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Section 1 

INTRODUCTION AND SUMMARY 

This report reviews the design and criteria for the Gas Monitoring 

System for the Southern California Rapid Transit District Metro 

Rail 
Project Starter Line. The report recommends that the current 

design basis be changed from remote sensors only to central 

Ianalyzers. The central analyzers will be augmented by remote 

sensors in certain areas if required. 

This recommendation is based on the hazardous gases being pre- 

I 
dominantly methane with some hydrogen sulfide (H2S) and occasional 

heavy hydrocarbons (HHC) mixed with the methane, as reported in 

the cited gas and geological surveys. 

The current design criteria requires remote sensors to monitor for 

I 
the presence of hazardous gases. The sensors activate alarms if 

gas concentrations approach an unsafe level. The proposed al- 

I 

ternative uses central analyzers to monitor ambient levels of gas 

concentrations in the exhaust ventilation shafts, and to activate 

alarms if there are any significant variations from the norm. 

The proposed central analyzer system will provide more sensitive 

I 
and reliable detection of gas than the remote sensor system. The 

capital, operating, and maintenance costs will be lower for the 

central analyzer system. 

I 

This report further recommends that remote sensors be provided as 

a backup at locations where there is a high probability of sig- 

nificant gas inleakage. 

To be effective, the Gas Monitoring System, whether central 

I 
analyzer or remote sensor, depends on the ventilation system to 

transport the gases to sensors or analyzer probes. The current 

1 
SCRTD A640 SDE7628 
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I 

ventilation system design can provide this function, except when a 

work train is in a tunnel section during nonrevenue hours. 

Procedures are needed to assure adequate air flow for sample 

transfer in a tunnel section being blocked by a work train. 

Also, it is suggested that computer programs be used to sequence 

fans to provide air flow in the tunnel during nonrevenue hours, 

and to assure air flow in the stations. 

In keeping with industry practice, the term "gas monitoring" 

refers to a continuous sampling-analyzing process. The term "gas 

detection" refers to a periodic or sporadic sampling-analyzing 

procedure, usually done with portable, hand-held units. 

SCRTD A640 
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Section 2 

SCOPE 

Home Office MRTC Task Order No. 0018 dated September 13, 1984, 

consists of the following items: 

Review existing criteria regarding gas sensor locations and 

recommend revisions and additions. 

Review operations and maintenance philosophy for gas sensors 

and establish criteria as required. 

Perform alternative analyses as required to support the work 

items above. 

The study does not address: 

Construction techniques to reduce or eliminate the chance of 

gas infiltration 

Estimating the quantities of gas that might penetrate into 

the system 

Changes to the scope of system, such as reducing the coverage 

of the system where gas infiltration is highly improbable. 

It is anticipated that more data will become available during 

construction. Appendix A contains a protocol for reevaluating the 

design criteria during construction. 

SCRTD A640 
02/15/85 
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Section 3 

REVIEW AND RECOMMENDATIONS 

3.1 CURRENT DESIGN BASIS - REMOTE SENSOR SYSTEM 

The current design basis was selected as a result of report 

WBS 14 CAE 12, "Alternative Analyses, Miscellaneous Mechani- 

I 
cal/Electrical Subsystems" prepared in August, 1983. That 

report compared a disbursed analyzer system with a remote 

I 
sensor system. The remote sensor system was recommended. 

The current system has since been developed to the design 

I 

shown in preliminary drawings DD 006, 7, 8, 9, 10, 11, and SI( 

283. That design calls for H2S and combustible sensors. The 

H25 sensors would be calibrated to read 0 to 50 parts per 

I 
million (ppm) H2S and have a sensitivity of 5 ppm. The 

combustible sensors would be calibrated to read 0 to 100 

I 
percent Lower Explosive Limit (LEL), and would have a sensi- 

tivity of 2 percent of full scale. 

A. Tunnels 

IIn the current design, combustible sensors for methane 

would be located at the top of the tunnels, adjacent to 

I 
every crosspassage (approximately 500 to 800 feet apart) 

throughout the subway. Combustible sensors for HHC and 

sensors for H2S would be located towards the bottom of 

each tunnel adjacent to each crosspassage between Union 

Station and Fairfax/Santa Monica Station. The limits on 

IHHC and H2S sensor locations were based on the areas 

where those gases were found by subsurface investigation 

I 

p 

I 
SCRTD A640 SDE7628 
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B. Crosspassages and Sump Rooms 

Methane sensors would be located at the top of all 

I crosspassages. H2S sensors would be located in all 

sumps 6 inches above water level to detect any H2S 

I. 

transported by seepage water. Between Union Station and 

Fairfax/Santa Monica, H2S sensors would be added to all 

crosspassages and HHC sensors to all sumps. 

IC. Stations 

In the stations, methane sensors would be located in all 

$ 
normally closed rooms that contact the soil. If these 

rooms are on the lowest level, HHC and H2S sensors would 

I 
be included from Union Station through Fairfax/Santa 

Monica Station. 

3.2 RELEVANT CONSIDERATIONS 

In order to critique this system design, it was necessary to 

review the following points: 

A. Location of Gassy Conditions 

Gas and geological surveys have found gassy or poten- 

tially gassy conditions from Union Station to Fairfax/ 

Santa Monica Station [1,2]. Test borings in the vicini- 

ty of the Starter Line alignment yielded methane, HHC, 

and 
H2S. In each case of HHC or H2S, it was mixed with 

methane and measured at significantly lower concentra- 

than the methane. This means the gas mixture can 

be considered to act like methane. Furthermore, the 

to monitor for HHC is negated by the overwhelming 

influence of the methane. Monitoring for H2S is still 

MTA LIBRARy 
SCRTD A640 SDE7628 
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I required because of its toxic properties and malodorous 

nature. 

I 
North of Fairfax/Santa Monica Station, slight amounts of 

methane were round. This indicates that the need for 

gas monitoring may be mollified (see Appendix A). 

I 
B. Mitigating Construction Techniques 

Three mitigating measures are being recommended for the 

I 
subway design to prevent gas infiltration into the 

system, and other measures are under consideration. 

Between Wilshire/Western and Fairfax/Santa Monica, it 

Ihas been recommended that the tunnel line will be 

constructed of gasketted steel sections. Other methods 

I are being investigated. 

I 
Precast concrete tunnel liners are used in most other 

sections. They will be coated externally with a gas- 

resistant membrane. In addition, they will be oversized 

1 (17 ft-1O in. diameter) to allow future installation of 

steel liners if necessary. Alternate construction using 

Icast-in-place concrete with a membrane will be per- 

mitted. 

Cast-in-place concrete will be used for crosspassages 

and stations. Details of membrane requirements and 

Iinstallation are being developed. 

IIn addition, if sustained high-pressure gases are 

encountered at specific locations during construction, 

they can be relieved by installing gas drainage systems. 

I 
It is believed that these measures will be generally 

successful and that gas infiltration will be limited to 

I 
SCRTD A640 SDE7628 
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relatively low quantities through most of the subway 

system. 

C. Comparison with Gassy Mines 

The report WES 14 CAE 12 and the current design are 

Ibased on methodology from the mining industry. This was 

done because most of the gas detecting and monitoring 

system technology was developed for use in mines. 

I Similar methodology will be appropriate for use during 

subway construction. However, the environment during 

I subway yoration differs from that found in a mine or 

durirc ccnstruction. The differences warrant consider- 

Iation of other gas monitoring methods. 

I 
In the U.S., checks for methane in gassy mines must be 

performed by using hand-held detectors (gas detection 

vs. gas monitoring) at the start of each shift and at 

I 20-minute intervals during the shift [3]. Measurements 

are made near the face, roof, and rib. Continuous 

$ monitors are mounted on automatic mining equipment 

working at the face. Continuous monitoring for methane 

Ithroughout the mine is not a common practice, although 

it has been done and is gaining new interest [3, 9, 10, 

I 
11]. Outside of the U.S., regulations may require 

continuous methane monitoring. In West Germany, for 

example, continuous monitoring is required in entry 

Iheadings and return air ways from coal faces [9]. 

IOne of the primary purposes of the ventilation system in 

a gassy mine is to maintain any gas concentration below 

I 
safe limits by dilution and removal. For methane, the 

usual contaminant gas, this level is 20 percent LEL. A 

I 
meter calibrated 0 to 100 percent LEL (for methane, 100 

percent LEL is approximately 5 percent methane by 

I 
SCRTD A640 SDE7628 
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volume) provides useful measurements in this en- 

vironment. 

The completed subway system is not truly analogous to a 

Iworking mine. Gas leakage is expected to be minor and 

sporadic rather than continuous as from a seam of coal. 

IHowever, the possibility of a sudden leak developing, 

which could result in a significant inflow of hazardous 

I 
gas, cannot be ignored. This leakage could occur as a 

point source, for example, at a flaw in the concrete, or 

I 
as an area source, for example, where gas leaks in 

behind the liner and diffuses through the concrete. 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
SCRTD A640 

1 
02/15/85 

It is anticipated that normal methane levels in the 

major part of the subway will be close to the Los 

Angeles area normal atmospheric concentration of 1 or 

2 ppm [7]. Any levels higher than the above-ground 

ambient should be a cause for investigation and, if 

necessary, corrective action as discussed later in this 

report. 

Discussion of Transport of Infiltrated Gas 

Movement of infiltrated gas is controlled by four mecha- 

nisms: buoyancy, ventilation, eddy diffusion, and 

molecular diffusion. 

1. Buoyancy: 

Gas mixtures predontinanted by methane are lighter 

than air and will rise. If, for example, a tunnel 

is sloping, the gas will tend to move along the 

roof in an uphill direction. The gas velocity in 

still air will depend on the concentration of the 

methane and the tunnel slope. The velocity could 

MTA LIBRARY 
SDE7628 
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Li 

be as high as 600 ft/mm when rising vertically. 

Methane velocities of 30 ft/mm have been reported 

in a 3 percent grade tunnel f 4]. 

IThe velocity will fall as the concentration of 

methane in ir becomes more dilute and the density 

Iof the mixture increases (i.e., approaches the 

density of air). 

2. Ventilation: 

Gas will tend to follow and move at the same 

velocity as natural or induced currents. These 

currents can be caused by above-ground pressure 

differentials, or forced ventilation from fans, or 

movement (the piston effect). However, 

lighter-than-air gas may accumulate in a layer at 

roof. A certain air velocity is then required 

to mix the gas with the air. This velocity, known 

as the layering velocity, is discussed below. 

3. Eddy Diffusion: 

When gas is introduced into an air stream whose 

I 
flow is in the turbulent regime, the gas will 

spread by eddy diffusion through the air stream. 

The diffusion (spread) will be perpendicular to the 

Idirection of air flow. Consequently, the gas can 

be detected anywhere in the cross-section of a duct 

Iafter having moved about 10 duct-diameters from the 

point of introduction. (The layering velocity 

I 
discussed below is well into the turbulent flow 

regime.) 

I 

I 
SCRTD A640 SDE7628 
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4. Molecular Diffusion: 

This is the mechanism by which a gas will diffuse 

through still air and some solids. It is much 

slower than the mechanisms discussed above, for 

example, in still air molecular diffusion is often 

measured in feet/hour where the others are measured 

in feet/minute. 

E. Layering 

Layers of lighter-than-air gases can exist at the roof 

of structures even where turbulent air flow is present. 

This is because work must be done against gravity to mix 

the lighter gases with the heavier air. The work is 

provided by the turbulent stresses in the air flow. At 

low velocities these stresses are low and, therefore, 

limit the amount of mixing that can take place. 

The quantity of methane that can be immediately mixed 

into the air flow can be calculated from a relation 

reported by Bakke and Leach [51. Table I show quanti- 

ties for several air velocities in a 17 ft-6 in. diame- 

ter tunnel having a 3 percent slope. 

It can be seen in Table I that methane infiltration 

rates of less than 1 ft3/min can be detected by a 

sensitive instrument if the ventilation flow is greater 

than 30 ft3/min (i.e., 0.06 ft3/min at 60 ft/mm with an 

alarm setpoint of 5 ppm methane). 

3.3 DESIGN CRITIQUE 

The following statements can be made relative to the current 

design basis for the Gas Monitoring System: 

SCRTD A640 SDE7628 
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Table I 

The Effect of Methane Infiltration Rate on Methane 
Concentration at Different Air Flows in a 

17 ft-6 in. Diameter Tunnel 

Methane 
Ventilation Maximum (2) Concentration 

Rate (u) Airflow(1) Methane at Sensor in 

in ft/mm in ft3/min Rate(V) in ft3/min ppm 

30 6,300 0.032 5 

60 12,600 0.26 21 

100 21,000 1.2 57 

200 42,000 9.6 228 

(1) 210 ft2 cross sectio 

11 (W) 1/3 
(2) L=-- ;L, 

37 (V) 1/3 

U 
V 
w 

Minimum (3) 
Methane 
Inf ii trat ion 

Detected in 
ft3 /min 

nal area assumed. 

the Layering Number = 6 for 3 percent 
slope per [5] 

= ventilation rate ft/mm 
methane flow rate ft3/min 

= 17.5 ft x 3/4 

(3) Assuming detector will alarm at 5 ppm. 

SCRTD A640 
02/15/ 85 11 
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A. When the air is still, i.e. with no ventilation and the 

I 
trains are not operating, a small gas leak could accumu- 

late to an unsafe concentration without triggering an 

alarm if the nearest remote sensor in the direction of 

gas flow is 500 to 800 feet away. It is not practical 

to locate remote sensors at the 50 feet, or less, 

Ispacing required for reliable detection in still air. 

I 
B. It is good practice to locate remote sensors at high 

points in the tunnel to take advantage of methane 

I 

buoyancy. With few exceptions, the tunnel high points 

occur at stations. 

IC. If the air in the tunnel is moving, whether due to fan 

operation, natural air movement, or piston effect, low 

I 
concentrations of gas are likely to go undetected by the 

remote sensors. The gas, which could indicate the start 

I 
of a gas leak, will be diluted by turbulence to below 

the sensitivity of the sensor within a short distance 

from the infiltration source. 

I 
D. The gas concentration in the air stream will not change 

I 
significantly from the time the gas is well mixed with 

the air flow until the next ventilation shaft is 

ireached. 
In summary, the overall gas monitoring effectiveness will be 

Iimproved by using sensitive instruments having probes located 

in each ventilation shaft, instead of using closely spaced 

Iremote sensors. 

I 

I 

I 
SCRTD A640 SDE7628 
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3.4 RECOENDATION - CENTRAL ANALYZER SYSTEM 

IIt is recommended that the Gas Monitoring System be designed 

with a central gas analyzer located at each station and at 

Ieach of the midtunnel ventilation shafts. 

IThe Gas Monitoring System for a typical station will have six 

probes, that is, one in each blast relief shaft and one in 

I 
each station ventilation exhaust shaft. The midtunnel 

analyzers will have two probes, i.e., one in each tunnel 

ventilation shaft. Each probe will be sampled at regular 

Iintervals, for example, 5 minutes every half hour. Each 

central analyzer will have two gas measuring instruments: 

Ione combustibles analyzer reading 0 to 25 ppm full scale, and 

one H2S analyzer reading 0 to 1 ppm full scale. These range 

I 
recommendations should be reviewed after tunnel construction 

is underway. 

IThe combustibles analyzer could be selected to measure either 

"methane only" or "total hydrocarbons" (which would include 

Imethane and HHC). Because the gas mixtures are dominated by 

methane, a "methane only" analyzer will provide indication of 

I 
a combustible gas leak. The "mehane only" analyzer will, 

also, be more reliable because of less ambient gas background 

I 
interference. If, during construction, HHC independent of 

is "total methane encountered, the use of hydrocarbon" 

analyzers should be evaluated for the affected section. 

I 
Table II (methane) and Table III (FI2S) list some instrument 

Itypes for measuring gas concentrations in the recommended 

ranges, and compares them with the remote sensors. 

Automatic calibration capability will be included for each 

analyzer. This feature will minimize false alarms. 

I 

I 
SCRTD A640 SDE7628 
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Table II 

Concentration Comparison 

Methane and HHC Detectors 

Percent Lower 

Parts per Percent Explosive 

Million by Volume Limit (LEL) 

Lower Explosive Limit* 50,000 5 100 

CATALYTIC SENSOR 
(Total Hydrocarbon) 

Minimum Range 0 to 50,000 0 to 5 0 to 100 

Maximum Range 0 to 50,000 0 to 5 0 to 100 

Sensitivity 1,000 0.1 " 2 

INFRARED ANALYZER 
(Methane Specific) 

Minimum Range 0 to 10 0 to 0.001 0 to 0.02 

Maximum Range 0 to 106 0 to 100 0 to 2,000 
Sensitivity 0.1 0.00001 0.0002 

FLAME IONIZATION 
ANALYZER 
(Total Hydrocarbon) 

Minimum Range 0 to 4 0 to 0.0004 0 to 0.008 
Maximum Range 0 to 100,000 0 to 10 0 to 200 

Sensitivity 0.1 0.00001 0.0002 

AMBIENT CONCENTRATIONS - 
L.A. NO MAIN STATION 
JULY - SEPT 1983: Total hydrocarbon daily high readings range from 3 to 9 ppm 

f8J. Normal atmospheric methane concentration is 1.5 ppm [7J. 

*Lower explosive limit for methane. 

:U1,.Ti1øi ,_ _. 
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Table III 

Concentration Comparison 

Hydrogen Sulfide Detectors 

Percent 
Threshold Limit Parts Per Million 

Threshold Limit Value* 100 10 

ODOR THRESHOLD 0.25 0.025 

REMOTE SENSOR 

Minimum Range 0 to 500 0 to 50 

Maximum Range -- -- 

Sensitivity 50 5 

ELECTRO-CHEMICAL ANALYZER 

Minimum Range 0 to 10 0 to 1 

Maximum Range 0 to 1,000 0 to 100 

Sensitivity 0.1 0.01 

PULSED FLUORESCENT ANALYZER 

Minimum Range 0 to 5 0 to 0.5 

Maximum Range 0 to 50,000 0 to 5,000 

Sensitivity 0.05 0.005 

AMBIENT <0.01 <0.001 

*Threshold Limit Value - Time Weighted Average (TLV-TWA) - the 
time weighted average concentraction for a normal 8-hour workday 
or 40-hour workweek to which nearly all workers may be repeatedly 
exposed, day-after-day, without adverse effect -- from the Ameri- 

can Conference of Governmental Hygienists. 

SCRTD A64O 
02/15/85 

15 SDE7628 
0015.0.0 



I 

I 

I 

I 

I 

I 

I 

I 

[1 

I 

I 

I 

I 

I 

Methane and H2S levels will be monitored during construction 

for safety purposes. Any known source of gas infiltration 

should be sealed off or drained as part of the construction 

work. If, despite these procedures, there is reason to doubt 

the effectiveness of the gas barrier at a specific location, 

remote sensors should be installed at that location. These 

remote sensors will be in addition to the central analyzer 

system. 

3.5 IMPACT ON VENTILATION SYSTEM DESIGN 

Positive ventilation must be provided to all areas where gas 

monitoring is required. This is to assure the infiltrating 

gases will reach the analyzer probe or remote sensor, and is 

discussed later. 

As most areas are now ventilated, few equipment changes will 

be necessary to meet this requirement. Positive ventilation 

is already provided in the crosspassages, sump rooms, station 

passenger areas, and most station (and rnidtunnel shaft) 

rooms. Other station areas not in contact with the soil do 

not need gas monitoring. 

Where the ventilation systems are thermostatically con- 

trolled, a timer override will be required to operate the 

system at a minimum duty cycle of 1 hour per day immediately 

prior to start of service, and 1 hour every 4 hours in cases 

of prolonged shutdown. These override functions could be 

provided by a computer program in the Rail Central Control 

(RCC). 

I 
During revenue service, the tunnels will be well-ventilated 

by the piston effect. Nonrevenue service ventilation of at 

least 60 ft/mm can be provided by operating the station 

Isupply fans in one station in conjunction with the UPE fans 

I 
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in the next [6}, unless a work train (or other significant 

blockage) is in that section of tunnel. The tJPE and station 

fans will have to be sequenced in order to provide the needed 

1 hour of air flow in each tunnel section during the 4 hours 

of nonrevenue service. This sequencing can be done by a 

computer program in RCC. 

