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In this assignment, the timing of the valves switching has been altered to show the effects on results of the gas analysis. A gas bottle with a known concentration has been used to set the ideal conditions and to compare the results. The process of gas chromatography is outlined explaining the different components and their operation. 



[bookmark: _Toc156413466]Gas Chromatography
Jones (1976) summaries the explanation of gas chromatography in a process, stating that:
‘Process gas chromatography is a method of analysing a mixture of gases or vapourisable liquids by segregating it on a time basis into its components and measuring the concentration of each component.’ (p.236)
In essence, gas chromatography is an analytical technique used to separate the chemical components of a sample mixture from of the gas and then detect them to determine the composition of the gas. There is a repeated analysis cycle which operates continuously with different sample mixtures to detect any changes in components concentration and provide a current measurement.   
Gas chromatography is used to test the quality of the gas and measure the energy of a given volume. The Wobbe Index assesses the way the gas burns and ensures that the gas content and characteristic values are in accordance with legislation. Based on the calculated component concentration, the mass density of the natural gas can be determined as well as its relative density.  
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Figure 1.1 – Schematic Diagram of Gas Chromatography System
The gas chromatograph system schematic diagram is shown in figure 1.1. Up to eight injection streams can be selected, one for calibration and seven for sample. This model has 10-port (V1) and 6-port (V2) valves with each shown in their de-energised (off) position. Whilst V1 is in the off position, there is a continuous flow through the sample loop and out the sample vent to maintain a sample of gas. After the preheat coil, there is a sample shutoff valve (V4) where at 0 seconds closes for the gas in the sample loop to drop to atmospheric pressure. The gas analysed is maintained at a constant pressure and a precise volume of gas is injected for each analysis.
At the start of the analysis cycle V1 is de-energised, V2 is energised and V4 is closed (APPENDIX 1). V1 switches at 5 seconds for the carrier gas to direct the sample flow through column 1 where the C6+ components separate from the other components (APENDIX 2). The sample gas continues to flow through column 2 to elute the medium components C3, IC4, NC4, IC5 and NC5. At 13 seconds V1 is de-energised which switches the direction of flow through column 1 and backflushes C6+ to the detector (APPENDIX 1). The lighter components N2, C1, CO2, and C2 continue to flow towards column 3. At 20.8 seconds, the lighter components are trapped in column 3 when V2 de-energises, and the flow of the medium components is directed through the restrictor to the detector (APPENDIX 3). At 67.5 seconds, V2 energises freeing the lighter components for them to be detected and complete the analysis (APPENDIX 1). Whilst this analysis is being carried out, V4 opens at 10 seconds and V1 is de-energised at 13 seconds for the sample gas to fill the sample loop. The order in which the components are detected differs from the order of molar mass so that the analysis time is kept to a minimum (figure 1.2). 




	Order of Detection
	Order of Molar Mass

	C6+ 
	Hexane and heavier components
	N2 
	Nitrogen

	C3 
	Propane
	C1 
	Methane

	IC4
	Isobutane
	CO2 
	Carbon Dioxide

	NC4
	Normal Butane
	C2 
	Ethane

	IC5 
	Isopentane
	C3 
	Propane

	NC5
	Normal Pentane
	IC4 
	Isopentane

	N2 
	Nitrogen
	NC4 
	Normal Pentane

	C1 
	Methane
	IC5 
	Isobutane

	CO2 
	Carbon Dioxide
	NC5 
	Normal Butane

	C2 
	Ethane
	C6+ 
	Hexane and heavier components



Figure 1.2 – Components Order of Detection vs Order of Molar Mass

[bookmark: _Toc156413467]Carrier Gas
For the sample gas to travel through the columns, a carrier gas is used which must be chemically inert. Helium is used as the carrier gas due to its inertness, low safety risk and has a higher thermal conductivity than virtually all solutes (Grob & Barry, 2004:p.293). Therefore, even the presence of small amounts of gas will be detected as the detector will see a rise in temperature.

[bookmark: _Toc156413468]Calibration
Gas chromatography calibration is completed every 24 hours to allow for atmospheric pressure deviation and ensure accuracy and precision by updating the response factor. A calibration bottle with a known molecular concentration is used which is programmed into the controller and shown in figure 1.3 and shows the calculated response factor. The following formula is used to calculate the response factor:

A typical chromatogram is shown in figure 1.4 with the raw area determined based on the area under the peak and is directly proportional to the component concentration. For process analysis, the calculated response factor and raw area are used to identify the concentration of the sample gas. 
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Figure 1.3 - Component Data Table
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Figure 1.4 - Peak Area

Columns
The separation of the components take place within the packed columns which are made of a solid support and coated with a liquid phase to aid in the elution of the components. The continuous flow of carrier gas moves the sample gas through the columns for the selective separation of the components. Figure 1.5 shows an example of the sample gas separating through the column packing. The packed columns cause each component to move through at a different rate as ‘the heavier the molar mass of the gas molecules, the slower the gas molecules move.’ (LibreTexts, 2023:p.2). 
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Figure 1.5 - Analytical Gas Chromatography

[bookmark: _Toc156413470]Thermal Conductivity Detector
Skoog, West and Holler (1991) state that the thermal conductivity detector (TCD) ‘is based upon changes in the thermal conductivity of the gas stream.’ (p.960) Heat sensitive thermistors are used as part of a balanced bridge network with each being enclosed in a separate chamber of the detector block. There are two thermistors, one as the designated measure element and the other the reference element. Figure 1.6 is a schematic diagram of the TCD where the bridge is balanced when both legs are exposed to pure carrier gas. When a sample is injected, the temperature of the measuring element changes based on the thermal conductivity of the eluted components passing through whilst the reference element maintains the same reading as it is exposed to the carrier gas. The chemical components of natural gas each have a different thermal conductivity where they have the ability to conduct more or less heat. An electrical output which is proportional to the component concentration is produced when there is a temperature change which causes the bridge to become unbalanced (Emerson Global, 2012). 
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Figure 1.6 - Schematic Diagram of Thermal Conductivity Detector Bridge




Testing
The first set of tests involved changing the switching time of V1 from 13 seconds to 11 seconds and 15 seconds to see what affect this has on the overall analysis.
V1 switching time was changed to 15 seconds as represented in figure 2.1. The results of this test show that C6+ is no longer detected at 19 seconds as it has travelled further through the system and into column 2. A small amount of C6+ has been detected at 22.4 seconds as the component would have travelled further through column 1 and will therefore take longer for it to be backflushed to the detector.  

Figure 2.1 - Analysis of Chromatogram – Comparing multiple chromatographs (green=V1 off at 13 seconds, red=V1 off at 15 seconds)

V1 switching time was changed to 11 seconds with its results shown in figure 2.2. The C6+ peak has been detected earlier and the pentane peaks are smaller in size as they are detected with C6+. The peak can be seen earlier as the component has not travelled far through the column and therefore has less distance to travel to the detector. Comparing the mole percent of pentane in table figure 2.3 and the calibrated concentration in figure 1.3, less pentane has been detected when V1 switches at 11 seconds. 


Figure 2.2 - Analysis of Chromatogram – Comparing multiple chromatographs (green=V1 off at 13 seconds, red=V1 off at 11 seconds)

                     
Figure 2.3 - Component Data Table

The second set of tests involved changing the switching time of V2 from 20.8 seconds to 19 seconds and 23 seconds to see the affect this has on the analysis.
The switching time of valve 2 has been changed to 23 seconds and the results shown in figure 2.4. The components have been detected earlier because they have travelled a further distance through column 3. Some propane has been trapped with the lighter components and therefore less have been detected at 25.8 seconds. The peak for carbon dioxide is larger when V2 switches at 23 seconds as the detector is detecting CO2 and C3. 


Figure 2.4 - Analysis of Chromatogram – Comparing multiple chromatographs (red=V2 off at 20.8 seconds, green=V2 off at 23 seconds)

The final test was V2 switching at 19 seconds influencing the analysis since as the lighter components have not travelled far enough into column 3 and will be detected later. Figure 2.5 shows that the lighter components have been detected later due to their travelled distance in the column. Ethane has been detected at the start of the analysis before propane as not all the ethane would have entered column 3 when V2 switched. The mole percent of ethane is significantly lower highlighting that not all of it has been detected at its given time (figure 2.6).  


