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_ Chapter 1
Nafure and Properfies of Combustible 6ases
- Properties of combustible aases and liquids
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Nature & Properfies of Combusfible Eases--

To develop an appropriate stratefgy the implementation of aombustible gas
detection system, lzasic understanding of the propertiesambustible materials
is necessary. In our discussion we will identify the general propeeiessary for
determining a material’eazardous potential, theéarn our attention to specific
information oncombustible gases and liquids.

Properfies of Combustible Gases & Liquids

The following properties represent those that are important in evaluating the
hazardous potential of a substance.

Flash Point.

This is the lowest temperature at which a liquid gives off sufficient vapor at its
surface to form a flammable or an explosive mixture. Many hazardous liquids
have flash points at or below room temperature and are covered by a layer of
flammable vapors that will ignite immediately if exposed to an ignition source.
Vaporization increases as temperature rises and consequently they are more
hazardous at elevated temperatures.

Open-Cup Flash Point.

The minimum temperature at which the liquid gives off sufficient vapor to form

an ignitable mixture with air. Open cup testing is a method of determining this flash
point, and although less accurate than closed cup testing, it is necessary for certain
substances.

Auto-ignition Temperature.

Sometimes referred to as spontaneous ignition temperature, or “SIT,” this is the
minimum temperature for self-sustained combustion of a substance, independent of
the heating or heated element. This temperature is generally well above the open-cup
flash point.

Lower Explosive Limit (LEL) or Lower Flammable Limit (LFL).

This is the minimum concentration of a flammable gas or vapor that will propagate
flame when exposed to a source of ignition. Commonly abbreviated LEL or LFL, a
mixture below this concentration level is considered too “lean” to burn. An increase
in atmospheric temperature or pressure will decrease the LEL of a gas or vapor.
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This includes all concentrations (measured as a percent of volume in air) of a flar
mable gas or vapor that will propagate flame when exposed to a source of ignitic
Many common flammable liquids have very wide explosive ranges. The explosiv
range of all flammable gases and vapors will vary with temperature and pressure

Upper Explosive Limit (UEL) or Upper Flammable Limit (UFL).

The maximum concentration of gas in air that will combust. Any higher percentag
of combustible gas or lower amount of oxygen in the mixture of the two, and th
mixture will be too “rich” to sustain combustion.

Vapor Density.

This is the relative density of the vapor as compared with air. It is calculated as tl
ratio of the molecular weight of the vapor to the molecular weight of air. A vapot
density less than one indicates a substance lighter than air; converse
densities greater than one indicate a substance heavier than air. All flammat
liquid vapors are heavier than air and can travel along a gradient for considerat
distances to an ignition source.

Common Flammable Industrial Gases

For our purpose, we will use the term “industrial gases” to refer to a variety o
compressed gases and liquids used in manufacturing processes. Under this defini
a particular gas may have a variety of applications, such as a source of heat or po
generation, or as a solvent or for medical applications. As a rule, these gases
liquids are manufactured elsewhere and then transported to and stored at the €
user’s facility. We will limit our consideration to flammable gases.

Aflammable gas is one that can burn when brought in contact with heat or flame.
flammable compressed gas is one in which a mixture of 13 percent or le:
(by volume) with air is flammable or the flammable range with air is under 12 percen
Under certain conditions, flame velocities of these gases after ignition can progre
to detonation speeds producing violent explosions and damage.

Acetylene.

Acetylene is colorless and odorless in its pure state, lighter than air and high
flammable. Its low LFL and wide flammability range make it extremely easy to
ignite. In the presence of moisture, acetylene can react with copper, silver ai
mercury to form metallic acetylides that are shock-sensitive, explosive compound
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Ammonia.

Used in a variety of commercial applications, ammonia is colorless, alkaline, toxic
and lighter than air. It has a high LFL and a narrow flammability range and therefore
small leaks are not likely to form hazardous flammable mixtures in air.

Hydrogen.

Hydrogen is a highly flammable, extremely light elemental gas with a wide
flammability and explosive range. It also has a low ignition temperature and low
minimum ignition energy. Static electricity can ignite leaking or venting hydrogen.

Liquefied Petroleum Gas (LPG).

This is the generic name for a number of low-pressure, liquefied hydrocarbon gases. The
most common are butane and propane. They are readily liquefied by pressurizing at
atmospheric temperatures and are used in the vapor phase as a fuel with air or oxygen.

Flammable and Combusfible Liguids

Almost every industrial plant has some quantity of flammable and combustible
liquids stored in its facility. A flammable liquid is defined as one having a flash
point below 100°F (37.8°C) with a vapor pressure not exceeding 40 psi (276 kPa).
They are volatile in nature, constantly giving off heavier-than-air vapors that
cannot be seen with the naked eye. Combustible liquids have a flash point at or
above 100°F (37.8°C). When heated above their flash points, these liquids take on
many of the characteristics of flammable liquids.

One of the significant differences between flammable and combustible liquids has
to do with the behavior of their vapors. Vapors from flammable liquids tend to flow
along slopes and inclines, much like a liquid, and collect in low areas. Vapors from
combustible liquids, on the other hand, do not readily travel away from the source
of a leak or spill unless the atmospheric temperature remains above the flashpoint
of the liquid. This distinction must be taken into account when determining sensor
use and positioning because liquids themselves do not burn or explode, but rather
the flammable vapors resulting from evaporation. The site of the spill or leak may
not be the only zone of danger.

