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̶ΧΫΨद�ϩ�ί̢߮ণ
̶ਗ�ί̢߮ণ�Ϋ�̱Ϋୁ�Ψ৯ϩΨ೯ϥέϩభ��ϟϪদϥΨϤ�ୀ�Ϋ�δࢾൕࢇΡ�ϩ�ϟ࢙ω�̵ϥෘऩ�δ࢙ࢡω�ϡඟࢁϰ�έ�ϩ�ΧϪঝ�̶ਕΨ৯�δ̩ࢁϪঈ��Ϣଌࢋ�ॻ༚�భ�߰Δ࢟ॐජ໑�ϩ�ϐ੪ॸ�Ϣଌ�ห�Δࣾ߮α�ϟ࣍ඇ൚ো�̵

ΧΧඟ໋�߮ϰੀय़�ଦ߮ΐশΧ.
Ζণ�߰ΫϩΧ�ϥΫ�Ϣଌ�భ�ϥΫ�ϩ�ϥΧୀ�அ�ϞΨद�ଘ�ϞΨद�̡߰߮Ϫৗ�̶ਕΧϪঈ�ϡϪऔ�ජ໑�߰άඵැΨ৬�ϩ�Δࡵࡲॲ�߮Ώ��ΧϪর�Ϣૼ�ϥΫ�ඟࢂอতϩΫ�߰ϡέϩ່�̶ඟ໖�ϡϪࢠ࡞ঙ�߰ΫϪদΫୁ�ΰয�̶߮ଶϊग̶़ࠓ�ਖ࢙ϊग़�ϩ�Ψϰ߮α̵ࠓ�Χ߮

ϥΨ৯߮Ҥ߮ଶ৶Ψ৯ .Ϧૡ̯࢙�ϩ�Ϗඟ໓��ଘ�ห�ΧΫΨ৯�Ϋ�ϡͿ�ΫΨϖग़�ϩ�ϥέΨ৯�̵ΧϪॴ�ϟΨϖৎ�ϡ߮ζী�ଘ�߰Ϣૼࠓ�ί̢߮ণࠓ�ϟ३Ϋ .�ॹ�Ϣൕঙ�ଘ̶ਗ�߮ϒࣞਯ�̮̩Ϫঈ�ϩ�̭Ψ৯�σ߮ϒ�ϩ�ϟॵ߮Ώ�ϥΧୀ�ΨΖ�భ�ϡ߮ζী�έ�̶ਗฬ�ห�ϟ࣒
�ࠋ�ϡ߮ζࢡ৷Ψϖৎ�̶ਉ̢߮ণ"ϔॽ߮Φॺ�ඟࢁพী�ϟࠐॿ�߰ϓϪΦࢠॿ�ඟࢁพী�ϟࠐॿ�Ϣૼ ."̶ਗ�Ϟฬ�Χ�ϩ�Ϟάනළ�Ϟ߮ଶ৳�߮Ώ�άනΧ�̵༚Ϳ�߮Ϥপ�ΨϤേ॒Ϋ�Χ߮Ζণ�έ�ϞୀϥΧΫ�̶ਠॻϩΧ�έජ໑່�̶߮Ν�భ�ϩ�ΓΨॠ�Ϣଌ�Ϟ߮ଶ৳�భ��߰
ϥΫ�Ϣଌ�ϞΨद�ଘ�ϞΨदϞΧΫϩ߮ϰষ�߮Ξম�Ϋ�̵Χඟ໋߮ε�ϔऑ�ΨϤফ�ଽ�߰Ϟ߮ଶ৳�Ϣૼ�ୀ�Ϋ�̵Χ߮Ζণ�ϔऑ�ϩ�ϥΧඟ໊�̵ΫΨ৮�ϟࣹࡾࠔ�భ�߰.̶ਗ�ඟࢁพ়�έ�ϟ࣒�̶߮βই�̶ਗ߮ଶ৳�έ�ජ໑�߰Γ߮ϊॹ߮ςॡ�ສࣱേࢇΕ�ສउජ໑�Ϟ߮ଶ৳�భ��Ϟάනख़

�Ϋ̰߮ଯ̯߮�άනΧ�̵߰άඵෂൊϰষ�ίΨϤੀय़��Ϡ�άනΧ�ଷ�άනΧ�̶߰ෙ�̶ਣീࣹ�άනΧ�߰ϡϪࣄࡈઈো�̶ਟ��ΧϪऒ̶߰ী້�ίΨϤੀय़�̡߰߮Χ߮Ώ�ίΨϤੀय़�ϡ߮Ҥ༚Ϳ�ηϪઍआ�ଘ�߰߰Δࢹশ߮ଶॐ�όభ�̶ਟ�̵Ψ৯ΧΫΪఴϣ��Ύࢌ�
ϟৣ߮Υ�ϩ�̶ਔεάໆ�άනΧ�̶߰ਪ߮ςࠝ�άනΧ�̶߰߮ΡϩΫ߮ϰষΨϰনϩ�ϩ�̶ਉ߮ΐ̵߰�ࣅέϩΫϪৗ�߰�̵Ψϰൌॣ� .̶ਗ�Χ߮Ҥ�Δ८Ϊথ�ϩ�ෙय़�̶߰ਪ߮ΐඇൢε�ϩ�άධ්�ϥΫϪ੩ॢ�ϩΧ�έ�ϟ࣒"Ϟ୍ସ�భ߮Ϡ�ϩ�ΫΨ৮ "�߰ϡ߮ζࡂభ�̶ਟ�̵Ϋ߮Ҥ�ΧϪࣤಪ�ඟ໋�

̶ਠ൏।�ୀୀ�భ�Ϣૼ�ϡϪฬ�Δक़༚ΓΫජ໑�ϩ�̶ਖ৶�ΫϪࣥਬ�ϥΫ�Ϣଌ�̵Ψ৯߮Ϡ .
�ϥΧ�ϡΨϤঃΫ̯߮�ଡ߮κॸ߮Υ�Γ߮ଶॐέ�έ�ϞΫචࢂα̢߮ণ�̮ҤήඵϪ̫ϩ�Δࡱ�߰ϡΨϊग़�༚Ϳ�ηϪઍआ�ଘ�Χϩଽ߮ε�̶ਠൌ࣡ી�ϥΧϥ߮ε�Ϣඌࣹ��̵̶ਣඇඌࣹ .�̶ਜพࣂൕঙ�̶ਘঙ�έ�ϥέΨ৯�ϡ߮ଶঙ�ଘ

�߰Ϟ୍ସ�ϡ߮ΖণϩΧϟৣ߮Υ�̵ୌΨ�̶߰ਊॣϪ�̶߰ਘ߮Ϥস�ϐࣣਬ�ϡ߮Ҥ༚Ϳϩ�̵Ψϰു॒ࢡ�ϩ�Γάඵব�ϞΫΧ�Ϋ�ඟࢁพ়�ϛ.
"ଛϪদ�ϡάධ�ΨҤ߮ε�߰ϩΫ�அ�ϔ਼࡛࣪ূ�ສલ߮Ρϡ߮ζ়߮ଶॐέ�έ�̵"
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1b :������Ã{Y{�Z/]���Y�]�Z]�Á�d�Y�w�¿�\Ë����ÅZ´�/ËZ»�M�ÉZ/Å�����¾Ì/Ì e�{Â/mÂ»�ÊËY�v/��Z/Ë�Ê

Ê»{{�³

iorg ,g :�Ê·M�\Ì¯�e�dÌ·Z §�\Ë��i¹Y�

l:Ã|��[~m��Z§�Á�Ê]M��Z§�Á{��Å��{�Ã|ÀËÓM�µÁY�Ä^e�»�ÄË�ne�d]Zi

1l:�Ä^e�»�ÄË�neÃ|��[~m��Z§�Á�Zy��Z³��Z§�,Ê]M��Z§�Ä���Å��{�Ã|ÀËÓM�µÁY
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m :Ã�ËÁ�|���w�¿

maxm :Ã�ËÁ�|���w�¿��j¯Y|u

v :�Ã�ËÁ�ÄÌuZ¿�Á�¹�m�µZ¬f¿Y�\Ë���®Ë��Y�d�Y�Ê·Â�v»�Ä¯�Ã{Â]�¹�m�µZ¬f¿Y�w�¿�\Ë��

§�¾Ì]��f�»�t����ZNAPL[M�Á�

q :d�Y�Ã|����§�d]Zi�Ä¯�Ã�¨��{YÂ»�¶z¸ze

wq :�Ê¼nu�ÉÂfv»�[M

aq :�YÂÅ�Ê¼nu�ÉÂfv»

NAPLq :�Ê¼nu�ÉÂfv»NAPL

Xr :�ÄfÌ�¿Y{��»ÂÌ])µÂ¸��¹�m��]�ZÅ�»ÂÌ]�ºnu(

br :Ê¯Â¸]�ÄfÌ�¿Y{®�y�Zy�

ir :Ä¨·Â»�ÄfÌ�¿Y{i°���{���ËZ»�¶

jr :�Z§�Ê·Z´qj

NAPLr :�ÄfÌ�¿Y{NAPL

wr :[M�ÄfÌ�¿Y{

jy :�Z§�Äf�]YÁ��Ì¤f»��Å

jyG:�Ì¤f»�ÉY�]�}Â¨¿��ÌÌ¤e�\Ë��y��Z§��{�j



�©�©

cY�Z�fyY

BTC: Breakthrough Curve

BTEX: Benzene, Toluene, Ethylbenzene, Xylenes

CFC-EM: Chlorofluorocarbon Extractable Materials 

CFD: Computational Fluid Dynamics

CHAM: Concentration, Heat and Momentum Ltd

DNAPL: Dense Nonaqueous Phase Liquid

HEM: N- Hexane Extractable Materials

JCCP: Japan Cooperation Center, Petroleum

k-S-P: Permeability- Saturation- Capillary Pressure

LNAPL: Light Nonaqueous Phase Liquid

MCL: Maximum Contaminant Level

MIKSS: Mixed Instantaneous and Kinetics Superposition Sequence

MM: Michaelis-Menten

MTBE: Methyl Tertiary Butyl Ether

PAH: Polycyclic Aromatic Hydrocarbon

PAHs: Polynuclear Aromatic Hydrocarbons

PCFF: Partially Coupled Fraction-by-Fraction

PEM: Passive Flux Meter

PIL: PHOENICS Input Language

RBMNA: Risk Based Monitored Batural Attenuation

REV: Representative Elementary Volume

SCM: Surface Complexation Model

SLM: Soil Leachability Model

SSTLs: Site-Specific Target Levels

TIC: Total Inorganic Carbon

TORC: Tehran Oil Refining Company
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¾]�¯Á�|ÌÅ��Â�u��Y�Ê�Z¿�cÔ°�»Ã�¨��{�ZÅ[M�ÉZÅ�ÊÀÌ»��Ë�

¾Ì�Ìa�cZ ·Z�»��]�É�Á�»�Á

�-� .Ä»|¬»

��Ìv»�Ã�Á�»Y��Ä·P�/»�c�Â/��Ä]�½M�ÉY�mY�Ê»Z¼e�Z]�d�Ë����d/�Y�Ã|/»M��{�Ê¿Z/Æm�ÉY .��cÔ°�/»

��]��Y�Ê�Z¿�������½M�Ê Ì^��ÃÂmÁ�½|À°§Y�Ã��Zz»�Ä)��Á�YÂ/Å�,¶´Àm�,Zy�,[M��]ZÀ» (...���½Z»�Z/��®/Ë�¶°�/»�

�����ÃY��Ê»Z/¼e�Z^Ë�¬e�Á�{�Y{�Ê¿ZÆm�É{Z ]Y�Ä°¸]�,d�Ì¿��Â�¯�®Ë�Êfu�Á�Ê¸v»�¶/u��d�/Ë��ÉZ/Å��Ê/�Ìv»

��|Àf�Å�ºÌ¼ e�¶]Z« .��������������¶/]Z«�{Y|/ e�d/¯ÔÅ�\^/��Ä¿ÓZ/��Á�d/�Y�Ê¿ZÆm�|Ë|Æe�®Ë�[M�Ê³{Â·M�½Y�v]

Ä�uÔ»��½Z�¿Y��Y�ÉY�Ê»�ZÅ{Â� .�������Ä/Å{��{��Â�¯�dÌ ¼m�Ã|ÀËY�§�|���Ä]�ÄmÂe�Z]���f�/]YÁ�Á��/ÌyY�ÉZ/Å�Ê´

�dyÂ��¥��»��ËY�§Y�Á�Ê¼Ì�Á�fa�Á�Êf¨¿�{YÂ»�Ä]��Â�¯�{Z�f«Y��\/�«��{�[M��]Z/À»�,Ê¸Ì�§�ÉZÅ��ÉZ/Å

�����Äf§�³��Y�«�É|m�|Ë|Æe�{�Â»�Êf À�|¿Y .[M��ºÆ»��Y�Ê°Ë�ÊÀÌ»��Ë��ÉZÅ���½M��Y�Ä/¯�d/�Y�Ê]M��]ZÀ»�¾Ë�e

������Ê»�Ã{Z¨f�Y�Ê¿|Ì»Z�M�Á�É��ÁZ�¯�,Êf À��|�Z¬»�ÉY�]{Â� .Êf�¿��/Ì�Pe��Y�¶�Zu�ÉZÅ��,Ê�/ËÓZa�cZ

[M��]ZÀ»�,Ä·Â·��Â�y�Á�d¨¿��Z^¿Y�,Ê¼Ì�Á�faÊ»�|Ë|Æe�Y��ÊÀÌ»��Ë��ÉZÅËZ¼¿À|.

�¾ËY�Ä]�ÄmÂe�Z][M��]ZÀ»�Ä¯Êf�¿���Âe�ÊÀÌ»��Ë��ÉZÅ���Ã{Â/·M�Ê/fuY��Ä]�ÊÀ]�¯Á�|ÌÅ��]ZÀ»�ÉZÅ

Ê»���Za�Ê§����Y�Á�|¿{�³Ã�¨���Y�Ê³{Â·M�¾ËY�É�Z�[M�ÉZÅ����Á�c|/»�Ê¿ÓÂ/��|ÀËM�§�®Ë��Y{�Ä/ÀË�Å���/]
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Ê»���Ìa�¾ËY�]ZÀ]�,|�Z]�������¹�Ì¿Z°»�Ê���]�Á�Êf¨¿��]ZÀ»��Y�Ê�Z¿�Ê³{Â·M�Ã{Á|v»�ÊÀÌ]�µZ¬f¿Y��]�º¯Zu�ÉZÅ

Ã|ÀËÓM����[M�Ã�¨���{�ÊÀ]�¯Á�|ÌÅ�ÉZÅd�Ë���Á��Á�ºÆ»�¶WZ�»��Y�ZÅÊ»�Ê�Ìv»����¾Ì/Ì e�¾¼/��Ä/¯�|�Z]

���Ê»�,Ê·Z¼fuY�Ê³{Â·M�Ã{Á|v»���Ê·�fÀ¯�ÉZÅ�Z°ÅY��ÄWY�Y��{�Y��Z»�|¿YÂe��É�eY�f/�Y�Ê/uY���Á���\/�ZÀ»�ÉZ/Å

Za�Á�ÊÀÌ»��Ë��[M��]ZÀ»�d�Z¨u�dÆm|ËZ¼¿�É�ZË�Ã{Â·M�ª�ZÀ»�É�Z�.

����µ|/»�,�/ÌyY�Ä/Å{�Á{�Ê���{���������������º/Æ§�Á��Ì·Z/¿M��{�®/¼¯�d/Æm�Ê/¼Æ»��Y�/]Y�®/Ë�Ê/�ZË��É�Z/�

ºf�Ì��d�Ë��ÉZÅ���d�Y�Ã|��Ã|ÌrÌa�Ê�Ìv» .�����Ì/v»�½Â/r¼Å�Ê Ì^��ºf�Ì��®Ë��{�Ä¯�ÊËZm��ÉZ/Å

Ä¿Zz]M�¯�ÉY������������������,|Àf�/Å��/Ì³�{�Ê°Ë�Â/·ÂÌ]�Ê/fu�Á�ÊËZÌ¼Ì/��,Ê/°Ë�Ì§�d/ÌÅZ»�Z/]�ZÅ|/ÀËM�§��Y�ÊÅÁ�³�Ä

µ|»��Ê»�Ê�ZË��É�Z���µÂ»�§�dÆm�Ê¬�À»�[Âq�Zq�®Ë�ÄÌÆe�dÆm�|¿YÂeÃY���Y�Ä¯�ÊeZ�Ô�Y�É|À]��ÉZ/Å

��¦¸fz»)�����ÊWY�v��cZ ·Z�»�Á�ÊÅZ´�ËZ»�M�cZ ·Z�»�,É�ÂXe�ÉZÅ�Z¯ (Ê»�ÄnÌf¿���|/¿Á���Z/¯�Ä/]�,|¿Â� .��{

Ì�ºf�������Ìv»�½Âr¼Å�Êv����Ë��Ê Ì^��ÉZÅ���Ã{Y{�[Z�f¯Y�,¶z¸zf»�ÉZÅ��Z/�Â¿�ZÅ����Ä/ÀË�Å��/a�Ê/¸Ìy�

��������Ã{Y{�Ä/�Â¼n»�Ä¯�ÊËY�v���ZÌ¬»��{�Z�Â�z»�|Àf�Å�����|Àf�/Å�Ã|/À¯Y�a�Ê/¸Ìy�ÓÂ/¼ »�Z/Å .��¾ËY�]Z/À]

�µ|»�ÊnÀ��Z^f�Y������|/�Z]�¶°�»�d�Y�¾°¼»�Ã|ÌrÌa�ÉZÅ .�¾Ì/Àr¼Å�������cZ/�Ô�Y�{Â/^¼¯�,µZ/u�¾Ì/���{�

��ÃÂ^¿Y�Á�º¯Y�f»���������Ã{Y{�¾Ì/]�Ê·Z/y�ÉZÅZ�/§�Z/e�d�Y��ZÌ¿�Á�{�Y{�{ÂmÁ�ÊËZ�§�ºÅ�Á�Ê¿Z»����¿��Y�ºÅ���ÉZ/Å

Ã�Y|¿Y�µ|»�ÉY�]�Y��Ê¼Æ»�Ä¯�v»�ÉÁ�Ì¿�®Ë�Ä¯�Ã|��É�Ì³Ê»�ºÅY�§�É�Z��{Â/���a�,{�Z� .�µ|/»��É�Z/�

��Ã{Y{�½{�¯��Zv·�ÉY�]�Y��Ä¸Ì�Á�¾Ë�fÆ]�Ê/»�ºÅY�§�Ã|��Ã|ÅZ�»�ÉZÅ����Ã{Y{�Ä/¯�ÊËZ/m��{�Z/Ë�{�Z/���ÉZ/Å

§Z¯�������Ê»�ÊËZÅÂË�ZÀ��ÉÂnf�m�½M�¥|Å�,|¿�Y|¿�{ÂmÁ�Ê�Ê»�Ä¯�|�Z]��º/Æ§�®Ë�½{�ÁM�d�{�Ä]��{�|À¿YÂe

¶»Z���Y��fÆ]Za�|ÀËM�§��{�\·Z£�ÉZÅ{{�³��«YÁ��iÂ»�Ã{Â·M�ª�ZÀ»�É�Z�.

�-� .�ÊÀÌ»��Ë��[M�Ã�¨��¦Ë� e

��ÊÀÌ»��Ë��[M�Ã�¨�˺�����½YÂ/z]M�Z/Ë�,

�����¾Ì»��|uYÁ�®Ë��Y�d�Y�c�Z^���Y��Ë~a}Â¨¿�Ê�ZÀ�Ê»�Ä¯�Ã|���Z^���d/ve�Y��[M�ÄmÂe�¶]Z«��Ë{Z¬»�|¿YÂe

                                                  
1. Aquifer
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½ZË{Y�³���µZ/¬f¿Y�Ê·Â/¼ »�Ê°Ì·Á�|ÌÅ�ÉZÅ�|/Å{)Freeze and Cherry, 1979 .(��Ä/]

Ã�¨���´Ë{�c�Z^�ÄËÓ�ZÅ������|Àf�/Å�ÓZ/]�Ê°Ì·Á�|/ÌÅ�dËY|/Å�Z/]�ÉZÅ)Fitts, 2002 .(���ÊeÔÌ°�/e�¾Ì/Àq

½M�k�§�Á�¶¸y�Á�|Àf�Å�¶z¸zf»���|Àf�/Å�¶�/f»�ºÅ�Ä]�ZÅ)��Ä/�Z»�|/À¿Z»�Z/Å) (Singh, 2007 .(��Ê/y�]

�������½M�k�§�Á�¶¸y�¾Ì]�µZ�eY�Z»Y�|Àf�Å�¶z¸zf»�cÔÌ°�ed�Y�¦Ì ���ZÌ�]�ZÅ .��Ã�¨/��cÔÌ°�e�¾ËY�Ä]

YÁY�eZ¿�Ê»�|¿�Z��Ë��ZË��|ÀËÂ³)���|À¿Z»ZÅ) (Singh, 2007 .(��[M�µZ/¬f¿Y�Ä]��{Z«�cÔÌ°�e�¾ËY�,¾ËY�]ZÀ]

��½Z/Ë{Y�³�d/ve�/Å���Ê·Â/¼ »�Ê°Ì·Á�|/ÌÅ�ÉZ�|Àf�/Ì¿)Freeze and Cherry, 1979 .(��Ä/]

������¶]Z«��Ê¬§Y�½ZË�m�Ze�|¿�Y|¿�ºÅ�Ä]�¶�f»�k�§�Á�¶¸y�Ê§Z¯�Ã�Y|¿Y�Ä]�Ä¯�ÊeÔÌ°�e�Ä/�uÔ»��ª/Ë����Y�ÉY

½MÄ¼Ì¿�Ã�¨��,{Â��¾°¼»�ZÅYÁY�e�Ê»�©Ô�Y��{Â�)Ä�Z»�,d¸Ì��|À¿Z»Ä¿Y{�Ë��ÉZÅ) (Singh, 2007 .(

�-� .ÊÀÌ»��Ë��[M�Ã�¨���YÂ¿Y

Ã�¨�Ê»�ºÌ�¬e��Ë���YÂ¿Y�Ä]�Ê¸¯��Â��Ä]�ÊÀÌ»��Ë��[M�ÉZÅ|¿Â�:

� .Ã�¨��Â^v»Z¿�ÉZÅ�-{Y�M�ZË�

� .Ã�¨��Â^v»�ÉZÅ�-

� .Ã�¨�ª¸ »�ÉZÅ�-�YÂ��ZË�

� .Ã�¨��Â^v»�Ä¼Ì¿�ZË�Êf�¿�ÉZÅ�.

�-�-� .Ã�¨�{Y�M�ZË��Â^v»Z¿�ÉZÅ

�//a}Â¨¿�cÔÌ°�//e�Ê//f«Á�Ä//¯��Ë~

����Ê»�Y�«�}Â¨¿�¶]Z«��Ì£�ÄËÓ�®Ë�ÉÁ���]�|À�Z]�Ã|���Z^�Y�Ê�z]��Â��Ä]�d�Y�¾°¼»����Ã�¨/��®/Ë�,{�/Ì³

Ê»�¶Ì°�e�{Y�M�ZË��Â^v»Z¿�{Â�)Singh, 2007 .(Ã�¨��¾ËY��{pÌÅ�ZÅ���Â/^v»�ÄËÓ�ZË�Ê���ÄËÓ�Ä¿Â³
                                                  

1. Aquiclude
2. Aquitard
3. Unconfined aquifer
4. Confined aquifer
5. Perched aquifer
6. Leaky or Semi-confined aquifer
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�����{�Y|¿�{ÂmÁ�ÊÀÌ»��Ë��[M��Z^�Y�Ä¬�À»�ÉÓZ]��{�É�´Ë{�Ã|ÀÀ¯ .�À»�Ê¿Z«Â§�t����Ã�¨/��Ã|���Z^�Y�Ä¬

����Ê»�Ã|Ì»Z¿�Ê]Zf�ËY�t���,{Y�MÊ»�Ä¯�{Â��|À¯�½Z�Â¿�Ä¿Y{Y�M�|¿YÂe)¶°��-� .(��Ê]Zf�/ËY�t���cZ¿Z�Â¿

�{�Y{�Ê´f�]�½M��{�Ã|��Ã�Ìy}�[M�ºnu�ZË�Ã�¨��ÄÌ¸ze�Á�ÄË~¤e�½Y�Ì»�Ä])Todd, 1980.(

�¶°�)� -� :(Ã�¨��®ÌeZ¼��Ê������¬»��Â^v»�Á��Â^v»Z¿�ÉZÅ)Todd, 1980.(

�-�-� .Ã�¨��Â^v»�ÉZÅ

½Z//¼Å�¶°//���{�Ä//¯��Â//�)�-� (

�Ê»�Ã|Ë{,{Â�Ô»Z¯��Ë~a}Â¨¿�cÔÌ°�e�Ä¯�Êf«Á��Ê/»��Y�«�}Â¨¿�¶]Z«��Ì£�ÄËÓ�Á{�¾Ì]�Ã|���Z^�Y���,{�/Ì³

Ê»�©Ô�Y��Â^v»�Ã�¨��½M�Ä]�{{�³)Singh, 2007 .(Ã�¨��¾ÌÀq��{����Y��f�/Ì]�ÓÂ/¼ »�[M��Z�§�ÊËZÅ

���À]�,d�Y�É�¨�¼eY��Z�§����ÃZq��{�[M�t���¾Ë�]ZÃ�¨��¾ËY��{�Ä¯�ÊËZÅÊ»��¨u�ZÅ�Ê¿Z«Â§�ÄËÓ�ÉÓZ]�|¿Â�

Ê»��Y�«�Ã�¨���{�/Ì³)Todd, 1980 .(����®/Ë�f»Á�Ìa�t�/��,t�/��¾/ËY���Ê/»�Ã|/Ì»Z¿������Z�/§��Y�Ä/¯�,{Â/�

Ê»�dÌ ^e�Ã�¨��¶yY{�[M�Ê°ÌeZf�Á�|ÌÅ|À¯.

�-�-� .Ã�¨��YÂ��ZË�ª¸ »�ÉZÅ
                                                  

1. Pizometric



�

����������¶/]Z«��/Ì£�Ä/ËÓ�®Ë�Ä¯�ÊËZm��{

¨¿������������Äf/�Y{�{ÂmÁ�¾Ì»��t���Á�{Y�M�Ã�¨��Ê]Zf�ËY�t���¾Ì]�{Á|v»���f�³�Z]�,º¯�É�Ë~a}Â¨¿�Z]�ZË�}Â

�Ã�¨��,|�Z]��|¿Â��¶Ì°�e�d�Y�¾°¼»�ª¸ »�ÉZÅ)�,d«Y|����� .(Ã�¨���Â¿�¾ËY��«YÁ��{��d/·Zu�®Ë�ZÅ

Ã�¨���Y��Zy�|Àf�Å�{Y�M�ÉZÅ)Todd, 1980     .(�Ê/�|�����Äf�/Æ¿�¾Ì/]��{�Ê/���ÉZ/Å���,Ê]Â/���ÉZ/Å

»Ã�¨��ÓÂ¼ Ê»�{ZnËY�Y��ª¸ »�ÉZÅ�|ÀÀ¯)�¶°��-� .(

�¶°�)� -� :(Ã�¨��®ÌeZ¼��s���ª¸ »�ÉZÅ)Todd, 1980.(

�-�-� .Ã�¨��Â^v»�Ä¼Ì¿�ZË�Êf�¿�ÉZÅ

�Ã�¨���{��Ê/°Ë�Êf«Á�,�Â^v»�ÉZÅ

�ÄËÓ��Y��|�Z]��Ë~a}Â¨¿�Ä¼Ì¿�Ã|ÀÀ¯��Â^v»�ÉZÅ)YÁY�e�Ä¼Ì¿�ÄËÓ�|À¿Z¼Å(��/^v»�Ä/¼Ì¿�ZË�Êf�¿�Ã�¨��,��Â

Ê»�Ã|Ì»Z¿�{Â�)Singh, 2007 .(½Z¼Å����¶°���{�Ä¯��Â�)�-� (Ê»�Ã|Ë{������ÃZ/q�®/Ë��Y��Z/b¼a�Z/]�,{Â/�

������Ê»�����d¯�u��Ì�»�Á{��{�[M�Êf�¿�Ã�¨��®Ë��{�Ã|���¨u|À¯ :��Ä/]�Á�Ã�¨���{�Ê¬§Y�½ZË�m�Ä¸Ì�Á�Ä]

�Ã�¨��½Á�{�Ä]�YÁY�e�Ä¼Ì¿�ÄËÓ�½ZÌ»��Y�É{Â¼��½ZË�m�Ä¸Ì�Á)Todd, 1980 .(



�

�¶°�)� -� :(Ã�¨��®ÌeZ¼��s����Â^v»�Ä¼Ì¿�ZË�Êf�¿�ÉZÅ)Singh, 2007.(

�-� .Ã|ÀËÓM�ÃÂ¬·Z]��]ZÀ»Ê·M�ÉZÅ

Ã|//ÀËÓM�Ê¸//�Y��]Z//À»�Ê//·M�ÉZ//Å

Ze|¼���dÌ·Z §�Z]���Ê»��Â]�»�Ê¿Z�¿Y�ÉZÅ|¿Â� .dÌ·Z §�¾ËY�ªË����Y����Ê/·M�cZ/^Ì¯�e�Z�Â�/z»�Ê·M�{YÂ»�ZÅ

�µÔu�,Ê�ÂÀ�»��¾]�¯Á�|ÌÅ�Á�ZÅ��°¼»�Êf¨¿�ÉZÅ������������Á�|/ÀÀ¯�Y|/Ìa��Z/¼e�Êv�/���/Ë���Ì/v»�Z/]�d�Y�¾

[M�Ä]�¹Zn¿Y��Ê»�Y|Ìa�ÃY��ÊÀÌ»��Ë��ÉZÅ|ÀÀ¯.

���ÃZ´�/ËÓZa�,Ê¼Ì/�Á�fa��ËZÀ���,Z/Å

ÃZ´f�ËY������Ã|ÀËÓM��Ê¸�Y��]ZÀ»��Y�Êf¨¿�½�Zz»�Á��Ì¼ e�ÉZÅ�����®^/��Ê/]M��/Ì£��Z/§��ËZ»�Z�Â�z»�Ê·M�ÉZÅ

)LNAPL(���¾Ì´À��Ê]M��Ì£��Z§��ËZ»�Á�)DNAPL(�Å�Æ���{�|Àf�Å�Z .���ª/Ë����Y�d/�Y�¾°¼»�Ê³{Â·M

��®¿Ze��Y�d�¿�����w��Ä·Â·��Â�y�Á�Ê·M�cÓÂ�v»�Ã�Ìy}�ÉZÅ�����{�Êv�/���/Ë���Ì/v»�Ä¸Ì�Á�½Y|]�Á�|Å{

�¾]�¯Á�|ÌÅ��� »�Ê/»��Y�«�ZÅ������Ê/»�Ã{Â/·M�Ê/ÀÌ»��Ë��[M��]Z/À»�¹Zn¿Y�/��Á�|/¿�Ì³�{{�/³ .��[M�Ê³{Â/·M

dÌ·Z §��Y�d�Y�¾°¼»�É�Æ��ÊuYÂ¿��{�ÊÀÌ»��Ë�Ê�Z¿��Ë��ÉZÅ|¿Â��:

� .Ã�Ìy}�Á�Ã{Z¨f�Y�,|Ì·Âe-Z¿��y�ÊËZÌ¼Ì��{YÂ»�É�Z�

                                                  
1. Light Nonaqueous Phase Liquid
2. Dense Nonaqueous Phase Liquid
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�-� .Ã|ÀËÓM��YÂ¿YÉZÅÊ·M�

�Ã|ÀËÓM��YÂ¿Y�����¾/°¼»�Ä/¯�Ê/·M�ÉZÅ

���Ìv»��{�d�Y��Ä¸�Z]�Á�Ã|��Ã{Z¨f�Y�¹Zy�{YÂ»�d Ì^��Ä]�|¿Â��ZÅ��d�Ë������Ä¸Ì/�Á�Ä/]�Ã|/��|/Ì·Âe�ÉZÅ

�ÃZ´�ËÓZa��Á�Ê¼Ì�Á�fa�cZ�Ì�Pe��{�Ã�ËÁ�Êf À��ÉZÅ|ÀËM�§{�Y{�Ê´f�]�ZÅ .Ã|ÀËÓM��j¯Y����{�Ê/·M�ÉZ/Å

��[M�Á�Zy����®¿Ze�d�¿��Y�ÊÀÌ»��Ë��ÉZÅ�y}�ÉZÅ�����¾]�¯Á�|/ÌÅ�Ê/ÀÌ»��Ë��Ã�/Ì�����Y�Ã{Z¨f/�Y�Á�Ê/f¨¿�ÉZ/Å

µÔu¶»Z��Á�ZÅ¾£Á��ÉZÅÊ»���ÄnÌf¿�Êf À��cZn¿Zy�Z¯��{�ÊËY{�|¿Â�.

��Ã|ÀËÓM��Y�Êy�]������{Z/nËY�Ê/·M�ÉZ/Å

�¾]�¯Á�|ÌÅ�Á�Ã|��ÄÌ¨�e�d¨¿��Y�Ã|��¾]�¯Á�|/ÌÅ�¶»Z��Ê¼Ì�Á�fa�Á�ÊÅZ´�ËÓZa��¯Y�»��{��ËZ»�ÉZÅ-

��ÉÂ¬¸u�®ÌeZ¨·M�ÉZÅ����|À¿Z»��¾]�¯Á�|ÌÅ�Á�¾¸ÌeÂ]�,¾¸ÌaÁ�a�,¶ÌeY����,½�/À]�|/À¿Z»�ÉÂ/¬¸u�®ÌeZ»Á�M�ÉZÅ

�¶ÌeY�,¾WÂ¸e�Á�½�À]�¾¸ËY��Ê»�|À�Z] .®ÌeZ¨·M¾]�¯Á�|ÌÅ�ZÅ���Ê/¼¿�¶»Z/��Y��½�/À]�Ä¬¸u�Ä¯�|Àf�Å�ÊËZÅ-

®ÌeZ»Á�M�Ä¯�Ê·Zu��{�|¿Â�¾]�¯Á�|ÌÅ�ZÅ�������|Àf�/Å�½�/À]�Ä/¬¸u�¶»Z/��Ä/¯�|Àf�/Å�ÊËZÅ)Phophi, 

2004 .(�¾ËY�ÓÂ¼ »�¾]�¯Á�|ÌÅ��Z ¼fn»�ZÅ��½M�Ã�ËÁ�Ê·Z´q�Ä��YÁ�Ä]����Ä/]�d/�Y�[M�Ê·Z´q��Y��f¼¯�Ä¯�ZÅ

�®^��Ê]M��Ì£��Z§�cZ ËZ»�½YÂÀ�)LNAPLs (Ê»�ÄfyZÀ�|¿Â�.

�Ê¼Ì///�Á�fa��ËZÀ///��¾Ì///Àr¼Å

µÔu���É�e�|À¿Z»�Ä¿�Â·ZÅ�ÉZÅ��¾eYÁ�¸¯)TCE(���¾eYÁ�¸¯Y�fe�,)PCE(��,�,�É{��Á�¾eYÁ�¸¯�,��¿�e�-É{�-

��¾eYÁ�¸¯)DCE (�¾eYÁ�¸¯�Á)¶ÌÀËÁ|Ë�¸¯ (�Ê/»�|Ì·Âe�Y������Ì/v»�[�/z»�Ä/¯�|/ÀÀ¯��|Àf�/Å�d�/Ë� .��¾/ËY

µÔu��¾Ì´À��Ê]M��Ì£��Z§�cZ ËZ»�½YÂÀ��Ä]�ÓÂ¼ »�ZÅ)DNAPLs (Ê»�ÄfyZÀ�|¿Â� .�����/Ì£��Z/§�cZ/ ËZ»

                                                  
1. Cyclic
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����¾Ì´À��[M��Y�¾Ì´À��Ê]M����½M�¾ËY�]ZÀ]�Á�|Àf�Å��e�Ê»�Á�§�[M�ÉÁZu�cÔÌ°�e�¦¯�Ä]�ZÅ��|/¿Á�)�¶°/�-

�ÉZÅ�-��Á��-�.(

�¶°�)� -� :(��Zf§�LNAPL�Á�DNAPL�Êv���Ë���Ìv»��{�)Phophi, 2004.(

�-� .�¦Ë� eNAPL

��������Ê/]M��/Ì£��Z/§�cZ ËZ»)NAPLs (

¾]�¯Á�|ÌÅ����������{Â/mÁ�Ê¿|�/¿��Â/¸z»�Ä/¿Z³Y|m��Z§�®Ë�c�Â��Ä]�YÂÅ�ZË�[M�Z]��Z¼e��{�Ä¯�|Àf�Å�ÊËZÅ

��|/¿�Y{)Newell et al., 1995; Fitts, 2002 .(���{�cZ/§ÔfyY�Ê/³�ËÁ����Á�[M�ÊËZÌ¼Ì/��Á�Ê/°Ë�Ì§�ÉZ/Å

NAPL�����Ê/»�cZ/ ËZ»�¾Ì/]�Ê°Ë�Ì§�Y�f�Y�t���®Ë�¶Ì°�e�Ä]��nÀ»������µZÌ/��Á{��Ôf/yY��Y�Ä/¯�{Â/�

�Ê»�É�Ì³Â¸m|À¯ .��������������®^/��Ê/]M��/Ì£��Z/§�cZ/ ËZ»�c�Â/��Ä/]��yZ/���Â/��Ä/]�Ê/]M��/Ì£��Z§�cZ ËZ»

)LNAPLs (������������¾Ì´À/��Ê/]M��/Ì£��Z/§�cZ ËZ»�ZË�|¿�Y{�[M��Y��f¼¯�Ê·Z´q�Ä¯)DNAPLs (���Ê·Z/´q�Ä/¯

Ä¬^��|¿�Y{�[M��Y��f�Ì]Ê»�É|À]|¿Â�.

����������������Ê/»��iP/f»�É�Æ/��ª�Z/À»��/j¯Y��{�Y��Ê/ÀÌ»��Ë��[M�dÌ¨Ì¯�®^��Ê]M��Ì£��Z§�cZ ËZ»�|/ÀÀ¯ .

µÂ¼ »��Z]��Z^e�Y��{�ÊÀÌ»��Ë��[M�Ê³{Â·M�Ä·P�»�¾Ë�eLNAPLs����Ä/nÌf¿�Ê/f¨¿�cÓÂ�/v»�É�Z�ZÅ���Y�

Ê»{{�³.
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�¶°�)� -� :(Á�µZ¬f¿Y�®ÌeZ¼��s���µÂve�DNAPL�Á�LNAPL�Êv����Ë���Ìv»��{�
)www.afcee.af.mil/.../background/index.asp(.

���Â¸z»��yZ���Â��Ä]�cÓÂ�v»�¾ËY��|/Àq�ÉZÅ�Ä/¨·Â»������Z/]�ÊËZÌ¼Ì/��{YÂ/»��Y�Ä¸°�/f»�Ê/·M�ÉY

dÌ¸]Z«����|Àf�Å�¦¸fz»�Ê]M�µÔv¿Y�ÉZÅ .�¶Ìf»�|À¿Z»�Ê¿{Á�§Y�{YÂ»��Y�Êy�]É�ZÌ��e¶ÌeÂ]���/eY)MTBE(��

�¶°·Y�Á����Ä¨·Â»�Ä¯�Ê·Zu��{�|¿�Ë~a�µÔv¿Y�c|��Ä]�ZÅ������,¾WÂ/¸e�,½�/À]�|/À¿Z»�Ê/f¨¿�cÓÂ�/v»��´Ë{�ÉZÅ

¶ÌeY���Á�½�À]¾¸ËY�����Ôv¿Y��ÌqZ¿��Â��Ä]�|¿�Ë~a�µ .����d/�Y�½M�Ê/f¨¿�cÓÂ�/v»�¾ÌËZa�µÔv¿Y�dÌ¸]Z«�dË�»

����Ìv»��{�É�Y~³�Z]�Ä¯������|ÀËM�§�Á�d�Y�®qÂ¯��yZ���Â��Ä]�d�Ë�Ã|ÀËÓM�\¸£Y�Ê Ì^��ÉZÅ����/]�Y��Z/Å

���ªÌ«��Ê°qÂ¯�Ä¸�Z§�ÉÁ�Ê»�É�Z�|ÀËZ¼¿ .��Ä/¯�d�Y�½M�¾ÌËZa�µÔv¿Y�dÌ¸]Z«�É|]�,Ê§����YLNAPLs�

Ê»�������^À»�®Ë�½YÂÀ��Ä]�|¿YÂe��������c|/»�ÉY�/]�Ê/ÀÌ»��Ë��[M�Ã�¨/��Ê³{Â·M�����|/À¿Z¼]��Y|/ËZa�Ê¿ÓÂ/��½Z/»��

)Phophi, 2004 .(�Ê¸¯��Â��Ä]LNAPLs���Ê/ÀÌ»��Ë��[M�Äf/�ÂÌa�Ê³{Â·M�ÉY�]�c|»�|À¸]�ÃÂ¬·Z]��]ZÀ»�

|Àf�Å�ª�ZÀ»��j¯Y��{ .

                                                  
1. Methyl Tertiary Butyl Ether
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�Êf�//¿�®//Ë��Y�Ê//¼¯��Y|//¬»��//³Y

LNAPL����Y{YÂÅ�Ä¬�À»�{�YÁ��) ���Ã|�/¿��Z^�Y�Ä¬�À» (���,{Â/��{Y�M�Ã�¨/��®/ËLNAPL���~/§ZÀ»�ª/Ë����Y�

������Ê«Z/]��Z^/�Y�Ä/¯�¾/ËY�Z/e�d/§ZË�|ÅYÂy�½ZË�m�Ã|�¿��Z^�Y����{Â/��¶/�Zu�Ã|/¿Z»)Newell et al., 1995

Dupont et al.,1998;Phophi, 2004; .(Ê«Z]��Z^�Y���/]�Äf�ÂÌaZ¿��vf»��Ì£��ËZ»�Ã|ÀËÓM�ºnu�Ã|¿Z»

�d�Y�~§ZÀ»�ºnu�|uYÁ)Chatzis et al., 1983.(

�º//nu��//³YÉ{Z//Ë����Y�LNAPL�

���,{Â����Ë�LNAPL������Ê»�½ZË�m�ÄÀÌËÂ»�ÄÌ�Zu�ÉÓZ]�Ä]�É~¨À»�ÉZ�§�½ZÌ»��Y�|]ZË .Ã|¿�Z����¶/u�ÉZ/Å

��Ã|�LNAPL��Ã|¿�Z���Y���Ê³�ËÁ�d�Y�¾°¼»�Á�|¿�eÂ¸m�,µÂ¸v»��f¼¯�ÉZÅ���/ÌÌ¤e�Y��[M�Ê³|¿Â��e�ÉZÅ

�����Ê«Z]�ÉÂfv»�[M��{�Ê�ÅZ¯�®Ë�h�Z]�Á�|ÀÅ{����ÌËÂ»�ÄÌ/�Zu��Z/¨e�Y��{��ÅZ/¯�®/Ë�Á�Ã|¿Z»���|/¿{�³�Ä/À

)Phophi, 2004.(

Ê³�ËÁ�,| ]��z]��{®Ë�Ì§�ÉZÅ���cZ/^Ì¯�e�µÂ/ve�Á�µZ¬f¿Y�Ä¯�ÊËZÌ¼Ì�Á NAPLs��cÓÂ�/v»�Á

Ê»��iPf»�Y��Ã|��ÄÌ¨�e�Êf¨¿Ê»�tË��e�|¿�Z�{{�³ .

�-� .Ê³�ËÁ®Ë�Ì§�ÉZÅÁÃ|ÀËÓM�ÊËZÌ¼Ì���µÂ/¼ »�Ê·M�ÉZÅ)�¾]�¯Á�|/ÌÅ��ÉZ/Å

�Êf¨¿)LNAPLs (µÔu�Á�ZÅ)DNAPLs((

LNAPLs���Á�DNAPLs�µÂ¼ »��Ã|ÀËÓM�¾Ë�e���������Ê³{Â/·M�h/�Z]�ÃÂ¬·Z/]��Â��Ä]�Ä¯�|Àf�Å�Ê·M�ÉZÅ

Ê//»�Ê//ÀÌ»��Ë��[M�Á�Z//y|//¿{�³ .Ã|//ÀËÓM�¾//ËY�¹Z//¼eÊ//³�ËÁ��Z//�Y��//]�Ê//·M�ÉZ//Å�Ê//°Ë�Ì§�ÉZ//Å

)��������µÂ¿Z/f¯Y�É|À]L�m�\Ë���,µÔv¿Y�dÌ¸]Z«�,dË�Y�§�dÌ¸]Z«�,ÉÁ�¿Y�³�,Ê·Z´q�,µZj»�½YÂÀ��Ä]"OWK"��,

��É�ÀÅ�\Ë���Á��Zz]��Z�§ (�ÊËZÌ¼Ì��Á )���É�ZfyZ/��Ê³|/ÌrÌa�Á�Ê·Â/°·Â»�½�Á�|À¿Z» (½M����z�/»�Z/Å

Ê»|¿Â� .

                                                  
1. Vadose
2. Octanol-water partition coefficient
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�-�-� .®^��Ê]M��Ì£��Z§�cZ ËZ»)LNAPLs(

LNAPLs����Êf¨¿�cÓÂ�v»�¶»Z��

��¾]�¯Á�|ÌÅ��´Ë{�Á�������½M�,¾ËY�]ZÀ]�,|¿�Y{�[M��Y��f¼¯��Â�z»�½�Á�,Ã|��ÄÌ¨�e�ÉZÅÓZ]��{�ZÅ��ÄÌ/�Zu�É

������Ê/»�Ã{��/§�Ê/ÀÌ»��Ë��[M�t�/��Ä/nÌf¿��{�Á�|��|ÀÅYÂy��ÁZÀ��ÄÀÌËÂ»��Á�{Â/�LNAPL��d¼�/«��{�

�Ê»��¼m�Ê´f§�Á�§��Ê/»�Är/�Âu�®Ë�¶Ì°�e�Á�{{�³�|/Å{ .��������Y|/¬»�,�ËZ/»�Ê/·M�\/Ì¯�e�®/Ë�ÉÁ�/¿Y�³

����d�Y�¾Ì »�ÉÁ�Ì¿�®Ë�dve�½ZË�m�¶]Z¬»��{�½M�d»ÁZ¬»    .µZj»���Y�ÊËZ/ÅLNAPLs���,¶/ÌWÁ�Z³�¶»Z/��

��dyÂ���¾£Á��Á�dm�d�Y�Ê�ËZ»�³�ÉZÅ .��¶/ÌeY�,¾WÂ/¸e�,½�À]�|À¿Z»�®ÌeZ»Á�MÂ¿Â»�cZ^Ì¯�e��Y�¶ÌWÁ�Z³-

�Á�½�À]¾¸ËY�Ê»�ÄfyZ��ZÅZ ¼fn»�Ä¯�{Â��cZ^Ì¯�e�BTEX
�Ê»�Ã|Ì»Z¿|¿Â�.

��������Ä/]�Ê/·M�cZ/^Ì¯�e�µÔv¿Y�dÌ¸]Z«

��������Z/^Ì¯�e�Z/e�µÂ¿Zf»�|À¿Z»��ÔfyY�¶]Z«�c|��Ä]�Ê^�«�cZ^Ì¯�e��Y�Ê Ì�Á��Â�����d/Ì¸]Z«�Z/]�Ê/^�«�Ì£�c

�������¾]�¯Á�|/ÌÅ�|/À¿Z»�¾ÌËZa�c|��Ä]�µÔv¿Y�����|/Àq�®/ÌeZ»Á�M�ÉZ/Å�Äf�/Å��ÉY)PAHs(����d/�Y�cÁZ/¨f»�

)Phophi, 2004 .(������Ê·{Z/ e��ËY�/��d/ve�Y��[M��{�\/Ì¯�e�Ã|/��¶u�d�¸£�º¼Ë�¯Z»�,µÔv¿Y�dÌ¸]Z«

�Ê»�½Z�¿|Å{ .���Ê»��ËY�§Y�c�Y�u�½Y�Ì»�Z]�ÓÂ¼ »�µÔv¿Y�dÌ¸]Z«�|]ZË)ËY�§Y�Z]��oC����µÔ/v¿Y�dÌ¸]Z«�,

%��-�Ê»��ËY�§Y�|]ZË.(

���Ê//·M�cZ//^Ì¯�e�µÔ//v¿Y�d//Ì¸]Z«

��Z�Â�z»LNAPLs���Á�DNAPLs����������É|/À]L�m�\Ë�/��Á�É�ZfyZ/��Ê³|/ÌrÌa�,Ê·Â°·Â»�½�Á�Ä¸Ì�Á�Ä]�

µÂ¿Zf¯Y-���[M�)OWK (�Ê»�µ�fÀ¯{{�³ .µÂ¿Zf¯Y�É|À]L�m�\Ë��-�[M�)OWK (Y|¬»����®/Ë�Ä/¯�d/�Y�É�

��vÌm�e�Ê·M�Ã{Z»Z�������|��|ÅYÂy�¶u�Ê·M�µÔu�ZË�[M��{� .�����ËY�/§Y�Z/]�[M��{�Ê/·M�cZ^Ì¯�e�µÔv¿Y�dÌ¸]Z«

���µÂ¿Zf¯Y�É|À]L�m�\Ë���Á�Ê·Â°·Â»�½�Á-�[M�)OWK (Ê»��ÅZ¯|]ZË .���ËY�/§Y�Á��ÅZ¯OWK��¾Ì/Ì e�

                                                  
1. Benzene, Toluene, Ethylbenzene, Xylenes
2. Polynuclear Aromatic Hydrocarbons
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Ê»����[M�\Ì¯�e�ZËM�Ä¯�|À¯d�Á{�) m�����Z]�ÃY�¼Å�[M�[~OWK¾ÌËZa� (�[M�Z/Ë��/Ë�³�) ����Z/]�ÃY�/¼Å�[M��/§{

OWKÓZ]� (�d�Y)Phophi, 2004.(

��[M�cZ^Ì¯�e�ÉY�]�����Z�Y��]��]YÁ��,�Ë�³OWK|Àf�Å�[M�µÔv¿Y�dÌ¸]Z«��]�ÊÀ^»��]YÁ���Y��fÆ]� .��¾/ËY�Z]

����cZ^Ì¯�e�ÉY�]�,µZu���Ë{Z¬»�Z]�¶ÌWÁ�Z³�Ä¸°�f»OWK]YÁ��,¾ÌËZa�ÓZ¼fuY�µÔv¿Y�dÌ¸]Z«��]�ÊÀ^»����e�]�

��]�ÊÀ^»��]YÁ���YOWK�|Àf�Å�)Phophi, 2004.(

���c�mZÆ»�w�¿LNAPLs���Ä¸Ì�Á�Ä]�

Ê³�ËÁ���½M�Ê/°Ë�Ì§�ÉZÅ)������/À]L�m�\Ë�/��,[M��{�µÔ/v¿Y�d/Ì¸]Z«�,ÉÁ�/¿Y�³�,Ê·Z/´q�µÂ¿Z/f¯Y�É|-�[M�

"OWK"����É�ÀÅ�\Ë���Á��Zz]��Z�§�, (�À¯YÁ�Á�ÊËZÌ¼Ì��ÉZÅ)���É|/À]L�m�Á�Ê¿Â/Ë�µ{Z^e�,Êv���[~m

µÔu�ZË�Ê·M�Ã{Z»��{Ê·M�ÉZÅ (Ê»�Ã�¨���{{{�³�µ�fÀ¯�|¿YÂe.

�-�-� .�¾Ì´À��Ê]M��Ì£��Z§�cZ ËZ»)DNAPLs(

µÔu��j¯YµZ´q�Ê·M�ÉZÅ�[M��Y��e

|Àf�Å.DNAPLs�,¾ËY�]ZÀ]�|¿�Y{�[M��Y��f�Ì]��Â�z»�½�Á�DNAPLs�½Âf��½ZÌ»��Y�|¿�Y{�¶ËZ¼e�

Ê´f§�Á�§��{�Á�|¿Á��Á�§�[M|¿Â���¼m�Ã�¨��¦¯�ÉZÅ .�ÊÀÌ»��Ë��[M�Ã�¨��¦¯�{Y|f»Y��{�{YÂ»�¾ËY

Ê»�½ZË�mÊ»�Á�|À]ZË|ÀÀ¯�d¯�u�ÊÀÌ»��Ë��[M�½ZË�m��Y�cÁZ¨f»�ÊeZÆm��{�|À¿YÂe .µZj»��Y�Êy�]ÉZÅ

DNAPLsÉ{�¶»Z�������������������Á�¾eYÁ�¸¯�,��¿�e�-É{�¾eYÁ�¸¯)DCE (�¾eYÁ�¸¯�Á)¶ÌÀËÁ -

|Ë�¸¯(¶ÌÀ¨Ì]�,Ê¸a�ÉZÅ�ÄÀË�¸¯)PCBs(d§M�Êy�]�Á�²À��µZ£}�½Y��«�,½Y��«�¾£Á��,�¯|Àf�Å�ZÅ .

Ê»��z�»�É�ÀÅ�d]Zi��Z�Y��]µÔu�Ä¯�{Â�|Àf�Å��Y�§��f¼¯�ÄÀË�¸¯�ÉZÅ .µZ¬f¿Y�ÓÂ¼ »�Ã{Z»�®Ë�

d]Zi�����Á��Zz]��Z�§�Ä¸Ì�Á�Ä]��Zz]��Z§��{Ê»���Ì»�ÓZ]�É�ÀÅ�ÉZÅ�{{�³)Phophi, 2004 .(�,�Zz]��Z�§

d�Y��Zz]��Z§�Ä]��ËZ»�ZË�|»Zm��Z§��Y�µZ¬f¿Y�Ä]�Ã{Z»�®Ë�¶ËZ¼e��Y|¬» .��Y|¬»ocK,�kÁ�y��´¿ZÌ]�

»Zm�sÂ���ÉÁ��[~m�Á�Ê]M��Z§��Y�Ê·M�cZ^Ì¯�eÊ»�[M�Ã�¨��||�Z].

                                                  
1. Hydrophilic
2. Hydrophobic
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�-� .Ã|ÀËÓM�cZ�z�»Ê·M�ÉZÅ

��{Á|///u�ÉÁZ///u�¶///ÌWÁ�Z³�� %

MTBE�Ê»������{Â��¶¬fÀ»�Ä·Â·��Â�y�Ä¸Ì�Á�Ä]�|¿YÂe .����Ê/»��ËÓZ/a�¶/ÌWÁ�Z³�½Â/q����d^�/¿�¶»Z/��{Â/�

��Ã|¿�Z���Y�É�eÓZ]��®^��Ê·M�ÉZÅ��Ã|¿�Z���Y��e���Ê/»�Y|/Ìa�¹Zy�d¨¿��{�Ä¯�ÊËZÅ��|Àf�/Å�,|¿Â/� .��¾ËY�]Z/À]

Ã|¿�Z��¶u�ÉZÅ������Ê»�ÊÀÌ»��Ë��[M��{�¶ÌWÁ�Z³�Ã|����������/vf»�¹Z/y�d/¨¿�cZ/^Ì¯�e��Y�|/¿YÂe��|À/�Z]��/e .

��¾Ì´À��µ�Ë{�dyÂ�����d�¸£�¶ÌWÁ�Z³�Ä]�d^�¿�Á�d�Y��e¾ÌËZa�ÉZÅ¾]�¯Á�|ÌÅ��Y�É�e�{�Y{�®^/��ÉZÅ .

�d�Y{�|ÅYÂy�¹Zy�d¨¿�Á�¶ÌWÁ�Z³�¾Ì]�Ê¯�ve�dÌ¸]Z«�c�Â��¾ËY��{ .�¾]�¯Á�|/ÌÅ���[M��Y�ÊfyÂ/��ÉZ/Å

®^�����Á�|¿�e����dÌ «Â»��{�[M�t���ÉÁ����{Â/]�|/ÀÅYÂy��ÁZÀ/����Ë��ÉZÅ .�����Ä/m�{�µZ/»�¿��ËY�/��d/ve

���Á�¶ÌWÁ�Z³�,{�Y|¿Zf�Y��Z�§�Á�c�Y�uMTBEZ�Z�Y�Á��ËZ»��������Ä/q��/³Y�|Àf�/Å�[M�Z/]��Ôf/yY�¶/]Z«��Ì£�

Ê»�½Z�¿�cY|ÅZ�»�Ä¯�|ÀÅ{MTBEd�Y��Ë~a�µÔv¿Y�Ê¯|¿Y� .�¶/ÌWÁ�Z³��Â¸z»�Êf«Á/ MTBE ��[M�Z/]

Ê»��Z¼e�ÊÀÌ»��Ë�Ë½M�ÉY�mY��Y�É�Ë{Z¬»�,|]ZÊ»�ZÅ[M��{�|À¿YÂe|¿Â��¶u�ÊÀÌ»��Ë� .��µÔ/v¿Y�dÌ¸]Z«

�������d�Y��f¼¯�[M��{��·Zy�Ã{Z»�µÔv¿Y�dÌ¸]Z«��Y��Â¸z»�®Ë��{�¶ÌWÁ�Z³�{�¨À»�ÉY�mY .��,µZ/j»�½YÂÀ��Ä]

�Z^Ë�¬e�[M��{�¶ÌWÁ�Z³�Ê¸¯�µÔv¿Y�dÌ¸]Z« mg/L����Ze����d�Y� .���d/Ì¸]Z«�Ä/¯�d�Y�ÊÀ »�¾Ë|]�¾ËY

¿Y��Y��f¼¯�¶ÌWÁ�Z³���Ë��®Ë��{�½M�{�¨À»�ÉY�mY�µÔvmg/L����Ze����d�Y�.

