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1. Introduction

All gases have a given temperature dependent capacity to absorb water vapour. Relative
humidity is a measure of percentage of saturation capacity or dew point at a given
temperature and pressure. The M70 moisture monitor measures water concentration such as
Ibs/million cubic feet or ppmv.

2. Specifications

Power consumption 12-24 vdc @ less than 3 watts, optional AC power supplies are available
Enclosure  Class 1, Divl Grps, C&D areas, the electronics are housed in an ADALET
XIHLGGCX 5-5/8" by 5-5/8" and the sensor in an ADALET XIHMCXL junction box.

Range
10-50,000 ppmv or .3 to 2400 Ibs/million(display), (4-20 ma over 0-20 Ibs/mmscf is standard)

Operating Temperature Range

-30 Deg F to 125 deg F for the electronics. The standard heated sensor is dependent on sample
gas and ambient temperature and is limited to 2.5 watts of power at 24 volts. Gas temperature
should be kept between 60 and 120 deg F. (consult factory for non standard applications)

Response time

20 sec to 90% of step change from 80ppm (4 Ib/million) to 3600 ppm (300 Ib/million)

420 sec to 90% of step change) from 3600 ppm (300 Ib/million) to 80ppm (4 Ib/million (note: at
400 cc/minute flow)

Accuracy
2% of reading or 10 ppm which ever is greater

Inputs

Conductive polymer sensor, 1000 ohm RTD,
Calibration- pot input,

Momentary contact switch for moving through display

Outputs

4-20 ma over ppm or Ibs/mm moisture (2 wire)
2 line, 16 character back lit

Alarms 2- 2 amp solid state collectors

Display Menu
Lbs/million moisture or ppmv moisture, sensor temperature ( Deg C), raw sensor millivolts, heater
duty, calibration factor, alarm 1, alarm 2

Data logging via MODBUS Registers (8000 data points): Hourly average moisture, Hourly
average temperature, Note this requires serial cable, GUI software and computer.



3. Principle of Operation

The relative humidity sensor used in the M70 is a temperature regulated thermo-set polymer-
based capacitive sensor. This sensor directly detects changes in relative saturation as a change
in sensor capacitance. The sensor temperature is controlled normally to 45 deg C and run at
ambient pressure. The constant temperature and pressure remove all calculations except for
zero and span voltage produced by the sensor. (A more detailed explanation on thermo-set
capacitance is given in Appendix A)

4. Installation and Start-up

Your Model 70 analyzer was configured, functionally tested and calibrated at the factory. All test
and calibration data is documented in the Configuration Report.

The analyzer should be mounted in an area in which it is not exposed to vibration and
excessive pressure and temperature variations. The M70 XP is designed for Class 1 Div 1
areas. Ensure that the housing received is suitable for area classification.

4.1 Sample Point Selection

The sample sent to the analyzer must be representative of the stream and should be taken from a
point as close as possible to the analyzer to avoid lag times and sample degradation in the lines.
The sensor is heated to 45 deg C by a small heater attached directly to the back of the sensor.
Where possible select a point where sample temperature is warm but below 45 deg. C. If the
sample temp is above 45 consult factory or if software is available set and calibrate sensor at
higher temperature (max 80deg C). Note: The flame arrestors act as heat sinks and will cool gas
to ambient temperature if not insulated along with sample inlet line for cold weather service.

4.2 Sample Volume and Flow Rate

Sample should be supplied to the analyzer at 10-15 psig and a flow of between 200-500 cc/m. A
bypass sweep is recommended to reduce sample lag time sample lines if they are at high
pressure or longer than 15 feet. It is best to reduce the pressure to 10 or 15 psig as close to the
sample point as possible. If the line pressure is over 400 Ibs, a heated regulator is
recommended. Note: The sample flow must be low enough as not to overload sensor
heater.



