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Introduction

These manuals are elaborated through JICA technical cooperation Project “Capacity Development Project
for Air Pollution Control in Ulaanbaatar City Phase 2 in Mongolia” from December 2013 to June 2017.

“Flue Gas Measurement Protocol for Point Source” was intended for experts of Air Pollution Reducing
Department (APRD), in charge of the flue gas measurement on point source. Regarding a series of
operations as Working Process, preparation before the day of measurement, preliminary work before the
measurement, measurement work, and storage of the equipment and Particulate Matter (PM) samples was
described in this protocol, and this manual will be effectively utilized at time of the flue gas measurement.

“Emission Measurement Protocol for Vehicle” was intended for experts of APRD and Central Laboratory
of Environment and Metrology (CLEM), in charge of vehicle emission measurement using on-board
measurement system. It covers the series of the operation of on-board measurement system, including
equipment installation, calibration, equipment check before and during the measurement, validation and
operation of recorded data, and trouble shootings. Since the operation manuals supplied by the equipment
manufactures were not suitable for the seamless operation of combined equipment, this manual was
elaborated and compiled by JICA Expert Team. This manual is recommended to be used for confirmation
and/or education on the series of the operation, while the manuals supplied by the manufactures are to be
used for further detailed studies.

“The Flue Gas Measurement Protocol for Boiler Inspection” was intended for person in charge of a task
force member of the boiler inspection. Task of each organization regarding boiler certification and
inspection was described in “The Flue Gas Measurement Protocol for Boiler Inspection”, and this protocol
has been effectively utilized on the flue gas measurement for boiler inspection.

“Manual for Rehabilitation, Operation and Maintenance of Air Quality Monitoring Station” and “Air
Quality Monitoring Manual for Integrated Network and Public Dissemination” are focused for the
beginners who are not well experienced to read the manuals supplied by manufactures. This kind of
manual is very important, especially for APRD because the technical education on beginners of APRD
have not been carried out smoothly in the past 7 years, resulting in the maintenance difficulties. The
manuals mainly consist of basic operations and trouble solutions for air quality monitoring maintenance.

“PM10 and PM2.5 Measurement and PM Composition Analysis Manual” was intended for National
Agency for Meteorology and Environment Monitoring (NAMEM), CLEM, and APRD. Necessary
operational procedure regarding the measurement of PM10 and PM2.5 mass concentration was described in
this manual. Also method of PM composition analysis was described in this manual for the future
reference.

“Manual for Development and Updating of Emission Inventory” and “Manual for Conducting and
Updating of Dispersion Simulation” were intended for experts in charge of emission inventory and
dispersion simulation in APRD and NAMEM, and etc. These manuals are elaborated on collection of
activity data, development of emission factor using measured data, emission estimation, dispersion
simulation, and evaluation of calculated result. These results are used for evaluation of the fusibility and
the cost-effectiveness on air pollution control plan.



“Guideline to Appraise Air Pollution Control Measures” was intended for person in charge as member of
working group of Ministry of Environment which allocates Clean Air Foundation (CAF) budget to related
organizations. The Guideline described on target pollutant, target area, target projects, application
procedure, and evaluation method and so on, clarifying the selection of air pollution control measures and
air pollution in Ulaanbaatar (UB). As a result of utilizing the Guideline, projects of effective air pollution
control measures shall be selected. Examples of evaluation results of air pollution control projects were
included.

“Guideline for Boiler Management and Registration” was intended for APRD, Inspection Agency of the
Capital City (IACC), UB Energy Coordinating Committee (UECC), Engineering Facilities Department of
the Ulaanbaatar City (EFDUC), Infrastructure and Urban Improvement Division of each district, and
Inspector of each district. The task of each organization regarding “boiler inspection”, “flue gas
measurement” and “boiler registration” was described in this guideline, and full implementation of boiler
management and registration became possible. It is expected that full implementation of boiler
management and registration will be implemented continuously after the termination of this project.

“Manual for CEMS Operation” is prepared for operation and maintenance of Continuous Emission
Monitoring System (CEMS) for Power Plant 4 (PP4). The manual is intended for Control and Instrument
Section that is responsible for daily operation, and for Research and Development Department that is
responsible for operation and maintenance planning. Based on the discussion with PP4, this manual was
decided to consist on the content mainly included in the manuals supplied by manufactures, and thus the
missing information was elaborated as supplement. Since manuals of the manufactures are copyrighted,
they are excluded from the Final Report of the Project.

“Manual for CEMS Data Sharing” is prepared for Ministry of Environment and Tourism that is in charge of
the system administration, and for organizations (IACC, National Inspection Agency, Ministry of Energy
and APRD are expected) who are expected to use the CEMS data. All of the operational functions were
described in the manual at first, then revised based on the comments of the pilot users, and then the missing
contents (Diagram of CEMS Data Transfer System that covers from analyzers to the server) was included.
Utilization of CEMS data was discussed through the Project, and now under consideration of the draft order
of Environment and Tourism Minister, which is expected to be finalized and activated soon.

Any officers are necessary to read the volume only for his/her responsibilities. However, the decision
makers on air pollution control are necessary to recognize the summary of the all manuals.

JICA Expert Team conducted the technical transfer for Mongolian side during the Project. However,
since experts in charge may leave or suspend a job due to the change of government and each private
circumstance, the Mongolian side needs to conduct continuously by utilizing newly hired personnel. As a
result by using these manuals, the related organizations in Mongolia including APRD made it possible to
continue and improve the capacity of air pollution control in UB.
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JICA Expert Team
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Introduction

The JICA Project’ Capacity Development Project for Air Pollution Control in Ulaanbaatar City’ was
implemented joint by JICA, AQDCC, MEGDT, NAMEM and CLEM, etc. from March 2010 to March
2013, and The JICA Project” Capacity Development Project for Air Pollution Control in Ulaanbaatar City
Phase 2’ started from January 2014.

Resolution No.147 was approved by the top Officials of the City Council Meeting on September 8th, 2014
and emission measurement protocol for Heat Only Boiler (HOB) inspection for HOB audit was approved in
September 2015. Therefore, the flue gas measurement for boiler inspection and certification was

performed.

However, persons in charge of flue gas measurement, which were trained by Japan expert team on phase 1,
became absent due to study abroad and conversion of work-position, and AQDCC allocated new 5 persons
in Phase 2. They learned the flue gas measurement with the use of instruments and data processing, and
flue gas measurement was performed at 41 boilers and fuel combustion laboratory of APRD. Finally, they

were able to provide the decision makers following information.

» The 41 Boilers of 58.5 % have not met the emission standard of SO2, 68.3 % not met for CO, and
58.5 % not cleared for Dust.

»  Performance test of combustion improver for Coal was performed at steam boiler and fuel combustion

laboratory, and the test found that the combustion improver is totally ineffective.

The flue gas measurement manuals which were published in before project were different from the present
operational procedure. Therefore, the flue gas measurement guideline for HOB and Ger stove was revised,
and flue gas measurement guideline for fuel test on fuel combustion laboratory were published on this
project which were summarized in this manual. This manual will be referred for checking basic technic and

training of flue gas measurement.

5 persons in charge were trained during the technical cooperation project. However, person in charge has
the potential to leave of absence or retire for individual situation. JICA Expert Team very much hopes that
APRD will complete task of training of successors through the use of this manual in order to perform

continuously the boiler inspection and certification including the flue gas measurement.
September, 2016
Capacity Development Project for Air Pollution Control in Ulaanbaatar City Phase 2 in Mongolia

JICA Expert Team
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Photo
Flue Gas Measurement Vehicle Flue gas Measurement on Measurement Vehicle
Moisture Measurement Flow Rate Measurement
Flue Gas Measurement Fuel Test on Fuel Combustion Laboratory(APRD)

il SUURI-KEIKAKU CO., LTD.




Capacity Development Project for Air Pollution Control in Ulaanbaatar City Phase 2 in Mongolia

Technical Manual 01 Flue Gas Measurement Protocol for Point Source

SUURI-KEIKAKU CO., LTD. v



Capacity Development Project for Air Pollution Control in Ulaanbaatar City Phase 2 in Mongolia

Technical Manual 01 Flue Gas Measurement Protocol for Point Source

Contents
Flue Gas Measurement Guideline for Heat Only Boiler (HOB) ...........ccevimmiimmimmmieemennnnnnsnnnnnnnn 11
Flue Gas Measurement Guideline for Ger StOVe .......cccccceemmmmiimmrimmmieereeereesreesreeereeseeesreeseesseene 21
Flue Gas Measurement Guideline for Fuel Test on Fuel Combustion Laboratory ............... 31

v SUURI-KEIKAKU CO., LTD.



Capacity Development Project for Air Pollution Control in Ulaanbaatar City Phase 2 in Mongolia

Technical Manual 01 Flue Gas Measurement Protocol for Point Source

SUURI-KEIKAKU CO., LTD. vi



Capacity Development Project
For Air Pollution Control
in Ulaanbaatar City Phase 2
in Mongolia

Flue Gas Measurement Guideline

for
Heat Only Boiler (HOB)

June 2016



Table of Contents

1 How to Use This BOOK ....c.uviiiiiiiiiiiiiiiie ettt eitre e sree e s 1-1
2 Purpose of Flue Gas Measurement ..........ccccuveeeeeeiiieeiiiiiieieeee e e 1-2
3 Features of Measured Boiler...........ccocciiiiiiiiciiiiiiie ettt 1-3
3.1  Constituent Parts of a HOB..........cccoiiiiiiiii e 1-4
3.2  Structural Factors Influencing Flue Gas Conditions .......ccccccceeeeeeeeeccvveeennnn... 1-5
4  Target Parameters and Measuring Instruments .........cccccovveiveeiniiieriinciieeeeneiieeeens 1-6
4.1  Differences between Two Types of Gas Sensors....ccccccceeeeeeeeeccciveeeeeeeeeeeeecnnnen. 1-6
4.2 Differences between Two Types of Dust Sampling Instruments) .................. 1-7
4.3  Features of Instruments for Measurement in Winter............ccceeeveeerererenveenne. 1-8
5 Engineers for Measurement.........cc.cccooiiiiiieeeeeeeeieeeciieeeeee e eeeeeetee e e e e e e e eeerreeeeaeeeeens 1-9
6 WOTKING PrOCESS...ccc ittt e e e e e e et e e e e e e e e e neearreeeas 1-10
6.1  Example of the Measurement Schedue on Measurement Day ...................... 1-10
7  Preparation before the Day of Measurement ...........cccccveeeeveuvieeeeiiiieeeeeiieeeeeeveeeens 1-13
7.1 Pre-AraangeIment .........coccveeiieiiiieieeiiieeeeecieeeeeeireeeeeeree e e eetve e e e etraeeeeetreee e eeres 1-13
7.2  Preparation on the Previous Day of Measurement..........cccccccceeeeveeecnnnnnn..... 1-14
8  Preliminary Work before the Measurement (Day of the Measurement)............... 1-17
8.1 Transfer the Instruments to the Boiler ..........ccccovviiieiiiiiiniiiie e, 1-17
8.2  Cheks to Be Conducted on Site Immediately after Arrival) ...........cccoeueee.... 1-18
8.3  Installation and Warming up of the Instruments............ccccceeevevieiiiniineeennee. 1-21
8.4  Checks after Installation ........cccvviiivciiii i 1-28
9 Indoor Site Measuremant Work 1 (When Mnaual Dust Sampling Instruments Are
USEA) ..ttt ettt ettt ettt ettt et ettt ne et ne et eae et ent et et eneetenteneanan 1-33
9.1  Preliminary Measurement..........cccceeeeieiieiiiiiiiieee et e e eeeeiiivree e e e e e e e eeeens 1-33
9.2  Recording of the Filed Coals and Operations of the Boiler.........c..cccveeneen. 1-40
9.3 Dust Sampling ManUal)...........ccocveeeveiirieeeeeeeeeeeeee et 1-40
10 Indoor Site Measuring Woork 2 (When the Autometic Dust Measurement
INStruments Are USEd) ........oouovivieveeeeeieeieeeeeeeeeeeeteee et e et seseesenseseesensenenas 1-46
10.1 The Gas Compositon Measuremenrt (Automatic) ..........cccoeevevvreerreeeeennnne. 1-46
10.2 Preparation Work (When Automatic Instruments Are Used)........................ 1-48
10.3 The Dust and Moisuture Sampling (When Automatic Dust Sampler IS Used)
1-52
11 Complation of the Monitoring and Pullout ...............cooeiiiiiiiiiiiiiiiiieeee e 1-54
12 Storage of the Equiipment and Sample ...........cooouveiiiiiiiiiiiiiiiee e 1-56



Flue Gas Measurement Guideline For Heat Only Boiler (HOB)

1 How to Use This Book

The JICA Project’ Capacity Development Project for Air Pollution Control in Ulaanbaatar City’
measured air pollutants in discharged gas from boilers during two winter seasons in Ulaanbaatar City.
The JICA Project” Capacity Development Project for Air Pollution Control in Ulaanbaatar City
Phase 2 ’ performed flue gas measurement at 41 boilers. The instructions manual and work
procedures manual are presented in this guideline based on actual flue gas measurement.

The targets of the flue gas measurement guideline are three, small pollution sources: Heat Only
Boiler (HOB) and Ger stove.” and flue gas measurement for fuel test on fuel combustion laboratory.
This HOB Flue Gas Monitoring Guideline is one of three Guidelines.

This guideline shows the working process of the flue gas measurement work for a boiler in Chapter
6, and details of task procedures or instructions are shown in from Chapter 7 to Chapter 12 in order.

There are many complicated task procedures in this method; however, conventional measurement
techniques are utilized. The details of task procedures such as the instruments operational procedures
were separately summarized in other technical manuals by The JICA Project’ Capacity Development
Project for Air Pollution Control in Ulaanbaatar City Phase 1’. List of the technical reference
materials is shown in Table 1-1.

Table 1-1 Technical Reference Materials

Material Name

zZ
©

Installation Procedure of Measurement Hole on a Flue

Wet Sampling/Analysis Procedure for Gases

Moisture Measurement (Technical Manual)

Temperature Measurement (Technical Manual)

Flow Rate Measurement (Technical Manual)

Automated Flue Gas Analyzer TESTO (Technical Manual)
Automated Flue Gas Analyzer PG (Technical Manual)
Automated Flue Gas Analyzer HT-3000 (Technical Manual)
Automated Isokinetic Dust Sampler (Technical Manual)
Data Reduction Procedure (Technical Manual)

© [0 |N o o | [ (N e

[N
o
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Flue Gas Measurement Guideline For Heat Only Boiler (HOB)

2 Purpose of Flue Gas Measurement

In Mongolia, hot water, a necessity for people's daily living and their industrial activities, is
produced mainly by burning coal in thermal power plants, small boilers (HOB, CFWH), and
household stoves.

The thermal power plants constitute the core of the large-scale hot water supply network for the
central part of the city. In areas without the supply of this hot water, each city block is provided
with a small boiler and forms a zonal heating system using the boiler. Thereby, the hot water is
supplied to ordinary houses and public facilities (schools, hospitals, etc.) in the vicinity of the small
boiler. In the surrounding areas and some isolated areas that do not even have this type of hot water
supply network, coal stoves are used in ordinary houses and Ger.

Air pollution becomes heavy in winter and is considered to be generated mainly by the combustion
of coal in these fixed generation sources. In order to reduce the pollution, it is necessary to
regularly measure the amount of air pollutants discharged from the fixed discharge sources.

Stack Side Pitot Tube and Dust Monitoring Side
Sampling Tube

Automatic Dust Sampler

Moisture

Absorption Tube Gaseous Analyzer

2-1 The Flue Gas Measuremnt

1-2
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3 Features of Measured Boiler

The target boiler to be measured is the small coal-fired boiler for supply of hot water that constitutes
the zonal heating system in Ulaanbaatar City.

In areas that are not covered by a hot water supply network that uses a thermal power plant, hot
water is supplied by a HOB that is locally installed. The hot water is used for heating rooms, cooking,
washing etc. Discontinuation of the supply of hot water is vital for the people and, therefore, the
HOB operates without any discontinuation in winter. Many of HOBs have a capacity of 1 MW or
lower.

When one HOB covers one residential zone, hot water is supplied to ordinary houses and relatively
small public facilities (schools, hospitals, and public offices) around the boiler regardless of whether
they are public or private. The fee for the hot water is collected based on the amount of hot water
used in each house or facility. The HOB is often operated and managed by a private boiler operation
company.

Many companies and stores (such as supermarkets) that have large-scale facilities install a dedicated
boiler to each building and operate and manage the boilers by themselves.

Table 3-1 Coal Feeding Work at HOB Table 3-2 Example of a Hot Water Supplied Area
Covered by a Boiler

Boiler operators are employed only in winter and they operate the boilers day and night in shifts
without any discontinuation. In Mongolia, the winter is long and the boilers are in constant operation
except in the summer (June to August). The winter from November to March is the peak of the
boiler operation and, therefore, the coal consumption is increased and the amount of discharged
pollutants is also increased in this season. Because the operation rate is high, the furnace is usually
damaged in two or three years and the whole boiler needs to be replaced.

The HOBs in Ulaanbaatar City are mainly manufactured in Mongolia, Russia, Korea, China, Czech,
or Hungary. The small coal boilers have low energy efficiency and many of them have no discharged
gas treatment system installed therein. Many of the domestically manufactured boilers have inferior
performance. The domestic manufacturers are advancing technically and copying the designs of
foreign boilers. However, defective boilers are still left with non-operational condition.

1-3
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3.1 Constituent Parts of a HOB

As to only the gas line, a boiler facility consists of the following main parts:

Table 3-3 Major Components of HOB

Section Major Component

Main Body of Boiler | Furnace, fire grate, heat exchanger tube, coal feed inlet, outlet
for ash

Draft Fans FDF, IDF

Gas Treatment Unit Cyclone, bag filter, wet scrubber

Duct Horizontal or vertical duct

Chimney Made of cast iron or brick

Others Air preheater, damper, automatic coal feeder or ash discharger

The small coal-fired boilers in Ulaanbaatar City can be classified into the following 6 types by
noting the parts that influence the amount of discharged pollutants (draft fans and gas treatment

units):

Balanced Draft Fan

Balanced Draft Fan+Gas Treatment System

Flange E Flange
HOB | () | HOB C |
G, G,
IDF (Induced Draft Fan) IDF+Gas Treatment System
Flange E Flange
HOB C g HOB C g
> >~

Forced Draft Fan (with No Gas Treatment

System)
c _ Flange

HOB

2]

Natural Draft

’T_ Flange

HOB

(F: Fan, HOB: Main Body of Boiler, S: Gas Treatment unit, and C: Chimney)

Figure 3-1 Type of The HOB
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3.2 Structural Factors Influencing Flue Gas Conditions

Table 3-4 shows the major operational factors that influence the flue gas measurement value. The
‘structural factors’ in this table correspond to the contents in Section 3.1. Both structural and
operational conditions influence the amount of discharged pollutants.

Table 3-4 Factors Influencing the Flue Gas Conditions

Structural Factors Operating Factors
Time interval, amount (related to
Coal Feeding Automated or manual type hot water demands), size, kind

and components of coal.

Natural, forced, induced or balanced | ON-OFF timing, and

Ventilation type adjustment of damper travel

Gas Treatment Unit | Cyclone, wet scrubber, bag filter type | Maintenance condition

Raking for ash removal and

Others Boiler types clinker discharging

1-5
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4 Target Parameters and Measuring Instruments

‘Measurement Parameters and Measuring Methods’ and ‘Outline of Measurement Instruments’ are
respectively described in Section 4.2 and Section 4.3 of flue gas measurement protocol. The
instruments for gaseous analysis and dust sampling should be chosen according to its merits, as

shown below.

4.1 Differences between Two Types of Gas Sensors

The upper half of the following table shows the differences between two types of gas sensor methods.
To evaluate the measurement accuracy and reliability of the values reported for each method, the
lower half of the table gives one of the three grades: *high, middle, and low.”

Table 4-1 Performance Difference between Flue Gas Analyzers

Sensor Type of Flue Gas Analyzer

Chemical Sensor

Optical Sensor

Feature

Concentration range

Covers both low and high concentration range.

Deterioration of sensor

Easy deterioration in high
concentration interference gas.

Robust

Measurable time range in
continuous monitoring

A few minutes especially in high
concentration CO gas

Long time range (hours) in
every gas condition

Data Collection

Total number of data
and sampling timing

Three data for a boiler
at random timing

Hundreds of data for a boiler

Every 10 seconds during the
whole sampling time

Calculation of
Reporting Value

Calculation of the average
concentration

Average of few data

Averaging hundreds of data

Calculation of the average
concentration (after O,

Unsatisfactory representative result
due to few sampled O, data

Good representative result

based on hundreds of sampled

conversion) 0, data
Middle
(Sensor sensitivity degrades
Quality of At calibration gradually during several months by High
Measurement being affected by interference from

Accuracy sample gases.)

Approprlat_eness of the gas High High
sampling method
Validity of Sampling Setting of :?r(;ir:easurement Low High
Condition Chosen — g - -
Sampling time period Low High
Reliability of Report .

Value Calculation accuracy of O, Low High

(Gas Concentration)

conversion value

Chemical Sensor Type

Figure 4-1 Flue Gas Analyzers

1-6

Optical Sensor Type




Flue Gas Measurement Guideline For Heat Only Boiler (HOB)

4.2 Differences between Two Types of Dust Sampling Instruments)

Table 4-2 Difference in Instrument Performance/Use and Data Calculation for Dust Sampling

Type of Dust Sampling instruments

Manual Type

Automatic Type

Use

Isokinetic sampling
control

Read out the gas condition
every two minutes, and adjust
the sampling speed manually

Continuous automatic control

Total number of data
sampling timing

Three samples for a boiler, taking around 20 minutes for a dust

sample.

The sample timing and time length are to be determined by
actual operative information of a target boiler.

Calculation of average | Arithmetic mean of three Time-weighted average
concentration data concentration of three data
Calculation of Reporting ;
Value Calculation of average | Unsatisfactory representative | Good representative result
concentration result due to few (three) | based on hundreds of sampled
(after O, conversion) | sampled O, data 02 data
Quickness of control Middle High
Operability
Accuracy of control Middle High
Validity of Sampling Start timing High High
Condition Chosen Sampling period High High
Reliability of Value for _
Reporting Calculation accuracy of Middle High
O, conversion value
(Dust Concentration)
Automatic Measuring Type
Manual Measuring Type

Figure 4-2 Dust Sampling Instruments
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4.3 Features of Instruments for Measurement in Winter

Special care should be taken to prepare instruments for outdoor monitoring in Ulaanbaatar City
because the temperature can fall to - 30 or 40 degrees in a severe winter season.

Table 4-3 Freeze Prevention for Monitoring Instruments

No. Name Method

1 | Inclined Manometer Use an anti-freeze solution as the inner liquid such as ethyl alcohol.

Use the dry type gas meter.

2 Gas Meter . . . . .
If the wet type is used, it will require anti-freeze solution.

Use a cold-resistance power cable to prevent short circuit problems due

3 | Power Cable to a hard frozen cable malfunctioning.

Gas Sampling Tubes

4 | (Connection Cables between
Chimney Side and Analyzer Side)

Use a silicon braid hose for moisture and dust measurement.
A Teflon tube must be used for gas component measurement.

Use plastic bottles to prevent the moisture in the sample gas from
5 | Trap Box concentrating and freezing inside the sampling tube for gas or dust
measurement use.

7 | Heat Resistant Material Wrap the sampling tube with insulation piping.

1-8
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5 Engineers for Measurement

The engineers to perform the flue gas measurement must satisfy the following requirements:

Table 5-1 Qualification for Flue Gas Measurement Enginner

No. Requirement

<As the capacity of a measurement team>

1 | The team must be the owner of flue monitoring instrument as shown in Chapter 4

2 | Owner has a laboratory as a work place for weighing samples or maintaining instruments.

3 | Capable of procuring a van to carry the instruments to the monitoring site.

Capacity to assign two or more experienced engineers for the flue gas measurement work on a boiler.

(Beginners must not be counted as experienced staff members.)

Self-management capacity to generate a report voluntarily and honestly when problems occur with the
5 | monitoring instruments during its use.

Capacity to pay to fix malfunctioning instruments.

<Personal Qualification>

1 | Capability to operate the isokinetic dust sampling

2 | Capability to perform the continuous gaseous measuring

3 | Ahigh level of understanding to use the dedicated dust calculation sheet.

1-9
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6 Working Process

An overview of working process for the flue gas measurement at a boiler will be described. The
working process on the day is described in detail in Section 6.1.

Table 6-1 Monitoring Steps and Contents of Monitoring

No. Time Contents
1. Preparation @ Notification and coordination of measurement schedule for the manager of
the target boiler
@ Verification of measurement site by preliminary inspection
@ Arrangement of vehicles and drivers to carry the instruments
@ Provision of necessary supplies of consumables.
® Confirmation of instruments status
2. The Previous Day of | D Selection of instruments used for flue gas measurement
Measurement Day @ Maintenance for: e.g. absorption bottle, trap box
® Conditioning and pre-weighing of dust filters
@ Preparation of field recording sheets
® Instruments preparation for loading
3. Measurement Day See Section 6.1
The Next Day of @O Post-weighing of filter with sampled dust for dust measurement
Measurement Day @ Data reduction and report production

6.1 Example of the Measurement Schedue on Measurement Day

An overview of the work will be described following the flow of the measurement work for one day.
Some of the steps from the installation to the ending of the measurement differ depending on
whether manual operation instruments or automated operation instruments is used, as shown in
Table 6-2.

Table 6-2 Measurement Schedule on Measurement Day

Work Flow

With Manual Operation Instruments With Automated Instruments

Loading of the instruments on the carrying vehicle.

Departure to the target boiler.

Avrrival at the target boiler.

Greeting to operator of the boiler.

Verification of boiler building layout and work space for the instruments installation
inside/outside the boiler house.

Unloading and shifting of the instruments at the measurement site (the monitor side and the
chimney side).

Preparation of power supply.

Cleaning of the work place for the instruments installation.

Interviewing the boiler operator (about general information of the boiler, operating schedule
@ | on the measurement day, the coal type, etc.).

Record the information as a field note.

Transportation

O |©0e

®

Verification of Monitoring
Site

3 S 2 Determination of the instruments setting position inside the boiler building

S % S Performing the piping and wiring task between the monitor side and the chimney side.
kS 2 g @® Instruments; Gas meters,
% % E Instruments: Gas meters, inclined manometer, etc. automated isokinetic dust
=== sampler, etc.
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Warming-up of the gaseous analyzers.
Turn ON the electric heater if it is cold measurement site.

Confirmation of the operability of the suction pump and the PC in the working

©) :
environment.
@ | Weighing of the absorption tube as pre-weighing and recording as a field note.
Open the cap of the measurement hole on the duct of flue.
Rake the accumulated ash and clean the inside of the pipe.
® | Attach the supporting rod on the flange of the measurement hole.
Arrange the piping and the wiring of sampling tubes, the temperature signal code and the
power cable.
Measure the duct inner radius and the flange length protruding from the duct, and record
them as a field note.
Calculate and record the measurement position on the cross-sectional area according to the
size data of the duct.
Wind pieces of adhesive tape around the sampling tube or the Pitot tube to mark the
sampling positions where the tips of the sampling inlet are to be set on a cross-sectional
area in the duct.
. . . Pipe to be marked: Only the
Pipes to be marked: Pitot tube and dust sampling tube . P . y
integrated dust sampling tube
Start up the PC and open the designated calculation sheet (Excel). Input the facility
information and the measured atmospheric pressure value.
Use the calculation sheet for
@ | Use the calculation sheet for manual sampling. automated sampling.
Use the dedicated barometer to measure the | The automated dust sampler
atmospheric pressure. indicates thereon the measured
value of atmospheric pressure.
Join the tubes from a sampling side with tubes from the monitor side.
Put the drain trap box into both the dust sampling line and the gas measurement line.
Take measures against the cold climate to avoid moisture freezing inside the tubes.
Check the leakage of the tubes.
Insert the sampling pipes for the gas measurement and the moisture sampling, and the
@ | temperature sensor.
Using heat resistant tape, fill the gap between the hole and sampling pipes.
Determine the starting and the/ending timings for the dust or the moisture sampling based
@ on the information gathered from the boiler operators.
Record the coal feeding and turning ON/OFF timings of the fan until the end of the dust
measurement.
® Calibrate the flue gaseous analyzers by introducing reference gases. Then, start
measurement of gas measurement items in the ‘measurement mode.’
> § @ | Measure and record the temperature of the flue gas No preliminary measurement is
gE @ | Measure and record the flow rate of the flue gas required when the automated
g2 .
S § ® Take the moisture samples dust sampler is used.
_ .
a s Weigh the samples and record the results
Input the results of the preliminary measurement into . .
. Determine the nozzle inner
the designated spreadsheet. Measure new . .
. . diameter for the dust sampling
o static/dynamic pressures and the temperature of flue . .
=2 . . s according to the displayed data
= gas, and input those data again. Calculate the isokinetic
S O . . such as flue gas speed, etc.
IS sampling speed of the dust and determine the nozzle . .
< . . . . Assemble the moisture sampling
» inner diameter to sample the dust. Fit the sampling . ..
7] . . apparatus and install it in the
= probe into the measurement hole after assembling the
a] measurement hole.
sample head.
® Take three dust samples according to the guideline ‘Flue Gas Measurement Protocol.’

Read out the instantaneous value of the dynamic

| The dust sampling is controlled
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pressure and the temperature displayed on instruments | automatically. Moisture sampling
every one minute, and adjust the sampling speed must be performed at the same
frequently. timing as dust sampling.

Keep the dust sample filter in the dedicated glass holder, and finish the entire measurement.
Retrieve the record sheet, the samples and the memories.

Demount and reassemble the integrated instruments at both the chimney and the monitor
sides and re-load all in carrier vehicle.

® Clean the place where the instruments were installed.

Let the boiler operator know that you have finished work and are leaving.

Put the instrument back in its original position on the shelves in the office.

@ | Place the record sheets in a file.

Check the condition and conduct maintenance work for the instruments if it is required.

Withdrawal

Storage

@ | Keep the dust sample filters in the desiccator after drying them in a drying oven.

6.1.1 When Manual Measurement Instruments Are Used

Figure 6-1 shows an example of the working procedure for the day of measurement. The item
numbers in Figure 6-1 correspond to those in Table 6-2. Because the operation conditions and the
duct of flue inner diameter differ for each boiler, the time necessary for conducting the preliminary
measurement and the dust sampling may be longer than that in the table below. When the gas
components are collected and analyzed using the moisture sampling, the preliminary measurement
and the work back in the laboratory after the sampling shall additionally be conducted.

8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00
| | | | | | | | |
: Verification Installation and, Basic . , Dust Sampling | | | Storage
pof  Warming-up  of; Measurem, ‘D@ ® ! ' Transport | 7
Transportation g/_lomtormg: Instruments | ent ' Lunch ! | Depar; ation 1 o)
° > ' @ LB, ©® | : 'ture ! !
NOIC ' ! ! HOOM |
@ g 199 @ | (2 |
@ @ : i | has ,
1 1 1 1 1 1
- ® @O0 - - . . !
1

Figure 6-1 Working Procedure on Day of the Manual Measurement
6.1.2 When Automatic Measurement Instruments Are Used

The work procedure is almost the same as those for using the instruments of manual measurement
apart from the absence of preliminary measurement, etc.

8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00
| | | | | | | | |
i | Verification  Installation  and ' Dust : . . Storage

! Transporta 1 0f i Warming-up  of ! Sampling and! ! LD

'tion +Monitoring:  Instruments @ Lunch | Moisture | Depar! Transport ! o)

HOO) ©) :Slte ! QOB i i Sampling : g)ré) : ation :

i 020 1 oo : oo o 09 |

. ;@1 e ! . L ,

Figure 6-2 W@ki%@’ggedure on Day of the Automatic Measurement
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7 Preparation before the Day of Measurement

Before the day of the measurement, communication with external organizations, preparation and
checks on the instruments to be used, etc., are conducted. This preparation is important for
efficiently conducting the measurement and avoiding mistakes on the measurement day.

7.1 Pre-Araangement

7.1.1 Preparatory Notification to the Manager of the Boiler Facility to Be Monitored
and, Coordination and Determination of the Day of Measurement

At least 10 days before the measurement day, call the boiler facility for the flue gas measurement on
boiler inspection. Obtain as much information as possible from the boiler operator to check whether
the boiler is operating normally with no malfunctions and that the boiler will be in operation as usual
on the day of the measurement. Based on the outcome, the steps planned by both sides are checked
to determine the day of the measurement. For boilers on army and police facilities, permission to
visit must be applied for in writing. It takes time to obtain permission (one week or more). In some
boiler facilities, a boiler management company employs boiler operators to manage the operation.
Therefore, communication should be conducted not only with the boiler operators but also with the
management company.

7.1.2 Verification of the Measurement Site

When the day of the measurement has been determined on the phone, the state of the site should
further be checked on the phone such as whether the space for the measurement work can be secured.
For the facility to be measured for the first time, a preliminary visit should be made before the actual
measurement. Some sites may impose the following difficulties on the measurement work:

Table 7-1 Points to Be Checked in Preliminary Visit to Site

Defect Countermeasure

According to the Guideline "Installation Procedure of Measurement Hole

The cost for the new hole shall be borne by the measuring party.

The space in which to position the | It may be possible to operate the measuring instruments in the carrier
measuring instruments is small. vehicle.

The stack is clogged and the flue gas | The stack shall be excluded from the stacks to be measured.
is not smoothly discharged. This stack shall be measured after the stack is replaced.

7.1.3 Arrangement of Vehicles and Drivers to Carry Instrument

Vehicles to be used on the day of measurement (for monitoring technicians and to carry the
instruments) and drivers for them shall be secured in advance.

7.1.4 Provision of Necessary Supplies of Consumables, etc.

In the measuring, the consumables which are shown in below (examples) are used. Therefore,
sufficient consumables shall be supplied.

Dust cylindrical filter, plastic tape, wire, silicone tube, silica gel, CaCl,, cotton work gloves
(which shall be reused after washing to the extent possible) and nitrile gloves

It shall be confirmed early that no instrument is faulty.
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7.2 Preparation on the Previous Day of Measurement
7.2.1 Slection of the Instruments to Be Used

The features of the performance of the main instruments are as shown in Chapter 4. Table 7-2
shows simplified options for each of the instruments. A combination of the continuous flue gas
analyzer and the automatic isokinetic dust sampler is determined as the best combination taking into
consideration the large number of data collected, the measurement precision, and the simplicity of

measurement work.

Table 7-2 Features of Manual and Automated Operation Instruments

Use of Parameters

Name of Instruments

Feature

Flow rate of Gas

Inclined manometer (as a pressure gauge)

The operation is complicated and the
accuracy is low.

Automated isokinetic dust sampler

Operation and recording are automated
and the accuracy is excellent.

Analysis of Gas
Composition

Wet type gas sampler (SO,, NOx)

Only one piece of data can be obtained
and it is difficult for this data to represent
the status.

Portable Flue Gas Analyzer (TESTO)

Few data can be obtained and it is difficult
for these pieces of data to represent the
status.

Continuous Flue Gas Analyzer
(PG-250/PG350)
Continuous Flue Gas Analyzer (HT-3000)

The data can continuously be obtained and
the data has high capability as
representative data.

Dust Sampling

Manual isokinetic dust sampler

The gas speed and the temperature vary
significantly in a coal boiler.

The manual control of these items tends to
be inaccurate.

Therefore, the accuracy is intermediate.

Automated isokinetic dust sampler

The control is automated and the accuracy
is relatively high.

7.2.2 Maintenance of the Instruments Used, and Pre-Process and Pre-Weighing of
Dust Sampling Filter

The preparation of the dust-sampling filter shall be started in the morning of the previous day of the
measurement. The following operations shall be conducted on new cylindrical filters (Five or more
filters shall be prepared for one boiler):

Table 7-3 Preparation Procedure for Dust Cylindrical Filter

No. Preparation Procedure for Paper Filters

1 When the flue gas temperature is low, select glass-fiber cylindrical filters.
When the flue gas temperature exceeds 200 degree Celsius, select silica-fiber tube-type paper filters.

) Provide each of the cylindrical filters with a serial number (see the filter weighing sheet).
Handle the filters with clean hands to avoid dust contamination.

3 Place the cylindrical filters longitudinally in a beaker (with their openings upward) and put the beaker as
it is in an oven.

4 Dry them one hour in the oven at 110 degree Celsius. Turn OFF the oven after one hour and leave the
beaker to cool.
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5 When the beaker is somewhat cooled, move the beaker with the paper filters in it using a pair of tongs
into a dedicated desiccator.

6 Leave the beaker to be cooled in the desiccator as it is for two or more hours in its dry state until the
temperature of the filters becomes room temperature.

7 Take one of the filters out of the desiccator and immediately weigh each filter using a 10™-g scale.
Record the weight of the filter as a pre-sampling weight with the filter number.

8 Store the filter after weighing it. Place the filters in the cylindrical filter case (the dedicated glass bottle)
or the case that has been storing the new paper filters.

Silica Filter Dry Oven The filters are dried

The paper filters are cooled in the
desiccator to room temnerature.

Figure 7-1 Preparation of the Dudt Sampling Filter

As the maintenance of other instruments, for example, the following checks, cleaning, etc., shall be
conducted:

Table 7-4 The Key Point of Maintenance for the instruments

Clean the dust-sampling nozzle. Check the presence of packing of the dust sampling tube.

Maintenance of moisture absorption tube (Sheffield tube):

-When 1/3 of CaCl, is dissolved, replace the tube.

-When the portion around the cock is clogged with silicone grease, clean the clogged portion.
-Remove the stain on the gas inlet.

-Conduct checks on leakages and clogging.

When the inclined manometer is used;
-Check the tank whether the alcohol is present or not.
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Oil Pump:
-Discharge only the contaminated oil.

-Check whether the position of the oil level is normal not, and when the oil is insufficient, replenish with new oil.

Dry-Type Gas Meter:
-When no temperature is displayed, replace the battery.

Flue Gas Analyzer:

-Check whether a significant shift is observed for the response value when calibration is conducted using the reference
gas.

Pipes:

Check whether any of the pipes is clogged with water or dust. When any leakage is found, cut off the leaking portion.

Electric Applications:

Check the inexpensive electric appliances (such as plugs and electric heaters) have no disconnected wires.

7.2.3 Praparation of the Field Note

Each field recording sheet (in Mongolian) is prepared. Make copies from the original sheet.
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Figure 7-2 Field Recording Sheet (Example)

7.2.4 Preparation for the Carring Instruments

If the instruments were gathered in the morning of the day of the measurement, there would be
insufficient time. The instruments to be used shall be prepared and loaded into the vehicle on the
previous day. Conducted maintained instruments, moisture absorption tube, etc. shall be gathered in
the instruments storage room.
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8 Preliminary Work before the Measurement (Day of the
Measurement)

The procedure and remarks will be described for each work step according to the order of items in
Table 6-2.

8.1 Transfer the Instruments to the Boiler

On the previous day, load all the instruments (included PC, USB memory, field record, etc.)
collectively put into the vehicle. Use the instruments checklist to ensure that no necessary
instruments are left behind.

Figure 8-1 Loading of the Instruments

Pay attention to the following items when loading the instruments on the vehicle:

Table 8-1 Point to be Note in Loading Instruments on the Vehicle

Carefully arrange the instruments to be put in the cargo room on the vehicle to avoid damage caused by driving
on bumpy roads.

Do not crush soft items by putting hard items on them or next to them.

Use cushions for fragile items and put the fragile items in baskets to the extent possible.

Always put precision instruments in their dedicated carry boxes.

Using ropes, fix items to avoid movement when the vehicle instruments on bumpy roads. Otherwise, sandwich
these items between heavy items.

When the condition of the road surface is bad, drive the vehicle slowly to avoid breaking the
instruments loaded thereon due to bumps on the road.
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8.2 Cheks to Be Conducted on Site (Immediately after Arrival)
8.2.1 Greeting, Checks on Working Space, Carrying —in of the Instruments

After arrival, take time to greet the boiler operators and obtain permission to enter the premises.
After obtaining permission, drive the vehicle into the premises. The leader of the measurement team
shall observe "the inside of the boiler building and the vicinity of the measurement hole" and shall
check the spaces in which to install the instruments (because the measuring instruments are installed
being divided into two for the two positions of the measurement hole side position and the
monitoring side position). The positions shall be determined under consultation with the boiler
operators taking into consideration the size, the location, the piping of each working space not to
interfere with the work of the boiler operators.

Measurement Hole Side  Pitot Tube and Monitoring side
Dust Sampling Tube

Automatic dust
sampler

Moisture  Absorption
Tube
Gaseous analyzer

Figure 8-2 Representative Example of the Instruments Instarattion

The size of the boiler building and the positions of the measurement holes differ depending on the
facility. Therefore, the arrangement of the instruments is changed as follows according to the place.

Table 8-2 Difference in Instruments Installation Space

Case Measurement Hole Side Monitor Side

The measurement hole is located inside the boiler building and all the work procedure can be conducted

! in a warm place. These are excellent conditions.
The working space can hardly be secured in the boiler building, but
2 the rest room can be used separately as a space for the flue gas
analyzers.
The measurement hole is
located on the stack outside the | No working space can be secured in the room and the measurement
3 building and the instruments has to be conducted with the instruments for the monitor side loaded

for the stack side have to be on the vehicle. Two vehicles are necessary.
installed around the stack.

No working space can be secured in the room and the measurement
3 has to be conducted with the instruments for the monitor side loaded
on the vehicle. Two vehicles are necessary.

It is necessary to put the flue gas analyzers, the oil vacuum pump, the PC, etc. in a warm place for
them to operate. In the winter in Mongolia, air pollution becomes heavy and the temperature may
fall to -30 degree Celsius. When cold air enters the room, the temperature may fall to -10 degree
Celsius or lower. In this operational environment, some instruments may lack measurement precision
even though they seem to operate. Therefore, care must be taken to select the places in which to
install the instruments.
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In case of all the instruments can be Park the measurement vehicle near
installed beside the measurement hole the stack
in the boiler building.

Put the flue gas analyzer into
warm room.

Automatic dust sampler in the vehicle

Manual dust sampler
Figure 8-3 Difference in Installation Place for the Flue Gas Measurement Instruments
Take care of the following points when the measuring instruments are installed close to the boiler:

Table 8-3 Points to be Note in Selecting the Installation Positions

Observe the behavior of the boiler operators. Taking into consideration the behavior of the measurement engineer,
the instruments must be installed in positions that do not interfere with the boiler operators and the measurement
engineers.

The position must have electric outlets available for the measurement and must be within the range for the power
cable to reach.

The positions must allow the piping and wiring to be installed to connect the measurement hole side and the

1-19



Flue Gas Measurement Guideline For Heat Only Boiler (HOB)

monitor side.

The positions must be free from dripping water and secure from large trash falling on the measuring instruments.

The measurement place must be ventilated so that smoke from the boiler does not accumulate in the measurement
place.

The positions must be away from any rotating fan motor (especially, the rotational belt).

The positions must be away from the boiler to prevent overheating.

The scaffold on the stack side: The scaffold must be installed in a sufficient space that is not slippery, too high, or
easy to fall from.

Ask the boiler operators where the electric outlets are (two or more outlets are preferable) and secure
the power by connecting the power source drum to the outlets. After determining the installation
positions, remove any trash and obstacles around the installation positions.

8.2.2

When the installation position of the instruments has o.
been determined and the carrying of the instruments —
has started, the leader of the measurement team shall
interview the boiler operators to obtain information on
the facility operation. Simultaneously, the
information shall be recorded on the record sheet (see
the table on the right). Based on this information, the
measurement schedule shall be determined for the day

Interview for Facility Information, Operation Schedule

Photograph

System

(for one stack)

Item for Record Remarks

Content (Example)

of the measurement (the starting time of the
measurement and the length of sampling time).The
information obtained in the interview will be useful
when the validity of the calculated report value is
verified in the data reduction conducted on a later day.

@ | Place of Installation 0000
g' Date of Visit Jan. 20, 2012
§ Temperature of Day of Visit Average: -23 degrees
(Max.: -13 and Min. -31)
Capacity (MW)
Date of
Quantity One

Fan Type

Coal Feeding Type

Manual

Hole Position

Stack

191108 J0 UoREdI03dS

Dust Sampler Type Cyclone

@  Operation Policy for Day of Measurement Dodle i b None
Supplied Water Set Temperature (°C) 80
Fan Operation Scheme Operation

The timings to feed coal, to remove the ash, and to turn
ON/OFF the induction fan at what intervals.

Is the combustion of the coal close to that in winter or is it
suppressed in comparison?

®

Where to supply hot water, how large is the quantity, the time
zone of the demand, and the actual operation state at nighttime.

®

The model, the coal feeding method, the discharged gas
treatment scheme (dust removal and desulfurization), and
checks on faulty parts

@ Coal

Demand Origin of Hot Water

Boiler

Place of production, type, size, and the average weight of one
shovelful of coal

Timings to Turn ON and OFF Fan

Fan is turned OFF when the returning wi

ater is 80°C or hotter, and is

turned ON when the returning water is around 70°C.

uonesado Jo arelS

Leakage into Stack, etc.

Aslight blowout before the stack

Use of Damper

Not verifiable

Adamper is used.

How to Put out Clinker

Pushing out into a clinker receiver
behind the HOB

Frequency of Clinker Removal

Before every coal feeding

Frequency of Raking Coal

Several times an hour

Maintenance of Dust Collector

Cleaning once in a half day

Type of Coal

Nalaikh

Size of Coal

Powder coal

About several centimeters

Container to Feed Coal

Shovel

|an4 10} swiay

Coal Feeding Time Interval

Once in 20 minutes for about 10
shovelfuls

Feeding Amount at Time of Visit (kg/h)

228

Midwinter Feeding Amount (kg/h)

270

Other Items to Burn

paper trash

Demand Origin

Schools, hospitals, and houses around
the boiler

Demand Time Zone

All day long (no supply )

TITETOFT
10} puewaq

Other Items Observed or Interviewed

“The coal is fed such that the thickness o
to 12 cm.
- The backup HOB is operated only in the

f the coal on the fire grate is 8

cold season.

- The coal is supplied to plural HOBs each at a different timing from

each other.

- Coal feeding is regulated based on the observation of the quality of the

ash.

Figure 8-4 Example of Boiler Information Record

1-20




Flue Gas Measurement Guideline For Heat Only Boiler (HOB)

8.3 Installation and Warming up of the Instruments

The place for installing each instrument differs depending on the component of the instruments and
the layout of the facility and which instruments are used. The installation and the warming up of the
instrument depend on whether the instruments used are manually operated or automated and whether
the position of the measurement hole is inside or outside the boiler building.

8.3.1 Safty Measures
8.3.1.1 Items of Wear for Workers

Figure 8-5 Items of Wear for Workers

8.3.1.2 Precauton when Working in High-Places

A large-scale boiler may have a high stack and may also have a measurement hole at a high position
located five to six or more meters from the ground. The stack-side instruments described in
Subsection 8.3.2 and 8.3.3 shall be installed around the measurement hole and the piping and the
wiring (such as the power cables and the temperature compensating conductors) are also installed
around it. Install the stack-side instruments using ropes and take the safety provisions into
consideration. Lift the instruments with two persons as a team synchronizing the timing between the
two by using a sign.

<Stack Side> Check the scaffold carefully. Tie the end of the rope to a rail of a fence, etc. Wind the
unused portion of the rope tightly not to obstruct the work and to avoid fouling of the rope on the
legs of the technicians.

When an article is lifted up, lift the article slowly directly upward to avoid the article swinging.

<Monitoring Side> Wind the rope once around the instrument to be lifted (if the rope is tied at only
the handgrip of the instrument, the lid of the instrument may open and the articles retained therein
may fall out). When the lifting has been started, the persons standing under the instrument must
move away to avoid standing beneath the instrument.

When a pipe lifted up is fixed, take into consideration the position to fix
the plastic pipe to avoid being squashed by its own weight.

. Incorrectly Fixed; the pipe gets squashed by its
Correctly Fixed own weight where it is fixed.
Figure 8-6 How to Fix the Pipe Figure 8-7 Lifting up of the Instrument

1-21



Flue Gas Measurement Guideline For Heat Only Boiler (HOB)

8.3.2 When the Flue Gas Measurement Is Performed Outside

When the duct of flue is located outdoors, the pipe to introduce the flue gas becomes cold due to the
ambient air and the large amount of steam, which is included in the flue gas, freezes in the pipe.
With no countermeasures taken, the pipe becomes clogged several minutes after the monitoring is
started and no gas can pass through the pipe. This point requires the most attention in installation.

8.3.2.1 Composition and Connection for Manual Operation Instruments

1) Temperature Measuring Instruments

A thermocouple of the K type shall be used as the temperature sensor. There are two types of
apparatus for displaying the temperature data (the portable temperature display or the logger). The
logger not only displays the temperature but also records and stores the temperature every second.

Figure 8-8 Tempurtature Measuring Instruments

The logger is often used because it can automatically record. The logger can accept other input
signals (such as a measurement output of the flue gas analyzer) and, therefore, the logger shall be
installed on the monitor side. When the distance is long between the duct side and the monitor side,
the sides shall be connected using a long "dedicated temperature compensating conductor" (an
ordinary signal line must not be used).

2) Flow Rate Measuring Instruments

The Pitot tube and a pressure gauge are used to measure the flue gas speed. A pressure gauge as a
manual operation instruments is an inclined manometer.

Figure 8-9 Flow Rate Measuring Instruments

The inclined manometer includes a liquid sealed therein and is used together with the liquid. In
winter in Mongolia, the liquid must not freeze and, therefore, the liquid shall be ethyl-alcohol, which
has a low freezing point (where available). The Pitot tube and the inclined manometer are connected
using two tubes and, when the distance is long between the stack side and the monitor side, the
section in between may be connected by silicone hoses or Teflon tubes.
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Figure 8-10 Image of Installation of Frow Rate Measuring Instruments
3) Moisture Measuring Instruments

The stack-side instruments consist of “the sampling tube, the Sheffield tube, and a ribbon heater.”
The monitor-side instruments consist of “the trap, the suction pump (with a flow regulating cock),
and the gas meter.” The instruments made in Japan include those that are driven at AC100V and it is
necessary to use transformers to reduce the voltage from 220 V to 100 V.

Sampling Probe Including Filter Use a silicone braided hose
See to the orientation of the
hottle!
220V—100V
Heater and Temperature Down Transformer

Figure 8-11 Installation of Moisture Sampling Instruments

The Sheffield tube is a tool for capturing only the steam in the flue gas. The sampling probe must be
attached with a filter to avoid entry of dust in the flue gas into the Sheffield tube. Because the
ambient air is cold, the piping extending to the Sheffield tube

needs to be heated by a heater as shown in Figure 8-11 (without

the heating, the steam changes into water droplets, which do not

enter the Sheffield tube). When the steam is adsorbed, the steam

generates heat and the Sheffield tube becomes hot. Therefore, the

lower half of the bottle is usually sunk in the water tank

(however, in winter, the atmosphere cools the bottle and the

water tank is unnecessary).

4) Gaseous Component Measuring Instruments (SO,, NOy
CO CO, and 02)
@ Flue Gas Component Analyzer (Chemical Sensor Type)

The HOB often discharges CO gas whose concentration exceeds 1,000 ppm. Therefore, the
sensitivity of the chemical-sensor flue gas analyzer is degraded due to the degradation of the sensor.
For this reason, measurement of a high-concentration CO gas for a long time must be avoided. The
measurement must be finished in a short time and it is necessary after obtaining one measured value
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to purge the line in the analyzer with the air in the room for a while. To avoid the degradation of the
sensor to the extent possible, the following measures shall be employed for the sampling (with this
measuring method, the stack side and the monitor side are never connected to each other):

- Sample the flue gas in the gas bag using the twin balls. Sample the flue gas slowly taking five
minutes for one bag (suction regularly to fill the bag such that the concentration of the sample in
one bag after the sampling averages the gas concentration which fluctuates in five minutes).

