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1 ABSTRACT

At the request of OPSIS GmbH, 50226 Frechen, and with financi al
support from the state of North Rhine-Wstphalia, the Ttv
Rheinland, Sicherheit und Umel tschutz embH /1/, (Techni cal

I nspectorate of Rhineland, Safety and Environnental Protection
Limted) subjected the nmeasuring system OPSIS AR 602 Z to an
exenpl ary performance test in accordance with the _
Recommendations for Continuously-Qperating Em ssion Measuring
Systens and the Test Catal ogue. The system operates on the
principle of Differential Optical Absorption SpectroscoPy
(Doas). We assessed the measurenment of phenol and formal dehyde
in the measuring range fromO to 20 mg/m3.

The exenplary performance test covers the entire em ssion
measuring system The tests included |aboratory tests and a
continous operation field-test in the purified gas of a plant
manufacturing mneral -wool products. The process characteristics
were determned both at the |laboratory and during the field
measur enment s.

Overall, the neasuring system OPSIS AR 602 Z satisfied the

M ni num Requirenents during the test. W therefore recomend
publication as a suitable measuring system for determnation of
phenol and fornal dehyde concentrations in flue gases and waste
gases of plants operated under the TA Luft (CGerman Technica
Regul ations for Air Pollution Control).

We nust, however, draw attention to the SO2 cross sensitivity in
f ormal dehyde measurenents. At concentrations of nore than 15
mg/m3 (Wth a 2 mnonitoring path), the permissible values are
no | onger net.

/1/ This exenpl ary performance test was carried out wth

consi derabl e financial support from the Mnistry of
Environmental Protection, Regional Planning and Agriculture of
North Rhi ne-West phali a.
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2 ASS| GNVENT

OPSI' S embH, 50226 Frechen, requested the Tdv Rheinl and
Sicherheit und Umeltschutz cembH (Technical |nspectorate of
Rhinel and, Safety and Environnental Protection Linited) to

subj ect the nulti-conponent em ssion neasuring system OPSIS AR
602 Z to an exenplary performance test with regard to the
continuous measurement of phenol and formal dehyde in the flue
gas of plants operated under the TA Luft (German Technica

Regul ations for Air Pollution Control). The systemis an "in-
situ" i nstrunent whose operating principle relies on the fact
that the gas to be neasured absorbs a light beamin a
characteristic wavel ength range. The exenplary test was carried
out with financial support fromthe state of North Rhine-

West phal i a.

In the course of the exenplary performance test, the measuring
system was tested both at the laboratory and in the field. The
test results were conpared with the M ninum Requirenents
according to the

"Recommendat i ons for perfornmance testing,
installation, calibration and maintenance of
nmeasuring systems for continuous em ssion
measurenent” issued by the Federal Mnistry of
Environmental Protection, Nature Conservation and
Reactor Safety (BMJ circular dated March 1, 1990;
| d 2-556 13474 GMB1. No. 12; pp. 226/229).
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3 DESCRI PTI ON OF THE MEASURI NG SYSTEM
3.1 Principle of operation and design
3.1.1 Physi cal fundanental s

A detailed description of the nulti-conponent em ssion neasuring
system OPSIS AR 602 Z is given in the manufacturer's User Mnua
included as an annex to this report. The nonitoring systemis a
phot onmetric nEasur|n% Instrument. The principle of operation of
such instrunents is based on the fact that the nonitored gas
absorbs light in a wavelength range that is characteristic for
this gas. Analysis is performed by measuring the absorption on
the basis of the relation between the gas concentration and the
anount of absorbed |ight as stated by Beer-Lanbert's Law

- I1 = 10 * e ®LC or 1n (I0/I1) = alC (0)
Wi th:

11: intensity of the transmtted |ight
IO intensity of the emtted |ight

L | ength of the nonitoring path

C: concentration of the nonitored gas _

a: average absorption of the gas in the exam ned
wavel ength range

3.1.2 Functional description

A light source emts a highly-concentrated beam of light in the
wavel ength range between 200 and 2000 nm This |ight passes
through the mediumto be nonitored and is focused on the end of
a fibre-optic cable.

The light source is a high-pressure xenon lanp with a power

input of 150 watts. The lanmp is situated in the focal point of a
parabolic reflector. The divergence angle of the parallely
emtted light is less than 2 nmad. The |ight beam penetrates a
quartz glass window at the emtter's output.
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Figure 3.1: Functional diagram of the em ssion neasuring
system OPSI S AR 602 Z

The optical receiver ER 060 is simlar in design to the emtter
but wth the inlet area of a fibre-optic cable situated in the
focal point of the parabolic reflector.

The fibre-optic cable connects the receiver to the analyzer. It
has a light-active core diameter of 0.6 mmand transmts |ight
in the range between 200 and 2000 nm

The analyzer is a grating spectrometer (Czerny-Turner principle

with a light path of 0.5 nm). The entry slit is replaced by the
end of the optical cable. A spectral ﬂrating which is noved bY
nmeans of a stepping notor breaks up the incomng light so tha
the wavel ength range to be analyzed hits the w ndow of one out
of a maximum of three photonultipliers. The light is focused on
the photonultiplier by a lens in the w ndow.

A slit disk (200 mmin dianeter) rotates between the w ndow and
the photonultiplier at 300 rpm. 20 slits are etched into this
di sk. The spacing of the slits is selected so that during one
nmeasurenent only one slit will pass over the window in front of
the photomultiplier (see Figure 3.2). This permts a scanning
rate of 100 scans per second.
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Figure 3.2: Recording the individual spectra

The WV-sensitive photonultiplier has a diameter of 50 mm The
hotomul tiplier's high voltage is resolved into 4096 steps (12
its) within the range of 190 to 1100 volts and is set to a new

operating point at each neasurenent. This operating point

depends on the light intensity of the light to be neasured. The
photonul tiplier current resulting from each scan operation is
converted into a digital signal with an accuracy of 4096 steps

(12 bits) by a very fast analog-to-digital converter. The

scanned signals are stored in a register which splits up the

wavel ength range anmong 1000 channels.

For em ssion neasurenents, the integration period for one
conponent is between 3 and 30 seconds. Several thousand scan
signals are recorded during this period so that an adequate
signal -to-noise ratio is obtained. Brief interruptions of the
l'ight beam - in proportion to the measuring period under
observation - do not effect the measurenent result.

The longer the neasuring tine, the higher is the signal-to-noise
ratio since the scanned signals for each wavel ength are added

up.
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On the basis of the nmeasured values stored in 1000 registers
(each register corresponds to a defined wavel ength rangeL, t he
absorption spectrum is approximted by the following nmethod to
permt the calculation of the equation

In (Ip/1}))=AaLc
0=1In(Ip/I})-AaLc (D

Io:  intensity spectrum of the xenon lamp
I1:  measured intensity spectrum

Aa:  differential absorption coefficient

L: length of the measurement path

C: concentration to be determined

First, the stored raw data spectrumis divided by a previousIK
recorded spectrum of the xenon high-pressure lanp stored in the
anal yzer. This spectrumwas recorded by neans of a separate |anp
wth a fibre- OPtIC cabl e connecting the [anp and the anal yzer
either at the laboratory or in the field during the zero point
calibration. This step ensures that the wave dependence of the
lamp intensity and all changes in the spectrum resulting from
the test set-up (e.g. effects resulting from the fibre-optic
cable, the light path within the analyzer, the photonultiplier)
are taken into account. The result is an absorptlon spectrum
(12) of the flue gas to be neasured.

Now, this spectrum is approxinmted by a pol ynom al of degree 5.
The absorption spectrum 12 is divided by the cal cul ated sth-
degree spectrumto elimnate all w de-band effects within the
medium to be neasured that mght change the |ight spectrum of
the lamp (e.g. light scattering due to dust, etc.). This has no
effect on the absorptions of the individual nolecules which
affect specific lines only. Thus, a differential absorption
spectrum I x is obtained. This is equi valent to (1o/1I1) in
equation 1.

The logarithm of this quotient is then calcul ated.
The absorption coefficient a(i) was determned at the |aboratory

for each wavelength (with defined concentration, neasured |Q
measured 11 and known length in a closed vessel).
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The concentration to be determned is the concentration at which
the follow ng expression is mnimzed:

@(in 1,() -L.c.Aai))2==>0 2)

The standard error of the result is proportional to a; the
variance is o2.

_ In Ix(i)- L . c . Aa{i)
62_|Z i n-|I -

n: Nunber of channels used

Cross sensitivities to unknown substances having a differentia
absorption effect in the sane wavelength range lead to an
increase in the standard error. This standard error is

calcul ated and displayed as a quality criterion for each
measured val ue.

Cross sensitivities to known substances can be mnimzed by a
corresponding nodification of the above equation if the
differential absorption coefficients are stored in the conputer

In the multi-conponent system exam ned by us, a specific

wavel ength range is set for each conponent, i.e. each conponent
Is nmeasured separately. In exceptional cases, i.e. when two
substances are neasured in exactly the same spectral range, as
for exanple NO and NH3, two conponents can be measured

simul taneously in one wavel ength range.



3.1.3

Speci fications of

t he nmeasuring system

936/802011
Page 9

Type designation

Manufacturer

OPSIS AR 602 Z

OPSIS AR, Furulund/Sweden

Distribution, technica service

Principle of operation

OPSIS GnbH, Hauptstrasse 169, 50226 Frechen

Differential Optical Absorption Spectroscopy (DoAS)

Monitored components

Phenol, formaldehyde

Measuring range

Phenol: 0 to 1000 ng/u3
Formaldehyde: 0 to 1000 rg/u3

Measuring ranges freely selectable by software settings

Smallest measuring range tested

Phenol: 0 to 20 ng/m3
Formaldehyde: 0 to 20 ng/m3

Detection limit

Phenol : 0.2 ng/m3, 2m monitoring path
Formaldehyde: 0.5 rg/3, 2m monitoring path

Minimum measuring time

Length of monitoring path

Measured-value display

Phenal : 10 sec.
Formaldehyde : 30 sec.

upto 10 m

Hercules, monochrome graphics

Zero drift < 2% of the measuring span/month
Sengtivity drift < 2% of the measuring span/month
Line voltage 230V AC(t 10%) or 115V (¢ 10%)
Power input 110 VA

Dimensions 600 * 440 * 266 (in mm)

Weight approx. 30 kg

Degree of protection IP 53

Modem 2400 bauds, full duplex, Hayes compatible
Emitter/Receiver ER 060
Dimensions (L * w * H) Emitter :  230%200* 255 (in mm)
Receiver:  310* 165+ 125 (in mm)
Total weight Emitter:  approx. 7.5 kg
Receiver:  approx. 6.5 kg

Lamp in the emitter/wattage

Duct connection

Degree of protection

Xenon high-pressure lamp, 150 watts
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Power supply unit

Ps 150

Dimensions (L * W H)

280+ 115+ 270 (in mm)

Input voltage/current

230V AC (t62, -10 %), 25 A max.