In evaluating the hazardous potential of a particular liquid, the flash point is gener-
ally considered the most important criterion to consider. However other factors,
ignition temperature, explosive range, vapor density and rate of evaporation, have a
bearing on the liquid’'s hazardous potential. For example, the concentrations of a
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vapor in air determine the intensity of an explosion. Concentrations near tt
lower and upper limits of flammability are less violent than those occurring whe
concentrations are near the median range.

Phusical and Chemical Properfies Charls

The following chart identifies the primary properties necessary for determinin
the hazardous potential of various flammable and combustible liquids.



oto | 266 0's. se9 — H usBoipAH
00°€ LSV G/ /- wdd 00g *HOTHOFHO U-auexaH
§ 66€ L9 [ *HOTHOFHO u-sueydeH
088 T 0S- — Kleyjiw-uoireine “auijoses

28 T/ 0g- —_— [eldJswiwiod-uoieine ,wc__owmmv

........ G6L 0€L se9 wdd g, OHOH seh apAyspreuod

680 8501 0°00T 0Z- wdd T O'HD 9pIX0 BUBAYg

Zr8 0'9¢ se9 — *HD:OH ENENE|

080 Gzl oY T wdd o1 ‘HN*HO®HO aulwelAyl3

2.0 95¢e 0'9¢ 67" wdd ooy *HOOHD IEVENLOE

180 0718 L9 0L wdd 00T SH*Q*HO®HO auszuaq |Ay13

6.0 G89 06T SS wdd pootT HO*HO*HO [oyoofe A3

........ 788 ¥4 se9 — *HOHO aueylg

G0 6 | g9T — EHO((HO)*HD U-8uBd3p0Q

+0T 9G€E 74 S wdd 00T “O°H'D d-auexolq

— 25L 7T se9 wdd ot HNZ(HD) snoipAyue ‘sujurelfylawig

060 €8 ZST 0T wdd o1 “*HO)NOJH apjurewloyAyawiqa

2.0 95¢e 0'9¢ 67" wdd ooy *HDOHD 18y1e [Ayielg

0.0 0Ty ¥'S GTT — EHO((HO)*HO U-8uedsg

080 cly 38 - wdd oog aH9D auexaojok9

6.0 268 08 Zs wdd oot HOO:(HO) Ja)-oyodfe jAing

18°0 T9. 4,212 @86 d.CI2® LT GL wdd 05T *HO*HO(HO)HO*HD 039s-|0yodfe |Aing

18°0 099 1T 7T 01T 86 wdd oot HO*HO*HO*HO*HO u-joyodje |Aing

88°0 161 9/ LT 86 z.L wdd 05T *HOHOlOOD*HD u-ajejede Aing

— G2l 00T 97 se9 se9 — ‘HO'HO*HOHD T-auaing

09°0 0SS g8 6T se9 9/- — *HOHO*HOPHO u-aueing

880 826 8L 1 4 wdd 7 °*H°D auazuag

G0 T [ 22 G 0€ HNHD (ouow) sujwejfwy

880 [ S/ 1T Ll wdd oot *HO'THOIO0O*HD u-are1ae Ay

— v0ZT 0'82 0'ST se9 se9 wdd og *HN (snoipAyue) eluowwy

080 368 0.1 0€ 73 0¢g wdd g NOHO="HO 3|uojR10y

8.0 Gl6 9T € vy wdd o NO*HO EVSERN

6.0 698 0€T GZ GT - wdd opot *HOOD*HO ENERN

G0'T /98 661 07 €01 wdd ot HOOO*HD (feroe|b) poy onaoy

8.0 L¥E 009 0¥ 3¢ wdd ooz OHOHO 9pAyap[eIady

06T — 88 02T 07 se9 se9 wdd T HO=HOHD="HO auaipelng -€'T

funers

RELIS

oo “dwal
uonub)