» Analyze the concentration of the sample in the gas bag in a short time using the chemical-sensor
flue gas analyzer and obtain one piece of data as a five-minute average value.

Figure 8-12 Image of Installation of Gas Component Measuring Instruments

The flue gas analyzer needs to be placed in a warm room (because its operation temperature is 0 to
40°C). The measurement in this method only gives several pieces of data for one boiler and the data
is poor as representative data similarly to that given by the Wet analysis method.
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5) Dust Sampling Instruments

The stack side consists of “the dust sampling probe.” The dust nozzle and the tube-type paper
filter are set in the sampling probe. The monitor side consists of "the trap, the suction pump (with
the flow regulating valve), and the gas meter.” The instruments made in Japan include those that
are driven at AC100V and it is necessary to use transformers to reduce the voltage from 220 V to
100 V.

Adjust the length of this pipe
for the steam to freeze in the
trap.

220V—100V
Down Transformer

Trap the steam by Use silicone braided hose.

freezing it in this.
Figure 8-13 Installation of Dust Sampling Instruments
8.3.2.2 Composition and Connection for Automatic Measurement Instrumetns

As the configuration of the instruments, the following items are different between the automated
instrumetns and the manual operation instruments:

Table 8-4 Difference between Automated Instruments and Manual Operation Instrumetns

Name of Instruments

Difference between Automated Instruments and Manual Operation Instruments

Moisture measuring instruments

No difference. The same instruments are used for the manual measurement and

the automated measurement.

Gas component measuring instruments

Automated flue gas analyzer is used as the automated instruments.

Temperature measuring instruments

Gas speed measuring instruments

Dust sampling instruments

As the automated instruments the automated dust sampler automatically

measures both the temperature and the gas speed.

1) Moisture Instruments

The instruments are same as that of the manual operation instruments.

2) Gaseous Component Measuring instruments (SO,, NO, CO CO, and O,)

The flue gas analyzer (optical sensor type), which is robust against the influence of the interfering
gases and can continuously measure, collects data of the concentration at a rate of a piece of data in
10 seconds (in the current setting).
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The dust and the moisture in the flue gas must not enter the flue gas analyzer. As shown in the figure
below, the parts for removing the dust and the moisture are inserted at various positions of the flue
gas introducing line.

As to the coal boiler, the CO concentration sometimes becomes high that is percent concentration.
To precisely measure the concentration from a low concentration to a high concentration, prepare a
flue gas analyzer for a low concentration and that for a high concentration and operate them in
parallel to each other. According to the flow, suction the flue gas using a small pump and, thereafter,
distribute the gas to input the gas into each of the measuring instruments.

The instruments made in Japan include those that are driven at AC100V and it is necessary to use
transformers to reduce the voltage from 220 V to 100 V. It takes one hour to warm up the automated
flue gas analyzer and, thereafter, it takes a further 30 minutes because the calibration must be
conducted using the standard gas. To quickly conduct the measurement work, it is important to
pre-warm the automated flue gas analyzers by installing these instruments earlier than the other
instruments such as the dust samplers.

Sampler Tube Including Filter ,-°" Release  excessive "~
s._ pressure e
Adjust the length of this pipe for the " RRTOAN

steam to freeze in the trap.

Low Concentration
Flue Gas Analyzer

This traps the steam by

freezing the steam 220V—100V
: Second Dust Filter
therein. Down Transformer

High Concentration Flue
Gas Analyzer

Figure 8-14 Image of Installation of Automated Gas Component Measuring Instrumetns

The data is automatically recorded into the logger by the low concentration flue gas analyzer and
into an incorporated SD card by the device for the high concentration.

An uninterruptible power source shall be prepared for a power failure. This source can maintain
the operation for several tens of minutes during a power failure.
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3) Dust Sampling Instruments

The stack side consists of "the dust sampling probe.” The dust nozzle and a cylindrical filter are set
in the sampling probe. The monitor side consists of "the trap, the suction pump (with a flow
regulating valve), the gas meter, and the sampling controller.”

The instruments made in Japan include those that are driven at AC100V and it is necessary to use
transformers to reduce the voltage from 220 V to 100 V. Gas meters include wet-type gas meters and
dry gas meters. When a wet-type gas meter is used, put antifreeze liquid in it. See the technical
manual for the piping and connection to the automated dust sampler.

220V—100V
Use a silicone braided hose. Down Transformer
Adjust the length of
this pipe for the steam
to freeze in the trap.
Flue Gas
Temperature
. Qinnal
This traps the steam
by freezing the steam Gas Meter
therein. Temperature
Signal
220V—100V Gas  Meter
Down Transformer Rotation
Signal

Figure 8-15 Installation of Automated Dust Sampling Instruiments

8.3.3 When the Flue Gas Measurement Is Performed Indoor

As to installation of the instruments, the difference from Section 8.3.2 " When the Flue Gas
Measurement Is Performed Outside" is that the length of wiring and the signal lines are shorter from
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the duct to the monitor side.  In addition, when it is warm in the room, the "trap bottle™ for trapping
the steam does not need to be installed immediately after the sampling tube. However, the floor of
the room for the HOB is often cold due to the incoming cold atmosphere from the outside and,
therefore, the steam in the flue gas becomes water in the piping and runs on the floor. As to the dust
sampling devices, the steam changes to water in the pipe and, thereafter, the water is ccollected by
the trap box and causes no problem. However, in the automated gas component measurement line, it
is necessary to introduce a measure to avoid any water from entering the automated measuring
device by, for example, inserting a trap bottle as shown in the figure below.

Sampler Tube Including a Filter Low Concentration

Flue Gas Analyzer

The steam becomes water
in the pipe and, thereafter,
enters the trap bottle.

220V—100V High Concentration
Down Transformer Flue Gas Analyzer

Figure 8-16 Installation of Gas Component Measuring Devices (in Warm Room)

An uninterruptible power source shall be prepared
for a power failure. This source can maintain the
operation for several tens of minutes during a
power failure.

8.4 Checks after Installation
8.4.1 Checks Operation

The following checks shall be conducted to check whether the main devices operate normally:
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Table 8-5 Items to Be Checked after Warming up

Name of Device Item to Be Checked

Start up the oil pump immediately while the pump is warm after it is installed.
When the room is cold, heat the oil tank. Once the pump is turned on, keep the
pumps rotating (because, when the room is cold, it is difficult to turn ON the
pump again once the pump is turned OFF).

Suction Pump

When the pump is connected to the gas meter and is turned on, check that the

Gas Meter gauge of the gas meter rotates round and round.

pC The PC does not work well when the room is cold.
Warm the PC properly using by an electric blanket.

Turn ON this analyzer immediately after its installation (because it takes one
hour to warm up the analyzer). Put the analyzer in the state for suctioning the
room atmosphere. Connect the analyzer to the logger. (Conduct the operations
following the technical manual.)

Flue Gas Analyzer If the flue gas analyzer is placed in the vehicle, the flue gas suctioned by the
analyzer fills the inside of the vehicle and harms the health of the members.
The flue gas may be discharged out of the vehicle by connecting a pipe to the
outlet of the analyzer. However, when the pipe is thin and long, it influences the
measured value and, therefore, the pipe must be thick and short.

Set the USB memory and check that the following input signals are sent:
The measured values of the five items of PG-250 (SO,, NOx, CO, CO,, and O,)

The measured value of the flue gas temperature sensor (Conduct the operations
following the technical manual.)

Logger

Set the inclination to be 1/20. With the differential pressure that is 0.

Inclined Manometer Check that the liquid level of the included liquid (ethyl alcohol) is zero to 5 cm

. . on the scale. If the liquid is insufficient, replenish the tank with liquid.
(Manual Operation Device) ) o ) ) ]
When this zero position is checked, take care to avoid any wind entering from

the two inlets.

After turning this sampler ON, check the display on the screen. Check that there
Automated Dust Sampler is sufficient printer paper. Conduct zero adjustment with the differential
pressure that is zero.

When all the devices are used, the power used may exceed the power source
capacity and the breakers may drop depending on the place. Complement the
electric power by obtaining another power source from a neighboring house or
using a power generator.

All Devices

8.4.2 Leak Chek on Ductwork

As described in Item 8.3, the devices are connected to each other using many joint pipes. If a joint
pipe is decoupled or has a hole, normal measurement cannot be conducted because the room
atmosphere enters through the decoupled portion or the hole. After connecting the pipes, the pipes
must be checked to confirm that no leakage exists, according to the following method:

8.4.2.1 Moisture Line and Dust Line
Conduct the leak check according to the following procedure:

(D Operate the pump (an arbitrary speed may be employed).
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Check that the gauge of the gas meter rotates (adjust the rotation speed to a proper speed using
the flow regulating valve of the pump).

Pull out the end of the tube on the stack side from the sampling probe and close the tip of the
tube using a finger.

Observe the gauge of the gas meter. When no leak exists in the pipe, the rotation gradually slows
and finally stops.

© ® © ©

If the rotation does not stop, take off the pipe joint starting with the pipe joint closer to the pump
and repeat the checks in @@. Find the position of the leakage and repair the leakage.

The suction flow of the dust sampling pump is large and the rotation of the gauge usually stops
shortly after the pump starts suctioning. In contrast, the flow of the moisture pump is relatively small
and, therefore, it takes time to remove the air from the pipe. Therefore, be prepared to wait longer
than estimated. Somewhat increasing the flow using the regulating valve results in a shorter time to
suction the air. However, when the trap bottle is a plastic bottle, the bottle is gradually crushed as the
inside of the tube becomes a vacuum. It is better to check the leak without the trap bottle not to break
the trap bottle. To check the leakage of only the trap bottle, suck on the bottle. It is necessary to take
care when the leak check is conducted on the automated dust sampling devices. This leak check is
described in Subsection10.2.2.

Close this end with a
finger

220V—100V
Down Transformer

Figure 8-17 Leak Check on Sampling Tube

8.4.2.2 Line for Gas Composition

Install the gas meter downstream of the suction pump and conduct checks according to the same
method as that described in Subsection 8.3.4

8.4.3 Measurement of Duct Diameter and Flange Length, and Calculation of
Measurement Points

For the gas speed measurement and the dust sampling, calculation must be conducted to determine at
which point the flue gas and the dust are collected in the cross section of the duct for each facility.
The figure of the image below shows the case where the cross sectional shape of the duct is a circle.
As the gas speed differs depending on the position in the duct, in order to obtain a representative
value as one duct, plural measurement points are usually provided in the cross section of the duct.
The measurement points are increased as the diameter becomes larger. See the technical manual
for the method of calculating the positions of the sampling points (the black points in Fig. 8-14
below). When the dust sampling probe and the Pitot tubes are inserted into the duct, adjust the length
of the insertion of the probes such that the ends of these probes are placed at these positions.
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Cr

Figure 8-18 Positions of Measurement Points in Cross Section of Duct (for Circular Duct)

Go to the measurement hole and wear a mask and protective goggles. Take care not to fall or drop
anything.

Take off the lid by rewinding the bolt screws in the flange portion. There are cases where the
pressure in the duct is higher or lower than the atmospheric pressure. When the pressure in the duct
is higher, the flue gas may blast out into the face when the lid is taken off. Therefore, take care
when the lid is taken off. For measurement holes that have not been used for a long time, dust
accumulates on the flange. In an extreme case, the dust closes the hole. Remove the dust using pipes,
etc., and clean the hole.

Measure the size of the inner diameter of the duct using a relatively long pipe. When the duct is
circular, measurement of the inner diameter by inserting the pipe into the hole is as shown in below.
Measure the length of the flange. Based on these measured values, calculate the positions of the
measurement points by manual calculation according to the technical manual and record the results
in the recording paper sheet.

Figure 8-19 Opening of the Measurement Hole and Cleaning
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Figure 8-20 Measurement of Size of Measurement Hole

8.4.4 Staert-up of PC, Praparation of Calculation Sheet, etc.

Start up the notebook PC and open the Excel calculation sheet dedicated to the flue gas measurement
Input all of the information obtained in the interview with the boiler operators, the measurement
results of the duct size, etc. Measure the atmospheric pressure and input the result into the
calculation sheet.
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9 Indoor Site Measuremant Work 1 (When Mnaual Dust
Sampling Instruments Are Used)

As shown in 6.1.1, preliminary measurement is required for the flue gas measurement with manual
operation instruments before dust sampling. A lot of data obtained through this preliminary
measurement will be used for calculations to determine the control conditions of the manual type
dust sampler for smooth dust sampling after the preliminary measurement.

9.1 Preliminary Measurement

After installing the necessary instruments on the measurement hole side and the monitor side after
confirming they operate normally, start the measurement of the temperature, flow speed and
moisture step by step. Inclined manometer (Pressure measurement: Flow speed)

Monitor Side

Measurement Hole Side Calculation PC

Pitot Tube & Heating Pipe

Moisture Sampling Container Gas Meters (for moisture and dust)

Suction Pumps (for dust and moisture)

Figure 9-1 Preliminary Measurement

9.1.1 Measurement of the Temperature (Common to Manual and Automatic
Instruments)

Measure the flue gas temperature in the duct with the equipment specified in 8.3.1.1. After observing
the condition around one minute, read an approximate average value and write it down on the record
sheet. The head of the type K thermocouple may be located in any place inside the duct. However,
take care for the tip not to be contact with the internal wall of the duct.

9.1.2 Flow Rate Measurement (Manual)

The theory of flow rate measurement is specified in the technical manual. The following is a
conceptual illustration for measurement of the flow rate at the four points in total in the duct. The tip
of the Pitot tube is placed at the first point to measure the flow rate.

Insert the Pitot tube properly so that its tip may be
located exactly at the first measuring point.

For this purpose, provide a tape marker at this position
of the Pitot tube so that one can discern it when viewed
from outside.

This position as a place of enrolling an adhesive tape
should be determined beforehand, as calculated at 8.4.3.
The second point and subsequent points also are
marked with adhesive tape as position reference.

Figure 9-2 Positions of the Pitot Tube for Measurement of the Flow Rate
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At the tip of the Pitot tube, there are two apertures: the one facing to the flow of flue gas is called the
total pressure aperture, while the other is called the static pressure aperture. The total pressure
aperture must be directed squarely to the flow of flue gas (the angular tolerance is +5°).

Static Pressure
Aperture

Total Pressure
Aperture

Flow of Flue Gas

Seal the clearance with heat-resistant tape to
prevent the gas from flowing in and out.

Figure 9-3 Measurement of the Flow Rate (Side View and Sectional View)

Measure the flow rate following the procedure below. Write down the angle of the manometer (such
as 1/20) and the pressure value measured at each point (marked on the scale of the inclined
manometer) on the record sheet.

(1) Read the zero point of the inclined manometer.

Before inserting the Pitot tube into the duct, put the tip of the Pitot tube into a bag (to prevent it from
being affected by a wind), and check the reading under the condition that the same atmospheric
pressure is applied to the two apertures. That is, read the scale without differential pressure.

(2) Read the dynamic pressure value (Pa) and the static pressure value (kPa) at the first measuring
point.

In the Figures 9-3 and 9-4, a red tube is used for connection to the total pressure side, while a grey

tube is used for the static pressure side. Insert the Pitot tube slowly into the duct, and set it in the
measuring position.

Line Indicating
Angle

Level of Ethyl Alcohol

Figure 9-4 Inclined manometer
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At this time, the level of ethyl alcohol becomes turbulent due to a shock caused by a large difference
between the pressure in duct and the atmospheric pressure, if any. When the difference is too large,
the ethyl alcohol flies out to the glass bulb, overflowing the right edge of the scale. In this case,
when introducing the Pitot tube, as a preparatory step, the red and grey tubes are pinched by hand
not to produce a sharp shock. Keeping this state and set the Pitot tube just at the first reference point.
Then, gradually open the plied tubes so that pressure may work on gently the inclined manometer.
Not agitating the level of liquid is the cue to get a correct reading. The value read here is equivalent
to a dynamic pressure.

Then, detach the red tube (the total pressure side shown in the Figure 9-4) from the inclined
manometer, and read the scale. The read value is equivalent to a static pressure. Depending on the
boiler, the static pressure in duct may become positive or negative. The magnitude of pressure also
differs according to the boiler. When measuring a large positive or negative static pressure, set the
angle of the inclined manometer at 1/10, 1/5 or 1/3. When the pressure is too large to measure with
these inclinations, measure the value with the U-tube filled with water. In this inclined manometer,
the graduation of 10 is equivalent to 1,000Pa at the inclination of 1/10. Since the reading method
used for this system is different from those in conventional products in which readings are given in
millimeters, be careful not to make mistakes.

(3) Read dynamic and static pressure values at the other measuring points in the same manner as in

Q).

Figure 9-5 Measurement of Flow Rate

9.1.3 Moisture Contents Measuremewnt (Common to Manual and Automatic
Instruments)

It is possible to determine the moisture concentration of the flue gas referring to the fact that the
desiccant of CaCl2 included in a Sheffield tubes increases its weight when absorbing the water. For
details, refer to the technical manual. The measurement procedure is as follows.

(1) Take six Sheffield tubes prepared for this purpose out of the storage box.

(2) Prepare an electric balance in conditioning. Place it on a flat surface inside the warm room
and set it in correct regulation of level. Set the balance not to be affected by the wind.

(3) Make a zero setting for the electric balance.

(4) Weighing of Sheffield tubes before use
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Close the cock, and weigh each bottle. Before the measurement, completely remove any dirt
and/or water adhering to the surface of the bottle with clean tissue paper. Write down the
original pre-measurement weight on the record sheet (together with the tube number).

Figure 9-6 Weighing of the Sheffield Tubes Before Use

(5) Then, connect two Sheffield tubes with a silicon tube in order to store them as a set (three sets
in total). When the connecting silicon tube is too long, there is an adverse possibility that the
water may accumulate at the joint. When the connection tube is too short, it is easily detached.
Connect the two bottles by using a tube of a proper length to reduce the connecting distance
as much as possible.

(6) Installation of the Sheffield Bottles

The figure below is the same as the Figure 8-11. Set a set of Sheffield tubes with their cocks
closed at the measurement aperture paying attention to the direction of the bottles. Seal the
clearance with heat-resistant tape. Set a ribbon heater as closely as possible to the inlet of the
bottle is as shown in the figure, in order not to allow the vapor to turn to water under the effect
of cold atmospheric air, before entering the bottle. Do not raise the temperature of the ribbon
heater too much (the silicon tube may be burnt at an excessively high temperature).

Seal the clearance with 220V—100V
heat-resistant tape. Down Transformer
Pay attention to the direction of the
bottles!

Heater & Temperature Keep the hose not connected

Controller

Figure 9-7 Sampling of Moistures

(7) Immediately before Starting Measurement
Before starting measurement, adjust the flow rate of the pump to approximately 1L/min. After
stopping the pump, read the accumulated flow rate of the gas meter, and write it down on the

record sheet as the read value before sampling. Confirm the bottle numbers of the set Sheffield
tubes.
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(8) Timing of the Sampling

For collection of three sets of moisture samples in total, decide when to start sampling and
when to finish appropriately, depending on the operating status of the boiler. Usually, it takes
five minutes for one set at a flow rate of approximately 1L/min, but the concentration of the
coal boiler flue gas largely changes, depending on the operating condition of the boiler. To
obtain a representative average, the length of time, timing and suction speed for sampling may
be changed. Refer to the “Flue Gas Measurement Protocol.”

(9) Start of the Sampling

Before starting the sampling, attach the detached hose. Open the two cocks of the Sheffield
tubes by turning them to the open side (be careful to turn them to the right direction). Soon
after the communication between the stack side and the monitor side, turn on the pump and
start sampling. Use a walky-talky for smooth communication between the two sides, when
needed. When the sampling is started, moisture goes into the bent tube of the Sheffield tube,
making the inside of the tube fogged. Be sure to confirm this phenomenon.

This part becomes fogged when //'
the sampling is started.

Measure the rotation time of the gas meter, and confirm that the suction rate is around 1L/min
(the rate may be lower than this for a longer suction time).

(10) During the Sampling

Confirm that the sampling is going on smoothly with water drops adhering to the inside of the
Sheffield tube. In addition, check that moisture does not become water before going into the
bottle due to the misalignment of the ribbon heater wrapped around the tube. If the heater is
misaligned, wrap it properly. Read the temperature of the gas meter, and write it down on the
record sheet. Check the rotational speed of the gas meter from time to time in order to
confirm that the rate does not decline (if it has declined, clogging or leakage may be caused).

(11) End of the Sampling

Stop the pump when the scheduled closing time comes. Close the cocks of the Sheffield tubes,
and remove the first set of bottles for recovery. Take the reading of the gas meter, and write it
down on the record sheet as the post-sampling value.

(12) Post-weighing of the Sheffield Tubes

Completely remove any dust and/or moisture on the surface of the first set of recovered bottles
with tissue paper. Then, weigh it with the electric balance, and write down its weight on the
record sheet.

(13) Moisture Sampling for the Second and Third Sets

After finishing the sampling with the first set at (11), repeat the above steps from (6) through
(12) to collect data with the second and third sets. Calculate the moisture concentration by
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using PC. When reading taken is found abnormal, an additional measurement is required with
the fourth set.

9.1.4 The Gas Composition Measurement

When a chemical sensor-type flue gas analyzer is used, conduct measurement, following the
sampling method and procedure specified in 4) of 8.3.2.1. Collect the samples as many as possible
for better results.  Be sure to collect the data on the gases if high concentrations come out after coal
is fed into the boiler. The concentration peak comes differently in time according to the measurement
item. Pay attention to the sampling timing.

9.1.5 Input to the Calculation Sheet (Manual)

Input the data collected from Subsection 9.1.1 through 9.1.4 to the dedicated dust calculation sheet
of Excel software.

Records of Moisuture Content of Flue Gas
JIS Z 8808 6.1 method of Moisture Absorption Tube (moisture absorbent: calcium choride)

Facilities name Measurement place
Date of measurement | 2016/ 02 / 04 / Measurer |
Method of Moisture Absorption Tube (moisture absorbent: calcium choride)
Measure time
Reading of meter (end) Vm2 L Unit of 0.01
Reading of meter (start) Vmi L Unit of 0.01
Kind of meter - - Dry /' Wet Identification ndmber
Atmospheric pressre Pa kPa Unit of 0.01
Average atmospheric Pa KPa Unit of 0.01
pressre
Temperater of suctiongas [, [ Unitof 0.1 Inout moist
Average temperater of o B npu moilsture
. . m Unit of 0.1 .
suction gas in gas meter data Of 3 tlmeS
Correction volume of wet VN LN Unit of 0.01
gas sucked
Moisture absorbent No. - - Identification nymber
Weigh after water absorbed| ma2 g Unit of 0.01
Weigh before water B
absorbed mal g Unit of 0.01
Mass of water absorbed ma g Unit of 0.01
Mass of water absorbed ma g Unit of 0.01
Volume percentage of W % Unit of 0.01
water vapor
Average volume xw % Unit of 0.01
percentage of water vapor

*V'N=Vm x 273 /(273+6m) x Pa/101.3
<yw=22.4/18xma,” (V’N+22.4/18xma) x100

Records of Composition of Flue Gas (HORIBA)

Measure time hh:mm Average
CO2 % Unit of 0.1
02 % Unit of 0.1
N2 % Unit of 0.1
Temperature of| _ -
fiue gas 0 < Unitof 0.4 Input composition
Static pressure
Siieems | P kpa of flue gas
Atmospheric Pa KPa
pressre
Density of wet 3
flue gas in P kg/Nm
Density of flue 3
gas in duct p kg/m
*h=h2xD/n
«po=1{(44x[CO2]+32x[02]+28x[N2]) (1 —yw/100) + 18xyw}/(22.4x100) ByTapxaii TOOHBI OPOHT GYX9ITrIX
-+ p=pox273,/(273+0s)x(Pa+ Ps),/101.3 JyHzax yTra © JyHIQK YIThII FapracHbl apaa OPOHT Gy XaITrax
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Records of Velocity and Flow Rate of Flue Gas
JIS Z 8808 7.3 method of using a pitot tube

Atmospheric pressre
Pa(kPa)

T DE7 TN 7

Measure time <— | Input measure time
T POSETTTy
Magnification of manometer e
Un 1/ é_—-

Input magnification of manometer. If magnification is 1/10, input 10

vapuor

Temperature

£ £

Temperater
of suction

Input measured static pressure of flue gas

y 2
. Static 0 point of Ma. . . .
IC pressure of Tlue gas pressure of
Stat f i AVALUE! point ¢ 4| Input reading of static manometer (0 point)
Ps(kPa) i flue gas manometer m
(rm) (mm) ) A/n) I (g7 TNy 7 I
L . [
Diameter of duct 2R [ IHDUt diameter of duct (2R) ue gas QN Flow rate of dry flue gas Q’'N
Sectional
Nozzle
Xea of duct m 2 di:;zeter d m 3 N/h m 3 N/h
0 point of ] o 1
Opointof fr Input reading of dynamic pressure (0 point)
Reading of (mm) Average Difference pressure :'L":S':'r: Average am M
Measure point manometer measlured measured by velocity
by pitot pitot tube
tube
(mm) h1(mm) h2(mm) h(mmH20) Pd (Pa) v (m/s) (L/min) sec/L
1
2 Input reading of dynamic pressure
3
Average
+ h=h2xD/n

-v=c (@Pdp*?

- am=/4xd3xvx(1w/100)%(273+0m),~ (273+0s)x(Pa+ Ps) / Pax60x10°"

- M=1/q mx60 - QN=VXAx273/(273+0s)x(Pa-+ Ps)/101.3x60x60

-+ Q'N=Qnx(1-xw/100)

Figure 9-8 Caluclation Sheet for Manual Measuremant Instruments

Figure 9-9 Input the Calcration Sheet
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9.2 Recording of the Filed Coals and Operations of the Boiler

The boiler operator operates the coal boiler, anticipating the demand for hot water of that day. The
properties of the flue gas are influenced by his operations such as feeding coal, scraping out ashes,
removing clinker, and turning on/off the fan. Start recording these operations, preferably about one
hour before the start of the dust sampling (after starting the measurement of the gas component).
Accordingly, it would be better to secure a dedicated recorder for recording, who observes the
operations of the boiler operator. In addition, the quantity and the color of the flue gas discharged
from the stack should be recorded. Used for a calculation of the emission coefficient, these records
are also very useful when you determine the reported value, which is calculated based on the
organized data, is valid or not.

fH-F-3] YX3% 25077307 afk] AEMEIE THMISEINL

Orea - TEamarmar seranoen
Faignan
W e HEO
Fvoonsd s
HTmET oL LHCTRE

Haxman 6 aBnan

[

P P )

I

Figure 9-10 Boiler Operation Recording Sheet

9.3 Dust Sampling (Manual)

Collect the dust on the cylindrical filter, and determine the weight of the collected dust by using the
difference between the weight of the cylindrical before sampling and after sampling. This is a
method of obtaining a dust concentration from the total volume of gases sampled which are
determined by a gas meter. Adopt the isokinetic sampling method enables to collect the dust particles
as precisely as possible. For details of the approach, refer to the technical manual. Follow the
procedure below:

(1) Calculate the isokinetic sampling speed with the dedicated dust calculation sheet of Excel file

Open the records of velocity and flow rate of flue gas sheet which is inputted preliminary
measurement results in Section 9.1. For calculation of an isokinetic suction speed, it is
necessary to determine the inner diameter of the nozzle attached to the sampling probe first.
There is a total of nine nozzles (inner diameters: 4, 6, 8, 10, 12, 14, 16, 18 and 20mm) in the
nozzle box.
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Figure 9-11 Dust Sampling Nozzles and Filter Holder

The size of nozzle to be used is determined based on the following conditions.

Table 9-1 How to Select a Dust Sampling Nozzle

No. Requirements for selection of a nozzle

The isokinetic sampling speed is calculated after inputting the selected nozzle inner diameter
1 | into the dedicated dust calculation software. This speed must not exceed approximately
25L/min.

2 | Choose the nozzle with the largest diameter, satisfying the above.

It is acceptable to choose the nozzle with a smaller diameter than that of Item 2 when the

3 e - -
sampling time will be extended due to an expected lower dust concentration.
Diameter of duct 2R m |Flow rate of wet flue gas QN Flow rate of dry flue gas Q' N
Sectional
Nozzle
2 3
j\rea of duct m diameter d m-nh
0 point of Value of
manometer dynamic Value f’f
Reading of (mm) . pressure dynamic Average
. Average Difference pressure . am M
Measure point manometer measured measured b velocity
by pitot ot tub Y
tube pitot tube
(mm) 120  hi(mm) h2(mm) h(mmH20) Pd (Pa) v (m/s) (L/min) sec/L
240 280
1
240 280
240 280
2
240 280
240 280
3
240 280
Average

Figure 9-12 Select the Dust Sampling Nozzle

According to the above figure 9-12, the nozzle of 10mm is selected with a calculated suction
flow rate of 20.10 L/min.

(2) Take out a new cylindrical filter having a smaller number from the storage case containing
filter paper cylinders already weighed, and fix it to the holder. Make adjustment so that the
bottom of the filter paper does not contact with the filter holder bottom. Attach the nozzle
with a selected inner diameter.
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=] O]
Make sure to place the packing, and tighten the nozzle with the cover ring. Connect the pipe
(properly wind sealing tape to prevent leakage).

=l =

The following is a conceptual illustration for measurement of the flow rate at the four points
in the duct. The tip of the sampling probe is placed at the first point to take the dust sample
(the same image as that of the Pitot tube). Mark the sampling positions on the tube with tape.

Mark the sampling position with tape as in the case
of the Pitot tube.

Figure 9-13 Mark the Sampling Position with Tape as in the Case of the Pitot Tube.
(3) Setting of the Sampling Tube

Insert the sampling probe prepared in Section 9.3 into the duct. As the figure below shows,
the sampling probe is placed horizontally when the stack is vertical. The sampling nozzle is
directed upward until the dust sampling starts. Seal the clearance with heat-resistant tape.
Insert the Pitot tube and the Type K thermocouple together with the sampling probe. Pay
attention to where to set them so that they do not interfere with one another to disturb the
flow. When the stack is vertical as shown in the figure, the dust sampling probe and the Pitot
tube should be set side by side horizontally to prevent disturbance when the stack is placed
vertically.

The dust nozzle is still set facing upward.

220V—100V
The hose is still detached. Down Transformer

Flow of the flue gas

Table 9-2 Before the Dust Sampling
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Immediately the before the Dust Sampling

Turn on the suction pump temporarily. Adjust the flow control valve of the pump to set the
suction flow rate to approximately a calculated value by measuring the rotation of the gas
meter. After the adjustment, stop the suction pump. Read the accumulated flow rate of the gas
meter, and write it down on the record sheet as the value read before sampling together with
the number of the set filter paper cylinder.

Timing of the Dust Sampling

Although a total of three dust samples or more will be collected, the start time and the end
time must be decided properly, depending on the operating status of the boiler. The
concentration of the coal boiler flue gas significantly changes, depending on the operating
condition of the boiler. To obtain a representative average, give consideration to the timing of
when to conduct sampling. Refer to the “Flue Gas Measurement Protocol”.

Start of the Dust Sampling

Before starting the dust sampling, connect the hose which has been kept separated. Turn the
nozzle properly to be faced with the flow of the flue gas (the angular tolerance is £5°).
Determine the insertion position of the sampling probe in accordance with the tape marked on
the sampling probe so that the sampling nozzle is properly located at the measuring point.
Establish the necessary lines for the Pitot tube and the temperature sensor.

/\

Flow of the Flue

Gas

()

T T R 220V—100V
Down Transformer

Figure 9-14 Start of the Dust Sampling

Turn on the suction pump to start sampling. Use the walky-talky for smooth communication,
when needed. After start, immediately conduct the following flow rate adjustment operations.
During the Dust Sampling

Repeat the flow rate adjustment at an interval of 2 minutes to maintain the isokinetic suction
conditions. It is necessary to repeat the adjustment minutely since the suction rate declines as
the cylindrical filter clogs with dust.

Check that the sampling probe is set horizontal correctly at its insertion position.

Confirm that moisture is frozen inside the trap bottle. If it is frozen inside the piping upstream
or downstream from the trap bottle, the piping is clogged and the suction pump does not work
properly (the rotation of the gas meter becomes extraordinarily slow).When any clogging is

1-43



Flue Gas Measurement Guideline For Heat Only Boiler (HOB)

found, stop the sampling temporarily to replace the clogged piping, adjust and correct the
piping length before the trap bottle. Then, start the sampling again.

Adjust the length of this tube
so that moisture freezes
inside the trap bottle.

Flow of the Flue
gas

Figure 9-15 How to Fix the Tube Clogged with Freezing
(8) End of the Dust Sampling

As a rule, conduct the flue gas sampling for 20 minutes per cylindrical filter. When the
sampling time is extended further, be careful not to cause clogging in the cylindrical filter
(stop sampling immediately when any clogging sign is seen). Stop the suction pump when the
sampling time ends. Pull the sampling probe out of the duct, and collect the cylindrical filter
(Photo: Dedicated collecting bottle set). Read the scale of the gas meter, and write it down on
the record sheet as the post-sampling value.

Records of Dust Concentration in Dry Flue Gas

JIS Z 8808 method of using a cylinder filter paper

Dust Toatsuma Cylinder filter paper = Round filter paper - type I - type II - glass - Silica O Traverse

[0 Fixed point measurement measurement point:

Dust General condition Color Black-Burnt umber-Ash brown-Ash-Whlte-Yellow-Whlt\fyeIIow

-Yellow gray- Tan-Reddish brown- Others(

Amount|— = &£« 4 =+ -+t

Measure number Remarks

Measure time

Reading of meter (end) | Vm2 L Unit of 0.01
Reading of meter (start) [ Vmi L Unit of 0.01
Volume of wet gas sucked| Vm L Unit of 0.01
Kind of meter — — Dry / Wet Identification number
Atmospheric pressre Pa kPa Unit of 0.1
Temperater of suction gas om C Unit of 0.1
in gas meter
Correction volume of wet VN | Nm? Unit 0.0001[Vmx 6 X Px F x 10°]
|gas sucked
Filter No. - Identification number

*V’N=Vmx 273 /(273+0m) x Pa/101.3*0.01

Figure 9-16 Filerd Record of the Dust Sampling
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Figure 9-17 Collecting Filters after the Sampling
(9) Dust Collection for the Second and Third Sets

After completing the sampling at the first measuring point in (8), repeat the above steps from
(1) through (8) for the sampling at the other measuring points. Collect three or more filter
paper cylinders per boiler.
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10 Indoor Site Measuring Woork 2 (When the Autometic Dust
Measurement Instruments Are Used)

For the use of the automated equipment, it is unnecessary to conduct a preliminary measurement
required for the manual equipment as shown in the process of the Figure 6-2. Immediately after
installing the necessary equipment and observing the flue gas temperature and the flow speed for a
short time, you can start an automatic measurement. The automated dust sampler has a Type K
thermocouple and a Pitot tube, which are attached to its sampling probe. Its design allows for
collecting necessary data such as the temperature and pressure (flow speed) of the flue gas while
sampling dust. The continuous flue gas analyzer shown in 8.3.2.2 and 8.3.3 collects the gas
component data. The moisture data is collected in the same manner as the manual equipment.
However, the moisture sampling is conducted simultaneously with the dust sampling.

10.1 The Gas Compositon Measuremenrt (Automatic)

As specified in 2) of 8.3.2.2, the continuous flue gas analyzer must be installed and started earlier
than other equipment. After warming-up the analyzer, make calibration using standard gases

10.1.1 Calibration of the Continuous Flue Gas Analyzer

Calibration is a must to be conducted prior to the measurement with the flue gas analyzer on the day
of measurement. After warming up the flue gas analyzer and confirming its normal operation, start
collecting the necessary data with the logger. Connect the cylinder filled with the standard gas to the
standard gas inlet of the flue gas analyzer, and introduce the standard gas flow into the analyzer with
the specified pressure. Adjust the sensitivity for each measurement item. In the case of gas analyzers
made in Japan, they differ from one another about how to introduce the gas into the analyzer (refer to
the figures below). Never apply pressures exceeding the atmospheric pressure to the analyzer which
designed to introduce the gas at atmospheric pressures.

Introduce the gas into the analyzer with the
pressure of approx. 50kPa.

Figure 10-1 Introduce the gas into the analyzer with the pressure of approx. 50kPa.

The following types of standard gasses are available. Be sure to use the gasses whose validity term is
guaranteed by the manufacturer.

Table 10-1 Types and Concetrations of the Satndard Gasses for a Analyzer (Example)

Zero Gas N, Gas (Purity: 99.999% or more)

SO,/N, 190ppm

Span Gas NO,N, 190ppm

CO,”N, 1900ppm (for low concentration), 4% (for high concentration)
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CO,/N, 14.5%

0,/N,  21.5%

The fundamental procedure for calibration is as follows. Conduct the span calibration following the
zero calibration. It is enough to conduct these two points calibration. For the operational procedure
of the equipment, refer to the technical manual.

Table 10-2 Calibration Procedure for a Stack Gas Analyzer

Introduce the N, gas of a specified pressure into the analyzer through the standard gas
inlet.

Continue feeding the gas into the analyzer for one minute or more. Watching the
concentration graph indicated on the logger, confirm that the indication is stabilized (in

Zero Calibration . A
each measurement item) and the concentration is close to zero.

Conduct the zero calibration. Do not make a too rough calibration.

Keep the calibration coefficients on record.

Introduce the standard gas of a specified pressure into the analyzer through the
standard gas inlet.

Continue feeding the gas flow into the analyzer for one minute or more. Watching the
graph indicated on the logger, confirm that the indication is stabilized (in each

. measurement item) and the concentration is close to the level indicated on the cylinder.
Span Calibration

Conduct the span calibration. Do not make a calibration exceeding 2%.

Keep the calibration coefficients on record.

Finish the calibration. Return to the normal measurement mode.

10.1.2 Start of the Gas Composition Measurement

Reconnect the piping as illustrated in 8.3.2.2 and 8.3.3 to start the flue gas measurement in
accordance with the following procedure. Complete the operations up to this step while making
preparations for the dust and moisture sampling equipment.

(1) Confirm that the equipment is collecting the data with the logger and the built-in memory.

(2) Start the suction pump. Confirm that the excess flue gas is sufficiently released from the
manifold just behind the pump.

(3) Observe that the concentration indicated on the flue gas analyzer is approaching the
concentration of the flue gas. When the indicated oxygen level is around 19%, attention is
required for the possibility that the line may have leaks or be clogged.

(4) Maintain this monitoring (keep monitoring until dust and other sampling operations are
completed).

(5) Watch how the concentration indicated with the logger graph changes from time to time.
Carefully observe that operational changes in the boiler such as coal feeding are properly
reflected in the indication.

(6) Confirm that the readings of measurement by the two measuring units for high and low
concentrations are close to each other.
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10.2 Preparation Work (When Automatic Instruments Are Used)

Like the manual type equipment, Section 8.3 “Installation and Warming up of the Equipment” and
Section 8.4 “Checks after Installation” are also required for the automated equipment operation.
After finishing these steps, make preparations for the dust and moisture sampling

10.2.1 Praparation for the Moisutuere Measurement
Implement the steps from (1) through (5) of Subsection 9.1.3.

10.2.2 Preparation fot the Dust Samoling
For the automated dust sampler, conduct the following check operations.

1) Checking leaks from the piping

Like the manual sampler, conduct checking in accordance with 8.4.2.1, but do not connect the piping
to the automatic controller main body (see the figure below), to protect the inside delicate pressure
sensor from pressure shock during leak check. For the line on the stack side, confirm that there are
no leaks by sucking the line with your mouth.

Figure 10-2 Leak Checking for the Automated Dust Sampler

2) Checks of the Controller Main Body
After turning on electricity, check in accordance with the table below.

Table 10-3 Movement Checks for the Automated Dust Sampler

Check Item Detailed Checking

Time Confirm that the current indicated time is correct.

) Remove the sampling tube and connecting piping (in 4 colors) from the equipment back.
Zero Adjustment . ]
for the Press the “0-ADJ” button on the front under the condition that the same pressure (atmospheric

Manometer pressure) is applied to the four ports. Zero adjustment is conducted for the manometer.
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Prevent these four ports from
being affected by a wind. Do not

O seal them with your fingers
(Because excess pressure s

applied to their inside).

(For checking of the isokinetic sampler pressure sensors)

After inputting 1 as the Pitot tube coefficient and 6 mm as the nozzle diameter on the screen,
apply the same pressure to the red and yellow pipe. When the dynamic pressures of the two
sensors are indicated as a same Pressure value, the pressure sensors are normal.

Interlocking
with the Suction
Pump

Be sure to turn on the suction pump and manually turn the pump flow control valve almost
fully opened (when much air is not fed to the main body from the pump, the flow rate control
in the main body will be delayed with difficulty of operation).

Confirm that the controller will automatically regulate the flow rate even if the flow control
valve is manually turned to a certain position.

Printed letters of
the Printer

Pull out the printer paper holder to confirm that enough paper remains. Check that the printed
letters are clear and the printer starts printing at the set intervals. Also check that the necessary
data is output onto the paper.

3) Confirmation of the Flue Gas Temperature and Flow Speed

Complete the connections of the equipment. Then, insert the sampling probe with no dust sampling
filter into the measurement hole. Keep monitoring the flue gas pressure and temperature in the duct
which are indicated on the screen of the automated dust sampler.

220V—100V
Down Transformer

220V—100V
Down Transformer

Figure 10-3 Confirmation of the Flue Gas Conditions

4) Setting of the Parameter

While checking the flue gas conditions in a simplified manner in 3) of Subsection 10.2.2, set the
parameters with the controller main body. For the procedure, refer to the technical manual.

Parameter
Setting

In accordance with the technical manual, conduct the “selection of the parameter and input of
the values” on the screen. (Type of the fuel in use, shape of the duct, sampling method, filter
attachment position, shape and material of the filter, Pitot tube coefficient, type of the gas
meter, measuring method, length of the sampling time or total volume of the sampling gas,
time intervals of the printer output, anticipated moisture concentration, and nozzle inner
diameter )
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The selection criteria for a sampling nozzle diameter are the same as shown for the manual sampler.
After completing the setting, take out the sampling probe from the measurement aperture.

5) Attachment of the Filter Head

How to set the filter paper is almost the same as Section 9.3. Set the nozzle with the selected inner

diameter
o =

Attach the filter head to the sampling probe to constitute a complete unit. Adjust the positions so
that the Pitot tube, the dust nozzle and the suction hose attachment opening are in the same direction.

Direction of the Nozzle

Direction of the Hose
Direction of the Pitot Tube Attachment Opening

10.2.3 Assembly of the Instruments on the Flue Side

For sampling, set a sampling probe at the measurement hole. As shown in the figure below (sectional
view of the duct) shows, how to set the three sampling tubes and the temperature sensor, in addition
to the sampling probe for gas component under measurement. The figure below illustrates a case
where the inner diameter of the duct is small and dust sampling is made at one point, in the center of
the duct.

Sampling Probe for Gas Component

Sampling Probe for Dust

Sampling Probe for Moisture

Additionally provided Type K

Figure 10-4 Sampling Tubes Inserted into the Measurement Hole (Duct Sectional View)
10.2.4 Immediately before Starting of the Sampling

Next, complete the moisture sampling line by following the steps of (6) and (7) of Subsection 9.1.3.
Read the moisture gas meter before sampling, and write it down together with the Sheffield bottle
numbers on the record sheet. In addition, complete the dust sampling line as shown in the
Figure 8-15 (the dust nozzle must not face the flow of the flue gas before sampling). Write down the
read value of the dust gas meter before sampling, and write it down along with the number of the
attached filter on the record sheet (read the value with your eyes, although the automated dust
sampler automatically measures the accumulated suction volume).
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Figure 10-5 Installed Equipment on the Stack Side (For the Automated Equipment)

Figure 10-6 Monitor Side Prepared for the Sampling

Like the manual equipment, confirm that the facility information record sheet and the measurement
data record sheet shown in the Figure 7-2 are filled out with necessary information.
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10.3 The Dust and Moisuture Sampling (When Automatic Dust Sampler IS
Used)

In principle, dust and moisture must be collected in the same timing and for the same length of time
for the automated equipment.

10.3.1 Start of the Sampling

After confirming that the necessary lines are all connected, start the moisture and dust sampling at
the same time.  The main procedure is indicated in the table below.

Table 10-4 Sampling Start Procuedure for the Automated Dust Sampler

Item Work Description

Turn the dust sampling nozzle in the same direction against the flow of the flue gas.

Turn on the suction pump switch and the start button of the controller main body.

Werite down the sampling start time on the record sheet.

The indication of the main body screen changes to “Under Measurement.”, Automatic control
of the gas suction speed starts.

The values of the “Flue Gas Dynamic Pressure Pd” and “Suction Gas Differential Pressure
Vd” indicated on the screen become close to each other.

When they are almost the same, the isokinetic sampling comes into effect.

Dust Sampling

Then, sampling goes on under the automatic control.

Confirm that the indicated flue gas temperature accords with the value of the other temperature
sensor indicated on the logger.

Check the setting condition of the sampling probe on the stack side and the condition of the
trap bottle again.

Check the set parameters again.

Same operation as the manual type equipment: Follow the step (9) of Subsection 9.1.3.

é\AOiStll_Jre However, it is possible to decrease the suction flow rate to around 0.5L/min.
ampling

Write down the sampling start time on the record sheet.

For the continuous stack gas analyzer, watch how the concentration changes again referring to the
logger graph indication. Check that the indicated values of the measuring equipment for high
concentration and for low concentration become close to each other.
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10.3.2 During the Sampling

The check points for the moisture sampling are the same as (10) of Subsection 9.1.3. The check
points for the dust sampling are almost the same as (7) of Section 9.3. The isokinetic sampling
controlled by the automated equipment is different from the manual type equipment. As shown in
Table 10-4, confirm that the dust sampling is automatically controlled under the isokinetic sampling
conditions. The automated sampler prints the control and other conditions with the printer at the set
intervals. Regularly check that there are no abnormalities. Even under the automatic control,
isokinetic sampling sometimes does not work. In that case, it is necessary to manually operate the
flow control valve of the pump so as to return it to the position easy to control. This happens due to
any extreme flue gas condition at the site such as the flow speed drastically fluctuating or due to the
low flow speed, to which the controller cannot properly respond. If the suction rate extremely goes
to the maximum or the minimum under the out-of-control condition, the BZ lamp lights and the
buzzer sounds. In this case, operate the flow control valve immediately so as to return it to the
position where the automatic control works.

10.3.3 End of the Sampling

The steps for the moisture sampling are the same as (11) and (12) of Subsection 9.1.3. Sampling of
moisture contents is finished at the same time when dust sampling is complete. When the sampling
time (or sampling volume) designated through the parameter setting reaches the target, the
equipment automatically finishes the sampling and the stop lamp lights (but manually the suction
pump is turned off when the pump is plugged into a different power outlet from that of the main
body). Pull out the sampling probe from the duct, and collect the first cylindrical filter like the
manual sampling. Read the gas meter, and write it down on the record sheet as the value after
sampling

10.3.4 Sampling of the Second and Third Sets

The procedure for the automated equipment is the same as that for the manual equipment. Conduct
the second and third moisture samplings in the same timing as the dust sampling. After completing
the first dust sampling, repeat the above steps of “3) through 5) of Subsection 10.2.2, 10.2.3 and
10.2.4,” and start the next sampling. Use three cylindrical filters or more per boiler.
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11 Complation of the Monitoring and Pullout

After collecting three samples each for dust and moisture, complete the entire monitoring, following
the procedure specified in the table below. The operations which differ between the manual
equipment and the automated equipment are shown separately. For the removing the equipment,
bring back the equipment to the vehicle, following the installation procedure in the reverse order.
Be sure to pay attention to the safety during the operation.

Table 11-1 Operations to Finish the Entire Monitoring (Automatic)

Outline of the Operations

lizt For the Manual

Equipment For the Automated Equipment

<For the Chemical Sensor-type Gas Analyzer>

(1) After analyzing the sample gas, let normal air flow through the analyzer to
prevent the sensor from deteriorating. The purging time differs according to
the type of analyzed gas and the length of analysis time (refer to the manual).
For purging, the longer the better.

(2) Turn off the measuring equipment to place them in their cases. Confirm that
analyzed values are output on the record sheet.

(3) Pull out the sampling probes from the measurement hole, and put them in
their dedicated case together with the main body.

Gas <For the Continuous Stack Gas Analyzer>
Component )
Sampling | (1) Leave the sampling probe pulled out of the measurement hole on the floor

until it gets cool.

(2) Stop the suction pump. Let the atmospheric air flow through the analyzer for
several minutes.

(3) Complete the data recording with the logger and the memory. Then, transfer
the recorded data from the logger to a USB.

(4) Operate the analyzer and the logger to stop them in accordance with the
technical manual. Detach the signal lines and the power cables.

(5) Pipings: Purge water if there are any insides. Roll them for pickup.

(6) Put back other equipment in their dedicated cases.

(1) Pull out the sampling probe from the measurement hole. Put back the
Sheffield bottles into the case.

Moisture (2) Confirm that all necessary monitoring records are output on the record sheets.

Sampling (3) Detach the pipings from the gas meter, the pump and other apparatuses to put

them back into the shelf and the storage boxes. Be careful not to break their
glass parts.

(1) Confirm that the dust-sampling cylindrical filters are placed in the storage
Dust bOX

Sampling

(2) (None) (2) You may turn off the power soon after the equipment
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finishes automatic sampling.

Collect the paper sheets output from the printer (record the
place and the date).

(3) Confirm that all necessary monitoring records are output on the record sheets.

(4) Put back the sampling nozzle into the case, and check that all nozzles are in
place. Clean up dirty nozzles, if any.

(5) Remove any dust from the surface of the detached sampling probe to put it
back into the dedicated case.

(6) When the wet type gas meter is used, take out antifreeze from the inside (to
return it into the container).

(7) Put back the gas meter and other apparatuses into their dedicated cases.

(8) Pipings: Remove water if there are any insides. Roll them for pickup.

Others (1) Confirm the on-site data documents such as “record sheets, memories
collecting data, and output paper sheets from the printer,” and take them back
to the office in one lump.

(2) Take away the pipes, the thermocouple, the sampling tube and others from the
measurement hole. Fix the cover is placed on the hole with screws.

(3) Return the provided power cables and any other articles to the facility, if any.

(4) Load all equipment you brought to the site onto the vehicle. Check each of
them for confirmation so that nothing is left behind.

(5) Clean up the monitoring site, and bring back all refuse to the office.

(6) Report to the facility manager that the monitoring is completed, and go back
to the office.

(7) After returning to the office, unload the equipment and samples to place them
in the equipment room on that day.

Figure 11-1 Pullout Scenes
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12 Storage of the Equiipment and Sample
When returning to the equipment room, complete the following operations on that day.
(D Necessary Maintenance for instruments

Conduct maintenance for necessary equipment on the same day if it is a minor work. If their
maintenance requires much time, the maintenance work will be done at a later date.

@ Described the Field Record and the printer record sheets

Put the field record sheets and the printer record sheets of the automated dust sampler you
brought back to the office into the dedicated file.

(@ Cylindrical Filters of Collected Dust Sample

Transfer the cylindrical filters of collected dust sample from the storage container to the
desiccator (check the post-measurement weight at a later date, following the procedure
specified in Table 7-3). For the data reduction procedure, refer to the technical manual.