Procedures based on actual air flow measurements should be 

developed to assure 60 ft/mm of air flow for 1 hour for the 

tunnel section where the work train is located. 
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Section 4 

OPERATIONS AND MAINTENANCE PHILOSOPHY 

4.1 CENTRAL ANALYZER EQUIPMENT 

A. Design Objectives 

The design objectives for the central analyzer equipment 

are: 

1. Sensitive enough to detect ambient levels of 

methane and H2S 

2. Simple, reliable, and requiring minimum maintenance 

3. Compatible with the Communications System. 

B. Components 

Each central analyzer system will consist of the follow- 

ing subsystems: 

SCRTD A640 
02/15/85 

1. Sample collection 

2. Sample conditioning 

3. Methane analyzer 

4. H2S analyzer 

5. Calibration 

6. Control and Communications System interface. 
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Although the gas measurement equipment is the most 

I 
critical component of the central analyzer, it is 

essential that the other subsystems operate reliably. 

IC. Gas Analyzers 

IThe gas analyzers are the heart of the system and are 

fairly complex instruments. Fortunately, there are many 

I 
industrial applications that require sensitive gas 

analyzers that are also reliable and robust. Several 

manufacturers make a range of suitable equipment. More 

Idetail is provided in Appendices B and C. 

IA nondispersive-infrared-type analyzer (NDIR) is recom- 

mended for measuring methane. The NDIR methane analyzer 

I 
does not detect other combustibles or HHC. This is 

advantageous because the ambient background level of 

I 
methane stays fairly constant, whereas the ambient HHC 

concentration in Los Angeles varies with the daily smog 

cycle [7,8]. The NDIR will, therefore, allow more 

Ireliable alarm settings than a total hydrocarbon-type 

analyzer. 

An ultraviolet, pulsed fluorescent analyzer appears to 

I 
be better suited at H2S 

however, 

monitoring for this application; 

other analyzers are under consideration at this 

time. 

I 
D. Support Subsystems 

The sample collection subsystem consists of a set of 

valves, tubing, probes, and pumps. The tubing can be 

I either stainless steel or a high quality synthetic such 

Imended 

as Teflon (TM) or PVC. 

because they can 

Teflon or PVC tubing is recom- 

be routed through the conduits 

I 
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presently in the design for the remote sensor wiring. 

I 
The valves are 

displacement 

usually solenoid valves and the pumps 

A degree positive pumps. moderate of 

overdesign is recommended to minimize maintenance 

Irequirements. A sample pump will continuously draw a 

sample from each probe to maintain a current sample in 

Ithe sample line. A second pump will draw the sample 

through the gas measuring instruments. 

The sample conditioning subsystem will consist of 

filters and other gas treatment components, such as 

Idrying, heating, or scrubbing devices, that may be 

required for the analyzer selected. These components 

Iwill be selected for minimum maintenance and maximum 

protection of the gas measurement equipment. 

The calibration subsystem will consist of sample gas 

containers and solenoid valves controlled by the analyz- 

Ier microprocessor. The subsystem will provide automatic 

routine calibration and will confirm gas measurements 

Ithat deviate from the norm. 

I 
The control and Communications System interface subsys- 

tem consists of the hardware and software required to 

I 
control the other subsystems and to transmit the gas 

measurements, alarms, and status indications to the 

Communications System. The subsystem will allow RCC to 

1 
interrogate the gas monitoring system and to adjust the 

sampling sequence. 

4.2 DETECTION EFFECTIVENESS 

Ideally, a gas sensor (or probe) should be located as close 

as possible to the source of the gas. As the distance 

Ibetween the sensor and the source increases, the 

I 'T4 LIBRARY 
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representativeness of the reading decreases. In still air, 

I 
the rate at which the gas diffuses toward the sensor is slow. 

be below The detected concentration can well the source con- 

even with relatively closely spaced sensors. Icentration, 

If the air velocity is sufficient to prevent layering, good 

Imixing will occur within 10 duct diameters of the gas source. 

The air movement will, however, dilute the gas to a lower 

I 
level than could potentially build up. For example, a 

leakage rate of 1 ft3/min could generate an unsafe concen- 

tration of methane if allowed to accumulate overnight. With 

air flow, the mixture will measure 50 ppm when diluted by 

20,000 ft3/min of air. The 50 ppm would not be detected by 

Ithe remote sensors proposed under the current design (their 

lower detection limit is 1,000 ppm, see Table II). 

During revenue service, the peak air velocity in the tunnel 

may reach 1,300 ft/mm (275,000 ft3/min) for short durations 

Iin front of the trains. Even though the 1 ft3/min leak will 

be diluted to 4 ppm, it will be detected by the central 

Ianalyzer system. 

' Thus, effective ventilation, which is required to transport 

the gas from its source to the sensor, will dilute the gas to 

I 
a level where a sensitive analyzer is required. Similar 

considerations apply to station monitoring. 

1 The operating philosophy will be to maintain adequate venti- 

lation in all areas that require gas monitoring. Areas that 

Iare not ventilated during nonrevenue hours will be ventilated 

for at least 1 hour before service resumes. 

Normal variations in gas concentration readings will be 

established during the commissioning phase, and appropriate 

Ialarm levels will be set. Alarms which occur will be 

I 
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verified by the automatic calibration feature before being 

transmitted to RCC via the Communications System. 

Depending on the actual concentration, the appropriate action 

will include checking for leaks with handheld detectors 

during nonrevenue hours. If the concentration exceeds a high 

set point, service interruptions will be required until the 

source of the gas can be located and corrective action taken. 

4.3 TRANSFER OF GAS TO PROBES 

A. General 

The ventilation system is complementary to the Gas 

Monitoring System and serves three related functions: 

Purge: The air flow will remove gas from an area. 

. Dilution: The air flow will be used to dilute gas 

concentrations. 

Transfer: The airflow will transport the gas from 

its source to the Gas Monitoring System and to the 

atmosphere. 

The following discussions only address the transfer 

function. 

B. Stations 

Station (and rnidtunnel shaft) ventilation systems are 

being designed to provide at least 10 air changes per 

hour in most areas. This is adequate to allow detection 

of gas infiltration long before an unsafe level occurs. 

MTA LIBRARY 
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However, providing a ventilation capability does not 

I 
assure that it will be used. For example, a methane 

sensor would not be removed or deactivated unless a 

deliberate decision had been made to ignore the methane 

Ihazard. A decision to deactivate ventilation in a 

certain area could be made by someone unaware of the 

Ipotential implications. This can be mitigated by 

properly placed signs - such as a: "POTENTIAL GAS 

HAZARD, CONTINUOUS VENTILATION REQUIRED." 

I 
As stated earlier, timer override, or equivalent, is 

required to activate ventilation in all station areas on 

a regular schedule for gas monitoring purposes. The 

Imonitoring system for stations will be most sensitive 

when Under Platform Exhaust (UPE) fans are not running 

I(less dilution in the station vent shafts), therefore, a 

daily check immediately before service starts is 

Irecommended. 

C. Tunnels and Crosspassages 

During revenue hours, the piston effect will provide 

Ienough ventilation to move representative air samples 

from any part of the tunnel to the central analyzer 

Iprobes. 

Ition 

During nonrevenue hours, the air sample transfer func- 

be by tJPE fans can provided using the and the 

station supply air fans {6). The velocity of 60 ft/mm 

Iobtained is adequate to meet the sample transfer re- 

quirements of the Gas Monitoring System, although higher 

I 
velocities may be required for gas purging. As stated 

earlier, procedures are needed for assuring an airflow 

of 60 ft/mm when a work train is blocking a tunnel 

section. 

I 
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Gases in crosspassages and sump rooms will be detected 

because the crosspassage ventilation fans are used to 

move the gases into the tunnel airflow. 

4.4 COMMUNICATIONS AND ALARMS 

The gas analyzer will be controlled by its own rnicroproces- 

sor, which will perform the following functions: 

Select probes for monitoring. 

Display the last reading from any selected probe, on 

command from RCC. 

. Adjust the monitoring sequence on command from RCC. 

Initiate an alarm if any reading is outside normal 

limits; initiate calibration functions to confirm alarm 

readings before transmitting the alarm. 

Initiate calibration functions on a regular schedule or 

on command; inhibit alarms when calibration is being 

performed. 

Initiate "probe plugged" alarm if a probe is plugged. 

Initiate "calibration fail" alarm if the calibration 

procedure is not completed successfully. 

Provide self-diagnostic functions, and initiate "fail- 

ure" alarm when warranted. 

Outputs from the microprocessor will interface with the 

Communications System for transmission to EMP, AEMP, FSCP, 

and RCC as appropriate. 
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4.5 CALIBRATION AND MAINTENANCE 

A. Calibration 

The proposed analyzers will be equipped with self- 

calibration capability. Any readings can be verified 

from RCC. Routine calibration will be performed 

automatically. 

B. Maintenance 

SCRTD A640 
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Routine maintenance will consist of regular inspections 

to check for leaks, plugged probes, low calibration gas 

level, replace filters, etc. 

Repair-type maintenance will be in response to alarms 

from the analyzer microprocessors and will consist of 

normal instrument repair activities. 
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Section 5 

ALTERNATIVE ANALYSIS 

This analysis compares on the current remote sensor design 

with the concept of one central analyzer system per station 

and one at each midtunnel shaft. 

5.1 REMOTE SENSOR SYSTEM 

A. Equipment Cost 

Equipment cost for a remote sensor system is based on 

$1,100/sensor which includes the sensor and one control 

module for 16 sensors. 

1,308 sensors @ $1,100/sensor = $1,438,000 

Calibration tubing 64,000 

Total $1,502,000 

(Does not include installation cost) 

B. Operating Cost 

Cost of Power @ 25w/sensor 

x 8,760 hr/yr 

$0. 07/kwhr 

1,308 sensors = $20,000/yr 

C. Maintenance Cost 

The primary component of maintenance cost is the 

calibration cost. 

MTA LIBRARY 
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1. Tunnel Sensors 

There are 548 sensors in the tunnels 

allowing 0.5 man-hour/calibration 

12 calibrations/year/sensor 

= 3,288 hours/yr 

Travel time in the tunnel, 18 miles long, is 

(18 + 50%) miles 

x 1/2 hr/mile 

x 12 trips/yr = 327 hours/yr 

Total calibration time in tunnel = 3,615 hours/yr 

@ $25/hr = $90,000/yr 

2. Station Sensors 

760 Sensors x 0.5 x 12 = 4,560 hours/yr 

x 25 = $114,000/yr 

3. Allow one man full-time for shop support 

= 2,080/hr/yr x 25 

TOTAL MAINTENANCE LABOR 

5.2 CENTRAL ANALYZER SYSTEM 

A. Capital Cost 

H2S analyzer 

Methane analyzer 

Probes, valves, pumps, pre- 

conditioning, and tubing 

Microproces sor 

SCRTD A640 
02/15/ 85 

27 

$52,000/yr 

= $256,000/yr 

$11,000 

10,000 

12,000 

13,000 
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Cabinet and assembly 4,000 

Calibration equipment 9,000 

Cost/Analyzer $59,000 

Total cost for 20 analyzers $1,180,000 

B. Power Cost 

Central Analyzers - 0.7 kw x 20 systems = 8,760 hours/yr 

x $0.07/kwH = $8,500/yr 

Cost of additional ventilation power 

Crosspassages 115 x .06 kw x 8,760 x .07 = $ 4,231/yr 

Stations (Allow 0.5 kw) = 6,132/yr 

Total $18,863/yr 

C. Maintenance Cost 

Allow one man full-time = $25/hr x 2,080 hr/yr = $52,000 

5.3 COST SUMMARY 

SCRTD A640 
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Capital Cost 
(Equipment) 

Oteratina Cost 
Power 
Maintenance Labor 

Total (SAY) 

Cental 
Analyzer 

$1,180,000 

18, 600 
52,000 
$70, 000/yr 

Remote 
Sensor 

$1,500,000 

20,000 
256,000 

$276,000/yr 
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Appendix A 

GAS MONITORING SYSTEM REVIEW PROTOCOL 

IThe Gas Monitoring System will provide gas monitoring 

throughout the subway system. Both the central analyzer 

Isystem and the remote sensor system can be retrofitted. 

No criteria have been prepared for deciding if gas 

I 
monitoring is not required for a particular line sec- 

tion. The purpose of this appendix is to develop a 

protocol for reviewing data obtained during construction 

1 to determine whether installation of the Gas Monitoring 

System can be safely deleted or postponed in certain 

Isections of the subway. It also addresses the location 

of remote sensors in those areas where a significant 

probability of gas leakage is anticipated. 

I 
The circumstances under which areas of the subway would 

be relieved from the requirement for gas monitoring are: 

1 1. Where there is no evidence of gas or oil bearing 

geological strata in the vicinity of the structure. 

2. Where the underground construction is demonstrated 

Ito be permanently impervious to gas infiltration by 

design and construction techniques which are 

verified by a quality assurance and testing 

Iprogram. 

The following steps are necessary before determining if 

the gas monitoring system is needed in a particular 

section of the summary: 

1. A gas detecting survey program is required by 

ICAL/OSHA during construction. Although the primary 

MTA LI8Ry 
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reason is for construction safety, the program 

I 
requirements and results should be coordinated with 

the District. 

2. Using the results of the gas survey program and 

working with CAL/OSHA, determine if a section of 

the 
line is considered nongassy. It is tentatively 

recommended that if no measurements of methane at 

I 
or above 5 percent LEL are observed during con- 

struction of a line section, then there will be no 

I 
need for gas monitoring of the tunnel section 

during operation. The deletion of gas monitoring 

for the station should also be considered. Period- 

IIc surveys using portable detectors may be desir- 

able in certain of these areas. 

A review of the geological strata encountered 

I 
during tunnelling by a qualified geologist will be 

required to support this recommendation, as will 

confirmation of the construction techniques used 

Ifor preventing gas leakage. 

' Areas where methane in excess of 5 percent of the LEL, 

or where the odor of H2S continues to be observed after 

I 
construction is completed, will require remote sensors 

to augment the central analyzers. 

1 

I 

[1 

I 

I 
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Appendix B 

EQUIPMENT SURVEY 

1 Central analyzer systems have been developed for many 

applications, such as monitoring by the EPA, process 

Icontrol in the chemical and electrochemical industries, 

industrial toxic gas monitoring, stack gas emission 

I 
monitors, and carbon monoxide (CO) detection for fire 

prevention in coal handling systems. Component and 

I 
material selections must be suitable for the operating 

environment. The environment in the subway will be 

among the least hostile of the applications cited. 

IReliable components can be selected without resorting to 

exotic materials. 

This appendix will discuss the gas analyzers only, 

I 
because they are critical to the operation of the 

system. However, it is important that the quality of 

all the subsystems be at the same high standard. Any 

Isubsystem failure will render that analyzer inoperative. 

1 
In Appendix C are data packages from four vendors: NSA, 

Thermo-Electron, Interscan, and KVB. The first three 

I 
manufacture analyzers and central analyzer systems. KVB 

manufactures central analyzers systems and selects the 

analyzers from the marketplace according to the require- 

Irnents of the application. KVB tentatively recommends 

Hariba & Monitor Labs as potential suppliers for the gas 

Ianalyzers. 

A. Methane Analyzers 

Ii. Nondispersive Infrared Analyzers, e.g. TECO 

Model 48A, measures the characteristic 

I 
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absorption of infrared light by a gas at a 

I 
specific frequency. Although interference can 

be a problem when two gases with similar 

infrared spectrums are present, methane is 

Iessentially interference-free. 

IThe sensitivity can be as low as 0.01 ppm for 

methane, and full scale ranges are available 

between 0 to 0.5 ppm and 0 to 10,000 ppm. 

An analyzer can cost up to $10,000. 

Because this type of analyzer can be used for 

Idetecting many gases, several manufacturers 

make rugged units for different industrial 

Iapplications. 

I 
2. Flame Ionization Analyzers, e.g. MSA Total 

Hydrocarbon Analyzer, measure the ionization 

produced when carbon atoms are oxidized in a 

1 flame. Although they are typically less rugged 

than an infrared analyzer, flame ionization 

Ianalyzers are the EPA standard means for 

measuring the hydrocarbons in ambient air. 

The measurement is not specific to methane, 

which allows the detection of HHC. This is a 

Idisadvantage because the concentration of 

nonmethane hydrocarbons varies significantly on 
Ia daily cycle in the Los Angeles area atmo- 

sphere because of photocherriical reactions with 

I 
nitrogen dioxide. A "methane only" analyzer 

will have a more stable background. 

Lii 

I 
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B. H2S Analyzers 

I 
1. Electrochemical Analyzers, e.g. Interscan, 

measure the electric current generated by a 

I chemical reaction between the gas and the 
sensor chemical, which for U2S is lead oxide. 

I 
The main disadvantage with electrochemical 
analyzers is interference from other species. 
Interference from captans, other sulfur corn- 
pounds, and oxides of nitrogen can be expected 

I with H2S monitoring devices, and a scrubber is 
required. 

IThese devices are normally used for industrial 
air quality monitoring. They are rugged enough 
to be portable, sensitive to 0.01 ppm, and 

Irelatively inexpensive ($6,000). 

2. Ultra Violet Pulsed Fluorescent Analyzers, e.g. 

I 
Thermo--Electron Model 45, use the fluorescent 
properties of sulfur dioxide (SO2). When 
exposed to a pulse of ultra violet light, SO2 
fluoresces for a period after the exposure. 
IThe intensity of the fluorescence is measured. 

To be effective with E,S, the gas sample must 

I 
first be scrubbed of SO2, oxidized to SO2, and 
then measured. A sample time of up to 5 
minutes is required to complete this procedure. 

I 
Sensitivity is 0.002 ppm, and cost is approxi- 
mately $10,000. 

El 

I 

I 

I 

I 
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THERMO ELECTRON 

INTERS CAN 

KVB 
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Mine Safety Apphances Company 600 Penn Center Bouevard . Pittsburgh, Pennsylvania 15235 
1-800-MSA-IN5T 412/273-5000 Wntr's Direct DaI Number 

October 11, 1984 

R. Kaiser Co. 
Attention: Mr. Cris Rayner 
Box 23210 
Oak.land, CA 94623 

Gentlemen: 

In response to your request to this office, we are pleased 
to provide MSA Data Sheets for the Total Hydrocarbon Analyzer 
and the Multi-point Air Monitoring System. 

We trust the enclosed information will be sufficIent to fulfill your current requirements. Should you require 
additional information or if MSA may be of any further service, please do not hesitate to contact this office or 
your local A Sales Engineer, Mr. John Riehi. 

Sincerely, 

Richard Bryer 
Instrument Divisicn 

aw 

Enclosures 
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Preface 

The ever increasing e hasis on protecting the health and. safety of the 
in&tvidual in the vorkpls.ce or other specific enviretnent has dranaticaUy 
increased the euient available. 

Ma' inufacturers nov offer such equ.ient. The eçuient is offered vith 
many levels of perfcran:e, quality and. degree of engineering sophistication. 
To further ccplicate the picture many options are available. 

Obviou.sly all applications are not the sane. Each must be evaluated to 
determine the opti system design. Over 30 years' experience in 
area. monitoring has provided 'SA with the engineering data base necessary 
to match system per'orna.nce with the real life field eroent. 
The folloving guide is provided to insure the user obtains a system that 
most c.losely fits his needs 
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PART I 

T STJJTARD BASIC SYST 

The following describes the ba.sic MSA )fultipoint Area 4onitcring System, The 
destgm and. materikis selection reflects the field. eXperience gained. 
on hundred.s of st11e.r systems. 

A. The System elosiire 

The system is housed in a general prpose steel :abnet. The controls 
and readouts are available on the front panel. A rear access door 
allows convenIent access to all sample system cnents. The cabInet finish is a textured. blue polyurethane paint; the front panel is b.lack. 