% 13N

% 131
o|dx3

dn) uado dn paso)
., 4 ulod yseld

(QEER/SS0)]
VML

e|nwiio4H

saseq pue spinbi sjgewuwrelH Jo saniadold




99'¢ 1870 786 0L T 18 wdd 00T S(CHO)'H? d-auajAx
99°€ 680 /98 L9 60 | T 06 wdd oot “*HO)'H*D 0-9U3IAX
99'¢ /870 786 0L [ 18 wdd 00T *HO)'H*D w-aualAx
057 G0 G6E 082 LT | 05> — SH*DOHO="HD ENENVENLITN
[ 160 288 0°€e 9€ 7'80T- wdd T [OHO=HD apHoyD JAUIA
162 060 95/ v'ET 9¢ 02 8T — *HOOOOHJ="H] 81e1808 |AUIA
€0z — |25 91T 0¢C seg  se — N(HO) auIelAyawWLL
8r'e €L0 08Y 08 A 9T — wdd gz NECH2O) aulwelApaLL
YT'E 180 968 1L 1T oy o wdd 00z *HO*HD auanjoL
ZS°€ 90T ors L'6 g7 19T /91 — HO*HOOH"D [oyod[e |AinpinjoipAyesnal
0S¢C 680 019 8Tl oz [ 9 wdd 00z O°H"D ueinjoipAyena
£8'9 1.0 A ¢go [ e 212 — *HOZ(*HO)*HO u-auedspesns|
09'€ 16°0 716 89 60 00T 88 wdd oot ‘HO=HO*H*D ENENSS
00 €80 o8 09€ eec | Ge- wdd oot O°HD 3pix0 auajAdoid
67T — 158 TTT 02 seg  sey — EHOHO*HO ausjAdoid
YTV 060 8 9 80 | T 98 — SHO'HD u-auazuagjAdoid
€0 2.0 709 70T oz | Ge- — ‘HN4(*HO)*HD u-sujwrejAdoid
102 080 Gl L'€T 44 LL vl wdd 00z HO*HO*HO*HO u-joyodre [Adoid
10T 6.0 0S. 4,002 @ L2T  0C 09 €3 wdd ooy HOHOTHI 0sl-joyoofe [kdoid
2S¢ 68°0 78 08 4.00T® LT[ 0L [SS wdd 00z | *HOHO*HOOO0DHO u-are1aoe |Adoid
9T — 8 g6 12 seg  sey wdd pooT tHOHO*HO auedoid
8v'C €9°0 005 8/ st [ /G- wdd 0poT *HOE((HO)*HD u-auejuad
98'c 0.0 eov G9 or | 9g wdd 00g *HO(*HO)*HD u-aueQ

GZ i 095 6G Tt /G- wdd 00T eyiydeN
09t | w60 [ 28 LT 0S 0S wdd 00T | *HOOOJ(HI)O="HD areifioeyaw Ayis N
87'C 6S. 4,002 ©® ¥ TT 4,00 ©® ¥ T| ¥z 9T wdd ooz *HO*HOOOJ*HD auoidy |Aye |Ay1IeN
11T /98 0'9¢ 09 S Z5 wdd 00z HO*HO [oyoore Ay
G50 666 0'ST 0'S se9  sen 'HO EIENE
— — 79y 08 cT T g+ 010T- =dC ‘[|9n} 18,
00¢ 690 95/ — — GE- — wdd g ‘HNHOY*HO suiwejfdoidos|
2S¢ €L0 0€8 6L ¥'T 8T- wdd 00g TeHOJHOOHOTHO 18y13 [kdoidos|
102 6.0 0S. 4,002 ® LZT 0T €S wdd ooy HOHO{HD |oyodye |kdoidos|
or'e 0.0 eyl 68 ST G9- — HO:HO[FHDID*HD auaidos|

Risuaqg

Jlodep

dn) uado dn paso)
, dlulod yseld4

o “dwal
uomuBj

Auneio
oyads

e % 131
SHwWIT aAIsojdx3

(QEERS0)]
VML

e|nwiioH

saseo pue spinbi] a|qewwe|4 jo sanladold

I



__ Chapter &
Detection Technologies
-~ Electrocatalytic Detectors

- |nfrared Defecfors

GENERAL MONITORS
Prot [

ection for life.



Netection TEE""U'U["ES

Combustible gas detectors can be divided into two general categories. The first
category includes a variety of “passive” technologies of which the
electrocatalytic (catalytic bead) type is the most common. The second
category is based on technology that uses infrared absorption as the
detection technique. This technology is considered “active” since an IR source
emits a signal many times a second, and the amount of energy falling on the
detector serves as an active measure of the gas concentration at that moment. Any
failure of the source or detector, or blockage of the signal by dirt, is detected
immediately as a malfunction. For this reason, IR detectors are also considered to
befail-to-safe. IR gas detectors can be used for “point” (single location) or “open
path” (line of sight) applications. In the following chapter we will discuss the
basic design operation, as well as the advantages and limitations of each
detector type.

Electrocafalyfic Defectors

Electrocatalytic or “catalytic” detectors have been around for over 30 years and
are widely used in a variety of industries as single-point detectors for combustible
gases. They function on the relatively simple and reliable principle that a
combustible gas can be oxidized to produce heat. The resulting temperature
change can be converted, via a standard Wheatstone Bridge, to a sensor signal.
That signal can then be used to activate alarms and initiate fire preventative action.

Operating Principles

The heart of this system is a heterogeneous catalytic element that assists oxida-
tion. Generally these elements consist of a platinum coil embedded in a catalyst.
Since the reactants are all gaseous, the reaction takes place on the surface of this
element with the combustible gases reacting exothermically with oxygen in the air
to heat up the catalytic element. This causes a change of resistance within the
embedded coil that is measured and monitored.

14
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One such sensor uses two identical beads, one active, which oxidizes a
combustible gases present, and one glass coated, which is used for reference.
glass coating on the reference bead allows it to respaicinges in temperature,
humidity and pressure without responding to combustible gases, which cann
penetrate the glass coating. The reference bead serves as a “baseline” sig
which can then be compared to the resistance of the active bead to determine
concentration of gas present. As gas oxidizes on the active bead, the bead te
perature increases in direct proportion to the concentration of the gas in the atm
phere. This temperature rise increases the resistance of the active bead, and w
compared with the reference bead resistance, results in a measurable voltage
ferential, which is used by the instrument.