Figure 2.5 - Analysis of Chromatogram – Comparing multiple chromatographs (green=V2 off at 20.8 seconds, red=V2 off at 19 seconds)


Figure 2.6 - Component Data Table



[bookmark: _Toc156413472]Conclusion
In conclusion, the times at which the valves switch requires high precision to obtain accurate component analysis. Based on the results, when V1 switches to early, the medium components are mixed with the heavier components and are detected too early. Likewise, when V2 switches too early, ethane is detected at the start of the analysis and requires for the time of the analysis to be extended. V1 switching later means that heavier components are not fully detected since they have travelled into column 2. When V2 switcher later, lighter and medium components become mixed providing inaccurate results. 
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[bookmark: _Toc156413477]APPENDIX 2: Schematic diagram V1 on and V2 off (5 seconds)
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[bookmark: _Toc156413478]APPENDIX 3: Schematic diagram V1 off and V2 off (20.8 seconds)
[image: ]
Page 18 of 2		   Kelly Williams

image46.png




image47.png




image48.png




image49.png




image50.png




image51.png




image52.png




image53.png




image54.png




image55.png




image1.png




image56.png




image57.png




image58.png




image59.png




image60.png




image61.png




image62.png




image63.png




image64.png




image65.png




image2.png




image4.jpeg
Anly | RT% RTSec RTUpd Resp
Meth  Dev  Dev  Meth  Fact%

1.115746 Var 1.1082% Area 3 Cal 10 25219
5666784 Var 0.30151% Area 4 Cal 10 3259.4
6006698 Var 0.30256% Area 4 Cal 10 32698
0 Fixed 0% Height 5 Cal 10 3994
42902.28 Var 0.10035% Height 5 Cal 10 40102
40185.24 Var 0.10046% Height 6 Cal 10 4018
1.097741 Var 3.0125% Area 3 Cal 10 0
0.7939491 Var 88.286% Area 3 Cal 10 10123
3154318 Var 0.5022% Area 7 Cal 10 0
1.116416 Var 6.236% Area 7 Cal 10 17738
0 Fixed 0% Area 3 Cal 10 0
6483924 Var 0.05054% Area 3 Cal 10 4766.9

Resp Factor  Fxd/Var Calib Conc Gross Dry BTU

J [ cancel





image67.png




image68.png




image32.png




image70.png




image71.png




image72.png




image73.png




image74.png




image75.png




image76.png




image66.png
ANALYTICAL GAS CHROMATOGRAPHY

‘Sampl gas puiss Serdart amaitnal Sepertadsample pesie.
calumn packing




image78.png




image79.png




image80.png




image81.png




image82.png




image83.png




image84.png




image85.png




image86.png




image4.png




image87.png




image69.png
DETECTOR BLOCK
(IN HEATED UPPER SECTION OF ANALYZER)

. —[r
A - R N N N N
COLUMNS, — FLOW (carrer gas)

BN e~ L] —~
~ |22 TN TN TN T EASUREMENT
’ FLOW (MV")
oC
POWER
N
vk
1 PREAMPLIFIER

(IN ANALYZER

DETECTOR BRIDGE ELEGTRONICS HOUSING)

.
7 SIGNAL
ouT





image89.png




image90.png




image91.png




image92.png




image93.png




image94.png




image77.png




image710.png




image96.png




image97.png




image5.png




image98.png




image99.png




image100.png




image101.png




image102.png




image103.png




image78.jpeg
[ View current CGM  ADvalue
[ Keep last CGM

[ Isave A/D values Det2

| print at end of run

|| save at end of run

Goph o) o) () (e o) i) ) s

aEy adrocyl |mbisty (mCGM #2 - UKSA3Y420 Stream=1 Det=1 01/11/2023 09:04:59.





image9.jpeg
[ View current CGM  ADvalue
[ Keep last CGM

[ Isave A/D values Det2

| print at end of run

|| save at end of run

Goph o) o) () (e o) i) ) s

aEy adrocyl |mbisty (mCGM #2 - UKSA3Y420 Stream=1 Det=1 01/11/2023 09:04:59.





image88.png
Component
Name
PROPANE
i-BUTANE
n-BUTANE
NEOPENTANE
i-PENTANE
n-PENTANE
NITROGEN
METHANE

CARBON DIOXIDE

ETHANE
n-HEXANE
TOTALS

Mole Relative Superior CV Inferior CV Superior CV
Percent Density

1.129
0.3104
0.3015
0.0000
0.0764
0.0378
3.e311
88.3416
0.5077
6.2639
0.0000

100.0000

0.0172
0.0062
0.0061
©.0000
0.0019
0.0009
0.0293
0.4893
0.0077
0.0650
©.0000
0.6237