��[M��{�Ã|//��¶//u�Ê¸//�Y�ÉY�//mY

��d�¿��Y�ÊÀÌ»��Ë������Ê¿{Á�§Y�Ã{Z»�,¶ÌWÁ�Z³�ÉZÅMTBE�cZ^Ì¯�e�Á�BTEX) ���¶/ÌeY�,¾WÂ/¸e�,½�/À]��Á�½�/À]

¾¸ËY�ZÅ (|Àf�Å .���ÉÁZu�µ�Ë{MTBE����¸£�¹Zy�d¨¿�Á�¶ÌWÁ�Z³�Ä]�d^�¿�Á�d�Ì¿�d�¾ÌËZ/a�ÉZÅ���Y�É�/e

�cZ//^Ì¯�eBTEXÊ//»�¶»Z//��Y�����������������������������������{{�//³)Brandes Company, 1999 .(��Y

�����Z°Ë�»M�d�Ë���Ìv»�d�Z¨u��¿Y�M�ÃZ³|Ë{�����Ã|/ÀËÓM�|/u�¾Ë�f�Ì]�)MCL(����ÉY�/]�Ê/ÀÌ»��Ë��[M��{�

�Ã|¿�Z��¾ËY���Y�|Àe�Z^��ZÅ :mg/L���/��½�À]�)Y��½Z���(�,mg/L�/�eY�¶Ì�½�À])��ÉÂ/Ì¸¯�,É|^¯�cY�iY

                                                  
1. U.S. Environmental Protection Agency (U.S.EPA)
2. Maximum Contaminant Level



��

��Ê^���ºf�Ì��Á(��,mg/L�/���¾WÂ¸e�)��Ê^�/��ºf�/Ì��Á�ÉÂÌ¸¯�,É|^¯�cY�iY (�Ámg/L�/��¾/¸ËY���Z/Å

)Ê^�/////////////��ºf�/////////////Ì��Á�ÉÂ/////////////Ì¸¯�,É|/////////////^¯�cY�/////////////iY(

) Brandes Company, 1999 .(����d/�Y�½Z�/¿Y�ÉY�/]�Ã|/��ÄfyZÀ��½Z����|·Â»�Ã{Z»�®Ë�½�À] .��ÉY�/]

MTBE������»Y�{�Y|¿�{ÂmÁ�É�Zn»�|u�pÌÅ��Ã�ÁZ�»�Z�|u��{�ÊËZÅ��/��Ze���/�mg/L��Ê¿|Ì/�Â¿�[M�ÉY�]�

��d�Y�Ã|��ºÌ�Àe .���Â�uMTBE�����¶Ì�/¿Zfa�Á�[M�ÉÂ/]�Á�Ã�»�ÉÁ���]��eY�iY�¶Ì·{�Ä]�Ê¿|Ì»Z�M�[M��{�

�����d�Y�[Â¸�»Z¿�,Ã{Z»�¾ËY�¾ÌËZa�Ê°Ë�Â·ÂÌ]�ÄË�ne .MTBE¾]�¯Á�|ÌÅ�Z]�Ä�ËZ¬»��{����Ã{Z¨f/�Y�{�Â/»�ÉZÅ

��]L�m�\Ë���®Ë�,dyÂ��½YÂÀ��Ä]µÂ¿Zf¯Y�É|À-�ÊÀÌËZa�Zf^�¿�[M� )�{Á|u�� (��¹Â/Æ¨»�¾Ë|]�¾ËY�,{�Y{

���Ä¯�d�YMTBE���Ä�ËZ¬»��Â��Ä]�����{�Y{�[M��{�É�eÓZ]�µÔv¿Y�dÌ¸]Z«�ÉY .��µÔ/v¿Y�dÌ¸]Z«MTBE�[M��{�

�{Á|u�ÊÀÌ»��Ë�mg/L���Ã�Y|¿Y��d�Y�Ã|��É�Ì³)Brandes Company, 1999.(

�-� .Ã|ÀËÓM�d�¿�¾°¼»�cY�iY�¦Ì�ÂeZÅ

Ê//»�d�//¿�®//Ë�Ä//]��//nÀ»�|//¿YÂe

�{{�³�¾Ì»��t����Ë��ZË�t����{�Ê³{Â·M��Y|ËZa�Á�Äf�ÅM��^À»�®Ë�¶Ì°�e .���ª/Ì«��Á��·Z/y�cÓÂ�v»

Ê»�|À��]�ÊÀÌ»��Ë��[M�t���Ä]�¹Zn¿Y���Á�|ÀÀ¯�d�¿�Zy�½ZÌ»��Y�Ê´f�ÅM�Ä]�|À¿YÂe)¶°��-� .(



��

�¶°�)� -� :(�¶z¸zf»��Ìv»��{�d¨¿�Ê³|À¯Y�a�®ÌeZ¼���ËZ¼¿)Brandes Company, 1999.(

������Ê§Z//¯��|/«�Ä/]�d�/¿��Y|/¬»��/³Y

��,|�Z]�±��]LNAPLs|��|ÀÅYÂy��ÁZÀ��ÊÀÌ»��Ë��[M�t���ÉÁ���]�Ä¿Z³Y|m��Z§�®Ë�c�Â��Ä]� .��®/Ë

�����Ã|ÀËÓM��Y�Ã|��¶u��Z§�¹Â¸a��Ê»�¶Ì°�e�ÊÀÌ»��Ë��[M��{�Ê·M�ÉZÅ{{�³ .¾]�¯Á�|ÌÅ�Ä¯�Êf«Á����Z/§�ÉZ/Å

��Àf�Å��ÁZÀ��Ê]Zf�ËY�t���ÉÁ���]�{Y�M���������{�Ä/ÀÌËÂ»�ÄÌ/�Zu�Á��Y{Â/Å�Ä/¬�À»��{�Äf�/£M��/z]�®/Ë�,|

�����Ê»�¶°��Ê]Zf�ËY�t���cZ¿Z�Â¿�ÄnÌf¿{�Ì³ .��dÌ·Z §��Â�Â»�¾ËYÄ]�ÉZÅÊ»�Ã|ÌrÌa�Y��É�Z����Y�/Ë��|/À¯

�������Ê»�{ZnËY�Y��Ê³{Â·M��^À»�®Ë�Äf�£M��z]Ê»�Ä¯�|À¯��Ä/]�,|��Ã{Á{��{Y�M��Z§�Ä¯�¾ËY��Y�| ]�Êfu�|¿YÂe

¶¼��Ê³{Â·M��^À»�®Ë�½YÂÀ�|ËZ¼¿�.

�������w�¿�dve�Ã|��Ã{Â·M�ÊÀÌ»��Ë��[M�Á��·Zy�Ê·M�cÓÂ�v»���{�/¯�|/ÀÅYÂy�d/¯�u�¦¸fz»�ÉZÅ .

�¹Â/¸a����Ë�//���yZ/��c�Â//��Ä/]�Ã|//��¶//u��Z/§�ÉZ//Å���������������������������Ì//���·Z//y�Ê/·M�cÓÂ�//v»��Y��/e�Á{�Á��//e

Ê»�|ÀÀ¯)Brandes Company, 1999 .(¹Â¸a������/Ë���ÁZ/n»�ÊuYÂ/¿�Ä/]�ÓÂ/¼ »�{Y�M��Z§�ÉZÅ�����{Á|/v»��

Ê»�����Ê»�|�Z]�±��]�Ê§Z¯��|«�Ä]���Ë��ºnu��³Y�Z»Y�|¿{�³|À¿Z�Âb]�Y��Ê Ì�Á�ÊuYÂ¿�|À¿YÂe .�¹Â/¸a��ÉZ/Å

��±��]�{Y�M��Z§������Ze|¼��Ê]Zf�ËY�t���ÉÁ���]��ÁZÀ��ÃZ´�ËÓZa�Á�ÊËZÌ¼Ì��cZn¿Zy�Z¯��Ë���{��ª�ZÀ»�Ä]�ZÅ

Äf§ZË�ÃY��É�Æ�|¿Y .

����{��·Zy�cÓÂ�v»�,|�Z]�®qÂ¯���Ë��ºnu��³Y��Ä/]�Ê]Zf�ËY�t���ÉÓZ]�Ã|�¿��Z^�Y�Ä¬�À»��

Ê»�Ä¸e�|¿Z»�|ÀÅYÂy�Ê«Z]�Zm�½M��{�Á�|Àf§Y)¶°��-� .(



��

¶°�)� -� :(�d�¿�É{Â¼���ZfyZ�NAPL�®qÂ¯���Ë��ºnu�Z]�)Brandes Company, 1999.(

����Ê»�ÊÀÌ»��Ë��[M�Ê³{Â·M�¾ÌÀr¼Å����Ã|ÀËÓM�µÔv¿Y�ÄnÌf¿��{�|¿YÂe��Ä/Ë~¤e�[M��{�ZÅ��[M�Ã�¨/��ÉY

Z]�|�)Brandes Company, 1999 .(ÄË~¤e�[M���|/ÅYÂy�Ê/ÀÌ»��Ë��[M�t���Ä]�¹Zn¿Y���Ã|��Ã{Â·M�ÉY

�Ê»�ÊÀÌ»��Ë��[M��{�Y��µÂ¸v»��Z§�¹Â¸a�®Ë�¶Ì°�e�Á�|Ì���������d/¯�u�d/�{�¾ÌËZ/a�d/Æm��{�Ä/¯�|/Å{

{�¯�|ÅYÂy.

��������Ã{Â/·M�Ä¬�À»�®Ë��{�Ê¸¯��Â��Ä]

�Ë���Z§��ZÆq��{�d�Y�¾°¼»�Êf¨¿�¾]�¯Á�|ÌÅ�cZ^Ì¯�e�Ã|��|À�Z]�{ÂmÂ»�)Geosphere and CH2M 

HILL, 2006; Parcher, 1999:(

� .µÂ°·Â»�c�Â��Ä]�YÂÅ��Y�Ã|���a�~§ZÀ»��{�¾]�¯Á�|ÌÅ�ÉZÅ)�Zz]��Z§(-

� .µÂ°·Â»�c�Â��Ä]�ÊÀÌ»��Ë��[M�Á�Zy�d]Â����{�¾]�¯Á�|ÌÅ�ÉZÅ)Ã|��¶u��Z§(-

� .µÂ°·Â»�c�Â��Ä]�Zy��°Ë�eZ»�Ä]�Ã|��[~m�¾]�¯Á�|ÌÅ�ÉZÅ)Ã|��[~m��Z§(-

� .��µÂ°·Â»�c�Â��Ä]��µÂ°·Â»��ËZ��Ä¸Ì�Á�Ä]�Ã|��Ä�ZuY�¾]�¯Á�|ÌÅ�ÉZÅ�¾]�¯Á�|ÌÅ�ÉZÅ)���Z/Ë�d/¨¿��Z§

Ê]M�Ì£��Z§��ËZ».(

����������Ê/³�ËÁ�Ä/]��Z/§��Z/Æq�¾/ËY�½Z/Ì»��{�ÊÀ]�¯Á�|/ÌÅ�\Ì¯�e�®Ë�É|À]L�m��d/�¸£�Á�Z/Å���cZ/^Ì¯�e�ÉZ/Å

Ê³�ËÁ�Ä]�Á�{ÂmÂ»�¾]�¯Á�|ÌÅ{�Y{�Ê´f�]�Zy�ÉZÅ.

�-�� .®�Ë�����,µÂ¿ZeY�Z]�ÃY�¼Å�ÃÂ¬·Z]�ÉZÅMTBE���������{�¶/ÌWÁ�Z³�cZ/^Ì¯�e��/´Ë{�Á

[M�ÊÀÌ»��Ë��ÉZÅ

�Ã�//Ìy}�,�//Ë�Âe�,|//Ì·Âe�Á�É�Z//�

��dyÂ���Y�Ã{Z¨f�Y½M�É�Z�ZÅ��Ä]��nÀ»�Ä¿�Ì�¯Y�ÉZÅ[M�,�¨�¼eY��{�ZÅ���Ã|/��Ê/ÀÌ»��Ë��Á�Êv���ÉZÅ

d�Y .�dyÂ��É�Z�ZÅ��������¾Ë�f³��]�Ê¼¯���¿��Y��¨�¼eY��{�Ä¿�Ì�¯Y�ÉZÅ���Ã|/����Y�³�É�Z�ZÅ��¹�Ì¿Z°»�



��

�d�Y)Ulrich, 1999 (���Ä¸Ì/�Á�Ä/]�Z�Â�z»�ÊÀÌ»��Ë��[M�Ê³{Â·M�Z»YMTBE����Ê/¿Y�´¿��/�Zu�µZ/u��{�

d�Y�Ê¸�Y .

���Ê//ÀÌ»��Ë��[M�½|Ì»Z//�M��//�y

���Ê»��ËY�§Y�½M�¹Â¸a�Ã�Y|¿Y�Á�µÂ���ËY�§Y�Z]�Ä¿�Ì�¯Y�¶ÌWÁ�Z³�Ä]�Ã{Â·M|]ZË .��¶/ÌWÁ�Z³�Ê¿{Á�§Y�{YÂ»�ÃÁÔ ]

��¶»Z�MTBE����Ë�����¹Â¸a��Y��eBTEXÊ»�c�mZÆ»��¾ËY�]ZÀ]�|À¯MTBE����Ä¿�Ì�/¯Y�¶/ÌWÁ�Z³�Ä/]�d^�¿�

�����Ê¼¿�c�mZÆ»�d �Á�¾ËY�Ä]�Ä¯����ÃZq�¶j»�½Â¼Ày���Z¬¿�ÉY�]�Y��É�f�Ì]���y�,|ÀÀ¯�Ê¿|Ì»Z�M�[M�ÉZÅ

Ê»�s��»�{�Z�)Ulrich, 1999.(

�����Ä¿Zf/�M�Á�Êf»Ô/��cÔ°�»��ÉZ/Å

���ÉY�]�Â]�Á�Ã�»�¾ÌËZaMTBEdÌ¸]Z«�ÃY�¼Å�Ä]���������®/Ë�Ä/]�Y��\/Ì¯�e�¾/ËY�,½M�ÉÓZ/]�É�Z³|/¿Z»�Á��/ve�

�����d�Y�ÄfyZ��µ|^»�Ã|ÀÀ¯�½Y�´¿�Ã|ÀËÓM .���ve�dÌ¸]Z«MTBE���µÔ/v¿Y�d/Ì¸]Z«�Ä]�¾Ì»��t����Ë���{�

���½M�ÉÓZ]�Ê]M)º�q�¶]Z«�½YÂz]M�|»Zm�{YÂ»�Ä]�\Ì¯�e�¾ËY�[~md�Y�Ê�Âa (��Ä/Ë�ne�d/Ì¸]Z«�Á��É�Ë~/a

Ê»�Ã{Y{�d^�¿�½M�½Z�M�Ê°Ë�Â·ÂÌ]��{Â�)         Ulrich, 1999  .(

���Ê»�Ä¿�Ì�¯Y�{YÂ»��Â�u����Ä/]�|/¿YÂe

����{�Z/���iPf»�Y��Êv����Ë���Ìv»��{�¶ÌWÁ�Z³�µÂve�Á�c�mZÆ»�ÃÂ¬·Z]��Â� .����d/�¸£�É{Z/Ë��ÉZÅ|/ÀËM�§

����Ã�¨���{�ÊËZÌ¼Ì��{YÂ»�¾ÌÀqÊ»��Y�«��ÌiPe�dve�Y��ZÅ|ÀÅ{ .}Â¨¿�¶»Z��ZÅ|ÀËM�§�¾ËY�ÓÂ¼ »���¶/ÌWÁ�Z³�

���^�Y�Ä¬�À»�½ZÌ»��Y��Ê³|À¯Y�a�,Ã|�¿��Z�����µÔ/v¿Y�,Ê/ÀÌ»��Ë��[M�t����{�¶ÌWÁ�Z³���Ä/¿Â³����Ê¯|/¿Y�ÉZ/Å

µÔv¿Y������[~/m�½Â/r¼Å�ÊeZ/¨¸e�Á�Ê/ÀÌ»��Ë��[M�Z]�ÊËZÌ¼Ì��{YÂ»�¾ËY�µZ¬f¿Y�,[M��{�¶ÌWÁ�Z³��Y��Ë~a��Á�

Ê°Ë�Â·ÂÌ]�ÄË�ne�Ê»��|À�Z])¶°��-� .(

                                                  
1. Infiltration
2. Dispersion
3. Dissolution
4. Sorption
5. Biodegradation



��

�¶°�)� -� :(���{�¶ÌWÁ�Z³�µÂve�Ã|ÀÀ¯�µ�fÀ¯�Ê¸�Y�ÉZÅ|ÀËM�§�t����Ë)Powers et al., 2001.(

�������[M�dÌ¸]Z«�Á�Ê°Ë�Â·ÂÌ]�ÄË�ne�dÌ¸]Z«�½{Â]�cÁZ¨f»��Ä¨·Â»�Ä]�d^�¿�µÂ¿ZeY�É�Ë�³��,¶/ÌWÁ�Z³�ÉZÅ

�Ä///¿Â³�Ê///¸¯�µÂ///ve��///]�µÂ¿Z///eY��ÌiP///e�\^///��ÉZ///ÅBTEX�������������������|///��|///ÅYÂy�Ê///ÀÌ»��Ë��[M��{�

)Powers et al., 2001 .(d�¸£��ËY�§Y�¶Ì�¿Zfa�µÂ¿ZeYÉZÅÄ¿Â³��ÉZÅBTEX�{�Y{�Ê/ÀÌ»��Ë��[M��{�Y�� .

d�¸£��Ã|ÀËÓM�Ê·{Z e�ÉZÅ�[M�ÉZÅ���¶°·Y��Â�u��{��Ë�³�Ê/»��ËY�§Y�ZÅ������[~/m�Ä�/�YÁ�Ä/]�cZ/¨¸e�Á�|/]ZË

Ê»�Ã{Y{��ÅZ¯�|¿Â�)Heermann and Powers, 1998 .(����/nÀ»�µÂ¿Z/eY�½Z�M�Ê°Ë�Â·ÂÌ]�ÄË�ne�dÌ¸]Z«

������Ê»�Ã�¨���{�½M�½|��|Ë|aZ¿�Ä]{{�³ .����»Y�¾ËY�ÄmÂe�¶]Z«�¥��»�®Ë�Ä]��nÀ»½Á�f°·Y��Y�ÉYÃ|¿�Ì³��Á�Z/Å

�ÄË�ne�ÉY�]��ZÌ¿�{�Â»�É~¤»�{YÂ»BTEXÊ»��{Â�)Corseuil et al., 1998 .(���É�Z³|/¿Z»�µÂ¿Z/eY�¾ËY�]ZÀ]

��cZ^Ì¯�eBTEX���Ê»��ËY�§Y�Y��|Å{ .�cZ^Ì¯�e�É�Y|ËZa��]�µÂ¿ZeY��iY�Äf^·YBTEXZ�Z�Y���º/Å�Ä/]���Ê¿Z/�Âa

¹Â//¸a�¾Ì//]�µÂ¿Z//eY�ÉZ//Å�ÁBTEX�{�Y{�Ê´f�//]�)Molson et al., 2000.(Z Ë�//��µÂ¿Z//eY�½Â//q�������{�

ºf�Ì���������Ê/»��Y�«�Ê°Ë�Â·ÂÌ]�ÄË�ne�dve�Êv����Ë��ÉZÅ����Ì/v»��{�¾ËY�]Z/À]�,{�/Ì³���Z/�Z�Y�Ê/]M�ÉZ/Å�

Ê//¼¿�c�mZ//Æ»�Á�d�//Ì¿��Z³|//¿Z»|//À¯ .�����Ä//]�d^�//¿�Y��É�//f¼¯�Êf»Ô//��®�//Ë��µÂ¿Z//eY�Ä//nÌf¿��{

¾]�¯Á�|ÌÅeY�¹Â¸a�Z]�Ä¯�ÊËZÅÊ»�Y�Y{�{Â]�|ÀÅYÂy�ÃY�¼Å�µÂ¿Z�|�Z])Ulrich, 1999.(



��

�-�� .��������µ|»�dÆm�Ã|��¹Zn¿Y�cZ ·Z�»�Á�cZ¬Ì¬ve��]�É�Á�»É�Z�É{|����Á�µÂ/ve�

¾]�¯Á�|ÌÅ�µZ¬f¿Y[M��{�Êf¨¿�ÉZÅÊÀÌ»��Ë��ÉZÅ

��Ê³{Â·M�ÄÀÌ»���{�Ã|��¹Zn¿Y�cZ¬Ì¬ve��Y�Êy�][M���/Ë���Y�/«�Ä]�Êf¨¿�ÉZÅ�Â]�¯Á�|ÌÅ�Z]�ÊÀÌ»��Ë��ÉZÅ��

d�Y:

��ÆËZ])Baehr, 1987(�µ|»��Y�Ã{Z¨f�Y�Z]�R-UNSAT���¾]�¯Á�|/ÌÅ�É�Z/�ZÅ��w�/¿�Ä¯�{Y{�½Z�¿���ÉZ/Å

����¶ÌeY�,¾WÂ¸e�,½�À]�|À¿Z»�®ÌeZ»Á�M���Á�½�À]¾¸ËY��ZÅ)BTEX (���Y|/¬»�¾Ë�f�Ì]���Ë���Y�| ]�Ê¼¯�½Z»���{

d�Y .��������ÊÀ£��Y�É�Z�ZÅ��w�¿��j¯Y|u��Y|¬»��{��ÌyPe�¾ËY���Z/§�®ÌeZ»Á�M��z]�Ê³|��Ê«Z/]����Ê/�Z¿�Ã|/¿Z»

Ê»{Â� .�®ÌeZ¨·M�½Âq������Ê»��§���Ìz^e�Ä¸Ì�Á�Ä]�Ê�ÀË�³��Â��Ä]��Y�§�Ê¸Ìy�ZÅ�|¿Â/� .R-UNSAT��®/Ë�

���¾Ì»��½Z»�Z����Âe�Ä¯�d�Y�É�eÂÌb»Z¯�µ|»�Z°Ë�»M�Ê�ZÀ�)USGS (�w�/¿�¾ÌÌ e�ÉY�]���Á��/Ìz^e�ÉZ/Å

������d�Y�Ã|��ÄWY�Y�[M�t���®Ë{�¿�Ê·M�cZ^Ì¯�e�Ê°Ë�Â·ÂÌ]�ÄË�ne .��ÉY�/]�µ|/»�¾ËY�ÄÌ^/�����µZ/¬f¿Y�É�Z/�

��Ä¿Â³�|Àq�Ê�À¯YÁ�����ÄËÓ�Ã|�¿��Z^�Y�Ä¬�À»�®Ë��{�ÉY��Ã|/��ÊuY����Ì¤f»�d]Â���ÉÂfv»�Z]�Ã|��É|À]

d�Y .����������Ê»�¶u�{Á|v»�cÁZ¨e�ºfË�Â´·Y�®Ë��Y�Ã{Z¨f�Y�Z]�É| ]�Á{�µ|»�cÓ{Z »|¿Â� .��¾/ËY��{�¾ÌÀr¼Å

��¶u�ÃY��µ|»�ÄÌ^��ÉY�]�Ê¸Ì¸ve�ÉZÅ³�®e�É| ]�®Ë�É{Â¼��µZ¬f¿Y�É�Z�Ä¿Â���®/Ë��{�Ê�/À¯YÁ��Ì£�ÉY

�Ìa�¾´¼Å�Ã|�¿��Z^�Y�Ä¬�À»d�Y�Ã|��ÊÀÌ].

�½ZÆ¼Ì�Y�Z¿�Á�\¿�®»)Mc Nab and Narasimhan., 1994(µ|»��Á��®Ë���Y��Ã|/��¶aÂ¯�É�Z�

������Ã�Ìn¿��µÁY�Ä^e�»�Ê·M�ÄË�ne�,µÂ¸v»�Ã{Z»�µZ¬f¿Y�Ä¯�|¿{�¯�¦Ì�Âe��®/Ë�Á�Ê·M��Ì£�ÊËZÌ¼Ì��µ{Z e�,ÉY

���ÉY�]�|À¼�ÂÅ�Ä^��ºf�Ì���À¯YÁ�¾ÌÌ e�Ê»�\Ì¯�e�Y��[Â¸�»�ÄË�ne�ÉZÅ|À¯ .½M�����{�µ|/»�¾/ËY��Y�Z/Å

�µZ�����Ã{Y{�ÉÁ���]�Êf¨¿�¾]�¯Á�|ÌÅ�ÄË�ne��iY�Ê���]�ÉY�]�|¿{�¯�Ã{Z¨f�Y�ÊËY�v��ÉZÅ.

�½Y�Z°¼Å�Á�¾ËÂ¿)Nevin et al., 1997(dÆm�w�¿�¾ÌÌ e���ª/Ì«��ÉZ/Å�����Ê/·M�cZ/^Ì¯�e�Ê/ Ì^��É�Z/�

��{�ÊÀÌ»��Ë��[M��{�µÂ¸v»�,Ä¬�À»�®Ëµ|»��Y�]Y�®Ë�¹Z¿�Ä]�É�Z�FATE 5�|/¿{Y{�Ä �Âe�Y�� .FATE 5�



��

�������Â°ÌÀ»{�ÊÀÌ»��Ë��[M�µZ¬f¿Y�Ê¸Ì¸ve�µ|»�Äf§ZË�Z¬e�Y��d�Y� .]Z�������®/¼¯�Ä/]�µ|/»�\/�ZÀ»�½ÂÌ/�Y�^Ì·Z¯�

Ã{Y{Ã�Y|¿Y�ÉZÅ�,dËZ���{�Ã|��É�Ì³FATE 5Ê»��Ìa�|¿YÂe�Ê/ÀÌ]���ª/Ì«��ÉZÅ|/ÀËM�§��Y�Ê/¬Ì«{���É�Z/�

�c|»�|À¸]�Ê Ì^�|ËZ¼¿�{ZnËY�ÊÀÌ»��Ë��[M�¹Â¸a�®Ë��{ .�,ÃÁÔ ]FATE 5µÂ»�§�®Ë�¶»Z����¶/u�É|À]

Ê»�µ|»�Ä¸Ì�Á�Ä]�Äf§���Z°]�ZËZa�d·Zu�cZÌ��§�dv��¾ÌÌ e�ÉY�]�ZËZaZ¿�d·Zu��{�Â°ÌÀ»{|�Z].

�½Y�Z°¼Å�Á�Ê°�Â¸^¼¯)Kemblowski et al., 1997(�����Ä/]�{Á|/v»�Ê°Ë�Â/·ÂÌ]�Ä/Ë�ne�Ê]ZË��Y�ÉY�]�

����ÔfyY�Ä¸Ì�Á��¾Ì»��cÔÌ°�e��{�½�Ì�¯Y��|/¿{Y{�Ä/WY�Y�ÊËY�v���ZÌ¬»�Z]�Ê·|»�,¾´¼ÅZ¿�Ê�ZÀ� .��¾/ËY

������Ê»�¦Ì�Âe�Y��Ê�À¯YÁ�cZ^Ì¯�e�µZ¬f¿Y�µ|»���ÉZÅ�f»Y�Za�Á�¾Ì´¿ZÌ»�µZ¬f¿Y�Á�µÂve�cÓ{Z »�¶»Z��Á�|À¯

�½M��iÂ»�d�Y�ZÅ .���/^¼Å�Ä]�{ZË���Y|¬»�Ä]�Ê°Ë�Â·ÂÌ]�ÄË�ne��iÂ»�w�¿�Ä¯�|Àf§�³�ÄnÌf¿�¾Ì¬¬v»�¾ËY�Ê´f

¶]Z¬f»�������{�Y{�Ê´f�/]�¾]�¯Á�|ÌÅ�Á�½�Ì�¯Y�d�¸£�cZ¿Z�Â¿�¾Ì]� .����Ê§{Z�/e��Ì·Z/¿M�{Y�/§Y�¾/ËY���ÉY�/]�Y��

�����Z/°]��iÂ»�Ê°Ë�Â·ÂÌ]�ÄË�ne�Á�µZ¬f¿Y�,µÂve�ÉZÅ�f»Y�Za�ÊËZ�§��ZfyZ��Á�É�Ë~a�ÌÌ¤e�¾Ì]��]YÁ��Ê���]

|¿{�] .�������w�¿�¾Ì]�¥ÔfyY�Ä¯�{Y{�ÄnÌf¿�Ä ·Z�»�¾ËY����v/��Ê°Ë�Â/·ÂÌ]�ÄË�ne�ÉZÅ�w�/¿�Á�ÊËY���Ä/Ë�ne�ÉZ/Å

����Ê»��Â]�»�dÌ «YÁ�Á{�¾ËY�Ä]�ÊÅZ´�ËZ»�M�É�YÂÅ�Ê°Ë�Â·ÂÌ]�����¾]�¯Á�|/ÌÅ�Á�½�Ì�/¯Y�Y�v/���{�Ä/¯�{Â�

����������Ä¸Ì/�Á�Ä/]��iÂ»�ÄË�ne�w�¿�Á�|¿Â���Â¸z»�|ËZ]�|Å{�w��|¿YÂf]�Ê°Ë�Â·ÂÌ]�ÄË�ne��À¯YÁ�Ä¯�¾ËY��Y�¶^«

d�¸£fÀ¯�¾]�¯Á�|ÌÅ�Á�½�Ì�¯Y��Ë{Z¬»�¾Ì´¿ZÌ»�ÉZn]�Ê «YÁ�ÉZÅÊ»�µ�{Â�.

�pË�·ÁY)Ulrich., 1999(¶»Z���Ê¨À»��iY�Ã|ÀÀ¯��iPf»�ÉZÅMTBE�Ìv»��]����Á�{Â/¼¿�¦Ì/�Âe�Y��d�Ë�

�����������{Y{�Ä/WY�Y�¶/ÌWÁ�Z³�Ê/¿{Á�§Y�®/Ë�½YÂÀ��Ä]�µÂ¿ZeY��Y�Ã{Z¨f�Y�ÉY�]�¦¸fz»�cZ�uÔ»��Y�Ê »Zm�¦Ì�Âe .

����Ì/a�ÉY�/]�Ã|ÀËÓM�µZ¬f¿Y�µ|»��b���Ê/a�Ê/ÀÌ]��d�/Ë��ÉZÅ|/»M����Y�Ê/�Z¿�Ê/�Ìv»�������{�µÂ¿Z/eY��Â�/u

Êf�¿�����|/¿{Y{�Ä/WY�Y�Y��¶ÌWÁ�Z³�Êv����Ë��ÉZÅ .����Ê/^Ì¯�e�µ|/»��Y�pË�/·ÁYMODFLOW/MT3D��ÉY�/]�

µ|»����|¿{Â¼¿�Ã{Z¨f�Y�µÂ¿ZeY�Z]�Ã|���Â¸z»�¶ÌWÁ�Z³�µÂve�Á�µZ¬f¿Y�É�Z� .��{Â/mÁ�½Z°»Y�¾ËY�µ|»�¾ËY��{

                                                  
1. Domenico
2. Cross correlation
3. Stochastic
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�Ê»���§�Á�{Â��µ|»�½Z»��®Ë��{�Ã|ÀËÓM�®Ë��¬§�Ä¯�{�Y{ne�w�¿�Ä¯�|À¯�����/�Y����{�Ê°Ë�Â/·ÂÌ]�Ä/Ë�

�����Ê¼¿��iPf»�Ê�Ìv»�ÉZÅ�f»Y�Za��ËZ��ZË�c�Y�u�Äm�{�cY�ÌÌ¤e�Ä¸Ì�Á�Ä]�Á�d�Y�d]Zi�µZ�{Â� .�¾ÌÀr¼Å

ÄËÓ����Ê»���§�Ê¬§Y�Y��É|À]�����Y��d»Zz/���{�cY�/ÌÌ¤e�Z/Ë�dËY|Å�dÌ¸]Z«�Ä]��Â]�»�Ê¬§Y�ÊaÁ�eÁ�Ì¿M�Á�|À¯

Ê¼¿�tÌ�Âe|Å{.

��q�Za)Parcher., 1999(Ä¯�{�¯�ªÌ¬veµ|»�ZËM����Ê³{Â/·M�µZ/¬f¿Y�Á�ÊÀÌ»��Ë��[M�½ZË�m�É{|��ÉZÅ

Ê»���Á��ÊËY�Z¯�|À¿YÂe����Ä/]�¦/¸fz»�ÉZÅ�/��������¾]�¯Á�|/ÌÅ�Ê³{Â/·M��ÅZ/¯�ÉY�/]�Y��É�Z����{�µÂ/¸v»�ÉZ/Å

Ã�¨����|ÀÀ¯�Ê]ZË��Y�ÊÀÌ»��Ë��[M�ÉZÅ .µ|»�,Ê���]�¾ËY��{��Ã{Y{�ÉY�/]�µZ/¬f¿Y�Á�ÊÀÌ»��Ë��[M�ÉZÅ��ÉZ/Å

����Y�©�/���{�dyÂ���Ë�Âe�µZÀÌ»�e�®Ë����|¿|/��Ã�^Ì·Z/¯�Ã|/vf»�cÓZ/Ë .�µ|/»�����ÉY�/]�Ã|/��Ã�^Ì·Z/¯�ÉZ/Å

ÄÌ^���É�Z���Ä]�ÄÀË�³���|¿|/��Ä/f§�³��Z°]�É�Z� :� .�ª/Ì«����Ê/ Ì^��É�Z/�� .���������Ê/ÀÌ»��Ë��[M�kY�zf/�Y

� .����ÊÀÌ»��Ë��[M��Ô§� .�Ê°Ë�Â·ÂÌ]�ÉZÅ�Z�u.�µ|»����������Ì/a�Ä/]��{Z/«�Ã|/��Ã�^Ì·Z¯�ÉZÅ������ÊËY�Z/¯�Ê/ÀÌ]

ÄÀË�³�Ä]�ÉZÅ��]�¦¸fz»�É�Z����|ÀfyZ��ºÅY�§�Ä�ËZ¬»�ÉY�]�Y��ÊËZÀ^»�®Ë�Á�|¿{Â .µ|»��Z/]��Z^e�Y��{�É�Z�

���½Z�M�ÉY�]�ÄÀË�Å�½Âr¼Å��´Ë{�¶»YÂ�ºÌ¼�e�|ÀËM�§�É�Z���|/��Ã{Z¨f/�Y�É�Ì³ .����µ|/»�ª/Ì¬ve�¾/ËY��{

��É{|�ARMOS��µ|»�ÉY�]�������|/��Ã{Z¨f/�Y�¾]�¯Á�|/ÌÅ�Á�ÊÀÌ»��Ë��[M�½ZË�m�É�Z� .���µÂ/ve�Á�µZ/¬f¿Y

�����Y�Z]�Ã|��¶u�¾]�¯Á�|ÌÅ����É{|��µ|»��Y�Ã{Z¨fBIOTRANSÄÌ^��|��É�Z� .��Ä/ÀË�³��Å�ÃÂ¬·Z]�ÊËY�Z¯

Ä]����d�¸£��ÅZ¯��Z�Y��]�É�Z��Ã|ÀËÓM�ÉZÅ��Ê«Z/]�¹�/m�Á�ÊÀÌ»��Ë��[M�¶yY{��{�Ê·M�ÉZÅ����/^À»�Ã|/¿Z»

|Ë{�³�Ê]ZË��Y.

�½Zm�Á��Za)Park and Juan., 2000(�µ|»�GWPROTZa�sÂ���Ä^�Zv»�ÉY�]�Y����Z/y�É�Z�

��a�ª�ZÀ»��{����Ä]�Ã{Â·M�Ã|ÌrÌNAPL) ���Êf¨¿�¾]�¯Á�|ÌÅ�µZj»�½YÂÀ��Ä] (|¿{�¯�ÄÌÆe .��¾Ì/Àr¼Å�µ|»�¾ËY

�����Z^�Y��nÀ��dÌ¸]Z«NAPL���{�Y{�Y��Zy�Ä¿Â¼¿�®Ë��{� .���Z/Æq�ZË�Ä��É|À]L�m�Ê·{Z e�¹�Ì¿Z°»�,µ|»

�ªÌ«��É{Y{�Y�«�¶»YÂ��Á�d·ÂWY��½Â¿Z«�,É�Z§Ê»�¹Z£{Y�Y��¦Ì �e�Á�É�Z�|À¯ .���/]��/Ì¿�dÌ�Z�u��Ì·Z¿M�ÉY

����|��¹Zn¿Y�µ|»�lËZf¿�ÉÁ���]�µ|»�É|Ì¸¯�ÉZÅ�f»Y�Za�¾Ì¼ze��{�dÌ �«�¹|��cY�iY��nÀ� .�cZ^�Zv»



��

������º/nu�Á�¹�/m�LZ/¬]�Á�ZÅ�Z§�¾Ì]�ÊËZÌ¼Ì��{YÂ»�Ê·{Z e�É|À]L�m�,Ä¿Â¼¿�ÊÀ´¼Å�cZÌ��§��Z�Y��]�µ|»

|Àf�Å .����ÄÌ^��ÉY�mY�ÉY�]�µ|»�¾ËY������d/§ZË�Ä /�Âe��/Ë��{�YÂ/»�¾Ì/¼ze�d/Æm�É{|��É�Z� :� .�d/�¸£���

��Ä¨·Â»i�����,�Z§��Å��{�� .���Z^�YNAPL�������¶»Z/��Z/y�Ä/¿Â¼¿�®Ë��{�\Ì¯�e�Á�ºnu�,NAPL .���|/«Z§�µ|/»

c�Z^����������d/�Y�Ê³|/À¯Y�a�Á�}Â/¨¿�Z/]�µZ¬f¿Y�¹�Ì¿Z°»�Á��Ìz^e�,Ê°Ë�Â·ÂÌ]�Á�ÊËZÌ¼Ì��ÄË�ne�ÉZÅ.��,ÃÁÔ/ ]�

Zy�Ê·{Z e�É|À]L�m /Ä�v·�Ã|�¿��Z^�Y�Ä¬�À»��{�[Md�³�]�,ÉYd�Y�Ê�y�Á��Ë~a.

�·Â»�½Y�Z°¼Å�Á�½Â)Molson et al., 2000(�É�Z³|¿Z»��]�µÂ¿ZeY��ÌiPe�Ê���]�ÉY�]�É{|��µ|»�®Ë�

BTEX��������|¿{Y{�ÄWY�Y�¶ÌWÁ�Z³�Ä]�Ã{Â·M�ÊÀÌ»��Ë��[M��{� .�µ|»�|ÀËM�§�¾ËY��{����Y�Ê/�Z¿�Ê^�/¿�cY�iY�,É�Z�

��d�¿�¶»Z��É{�YÂ»�Ä�ËZ¬»�Ä¸Ì�Á�Ä]�¶ÌWÁ�Z³��{�µÂ¿ZeY�Ã{Z¨f�Y�¶/ÅÁ�Z³�ÉZÅ�) ��/]�¶/ÌWÁ�Z³�Z����|/��{

¶°·Y (�����d�¿�½Z�°Ë�{�YÂ»�Z]�µÂ¿ZeY�ZË���������|/Ë{�³�Ê/���]�µÂ¿Z/eY�½Á|/]�¶/ÌWÁ�Z³�ÉZÅ .������/iY�,¾/ËY��/]�ÃÁÔ/�

��Ë� /��������½Á|/]�¶/ÌWÁ�Z³�¹Â/¸a�®Ë�c�mZÆ»�Z]�{ÂmÂ»�¶ÌWÁ�Z³�¹Â¸a�®Ë�c�mZÆ»��{��·Zy�µÂ¿ZeY�d�¿

��|��Ä�ËZ¬»�µÂ¿ZeY .�������§���]�¦¸fz»�ÉZÅ�f»Y�Za��ÌiPe�dÌ�Z�u��Ì·Z¿M�¹Zn¿Y�Z]|Ë{�³�¾ÌÌ e�ºf�Ì���Zf .��{

��¹Z¿�Ä]�{Á|v»�ÉY�mY�É| ]�Ä��É{|��µ|»�®Ë�,Ä ·Z�»�¾ËYBIONAPL/3D��Â/·�eYÁ�ÃZ´�¿Y{���Âe�Ä¯�

��������|��Ã{�]��Z°]�,d�Y�Äf§ZË�Ä �Âe�Y{Z¿Z¯�ÂË�Zf¿Y��{ .�Ä¨·Â»�|Àq�µÔv¿Y�Ê���]�{�Â»�ÉZÅ|ÀËM�§��®/Ë��Y�ÉY

����Ê«Z]�Ê]M��Ì£��Z§��ËZ»��Ã|¿Z»)NAPL(��f§�ÀÆa�µZ¬f¿Y�,Ê-�������Ä/Ë�ne�Á�¶/z¸zf»��Ì/v»�®/Ë��{�Ê³|À¯Y�a�

�����½Á�f°·Y�Ä¸Ì�Á�Ä]�Ã|��{Á|v»�Êf]Z«��Ê°Ë�Â·ÂÌ]Ê»�¶»Z��Y��Ê]Á�°Ì»�|���Á�Ã|¿�Ì³{{�³ .��½Z�/¿�lËZf¿

�������Ê»��ËY�§Y�Y��½�À]�É�Z³|¿Z»�µÂ¿ZeY�Ä¯�{Y{�����Ê/��Y��É�f�/Ì]�Ä¸/�Z§�µÂ¿Z/eY��Â�u��{�½�À]�¹Â¸a�Á�|Å{

Ê»|À¯.

�½Y�Z°¼Å�Á�½YÂ·)Lovanh et al., 2000(¶¼ ·Y�Âf�{��dËZ���Å�Ã�ËÁ�ÉZÅ�f»Y�Za�¾ÌÌ e�ÉY�]�Y��ÊËZÅ

�µ|»�ÉY�]�¾]�¯Á�|ÌÅ�µZ¬f¿Y�Á�µÂve�É�Z���|/¿{Y{�Ä/WY�Y�ÊÀÌ»��Ë��[M��{�®ÌeZ»Á�MÂ¿Â»�Êf¨¿�ÉZÅ .��¾/ËY

��ªÌ«���]�¾Ì¬¬v»�������Ä]�ÄÀË�³�®Ë�½YÂÀ��Ä]�Ã|���ËZa�Ê Ì^��É�Z�dËZ��É�Z�����|/Ì¯Pe�Ã|/��Ã{Â/·M�ÉZÅ

                                                  
1. Gasohol



��

|¿{�¯ .��Y�³�½M�µ|»��]�ZÅd�Y�Ã{�¯�|Ì¯Pe�½�À]�µZ¬f¿Y�Á�µÂve�É�Z� .Ê¼��½Âq�µÂ¸v»�Ä¨·Â»�¾Ë�e

�d�Y�¶ÌWÁ�Z³ .½M�¾ÌÀr¼Å����Á�Ê/ÀÌ»��Ë��[M��{�Ã|/ÀËÓM�µZ/¬f¿Y�Á�µÂve�Ã|ÀÀ¯�µ�fÀ¯�Ê�ZË��cY�Z^��ZÅ

|¿{Y{�ÄWY�Y�Y��¹Â¸a�®Ë�ÉZËZa�Á�É�Z³|¿Z»�d·Zu�¾ÌÌ e�dÆm�Ê�Á�.

�½Y�Z°¼Å�Á�Ê·�ÁY)Oreilly et al., 2001(��d/�¸£�º¼Ë�¯Z/»�Ä^�Zv»�ÉY�]�Ê°ÌÀ°e����¾]�¯Á�|/ÌÅ�ÉZ/Å

������|¿{�¯�ÄWY�Y�Y��Ä]Y�Ì���{�Ã|��¶u .��������Y��iP/f»�Z/y�Z/]��Z/¼e��{�[M��{�Ã|��¶u�Ã{Z»�d�¸£�º¼Ë�¯Z»

�{�Y{�Ê´f�]�d¨¿��Z§��{���¿�{�Â»�cZ^Ì¯�e�d�¸£�Ä]�,d¨¿ .������Z/§�Z/Ë�d/¨¿��Z/§��{�\Ì¯�e�®Ë�d�¸£��³Y

���¯Z»�,|�Z]�¹Â¸ »�Zy���Ê/»�Ã|��¶u�d�¸£�º¼Ë����{Â/��Ä^/�Zv»�|/¿YÂe .������Ä¸Ì/�Á�Ä/]�Ã|/��¶/u�d/�¸£

�������Ê»�{Á|v»�[M�Á�d¨¿�ÉZÅ�Z§�¾Ì]�Ê·{Z e�É|À]L�m{Â� .�����Z/Å�Z§�¾/ËY�Á�Z/y�Ê/·M�Ã{Z»�¾Ì]�É|À]L�m

Ê»d�¸£�|¿YÂe|Å{��ÅZ¯��f�Ì]�Y��Ä]Y�Ì��Ã|��¶u�¾]�¯Á�|ÌÅ�ÉZÅ.

�½Y�Z°¼Å�Á��»Á�a)Prommer et al., 2001(�Äz�/¿�¾Ë�yM������Ä/¨·Â»�|/Àq�Ê�/À¯YÁ�µZ/¬f¿Y�µ|/»��ÉY

PHT3D�|¿{Y{�ÄWY�Y�Y�� .Ê»�µ|»�¾ËY�À¯YÁ�|¿YÂe�����Ê·{Z/ e�Ã|/���Â/¸z»�ÊËZÌ¼Ì/�ÂW��ÉZ/Å /��Ê°ÌfÀÌ/�

��ÄÌ^��Y��Ê»Â¼��|ËZ¼¿�É�Z� .������µ|»�Ä]�d^�¿�Y��Ê�À¯YÁ�µZ¬f¿Y�¶WZ�»��Y�Ê Ì�Á�¦Ì��¾ËY�]ZÀ]�Ê¸^«�ÉZÅ

�Ê»�¶»Z�{{�³ .Ì�ÂW��¶WZ�»��{�µ|»�¾ËY�ÉZÅ{�]�Z¯���Ä/¨·Â»�|/Àq�¶WZ�/»�ÊÀ Ë�Ê «YÁ�ÊËZÌ¼��¶»Z/��ÉY

���À¯YÁ�Á�µZ¬f¿Y����½ÂË�Ä¼Å�Ä]��Â]�»�ÉZÅ��d�Y�Ê¸�Y�ÉZÅ .���µ|/»�¾/ËY��{�¾ÌÀr¼ÅpH�,Pe��c�Â/���{�Á�

���ZÌ¿��cÓZ ¨¿Y�Á�¶ §���[Â���-��ÄÌ^��[M��Ê»�É�Z�|¿Â� .���Z�Y��]�µ|»�½Âq�µZu�¾ËY�Z]PHREEQC-2�

�®ÌfÀ��,d�Y��Ê»��À¯YÁ�ÉZÅ������Y�Ê¿Z�M�Ä]�|À¿YÂe�®¿Z]��{��]�Z¯�Ä¸Ì�Á�Ä]�Ã|��¾ÌÌ e�w�¿�cY�Z^��ªË�

��{Â��Ä·Â»�§�ÊeZ�Ô�Y .����Y�|/Àe�Z^��Ä/¯�d�Y�dË{Á|v»�|Àq�ÉY�Y{�|¯�¾ËY :������Y�Ä/�Â¼n»��/Ë��®/Ë��/¬§

����Ê¸�Y�µ|»�Z]�Ä¯�ÊËZÌ¼Ì�ÂW��¶WZ�»�¶»Z¯�¦Ì�PHREEQC-2ÄÌ^��Ê»�É�Z��Ô/ §�|¿Â����Ä¸Ì/�Á�Ä/]�

PHT3DÊ»�dËZ¼u���{Â/�)Prommer, 2002 .(�µ|/»����Êv�/���°¸b/¼¯�¶Ì°�/e�)SCM(���Ä/¸¼m��Y�

�������ÄÌ^��ÉY�]�d�Y�¾°¼»�{�YÂ»�Êy�]��{�Ä¯�d�Y�Ã|�¿�dËZ¼u�Ê�À¯YÁ�ÉZÅ|ÀËM�§½ÂË��ve�É�Z���Z/Å

                                                  
1. Surface Complexation Model



��

Ôj»�������|�Z]�¹�Ó�ªÌ«{��Â��Ä]�[ZË{��cY�¸§� .�Ê¸�Y�µ|»��{MT3DMSÄÌ^��,��É�Z/���ÉZ/ÅPHT3D���/]�

��������������ÄÌ^/��®/Ë�Ä¸Ì/�Á�Ä/]�Ã|/��Ä^/�Zv»�Ô^/«�½Z/Ë�m�½Y|Ì»�®Ë��Z�Y�����ÓÂ/¼ »�Ä/¿Z³Y|m�½Z/Ë�m��Z/�

MODFLOW��Ê»�¹Zn¿Y�{Â� .���Ê¼¿�µ|»�¾ËY�,¾ËY�]ZÀ]����������½Y|/Ì»��/]�Ê�/À¯YÁ�ÉZÅ|/ÀËM�§�ÃÂ¬·Z/]��iY�|¿YÂe

��������Ìa�ÉY�]�µ|»�Á�|À¯�|Ì·Âe�Ã�Z]Á{�Y��ÊÀÌ»��Ë��[M�½ZË�m�����Ê/³�ËÁ��{�Ê¿Z/¯�[Â/����ÌiP/e�Ê/ÀÌ]��ÉZ/Å

�d�Ì¿�\�ZÀ»�Ã�¨��®Ë�Ê°Ì·Á�|ÌÅ)Prommer, 2002.(

¼Å�Á��»Á�a�½Y�Z°)Prommer et al., 2002(|ÀËM�§�����Ê°Ë�Â/·ÂÌ]�Ä/Ë�ne�Ê/��Ê�À¯YÁ�Á�Ê°Ë�Ì§�ÉZÅ

[M�ÉZËZaZ¿�½ZË�m��ËY���dve�¾]�¯Á�|ÌÅ�¹Â¸a�®Ë��Ä/]�Ã|��Ã{Â·M�ÊËY�v��dËZ��®Ë��{�Y��ÊÀÌ»��Ë�

���c�a�Ä¬�À»��{�¾]�¯Á�|ÌÅ���µ|»�Ê]�£�ÉZÌ·Y�f�Y�|¿{�¯�É�Z� .µ|»��Y�¥|Å����/¬¿��f�/Ì]��{�É�Z�

����ÔfyY����������Ê°Ë�Â/·ÂÌ]�Ä/Ë�ne��ËY�/§Y��{�½M��¬¿�Z�Â�z»�Á�Ê¸�§�Ê°Ì·Á�|ÌÅ�cY�ÌÌ¤e��Y�Ê�Z¿�Ê��

{Â] .s������������½M�d/Ì¸]Z«�Ê]Z/Ë��Y�d/Æm�Êf§�ÀÆa�µZ¬f¿Y�¶u�ÉY�]�Ê¨¸fz»�É{|��ÉZÅ��µ|/»��{�Z/Å��É�Z/�

�����½Y|Ì»��{�¾ÌËZa�Ê����Ê³|À¯Y�a�\ËY����|¿|��Ä�ËZ¬»�ZËZaZ¿�½ZË�m�ÉZÅ .�ÄÌ^/��ÉY�]����Y�½Z/Ë�m�É�Z/�

��µ|»MODFLOW���µ|»�ÉY�]�Á������µ|»��Y�Ê�À¯YÁ�µZ¬f¿Y�É�Z�PHT3D|Ë{�³�Ã{Z¨f�Y� .�µ|»PHT3D�

ÄÌ^����É| ]�Ä��µZ¬f¿Y��Z�MT3DMS��ÊËZÌ¼Ì/�ÂW��µ|»�Z]�Y��PHREEQC-2��Ê/»�¶/aÂ¯��|/À¯ .��½Â/q

PHREEQC-2���������À¯YÁ�Á{��Å�½Z»�¼Å��Â��Ä]�¶u�Ä]��{Z«�������Á�Ê°ÌfÀÌ/��c�Â/��Ä/]�Ã|/��µ�/fÀ¯�ÉZÅ

��|��¶aÂ¯�µ|»�,d�Y�Ê·{Z eÊ»�Ã����Z/Ë�Ê·{Z/ e�Ã|/���Â¸z»�Ê�À¯YÁ�µZ¬f¿Y�¶WZ�»��Y�Ê Ì�Á�¦Ì��|¿YÂe

|Å{��Y�«�\�Zz»�Y��Ê°ÌfÀÌ� .ÄÌ^��¾ËY�lËZf¿É�Z�Ä¨·Â»�|Àq�ÉZÅ�[M�Ê¸�/§�½Z�Â¿�Ä¯�{Y{�½Z�¿�ÉY

Ê»�Ê°Ë�Â·ÂÌ]�ÄË�ne��ËY�§Y�®Ë�h�Z]�ÊÀÌ»��Ë�{Â�.

�½Y�Z°¼Å�Á�dÀ¼¸¯)Clement et al., 2002(Ã{Y{�ËY�v��ÉZÅ|¿Z§�aÂ��Ä¬�À»�Ê����Z/°Ë�»M�Z/¿ZË�ËÂ·��{�

��Ê�ÀË�³�¶°eÁ�a�{�]�Z¯�cZ^iY�ÉY�]�Y��ªÌ«�����|/¿{�]��Z/°]�Ã|/���ËZa�É�Z� .Ã{Y{�����/^À»�Ä�/z�»�ÉZ/Å

                                                  
1. Perth
2. Superfund
3. Screening
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��������Ã|ÀËÓM�ÄÀË�¸¯�½ZeY�Á�¾eY�cZ^Ì¯�e�Ä¯�{Y{�½Z�¿����|Àf�/Å�Ä/mÂe�{�Â/»�Ê¸/�Y�ÉZÅ .����Y�Ä/¸u�»�¾Ì/·ÁY��{

�ªÌ«��Ê]ZË��Y�|ÀËM�§{�,Ã|���ËZa�Ê Ì^��É�Z�Ã{Y��Y�Ã|��É�ÁM��¼m�ÊËY�v��ÉZÅ����Ä/¯�Êe�Z/�¿�ÃZq�

�d¼�«��{�����Ä^e��¶Ì¸ve�®Ë�½{�¯�¶»Z¯�ÉY�]�,|¿{Â]�Äf§�³��Y�«�¹Â¸a�¦¸fz»�ÉZÅ�Ê°Ë�Â·ÂÌ]�ÄË�ne�É|À]

������|¿|��Ã{Z¨f�Y�¶°eÁ�a�Ä¸Ì�Á�Ä]�Ã|��ÄÌ�Âe .���ÊËZ/�ZÀ��ÉY�]�Ê¸Ì�¨e�Ê»ÂÆ¨»�µ|»�®Ë�¹Á{�Ä¸u�»��{

�����Z¬¿�Á�Ã|ÀËÓM�µZ¬f¿Y�ÉZÅ�Ì�»|��Ã{Y{�Ä �Âe�Äf§ZË�½Â¼Ày .�µ|»BIOCHLOR���¾/ËY�Ê]Z/Ë��Y�ÉY�]�

��Ã|ÀËÓM�ZËM�Ä¯�����ª/Ì«��µZ¬f¿Y�ÉZÅ�Ì�»�µÂ���{�µÂ^«�¶]Z«�w�¿�®Ë��{�ZÅ���Ê/»�Ê/ Ì^��É�Z/����Ä/]�,|¿Â/�

��ªÌ«��Ä¯�É�Â���Ä]�ÄÀË�³�®Ë�½YÂÀ��Ä]�½YÂf]�Y��Ã|���ËZa�Ê Ì^��É�Z������{�dËZ/��ÉY�/]�¾/°¼»�É�Z�

���|��Ã{Z¨f�Y�,d§�³���¿ .Y�]��®ÌfÀÌ��Ê]ZË��Y�É�������¾/eY�Á�½Z/eY�cZ/^Ì¯�e��Â/¸z»�®/Ë�Ê°Ë�Â/·ÂÌ]�ÄË�ne�

����������cZ/^Ì¯�e��Y�Ã|/��|/Ì·Âe�ÃÂ¬·Z]�µÂ�v»��Å�Ê·Â»���¯�Z]�Ê´f�^¼Å��{�ÄË�ne�w�¿�\ËY���|ËZ]�,ÄÀË�¸¯

��|¿Â��Äf§�³���¿��{�¦¸fz»��{Z» .��{�½ÂqBIOCHLOR���®/Ë�Z/ÆÀe�,d�Y�Ã|����§�dyYÂÀ°Ë�½ZË�m�

����Ê»���Âf»�É| ]�®Ë�d���Âe����{Â��Ã{Z¨f�Y�µ|»�¾ËY��{�|¿Y .����,Ã|/��µ|/»�Ä/�Âu�ÉÁ���]�,µZu�¾ËY�Z]

�������{�/¯�|ÅYÂy��ÌÌ¤e�Ê�y��Ì£��Â��Ä]�ÊÀÌ»��Ë��[M�d§Y��Ë�Âe)������¾ÌËZ/a��Y|/ËZaZ¿���/»�®/Ë{�¿�Z�Â�/z»

����Ê»�Ä¿Zy{Á��Ä]�®Ë{�¿�d�{Ê�Ê�Êa .(���Ä/ ·Z�»�¾ËY��{�Ã|��Ã{Z¨f�Y���Âf»�d����¾Ì¼ze�,¾ËY�]ZÀ]

Ê»���¿Y��ËY����¬§�|¿YÂe�®Ë{�¿�µZ¬f�����|À¯��° À»�Y���^À»�Ä]��e .�Ã{Z¨f�Y�Ä¯�|¿{�¯�{ZÆÀ�Ìa�¾Ì¬¬v»�¾ËY

�����½Âr¼Å�Ê�À¯YÁ�µZ¬f¿Y�Ê¸Ì�¨e�É{|��|¯�®Ë��YRT3D�������Z/�Y��/]�Z/ËZaZ¿�½Z/Ë�m�µ|/»�®Ë�Z]�ÃY�¼Å�

��µ|»MODFLOW���ÄÌ^��ÉY�mY�Ä]�É�Z�Ê «YÁ�ÉZÅ��Ã|/��¶aÂ¯�Á�ZËZaZ¿�Ê�À¯YÁ�µZ¬f¿Y��ËY���dve��e

{�¯�|ÅYÂy�®¼¯.

�½Y�Z°¼Å�Á�¶fq�a)Prechtel et al., 2002(�|À¿Z»�¶»Zu�®Ë��iY�DOC���¾]�¯Á�|/ÌÅ�®/Ë��ve��]�

Ê¸aÂ¸°Ì���®ÌeZ»Á�M)PAH(������¾Ì»���{�½�f¿ZÀa�¹Z¿�Ä]��ÄËÓ�ÉZÅ����½Z/Ë�m�ÉZ/ËZaZ¿�Á�ZËZa��ËY���dve�Y��ÉY

|¿{�¯�Ä ·Z�»�É{|��c�Â��Ä]�Ã|�¿��Z^�Y�Ä¬�À»��{ .Ä]�¶»Zu�¶ÌÆ�e��iYM�¾]�¯�Ä¸Ì�Á��{�µÂ¸v»�Ê·

��|Ë{�³�¹Z£{Y�Á�|Ì¯Pe�µ|» .Ê¼¯�Á��{�ÉY�]�µZ¬f¿Y�Á�½ZË�m�É{|��µ|»�®Ë���Â/]�»�ÉZÅ|ÀËM�§�É�Z�

                                                  
1. Polycyclic Aromatic Hydrocarbon
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�����[M�Ê·M�\Ì¯�e�®Ë�Ä¯�Êf·Zu�Ä]��Ã|�/¿��Z^�Y�Ä¬�À»��{�¶»Zu�¶ÌÆ�e�| f�»�Ä¯�[}Zm�c|��Ä]��Ë�³

���|��Ã{�]��Z°]�,d�Y .µ|»�¾Ì¬¬v»�¾ËY½Y�Z°¼Å�Á��À]ZÀ¯�ÉZÅ�Y�Z°¼Å�Á�peÂe�Á�½����Ä/·{Z »�Z/]�\Ì¯�e��{�

�{�ZrË����������µZ¬f¿Y�Á�Ã|�¿��Z^�Y�[M�½ZË�m�tÌ�Âe�ÉY�]�Y��DOC|¿{�]��Z°]�Ã|ÀËÓM�Á�¶»Zu� .���¶/u�ÉY�/]

��ÄÌ^���Y�]Y�®Ë�,ÊW�m�¶Ì�¿Y�¨Ë{�cÓ{Z »�Ä�Â¼n»�¹Z¿�Ä]�É| ]�®Ë�É�Z�RICHY���½Z/]��Ä/]�Ä¯�C��{�

¾´¿Ó�Y�ÃZ´�¿Y{�É{�]�Z¯�cZÌ�ZË��Ä��R»-±�^»�ÂÌ¿� �Âe���|/��Ã{�/]��Z/°]�,d�Y�Ã|��Ã{Y{�Ä .��¾/ËY

¹�¿�ÃY���Y�§Y¶u������,Z/»�³�µZ¬f¿Y�|À¿Z»�{�¨À»�Á�Ã|��¶aÂ¯�ÊW�m�¶Ì�¿Y�¨Ë{�cÓ{Z »�¶WZ�»�¶u�ÉY�]�ÊËZÅ

���������d¿Zf°§�Â/���Y�Ã|/���iP/f»�[M�µZ/¬f¿Y�Z/Ë�Ã|�/¿��Z^�Y�Á�Ã|���Z^�Y�[M�½ZË�m�,Ã|��¶u�Ã{Z»�µZ¬f¿Y

�Ê»�ºÅY�§|À¯ .��Ä]��{Z«�|¯�¾ËY�,¾ËY�]ZÀ]ÄÌ^����Ã|/ÌrÌa�ÊÀÌ»��Ë��[M�Ê³{Â·M�ÉZÅÂË�ZÀ���Y�Ê�ÂÀe�É�Z�

��������[~m�Á�}Â¨¿�,Ê³|À¯Y�a�,d§�ÀÆa�cY�iY�¶»Z�)����¹�/eÁ�ËY�Z/]�Ê·{Z/ e��Ì£�Á�Ê·{Z e�[~m��µÁY|/f»�ÉZ/Å (

d�Y .�����|Ë{�³�¶aÂ¯�µZ¬f¿Y�Ä·P�»�Á{�,¶»Zu�Ä¸Ì�Á�Ä]�Ã|��¶ÌÆ�e�µZ¬f¿Y�tÌ�Âe�ÉY�] :��¶/»Zu�ÉY�]�Ê°Ë

Ã|ÀËÓM�ÉY�]�É�´Ë{�Á .ÄÌ^�É�Z�|¿{Y{�½Z�¿�Y��¶»Zu�¶ÌÆ�e�dÌ¼ÅY�ZÅ.