Figure 1. Standard Class 1 Div 1 with Sample Syste m

Figure 2: Poly Propylene Moisture Sensor



5.0 Sample Conditioning

The function of the sample system available as an option with the M70 is to regulate and filter
particulate or free liquids in the sample. Consideration must be taken of upset conditions as well
as normal conditions when designing the sample system. Figure 1 shows the typical sample
system used for the M70 Moisture Analyzer.

Figure 3: M70 Typical Sample System

An optional auto calibration solenoid which allows the user to introduce a second stream from a
reference stream which can be used to calibrate the M70 on a predeterimed schedule is availabe
as below



6.0 Operation Notes

The M70 Moisture monitor is a practical compromise between price and accuracy. The
electronics are designed to provide reliable indication as well as good resistance to fouling from
sample stream contaminants. The sensor will perform best at concentrations between 50 and
5000 ppm. The accuracy below 50 ppm is +/- 10 ppm. However, the trended information should
provide a good insight into process humidity values. The display shows concentration in ppmv
and Ibs/million. Operating the sensor at 45 deg F and atmospheric pressure makes it resistant to
process temperature and pressure variations. At atmospheric pressures, water and other
contaminant adsorption on to the wetted sample path is minimized. In the event that the sample
must be vented to a pressurized flare, the sensor should be calibrated and maintained at as low a
constant pressure as possible. The sensor will respond very fast at concentrations over 100

ppm.

Pressure: The output of the M70 will vary with pressure. A table of concentration versus dew-
point is included in Appendix B. It is recommended to operate the system at atmospheric
pressure to reduce the affects of absorption of contaminants to the wetted components. Some
users would like to calculate and display Dew-point. The user is in this case must specify at what
pressure they would like to have the Dew-Point calculated. Consult factory. This change requires
use of factory GUI to adjust.

Below are typical response times in laboratory cond itions:

115 ppm step change to 1040 ppm
1035 ppm 40 secs
1040 ppm 60 secs
110 ppm step change to 15 ppm



46 ppm 30 secs
32 ppm 60 secs
23 ppm 120 secs
15 ppm 11 mins

Note: In the event a large amount of water (10,000 ppm or more) comes in
contact with the sensor it could take several hours or a day for the sensor to dry
back down. It will act like an over ranged spring but will eventually return.

Note: As the sensor is drying down there is less moisture differential between the
sensor and the flowing sample as they approach the end point and therefore the
dry down rate will slow appreciably. It is analogous to drying clothes with cool
humid air.

7.0 Installation Procedure

Step 1: Ensure that the selected installation site provides adequate room for maintenance and

Step 2:

repair procedures. The site should be as close as possible to the process stream
being measured.

Unpack and Check for Damage.

Step 3: Wire the appropriate power to the analyzer. When the analyzer is powered up, the

Step 4:

system will perform a self diagnostic procedure, flashing Envent Engineering,
Model Number, Revision Number and display ppm or Ibs moisture.

The display will show concentration on the first line and normally sensor temp on
second line. The set point is hormally 50deg C. This could take from 10 minutes
to 30 minutes to reach 50 and another 30 minutes for the temperature control to
settle to +/- .1 deg from 45
Note: using the internal menu button, the second li ne of the display can be cycled
to display various machine settings and outputs. B elow is a standard list of
dsecond line variables. These are factory setand ¢ an be changed with the factory
gUl. (normally not included). The standard list is as follows:

Top Line:

Lbs XXX XX units pounds per million  cubic feet

Second Line:

Temp C XXX.XX sensor temperature in degrees C
Temp F XXX. XX sensor temperature in degrees F
Alm 1 XXXX.XX alarm 1 setting in lbs

Alm2 XXXX.XX alarm 2 setting in lbs

Cal XXXX,XX calibration offset number (typical ly 700)
Pwm X. XX power meter for temp cont rol (0-1.00)
Tset XX. XX sensor temperature control set  ting
AoSpan XX. XX 4-20 ma output span in Ibs

AoZero XX. XX 4-20 ma output zero in Ibs

In Alarm Alarm Alarm status of M70

Time XXIXXIXX Time and date

Init Cal Initialize autocal



ppm XXXX moisture concentration in  ppmv
mv XXXX. XX raw sensor millivolts

The display will show
concentration on the
first line and sensor
temp on second line

Step 5: Turn on the sample gas and allow the monitor to stabilize for 30 to 60 minutes.

Step 6: Step through the remaining menu items to ensure raw sensor voltage, heating output
load factor (0-1), and lastly calibration factor. Check the calibration factor with
number recorded on factory calibration data sheet.

Step 7: Confirm 4-20 ma output matches display reading for Ibs or ppm moisture as indicated in
factory calibration data sheet.(Note this is a 2- wire design and requires 24
volt loop power.

8. Calibration & Alarms

The calibration and alarms on the M70 were set at the factory. The current settings can be read
by toggling thru the menu items on the second line of the display using the middle push button.
Their values can be adjusted form the fron panel.

Calibration:

Adjust the calibration offset by pressing the center button until the “cal” factor appears on the
second line of the display. Pressing the right or left button will bring up a cursor under a digit of
the current offset number. Move the cursor by pressing left or right buttons to under the digit to be
adjusted. Adjust by pressing middle button. When the number is right press the right button until
the cursor moves all the way to the right and “saved” appears. To cancel and go back to the
starting cal factor, press the left button repeatedly until “cancel “appears. Adjust the “cal” until the
M70 moisture display agrees with the value obtained with the manual dew-point tester. It would
be best to let the unit run for 1 week on sample ga s before final calibration

(Note: note the cal factor is subtracted from the r  aw sensor reading, so decreasing the
absolute value will increase the moisture reading. The electronics is averaging the raw
millivolts signal over time. Allow the reading to s ettle for 10 seconds before making further
adjustments to zero offset.

Adjusting Alarm Set Point:
There are two solid state alarms normally set on lbs/mmscf or ppm at the factory on increasing
moisture. They can be adjusted in field by pressing the center button until the “alm 1” or “alm 2"



appears on the second line of the display. Pressing the right or left button will bring up a cursor
under a digit of the current set point number. Move the cursor by pressing left or right buttons
under the digit to be adjusted. Adjust by pressing middle button. When the number is right, press
the right button until the cursor moves all the way to the right and “saved” appears. To cancel and
go back to the starting set point press the left button repeatedly until “cancel “appears.

Note: Both alarms are normally open or de-energized and the hysterisis is set to .1 Ibs.
Warning: Electrical certification for hazardous locations requires that the sensor and flame
arrestor threads are coated with liquid thread sealant (Swagelok Swak or equivalent). Use of

Teflon tape will invalidate the certification.9. Customer Connections

Note: The alarms contacts are open collectors and s olenoids can be wired as below

pos (4

21N

AL2 | Comr| AL1




Figure 4: Alarm Wiring

Figure 5: M70 Boards






Figure 6: Customer Connections

10. Sensor Replacement

Disconnect power from the analyzer.

Remove sensor screw on housing lid, insulation and disconnect 1/8“sample inlet and
return tubing.

Unplug 9-pin connector and plug in replacement sensor.

Connect sample inlet and outlet, reinstall insulation and cover.

Connect power.

Allow monitor to warm up to set sensor temperature (normally 45 deg C.)

Calibrate after 24 or more hours on sample.

The new calibration factor should be recorded for future reference.

N

©ONo O AW

Figure 7: Sensor Replacement Procedure

11. ICE M70 GUI

The M70 is configured in the factory using a windows based software and serial cable (note you
may need a serial to USB converter for most laptops). This software is not normally required in
the field unless the user needs to make a fundamental change to displayed units, or retrieve
archived data. At the time of printing for this manual the ICE GUI for the M70 is not shipped with
unit. If you require a copy, Envent can forward via mail or electronically. Consult factory.



M70 Default Modbus Setup

Output Status (Coils)

Registry Number Data Field
(0) Relay 1
(2) Relay 1
4) Relay 2
(6) Relay 2

Output Registers (16 Bit Integers)
Integers)

Registry Number Data Field

Data Field

(40001) Ibs
(40002) Ibs
(40003) ppm
(40004) ppm
(40005) mv
(40006) mv
(40007) Temp C
(40008) Temp C
(40009) Temp F
(40010) Temp F
(40011) PWM
(40012) PWM

Output Registers (Floating Point)

Registry Number Data Field
(40037) Ibs
(40039) Ibs
(40041) ppm
(40043) ppm
(40045) mv
(40047) mv
(40049) Temp C
(40051) Temp C
(40053) Temp F
(40055) Temp F
(40057) PWM
(40059) PWM

12. Maintenance

Output

Registers
Registry

(40013)
(40015)
(40017)
(40019)
(40021)
(40023)
(40025)

(40027)
(40029)
(40031)
(40033)
(40035)

(32 Bit
Number

Ibs

Ibs

ppm
ppm

mv

mv
Temp C

Temp C
Temp F
Temp F
PWM
PWM

Monthly Check-up



Your analyzer will provide reliable service with very little attention. However, a weekly check-up
will ensure that the analyzer is operating to specifications. Check filters and flow meters for liquid
or solids contamination. Replace inlet filters as required.

13. Trouble shooting Guide

1) Sensor will not reach 50 deg C

a.

b.
C.
d.

Sample flow is too high

Gas temperature too cold

Ambient temperature too low.

Push the display menu button to heat to check heating on-time (0-1.00), if
temperature is below 50 deg C, the temp control should eventually ramp the
output to 1.00.

2) No apparent Sensor heater power

a.
b.

Check all inter board connections.
Replace sensor and see if sensor begins to heat

3) Sensor will not dry down after several hours

a.

b
C.
d.
e
f.

Leave for 24 hours

Check for free water in sample line fittings

Replace sensor

Check for 24 (18 to 30) volts DC on the power terminals

Check that the flow rate is between 50 and 500 cc/min

Ensure that the sample vent line is not blocked

g. If the calibration of the M70 is believed to be incorrect, the sensor can be
cleaned by gently washing it in isopropyl alcohol. The sensor should then be
dried in clean instrument air. After cleaning the sensor reinstall it in the sample
system and allow it to stabilize for a minimum of 2 hours. If the moisture content
of the sample is known, the output of the M70 can be adjusted. Please refer to
Section 5.The sensor must be replaced (refer to section 10) if the above
procedure does not restore the M70 to service. The M70 electronics board has
no user serviceable parts and must be replaced or returned to the factory if found
to be non-functional.

4) No 4-20 ma output.
a. Ensure there is loop power connected

14. Recommended Spare Parts List

Part Number Part Description
100040 Sample flow meter 0-600 cc/min
20102-PP Poly Propylene Moisture/RTD Sensor/Heater
20100-R1 Controller Board
20100-4 Display
20209 Foam insulation kit
330405 Set of 5 membranes for inlet filter

Table 1: Parts List




15. Conductive Polymer Sensor Theory

A capacitor is basically a component in an electrical circuit that stores energy as a build up of
electrical charge. Physically, it consists of two conductive plates, separated by insulation called
dielectric material. This material can be air, polyester, polypropylene, or a variety of other
substances. The ‘capacitance’, or ability to store electrical charge, is dependent on the distance
between the plates, the size of the plates, and the material dielectric constant.

This relationship appears as follows:
C=eAd (1)

Where:
C = capacitance (Farads)
e = dielectric constant (Farads/meter)
A = area of the conductive plates (m?)
d = distance between the plates (m)

The dielectric constant is uniquely dependent on molecular characteristics. The area and distance
will not change for a given capacitor. The dielectric constant, however, can change under the
right circumstances. The dielectric material is sensitive to humidity, in that its dielectric constant
varies predictably with humidity. This, in turn, causes the capacitance of the sensor to change,
providing a relative humidity response.

The measuring capacitor is placed in an electrical circuit which varies voltage and/or current
output proportionally to the measuring capacitance.

A percentage change in output voltage from supply voltage is equal to a percentage change in
humidity level in the dielectric. The circuitry, with a 5 V source, produces an output voltage of 0.8
V at 0% humidity, and 3.9V at 100% humidity (at 25°C, 77°F). Mathematically, this appears as
follows:

RH = [(Vout — Vmin) / (Vmax — Vmin)] X 100 (2)
=[(Vout-0.8) /(3.9 -0.8) X 100

For example, if the output voltage from the moisture analyzer was 2.6 V (at 25°C, 77°F), the
relative humidity would be:

RH =[(2.6 — 0.8) / (3.9 — 0.8)] X 100
= 58.06%

Material dielectric constant is temperature dependent, so temperature must be measured and a
correction bias applied.

MOISTURE SENSOR CONSTRUCTION

The sensor is constructed from a three-layer capacitor with a thermoset polymer dielectric. A
thermoset polymer is a plastic that has been irreversibly solidified through heat application, and in
this case, is moisture-sensitive. Two platinum plates act as the conducting sheets (see Figure 1).



The upper platinum plate is porous; so as to allow moisturgoi@ pendatygsTthe egnsoretng . still act

as a capacitor plate. As can be seen in Figure 1, there is &£apa0d tReEATISESPRISORY layer on
top of the capacitor. This acts as a protective layer, preventing contaminants from reaching the

sensor, while still allowing moisture to reach the dielectric.

/

THERMOSET POLYMER
PROTECTIVE LAYER >

< POROUS PLATINUM
CAPACITOR PLATE

THERMOSET > LAYER
POLYMER
DIELECTRIC LAYER
<«4—— PLATINUM
CAPACITOR

PLATE LAYER
SILICON —p»

Figure 8: Sensor Construction

PRESSURE INPUT
Process pressure is required to calculate moisture concentration or dew-point temperature.
Pressure can either be input as a fixed value or read dynamically from a transmitter.

MOISTURE CALCULATIONS
Relationships between dew point and concentration at various temperatures and pressure are
calculated from empirical data.

RELATIVE HUMIDITY CORRECTION FOR TEMPERATURE

Relative humidity is measured directly from the cp sensor. Assuming a 5 V supply, .8 volts at 0%
RH and 3.9 volts at 100% RH, the uncorrected relative humidity can be calculated as (Vout —
Vmin)/(Vmax-Vmin) X 100.

The cp sensor has a temperature dependence, as can be seen in Figure 2. Corrected relative
humidity can be calculated as follows:

RHcorr=RHuncorr/(1.0546-0.00216*T) (3)
Where: RHcorr = corrected relative humidity value

RHuncorr= uncorrected relative humidity value
T = current ambient temperature (°C)



~
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Output Voltage of Sensor Vs Relative Humidity at Different Temperatures

SATURATION VAPOR PRESSURE
The saturation vapor pressure of water in a gas is dependent only on temperature. A model
developed by Sonntag (1) similar to the more established Magnus (2) formula provides an
accepted fit of experimental results:

InPsatw=-6096.9385*T«-1+21.2409642—-0.02711193*T«+00001673952*T?+2.433502*InT« (4)

Where: Psatw = Saturation vapor pressure of water (Pa)
Tk = Temperature (K)

PARTIAL PRESSURE (OF WATER VAPOR)
Multiplying the saturation vapor pressure by the relative humidity from the cp sensor will yield a
value for the partial pressure of the water vapor.

pw = Psatw * RH(5)

Where: pw = Partial pressure of water vapor (Pa)
Psatw = Saturation vapor pressure of water (Pa)
RH = Relative humidity (unitless)

MOLAR FRACTION
From the partial pressure, the molar fraction of water can be calculated:

xw=pw /Pgas (6)

Where: xw = Molar fraction of water (unitless)
pw = Partial pressure of water vapor (Pa)
Pgas = Total pressure of gas (Pa)

PPMV
Once the molar fraction is determined, the remaining calculations can be made. The parts per
million by volume (relative to total dry gas) is:



ppmv = 1x106 * (xw / (1- xw)) (7)

Where: ppmv = Parts per million by volume
xw = Molar fraction of water (unitless)

DEW POINT

Empirical tables are available that chart the dew point for natural gas as process pressure and Ib/
mmscf varies. There are no precise theoretical formulae to calculate this, so the empirical data
must be referred to. An example of a dew point table that is used can be found in ASTM Standard
D 1142 -95. (2) The process pressure runs along the top row, while the tabulated values are
Ib/mmscf. The corresponding dew point value can be found in the left hand column of the table.
Data from these tables are input to a spreadsheet program (Microsoft Excel), and curve-fit for
each process pressure range. The curve-fitting program came up with an equation of the form:

Y = a + b*log(x) + c*log(x)> (8)
Where: Y = dew point (°C)
a, b, c = coefficients (unitless)
X = pounds of water per million standard cubic feet (Ib/mmscf)
The coefficients are different for each process pressure range, and are determined via the

program. For dewpoint values that fall between the table pressures, interpolation is used. All of
this data is integrated into the analyzer.

Figure 10: Response Time from Dry to Wet to Dry For A Cp Sensor

TABLE 2: COMPARISON OF THERMOSET POLYMER WITH BULK ALUMINUM OXIDE

Active material

Thermoset Polymer

Bulk Aluminum Oxide

Substrate Ceramic silicon n/a
Changing parameter Capacitance Resistance
Measured parameter % RH % RH

RH range

0% to 100%

2% to 90%

RH accuracy

+ 1% to + 5%

+ 1% to + 5%

Interchange ability + 2% to £10% Poor

Linearity + 1% RH Poor

Rise time 15 seconds to 60 seconds 3 minto 5 min

Temperature range -40C to 65T -10C to 75T

Temperature effect -0.0022% >1% RH/T
RH/%/RH/T

Long term stability + 1% RH/5 yr + 3% RH/yr

Contamination resistance Excellent Fair

Condensation resistance Excellent Fair

Vapor pressure (of water): In a mixture of gases, it is the portion of the total pressure that is

contributed by water vapor.




Saturation vapor pressure: The maximum pressure of water vapor that can exist at a given
temperature, before 100% relative humidity is reached.

Relative humidity: The ratio of the actual vapor pressure to the saturation vapor pressure,
expressed in %. If the relative humidity is 0% in a given gas sample, the gas is completely dry. If
the relative humidity is 100%, the gas is completely saturated and the water vapor condenses.

Dew point: The temperature at which condensation forms when cooling a gas at constant
pressure. At this point, water vapor begins to condense into liquid water.

Partial pressure (of water vapor): The part of the overall pressure exerted by the water vapor
component in a gas. In the case of moisture analysis, the partial pressure of water vapor is the
same thing as the vapor pressure of water.

Mole: The amount of substance that contains as many elementary entities as there are atoms in
12 grams of carbon -12. (6.022 X 1023) Basically, a mole can be thought of as simply an amount
of substance, like a dozen, except that it is on a molecular level.

Molar fraction (of water): The ratio of the amount of water to the total amount of gas present.

The following conversion factors are often used in different types of moisture calculations:

CONSTANTS
Ideal gas constant, as used in the Ideal Gas Law:
R =0.08206 L-atm/mol-K

= 8.3145 kPa-dm3/mol-K

= 0.0426 psia-ft3/mol-K

= 1206 psia-cm3/mol-K

=0.001206 psia-m3/mol-K

Molar mass of water =18.01 g/mol
=0.0397 Ib/mol

Table 3: Conversion Factors Often Used In Moisture Measurement

To convert [ To Perform This Operation
from

Mass H20 / Vol.Gas mg/m?® Ib/mmscf Multiply by 0.0624269
mg/m?® grain/mcf Divide by 2.288
Ib/mmscf grain/mcf Multiply by 7
Ib/mmscf ppmv water | Multiply by 21.055







Table 4: Dew-point of Natural Gas vs Ibs/mmscf

16. Factory Calibration Data

17. System Drawing




Figure 8: Sample System & Panel for Heated Enclosur e



