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OverviewOverview
 Use of Wi-Fi Enabled Sensors for Environmental Monitoring
 Developed as part of an ongoing long-term O&M program for landfill 

i imonitoring.

 Way to reduce cost per data point for routine data collection:

● System had to use off-the-shelf componentsy

● Use readily available software and systems

● Must be internet capable and secure

M t li it d● Must run on limited power

● Must be low voltage and intrinsically safe

● Must be transportable

● Must have broad capability and capacity 

♦ i.e.., wireless cameras, motion sensors, wireless computer etc.

 Outgrowth of smart oilfield monitoring systems
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 Outgrowth of smart oilfield monitoring systems

 Applicable to any sensor with 4-20 mA outputs



Project GoalsProject Goals
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Monitoring TargetsMonitoring Targets
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System Vision
• Create a Wi-Fi 
mesh over the area 
of interest

• Use primarily for 
remote monitoring

• Possible use for 
municipal Wi-Fi for 
nearby residences

• Additional use for 
public service, 
emergency or 
security
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Idealized System Layout

Dedicated On-Site Server 
(Secure)

Remote Monitoring of 
Temperature, Pressure, Level Robust Site 

Security Alerts
Video and Data 

Upload/Download
Alert, Alarms, Trends

( )

Probe Installation

P b

Wireless 
Transmitter

Surface

Benefits
• Cost-effectively and constantly 

monitor area

• Visualize processes on a real-time 
basis

Data Sent Via Network (Secure)

Probes 
located at 
intervals 
along probe 
cable inside 
well casing

• Provide feed to expert systems 
and models translating to 
reduced costs, increased 
safety
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Wireless Probes Wireless Security 
Cameras

Remote SVE Unit 
Monitoring

Field 
Upload/Download of 
Information via PDA



Proof of Concept Layoutp y
Initial conceptual 
site layout for 
monitoring.monitoring.
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Area Selected for Proof of ConceptArea Selected for Proof of Concept

Landfill

• Areas selected for subsurface temperature monitoring of enhanced oxidation

Boreholes with 
temperature readings Model data

p g
• Temperature readings taken manually at 10 foot intervals
• Model created of subsurface temperature
• Interval range for sensors selected in selected wells
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Next Step:  Compute radio line-of-sight and Wi-Fi range



Radio Line-of-Sight AnalysisRadio Line of Sight Analysis
• Using radio modeling 
software, a range of 
locations were identified

TransmittersTerrain Corrected 
Radio Coverage

locations were identified 
to optimize coverage 
between transmitter and 
receiver nodes. 

Landfill

• Ultimately 3 Wi-Fi 
extenders were needed to 
cover the location to thecover the location to the 
base.  A distance of over 
4000 feet

Control 
Room Range Rings
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Off-the Shelf System ComponentsOff the Shelf System Components

Sunwise PV System Sky Pilot Gateway
Weed Instrument
Temperature Probe

ArchRock Strain Water GDSArchRock 
Data 
Transmitters

Strain
Gauge

Water 
Level 
Alarm

GDS
Gas 
Sensor
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Subsurface Temperature ProbesSubsurface Temperature Probes

Probes custom made in stainless housing.  
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3-wire RTD sensors, 5 per well.  0.75 inch diameter.  



Sensor InstallationSensor Installation

 Modified storage tank temperature sensor

 Flexible stainless steel jacket
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 Probe weighted to hang straight in hole.



Data Collection and TransmissionData Collection and Transmission

Antenna

Transmitter

Wellhead Layout

Transmitter

Data Transmitter
Solar-Powered Extender
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Data Collection at Office



Internet Data Interface

Node Map and Status Sensor Events

CSV Output
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Sensor Analysis – Short Span Variationy
Borehole temperature not influenced by surface temperature
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Borehole Temperature 40’ ADC0
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temp read
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Where We Ended UpWhere We Ended Up

Change from manual monitoring to automated data collection and modeling.
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Assessing the ResultsAssessing the Results
 Initial system performance good.  Wi-Fi system performed as 

designed. 

 Water and moisture issues in the electronics at the surface were 
greater than expected even in southern California

 Sensors had shorter battery life than expected (3 mo vs 9 mo Due Sensors had shorter battery life than expected (3 mo vs. ~9 mo. Due 
to load resistance and interval.

 Solar chargers very sensitive to sun angle and clouds

 Data recorded at ranges from 1 second to 1 hour and large data sets 
were generated which allowed for time-series processing, smoothing 
and refinement of timing events.a d e e e t o t g e e ts

 Data channeled to neural network processing for modeling of 
temperature variations, surface subsidence and their relation to gas 
extraction rates at the landfill
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extraction rates at the landfill. 

 After initial capital cost of ~30K, data acquired at low cost. 