Power input 220 VA
Weight 45 kg
Degree of protection IP 65

Multiplexer

Dimensions (L * W ¥ H)

400 * 310 * 190 / 370 * 260 * 185 (in mm)

Sequence time <5 sec.

Power input 40 watts max.

Inputs 2%¥12/2%2

outputs 2%1

Weight approx. 15 kg / approx. 7 kg
Degree of protection IP 65

Hirror box 1B 060

Calibration path (B 100 /K¢ 100

Signa manager 1080

Al 016 16 analog inputs

40008 8 analog outputs, max. 3 cargersystem
DI 032 32 digita inputsloutputs max.
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3.3 Ref erence neasuring nethod

A thernostatted packed-bed cell [1] was used for phenol
determ nation. Formal dehyde testing was performed with test
gaseg from pressure cylinders supplied by Messer-Giesheim
Dui sbur g.

3.3.1 Sanpling and anal ytical methods for phenol
Test object: Phenol _
Measuri ng met hod: VDI Recommendati on 3485

_ _ Sheet 1, Decenber 1988
Sanpl i ng equi pnent:

- sanpl 1 ng probe: heat ed
material : glass/PTFE t ubi ng
- particle filter: heated by flue gas
material : quartz wool in filter container
of quartz glass
- absorption vessel: 100 M washing bottles, wth

fritted glass disks D2; rinsed
with aqua regia

- sorbent caustic |lye of soda,
c(NaOH) = 0.1 mol/1

Tmohfritted bottles connected in series were filled with 35 n
each.

For storage, the washing bottles were transferred into a glass
bottle with lid (PTFE seal) in a clean location and afterwards
flushed with the sorbent.

The sanples were stored in a refrigerator. At |ow tenperatures,
they can be preserved for at |east one week.

- sanple storage tine 2 days max.
- di stance between probe
I ntake point and separating el enent 2.2 m

Anal ytical determnation:

- 3.75 m of hydrochloric acid, c(HCl) = 1 mol/1l, were added
to 37.5 m of the sanple solution: the mxture was then
filled up to 50 m. |In accordance with the expected _
concentration, an aliquot part of the sanple was pipetted in
a 200 m nmeasuring flask and filled up to a total volune of
50 M with a mxed solution (750 m caustic Iye of soda
c(NaCH) = 0.1 m/I; 75 nm hydrochloric acid c(HCl) = 1
mol/1l; and 175 m of distilled water). 15 nm of formal dehyde
solution, c(HCHO) ~= 0.5 g/l, and 20 nl reagent,

[1] W Jockel and P. WIbring (1993), "state of the art of and
outl ook for automatic em ssion nmonitoring of specia
substances", VDI reports No. 1059, pp. 141 - 160
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c(nitroaniline) = 0.69 g/l (1.38 g p-nitroaniline + 310 n
hydrochloric acid, c(Hcl) = 1 mol/1, filled up with
distilled water to a total volume of 2 1) were added. 5
drops of the freshly prepared sodiumnnitrite solution (1 g
NaNO02 + 9 g H20) were dropped in and shaken until
decol ori zation set in. After addition of 15 m sodium
carbonate c(Na2co3) = 1 mol/1, the sanples were left to
stand for 15 mnutes; afterwards, the extinction at 490 nm
was mneasured agai nst water.

- Anal ysi s equi prent:
* Beckman photoneter Mdel 34
* 50 mmcells

- Standards:

Approx. 7 ng of phenol are weighed out and dissolved in 1 1
sorbent. Corresponding aliquots are drawmn fromthis solution and
filled up with sorbent to 150 m. After 15 m of hydrochloric
acid have been added, the sanple is filled up to 200 M with
distilled water.

Process characteristics / Quality assurance

- Influence of attendant substances:

Hydrogen sul phide and amines can be renoved by neans of a filter
cartridge (glass balls coated with a saturated solution of
silver sulphate in 85% phosphoric acid) during the sanpling
process.

- Absolute detection limt: 0.007 ng for examination of the
entire sanple vol une

- Quality assurance neasures:

The tests were carried out as twin determnations. Each series
of measurements included the analysis of standards.

- Measurenment uncertainty established for Phenol (U):

Mean val ue u (95% Sanpl ed gas vol une
mg,/m3 mg,/m3 1
6.3 * 0.5 30

* O twin determnations from 1993
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3.3.2 Sanpling and anal ytical methods for fornal dehyde
Test object: al i phatic al dehydes, specifically
_ f or mal dehyde
Measuri ng met hod: Directive DIN 3862, Sheet 1,

Decenber 1990; MBTH et hod
Sanpl i ng equi prent :

sanpl 1 ng probe: heat ed
material: gl ass
- sanpling tube: heat ed
material : gl ass
- particle filter: heated by flue gas _
material : quartz wool in filter container
_ of gl ass
- absorption vessel: 100 M washing bottles, wth

fritted glass disks D2; rinsed
with aqua regia
- sorbent: MBTH sol ution, 0.05%

Tmohfritted bottles connected in series were filled with 20 n
each.
For storage, the washing bottles were transferred into a glass
bottle with lid (PTFE seal) in a clean location and afterwards
flushed with the sorbent.
- sanpl e storage tine: 1 day max., refrigerated
- di stance between the probe

I ntake point and the separating

el enent : 2.2 m

Anal ytical determ nation:

15 m of the sanﬁle solution were filled into a 25 m nmeasuring
flask: 2 m of the oxidation solution were added and adm xed
After a period of 60 mnutes, the sanples were filled up with
acetone and mxed thoroughly. After a further waiting period of
15 mn, the sanple was again filled up with acetone to
conpensate for volume contraction; afterwards, extinction was
measured at 628 nm agai nst acet one.

Anal ysi's equi prent :

* 10 nmcells
Beckman phot oneter Mdel 34

Anal ysis was performed on the basis of a calibration curve.
The individual standards for the calibration curve were prepared
In accordance with the specification.
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Process characteristics / Quality assurance

| nfluence of attendant substances:

No interference was observed for up to 30 ng of sul phur

di oxi de per nB of flue gas.

The measurenment result was not affected by up to 100 mg/m3
nitrogen dioxide. Staining occurring during the sanpling
process has no influence on the measurenment result if it

di sappears before the addition of ferric chloride;

otherwi se, the solutions nust be discarded.

The measurenent result was not affected by up to 5000 mg/m3
of nitric oxide. Turbidity may occur at high concentrations:
in this case, the sanples nust be discarded.
Hexamet hyl ene-tetramne is hydrolyzed under the process
conditions, naking the fornmal dehyde concentrations appear

hi gher than they are. o

Turbidity that does not disappear after the addition of
acetone renders photometric neasurenent inpossible. The
sanpl e nmust be discarded.

Absol ute detection limt: 0.001 ng under the process and

anal ysis conditions described
above

Qual ity assurance measures:

Each series of measurenments was prepared with blank val ues and
standards of different concentrations. The neasured val ues thus
obt ai ned were conpared with those of the calibration curve.

- Measurenent uncertainty (U) established for fornal dehyde:

Mean val ue u (95% Sanpl ed gas vol une
mg/m3 mg/m3 1
2 0.1 20
20 0.2 20
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Functional check of the measuring system

Recommended extent of the functional check:

* ¥ % *

*

System t est

Vi sual check of the entire measuring system

Light intensity check for each individual conponent on the
monitor and, if the red fibre-optic cable is used, with a
hand- hel d photoneter (intensity < 8000 | ux)

Checking the mrrors in emtter and receiver

C eaning the w ndows

Checking the purge-air supply

Checking the data recorded by the system for frequent
occurrence of negative standard deviations

Syst em check

Wth the calibration source CA 150:

For zero calibration, an ozone-free xenon high-pressure |anp
nmust be installed in the calibration |ight source

Zero point check in accordance with the instructions in the
manua

The fibre-optic cable used during neasurenments on the duct
must be used for the calibration as well.

Wth the calibration path CB 100 or a test path:

Emtter and receiver are flange-nounted to the calibration
or test gas nonitoring path. For this purpose, you can
either use the units renmoved from the duct or additiona
syst ens.

The fibre-optic cable used during measurements on the duct
must be used for the calibration as well.

The light level is adjusted to the light intensity found in
t he duct.

Zero point, reference point and linearity check (Q < 3
1/min); if the anbient tenperatures are low, it may be
necessary to use heated gas sanpling lines and nonitoring
at hs.

25 phenol test gases are not commercially available in
pressure cylinders at present, a test gas generator must be
used to check the phenol reference point. IT such a unit is
not available, conparison sanples nust be drawn from the
flue gas duct (callbration).

If applicable, reinstall enmitter and receiver on the duct
and optimze the light |evel.

The equi pment required for these checks is listed in Annex 9.3
of this report.
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4 TEST PROGRAM
4.1 Laboratory tests

The exenplary performance test was carried out in accordance
Wi th the "Recommendations concerning the perfornance testing,
installation, calibration and naintenance of neasuring systens
for continuous em ssion neasurenents" issued by the Federa
Mnistry of Environnmental Protection, Nature Conservation and
Reactor Safety (BMJ circular dated March 1, 1990; 13 2-556
134/4-GMB1. No. 12, pp. 226/229).

These reconmendations specify the follow ng |aboratory test
program

Determ nation of the instrument characteristic with test
ases

% check of all instrument functions

A check of the measuring systems cross sensitivity to
attendant substances in the flue gas

A check of the zero point stability in the adm ssible

anbi ent tenperature range

A check of the reference point stability in the adm ssible
anbi ent tenperature range

Determ nation of the influence of line voltage variations on
the measuring signal

4.2 Field Test

The continuous-operation test was carried out with two identica
OPSIS AR 602 Z systens over a period of three nonths.

Serial nunbers of the two units used:

Unit 1 AR 602 Z - D - 081
Unit 2 AR 602 Z - G - 209

The follow ng nmeasuring ranges were selected for the continuous-
operation test:

Phenol : 0 to 20 mg/m3
For mal dehyed: 0 to 20 mg/m3

The follow ng equipnent characteristics were established over
the test period:

availability

mai nt enance interva

detection limt

capability of being calibrated

stability of the instrument characteristic (zero,

sensitivity drift)

reproducibility
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5 LABORATORY TESTS
5.1 I nstrunent characteristic check (calibration function)

The relation between the nmeasured value and the given quantity
of the test object was established at the l|aboratory. For this
purpose, various test gas concentrations were prepared. A tota
of three test series took place. First of all, the calibration
factors of the em ssion nmeasuring system OPSIS AR 602 Z were
established in a first series of tests and the system was
adjusted by neans of internal OPSIS calibration factors (O fset
and Span). In the process, each nmeasuring point was verified
wth the aid of a wet chemcal conparison neasurenent. The
instrunent characteristic obtained in this way was subsequently
verified twice on different days.

Table 5.1: Summary of the individual values from the
linearity test for phenol

OPSIS AR 602 Z Measuring range Deviation in %
Actual value (n = 2) of the upper range
limit
Specified value Actual value

mg/m3 mg/m3 mA %

0.0 0.0 4.0 0.0

2.1 2.0 5.6 0.5

4.2 4.3 7.4 -0.5

6.3 6.2 9.0 0.5

8.4 8.3 10.6 0.5
10.5 10.3 12.2 1.0
12.6 12.8 14.2 -1.0
14.7 14.7 15.8 0.0
16.8 16.8 17.4 0.0
18.9 18.8 19.0 0.5
21 .0 210 20.8 0.0

The given phenol test gas concentrations (x-axis) in mg/m3 were
allocated to the corresponding neasuring signals of the analyzer
(y-axis) in ma. The characteristic values established by this
procedure are listed in Table 5. 2.




936/802011

Page 18
Table 5.2: Characteristic values established during the
linearity test for phenol
Measuring range Nurmber of
measur ed a b R Va VX
val ues
0 to 20 mg/m3 11 0.80| 3.97| 0.9997 | 0.004| 0.09

= slope of the instrunment characteristic (mA / (mg/m3)

phenol )

a
b = axis intercept of the instrument characteristic (ma)
R

correlation coefficient

Va = confi dence
Vx = confidence

The characteristic values of the instrunment

determned by a

Table 5. 3: Summary of the individual

interval of slope a (mA / (mg/m3) phenol)

interval of axis intercept

b (ma)

characteristic were

l'inear regression calculation as follows:

y = 0.80 * x + 3.97

linearity test for formaldehyde

val ues from the

OPSIS AR 602 Z

Specified value
mg/m:3

0.0
1.8
3.7
5.5
7.4
9.2
11.0
12.9
14.7
16.6
18.4

Actual value
mg/m3

0.0
2.1
4.4
6.2
8.0
9.7
115
13.2
15.2
17.0
18.4

Measuring range
Actual value (n = 2)

mA

4.0
5.7
7.5
9.0
10.4
11.8
13.2
14.6
16.1
17.6
18.7

Deviation in %
of the upper range
limit

%

0.0
1.5
3.5
3.5
3.0
2.5
2.5
1.5
2.5
2.0
0.0
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The given fornal dehyde test gas concentrations (x-axis) in mg/m3
were allocated to the corresponding neasuring signals of the
anaIKzer (y-axis) in mAa. The characteristic values established

by this procedure are listed in Table 5. 4.
Table 5.4: Characteristics established during the linearity
test for formal dehyde
Measuring range Nurmber of
measur ed a b R Va VX
val ues
0 to 20 mg/m3 11 0.80| 4.36| 0.9983| 0.2 0.01

a = slope of the instrunment characteristic (mA / (mg/m3)
f or mal dehyde)
b = axis intercept of the instrunment characteristic (ma)
R = correlation coefficient
Va = confidence interval of slope a (mA / (mg/m3)
f or mal dehyde)

VX confidence interval of axis intercept b (ma)

The characteristic values of the instrument characteristic were
determned by a |linear regression calculation as foll ows:

y = 0.80 * x + 4.36
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5.2 Determ nation of the cross sensitivities

The cross sensitivities to attendant substances that are
normal [y present in the flue gas were determned using test
gases of known conpositi on.

The followi ng test gases were presented to the Analyzer

Conponent Concentration

Car bon di oxi de co2 9 vol. %in N2

Carbon nonoxi de co 424.5 mg/m3 in N2

Sul phur di oxi de S02 441.5 mg/m3 in N2 for phenol

Sul phur di oxi de s02 15 mg/m3 in N2 for fornal dehyde
Nitric oxide NO 444 mg/m3 in N2

Ni trogen dioxide N 3.8 mg/m3 in synthetic air

Ammoni a _ NH3 249.5 mg/m3 in N2

Hydrogen chloride Hcl 25 mg/m3 in N2

Mbi st ure H20 260 g/nB in N2

Phenol C6H50H 13.9 mg/m3 in N2 for formal dehyde
For mal dehyde HCHO 9.2 mg/m3 in N2 for phenol

The results listed in Table 5.5 show that the tested neasuring
system for determnation of phenol has no cross sensivity to
other flue gas conponents in normal concentrations. For

fornmal dehyde, a slight cross sensitivity to nitrogen oxides was
observed at the zero point. At the reference point, the nmeasured
val ue reading showed slight negative deviations upon addition of
hi gh amoni a concentrations.

The tested neasuring system for determnation of formaldehyde
has a considerable cross sensitivity to S02. For SO2
concentrations not exceeding 15 mg/m3 (for a 2 mnonitoring
path) ~ the measuring systems cross sensitivity is within the
limts specified by the M ninmum Requirenents.
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Tabl e 5.5: The influence of attendant substances on the
nmeasur enent result

Devigtionin of the measuring span

o SO2 NO NO2 NH3 ACl H0 C6H50H HCHO

Phenol

Zero point 02 <0.2 <0.2 CO.2 0.2 <0.2 <0.2 - 0.2

Ref erence point refative
totheneasuring span 02 0.2 <0.2 <0.2 <0.2 0.2 <0.2 - <0.2

For mal dehyde

Zero point .2 05 08 06 -19 <0.2 <0.2 co.2 -

Reference point relative

to the measuring span 0.2 25 «<0.2 06 -09 to2 co2 <0.2

5.3 The influence of anbient tenperature on the neasurenent
result

The neasuring system was tested in the tenperature range from -
2 0°Cto+40 °c (anbient tenperature) with three test gas
concentrations graduated over the measuring range, including
zero gas (N2). The anbient tenperature was varied in an air-
condi ti oned chanber in steps of 10 or 5 °c with the relative
hum dity of the anbient air at a (relatively) constant |evel of
60%. Adjustment/calibration of the measuring system was
perfornmed with nitrogen and test gas at an initial tenperature
of 20 “"c. The test gas supply and the neasuring cell were
thernostatted (approx. 60 'CB/.

The steady-state period for each tenperature stage was 60
mnutes. Zero gas (N2) and test gas were applied at each
temperature setting. The results of the tenperature test are
listed in Tables 5.6 and 5.7.
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Table 5.6: The influence of anbient tenperature on the
measuring signal; deviations in % of the upper
range limt (= 20 mg/m3)

Temperawe . C.B W RS RO N
Phenal

Measured value ng/n3 0.0 0.1 0.1 0.2 0.0 0.0 0.2
Devigion . 1....05 % 05 1O 00 00 10
Formaldehyde

Mesoured value _ egms 01 03 05 03 00 03 06
Deviation ¥ -2.0 1.0 1.0 15 0.0 15 15

Table 5.7 The influence of anbient tenperature on the neasuring
signal; deviations in % of the measuring span
c(phenol) = 14.7 mg/m3 and c(fornal dehyde) = 17.3 mg/m3
Sanpling lines and measuring cell heated to approx. 60

Temperature C -20 -10 0 10 2 30 40

Deviation % -2.0 0.0 -0.7 00 0.0 0.7 2.0

Formaldehyde

Deviation b -2.3 0.0 -1.2 12 0.0 12 2.3

The M ninmum Requirenents permt the follow ng change in the
measuring signals for a 10 °c change in anbient tenperature:

Zero point + 2% of the upper range |imt
Sensitivity + 4% of the measuring span

The tested system satisfies the Mnimm Requirenments for pheno
and formal dehyde.
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5.4 The influence of line voltage variations on the
nmeasuring signal

To determne the influence of line voltage variations on the
measurenent result, an isolating transformer was used to vary

t he power supply in the voltage range from-15%to +10% of 230
volts in steps of 5% The influence of the voltage variation was
exam ned for phenol with zero gas _IghNZ) and at 14.7 mg/m3 in the
measuring range of 0 to 20 mg/m3. The neasurenent series were
perf_l_orbre 5t\évice; the results are the maximum deviations listed
in Table 5.8.

Tabl e 5.8: The influence of line voltage variations on the
measuring signal for phenol
Line voltage Zero point Reference point
Measured value  Deviation Measured value Deviation
in % of the in % of the
measuring range measuring range
V ng/m3 ng/n3

1955 0.0 0.0 143 -2.0

207.0 0.0 0.0 14.7 0.0

2185 0.0 0.0 14.7 0.0

230.0 0.0 0.0 14.7 0.0

2415 0.1 05 147 0.0

253.0 0.0 0.0 14.7 0.0

264.5 0.1 0.5 14.6 0.5

The M ninum Requirenents pernit the follow ng changes in the
measuring signals:

Zero poi nt + 2% of the upper range limt
Sensitivity + 4% of the neasuring span
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The influence of line voltage variations was also examned for
formal dehyde both with zero gas (N2) and at 17.3 mg/m3 in the
measuring range fromO to 20 mg/m3. The nmeasurenment series were
perqp%re SISAce; the results are the maxinmum deviations |isted
in Table 5.9.