SIze: 2. 12 Points 8W' high, 28" wide, 28" dee; 

13-.2e Points 8W' hIgh, 56" wide, 28" dee; ' 
3. The Samle flow System 

The aemple handlIng system is a..s important in assuring ;erThrma.nce e.s 
the Analyzer itself. It must ;r Id.ea contimurus regu.ated flow of 
c.ean, we.0 filtered. sample, undiluted. by leka-ge. Its ;a.rs must 
be nonreactIve and nonsd.scrbemt to the component of interest In the 
sample. o constituent of the sample shoui4 cause deterIoration. 

I 

I 

I 

I 

I 

I 

I. 

The need. for sample system inte'ity is read.12.y apparent when you 
consIder that a. system with a. 30 second .dwe. tine per 
point mu.st switch sample streams over 1,000,000 imes in a. year. 

1. The? 

MSA uses a dual bead ADI ptp. One head feeds the sample to the 
Analyzer; the other provides a. continuous bypass (sample draw) 
on all points not being fed to the Analyzer. Continuous 
bypass is essential in insuring a. fresh sample flow, If a. 
system has sore than tve.lve sample points a tour bead ptp is 
used, with three heads in parallel providing bypass. 

NSA uses the ADI pmp because it has demonstrated superr 
quality and long term reliability. 

* cte: Under some circi.stances 13 through 18 points can be provided in a. 
28" wide cabinet. 
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2. Internal Sanle Lines 

AU lines wtlere flay or back pressure are eritica.t az"e--3/8" O.D. polyethylene ti.bing. These lines offer' the hIgh itrerigti and 
chemica.l compatibility necessary for most applications. - 

Note: Complete compatibility of the sample system parts vith 
aU constituents of the sample mu.st be considered.. 
Optional sample system materials. a.re ava.tla.ble when 
the application dictates. Always state the expected 
sample composition when specifying a system. 

3. Se=nle Fittings 

Eigh çuality brass Svagelok fittings are used. to eliminate 
leakage that could. lea.d. to error or hazard. 3ulkea4 fittings 
are provided at the top of the cabinet for :ero,s;an, exhaust 
and. sanp.le lines. 

14, SolenoId Valves 

1 Eigh reliability discreet solenoid valves mounted to a econ 
bracket and connected with ind.ividual lines and fittings, are 

Iused for stree.n switching. 

This method has proven superior to the cccn manifold or coon 
rotary valve approach in eliminating cross-leakage between sa=ple 

I 
lines and the leakage of outsIde air into the system. The discreet 
method, also offers advantages in maintenance and. in reducing the 
possibility of total system failure. 

1 5. 

clean sample is necessary for proper Analy:er Thnction. Costly IA 
Analyzer maintenance and increased system downtime is the penalty 
paid for insufficient sample filtering. !nd-of-line filters are 
simply not enough 

I The NSA system uses three internal filter stages: 

I 
(1) Be.lston Filter Coalescer to filter down to 0.6 mIcrons 

and remove condensate water. 

I(2) Special 0.3 micron, large voli..e NSA filter. 
(3) In-line 0.3 micron filter just before the Analyze:. 

IAU fi.ters have easy to replace cartridges. 

I 

I 
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6. Three Way Selector Valve 

A front panel nounted three va' selector va.lve is provid.ed. to 
select ms.nually tither the saple zero or span ga.s stresm. 

7. Plowneteri -. 

A flowmeter with flow a.d.j.stment is mounted on the front panel 
of the system cabinet to indicate and tune the sample flow to 
the Analyzer. 

A second. flowneter is provided to monitor the bypass flow of the 
sample stream being red to the Analyzer. The rate of bypass 
flow is an indication of punp performance and that the sample 
line is clear. 

C. Solid. State System_?oaer 
1. ane=ent 

The MSA solid state system is a modular arrannent of circuit 
boerz designed. to perform all of the 

se;uencing1 timing, a.la-m, 
horn and. other functions reçuired. for the operation of ultipoint 
monitoring systems. 

All circuit boards are mounted inside the IA 12 cabinet. All crols end. ind.i cation lamps are mounted on a. hinged. panel 
located. behind the cabinet door, which has a. p ycarbonate window, 
permitting all controls and. indications to be 'risb1e. The 
cabinet door is lockable, thus limiting access to the controls 
to authorized. personnel. OptIonal born sIlence end anual reset 
push-button operators are available on the cabinet door allowing 
these functions to be reset without unlocking the door. 

It should be noted that a recorder is not used as the system prograer. The recorder is slaved to the solid state progrer 
with synchronization controlled by the prograer, Recorier 
failure will not affect the rest of the system. 

2. Oeration - General 

The system has three modes of operation. 

(1) The normal operatIng mode is "automatic", vereby all points 
a.re sampled seq.uentlally for a preset time interval. The 
optional alarm circuits are activated. in this mode. 

(2) The "callbra.t&' mode deactivates all sequencIng and. alarm 
functions and allows the analyzer to be calibrated without 
disturbing any other circuits ifl the syst. 

(3) The manual mode allows a single sample pcimt to be selected 
and sampled indefinitely if desired. Alarm cIrcuits, if 
included, are active in this mode. 
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I3 Ceration 

Imode viii be described i detail in con,junction with 
the options.l two level selective s.larm with horn. The sequencer board 
sanpies each point for a preset interval adjustable from 10 to 180 sernd.s, 

I 
typically 30 seconds per point. The oit;ut triacs of this board, 
power the solenoid valve and sanpie light associated with each point. 
After approximately 25 seconds of sanpling each point a permissible 

I 
alarm pulse ii generated. During the period of this pulse, the 
alarm detector board o.tput is enabled to see it an alarm cond.ition exists. This delay period (25 sec. nominal) aUvs the analyzer 

I 
sUfficient tine to stabilize on the gas being sampled. for that 
point. It the concentration exceeds the set point for warming 
(the lover of the two alarm levels), the horn will sound and a 
warming lanp (amber) associated with that point will illuninate. 

I 
The horn may be silenced by depressing the "horn silence" button 
momentarily. The seçuencer viii continue scanning the other sample 
points. The next sampling cycle around when the sequence: reaches 
Ithat point, one of three possible conditions will exist; 

(1) It the concentratIon has fa.11en below the warning set point, 
Ithe amber light viii go out (after the alarm delay pulse). 

(.2) Conditions viii remain unchanged, in whIch case the a.mber 
lamp continues being lit and the horn does not sound, since 
Iit bad been silenced on the origInal cycle. 

(3) The gas concentration could have increased beyond the alarm 

I 
(higher level) set point. This would cause the horn to 
again sound, since it is a new condition for that. point, am 
a. red alarm lamp assocIated with that point would illinate. 

I 

ILiberal use of light ittimg diodes (LS) throughout all cIrcuit 
boards permit the operator to observe visually the operation of the 

I 

system. Although the system has been designed with reliability in 
n.ind., it has also been designed. for ease of service. Io special 
test equient is necessary other than an ordinary m.ltineter. 
By observing the patterns of L 's and. possIbly itimg a few key 

I 
voltage mas.surements, a technician can ra.pid.ly diagnose a faulty 
board and. replace it in a few minutes. 

I 

I 

I 

I 
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. Readouts isolays 

1 
1. Concentration The concentration of the component being mea.sed is 

displayed. en the meter of the Analyzer. The Analyzer is mcumted. in 
I' the front panel of the system cabinet. 

2. The folloving incandescent indicator lanps are provided, on the front 
panel of the system prograer: 

I 
P.=p Pvver 
Calibrate (shows system is in the calbrate mode) 

I. Sample point (one lamp per point) 

E. Analyzer 

I 
The Analyzer selected viii depend on the specific analysis to be made. 
It nay 'be a Conbustble Ga.., Model 513, an Inf:ard. Model 202 or 3C3 

Lire or acme other Analyzer. 

I. in all cases the Ane.lyzer is unted. in the front panel of the systems 
cabinet. AU a usents and Analyzer service cam be performed fr 

I 

the front. 

Separate data sheets are available for each Analyzer. 

IF. System Power 

The system operates on 120 VAC 60 Ez power. Power consiton depends 
on system size and the specific Analyzer, but is usu-lly less than 

I1000 VA. 

A separate ciroi..it breaker-switch is provided, on the front panel of the 
Iprograer for ;; power and main power, 

The system will also work with 50 Ez, 120 volts. 

G. 

1. When the sample line length exceeds 600 ft additional pi capacity 
Imay be needed. 

2. If the shortest sample line is less than 70% of the longest, line 

1 
balance valves shou.ld be used. 

3. In the standard flow system.s semple vetted materials are: 

IPolyethylene - Tubing 
3ra.ss - Fittings 

- Filter housing 

I 
- Balstcn filter bowl 

Buna N - 0- rings 

1 
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PART II 

OPTIONS AVAILABLE BASIC SYST4 

1. Syste Cabinet 

(a) Ne.a 12 Industrial Use Dusttight and 

Designed. for use in those industries where it is desired. to exclude such naterials or dust, lint, fibers and flyings as veil e.s splashing, seeping or dripping of noncorrosive liqu.i&s. 
(b) Nena Watertight and Th..sttight Indoor. 

Designed. to protect the system against splashIng or see;a.ge of water, hose &irected water and severe external condensation. 
2. Sle System Cnonet Material 

(a) Coper lines with brass fittings. 
(b) AIini lines with a1ini fittings. 

These materIals are used where adsorption of the sa.p1e component of interest might take place in the standard. po1yetylene lines. 
Cc) Stainless Steel. 

Stainless steel sanple lines, fittings and floneters are used where a corrosion problem exists. 
3. Line Ba.laee Valves 

Used. where the flow rate tur4rg of each sample lIne is desIred. These valves are mandatory where large differences in external semple line lengths exist. 
Note: Always state appro"te lengths of aanle lines when specifying a system. 

MTA UP 
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e. NcnSelective Als.r 

(a) Single Level 

One slaz light coon to all sanpie points. Sa.nle point 

I 
sequencing viii stop and the syzte= renain on the sanpie 
point vhere an ala.z first occurred. Sequencing viii 
continue on manual coa.nd or vhen the alarm condition 
Iclears and the system is nually reset. 

(b) DualLee1 

Sa.me as (a) except that there are two levels of alarm with 
a light for each. 

1 
5. EL:gle Alarm Level Selective Type 

A d.iscreet a.la.rm is provided for each sanpie point. An alarm light 

I 
is provided for each sample point. System sequencing continues 
nor.fly if there is an alarm. Three versions are available: * 

I(S) The alarm will reset automatically if the level goes below the 
/ alarm point when that point is on sample or it can be reset 

manually when that point is not on sample. 

I(b) Automatic only. 

(c) Manual reset only. 

1 6. ua.l Alarm Level Selective Ty 

I 
This is the sane as option 5 except there are two alarm levels. o alarm 
lights are provided for each point (one for each level). It is available 
in the same three versions as option 5? 

I(a) Automatic and nanua3. reset. 

(b) Automatic reset only. 

(c) Manual reset only. 

I* Version can be changed in the field by moving ji.pers on the prograer 
circuit board.. 

I 

I 

I 

I 
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, Audible A.larn (Used With Ootions Through 7) 

IA 90 d3 horn will sound wte the slain level is reached.. A horn 
silence button ii provided on the prograer panel. . 

Iversions are 

(a) Single alarm level or dual a.larm level where the born is Iactt by the low and. high level. 

(b) Dual leel a.larm where the born nay be activated, by one 
Ilevel only (either level). 

5. Trouble Packaze 

I 
This option is an electronic nodule with individual Ls to indicate 
specific systen problens. It is mounted inside the prograer housing. 
A coon trouble light is located on the front of the swing-out 

I 
prograer paneL If the audible alarm option (7) is included, the nodule 
can pulse the horn with adjustable pulse duration. The horn cannot 
be silenced until the condition is corrected.. 

I. 
available: 

The trouble package indicates the following: 

I. Flow failure to Analyzer. 

Power failure on power or se;uencing board.s. 

I. Failure to sequence. 

I. Analyzer below zero by 5% or nore 

Three combinations of the trouble package are available: 

(a) Used with single level alarm. 

(b) Used with dual level alarm. 

(c) Used with dual level a.la.rm; does not have Analyzer below zero feature. 

I9. Lap Test Circuit 

A switch circuit that lights all sample point and a.larn indicator 
lamps at once to check for burned-out indicator bulbs. 

I10. Alarm Level Adjust With Visual Ind.ieator 

I 
An analog meter with two pointers (one for each alarm level) is used. 
to set the alarm level value. The ya'lue is set by noving the indicator 
to the desLred reading using an adjusting knob. 

I 

I 
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11. Point Cutout IA switch for each sample point is located on the front of the swing-out 
progreer panel. T.irning off the sanpie point switch allows it to be 
skipped in the sequencing. - . 

1 12. Becor4!r 

(a) The preferred recorder is the Vestronics M lIE. The M lIE has an 

I 
eleven inch chart width. It is available for any nber of sa=plc 
points. 

I(b) Westronics M 5!. Sane as (a) but has a chart width of five inches. 

Cc) L & N Model V - Chart vith approxin.ately 10 inches. Available for 

1 
.systens with 2, 3, 14, 6, 12 and 21e points only. 

Ld) L & N Model K - Chart vith aix inches. Available for systens with 
2, 3, 14, 6 and 12 points only. 

(e) Honeywell Class 15 - Chart width ten inches. Available for 
systen.s with 2, 3 14, 6, 8,10, 12, 16, 18, 20 and 21i points only. 

I(f) Honeywell Class lii - Chart width ten inches. Available for 
systens with 2, 3, 14, 6, 12 or 214 points only. 

13. Custcer Contacts 

IA set of 5 anp contacts (one. nor1y open, one ncr-ally cicsed) 
can be provided for each e.la.-n level and. sanle point. Cornections 
to the contacts are made on a convenient ternia.1 block insIde the prograer housIng. There are four options. To use optiou. (a) 

Ithrvug (c) an alarm option .st be specified. 

I 
(a) One set (one NO, one NC) of contacts for each a.la.r level. 

An a.lar on any sanple point initIates contact action with 
this option. The relays are located on the a.larm circuit 

Iboard in the prograe: housing. 

(.b) One set of contacts for one ala.r level at each saple point. 
II! the dual level ala option is being specified, the custer should 
state which level the contacts are for. 

(c) One set of contacts for each ala level at each point. The dual 
Ilevel alarm option must also be specifIed. 

Cd) One set of contacts for each sanpie point to ind.Icte when that I,oint is on saple. (Cannot be specified with 13 (.c). 

Note: For options Cb), Cc), and Cd) the relays are the plug-in t.rpe 

Ilocated on the front of the progranner panel. 

I MTA LIBRARY 
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The MSA! Total Hydrocarbon 
Analyzer is a continuous, low-level 
(0-4 ppm), multi-range monitoring 
instrument designed to detect and 
measure trace contaminants in 
vanous atmospheres. In air pollu- 
tion control applications, the Total 
Hydrocarbon Analyzer can detect 
hydrocarbons as atmospheric pollu- 
tants, or measure automobile ex- 
hausts for hydrocarbon ernissions..In 
safety applications, the Analyzer can 
monitor atmospheres for toxic gases 
or vapors; monitor gas mains, 
sewers, tunnels, garages, etc., for 
fiammable gases or vapors; or 
monitor fuel handling or storage 
areas for leakage. In industriaf proc- 
esses, the Analyzer can detect leaks 
in aerosol packaging plants; 
measure "off gases" for hydro- 
carbon content: test purity of inert 
and LOX streams; monitor cornbus- 
tion efficiency or detect refrigerant 
leakage. 

The Total Hydrocarbon Analyzer 
may be wall- or panel-mounted. 

Description 

The Total Hydrocarbon Analyzer 
contains four elements: a sample 
flow system; a combustion gases 
system; a burner assembly; an elec- 
trometer and power supplies. 

The operation of the Analyzer Is 
based on the ionization of carbon 
atoms in a hydrogen flame. Normally, 
a flame of pure hydrogen contains 
an almost negligible number of ions. 
Adding organic compoundseven 
tracescesu Its in a large number of 
ions in the flame. 

In the Analyzer, the sample is mixed 
with a hydrogen fuel and passed 
through a small jet. Air supplied to 
the annular space around the jet 
supports combustion. Any hydro- 
carbon carried into the flame results 
in the formation of carbon ions. An 
electrical potential across the flame 
jet and an "ion collector" electrode 
suspended above the flame produce 

Total 

Hydrocarbon 
Analyzer 

[. 
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an ion current proportional to the 
hydrocarbon count. This is measured 
by an electrometer circuit whose 
output then provides an analog 
analysis signal for the direct reading 
meter, graduated 0-100, or for an 
lptiona! potentiometric recorder. 

The Analyzer features an electric 
range attenuator, with change fac- 
tors of Xl, X3, X10, X30, X100, X300, 
X1000, and X3000. The stabilized 
zero setting is unaffected by range 
change factors. Calibration is by 
span potentiometer, for greater ac- 

curacy than is provided by adjust- 
ment of sample flow. The solid-state 
dc power supply eliminates the need 
for batteries. The Analyzer also fea- 
tures sintered metal filters for 
sample, air, and fuel capillary tubing. 
The cabinet is heavy-gauge sheet 
metal with an attractive polyurethane 
finish. 

Instrument includes a flame-out 
alarm and automatic fuel shutoff for 
maximum safety. and an optional 
integral sampling pump. 

Data Sheet 07-1121 
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ISpecifications 
Performance 
run-scal, range: 0-4 ppm to 

ppm by volume, expressed 
aS methane 
SensitIvity: 1 % of full-scale reading 
in one second or less 

IResponse: 90% of final reading in 
one second or less 
Drift: less than I % of full-scale 
range per 24 hours 
Noise: less than ±½ % of luH-sca}e 

I range 
ReproducIbility: meter graduated 
from 0-100 for readout of linear 
analysis signal. Single turn potenti- 

Iometer (trim pot) provided to match 
analyzer signal to potentiometer type 
recorder (0-5 mV, 0-10 mV, 0-50 mV, 
0-1 00 mV) 

lOperating 
Power Requirements: 50 VA, 120 V, 
50/60 Hz 

IWarmup time: 4 hours from cold 
start to stability; 1 hour after tem- 
porary shutdown 
Controls: (external) on-cfl switch; 

attenuator; recorder adjust; 
flame ignition control; air pressure 
regulator; hydrogen pressure regu- 
lator; zero and span controls 

...,imerisions (LHW): 13 x 12½ x 
19" (330 x 318x 483 mm) 
Weight: approx. 35 pounds (15.9 kg) 

I 
I 
I 
I 
' Note: This Data Sheet contains only a 

general descnption of the MSA Total 
Hydrocarbon Analyzer. While uses and 

Iperformance capabilities are described, 
under no circumstances should this 
product be used except by quaIifed, 

ined personnel and not until the In. 
uctions. labels, or other literature 

Iaccompanying the product have been 
carefully read and understood and the 
precautions therein set forth followed. 
Only they contain the complete and 

Idetailed information concerning this 
product. 

Cabinet Dim.nsiorts ar'c Mounting Instructions. 
Dim.nsions it, inches. millimtrs shown in H. 

161, (422) 

15'a (354) s..j 

ir 1fl4 tttt) (292) 

lr(453) 

E 

I 2½ 
(318) 

Lift an turn 
Latch on hinged 
door 

Mount brackets 
ire for wall 
mounting 

¼ (6.4) Bolts-4 regd. 

JJ 
10% 11'/ 
(270) (302) 

j-I 
Ilountiri brackets shown 

in position for waU mounting 

1O3's 11,4" 
(270) (302) 

Pare thickness \\ W (2.7) max.) cut out for panel mounting 
Mntn; brackets shown wiOe x 10 tong 
in p'siton for panel mounting (425 1.6 x 273 16) 

Ordering information 
Catalog number 

455874 Total Hydrocarbon 
Analyzer 

Mine Safety Appliances Company 
A Instrument Division t 1 600 Penn Center Boulevard 

Pittsburgh. Pennsylvania 15235 
Atlanta. Boston. Chicago Cevefand. Detroit, Houston. Los Angeles. 
Milwaukee. New York City Philadelpnia, Pittsburgh. San Francisco, St. Louis. 
MSA CANADA. Downsview. Ontario (Metro Toronto) 

Data Sh..t 07-1121 Pflni. in U.S.A. $04 (L) 
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Multi-point 
Air Monitoring 
Systems 
Area air monitoring for the 
detection and measurement 
of flammable or 
toxic components 

Application 3ulletin 07-0005 
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Multi-point 
'Air Monitoring Systems 

I'01 
problems in the control of environments, 

processes and personnel protection 

I 

The need 

Health, safety and production con- 
Itrot increasingly demands the 
monitoring of air in enclosed spaces 
for flammable and toxic components. 
fri industry, hazardous concentra- 
tions of solvent vapors, process 
gases and the like must be detected 
nd eliminated. Monitoring is also 

important in enclosed parking 
garages, ships, tunnels and mines 
to detect accumulations of lethal or 
axplosive gas concentrations. 

