
QRUPDOO\� VHW� DW� D� YDOXH� RI� �������� FRXQWV� VR� WKDW� WKH� GLVSOD\� WKHQ� UHDGV� RXW�
WKH� DSSUR[LPDWH� R]RQH� DPRXQW� GLUHFWO\� LQ� SDUWLDO� SUHVVXUH�� DOWKRXJK� LQ� WKH�
VRPHZKDW� XQZLHOG\� XQLWV� RI� ���� QDQREDUV� ��� PLFUREDU����

������ +DORFDUERQV�

352*5$0�

$OWKRXJK� WKH� SURMHFW� OHDGHU� IRU� WKH� *0&&� )UHRQ���� SURJUDP� UHORFDWHG� WR�
WKH� 7HFKQLTXHV� DQG� 6WDQGDUGV� *URXS� LQ� ������ DFWXDO� IODVN� SUHSDUDWLRQ� DQG�
DQDO\VHV� ZHUH� FRQWLQXHG� DW� WKH� $LU� 5HVRXUFHV� /DERUDWRU\
V� )LHOG� 5HVHDUFK�
2IILFH� DW� ,GDKR� )DOOV�� ,GDKR�� XQWLO� WKH� PLGGOH� RI�0D\� ������ 6DPSOLQJ� FRQWLQ�
XHG� DW�%DUURZ�� 0DXQD� /RD�� DQG� 6DPRD� ZL WK� VWDLQOHVV� VWHHO� IODVNV�� 2XWOLQHG�
EHORZ� DUH� WKH� RSHUDWLQJ� FRQGLWLRQV� RI� WKH� (OHFWURQ� &DSWXUH� &KURPDWRJUDSK� XVHG�
DW� ,GDKR� )DOOV� WR� DQDO\]H� WKH� IODVN� VDPSOHV��

'HWHFWRU��
'HWHFWRU� 7HPSHUDWXUH��
&ROXPQ��
&ROXPQ� 7HPSHUDWXUH��
&DUULHU� *DV��
)ORZ� 5DWH��
(OHFWURQLFV��

3XOVH� ZLGWK ��
3XOVH� SHULRG��
3XOVH� KHLJKW��

6DPS O H� 9ROXPH��

��� PLOLFXULHV� 1LFNHO� ���
���&�

&DUERZD[� ����3RUDVLO� )�
���&�
8OWUD�SXUH� QLWURJHQ�
��� FF�PLQ�
)L[HG� SXOVH� PRGH�
�� PLFURVHFRQGV�
���� PLFURVHFRQGV�
���� YROWV�
�� FF�

$� +HZOHWW�3DFNDUG� YDULDEOH� IUHTXHQF\� JDV� FKURPDWRJUDSK� ZDV� UHFHLYHG� LQ�
$SULO� ����� DQG� SXW� LQWR� RSHUDWLRQ� DW� WKH� 7HFKQLTXHV� DQG� 6WDQGDUGV� /DERUDWRU\�
LQ� %RXOGHU�� &RORUDGR�� 7KH� RSHUDWLQJ� FRQGLWLRQV� RI� WKLV� LQVWUXPHQW� ZHUH��

'HWHFWRU��
'HWHFWRU� 7HPSHUDWXUH��
&ROXPQ��
&ROXPQ� 7HPSHUDWXUH��
&DUULHU� *DV ��
)ORZ� 5DWH��
(O HFWURQLFV��
6DPSO H� 9ROXPH��

��� PLOOLFXULHV� 1LFNHO� ���
����&�
O2
[O���� &DUERZD[� ����3RUDVLO� )�
���&�
���� $UJRQ����� 0HWKDQH�
��� FF�PLQ�
9DULDEO H� IUHTXHQF\� PRGH�
�� FF�

7UDQVIHU� RI� WKH� FRPSO HWH� KDORFDUERQ� SURJUDP� WRRN� SODFH� LQ� PLG�0D\� DQG�
WKH� VWDWLRQV� ZHUH� LQVWUXFWHG� WR� VHQG� DOO� H[SRVHG� IODVNV� WR� %RXOGHU� IRU� DQDO�
\VLV�� &URVV� FRPSDULVRQV� ZHUH� PDGH� RI� WKH� ,GDKR� )DOOV� V\VWHP� DQG� %RXOGHU�
V\VWHP� E\� DQDO\VLV� RI� WKH� VDPH� VDPSOHV� DW� ERWK� ORFDWLRQV��

$V� I O DVNV� ZHUH� DQDO\]HG� LQ� %RXOGHU�� L W� EHFDPH� DSSDUHQW� WKDW� WKH� VHQVL�
WLYLW\�RI� WKH� +HZOHWW�3DFNDUG� FKURPDWRJUDSK� ZDV� WRR� ORZ� EHFDXVH� RI� FHUWDLQ�
OLPLWLQJ� GHVLJQ� IHDWXUHV�� )RU� SDUWLDO� FRUUHFWLRQ� RI� WKLV� GHILFLHQF\ �� WKH�
,GDKR� )DOOV� GHWHFWRU� DQG� HOHFWURQLFV� ZHUH� WUDQVIHUUHG� WR� %RXOGHU�� $�GXSOL�
FDWH� RI� WKH� HOHFWURQLFV� ZDV� IDEULFDWHG� DQG�� WRJHWKHU� ZLWK� WKH� GHWHFWRU�� ZDV�

���



LQVWDOOHG� LQ� WKH� +HZOHWW�3DFNDUG� FKURPDWRJUDSK� WR� FRQWLQXH� WKH� DQDO\VLV��
7KLV� FRQILJXUDWLRQ� ZDV� XVHG� WKURXJK� WKH� UHPDLQGHU� RI� WKH� \HDU�� 7KH� RSHUDWLQJ�
FRQGLWLRQV� ZHUH ��

'HWHFWRU��
'HWHFWRU� 7HPSHUDWXUH��
&ROXPQ��
&ROXPQ� 7HPSHUDWXUH��
&DUULHU� *DV ��
)ORZ� 5DWH��
(OHFWURQLFV��

3XOVH� ZLGWK��
3XOVH� SHULRG��
3XOVH� KHLJKW��

6DPSOH� 9ROXPH��

��� PLOOLFXULHV� 1L FNHO� ���
����&�
O2 
 [O���� &DUERZD[� ����3RUDVLO� &�
���&�
8OWUD� SXUH� QLWURJHQ�
��� FF�PLQ��
)L[HG� SXOVH�PRGH�
�� PLFURVHFRQGV�
���� PLFURVHFRQGV�
���� YROWV�
�� FF�

7HVWV� RQ� WKH� +HZOHWW�3DFNDUG� FKURPDWRJUDSK� ZHUH� FRQWLQXHG� WR� GHWHUPLQH�
ZKHWKHU� WKH� VHQVLWLYLW\�RI� WKH� LQVWUXPHQW� FRXOG� EH� LQFUHDVHG� XQGHU� YDULDEOH�
IUHTXHQF\� RSHUDWLQJ� PRGH�� 7KH� PDQXIDFWXUHU� KDV� UHFRPPHQGHG� FHUWDLQ� HOHF�
WURQLF� PRGLILFDWLRQV� WR� WKH� LQVWUXPHQW� ZKLFK� ZLOO� EH� DWWHPSWHG� LQ� ���� ��

,167580(17� '(9(/230(17�

$�� *DV� 'LOXWLRQ� $SSDUDWXV�

7KH� ,GDKR� )DOOV� FKURPDWRJUDSK� V\VWHP� ZDV� LQLWLDOO\� FDOLEUDOHG� IRU�
)UHRQ���� RQ� WKH� EDVLV� RI� FRXO RPHWU\� DQG� WKLV� FDOLEUDWLRQ� ZDV� WUDQVIHUUHG�
WR� %RXO GHU� E\� VDPSOH� FRPSDULVRQV�� $� QXPEHU� RI� HUURUV� FDQ� DULVH� XVLQJ�
VXFK� DQ� DSSURDFK�� ,PSOHPHQWDWLRQ� RI� DQ� LQGHSHQGHQW� FDOLEUDWLRQ� JDV�
PHWKRG� ZDV�� WKHUHIRUH �� FRQVLGHUHG ��

%HFDXVH� RI� VLPSOLFLW\� RI� GHVLJQ�� D� VWDWLF� JDV� GLOXWLRQ� V\VWHP� ZDV�
EXLOW�� ,Q� WKH� GHVLJQ� VWDJH�� WKH� YLULDO� FRHII L FLHQW� JDV� O DZ� ZDV� XVHG� DQG�
DQ� HUURU� DQDO\VLV� PDGH� XVLQJ� PDQXIDFWXUHU 
 V� FRPPRQO\� TXRWHG� DFFXUDFLHV�
DQG� SUHFLVLRQV� IRU� WHPSHUDWXUH� DQG� SUHVVXUH� PHDVXUHPHQWV �� $� VFKHPDWLF�
GLDJUDP� R I� WKLV� V\VWHP� LV� VKRZQ� LQ� )LJXUH� ����

7KH� RSHUDWLRQDO� SURFHGXUH� LV� IRU� SXUH� )UHRQ���� �VDPSOH�� JDV� WR� EH�
LQWURGXFHG� LQWR� DQ� HYDFXDWHG� YROXPH� RI� DSSUR[LPDWHO\� ��� FF� ZKHUH� WKH� JDV�
LV� LVRODWHG� DQG� LWV� WHPSHUDWXUH� DQG� SUHVVXUH� PHDVXUHG �� 7KH� VPDOO� JDV�
YROXPH� LV� QRZ� H[SDQGHG� LQWR� D� ODUJH� YROXPH� RI� ��� ���� FF� DQG� D� GLOXWLRQ�
JDV� LQWURGXFHG�� 7HPSHUDWXUH� DQG� SUHVVXUH� DUH� DJDLQ� PHDVXUHG�� :LWK� WKH�
UHVXOWLQJ� ������� YROXPH� UDWLR� DQG� D� ����� SUHVVXUH� UDWLR�� D� GLOXWLRQ� RI�
���� LV�SRVVLEOH�� ,I� WKH� PL[WXUH� LV� WKHQ� UHLQWURGXFHG� LQWR� WKH� VPDOOHU�
YROXPH� DQG� WKH� ODUJH� YROXPH� DJDLQ� HYDFXDWHG �� WKH� SURFHGXUH� FDQ� EH� UH�
SHDWHG� DJDLQ� DQG� DJDLQ� WR� UHDFK� DQ\� GHVLUHG� VDPSOH� JDV� FRQFHQWUDWLRQ��

'XULQJ� 'HFHPEHU� VHYHUDO� DWWHPSWV� ZHUH� PDGH� WR� DFKLHYH� D� WKUHH� VWDJH�
GLOXWLRQ� LQWR� WKH� SDUWV�SHU�WULOOLRQ� UDQJH� XVLQJ� IOXRURFDUERQ���� DQG�
QLWURJHQ�� 6XFFHVVLYH� EDWFKHV� RI� WKH� JDV� PL[WXUHV� GLG� QRW� VKRZ� UHSHDW�
DELOLW\�� SUREDEO\� EHFDXVH� RI� FRQWDLQHU� ZDOO� HIIHFWV �� )XUWKHU� WHVWV� DUH�
LQ�SURJUHVV��

���



Dilution Gos IN----. 