Mechanical Support Post

Platinum Wire

Teflon Thermal Barrler
Reference Bead

Active Bead Mounting Base

Figure 1. Catalytic Bead Sensor

The catalyst employed in these sensors is critical to the accuracy and life of tl
sensor, and determines the range of combustible gases the sensor can detect.
rule, the entire surface of a bead may not be catalytically aatigetherefore, the
oxidation reactiormay occur only at certain points. In the manufacture of the
sensorthe catalytic material must be chosamd fashioned in such a way as to
maximize the number of these “active” sites.

Contamination and Poisoning

The sensitivity of catalytic detectors tgpically affected by two things —
contamination or poisoning of the active bead, or blockage of the flame arrest
which gas must pass through to reach the beads.



In some cases the sensor may lose response due to the reference bead becomin
“active” to gas with aging. Reference bead activity is avoided in high quality sensors
by glass coating, which renders it completely passive for the life of the sensor.
Contamination of the sensor can be caused by a variety of factors, depending
primarily on the environment in which the sensor is used. If the sensor is exposed to
dust or other particulate matter, particles can become trapped in the flame arrestor or
deposited on the beads. In marine environments, the sensor can be affected by salt anc
mineral deposits. If the sensor is exposed to heavy oil or grease, the assembly can
become coated resulting in lost sensitivity. Exposure to paint, lacquer, or varnish
vapors may also result in the sensor becoming coated. During normal maintenance of
the system, an increase in the response time to calibration gas, an increase in recovery
time after exposure, or a loss of sensitivity, may indicate contamination.

Poisoning of the catalytic element is the result of the strong absorption of the poison
on the sensor’s active sites. This inhibits the access of the reacting substances to these
sites and results in reduced sensor output in response to the presence of a combustible
gas. Since the active sites in some devices constitute only a fraction of the total
surface area, relatively small amounts of poison can have a considerable effect on the
response of the sensor.

Various substances can act as catalyst poisons. These include silicones and silicon
compounds including silanes, halogens, halogenated hydrocarbons, sulfur
compounds, strong acids, bases, and heavy metals. These substances contaminate tr
sensor in different ways. For example, silicon compounds form a glasy |65%D

on the bead while strong acids or bases can attack and remove the catalyst’s metal
itself. In all cases, poisoning the catalyst will reduce the sensitivity of the sensor.

In some cases, sensor poisoning is temporary. In the case of fire extinguishant gases,
for example, full sensitivity can be restored within a few hours if the extinguishant is
removed. In general, heavy metal compounds and silicon compounds are considered
permanent poisons and, in severe cases, the sensor must be replaced. However, ther
are many examples of sensors continuing to operate for considerable periods of time
in environments containing catalyst poisons. Moreover, recent improvements in
catalyst formulation have increased sensor resistance to poisoning.

The only means of identifying detector sensitivity loss due to catalytic
poisons is by gas-checking and calibration. When a sensor is located in an area known
to contain potential poisons, it should be gas-checked at regular intervals and
calibrated if necessary.

16
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A recommended calibration intervsthould be provided by the manufacturer, and
followed in the field. The degree of potential poisoningépendent upon the
concentrationand exposure time to the poison, bead temperature and, mo
significantly, the fine structure of the catalyst support material, which can van
between manufacturers.

Mechanical Damage

Sensors may be damaged by shock or vibration causing the fine platinum wire
break. In a good quality catalytic sensor, the beads are mounted on a suppor
minimize this possibility and extend the sensor life.

While other methods of detecting combustible gases are available, electrocataly
sensors offer simplicity, accuracy and relatively low unit cost in a single-poin
detector.

Infrared Defectors

An alternative method of measuring gas concentration is based on absorption
infrared (IR) radiation at certain wavelengths as it passes through a volume of g:
Devices using this technology have a light source and a light detector and meas
the light intensity at two specific wavelengths, one at an absorption (active) wavi
length and one outside of the absorption (reference) wavelength. If a volume

gas passes between the source and detector, the amount of light in the active we
length falling on the detector is reduced, while the amount of light in the referenc
wavelength remains unchanged. Much like the catalytic detectors, the g:
concentration is determined from the relative difference between the two signal

There are several key advantages to using IR-based detectors:

e Immune to all chemical poisons

» Does not need oxygen or air to detect gas

e Can work in continuous exposure gas environments
» Fail-to-safe technology

* Internal compensation virtually eliminates span drift



IR-based detectors can be either single-point or open path devices and, with the
sophisticated optical designs currently being used, are factory calibrated and
virtually maintenance free. This is particularly desirable when sensors must be
located ininaccessible areas and cannot be easily calibrated on a periodic basis.
Maintenance of IR detectors is typically limited to periodic cleaning of the optical
windows and reflectors to ensure dependable performance. The current availability
of reliable, low cost electronics and solid state IR detectors has reduced costs and
made the technology feasible for many commercial applications. However, IR
detectors cannot be used for the detection of hydrogen and certain other gases for
which the catalytic method is suitable.