Table 5.09: The influence of line voltage variations on the
measuring signal for formal dehyde
Line voltage Zero point Reference point
Measured value Deviation Measured value Deviation
in % of the in % of the
measuring range specified value
V ug,/m3 ng/u3

1955 0.4 2.0 17.6 1.7

207.0 0.3 1.5 17.6 1.7

218.5 0.4 2.0 16.9 -2.3

230.0 0.0 0.0 17.3 0.0

241.5 0.4 2.0 17.8 2.9

253.0 0.4 2.0 16.8 -29

264.5 0.0 0.0 16.8 -2.9

The M ninmum Requirenments permt the follow ng changes in the
measuring signals:

Zero poi nt + 2% of the upper range limt
Sensitivity + 4% of the neasuring span

The tested sysemsatisfies the M ni mum Requirenents for
f or mal dehyde.
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5.5 The influence of relative air humdity, |iquid-water
content of the air, vibrations and service position

The influence of relative air humdity was not specifically
examned. In view of the instrument's design and construction

It can, however, be assumed that it is not sensitive to air
humdity as long as the tenperature does not drop bel ow the dew
point. The anal yzer should be protected against splash water by
Installation in a cabinet.

During the continuous-operation test, the instruments were
exposed to vibrations and shocks occuring at the test site. W
observed no perceptible effects on the performance of the
Instrunents. Nevertheless, care should be taken to select an
installation site where the analyzer is exposed to a mninum of
vi bration and shock.

The manufacturer does not give specific instructions concerning
the analyzer’s service position: it is obvious fromthe unit's

design. Enmitter and receiver nust be flange-nounted to the duct
i n accordance with the manufacturer's instructions.

5.6 The influence of |ight-beam drift on the measuring
si gnal

In order to determne the effects of light-beamdrift at the

| aboratory, zero and reference point neasurenents were performed
with and without light-beam drift. For this purpose, the fixing
mechani sm between the receiver and the nnnitoring path was
removed enabling the receiver to be rotated round its axis.

Wth zero or reference 3as flow ng through the nonitoring path,
the receiver was rotated round its axis to make the |ight beam
drift in an angular range of + 0.3 ° (in steps of 0.1°)in the
horizontal and in the vertical direction. To nmeasure the
directional dependence, the neasuring signal was first recorded
at a deviation of 0° and the emtter was then rotated in the
horizontal and in the vertical direction in angular steps of
0.1°.

For phenol, the deviations at the zero point were less than 0.2
% of the upper range limt and the maxi um deviations at the
reference point (14.7 mg/m3) were less than 0.5% of the display
range. For formal dehyde, the maxi mum deviations found during the
test were -1.6% at the zero point and -1.7% at the reference
point (17.3 mg/m3).



936/802011
Page 26

6 CONTI NUQUS OPERATI ON FI ELD- TEST

The M nimum Requirenents stipulate a continuous operation field-
test of at least three nonths wich should be carried out in one
place if possible. During this period, the neasuring system
under exam nation nust be operated under real-life conditions
allgmﬁng the test results to be applied to conparable operating
condi tions.

The continuous-operation test was carried out in a plant

manuf acturing mneral wool products. The sanpling point was in a
circular, vertical duct after the scrubber.nghe 8uct had a
dianeter of 2 mand the gas was flow ng upwards. The flue gas
tenperature was about 40 °c. Conditions at the sanpling point
varied from slightly positive to slightly negative pressure. The
two OPSIS systens and the sanpling connector for the conparison
measurenents were situated in a straight |ine above each other

The performance test for phenol and formal dehyde was started on
June 15, 1993. After an operating period of about 4 weeks, the
test for formal dehyde had to be aborted because the neasuring
system could not nmeet the detection [imts and zero point
tolerances in the field test. The test for phenol was
successfully conpleted after three nmonths w thout any problens.
The two neasuring systens were then taken back to the

manuf acturer where they were optimzed for formal dehyde
measurenents. After a supplenmentary test at the laboratory, the
field test for formal dehyde was resumed on Novenber 1, 1993, and
conEIeted on January 31, 1994. Al calibration and maintenance
work during this time was carried out by personnel of the
Techni cal Inspectorate (Tov) or by the manufacturer's service
per sonnel under supervision.

Overall, the field neasurements were carried out (phenol in the
first, formal dehyde in the second attengt) wi t hout naj or
problenms with two identical OPSIS AR 602 Z neasuring systens.
During the three-nonths field test, neasurenent of the flue-gas
noi sture content was also activated with varying measuring
times. The values output by the OPSIS nmeasuring system were
converted to standard state "wet" by OPSIS internal 1080 signal
manager to which the duct tenperature and pressure val ues had
been supplied. Al neasurenent results were condensed to half-
hourly nean values and continuously recorded over the entire
duration of the continuous-operation test.
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Two conpl ete neasuring systens were used during the continuous-
operation test. Each of them conprised the follow ng conponents:

Anal yzer OPSIS AR 602 Z

Emtter and receiver (ER 060)

Power supply unit (PS 150)

Fibre-optic cable, 5m (OF6 OR)

Anal og 1 nput card (A 016)

Anal og out put card (ao 008) _ _
Calibration unit CA 150 with luxmeter, fibre-optic cable
(CFR OR), 5 m

The neasured data were stored on the analyzer’s built-in hard
disk. To generate the half-hourly mean values, the data recorded
by the Analyzer were processed by the software included in the
supply package. For a tine, an additional data recorder with an
integration period of 30 mnutes was used as well.

At the beginning and at the end of the performance tests in the
m neral wool plant, the s¥sten1paraneters were adjusted and/ or
checked with the aid of the calibration equipnent. During the
conti nuous-operation test, the calibration source CA 150 and the
calibration path CB 100 were used to check the zero points.
Furthernore, calibration nmeasurements were perfornmed both at the
beginning and at the end of the continuous operation test.
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6.1 Dead and response tines

According to the VDI Recommendation 2449, Sheet 2, the dead tine
Is the period between a sudden change in the state variable and
the rise of the neasured value to 10% of the value of the step
response to be expected. The rise tinme is the tine, after a
sudden change in the state variable, of the rise of the neasured
value from 10% to 90% of the expected step response. The
response time is the sumof the dead and the rise tine.

For the "in-situ" measuring system OPSIS AR 602 Z, the dead tine
cannot be determined in this way. The neasuring system wll
normal | y neasure several flue gas conponents in sequence. As a
general rule, the detection Ilimt decreases as the neasuring
time for an individual conponent is increased, because the
signal -to-noise ratio is inproved. Table 6.1 lists the m nimm
measuring tines established by the Tiv Rheinland in the course
of performance tests or other test measurements to date.

If four conponents were activated in a system for plant
monitoring in accordance with the TA Luft (German Techni cal
Regul ations for Air Pollution Control), a possible neasuring
cycle woul d take 60 seconds. A further 30 seconds (on average)
per neasuring cycle nust be added for spectroneter adjustnents.
Thus, the total tine for one nmeasuring cycle is about 90 sec.

Due to the neasuring principle, the maxi num dead time or 90%
time in case of sudden concentration changes in the flue gas
duct will be 150 sec.
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Table 6. 1: M ni num measuring tines for tested conponents of
the measuring system OPSIS AR 602 Z
Component Minimum Unit Minimum Comments
measuring range measuring
tested time
[s]
Sulphur dioxide 0to 80 ng/u3 3 Performance Test Report 10V Rheinland
936/800009 of Aug. 8, 1991
3 tested on the occasion of the
examplary performance test for
mercury (0)

Performance Test Report 10V Rheinland
936/804002/Hg of Feb. 25, 1994
Nitric oxide 0to 150 ng/m3 30 Performance Test Report 10V Rheinland
936/800009 of Aug. 8, 1991
10 tested on the occasion of the
examplary performance test for
mercury (0)
Nitrogen dioxide  0to 20 ng/u3 30 Performance Test Report 10V Rheinland
936/800009 of Aug. 8, 1991
5 tested on the occasion of the
examplary performance test for
mercury (0)
Performance Test Report 10V Rheinland
936,/804002/Hg of Feb. 25, 1994

Ammonia 0to 20 ng/m3 30 Performance Test Report 10V Rheinland
936/800010 of My 27, 1992
0 to 10 ng/m3 10 Performance Test Report 6V Rheinland
936/804002/NH3 of Feb. 25, 1994
Water 0to 30 vo.% 30 Performance Test Report 16V Rheinland
936/800010/2 of March 1, 1993
0to 0 val. % 10 tested on the occasion of the

exemplary performance test for
phenol and formaldehyde
936/802011 of Feb. 25, 1994
Phenol 0to 20 ng/m3 10 tested on the occasion of the
exemplary performance test for
phenol and formaldehyde
936/802011 of Feb. 25, 1994
Formaldehyde 0to 20 ng/m3 0 tested on the occasion of the
exemplary performance test for
phenol and formaldehyde
936/802011 of Feb. 25, 1994
Metallic 0to 150 Jg/m3 10 Performance Test Report 10V Rheinland
mercury 936/804002/Hg of Feb. 25, 1994

For components that are not listed here but can nevertheless be activated in the system, the manufacturer
normally recommends a minimum measuring time of 30 sec.
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6.2 Anal ysis function of the neasuring system

The analysis function was prepared with the aid of manua
conparison mneasurenments. For this purpose, the neasured val ue
reading of the instrunent was conpared with the concentration in
the flue gas determned with the conparison neasurenent nethod.
The sanpling point for the conparison neasurenments was situated
approx. 0.3 m above the neasuring axes of the two OPSIS AR 602 Z
units. The conparison neasurenent methods used are described in
Chapter 3.3.

