Envirosoft Ltd

Markham Vale Environment Centre
Markham Vale
Derbyshire S44 5HY

Tel: 01246 240043
Fax: 01246 827563

sales@envirosoftltd.co.uk

CEMQual Manual
Version 1.10

DOC ID UM13


mailto:sales@envirosoft-ltd.co.uk

Software solutions for a

P

Blank

page 2 of 61 DOC ID UM13



Software solutions for a complex environment

Table of Contents

N |V I O ] 1 O I [ ] 5
1.1 VAT N I IS AV 1 O 5

1.2 MATHEMATICAL CALCUIIRON ...t eies et e e et et e eeaaes aeeaesaseaeeaseaereeraees eeas 6

2 SOFTWARE OPERATIQN .. ..ttt ettt eeee eere e a e eeeans 7
2.1 SOFTWARE INSTALLATID. ...ttt et e et eertbeeesai e e st e e rrt e e raies areeaeaans 7

2.2 STARTING THE PROGRADM. ... o ettt et e et e ra et e e e raneets eeeaeseneees 8

2.3 QUICK START GUIDE.... oot ettt e e eeiees teeeeeatiaaeeaeeetaaaaeaerens nreeeeeesssnnaaeaees 9

2.4 CHART OPTIONS . ..o et e tee et e e e e e e e e et eets orereteessaneeestnrerens 10

2.5 CUSUM DRIF Tt e e es ieee et e e et e s et s e sttt e erts aeattaeeestasesstiesaraaeees 11

2.6 (@48 IS0 1Y/ = = (O 1] [ ) 12

2.7 ST AT 7 S .13

2.8 MANUAL SELECTION OEHART LINES..... oot ettt ees rre e e e e e e eans 15

2.9 FINDING NEW QL3 DATAPOINTS ..ot ettt teeeeeeeeeeee e 16

2.10 PRINTING THE DAT A ..ot cees ettt e et reee eettee et et e et et s e eaees  aeareraeesnesenees 17

2.11 LOADING AND SAVING BORED QAL3 ANALYSIS. ...t iiveee et e e enes evrnnnnees 18

3 PASSWORD ENTRY ..t et ies e e e eaaaaas 19
3.1 OPERATOR (LEVEL L1)..oiiiiiiiiii ittt ees aeeee ettt e e e e e s e eeesasniiaeeeeeaeeeeasansnnenee nnereeeeaaeeesnnn 19

3.2 ENGINEER (LEVEL 2)....itiiiiiiiiiiiiiiiiiiiiit ttitiiee e e e e s ettt e e e e es eeteaaassssainstseeeaaaaeaaaass aeesassnssneseeees 19

4 CONFIGURATION. .. i e eeree e e 22
4.1 MEASURAND QAL3 PARAMERS........o oot ettt eeeies teeeeeeenta e e e s eenennn s .22

4.2 QAL3 PARAMETER DETISS. ... .o ittt e et eeeee eevtaeaeeeeestr e e e e eartnaaes aaeessnnns 24

4.3 SAVING AND COPYINGHE QAL3 PARAMETERS........o oo it eee evvtaneees 26

4.4 A NOTE ABOUT MEASUREENT UNITS. .. oot et ee e e s e ies aeeraeesneraneeaneeanaes 26

4.5 DETERMINING SPAN &FZRO DELAY TIMES ... ..o it et ee araee e e e 27

4.6 CEMQUALENZLALBL DATA ..o ooeeeeeeeeeeeiiitiiiiis evevevsrsrssar s ss s s s e e es aaaasaa i sa s e s e s e e eaeaaaaes  aaneaseeens 30

4.7 CALIBRATION GAS/ REERENCE DAT A . ottt ettt e s eeeeeraie e s et e raaas 31

5 MANUAL CEMQUAL DATENTRY. ..ot et e 32
5.1 SELECTING MEASURAND. ...t ettt ee eraee et e et st et e eaeeaneren eeneraneesnses 32

5.2 SELECTING SPAN OR B ... oot ettt ettt s et e et e et aeeete et e et s et et rae et aeeaeees 33

53 ENTERING QALS DA T A ittt ettt e ettt s e e et sees eeeetssaseeeeeeta e e eraearans aeeeeeesnnnnneees 33
5.3.1 QAL DATE/ TIME. ...ttt aeeeeee et e et s e e ssas s aavaeasareeeeeeeeeeeaeaaaaaas 33

