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• Goal: How to digitize legacy instrumentation with minimal cost and disruption

• Objectives:

- Why digitize existing manual instrumentation

- How non-invasive technology can help

- How to deploy – installation, cost, time

- Integration with existing plant systems

- Existing nuclear case studies – benefits and ROI

- Sharing Operational Experience – best practices

Goals & Objectives
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Vogtle 3 – Pump Discharge Pressure Monitoring
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Manual Pressure Gauges Axis Camera “Remote Monitoring”



Vogtle 3 – Wireless Gauge Reader Install

4

LoRaWAN Wireless Gateway and Controller Wireless Gauge Reader

Web Application and Interface to PI Historian



Technology Deployment – Nuclear Generation
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• Duke Energy

• Southern Company

• Xcel Energy

• NextEra

• Constellation

• Bruce Power (Canada)

• Luminant Vistra

• Energy Harbor

• PSEG

• Arizona Public Service

• EPRI Charlotte

• France EDF

EPRI

Plant

Modernization

Toolkit



Recap Problem: Most Plant Data is NOT Digitized



Difficulty of Digitizing Existing Plants
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Just to read a simple pressure process value:

• Run wires (power and/or signal)

• I/O panels, termination

• Break seals, leak checks, material compatibility, 
safety checks

• Engineering assessment, documentation

• Process downtime

• Cybersecurity concerns

Typical traditional solution:

INVASIVE AND COSTLY



Need for Non-Invasive Digitization Solution
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Non-Invasive Sensors:

• No breaking seals, no leak checks, no wetted parts

• Lightweight, no structural impact

• No power wires, no signal wires

• Little/no engineering review/analysis

• Takes minutes to install, no plant downtime required

• No new software to install, works with existing plant 
infrastructure



Solution: Wireless Gauge Reader
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• “Electronic Eyeball” reads gauges and transmits 
readings wirelessly

• Non-invasive, clamp-on to existing gauges in minutes

• No downtime, no leak check, no wiring, no drawings

• Battery life of 3+ years at 15 minute sample rate

• IP56/NEMA 4 rated for outdoor use

• Various size and types of mounting adapters to fit 
most existing gauges

• Reads dial gauges, hour meters, 
LED/LCD displays



Typical Installation
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LoRaWAN Wireless Backbone
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Laptop

Smartphones/

Tablets

Web Application Clients HTTPS using browser 

Connection via RESTful API, OPC UA, or OPC DA

Blue Box

Green Box 

Controller*

LoRaWAN 

Wireless

OSI PI Historian 3rd Party App

Blue Box

Level 2 Business Network (ethernet)



• Following utilities have developed Fleet/Technical Specification 
to rapidly deploy non-invasive sensors vs. using EC’s.

• Allows sensors to be installed within hours of need.
• Constellation

• Duke Energy

• PSEG

• Vistra-Luminant 

Use of Fleet Spec vs. EC for Deployment
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Additional Non-Invasive
Digitization Solutions

Pa

ge 



Wireless Indicator Light Reader
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•Non-invasive stick-on light sensor

•Small form factor, does not obscure 
operator view of indicator

•Light weight, optical detection only - 
minimal engineering review

•Optical detection is “air-gapped” – 
minimal cyber security review



Wireless Steam Trap/
Pipe Wall Temp Monitor
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•Monitor inlet and/or outlet temperatures 
for steam traps, cycle isolation valves

•Non-invasive clamp-on high temperature 
sensors – fast installation

•Collect data to detect leaks and other 
faults – improve thermal performance



Wireless Transducer Reader
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• Software configurable I/O and signal conditioning

• Enables wireless remote monitoring of virtually any analog 
transducer or instrument with the following outputs: 4-
20mA, 0-5V, or 0-10V,  RS-232, RS-485, thermocouple, 
thermistor

• 2 channels per device

• Compatible with most existing flow meters, current meters, 
particle counters, thermocouples, weigh scales, etc. 

• Battery life of 3+ years at 15 minute sample rate



Wireless Humidity & Temperature Monitor
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• -20 ºC to +70 ºC (-4 ºF to 158 ºF) Temperature Range

• 0 – 100% Relative Humidity Range

• Displays Temperature, Relative Humidity, and Wet Bulb 
Temperature (optional)

• Used for worker heat stress management, materials life 
tracking etc.

• Magnetic Mounting for steel walls or columns

• Adhesive Mounting for other surfaces

• Battery life of 3+ years at 15 minute sample rate

• IP56/NEMA 4 rated for outdoor use



Digitizing Camera Images
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•Capture images from 3rd party IP 
Cameras

•Leverage GBC machine vision engine to 
automatically convert to digital value 
and store for history, trending, alarming

•No need for human operator to always 
check camera feed

•Leverages existing network architecture, 
cyber security approval, OSI PI 
connectivity



Benefits and ROI
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a) Reduce operator labor

b) Equipment Fault Detection/Reduce unplanned downtime
Feed data to Advanced Pattern Recognition models

c) Reduce maintenance cost – transition from scheduled to 
condition-based maintenance

d) Optimizing plant thermal performance (e.g. feedwater control)

e) Improve worker safety – minimize exposure to hazardous 
locations

f) Environmental compliance monitoring (e.g. groundwater)

g) Troubleshooting via crash cart, emergent needs



Condition Based Maintenance:
Constellation Clinton
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• Clinton observed problems with their condensate 

polisher – suspect that filters are clogging up.