Gas Cloud

Receiver Source

4-20 MA ~=—
Alarm Relay ~-—
4-20 MA ~=—
Warning Relay ——
Alarm Relay —=—

Signal Processing|
Electronics

Fault Relay ~—

| |

L ol I
24Vdc Supply 1

24Vdc Supply

Digital Display

—-— =
I: LEL-METER PPM-METER

Figure 2. Open Path System

Theory of Operation

Infrared gas detection is based on the ability of some gases to absorb IR radiation. It
is well known that almost all hydrocarbons (HC) absorb IR at approximately 3.4 um
and at this region }@ and CQ are not absorbed, making the system immune to
humidity and atmospheric changes. It follows therefore that a dedicated spectrometer
operating at that wavelength could be used to detect hydrocarbons in air. Such a
system would follow the Beer-Lambert Law which states:

T=exp ((AxCxL)
Where:
T is the transmittance of IR
A is the absorption coefficient of the particular gas molecule
C is the concentration of the gas

L is the path length of the beam through the gas
18
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Gas leaks can either form a relatively stationary cloud or readily dissipate dependi
upon such factors as wind, rate of leak, density of leaked gas, and the structu
environment around the leak. If a gas leak creates a cloud it will generally have tl
following characteristics:

» The highest gas concentration of a cloud is at the source and it
decreases in concentration towards the edges

» The shape of the gas cloud is elongated or has an irregular pattern,
depending upon air currents

 In outdoor environments gas clouds dissipate faster and can
have very low gas concentratiosse Figure 3)

3 70 5 MPH WIND

Open Path Detector 50 PPM
9
10% LEL Open Path Detector
25% LEL /
- - - == f il v |
50% LEL e
’/ 1% LEL
100% “’O ,
Lt

10% LEL
3 1 ES //,
&

100% LE|
Leak Source Point Detector _I-

Leak Source Point Detector

Open Path Detector

Figure 3. Cloud dispersion

Open path IR detectors are particularly useful in situations where a gas reles
has been dispersed by wind or natural diffusion. The gas can still be detecte
even though its point concentration may have fallen below normal alarn
settings. Open path systems also have the advantage of being able to co
large open areas or a line of several potential leak sources, such as a row
valves or pumps.

With an open path system the path length is not fixed, so the measurement
expressed as a product of the average gas concentration and the gas cloud w
passing between the source and receiver. This means that a small dense clou
hydrocarbon gas could give the same output signal as a large dispersed cloud if
product of the concentration of the leak and the path length were the same. In esse
the system “counts” the number of HC molecules that absorb IR radiation in th
beam path.

19



The gas concentration output for open path detectors is expressed in ppmemeters
(parts per million of combustible gas times the path length in meters: a highly sensi-
tive range for detection of low level leaks) or LELsmeters (a hazardous gas level).
Typical readings are as follows:

Gas Cloud Calculation
Concentration Length Concentration x Length = Measurement
50 ppm 2 meters 50x 2 = 100 ppmemeters
10 ppm 10 meters 10x 10 = 100 ppmemeters
100 ppm 20 meters 100 x 20 = 2000 ppmemeters

100% LEL 2 meters 100 x 2 2 LELemeters

As a reference, methane gas concentration can be defined as:

1% LEL methane
10% LEL methane
100% LEL methane

500 ppm = .01 LEL
5,000 ppm = 0.1 LEL
50,000 ppm = 1.0 LEL

Open path IR detection offers immunity to poisons, high sensitivity gas leak detec-
tion, hazardous level gas detection, low maintenance, easy installation and fail-to-
safe operation. However, it is not an all-encompassing answer to combustible gas
detection. It offers an alternative solution to gas detection challenges and should
be used in combination with point gas detection due to its limitations in targeting
the specific location of gas leaks.

Point IR Detectors

In the case of Point IR Detectors, there is a fixed path length between the IR
source and the IR detector. Typically the length is a few inches and the gas is
assumed to be uniform across this length. With the path length being fixed, the
Point IR Gas Detector is able to give a direct measurement of gas concentration
in percent of the Lower Explosive Limit (LEL).

ol
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A thorough hazard assessment should be performed prior to selection,
purchase, and installation of a hazardous gas detection system. The goal of this
assessment is to minimize the risks to lives and property by:

e Selecting the most appropriate gas detection equipment
* Locating the sensors at the most likely sources of potential gas leaks

Because of the complexity, sophistication and cost of today’s monitoring
systems, careful attention needs to be given to hardware selection. It is equally
important that the system selected be located where it will adequately monitor the
hazards involved. When performing the hazard assessment, the first step should
be to establish the most likely sources of gas leaks. Plant ventilation is also a
major consideration when planning and arranging a gas detection system. The
entire ventilation system should be evaluated before locating sensing devices.
The evaluation should involve both natural and forced air ventilation patterns
within the plant. It is critical to understand how gases can be carried along
natural air currents, as well as through the plant’s ventilation system, to various
areas of the facility.

Special attention should be paid to locations such as pits, alcoves, roof peaks, and
dormers, which are frequently poorly ventilated, and where gas is likely to accu-
mulate. Because ventilation needs and patterns differ from season to season, con-
sider year-round ventilation patterns when planning and installing a monitoring
system.

It is recommended that the applicable regulations be examined, including OSHA,
NFPA, state and local codes, which will itemize the rules and guidelines for the
hazards in question, and provide direction for gas detection and monitoring.

Changes within a facility should be considered when they occur. Construction

within the plant, the use of new equipment and power shutdowns can affect air
movement patterns. As a result, new demands may be placed on the monitoring
system.

o2
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When considering the design of a combustible gas detection system, it is importe
to select the correct product for the purpose intended. It is likely that a combinatic
of point and open-path detection will be appropriate, so it is a good idea to discu
the selection with the chosen manufacturer.