The statistical evaluation of the neasurenment results which took
the form of a regression analysis showed that the relation
established by calibration between the concentrations in the
flue gas determned with the conparison nethod y (mg/m3) and the
i nstrunment reading x (mA) can be described by the follow ng

| i near equati on:

y=a+b?*x

The statistical evaluation includes the calibration curves wth
their upper and |ower confidence limts for the mean val ues as
well as the two tolerance limts for individual concentration
val ues.

The tolerance limts specify the range within which the gas
concentrations of an individual neasured value (half-hourly nean
value) may lie. According to definition, the tolerance limts
state that 95% of all neasured values will lie within this range
with a significance |evel of 5%

The follow ng calibration neasurements were performed for the
component phenol :

Calibration at the beginning of the continuous-operation
t est

(Table 6.2 and Figures 6.1 and 6.2) _
Calibration at the end of the continuous-operation test
(Table 6.3 and Figures 6.3 and 6.4).

The individual values are listed in Annex 9.4.
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Tabl e 6. 2: Results of the re%;essiqn anal yses for pheno
performed at the beginning of the continuous-
operation test
Unit 081 | Unit 209
Nunber of neasured val ues 16 16
Measuring range (mg/m3) 0 - 20 0-20
Mean val ue of the instrunent reading
(ma) 13.1 13.0
Mean val ue of the reference nethod (mg/m3)
for wet flue gas in standard state 11. 4 11. 4
Sl ope of the regression line
(mg/m3) / mA 1.27 1.26
Ordinate offset of the regression line
(mg/m3 ) -5.2 -5.0
Correlation coefficient 0.9962 0.9961
Tabl e 6. 3: Results of the regression anal yses for phenol
perforned at the end of the continuous-operation
test
Unit 081 | Unit 209
Nunber of neasured val ues 16 16
Measuring range (mg/m3) 0-20 0-20
Mean val ue of the instrument reading
(ma) 12.8 12. 8
Mean val ue of the reference method (mg/m3)
for wet flue gas in standard state 11.0 11.0
Sl ope of the regression line
(mg/m3) / mA 1.25 1.24
Ordinate offset of the regression line
(mg/m3 ) -5.1 -4.9
Correlation coefficient 0.9951 0.9941

The listed concentrations refer to wet flue

state.

gas in standard
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Figure 6.1: Calibration curve (analysis function) at the
begi nning of the exenplary perfornmance test

Manuf act urer: CPSI S AB

Measuring system OPSI S AR 602 Z

Measuring range: 0 - 20 mg/m3 pheno

Tested criterion: Rel ati on between the Unit 081 and the

conparison method
Test site: Purified gas of a mneral wool plant

20
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Figure 6.2: Calibration curve (analysis function) at the
begi nning of the exenplary perfornance test

Manuf act urer: OPSI'S AB

Measuring system OPSIS AR 602 Z

Measuring range: 0 - 20 mg/m3 pheno

Tested criterion: Rel ation between the Unit 209 and the
conpari son nethod
Test site: Purified gas of a mneral wool plant

20
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Figure 6.3: Calibration curve (analysis function) at the end
of the exenplary performance test

Manuf act urer: OPSI S AB

Measuring system OPSI S AR 602 Z

Measuring range: 0 - 20 mg/m3 pheno

Tested criterion:  Relation between the Unit 081 and the
_ conmparison nethod
Test site: Purified gas of a mneral wool plant
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Figure 6. 4: Calibration curve (analysis function)
the exenplary perfornmance test

of

Manuf act urer:
Measuring system
Measuring range:
Tested criterion:

Test site:
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I nstrunent readi ng [mA]

CPSI S AB
OPSIS AR 602 Z
0 - 20 mg/m3 pheno

16 18 20

at the end

Rel ati on between the Unit 209 and the

conpari son nmethod
Purified gas of a mneral
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pl ant
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The followi ng calibration nmeasurements were carried out for the
conmponent fornal dehyde:

Calibration at the beginning of the continuous operation
test (Table 6.4 and Figures 6.5 and 6. 6)

Calibration at the end of the continuous operation test
(Table 6.5 and Figures 6.7 and 6.8).

The individual values are listed in Annex 9. 4.

In view of the small bandw dth of the fornal dehyde values in
continuous operation, the nunber of conparison neasurenents was
kept to the m ni mum (n=30).

An indirect plausibility check of the calibration curves can,
however, be derived from the | aboratory tests conducted to
establish the instrunent characteristic and the cross
sensitivities and fromthe reproducibility tests (with addition
of test gas). Fromthe results of these tests, it is to be
expected that the analysis function for formal dehyde can be
prepared over the entire measuring range fromO to 20 mg/m3 in a
real-life flue gas matrix as well.
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Tabl e 6.4: Results of the regression anal yses for
fornal dehyde perforned at the beginning of the
conti nuous-operation test
Unit 081 Uni t 209
Nunmber of neasured val ues 15 15
Measuring range (mg/m3) 0 - 20 0 - 20
Mean value of the instrunent reading
(mA) 5.9 5.3
Mean val ue of the reference nmethod (mg/m3)
for wet flue gas in standard state 1.8 1.7
Sl ope of the regression line
(mg/m3) / mA 1.02 1.29
Ordinate offset of the regression line
(mg/m3 ) -4.21 -5.12
Correlation coefficient 0.991 0.994

Tabl e 6.5: Results of the regression analyses for
formal dehyde perfornmed at the end of the
conti nuous-operation test
Unit o081 | Unit 20
Nunmber of neasured val ues 15 15
Measuring range (mg/m3) 0 - 20 0 - 20
Mean value of the instrument reading
(ma) 5.4 5.3
Mean val ue of the reference method (mg/m3)
for wet flue gas in standard state 1.5 1.6
Sl ope of the regression line
(mg/m3) / mA 1.06 1.23
Ordinate offset of the regression |line
(mg/m3 ) -4.2 -4.9
Correlation coefficient 0.982 0. 959

The |isted concentrations refer flue

state.

to wet

gas in standard



Reference method [mg/m3]

936/802011
Page 38

5
45 -
]
35 1
g
25 I
2 ]
0.5 +—— : / 7/
0 - = = : /ﬁgéézy/ t % , : 4

0 1 2 3 4 5 6 7 8 9

| nstrunent reading [mA]

Figure 6.5: Calibration curve (analysis function) at the
begi nning of the exenplary perfornance test

Manuf act urer: CPSI'S AB

Measuring system OPSI S AR 602 Z

Measuring range: 0 - 20 mg/m3 fornmal dehyde

Tested criterion: Rel ati on between the Unit 081 and the

_ conpari son method
Test site: Purified gas of a mneral wool plant
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Figure 6. 6:

Manuf act urer:
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I nstrunment reading [mA]

Calibration curve (analysis function) at the
begi nning of the exenplary perfornmance test

CPSI S AB

Measuring system OPSIS AR 602 Z
Measuring range: 0 - 20 mg/m3 formal dehyde
Tested criterion: Rel ation between the Unit 209 and the

Test site:

conparison method
Purified gas of a mneral wool plant

10
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Figure 6.7: Calibration curve (analysis function) at the end
of the exenplary performance test

Manuf act urer: OPSI'S AB

Measuring system OPSIS AR 602 Z

Measuring range: 0 - 20 mg/m3 formal dehyde

Tested criterion: Rel ati on between the Unit 081 and the

_ conparison method
Test site: Purified gas of a mineral wool plant

10
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Calibration curve (analysis function) at the end
of the exenplary performance test

CPSI S AB

Measuring system OPSIS AR 602 Z

Measuring range:

Tested criterio

Test site:

0 - 20 mg/m3 formal dehyde

n: Rel ation between the Unit 209 and the
conpari son nmethod

Purified gas of a mneral wool plant
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6.3 Determ nation of the detection limts

The detection limts for phenol were determned both in the
course of the continuous-operation test and during the

| aboratory tests. The results are listed in Table 6.6. For the
I ndi vidual values, refer to Annex 9.1. The tests were carried
out ?F a 2 mnonitoring path (duct dianeter at the measuring
poi nt).

Table 6.6 Detection limts for phenol (2 mnonitoring path),
measuring range 0 to 20 mg/m3
Unit 081 Unit 209

Nunber of val ues n 30 30
Mean val ue of bl ank
r eadi ngs mg,/m3 0.0 0.0
Standard deviation mg/m3 0.06 0.05
Detection |imt mg/m3 0.2 0.2
Detection limt % of upper

range limt 1.0 1.0

The detection limts for formal dehyde were also determned in
the course of the continuous-operation test and during the

| aboratory tests. The results are listed in Table 6.7. For the
i ndi vidual values, refer to Annex 9.1. The tests were carried
out %n a 2 mnonitoring path (duct diameter at the measuring
poi nt).

Table 6.7 Detection limts for formal dehyde (2 m nonitoring
path) ~ measuring range O to 20 mg/m3
Unit 081 Unit 209

Nunmber of val ues n 30 30
Mean val ue of bl ank
r eadi ngs mg/m3 0.0 0.0
Standard deviation mg,/m3 0.13 0.16
Detection limt mg,/m3 0.4 0.5
Detection limt % of upper

range limt 2.0 2.5
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6.4 Reproduci bility of the instrunment reading

For the reproducibility check, the data recorded during the
conti nuous-operation tests were used as half-hourly nean val ues
divided into three classes; the values were selected by the
random sanpling procedure that is customary for performance
tests.

Table 6.8 lists the reproducibility data for phenol: the

i ndi vidual values are [isted in Annex 9.2. Figure 6.9 shows a
graphical representation of the twin determnations with the two
units.

Table 6.8 Results of the reproducibility check for phenol
Sanpling criterion Nunmber of value pairs| R’ R
Cass | (0 - 6.6 mg/m3) 50 27 81
Cass Il (6.6 - 13.3 mg/m3) 50 30 44
Cass Il (13.3 - 20 mg/m3) 50 63 63
Casses I, Il and Il 150 58 58

R’ - relative to the upper class limt
R - relative to the upper range limt

Reproducibility R = upper limt , (s * t)
with upper limt = upper range or upper class limt respectively

s - standard deviation established by tw n determnations
t - test quantity of Student's distribution at 95% certainty
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Figure 6.9: Phenol _
Reproducibility for OPSIS AR 602 z - Units 081/209

Legend: confidence interval of the calibration curve
——— tolerance band for individual values
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Table 6.9 lists the reproducibility data for formal dehyde: the

i ndi vidual values are listed in Annex 9.2. Figure 6.10 shows a
graphical representation of the twin determnations with the two
units.

As mentioned before, all individual values nmeasured during the
field test were below 6 mg/m3; therefore, additiona

measurements with test gases were perforned at the |aboratory to
I mprove the information content of the results.

Table 6.9 Results of the reproducibility check for phenol
Sanpling criterion Nunber of val ue pair|s R’ R
Cass | (0 - 6.6 mg/m3) 50 14 44
Cass Il (6.6 - 13.3 mg/m3) 50 25 37
Cass Il (13.3 - 20 mg/m3) 50 29 29
Casses I, Il and Il 150 36 36

R’ - relative to the upper class limt
R - relative to the upper range limt

Reproducibility R = upper limt s (s * t)
wth upper limt = upper range or upper class |limt respectively

s - standard deviation established by tw n determ nations
t - test quantity of Student's distribution at 95% certainty
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Figure 6.10: For mal dehyde
Reproducibility for OPSIS AR 602 Z - Units 081/209

Legend: confidence interval of the calibration curve
——  tolerance band for individual values
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6.5 Zero and reference point stability

The zero points of the two units were checked regularly on the
occasion of the checks carried out every 2 weeks. The follow ng
results were found for phenol:

for Unit 081 and Unit 209 at the zero point:
< 1 % of the upper range limt

% 1

Readj ustment of the zero point did not become necessary during
the entire test period.

No reference point check was carried out in the field because
mobil e test gas generators for phenol were not available. At the
end of the field test, the units were taken to the |aboratory
for zero and reference point checks. The shifts both in the zero
and in the reference point were found to be below 2 % of the
upper range limt.

For fprnaldeh%de the following results were found on the
occasion of the bi-weekly checks:

- for Unit 081 and Unit 209 at the zero point
* < 1 % of the upper range limt

After a period of about 2 nonths, the zero point for

formal dehyde had to be recalibrated. The reference point was
checked about 2 weeks before the last calibration. At that ting,
the shifts observed were +2.3 % for Unit 081 and -3.3%for Unit
209, i.e. within the admssible tolerance limts. Therefore,
readj ust nent was not perforned.
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6.6 Mai nt enance i nterval

In the course of the continuous operation field-test a

mai ntenance interval of 1 nonth was established for the
conEonents phenol and fornmal dehyde. The follow ng naintenance
work has to be carried out after this period:

* visual check of the entire neasuring system _

* light intensity check for each component on the nonitor and,
if the red fibre-optic cable is being used, with a hand-held
photoneter (intensity < 8000 | ux)

* checking the mrrors in the emtter and the receiver

* cleaning the w ndows

* checking the purge air supply

* checking the data recorded by the system for frequent
occurrence of negative standard deviations

* system check

* an ozone-free xenon high-pressure lanp nust be installed in
the calibration source CA 150 for zero point checks

* zero point check in accordance with the instructions given

in the nmanual

Dust on the w ndows does not affect the neasurenent results
since the resulting decrease in the light intensity is

el ectronically conpensated for. Also, the dust spectrum does not
interfere wth the nol ecul ar absorption spectrum of the gas.

Nevert hel ess, the wi ndows should be cleaned if the Iight
intensity drops to less than 50% of the value reached at the
time of installation. The light intensity can be read on the
monitor any time. Further, a signal can be assigned to the |ight
intensity to activate an alarmas soon as it drops below a
freely selectable Ievel
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6.7 Avai l ability

As stipulated by the Mnimm Requirenents, the measuring systens
must have an availability of 90% it should be better than 95%
during the performance test. The availability is the period
during which the system provides useful data for assessing a

plant’'s em ssion |evels.

The availabilities established in the course of the continuous-
operation test are listed in Tables 6.10 and 6. 11.

Tabl e 6.10: Availability of the two OPSIS AR 602 Z systens for
phenol during the continuous-operation test

Unit 081 Unit 209
Total operating tine 2148 h = 100% | 2184 h = 100%
Time for checks and maintenance 30 h = 1.4% 30 h = 1.4%
Service work _ 20 h = 0.9% 20 h = 0.9%
Down-tinme due to malfunction Oh Oh
Avai |l abl e measuring tinme 2154 h = 97.7%| 2154 h = 97. 7%
Table 6.11: Availability of the two OPSIS AR 602 Z systens for
formal dehyde during the continuous-operation test
Unit 081 Unit 209
Total operating tine 2148 h = 100% |2184 h = 100%
Tinme for checks and mai ntenance 50 h = 2.3% 50 h = 2.3%
Service work 20 h = 0. 9% 20 h = 0.9%
Down-time due to mal function 16 h = 0. 7% 20 h = 0.9%
Avai l abl e measuring tine 2098 h = 96.19% 2094 h = 95. 9%
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COVPARI SON BETWEEN THE TEST RESULTS AND THE M NI MUM

REQUI REMENTS

Minimum requirement

Evaluation

111

The performance test is to be carried out
in accordance with the definition of the
VDI Recommendation 2449, Sheet 1, of Oct.
1970, the DIN-IS0 standard 6879 of Jan.
1984 and the DIN standard 43745 of Feb.
1975.

The performance test was carried out in
accordance with the said recommendations
and standards. The continuous operation
test took place in a mineral-wool plant
from June 15 to September 15, 1993, for
the component phenol and from November 1,
1993, to January 31, 1994, for the
component formaldehyde.

satisfied

112

Compliance with the minimum requirements
should be verified by means of a
continuous operation test of at least
three months within the scope of the
performance test. As far as possible, the
continuous operation test should be
carried out in one place over an
uninterrupted period of time. Only in
exceptional cases may shorter test
operation periods in different places be
taken into account for the continuous
operation test.

The test was carried out in one place.

satisfied

113

During the performance test, the relation
between the instrument reading and the
value of the measured object in the flue
gas determined by means of a reference
method as mass concentration or volumetric
flow, for example, should be established
by regresson caculation (analyss
function).

The cdlibration was carried out with 32
comparison measurements for phenol and 30
comparison measurements for formaldehyde.
There is a statistically established
relation between the instrument reading
and the phenol or formaldehyde content of
the flue gas.

satisfied

114

The measuring system must be provided with
a facility offering security against
unauthorized or unintentional adjustment
changes.

Owing to its mode of operation, the
measuring system does not permit any
unauthorized or unintentional adjustment
changes. Furthermore, operator control is
secured by means of a password and a
detachable operator keyboard.

satisfied
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Minimue requirerent Test result Evaluation
115
The zero point of the instrument reading The zero point was Stuated at approx. 4 satisfied
should be situated at approx. 10 % or 20 %  mA (20 % of the instrument display range)
of the full-scale reading, the reference during the test; it is, however, freey
point should be situated at approx. 70 %. selectable via the menu. The reference

point is determined by the sdlected test

gas concentration.
1.1.6
The measuring systems should be designed The measuring range of the measuring satisfied
in such away that the display range can system OPSIS AR 602 Z is freely sdlectable
be adjusted to the respective measurement  for each component via computer menu.
tasks. Normally, the most sengitive
display range should be 2.5 to 3 times the
vaue of the dtipulated emission limit.
117
The measuring systems should have a Up to 24 analog outputs (4 - 20 md) can be  satisfied
measured value output for connection of an  programmed in the tested measuring system
additional display or recording unit. (e.g. measured value, light intengity,

etc.)
118
The measuring systems should be able to Installation of an external status signal satisfied
communicate their current operating status  transmitter in an analog output is
(readiness for operation, maintenance, possible without any problems. Fault
fault) to a subsequent evaluation unit by ~ messages can be communicated via
means of a status signal. interfaces.
119
The measuring system should have aminimum  The availability was established for both  satisfied
availability of 90% in continuous measuring systems. The value established
operation; during the performance test, for phenol was 97.4 %; for formaldehyde it
the availability should be 95%. (The was 96.1 and 95.9 % respectively.
availability describes the period of time
during which useful measured vaues are
obtained for evaluating the monitored
plant's emissions. )
1.1.10
The maintenance interval of the measuring  The maintenance interval of the measuring satisfied

system must be established and tated.

system was established in the course of
the continuous operation test. A
maintenance interva of 4 weeks is
recommended.
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Minimum requirement Test result Evaluation
1111
The reproducibility R = £ The reproducibilities were established by  satisfied
_ U means of twin determinations. For this
(x upper limit of the measuring range: 0 purpose, measurements with two similar
uncertainty range in accordance with the OPSIS AR 602 Z measuring systems were
VDI Recommendation 2449, Sheet 1) isto be  carried out in the same place.
edtablished by means of twin
determinations. For this purpose,
measurements with two similar measuring
systems are to be carried out in the same
place.
1112
The performance test covers the entire The entire OPSIS AR 602 Z measuring system  satisfied
measuring System including sampling, comprising an emitter, a receiver, an
sample preparation and data recording or analyzer with monitor and keyboard, a
data output. The manufacturer’s manua is ~ modem and a recorder was examined during
to be included in the performance test. the continuous operation test to which the
measuring system was subjected.
1113
The minimum requirements should be a) The effect of line voltage fluctuations  satisfied
complied with under the rated conditions on the measuring signa was within the
of use listed below in accordance with DIN  admissible tolerance limits both for
43745 of Feb. 1975, Inddlation Category  phenol and for formadehyde,
[
a) line voltage The following individua values were
b) relative air humidity established:
c) liquid-water content of the air At the zero point:
d) vibrations 0 to 0.5 % for phenol
€) service position 0 to 2.0 % for formaldehyde
At the reference point:
-2.0t0 0.5 % for phenal
-29 10 29 % for formadehyde
b) t ¢) The OPSIS monitoring path satisfied
(emitter, receiver, power supply unit) is
splash-water proof. Effects of the
relative air humidity on the system’s
serviceability could not be detected.
d) Vibrations were not detected to have satisfied
any effect on the system operation during
the continuous operation test.
€) The emitter and receiver of the OPSIS satisfied

AR 602 Z measuring system must be mounted
to the flue gas duct in a horizonta
position.
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on