• Short term fix to replace filters more often, but 

expensive and time intensive.

• Need to monitor filter delta pressure more often to 

detect when a change is needed – condition based 

maintenance.

• Only way to do this is sending operators to read 

pressure gauges.  This is a BWR.  Dose rates in 

CP area about 25 mrem/hr.   

• WGR used to remotely monitor and trend filter 

pressures.



Thermal Performance:
PSEG Salem
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• Monitor condensate vacuum pumps and 

valves pressures, temperatures, valve 

position

• Undetected faults can cause >2 MW thermal 

performance impact

• Trending of data enables early fault detection 

– data sent to GE Smart Signal

• Improves operator efficiency – reduces need 

for manual readings.

• Reduces maintenance cost – condition 

based maintenance



Use of Wireless Gauge Readers to confirm 
valve transfer function
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Read Temperature, Pressure

Read Valve Actuator Position



Alternate WGR mounting to maximize 
operator visibility of gauge
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Use of flip doors with gas struts 

provide hands-free maximum 

visibility of original gauge



Environmental Monitoring:
Duke Brunswick
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• As part of a Groundwater Protection Plan, 
Cypress installed wireless gauge readers on 
sump pump hour meters to track electrical 
manhole sump pump run-time.

• No current method to monitor sump levels 
automatically.

• If tritium is detected the sump pump runtime 
data may be useful to determine where it 
came from. 

• Catch two types of faults:

• Pumps not running when they should (sump 
level too high)

• Pumps running too much (must be a leak)



AOV Fault Detection:
Constellation Calvert Cliffs
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• Monitor performance and detect failures of Air 

Operated Valves used to control and maintain 

feedwater heater tank levels.

• AOV’s fail when there is an air leak, drift from 

calibration, stuck actuator, worn out cam.

• Prior failures caused high-level dump of 

heater tank and unit shutdown, with costly 

overtime work to repair.

• Since installing WGR’s, Calvert Cliffs detected 

two emerging failures and repaired them 

before there was any operational disruption.



Non-Invasive Digitization Use Case Library

Confidential - WGR Users Group
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Current Deployments
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• Duke Energy (Fleetwide: Oconee, Robinson, Brunswick, Harris, Catawba, McGuire)

• Constellation Energy (Calvert, Braidwood, Clinton, JAF, Nine Mile Point, Limerick, Ginna, Peach Bottom)

• Southern (Fleetwide: Farley, Hatch, Vogtle)

• Xcel Energy (Fleetwide: Prairie Island, Monticello) 

• NextEra (Fleetwide: Turkey Point, St. Lucie, Point Beach, Seabrook)

• Vistra Luminant (Comanche Peak, Davis Besse)

• STP Nuclear (South Texas)

• Nebraska Public Power District (Cooper)

• PSEG (Fleetwide: Salem, Hope Creek)*

• Bruce Power (Canada)

• Arizona Public Service (Palo Verde*)

• Entergy Vermont Yankee (1 unit – decommissioned)

• EPRI Charlotte - Nuclear Applications Center (installed)

• France EDF (pilot deployment)

 * Pending Installation

EPRI

Plant

Modernization

Toolkit



• Non-Invasive technologies can digitize legacy instrumentation 

with minimal cost and disruption

• Proven Return On Investment for Operator Efficiency, Fault 

Detection (avoided down-time), Thermal Performance, ALARA, 

reduced maintenance etc.

• Extensive Operational Experience library of Use Cases, 

Specifications, and Best Practices available from existing users.

Summary

NITSL 2022 Conference
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Q&A
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Web: www.CypressEnvirosystems.com

Josh Patrick

IT Manager, Vogtle 3

Southern Company

Email: jbpatric@southernco.com

Phone: 912-531-3394


	Slide 1: Non-Invasive Digitization of Nuclear Power Plants
	Slide 2: Goals & Objectives
	Slide 3: Vogtle 3 – Pump Discharge Pressure Monitoring
	Slide 4: Vogtle 3 – Wireless Gauge Reader Install
	Slide 5: Technology Deployment – Nuclear Generation
	Slide 6: Recap Problem: Most Plant Data is NOT Digitized
	Slide 7: Difficulty of Digitizing Existing Plants
	Slide 8: Need for Non-Invasive Digitization Solution
	Slide 9: Solution: Wireless Gauge Reader
	Slide 10: Typical Installation
	Slide 11: LoRaWAN Wireless Backbone
	Slide 12: Use of Fleet Spec vs. EC for Deployment
	Slide 13: Additional Non-Invasive Digitization Solutions
	Slide 14: Wireless Indicator Light Reader
	Slide 15: Wireless Steam Trap/ Pipe Wall Temp Monitor
	Slide 16: Wireless Transducer Reader
	Slide 17: Wireless Humidity & Temperature Monitor
	Slide 18: Digitizing Camera Images
	Slide 19: Benefits and ROI
	Slide 20: Condition Based Maintenance: Constellation Clinton
	Slide 21: Thermal Performance: PSEG Salem
	Slide 22: Use of Wireless Gauge Readers to confirm valve transfer function
	Slide 23: Alternate WGR mounting to maximize  operator visibility of gauge
	Slide 24: Environmental Monitoring: Duke Brunswick
	Slide 25: AOV Fault Detection: Constellation Calvert Cliffs
	Slide 26: Non-Invasive Digitization Use Case Library
	Slide 27: Current Deployments
	Slide 28: Summary
	Slide 29: Q&A

