Introduction to Air Quality:
Air Emissions 101
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US Clean Air Act History

1963 — Clean Air Act - established funding for
the study and the cleanup of air pollution
+*1969 — National Environmental Policy Act
**Signed by Nixon 1/1/1970
1970 - Congress passed much stronger CAA
s*Sets NAAQS
**Requires state to develop SIPS

}QFQ-ZO-XCongress also formed the US EPA.
CEMTEK




US Clean Air Act History

** 1977 — CAA Amended to add PSD permitting
** Implementing New Source Review (NSR)
*»* Added Non-Attainment to NAAQS

+** 1990 — CAA Amended - Congress dramatically revised
and expanded the Act, providing EPA even broader
authority to implement and enforce regulations in
effort to reduce air pollutant emissions.
s Emphasis of 1990 CAAA: acid rain, urban air pollution, and
toxic air emissions.

**Through National Permitting program — Title V
s Establishing improved Enforcement program

+ 2000’s and beyond

CEMTEK
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Several progressive and creative new themes are embodied in the Amendments; themes necessary for effectively achieving the air quality goals and regulatory reform expected from these far-reaching amendments. Specifically the new law:
encourages the use of market-based principles and other innovative approaches, like performance-based standards and emission banking and trading;
provides a framework from which alternative clean fuels will be used by setting standards in the fleet and California pilot program that can be met by the most cost-effective combination of fuels and technology;
promotes the use of clean low sulfur coal and natural gas, as well as innovative technologies to clean high sulfur coal through the acid rain program;
reduces enough energy waste and creates enough of a market for clean fuels derived from grain and natural gas to cut dependency on oil imports by one million barrels/day;
promotes energy conservation through an acid rain program that gives utilities flexibility to obtain needed emission reductions through programs that encourage customers to conserve energy.
2000’s and beyond, establishment of lower limits, stricter enforcement; Cross State Air pollution limits; Greenhouse Gas regulations in the US


Clean Air Act Milestones

* 1990 — Amendments added Title V operating permit
program and SO,/NO, reduction programs.

Major Sections of the Clean Air Act:

Title I; Title IlI:
Air Pollution Prevention & General
Sty Title IV:

* Emissions Limits (Part A)

Acid Deposition Control
* PSD (Part C)

* Nonattainment (Part D) Title V
Permits
Title Il: Title VI:

Mobile Sources Stratospheric Ozone Protection

CCEMTEK Y
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Title 1V: Acid Rain Program

** Intended to reduce both NO, and SO, emissions in effort to
achieve significant public health benefits.

** Includes emissions limits and allows facility’s to trade
emissions holdings: Cap-and-Trade

** Facilities were allocated allowances — in the form of an
emissions unit.

“*One ton of SO, or NO, = one allowance
+*»» Allowances can be banked, bought, and sold

¢ End of year reconciliation — a facility must hold enough
allowances to cover previous years emissions

CEMTEK
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ARP + Part 75

¢ Emissions Monitoring requirements of ARP are found in 40
CFR Part 75

s ARP generally includes Part 72 through Part 78.

¢ Part 75 is the primary implemented rule that the CAA set to
be used for compliance demonstration

¢ Definitions are found in Part 72

*¢* Part 73 covers SO, allowance system
* Part 74 covers SO, opt-in facilities

* Part 75 sets CEMS requirements

* Part 76 — NO, emissions reductions
* Part 77 — Excess Emissions

/_*.*_Pa\rt'78 — Appeals process.
CEMTEK
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Acid Rain Program (cont.)

¢ ARP requires sources to monitor and report emissions:

CO, Heat Input

Volumetric Flow Opacity

¢ Requires all emissions to be accounted for — sets up
procedures for estimating missing data

** Requires monitoring equipment to have initial and on-
going certification testing

¢ Sets up periodic Quality Assurance/Quality Control

ﬁp%fed ures
CEMTEK
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Part 75 - Monitoring

*** The ARP requires regulated sources to measure, record, and
report emissions using continuous emission monitoring
systems (CEMS) or an approved alternative measurement
method:

** CEMS are the primary method

** Alternative methods use estimations based on fuel
combustion.

** Sometimes referred to as an Appendix D/G unit.

**Some sources do not continually measure emissions, initial
and periodic tests are used to extrapolate and estimate

/‘en&ifsions data. (APPE, LME)
CEMTEK
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New Source Performance
Standards: Part 60

Part 60 is the New Source Performance Standards (NSPS)

Part 60 is divided into numerous Subparts.