To summarize, an analysis of the risk and equipment selection process will likel
include:

* Potential leak sources

e Factors affecting rate and direction of gas diffusion
when a leak occurs

¢ Density and other physical properties of the gas

» Detector environment, e.g., temperature, vibration,
cleanliness, ventilation, etc.

Sensor Placement

The placement of combustible gas detection sensors is dependent upon many fact
which can only be dealt with here in brief.

When approaching a potential combustible hazard situation, there are generally t
ways to determine the location of sensors. One way is to place the sensors clos
where a leak is most likely to occur. This utilizes gas detection as a maintenan
function for leak detection. The second way is to place sensors near areas whel
concentration of hazardous gas may accumulate as a result of the diffusion of a le
ing gas or vapor. The density of the gas or vapor determines whether it tends to r
or fall, and is a primary factor in determining the number and location of the sensoil

The wiring of sensors in series is often considered for cost reductiol
purposes, however, such an approach will result in cumulative outputs
difficulty in the calibration of the sensors and a reduction in the degree of safety tt
sensors can provide. Furthermore, an open circuit in one sensor will result in tl
loss of output of all other sensors in the series. A preferable approach is to ha
the sensors independently monitored and powered. The selected output then «
be reliably utilized to warn of the presence of gas and to determine its location

o



Sensor locations should take due recognition of the manufacturer’s stated tempera-
ture limits. Another factor that must be considered in sensor location is the amount
of vibration to which the sensor may be exposed. For instance, installation near
turbine engines or pumps may result in a vibration level damaging to the sensor.
Furthermore, the natural resonant frequency of the sensor must be considered when
evaluating the vibration characteristics of the location. The life of a sensor can be
shortened significantly if resonance occurs between the sensor and the installation
location.

When installing a sensor, proper instrument wiring practices must be observed. The
sensor wiring should be separate from AC wiring. Most sensors are not affected by
DC wiring, and therefore need not be shielded when mounted in close proximity to
other DC applications. Wiring near high powered electric circuits, however, will
most likely require shielding. When utilizing shielding, the wire should be
grounded only at the controller or receiver end, and the outer braid must not contact
the conduit or junction box. It is good engineering to always use shielded cable.
Each sensor location should be checked and calibrated on a regular basis, using a
calibration gas of known concentration. Typically this should be a 50% LEL mix-
ture of gas or vapor. The frequency of inspection and the need for calibration is best
determined by experience with the actual installation. The equipment manufacturer
usually suggests intervals depending upon the application in question. In general,
infrared detection requires less frequent calibration checks.

Sensors should be located so that they are accessible for calibration. If a sensor is not
accessible, regular inspection and necessary calibration is unlikely to be performed.
Sensors should be located where they will not be exposed to the possibility of
immersion in water. Dust covers may be required for sensors that are located in
particularly dirty environments and splashguards in areas where heavy rain is likely
or where high-pressure wash-downs are performed. Catalytic sensors should be
mounted with the sensor pointing downward while IR sensors should be mounted
horizontally.
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Combustible Applications

Industry Segments  Application

Gas

Applicable
Sensors

Gas Pipelines
Product Pipelines

Sewage Plants
Pollution

Power Plants

Insecticide
Manufacturers

Tank Farms

Warehouses

Offshore Drilling
Platforms

Utility Tunnels

Edible Oils

Natural Gas
Processing Plants

Refineries and
Petrochemical
Plants

Power Peaking
Plants

Mud Loggers
Recording Tape
Manufacturers
LPG Storage
Solvent Storage
Areas of Manufact-
uring Plants

Aerosol Spray
Paint

Synthetic Leather
Manufacturers

Compressor Stations
Pumping Stations

Digestor Gas, Plant Sumps
or Plant Sewage Basins
monitoring for solvent
leaks or dumping

Leaks at Crude Oil Heaters,
Pumps, Pressure Reducing
Stations, etc.

Storage and filling of containers
of hydrocarbon based compounds

Protection against leaks,
breaks, spills

Protection against leaks,
spills or breakage of storage
drums, tanks, etc.

Protection against accumulations

of flammable concentration of
gases in storage areas, control
rooms, living spaces, power
generating rooms, compressors, etc.

Protection against accumulation
of gases and vapors

Monitoring leakage of gas used in
extraction of oil from soybeans,
sesame seeds

Protection against hazardous
concentrations of gases in
unventilated areas

Instrument Houses. Protection
against bourdon tube rupture in
pressure recorders. Also leakage
of flowmeter transmitters.

Gas burning turbine - generators.
Monitoring piping leaks,

turbine seals

Hydrogen Sulfide and
combustible gas monitoring
Solvent monitoring

Combustible gas monitoring

Combustible gas monitoring

Combustible gas monitoring

Combustible gas monitoring

Methane
Propane, Pentane
Ethane, Crude Oil

Methane
Solvent Vapors

Crude Oil
Methane

Hydrocarbons
Gasoline, Benzene

Solvents, Crude Oil etc.

Solvents, Oils, etc.

Methane, etc.

Methane, Gasoline
Solvents, etc.

