage.   
 

 
Figure 14.  Potable Water Savings by ET and Moisture Sensor 

 
 
The demonstration project occurred while California was experiencing significant drought 
conditions, receiving less than 8 inches of rain per year on average. Figure 15 illustrates the volume 
of rainwater captured during the 2-year demonstration period.  As illustrated, there were only 5 
months when the volume of rainwater exceeded 2,000 gal (i.e., December 2012 and February, 
October, November, and December 2014).  Figure 16 displays the potential amount of rainwater 
and actual amount of rainwater captured during the 2-year demonstration period.  Figure 16 
illustrates that a significant amount of rainwater could have been captured and reused if a larger 
tank was available.  It also illustrates a typical rainy season occurring from November through 
March in southern California.   
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Figure 15.  Volume of Rainwater Captured during Demonstration 

 
 

 
Figure 16.  Actual Rainwater Captured Compared to Potential Rainwater from Roof at 

Port Hueneme 
 
 

Figure 17 illustrates the HVAC condensate water captured during the 2-year demonstration period 
and demonstrates that the HVAC system can produce up to approximately 4,000 gallons per 
month.  Only one of the two air handlers was operational in year one and one of the air handlers 
was under repair during the month of August in year two.  The condensate water production from 
the HVAC unit is at its highest rate during the peak water demand months and generally 
demonstrates the same peaks as the maximum ET demand of turf (Figure 18); thus, the condensate 
water is available during the times when the turf is at its maximum demand.  
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Figure 17.  Volume of HVAC Condensate Water Captured during Demonstration 

 
 
 

 

Figure 18.  Average Monthly ET Requirement for Turf in Port Hueneme 
 
 

Figure 19 illustrates the type or source of water used on the smart plot during the demonstration 
period.  The source of water used on the smart plot was relatively equally distributed among 
rainwater, HVAC condensate water, and potable make-up water at 40%, 24%, and 33%, 
respectively, with only 3% losses. 
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Figure 19.  Water Sources Used on Smart Plot 

 

6.2 Reduction of Potable Water Costs 

Potable water consumption data obtained from the controller and flowmeters along with the local 
water rate were used to calculate the potable water cost for the smart plot and control plot.  These 
two costs were compared to evaluate overall reduction in water cost.  Specific details relating to 
the equations and data that were used to calculate the reduction in potable water cost are provided 
in Section 3.2. 
 
Assessment Criteria: 

• If the reduction in potable water costs between the smart plot and the control exceeded 
50%, then the smart water conservation system was considered to have achieved this 
performance objective.    

• If the reduction in potable water cost between the smart plot and the control was less than 
or equal to 50%, then the smart water conservation system did not achieve this 
performance objective.  

 
Results:  The smart water conservation system reduced potable water cost by 81% when compared 
to the control plot. 

6.2.1 Data Analysis, Interpretation and Evaluation:   

The reduction in potable water cost for the 2-year demonstration study was based on the percent 
difference of the total cost of the water applied to the smart plot compared to the total cost of water 
applied to the control plot.  The cost of the smart plot includes the cost of electrical power used to 
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pump water from the harvest tank (i.e., rainwater and condensate water as well as potable make-
up water) to irrigate the smart plot and the cost of potable make-up water which maintains 
irrigation, when rainwater and condensate water are consumed (as well as ensuring the irrigation 
pump is protected from running dry).  Consequently, the data required to determine cost are the 
same volumetric and pump runtime information used to determine the reduction in potable water. 
The pump runtime was determined using the total volume divided by the irrigation pump flowrate.    
The unit cost of water fluctuates from year to year; however, for calculation purposes, the 
installation’s 2010 water rate of $6.54 per 1,000 gallons was used in the calculation.  The potable 
water added as make-up water to the harvest tank for the smart plot was 12,843 gallons at a cost 
of $83.99.  The electrical cost to pump water during the 2-year demonstration period was 
determined using the entire volume of water applied on the smart plot. The electrical cost to pump 
the entire 30,108 gal was $2.90.  The total potable water applied on the control plot during the 2-
year demonstration period was 66,653 gal at a cost of $435.92.  
 

• The control plot used approximately 33,327 gal of total or potable water per year, 
equating to 52 inches of water on the 1,034 ft2 plot at a cost of $0.21 per ft2 per year.   

• The smart plot required: 
o Approximately 15,054 gal of total water per year on the same size area, equating to 

23 inches of water on the same size plot at a cost of $0.10 per ft2 per year. 

o Approximately 6,424 gal of potable water per year on the same size area, equating 
to 10 inches of water on the same size plot at a cost of $0.04 per ft2 per year.     

 
Excluding the upfront capital cost of designing and installing a harvest tank, the smart water 
conservation system has the potential to substantially reduce water cost in southern California 
compared to the cost of utilizing a traditional irrigation system.  
 
Some installations may realize additional cost savings where wastewater treatment charges are 
based on billed water use.  However, this is not the case at NBVC, as irrigation water is metered 
separately or otherwise excluded from the sewage fee calculations.  

6.3 Economic Payback 

Data was collected, as discussed in Section 3.3, to assess economic payback of the smart water 
conservation system.  The comparison included evaluating direct and indirect cost data associated 
with installing the smart water conservation system.  The economic payback was considered the 
time period within which the discounted future savings of the smart water conservation system 
repays the initial investment costs.  The future savings were determined based on a comparison of 
the annual reduction of potable water used and the associated cost (as compared to the traditional 
irrigation system) and any reduction in annual maintenance costs associated with operating the 
smart water conservation system.  The calculation of payback was based on a present worth 
evaluation of the annual cost savings, assuming that interest was compounded continuously at a 
discount rate of 4%.  The economic payback period equaled the point at which the present worth 
of the annual cost savings exceeded the upfront direct and indirect cost of installing the smart 
system.   
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Assessment Criteria: 

• If the present worth cost evaluation demonstrated that the economic payback of the smart 
plot was less than or equal to 20 years, then the smart water conservation system was 
considered to have achieved this performance objective.    

• If the reduction in potable water cost between the smart plot and the control was greater 
than 20 years, then the smart water conservation system did not achieve this performance 
objective.   

 
Results: The payback period for the smart water conservation system was 53 years. 

6.3.1 Data Analysis, Interpretation and Evaluation  

Two major factors that impacted the overall cost and payback period of the smart water 
conservation system are:  1) the cost of the water harvest system and 2) the cost of potable water.   
 
The cost of water is set by the regional water agency and varies throughout the DoD.  Prices range 
on average from $1.30 per 1,000 gallons in eastern states to over $6.00 per 1,000 gallon in the 
southwestern states.  There are extremes as well, for example the Presidio in Monterey pays $9.20 
per 1,000 gallons and Fort Irwin is expected to pay up to $16 per gallon.  Water rates are artificially 
held at the cost to produce and deliver, so all citizens have reasonable access to life-sustaining 
water.  Consequently, the water rate has changed very little in the last few decades relative to other 
commodities and, for the most part, is considered undervalued.   
 
Future water restrictions are highly likely due to population growth, depleted source waters, and 
climate changes that should also factor into the decision of installing a water harvest system (i.e., 
other than economic feasibility alone). Water scarcity in the drought-prone Southwest may 
override any economic goals for securing a 20-year payback period. At a minimum, the data 
detailed in Section 7.0 demonstrates a reasonable payback period for installation of the smart 
controller technology and should be implemented at facilities with substantial landscape 
requirements.  
 
The capital cost of the smart water conservation system including material and installation was 
$75,000.  The actual cost data for the sub component of the smart water conservation system has 
a significant impact on the economic payback period.  As illustrated in Figure 20, the water harvest 
system is by far the most expensive component of the system.  Its overall contribution to saving 
potable water is impacted by regional climate.  In Port Hueneme, California, very little rainfall 
occurs from May through September, as shown during the 2-year demonstration period.   To take 
full advantage of a water harvest system, a designer would have to maximize the size of the tank 
to carry the water as far into the summer months (i.e., May through September) as possible.  The 
American Rainwater Harvesting Association highlights tank cost from $0.50 to $4.00 per gallon.  
Unfortunately, the cost of a tank at the Port Hueneme site is at the higher end of the range.   
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Figure 20.  Costs of Components Used in the Smart Water Conservation System 

 
 
Figure 21 shows that the condensate water harvesting component of the system complements the 
rainwater harvesting, particularly during the summer months.  Notably, condensate water 
production in July 2014 was 3,990 gal, which could have supported all irrigation needs of the smart 
turf plot during the same month (i.e., required 3,846 gal).  If the rainwater harvest component was 
determined to be feasible at a site, then installing a gravity feed HVAC condensate pipeline to the 
rainwater harvest tank would also make sense, as it is a relatively inexpensive additional cost.   

 
 

 
Figure 21.  Amount of Rainwater and Condensate Captured during the Demonstration 
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6.4 Overall Energy Use Reduction 

Electrical energy use data were collected and analyzed at project conclusion.  As discussed in 
detail in Section 3.4, the energy consumption data was compared to the calculated value of 
pumping and treating potable water used to irrigate the control plot.   
 
Assessment Criteria: 

• If the total energy reduction of the smart water conservation system was 40% greater than 
the energy consumption associated with the traditional system, then the smart water 
conservation system was considered to have achieved this performance objective.    

• If the total energy reduction of the smart water conservation system was less than 40% or 
equal to the energy consumption associated with the traditional system, then the smart 
water conservation system did not achieve this performance objective.    

 
Results:  The system achieved a 57.4 % reduction in energy use as compared to the control plot. 

6.4.1 Data Analysis, Interpretation and Evaluation   

The reduction in energy for the 2-year demonstration was based on the percent difference of the 
energy used on the control plot compared to the energy used on the smart plot. The calculation 
detailed in Section 3.4 highlights the cost data used which are directly tied to the volume of water 
applied to both plots and pump cost.  The energy or electrical cost of the smart plot includes the 
cost of electrical power used to pump water from the harvest tank (harvested rain and condensate 
water as well as potable make-up water) and the electrical cost associated with purchasing the 
water from MWDSC. The calculations using the collected volume data along with published 
energy data provide a straightforward comparison.  Pumping on site, using captured rainwater and 
condensate, provides a significant energy savings.  Assuming a properly selected irrigation pump, 
the variable that has a direct impact on energy savings is friction loss or pressure head. Maximum 
energy savings can be realized by on-site generation and the avoidance of unnecessary chemical 
treatment.   

6.5 Landscape Aesthetics  

As discussed previously, photographs of the smart and control plot were taken during months 1, 
6, 12, 24 of the demonstration period and analyzed by turf scientists to qualitatively assess the 
health of the vegetation within each plot.  Appendix F contains the qualitative photographs, while 
Figure 22 below shows photographs before and after the demonstration period. The evaluation 
included documentation of any degradation in aesthetics or stress and disease resulting from each 
respective irrigation practice.  This qualitative objective (aesthetics) was measured by turf 
scientists using their best professional judgment on turf characteristics which is agreed upon by 
the turf quality standard defined by the National Turfgrass Evaluation Program. Qualitative 
assessments were ranked on a scale of 1 to 10. 
 

• If the aesthetic assessment rating of the smart plot was greater than or equal to the aesthetic 
assessment rating of the control plot, then the smart water conservation system achieved 
this performance objective.    
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• If the aesthetic assessment rating of the smart plot was less than the aesthetic assessment 
rating of the control plot, then the smart water conservation system did not achieve this 
performance objective. 

   
Results:  Slightly diminished appearance but acceptable aesthetics for the smart plot were observed 
when compared with control plot.  The turf experts from California State University Fresno 
assigned a turf quality assessment rating of 7 for both smart and control plot at the start of the test. 
A turf quality of 6 was assessed for the smart plot after the demonstration was concluded. The 
control plot was assigned a rating of 7 after the demonstration was concluded. 

6.5.1 Data Analysis, Interpretation and Evaluation 

Appendix F illustrates the wide shots and close-up shots, respectively, of the control plot and smart 
plot during the demonstration study period.  These photographs were compared and evaluated by 
turf experts from Cal State Fresno to determine the landscape aesthetics/turf health and provide an 
aesthetic assessment rating.  Figure 22 provides photographs of the control plot and smart plot 
over time for a qualitative review of landscape aesthetics and turf health.  Prior to the final 
assessment that was to occur after the monitoring period; the smart water irrigation pump failed 
which lead to turf die-off for a three week period. The expert assessment was postponed so that 
the pump could be fixed and turf allowed to recover for a few weeks.  However the turf experts 
reported the tall fescue grass would have to be reseeded to recover dead spots which would bias 
the results. The final assessment was made in October of 2015 but as forecasted the smart plot did 
not rebound to the full extent. At that conclusion of the monitoring period in January 23 2015 the 
turf quality for both plots appeared of comparable quality. 

 

 
Figure 22.  Qualitative Review of Landscape Aesthetics and Turf Health 
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7.0  COST ASSESSMENT 

The cost model developed during this demonstration project serves as a means for evaluating the 
expected lifecycle operational cost for future deployment of the smart water conservation system.  
Implementing a smart water conservation system presents new capital and operating cost 
compared to existing irrigation practices.  While effort has been made to ensure that the smart plot 
and control plot are comparable, site-specific factors could have a substantial impact on lifecycle 
cost, including weather conditions, building size [rainwater capture area] compared to landscape 
area, HVAC use, and water cost.   
 
Actual costs were tracked throughout the duration of the demonstration to determine the cost-
effectiveness of the system.  Upon project completion, the data collected were used to estimate the 
lifecycle costs of this technology.  Startup costs included preparing the site and installing the 
system.  Activities such as grading, excavation, and plant removal were required to support system 
installation and required necessary labor and materials.  System installation required labor, 
materials, and connection of the system to the existing electrical service.  Once the system was 
installed, operators needed to be trained to ensure that the system is operating properly.   
 
Additionally, maintenance and operational costs contributed to the lifecycle cost of this 
technology.  Maintenance costs included labor, replacement parts, equipment calibration, and 
possibly solid waste handling and disposal.  Although routine operations did not require significant 
labor, operations during the demonstration required additional labor due to increased data 
collection and analyses.  In addition, costs to keep the system operational (e.g., electricity and 
potable water costs) were also tracked. 
 
The site conditions for the model using Building 1100 are summarized below: 
 

• Large footprint commercial building (125,000 ft2) 
• Centralized rooftop HVAC system  
• Roof rainwater capture area (29,400 ft2) 
• Control plot and smart plot footprint (7,560 ft2 each) 
• Mediterranean climate  
• Exterior wall gravity flow roof drains (partial interior)  

 
Table 9 summarizes the actual site specific smart water conservation system cost for Port Hueneme 
with and without water harvest capability.  Both scenarios below include the cost of upgrading an 
existing Calsense controller to include ET functionality with soil moisture sensor, and leak 
detection via flow meter.   
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Table 9.  Cost Model for Smart Water Conservation System 

Costs Model for the Smart Water Conservation System 

Cost Element 
Data Tracked during 

Demonstration 
Smart Water 

Conservation  System 
ET Controller 
(Stand-alone) 

Capital costs  Vendor pricing  (Taken from 
contract) 

$75,000* $4,995 

Water cost Utilities pricing  $6.54/1,000 gallons $6.54/1000 gallons 
Electrical cost Utilities pricing  $0.14 per KW-hr Not appreciable 
Maintenance 
costs 

Labor hours  $450 
(10 hrs est. at $45/hr) 

$90 
(2 hrs est. at $45/hr) 

Operator 
training costs 

Training hours  $360 
(8 hrs est.at $45/hr) 

$180 
(4 hrs est. at $45/hr) 

Hardware 
lifetime 

Estimate of component service life 50 years (tank) 
10 years (Controller) 
7 years (pump) 

10 years (Controller) 

*Include ET controller upgrades 

7.1 Cost Model 

7.1.1 Capital Costs 

Capital cost is one of the most important factors in determining the feasibility of future system 
implementation.  The equipment and installation cost for the harvest tank, the ET controller, and 
the pump package are primary cost drivers.  The harvest tank was the most expensive component 
and significant time was taken to investigate options to reduce cost while maximizing the volume 
of storage available to collect rainwater.   Commercial storage tanks ranging from 5,000 to 20,000 
gallons were evaluated with price ranging from $1.50 to $5.00 per gallon depending on tank 
construction.  Significant variations in price exist depending on local site conditions and 
installation requirements. An aboveground polyethylene tank was the least expensive option, but 
cost can escalate when implementing conventional seismic and wind restraints required by public 
works offices. The primary operational disadvantage of using a polyethylene tank is algae growth 
within the stored water, which is detrimental to sprinkler systems.  
 