@ Cylindrical filters
If new cylindrical filters for dust sampling are needed, it should be prepared.
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1 How to Use This Book

The JICA Project’ Capacity Development Project for Air Pollution Control in Ulaanbaatar City’
measured air pollutants in discharged gas from boilers during two winter seasons in Ulaanbaatar City.
The JICA Project” Capacity Development Project for Air Pollution Control in Ulaanbaatar City
Phase 2 ’ performed flue gas measurement at 41 boilers. The instructions manual and work
procedures manual are presented in this guideline based on actual flue gas measurement.

The targets of the flue gas measurement guideline are three, small pollution sources: Heat Only
Boiler (HOB) and Ger stove’ and flue gas measurement for fuel test on fuel combustion laboratory.
This Flue Gas Monitoring Guideline for Ger Stove is one of three Guidelines.

This guideline shows the working process of the flue gas measurement work for a boiler in Chapter
6, and details of task procedures or instructions are presented in from Chapter 7 to Chapter 12 in
order.

There are many complicated task procedures in this method; however, conventional measurement
techniques are utilized. The details of task procedures such as the instruments operational procedures
were separately summarized in other technical manuals by The JICA Project’ Capacity Development
Project for Air Pollution Control in Ulaanbaatar City Phase 1°. List of the technical reference
materials is shown in Table 1-1.

Table 1-1 Technical Reference Materials

Material Name

pd
°©

Installation Procedure of Measurement Hole on a Flue

Wet Sampling/Analysis Procedure for Gases

Moisture Measurement (Technical Manual)

Temperature Measurement (Technical Manual)

Flow Rate Measurement (Technical Manual)

Automated Flue Gas Analyzer TESTO (Technical Manual)
Automated Flue Gas Analyzer PG (Technical Manual)
Automated Flue Gas Analyzer HT-3000 (Technical Manual)
Automated Isokinetic Dust Sampler (Technical Manual)
Data Reduction Procedure (Technical Manual)

© |0 |N oo (o (b~ W | |-

[N
o
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2 Purpose of Flue Gas Measurement

In Mongolia, hot water, a necessity for people's daily living and their industrial activities, is
produced mainly by burning coal in thermal power plants, small boilers (HOB, CFWH), and
household stoves.

The thermal power plants constitute the core of the large-scale hot water supply network for the
central part of the city. In areas without the supply of this hot water, each city block is provided
with a small boiler and forms a zonal heating system using the boiler. Thereby, the hot water is
supplied to ordinary houses and public facilities (schools, hospitals, etc.) in the vicinity of the small
boiler. In the surrounding areas and some isolated areas that do not even have this type of hot water
supply network, coal stoves are used in ordinary houses and Ger.

Air pollution becomes heavy in winter and is considered to be generated mainly by the combustion
of coal in these fixed generation sources. In order to reduce the pollution, it is necessary to
regularly measure the amount of air pollutants discharged from the fixed discharge sources.

Chimney Side Pitot Tube and Dust Monitoring Side
Sampling Tube

Automatic Dust Sampler

Moisture

Absorption Tube Gaseous Analyzer

2-1 The Flue Gas Measuremnt
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3 Features of Monitored Ger Stove

Monitoring target is the Ger stove, which is the popular heating source for cocking and house
heating for domestic use. It is indispensable sole heat source especially in the isolated area where
there is no local heating system from thermal power plant or HOBs.

People always use Ger stove when it is used for cooking. During the late of chilly September
through the beginning of June in late spring, it is used as house heating source around 8 or more
months. The quality of using coal for Ger stove is generally low, while comparatively high quality
coal is exported. Low quality coal is the moderate price fuel much cheaper than electricity for the
masses.

There are at least two types of Ger stoves, so called traditional type (old-fashioned stove) and
Turkish type, are manufactured in Mongolia. The traditional type stove that has been ever used for
the cooking or wall stove in home can provide strong heating power, but is not convenient to use as
house heating, because it burned out in two or three hours. Some models of traditional type have
being developed to utilize the produced heat more effectively by domestic stove company.

Compared Turkish type to traditional stove, Turkish type Ger stove is designed to keep burning
longer time when burning same weight of coal, since it can adjust the entering air flow rate finer.
Therefore, Turkish type is generally used for house heating source, but for cooking use due to its
week power of heat. Both type stoves are the complementary pair. Popularization of Turkish type
Ger stove has being promoted widely, homes using both types of stoves have increased these days.

Many kind of carbonized coal briquettes (coke) are on the market in recent Ulaanbaatar City, but the
quality of them is uneven, the pollutants in flue gas from them vary widely in concentration.

3.1 Constituent Parts of Ger Stove

As to only the gas line, a boiler facility consists of the following main parts:

Table 3-1 Major Components of the Ger Stove

Section Major Component

Main Body of Stove Furnace, fire grate, heat exchanger tube, coal feed inlet, outlet
for ash. There is a unique type of stove, which attach the
firebrick on inner wall to raise the heat radiation effect.

Draft Fans None
Gas Treatment Unit
Duct/Chimney Thin iron pipe
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Figure 3-1 Type of The Ger Stove

3.2 Structural Factors Influencing Flue Gas Conditions

Table 3-2 shows the major operational factors that influence the flue gas measurement value. The
‘structural factors’ in this table correspond to the contents in Section 3.1. Both structural and
operational conditions influence the amount of discharged pollutants.

Table 3-2 Factors Influencing the Flue Gas Conditions

Structural Factors Operating Factors
Time interval, amount (related to
Coal Feeding Automated or manual type hot water demands), size, kind
and components of coal.
Ventilation Natural, forced adjustment of damper travel
Gas Treatment Unit | None -
Others Stove types R:_:lking f(_)r ash r_emoval and
clinker discharging
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4 Target Parameters and Measuring Instruments

‘Measurement Parameters and Measuring Methods’ and ‘Outline of Measurement Instruments’ are
respectively described in Section 4.2 and Section 4.3 of flue gas measurement protocol.

The instruments for gaseous analysis and dust sampling should be chosen according to its merits, as
shown below.

4.1 Flue Gas Analyzer

The upper half of the following table shows performance. To evaluate the measurement accuracy and
reliability of the values reported, the lower half of the table gives one of the three grades: ‘high,
middle, and low.”

Table 4-1 Performance of the Flue Gas Analyzers

Category Performance
Covers both low and high
concentration range.

Concentration range

Feature Deterioration of sensor Robust
Measurable time range in Long time range (hours) in
continuous monitoring every gas condition
Hundreds of data for a boiler

. Total number of data .
Data Collection N Every 10 seconds during the

and sampling timing whole sampling time

Calculation of the average
concentration
Calculation of the average | Good representative result
concentration (after O, | based on hundreds of sampled

Averaging hundreds of data

Calculation of
Reporting Value

conversion) O, data

Quality of At calibration High
Measurement Appropriateness of the gas .

. High

Accuracy sampling method

Setti f th t .

Validity of Sampling eting o ti:ﬂr:easuremen High
Condition Chosen — g - -

Sampling time period High

Reliability of Report
Value
(Gas Concentration)

Calculation accuracy of O,

. High
conversion value

Optical Sensor Type

Figure 4-1 Flue Gas Analyzers
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4.2 Differences between Two Types of Dust Sampling Instruments)

Table 4-2 Difference in Instrument Performance/Use and Data Calculation for Dust Sampling

Type of Dust Sampling instruments

Manual Type

Automatic Type

Use

Isokinetic sampling
control

Read out the gas condition
every two minutes, and adjust
the sampling speed manually

Continuous automatic control

Total number of data
sampling timing

Three samples for a boiler, taking around 20 minutes for a dust

sample.

The sample timing and time length are to be determined by
actual operative information of a target boiler.

Calculation of average | Arithmetic mean of three Time-weighted average
concentration data concentration of three data
Calculation of Reporting ;
Value Calculation of average | Unsatisfactory representative | Good representative result
concentration result due to few (three) based on hundreds of sampled
(after O, conversion) | sampled O, data 02 data
Quickness of control Middle High
Operability
Accuracy of control Middle High
Validity of Sampling Start timing High High
Condition Chosen Sampling period High High
Reliability of Value for _
Reporting Calculation accuracy of Middle High
O, conversion value
(Dust Concentration)
Automatic Measuring Type
Manual Measuring Type

Figure 4-2 Dust Sampling Instruments
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4.3 Features of Instruments for Measurement in Winter

Special care should be taken to prepare instruments for outdoor monitoring in Ulaanbaatar City
because the temperature can fall to - 30 or 40 degrees in a severe winter season.

Table 4-3 Freeze Prevention for Monitoring Instruments

No. Name Method
1 | Inclined Manometer Use an anti-freeze solution as the inner liquid such as ethyl alcohol.
Use the dry type gas meter.
2 | Gas Meter y yp. g o . . .
If the wet type is used, it will require anti-freeze solution.
Use a cold-resistance power cable to prevent short circuit problems due
3 | Power Cable L
to a hard frozen cable malfunctioning.
Gas Samp_;lmg Tubes Use a silicon braid hose for moisture and dust measurement.
4 | (Connection  Cables ~between A Teflon tube must be used for gas component measurement
Chimney Side and Analyzer Side) g P '
Use plastic bottles to prevent the moisture in the sample gas from
5 | Trap Box concentrating and freezing inside the sampling tube for gas or dust
measurement use.
7 | Heat Resistant Material Wrap the sampling tube with insulation piping.
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5 Engineers for Measurement

The engineers to perform the flue gas measurement must satisfy the following requirements:

Table 5-1 Qualification for Flue Gas Measurement Enginner

No. Requirement

<As the capacity of a measurement team>

1 | The team must be the owner of flue monitoring instrument as shown in Chapter 4

2 | Owner has a laboratory as a work place for weighing samples or maintaining instruments.

3 | Capable of procuring a van to carry the instruments to the monitoring site.

Capacity to assign two or more experienced engineers for the flue gas measurement work on a boiler.

(Beginners must not be counted as experienced staff members.)

Self-management capacity to generate a report voluntarily and honestly when problems occur with the
5 | monitoring instruments during its use.

Capacity to pay to fix malfunctioning instruments.

<Personal Qualification>

1 | Capability to operate the isokinetic dust sampling

2 | Capability to perform the continuous gaseous measuring

3 | Ahigh level of understanding to use the dedicated dust calculation sheet.
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6 Working Process

An overview of working process for the flue gas measurement at a boiler will be described. The
working process on the day is described in detail in Section 6.1.

Table 6-1 Monitoring Steps and Contents of Monitoring

No. Time Contents
1. Preparation @ Notification and coordination of measurement schedule for the owner of
the target stove
@ Verification of measurement site by preliminary inspection
@ Arrangement of vehicles and drivers to carry the instruments
@ Provision of necessary supplies of consumables.
® Confirmation of instruments status
2. The Previous Day of | D Selection of instruments used for flue gas measurement
Measurement Day @ Maintenance for: e.g. absorption bottle, trap box
® Conditioning and pre-weighing of dust filters
@ Preparation of field recording sheets
® Instruments preparation for loading
3. Measurement Day See Section 6.1
4 The Next Day of @O Post-weighing of filter with sampled dust for dust measurement
Measurement Day @ Data reduction and report production

6.1 Example of the Measurement Schedue on Measurement Day

An overview of the work will be described following the flow of the measurement work for one day.
Some of the steps from the installation to the ending of the measurement differ depending on
whether manual operation instruments or automated operation instruments is used, as shown in

Table 6-2.

Table 6-2 Measurement Schedule on Measurement Day

pd
©

Work Flow

With Manual Operation Instruments With Automated Instruments

Transportation

Loading of the instruments on the carrying vehicle.

Departure to the target Ger.

Avrrival at the target Ger.

Verification of

Monitoring Site

Greeting to the owner of the Ger. Verification of room layout and work space for equipment
installation inside/outside the Ger.

Unloading and shifting of the instruments at the Ger (the monitor side and the side).

Preparation of power supply. Cleaning of the work place for equipment installation.

® V0 0 Ve

Interviewing the owner (about general information of the stove, operating schedule on the
measurement day, the coal type, etc.). Record the information as a field record.

Installation &
Warming-up of the

Instruments

S

Determination of the instruments setting position inside the Ger.
Performing the piping and wiring task between the monitor side and the chimney side.

Instruments; Gas meters,
Instruments: Gas meters, inclined manometer, etc. automated isokinetic dust
sampler, etc.

Warming-up of the gaseous analyzers.
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Turn ON the electric heater if it is cold measurement site.

Confirmation of the operability of the suction pump and the PC in the working

pressure and the temperature displayed on instruments

©) :
environment.
@ | Weighing of the absorption tube as pre-weighing and recording as a field note.
Open the cap of the measurement hole on the chimney.
Rake the accumulated ash and clean the inside of the pipe.
® | Attach the supporting rod on the flange of the measurement hole.
Arrange the piping and the wiring of sampling tubes, the temperature signal code and the
power cable.
® Measure the duct inner radius and the flange length protruding from the duct, and record
them as a field note.
Calculate and record the measurement position on the cross-sectional area according to the
size data of the duct.
Wind pieces of adhesive tape around the sampling tube or the Pitot tube to mark the
sampling positions where the tips of the sampling inlet are to be set on a cross-sectional
area in the duct
. . . Pipe to be marked: Only the
Pipes to be marked: Pitot tube and dust sampling tube . P . y
integrated dust sampling tube
Start up the PC and open the designated calculation sheet (Excel). Input the facility
information and the measured atmospheric pressure value.
Use the calculation sheet for
@ | Use the calculation sheet for manual sampling. automated sampling.
Use the dedicated barometer to measure the The automated dust sampler
atmospheric pressure. indicates thereon the measured
value of atmospheric pressure.
Join the tubes from a sampling side with tubes from the monitor side.
Put the drain trap box into both the dust sampling line and the gas measurement line.
Take measures against the cold climate to avoid moisture freezing inside the tubes.
Check the leakage of the tubes.
Insert the sampling pipes for the gas measurement and the moisture sampling, and the
@ | temperature sensor.
Using heat resistant tape, fill the gap between the hole and sampling pipes.
Determine the starting and the/ending timings for the dust or the moisture sampling based
@ on the information gathered from the owner.
Record the coal feeding and turning ON/OFF timings of the fan until the end of the dust
measurement.
® Calibrate the flue gaseous analyzers by introducing reference gases. Then, start
measurement of gas measurement items in the ‘measurement mode.’
> § @D | Measure and record the temperature of the flue gas. No preliminary measurement is
gE @ | Measure and record the flow rate of the flue gas required when the automated
g2 -
S § ® Take the moisture samples. dust sampler is used.
_ .
a s Weigh the samples and record the results.
Input the results of the preliminary measurement into . .
P . P y Determine the nozzle inner
the designated spreadsheet. . .
. . diameter for the dust sampling
Measure new static/dynamic pressures and the . .
. . according to the displayed data
2 temperature of flue gas, and input those data again.
= @® L . such as flue gas speed, etc.
S Calculate the isokinetic sampling speed of the dust and . .
IS . . . Assemble the moisture sampling
< determine the nozzle inner diameter to sample the dust. . ..
o . . . apparatus and install it in the
> Fit the sampling probe into the measurement hole after
= . measurement hole.
o assembling the sample head.
Take three dust samples according to the guideline ‘Flue Gas Measurement Protocol.”
@ | Read out the instantaneous value of the dynamic The dust sampling is controlled

automatically.
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every one minute, and adjust the sampling speed Moisture sampling must be
frequently. performed at the same timing as
dust sampling.

Keep the dust sample filter in the dedicated glass holder, and finish the entire measurement.
Retrieve the record sheet, the samples and the memories.

Demount and reassemble the integrated instruments at both the chimney and the monitor
sides and re-load all in carrier vehicle.

® Clean the place where the instruments were installed.

Let the stove owner know that you have finished work and are leaving.

Put the instrument back in its original position on the shelves in the office.

@ | Place the record sheets in a file.

Check the condition and conduct maintenance work for the instruments if it is required.

Withdrawal

Storage

@ | Keep the dust sample filters in the desiccator after drying them in a drying oven.

6.1.1 When Manual Measurement Instruments Are Used

Figure 6-1 shows an example of the working procedure for the day of measurement. The item
numbers in Figure 6-1 correspond to those in Table 6-2. Because the operation conditions and the
duct of flue inner diameter differ for each Ger stove, the time necessary for conducting the
preliminary measurement and the dust sampling may be longer than that in the table below. When
the gas components are collected and analyzed using the moisture sampling, the preliminary
measurement and the work back in the laboratory after the sampling shall additionally be conducted.

8:00 9:00 10:00 11:00 12:00 13:00 14.00 15:00 16:00
I I I I I I I I |
i Verification Installation ~ and, Preliminary Dust Sampling . . . Storage
; of N Warming-up ~ of! Measurempnt HO®) 3 | ! Tr-ansport: D
Transportation MOMtring. Instruments NO© ' Lunch ! | Depar ation 1 o)
i Site ! ! . . .
® 00 | ) OB, ® | i Iture | !
@ ' @® | | | OO | |
® 9o : | I s I
1 1
. ® 00O - - - - .
1

Figure 6-1 Working Procedure on Day of the Manual Measurement

6.1.2 When Automatic Measurement Instruments Are Used

The work procedure is almost the same as those for using the instruments of manual measurement
apart from the absence of preliminary measurement, etc.

8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00
' | I | | | | | |
I iVerificationI Installation  and ' Dust : : , Storage
{ Transporta 10f 1 Warming-up - of i Sampling and! : @
1tion rMonitoring: Instruments @ Lunch ' Moisture :Deparl Transport | ®
0@ @ Sie . OR® i  Sampling IICII)%)I ation I
BT TR L
1 ) ! | ! ,

® GOOLO

Figure 6-2 Working Procedure on Day of the Automatic Measurement
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7 Preparation before the Day of Measurement

Before the day of the measurement, communication with external organizations, preparation and
checks on the instruments to be used, etc., are conducted. This preparation is important for
efficiently conducting the measurement and avoiding mistakes on the measurement day.

7.1 Pre-Araangement

7.1.1 Preparatory Notification to the Manager of the Boiler Facility to Be Monitored
and, Coordination and Determination of the Day of Measurement

At least 10 days before the measurement day, call the home owner for which the measurement is
planned and request permission for measurement. Obtain as much information as possible from the
owner to check whether the stove is operating normally with no malfunctions and that the stove will
be in operation as usual on the day of the measurement. Based on the outcome, the steps planned by
both sides are checked to determine the day of the measurement.

7.1.2 Verification of the Measurement Site

When the day of the measurement has been determined on the phone, the state of the site should
further be checked on the phone such as whether the space for the measurement work can be secured.
For the facility to be measured for the first time, a preliminary visit should be made before the actual
measurement. Some sites may impose the following difficulties on the measurement work:

Table 7-1 Points to Be Checked in Preliminary Visit to Site

Defect Countermeasure

The chimney has no measurement

hole in The cost for the new hole shall be borne by the measuring party.

Get the permission of dislodge the household effects from Ger to secure
the space for measurement. If it is not possible, should be excluded
from the measurement target.

The space in which to position the
measuring equipment is small.

When the power supply cannot be stabilized, the Ger is excluded from

The power supply is unstable.

the measurement target.

The power capacity of the power
supply is insufficient.

The insufficient amount shall be complemented by obtaining other
power from a neighboring house or using a power generator.

The chimney is clogged and the flue
gas is not smoothly discharged.

The Ger shall be excluded from the measurement target. This Ger shall
be measured after the chimney is replaced.

The measurement hole is installed at
a high position and it is dangerous to
use it.

Indoor temperature is too cold
because of drafty room.

Measurement hole can not be
installed on chimney in an indoor.

The Ger shall be excluded from the measurement target.

7.1.3 Arrangement of Vehicles and Drivers to Carry Instrument

Vehicles to be used on the day of measurement (for monitoring technicians and to carry the
instruments) and drivers for them shall be secured in advance.
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7.1.4 Provision of Necessary Supplies of Consumables, etc.

In the measuring, the consumables which are shown in below (examples) are used. Therefore,
sufficient consumables shall be supplied.

Dust cylindrical filter, plastic tape, wire, silicone tube, silica gel, CaCl,, cotton work gloves
(which shall be reused after washing to the extent possible) and nitrile gloves

It shall be confirmed early that no instrument is faulty.

7.2 Preparation on the Previous Day of Measurement
7.2.1 Slection of the Instruments to Be Used

The features of the performance of the main instruments are as shown in Chapter 4. Table 7-2
shows simplified options for each of the instruments. A combination of the continuous flue gas
analyzer and the automatic isokinetic dust sampler is determined as the best combination taking into
consideration the large number of data collected, the measurement precision, and the simplicity of
measurement work.

Table 7-2 Features of Manual and Automated Operation Instruments

Use of Parameters Name of Instruments Feature

The operation is complicated and the
accuracy is low.

Operation and recording are automated
and the accuracy is excellent.

Inclined manometer (as a pressure gauge)

Flow rate of Gas
Automated isokinetic dust sampler

Only one piece of data can be obtained

Wet type gas sampler (SO,, NOx) and it is difficult for this data to represent
the status.
Analysis of Gas Few data can be obtained and it is difficult
- Portable Flue Gas Analyzer (TESTO 350) for these pieces of data to represent the
Composition status.
Continuous Flue Gas Analyzer The data can continuously be obtained and
(HORIBA PG-250/PG350) the data has high capability as
Continuous Flue Gas Analyzer (HT-3000) representative data.
The gas speed and the temperature vary
significantly in a coal boiler. The
Manual isokinetic dust sampler manual control of these items tends to be
Dust Sampling inaccurate. Therefore, the accuracy is

intermediate.
The control is automated and the accuracy
is relatively high.

Automated isokinetic dust sampler

The situation of power supply is poor especially in local area such as Ger district in Ulaanbaatar City,
the power outage or insufficient power capacity have been occurred very often. When all
measurement instruments are turned on at site, sometimes some of delicate instruments could not
keep working or work in abnormal condition that results to obtain the unreliable measurement data.
Power generator is essential instrument to prepare for Ger stove measurement.
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7.2.2 Maintenance of the Instruments Used, and Pre-Process and Pre-Weighing of
Dust Sampling Filter

The preparation of the dust-sampling filter shall be started in the morning of the previous day of the
measurement. The following operations shall be conducted on new cylindrical filters (Five or more
filters shall be prepared for one stove):

Table 7-3 Preparation Procedure for Dust Cylindrical Filter

No. Preparation Procedure for Paper Filters

1 When the flue gas temperature is low, select glass-fiber cylindrical filters. When the flue gas temperature
exceeds 200 degree Celsius, select silica-fiber tube-type paper filters.

2 Provide each of the cylindrical filters with a serial number (see the filter weighing sheet). Handle the
filters with clean hands to avoid dust contamination.

3 Place the cylindrical filters longitudinally in a beaker (with their openings upward) and put the beaker as
it is in an oven.

4 Dry them one hour in the oven at 110 degree Celsius. Turn OFF the oven after one hour and leave the
beaker to cool.

5 When the beaker is somewhat cooled, move the beaker with the paper filters in it using a pair of tongs
into a dedicated desiccator.

6 Leave the beaker to be cooled in the desiccator as it is for two or more hours in its dry state until the
temperature of the filters becomes room temperature.

7 Take one of the filters out of the desiccator and immediately weigh each filter using a 10-g scale.
Record the weight of the filter as a pre-sampling weight with the filter number.

8 Store the filter after weighing it. Place the filters in the cylindrical filter case (the dedicated glass bottle)
or the case that has been storing the new paper filters.

The filters are dried Silica Filter Dry Oven

The paper filters are cooled in the
desiccator to room temnerature.

Figure 7-1 Preparation of the Dudt Sampling Filter
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As the maintenance of other instruments, for example, the following checks, cleaning, etc., shall be
conducted:

Table 7-4 The Key Point of Maintenance for the instruments

Clean the dust-sampling nozzle. Check the presence of packing of the dust sampling tube.

Maintenance of moisture absorption tube (Sheffield tube):

-When 1/3 of CaCl, is dissolved, replace the tube.

-When the portion around the cock is clogged with silicone grease, clean the clogged portion.
-Remove the stain on the gas inlet.

-Conduct checks on leakages and clogging.

When the inclined manometer is used;

-Check the tank whether the alcohol is present or not.

Oil Pump:
-Discharge only the contaminated oil.

-Check whether the position of the oil level is normal not, and when the oil is insufficient, replenish with new
oil.

Dry-Type Gas Meter:
-When no temperature is displayed, replace the battery.

Flue Gas Analyzer:

-Check whether a significant shift is observed for the response value when calibration is conducted using the
reference gas.

Pipes:

Check whether any of the pipes is clogged with water or dust. When any leakage is found, cut off the leaking
portion.

Electric Applications:

Check the inexpensive electric appliances (such as plugs and electric heaters) have no disconnected wires.
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7.2.3 Praparation of the Field Note

Each field recording sheet (in Mongolian) is prepared. Make copies from the original sheet.
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Figure 7-2 Field Recording Sheet (Example)

7.2.4 Preparation for the Carring Instruments

If the instruments were gathered in the morning of the day of the measurement, there would be
insufficient time. The instruments to be used shall be prepared and loaded into the vehicle on the
previous day. Conducted maintained instruments, moisture absorption tube, etc. shall be gathered in
the instruments storage room.
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8 Preliminary Work before the Measurement (Day of the
Measurement)

The procedure and remarks will be described for each work step according to the order of items in
Table 6-2.

8.1 Transfer the Instruments to the Boiler

On the previous day, load all the instruments (included PC, USB memory, field record, etc.)
collectively put into the vehicle. Use the instruments checklist to ensure that no necessary
instruments are left behind.

Figure 8-1 Loading of the Instruments

Pay attention to the following items when loading the instruments on the vehicle:

Table 8-1 Point to be Note in Loading Instruments on the Vehicle

Carefully arrange the instruments to be put in the cargo room on the vehicle to avoid damage caused by driving
on bumpy roads.

Do not crush soft items by putting hard items on them or next to them.

Use cushions for fragile items and put the fragile items in baskets to the extent possible.

Always put precision instruments in their dedicated carry boxes.

Using ropes, fix items to avoid movement when the vehicle instruments on bumpy roads. Otherwise, sandwich
these items between heavy items.

When the condition of the road surface is bad, drive the vehicle slowly to avoid breaking the
instruments loaded thereon due to bumps on the road.
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8.2 Cheks to Be Conducted on Site (Immediately after Arrival)

8.2.1 Greeting, Checks on Working Space, Carrying —in of the Instruments

After arrival, take time to greet the boiler operators and obtain permission to enter the premises.
After obtaining permission, drive the vehicle into the premises.

The leader of the measurement team shall observe “the inside of the boiler building and the vicinity
of the measurement hole"” and shall check the spaces in which to install the instruments (because the
measuring instruments are installed being divided into two for the two positions of the measurement
hole side position and the monitoring side position).

The positions shall be determined under consultation with the boiler operators taking into
consideration the size, the location, the piping of each working space not to interfere with the work
of the boiler operators.

Figure 8-2 Representative Example of the Instruments Instarattion

The size of the room and the positions of the household effects differ depending on the house and,
therefore, the arrangement of the instruments is changed as follows according to the place.

It is necessary to put the chimney gas analyzers, the oil pump, the PC, etc. in a warm room for them
to operate. In the winter in Mongolia, air pollution becomes heavy and the temperature may fall to
-30°C.  When cold air enters the room, the temperature may fall to -10°C or lower. In this
operation environment, some instruments may lack measurement precision even though they seem to
operate. Therefore, care must be taken to select the places in which to install the instruments.

Table 8-2 Difference in Instruments Installation Space

The position must have electric outlets available for the measurement and must be within the range for the power
cable to reach.

The positions must allow the piping and wiring to be installed to connect the chimney side and the monitor side.

The positions must be free from dripping water and secure from large trash falling on the measuring instruments.

The room must be ventilated so that smoke from the stove does not accumulate in the room.

Enough work space surrounding the stove to be measured.

The scaffold around the chimney: needs a sufficient space that is not slippery, too high, or easy to fall from.

Ask the Ger owner where the electric outlets are (two or more outlets are preferable) and secure the
power by connecting the power source drum to the outlets. After determining the installation
positions, remove any trash and obstacles around the installation positions.
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8.2.2

When the installation position of the instruments has
been determined and the carrying of the instruments
has started, the leader of the measurement team shall
interview the stove owner to obtain information on the
facility operation. Simultaneously, the information
shall be recorded on the record sheet (see the table on
the right). Based on this information, the measurement
schedule shall be determined for the day of the
measurement (the starting time of the measurement
and the length of sampling time). The information
obtained in the interview will be useful when the
validity of the calculated report value is verified in the
data reduction conducted on a later day.

O

The timings of feed coal, remove the ash, and coal feeding
intervals.

Operation Policy for Day of Measurement

Is the combustion of the coal close to that in winter or is it
suppressed in comparison?

@  Purpose of Stove

® Stove

The model, the coal feeding method, the discharged gas treatment
scheme (dust removal and desulfurization), and checks on faulty
parts

@ Coal

Place of production, type, size, and the average weight of one
shovelful of coal

Interview for Facility Information, Operation Schedule

No.
HOB Model

Photograph

System

(for one stack)

Item for Record

Place of Installation

Content (Example)

0000

Remarks

Date of Visit

Jan. 20, 2012

way| d1seg

Temperature of Day of Visit

Average: -23 degrees
(Max.: -13 and Min.: -31)

Capacity (MW)

Date of

Quantity

One

Fan Type

Coal Feeding Type

Manual

Hole Position

Stack

121108 J0 UoREdI03dS

Dust Sampler Type Cyclone
Desulfurizer Type None
Supplied Water Set Temperature (C) 80

Fan Operation Scheme Operation

Timings to Turn ON and OFF Fan

Fan is turned OFF when the returning wi

ater is 80°C or hotter, and is

turned ON when the returning water is around 70°C.

Leakage into Stack, etc.

Aslight blowout before the stack

uonesado Jo arelS

Use of Damper

Not verifiable

Adamper is used.

How to Put out Clinker

Pushing out into a clinker receiver
behind the HOB

Frequency of Clinker Removal

Before every coal feeding

Frequency of Raking Coal

Several times an hour

Maintenance of Dust Collector

Cleaning once in a half day

Type of Coal

Nalaikh

|an4 10} swiay

Size of Coal

Powder coal

About several centimeters

Container to Feed Coal

Shovel

Coal Feeding Time Interval

Once in 20 minutes for about 10
shovelfuls

Feeding Amount at Time of Visit (kg/h)

228

Midwinter Feeding Amount (kg/h)

270

Other Items to Burn

paper trash

Demand Origin

Schools, hospitals, and houses around
the boiler

Demand Time Zone

Al day long (no supply )

TITE TOF]
10} puewaq

Other Items Observed or Interviewed

- The coal is fed such that the thickness o
to 12cm.

f the coal on the fire grate is 8

- The backup HOB is operated only in the cold season.
- The coal is supplied to plural HOBs each at a different timing from

each other.

- Coal feeding is regulated based on the observation of the quality of the

ash.

Figure 8-3 Example of Boiler Information Record

8.3

Installation and Warming up of the Instruments

The place for installing each instrument differs depending on: the composition of the instruments
and the layout of the room; and which instruments are used. The measurement hole and instruments
were located inside Ger in most of measured case. The sampling pipes are not cooled by outside cold
air, a lot of water vapor existing in the flue gas will change into water inside the pipe without frozen,
and come to the monitor side as is. Therefore, it is required to capture the water liquid at the trap
bottle before reaching to the dust sampling system or gas analyzers.

8.3.1 Safty Measures

8.3.1.1 Items of Wear for Workers

Refer to the HOB guideline, Helmet and safety sues do not required to wear due to indoor work.
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8.3.2 Composition and Connection for Manual Operation Instruments
1) Temperature Measuring Instruments

A thermocouple of the K type shall be used as the temperature sensor. There are two types of
apparatus for displaying the temperature data (the portable temperature display or the logger). The
logger not only displays the temperature but also records and stores the temperature every second.

Figure 8-4 Tempurtature Measuring Instruments

The logger is typically used because it can automatically record. The logger can accept other input
signals (such as a measurement output of the flue gas analyzer) and, therefore, the logger shall be
installed on the monitor side. When the distance is long between the duct side and the monitor side,
the sides shall be connected using a long "dedicated temperature compensating conductor" (an
ordinary signal line must not be used).

2) Flow Rate Measuring Instruments

The Pitot tube and a pressure gauge are used to measure the flue gas speed. A pressure gauge as a
manual operation instruments is an inclined manometer.

Figure 8-5 Flow Rate Measuring Instruments

The inclined manometer includes a liquid sealed therein and is used together with the liquid. In
winter in Mongolia, the liquid must not freeze and, therefore, the liquid shall be ethyl-alcohol, which
has a low freezing point (where available). The Pitot tube and the inclined manometer are connected
using two tubes and, when the distance is long between the chimney side and the monitor side, the
section in between may be connected by silicone hoses or Teflon tubes.
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Figure 8-6 Image of Installation of Frow Rate Measuring Instruments
3) Moisture Measuring Instruments

The chimney-side instruments consist of "the sampling tube, the Sheffield tube, and a ribbon heater.”
The monitor-side instruments consist of “the trap, the suction pump (with a flow regulating cock),
and the gas meter.” The instruments made in Japan include those that are driven at AC100V and it is
necessary to use transformers to reduce the voltage from 220 V to 100 V.

Sampling Probe Including Filter Use a silicone braided hose

See to the orientation of the
hottle!

220V—100V
Heater and Temperature Down Transformer

Figure 8-7 Installation of Moisture Sampling Instruments

The Sheffield tube is a tool for capturing only the steam in the flue gas. The sampling probe must be
attached with a filter to avoid entry of dust in the flue gas into the Sheffield tube. Because the
ambient air is cold, the piping extending to the Sheffield tube

needs to be heated by a heater as shown in Figure 8-7 (without

the heating, the steam changes into water droplets, which do not

enter the Sheffield tube). When the steam is adsorbed, the steam

generates heat and the Sheffield tube becomes hot. Therefore, the

lower half of the bottle is usually sunk in the water tank

(however, in winter, the atmosphere cools the bottle and the

water tank is unnecessary).

4) Gaseous Component Measuring Instruments (SO,, NOy
CO CO, and 02)

The flue gas analyzer (optical sensor type), which is robust against the influence of the interfering
gases and can continuously measure, collects data of the concentration at a rate of a piece of data in
10 seconds (in the current setting).

The dust and the moisture in the flue gas must not enter the flue gas analyzer. As shown in the figure
below, the parts for removing the dust and the moisture are inserted at various positions of the flue
gas introducing line. As to the Ger stove, the CO concentration sometimes becomes high that is in
order of percent. To precisely measure the concentration from a low concentration to a high
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concentration, prepare a flue gas analyzer for a low concentration and that for a high concentration
and operate them in parallel to each other. According to the flow, suction the flue gas using a small
pump and, thereafter, distribute the gas to input the gas into each of the measuring instruments.

The instruments made in Japan include those that are driven at AC100V and it is necessary to use
transformers to reduce the voltage from 220 V to 100 V. It takes one hour to warm up the automated
flue gas analyzer and, thereafter, it takes a further 30 minutes because the calibration must be
conducted using the standard gas. To quickly conduct the measurement work, it is important to
pre-warm the automated flue gas analyzers by installing these instruments earlier than the other
instruments such as the dust samplers.

Sampling Tube Including Filter ,-°7 Release  excessive "~
s._ pressure A
Adjust the length of this pipe for the ~ 777" RRTOAN

steam to freeze in the trap.

Low Concentration
Stack Gas Analyzer

This traps the steam by

freezin the  steam
thereing Second Dust Filter Ly Ay
) Down Transformer

High Concentration Stack
Gas Analyzer

Figure 8-8 Image of Installation of Automated Gas Component Measuring Instrumetns

The data is automatically recorded into the logger by the low concentration flue gas analyzer and
into an incorporated SD card by the instrument for the high concentration.

5) Dust Sampling Instruments

The chimney side consists of “the dust sampling probe.” The dust nozzle and the tube-type paper
filter are set in the sampling probe. The monitor side consists of "the trap, the suction pump (with the
flow regulating valve), and the gas meter.” The instruments made in Japan include those that are
driven at AC100V and it is necessary to use transformers to reduce the voltage from 220 V to 100 V.
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Adjust the length of this pipe
for the steam to freeze in the
trap.

220V—100V
Down Transformer

Trap the steam by Use silicone braided hose.
freezing it in this.

Figure 8-9 Installation of Dust Sampling Instruments

8.3.3 Composition and Connection for Automatic Measurement Instrumetns

As the configuration of the instruments, the following items are different between the automated
instrumetns and the manual operation instruments:

Table 8-3 Difference between Automated Instruments and Manual Operation Instrumetns

Difference between Automated Instruments and Manual Operation
Name of Instruments
Instruments

. L No difference. The same instruments are used for the manual
Moisture measuring instruments
measurement and the automated measurement.

L No difference. The same instruments are used for the manual
Gas component measuring instruments
measurement and the automated measurement.

Temperature measuring instruments

— As the automated instruments the automated dust sampler automatically
Gas speed measuring instruments

measures both the temperature and the gas speed.

Dust sampling instruments

1) Moisture Instruments
The instruments are same as that of the manual operation instruments.

2) Gaseous Component Measuring instruments (SO,, NO, CO CO, and O,)

The instruments are same as that of the manual operation instruments.

3) Dust Sampling Instruments

The chimney side consists of "the dust sampling probe.” The dust nozzle and a cylindrical filter are
set in the sampling probe. The monitor side consists of "the trap, the suction pump (with a flow
regulating valve), the gas meter, and the sampling controller.” The instruments made in Japan
include those that are driven at AC100V and it is necessary to use transformers to reduce the voltage
from 220 V to 100 V.
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Gas meters include wet-type gas meters and dry gas meters. When a wet-type gas meter is used, put
antifreeze liquid in it. See the technical manual for the piping and connection to the automated dust
sampler.

220V—100V
Use a silicone braided hose. Down Transformer
Adjust the length of
this pipe for the steam
to freeze in the trap.
Flue Gas
Temperature
. Sinnal
This traps the steam
by freezing the steam Gas Meter
therein. Temperature
Signal
220V—100V Gas _ Meter
Down Transformer Rotation
Signal

Figure 8-10 Installation of Automated Dust Sampling Instruiments

8.4 Checks after Installation
8.4.1 Checks Operation

The following checks shall be conducted to check whether the main instruments operate normally:

Table 8-4 Items to Be Checked after Warming up

Name of Instrument Item to Be Checked

) Start up the oil pump immediately while the pump is warm after it is installed.
Suction Pump When the room is cold, heat the oil tank. Once the pump is turned on, keep the
pumps rotating (because, when the room is cold, it is difficult to turn ON the
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pump again once the pump is turned OFF).

When the pump is connected to the gas meter and is turned on, check that the

Gas Meter gauge of the gas meter rotates round and round.

pC The PC does not work well when the room is cold.
Warm the PC properly using by an electric blanket.

Turn ON this analyzer immediately after its installation (because it takes one
hour to warm up the analyzer). Put the analyzer in the state for suctioning the
room atmosphere. Connect the analyzer to the logger. (Conduct the operations
following the technical manual.)

Flue Gas Analyzer If the flue gas analyzer is placed in the vehicle, the flue gas suctioned by the
analyzer fills the inside of the vehicle and harms the health of the members.
The flue gas may be discharged out of the vehicle by connecting a pipe to the
outlet of the analyzer. However, when the pipe is thin and long, it influences the
measured value and, therefore, the pipe must be thick and short.

Set the USB memory and check that the following input signals are sent:
The measured values of the five items of PG-250 (SO,, NOx, CO, CO,, and O,)

The measured value of the flue gas temperature sensor (Conduct the operations
following the technical manual.)

Logger

Set the inclination to be 1/20. With the differential pressure that is 0.

Inclined Manometer Check the liquid level of the included liquid (ethyl alcohol) is 0 to 5 cm on the
(Manual Operation scale. If the liquid is insufficient, replenish the tank with liquid.

Instrument) When this zero position is checked, take care to avoid any wind entering from
the two inlets.

After turning this sampler ON, check the display on the screen. Check that there
Automated Dust Sampler is sufficient printer paper. Conduct zero adjustment with the differential
pressure that is zero.

When all the instruments are used, the power used may exceed the power source
capacity and the breakers may drop depending on the place. Complement the
electric power by obtaining another power source from a neighboring house or
using a power generator.

All Instruments

8.4.2 Leak Chek on Ductwork

As described in Section 8.3, the instruments are connected to each other using many joint pipes. If a
joint pipe is decoupled or has a hole, normal measurement cannot be conducted because the room
atmosphere enters through the decoupled portion or the hole.

After connecting the pipes, the pipes must be checked to confirm that no leakage exists, according to
the following method:

8.4.2.1 Moisture Line and Dust Line
Conduct the leak check according to the following procedure:
D Operate the pump (an arbitrary speed may be employed).

@ Check that the gauge of the gas meter rotates (adjust the rotation speed to a proper speed using
the flow regulating valve of the pump).

@ Pull out the end of the tube on the chimney side from the sampling probe and close the tip of the
tube using a finger.
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@ Observe the gauge of the gas meter. When no leak exists in the pipe, the rotation gradually slows
and finally stops.

® If the rotation does not stop, take off the pipe joint starting with the pipe joint closer to the pump
and repeat the checks in @@. Find the position of the leakage and repair the leakage.

The suction flow of the dust sampling pump is large and the rotation of the gauge usually stops
shortly after the pump starts suctioning. In contrast, the flow of the moisture pump is relatively small
and, therefore, it takes time to remove the air from the pipe. Therefore, be prepared to wait longer
than estimated. Somewhat increasing the flow using the regulating valve results in a shorter time to
suction the air. However, when the trap bottle is a plastic bottle, the bottle is gradually crushed as the
inside of the tube becomes a vacuum. It is better to check the leak without the trap bottle not to break
the trap bottle. To check the leakage of only the trap bottle, suck on the bottle. It is necessary to take
care when the leak check is conducted on the automated dust sampling instruments.

Close this end with a
finger

220V—100V
Down Transformer

Figure 8-11 Leak Check on Sampling Tube
8.4.2.2 Line for Gas Composition

Install the gas meter downstream of the suction pump and conduct checks according to the same
method as that described in 8.4.2.1

8.4.3 Measurement of Duct Diameter and Flange Length, and Calculation of
Measurement Points

For the gas speed measurement and the dust sampling, calculation must be conducted to determine at
which point the flue gas and the dust are collected in the cross section of the duct for each facility.
The figure of the image below shows the case where the cross sectional shape of the duct is a circle.

As the gas speed differs depending on the position in the duct, in order to obtain a representative
value as one duct, plural measurement points are usually provided in the cross section of the duct.

For the measurement at Ger stove, the sampling position is only one point, center of the cross section,
since generally the diameter of chimney does not exceed 56 cm. See the technical manual for the

method of calculating the positions of the sampling points (the black points in Figure 8-12 below).

When the dust sampling probe and the Pitot tubes are inserted into the duct, adjust the length of the
insertion of the probes such that the ends of these probes are placed at these positions.
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Figure 8-12 Positions of Measurement Points in Cross Section of Duct

The dust sampling probe, gas collecting tube and temperature sensor are to be installed into chimney.
Open two holes, around 10 cm diameter, to insert the probes above in accordance with the small size
chimney. Measure the size of the inner diameter of the duct using a relatively long pipe. Based on
these measured values, calculate the positions of the measurement points by manual calculation
according to the technical manual and record the results in the recording paper sheet.

8.4.4 Staert-up of PC, Praparation of Calculation Sheet, etc.

Start up the notebook PC and open the Excel calculation sheet dedicated to the flue gas measurement
Input all of the information obtained in the interview with the boiler operators, the measurement
results of the duct size, etc. Measure the atmospheric pressure and input the result into the
calculation sheet.

8.4.5 Determination of How to Burn Fuels

Unlike HOBs or Thermal Power Plants, the user can make or put off fire anytime he needs for Ger
stove operation. It is required for measurement leader to choose the start burning condition for
measurement, whether start at no fire in stove (Cold start) or the warm condition with embers left
inside (Hot start). Consideration is need on fuel condition before feeding for Cold start test, because
it difficult to make fire if the fuel got wet or too cold. For Hot start, burning fuel and ashes left inside
the stove have to be discharged as much as possible before starting, so that they won’t influence to
the accuracy of measured data. Burning operation of stove is not the same for use it at cooking or
house heating. For cooking, burn the fuels in short time to provide the strong power. On the contrary,
burn the fuels slowly for house heating so that let the pile of coal start burning from one side and
finally fire reaches to the other side in long time. It is important to watch the burning condition and
measurement control during the taking sample or measurement, since the flue gas condition and
pollutants concentration vary by burning condition.
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9 Indoor Site Measuremant Work 1 (When Mnaual Dust
Sampling Instruments Are Used)

As shown in 6.1.1, preliminary measurement is required for the flue gas measurement with manual
operation instruments before dust sampling. A lot of data obtained through this preliminary
measurement will be used for calculations to determine the control conditions of the manual type
dust sampler for smooth dust sampling after the preliminary measurement.

9.1 Preliminary Measurement

After installing the necessary instruments on the measurement hole side and the monitor side after
confirming they operate normally, start the measurement of the temperature, flow speed and
moisture step by step.

Inclined manometer (Pressure measurement: Flow speed)

Measurement Hole Side Monitor Side

Pitot Tube & Heating Pipe Calculation PC

Moisture Sampling Container Gas Meters (for moisture and dust)

Suction Pumps (for dust and moisture)
Figure 9-1 Preliminary Measurement

9.1.1 Measurement of the Temperature (Common to Manual and Automatic
Instruments)

Measure the flue gas temperature in the duct with the equipment specified in 8.3.2. After observing
the condition around one minute, read an approximate average value and write it down on the record
sheet. The head of the type K thermocouple may be located in any place inside the duct. However,
take care for the tip not to be contact with the internal wall of the duct.

9.1.2 Flow Rate Measurement (Manual)
The theory of flow rate measurement is specified in the technical manual.

The following is a conceptual illustration for measurement of the flow rate at the four points in total
in the duct. The tip of the Pitot tube is placed at the first point to measure the flow rate. However,
Diameter of duct at Ger is too small, it is not necessary to measure four points of flow rate and
measure one flow rate at center of the duct.

Insert the Pitot tube properly so that its tip may be located
exactly at the first measuring point.

For this purpose, provide a tape marker at this position of the
Pitot tube so that one can discern it when viewed from outside.
This position as a place of enrolling an adhesive tape should be
determined beforehand, as calculated at 8.4.3.

The second point and subsequent points also are marked with
adhesive tape as position reference.
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Figure 9-2 Positions of the Pitot Tube for Measurement of the Flow Rate

At the tip of the Pitot tube, there are two apertures: the one facing to the flow of flue gas is called the
total pressure aperture, while the other is called the static pressure aperture. The total pressure
aperture must be directed squarely to the flow of flue gas (the angular tolerance is £5°).

Static Pressure
Aperture

Total Pressure
Aperture

Flow of Flue Gas

Seal the clearance with heat-resistant tape to
prevent the gas from flowing in and out.

Figure 9-3 Measurement of the Flow Rate (Side View and Sectional View)

Measure the flow rate following the procedure below. Write down the angle of the manometer (such
as 1/20) and the pressure value measured at each point (marked on the scale of the inclined
manometer) on the record sheet.

(1) Read the zero point of the inclined manometer.
Before inserting the Pitot tube into the duct, put the tip of the Pitot tube into a bag (to prevent it from
being affected by a wind), and check the reading under the condition that the same atmospheric

pressure is applied to the two apertures. That is, read the scale without differential pressure.

(2) Read the dynamic pressure value (Pa) and the static pressure value (kPa) at the first measuring
point.

In the Figure 9-3 and Figure 9-4, a red tube is used for connection to the total pressure side, while a
grey tube is used for the static pressure side. Insert the Pitot tube slowly into the duct, and set it in
the measuring position.

Line Indicating
Angle

Level of Ethyl Alcohol
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Figure 9-4 Inclined manometer

At this time, the level of ethyl alcohol becomes turbulent due to a shock caused by a large difference
between the pressure in duct and the atmospheric pressure, if any. When the difference is too large,
the ethyl alcohol flies out to the glass bulb, overflowing the right edge of the scale. In this case,
when introducing the Pitot tube, as a preparatory step, the red and grey tubes are pinched by hand
not to produce a sharp shock. Keeping this state and set the Pitot tube just at the first reference point.
Then, gradually open the plied tubes so that pressure may work on gently the inclined manometer.
Not agitating the level of liquid is the cue to get a correct reading. The value read here is equivalent
to a dynamic pressure.

Then, detach the red tube (the total pressure side shown in the Figure 9-4) from the inclined
manometer, and read the scale. The read value is equivalent to a static pressure. Depending on the
boiler, the static pressure in duct may become positive or negative. The magnitude of pressure also
differs according to the boiler. When measuring a large positive or negative static pressure, set the
angle of the inclined manometer at 1/10, 1/5 or 1/3. When the pressure is too large to measure with
these inclinations, measure the value with the U-tube filled with water.

In this inclined manometer, the graduation of 10 is equivalent to 1,000Pa at the inclination of 1/10.
Since the reading method used for this system is different from those in conventional products in
which readings are given in millimeters, be careful not to make mistakes.

(3) Read dynamic and static pressure values at the other measuring points in the same manner as in

Q).

Figure 9-5 Measurement of Flow Rate

9.1.3 Moisture Contents Measuremewnt (Common to Manual and Automatic
Instruments)

It is possible to determine the moisture concentration of the flue gas referring to the fact that the
desiccant of CaCl, included in a Sheffield tubes increases its weight when absorbing the water. For
details, refer to the technical manual. The measurement procedure is as follows.

(1) Take six Sheffield tubes prepared for this purpose out of the storage box.

(2) Prepare an electric balance in conditioning. Place it on a flat surface inside the warm room
and set it in correct regulation of level. Set the balance not to be affected by the wind.
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(3) Make a zero setting for the electric balance.
(4) Weighing of Sheffield tubes before use

Close the cock, and weigh each bottle. Before the measurement, completely remove any dirt
and/or water adhering to the surface of the bottle with clean tissue paper. Write down the
original pre-measurement weight on the record sheet (together with the tube number).

Figure 9-6 Weighing of the Sheffield Tubes Before Use

(5) Then, connect two Sheffield tubes with a silicon tube in order to store them as a set (three sets
in total). When the connecting silicon tube is too long, there is an adverse possibility that the
water may accumulate at the joint. When the connection tube is too short, it is easily detached.
Connect the two bottles by using a tube of a proper length to reduce the connecting distance
as much as possible.

(6) Installation of the Sheffield Bottles

The figure below is the same as the Figure 8-7. Set a set of Sheffield tubes with their cocks
closed at the measurement aperture paying attention to the direction of the bottles. Seal the
clearance with heat-resistant tape. Set a ribbon heater as closely as possible to the inlet of the
bottle is as shown in the figure, in order not to allow the vapor to turn to water under the effect
of cold atmospheric air, before entering the bottle. Do not raise the temperature of the ribbon
heater too much (the silicon tube may be burnt at an excessively high temperature).

Seal the clearance with 220V—100V
heat-resistant tape. Down Transformer
Pay attention to the direction of the
bottles!

Heater & Temperature Keep the hose not connected

Controller

Figure 9-7 Sampling of Moistures

(7) Immediately before Starting Measurement
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Before starting measurement, adjust the flow rate of the pump to approximately 1L/min. After
stopping the pump, read the accumulated flow rate of the gas meter, and write it down on the
record sheet as the read value before sampling. Confirm the bottle numbers of the set Sheffield
tubes.

(8) Timing of the Sampling

For collection of three sets of moisture samples in total, decide when to start sampling and
when to finish appropriately, depending on the operating status of the boiler. Usually, it takes
five minutes for one set at a flow rate of approximately 1L/min, but the concentration of the
coal boiler flue gas largely changes, depending on the operating condition of the boiler. To
obtain a representative average, the length of time, timing and suction speed for sampling may
be changed. Refer to the “Flue Gas Measurement Protocol.”