The solution 

ustom-designed, permanently 
installed systems for remotely ana- 
lyzing air: MSA Multi-point Morii- 
t'ring Systems. Typically, these 

tems can be arranged to: 
Sample air on a sequential basis 
from a number of different loca- 

Itions at distances of 500 feet or 
more from the cabinet. 
Analyze, measure and record the 
amount of a particular constituent. 

IActuate alarms at preset concen- 
tration levels. 
Actuate ventilation equipment. 
Provide contacts to shut down the 

Iprocess equipment creating 
the hazard. 

The typical system 

Ioperation 
SA Multi-point Systems are cus- 

tomized to meet the needs for each 
articular installation. Typically, 
hey are tailored to monitor CO, CO2, 
olvents or concentrations of 

process vapors in the TLV or I_EL 
anges. A Multi-point System can 
Iso be provided to analyze oxygen 
order to detect local oxygen 

deficiency areas. 

peration (see flow chart) is on a 
rogrammed sequential basis. 

er-actu.ated solenoid valves (1) 
duce samples of air from each 

f up to 24 remote sensing points (2) 
sequence, sniffing for 15 to 60 

seconds at each point. The system 
can also be set to sample air from a 
ingle point continuously. Filters (3) 

and traps (4) are provided for each 
remote sampling point. 

At the cabinet, further filtering or 
sample conditioning may be done. 
Here two pumps are provided, one 
for sample (5) and one for bypass (6). 
The sensor (7) analyzes the specific 
sample and provides an analog con- 
centration signal of the sample to a 
recorder, or to an alarm or control 
unit. A filter-separator (8), an ultra- 
filter (9) and flow meter (10) measure 
flow, condition samples and protect 
the analyzer. A muttiport valve (11) 
permits selection of zero, span or 
sample gas for calibration purposes. 
Flow control valves balance gas flow 
where sample lines enter cabinet. 

Applicable instruments 

The analyzer(s) supplied in an MSA 
System depend on the components 
of interest. To monitor SO2, NO, CO, 
CO2 and hydrocarbons, Lira Luft- 
type Infrared Analyzers by MSA are 
supplied. These are capable of con- 
tinuous and extremely accurate 
determinations over tong periods of 
time. They can be calibrated to read 
Out in percentages or low ppm and, 
In cases of hydrocarbons or solvent 

vapors, In LEL or ppm ranges. For 
measuring 02, MSA can supply a 
Model 802 magnetic field-type ana- 
lyzer for a range of 1% or 100% full 
scale. For total hydrocarbon analysis 
in ranges of 0-4 ppm to 12,000 ppm, 
an MSA Total Hydrocarbon Analyzer 
can be installed. Any of these ana- 
lyzers, in addition to detecting and 
measuring air contaminants, can 
generate output signals to interface 
with computers, distant recorders, 
alarms or ventilation systems. Liter- 
ature on analyzers for specific 
integration into a Multi-point System 
is included in this folder. Specific 
needs should be discussed with your 
MSA representative. 

Base cabinet 

The Monitoring System controls, 
indicators, sample acquisition ap- 
paratus and analyzer are housed in 
a steel cabinet. For up to 12-location 
monitoring, an 84 high x 28 wide x 
28 deep cabinet is supplied. For up 
to 24-location monitoring, a cabinet 
of twice the width, or 56, is sup- 
plied. Cabinet elevations, floor dia- 
gram, and controls and indicators 
are illustrated on the back page. 

c 



I. 
IndIcators and controls 

ISel.ctor switch permits selection of: 
a) zero and span calibration gases 

-d samples; b) automatic multi- 
,nt mode; c) single-point-only 

Isample mode. 

SgnaI lamps for each sample point 
Indicate: (white) sample being ana- 

Ilyzed; (amber) low-level warning set 
point concentration reached; (red) 
danger concentration reached. 

Alarm options include Manual Reset: 
Iif alarm concentration at one point 
is reached, sample program stops at 
danger location. Alarm is actuated 
and continues until manually reset. 

IAuto Reset: multi-point sample pro- 
gram continues and alarm operates 
only when danger point is subse- 
quently sampled. Selective Auto 
Reset: alarm continues as well as 
samphng program. When danger 
sample point is next sampled, the 
alarm circuit is reset for a fresh 

1sampe. 

I 

I 

I 

I 

I 

I 

I 

ot.: This bulletin contains general 
descriptions of certain Mine Safety Ap- 

liances Company products. While uses 
and performance capabilities are de- 

ribed, under no circumstances ihould 
e products be used except by qualified, 

rained personnel, arid not until the in- 
ictions, labels, or other literature 
ompanying the products have been 

arefully read and understood and the 
recautions therein set forth followed. 
nly they contain the complete and de- 

tailed Information concerning these 

Warning Indicator lamps 
(amber) 

lndicar,r lamps: 
power; standby; calibrate 

Main powar/circult 
breaker switch 

Front-mounted 
in-line filter 

.:-- -. 

Four-position selector valve: 
sample, zero, span, oft 

'- -- 

- Sample indicator lamps 
(whit) 

Alarm Indicator lamps (rd) 

Function selector *wltch 

Recorder 

__- Analyzer 

Flow meters 

Typical S-point analysis system for carbon monoxide in air. 

28 (Ref.) 28 (Ref.) 
-i T 

9.'16D'a. 
4 Holes 

:::, Locking *- 
Door Latch 24-13/16 

Bottom 
. Detail (N.T.S.) 

Holes 
For Use 

When Fastening 
Cabinet To Floor. 

Note: 
Width of double 

. 

-__. 
cabinet 56 (Ref.) 

Typical single cabinet dimensions 

Instrument Division 
600 Penn Center Boulevard 
Pittsburgh, Pa. 15235 USA 

Atlanta' Boston 'Chicago. Cleveland - Dallas- Detroit - Houston- Los Angeles 
Milwaukee- New York City- Philadelphia - Pittsburgh San Francisco- St Louts. 
Subsidianes in Amsterdam - Barcelona - Berlin Calcutta - Glasgow - Harare 
Johannesburg - Lima - Mexico City - Milan- NdOIa - Paris - Santiago' Sao Paulo 
S4ngapore Sydney - Tokyo -Toronto. Representatives throughout the world. 

MTA LIBRARY 
Alctlon 54tt U.S.A ${L) 
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Thermo 
T Electron 
CO P C PAT) ON 

nstruments Division 

I Model 48 

For Continuous 
I Ambient Air 

I Monitoring 

I 

Thermo Electron's Microprocessor 
Based Model 48 Ambient CO Analyzer 
provides unequaled ease of eration, 
re4iabilty, prec:sn and speciftty. The 
unique Gas Filter Correaton principle of 

I 
operation offers the significant advan- 
tages of unequaled specificity and sensi- 
tivrty and increased resistance to shock 
and vibratn. 

I Key Features 

I. Microprocessor Based 

e Automatic pressure arid temperature 
correction 

' Dual fully outputs standard 

Hourly average output standard 

Ler ranges, wide dynarnc range 
(suitable for both ambient and source) 

Highly specific to CO 

Long term zero and span stability 

Vibration and shock resistant 

Powerful diagnostics made possible by 
Imidroprocessor 

Linear through all ranges 

1 
Unaffected by changes in flow 

Sell-aligning optics 

I. U.S.A.EPA reference method RFCA- 
0981-054, range 0-S0ppcn time con- 
siant - 30 seconds 

I 

I 

Gas Filter Correlation 
CO Analyzer 

Model 4 Specifications 

anges 0-1,O-2,0-5,0-10.0-20,0-50,0-100.0-200. 
0-500,0-1000 ppm 

Zero Noise 0.05 ppm RMS - Wh time constant = 30 
seconds 

Minimum Detectable Urrt 0.10 ppm 

Zero Drift, 24 Hours ± 0.2 ppm 

Span Drift. 24 hours ± 1% Full Scale 

Rise/Fall Times (0-95%) 1 minute 
(at lppm flow, 30 second 
integration time) 

Precision ± 0.1 ppm 

Linearity ±1% 
Fiow Rate 1 1pm standard 

Rejection Ratio Negligible interference from water and CO; 

Operating Temature Performance specifications maintained over 

the range 15-35° C (may be operated safely 
over the range 5-45° C) 

Power Requirements 100 Watts; 
105-125 VAC. 60Hz; 220-24OVAC 
50Hz 

Phcal Dimensions 17° wide x S high x 23° deep 

ight 45 lbs. 

Dual Outputs (standard) Selectable to 0-1 OmV, 0-1 OOrnV 
O-IV, 0-5V, 0-1OV; digital display: 1 hour inte- 

grated value. Other outputs available upon 
request (4-2Oma, IEEE48S) 

° See Feoeral Register Tuesca February 18. 1975. Volume 40, Numbe' 33 Part II br 

definitions arid Federal specicatons Performance specifications ove 1 5-35°C 
range 



I 

I 

[1 

I 

I 

I 

I 

I 

I 

I 

I 

I 

Li 
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I 

Li 

choPPsrr7 

ttJ6 

1R 3 Source 

IR 
Ostector 

1 1 

1t 
MicrtxocessorTT i 

Bed 

Principle of Operation 

The basic components of a Gas Corre- 
lation System are illustrated in the 
above diagram. Radiation from an 
infrared source is chopped and then 
passed through a gas filter which alter- 
nates between CO and N2 due to Rota- 

tion of the filter wheel. The radiation 
then passes through a narrow band- 
pass filter arid a multiple optical pass 
sample cell where absorption by the 
sample gas occurs. The IR radiation 
exits the sample cell and falls on a 
solid state IR detector. 

Thermo 
Electron 

CORPCATICN 

Instruments Division 

108 South Street 

Hopkinton, Massachusetts 01748 

Telephone (617) 435-5321 

Telex 948325 

Rolatlriç 

Gas Ft 
Wheel Simple In Sampi. Out 

n,___J1 IL, 

Bandpau 
Filter Multiple Optical Pass 

Sample Cell 

The CO gas filter acts to produce a 
reference beam which cannot be fur- 

ther affected by CO in the sample 
chamber. The N2 side of the filter wheel 
is transparent to IR radiation and 
therefore produces a measure beam 

be absorbed 
chopped detector signal is modulated 
by the alternation betven the two gas 
filters with an amp1ude proportional to 
the concentration of CO in the sample 
chamber. Other gases do not cause 
modulation of the detector signal since 
they absorb the reference and mea- 
sure beams equaity Thus, the Gas 
Fitter Correlation System responds 
solely to CO. 

Options 

Mirrors 

48-001 - Particulate Filter 

48-002 - Rack Mounts 

48-003 - Remote activation of zero 
and span solenoids. 

Pririie in U S.A - 1183 SM 
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E Thermo Electron 
C C P P C PATiO 

Model 45 

For Continuous 
H2S Monitoring 

Therrrio Electrons Model 45 cons at 

an H2S-to-S02 Converter couplet 
Pulsed Fluorescent SOAnatyze 
Continuous H2S monitoring is accc- 
plished by converting the H2S in me 
samp4e to SO2 for its subsequent 
detection by the SO2 Analyzer accc'ng 
to the following reaction: 

3 H2S+ Q2tj2+H2 
The Converter section of the Model 45 
catalytically converts each H2S m'ecuie 
to 502 SO that the output of the SO 
Analyzer is equal to the concentra.ar f 
H2 S entering the Converter. Any SC: 
present in the original sample i sced 
prior to its entrance into the Ccnvee' 
providing an instrument resrjnse 

ecificto H2S, 

MODEL 45 

Pulsed Fluorescent 
H2S Analyzer 

The SO2 Analyzer section of the Model 
45 is based upon the principle of Pulsed 
Fluorescence, whereby pulsed ultra- 
violet light passes through a narrow 
bandpass fitter to a measurement 
chamber where it excites S02 moleCUles 
As these molecules return to the ground 
state they emit a characteristic 
fluorescence with intensity linearly 
proportional to the concentration of SO2 
rrlecules in the sample. The fluoresced 
lt- then passes through a second filter 
to illuminate the sensitive sjrf ace of a 
pholomuttiplier tube. Electronic amplf- 
fication of the output of the photo- 
multiplier tt. proves a meter reading 
and an electronic analog signal for 
recorder output. 

Key Features 
Specific resnse to H2S 
No consumable gases or wet 
chemicals required 
Longlerrn zero and scan stability 
Maintenance tree 
Field-proven reliability 
Insensitive to changes in flow and 
temperature 
Linear through all ranges 
Longlerrn unattended operation 
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Gas Flow Schematic of Mod& 45 

I .. 

. 

- 

-. . 

PCdt 
,q(.a :. S - 

. 

I 
U 

.j-a 

':' 

S- 

t 
S4 7S:t 

S 

. 

-' .. ,S.S:S.-:. 
; 

fA 1;'- S 

S 

. 
I 

;S 

- ' SS 
' - 

' 

.. 

ø# I; 

: it . '& 
-F 

4 .t ct 
.'. . 

I 
; 

S 

.- 

SS 

S . ' 

: -: 
-. 

. 

.: T 

. .- . : 

. -:f- 

4.:t:: 
- 

.5 

.f " F . r 

-S-f: 
5' 

I : 

' 

: h5' r I 

4 

5' 

!: . 

i .' 

I 

.-... 
-z 

5' 
-' 5:-M. 

Options Me4 45 Spedficalions 
45-001 Exiernal activation of zero/span 

. so4enoid valve Sa': Ranges 
M:ce 45-1 (MtienI) 0-0.5. 0-1 . 0-5 r? (0-50 n optcna!) 

I 45R-1 19" Rack-mountable configuration :e 452 (Source) O-5O 0100. O500. 01000. O5OOOPfl 
(Arnent) 

No OOO1T 
45R-2 19 Rack-mountable configuration 

I (Source) Lo% etectabe Lrn 0.002 ppm 

Asoaa..aD,aNEUAcO&,9.'3.O Ze: 2drirs ±O.003T 
7ays 2000Sppm ISc- 24hrs 

7ays 

La;'-e l5sec 

IRr'efO.95%) 
F e (0-95%) 2mtn 

l 
Pe::cr 

Oc3- -ç Tererature 5 

Pcw. equ'rements 5O wattS (tcta 1 1 5V AC I 60 Nz. 

I 
115VC/5OHz. 27SJ'ACf5ORz 

pwca Dwnens Analyzer 17Wx8'4Hx23D 
Cci'werler 12Wx9Hx12 0 

l 
We';-- *tiayzer SS N 

Conveler 25 N 
Oi.r:: 0- by stanard asso avattabe 0- SV. 

l Tb IO1T 0- lv. 0- 1O'iV 0- 1fnV. OUtPUtS avautabee on request (uaL4-2O ma. 

/ El e Ct ro n 
1 flr integrated value. etc.) 

ICORPORATION 
Environmental instruments Division 

108 South Street 

I Hopkinton, MA01748 
PflnI.dM'iU.S.A 

(617)890-8700 

I. 



I. 
F Thermo 
JElectron' POR 

GAS FILTER CORRELATION 

CH4 ANALYZER 

jrmo E1ctron $nstrumsnts 
IPRELIMINARY DATA SHEET) 

IModel 18 Specifications RqeS0-5 t to 0-5000 ppm (l0Pges) 

Zero Noise 0.05 ppm 4S With time constant 30 

lseconds 
Minimum Detectable Limit 0.10 p 

Zero Drift, 24 Hours 4 0.2 ppn 

Span Drift, 24 Hours 1% Full Scale 

Rise/Fall Times (0-95% 1 minute 
(at 1 ppm flow, 30 second 

I interation time) 

i 
Precision , 0.1 ppm 

1. Linearity 4 1% 

Flow Rate 1 1pmi atmidard 

Reection Ratio Negligible interference fran water and I- Co 

Operating Temperature Performance ecifications maintained 

I 
over the rarge l5-35'C(may be operated 
safely over the range 5-45C) 

I 
Power Requirements 100 Watts; 

105-12SVAC, 60Hz; 220-24OVAC, 50Hz 

IPhysical DImensions 17 wide z 
3/40 high x 23 deep 

Weight 45 lbs. 

Dual Outputs(standard) Selectable to 0-lOmV,0-lOOmV.0-1V, 

0-5V,0-1OV;digital dsplay;l hour 

integrated value. Other outputs avail- 
Iable upon reguest(4-2Oma,IEEE4BB) 

I 

I, 



.
 

4
1
f
:
r
 
'
.
i
'
 

.
 

S
W
 

J
w
 z 

0
 

I
2
 

J
W
 

-
J
 z
 

0
 

a: 

0
 

a: 

I
 

:
 

1
 

!
J
r
f
r
 c
c
!
 

.
r
 
q
 

F
 

'
c
 

-
e
 

r
0
 

L
C
 

'
U
)
 

>
>
b
 

-
-
 

c
i
 

0
 

D
C
 

j
i
,
1
 

.
-
.
,
O
 

(
_
)
 

G
)
 

.
 

c
 

2
C
v
 

2
 

'
-
 

Q
)
g
 

a
)
Q
)
 

c
O
.
 

o
 

t
E
 

,
 
o
 

o
t
 

C
a
)
 

.
O
.
0
 

V
O
 

0
>
 

m
2
o
 

*
 

I
h
 
u
.
?
*
 

S
 

D
?
 
'
f
l
 

;
L
 
o
o
 

W
 

1
E
1
0
 

j
E
.
s
.
c
 
u
o
c
r
c
r
 

.
b
 

.
4
.
 
.
t
 
i
 



I. 

I 

I 

.:. '-c. 
- ,- CX)NTROL OF SOLV9JT RECOVERY 'S TALYflC COtR1ER TESTING 

- 
4.'.s ,.- - - - , 

- CARBONABSORPONREGENETK*1.. 
DIESEL MW E)OIAUST HYDROCARBONS CONTROL -. - --'- 

-' -- C -. VW%J '' STACK GAS HYDROCARBON 94ISSIONS 
DIESEL PAR11CULATE TUNNEL EPA SPECIR- AONFrORING 

--CAflONHYDROCARBONSANALYSlS - 
- - - -, . .. :- i'.. STATIONARY ENGINE EXHAUST ANALYSIS 

T1 

- 

GASOUNERdW o.usi LEL(LOiNER EXPLOSIVE UMI1) MONITOfl OF. 
- SOL4T-1-ADEAIR:'--.- 

,--- ; -. - ; , - - .,- . ."Z 
2- - '- -- - ' - - r 

. - -- --: - -, 

: Principle of Flame Ionization Detector OperationC k. 
Ibe flame Ion detector is based upons bons, th negligible Interteren e from ther 

-- 
. burner In which a small flame Is sustained by species, ft also has an output which ía linear to - 

- carefully regulated flows of air and fuel (normally the hydrocarbon concentration. As the analyser 
-- either pure hydrogen or hydrogen/helium mix- reading Is proportional to the number of carbon 

- .. . lure). The burner jet Is also used as an electrode atoms present, the GAIN potentiometer can be 
- .. . . and is connected to the negative side 018300 v .ijusted so that a direct reading can be given 

power supply. Also In the burner Is a IIactOr lther as a specific hydrocarbon (ag. ppm Pro 
-" electrode which is connected to an eiecthcal :.fleC*W,orth0!P6flUPfTcH 
- nplIfler These polarized electrodes establish CJ - '' - - - 

an elostatic field In the vicInity of the burner :The proportional output of the analys& requires 
flame. When a sample of gas is passed into the that the sample flow Is carefully and conaistenty 

' burner It Is ionized In the flame, and the electro- regulated. Thus the functIon of the analyser floW-i 
. static field causes the charged particles to -. systemistodeliverconsIstent.reguIatedflowsof. 

migrate towards the electrodes. The posthve ions -fuel, air and sample gas Into the detector. Toprev 
are attracted to the burnerJet and the negative entheavlerhydrocarbonscondens1nginthesys 

- 3ons (electrons) to the collector electrode. A :- tern and causing "hydrocarbon retenthon",ather- 
: 

;.. -. 
rrent now flows between the two alec- .: mostaticelly controlled .heng system 

- odes and Is used as an Input signal to the eleo-- employed, and can be set at any desIred tempe. 
mrplffier The cunt is measured by remambientto20C.Thesamplepum: 

- : 'the amplifier and Is displayed on the instrument -.- fitted In the standard Instrument. Is also heated. 
; meter as a percentage concentration. - A heated sample Utter Is also Incorporated 

it the sample gas used does not contain hydro- --'prevent the Ingress of foreIgn matter Into the 
-. -'- carbons, the ionization level Is extremely amafl 

: 
detector, and a special feature of the J.UJ.t fLD.: 

I 
: and only produces a very iow),ackground cur- 1s a BACIQURGE system which allows this fitter; 

VBflt ThIS ckground current.or "nolee can be ) be cleaned without dlsmanthng. 
.-. completely eliminated by adjustinb the ZERO i A RANGE switch gives up to 8 step changeS 

:r . -contl potentiometer when zeroing the Instru-- which can be apecifled by the user. An ALARM 
fnePi - -. -; - - -, ': can be set by the user to warn when a required 

I. When, however, the sample gas contains hydro- 'hydrocarbon level is monitored. The Instrument 

- -: ; -carbons the ionization level is -enormously - has been disigned with the users' needs very -- 
-Increased, and is directly proportional to the much In mind, and the options available enable 
number of carbon stoma In the sample. The .theustotallortheVE7tosufthIsexactrequlre- - 

s therefore specific b 'hydrocar- jnenta --. 