Hexane, Hydrogen,
Carbon Monoxide

Methane

Methane, Propane,
Process Gases,
Waste Gases

Methane

Hydrogen Sulfide,
Methane
Solvent Vapors

Propane

Solvent Vapors

Paint Vapors

Solvent Vapors

Catalytic Bead
Infrared

Infrared

Catalytic Bead
Infrared

Catalytic Bead
Infrared

Catalytic Bead
Infrared

Catalytic Bead
Infrared

Catalytic Bead
Infrared

Catalytic Bead
Infrared

Catalytic Bead
Infrared

Catalytic Bead
Infrared

Catalytic Bead
Infrared

Catalytic Bead
Infrared

Catalytic Bead
Infrared

Catalytic Bead
Infrared

Catalytic Bead
Infrared

Catalytic Bead
Infrared
Catalytic Bead

Infrared

Catalytic Bead
Infrared
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Combustible Applications

Industry Segments  Application

Gas

Applicable

Oil Tanker Pump
Power Plants
Margarine
Manufacturing
Semiconductor
Manufacturing
Printing Ink
Manufacturing

Paint and Varnish
Manufacturing

Vinyl Chloride
Manufacturing

Power Cable
Vaults

LNG Storage
Facilities

LNG Liquifying
and Regasification

Monitoring concentration of
vapors resulting from oil leakage

Hydrogen leaks, Generator
cooling

Hydrogenation of Edible Oils
in manufacturing margarine

Monitoring leakage of Hydrogen
used in manufacturing Silicone
Wafers

Monitoring concentration of
solvent vapors

Solvent Vapor manufacturing
Vinyl Chloride spills or breaks.
NOTE: This is a difficult

application. Do not sell without
specific factory approval.

Leakage of combustible gases
from adjacent pipelines
Leakage of LNG

Combustible concentrations
of Methane in confined areas

Hot Crude and Fuel
QOil Vapors
Hydrogen

Hydrogen

Hydrogen

Toluene Vapors
Toluene and
other solvents

Vinyl Chloride

Gases

Methane

Methane

Methane

Sensors

Catalytic Bead
Infrared

Catalytic Bead

Catalytic Bead

Catalytic Bead

Catalytic Bead

Catalytic Bead

Catalytic Bead

Catalytic Bead
Infrared

Catalytic Bead
Infrared

Catalytic Bead
Infrared
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Class |
Any location in which flammable gases or vapors are or may be present in the air
in sufficient quantities to produce an explosive or ignitable mixture.

Y

Class I, Division 1
Locations in which:

1. Ignitable concentrations of flammable gases or vapors exist under normal
operating conditions.

2. Ignitable concentrations of such gases or vapors may exist frequently because of
repair or maintenance operations, or because of leakage.

3. Breakdown or faulty operation of equipment or process might release ignitable
concentrations of flammable gases or vaporsnaigtt also cause simultaneous
failure of electrical equipment.

Class I, Division 2
Locations in which:

1. Volatile liquids or flammable gases are handled, processed, or used, but in which
the liquids, vapors, or gases will normally be confined in containers or closed
systemsrom which they carescape only in the case of accidentgdture or
breakdown of such containers or systems, or in case of abnormal operation of
equipment.

2. Ignitable concentrations of gases or vapors are normally prevented by positive
mechanical ventilation, and which might become hazardous through failure or
abnormal operation of the ventilating equipment.

3. Is adjacent to a Class |, Division 1 location and to which ignitable gases or
vapors might occasionally be communicated unless such communication is
prevented by adequate positive pressure ventilation from a source of clean air,
and effective safeguards against ventilation failure are provided.
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Class Il

Chapter 4

Any locations that are hazardous because of the presence of combustible dust.

Class Il

Any locations that are hazardous because of the presence of easily ignitable fibers
flyings, but in which such fibers or flyings are not likely to be in suspension in the
air in quantities sufficient to produce ignitable mixtures.

General Properties

Flammable gases and vapors are separated into four different atmospheric group

Group A -

Group B -

Group C -

Group D -

atmospheres containing acetylene.

atmospheres containing hydrogen, fuel and combustible process gas
containing more than 30% hydrogen by volume, or gases or vapors o
equivalent hazard (butadiene, ethylene oxide, propylene oxide, an
acrolien).

atmospheres such as cyclopropane, ethyl ether, ethylene, or gases
vapors of equivalent hazard.

atmospheres such as acetone, ammonia, benzene, butane, ethal
gasoline, hexane, methane, natural gas, naphtha, propane, or gases
vapors of equivalent hazard.

Flammable Dusts and Debris

Flammable dusts and debris are separated into three different atmospheric groug

Group E -

Group F -

atmospheres containing combustible metals regardless of resistivity,
other combustible dusts of similar hazard characteristics having
resistivity of less than 102 ohms per centimeter.

atmospheres containing carbon black, charcoal, coal or coke dus
which have more than 8% total volatile material or atmospheres
containingthese dusts sensitized by other materials so that they presel
an explosion hazard, and having resistivity greater than 102 ohms pe
centimeter but equal to or less than 108 ohms per centimeter.
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Group G - atmospheres containing combustible dusts having resisgrater
than or equal to 108 ohms per centimeter.

Infernational Electrotechnical Committee [IEC)

The IEC is composed of approximately 40 countries including the United States.
The purpose of the IEC is to establish standards for a wide variety of electrical
products with the intent of encouraging international trade.

The IEC has assigned a technical committee, TC 31, to develop recommendations
covering equipment, testing procedures and classification standards for areas
where the potential for explosion exists because of flammable or explosive material

present in the atmosphere.