1114

If the measuring systems are equipped with  The OPSISAR 602 Z measuring systemhasno  n.a.
facilities for automatic function testing  facilities for automatic function testing
and readjustment, these facilities must be  and readjustment.
included in the performance test. A status
signa should be given if the automatic
correction goes beyond an adjustment range
of 6% of the display range.
1.1.15
Multi-component measuring systems must The multi-component measuring system OPSIS  satisfied
comply with the requirements for each AR 602 Z complies with the requirements
individual component and must be tested for al tested components.
accordingly.
1323
The interference effect of light-beam The interference was established at the satisfied
drift must be stated. Option: In the laboratory. For phenol, the max.
angular range of + 0.3, the interference  interference at the zero point was 0.2% of
effect should not exceed 2% of the display  the upper range limit; at the reference
range. point it was < 0.5%.
For formadehyde, a max. deviaion of -
1.6% of the upper range limit was found at
the zero point and a deviation of -1.7% at
the reference point.
14
(Gaseous emissions
14.1
Generd
1411
The detection limit of the measuring With a monitoring path of 2 m, the satisfied
systems should not exceed 2 % of the most ~ measuring System’s detection limit was 0.2
senditive display range. ng/m3 *= 1 % of the display range for
phenal and
0.5mg/n3"= 2.5% of the display range for ~ satisfied with
formaldehyde certain

qualifications
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Ninimum requirement Test result Evaluation
14.1.2
The ambient temperature range rating ist5  The emitter, receiver and monitoring path satisfied
"ctot 35°C. It should reach -10 °¢ and of the measuring system were tested in an
155°C in accordance with the DIN standard  air-conditioned chamber. Analyzer,
43745 of February 1975, Ingtalation monitor, keyboard and recorder were
Category II. located outside the air-conditioned

chamber a room temperaiure. The

manufacturer specifies 30 °¢ as the upper

temperature limit for the anayzer AR 602

Z (refer to the operator’'s manual),
14.1.3
The variation in the zero point reading The zero point deviations for phenol and satisfied
should not exceed t 2% of the display formadehyde were within the admissible
range for a 10 K variation in the ambient  tolerance limits during the tests in the
temperature within the allowable air-conditioned chamber.
temperature limits. Zero point variations
resulting from variations in the
temperature of the measured medium must be
compensated for by suitable measures.
14.14
The variation in the reference point The reference point deviations for phenol satisfied

reading resulting from the temperature-
dependence of the system’s senstivity
should not exceed + 2% of the specified
value for a 10 K variation in the ambient
temperature within the alowable
temperature limits. Reference point
variations resulting from variations in
the temperature of the measured medium
must be compensated for by suitable
measures.

and formaldehyde were within the
admissible tolerance limits during the
tests in the air-conditioned chamber.



936/802011

Page 55

Minimum - requirement Test result Evaluation
1.4.15
The interference effect of cross For phenol, no detectable cross satisfied
sensivities to atendant substances sengtivities to the tested attendant
present in the measured medium in mass substances in the flue gas were observed.
concentrations which are typica for flue  For formaldehyde, a dight cross
gases must not exceed t 2% of the display ~ senditivity to nitrogen oxides can be
range. If this requirement cannot be met, observed at the zero point. At the
the effect of the interfering component in  reference point, the instrument reading
question must be taken into account by shows dight negative deviations upon
suitable measures. addition of high anmonia concentrations.

For formaldehyde, the tested measuring

system had a pronounced cross senstivity

to SO2. For this reason, the SO2

concentrations must not exceed 15 ng/m3

(for @ 2 m monitoring path).
1.4.1.6
The response time (90% time) of the The tested measuring system measures satisfied
measuring system, including the sampling directly in the flue-gas duct (in-situ).
system, should not exceed 200 seconds. When measuring four components, the

maximum 90% time is 150 seconds.
1.4.1.7
The variation in the zero point reading The variation of the zero point reading satisfied
over time should not exceed + 2% of the over time was established at the
display range within the maintenance laboratory and during the continuous
interval. operation test. It was < 1 % of the upper

range limit.
1.4.1.8

The variation of the reference point satisfied

The variation in the reference point
reading over time resulting from a
variation in sengitivity should not exceed
t 4% of the display range within the
maintenance interval.

reading over time was < 2% for phenol and
< 4% for formaldehyde at the reference
point.
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Minimum  requirement Test result Evauation
14.1.9
In terms of material and heating, sampling  The tested measuring system measures satisfied
and sampling preparaion operations must directly in the flue-gas duct (in-situ
be conceived in such a way that measurement). Thus, no sampling and
satisfactory solid matter filtering is sampling preparation operations are
achieved and conversion as well as carry- required with this measuring system.
over effects resulting from adsorption and
desorption phenomena are avoided as far as
possible.
14.1.10

During the continuous operation test, the  satisfied

The reproducibility should not be below a
vaue of 30.

reproducibility was 58 for phenol and 36
for formaldehyde .
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8. SUMMARY

At the request of OPSIS GmbH, 50226 Frechen, and with financi al
support from the state of North Rnhine-Westphalia (Mnistry of
Environnental Protection, Regional Planning and Agriculture),
the T6v Rheinland, Sicherheit und Umeltschutz cembH (Technica

| nspectorate of Rhineland, Safety and Environmental Protection
Limted), subjected the neasuring system OPSIS AR 602 Z to an
exenpl ary pertormance test. The conponents to be assessed were
phenol and fornal dehyde. The test was carried out in accordance
with the Mninum Requirements: the continuous-operation test
took place in the purified gas of a mneral wool plant.

In view of the positive test results, publication as a
performance-tested nmeasuring systemis recommended as follows:

Multi-component measuring System
OPSIS AR 602 Z for phenol and formaldehyde

Manufacturer : OPSIS AD, Furulund/Sweden
Distribution OPSIS¢ubl, Frechen
Suitability: For plants producing mineral wool

Minimum messuring range
during the performance test: Phenal : 0-20 ng/m3
Formadehyde :  O-20 ng/n3

Note: When measuring formaldehyde, the SO2 concentrations must not exceed
15 ng/u3 (for a 2 m monitoring path).
The detection limit for formaldehyde is 2.5% of the upper range
limit: this can be tolerated in practical application.
The analyzer may only be operated at a max. temperature of 30 °C.
If the measuring system is used to measure four components, for
example, the time needed for one measuring and caculation cycle is
approx. 90 sec. The dead time and 90% time is reached after the
second measuring cycle, i.e. 150 sec., at the latest.
The analyzer may only be operated up to a temperature of 30 °C max.
On the occasion of the annua function test, the analysis function
must be checked by wet chemica comparison methods as long as no
test gases are available.

Cologne

June 6, 1994
936-dr.wil-za

Dr. P. WIbring
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Table 1: Zero points for the determning the detection [imt
Monitoring path 2.0 m- test gas nitrogen,

Uni t

081

field test

Number mg/m3 mA
| 0 4.0
2 0.1 4.1
3 0 4.0
4 0 4.0
5 0.1' 4.1
6 0.2 4.2
7 0 4.0
8 0 4.0
9 0.1 4.1

10 0.1 4.1

11 0.2 4.2

12 0 4.0

13 0.1 4.1

14 0 4.0

15 0.1 4.1

16 0.1 4.1

17 0 4.0

18 0.1 4.1

19 0.1 4.1

20 0 4.0

21 0 4.0

22 0 4.0

23 0.1 4.1

24 -0.1 3.9

25 0 4.0

26 0 4.0

27 0 4.0

28 0.1 4.1

29 0.1 4.1

30 0 4.0
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Table 1: Zero points for the deternining the detection limt

field test

Monitoring path 2.0 m- test gas nitrogen,
Unit 209
Number mg/m3 mA
1 0.3 4.2
2 0.2 4.2
3 0.1 4.1
4 0.2 4.2
5 0.1' 4.1
6 0.1 4.1
7 0.2 4.2
8 0.2 4.2
9 0.2 4.2
10 0.2 4.2
11 0.1 4.1
12 0.1 4.1
13 0.1 4.1
14 0.1 4.1
15 0.1 4.1
16 0 4.0
17 -0.1 3.9
18 -0.2 3.8
19 0 4.0
20 -0.2 3.8
21 0 4.0
22 -0.2 3.8
23 -0.1 3.9
24 0 4.0
25 0.1 4.1
26 -0.1 3.9
27 0 4.0
28 0.1 4.1
29 0 4.0
30 0 4.0




Annex 9. 2: I ndi vidual values for determning reproducibility



ANNEX 9. 2
936,/802011
Page 1

Table 1. Reproducibility of the instrunent reading
Measured values of ass | for phenol 0 - 6.6 mg/m3

instrument reading Instrument reading
Unit 081 Unit 209 Unit 081 Unit 209
mg/m3 mg/m3 mg/m3 mg/m3
1.2 1.1 2.2 2.1
1.3 1.1 2.4 2.3
1.4 1.6 24 2.2
1.4 1.2 2.4 2.2
1.4 1.5 2.5 2.3
1.4 1.2 2.7 2.5
1.5 1.6 2.7 2.5
1.5 1.5 2.8 2.7
1.5 1.7 2.9 2.7
1.5 1.3 3.0 2.9
1.6 1.7 3.3 31
1.6 1.5 3.7 35
1.7 2.7 4.4 4.3
1.7 1.6 4.6 4.5
1.7 1.6 4.7 4.6
1.8 1.6 4.8 4.7
1.9 1.7 4.8 4.7
1.9 1.7 5.2 5.0
1.9 1.8 5.2 52
1.9 1.8 5.6 54
2.0 1.9 6.0 5.8
2.1 2.0 6.1 6.5
2.2 2.1 6.2 5.8
2.2 2.0 6.6 6.3
2.2 2.0 6.6 6.5
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Table 2: Reproducibility of the instrument reading
Measured values of Class Il for phenol 6.6 - 13.3 mg/m3

