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Voluntary                                 Mandatory
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BMPs

Standards

Green Initiatives

Consumer  Expectations

Ordinances

Codes

Executive Orders



• Executive Order 13514 – Federal Leadership in Environmental, 
Energy, and Economic Performance  (10/5/2009)

 26% improvement in water efficiency by 2020

• Executive Order 13693 – Planning for Federal Sustainability in the 
Next Decade  (3/19/2015)
 Reduce water intensity by 2 percent per year through 2025.

Executive Orders



• Executive Order 13514
• Guidance for Federal Agencies on Sustainable Practices for Designed Landscapes  

October 31, 2011

• Executive Order 13693
• Guiding Principles for Sustainable Federal Buildings and Associated Instructions 

February 2016  (Council on Environmental Quality)

• Note:
• E.O. 13693 supersedes E.O. 13514
• However, the guidelines for 13693 reference the  guidelines for 13514



(f) improve agency water use efficiency and management, including 
stormwater management by:

• (i) reducing agency potable water consumption intensity by 36 percent relative to a baseline 
of the agency's water use in 2007

• (ii) installing water meters to improve water conservation and management
• (iii) reducing agency industrial, landscaping, and agricultural (ILA) water consumption by two 

percent annually through fiscal year 2025 relative to a baseline of fiscal year 2010
• (iv) installing appropriate green infrastructure features on federally owned property to help 

with stormwater and wastewater management

Guiding Principles  (from CEQ)



• Outdoor Water Use: Use 
water efficient landscape and irrigation strategies to reduce outdoor potable water 
consumption. 

• The installation of water meters is required for irrigation systems serving 
more than 25,000 square feet of landscaping. 

• Alternative Water:                                                                                 
Implement cost effective methods to utilize alternative sources of water such as harvested 
rainwater, treated wastewater, air handler condensate capture, grey water, and reclaimed 
water, to the extent permitted under local laws and regulations.



• California Gov. Brown Executive Order 5-9-2016
• Use Water More Wisely

• Mandatory reduction of potable water use
• New water use targets building on the 20% reduction by 2020
• Outdoor irrigation (water budget)

• Eliminate Water Waste
• Prohibit water waste

• No runoff from lawn watering
• No irrigation within 48 hours of precipitation
• No irrigating ornamental turf on public medians

• Minimize system leaks
• CEC shall certify innovative technologies that also increase energy efficiency



Tests—Sprinklers & Bubblers 
Flow Rate

Distance of Throw
Distribution Uniformity
Burst Pressure

Check Valve
Pressure Regulation

Tests—Emitters and Microsprays 
Uniformity of flow rate
Flow rate as a function of pressure

Emitter exponent for PC devices
Check valve function









ASHRAE 189.1

• Standard for High-Performance Green Buildings 
Includes the landscape and irrigation
influencing the market significantly
referenced by Federal Government



• Water Use Efficiency (2017 version)
• 40% turf limit* (exclude areas for sports/golf at schools, residential              

common areas or public recreational facilities)
• Excluded areas can’t use potable water
• Other landscape areas maximum 1/3 potable water the rest is alternate water

• Irrigation Systems
• Hydrozoning
• Master valve & flow sensor
• Prevent piping from draining between irrigation events
• ASABE/ICC sprinkler standard compliance
• No sprinklers in areas less than 4 feet in any dimension
• Max. PR of 0.75 in/hr on slopes greater than 25%
• Sprinklers permitted on vegetation less than 8 inches, minimum 4” pop-up
• Drip irrigation with indicator to confirm operation by visual inspection
• Smart controllers (WBIC or SMS) with posted programming parameters

ASHRAE 189.1



• Rainfall-ETc Compatible Plants  (replace turf limitations)
• Plants with documented ETc rates

• Not native nor invasive
• After establishment does not require supplemental annual irrigation based on 10-year 

average annual rainfall of local climate based on 80% of plant’s ETc
• Exceptions:

• Landscapes irrigated solely with alternate on-site water
• Where average annual rainfall is less than 12 inches, plants other than turfgrass with 

annual ETc of 15” shall be deemed equivalent to Rainfall-ETc Compatible plants 
• Irrigation of Rainfall-ETc Compatible Plants:

• can’t use potable or reclaimed water after establishment. 
• In-ground systems using potable or off-site reclaimed water are prohibited.

• Exception to the irrigation requirement
• Plants deemed equivalent to rainfall-ETc compatible plants are exempt from irrigation 

ban.

ASHRAE 189.1



• Commissioning and Inspection
• Irrigation is a system that has to be inspected and if the project is large 

enough to be commissioned.
• Independent third-party.

ASHRAE 189.1



• ASHRAE 189.1,  International Construction Council, USGBC

• IgCC 2018   will use ASHRAE 189.1-2017 as technical requirements
• LEED  projects following ASHRAE 189.1-2017 meet minimum requirements

• ICC is used in 35 states
• IgCC can be adopted as-is or amended  (i.e. Washington DC, Seattle, Tucson)



IAPMO
• UPC,  UMC   (Used by State of California)
• 2015 IAPMO Green Technical Supplement

• WE-Stand 2017
• Provisions for efficient irrigation systems based on IA/ASIC BMP document

• Qualified designer
• Measuring water
• Master valve & flow sensor
• Pressure regulation
• Hydrozoning
• Matched precipitation rates
• Responsive controllers
• Inspections

• Provisions on use of alternate water sources



• CalGreen
• California Building Standards Commission
• Uses UPC
• Sections out for public comment until5/1/2017
• Qualified design professional
• Alternate water sources
• Commissioning & Functional performance testing
• Complies with MWELO



Other standards  (points-based programs)
• Green Building Initiative
• National Green Building Standard (ICC 700)

• Single family residences
• Developments

• LEED v4
• SITES v2









John Wallace







Essentials for a Water Test

• pH
• Salinity
• Macro Nutrients
• Sodium/SAR
• Bicarbonates/Carbonates
• Calcium
• Chloride
• Boron



































•Ways to adjust undesirable water conditions
• Purify with Filters & R.O.
• Aerification
• Blend with Potable Water
• Fertigation Systems



Wallace Laboratories
John Wallace, Lab Director
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Making Golf Courses Greener
Aerial water and chemical management

Feb 3rd, 2017



515/8/2017 www.GreenSightAg.com

Topics:

 Overview Of Drones, Sensors

 Legality and the FAA

 Full-Service Providers

 GreenSight’s Offering

 Sample Imagery

Intro

10-years developing military drone technology

Founder GreenSight Agronomics

Justin 
McClellan



525/8/2017 www.GreenSightAg.com

 Large Coverage Area

 Unique Point of View

 Fast

Drones Make Sense For Golf Courses
(and parks, campuses, etc)



535/8/2017 www.GreenSightAg.com

Unmanned Aerial System (UAS) 101

Camera (mounted on Gimbal)

Rotor blades Fixed Camera

MULTIROTOR (QUADCOPTER) FIXED WING

Propeller
Control Surfaces

Fixed Camera

GPS
OTHER COMPONENTS

AutopilotControllerCamera/Sensor



545/8/2017 www.GreenSightAg.com

 Video (and Gimbal)
 HD video
 4K video

 Agronomic Sensors
 Near-Infrared (NDVI)
 Red-edge

 Thermal Cameras
 Night vision
 Calibrated Temperature 

$ensors

$300-$400

$3,000-$12,000

$1,000-$50,000



555/8/2017 www.GreenSightAg.com

Multi-spectral Imaging

 Gather data in multiple wavelengths 
 Narrow “color” bands not visible to the naked eye
 Common issues impact reflectance in narrow color bands

Yellow
Grubs, root 

damage

Blue
Fungal 

Infection

Red
Nitrogen 

Deficiency

Thermal
Temp., 

Moisture



565/8/2017 www.GreenSightAg.com

Relative Turf Health Index (NDVI)

• Near-infrared and visual camera –
focused on key plant reflectance

• NDVI false color images –
exaggerate areas with reduced 
health/vigor

• Reveals issues before they are 
visible to the naked eye

Normalized Difference Vegetative Index



575/8/2017 www.GreenSightAg.com

Relative Turf Health Index (Fungal Infection)