Pressure 
Capacitance 
Manometer " ?�

Small Volume IOcc 

Lorge Volume 10000 cc 

?� ��
?� ���
I I / I/ _.,..,./ 

I/ --
��� ��
�� --

Sample Gos ,;/' ��-"/. ��-"// / 

DATA 

����

ci 
Dilution Gos IN 

Temperature Vacuum 
Thermocouple 

)LJXUH� ���� 'LDJUDP�RI�JDV� GLOXWLRQ� DSSDUDWXV��

� �� &\OLQGHU� 3XPS�8S� 6\VWHP�

$� SUHSRQGHUDQFH� RI� DSSDUHQWO\� FRQWDPLQDWHG� �KL JK�UHDGLQJ�� IOXRUR�
FDUERQ���� VDPSOHV� FROOHFWHG� DW� WKH� *0&&� ILHOG� V WDWLRQV� GXULQJ� ����� LQGL�
FDWHG� WKH� QHHG� IRU� DQ� LPSURYHG� VDPSOLQJ� WHFKQLTXH�� 7R� HOLPLQDWH� SURE�
OHPV� LQKHUHQW� LQ� VDPSOLQJ� ZLWK� VWDLQOHVV� VWHHO� IODVNV �� D� GHFLVLRQ� ZDV�
PDGH� WR� FRO O HFW� DLU� VDPSOHV� SUHVVXUL]HG� WR� DQ� RYHUSUHVVXUH� RI� DERXW� ���
SVL� DERYH� DPELHQW� DLU� SUHVVXUH�� $� SURWRW\SH� IODVN� SXPS�XS� DSSDUDWXV��
VKRZQ� LQ� )LJXUH� ���� ZDV� WKHUHIRUH� EXLOW� DQG� WHVWHG�� )LUVW� ILHOG� XVH� RI�
WKH� XQLW� ZLOO�EH� DW� 6RXWK� 3ROH� 6WDWLRQ� LQ� -DQXDU\� ������

7DEOH� ��� OLVWV� WKH� KDORFDUERQ���� �&&O�)�� FRQFHQWUDWLRQV� GHWHUPLQHG� IURP�
I O DVN� DLU� VDPSOHV� FROOHFWHG� DW� WKH� *0&&� EDVHOLQH� VWDWLRQV �� ,QGLFDWHG� VWDQG�
DUG� GHYLDWL RQV� ZHUH� GHWHUPLQHG� IURP� WKH� VSUHDG� LQ� UHSHDWHG� VDPSO H� DQDO \VHV ��
7KH� RYHUDOO� XQFHUWDLQW\� LQ� WKH� FRQFHQWUDWLRQV� LV� HVWLPDWHG� WR� EH� ����� H[FHSW�
IRU� GDWD� REWDLQHG� GXULQJ� 2FWREHU�� 1RYHPEHU �� DQG� 'HFHPEHU� ����� LQ� ZKLFK� IODVN�
FRQWDPLQDWLRQ�PD\� KDYH� FDXVHG� WKH� XQH[SHFWHGO\� KLJK� FRQFHQWUDWLRQV �� 7KH�
SUREOHP� LV�XQGHU� LQYHVWLJDWLRQ��

���



7DEOH� ���� ����� 'DWD� %DVH� &&O�)�

%$552:� 6$02$� 0$81$� /2$�

)���� &RQH�� )���� &RQH �� )���� &RQH��
0RQWK� 'D\� �SSW�� �� 'D\� �SSW�� �� 'D\� �SSW�� ��

-DQ� ��� ���� �� �� � ��� �� �� ���� ��
��� ���� �� ��� ���� ��� ��� ���� ���

��� ���� ��� ��� ���� ���
��� ���� ���

)HE� ��� ���� ��� �� ���� ��
��� ���� �� �� ���� ��
��� ���� ��� ��� ���� ��

��� ������ ����

0DU� �� ���� �� ��� ��� ��� �� ��� ��
��� ���� �� ��� ��� ��� ��� ���� ��
��� ���� �� ��� ���� �� ��� ���� ��
��� ���� �� ��� ���� ��

$SU� O� ���� �� ��� ���� �� �� ���� ��
��� ��� �� ��� ���� ��� ��� ����� ���
��� ���� �� ��� ��� ��

��� ��� ��

0D\� O� ���� �� �� ����� �� ���� ��
�� ���� �� ��� ��� �� �� ���� ��
��� ���� �� ��� ���� �� ��� ���� ��
��� ���� �� ��� ��� ��
��� ��� �� ��� ��� ���

��� ���� ���

-XQ� �� ���� �� �� ���� �� �� ���� ���
��� ���� �� �� ��� �� ��� ��� ���

��� ��� ��

-XO� ��� ���� �� ��� ���� ��� l ���� ���
��� ���� ��

$XJ� �� ���� ��� O� ���� �� �� ���� ���
��� ���� �� ��� ���� �� ��� ���� ���

��� ���� �� ��� ���� ���
��� ���� ���

6HS� �� ���� �� �� ���� �� �� ���� ���
��� ���� �� ��� ���� ��� ��� ���� ���
��� ���� �� ��� ���� ��

��� ������

2FW� l ���� �� �� ���� �� �� ���� ��
��� ���� ��� ��� ���� ��� �� ���� ���
��� ���� �� ��� ���� ��� ��� ���� ���
��� ���� ��� ��� ���� �� ��� ���� ��

1RY� ��� ���� �� �� ���� �� �� ���� ��
��� ���� ��

'HF� ��� ���� �� ��� ���� ��
��� ���� ��
��� ���� ��
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Connector 

Sample 
Cylinders 

Filler 

Pressure Gouge 

D 
Bel lows Pump 

Relief Valve 

Shutoff Valve 

)LJXUH� ���� 'LDJUDP� RI�F\OLQGHU� SXPS�XS� V\VWHP��

7KH� ����� GDWD� DQG� DOO� SUHYLRXVO\� REWDLQHG� GDWD� DUH� JUDSKLFDOO\�GLVSOD\HG�
LQ� )LJXUHV� ���� ���� DQG� ����

,Q� D� FRRSHUDWLYH� HIIRUW�ZLWK� 1DYDO� 5HVHDUFK� /DERUDWRU\�� ��� VWDLQOHVV�
VWHHO� IODVN� DLU� VDPSOHV� ZHUH� FROOHFWHG� GXULQJ� $UFWLF� IOLJKWV� LQ� $SULO� DQG� 0D\�
������ &&O�)� DQDO\VLV� UHVXOWV� IRU� WKHVH� VDPSOHV� DUH� VKRZQ� in 7DEOH� ����

���� 8SSHU�$LU� 0HDVXUHPHQWV� 8VLQJ� /LGDU�

������ $HURVROV�

$�PDMRU� DFWLYLW\�GXULQJ� ����� ZDV� WKH� FRQWLQXLQJ� VWXG\� RI� WKH� HQKDQFHG�
VWUDWRVSKHULF� GXVW� OD\HU� FDXVHG� E\� WKH� HUXSWLRQ� RI� )XHJR� YROFDQR� LQ� *XDWHPDOD�
GXULQJ� 2FWREHU� ����� �)HJOH\� 	�(OOLV�� ������ 2EVHUYDWLRQV� ZHUH� PDGH� GXULQJ� WKH�
HYHQLQJ� KRXUV�� RQH� GD\� SHU� ZHHN�� $OWKRXJK� WKLV� HYHQW� ZDV� OHVV� VLJQLILFDQW� LQ�
WHUPV� RI� VWUDWRVSKHULF� HQKDQFHPHQW� WKDQ� WKH� $JXQJ� YROFDQR� HUXSWLRQ� GXULQJ� WKH�
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)LJXU H� ���� &&O�)� GDWD�
IRU� %DUURZ�� $ODVND��

)LJXUH� �� �� &&O�)� GDWD�
IRU� &DSH� 0D�WD�WXOD �� 6DPRD��

)LJXUH� ���� &FO �)� GDWD�
IRU� 0DXQD� /RD �� +DZDLL��



7DEOH� ���� &&O�)� 9DOXHV� IURP� 15/� &RRSHUDWLYH� 3URJUDP�

'DWH� 6DPSO H� $OWLWXGH� )���� &RQH �� 3RVLWLRQ�
����� 1R�� �IHHW�� �SSW��

����� �� ����� OO2���� ����� 
 1� ����� 
 :�

��� �� ����� ������ ����� 
 1� ��2 ���I :�

��� �� ����� ����� ����� 
 1� ����� 
 :�

��� �� ����� ���� �� ����� 
 1� ����� 
:�

� �� ��� ����� ��� � �� �����
1� �����
:�

��� ��� ����� �� ��� ����� 
 1� ��������
 Z�
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1� ����� 
 :�
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 1� ����� 
 :�
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 1� ����� 
 :�
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 :�

�� ��� ������ ����� ����� 
 1� ����� 
 :�

�� ��� ����� ������� ����� 
 1� ����� 
 :�

�� ��� ������ ����� ����� 
1� ����� 
 :�

�� ��� ����� ������ ���OO 
 1� ����� 
 :�

�� ��� ����� ������ ����� 
1� ����� 
 :�
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 1� ����� 
 :�

�� ��� ������ ������ ����� 
1� ����� 
 (�

�� ��� ����� ������ ����� 
 1� ����� 
 (�

PLG����� 
 V �� L W� UHPDL QV� RQH� RI� WKH� EHWWHU� VWXGLHG� HYHQWV� E\� WKH� XVH� RI� DG�
YDQFHG� PRQLWRU LQJ� V\VWHPV� VXFK� DV� OLGDU� DQG� V WUDWRVSKHULF� UHVHDUFK� YHKLFOHV�
�5RVHQ� HW� DO ��� ���� �� (OWHUPDQ �� �������

)LJXUH� ��� VXPPDUL]HV� WKH� ����� V WXG\� RI� WKH� )XHJR� HYHQW �� ,W� LV� D� SORW� RI�
WKH� LQWHJUDO� RI� WKH� EDFNVFDWWHU� FRHIILFLHQW� WKURXJKRXW� WKH� GHSWK� RI� WKH�
VWUDWRVSKHUL F� F ORXG�� :HHNO \� YDOXHV� DUH� VKRZQ� UDWKHU� WKDQ� PRQWKO\� DYHUDJHV ��
7KH� GXVW� O D\HU� ILUVW� DSSHDUHG� DW�0DXQD� /RD� RQ� 2FWREHU� ��� ���� �� DV� D� FOHDUO\�
GHILQHG� OD\HU� VOLJKWO \� DERYH� WKH� WURSRSDXVH �� ,WV� LQWHQVLW\� LQFUHDVHG� VXFK�
WKDW�E\� 1RYHPEHU� �� WKH� O D\HU� ZDV� H D VLO \� Y L VLEOH� WR� WKH� H\H� DV� D� ZLGHVSUHDG�
FLUUXV�OLNH� OD\HU�� $V� WKH� OD\HU� FRQWLQXHG� WR� GLIIXVH� ERWK� KRU L ]RQWDOO \� DQG�
YHUWLFDOO\ �� L W� EHFDPH� OHVV� SURPLQHQW�� �2ULJLQDOO\� WKH� OD\HU� ZDV� OHVV� WKDQ� ��
NP� WKLFN� EXW� JUDGXDOO\� WKL FNHQHG� WR� �� WR� �� NP� WRZDUG� PLG�������� 7KH� OD\HU�
ZDV� PXFK� PRUH� KRUL]RQWDOO\� XQLIRUP� DIWHU� DERXW� 0DUFK� ����� DQG� JHQHUDOO\� ZHDN�
HQHG� XQWLO� ILQDOO\� UHVHPEOLQJ� WKH� QRUPDO� -XQJH� OD\HU� RI� ODWH� ���� �� 'XULQJ�
����� WKH� VWUDWRVSKHUH� KDG� EHFRPH� H[WUHPHO\� F OHDQ� ZLWK� VFDWWHULQJ� UDWLRV�

���


