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Everycountryhasregulationsandengineeringspecificationstoprotectindustrial
plantsandfacilitiesagainstoverpressureinvariousprocessesandoperations. The
AmericanNationalStandardsInstitute (ANSI), the AmericanSociety of Mechanical
Engineers (ASME) and the American Petroleum Institute (APl) are examples of
engineeringspecificationsgloballyrecognizedtoprovidedetailedinformationon
bestpracticesforoverpressureprotection. Insurance companiesandgovernment
agencies rely on the observance of these regulations and specifications to
determine if designs are correct, and if operations are being conducted correctly.

Enforcementisdoneby local Environmentaland Occupational Safety regulatory
agenciesthat werecreated toprotect healthand theenvironmentbywritingand
enforcing regulations. New fugitive emissions regulations worldwide are growing
morestringent, requiringrigorousmonitoringof pressurerelief devices (PRDs)and
bypass valves. They also require better control of flares and air concentration
monitoring at the plant fence-line.

This paperisfocused on PRDs and we will discuss the various types available, and
therulesandregulationscoveringthem. Thispaperalsodescribesacost-effective
andreliablePRDmonitoringsystemtomeetregulationswhileimprovingefficiency
andsafety, andcuttingoperatingcosts.

Pressurerelief devices

The purpose of a process plant control system s to keep process variables at the
desiredoperatingpointandwithinsafetylimits. However, controlsystemsmaynot
beabletohandleallprocessupsets, sooperatorintervention, safetyinstrumented
systems, and PRDs become the last lines of defense. One of the main safety
concernsistokeepprocess pressurewithinthe limitstolerated by vessels, pipes,
andvalves.

PRDs canbe pressure relief valves (PRVs), pressure safety valves (PSVs)and/or
rupturediscs (RD). Theyactivatewhenthe pressure getstooclose to the maximum
allowable working pressure (MAWP) of the vessel or process component. Per
regulations, allPRDs must be mechanically powered by the processitself, so they
do not require external power or intervention to function.
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Traditionally, PRDshaveasimplemechanicaldesigntoensurereliabilityunderall
foreseeable conditions. Excessive pressure in the pressurized system is relieved by
blowing process fluid (gas or liquid) to the environment, or to aclosed recovery
system.

Ideally, hazardous materials being relieved by a PRD should be routed to an
enclosedrecoverysystemtobe treated and properly disposed of, or neutralized
through combustionin a flare system. However, this is not always the case, with
many PRDs releasing process fluid directly into the environment. Regardless of
whetherthePRDreleasestoanenclosedrecoverysystemortotheenvironment, or
ishandling hazardous area pollutants (HAP) like H,S or more benign fluids such as

steam, itisimportanttoidentifythesource, timeandmagnitudeof therelease.
PRDs releasing to atmosphere can create explosive and toxic emergencies.

Flare systems are the most commonly used method of neutralizing hazardous
discharges, butarenotperfect. Fast transientscausedbysuddenfluidcomposition
andvolumechangescanstill causereleases of unburnedhazardousmaterial.
Additionally, itcanbedifficulttolocatethesourceinaclosedrecoverysystemin
order to take corrective action.

Inadditiontopotentialenvironmentalandsafety concerns, processupsetscausing
overpressures can affect production and uptime, negatively impacting profitability.
APRD issometimes the only indicator of process upsets, so the sooner a PRD event
canbedetected, thesooneroperatorscanrespondtotherootcause.

TherearethreemaintypesofPRDs: pressurereliefvalves(PRVs), pressuresafety
valves (PSVs)andrupturediscs.

ThetermPRVorreliefvalve (RV)isgenericallyusedforbothPRVsand PSVs;
however, these two devices have different working principles.

Ashortexplanationontheoperatingprinciplesof each followsbelow.

PRV basic operating principles

PRVsaresafetydevicesprotectingavesselagainstoverpressure. Figure1-1showsa
typicalspringloaded PRV. The disc between the process side (inlet piping) and the
discharge side (discharge piping) is pushed against the seat by a compression
spring. The spring force determines the PRV set-pressureanditisadjusted by the
compression nut during calibration and certification.