,___ .. - -..., -- _ - .a - - 1 _ -) 
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STANDARD 

. &_ :j.1pIay: w1u -MiJ;pm -7.- . 

I = 4-:-- 
J : -: ; *r: ==z=: 

Zro & Span G 3 psig (200 m Bar) - - d4- 
; 

Sarnpl. Pun : '-- M Stainless Stee', heated, 3 liters per minute at 
4 : ,;L ..doperating temperature '- J' - 

,- : SampIePFess4irs: 'i By1ntegraIPump3psig(2OOmBat 
Sampi. Ftr *, Permanent all stainless steel, 2 micron beck- 

- _4 .- purgedfordearng 
- AnatyslsT.mp.raturs Adjustab;e2ooto4OO°F(93to2O4°c Y 

Power R.qUIFBm.nt* : . iiovoits, so HVtZAC, 800 Watts (otherson request 
N Ambont T.mperatua 32°F to 110°F (0 to 43°C) - 2 

Dimensions. .. 4 _ , a- 4WIdth 483 mm 19 Inches) 
'S .- ,-, . 

% .I 

j Depth 460 mm 18 -1/8 inches) -' -e 

--..--. -'P: HIght221ZTUfl(84J4IflChS) 
r W&ght r 3861bs(175kg).. . 

:.: Shipp1ngWsth! 324k9) .--. ? 
:. '.. ;.. 

: 

- : . . -: F g - 
I.,- , - I .4 

1 ) :;ch1.r 
c r ' -":'- 

::__ v-__ - - 
_.i-- 

- .: - 
; 

5- 

I: 
: 

j:;: : -. 

p___ 
ñ 0 

Fuel L411. J 

(heate-___f_4j) 

IFuel GasD y 
22PS1/1,5bar I -. Samp'e 

PurQerD___c_L 
fturVahi__¶L (1Temp SenSol -., 

Sample in 

eRfler __f-cU 

r r 

OvenOto400°FIOto200C PurtheI 

O-3PSI/200Mbar _ 
Dust After Same P Sameesr 

"S 
. 

d . :-' 

- 
1!:, 

' 

* . 

455 - 
SgSS. 
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I 
ORDERING INFORMATION: 

1 

I 

I 

4-.. 

PartNurnber Descrition 'T-:ji "d ',. 

1800007 " it4od& E7 M Heated Hydrocarbons Malyzer :, 

-.: - :Ranges: 0-10.100,1000,10,000,100,000 ppm H.C. (three ranges) 
180O017::' :ModeI7;Ranges;Asspectfled -:.. - 

'r - 
--.-.- 

. - 
Octlons - 

3OO17..- ffrspIay3½dIgn 
30007 - Digital DispLay 3½ dIgit with BCD output -- 

'01007 femote nge Control and Range ID. - 
-00707 Recorder (Xitput of oven temperature 

J.U.M. Engineering Ges. m. b. H.: reserves the right, at any time and without notice, to change specifi- 
cations presented within this data sheet, and assumes no responsibility for the application or use of 
devices herein described. 

Warranty 

1 J.U.M. Engineering Ges. m. b. H.: warrants each new unit of its manufacture to be free of defects in 
material and workmanship for one year from the date of delivery. 

(Assembled in Munich, West Germany) 

I 
J.U.M. ENGINEERING COMPANY Represented By: 

25 Cathy, Oakland, California 94619 USA 
(415) 568-5753 

I 
J.U.M. ENGINEERING GMBH 
Detmoldstrasse 4 
D-8000 Munich, West Germany 
011-49-89-3519366 

I 
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ALL HEATED 
SAMPLE ALTER 

;,. :* 
. 

MODEL1I28 

d3 
Pd 

::--- -- : 
I 

! 
' -4 

s._1 
J ' '1 f 7 

}: I 
- , :i i1 -r' -$ J-r-'.!b cr . Peiman.nt boated 2 mian 

J 

* b.dD.d1thutc$mantkIg r±;i --------- : citt, . 
? 

- " 4 -. -,- 

. . Integrated heated sampk 
1. w:;i .- -,' .. - 

,. _. comp. *r -I- 4' 

( ! 
- . 

l, 
.' . ;% 4; : '' -' 

-. r*P_ 
The JUM SAMPLE ALTER is an efficient all heated and low 
pressure drop filter for removing solids from a gaseous 
sample The Model 1128 utilizes a stainless steel filter and a 
stainless steel valve in a thermostatically controlled oven to 
prevent the loss of high molecular weight hydrocarbons or 
condensation of water 

zi MAJOR APPLiCATIONS 
Removing particles frnm a gaseous sample where 
condensation of heavy hydrocarbons or water befre 
analysis desirable 

Diesel raw exhaust analysis 

Gasoline raw exhaust analysis 
j, 

Stationary diesel engine exhaust analysis 

Stack gas emissions monitoring 



STANDARD SPECIFICATIONS: 
-. 

Mi.;' Ø - w 

'.\ -$npI. litter U staInees ated' J)I - 
. t.rpores " 2mlcron.. . - 

fllt. surface _- 512 square Inches 13,O00 mm 
valve stainless ateelMto&L - - , prg air vai M brasaMton - - 

Calibration gas valve c. $JI brass/Won!, or to be specified 
I Oven temperatore Mjustable 200 to 400 CF (93 to 204 °C) 

Ambient temperature JL 32Fto110F(0to43cC) 
wsr requirements 110 'vbtt 60 Hera AC, 500 Watt (other on reque 

- .D4m.nsios "i' Wdth 5,5 Inches (140 mm), Depth 9,84 Inches . .. mm), HeIQht 784 Inches (200 mm) -c: 4"16,5Ibs(75lcg) 1'' . 

OUTLINE AND MOUNTiNG DIMENSIONS 

11,57 

L 9.84 

(40)F (250) 

5,51 

1 (140) 

Sample out 

© Rear 
Sample in 

© 7,87 

Q00) 

T 
7,87 

200) 

I 
5,51 

F (140) 

Front 

0 
0 o o 

00 

FLOW DIAGRAM 

Row Diagram 

Purge 
--, 

Fitter I 

Sample in 
? 

1Sample 

HeatedOven ti L.____jJ 
SpGasor 

Zero Gas or 
Ambient Air 

J.U.M. Engineering Ges. m. b. H.: reserves the right, at any time and without notice, to change specifi- 

I cations presented within this data sheet, and assumes no responsibility for the application or use of 
devices herein described. 

Warranty , J.U.M. Engineering Ges.m.b.H.: warrants each new unit of its manufacture to be free of defects in 
material and workmanship for one year from the date of delivery. 

(Assembled in Munich, West Germany) 

J.U.M. ENGINEERING COMPANY Represented By: 
25 Cathy, Oakland, California 94619 USA 

I 
(415)568-5753 

J.U.M. ENGINEERING GMBH 
Detmoldstrasse 4 
0-8000 Munich, West Germany 
011-49-89-3519366 
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TJ SERIES 
RD-BURNER AIR 

SUPPLY 

Model TJ 37 

The type TJ Burner Air Supply is a highly efficient purification system for use in the production of ultra pure air, as required for gas chroma- tographs and other laboratory instruments. It consists of a two- stage compressor system and a dual filtration system, each In 
separate enclosures. The produced air is of exceptional purity, being at least as pure as cylinder zero" air and having a very 
constant oxygen concentration. The regulated output pressure is continuously variable from 1.0 to 4.5 bar (14.5 to 65 psig). 

ADVANTAGES 
The major advantage of the burner air suppty is Its convenience and safety as compared to the use of cylinder air and the transportation 
& storage of the cylinders. High purity air is available at the touch of a switch and there is no moving in and out of heavy cylinders. 
The Burner Air Supply is very cost effective when compared to the use of cytinderair. Its cost can be recovered rapidly from the savings of not having the continuing expense of purchasing and handling cylinder air. Investment and operating costs can be paid-oft in less than one year when used to supply air for several chromatographs. 
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r c4 

L: .. 
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PURE AIR GENERATOR FOR: 

Gaschromatographs with F 

Continuous totaJ 
analyzers with 

otomtere 
onstant concentration of oxygen: 

Constant output-pr 

Low maintenance 
- 

Sllent In operation 

Low cun'ent consumption 

S Low& cOsts (When compared. --- 

to cylinder air) . 
. 2 pressure ranges selectableby 

switch tromfrontpanel .- 

SCompact 

.5 Adjustable from 0 to 65 pslg ;- 
(± 0.5%) '- - 

.Rowsofupto4 liters/minute . 

Economical and simple to expand 
forhlgherfiowrat.s 

. ................ --- . -. 
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OPERATiON 
The Burner Air Supply takes in ambient air by means of a diaphragm pump and filters the air through a particulate filter (0.08 micron). Any condensation is collected in a water trap, by means of a cooling coil. 
A combination of four fine filters,provides filtering out of fine particulate. Two charcoal absorbers in series adsorp the organic impurities (hydrocarbons). The resuttant out- put air has a purity that is equal to or better than that of high purity cylinder air. 

The output pressure of the burner air supply is controfled by means of two integral pressure regulators; pressure 

STANDARD SPECIFICATIONS 

gauges for interstage (pump) pressure and output pres- sure are located on the front panel. A relief valve in the compressor line prevents any stalling of the pump motors, which could otherwise be caused by short dura- tion power failures. 

The operation of the type TJ Burner Air Supply is simple and without problems. Operation is silent and virtually maintenance free; maintenance requirements are limited to the occasional drainage of water collected in the water trap and replacement of the absorption cartridge (appro- ximately once every two years). 

Dimensions: ModelTJ37 (Dual Enclosures) 
Compressor: 3,94 inch (100 mm) wide, 5,51 inch (140 mm) high 19,7 inch (500 mm) deep Filter section: 3,94 inch (100 mm) wide, 5,51 inch (140 mm) high, 19,7 inch (500 mm) deep Model TJ 36 (Rack Mount) 19 inch (483 mm) wide, 5,2 (132 mm) high, 14,2 inch (360 mm) deep Power requirements: 110 Volt, 60 Hertz 60 Watt, others on request. Compressors: Diaphragm type main pump and diaphragm type booster pump. Pressure ranges: Two electrically controlled ranges: 0 to 2 bar (30 psig) and 0 to 4.5 bar (65 psig) Pressure regulation: Adjustable interstage regulator and adjustable output regulator; pressure accuracy is <± 0.5%. Maximum pressure is 4.5 bar at no flow, 0.8 bar at 4 Uters/min. Water trap: 5 micron filter 

Particulate fifter 99.99% efficiency 
Air filtration: 4-stage in-line filter with 2-stage adsorption cartridge; 99.99% efficiency. 

IMODEL TJ36 
Rack Mount 

I 

1 

I 

I 

I 

I 

I 

Booster Main Senoid 
Ambient Filter Pump Pump V&ve 
Air 

Check _____ 
Valve 

Pressure 4 Regulator 
Pure 
AirD 
Out ________ 

Pressure Adsorption Pressure Gauge Fitter Gauge 
J.U.M. Engineering Ges, m. b. H.: reserves the right, at any time and without notice, to change specifi- cations presented within this data sheet, and assumes no responsibility for the application or use of devices herein described. 

Warranty 
J.U.M. Engineering Ges. m. b. H.: warrants each new unit of its manufacture to be free of defects in material and workmanship for one year from the date of delivery. 
(Assembled in Munich, West Germany) 

J.U.M. ENGINEERING COMPANY 
25 Cathy, Oakland, California 94619 USA 
(415)568-5753 
J.U.M. ENGiNEERING GMBH 
Detmoldstrasse 4 
D-8000 Munich, West Germany 
011-49-89-3519366 

Represented By: 
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I Model 900 
iFor 

Condilioning 
I Source Gas 

1 
Samples 
The Model 900 Heated Sample Gas 
Conditioner draws a raw stack sample 
through heated tubing and delivers a 

I clean, dry measurement sample to 
several instruments. The Model 900 
contains a large particulate filler and 
a stable flow blending network in a 

I heated chamber. Within the heated 
chamber the raw sample is first 
filtered and then blended with clean 
dry air. This blending reduces the dew 
point temperature of the raw sample 
to below room ambient. Thus, when 
the sample exits the Model 900, the 
particles have been removed and the 
measurement sample is dry and is in 

I a consistent air background. The 
formation of condensates or their 
removal is eliminated, therefore, the 
composition arid ratio of the pollutants 
(NO, NO7. SO2. CO. and CO2) are 
not altered. 

Key Features 

I Large visible particulate filter 
Safety features prevent condensate 
'aden sample from entering 
instruments 

I 
Can be expanded to accept up to 
three separate continuous samples, 
with automatic sequencing. 

I. 
Bench top or rack mountable 
Det..igned for easy maintenance 
Designed for tongterm unattended 
Operation 
Blend ratios selectable I. Field proven reliability 
No corrosive coriderisate formed 
to absorb sample gas 

I. 
Provides conditioned sample for 
multiple analyzers 

m'ju w 

Heated Sample 
Gas Condilioner 

t 

OD(L .00 

Model 900 Specifications 

Raw Sample Inlet Temperature 250°F (maximum) 

Raw Sample Inlet Dew 150°F (maximum) 
Point Temperature 

Sample Delivery Pressure 8 PSIG 

Sample Flow (Blended_Output) 3(1mm standard (larger flows available) 

Raw Sample Flow (Input) 1 (1mm (approximately) 

Chamber Temperature 165 ± 10°F 

Operating Temperature 60 to 100°F 

Power Requirements 750 watts; 1 iSV AC / 60 Hz; 
220V AC / 50 Hz 

Physical Dimensions 19' wide x 22%' high x 15½' deep 

Instrument Weht 72 lbs. (includes pumps) 

Bac Flush (optional) 20 cfrn 100 PSiG for 20 seconds 

Scecthcations are typica anc are subiect to crian;e without notce 



IModeI900 Flow Scheme 

V,::- ; - . 

I :. .. . : ,- t -. - 
':t ' h' *-,(14 -I -. -. I- 

L 
-, ' I -: .i 4-.-----c :4:: 

$* - -':' - -. - 
SI I 

-1 . :4- -;A& -U : . : ' 8s ' 
C 

'1.i.;1 - '-. 

: 
, . f Ar 

Vacsm 
, 

-1 - - -.1 . - .: -1 -. 

t - I 
C' 4 

$ g.1 

3I--- -j z-- 
.::1. 

- 
,- 1 - -..-. -. - 

4 i --'-14suI.d. I 1 _.-j 
--r.---.- -- 

$ , 

'-' -'-Z-J ; ': 
I The sample enters va a heated sample line to the heated section of the Mqdel 900. Sample passes through a sample 

filter to the Sample/Span solenoid valve. The sample then passes through the bypass capillary and is divided a small 
sample portion passes through the sample capillary, while the larger sample flow goes to the flow meter, through an 
accumulator (flow capacitor) to the sample pump and then to exhaust. 

The sample regulator maintains the differential pressure across the sample capillary. thus maintaining constant flow. 
The dilution air, regulated to 10 PSIG, passes through the dilution capillary and flows to the sample/air mix point. 

Iblending with the sample. The blended sample is pumped to the analyzers for analysis. 

Options 

I 
900-004 Sample Probe Backf lush 

Includes valving, plumbing and internal timers whiCh 
automatically control the timing and sequencing 
of the backf lush operation on an hourly basis. 

I 

ermo 
I Electron 

ICORPORATION Environmental Instruments Division 

108 South Street 
Hopkinton, MA 01748 

ITelephone (617) 435-5321 
Telex 948325 

MTA LIBRARY 

leA 
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1ithough lnterscan has supplied hundreds of specially 
desiqned instruments, we are, naturally, best known for 
ur standard products, field-proven in thousands of 
staliations in well over 30 countries. 

J artable Analyzers 
Wwo types of portable analyzers are available... our 

original Standard Portable and the smaller Compact 

I 
0th types are intended for survey and occasional 
und-the-clock use, and operate off integral recharge- 

ble batteries. 

[3 Series Continuous 
onitoring Systems 

I 

LI 

I 

I 

Li 

I 
C.. single point area monitors feature ultra-tough 
Ionstruction and process industry tested heavy-duty 
omponents throughout. Many options are available, 

including adjustable alarm contacts, opening up a 
hole spectrum of control possibilities. 

Rack-Mounted 
Configured Analyzers 

The Rack-Mounts are intended for those applications in 
which line power operation is desired, but the industrial 
type packaging of the LD Series is not required. De- 
signed to be installed in a standard 19 inch (483 mm) 
rack, or to be used on the bench, their open frame con- 
struction and use of standard electrical and pneumatic 
components allow them to be easily incorporated into 
a system, if need be. 

Multipoint Continuous 
Monitoring Systems 

Intended for monitoring at several different locations 
within the same general area, lriterscan's Multipoint 
systems feature either Stream-Switching operation, 
dedicated Continuous Monitoring channels, or a com- 
bination of the two approaches. Designed-in flexibility 
provides custom features at a standard equipment price. 



4IicABE TO ALL INTERCAN- AJAL'qERS - 

lII'IIL S 

! ru-iciple Of 
i. peraton 

The 
sensOr tU Patent Number 4,017,373) is an electro-, óhernjcai gas detector operating 4iflderdjf- fiji con troIIe COfldgtio5 

;Gà molecules from the sample are ad sorbed an ane1ectrocata,ic sensing elec- trode: after Passing through a diffuo neclium and are electrochemicaljy reacted at an appropriate sensing electrOde poten Iafhis 
arfe1ectrj current directly propo,jo to the'gasJ corcèhtratjon This current is converq to. 'voltage for meter orrecordereadou 

- The diffusion hrnztedcurn.11. iroport,of to the gas concentfjn 

1 
Ii 

- 'i S4L1IJ I 

T7J urn 
where hi,mlS the limiting dif-j fUin current in amps, F is the Faraday onstant (96,5Q coulombs) A is the reac- tion interfacjal area in cm2, n is the number of electrons per mole actant, '!1 the dif- fusion path leri'gth, C is the gas concentra... tion (moles/cm3) and D is the gas constant, represeritJng the product of the Permeabu1ity and SoIubiIi) coefficients 'of fthe gas in the diffuSiOn medium - 

- ,._4_ r'An external voltage bias maintains a Con L stant potential on the sensing electrOtj relat,ve to a flOflpOIar,zable referenccoun 1terelectrode in thé2electr6de. lntérscàjj sensor 
means that counterelectrode can Sustain a current flows without suffering a change in Potential rhus, thécounterelectrode act alsàa reference electrode, thereby Voiding th neecftdrathfrd electrode and-a féedbac. te requirJ for sensor ÜSin P0lblircountreit,j 

iv 

- 

i,'__ - - 
¼i__v -- - . - 

, 4: 



I 
Interference 

'Guidelines 
irt shows the approximate concentration (ppm) of 

Iinterfering gas needed to cause a 1 ppm deflection in 
the chosen analyzer. 

I 

I 

I 

I 

I 

INTERFERING GAS 

Cl2 CO COS H5SH H2 
SAT. UNSAT. 

H2S (CH3)2S!CH3SH NH3 NO 
{NO2) 

N20 SO2 SO3 

E Cl2 - >500 >500 S >500 )10 >500 S >500 S 25 >500 S )10 S >10 

Co >500 - >500 >500 125 )10 S >500 >500 >500 5 >500 >500 )10 >500 )10 

H2S >500 >500 >500 2 >1O >10 >500 >500 2 190 >500 S )1O S )10 

7 >500 >500 8 >500 >10 >500 4 >500 8 200 >500 >500 )10 5 >10 Hydrazine 

NO >500 >500 >500 >500 >500 )10 >500 >500 >500 S 40 >500 >10 S >10 

2 5 >500 >500 S >500 )1O >500 S >500 S 35 5OO - )1O S )jQ4 

5 >500 -10 )10 )10 SO2 >500 >500 >500 S >500 >10 >500 S >500 S 

NOTE: lnterlererices are not necessanly linear and may also exhibit time cependent characteristics. 

'Common 
Specifications 
Applicable to all analyzer configurations) 

Specification parameters are defined per ISA's S5.1 
Committee and SAMA's RC-20-11-1964 standard, and 
he numerical values are generalized in our attempt to 

describe operating characteristics of the entire pFoduct 
ine. Performance of a particular model (for a specific 
as or measuring range) may vary from the above, and 

may be further influenced by environmental factors. For 
urther data, please consult the factory. 
ccuracy ±2.0% of full scale (limited to 

accuracy of calibration 
standard) 

epeatabihty ±0.5% of f.s. 
inimum DetectabIlity: 1.0% of f.s. 

Linearity: ±1.0% of f.s. 

Ihe zero and span drift specifications assume that the 
r"Iyzer is equilibrated, is at constant temperature, 

a properly maintained sensor. 
Irift" is defined as an undesired change in output over 
period of time, which change is unrelated to input, 

operating conditions, or load. 

ero Drift ±1.0% f.s. (24 hours) 

S = scrubber required. 

Span Drift Less than ±2.0% of f.s. (24 hours) 
Lag Time: Less than 1 second 
Rise Time: 20 seconds to 90% of final value (or better) 
Fall Time: 20 seconds to 10% of original value 

(or better) 
Calibration: Against standard gas mixture 

THE MOST OFTEN REQUESTED 

Interfering Gas 
Scrubbers 

Model 
Number 

Use With 
This Analyzer Removes 

56 NO NO2, SO2 

100 CO Alcohols, Aldehydes, 
Unsaturated Hydrocarbons 

158 CO NO, NO2, SO2, H2S 

170 SO2, NO2 Cl2 H2S 

200 NO2. Cl2 SO2 

Many other scrubbers are available. Please consult the 
factory for further information. 





I 
V5 i energized open allowing sample from SP2 to flow 
hrouh its sample line, (and M2, R2, P2 and exhaust) 

us assuring a fresh sample when analysis switches to 
thc point. When stream-switching occurs, V2 and V6 

gize, providing sample analysis at SP2, and line 
freshing (or "purging") at SP3. 

pan gas is introduced at V7, which energizes open 
hen the "span" mode is selected at the main panel. 
Stream-Switching system is usually packaged as 

nown below: __________________ 

O Sample inlet fittings 
Purge manifold 
Sample manifold 
Purge pump 
Sample pump 
Refillable sensor 
Master control board 
3-way solenoid valves 
System exhaust 

pneumatic and analysis functions are contained in 
a single enclosure. 

ethod Of Sequencing 
uencing (Stream-Switching) operation is controlled 

an integral solid state clock, which actuates the solen- 
oid valve drivers. Dwell time at each sample point is 

Irmally the same, and is user-selectable (60, 120, 180, 
240 seconds). 

Alarm Functions (Alarm Delay) 
'hen an alarm condition (hig gas concentration) oc- 
rs, the set of contacts dedicated to the affected sam- 

)oint does not immediately energize. Instead, a 
er-adjustable delay cycle (3, 15,35 or45 seconds) is 
itiated. Also included is a fixed delay (7 seconds) 
ich begins upon switching to a new sample point. 

This time is.needed for the pneumatics and sensor to 
over from possible alarm conditions at the pre- 
usly interrogated sample point.) The adjustable 

delay begins after an alarm level is encountered. This 
delay is useful when monitoring in areas that can expe- 
nence short term, inconsequential transient high con- 
centrations. If an alarm level is encountered such that 
the delay elected exceeds the dwell time remaining, the 
sequencing clock stops until the delay times out, thus 
determining if a true alarm condition exists. If an alarm 
level is encountered at the beginning of the dwell time, 
the 7 second and user-adjustable delays run concur- 
rently. If alarm levels persist beyond the delay period, 
the alarm functions are activated. 

Low Flow (Filter Clog Indication) 
Flow restrictions may occur from time to time. To 
detect such a condition, a vacuum switch is connected 
to the pump side of the purge manifold (M2). If a restric- 
tion is encountered, the system switches the purge to 
the next point in sequence. This point will then be 
skipped in the sampling mode, as well. 

Panel Display Features 
Position Indication . . . showing the point presently 
being interrogated, via numerical LED's. 
Alarm Indication . . . showing the affected point(s) via 
numerical LEDs. 
Low flow indication.., showing the affected point(s), 
via numerical LED's. 

CONTINUOUS-ON-LINE MULTIPOINT: 
COLM is an installation in which several sample points 
are interrogated at dedicated sensors, all contained 
within a single enclosure. As such, a continuous read- 
out for each sample point is provided. 

Alarm Functions 
Alarm levels are set by simulating an alarm condition 
with the zero control, and pushing a button, whereupon 
the value is stored in random access memory. Different 
levels can be set at each point, if desired. User- 
adjustable delays, identical to those in the Stream- 
Switching systems, are also included. 

Low Flow (Filter Clog Indication) 
Dedicated vacuum switches monitor each sample 
pump, turning them off in the event of a sufficient 
restriction. 

Sensor/Electronics Check 
Every 15 minutes, a particular signal is applied to each 
sensor, which should produce a characteristic output. 
An incorrect output latches a panel indicator, and can 
also trigger additional warning devices. 

Panel Display Features 
Alarm, Low Flow and Sensor/Electronics failure indi- 
cation, via numerical LED's. 
Digital meter concentration display: 

Dedicated meters. 
Manually swftchable single meter. 
Auto-scanning single meter. 

COLM is strongly recommended for applications in 
which: 

The off-time of stream-switching is unacceptable. 
Central control and display are desirable. 
Remote location of dedicated analyzers is inap- 
propriate for maintenance or other reasons. 
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I 

I 

I 

I 

Dual alarm set points 
Triple alarm set points 
"Power-Off" (loss of power) alarm 
Aspirator (in lieu of pump) 

DDlTIONAL SpECgFICATIONs: 
Pump: Viton diaphragm, operating with a vibrat- 

ing armature system. Maximum vacuum 
. .16.0 inHg (-54.2 kPa); maximum pres- 

sure.. .6.0 lb/in2g (41.4 kPa); free output 
.4.5 I/mm. 

Aspirator: All Teflon body with Kel-F jet. 
Inlet Filter Application Filter Model Number and Description 

CO. NO Model 258-Gauze/finely divided acti- 
vated charcoal filtration medium; 
zinc-plated cold rolled steel body. 
brass fittings. 

H7S, NO2 Model 358-High-efficiency micro- 
fiber glass eiement: polycarbonate 
body. 

SO2, Cl2 Model 458-Teflon element; 
Swinnex body. 

Vacuum 
Switch: 
Rotarneter 

'nternal 
lubing: 

Tube 
Fittings: 

IEnclosure 
Heater: 

AU filters provide 99.9'o removal of particles O.5pm 
and larger. 

Capsule... Ni Span C, adjustable 
1.20-30.0 inHg (-4.06 to -101.6 kPa). 
Meter block . . . cast acrylic plastic; float- 
black glass; control valve. . . Type 316 
stainless steel or brass, depending on 
application. 
Accuracy: ±10% of f.s. 
1/4" 00 x ½" ID (6.35 x 3.18 mm) Viton; 
1/4" 00 x ½" ID (6.35 x 3.18 mm) Teflon; 
¼" 00 x 0.170" ID (6.35 x 4.32 mm) 
polyallomer; depending on application. 
Compression type.. .Brass, type 316 
stainless steel, Kynar or polypropylene, 
depending on application. 
Vitreous enamel fixed resistor, 250 ohms, 
50W. 

Thermostat: Liquid-filled sensing element specially 

I 
treated to resist corrosion; equipped with 
knurled knob dial adjustment. 

Meter: 0-50,A, taut band, provided with mirrored 
Idial; 100 divisions full scale. 

Handle: Aluminum, 90° folding type, provided 
with spring detent; black oxide finish. 

I 
Alarm Audible.. .Vibratory horn, 100 dB at 
Signals: 10 feet (3.05 m), volume adjustable. 

Visual . . . Rotating "beacon ray" type, with 
25W lamp, and concentrating parabolic 

Ireflector. 
Alarm 2 sets of Form "C" contacts (DPDT); 
Contacts: Ratings.. .5A resistive, 2.5A inductive. Inter- 

Iface at threaded, liquid-tight conduit hub. 
Analog 0-100 mV or 4-20 mA f.s. Interface at 
")utput: phone jacklphone plug connection; 

phone jack provided with spring load 
Idust/moisture cover; cable included. 

"Power-Off" Normally closed relay actuates piezo- 
Alarm: electric type audible signal, 2.9 kHz, 90 dB 

I 
at 2 feet (610 mm); operates off 15V C-Zn 
battery (NEDA Type 208) .. supplied. 

Dimensions: 204" H x 20½" W x 84" D 
(527 mmx52l mmx222mm) 
(When provided with light and horn) 

Weight: 27½ lb. (12.5 kg) 
(When provided with light and horn) 

Power: 105-125 VAC, 50/60 Hz, 1.5A or 205-230 
VAC, 50/60 Hz 

Rotating beacon-ray light 
lB Vibratory horn 

Sample inlet filter 
Conduit hubaccess to alarm contacts 

L Convenient hinged panels 
Diaphragm pump 
Rotameter 

ED Sample exhaust 
fl Thermostat 
J Refillable sensor 

ORDERING INFORMATION: 
Full Scale I Full Scale 

Model Series Range(s) (ppm)Model Series Range(s) (ppm) 

LD-14 0-100 LD-17 0-10 
CARBON 0-250 HYDROGEN 0-20 

MONOX1DE 0-500 SULFIDE 0-100 
ANALYZER 0-100/0-500 ANALYZER 0-10/0-100 

(CO) Special Ranges (H2S) Special Ranges 

LD-15 0-5 LD-24 0-5 

NITROGEN 0-10 SULFUR 0-10 

DIOXIDE 0-50 DIOXIDE 
ANALYZER 

0-50 
0-10/0-50 ANALYZER Special Ranges 

(SO2) Special Ranges 
(NO2) 

0-2 
LD-54 0-25 LD-34 0-5 

NITRIC 0-50 CHLORINE 0-10 
OXIDE 0-250 ANALYZER 0-50 

ANALYZER 0-50/0-250 (Cl2) 0-2/0-10 
(NO) Special Ranges Special Ranges 
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I 
FEATURES: 

'I 
. Open frame chassis 
Pneumatic interface 

0-100 mV analog output 

I )PTIONS: 
Integral pump and rotameter 
Integral rotameter, only 

'NOTE: 
Analyzer requires sample flow of Ca. 

500 mI/mm at a pressure of less than 2 lb/in2g 
(13.8 kPa). Sample inlet should be provided with 
suitable filter. 

I. Filter Clog indication (via integral vacuum switch) 
NOTE: If this option is desired, integral pump and 
rotameter must also be ordered. 

I. Alarm contacts 
Dual alarm set points 

Triple alarm set points 
I. "Power-Off' (loss of power) alarm 
4-20 mA analog output 

Aspirator 
Wrap-around cover 

I ADDITIONAL SPECIFICATIONS: Pump: Viton diaphragm. operating with a vibrat- 
ing armature system. Maximum vacuum I. . .16.0 inHg (-54.2 kPa); maximum pres- 
sure.. .6.0 lb/in2g (41.4 kPa); free output 

.4.5 1/mm. 
All Teflon body with Kel-F jet. IAspirator: 

.nlet Filter: Application Filter Model Number and Description 
CC, NO Model 258-Gauze finely divided acti- 

vated charcoal filtration medium: 
zinc-plated cold rolled steel body. 

I brass fittings 
H2S, NO2 Model 358-High-efficiency micro- 

fiber glass element: polycarbonate 
I body 

U SO2. Cl Model 458-Teflon element: 
Swinnex body 

I 
All filters provide 99.9% removal of particles 0.5,an 
and larger. 

Vacuum Capsule... NI Span C. adjustable 
Switch: 1.20-30.0 inHg (-4.06 to -101.6 kPa). 
Rotameter: Meter block .. . cast acrylic plastic; float- 

I black glass; control valve. . . Type 316 
stainless steel or brass, depending on 

I 
application. 
Accuracy: ±lO% f.s. 

Internal ',Y' OD x 1/a" ID (6.35 mm x 3.18 mm) Viton; 
Tubing: 1/i" OD x ½" lD (6.35 mm x 3.18 mm) Teflon; 

OD x 0.170" ID (6.35 mm x 4.32 mm) Il/a,' 

polyallomer; depending on application. 
Tube Compression type... Brass, type 316 
Fittings: stainless steel, Kynar or polypropylene, 

I depending on application. 
'eter: 0-50,A, taut band, provided with mirrored 

dial; 100 divisions full scale. 
Handles: Aluminum, bow type, rectangular; black 

anodize finish. 
Alarm 2 sets of Form contacts (DPDT); 
Contacts: Ratings.. .5A resistive, 2.5A inductive. 

I Interface at terminal strip. 

Analog 0-100 mV or 4-20 mA f.s. Interface at 
Output: miniature insulated double binding posts 

(gold-flashed, and provided with captive 
thumb nuts). 

'Power-Off' Normally closed relay actuates piezo- 
Alarm: electric type audible signal, 2.9 kHz, 90 dB 

at 2 feet (610 mm); operates off 15V C-Zn 
battery (NEDA Type 208) . . . supplied. 

Dimensions: 7" H x 19" W x 12" D 
(178 mm x 483 mm x 305 mm) 

Weight: 11½ lb. (5.2 kg) 
(When provided with pump and rotameter) 

Wrap- 0.090 inch (2.3 mm) aluminum, provided 
Around with rubber feet. 
Cover: 

Power: 105-125 VAC, 50/60 Hz or 205-230 VAC, 
50/60 Hz 

Diaphragm pump 
0 Refillable sensor 

ORDERING INFORMATION: 
Full Scale Full Scale 

Model Series Range(s) (ppm) Model Series Range(s) (ppm) 

RM-14 0-50 RM-17 0-10 

CARBON 0-100 HYDROGEN 0-20 

MONOXIDE 0-250 SULFIDE 0-100 

ANALYZER 0-500 ANALYZER 0-10/0-100 

(CO) 0-10010-500 (H2S) Special Ranges 
Special Ranges 

RM-24 0-5 RM-15 0-5 

NITROGEN 0-10 SULFUR 0-10 

DIOXIDE 0-50 DIOXIDE 0-50 

ANALYZER 0-10/0-50 ANALYZER 0-10/0-50 

(NO2) Special Ranges (SO2) Special Ranges 

RM-54 0-25 RM-34 0-2 

NITRIC 0-50 CHLORINE 0-5 

OXIDE 0-250 ANALYZER 0-10 

ANALYZER 0-50/0-250 (Cl2) 0-2/0-10 

(NO) Special Ranges Special Ranges 
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I.' 
EATURES: 
Ar integrI sample pump, powered by rechargeable 
Ni-Cd batteries (supplied), giving up to 10 hours of 
continUOUS service. 
I'anel meter indication of battery condition. 
instantly 
Analog output 
Integral battery charger 
Available in an MSHA-approved version (Approval 
2G-3129) 

OPTIONS: 
Audible and visual alarms 
Special ranges 
Special packaging 
Digital panel meter 
Power and signal input to recorder via mating con- 
nector (allowing rechargeable battery operation of 
recorder as well as analyzer) 

I. Dual gas models 

ADDITIONAL SPECIFICATIONS: 
Pump:Double diaphragm type, employing 

IScotch yoke design. 

Internal 5/," OD x 3/" ID (7.94 x 4.76 mm) vinyl; 
Tubing: ¼" OD x 0.170" ID (6.35 x 4.32 mm) poly- 

Iallomer, depending on application. 
Tube Compression type: Kynar or polypro- 
Fittings: pylene, hose-barb type: polyethylene, de- 

pending on application. 

I 
4eter: 0-504.A, taut band, provided with mir- 

rored dial, 100 divisions full scale. 
Handle: Aluminum, 900 folding type, provided 

Iwith spring detent; black oxide finish. 
Alarm: Audible. . . Unijunction oscillator activat- 

ing rear panel speaker. 
Visual ... Incandescent, unitized construc- 

Ition, provided with red lens. 
Analog 0-100 mV f.s. Standard: Interface at mini- 
Output: ature insulated double binding posts 

I 
(gold-flashed, and provided with captive 
thumb nuts). 
Recorder Power Option: Interface at 
audio-type cord plug/receptacle arrange- 

I 
ment; plug has captive coupler ring with 
threaded bushing. 

Dimensions: 71/4" H x 6" W x 11½" D 
I(184 mm x 152 mm x 292 mm) 

Weight: 8 lb (3.6 kg) 

Power: a) Four primary alkaline Mn02 batteries 

I 
(NEDA Type 15A) for amphfier. 

b) Two (standard, for pump and power-on 
LED) or four (if provided with alarm or 
recorder power option) Ni-Cd batteries 

I (NEDA Type 14 NC). 

I Charger Charge rate -. Accepts 
105-125 VAC or 205-230 VAC input 

I 
(field changeable). 

C) One HgO battery for bias amplifier 
(NEDA Type 1113 M). (NOTE: The 
separate amplifier power supply main- 

I 
tains a constant reference voltage to 
the sensor) 

!J Rugged extruded aluminum trame 
Double diaptragm pump 
Purafil scrubber, standard in all CO models 
Convenient hinged cover 

[] Battery charger board 
0 Electrochemical voitamrnetric sensor 

ORDERING INFORMATION: 
1140 SERIES CARBON 1150 SERIES NiTROGEN 

MONOXIDE ANALYZERS (CD) DIOXIDE ANALYZERS (NO2) 

Full Scale Full Scale 

Model No. Range(s) (ppm) Model No. Ranges (ppm) 
1140 .......... 0-100 1152 ............ 0-2/0-10 

............ 1142 .......... 0-100/0-500 1154 0-10/0-50 

114.4 .......... 0-100/0-600 1150 sp.... Special Ranges 
1146 .......... 0-50/0-100 

1148 .......... 0-10/0-50 1540 SERIES NITRIC 
1149 .......... 0-3000 OXIDE ANALYZERS (NO) 
1140 sp.... Special Ranges 

Full Scale 1170 SERIES HYDROGEN 
SULFIDE ANALYZERS (H2S) Model No. Range(s) (ppm) 

1540 .......... 0-100 
Full Scale 

Model No. Range(s) (ppm) 
1542 .......... 0-250 

1171 0-10 

1546 

0-100/0-500 

.......... 