(9) Start of the Sampling

Before starting the sampling, attach the detached hose. Open the two cocks of the Sheffield
tubes by turning them to the open side (be careful to turn them to the right direction). Soon
after the communication between the chimney side and the monitor side, turn on the pump and
start sampling. Use a walky-talky for smooth communication between the two sides, when
needed.

When the sampling is started, moisture goes into the bent tube of the Sheffield tube, making
the inside of the tube fogged. Be sure to confirm this phenomenon.

This part becomes fogged when ,-/'
the sampling is started.

Measure the rotation time of the gas meter, and confirm that the suction rate is around 1L/min
(the rate may be lower than this for a longer suction time).

(10) During the Sampling

Confirm that the sampling is going on smoothly with water drops adhering to the inside of the
Sheffield tube. In addition, check that moisture does not become water before going into the
bottle due to the misalignment of the ribbon heater wrapped around the tube. If the heater is
misaligned, wrap it properly. Read the temperature of the gas meter, and write it down on the
record sheet. Check the rotational speed of the gas meter from time to time in order to
confirm that the rate does not decline (if it has declined, clogging or leakage may be caused).

(11) End of the Sampling

Stop the pump when the scheduled closing time comes. Close the cocks of the Sheffield tubes,
and remove the first set of bottles for recovery. Take the reading of the gas meter, and write it
down on the record sheet as the post-sampling value.

(12) Post-weighing of the Sheffield Tubes
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Completely remove any dust and/or moisture on the surface of the first set of recovered bottles
with tissue paper. Then, weigh it with the electric balance, and write down its weight on the
record sheet.

(13) Moisture Sampling for the Second and Third Sets

After finishing the sampling with the first set at (11), repeat the above steps from (6) through
(12) to collect data with the second and third sets. Calculate the moisture concentration by
using PC. When reading taken is found abnormal, an additional measurement is required with
the fourth set.

9.2 The Gas Composition Measurement (Common to Manual and
Automatic Instruments)

As specified in 4) of 8.3.2, the continuous flue gas analyzer must be installed and started earlier than
other equipment. After warming-up the analyzer, make calibration using standard gases

9.2.1 Calibration of the Continuous Flue Gas Analyzer

Calibration is a must to be conducted prior to the measurement with the flue gas analyzer on the day
of measurement. After warming up the flue gas analyzer and confirming its normal operation, start
collecting the necessary data with the logger. Connect the cylinder filled with the standard gas to the
standard gas inlet of the flue gas analyzer, and introduce the standard gas flow into the analyzer with
the specified pressure. Adjust the sensitivity for each measurement item.

In the case of gas analyzers made in Japan, they differ from one another about how to introduce the
gas into the analyzer (refer to the figures below). Never apply pressures exceeding the atmospheric
pressure to the analyzer which designed to introduce the gas at atmospheric pressures.

Introduce the gas into the analyzer with the
pressure of approx. 50kPa.

Figure 9-8 Introduce the gas into the analyzer with the pressure of approx. 50kPa.

The following types of standard gasses are available. Be sure to use the gasses whose validity term is
guaranteed by the manufacturer.

Table 9-1 Types and Concetrations of the Satndard Gasses for a Analyzer (Example)

Zero Gas N, Gas (Purity: 99.999% or more)

SO,/N, 190ppm

Span Gas
NO,N, 190ppm
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CO,”N, 1900ppm (for low concentration), 4% (for high concentration)

CO,/N, 14.5%

0,/N, 21.5%

The fundamental procedure for calibration is as follows. Conduct the span calibration following the
zero calibration. It is enough to conduct these two points calibration. For the operational procedure
of the equipment, refer to the technical manual.

Table 9-2 Calibration Procedure for a Stack Gas Analyzer

Introduce the N, gas of a specified pressure into the analyzer through the standard gas
inlet.

Continue feeding the gas into the analyzer for one minute or more. Watching the
concentration graph indicated on the logger, confirm that the indication is stabilized (in

Zero Calibration . N
each measurement item) and the concentration is close to zero.

Conduct the zero calibration. Do not make a too rough calibration.

Keep the calibration coefficients on record.

Introduce the standard gas of a specified pressure into the analyzer through the
standard gas inlet.

Continue feeding the gas flow into the analyzer for one minute or more. Watching the
graph indicated on the logger, confirm that the indication is stabilized (in each

Lo measurement item) and the concentration is close to the level indicated on the cylinder.
Span Calibration

Conduct the span calibration. Do not make a calibration exceeding 2%.

Keep the calibration coefficients on record.

Finish the calibration. Return to the normal measurement mode.

9.2.2 Start of the Gas Composition Measurement

Reconnect the piping as illustrated in 8.3.2 and 8.3.3 to start the flue gas measurement in accordance
with the following procedure. Complete the operations up to this step while making preparations for
the dust and moisture sampling equipment.

(1) Confirm that the equipment is collecting the data with the logger and the built-in memory.

(2) Start the suction pump. Confirm that the excess flue gas is sufficiently released from the
manifold just behind the pump.

(3) Observe that the concentration indicated on the flue gas analyzer is approaching the
concentration of the flue gas. When the indicated oxygen level is around 19%, attention is
required for the possibility that the line may have leaks or be clogged.

(4) Maintain this monitoring (keep monitoring until dust and other sampling operations are
completed).

(5) Watch how the concentration indicated with the logger graph changes from time to time.
Carefully observe that operational changes in the boiler such as coal feeding are properly
reflected in the indication.
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(6) Confirm that the readings of measurement by the two measuring units for high and low
concentrations are close to each other.

9.3 Inputto the Calculation Sheet (Manual)

Input the data collected from 9.1 through 9.2 to the dedicated dust calculation sheet of Excel
software.

Records of Moisuture Content of Flue Gas
JIS Z 8808 6.1 method of Moisture Absorption Tube (moisture absorbent: calcium choride)

Facilities name | Measurement place
Date of measurement [ 26/ 02 /04 Measurer |
Method of Moisture Absorption Tube (moisture absorbent: calcium choride)
Measure number Remarks
Measure time
Reading of meter (end) Vmz2 L Unif of 0.01
Reading of meter (start) Vmi L Unik of 0.01
Kind of meter - - Dry /  Wet Identification number
Atmospheric pressre Pa kPa Unit of 0.01
Average atmospheric Pa KPa Unit of 0.01
pressre
Tempeltater of suction gas om C Unit of 0 .
__ngmemeter Input moisture
\verage temperater o Py .
suction gas in gas meter Om Unifof 0 data Of 3 t]_mes
Correction volume of wet V'N LN Unit of 0
gas sucked
Moisture absorbent No. - - Identification number
Weigh after water absorbed ma2 g Unit of 0.01
Weigh before water |
absorbed mal g Unif of 0.01
Mass of water absorbed ma g Unif of 0.01
Mass of water absorbed ma g Unif of 0.01
Volume percentage of W % Unik of 0.01
water vapor
Average volume W % Unit of 0.01
percentage of water vapor

*V’'N=Vm x 273 /(273+6m) x Pa/101.3
<xw=22.4/18xma (V'N+22.4/18xma) x100

Records of Composition of Flue Gas (HORIBA)

Measure time hh:mm Average
CO2 %
02 %
N2 %
Temperature of| © Input composition
iue gas
Static pressure Ps KPa Of ﬂue gas
of flue gas
Atmospheric Pa KPa
pressre
Density of wet 3
flue gas in po kg/Nm
Density of flue 3
gas in duct P kg/m
+h=h2xD/n
«po= { (44x[CO2] +32x[02] + 28X [N2])x (1 —yw/100) + 1 8xyw}/(22.4x100) Byrapxaii TooHbI OpoHr GyX2,1Trax
« p=pox273,/(273+60s)x(Pa+ Ps),/101.3 JIyHI@K yTra : QyHI2K YTThII FapracHbl 1apaa OpOHT Oy XITrax
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Records of Velocity and Flow Rate of Flue Gas
JIS Z 8808 7.3 method of using a pitot tube

Measure time <— | Input measure time
T POy
Magnification of manometer - e
in 1 <+ Input magnification of manometer. If magnification is 1/10, input 10

Atmospheric pressre
Pa(kPa)

L7 | — vapur
‘ Temperature Temperellter
P of sugtion

— Input measured static pressure of flue gas

. Static 0 point of Ma. . . .
Static pressure of flue gas . [pressure of point ¢ 4| Input reading of static manometer (0 point)
Ps(kPa) i flue gas manometer m
(rm) (mm) ) A/n) I (g7 TNy 7 I
, . [
Diameter of duct 2R [l IHDUt diameter of duct (2R) ue gas QN Flow rate of dry flue gas Q’'N
Sectional
Nozzle
Xea of duct m 2 di:;zeter d m 3 N/h m 3 N/h
0 point of ] o ]
Opointof fr Input reading of dynamic pressure (0 point)
Reading of (mm) Average Difference pressure :'L":S':'r: Average am M
Measure point manometer measlured measured by velocity
by pitot pitot tube
tube
(mm) h1(mm) h2(mm) h(mmH20) Pd (Pa) v (m/s) (L/min) sec/L
1
2 Input reading of dynamic pressure
3
Average
+ h=h2xD/n

-v=c (@Pdp*?

- am=/4xd3xvx(1w/100)%(273+0m),~ (273+0s)x(Pa+ Ps) / Pax60x10°"

- M=1/q mx60 - QN=VXAx273/(273+0s)x(Pa-+ Ps)/101.3x60x60

-+ Q'N=Qnx(1-xw/100)

Figure 9-9 Caluclation Sheet for Manual Measuremant Instruments

Figure 9-10 Input the Calcration Sheet
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9.4 Recording of the Filed Coals and Operations of the Stove

The properties of the flue gas are influenced by stove operations such as feeding coal, scraping out
and remove ashes. Start recording these operations, preferably about one hour before the start of the
dust sampling (after starting the measurement of the gas component). In addition, the quantity and
the color of the flue gas discharged from the chimney should be recorded. Used for a calculation of
the emission coefficient, these records are also very useful when you determine the reported value,
which is calculated based on the organized data, is valid or not.

H-F-Y VX3 y 399177302 38k AESNLIH TIMTN

Creca Tz _merenced

Figure 9-11 Boiler Operation Recording Sheet

9.5 Dust Sampling (Manual)

Collect the dust on the cylindrical filter, and determine the weight of the collected dust by using the
difference between the weight of the cylindrical before sampling and after sampling. This is a
method of obtaining a dust concentration from the total volume of gases sampled which are
determined by a gas meter. Adopt the isokinetic sampling method enables to collect the dust particles
as precisely as possible. For details of the approach, refer to the technical manual. Follow the
procedure below:

(1) Calculate the isokinetic sampling speed with the dedicated dust calculation sheet of Excel file

Open the records of velocity and flow rate of flue gas sheet which is inputted preliminary
measurement results in Section 9.1, 9.2 and 9.3. For calculation of an isokinetic suction speed,
it is necessary to determine the inner diameter of the nozzle attached to the sampling probe
first. There is a total of nine nozzles (inner diameters: 4, 6, 8, 10, 12, 14, 16, 18 and 20mm) in

the nozzle box.

Figure 9-12 Dust Sampling Nozzles and Filter Holder
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The size of nozzle to be used is determined based on the following conditions.

Table 9-3 How to Select a Dust Sampling Nozzle

No. Requirements for selection of a nozzle

The isokinetic sampling speed is calculated after inputting the selected nozzle inner diameter
1 | into the dedicated dust calculation software. This speed must not exceed approximately
25L/min.

2 | Choose the nozzle with the largest diameter, satisfying the above.

It is acceptable to choose the nozzle with a smaller diameter than that of Item 2 when the
sampling time will be extended due to an expected lower dust concentration.

Diameter of duct 2R |Flow rate of wet flue gas QN Flow rate of dry flue gas Q'N
Sectional
Nozzle
2 3 3
Xea of duct m diameter d 10 m°nN/h m*nN/h
0 point of Value of
manometer dynamic Value ?f
. (mm) dynamic
Reading of . pressure Average
. Average Difference pressure b am M
Measure point manometer measured measured by velocity
by pitot itot tube
tube P
(mm) 120  hi(mm) h2(mm) h(mmH20) Pd (Pa) v (m/s) (L/min) sec/L
240 280
1
240 280
240 280
2
240 280
240 280
3
240 280
Average

@

Figure 9-13 Select the Dust Sampling Nozzle

According to the above figure 9-12, the nozzle of 10mm is selected with a calculated suction
flow rate of 20.10 L/min.

Compared Ger stove to HOBs, the heat power of Ger stove is very week. Once fire dying
down, and the flow rate of flue gas became slower. If it is less than 4 m/s, accurate monitoring
cannot be realized by using Pitot tube, and dust shall not be collected accurately on control of
isokinetic dust sampling. Pre-measurement is recommended by hot-wire flow speed meter
prior to start the measurement. If it is not possible to take dust sample by isokinetic method,
sampling method should be changed to constant flow rate at which the sample gas is sucked
by the certain constant sampling speed. However the sampling accuracy became decreased. If
slow flow speed is anticipated for fuel burning in a Ger stove, you may take a dust sample by
isokinetic method while burning at strong heat power is expected, and take another dust
sample by constant speed sampling in week heat power period.

Take out a new cylindrical filter having a smaller number from the storage case containing
filter paper cylinders already weighed, and fix it to the holder. Make adjustment so that the
bottom of the filter paper does not contact with the filter holder bottom. Attach the nozzle
with a selected inner diameter.
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Ir 1 o T e —— .
k\-\_ \\‘\U : : JI m Zj

Make sure to place the packing, and tighten the nozzle with the cover ring. Connect the pipe
(properly wind sealing tape to prevent leakage).

el =

The following is a conceptual illustration for measurement of the flow rate at the four points
in the duct. The tip of the sampling probe is placed at the first point to take the dust sample
(the same image as that of the Pitot tube). Mark the sampling positions on the tube with tape.
(The center of duct is the measurement point for Ger measurement).

Mark the sampling position with tape as in the case
of the Pitot tube.

Figure 9-14 Mark the Sampling Position with Tape as in the Case of the Pitot Tube.
(3) Setting of the Sampling Tube

Insert the sampling probe prepared in Section 9.5 into the duct. As the figure below shows,
the sampling probe is placed horizontally when the chimney is vertical. The sampling nozzle
is directed upward until the dust sampling starts. Seal the clearance with heat-resistant tape.

Insert the Pitot tube and the Type K thermocouple together with the sampling probe. Pay
attention to where to set them so that they do not interfere with one another to disturb the
flow. When the chimney is vertical as shown in the figure, the dust sampling probe and the
Pitot tube should be set side by side horizontally to prevent disturbance when the chimney is
placed vertically.

The dust nozzle is still set facing upward.

220V—100V
The hose is still detached. Down Transformer

Flow of the flue gas

Figure 9-15 Before the Dust Sampling
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Immediately the before the Dust Sampling

Turn on the suction pump temporarily. Adjust the flow control valve of the pump to set the
suction flow rate to approximately a calculated value by measuring the rotation of the gas
meter. After the adjustment, stop the suction pump. Read the accumulated flow rate of the gas
meter, and write it down on the record sheet as the value read before sampling together with
the number of the set filter paper cylinder.

Timing of the Dust Sampling

Although a total of three dust samples or more will be collected, the start time and the end
time must be decided properly, depending on the operating status of the boiler. The
concentration of the coal boiler flue gas significantly changes, depending on the operating
condition of the boiler. To obtain a representative average, give consideration to the timing of
when to conduct sampling. Refer to the “Flue Gas Measurement Protocol”.

Start of the Dust Sampling

Before starting the dust sampling, connect the hose which has been kept separated. Turn the
nozzle properly to be faced with the flow of the flue gas (the angular tolerance is £5°).
Determine the insertion position of the sampling probe in accordance with the tape marked on
the sampling probe so that the sampling nozzle is properly located at the measuring point.
Establish the necessary lines for the Pitot tube and the temperature sensor.

/\

Flow of the Flue

Gas

()

T T R 220V—100V
Down Transformer

Figure 9-16 Start of the Dust Sampling
Turn on the suction pump to start sampling. Use the walky-talky for smooth communication,
when needed. After start, immediately conduct the following flow rate adjustment operations.
During the Dust Sampling

Repeat the flow rate adjustment at an interval of 2 minutes to maintain the isokinetic suction
conditions. It is necessary to repeat the adjustment minutely since the suction rate declines as
the cylindrical filter clogs with dust.

Check that the sampling probe is set horizontal correctly at its insertion position.

Confirm that moisture is frozen inside the trap bottle. If it is frozen inside the piping upstream
or downstream from the trap bottle, the piping is clogged and the suction pump does not work
properly (the rotation of the gas meter becomes extraordinarily slow).When any clogging is
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found, stop the sampling temporarily to replace the clogged piping, adjust and correct the
piping length before the trap bottle. Then, start the sampling again.

Adjust the length of this tube
so that moisture freezes
inside the trap bottle.

Flow of the Flue
gas

Figure 9-17 How to Fix the Tube Clogged with Freezing

(8) End of the Dust Sampling

As a rule, conduct the flue gas sampling for 20 minutes per cylindrical filter. When the
sampling time is extended further, be careful not to cause clogging in the cylindrical filter
(stop sampling immediately when any clogging sign is seen). Stop the suction pump when the
sampling time ends. Pull the sampling probe out of the duct, and collect the cylindrical filter
(Photo: Dedicated collecting bottle set). Read the scale of the gas meter, and write it down on
the record sheet as the post-sampling value.

Records of Dust Concentration in Dry Flue Gas

JIS Z 8808 method of using a cylinder filter paper

Dust Toatsuma Cylinder filter paper = Round filter paper - type I - type II - glass - Silica

Dust General condition

Color

Amount

Black-Burnt umber- Ash brown-Ash-White - Yellow-Whity-yellow
-Yellow gray- Tan-Reddish brown-Others ( )

- IR SO oo

O Traverse

[0 Fixed point measurement measurement point:

Measure number

Remarks

Measure time

Reading of meter (end) | Vm2 L Unit of 0.01
Reading of meter (start) [ Vmi L Unit of 0.01
Volume of wet gas sucked| Vm L Unit of 0.01
Kind of meter — - Dry / Wet Identification number
Atmospheric pressre Pa kPa Unit of 0.1
Temperater of suction gas om C Unit of 0.1
in gas meter
i | f ’
Correction volume of wet VN Nm? Unit 0.0001[Vmx 0 XPXFXIOG]

gas sucked

Filter No.

|

Identification number

+V’N=Vmx 273 /(273+6m) x Pa/101.3*0.01

Figure 9-18 Filerd Record of the Dust Sampling
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Figure 9-19 Collecting Filters after the Sampling
(9) Dust Collection for the Second and Third Sets

After completing the sampling at the first measuring point in (8), repeat the above steps from
(1) through (8) for the sampling at the other measuring points. Collect three or more filter
paper cylinders per boiler.
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10 Indoor Site Measuring Woork 2 (When the Autometic Dust
Measurement Instruments Are Used)

For the use of the automated equipment, it is unnecessary to conduct a preliminary measurement
required for the manual equipment as shown in the process of the Figure 6-2. Immediately after
installing the necessary equipment and observing the flue gas temperature and the flow speed for a
short time, you can start an automatic measurement. The automated dust sampler has a Type K
thermocouple and a Pitot tube, which are attached to its sampling probe. Its design allows for
collecting necessary data such as the temperature and pressure (flow speed) of the flue gas while
sampling dust. The continuous flue gas analyzer shown in 8.3.2 collects the gas component data. The
moisture data is collected in the same manner as the manual equipment. However, the moisture
sampling is conducted simultaneously with the dust sampling.

10.1 The Gas Compositon Measuremenrt (Automatic)

The same instruments are used for the manual measurement and the automated measurement.

10.2 Preparation Work (When Automatic Instruments Are Used)

Like the manual type equipment, Section 8.3 “Installation and Warming up of the Equipment” and
Section 8.4 “Checks after Installation™ are also required for the automated equipment operation.
After finishing these steps, make preparations for the dust and moisture sampling.

10.2.1 Praparation for the Moisutuere Measurement
Implement the steps from (1) through (5) of Subsection 9.1.3.

10.2.2 Preparation fot the Dust Samoling
For the automated dust sampler, conduct the following check operations.
1) Checking leaks from the piping

Like the manual sampler, conduct checking in accordance with 8.4.2.1, but do not connect the piping
to the automatic controller main body (see the figure below), to protect the inside delicate pressure
sensor from pressure shock during leak check. For the line on the chimney side, confirm that there
are no leaks by sucking the line with your mouth.

Figure 10-1 Leak Checking for the Automated Dust Sampler
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2) Checks of the Controller Main Body

After turning on electricity, check in accordance with the table below.

Table 10-1 Movement Checks for the Automated Dust Sampler

Check Item

Detailed Checking

Time

Confirm that the current indicated time is correct.

Zero Adjustment
for the
Manometer

Remove the sampling tube and connecting piping (in 4 colors) from the equipment back.

Press the “0-ADJ” button on the front under the condition that the same pressure (atmospheric
pressure) is applied to the four ports. Zero adjustment is conducted for the manometer.

Prevent these four ports from being
Q affected by a wind. Do not seal them
with your fingers
(Because excess pressure is applied to
their inside).
(For checking of the isokinetic sampler pressure sensors)

After inputting 1 as the Pitot tube coefficient and 6 mm as the nozzle diameter on the screen,
apply the same pressure to the red and yellow pipe. When the dynamic pressures of the two
sensors are indicated as a same Pressure value, the pressure sensors are normal.

Interlocking
with the Suction
Pump

Be sure to turn on the suction pump and manually turn the pump flow control valve almost
fully opened (when much air is not fed to the main body from the pump, the flow rate control
in the main body will be delayed with difficulty of operation).

Confirm that the controller will automatically regulate the flow rate even if the flow control
valve is manually turned to a certain position.

Printed letters of
the Printer

Pull out the printer paper holder to confirm that enough paper remains. Check that the printed
letters are clear and the printer starts printing at the set intervals. Also check that the necessary
data is output onto the paper.

3) Confirmation of the Flue Gas Temperature and Flow Speed

Complete the connections of the equipment. Then, insert the sampling probe with no dust sampling
filter into the measurement hole. Keep monitoring the flue gas pressure and temperature in the duct
which are indicated on the screen of the automated dust sampler.

220V—100V
Down Transformer

220V—100V
Down Transformer

Figure 10-2 Confirmation of the Flue Gas Conditions
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4) Setting of the Parameter

While checking the flue gas conditions in a simplified manner in 3) of Subsection 10.2.2, set the
parameters with the controller main body. For the procedure, refer to the technical manual.

In accordance with the technical manual, conduct the “selection of the parameter and input of
the values” on the screen.

Parameter (Type of the fuel in use, shape of the duct, sampling method, filter attachment position, shape

Setting and material of the filter, Pitot tube coefficient, type of the gas meter, measuring method,
length of the sampling time or total volume of the sampling gas, time intervals of the printer
output, anticipated moisture concentration, and nozzle inner diameter )

The selection criteria for a sampling nozzle diameter are the same as shown for the manual sampler.
Compared Ger stove to HOBs, the heat power of Ger stove is very week. Once fire dying down, and
the flow rate of flue gas became slower. If it is less than 4 m/s, accurate monitoring cannot be
realized by using Pitot tube, and dust shall not be collected accurately on control of isokinetic dust
sampling. Pre-measurement is recommended by hot-wire flow speed meter prior to start the
measurement. If it is not possible to take dust sample by isokinetic method, change to constant flow
rate sampling method at which the sample gas is sucked by the certain constant sampling speed. In
this case, the sampling accuracy became decreased. If slow flow speed is anticipated for fuel burning
in a Ger stove, you may take a dust sample by isokinetic method while burning at strong heat power
is expected, and take another dust sample by constant speed sampling in week heat power period.

After completing the setting, take out the sampling probe from the measurement instruments.
5) Attachment of the Filter Head

How to set the filter paper is almost the same as Section 9.3. Set the nozzle with the selected inner

diameter
o =

Attach the filter head to the sampling probe to constitute a complete unit.  Adjust the positions so
that the Pitot tube, the dust nozzle and the suction hose attachment opening are in the same direction.

Direction of the Nozzle

Direction of the Hose
Direction of the Pitot Tube Attachment Opening

10.2.3 Assembly of the Instruments on the Flue Side

For sampling, set a sampling probe at the measurement hole. As shown in the figure below (sectional
view of the duct) shows, how to set the three sampling tubes and the temperature sensor, in addition
to the sampling probe for gas component under measurement. The figure below illustrates a case
where the inner diameter of the duct is small and dust sampling is made at one point, in the center of
the duct.
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Samplina Probe for Gas Component

Sampling Probe for Dust

Samplina Probe for Moisture

Additionally provided Type K Thermocouple
Figure 10-3 Sampling Tubes Inserted into the Measurement Hole (Duct Sectional View)

10.2.4 Immediately before Starting of the Sampling

Next, complete the moisture sampling line by following the steps of (6) and (7) of Subsection 9.1.3.
Read the moisture gas meter before sampling, and write it down together with the Sheffield bottle
numbers on the record sheet.

In addition, complete the dust sampling line as shown in the Figure 8-15 (the dust nozzle must not
face the flow of the flue gas before sampling). Write down the read value of the dust gas meter
before sampling, and write it down along with the number of the attached filter on the record sheet
(read the value with your eyes, although the automated dust sampler automatically measures the
accumulated suction volume).

Figure 10-4 Installed Equipment on the Chimney Side (For the Automated Equipment)

Figure 10-5 Monitor Side Prepared for the Sampling
Like the manual equipment, confirm that the facility information record sheet and the measurement
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data record sheet shown in the Figure 7.2 are filled out with necessary information.

10.3 The Dust and Moisuture Sampling (When Automatic Dust Sampler IS

Used)

In principle, dust and moisture must be collected in the same timing and for the same length of time
for the automated equipment.

10.3.1 Start of the Sampling

After confirming that the necessary lines are all connected, start the moisture and dust sampling at
the same time. The main procedure is indicated in the table below.

Table 10-2 Sampling Start Procuedure for the Automated Dust Sampler

Item

Work Description

Dust Sampling

Turn the dust sampling nozzle in the same direction against the flow of the flue gas.

Turn on the suction pump switch and the start button of the controller main body.

Write down the sampling start time on the record sheet.

The indication of the main body screen changes to “Under Measurement.”, Automatic control
of the gas suction speed starts.

The values of the “Flue Gas Dynamic Pressure Pd” and “Suction Gas Differential Pressure
Vd” indicated on the screen become close to each other.

When they are almost the same, the isokinetic sampling comes into effect.

Then, sampling goes on under the automatic control.

Confirm that the indicated flue gas temperature accords with the value of the other temperature
sensor indicated on the logger.

Check the setting condition of the sampling probe on the chimney side and the condition of the
trap bottle again.

Check the set parameters again.

Moisture
Sampling

Same operation as the manual type equipment: Follow the step (9) of 9.1.3.

However, it is possible to decrease the suction flow rate to around 0.5L/min.

Write down the sampling start time on the record sheet.

For the continuous chimney gas analyzer, watch how the concentration changes again referring to
the logger graph indication. Check that the indicated values of the measuring equipment for high
concentration and for low concentration become close to each other.
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10.3.2 During the Sampling
The check points for the moisture sampling are the same as (10) of Subsection 9.1.3.

The check points for the dust sampling are almost the same as (7) of Section 9.3. The isokinetic
sampling controlled by the automated equipment is different from the manual type equipment.

As shown in Table 10-4, confirm that the dust sampling is automatically controlled under the
isokinetic sampling conditions. The automated sampler prints the control and other conditions with
the printer at the set intervals. Regularly check that there are no abnormalities.

Even under the automatic control, isokinetic sampling sometimes does not work. In that case, it is
necessary to manually operate the flow control valve of the pump so as to return it to the position
easy to control. This happens due to any extreme flue gas condition at the site such as the flow speed
drastically fluctuating or due to the low flow speed, to which the controller cannot properly respond.
If the suction rate extremely goes to the maximum or the minimum under the out-of-control
condition, the BZ lamp lights and the buzzer sounds. In this case, operate the flow control valve
immediately so as to return it to the position where the automatic control works.

10.3.3 End of the Sampling

The steps for the moisture sampling are the same as (11) and (12) of Subsection 9.1.3. Sampling of
moisture contents is finished at the same time when dust sampling is complete.

When the sampling time (or sampling volume) designated through the parameter setting reaches the
target, the equipment automatically finishes the sampling and the stop lamp lights (but manually the
suction pump is turned off when the pump is plugged into a different power outlet from that of the
main body).

Pull out the sampling probe from the duct, and collect the first cylindrical filter like the manual
sampling. Read the gas meter, and write it down on the record sheet as the value after sampling

10.3.4 Sampling of the Second and Third Sets

The procedure for the automated equipment is the same as that for the manual equipment. Conduct
the second and third moisture samplings in the same timing as the dust sampling.

After completing the first dust sampling, repeat the above steps of “3) through 5) of Subsection
10.2.2, 10.2.3 and 10.2.4”, and start the next sampling. Use three cylindrical filters or more per
boiler.
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11 Complation of the Monitoring and Pullout

After collecting three samples each for dust and moisture, complete the entire monitoring, following
the procedure specified in the table below. The operations which differ between the manual
equipment and the automated equipment are shown separately. For the removing the equipment,
bring back the equipment to the vehicle, following the installation procedure in the reverse order.
Be sure to pay attention to the safety during the operation.

Table 11-1 Operations to Finish the Entire Monitoring (Automatic)

Outline of the Operations

lizt For the Manual

Equipment For the Automated Equipment

<For the Chemical Sensor-type Gas Analyzer>

(1) After analyzing the sample gas, let normal air flow through the analyzer to
prevent the sensor from deteriorating. The purging time differs according to
the type of analyzed gas and the length of analysis time (refer to the manual).
For purging, the longer the better.

(2) Turn off the measuring equipment to place them in their cases. Confirm that
analyzed values are output on the record sheet.

(3) Pull out the sampling probes from the measurement hole, and put them in
their dedicated case together with the main body.

Gas <For the Continuous Stack Gas Analyzer>
Component )
Sampling | (1) Leave the sampling probe pulled out of the measurement hole on the floor

until it gets cool.

(2) Stop the suction pump. Let the atmospheric air flow through the analyzer for
several minutes.

(3) Complete the data recording with the logger and the memory. Then, transfer
the recorded data from the logger to a USB.

(4) Operate the analyzer and the logger to stop them in accordance with the
technical manual. Detach the signal lines and the power cables.

(5) Pipings: Purge water if there are any insides. Roll them for pickup.

(6) Put back other equipment in their dedicated cases.

(1) Pull out the sampling probe from the measurement hole. Put back the
Sheffield bottles into the case.

Moisture (2) Confirm that all necessary monitoring records are output on the record sheets.

Sampling (3) Detach the pipings from the gas meter, the pump and other apparatuses to put

them back into the shelf and the storage boxes. Be careful not to break their
glass parts.

(1) Confirm that the dust-sampling cylindrical filters are placed in the storage
Dust box

Sampling

(2) (None) (2) You may turn off the power soon after the equipment
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finishes automatic sampling.

Collect the paper sheets output from the printer (record the
place and the date).

(3) Confirm that all necessary monitoring records are output on the record sheets.

(4) Put back the sampling nozzle into the case, and check that all nozzles are in
place. Clean up dirty nozzles, if any.

(5) Remove any dust from the surface of the detached sampling probe to put it
back into the dedicated case.

(6) When the wet type gas meter is used, take out antifreeze from the inside (to
return it into the container).

(7) Put back the gas meter and other apparatuses into their dedicated cases.

(8) Pipings: Remove water if there are any insides. Roll them for pickup.

Others (1) Confirm the on-site data documents such as “record sheets, memories
collecting data, and output paper sheets from the printer,” and take them back
to the office in one lump.

(2) Take away the pipes, the thermocouple, the sampling tube and others from the
measurement hole. Fix the cover is placed on the hole with screws.

(3) Return the provided power cables and any other articles to the facility, if any.

(4) Load all equipment you brought to the site onto the vehicle. Check each of
them for confirmation so that nothing is left behind.

(5) Clean up the monitoring site, and bring back all refuse to the office.

(6) Report to the Ger owner that the monitoring is completed, and go back to the
office

(7) After returning to the office, unload the equipment and samples to place them
in the equipment room on that day.

Figure 11-1 Pullout Scenes
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12 Storage of the Equiipment and Sample
When returning to the equipment room, complete the following operations on that day.
(D Necessary Maintenance for instruments

Conduct maintenance for necessary equipment on the same day if it is a minor work. If their
maintenance requires much time, the maintenance work will be done at a later date.

@ Described the Field Record and the printer record sheets

Put the field record sheets and the printer record sheets of the automated dust sampler you
brought back to the office into the dedicated file.

(@ Cylindrical Filters of Collected Dust Sample

Transfer the cylindrical filters of collected dust sample from the storage container to the
desiccator (check the post-measurement weight at a later date, following the procedure
specified in Table 7-3). For the data reduction procedure, refer to the technical manual.

@ Cylindrical filters

If new cylindrical filters for dust sampling are needed, it should be prepared.
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Flue Gas Measurement Guideline for fuel test on fuel combustion laboratory

1 How to Use This Book

The JICA Project’ Capacity Development Project for Air Pollution Control in Ulaanbaatar City’
Phase 2 performed flue gas measurement at fuel combustion laboratory. Finally, pollutant
concentrations with according to each stove or each fuel could be grasped. The instructions manual
and work procedures manual are presented in this guideline based on actual flue gas measurement.

The targets of the flue gas measurement guideline are three, small pollution sources: Heat Only
Boiler (HOB) and Ger stove’ and flue gas measurement for fuel test on fuel combustion laboratory.
“This Flue Gas Monitoring Guideline for Fuel Test on Fuel Combustion Laboratory” is one of three
Guidelines.

There are many complicated task procedures in this method; however, conventional measurement
techniques are utilized. The details of task procedures such as the instruments operational procedures
were separately summarized in other technical manuals by The JICA Project’ Capacity Development
Project for Air Pollution Control in Ulaanbaatar City Phase 1°. List of the technical reference
materials is shown in Table 1-1.

Table 1-1 Technical Reference Materials

No. Material Name

Installation Procedure of Measurement Hole on a Flue

Moisture Measurement (Technical Manual)

Temperature Measurement (Technical Manual)
Automated Flue Gas Analyzer PG (Technical Manual)
Automated Flue Gas Analyzer HT-3000 (Technical Manual)

Automated Isokinetic Dust Sampler (Technical Manual)

~N o o W (N[

Data Reduction Procedure (Technical Manual)

1.1 Purpose of Flue Gas Measurement

In Mongolia, hot water, a necessity for people's daily living and their industrial activities, is
produced mainly by burning coal in thermal power plants, small boilers (HOB, CFWH), and
household stoves.

The thermal power plants constitute the core of the large-scale hot water supply network for the
central part of the city. In areas without the supply of this hot water, each city block is provided with
a small boiler and forms a zonal heating system using the boiler. Thereby, the hot water is supplied
to ordinary houses and public facilities (schools, hospitals, etc.) in the vicinity of the small boiler. In
the surrounding areas and some isolated areas that do not even have this type of hot water supply
network, coal stoves are used in ordinary houses and Ger.

Air pollution becomes heavy in winter and is considered to be generated mainly by the combustion
of coal in these fixed generation sources. In order to reduce the pollution, it is necessary to perform
flue gas measurement of using fuel and evaluation test of Ger stove, and those results should be
evaluated.
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2 Features of Monitored Ger Stove

Monitoring targets are the Ger stove and using fuel, which are the popular heating source for
cocking and house heating for domestic use. It is indispensable sole heat source especially in the
isolated area where there is no local heating system from thermal power plant or HOBs.

There are at least two types of Ger stoves, so called traditional type (old-fashioned stove) and
Turkish type, are manufactured in Mongolia. The traditional type stove that has been ever used for
the cooking or wall stove in home can provide strong heating power, but is not convenient to use as
house heating, because it burned out in two or three hours. Some models of traditional type have
being developed to utilize the produced heat more effectively by domestic stove company.

Compared Turkish type to traditional stove, Turkish type Ger stove is designed to keep burning
longer time when burning same weight of coal, since it can adjust the entering air flow rate finer.
Therefore, Turkish type is generally used for house heating source, but for cooking use due to its
week power of heat. Both type stoves are the complementary pair. Popularization of Turkish type
Ger stove has being promoted widely, homes using both types of stoves have increased these days.

Many kind of carbonized coal briquettes (coke) are on the market in recent Ulaanbaatar City, but the
quality of them is uneven, the pollutants in flue gas from them vary widely in concentration.

2.1 Constituent Parts of Ger Stove

As to only the gas line, a boiler facility consists of the following main parts:

Table 2-1 Major Components of the Ger Stove

Section Major Component

Main Body of Stove Furnace, fire grate, heat exchanger tube, coal feed inlet, outlet
for ash. There is a unique type of stove, which attach the
firebrick on inner wall to raise the heat radiation effect.
Duct/Chimney Thin iron pipe.

Draft Fans

Gas Treatment Unit

None

Figure 2-1 Type of The Ger Stove
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3 Working Process

An overview of working process for the flue gas measurement at a boiler will be described. The
working process on the day is described in detail in Section 3.1.

Table 3-1 Monitoring Steps and Contents of Monitoring

No. Time Contents
1. The Previous Day of | O  Sufficient consumables shall be supplied.
Measurement Day @ Selection of instruments used for flue gas measurement
@ Maintenance for: e.g. absorption bottle, trap box
@ Conditioning and pre-weighing of dust filters
® Preparation of field record
3. Measurement Day See Section 4.1
The Next Day of O Post-weighing of filter with sampled dust for dust measurement
Measurement Day @ Data reduction and report production

3.1 Example of the Measurement Schedue on Measurement Day

An overview of the work will be described following the flow of the measurement work for one day
as shown in Table 3-2.

Table 3-2 Measurement Schedule on Measurement Day

No. Work Flow

D Warming-up of the gaseous analyzers.

Turn ON the electric heater if it is cold measurement site.

@ Confirmation of the operability of the suction pump and the PC in the working
environment.

@ | Weighing of the absorption tube as pre-weighing and recording as a field note.

Open the cap of the measurement hole on the chimney and rake the accumulated ash and
@ clean the inside of the pipe.

Arrange the piping and the wiring of sampling tubes, the temperature signal code and the
power cable.

Measure the duct inner radius and the flange length protruding from the duct, and record
them as a field note.

® Calculate and record the measurement position on the cross-sectional area according to the
size data of the duct.

Wind pieces of adhesive tape around the sampling tube or the Pitot tube to mark the

@ | sampling positions where the tips of the sampling inlet are to be set on a cross-sectional
area in the duct

The automated dust sampler indicates thereon the measured value of atmospheric pressure.

Installation & Warming-up of the Instruments

Insert the sampling pipes for the gas measurement and the moisture sampling, and the

@ | temperature sensor.

Using heat resistant tape, fill the gap between the hole and sampling pipes.

Calibrate the flue gaseous analyzers by introducing reference gases. Then, start
measurement of gas measurement items in the ‘measurement mode.’

Determine the nozzle inner diameter for the dust sampling according to the displayed data
such as flue gas speed, etc.

Assemble the moisture sampling apparatus and install it in the measurement hole.

Take three dust samples according to the guideline ‘Flue Gas Measurement Protocol.’

Dust
Sampling
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The dust sampling is controlled automatically and moisture sampling must be performed at
the same timing as dust sampling.

Keep the dust sample filter in the dedicated glass holder, and finish the entire measurement.

e

Retrieve the record sheet, the samples and the memories.

Clean the place where the instruments were installed.
Let the stove owner know that you have finished work and are leaving.

Storage | Withdrawal

Place the record sheets in a file.
Check the condition and conduct maintenance work for the instruments if it is required.

Keep the dust sample filters in the desiccator after drying them in a drying oven.
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4 Preparation before the Day of Measurement

Before the day of the measurement, communication with external organizations, preparation and
checks on the instruments to be used, etc., are conducted. This preparation is important for
efficiently conducting the measurement and avoiding mistakes on the measurement day.

4.1 Pre-Araangement

4.1.1 Provision of Necessary Supplies of Consumables, etc.

In the measuring, the consumables which are shown in below (examples) are used. Therefore,
sufficient consumables shall be supplied.

Dust cylindrical filter, plastic tape, wire, silicone tube, silica gel, CaCl,, cotton work gloves
(which shall be reused after washing to the extent possible) and nitrile gloves

It shall be confirmed early that no instrument is faulty.

4.2 Preparation on the Previous Day of Measurement

4.2.1 Maintenance of the Instruments Used, and Pre-Process and Pre-Weighing of
Dust Sampling Filter

The preparation of the dust-sampling filter shall be started in the morning of the previous day of the
measurement. The following operations shall be conducted on new cylindrical filters (Five or more
filters shall be prepared for one stove):

Table 4-1 Preparation Procedure for Dust Cylindrical Filter

No. Preparation Procedure for Paper Filters

1 When the flue gas temperature is low, select glass-fiber cylindrical filters. When the flue gas temperature
exceeds 200 degree Celsius, select silica-fiber tube-type paper filters.

2 Provide each of the cylindrical filters with a serial number (see the filter weighing sheet). Handle the
filters with clean hands to avoid dust contamination.

3 Place the cylindrical filters longitudinally in a beaker (with their openings upward) and put the beaker as
it is in an oven.

4 Dry them one hour in the oven at 110 degree Celsius. Turn OFF the oven after one hour and leave the
beaker to cool.

5 When the beaker is somewhat cooled, move the beaker with the paper filters in it using a pair of tongs
into a dedicated desiccator.

6 Leave the beaker to be cooled in the desiccator as it is for two or more hours in its dry state until the
temperature of the filters becomes room temperature.

7 Take one of the filters out of the desiccator and immediately weigh each filter using a 10™-g scale.
Record the weight of the filter as a pre-sampling weight with the filter number.

8 Store the filter after weighing it. Place the filters in the cylindrical filter case (the dedicated glass bottle)
or the case that has been storing the new paper filters.
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The filters are dried Silica Filter Dry Oven

The paper filters are cooled in the
desiccator to room temnerature.

Figure 4-1 Preparation of the Dudt Sampling Filter

As the maintenance of other instruments, for example, the following checks, cleaning, etc., shall be
conducted:

Table 4-2 The Key Point of Maintenance for the instruments

Clean the dust-sampling nozzle. Check the presence of packing of the dust sampling tube.

Maintenance of moisture absorption tube (Sheffield tube):

-When 1/3 of CaCl, is dissolved, replace the tube.

-When the portion around the cock is clogged with silicone grease, clean the clogged portion.
-Remove the stain on the gas inlet.

-Conduct checks on leakages and clogging.

When the inclined manometer is used;

-Check the tank whether the alcohol is present or not.

Oil Pump:
-Discharge only the contaminated oil.
-Check whether the position of the oil level is normal not, and when the oil is insufficient, replenish with new oil.

Dry-Type Gas Meter:
-When no temperature is displayed, replace the battery.

Flue Gas Analyzer:

-Check whether a significant shift is observed for the response value when calibration is conducted using the
reference gas.

Pipes:

Check whether any of the pipes is clogged with water or dust. When any leakage is found, cut off the leaking
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portion.

Electric Applications:

Check the inexpensive electric appliances (such as plugs and electric heaters) have no disconnected wires.

4.2.2 Praparation of the Field Note
Each field recording sheet (in Mongolian) is prepared. Make copies from the original sheet.

@  Fuel Informetion

Fuel Information Entry Column
Contents Factory

/Locality

Date

Air Temperature
Fuel Species

Property

Diameter of Flange

Fuel consumption(kg )

Ignition accelerator consumption (kg)

Ignition time

Finish time

Measurement

@ Moisuter Measurement (Velosity 2L/minut,Sampling time: each 5minuts)

Contents 1 2 3 4 5

Measure time

Reading of L
meter(start)

Reading of L
meter(end)

Temperature of | C
Suction gas in
meter

Atmospheric kPa
pressure

Tube No. ) ) o 1 O |© |0 | |09

Weight of g
Sheffield tube
(start)

Weight of g
Sheffield tube
(end)
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Dust Sampling

Measure No. 1 2 3 4 5
Measure time

Nozzle M

diameter m

Reading of L

gas

meter(start)

Reading of L

gas

meter(end)

Temperature C

of flue gas

Atmospheric Pa

pressure

Filter No.

Weight of G

filter (start)

Weight of G

filter (end)

Measurement place

Fuel weight/each 10 | Initial Start-up 10 minutes 20 minutes 30 minutes 40 minutes
minutes

50 minutes 60 minutes 70 minutes 80 minutes 90 minutes 100 minutes
110 minutes 120 minutes 130 minutes 140 minutes | 150 minutes | 160 minutes
170 minutes 180 minutes 190 minutes 200 minutes | 210 minutes | 220 minutes
230 minutes 240 minutes 250 minutes 260 minutes | 270 minutes

Subscription of Measurer

Subscription
companion

of  traveling

Figure 4-2 Field Recording Sheet (Example)
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5 Preliminary Work before the Measurement (Day of the
Measurement)

5.1 Cheks to Be Conducted on fuel combustion laboratory

Measurement instruments have been installed on fuel combustion laboratory. Therefore, instruments
should be checked whether instruments operate normally or not. If the measurement instruments will

be installed for the first time, refer to the Section 5.2.

Figure 5-1 Instration of Instruments

Figure 5-2 Instruments compornents
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5.2 Installation and Warming up of the Instruments

The measurement hole and instruments were located inside in most of measured case. The sampling
pipes are not cooled by outside cold air, a lot of water vapor existing in the flue gas will change into
water inside the pipe without frozen, and come to the monitor side as is. Therefore, it is required to
capture the water liquid at the trap bottle before reaching to the dust sampling system or gas
analyzers.

5.2.1 Composition and Connection for Automatic Operation Instruments

1) Moisture Measuring Instruments

The chimney-side instruments consist of "the sampling tube, the Sheffield tube, and a ribbon heater.”
The monitor-side instruments consist of “the trap, the suction pump (with a flow regulating cock),
and the gas meter.” The instruments made in Japan include those that are driven at AC100V and it is
necessary to use transformers to reduce the voltage from 220 V to 100 V.

Sampling Probe Including Filter Use a silicone braided hose

See to the orientation of the
hottlel

220V—100V
Heater and Temperature Down Transformer

Figure 5-3 Installation of Moisture Sampling Instruments

The Sheffield tube is a tool for capturing only the steam in the flue gas. The sampling probe must be
attached with a filter to avoid entry of dust in the flue gas into the Sheffield tube. Because the
ambient air is cold, the piping extending to the Sheffield tube

needs to be heated by a heater as shown in Figure 5-3 (without

the heating, the steam changes into water droplets, which do not

enter the Sheffield tube). When the steam is adsorbed, the steam

generates heat and the Sheffield tube becomes hot. Therefore, the

lower half of the bottle is usually sunk in the water tank

(however, in winter, the atmosphere cools the bottle and the

water tank is unnecessary).

2) Gaseous Component Measuring Instruments (SO,, NO,
COCO, and 02)

The flue gas analyzer (optical sensor type), which is robust against the influence of the interfering
gases and can continuously measure, collects data of the concentration at a rate of a piece of data in
10 seconds (in the current setting).

The dust and the moisture in the flue gas must not enter the flue gas analyzer. As shown in the figure
below, the parts for removing the dust and the moisture are inserted at various positions of the flue
gas introducing line. As to the Ger stove, the CO concentration sometimes becomes high that is in
order of percent. To precisely measure the concentration from a low concentration to a high
concentration, prepare a flue gas analyzer for a low concentration and that for a high concentration
and operate them in parallel to each other. According to the flow, suction the flue gas using a small
pump and, thereafter, distribute the gas to input the gas into each of the measuring instruments.
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The instruments made in Japan include those that are driven at AC100V and it is necessary to use
transformers to reduce the voltage from 220 V to 100 V. It takes one hour to warm up the automated
flue gas analyzer and, thereafter, it takes a further 30 minutes because the calibration must be
conducted using the standard gas. To quickly conduct the measurement work, it is important to
pre-warm the automated flue gas analyzers by installing these instruments earlier than the other
instruments such as the dust samplers.

Sampling Tube Including Filter ,-°7 Release  excessive "~
‘s._ pressure A
Adjust the length of this pipe for the ~ 777" RRTOAN

steam to freeze in the trap.

Low Concentration
Stack Gas Analyzer

This traps the steam by

freezin the  steam
thereing Second Dust Filter 220V—100V
: Down Transformer

High Concentration Stack
Gas Analyzer

Figure 5-4 Image of Installation of Automated Gas Component Measuring Instrumetns

The data is automatically recorded into the logger by the low concentration flue gas analyzer and
into an incorporated SD card by the instrument for the high concentration.

3) Dust Sampling Instruments

The chimney side consists of "the dust sampling probe.” The dust nozzle and a cylindrical filter are
set in the sampling probe. The monitor side consists of "the trap, the suction pump (with a flow
regulating valve), the gas meter, and the sampling controller.” The instruments made in Japan
include those that are driven at AC100V and it is necessary to use transformers to reduce the voltage
from 220 V to 100 V.

Gas meters include wet-type gas meters and dry gas meters. When a wet-type gas meter is used, put

antifreeze liquid in it. See the technical manual for the piping and connection to the automated dust
sampler.
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220V—100V
Use a silicone braided hose. Down Transformer
Adjust the length of
this pipe for the steam
to freeze in the trap.
Flue Gas
Temperature
. Sinnal
This traps the steam
by freezing the steam Gas Meter
therein. Temperature
Signal
220V—100V Gas _ Meter
Down Transformer Rotation
Signal

Figure 5-5 Installation of Automated Dust Sampling Instruiments

5.3 Checks after Installation

5.3.1 Checks Operation
The following checks shall be conducted to check whether the main instruments operate normally:

Table 5-1 Items to Be Checked after Warming up

Name of Instrument Item to Be Checked

Start up the oil pump immediately while the pump is warm after it is installed.
When the room is cold, heat the oil tank. Once the pump is turned on, keep the
pumps rotating (because, when the room is cold, it is difficult to turn ON the
pump again once the pump is turned OFF).

Suction Pump

When the pump is connected to the gas meter and is turned on, check that the

Gas Meter gauge of the gas meter rotates round and round.
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pC The PC does not work well when the room is cold.
Warm the PC properly using by an electric blanket.

Turn ON this analyzer immediately after its installation (because it takes one
hour to warm up the analyzer). Put the analyzer in the state for suctioning the
room atmosphere. Connect the analyzer to the logger. (Conduct the operations
following the technical manual.)

Flue Gas Analyzer If the flue gas analyzer is placed in the vehicle, the flue gas suctioned by the
analyzer fills the inside of the vehicle and harms the health of the members.
The flue gas may be discharged out of the vehicle by connecting a pipe to the
outlet of the analyzer. However, when the pipe is thin and long, it influences the
measured value and, therefore, the pipe must be thick and short.

Set the USB memory and check that the following input signals are sent:
The measured values of the five items of PG-250 (SO,, NOx, CO, CO,, and O,)

The measured value of the flue gas temperature sensor (Conduct the operations
following the technical manual.)

Logger

After turning this sampler ON, check the display on the screen. Check that there
Automated Dust Sampler is sufficient printer paper. Conduct zero adjustment with the differential
pressure that is zero.

When all the instruments are used, the power used may exceed the power source
capacity and the breakers may drop depending on the place. Complement the
electric power by obtaining another power source from a neighboring house or
using a power generator.

All Instruments

5.3.2 Leak Chek on Ductwork

As described in Section 5.2, the instruments are connected to each other using many joint pipes. If a
joint pipe is decoupled or has a hole, normal measurement cannot be conducted because the room
atmosphere enters through the decoupled portion or the hole.