5.3.2  MEASUIEA VAIUR........ oo eeeee ettt e s ee e e e e e e e e e e eaanas .33

5.3.3  REEIENCE VAIUEB..... .ot s e e e .33

5.4 KEY FOR BUTTONS . ..ottt eetiee et e e e e raeees eeteeeaeesneeentesseeetaestaasss  rresnsessessnassnsees 34

55 MANUAL AND AUTOMATIOATA ENTRY oottt eies ettt et et e e e e raee aerieseasesaseraneennns 34

6 CONTROL CHART INFORATION. ...ttt eeiee et eee s 36
6.1 CUSUM DRIFT CALCULADN DETAILS. ..o eies ettt eaies earaee st e e e raneeans 36

6.2 CUSUM DRIFT PASS/ HACRITERIA ...t ettt ettt eeerte e e s et e raa e 37

6.3 CUSUM PRECISION CHARDETAILS. ... oot ettt e e e et e e ineee attreeaseseeseeeraenrerans 38

6.4 CUSUM PRECISION PASBBAIL CRITERIA. ..o ies ettt e e e e ee orererreeeaaeeeaans 39

6.5 SHEWH AR T HAR T S e eeiee ettt e e e e ee tetaeeeteesteeeaeeeneeeneaenaees  eenerenessnsesneenns 40

page 3 of 61 DOC ID UM13



Software solutions for a complex environment

10
11

12
13
14
15

6.6  SHEWHART CHART PATBAIL CRITERIA. ..o coeiieiscieeisesnisninns coneeseenneesneeeneas 41
6.7 EWMA CHART CALCULADN. .....cooiiiiiiiiiiiiinis e aonesssiessississeenssnsans ooneens 42
6.8 EWMA PASS/ FAIL CRIERIA ......cocoiiiiiiiiiiiiiiis eoriieiiseisseesiesissiinns | soseiesisesississies e o 43
6.9  SPREADSHEET STYLE BRNOTES......ciiiiiiiiiiiiiiiiies oitieiisiseisniiesiesienes ooreineessiiesissesseeseenn. 44
ADDING/ DISPLAYING OMMENTS.......ccciiiiiiiiiiis i .45
VIDEO HELP.....ooiiiis i i .47
WHICH CHART SHOULD USE/ PRINT 2...oiiiiiiiiiiiiiiiiiis e 48

IGNORING ERRMEOUS READINGS..........cccciiiiiiiiiins i, 49

ADVANCED CONFIGURADN. ...ttt v iiies cevis 50
111 QAL3 PLOT SETTINGS ...iiiiiiiiiiiiiiiiiis eoiiiiiesiiesiesieeisrienis | ooesisesiesaisssesiesinsiiins | coesisesinsianees 50
112 QAL3 RECORD ARCHIVIBL........cooiiiiiiiiiiiiiiiiis ovieiiniiiniesississiinis oneinsississessesnssnisnes oneeneens 52
113 PRINTER SETTINGS.....couiiiiiiiiiiiiiiiins ceoeeiisissiseissisiiinins aosoieississesssessssnsnies oevessinssesseenneos 54

GLOSSARY OF TERMS.......ccciiiiiiiis s i, 55

EXTRACT FROM EN1418CALCULATIONS........cccooiiiiiiiiiiiis i 56

CONVERSIN RCTORS FROM PPM TOGAM3 DATA.......cccoiiiiiiiiiiieii v 58

PROGRAM INFORMATION......cccociiiiiiiiiiiiis i i 59
15.1  VERSION INFORMATION.......couiiiiiiiiiiiiiins comieiiissiseiseiissssiins sooisissssssisssssisssssiins soesesensoaas. 59
15.2 DEFECT REPORTS......coiiiiiiiiiiiiiiiies oriieiississiisississiines | oieississsssssssisssssieenns | aonisassssssssessenns 60
15.3 TEST PROCEDURES USHD TESTING .......coiiiiiiiiiiiiiinns cooeiiesieeissesssiesissiiss | coisesssssesioesisnenss 60
15.4  NEXT SOFTWARE REVIEW.......c.oiiiiiiiniiiniins oiiieeieeissiesiesissiinies ooiesesisesissississsesieses | onseseons 60
15.5 DEVELOPMENT ENVIRONBIT........couiiiiiiiiiiiiis ereimiiinissiseissiininnes aonssessssssssisssssssnnne oo 60
15.6 MINIMUM SPECIFICATI® OF PC RUNNING CEMAAL .....coooviiiiiiiciiiiiins coreeiciissiscisesiesinns oo 60
15.7  REVISION HISTORY.....coouuiiiiiiiiiiiiiins coeieisieesiississiissiesins oeioesiossississsesssesissies | esiseinsensionsins 61
15.8  APPROVALS.......coouiiiiiiiiiiiiniis eoetieiieiesiiesiesbessieies | eotiess s iens | ceoesies e 61

page 4 of 61 DOC ID UM13



=>

Software solutions for a complex environment

1 INTRODUCTION

1.1

This manual guides the operator through the use of CEMQual, a module of CEMSuite that enables
the operator to make all the calculations, graphs and reports required by the European Standard
EN 141817 QALS3.

In writing this software and manual, we have used the standard itself, the Environment Agency
Technical Guidance Note (TGN) M20, and CEN/TC 264 Guidance on the application of EN14181.

WHAT IS EN141817

EN14181 is a European standard that was written to formalise the methods for assessing the
guality of the measurements of stationary source emissions. There are three major parts of this
standard:

1. QALZ,; Quality during manufacture.
2. QALZ2; Quality after initial installation.
3. QAL3; Routine, ongoing quality of the measurements.

QAL1 and QAL2 are wuswually outside of the plant

concentrated on the QAL3 part of the standard i the ongoing assessment of the quality of these
measurements. This is the most onerous part of the standard to assess as it is ongoing and
requires the entry of data from the installed CEMS so that errors in drift and precision may be
assessed.An extract from this standard is below:

op

AQAL 3 /s a procedure to check dri ft andolgqur-eci si o

ing its operation so that it continues to function within the required specifications for uncertainty.

This is achieved by conducting periodic zero and span checks of the AMS- based on those used

in the procedure for zero and span repeatability tests according to EN ISO 14956 - and then
evaluating the results obtained using control charts. Zero and span aadjustments or maintenance

of the AMS, may be necessary depending on the

QAL3 requires that both the drift and precision of measurements are checked using control
charts. There are many interpretations of how the drift should be checked T CUSUM, EWMA,
SHEWHART etc, but only one example of testing for precision, and this is another CUSUM type
check. The mathematics behind these checks are detailed within this manual.

r
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All the mathematical formulae and calculations used within CEMQual are taken from:-

A) BS EN 14181- Stationary source emissions- Quality assurance of automated measuring
systems.

B) TGN M20- Selection, installation, calibration and quality assurance of continuous emission
monitoring systems (For the application of BS EN 14181 and BS EN 132842) published by the
Environment Agency.

C) STATIONARY SOURCE EMISSIONSSUIDANCE ON TH APPLICATION OF EN14181:2004,
Cenl/tc 264/WG 9N, dated 2008 1 12.
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2 SOFTWARE OPERATION

The software is provided on CD-Rom. From Windows explorer,or 6 My Computer 6, sel
relevant drive and run the 6Setupd program.

Note: If the CD drive hasbeens et f or AAuto insert notificationo,
automatically.

Once started, follow the instructions on the screen.
The installation program creates files and directories, and provides a shortcut to start the
program from the Windows Start button.

Note: to install and set-up the database engine, the program must be installed in this manner; it
cannot be simply copied from one computer to another.

The software may be suppl i enbtfumdtidnhvithautith&mg présDeatn gl e 0
in a USB socket. To installthe dongle drivers, use Windows Explorer to locate a sub-directory on
theCD-Rom call eBriengl end o-dirgioryuDouble tick®n tlse dilb called
setupdrv.exe and this will install the dongle drivers. T he CEMQualprogram will now operate

normally.
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2.2 STARTING THE PROGRAM

should now reside on the PC desktop. Alternatively, it can also be started by
shartcutto | Pressing the Windows start button, selecting all programs, Envirosoft, and
CemQUAL.exe|  CEMQual.

m Start the progtamkhbwygdd dhdh BEMRQUaLicore which

After the program is started, a O0tabbed notebookd st
analysis and the configuration pages.