Pri Units
1.0611
0.3768
0.3673
©0.0000
0.1140
0.0566
©0.0000

33.3102
0.0000
4.1383
©.0000

39.4243

Pri Units
0.9762
0.3477
0.3389
0.0000
0.1054
0.0523
0.0000

29.9899
0.0000
3.7852
0.0000

35.5956

Sec Units
1.1184
0.3972
0.3871
0.0000
0.1202
0.0596
0.0000

35.1028
0.0000
4.3615
0.0000

41.5468




image112.png
Component
Name
PROPANE
i-BUTANE
n-BUTANE
NEOPENTANE
i-PENTANE
n-PENTANE
NITROGEN
METHANE

CARBON DIOXIDE

ETHANE
n-HEXANE
TOTALS

Mole Relative Superior CV Inferior CV Superior CV
Percent Density

1.129
0.3104
0.3015
0.0000
0.0764
0.0378
3.e311
88.3416
0.5077
6.2639
0.0000

100.0000

0.0172
0.0062
0.0061
©.0000
0.0019
0.0009
0.0293
0.4893
0.0077
0.0650
©.0000
0.6237

Pri Units
1.0611
0.3768
0.3673
©0.0000
0.1140
0.0566
©0.0000

33.3102
0.0000
4.1383
©.0000

39.4243

Pri Units
0.9762
0.3477
0.3389
0.0000
0.1054
0.0523
0.0000

29.9899
0.0000
3.7852
0.0000

35.5956

Sec Units
1.1184
0.3972
0.3871
0.0000
0.1202
0.0596
0.0000

35.1028
0.0000
4.3615
0.0000

41.5468




image106.png




image107.png




image6.png




image108.png




image89.jpeg
L View current CGM [T A/D value
1 Keep last CGM. |Det1 |

[ lsave ADvalues |Det2

" printat end of run

[Isaveat end of run

G [ eat | [ esus ][ Desc ][ sove [ Remove | [Forced Gl _ ol [sove o]
[ e ][ cusor |1 punc | ~UKSAY420 Sream=1 Det=1 O/ 11203000459~





image13.jpeg
L View current CGM [T A/D value
1 Keep last CGM. |Det1 |

[ lsave ADvalues |Det2

" printat end of run

[Isaveat end of run

G [ eat | [ esus ][ Desc ][ sove [ Remove | [Forced Gl _ ol [sove o]
[ e ][ cusor |1 punc | ~UKSAY420 Sream=1 Det=1 O/ 11203000459~





image110.png
////




image111.png




image90.jpeg
| Save A/D values. Det2
[ print at end of run
[ save at end of run

oot e i) o) () s (i (i o) ()

- UKSA3Y420 Stream=1Det=109/11/202310:37:30.  ~





image15.jpeg
| Save A/D values. Det2
[ print at end of run
[ save at end of run

oot e i) o) () s (i (i o) ()

- UKSA3Y420 Stream=1Det=109/11/202310:37:30.  ~





image113.png




image114.png




image95.png
| Analysis

Date-Time: 11/09/23 10:45 Analysis Time: 140 Cycle Time: 150
Stream: 1 Stream 1 Mode: ANLY Cycle Start Time: 11/09/23 10:42
Analyzer: UKSA3Y420 Strm Seq:2,3

Emerson Proces Management

Hydrocarbon C6+ dewpoint analysis

Primary  Secondary

Reference Temperature - Combustion DEGC 15.00 25.00
Reference Temperature - Metering  DEGC 15.00 0.00
Calorific Value - Units MI/m3 MI/m3
Component Mole Relative Superior CV Inferior CV Superior CV
Name. Percent Density Pri Units  Pri Units  Sec Units
PROPANE 1.0887 0.0166 1.0227 0.9408 1.0779
i-BUTANE 0.2965  ©0.0060 0.3600 0.3321 0.3795
n-BUTANE 0.3002  ©0.0060 0.3656 0.3374 0.3853
NEOPENTANE 0.0000  ©.0000 0.0000 0.0000 0.0000
1-PENTANE 0.1019  0.0025 0.1521 0.1407 0.1604
n-PENTANE 0.1020  ©.0025 0.1526 0.1411 0.1609
NITROGEN 3.0541  0.0295 0.0000 0.0000 0.0000
METHANE 88.7282  0.4915 33.4560 30.1211 35.2564
CARBON DIOXIDE 0.4920  ©.0075 0.0000 0.0000 0.0000
ETHANE 5.7866  0.0601 3.8230 3.4968 4.0292
n-HEXANE 0.0499  0.0015 0.0886 0.0821 0.0934
TOTALS. 100.0000  0.6237 39.4206 35.5921 41.5429