Each subpart is either an emissions unit Subpart A covers General Provisions of
specific or an industry specific standard. Part 60

A 4

Gas Turbines subparts found in GG and KKKK
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GT Specs in Part 60

GT’s constructed between 10/3/77
and 2/18/2005 , with capacity greater
the 10.0 mmBtu/hr are regulated
under GG 40 CFR 60.330 — 60.335,
Subpart GG Standards of Performance
for Stationary Gas Turbines

~

GT’s constructed after 2/18/2005 ,
with capacity greater the 10.0
mmBtu/hr are regulated under KKKK
40 CFR 60.4300 -60.4420, Subpart
KKKK Standards of Performance for

Ve B

The HRSGU are subject to 40 CFR Part
60.40Da - Standards of Performance
for Electric Utility Steam Generating

Units

- /

4 N

KKKK includes standards for HRSG, but
does not include HHV contribution
from HRSG in determining KKKK
applicability.

@ Combustion Turbines
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Transport Rule / Cross-State Air
Pollution Rule (CSAPR)

Downwind emissions are
another issue EPA addressing.

Facilities in 27 US states are
== subject to CSAPR 40 CFR Part
96/Part 97

Reduces NO, Mass and SO, mass
emissions.

Annual and O3 season reporting

Data processed under Part 75
rules:

CEMTEK Reported via ECMPS
 race 4
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Part 75/Part 60 Harmonization

**In 2007 EPA passed Harmonization rule.

¢ Data from certified Part 75 monitors (SO,, NO,, CO,, O,, and flow
rate) to be used to demonstrate compliance with the Part 60
emission limits

+* The QA/QC procedures in Part 75, Appendix B to be followed instead
of the procedures in Part 60, Appendix F

¢ Part 75 bias-adjusted data and substitute data are not to be used for
Part 60 compliance determinations

** For units subject to a Ib/mmBtu SO, standard, the RATA of the SO,
CEMS must be done on a Ib/mthu basis and meet the RA
specification in PS 2, in addition to meeting the Part 75 RA
specification on a ppm basis

CEMTEK
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Rule signed by EPA Administrator 4/13/2007


Non-Harmonized P75/P60

***In 2007 EPA passed Harmonization rule.

s*Some Differences where units must comply with
both:

¢ If the span value of an SO, or NO, monitor is < 100 ppm, the calibration drift and
out-of-control provisions in section 4.3 of Appendix F must be followed for Part
60 data validation

¢ If the span value of an SO, or NO, monitor is < 30 ppm, cylinder gas audits (CGAs)
must be performed according to section 5.1.2 of Appendix F

+» Daily Calibrations:
¢ Part 75 daily Calibration failure sets monitor OOC if result 2x perf spec;
+¢ Part 60 OOC if result for 5x days > 2x perf spec = Part 75 takes precedence
¢ Part 60 OOC from last good cal if cal result >4x perf spec.

+¢ Result that minute data and thus hourly date for Part 60 reporting
would be OOC back upto 24 hours, i.e. since last valid calibration

+ Part 60 does not require calibration to be online (while emissions unit in

/_\' operation) / Part 75 requires online cal minimum every 26 unit process on
CEMTEK (operating) hours.

KVB-Enertec
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Air Permit vs. Part 75

s Pipeline natural gas - “... Pipeline natural gas contains 0.5 grains or less of
total sulfur per 100 standard cubic feet. Additionally, pipeline natural gas
must either be composed of at least 70 percent methane by volume or
have a gross calorific value between 950 and 1100 Btu per standard cubic
foot.” — (40 CFR 72.2)

¢ Many permits limit fuel sulfur content with limits that are higher than Part 72 defines.

* Natural Gas - Maximum sulfur content of 20 grains per 100 dry standard
cubic feet (dscf) ... in Part 72 and other regulations, e.g. § 60.331(u).