Visible Near-Infrared NDVI



585/8/2017 www.GreenSightAg.com

Relative Turf Health Index (NDVI)



595/8/2017 www.GreenSightAg.com

 Hobby Use:
 Register your drone – registermyuas.faa.gov
 Check airspace (apps like Drone Buddy), notify airport/ATC if within 5 mi
 Fly under 400ft, within line of sight, don’t cross property lines

 Commercial Use (this is you!) – Operate under FAA Part 107:
 Pass an FAA Part 107 exam and earn Airman Certificate
 Obtain Insurance (your liability policy likely doesn’t cover drones)
 Check airspace – potentially file an Airspace Waiver

The FAA and Legality



605/8/2017 www.GreenSightAg.com

GreenSight’s Offering

&

Other Full Service Providers



615/8/2017 www.GreenSightAg.com


 Daily automated flights, constantly expanding features, subscription/lease


 As needed flights, agricultural-based software, pilots provided


 Occasional flights, consultant-based feedback

Full Service Providers



625/8/2017 www.GreenSightAg.com

DAILY TURF MONITORING SERVICE

1. Leased Drones

2. Daily Automated Flights 3. Multi-spectral and Thermal Imaging

4. Actionable Maps and Analysis



635/8/2017 www.GreenSightAg.com

Seamlessly Integrated System

Drone Cameras Processing

Onsite, Legal, Insured
Unattended(2018)

Everything Included
With subscription

1° Accuracy Thermal Camera
Aerial Moisture Measurement

1” Image Resolution
Multispectral Cameras

Cloud Processing, 
Analysis, and Alerts

Remotely Administered 
by GreenSight



645/8/2017 www.GreenSightAg.com

 4-rotor Quadcopter
 4lb “Microdrone”
 Optimized for 35 min flight 
 ~100 acres per flight

 Unique Remote Admin and Command
 Flight commanded by GreenSight
 Simply plug in to recharge
 Automatic data download and processing

GreenSight Custom Drone System



655/8/2017 www.GreenSightAg.com

Automated Right to Your Screen
1. Automated Drones 2. Daily Automated Flights 3. Automated Upload, 

Process

4. Cloud Storage Encrypted, redundant storage of all data

5. Image 
Preprocessing, maps

Customer view on 
any device

VPN

6. Web Portal



665/8/2017 www.GreenSightAg.com

Imagery And Analysis Accessible Anywhere



675/8/2017 www.GreenSightAg.com

Summary Views



685/8/2017 www.GreenSightAg.com

See the Big Picture Or zoom in to examine the details

View the Big Picture, or Zoom In



695/8/2017 www.GreenSightAg.com

Irrigation Uniformity Issues



705/8/2017 www.GreenSightAg.com

Thermal Temperature Measurements

 Precise measurement of grass temperature
 Integrated with weather - hyper-local estimated evapotranspiration

Generated with custom 
thermal camera –
patent-pending 

calibration method



715/8/2017 www.GreenSightAg.com

Moisture differences

Lower E.T. 
rates (drier)



725/8/2017 www.GreenSightAg.com

Step through course history



735/8/2017 www.GreenSightAg.com

Renovation Progress

Jan 9th, 2017 Jan 23rd, 2017 Feb 11th, 2017 April 10th, 2017



745/8/2017 www.GreenSightAg.com

Shade and Shade Movement

Nov 10th, 9amNov 10th, 8am



755/8/2017 www.GreenSightAg.com

Drainage 



765/8/2017 www.GreenSightAg.com

The Future?



775/8/2017 www.GreenSightAg.com

Change Detection Analytics

 Consistent, daily flights enable robust 
change detection

 Algorithm monitors changes in plant 
reflectance to gauge issue severity    

Sept. 20th Sept. 21th Change Map

1 Day

GPS
Position

CHANGES 
TAGGED



785/8/2017 www.GreenSightAg.com

GreenSight Predictive Alerts
▪ Highlight areas needing 

more irrigation 
▪ Highlight where irrigation 

can be reduced

▪ Spot leaks
▪ ID pests and pathogens 

before they spread



Questions?
Justin McClellan

Justin@Greensightag.com
203-550-2113
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