When the spring force exceeds the force resulting from the process pressure and
thepressureinthedischargeside (backpressure), thediscblocks the flowfromthe
process side to the discharge. When the process pressure exceeds the valve set
pressure, thediscpushesthespring, openingthevalveandforcingtheprocessfluid
tothedischarge pipe. Thevalve willremain openuntil the process pressure drops
approximatelybelow95%of setpressure. The .5%dead-band, alsoknownas “valve

blowdown,” preventsthevalve fromchatteringwhenthe process pressurevaries
close to the valve setpoint.
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Unaccounteddischargesalsooccurwhenthevalvechatters. Thathappenswhen
thevessel pressureoscillatesaround the PRV setpointwithanamplitude larger

thanthedead-band. Chatteringoccurswhenthevalveisnotspecifiedcorrectly
and/orthepipingwasnotdesignedproperly.

Figure 1-1. Pressure Relief Valve

DISCHARGE

PROCESS

A. Spring C. Discseat
B. Disc/seat holder D. Nozzle

The valve opens proportionally to the excess pressure, and returns to the closed
position when the process pressure returns tonormal. The discharged fluid, as
explainedabove, canbereleasedtotheatmosphere, orroutedtoatreatmentunit
orflaresystem. Thereare moresophisticated typesof PRVs, but the basicworking
principleisthesame. Intherelief valve calculation, itisnecessary to takeinto
account the pressure onthe discharge side. Sometimes thereisaback pressure
buildup caused by relief of other PRDs in the discharge headerin the enclosed
recovery system.
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When things don't work as expected

Many times, when the process pressure returns tonormal conditions, the PRV does
not close completely. There are several reasons for this:

Pressureincreaseonthedischargeside

Valve seat damaged after repeated actuations

Deposition or formation of solids between the disc and the seat

Altered processfluid

Corrosion

Mechanical malfunction

Evenasmallleakage (0.1% from the PRV flow area) can cause losses of tens of
thousandsof dollars peryear. Additionally, the leakage can cause significant
emissions violations, resulting in expensive fines and even required shutdowns.

Table 1-1. Petrochemical Leakage Loss Costs Example

Gas type Gas per metric ton ($)*) | Process pressure (psig)!?) | Leakage yearly losses ($)
Ethylene 1,044 250 @ 212 °F 740,000

Ammonia 500 250 @ -28 °F 335,000

Steam 22 250 @ 400 °F 7,800

1. July, 2015 Platts Global Petrochemical Prices.

2. Reliefvalvesetpressure - 300psigand ASME orifice type “G”.

Pressuresafety valves

This deviceiscommonly known asa “Pop Valve” because it opens completely and
rapidlywhenthe pressure exceeds thesetpoint. Thevalvewillremainopenuntil

theprocesspressuredropstoapproximately95%of set pressure. Thesevalvesare
mostly used for gasand steam.
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Figure 1-2. Pressure Safety Valve

DISCHARGE

PROCESS

A. Spring C. Discseat
B. Disc/seatholder D. Nozzle

PSVsareslightly differentthan PRVs. The disc blocking the nozzle hasasmallarea
andis containedinalarger diameter chamber. When the pressure exceeds the
setpoint, thestemstartstolift, allowing the process fluid to flow to the chamber.
Asthe chamberareais much larger than the one exposed by the disc, the uplifting
forceismuchlargerthanthespringforceandthevalve openscompletely.

Withthedischarge, the pressurereducesinthechamberandthevalvecloses. If the
process pressureis still above the setpoint, the valve keeps popping open until the
pressure returns to normal levels.

When the process pressurefluctuatesaround the PSVsetpointvalue, the blocking
discwilllift toallow thechambertofilland lift thestem. The process fluidventsto
thedischarge pipe, reducing the pressure, but not opening the valve completely.
This processis called simmering and occurs frequently. Simmering can also cause
material buildup on the disc seating and stem misalignment, which prevents the
valve from closing completely. The discharge caused by simmering andits side
effectsare not usually detectable by conventional methods and account fora
considerable emission volume and consequent economic losses, aside from fines
and eventual plant shutdowns.

PSVs (Figure 1-2) arecommonly equipped with alever soanoperator caninitiatea
manual release. This is useful to test the valve, clean possible scale or solids
deposited on the seat surface, and deal with special process conditions during
startup orduring shutdowns.
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Rupture discs

Rupturediscs (Figure 1-3) are safety devicesforone timeuse. They consist of a
membrane that bursts when the differential pressure betweenits twosides
exceedsasetvalue. ThesedevicesareusedaloneorincombinationwithaPRV,
providing a physicalisolation layer between the processand therelief valve,
especially on processes containing highly corrosive fluid. Some models are
equippedwithasensorthatindicateswhenthediaphragmisbroken.