A 17,000 gallon modular polyethylene UST was selected primarily for shallow depth which was 
a site constraint along with multiple potential configurations and decreased potential for algae 
growth.  The UST size was determined based on landscape area, roof size, annual rainfall, and 
irrigation demand. Appendix D provides a spreadsheet to aid UST sizing and design.  Discounts 
or rebates provided by local organizations to promote water conservation were not included in the 
cost model.   
 
For this model, an underground system with an estimated cost of $1.75 per gallon was initially 
chosen; however, the actual cost escalated to $3.23 per gallon. Table 10 provides a summary of 
the material and labor cost to install the UST. 
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Table 10.  Underground Tank Cost Summary 
Nomenclature Total Cost Notes 

Materials 
6” Sand Base Layer $503.00 Sand sub-base required below tank and liner 
Geotextile Fabric $1,710.00 Required to strengthen cap for H-20 loading 
36 Mil Polypropylene Liner $5,712.00 Required to contain water (includes installation of liner) 
Poly Modules (qty. 280)  $22,764.56 Structural element of underground tank 
Manholes $823.00 Required to install pump and float valves 
Materials Total $31,512.56  

Labor 
Excavation $3,179.00 Required for underground installation 
Backfill $1,808.25 Backfill for cap and sidewalls to support structural 

elements 
Installation of Tank Inlets and 
Outlets 

$1,200.00 Required for rainwater intake and pump outlet 

Tank Module 
Assembly/Installation 

$12,000.00 Labor estimate 

Soil Cartage $1,316.00 Required for retrofit 
Labor Total $19,503.25  
Shipping Total $1,375.00  
Total Cost $52,390.81 $3.13 Cost per gallon 
* 280 modules are approximately 16,755 gallons. 
 
 
The second largest cost was the ET controller components and a summary of the component cost 
is provided in Table 11. For clarification purposes, Building 1100 was originally outfitted with a 
Calsense controller, but not configured for advanced control using an ET gage, or the soil moisture 
sensor installed in the smart turf plot. 
 

Table 11.  Capital Cost for ET Controller and Accessories at Building 1100  



 

ESTCP Final Report 
Smart Water Conservation System  60 May 2016 

 

7.1.2 Installation Costs 

Installation costs were comprised of the labor hours needed to retrofit the existing irrigation system 
and install a water harvesting and pump system.  The major labor requirement was for the rainwater 
harvesting components and pump system.  Installation included replacement of component parts 
and rerouting the facility HVAC and rooftop drainage to flow into the harvest UST.  For this cost 
element, the total number of labor hours to install the water harvesting and pump system was 
captured from the contractor cost proposal. 

7.1.3 Water Cost 

Water purchased from the Port Hueneme Water Agency and United Waters has fluctuated in price 
over the last several years.  The cost of potable water used for irrigating the landscape at Building 
1100 was $6.66 per 1,000 gallons in 2011.  The average unit cost over the last four years (FY2008 
to FY2011) is $6.95 per 1,000 gallons. For purposes of the cost model the lowest rate occurring at 
FY 2010 of $6.54 per 1,000 gallons will be used. Actual water costs for Building 1100 over the 
last four years are as follows: 
 

• FY2008 $7.09/1000gallons 
• FY2009  $7.49/1000 gallons 
• FY2010 $6.54/1000 gallons 
• FY2011 $6.66/1000 gallons 

7.1.4 Electrical Cost 

Electrical power is required to run the controller, sensors, and irrigation pump.  The cost model 
includes the electrical cost to operate the system, which is $0.14 per kilowatt hour based on unit 

Nomenclature Unit cost 

Exist.Equipment on- 
site at Building 1100 or  

on Base Retrofit Building 1100  
Model ET 2000e 6 Station $3,950.00 Yes $0.00 
Stainless Enclosure W/ Dome Antennae and Transient  
protection $2,360.00 Yes $0.00 
 ETg Interface $475.00 Yes $0.00 
Rain Bucket Interface $475.00 Yes $0.00 
Transient Protect Package $735.00 Yes $0.00 
ET Gauge $1,375.00 Yes $0.00 
Stainless Steel Enclosure for ET gauge $995.00 Yes $0.00 
Calsense Tipping Rain Bucket $595.00 Yes $0.00 
Flow meter $595.00 No $595.00 
Soil Sensor $210.00 No $210.00 
Local Radio stick antenna $190.00 No $190.00 
Communication (Phone line/Ethernet Device)* $925.00 NA $0.00 
Communication Hub $1,850.00 Yes $0.00 
Dash F Option Additional meter/valve interface $1,000.00 No $1,000.00 

Installation (estimated) $3,000.00 

$4,995.00 
* Currently not available to DoD due to IT restrictions but used extensively in the private sector. 
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electrical cost information from 2011.  The power requirements for the controller and sensors were 
considered insignificant and were calculated instead of from direct metering and then were added 
to the overall utility cost.  The pump was outfitted with a flow meter to calculate the kilowatt hours 
(based on pressure, and estimated pump and motor efficiency) used throughout the 2-year 
demonstration period.  The total cost of operating the pump is included in the cost model.  

7.1.5 Maintenance Costs 

Maintenance costs were the expenditures incurred for any repairs, troubleshooting, and similar 
maintenance calls necessary for the smart water conservation system to operate properly.  Similar 
to installation costs, maintenance costs were tracked throughout the demonstration period.  This 
included tracking costs for labor hours and costs for needed parts.  Labor costs were assumed at 
$45 per hour for the cost model. 

7.1.6 Operator Training Costs 

Operator training costs were the labor costs required for the landscape manager to familiarize 
oneself with the controller and any unique hardware.  Familiarization included making basic 
program changes and troubleshooting.  Training costs were determined by tracking the labor hours 
used for reviewing product literature multiplied by the hourly rate.  Labor costs were assumed at 
$45 per hour for the cost model.  To note, operator training should only occur once during the 
lifecycle of the system for each operator.  

7.1.7 Lifecycle Costs 

The lifecycle costs of the smart water conservation system combined capital costs, installation, 
maintenance, and yearly operations costs.  It was expected that the life of the smart water 
conservation system ranged from 10 to 15 years, with the exception of the UST which can last up 
to 50 years.   
 
The procurement and installation of the individual system components were a one-time cost. 
Maintenance and operator costs were based on required annual maintenance, such as filter change-
outs and tank cleaning.  Most of the sprinkler hardware offered by Rain Bird® has a warranty of 
two to three years, depending on the component.  Any repair or replacement of components during 
their respective warranty periods did not incur associated costs; however, labor hour costs were 
incurred to conduct the repair/replacement.  

7.2 Cost Drivers 

The most significant cost drivers for the implementation of the smart water conservation system 
at a potential deployment site are the cost of a water harvest storage tank and the cost of potable 
water. The cost of the storage tank is directly linked to its size and composition.  Determining the 
proper tank size for a specific site is a challenge, as there is no simple strategy that links tank sizing 
for irrigation with economic viability. An iterative economic analysis must be performed as 
highlighted in Section 7.3  that takes into account tank size based on site average monthly rainfall 
data, roof area, and irrigation demand (based on turf type area and average monthly ET) with the 
cost of potable water. Several tank sizing guidance strategies were considered that can be 
employed as a starting point to evaluate economic feasibility.  Figure 23 provides the various tank 
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size options considered for Port Hueneme based on roof area, average monthly rainfall, and turf 
area if the entire smart plot was 7,560 square feet.  Ultimately, the tank at Port Hueneme was sized 
based on EISA Section 438 of 2007, managing on-site the total volume of rainfall from the 95th 
percentile storm, which was approximated at 20,000 gallons storage capacity.  
 

 

 
Figure 23.  Tank Sizing Options for Building 1100 

 
 
As mentioned earlier, discussions with facility manager and the site conditions dictated a below 
ground tank over the above ground tank. However, each type has been implemented for water 
harvesting in drought areas in Texas and California.  Each type of tank has unique site-specific 
implementation requirements that increase cost.  
 
Site-specific cost considerations for the underground tank implementation include: 
 

• Determining the existence of underground utilities (retrofit concern) 
• Installing sub foundation and cover  
• Excavation, and landscape and tree removal (retrofit concern) 
• Disposing of excavation spoil (retrofit concern) 
• Engineering and design for high groundwater 

 
Site-specific cost considerations for the above ground tank implementation include: 
 

• Engineering and design for seismic and wind loads 
• Installing foundation  
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• Anchoring restraint system for seismic and wind load 
• Equipment cost (Crane support for larger tanks) 

 
Overall, the cost of potable water compared to the cost savings resulting from water harvested 
must be considered before installing any tank.  Accordingly, a sensitivity analysis was performed 
illustrating the cost of potable water compared to the amount of water harvested by the system. 
Given a potable water cost at $6.54 per 1,000 gallons, tank cost would have to be less than $0.50 
per gallon to provide a payback at the established 20 year period.  If current tank costs were held 
at $3.13 per gallon, then potable water costs would have to be $34 per 1,000 gallon to meet the 20-
year performance objective.  The ideal geographic area to install and implement the entire smart 
water conservation system are areas such as Tucson, Arizona and Fort Hood, Texas which receive 
summer monsoonal rains that can replenish the water harvest tank during the summer months when 
demand is greatest. In addition, they are also known to generate large amounts of HVAC 
condensate.  In areas such as southern California, the goal is to install the largest tank possible to 
irrigate as long into the summer as possible. However, the economics do not indicate that there is 
a reasonable return on investment. 

7.3 Cost Analysis and Comparison 

Tables 12 through 15 summarize system payback for three (3) different scenarios on a typical 
administrative facility surrounded by irrigated turf.   Building 1000, found at NBVC was chosen 
for the analysis and comparison as it has substantial turf area and could benefit from a smart water 
conservation system.  The building was constructed in 1994, has a roof area of approximately 
23,600 ft2 and turf area of approximately 35,000 ft2.  The turf is currently irrigated with a 
traditional, timer-based irrigation system.  Appendix G provides notes on the ROI worksheet of 
how each input value was derived or its source reference. 
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Scenario 1: DoD building with turf retrofitted with Smart ET controller.   
 
Scenario 1 is the retrofit of an existing operational building replacing a timer based controller with 
a Calsense controller.  This scenario assumes that a new Calsense ET controller will be installed 
at an estimated cost of $12,000.   
 
Appendix H presents a cost break down of different options and communication configurations 
related to the controller.  For this scenario the water harvest tank size is 0 gallons and all harvest 
tank related costs are $0.  The facility was built at a time when there was minimal interest in water 
efficient landscape. The ROI is less than 6 years for retrofitted installations. 
 

Table 12.  Scenario 1 Cost Estimates 

 
  

SITE CONDITIONS/ASSUMPTIONS Data UNITS/NOTES
Climate Mediterranean 
Roof Area (plan view) 23,600 FT2
Turf Size 35,000 FT2
Average Rain Per year 14 Inches/year
Rainwater Available @ 50% normal 105,301 gallons
Average ET Demand for Turf (Blue Grass, Tall fescue) 34 Inches/year
Average Summer ET requirement for Turf 21 Inches
Retrofit or New Construction Retrofit

HARVEST TANK INFORMATION
Harvest Tank (Estimated Cost per gallon $1.50 -$5.00) $0.00 Material and Installation Cost
Above ground or Below ground Below Ground
Estimated size of tank  0 gallons
Tank Service life 50 years
Estimate of total yearly volume of Condensate 15000

UTILITIES UNIT COST
Water Cost $6.54 Cost per 1000 gallons
Electrical cost $0.14 Cost per KW-h

SMART WATER SYSTEM COMPONENTS
Capital Cost of Calsense Controller ($12,000) $12,000
Capital Cost of pump package and makuep water($4141) $0
Capital Cost of Water Harvest Component (Size dependent) $0
Capital Cost of First Flush and Ancillary  (5% or Water Harvest) $0
Smart Oper and Maint. cost (1 hours per year) $0
Smart Training ( One time only) $60
If function: No harvest tank = 0, If tank size > 0 = 1 0

Capital Cost (Retrofit) $12,060

Capital Cost (New Construction) $0

VOLUME OF WATER NEEDED
Average Water Demand (ET Demand -Rainwater) 20 inches
Irrigation Efficiency of Smart Water System 0.55 From Demonstration
Total water Needed for Satisfactory Turf (Timer Based) 781,433 gallons
Total irrigated water Needed for Satisfactory Turf (Smart) 429,788 gallons
Water Harvest Tank efficiency Factor 1.5 From Demonstration
Total Potable water for turf Plot 414,788

Economic Analysis Results
Water Cost annual increase (2% escalation) 0.02 Percentage
STATUS QUO: Timer- (Potable Water Cost  Year 1) $5,111
SMART PLOT: (Potable Water Cost  Year 1) $2,811 Assumes that potable water is needed
SMART PLOT: (Electrical Cost) $0
Cost Avoidance (Year 1) $2,300
Water reduction (Percent) reduced by Tank 0.00% Percentage

      Payback (Retrofit) 5.2 years
      Payback (New Construction) 0.0 years
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Scenario 2: DoD building (Building 1000) with turf retrofitted with Smart System.   
 
Scenario 2 is the retrofit of an operational building with the entire smart water conservation system, 
excluding the condensate harvesting component since the building does not have air conditioning.  
The water harvest tank was sized to satisfy current EISA requirements. 

 
Table 13.  Scenario 2 Cost Estimates  

  

SITE CONDITIONS/ASSUMPTIONS Data UNITS/NOTES
Climate Mediterranean 
Roof Area (plan view) 23,600 FT2
Turf Size 35,000 FT2
Average Rain Per year 14 Inches/year
Rainwater Available @ 50% normal 105,301 gallons
Average ET Demand for Turf (Blue Grass, Tall fescue) 34 Inches/year
Average Summer ET requirement for Turf 21 Inches
Retrofit or New Construction Retrofit

HARVEST TANK INFORMATION
Harvest Tank (Estimated Cost per gallon $1.50 -$5.00) $3.11 Material and Installation Cost
Above ground or Below ground Below Ground
Estimated size of tank  20000 gallons
Tank Service life 50 years
Estimate of total yearly volume of Condensate 0

UTILITIES UNIT COST
Water Cost $6.54 Cost per 1000 gallons
Electrical cost $0.14 Cost per KW-h

SMART WATER SYSTEM COMPONENTS
Capital Cost of Calsense Controller ($12,000) $12,000
Capital Cost of pump package and makuep water($4141) $4,141
Capital Cost of Water Harvest Component (Size dependent) $62,200
Capital Cost of First Flush and Ancillary  (5% or Water Harvest) $3,110
Smart Oper and Maint. cost (1 hours per year) $50
Smart Training ( One time only) $60
If function: No harvest tank = 0, If tank size > 0 = 1 1

Capital Cost (Retrofit) $81,561

Capital Cost (New Construction) $0

VOLUME OF WATER NEEDED
Average Water Demand (ET Demand -Rainwater) 20 inches
Irrigation Efficiency of Smart Water System 0.55 From Demonstration
Total water Needed for Satisfactory Turf (Timer Based) 781,433 gallons
Total irrigated water Needed for Satisfactory Turf (Smart) 429,788 gallons
Water Harvest Tank efficiency Factor 1.5 From Demonstration
Total Potable water for turf Plot 399,788

Economic Analysis Results
Water Cost annual increase (2% escalation) 0.02 Percentage
STATUS QUO: Timer- (Potable Water Cost  Year 1) $5,111
SMART PLOT: (Potable Water Cost  Year 1) $2,615 Assumes that potable water is needed
SMART PLOT: (Electrical Cost) $52
Cost Avoidance (Year 1) $2,393
Water reduction (Percent) reduced by Tank 6.98% Percentage

      Payback (Retrofit) 34.1 years
      Payback (New Construction) 0.0 years
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Table 13.  Scenario 2 Cost Estimates (cont.) 

 
 

 
 
 
Scenario 3: DoD building (Building 1000) with turf assumed new construction with Smart 
System.   
  
Scenario 3 is new construction of Building 1000, holding constant the existing size of both the 
building and turf area, and installing both the smart ET controller and water harvesting component.  
The building does not have an air conditioning unit but for this analysis the condensate harvesting 
is included.  The water harvest tank was sized to concurrently satisfy current EISA requirements 
for storm water management using a cistern. Accordingly, cost of the tank is mostly covered by 
the requirements to satisfy capturing the 95% storm event and not included in the costs to calculate 
payback time. The irrigation system would be the same as that used at the demonstration site and 
consists of about 20 irrigation zones. However, the analysis includes the capital cost of the pump 
and potable make-up water system.  Only about two of the irrigation zones would be outfitted with 
purple pipe for coverage by the harvested water, as tank capacity can only match irrigation demand 
for approximately 2 zones. The ROI is less than 11 years for new construction installations. 
  

EISA Tank Size Determination
Roof size 23,600 FT2
95 percentile Storm (30 year Period) 1.1 Inches -Historic Information

Tank Volume per EISA Requirment 16,182 Gallons

PUMP COST (Smart Water)
Volume of water pumped 501,783 gallons
Hours of operations 643 Hours
Flow rate 13 gpm
Pump Efficiency 0.6
Motor Efficiency 0.6
Horsepower 1 HP
Pressure Head 100 Feet
Pump cost per hour (Calculated) $0.10
Pump cost per year (Calculated) $61
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Table 14. Scenario 3 Cost Estimates  

 
 
 

SITE CONDITIONS/ASSUMPTIONS Data UNITS/NOTES
Climate Mediterranean 
Roof Area (plan view) 23,600 FT2
Turf Size 35,000 FT2
Average Rain Per year 14 Inches/year
Rainwater Available @ 50% normal 105,301 gallons
Average ET Demand for Turf (Blue Grass, Tall fescue) 34 Inches/year
Average Summer ET requirement for Turf 21 Inches
Retrofit or New Construction New Construction

HARVEST TANK INFORMATION
Harvest Tank (Estimated Cost per gallon $1.50 -$5.00) $3.11 Material and Installation Cost
Above ground or Below ground Below Ground
Estimated size of tank  20000 gallons
Tank Service life 50 years
Estimate of total yearly volume of Condensate 15000

UTILITIES UNIT COST
Water Cost $6.54 Cost per 1000 gallons
Electrical cost $0.14 Cost per KW-h

SMART WATER SYSTEM COMPONENTS
Capital Cost of Calsense Controller ($12,000) $12,000
Capital Cost of pump package and makuep water($4141) $4,141
Capital Cost of Water Harvest Component (Size dependent) $59,090 Cost of tank not included in Capital cost*
Capital Cost of First Flush and Ancillary  (5% or Water Harvest) $2,955
Smart Oper and Maint. cost (1 hours per year) $50
Smart Training ( One time only) $60
If function: No harvest tank = 0, If tank size > 0 = 1 1

Capital Cost (Retrofit) $0

Capital Cost (New Construction) * $25,115

VOLUME OF WATER NEEDED
Average Water Demand (ET Demand -Rainwater) 20 inches
Irrigation Efficiency of Smart Water System 0.55 From Demonstration
Total water Needed for Satisfactory Turf (Timer Based) 781,433 gallons
Total irrigated water Needed for Satisfactory Turf (Smart) 429,788 gallons
Water Harvest Tank efficiency Factor 1.5 From Demonstration
Total Potable water for turf Plot 384,788

Economic Analysis Results
Water Cost annual increase (2% escalation) 0.02 Percentage
STATUS QUO: Timer- (Potable Water Cost  Year 1) $5,111
SMART PLOT: (Potable Water Cost  Year 1) $2,517 Assumes that potable water is needed
SMART PLOT: (Electrical Cost) $52
Cost Avoidance (Year 1) $2,492
Water reduction (Percent) reduced by Tank 6.98% Percentage

      Payback (Retrofit) 0.0 years
      Payback (New Construction) 10.1 years
* Cost of tank not included in Payback calculation.
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In Summary, Scenario 1 would be the easiest to implement and has the shortest payback time (i.e., 
at 5.2 years).  With a payback time of 34.1 years, Scenario 2 would be the least favorable option 
due to its minimal cost effectiveness for reducing potable water use for landscape irrigation in 
southern California.  Leveraging the EISA requirement to manage water with cisterns in future 
building construction, Scenario 3 may be practical way to justify the implementation of a smart 
water conservation system as it has a favorable payback. 
 
In general, due to the high cost of retrofitting a water harvesting system and the relatively short 
rainy season (and mostly dry summer season) in southern California, it is not a cost effective 
method to reduce potable water usage for landscape irrigation. Drought prone area like Tucson 
Arizona, and Killeen Texas have consistent rain in the summer due to monsoonal weather pattern 
may have a better payback.  In the scenarios above using water harvesting systems, the harvesting 
system accounts for about 7% of the water used for irrigation.  However, as water costs increase 
and regulations limit the amount of potable water that can be used for irrigation purposes, the 
viability of using water harvesting systems will increase. 
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8.0  IMPLEMENTATION 

In some regions of the United States, where water use is more highly regulated due to drought 
conditions and general water scarcity, implementation of water-saving systems is becoming a 
necessity.  In regions where water is scarce, cost and ease of implementation and operation and 
maintenance requirements are evaluated to determine whether implementation of water harvesting 
or smart water conservation systems are feasible options.  This section presents the regulations, 
end use, procurement issues, and lessons learned identified during the demonstration study.  
Appendix I provides a generic discussion of technology transfer tools and methods to be 
considered for the implementation this technology.  

8.1 Pertinent Regulations, Executive Orders, Codes and Standards 

There are no federal regulations, codes, or standards for implementing rainwater harvesting 
systems or ET controllers on DoD installations; however, the following guidance manuals may 
serve DoD utility managers considering installation of a system:   
 

• Rainwater Harvesting for Army Installations 
• Guideline for Estimate Unmetered Landscape Water Use (FEMP) 
• Low Impact Development Unified Facilities Criteria 
• Watergy: A Water and Energy Conservation Model for Federal Facilities 
• Green Plumbing and Mechanical Code Supplement 

 
The majority of regulations that do exist are found at the state and local level.  There has been little 
consensus among the regulators with regards to standard plumbing and maintenance of smart water 
conservation systems, especially in the water harvesting components. However, some states have 
provided their own guidance manuals on water harvesting and basic minimum standards.  
 
Local regulations in some drought prone areas of the southwest require new residential and 
commercial facilities construction to capture roof rainwater (requiring 50% of the properties 
irrigation to be supplied by rainwater).  Some local governments have also enacted restrictions on 
watering days and irrigation runtime and require implementation of smart irrigation controllers 
with turf landscape.  Federal facilities are not required to follow local regulations; however, EO 
13693 requires federal agencies to install appropriate green infrastructure features on federally-
owned property to help with stormwater and wastewater management and many federal facilities 
have enacted their own water conservations regulations.  
 
The International Association of Plumbing and Mechanical Officials recently published the Green 
Plumbing and Mechanical Code Supplement that establishes requirements for green buildings and 
water efficiency applicable to plumbing and mechanical systems. It typically refers to the 
“Authority having Jurisdiction” for matters of permitting and approvals. The code provides 
provisions for non-potable rainwater collection systems, including collection surfaces, storage 
structures, pipe labeling, air gaps, and other design criteria. 
 
The American Rainwater Catchment System Association provides guidance for design of safe 
rainwater catchment systems and applications of harvested water including potable, non-potable, 
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and fire protection uses. The American Society of Heating, Refrigerating, and Air-Conditioning 
Engineers Green Guide serves as a reference for green building design that includes rain water 
harvesting.  In addition, the Texas Manual on Rainwater Harvesting gives end user basic 
information for rainwater harvesting. 
 
As mentioned in Section 1.3, the primary federal regulatory driver for this demonstration project 
is EO 13693, which requires federal agencies to improve water use efficiency and management.  
Since landscape irrigation often represents one of the largest demands of potable water at DoD 
facilities, smart water conservation systems can make significant progress at the achieving the EO 
13693 guidelines.   

8.2 End User Concerns 

8.2.1 Maintenance and Ownership 

End users will have to budget to provide manpower to maintain the smart water conversation 
system.  Most of the maintenance is required on the water harvesting tank and the first flush 
diverter.  The maintenance is not considered exorbitant, but routine action must be performed at a 
minimum frequency. Table 16 provides suggested maintenance procedures so that a budget can be 
determined by appropriate facility managers. Pumps will fail over time and the facility owner 
should budget for one (1) new pump every 5 years.  It would be advisable to procure a backup 
pump that is available throughout the year in the event of a pump failure.  
 
 

Table 15.  Recommended Maintenance Schedule for Water Harvest System 

Activity Frequency 
Clean out First Flush Diverter Once per year 
Check Mosquito Screens Once per year 
Inspect Tank for Sediment  Once every 3 years 
Inspect Tank for Leaks Once per year 
Clean Tank Once every 5 years 
Pump Replacement (estimated 4-7 years) Once every 5 years 

 
 
Implementation of a smart water conservation system requires a dedicated staff to take ownership 
of the technology.  If ownership is not addressed, like any system, the technology can easily 
become dysfunctional.  Accordingly, if a group or individual is not assigned at the onset to fully 
learn the system and perform routine maintenance, the system will not perform as designed.  
Adjustments to the controller settings based on site conditions are required throughout the first 
year to maximize lifecycle savings. 

8.2.2 Tank Leaks 

Tanks losing make-up water would defeat the overall purpose of the smart water conservation 
system, which is to reduce potable water use and associated energy.  All tank systems have the 
potential to leak, but, with proper installation, the polyethylene material used to encapsulate the 
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tank modules will hold up for years underground.  A well designed and constructed tank can be 
leak-free for up to 30 to 50 years.  During the course of the 2-year demonstration period, the only 
leaks discovered were found during the initial hydrostatic test and were found at the top levels of 
the UST near the inlet and outlet pipe penetrations.  The leaks were measured by tracking water 
level over the course of several days. Leakage only occurred in the wet season and was determined 
to be less than 1 inch drop over a 1-week period (or 50 gallons per day) and only at the top levels 
of the UST.  Penetrations for pipeline or conduits are recommended to be as high up on the sidewall 
or top of the tank, if site conditions permit. Small leaks at the top of the tank can be tolerated 
during the wet season when water demand is at its lowest. 
 
The following practices used in the construction of the system are also recommended: 
  

1. Conduct full height hydro testing on tank liner before tank acceptance; 

2. Use a minimum 35-mil polyethylene liner instead of the 24-mil typically used for 
retention basins; 

3. Shop weld corners and pipe inlets instead of welding polyethylene liner in the field; 

4. Place clean fill sand below tank and around sidewalls.  Sand must be completely free 
of rocks or sharp objects and properly compacted; 

5. Extra care needs to be taken to keep sharp objects, tools, etc. away from liner during 
installation of modules.  Consider use of secondary liner on the bottom for construction 
foot traffic; 

6. Use controller to only allow potable make-up water to fill tank 20 to 30 minutes prior 
to irrigation; 

7. Float switch set point for potable make-up water additions should be a low as possible, 
but high enough to protect the pump. 

8. Conduct annual leak test in the winter months to monitor the condition of the tank. 

8.3 Procurement Issues 

The equipment used on the smart water conservation system, with the exception of the NAVFAC 
developed first flush diverter, are commercially available off-the-shelf components and were 
procured via a Broad Agency Announcement (BAA) contract.  For future installation on buildings 
with substantial irrigated landscape and timer-based irrigation controllers, planners should 
consider procuring soil-based or ET controllers using a credit card, Bills of Material, or small 
contracts. The basic ET controller can be purchased direct or customized with options, which could 
take one or two weeks to build.  The first flush diverters originally purchased for the demonstration 
project were ordered from a company in Australia through a local US distributor requiring a 2 to 
3 week lead time.  All other components are readily available through local sources.  

8.4 Lessons Learned 

Lesson learned during the demonstration of the smart water conservation system are as follows: 
 
Site Selection Considerations: 
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• Use cost model to determine what level of the smart water conservation system to 

implement (i.e. ET controller only or ET controller with water harvest. 

• Implement soil-based or ET controllers at any landscape that has a substantial turf area 
(≥30,000 square foot has a payback less than 6.1 years). 

• Consider rainwater harvesting when one or more of the following regional conditions 
exist: 
o High water cost 
o Drought prone areas (water scarcity) 
o Forward Operating Bases with limited water sources 
o Regions with consistent monthly rainfall during summer months 
o Regions with consistent HVAC condensate water during summer months. 
o Areas with substantial rebates provided for rainwater harvest tanks 
o Alternate source water available  (Potable water pipe flushing) 
o In new construction seeking LEED points 
o In regions that charge for stormwater discharge 
o In new construction requiring underground storage for managing stormwater EISA 

section 438 (applicable when soil infiltration rates are not enough) 

• Implement the smart water conservation technology only with user buy-in to operate 
and maintain system. 

 
Technical Detail and Logistics:  
 

• Implement condensate harvesting if rainwater harvest is implemented, since 
condensate harvesting is a minimal add-on feature that will provide water during 
summer months. 

• Operate the harvest tank irrigation pump a few times during the winter months to insure 
proper operation.   

• Program system alarms, such as leak or no-flow condition, to alert facility managers 
and landscape technicians via telephone. 

• Pest control practices should include laying wire in conduits and wrapping valve boxes 
with wire mesh. 

• Consider writing landscape maintenance contracts to include a minimum maintenance 
frequency during periods of budget cuts, as lack of pest control, ignored system alarms, 
and overgrown turf and shrubs can have a profound impact on sprinkler distribution 
systems, turf quality, and limit the overall usefulness of a smart water conservation 
system. 