* Example from permit: Special Condition 3: “... fuel shall contain no more
than 5 grains total sulfur per 100 dscf (0.5 grains total sulfur per 100 dscf
averaged over any consecutive 12-month period).” - (July 2012 PSDTX936
permit)

/—rLR%iS is more restrictive: DAHS is configured to use Part 75 methods.
CEMTEK
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Regulatory Drivers

* Facilities install CEMS to satisfy:
— Permit Conditions
— NSPS requirements
— NESHAP requirements
— Acid Rain requirements
e Excess Emissions (Permit Limits)
* Annual Emissions Inventory requirements
* NBP, CSAPR, GHG reporting
< CEMTEK ® Process Controls — APC control

KVB-Enertec
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** Many Federal, State regulations and air permits
require monitoring

*** Type of monitoring system installed 100% dependent
on what your sites processes are
¢ Typical CEMS:

¢ Dilution =2 Dilution In Stack; Dilution Out of Stack; Dry Dilution Out of Stack
** Dry Extractive

+* Cross Stack In Situ

+* Wet Extractive

CEMTEK
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\ Data Flow ‘

missions Source

nitoring?
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» Analyzers
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Controller
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Types of CEMS

 Conventional Extractive (wet or Dry Basis Measurement)
— Hot Wet - Wet Basis
— Cool Dry with condenser near the CEMS Shelter - Dry Basis
— Cool Dry with condenser at the probe - Dry Basis
 Dilution Extractive (wet Basis Measurement)

— In Stack Dilution
— Out of Stack Dilution

* |n-Situ (wet Basis measurement in the stack)
— Point
— Path

CEMTEK
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Representative sample of the flue gas is continuously
withdrawn from the stack, transported to a CEMS shelter and
analyzed

Transported samples are done via heated sample line to a
conditioner.

Conditioner filters out particulate matter and then dries the
sample to remove moisture prior to sample pump and
analyzer

* Extractive systems usually make measurements on a dry basis

Used where emissions are generally lower
O, can be measured

< CEMTEK )

KVB-Enertec
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Dilution Extractive CEMS

* Similar to full extractive, with differences

* Flue gas is diluted with clean dry air to lower the dew-point of
the sample

— Eliminates the need for
* Heated sample lines
* Moisture removal system
* In Stack Dilution
— Critical Orifice is in the probe
— Sample Temperature is Stack Temperature

— Quicker response than out of stack dilution
— No temperature controls to maintain

CEMTEK
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* In-situ CEMS differ from extractive CEMS in that they use
instruments to continuously monitor the flue gas directly and do
not use an extracted, conditioned sample.

* Point In-Situ CEMS

e Point in-situ CEMS continuously measure the concentrations
directly from the stack gas at a single point or along a short path
within the stack

e Path In-Situ CEMS

e Path or cross-stack in-situ CEMS, Continuously measure the
concentrations directly from the stack gas. However, instead of
measuring the concentrations at a single point, they use a light
beam projected across the entire path of the stream of gas to

/a.naj.vz\e'the concentrations.
CEMTEK
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Where are Dilution CEMS

Installed?
 Dilution CEMS are installed at locations where the
flue gas is:
* Too Wet

* Too Hot or
* Too dirty for analyzers to handle

* Around 90% of the SO, measurements use dilution
CEMS

* A little less than 50% of all NO, analyzers installed are
dilution CEMS.

CEMTEK
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Continuous Emissions Monitoring
S ys fems ( CEMS)

i

CEMTEK
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Different Types of CEMS

- Dilution CEMS - Used when emissions are higher or
sticky

- Extractive CEMS — Regulatory & Process Control
- CFDS - Coal Fired Detection Systems

- Opacity, particulates and stack flow monitoring
- Closed loop and remote emissions control

- DAHS - USA Part 60, 63, & Part 75, State, Local &

International
(Data Acquisition and Reporting system/software)

- Predictive emissions monitoring systems
- Mercury CEMS; HCI CEMS, others

CEMTEK
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Specialized CEMS

* |n-Situ CEMS

®* Laser

* Fence-line

e Over time, CEMS have evolved to meet
specific drivers

TDL e HCL
FTIR Metals + other needs
CEMTEKRK
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Hg CEMS vs. Hg Sorbent Trap

* Facilities subject to MATS, PCMACT, etc. are
required to meet Hg emissions limits

 Methods for demonstrating compliance
include:

1. Qualifying as a Low Emissions EGU
2. Installation of a Hg CEMS or

3. Install and certify Hg Sorbent trap monitoring
system

CEMTEK
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LEE qualification requires meeting very low Hg limits while many facilities 
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Hg CEMS are primarily a dilution extractive design.  The heated sample umbilical carries the sample gas down to a rack mounted analyzer system.  A thermal catalyst converts Ionic Hg to Elemental and the analyzer measures Total Hg.  Most analyzers can also speciate Hg – Measuring both Ionic and Element Hg (before and after conversion).  This is a similar concept to Chemiluminescent Nox analyzers that measure total Nox and NO vs. NO2 before and after conversion.
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A typical Hg Sorbent trap system is diagramed here.  The Hg traps are located in the tip of the probe.  The probe is designed with quick disconnect couplers to facilitate ease of removal of the probe to change the traps. Hg Sorbent trap systems require a heated sample umbilical to be run from the probe to the sampling console.  This sampling console can either be located on the stack platform near the probe or at the base of the stack in the CEMS shelter.  The location really depends on the amount of room available on the platform and the ease of access to the stack platform for maintenance
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Presenter
Presentation Notes
Several tests have occurred at power plants recently for HCl measurement.  A popular choice is shown here: FTIR CEMS which is a full strength extractive CEMS.  Limitation on sample line length and cost for installation will be a handicap for wide spread implementation of this technology.  At the present time the MATS rule specifies PS-15 for certification which only applies to FTIR type HCl CEMS.  However, the rule specifies that a technology neutral performance spec. be developed which is why Draft PS-18 is being developed currently.  Only 10-15% of affected sources are choosing HCl CEMS as a MATS compliance option


Popular Techniques:
 Light Scattering (TML, Durag, Sick-Maihak, PCME)
e BETA Gauge (Durag, MSI)

Other Technologies

e Optical Scintillation (PCME)
(Commonly used for bag house leak detection)
 Electrification or Triboelectric (Codel, Auburn, PCME)
— Cannot be used for MATS
* Opacity monitors — Optical Density
(does not meet US EPA PS-11) — Cannot monitor PM mass
and low PM levels

e Opacity Monitors are adversely affected by changes

in Particle size, shape, density changes

© 2019 CEMTEK KVB-Enertec
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Presentation Notes
Some of the popular choices for PM CEMS and commercially available manufacturers are listed here.  Several commercially installed units of each type have been operating in the US for several years.  Other options for CPMS are also listed.  Opacity monitors are not capable of meeting the Performance Spec. 11 requirements for PM measurement
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Some typical PM CEMS alternatives that are currently commercially available are shown on this slide.  Light scattering approaches can be either Insitu like an opacity monitor or close coupled extractive where the sample is extracted.
Light scattering technique is a popular approach for PM measurement.  There are two basic types:  Insitu for dry stacks and Extractive for Wet stacks where condensing water droplets exist.  Both techniques use a similar light source and detector – the basic different is the sample preparation prior to measurement.  Extractive light scattering devices extract the sample and heat the sample above the dew point at a fixed temperature.  This prevents any water droplets from being measured as PM.

Beta gauge systems use an extractive technique that deposits PM sample on a filter tape and is analyzed in a batch sample. 
The Beta gauge technique can be used on both wet or dry stacks.  A sample is extracted isokinetically from the stack and carried down a heated sample umbilical to the analyzer cabinet.  The Pm from the sample is deposited on a filter tape and is then measured using a Carbon 14 radioactive source.  Limitations on the total sample line length that can be used make this technology a challenge to install on some stacks.  The cost for ongoing QA testing of this technology is higher as well as installation and operating costs.
.