Figure 1-3. Rupture Disc

A. Rupture disc
B. Discholder
C. Diaphragm sensor

Rupturediscsareverysimpledevices, withnomovingparts. Unlike pressurerelief
orsafetyvalves, therupturediscwill remainopenuntil theruptureddiaphragmis
replaced.Diaphragmsarelesssusceptibletocausingfugitiveemissions, butthereis
always the possibility of pitting corrosion which creates pinholes, leading to
undetectable leakage.

PRD bypass

Safetyrelief devicesrequire shutoff valves and a bypass valve as shownin
Figure1-4. Thesevalvesareusedfordevice maintenanceandspecial process
conditions. Ifarupturediscdiaphragmhastobereplaced, forexample, thedevice
has to be isolated using these valves. In some cases such as during startup,
shutdowns, tests or load changes, it may be necessary to bypass the PRD.



Pressure Relief Device Monitoring White Paper

Figure 1-4. Pressure Relief Valve Bypass
3
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S1, S2, S3. Shutoff valves
A. Protected vessel

B. Pressurereliefvalve

C. Bypass valve

Itis notuncommon for plant personnel to forget and leave these valves in the open
positionornot close them properly, causing process fluid losses and emissions that
can goundetected for along time. Monitoring bypass valve position enables quick
responsetohumanerrorordefectiveequipment.

RV with rupturedisc

Insomeapplications, itisnecessary tousearupturediscinstalled upstreamfrom
theRV (Figure1-5). Themainreasonsforthisare:

= Therupturedisccanpreventfugitive emissionsthroughtheRV.

= Therupturediscprotects the RV against corrosive process fluids. The RV may
not be available with the material required for long term resistance to the
process fluids, oritmaybe tooexpensive. The rupture disc diaphragmworks as
ashield between the process and the relief valve.

= Therupturediscprotects the RVagainst solid particles. These particlescan
damage or prevent the RV from working properly, failing toopen, or remaining
open after arelease.

= The rupture disc protects the RV against frozen vapors, material
polymerization, hydrateformation, orotherproblemsthatmaypreventitfrom
working properly.



Pressure Relief Device Monitoring White Paper

Figure 1-5. Typical Installation for an RV with Rupture Disc
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$1,S52,S3. Shutoffvalves B. Rupture disc
L1. Ventline C. Relief valve
A. Protected vessel D. Bypass valve

Itisimportant tonote thatif the rupture disc diaphragm hasa pinhole leak caused
by corrosion or other adverse conditions, the pressure between the rupture disc
and the RV will be equal to the process pressure. Therefore, the pressure differential
ontherupturediscwillbealwayszero;i.e.,itwillneverblowup, eveniftheprocess
pressureexceedsitslimit. Therefore, theleakagecausedbythepinholegoestothe
dischargelineand cangoundetectedforalong period of time. Monitoring the line
pressure betweenthe PRDandPRVcandetectthe pressurebuild-up.

Toavoidthis problem, aventlineisofteninstalled (L1inFigure 1-5) tokeep the
pressurebetweenthediscandthevalveequaltothedischargelinepressure.

Regulations

Therequirementsforrefineries, chemicalplantsandotherindustriesaresimilar
worldwide, withthemaindifference beingthetoleratedamountsforeach typeof
pollutantreleased. Themorestringentrulescanbegeneralizedwiththreesimple
requirements:

1. ProvideindicationandlocationwhereaPRDeventoccursthroughelectronic
monitoring.

2. Measure thetimeanddurationof the PRD event for recordingand reporting.

3. Notifytheoperatoroftheeventsocorrectiveactioncanoccur.

Also, itisexpectedthatthe flareoperatesatall timeswhenemissionsmaybe
ventedtothem, soquickidentificationof aPRDreleaseisimperative.

Ingeneral, newerandmorestringentrulesapply notonly tonormal operation, but
also to startup/shutdown periods, where there has historically been more leniency.
Thesestartup/shutdown periods are often when process upsets are most likely to

occur, socompliancewithnewregulationscanbeverydemanding.
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Plants must comply with environmental regulations by law. Failing to do so can
cause seriousdamage totheenvironmentandpersonnel. [t canalso cause serious
damage to plantequipment and explosions. Inaddition, lack of compliance can
result in expensive fines, production disruptions, and bad publicity.