Instrument reading Instrument reading
Unit 081 Unit 209 Unit 081 Unit 209
mg/m3 mg/m3 mg/m3 mg/m3
6.8 3.2 115 114
6.9 6.5 11.6 11.0
6.9 6.8 11.6 114
7.0 6.9 11.7 117
7.6 7.4 11.7 115
7.8 7.6 12.0 111
7.9 7.8 12.1 11.0
7.9 7.7 12.1 12.1
8.3 8.3 12.1 11.7
8.3 8.0 12.1 117
8.6 8.4 124 12.2
9.6 9.6 124 12,5
10.0 10.3 12.6 131
10.3 10.5 12.7 125
10.4 10.4 12.7 13.1
10.8 10.7 12.9 12.7
10.9 10.6 13.0 13.0
11.0 10.6 13.0 13.1
11.1 11.1 13.0 12.8
11.2 11.0 13.1 12.9
11.3 11.0 13.2 13.1
11.3 10.8 13.2 13.1
11.3 11 0 13.3 13.0
114 11.2 13.3 13.2
11.4 11.1 13.3 13.1
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Table 3: Reproducibility of the instrument reading
Measured values of Cass Il for pheno
13.3 - 20.0 mg/m3

Instrument reading Instrument reading
Unit 081 Unit 209 Unit 081 Unit 209
mg/m3 mg/m3 mg/m3 mg/m3
135 13.3 - 16.2 15.9
13.7 13.7 16.3 16.4
13.9 14.0 16.6 16.3
14.0 13.8 16.6 16.6
14.0 13.8 16.7 16.7
14.1 13.8 17.2 16.9
14.3 14.3 17.3 17.1
14.3 14.2 17.5 17.6
14.6 14.5 17.8 17.5
14.6 14.5 18.0 175
14.7 14.7 18.0 17.6
14.7 14.8 18.1 18.0
14.7 14.7 18.1 18.1
14.9 14.8 18.2 18.2
15.0 14.9 18.3 18.1
15.0 15.0 18.4 18.3
15.1 15.4 18.4 18.2
15.1 15.0 18.5 18.5
15.3 14.9 18.6 18.3
15.3 15.1 18.8 19.1
15.4 15.3 19.2 19.3
155 15.1 19.3 19.1
155 15.2 19.4 18.9
15.6 15.7 19.7 19.4
15.9 16.1 19.9 19.6
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Table 4: Reproducibility of the instrument reading
Measured values of Cass | for formal dehyde

0 - 6.6 mg/m3

Instrument reading Instrument reading
Unit 081 Unit 209 Unit 081 Unit 209
mg/m3 mg/m3 mg/m3 mg/m3
0.6 0.6 3.7 3.9
0.6 0.5 3.8 3.7
0.6 0.3 3.8 3.7
0.6 0.5 3.8 3.6
0.6 0.6 3.9 3.9
0.6 0.7 3.9 3.4
0.7 0.7 3.9 3.8
0.7 1.0 3.9 3.9
0.8 1.0 3.9 3.3
0.8 1.0 3.9 3.9
0.8 0.8 3.9 3.8
1.0 0.8 3.9 3.1
1.0 0.8 3.9 3.7
1.1 1.1 3.9 4.0
1.1 1.6 3.9 35
1.5 0.4 4.5 4.4
1.6 1.5 4.7 4.6
2.8 2.6 4.9 4.2
2.8 2.9 5.1 5.2
3.0 2.9 5.1 5.1
3.3 2.7 5.8 5.9
3.6 3.5 6.2 6.4
3.7 3.8 6.2 6.8
3.7 3.4 6.5 6.4
3.7 3.7 6.6 6.3
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Table 5: Reproducib-ility of the instrunent reading
Measured values of Cass Il for formal dehyde
6.6 - 13.3 mg/m3

Instrument reading Instrument reading
Unit 081 Unit 209 Unit 081 Unit 209
mg/m3 mg/m3 mg/m3 mg/m3
6.8 7.2 9.8 10.0
6.8 7.3 10.4 10.9
7.1 7.2 10.4 10.8
7.1 7.6 10.4 9.9
7.1 7.5 10.4 11.3
7.1 7.2 10.5 10.8
7.1 7.3 10.5 10.9
7.1 7.2 10.6 11.1
7.2 7.3 10.6 11.2
7.2 6.7 11.6 12.2
7.2 7.9 11.6 11.7
7.2 7.3 11.6 11.9
7.2 6.7 11.6 12.0
7.3 7.2 11.6 11.3
7.3 7.6 11.6 11.7
7.3 7.1 12.8 12.5
8.9 8.4 12.8 12.9
8.9 9.2 12.8 13.0
8.9 8.9 12.8 12.6
8.9 9.0 12.8 12.6
9.0 8.8 12.8 134
9.0 8.6 12.8 12.6
9.0 9.1 13.3 13.2
9.0 8.5 13.3 13.0
9.1 8.6 13.3 13.3
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Table 6: Reproducibility of the instrunent reading
Measured values of Cass Il for fornal dehyde
13.3 - 20.0 mg/m3

Instrument reading Instrument reading
Unit 081 Unit 209 Unit 081 Unit 209
mg/m3 mg/m3 mg/m3 mg/m3
14.0 14.9 145 14.8
14.0 15.0 15.7 16.4
14.0 14.6 15.7 16.7
14.1 14.6 15.9 16.1
14.1 14.8 15.9 16.7
14.1 14.3 15.9 16.6
14.1 14.4 15.9 16.0
14.2 14.2 15.9 16.7
14.2 14.4 15.9 16.4
14.2 14.8 15.9 15.9
14.2 14.4 15.9 16.7
14.2 14.8 16.0 16.0
14.2 15.3 17.0 16.7
14.3 145 17.0 17.3
14.3 135 17.0 17.4
14.3 14.6 17.1 17.3
14.3 14.1 17.1 17.8
14.3 14.4 17.1 17.6
14.3 14.4 17.2 17.2
14.4 14.6 18.2 17.9
14.4 14.3 18.2 18.7
14.4 15.1 18.2 18.9
14.4 14.6 18.2 18.6
14.4 14.4 18.3 18.7
145 14.4 18.3 18.1




Annex 9. 3: Apparatus and equi pnent for function testing and
mai nt enance



ANNEX 9. 3
936/802011
Page 1

Apparatus and equi prent required for function testing and
mal nt enance*:

F - a nmonitoring path 1 min length and with an interna
di ameter of 60 mm

M - a calibration source, conprising

* a calibration light source (OPSIS, CA 150)

*

a lanp, Type B, Hamamatsu L 2274 (ozone-free)

* a measuring cel

*

a fibre-optic cable, identical with the cable used
during measurenents

- test gas cylinder with valve for zero point checks

- flow neter for a range of 0 to 5 1/min

< £ £ £

=
F - PTFE connecting hose
=
=

- hand- hel d photoneter (OPSIS accessory)

* (maintenance M function testing F)



Annex 9. 4: I ndi vidual values from the calibrations
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Table 1: Calibration at the beginning of the performance test

for phenol, Unit 081
Convetional method Instrument reading

mg/m3 mA

2.0 5.6
4.0 7.2

6.5 9.2

7.0 9.6
10.0 12.0
10.5 12.0
12.0 14.0
12.0 13.2
13.5 14.4
14.0 15.2
14.5 15.6
14.5 15.2
14.5 15.2
15.0 16.0
15.5 16.4
19.5 19.2

Table 2: Calibration at the end of the performance test for

phenol, Unit 081

Convetional method Instrument reading
mg/m3 mA
3.0 6.5
5.0 8.0
55 8.2
6.0 8.8
7.0 10.0
9.0 11.4
11.0 13.1
12.0 13.6
12.0 13.9
14.0 15.3
15.0 15.6
15.0 15.8
15.0 16.3
155 16.5
155 16.3
15.0 16.4




Table 3: Calibration at

for phenol, Unit 209
Conventional method Instrument reading

mg/m3 mA

2.0 5.6

4.0 7.2

6.5 9.2

7.0 9.6
10.0 12.0
10.0 12.0
115 12.8
125 13.6
13.0 14.4
14.0 14.8
14.5 15.2
14.0 15.2
14.0 15.6
15.0 15.6
15.5 16.4
19.5 19.2
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the beginning of the performance test

Table 4: Calibration at the end of the perfornmance test for

phenol, Unit 209
Conventional method Instrument reading
mg/m3 mA
3.0 6.8
5.0 7.6
55 8.0
6.0 9.2
7.0 9.6
9.0 11.2
11.0 12.8
12.0 13.6
12.0 14.0
14.0 15.2
15.0 15.6
15.0 16.0
15.0 16.0
15.5 16.4
15.5 16.4
15.0 16.4
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Table 5: Calibration at the beginning of the performance test
for fornmal dehyde, Unit 081

Conventional method Instrument reading
mg/m® mA
2.1 6.2
2.2 6.3
2.0 6.3
2.0 6.4
2.3 6.4
2.5 6.4
2.4 6.4
2.4 6.5
2.8 6.5
2.5 6.6
2.5 6.6
2.6 6.6
2.3 6.7

Table 6: Calibration at the end of the perfornmance test for
f or mal dehyde, Unit 081

Conventional method Instrument reading
mg/m3 mA
1.9 55
15 5.6
1.8 5.6
1.6 5.7
2.1 5.8
2.3 5.8
25 6.0
2.1 6.1
2.1 6.2
2.0 6.2
2.1 6.2
2.8 6.3
2.6 6.4




Table 7:

Calibration at

t he begi nning of

for fornmal dehyde,

Uni t

209

Conventional method

Instrument reading

mg/m3 mA
2.0 5.6
2.3 5.6
2.2 5.7
2.0 5.7
2.1 5.7
2.5 5.8
2.1 5.8
2.4 5.8
2.0 5.8
2.5 5.8
2.4 5.9
2.6 5.9
2.5 5.9

Tabl e 4:

Calibration at
f or mal dehyde,
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the performance test

the end of the performance test for

Uni t

209

Conventional method

Instrument reading

mg/m3 mA
1.9 5.6
1.8 5.6
2.2 5.6
2.6 5.7
2.3 5.7
15 5.7
1.6 5.8
2.5 5.8
2.8 5.8
2.8 5.8
2.1 5.8
2.1 5.9
2.0 5.9




Annex 9. 5: OPS|I S Manual s