�½Y�Z°¼Å�Á�\Ë�³)Gribb et al., 2002(����dËZ/��Ã�/ËÁ�¥|/Å�sÂ���Ê]ZË��Y��Â�À»�Ä]�)SSTLs(���{�

���Zy�ÉY�]�Ê]ÂÀm�ÉZÀÌ·Á�Z¯����Ã|ÀËÓM�d�Y�¾°¼»�Ä¯�ÊËZÅ��d/Ì¸]Z«�µ|»��Y�|ÀËÂ�]�ÊÀÌ»��Ë��[M�Ä]�Y��ZÅ

���Zy�²ÀÌrÌ·)SLM(��|¿{Â¼¿�Ã{Z¨f�Y� .SLM½Y�Z°¼Å�Á�ÊeZÀ»�Ä¸Ì�Á�Ä]��Z]�¾Ì·ÁY����Ì/a�ÉY�]���Ê/ÀÌ]

Ã|ÀËÓM�µZ¬f¿Y�Á�½ZË�m[M�Ä]�Ã|�¿��Z^�Y�Zy�½ZÌ»��Y�ZÅdËZ���{�ÊÀÌ»��Ë����d/¨¿�Ä/]�Ã|��Ã{Â·M�ÉZÅ

�|Ë{�³�{ZÆÀ�Ìa .SLM�Ä�Â¼n»��db»M�Á�¾Ë�³�Ä·{Z »��Z�Y��]�Ê¸Ì¸ve�cÓ{Z »��Y�ÉY�����ÉY�/]�Ä/¯�d/�Y�

�Ìa�w�¿�ÊÀÌ]��ÁY�e�ÉZÅ������Ã{Z¨f/�Y�Ã|/ÀËÓM�µÁY�Ä/^e�»�Ê°Ë�Â/·ÂÌ]�ÄË�ne�Á�Ê·{Z e�É|À]L�m�tÌ�Âe�Á�

Ê»{Â� .���ÄÀË�Å��ÅZ¯��Â�À»�Ä]��É{Á�Á��f�Ì]�,ZÅ�������Y�Ã{Z¨f/�Y�Z/]�µ|/»��{�Z/y�Ê/³�ËÁ�Ä]��Â]�»�ÉZÅ

                                                  
1. Knabner et al
2. Totsche et al
3. Richards equation
4. Erlangen-Nuremberg
5. Site-Specific Target Levels
6. Soil Leachability Model
7. Menatti et al
8. Green and Ampt
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�Ä¬^��Ä¯�½ÂÌ��³��cÓ{Z »Ê³�ËÁ�¾ËY�Z]�Y��Êf§Z]�É|À]����Ê/»��Â/]�»�Ê/°Ë�Ì§�ÉZ/Å���Ã{��¾Ì/¼ze�,{�Z/�

|¿|� .�Â�À»�Ä]������������Ã|/ÀËÓM�dËZ/��Ã�/ËÁ�¥|/Å�sÂ�/���]�É�f»Y�Za�É�Ë~a�ÌÌ¤e��iY�¾ÌÌ e�����Á�½�/À]�ÉZ/Å

�����������������¹Z/n¿Y�dÌ�Z�/u��Ì·Z/¿M�,{Â/]�Ã|/��Ä^/�Zv»�ÊÀÌ»��Ë��[M�ª¼��Á{�Á�Zy��Â¿�Ä��ÉY�]�Ä¯�¾Ì·Zf¨¿

d§�³.

�ÉÁ��Á�¶Ì³�½Á)Van Geel and Roy., 2002(Ê«Z]��Z^�Y�ÉY�]�Ê»ÂÆ¨»�µ|»�®Ë�Ä �Âe�ÉY�]��Ã|¿Z»

NAPL�¯�������Ê»�Ê«Z]�Ã|�¿��Z^�Y�Ä¬�À»��{�Ä����{�É�Z/§�Ä��Á�Á{��ËZ»�M�¾Ë|Àq�,|¿Z»�µÂ¸/�����Z�/§�ÉZ/Å

�|¿{Y{�¹Zn¿Y .½M�Ê«Z]��Z^�Y�Ê]ZË��Y�dÆm�Y��cZ�ËZ»�M�¾ËY�lËZf¿�ZÅ�Ã|¿Z»NAPL��Ä/�]Y��ÉÁ���]�½M��ZiM�Á�

�Z�§-��|¿{Y{�ÄWY�Y��Z^�Y� .�Ê«Z/]��Z^�Y�Ä¨·Â»�®Ë�¹Z£{Y�ÉY�]�Y��Ê·|»�¾Ì¬¬v»�¾ËY�|/¿Z»�ÃNAPL��®/Ë��{�

������{�ZÆÀ·�Á��¯�Za���Âe�Ä¯�{ÂmÂ»�|¿Z¼�a�É�Z§�Ä��É�f»Y�Za�µ|»���Ã{Y{�Ä /�Âe�{�ZÆÀ·�Á��¯�Za�Á�{�ZÆÀ·�,

��|¿{�¯�{ZÆÀ�Ìa�Y��,|¿{Â]�Ã|� .½M�µ|»Ê«Z]��Z^�Y�Ä¨·Â»�®Ë�¹Z£{Y�ÉY�]�ZÅ�Ã|¿Z»NAPL��,¶°/����¿��Y�,

���Ä¸e�Ä]�µ|»�Ä]Z�»À·�Á��¯�Za�Ä¸Ì�Á�Ä]�Ã|��{ZÆÀ�Ìa�É�Y|¿Y|À·�Ä¸Ì�Á�Ä]�Ã|��ÄWY�Y�Ä�]Y���Z�Y��]�{�ZÆ��

{Â] .��Ê«Z]�Ä¨·Â»�®Ë��Zv·�Ä¯�|Àf§�³�ÄnÌf¿�¾Ì¬¬v»�¾ËY�Ã|¿Z»NAPL�Ìa�µ|»�®Ë��{����Ã|/ÀÀ¯�Ê/ÀÌ]

����Ë�Âe��]NAPL�����d�Y{�|ÅYÂy��iY�t����Ë���{� .Ê«Z]��Z^�Y�®Ë�¶Ì°�e�Ã|¿Z»NAPL���Z^/�Y�Ä¬�À»��{�

����Á���{�½|��¶»Z��ÉY�]�ºÆ»�|ÀËM�§�®Ë�,Ã|�¿µ|»�ÉY�]�|¿Z¼�a�Ä¸°�f»��]Y���É�Z/§�|/Àq�½ZË�m�É�Z�

d�Y.

�½Y�Z°¼Å�Á�¹Á�f�ÁY)Oostrom et al., 2003(����µÂ¸/��Á�É|/ ]�®/Ë�Ê¿Âf��cZ�ËZ»�M��Y�Ã{Z¨f�Y�Z]�

���Ä¯�|¿{�¯�cZ^iY�É| ]�Á{�½ZË�mNAPL�Ê«Z/]�Á�Äf�ÂÌaZ¿����Ì/v»��{�Ã|/¿Z»���Ä/¿Y{�¶/z¸zf»�ÉZ/Å����Á��/Ë�

Ä¿Y{����½ZË�m�Ê��d��{NAPL���¶Ì°�e��|��|ÅYÂy .�����|/¯��Y�Ã{Z¨f/�Y�Z]�½ZË�m�µÂ¸��Á�Ê¿Âf��cZ�ËZ»�M

STOMP�ÄÌ^���|¿|��É�Z� .STOMP������d/�Y�{Á|/v»�cÁZ/¨e�|/¯�®/Ë� .����¶Ì°�/e�|/¯�¾/ËY��{NAPL�

��Äf�ÂÌaZ¿Ê«Z]�������������{�Ä/ÀÌËÂ»�ÄÌ/�Zu�cZuÔ/�Y�Á�Ê³|/À¯Y�a��/Ì£��Z/f§��Ä��YÁ�Ä]��Y{YÂÅ�Ä¬�À»��{�Ã|¿Z»

                                                  
1. Parker and Lenhard
2. Land
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������É�Z³��Z§�sÂ���¾Ì]���¯�cY�ÌÌ¤e�ÄnÌf¿-�]M�����d/�Y�Ã|�/¿�Ä/f§�³���¿��{�Ê .STOMP���\Ë�/��®/Ë�

�Ê»���§�Y���¨��Ê³|À¯Y�a�Êf«Á�Ä¯�É�Â��Ä]�|À¯DNAPL�������/�Zu�Ê·ZÌ/��Ä/��ºf�/Ì���{�Äf/�ÂÌa�

�����Ä/]�Ê·ZÌ/��Á{�ºf�/Ì���Y�µZ¬f¿Y��{�Ê´f�ÂÌa�Á�|��|ÅYÂy��«YÁ�É�Z³�Á�Ê]M�ÉZÅ�Z§�¾Ì]�Ä�Ì¼Å�,|�Z]

������Ê»�¾Ì¼�e�Y���° ·Z]�Á�Ê·ZÌ��Ä�|À¯ .ÄÌ^��lËZf¿�Z�ÉÄÌ^��Z]�ZÅ��Z�STOMPµ|»�ÉZÅ{Â^¼¯��ÉZÅ

��ÊËYÁY�eÊ^�¿-��Z^�Y�-��ÄÀÌËÂ»��Z�§�)k-S-P(��Z^�Y�¶Ì°�e�Ä¯�Ê¸ §�Ê«Z]�ÉZÅ�����Z^/�Y��ËY�/���{�Ã|/¿Z»

Ê¼¿�¾°¼»�Y��Ã|�¿Ê»�½Z�¿�Y��,|¿�Z�|Å{.

���½Y�Z/°¼Å�Á��/»Á�a)Prommer et al., 2003(������,Ê/°Ë�Ì§�ÉZÅ|/ÀËM�§�ÉÁ��{Â/y�Ê/¬Ì¬ve��Z/¯��{�

�ÂÌ]�µ�//fÀ¯�Ê�//À¯YÁ�Á�ÊËZÌ¼Ì//�ÂW�¾]�¯Á�|//ÌÅ�µÂ//ve�Ã|//ÀÀ¯µ|//»�Á�Z//Å������µÂ//ve�É{|//��É�Z//�

¾]�¯Á�|ÌÅ���[M��{�Êf¨¿�ÉZÅ|¿{�¯�hv]�ÊÀÌ»��Ë��ÉZÅ .½MZ^·Z£�Ä¯�Ê¸uY�»�ZÅ�µ|/»��{����É{|/��É�Z/�

¶v»����¾]�¯Á�|ÌÅ�Ä]�Ã|��Ã{Â·M�ÉZÅ����������|/¿{Y{�s�/��µZ/j»�®/Ë�ÃY�/¼Å�Ä/]�Y��|Àf�/Å��/Ì³�{�Ê/f¨¿�ÉZÅ .

���¾ËY�¾ÌÀr¼Å������µ|/»�ÉZ/Å�Y�]Y��Y�Êf�Ì·�¾Ì¬¬v»�����Ì/a�ÉZ/Å�Y�]Y�,É�Z/�����¾Ì/¼ze�ÉZ/Å�Y�]Y�Á���Y{�/a

Ê»�Ã{Z¨f�Y��f�Ì]�ÓÂ¼ »�Ä¯�Y��É�f»Y�Za|¿{Y{�ÄWY�Y�Y��|¿Â�.

�½Y�Z°¼Å�Á��Ì�Â¯)Koussis et al., 2003(��Ä/�v·��À/¯YÁ���§�¹Zn¿Y�dÌ¸]Z«��µ|/»��{�ÉY��É�Z/�

�¾]�¯Á�|ÌÅ�µZ¬f¿Y������ºf�Ì��®Ë��{�½�Ì�¯Y�Á�ZÅ�À¯YÁ�Z]�ÃY�¼Å�Ê°Ë�Â·ÂW�Á�|ÌÅ����Z/]�Y��Ê°Ë�Â/·ÂÌ]�ÉZ/Å

�ÄÌ^��¹Zn¿Y���|¿{Â¼¿�sÔ�Y�É{|��É�Z� .���������Y�Á�|/��Ä/f§�³���¿��{�Ã|ÀÀ¯�{Á|v»�¶»Z��½YÂÀ��Ä]�½�Ì�¯Y

�º�q�¾]�¯Á�|ÌÅ�[~m|��Ê�Âa .½M��µ|/»�Á�|/ ]�½Á|]�ÉZÅ�Ì¤f»�É�ÂXe��Ì·Z¿M��Y�Ã{Z¨f�Y�Z]�ZÅ��É�Z/�

����ÌÌ e�ÉY�]�Ê¼¯��ZÌ »�®Ë�,É{|�Ä�v·��À¯YÁ�\Ë�¬e��Z^f�Y�ÄÀ»Y{�¾®ÌfÀÌ��¶]Z¬»��{�ÉY��Ä/Ë�ne�ÉZÅ

|¿{�ÁM�d�{�Ä]�Y��Ê°Ë�Â·ÂÌ] .�����µ|/»�Ä/¯�|Àf/�Y{�½Z/Ì]�¾Ì¬¬v»�¾ËY�¾ÌÀr¼ÅBIOPLUME II����/§�

Ê»����������Ä/�v·��À/¯YÁ�®/Ë�c�Â��Ä]�½�Ì�¯Y�{Á|v»��Â�u�Z]�Ê°Ë�Â·ÂÌ]�ÄË�ne�Ä¯�|À¯�Ê/»�w��ÉY�|/Å{ .

���ÄÌ^��,º¯Zu��ËY���dveÉ�Z����ÉZÅ�½M�É{|��Ã{�¯�|ÌËPe�ZÅ��¹ÂÆ¨»�Ä¯�|¿YBIOPLUME����f�/Ì]�ÉY�/]�

                                                  
1. Permeability- Saturation- Capillary Pressure



��

��d�Y�\�ZÀ»�ZÅ{�]�Z¯ .µ|»����ÓZ/¼fuY�Ê°ÌfÀÌ/��É�Z��������Ä/]�{�YÂ/»��{��/¬§��������Z/]�µZ/ §�Ê°Ë�Â/·ÂÌ]�É�Z/�

d����ÓZ]�ÉZÅ)Ôj»ÃZq�®Ë{�¿��Zb¼a�µZu��{�ÉZÅ (Ê»�¹�Ó��^À»��Y�ÃZeÂ¯�¶�YÂ§�ÉY�]�Á|¿Â�.

�¾Ì�u��ÅZ��Á�½Zy)Khan and Tahir Husain., 2003(���É{ZÆÀ�/Ìa�|/Ë|m�Zf^�¿��Á��{�Â»��{�

�ªÌ«��ÉY�]����®�/Ë���]�ÊÀ^»�Ã|���ËZa�Ê Ì^��É�Z�)RBMNA(���|/¿{�¯�h/v]� .���¶»Z/���Á��¾/ËY��

���Ê»�Äf�ÂÌa�ºÆ]�µÁ�Z»|�Z] .��µÁ�Z»��ªÌ«��Á�Ã|ÀËÓM�µZ¬f¿Y�Á�µÂve�ÉÁ���]�,�����/¯�¼e�½M�Ê/ Ì^��É�Z/�

Ê»|À¯ .µ|»����ÓM�µZ¬f¿Y�Á�µÂve�É�Z��ºÆ»�Ã|ÀË����Á��Ä¸u�»�¾Ë�eRBMNA����{�Ã|/ÀËÓM�µZ/¬f¿Y�Á�d�Y�

���ªÌ«��Á�ÊÀÌ»��Ë��[M�Á�ZyªÌ«��ÉZÅ|ÀËM�§�Ä��YÁ�Ä]�½M�É�Z�����µ|/»�[~/m�Á�Ä/Ë�ne�,¶Ë|^e�,É�Z�

Ê»{{�³ .����ºÌ�/¬e�Ã|���Z^�Y�Ä¬�À»�®Ë�Á�Ã|�¿��Z^�Y�Ä¬�À»�®Ë�Ä]�Y��Ã|��Ã{Â·M�Ä¬�À»�¾Ì¬¬v»�¾ËY

|¿{�¯ .µ|»��ÄÌ^��Á�É�Z�É�Z�����|/��¹Z/n¿Y�Ä¬�À»��Å�ÉY�]�¶¬f�»��Â��Ä]� .���µ|/»�¾Ì/¬¬v»�¾/ËY��ÉZ/Å

�����µ|»�Ä¯�|Àf§�³�ÄnÌf¿�Á�|¿{�¯�Ê]ZË��Y�Y��{ÂmÂ»�¦¸fz»SESOIL��µ|/»�ÉY�/]������Y{YÂ/Å�Ä/¬�À»�É�Z/�

���[M�Ê]Zf�ËY�t���ÉÓZ]��\�ZÀ»�ÊÀÌ»��Ë��ÉZÅd�Y��e .�����Á��/Ìz^e�,²/ÀÌrÌ·�ª/Ë����Y�Ã|/ÀËÓM�c�mZÆ»

�µ|»��{�Ê¿ÂË�µ{Z^e�Á�ªË� e�|��Ä ·Z�»��Y{YÂÅ�Ä¬�À»�É�Z .½Mµ|»�ÉY�]�ZÅ���Ã|/���Z^/�Y�Ä¬�À»�É�Z�

��µ|//»��YAT123D��ÄÌ^//��ÉY�//]�Á�����µ|//»��Y�Ê°Ë�Â//·ÂÌ]�Ä//Ë�ne�É�Z//���ÉZ//ÅBIOPLUM III�Á�

BIOSCREEN��|¿{Â¼¿�Ã{Z¨f�Y� .��������Ä¸Ì/�Á�Ä/]�ÊÀ]�¯Á�|ÌÅ�{YÂ»�Ä]�Ã{Â·M�dËZ��®Ë�Ê]ZË��Y��{��Á��¾ËY

������ÀÌ»��Ë��dyÂ��Ã�Ìy}�®¿Ze�®Ë��Y�d�¿�|��Ã{Z¨f�Y�Ê .ªÌ«��Ä¯�{Y{�½Z�¿�Ä ·Z�»�¾ËY���Ê/ Ì^��É�Z/�

����d�Y��iÂ»�dËZ��¾ËY��{ .½MÄ�ËZ¬»�Ê]ZË��Y�®Ë�ZÅµ|»��Y�]Y�Á{�ÉY�]�ÉY�ª/Ì«��É�Z�����Ä/]�Ê/ Ì^��É�Z/�

¹Z¿�ÉZÅBIOPLUM III�Á�BIOSCREEN|¿{Y{�ÄWY�Y�.

�½Y�Z°¼Å�Á�Ê·Ôm)Jellali et al., 2003(��µ|/»�®/Ë��{�Ã|��µ�fÀ¯�Ê�ËZ»�M�����Ä/��Ê�ÂÀ�/»�Ã�¨/��

����������¾¸ÌeYÁ�/¸¯�e�¹�m�µZ¬f¿Y�½{�¯�Ê¼¯�dÆm�±��]�É| ])TCE (������sÂ�/��Á�Ã|�/¿��Z^/�Y�Ä/¬�À»�¾Ì/]

���¯�f�»)��ÊÀÌ»��Ë��[M�Á��¨�¼eY (¶Ì§Á�a�Á�|¿{Y{�¹Zn¿Yd�¸£�ÉZÅ�ÉZÅTCE��Ä/]�Y��ÄÀÌËÂ»�ÄÌ�Zu��{�

                                                  
1. Risk Based Monitored Batural Attenuation
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�|¿{�ÁM�d�{ .�ÃY��É�Ì³�Z°]Â°¿Za�Á�½Â�¿Zm�Ê¸Ì¸ve�¶u�Ã{Y{�ÉY�]��d�¸£�ÉZÅÃ�Y|¿Y��Zz]���,Ã|/��É�/Ì³

�������������Ã|�/¿��Z^/�Y�Ä/¬�À»�¹�/m�µZ/¬f¿Y�ÉY�]�\�ZÀ»�¾Ì¼ze�®Ë–���{�/¯�ºÅY�/§�Y��Ê/ÀÌ»��Ë��[M� .��Y|/¬»

Ã�Y|¿Y����½ZË�m�Ã|��É�Ì³TCE�����µ|/»�Ä¸Ì/�Á�Ä/]�½M�Ã|��Ä^�Zv»��Y|¬»�Z]�Ê�ÂÀ�»�Ã�¨���{��¨�¼eY�Ä]�

�������Ê»�½Z�¿�Ä¯�|¿{Â]�Ê]Ây�ª]Z�e��{�Ê¸Ì¸veY�¹�m�µZ¬f¿Y�¾ËY�Ä¯�|Å{�Z/�Z������Ê·Â/°·Â»�}Â/¨¿�Ä¸Ì/�Á�Ä/]�

�Ê»�µ�fÀ¯{Â� .���������^À»�½M��{�Ä¯�ÉYÂË�ZÀ��¾ÌÀq�ÉY�]DNAPL���É�¨�/¼eY�cZ/¨¸e�,d�Y�Zy�®Ë{�¿�

����ªÌ«��ÉY�]�Y��Ê¼Æ»�¹�Ì¿Z°»�®ËÊ»�¶Ì°�e��Zz]�¹Â¸a�É�Z����Ä/�uÔ»�¶/]Z«��Â/��Ä]�¾ÌÀr¼Å�Á�|Å{�ÉY

�����Ê»��ÅZ¯�Y��ÊÀÌ»��Ë��[M�Ê³{Â·M�¶Ì�¿Zfa|Å{ .�Ê]�ne�Ä¼Ì¿�Ê�Á������¹�/m�µZ/¬f¿Y�¾Ì/Ì e�ÉY�/]TCE�

������|��Ã{Z¨f�Y�®Ì§�µÁY�½Â¿Z«�É�Ì³�Z°]�Z]��¨�¼eY�Á�Ã|�¿��Z^�Y�Ä¬�À»�¾Ì] .���Ê°Ë�Â/Xe�¾Ì/Ì e��Â�À»�Ä]

��¹�mTCE��������������Ê/¸Ì¸ve�¶/u�,½M���Z/Àf»��/¯Ô§�Á�Ê/ÀÌ»��Ë��[M�Ä/]�Ã|�¿��Z^�Y�Ä¬�À»��Y�Äf§ZË�µZ¬f¿Y�

�Y�³¶Å�|��Ã{�]��Z°]� .

�|¿Â»{�Á�YÂË�ÂÌ·ÁY)Oliveriva and Demond., 2003(µ|»�d�Å�dÌ¸]Z«�STONE I, STONE II, 

Baker, Hustad – Hansen, Delshad – Pope, Parker – Lenhard,Brooks – Corey – Burdine�
�ÁDiCarlo – Sahni – Blunt�Ìa�dÆm������®/Ë��{�d/¨¿�ÉY�/]�Ê�/°Å��Ê^�¿�É�Ë~a}Â¨¿�\ËY���ÊÀÌ]

��É�Z§�Ä��ºf�Ì�)YÂÅ�Á�d¨¿�,[M (Ê]ZË��Y�Y�|¿{�¯� .�µ|/»�Ä¯�{Y{�½Z�¿�Ä ·Z�»�¾ËY����ÉY�/]�{Â/mÂ»�ÉZ/Å

�����¾Ì¼ze�É�Z§�Ä��Ê^�¿�É�Ë~a}Â¨¿�\Ë����Ê»�{Ây�Ä]Â¿�Ä]�Ä¯�|¿{Y{�ÄnÌf¿�Y��Ê¨¸fz»�ÉZÅ����ÌiP/e�|/¿YÂe

��ÄÌ^���]�Ê¼Æ»É�Z������|�Z]�Äf�Y{��Y{YÂÅ�Ä¬�À»��{�Ê·M�cZ ËZ»�µZ¬f¿Y�ÉZÅ .����½Z�/¿�cZ^/�Zv»�¾Ì/Àr¼Å

����µ|»�¦¸fz»�ÉZÅ�Ì�¨e�Ä¯�{Y{ZÅ�½M�Z]�ÃY�¼Å�ÊÀ§�cZuÔ�Y�Á��Ê/»�ZÅ�����Ä/�uÔ»�¶/]Z«��Â/��Ä/]�|/¿YÂe�ÉY

�ÌaÊÀÌ]���|À¯��iPf»�Y��ZÅ .�,É�Z§�Ä��Ê^�¿�É�Ë~a}Â¨¿�\Ë���µ|»��Ì�¨e�Á�[Zzf¿Y�Ä]�ÄmÂe�Z]�,¾ËY�]ZÀ]

Ä�uÔ»�¶]Z«�ÉZ�y�d�Y�¾°¼»ÄÌ^���{�ÉYÉ�Z�{Â��¶�Zu��Y{YÂÅ�Ä¬�À»��{�Ê·M��ËZ»�µZ¬f¿Y�ÉZÅ.

                                                  
1. Jahnson and Pankow
2. Grathwohl
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°¼Å�Á�|Ì�ËY�½Y�Z)Essaid et al., 2003(�Ê°Ë�Â·ÂÌ]�ÄË�ne�Á�µÔv¿Y�BTEX�d�¿�Ä¬�À»�®Ë��{�Y��

��Êm|Ì¼]��Æ��®Ë{�¿�¹Zy�d¨¿�Ê»Y�f¸]��Â�¯��{����µ|/»�Z/°Ë�»M�ÉZeÂ�ÀÌ»�d·ZËY���|/¿{Â¼¿�É�Z/� .��¾/ËY

���½YÂÀ��dve�Ê°Ë�Â·ÂÌ]�ÄË�ne��Zv·�Z]�µÂ¸v»�Ã{Z»�®Ë�µZ¬f¿Y�|¯��Y�¾Ì¬¬v»BIOMOC���Z/]�µZ�/eY��{�

�µ|»�|¯�����»Zm��Â° »�É�Z�UCODE����¾]�¯Á�|ÌÅ�Ê°Ë�Â·ÂÌ]�ÄË�ne�Á�µÔv¿Y�¾Ì¼ze�ÉY�]��Ã{Z¨f�Y�ZÅ

|¿{Â¼¿ .BIOMOC�������Ä¿Â³�|Àq�Ê�À¯YÁ�É| ]�Á{�µ|»�®Ë�������ÉZÅ|/ÀËM�§�¶»Z/��µÂ/¸v»�Ã{Z/»�µZ¬f¿Y�ÉY

�����Ã�Ìn¿��Ê°Ë�Â·ÂÌ]��Ì£�Á�Ê°Ë�Â·ÂÌ]�ÄË�ne�d�Y�ÉY .�µ|»BIOMOC��Ã|/��ÊuY���Ê»Â¼��|�Z¬»�ÉY�]�

��a�¥Z� ¿Y�Á�d�Y��Ë~ .�À¯YÁ����½Á�f°·Y�\Ì¯�e��Å�ÉY�]�Ê°Ë�Â·ÂÌ]�ÄË�ne�ÉZÅ�Á�Ã|ÀÅ{�½Á�/f°·Y��Y��Ã|/¿�Ì³

ÄÌ^��Ê»�É�Z�|À¯ .�������Ê/»�½Z/Ì]�|/¿Â»�®ÌfÀÌ/��Ä¸Ì/�Á�Ä]�ÄË�ne��À¯YÁ�w�¿������ÉY�/]�\/Ë�¬e�Z/»Y�,{{�/³

�À¯YÁ����Ê»�ºÅ��¨��Ä^e�»�Á�µÁY�Ä^e�»�ÉZÅ{Â��{ZnËY�|¿YÂe .��É�eÂÌb»Z/¯�|¯��YUCODE�����Y�/]�ÉY�/]�

d�¸£��������|��Ã{Z¨f�Y�Êm|Ì¼]��Æ��ÊÀÌ»��Ë��[M�¹Â¸a�{ÂmÂ»�ÉZÅ .���ÉY�/]�Y��Ê�y��Ì£�½ÂÌ��³��|¯�¾ËY

����ÄÀÌ¼¯�Ä¸Ì�Á�Ä]�É�f»Y�Za�¾Ì¼ze��������»�¶«Y|/u�¥|/Å��]Z/e�®/Ë�É�Z���������Á���Y�Ã{Z¨f/�Y�Z/]�Ê/¿�Á�cZ/ ]

�Â³-�Ê»��Z¯�Ä]�Ã|��sÔ�Y�¾eÂÌ¿�{�] .µ|»����Á�µZ/¬f¿Y�ÉZÅ|/ÀËM�§�Ä/¯�|/��ª§Â»�Êf«Á��Â° »�É�Z��

������������Ä/¨·Â»�Ä/¼Å�ÉY�]�{�¨À»�µÔv¿Y�w�¿�\Ë���®Ë�Á�|¿|��¹Z£{Y�µ|»��{�Ã|��¶aÂ¯�ÄË�ne��ÉZ/ÅBTEX�

�|Ë{�³�Ã{Z¨f�Y .�����w�¿�,µÔv¿Y�w�¿�\Ë���,Ê°Ì·Á�|ÌÅ�dËY|Å�,ÄË~¤e�w�¿����Ä/^e�»�É�YÂ/Å��/Ì£�ÄË�ne�ÉZÅ

�Y�n»�µÁYBTEX|Àf�Å�Ã|��Ã{��¾Ì¼ze�ÉZÅ�f»Y�Za�Ê����Ê³|À¯Y�a�\Ë���Á�.

ÊeÂÌ³Z¿ZaY�Z¯�½Y�Z°¼Å�Á�)Karapanagioti et al., 2003(����Ä/¯�|/¿{Y{�Ä/WY�Y�É�eÂÌb»Z¯�|¯�¾Ë|Àq�

��µ|»�Ä]��{Z«�ªÌ«��É�Z��Ã|ÀËÓM�Ê Ì^��É�Z�|¿{Â]�Ã|�¿��Z^�Y�Ä¬�À»��{��Y�§�Ê·M�ÉZÅ .���¾Ì/¬¬v»�¾/ËY

���µ|»�{�]�Z¯�Á�¦ ���Z¬¿|¿{Y{�s���Ê¸Ì�¨e��Â��Ä]�Y��ZÅ .½M��{Á|/v»�{Y|/ e�ZÆÀe�Ä¯�|Àf�Y{�½ZÌ]�ZÅ�É

��¹�Ì¿Z°»��Y�Ä¯�É�Z³��Z§�}Â¨¿�ZÅ|¯�¾ËY��Y��Ê/»��/�¿��{�Y��d�Y��Y�§�Ê·M�cZ^Ì¯�e�µZ¬f¿Y�ºÆ»�ÉZÅ�|/¿�Ì³ .

�����µ|»�¾ËY��Y�É{Y| e�ZÆÀe�,ÃÁÔ ]������/¬§�Z�Â�/z»�Á�|Àf�/Å�ÄË�ne�½Âr¼Å�Ê�À¯YÁ�ÉZÅ|ÀËM�§�¶»Z��ZÅ

                                                  
1. Bemidji
2. Beltrami
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��½M��Y�Ê°Ë������Ê»���¿��{�Ê°Ë�Â·ÂÌ]�ÄË�ne�ÉY�]�Y��µÁY�Ä^e�»��Y��Ì£�®ÌfÀÌ��ZÅ{�Ì³ .µ|»�¾ËY��Y�Êy�]��Z/Å

���½ZË�m�¶»Z�NAPL�����µ|»�¾ËY��Y�Ze�Ä���¬§�Á�|Àf�Å���Z§�ZÅNAPL���[Z�u�Ä]��Â¸z»�®Ë�½YÂÀ��Ä]�Y��

Ê»����Ê»�µ|»�Ä¿Z³Y|m�c�Â��Ä]�Y��\Ì¯�e��Å��Zf§��Á�|¿�ÁM|ÀÀ¯ .���µ|/»��/´Ë{�¥�/���Y����¶»Z/��Ä/¯�ÊËZ/Å

��������»�Y��cZ^Ì¯�e��Y�É{Á|v»�{Y| e�ZÆÀe�|Àf�Å�Ê�À¯YÁ�ÉZÅ|ÀËM�§Ê|¿�]��Z°]�|À¿YÂe .��Ä/nÌf¿�¾Ì¬¬v»�¾ËY

�Ôe�Ä¯�|Àf§�³µ|»�ÉZÅd�Y��ZÌ¿�ZÅ|¯�¾ËY�¦ ���Z¬¿��]�Ä^¸£�ÉY�]��f�Ì]�É�Z�.

�É�Á{Z¯�Á�¾�Â³�§)Ferguson and Kaddouri., 2004(�����/iY�Ê/���]�ÉY�/]�É�ÂXe�[Âq�Zq�®Ë�

���������®^��Ê]M��Ì£��Z§�cZ ËZ»�{|n»��Ë�Âe�Á�[~m�¶uY�»��]�Êv���c�Y�u�Äm�{��|/¿{Y{�Ä/WY�Y�¾Ì´À��Á .

½M��������Ã|ÀËÓM�µZ¬f¿Y�Á�É�Z§�Ä��½ZË�m�ZÅNAPL��®/Ë�c�Â��Ä]�µZ»�eÁ�ËY��Ì£�¶z¸zf»��Ìv»�®Ë��{�Y��

��ºf�Ì���|¿{�¯�µ|»�Ã|��¶aÂ¯�Ê�y��Ì£�ÊW�m�¶Ì�¿Y�¨Ë{�Ä·{Z »� .�½ZË�m�Ä¯�|����§�µ|»�¾ËY��{

�������Ë�Á�É{�Á�`Ì¸Ì§�É�ÂXe��Y�Z»�³�Á�[M��Zz]�,YÂÅ�,[M�Ã|��¶aÂ¯� ^e�Ê»�dÌ�|/ÀÀ¯ .����Á��/Ìz^e��/]�ÃÁÔ/�

��µÔv¿YNAPL���Á�ÉÁ�¿Y�³�,Ê¿Y�³�ÉZÅÁ�Ì¿�µ|»�,|¿{Â]�µÁY�Ä^e�»�®ÌfÀÌ��ZË�Ê¸v»�µ{Z e��Z�Y��]�Ä¯�

»ËÂ����Ê»�¶»Z���Ì¿�Y��Ê´ÀÌ|Ë{�³ .����µZ/»�eÁ�ËY��/Ì£�Á�µZ/»�eÁ�ËY�Ê¸Ì¸ve�Ä·P�»�¾Ë|Àq�¶]Z¬»��{�µ|»�¾ËY

�|��d�e .��ÃY��Á�µ|»�¾ËY�¾Ì]�Ê]Ây�Ê¸Ìy�ª]Z�e¶u����É|/ ]�Á{�Á�É|/ ]�®/Ë�cÓZu�ÉY�]�Ê¸Ì¸ve�ÉZÅ

����|��¶�Zu�Z»�³�½Z»���]Ze�µZ¬f¿Y .��Ä/Ë�ne�½Á|]�ZË�Á�Z]��Z³�Á�[M��{�ZËZa�µZ¬f¿Y�Ê¸Ì¸ve�lËZf¿�,�Â¼n»��{

����|¿|��¶�Zu�Ê]Ây�Ä]�Ê°Ë�Â·ÂÌ] .��½ZË�mLNAPL��Á�DNAPL���Ä/]�{Z/Ë���Y|¬»�Ä]�ºf�Ì��Ã|ÀÀ¯�Ã{Â·M�

Ê»��iPf»�Êv���c�Y�u�Äm�{�Ä¸Ì�Á{Â�.|Ë{�³�Ã{Z¨f�Y�{Á|v»�ÉY�mY�É{|���Á���Y�µ|»�¾ËY��{�.

�Ê§Â§)Phophi., 2004(�Ê¬Ì¬ve��Z¯�®Ë��{�LNAPL¹�Ì¿Z°»�Á�ZÅ�½M�µZ¬f¿Y�ÉZÅ��t�/���Ë���{�Y��ZÅ

�������|¿{Y{�s���Ê]ÂÀm�ÉZ¬Ë�§M�É�Æ��ÊuYÂ¿��{�¾Ì»� .�������Ê]Z/Ë��Y�Á�¦�/¯�ÉY�/]�Ê]Âq�Z/q�Ä/ ·Z�»�¾ËY��{

LNAP�����]ÂÀm�ÉZ¬Ë�§M��ËY���dve�ZÅ���|Ë{�³�ÄWY�Y�Ê .��Ã|/ÀËÓM��¾/ËY��Y�Ê�Z¿�Êf»Ô��®�Ë��Ê§Â§��Y��Z/Å

{Y{��Y�«�Ê���]�{�Â»��Ì¿.

                                                  
1. Philip and De Vries
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�½Y�Z°¼Å�Á�Z³Â�)Soga et al., 2004(�Ê «YÁ��ÅZ¯�,Ê¸^«�cZ ·Z�»��Á�»�Z]�NAPL���|/Ì·Âe��]Z/À»��Y�

���®ÌÀ°e�ÊËY�Z¯�Á�Ê³{Â·M�Ä]�ÉZÅ��������|/¿{�¯�Ê/���]�Y��Ä/ ·Z�»�dve�ª�ZÀ»��{�Ã|��Ã{Z¨f�Y�É�Z� .�/Å�¥|

½M���������¹�/m�¶»Z¯�¥~u�Ä¯�{Â]�dÌ «YÁ�¾ËY�cZ^iY�É{�Â»�cZ ·Z�»��Á�»��Y�ZÅNAPL�����/Ë���/^À»�¶/v»��Y�

�Ä¸e�Ä]��ËY���Ä��YÁ�Ä]�Êv���Ã|ÌrÌa�É�Y|¿YNAPL�Z�Â�z»�DNAPL������¾/°¼»��/Ì£�Z/Ë�¶°�/»�Z/Å�

d�Y .���®ÌÀ°e�ÊËY�Z¯�Ê]ZË��Y�,¾ËY�]ZÀ]�Ä]�ÉZÅ����¹�m��ÅZ¯��Z�Y��]�ÊËZÆÀe�Ä]�|ËZ^¿�É�Z�NAPL]��Ä¸e�Ä

���|�Z]��^À»�Ä¬�À»��Y�Ã{Zf§Y .����d/�¸£�¾f/�Z¯�ª/Ë����Y�Ã|��¹Zn¿Y�®�Ë���ÅZ¯��Z�Y��]�|ËZ]��Â���{

Ä¨·Â»����Y�Ê�Z¿�Ã|��¶u�ÉZÅNAPLZa�Ê��Ã{Zf§Y�Ä¸e�Ä]�|�Z]��^À»�Ä¬�À»�É�Z� .�����Â/�À»�¾/ËY�ÉY�/]

������Ä/]�dve��^À»�Ä¬�À»��Y�Ê�Z¿�Ê»�m��¯Ô§�Ä¯�Ê¸»YÂ����Ê/»�µ�/fÀ¯�Y��É�Z/����Ê/���]�,|/ÀÀ¯�|/Ë{�³   .

µ|»��ÄÌ^��®Ë��Y�Ã{Z¨f�Y�Z]�Ê»�m��¯Ô§��É�Z�Ä¨·Â»�|Àq�{Á|v»�cÁZ¨e��Z����¹Z/¿�Ä/]�ÉYUTCHEM�

��ÃZ´�¿Y{��{�Ä¯¾Ìf�M�|��¹Zn¿Y�,d�Y�Ã|��ÄÌÆe��Y�°e� .ÄÌ^��ÄÌ·ÁY�lËZf¿���Ä/¯�{Y{�½Z�/¿�É{|��É�Z�

��������,cÔÌ°�e�ÊÀ´¼ÅZ¿�Ä¸Ì�Á�Ä]�Ã|��¾ÌÌ e��^À»�Ä¬�À»�É�Â·Â§�Â»�½Âr¼Å�Ê¸»YÂ����Y�|/ ]�µÔv¿Y��Zf§

Ä]Ê»�µ�fÀ¯�Y��É�Z�{�Y{�Ê¸v»�¹�m�µZ¬f¿Y��]�É�ÌqZ¿��iY�Á�|À¯.

�½Y�Z°¼Å�Á�¹ZÅ)Ham et al., 2004(�������cY�/iY�Z/e�|/¿{Y{�Ä/WY�Y�Y��É|/Ë|m�É|/ ]�Á{�Ê¸Ì¸ve�µ|»�®Ë�

�����������Ê·Â/°·Â»�Á{��À/¯YÁ�®/Ë��Âzf�{�¹Â¸a�®Ë�ÉZËZa�Á�ZËZaZ¿�µÂ���]�Ê����Á�Ê·Â��Ê³|À¯Y�a�\ËY��

Ä�v·���|ËZ¼¿�Ê���]�Y��ÉY .��������Ã|/ÀËÓM��Ôf/yY�Ä¯�|����§�µ|»�¾ËY��{������ª/Ë����Y��/¬§�Ã|/��¶/u�ÉZ/Å

�����Ê»�w��Ê����Á�Ê·Â��Ê³|À¯Y�a�������Ä/]�º�/m�Á{��/Å�Ä/¯�ÊËZm��¬§�Ã|��¶u�ÉY�mY�¾Ì]��À¯YÁ�Á�|Å{

���Ê»�©Z¨eY�|À�Z]���Zu�½Z»�¼Å��Â�|f§Y .��®/Ë�Ê����Ê³|À¯Y�a�Ä¯�|��|ÌËPe�É{|��µ|»�®Ë�®¼¯�Ä]

��Y�]�ºÆ»�¶»Z����d�Y�¹Â¸a�ÉZËZaZ¿�Ä �Âe�É .�����µ|/»�lËZ/f¿�Z/]�µ|/»�¾ËY�lËZf¿�,µ|»�ÊnÀ��Z^f�Y��Â�À»�Ä]

���Ê�À¯YÁ�µZ¬f¿YRHT3D��|Ë{�³�Ä�ËZ¬»� .RHT3D�ÄÌ^���µZ¬f¿Y��Z�MT3DMS��ÊËZÌ¼Ì/�ÂW��µ|»�Z]�Y��

PHREEQC-2ÄÌ^��ÉY�]��Ìv»��{�Ê�À¯YÁ�µZ¬f¿Y�É�Z�Ê»�\Ì¯�e�Ã|���Z^�Y�¶z¸zf»�ÉZÅ|À¯.

                                                  
1. Austin
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°¼Å�Á��À¨·M�½Y�Z)Alfnes et al., 2004(ÄÌ^��ÉZÅ�Y�]Y�������ÉZÅ|/ÀËM�§�Ä/ ·Z�»�ÉY�/]�Y��É{|/��É�Z/�

���¾]�¯Á�|ÌÅ�µZ¬f¿Y�Ê��\·Z£��|¿{�]��Z°]�Zy�Ã|�¿��Z^�Y�Ä¬�À»��{�®ÌeZ»Á�M�ÉZÅ .��µ|/»�¾Ì¬¬v»�¾ËY

��É{|�SWMS-3D|¿{Y{�Ä �Âe�Ã|�¿��Z^�Y�Ä¬�À»��{�µZ¬f¿Y�ÉY�]�Y�� .��µZ/¬f¿Y�¹Z£{Y�µ|»�cZ�z�»��Y

|ÀqÄ¿Â³�Ê»�ÉÁ�Ìa�|¿Â»�®ÌfÀÌ���Y�Ä¯�Ê]Á�°Ì»�ÄË�ne�,Ã|��¶aÂ¯�ÉY�¾]�¯Á�|/ÌÅ�µZ¬f¿Y�Á�|À¯��Á�Z/Å

���Ê»�½�Ì�¯Y��Z³�}Â¨¿|�Z] .ÊÀvÀ»���ÄÀy��ÉZÅ)BTC(������|/��¶/�Zu�ÊËY�v���ËZ»�M��Y�Ä¯�¾]�¯Á�|ÌÅ�

�����|¿|/��Ã{Z¨f/�Y���Y�/]��Á��®/Ë��Y�Ã{Z¨f�Y�Z]�|¿Â»�®ÌfÀÌ��Á�[~m�ÉZÅ�f»Y�Za�¾ÌÌ e�ÉY�] .��/§��

ÄËÓ�����������|/Ë{�³�ÊËY�v/��cY|ÅZ�/»��Y�ÊeZ§Y�v¿Y�Ä]��nÀ»�µ|»��{�Ã|��Ã{Z¨f�Y�½�Â¼Å�ÉZÅ .���Ê¸/�Y�d/¸�

�Ã{Y{�Á�µ|»�lËZf¿�¾Ì]�cZ§ÔfyYµZ¿Z¯�Ä]�ÊËY�v��ÉZÅ��ÊÀ´¼ÅZ/¿��Y�¶/�Zu�É|À]����½Â/r¼Å�Ê/¸v»�ÉZ/Å

����|��Ã{Y{�d^�¿�Ê°Ë�Â·ÂÌ]�~§ZÀ» .��ÊÀ´¼ÅZ¿�¾ËY�¾ÌÀr¼Å�����Z/]�½Z/»��Á�½�Ì�¯Y�µZ¬f¿Y�Ê¸v»�ÉZÅ�Y��É�Y{

�dyZ���iPf» .½Mµ|»�ÉY�]�Ä¯�|¿{�]�Êa�ZÅ�µÂ¬ »�É�Z�BTC����lËZ/f¿�Z/]�Ä�/ËZ¬»��{�|ËZ]�[~m�|ÀËM�§�,

�{Â��Ã{Y{��ÅZ¯�ÊÅZ´�ËZ»�M .�µ|/»��{�Ê¿Y�v]��f»Y�Za�®Ë�Y��½�Ì�¯Y�}Â¨¿�¾Ì¬¬v»�¾ËY���É{|/��É�Z/�

�|¿{Y{��Ìz�e .����ÄÌ^��µZ¬f¿Y��{�½�Ì�¯Y�dË{Á|v»��|���Z�uY�Ê]Ây�Ä]�Ã|��É�Z� .{��¾/ËY�Ä¯�Ê·Zu��

�����|�¿�Ã|ÅZ�»�ÊËY�v���ËZ»�M��{�dË{Á|v» .������Ä/¬�À»��{�Ê�/À¯YÁ�µZ¬f¿Y�Ê³|ÌrÌa�Ä¯�{Y{�½Z�¿�lËZf¿

�������ÉZÅ|/ÀËM�§�¦Ì/�Âe�ÉY�/]�Y��ÊÅZ´�ËZ»�M��ËY���dve�Ã|��¾ÌÌ e�ÉZÅ�f»Y�Za��Y�Ã{Z¨f�Y�,Ã|�¿��Z^�Y

���Ê»�¶°�»�ÊËY�v���ZÌ¬»{�Z� .����[~/m�ÉZ/Å�f»Y�Za�{�Â/»��{�Z�Â�z»��Â�Â»�¾ËY���|/¿Â»�®ÌfÀÌ/��Á

d�Y�dÌ¼ÅY�ÉY�Y{ .

��·ZfË��Á�ÉZ¨Ë�)Rifai and Rittaler., 2005(Ã{Y{�¶Ì¸ve�ÉY�]�Y���Á��¾Ë|Àq���ª/Ì«��ÉZ/Å��Á�É�Z/�

���Ã{Y{�½{�¯�Ä�Ôy�Á�É�f»Y�Za�¾Ì¼ze�¼m�ÊËY�v��ÉZÅµ|»�Ä �Âe�dÆm�Ã|��É�ÁM���Â/��Ä]�Ä¯�ÊËZÅ

��|¿{Y{�ÄWY�Y�,|ÀÅ{��ËZ¼¿�Y��dËZ���ËY���\�ZÀ» .�¾ËY�Ê¸Ì¸ve�µ|»��Y�¾Ì¬¬v»BIOSCREEN��µ|/»�Á�

�É{|�BIOPLUME IIIµ|»�ÉY�]�ªÌ«��É�Z����Ã{Z¨f/�Y�¶/ÌWÁ�Z³�Ä]�Ã{Â·M�dËZ��®Ë��{�Ê Ì^��É�Z�

                                                  
1. Breakthrough Curve



��

|¿{Â¼¿ .��µ|»BIOSCREEN��ÄÌ^��ÉY�]�Ê�ÀË�³��Y�]Y�®Ë�ªÌ«��É�Z��¾]�¯Á�|/ÌÅ�Ê Ì^��É�Z���ÉZ/Å

����d�Y�ÊÀÌ»��Ë��[M��{�Êf¨¿ .ÃY���Z�Y��]�µ|»�¾ËYÌ¸ve�¶u����Ä/Ë�ne�®ÌfÀÌ/��¶»Z/��Á�Ã{Â]�Â°ÌÀ»{�Ê¸

�Ê»�Ã|��¶u�Ã{Z»�ÉY�]�µÁY�Ä^e�»|�Z] .ÃY����t�/��®/Ë��Y�Ã{Z¨f�Y�Z]�Y��ÊÀÌ»��Ë��[M�½ZË�m�Â°ÌÀ»{�¶u

�������������Á�[~/m�|/ÀËM�§�ÉY�]�Ê�y�¹�eÁ�ËY��Zv·�Z]�,d�Y�{Â¼��ÊÀÌ»��Ë��[M�½ZË�m��]�Ä¯�¶»Z¯�}Â¨¿�Z]�ºWZ«

���ÄÌ^��É| ]�Ä��Ê³|À¯Y�a�Ê»�É�Z�|À¯ .��µ|»BIOSCREEN����É{Á�Á�ÉZ/Å�Ì¤f»�É{Á|/v»�{Y|/ e�Ä]�

�����Ê³|/À¯Y�a�\Ë�/��,�ÁY�/e�d����¶»Z��Ä¯�{�Y{�kZÌfuY)���Ê^¿Z/m�Á�Ê/����,Ê·Â/�(���,�ÌyP/e�\Ë�/��,

��|Àf�Å��^À»�ÉZÅ�Ì¤f»�Á�Ê°Ë�Â·ÂÌ]�ÄË�ne�ÉZÅ�f»Y�Za .��w�/¿�¾Ì¼ze�¶»Z��Ê°Ë�Â·ÂÌ]�ÄË�ne�ÉZÅ�Ì¤f»

|//ÀËM�§�®//Ë��Y�Ã{Z¨f//�Y�¹Z//´ÀÅ�Ä//]�Ê°Ë�Â//·ÂÌ]�Ä//Ë�ned//Ì§���¾fyZ//��ºÅY�//§�Z//Ë�µÁY�Ä//^e�»��������ÉZ//Å

½Á�f°·YÃ|¿�Ì³����Ä�v·��À¯YÁ���§��Y�Ã{Z¨f�Y�¹Z´ÀÅ�Ä]�ZÅd�Y�ÉY .���\/Ë�ze�Z/Ë�{Á|v»Z¿�c�Â��Ä]��^À»

��Ê»���§�Ã|¿Â�{Â� .������t�/��®/Ë�c�Â��Ä]�ÊÀÌ»��Ë��[M�½ZË�m�ºf�Ì���{�Y���^À»�Ä�|ÀÅ�,µ|»�¾ËY

��������½M�½ZË�m�dÆm��]�{Â¼��¹Â¸ »�����Á�ª¼��Z]Ê»���§|À¯ .�Ê/»��^À»�d�¸£������/��½Z/Ì»��{�|/¿YÂe

����|À¯��ÌÌ¤e��^À»�Ã|��¾ÌÌ e .����Ê³|/ÌrÌa�Ê/y�]�Ê/·Á�,d/�Y�Ã{Z��Zf^�¿�µ|»�Äq��³Y����Ä/]��Â/]�»�ÉZ/Å

����Ã{Y{��Y�Ã{Z¨f/�Y�Z//]��/^À»�Á�Ê°Ë�Â//·ÂÌ]�Ä/Ë�ne�ÉZ//Å�f»Y�Za�¾Ì/¼ze��Ê/»�¶»Z//��Y��dËZ/��ÉZ//Å{Â//� .

BIOPLUME III��ÉY�]�{Á|v»�cÁZ¨e�É| ]�Á{�µ|»�®Ë�ÄÌ^�����/Ì£�Á�É�YÂ/Å�Ê°Ë�Â/·ÂÌ]�ÄË�ne�É�Z�

�¾]�¯Á�|ÌÅ�É�YÂÅ���������Ê¿Â/Ë�µ{Z/^e�Á�[~/m�,Ê³|/À¯Y�a�,d§�ÀÆa�ÉZÅ|ÀËM�§�Z]�ÃY�¼Å�ÊÀÌ»��Ë��[M��{�ZÅ

d�Y .���ÄÌ^��½Z°»Y�µ|»�¾ËY��{������Ä/Ë�ne�¶»Z/��¦/¸fz»�®ÌfÀÌ/��c�Z/^��Ä��Z]�Ê°Ë�Â·ÂÌ]�ÄË�ne�É�Z�

Ä�v·��À¯YÁ�,µÁY�Ä^e�»�Y{�{ÂmÁ�|¿Â»�®ÌfÀÌ��Á�ÉY{ .BIOPLUME III��½ÂÌ/�Y�^Ì·Z¯�Ä¸u�»�®Ë�Ä]�

���������������¾Ì/¼ze��Y�Ã{Z¨f/�Y�Z/]�Ã|/��Ã|ÅZ�/»�ÊÀÌ»��Ë��[M�sÂ���½M�Ä¸Ì�Á�Ä]�Ä¯�{�Y{�kZÌfuY�½ZË�m��ÉZ/Å

�����Ìa�dËZ��½ZÌ»��{�Ê°Ì·Á�|ÌÅ�½ZË{Y�³�Á�Ê°Ì·Á�|ÌÅ�dËY|ÅÊ»�ÊÀÌ]{Â� .µ|»�½Âq��É|/ ]�Á{�É�Z�

��Ê»�ÊËZ�§��Â��Ä]�ZÅ�f»Y�Za��f�Ì]�d�Y»�|À¿YÂe�|À/�Z]��Ì¤f .�����Ê/uY����{�É�f�/Ì]�Ê³|/ÌrÌa�¾ËY�]Z/À]

�Ê»�Ä�uÔ»�É�f»Y�Za�¾Ì¼ze�Á�Ä°^�{Â� .����/^À»�®/Ë�¾ÌÌ e�Z]��Zb¼a�Ã�Á{�¾Ë|Àq��Y�Ã{Z¨f�Y�µ|»�¾ËY

�Ã�Á{��Ì¤f»��Ê»�¾°¼»�Y��ÉY{�Z� .ÄÌ^��Ä]�Y��½Y�]�Z¯�,¾ËY�]ZÀ]dÌ·Z §��´Ë{�Á�É�Z¨u�É�Z�Ä]�ÉZÅ��É�Z/�



��

�Ê»��{Z«{�Z� .����Á{��Å��{����|/Ë{�³�µ|/»�µÁY�Ä/^e�»�Ä/Ë�ne�|ÀËM�§�®Ë�c�Â��Ä]�Ê°Ë�Â·ÂÌ]�ÄË�ne�,�Á .

µ|»������Ìa�ÉY�]�dËZ��Ã|��|ÌËPe�Á�Ã|��Ã�^Ì·Z¯�ÉZÅ�Z/a�½Z»��ÊÀÌ]��������Y�Ã{Z¨f/�Y�Z/]��Z/Ì¿�{�Â/»�É�Z/�

ªÌ«��|¿|��Ã{Z¨f�Y�Ê Ì^��É�Z� .����w�/¿�¾Ì/¼ze��{�ÊeÔ°�/»��Â/ÀÅ�Ä¯�{Y{�½Z�¿�Ä ·Z�»���Ä/Ë�ne�ÉZ/Å

�ÊËY�v��Ê°Ë�Â·ÂÌ]��¾Ì¼ze�Ä �Âe�Á�µ|»��ZÌ¿{�Â»��^À»�ÉZÅ�f»Y�Za�ÉY�]�ZÅ��ª/Ì«��ÉZ/Å���Ê/ Ì^��É�Z/�

{�Y{�{ÂmÁ.

�½Y�Z°¼Å�Á�Zf·Z§)Falta et al., 2005(������cY�/iY�Ê]Z/Ë��Y�d/Æm�Ê/¸Ì¸ve�Ä/¼Ì¿�Ã|ÀËÓM�µZ¬f¿Y�µ|»�®Ë�

ÊÆe������^À»�Ä¬�À»��{�¹�m�Ê�z]�É�Z�DNAPL|¿{Y{�ÄWY�Y�Y�� .ÃY��¶/u������/�Âe�Ä/¯�Ê/¸Ì¸ve�ÉZ/Å��¾/ËY

����^À»�Ä¬�À»�®Ë��Y�Ã|ÀËÓM�½Z»���]Ze�ÄÌ¸ze�¦Ì�Âe�ÉY�]�¾Ì¬¬v»DNAPL��½YÂ/À��Ä]�,d�Y�Ã|��ÄWY�Y�

�����������d/§�ÀÆa�ÉZÅ|ÀËM�§�¶»Z��µZ¬f¿Y�µ|»��{�Ê¿ZË�m�É��»�����®Ë-�����\/Ë�ze�Z/]�Ê�/À¯YÁ�Ê³|/À¯Y�a�

Ã�Ìn¿�����|¿|��Ã{Z¨f�Y�µÁY�Ä^e�»�ÉY .½M�µ|»�ZÅ�Ã{Z��ÉZÅ�����/^À»�Ä¬�À»�¦Ì�Âe�ÉY�]�Y��ÉY����Z/°]�¹Â/¸a�Á

|¿{�] .�ÃY��¾ËY¶u�������^À»�¹�m�Á��^À»�d�¸£�¾Ì]�ÊËZ¼¿�Ä�]Y��®Ë�Ê¸Ì¸ve�ÉZÅDNAPLÊ»���§��,|ÀÀ¯

�����ZfyZ��,½ZË�m�½Y|Ì»�ÊÀ´¼ÅZ¿��Y�Ê ]Ze�Ê]�ne�½YÂe�½M��{�Ä¯DNAPL�½M�¾Ì/]�Ê´f�^¼Å�Á��d/�ZÅ .

c�Z^������^À»�c|��ÉZÅDNAPL�Ê»��Ä]�|À¿YÂeZË��¨��½Z»���{�Y���^À»�Ê�z]�É�Z���|/ ]�Ê¼¯�½Z»���{�

���É�Z�ZÅ���YDNAPL��|ÀÅ{�tÌ�Âe� .�������Á�É|/ ]�Ä/��Ê³|/À¯Y�a�,�ÌyPe�,d§�ÀÆa�ÉZÅ|ÀËM�§�,µZ¬f¿Y�µ|»

\Ë�ze /�Ã�Ìn¿��|Ì·Âe���Ê»���¿��{�Ä¿Â³�¾Ë|Àq�ÉY�]�Y��µÁY�Ä^e�»�ÉY{�Ì³ .ÃY���Z/]�|Ë|m�Ê¸Ì¸ve�Ä¼Ì¿�¶u

�������Â·M�Á�¾fqÂÀ³�½Á�É| ]�®Ë�Ê¸Ì¸ve�¶u��d·Zu�ÉY�]�( ) 0CtCs =�µ|»��Y�¶�Zu�lËZf¿�Z]�¾ÌÀr¼Å�Á�

BIOCHLOR�|��Ä�ËZ¬»� .( )tCs�Á�0C������{�Ã|/ÀËÓM�Ä/Ì·ÁY�d/�¸£�Á��/^À»�d�¸£��Y�|Àe�Z^��\Ìe�e�Ä]�

Ê���]�{�Â»��Ìv».

�½Y�Z°¼Å�Á�¾��§Âf�Ë�¯)Christophersen et al., 2005(�ÊÀ]�¯Á�|/ÌÅ��^À»�®Ë�ÉÁ�����¬f�/»�

���Ä�Z»�{Y�M�Ã�¨��®Ë��Y{YÂÅ�ÄÌuZ¿��{�������ËZ/»�M��Z/¼¿Y{�ÊËYÂ/Å�ÃZ/´ËZa�Ä/¬�À»�®Ë��{�¾´¼Å�Zf^�¿�ÉY

                                                  
1. Van Genuchten and Alves



��

��|¿{Y{�¹Zn¿Y�ÊËY�v� .Ã{Y{�Ä�Â¼n»��µ|/»�ÊnÀ/��Z^f�Y�ÉY�]�Ã|»M�d�{�Ä]�ÉZÅ����Á�µZ/¬f¿Y�Ê/�ZË��ÉZ/Å

ªÌ«������|¿|��Ã{Z¨f�Y�Ã|�¿��Z^�Y�Ä¬�À»��{��Y�§�Ê·M�cZ^Ì¯�e�É�Z� .�Ê�ZË��µ|»�®Ë��É|/ ]�Á{�Ê�Z �

���¾]�¯Á�|ÌÅ�}Â¨¿�ÉZÅ|ÀËM�§�¶»Z����¾]�¯Á�|ÌÅ�[~m�Á�É~¨À»�ÉYÂÅ��{�ZÅ����lËZ/f¿�d�/¿YÂe�Z/y��{�ZÅ

�Ã�Y|¿Y�ÊWY�v��ÉY�]�Ã|��É�Ì³�dÌ¬§Â»��Â��Ä]�Y���ËZ»�M�µÁY��Á���ÄÌ^/��É�Ì»M��|/À¯�É�Z/� .��¾/ËY��{

���|¯�,Ä ·Z�»R-UNSAT��ÄÌ^��ÉY�]��ªÌ«��É�Z��Ã|ÀËÓM�É�Z���À»��{��Y�§�ÉZÅ����Ã{Z¨f/�Y��Z^/�Y��/Ì£�Ä¬�

|� .�������������Ä/¿Â¼¿�Ä°^/��Ê/uY���ÉY�/]�Z/¼ÀÅY��®/Ë�½YÂ/À��Ä/]��ËZ/»�M��Y�¶/^«�µ|»����������É�eY�f/�Y�Á�É�Y{�/]

Ä¿Â¼¿�����ÄÌ^��ÉY�]�,�ËZ»�M��Y�| ]�Á�É�Y{�]����������/^À»��Y�¬f/�Y�µZ/^¿{�Ä/]��Z/z]�c�mZ/Æ»�µÁY�Ä/f¨Å�É�Z/�

��|��Ã{Z¨f�Y�¾]�¯Á�|ÌÅ .������]�Ê]M�Á�É�Z³��Z§�[~m�Á�}Â¨¿�¶»Z��µ|»{Â .�®Ë�c�Â��Ä]�Ê°Ë�Â·ÂÌ]�ÄË�ne

|Ë{�³�Ê§� »�¥��»�c�Z^��½YÂÀ��Ä]�Á�|����§�Ê]M��Z§��{�µÁY�Ä^e�»�|ÀËM�§.