1170 sp.... Special Ranges 
1540 sp ... Special Ranges 

1240 SERIES SULFUR 
DIOXIDE ANALYZERS (SO2) 1340 S:RIES CHLORINE 

Full Scale 
Full Scale Model No Range(s) (ppm) 

1240 ....... 0-i Model No Range(s) (ppm) 

1245 ....... 0-5 1340 .............. 0-2/0-10 

1247 ....... 0-10 1341 ............. 0-2 

1248 ....... 0-10/0-25/0-50 1343 ............. 0-5 

1249 ....... 0-50 1345 ............. 0-10 

1240 sp ... Special Ranges 1340 sp ... Special Ranges 
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I. 
'JRES: 

I, 
ntegral sample pump, powered by rechargeable 

N-Cd batteries (supplied), giving up to 10 hours con- 

tin uOUS service. 
Oanel meter indication of battery condition. 

I ,nstantly 

U.Visual alarm 
Rugged leather carrying case 

OPTIONS: 
Audible alarm 

peciaJ ranges (triple range not available) 
Analog output 
Power and signal input to recorder via mating con- 

nector (allowing rechargeable battery operation of 
Irecorder as well as analyzer) 

ADDITIONAL SPECIFICATIONS: 
Pump: Double diaphragm type, employing 

IScotch yoke design. 

Internal ¼" OD x '/" ID (6.35 x 3.18 mm) Viton 
Tubing: 

I 
Tube 
Fith ngs: 

IMeter: 
Carrying 
Case: 

I 

I 

I 

I 

I 

I 

I 

I 

Alarm: 

Analog 
Output: 

Dimensions: 
(exclusive 
of case) 
Weight: 
(exclusive 
of case) 

Compression type: Kynar 
Hose-barb type: Polyethylene 
depending on application 
0-1O0,A, pivot and jewel, 50 divisions f.s. 
10 oz. (283 g) moisture and mildew resist- 
ant chrome-tanned black latigo leather, 
provided with two Durable medium-pull 
snaps, chrome-plated steel corners and 
rivets, sewn 5 stitches/inch (2/cm), Nylon 
thread; belt provided with chrome plated 
steel buckle. 
Audible. . . piezoelectnc type 2.8 kHz, 85 
dBat 10 feet (3.05 m). 
Visual . .. Red LED, peak wave length 
660 nm, provided with lens. 

0-100 mV f.s. 
Interface at phone jack/phone plug con- 
nection; phone jack provided with spring 
load dust/moisture cover; cable included. 
Recorder Power Option: Interface at 
audio-type cord plug/receptacle arrange- 
ment; plug has captive coupler ring with 
threaded bushing. 
7" Hx 4" Wx 8%" D 
(l78mmx 102 mmx225mm) 

4½ lb. (2.0 kg) 

Power: a) Two primary alkaline Mn02 batteries 
(NEDA Type 14A) for amplifier. 

b) Four Ni-Cd batteries (ANSI Type 1/2C, 
750 mAh) for pump, alarms, and 
power-on LED. 

Charger Wall plug-in type. 
Input 117 VAC, 60Hz or 220 VAC, 50Hz. 
Output 5.8 VDC, 70 mA (NOTE: The 
separate amplifier power supply main- 
thins a constant reference voltage to 
the sensor.) 

O All integrated circuits socket-mounted 
O Convenient double-hinged cover 

Double diaphragm pump 
Sensor 

O Purafil scrubber, standard in all CO models 

ORDERING INFORMATION: 

4140 SERIES CARBON 4170 SERIES HYDROGEN 

MONOXIDE ANALYZERS (CO) SULFIDE ANALYZERS (H:S) 

Full Scale Full Scale 

Model No. Range(s) (ppm) Model No. Range(s) (ppm) 

4140 ......... 0-100 4170 .......... 0-1 

4142 ......... 0-10010-500 4171 .......... 0-10 

4144 ......... 0-100/0-600 
......... 

4173 .......... 0-20 

4146 0-50/0-100 4176 .......... 0-10/0-100 
4148 0-10/0-50 4170 sp ... Special Ranges 

4149 ......... 0-3000 
440 SERIES NITRIC 

4140 s S ecial Ranres p 
OXIDE ANALYZERS (NO) 

4150 SERIES NITROGEN Full Scale 
DIOXIDE ANALYZERS (NO2) Model No. Range(s) (ppm) 

40 ............ 0-100 
Full Scale 

Model No Ranges (ppm) 4542 0-250 

1 4545 0-10/0-50 
4154 .......... .0-10/0-50 4546 
4150sp ... Special Ranges 

:::::.:::0-100/0-500 
4548 ......... 0-250/0-500 
4540 sp ... Special Ranges 

4240 SERIES SULFUR 
4340 SERIES CHLORINE 

ANALYZERS (CI:) 
DIOXIDE ANALYZERS (SO2) 

Full Scale 
Full Scale 

Model No Range(s) (ppm) 

4240 
Model No Range(s) (ppm) .................. 

0-5 4340 ............. 0-2/0-10 

:: 4341 ............ 0-2 

4249 050 4343 0-5 

4240 sp ... Special Ranges 
1a,ges . 
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SECTION 1 

IINTRODUCTION 

I 
This proposal presents a description of the KVB Multipoint Gas Analysis System 

to warn of hazardous conditions in subway tunnels. Section 2 will provide a technical 

I 
description, section 3 pricing and sections 4 and 5 will provide background information 

on KVB. 

IWe have taken care in selecting the most appropriate components for each function and 

thus Kaiser can expect the highest performance and reliability. However, even more 

Iimportant to the project is the extensive experience in hazardous gas system design logic 

and custom microporcessor control systems that KVB possesses. After all wouldn't a 

I 
propensity for false alarms, or undetected hazardous conditions present an onerous 

burden to operation of the subway. KVB should stand alone as uniquely qualified to 

design and manufacture such a system; the following points will elaborate. 

1. KVB has designed and installed over 100 similar systems since 1978. In the 

Iprocess we have been able to define, and then refine techniques critical to 

success of a hazardous gas detection system, including human engineering. 

2. KV8 is a major manufacturer of Gas Analysis systems and is headquartered 

I 
in Irvine, California. This geographic fact will assure prompt response to 

any of the projects needs and will guaranty the lowest possible long term 

costs of service. 

I 
3. The proposed system will utilize an advanced microprocessor to perform all 

Irequired functions including automatic alarm verification, calibration, 

self-check and communication with the system mainframe computer. 

4. The sample conditioning system will use multiple filtration and drying steps 

to assure that only clean dry samples will be presented to the analyticai 

Isensors. This will provide the highest accuracy and reliability possible. 

- 1 - KVB #62-5951400 
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5. The analysis system is housed in an air conditioned, environmentally 

controlled enclosure to ensure consistant performance and dependability of 

all components. 

6. High capacity positive displacement pumps are utilized to draw gaseous 

samples from great distances, yet allow fast cycling through the various 

points. 

7. KVB guarantees to stock all parts and provide shipment within 48 hours of 

order. If we should fail to do so a 50% discount will be given on the 

purchase price. A similar guarantee on service will be given with a 100% 

discount if we fail to meet our promise. 

By incorporating these and other features into our extractive monitoring 

systems, and selecting the best components available, KVB has supplied proven gas 

analysis systems for a variety of applications and uses, including emissions monitoring, 

performance monitoring, and hazardous gas detection. We currently have over 200 

extractive systems installed, of which almost 100 have been certified to the emissions 

monitoring performance standards of the U.S. EPA. 

A further description of the proposed system, KVB's background and 

experience, warranty, and terms and conditions are contained in the following sections. 

-2- KVB #62-5951400 
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SECTION 2.0 

2.1 GENERAL 

The KVB Hazardous Gas Detection System is a computer controlled, fully 

automatic gas analysis system that is designed to provide fast, reliable warning 

of hazardous gas concentrations at up to eight locations. In addition the 

system is equipped with a large number of self-check and verification features 

that preclude the possibility of false alarms while providing the highest 

reliability. 

The system consists of three major parts: 

1. The Sample Selection and Conditioning System 

2. Analytical Instruments 

3. Computer Control and Interface System 

Each will be discussed in turn. 

2.2 SAMPLE SELECTION AND CONDITIONING (Refer to Figure 1) 

The Sample Selection and Conditioning System must be capable of time sharing 

up to eight sample locations and provide a clean, dry sample gas for 

presentation. 

2.2.1 Sample Selection 

The Sample Selection System performs a specialized sampling 

scheme that allows sample gases from distant locations to be 

analyzed quickly, thus providing fast warning of hazardous 

conditions. 

Each sample line is connected to the common port of a five- 

way, multiport selector valve. Gas entering the valve may 

be directed as follows; 

-3- KVB 1f62-5951'OO 
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ITo the Analyzer . SAMPLE 

For Priming ............................... BYPASS 

I 
For Backpurging Probe ........... Purge 

Valve Closed .................................. OFF 

IThe sequence of operation for each selector valve is as 

follows: 

a. Sample gas enters the selector valve through the 

common port. When the valve is in the SAMPLE 

position, gas will flow through the conditioning system 

to the analyzer 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

b. After an adjustable period of time in the sampling 

mode, the selector valve moves to the PURGE 

position. The microprocessor allows the instrument air 

into the seictor valve for probe blowback. The purge 

period lasts approximately ten seconds. 

c. Following the purge mode, the selector valve is moved 

to the OFF position where it will remain until just before 

the next sampling mode. 

d. One minute prior to its next sampling turn, the selector 

valve moves to the BYPASS position. This allows the 

bypass pump to draw fresh gas from the point about to be 

sampled, thus cleaning the stagnant gases from the 

sample line and achieving a steady-state stream of 

representative sample gases. 

Each selector valve will be directed by the microprocessor 

control system to repeat the above process in turn. A 

similar selector valve is used to control zero and span gas 

flow to the analyzer. 

-4- KVB #62-5951400 
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2.2.2 

2.2.3 

Sample Conditioning System 

The sample gas stream from the sample line and selector 

valve is drawn by the main sample pump through a filter and 

into a refrigerated condenser. 

Filters F-i and F-2 

Filters F-i and F-2 are replaceable-cartridge type filters 

designed to remove particulate matter down to 0.5 microns. 

2.2.4 Sample Pump SP-i and Bypass Pump SP-2 

Both the sample pump SP-1 and the bypass pump SP-2 are 

identical, positive displacement type pumps using a moving 

diaphragm. All wetted parts are stainless steel, teflon, or 

viton. In normal operation the pressure at the pump outlet is 

set between 5 psi and 10 psi. 

2.2.5 Refigerated Condenser 

The condenser is located on the floor of the sample 

conditioning cabinet. Its purpose is to rapidly chill the 

sample gas, removing all condensable materials from the gas 

stream for a dry measurement. The condenser is a water 

bath type with teflon cooling coils and a thermo-plastic 

trap. The water bath will be maintained at a temperature of 

35°F to 40°F by a thermostat mounted on the condenser. 

Condensate is collected in the trap at the bottom of the 

coil. The trap is drained automatically on a periodic basis by 

a control signal from the computer which energizes solenoid 

valve SV-2 . Expulsion pressure is provided by the sample 

-5- KVB #62-5951400 



I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

pump and accumulated condensate is discharged to the drain. 

2.2.6 Conductivity Sensor CS-i 

The conductivity sensor CS-i monitors the sample gas stream 

at the outlet of the condenser to detect any moisture 

remaining in the system which might damage the analyzers. 

A droplet of moisture across the conductivity sensor 

electrode closes a circuit which signals the computer to shut 

off the sample pump, and causes an alarm. When the sample 

pump stops, the moisture alarm is also energized to alert the 

operator of the need for maintenance. 

2.2.7 Vacuum Switth VS-i and Vacuum Cauce VC-i 

The vacuum switch VS-i is used to detect a high vacuum 

condition if any sample inlet becomes blocked. If the 

vacuum exceeds the preset level, it will notify the computer 

of this condition and activate an alarm. The vacuum gauge 

VG-i is used f or visual indication of the vacuum side of the 

sample system. 

2.2.8 Pressure Switth PS-i and Pressure Gauge PC-i 

The pressure switch PS-i is used to monitor sample pressure 

downstream of the sample pump. Pressure gauge PG-i is 

used for visual indication. If the sample pressure drops 

below the preset level, its contact will cause an alarm (Loss 

of Sample). 

2.2.9 Rotometers RM-i & RM-2 and Backpressure ReiIator BPR-1 

Rotometer RM-i is used to indicate total flow through the 

-6- KVB #62-5951400 
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sampling system and the backpressure regulator BPR-1 is 

used to vent the sample gas flow that is in excess of that 

needed for analysis. This approach yields both minimum 

response time and higher analysis stability because of steady 

sample pressure. Rotometers RM-.2, RM-3, and RM-4 are 

used to set and indicate flow through the gas analyzer. 

2.2.10 Vents &d Drains 

All vented gases or drained fluids are piped overboard through 

bulkhead unions. They may be routed to sumps, but it is not 

usually necessary since the quantity of water discharged is 

small (teaspoons per hour), and the gases are not noxious. 

2.3 ANALYTICAL INSTRUNTS 

KVB as a system supplier is unique in that we manufacture none of the 

analytical sensors. This allows us the independence and objectivity to select 

instruments on the basis of performance and value for each application. In this 

proposal various instruments are recommended and brochures on each are 

supplied under seperate cover. 

2.3.1 Hydrogen Sulfide (H2S) Monitor Labs #8780 

The Monitor Labs #8780 Analyzer has been chosen to measure 

concentrations of H2S. The instrument has been proven to 

be accurate andd reliable at over 1000 sites and has distinct 

advantages over other competitive instruments. 

2.3.2 Carbon Monoxide (CO) Fuji Instrunents #8310 

A Fuji instruments #8310 Analyzer is chosen to monitor for 

carbon monoxide. This device offers a state of the art 

-7- KVB #62-5951400 
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N.D.I.R. microflow detector which translates into extreme 
stability at very sensitive ranges of analysis. 

2.3.3 Hydrocarbons (CH +) Horriba Instruments VIA 500 

A Horriba Instruments VIA 500 has been selected to measure 

hydrocarbons. This N.D.I.R. technique is considerably more 

robust than any F.I.D. device and even though it is sensitive 
only to methane, it is believed that this instrument will 

provide the most reliable detection of hazardous conditions. 

2.3.4 Other Analyzers 

KVB will be willing to consider and evaluate inclusion of any 

other type of analytical sensor on request. 

2.4 CONTROL SYSTEM 

The KVB Hazardous Gas Monitoring System utilizes a state of the art 
microprocessor to control all bodily functions and assure the integrity of 

warnings. In addition the microprocessor will constantly check system status 
and provide an RS-422 interface with standard digital code for transmission to 
the main system computer. 

2.4.1 Main Control Unit 

The Main Control Unit issues control output commands for 

the following functions: 

o Sample Selection 

o Probe Blowback 

o Sample Line Priming 

o Condenser Draining 

o Automatic Calibration 

-8- KVB #62-5951400 
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o Alarm Verification 

It in turn receives digital information and processes it for 

display. The following information is received by the Main 

Control Unit: 

o Selector Valve Positions 

o Inlet Blockage Alarm 

o Loss of Sample Alarm 

o Water Contamination Alarm 

o Loss of Power Alarm 

In addition, the Main Control Unit receives analog signals 

from each gas analyzer. Contact closures from the Main 

Control Unit are available for plant connection and can be 

used to indicate the following: 

o System Failure 

o High Level of Measured Gas 

Other contacts can be made available as required. The Main 

Control Unit also provides a signal output (4-20 ma) for each 

measure gas. 

The Main Control Unit contains a alpha-numeric display that 

constantly provides messages to keep the operator informed 

of system status and operation. In the event of any failure 

of the system, the display will indicate, in plain English, the 

cause. Aside from the analysis system self-check and 

diagnostics, the computer can also be used in a test mode to 

check 74 of the functions. 

-9- KVB #62-5951400 
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2.5 MAIN ANALYSIS ENCLOSURE 

The MainAnalysis Enclosure is a NEMA 12 enclosure that is 76" x 36" x 36" and 

is free-standing with doors front and rear. It houses the analytical instruments, sample 

conditioning equipment, and the Control System microprocessor. The Main Analysis 

Enclosure is temperature-controlled by a side mounted, hot bypass, valve type operation 

unit that will assure stable operation in an ambient temperature of +32°F to 110°F. The 

Main Analysis Enclosure is detailed in Figures 2 and 3. 
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CT1ON 3.0 

I 
The cost for the proposed system as described in Section 2.0 will be based on 

supplying 20 identical systems but will be broken down on an individual basis for clarity. 

1 1. One six point sampling system with micro processor control, 
environmentally controlled with recirculation air conditioning and 

Iprovisions for three gas analyzers. Including complete software and 
hardware for automatic calibrations, alarm verification, and self check 
features .............................................. $38,000.00 

2. Hydrogen Sulfide Ana1yze' ............................. $14,093.00 

Methane Analyzer ...................................... $8,250.00 
I3. 

4. Carbon Monoxide Analyzer ............................... $5,986.00 

5. A service contract can be provided at an estimated $50,000 per year. 

I 
Once system configuration is further defined a firm annual price can be 
quoted. 

IThe above prices are valid for a period of 90 days and shipment of equipment 
can occur 180 days from order, F.O.B. Irvine, California and payment would be due on 

Idelivery. 

I 

n 
L 

I 
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CTION 4.0 

Warranty -- KVB, INC., a division of Research-Cottell Technologies, Inc., 
represents that, prior to shipping, the acceptability and performance of the gaseous 
monitoring equipment shall be verified. This shall be accomplished by conducting a 168 hour (seven day) burn-in and operational test at the KVB Manufacturing Facility. 
KVB, INC. warrants that for a period of one year from the date of the monitoring 
system's first operation, or 18 months from shipment, whichever occurs first, it will correct any defects, either by repair or replacement, due to its use of defective mater- ial or faulty workmanship, provided that investigation by KVB, INC. discloses that such defects developed under normal and proper use. In addition, KVB, INC. agrees to pass on and assist the Purchaser with any warranty provided to KVB by suppliers of com- 
ponents that are in excess of the aforementioned warranties. 

Notwithstanding other stipulations contained herein, KV8, INC. shall not, under any 
circumstances, be liable to the Purchaser in contract, tort, warranty or otherwise, for 
any special, indirect, incidental, or consequential damages occurring out of, or in 
connection with the delivery, use, or performance of the gaseous monitoring equipment 
provided to the Purchaser. In this regard, KVB, INC. shall not be liable for, nor shall the Purchaser assert any claims for, such damages as, but not limited to loss of profits 
or revenues, plant operating time, non-operating time, non-operation or increased 
expense of operation of other equipment, cost of purchased or replacement equipment, 
cost of replacement power, or claims of customers of the Purchaser for service 
interruptions. In the event that the Purchaser sells, leases, or otherwise transfer the 
gaseous monitoring equipment to a third party, the Purchaser shall obtain from such third party a written release from liability for damages described above in this 
paragraph. Such written release shall contain an Agreement by such third party to obtain similar releases from any subsequent user through the ultimate user. In the event the Purchaser cannot obtain such a release, the Purchaser and KVB, INC. shall confer 
on the course of action to be taken before such monitoring equipment is transferred or 
made available to a third party. 

- 12 - KVB #62-5951400 
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KVB, INC. makes no other warranties than those expressly set out herein. No grant is 
made of any other warranties, expressed or implied, including but not limited to the 
implied warranty for fitness for a particular purpose. 
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SECTION 5.0 

BACKGROUND AND EXPERIENCE 

IKVB, INC. is a recognized consulting and research company providing engineering 
services and equipment for combustion performance monitoring and control. Since the 

Iearly 1970's, KVB has been a leader in the development of new energy and emissions 
related technologies. 

IUtilizing this unique background and experience in the engineering and consulting 
services, The KVB Equipment Division has developed the most advanced Continuous 

I 
Analysis Systems available today. Our product lines include Performance Monitors, 
Continuous Emissions Monitors, Continuous Gas Analysis Systems for EGO control, and 

I 
Coal Fire Detection Systems. 