Butthereisanotherverycompellingreason tomonitorandcurb fugitiveemissions:
leakages caused by PRD malfunctions can waste large amounts of valuable
product, along with the energy required to produce these products.

Regulation details

Every national and international government has its own rules to control and
monitor emissions of pollutants. Inthe U.S., the Clean Air Act (CAA) is the key
federallawregulating airemissions from stationary and mobile sources. Among
otherthings, thislawauthorizes the EPAtoestablishnationalambientair quality
standards to protect public health and public welfare by regulating emissions of
HAPs). Many other countries'environmental agencies work together to achieve
common goals, including the U.S.'s EPA, Europe's Directorate-General for
Environment, China'sMinistryof Environmental Protection (MEP), Brazil'sMinistry
of MeioAmbiente, Kuwait'sEnvironmentalPublicAuthority (EPA), India,andothers
to exchange information about best practices worldwide.

These environmental agencies periodically review emission standards for new
sourcesofcriteriaairpollutants (CAP), volatileorganiccompounds (VOC)andother
pollutantsaswellassetemissionstandardsfortoxicairpollutantsfromstationary
sourcesreflectingthenewmaximumachievable controltechnology (MACT)based
onthebestperformingfacilitiesinanindustry.

Severalindustriesaresubjecttotightregulations, goingsofarastoissuedetailed

requirements for specific units in a plant, such as:

1. Morestringentoperatingrequirementsforflare controltoensure good
combustion. This is achieved, but not restricted, by:

= Measuring and monitoring the flow of waste gas going to the flare.

= Measuring and monitoring the content of the waste gas going to the flare.

= Measuringand monitoringany airorsteamaddedintotheflare.

2. Emissioncontrolrequirementsforstoragetanks, flaresanddelayedcoking
units at petroleum refineries.

3. Pollutantmonitoringaroundtheplantfencelineasadevelopmentinpractices
formanagingemissionsof toxicpollutantsfromfugitivesources.

4. Eliminationofexemptionsduring periodsofstartup, shutdownand
malfunction.
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Most importantly, bypasses and discharges through PRDs are considered a
violationof these lawsin manycountries, requiring plants tomonitor discharges of
individual PRDs.

Monitoring PRDs

Historically, PRDs have been difficult to monitor because they are simple
mechanical devices by design. Monitoring methods typically include manual
inspectionoftelltalesigns. Forexample, onPRDsreleasingtotheatmosphere,
windsocksare oftenused tomonitorreleases.

Inorder to monitor with this method, itiscommon to use process instrumentation
to observe pressure peaks and valleys around the pressure limit, temperature
downstream and flow in the discharge header. However, this method cannot be
usedinenclosed systems. Plants monitor PRDs by observing process pressure, but
when the pressure is close to the operating limit, the peaks and valleys make it
difficulttodeterminewhenthePRDisactuallyopenedorclosed.

Figure 1-6. Inaccurate PRD Monitoring using Process Instrumentation, Observing Pressure
Variations

“"Vessel :
Pressure :

__PRD_:
Setpoint :

Time

Unfortunately, these measurements are susceptible to false positives and
inaccuracies and provide noinsight into the health and status of the individual
PRDs. Measuring flow in the discharge header does not show which PRD or PRDs
wereactivated. Observingchangesintheflareflameisalsoinaccurateanddoesnot
showwhichunitandwhich PRV caused therelease.

Asignificant partof thedifficultywhendesigningandinstallingacomprehensive
monitoring systemis thatatypical plant will have several different PRD makes,
models, sizes and operating pressures from various vendors. This can make it
difficult to design a standardized monitoring system.

Anotherserious limitationistheintroductionof pressure, flowortemperature
measurementsinanexisting plant. Useofintrusive measuringdevicesdisrupts
plant operation and the cost of laying new cables can be very high.



Pressure Relief Device Monitoring White Paper

Asexplainedbefore, inadditiontothe challengesof compliance monitoring, there
areotherissuestocontendwithsuchasPRDsthat leak, don’tcloseandreseat after
anevent, or have their bypass valvesin the wrong position due tohumanerror.
Theseissuescanall causeawasteof product, andinefficientuse of human
resources.

Intheory, PRD activationshouldoccuronlyinexceptional circumstances, butin
actuality, activation happens quite often. Thismaybe anindication of other
problems, suchasissueswiththe PRDs, plantoperatingpractices, orequipment
specifications.

Monitoring how many times PRDs activate and how long each was releasing
product helpsplant personnel understand processes better, anditcanalsohelp
improve combustion control. Butitdoesnot give visibility onleakages caused by
PRD malfunction.