�½Y�Z°¼Å�Á�Â�Z])Basu et al., 2006(��/¯Ô§��Á���Y�Ã{Z¨f�Y�Z]�����µZ/ §��/Ì£��/f»)PEM(���®/Ë��{�

����É�e�¹Â¸a�®Ë�É�¯�»��y�½ZÌ»��Y�Z^Ë�¬e�Ä¯�Ê·Â����]�®Ë�{Y|f»Y��{�ÃZq�É����¾¸ÌeYÁ�/¸¯)TEC (��{

����½�f�Á|Ì»��{�Êf À��Ä¿Zy�Z¯�®Ë�Ê»�Z°Ë�»M�½ZË�m�,{�~³Ã�Y|¿Y�Y��Ã|ÀËÓM�Á�ÊÀÌ»��Ë��[M�ÉZÅ��É�/Ì³

|¿{�¯ .�����Ä]�ºf�Ì��®Ë��¯Ô§��Z�Y��]�ÊuY���¥|Å������d/�{�¾ÌËZ/a��{�Ã|/ÀËÓM�Ä/Ì¸ze��ÅZ/¯�,É�Z�

�����®�/Ë���ÅZ¯�¥Y|ÅY�Ä]�Ê]ZÌf�{�dÆm�µÂ^«�¶]Z«�t���®Ë�Ze�Ê³{Â·M��^À»��d/�Y�\/�ZÀ» .½M���Y�Z/Å

d�¸£��ÉZÅTEC�����d]Zi�¾Ì¼ze�ÉY�]�¹Â¸a��{������®/ÌÀ°e�Á�É�/¯�»��y��Á���Y�Ã{Z¨f�Y�Z]�ÄË�ne�w�¿�ÉZÅ

���|¿{�¯�Ã{Z¨f�Y�¹�m�ÄÌ¸ze .��������¾Ì/¼ze�¾/ËY�Á{��/Å�Ä/¯�|¿{�¯�½ZÌ]�¾Ì¬¬v»�¾ËY������Y�É{Z/Ë��{Y|/ e��/]�Z/Å

��\�ZÀ»�¹�m�ÄÌ¸ze�®ÀÌ°e�µZu�¾ËY�Z]�|Àf�Å��YÂf�Y�cZÌ��§d�Y��e .�/Ë����É�Ë~/a�ÌÌ¤e��Á��¾/ËY��{�Y�

��Ê»�tË��e�ÊËZ�§��Ä�Â¼n»�Á�{{�³��Ã{Y{��Y�ÉYÊ»�Äf§�³���¿��{��f³��]�ÉZÅ{Â� .�����Ã|/»M�d/�{�Ä/]�lËZ/f¿

�ªÌ«��dÌ¸]Z«���ÄmÂe�¶]Z«�Ê Ì^��É�Z����¾/°¼»�Ä/¯�ÊËZÌ¼Ì�ÂW�ÂÌ]�ÉZÅ|ÀËM�§�Ã|ÌrÌa�Ä�Â¼n»�®Ë�Z]�ÉY

|¿{Y{�½Z�¿�Y��,|ÀÅ{�w��¹Â¸a�®Ë��{�d�Y.

                                                  
1. Passive Flux Meter
2. Midwestern



��

�Y�³�Á��ÌWZ»�¶Å)Maier and Grathwohl., 2006(µ|»��Y�Ã{Z¨f�Y�Z]�É�Z���Á{�Á�®/Ë�É{|��ÉZÅ

��Ã�¨���{�É| ]���¹Â¸a�Ã�Y|¿Y�¾´¼Å�ÉZÅ�|¿{�¯�Ê]ZË��Y�Y��ZËZa�d·Zu�ÉZÅ .�Ê³|À¯Y�a�\ËY���Ä ·Z�»�¾ËY��{

��Ê³�ËÁ�Á���Âf»����µ|»�ÉY�mY�ÉY�]�Ã�¨���ZÌ¬»��{�½ZË�m�ÉZÅÃ�Âu��{�É�Z��Ã{Z¨f�Y�¾´¼Å�Ä^��ÉZÅ

|�|¿ .½M�����®ÌfÀÌ��Z]�Ä�]Y���{�Y��¹Â¸a�µÂ��dÌ�Z�u�ZÅ��\Ë�/��,½ZË�m�d����,Ê°Ë�Â·ÂÌ]�ÄË�ne�ÉZÅ

����|/¿{�¯�Ê/���]��À¯YÁ�É�f»ÂÌ¯Âf�Y�Á�Ã�¨��Á��^À»�Ä�|ÀÅ�,Ê����É{Â¼��Ê³|À¯Y�a .���½Z�/¿�lËZ/f¿

��������Ê/»�Ê°Ë�Â/·ÂÌ]�Ä/Ë�ne�¶/]Z«�Ê¿Z/�M�Ä/]�Ä¯�ÊeZ^Ì¯�e��f�Ì]�ÉY�]�Ä¯�|¿{Y{���Â/¸z»�,|À/�Z]��Á�Ê³|/�

�a����®ÌfÀÌ���Â���{�Ê����Ê³|À¯Y��ªÌ«��ÉY�]�Ã|ÀÀ¯�{Á|v»�¶»Z��,�À¯YÁ�ÉZÅ��d/�Y�Ê/ Ì^��É�Z� .

���d�¸£�Á��^À»�Á�Ã�¨��Ä�|ÀÅ�,Ê����Ê³|À¯Y�a�\Ë���½{Â]�¹Â¸ »�Z]�,¾ËY�]ZÀ]½Á�f°·Y�ÉZÅ�Ã|/¿�Ì³��Z/Å

�½Á�f°·Y�ÁÃ|ÀÅ{�����Ìa�ZËZa��ËY���dve�Ã|ÀËÓM�¹Â¸a�µÂ��,ZÅ|��ÊÀÌ] .��{�½Z�/¿�dÌ�Z�/u��Ì·Z¿M��Ä/¯�{Y

��Ã|ÀÅ{��À¯YÁ��ÔfyY�ÉY�]�Ê¼¯�dÌ¼ÅY�ÉY�Y{�Ê·Â��Ê³|À¯Y�a�¹Â/¸a��{�ÊËZÌ¼Ì�ÂW�ÂÌ]�ÉZÅ��[M�ÉZ/Å

����d�Y�ZËZa�d·Zu��{�ÊÀÌ»��Ë� .ÄÌ^�É�Z�������¹Zn¿Y��Ë��Ê»ÂÆ¨»��Á��Á{��Y�Ã{Z¨f�Y�Z]�É| ]�Á{�É{|��ÉZÅ

|� :� (����������|/v»�ÉY�/mY�|/¯��Y�Ã{Z¨f�Y�Z]�Ê]Á�°Ì»�|���Z]�Ã|���Z^�Y�Ä¬�À»�µ|»�®Ë�{ÁBIONAPL�Á�

� (��w�¿�Z]�µ|»�®ËÊ»���¿��{��Z^�Y�Ê�z]��Â��Ä]�Y��½ZË�m�Ä¯�d]Zi��À¯YÁ�ÉZÅ��®/Ë�¾ËY�]ZÀ]�Á�{�Ì³

���Ê/»�ÄWY�Y�½�Ì�¯Y��^À»�½YÂÀ��Ä]�ÊÀÌ»��Ë��[M�t����Y�Ê «YÁ�µ|»�|/Å{ .������º/nu�|/¯�µ|/»�¾/ËY�ÉY�/]

��{Á|v»MIN3P��|��Ã{Z¨f�Y� .���{Á|v»�cÁZ¨e�É| ]�®Ë�µ|»DR�ÄÌ^/��ÉY�]��Zu�É�Z/������Z/°]�Z/ËZa�d/·

d§� .��������Ê»��ÅZ¯�ÃÂ¬·Z]��Â��Ä]�Y��ÊeZ^�Zv»�½Z»��µ|»�¾ËYÄÌ^���Y�É�f�Ì]�{Y| e�Á�|Å{É�Z����{�Y��Z/Å

Ê»���¿{�Ì³.

�½Y�Z°¼Å�Á��ÀÅÂÅ)Hohener et al., 2006(��������Z/y�®/Ë��{�Ä/¯�dyÂ/���/^À»�®/Ë��Y�Ã{Z¨f/�Y�Z]�

Ä�Z»����ÂÌ]�ÄË�ne�w�¿�\ËY���{Â]�Ã|��Ã{Y{��Y�«�Ã|�¿��Z^�Y�ÉY�É�YÂÅ�Ê°Ë�Â·�����Y�/§�Êf¨¿�¾]�¯Á�|ÌÅ�

��|¿{��¾Ì¼ze�Y� .½M����Ê°Ë�Â/·ÂÌ]�Ä/Ë�ne�w�/¿�\ËY���¾Ì¼ze�ÉY�]�Ê¸Ì¸ve�Ê�À¯YÁ�µZ¬f¿Y�µ|»�®Ë��Y�ZÅ

�����|/¿{Â¼¿�Ã{Z¨f�Y�É�ÅZ��µÁY�Ä^e�» .����������Ê�/À¯YÁ�É{|/��µ|/»�Á{�¾Ì/Àr¼ÅMOFAT�Á�MIN3P��ÉY�/]�

ÄÌ^����������ÉY�/]�Á��Y�§�Ê·M�cZ^Ì¯�e�cY�Zz]�É}Â¨¿�c�mZÆ»�É�Z�������Ã{Z¨f/�Y�Ä/Ë�ne�w�/¿�\ËY�/��¾Ì/¼ze



��

|¿|Ë{�³ .��|¯MOFAT���������������|/Àq�µZ/¬f¿Y�Á�É�Z/§�|/Àq�½Z/Ë�m�ÉY�/]�É| ]�Á{�{Á|v»�ÉY�mY�Ä»Z¿�]�®Ë�

Ä¨·Â»�d�Y�ÉY .��µ|»MIN3P����Ä¨·Â»�|Àq�Ê�À¯YÁ�µZ¬f¿Y�|¯�®Ë�d�Y�É| ]�Ä��ÉY .�ÉZÅ|ÀËM�§�|¯�¾ËY

���À¯YÁ�Z]�Y��Ê°Ë�Â·ÂÌ]�ÄË�neÊ»�\Ì¯�e�ÊËZÌ¼Ì�ÂW��ÉZÅ|À¯.�Ê/³�ËÁ�µ|»�¾ËY������ËY�/��,\/Ì¯�e�ÉZ/Å

�������Ê»�d§ZË�{�É{Á�Á�ÉZÅ�f»Y�Za�½YÂÀ��Ä]�Y��YÂÅ�Á�Zy|À¯ .������Á{��Y�Ã{Z¨f/�Y�Z/]�Ê°Ë�Â/·ÂÌ]�w�/¿�\ËY�/�

����ZÌ¬»�®qÂ¯�ÊÅZ´�ËZ»�M�ºf�Ì���������|/��Ã{��¾Ì/¼ze�Ê/¸Ì¼°e�ÊÅZ´�/ËZ»�M�½Âf��Á� .���Ê¸/�Y�¥|/Å

�������Ê°Ë�Â/·ÂÌ]�Ä/Ë�ne�w�/¿�Z/ËM�Ä/¯�{Â]�dÌ «YÁ�¾ËY�Ê���]�,Ä ·Z�»�Ã{Y{�Á�ÊËY�v/������Y�¶/�Zu�w�/¿�ÉZ/Å

.|Àf�Å�Ä�ËZ¬»�¶]Z«�ÃZ´�ËZ»�M

�½Y�Z°¼Å�Á��Ì])Beyer et al., 2006(������¾Ì/¼ze��{�d/Ì �«�¹|/��,É�Z/n»�Ã�¨/���Á���Y�Ã{Z¨f�Y�Z]�

µÂ�����Ã�¨���{�Ã|ÀËÓM�¹Â¸a�ÉZÅ���|¿{Â¼¿�Ê]ZË��Y�Y��¾´¼ÅZ¿�ÉZÅ .�ÄË�ne�w�¿��ÌiPe��]��Z¯�¾ËY�Ê¸�Y��¯�¼e

�µÂ���]�a�ÉZÅ{Â]�¹Â¸ .¹Â¸a½Y|Ì»��{�Ã|ÀËÓM�ÉZÅ�����/ »��{�Á�¾´¼ÅZ/¿�É| ]�Á{�dËY|Å�dÌ¸]Z«�Z]�ÊËZÅ

®ÌfÀÌ���¶ÌWZ°Ì»�Á�µÁY�Ä^e�»�ÄË�ne�ÉZÅ-¾fÀ»��
(MM)���|/Ë{�³�Ê/���]�É�/¯�»��y��Á��Ä¸Ì�Á�Ä]� .

���d/�Y�Ê/ �«��Ì£�c|��Ä]�Ã|��¾ÌÌ e�w�¿�d]Zi�Ä¯�{Y{�½Z�¿�Â·�Z¯�d¿Â»�Ê���]�®Ë .����{�¹Â/¸a�Ê/f«Á

�Ì���� »®ÌfÀ���ÄË�ne�ÉZÅMM�����Ê§Z�Y�ÉZ�y�®Ë�,|Ë{�³�Ê���]�µÁY�Ä^e�»�w�¿�½Â¿Z«�®Ë�Ä¸Ì�Á�Ä]�

�������d§ZË��ËY�§Y�dÌ �«�¹|��Á�|��{�YÁ�lËZf¿��{ .������ÉZ/Å�f»Y�Za�¾Ì/Ì e��Â/�À»�Ä/]�¾Ì/¬¬v»�¾ËYMM��Ä/]�

�Ã{Y{�Ä¸Ì�Á��¹Â¸a�ÉY�]�É�¯�»��y�ÉZÅ�ÄË�ne�®ÌfÀÌ��Z]�ÉZÅMM�|/¿{�¯�Ã{Z¨f�Y�½ÂÌ��³���Á���Y� .

�Â¸a�µÂ���������ÉZÅ�f»Y�Za��Y�Ã{Z¨f�Y�Z]�Ã|��Ä^�Zv»�¹MM����Ê/ «YÁ�µÂ/��Ä]�µÁY�Ä^e�»�\Ë�¬e�Z]�Ä�ËZ¬»��{�

�®Ë{�¿�¹Â¸a�{Â]��e .�������ÄÌ^/��|¯�Ä¸Ì�Á�Ä]�µZ¬f¿Y�Á�½ZË�m�cÓ{Z »�Ä ·Z�»�¾ËY��{����{Á|/v»�ÉY�/mY�É�Z/�

GeoSys/RockFlow|Ë{�³�¶u�.

                                                  
1. Microcosm
2. Michaelis-Menten



��

���cÂ/¸ËÂÌ³�Á�Z/ÌeM)Atteia and Guillot., 2007(���µ|/»�®/ÌÀ°e�®/Ë�����Ä//]�|/Ë|m�Ê/¸Ì¸ve�É�Z/�

¹Z¿MIKSS 
��Ìa�ÉY�]�Y��¹Â¸a�ÄÌ�Zu�Á�Äf�Å�Ã|��µ�fÀ¯�ÄË�ne�ÊÀÌ]BTEX¹Â¸a�Á�µÔu�ÉZÅ��ÉZ/Å

������|¿{Y{�ÄWY�Y�¹Â¸a�µÂ��Ä^�Zv»�Á�ÄÀË�¸¯ .��d/�¸£�Ä^�Zv»�½Z°»Y�É�eY�f�Y�¾ËY������À/¯YÁ�{YÂ/»�Ä/¼Å�ÉZ/Å

������Ê»�ºÅY�§�Y��¹Â¸a�®Ë��{�Ã|ÀÅ{{�Z� .���]�¶�Y�Ä �Âe�®Ë��Â¯~»��Á�ÅºÊÆ¿�����¶/¼��Ä/]��{Z/«�Ä¯�d�Y�

��À¯YÁ�½Z»�¼Å����À¯YÁ�Á�Ê°ÌfÀÌ��ÉZÅ�Ä�v·�ÉZÅ��d/�Y�ÉY .��������µ�/fÀ¯�¶/»YÂ��¾Ì/¬¬v»�¾/ËY�¾Ì/Àr¼Å

¹Â¸a�Ã�Y|¿Y�Ã|ÀÀ¯�ÉZÅBTEXµÔu�Á�ªÌ«���ËY���dve�Y��ÄÀË�¸¯�ÉZÅ|¿{Â¼¿�ÊËZ�ZÀ��Ê Ì^��É�Z�.

�½Y�Z°¼Å�Á�Á�ÌaZ¯)Capiro et al., 2007(��¶]Z«�µÂ¿ZeY�µZ¬f¿Y����{�Y��Ê/ÀÌ»��Ë��[M��]���iY�Á�dyÂ

������|¿{�¯�Ê���]�cÂ¸ËZa��ZÌ¬»�Z]�Ã�¨��®¿Ze�®Ë .½M���ÉY�/]�Y��ÊÅZ´�/ËZ»�M��ZÌ¬»�®qÂ¯�cZ�ËZ»�M�ZÅ

����Zf§��Ã|ÅZ�»E95���������|/¿{Y{�¹Z/n¿Y�ZËZa�½ZË�m�ºf�Ì���{�ÊÀÌ»��Ë��[M�t����{�Ã|��ªË��e� .��¾Ì/Àr¼Å

�����Äf�ÂÌa�½ZË�m�®¿Ze�®Ë��Y�¾Ì¬¬v»�¾ËY�����ÉY�]�É�fÌ·���µÂ¿Z/eY�É�Z�ZÅ��Ê¼¯�Ä ·Z�»�®Ë�¹Zn¿Y�

�|¿{Â¼¿�Ã{Z¨f�Y .½M��|¿{Â¼¿�Ä�ËZ¬»�ºÅ�Z]�Y��|Ì»Á�]�[ZË{��Á�µÂ¿ZeY�c�mZÆ»�ZÅ .����Y�Ã{Z¨f/�Y�Z/]�¾ÌÀr¼Å

Ã{Y{����ËZ»�M�½ZËZa��{�Zy�Ã�¤»�ÉZÅ)��Y��a���Á�� (���½Z/Ë�m�½|/��{Á|v»��]�ÊÀ^»�Y��É|ÅYÂ�E95�

�z]��{ËPe�ÄÀÌËÂ»�Ä¬�À»�Ã|���Z^�Y�ÉZÅ|¿{�¯�|Ì.

�Ê¼XÌ¿�Á�|¿Â·�³Z§)Fagerlund and Niemi., 2007(�Ã|��¶aÂ¯�Ê�z]��Â��Ä]�Ê�Á��)PCFF(��Y��

�µ|»�ÉY�]��������������{ZÆÀ�/Ìa�½M�É�Z/§�|/Àq�d/ Ì^��¾f§�/³��/�¿��{�Z]�¶ÌWÁ�Z³�Êv����Ë��Ê³|À¯Y�a�É�Z�

|¿{�¯ .���Ê»�½Z°»Y��Á��¾ËY�������������f§�/³��/�¿��{�Z/]�Á�¾Ì/»���{�¶/ÌWÁ�Z³��Â/¸z»�c�mZ/Æ»�¾¼/��Ze�|Å{�¾

�����Ä/]�¾WÂ¸e�Á�½�À]�½Âr¼Å�½M�¦¸fz»�ÉY�mY�,�za�Á��Ìz^e�,É�Z³�Á�Ê]M�ÉZÅ�Z§��{�µÔv¿Y�ÉZÅ|ÀËM�§

���{Â��Ä ·Z�»�Ä¿Z³Y|m�c�Â� .½M�Ã|ÀËÓM�ZÅ���Ê/³�ËÁ�Z]�ÉZÅ�����������/z]�d�/Å��{�Y���´Ë|/°Ë�Z/]�Ä]Z�/»�ÉZ/Å

ÃÁ�³�|¿{�¯�É|À] .������z]�Ä¯�d�Y�¾ËY��]���§��{��Â�u�É�Z³�Á�Ê]M�ÉZÅ�Z§��{�Ä¯�Êf«Á�ZÅ��¶¬f�/»�|¿�Y

                                                  
1. Mixed Instantaneous and Kinetics Superposition Sequence
2. Superimposition
3. Partially Coupled Fraction-by-Fraction



��

���c�Â��Ä]�Ä¯�Êf«Á�Z»Y�,|¿�´Ë|°Ë��YNAPLÊ»�Ê»��Zf§���Â¸z»�®Ë�c�Â��Ä]�,|À�Z]�|/ÀÀ¯ .��c�mZ/Æ»

�����µ|/»��Y�Ã{Z¨f/�Y�Z]�Ä¿Z³Y|m�c�Â��Ä]�,[~m�|ÀËM�§�¾f§�³���¿��{�Z]�É�Z³�Á�Ê]M�ÉZÅ�Z§��{��z]��Å

��Ä¨·Â»�®e�½ZË�m����É�Z§�|Àq�ÉYT2VOC�Ê»�µ|»�Ê·Zu��{�,{Â���Y�M��Z/§�d/¯�u�Ä¯���Z/�Z�Y�¶/ÌWÁ�Z³�{�

���z]�Ä¼Å�ÉY�]��d�Y�½Z�°Ë�ZÅ .��������Ê¿Z/»��¶/�YÂ§��{�¶/ÌWÁ�Z³�{Y�M��Z/§�\Ì¯�e�Ê¿Z����Á��Ä]�½Z°»Y�ÉY�]

�µ|»�,¾Ì »���Ä¸u�»�c�Â��Ä]�É�Z�Ê»�¹Zn¿Y�ÉY{Â� .���������®/Ë�Z/]�½M�Ä�/ËZ¬»�Ä¸Ì/�Á�Ä/]��/�¿�{�Â/»��Á�

ÄÌ^���Ô»Z¯�É{|���Z����Ä¨·Â»�|Àq�É�Z§�|Àq�Ã|��¶aÂ¯��½YÂÀ��dve�ÉYTMVOCÄÌ^���{���®/Ë�É�Z�

��������|��Ê]ZË��Y�|WÂ��µZ¼���{�½M�¶»Zu��°¿Ze�¥{Z�e��iY��{�¶ÌWÁ�Z³�d�¿��yZ��ÂË�ZÀ� .���Á��Ä/q��³Y

PCFF����Ã{Z��É���®Ë�¶»Z��É�Z�������������Z/]�Ä�/ËZ¬»��{�Ä/�uÔ»�¶/]Z«�{Â/^Æ]�®/Ë��Á��¾/ËY�Z/»Y�,d�Y�ZÅ

µ|»�Ã|¿�Z��É�Z�����Ä]�¶ÌWÁ�Z³�ÉZÅ�Ô»Z¯��Â����Â¸z»�®Ë�½YÂÀ��Ä]�ZË�Á�Y�n»��¨À»�{�ÁM�{ÂmÁ�Ä]�{ .��¾/ËY

�ÓZ¼fuY��Á�������Ê/¼¿�Ã{Z¨f/�Y�¶/]Z«�|Ë|/��d/§�ÀÆa�Z/]�É{�YÂ»�ÉY�]�ºÌ¬f�»��Â��Ä]��|/�Z] .�ÄÌ^/����Z/�

T2VOC�����������®/Ë�¾/ËY�Ä/¯�,d/�Y�ÊËZ/¼¿�µÁY�Ä/^e�»�\/Ë�ze�|/ÀËM�§�®Ë�Z]�ZÆÀe�Ê°Ë�Â·ÂÌ]�ÄË�ne�¶»Z��

�d�Y�dË{Á|v» .µ|»��Á��¾ËY�Ê�Z�Y���§�®Ë��M�ÉZ/Å�Z§��{�Ä/¯�d�Y�½M�É�Z�����|/»Zm�Á�É�Z/³�,Ê/]

������Ã|¿�Z���´Ë{��Â�u�Ä]�¶ÌWÁ�Z³��z]��Å��Zf§�d�Y�Äf�]YÁ�ZÅ .µ|»�¹Z´ÀÅ�Ä]�������/Å�®/Ë�Ä/]�®/Ë�É�Z/�

���z]��´Ë{�,�z]��������Ê/»��Z/f§��¶ÌWÁ�Z³�{Y�M��Z§��Y��Ì£�Ä]��´Ë{�ÉZÅ�Z§�Ä¼Å��{�\ËZ£�c�Â��Ä]�ZÅ�|¿Â/� .

�����z]��´Ë{�Ê]M��Z§��{����Ä/]�YÂÅ�c�Â��Ä]�É�Z³��Z§��{�Á�[M�c�Â��Ä]�ZÅ��Ê/»�Ã{�ÁM�[Z�/u�|¿Â/� .��¾/ËY

��Ê³�ËÁ��]�Ê¼¯�cY�iY��Â�Â»����dË{Á|/v»��Y�Ê/y�]�\^/��Ä/¯�{�Y{�ZÅ�Z§�¾ËY�Ê°Ë�Ì§Â»�e�ÉZÅ���ÉY�/]�Z/Å

�Á�Ê»{Â� .������Ê/»�Y�/mY�Ê/�y�c�Â/��Ä/]�|»Zm��Z§�Ä]�Êv���[~m�,Ä ·Z�»�¾ËY��{����Á��Z/»Y�,{Â/�

PCFF���µ|»�ÉY�mY�dÌ¸]Z«����{�Y{��Ì¿�Y��Êv���[~m��´Ë{�ÉZÅ .���dË{Á|/v»�®Ë����{�Ä/¯�d/�Y�½M��Á

����z]�¾Ì]�Êf]Z«��cY�iY�¾f§�³���¿Ê»�Á�d�Y�¶°�»�¦¸fz»�ÊËZÌ¼Ì��ÉZÅ����d/�{�É{Z/Ë��cY�/iY�|¿YÂe

���w�¿�ÉÁ���]�º¯��|À�Z]�Äf�Y{�Ê°Ë�Â·ÂÌ]�ÄË�ne�ÉZÅ .�É{�YÂ»�¾ÌÀq��{PCFF�Ê/»�����Ê]Z/Ë��Y�ÉY�/]�|/¿YÂe

�����Ìa�¹Zn¿Y�Z]�c|»�ÃZeÂ¯�®�Ë�ÊÀÌ]{Â��Ã{Z¨f�Y�¾°¼»�ÂË�ZÀ��¾Ë�e|]� .��Ì/a�ÉY�]�Ê/ÀÌ]���|/À¸]�ÉZ/Å

������µ|»�,Äi{Zu�Z]�Ä�]Y���{�d�¿��Y�| ]�Ã|ÀËÓM�c�mZÆ»�c|»PCFFÊ»�����ÂË�ZÀ/��Ä/Ì·ÁY��/z]�ÉY�]�|¿YÂe



��

����Ä¯�Êf·Zu��{NAPL����{Â��Ã{Z¨f�Y�,d�Y��vf»�c|��Ä]� .����Ä/¯�Ê/f«Á��b/�NAPL����/vf»��/Ì£�

Ê»�������Ê»�Ã{Z¨f�Y�ÄÌ·ÁY�����®Ë�{ZnËY�ÉY�]�µ|»�ÊmÁ�y�,{Â�Ê»�Ä¯�{Â�¿YÂe���É�Z/§�®/e�µ|»�®Ë�Z]�|

|ËZ¼¿�ÄÌmÂe��fÆ]�Y��Ê]M��Z§�ÉZÅ|ÀËM�§�Ze�Ã|��Äf§�³��Z°] .

�½Y�Z°¼Å�Á��|Ì¸�¿Á)Vencelides et al., 2007(ÃÂ¬·Z]��¬¿�Y|Ë|��Ä¬�À»�®Ë�ÉÁ���]�¾ÅM�Äy�q��

�µ|»�Y��Êf¨¿�¾]�¯Á�|ÌÅ�cZ^Ì¯�e�Z]�Ã{Â·M|¿{�¯�É�Z� .d�¿��Y�Ê³{Â·M�¾ËY�����Y�Ã{�f�/³�Á�{|/ f»�ÉZ/Å

�Ã�Ìy}�¶v»�®Ë���\/Ì·�Ä/¿Zy{Á��®/Ë{�¿�É�¿�eYÂ¯�Ã�¨��¶yY{�Ä]�Êf¨¿�¾]�¯Á�|ÌÅ�cZ^Ì¯�e�É�Z����{�

�|��Ê�Z¿�®q�É�ÂÆ¼m .µ|»��Y�¶�Zu�ÄÌ·ÁY�lËZf¿��Z�Y��]��µ|/»�,ÊËZÌ¼Ì/�ÂW���Â° »�É�Z���É�Z/�

����Ä/¨·Â»�|Àq�Ê�À¯YÁ�µZ¬f¿Y�������������Ê/¼¯�ÉY�/]�º/Æ»��Y�/]Y�®/Ë�½YÂ/À��Ä/]�ÉY����ÉZÅ|/ÀËM�§�¦Ì/�Âe�Á�É�Z/�

�ÂW�ÂÌ]|��Ã{Z¨f�Y�º¯Zu�ÊËZÌ¼Ì    .

��µ|»�Ä¸u�»�¾Ì·ÁY�½YÂÀ��Ä]µ|»��Á���Y�¾Ì¬¬v»�¾ËY�,É�Z�����ÉY�/]�ÊËZÌ¼Ì/�ÂW���Â/° »�É�Z�

�µ|»�¾ÌÌ e|¿{Â¼¿�Ã{Z¨f�Y�¹�m�µZ¬f¿Y�ÉZÅ|ÀËM�§�Á��À¯YÁ�ÉZÅ .µ|»�,| ]�Ä¸u�»��{���É|/ ]�Á{�É�Z/�

����Ä¨·Â»�|Àq�Ê�À¯YÁ�µZ¬f¿Y�Á��Ìa�����¸�Y�ÉZÅ|ÀËM�§�Ze�|��¹Zn¿Y�ÉY��Y��Ä/¬�À»��{�ÊËZÌ¼Ì�ÂW��¶»Z°e�Ä¯�Ê

�Ê»�µ�fÀ¯�½Á�f°·Y�¹�m�Ä¿�YÂ»�¦Ì�Âe�ÉY�]�Á�|ÀÀ¯�Ã|/¿�Ì³��Ê/»�¹�Ó�Z/Å���|/¿{�³�Ê]Z/Ë��Y�,|À/�Z] .��µ|/»

PHREEQC-2��µ|»�ÉY�]�����|��Ã{Z¨f�Y�ÊËZÌ¼Ì�ÂW���Â° »�É�Z� .����Ä/�Â¼n»�d�/¿YÂe�Ä/»Z¿�]�¾ËY��Y�ÉY

�À¯YÁ��������Ê°Ì»ZÀË{Â»�e��Zv·��Y�¾°¼»�ÊËZÌ¼Ì�ÂW��ÉZÅ�Ê/»�Ä¯�|À¯�¾ÌÌ e�Y����Ã|ÅZ�/»�cY�/ÌÌ¤e�|/À¿YÂe

|ÀÅ{�tÌ�Âe�,|¿{Â]��Â]�»�ºÅ�Ä]�Ê°Ì·Á�|ÌÅ���¿��Y�Ä¯�Ä�¬¿�Á{�¾Ì]�Y��[M�Ê¼Ì���{�Ã|� .

µ|»��������|/��¹Z/n¿Y�½ZË�m�{Y|f»Y��{�É{Â¼����¬»�®Ë�ÉY�]�Á��Ìa�Ê�À¯YÁ�µZ¬f¿Y�É�Z� .��½Z/Ë�m

����¹�/¿�Z/]��/�¿�{�Â»�{Y|f»Y��{�ÊÀÌ»��Ë��[M���Y�/§YMODFLOWv»���|/��Ä^/�Z .�������½Z/Ë�m�½Y|/Ì»��b/�

ÄÌ^��µ|»�ÉY�]�Ã|��É�Z�Ä¨·Â»�|Àq�Ê�À¯YÁ�µZ¬f¿Y�|¯�Z]�Ê�À¯YÁ�µZ¬f¿Y�É�Z��ÉYPHT3D��Ã{Z¨f/�Y�

|� .��µ|»PHT3D�ÄÌ^��,����µZ/¬f¿Y��Z/�MT3DMS����ÊËZÌ¼Ì/�ÂW��Ä/»Z¿�]�Z/]�Y��PHREEQC-2����\/Ì¯�e�

Ê»|À¯.
                                                  

1. Labe



��

�ÊqÂ·YÁ�Á�Z°a�Ì¯)Cirpka and Valocchi., 2007(Y��®Ë�Ã���/Ë�Âe�Ä/ÌmÂe�ÉY�]�Y��Ê¸Ì¸ve�¶u��ÉZ/Å

����»ÂÌ]�Á�µÂ¸v»�ÉY�mY�d�¸£�ÂÌeYÁ��¿Z¯�\Ì¯�e�®Ë�d�¸£��Ë�Âe�ÉÁ���Y�������Ä/WY�Y�Z/ËZa��ËY�/��d/ve�

|¿{Â¼¿ .����®ÌfÀÌ���Y�µ|»�¾ËY��{��\/Ë�ze�¦Ì�Âe�ÉY�]��Ì¿�¦¸fz»�µ|»�Á{�Á�Ã|��Ã{Z¨f�Y�Ä¿Z³Á{�|¿Â»�

��|Ë{�³�ÄWY�Y��»ÂÌ] .���Y�,�»ÂÌ]�\Ë�ze�µ|»�¾Ì·ÁYÊ»�Ã{Z¨f�Y�d]Zi�µÁY�Ä^e�»�\Ë�ze�\Ë���®Ë��|/À¯ .

�Ê»���§�¹Á{�µ|»�Ä¯�Ê·Zu��{���½Á�/f°·Y�d/�¸£�Ä/]�\Ë�ze�\Ë���Ä¯�|À¯��{�Y{�Ê´f�/]�Ã|/¿�Ì³ .��¾/ËY

�����|/¿{�]��Z/°]�É| ]�Á{�dyYÂÀ°Ë�½ZË�m��{�Ê�y�ªË��e�d·Zu�®Ë�ÉY�]�Y���Â¯~»��Á��¾Ì¬¬v» .½M��Z/Å

���ËY���dve�Ê�À¯YÁÂÌ]�µZ¬f¿Y�ÉY�]�Y��ÊeY�Z^���Ê/����Ê³|À¯Y�a�Z]�½|���Â¸z»�Ã|Ë|a���Âe�Ä¯�ZËZa��

�Ê»�µ�fÀ¯��|¿{Â¼¿�ÄWY�Y�,|¿Â� .������Ë�Âe�Ä¯�d�Y�¾ËY�©Â§��Á��É|Ì¸¯�Äf°¿��d/ve�Ê�À¯YÁÂÌ]�d�¸£�ÉZÅ

���Ê»�Y��ZËZa��ËY���������d/�Y{�½Z/Ì]�ÂÌeYÁ��/¿Z¯�\/Ì¯�e�®/Ë���Z/Àf»�d/�¸£��Ë�Âe��Z�Y��]�½YÂe .��¾/ËY��{

����º�q�Ê·Â��Ê³|À¯Y�a��Y�,Ä ·Z�»��Ê�Âa���Ä/�v·��À¯YÁ�Á�|���|/Ë{�³���/§�ÉY .���µ|/»�{�/§��/³Y���Y��Z/�

������������Ä/�v·��À/¯YÁ�µ|/»�,|/À¯�Ã{Z¨f/�Y��»ÂÌ]�Ê�y�\Ë�ze�ÉZm�Ä]�d�¸£�Ä]�Äf�]YÁ�\Ë�ze��ÉY�/]�ÉY

\�ZÀ»�Ê�À¯YÁÂÌ]�µZ¬f¿Y�\Ë�¬ed�Y��e .

�ÊfaÂ¯�Á�Â¸³ÁY�Z�)Sarioglu and Copty., 2008(���ÉY�/]�Y��µZ/¬f¿Y�Á�ÊËZÌ¼Ì�ÂW��Ã|��¶aÂ¯�µ|»�

^�ÄÌ���Äf§��Ìa�Ê°Ë�Â·ÂÌ]�ÄË�ne�É�Z���¾]�¯Á�|ÌÅ�������/iY�Ä/¯�|¿{Y{�Ä �Âe�dË�Ìa�ÉÁZu�Ã�¨��®Ë��{�ZÅ

pH��������Ê»�¹Z£{Y�Y��¾]�¯Á�|ÌÅ�Ê°Ë�Â·ÂÌ]�ÄË�ne�w�¿��]�|À¯ .�������Ä/Ë�ne�dÌ�Z�/u�Ê]Z/Ë��Y�ÉY�/]�µ|/»�¾ËY

��������ÌÌ¤e�Ä¿Â´q�Ä¯�¾ËY�cZ^iY�ÉY�]�Á�dË�Ìa�ÉÂfv»�Ä]�¾]�¯Á�|ÌÅ�É�YÂÅpHÊ»�Êv����Ë��¿YÂe���/iY�Z]�|

���Ä]�ºf�Ì��ÊËY�Z¯�ªË���¾Ë|]�Á�|À¯�Ä¸]Z¬»�dË�Ìa����|/Ë{�³�Ã{Z¨f/�Y�,|/Å{��ËY�/§Y�Y��Ê°Ë�Â·ÂÌ]�É�Z� .

�������������Ä/¿Â³�Ä/¼Å�Ä/]��Â]�»�µZ¬f¿Y�cÓ{Z »�Á�ZËZaZ¿�ÊÀÌ»��Ë��[M�½ZË�m�Ä·{Z »�����Ä/Ë�ne�Ã|/ÀÀ¯��iP/f»�ÉZ/Å

                                                  
1. Biomass
2. Conservative
3. Enhanced



��

��®¿�¯�{Á|v»�cÁZ¨e�ºfË�Â´·Y�®Ë��Y�Ã{Z¨f�Y�Z]�¾]�¯Á�|ÌÅ�Ê°Ë�Â·ÂÌ]-¸°Ì¿�½Â��|��¶u� .���µ|/»�¾/ËY

�À¯YÁ�ºÅ�É| ]�Á{�À¯YÁ�ºÅ�Á�Ê°ÌfÀÌ��ÉZÅÄÌ^��Y��ÊËZÌ¼Ì�ÂW��Ê·{Z e�ÉZÅÊ»�É�Z�|À¯.

�½Y�Z°¼Å�Á�¾ÀÌe�Ì»)Myrttinen et al., 2009(�������Á{�,{Á|/v»�ÉY�/mY�Ã|/ÀËÓM�µZ/¬f¿Y�µ|/»�®/Ë��Y�

�ÄËÓ�®e�É| ]ÄÌ^���Â�À»�Ä]�ÉY����¶/Ìf»�¹Â/¸a�®/Ë�É�Z/��É�ZÌ/��e�¶/ÌeÂ]���/eY)MTBE (���[M�ÃZ/q�Ä/¯

����±Â°�Za�Ä¬�À»��{�Ê¸�Y�Ê¿|Ì»Z�M����{ÂÅ��Ã�Ë�m��{�������,{Â/]�Ã{�/¯�Ã{Â/·M�Y��Z/°Ë�»M�|À¸´¿YÂÌ¿�ÄÌuZ¿��{�

�|¿{Â¼¿�Ã{Z¨f�Y .����Ã{Z¨f�Y�{�Â»�É{|��|¯Geosys/RockflowÄÌ^��Ä]��{Z«�Ä¯�{Â]����Ã|/��¶/aÂ¯�É�Z�

���Ê»�µZ¬f¿Y�Á�½ZË�m|�Z] .��ÄÌ^��Ä]�É�ZÌ¿�,¾ËY�]ZÀ]�e�Á�µZ/¬f¿Y�É�Z���µÂ/vMTBE����Ä/¿Z³Y|m�ÉZÅ|/¯�Z/]�

�����d�Y|¿�{ÂmÁ�µZ¬f¿Y�Á�[M�½ZË�m .Ã{Y{�ÉÁ���Y���cZ/�Ô�Y�Á�ÊËZÌ¼Ì/��,É�Â·ÂW�Á�|ÌÅ�ÉZÅGIS��{Â/mÂ»�

µ|//»�Ê//���]�{�Â//»�Ä//¬�À»��{|//��¹Z//n¿Y�É{|//��É�Z//� .½Mµ|//»��Y�Z//Å�µZ//¬f¿Y�Á�½Z//Ë�m�É�Z//�

��ÄÌ^��ÉY�]�Ê°Ë�Â·ÂW�Á�|ÌÅ��]�Á�¾°¼»�Ê³{Â·M�É�Z�ZÅ��ÉZÅÂË�ZÀ��É�Z�����®/Ë�¶/»Z°e�Ê´¿Â/´q�Ê�

��¹Â¸aMTBE��|¿{�¯�Ã{Z¨f�Y� .�������Ã�/ËÁ�Ê°Ë�Â·ÂÌ]�ÄË�ne�w�¿�½ÂqMTBE����µÂ/Æn»�±Â°/�Za�Ä/¬�À»��{�

��������|/Ë{�³�Ã{Z¨f/�Y���Y�/]��f»Y�Za�®Ë�½YÂÀ��Ä]�c�Z^��¾ËY�,{Â] .���Ê°Ë�Â/·ÂÌ]�Ä/Ë�neMTBE���Ä¸Ì/�Á�Ä/]�

����ÄË�ne�w�¿�d]Zi�®Ë�Z]�µÁY�Ä^e�»�®ÌfÀÌ��-
s

�-��w�¿�Z]�Ä¯�|��Ã{��\Ë�¬e���d/ve�Ã|��Ã|ÅZ�»�ÉZÅ

�dËZ���ËY�����{�Y{�ª]Z�e�Ä]Z�»�ÉZÅ .�ªÌ«��,Ê���]�¾ËY��{������z�/»�dËZ/��cZ]Â/����{�Ê/ Ì^��É�Z�

|�.

�����½Y�Z°¼Å�Á��Z^e�Ê¿Z»�Æ«)����(��Ê³{Â·M�cÔ°�»���¥��»��Y�Ê�Z¿�MTBE�����Â�/y�Ä/]�Á�Z/Ì¿{��{�

���|¿{�¯�Ê���]�Y��½Y�ËY .½M�����d/¯�u�,�Â�Â»�¾ËY��]�ÃÁÔ��ZÅMTBE��m�Z/]�ÃY�/¼Å�����Ì/v»��{�Y��[M�½Z/Ë�

���ÄÌ^��®¼¯�Ä]�¶z¸zf»�Ä¿ZËY��É�Z���µ|/»�Á�ÉY������®/ÌÀ°e��Y�¾f�/m�É�Z/Ë�Z/]�Á�ÊÅZ´�/ËZ»�M�ÉZ/Å���ÉZ/Å

Äf�Å��|¿{Â¼¿�Ä ·Z�»�ÉY .������Ê�ZË��µ|»��Y�¾Ì¬¬v»�¾ËYHYDRUS��ÄÌ^��ÉY�]�É�Z����Ã{Z¨f/�Y�Ä/Ì·ÁY�ÉZÅ

                                                  
1. Crank-Nicholson
2. Pascoag
3. Rhode



��

����Z]�Ze�|¿{�¯Ã�Æ]������������{Â/��Ê/uY���Ê/°Ë�Ì§�µ|/»�®/Ë�,½M�lËZ/f¿��Y�É�/Ì³ .�µ|/»HYDRUS���Y�Ê/°Ë�

µ|»���������Ê/»�Z/y��{�Z/»�³�Á�sÔ/»Y�,[M�d/¯�u�Z/]��Z^e�Y��{�É| ]�Á{�Äf§��Ìa�ÉZÅ�����/�Âe�Ä/¯�|/�Z]

����½Y�Z°¼Å�Á�®¿ÂÌ¼Ì�)���� (�����d/�Y�Ã|/��Ã{Y{�Ä /�Âe�Z/°Ë�»M�Zy�É�Â��ÃZ´�ËZ»�M��{ .���µ|/»�¾/ËY

��������µZ/¬f¿Y�cÓ{Z/ »�Á�Z/y��{�[M�d¯�u�Ê���]�ÉY�]��{�ZrË��Ä·{Z »�É{|��¶u�¶»Z�-Y����ÉY�/]��Z�/f¿

���d�Y�Zy��{�Z»�³�Á�sÔ»Y�d¯�u�Ê���] .ÄÌ^��Ä]��{Z«�µ|»�¾ËY����Z^/�Y��/Ì£�Á��Z^�Y��ËY����{�É�Z�

���������Y���Â/° »��Á��Ä/]�Zy�Ê°Ë�Ì§�cZÌ�Â�y�¾Ì¼ze�ÊËZ¿YÂe�Á�Ã{Â]�Ê�Z ��Á�É{Â¼��,Ê¬§Y�d·Zu��{

{�Y{ .½M��ÄÌ^��ÉY�]�ZÅ�������¾fqÂ/À³�½Á�µ|»��Y�Ê°Ì·Á�|ÌÅ�µ|»�É�Z�-�º/¸ »���Ã{Z¨f/�Y��|/¿{Â¼¿� .��¾/ËY��{
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�µ|/»�,º¯Zu���¹�/¿��/�Âe�É�Z/����|/Àq�É�Z/ne��Y�/§Y��Ã�Â/�À»PHOENICS)CHAM, 2008
�(��¹Z/n¿Y�

Ê»{�Ë~a.

Y|ÅY�,¾ËY�]ZÀ]Ê»�Ä�Ôy��Ë���Y�«�Ä]�ªÌ¬ve�¾ËY�¥{{�³:

�-�µ|/»������d�//¿��//]��iÂ/»�Ê°Ë�Â//·ÂÌ]�Á�ÊËZÌ¼Ì/�ÂW��,ÊËZÌ¼Ì//��,Ê/°Ë�Ì§�ÉZÅ|//ÀËM�§�É{|/��É�Z//�

¾]�¯Á�|ÌÅ[M�¶yY{�Ä]�Êf¨¿�ÉZÅ-½Y�Æe�d¨¿��ËÓZa�d¯���Ä¬�À»��{�ÊÀÌ»��Ë��ÉZÅ

�-Ã|ÀËÓM�Ê�À¯YÁ�µZ¬f¿Y�[M�½ZË�m�ºf�Ì��ªË����Y�Êf¨¿�ÉZÅË��ÉZÅ-ÊÀÌ»��

�-¹�Ì¿Z°»�Ê���]�ªÌ«���]�º¯Zu�ÉZÅ-¾Ì»��Ë���{�Ê³{Â·M�¹Â¸a�Á�Ã{Á|v»���f�³�Á�Ê Ì^��É�Z�

�-Za�Á���f�³�µ�fÀ¯�dÆm�Ê¸¼��ÉZÅ�Z°ÅY��ÄWY�Y�-ªÌ¬ve�¾ËY�lËZf¿��Z�Y��]�Ã{Â·M�ª�ZÀ»�É�Z�

                                                  
1. Concentration, Heat and Momentum Ltd



��

�-Ä¿Zz]M�ºf�Ì���{�Ê³{Â·M���f�³��{��Y~³�ÌiPe�ÉZÅ�f»Y�Za�½{Â¼¿��z�»�ÉY.

s��µ|»��Á��Á�ªÌ¬ve�¹Zn¿Y�¶uY�»��Y�Ê°ÌeZ¼���d�Y�Ã|��ÄWY�Y��Ë��c�Â��Ä]�É�Z�)¶°��-�.(

�-�� .Ä·Z���ÊÅ|¿Z»�Z�

d�Y�Ã|��ÄWY�Y�¶�§�d¨Å��{�Ä·Z���¾ËY:

·Ã|ÀËÓM��YÂ¿Y�,ªÌ¬ve�Ê¸¯�¥Y|ÅY�µÁY�¶�§½M�ÃÂ¬·Z]��]ZÀ»�Á�Ê·M�ÉZÅÊ³�ËÁ�,ZÅ�Á�®Ë�Ì§�ÉZÅ

Ã|ÀËÓM�ÊËZÌ¼Ì�Ô°�»�,Ê·M�ÉZÅÃ|ÀËÓM�¾ËY��Â�u��Y�Ê�Z¿�cÃ�¨���{�ZÅ�,ÊÀÌ»��Ë��[M�ÉZÅ

µ|»�dÆm�Ã|��¹Zn¿Y�cZ ·Z�»�Á�cZ¬Ì¬ve��]�É�Á�»¾]�¯Á�|ÌÅ�µZ¬f¿Y�Á�µÂve�É�Z��ÉZÅ

[M��{�Êf¨¿Ê»�ÄWY�Y�Y��ªÌ¬ve�¹Zn¿Y�c�Á���,ÊÀÌ»��Ë��ÉZÅ|Å{.

·�Ê»ÂÆ¨»�µ|»�®Ë�¹Á{�¶�§Ã|ÀËÓM�d�¿�ÉY�]YÂz]M��{�ÊÀ]�¯Á�|ÌÅ�ÉZÅ��ËÓZa�d¯���½

½Y�Æe�d¨¿Ê»�s���Y��|Å{ .�Ê�À¯YÁ�µZ¬f¿Y��]�º¯Zu�Ê�Z�Y�cÓ{Z »�¾ÌÀr¼Å�¶�§�¾ËY

¾]�¯Á�|ÌÅÊ»�ÄWY�Y�Y��Êf¨¿�ÉZÅ|Å{.



��

�¶°�)� -� :(d�Ë��Ê°Ë�Â·Á�|ÌÅ�cZ ·Z�»�¶uY�»�c�ZqÂ¸§½Y�Æe�d¨¿��ËÓZa�d¯���Ê�Ìv».



��

·ÊeZ^�Zv»�cÓZÌ��®Ì»ZÀË{�¶Ì¸ve�Ê¸¯�cZ�z�»�¹Â��¶�§) CFD (Ê»�¦Ì�Âe�Y�|À¯ .

¹�¿�ÉZÅ{�]�Z¯�Á�cZ�z�»��Y�É��fz»�s���¶»Z����Zu�¶�§�,¾ËY��]�ÃÁÔ���Y�§Y

PHOENICS�|¯�®Ë�½YÂÀ��Ä]�CFDÊ»�|�Z].

·d�Y�ªÌ¬ve�¾ËY��{�Ã|��ÄWY�Y�É{|��µ|»�lËZf¿�ÊnÀ��Z^f�Y�Á�|ÌËPe�{�Â»��{�¹�ZÆq�¶�§ .

¶u�lËZf¿�Z]���Zu�µ|»�lËZf¿�Ä�ËZ¬»Ê¸Ì¸ve�ÉZÅµ|»�Á���ËZ����Âe�Ã|����fÀ»�É{|��ÉZÅ

Ê»�½Z�¿�¾Ì¬¬v»�Á���Z�Y��]�Ã|��ÄWY�Y�µ|»�Ä¯�|Å{ºnu�ÉZÅ�Ã{Z¨f�Y�Z]�Á�{Á|v»�ÉZÅ

¹�¿��Y��Y�§YPHOENICS�|¯�®Ë�½YÂÀ��Ä]�CFD���Á�Ê]ZË��Y�ÉY�]�{Z¼f�Y�¶]Z«��Y�]Y�®Ë�,

�Ìa¾]�¯Á�|ÌÅ�Ê�À¯YÁ�µZ¬f¿Y�ÊÀÌ]ºf�Ì���{�Êf¨¿�ÉZÅÄ¿Zz]M�ÉZÅ��Z^�Y��Ì£�Ä¬�À»�Á�ÉY

d�Y .|��[Zzf¿Y���Zu�µ|»�ÊnÀ��Z^f�Y�ÉY�]�ÂË�ZÀ���ZÆq.

·Ê»�Ê���]�{�Â»�ÄÌuZ¿��{�Ã|��¹Zn¿Y�ÊËY�v��cZ ·Z�»�Ê·Z¼mY�s���Ä]�ºnÀa�¶�§{�Y{�a.

·ÄÌ^��lËZf¿�¶»Z��º���¶�§¾]�¯Á�|ÌÅ�Ê�À¯YÁ�µZ¬f¿Y�É| ]�Á{�É�Z��ªË����Y�Êf¨¿�ÉZÅ

�ÊÀÌ»��Ë��[M�½ZË�m�ºf�Ì�d�Y��Z^�Y��Ì£�Ä¬�À»�Á.

·�ÉY�]�ÊeY{ZÆÀ�Ìa�ÃY�¼Å�Ä]�Ä·Z���¾ËY��{�Ã|��ÄWY�Y�Ê¬Ì¬ve��Z¯�Ê¸�Y�lËZf¿�ºf¨Å�¶�§

�Á��Á�Ã|ÀËM�cZ¬Ì¬veZa�dÆm�É{ZÆÀ�Ìa�ÉZÅÊ³{Â·M��Y�Ä ·Z�»�{�Â»�ÄÌuZ¿�É�Z��ÉZÅ

Ê»�Ä�Ôy�Y��Êf¨¿|À¯.

·�¶ËZ§Q1�É{Á�Á�½Z]���{�PHOENICS�µYÁ��Ë��Á�GROUNDZ]���{��½FORTRAN�Ä]�

d�ÂÌa��{�\Ìe�eÃ|��ÄWY�Y�[�Á�¦·Y�ÉZÅ|¿Y.



��

|ÀËM�§Â»�ÉZÅ¾]�¯Á�|ÌÅ�µÂve�Á�µZ¬f¿Y��{��iÃ�¨���{�ZÅ�ÉZÅ

[M½M�Ê�ZË���]YÁ��Á�ÊÀÌ»��Ë�ZÅ

�-� .Ä»|¬»

���Ê¿Y�´¿��Y�Ê°Ë�Ã�Á�»Yd�Ë��ÉZÅ�Ìv»�Ê³{Â·M�,Ê�Ìv»Ä¿Zz]M�ÉZÅ������/Ì£��Z/§�cZ/ ËZ»��/�Âe�ÉY

��Ê]MNAPL�Ê»�|�Z] .��¾]�¯Á�|ÌÅ�,Ê·M�cZ^Ì¯�e��µÔu�Á�ZÅ����Ã{�f�/³��Â/��Ä]�ÄÀË�¸¯�ÉZÅ���/�Y����{�ÉY

�������Ê»�Ã{Z¨f�Y�Á�|Ì·Âe�¦¸fz»��ËZÀ��Ä¸Ì�Á�Ä]�½ZÆm|¿{�³ .��Ë��ÄnÌf¿��{ÃÂÌ��,Ê§{Z�e�ÉZÅ��§{�ÉZÅ

��Êf�¿�Á��«Z¿�������,Êv����Ë��Ê¿�z»�cZ�Ì�Pe��Y�¶�Zu�ÉZÅNAPL��Ì/v»�{�YÁ�ZÅ�����Êv�/���/Ë��ÉZ/Å

Ê»�[M����Y�Z]��]ZÀ»�dËZÆ¿��{�Á�|¿ÂÊ»�Ã{Â·M�Y��ÊÀÌ»��Ë�|ÀÀ¯ .Ê»�cÓZÌ��¾ËY���/Ë��Zy��{�|À¿YÂe

���µZ��ÉY�]�¾Ì»��t�����Ê/»�|/¿�Y{�Ä¯�ÊÀÌËZa�µÔv¿Y�dÌ¸]Z«�Ä��YÁ�Ä]�Á�|À¿Z¼]�Ê«Z]�Ê¿ÓÂ��ÉZÅ��|/À¿YÂe

[M�Ã�¨��®Ëc|»�ÉY�]�Y��ÊÀÌ»��Ë�|¿�Z��Ã{Â·M�É{Z¼f»�ÉZÅ .�¾ËY�Ã|ÌrÌa�d Ì^��Ã|/ÀËÓM���\/¸£Y�Z/Å

�Ê»�h�Z]���Ôe�Ä¯�{{�³�Ä]�ÉZÅË�|¿Â��ÄmYÂ»�d�°��Z]�É�Z����Â/»�,d/�Y��/�¿�{�Â»�Äq�½M��Y��f¼¯�Z��i

|À�Z] .����]ZÀ»�d�Z¨u��Â�Â»�dÌ¼ÅY�Ä]�ÄmÂe�Z][M����Y�Ã{Z¨f�Y�,ÊÀÌ»��Ë��ÉZÅ�Á�����Á�Ä/ÀË�Å�º/¯�ÉZ/Å

�Ìa�ÉY�]��iÂ»��Ë���iY��{�Ã|��Ã{Â·M�Ä¬�À»�ªÌ«{�ÊÀÌ]�¯Á�|ÌÅ�ÉZÅd�Y�É�Á���ÊÀ] .



��

µ|»���Ê/»�Z/Å����������Ì/a�ÉY�/]�É|/À¼e�|«��Y�/]Y�|/À¿YÂe������Ã|/ÀËÓM�µZ/¬f¿Y�Á�µÂ/ve�Ê/ÀÌ]���Ä/¸¼m��Y�Z/Å

¾]�¯Á�|ÌÅ���[M��{�Êf¨¿�ÉZÅ��|À�Z]�ÊÀÌ»��Ë��ÉZÅ .������Ê/»�Ä/¯�µZ/¬f¿Y�ÉZÅ|ÀËM�§������{��Ì/]�Á�º/¯�|/À¿YÂe

����Ã|ÀËÓM�d�¿�µÂve�¦¸fz»�¶uY�»���[M��{�Êf¨¿�ÉZÅ^��,|À�Z]�\·Z£�ÊÀÌ»��Ë��ÉZÅ��ÉZÅ|/ÀËM�§��Y�|Àe�Z

���������Ê/]M��Ì£��Z§��ËZ»��Y�µÔv¿Y�,Ê³|À¯Y�a�,d§�ÀÆa)NAPL(�������Ä/Ë�ne�Á�Ã�¨/��{YÂ/»�Ä/]�Êv�/��[~/m�,

Ê°Ë�Â·ÂÌ] .������Ê»�ZÅ|ÀËM�§�¾ËY�Ê»Z¼e�¾f§�³���¿��{���ªÌ«���»Zm�Ê]ZË��Y��{�|¿YÂe���cZ/^Ì¯�e�Ê/ Ì^��É�Z�

��[M��{�ÊÀ]�¯Á�|ÌÅ���������\/�ZÀ»�É�eY�f/�Y�®/Ë�ÊuY���ÉY�]�ZË�ÊÀÌ»��Ë��ÉZÅ�Z/a��{���[M�Ã�¨/��É�Z/�

�|�Z]��iÂ»�ÊÀ]�¯Á�|ÌÅ�cZ^Ì¯�e��Y�ÊÀÌ»��Ë� .���µ|/»�®/Ë�Ä/¯�¾ËY�ÉY�]��Ê/ «YÁ�É�Z/����»Z/m�Á��/e���Y��/e

|ÀËM�§�����[M�Ã�¨��Ê³{Â·M��{��Ì³�{�ÉZÅ��¾]�¯Á�|ÌÅ�Z]�ZÅ�Ã{Y{�,{�Ì³�c�Â��Êf¨¿�ÉZÅ���®/Ë�Á�Ê§Z/¯�ÉZÅ

�¹�Ì¿Z°»�Ã|ÀÅ{�½Z�¿�Ä¯�tÌv��Ê»ÂÆ¨»�µ|»M�µZ¬f¿Y��{��iÂ»�ÉZÅ�Ã|/ÀËÓ�����Á�Ê³{Â/·M�¹Â/¸a�Ä /�Âe�,Z/Å

��À¯YÁ�¾ÌÀr¼Å������|Àf�Å��ZÌ¿�{�Â»�,|�Z]��Ì³�{�ÊËZÌ¼Ì�ÂW�Á�|ÌÅ�ÉZÅ .������,Ê»Â/Æ¨»�µ|/»�®/Ë�Ä/WY�Y��{

���µ|»�¥|Å�Á�Ä ·Z�»�{�Â»�Ã{Á|v»�ÉZÅ��»�¾ÌÌ e�,Ê¼Ì�ÂW��,Ã�¨��cZ�z�»�dyZÀ����É�Á�/��É�Z/�

Ê»|À�Z] .�¶°���{��ÉZÅ)�-� (��Á)�-� (���µ|»��Y�Ä¿Â¼¿�Á{�Ê»ÂÆ¨»������Á�d�/¿�Ê´¿Â/´q�½{Y{�½Z�/¿�ÉY�]�

¾]�¯Á�|ÌÅ��Z�f¿YÃ|��ÄWY�Y�¾Ì¬¬v»��ËZ����Âe�Ä¯�Êf¨¿�ÉZÅÊ»�Ä�uÔ»�,|¿Y{{�³ .

�¶°�)� -� :(Ä¿Â¼¿¾]�¯Á�|ÌÅ�d�¿�ÂË�ZÀ��®Ë�ÉY�]�Ã|��ÄWY�Y�Ê»ÂÆ¨»�µ|»��Y�ÉY���Êv����Ë���Ìv»�Ä]�ZÅ
)Davis et al., 2004.(



��

�¶°�)� -� :(�À»�Ê������¬»�d�¿�¶v»�¥Y��Y�Ä¬NAPL¾¯Z��ÊËZf�ËY�t���d·Zu��{� :� .¬�À»��Y{YÂÅ�Ä
Z¼Ì¬f�»d�¿�¶v»��Ë�� .� .�{Y�M�µÂ�v»�Ä¬�À»)�vf» (Ê«Z]�µÂ�v»�ÁÃ|¿Z» .� .Z¼Ì¬f�»��Y{YÂÅ�Ä¬�À»�ÉÓZ]�

�µÂ�v»{Y�M /Ê«Z]Ã|¿Z» .� .Ã|��¶u�¹Â¸a�¥Y��Y�Ê�À¯YÁ�ÄÌ�Zu .� .Ã|��¶u�¹Â¸a�É�YÂÅ��Ì£�Äf�Å .� .�¹Â¸a�ÉZÆf¿Y
�Ã|��¶u)Phophi, 2004.(

µ|»������ÄÌ^/��Y��Ê°Ë�Â·ÂÌ]�ÄË�ne�Á�µZ¬f¿Y�ÉZÅ|ÀËM�§�Ä¯�É{|��ÉZÅ��Ê/»�É�Z/�����ÃY�/¼Å�Ä/]�|/ÀÀ¯

Ã{Y{��Ê»�ÊËY�v��ÉZÅ���ªÌ«��Ê]ZË��Y�ÉY�]�|À¿YÂe���������|¿Â/��Ã{Z¨f/�Y�Ê³{Â/·M�¹Â/¸a�d /�Á�Á�Ê Ì^��É�Z� .