After connecting the pipes, the pipes must be checked to confirm that no leakage exists, according to
the following method:

5.3.2.1 Moisture Line and Dust Line
Conduct the leak check according to the following procedure:
Operate the pump (an arbitrary speed may be employed).

Check that the gauge of the gas meter rotates (adjust the rotation speed to a proper speed using
the flow regulating valve of the pump).

tube using a finger.

Observe the gauge of the gas meter. When no leak exists in the pipe, the rotation gradually slows

@
@
@ Pull out the end of the tube on the chimney side from the sampling probe and close the tip of the
@
and finally stops.

®

If the rotation does not stop, take off the pipe joint starting with the pipe joint closer to the pump
and repeat the checks in @@. Find the position of the leakage and repair the leakage.

The suction flow of the dust sampling pump is large and the rotation of the gauge usually stops
shortly after the pump starts suctioning. In contrast, the flow of the moisture pump is relatively small
and, therefore, it takes time to remove the air from the pipe. Therefore, be prepared to wait longer
than estimated. Somewhat increasing the flow using the regulating valve results in a shorter time to
suction the air. However, when the trap bottle is a plastic bottle, the bottle is gradually crushed as the
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inside of the tube becomes a vacuum. It is better to check the leak without the trap bottle not to break
the trap bottle. To check the leakage of only the trap bottle, suck on the bottle. It is necessary to take
care when the leak check is conducted on the automated dust sampling instruments. This leak check

is described in 6.2.2.

Figure 5-6 Leak Check on Sampling Tube

5.3.2.2 Line for Gas Composition

Install the gas meter downstream of the suction pump and conduct checks according to the same
method as that described in 5.3.2.1.

5.3.3 Protocol of the Fuel Com bustion Test Method

Starting condition of fuel combustion test is hot start which means that stove become
warm. Measurement condition is shown in below and protocol of the fuel combustion
test method is shown in Figure 5-7.

(1) Fuel combustion test cycle

Hot start which means that start the test after ignition of fuel will be adopted. Four
kilograms of fuel will be input at the beginning in the case of the small type of gel
stove and one kilogram of fuel should be refueled. 0.5 kilograms of ignition material is
used.

Coal will be refueled when COz2 concentration falls down to 3 %, and combustion test
will finish when COz concentration falls down to 2 %

(2) How to check the ignition

Ignition will be checked by viewing when total amount of fuel and ignition material
falls down from 4.5 kilograms at the beginning to around 4.0 kilograms. Flue gas
temperature after the time will be carefully checked and if ignition is not verified,
re-ignition will be conducted. Objective indicator for ignition besides viewing is
Iinvestigated.
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(3) Dust measurement

Principally, filter for PM measurement will be replaced after 40 minutes from the
beginning as the first, and the second filter replacement will be at 60 to 90 minutes
after the time, and the third filter replacement will be at 60 minutes after refueling of
one kilogram. However, PM emission amount will be very large and filer will be
clogged during 40 minutes of PM sampling. In such case, filter replacement intervals
can be shortened._

(4) Weight measurement of fuel

Fuels will be weighed every 10 minutes from the beginning of the test.

(5) Measure record

PM weights measured and flue gas measurement values will be inputted in Excel file

(6) Three times for one fuel test

Combustion test will be conducted three times for one fuel and the test will be
conducted once a day.

Figure 5-7 Protocol of the Fuel Com bustion Test Method

5.3.4 Staert-up of PC, Praparation of Calculation Sheet, etc.

Start up the notebook PC and open the Excel calculation sheet dedicated to the flue gas measurement
Input all of the information obtained in the interview with the boiler operators, the measurement
results of the duct size, etc. Measure the atmospheric pressure and input the result into the
calculation sheet.
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6 Measurement Work

6.1 The Gas Composition Measurement (Common to Manual and
Automatic Instruments)

As specified in 2) of Subsection 5.2.1, the continuous flue gas analyzer must be installed and started
earlier than other equipment. After warming-up the analyzer, make calibration using standard gases

6.1.1 Calibration of the Continuous Flue Gas Analyzer

Calibration is a must to be conducted prior to the measurement with the flue gas analyzer on the day
of measurement. After warming up the flue gas analyzer and confirming its normal operation, start
collecting the necessary data with the logger. Connect the cylinder filled with the standard gas to the
standard gas inlet of the flue gas analyzer, and introduce the standard gas flow into the analyzer with
the specified pressure. Adjust the sensitivity for each measurement item.

Introduce the gas into the analyzer with the
pressure of approx. 50kPa.

Figure 6-1 Introduce the gas into the analyzer with the pressure of approx. 50kPa.

The following types of standard gasses are available. Be sure to use the gasses whose validity term is
guaranteed by the manufacturer.

Table 6-1 Types and Concetrations of the Satndard Gasses for a Analyzer (Example)

Zero Gas N, Gas (Purity: 99.999% or more)

SO, N, 190ppm

NO,”N, 190ppm

Span Gas CO,”N, 1900ppm (for low concentration), 4% (for high concentration)

CO,/N, 14.5%

0,/N, 21.5%

The fundamental procedure for calibration is as follows. Conduct the span calibration following the
zero calibration. It is enough to conduct these two points calibration. For the operational procedure
of the equipment, refer to the technical manual.
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Table 6-2 Calibration Procedure for a Stack Gas Analyzer

Introduce the N, gas of a specified pressure into the analyzer through the standard gas
inlet.

Continue feeding the gas into the analyzer for one minute or more. Watching the
concentration graph indicated on the logger, confirm that the indication is stabilized (in

Zero Calibration . ;e
each measurement item) and the concentration is close to zero.

Conduct the zero calibration. Do not make a too rough calibration.

Keep the calibration coefficients on record.

Introduce the standard gas of a specified pressure into the analyzer through the
standard gas inlet.

Continue feeding the gas flow into the analyzer for one minute or more. Watching the
graph indicated on the logger, confirm that the indication is stabilized (in each

. measurement item) and the concentration is close to the level indicated on the cylinder.
Span Calibration

Conduct the span calibration. Do not make a calibration exceeding 2%.

Keep the calibration coefficients on record.

Finish the calibration. Return to the normal measurement mode.

6.1.2 Start of the Gas Composition Measurement

Reconnect the piping as illustrated in Subsection 5.2.1 to start the flue gas measurement in
accordance with the following procedure. Complete the operations up to this step while making
preparations for the dust and moisture sampling equipment.

(1) Confirm that the equipment is collecting the data with the logger and the built-in memory.

(2) Start the suction pump. Confirm that the excess flue gas is sufficiently released from the
manifold just behind the pump.

(3) Observe that the concentration indicated on the flue gas analyzer is approaching the
concentration of the flue gas. When the indicated oxygen level is around 19%, attention is
required for the possibility that the line may have leaks or be clogged.

(4) Maintain this monitoring (keep monitoring until dust and other sampling operations are
completed).

(5) Watch how the concentration indicated with the logger graph changes from time to time.
Carefully observe that operational changes in the boiler such as coal feeding are properly
reflected in the indication.

(6) Confirm that the readings of measurement by the two measuring units for high and low
concentrations are close to each other.

6.2 Moisture and Dust Measuremenrt

Section 5.2 “Installation and Warming up of the Equipment” and Section 5.3“Checks after
Installation” are also required for the automated equipment operation. After finishing these steps,
make preparations for the dust and moisture sampling.
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Praparation for the Moisutuere Measurement

It is possible to determine the moisture concentration of the flue gas referring to the fact that the
desiccant of CaCl2 included in a Sheffield tubes increases its weight when absorbing the water. For
details, refer to the technical manual. The measurement procedure is as follows.

M)
)

®)
(4)

()

(6)

Take six Sheffield tubes prepared for this purpose out of the storage box.

Prepare an electric balance in conditioning. Place it on a flat surface inside the warm room
and set it in correct regulation of level. Set the balance not to be affected by the wind.

Make a zero setting for the electric balance.
Weighing of Sheffield tubes before use

Close the cock, and weigh each bottle. Before the measurement, completely remove any dirt
and/or water adhering to the surface of the bottle with clean tissue paper. Write down the
original pre-measurement weight on the record sheet (together with the tube number).

Figure 6-2 Weighing of the Sheffield Tubes Before Use

Then, connect two Sheffield tubes with a silicon tube in order to store them as a set (three sets
in total). When the connecting silicon tube is too long, there is an adverse possibility that the
water may accumulate at the joint. When the connection tube is too short, it is easily detached.
Connect the two bottles by using a tube of a proper length to reduce the connecting distance
as much as possible.

Installation of the Sheffield Bottles

The figure below is the same as the Figure 5-3. Set a set of Sheffield tubes with their cocks
closed at the measurement aperture paying attention to the direction of the bottles. Seal the
clearance with heat-resistant tape. Set a ribbon heater as closely as possible to the inlet of the
bottle is as shown in the figure, in order not to allow the vapor to turn to water under the effect
of cold atmospheric air, before entering the bottle. Do not raise the temperature of the ribbon
heater too much (the silicon tube may be burnt at an excessively high temperature).

Seal the clearance with 220V—100V
lhAant vAanintant dAanmAa
Pay attention to the direction of LA 5
the hottles!
Heater & Temperature Keep the hose not connected
Controller

Figure 6-3 Sampling of Moistures
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6.2.2 Preparation fot the Dust Samoling
For the automated dust sampler, conduct the following check operations.
1) Checking leaks from the piping

Like the manual sampler, conduct checking in accordance with 5.3.2.1, but do not connect the piping
to the automatic controller main body (see the figure below), to protect the inside delicate pressure
sensor from pressure shock during leak check. For the line on the chimney side, confirm that there
are no leaks by sucking the line with your mouth.

Figure 6-4 Leak Checking for the Automated Dust Sampler

2) Checks of the Controller Main Body
After turning on electricity, check in accordance with the table below.

Table 6-3 Movement Checks for the Automated Dust Sampler

Check Item Detailed Checking

Time Confirm that the current indicated time is correct.

Remove the sampling tube and connecting piping (in 4 colors) from the equipment back.

Press the “0-ADJ” button on the front under the condition that the same pressure (atmospheric
pressure) is applied to the four ports. Zero adjustment is conducted for the manometer.

Zero Adjustment
for the Prevent these four ports from being
Manometer O affected by a wind. Do not seal them
with your fingers
(Because excess pressure is applied to
their inside).
(For checking of the isokinetic sampler pressure sensors)

After inputting 1 as the Pitot tube coefficient and 6 mm as the nozzle diameter on the screen,
apply the same pressure to the red and yellow pipe. When the dynamic pressures of the two
sensors are indicated as a same Pressure value, the pressure sensors are normal.
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Be sure to turn on the suction pump and manually turn the pump flow control valve almost
Interlocking fully opened (when much air is not fed to the main body from the pump, the flow rate control
with the Suction | in the main body will be delayed with difficulty of operation).

Pump Confirm that the controller will automatically regulate the flow rate even if the flow control
valve is manually turned to a certain position.

Pull out the printer paper holder to confirm that enough paper remains. Check that the printed
letters are clear and the printer starts printing at the set intervals. Also check that the necessary
data is output onto the paper.

Printed letters of
the Printer

3) Confirmation of the Flue Gas Temperature and Flow Speed

Complete the connections of the equipment. Then, insert the sampling probe with no dust sampling
filter into the measurement hole. Keep monitoring the flue gas pressure and temperature in the duct
which are indicated on the screen of the automated dust sampler.

220V—100V
Down Transformer

220V—100V
Down Transformer

Figure 6-5 Confirmation of the Flue Gas Conditions

4) Setting of the Parameter

While checking the flue gas conditions in a simplified manner in 3), set the parameters with the
controller main body. For the procedure, refer to the technical manual.

In accordance with the technical manual, conduct the “selection of the parameter and input of
the values” on the screen.

Parameter (Type of the fuel in use, shape of the duct, sampling method, filter attachment position, shape

Setting and material of the filter, Pitot tube coefficient, type of the gas meter, measuring method,
length of the sampling time or total volume of the sampling gas, time intervals of the printer
output, anticipated moisture concentration, and nozzle inner diameter )

The selection criteria for a sampling nozzle diameter are the same as shown for the manual sampler.
Compared Ger stove to HOBs, the heat power of Ger stove is very week. Once fire dying down, and
the flow rate of flue gas became slower. If it is less than 4 m/s, accurate monitoring cannot be
realized by using Pitot tube, and dust shall not be collected accurately on control of isokinetic dust
sampling. Pre-measurement is recommended by hot-wire flow speed meter prior to start the
measurement. If it is not possible to take dust sample by isokinetic method, change to constant flow
rate sampling method at which the sample gas is sucked by the certain constant sampling speed. In
this case, the sampling accuracy became decreased. If slow flow speed is anticipated for fuel burning
in a Ger stove, you may take a dust sample by isokinetic method while burning at strong heat power
is expected, and take another dust sample by constant speed sampling in week heat power period.

After completing the setting, take out the sampling probe from the measurement instruments.
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5) Attachment of the Filter Head

Set the nozzle with the selected inner diameter

I = ]

Attach the filter head to the sampling probe to constitute a complete unit. Adjust the positions so
that the Pitot tube, the dust nozzle and the suction hose attachment opening are in the same direction.

Direction of the Hose

Direction of the Pitot Tube Attachment Opening

Direction of the Nozzle

6.2.3 Assembly of the Instruments on the Flue Side

For sampling, set a sampling probe at the measurement hole. As shown in the figure below (sectional
view of the duct) shows, how to set the three sampling tubes and the temperature sensor, in addition
to the sampling probe for gas component under measurement. The figure below illustrates a case
where the inner diameter of the duct is small and dust sampling is made at one point, in the center of
the duct.

Samplina Probe for Gas Component
Sampling Probe for Dust

Samplina Probe for Moisture
Additionally provided Type K Thermocouple
Figure 6-6 Sampling Tubes Inserted into the Measurement Hole (Duct Sectional View)

6.2.4 Immediately before Starting of the Sampling

Read the moisture gas meter before sampling, and write it down together with the Sheffield bottle
numbers on the record sheet. Write down the read value of the dust gas meter before sampling, and
write it down along with the number of the attached filter on the record sheet (read the value with
your eyes.
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Figure 6-7 Monitor Side Prepared for the Sampling

6.2.5 Start of the Sampling

After confirming that the necessary lines are all connected, start the moisture and dust sampling at
the same time.  The main procedure is indicated in the table below.

Table 6-4 Sampling Start Procuedure for the Automated Dust Sampler

Item Work Description

Turn the dust sampling nozzle in the same direction against the flow of the flue gas.

Turn on the suction pump switch and the start button of the controller main body.

Werite down the sampling start time on the record sheet.

The indication of the main body screen changes to “Under Measurement.”, Automatic control
of the gas suction speed starts.

The values of the “Flue Gas Dynamic Pressure Pd” and “Suction Gas Differential Pressure
Vd” indicated on the screen become close to each other.

When they are almost the same, the isokinetic sampling comes into effect.

Dust Sampling

Then, sampling goes on under the automatic control.

Confirm that the indicated flue gas temperature accords with the value of the other temperature
sensor indicated on the logger.

Check the setting condition of the sampling probe on the chimney side and the condition of the
trap bottle again.

Check the set parameters again.

Moisture Same op Before starting the sampling, attach the detached hose. Open the two cocks of the
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Sampling Sheffield tubes by turning them to the open side (be careful to turn them to the right direction).
When the sampling is started, moisture goes into the bent tube of the Sheffield tube, making
the inside of the tube fogged. Be sure to confirm this phenomenon.

Write down the sampling start time on the record sheet.

For the continuous chimney gas analyzer, watch how the concentration changes again referring to
the logger graph indication. Check that the indicated values of the measuring equipment for high
concentration and for low concentration become close to each other.

6.2.6 During the Sampling
1)  Moisture measurement

Confirm that the sampling is going on smoothly with water drops adhering to the inside of the
Sheffield tube. In addition, check that moisture does not become water before going into the bottle
due to the misalignment of the ribbon heater wrapped around the tube. If the heater is misaligned,
wrap it properly. Read the temperature of the gas meter, and write it down on the record sheet. Check
the rotational speed of the gas meter from time to time in order to confirm that the rate does not
decline (if it has declined, clogging or leakage may be caused).

2) Dust Measurement

Repeat the flow rate adjustment at an interval of 2 minutes to maintain the isokinetic suction
conditions. It is necessary to repeat the adjustment minutely since the suction rate declines as the
cylindrical filter clogs with dust. Check that the sampling probe is set horizontal correctly at its
insertion position.

Confirm that moisture is frozen inside the trap bottle. If it is frozen inside the piping upstream or
downstream from the trap bottle, the piping is clogged and the suction pump does not work properly
(the rotation of the gas meter becomes extraordinarily slow).When any clogging is found, stop the
sampling temporarily to replace the clogged piping, adjust and correct the piping length before the
trap bottle. Then, start the sampling again.

As shown in Table 6-4, confirm that the dust sampling is automatically controlled under the
isokinetic sampling conditions. The automated sampler prints the control and other conditions with
the printer at the set intervals. Regularly check that there are no abnormalities.

Even under the automatic control, isokinetic sampling sometimes does not work. In that case, it is
necessary to manually operate the flow control valve of the pump so as to return it to the position
easy to control. This happens due to any extreme flue gas condition at the site such as the flow speed
drastically fluctuating or due to the low flow speed, to which the controller cannot properly respond.
If the suction rate extremely goes to the maximum or the minimum under the out-of-control
condition, the BZ lamp lights and the buzzer sounds. In this case, operate the flow control valve
immediately so as to return it to the position where the automatic control works.

6.2.7 End of the Sampling

1) Moisture measurement

Stop the pump when the scheduled closing time comes. Close the cocks of the Sheffield tubes, and
remove the first set of bottles for recovery. Take the reading of the gas meter, and write it down on
the record sheet as the post-sampling value.Completely remove any dust and/or moisture on the
surface of the first set of recovered bottles with tissue paper. Then, weigh it with the electric balance,
and write down its weight on the record sheet.
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2) Dust measurement

When the sampling time (or sampling volume) designated through the parameter setting reaches the
target, the equipment automatically finishes the sampling and the stop lamp lights (but manually the
suction pump is turned off when the pump is plugged into a different power outlet from that of the
main body).

Pull out the sampling probe from the duct, and collect the first cylindrical filter like the manual
sampling. Read the gas meter, and write it down on the record sheet as the value after sampling

6.2.8 Sampling of the Second and Third Sets

After finishing the sampling with the first set, repeat the above steps to collect data with the second
and third sets. Conduct the second and third moisture samplings in the same timing as the dust
sampling.

Conduct the second and third moisture samplings in the same timing as the dust sampling. After
completing the first dust sampling, repeat the above steps of “3) through 5) of 6.2.2, 6.2.3 and 6.2.4,”
and start the next sampling. Use three cylindrical filters or more per boiler.
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7 Storage of the Equiipment and Sample
When returning to the equipment room, complete the following operations on that day.
(D Necessary Maintenance for instruments

Conduct maintenance for necessary equipment on the same day if it is a minor work. If their
maintenance requires much time, the maintenance work will be done at a later date.

@ Described the Field Record and the printer record sheets

Put the field record sheets and the printer record sheets of the automated dust sampler you
brought back to the office into the dedicated file.

(@ Cylindrical Filters of Collected Dust Sample

Transfer the cylindrical filters of collected dust sample from the storage container to the
desiccator (check the post-measurement weight at a later date, following the procedure
specified in Table 7-3). For the data reduction procedure, refer to the technical manual.

@ Cylindrical filters

If new cylindrical filters for dust sampling are needed, it should be prepared.
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Introduction

“Capacity development project for air pollution control in Ulaanbaatar city phasel in Mongolia” was
conducted in collaboration with institutions such as JICA, AQDCC, MEGDT, NAMEM, CLEM from
March 2010 to March 2013. Although these activities didn't include regarding vehicle emission
measurement, the following matter was found.

- A result by analyzing the data of air quality monitoring stations in UB city was confirmed
that the only roadside of air quality monitoring station dramatically exceeded the emission
standard even if it is summer.

- Much public expenditure was spent to matters such as purchase of nonconformity vehicle
against emission regulation, which is thought to emit a lot of air pollutants.

The method of exhaust gas measurement conducted in Mongolia was an annual vehicle inspection.
Although a lot of air pollutants are emitted when running, the inspection method only measures when
stopping. Therefore, to measure exhaust gas when running, on-board measurement system was granted and
the using method was instructed in phase2.

In phase2, 6 persons (APRD, NAMEM, CLEM) learned measurement using on-board measurement
system and data processing. Based on the result, 20 times were measured by them. As a result, the
following information was provided to decision-making body.

- Tested systems, such as DPF, EURO-IV engine, were confirmed to carry much effect in UB
city.

- Among technics judged carrying much effect by vehicle inspection method, some of them
were confirmed to have little effect when running.

Operation manuals being attached each of equipment are not enough as explanation to use them in
combination. Therefore, the manual compiled

6 persons in charge were trained during the technical cooperation project. However, person in charge has
the potential to leave of absence or retire for individual situation. JICA Expert Team very much hopes that
APRD, NAMEM, and CLEM will complete task of training of successors through the use of this manual in
order to utilize on-board emission measurement system.

June, 2016

Capacity Development Project for Air Pollution Control in Ulaanbaatar City Phase 2 in Mongolia

JICA Expert Team

i SUURI-KEIKAKU CO., LTD.
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Photo

Example of installing sensors

Example of installing sensors

Example of installing measurement system

Example of installing sensors
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Example of measurement results

Example of public relations regarding measurement
results
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Calibration Manual of 720NOx Analyzer

0 Preparation of calibration
0-1 The sensor is attached to the unit of calibration, and also connects “720-NOx”.

0-2 Switch on the power supply and wait more than 5 minutes.

1 Setting the calibration points of NOx
1-1 Press and hold the CAL/SET key for approximately 3 seconds. The mode of the analyzer switches
to the setting mode, and a channel number (e.g. ch000) appears on the display.
1-2 Press the UP or DOWN keys to display “ch000.”
1-3 Press the ENT key to set the channel number.
1-4 Press the UP or DOWN keys to display the calibration point of NOx gas ("47).
1-5 Press ENT key to set the calibration point

1-6 Press M key and return to the measurement mode

Displays channel number /~ HORIBA N
and set value, |’ NOx ANALYZER ME XA-720NOx
o AF
NOT READY
o o .
SRy o To setting mode
s —————_o =3 (Press approxi-
RICH STOICH LEAN O ppmiox mately 3 seconds)
(e} Q &)
ZERO MID SPAN HIGH ~
© o o o A V")b-‘

p-

s To measurement

mode

Used for selecting the channel,
and calibration points of NOx
(2/3/4).

2 Setting the concentration of NOx

2-1 Measure temperature and barometric pressure (there is no problem even if the pressure is
obtained from the data of observation point such as your country.)

2-2 Input the temperature, barometric pressure, and vapor pressure (confirm the value by
applying the temperature to Table 1) to “Calibration check.xls”

2-3 Press and hold the CAL/SET key for approximately 3 seconds. The mode of the analyzer switches
to the setting mode and channel number (e.g. ch000) appears on the display.

2-4 Press the UP or DOWN keys to display the “ch001”

2-5 Press the ENT key to set the channel.
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2-6 Press the UP, DOWN or RIGHT keys to display

1192 %2
0

2-T7 Press the ENT key to set the concentration of calibration gas

2w m o m o e

12
13
14
15
16

17
18
19
20
21

22
23
24
25
26
27
28

TS

A

B

Calibration check sheet for NOw analyzer

HEG.HO.

Number of gensor

Temperaturel('C)

1

Barometric pressurethpa)

80.5

at 14 o’ elock

of the concentration of calibration gas.

E
2014414

#0btain temperature and barometr ic pressure from the latest obserwation data in UB city, such as through HP.

Yapor pressure(kpa)

1.937

% Read the temperature corresponding on the table of P8-5 (instruction manual of HEXA-120HO0x)

Gag cxlinder

Carrection

Lawer limit level

Higher limit level

value of the 1% error | of the 1% error
Middle gas(300ppm) 296. B 243.3 240.9 245. 8
Span gas(1000ppm) 4898.7 a14.4 all.2 827.h
High concentration HO gaz(2000ppm) 1982.0 1G2GF. % 1609.9 1642.4

NOx

Time concetration Notes

(opm)
Fower activation
bir
Span gag 1000ppn

Widdle gas 300ppn

High zaz 2000ppn

#Regarding measuremnent value,

Tine

0z

Notes

Power activation

bir

read i1t after the sztable condition keepz at leazt 5 zeconds.



Tablel Relation between Temperature and Vapor pressure

Temperature 1 2 3 4 5 6 5 8 9
(“C)
VapTPressure (kPa)

0 0.610| 0.657| 0.705| 0.757| 0.813| 0.872| 0.935| 1.001| 1.072| 1.148
10 1.227 | 1.312| 1.402| 1.497 1.980| 1.705| 1.818| 1937 | 2.064| 2.197
20 2338 | 2487 | 2644 | 2810 2984 | 3.168| 3.362| 3.566| 3.781| 4.007
30 4225 | 4.495|74.757| 5.033| 5.322| 5626| 5945 | 6.279| 6.630| 6.997
40 7381 | 7.784| 8.205| 8646 | 9.108| 9.590 | 10.094 | 10.621 | 11.171 | 11.745
50 12.375 | 12.971 | 13.623 | 14.304 | 15.013 | 15.753 | 16.523 | 17.325 | 18.160 | 18.030
60 19.934 | 20.875 | 21.583 | 22.870 | 23.927 | 25.025 | 26.165 | 27.350 | 28.579 | 29.855
70 31.179 | 32.552 | 33.976 | 35.452 | 36.981 | 38.566 | 40.208 | 41.909 | 43.669 | 45.491
80 47.377 | 49.328 | 51.346 | 53.432 | 55.589 | 57.819 | 60.123 | 62.503 | 64.962 | 67.500
90 70.121 | 72.826 | 75.618 | 78.498 | 81.469 | 84,533 | 87.692 | 90.948 | 94.304 | 97.762

Note) If the temperature is 26, you use the vapor pressure (3.362kPa) that is located crossing 20
and 6.
2-8 Press the UP or DOWN keys to display the “ch002” .
2-9 Press the ENT key to set the channel.
2-10 Press the UP, DOWN or RIGHT keys to display middle gas (please refer to “Calibration
check. x1s” ) of the concentration of calibration gas.
2-11 Press the ENT key to set the concentration of calibration gas.
2-12 Press the UP or DOWN keys to display the “ch003”
2-13 Press the ENT key to set the channel.
2-14 Press the UP, DOWN or RIGHT keys to display middle gas (please refer to “Calibration
check. x1s” ) of the concentration of calibration gas.
2-15 Press the ENT key to set the concentration of calibration gas.
2-16 Press the UP or DOWN keys to display the “ch004”
2-17 Press the ENT key to set the channel.
2-18 Press the UP, DOWN or RIGHT keys to display middle gas (please refer to “Calibration
check. x1s” ) of the concentration of calibration gas.
2-19 Press the ENT key to set the concentration of calibration gas.

2-20 Press the M key and return to the measurement mode.



Displays channel number
and gas concentration.

Used for selecting the channel and
inputting the concentration of NOx

calibration gas.
ch001: Zero gas
ch002: Middle gas
ch003: Span gas

7/ HORIBA N
( NOx ANALYZER MEXA-720NOx
o
NOT READY
oA Q
ALARM
O %02 o
O ppmNOx

RICH STOICH LEAN

®) o o
ZERO MID SPAN HIGH
o] le} o)

M

v

V’\\

_J

ch004: High concentration NO gas

3 Calibration of NOx gas

3-1 Press M key until the ppmNOx LED is lit

f—

3-2 Supply the zero gas (AIR) to the calibration unit
3-3 After the indicated value is stabilized, press the CAL/SET key. ZERO LED will be lit and

the concentration of the zero gas will be displayed.

To setting mode

Sl (Press approxi-

mately 3 seconds)

D\
/' To measurement

mode

3-4 Confirm that the displayed concentration is proper, and then press the ENT key to perform

calibration of the zero point

3-5 Flow the span gas (NO 1000ppm) to the calibration unit.
3-6 After the indicated value is stabilized, press the CAL/SET key twice. SPAN LED will be

lit and the concentration of the span gas will be displayed.

3-7 Confirm that the displayed concentration is proper, and then press the ENT key to perform

calibration of the span point

3-8 Flow the middle gas (NO 300ppm) to the calibration unit.

3-9 After the indicated value is stabilized, press the CAL/SET key three times. MID LED will

be lit and the concentration of the middle gas will be displayed

3-10 Confirm that the displayed concentration is proper, and then press the ENT key to perform

calibration of the middle point

3-11 Flow the middle gas (NO 2000ppm) to the calibration unit

3-12 After the indicated value is stabilized, press the CAL/SET key four times. HIGH LED will

be lit and the concentration of the high concentration NO gas will be displayed

3-13 Confirm that the displayed concentration is proper, and then press the ENT key to perform

calibration of the high concentration NO point

3-14 Press the M key and return to the measurement mode.

1-4



Displays calibration gas

/_HORIBA

~

concentration (blinking).

NOx ANALYZER

MEXA-720NOx

Switches to the NOx
output.(ppmNOx
LED is lit)

I ALARM

-EDof the target gasis lit. | o croicn tEan

e O MID SPAN HIG
O o o] o

Performs calibration.
Selects the calibration point by pressing
this key.

1 time: Zero point

2 times: Span point

3 times: Middle point

4 times: High concentration NO point

4 Calibration points of 0,
4-1 Press and hold the CAL/SET key for approximately 3 seconds. The mode of the analyzer switches
to the setting mode, and a channel number (e.g. ch000) appears on the display.
4-2 Press the UP or DOWN keys to display “ch010.”
4-3 Press the ENT key to set the channel number.
4-4 Press the UP or DOWN keys to display (727)
4-5 Press ENT key to set the calibration point.

4-6 Press M key and return to the measurement mode.

Displays channel number T SoTEA N
and calibration point. NOx ANALYZER XA-720NOx |
O AF e
&' ¢ To setting mode

\
| E ; (Press approxi-
— —— mately 3 seconds)
RICH STOICH LEAN
(o] o o

ZERO MID SPAN HIGH
o o o o

-

Used for selecting the channel (ch010) and
calibration points of O,, AfF and 4 (2/3).

To measurement
mode

—J



5 Calibration of 0,

5-1 Press M key until the %02 LED is lit.

5-2 Supply the zero gas (AIR) to the calibration unit.

5-3 After the indicated value is stabilized, press the CAL/SET key twice. SPAN LED will be
1it and the standard value for calibration (concentration of calibration) will be displayed.

5-4 If indicated value is not proper, modify the value with the UP, DOWN and RIGHT key, the
press the ENT key. If indicated value is proper, skip to the next step.

5-5 Press ENT key to calibrate span point

5-6 Press M key and return to the measurement mode.

Displays calibration gas  /“HORIBA N\
concentration (blinking) ( NOx ANALYZER MEXA-720NOx

NOT READY Switches to Oy or 2.
LED of the target gas is it. > 51 ARM (%0 or 2. LED is lit)

o O ppmNOX ‘(J///
ZERO MID SPAN HIGH

© O ¢ o Alwl » ::_'r- ENTN M )
s o &
Selects the calibration point by pressing Performs calibration

this key
1 time: Zero (stoichiometric point )
2 times: Span (lean point)
3 times: Rich point



Calibration check sheet for NOx analyzer 2014/1/1

MFG. NO.
Number of sensor

Temperature (‘C) 17
Barometric pressure(hpa) 850.5 at 14 o’ clock

$%0Obtain temperature and barometric pressure from the latest observation data in UB city, such as through HP.

|Vapor pressure (kpa) 1.937 |

¥Read the temperature corresponding on the table of P8-5 (instruction manual of MEXA-120NOx)

Gas Correction Lower limit Higher limit
cylinder value level level
Middle gas (300ppm) 296. 6 243.3 240.9 245. 8
Span gas (1000ppm) 998.7 819.4 811.2 827.6
High concentration NO gas (2000ppm) 1982. 0 1626. 2 1609. 9 1642. 4
NOx
Time |concetration Notes
(ppm)
Power activation
Air
Span gas 1000ppm
Middle gas 300ppm
High gas 2000ppm

KCRegarding measurement value, read it after the stable condition keeps at least 5 seconds.

Time 02 Notes
Power activation :
Air
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Installation Manual

1 Acquisition of Speed Signal
-Gasoline-
1-1 Obtain from speed signal line for navigation system( Many of cases are 3 lines, they also have
some lines such as 3 lines, 4 lines, 16 lines).
If it is attached audio system, there is one free harness that includes the speed signal in
many cases.
It is obtained the original signal between differential gear and transmission in many
cases.
1-2 Obtain from the sensor of transmission.

1-3 Obtain from the speedometer.

«<—speed signal line

-Diesel-
-Digital type
1-4 Obtain from the sensor of transmission

1-5 Obtain from the speedometer. If the system is wire type (analog), it’s not able to obtain it.

. shaft
engine

pulse sensor



| sensor

-Analog type
1-6 If it's wire system, it is obtained the signal by attaching RS-02 (made in Horiba) at the pulse

sensor of transmission.

- Meter cable Meter cable
Gear box ] (]

1-7 Use a laser sensor. It is attached at propeller shaft that is close to brake and has the bracket.

| RS-02



2 Acquisition of Engine Speed Signal

-Gasoline-
2-1 Obtain from wiring of ignition coil (any one of the lines (power supply, signal, ground)) that is
easy to misunderstand as a fuel injector. The fuel injector doesn’t send out signals when the
engine cuts fuel. If an old car is used, please obtain from not the distributor but the coil. Also,

plug-in coil is obtained from the coil that is located above the plug.

«<ignition coil

-Diesel-
2-2 Obtain from wiring, such as the crank angle sensor, the flywheel sensor.

2-3 Use a laser sensor (use the crankshaft pulley).

<—Sensor



3 Attachment of Karman Vortex Meter
- Karman vortex meter is to measure amount of air needed for an engine.
- Basically, setting among ducts (between the air cleaner and the engine, the air cleaner and the
intake duct) for air intake of the engine is preferable that is better close to existing layout.
- If there is no space to set the Karman vortex meter, the duct is extended and set at a space that
is capable of setting. But, setting place is needed to take fresh air.
- Confirm the direction of the Karman vortex meter and attach it. Also, it has to attach surely so

as not to intake air from the duct, which is located closer than the Karman vortex meter.

T | Karman vortex meter

«<—Karman vortex meter

4. Setting of Intake Temperature and Humidity Sensor
- Attach Karman vortex meter in front and behind.

+ Attach it at the place that don't get wet in the rain to protect the sensor.

1 intake temperature and Humidity Sensor ! intake temperature

and Humidity Sensor



5. Setting of Ambient Temperature Sensor
- The sensor should be located as less changing temperature from the engine room, direct
sunlight.
- The point such as wheel well, under a part of the car, backside of the compartment is good for

the setting.

1 ambient temperature sensor

6 Setting of GPS Unit
- Attach the GPS unit on the body of the roof using magnetic force. (set on a compartment for car,
set on a cabin for truck)

- If the magnet didn't attach due to the material, please set on the dashboard.

GPS Unit—



7. Setting of NOx Sensor
- Attach the sensor by attachment method, which insert the slit pipe that was already ready to
the tail pipe.
- The sensor is set upward to prevent attaching water.
- Attach carefully so as not to interfere to the NOx sensor by vibrating the tailpipe.
- The sensor is needed to prevent touching the thing which is easy to burn or melt because it

becomes the high temperature.

PM introduction pipe—

«<—NOx sensor T
NOx sensor

8 Setting of PM Unit
- The measurement part is set so as not to attach water.
- PM introduction pipe (inside the tailpipe) is set for a direction of the engine.
- The introduction hosepipe is set and the water container is necessarily located at lowest part
against each part of the hosepipe. Also, the container for puddles is needed to gather the water

which condensed dew.

PM Unit

1 container



RS-02
- Remove the meter cable and attach the RS-02 among the cable
- Use the proper pin so that RS-02 has 2 types of pin. You should confirm the proper pin by turning
the propeller shaft. If the proper one is used, the center of the shaft is turned.

- Pink line is 12V, black one is ground, and yellow one is signal.

Connection cable SPEED

= HIT-700
Key )
o L

Meter cable || Tachograph (to sensor)

Transmission Normal sensor

Use a gold pin
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Data confirmation Manual when Attaching

0 Prior Preparation of Data Confirmation
0-1 Communicate with data logger and PC by connecting USB serial converter cable.
0-2 Start “KSR-600 Vehicle Analyzer Control Program”.
0-3 Select “USB” and “COM Port” at “COM Port Select”.
0-4 Click “ON LINE,Waiting”.
0-5 The display is shown by yellow, and please set the condition that is able to see the input data
of data logger.
0-6 Jack up the vehicle and make tires get idling.
0-7 Start the engine and make it get idling.

1 Confirmation of Speed Signal

- Shift into D (AT) or second gear (MT) and make tires get idling. After that, you should confirm
whether the display of the speed shows greater than 0. If the speed doesn't show greater than 0,
the obtained signal has possibility other than speed.

- If the display of the speed shows greater than 0, you need to compare the value of speedometer
and the display value. If the values are same, you don't have to change anything. If the values
aren't same, you need to change pulse number.

- Regarding the change of pulse number, if the display value is twice as large as speedometer, the
current pulse number changes to half. If the display value is half as large as speedometer, the
current pulse number changes to twice.

- If the display value is same as speedometer, you should increase the speed of the vehicle from
40 km/h to 60 km/h. And, you should confirm whether the display of the speed is same as

speedometer.

2 Confirmation of Engine Speed Signal

- You should confirm whether the display of the engine speed shows greater than 0. If the engine
speed doesn't show greater than 0, the obtained signal has possibility other than engine speed.

- If the display of the speed shows greater than 0, you need to compare the value of engine
speedometer and the display value. If the values are same, you don't have to change anything.
If the values aren't same, you need to change pulse number.

- Regarding the change of pulse number, if the display value is twice as large as engine
speedometer, the current pulse number changes to half. If the display value is half as large as
engine speedometer, the current pulse number changes to twice.

- If the display value is same as engine speedometer, you should increase the engine speed of the
5-1



vehicle at 1000 rpm, 1500 rpm, and 2000 rpm. And, you should confirm whether the display of

the engine speed is same as engine speedometer.

3 Confirmation of Karman Vortex Meter
- You should confirm whether the display value of Karman vortex meter shows greater than 0. If
the value doesn't show greater than 0, the obtained signal has possibility of error.
- Regarding a rough standard of idling, the value is about 30 L/sec for passenger car (2000cc), and
is about 200 L/sec for bus and truck (10000cc).

- You should confirm whether the value is proportional to engine speed when the engine is racing.

4 Confirmation of atmosphere pressure and manifold pressure
- The atmosphere pressure shows 760mmHg degree at around Om above sea level. Also, the
pressure shows from 650mmHg to 660 mmHg degree at around 1300m above sea level.

- The manifold pressure shows the tendency of decrease when the engine is racing.

5 Confirmation of Ambient Temperature and Intake Temperature
- You should confirm whether the value has a big difference compared to the temperature that is

observed such as weather station.

6 Confirmation of Intake Humidity
- You should confirm whether the value has a big difference compared to the humidity that is

observed such as weather station.

7 Confirmation of NOx and PM Analyzer
- You should confirm whether the display of the NOx and k value show greater than 0. But, the
value depends on the vehicle.

- The NOx and k value show the tendency of increase when the engine is racing.

8 Confirmation of GPS
- You should move the vehicle outside a room and confirm whether the GPS is received at that
time.
- You should confirm the GPS status such as "S08:A:04"(the more, the better). And, "A" shows
receiving status ("A" is good condition). "M4" shows positioning status ("M4" is good condition).
- The GPS latitude, longitude, and altitude are confirmed that the value is the same level

compared to the site.
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Trouble Shooting Manual

This manual shows the treatment method when used equipment is found some abnormality or

malfunction.

1 Data Logger (KSR-600)

The following is the check item when the data logger doesn't work properly.

Problem Cause Action
Nothing is lighted on the | DC power supply is disconnected | Connect the power cable
power button. or wrong regarding wiring | correctly.
(polarity).

Nothing is lighted on the

It is terminated abnormally.

Once, turn power off, and turn it

“LOG MODE” button. on again.
Memory card is not inserted | Insert the memory card
correctly. correctly.
The value doesn't change | Data logger doesn't work | Once, turn power and "LOG
when  monitoring  the | correctly. MODE" off, and turn them on

measurement value on PC.

again.

2 NOx Analyzer (MEXA-720NOx)

The following is the check item when the error LED (display of error code) is lit.

Code Problem Cause Action
E-01 Abnormal checksum Trouble in the control | Turn off the power switch, and then
unit turn it on again. If the same error
occurs, contact Horiba.
E-02 Abnormal RAM | Trouble in the control | Turn off the power switch, and then
operation unit turn it on again. If the same error
occurs, contact Horiba.
E-03 Abnormal ROM | Trouble in the control | Turn off the power switch, and then
operation unit turn it on again. If the same error
occurs, contact Horiba.
E-04 Too high voltage of | Improper voltage Use specified power supply (12 V to
DC power supply 30V DC).
Trouble in the control | Contact Horiba.
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unit

E-05 Too low voltage of DC | Improper voltage Use specified power supply (12 V to
power supply 30V DC).
Trouble in the control | Contact Horiba.
unit
E-06 Too high voltage of | Fault of the sensor Replace the sensor.
the heater
E-07 Too low voltage of the | Fault of the sensor Replace the sensor.
heater
E-08 Too large current of | Fault of the sensor Replace the sensor.
the heater
E-09 Too small current of | The sensor 1is not | Connect the sensor properly to the
the heater connected to the control | control unit.
unit.
The sensor cable 1is | Replace the sensor cable.
disconnected.
Fault of the sensor Replace the sensor.
E-20 Failure in zero | Incorrect setting for the | Set the zero gas concentration
calibration for NOx zero gas concentration correctly.
Use of improper gas for | Use proper gas.
zero calibration
Fault of the sensor Replace the sensor.
E-21 Failure in middle | Incorrect setting for the | Set the middle gas concentration
calibration for NOx middle gas | correctly.
concentration
Use of improper gas for | Use proper gas.
middle calibration
Fault of the sensor Replace the sensor.
E-22 Failure in span | Incorrect setting for the | Set the span gas concentration
calibration for NOx span gas concentration | correctly.
Use of improper gas for | Use proper gas.
span calibration
Fault of the sensor Replace the sensor.
E-23 Failure in high | Incorrect setting for the | Set the high concentration NO gas

concentration NO gas

calibration for NOx

high concentration NO

gas concentration

concentration correctly.

Use of improper gas for
high NO calibration

Use proper gas.
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Fault of the sensor Replace the sensor.

E-24 Failure in zero gas | Incorrect setting for the | Set the zero (the stoichiometric
calibration for O2| zero (the | point) gas concentration correctly.
(calibration of the | stoichiometric point)

stoichiometric point | gas concentration.

for A/F and 1) Use of improper gas for | Use proper gas.
zero calibration
Fault of the sensor Replace the sensor.
E-25 Failure in zero gas | Incorrect setting for the | Set the zero (the lean point) gas

calibration for 02 | zero (the lean point) gas | concentration correctly.

(calibration of the | concentration.

lean point for A/F and | Use of improper gas for | Use proper gas.

2) zero calibration
Fault of the sensor Replace the sensor.
E-26 Failure in rich point | Incorrect setting for the | Set the rich point gas concentration
calibration for A/F | rich point gas | correctly.
and 1 is failed. concentration.

Use of improper gas for | Use proper gas.

rich point calibration

Fault of the sensor Replace the sensor.

The following is the check item when the error LED (display of error code) is not lit but the system

has something wrong.

Problem Cause Action

Nothing is displayed on | DC power supply is not | Connect the power cable
the panel. connected or wiring (polarity) is | correctly.

incorrect.

The fuse is not installed in the | Install or replace the fuse.

control unit or it is open.

The fuse is not installed in the | Install or replace the fuse.

power cable or it is open.

The power cable is disconnected | Replace the power cable.

or 1s broken.

Keys on panel do not work. | There is a problem in the control | The control wunit must be

unit. repaired. Contact Horiba.

The sensor in not heated. The sensor cable is disconnected | Replace the sensor cable.

or 1s broken.

The sensor is near the end of its | Replace the sensor and set the
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operating life.

sensor constants again.

Response is too slow

The

averaged.

measuring  value 1is

Set the moving average

correctly.

The sensor is near the end of its

operating life.

Replace the sensor and set the

sensor constants again.

of
middile,high concetration

NO and rich point do not

Calibration the

work.

Setting of the calibration points

1s not correct.

Set the calibration points

correctly.

A reading is leaner than

expected.

The fuel coefficients settings are

incorrect.

Set proper H/C and O/C ratios.

The sensor is attached where
atmospheric air is mixed into the

sample gas.

Move the sensor to a proper

position in the exhaust pipe.

Atmospheric air is leaking into
the exhaust pipe through the

sensor port.

Tighten the screw that connects

the sensor to the exhaust pipe.

Faulty calibration of the sensor

Remove the sensor from the
exhaust pipe and calibrate the

sensor again.

The sensor is near the end of its

operating life.

Replace the sensor and set the

sensor constants again.

A reading is richer than

The fuel coefficients settings are

Set proper H/C and O/C ratios.

unit.

expected. incorrect.

Faulty calibration of the sensor | Remove the sensor from the
exhaust pipe and calibrate the
sensor again.

The sensor is near the end of its | Replace the sensor and set the

operating life. sensor constants again.

Analog output i1s not | The analog output settings are | Set proper range for analog
proper. incorrect. outputs.

There is a problem in the control | The control wunit must be

repaired. Contact Horiba.

3 PM analyzer (MEXA-600S)

You are able to confirm the content when the mark ( #) is displayed to the screen of measurement.




3-1 Press the key (

). The content of the occurred alarm is shown.

Alarm

Lens, mirror cleaning
Cell temperature
Detector temperature

Fan failure

Memory error

Thermistor

Printer

2 Please refer to the treatment method of the alarm and deal with 1it.

Treatment Method of Alarm

Alarm Cause

Action

Lens,

cleaning

mirror | Light quantity lack

Calibrate again.

If the alarm doesn't disappear even if it
1s calibrated again, you should clean the
lens and mirror by using paper that is
attached to "MEXA-600S".

If the alarm doesn't disappear even if
the lens and mirror are cleaned, contact

Horiba.

Cell temperature

Deviate the temperature from

Contact Horiba.
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normal range(72-75C).

Detector Deviate the temperature from | Contact Horiba.
temperature normal range(40-50°C).
Fan failure The disconnection of the cable | Contact Horiba.

or an overcurrent spreads.

Memory error Abnormality of the internal | Contact Horiba.
coefficient
Thermistor failure Resistance failure level of the | Contact Horiba.
thermistor
Printer Paper lack, Paper jam Supplement of the printer rolled paper
or reset it.
Printer cover is opened. Close printer cover.

¢ Contact information of manufacturer

MEXA-720NOx | HORIBA, Ltd. International Sales Division
MEXA-600S 2 Miyanohigashi, Kisshoin, Minami-ku Kyoto 601-8510
TEL: 075-315-4614 FAX: 075-321-5725

KSR-600 KYOTO SR Co., LTD Engineering Division
38, Nagitsujikusakaidou-cho, Yamashina-ku, Kyoto, 607-8162
TEL: 075-501-2652 FAX: 075-501-3998

Note) The contact person and e-mail address were told to the person in charge of Mongolian side

although they delete from this report.
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Operation Manual of On—board Measurement System

for Gasoline

1 At the Start of Traveling Survey (Measurement)
1-1 Start the operation before 10 minutes of the survey time.
1-2 Switch on the button of "MEXA-720NOx" at reverse side.

1-3 Push the "power" button (green) of "KSR-600".

1-4 Wait for around 5 minutes (from 1-2).

1-5 Start the engine.

1-6 Describe odometer's distance to the sheet.

1-7 At first, you should confirm the lighting of power button of “KSR-600”. Then, push the “LOG
MODE”(orange).

1-8 Confirm the lighting of “LOG MODE”.

1-9 Connect PC, and confirm whether all of the data is updated, and start the survey.
7-1



2 At the End of Traveling Survey (Measurement)
2-1 Push the "LOG MODE" button (orange), and confirm whether the light is turned off.

2-2 Push the "POWER" button (green), and confirm whether the light is turned off.

2-3 Describe odometer's distance to the sheet.
2-4 Stop the engine.
2-5 Switch off the button of “MEXA-720NOx”.
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Operation Manual of On—board Measurement System

for diesel

1 At the Start of Traveling Survey (Measurement)

1-1 Start the operation before 15 minutes of the survey time.
1-2 Confirm whether the three-way valve directs air-intake.
1-3 Switch on the DC inverter

[]

1-4 Push the "power" button (green) of "KSR-600".

1-5 Wait for around 5 minutes (from 1-3).
1-6 Push the “CAL” button.



1-7 Confirm whether the value of the display is "0.000", and push "CONTINUOUSLY".

]

1-8 Start the engine.

1-9 Describe odometer's distance to the sheet.

1-10 Direct the three-way valve to the side of exhaust gas.

1-11 At first, you should confirm the lighting of power button of “KSR-600". Then, push the “LOG
MODE”(orange).

1-12 Confirm the lighting of “LOG MODE”.
1-13 Connect PC, and confirm whether all of the data is updated, and start the survey.



2 At the End of Traveling Survey (Measurement)
2-1 Push the "LOG MODE" button (orange), and confirm whether the light is turned off.

2-2 Push the "POWER" button (green), and confirm whether the light is turned off.

2-3 Describe odometer's distance to the sheet.
2-4 Stop the engine.
2-5 Switch off the DC inverter

i

2-6 Direct the three-way valve to the side of air-intake.






Operation method of On-board Measurement System

At the start of operation

date

2015/

/

No

Item
(If the item was executed, check right side)

8:00

12:00

17:00

Start the operation before 10 minutes of
the survey time.

Switch on the button of "MEXA-720NOx” at
reverse side.

Push the “power” button (green) of “KSR-
600”.

Insert the memory card.

Wait for around 5 minutes (from 2).

Start the engine.

Describe odometer’ s distance to the sheet

km

km

km

At first, you should confirm the lighting
of power button of “KSR-600" . Then, push
the “LOG MODE” (orange).

Confirm the lighting of “LOG MODE” , and
start the survey.

10

Connect PC, and confirm whether all of the
data is updated.

At the End of operation

No

Item
(If the item was executed, check right side)

Push the “LOG MODE” button (orange), and
confirm whether the light is turned off.

Push the “POWER” button (green), and
confirm whether the light is turned off.

Describe odometer’ s distance to the sheet

km

km

km

Stop the engine.