Q CEMQual CEX
QAL3 analysis lConﬁguration] Advanced idea
Display range b3 o110 Get data Select measurand Print / file operations
Start " t-60 ( t-500 1} New data HRSG1 co | &5 Prirt al ‘ Load data | Save JPEG |

End |0ajo4/z010 ] ¢ asset ¥4 tbardon o — 0 SEEn (@ ZZw 2 print this ‘ Save data | = Gawe as XL |
Precision factors . [Name [Date [Time vt [xt [dt [sPos [sNem  [Sn [ |
b Sams am5 cell (18 INAZIEONG 07:30:45 4426 4443 -1.70 0.00 0.00 0.00
\exd Same 0.501 cell (18 21/1202008 073350 4423 4443 200 0.00 0.00 0.00
cell (16 2222000 073046 4432 4443 o110 0.00 0.00 0.00
b/ Sams 6.00 cell (171 ZIAZIEONG 073054 4426 4443 -170 0.00 0.00 0.00
ke/ S 165 cell (171 2411202008 074005 4447 4443 040 0.00 0.00 0.00
standard Deviation cell (17 JEMZIZO0E 07406 45006 4443 630 0.00 0.00 0.00
< 15.94 cell (18 FEAZIIONG O7:40:16 4555 4443 1120 176 0.00 0.00
ams : cel (16) 27/12/2009 07:40:20 4556 4443 11,30 362 0.00 0.00
Zero/ span gas value cell (18 ZE/ZI2000 07:40:29 4557 4443 11.40 5.58 0.00 0.00
PYRwEES " cell (171 I9{1Z{E009 07:40:79  SO0.5 4443  SAEN 5234 000 346.87
< Ghenge cel (17} 31122009 07:40:48 4557 4443 1140 5431 000 69374
M Show comments cell (18 01012010 07:40:48 4437 4443 060 0.00 0.00 0.00
cell (171 02fI1Z010 07:40:52 4435 4443 080 0.00 0.00 0.00
cell (171 03012010 07:41:02 4433 4443 -1.00 0.00 0.00 0.00
cell (17 04012010 07:41:00 4435 4443 080 0.00 0.00 0.00
f+ CUSUM - Crift rell (171 OS/1Z0I0 07:41:13 4432 4443 -1.10 0.00 0.00 0.00
" CLSUM - Precision cell (18) OB/01/2010 07:41:20 4436 4443 070 0.00 0.00 0.00
 Showhart cell (18 O7/012010 074116 4430 4443 130 0.00 0.00 0.00
e p— cell (18 OB/I1Z0I0 07:41:78 4445 4443 020 0.00 0.00 0.00
cell (171 09/0L/2010 07:40:34 4443 4443 0.00 0.00 0.00 0.00
cel gl " - 3 LI LI .|
2 el (17) 100172000 07141039 dddd 4443 000 0.00 0.00 0.00
Redraw graph 2z el (17) 102000 07:41:43 4450 4443 070 0.00 0.00 0.00
23 el (17) 12/01/2010 074142 4452 4443 090 0.00 0.00 0.00
200 '; Scale 1
2 'Z; Scale 2
[~ Thick lines
[¥ Join points
[¥ Draw points
Delete unchecked rows
Uncheck false readings

On start up, QAL3 data for the first measurand will be displayed as either as a spreadsheet style
data grid or as a control chart.

A quick start guide is now described that should allow the operator to display the QAL3 data
immediately.
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2.3 QUICK START GUIDE

The program may be used to display the QAL3 data over a selected time period, for any
appropriate measurement on the CEMSuite system. After it has been configured (see page?22) it
is a simple matter to access the QAL3 data, and a step by step list follows:

1. Selectthe required group (normally analysis point) by clicking the drop down
menu, as indicated by 1 in the image below.
2. Once you have selectedthe group, a list of measurands is generated for that
particular group within the drop down menu to the right . Choose the required
measurand as shown by 2 in the image below.
3. Now select the time period over which to view the results for, as shown by 3 in
the image below; period is expressed in days. Alternatively, enter the start and
end dates for analysis manually, 4 below.
4, Tousea manual search, select the O6startd ar
4 in the image below, then click the radi
5. Data for either the span or zero analysis may be selected by pressing the
labelled radio buttons.