µ|»�Ê»�ZÅ���¼m�ÉY�]�|À¿YÂe���¼m�cZ�Ô�Y�É|À]�ÁM��Ê¼¯�,Y�v���{�Ã|��É���,Ã|/ÀËÓM�¹�/m�Ä¿�YÂ»�É�Z�

Ê¼¯�w�¿�É�Z�ªÌ«��ÉZÅ��Ã{Z¨f/�Y�,½Z»�¼Å��Â��Ä]�Ã|ÀÅ{�w��ÉZÅ|ÀËM�§�Ê^�¿�dÌ¼ÅY�Ä ·Z�»�Á�É�Z�

|¿Â� .dË{Á|v»�Ä¿Â¼¿�ÉZÅ�Ä¿�YÂ»�ªÌ«{�Ä �Âe�,ÊËY�v��É�Y{�]Ã|ÀËÓM�ÉY�]�Y��¹�m�ÉZÅ���¾ËY�]Z/À]�Á�Z/Å

������e���Âe�¥~u�w�¿�Á��Y|¬»��Ìz�e��ªÌ«��,Ê°Ë�Â·ÂÌ]�ÄË�n�����Ê/»�¶°�/»�Y��[~/m�Á�É�Z/��{�Z/� .���/³Y

Ã{Y{���Ê»�É{|��µ|»�®Ë�,|À�Z]�Ê§Z¯�ZÅ���µ|/»�¾fyZ/��Ê/¸¼��ÉY�]�|¿YÂe���Ê/¼¯�,Ê»Â/Æ¨»�ÉZ/Å��É�Z/�

���ªÌ«���{��iÂ»�ÉZÅ|ÀËM�§����Ìa�Á�Ê Ì^��É�Z�|¿Â��Ã{Z¨f�Y�¹Â¸a�¶»Z°e�ÊÀÌ] .Ê¸����Ä �Âe�º£�µ|»-

������µ|/»�,¾Ì/¬¬v»���Âe�¦¸fz»�ÉZÅ�Z/����ª/Ì«��Ê¸Ì�/¨e�Á��»Z/m�É������µÂ/ve�Á�µZ/¬f¿Y�,Ê/ Ì^��É�Z/�

¾]�¯Á�|ÌÅ����dË{Á|v»�Ä¸Ì�Á�Ä]��ÂÀÅ�ZÅÃ{Y{�½Y|¬§�,ÊeZ^�Zv»�ÉZÅ����{�½Y|/¬§�Á�Ê§Z/¯�ÊËY�v��ÉZÅ

�Ê»�{Á|v»�ÊËY�v���ZÌ¬»�ÉZÅ|ÀËM�§��Y�tÌv�|À�Z] .��µ|/»�Ä /�Âe�c�Á���¾ËY��]ZÀ]���»Z/m�ÉZ/Å���/e

Ê»��Z�uY{Â�.



��

������Z]�¶�§�¾ËY�Ä»Y{Y��{����������d/¨¿��ËÓZ/a�d¯�/��Ä/¬�À»�½YÂ/z]M�ÉY�/]�ÄÌ·ÁY�Ê»ÂÆ¨»�µ|»�®Ë�ÄWY�Y

���¹�Ì¿Z°»�s���Ä]�,½Y�Æe�������/]�º¯Z/u�ÉZ/Å�ª/Ì«���Ã|/ÀËÓM�É�Z/������Á��Y{YÂ/Å�Ä/¬�À»��{�ÊÀ]�¯Á�|/ÌÅ�ÉZ/Å

½M�µZ¬f¿Y��]��iÂ»�ÉZÅ|ÀËM�§½YÂz]M�Ã|���Z^�Y�Ä¬�À»��{�ZÅ�dyY{�a�ºÌÅYÂy�)¶°��-�.(

�¶°�)� -� :(ZÆÀ�Ìa�Ê»ÂÆ¨»�µ|»Ã|ÀËÓM�d�¿�ÉY�]�É{�½YÂz]M��{�ÊÀ]�¯Á�|ÌÅ�ÉZÅd¨¿��ËÓZa�d¯��½Y�Æe�.

�-� .Ä·P�»�½ZÌ]

ÃY��Á��Z�f¿Y¾]�¯Á�|ÌÅ�Ê]ZË[M�Ã|���Z^�Y�Ä¬�À»�Ä]�Êf¨¿�ÉZÅ�®Ë�c�Â��Ä]�ÊÀÌ»��Ë��ÉZÅ

�ÉY�n»��Z§NAPL) Ê]M��Ì£��Z§��ËZ» (�Á�ÊËZÌ¼Ì��,Ê°Ë�Ì§�ÉZÅ|ÀËM�§��Y�Ê Ì�Á�¦Ì��Ä¸Ì�Á�Ä]�Ä¯

Ê»�µ�fÀ¯�Ê°Ë�Â·ÂÌ]|�Z]�Äf�Y{�ÃY�¼Å�Ä]�Y��Êf»Ô��cÔ°�»�½Z�¿Y�ÉY�]�d�Y�¾°¼»�,{Â�.

����Ê»��iPf»�ÊÀÌ»��Ë��[M��{�Y��Ê·M�cZ^Ì¯�e�µZ¬f¿Y�Á�µÂve�Ä¯�Ê¼Æ»�ÉZÅ|ÀËM�§���|/Àe�Z^��,|¿�Z/�

��Y)Prommer et al., 2003:(

·��Z§��Y�µÔv¿YNAPL[M�½ZË�m�ºf�Ì��¶yY{�Ä]��-ÊÀÌ»��Ë�



��

·a�Ã|Ë|ad§�ÀÆ�-

·-Ê����Á�Ê·Â��Ê³|À¯Y�a�Ã|Ë|a

·-Ä¿Zz]M�{YÂ»�Ä]�[~m

·¶°���ÌÌ¤e�ÊÀ Ë�Ê°Ë�Â·ÂÌ]�ÄË�ne�Á�Ê¿Z¯�ZËÉ�Z��.

������Ä]�ZÅ|ÀËM�§�¾ËY�É�e�]�Á�Ê^�¿�dÌ¼ÅY���Ä�uÔ»�¶]Z«��Â��[M�Ê³{Â·M��Z£M��Y�ÉY�|Ë|aZ¿�Ze�ÊÀÌ»��Ë��ÉZÅ

����Ê»��ÌÌ¤e�Ã|ÀËÓM�¶»Z¯�½|�|À¯ .����]��Â�y��{�Ê»Y|«Y�pÌÅ��³YÄ�É�Z�)�µZ/ § (���c�Â/��Ê/ÀÌ»��Ë��[M

|Àf�Å��yZ���Ë��Ã|¼��¶uY�»�,{�Ì´¿.

�Ä¸u�»)�:(ÊÀÌ»��Ë��[M�Ê³{Â·M�½|���Y|Ë|a�

NAPL���������������Á�Ê³|/À¯Y�a�ÉZÅ|/ÀËM�§�,µÔ/v¿Y�Ã|/Ë|a�Ä/»Y{Y�Z/]�Á�d/�Y��Z¼e��{�ÊÀÌ»��Ë��[M�Z]�

����Ã|ÀËÓM�¹Â¸a�|���Ä]��nÀ»�d§�ÀÆaÊ»�µÂ¸v»�ÊÀ]�¯Á�|ÌÅ�ÉZÅ{Â� .����/��Ä/¯�Ê/f«Á����Y�¹�/m�¶/u�d�
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Ê»�|Å{)Parcher, 1999 .(ÓÂ¼ »�Ê·Â°·Â»�}Â¨¿���º�/q�¶/]Z«�Ê°Ì¿Z/°»�Ê³|À¯Y�a�Z]�Ä�ËZ¬»��{���Ê/�Âa

�d�Y)Prommer et al., 2003 .(�{ºf�Ì��[M�d����Ä¯�ÊËZÅ���Ê/»�º/¯�Ê/ÀÌ»��Ë��ÉZÅ���ª/Ì«��,|/�Z]

�����������{�Ä/¯�Ê·Z/u��{�{�Y{�Ê·Â/°·Â»�}Â/¨¿�Ã|Ë|a�Ä]�Ê´f�]�É{ZË���Y|¬»�Ä]�¶¼u�¾¼��Ã|ÀËÓM�Ã{Z»�½|�

d�����������d�Y�dÌ¼ÅY��WZu�Ê°Ì¿Z°»�Ê³|À¯Y�a�,�eÓZ]�ÉZÅ)��,½Y�Z°¼Å�Á�Ê¿Zm�Ã{�Y�Êf·Á{���� .(�d���
                                                  

1. Representative Elementary Volume
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��É~¨À»)ÊaÂ°�Á�¯Z» (iv����Ä·{Z »��{�)�-� (������½Â¿Z/«��Y�d/�Y�¹Â/�Â»��/Ì¿�Ê/�y���Âf»�d����Ä]�Ä¯

�Ä�]Y��ª]Z�»�Ê��Y{)�-� (Ê»�Ê�Z¿�{Â�)Prommer et al., 2003:(
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����������Y�[M�Ã�¨/��Ã|/���Z^�Y��Ìv»��{�É| ]�Ä��d·Zu��{�ÊÀÌ»��Ë��[M�½ZË�m��]�º¯Zu�Ê�Z�Y�Ä·{Z »�Á

�Ä·{Z »)�-� (Ê»�d�{�Ä]�|ËM)Prommer et al., 2003:(
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½M��{�Ä¯:

ijK :-Ê°Ì·Á�|ÌÅ�dËY|Å�dÌ¸]Z«��Â�¿Ze

h :-Ê°Ì·Á�|ÌÅ�|Å

sS :Ã�ËÁ�Ã�Ìy}�.

����Ä¨·Â»�ªÌ¨¸e��Y�Ê°Ì»ZÀË{Á�|ÌÅ�Ê³|À¯Y�a������Ê/»�¶�Zu�Ê°Ì¿Z°»�Ê³|À¯Y�a�Á�}Â¨¿�ÉZÅ���Ä/]�Á�{Â/�

Ê»�½ZÌ]��Ë��c�Â��{{�³)�,½Y�Z°¼Å�Á�Êf·Á{����:(

difxLL DvD += a )�-�(

difyTT DvD += a )�-�(

½M��{�Ä¯:

LD :Ê·Â��Ê°Ì»ZÀË{Á�|ÌÅ�Ê³|À¯Y�a�-

TD :Ê°Ì»ZÀË{Á�|ÌÅ�Ê³|À¯Y�a�-Ê����

La :Ê·Â��Ê³|À¯Y�a�\Ë���-¶z¸zf»��Ìv»�

                                                  
1. Specific storativity
2. Longitudinal hydrodynamic dispersion 
3. Transverse dispersion coefficient
4. Longitudinal dispersivity
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Ta :����Ê³|À¯Y�a�\Ë��Ê�-¶z¸zf»��Ìv»�

xv :�dÆm��{�Ê�y���Âf»�d���x-

yv :�dÆm��{�Ê�y���Âf»�d���y-

difD :Ê·Â°·Â»��za�\Ë���.

��ÉY�]��¬§�Ê³|À¯Y�a�Á�d§�ÀÆa�Ä·{Z »�Ê¸Ì¸ve�¶u�¿�cÓZu�Zf^��d/�Y�{Â/mÂ»�Ã{Z�� .��,¾ËY�]Z/À]

���Ã|ÌrÌa�Á�Ê «YÁ�cÓZu�ÉY�]Ã�¨��¶»Z��,�e���®/ÌÀ°e�,Ã�/Ì£�Á��Y|/ËZaZ¿�É��»��ËY���,¾´¼ÅZ¿�ÉZÅ��ÉZ/Å

�Á��|À¿Z»�É{|�cÁZ¨e�,{Á|v»�LY�mY�ÉZÅºnu�Á�{Á|v»�ÉZÅ|Àf�Å��ZÌ¿�{�Â»�{Á|v»�ÉZÅ.

�-�-� .�[~m

��ºÌ�¬e�[~m�c�Z^��Ã|ÀËÓM�É|À]����¾Ì]�Ê·M�ÉZÅ����������ÓÂ/¼ »�|/»Zm��Z/§�®/Ë�Á�É�Z/³�,Ê/]M�ÉZÅ�Z§

�Ê»�¦Ì�Âe�Y��Zy��°Ë�eZ»|À¯ .Ê»�|À¯�Y��Ã|��¶u�º�m�d¯�u�[~m�|ÀËM�§����®/Ë�¾ËY�]Z/À]�,|/À¯

Ã|ÀËÓM�µZ¬f¿Y�Á�µÂve��{�ºÆ»�|ÀËM�§Ê»�µÂ¸v»�ÉZÅ�|�Z])Fitts, 2002 .(�����Ê/f¨¿�cZ/^Ì¯�e��/j¯Y�½Â/q

�½M�,|Àf�//Å�Ê¿Â//Ë��//Ì£��//m�Ê//·M�¾]�//¯�Ä//]�Ê¿Z//�M�Ä//]�Z//ÅÊ//»�[~���{�Ê¿Z//¯�cY�}�Ä//]�Z//e�|¿Â//�

Zy)Parcher, 1999 .(�Ã|/ÀËÓM�¥~u�ÉY�]�Ê¼Æ»��ZÌ�]�|ÀËM�§�[~m�¾ËY�]ZÀ]�����{�ÊÀ]�¯Á�|/ÌÅ�ÉZ/Å

Ã�¨�������d�Y�Ê·M�¾]�¯�É{ZË���Ë{Z¬»�ÉÁZu�ÉZÅ .��������¾]�/¯�{YÂ/»�Ä/]�Ã�/ËÁ�Ä/]�[~m�,Zy��Â¿�Ä]�Äf�]��Y{

�Ä//�uÔ»�¶//]Z«��Â//��Ä//]�d//�Y�¾//°¼»//]�ÉY¾]�¯Á�|//ÌÅ�Ê//]M�d//�¸£��������{�Y~//´]��ÌiP//e�Ê//f¨¿�ÉZ//Å

)Prommer et al., 2003 .(Ê»�É�b��Ä¯�Y��Ê¿Z»��c|»�Ze|¼��[~m�®ÌfÀÌ��cÓZu��f�Ì]��{�Ze�{Â�

¹Â¸a�¾]�¯Á�|ÌÅ�ÉZÅ������Ê/»��Y�/«��ÌiP/e�dve�Y��|À��]�ZËZa�µÂ��®Ë�Ä]�Êf¨¿�ÉZÅ�|/Å{ .���,Ä/¸u�»�¾/ËY��{

���w��½Z�°Ë�d�����{�[~mYÁ�Á�[~mÊ»§���Á�|ÀÅ{ÓÂ¼ »�Zy�[~m�dÌ����ÌiP/e�d/ve�Y��¹Â¸a�µÂ��

Ê¼¿��Y�«�|�Z]�ZËZaZ¿�½ZË�m�½Y|Ì»�Ä¯�¾ËY��´»�|Å{)Prommer, 2002.(

                                                  
1. Transverse dispersivity
2. Diffusion
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�Ê¼¯�ÉY�]��w�¿�,Ê�À¯YÁ�µZ¬f¿Y�µ|»�®Ë��{�[~m�|ÀËM�§�É�Z��{�Ä¯�d�Y��ZÌ¿�{�Â»�ÊËZÅ½M��Z/Å

��À¯YÁ�d§��Ìa��������m�µ|»�®Ë�ZË�Ê·{Z e�[~m�µ|»�®Ë��Y�[~m�ÉZÅÊ»�ÉÁ�Ìa�Ê°ÌfÀÌ��[~|À¯ .�®Ë

�������À¯YÁ�Ä¯�d�Y�\�ZÀ»�Êf«Á�Ê·{Z e�µ|»��|À�Z]��Ë���µZ¬f¿Y�Z]�Ä�ËZ¬»��{�[~m�ÉZÅ .���d��/��Ê/f«Á

��������������\/�ZÀ»�Ê°ÌfÀÌ/��µ|/»�®/Ë�d/�Y�¾/°¼»�c�Â/��¾/ËY��{�|�Z]�Äf�ÅM�[~m��À¯YÁ�Á�ÓZ]�½ZË�m

|////�Z] .�������Ã�}�½Z////Ì»�}Â////¨¿�Ä////nÌf¿�®////Ë�[~////mYÁ�Á�[~////m�{�YÂ////»��f�////Ì]��{�ÉY

�d�Y)Eberhardt and Grathwohl, 2002 .(µ|»ÊËZÅ�ÓÂ/¼ »�Ä¯�������Z/Ì¬»��{�[~/m��nÀ/��ÉY�/]�

Ê»�Ã{Z¨f�Y�ÊËY�v��Y�|Àe�Z^��|¿Â�:

·-[~m�Ê�y�Ê·{Z e�µ|»

·pÌ·|¿�§�Ê�y�Ì£�Ê·{Z e�µ|»�-

·�ËÂ¼´¿Ó�Ê�y�Ì£�Ê·{Z e�µ|»�.

Ã{Z��Ê�y�µ|»�Á�d�Y�[~m�µ|»�¾Ë�eÊ»�½ZÌ]��Ë��c�Â��Ä]�{Â�)Prommer et al., 2003:(

orgdsorg CkC =, )�-��                                                                 (

½M��{�Ä¯:

sorgC , :-Ã|��[~m�d�¸£

orgC :-Ê·{Z e�d�¸£

dk :�����������������������{�Y{�Ê´f�//]�|//»Zm��Ì//v»�Á�Ã|//��¶//u�º�//m�cZ�//z�»�Ä//]�Ä//¯�d//�Y��//Ë�Âe�\Ë�//�

)Prommer et al., 2003.(

���Ê/»�d/�{�Ä/]��Ë��Ä�]Y���Y�pÌ·|¿�§�µ|»��|/ËM)Nitzsche and Vereecken, 2002; Prommer et al., 

2003; Wang and Qin, 2005; Yao et al., 2010(:
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orgFsorg CKC =, )�-��                                                                                          (

½M��{�Ä¯:

                                                  
1. Freundlich
2. Langmuir
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FK :-pÌ·|¿�§�[~m�dÌ§���\Ë��

Fn :����d�Y�pÌ·|¿�§�[~m�É��¿Y�\Ë�� .��Ë{Z¬»�,½Âf»��{�Äq��³YFn��¾Ì/]��/���Z/e��/����Ã|/����Y~/³�

��Y|¬»�¾ËY�,d�YÓÂ¼ »�d�Y�|uYÁ�Ä]�®Ë{�¿�Á��f¼¯�)Barry and Bajracharya, 1995 .(

���Ê/»�½Z/Ì]��/Ë��c�Â��Ä]��ËÂ¼´¿Ó�µ|»��{{�/³)Nitzsche and Vereecken, 2002; Prommer et al., 

2003; Wang and Qin, 2005; Yao et al., 2010 :(

max,,, 1 sorg
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orgL
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C

+
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½M��{�Ä¯�:

LK :ÄËÓ�®e�[~m�dÌ§���\Ë���ÉY)�ËÂ¼´¿Ó(-

max,,sorgC :-Êv���[~m�dÌ§���º¼Ë�¯Z»

sorgC , :Ê»�|»Zm�sÂ���[~m�Ä¯�Ê»�m��Y|¬»{Â�.

sorgC ,���Á�max,,sorgC�������Z/y�Ã�/ËÁ�¹�/m�Ä]�Ä¯�Ê·M�\Ì¯�e�®Ë�¹�m�½YÂÀ��Ä]�Á�|Àf�Å�Ê»�m�ÉZÅ��¯�

Ê»�[~mÊ»�¾ÌÌ e�,{Â�{{�³.

�µ|»��Y������Ã{Z��[~m�Ê�y�Ê·{Z e�µ|»�,©Â§�ÉZÅ��{�Á�Ã{Â]�[~m�µ|»�¾Ë�e�£�Ä/¯�É{�YÂ»��d/�¸

Ã|ÀËÓMZf^�¿�ZÅÓÂ¼ »�d�Y�¾ÌËZa�Ê»��Z°]��f�Ì]��{Á�)Miller and Weber, 1986 .(���/Ì¿�pÌ·|¿�§�µ|»

��Ê»�Ã{Z¨f�Y�\¸£Y�����ºf�Ì���f�Ì]�É{Á|u�Ze�Á�{Â�Ê»�¦Ì�Âe�Y��ZÅ|À¯ .���Ä/]��/nÀ»�½M�½YÂe�½Â¿Z«�¶°�

ÄÆ^m�Â��Ìe�ÉZÅ������Ã�ËÁ�d·Zu�ÉY�]�1<FnÊ»��ÉY�]�Á�{Â��Á���{�Ã|ÌrÌa�cÓZu�d�Y��ZÌ¿�,¶u�ÉZÅ

{{�³�Ä�ËZ¬»�Ê�y�d·Zu�Z]�Ä¯ .

������½M��{�Ä¯�É{�YÂ»�ÉY�]��ËÂ¼´¿Ó�µ|»��Ã|��Ã{Y{�½Z�¿�{Á|v»�dÌ§���®Ë�Ä]�[~m�,ZÅ)�½YÂÀ��Ä]

Ê»�{Á|v»�|»Zm��Z§��{�Ã|��¶u�Ã{Z»�ÄËÓ�®e���Âa�®Ë�Ä¸Ì�Á�Ä]�µZj»{Â� ({�Y{�{�]�Z¯.

��µ|»�¹Z´ÀÅ�Ä]�¶¼���{�É�Z������\/�ZÀ»�Ê·|/»�¾Ì/Ì e�,ÊËY�v/���ZÌ¬»��{�¾]�¯Á�|ÌÅ�¹Â¸a�®Ë

�����Ã{Y{�ÉÁ���Y�[~m�|ÀËM�§�ÉY�]�Ã�Y|¿Y�ÉZÅ����d/�Y�¹�Ó�Á�d/�Y�¶°�/»�Ê³{Â·M��Â«Á�¶v»��{�Ã|��É�Ì³

                                                  
1. Self-sharpening fronts
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�����Äf�ÂÌaZ¿�Á�Ê¿Âf��cZÌ]�ne��Y�¶�Zu�lËZf¿��Z�Y��]�cZ¼Ì¼�e�Ä¯�����Ì/v»��Y�Ã{Z¨f/�Y�Z]�ÊÅZ´�ËZ»�M�

Zy�|»ZmÃ|��Ã{Â·M�¶v»��Y�ZÅ|¿{�³�}ZzeY�.

�-�-� .�Ìz^e�

����������Ê/»�Ã|/Ì»Z¿��Ìz^e�É�Z³��Z§�Ä]�Ê]M��Z§��Y�ÊËZÌ¼Ì��Ã{Z»�®Ë�µZ¬f¿Y�{Â/� .����½�Á�Ä/]��/Ìz^e�w�/¿

��Z//³��f�//»�t�//��ÃÁÔ// ]�Á��ËZ//»��Z//z]��Z�//§�Á�µÔ//v¿Y�d//Ì¸]Z«�,Ê·Â//°·Â»-��{�Y{�Ê´f�//]��ËZ//»�

)Parcher, 1999 .(Ê»��Ìz^eÌ»��t����Ë���Y�¹�m�¥ÔeY�Ä]�|¿YÂe{Â���nÀ»��¨�¼eY�Ä]�¾ .��¹�Ì¿Z/°»�¾ËY

����½Â/q�{Â���f¼¯�½Z»��d�~³�Z]�½M�dÌ¼ÅY�Á�|�Z]�dÌ¼ÅY�º¯�ZÅ|ÀËM�§��´Ë{�Z]�Ä�ËZ¬»��{�d�Y�¾°¼»

������Ê»�ÊÆe�¾Ì»��t����Ë���Y��Y�§�Ê·M�{YÂ»|¿{�³ .Ê���]��������Y�Ê/�Z¿�¹�/m�¥Ô/eY�Ä/¯�d/�Y�Ã{Y{�½Z�/¿�ZÅ

]�,�Y�§��f¼¯�ÊÀ]�¯Á�|ÌÅ�cZ^Ì¯�e�ÉY�]�Êfu��Ìz^eÊ»�¾ÌËZa��ZÌ�|�Z].

����µ|»�Z]�ÊÀ]�¯Á�|ÌÅ�cY�Zz]�c�mZÆ»�Ê]ZË��YÊ»�c�Â��Ê¨¸fz»�ÉZÅ½M�Ä]�Ä»Y{Y��{�Ä¯�{{�³��Z/Å

Ê»�Ã�Z�Y{Â�.

�������Ä/¿Â³�®/Ë�¹�m�µZ¬f¿YNAPL������,�Z/z]��Z/§�Ä/]�Ê/ÀÌ»��Ë��[M��{�µÂ/¸v»�g
wE���Ä^/�Zv»��/Ë��Ä/�]Y���Y�,�

Ê»�{{�³)Guarnaccia et al., 1997(:
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½M��{�Ä¯:
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1. Batch
2. Volatilization
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H :d�Y�É�ÀÅ�d]Zi-

wS :-[M��Z^�Y

2b :i�µ{Z »�Z^Ë�¬e�Ê]�ne�d]Z�/�-
gw

1b :Ã{Y{�Z]���Y�]�Z]�Á�d�Y�w�¿�\Ë��Ê»�¾ÌÌ e�{ÂmÂ»�ÊËY�v��ZË�ÊÅZ´�ËZ»�M�ÉZÅ{{�³.

��������ÊÀÌ»��Ë��[M��{�d�¸£�Z]�\�ZÀf»��Zz]��Z§��{�d�¸£)��Ê/ÀÌ»��Ë��[M�t�/��ÉÓZ]��{ (���ËY�/§Y

Ê»��|��]��Z^�Y�Ä]�Ze�|]ZË .Z^�Y��Zz]��Z§�d�¸£������Ê/»�Ã{��¾Ì/¼ze��/Ë��Ä/�]Y���Y�Ã{Z¨f/�Y�Z/]�Ã|�����{Â/�

)Johnson et al., 1990; Johnson and Ettinger, 1991:(
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½M��{�Ä¯:

SVPC :-Ã|���Z^�Y��Zz]��Z§�d�¸£

VP :�-Ã|ÀËÓM��Zz]��Z�§

MW :-Ê·Â°¸»�½�Á

T :Zy�ÉZ»{.

���{Y�M��Z//§��Y�¹�//m�µZ//¬f¿Y�µ|//»NAPL����Ê//»�¾Ì//Ì e��//Ë��c�Â//��Ä//]��Z//z]��Z//§�Ä//]������{{�//³

)Guarnaccia et al., 1997:(
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NC :�Ä¿Â³��Zz]�d�¸£�µ{Z e�d]ZiNAPL-d�Y�É�Z³��Z§��{�

2b :�µ{Z »�Z^Ë�¬e�Ê]�ne�d]Zi�/�-
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1b :Ã{Y{�Z]���Y�]�Z]�Á�d�Y�w�¿�\Ë��Ê»�¾ÌÌ e�{ÂmÂ»�ÊËY�v��ZË�ÊÅZ´�ËZ»�M�ÉZÅ{{�³.
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�Ê»���§�Ê¯Zy��^À»�®Ë�ÉY�]����/^À»�Z/]�µ{Z e��{�Zy�ÉÓZ]�Z¼Ì¬f�»��Zz]��Z§�d�¸£�Ä¯�{Â�

|///�Z] .���������{Â///���^e�///»�Z///y�d///�¸£�Ä///]��///Ë��Ä///�]Y��Ä¸Ì///�Á�Ä///]�,c�Â///��¾///ËY��{

)Johnson et al., 1990; Johnson and Ettinger, 1991:(
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½M��{�Ä¯:

sourceC :-\�u��]��^À»�Ä¬�À»�ÉÓZ]��{��Zz]��Z§�d�¸£

siolC :�u��]�Zy��^À»�Ä¬�À»��{�d�¸£-\

br :-Zy�Ô]�ÄfÌ�¿Y{

wq :-Zy��^À»�Ä¬�À»��{�Ê¼nu�ÉÂfv»�[M

aq :-Zy��^À»�Ä¬�À»��{�YÂÅ�Ê¼nu�ÉÂfv»

dk :Zy�É|À]L�m�\Ë��-[M.

�����Ze�Zy�d�¸£�Z]�\�ZÀf»�Ä¯�Ê·{Z e��Zz]��Z§�d�¸£Ê»��ËY�§Y�½M��Z^�Y�|u����Y�Ã{Z¨f/�Y�Z]�|]ZË

Ê»�Ä^�Zv»��Ë��Ä�]Y��{{�³)Johnson et al., 1990; Johnson and Ettinger, 1991:(
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½M��{�Ä¯:

satC :Ã|���Z^�Y��Zz]��Z§�d�¸£-

S :[M��{��·Zy�Ä¨·Â»�µÔv¿Y�dÌ¸]Z«.

����Ê«Z]��Z§��Â�u�c�Â���{�������/z]�Z]�Ê·Á�d�Y�¶¬f�»�Zy�d�¸£��Y��Zz]�d�¸£�,Zy��{�Ã|¿Z»

Ä¨·Â»�Ê·Â»Ê«Z]��Z§��Â¸z»�ÉZÅd�Y�\�ZÀf»�Ã|¿Z».

����Y�Ä¬�À»�ªË����Y��¨�¼eY�Ä]��Z§��Y�Ê»�m��¯Ô§Ê»�Ã|�¿��Z^���{Â/��¾Ì/Ì e��Ë��c�Â��Ä]�|¿YÂe

)Kim and Corapcioglu, 2003:(
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½M��{�Ä¯:

aD :-�Z³��Z§��{�Ã|ÀËÓM��iÂ»�}Â¨¿�\Ë��

wD :-Ã|�¿��Z^�Y�Ä¬�À»��ËZ»��Z§��{�Ã|ÀËÓM��iÂ»�}Â¨¿�\Ë��

AC :-�¨�¼eY��{�Ã|ÀËÓM�d�¸£

S
gC :Ã|ÀËÓM��Zz]��Z§��Z^�Y��Z§�Z]�µ{Z e��{�ZÅNAPL-

d :Ã|�¿��Z^�Y�Ä¬�À»�ª¼�.

�-�-� .Ë�Â·ÂÌ]�ÄË�neÊ°

��¾]�¯Á�|ÌÅ�½M�Ä��YÁ�Ä]�Ä¯�d�Y�É|ÀËM�§�Ê°Ë�Â·ÂÌ]�ÄË�ne�º�/Ì¿Z³�YÁ�°Ì»�Ä¸Ì�Á�Ä]�ZÅ���Ä/]�Z/Å

�������À/¯YÁ�É�/��®/Ë�Ä��YÁ������������Ê/»�¥��/»�ºË�/¿M�Z/]�Ã|/���Ë��/e�ÉZ/ÌuY�Á�½ÂÌ�Y|Ì�/¯Y�ÉZ/Å����|¿Â/�

)Parcher, 1999 .(���¹Â/¸a�®/Ë��{�Ã|��¶u�¶¯�¹�m�Ä¯�d�Y�Ê^·Z£�|ÀËM�§�c|»�|À¸]�Ê°Ë�Â·ÂÌ]�ÄË�ne

¶�Zu������]ZÀ»��Y�µÔv¿Y��Y�NAPLÊ»��ÅZ¯�Y��|Å{ .��¾]�¯Á�|/ÌÅ�,µÂ/¸v»�ÊËZÌ¼Ì��{YÂ»�|À¿Z¼Å���{�Z/Å

��À¯YÁ��� »���|Àf�Å�Ê°Ë�Â·ÂÌ]�Á�Ê°Ë�Â·ÂÌ]��Ì£�ÉZÅ .¶°���ÌÌ¤e�Ê]Á�°Ì»�ÉZÅ)Ê°Ë�Â·ÂÌ] (��¹�Ì¿Z/°»

�����w�¿�½Âq�,|Àf�Å�Ã|ÀËÓM��§��Ã|¼�����À¯YÁ�Ä]��Â]�»�ÉZÅ�Z]�Ä�ËZ¬»��{�\¸£Y�Ê°Ë�Â·ÂÌ]�ÉZÅw�¿���ÉZ/Å

��À/¯YÁ�������Ë�/���/]Y�]�|/Àq�Z//e�Ê°Ë�Â/·ÂÌ]��/Ì£�ÉZ/Å��|Àf�/Å��//e)Prommer et al., 2003 .(�Ä//Ë�ne

¾]�¯Á�|ÌÅ�½ÂÌ�Y|Ì�¯Y��À¯YÁ�®Ë�c�Â��Ä]�Êf¨¿�ÉZÅ-¾]�¯Á�|ÌÅ�½M��{�Ä¯�ZÌuY������w�/¿�®/Ë�Z/]�Z/Å

Ä�uÔ»�¶]Z«Ê»�|Ì�¯Y�ÉYÊ»�w��Êf«Á�,|¿Â��³Y�Ä¯�|Å{:

� .½Á�f°·Y�Ê]M�Ã|¿�Ì³)O2, NO3
-, SO4

2-, CO2 (½Á�f°·Y�ZËÃ|¿�Ì³��{Â/mÂ»�d·ÂÆ��Ä]�¶°��Ê¿Z¯�ÉZÅ

|À�Z].

� .��É�f¯Z]��Y�ÊfÌ ¼m�|À�Z]�Äf�Y{��Â�u�ÊÀ]�¯Á�|ÌÅ�cZ^Ì¯�e�Ã|ÀÀ¯�¥��»�ÉZÅ)��d/�¸£��{�¶«Y|u

¾ÌËZa.(



��

� .É|À»�ZÌ¿�����É�f¯Z]�ÉY�]�Ê¸�Y�É~¤»�{YÂ»�ÉZÅ������������Â�/u�Ê/W�m�cY�/¸§�Z/Ë��¨�/§�,½�Á�/fÌ¿�¶Ì^«��Y�ZÅ

Äf�Y{|À�Z]�.

Ê¸��É�f¯Z]�Ä¸Ì�Á�Ä]��À¯YÁ�w�¿��Ë��e�º£��À¯YÁ�{�YÂ»��f�Ì]��{�,ZÅ���Ê°ÌfÀÌ/��c�Â/��Ä]�ZÅ

�Ê»�µ�fÀ¯���À¯YÁ��´Ë{�c�Z^��Ä]�,|¿Â�Ê¼¿�d§��Ìa��Ë���Ê§Z¯��|«�Ä]�ZÅ�µ|/»�Ze�|ÀÀ¯���Ê·{Z/ e�ÉZ/Å

�|¿Â��Ã{Z¨f�Y .��½Á�f°·Y�¾Ë|Àq��³Y�����d¯�/��Ê/·M�cZ/^Ì¯�e�Ê°Ë�Â·ÂÌ]�ÄË�ne��{�Ã|¿�Ì³���,|À/�Z]�Äf/�Y{

�½M�¥��»�ÓÂ¼ »�ZÅ�����½M�Ê°Ì»ZÀË{Â»�e�dËÂ·ÁY�\Ìe�e�Ä]��������^/Ì³�{Y�M�É��/¿Y��ÅZ/¯�\/Ìe�e�Ä]�ÊÀ Ë�ZÅ

�½Á�f°·Y�Ä¸u�»�Ä¯�¾ËY��´»�,{Â]�|ÅYÂy��À¯YÁ|�Z]�w�¿�Ã|ÀÀ¯�{Á|v»�Ä¸u�»�®Ë�É�Ì³ .����Â/�Â»�¾/ËY

����½Á�f°·Y�{�Â»��{�d�Y�¾°¼»Ã|¿�Ì³���|Å{�w��¶°��Ê¿Z¯�ÉZÅ .��{�½�Ì�¯Y��³Y�|�Z]�Äf�Y{��Â�u�Ä¿Zz]M

��cY�/fÌ¿�½M�µZ^¿{�Ä]�Á�Y|f]Y��{)Koussis et al., 2003 (��Ê/»�¥��/»�{{�/³ .����,{�Y|¿Zf/�Y��ËY�/��d/ve

��������|/Å{�w��|��ÊÆe�cY�fÌ¿�Ä¯�¾ËY��Y�| ]�,�À´À»�ÉZÌuY�cZ«ÁY�ÊÅZ³�ZË�¾ÅM�ÉZÌuY�d�Y�¾°¼» .���¾/ËY�Z/]

����Y|f]Y��{�cZ¨·Â��ÉZÌuY�d�Y�¾°¼»�Ä¯�{�Y{�{ÂmÁ�É{�YÂ»�,µZu�������Z/v·��Y�|/ÀËM�§�¾/ËY�Y�/Ë��,|/Å{�w�

�[Â¸�»�Ê°Ì»ZÀË{Â»�e��dË{Á|/v»�ÄnÌf¿�®Ë�ZË�d�Y��e���µÔ/v¿Y�Ê°ÌfÀÌ/��ÉZ/Å�Ê¿Z/¯����Ä/��¾/ÅM�ÉZ/Å

�d�Y�ÊfÌ§��)Prommer et al., 2003 .(���,�/À´À»�Á�¾/ÅM�,cZ¨·Â��,cY�fÌ¿�ÉZÌuY�Á�É�YÂÅ�ÄË�ne�Ê�

��Ã|ÀËÓM�¶yY{�¾]�¯���Ê»�¶Ë|^e�Ê·M�ÉZÅ�����ËY�/��Ä/]�Äf�]�ÊÀ Ë�{Â�W���������Ê/·M��/Ì£�¾]�/¯�Ä/]�ÊËZÌ¼Ì/�Â

Z�Â�z»����¶°��Ä]�CO2) Ê]M (����Ê¿Z¯�¶°��Ä]�¾ÌÀr¼Å�Á��������dË�|Ì/��Z/Ë�dÌ�/¸¯�¶/Ì^«��Y�Ä/eZÀ]�¯�ÉZ/Å

Ê¿Z¯Ê»�É�Z�{Â� . CO2½Á�f°·Y�®Ë�½YÂÀ��Ä]�d�Y�¾°¼»�ÊËZÆ¿�µÂ�v»�½YÂÀ��Ä]��|/À¯�¶¼��Ã|¿�Ì³

Ê»�¶Ë|^e�½Zf»�Ä]�Ê�z]�c�Â��Ä]�¾]�¯�½M�\mÂ»�Ä]�Ä¯{Â�.

Ã{Z�����������Ä/Ë�ne�Ä�/�YÁ�Ä/]�Ê/·M�cZ/^Ì¯�e�¹�/m�½Z»���]Ze�¥��»�Ê�ZË��¦Ì�Âe�ÉY�]��Á��¾Ë�e

�º�q�,Ê°Ë�Â·ÂÌ]�������������Z/Ë�ÊËZÌ¼Ì/��{YÂ/»��/´Ë{�d/�¸£�Ä/]�Ê·M�Ã{Z»�¶°���ÌÌ¤e�w�¿�Ê´f�]YÁ��Å��Y�Ê�Âa

dÌ ¼m��d�Y�Ê]Á�°Ì»�ÉZÅ .�����µÁY|f»�,cZÌ��§�¾ËY�Ä]�ÄmÂe�Z]�����Ä/^e�»�µ|/»�,Ä/Ë�ne�®ÌfÀÌ��µ|»�¾Ë�e

�Ä¯�d�Y�µÁYÊ»�ÄWY�Y��Ë��c�Â��Ä]�{{�³)Bekins et al., 1998 :(

orgorg CkR 1deg, -= )�-��(



��

½M��{�Ä¯:

1k :µÁY�Ä^e�»�Ê°Ë�Â·ÂÌ]�ÄË�ne�®ÌfÀÌ��d]Zi.

���Ê»���§�µ|»�¾ËY���¶»Z��ZÆÀe�Ä¯�|À¯�Â»�����d/�Y�Ã|/ÀËÓM�d/�¸£�Ê°Ë�Â·ÂÌ]�ÄË�ne�w�¿��]��i .��¾/ËY

����������d�Ì¿�\·Z£�Ê¸Ìy�Z»Y�{Â��Ã|Ë{��ËY���Êy�]�dve�d�Y�¾°¼»�{�Â» .���|/ÀËM�§�Ê´f�/]YÁ�,µ|»�¾ËY��{

�����½Á�f°·Y�®Ë��Â�u�Ä]�Ê°Ë�Â·ÂÌ]�ÄË�ne�Ô»Z¯��f�Ì]�ZË�Ã|¿�Ì³d�Y�Ã|��Äf§�³���¿��{�Ã|Ë{Z¿� .³Y��Ä/q��

�����Ã{Y{�Ä]�Ê]Ây�Ä]�\¸£Y�µÁY�Ä^e�»�µ|»�Ê/»���Y�]�Y�v���{�ZË�ÃZ´�ËZ»�M��{�Ã|��Ã|ÅZ�»�ÉZÅ���Z/»Y�|/À¯

���®ÌfÀÌ��d]Zi)1k (|ÀËM�§��{�Ã|»M�d�{�Ä]��ÓÂ/¼ »���Y�/]����Ì/a�ÉY�/]����¶/v»��ËZ/���{�Ê/ÀÌ]���Z/]�Z/Å

Ê³�ËÁz»��^À»�Ä�|ÀÅ�Á�Ê·M�cZ^Ì¯�e�,ÊËZÌ¼Ì�ÂW�Á�|ÌÅ�ÉZÅ|Àf�Ì¿�Ã{Z¨f�Y�¶]Z«�¦¸f.

�Ã{Z��µ|»���½Á�f°·Y�®Ë�Ä]�Ê��f�{�½Y�Ì»�Ä¯�ÉY�Ã|¿�Ì³)\·Z£ (���¿��{�Y��Ê/»����Ä¸Ì/�Á�Ä/]�{�/Ì³

��|/��{ZÆÀ�Ìa�½Y�Z°¼Å�Á��Ì�Â¯�Á�½Y�Z°¼Å�Á�½{�Â])Borden et al., 1986; Koussis et al., 2003 .(

����Ê/»���/§�µ|/»�¾/ËY������Ä/�v·�Ê°Ë�Â/·ÂÌ]�Ä/Ë�ne��À/¯YÁ�Ä/¯�|/À¯��ÊËZ/m�ÉY�����º/Å�Á�Ã|/ÀËÓM�º/Å�Ä/¯

½Á�f°·Y��������Ê»��w��,|À�Z]���Zu�½Z»��ºÅ��Â��Ä]�Ã|¿�Ì³|Å{ .�Ê��f�{�½Y�Ì»�ªË����Y�ZÆÀe��À¯YÁ�ÊÀ Ë

�������Ê»�{Á|v»�Ã|ÀÅ{��À¯YÁ�Á{��Y�®Ë��Å�Ä]{Â� .����Ê¿Z/»��Ä/¸u�»�®/Ë�Ê�tD����ÉY�/]�Ê/�ZË��cÓ{Z/ »�,

Ã|ÀÅ{��À¯YÁ��Y�|Àe�Z^��ZÅ)Barry et al., 2002:(
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½M��{�Ä¯:

EAC :½Á�f°·Y�d�¸£-Ã|¿�Ì³

orgfÁ�EAf :Ì¯�e�ÉY�]�\Ìe�e�Ä]�É�f»ÂÌ¯Âf�Y�\ËY��½Á�f°·Y�Á�Ê·M�\Ã|¿�Ì³.
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��Ä·{Z »��{�c�Z^��¾Ì·ÁY)�-�� (��������{Á|/v»�Y���À/¯YÁ�w�/¿�Ã|/ÀËÓM�d/�¸£�Ä/¯�d�Y�Êf·Zu�ÉY�]

Ê»|À¯ .����Ê»��Z°]�Êf«Á�¹Á{�c�Z^��Ä¯�Ê·Zu��{��½Á�/f°·Y�d/�¸£�Ä¯�{Á�����d/�Y�Ã|/ÀÀ¯�{Á|/v»�Ã|/¿�Ì³ .

����Ä�v·��À¯YÁ�µ|»�É|Ì¸¯�Ä^Àm������Ä/¿Â³��Y�Ê/°Ë�¶«Y|/u�d�¸£�Ä¯�d�Y�½M�ÉY��ÉZ/Å���Ä/¼Å��{�Ê�/À¯YÁ

½Z»��d�Y��¨��Zm�Ä¼Å��{�Á�ZÅ)Koussis et al., 2003 .(�����À/¯YÁ�µ|/»�,µÁY�Ä/^e�»�µ|»�Z]�Ä�ËZ¬»��{

Ä�v·�����À¯YÁ�Á�µZ¬f¿Y�½Z»�¼Å�¹Zn¿Y�Ä]�ÉY½Á�f°·Y�ÉY�]�ZÅ�����Ä·P�/»�®/Ë�Ä·P�/»�Ê/À Ë�,{�Y{��ZÌ¿�Ã|¿�Ì³

��Ä¿Â³�|Àq�µZ¬f¿Y�d�Y�ÉY .����Ä/�v·��À¯YÁ�µ|»�ÉY�]����/¬f¿Y�Ä/·{Z »�,ÉY�����Ê/À Ë�¹Á{�Ä/¿Â³�ÉY�/]�º¯Z/u�µZ

½Á�f°·YÊ»�d�{�Ä]��Ë��Ä�]Y���Y�Ã|¿�Ì³�|ËM)Prommer et al., 2003:(
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½M��{�Ä¯:

deg,EAR���Á�sorbEAR , :������d/�¸£�cY�ÌÌ¤e�\Ìe�e�Ä]�Ä¯�Ã{Â]��À¯YÁ�cY�Z^������Ê°Ë�Â/·ÂÌ]�Ä/Ë�ne�Ä�/�YÁ�Ä/]

Ê»�½Z�¿�Y��[~m�Á�Ê·M�\Ì¯�e|ÀÅ{.

��½Á�f°·Y�¥��»�Ä]��Â]�»��À¯YÁ�c�Z^��������¾Ì/Ì e��/Ë��Ä/·{Z »�Ä¸Ì/�Á�Ä/]�Ê°Ë�Â/·ÂÌ]�ÄË�ne�Ê��Ã|¿�Ì³

Ê»�{Â�)Prommer et al., 2003:(
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����������������Ê/��f�{�Ä/]�w�/¿�Ê´f�/]YÁ�Ä/¯�|/¿{Y{�{ZÆÀ�/Ìa�Y��É�´Ë{�Ã{Z��Ê�À¯YÁ�µ|»�½Y�Z°¼Å�Á�Â·

½Á�f°·Y�Á�Ã|ÀËÓMÊ»�¹Z£{Y�Y��Ã|¿�Ì³�|À¯)Lu et al, 1999 .(½Á�f°·Y�®Ë�ZÆÀe��³Y��Ä/f§�³���¿��{�Ã|¿�Ì³

����������Ä/·{Z »��{�µÁY�Ä/^e�»�µ|/»�,{Â�)�-�� (����Ä/]�d/�Y�¾/°¼»����®ÌfÀÌ/��Ä/¯�Ê·|/»�Ä¸Ì/�Á�����Â/¿�ÉZ/Å

Michaelis-Menten���Ê»�¹Z£{Y�Y�����Ê/»�ÊÆfÀ»��Ë��ÄË�ne��À¯YÁ�c�Z^��Ä]�Ä¯�{Â��¾Ì�¿Zm�,|À¯��{{�/³

)Prommer et al., 2003:(
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orgorg CK
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+
-= 1deg, )�-��(

¯½M��{�Ä :

EAK :d]Zi½Á�f°·Y��Z^�Y�Ä¼Ì¿�Ã|¿�Ì³.

��®ÌfÀÌ//��µ|//»Michaelis-Menten������������������Ã|//¿�Ì³�½Á�//f°·Y�Ê§Z//¯��Y|//¬»�Ä//¯���//§�¾//ËY�Z//]���

������Ê/»�½Z/Ì]��/Ì¿��/Ë��c�Â/��Ä/]�|�Z]�{ÂmÂ»��Ìv»��{��{{�/³)Simpkins and Alexander, 1984;  

Bekins et al., 1998; Schafer et al., 2005(:
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½M��{�Ä¯:

Mv :-ÄË�ne�w�¿��j¯Y|u

orgK :Ê·M�Ã{Z»��Z^�Y�Ä¼Ì¿�d]Zi.

§�Ä·{Z »��YÊ»�Ä·Â»�§�\Ë�¬e�Á{�©Â�{Â�)Bekins et al., 1998; Schafer et al., 2005 .(��[Z/zf¿Y

��Ê^�¿��Y|¬»�Ä]��Zy�{�Â»�®Ë�ÉY�]�\Ë�¬e�¾ËYorgC�Á�orgK{�Y{�Ê´f�]� .�Êf«ÁorgC��Ä/^e�»�¾Ë|Àq�

�����Y|¬»��Y��f°qÂ¯orgK���|�Z]�)orgK<<orgC (��Ä·{Z »)�-�� (����µÁY�Ä/^e�»�®ÌfÀÌ��Ä]�¶Ë|^e)��Ä/·{Z »

)�-�� ((Ê»{{�³ .����Ä¯�Êf«Á�Z»YorgC���������Y|/¬»��Y��/f³��]�Ä/^e�»�¾Ë|/Àq�orgK��|/�Z]�)orgK>>orgC (

�Ä·{Z »)�-�� (Ê»��¨��Ä^e�»�®ÌfÀÌ��Ä]�¶Ë|^e{Â�:

M
org v
t
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¶ )�-��(

���ÓÂ¼ »�Ä¯�É�´Ë{�µ|»�Ì]�ÄË�ne�Ä]��Â]�»�c�Z^��¾ÌÌ e�ÉY�]�Ê»�Ã{Z¨f�Y�Ê°Ë�Â·Â��c�Z/^��,{Â�

�ÊËZeÁ{Michaelis-MentenÊ»�¹Z£{Y�¶Ë}�s���Ä]�Y���|À¯)Prommer et al., 2003:(
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½M��{�Ä¯ :



��

2k :��À¯YÁ�d]Zi)^�¹Á{�Ä^e�»�Ä.(

���½Á�f°·Y�ÉY�]���ZÀf»�Ê�À¯YÁ�c�Z^�����/�¿�{�Â/»��À¯YÁ�É�f»ÂÌ¯Âf�Y�\Ë���Ä]�ÄmÂe�Z]�Ã|¿�Ì³

Ê»�d�{�Ä]��Ë��Ä�]Y���Y�|ËM)Prommer et al., 2003(:

deg,deg, org
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w�¿�Ê´¿Z]�Á�|°¿Z»��Ê¿�Á�¾Ì´¿ZÌ»�c�Â��Ä]�Y��¶¼��{�Â»�L�m�Ä¿Z³Á{�dË{Á|v»�dve�|���ÉZÅ

w�¿dË{Á|v»�dve�ZÅ�|¿{�¯�½ZÌ]�É~¤»�Ã{Z»�ÉZÅ)Mankad and Bungay, 1988:(
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m )�-��(

�{�Ä¯½M�:

m :-Ã�ËÁ�|���w�¿

maxm :-Ã�ËÁ�|���w�¿��j¯Y|u

1K :-µÁY�¶¼��{�Â»�L�m��Z^�Y�Ä¼Ì¿�d]Zi

2K :-¹Á{�¶¼��{�Â»�L�m��Z^�Y�Ä¼Ì¿�d]Zi

1C :��{�Â»�L�m�Ê]M��Z§�d�¸£-µÁY�¶¼

2C :¹Á{�¶¼��{�Â»�L�m�Ê]M��Z§�d�¸£.

½Z¼Å��Ô^«�Ä¯��Â��¾]�¯Á�|ÌÅ�Ê°Ë�Â·ÂÌ]�ÄË�ne�,|��Ã�Z�Y���¾Ë|/Àq�¶»Z��d�Y�¾°¼»�Êf¨¿�ÉZÅ

½Á�f°·Y���ÓÂ¼ »�Ä¯�|�Z]�Ã|¿�Ì³�Ã�Ìn¿���Á��®Ë��{�Ê»�Ã{Z¨f�Y�ÉY|¿Â� .���À/¯YÁ�{Y|/ e�¾ËY�]ZÀ]��ÉZ/Å

��Ä¯��ZÌ¿{�Â»�µZ¬f¿YÊ»�¶u�½Z»��ºÅ��Â��Ä]��Ê/»�É�f�Ì]��ËY�§Y�,|¿Â��|/À]ZË .����\/�ZÀ»�Ä/Ë�ne�c�Z/^�

��������������/Å�ÉY�/]�{�§�Ä]���vÀ»�cY�Z^���Â¼n»�¶»Z��½Y�Z°¼Å�Á�Â·�Ä¸Ì�Á�Ä]�Ã|��{ZÆÀ�Ìa�Ê·M�\Ì¯�e�ÉY�]

�ÄË�ne�|ÀËM�§��{�Ä¸u�»)ZÌuY�Á�½ÂÌ�Y|Ì�¯Y (�d�Y)Lu et al, 1999:(

4
2
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½M��{�Ä¯:

2,OorgR�,
3, NOorgR,+2, Mnorg

R,+2, Feorg
R�,�-2

4, SOorg
R�Á�

4,CHorgR��,É�YÂ//Å�Ä//Ë�ne�cY�Z//^��\//Ìe�e�Ä//]�

cY�fÌ¿�,ÊËY{��,�À´À»�ÉZÌuY·Â��ÉZÌuY�,¾ÅM�ÉZÌuY½Zf»�Á�cZ¨Ê»�½Z�¿�Y��ÊËY�|ÀÅ{.

��µ|»�µÂ¼ »��Á���Ã�Ìn¿��¥��»�É�Z��½Á�f°·Y�ÉYÃ|¿�Ì³��µ|»��{�ZÅ���Ä/¿Â³�|Àq�ÉZÅ��Ê/§� »�,ÉY

�����Ä·{Z »��{�Ê§Z�Y�cY�Z^�)�-�� (�����Ä¯�É�Â��Ä]�d�Ydeg,EAR½Á�f°·Y��Â�u��{�Ã|¿�Ì³�[Â/¸�»�ÉZÅ���/e

�������Ê«Z]��Z¼£Y�¶]Z«�Ê°Ì»ZÀË{Â»�e���¿��YÊ»����Ä/·{Z »�d/�Y��d¼���{�cY�Z^���Y�Ê°Ë�ZÆÀe�Á�|¿Z»)�-�� (

���Ä�uÔ»�¶]Z«��Â��Ä]���Ê»�Ä¸�Z§�½Z»��®Ë��{��¨���Y�ÉY{�Ì³ .������Ä/]�Ê/·M�\/Ì¯�e�®/Ë�Ä/Ë�ne�,µZj»�ÉY�]

cY�fÌ¿�Ä��YÁÊ»�µ|»��Ë��c�Â��Ä]�½�Ì�¯Y��Â�u��{�ÊËY{��{Â�)Prommer et al., 2003:(

--

-

--

++
-=

33

3

22

2

33
,

,

,
NONO

NO

OOinh

Oinh
orgNONOorg CK

C

CK

K
CkR )�-��(

½M��{�Ä¯�:

-
3NO

k :cY�fÌ¿�w�¿�d]Zi-ÊËY{�

-
3NO

K :-cY�fÌ¿��Z^�Y�Ä¼Ì¿�d]Zi

2OC :-½�Ì�¯Y�Ê]M�d�¸£

-
3NO

C :-cY�fÌ¿�Ê]M�d�¸£

2,OinhK :½�Ì�¯Y�É�Y{�Z]�d]Zi.

¶°��,ÄË�ne�ÉZÅ|ÀËM�§��´Ë{�ÉY�]Ã|��sÔ�Y�ÉZÅ�Ä·{Z »��Y�ÉY)�-�� (d�Y�{ÂmÂ».

����[Á�°Ì»�dÌ·Z §�Ä¯�|Àq��Å�������Ä/�uÔ»�¶/]Z«��/§��ºÌ¬f�»�µÂX�»�{�YÂ»��f�Ì]��{�ZÅ��¹�/m��Y�ÉY

��Ã|ÀËÓM)�����À¯YÁ�Ä¸Ì�Á�Ä]�¹�m��§��Z]�Ä�ËZ¬»��{Ê°Ë�Â·ÂÌ]��Ì£�ÉZÅ (����Ä/·{Z »��{�w�/¿�cY�Z/^��,|Àf�Å

)�-�� (��µ|»�¹Z¼e�Á����½M�Ä]�Ô^«�Ä¯�ÊËZÅ��ZÅ��ZvË���|��Ã�Z�Yd�¸£�Ä]�w�¿�Ê´f�]YÁ�®Ë���Ê/]Á�°Ì»�ÉZÅ

��Ê¼¿�¹Z£{Y�Y�|ÀÀ¯ .���Á��¾ËY�¾ËY�]ZÀ]��ÄÌ^��ÉY�]�ZÅ�ºf�Ì��É�Z�������cY�/ÌÌ¤e�Ä/¯�ÊËZ/m�Êv����Ë��ÉZÅ

�d�¸£�Ê¿Z»��É�f¯Z]�ÉZÅ���Ê»�É�Z]�Y��Ê¼Æ»��¬¿�ZÅ�|/ÀÀ¯��|Àf�/Ì¿�\/�ZÀ»�, .����®/Ì»ZÀË{�Ä/¯�ÊeÓ{Z/ »
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���Ê»�ÄÌmÂe�Y��Ê]Á�°Ì»��|ÀÀ¯)�|¿Â»�µ|»�Ä¸¼m��Y� (������Ã�/ËÁ���/¯�Ä/¯�|Àf�/Å�ÄÌ/��§�¾/ËY��Z�Y��]��Y�ÉY

��Ê·M�¾]�¯�ÄË�ne)Ã|ÀËÓM��{ (Ê»�¶Ë|^e�Ê·Â¸��{YÂ»�Ä]Ê«Z]���¯�Ä¯�Ê·Zu��{�{Â��Ä]�Ã|¿Z»CO2��Ê/À Ë�

����Ê»�¶Ë|^e�Ê·M��Ì£�¾]�¯{{�³ .�/��{YÂ»�\Ì¯�e����Ä/]�{�YÂ/»��f�/Ì]��{�Ê·Â¸NOHC 275��d/�Y�®/Ë{�¿� .

������Ê]Á�°Ì»�¹�m�ÉY�]�¹�m�Ä¿�YÂ»�Ä·{Z »X������¦Ì/�Âe�½Z/»���Y�Ê ]Z/e�½YÂ/À��Ä/]�Y��Ê]Á�°Ì»�d�¸£��ÌÌ¤e�

Ê»�d�Y�\Ë�ze�c�Z^��Á�|���c�Z^��Á{��Å�¶»Z��Á�|À¯)Prommer et al., 2003:(
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����¸//��Ã{Z//»�Ä//]�¶Ë|//^e�Ê//À Ë�Ê//]Á�°Ì»�|//��ÓÂ//¼ »�Ê·Â���Ê//»�¦Ì//�Âe��//Ë��c�Â//��Ä//]���������{Â//�

)Celia et al., 1989; Kindred and Celia, 1989; Lensing et al., 1994; Essaid et al., 1995; 

Schafer et al., 1998; Cirpka and Valocchi, 2007, Mohamed et al, 2010:(
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½M��{�Ä¯:

X :d�Y�Ê]Á�°Ì»�d�¸£.

Ê»�½ZÌ]��Ë��c�Â��Ä]�\Ë�ze�c�Z^��Á{{�³:

Xk
t

X
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¶

¶ )�-�� (

½M��{�Ä¯ :

deck :\Ë�ze�w�¿�d]Zid�Y�.

�����������d/�Y�\�ZÀf»�Ê]Á�°Ì»�|���w�¿�Z]�Ê·M�\Ì¯�e��§��w�¿ .���¾ËY�]Z/À]����À/¯YÁ�c�Z/^deg,orgR��{�

�Ä·{Z »)�-� (Ê»�{Â��¶�Zu��Ë��Ä�]Y���Y�|¿YÂe)Prommer et al., 2003:(
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½M��{�Ä¯:
                                                  

1. Monod
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Y :�d�Y��À¯YÁ�Ã{�Z]�\Ë��)¹�mµÂ¸��Ã|��ÄË�ne�\Ì¯�e�¹�m��]�Ã|��|Ì·Âe�ÉZÅ.(

���½Á�//f°·Y�¥��//»�,Ä]Z�//»��Â//��Ä//]���������������������¶//�Zu��//Ë��Ä//�]Y���Y�Ê//]Á�°Ì»�|//���Ê//��Ã|//¿�Ì³���

Ê//»�{Â//�)Prommer et al., 2003; Schafer et al., 2005; Cirpka and Valocchi, 2007; 

Mohamed et al., 2010:(
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EAEA
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orgorg

org
EAEA ++

= max
deg,

m )� -��(

deg,deg, orgEAEA RfR = )�-��(

��Ä·{Z »)�-�� (��������Ê°Ë�Â/·ÂÌ]�Ä/Ë�ne��À¯YÁ�c�Z^��Ä¯)�¥�/������Y��/�¿���Ê/]Á�°Ì»�®/Ì»ZÀË{ (�����¦Ì/�Âe�Y�

Ê»�������Ä/·{Z »�Ä/]�Ê/¸Ìy�,|/À¯)�-�� (��d/�Y�ÄÌ^/� .�����Ä/�]Y��Ä/¯�ÊËZ/m��/«YÁ��{)�-�� (���,|/�Z]��Y�/«�]

�Ä·{Z »)�-�� (Ê»�Y�Ã�ËÁ�d·Zu�½YÂÀ��Ä]�½YÂe�Ä·{Z »�ÉY�]�ÉY)�-�� (d§�³���¿��{:

Xk max2 m= )�-��(

Ê]Á�°Ì»�¹�m�Ä¯�Êf·Zu�ÊÀ Ë��½Z»���{�)Á½Z°» (Ê»���§�d]Zi{Â� .µÂ»�§�|���É|À]

Ê»��Z°]�Ê·M�Ã|ÀËÓM�®Ë�¥��»�ÉY�]��¬§�©Â§�Ê]Á�°Ì»{Á� .�¶»Z��c�|À]�Ê³{Â·M�,Ê «YÁ�d·Zu��{

·M�\Ì¯�e�®ËÊ»�½Z�°Ë�ÊËZÌ¼Ì��Á�®Ë�Ì§�cZ�z�»�Z]�cZ^Ì¯�e��Y�Ê�Â¸z»�ZË�{�¨À»�Ê|�Z] .