Ol (GO DO

Switch off the button of “MEXA-720NOx”

Confirmation of the mileage

Fuel oil supply amount

Odometer

km




Operation method of On-board Measurement System

date 2015/ /
At the start of operation
Item . . .
No (If the item was executed, check right side) 8:00 12:00 17:00
1 Start the operation before 15 minutes of
the survey time.
9 Confirm whether the three—-way valve directs
air—intake.
3 |Switch on the DC inverter
Push the “power” button (green) of “KSR-
4 ”
600”.
5 |Insert the memory card
6 Switch on the button of “MEXA-720NOx” at
reverse side.
7 |Wait for around 10 minutes (from 3).
8 |Push the “CAL” button.
9 Confirm whether the value of the display is
”0.000”, and push “FREE ACCELERATION”.
10 |Start the engine.
11 |Describe odometer’ s distance to the sheet. km km km
12 |Describe odometer’ s distance to the sheet
At first, you should confirm the lighting
13 |of power button of “KSR-600" . Then, push
the “LOG MODE” (orange).
Confirm_the lighting of “LOG MODE” , and
14
start the survey.
Connect PC, and confirm whether all of the
15 ;
data is updated
At the End of operation
N Item
0 (If the item was executed, check right side)
| Push the “LOG MODE” button (orange), and
confirm whether the light is turned off.
9 Push the “POWER” button (green), and
confirm whether the light is turned off.
3 |Describe odometer’ s distance to the sheet. km km km
4 |Stop the engine.
5 |Switch off the DC inverter
6 |Switch off the button of “MEXA-720NOx”
7 Direct the three-way valve to the side of
air—intake.
Confirmation of the mileage
Fuel oil supply amount L
Odometer km




Confirmation Method of PC

At the start of operation

date

2015/

4/

No

Item
(If the item was executed, check right side)

8:00

12:00

17:00

After “"KSR600A” is switched on, insert the
memory card to execute reading the
parameter. At that time, the lamp located
under the power supply is flashed quickly,
and once the reading is finished, the lamp
is always lighting.

Execute data logging by pushing “LOG MODE”.
Once the button is pushed, the lamp located
under the power supply is flashed each 1
second.

Connect PC by using “USB” or “RS-232C”, and
start the display of the "KSR—600A”. When
you connect PC, you should confirm the
number of “COM PORT” by using device
manager of windows.

Select it from displayed “P01” file, after
that, push the “LOAD” button, and choose
"USB” or “RS-232C” and number of “COM
PORT”, and click finally ”“ON LINE,
Waiting” (green).

After that, the status of the button
changes to “RECEIVE busy” (yellow). Then,
you should confirm whether all of the data
is updated.

PC makes off-line by clicking yellow
button, which returns “on LINE Waiting”
(green). After that, disconnect the
"KSR600A” .

The lamp located under the power supply
should confirm whether it flashed each 1
second. If all of the data is not updated
though 5, once the PC makes off-line. After
that, you should push “LOG MODE” and pull
the memory card out. Then, again, you
should execute from 1.
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Data Checking Manual

1 Logging the Data
Copy the data stored by SD CARD of data logger (KSR600) to PC.
1-1 Pull the SD CARD out from “KSR-600".
1-2 Insert the SD CARD to the card slot of PC.
1-3 Copy the stored data (e.g. “SU2DB765.LOG”).

2. Conversion of the Data
Convert “LOG” data (recorded file by data logger) into “csv” file.
2-1 Open “KSR-600 Vehicle Analyzer Control Program”
2-2 Click “LOAD” button of parameter file.
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2-3 Select the parameter file and click "OPEN".

2-4 Click the tag named “File Converter”.
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2-5 Click “Conv LOG to CSV”.

2-6 Select the file that you'd like to convert (e.g. "SU2EAT65. LOG"), and click “OPEN”.
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2-7 Designate the save directory and the save file, and click “SAVE”.

3 Combine the File
“CSV” file is divided into every 10 minutes, the following process is conducted to combine these
files to 1 file.
3-1 Open “LS.exe”

3-2 Designate the search folder ( the folder is “csv” file converted in 2).
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3-3 Regarding setting of search condition, click the check box written as “designate the file name

extension”, and input "CSV".

O |

3-4 Designate output file
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3-5 Click “EXECUTE”

3-6 Revise “data_program¥gousei¥gousei.FT5”

Revise the part of yellow marker below ( “gousei.fts” )

¥¥Pluto¥KKJ305¥r08110¥data¥14102901.CSV

2
¥¥Pluto¥KKJ305¥r08110¥data¥14102901¥SU2EAT65.CSV
¥¥Pluto¥KKJ305¥r08110¥data¥14102901¥SU2EAT70.CSV

3-7 Execute the program

Execute “data_program¥ gousei ¥ gousei.exe”
“data¥ 14102901.CSV” is created.

4 Data checking
Attach the measured data to the template, and confirm the data.
4-1 Open “11223344.x1s”
4-2 Open the file (e.g.“14102901.CSV”) that is combined in 3, and attach to “11223344.xls”.

4-3 Confirm the continuous data whether the data is obtained normally.
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Data Processing Manual for the Result of On—board
Measurement System

(Creation of Emission Factor Calculation Equation)

In this manual, the method of process is shown as a sample regarding the vehicle number 0001
(HYUDAISONATA) obtained firstly on October 29, 2014 (file name is "14102901.csv").

0 Flow Chart of Data Processing (Creation of Emission Factor Calculation Equation)

| 1. Conversion of format |

l

| 2. First data cleaning |
l

| 3. First data checking |
l

| 4. Second data cleaning |
l

| 5. Second data checking |
l

| 6. Smoothing processing of speed |
l
| 7 . Determination of the sample section |
l
| 8. Drift correction of PM (K-value) |

l

| 9. Calculation of emission |
l

| 10. Basic calculation |
l

| 11. ST calculation |
l

12. Creation of emission factor calculation equation
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1 Conversion of Format
1-1 Creation of vehicle folder

The folder “0001(vehicle number)” is created at the folder “data_program¥data¥org¥ksr600” and
the folder “data_program¥data¥org¥hem”. Also, use “explorer” for creating folders. Please note

that the name of the folder is only used from 0001 to 0020.

1-2 Copy the data

"14102901, CSV" file of "data¥0001_SONATA" folder created for data checking is copied to
"data_program¥data¥org¥ksr600¥0001" folder that is created in 1-1.

Open the “14102901.csv” by using such as Notepad, delete the line of without GPS data, and save
it.

1-3 Revision (creation) of the “Is.txt”

Revise (create) the file number processed by format conversion program and “Is.txt” for describing
the data file, and save it.

Regarding “Is.txt”, the needed part for conversion is shown by hatching. Also, character string

surrounded “---“1s shown as the content of the file.

1 File number

.. ¥. . ¥data¥org¥ksr600¥0001¥14102901. CSV File name

1-4 Revision of the “KSR600.FT5”
Revise the file “data_program¥CVF¥011_KSR¥KSR600, FT5” describing the sub folder name
that is used by format conversion program and save it.

Regarding “KSR600, FT5”, the revision part is shown by yellow marker.

" KSR600_CNV. ft6’°

22 7. .¥. . ¥dataYorg¥ksr600¥ Number of characters, Data folder before conversion
19 ’..¥. . ¥data¥Yorg¥hcm¥ Number of characters, Data folder after conversion
1 Number of vehicles

> 0001¥ Sub folder name

" END’ The mark of the end of file

1-5 Execution of format conversion program
Execute by  double clicking the file "011_CNV_KSR.exe" of the folder
"data_program¥CVF¥011_KSR". Confirm whether the file created "14102801.txt" of the folder

"data_program¥data¥org¥hcm¥0001".
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2 First Data Cleaning
2-1 Creation of vehicle folder

The folder “0001(vehicle number)” is created at the folder “data_program¥data¥obnox”, the folder
“data_program¥data¥clean” , and the folder “data_program¥data¥datamid¥sumary”.

2-2 Revision of the “111_2_CLEAN_D.FT5”

Revise the file "111_2_CLEAN_D, FT5" of the folder "data_program¥CVF¥21_CALNOX"
described such as folder name, file number , file date, that is used by data cleaning program, and
save it.

Regarding “111_2_CLEAN, FT5”, the revision part is shown by yellow marker.

" CLN_ONBORAD. ft6’
Y. . ¥parm¥MEASUREMENT _CONDITION_TABLE. csv’ Table of measurement condition

¥, . ¥parm¥ANORMALY_LIST. csv’ Designated file for anomaly list

. ¥..¥data¥org¥hcm¥ Data folder for measurement

.. ¥..¥data¥clean¥ Data folder after cleaning

1 Number of vehicles

0001 " 0001_SONATA’ Vehicle number, Prefix for file name of list by survey
¥, . ¥parm¥0001_SONATA. txt’ Parameter file by type approval

> 0001¥ Sub folder name for input and output by vehicles
1 Number of files

20141029 01 File date., Sequence

" END’

2-3 Delay correction for measurement results

Attach from A to U column to the file "14102901, CSV" that is placed one folder up, into the file
"DELAY0001, x1s" of the folder "data_program¥data¥org¥ksr600¥0001¥DELAY". Here, if the data
before attaching has more data (row) compared to the data after attaching, the part is deleted and
saved.

After attaching the file, estimate the delay time of NOx, PM, and O2 by using continuous graph
and scatter diagram that is shown by the file "DELAY0001, xIs". Estimate the delay time of NOx,
PM, and O2 by using continuous graph and scatter diagram that is shown by the file "DELAY0001,

n

xls
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Regarding scatter diagram shown above, the delay time that is the best correction coefficient (R2)
is "0, 5 second". Therefore, you need to put "5" as a NOx delay time (unit:0, 1 second) at the part of
the pink marker of the file "DELAY SUMMARY, xIs", and also input the delay time to the orange
marker of the file "0001_SONATA, txt" , and save it.

DELYA FROM 02 (EQUIVALENT RATIO) DELAY FRODELAY FROM ENGINE
co HC €02 NOx PM TIME TO S02 0] HC C02 NOx PM 02

0001  SONATA 0 0 0 5 0 5 5 10 b

2-4 Creation of the “0001_SONATA, txt”
Create the file “0001_SONATA, txt” of the folder “data_program¥PARM” for describing the
parameter that is used by data cleaning program, and save it.

Regarding “0001_SONATA. txt”, the revision part is shown by yellow marker.
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0001 DCPRM
9. 97808E-02 1. 14977E-04 =1. 99277E-07 1. 51895E-10 —4. 23193E-14 RKC :(0:4)
Karman Vortex Meter
0. 0. 0. 0. 0. 0. RPE :(0:5)
99900. -999. WK MYU
0.90 TEFF
3970 WEIGHT :
8.2 EVOL
0. 00E-00 0. 00E-00 0. 00E-00 PSACC(1:3,1)
0. 00E-00 0. 00E-00 0.0 PSACC(1:3,2)
0. 00000E+00 0. 00000E+00 0. 00000E+00 0. 00000E+00 0. 00000E+00 0. 00000E+00
0. 00000E+00 MXTRQ%TRQ1
0. 00000E+00 0. 00000E+00 0. 00000E+00 0. 00000E+00 0. 00000E+00 0. 00000E+00
0. 00000E+00 MXTRQ%TRQ2
9999. MXTRQ%RPMMX
"G’ "NA FUEL, TURBO
-999.  -999. -999. -999. —-999. —-999. -999. CG (1) ~CG(7)
0.000 0 O SHTF%RM, SHTIF%TSSTRT, SHIF%REVIDL
1.00 VCOR
0 0 ITAVE
0 0 0 10 5) 5)
TLAG%ICO, TLAG%THC, TLAG%ICO02, TLAG%INOX, TLAG%IPMK, TLAG%02
0.0 0.0 0. 0. 0. 0.

OFFS%CO, OFFS%HC, OFFS%C02, OFFS%RNOX, OFFS%RPMK, OFFS%02

IDCPRM :Vehicle 1D

RKC : Coefficient for Karman volume (degree of a polynomial (0-4)) (L/SEC/HZ)
RPE : Coefficient for calculation equation of brake mean effective pressure
RPE(0:4) : Relational expression with engine speed and fuel consumption by friction loss

RPE (5)

: Fuel efficiency caused by workload (g * m/mm3)

WK : Running resistance coefficient (kgf/ (km/h)2)

MYU : Rolling resistance coefficient (kgf/kgf)

TEFF: Transmission efficiency (direct connection (4th) sets 70, 92”7, and other than direct
connection sets 70, 9”. But, tentatively, all of the value sets “0, 9” because of not having
a big difference.

C WEI : Vehicle weight (KG)

C EVOL: Engine displacement (LITTER)

C PSACC: Constant of estimation equation regarding power needed for air conditioning (degree
of a polynomial (1-3), less than 4000 rpm)

C MXTRQUTRQ1 | Coefficient of calculation equation for full load torque until engine

C
C
C
C
(degree of a polynomial (0-4))
C
C
C
C
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speed (PRMMX)
C MXTRQ%TRQ2 | Coefficient of calculation equation for full load torque from engine
speed (PRMMX)

C MXTRQY%RPMMX

C FUEL: (GI:gasoline, GD:Gasoline Direct Injection, GR:Gasoline Rotary, DI:Diesel Indirect
Injection, DD:Diesel Direct Injection) TURBO: (NA, TC)

C CG(1) ~CG(7) by shift V/REV

C SHIFT%RM Tolerance for gap of “CG”, Normal start shift, idle engine speed

C VCOR: Correction coefficient of speed

C ITAVE (Range of moving average (the time (0, 1 second, integer)) of exhaust gas volume)
C TLAG%ICO, TLAG%IHC, TLAG%ICO2, TLAG%INOX, TLAG%IPMK, TLAG%02 (Time lag of sensor (0, 1 second,
integer), input of delay time for “DELAY FROM ENGINE” of ”“DELAY SUMMARY, x1s”

C OFFS%CO, OFFS%HC, OFFS%C02, OFFS%RNOX, OFFS%RPMK, OFFS%02The gap of zero point of sensor %, PPM
HEXANE, %, PPM)

2-5 Addition of the “MEASUREMENT_CONDITION_TABLE,csv”

Add necessary items to the sheet "MEASUREMENT CONDITION_TABLE" of the file
"MEASUREMENT_CONDITION_TABLE, xls" of the folder "data_program¥PARM" for describing
the parameter that is used by data cleaning program, and save it.

After that, save the sheet "MEASUREMENT_ CONDITION_TABLE" by csv format as the file
"MEASUREMENT_CONDITION_TABLE, csv".

Regarding the sheet ‘MEASUREMENT CONDITION TABLE” of the file
“MEASUREMENT_CONDITION_TABLE,xls”, the addition part is shown by PINKIGIREH

= E
Pink marker is needed to input. = Q e %
= % =
= W < o S E|la
8 e a = | & |4 |8 . |B| &
o o Ll O, a [ o i g = z £ < | o
a = =4 @ =l o = w I | w | o =] -
e Z Jd| 3|25/ 2|a| £ w |25 2 19/2|58/2 5 |88 |x|o o
< & 2| o |o|lE|glg| £ = x| uw| d |2|lol|da |3 E|E|S8|E|le|0 =
o > (%) O |Z|<|»w|il % E |lalo| = = a0 |lw | | T|E|Z2|2z|F|O0|lo|na
0001, 20141029|01 01 2 1 1] 99 70000|MO  |WE 1/RA 1975 1| 0| 5| 99.0/ 990/ o0 760/ 1, 0O 0O O] 1
Z
wl
s 2
< I} o z
g 2 g |y 2
=
w B g |E| 8| 2
| — 41
< o @ E 5 o a > o N @
= = w < T =) [S) x w o wi
o] ! T W = o m < | Q| > Z 14 > T
= = = 4 w par o u | Q< [ < o =
L T (o] < = (] o > = O o (@] () o
14102901 MO PEACEAVENUE 120141029 8 2014| 10| 29|TARO SONATA _OL|PEACEAVENUE
\
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2-6 Correction of measured speed
Attach the file "14102901, CSV" that is placed one folder up, into the file "SPEED14102901, xls"
of the folder "data_program¥data¥org¥ksr600¥0001¥SPEED".

Here, if the data before attaching has more data (row) compared to the data after attaching, the

part is deleted and saved.

By using "SPEED14102901xls", calculate by the scatter diagram regarding relation between

speed and GPS speed, and show the approximate curve (linear). the slope of the curve is coefficient

of correction for speed.

2-7 Addition of the "ANORMALY LIST, csv"
Add the command of cleaning regarding speed correction to the sheet "ANORMALY LIST" of the
file "MEASUREMENT_ CONDITION_TABLE, xIs" of the folder "data_program¥PARM" for

describing the command of cleaning by using data cleaning program, and save it.

point

Linear (point)

After that, save the sheet "ANORMALY LIST" by csv format as the file "ANORMALY LIST, csv".

idcar idate

0001 20141029
0001 20131107
0001 20131107
0001 20131107
0001 20131107
0001 20120725
0001 20120725
0001 20120725
0001 20120725

01 7653

[eNeNoNoNNoNoNoNo]

idtrip IDNUM1 IDNUM2  ITEM

99999990 VHCSPD
99999990 BOOST
99999990 BOOST
99999990 BOOST
76535 VHCSPD
99999990 BOOST
99999990 BOOST
99999990 BOOST
99999990 BOOST

2-8 Execution of the data cleaning program

Execute by

double

clicking the

COPING VALUE_TO_PUT originaldata_ DEAL

CON_MUL
CON_VAL
CON_VAL
CON_VAL
CON_VAL
CON_VAL
CON_VAL
CON_VAL
CON_VAL

file

0.9504
-999
-999
—-999

0
-999
-999
-999
-999

"111_CLEAN_D,

exe

of

CAR_NAME

the

SEC

99999990
99999990
99999990
99999990
99999990
99999990
99999990
99999990
99999990

folder

"data_program¥CVF¥21_CALNOX". Confirm whether the file created "14102901, TXT" of the
folder "data_program¥data¥clean¥0001".
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3 First Data Checking
3-1 Revision of the "DATCHK_D_AFTCLEAN, FT5"

Revise the file "DATCHK_D_AFTCLEAN, FT5" of the folder "data_program¥CVF¥21_CALNOX"
described such as folder name, file number , file date, that is used by data cleaning program, and

save it.
Regarding "DATCHK_D_AFTCLEAN, FT5”, the revision part is shown by yellow marker.

" CLN_ONBORAD. ft6’
Y. YparmYMEASUREMENT_CONDITION_TABLE. csv’ Table of measurement condition

.. ¥..Y¥data¥clean¥ Data folder after cleaning

1 Number of vehicles

0001 " 0001_SONATA’ Vehicle number, Prefix for file name of list by survey
¥, . ¥parm¥0001_SONATA. txt’ Parameter file by type approval

> 0001¥ Sub folder name for input and output by vehicles

1 Number of files

20141029 01 File date, Sequence

" END’

3-2 Execution of the data checking program

Execute by double clicking the file "116_DATCHK_D_AFTCLEAN, exe" of the folder
"data_program¥CVF¥21_CALNOX". Confirm whether the file created "ABDATO0001_SONATA,
CSV" of the folder "data_program¥data¥clean¥0001".
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4 Second Data Cleaning
4-1 Confirmation of the "ABDAT0001_SONATA, CSV" made in 3

Open the file "ABDAT0001_SONATA, CSV" of the folder "data_program¥data¥clean¥0001". If
there is a record (the hatching part of yellow) that contains number at the leftmost, the record is an
error value. In that case, you need to conduct second data cleaning, and the example shows below.
In this case, "6" is error code, and the error is "VHCSPD (speed)". If there is no error, you are able to

skip this procedure and proceed in 6.

CODE100 10:MIN  1:AMOUNT OF CHANGE
10.1SEC ~ VHCSPD ~ ENGRPM  RKARHZ  BOOST AFSPRS  CHKS 02 AFR RAMDA FMETER ~ RCCO RCHC
ERROR C 7 6 5 4 1 4 1 4 4 4 4 3 3

OBNOXORGY0001¥14102901. TXT
1 20141029 1

10.1SEC ~ VHCSPD ~ ENGRPM  RKARHZ  BOOST AFSPRS  CHKS 02 AFR RAMDA FMETER ~ RCCO RCHC
MAXIMUM 1. 21E+05 6.90E+01 2.43E+03 1.74E+03 1.23E+03 7.65E+02 ##f###t 2. 08E+01 1.47E+03 1. 00E+02 ##ff### 0. 00E+00 0. 00E+00
MINIMUM 5. 00E+00 0.00E+00 3.41E+02 2. 02E+02 7. 11E+02 7.37E+02 #E#####H 6. 99E+00 2. 26E+01 1. 53E+00 #####t#H 0. 00E+00 0. 00E+00
AVERAGE 6. 07E+04 2. 02E+01 9. 56E+02 4. 98E+02 7.83E+02 7.59E+02 ##ff####t 1. 76E+01 2. 16E+02 1. 47E+01 ######## 0. 00E+00 0. 00E+00
6 5.35E+04 0.00E+00 5.39E+02 2. 76E+02 7.46E+02 7.60E+02 ###f#### 1. 89E+01 1.60E+02 1.09E+01 ######## 0. 00E+00 0. 00E+00
5. 35E+04 2.80E+01 8.62E+02 4.69E+02 7.73E+02 7.59E+02 ######## 1. 46E+01 5.04E+01 3.43E+00 ######## 0. 00E+00 0. 00E+00
6 5.35E+04 2.80E+01 8.62E+02 4.69E+02 7.73E+02 7.59E+02 #ufff#as 1.46E+01 5. 04E+01 3. 43E+00 #a#f##s 0. 00E+00 0. 00E+00
5. 35E+04 2.47E+00 1.08E+03 5.54E+02 7.79E+02 7.59E+02 ######## 1. 23E+01 3.69E+01 2. 51E+00 #i####HE 0. 00E+00 0. 00E+00

4-2 Addition of the "ANORMALY LIST, csv"

Add the command of cleaning regarding speed correction to the sheet "ANORMALY LIST" of the
file "MEASUREMENT_CONDITION_TABLE, xIs" of the folder "data_program¥PARM" for
describing the command of cleaning by using data cleaning program, and save it.

The example shows below. In this case, due to the error of speed , the command of cleaning is
written as "interpolation" , which applies from "IDNUM1" to "IDNUMZ2", and save it.

After that, save the sheet "ANORMALY LIST" by csv format as the file "ANORMALY LIST, csv".

idcar idate idtrip IDNUM1 IDNUM2 ITEM COPING VALUE_TO_PUT originaldata DEAL CAR_NAME SEC
0001 20141029 01 0 99999990 VHCSPD CON_MUL 0.9504 99999990
0001 20141029 01 53485 53495 VHCSPD INTERPO -999 99999990
0001 20131107 01 0 99999990 BOOST CON_VAL -999 99999990
0001 20131107 02 0 99999990 BOOST CON_VAL -999 99999990
0001 20131107 03 0 99999990 BOOST CON_VAL -999 99999990
0001 20131107 01 76535 76535 VHCSPD CON_VAL 0 99999990
0001 20120725 01 0 99999990 BOOST CON_VAL -999 99999990
0001 20120725 02 0 99999990 BOOST CON_VAL -999 99999990
0001 20120725 03 0 99999990 BOOST CON_VAL -999 99999990

The Content of COPING

CON_MUL Constant Multiplication

CON_ADD Constant Addition

CON_VAL Constant Value

INTERPOLATION Interpolation

4-3 Deletion of the file made in first data cleaning
Delete the file "14102901, TXT" of the folder "data_program¥data¥clean¥0001" to become the
cause of the error if the file made in first data cleaning exists, when the second data cleaning

program is executed.
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4-4 Execution of the second data cleaning program

Execute by double clicking the file "111_CLEAN_D, exe" of the folder
"data_program¥CVF¥21_CALNOX". Confirm whether the file created "14102901, txt" of the folder
"data_program¥data¥clean¥0001".

5 Second Data Checking

5-1 Execution of the data checking program when the treatment of the error was conducted in 4.
Execute by double clicking the file "116_DATCHK_D_AFTCLEAN, exe" of the folder

"data_program¥CVF¥21_CALNOX". Confirm whether the file created "ABDATO0001_SONATA,

CSV" of the folder "data_program¥data¥clean¥0001".
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6 Smoothing Processing of Speed
6-1 Revision of the "CALSPD_JTT, FT5"

Revise the file " CALSPD_JTT, FT5" of the folder "data_program¥CVF¥21_CALNOX" described
such as folder name, file number , file date, that is used by smoothing treatment program for speed,
and save it.

Regarding "CALSPD_JTT, FT5”, the revision part is shown by yellow marker.

" SPD_ONBORAD. £t6’
Y. ¥parm¥MEASUREMENT _CONDITION_TABLE. csv’ Measurement condition table

¥..¥data¥clean¥ Data folder after cleaning
.. ¥. . ¥data¥clean¥ Data folder (dummy) before dividing “HITNOX”
.. ¥..¥data¥clean¥ Data folder (dummy) after dividing "HITNOX”
0.5 FFT-cut frequency
1 Number of vehicles
0001 " 0001_SONATA’ Vehicle number, Prefix for file name of list by survey
¥, . ¥parm¥0001_SONATA. txt’ Parameter file by type approval
> 0001¥ Sub folder name for input and output by vehicles
0 Special processing number for dividing the data of "HITNOX”
1 Number of files
20141029 01 File date, Sequence

" END’

6-2 Execution of the smoothing treatment program for speed

Execute Dby double clicking the file "128_CALSPD_JTT, exe" of the folder
"data_program¥CVF¥21_CALNOX". Confirm whether the file created "SPD141029_0001, csv",
"ABSPDO0001_SONATA, csv", and "SNCHIIT, csv" of the folder "data_program¥data¥clean¥0001".
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7 Determination of the Sample Section
7-1 Revision of the "CHKPOI, FT5"

Revise the file "CHKPOI, FT5" of the folder "data_program¥CVF¥21_CALNOX" described such
as folder name, file number , file date, that is used by specification program for sample section, and
save it.

Regarding "DATCHK_D_AFTCLEAN, FT5”, the revision part is shown by yellow marker. If you

process a number of files, you should add from the file date to additional CP number.

" CHKPOT_ONBORAD. ft6’

LY. Yparm¥MEASUREMENT _CONDITION_TABLE. csv’ Y. ¥Yparm¥KUKAN_0001_SONATA. txt’
Measurement condition table

.. ¥..¥data¥clean¥ Data folder after cleaning

.. ¥..¥data¥datamid¥sumary¥ Data folder for section

1 Number of vehicles

0001 " 0001_SONATA’ Vehicle number, Prefix for file name of list by survey
¥, . ¥parm¥0001_SONATA. txt’ Parameter file by type approval

> 0001¥ Sub folder name for input and output by
vehicles

1 Number of files

20141029 01 File date, Sequence

1 Regarding the output of section distance, it’ s check point as a start point

of total distance.
0 Exclusion of CP number, Exclusion of CP sequence
0 Addition of CP number, addition position (current CP number, distance

after current CP number)

" END’

7-2 Creation of the "KUKUAN_0001_SONATA, txt"
Create the file "KUKAN_0001_SONATA, txt" of the folder "data_program¥PARM", add the

following content, and save it.

courlD CP
001 199 DUMMY
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7-3 Execution of the specification program for sample section

Execute by double clicking the file "131_CHKPOI, exe" of the folder
"data_program¥CVF¥21_CALNOX". Confirm whether the file created "CHKP141029_0001, csv" of
the folder "data_program¥data¥clean¥0001".
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8 Drift Correction of PM (K-value)
8-1 Revision of the "PMKDRF, FT5"

Revise the file "PMKDRF, FT5" of the folder "data_program¥CVF¥21_CALNOX" described such
as folder name, file number , file date, that is used by the program for drift correction, and save it.

Regarding "PMKDREF, FT5”, the revision part is shown by yellow marker.

"ISW" is judged by searching the result of correction. as a priority, it is 1, 5, or more than 10. "2" is
not applied to the drift in many cases and "3" tends to fluctuate. In case of more than "5", the more
the number, the smoother the correction by doing moving average. Normally, "20" is used in many
cases.

"BRD20" sets 20, 3 normally. If the data of cutting fuel is extremely little, the number of the data

is secured by changing to the smaller value.

" PMKDRF_ONBORAD. ft6’
Y. . ¥parm¥MEASUREMENT _CONDITION_TABLE. csv’ Measurement condition table
.. ¥..¥data¥clean¥ Data folder after cleaning

20 ISW I Switch (1: Exponential approximation by least squares
method 2: linear expression 3:simple average more than 5: moving average by inputted number
20. 3 0. 00 BRD020, BRDO2F ! Oxygen concentration when cutting fuel, adjusted value (the

value that is deducted constant from the regression result considered as the amount of drift.)

1 Number of vehicles

0001 > 0001_SONATA’ Vehicle number, Prefix for file name of list by survey
. ¥, . ¥parm¥0001_SONATA. txt’ Parameter file by type approval

> 0001¥ Sub folder name for input and output by vehicles

1 Number of files

20141029 01 File date. Sequence

" END’

8-2 Execution of the program for drift correction of PM (K-value)

Execute by double clicking the file "161_PMKDRF, exe" of the folder
"data_program¥CVF¥21_CALNOX". Confirm whether the file created "PMK20141029_0001, csv", "
PMK_DRIFT, csv", and " PMK_FCUT 141029_0001, csv" of the folder "data_program¥data¥clean¥0001".
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9 Calculation of Emission
9-1 Revision of the " CALNOX_D_PMCR_ATMHUM_2, FT5"

Revise  the file " CALNOX_D_PMCR_ATMHUM_2, FT5" of the  folder
"data_program¥CVF¥21_CALNOX" described such as folder name, file number , file date, that is
used by the program for drift correction, and save it.

Regarding " CALNOX_D_PMCR_ATMHUM_2, FT5”, the revision part is shown by yellow marker.

" CALNOX_ONBORAD. ft6’
Y. ¥parm¥MEASUREMENT _CONDITION_TABLE. csv’ Measurement condition table

.. ¥..Y¥data¥clean¥ Data folder after cleaning

.. ¥..¥data¥obnox¥ Data folder after calculating such as emission
.. ¥..¥data¥datamid¥sumary¥ Data folder for section

* ¥ . Ydata¥ Data folder for trip

1 Number of vehicles

0001 " 0001_SONATA’ Vehicle number, Prefix for file name of list by survey
¥, . ¥parm¥0001_SONATA. txt’ Parameter file by type approval

> 0001¥ Sub folder name for input and output by vehicles

1 Number of files

20141029 01 File date, Sequence

" END’

9-2 Execution of the calculation program for emission

Execute by double clicking the file "2122_CALNOX_D_PMCR_ATMHUM_2, exe" of the folder
"data_program¥CVF¥21_CALNOX". Confirm whether the file created "20141029_0001, csv" of the
folder "data_program¥data¥clean¥0001".

9-3 Correction of the Karman vortex coefficient (only diesel)

Correction of Karman vortex coefficient is conducted for diesel vehicles by the correction method
manual of Karman vortex. Again, execute by double clicking the (file
"2122_ CALNOX_D_PMCR_ATMHUM_2, exe" of the folder "data_program¥CVF¥21_CALNOX".
Confirm whether the file created "20141029_0001, csv" of the folder
"data_program¥data¥clean¥0001".
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10 Basic Calculation
10-1 Creation of the vehicle folder

Create the folder "0001(vehicle number)" of the folder "data_program¥data¥kihon".
10-2 Creation of the “RUNLIST 0001_ALL,CSV”

Copy the file "RUNLIST_0001, CSV" of the folder "data_program¥data¥kihon" and attach to the
folder "data_program¥data¥kihon", and change to the file name "RUNLIST_0001_ALL, CSV".
10-3 The revision of the "kihonl, ft5"

Revise the file "Kihonl1, ft5" of the folder "data_program¥CVF¥501_KIHON" for describing the
sub folder name used by basic calculation program, and save it.

Regarding " Kihon1, FT5”, the revision part is shown by yellow marker.

0001’ :Sequence of vehicle

“ALL : Classification of the driving
" CHEK_LIST1_0001. CSV’ :OUTLIST

" SYUKEI_KIHON1_0001. CSV’ :OUTFILE1

" SYUKEI_KTHON1_DAY_0001. CSV’ :OUTFILE2

10-4 Execution of the basic calculation program

Execute by double clicking the file "501_KIHONI1, exe" of the folder
"data_program¥CVF¥501_KIHON". Confirm whether the file created " SYUKEI_KIHON1_0001,
csv", " SYUKEI_KIHON1_DAY_ 0001, csv", and " CHEK_LIST1_0001, csv" of the folder
"data_program¥data¥kihon¥0001".
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11 ST Calculation
11-1 Creation of the vehicle folder
Create the folder "0001(vehicle number)" of the folder "data_program¥data¥st”.
11-2 The revision of the "ST, ft5"
Revise the file "ST, ft5" of the folder "data_program¥CVF¥401_ST" for describing the sub folder
name used by basic calculation program, and save it.

Regarding " ST, FT5”, the revision part is shown by yellow marker.

" ¥. . ¥dataYOBNOXY Data folder after calculating such as emission

Y. ¥data¥ST¥ Data folder after cleaning

> 0001Y Sub folder name for input and output by vehicles
2.0 : The distance of short trip (the distance less than

setting does not execute calculation)

3.0 : The distance of short trip (the distance more than
setting proceeds to next trip)

1 Number of files

20141029 01 File date, Sequence

11-3 Execution of the ST calculation program

Execute by double clicking the file "401_ST SYUKEI, exe" of the folder
"data_program¥CVF¥401_ST". Confirm whether the file created " ST, csv", of the folder
"data_program¥data¥st¥0001".
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12 Creation of Emission Factor Calculation Equation
12-1 Open the file "st, csv" of the folder "data_program¥data¥st¥0001" by using EXCEL.
12-2 Click "data Analysis" of the "data".

IRIP DAY DS0m]  VikwSht Vvl 1Y o/ hiNecd sk ) FY (fm ) FLEL (L %ew)

12-3 Select "Regression" of the "Data Analysis".

R BAY 250m)  Viw/hE  VaYCha/h) 1/ Con e s/ kn) P (e Tm ) FUEL (L %w)
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12-4 Select "NOx(g/km)" into "Input Y Range".

IRiP BAY 250m)  Viwsht  VavCon/h) 1/ o hiNoed e/kn ) P (k) FLEL (L %)

12-5 Select "V(km/h)", "VxV(km/h)", and "1/ V(km/h)" into "Input X Range".

IRiP Y 250m)  Viwsht  VavCoa/h) 1/ G/ hiN0ed e/kn) P (e} FLEL(L %)
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12-6 Select "Output Range", and designate "K2 cell".

IRiP BAY 230m) Vit VaVCloa/h) 1Y G/l e/kn) P [0/} FLEL(L%w)

12-7 Click “OK”

TRIP DAY DS0m) Vikw/hE VEVCoa/h) 1Y CouhiNted e /kn) P (e/lm ) FLEL (L %ew)
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12-8 By mapping, confirm measurement value and regression (y=ax+bx2+c/x+d, or y=c/x+d)
Insert speed to K column and regression equation to L column, and substitute the value into the
equation. After that, calculate NOx emission against speed for the regression line.

Mapping the measurement data (D and G column), regression line (K and L column).

IRl BAY IS0m) Vi VavClas/h) 1/ o hiNod /e ) P e/l ) FIEL(L%w)
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Correction Method of Karman Vortex Meter (diesel only)

To calculate exhaust volume, Karman vortex coefficient is created by the coefficient (master) that
is certificated by a laboratory. However, if the shape of the plumbing is different by vehicles, the
Karman coefficient (master) has possibility some difference such as attaching two of Karman meter.

In case of diesel vehicles, the Karman coefficient is able to correct from theoretical value of idling

and the measurement value.

1 Calculate emission by using Karman coefficient (master).

2 Calculate theoretical volume ( engine speed (rpm) Xvolume (I) / 2 X 0.9 / 1000) by using engine
speed of idling.

3 correction factor = 2/ 1 (exhaust volume at idling)

4 Karman coefficient (master) X 3

5 Recalculate emission by using the coefficient (4).

12-1






No. [ltem Max | Min(x) | Variation Notes
1|WATTMP 140 -10 -5
2|AIRTEP 50 -10 +3
2|AIRPRS 800 600 +1
3|RCNOX | 3000 1 (Regarding minimum, “VHCSPD =10" is only checked.)
3|PM 9 -100
4|RKARHZ [ 1980 -100
4|AFSPRS 800 600
4102 22.5 0
4|ATMTMP 90 -10 +3
4|AIRHUM 120 -10 +3
5|ENGRPM | 5000 300 =+2000|(Regarding minimum, “VHCSPD=10" is only checked.)
6|VHCSPD =+ 7.5|(other than below)
VHCSPD 180 -10 15|(Acceleration from less than 5km/h)
6|GSENS 0.6 -0.6 0.5

(%)”"-999.” is consider as error code that don't have to check (regarding minimum check)
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A B D F
1
2
3 1/SONATA equivalent to master «—Calculate by the coefficient of
4 | 2|MARK2 equivalent to master <—Calculate by the coefficient of
3/BS106 equivalent to master «—Calculate by the correction that is
compared to theoretical value of idling
5 and the coefficient of master*2
6 | 4 PRIUS10 equivalent to master —Calculate by the coefficient of
5/ECOBUS equivalent to master «—Calculate by the correction that is
compared to theoretical value of idling
7 and the coefficient of master*2
8 6| PRIUS20 equivalent to master «—Calculate by the coefficient of
7/ZHONG equivalent to master «—Calculate by the correction that is
compared to theoretical value of idling
9 and the coefficient of master*2
10| 8|SONATAG6LPG equivalent to master «—Calculate by the coefficient of
11| 9/LANDCRUSER |equivalent to master «—Calculate by the coefficient of
12 | 10| VERNA equivalent to master «—Calculate by the coefficient of
11/BS106DPF equivalent to master «—Calculate by the correction that is
compared to theoretical value of idling
13 and the coefficient of masterk2
14 | 12|ELNTRA equivalent to master «—Calculate by the coefficient of
15| 13|STAREX equivalent to master «—Calculate by the coefficient of
16 | 14|PORTER equivalent to master «—Calculate by the coefficient of
17| 15|GRACE equivalent to master | |<—Calculate by the coefficient of
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G H I J K
1
2 0 1 2 3 4
3 9.89760E-02 1.14050E-04  -1.97670E-07 1.50670E-10  —4.19780E-14
4 9.89760E-02 1.14050E-04  -1.97670E-07 1.50670E-10  —4.19780E-14
2.35713E-01 2.71612E-04  —-4.70755E-07 3.58823E-10  -9.99713E-14
9
6 9.89760E-02 1.14050E-04  —-1.97670E-07 1.50670E-10  —4.19780E-14
3.41863E-01 3.93929E-04  —6.82753E-07 5.20415E-10  -1.44992E-13
i
8 9.89760E-02 1.14050E-04  —-1.97670E-07 1.50670E-10  —4.19780E-14
2.16317E-01 2.49262E-04 -4.32017E-07 3.29296E-10  -9.17449E-14
9
10 9.89760E-02 1.14050E-04  —-1.97670E-07 1.50670E-10  —4.19780E-14
11 1.53457E-01 1.76829E-04  —3.06477E-07 2.33606E-10  —-6.50847E-14
12 9.89760E-02 1.14050E-04  —-1.97670E-07 1.50670E-10  —4.19780E-14
2.35713E-01 2771612E-04  —-4.70755E-07 3.58823E-10  -9.99713E-14
13
14 9.89760E-02 1.14050E-04  —-1.97670E-07 1.50670E-10  —4.19780E-14
15 9.89760E-02 1.14050E-04  —-1.97670E-07 1.50670E-10  —4.19780E-14
16 9.89760E-02 1.14050E-04  —-1.97670E-07 1.50670E-10  —4.19780E-14
17 9.89760E-02 1.14050E-04  —1.97670E-07 1.50670E-10  —4.19780E-14
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L M N 0 P
1
2 4 3 2 1 0
3 —4.19780E-14 1.50670E-10| —1.97670E-07 1.14050E-04 9.89760E-02
4 —4.19780E-14 1.50670E-10| —1.97670E-07 1.14050E-04 9.89760E-02
-9.99713E-14 3.58823E-10| —4.70755E-07 2.71612E-04 2.35713E-01
9
6 —4.19780E-14 1.50670E-10| —1.97670E-07 1.14050E-04 9.89760E-02
-1.44992E-13 5.20415E-10| -6.82753E-07 3.93929E-04 3.41863E-01
i
8 —4.19780E-14 1.50670E-10| —1.97670E-07 1.14050E-04 9.89760E-02
—-9.17449E-14 3.29296E-10| —-4.32017E-07 2.49262E-04 2.16317E-01
9
10 —4.19780E-14 1.50670E-10| —1.97670E-07 1.14050E-04 9.89760E-02
11 —6.50847E-14 2.33606E-10| —-3.06477E-07 1.76829E-04 1.53457E-01
12 -4.19780E-14 1.50670E-10| —1.97670E-07 1.14050E-04 9.89760E-02
-9.99713E-14 3.58823E-10| —-4.70755E-07 2.71612E-04 2.35713E-01
13
14 —-4.19780E-14 1.50670E-10| —1.97670E-07 1.14050E-04 9.89760E-02
15 —-4.19780E-14 1.50670E-10| —1.97670E-07 1.14050E-04 9.89760E-02
16 —-4.19780E-14 1.50670E-10| —1.97670E-07 1.14050E-04 9.89760E-02
17 —4.19780E-14 1.50670E-10] —1.97670E-07 1.14050E-04 9.89760E-02
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Q | R S T U v
original
1 coefficient
2 | correction factor
3 1.00000E+00 -4.19780E-14| 1.50670E-10| -1.97670E—-07| 1.14050E-04| 9.89760E-02
4 1.00000E+00 -4.19780E-14| 1.50670E-10| -1.97670E—-07| 1.14050E-04| 9.89760E-02
1.19076E+00 —-8.39560E-14| 3.01340E-10| -3.95340E-07| 2.28100E-04| 1.97952E-01
5
6 1.00000E+00 -4.19780E-14| 1.50670E-10| -1.97670E—-07| 1.14050E-04| 9.89760E-02
8.63501E—01 -1.67912E-13| 6.02680E-10| -7.90680E-07| 4.56200E-04| 3.95904E-01
7
8 1.00000E+00 -4.19780E-14| 1.50670E-10| -1.97670E—-07| 1.14050E-04| 9.89760E-02
2.73193E-01 —-3.35824E-13| 1.20536E-09| -1.58136E-06| 9.12400E-04, 7.91808E-01
9
10 1.00000E+00 -4.19780E-14| 1.50670E-10| -1.97670E—-07| 1.14050E-04| 9.89760E-02
11 1.55045E+00 -4.19780E-14| 1.50670E-10| -1.97670E—-07| 1.14050E-04| 9.89760E-02
12 1.00000E+00 -4.19780E-14| 1.50670E-10| -1.97670E—-07| 1.14050E-04| 9.89760E-02
1.19076E+00 —-8.39560E-14| 3.01340E-10| -3.95340E-07| 2.28100E-04| 1.97952E-01
13
14 1.00000E+00 -4.19780E-14| 1.50670E-10| -1.97670E—07| 1.14050E-04| 9.89760E-02
15 1.00000E+00 -4.19780E-14| 1.50670E-10| -1.97670E—07| 1.14050E-04| 9.89760E-02
16 1.00000E+00 -4.19780E-14| 1.50670E-10| -1.97670E—07| 1.14050E-04| 9.89760E-02
17 1.00000E+00 -4.19780E—-14| 1.50670E—-10| -1.97670E—07| 1.14050E—-04| 9.89760E-02

14 -4




Mongolia
Air Pollution Reduction Department (APRD)

Capacity Development Project
for Air Pollution Control
In Ulaanbaatar City Phase 2
In Mongolia

Technical Manual 03
The Flue Gas Measurement Protocol
for Boiler Inspection

April 2017

Japan International Cooperation Agency
SUURI-KEIKAKU CO., LTD.






Capacity Development Project for Air Pollution Control in Ulaanbaatar City Phase 2 in Mongolia

Technical Manual 03 The Flue Gas Measurement for Boiler Inspection

Introduction

Based on “Certified regulation of HOB facilities” (the City Council Resolution No.147) in was
approved in September 18th 2014 and the flue gas measurement for boiler inspection was

implemented.

The result of the comparison between the simplified dust measurement and the emission measurement
results by JIS method from the year 2014 to the year 2015, the Mongolian side judged that they cannot
accept the Boiler Inspection and Certification by dust simplified measurement because result of the
simplified dust measurement was not compared with the emission standard of MNS for the Boiler
Inspection and Certification, and requested a policy which inspects all HOBs within 2 years. Therefore,
JICA Expert Team, C/P, and C/P-WG discussed on all of the target pollutants of emission measurement for
boiler inspection from August to September 2015. As an output, “The Protocol for HOB Inspection™ was
elaborated. Then, “The Protocol for Boiler Inspection (Administrative Instruction of Boiler Inspection and
Certification)” was approved by Vice Mayor in September 28th, 2015. Based on “Administrative
Instruction of Boiler Inspection and Certification”, the emission measurement has been performed from
October 2015, compliance rate for MNS standard was estimated based on the emission measurement results,
then, HOB improvement orders and audit has been performed. “Administrative Instruction of Boiler
Inspection and Certification” represents “The Protocol for HOB Inspection”.

In the year 2016, the flue gas measurement for boiler inspection was implemented based on the flue gas
measurement protocol for boiler inspection. It is expected that the flue gas measurement for the boiler
inspection will be implemented continuously after the termination of this project.

April, 2017
Capacity Development Project for Air Pollution Control in Ulaanbaatar City Phase 2 in Mongolia

JICA Expert Team

i SUURI-KEIKAKU CO., LTD.
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Capacity Development Project for Air Pollution Control in Ulaanbaatar City Phase 2 in Mongolia

Technical Manual 04 Manual for Rehabilitation, Operation andMaintenance of Air Quality Monitoring Station

i Introduction
This document is prepared and improved by APRD staff based on the experiences / knowledge and experts
advise gained by APRD staffs through JICA technical support project.

This manual organizes the content / part and frequency of each maintenance work, trouble case etc. in an
easy-to-understand manner, and it can be used for technical education for beginners and others. Detailed
operation procedures can be seen in the manuals provided by the manufacturer.

APRD should incorporate the additional knowledge gained during the process of maintaining the Air
Quality Monitoring Stations by their own after the completion of JICA project in order for the manuals to
be a better version.

Considering the possibility that monitoring networks will be made in other cities in the future as well, We
hope this manual will be widely shared among concerned parties in Mongolia.

The equipment of the Dumbadarger Air Quality Monitoring Station, provided by Korea, is not included in

this manual, and APRD should create it on its own.

April, 2017
Capacity Development Project for Air Pollution Control in Ulaanbaatar City Phase 2 in Mongolia

JICA Expert Team

i SUURI-KEIKAKU CO., LTD
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Quality Monitors






1.1 Manual for Rehabilitation, Operation
and Maintenance of Automated Air
Quality Monitor

-SO2 Analyzar APSA 370 -

April 2017

Air Pollution Reduction Department (APRD)
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'APYUT

1. SO; ananu3aTopbIH TAHWIILYYJTa
1.1 Texeepemxuiin OyTa1, OYpaIIdXYYH
1.2 SO, aHanu3aToOpbIH TEXHUKUIH Y3YYIIT

2. TexeepeMkHuHH CyypHITYyJIalT
3. TexeepemxuitH acair
3.1 Texeepemxuiir acaax (ON)
3.2 TexeepeMxuir xagaax (warming up)
3.3 Yimuite g
4, AmurianTt, axuiaraa
4.1 ®unetp comux
4.2 TexeepoMKHIH TOXHUPToo, KATHOPOBK XUIX
4.2.1 bontran axun
4.2.2 KamubOpoBk xuiix
4.2.2.1 Zero xanuOpoBK
4.2.2.2 Span kannOpoBK
5. VYpcran 3acBap, yI4miIrg
5.1 TexeepeMxuitH 10T00 OYTAI]
5.2  3acmap YWIYWITIOHUN aXJIBIH aryyJira, XMHrIpX xyramaa
5.3  C»h0ar, 31 aHTHHUT COJINX
5.4 IIpBapmaran
6. X09BUIH aKuJuIaraa J0ToJII0OX0] aBaxX 3apUM apra X3M>KI9HUM KU
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Tyc rapeiH aBnara Hb ADBBI'-bIH Xapbsia araap OpuYHbBl XSHAITBIH aBTOMAT 5 CYypUH
xapyyabiH SO2 aHanM3aTOPbIH TEXHUKHUIH 3aCBap YWIUWITIAT XUKUX Tyxad oM. TeXHUKUITH
3acBap yHmumird  ( KanmuOpoBK, COI06OT CONMX 39P3r ) -HMM @iJIBIH  3aaBapymiraar
OpyyJICaHaac rajiHa, TOXOOPOMXK IOTOJI0K IBIIPCOH 3apUM Yei AMap apra X3MxK3dD aBax,
3acax Tajaap opyyJicaH 0OJHO.

TexeepoMKUIH YWIUIMIH TOBWIYYPBIH TyXal IOIMIP3HIYUT YHIABIPIATUYUNUH TapblH
aBJIaraac xapHa yy.

1. SO; ananuzamopwvin manunyyynza

Tyc ToXeepeM:k Hb araap JAax XYX3pJor XMifH JaBxap UCIYYAMIT XOMKHUIY) -HiiH
aryynamKUir XoT siraaH Tysianel 0yroy /UVF [ apran TynryypiaH TacpaiaTryid aBToMaT
TOPUMOOP XAMKIAT. XIMKUITHIH ereriesl Hb CYypUH Xapyyn Jaxb ererael xajarainard
(data logger) ToexeepemMxu aBTOMaTaap Xaarajaaraax oaiaar.

1.1. Texeepemxkuiin OyT31 Oyp3/1I3XYYH

TexeepemxuiiH rajgHa
xaparjax Oaiiman

TexeepeMKuiiH 1OTOP
TaJbIH Xaparjaax Oaiman

TexeepeMxkuiiH cxem
3ypar
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1.2.

SO, aHaIM3aTOPbIH TEXHUKHITH Y3YYJIJIT

10.2 Specification

Model APSA-370

Measurement target |Sulfur dioxide (SO5) in atmospheric air

Measuring principle [Ultraviolet fluorescence method

Range Standard 0 ppm to 0.05/0.1/0.2/0.5 ppm Automatic range switching
Optional Max. 5 ranges between 0 and 0.05/10 ppm, Maximum range ratio: 20

Minimum detection  |Forranges of 0.2 ppmorless: 0.5 ppb (20)

sensitivity For ranges exceeding 0.2 ppm: 0.5% (2c) of the full scale

Reproducibility
(repeating accuracy)

+1.0% of the full scale

Linearity +1.0% of the full scale
(readout error)
For ranges of 0.2 ppmorless:  +1.0 ppb/day, 2.0 ppb/week
Zero drift For ranges exceeding 0.2 ppm:  +1.0% of the full scale /day
+2.0% of the full scale /week
(ambient temperature change: within 5°C)
Span drift +1.0% of the full scale /day

+2.0% of the full scale Aweek (ambient temperature change: within 5°C)

Response rate

180 s or shorter (Tgg from the inlet)

Interference effect

NO 140 ppb: +3 ppb (for range of 0.05 ppm)

m-xylene 1 ppm: +8 ppb (for range of 0.05 ppm)

Moisture 2.5%: +3 ppb (for range of 0.05 ppm)

Sample collection
rate

Approximately 0.7 L/min

Display Measured value, alarm, time, alarm history, calibration history, etc.
Alarms Zero calibration, Span calibration, Light intensity etc.
OVto1V
(2 lines of momentary and rolling average values or average values)
Input/output Contact input/output
(range, alarm, etc.)
RS-232C (optional)
Ambient temperature |5°C to 40°C
For lower than 31°C, the relative humidity must be 80% or lower.
Ambient humidity For temperatures between 31°C and 40°C, the relative humidity must be below a linearly
declining range from 80% at 31°C to 50% at 40°C .
Altitude 3,000 m above sea-level, or lower
Power source 100, 115 V +10 VV AC 50/60 Hz, or . -
220, 230, 240 V 10 V AC 50 Hz (depending upon the specifications)
Power consumption |Approximately 150 VA in steady state

External dimensions

430(W) x 221(H) x 550(D) mm

Mass

Approximately 19 kg

Connections

Sample inlet: Joint for 8 mm O.D./ 4 mm |.D. Teflon tube
Calibration gas inlet: Joint for 6 mm O.D./ 4 mm |.D. Teflon tube
Exhaust gas: Joint for 6 mm O.D./ 4 mm |.D. Teflon tube
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2. TexeepoM:KHIiH CYypPHIYyJIaJaT

CyypuH XapyyJiJi TOX00POMKHUHIT Tycrail 30puyJaiThiH TABUYPT CYYPHITYYIIK,
TOXOOPOMKHIH ap Tajaac MaxuiraaHbl TIKIIIUHH O0JOH XIMKHITHHH JTOXHO XOJIOOJITHIH
yTac, XUMH XO0OJIOMT X0JI00COH Oaiar.