An effective way to monitor PRD activation and leakage

Averyreliable, effectiveand economic way tomonitor PRDsistousewireless
acoustic transmitters.

Processfluidflowingthroughvalvesandorificesgeneratesacousticwavesinawide
and complex range of frequencies and magnitudes. A majority of the acoustic
energy isin the ultrasound range, but some is alsoin the human audible range as
well. Acoustictransmittersareabletodetectultrasoundacousticwavesinthepipe
wallaswellasitstemperature. Thesedevicesarewireless, small, lightweightand
non-intrusive, sotheydonotrequireanychangeinplantinstallation. Theycanbe
easilyclampedonthe exhaust pipe, asshowninFigure 1-7.

Figure 1-7. Wireless Acoustic Transmitter Clamped to a Pipe
> ~—— = =
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PRD operating condition can be determined by:

a. AnoiselevelincreaseindicatesthatthePRDhasbeenactivated (Figure1-8)

Noise level returning tothe previous levelindicates that the PRDisnolongerdischarging
(Figure 1-8)
c. Noiselevelreturningtoalevelabovethe previouslevelindicatesleakage due tothevalve

notclosingcompletely. Thismaybe caused by depositionof particlesorscale betweenthe
discanditsseator due toamechanical misalignment (Figure 1-9)

d. Noiselevelchangingcontinuouslyindicatesthat thevalve maybesimmeringorchattering
(Figure 1-10)

e. Temperaturechangesmaybeusedasanadditionalindicationtovalidatearelease.
Figure 1-8 illustrates the flow discharge followed by a temperature change.

Figure 1-8. PRD Discharge Followed by Temperature Change

Venting PRV
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Figure 1-9. PRD Discharge Followed by Leakage
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Figure 1-10. Noise Level Changing Continuously Indicates Valve may be Simmering or
Chattering
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Relief valve monitoring

Acousticwireless transmittersshouldbeinstalleddownstreamof thereliefvalve
(RV), asclose as possible to the valve. RVs are usually installed with shutoff and
bypassvalvesformaintenanceandspecialoperatingconditions. Bypassvalvesmay
beinadvertently leftopenornotclose completely, causingunexpectedflowtothe
recovery system. The wireless acoustic transmitter installed as indicated in
Figure1-11monitorsnotonlydischargesorleakagesoftherelief valve, butcanalso
monitor flow through the bypass valve.
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Figure 1-11. Wireless Acoustic Transmitter should be Installed Downstream, Close to Valve

éDischarge

A. Protected vessel

B. Pressurereliefvalve

C. Bypass valve

D. Wireless acoustictransmitter

Sometimesthewirelessacoustictransmittercanmeasurenoiseoriginatedinother
parts of the process. The signal from a PRD discharge is usually larger than the
background noisesignal, soitisstill possible todetectadischarge. When the noise
istoo high, the total reading may go out of range. The transmitter attenuation
functioncanbringthesignalbacktothereadablerange.

If the background noise varies too much, it may be difficult todetermine when
thereisadischarge. Inthiscase, it maybe necessary toinstall asecondacoustic
transmitter downstreamor upstream of the first one to measure the background
noise and subtract its signal value from the signal being measured by the PRD
monitoringtransmitter. The calculationisdoneinthehostsystem.

Rupture disc monitoring

Some types of rupture discs are equipped with a burst detector that generatesa
discretesignalindicatingdiscrupture. Therearealsodevicesthatcanbeinstalled
ontherupturediscsurfacethatcandetectwhenthediscrupturesandindicatethe
event through a discrete signal. The discrete signal is usually wired back to a
supervisorysystemorsafetysystem. Thesignal caninitiateanaction tominimize
the release effect and cancel the overpressure root cause.

A wireless discrete transmitter can be used to transmit the discrete signal,
eliminating costly and troublesome wiring, asindicatedinFigure 1-12. The burst
detectorwiresareconnectedtothetransmitterthatsendsthesignalwirelesslytoa
host system.