CEMQual will nowrecall the stored QAL3 and it will appear automatically in the grid area, along
with the date/ time, gas bottle ID, and the calculated EN14 181 parameters. (If selected, it will

appear as a chart).

Yiden

QAL3 analysis lCDnﬁgurat\Dn } advanced l

Display range 3 Fto30 L1 Get data Select measurand Print / file operations
Start [@VPHENE < M t-60  t-50 =1 New data =] |HR5I32 2 NOX | 2 Print al | Load data | Save JPEG |
End B (/] Ahandnn/ ARRET AT / o lGEEnl Print this | Save data | A% Save as XL |

4 g_\
1 Select measurand

|St'hy/Water |

el 14 15 18 17 18 13 20
iy 22 23 24 25 = 27
hs/S 25 29 30 31

T aToday: 09/04,/2010
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2.4 CHART OPTIONS

After start up, the program willa access the current QAL3 data set for the first measurand and
display it as a Shewhart chart i discussed later. The data is also available to view in different ways
by simple mouse operations, thes are described in this first section.

(The factors shown here are used to determine limits for Drift and Precision. More information can be

found in cusum drift Calculation details starting on page 37)

Precision factors
hx/ Sams 2.85
kx/ Sams 0.501
hsf Sams 6,90
ks! Sams 1.85
Standard Deviation

S ams 20.028_~

Zero/ span gas value

477.70 *;

Change
v Show comments

" Graph {* Spreadshest
raph select—//
f« CLISUM - Drift
" CLISLM - Precision
" Shewhart
£ B,

Redraw graph |

200 "; Scale 1
100 *Z,, Cralez >

[ Thick lines

v Join points
v Draw points \

Show or hide comments

Graph or spreadsheet display

Select the graph type required for
viewing/ printing

CUSUM Drift 7

CUSUM Precision

SHEWHART 1

EWMA i

A CUSUM chart for drift analysis as
described in EN14181.

A CUSUM chart for a check on the
precision of the measurement i see
EN14181.

A Shewhart chart as descirbed in M20.
An Exponentially Weighted Moving

Average chart as described in CEN/TC
264/WG

Scales for the charts
set in QAL3 parameters

. Will default to as
T page 24

Chart appearance options 1
see also page 50.

These spreadsheet and chart features are now described in more detail. They may be accessed
quickly by checking the appropriate box or by individual selection from the top of the chart area 1

see page 15.
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WithCUSUMDr i ft sel ected, <cl i cki ncgcledbelow willdbring @raaharh 6 r ad
similar to the one shown here. Both positive and negative drift are displayed, along with the
CUSUM drift Imits.

QL3 analysis | Configuration | Advanced | vidsa
Dl ramge Get data Select measmanid Print | (e operations
Lol B Tl B H
Saat g0 0 teson || O] Mewdita Ilm Mk | Sortad | BYcsidus | B sove e
End ROV | s vt % sowen_| || cpsent oara % span 2o || SaPiti | Bfsovdun | Xswosn
| Precision factars O v ] O = O = zPos
hee/ Sams 265 Sede 1 [#]: £8ea CF se [ ousaea [t vt it Seda 2
kxf Sams 0,501 150 [k Precsion kit ¢ ¥ + MSams O v + 25ams [ ewea
HRSG2, MOx, SPAM DATA
hal Sams 650
ks/ Sams 185 120 3
Standard Devlation
S ams 0.85 |
o &
&0 »
0 Limit E
h ™ / w - )
30 = -
4.0 15
4.0 ]
«20 -]
150 L]
Gragh of 24 eoutive ool stuon neiults For HRSGE, Mo Fram 2001272000 07 28:00 bs 13700 2020 0F: 308
OUELM chart check procedure for peitive snd regative drilts are thown with the recommended It vl

Looking at the example above, points have gradually declined past the negative drift limit. Below
is how this graph would look in s preadsheet format. Looking at points 4 and 5, they have

declined below the drift limit as the textis high - i ght ed red within the xNeg
INo. |Name Date Time |vt Xt dt  |5Pos 3Nea Sp i

1 cell (17 20i12/2009 07:28:18 3265 3276 -1.10 0.00 0.67 0.00

2 cell{16) 2Uzf2009 07:25:30  326.5 3276 -1.10 0.00 1.35 0.00

3 cell (18) 221zf2009 072832 3265 3276 -1.10 0.00 2.02 0.00

4 cell{17) 23M12/2009 07:28:33  326.5 3276 -1.10 0.00 270 0.00

& cell{17 24i12/2009 07:26:45 3269 3276 -0.70 0.00 297 0.00

7 cell{18) 25i12/2000 07:28:42  327.5 3276 -0.10
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2.6 CUSUMPRECISION

Selecting CUSUM Precision will produce a chart similar to the one below.