Ã|ÀËÓM�¾Ë|Àq�½Z»�¼Å�¥��»��Zv·�ÉY�]�µ|»�¾Ë|Àq�,¾ËY�]ZÀ]) Ôj»¶ÌeY�,¾WÂ¸e�,½�À]��¾¸ËY��Á�½�À]

)BTEX ((ÃÁ�³�Ä¸Ì�Á�Ä]Ã|��{ZÆÀ�Ìa�½Z�°Ë�ÊËZË�f¯Z]�ÉZÅ|¿Y .�Ä¯�ZÌ¸��Á�{�|ÀÌ¯�µ|»�,µZj»�ÉY�]

Âe�Ê]Á�°Ì»�dÌ ¼m�®Ë�¹�m�Ä¿�YÂ»�ÉY�]�,|��Ã{Z¨f�Y��Ì¿�½Y�Z°¼Å�Á��§Z°�Y�Á�½Y�Z°¼Å�Á�|Ì�ËY���

�d�Y�Ã|��{ZÆÀ�Ìa��Ë��c�Â��Ä])Prommer et al., 2003:(
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t

X ngrowth

¶
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�Ä·{Z »)�-�� ({Â��ÄnÌf¿:

                                                  
1. Microbial mass
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¶
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,
max

, m )�-��(

�w�¿�¾Ë�f�Ì]��¥��»�ÉZÅn
maxmÊ»�Ã|ÀËÓM�¾Ì]�|¿YÂe��|/�Z]�cÁZ/¨f»�,¦¸fz»�ÉZÅ .����,�Á��¾/ËY��{

µ|»��½Á�f°·Y�ÄË�ne�É�Z�Ã|ÀÅ{���w�¿��{�¦¸fz»�ÉZÅ��Ê/»�¾°¼»�cÁZ¨f»�ÉZÅ�,{Â/��Ôj/»����Ê/¸Ìy�½�/À]�

Äf�ÅMÊ»�ÄË�ne�¾WÂ¸e��Y��e{Â� .

�����������/mÂ»�cZ/^Ì¯�e��/´Ë{�Ê°Ë�Â/·ÂÌ]�Ä/Ë�ne��Y�,¶/¼��{�Â/»�L�/m�®Ë�Ä¯�Êf·Zu��{�����É�Ì³Â/¸m�{Â�

Ê»���d�Ì¿�\�ZÀ»��´Ë{�|¿Â»�Ê¸�Y�µ|»�,|À¯ .��ÉY�/]�Y��ÊeZvÌv�e�Ä¯�|¿Â»�µ|»�cZ¬f�»�,{�Â»�¾ËY��{

��������Ê/»�ºÅY�/§�¶/¼��{�Â»�L�m�É�Y{�Z]���Ê/»�,|¿�Z/��������®ÌfÀÌ/��¦Ì/�Âe�ÉY�/]�|/À¿YÂe���Ê°Ë�Â/·ÂÌ]�Ä/Ë�ne�

��|¿Â///��Ã{Z¨f///�Y .��¾Ì///]��{�¾////ËY�µ|///»���Á�|////¿M�Ä///·{Z »�,Z///Å���Ã{�f�////³��Â///��Ä///]��ÉY�

Ê»�Ã{Z¨f�Y�{{�³)Littlejohns and Daugulis, 2008; Trigueros et al. 2010:(

i
C K

C
CK

C
2max

++
= mm )�-��(

½M��{�Ä¯:

C :-\Ì¯�e�Ê]M��Z§�d�¸£

CK :-\Ì¯�e��Z^�Y�Ä¼Ì¿�d]Zi

iK :d�Y�¶¼��{�Â»�L�m�É�Y{�Z]�d]Zi.

��³YCKi >>Ê»�¶Ë|^e�|¿Â»�µ|»�Ä]��Á�|¿M�µ|»�,|�Z]�{{�³.

�����/]��Z/]�¾Ì·ÁY�Á�Ã{Â]�|¿Â»�®ÌfÀÌ��Äf§ZË�ºÌ¼ e�Ä¯��Ë��µ|»���¶Ìb�/¿Â·�Á�½Z/Å�Ä¸Ì/�Á�Ä�)���� (

���ÄÌ^��ÉY�]�|Ë{�³�s��»����d�¸£��{�¶¼��{�Â»�L�m�ÄË�ne�É�Z���������{�¶/¼��{�Â/»�L�/m�É�Y{�Z/]�Á�¾ÌËZa�

d�¸£�d�Y�Ã|��Ã{Z¨f�Y�ÓZ]�ÉZÅ)Okpokwasili and Nweke, 2005:(

                                                  
1. Andrews
2. Han and Levenspiel
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½M��{�Ä¯:

mC :Ê»�¦«Âf»�ÄË�ne��À¯YÁ�½M��Y��f�Ì]��Ë{Z¬»�ÉY�Y�Ä]�Ä¯�d�Y�Ã|¿�Y{�Z]�Ê¿Y�v]�d�¸£-{{�³

n�Á�m :|Àf�Å�d]Zi�\ËY��.

����Z^Ì¯�e��f�Ì]�,µZj»�½YÂÀ��Ä]���ÊÀ]�¯Á�|ÌÅ�c)¾¸ËY��Á�½�À]�¶ÌeY�,¾WÂ¸e�,½�À]�¶»Z�ZÅ (�½YÂÀ��Ä]

������d�¸£��{�Á�|Àf�Å�s��»�Ê¼��cZ^Ì¯�e�½M�µÔv¿Y�dÌ¸]Z«�|u��Ë��ÉZÅ���µÂ¸/��±�/»�Ä/]��{Z«�ZÅ��ÉZ/Å

Ê»�Ê]Á�°Ì»�|À�Z])Sanders, 2002 .(dÌ «Â»��{�,¾ËY�]ZÀ]���Â�/u�cZ^Ì¯�e�¾ËY��Y�Ê§Z¯��Y|¬»�Ä¯�ÊËZÅ

��|¿�Y{)�®Ë�,Ôj»��[M�Z/]��Z/¼e��{�¶ÌWÁ�Z³�ZË��·Zy�µÔu�®Ë�|À¿Z»�Ê]M��Ì£��Z§��ËZ»�(��¹�Ó�¶Ì�/¿Zfa�,

{�Y{�{ÂmÁ�Ã|¿�Y{�Z]�\Ì¯�e�Ê°Ë�Â·ÂÌ]�ÄË�ne�ÄnÌf¿��{�Á�Ê]Á�°Ì»�dÌ·Z §��Y�¶»Z¯�É�Y{�Z]�ÉY�].

µ|»�������������½Y�Z/°¼Å�Á�½Â/Ë�Ä¸Ì/�Á�Ä/]��Z/]�¾Ì·ÁY�Êf]Z«��É�Y{�Z]�ÉZÅ�)���� (��|¿|/��s�/�»  .����¾/ËY

µ|»��ZÅÊ»�½Z�¿�Êf]Z«��Ã|¿�Y{�Z]��iY�®Ë�¶¼��{�Â»�L�m��Å�Ä¯�|ÀÅ{�����cZ/^Ì¯�e��/´Ë{�¥��/»�ÉÁ���/]

{�Y{ .®ÌfÀÌ��������Ê/»�¶/¼��{�Â»�L�m�Êf]Z«�����������Â/¸z»�Ê/^Ìe�e�Á�½Z/»�¼Å�¥��/»�¦Ì/�Âe�ÉY�/]�|/¿YÂe

Ã|ÀËÓM{Â��Ã{�]��Z°]�ZÅ) .Littlejohns and Daugulis, 2008; Trigueros et al., 2010:(
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�µ|»��{�|¿{Y{�ÄWY�Y�Ê°ÌfÀÌ��ÉZÅ .���/»��/Ì£�cÓZ ¨¿Y�Á�¶ §�ºÌ�Àe�,µ|»�¾ËY�Ê�ZË��¦Ì�Âe��¾Ì/]��z

��µZ ¨¿Y�Á�¶ §��f»Y�Za�¹Z£{Y�Z]�Y��¶¼��{�Â»�ÉY�mYjiIÊ»�ÄWY�Y�µ|»��{��|/Å{ .����f»Y�Z/a��Y|/¬»jiI��½Z�/¿�
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1. Yoon et al
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��d//�Y��//Ë���Y�//«��Ä/])Okpokwasili and Nweke, 2005; Littlejohns and Daugulis, 2008; 

Trigueros et al., 2010:(
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½M��{�Ä¯ZÅ:

C :-Ê]M��Z§��{�\Ì¯�e�d�¸£

C :-Ã|Ì^�q��»ÂÌ]��{�\Ì¯�e�d�¸£

A :-Ê]M��Z§��{�Ã|¿�Ì³�½Á�f°·Y�d�¸£

A :-Ã|Ì^�q��»ÂÌ]��{�Ã|¿�Ì³�½Á�f°·Y�d�¸£

X :-{Y�M�ZË�¶�f»��Ì£��»ÂÌ]�Ê]M��Z§�d�¸£

X :µÂ¸��¹�m�,Ã|Ì^�q��»ÂÌ]�d�¸£-Ê]M��Z§�ºnu��]�Ã|Ì^�q�ÉZÅ
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E :Ã|¿�Ì³�½Á�f°·Y�¹�m-Ã|��ÄË�ne�\Ì¯�e�¹�m��]�Ã|��¥��»�

b :-ÊÀ¸¯Á�°Ì»�®Ë�t���duZ�»

k :-¹�m�µZ¬f¿Y�\Ë��

Xr :µÂ¸��¹�m�,�»ÂÌ]�ÄfÌ�¿Y{-�»ÂÌ]�ºnu��]�ZÅ

cV :-ÊÀ¸¯Á�°Ì»�®Ë�ºnu

cm :µÂ¸��¹�m�ÊÀ¸¯Á�°Ì»�®Ë��{�ZÅ)cXc Vrm =(-

CK :�Ä¼Ì¿�\Ë��-\Ì¯�e��Z^�Y

bk :Ê¿Á�{�\Ë�ze�\Ë���-

abiok :Ê°Ë�Â·ÂÌ]�Ì£�µÁY�Ä^e�»�\Ë�ze�w�¿�d]Zi.

�Ä·{Z »)�-�� (Ê»�¶»Z��Y��Ê]M��Z§��Y�Ã|ÀËÓM�\Ì¯�e�¥��»�ÉY�]�c�Z^��Ä�{{�³ :

·�q��»ÂÌ]�Ä]�Ä¯�|¯Y���ËZ»�ÄËÓ�®Ë�½ZÌ»��Y�Ã|ÀËÓM�\Ì¯�e�}Â¨¿�-d�Y�Ã|Ì^

·°Ì»�Ä¸Ì�Á�Ä]�Ã|ÀËÓM�\Ì¯�e�Ê°Ë�Â·ÂÌ]�ÄË�neº�Ì¿Z³�YÁ�-Ê]M��Z§��{�{Y�M�ÉZÅ

·�À¯YÁ�ªË����Y�Ã|ÀËÓM�\Ì¯�e�Ê°Ë�Â·ÂÌ]��Ì£�¥ÔeY�µÁY�Ä^e�»�ÉZÅ .

�À¯YÁ�����·Y�Á�Ã|ÀËÓM�\Ì¯�e�d�¸£�Ä¸Ì�Á�Ä]�Ê°Ë�Â·ÂÌ]�ÄË�ne��½Á�/f°�����Ä/·{Z »�cY�Z/^��ª/Ë����Y�Ã|/¿�Ì³

Ê»�{Á|v»�|¿Â»Â�{.

��Ä·{Z »)�-�� (�����������Ê/»�¦Ì/�Âe�Ã|Ì^�/q��»Â/Ì]��{�Y��Ã|/ÀËÓM�\Ì¯�e�¥ÔeY����®/Ë�ÉY�/]�Á�|/À¯

��Ê»�Äf�Â¿�ÊÀ¸¯Á�°Ì»{Â� .������������Ê°Ë�Â/·ÂÌ]�Ä/Ë�ne�,Ã|Ì^�/q��»Â/Ì]��{�Ã|/ÀËÓM�\Ì¯�e�}Â¨¿�Ä·{Z »�¾ËY

Ê»�¶»Z��Y��Ã|ÀËÓM�\Ì¯�e�Ê°Ë�Â·ÂÌ]�Ì£�ÄË�ne�Á��»ÂÌ]��{�Ã|ÀËÓM�\Ì¯�e{{�³.

��cÓ{Z »)�-�� (��Á)�-�� (�����Ê/»�¦Ì/�Âe�Y��Ã|¿�Ì³�½Á�f°·Y�¥ÔeY�|/ÀÀ¯ .����¶°/��cÓ{Z/ »�¾/ËY

����cÓ{Z »�Z]�Ê¿Z�°Ë)�-�� (��Á)�-�� (��������/iY��]�¥ÔeY�Á��ËZ»�ÉZ�£�®Ë�½ZÌ»��Y�}Â¨¿�cY�Z^��¦Ì�Âe��{

�À¯YÁ���|¿�Y{�Ê°Ë�Â·ÂÌ]�ÄË�ne�ÉZÅ .\Ë����{�Ê°Ë�Â·ÂÌ]�ÄË�ne�w�¿�cY�Z^�E) ���/f°·Y�¹�/m½Á��Ã|/¿�Ì³

                                                  
1. Endogenous



��

������Ã|��ÄË�ne�Ã|ÀËÓM�\Ì¯�e�¹�m��]�Ã|��¥��» (Ê»�[��|¿Â� .�cÓ{Z »)�-�� (�Á)�-�� (�\Ìe�e�Ä]

������Ê»�¦Ì�Âe�Y��{Y�M��»ÂÌ]�Á�Ã|Ì^�q��»ÂÌ]�\Ë�ze�Á�|��|ÀÀ¯ .��Ã|Ì^�/q��»ÂÌ]�d�¸£�¾Ì]��Z^e�Y

X����cÓ{Z »��{�)�-��(��,)�-�� (��Á)�-�� (��»ÂÌ]�ÄfÌ�¿Y{�Z]���Ê/À¸¯Á�°Ì»�¹�m�Á�ÊÀ¸¯Á�°Ì»�ºnu�,�

Ê»�½ZÌ]��Ë��c�Â��Ä]{{�³:

q
r
N

mC
X cbc= )�-��(

½M��{�Ä¯:

cC :µÂ¸��{Y| e�¹�m��]�ZÅ-|»Zm

N :µÂ¸��{Y| e�ÊÀ¸¯Á�°Ì»��{�ZÅ)d]Zi�®Ë.(

����µÂ¸��{Y| e�,�»ÂÌ]�ÄfÌ�¿Y{�½Âq���µÂ¸/��¹�/m�Á�¶/z¸ze�,ÊÀ¸¯Á�°Ì»��{�ZÅ���Ê/À¸¯Á�°Ì»��{�Z/Å

�Ê//»���//§�d//]Zi��{�cY�//ÌÌ¤e�Y~//·�,|¿Â//�X��{�cY�//ÌÌ¤e�Z//]��//«YÁ��{�cC�Z//]�Z//Ë�NCc���Z//Àf»�

Ê»�|�Z])Molz et al., 1986 .(Ä¿Â³�µZ¬f¿Y�ÉY�]���f�{��{�ÊuYÂ¿�Z/]�Z¼Ì¬f�»��»ÂÌ]�Ä]�Ê]M��Z§��Y�ZÅ

XÊ»�\�ZÀf»|À�Z] .d�Y�d]Zi�ÊÀ¸¯Á�°Ì»��Å��{�t���duZ�»�Y�Ë�.

�����º�q�Êm�Zy�¹�m�µZ¬f¿Y��Y��³Y���Ê�Âa�cÓ{Z »�ºf�Ì��,{Â)��Ä/·{Z »� (�����Ä/·{Z »�Ä/��Ä/]�©Â/§

�Ä·{Z »�¶»Z�)�-�� (Å�ÉY�]�Ä·{Z »�®Ë�Á½Á�f°·Y�Á�Ã|ÀËÓM�\Ì¯�e�¥ÔeY��Ê»��ÅZ¯�Ã|¿�Ì³|]ZË:

Ck
AK

A

CK

C

Y

X

dt

dC
abio

EAC

-÷÷
ø

ö
çç
è

æ
+÷÷

ø

ö
çç
è

æ
+

-= maxm )�-��(

÷÷
ø

ö
çç
è

æ
+÷÷

ø

ö
çç
è

æ
+

-=
AK

A

CK

C

Y

EX

dt

dA

EAC

maxm )�-��(

µ|»�����Ê/»���/§�Ä¯�Ã{Â]�Ê»ÂÆ¨»�µ|»�®Ë��Z�Y��]�ÓZ]�ÉZÅ����ÊËZÌ¼Ì/�ÂW�Á�|ÌÅ�cY�/ÌÌ¤e�|/À¯

��Ê»�ÊÀ]�¯Á�|ÌÅ�Ê³{Â·M��Y�Ê�Z¿µ|»�Ä¸Ì�Á�Ä]�ZÆÀe�|¿YÂe�À¯YÁ�É�Z������Ê¸/�Y�Ê°Ë�Â/·ÂÌ]�Ä/Ë�ne�ÉZ/Å

��aÂ¯�½ÂÌ�Y|Ì�¯Y�ÊÀ Ë��¾]�¯Á�|ÌÅ�Ã|��¶��½Á�f°·Y�®Ë�LZÌuY�Z]�ZÅ���µÂ/^«�¶/]Z«�d«{�Z]�,�f�Ì]�ZË�Ã|¿�Ì³

�{Â///��Ã{��\///Ë�¬e .�µ|///»���µÂ///»�§�Z///]�ÉZ///Å��Ã|///ÌrÌa�É|///À]����¹�Ó��///Ë��{�YÂ///»��{��///e

Ê»�|¿Â�)Prommer et al., 2003:(



��

·{�Â»��À¯YÁ�ÊËZÆ¿�cÓÂ�v»�µÂve�{�Â»��{�Ê§Z�Y�cZ�Ô�Y�|À�Z]��ZÌ¿�.

·�Ã|ÀÅ{��À¯YÁ���������À/¯YÁ��ËZ��Z]�½Z»�¼Å��Â��Ä]�Ê¸�Y�ÉZÅ�������d§��/Ìa�¶¬f�/»��Â/��Ä/]�Ä/¯�Z/Å

Ê»��|ÀÀ¯)�����Ä�ËZ¬»�¶]Z«�Ê¿Z»���ZÌ¬»�®Ë��{�Z»Y (�À¯YÁ�Ä]�x�Za��{�ZË���Ê°Ë�Â/·ÂÌ]�Ä/Ë�ne�ÉZÅ

|Àf�Å��Ì³�{.

�ªÌ«��É�Ì³�Z°]�ÉY�]�µÁY�{�Â»Ä]�s���®Ë�½YÂÀ��Ä]�Ê Ì^��É�Z�Y{�É�Z��d/�Y�dÌ¼ÅY�ÉY� .��{

���������À/¯YÁ��Y�Ä¸/�Zu�ÊËZÌ¼Ì�ÂW��cY�ÌÌ¤e�,d·Zu�¾ËY���������Â/«Á�½{Y{�½Z�/¿�ÉY�/]�Ê°Ë�Â/·ÂÌ]�Ä/Ë�ne�ÉZ/Å

ªÌ«��ÉZÅ|ÀËM�§��Ê/»�Ã{Z¨f/�Y�É�Z���|¿Â/�)Prommer et al., 2003 .(���Ã|/ÀËÓM�Ä/¯�ÊËZ/m������|Ì�/¯Y�Z/Å

Ê»����ÊËZÌ¼Ì�ÂW��cY�ÌÌ¤e�,|¿Â�ÓÂ¼ »��,ÊËZÌ¸«�dÌ�Zy��{�ÊeY�ÌÌ¤e�¶»Z���¶/¯�Ê·M��Ì£�¾]�¯�)TIC(��Á�

¶°����½Á�f°·Y�Ã|��LZÌuY�ÉZÅÃ|¿�Ì³���������Ê/»�Ê/fÌ§���Á{�¾/ÅM�Á�|Ì¨·Â��|À¿Z»�ZÅ�|À/�Z] .��Ä/¿Â³�¾/ËY��Á�Z/Å

Ä¿Â³���À¯YÁ�¶¼vf»�d�Y�¾°¼»��´Ë{�ÉZÅºÆ»�Ä¯�|¿Â��É�f�Ì]�ÉZÅ½M�¾Ë�e�À¯YÁ�ZÅ���¶Ì°�/e�ÉZ/Å

�����Ê»�dË�Ìa�ZË�¾ÅM�|Ì¨·Â��,dË�|Ì��[Â��|À�Z] .ËY�Zm�¾ËY��{��Ê/»�s�/�»�µOÂ��¾�����¾/ËY�Z/ËM�Ä/¯�{Â/�

�À¯YÁ��ÉZÅ)ÄËÂ¿Zi (�Ê»�d§��Ìa�����������Ê/¸Ìy�µOÂ/��¾/ËY�Ä/]�x/�Za�.Ê/y�¿�Ä/q�Z]�d�Y�¾ÌÀq��³Y�Á�|ÀÀ¯

¶°�»�������d�Y�ÓZ]��{�Ã|��ÄWY�Y�Ã{Z��Ê¸Ìy�cÓZu��Y��e .�À¯YÁ�¾ËY�w�¿�Á��Â«Á�����½Â/r¼Å�Ê¸»YÂ/��Ä/]�Z/Å

pH���Ã|ÀËÓM�Ê°Ë�Â·ÂÌ]�ÄË�ne�Ê���{�Ä¯�ÊÀÌ»��Ë��[M�M�ÉZÅÊ»��ÌÌ¤e�Ê·�{�Y{�Ê´f�/]�,|À¯ .��¾Ì/Àq��{

������Ä·{Z »��{�Ê�À¯YÁ�cY�Z^��,ÊeÓZu)�-� (������ÊËZÌ¼Ì/��{YÂ/»�É{Z/Ë��{Y|/ e��Y�Ê ]YÂ/e)�Ä/¿Â³�����,Ê/]M�ÉZ/Å

Ê¿Z¯���Á�ZÅ (...��µ|»�Á�|Àf�Å������,|Àf�/Å�Ê°Ì»Z/ÀË{Â»�e�µÂ/�Y�ÄËZa��]�Ä¯�ÊËZÌ¼Ì�ÂW��ÉZÅ�ÓÂ/¼ »���ÉY�/]�

��Ê»�Ã{Z¨f�Y�cY�Z^��¾ËY�Ä^�Zv»|¿Â� .]��{µ|»�¾Ì���À/¯YÁ�ÉZÅ|ÀËM�§�¶»Z��Ä¯�Ê°Ë�Â·ÂÌ]�ÄË�ne�ÉZÅ

��Ê»�ÊËZÌ¼Ì�ÂW��Ã|ÀÅ{��,|À�Z]ÓÂ¼ »��µÂ»�§�ÉY�]�¦¸fz»��Á��Á{��À¯YÁ�É|À]��Ê°Ë�Â/·ÂÌ]�ÄË�ne�ÉZÅ

Ê//»�Ã{Z¨f//�Y|¿Â//� .½Y�Z//°¼Å�Á�½Y�//]�µ|//»��Ä//�Ô¯��//Ë��{�YÂ//»�Ä//]�Y��ÊËZÌ¼Ì//�ÂW�ÂÌ]�ÉZ//Å�É|//À]

�|¿{�¯)Brun et al., 2002:(

                                                  
1. Total Inorganic Carbon
2. Brun et al 



��

·µ|»��������½Á�f°·Y�Ä¸u�»�Á�Ê·M�\Ì¯�e�½ÂÌ�Y|Ì�¯Y�Ä¯�ÊËZm�,Ä¸u�»�®e�É|ÀËM�§�ÉZÅ���Ä/]�É�/Ì³

½ÂÌ�Y|Ì�¯Y��À¯YÁ�®Ë�c�Â�-Ê»�d§��Ìa�Ã�ËÁ�w�¿�®Ë�Z]�LZÌuY�-|À¯

·µ|»���Ä¸u�»�Á{�É|ÀËM�§�ÉZÅ���Ê/»���§�½M��{�Ä¯�ÉY������Ä/¸u�»�®/Ë�½ÂÌ�Y|Ì�/¯Y�Ä/¸u�»�{Â/�

����½Á�f°·Y�Ä¸u�»�Á�d�Y�w�¿�Ã|ÀÀ¯�{Á|v»³Ê»�É�Ì�|¿YÂe)d�Y�¾°¼» (����À/¯YÁ�®/Ë�c�Â��Ä]

��{Â��µ|»�Ê·{Z e .½Á�f°·YÃ|¿�Ì³��������,�f�/Ì]�Z/Ë�Ê·M�\Ì¯�e�®Ë�ÄË�ne�Ê���{�Ã{Z¨f�Y�{�Â»�ÉZÅ

¾ÌÌ e�¶^«��YÊ¼¿½M�{Ây�Ê°Ì»ZÀË{Â»�e�dÌ]Â¸�»�ª^���]�Z»Y�|¿Â�Ê»�¥��»�ZÅ|¿Â�.

������µ|»��Â¿�Á{��Å���Zu�µZu��{�Ä]�©Â§�ÊËZÌ¼Ì�ÂW�ÂÌ]�µZ¬f¿Y����ÄÌ^/��ÉY�/]�µÂ/¼ »��Â�����¶ËZ�/»�É�Z/�

���Ê³{Â·M�µÂve�Á�µZ¬f¿Y���Ê¼¿�Ã{Z¨f�Y�ÊÀ]�¯Á�|ÌÅ�ÉZÅ|¿Â� .�½M�,µZu�¾ËY�Z]��Ã|/ÀËY�§Y����Â/��Ä]�ZÅ��{�ÉY

�s�//�|///ÀËM�§�º///Æ§�LZ///¬e�Y�¥|///Å�Z///]�ÊeZ///¬Ì¬ve�ÉZ///ÅÄ///]�ÉZ///Å�Ã{Z¨f///�Y�Ê/// Ì^��É�Z///�

Ê»|¿Â�)Prommer et al., 2003.(

�-� .µ|»É{|��É�Z��

µ|»����¾]�¯Á�|ÌÅ�µZ¬f¿Y�Á�µÂve�É�Z����[M��{�Êf¨¿�ÉZÅ���¶/uY�»�É�/��®Ë�¶»Z��ÊÀÌ»��Ë��ÉZÅ

�d�Y�Ê^Ìe�e .������/Ì³�{�Ê°Ë�Â/·ÂÌ]�Á�ÊËZÌ¼Ì/��,Ê°Ë�Ì§�ÉZÅ|ÀËM�§�¦Ì�Âe�dÆm�\�ZÀ»�Ê�ZË��cY�Z^�

����¾]�¯Á�|ÌÅ�µZ¬f¿Y�Á�µÂve��{�µ|»��{�ZÅÉ�Z�|Àf�Å��ZÌ¿�{�Â»�É{|��ÉZÅ .^·Y��cZ�/z�»�,¶v»��Å�Äf

{�Y{��Ë��{�YÂ»�Ä]�d^�¿�Y��{Ây��Zy:

·Ã|ÀËÓM�\Ì¯�e/-��Â¸z»

·-Ä¬]Z��¾ËY��Y�{ÂmÂ»�cZÌW�m�Á�Ê³{Â·M�ÄrzË�Ze

·Ã{Y{�Ê��f�{¹�¿�Á�É�Y�§Y�dz��ÉZÅ-É�Y�§Y

·-É�Â·ÂW�Á�|ÌÅ

·Ê¿Z¯�Á�Ê¼Ì�ÂW�Á�|ÌÅÊ�ZÀ�.

                                                  
1. Numerical modeling



��

��µ|»��Á��,¾ËY�]ZÀ]��������vÀ»��ËY���Á�Ã�ËÁ�cZmZÌfuY�Ä]�É�Z�����{�Y{�Ê´f�/]�dËZ/���/Å�{�/§�Ä] .

���µ|»��{�Ä¸u�»�¾Ì·ÁY�����¾]�¯Á�|ÌÅ�µÂve�Á�µZ¬f¿Y�É{|��É�Z�[M�Ã�¨���{�Êf¨¿�ÉZÅ��¾/ËY�Ä]�Ã{Â·M�ÉZÅ

[M�½ZË�m�µ|»�®Ë�Ä �Âe�ZË�Á�Ã{Z¨f�Y�,{YÂ»d�Y�ÊÀÌ»��Ë� .��cZ�/z�»�Ã�Z]��{�Y��ÊeZ�Ô�Y�µ|»�¾ËY

����Ê»�ºÅY�§�Ê°Ë�Â·ÂW�Á�|ÌÅ�Á�Ê°Ë�Â·Á�|ÌÅ��Â¼ »�Á�{�Z�Ó���ÄÌ^��ÉY�]�Y��ÊËZÀ^»�É�Z���µZ/¬f¿Y�É| ]�ÉZÅ

Ã|ÀËÓM��Ê»�ºÅY�§�ZÅ{�Z� .��µ|»��Y�Ä¸u�»�¾ËY���¾Ì/]�Ê¿YÂz¼ÅZ/¿��Å�½Âq�d�Y�É{ZË��dÌ¼ÅY�ÉY�Y{�É�Z�

���|/��|/ÅYÂy�¶/¬fÀ»�µZ¬f¿Y�µ|»�Ä]�,dÌ «YÁ�Á�½ZË�m�µ|» .�����[M�½Z/Ë�m�µ|/»�®/Ë�,{�YÂ/»��f�/Ì]��{

�Ê»�\�ZÀ»�ÊÀÌ»��Ë���É|Ì¨»�cZ�Ô�Y�|¿YÂe{�Z��ºÅY�§�Y .µ|»�Ä¸u�»��{����|/Å�cY�/ÌÌ¤e�,½Z/Ë�m�É�Z�

������Ã{Y{�ÉÁ���Y��Ë�]M�Ä�Âu�®Ë��{�Ê°Ì·Á�|ÌÅÃZq��{�Ã|��d^i�ÉZÅÃ|ÅZ�»�ÉZÅ���¾f§�/³��/�¿��{�Z]�Á�ÉY

��ÄÌ^��½M�ÉZÅ��»�¾ÌÀr¼Å�Á�Ã�¨��ÄÌ¸ze�Á�ÄË~¤e�ª�ZÀ»Ê»�É�Z�{{�³ .����ÉY�/]�d/�Y�¾/°¼»�µ|»�¾ËY

�Á���]�ÊÀ^»�s���®Ë�Ä �ÂeÄ]�ÉZÅ�Ê°Ì·Á�|ÌÅ�É�Z�)Ôj»s���sÔ�Y�Á�`¼a�ÉZÅ ({Â��Ã{Z¨f�Y.

[M�½ZË�m�µ|»�®Ë�{ZnËY�Ä¸u�»�¾Ì·ÁY��������¦Ì/�Âe��Z/�Y��/]��Z/y�Ä/¬�À»�®/Ë��{�Ê/ÀÌ»��Ë�

�����d/�Y�Ê°Ë�Â·ÂW�Á�|/ÌÅ�Á�Ê°Ë�Â·Á�|ÌÅ�Ê»ÂÆ¨»�µ|»�®Ë�Ä �Âe�,Ä¬�À»�½M�ÊeZ»|¬» .���Ä/¸u�»�¾/ËY��{

��¾Ì»��cZ�Ô�Y�Ä¼Å��ÂmÂ»�Ê°Ì§Y�³Á�|ÌÅ�Á�Ê�ZÀ��¼m�{Ê»��Ì·Z¿M�Á�É�ÁM|¿Â� .���Â/��Ä]�Ê»ÂÆ¨»�µ|»

µÂ»�§��Ë��{�YÂ»�¾f§�³���¿��{�Z]�Ê¨Ì¯Ê»�É|À]{Â�:

·[M�Ê¸�Y�½ZË�m�dÆm-ÊÀÌ»��Ë�

·Ã{Á|v»�������¶/Ì^«��Y�,|¿Â/��Ã{Z¨f�Y�É{|��µ|»��{�ÊËZÅ��»�c�Â��Ä]�d�Y�¾°¼»�Ä¯�Ã�¨��ÉZÅ

��Ë�]M�Ã�Âu�ÉZÅ��»)Êv����Ë� (-½ZË�m��Â�y�ÉZÅ��»�Á

·Y|¯�ÄËÓ�¹�¾Ì»��ÉZÅ����|Àf�Å�YÁY�e��f¼¯�Ê¸Ìy�ZË��f¼¯�®Ë�¹Y|¯�Á��f�Ì]�Ê�ZÀ� .�Ä/ËÓ�¹Y|¯��Z/Å

-|Àf�Å�\�ZÀ»�É{|��µ|»��{���»�®Ë�¶Ì°�e�ÉY�]

·½ZË�m����Ã�Âu�®Ë��{�[M�ÉZÅ)µ|» (¾ÌÌ e�Ê´¿Â´q�Á�½M�k�Zy�ZË�Ê]Zzf¿Y /���¾/ËY�Ê/¼¯�¾Ì¼ze

½ZË�mZÅ.

�®Ë�Ä]��Ë��c�Â��Ä]�Ê»ÂÆ¨»�µ|»�d�Y�¹�Ó��b�{Â��Ã|¿Y{�³�]�É{|��µ|»:



��

·Äf��³�µ|»�Ã�Âu�ÊËZ�§�É�Z�)½ZË�m�ÄÀ»Y{(-

·���Ã�Y|¿Y�Ê°Ë�Â·ÂW�Á�|ÌÅ�ÉZÅ�f»Y�Za��Ì�ze�������������dËY|/Å�¶/Ì^«��Y�Ã�¨/��Ê/ÀÌ¼ze�Z/Ë�Ã|/��É�Ì³

¶z¸ze�,Ê°Ì·Á�|ÌÅ...-

·�Ì�ze /-Ê°Ì·Á�|ÌÅ�ÉZÅ|Å�Ä¸¼m��Y�¾Ë�Z£M�Á�ÄÌ·ÁY��Ë{Z¬»�¾ÌÌ e

·�Ì�ze /Ë�®ÌeZf�Y�É��»��ËY���¾ÌÌ e-ÄË~¤e�|À¿Z»�½Z»���]Ze�Z

·�����Ã{Y{��Y�Ã{Z¨f�Y�Z]�µ|»�½Â�Y�^Ì·Z¯��Ã|��Ã|ÅZ�»�ÉZÅ /�ËZa�Ã|��)Ôj»��Ê°Ì·Á�|/ÌÅ�ÉZÅ|/Å� (

Ê¼¿�ÄfyZÀ��Ê]Ây�Ä]�Ä¯�É�Ë{Z¬»�ÉY�]�ZÅ�f»Y�Za��ÌÌ¤e�Ä¸Ì�Á�Ä]|¿Â�.

������Ê//»�,Ã|//��Ã�^Ì·Z//¯�Ê//ÀÌ»��Ë��[M�½Z//Ë�m�µ|//»�®//Ë�Ä//ËZa��//]���µZ//¬f¿Y�µ|//»��Y�½YÂ//e�

d§�ÀÆa-��Ã|ÀËÓM�ÉY�]�Ê³|À¯Y�a�{�¯�Ã{Z¨f�Y�Ê�À¯YÁ��Ì£�Ê·M�ÉZÅ .����/�Âe�Ê/·M�cZ^Ì¯�e��³Y�Ã�ËÁ�Ä]

���|¿Â�¿�ÄË�ne�Ê°Ë�Â·ÂÌ]�ÉZÅ|ÀËM�§��Y�ÅZ��ZË���w�¿��{���Ã{Y{�,|¿Â/��Ä/Ë�ne�Äf�ÅM�ÉZÅ����Ã|/���ËZ/a�ÉZ/Å

���Ê»�cZ^Ì¯�e�¾ËY�ÉY�]À¯Y�a�\Ë���½{�¯�Ã�^Ì·Z¯�ZË�¾Ì¼ze�,½{�¯�Ê¼¯�ÉY�]�|À¿YÂe��Ã�¨/��Ê����Ê³|

�|¿Â��Ã{Z¨f�Y .�����������Ê/·�fÀ¯��/iY�Ã|/ÀËÓM�¹Â¸a�µÂ���]�Ä¯�d�Y�É|Ì¸¯��f»Y�Za�®Ë�Ã�¨��Ê³|À¯Y�a�\Ë��

{�Y{ .Ê³�ËÁ��ËZ��Y�|Àe�Z^��Ê�À¯YÁ��Ì£�µ|»�ÉZÅ:

·Ã{Z»M��{�ZÅZ�y�ÊËZ�ZÀ�É�Z� /Ã{Y{��Ì�ze-ZÅ�f»Y�Za�Á�ZÅ

·��ªÌ«��d �Á�ÊËZ�ZÀ��d�¸£��ÅZ¯�ÉY�]�d�Y�¾°¼»�Ä¯�É�Z�Ã|ÀËÓM���®/Ë�d�{�¾ÌËZa��{�ZÅ

|�Z]�¹�Ó�Ê³{Â·M��^À».

����µ|»�Ä¸u�»��{�Ê»ÂÆ¨»�µ|»������½Z/Ë�m�µ|/»��{�Ê»Â/Æ¨»�µ|»�Ä]Z�»�Ä¯�{�Y|¿�Ê»Á�·�¹�m�µZ¬f¿Y�É�Z�

|�Z].

µ|»�®Ë��{�É| ]�Ä¸u�»µ|»�,®ÌeZ¼f�Ì��É�Z�¾]�¯Á�|ÌÅ�Ê�À¯YÁ�µZ¬f¿Y�É�Z��Êf¨¿�ÉZÅ

d�Y .�Ã|��¶aÂ¯�µZ¬f¿Y�,Ä¸u�»�¾ËY��{�À¯YÁ�Á�ÊËZÌ¼Ì��Ä¿Â³�¾Ë|Àq½M�¾Ì]�ÊËZÌ¼Ì��ÉZÅ�����µ|»�ZÅ

Ê»{{�³.µ|»�¾ËY��{Ã|ÀËÓM�Ê°Ë�Â·ÂÌ]�ÄË�ne�,ZÅ�������®Ë�Ã|ÀÀ¯�¥��»�Ä¯�|Ì�¯Y�¶]Z«�ÉZÅ

½Á�f°·YÊ»��f�Ì]�ZË�Ã|¿�Ì³ÄÌ^��,|�Z]Ê»�É�Z�{Â� .µ|»Ä¿Â³�|Àq�Ê°Ë�Â·ÂÌ]�ÄË�ne�ÉZÅ�Ä]�ÉY



��

e��»�Á�ÄÌ·ÁY��ËY���¾ÌÌ ��Å�ÉY�]�É|¿�Y{��ZÌ¿�Ä¿Â³ .�������Ä¸Ì�Á�Ä]�ÄÌ·ÁY��ËY���,{�YÂ»��f�Ì]��{

d�¸£�Ã{Â·M��Ì£�ª�ZÀ»�ÉZÅ)d�¸£ÄÀÌ»��ÉZÅ (Ê»�¾ÌÌ e|¿{�³ .µ|»�|ÀËM�§��{�|Ì·Âe��^À»�,É�Z�

�Á��Ä]�Ê³{Â·MÊ»�¾ÌÌ e��Ë��ÉZÅ{{�³:

·�¹�m�µZ¬f¿Y�|ÀËM�§�®Ë�Z])µÔv¿Y(-

·�,d]Zi�d�¸£�É��»�����®Ë�Z]-d�Y�d]Zi��^À»�ÄÌuZ¿��{�Ã|ÀËÓM�d�¸£�ÊÀ Ë

·��������������,½Z/»��|/uYÁ��/]�Ã|��¾ÌÌ e��Ìa��Y�¹�m�®Ë�Z]�Ã|ÀËÓM�Ä¯�ÊËZm��¯Ô§�É��»�����®Ë�Z]

Ê»�Ä§Z�Y�Ã�¨��Ä]�ÊÀÌ»��Ë��[M�½ZË�m�Ê «YÁ�d�����Y�¶¬f�»{Â�.

��ÓÂ¼ »�ÄÀË�³�¾Ì·ÁYÃY���Ê/»�ºÅY�§�Y��Ê¸u������/¬�À»�®/Ë��{�Y��ZÅ|/ÀËM�§�¾Ë�/fÆ]�Ä/¯�{�Z/����Ã|/��Ã{Â/·M�Ä

Ê»��° À»|À¯.

d�Y��ZÌ¿�ÊËZÌ¼Ì�ÂW�ÂÌ]�cÓZ ¨¿Y�Á�¶ §��fÆ]��{�ÉY�]�Ê»ÂÆ¨»�µ|»�®Ë�Ä]��Ì¿�Ä¸u�»�¾ËY��{.

�Ã|ËY��Â��Ä]µ|»�¶uY�»��Y�®Ë��Å�,µM����Ã{Y{�Z/]�ÊnÀ/��Z^f�Y�Á�½|/��Ã�^Ì·Z/¯�Ä]��ZÌ¿�É�Z���ÉZ/Å

�{�Y{�dËZ� .����µ|»��³Y�,�´Ë{�¥����Y�Y�ÉY�]�ÄÌ·ÁY�Ä¸u�»��{�É�Z������,|/�Z]�Ã|/��Ã{Â/·M�Ä/¬�À»�®Ë�Ê]ZË��

�����Ã{Y{��{�{ÂmÂ»�ÉZÅ{Â^¼¯�ÊËZ�ZÀ��½M�Ê¸�Y��¬¿�d�Y�¾°¼»����®/Ë��Z/f§��Ê/���]�ZË�Ä¬�À»�®Ë�ÉZÅ

|�Z]��Â�z»�Ã|ÀËÓM.

���µÁ|m��{)�-� (�µ|»�¹Zn¿Y�ÉY�]�Ê¸�Y�¶uY�»����d/�Y�Ã|/��Ã{Y{�tÌ/�Âe�Ê�/À¯YÁ�µZ¬f¿Y�É�Z� .

���¾°¼»�µÁ|m�¾ËY��{�Ã|���¯}�¶uY�»�¹Z¼e�Äf^·Y��µ|/»�Ê»Z/¼e��{�d�Y������Ä/¯�¾/ËY�Z/Ë�Á�|À/�Z^¿�¹�Ó�Z/Å

�½M�ÉY�mY�½Z°»Y�ZÅ���|/�Z^¿��Ë~/a .����������Ê]Z/Ë��Y�Á�Y�/mY��{�Ä/¸u�»��/Å�Ä/]�Ä/mÂe�µZ/u�¾/ËY�Z/]�µ|/»���É�Z/�

Ê»�ÄÌ�Âe�ÊËZÌ¼Ì�ÂW�ÂÌ]{{�³.

µÁ|m)�-� :(µ|»�Ê¸�Y�¶uY�»�Ê�À¯YÁ�µZ¬f¿Y�É�Z�)Prommer et al., 2003.(
Ä¸u�»dÌ·Z §
��·ÁY�Ê]ZË��Y�Ã{Y{�ÄÌZÅ/��½|��µ|»�ÉY�]�{ÂmÂ»�dÌ «Â» :�����Á�Ê/°Ë�Ì§�ÃÂ¬·Z/]�cÓZ/ ¨¿Y�Á�¶/ §�ÄÌ·ÁY�ÊËZ�ZÀ�

w�¿�ÄÌ·ÁY�Êf�{�cZ^�Zv»�¶»Z��ÊËZÌ¼Ì�|�Z]�¾°¼»�Ä¯�ÊËZm�,ÄÌ·ÁY�½Á�f°·Y�Ä¿�YÂ»�Á�½ZË�m�ÉZÅ.



��

�Ã|��Ã{Â·M�Ä¬�À»�ÉY�]�ÄÌ·ÁY�Ê»ÂÆ¨»�µ|»�®Ë�ºÌ�Àe�Á�ÄÌÆe.

�µÂ»�§��{���ÂÆ¨»�µ|»�®Ë�É|À]Ê»�Ê»Ã{Y{��Y�½YÂe�{�/¯�Ã{Z¨f�Y�Ã{Â·M�Ä¬�À»�®Ë��Y�¶�Zu�Ê¬¼��ÉZÅ .��{

�{Â��ÄmÂe�½M�{Z ]Y�Á��^À»��ËY���Ä]�Ä¯�d�Y��ZÌ¿�Ê»ÂÆ¨»�µ|»�ÄWY�Y .��¹Â/¸a�cZ�z�»�c|��Ä]�{�YÂ»�¾ËY

{Y{�|ÀÅYÂy��Y�«��ÌiPe�dve�Y��Ê³{Â·M��^À»��¼��µÂ��Á.

�µÂ»�§���µ|»�É�eY�f�Y�®Ë�É|À]��É�Z�)� ]Y�¶»Z��®Ì°¨e�,É|À]{Z��É|/ÀËM�§�cZÌW�m�Ê¿Z»��Á�ÊËZ�§�É�Ë~a

Ã|��µ|»�ÊËZÌ¼Ì��Á�Ê°Ë�Ì§�ÉZÅ|ÀËM�§ (x�Za�|ËZ]�µ|»�Ä¯�ÊeÓR��ºÌ�Àe�Á½M�ÉÂ³|�Z]�ZÅ .

�ºÌ¼�e��«Â»�����{��/Ë��{�YÂ»�|ËZ]�Ê�À¯YÁ�µ|»�ÊÀ Ë�ÊËZÌ¼Ì��ÉZÅ|ÀËM�§�É|ÀËM�§�cZÌW�m�{�Â»��{�É�Ì³

{Â��Äf§�³��¿:

Ä¨·Â»�cÓÂ�v»�ÉZÅ��¶ÌeY�,¾WÂ¸e�,½�À]�¶»Z��Êf¨¿�w�¿��{�Ã�Ì£�Á�¾Ì·Zf¨¿�,½�À]��ËY���dve�ZË�Ä]Z�»�ÉZÅ

���Ê¼¿�ÄË�ne�Ä]Z�»�ÊËZÌ¼Ì�ÂW�|¿Â� .��½Z�M�Ê¸Ìy�\¸£Y�¾WÂ¸e�,µZj»�½YÂÀ��Ä]�Ê/»�ÄË�ne�½�À]��Y��e��Á�{Â/�

w�¿����������Ì/�ÂW��cY�/iY�Ä/¯�|¿Â/��Ã{Z¨f/�Y�ÊËZ/m��{�ZÆÀe�|ËZ]�µÁY�Ä^e�»�Á��¨��Ä^e�»��À¯YÁ�ÉZÅ�[M�ÊËZÌ¼

Ê¿Z¯�Á�ÊÀÌ»��Ë�|Àf�Å�Ä]Z�»�Ã�¨��ÉZÅ.

��µ|»��Y�]Y�[Zzf¿YÃ{Y{�Z]��Z^e�Y��{�\�ZÀ»�É�Z�Â��,{ÂmÂ»�ÉZÅ����½Z/»��Á�|¿Â/��Ã{Y{�x/�Za�|ËZ]�Ä¯�ÊeÓY

{ÂmÂ».

���Äf��³�¶»Z��,½ZË�m�µ|»�®Ë�ºÌ�ÀeµÂ¸��c�Â��Ä]�µ|»�Ã�Âu�ÊËZ�§�É�Z�����ÊËZ/�ZÀ��,®/qÂ¯�ÉZ/Å

Äf��³�,É��»��ËY���ÄÌ^��c|»�Ê¿Z»��É�ZÄ¸u�»�,É�Z�Ã{Y{�{Á�Á�Á�Ê¿Z»��É|À]ZÅ.

�Ã{Z»MÃ{Y{�É�Z�Ã|ÅZ�»�ÉZÅÄÌ^��lËZf¿�Z]�Ä�ËZ¬»�ÉY�]�ÉY½ZË�m�µ|»�½ÂÌ�Y�^Ì·Z¯�Ä¸u�»�Ê��É�Z�.

��Ã{Y{��Y�Ã{Z¨f�Y�Z]�ZËZaZ¿�ZË�ZËZa�½ZË�m�µ|»�½ÂÌ�Y�^Ì·Z¯�Ê°Ì·Á�|/ÌÅ�|Å�ÉZÅ .����¾/°¼»�µ|/»�½ÂÌ/�Y�^Ì·Z¯

�d�Y�d�{�Ä¸Ì�Á�Ä])Z�y�Á�Ê � ({{�³�¹Zn¿Y�É�f»Y�Za�¾Ì¼ze�ÉZÅ�Y�]Y��Y�Ã{Z¨f�Y�Z]�ZË.

�d����dÌ·Â¬ »�Ê���]�Á��ËZ»�MÄÌ^��½ZË�m�ÉZÅ[M�½ÔÌ]�Á�½ZË�m��Ì�»�,Ã|��É�Z�.

�{�]�Z¯ /�Ã|ËY��ËZ»�M��µM)�d�Ì¿���Ì»�{�YÂ»��f�Ì]��{�Äq��³Y (Ã{Y{�ÉY�]�µ|»���½ÂÌ/�Y�^Ì·Z¯�Ê/��Ä¯�ÊËZÅ

½MÃ|�¿�Ã{Z¨f�Y�|¿Y.

���{Â^¼¯�ÊËZ�ZÀ��Ã{Y{�ÉZÅ��Ê»�Ã|��Ã�^Ì·Z¯�µ|»��Z^f�Y��¿Z»�Ä¯�ZÅ|¿{�³ .Ã{Z»Ms���É�Z�����Ä/]�ÉY�/]�ÊËZ/Å

Ã{Y{�½{�ÁM�d�{½Z°»Y�Ä¯�ÊËZm�,Ê§Z�Y�ÉZÅ|�Z]��Ë~a.

��������Êf§�ÀÆa�µZ¬f¿Y�ÉY�]�µZ¬f¿Y�µ|»�®Ë�ºÌ�Àe-��Ä¿Â³�®Ë�Ê�À¯YÁ��Ì£�Ê³|À¯Y�a� .¬f¿Y�µ|»�Ã�Âu��¾/°¼»�µZ



��

|�Z]�Äf�Y{�cÁZ¨f»�É|À]| ]�d�Y�¾°¼»�µ|»�¾ËY�Á�|�Z]�½ZË�m�µ|»��Y�Ã�Âu��Ë��®Ë�d�Y.

������Ä¿Â³�®e�µ|»�ÄÌ·ÁY�ÉY�mY����Ä/nÌf¿�ª¸�»�Ê°Ë�Ì§�µZ¬f¿Y��Y�Ä¯�É{|��¶WZ�»�¾ÌÌ e�Á�Ê]ZË��Y�ÉY�]�©Â§�ÉY

Ê»�|¿Â�)É{|��Ê³|À¯Y�a�,cZ¿Z�Â¿�,ÊËY�´¼Å�¶WZ�»�,µZj»�½YÂÀ��Ä].(

�� e�Ê³|À¯Y�a�\Ë����Ë{Z¬»�¹Zy�¶Ë|)Ê����Á�Ê·Â� (¹Â¸a�Ê¸�Y�cZ�z�»�µ�fÀ¯�ÉY�].

���µ|»�lËZf¿��Y�Ã{Z¨f�Y�dÌ·Â¬ »�µ�fÀ¯�®Ë�½YÂÀ��Ä]�É�Z�)Ê§Z�Y (½ZË�m�µ|»�ÉY�] .�,d�Y�¹�Ó�Ä¯�ÊËZm

µ|»Ê»�¶Ë| e�É{|��Á�Ê»ÂÆ¨»�½ZË�m�ÉZÅ|¿Â�.

���µÁ�Z»��³Y������¿�Ä]�\�ZÀ»Z¿�{ÂmÂ»��À¯YÁ�ÉZÅÊ»��|À�� :Ã{Z»M�{�Â»�Ä¬�À»�Ã�ËÁ�Ê�À¯YÁ�µÁ�Z»�®Ë�É�Z�

µÁ�Z»��ËZ»�M�,Ê���] /¹�¿�Äf�]dÌ �Á�ÉY�]�Ê�À¯YÁ�É�Y�§YÄ¬�À»�Ã�ËÁ��Ì£�Á�Ã{Z��½ZË�m�ÉZÅ .

��Ã{Z»MÃ{Y{�É�Z�Ã|ÅZ�»�ÉZÅÄÌ^��lËZf¿�Z]�Ä�ËZ¬»�ÉY�]�ÉYµZ¬f¿Y�µ|»�½ÂÌ�Y�^Ì·Z¯�Ê��É�Z�.

�����Y�Ã{Z¨f�Y�c�Â���{���Ä¨·R»�|Àq�Ê�À¯YÁ�µZ¬f¿Y�µ|»����Ä/ÀÌ»���a�dÌ¨Ì¯�Äf�ÂÌaZ¿�ÊËZÌ¼Ì�ÂW��µ{Z e�,ÉY

���µ{Z e�Ê]ZË��Y�ÉY�]�[M��Ê]M��Z§�ÉZÅ-µ|»�Ã|�¿�Ã{Â·M�Ã�¨��Ê¿Z¯�Ê»�É�Z�{Â� .��À/¯YÁ���Äf/�ÂÌaZ¿�ÉZ/Å

Ê¿Z¯�Ä]�x�Za��{�ºf�Ì��ÊËZÌ¼Ì�ÂW��cY�ÌÌ¤e�Ê]ZË��Y�ÉY�]¾]�¯Á�|ÌÅ�É�Z�ÄÌ^��ZÅÊ»�É�Z�¿Â�|.

��Â»�|Àq�µZ¬f¿Y�µ|»�ºÌ�ÀeÄ¨·Ê�À¯YÁ�ÉZÅ�f»Y�Za�¾Ì¼ze�¾Ì·ÁY�¶»Z��ÉYÓÂ¼ »�Ä¯��Ã|����fÀ»�½Âf»��Y�
Ê»�¶�Zu|¿Â�.

��ÄÌ^�É�Z��ÊËZÌ¼Ì�ÂW�ÂÌ]�µZ¬f¿Y�ÉZÅ .���Ã|/��Ã|ÅZ�/»�ÉZÅÂ´·Y�Z]�©Z^�¿Y�ÉY�]�Ê�À¯YÁ�ÉZÅ�f»Y�Za�¶Ë| e

¹Â¸a :�¹Â¸a�µÂ� /�Ä¨·R»�d�¸£�����,Ê/f¨¿�cÓÂ�/v»�ÉZ/Å�Ä/¬�À»����Z/ÌuY�Á�½ÂÌ�Y|Ì�/¯Y�É|/À] /�d/�¸£��ÉZ/Å

½Á�f°·YÃ|¿�Ì³�À¯YÁ�cÓÂ�v»��Â«Á�,Ã|��¶u�ÉZÅ.

��Ã|��Ã�^Ì·Z¯�µ|»�dÌ�Z�u��Ì·Z¿M.

��Ä¿Â³�ÉY�]�Ê¸Ì�¨e�¹�m�½ÔÌ]�Ä�ËZ¬»ZÅ /Â»Ä¨·Ã|��¶u�ÉZÅ.

��¾Ì¼ze�µ|»�ÉY�mYÉY�]��³:

� .®�Ë��Á�Ã|ÀËÓM�¹Â¸a�c|»�|À¸]�¶»Z°e�¾Ì¼zeÃ|¿�Ì³�ÉY�]�ÃY�¼Å��-½M�ÉZÅ

� .���Ê·Z¼fuY��ËZ«Á�Ä]�x�Za .��f�Y�¾Ì¼zeÄÌ^��®Ë�¹Zn¿Y�ÉY�]�Ã|ÀËM�ÉZÅ¾Ì¼ze�É�Z������Z/Ì¿�{�Â/»��/³

d�Y .�ºÌ¼�e��«Â»����Ìa�dÆm��^À»�Ã|ÀËM��ËY���ÉY�]�É�Ì³������Á��/Ë�Âe�Ä/¯�{Â/��Ä/mÂe�d/�Y�¹�Ó�,ÊÀÌ]

��\Ì¯�eNAPL«Â»�Á�½M�Ê³{�YÂÅ�dÌ �Á�Ä]�Äf�]�d�Y�¾°¼»������t�/���/Ë���{�[M�Ê]Zf�/ËY�t�/��dÌ 

|�Z]��Ì¤f»�Ê¸Ìy�¾Ì»�.



��

�����Ê»�±��]�Ê^¿Zm�Ê³|À¯Y�a�\Ë���®Ë�Ê]ZË��Y���Ôf/yY�Ê/ «YÁ��Ì£�¾Ì¼ze�Ä��YÁ�Ä]�|¿YÂe/�ª/Ì«���É�Z/�

)���Ã|��Ã{��¾Ì¼ze�{ZË� (�Ã|ÀÅ{��À¯YÁ��ZÅ)¾]�¯Á�|ÌÅ��½Á�f°·Y�Á�ZÅÃ|¿�Ì³ZÅ (���½M��{�Ê°Ë�Â/·ÂÌ]�Ä/Ë�ne�Á

�Ìa�Ä]��nÀ»�,ª�ZÀ»Ì]¹Â¸a�ÊÀ{Â��ÃZeÂ¯�ÉZÅ.

� -� .¾]�¯Á�|ÌÅ�cZ^Ì¯�e�É�Z§|Àq�Ê·{Z e�É|À]L�m�cÓ{Z »Êf¨¿�ÉZÅ

¾]�¯Á�|ÌÅ�Êf«ÁÊ»�d�¿�¾Ì»��t����Ë��Ä]�ZÅÊ»���§�µ|»�,|ÀÀ¯Ä¨·Â»�Ä¯�|À¯�ÉZÅNAPL�

�Á�Zy�,[M�,YÂÅ��Z§��ZÆq�Z]NAPLÊ«Z]�|Ì���|ÅYÂy�µ{Z e�Ä]�Ã|¿Z» .ÄË�ne�pÌÅ�Ä¯�¾ËY���§�Z]�

Zy�Ê·{Z e�É|À]L�m�-{�Y|¿�{ÂmÁ��^À»�Ã|�¿��Z^�Y�Ä¬�À»��{��Ìz^e�ZË�Ê°Ë�Â·ÂÌ]�ZË�ÊËZÌ¼Ì�/�[M

Ä�v·�Ã{Â·M�Zy��{d�Y�Ê�y�Á��Ë~a�d�³�]�,ÉY .��Å�Ê¸¯�¹�m�Ä¯�d�Y�É�Â��Ä]�¹�m�Ä¿�YÂ»��Á�

�Ä¨·Â»i�ºf�Ì���{�( )i
TMÂ¼n»�Z]�d�Y��]Y�]�Ä¨·Â»��Å�¹�m��i���������������,�Z§��ZÆq��Å��{���

�¾ËY�]ZÀ])Park, 1999; Park and Juan, 2000:(
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��ËÓZ»�¿�Ê�y�[~m�É|À]L�m�Ä·{Z »��Y�|Àe�Z^��ZÅ�Z§�¾Ì]�Ê·{Z e�É|À]L�m��]�º¯Zu�cÓ{Z »
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Ê»�ÃY�¼Å�µZÌ��½ZË�m�¶WZ�»|Àf�Å���f�{��{�|�Z] .��¿Y�Z°¼Å�Á�{�YÁ{Y)Edwards et al., 1995 (

Ä�ËZ¬»É�Zne�ÉZÅ|¯�Êy�]��Y�ÉYCFD�µÁ|m��{�Ä�ËZ¬»�¾ËY�Ä¯�|¿{Y{�ÄWY�Y�Y��)�-� (d�Y�Ã|»M.

PHOENICS¹�¿�Äf�]�®Ë��Ìa�ÉY�]�Ä¯�d�Y�Ê»Â¼��|�Z¬»�ÉY�]�É�Y�§Y�{�YÂ»�Ê¼¯�ÊÀÌ]

Ê»�Ã{Z¨f�Y��Ë��{{�³)Spalding, 1981:(

·����cÓZÌ��½ZË�m�Ê´¿Â´q)�Á�d¨¿�,[M�,YÂÅ (...�������,É|/ÀËM�§�cY�/ÌÆne�,�Â/eÂ»�½Á�{�Á�¥Y�/�Y��{

½Z¼fyZ�-½M�|À¿Z»�Á�Ê Ì^���Ìv»���YÂ��,ZÅ

·¤e-Ê°Ë�Ì§�Á�ÊËZÌ¼Ì��\Ì¯�e�Z]�ÃY�¼Å�cY�ÌÌ

·��f�YÄ�Â£�¹Z�mY��{�ÃY�¼Å�ÉZÅ�Á.

PHOENICSÊ»�Ã{�]��Z°]��Ë��{Y�§Y�Ä¸Ì�Á�Ä]��{Â�)CHAM, 2008:(

                                                  
1. Computational Fluid Dynamics



���

·-cY�ÌÆne�sY���¾Ì�|ÀÆ»

·½Z¼fyZ��ÊuY���ÉY�]��Z¼ »�¾Ì�|ÀÆ»-ZÅ

·d�Ë��¾Ì��zf»�Ìa�ÉY�]�Ê�Ìv»d�Ë��cY�iY�ÊÀÌ]Ã|ÀËÓM�Ê�Ìv»�y�Á�ZÅ½M�cY�.

�-� -� .Ê¸�Y�cZÌ¸¼�PHOENICS

¹�¿��Y�§YPHOENICSÊ»�¹Zn¿Y�Y���Ë��Ê¸�Y�¶¼��Ä��|Å{:

� .Ä·P�»�¦Ë� e :ÄÌ^��|ËZ]�Ä¯�ÊfÌ «Â»��]�Z¯�½M��{�Ä¯Ê»�Ä¯�ÊeÓYÂ��Á�{Â��É�Z��|Å{�x�Za�|ÅYÂy

Ê»�¦Ë� e�Y�|À¯.

µÁ|m)�-� :(�ÉZÅ|¯�Ä�ËZ¬»CFD) Edwards et al., 1995; Doulati Ardejani, 2003.(
Ê³�ËÁZÅ FLUENT PHOENICS FLOW3D FIDAP

�Á������
Äf��³É�Z�

{Á|v»�ºnu {Á|v»�ºnu {Á|v»�ºnu {Á|v»�ºnu

µ|»�É�Z�
º¯Y�e�½ZË�m�Ë~a

Ã|��ºÅY�§ Ã|��ºÅY�§ Ã|��ºÅY�§ �Ä�]Y��{�]�Z¯���Âe
Ê»�¾ÌÌ e�d·Zu{Â�.

µ|»�É�Z�
�|Àq�½ZË�m

É�Z§

Ã|��ºÅY�§ ��ºÅY�§Ã| Ã|��ºÅY�§ Ã|��ºÅY�§

�t���dÌ¸]Z«
{Y�M

Ã|�¿�ºÅY�§ Ã|��ºÅY�§ Ê»�{Á|v»|�Z] Ã|��ºÅY�§

�»�|Ì·Âe º�À»Z¿��» ��»�,º�À»��»
�Z]�Ä¿|]�©Z^�¿Y�,ÊuÔ�Y
���������cZ�fz»

¾Ë�e�Z¯ /Ä¿YÂf�YÉY

�cZ�fz»�,º�À»��»
¾Ë�e�Z¯ /Ä¿YÂf�Y�,ÉY

�|Àq�,�YÁ{�cZ�fz»
Ä¯Â¸]

º�À»Z¿��»

µ|»�É�Z�
Y©Y�fu

��������������À¯YÁ
©Y�fuY /ÊËZÌ¼Ì�

���������������À¯YÁ
©Y�fuY /ÊËZÌ¼Ì�

��������������À¯YÁ
©Y�fuY /ÊËZÌ¼Ì�

�À¯YÁ�ÊËZÌ¼Ì��ÉZÅ
t��

Ä �Âe|¯�É�Ë~a d�Ì¿��Ë~a�½Z°»Y |¯�¾f�Â¿�½Z°»Y
{ÂmÁ�FORTRAN

{�Y{

|¯�¾f�Â¿�½Z°»Y
{ÂmÁ�FORTRAN

{�Y{

|¯�¾f�Â¿�½Z°»Y
�{ÂmÁ�FORTRAN

{�Y{

Ê¸�Y�{�]�Z¯ Ê»Â¼��¥Y|ÅY Ê»Â¼��¥Y|ÅY Ê»Â¼��¥Y|ÅY Ê»Â¼��¥Y|ÅY



���

{�]�Z¯ZÅ �Á�|ÀËM�§�Ê�|ÀÆ»
�µZ¬f¿Y�,Ê¼Ì�
�µ�fÀ¯�,c�Y�u

�ÊuY���Á�Ê³{Â·M
É�Z¼ »

�,ÄËÂÆe�Á�c�Y�u
�cZ ·Z�»�,Ê�|ÀÆ»
�µ�fÀ¯�,Ê°Ë�Ì§ÂW�
�½{�¯�{���,Ê³{Â·M
�µZ¬f¿Y�,Ê°Ë�f°·Y�¹�YÂ·

µ|»�,c�Y�u�É�Z�
d�Ë��Ìv»�Á�½{Z »�Ê

d¨¿�d À�

µ|»�Á�©Y�fuY�É�Z�
�,®Ì»ZÀË{Á�ËY�,�eM

�,¶uZ��ÊÀ¼ËY
�,®Ì¿Z°»�Ê�|ÀÆ»

c�Y�u�µZ¬f¿Y

�Á�®Ì¿Á�f°·Y�,Á�{Ây
��,Ê¼Ì��,ZÅZ¿Z���Ä¼Ì¿

¾Ì»��Âm /cZ»Z°vf�Y

{�]�Z¯�ÉZÅ
Ê¿| »

Ä¸] Ä¸] Ä¸] Ä¸]

Ã|À�Á�§ Fluent Europe
Sheffield,UK

CHAM London,uk CFDA AEA
Technology
Oxford,UK

FLUID DYNAMICS
INTERNATIONAL
L Evanston,LL,USA

� .ÄÌ^�É�Z� :�É{|���Á��Ä]�\�ZÀ»�É��»��ËY���µZ¼�Y�Z]�Ä·P�»��]�º¯Zu�Ê�Z�Y�cÓ{Z »

ºnu�{Á|v»�ÉZÅ)Versteeg and Malalasekera, 1995 (Ê»�¶u|¿{�³.

� .Ä^�Zv»�lËZf¿��ËZ¼¿ :Y|m�,Ê°Ì§Y�³��ËZ¼¿�Ä¸Ì�Á�Ä]{�YÂ»��ËZ��Á�{Y|�Y�µÁ.

¹�¿�¾ËY��ÉZÅ|¯��f�Ì]�|À¿Z»��Y�§Y

CFD½M�Ä¼Å�Ä¿�Z»YZÅ,{�Y{�Y�n»�µÁ�Z»�®Ë�©Â§�¶¼��Ä���Y�®Ë��Å�ÉY�]� .�Y�|Àe�Z^��µÁ�Z»�Ä��¾ËY:

·SATELLITE-

·EARTH-

·PHOTON.

�µÁ�Z»��ZÀ¯��{PHOTON�,Ê»µÁ�Z»��Y�½YÂe½Âr¼Å�É�´Ë{�ÉZÅAUTOPLOTˬRESULT

ÁVR VIEWER{Â¼¿�Ã{Z¨f�Y�lËZf¿��ËZ¼¿�ÉY�].

�-� -� .�ZfyZ�PHOENICS

¹�¿�¾ËYÃ�ZÌ���ËY�M�®Ë��Y�§Y�ÉY

µYÁ���Ë���Y�É�¯�»�Äf�Å�®Ë�Z]�¹Z¿�Ä]�ZÅEARTH�Ä»Z¿�]�®Ë�Á�SATELLITEÉ{Á�Á�Ä¯�{�Y{���Y�Y��ZÅ

���YÁ�ªË��Virtual Reality (VR)Ê»�d§ZË�{�|À¯.



���

EARTH�Á�SATELLITE�

Ä»Z¿�]|Àf�Å�Y�n»�ÉZÅ .�½Y�]�Z¯PHOENICS�Z]�Ze|¼��SATELLITEÊ»��Z¯�½M�Z»Y�,|ÀÀ¯Ê»�ZÅ -

�Á��dve�|À¿YÂe�Ä]�Ã|��µ�fÀ¯�ÉZÅEARTH|À�Z]�Äf�Y{�Ê��f�{��Ì¿�.

�-�-� .��{�Ä¿Â´qPHOENICSÊ»�¦Ë� e�Ä·P�»�.{{�³

d�Y��Ë��{�YÂ»��{�dÌ �Á�½ZÌ]�¶»Z��Ä·P�»�¦Ë� e:

� .¶°��ÊÀ Ë�,Ä�|ÀÅ,ZÅÃ�Y|¿Y�dÌ «Â»�Á�ZÅ-¶yY|e�ÉZÅZ�§�Á�LZÌ�Y�ÉZÅ

� .Ê³�ËÁ��´Ë{�Á�µZ¬f¿Y�,®Ì»ZÀË{Â»�e�ÊÀ Ë�,{YÂ»-�Ì³�{�cY|»Zm�Á�cÓZÌ��ÉZÅ

� .���µZj»�½YÂÀ��Ä]�,ZÅ|ÀËM�§ :��Ê]�{YÂ»�ZËM���À¯YÁ�ZË��iY�����ÄÌ^/��º�Ôf/»�½Z/Ë�m�ZËM�,|Àf�Å��Ë~a��É�Z/�

Ê»��������ZËM�,Ê·|»�Äq�Ä¸Ì�Á�Ä]�d�Y�¾ÌÀq��³Y�Á�{Â�������Ä^/�Zv»�cY|/»Zm�Á�cÓZÌ/���{�c�Y�/u�µZ/¬f¿Y

Ê»�Àe�dÌ �Á�ZËM�Á�|¿Â�Ê»�Ä^�Zv»�cY|»Zm��{�ZÅ-|¿{�³

� .Ä°^�Äf��³�Ä¯�½Z»��Á�Z�§�ºÌ�¬e��{�d«{�Á��Á��ÊÀ Ë�,É|À]Ê»�Ã|Ì»Z¿�É�Z�-{Â�

� .�É{|��ÉZÅ�f»Y�Za��´Ë{)Ê°Ë�Ì§�Ì£�ÊÀ Ë (ÄÌ^��{Z�f«Y�Á�d«{�,d����Ã|ÀÀ¯��iPf»É�Z�.

»�Ä¯�Ä·P�»�¦Ë� e�Ã�ËÁ�cZ�z�PHOENICSÊ»��Ìz�e��Y�|Àe�Z^��|Å{:

� .��Ê»�Ä·P�»�¦Ë� e��Á���Y�Ê�ÂÀe��{�|¿YÂe��������Á�Ä/]�ne�ª/^���/]��]�Z/¯�Ä¸Ì/�Á�Ä/]�Ã|/��[Zzf¿Y�ÉZÅ

{Â��¹Zn¿Y��fËÂ·ÁY.

� .���¹�¿��Y�Ä¯�ÊÀÌ�|ÀÆ»���½Âr¼Å�ÊËZÅ�Y�§YCAD�Ê»�Ã{Z¨f�Y�Ê»�,|ÀÀ¯Âe��¶/ËZ§�|/À¿Y���Y����Z/Àf»�ÉZ/Å

¬f�»Z¼Ì�Ä]�PHOENICS – VR) �ÊÀ ËVirtual Reality (|ÀÀ¯�{�YÁ.

� .���Ìv»��{VR¹�¿���Y�§YPHOENICS�®Ë�, »�Âf�{�¶ËZ§«Ê»�{ZnËY���Y�³�®Ë�|À¿Z»����Ä/¯�{{�/³

Q1Ê»�Ã|Ì»Z¿�{Â� .Ê»�Ä]�ne�Z]�½Y�]�Z¯|ÀËZ¼¿�sÔ�Y�Y��¶ËZ§�¾ËY�|À¿YÂe.
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� .Ê³�ËÁ�dÌ¸]Z«�Á�ZÅÉZÅ»  PLANT  «�Á»IN-FORM  « Ê»�{ÂmÂ]�Y��½Z°»Y�¾ËY���Ê/³�ËÁ�Z/e�|¿�ÁM

�µÂ»�§�Ä¸Ì�Á�Ä]�{�Y|¿Zf�Y��Ì£�É��»��ËY���Z]��]ZÀ»�Á�|Ë|m�{YÂ»�����ºÅY�/§�É�Âf/�{�¶/ËZ§��{�Ê�/ËÂ¿

|¿Â�.

� .����������¹�/¿�Z/]�{Z/¼f�Y�¶/]Z«�É�Âf/�{�¶/ËZ§�ZÅ|����Y�/§YPHOENICS�����Y�Ä/�Â¼n»�®/Ë��{�{�Y|¿Zf/�Y�

Ä¿Zz]Zf¯�¾Ì»Pe�Ê��f�{�¶]Z«�Ê¿Z�M�Ä]�ÉZÅÃ|�|¿Y.

PHOENICS��½Z//]��d//¬Ì¬u��{�

������¹Z¿�Ä]��{Ây�ÉÓZ]�t���É{Á�ÁPIL
�Ä¯�{�Y{�Y��½M��{�¶ËZ§�ÉZÅQ1��Ê/»�Äf/�Â¿��|¿Â/� .PIL��®/Ë�

�Z¼Ì¬f�»�½Z]�������{�Y|/¿��ZÌ¿�Ê¼m�f»�pÌÅ�Ä]�Á�d�Y�Ã|���Ì�¨e� .PIL��¥Z/� ¿Y�Á�¾Ë�e|/À¼¿YÂe���¾Ë�e�Ë~/a

�¶ËZ�»�ºÌ�Àe�ÉY�]�Ã|��ÄÌ^ e�É{Á�Á�½Z]�CFD�d�Y�)CHAM, 2008.(

�-�-� .�Ä¿Â´qPHOENICS�Ìa�Ê»�ÊÀÌ].|À¯

PHOENICSÃ|Ë|a��j¯Y�ÄÌ^��Y���Ë��{�YÂ»�¶»Z��Ê°Ë�Ì§�ÉZÅÊ»�É�Z�|À¯:

� .���µ|»�Á�Ê¼Ì��Á�®Ë�Ì§�Ä]��Â]�»�¾Ì¿YÂ«�½ZÌ]½M�Ä¯�ÊËZÅ�Ê/»�ÄÌmÂe�Ê�ZË��c�Â��Ä]�Y��ZÅ�|/ÀÀ¯�

�Z»Â¼��Ä¯��,c�Y�/u�Äm�{�,�Z�§�Ä]��Â]�»�cÓ{Z »�¶»Z���Á�d/�¸£ ...�����½Z/»��Á�½Z/°»��{�Ä/¯�|Àf�/Å

Ê»��ÌÌ¤e|ÀËZ¼¿.

� .�����Z¬¿��Y�É{ZË��ÃÁ�³�½{Y{��Y�«)Ê»�¶Ì°�e�Y��ÊeZ^�Zv»�Ä°^��Ä¯|ÀÅ{ (���Ä/]�®/Ë{�¿�Ê§Z¯��|«�Ä]

Ê «YÁ�cÓZÌ��Á�LZÌ�Y�Ê´f�ÂÌa�\�ZÀ»��ËZ¼¿�ÉY�]��´Ë|¼Å.

� .�����Á��Ä¸Ì�Á�Ä]�cÓ{Z »�¶u����ÅZ/¯�,Ã|¿Â/���Y�°e�,®ÌeZ¼f�Ì��ÉZÅ-y��Z/� .����{�¶/u�d§��/Ìa

�Äv¨�VDUÊ°Ì§Y�³��ËZ¼¿�Z]�d�Y�dËÁ��¶]Z«� .

� .|ÅYÂz]��]�Z¯�Ä¯�d«Á��Å�Ê·�fÀ¯�cZ¼Ì�Àe�sÔ�Y�Á�cZ^�Zv»���«.

� .|¿Â��Ã{Y{��ÅZ¯�Ê§Z¯��|«�Ä]�ZÅZ�y�Êf«Á�,cZ^�Zv»�Ä]�½{Y{�½ZËZa.

                                                  
1. PHOENICS Input Language
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�������������Ä/¿Â´q�Ä/¯�¾/ËY�Z/]��Z^e�Y��{�Ã�ËÁ�cZ�z�»�Êy�]PHOENICS��Ì/a���Ê/»�Ê/ÀÌ]�^��|/À¯���Y�|/Àe�Z

)Spalding, 1981:(

� .PHOENICS�Ê»��Ä]�d^�¿�|¿YÂe��¹�/¿��ËZ/��Z/Å�Y�§Y���Ì/�Á�Ä/À»Y{�����Y��Ê/°Ë�Ì§�ÉZÅ|/ÀËM�§��Y�É�/e

�Ì�Á��ÂÀe�®Ë�Ä]�Á�|À¯�dË�Ë|»µ|»��Y�É�ed�Y��Æn»�Ê°Ë�Ì§�ÉZÅ.

� .�Á����������eÂÌb»Z¯�½Z]���{�Ê°Ë�Ì§�ÉZÅ|ÀËM�§�½M��{�Ä¯�ÊËZÅ)½�e�§ (�Ê/»�Ã{Y{��ËZ¼¿��/]�,|¿Â/��ÉY�

�����������d�/Ì¿�Ê/¨z»��/´Ë{�ÉZÅ|/¯��/j¯Y�|À¿Z»�Á�d�Y�Ê��f�{�¶]Z«�Á�dËÁ��¶]Z«�½Y�]�Z¯ .GROUND�

Ä»Z¿�]�Ë���������Ê�ËÂ¿|¯�Ä¯�½�e�§�½Z]��Ä]�ÊËZÅ|¯�Z]�d�Y�ÉY�¹�/¿�ÉY�]�Ä¯�¹�Ó�ÉZÅ���Y�/§YPHOENICS�

�����Ê»�¹Zn¿Y�½M��{�d�Ì¿�{�Y|¿Zf�Y{Â� .GROUND�����Y��Ì]������µÁ�Z/»�|/��{�EARTH��¶Ì°�/e�Y��

Ê»|Å{.

� .Ê�ËÂ¿|¯��Ä¬^��Á�½Z�M�ÉÂnf�m�Z]��Á��®Ë��{�¹�Ó�ÉZÅÊ»�¹Zn¿Y�Ã|��É|À]����Ä/¯�¾/ËY�Z/e�{Â�

|À�Z]��{Z«�½Y�]�Z¯:

·|À¼Æ¨]�Y��ZÅ|¯.

·ºÌ¼�e�ZËM�Ä¯�|ÀÀ¯�É�Ì³¹�¿�cZ¿Z°»Y�Y�§YÊ»�Ã{�ÁM��]�Y��½Z��ZÌ¿�{�Z�.

·½M�Ä]�Y��½Z�{Ây�ÉZÅ|¯�ZË�|ÀÀ¯�sÔ�Y�Y��{ÂmÂ»�ÉZÅ|¯|ÀËZ¼¿�Ä§Z�Y�ZÅ.

� .����X¼�»��Z¯�¾ËY�ÉY�]�{Ây�ÊËZ¿YÂe�Ä]�Ä¯�Ê¿Y�]�Z¯�ÉY�]���¹�/¿�Ã|/ÀÅ{�Ä /�Âe�d¯���,|Àf�Ì¿�¾���Y�/§Y

)CHAM (��ÄÀË�³PLANT����ºÅY�§�Y�����{�YÁ�ÉY�]�Y��½Y�]�Z¯�¦ËZ�Á�Ä¯�d�Y�ÄfyZ��µÂ/»�§�É�Z���ÉZ/Å

Ê»��ÅZ¯�É�Âf�{�¶ËZ§��{��ZÌ¿�{�Â»|Å{.

� .��Y|]Y�Ä¯�Ê¿Y�]�Z¯�Ê¼¿������Á�É�ÁM{�/³�Z]�|ÀÅYÂy��^e�/»��µÂ/»�§�É�Z/�����Ê/»�,|¿Â/���/Ì³�{�Z/Å�|/À¿YÂe

IN-FORM���|¿�]��Z°]�Y�� .µÂ»�§��ÉZÅIN-FORM�Z¼Ì¬f�»��Ä¸Ì�Á�Ä]�EARTH��Ä/Ë�ne�Y�mY�½Z»���{�

Ê»��{�Y�mY��ÉY�]�É�ÌÌ¤e�pÌÅ�Ä]�Á�|¿Â�EARTH|¿�Y|¿��ZÌ¿�.

� .PHOENICS������{�/§�Ä/]���/vÀ»�Ä�/z�»�®/Ë�ÉY�Y{�EXPERT����®//ÌeZ»ÂeY��Â/��Ä/]�Ä/¯�d/�Y��

Ê»��Ìa�Ä^�Zv»�Ä¯��Â��½Z¼Å�Y��É{|��ÉZÅ�f»Y�ZaÊ»�ÄÀÌÆ]�,{Á�{�Z�.
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�-�-� .PHOENICSÊ»��ËZ¼¿�Y��lËZf¿�Ä¿Â´q�.|Å{

PHOENICSÊ//»���lËZ//f¿�|//¿YÂe

ÄÌ^����¶°��Ä]�Y��É�Z����|Å{��ËZ¼¿�¦¸fz»�ÉZÅ .�¹�/¿�¾ËY�������É{�/§�Ä/]���/vÀ»�Ê/°Ì§Y�³�Äf�/]��Y�,�Y�/§Y

�Ä¯�Ã{Â]��Y{�Ây�]PHOTONÊ»�Ã|Ì»Z¿�{Â�.

��¾ÌÀr¼ÅPHOENICS�Ê»���|/¿YÂe

��Ìa�lËZf¿ÊÀÌ]����������������������������Ìv»��{�Y��{Ây�ÉZÅVIRTUAL-REALITY�½M�Ä/]�Ä]Z�»����Ä/¯�Ä/q�

�����ÄÌ^���Á����{�Ä·P�»�ºÌ�Àe�ÉY�]���|Å{��ËZ¼¿�,|��Ã{Z¨f�Y�É�Z� .�Ê/»�½Z�M�Y���]�Z¯��{��Á��¾ËY-

�������Ì^�������cZÌ¸¼��dÌ¼ÅY�µZ¬f¿Y�Ä¸Ì�Á�®Ë�¾ÌÀr¼Å�Á�|À¯ÄÉ}��Zz�Y�ÉY�]�Y��½ZË�m�É�Z����Z/»Y��/¨¿

Ê»�ºÅY�§�ÓZ]�t���½Y�Ë|»�|À¿Z»�ÊÀ§��Ì£{�Z�.

����¶//ËZ§��{�É{|//��lËZ//f¿�,Ä//f^·Y

RESULT���Ê»�Ã�Ìy}�ºÅ�{{�³ .�¹�¿�¾ËY�¶ËZ§��{�Ä¯�ÊeY�Âf�{�ª^���]��Y�§YQ1Ê»�{�YÁ�Ê»�,|¿Â���|/¿YÂe

{�Z��ºÅY�§�Y��º¯Y�f»�ZË�Ã|À¯Y�a�cZ�Ô�Y.

�-�-� .u��Á�¶

PHOENICS���Ã|/ÀÀ¯�¶u�¶»Z��-

d�Y�Ê�y�Ê¿Z»�¼Å�cÓ{Z »�Ä�Â¼n»�ÉY�]�Ê¨¸fz»�ÉZÅ .ÄÀË�³�Y�|Àe�Z^��ZÅ:

·point by point-

·slab-wise-

·whole-3D-field.

�������Á��Ä¸Ì/�Á�Ä/]�Ã|//��¶/aÂ¯�Ê°Ì»ZÀË{Á�|/ÌÅ�cÓ{Z/ »SIMPLEST�Ê/»�¶//u��|¿Â/� .�ÉY�//]

½ZË�m�Äz�¿�,É�Z§�Á{�ÉZÅIPSA¹�¿�¾ËY��Y��Y�§YÊ»�Ã{Z¨f{Â�.



���

�ÉZÅ|¯�Z]�½ZË�m�¶Ì¸ve�Z»Â¼�CFDÊ»�¹Zn¿Y�¦¸fz»��Z§�Ä���{��¶°���{�Ä¯�{Â�)�-� (�Ã{Y{�½Z�¿

d�Y�Ã|�.

�-� -� .µÁ�Z»ÉZÅPHOENICS

�Ä»Z¿�]PHOENICSµÁ�Z»�¶»Z��Ê»�ÊeÁZ¨f»�ÉZÅ�Y��½ZË�m�¶Ì¸ve�¦¸fz»�ÉZÅ�Z§�Ä¯�|�Z]

Ê»�¶»Z�Y{�a��Y��Ìa�µÁ�Z»��Y�|Àe�Z^��Ä¯�{Â����)SATELLIT(,��Y{�a�µÁ�Z»��³)EARTH (�Á

µÁ�Z»�¶»Z����Y{�a��Y�| ]�ÉZÅAUTOPLOT,PHOTON �,RESULTÁ� VR VIEWER

(CHAM, 2008) .���¶°�)�-� (¹�¿���Âe�Ä·Z�»�¶u�¶uY�»��Y�§YPHOENICSÊ»�½Z�¿�Y��|Å{.

� -�-�-� .SATELLITE

SATELLITE��´��Y{�a��Ìa��z]�PHOENICS{Y{�Ä¯�d�Y�ÃÊ»�Y��É{Á�Á�ÉZÅ�Á�|¿YÂy

Ê»�Ã{Z»M�Ä^�Zv»�ÉY�]|À¯ .�c�Â��Ä]�Ä»Z¿�]�¾ËYPIL) �É{Á�Á�½Z]�PHOENICS (�Ã|��¶Ë|^e�|¯�Ä]

¶ËZ§��{�ÁQ1Ê»�Ã�Ìy}�{Â� .�¾ËY�]ZÀ]SATELLITE�Ã|��ºÅY�§�ÉZÅ�ZfyZ���Y�Á�d�Y���¨»�®Ë�

�¹Z¿�Ä]�¶ËZ§�®Ë��]�Z¯���ÂeEARDATÊ»�{ZnËY�{Â� .�Ê¸Ì¼°e�ÉZÅ|¯�Ä»Z¿�]�Ë��ªË����Y

GROUND�½Z]��Ä]�FORTRANÊ»�Ä§Z�Y�{�Y|¿Zf�Y��Ì£�cZ^�Zv»�Ä¼Å�ÉY�]�{{�³.

� -�-�-� .EARTH

EARTH�Äf�]�Ê¸�Y�Ä»Z¿�]�

¹�¿�É�Y�§YPHOENICSd�Y� .ÄÌ^���Z§º¯Zu��]YÁ��¶u�Ä¸u�»�ZË�É�Z����ÂeEARTH�¹Zn¿Y�

Ê»{Â�.EARTH�¶ËZ§�EARDAT���Âe�Ä¯�SATELLTE��{ZnËY�Ê»�Y��Ã|�cZ^�Zv»�Á�|¿YÂy

Ê»�¹Zn¿Y�Y��½M�Ä]��Â]�»|Å{.



���

EARTH�Ä¯�ÊmÁ�y�¶ËZ§�®Ë�RESULTÊ»�Ã|Ì»Z¿�Ê»�{ZnËY�Y��{Â��Ä]�É�´Ë{�¶ËZ§�¾ÌÀr¼Å�Á�|À¯

�¹Z¿PHIÊ»�|Ì·Âe�Ê»�Ä¯�|ËZ¼¿µÁ�Z»���Âe�Á�{Â���Ì�¨e�|¿YÂe�ÉZÅPHOTON�Á�AUTOPLOT�

{Â��Ã|¿YÂy . EARTH�Ä]GROUNDÊa�ÉY�]�ËÂmÊ»��]�¥Y|ÅY�½{Á�§Y�Á��f�Ì]�cZ�Ô�Y�Ê{{�³.

EARTHÊ»�¹Zn¿Y�Y���Ë��¶uY�»�|Å{:

·-Ä�§Zu��Ì�ze

·µÂ»�§ºnu�cÓ{Z »�É|À]-{Á|v»�ÉZÅ

·ºnu�®ÌÀ°e�Z]�º¯Zu�cÓ{Z »�¶u-É�Y�°e�|ÀËM�§�®Ë��{�{Á|v»�ÉZÅ

·�Ê¿YÂyY�§GROUND-|�Z]��ZÌ¿�Ä¯�Êf«Á�

·-Ã|¿Â���Y�°e�¶uY�»�Ä]�½{Y{�½ZËZa

·lËZf¿ÊmÁ�y�.

EARTHc�Â��Ä]�Y��¶ËZ�»�Ê»�Ã�Y{Y��Ë��ÉZÅ|À¯:

·-ZËZaZ¿�Á�ZËZa

·Ê¼Æ�-ÉÂ�Ì]�ZË�½Â³

·É| ]�Ä��Á�Á{�,®Ë�,�¨�.



���

�¶°�)� -� :(�ÉZÅ�Ì·Z¿M��{�Ê¸�Y�ÉZÅ�Z§�¹Zn¿Y�c�ZqÂ¸§CFD) Doulati Ardejani et al., 2004.(



���

�¶°�)� -� :(¹�¿���Âe�Ä·P�»�¶u�¶uY�»��Y�§YPHOENICS)Doulati Ardejani et al., 2004(.



���

EARTH�Ê³�ËÁ�,Ä°^��¦Ë� e�,

��Y�Ã|��¶¬fÀ»�É��»��ËY���cZ�Ô�Y�Á�ÄÌ·ÁY��Ë{Z¬»�,Ã{Z»SATELLITEÊ»�d§ZË�{�Y��|À¯ .

EARTH�Ä]� GROUNDÃ{Y{�Ê§Z�Y�cZ¼Ì�Àe�ÉY�]Ê»�Ä mY�»�ZÅ|À¯ .�¶°�)�-� (Ä¿Â¼¿��Y�ÉY

�ÊËY�´¼Å�dÌ �Á��´�ËZ¼¿��ËÂ�eEARTH�Y��Ê»�½Z�¿|Å{.

�¶°�)� -� :(Ä¿Â¼¿�ÊËY�´¼Å��´�ËZ¼¿��ËÂ�e��Y�ÉYEARTH.

� -�-�-� .GROUND

GROUNDÄ»Z¿�]�Ë��¶u�µÁ�Z»��Y�Ê�z]�Ä¯�Ã{Â]�½�e�§�½Z]��Ä]�ÉY�Ã|ÀÀ¯PHOENICS�ÊÀ Ë�

EARTHÊ»�¶Ì°�e�Y��|Å{ .GROUNDÄ»Z¿�]�Ë��®Ë��Ä¸Ì�Á�Ä]�Ä¯�d�Y�ÉYEARTH��Y��Z¬¿��{�

|��ºÌ�Àe��Ìa�Y�§�¶u�|ÀËM�§��{�ÃÊ»�Ã|¿YÂy{Â� .��Z¬¿��{�Y��\�ZÀ»�½�e�§�cY�Z^���]�Z¯��³Y

��{�É{Á�ÁGROUND�,|À¯�ÄÌ^ e�EARTH½M�Ê»�Y�§�¶u�|ÀËM�§��{�Y��ZÅ|¿YÂy.



���

µYÁ��Ë�Ê»�½Z°»Y�\�ZÀ»�Ê�Z^e�Y�ÉZÅ��Y�Y��cZ�Ô�Y��]�Z¯�Ä¯�|ÀÅ{EARTH�,|À¯�kY�zf�Y�

½M��{�Y��ZÅGROUNDÁ�|À¯�sÔ�Y�¶¼ ·Y�Âf�{�Á�cZ�Ô�Y��b���Ä]�Y��|Ë|m�ÉZÅEARTH�

|¿Y{�³�].

µYÁ��Ë�¹�¿�¾ËY�Ä]�É{ZË��ÊeZ»|y�ÉZÅÊ»�Ä¼Ì¼��ÊeZ^�Zv»�cZÌ¸¼��ÉY�mY�ÉY�]��Y�§Y�Ä¯�|¿Â�

Ê»��ÅZ¯�½�e�§�Ê�ËÂ¿|¯�¶uY�»�¾f�Â¿�ÉY�]�Y���]�Z¯��ZÌ¿�c|��Ä]|Å{.

� -�-�-� .VR VIEWER

¹�¿�¾ËYÊ»��Y�§Y¸Ì�Á�|¿YÂe�Ä

�Ä¯�|À¯�{ZnËY�lËZf¿�ÉY�]��´Ë{�Ê�ËZ¼¿VR VIEWER�Ã|Ì»Z¿�Ê»{Â� .�Ã|¼��dË�»VR VIEWER�

Ê¼Ë|«�Ä»Z¿�]�Ä]��ePHOTONÊ»�Ê¿Z�M�Ä]��]�Z¯�½M��{�Ä¯�d�Y�¾ËY��,ZÅ�Y{�]�,½ZË�m��Â�y�|¿YÂe

�Ã|ÅZ�»�Y��É�Âf¿Z¯��ËÁZ�e�Á����Y�ºÅ�sÂ���|ËZ¼¿)�¶°��-�.(

� -�-�-� .PHOTON

PHOTON¹�¿��Y�Ê�z]���Y�§YPHOENICS) ��Y{�a��Y�| ]��z] (Ê»�Ä¯�d�Y�ÉY�]�|¿YÂe

ÄÌ^��lËZf¿��ËZ¼¿{Â��Ã{Z¨f�Y�µZÌ��½ZË�m�É�Z� .PHOTON¶ËZ§� PHI ���Âe�Ã|��|Ì·Âe

EARTHÊ»�����Y���Á�Ã|��Ä^�Zv»�Ä°^��,�]�Z¯���Âe�Ã|��{ZnËY�ÉZÅ�ZfyZ��Ä]�x�Za��{�Á�|¿YÂy

�Y��½ZË�m�ÉÂ´·YÊ»�ÄWY�Y�Ê°Ì§Y�³��Â��Ä]|Å{.



���

�¶°�)� -� :(Ä¿Â¼¿�Y{Â¼¿��Y�ÉY VR VIEWER)CHAM, 2008(.
PHOTONÊ»���Y�|¿YÂePHOENICSÊmÁ�y�|ËZ¼¿�{ZnËY�Y���Ë��ÉZÅ:

·Ä°^�s���Á�ZÅÄ°^��Ê¸¯�ÉZÅ-ZÅ

·-Ã|���a�Ê´¿��ÊuYÂ¿�ZË�Ê´¿���Â�y�c�Â��Ä]�,É�Âf¿Z¯�ÉZÅ�Y{Â¼¿

·�½ZË�m��Â�y»�ÉZÅ�²¿��Z]cÁZ¨f-

·-�Z§�Á{�ÉY�]�É�Y{�]��Y{Â¼¿

·-Êv����Y{Â¼¿

·d¼�«��ËZ¼¿�ÊËZ¼À³��]-½Y|Ì»��Y�ÊËZÅ

·Ã�nÀa�¾Ë|Àq��{��ËZ¼¿��Z¬¿�ÃYÂz·{�[Zzf¿Y.

¶°�)�-� (Ä¿Â¼¿¹�¿�ÊmÁ�y��Y�ÉY��Y�§YPHOENICS��{�Ä¯�PHOTON�Y��Ã|��Ã{Y{�½Z�¿�

Ê»�½Z�¿|Å{.

� -�-�-� .AUTOPLOT



���

AUTOPLOTÃ{YÂ¿Zy�¹Â��Â����Ê°Ì§Y�³�PHOENICSd�Y� .Ê»�µÁ�Z»�¾ËYÃ{Y{�|¿YÂe��Y�Y��ZÅ

�¶ËZ§PHI¶ËZ§�¾ÌÀr¼Å�Á�|¿YÂz]��]�Z¯���Âe�Ã|��¦Ë� e�ÉZÅ . AUTOPLOTÊ»��Ë��cZÌ¸¼��|¿YÂe

|Å{�¹Zn¿Y�Y�:

·¥Y�³�ÉZÅx-y¶ËZ§��Y�Y���ÊmÁ�y�ÉZÅPHOENICS¶ËZ§�Á�Ã{Y{�ÉZÅ���Âe�Ã|��ÄÌÆe�ÉY

|À¯�ºÌ��e��]�Z¯ .,�Á��¾ËYÄÌ^��lËZf¿�½Z�M�Ä�ËZ¬»�É�Z��ÉZÅPHOENICSÃ{Y{�Z]��ÉZÅ

Ê»�½Z°»Y�Y��Ê¸Ì¸ve�Á�Ê]�ne|Å{.

·Ã{Y{�½{�¯�Ã�Y{Y�Á���Y�É{Y| e��{�ZÅÄ§Z�Y�|À¿Z»�,ZÅ�[���,d]Zi��Ë{Z¬»�½{Â¼¿���¯�ZË�É�Z�

½YÂe��ËY�§Y�,d]Zi��Ë{Z¬»��]�ºÌ�¬e�ZË��{�Á�¾f§�³�ºfË�Z´·�Êf¿M�Á�ºfË�Z´·�,ZÅ. ...

·Y{Ã{Ê»�ZÅ®^���Y�É{Y| e��{�|À¿YÂe�|¿Â��Ã{Y{��ËZ¼¿�Ê�y�ÉZÅ)�¶°��-�.(

�¶°�)� -� :(Ä¿Â¼¿�Y{Â¼¿��Y�ÉY PHOTON )CHAM, 2008.(



���

�¶°�)� -� :(Ä¿Â¼¿��ËÂ�e��Y�ÉYAUTOPLOT)CHAM, 2008(.

�-� -� .�]�º¯Zu�Ä·{Z »PHOENICS

ÄÌ^��Ê»Z¼e��{É�Z��ÉZÅPHOENICSÊ»�¶u��Ë��Ê¸Ì�¿Y�¨Ë{�Ä�]Y��,{Â�

)Spalding, 1981:(
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u :dÆm��{�d����Ä¨·Â»x-

jyG:ÌÌ¤e�\Ë���Ì¤f»�ÉY�]�}Â¨¿��y��Z§��{�j-

jSy :��^À»�w�¿jy.

�ÊÀ Ë�ºnu�|��{�|�Z]�É�Z§�®Ë�Ä·P�»�Ä¯�Êf·Zu��{irÊ»�¥~u��]YÁ���Y��¾ËY��{�Á�{{�³
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�Ä·{Z »�cY�Z^���Y�Êy�])�-� (�»��]�º¯Zu�cÓ{Z »�cY�Z^��Ä]Z�»�ÓZ]P�Ä]�ZÆÀe�Ä¯�Ã{Â]�Ä·

Ì¿�cY�Z^��¾ËY�d]Zi�\WY���Á�{Y|�Y�ÉÁ��Ã�ËÁ�Ä]�ÊW�m�cZuÔ�Y{�Y{��Z .�cY�Z^���Y�Äf�{�½M�ÉY�]

�º¯Zu�cÓ{Z »)¥��»�Á�|Ì·Âe�cY�Z^��,É��»��ËY���|À¿Z» (�Ê�Z�Y�Ä·{Z »��{�Ä¯)�-� (�Ã|Ë{���

Ê¼¿�Ë���{�Ze�d�Y�¹�Ó�|¿Â��Ä»Z¿�]GROUNDÊ�ËÂ¿|¯�{Â��¹Zn¿Y�¹�Ó�ÉZÅ .�cY�Z^��,�´Ë{�½ZÌ]�Ä]

¹�¿�Ê�Z�Y�Ä·{Z »�ÉY�]�{�Y|¿Zf�Y��Ì£f�{�Z]��Y�§Y¶¼ ·Y�Â�¶ËZ§��{�Ä¯�ÊËZÅQ1�½Z]��Ä]�PIL�Äf�Â¿�

Ê»¶v»��{�,{Â��Ä»Z¿�]�Ë���{�Ê�Zy�ÉZÅGROUNDÊ»�µZ¼�Y�½�e�§�½Z]��Ä]�{{�³ .��Y��a

�Ä»Z¿�]�Ë��Ze�d�Y�¹�Ó�,Ê�ËÂ¿|¯GROUND¹�¿�Ã|ÀÀ¯�¶u��z]�Ä]�ZfËZÆ¿�Á�Ã|��¶ËZb¼¯��ÊÀ Ë��Y�§Y

EARTH{Â��¶�f»� .
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Z^f�Y�,|ÌËPeµ|»�½ÂÌ�Y�^Ì·Z¯�Á�ÊnÀ��

�-� .Ä»|¬»

µZ//////���{�,�//////ÌyY�ÉZ//////Å

µ|//»�d�//Ë���Ì//v»�Ê//�|ÀÆ»�Á�®Ì·Á�|//ÌÅ��{�É{|//��ÉZ//Å�Ì//a����ÉY�//]���{�{Â//^Æ]�Á�Ê//ÀÌ]

������Ê/»��/�¿�Ä]�É�Á����Ì³�{�ÉZÅ|ÀËM�§�|À/�� .�����ÄÌ^/��®/Ë�ÉY�/]�,¶ËZ�/»��f�/Ì]��{����Y�tÌv/��É�Z/�

����������|/ÌrÌa�ÉZÅ|/ÀËM�§�Ê/�ZË���Z/v·��Y�ª/Ì«{�Á�Ê/°Ë�Ì§��Zv·����Á��Ä/]�,Ã|/��¶/aÂ¯�Á�Ã���É{|/��ÉZ/Å

®//Ì°¨e�Z//]�ÉÂ//«�d//�Y��Z//Ì¿�½Z//»��Á�Z�//§��{�ÓZ//]�É�Ë~//a)Hinkelmann, 2003( .�,Ä//f§��º//Å�ÉÁ�

���{�]�Z//¯�Á��f�//Ì]�Ä //�Âe�ÉY�//]�É�Á�//���Z//Ì¿�®//Ëµ|//»��Á�É�Â·Á�|//ÌÅ��{��iR//»�É{|//��ÉZ//Å

d�//Ë��É�Â·ÂW�Á�|//ÌÅ�Á��¶»Z//��Ê//�Ìv»�®//ÌÀ°e�Z//]�ÃY�//¼Å��iR//»�É{|//��ÉZ//Å{Y�//a�ÉZ//Å���

���{�Y{�{Â/mÁ��iR/»�cZ/�Ô�Y .µ|//»�������µZ//¬f¿Y�ÉZÅ|/ÀËM�§�ÃY�/¼Å�Ä/]�Y��½Z//Ë�m�ÉZÅ|/ÀËM�§�É{|/��ÉZ/Å

��Ê//»�¦Ì/�Âe�Ê�/À¯YÁ�|/ÀÀ¯ .ÄÌ^//�����Ê//»�ZÅ|/ÀËM�§�¾//ËY��/fÆ]�º//Æ§�h/�Z]�,É{|//��É�Z/��|¿Â/� .�Ä//]

����ÄÌ^/��,µZ/j»�½YÂÀ�������������É�Z/§�|/Àq�Êv�/���/Ë��ºf�/Ì��®/Ë��{�¦/¸fz»�ÉZÅ|/ÀËM�§�,É{|/��É�Z/�

���Ê»���¿��{�Y���Á�{�Ì³�½M�cY�/iY���Ã|/ÀËÓM��/]�Y��Z/Å���Ê/»�Ê/���]�Z/Å��������Y�Ä¸/�Zu�lËZ/f¿��Z/�Y��/]�Z/e�|/À¯

ÄÌ^����Ä]�É�eY�f�Y�®Ë�É�Z�������{Â/��Ê/uY���\/�ZÀ»�É�Z/� .����µ|/»�,¾/ËY��/]�ÃÁÔ/����Ê/»�É{|/��ÉZ/Å-

�������������Ã�Y|/¿Y�¶/]Z«�ºÌ¬f�/»��Â/��Ä/]��Ä/¯�ÊËZ/Å�Ì¤f»�s�/��Z/Ë�Z/Å�f»Y�Za�¾ÌÌ e�ÉY�]�|À¿YÂe��Ê/¼¿�É�/Ì³-

��|¿Â��Ã{Z¨f�Y�,|À�Z] .���¾/ËY�Z/]����������µ|/»��¾/ËY��Y�¶/�Zu�lËZ/f¿�|/¿Z]�ÉZ/ÀÆa�Á�µZ/¼fuY�,�Z/^f�Y�,µZ/u���Z/Å



���

�Ä//�Ôy�Á�cZÌ//��§��//�¿��Y�|//ËZ]É�Z//����ÊnÀ//��Z^f�Y�Á�½ÂÌ//�Y�^Ì·Z¯�d//Ì¨Ì¯�,Ã|//��¹Z//n¿Y�ÉZ//Å

Ã{Y{�dÌ¨Ì¯�ÃÁÔ ]�,µ|»|¿Â��Ê]ZË��Y�Ã|��Ã{Z¨f�Y�ÉZÅ .

���µ|»�Ä¸u�»�¾Ì·ÁY��{���ÉY�/]�,É�Z�

����Â·ÂÌ]�Á�ÊËZÌ¼Ì��,Ê°Ë�Ì§�ÉZÅ|ÀËM�§���������ºf�/Ì��|/À¿Z»�Ê/ Ì^��ºf�/Ì��®/Ë��{�Ã|/ÀÅ{�w��Ê°Ë���ÉZ/Å

Ä¿Zz]M�Ê»�¦Ì�Âe�Ê»ÂÆ¨»�µ|»�®Ë�ÉY{Â� .��������®/Ë�Ä/]�Y��Ê»Â/Æ¨»�µ|/»�,Ê/�ZË��µ|/»�|/ ]�Ä¸u�»��{

µÂ»�§�����Ê»�¶Ë|^e�Ê§{Z�e�ZË�Ê �«��Á��®Ë��{�Ê�ZË��É�Z�|À¯ .µ|»�Ê/»�Ê�ZË��ÉZÅ���Z/ÆÀe�|/À¿YÂe

������Y�É{Á|v»�{Y| e�®Ë�ÉY�]�Ê¸Ì¸ve��Â��Ä]|¿Â��¶u�Ã{Z��cÓZu .µ|»�Z»Y¥Z� ¿Y�É{|��ÉZÅ��É�Ë~/a

���½M�,Y�Ë��|¿�Y{�É�f�Ì]��ÄÌ^��Ä]��{Z«�ZÅÄ�|ÀÅ�É�Z��,Ã|ÌrÌa�ÉZÅ�Ë�Âe��ËY���ÃÁÔ ]�É�f»Y�Za�ÉZÅ

Ê»�¦¸fz»�É��»�Á�ÄÌ·ÁY�|À�Z])Hinkelmann, 2005( .���¶/¬fÀ»�É�eÂÌb»Z/¯�Ä»Z¿�]�®Ë�Ä]�É{|��µ|»

Ê»�z�»�ÉZÅ|ÀËM�§�Á�{Â�ÄÌ^��Y��Ã|��Ê»�É�Z�|À¯.

���Ê/»�,|/ ]�Ä/¸u�»��{��dv//��|/ËZ]

���|ÌËPe�É{|��µ|»�lËZf¿��{Â�� .�¶/u�Z]�É{|��µ|»�lËZf¿�Ä�ËZ¬»�Ä¸Ì�Á�Ä]��Z¯�¾ËY����ÉY�/]�Ê/¸Ì¸ve�ÉZ/Å

ºf�Ì����������¾Ì/¬¬v»��ËZ/���/�Âe�Ã|/��µ|»�ÉZÅÂË�ZÀ���Y�¶�Zu�lËZf¿�Á�{�¨À»�ÉZÅ|ÀËM�§�Á�Ã{Z��ÉZÅ

�ºf�Ì��ÉY�]Ê»�¹Zn¿Y�Ã|ÌrÌa�ÉZÅ{�Ë~a .��Ì/a�®Ë����Ì/a�ÉY�/]��Z/Ì¿���½ÂÌ/�Y�^Ì·Z¯�,tÌv/��Ê/ÀÌ]��Á�

ÊnÀ��Z^f�Y����d�Y�µ|»�Ê¸^«� .����Ã{Y{�Z/]�É{|/��lËZ/f¿�,½ÂÌ/�Y�^Ì·Z¯�|ÀËM�§�Ê�����Z/Ë�ÊÅZ´�/ËZ»�M�ÉZ/Å

��Ê»�Ä�ËZ¬»�ÊËY�v�|¿Â� .��¦/Ì���{�Ê°Ë�Ì§��Â��Ä]�½ÂÌ�Y�^Ì·Z¯�ÉZÅ�f»Y�Za����Ã{Y{��/ÌÌ¤e�{Á|/v»�ÉZ/Å

Ê»������Z]�\Ë�¬e�¾Ë�fÆ]�Ze�|¿Â�Ã{Y{{{�³�¶�Zu�ZÅ .�Ä]�ne��Z�Y��]�Á�Êf�{�c�Â��Ä]�\¸£Y�½ÂÌ�Y�^Ì·Z¯

�Ê»�¹Zn¿Y�Ê�|ÀÆ»�Á��,µZu�¾ËY�Z]�,{Â����{�Y{�{Â/mÁ��/Ì¿�®/ÌeZ»ÂeY�ÉZÅ .����Ä¿Z�/¿�¾Ì/·ÁY�½ÂÌ/�Y�^Ì·Z¯

�Ê»�ÄWY�Y�Y��µ|»�dÌ¨Ì¯|Å{ .���������®/Ë�Z/]�Ä]Z�/»��ËY�/��d/ve�½ÂÌ/�Y�^Ì·Z¯��f�/Ì]�cZ/^iY�,ÊnÀ��Z^f�Y

��¶¬f�»�Ã{Y{�Ä�Â¼n»���Ã{Y{�Ä�Â¼n»�ÊÀ Ë�����d/�Y�,|/�Z]�Ã|�¿�Ã{Z¨f�Y�½ÂÌ�Y�^Ì·Z¯�Á�|ÌËPe�ÉY�]�Ä¯�ÉY .

                                                  
1. Verification

2. Calibration
3. Validation
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�������Ã{Y{��Y�Ä�Â¼n»��Å�,Ä¯�¾ËY�Ä]���¿�����Ä/WY�Y��ËZ/Å�f»Y�Za�ÃÁÔ ]�Á�µ|»��{�Y��É|Ë|m�c�Ì�]�,|Ë|m�ÉZÅ

Ê»Ê¼¿�ÊnÀ��Z^f�Y�ÊËZÆ¿��Â��Ä]��³�Å�µ|»�®Ë�,|Å{{{�³ .

�����������{�Ã|/��Ä/WY�Y�µ|»�,¶�§�¾ËY��{

¹�¿§Y���Y�PHOENICS����ÃY���Y�Ã{Z¨f�Y�Z]�¶u���¾Ì/¬¬v»��ËZ/����Âe�Ã|��µ|»�ÉZÅÂË�ZÀ��Á�Ê¸Ì¸ve�ÉZÅ

Ê»�|ÌËPe{{�³.

�-� .ÃY���Y�Ã{Z¨f�Y�Z]�µ|»�|ÌËPe¶uÊ¸Ì¸ve�ÉZÅ

�-�-� .µ|»����a�ÉZÅ|ÀËM�§�É| ]�®Ë�É�Z�������Ä/Ë�ne�Á�Ê�y�[~m�,d§�ÀÆa�,Ê³|À¯Y����Ä/^e�»�

µÁY

������Z¿YÂe�|ÌËPe�ÉY�]��Ë���{�d·Zu��ZÆqÊË�ºnu��Á���¹�/¿�®¼¯�Ä]�{Á|v»�ÉZÅ���Y�/§YPHOENICS�

�µ|»�ÉY�]����������\/Ë�ze�Á�Ê/�y�[~/m�,d/§�ÀÆa�,Ê³|À¯Y�a�ÉZÅ|ÀËM�§�¶»Z��Ê³{Â·M�µZ¬f¿Y�Ä·{Z »�É�Z�

Ê»�¦Ì�Âe�µÁY�Ä^e�»{Â�.

��µ|//»�ÊËZ//¿YÂe�,d//·Zu�¾Ì//·ÁY��{

ºnu�µ|»�ÉY�]�{Á|v»�ÉZÅZ��Y��Ê³|À¯Y�a�|ÀËM�§�ZÆÀe�Ä¯�µZ¬f¿Y�Ä·{Z »�É�Z�Ê»�¶»�{Â�)��Ä/·{Z »�-

� (�ÃY����Âe¶uÊ»�Ê���]�Ê¸Ì¸ve�ÉZÅ�{{�³)�Ä·{Z »�-� .(����Z/]�É{|/��c�Â/��Ä]�d·Zu�¾ËY�¶u�ÉY�]

��Y�Ã{Z¨f�Y¹�¿���Y�§YPHOENICS�������µÂ��Z]�É| ]�®Ë�Ê·|»�,����Á��f»����Äv¨���{�dyYÂÀ°Ë��»�x-y�

�|��ÄfyZ� .��dÆmx����Ä/f§�³���¿��{�½ZË�m�dÆm�½YÂÀ��Ä]��|/� .���/¿�É��/»���/�����{�Ä/¸°Ë�{�Z/Ë�µÁY��Â

��É{Á�Á)0=x (ÊÀ Ë1),0( =tC�|Ë{�³�¾ÌÌ e .����{��¨��ÄÌ·ÁY��Y|¬»0=t|���z�»� .����/]Y�]�d/�¸£

�������ÊÀ Ë�ÊmÁ�y��{�Ã|ÀËÓM�ÉY�]��¨�0),( =¥ tC��|��Äf§�³���¿��{� .½Z»��ÉY�]�Ã|��ÄfyZ��µ|»��ÉZ/Å

|Ë{�³�Y�mY�¦¸fz» .µ|»�ÉY�]ÃY��É�Z�¶u��Y�§Y�¹�¿��Y�Ê¸Ì¸ve�ÉZÅMATLAB|��Ã{Z¨f�Y�.
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½M��{�Ä¯:

0C :-Ê³{Â·M��^À»�d�¸£

erfc
� :ÉZ�y��]Ze�¶¼°»erf��f»Y�Za�\�u��]�Ä¯�bÊ»�¦Ë� e�{Â�.

¶°���ÉZÅ)�-� (��Ze)�-�(��µ|»�lËZf¿�������ÃY���Y�Ä¸/�Zu�lËZf¿�Z]�Y��É{|��É�Z�����ÉY�/]�Ê/¸Ì¸ve�¶/u

¯Y�a�|ÀËM�§�¶»Z��µZ¬f¿Y�Ä·{Z »Ê»�Ä�ËZ¬»�Ê³|À|ËZ¼¿ .

�¶°�)� -� :(µ|»�lËZf¿�Ä�ËZ¬»�É{|��É�Z�)�Â�y (�Ê¸Ì¸ve�¶u�Á)�Z¬¿ (�Ä]�¶z¸zf»��Ìv»��{�µÂ¸v»�º�m�µZ¬f¿Y
�½Z»��ÉY�Y�Ä]�Á�Ê³|À¯Y�a�\Ë����Y�Ê ]Ze�c�Â��µZ��.

                                                  
1. Complimentary of the error function
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�¶°�)� -� :(µ|»�lËZf¿�Ä�ËZ¬»�É{|��É�Z�)�Â�y (�Ê¸Ì¸ve�¶u�Á)�Z¬¿ (Â¸v»�º�m�µZ¬f¿Y�Ä]�¶z¸zf»��Ìv»��{�µ
�½Z»��ÉY�Y�Ä]�Á�Ê³|À¯Y�a�\Ë����Y�Ê ]Ze�c�Â��µZ��.

�¶°�)� -� :(µ|»�lËZf¿�Ä�ËZ¬»�É{|��É�Z�)�Â�y (�Ê¸Ì¸ve�Á)�Z¬¿ (�º�m�µZ¬f¿Y��{�Ê³|À¯Y�a�|ÀËM�§�Ê���]�ÉY�]
�Ê³|À¯Y�a�\Ë���ÉY�Y�Ä]�Á�½Z»���Y�Ê ]Ze�c�Â��Ä]�¶z¸zf»��Ìv»��{�µÂ¸v»�-��×��]�»��f»�ÄÌ¿Zi��]�.

�¶°�)� -� :(µ|»�lËZf¿�Ä�ËZ¬»�É{|��É�Z�)�Â�y (�Ê¸Ì¸ve�Á)�Z¬¿ (�º�m�µZ¬f¿Y��{�Ê³|À¯Y�a�|ÀËM�§�Ê���]�ÉY�]
�Ê³|À¯Y�a�\Ë���ÉY�Y�Ä]�Á�½Z»���Y�Ê ]Ze�c�Â��Ä]�¶z¸zf»��Ìv»��{�µÂ¸v»�-��×�ÄÌ¿Zi��]��]�»��f»�.

ºnu�µ|»�ÊËZ¿YÂe�,d·Zu�¾Ì»Á{��{f�Y�Z]�{Á|v»�ÉZÅ¹�¿��Y�Ã{Z¨��Y�§YPHOENICS�ÉY�]

µ|»Ê»�Ê���]�d§�ÀÆa�Á�Ê³|À¯Y�a�|ÀËM�§�É�Z�{{�³ .��{�Äf§ZË�Ä �Âe�µ|»�Ä]�d·Zu�¾ËY�¶u�ÉY�]

|Ë{�³�Ä§Z�Y�d§�ÀÆa�|ÀËM�§�Ê¸^«�d·Zu .��¶°)�-�(�Ê¸Ì¸ve��Á��Á{��Y�¶�Zu�lËZf¿�\�ZÀ»�©Z^�¿Y�
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Ê³|À¯Y�a�ÉZÅ|ÀËM�§�¶»Z��µZ¬f¿Y�Ä·{Z »�Ê¸Ì¸ve�¶u�Á��{Â]�|ÅYÂy��Ë���Y�«�Ä]�d§�ÀÆa

)Ã{�Y�Êf·Á{�,½Y�Z°¼Å�Á�Ê¿Zm����:(
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µ|»�,d·Zu�¾Ì»Â�Ê»�¶»Z��Y��Ê�y�[~m�Á�d§�ÀÆa�,Ê³|À¯Y�a�|ÀËM�§�É�Z�{Â� .�¶u�ÉY�]

|Ë{�³�Ä§Z�Y�Ê�y�[~m�|ÀËM�§�¹Á{�d·Zu��{�Ã|��{ZnËY�µ|»�Ä]�d·Zu�¾ËY.
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�¶°�)�-�(¹�¿��Y�¶�Zu�lËZf¿���Y�§YPHOENICS�»�ÉY�]�Ê¸Ì¸ve�lËZf¿�Z]�Y�P�Ã{Z»�µZ¬f¿Y�Ä·

Â¸v»�Ìv»��{�Y��Ê�y�[~m�Á�d§�ÀÆa�,Ê³|À¯Y�a�ÉZÅ|ÀËM�§�¶»Z��µ�Ä�ËZ¬»�Êv����Ë��ÉZÅ

Ê»|ËZ¼¿.

�¶°�)� -� :(µ|»�lËZf¿�Ä�ËZ¬»�É{|��É�Z�)�Â�y (�Ê¸Ì¸ve�Á)�Z¬¿ (��{�d§�ÀÆa�Á�Ê³|À¯Y�a�|ÀËM�§�Ê���]�ÉY�]
Ë���ÉY�Y�Ä]�Á�½Z»���Y�Ê ]Ze�c�Â��Ä]�¶z¸zf»��Ìv»��{�µÂ¸v»�º�m�µZ¬f¿Y�Ê³|À¯Y�a�\�-��×��ÄÌ¿Zi��]��]�»��f»�

d����Á� -��×�ÄÌ¿Zi��]��f»�.
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�¶°�)� -� :(µ|»�lËZf¿�Ä�ËZ¬»�É{|��É�Z�)�Â�y (�Ê¸Ì¸ve�Á)�Z¬¿ (�Á�d§�ÀÆa�,Ê³|À¯Y�a�ÉZÅ|ÀËM�§�Ê���]�ÉY�]
Y�a�\Ë���ÉY�Y�Ä]�Á�[~m�\Ë����Y�Ê ]Ze�c�Â��Ä]�¶z¸zf»��Ìv»��{�µÂ¸v»�º�m�µZ¬f¿Y��{�Ê�y�[~mÊ³|À¯

�-��×��d����,ÄÌ¿Zi��]��]�»��f»��-��×��½Z»��Á�ÄÌ¿Zi��]��]�»��f»��µZ��.

ºnu�µ|»�ÊËZ¿YÂe�,d·Zu�¾Ë�yM��{¹�¿��Y�Ã{Z¨f�Y�Z]�{Á|v»�ÉZÅ��Y�§YPHOENICS�ÉY�]

µ|»Ê»�Ê���]�µÁY�Ä^e�»�\Ë�ze�Á�Ê³|À¯Y�a�|ÀËM�§�É�Z�{{�³ .�Ä �Âe�µ|»�Ä]�d·Zu�¾ËY�¶u�ÉY�]

§ZË|Ë{�³�Ä§Z�Y�µÁY�Ä^e�»�\Ë�ze�|ÀËM�§�,µÁY�d·Zu��{�Äf.
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��¶°�)�-�(����Ê/»�½Z�/¿�Y��É{|��Á�Ê¸Ì¸ve��Á��Á{��Y�¶�Zu�lËZf¿�[Ây�©Z^�¿Y��|/Å{ .��©Z/^�¿Y

������Ê/»�½Z�/¿�Ã|��µ|»�cÓZu�Ê»Z¼e��{�Ê¸Ì¸ve�Á�É{|���Á��Á{��Y�¶�Zu�lËZf¿�[Ây����µ|/»�Ä/¯�|/Å{

PHOENICSÊ»���Â/��Ä]�|¿YÂe���������������{�Y���Â¯~/»�ÉZÅ|/ÀËM�§�Z/]�µÂ/¸v»�Ã|/ÀËÓM�µZ/¬f¿Y�É{Z/¼f�Y�¶/]Z«��

�Ìv»ÄÌ^����¶z¸zf»�ÉZÅ|À¯�É�Z� .
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�¶°�)� -� :(µ|»�lËZf¿�Ä�ËZ¬»�É{|��É�Z�)�Â�y (�Ê¸Ì¸ve�Á)�Z¬¿ (�Ä^e�»�\Ë�ze�Á�Ê³|À¯Y�a�|ÀËM�§�Ê���]�ÉY�]
�Y�Ê ]Ze�c�Â��Ä]�¶z¸zf»��Ìv»��{�µÂ¸v»�º�m�µZ¬f¿Y��{�µÁY�®ÌfÀÌ��d]Zi�Ê³|À¯Y�a�\Ë���ÉY�Y�Ä]�Á�-��×��

�½Z»��Á�ÄÌ¿Zi��]��]�»��f»�µZ��.