KanuGopsk

o —_—
XU

CopbubIH Xun ~ ————>

Xaargan xsun———>»

3. TexeepeM:kuiiH acaar
3.1 Texeepem:xuiir acaax (ON)

Ypba HYYP3H TaJblH XaalIThII H39K, TOXOOPOMKUIH acaax TOBWIYYpHIr gapxk ON

6osroHo. "Meas” — TAMIAT AJTAIRH] rapy UPIX3/1 TOX0OPOMK aBTOMAT X3MKHITHIH
ropumJ opHo. Texeepemsk accaHsbl Aapaa alarm Oyroy C3pYyJIar JOXHOHBI TAMJAT Tapy UpIX
Oerees1 ToxeepemMx acaaa 10 MHHYT opuruM 0OJIOXOJT aXKHJLIaraa Xd9BHIH TOITBOPIKHK
C3PYYJIAT JOXHOHBI TAMJAT ajira OOJHO.

3.2 TexeepeM:xuiir xajaax (warming up)

TexeepoMKUNUT acaacHbI lapaa aBTOMAT XAIMKUITUUH TOPUMOOP 100 TaJl Hb 2 Lar OPUYUM
xamaanaar. Xajaax 0aiix Xyramaanbl XOMKIITUHH yTTa Hb UTTANIYYPHITH Oariian
XaHTAITIYH Oaiar.
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3.3 Y M H 1310910

XOMKUIT XHIDK 0aliX yel TOXeepeMKHITH I3JT311 Japaax Oaiganrtail OaiHa.

1-lcon display rea 2. Currerttime 5 (vey | CCK] icon (buttan)

MERS.

02 0.0450

5 Measuremen: resclt area

AN

4 Range dsglay

o pctverressuemertire gy | MM [l caL | eIt | aLerm Je oo o

Fig. 5 MEAS. screen

Hnap Taiin6ap
1 Icon display area JIaaraig
2 Current time Ornoo
3 Key lock JIPIITSLMNAT [O0KITOX
4 Range display ATyyIaMKARH XOMKID //
5 Measurment result area XOMKWITARH IYHT Xapyysax J3Jriil
6 Active measurement line display W 19BXToH XOMKHIAT XMHUTA9K Oyi XUHH myram
7 Function keys YHACOH QYHKI

4. AHIUTJIAJIT, AZXKUJIJIATAA

TexeepemMx Hb OAHTHIH aBTOMAT aKHWJIJIaraaraii 0eree TOrTMOJI XyrarjaaH;|
TOXOOPOMKHIH 3aCBap YIITUMITIAT XK Oaix maapaiarataid. TeXHUKHUITH 3acBap
YHITUMIITIAT XUUXA33 I0YHBl O©MHO XOMKWITUHH aBTOMAT TOPUMBIT rap aXujIaraaibl TOpuM
0OJITOK ©OPYHITHS.

41  ®uabtp comux (TOrTMOJ Xyrauaasa)

2 10J100 XOHOTT | yznaa copbLbIH araapblH TOOCOHL[OPBIT
mryyzor ¢puistpuir conuno. Tyrxas (locking) -1

(password 1, 2, 3, 4) rapraxk, rap axusaaraasbl
TOPUM/JI IIMJDKUX)]] 3aCBap YWIUMITI) XHUX YEUHH JJOXHO
rapd UpHj.




4.2 TOXOOPOMKHUIH TOXUPT 00, KATMBPOBK XHINX

4.2.1 BrarrJa axuia

KanmuOpoBk Xuix33¢ 6MHO CIIaH XUHH OaJIOH, PETYJIATOP (IapaiT TOXUPYyJard), ra3y 33par

maapyiaratai 0arax X3parciauir 03 TIIH).

MCC-1000 Horiba xanuOpOBKbIH TOXOOPOMIK Hb OHIOD aryyiamKTail CTaHAapT XUUT Zero
gas-aap IIMHIAIDK, Oara aryynamkTaid OONrooa XSMXKHITHHH TOXOepeMXK Ypyy Iaxax
YYPIrT3#l Texeepemk oM. 30BXOH KaTHOPOBK XHUHX Y€/l acaaHa.

Zero XWHT YHIABIPIDX TOXeepeMmx 0ereen
JOTOp Talll Hb KOMIIPECCOp Cyypuiarican
Oaiinar.

KamubpoBk xmilx yem acaax TOBWIYYp
(power) -bir gapsx ON GoJIroHO.

2 mapant xowkurd Oaimar. Jloom TanmbiH
MCC-1000 Hp Zero xuii maxax IapajiThIr
XOMKHUTY Oeree xap OeepoHxuit
TOBWIYYPHIT 3PTYYJDK Japanteir 1-2 bar-six
XOOPOH/I TOXUPYYIIHA.

TexeepeMkuitH TaBUypPbIH apa
CyypuilyyJicaH Zero XUWH napaiTt
XOMKUTUYUAH 3aant lbar Oaifraa scaxuiir
XapK Maraiiax.

Perynsaropeir SO2 xuitH 00pTOTOHT 03XAIK
TOrTOOHO. OpOX amcapblH JapaiT XIMKUTY
Hb OOPTOTBIH IAPANTHIT 33a/1ar.

lapanTeir OeepeHxHUl Oapuynaap
Toxupyynaxoonomxkroit. 0.05Mpa-aap MCC-
1000 ypyy maxsna. Perynsaropsir MCC-1000-
11 X0JIOOCOH XOOJIOUT caifTap miajarasa.
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Cmanoapm xuitn myxail

OHruiiH araapeiH napantaac 100 maxuH ux
aryyJlamKTal 1PBOp Haupiaratail CTaHIapT
XUWAT OaJUTOHI I1axcad Oaiinar.

banmon mmH? yems 10Mpa Oaiimar Gereen
allIUTIIANTBIH SBLAJ AapalT Oaracaar.

SO2 ananmzatopr KanuOpoBK xuiixmd SO2
XUWAT amuriaHa. TeXHUKHIH — Y3YYJIRJATHNAT
0auIoH JP3pX WIOMTOHI OWYcOH Oaiixar.
( XunH ANIUTIAITBIH xyraiaa

YHILIBAPIOYAIC XaMaapy siH3 Oyp Oaiizar.)

4.2.2 KAJINBPOBK XHUIX

KamuOpoBk Hb TOIOpXOM aryyiaamk OyXHil CTaHAAPT XUUT allIUTIaH TyXalH XOMKWJITHHH
TOXOOPOMKHUIH MIJIPIMTTUN Oaiigal manrax, TOXHProo XUHIdT aKu I0M. , TeXeepeMKu/I
CTaHJApT Ta3 alUIJIAK XAOMXKIK Oaiiraa TOXeOpPOMKHIH TOXUPYYJITHHT Oapux, X3BHIH

XWX Oaiiraa 5caX, XUp M3/3py Oaiiraar Hb MIaNTaXx KaauOPOBK TOXHPIOOT XHIK erjer.

TorrMon xyramaana XunHj.

4.2.2.1 Zero kaaudopoBK

KanmuOpoBk  XWifX33C  OMHO  OJIOOTHIH
XOMKUWITAWH Y3YYJIRIATUUT TAMIATIIK aBHA.
(Analog Input screen)

MCC-1000-p1H  manramdac  Zero gas  -bIT
COHIOX, Zero gas-bil  TOXOOPOMK YpPYyy
nraxHa.

Zero gas Ttexeepemxun opoxon SO;-bIH
aryynamx 0 yrrajg oipxoH O60JHO.
XOMKUATUIH yTTa Hb =1,2 ppb OaitBan Zero
KaJaOpOBK XMiiX maapaiararyi Oaiaar.
2ppb-33¢ X3TApcaH 007 KaTHOPOBK TOPHM/I
OpPYYJDK Zero KaTHOPOBKBIT XUWH?.




4.2.2.2 Cnan (span) KaTu0OpoBK

banmons: mIomro A23p TOMIASITIIDCOH
crangapt xuiH aryynamxuir MCC-1000-g
rapaap OWYIK OpyyJTHa.
manual—configuration-components-cylinder
concentration

XOMKUITUHH TOXOOPOMXKHJ IIaxax CraH
XUHH aryyjnaMKuir coHrono. (DHruitn yen
200ppb)

TexeepemMxuJ cnaH XUWA COPOTAOXK OpPOX
0ereeJl TOXOOPOMXKUIH 3aalT TOITBOP>KCOH
YeI CllaH KaJuOpPOBKBIT XWUUX IaapajiaraTai
ACOXUUT MUNTHD.

AryynamkuitH 3epyy £2% aotop Oaiiraa 601
span set Xuiix maapaararyi oaimar. 2%-33¢
X3TIPB3J KATMOPOBK XHUIMH?.

Cnan xkanuOpOBK XHMMCOHHMI dapaa Zero gas
naxuH maxaan 0 3aax 3CIXMHAr Marajyiax
xapaaj] KanuOpOBKBIT 1yyCraHa.

Zero, span KaJUOPOBKHMH JYHT TAOMAIIIINK
aBHA.
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5. YPCI'AJI 3ACBAP

5.1 Texeepem:kuiiH 101001 OYTIIL

TexeepeM uitH TON C€AM03T, 37 aHTHW, MOH THATIIPUMH YYPrHUT Aapaax XYCHATTIHI

TaimbapiaB.

Hop

Taitn6ap

Iagua punetp—/ Filter/

Araap naxb MEXaHHMK XOJBILYYABIT TOXOOPOMKHUITH
XOMKWITHHH YYPT 0poX00C Xamraajnk
TOXOOPOMKUIH OPOJT J39p Oaiipiamar

Hacoc /Pump/

AraapblH J32KUUT TOTTMOJ XypJaap COpPOXOJ
30pHyNarjcad HacoC

Hlymyyrrary xaant / Check valve/

Hlyramaap sBx Oyil XUiiH ypcrajibIT XsiHaHa.

Coponson xaant/ Solenoid valve/

Sample 60510H cTaHIAPT XWUWH IIYTaMbIT ©OPUUIIK
COJINX XaaJT

Xypn torrBopskyyiard/ Capillary /

CopblibIH  IIyTaMbIH
TOT'TBOPXKYYJIax

yperain  3apLyyJiajThil

Yuiir 6apury/ Dryer/

XUUH I9X YAATHUT HIXHTIOX

Hapant Toxupyynard / Pressure
regulator/

TexeepeMxKuiH JOTOPX AApAITHII TOXUPYYJIaX

O3oH yycrara /Ozonator unit/

XUMUWH ypBal sBargaxaja Iiaapaariax O30HbIT
YYCIax

Yuiir xaraard /permeation drier/

COpbIIbIH YHUTHIT XaTaax

Xysuprard/ Convertor/

XyBHUprarg

Xomxunruiin yyp / Detector/

XWIH aryyjaaMKHIT XOMKHX MAPITY

O30H 3amary /Deozonizer/

CopblIl JaX 030HBIT 3a/J1aX

XwuitH yperan maapary /Flow sensor/

CopbliblH ypcrai 3apLyyJIaIThIl MAAPIX

Xysaapinax xaant/ Differential
regulator/

Hapant Toxupyynard

Japant maapary/ Pressure sensor/

COpBIIBIH TapaITHIT MIIPIX

Hapant TorrBopkyynary /Buffer
tank/

baynonst XUUH ypCrajbH
TOXUPYYJIax

3apLyyJ1aiaThir
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5.2 3acBap YWIYHIIIHHUN aXJIBIH aryyJjra, Xuidragx xyramaa

BaifHrbIH 3acBap YHTUMITIOHHMA aryyira 00JIOH TAATIIPUIH JaBTaMXK Hb jJapaax Oaiiimaap
XUUTIDHD.

3acBap YHITUIITIOHUY aryysira

XUUTIRX JaBTaMK

Torrmon xyraraan 1 UIbTp COIUX

OBIMITH ynupany 7 XOHOT TyTam
3yHbl ynupang 14 xonort 1 ynaa

XUIH TOXUPYYIra, KaTHOPOBK XUIX

Capn 1 ynaa

TexeepeMKHUIiH IIyraM X00JIOHH LPBIPJIAIID
(TaBMYpBIH ap TaJIbIH)

3 capn 1 ynaa

"ot 31031 XAPATCIAUNAT CONTMX

Kunn 1 ynaa

I'sHATHITH IIMTAII, JOTOJILIT OHOILIOXK,

LIUNAIBIPIIIX

Tyxaii 6ypt

5.3 C1a03r, 31 aHTHIAT COJINX

TexeepeMKuilH HapUiBWIaN caiiTall axxujutaraar XaHraxbIH TYJIJ TOJI C3J03T X3PITrCIHir

Iaapjjiarataid xyraaasa coK 0aiix maapaararaid 6aiigar. XoMKUITHITH TOXOOPOMKUNH

aluriaiTaac Xxamaapy J00pX OpTeH XIPITIIIHUN TOJ CAJI03T, 31 aHTH Hb AJATINK Myyaaar
y4paac TOTTMOJ COJIbXK OaiiX Hb uyxaj Oaiiar.

HORIBA APSA-370 SO2 analyzer roJ ¢3463r, 31 aHTH

No Hop Too Conux xyraraa
1| Oring 1 K
2 | Diaphragm assembly 2 Kun
3 | Air filter 1 Kun
4 | Xenon lamp 1 K
5 | HC cutter 1 Kun
6 | Scrubber 1 K

H =

H




54 IDBIPJIDIDD

1) OunbTpHIiH caB IIBIPIIX

2) Ilyram X0OJIOWMH I[3BIPJIATII

6. X23BuiiH axuIIaraa J0roJJI0X0/1 aBax 3apuM apra X3M:K32HUii
JKHII)

1) CopOH30H XaaJThIH I[3BIPIIII

OBJIMITH yIHPATIT OHIAOP aryyJamMKTal TOOCOHIIOP Hb COPOH30H XAaJIThIH aMCaphIr
0eriecHeec XUH Xyp/ O0JIOH IapalT JOTOI0XK, ajijjaricanaac alarm gyyrapax acyyaan ux
rapjar.

Ku 6yp 113BIpIIdr?? OOXHUPICOH VeI XK 0aix

Hb 3YWUTOH.
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1.2 Manual for Rehabilitation, Operation
and Maintenance of Automated Air
Quality Monitors

-NOx Analyzar- APNA 370-

April 2017

Air Pollution Reduction Department (APRD)
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'APYUT

1. NOx aHanu3aTopblH TAHUJILLYYyJIra
1.1 Texeepemxuiin OyTa1, OYpaIIdXYYH
1.2 NOx aHanu3aToOpbIH TEXHUKUUH Y3YYJIDIT

2. TexeepeMkuH CyypHITYyJIalT
3. Texeepemxuitn acair
3.1 Texeepemxmuiir acaax (ON)
3.2 TexeepeMKuir xamaax (warming up)
3.3 Yinmuite g
4, AmmurianTt, axuiaraa
4.1 ®unptp comux
4.2 TexeepoMKHIH TOXHUPToo, KATHOPOBK XUIX
4.2.1 bontran axuin
4.2.2 KamubOpoBk xuiix
4.2.2.1 Zero xanubGpoBK
4.2.2.2 Span kannOpoBK
5. VYpcran 3acBap, yI4miIrg
5.1 TexeepeMxuitH 10T00 OYTAI]
5.2 3acmap YWIYWITISHUN QXKJIBIH aryyJira, XHHTIpX xyramaa
5.3  C»o0ar, 51 aHTHHUT COJINX
5.4 IIpBapmaran
6. X09BUIH aKuJuIaraa J0roJII0OX0]] aBaxX 3apUM apra X3M>KI9HUM KU
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Tyc rapeiH aBnara Hb ADBBI'-bIH Xapbsia araap OpuYHbBl XSHAITBIH aBTOMAT 5 CYypUH
xapyyabiH NOX aHaIU3aTOPBIH TEXHUKUIH 3aCBap YWITUMITIAT XUUX TyXail oM. TeXHUKUitH
3acBap yHmumird  ( KamuOpoBK, COIO6OT CONMX 39P3r ) -HMM @iJIBIH  3aaBapymiraar

opyyJicaHaac rajiHa, TOXeepPeMK JOTOJII0K IBIAIPCIH 3apUM Ve sMap apra X5MKdd aBax,
3acax Tajiaap opyyJicaH OOITHO.

TexeepoMKUIH YWIUIMIH TOBWIYYPBIH TyXal IOIMIP3HIYUT YHIABIPISTUYUNUH TapblH
aBJIaraac xapHa yy.

1. NOx ananuzamopvin manuauyynza

Tyc Toxeepemk Hb araap aax a3oTeid ucayya (NO, NO2) -uifH aryynamskuir Tacpantryit
aBTOMAaT TOPHUMOOP XAMKIAT. XOMKWITHIH €reres Hb CyypUH Xapyys J1aXb ererae
xanranard (data logger) TexeepeMkua aBToMaTaap Xaarauarjaax oaiar.

1.1. TexeepemM:kuiiH 6yT31 OYPIIIXYYH

TexeepeMkuitH rajgga
xaparjax Oanman

TexeepeMkuitH 10TOp
TaJIBIH Xaparjaax oaiman

TexeepeMxuiiH cxem
3ypar
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1.2.

NOX aHaJIu3aTOPBIH TEXHUKHUITH Y3YYJIJIT

Madal APNA-3TO
Measurement target | Nitregen cuides (NCw, NOs, and MO) in atmospheric air
Measunng principle  |Cross modulahon type chemiluminescence method
Range Standard |0 ppm to 0.1/0.20.5M1.0 ppm Automatic range switching
Opfional  [Max. & ranges between 0 and 0.1/10 ppm, Maximum range ratia: 10

Minimurn detection | For ranges of 0.2 ppmor less: 0.5 ppb (2a)
sensithity For ranges exceeding 0.2 pprm. 0.5% (2n) of the full scale
REproducily .4 09 ofthe ful scale
{repeating accuracy]
{Lrﬂ::ﬂ aoy [H1O%OTthe flscale
Zaro drif £1.0% of the full scale fday .

£2.0% of the full scale week (ambient tempesature change. within 5°C)
Span diit £1.0% of the full scale iday

£2 0% of the full scale fweek (ambient temperature change: within 5°C)
Response rate 120 5 or ghorter [Ty from the inlet)

Moisture 2 5%: Zarg 2. (% of the full scale

Span £3.0% of the full scabe (for ranges of 0.2 ppm of less)
Interference efect MNH4 1 ppm: Far ranges of 1 ppmor kess: +4 ppb
For ranges exceeding 1 pom: +1,0% of the full scale

ﬂ:ﬂ& calleclion Approcamately 0.8 Limin
Display Measured value, alarm, ime, alarm hestary, calibration history, eic.
Alarra Zero calibraton, Span calibration, Converter temperature, ete

OVie1y

(2 lines of momentary and rolling average values of average values)
Inputioutput Contact inputioutput

{range, alarm, etz )

R5-Z32C (ophonal)
Amiient temperature |5°C to 40°C

For lower than 31°C, the relative humidity must be 80% or lower.
Ambient hurmidty | For temperatures between 31°C and 40°C, the relative humidity must be below a linearly

declining range from B0% &t 31°C to 50% at 40°C |
Altitude 4000 m above sea-level or lower

100, 116 V210V AC 50/S0 Hz, or
Power souroe 220, 230, 240 V +10 V AC 50 Hz {depanding upon the speciications)
Power consumption  [Approsemately 170 VA in steady steate, approximately 220 VA in maximum

External dimensions

TN » 221]H) = 55000 mm

Mass

Approcomately 21 kg

Sample inlat: Joint for 6 mm O.0./ 4 mm 1.0. Tefion tube

CyypuH XapyyJsiJ TOX00pOMKHUIT Tycrail 30puyJaiTbiH TABUYPT CYYPHIIYYJIIK,

TOXOOPOMKHIH ap Tajaac MaxuIraaHbl TIKIIIUHH O0JOH XIMKHITHHH JTOXHO XOJIOOJITHIH
yTac, XUMH X0O0JIOMT X0JI00COH Oaiar.
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Kanunbopsk

. —_—
XHUH

CopbUblH Xuih ~ ———»>

Xaarpan xup—————>

3. TexeepemM:kuiiH acaaT
3.1 Texeepem:xuiir acaax (ON)

VYpba HYYP3H TajblH XaalThIl HAK, TOXOOPOMKHUIH acaax TOBWIyyphIr napxk ON
O6onroHo. "Meas” — TAMAAT IPJATALPHJ Tapd HPIXIA TOXOOPOMK aBTOMAT XIMKHITHIH
ropuma opHo. TexeepeMxk accanbl Aapaa alarm Oyroy cIpyysar JOXHOHBI TAMJAT rapy Upax
Oereen Texeepemx acaaa 10 MHHYT opuMM OOJIOXON aXHWJUIaraa Xd3BHUHH TOTTBOPKIK
COPYYJIAT JOXUOHBI TAOMJAT alra 0OITHO.

3.2 TexeepemM:xuiir xajsaax (warming up)

TexeepeMKUNT acaacHbl Japaa aBTOMAT X3MXKWJITUHH TOPUMOOP J0OJ Tal Hb 2 1ar OpuuM
xamaanar. Xajaaxk Oaiix Xyramaanel XOMXKHITHHH yTra Hb UTTAJIOYYpUHH Oaiiman
XaHTANTTYH Oaiiiar.
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3.3 Y WImIMite adJiran

XOMKUIT XHIDK 0alfX Yel TOXeepoMKHITH JI3JTII1 Japaax Oangantail OaiiHa.

1:lcon display area 2 Current time 3 [KEY LOCK] icon (button)

P
IERS. (N 0.2/ 2006 m:g@

5. Measurement result area

| N02 0.0284 ppm mP]
OH 0 0897 ppiM D1} 4 Range dspey

6. Active measurement line display .. HENY (AL, WINT. HLHRM*\ 7: Function keys

H»op Tarinb6ap
1 Icon display area JIaaraig
2 Current time OrHoo
3 Key lock JIPIITSLMHAT [00KITIOX
4 Range display ATyyIaMKuiH XOMKII
5 Measurment result area XOMKUITUNH AYHT XapyyJaax JdJraIl
6 Active measurement line display W a3BXTAH XOMXKUIT XUUTAYK OyH XUHH myram
7 Function keys YHACOH QYHKIT

4. AIIUTJIAJIT, AZKKUJIJIATAA

Texeepemk Hb OaiflHTBIH aBTOMAT axwlaraatraid 0ereeja  TOI'TMOI

Xyraraass

TOXOOPOMKUIH 3acBap YWIUWIrIdr XWibK Oalix maapanarataid. TeXHUKHHAH 3acBap

YHITUMIITIAT XUUXA93 I0YHBI ©MHO XAOMKUJITHIH aBTOMAT TOPUMBIT Tap aKUJularaaHbl TOPUM

0OJITOK ©OPYHITHS.

41  ®uabtp coanx (TOrrMoa xyramaamn)

2 107100 XOHOIT | ynaa cOpbIIbIH araapblH TOOCOHLIOPBIT
myymr  ¢uibtpuiir  comuuo. Tyrx?3  (locking) -r

(password 1, 2, 3, 4) raprax, rap aKWLIaraadbl
ropuMJ IIMDKUXD]T 3aCBap YWIUWITI) XUHUX YEUH JOXUO
rap4d UpH?.
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4.2 TOXOOPOMKHUIH TOXUPT 00, KATMBPOBK XHINX

4.2.1 BrarrJa axuia

KanmuOpoBk Xuix33¢ 6MHO CIIaH XUHH 0aJIOH, PETYJIATOP (IapaiT TOXUPYyJard), ra3y 33par

maapjiaratai 0arax XdparcIuur 03 TIHD.

MCC-1000 Horiba xanuOpOBKbIH TOXOOPOMIK Hb OHIOD aryyiamKTail CTaHAapT XUUT Zero
gas-aap IIMHIAIDK, Oara aryynamkTaid OONrooa XSMXKHITHHH TOXOepeMXK Ypyy Iaxax
YYPIrT3# TOXeepeMk IOM. 360BXOH KATHOPOBK XHUHX YeII acaaHa.

Zero XUUT YHIIBIPIIX TOXOOPOMNK 0O6ree[
JOTOp Taja Hb KOMIIPECCOp CyypHJIarjacaH
Oaiinar.

KamubOpoBk xwmifx yen acaax TOBWIYYpP
(power) -bir gapsx ON GoJIroHO.

2 nmapant xomxurd Oaiimar. Jloom TaibiH
MCC-1000 uvp Zero xuil maxax IapaiThIl
XOMKHUTY Oeree xap OeepoHxuit
TOBWIYYPBIT 3PTYYJDK Hapaiteir 1-2 bar-ia
XOOPOH/I TOXUPYYIIHA.

TexeepeMkuitH TaBUypPbIH apa
CYyypHIIyyJICaH XHANH JapaT
XOMJKUTYUHAH 3aainT lbar Oaiiraa 3caxXuiir

Zero

XapX Maraajax.

Perynsaropeir NO xuiiH G0opTOroHm 03Xk
TorTooHo. Opox amcapblH JapaiT XIMKUTY
Hb OOPTOTBIH IAPANTHIT 33a/1ar.

I"apanTeir OeepeHxuit Oapuymaap
TOXUPYYITaXOO0TOMKTOM. 0.05Mpa-aap
MCC-1000 ypyy maxnHa. Perymaropsir

MCC-1000-1 x0:100COH XOOJIOWr caiTap
IIaJIraHa.
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Cmanoapm xuitn myxail

OHruiiH araapeiH napantaac 100 maxuH ux
aryyJlamKTal 1PBOp Haupiaratail CTaHIapT
XUWAT OaJUTOHI I1axcad Oaiinar.

banmon mmH? yems 10Mpa Oaiimar Gereen
allIUTIIANTBIH SBLAJ AapalT Oaracaar.

NOx ananmuzaTopT KanmuOpoBk xuiixmm NO
XUWAT amuriaHa. TeXHUKHIH — Y3YYJIRJATHNAT
0auIoH JP3pX WIOMTOHI OWYcOH Oaiixar.
( XunH ANIUTIAITBIH xyraiaa

YHILIBAPIOYAIC XaMaapy siH3 Oyp Oaiizar.)

4.2.2 KAJIUBPOBK XX

KamuOpoBk Hb TOIOpXOM aryyiaamk OyXHil CTaHAAPT XUUT allIUTIaH TyXalH XOMKWJITHHH
TOXOOPOMKHUIH MIJIPIMTTUN Oaiigal manrax, TOXHProo XUHIdT aKu I0M. , TeXeepeMKu/I
CTaHJApT Ta3 alUIJIAK XAOMXKIK Oaiiraa TOXeOpPOMKHIH TOXUPYYJITHHT Oapux, X3BHIH

XWX Oaiiraa 5caX, XUp M3/3py Oaiiraar Hb MIaNTaXx KaJHOPOBK TOXHPIoOOT XHIK erer.

TorrMon xyramaana XunHj.

4.2.2.1 Zero kaaudpoBK

KanubpoBk  XWifX’3C OMHO  OJOOTHIH
XOMKUWITAWH Y3YYJIRIATUUT TAMIATIIK aBHA.
(Analog Input screen)

MCC-1000-p1H  manramPac  Zero gas  -bIr
COHIOX, Zero gas-bil  TOXOOPOMK YpPYyy
IIaXHa.

Zero gas texeepemxus opoxon NO, NO2,
NOX-bH aryynamx 0 yrrax oipXxoH O0JIHO.
XOMKUATUIH yTTa Hb 1,2 ppb GaitBan Zero
KaJaMOpOBK XMIiX maapaararyi Oaiaar.
2ppb-33¢ X3TIpCaH 601 KaTMOPOBK TOPUMI
OpYYJIXK Zero KaqTuOpOBKBIT XUHH?.
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4.2.2.2 Cnan (span) KaTu0OpoBK

banmonsr oIomro A29p TOMASIIIICOH
craggapt xuiH aryymnamkuiir MCC-1000-a
rapaap OWYIK OpyyJTHa.
manual-configuration-components-cylinder
concentration

XOMXKWITHHH TOXOOPOMKHJ IIaxax CIaH
XUHH aryynaMKuir coHrono. (DHruiin yen
200ppb)

TexeepomMkuJ coaH XUl COPOTAOK OpOX
0eree/ i TOXOOPOMKHUIH 3aalT TOITBOPKCOH
yen craH KaduOpOBKBII XUMX HIaapiajaraTan
SCOXUUT IMUHTHD.

AryynamkuitH 3epyy £2% notop Oaiiraa 6o
span set XuMiix maapiararyi 6ainar. 2%-33¢
X3TIPBIJT KATMOPOBK XHUIH?.

Cran kanmuOpOBK XUWICOHMIA nMapaa Zero gas
maxuH mraxaan 0 3aax J3COXMUAT Maramiax
Xapaaj KaIuOPOBKBIT IyyCTaHa.

Zero, span KaIMOPOBKHIH JIYHT TIMIDTIIINK
aBHa.
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5. YPCIT'AJI 3ACBAP

5.1 Texeepem:kuiiH 101001 OYTIIL

TexeepeM uitH TON C€AM03T, 37 aHTHW, MOH THATIIPUMH YYPrHUT Aapaax XYCHATTIHI

TaimbapiaB.

Hop

Taitn6ap

Iagua punetp—/ Filter/

Araap naxb MEXaHHMK XOJBILYYABIT TOXOOPOMKHUITH
XOMKWITHHH YYPT 0poX00C Xamraajnk
TOXOOPOMKUIH OPOJT J39p Oaiipiamar

Hacoc /Pump/

AraapblH J32KUUT TOTTMOJ XypJaap COpPOXOJ
30pHyNarjcad HacoC

Hlymyyrrary xaant / Check valve/

Hlyramaap sBx Oyil XUiiH ypcrajibIT XsiHaHa.

Coponson xaant/ Solenoid valve/

Sample 60510H cTaHIAPT XWUWH IIYTaMbIT ©OPUUIIK
COJINX XaaJT

Xypn torrBopskyyiard/ Capillary /

CopblibIH  IIyTaMbIH
TOT'TBOPXKYYJIax

yperain  3apLyyJiajThil

Yuiir 6apury/ Dryer/

XUUH I9X YAATHUT HIXHTIOX

Hapant Toxupyynard / Pressure
regulator/

TexeepeMxKuiH JOTOPX AApAITHII TOXUPYYJIaX

O3oH yycrara /Ozonator unit/

XUMUWH ypBal sBargaxaja Iiaapaariax O30HbIT
YYCIax

Yuiir xaraard /permeation drier/

COpbIIbIH YHUTHIT XaTaax

Xysuprard/ Convertor/

NOZ2-pir NO -1 XyBUprax

Xomxunruiin yyp / Detector/

XWIH aryyjaaMKHIT XOMKHX MAPITY

O30H 3amary /Deozonizer/

CopblIl JaX 030HBIT 3a/J1aX

XwuitH yperan maapary /Flow sensor/

CopbliblH ypcrai 3apLyyJIalIThl MAAPIX

Xysaapinax xaant/ Differential
regulator/

Hapant Toxupyynard

Japant maapary/ Pressure sensor/

COpBIIBIH TapaITHIT MIIPIX

Hapant TorrBopkyynary /Buffer
tank/

baynonst XUUH ypCrajbH
TOXUPYYJIax

3apLyyJ1aiaThir

5.2 3acBap YWIYHIATIIHMN aKJIBIH aryyJjra, Xuiriadx xyramaa

BaiiureIH 3acBap YHITYHIT9HUM aryyira 00JI0H THAMI3PHUIH JaBTaMXK Hb JAapaax Oaiiimaap

XUUTIDHD.

3acBap YHITYWITIIHUH aryynira

XUUTIRX TaBTaMXK

TorrMon xyranaana OuiabTp COIUX

OBMIH ynupan] 7 XOHOT TyTaMJ
3ynbl ynupanj 14 xonort 1 ynaa

XUIH TOXUPYYIra, KaTnOPOBK XUIX

Capn 1 ynaa

TexeepeMKHUIiH IIyraM X00JIOHH LPBIPJIAIID
(TaBMYpBIH ap TaJIbIH)

3 capn 1 ynaa

"ot 31031 XAPATCIAMNAT CONTUX

Kunn 1 ynaa

I'>HATHITH IIMTAII, JOTOJIBIT OHOIIIONXK,
LIUHAIBIPIIIX

Tyxait 6ypT
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5.3 C»ra6or, 31 aHTHHT COJINX

TexeepeMkniiH HapUHBUIAT cCalTall aXKUJUTaraar XaHraXxbIH TYJIJ TOJ COJIOAT XIPATCIUNT
maap/jiaratai Xyramaasn/ CoFMK Oaix mraapjyraratail 6aiigar. XoMKUITHIH TOX0OPOMKHITH
allIATIIaNTaac Xxamaapd 100pX OPreH XAPATIIIHHMA TOJT C3J03T, 3] aHTH Hb SJATIK MyyAaar
yupaac TOI'TMOJI COJIbK OalX Hb dyxai Oaifnar.

HORIBA APNA-370 NOx analyzer roux ¢35103r, 31 aHTH

Ne H»sp Too Conux xyranaa
1| UVLamp 1 Kun
2 | UV liner 1 K
3 | Catalyzer assay (converter) 1 K
4 | DO unit 1 Kun
5 | PPD/HRB-01/ Xoomnoii 1 Kun
6 | Scrubber 1 Kun
7 | Diaphragm of Pump 1 K

1,2
7
6
4
> 3
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5.4 IPBIPJIIIII

1) ®OuibTpHIiH caB MPBIPIIX

2) Ilyram X0OJIOMH I[3BIPJIATII

6. X93BMiiH a:kMiIaraa 10roJiA0Xo/ aBax 3apuM apra X3M:KIHHUH KU1
1) CopoH30H XaaJIThIH I3BIPIIATII
OBnMitH ynupang eHAep aryyjJaMXTal TOOCOHLIOP Hb COPOH30H XaaJThlH amcapbIr

OernecHeec XUiH XypJ OOJIOH AapaiT AOTOJI0XK, ajaarjacaHaac alarm nyyrapax acyynan ux
rapjar.

XKun 6yp 1pBipIaras xuibk 6aix Hb 3yHTHH.

2) UV Lamp comux

UV comuxryit yncanaac o3oH O3 yinaBspidx yazamx Oyypu, rapant Oaracu Myyaax
acyyaal YYCHIdT y4paac TOTTMOJ XyralaaH COJMK 0aix Hb 3yUTIH.
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1.3 Manual for Rehabilitation, Operation
and Maintenance of Automated Air
Quality Monitors

-Ozone Analyzar- APOA 370-

April 2017

Air Pollution Reduction Department (APRD)
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'APYUT

1. O30H aHanM3aTOPBIH TAHWJILYYJIra
1.1 Texeepemxuiin OyTa1, OYpaIIdXYYH
1.2  O30H aHATU3aTOPBIH TEXHUKHUIH Y3YYIIIT

2. TexeepeMkuH CyypHITYyJIalT
3. Texeepemxuitn acair
3.1 Texeepemxmuiir acaax (ON)
3.2 TexeepeMKuir xamaax (warming up)
3.3 Yinmuite g
4, AmmurianTt, axuiaraa
4.1 ®unptp comux
4.2 TexeepoMKHIH TOXHUPToo, KATHOPOBK XUIX
4.2.1 bontran axuin
4.2.2 KamubOpoBk xuiix
4.2.2.1 Zero xanubGpoBK
4.2.2.2 Span kannOpoBK
5. VYpcran 3acBap, yI4miIrg
5.1 TexeepeMxuitH 10T00 OYTAI]
5.2 3acmap YWIYWITISHUN QXKJIBIH aryyJira, XHHTIpX xyramaa
5.3  C»o0ar, 51 aHTHHUT COJINX
5.4 IIpBapmaran
6. X09BUIH aKuJuIaraa J0roJII0OX0]] aBaxX 3apUM apra X3M>KI9HUM KU
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Tyc rapeiH aBnara Hb ADBBI'-bIH Xappsa araap OpYHBl XSHAITBIH aBTOMAaT 5 CyypUH
xapyyabiH O30H aHAIM3aTOPbIH TEXHUKUWH 3acBap YWIUMITIAT XUUX Tyxal oM. TeXHUuKuitH
3acBap yHmumird  ( KanmuOpoBK, COI06OT CONMX 39P3r ) -HMM @iJIBIH  3aaBapymiraar
OpyyJICaHaac rajiHa, TOXOOPOMXK IOTOJA0K IBIIPCOH 3apUM YeI sMap apra X>3MKd) aBax,
3acax Tajaap opyyJicaH 0OJHO.

TexeepoMKUIH YWIUIMIH TOBWIYYPBIH TyXal IOJIMIP3HIYUT YHIABIPISTYUNUH TapblH
aBJIaraac xapHa yy.

1. O30n ananuzamopvin ManuIyyy12a

Tyc Toxeepemsk Hb araap aax a3oThiH ucayya (O3) -uifH aryyaamMsKuir TacpanTryit
aBTOMAT TOPUMOOP XAMKJAT. XAIMKUITHIH 6Treraell Hb CYypUH Xapyys Aaxb ereraell
xaaranard (data logger) TexeepeMiku aBTOMaTaap xajarajaraak Oanar.

1.1. Texeepemxkuiin OyT31 OYp3/1I3XYYH

TexeepemxuiiH ragHa
xaparjax Oaiiman

TexeepeMkuitH 10TOp
TaJIBIH Xaparjaax oaiman

TexeepeMxkuiiH cxeMm
3ypar

veeaisen |
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12. Os; aHaaAM3aTOPBLIH TEXHUKHHH Y3YYIJIT
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2. TexeepeM:KHITH CYypHIYYJIaaT

CyypuH XapyyJiJi TOX00POMKHIT Tycrail 30puyJalIThIH TABHYPT CYYPHITYYJIK,
TOXOOPOMKHIH ap Tajaac MaxuiraaHbl TIKIIIUHH O0JOH XIMKHITHHH JTOXHO XOJIOOJITHIH
yTac, XUMH XO0OJIOMT X0JI00COH Oaiar.

JoxnononbiH

Kaben RS232

Kam6opsx

LlaxunraaHsl

Copbupia Xui TOKIBIUIH

Xaarpan

3. TexeepeM:kuiiH acaar
3.1 Texeepem:xuiir acaax (03)

VYpbI HYYpSH TajblH XaalThIl HIK, TOXOOPOMXKHIH acaax TOBWIYYpHIl napxk ON
6onrono. "Meas” — TAIMIAT IRIATALRHI rapd HUPIXd] TOXOOPOMK aBTOMAT XOMIKHITHIH
ropuma opHo. TexeepeMxk accanbl Aapaa alarm Oyroy capyyiar JOXHOHBI TAMJIAT rapy Upox
Oereen Toxeepemk acaan 10 MHHYT opuuM OOJOXOJN a)Xujularaa XdBUMH TOTTBOPKHK
COPYYJIAT AOXUOHBI TAMJAT ajira 00JIHO.

3.2 TexeepeM:kuiir xajmaax (warming up)

TexeepoMKUNT acaacHbI lapaa aBTOMAT XAIMKUITUUH TOPUMOOP 100 TAJl Hb 2 Lar OPUYUM
xamaanaar. Xajaax 0aiix Xyramaanbl XOMKIITUHH yTTa Hb UTTANIYYPHITH Oariian
XaHTAJITIYH Oaiar.
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3.3 Y WImIMite adJiran

XOMKUIT XHIDK 0aliX yel TOXeepeMKHITH I3JT311 Japaax Oaiganrtail OaiHa.

H»ap Taiin6ap
1 Icon display area Jaaraig
2 Current time OrHoo
3 Key lock JIPIITSLMHAT [00KITOX
4 Range display ATyyIaMKuiH XOMKII
B Measurment result area XOMKWITUNH AYHT Xapyysaax J3JIr31
6 Active measurement line display W 19BXToH XOMKHAT XMHUTAK Oy XUHH myram
7 Function keys YHICOH QyHKIT

4. AIIUTJIAJIT, AJKUJIJIATAA

TexeepemMx Hb OAHTHIH aBTOMAT aKHUJIJIaraataii 0eree TOrTMOJI XyrarjaaH;|
TOXOOPOMKHIH 3aCBap YIITUMITIAT XK Oaiix maapaiarataid. TeXHUKHUITH 3acBap
YHITUMIITIAT XUUX33 I0YHBl O©MHO XOMKWITUHH aBTOMAT TOPUMBIT rap aXWIaraaibl TOpuM
0OJITOK ©OPYHITHS.

41  ®uaetp coanx (TOrrMoa xyramaamu)

2 10J100 XOHOTT | yznaa copbLbIH araapblH TOOCOHL[OPBIT
mryyzor ¢puistpuir conuno. Tyrxas (locking) -1

(password 1, 2, 3, 4) rapraxk, rap axusaaraasbl
TOPUM/I IIWJKUAXD/, 3aCBap YHIIYWIT) XUUX YEUIH TOXHO
rapd UpHJ.
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4.2 TOXOOPOMKUMNH TOXHUPI' OO, KAJIUBPOBK XUMX
4.2.1 BrarrJa axuia

O30H Hb XUMUWH ypBaJJ MIAPAIMTIUN OOIUC yUup MWIMHAPUNH Xuil Oarnarryit. ABBI-siH
XapuyIaar CyYypuH Xapyys J0TOp KaTHOPOBK XUHX O0I0MKIryi. TOrTMos X3MK39HUM 030H
crangapt xuii raprax MODEL i49-PS texeepemvx up YII[YOIII-pia 1abopatopu Oaiimar.
DHAXYY TOXOOPOMKHUUI alIUITaH O30HBI TOXOOPOMKHHJA KAIMOPOBK XUUIAT . WHrIxuiiH
Ty O30HBI TOXOOPOMKYYAHNUT Ta0apaToOpul 306K aBUMpax miaapJiaraTai.

Thermo kanmuOpoBK XHIX 30pUyJIaITTal TYC TOXOOPOMK Hb 030H YHIIBIPIIIAT 06ree 1 MOH
3epo ras yyeragor. Xvil TOXUPOX aryyJaMKHUHJ XYpPT2Jl LIUHIJDK erfer. TexeepeM:Kuur
acaax xajaax Xypraa | mar opuum 00k Oaiik KamMOpOBKOO 3XJIYYIHI. 36BXOH KaTUOPOBK
XUHUX yeJ acaaHa.

4.2.2 KAJINMBPOBK XHUIX

KamubOpoBk Hb TOIOpXOH aryyiaamk OyXHi CTaHAAPT XUUT alllUriIaH TyXalH XOMKIJITHIH
TOXOOPOMKHUIH MIJIPIMTTUN Oaiigall manrax, TOXHProo XUHIAT aXu I0M. , TeXeepeMKu/I
CTaHJApT Ta3 alUIJIAK XAOMXKIK Oaiiraa TOXeepOMKHIH TOXUPYYJITHHT Oapux, X3BHIH
aXWIax 0alraa 3¢cdX, XUp MIJPPU Oairaar Hp MaNTraX KaTHOPOBK TOXHPTOOT XUMK OTer.
TorrMon Xyramaana XunH».

4.2.2.1 Zero kaaudpoBK

KannOpoBk Xuilx’c eMHe 030HBI Oara’kHbl
OJI00TUIH XOMKUITUNH Y3YYIATHIT
TAIMJIPTIK aBHA.

(Analog Input screen)
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ToxeepoMKUNH  XOMKWITUMH  TOPUMBIT
MEAS- mode-r ZERO Ttoxuproon m3sp
TOXHUPYYJIK OTHO.

THERMO-pH maaramaac  Zero gas  -bir
COHTOX, CyMbIH naryy O30HBI TOXOOPOMXK
ypyy 0 xuiir maxHa. Y1reir 0 6osnroon Save
TOBYMUT JlapHa.

O30HBI XU XOMKWITHHH Oaraxxpyy opxoj
JIBLPH 139pX yrra 0-Toil oifpTox €cToil.
Jaarsnuitn - yrra  +-1,2ppb  GaiiBan  3epo
KaIMOPOBK XMIX mIaapuiarryid. +-2ppb sac
JIIDIII OaiiBai KaJIMOPOBK XUHX
iaapaJjiaraTai.

4.2.2.2 Cnan (span) KaTu0OpoBK

O30HBI TOXOOPOMKHHJ OpyyJiaX chaH XuiHUN aryymamk 100ppb r conron Save

ToBwIyyp AapHa. 100pbb 133p TorrBopxkuxumiir manraxa.

Osonbl ToxeepemkuitH  Mode -r Span
oonrono. Jlpnrauwmitn  yrra  100ppb 1
OMPTOXK TOTTBOPKUXHUUT IIAJITaK O30HBI
TOXOOPOMKUUT Span KaTuOpOBK XHIH?.
3epyy Hb +-2ppb OaiiBanm Span set xwiix
mraapyarryit. +-2ppb ¢ ux OGaiiBan Span
TOXUPIroOT XUl OrHe.

Cman kanmOpOBK XWHCOHWE mapaa Zero
gas pgaxuH 1maxaan (0 3aax  3cHXMIT
MaraJijiaxk xapaaj KaluOpOoBKbIT 1yycraHa.
Zero, span  KaJMOpPOBKHUITH JYHT
TAOMPTIIIK aBHA.
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5. YPCIT'AJI 3ACBAP

5.1 Texeepem:kuiiH 101001 OYTIIL

TexeepeM uitH TON C€AM03T, 37 aHTHW, MOH THATIIPUMH YYPrHUT Aapaax XYCHATTIHI

TaimbapiaB.

Hop

Taitn6ap

FILTHER TAAHA ®UJIBTEP/

Araap n1axb MEXaHHMK XOJbLYYABIT TOXOOPOMKHUITH
XOMKWITHHH YYPT 0pOX00C XaMraajmkx
TOXOOPOMKUIH OPOJT J39p Oaiipiaaar

DEOZONIZER

Coponson xaant/ Solenoid valve/

Sample 6o70H cTaHIAPT XWUKH MIYTaMbIT ©OPUYUIIK
COJINX XaaJlT

ANALYZER UNIT

XOMKUATUNRH YYp OylOoy aryyiamkKHUr TOTTOOX
TOXOOPOMIK

FLOW SENSOR /X1UWH YPCTAJI
MDJIPAI'Y /

CopblIbIH ypcrai 3apLyyJalThil MIAPIX

PRESSURE SENSOR /JAPAJIT
MDIPOI'Y /

COpBIIBIH TapaNThIT MIIPIX

CAPILARY /XYP]] CopblibIH  IIyraMblH  ypcrajl  3apLyyJaiThil
TOI'TBOPXVYVIIATY / TOTTBOPXKYYJIax

VACUM RECULYATOR TOXUPYVIIATY ?

BUFFER TANK /JAPAJIT banmnonsl  XuiiH ~ ypcrajibiH 3apIyyJaaiaThir
TOT'TBOPXYVIJIAI'Y / TOXUPYYJIax

PUMP /HACOC / AraapblH JPKUHT TOTTMOJI XypJlaap COpPOXOJ

30pHyJarjacad HacocC

5.2 3acBap YHITYHJIMIHUI a:KJIbIH aryyJra, Xuiiragx xyramaa

BaifHrbIH 3acBap YHITUMITIOHMMA aryyira 00JIOH TAATIIPUIH JaBTaMXK Hb jJapaax Oaiinmaap

XUUTIDHD.

3acBap YWIYMII39HUHN aryynira

XUUTIRX JaBTaMK

Torrmon xyraraan i @UIbTp COTUX

OBIMITH ynupany 7 XOHOT TyTam
3yHbl ynupang 14 xonort 1 ynaa

XWWH TOXUPYYJITa, KATHOPOBK XUIX

3 Capn 1 ynaa

TexeepeMKHUIH IIyraM XOOJIOWH LB3BIPIIAID

(TaBUypBIH ap TaJbIH)

3 capa 1 ynaa

["o51 ca50aT XAPATrCaUiT CoMMx

Kunpn 1 ynaa. 2 ynaa

I'3HATUIH IIMTAII, JOTOJIBIT OHOILIONX,

LN IBIPIIIX

Tyxait 6ypt
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5.3 C»ra6or, 31 aHTHHT COJINX

TexeepeMkniiH HapUHBUIAT cCalTall aXKUJUTaraar XaHraXxbIH TYJIJ TOJ COJIOAT XIPATCIUNT
maap/jiaratai Xyramaasn/ CoFMK Oaix mraapjyraratail 6aiigar. XoMKUITHIH TOX0OPOMKHITH

aIlIUTIIANITaaC XamMaapy J100pX OpreH X3PATI3IHHUM roJ ¢aJI03T, 371 aHTH Hb 3JI3TAYK MYYAaar

yupaac TOI'TMOJI COJIbK Oalx Hb dyxai Oaiinar.

HORIBA APOA-370 O3 analyzer roa ¢3103r, 31 aHTH

Ne Hap Too Conux xyramaa
1 | DO pipe 2 Kun
2 | Light sourse unit 1 Kun
3 | Pump diaprham 1 Kun
4 | Solined valve 1 K

5.4 TPBIPJIIAIII

1) ®OuabTpHiiH caB MIBIPIIX
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2) Ilyram XO0OJIOMH I[3BIPIIATII

6. X23BuiiH axKUIIaraa J0roJiI0Xo/ aBax 3apuM apra X3M:K39HUH KUIII
1) CopoH30H XaaJuThIH I3BIPIIATII

OBnMitH ynupan eHep aryyjaaMXTail TOOCOHIIOP Hb COPOH30H XaalIThIH aMCaphIr
OernecHeec XUiH Xyp/ O0JIOH JapaT AOTOJI0XK, ajljgarjacanaac alarm ayyrapax acyyaain Ux
rapjar.

Kun 6yp G0XUPICOH Yea IPBIPIATII XUKHK

0aiix Hb 3YUTHM.
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1.4 Manual for Rehabilitation, Operation
and Maintenance of Automated Air
Quality Monitors

-CO Analyzar APMA-360-

April 2017

Air Pollution Reduction Department (APRD)
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TAPYUT

1. NOx aHanu3aTopblH TAHUJILLYYyJIra
1.1 Texeepemxuiin OyTa1, OYpaIIdXYYH
1.2 CO ananm3aTOpbIH TEXHUKUWH Y3YYJIIIT

2. TexeepeMkuH CyypHITYyJIalT
3. Texeepemxuitn acair
3.1 Texeepemxmuiir acaax (ON)
3.2 TexeepeMKuir xamaax (warming up)
3.3 Yinmuite g
4, AmmurianTt, axuiaraa
4.1 ®unptp comux
4.2 TexeepoMKHIH TOXHUPToo, KATHOPOBK XUIX
4.2.1 bontran axuin
4.2.2 KamubOpoBk xuiix
4.2.2.1 Zero xanubGpoBK
4.2.2.2 Span kannOpoBK
5. VYpcran 3acBap, yI4miIrg
5.1 TexeepeMxuitH 10T00 OYTAI]
5.2 3acmap YWIYWITISHUN QXKJIBIH aryyJira, XHHTIpX xyramaa
5.3  C»o0ar, 51 aHTHHUT COJINX
5.4 IIpBapmaran
6. X09BUIH aKuJuIaraa JOroJII0X0/] aBaxX 3apUM apra X3M>KI9HUM KU
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Tyc rapeiH aBnara Hb ADBBI'-bIH Xappsa araap OpYHBl XSHAITBIH aBTOMAaT 5 CyypUH
xapyyabiH NOX aHaIU3aTOPBIH TEXHUKUIH 3aCBAp YWITUMITIAT XUUX TyXaidl oM. TeXHUKUitH
3acBap yHmumird  ( KanmuOpoBK, COA06OT CONMX 39P3r ) -HMM @iJIBIH 3aaBapymiraar
OpyyJICaHaac rajiHa, TOXOOPOMXK IOTOJI0K IBIIPCOH 3apUM Yei AMap apra X3MxK3dD aBax,
3acax Tajaap opyyJicaH 0OJHO.