Rupture discsuse arelatively thinmembrane that may have pinholes created by
pittingcorrosion. Processfluidleaksthroughthepinholes. Theburstdetectorsare
notactivated unless thediscruptures, sothe leakage cangoundetectedforalong
time.
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Figure 1-12. Rupture Disc Monitoring with Burst Detectors and Wireless Discrete Transmitter

=p- Discharge
(Atmosphere or Header)

A. Protected vessel

B. Rupture disc burstdetector
C. Rupture disc

D. Wireless acoustictransmitter

A more effective way to monitor rupture discs

Rupture discs can be better monitored with the use of a wireless acoustic
transmitterasindicatedinFigure1-13. Thetransmittercandetectwhenthedisc
rupturedand thedurationof thedischarge, asitdoesforrelief valves, butit may
alsodetectevensmallleakscausedbypinholes.

Figure 1-13. Rupture Disc Monitoring with an Acoustic Wireless Transmitter
=p- Discharge

@ (Atmosphere or Header)

C

A. Protected vessel
B. Rupture disc
C. Wireless acoustictransmitter

Monitoring a combination of relief valves and rupture discs

Asdiscussed before, rupture discs are one-time devices. Once they burst, they
cannotcloseagain, so the process fluid will be discharged until thereisnot enough
pressure tomakeit flow. RVsareabettersolution, as they close when the process
pressure returns tonormal conditions. However, insome applications, they must
be isolated from harsh process conditions by using rupture discs. In normal
operation, therelief valveisnotincontact with corrosive, gummingor hot process
fluids. If the vessel pressure reaches unsafe values, the rupture disc bursts, followed
by the RV opening. The RV closes when the pressurereturnstosafevalues.
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Oneproblemwiththistypeofinstallationisthe possibility of rupturedisc leakage
causedby pinholes. Thevolume betweentherupturediscandthereliefvalvecan
befilledwith processfluidandthe pressure between the twosides of therupture
discwill be thesame, so thedisc will not burst. Vent lines and/or excessive flow
valvesmaybeinstalled toreleaseeventual leakage, but tobesafe, standardsand
regulations ask for remote monitoring of the pressurein that space. Inthe U.S.,
ASMEUG127, sectionVIIl, Division 1 establishes thisrequirement.

A pressure switch can be used, but these switches do not provide a pressure
measurement, which is very important to determine potential dangerous
conditions. A wireless pressure transmitter can provide accurate and reliable
pressure measurement; however, monitoring the pressure betweentheRDandan
RVis not sufficient toreliably determine when the RV has opened or closed. A
wirelessacoustictransmitterinstalleddownstreamoftheRV,asshownin

Figure 1-14, provides dependable information about RV releases.

Note

Therupturediskdoesnotneedtobereplacedimmediatelyafterbursting, because thewireless
acoustic transmitter is still monitoring pressure releases. This allows maintenance personnel to
replace or maintain the equipment at the most convenient time, without having to slow or
shutdowntheprocess.

-~
== Discharge

A. Protected vessel D. Wireless pressure transmitter
B. Rupture disc E. Wireless acoustictransmitter
C. Relief valve F. Bypass valve

Rupture discs can also be used downstream from the valve to protect the valve
againstaggressivefluids, particulatesandotherdamaging conditionsthat maybe
present in the discharge header.
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Wireless transmitters

The wireless devices mentioned in this paper utilize WirelessHART technology.
WirelessHART is an open standard that provides secure, reliable and flexible wireless
communication. Thedevicesformaself-organizing, self-healing meshnetwork,
with redundant communication paths.

Planning,installationandconfigurationof thewirelessnetworkisverysimpleand
flexible. Click here for more information about WirelessHART.

Conclusion

Pressure Relief Device monitoring is necessary for environmental protection
compliance and can avoid expensive fines, and possible process unit or plant
shutdowns. Monitoring also preventswaste of costly materialand energy, avoids
bad publicityand helpsimprove plant personnel and neighboring communities’
health.

Wireless acoustic, pressure, and discrete transmitters are a very effective, reliable,
and economic way to have acompliant and better performing process as shown on
Table 1-2.

Table 1-2. Total Cost Comparison

Total cost of implementation(!)

200 X PRDs
Traditional method Pervasive Sensing™ Solution(2)
Total project cost ($K) $3,520 $464 - $1,088
Total cost per PRD ($K) $18 $2.3-55.4
Savings N/A 69% - 87%

Field installation Intrusive Non-intrusive

Cabling and trenches required Yes No

Technology Wired Wireless

Total compliance and operational improvements at a fraction at fraction of the cost of
traditional methods

1.Totalcostsincludemonitoringof thewirelesssystem, tamper-proofsecuredata, andengineeredservices.
2.Costrange dependentonapplication: PRV only or PRV with rupture disc monitoring.
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