*** indicates user-defined components

Primary ~ Compressibility Factor (Z) @ 1.61325 BARS & 15.8 DEG. C = 0.99759
Secondary Compressibility Factor (Z) @ 1.61325 BARS & 0.0 DEG. C - 0.99710
Base Pressures 1.01325

Real Superior CV - Dry - Primary = 39.5158 M/m3

Real Superior CV - Sat - Primary = 38.8507 M/m3

Real Inferior CV - Dry - Primary = 35.6780 M)/m3

Real Inferior CV - Sat - Primary = 35.6775 M)/m3

Real Superior CV - Dry - Secondary 41.6638 MI/m3

Real Superior CV - Sat - Secondary = 41.4126 MI/m3

Real Relative Density Gas - Primary = 0.6249

Real Gas Density - Primary - 0.7658 kg/m3

Real Wobbe index - Sup - Primary = 49.9865 M1/m3

Real Gas Density - Secondary ©0.8083 kg/m3

Average Molar Mass - 18.064

Total Unnormalized Mole Percent = 98.83770

Dew Temperature - -70.4 DegC at . barA, status is ErrS

Dew Temperature -67.4 DegC at . barA, status is ErrS
Dew Temperature -65.8 DegC at . barA, status is ErrS
Dew Temperature - -64.8 DegC at 0. barA, status is ErrS
Cricondenthern (max. dew temp.) = -19.8 DegC at 40. barA, status is 0K





image170.png
| Analysis

Date-Time: 11/09/23 10:45 Analysis Time: 140 Cycle Time: 150
Stream: 1 Stream 1 Mode: ANLY Cycle Start Time: 11/09/23 10:42
Analyzer: UKSA3Y420 Strm Seq:2,3

Emerson Proces Management

Hydrocarbon C6+ dewpoint analysis

Primary  Secondary

Reference Temperature - Combustion DEGC 15.00 25.00
Reference Temperature - Metering  DEGC 15.00 0.00
Calorific Value - Units MI/m3 MI/m3
Component Mole Relative Superior CV Inferior CV Superior CV
Name. Percent Density Pri Units  Pri Units  Sec Units
PROPANE 1.0887 0.0166 1.0227 0.9408 1.0779
i-BUTANE 0.2965  ©0.0060 0.3600 0.3321 0.3795
n-BUTANE 0.3002  ©0.0060 0.3656 0.3374 0.3853
NEOPENTANE 0.0000  ©.0000 0.0000 0.0000 0.0000
1-PENTANE 0.1019  0.0025 0.1521 0.1407 0.1604
n-PENTANE 0.1020  ©.0025 0.1526 0.1411 0.1609
NITROGEN 3.0541  0.0295 0.0000 0.0000 0.0000
METHANE 88.7282  0.4915 33.4560 30.1211 35.2564
CARBON DIOXIDE 0.4920  ©.0075 0.0000 0.0000 0.0000
ETHANE 5.7866  0.0601 3.8230 3.4968 4.0292
n-HEXANE 0.0499  0.0015 0.0886 0.0821 0.0934
TOTALS. 100.0000  0.6237 39.4206 35.5921 41.5429

*** indicates user-defined components

Primary ~ Compressibility Factor (Z) @ 1.61325 BARS & 15.8 DEG. C = 0.99759
Secondary Compressibility Factor (Z) @ 1.61325 BARS & 0.0 DEG. C - 0.99710
Base Pressures 1.01325

Real Superior CV - Dry - Primary = 39.5158 M/m3

Real Superior CV - Sat - Primary = 38.8507 M/m3

Real Inferior CV - Dry - Primary = 35.6780 M)/m3

Real Inferior CV - Sat - Primary = 35.6775 M)/m3

Real Superior CV - Dry - Secondary 41.6638 MI/m3

Real Superior CV - Sat - Secondary = 41.4126 MI/m3

Real Relative Density Gas - Primary = 0.6249

Real Gas Density - Primary - 0.7658 kg/m3

Real Wobbe index - Sup - Primary = 49.9865 M1/m3

Real Gas Density - Secondary ©0.8083 kg/m3

Average Molar Mass - 18.064

Total Unnormalized Mole Percent = 98.83770

Dew Temperature - -70.4 DegC at . barA, status is ErrS

Dew Temperature -67.4 DegC at . barA, status is ErrS
Dew Temperature -65.8 DegC at . barA, status is ErrS
Dew Temperature - -64.8 DegC at 0. barA, status is ErrS
Cricondenthern (max. dew temp.) = -19.8 DegC at 40. barA, status is 0K