A list of references is given in Table I. Please feel free to contact any of these 
references for information relative to KVB Gas Monitoring Systems. In many cases, the 

Ireferences listed will be able to directly compare the peformance of KVB extractive 
systems with both "in-situ" and "extractive" systems supplied by other equipment manu- 

Ifacturers. Such a comparative evaluation can be invaluable not only in providing per- 
formance data, but also in determing accurate lifetime costs of different systems when 

I 
installation, maintenance, and parts costs are considered, as well as the initial capital 
cost investment. We are confident that the KVB systems will compare favorably in all 

Irespects with other monitoring systems available today. 

An Installation List of KVB Extractive Monitoring Systems is given in Table II. 

I 

I 

I 

I 

1 
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TABLE L REFERENCE LIST 

We feel that documented performance of equipment constitutes the only real 

criterion by which different systems can be evaluated, as maintenance costs for in- 

adequate or improperly designed equipment can quickly surpass initial capital costs. We 

thus welcome the opportunity to provide the following list that presents a cross section 

of users that have first hand knowledge of the long term performance of KVB systems. 

In many cases they have had the opportunity to directly compare the KVB system with 

other approaches. 

Public Service New Mexico - Hank Taylor 
New Mexico (505)598-6641 

Southern California Edison - Michael Schuck 
California (213)572-1828 

Indianapolis Power & Light - Gene DuPont 
Indiana (812)354-8801 

Texas Cement - Gerry Essl 
Texas (512)295-6111 

Wisconsin Electric Power - Wally Janus 
Wisconsin (414)694-8100 

Houston Lighting & Power - Don Butler 
Texas (713)339-1551 

San Diego Gas & Electric - Al Ducey 
California (619)134-7759 

Allegeny Power - Claude Frantz 
Pennsylvania (412)838-6155 

Public Service Coloado - Scott Diffendaffer 
Colorado (303)442-6556 

K:rr-McGee Chemical - Rolland Buchs 
California (619)372-4311 

Continued 
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West Texas Utilities - Don Williams 
Texas (915)672-9701 

I Utah Power & Light - Rich McPherson 
Wyoming (307)877-9071 

INorthern Indiana Public Service - Rick Ray 
Indiana (219)956-5249 

I Montana Power - Dave Nation 
Montana (406)748-2780 
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TABLE Ii. STALLATIOW LIST 
EVI CONTINU0 ENISSIOWS MONITORING SYSTDIS 

April 1984 

KVB 
Nusber S/N Type of Systea 

EPA 
Certifi.d 

O*ratiriq 
Since Client and Location 

1 EN 09 NO, CC. 02. 502 11/A March 1974 Public Service New Mexico 
Neeves Stat.ion, New Mexico 

2 EN 42 110, CC, 02 I/P .7uly 1972 Consolidat.d tdison 
Raverjwood Station, New York 

EN 43 NO. 02 I/A Deceaber 1972 Consolidated Edison 
60th St. £taaa Plant, New York 

4 EN 44 WOx, CC, 02 11/A Noveaber 1973 Portland General Electric 
leth.l Subetation, Or.gon 

5-6 EN 46 NO, CO I/P Pugust 1974 Los Angeles Dept of Water 
& Power, Scattergood Plant 
California 

7-8 EN 49 NOx, CC. 02 11/A June 1974 Portland General Electric 
Marborton Station, Oregon 

9_14 ZN 52 CC, 02 11/A June 1974 Houston Lighting £ Power 
N. P. Parish UTUtZ 1 & 2, Texas 

15-16 EN 54 NOx, CO. 02 Sep. 1980 February 1975 Houston Lighting & Power 
C.ar Aayou its 1 & 2, Texas 

17-22' ZN 61 CD 11/k Deceaber 1974 Niagara Mohawk Power 
Muntley Stator., Mew York 

23-30' EN 78 CO N/A December 1974 Nagars Mohawk Power 
EN 85 CC N/A wego & Albany Stations 

Mew York 

31 EN 84 NOx, CO. Nov. 1978 Pall 1978 Houston Lighting & Power 
P. H. lobin.son it 4, Texas 

32 EN 87 CD, 02 N/A Tall 1975 Houston Lighting & Power 
N. P. Parish Tkit 3, Texas 

33 EN 90 NOx, CC, 02v £02 N/k April 1975 Wisconsin Electric 
De.k Creek Station, Wisconsin 

34 EN 63 110, CO. 02 N/A April 1975 Power Authority ASCO 
Astoria Lkit 6, Mew York 

35 ZN 98 lOx, CC, 02 11/A November 1976 U. S. Navy 
Port lineme, California 

36 EN 102 NOx, 02 Nov. 1981 January 1977 City of Glendale, CaLifornia 
37 EN 101 lOx, 02. 502 Aug. 1977 Nay 1977 Neat Texas t.tlitiss Tippett 4 Gee 

Port anto. it 2, Texas 
38 EN 105 110, 02 Sep. 1977 Nay 1977 Pasadena Dept of Water & Power 

Iroedway Staaa Plant, Calif. 
39 EN 112 lOx, 02. 502 I/A July 1978 Twin Cities Army Aaaun. Plant ?.ral Cartrid Corporation 

Nine. sota 
40 Dl 107 CC. 02 I/A Decer 19 Houston Lighting & Power Irown & loot 

N. A. Parish it S. Tas 
41-42 EN 110 CC, 02 I/A January 1977 iston Lighting S sx, lea 

Iertron its 2 az 4, ?as 
43' Dl 114 CO I/k Nay 1978 Public Service Co. of ladiaaa 

ama 

44 Dl 108 CC, 02 I/A March 1978 Houston Lighting S Pr 
N. A. Perish tit 6, Texas 

Coal Tire Prot.cton Zyitam. 
s4lot yet on line. 
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TA3LX II (Cont.) - VB Continuoua Monitoring Syttez Installation List 

Nuer S/N ?ype of Syet. 
EPA 

Certifisi 
Operating 

Since Client and Location 

45-46 EN 123 CO N/A .bne 1978 Public Servic. Co. of New Nixico brown Root 
San Juan L.ttI 1 & 2, sew Mexico 

47-50 EN 124 50*, 02 502 Sep. 1978 August 1978 Arizona Public Srvice 
Four Corners Station 
Arizona 

51-52k Dl 134 CO N/A Dec.gb.r 1978 Public Service Co. of New M.z.ico 3rvn & Root 
Sin Juan Tita 3 5 4, New 

53-54 EN 143 NOx, 02. 502 May 1978 April 1979 Public Service Co. of New Mexico Nrown & Root 
Len Juan tktits 1 & 2, New Mexico 

55 145 02? Nov. 1979 May 1979 Pacific Power Light 3echte Power 
Jie Bridger Station, ltyoe.ing 

56 EN 150 MO, Co, 02 N/A May 1979 Jacksonville Electric Authority 
Florida 

57 EN 140 CO. 02 N/A June 1979 Florida Power S Light, Florida 

Dl 152 02. SO Mar. 1980 November 1979 Santa F Energy/Chanalor Western 
Oivison, California 

59 EN 153 MOx, 02? SO2 May 1980 January 1980 PubUc Service Co. of New Mexico Nrown Root 
San Juan kit 3, New Mexico 

60 Dl 142 NO. 02 Oct. 1979 August 1979 Southern California Edison 
Alamitos iit.s S & 6, Calfornia 

61 EN 160 NOx, 02 Mar. 1981 December 1979 Libb.y-sns-?ord, io 

62 Dl 166 NC. NOx. NH3 N/A April 1980 Arapahoe C.neratirq Station Staarna-RDger 
Colorado 

63 EN 162 NOx, 02, 502/02. 502 N/A February 1982 Sikeston Light S Power Puma & McDonnell 
Power Station 1, Missouri 

64-6S EN 172 CO I/A July 1980 Lilt River ProDect Stearns-Roger 
Dl 176 Coronado Cenerating Station 

Arzona 

66 Dl 163 NO, 02 May 1981 7m. 1980 Wisconsin Elactric Power Sargent S Lundy 
Plsasant Prairie ita I & 2 
WIsconsin 

67-68 EN 16$ CO. 02 1/ 3e 1980 Wisconsin Zl.ctric Power Sargent S Lundy 
Pleasant Prairie T.its I & 2 
Wisconsin 

69-82 Dl 171 NOx, 02 De 1980 June 1980 Los Angel.. Dept. of hater & 
Power, Mayne. /Sca tt. rqood fVal lay 
Sarbor Generating Stations 
Cal.tfornia 

83-97 Dl 173 NO, 02 Dec. 1980 June 180 Southern California Edison 
30 Poilers at 9 Plants 
Calif omnia 

98 Dl 182 MO, CO. 02 Oct. 1980 May 1980 Ian Diego Ge. & Electric 
na Power Plant, California 

99 Dl 177 CC 1/7 August 1980 Eansas r S Light 
.)effrey bexqy Center, Eaas 

1OO-103 EN 164 CO 1/A June 1980 Utah Power & Light *ter Station iita 1 6 2 
sentinqton Station ita I 2 

I 

eci Fire Pratecton Syit.a. 
"ot yet on line. 
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Th81.Z II (Cont.) - VE Cont.nuoUS Monitoring Sy*t*ns Installation List 

IVB Al! 
A 0.rang 

Client &nd Location - Nuer S/N Type of £ystes Certified Snce 

¶04' EN 174 CO i/k July 1980 ablic Service 01aho.a 

I 
Northeastern Sta ti on. lahoas 

105 EN 184 NO, CO. O Oct. 1960 July 1980 San Diego Gas & Electric 
South lay Power Plant, California 

I 106 EN 186 NO. £O2 02 Nov. 1982 June 1982 Public Service Co. of isw Mexico 
San Juan ti t 4, New Mexico 

irowyi Root 

107-108' EN 161 CO i/A July 1980 kll,gh.ny Power Service 
Harrison I & Fort Martin Stations 

I West Virginia 

109' EN 193 CO N/A Oscesber 1980 ttah Power & Light 
Maughton Station. Wyo*ir.q 

I 110-111' EN 169 CO i/A July 1980 Caun Electric Power Company 3rwn & Root 
Lcui si aria 

112-114 EN 179 Co. 02 N/A October 1980 Consolidated E&aon Coapariy 

I EN 179 New York 
EN 180 

11$. EN 181 CO N/A July 1981 Pennsylvania Power & Light 

I 
Pennsyl vsrii.a 

116 EN 190 NOx, SO2, O June 1981 March 1981 U.S.E., A Corration, iio 

EN 191 CO N/A March 1981 nstar Cement, Calavara. raiser g.neer1ng 

Ill,' Cement Division, California 

118 EN 188 NOx, NO, 02, £02 Sep. 1983 August 1983 Nevada Power Company Fluor Power Svcz 
Gardner tkiit 4, Nevada 

I June 1981 1980 t.S. EPA 119 EN 197 Sample Syster cemoer 

120 EN 192 NOx, O2 So2 Feb. 1981 September 1982 Aasocat.d Electric Cooperative Nrna & McDonnell 
Thomas Mill Power Station tt 3 

I 
Missouri 

121 EN 204 Ox, 02 1E1 November 1961 City of Lubbock, Nolly 'ippett & Gee 
Avenue Station T.kit 2. Texas 

I 123 ZN 194 02. SO2 Jun. 1982 September 1981 utah Paver & Light chtel 
Naughton Station, Wyoe.ing 

124' EN 199 CO i/A August 1981 Pacific Paver & Light 
Wyodak Plant, Wyoming 

125' D 200 CO i/k January 1982 INN Corporation. New York 

126' N 201 CO i/A kugu.t 1981 Lone Star Industries, Cape 

I Girad.au Plant, Missouri 

127' N 202 0 P/P April 1982 Nedusa C..snt, tarlsvoix Plant 
Michigan 

I 128-130' N 203 0 I/A January 1982 Arizona Public Service Co. 
N 214 Pour Corners Power Plant 

D 215 Arizona 

I 1 31' D 205 0 i/P ,bnuary ¶9*2 Central Louisiana Electric largent £ Lundy 
- Iodeaach.r Power Station 2 

Lcui siana 

' 1 32' N 206 O i/P ioveabsr 19*2 City of Grand laland oabustion 
Nebraska iqi nseri ng 

133 Dl 208 10, 00, *02. 02 t. 1981 July 1981 0.5. EPA 

34 l 209 i02 i/A 1982 iit.d Power Mciation 
Stanton 

iesiard-Cottrell 
lt.ation, North kota 

'Coal Fir. Protscton Sys tam. 

.eot yet on line. 19 
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T).?LZ I I (Cont.) - VJL Conti rous MorLi tori nq £'i teas Ins tal 1* ti on List 

)iunber s,'w z 

DA 
T C-I oçarat.tng 

Client ai I.ocatjon 

135 EN 210 ic, CC, 02 N/A Ssptser 1982 Independent Valley nerqy Co. Fluor g.neers Lakerefield, California Constructors 
136 EN 212 NOx -- *gust 1981 ens-Xllinois. California 
137' EN 212 CC N/A Colorado-Ut. Electric oation 

Colorado 

138 EN 218 NOx, CD, 02 N/A April 1982 Niagara Mohawk r Corporation Stone Webster 
Oswego Stear Station 6, New York 

139' EN 220 CO N/A Platte River Power Authority 
Rawhide Lt, Colorado gneerng 

140-147 EN 222 NO, CC, 02 N/A February 1982 San Diego Gsa & Electric 
bcins & South Lay Power Plants 
California 

148-149' EN 223 CC N/A Mouston Lighting & Power obustion EN 224 Lamstone Plant, ?uas bgineerng 
150' EN 230 CD N/A .anu.ary 1982 Martin-Marietta Ca.ent, Iowa aiser Zngneers 
151' EN 231 CD N/A February 1982 Caun Electric Power Coapany irna & Roe 

Louisiana 
152' EN 233 CC N/A Santae-Cooper urns £ Roe 

Cross Ganerating Station 
South Carolina 

153' EN 234 CC N/A Sunflower Electric inited Engineer; 
Molcoab Staton 1, Earas 

154' EN 235 CD N/A March 1982 Wisconsin Power & Light Coluia n.ratinq Station 
Wisconsin 

155' EN 236 CD Il/A Wisconsin Electric Power Cospany it 7, Wisconsin 
156' Dl 237 CC N/A March 1982 ant Portland C...nt Julia & Paul rl.yvill. Plant, 10. CaroLina 
157' EN 238 CC N/A Wisconsin Electric Power kit 8, Wisconsin 

158' EN 239 CO N/A March 1982 Giant Portland I Masonry Caasnt lillis & Paul 
Narlayvill. Plant, £0. Carolina 

159-163 EN 241 NOx, °2' £02 - Montana Pow. Cpsny Iechtsl Power 165-168 EN 251 Colat.rip its 3 1 4, Montana 
169' EN 242 CD N/A Portland Gsnsral Electric 

Carty Reservoir, .qor 
170' EN 243 CD N/A s.r.t Zl.ctric. Utah !ost.r-Wh.eler 
171' EN 244 CO N/A + Intarnational Cosbustion, 144.11 

Power Station 3, Australia 
172 Dl 245 NOx, CC, 0, £02 --- PPill.tp Norris, A, Virginia Lut.d bgin..rs 

173-178' Dl 246 CC N/A Wisconsin Electric Power EN 247 Pleasant Prairie .its I 2 
Wisconsin 

179 ___ Dl 248 NOx, 0, I/A June 1982 -p. =. Mn J0.., Cal.jforftja (MR Inc. 
'Coal Fir. Protection Syatea. 
Mot yet on line. 
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TAB..Z II (Cant.) - EVB Continuous Montcring Syiteis Installation List 

W.r S/N ? of Syitu 
EPA 

C.rtifi.d 
0perat.ng 

Since C3i.nt ar location 

180-181 EN 249 NOx, 03? 503 --- + Northern Indians PiabLie Service Sargent & Lundy 

EN 250 
. N. Schahfer W..ita 17 18 

Indiana 

182* EN 252 CO N/A + Lone Star Industries. nport 
Plant, Calif orna 

183 EN 253 NOx, 02 July 1983 June 1983 Sunflower Electric United !ngneers 
%aras 

184 EN 254 CO2. SO2. NOx. CO July 1983 March 1983 Houston Lighting ; Paver lechtel 
W. A. Parish Unit 8, ?.zas 

185 EN 255 03. SO2, NOx Apr. 1982 February 1982 Xmrr-$cGee, California 

186' EN 256 CO N/A November 1982 Muscatine Power £ Light. Iowa 

187 EN 257 SO2, NOx, D N/A Plains Electric, 11ev Mexico lurns Mcnnel1 

188 EN 258 SO2, NOx, 02 seret Generating, utah brrs & Mcnnell 

189' EN 259 CO N/A April 1983 kansas Power ; Light 
Jeffrey Unit 3. Eansas 

191' EN 261 CO N/A June 1983 Wisconsin Power Light 
Wiscons in 

192' EN 266 CO N/A July 1983 Western Illinois University Petersburg 
Illinois Plurg & Heating 

193' EN 267 CO N/A Augi.st 1983 ansas Power Light 
Jeffrey Unit 2, Laras 

194' EN 268 CO N/A April 1983 Northern Indiana Public Service 
Iridi ana 

195 EN 269 Performance nitor N/A November Co. 
Oraor* leach Station, Califorr.ia 

196 EN 270 503. 02 Apr. 1953 January 1983 Nontaup Electric Compeny Stone Webster 
Serset Station Units 5 £ 6 
Massachusetts 

197' EN 271 CO N/A Northern Indiana Public Service 
Ind.i ana 

198' EN 272 CO N/A + Tampa Electric, Florida Combustion 
b,gins.ring 

199 EN 273 so2, o (FC) May 1983 April 1983 City of Springfield lurns & Ncnnell 
V. I. 11man tltit 33, Illinois 

200' EN 274 CO 11/P + Mlti.or. Gas £ Electric Gilbert Associates 
Irandon Shores Lkita 1 2 

Maryland 

201' EN 275 CO 11/k Poster-Wheeler, Wew Jersey 

202' EN 276 CO 11/A February 1983 Pretoria Pcrtlaft5 Cnt International 
South Africa Combustion 

203' EN 277 CO 11/A May 1983 C4 bergy, Florida 

204' EN 278 CO I/A June 1913 Norac Coitruction C*ny Willis £ Paul 
ahigh Portland Csnt, 

We Plant, ?mzas 

205 EN 280 C - Xalco, California 

206' EN 282 CO U/P West Pernylvan.ia r Allagheny Power 

latfi.ld P.S.. Pennsyln.ia 

I 'Coal Fire Protection System. 

*Wot yet on line. 
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TAôLE II (Cont.) - EVB Continuous Noi,itorinq Sys tees installation List 

Ncr S/N T'p of Systee 
SPA 

Certified 
Qpsrat.ng 

Sic. Client ar Location 

233 307 NOx,3C .0 .0 (4) - Mar 1964 Aahgrov. Ce..nt 2 2 ioujsvills PlAnt. $sbraska 

234 EN 310-313 SO2, 02 Mouston Lig$ting S Power 
237 Malakoff Electric nratiag 

Station tit 4 

238 EN 314 Co, O N/ Gif ford-Mill. iwerside Csnt Comustjon 
Liverside, Californ.ta bg neeri ng 

239 EN 315 50, 02 (CDi) - Alberta Power, Sh.srn.ss 
eneratir*g Station, ita 1 & 2. 
.onton, Alberta, Canada 

240 EN 316 CO N/A + Northern Indiana Public Serv3ce 
D.M. M.ttchell Station, Tjta 4, 
5, and 6. Michigan City, IN 

241 EN 317 CC N/A Cleveland Electric Illu*inating 
Avon Lake Plant, Avon Leke, Otio 

242 EN 318-320 NOx, SO2 + Tosco Oil Caspany. Avon Refinery 
Martinez, California 

243 EN 321 CC N/A + Scott Papar Cospany .. E. Sirrine Co 
Mobile, A.labaea 

244 EN 322 CC N/A + lntereount.an Power Project abcock & Wilcox lta, Utah 

245 EN 323 2' 02 (F0) -- + Pecfic Power & Light 
Nridger Station, Wyo*.ing 

246 EN 324 CO N/A Mew York Gas & Electric Worsald Fire Sosers.t Station t.1it 1 

ffalo, NY 

I 

Coal F.re Protection Syitesi. t yet on line. 
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