Beta attenuation monitor (BAM)
Particle mass density is measured using beta radiation attenuation. A pump draws ambient air through a paper-band filter and the reduction in intensity of beta radiation measured at the detector is proportional to the mass of particulate deposited on the filter. As the mass of PM10 increases, the beta count is reduced. The relationship between the decrease in count and particulate mass is computed according to a known equation (the Beer–Lambert law, as for CO and O3).
Monitors can be set to operate for 15-minute to 24-hour cycles, with intermediate averages if selected. Some samplers will automatically take a measurement and feed the filter tape if the filter loading reaches a predetermined level.
This method allows for unattended operation over extended periods of time, with a time resolution of about 0.5 to 2 hours. The response of the instrument depends on the beta absorption coefficient of the particulate, and this can vary with chemical composition. As with the tapered element oscillating microbalance (TEOM, see section 5.2.2), the requirement to heat the air inlet also results in the loss of some semi-volatiles. However, because the collected material does not remain on the filter for long periods before being measured, the volatile loss is not normally as significant as for the TEOM.
Under-reporting of approximately 23–24 per cent at 50 µg/m3 has been recorded by BAM monitoring at Taupo and Tokoroa when compared with gravimetric results.1 Most comparisons were under-reporting by around 6 per cent when compared with gravimetric methods at 50 µg/m3. The variation in semi-volatile components, both across an airshed and even within an airshed on a seasonal basis, means that correcting data to gravimetric equivalent is not presently recommended.
Recommendation 10: Operation of a beta attenuation monitor
Enclosure temperatures should be maintained at 25°C ± 3°C to avoid moisture collecting on filter paper.
Regular maintenance in accordance with the operation manual is critical. Irregular and/or inadequate maintenance can result in up to 20 per cent variation.
The sample heater should be switched off for at least one hour before calibration.
The condition of the radioactive source should be checked twice a year (R2 count). It may be necessary to adjust after two to three years due to decay in the radioactive source.
Inlet temperature should be set to 40°C.
Equipment should be maintained in accordance with the operation manual (refer also to AS/NZS 3580.9.11:2008).
Data correction to gravimetric equivalent is not generally recommended.
Where possible, humidity should be logged along with appropriate meteorological data.
5.2.2 Tapered element oscillating microbalance (TEOM)
The TEOM is a proprietary system that determines particulate concentration by continuously weighing particles deposited on a filter. The filter is attached to a hollow tapered element, which vibrates at its natural frequency of oscillation, ‘f’. The frequency changes by an amount proportional to the mass deposited, ‘m’, as particles progressively collect on the filter:
m = k/f2
where k is a constant determined during calibration of the TEOM. The mass measurement system is also known as the mass transducer. The flow rate of air through the system is controlled using thermal mass flow controllers and automatically measured to determine mass concentration. The TEOM analyser consists of a sample inlet head attached to the sensor unit, a control unit containing the mass flow controllers and system software, and a carbon vane pump. The total flow of 16.67 litres per minute through the sampling head is divided using a flow splitter to give 3 litres per minute through the filter cartridge and an auxiliary flow of 13.67 litres per minute. This provides direct mass measurement (USEPA, 2002) and, in conjunction with measured flow rate, concentration can be calculated, providing 10-minute averages.
The mass concentration, oscillation frequency, filter loading, flow rates, temperature and other diagnostic information can be displayed on the controller’s liquid crystal display (LCD) screen. In addition, mass concentration and filter loading, and possibly other parameters, are output to the datalogger as analogue voltages or through the RS232 interface.
The system allows for continuous unattended monitoring over extended periods of time, and has a high level of precision. It is classified as an equivalent method for PM10 monitoring (but not PM2.5) when operated in accordance with 40 CFR Part 50, Appendix J. Alternatively, TEOMs can be operated in accordance with AS/NZS 3580.9.6:2003 (Methods for sampling and analysis of ambient air – Determination of suspended particulate matter – PM10high volume sampler with size selective inlet – Gravimetric method).
Comparative studies of the TEOM against gravimetric methods have shown that the heated inlet, designed to remove unwanted water vapour from the sample, inadvertently causes the loss of volatile particulates (such as ammonium nitrate), both in the sample train and on the filter itself. This effect can be reduced by operating the sampler at 40°C instead of 50°C. This is standard recommended practice in New Zealand.
For the measurement of PM10 a high-volume sampler should be co-located with the TEOM for one year to establish an adjustment factor for volatile loss. The difference between TEOM and gravimetric methods varies with season and location. Greater differences are likely to occur where wood smoke comprises a large portion of the PM10. Wood smoke contains a significant fraction of low molecular weight volatile organic compounds, which are volatilised by the TEOM’s heated inlet.
It is not necessary to determine an adjustment factor if the TEOM is fitted with an FDMS (filter dynamics measurement system). In simple terms, the FDMS alternates between sampling aerosol-laden and aerosol-purged air. Any decrease in filter mass as a result of being purged of aerosols is added back to the unpurged mass to take account of the volatilised component.
It is strongly recommended that TEOMs be fitted with FDMS when used for compliance monitoring. FDMS can be retrofitted to Series 1400a analysers. Data should be annotated to show that it is from a TEOM-FDMS monitor. Alternatively, the TEOM could be used without the FDMS by using a correction factor. This factor is determined by co-locating the TEOM with a gravimetric monitor for at least one year.
Recommendation 11: Operation of a tapered element oscillating microbalance (TEOM)
It is recommended that TEOMs be fitted with a filter dynamics measurement system (FDMS) when monitoring for national standards.
Alternatively, TEOMs can be used without the FDMS by using a correction factor that is determined by co-locating the TEOM with a gravimetric monitor for at least one year.
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Another option for HCl CEMS measurement is a Tunable Diode Laser or TDL.  This is a cross stack insitu technique similar to an opacity monitor.  A transmitter and receiver mounted on flanges on opposite sides of the stack.  An Infrared laser is sent across the stack path and measures the concentration of HCl in the gas path. Tests have recently been completed at MATS affected sources in the USA that show this technique is capable of meeting the MATS requirements for HCl measurement.  This technique has also been used for a number of years at several coal fired sources for ammonia measurement
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CEMS Quality Assurance