Recommendations were based on explosion and ignition principles similar to
those used to develop Articles 500-503 of the National Electrical Code. They can
be found in IEC Publication 79, entitled, “Electrical Apparatus for Explosive Gas
Atmospheres.” This publication consists of several parts covering various apparatuses
intended for use in hazardous locations. It also defines the guidelines for classi-
fying hazardous areas. Instead of using Classes and Divisions, the areas are
defined in terms of zones:

ZONE 0 - anarea in which an explosive gas-air mixture is continuously present
or present for long periods. Generally, most industrial users try to
keep all electricabquipment out of Zone 0 areas.

ZONE 1 - an area in which an explosive gas-air mixture is likely to occur in
normal operations.

ZONE 2 - an area in which an explosive gas-air mixture is not likely to occur
and if it does, it is only for a short period of time.

ZONE 10 - an explosive atmosphere, resulting from dust which is present
continuously or for long periods of time.

ZONE 11 - a short-lived explosive dust atmosphere from unsettling dust
deposits.
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HazARDOUS
MATERIAL

Chapter

Classificarion Comparison

NEC
STANDARDS

IEC EURONORM
STANDARDS

Gas or Vapor Class I, Div. 1 Zone 0 and 1
Class I, Div. 2 Zone 2
Class Il, Div. 1 Zone 10
Dust Class I, Div. 2 Zone 11
) ) Class Ill, Div. 1 Zone 10
Fibers and Flyings Class Ill, Div. 2 Zone 11

3l



- Terminology




Aerosol

A colloidal system in which a gas, frequently air, is the continuous medium and
particles of solids or liquids are dispersed in it. Aerosol thus is a common term
used in connection with air pollution control. Settling velocity is very low so
particles stay in suspension for long periods of time.

Analyzer
Provides both quantitative and qualitative measurements of the composition of a
mixture or compound. Not necessarily continuously.

Boiling Point

At a given pressure, the temperature at which molecules move fast enough to
escape from the liquid surface. Solvents with low boiling points generate more

vapor at a given ambient temperature than those with high boiling points. They

are said to be volatile and are a high risk to store and handle. Solvents with high
boiling points produce little vapor unless they are at an elevated temperature. The
fire risk is therefore lower.

Colloid

A solid, liquid or gaseous substance made up of very small insoluble, non-
diffusible particles that remain in suspension in a solid, liquid or gaseous medi-
um of different matter.

Combustion
The rapid oxidation of a substance involving heat and light.

Diffusion

The movement of molecules away from a region of high concentration to a region
of lower concentration. The term “diffusion” denotes the process by which
molecules or other particles intermingle as a result of their random thermal
motion. If an enclosure contains two gases, the lighter initially above, the
heavier below, they will instantly begin to mingle because of their molecular
motion.

Endothermic
Characterized by or formed with absorption of heat.
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Appendix

Characterized by or formed with evolution of heat.

Explosion
Rapid, uncontrolled combustion process, which generates a high temperatu
a large volume of gas and a pressure or shock wave.

Flammability Range

Flammable gases/vapors have limits below, and above, which flame propagati
does not occur. The volume below which flame propagation does not occur
called the Lower Explosive (or Flammable) Limit (LEL). Below this concentration
the mixture is said to be too “lean” for a flame to propagate. The volume o
gas/vapor in air above which a flame does not propagate is called the Upp
Explosive Limit (UEL).

Flash Point

The minimum temperature at which sufficient vapor is formed near the surface «
the liquid to ignite it in the vessel in which it is contained. The lower the flash
point, the greater the risk.

Gas

A state of matter, in which the molecules move freely and consequently the enti
mass tends to expand indefinitely, occupying the total volume of any vessel in
which it is introduced. Gases follow, within considerable degree of fidelity,
certain laws relating their conditions of pressure, volume, and temperature. Gas
mix freely with each other, and they can be liquefied through compression or ten
perature reduction.

Monitor

Provides a quantitative measurement, not qualitative. It measures continuously
condition that must be kept within prescribed limits. It does not differentiate betwee
compounds.

Oxidation

The increase in oxygen content of a molecule. If an element combines with oxyge
it is said to be oxidized.
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Propagate
To spread from one place to another.

Sensor
Converts a gas or vapor concentration to an electrical signal output. It is a type of
“transducer.”

Solvent
The substance doing the dissolving, or present as the major component, in the
formation of a solution.

Spontaneous Ignition Temperature (SIT)
The minimum temperature to which a hydrocarbon must be heated to promote an
ignition, in the presence of air, without the application of flame or spark.

Vapor and Vapor Pressure

Used to distinguish a substance in the gaseous state, but below its boiling point
temperature. If a pure liquid partly filling a closed container is allowed to stand, the
space above it becomes filled with the vapor of the liquid, which develops a pressure.
This vapor pressure increases up to a certain limit, depending upon the temperature,
where it becomes constant, and the space is then said to be saturated.

Vapor Density

The weight of a volume of pure gas/vapor compared with an equal volume of dry
air at the same temperature and pressure. A gas/vapor with a vapor density
greater than 1 may travel at low levels to find a source of ignition. With a vapor
density less than 1, the gas/vapor tends to rise. Air currents, temperature
gradients and other ambient conditions can affect gas/vapor diffusion
characteristics, often more than vapor density.
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