Q CEMQual

C)Ex

QAL3 analysis lCDnﬁguratian ] Advanced Video
Display range bo30 £ E-110 Get data Select measurand Print / file operations
Start C b0 b-500 1} Mew data HRSG2 NOxX | S print al | B} Load data ‘ Save JPEG|
End ot | BB .
04/ " As set #4 sbandon P ——— O GeEn @ Hoe B Print this | BR Save data ‘ 0 Save as KL|
Precision factors [t ve [t = [t ot [t zPos
b/ Sams 285 Scale 1 [t Znea [ sp [t cusum [t Drift limit Srale 2
kie/ Samis 0,501 B [¥]z Precision limit [t ¥ + 35ams [t ¥ +- 25ams [0t Ewma -
HRSE2Z, NCx, SPAN DATA
hs! Sams 5,90
ks! Sams 185 0.0 a0
Standard Deviation
S ams 2.00
Zero/ span gas value 80.0 &0
321.80 'Z+ Change
40,0 70
[v Show comments
z0.0 60
" CUSUM - Drift
' CUSUM - Precision
" Shewhart 00 <
L= Y
-20.0 40
Redraw graph
200 'Z, Scale 1 -40,0 Limit 30
100 'Z, Scale 2
I~ Thick lines -60.0 20
Iv Join points
Iw Draw points
-80.0 10
Delete unchecked rows
Uncheck false readings
-100.0: o]
Graph of 24 routine calibration results for HRSGZ, NOw: From 20§12/2009 07:28:16 ko 12§01/2010 07:30:08
CLUSUM chart check procedure for precision shown with the recommended limit value

In this example, the 6" point has exceeded the Precision drift limit. These figures are also seen
on the spreadsheet in the Sp column.

\No. [Name |Date Time  |vt lx t ldt |zPos |zNeq |SH |
1 cell (177 Z0f12f2009 072818 3302 3276 2.60 1.60 0.00 0.00
z cell ([16) Zif1zf2009 07:28:30 3355 3276 7.90 8.50 0.00 b.65
3 cell (18] Zeflzlzo09 072832 329.5 3276 1.90 9.39 0.00 17.25
4 cell (1177 Zafzlz009 072833 3333 37276 5.70 14.09 0.00 0.00
5] cell (1177 24i1zf2009 072845 330.8 3276 3.20 16.29 0.00 0.00
7 cell (18] Zefizfzooe O7zedz 3371 3276 9.50 Z4.79 0,00 12.45
& cell17) 26/12/2009 O7:28:149 327.6 3276  0.00 0.00 0.00 50.17
Q cell {17 ZFMzfz000 OF:25:52 3F27.4 3276 -0.20 0.00 0.00 0.00
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Selecting Shewhart will produce a chart similar to the example below:

Shewhart pass or
failure information

Shewhart analysis is
demonstrated by either a RED
or GREEN bar for each sample

With Shewhart control charts, the operator has to analyse the chart to decide whether the AMS is
still in control. There are five parameters that have to be met to show control, and th ese are
detailed in the Environment Agencies Technical Guidance Mdte TGN-M20, and are when:

1.
2.
3.
4

5.

one or more data points are beyond one of the upper alarm limits;

three consecutive data points are beyond one of the warning limits;

four points among 5 consecutive ones are beyond +/- Sams

eight consecutive points are on the same side of the mean (NOTE: the CEMQual
program only considers samples that are outside of 0.5 x Sams);

Six consecutive points are either increasing or decreasing.

The warning limits are set at +/ - 2 x Sams, and the alarm limits at +/ - 3 x Sams. These are
drawn on the chart as illustrated above, and are usually coloured in orange and red as seen here.
These colours may be changed by the operator if required.
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