e Quality assurance (QA) is defined as an integrated
system of management activities involving planning,
training, quality control, assessment, data review,
reporting, and quality improvement to ensure that a
process, item or service is of the type and quality
needed and expected by the user.

QA is a management function that deals with setting
policy and running an administrative system of controls

/_to.e%srure the usability of the product (e.g., data).
CEMTEK
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CEMS Quality Control

e Quality control (QC) is defined as a system of
technical activities that measures the
performance of a process, item, or service against
a defined set of criteria or standards established
by QA requirements.

e QC is a technical function that includes activities
such as calibrations and analyses of check
samples (performance evaluation samples,
duplicates, spikes, blanks, etc.) to assess the bias

CEMamd Precision associated with sample results.
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Objective of the QA Plan

 The objective of the QAP is to establish a series of QA
and QC activities that will provide a high level of
confidence in the data reported by the monitoring
system.

A QAP is typically implemented per the monitoring and
reporting requirements for 40 CFR 75 and 40 CFR 60.

A QAP my intentionally provide overlap and
redundancy with the plant activities to ensure the
highest quality data validity and availability.

A QAP provides guidelines for implementing QA and

/—Q&aﬁtivities.
CEMTEK
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QA Plan Contents

* QA planis a contract

e Site owns the plan and is stating that this is how they
(the site) will maintain and ensure that their CEMS data is
valid.

e So whatis in the plan?
— Descriptions of the QA requirements
— Document control
— Schedule of activities
— Procedures for conducting activities

CEMTEK anufactures maintenance schedules

KVB-Enertec
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Performance Specifications

40 CFR 60, Appendix B

 Each CEMS type has specifications that the system
must be designed to meet and demonstrate that it

meets the specifications:
— PS-1 - Opacity
— PS-2 NOX and SO2
— PS-302and CO2
— PS-4,4A, 4B-CO
— PS-11-PM
— PS-12A & 12B — Hg CEMS, Hg STS

CEMTEK S-18 — HCL
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On-going QA

e Part 60 and Part 75 specify QA requirements

* Limiting the QA plan to exactly what is stated
in these two regulations may not result in an
adequate QA Plan.

— Facilities must design their QA plan to meet the
site conditions

— To meet the site regulatory drivers
— To ensure compliance with these drivers

CEMTEK
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Questions?

Pennsylvania Office California Office

CEMTEK KVB-Enertec CEMTEK KVB- Enertec
2849 Sterling Drive 3041 S. Orange Ave.
Hatfield, PA 19440 Santa Ana, CA 92707-4247
Ph.: 215-996-9200 Ph.: 714-437-7100

Fax: 330-860-8982 Fax: 714-437-7177

NetDAHS software service help line: 1-800-582-1670
NetDAHS Software service email: netDAHS@cemteks.com
Website: www.cemteks.com www.netdahs.com

CEMTEK
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