See appendices J and K for additional lessons learned at the smart water conservation system 
installed at Fort Hood, Killeen Texas. The system installed at Fort Hood used an above ground 
tank for harvesting rainwater and condensate 
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8.5 First Flush 

The first flush of a rain event must be considered when implementing the roof rainwater harvesting 
component of the smart water conservation system, as its quality can have an adverse impact on 
system functions.  Debris from the roof material itself (physical and chemical degradation), wind-
blown contaminants, bird droppings, and other organic materials are typically concentrated in the 
first flush.  Particles in a specific size range can foul the operations of the nozzles, clog the inlet 
filters at the sprinkler heads, and otherwise negatively impact the sprinkler efficiency.  Once in the 
plumbing system, the particles may have an impact on maintenance frequency (both in the tank 
and sprinkler system), uniformity of sprinkler coverage, and water usage.    In addition, flow 
meters, particularly paddle wheel systems, could have their accuracy impacted by particulate and 
biological growth, increasing the paddle wheel friction and thereby reducing paddle wheel speed.    
Consequently, diversion of first flush must be accomplished to reduce maintenance frequency and 
irrigation runtimes.  
 
Commonly used roof material includes asphalt shingles, galvanized metals, rubber membrane, 
cement tile, aluminum, and soil plant mixtures (green roofs).    Loose grit from asphalt shingles is 
typically a size that can be removed with a first flush diverter or settled out easily in the tank via 
gravity. The pump inlet should be placed a few inches above the tank floor to prevent particulates 
from entering the sprinkler system. However, it is better to remove the debris prior to entering the 
tank.  This is done with the first flush diverter.  Conventional design guidance suggests diverting 
1 liter per square meter roofing for lightly loaded roofs and 2 liters per square meter for heavier 
loads.  Buildings with significant bird droppings on the roof should consider greater diversion 
volumes of the first flush or applying harvested water only to underground irrigations systems.  
Two types of first flush diverters, constant volume-based and flow-based, diverter valve were 
demonstrated.  The constant volume system performed better in terms of maintenance and reset 
for subsequent rain events.  
 
The demonstration showed that the flow rate diverter valve design required substantial 
maintenance after each storm event to reset the system for subsequent storms. After some minor 
adjustments to allow the valve ball to drain between rain events, the problem still persisted. To 
resolve the reliability issue, one of the flow rate diverter valve units was replaced with a constant 
volume based diverter.  The constant volume based system displayed greater reliability by 
consistently draining down after each rain event, and thus available for subsequent storm events. 
The design is simple and can be made with commercially available products. 
 
Some older asphalt and wood shingle roofs have been shown to have containments such as lead, 
mercury, copper, and arsenic. Terra cotta and cement tiles are known to release lead, copper, 
cadmium, and asbestos. Planners may wish to consider taking grab samples to fully characterize 
the roof water prior to implementation, or consider greater diversion volumes of the first flush. 

8.6 Design Considerations 

Based on the lessons learned from the demonstration project, design considerations for 
implementing a smart water conservation system were developed. These considerations are 
presented in Table 17 for the rainwater harvesting system and Table 18 for the ET controller and 
irrigation system. 
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Table 16.  Design Considerations for Implementing the Smart Water Conservation System 

Part Above Ground Below Ground 
Tank Foundation design for Seismic load, 

Wind Load.  Aesthetic concerns.  
Underground utilities.  Select material 
that blocks UV to reduce algae growth.  
Include easy read tank level gauge. Use 
economic spreadsheet to determine 
feasibility. 

Consider Buoyancy issue with ground 
water, Above Grade loading, H-20 loading, 
and underground utilities.  Locate openings 
near areas free of debris. Use Economic 
spreadsheet to determine feasibility.  
Conduct hydro-static test before acceptance. 

Rainwater Inlet Locate near downspout.  Include screen 
to remove sediments, leaves, and trash. 
Hydro-test for leaks. 

Locate as high up in the tank as possible for 
modular tank system.  Hydro-test for leaks. 

Outlet Locate near electrical power and 
optimum pump location. Hydro-test for 
leaks. 

Locate as high up in the tank as possible for 
modular tank system. Hydro-test for leaks. 

Tank Drain Locate at lowest point in tank for efficient 
cleaning. 

Not practical.  Drain with submersible sump 
pump. 

First Flush Diverter First flush diverter designed to remove 1 
L per square meter for light load.  
Remove 2 liter per square meter for 
heavy load. Design with automatic self-
drain. If possible direct first flush water 
to landscape away from building 
foundations. 

First flush diverter designed to remove 1 L 
per square meter for light load.  Remove 2 
liter per square meter for heavy load. 
Design with automatic self-drain. If 
possible direct first flush water to landscape 
away from building foundations. 

Potable Make-up 
Water 

Locate near water source. Control with 
float sensors.  Ensure minimum amount 
of water for safe pump operations.  
Potable make-up water should have an 
Air- gap to protect potable water system.  
Include mosquito screen.  Ensure Back 
flow preventer upstream. 

Locate near water source. Control with float 
sensors.  Ensure minimum amount of water 
for safe pump operations.  Potable make-up 
water should have an Air- gap to protect 
potable water system.  Include mosquito 
screen.  Ensure Back flow preventer 
upstream.  

Valves Ensure valves are included to isolate 
system components and for leak tests. 

Ensure valves are included to isolate system 
components and for leak tests. 

Mosquitos Screens Apply on all opening on tanks as 
appropriate, including potable make-up 
water port. 

Apply on all opening on tanks as 
appropriate, including potable make-up 
water port. 

Overflow Port Direct overflow to French drains, if 
possible. Otherwise to storm drain. 

Direct overflow to French drains, if 
possible. Otherwise to storm drain. 

Pump Package Use adjustable check valve to prevent 
anti-siphoning. 
Design for proper flow and pressure.  
Include an easy access gross filter.  Pump 
inlet 4”-6” above tank floor. Design for 
easy pump removal for repair or 
replacement.  

Use adjustable check valve to prevent anti-
siphoning. 
Design for proper flow and pressure.  
Include an easy access gross filter.  Pump 
inlet 4”-6” above tank floor. Design for 
easy pump removal for repair or 
replacement. Install liner protection below 
pump to prevent leakage. 

 
 

Table 17.  Design Considerations for ET Controller and Irrigation System 
Part Design Consideration 
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Condensate Capture If redirecting condensate from sanitary sewer, ensure sewer gases are managed. 
Pipeline Use purple line for irrigation system or bury with appropriate “not for human 

consumption” yellow tape. Design pipe system for minimum head loss. Bury below 
frost line. Include port to purge water with compressed air during winter months. 

ET Controller Consider implementing ET controller for all substantial landscape turf and ground 
cover.  Irrigation cycle time must account for non-uniform water coverage.  
Overwater initially in the spring/early summer to determine optimum irrigation safety 
factor.  Irrigate at night or early morning.  Set soak and cycle for clay soils.  

ET Sensor Locate in area that is representative of turf area. 
Soil Sensor Bury at manufacturer recommended depth.  Bury in an area that receives 

representative sun.  If possible, protect from gophers. 
Rain Gauge Program controller to prevent/stop irrigation during a rain event. 
Flow Meter Apply on mainline. Use with controller to identify out of range flowrates.  Set up 

alerts to warn operators if out of spec flowrates. 
Efficient Sprinkler  
System 

Ensure proper head to head sprinkler spacing. Maximize sprinkler coverage and 
uniformity.  Use long nozzle if maintenance will be an issue. 

Pressure Regulating 
Valve 

Use to minimize overspray and optimize flowrate. 

Turf Lawn Conduct annual irrigation audit.  Use drought tolerant plant species.  Conduct routine 
maintenance to prevent sprinkler trajectory blockage. 

Ground Covers Use rotary heads.  Landscape with drought tolerant plant species. 
Winterize Develop a customized winterize plan. See Appendix K for example.  
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Appendix A:  Manufacturer Specifications and Schematics 
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NBVC Constant Volume First Flush Diverter 

 
 

 
Rough Schematic: NBVC 100 Gallon Constant Volume First Flush Diverter 

 
 
  

To Harvest 
Tank 

To First 
Flush 

100 Gallon First 
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First Flush Diverter Valve Design at NBVC 
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Calsense Controller   
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Calsense Controller Software 
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Non Navy Calsense Controller Freeware 
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Calsense Flow Sensor  
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Calsense Moisture Sensor  
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Calsense ET Gauge
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Calsense Rain Bucket  
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CUDO Harvest Tank General Design  
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Harvest Tank Submersible Pump  
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Harvest Tank Submersible Pump Regulator  
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Stainless Steel Floating Filter with 1.25” Coarse Screen 
 

Harvest Tank Submersible Pump Filter  
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RainBird Nozzles  
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RainBird Nozzles Continued 
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RainBird Nozzles Continued 
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RainBird 150 PESB Valve with Pressure Regulating Module  
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Appendix B: Monthly Flow Meter Data 
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Compiled Data for Computing Potable Water and Energy Reduction (Gallons per month)

Month Condensate In (FM #1) Rainfall In
Rainfall 

Captured
Makeup In (FM 

#3)
 Smart Plot Turf Out  

(FM #4)
Smart Plot Ground Cover 

Out (Station 34)
Station 33 % of total 

irrigation
Station 33 Makeup 

Gal Out
Overflow Out 

(FM #2)
Estimated Unmetered 

Overflow Out Total Overflow Out Control Plot Tank Vol (Gal)
Nov 0 0 0 74 80 209 0.28 20 180 334 514 100 11432
Dec 25 15378 3519 0 0 0 0.00 0 5436 6423 11859 694 14976
Jan2013 0 8441 102 0 0 102 0.00 0 3181 5158 8339 296 15078
Feb 0 0 0 0 0 794 0.00 0 0 0 0 1461 14284
Mar 0 7195 783 0 0 946 0.00 0 1599 3867 5466 2153 15067
Apr 165 0 0 0 855 1220 0.41 0 0 0 0 1846 13157
May 679 0 0 0 883 1478 0.37 0 0 0 0 2302 11475
Jun 907 0 0 0 1020 2374 0.30 0 0 0 0 2902 8988
Jul 1174 0 0 0 1013 3693 0.22 0 0 0 0 3118 5456
Aug 1011 0 0 2491 1716 1666 0.51 1264 0 0 0 3549 5576
Sept 1157 0 0 3236 2192 1725 0.56 1811 0 0 0 3329 6052
Oct 60 0 0 4290 1884 2016 0.48 2072 0 0 0 3496 6502
Nov 93 734 734 2820 455 1227 0.27 763 0 0 0 3160 7417
Dec 15 0 0 0 0 1155 0.00 0 0 0 0 3321 6163
Jan2014 0 0 0 0 0 1361 0.00 0.00 0 0 0 3137 4802
Feb 0 38371 11224 0 140 1184 0.11 0.00 9740 17407 27147 650 16026
Mar 0 7854 534 0 534 0 1.00 0.00 1277 6043 7320 77 14045
Apr 16 0 0 0 1459 1937 0.43 0.00 0 0 0 1377 10665
May 519 0 0 0 2873 3000 0.49 0.00 0 0 0 4477 5311
Jun 1886 0 0 3579 2843 2032 0.58 2087 0 0 0 4742 5901
Jul 3990 0 0 2577 3846 2564 0.60 1546.20 0 0 0 4970 6058
Aug 2202 0 0 2756 3296 2101 0.61 1683.12 0 0 0 4975 5619
Sept 3468 0 0 577 2730 2068 0.57 328.31 0 0 0 4767 4866
Oct 902 4818 4818 2783 1836 2115 0.46 1293.24 0 0 0 3237 9418
Nov 29 2303 2303 0 533 1752 0.23 0.00 0 0 0 2345 9465
Dec 153 42149 6478 0 0 0 0.00 0.00 17016 18655 35671 942 16096
Jan-15 0 15279 84 0 0 0 0.00 0.00 9301 5894 15195 24 16180
Feb 0 4451 -182 0 0 0 0.00 0.00 3526 1107 4633 0 15998

Total 18426 131594 26878 25109 30108 38510 0.44 12848 45640 58130 103770 66653
2013 5261 16370 1619 12837 10018 18396 0.35 5910 4780 9025 13805 30933
2014 13165 95495 25357 12272 20090 20114 0.50 6938 28033 42105 70138 35696

Condensate

Makeup Water

Rainfall Smartplot 33

Groundcover 34

Overflow

Harvest Tank
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Appendix C:  Life Cycle Cost for Smart Water Conservation System 
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Appendix D:  Tank Sizing Spreadsheet 
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Use Excel Spreadsheets to evaluate tank size options. 
 

 
 
 

 
 

 

 
 
 
 

Tank sizing Considerations Units Notes
Average rain 14.3 Data Aquired From NOAA
Roof area 29400 Blgd Info
Turf Area 7560 Bldg Info
Ground Cover Area 2068 ET Database- Local Center of Irrigation Technology or Irrigation Tech Center.
Ground Cover Area ET Year 0 ET Database- Local Center of Irrigation Technology or Irrigation Tech Center.
Rainfall Roof Loss factor 0.9 Storm Water Design
Turf ET yr demand 34 ET Database- Local Center of Irrigation Technology or Irrigation Tech Center.
Turf ET summer 21.12 ET Database- Local Center of Irrigation Technology or Irrigation Tech Center.
Turf ET (Summer hightest) 5.82 ET Database- Local Center of Irrigation Technology or Irrigation Tech Center.
Irrigation Efficiency 0.8 Estimate
95 percentile Storm 1.1 Calculated from NOAA or other storm water Databases
Average winter Rain Event 1 Historical information
Max Winter Rain Cumulative (month) 3.43 ET Database- Local Center of Irrigation Technology or Irrigation Tech Center.
Max Summer Rain Event 0.25 Historical information
Reduction Goal 26% 0.26 Executive Order
Max Monthly condensate 5000 Validated condensate capture from 2 20 Ton HVAC  units in Port Hueneme, CA

EISA Tank Size Determination
Roof size 29,000 FT2
95 percentile Storm (30 year Period) 1.1 Inches -Historic Information

Tank Volume per EISA Requirment 19,884 Gallons
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For Modular Tanks use the graph or table below to estimate tank cost relative to size. 
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Size of Tank (gal)

Size of Tank vs. Cost per Gallon

Poly Module Design

dimensions Total Gallons Total Cost Total Cost per gallon
6*6*6 1615 8,100 5.02
8*8*6 2872 12,097 4.21

size of tank (gal) 17952 10*10*6 4488 17,078 3.81

size of tank (ft3) 2500 12*12*6 6462 23,042 3.57
depth of tank (ft) 6 14*14*6 8796 29,993 3.41
width and length (f 20.41241452 16*16*6 11489 37,929 3.30
surface area (ft2) 1323.231282 18*18*6 14541 46,849 3.22
dirt removed (ft3) 2500 20*20*6 17952 56,754 3.16
dirt backfilled (ft3) 833.3333333 24*24*6 25850 79,516 3.08
size of hole (ft3) 3333.333333 28*28*6 35185 106,219 3.02
bottom of tank (ft2) 416.6666667 32*32*6 45957 136,863 2.98
liner coefficient (ft2 906.5646152 36*36*6 58164 171,444 2.95
# of modules 348.2379161 40*40*6 71808 209,966 2.92

44*44*6 86887 252,424 2.91
48*48*6 103403 298,824 2.89
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Use spreadsheet below to determine payback on installing a Smart Water Conservation System. 
 