TexeepoMKUIH YWIUIMIH TOBWIYYPBIH TyXal IOIMIP3HIYUT YHIABIPIATUYUKUH TapblH
aBJIaraac xapHa yy.

1. CO ananuzamopvin manunyyyiza
Tyc TexeepeMk Hb araap Jax yraapuiH XUHH aryyJaMyKUWI TacpalTryd aBTOMar
ropumoop xumuitH momunuiieHc /CLD/- aprang TynryypiaH opuHbl araap Jaxb yraapbiH

XUWAT TOIOPXOMJIIOT. XAMKWITHIH ereriiej Hb CYypHH XapyyJ JaxXb ererjei xajaraiard
(data logger) ToexeepemMxu aBTOMaTaap Xaarajaaraax oaiaar.

1.1. Texeepemxkuiin OyT31 Oyp3/1I3XYYH

baraxHbI rajgHa Xapargax
Oaiiman

BaraxHbl JOTOp TaJbIH Xaparaax
Oanman

Baraxxusi cxem 3ypar
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1.2. TexHUKUIH y3YYIIT
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2. TexeepeM:KMiiH CyypHJIYYJdaaT

CyypuH XapyyJiJl TOX00POMKHUT TyCrai 30pUyJIalIThIH TABHYPT CYYPHITYYJIK,
TOXOOPOMKHIH ap Tajaac MaxuIraaHbl TIKIIIUHH O0JOH XIMKHITHHH JTOXHO XOJIOOJITHIH
yTac, XUMH X0OJIONT X0JI00COH Oaiar.

Kamm6opsk

XU >
CopblblH Xu  ———»

Xaargan xm —————>»

3. Texeepem:kuiiH acajar
3.1. Texeepem:kmuiir acaax (ON)

Ypba HYYPAH Tal1 TOXOOPOMKUNUH acaax TOBWIYYpHIT aapk ON Gonrono. "Meas” — TOMAIT
JDITALPH] Tapd HUpIXdJ TOXOePeMXK aBTOMAT XAMXKMITHIH ropumi OpHO. Texeepemik
accanbl gapaa alarm Oyroy COpyYJIdT JOXHOHBI TAMIAT Tapd UPIX 0Oree]1 TOX0epeMK acaajl
10 MUHYT OpuYMM 0O0JIOXOJI aKUJIJIaraa X3BUWH TOTTBOPIKMIK COPYYIIT JOXHOHBI TAOMAAT alra
00JHO.

3.2. TexeepemM:kuiir xajaax (warming up)

TexeepeMKUNT acaacHbl Japaa aBTOMAT X3MXKWITUHH TOPUMOOP J0OJ Tal Hb 2 1ar OpuuM
xamaanar. Xajaaxk Oaiix Xyramaanel XOMXKHIATHHH yTra Hb UTTAJILOYYpUdH Oaiinan
XaHTANTTYH Oaiiiar.

3.3. YHaaJauiie 13731

XOMKUIT XHIK 0aliX yel TOXeepeMKHITH I3JT311 Japaax Oaiganrtaii OaiHa.
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£ FEEENSID DONL INER

- ——— 1

H»op Tarinb6ap
1 Icon display area Jaaraig
2 Current time OrHoo
3 Mode local ["apaac axuiutax TOPUM/I ITHIDKYYJIDX
4 Measurment result area XOMXKWITUHH AYHT Xapyysaax J3JIr31
5 Menu e
6 Alarm Anjaa 3aacaH yeJ acax CUTHaJ

4. AIIUTJIAJT, AXKHJIVIATAA

TexeepeMx HH OaliHTBIH aBTOMAT a@XWjaraaraii 0ereea TOTTMOJ — XyraraaH
TOXOOPOMKHUIMH 3acBap VHIYHIITIAT XWiDK Oailix maapayarataii. TeXHUKWWH 3acBap
YHITUMIITIAT XUUXA93 I0YHBI ©MHO XAOMKUITHIH aBTOMAT TOPUMBIT Tap aKUJUlaraaHbl TOPUM
O0JITOXK ©OPUNITHS.

4.1. ®uabtp coaux (TOrTMos Xyramaamsn)

2 107100 XOHOIT | ynaa cOpbIIbIH araapblH TOOCOHLIOPBIT
HIYYJAT GUIBTPUNAT COTUHO.
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4.2. TOXOOPOMKUMNH TOXHUPI' OO, KAJIUBPOBK XUMX
4.2.1 BrarrJa axuia

KanmuOpoBk Xuix33¢ 6MHO CIIaH XUHH 0aJIOH, PETYJIATOP (IapaiT TOXUPYyJard), ra3y 33par
maapyiaratai 0arax X3parciauir 03TIIH).

MCC-1000 Horiba xanuOpOBKBIH TOXOOPOMK Hb OHIOp aryylaMXTal CTaHIapT XUUT Zero
gas-aap IIMHIJDK, Oara aryyjJaMiKTail OOJITOOJ XAMKWITUHH TOXeepeMX Ypyy lIaxax
YYPIrTdi TexeepeMxk oM. 36BX6H KaJIMOPOBK XHUIIX yeJ acaaHa.

Zero XWWT  YIUIIABIPIDX  TOXOOPOMK
Oereex JOTOp Talj Hb KOMIIPECCOP
cyypuiarjcaHn Oaizar.

KanuOpoBk XuiiX yen acaax TOBUWIYYp
(power) -pir gap:x ON 6oJTOHO.

2 mapant xomkurd Oaiinar. Jlooa TanbiH
MCC-1000 vb Zero xuit maxax JapaiThir
XOMXKHUTY  Oereex  xap  OeepeHxuit
TOBYWIYYPBIT 3PIYY/DK Aapanteir 1-2 bar-
BIH XOOPOHJ] TOXUPYYIIHA.

TexeepeMxKuitH TaBUYPbIH apa
CyypuiyylcaH Zero XUHWH  Japair
XIMKUTUMIAH 3aant lbar Gaiiraa scaxuiir
XapK Marajjiax.

Perymaropeir CO  xuifH GopTOroHn
03X3/K TOrrooHo. OpoX aMcapblH JapaiT
XOMKUTY Hb OOPTOTHIH AapaThIT 3aajar.

["apanTeir O0eepeHxui Oapuymnaap
Toxupyynax Oomomxroil. 0.05Mpa-aap
MCC-1000 ypyy maxHa. Perynstopsir
MCC-1000-1 x0100COH XOOJOHUT caiiTap
IIaJIraHa.
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Cmanoapm xuitn myxail

OHruitH araapbiH gapaitaac 100 maxuH ux

aryyJIaMKTail L[9BIp HaWpiararai cTaHiapt

XUWAT OaJUTOHI IIaxcad Oaiinar.

bannon mmH» yen» 10Mpa Gaiinar Gereen

allIUTJIANTBIH SBLAJ AapalT Oaracaar.

CO anammzatopt KammOpoBk xwuiixmg?s CO

XUWAT amuriaHa. TeXHUKUHH Y3YYIITHIAT

O0auIOH JP3pX IIOMITOHJ OudcsH Oaiimar.
( XunH Al JIaIThIH Xyraiaa

YHILIBAPIOYAIC XaMaapy siH3 Oyp Oaiizar.)

4.2.2 KAJIUBPOBK XX

KamuOpoBk Hb TOIOpXOM aryyiaamk OyXHil CTaHAAPT XUUT allIUTIaH TyXalH XOMKWJITHHH
TOXOOPOMKHUIH MIJIPIMTTUN Oaiigal manrax, TOXHProo XUHIdT aKu I0M. , TeXeepeMKu/I
CTaHJApT Ta3 alUIJIAK XAOMXKIK Oaiiraa TOXeOpPOMKHIH TOXUPYYJITHHT Oapux, X3BHIH

XWX Oaiiraa 5c3X, XUp M33py Oaiiraar Hb MIaNTaX KaJHOPOBK TOXHPIOOT XHIXK erer.

TorrMon xyramaana XunHj.

4.2.2.1 Zero kaaudpoBK

KanubpoBk  XWiiX’33C ©MHO  OJOOTHHH
XOMKUWITANH Y3YYJIRIATUUT TAMIATIIK aBHA.
(Analog Input screen)

MCC-1000-p1tH  maaramPdc  Zero gas  -bIT
COHTOX, Zero gas-bil'  TOXEOPOMK YpPYy
[IaxHa.

Zero gas Texeepemxkun opoxonq CO-biH
aryynamxk 0 yTrajg oupXxoH OOJHO.
XOMKWITUHAH YTTa Hb Zero KaIMOPOBK XHUHX
maapajararyi oaiaar.

0.1 ppb-33¢ X3T3pCaH yen KaaTuOpOBK TOPUM/IT
OpYYJIXK Zero KaTuOPOBKBIT XUHH?.
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4.2.2.2 Cnan (span) KaTu0OpoBK

banmons: momro A23p TOMASIIIICOH
craggapt xuiH aryymamkuiir MCC-1000-a
rapaap OWYIK OpyyJIHa.
manual—configuration-components-cylinder
concentration

XOMKUITUAH TOXOOPOMXKHJ 1Iaxax CIIaH
XUHH aryyaaMskuir coHrono. (DHruiiH yen
5ppm)

TexeepemMxuJ CIIaH XUH COPOTIOXK OpPOX
0eree/ ;1 TOXOOPOMKHUITH 33aalNT TOTTBOP>KCOH
yen cnaH KanuOpOBKBII XUIX IIaapiaiaratai
SCOXUUT IMUHTHD.

AryynamkuiiH 3epyy +-2% potop Oaiiraa
0on span set XWX mraapjjiararyi Oaipjar.
2%-35¢ X3TOPBII KATHOPOBK XHIHD.

Cran kanuOpOBK XHWICOHUN Hapaa Zero gas
maxuH mraxaax 0 3aax 3COXHUUT Maramiax
Xapaaj KaIuOPOBKBIT IyyCTaHa.

Zero, span KaTHMOPOBKHIH JIYHT TIMIATIIINK
aBHa.

5. YPCI'AJI 3BACBAP

5.1 TexeepeM:kuiiH 10T001 OYTIII

TexeepoMKUIH TON €AJI03T, 31 aHTW, MOH TOATIIPUMH YYPrHHAr Aapaax XYCHATTIH]

Taimbapian.
Hop Tarinbap
Araap Jnaxb MEXaHUK XOJBLYYABIT TOXOOPOMKHUIH
Iagna punstp—/ Filter/ XIMKUITHIH YYPT 0poXx00c XaMTaanK

TOXOOPOMKUIH OpOJIT 193p Oaiipianar

Solenoid volve

Sample Gon0H cTaHAApPT XWUHH HIyraMbIl ©OPYUIDK
COJIUX XaaJT

Capillary

CopblbIH ~ HIyraMblH  ypcraix  3apLyyJaiThIl
TOITBOPKYYJaX

Mist catcher

Masnan 6apury

Analyser unit /detector /

XOMKUATUHH YYp Oyly aryymnamKHHT TOTTOOX
TOXOOPOMIK

1-45




Flow sensor

CopblblH ypcrai 3apLyyJIaIThIl MAAPIX

Orifice

Hapant mynyyrrary

Pressure sensor

CopblIIbIH AAPAJITHIT MAAPAIX

Pum AraapblH JIP2KUUT TOTTMOJ XypAaap COpPOXO[
P 30pUyJIarjicad Hacoc
Catalyzer 0 ra3 yinaBsapiard /xypaacryyp/
Banionsl XUNH CTaJILIH 3a TIAJITBIT
Buffer tank M pHyy

TOXUPYYJAX /XUH XypUMTIIyyard /

5.2 3acap YHIYHJIMIHUIM a:KJIbIH aryyJra, Xuifragx xyramaa

BaifHrbIH 3acBap YHITYHIITIOHUE aryyira OOJIOH THATIIPHUIH JaBTaMX Hb Japaax Oaiimiaap

XUUTIDHD.

3acBap YWIUMII39HUHN aryynira

XUUTIRX JaBTaMK

Torrmon xyraraan 1 UIbTp COTUX

OBIMITH ynupany 7 XOHOT TyTam
3yHbl ynupang 14 xonort 1 ynaa

XWWH TOXUPYYJITa, KATHOPOBK XUIMX

Capn 1 ynaa

TexeepeMKHUIH 1IyraM XOOJIOWH LB3BIPIIAIID
(TaBUypBIH ap TaJbIH)

3 capa 1 ynaa

["o51 ca50aT XAPATrCaUiT COMMx

Kunn 1 ynaa

I'sHATUIH I3MTAII, JOTOJIBIT OHOILIONX,
LN IBIPIIIX

Tyxait 6ypt

5.3 Cpra6ar, 31 aHTHiir coJImx

TexeepeMkniiH HapUBWIAl CaliTall aKWJlaraar XaHTaxblH TYJJ TOJI CAJIOAT X3PITCIHUT
aapjiaratai Xxyramaas CoJMK Oaiix maapayaratail 6aiigar. XoMKUJITHIH TOXOOPOMKUNH
allIMIianTaac Xxamaapd J0OpX ©preH X3PATI33HUN IOl C3J03T, 51 aHTH Hb 3JIATIAK Myyaaar

yupaac TOI'TMOJI COJIbK OalX Hb dyxai Oaifnar.

HORIBA APMA-360 CO analyzer roJ ¢3103r, 31 aHTH

Ne Hap Too Conux xyramaa
1 | Scrubber 1 Kun
2 | Catalyst tube 1 Kun
3 | Diaphragm off pump 1 Kun
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54 IDBIPJIDIDD

1) ®OuabTpHiiH caB MIBIPIIX

2) Ilyram X0OJIOMH I[3BIPJIATII
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6. XdBHIiiH aKuJIaraa JoroJiJI0Xojl aBax 3apuM apra X3M:KI9HUH KUIII
1) CopoH30H XaauThIH IIBIPIIATII

OBINUIH yIHUpas] eHIep aryyiaMKTail TOOCOHIIOP Hb COPOH30H XaaJIThIH aMcaphbir
OernecHeec XUiH Xyp/ O0JIOH JapaT AOTOJII0XK, aljgaracanaac alarm gyyrapax acyyaai ux
rapjar.

XKun 6yp G0OXHPACOH Yea IPBIPIArII XUibk 0aix Hb

3YWUTOH.

2) Flow alarm accan yen nryram X0OJOWHYYIBIT OOXUPCOH YeII IPBIPIIK OTCOHOOP Oarax

X3BUNH akujuiaraarai 00JIHO
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1.5 Manual for Rehabilitation, Operation
and Maintenance of Automated Air
Quality Monitors

-PM Analyzar APDA-371(BAM-1020)-

April 2017

Air Pollution Reduction Department (APRD)
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IMapunr

PMX3MXUTUUitH €pOHXUI TAaHWJILYyJIra

1.1 Byrou, notop 60JI0H TagHa Tad

1.2 PM TexeepoMKUH TEXHUKUIH Y3YYIIT
TexeepoMKUiiH CyypHITYyJIaIT

Acaax
3.1 Acaax
3.2 Xamaax

3.3 XsHaNTBIH A1

VY nupanara
4.1 @uibTp conux

Torrmoun Xyraraansl 3aCBap YHITUHIT?
5.1  Xwiix axun O0JIOH Xyraraa
5.2  IpBapmaran

I'>mTa70 3acBap
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OH» XYY rapbit aBnara Hb ABBI-uiiH araap opuMbIH OailHTBIH XOMKWITHIH CYypHH Xapyys
4 xapyyasH HAT 00J10H basH xomyy xapyynn cyypunyyincanPM10 trexeepemxk lmmpxar,

PM2.5texeepeoMik 1mmpxsr TOXeOpPOMXKYYAUNH TEXHUKWWH TapbhlH aBjara [OM. 3acBap
YHTYMITI3HUM Tajlaap TAMASIIIICOH.

VY nupaiarsid TajtaapxX M3IR3JUTMHT YIIIBIPIATYUITH TapblH aBJarbl XapHa yy.

1. PM eponxuii m303313.1

DHAXYY TOXOOPOMIK Hb araap OpUYMbIH HapbIH IIUPXAIT ToocoHnop (PM10 6onon PM2.5)
bIH aryyJaMKHIT TaCpITTYH aBTOMATaap X3MKHUIT XUHUX TOXOOPOMK FOM. XIMKUITUNH
M319311 [la-Ta norrep ypyy aBToMaTtaap MIHAIKUH?.

1.1. Xapargax Oaiigan OOJOH CXeM 3ypar:

byTa11 3ypar

el
%
3

4T PMys CYCLONE
]
]
H.’.E-t EX—552
Fa: _
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%
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Sampling head

(' Bayankhoshuu
XapyyJIblH
J99B3p )

XOIMIKHUX XDCOT

( TaasHBl 1OOpX
X3CAT)

3yyn : PM10
bapyyn : PM2.5

TexeepemMx
JOTOPX
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1.2.

PM TexHUKUWH Y3YYJIIAT

BAM-1020 Spa:riﬁnaﬁuna

_ PARAMETER

gk

4y Hiy

GB ] E-_I .

T seecFicATioN

i

--._. -|-|-1-

Moasurameni Primgipli;

Particulsta Consantratian by Bota Attenuation )

LLE, EFA Deslgnations:

EPA Clazs il PMy FEM: EQPM-0738-122 o
EPA Class Il PM; ; FEM: ECPM-0308-170
EPA Class Il PMy; s FEM EQPM-O708-185

Standard Ranga: 0 - 1.000 mgm® [0 - 1000 pgim™

Optional Ranges: 0 - 0100, 0.300, 0250, 0.500, 2.000, 5.000, 1I:IDl]-l:Ir|1-un'm {apecial applications)
AGouracy: Exceads LIS-EPA Class Il PR . FEM szandards for additive and n'l.lhj:iﬂzrh'lf.' bims
Moasurement Resolution: | 0.24 pgimt” (1,000 mg range). 2.4 ugim® (10 mg range).

Diarta Resolulicon: 1 pgém” (Conceniration data stored and disolayed in whaole micrograms ).
Sensitivity Std. Deviation: | Less than 2.4 pgim” (less than 2.0 pg/m™ typcal). Auditable with zera fiker best
far} {1 her) I

Lower Detection Limit: Lass then 4.8 wgim’ from 0,000 4o 0100 mgim” {less than 4.0 pgim” typical).

[2o) (1 howr} Audilable with zen filkar tasl

Lower Detection Limit: Less than 1.0 sgim’. Auditable with zaro fiter test

{20} (24 hour) —

Measuroment Cycle Time: | 1 Hour -

Flow Ratn: 18.7 lgrs/minute. Adjusiabie 0-20 LPM range. Actual ar Standard fow.

Fitber Tape: | Contnuous glass fiber filbar, S0mm x 21 mol. = B0 sayarll

Span Chack: Surnmatic 300ug (ypical) span foll venfied h|:||.r|}' Marualy muditable.
| Beta Source: C-14 (carban-14), B0 pCi £15 uCi (< 2 22 X 108 Baq). Half-Lie 5730 years. |
Bada Dotacior Typa: Phatomuliplar tuba with anganic plassic scinilator.

Operating Temp. Range: | (¥ io +50°C. Shelber lernperabure should be stabls in within $2°0 per hour —
Ambient Temp, Range: 40" ta +55°C standard. Optional -50 degres temperature senscrs Svaikable
Ambiomt Humidity Range: | 0 1o 0% RH. nor-condansing.

Humidily Comrol: Suctivaly oo led inler hesler moduls, 10% - 98% RH sefpainl (35% mnd:!ll'd]
Approvals: L.5. EPA,_MCERTS, CE, NRC. TUV, CARB, 150-5001.

Stanclard Lksar Inberface:

Kany-driven interiace with Bxd0 charecter LED display and dyramic b.-l!m-B-l:I

Opticnal User Imterface:

Graphic colof fouch screen display module, Moedel BX-5T0

Analog Cutput: Iscigfad 0-1 WD oulpud standamd. 3-10%, 4-30mA, B-18mA nﬂm-ﬂub:h!tlh

Serial interface: R5-232 J-way sanial poria for FC o modam communicabions, _

Prinfas Dutput; Cusput-anly saral port, data or diagnostic autput i 8 PC o serisl prinbe:.
| Telemuotry Inputs: Clocs Reast (vallage of conlect clapunal, Telemater Faul [contact olosune|.

Alarm Contact Closures: | Diata Ermor, Tape Fault, Flow Errar, Power Failune, Maintsnance

Compatible Software: fif Plus™ _ Comsl™,_ MicroMal Plus®, HyparTaminal®. ProComm Plus® ]

Errgr Raponing: I..Js.ar-w-rm-gl.rnl:-lt_;ﬂ.'-'a_l:_lhi: through sesial port, display, and eay oulpits
_Momaory: 4558 records (152 days {1 necondir. Extended mamory Renon Processor ppion
| Power Supply: 100 - 230 VAG, SIUB0 Hz. 0.4 KW, 3.4 max 110V, Not including sheber,

Weight 24 5 kg (54 |ba) wilhaul sabamsl aoteeaorion.

Unit Dimensions: H =W D= 31om » 43om x 4lom (12 28° x 17" x 187,

1-53



2. TexeepeoMKHilH CyypuiyyaailT

Bayankhoshuu xapyyisia 199B3p A99pX J335KI9X XICAT Hb Taa3HbI XOCTHIH aHATU3aTOPT
XOJIOOTTOHO. XAMKHUTY XICTUUT ap/1 T TIKIIHNH yTac, M3 JaMXKyyilax
yTac,HacOCOOC UPK Oy X00JI0iTOM X000T1I0HO.CTaHAAPT XUHUT TaTax HACOC Hb JI0OP XACATT
cyypuiicaH Oaiiraa.

M3A33713]1
JaMKyyJax yTac
RS232

Acaax TOBUIyyp

Taxka3muiiH yTac

Mb 33113
JTaMIOKIIaxX
X3Cor
Hacocub! xo0m01
3. Acaax

OH3 Xyy PM XaMkuTd TOX0OpeMXK Hb araap gaxb TOOCOHIIPHIT (PYIIBTPT IIYYH aBax
3apuMaap axuiiaHa. TeXxeepeMKHir acaax yex J0TOp X3CAIT QUIbTP CyypuilyyJcaH 6aix
maapzjiararai.

3.1 OuIbTp cyypuilyyiax

["apein aBnareH naryy,puibTpuiT qamapt
opooH cyypuiyyiHa.llluns ¢puisTp
cyypuilyyiaxaja 0apyyH TaJblH 3yprbil’ XapHa
yy.

OpooroIoXryira3p 6ara 33par Tararacad
0aiix maapaiaraTai.
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3.2 Tax331uiir acaax

TexeepeMKHuiiH ap X3CTUIH acaax TOBWIYYphIT AapHa. Texeepemx aBToMaTaap X3M>KUJIT
XUNX311 62519H 6051HO.J[00pX 3yparT XAMKHIT XUHK 0aiiX yeuitH 3ypar 0eree1, XaM>KXHIT
xuiixa 63:m3H 6oncon yen [SAMPLING] opona MAINTENANCE] x5M33H rapHa.

[Har 00OMuHyTag oMipTOXOA aBTOMaTaap 03J19H Oaiana opHo./P3px 3ypart Status Hb
Sampling6ouiHo.

XOMKUITUNRH XYPA [CURRENT FLOW| Hb16.7 LPM 6aiiraa 3caxuiir manrasa.
3.3 Xamaax

TexeepeMXUIT acaacHBI Japaa aBToOMaTaap X3MKHX TOpUMIT Opox Oereen Oaramaa 2mar
TacpaITTYH @XWLTYyJIaH Xalaax Xd3parTdi. DHD YeuiH ereraes 00uT yTTbIT
WIDPXUIIIXTYH.

4. VYnupnanara

TexeepemMx Hb XYHHI OpOJII00 MIaapAaXTyH 00JI0BY TOITMOJ XyralaaH 3acBap YHITIHITr?
Xuix maapanaratail. TexeepeMXuir aBToMaraac rap yaup/iara 00JIroH eepuioH 3acBap
YHAITYUITIIT XUWHD.

4.1 Askuiiaraatail YeMiH HianraiT

Bayankhoshuu xapyynsin SO2xavskurauita Guiabtp conux yea PM texeepemikuitH
aXWIIaX Oairaa SCOXUIT manrana.IdarsipH 199p araap yperaiasia xypal6.7 L/min Gaiiraa
ACHX sIMap HATAH aJIJIaaHbl IOXHMO acaaryi Oairaa 33pruir manrana.PM-uiin nar jorepuiin
narraii | MUHyTaac uiyy 3epeeTsi OaiiBas Iarvir TaapyyJiHa.

4.2 OuIbTp CONMMX

Amuriiax 1 6yTaH opooMor GuiIbTp Hb 2cap opunM amuriargada. Opoomor ayyccaH yen
allJJaaHbl JOXHMO acaH aBTOMaTaap 30rcoHO.bypaH qyycaxaac ©eMHe COJIMX IaapajiaraTai.
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5. Torrmou xyramaassl 3acBap YHITIHITII.

5.1 Xwiix axxus 00JI0H Xyraraa

TorTmon Xyramaansl 3acBap YHJI4mIr’? O0JIOH Xyralaa JoOpX XYCHAIT3 opyyJiaa.

3/Y-Huii aryysuiara Xyraraa

OuIbTp CONMMX 2cap TyTamj

Tycraapnaru 2cap TyTamj

Range eepunent Xyi#itauit ynmupana : 5000ug/m3
Jymnaans! ymupans : 2000ug/m3

JI33k aBax Lar eepiex Xy#THuil ynupany : 15mun
Hynaans! ynupann : : PM2.5 42vmun
PM10 50mun

I'5HATHITH IMTIMNAT 3acax Tyxaii 6ypT

5.2 Cnrubar comux

K 6yp conux roi canbar 3H3 Xyy Oaraxxua 6aixryii.

5.3 IlpBapadr»d

1) Tycraapiarduiit B3PI

J173B3p 193p Gaiiraa IP3KIIATY XOOJIONH Y3YYp X3¢arT PM XaMikaar Tycraapiaax X3car
Oaiinar.

PM10 6omon PM2.5 racan — Tepen GaiiHa.

PM10 —uitn Tycraapmarg PM2.5 uiiH Tycraapiard

1-56




Ammrnax sBraa ux33p 00OXUpAOT OOJOMKTON 00J 2cap TyTam I IPBIPIITID XHIX
maapjjiararai.

5.4 XyWTHHIA yIHPIBIH TOXUPTOO 60PUIOX

Tyc rexeepeomx Hb Bayankhoshuu xapyymn cyypuscan. Xyitauii yaupang PMxamks 2000
ug/m3nasax ye Oaiigar. Tuiim ydapaac 1lcapaac 2cap XypTan jaapaax TOXHProor XHHH?.

5.4.1 XOMXWITHIH XsI3raap eepwiox

Jonrn p3p  [SET UP —SAMPLE] ypyy opuo. [F1, F2, F3. F4] rocsH Hyyw yruiir
xuiH?. Jloopx 3ypar 133p Oaiiraa cymeir qapan RANGE33p ouns , Xyitau# ymupang 2000
aac 500060mnron . SAVETOBUnyypsIT napua. Jynaansr yaupana 2000mg/m36onron Oyiaana.

Ny -
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5.4.2 JI»xiax Xyramaar eepuiex
Jopx sypruitn | BAM SAMPLE ] -uiir eepuneHe.

PM2.5 42vmunyt,PM10 50munyt Gaiix €ctoii . XyhTHuit ynupana PM10 6o1on PM2.5-pir
15munyT 601roH eepwiene.SAVEToBuwIyyphIT napHa. Jlynaans! ynupang Oyiaan XuBIHI Hb
OpYyYJIaH ©6pUIOHS.

5.5 TI'»HAITHITH TIMTAI 3accaH Tyxan

baixryii
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1.6 Manual for Rehabilitation,
Operation and Maintenance of
Automated Air Quality Monitors

-PM Monitor EDM180-

April 2017

Air Pollution Reduction Department (APRD)
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PM Monitor EDM180 Manual (English version)

The Mongolian version of this manual was first created by Mongolian side
guoting the manufacturer's manual.

On the other hand, because there is a statement stating in the manufacturer’s
manual that any type of duplication is strictly prohibited, we will not reprint the
translated Mongolian/English/Japanese version manual here as the attached
material of this project.

Please refer to the original manufacturer’s manual if you want to confirm the
details.
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1.7 Manual for Rehabilitation, Operation
and Maintenance of Air Quality Monitors

-Weather Monitors-

April 2017

Air Pollution Reduction Department (APRD)
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This document is a maintenance manual for meteorological meters out of
measurement equipment used in five Air Quality Monitoring Stations managed by
APRD. Describe the contents of maintenance work.

For details of switch operation etc., please refer to the manufacturer's manual.

1. Maintenance work for Weather meters

Weather items measured by APRD-managed fixed stations are 5 items of wind
direction, wind speed, temperature, humidity, and solar radiation. The solar radiation
is measured only by the Bayankhoshuu station.

In Tolgoit and Amgalan stations, APRD is conducting device update of the entire
meteorological meter in August 2016, and Bayankhoshuu station was newly
established in April 2016, so the type is different from the conventional type on the
measurement principle, and sensors of various model names coexist in this
monitoring network.

For example, the wind speed was conventionally three-cup type, but ultrasonic type
in Tolgoit station and Amgalan station, propeller type in new station.

Regarding the inspection manner of the ground meteorological meters, however, the
maintenance contents are basically the same regardless of the model and principle
as shown below.

1) Wind direction

Using GPS device, check the north mark written on the sensor section to show it
really north, once a year.

2) Wind Speed

Three-cup type & propeller type; Confirm the turning speed visually at usual routine
maintenance, for example in routine maintenance, visually check whether the
rotation is going fast or down when the strong wind blows.

3) Temperature

Bring a bar thermometer and measure at the same time as close to the air
temperature sensor of the AQMS as possible to check whether the measured values
of both are close, once a year.

4) Humidity

Borrow a portable hygrometer from CLEM and compare it like Temperature meter,
once a year.
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2. Annual Management Schedule
for

Air Quality Monitoring Stations






Approval
APRD Directer M. Delgerekh

Annual Maintenance Work Schedule for Air Quality Monitoring Stations in 2017
Month / Air Quality Person in charge
Monitoring Staion 1 2 3 4 5 6 7 8 9 10 11 12
Period| ' JuJm]wv rTufmpv e Tuquwpvi v Tupmpwv] o Tupmpv e pofmpwv e Tagopvi e pafm]v e Tufupv o Tupmv] e Tuw vl T Tw]v]Sanchirbayal
1|Amgalan ref |f |f |f ref]f | [f reflf |t |fsfrc |f f orc |f f rc |f foc|f |rc |f |a |fafrc |f forc |f s |f [ref |t | ff qref |f |f |f [reflfoc |t |f [Sanchirbayal
2|Nisekh ref ff |f f [reflf ff | reflf [f lfs|rc |f folre |f f olrc |f Joc|f Jrc |f |a |fa]rc |[f forc ff s |f fref f | ff Jrcf|f |f |f |rcflfoc |t |f [Sanchirbayal
3|Tolgoit ref |f |f |f ref]f | [f reflf |t |fsfrc |f f orc |f f rc |f foc|f |rc |f |a |fafrc |f forc |f s |f fref |t | ff |ref |f |f |f [reflfoc |t |f [Sanchirbayal
4|Bayankhoshuu ref ff |f f [reflf ff | reflf [f lfs|rc |f folre |f f olrc |f Joc|f Jrc |f |a |fa]rc |[f forc |t s |f fref lf | ff Qrcf|f | |f |rcflfoc |t |f [Sanchirbayal
5|MNB ref |f |f |f ref]f | [f reflf |t |fsfrc |f f orc |f f rc |f foc|f |rc |f |a |fafrc |f forc |f s |f fref |t | ff |ref |f |f |f [reflfoc |t |f [Sanchirbayal
6|Dambadarjaa ref ff |f f freflf ff | Jreflf [f lfs|rc |f folre |f f olrc |f Joc|f Jrc |f |a |fa]rc |f forc ff s |f fref lf | ff Qrcf|f |f |f |rcflfoc |t |f [Sanchirbayal
Abbreviation
1{r- Routine maintenance
2|c- Calibration
3|oc- Ozone Calibration
4|s- Cleaning of air intake, PM seperator
5[f- Filter replacement
6|a- Annual maintanance for all analyzers
Schedule for office work
Ne [Contents 1 2 3 4 5 6 7 8 9 10 11 12
Period| 1t [uTm v o TuTmv o Tolw]wv] o TaTwmv] e Tofwv o ToTmlv] cTolwv] o ToTwlv e ToTwlwv] o Talmv] o TaTmv] o7 o JTu]wv
Data collection, Routine
1[inspection Sanchirbayal
Data correction
2|(monthly) Narmandakh
3[(weekly) Narmandakh
4|Troubleshooting Sanchirbayal
Troubleshooting on ate
5 |transfer/publication system Narmandakh
6|Document generation
of the air quality annual
report and AQlI report
when it over the level Narmandakh
7 |Electricity charges Sanchirbayal
Telecommunication
fees Sanchirbayal
Contract fee of static IP Sanchirbayal
Planning of]
expendables purchase Sanchirbayal
Purchase expendables Sanchirbayal
Planning of equipment
renewal Sanchirbayal
Certified by .Amarsaikhan /APRD Deputy Director
Confirmed by Kh.Galiinbek / Section Chief
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3. List of Expendables
for

Air Quality Monitoring Stations






3.1 List of annual Expendables

(Manufacturer’'s Recommendation)
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List of Annual Expandables for Air Quality Analyzers

(Manufacture’s Recommendation)

package

Ne | Name Quantity
1 HORIBA APSA-370A SO2 analyzer UV fluorescence method for 5 analyzers
1 E(i'jlliekralzleement /PA-10L 54 mm in diameter x (t) 0.5mm 24 pieces per 11sets/24Pcs./
2 | Diaphragm set 10
3 | HC Cutter 5
4 | Xenon lamp 5
5 | Air filter 5
6 | O-Ring 5
7 | Filter Packing 5
8 | Scrubber 5
2 HORIBA APNA-370 NOx analyzer Chemiluminescence method for 4 analyzers
1 E(i'jlliekralzleement /PA-10L 54 mm in diameter x (t) 0.5mm 24 pieces per 9sets/24pcs.]
2 | Diaphragm set 4
3 | UV Lamp, UV Unit /for ozonizer/ 4
4 | UV liner 4
5 | Catalyzer assy /for NOX converter/ 4
6 | DO unit// 4
7 | PPD/HRB-01 4
8 | Air filter 4
9 | O-Ring 4
10 | Filter Packing 4
11 | Scrubber 4
3 HORIBA APMA-360 CO analyzer NDIR method for 4 analyzers
1 | Filter Element /PA-10L 54 mm in diameter x (t) 0.5mm 24 pieces per 9sets/24pcs.]
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Diaphragm set 4
O-Ring 4
Filter Packing 4
Catalyst tube 4
Scrubber /Mist catcher BAA/ 4

HORIBA APOA-370 Ozone analyzer UV absorption method for 4 analyzers

Filter Element /PA-10L 54 mm in diameter x (t) 0.5mm 24 pieces per

package 9sets/24pcs./
Diaphragm set 4

DO pipe 4
O-Ring 4

UV Lamp 4
HORIBA BAM1020-9800 PM2.5 PM10 analyzer for 2 analyzers

Continuous glass fiber filter, 12 pcs.

30mm x21mm roll. 60days/roll
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3.2 Order List of Expendables Purchased
by APRD in 2017
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2017 oHA, OpYHbI araapbiH YaHapPbIH CYYPUH XapyyrbiH
X3BUWH YN aXxunnaraar xaHraxag waapaargax
C3N063r X3ap3rcanumnH xarcaant

2017.03.15
Ne | CanbaruiiH Hap Too wunpxar HankuiH HuiAt yHa
YH3
1 | HORIBA APSA-370A SO2 xyxapuunH gaBxap ncan(UV fluorescence method)
1 | Hyypc ycteperd aHrmxkpyynary HC Cutter 6 1.431.700 8.590.200
2 | KceHoH rapanXenon lamp /L4646/ 10 2.767.400 27.674.000
3 | duntp /PA-10L 54 mm in diameter x (t) 302.900 8.784.100
0.5mm 24 pieces per package/ 19 29 6aru/24w/
OaraxuHp
4 | Ckpybep Scrubber /Mist catcher BAA-050/ 6 748.000 4.488.000
H3MKUAH HUAT YHI 49.536.300
2 | HORIBA APNA-370 NOx analyzer Chemiluminescence method
1 | O3s0H yycrary rapanLamp, UV Unit /for 4 1.666.900 6.667.600
ozonizer/
2 | XaT araaH rapnuinH wynyytrard UV liner 4 423.800 1.695.200
3 | 0 ra3 yycrary Catalyzer assy /for NOX 5 704.900 3.524.500
converter/
4 | DO unit // 5 688.200 3.441.000
5 | PPD/HRB-01/ Xoonon 4 1.916.700 7.666.800
6 | Ckpybep Scrubber 4 748.000 2.992.000
H3MKUAH HUAT YHI 25.987.100
3 | HORIBA APMA-360 CO analyzer NDIR method
1 | Scrubber /Mist catcher BAA/ 4 748.000 2.992.000
2 | Catalyst tube 4 1.650.700 6.602.800
H3mKNMH HUIAT YHS 9.594.800
4 | HORIBA APOA-370 Ozone analyzer Chemiluminescence method
1 | DO xoosnomn 4 2.548.100 10.192.400
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2 | UV namn 4 1.666.900 6.667.600
H3MKUAH HUAT YHI 16.860.000
5 | HORIBA BAM1020-9800 PM2.5 PM10 analyzer
1 | Continuous glass fiber filther, 12w 300.000 3.600.000
30mm x21mm roll. 60days/roll
Tor 6apur4yHum 6atepen
1 | Ups batrey 24 50.000 12.000.000
HuiT yH3 117.782.200

Tann6ap : [Joapx canGar xaparcanyya 3eBXeH Har XUNUIAH xyrauaada Wwaapanarartaii 60oH

fAapanTtai aBax CanGaruiH xarcaanTt GoHo.
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2017 oHA, OpYHbI araapbiH YaHapbIH CYYPUH XapyyrbiH
X3BUWH YWN aXunnaraar XxaHraxag waapaargax

ypBanmx 60aAMCUIMH xarcaanTt

KannbpoBk ToxupyynrbiH ypBamk 6oguc

1 | NasexkyyncaH Hyypc Charcoal Activated 3 130.600 391.800
carbon

2 | MonekynblH wyyntyypMolecular Sieve 3 192.700 578.100
0.4nm

3 | HatpuiiH woxon Soda lime 3Kr 737.900 2.213.700

4 | Cunkaren Silicagel 2Kr 30.000 60.000

5 | Standard gases 13w 200.000 2.600.000

H3amKMinH HUAT YHI 5.843.600
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2017 oHA Op4HbI araapblH YaHapPbIH CYYPUH XapyyJblH X3BUWH YIAn
axuwnnaraar
XaHraxapg waapaaraax TeXeepeMKUIH xarcaanT

Ne | CanbarniH Hap Too wupxar HankniH HuiT yHa
YH3
1 | CO—H TexeepeMx 4 70.000.000 | 280.000.000
2 | MCC-1000 Oyoy TOXMProo Xunx | 4 55.000.000 | 220.000.000
Texeepemx apmc 370
HuiaT yHa 500.000.000

Tannbap : CO-H 6onoH MCC1000 6ytoy kanmbpoBK TOXUProo XMAAAT TOXeePeMXKYYA
Hb aHx 2009 oHg MaHan Gawryynnart CyypuH Xapyyrn XynaamnraH erexef ©MHe Hb
awwurnargax Oavraag parangaH UPCaH Texeepemx Oereeq awurnanTbliH xyrauaa gyycd
Gaviraa Texeepemxyya yump sapantav LMHIYN3X Waapanaratan oM.

XAHacaH:

BonoscpyyncaH:

X.Manbimbek /AYXX-unH gapra /

[O.Canunpbasp /cyypvH xapyyn xapuyLcaH
M3PraXXUnTaH/
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Ham6adaprxaazuliH cyypuH xapyynbiH c351632uUliH xa2caaam

KIMOTO TEX06POMX

Ne CanbarnnH Hap 3areap Too xamx33 | HamKninH yH3 OyH
1
KIMOTO TEX06POMX
5 HarkunitH HuiiT yHo
Too wmpxar YH3
1 | dunTtpFilter element 20 sheet/pk
2 | Catalyst of Zero Gas generator (140 g) 1
3 | dunTp Filter kit for zero gas generator 1
4 | TloMnHbI 3ypXxaBY
Pump diaphragm '
5 | Hyypc ycTepery aHrmxpyynary 1
Hydrocarbon cutter
6 | MpnuniH yyeryyp Light source Lamp 1
7 | Wynyyntrary Sample orifice 1
H3PKUIH HUAT YH3
6 | NOx asoTblH gaBxap ncan xamxkurd (Chemiluminescence method) NA-623
1 | ®dunTp Filter element 20 sheet/pk
2 | XKninpras4 pesuH
O-ring for Filter Holder
3 | 00 xun yycrary Zero Gas Generator 1
4 | Katanuct Catalyst for Ozone scrubber 1
5 | XKunpras4 pesvH 60n0oH punTp K1t 1
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O-ring and Filter Kit for Ozone Scrubber

6 | MomnHbI 3ypxaB4 GONOH xaBxnar

Pump Diaphragm, and Valve Kit

7 | WynyyTtrary

Sample Orifice

8 | Katanuct

Converter tube (with Catalyst)

9 | O30H yycrary

Ozone Generator

Tannbap: 3HOXYY TOXeepemMXyyasn Cconbar XoparconunH XygangaH aBanT aHxX XUk
Oariraa Tyn maHam 6anryynnart YHUiH caHan npasaryin 6amnraa 6omnHo.

XsiHacaH: X.lanbimbek /AYXX-uH pgapra /
BonoscpyyncaH: [.CaHumpbasip /cyypuyH xapyyn xapuyLcaH
M3PraXUnTaH/
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4. Example of Recording Sheets
for

Air Quality Analyzers






Toarour
APMA-360 CO

OrHoo:

214 .03

. DX9JICOH uar:

ARY/ S

Myyccan 1ar:

14 :e-0 -

ToxoopoMKUHAH CPOHXIA Y3YYIOIT

Taﬁn6£1f —

Hexuoi
TexeepeMncyiﬁﬂ aKuIuIaraa XOBURH/MYY
Iilyram X00JI0HH OHTYYMXK XOBUUH/MYY
[lIyram XOONOHH [IBIPJIILII XIBUHE/MYY
OunTep CONBCOH 3CIX TaiM/yTY#

~ Toxoopevii

Josrsnuiin yperai Xypa

OMHex yTra

Hapaax yrtra

¢ \Zg V eMHex yTra ﬁapéax yTré - Taitnbap

SIGNAL (MAIN) 7K/ mv mV
SIGNAL (COMP) 4 mv mv
CELL /¥ f kPa kPa
SAMPLE G4 ¥ Limin T/min
OVERFLOW 7.2 Lmin 1/min
JT22KI19T XOOJIOHH yperall Xypal m/s

m/s

Taitnbap

0 yrra

- 0.4

Crad y1ra

0 xoaduueHT

Crnan Ko3(QHLEHT

JATap

CaH I

OTOJIION, HOMOIIT T
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‘
,
i
|
|
L

ToJArouT
APOA-360 O3

Ormoo:

Aolc.06. /0 .

DXDIICHH LIar:

69:)4

Jlyyccan 1iar:

ToxeepoMKuitH epoOHXHH Y3YYIINT

Hexmen Tainbap
TexeopoMKHHH AKUILIAraa X9BHHH/MYY
Lilyram x00moiH GUTYYM*K XOBUHH/MYY
Illyram XOOMOHH I{3BIPIBID XOBUMH/MYY
uiTep COMBCOH ICIK THiM/YrYH
ToxeopoMKHHH aHOIOT'H Y3YYIISIT
OMHOX yITra Hapaax y1ra Taiin6ap
SIGNAL £.9 mv mvV
LAMP 443.9 mv mv
CELL
J 4. O KkPa kPa
39.Y o °C
Sample {F. ¢ Limin 1/min
J{3m:K119rY XOO0NOHH yperan Xypa m/s
JlparonuiH yperai Xy oI m/s
Kanbuposx
OMHOX yTITa Hapaax ytra Tain6ap
0 yrra
Chas y1ra

0 xo3(uUIEHT

Cnan k0d(pUIEHT

ToxeopOMKHH IapCcan JIOT OO, HIMOIIT Taindap

01—9)019}

TOMIIDTTIDI KOTOICOH ovooevessorerssrssssesssssesssssisssssssss hsssamssesss s 0t
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ToJuaro

0T

APNA-370 Nox

Oruoo:

OXBJICOH Lar:

Hyyccan nar:

/7.4 5

18 0Y

750 18

ToxeopeMKHHH epoHXU Y3YYIIT

Hexien Taiinbap
ToxeopoMKUHH aKHLIAraa XoRuHE/Myy
[ITyram X00JIOH OUTYYMIK xokuie/Myy
Ilyram X00NOHH B3PI xofutin/myy
DuTep COMBCOH 3C3X THIM/YTY# Orxoo:
2.0p /3 ToX00pOMKHIH aHOJIOTH Y3YYIIT
o . pO2S Owmuox yrra | Jlapaax yTra Taiin6ap
Signal /NO/ 0.6 mv mV
Signal /NOx/ oz/ / mv mV
Detector 4 /0 oC oC
6.7 kPa kPa
Ambent XA/ kPa kPa
Sample 2.8 Limin L/min
DC 24V LR v v
DC5V S50 v \
J3asku1art X00MOHH yperai Xypa m/s
Janranuii yperaa Xypa ‘ m/s
: Kan6uposk
Owmmnex yrra | Japaax yira Taitnbap
' 0. Coo/,
0 yrra ~000/
0,202 6 0.7799
Crag y1ra 0. 2012 0.2060 O
' o
0 xoadumeHT g %09/ 78

Crran K03 (QHIIEHT

TeoxeepeMKHH]| FAPCAH JOIOII0I, HOMIIT Taindap

5,6 g~ Kot wld

TOMAAIIIAIT XOTOIICOMH: .uvviiriiiiirirnrimnriiiimia i Lo s

A.
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Toxoep
Ilyram

Iyram
dunrep

Signal ﬁ
Signal /]
Detectoj

Ambenﬁ
Sample
DC 24V

DC5V |
JIkkY it

Hanran

Tompar




Touaro

0T

APSA-370 SO2

Oruoo:

/7.4

DXIJICOH Lar:

s

Hyyccaw nar:

Ao

ToxeopeMKUIH epeHXHH Y3YYINIT

Hexuen Taiin6ap
TexoopeMKHHH aXuiIaraa xofefi/ myy
o (e
IIyraM Xx00n0HH OUTYYMIK XOBHHH/MYY
. -
[I¥yram XOOJIOHH MIBIPISIID XOBUHH/MYY
DuiTep COTLCOH ICIX TWHM/YTYH
ToxeopoMKHIH aHOJOTH Y3YY/IDIT
0. oo 5 '4’ OMHeX yTTa Hapaax yrra Taitbap
SIGNAL /48 mv mv
LAMP L6496 mv mV
CELL 24 {, oC oC:
PUMP 928 kpa kPa
Ambent 56, 9' kPa kPa
Sample ¥.€ Lmin L/min
DC 24V ZM. 0 v \Y
DCSV 50 v \
JIP95K19Td. XOONOHH yperail Xypa /s
Jpnrauuiie yperai Xypa m/s
Kan6upoBx
OMHOX yTTa Hapaax yTra Taiin6ap
0 yrra O 000L_
Cran yrra 0 19/ 7~ | 9 Lo
0 xooduLeHT 0. oo /

Cra KodduIeHT

ToxeepeMKHH)I TapcaH HOTONION, HSMIIT Tainbap

2

4 - /WU'J/-ﬁelé

TOMAATTID XOTOTCOH: tvvvvvivvrrearniirroraenny /55 "

...............................................................................................
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Capacity Development Project for Air Pollution Control in Ulaanbaatar City Phase 2 in Mongolia

Technical Manual 05: Air Quality Monitoring Manual for Integrated Network and Public Dissemination

Introduction

Mongolia started Air quality monitoring (AQM) in 1977. Automated analyzers were introduced at first in
1998 by “Acid Deposition Monitoring Network in East Asia (EANET)” program. Air Quality
Department of Capital City (AQDCC) started AQM in 2009 using 4 automated AQM stations donated by
Germany. NAMEM and Central Laboratory for Environment Monotring (CLEM) started using 5
automated AQM stations loaned by French.

JICA and Ulaanbaatar City discussed contents of this project in summer, 2013. They found some issues
in monitoring data management and public awareness, such as (1) AQDCC and NAMEM managed
monitoring data separately, and (2) Air quality data was issued to public in one day delay or more. In

order to solve these issues, following activities were planned, and executed.
1) Integrated ambient air quality monitoring information system for AQDCC and NAMEM is
developed. (Activitiy 2-4)
2) Necessary technical manuals for monitoring network are elaborated (Activity 2-6)
3) Dissemination of air quality information and advisory services are provided through operation of
integrated air quality monitoring network (Activity 5-1)
This manual is the output of Activity 2-6, prepared in the following conditions;

1) Manuals for equipment supplied by manufactures are the primary manuals.

2) The manual for “Air quality smart control system” was developed by the subcontractor
“ASTVISION LLC”, supplied to the contractor “National Committee for Air Pollution Reduction”.
It is now owned by secretary office of “National Committee for Environment Pollution Reduction”

located in Ministry of Environment and Tourism.

3) Experts of JICA, APRD, NAMEM and CLEM elaborated supplementary documentations, which
are compiled as “Air Quality Monitoring Manual for Integrated Network and Public

Dissemination”.

Since this manual contains confidential a lots of information such as user names, passwords, software
version informations, and IP addresses, the manual should be limited to the administrators. Therefore, the

contents of the manuals are excluded from the public version.

Although 5 experts of APRD attended to the activities related this manual, 3 of them are not assigned to the
work related to this manual. NAMEM and CLEM allocated only 2 experts for the work related to this
manual. Some tasks would not be able to carry out in some conditions such as summer holiday, long
training course in abroad, retirement or job suspension. APRD, NAMEM and CLEM are strongly

recommended to educate successors and spare persons.
May, 2017

Capacity Development Project for Air Pollution Control in Ulaanbaatar City Phase 2 in Mongolia

JICA Expert Team

i SUURI-KEIKAKU CO., LTD.
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Capacity Development Project for Air Pollution Control in Ulaanbaatar City Phase 2 in Mongolia

Technical Manual 05: Air Quality Monitoring Manual for Integrated Network and Public Dissemination

Photos

APRD’s dissemination system ( http://air.ub.gov.mn/ )

Air Quality Smart Control System (http://agaar.mn/)

Dissemination LED (Source: Google Street View)

Dissemination LCD (Khangarid Ordon, 1* floor)
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Main Contents of this Manual

As mentioned in the introduction, this manual contains a lot of confidential information such as user
names, passwords, software version informations, and IP addresses. Therefore, the main contents of this

manual are decided to be excluded from the report that is open to public.

The manual, which is submitted to the main users of Mongolian side and the project controllers of JICA,

contains the main contents of this manual instead of this explanation note.

1 SUURI-KEIKAKU CO., LTD.
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