image116.png




image117.png




image7.png




image118.png




image119.png




image120.png




image121.png
oyt regit vpmied yeour toned leey

€




image122.png




image123.png




image124.png




image125.png




image126.png




image127.png




image8.png




image128.png




image129.png




image130.png




image131.png




image132.png




image133.png




image134.png




image135.png




image136.png




image137.png




image9.png
WAz,




image138.png




image139.png




image140.png




image142.png




image104.png
[[] sampLE GAs

ANALYZER OVEN

[ cARRIER GAS





image144.png




image105.png
STREAM SWITCH

ASSEMBLY =

SAMPLE VENT

CARRIER IN

MEASURE VENT

ANALYZER OVEN

|
|
I
4
I
I
I
I
I
I
[
I
[
I
"
I
I

[ sAMPLE GAs [] CARRIER GAS




image146.png




image109.png
CARRIER
N

STREAM SWITCH

ASSEMBLY

REG. PANEL
=
SAMPLE VENT

PREHEAT

CARRIER IN

ANALYZER OVEN

|

by

[ sAMPLE GAs [] CARRIER GAS




image10.png
U0Q Wave




image11.png




image12.png
PR




image13.png




image14.png




image15.png




image16.png




image17.png
osoMe X




image18.png




image19.png




image20.png
AS




image21.png




image22.png




image23.png




image24.png




image25.png




image26.png




image27.png




image28.png




image29.png




image30.png




image31.png




image3.png
NOTES:
1. FLOW PATH VALVE ENERGIZED:— — —
A FLOW PATH VALVE DE—ENERGIZED: ——

STREAM SWITCH R1 (.004" LD.) MATCHES RESTRICTION OF
coL 3.

ASSEMBLY

3. DELETED PER ECO-5000085.

MEASURE VENT

TOP VIEW OF ANALYZER
OVEN FROM FRONT

ANALYZER OVEN

L STREAM 1
JA\ V1/5 TO v2/5: USE 0.020 1D TUBING.
~STREAM 2 _,
UP TO & STREAMS; THE LAST STREAM USED
A STREAM 7 PREHEAT IS THE CALIBRATION INPUT.
colL INSTALL 3" OF .004 ID 1/16 TUBING FOR
STREAM 8 i) FLOW RESTRICTION.
——————— I i
| I
+ 1
SAMPLE VENT ! i
i i l
1 |
I |
PRESSURE | REF. }AEAS I l DET 1
Dswm:n | PREHEAT | | | i
(OPFTIONAL) l>%-(? CARRIER IN DETECTOR \
CARRIER | (1] il I
iy T B i K @ Aol
PR-1 | I
1 1
1 N
I 1
| 1
I 1
I N
I 1
I 1
I I

-
H
]
i
T
1
I
1
I
| coL
]
T
I
|
]
|
I
]
|
|
]
|
T

o ]
sL-1 s-2 )
|
|
|
St METRC 6 [5-25-051 MWW 1ECO-XK-5000798 U] SA ] ST Sl o B REPRGDUGED . AL oF FELRNED 15 US O SEAND: AL RGITS ME RESEMD:
THRD ANGLE PROECTION | F | 11-4-04 | HM__| ECO-XX-5000085 O | B e e i
3 ECO-XX-5000133 v
D | 6-4-04] OUT | EcO-0i-208304 e | oL e e Nk
= C [ 5-25-04] DLT | ECO-XX-205851 EM [ DT | eee omenuet vy EMERSON. DUAL COLUMN '
B | 3-25-04] HM_|ECO-XX-200113 LT | B8 ot Pracess Management MODEL 700
A [ 11-6-03] HN/DLT [REL'D ECO 189137 DLT| BLB R W
w
OATE | DRN DESCRIPTION ™" CE-25003 ¢
PROL FILE NO. G-00001 | PLENAVE: CE2500361.0WG, DATE: 05-25-05, TME: i [Poo0 [ 11605 [Ors PN see oroer [P OF 1|





image33.png




image34.png




image35.png




image36.png




image37.png




image38.png




image39.png




image40.png




image41.png




image42.png




image43.png




image44.png




image45.png




image96.jpeg
Prifysgol Cymru

Y Drindod Dewi Sant
University of Wales
Trinity Saint David