SITE CONDITIONS/ASSUMPTIONS Data UNITS/NOTES
Climate Mediterranean 
Roof Area (plan view) 29,000 FT2
Turf Size (Combined Track, Football and Soccer Field) 7,500 FT2
Average Rain Per year 14 Inches/year
Rainwater Available @ 50% normal 129,395 gallons
Average ET Demand for Turf (Blue Grass, Tall fescue) 34 Inches/year
Average Summer ET requirement for Turf 21 Inches
Retrofit or New Construction Retrofit

HARVEST TANK INFORMATION
Harvest Tank (Estimated Cost per gallon $1.50 -$3.00) $3.13 Material and Installation Cost
Estimated size of tank  20000 gallons
Tank Service life 50 years

UTILITIES UNIT COST
Water Cost $35.00 Cost per 1000 gallons
Electrical cost $0.14 Cost per KW-h

SMART WATER SYSTEM COMPONENTS
Capital Cost of Calsense Controller ($5000) $5,000
Capital Cost of pump package and makuep water($4141) $4,141
Capital Cost of Water Harvest Component (Size dependent $62,600
Capital Cost of First Flush and Ancillary  (5% or Water Harve $3,130
Smart Oper and Maint. cost (10hours per year) $450
Smart Training ( One time only) $360
If function: No harvest tank = 0, If tank size > 0 = 1 1

Capital Cost (Retrofit) $75,681

Capital Cost (New Construction) $0

VOLUME OF WATER NEEDED
Average Water Demand (ET Demand -Rainwater) 20 inches
Irrigation Efficiency of Smart Water System 0.50 From Demonstration
Total water Needed for Satisfactory Turf (Timer Based) 184,195 gallons
Total irrigated water Needed for Satisfactory Turf (Smart) 92,098 gallons
Water Harvest Tank efficiency Factor 1.5 From Demonstration

Economic Analysis Results
Water Cost annual increase (2% escalation) 0.02 Percentage
STATUS QUO: Timer- (Potable Water Cost  Year 1) $6,447
SMART PLOT: (Potable Water Cost  Year 1) $2,173
SMART PLOT: (Electrical Cost) $11
Cost Avoidance (Year 1) $3,812
Water reduction (Percent) reduced by Tank 32.57% Percentage

      Payback (Retrofit) 19.9 years
      Payback (New Construction) 0.0 years
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Appendix E:  Audit from Center for Irrigation, Cal State Fresno 
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Turfgrass Evaluation for 
 

Smart Water Conservation System for Irrigated Landscape Naval Facilities 
Engineering and Expeditionary Warfare Center Project Manager: Mr. Gary Anguiano 
Evaluators: Dr. Charles Krauter and Dr. John Bushoven, California State University, 

Fresno 
 

November 4, 2015 
 
Objective: 
 
Evaluate turf health and aesthetics using turf protocols developed by the National Turf Evaluation 
Program Required (NTEP) Protocols, Standards and Applications for the Visual Field Assessment 
of Turf Grasses using the following criteria. 
 

• If the aesthetic assessment rating of the smart plot was greater than or equal to the 
aesthetic assessment rating of the control plot, then the smart water conservation system 
did not achieve this performance objective. 

• If the aesthetic assessment rating of the smart plot was less than the aesthetic 
assessment rating of the control plot, then the smart water conservation system did not 
achieve this performance objective. 

 
Protocol: 
 
Components of Turfgrass Condition Assessed (Good, Medium, Poor): 
 

• Uniformity – Turfgrass uniformity is the degree to which a turfgrass community is free 
from variation in color, density, texture, and growth habit. Non-uniform turf may occur 
because of a heterozygous plant population, off-type seed or vegetative segments 
contaminating a uniform plant population, non-uniform seed distribution or 
establishment, non-uniform fertilizer or pesticide applications, abiotic and biotic 
injury, and/or cultural accidents i.e. scalping, chemical burns, etc. In most cases, a 
planting having low uniformity (regardless of the cause) will have a long lasting effect 
on the quality score. This negative influence on quality is scored as such until the 
turfgrass planting has changed its phenotype or recovered from injury to a more 
uniform planting. This record of injury is especially critical when biotic stresses are 
responsible for poor turfgrass uniformity. 

• Color – Color is usually the first component of turfgrass quality recognized by raters 
and consumers. Color is a visual perception of light reflected or emitted by a turfgrass 
planting. The light emitted from the planting results from to a composite of turfgrass 
and weed pigments (chlorophyll, anthocyanin, and carotene) combined with a 
background reflection of soil and dying and dead leaves. Human preference of turfgrass 
color generally favors hues of green, bluish green or greenish blue having high 
saturation and moderate brightness.  In most situations, a dark green color surpasses a 
light green or yellow-green color and should translate to high quality scores. 
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Assessment Parameters: 
 
Time of Day - The time of day is the time period during the daylight hours when the rater is 
required to conduct a VFA. NTEP’s required protocol for the assessment time period is from 10:00 
AM to 3:00 PM. This period is selected to avoid the early morning and evening hours when light 
quality is altered by the low angle of the sun’s rays passing through high concentrations of the 
earth’s atmosphere. Quality components assessments of color, shoot density, and leaf texture are 
most affected by the time of day. 
 
Sky Condition – The sky condition is the absence or presence of clouds in the sky during the time 
period the rater is conducting a VFA. NTEP’s required protocol for optimal sky condition for 
assessing a turfgrass planting is overcast. An overcast sky condition dampens the brightness of the 
sunlight and reduces radiant glare from leaf surfaces and reduces interleaf shadowing. The 
alteration of light quality due to radiation passing through an overcast sky is recognized as a 
potential artifact in scoring quality; however the glare of the sunlight from the grass and the 
interleaf shadowing surpasses the negative effects of altered light quality. 
 
Orientation to the Sun – The orientation to the sun is the person’s view of the turfgrass planting as 
either face-to-the-sun or back-to-the-sun. Orientation to the sun is only considered when the 
assessment of a turfgrass planting is made under full sun due to a geographic location dominated 
by full sun or a rater’s time schedule that restricts his or her choices on day selection. NTEP’s 
required protocol for orientation to the sun is the rater’s view is back-to-the-sun. Back-to-the-sun 
reduces the sun’s brightness on the rater’s vision and the indirect reflection from the rater’s 
recording paper (usually white). 
 
Components of Irrigation System Assessed: 
 

• Christiansen’s Coefficient of Uniformity (CU): CU for an irrigated area is determined 
from a catch can study and then application of the formula given below. (If the 
irrigation time at each measurement point is the same, then it does not matter whether 
the application rate or application amount is measured.) It is assumed that the 
application measurement points are located so that each point represents the same size 
area as the others. 

 
CU = 100 (1 - D/M) 
D = (1/n) å | Xi - M| M = (1/n) å Xi 
where  
CU = Christiansen's Coefficient of Uniformity (%) D = Average Absolute Deviation 
from the Mean 
M = Mean Application 
Xi = Individual Application Amount 
n = Number of Individual Application Amounts 
å = Symbol for Summation 
| | = Symbol for Absolute Value of Quantity between the Bars 
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The absolute value of a deviation considers only its magnitude, not its sign. For example, 
deviations of two units above the mean and two units below the mean both have absolute deviations 
of two. 
 

• Distribution Uniformity (DU): In using this approach, all the individual application data 
points are sorted from high to low values. The lowest 25% of the values are identified, 
and the average of these (the "low quarter, as it's sometimes referred to) is divided by 
the mean application for the entire area, and multiplied by 100 to convert to percent. 
Thus a DU of, say, 80 means that the low quarter of the applications averaged 20% 
lower than the mean application. However, this method does not take into account the 
location of the low application values, or any benefit which might be derived from 
higher applications immediately adjacent to the low values. The "low quarter" might 
be made up of one relatively large area in deficit, or it might be from several smaller 
deficit areas. Also DU would still be considered an average measure, since it describes 
the average of a relatively large area (25% of the total), rather than describing the worst 
case situation. The use of the "lowest 25%" is purely arbitrary and bears no relationship 
to the crop's growing characteristics. 

• Relative Soil Moisture: Determined with the Aquaterr M350 Digital Soil Moisture 
Meter 

 
* All photographs provided by G. Anguiano 
 
Results: 
 
May 16, 2013 (1000-1300) Assessment: 
 
Smart Plot 
 

 
Aerial photograph from rooftop 
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Catch 
 
1 

Turf 
condition 
good 

Soil probe s 
= shallow 
85 

ppt/15min 
 

0.16 

rate 
in/hr 
0.64 

dev 
 
0.11 

2 good 81 0.20 0.80 0.07 
3 good 78 0.22 0.88 0.05 
4 poor 70 s  0.30 1.20 0.03 
5 medium 78 s  0.25 1.00 0.02 
6 good 70 s  0.32 1.28 0.05 
7 medium 78 s  0.32 1.28 0.05 
8 medium 75 s  0.28 1.12 0.01 
9 poor 77 s  0.28 1.12 0.01 
10 poor 83 s  0.26 1.04 0.01 
11 good 90   0.23 0.92 0.04 
12 medium 81 s  0.30 1.20 0.03 
13 good 64   0.43 1.72 0.16 

    average 0.27 1.09 0.05 

    CU = 0.82   

    DU = 0.74   
 
 
Summary: Poor turf was primarily a sparse stand with bare ground between the blades of grass. 
The "s" was determined from the depth to which the soil water probe could be pushed into the turf.  
The shallow readings were well correlated with poor turf.  The soil water probe was not calibrated 
and the depth to which it could be inserted was variable so these readings are not likely to be 
representative of actual soil moisture levels. The turf rated "good" was either in shade (1,2,3) or 
where the water application was significantly higher than average (6,11, 13) indicating the 
probability that the medium and poor areas are water stressed.  The uniformity of the system is 
good. The average application rate is 1.09 inches per hour so the 5 minute sprinkler run will apply 
an average of 0.09 inches of water. Therefore, accumulated Et / 0.09 = the number of 5 minute 
runs required based on the average precipitation rate. 
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Control Plot 
 

 
Aerial photograph from rooftop 

 

 
 

Catch 
 
1 

Turf 
condition 
good 

Soil probe s 
= shallow 
88 

ppt/15min 
 

0.14 

rate 
in/hr 
0.56 

dev 
 
0.20 

2 good 92 0.40 1.60 0.06 
3 good 83 0.30 1.20 0.04 
4 good 69 0.41 1.64 0.07 
5 good 82 0.12 0.48 0.22 
6 good 88 0.58 2.32 0.24 
7 good 85 0.28 1.12 0.06 
8 medium 85 0.38 1.52 0.04 
9 medium 75 0.75 3.00 0.41 
10 medium 67 0.38 1.52 0.04 
11 poor 96 s 0.12 0.48 0.22 
12 good 88 0.39 1.56 0.05 
13 good 81 0.22 0.88 0.12 

   average 0.34 1.38 0.14 

   CU = 0.60 
DU = 0.44 

  

 
 



 

ESTCP Final Report 
Smart Water Conservation System  E-6 May 2016 

Summary: Poor turf was primarily a sparse stand with bare ground between the blades of grass. 
Turf appearance was very good and reasonably uniform with the exception of a sparse area near 
catchment 11. The sprinkler head near catchment 11 was damaged and did not extend high enough 
to distribute the sprinkler pattern properly. The uniformity of the system is low but that is primarily 
due to adjustments in heads to avoid overspray. With the exception of the small area around 
catchment 11, the system appears to apply sufficient water, possibly more than sufficient. 
 
 
October 3, 2015 (0900-1100) Assessment: 
 

 
Soil, thatch and moisture sampling methodology (Aquaterr M350 Digital Soil Moisture Meter in 
foreground) 
 
 
Smart Plot 
 

 
Aerial photograph from rooftop 
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Street level photograph 

 
 

 

 
Soil core indicating moderate moisture penetration and little thatch development 

 
 
 

Control Plot 
 

 
Aerial photograph from rooftop 
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Soil core indicating good moisture penetration and little thatch development 

 
 
Summary:  No anomalies in irrigation system operation were observed, sprinkler head 
performance appeared normal with no significant coverage deficiencies.  Turf uniformity, weed 
presence, thatch presence, and relative soil moisture were assessed and little difference was 
observed between the smart and control plots. 
 
Broadleaf weed pressure was; however, greatest on the SE corner of the smart plot, most likely 
due to turf death following pump failure, and significant shading from building. Smart plot turf 
height and uniformity was slightly less than that of the control plot, but again this was likely due 
to pump failure that occurred between first and final assessment, and subsequent turf death. Turf 
quality for both plots was still considered acceptable (as utility turf). 
 
Subsequent performance evaluation following turf re-establishment, including over-seeding and 
broadleaf herbicide application is recommended, but as of October 2015 the aesthetic assessment 
rating of the smart plot is at a minimum equal to the aesthetic assessment rating of the control plot. 
Installation of additional soil moisture sensors may be advisable in non- uniform areas (shaded-
unshaded). Thus if functioning properly it appears the smart controller system is capable of 
maintaining quality as appropriate for utility turf  - aesthetically pleasing groundcover with 
reduced water and maintenance needs. 
 
Turf Quality Assessment 
 

Initial site visit: Control 
= 7/Smart = 7 
 
Final site visit: 
Control = 7/ Smart = 6 (minimally acceptable value) 
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Appendix F:  Photos of the Control and Smart Plot throughout the 
Demonstrations 
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Appendix G: Return on Investment Spreadsheet Notes
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SITE CONDITIONS/ASSUMPTIONS Data UNITS/NOTES
Climate Mediterranean Pull Down- Port Hueneme is considered Mediterranean Climate
Roof Area (plan view) 23,600 Area can be taken from drawings or determined from field measurements
Turf Size (Combined Track, Football and Soccer Field) 35000 Area can be taken from drawings or determined from field measurements
Average Rain Per year 14 Data captured from NOAA data
Rainwater Available @ 50% normal 105,301 Calculation used for evaluating tank size options
Average ET Demand for Turf (Blue Grass, Tall fescue) 34 Monthly Et demand data captured from Regional Irrigation Centers
Average Summer ET requirement for Turf 21 Determined from Et charts
Retrofit or New Construction Retrofit User Selection (retrofit or new construction)

HARVEST TANK INFORMATION
Harvest Tank (Estimated Cost per gallon $1.50 -$5.00) $3.11 Automatically updates based on Estimated Tank Size 
Above ground or Below ground Below Ground User Selection (below or above ground tank)
Estimated size of tank  20000 User Selects from pulldown.  Compare With EISA spreadsheet below.
Tank Service life 50 Estimated tank life if underground
Estimate of total yearly volume of Condensate 15000 Use actual data if possible or use condensate spreadsheet on internet.

UTILITIES UNIT COST
Water Cost $6.54 User input based on regional water cost.
Electrical cost $0.14 User input based on regional electrical cost.

SMART WATER SYSTEM COMPONENTS
Capital Cost of Calsense Controller ($5000) $5,000 Data from demonstration- (Review based on chosen site)
Capital Cost of pump package and makuep water($4141) $4,141 This is an estimate based on demonstration
Capital Cost of Water Harvest Component (Size dependent) $62,200 Calculated based on tank size and conditions above.
Capital Cost of First Flush and Ancillary  (5% or Water Harvest) $3,110 This is an estimate based on demonstration
Smart Oper and Maint. cost (1 hours per year) $50 This is an estimate based on demonstration
Smart Training ( One time only) $60 This is an estimate based on demonstration
If function: No harvest tank = 0, If tank size > 0 = 1 1 Routine needed for excel spreadsheet

Capital Cost (Retrofit) $74,561

Capital Cost (New Construction) $0

VOLUME OF WATER NEEDED
Average Water Demand (ET Demand -Rainwater) 20 Calculated value
Irrigation Efficiency of Smart Water System 0.50 This is an estimate based on demonstration
Total water Needed for Satisfactory Turf (Timer Based) 859,577 This is an estimate based on demonstration
Total irrigated water Needed for Satisfactory Turf (Smart) 429,788 This is an estimate based on demonstration
Water Harvest Tank efficiency Factor 1.5 This is an estimate based on demonstration
Total Potable water for turf Plot 384,788 This is an estimate based on demonstration

Economic Analysis Results
Water Cost annual increase (2% escalation) 0.02 Not used in this spreadsheet. Final assessment should include.
STATUS QUO: Timer- (Potable Water Cost  Year 1) $5,622 Calculated value
SMART PLOT: (Potable Water Cost  Year 1) $2,517 Assumes that potable water is needed
SMART PLOT: (Electrical Cost) $52 Calculated value
Cost Avoidance (Year 1) $3,003 Calculated value
Water reduction (Percent) reduced by Tank 6.98% Calculated value used to evaluate benefit of water harvesting.

      Payback (Retrofit) 24.8 years
      Payback (New Construction) 0.0 years
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Appendix H: Cost of Calsense and Baseline Controllers and Accessories  
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New Installation Scenario 1 (Capital Cost for ET Controller, ET sensor hardwired to 
Controller and Water Saving Accessories) 

 
 
 

New Installation Scenario 2 (Capital Cost for ET Controller, accessing shared on-Site ET 
sensor data via Analog, and Water Saving Accessories) 

 
 

Nomenclature Unit cost Available  On-Site New Installation
Model ET 2000e 48 Station $3,950.00 No $3,950.00

Stainless Enclosure W/ Dome Attenae and Transient protection $2,360.00 No $2,360.00
ETg Interface $475.00 No $475.00
Rain Bucket Interface $475.00 No $475.00
ET Gauge $1,375.00 No $1,375.00
Stainless Steel Enclosure for ET gauge $995.00 No $995.00
Calsense Tipping Rain Bucket $595.00 No $595.00
Flow meter $595.00 No $595.00
Soil Sensor $210.00 No $210.00
Local Radio stick antenna, with NO antenna cable $190.00 NA
ET Communication via anlog phone line $610.00 NA
ET Communication via website (ethernet) $1,000.00 NA
ET Communication Via Radio Signal $1,500.00 NA

Installation (estimated) $4,000.00

$15,030.00

Nomenclature Unit cost Available  On-Site New Installation
Model ET 2000e 48 Station $3,950.00 No $3,950.00

Stainless Enclosure W/ Dome Attenae and Transient protection $2,360.00 No $0.00
 ETg Interface $475.00 No $0.00
Rain Bucket Interface $475.00 No $475.00
ET Gauge $1,375.00 Yes $0.00
Stainless Steel Enclosure for ET gauge $995.00 Yes $0.00
Calsense Tipping Rain Bucket $595.00 Yes $595.00
Flow meter $595.00 No $595.00
Soil Sensor $210.00 No $210.00
Local Radio stick antenna, with NO antenna cable $190.00 No $190.00
ET Communication via anlog phone line $610.00 No $610.00
ET Communication via website (ethernet) $1,000.00 N/A
ET Communication Via Radio Signal $1,500.00 N/A

Installation (estimated) $3,500.00

$10,125.00
Note: ET communicaiton with analog lines is not recommended 
for sites with numerous controllers due to long data download 
times.
Based on 2011 data
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New Installation Scenario 3  (Capital Cost for ET Controller, accessing shared on-Site ET 
and rain data via Radio, and Water Saving Accessories) 

 
 
 

New Installation Scenario 4 (Capital Cost for ET Controller and Accessories with ET 
downloaded from Website) Not applicable to DoD sites do to security reasons. 

 
 
 
 
 
 

Nomenclature Unit cost Available  On-Site New Installation
Model ET 2000e 48 Station $3,950.00 No $3,950.00

Stainless Enclosure W/ Dome Attenae and Transient protection $2,360.00 No $2,360.00
 ETg Interface $475.00 N/A
Rain Bucket Interface $475.00 N/A
ET Gauge $1,375.00 Yes
Stainless Steel Enclosure for ET gauge $995.00 Yes
Calsense Tipping Rain Bucket $595.00 Yes
Flow meter $595.00 No $595.00
Soil Sensor $210.00 No $210.00
Local Radio stick antenna, with NO antenna cable $190.00 No $0.00
ET Communication via anlog phone line $610.00 N/A
ET Communication via website (ethernet) $1,000.00 N/A
ET Communication Via Radio Signal $1,500.00 Yes $1,500.00

Installation (estimated) $3,000.00

$11,615.00

Nomenclature Unit cost Available  On-Site New Installation
Model ET 2000e 48 Station $3,950.00 No $3,950.00

Stainless Enclosure W/ Dome Attenae and Transient protection $2,360.00 No $2,360.00
 ETg Interface $475.00 N/A
Rain Bucket Interface $475.00 No $475.00
ET Gauge $1,375.00 N/A
Stainless Steel Enclosure for ET gauge $995.00 N/A
Calsense Tipping Rain Bucket $595.00 N/A $475.00
Flow meter $595.00 No $595.00
Soil Sensor $210.00 No $210.00
Local Radio stick antenna, with NO antenna cable $190.00 N/A
ET Communication via anlog phone line $610.00 N/A
ET Communication via website (ethernet) $1,000.00 No $1,000.00
ET Communication Via Radio Signal $1,500.00 N/A

Installation (estimated) $3,000.00

$12,065.00
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New Installation Scenario 5 (Capital Cost for Baseline Soil moisture Based ET Controller 
and Accessories) 

 
 
 
Retrofit Scenario 1 - Capital Cost to retrofit Existing ET Controller at Port Hueneme with 

water saving accessories 

 
 
 

Nomenclature Unit cost Available  On-Site New Installation

Irrigation Controller, System 3200, (200 zones, 8 Master V), Qty 1 No
Flow meter with Bicoder, Qty 2 No
Soil Moisture Sensor, Qty 4 No
Surge Arrestor, Qty 1 No
Bicoder for Master Valve (BL 5201MV), Qty 2 No
Bicoder for Zone Valve (BL 5201), Qty 30 No

$7,485.00

.

Installation (estimated) $3,000.00

$10,485.00

Nomenclature Unit cost

Exist.Equipment on-
site at Building 1100 or 

on Base Retrofit Building 1100 
Model ET 2000e 6 Station $3,950.00 Yes $0.00
Stainless Enclosure W/ Dome Attenae and Transient 
protection $2,360.00 Yes $0.00
 ETg Interface $475.00 Yes $0.00
Rain Bucket Interface $475.00 Yes $0.00
Transient Protect Package $735.00 Yes $0.00
ET Gauge $1,375.00 Yes $0.00
Stainless Steel Enclosure for ET gauge $995.00 Yes $0.00
Calsense Tipping Rain Bucket $595.00 Yes $0.00
Flow meter $595.00 No $595.00
Soil Sensor $210.00 No $210.00
Local Radio stick antenna $190.00 No $190.00
Communication (Phone line/Ethernet Device)* $925.00 NA $0.00
Communication Hub $1,850.00 Yes $0.00
Dash F Option $1,000.00 No $1,000.00

Installation (estimated) $3,000.00

$4,995.00
* Currently not available to DoD due to IT restrictions but used extensively in the private sector.
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Appendix I:  Technology Transfer 
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Technology Transfer Discussion 
 
Technology Transfer:  
 
Technology transfer (T2) of technologies developed through RDT&E programs, including 
ESTCP, can often be quite challenging.  Depending on the ESTCP program area, the technology 
transfer specialist may have a difficult time identifying the appropriate community of end-users 
and stakeholders necessary to be successful.  Some of the hurdles to the technology transfer 
specialist include: 
 

1. Understanding the technology and its uses. 

2. Identifying what methods and venues can be used to distribute the technology 
effectively. 

3. Preparing list of relevant POC’s. 

4. Competition with vendor products and services. 

5. Convincing potential customers to take time out of their busy schedules to review the 
technology. 

 
The act of securing funding to help the customer acquire the technology for their facility or 
installation is most often the greatest hurdle to overcome.  
 
If acquisition of the technology is being seriously considered by the customer, they should be 
provided with an acquisition package to help facilitate the process.  The acquisition package is an 
innovative T2 product that contains examples of filled out forms, SOWs, cost estimates, permits 
and check lists that help guide the customer through the acquisition process.  Customers should be 
told about potential funding sources, including the Utility Energy Service Contract O&M funds, 
which require payback in less than 10 years, and California Proposition 1 funds, which include 
storm water grants. 
 
Target Audience:   
 
Primary target groups for technology transfer are DoD communities consisting of, but not limited 
to, energy, publics works, and environmental managers.  O&M and MILCON engineering 
managers, Facility POC’s, and water and stormwater managers identified by database tools are all 
specifically identified targets.  Communication to targeted audience will help deliver the 
technology needed in a form easily understood.  The data bases to be used include MILCON, EPR 
Portal, USAF Automated Civil Engineering System-Project Management (ACES-PM), Naval 
Facilities Engineering Command eClient & eProjects. 
 
Databases for Technology Transfer: 
 
Some of the databases to help identify potential end-users and stakeholders include: 
 
MILCON – DoD construction projects greater than $1M that require Congressional approval. 
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EPR Portal - A web site resource that contains database modules focusing on CWA/SDWA water 
quality, CAA air quality, RCRA hazardous waste and RCRA solid waste.  The modules contain 
POCs who report compliance based data to help analyze Navy compliance performance, identify 
needs, formulate guidance, and seek Navy-wide solutions.  
 
ACES-PM - USAF Automated Civil Engineering System-Project Management lists all 
construction projects, O&M and MILCON.  
 
eClient - Naval Facilities Engineering Command – Similar to eProjects. 
 
eProjects - Naval Facilities Engineering Command; Holds most Work inducted by NAVFAC, and 
links this work to funding, contract action, location, and various other attributes to assist in 
workload management and planning. 
 
Approach: 
 
Well-crafted emails with pertinent links from the NAVFAC EXWC website or other DoD 
technology development centers should be sent to the potential end-users.  Email distribution lists 
should be developed from the databases described above.   
 
EXWC successfully transferred the ESTCP developed NoFoam technology by combing emails 
and following up with phone calls.  Initially, emails were sent out to potential targets, following 
by a phone call 1-2 days later.  Over the phone, the technology was described in detail, and then 
further information was sent via with follow-up emails.   
 
Technology transfer information products should be developed to assist engagement with 
customers and stockholders.  Emails should be short and easy to read, with linked or attached 
technology transfer products, such as a brief video.  Where interest is shown, further information 
should be given, including the final ESTCP report.  If a customer desires implementation, identify 
site adaptions, funding, and then track the projects as they develop and provide necessary support 
to the DoD facilities.  
 
Technology transfer tools are necessary to plan and document the technology transfer approach 
options, identification of stakeholder POCs, end-user listings, provide a record of customer 
engagement and the subsequent results and lesson’s learned from those engagements.   
 
Technology Integration Plan: A tool used to document necessary information and planning options 
to increase the level of successful technology transfer.  A plan will typically include a brief 
technology description and a technology’s demonstration project description.  The plan details are 
mainly focused on categories such as overall implementation vision, implementation goal 
schedule, listing of stakeholders and technical authorities, integration risks, post-demonstration 
procurement funding options, customer marketing, operational requirements, installation 
requirements, environmental documentation, maintenance/calibration requirements, intellectual 
property, Logistics, Technical documentation and economic analysis.  To facilitate the creation of 
a Technology Integration Plan, a set of digital forms incorporated into database application called 
the “Technology Integration Plan” (TIP) was developed in a user friendly format.   
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TIP report: As a function of the TIP database application, a TIP report can be generated by a single 
click of a button.  The function consolidates the information entered into the database for a subject 
technology and creates a document in a report format for distribution to interested parties.  
 
Customer Communication Journal: The customer communication journal allows the technology 
transfer specialist to document phone calls, organized email, create outlook reminders to contact 
customers and establish notes in a straight forward fashion and with user-friendly retrieval 
functionality.  
 
Technology transfer informational products (i.e. marketing material) in various media formats 
have been used in both the private sector and to some extent in the DoD to inform customers or 
end-users of product solutions to address their pressing needs with varying degrees of success.  
The technology transfer specialist will produce informational material in a wide range of formats, 
due to the varying preferences customers have when choosing what form in which they want to 
digest information from and the venue at which they are being presented the information.   
Customers have a limited amount of time they feel they can invest looking at a promising 
technology or approach that may or may not solve an issue they may or may not have.  It is 
therefore necessary to produce brief yet informative products that will engage the viewer/reader 
within the first couple of minutes.  The goal is to entice the customer to ask for ever increasing 
detailed information of the technology or product eventually leading to their requesting the 
comprehensive ESTCP final report.   
 
The products are listed in order of expected level of customer time commitment for review of the 
material. 
 
Pocket Card:  A double sided 9” X 4” high quality printed card briefly describing the technology 
with point of contact details.  The Pocket card has proven to be the preferred media format for 
customers collecting material from booths at a conference venue.  Pocket cards are less bulky and 
are less of an inconvenience when transporting product information home along with other 
organizations’ material.  
 
Technology Briefing Slide:  A briefing slide is often used with other briefing slides of individual 
technologies to create a presentation.  By having the slides on hand, it allows for a presenter to 
quickly arrange them into a presentation catering to a specific focus at a moment’s notice.  These 
presentations are typically given to higher level personnel as representative of a DoD 
organization’s or RDT&E program’s current efforts and accomplishments.  Slides will typically 
give a brief description of the technology, what need it addresses, benefits, cost figures and POC 
information.  
 
Poster:  A single sided large scale product designed to be used at conference settings, open house 
presentations, demonstration site kiosks and on occasion used in email communication as an 
attachment.   
Technology Data /Fact Sheet:  A double sided letter sized high quality printed card stock product 
used to hand out or referred to as an information product posted on a command website.  The 
technology data sheet bridges the gap from a video or pocket card leading to a request for the 
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highly detailed final report  The technology data sheet has been particularly successful in peaking 
interest when linked in a targeted email communication and when sent after engaging stakeholders 
by phone and conference call. 
 
Five Minute Video: A product that show-cases the technology developer describing their 
technology, visual diagrams, footage of the technology shown in operation, and positive 
testimonial from a satisfied customer.  The product is usually posted to a web site and referred to 
via email or by a transmitted document.  It is not typically handed out in a DVD form, but can be 
if determined to be advantageous.  The video product is similar to a T.V. commercial for both 
format and promoting a positive response by the potential viewer/customer to take action to seek 
additional detailed information concerning the subject technology.  The video has been successful 
in peaking interest when linked in a targeted email communication and when sent after engaging 
stakeholders by phone and conference call.  Application of the video product is currently being 
considered at demonstration site kiosks and at command entrance settings.  Efforts to use the 
existing TTRWW video to engage both customer and funding program managers have resulted in 
the intended response actions.  
 
Recorded Webinar:   A narrated presentation providing detailed information in a PowerPoint 
format.  A typical webinar will run between 10 to 20 minutes in length.  Recorded webinars provide 
detailed information in a relatively short period of time.  The webinar is a tool that allows interested 
parties to convince their superiors of the merits of a technology 
 
Journal/Magazine Article: A multi-page product providing detailed information of a technology.  
It often includes more than one photo or diagram of the technology’s application at a DoD site. 
Typically it will describe a site demonstration of a technology with the relevant data/results 
collected during the demonstration and provide a conclusion concerning its value to the DoD.  A 
journal article is often used as the most in-depth technology transfer product next to the ESTCP 
final report.  
 
Industry Criteria/Standards: Industry standards are published by organizations such as the National 
institute of Building Sciences in the form of a United Facilities Criteria (UFC). The UFC’s are 
documents that provide planning, design, construction, sustainment, restoration, and 
modernization criteria to the Military Departments, the Defense Agencies, and the DoD Field 
Activities.  To incorporate a technology or classification of technology into an industry criteria or 
standard, the transfer specialist must apply through the proper organizational channels for it to be 
considered for adoption.  In the case of a UFC, forms such as the UFC Coordination Sheet must 
be signed off by the proper NAVFAC personnel and be presented to the assigned Discipline 
Working Group for final approval.  Establishment of criteria incorporating a technology provides 
the perspective customer an added level of confidence that the technology is approved for use by 
those considered the expert authority. 
 
Acquisition package: A compiled set of example forms, documents, checklists, drawings and 
guidance designed to help the perspective customer acquire the technology.  A package such as 
this is often overlooked, but can be instrumental in the successful acquisition of a technology once 
the customer makes the decision to purchase the product.  Typical documents include examples of 
SOWs, IGEs, available contract options, partnership agreements, necessary permits, work safety 
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plans, construction drawings, scheduling, necessary personnel, example DD 1391 forms, and 
Industry criteria. 
  
When engaging the customer, the end-goal for the technology transfer specialist is the customer’s 
acquisition of the technology.  However, the technology transfer specialist is also obligated to ask 
customers for information identifying stakeholders, POCs and venues that would lead to further 
success.  For example, the technology transfer specialist may ask; does the customer belong to a 
community of narrowly focused end-users and stakeholders as it relates to the subject technology, 
does the customer participate in scheduled meetings with their community, and/or do they 
participate in a unique seminar, workshop or training event specific to their community. If so, the 
technology transfer specialist would then be given the opportunity to ask organizers of such 
activities to present at their event. Presenting at events with narrowly focused subject matter, as 
opposed to large conference venues, has shown to produce a greater level of attendee interest, 
leading to a greater level for T2 leads and success. 
 
Successful Technology Transfer 
 
Actual technology acquisition and secured funding will be considered the primary goal and the 
metric as a determination of success.  A secondary metric would involve the determination of the 
prospective customers, who express a high level of interest in acquiring the technology, but are 
unable to securing funding. A tertiary metric for success are the number of prospective customers 
requesting review of the technology’s final report.  
 
The proposed funding options will be evaluated to determine in what situations a specific funding 
and contractual approach would be the preferred choice and how the acquisition package would 
reflect the criteria to make that choice.  
 
Funding should be sought from both DoD acquisition programs and non-traditional sources, such 
as state grant programs to implement the smart irrigation technology at one or more sites.  Water 
projects, such as smart water irrigation, that are not funded locally can be funded through private 
sector financing from Energy Savings Performance Contracts  (ESPC), Energy Conservation 
Investment Program (ECIP), MILCON and SRM.   A project payback under ten years can justify 
Energy Program funding.   
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Appendix J:  Fort Hood Demonstration 
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SMART WATER CONSERVATIONS SYSTEMS 
 

FOR IRRIGATED LANDSCAPES 

AT 
 

U.S. ARMY FORT HOOD BUILDING 4612 
KILLEEN, TX 

 
 
 
 

 
 
 
 



Smart Water Conservation Systems for Irrigated Landscapes 
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1. General Description. The Smart Water Conservation Systems for Irrigated Landscapes 
project at Fort Hood consists of suites of commercially available technologies, controls and water 
piping that provides lawn irrigation to a one of the five lawn irrigation zones at the north end of 
Building 4612. The system controller measures the moisture content of this zone and adjusts the 
watering interval to maintain soil moisture above a minimum selected value.  A second zone of 
approximately equal area was selected for comparison purposes, and was irrigated using the 
existing time-based watering schedule. The water used by this zone is measured and compared to 
the moisture-based watering schedule to document the water saving ability of using moisture base 
irrigation. 
 
To further decrease potable water usage, a rainwater collection system is installed that collects the 
rainwater runoff from a portion of the roof of building 4612. The rain from approximately 5,000 
square feet of roof was collected, filtered and supplied to a 10,000-gallon harvest water tank. This 
above ground tank provides the water used to irrigate the moisture-based zone. In addition to the 
rainwater collected, condensate from four HVAC air handlers was collected and supplied to the 
harvest water tank.  If the rainwater and condensate contributions to the harvest water tank are not 
sufficient to supply the irrigation needs for the moisture-base plot, additional minimum amounts 
of potable water (make-up water) are supplied to the harvest water tank. 
 
An electric driven pump, drawing water from the harvest water tank, is used to supply water to the 
turf area with the moisture-based sensor. The interval between watering cycles and the duration 
of the cycle was determined by the controller based on the zone soil moisture, and the settings of 
the controller established by the project manager. 
 
2. System Description. The following paragraphs provide a detailed description of the 
composition and functioning of the systems and controls for the Smart Water Conservation 
Systems for Irrigated Landscapes project at building 4612. 

 
a. Rainwater Collection System.  Rainwater runoff from a portion of the roof at the 

northwest corner of building 4612 was collected and directed to the Harvest Water 
Tank. The rain runoff from approximately 5,000 square feet of roof drops into the 
rain gutter installed at the edge of the roof. The current rain gutter was modified 
by installing 3-inch high dams in each downspout, thereby preventing rain from 
draining from the gutter until the water depth exceeds 3-inches. A new downspout, 
installed without a dam, allows water to flow from the rain gutter down and into a 
Coanda type filter. The Coanda filter consists of a machined inclined screen which 
operates on the principle of the Coanda effect. This screen, installed at an angle to 
the water flow, allows any debris or heavy solids to slide down the screen without 
mechanical clearing, and fall through an opening to the ground. 

The cleaned rain water passes through the filter screen and continues down and 
out of the filter. This water was directed to the First Flush System and to the 
Harvest Water Tank. 



Smart Water Conservation Systems for Irrigated Landscapes 
 

 

ESTCP Final Report 
Smart Water Conservation System  J-3 May 2016 

b. First Flush System.  The purpose of the First Flush System is to discard an initial 
amount of rainwater runoff from the roof. This runoff will typically contain 
granular roof particulates, dirt, leaves, and bird residue. Directing this water to the 
First Flush Barrel prevents dirt and residue from accumulating in the Harvest Water 
Tank. The system consists of vertical piping from the rainwater filter to the first 
flush barrel. In the vertical line is installed a tee and horizontal piping leading to 
the harvest water tank. At the beginning of a rain storm, water will flow from the 
filter and begin to fill the barrel. Once the barrel is full, water will back up the pipe 
to the tee.  Additional water will then be forced to flow through the horizontal line 
over to the harvest water tank. The first flush barrel was equipped with a weep hole 
mounted near the bottom of the barrel. This fitting will allow a small amount of 
water to leak from the barrel, causing it to empty over a period of approximately 
24-hours. This allows the barrel to be ready to accept the first portion of the 
rainwater when the next rainfall occurs. 

c. HVAC Condensate Collection System.  Condensate collected from two HVAC air 
handlers in the south mechanical room was directed to the tank of a self-contained 
condensate pumping unit. When the tank fills, a pump in the unit will pump the 
condensate, through a check valve, via installed tubing to the north mechanical 
room. There, another condensate pump unit was installed that collects condensate 
from two HVAC air handlers. The output from this unit passes through a check 
valve and connects with the output from the south mechanical room unit before 
being directed through a flowmeter and to the harvest water tank. The flowmeter, 
connected to the system controller, will provide an indication of the flow in total 
gallons of HVAC Condensate entering the harvest water tank. 

d. Make-Up Water Addition System.  If rainwater collected from the roof and 
condensate from the HVAC air handlers is insufficient to provide the needs of the 
irrigation system, additional potable water was obtained via the make-up water 
addition system. This system consists of piping connected to the potable water 
supply (after a backflow preventer) and a flow control valve/flowmeter. When 
directed by the system controller, due to a low level indication in the harvest water 
tank, the flow control valve/flowmeter opens allowing potable water to flow into 
the harvest water tank. The flowmeter, incorporated into the control valve, was 
connected to the system controller and provides an indication of the flow and total 
gallons of make-up water entering the harvest water tank. 

e. Harvest Water Tank. The harvest water tank is the collection point for roof 
rainwater run-off and HVAC air handler condensate. The 10,000- gallon tank, 
installed above ground on a concrete base, was modular, constructed on site, and 
uses a circular galvanized steel shell.  A multi-layer polyolefin/polyethylene liner 
was installed within the outer shell followed by a galvanized steel roof. The tank 
was designed for a 90 mile-per-hour wind load. 

All water sources (rainwater, condensate or make-up) entering the tank will enter 
through the roof via a removable debris catchment filter. The filter serves to prevent 
any build-up of organic waste at the bottom of the tank, and prevent mosquitoes 
and other insects from entering the tank. All piping for fluids entering the tank was 
configured to provide ease of filter removal and cleaning. The tank roof was 
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equipped with a lockable hatch providing entry to the tank interior and a removable 
ladder to provide access to the roof hatch. The ladder can be relocated to provide 
access to the interior of the tank. A 6-inch tank water overflow was provided that 
directs excess water to the ground level. The end of this overflow was equipped 
with a flapper to prevent mosquitoes and other insects from entering the tank. A 
tank drain, located at the center of the tank provides a means of draining and 
flushing the tank as required. A manual ball valve was located underground, 
accessible from a valve box located 2 feet north of the overflow flapper. 

The tank drainage piping was connected to the adjacent below ground drainage 
culvert. 

The tank was provided with two outlet ports located near the bottom of the tank. 
One port provides water to the irrigation pump while the other port provides a 
connection for the harvest water tank overflow valve. 

f. Harvest Water Tank Controls and Sensors. The harvest water tank was equipped 
with a series of controls and sensors which provide input to various system 
components. 

i. Tank Liquid Level Switch.  A float operated, three operating level, reed type liquid 
level switch, was installed in the roof of the harvest water tank. The three switches 
provide the following functions: 

• Level 1 – Irrigation Pump Control (Switch #1). This switch, located at 
approximately 12-inches from the tank bottom, will disable the irrigation pump 
if the water level falls below this value. 

• Level 2 – Make-Up Water Control (Switch #2). This switch, located at 
approximately 16-inches from the tank bottom, will provide a signal to the 
system controller to turn on the make- up water addition system. When the 
tank water level rises approximately one half inch, the make-up water addition 
system will turn off. 

• Level 3 – Overflow Drain Valve Control (Switch #3). This s witch, located 
at approximately 76-inches from the tank bottom, will open the tank overflow 
drain valve. When the tank level drops approximately one half inch, the 
overflow drain valve will close. (Note! This overflow drain valve control was 
disabled at the conclusion of the demonstration period as it proved unreliable. 
The control was only needed to measure the volume of water exiting the tank 
during rain events and is not required for normal operations. Overflow will exit 
through the tank’s standard 6-inch overflow pipe.) 

ii. Overflow Control System. The function of the harvest water tank 
overflow control system was to measure overflow resulting from excess 
rain or condensate.  To prevent water from overflowing through the 
water tank’s standard 6-inch overflow pipe, a drain system consisting of 
a connection at the bottom of the tank, a flowmeter, and an electric 
motor operated ball valve was installed. When the tank water level 
reaches approximately 76-inches, the tank level switch will cause the 
motor operated valve to open. Water will flow through the flowmeter, 
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the electric motor operated valve, and down through underground 
piping leading to the adjacent drainage culvert. The valve returns to 
closed position when the water in the tank recedes back to 76-inches. 
The flowmeter, connected to the system controller, totalizes the volume 
of water leaving the harvest water tank. 

iii. Harvest Water Tank Level Indication.  A series of five moisture sensors, 
mounted vertically, are mounted within the harvest water tank. Together 
they provide an indication of tank water level. The sensors are 
connected to the irrigation system controller. They are designed to 
measure average soil moisture over their entire sensing surface and will 
in this case provide readout of 0% to 34% moisture dependent on the 
percentage of the surface that was covered by water.  A chart is provided 
at the end of this section as a convenience to convert the sensors readout 
into tank level in inches and gallons of stored water. 

g. Irrigation Water Pump.  A one horsepower electrically-driven water pump was 
installed to draw water from the harvest water tank and send it to the 
Demonstration Smart Plot for irrigation. The pump provides approximately 18 
gallons-per-minute at an output pressure of 40-psi. The pump was controlled by 
the system irrigation controller and only operates when irrigation was required 
based on pre-established soil moisture setting.  Immediately downstream of the 
pump is a water filter containing a 155-mesh cleanable filter element. To prevent 
damage, the irrigation water pump will be disabled anytime the level in the harvest 
water tank falls below approximately 12-inches, the level of switch #1 of the tank 
liquid level switch. 

h. Demonstration Plot. The demonstration plot consists of one irrigation zone, and 
was located at the eastern end of the lawn area to the north of building 4612. A 
moisture sensor, installed near the center of this area, was connected to the system 
controller and forms the basis for determining the watering schedule. When the 
controller determines that the moisture level has dropped below the threshold set 
into the controller, the controller turns on the irrigation pump and opens the 
demonstration plot flow control valve. Water from the harvest water tank was 
pumped through the filter, through the flow control valve (where flow will be 
measured), and through efficient sprinkler heads installed at the demonstration 
plot. Watering continues until the end of the watering cycle.  The flowmeter, 
incorporated into the control valve, was connected to the system controller and 
provides an indication of the flow and total gallons of water that was sent to the 
demonstration plot. 

i. Benchmark Plot. The Benchmark Plot or Control Plot is an irrigation zone, 
consisting of an area approximately the same as the demonstration plot. This plot 
was irrigated using potable water, based on the existing time-based irrigation 
control. A flowmeter installed on the potable water line measured the water used 
for this zone, and provided a means of comparison of water usage between the 
demonstration plot and the benchmark plot. The flowmeter was connected to the 
system controller and provides an indication of the flow and the total gallons used. 
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j. System Controller.  The system controller was a Baseline Systems, Inc., series 
3200 irrigation system controller. This controller provides both the ability to 
operate the irrigation system for the demonstration plot, and the ability to monitor 
and record data on the remainder of the system. 

Specifically, the controller: 
 

• Monitors and records the soil moisture levels for the demonstration plot 

• Controls the water flow to and measures the total water used by the 
demonstration plot 

• Based on soil moisture conditions, determines when irrigation of the 
demonstration plot needs to occur 

• Controls operation of the irrigation pump 

• Measures water total water usage by the benchmark plot 

• Controls the water flow and measures the Harvest Water Tank make-up usage 

• Measures the total HVAC condensate entering the harvest water tank 

• Measures the harvest water tank overflow 

• Provides an indication of the water level in the harvest water tank. 

• Records system flow, water usage, and moisture data and provides reports 
showing this data via remote monitoring software 

k. Bi-Coders.  Bi-Coders are Baseline’s term for several types of two-wire devices.  
A Baseline valve decoder is referred to as a valve Bi-Coder. Baseline decoders are 
called Bi-Coders because they are capable of full, bi-directional communications, 
which enables Bi-Coders to report back to the controller with specific information, 
including valve solenoid current and voltage, two-wire communications health 
and voltage, and other diagnostics information. Each Bi-Coder has a unique 
address that allows the controller to communicate with specific devices.  In some 
cases the Bi-Coder was built into the device (moisture sensor, event bi-coder, 
pump start relay, in-line flowmeters, etc.), in other cases the bi-coder was a stand-
alone unit that was connected by external wiring to the device (flow control 
valve/flowmeter). 

l. Two-Wire Path. The following devices communicate with the controller via the 
two-wire path: 

• Demonstration Plot Moisture Sensor 
• Demonstration Plot Control Valve/Flowmeter 
• Benchmark Plot Flowmeter 
• Make-Up Water Control Valve/Flowmeter 
• Harvest Water Tank Overflow Flowmeter 
• HVAC Condensate Flowmeter 
• Harvest Water Tank Level Indication Moisture Sensors 
• Pump Start Relay Bi-Coder for Irrigation Pump 
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• Event Bi-Coder monitoring the make-up control level switch 
 
In addition to the items above, a lightning arrestor was installed at the end of the two-wire path to 
provide enhanced protection to the buried two-wire path from the induced effects of a close-by 
lightning strike. The path provides two-way communications between the controller and the 
device. The controller may send a control signal to a device (such as a Control Valve/Flowmeter) 
to tell it to turn on or off, or the device may send data back to the controller (such as the flow rate 
and total gallons of water that have flowed through a Control Valve/Flowmeter).  In addition, the 
controller can send limited self-test signals to the devices to have them self-diagnose potential 
problems. 
 
 
 

Device Bi-Coder ID Function 
Demo Plot Moisture Sensor SB06520 Measure Demo Plot Soil Moisture 

   
Demo Plot Control Valve/Flow 
Meter 

WMV0698 Control Water to Demo 
Plot/Measure Gallons Used 

Benchmark Plot Flow Meter PFS0659 Measure Water Flow/Gallons to 
Benchmark Plot 

   
Makeup Water Control 
Valve/Flow Meter 

WMV0820 Control Water Flow to Harvest 
Tank/Measure Gallons Used 

Harvest Tank Overflow Flow 
Meter 

PFS0675 Measure Tank Overflow Gallons 
Drained 

   
Condensate Flow Meter PFS0672 Measure Condensate Flow/Gallons 

to Tank 
   
Pump Start Relay Bi- Coder PR00253 Control Operation of the Water 

Pump 
Potable Water Make-Up 
Control Level Switch 

RP00450 Control Operation of Potable Water 
Make-Up Control Valve 

   
Harvest Water Overflow 
Control Level Switch 

RP00439 Control Operation of Tank Overflow 
Control Valve 

   
Cell Modem Information SIM ID: 

8901-4103-2556-8252-8402 
Cell Modem S/N: CMX-1305225 

   
Tank Level Indication Moisture 
Sensor 

SB07315 Tank Level Indication 66.8” – 
82.5” 

Tank Level Indication Moisture 
Sensor 

SB07320 Tank Level Indication 51.8” – 
67.5” 

Tank Level Indication Moisture 
Sensor 

SB07530 Tank Level Indication 36.8” – 
52.5” 

Tank Level Indication Moisture 
Sensor 

SB07532 Tank Level Indication 21.8” – 
37.5” 

Tank Level Indication Moisture 
Sensor 

SB07607 Tank Level Indication 6.8” – 
22.5” 

 
Lessons Learned 
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SYSTEM DESIGN 
Issue Response/Lesson Learned 

Irrigation valve (manufactured by Netafim 
and known as “hydrometer” is a combined 
flow meter and bi-coder valve) did not 
completely close due to low pressure exerted 
by tank water level during non-irrigation 
hours. Consequently harvested water and 
potable make-up water was lost through this 
valve when irrigation pump was off. 
(Manufacturer’s technical representative was 
unaware that there is minimum pressure 
requirement to prevent leakage).  

Specify/install an adjustable spring-loaded 
check valve between the irrigation pump and 
the irrigation valve to eliminate leakage under 
low pressure conditions.  (Irrigation valves 
require minimum operating pressure to 
positively seat diaphragm, which prevents 
leakage. The minimum static pressure was not 
achieved because tank water levels were less 
than 10 feet in the selected low profile tank.) 
Adjust break point on spring loaded check 
valve to unseat at pressures exceeding high 
water level conditions.  The adjustable check 
valve used in the demonstration did not 
reduce pump pressure appreciably. 

Simple mechanical ball check valve failed 
causing erratic condensate flow 
measurements.     

All mechanical equipment has the potential 
for failure.  Procure high quality equipment to 
best meet conditions encountered with field 
demonstrations. 

Rainwater from the roof was collected in the 
harvest tank but at lower volumes than 
expected.  Existing downspout and gutter 
system was retrofitted with check dams at 
existing downspout inlets to divert water to a 
single downspout above the harvest tank.  
The concept seemed adequate, but too much 
water was lost to existing downspouts. Leaves 
from a nearby tree may have clogged the 
check dam bypass, preventing rainwater from 
entering the downspout to the harvest tank.  

Existing gutters and downspouts should be 
replaced with a new gutter and downspout 
system to direct the majority of the runoff 
through one downspout to feed the harvest 
tank. Also, install gutter guard screens to 
prevent leaves from entering gutter and 
clogging entrance to downspout. 

Baseline Controller system failed to maintain 
irrigation schedule changes, and repeatedly 
reverting back to original settings. Two  
programming changes were required during 
the demonstration. Front panel display also 
failed, resulting in data loss. 

The cause of the controller failure was not 
specifically identified.  Power supply 
adequacy and surge protection design for 
Baseline Controller system may have 
contributed to this failure.  

Bicoders on the Netafim “hydrometer” 
combined flow meter-valve failed, resulting 
in loss of valve functionality and data 
collection. Three failures occurred during the 
data collection phase. 

The cause of the bicoder failure was not 
specifically identified.  Power supply 
adequacy along with  installation of surge 
protection and lightning arrestor design may 
have contributed to this failure.  

The Smart Water Conservation System, 
although not considered complex, requires a 
long term shake down period to be performed 
by on-site personnel. The shake down period 

Plan for routine inspection and adjustment 
period to be conducted by on-site until 
reliable operation is observed.  
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identifies necessary  adjustments and repairs 
during initial operation. 
Leakage and reliability issues from 
installation of overflow outlet located at 
bottom of harvest tank. 

Design overflow outlet location at top of 
harvest tank.  

The Coanda filter plumbing resulted in  rain 
water bypass of the collection tank under low 
flow conditions.   

The plumbing leading to the Coanda filter 
inlet needs to be a straight length of pipe at 
least 5 to 10 time the pipe diameter  to collect 
water under low flow conditions.  

Above ground irrigation pump operated 
satisfactorily throughout the demonstration 
period. 

Consider flow and system requirements when 
selecting alternative pump locations.  

 
Study Limitations 
Performance Objectives could not be satisfactorily assessed due to multiple instrumentation and 
equipment failures, preventing acquisition of consistent and defendable data. In addition, Fort 
Hood DPW did not irrigate the control plot during the demonstration period due to water 
restrictions triggered by the 5th year of drought in Texas. As a result of these data gaps, a proper 
assessment could not be performed. 
 
Instrumentation problems with the overflow metering system caused significant loss of captured 
rain water attributable to malfunctioning electrical relays.  For purposes of this demonstration 
rainwater overflow was measured out of a pipeline exiting the bottom of the tank.  The pipeline 
was configured with flow meter and electrically actuated ball valve controlled by high water 
level float sensor. The reason for this design was to acquire a uniform flow under constant 
pressure head that can be achieved with a bottom exit port.  Unfortunately the tank high level 
sensor which triggers valve close or open failed during major storm events.  The valve failed in 
the open position which caused complete loss of water.  Future demonstration should consider 
use of fail close valve regardless of the expense to ensure quality and completeness of flow data 
for assessment of system performance. In retrospect it would have been better to capture the 
overflow from the standard tank overflow port at the top of the tank and pump through a flow 
meter to measure volume. The bottom overflow port designed for the demonstration was 
disabled at the conclusion of the study, and overflow now exits via top of tank.   
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WINTERIZATION OF SMART WATER IRRIGATION SYSTEM – BLDG 4612 
 
 
To winterize the smart water technologies irrigation system, the following procedures should be 
followed. 
 

 
Secure the HVAC Condensate System: 
1.  In the mechanical room located at the South end of building 4612, locate the condensate 

transfer pump on the floor beneath the air handlers.  Unplug the electric power cord (see Figure 
1). 

2.  In the mechanical room located at the North end of building 4612, locate the condensate 
transfer pump on the floor beneath the air handlers.  Unplug the electric power cord (see Figure 
2) 

 

 

 
Figure 1 Figure 2 

 
 
Note: When the condensate pump units are disabled, any condensate flowing from the air 
handlers will be safely discharged to drain. 
 
 
Disable irrigation system operation: 
3.  Open the irrigation controller cabinet (see Figure 3) and move the system control knob to the 

OFF position. This will disable irrigation system operation, while allowing remote viewing 
of system parameters. 
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Figure 3 
 
 
Secure make-up water: 
4.  Locate the Make-Up Water Isolation Valve in the valve box (see Figure 4 & 5).  After closing 

the valve, remove adjacent drain plug. Allow all water to drain, and then reinstall the pipe 
plug. 

 

 

 
Figure 4 Figure 5 
 
 
Drain harvest water tank (optional): 
5.  Drain all water from the Harvest Water Tank. Open the water tank drain valve box cover to 

expose the drain valve (see Figure 6).  Rotate the valve handle 90° counter- clockwise.  After 
a few seconds, water should become visible flowing in the nearby concrete drainage channel. 
Leave valve in the open position. 
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Figure 6 
 
 
Drain first flush piping (optional): 
6.  Loosen the clamp and disconnect the lower connection of the flexible hose leading to the First 

Flush Barrel (see Figure 7).  Install the clamp over the flex hose and tighten until snug. Redirect 
water to properly drain away from building to nearby storm water culvert. 

 

 
Figure 7 
 
 
7.  Remove the white weep fitting at the bottom of the first-flush barrel (see Figure 8).  Flush any 

debris and save the fitting in the Auxiliary control cabinet. 
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Figure 8 
 

 

Drain Irrigation Pump and Irrigation Piping (if the water tank has been drained): 
8.  If the harvest water tank HAS BEEN drained: 

a.  Verify that the ball valve on the line leading from the Harvest Water Tank to the Irrigation 
Pump is OPEN. 

b.  Remove the ¼” drain plug near the bottom of the Irrigation Pump housing (see Figure 9). 

c.  Drain the water from the pump inlet hose by disconnecting the pump end of the hose at the 
brass swivel on the upper end of the hose (see Figure 9). After lowering the hose to allow all 
water to drain reconnect the hose. 

9.  If the harvest water tank HAS NOT BEEN drained: 

a.  Verify that the ball valve on the line leading from the Harvest Water Tank to the Irrigation 
Pump is CLOSED. 

b.  Remove the ¼” drain plug near the bottom of the Irrigation Pump housing (see Figure 9). 

c.  Drain the water from the pump inlet hose by disconnecting the pump end of the hose at the 
brass swivel on the upper end of the hose (see Figure 9). After lowering the hose to allow all 
water to drain reconnect the hose. 
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Figure 9 
 
 
10. Remove ½” pipe plug from the tee on the 2” irrigation water line (see Figure 10). 
 
 

 
Figure 10 
 
 
11.   Remove the filter element from the water filter housing on the discharge of the water pump.  

Clean the element to remove any contaminants. Reinstall the filter element in the filter 
housing. 

12.   Ensure the ball valve downstream of the water filter is OPEN. 
13.   Locate the Demo Plot Zone Control Valve (see Figure 11) near the flag pole. On the side of 

the valve, locate the water pressure tap fitting (see Figure 12). 
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Figure 11 
 

 
Figure 12 
 
 
14.  Loosen the tubing fitting and pull the black tubing from the tap fitting.  Allow all water to drain 

from the tap fitting. 
15.  When all water has drained, reinstall the tubing and hand tighten the tubing nut. 
 
Drain HVAC Condensate Piping: 
16.  Remove the pipe plug from the condensate piping (see Figure 13). Allow all water to drain 

form piping, then reinstall pipe plug. 
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Figure 13 
 

PLACING SMART WATER IRRIGATION SYSTEM INTO OPERATION – BLDG 4612 
 
 
To place the smart water irrigation system into operation after winterization procedures have 
been carried out follow the step below: 
 

 
Reestablish HVAC Condensate Collection: 
1.  In the South Mechanical Room plug in the electric power cord of the condensate transfers 

pump (see Figure 14). 
2.  In the North Mechanical Room plug in the electric power cord of the condensate transfers pump 

(see Figure 15). 
 

 
Figure 14 Figure 15 
 
 
 
 
 
 
Enable Irrigation System Operation: 
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3.  Open the irrigation controller cabinet (see Figure 16) and move the system control knob to 
the RUN position. This will enable irrigation system operation. 

 

 

 
Figure 16 
 
 
Enable make-up water: 
4.  Locate and open the Make-Up Water Isolation Valve in the valve box (see Figures 17 & 18). 
 
 

 
Figure 17 Figure 18 

 
 
Harvest Water Tank: 
5.  If the harvest water tank has been drained open the water tank drain valve box cover to expose 

the drain valve (see Figure 19).  Rotate the valve handle 90° clockwise to close the valve. 
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Figure 19 
 
 
First Flush Piping: 
6.  At the first flush barrel, loosen the clamp on the free end of the flexible hose and connect 

it to the hose barb on the first flush barrel, then tighten clamp till snug. 
7.  Ensure the white weep is installed in the bottom of the first flush barrel (see Figure 20). 
 

 
Figure 20 
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Irrigation Pump and Irrigation Piping: 
8.  Open the ball valve on the line leading from the Harvest Water Tank to the Irrigation Pump. 
9.  Open the ball valve downstream of the water filter. 
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ESTCP Final Report 
Smart Water Conservation System  L-1 May 2016 

 
POINT OF 
CONTACT 

Name 

ORGANIZATION 
Name 

Address 

Phone 
Fax 

E-mail 
Role in Project 

Gary Anguiano Naval Facilities 
Engineering Service 
Center  
1100 23rd Ave. 
Port Hueneme, CA 

(805) 982-1302 
(805) 982-4832 
Gary.anguiano@navy.mil 

Principal Investigator 

Mark Foreman Naval Facilities 
Engineering Service 
Center  
1100 23rd Ave.  
Port Hueneme, CA 

(805) 982-2644 
(805) 982-4832 
Mark.foreman@navy.mil 

Project Engineer  

Elisabeth Jenicek US Army Civil 
Engineering Research 
Laboratory 
Champaign, Illinois 

217-373-7238 
(217) 373-6724 
Elisabeth.M.Jenicek@usace.army.mil 

Army Partner 

Annette Strumpfe US Army Civil 
Engineering Research 
Laboratory 
Champaign, Illinois 

(217) 373-4492 
(217) 373-6724 
Annette.l.stumpf@usace.army.mil 

Army Liaison 

Kelly Duke Valley Crest, 
24151 Ventura Blvd., 
Calabasas, CA 

(818) 737-2734 
KDuke@valleycrest.com 

Contractor 

Tom Santoianni 1205 Mill Rd. 
Bldg. 1430 
Public Works, 
Ventura 

(805) 982-4075 
Tom.Santoianni@navy.mil 

Energy Manager 
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