�-� .d·Zu��Y�Ã{Z¨f�Y�Z]�µ|»�|ÌËPe¾Ì¬¬v»��ËZ��Ä¸Ì�Á�Ä]�Ã|��µ|»�ÉZÅ

ÃY���//]�ÃÁÔ//�¶//u�,Ê//¸Ì¸ve�ÉZ//Å

Ã{Y{µ|»�lËZf¿�Á�ZÅ�É�Z�����¯Â/À·��������Á��/À°Ìa���Âe�Ã|��ÄWY�Y�d·Zu�)Pickens and Lennox , 

1976(�½Y�Z°¼Å�Á�¾Ìm�,)Jean et al., 2002(����������������½Y�Z/°¼Å�Á�µÁ��,)Rolle et al., 2008(��½Z/��,

�½Y�Z°¼Å�Á)Sun et al., 2002(�Ìa�Ê]ZË��Y�Á�|ÌËPe�ÉY�]�ÊÀÌ]�����|/Ë{�³�Ã{Z¨f/�Y�É{|/��µ|/»�ÉZ/Å .��{

Ê»��Y�«�Ê���]�{�Â»�d·Zu��ZÆq�¾ËY�Ä»Y{Y|¿�Ì³.

�-�-� .Y�d·ZuµÁ :ÄÌ^�ºf�Ì���{�Ã|ÀËÓM�d¯�u�É{|��É�Z�ÊÀÌ»��Ë��[M�ÉZËZa�½ZË�m

�����ºnu�µ|»�d«{�,d·Zu�¾Ì·ÁY��{-

���{Á|v»�ÉZÅ�¹�¿��Y�Ã{Z¨f�Y�Z]��Y�§YPHOENICS�ÉY�]ÄÌ^����º�/m�µZ/¬f¿Y��{��iÂ»�ÉZÅ|ÀËM�§�É�Z�

�Ä¿Zz]M��Ìv»��{�µÂ¸v»Ã{Y{�Ä¸Ì�Á�Ä]�ÉY�lËZf¿�Á�ZÅµ|»���e�Ã|/��Ä/WY�Y�É�Z/����/�Â���¯Â/À·�Á��/À°Ìa

�|Ë{�³�Ê]ZË��Y)Pickens and Lennox , 1976 .(���Ê�/À¯YÁ�Á�Ê�/À¯YÁ��Ì£�ÉZËZaZ¿�µZ¬f¿Y�,d·Zu�¾ËY��{



���

Ã|ÀËÓM�����ZËZa�½ZË�m��ËY���dve�ÊÀÌ»��Ë��[M�½ZË�m�Ã|���Z^�Y�ºf�Ì���{�ZÅÔ^«�Ä¯��ª/Ì¬¬v»���Âe�

ÄÌ^��{Á|v»�LY�mY��Á��®¼¯�Ä]��Â¯~»|Ë{�³�É�Z�Y{|n»�,{Â]�Ã»�µ||��É�Z� .

ºnu�µ|»�®Ë�,Y|f]Y��{�É| ]�Á{�{Á|v»�ÉZÅ�µÂ��Z]���������Á��f»����¶»Z���f»�����

¹�¿��{�ÉÁZ�»�Ã�Y|¿Y�Z]�Ê·�fÀ¯�ºnu��Y�§YPHOENICS|��{ZnËY� .�dÆmx�½ZË�m�dÆm�½YÂÀ��Ä]�

�|��Äf§�³���¿��{�ÊÀÌ»��Ë��[M)�¶°��-� .({�ZË�µÁY��Â¿�É��»�����É{Á�Á��{�d]Zi�d�¸£�Z]�Ä¸°Ë�

|��¾ÌÌ e�µ|» .��{�µ|»�ÊmÁ�y��{��¨��d�¸£��Y|¬»�Á�µ|»�µÂ¸���Å��{��¨��ÄÌ·ÁY�d�¸£��Y|¬»

|��Äf§�³���¿ .����{Y| e�Á�Ê¿Z»��¹Z³�����ÄÌ^��ÉY�]��Y�°e�|Ë{�³�¾ÌÌ e�É�Z� .�É{Á�Á��Ë{Z¬»

�µÁ|m��{�µ|»)�-� (d�Y�Ã|��Ã{�ÁM .]�Ê�À¯YÁ��Ì£�d·Zu��{�µ|»�Ê³|À¯Y�a�¦¸fz»��Ë{Z¬»�ÉY�Y�Ä

�½Z»��c|»�ÉY�]�Ê����Á�Ê·Â����|��Y�mY�µZ��)¶°��ÉZÅ�-��Ze��-�� .(

�µÁ|m)�-� :(µ|»�É{Á�Á�ÉZÅ�f»Y�Za)Pickens and Lennox , 1976(.

��f»Y�Za�Y|¬»
µ|»�µÂ�������f»�)�{Y|f»Y��{x(
µ|»��������f»�)�{Y|f»Y��{z(

ÄÌ^��½Z»��c|»É�Z���µZ��
¹Z³�{Y| eÊ¿Z»��ÉZÅ���

�Ìa��Å�ÉY�]�Ê¿Z»��Ä¸�Z§ÊÀÌ]�ÃZ»�
µ|»�Ê¿Z»��Ê´f�]ZËZaZ¿

½Z¼·Y�{Y| eÊ¼nu�ÉZÅ���
Ê·Â��Ê³|À¯Y�a�\Ë�����f»
Ê����Ê³|À¯Y�a�\Ë���/��f»�
ZÅ�Y�°e�{Y| e����
¶z¸ze�/�

�dËY|ÅÊ°Ì·Á�|ÌÅ�/�( )daym

®�y�Ê»�m�Ê·Z´q�/�( )3cmg

µÁY�Ä^e�»�®ÌfÀÌ��d]Zi�-��×�( )s1



���

�¶°�)� -� :(ÄÌ^��ÉY�]�Ã|��Ã{Z¨f�Y�µ|»�ÄÀ»Y{É�Z�.

�¶°�)� -� :(ÀËÓM�d�¸£��Ë�Âe�½Z»��c|»�ÉY�]�Ã|���Z]��]Y�]�Ê³|À¯Y�a�\Ë���ÉY�Y�Ä]�µZ��mTL 5.0== aa.

�¶°�)� -�� :(�½Z»��c|»�ÉY�]�Ã|ÀËÓM�d�¸£��Ë�Âe���Z]��]Y�]�Ê³|À¯Y�a�\Ë���ÉY�Y�Ä]�µZ��mTL 1== aa.

�¶°�)� -�� :(�½Z»��c|»�ÉY�]�Ã|ÀËÓM�d�¸£��Ë�Âe���Z]��]Y�]�Ê³|À¯Y�a�\Ë���ÉY�Y�Ä]�µZ��mTL 5== aa.

�¶°�)� -�� :(�½Z»��c|»�ÉY�]�Ã|ÀËÓM�d�¸£��Ë�Âe���Z]��]Y�]�Ê³|À¯Y�a�\Ë���ÉY�Y�Ä]�µZ��mTL 10== aa.



���

�¶°�)� -�� :(�½Z»��c|»�ÉY�]�Ã|ÀËÓM�d�¸£��Ë�Âe���Z]��]Y�]�Ê³|À¯Y�a�\Ë���ÉY�Y�Ä]�µZ��mTL 100== aa.

Ê»�½Z�¿�lËZf¿½Z¼Å�Ä¯�|ÀÅ{Ê»��ËY�§Y�Ê³|À¯Y�a�\Ë����Y|¬»�Ä¯��Â���f�Ì]�Ê³{Â·M�,|]ZË

��{Ê»��za�[M�½ZË�m��Ìv»{Â� .��iÂ»�ºÆ»�¹�Ì¿Z°»�®Ë�Ê³|À¯Y�a�|ÀËM�§�Ä¯�d�Y�ÊÀ »�½M�Ä]�¾ËY

d�Y�µÂ¸v»�Ã|ÀËÓM�µZ¬f¿Y�Á�µÂve��] .��ÅZ¯�d�¸£�½ZË{Y�³�Ê³|À¯Y�a�\Ë����ËY�§Y�,ÃÁÔ ]

Ê»|Å{ .Ê»���§�Ê¬§Y�c�Â��Ä]�ÊÀÌ»��Ë��[M�½ZË�m�½Âq�Ê����Ê³|À¯Y�a�\Ë����ËY�§Y�,{Â�

h�Z]Ê»�Ã|ÀËÓM�Ä¯�{Â�|¿Â���za�µ|»�ÊÀÌËZa���»�d¼��Ä]��f�Ì]�ZÅ.

µ|»�É| ]�Ä¸u�»��{d�¸£�Z]��^À»�®Ë�,É�Z��ÉY�]�µ|»�Á�¾ÌÌ e�½Z»��Z]��Ì¤f»�É{Á�Á�ÉZÅ

½Z»��c|»�ÉZÅ���,���Á���|��Y�mY�µZ�� .d�¸£�¶°���Z�Y��]�µ|»�É{Á�Á�ÉZÅ)�-�� (�¾ÌÌ e

|Ë{�³ .Ê»�½Z�¿�d·Zu�¾ËY�lËZf¿|Å{�®Ë�Ä¿Â´q�Ä¯�Z¬]Z��ÄÌuZ¿�[M�½ZË�m�ºf�Ì���{�Ã{Â·M�

�{Á�Á���«��Y�| ]�½Z»��d�~³�Z]�ÊÀÌ»��Ë��[M�Ê Ì^��ÄË~¤e�Ä¸Ì�Á�Ä]�d�¿�Ä¬�À»��Ë���{�ÊÀÌ»��Ë�

Ê»�|Ë|ne�Ã|ÀËÓM�{Â�)¶°��ÉZÅ�-���Ze��-��.(

�¶°�)� -�� :(�½Z»��Z]��Ì¤f»�d�¸£�Z]�Ã|ÀËÓM�|Ì·Âe��^À»)Pickens and Lennox , 1976.(



���

�¶°�)� -�� :(�ÉY�Y�Ä]�d�¸£��Ë�ÂemL 10' =a�Á�mT 5.0' =a�½Z»��c|»�ÉY�]���µZ��.

�¶°�)� -�� :(�ÉY�Y�Ä]�d�¸£��Ë�ÂemL 10' =a�Á�mT 5.0' =a�½Z»��c|»�ÉY�]���µZ��.

�¶°�)� -�� :(�ÉY�Y�Ä]�d�¸£��Ë�ÂemL 10' =a�Á�mT 5.0' =a�½Z»��c|»�ÉY�]���µZ��.

Y�]�Á��Ë�Âe�\Ë���¦¸fz»��Ë{Z¬»�ÉY�Y�Ä]�Ê�À¯YÁ�d·Zu��{�µ|»�,¹Â��Ä¸u�»��{�½Z»��c|»�É

���|Ë{�³�Y�mY�µZ��)¶°��ÉZÅ�-���Ze��-��.(

�¶°�)� -�� :(��Ë�Âe�\Ë����Y|¬»��ÌÌ¤e��iY0=dk�ÉY�Y�Ä]�d�¸£��Ë�Âe��]�mL 10' =a�Á�mT 5.0' =a�c|»��{�,
�½Z»����Á�d�¸£�Á�µZ���É{Á1=oCC.



���

�¶°�)� -�� :(��Ë�Âe�\Ë����Y|¬»��ÌÌ¤e��iY01.0=dkÉY�Y�Ä]�d�¸£��Ë�Âe��]�mL 10' =a�Á�mT 5.0' =a,��{�
�½Z»��c|»���É{Á�Á�d�¸£�Á�µZ��1=oCC.

�¶°�)� -�� :(��Ë�Âe�\Ë����Y|¬»��ÌÌ¤e��iY1.0=dkÉY�Y�Ä]�d�¸£��Ë�Âe��]�mL 10' =a�Á�mT 5.0' =a��{�,
�½Z»��c|»���É{Á�Á�d�¸£�Á�µZ��1=oCC.

�¶°�)� -�� :(��Ë�Âe�\Ë����Y|¬»��ÌÌ¤e��iY1=dkÉY�Y�Ä]�d�¸£��Ë�Âe��]�mL 10' =a�Á�mT 5.0' =a�c|»��{�,
�½Z»����É{Á�Á�d�¸£�Á�µZ��1=oCC.

¶°�) � -�� :(��Ë�Âe�\Ë����Y|¬»��ÌÌ¤e��iY10=dkÉY�Y�Ä]�d�¸£��Ë�Âe��]�mL 10' =a�Á�mT 5.0' =a��{�,
�½Z»��c|»���É{Á�Á�d�¸£�Á�µZ��1=oCC.

Ê»�½Z�¿�lËZf¿��|»Zm�sÂ���ÉÁ��[~m�|ÀËM�§�,Ã|ÀËÓM�µZ¬f¿Y�¾¼��Ä¯�|Å{Ê»�\^�Ze�{{�³

��{�µZ¬f¿Y�|ÀËM�§��{��ÌyPe�½M�ÄnÌf¿�Ä¯�{{�³�k�Zy�½M��Y�ÊÀÌ»��Ë��[M��{�µÂ¸v»�Ã|ÀËÓM��Y�Ê�z]

{Â]�|ÅYÂy�¶z¸zf»��Ìv».�±��]��Ë{Z¬»�ÉY�]�Ã|ÀËÓM�µZ¬f¿Y�dk�Äf�ÅM�Ê¸Ìy�½ZË�m�dÆm��{

Ê»|�Z].



���

µ|»�lËZf¿�Ä�ËZ¬»�lËZf¿�Z]���Zu�É�Z����Âe�Ã|»M�d�{�Ä]�©Z^�¿Y��Y�Ê¯Zu��¯ÂÀ·�Á��À°Ìa

½M�[Ây�d�Y�ZÅ)¶°��ÉZÅ�-���Á��-�� .(ºnu�µ|»�,¾ËY�]ZÀ]�¶]Z«��Â��Ä]���Zu�{Á|v»�ÉZÅ

Ê»�É{Z¼f�Yµ|»�ÉY�]�|¿YÂe{Á���Z¯�Ä]�Ã|ÀËÓM�Ê�À¯YÁ�Á�Ê�À¯YÁ��Ì£�µZ¬f¿Y�É�Z�.

�¶°�)� -�� :(�Ä�ËZ¬»µ|»�lËZf¿�É�Z�ºnu��Zu�{Á|v»�ÉZÅ) �Â�y  (�LY�mY�µ|»���Âe�Ã|»M�d�{�Ä]�lËZf¿�Z]
�{Á|v»��¯ÂÀ·�Á��À°Ìa)�Z¬¿) (Pickens and Lennox , 1976 (���Z¬»�ÉÁ���]�Ê³{Â·M�µZ¬f¿Y�ÉY�]AB, CD, EF, 

GH, IJ, KL, MN, OP .¶°��ÉÁ��Ã|���z�»�ÉZÅ)� -�� (�Ze)� -�� (¶°��Á�ÉZÅ)�-�� (�Ze)�-��.(

�¶°�)� -�� :(�Ä�ËZ¬»µ|»�lËZf¿�É�Z�ºnu��Zu�{Á|v»�ÉZÅ) �Â�y  (�LY�mY�µ|»���Âe�Ã|»M�d�{�Ä]�lËZf¿�Z]
�{Á|v»��¯ÂÀ·�Á��À°Ìa)�Z¬¿) (Pickens and Lennox , 1976 (��Z¬»�ÉÁ���]�Ê³{Â·M�µZ¬f¿Y�ÉY�] QR, ST, UV, XY



���

¶°��ÉÁ��Ã|���z�»�ÉZÅ)� -�� (�Ze)� -��.(

�-�-� .�¹Á{�d·Zu :ÄÌ^���������Ã�¨��®Ë��{�¾¸ËY��Á�¾WÂ¸e�,½�À]�µZ¬f¿Y�Á�Ê°Ë�Â·ÂÌ]�ÄË�ne�É�Z�

ÄÌ^�ÊÅZ´�ËZ»�M�Á�Ã|��µ|»�lËZf¿�Ä�ËZ¬»�,Ã|��É�Z�

�,d·Zu�¾Ì»Á{��{�ÉY�]Ê]ZË��Yµ|»�É{|��Ã{Y{��Y�µ|»�lËZf¿�Á�ZÅÉ�Z�É| ]�®Ë�{Á|v»�LY�mY��

Ä¯�½Y�Z°¼Å�Á�¾Ìm���Âe�µZ¬f¿Y�ÉY�]�cZ^Ì¯�e�Ê°Ë�Â·ÂÌ]�ÄË�ne�Á�BTXÄÌ^��Ã�¨��®Ë��{��É�Z�

�,|Ë{�³�ÄWY�Y�Ã|��Ã{Z¨f�Y�|�)Jean et al, 2002( .ÄÌ^��Ã�¨��ÉÓZ]��Y�ÉZ¼¿�Á�®ÌeZ¼��¶°��É�Z�

ÃZq�dÌ «Â»�Á�Ã|�Ä¿Â¼¿�ÉZÅ¶°���{�½M��{�É�Y{�]�ÉZÅ)�-���Á��-�� (�d�Y�Ã|��Ã{Y{�½Z�¿

)Jean et al, 2002( .

|��¶u�ÉY�]�¾ËY�É{Ä·P�»�,µ|»�®Ë�Y|f]Y��{ºnu�É| ]�®Ë�{Á|v»�ÉZÅ�µÂ��Z]���

Êf¿Z��f»�¶»Z�������{�ÉÁZ�»�Ã�Y|¿Y�Z]�Ê·�fÀ¯�ºnu���Ìv»¹�¿��Y�§YPHOENICS|��ÄfyZ�� .

�dÆmx|��Äf§�³���¿��{�½ZË�m�dÆm�½YÂÀ��Ä]� .��{�d]Zi�d�¸£�Z]�Ä¸°Ë�{�ZË�µÁY��Â¿�É��»����

Á�Á|��¾ÌÌ e�µ|»�É{ .�ÊmÁ�y��{��¨��d�¸£��Y|¬»�®Ë�Á�µ|»�µÂ¸���Å��{��¨��ÄÌ·ÁY�d�¸£��Y|¬»

|��Äf§�³���¿��{�µ|» .���Á�Ê¿Z»��¹Z³��Ä]�{Y| e����ÄÌ^��ÉY�]��Y�°e�|Ë{�³�¾ÌÌ e�É�Z� .�µ|»

ÄÌ^��ÉY�]�®Ì»ZÀË{�d·Zu��{�Y|f]Y�Ê�À¯YÁ��Ì£�µZ¬f¿Y�É�Z�BTX�½Z»��c|»�ÉY�]����ÉY�]�d�Z��

�Ã�Z¼��ÃZq)� (�|��Y�mY�Ã�¨���{)�¶°��-�� .(µ|»�¹Á{�Ä¸u�»�Ä]�É�f¯Z]�Ã{Âe�ªË��e��Y�| ]�É�Z�

|Ë{�³�¹Zn¿Y�®ÌeZf�Y�d·Zu��{�Ã�¨� .Ä¸u�»�¾ËY��{,�cZ^Ì¯�e�Ê°Ë�Â·ÂÌ]�ÄË�ne�BTX���¿��{�Z]�

�|Ë{�³�µ|»�|¿Â»�Á�µÁY�Ä^e�»�®ÌfÀÌ��¾f§�³)�¶°��-�� .(µ|»�lËZf¿�Ä�ËZ¬»�É�Z�PHOENICS�

���Âe�Ã|»M�d�{�Ä]�lËZf¿�Z]½M�[Ây�©Z^�¿Y��Y�Ê¯Zu�½Y�Z°¼Å�Á�¾Ìmd�Y�ZÅ .���Zu�µ|»�,¾ËY�]ZÀ]

Ê»�É{Z¼f�Y�¶]Z«��Â��Ä]µ|»�ÉY�]�|¿YÂeÃ|ÀËÓM�Ê�À¯YÁ�µZ¬f¿Y�É�Z��Ìv»��{�ZÅÄ¿Zz]M�ÉZÅÉY��Z¯�Ä]�

{Á�.�µÁ|m��{�µ|»�É{Á�Á��Ë{Z¬»)�-� (d�Y�Ã|��Ã{�ÁM.



���

�¶°�)� -�� :(�ÄÌ^��{Á|v»�Ä¼Ì¿�Ã�¨��®ÌeZ¼��¶°�Ã|��É�Z�)Jean et al, 2002(.

¶°�)� -�� :(ÄÌ^��Ã�¨��ÉÓZ]��Y�ÉZ¼¿ÃZq�dÌ «Â»�Á�Ã|��É�Z�Ä¿Â¼¿�ÉZÅ½M��{�É�Y{�])Jean et al, 2002(.

�µÁ|m)�-�( :ZÅ�f»Y�ZaÉ{Á�Á�Éµ|»�)Jean et al, 2002(.

�f»Y�Za�Y|¬»
µ|»�µÂ����Êf¿Z����f» )�{Y|f»Y��{x( 

ÄÌ^��½Z»��c|»É�Z���d�Z��
¹Z³�{Y| eÊ¿Z»��ÉZÅ��

�Ìa��Å�ÉY�]�Ê¿Z»��Ä¸�Z§ÊÀÌ]�d�Z��
µ|»�Ê¿Z»��Ê´f�]ZËZaZ¿

½Z¼·Y�{Y| eÊ¼nu�ÉZÅ����
Ê³|À¯Y�a�\Ë�����/��f»�Êf¿Z�
ZÅ�Y�°e�{Y| e����
¶z¸ze�/�
Ê°Ì·Á�|ÌÅ�dËY|Å��/�( )nmicm

®�y�Ê»�m�Ê·Z´q�/�( )3cmg



���

�¶°�)� -�� :(ÊÀvÀ»�Ã�Z¼��ÃZq��{�¾¸ËY��Á�¾WÂ¸e�,½�À]�ÉY�]�ÄÀy��ÉZÅ)� (�É�f¯Z]�Ã{Âe�ªË��e��Y�¶^«)FEM�µ|»
�{Á|v»�ÉY�mY)Jean et al, 2002(�ˬEXPÊÅZ´�ËZ»�M�lËZf¿)Jean et al, 2002(�ˬFVMºnu�µ|»{Á|v»�ÉZÅ(.

½Z¼Å�¶°���{�Ä¯��Â�)� -�� (Ê»�Ã|ÅZ�»�cZ^Ì¯�e�d�¸£�{Â�BTX½Z»���{��¦¸fz»�ÉZÅ

{�Y{�½Z�Â¿ .Ê»�h�Z]��Ìz^e�Á�ÄË�ne�cY�iY�¾Ì]�¥ÔfyYÊÀvÀ»�Ä¯�{Â��Y|m�ºÅ��Y�\Ì¯�e�Ä��ÉZÅ

|¿Â� .Ê»�ÊÅZ´�ËZ»�M�lËZf¿��{�Ã|��Ã|ÅZ�»�cZ¿Z�Â¿ªÌ«��Ä¸Ì�Á�Ä]�|À¿YÂeÉ�Z��cZ^Ì¯�e�BTX��Y

|À�Z]�Ã|��{ZnËY�Ê°Ì»ZÀË{Á�|ÌÅ�Ê³|À¯Y�a�|ÀËM�§�ªË�� .�cZ^Ì¯�eBTX�¶u�[M��{�Ê¿Z�M�Ä]

Ê¼¿Ä¿Y{�¾Ì]�k�§�Á�¶¸y��{�,µZ¬f¿Y�Ê��d�Y�¾°¼»�¾ËY�]ZÀ]�Á�|¿Â�Ä¿Y{�Ä]�ZË��Ìz^e�Ä�Z»�ÉZÅ�ÉZÅ

|¿Â��[~m�Ä�Z» .{�¯��ÌÌ¤e�ÊÀÌ»��Ë��[M�½ZË�m�d����Êf«Á�cZ^Ì¯�e�¾ËYÊ»��Ä]�Ê¿Z�M�Ä]�|À¿YÂe

|¿Â��[~mYÁ�|»Zm�sÂ���ÉÁ���Y�É~¨À»�[M�¶yY{ .�Ê³|À¯Y�a�ÃY�¼Å�Ä]�[~mYÁ�Á�[~m�ÉZÅ|ÀËM�§

|¿Â��Ã|ÀËÓM�\Ì¯�e�Ä��d�¸£��{�cZ¿Z�Â¿�h�Z]�d�Y�¾°¼»�Ê°Ì»ZÀË{Á�|ÌÅ .�¾Ë�f�Ì]�¾¸ËY��½Âq

cZ¿Z�Â¿�¾WÂ¸e�Á�½�À]�ÉZÅ�Y{Â¼¿�Ä]�d^�¿�½M��Y{Â¼¿�,{�Y{�Y��[~m��iY{�Y{�É�f¼¯� .Ê»��Ìz^e�|¿YÂe

|�Z]�d�¸£�cZ¿Z�Â¿�{ZnËY��{�É�´Ë{�¶»Z� .Ê»�|ÀËM�§�¾ËY�Y�Ë��Á�[~m�ÉZÅ|ÀËM�§�d �Á�|¿YÂe

|Å{��Y�«��ÌiZe�dve�Y��[~mYÁ.



���



���



���



���



���



���

�¶°�)� -�� :(�¾¸ËY��Á�¾WÂ¸e�,½�À]�Ê°Ë�Â·ÂÌ]�ÄË�ne�ÉY�]�Ã|»M�d�|]�lËZf¿�Ä�ËZ¬»Ã{Y{�Ä¸Ì�Á�Ä]������ÊÅZ´�ËZ»�M�ÉZÅ
)Jean et al, 2002(µ|»�Á�{Á|v»�ÉY�mY�É�Z�)Jean et al, 2002(ÃZq��{�{Á|v»�ÉZÅ�ºnu�Á�Ã�Z¼��ÉZÅ)�(�,)�(�,

)� (�Á)��.(

µ|»�Á�ÊÅZ´�ËZ»�M�lËZf¿�Ä�ËZ¬»�¶°���{�É{|��É�Z�)�-�� (Ê»�½Z�¿�Ä¸�Zu�lËZf¿�Ä¯�|Å{

ªÌ«{�|¿Â»��Á���Y¿��Y��ed�Y�µÁY�Ä^e�»�ÄË�ne��Á���Y�Ã|»M�d�|]�kZf .ÊÀvÀ»�Ê°Ë�Â·ÂÌ]�ÄË�ne�ÉZÅ



���

�cZ^Ì¯�eBTXd�¸£�¦Ì���{�|¿Â»�ÄË�ne��Á���Y�Ã|��¾ÌÌ e�½Z»���{�ÓZ]�Á�¾ÌËZa�ÉZÅ�½Z�°Ë�ÉZÅ

|Àf�Å�Ê]Ây�©Z^�¿Y��{�ÊÅZ´�ËZ»�M�lËZf¿�Z] .�½Z»��c|»��{�Z^Ë�¬e�cZ^Ì¯�e�¾ËY���Ã{Z¨f�Y�Z]�d�Z��

Â»��Á���YÊ»�ÄË�ne�¶»Z¯��Â��Ä]�ÊÅZ´�ËZ»�M�lËZf¿�Á�|¿|¿Â� .ÊÀvÀ»�,Ä¯�Ê·Zu��{��Y�¶�Zu�ÉZÅ

d�¸£��{��¬§�ÊÅZ´�ËZ»�M�lËZf¿�Z]�µÁY�Ä^e�»��Á�|¿�Y{�d¬]Z�»�ÓZ]�ÉZÅ .�cZ^Ì¯�eBTXÃZq��{��ZÅ

�½Z»��c|»��{�µÁY�Ä^e�»�ÄË�ne�®ÌfÀÌ���Y�Ã{Z¨f�Y�Z]��Ë�Â·ÂÌ]�|ÀËM�§�Z]�¶»Z¯��Â��Ä]�d�Z���Ê°

Ê¼¿�ÄË�ne|¿Â� .d�¸£�¶°���{�Ã|��Ã{Y{�½Z�¿�Ê^�¿�ÉZÅ)�-�� (|Àf�Å�½Z�Â¿�½Á|] .�cZ¨¸e�Y�Ë�

�cZ^Ì¯�e�¹�mBTX±��]�Ê°Ë�Â·ÂÌ]�ÄË�ne���Âe���Ìz^e�Á�[~m�ÉZÅ|ÀËM�§�Ä��YÁ�Ä]�cZ¨¸e��Y��e

d�Y.

�-�-� .¹Â��d·Zu :ÄÌ^��ÉY�]�Ê°ÌfÀÌ��Ê�Á�Ì�Zu�Ê°Ë�Â·ÂÌ]�ÄË�ne�ÉZÅ|ÀËM�§�É�Z�Ä

�Äf�Å�Á����������ÊÀÌ»��Ë��[M��{�LZÌuY�Á�½ÂÌ�Y|Ì�¯Y�Ä¸Ì�Á�Ä]�Ã|��µ�fÀ¯�ÉY :�����Ä/]�Á�µ|/»�Ä �Âe

d¿Â»|Ìa��{�¶Ì§|À·�dËZ��®Ë�ÉY�]�½M�É�Ì³�Z¯�ZÌ·ZfËY�

�µ|»�ÊËZ¿YÂe�,¹Â��d·Zu��{

ºnu�É{|�¹�¿���Âe�Ã|��ÄWY�Y�{Á|v»�ÉZÅ��Y�§YPHOENICSÃ{Y{��Y�Ã{Z¨f�Y�Z]��µ|»�lËZf¿�Á�ZÅ

Á|v»�¥ÔfyY�½Y�Z°¼Å�Á�µÁ����Âe�Ã|��ÄWY�Y�{)Rolle et al, 2008(µ|»�ÉY�]��À¯YÁ�É�Z��ÉZÅ

½Á�f°·Y���Âe�Ã|ÀËÓM�¹Â¸a�Äf�Å�Á�Äf�Å�Ä^��,ÄÌ�Zu�ÄÌuZ¿�Ä���{�Ã|ÀÅ{�w��Ê°Ë�Â·ÂÌ]�ÄË�ne -

Ã|¿�Ì³|Ë{�³�cZ^iY�¦¸fz»�ÉZÅ .Ä¬�À»�ÉY�]�Ê»ÂÆ¨»�µ|»�[M��{�LZÌuY�Á�½ÂÌ�Y|Ì�¯Y�É|À]

���{�ÊÀÌ»��Ë��¶°)�-�� (Ã|��Ã{Y{�½Z�¿|¿Y .�À¯YÁÃ�¨���{�LZÌuY�Á�½ÂÌ�Y|Ì�¯Y�ÉZÅ�Ã{Â·M�ÉZÅ

µZ¿Zf»�Ä¸Ì�Á�Ä]�Ã|���µÁ|m��{��ËZ�¯Y�¶]Z«�)�-� (Ã|��Ã{�ÁM|¿Y.

                                                  
1. Piedmont
2. Methanal



���

�¶°�)� -�� :(Ä¬�À»�ÉY�]�Ê»ÂÆ¨»�µ|»�ÊÀÌ»��Ë��[M��{�LZÌuY�Á�½ÂÌ�Y|Ì�¯Y�É|À])Rolle et al, 2008(.

�µÁ|m)�-� :(�À¯YÁZÅÃ�¨���{�LZÌuY�Á�½ÂÌ�Y|Ì�¯Y�É�����������ËZ�¯Y�¶]Z«�Ê·M�cZ^Ì¯�e�Ä¸Ì�Á�Ä]�Ã|��Ã{Â·M�ÉZÅ
)Rolle et al, 2008(.

|ÀËM�§LZÌuY�Á�½ÂÌ�Y|Ì�¯Y��À¯YÁ��^Ì³�{Y�M�É��¿Y
)( 1-D molkcalG

É�YÂÅ�ÄË�neOHCOOOCH 2222 +®+���-
cY�fÌ¿ÊËY{�OHNCOHNOOCH 22232 725445 ++®++ +-���-

�À´À»�ÉZÌuYOHMnCOHMnOOCH 2
2

222 3242 ++®++ ++��-
¾ÅM�ÉZÌuY( ) OHFeCOHOHFeOCH 2

2
232 11484 ++®++ ++��-

cZ¨·Â��ÉZÌuYOHHSCOHSOOCH 22
2
42 222 ++®++ -+-��-

½Zf»ÊËY�
2422 22 COCHCOOCH +®+��-

½Á�f°·Y�Z]�µZ�eY��{�µZ¿Zf»�Ê°Ë�Â·ÂÌ]�ÄË�ne�,Ä¸u�»�¾Ì·ÁY��{Ã|¿�Ì³�®Ë��{�¦¸fz»�ÉZÅ

f�Ì�Äf�ÂÌa�º�µ|»�|Ë{�³�É�Z� .ºnu�µ|»�®Ë�,�Z¯�¾ËY�ÉY�]�®Ë�µÂ��Z]�É| ]�®Ë�{Á|v»�ÉZÅ

¹�¿��Ìv»��{�Ê·�fÀ¯�ºnu�®Ë�ZÆÀe�¶»Z��Á��f»��Y�§YPHOENICS|Ë{�³�{ZnËY� .ÄÌ^�É�Z��Z]�ZÅ

�µÁ|m��{�Ã|��Ä�Ôy�ÄÌ·ÁY��ËY���Á�Ê°ÌfÀÌ��ÉZÅ�f»Y�Za��Y�Ã{Z¨f�Y)�-� (|Ë{�³�¶»Z¯ .�ÉY�]�µ|»

|»�½Z»��c���|��Y�mY��Á��)¶°��ÉZÅ�-���Á��-��.(

                                                  
1. Batch



���

�É�Z�ZÅ���Y�| ]�Êv���Ã�¨��®Ë��{�LZÌuY�Á�½ÂÌ�Y|Ì�¯Y�ª�ZÀ»��ËY|m�Â´·Y�,¹Á{�Ä¸u�»��{

Ä�¬¿��^À»�®Ë��Y�µZ¿Zf»|Ë{�³�µ|»�É| ]�Á{�c�Â��Ä]�ÉY .�¶°�)�-�� (�É��»��ËY���Á�Ä�|ÀÅ

Ê»�½Z�¿�Y��µ|»|Å{ .»�µZ¬f¿Y�Á�½ZË�m�ÉZÅ�f»Y�Za�µÁ|m��{�µ|)�-� (Ã|��Ä�Ôy|¿Y .,�Z¯�¾ËY�ÉY�]�

µ|»�®Ëºnu�{Á|v»�ÉZÅÁ{�É| ]��µÂ��Z]����f»�����Á�����f»��¶»Z��������Ê·�fÀ¯�ºnu�

Z]Ã�Y|¿YÉZÅ¹�¿��{�ÉÁZ�»���Y�§YPHOENICS�{ZnËY|� .�dÆmx���¿��{�½ZË�m�dÆm�½YÂÀ��Ä]�

|��Äf§�³ .Y��Â¿�É��»����¾ÌÌ e�µ|»�É{Á�Á��{�d]Zi�d�¸£�Z]�Ä¸°Ë�{�ZË�µÁ|Ë{�³� .�d�¸£��Y|¬»

|��Äf§�³���¿��{�µ|»�ÊmÁ�y��{��¨��d�¸£��Y|¬»�®Ë�Á�µ|»�µÂ¸���Å��{��¨��ÄÌ·ÁY .���¹Z³�

��Y�°e�{Y| e�Á�Ê¿Z»����ÉY�]�ÄÌ^�|Ë{�³�¾ÌÌ e�É�Z�.�½Z»��c|»�ÉY�]�µ|»��b�������Y�mY��Á��

|Ë{�³ .¶°��ÉZÅ)�-�� (e�Z)�-�� (ÄÌ^��lËZf¿��Y�| ]�Y��É�Z���½Z�¿�Ê�À¯YÁ�µZ¬f¿Y�µZ��Ê»|Å{ .

µ|»�lËZf¿�Ä�ËZ¬»ºnu��Á��Ä]�É�Z����Âe�Ã|»M�d�{�Ä]�lËZf¿�Z]�{Á|v»�ÉZÅ�½Y�Z°¼Å�Á�µÁ�

½M�[Ây�©Z^�¿Y��Y�Ê¯Zu�d�Y�ZÅ)¶°��ÉZÅ�-���Á��-� .(Ê»���Zu�µ|»�,¾ËY�]ZÀ]�¶]Z«��Â��Ä]�|¿YÂe

ÉY�]�É{Z¼f�Yµ|»�Ã|ÀËÓM�Ê�À¯YÁ�µZ¬f¿Y�É�Z�{Á���Z¯�Ä]�Ê·M�ÉZÅ.

�µÁ|m)�-� :(ÄÌ^���{�Ã|��Ã{Z¨f�Y�É{Á�Á�ÉZÅ�f»Y�Za�Äf�ÂÌa�ºf�Ì��É�Z�)Rolle et al, 2008(.

Ê°ÌfÀÌ��ÉZÅ�f»Y�Za�Y|¬»
�É�YÂÅ�ÄË�ne�d]Zi( )2Ok( )1-d��/�
cY�fÌ¿�ÄË�ne�d]Zi�ÊËY{�( )3NOk( )1-d��/�

��À´À»�ÉZÌuY�ÄË�ne�d]Zi( )Mnk( )1-d��/�
�¾ÅM�ÉZÌuY�ÄË�ne�d]Zi( )Fek( )1-d�/�

�cZ¨·Â��ÉZÌuY�ÄË�ne�d]Zi( )4SOk( )1-d��/�
½Zf»�ÄË�ne�d]Zi�ÊËY�( )4CHk( )1-d��/�

�½�Ì�¯Y��Z^�Y�Ä¼Ì¿�d]Zi( )2OK( )Lmg�/�
�cY�fÌ¿��Z^�Y�Ä¼Ì¿�d]Zi( )3NOK( )Lmg�/�

]Zi��À´À»��Z^�Y�Ä¼Ì¿�d( )MnK( )Lmg�/�
�¾ÅM��Z^�Y�Ä¼Ì¿�d]Zi( )FeK( )Lmg�/�

�cZ¨·Â���Z^�Y�Ä¼Ì¿�d]Zi( )4SOK( )Lmg�/�
�½Zf»��Z^�Y�Ä¼Ì¿�d]Zi( )4CHK( )Lmg�/�



���

�½�Ì�¯Y�É�Ì³Â¸m�d]Zi( )2,OiK( )Lmg��/�
�cY�fÌ¿�É�Ì³Â¸m�d]Zi( )3,NOiK( )Lmg��/�
��À´À»�É�Ì³Â¸m�d]Zi( )MniK ,( )Lmg��/�

]Zi�¾ÅM�É�Ì³Â¸m�d( )FeiK ,( )Lmg��/�
�cZ¨·Â��É�Ì³Â¸m�d]Zi( )4,SOiK( )Lmg��/�

Ä¿Â³�ÉY�]�ÄÌ·ÁY��ËY��ÊËZÌ¼Ì��ÉZÅ
OCH2

( )Lmg��

2O( )Lmg�
-
3NO( )Lmg�
+2Mn( )Lmg�/�
+2Fe( )Lmg�/�
-2

4SO( )Lmg�

4CH( )Lmg��/�

2MnO( )Lmg��/��
( )3OHFe( )Lmg��/��

|ÀËM�§É�f»ÂÌ¯Âf�Y�\ËY��
�É�YÂÅ�ÄË�neOCHOY

22
��/�

cY�fÌ¿�ÊËY{�OCHNOY
23

��/�

�À´À»�ÉZÌuY
ïþ

ï
ý
ü+

OCHMnO

OCHMn

Y

Y

22

2
2��/�

�/�

�¾ÅM�ÉZÌuY
( ) ïþ

ï
ý
ü+

OCHOHFe

OCHFe

Y

Y

23

2
2��/�

��/��
�cZ¨·Â��ÉZÌuYOCHSOY

24
�/�

½Zf»�ÊËY�OCHCHY
24

��/�

�¶°�)�-�� (¶Ì§Á�aÄ¿Â³�d�¸£�ÉZÅ�½Z»��c|»�ÉY�]�Y��Ê�À¯YÁ�ÉZÅ��Ê»�½Z�¿��Á��|Å{ .

Ã|¿�Ì³�½Á�f°·Y�Ê·YÂf»�¥��»�Z]�Ê°Ë�Â·ÂÌ]�ÄË�ne��Y�µZ¿Zf»�d�¸£�Ê�ÅZ¯�|¿Á��Ê�Z¿�¦¸fz»�ÉZÅ

Ê»{Â� .b��Á�cY�fÌ¿�½M�µZ^¿{�Ä]�Á�½�Ì�¯Y�Y|f]Y�,ºf�Ì��¾ËY��{Ä¿Â³���|»Zm�ÉZÅ2MnO�Á�

3)(OHFeÊ»�ÊÆe�|¿Â� .Ä¿Â³��À¯YÁ��iY��{�|»Zm�ÉZÅ2MnO�Á�3)(OHFe�\Ìe�e�Ä]�+2MnÁ�



���

+2FeÊ»�|Ì·Âe�µÂ¸v»�{Â� .½M��Y�| ]�cZ¨·Â��,ZÅÊ»�¥��»�Ä]��Á���dve�½Zf»�dËZÆ¿��{�Á�|À¯

��j¯Y|u�ÊËZÌuY��ËY��)½Zf»ÊËY� (Ê»�|Ì·Âe{Â�.

�¶°�)� -�� :(�Ä�ËZ¬»µ|»�lËZf¿ºnu�É�Z��{Á|v»�ÉZÅ)�Â�y (�{Á|v»�¥ÔfyY�µ|»���Âe�Ã|»M�d�{�Ä]�lËZf¿�Z]
�½Y�Z°¼Å�Á�µÁ�)�Z¬¿) (Rolle et al, 2008(ºf�Ì���{�Ê°Ë�Â·ÂÌ]�ÄË�ne�ÉY�]�Äf�ÂÌa�.

�¶°�)� -�� :(�Ä�ËZ¬»µ|»�lËZf¿�É�Z�PHOENICS) �Â�y (�{Á|v»�¥ÔfyY�µ|»���Âe�Ã|»M�d�{�Ä]�lËZf¿�Z]�µÁ�
�½Y�Z°¼Å�Á)�Z¬¿) (Rolle et al, 2008(Äf�ÂÌa�ºf�Ì���{�Ê°Ë�Â·ÂÌ]�ÄË�ne�ÉY�]�.



���

�¶°���{)�-��(¶Ì§Á�a�,�ÉZÅ

w�¿�Ä]��Â]�»�À¯YÁ�ÉZÅf�Ì���{�Ã{Y{�w��ÉZÅ�½Z»��c|»��{�º��d�Y�Ã|��Ã{Y{�½Z�¿��Á�� .��{

ÄÌ^���Z£Md�Y�\·Z£�ZÌuY�Á�½ÂÌ�Y|Ì�¯Y�|ÀËM�§�É�YÂÅ�ÄË�ne�,É�Z� .��{�{ÂmÂ»�½�Ì�¯Y�Êf«Á

Ê»�w��cY�fÌ¿�ÉZÌuY�,|��¥��»�ºf�Ì�|Å{ .Ã|¿�Ì³�½Á�f°·Y�Ä��YÁ�Ä]�µZ¿Zf»�Ê·YÂf»�ÄË�ne�Ze�ZÅ

½Zf»��À¯YÁÊ»��Ìa�ÊËY�{Á� .½Zf»��À¯YÁ�ÄÌ^���{�ÊËY�Êf«Á�É�Z�½Á�f°·Y�¹Z¼e�Ä¯Ã|¿�Ì³Ô»Z¯�ZÅ�

�À¯YÁ��´Ë{��Y��e�Ë{�|¿|��¥��»Ê»�w��ZÅ|Å{.

�¶°�)� -�� :(�É| ]�Á{�µ|»�ÉY�]�É��»��ËY���Á�Ä�|ÀÅ)Rolle et al, 2008.(

�µÁ|m)�-� :(ÄÌ^���{�Ã|��Ã{Z¨f�Y�µ|»�ÉZÅ�f»Y�ZaÉ| ]�Á{�É�Z�)Rolle et al, 2008.(
f��³ÄÊ¿Z»��Á�ÊËZ�§�É�Z��Y|¬»

µ|»�duZ�»m���´m���
�»�{Y| eZÅ���´���
ÄÌ^��½Z»�É�Z������Á��

µZ¬f¿Y�Á�½ZË�m�ÉZÅ�f»Y�Za�Y|¬»
Ê°Ì·Á�|Å�dËY|Ådm��

¶z¸ze�/�
�d]Zi�|Å)`q�d¼����»(����f»�
�d]Zi�|Å)d�Y��d¼����»(���f»�

�Ê·Â��Ê³|À¯Y�a�\Ë��xa���f»�



���

�Ê����Ê³|À¯Y�a�\Ë��ya
xa

�/��f»�
µZ¬f¿Y�É��»��ËY��

É{Á�Á :d]Zi�d�¸£ÊmÁ�y :�¨��d�¸£�½ZËY�³
OCH2

( )Lmg��

2O( )Lmg�
-
3NO( )Lmg�
+2Mn( )Lmg�/�
+2Fe( )Lmg�/�
-2

4SO( )Lmg�

4CH( )Lmg��/�
[ZË{�( )Lmg�

ÄÌ·ÁY��ËY���Y|¬»
OCH2

( )Lmg��

2O( )Lmg�
-
3NO( )Lmg�
+2Mn( )Lmg�/�
+2Fe( )Lmg�/�
-2

4SO( )Lmg�

4CH( )Lmg��/�
[ZË{�( )Lmg�

2MnO( )Lmg��/��
( )3OHFe( )Lmg��/��

Ê³{Â·M��^À»�Y|¬»
½ZË�m�w�¿( )dm3�

�d�¸£OCH2( )Lmg���
[ZË{��d�¸£( )Lmg���

Ê°ÌfÀÌ��ÉZÅ�f»Y�Za�Y|¬»
�É�YÂÅ�ÄË�ne�d]Zi( )2Ok( )1-d��/�
cY�fÌ¿�ÄË�ne�d]Zi�ÊËY{�( )3NOk( )1-d��/�

��À´À»�ÉZÌuY�ÄË�ne�d]Zi( )Mnk( )1-d��/�
�¾ÅM�ÉZÌuY�ÄË�ne�d]Zi( )Fek( )1-d��/�

�cZ¨·Â��ÉZÌuY�ÄË�ne�d]Zi( )4SOk( )1-d��/�



���

½Zf»�ÄË�ne�d]Zi�ÊËY�( )4CHk( )1-d���/�

�¶°�)� -�� :(�µZ¿Zf»�d�¸£��Ë�Âe( )Lmg��Y�| ]�����Á��.

�¶°�)� -�� :(�½�Ì�¯Y�d�¸£��Ë�Âe( )Lmg��Y�| ]�����Á��.



���

�¶°�)� -�� :(�cY�fÌ¿�d�¸£��Ë�Âe( )Lmg��Y�| ]�����Á��.

�¶°�)� -�� :(��À´À»�|Ì�¯Y�d�¸£��Ë�Âe( )Lmg��Y�| ]����Á��.



���

�¶°�)� -�� :(��À´À»�½ÂË�d�¸£��Ë�Âe( )Lmg��Y�| ]�����Á��.

�¶°�)� -�� :(�¾ÅM�|Ì�¯Y�Á�|ÌÅ�d�¸£��Ë�Âe( )Lmg��Y�| ]�����Á��.



���

�¶°�)� -�� :(�¾ÅM�½ÂË�d�¸£��Ë�Âe( )Lmg��Y�| ]�����Á��.

�¶°�)� -�� :(�cZ¨·Â��d�¸£��Ë�Âe( )Lmg��Y�| ]�����Á��.



���

�¶°�)� -�� :(�½Zf»�d�¸£��Ë�Âe( )Lmg��Y�| ]�����Á��.

�¶°�)� -�� :(�[ZË{��Ã{Z»�d�¸£��Ë�Âe( )Lmg��Y�| ]�����Á��.



���

�¶°�)� -�� :(�É�YÂÅ�ÄË�ne��À¯YÁ�w�¿( )Ldmg��Y�| ]�����Á��.

�¶°�)� -�� :(cY�fÌ¿��À¯YÁ�w�¿�ÊËY{�( )Ldmg��Y�| ]�����Á�� .



���

�¶°�)� -�� :(��À´À»�ÉZÌuY��À¯YÁ�w�¿( )Ldmg��Y�| ]�����Á��.

�¶°�)� -�� :(�¾ÅM�ÉZÌuY��À¯YÁ�w�¿( )Ldmg��Y�| ]�����Á��.



���

�¶°�)� -�� :(À¯YÁ�w�¿�cZ¨·Â��ÉZÌuY��( )Ldmg��Y�| ]�����Á��.

�¶°�)� -�� :(½Zf»��À¯YÁ�w�¿�ÊËY�( )Ldmg��Y�| ]�����Á��.

µ|»�lËZf¿�½Z�¿�É| ]�Á{�É�Z�

Ê»|Å{ÄÌ^��Ê°Ë�Â·ÂÌ]�ÄË�ne�|ÀËM�§�Ä¯��d¼��Ä]�µZ¿Zf»�¹Â¸a�c�mZÆ»��Z°�M��Â��Ä]�,Ã|��É�Z�

Ê»�{Á|v»�Y��ºf�Ì��d�{�¾ÌËZa|À¯ .Ê»��Â�Â»�¾ËY�{Z ]Y�Z]�µZ¿Zf»�¹Â¸a�{Z ]Y�Ä�ËZ¬»�Ä¸Ì�Á�Ä]�|¿YÂe



���

{Â���Z^Àf�Y�[ZË{��¹Â¸a .¶°��¾ÌÀr¼ÅÊ»�½Z�¿�ZÅ·M��^À»�d�{�¾ÌËZa�ÄÌuZ¿��{�Ä¯�|ÀÅ{�,Ê³{Â

Ã|¿�Ì³�½Á�f°·Y�µÂ¸v»�ÉZÅ)2O�,2NO�Á�-2
4SO (�Ä]c�Â�Ã�Ìn¿��Ê»�ÊÆe�ÉY|¿Â� .�,¾ËY��]�ÃÁÔ�

¹Â¸a��À¯YÁ�cÓÂ�v»�ÉZÅ+2Mn,+2Fe�Á�4CH�e��Ì¿�°Ì�¶¬fÀ»�d�{�¾ÌËZa�dÆm��{�Á�Ã|��¶

Ê»|¿Â� .�¹Â¸a�¶°�+2Mn�Á�+2Fe½M�µZ¬f¿Y��Y�Ê�Z¿��d�Y�d§�ÀÆa�|ÀËM�§���Âe�ZÅ)¶°��ÉZÅ�-

���Á��-�� .(ºf�Ì���{�¾ËY�]ZÀ]½Zf»�Á�¾ÅM�¶Ì�¯Á�|ÌÅ�,�À´À»�|Ì�¯Y�ÉZÌuY�ÉZÅ�Ä¯�ÊËZm�,ÊËY�

¯YÁ�cÓÂ�v»�|À¿Z»��À+2Mn,+2Fe�Á�4CHÊ»���Â�u�,|¿Â��¶¬fÀ»�d§�ÀÆa�|ÀËM�§���Âe�|À¿YÂe

�dÌ·Z §�dÌ �Á�ÉY�]�Ê]Ây�Ä¿Z�¿�d�Y�¾°¼»�¶v»�®Ë��{��À¯YÁ�cÓÂ�v»�¾ËY½Á�f°·YÃ|¿�Ì³�ZÅ

|�Z^¿�¶v»��{ .Y�Z°¼Å�Á�µÁ��¶°�»�¾ËY�¶u�ÉY�]�½)���� (�d�¸£�ÉZm�Ä]�Ä¯�|¿{�¯�{ZÆÀ�Ìa

Ä¿Â³w�¿�,Ê�À¯YÁ�ÉZÅ�À¯YÁ�½Á�f°·Y�ÉZÅÃ|¿�Ì³�ª�ZÀ»�¶»Z°e�ÉZÅÂ´·Y�Ê���]�dÆm�¦¸fz»�ÉZÅ

|¿Â��Ã{�]��Z°]�ZÌuY�Á�½ÂÌ�Y|Ì�¯Y .��Ë{Z¬»w�¿�Ê^�¿�À¯YÁ�½Á�f°·Y�ÉY�]�ZÅÃ|¿�Ì³�,�z�»�ÉZÅ

½M�|ÀËM�§�dÌ·Z §�t���Á�½Z°»�®Ë��{�Y��ZÅÊ»�½Z�¿�¾Ì »�½Z»�|ÀÅ{ .w�¿�¾ËY��Y�ºÌ¬f�»�Ã{Z¨f�Y�ZÅ

d�Y�¦¸fz»�Ê�À¯YÁ�ª�ZÀ»�ÊËZ�§�d �Á�Ä^�Zv»�ÉY�]�Äf§ZË�{Â^Æ]��Á��®Ë .

Ê»�½Z�¿�Y��Ê�z�»�Â´·Y�®Ë�ZÌuY�Á�½ÂÌ�Y|Ì�¯Y�ª�ZÀ»�¾ËY��z�»��Â¿�Ä��ÄnÌf¿�Ä¯�|ÀÅ{

d�Y�ªÌ¬ve�¾ËY��{�Ã|��¾ÌÌ e��ÔfyY�ÉZÅ|ÀËM�§��Y :ÉZÅ|ÀËM�§ÄÌ�Zu�Äf�Å�,ÉY�Ä^��Á�ÉY

Äf�ÅÉY .�½Y�Z°¼Å�Á�µÁ�)���� (ÄÌ�Zu�ÉZÅ|ÀËM�§�À¯YÁ�¾ÌÌ e�ÉY�]�Y��ÉY�®Ë��ÔfyY�Ä]�Ä¯�ÊËZÅ

�|¿�Y{��ZÌ¿�Ã|ÀÅ{�½Á�f°·Y�®Ë�Á�Ã|¿�Ì³�½Á�f°·Y)É�YÂÅ�ÄË�ne�¶j» (|¿{�]��Z°] .���Âe��À¯YÁ�¾ËY

Ê»�½Z�M�,d�Y��ÔfyY�\mÂ»�Ä¯�Ê³|À¯Y�a�|ÀËM�§�{Â�Ê»�w��Ã|ÀËÓM�¹Â¸a�ÄÌ�Zu��{�Ze|¼��Á|Å{ .

Äf�Å�ÉZÅ|ÀËM�§�À¯YÁ�¾ÌÌ e�ÉY�]�ÉY½Á�f°·Y��ÔfyY�Ä]�É�ZÌ¿�Ä¯�ÊËZÅ½Á�f°·Y�Á�Ã|¿�Ì³�Ã|ÀÅ{

�|¿�Y|¿)½Zf»��À¯YÁ�,µZj»�½YÂÀ��Ä]ÊËY� (Ê»�Ã{�]��Z°]|¿Â� .�À¯YÁ�¾ËY�®¼¯�½Á|]�¹Â¸a�Äf�Å��{�ZÅ

Ê»�w��Ê°Ë�Ì§�µZ¬f¿Y�¹�Ì¿Z°»�pÌÅ|ÀÅ{ .Äf�Å�Ä^��ÉZÅ|ÀËM�§�c�Z^��,dËZÆ¿��{�¾ÌÌ e�ÉY�]�ÉY

�ÊËZÅ|ÀËM�§Ê»��Z°]½M��{�Ä¯�{Á�½Á�f°·Y�ZÅÃ|ÀÅ{ÀÆa�|ÀËM�§�®¼¯�Ä]�ZÅ½Á�f°·Y�Z]�d§�Ã|¿�Ì³�ÉZÅ

�|»Zm)�À¯YÁ¾ÅM�¶Ì�¯Á�|ÌÅ�Á��À´À»�|Ì�¯Y�Z]�ZÅ (|À]ZË��Z¼e.



���

�-�-� .¹�ZÆq�d·Zu :Àq�Ê�À¯YÁ�µZ¬f¿Y�Ê¸Ì¸ve�¶u�Y{YÂÅ�Ä¬�À»��{��Y�§�Ã|ÀËÓM�¾Ë|

�,d·Zu�¾Ì»�ZÆq��{�ÉY�]Ê]ZË��Y�

µ|»É{|��Ã{Y{��Y�µ|»�lËZf¿�Á�ZÅÉ| ]�®Ë�Ê¸Ì¸ve����Âe�Ã|��ÄWY�Y�½Z��½Y�Z°¼Å�Á��µZ¬f¿Y�ÉY�]

Ã|ÀËÓM�Ê�À¯YÁ��������������|Ë{�³�Ã{Z¨f�Y��Y{YÂÅ�Ä¬�À»��{��Y�§�ÉZÅ)Sun et al., 2002(.

µ|»�®Ë�Y|f]Y��{ºnu�É| ]�®Ë�{Á|v»�ÉZÅ�µÂ��Z]���Êf¿Z��f»�¶»Z�����Ê·�fÀ¯�ºnu�

Ã�Y|¿Y�Z]ÉZÅ��{�ÉÁZ�»���Ìv»¹�¿��Y�§YPHOENICS|��ÄfyZ�� .��Âv»�{Y|f»Yz�dÆm�½YÂÀ��Ä]�

|��Äf§�³���¿��{�½ZË�m .|��¾ÌÌ e�µ|»�É{Á�Á��{�d]Zi�d�¸£�Z]�Ä¸°Ë�{�ZË�µÁY��Â¿�É��»���� .

¬»|��Äf§�³���¿��{�µ|»�ÊmÁ�y��{��¨��d�¸£��Y|¬»�®Ë�Á�µ|»�µÂ¸���Å��{��¨��ÄÌ·ÁY�d�¸£��Y| .

���{Y| e�Á�Ê¿Z»��¹Z³����ÄÌ^��ÉY�]��Y�°e�|Ë{�³�¾ÌÌ e�É�Z�.�½Z»��c|»�ÉY�]�µ|»�����Y�mY��Á��

�|�)¶°��ÉZÅ�-���Ze��-�� .(�µÁ|m��{�µ|»�É{Á�Á�ÉZÅ�f»Y�Za)� -� (d�Y�Ã|��Ã{�ÁM.

�ËZ¬»µ|»�lËZf¿�ÄÉ�Z�ºnu¹�¿���Âe�{Á|v»�ÉZÅ�Y�§YPHOENICS�Ã|»M�d�{�Ä]�lËZf¿�Z]�

���Âe½M�[Ây�©Z^�¿Y��Y�Ê¯Zu�½Y�Z°¼Å�Á�½Z��d�Y�ZÅ)¶°��ÉZÅ�-���Ze��-�� .(�µ|»�,¾ËY�]ZÀ]

Ê»�É{Z¼f�Y�¶]Z«��Â��Ä]���Zuµ|»�ÉY�]�|¿YÂeÃ|ÀËÓM�Ê�À¯YÁ��µZ¬f¿Y�É�Z��Ä¬�À»��{��Y�§�ÉZÅ

{YÂÅ{Á���Z¯�Ä]��Y.

ÄÌ^��¾ËY��{Ã�Ìn¿���Â��Ä]�Ä¯�Ê�À¯YÁ�Ä¿Â³��ZÆq�µZ¬f¿Y�É�Z�Ê»�¶Ë|^e�ºÅ�Ä]�ÉY��{�|¿Â�

|��Ê���]��Y{YÂÅ�Ä¬�À» .¶°��ÉZÅ)�-�� (�Á)�-�� (¶Ì§Á�a�\Ìe�e�Ä]��{�Y��Ä¿Â³��ZÆq�d�¸£�ÉZÅ

Ê»�½Z�¿��Z³�Á��ËZ»�ÉZÅ�Z§|Å{ .»�Z»Y�|À¿Z�°Ë�Ê°Ì§Y�³���¿��Y�¶°��Á{��Åd�¸£��Ë{Z¬½M��{�ZÅ�ZÅ

d�Y�cÁZ¨f» .ÄÌ^��Ä¿Â³��ZÆq�½Âq��Z³��Z§��{�Ä¿Â³��ZÆq�d�¸£��Ë{Z¬»�Y~·�,|Àf�Å��Y�§�Ã|��É�Z�

d�¸£��Y��f�Ì]½M�ÉZÅd�Y��ËZ»��Z§��{�ZÅ .Ä¿Â³�d�¸£�Ä]�Ä¿Â³�®Ë�d�¸£�d^�¿�®Ë��{��´Ë{�ÉZÅ

w�¿�Ä¸Ì�Á�Ä]��Z§¶»Z��Á�µÁY�Ä^e�»��À¯YÁ�ÉZÅf�Y�Ã{�Z]�ÉZÅÊ»�µ�fÀ¯�É�f»ÂÌ¯Â{Â� .�,Ä¯�Ê·Zu��{



���

�¾ÌÌ e�É|À]L�m�\ËY�����Âe��´Ë{�ÉZÅ�Z§��{�½M�d�¸£�Ä]��Z§�®Ë��{�Ä¿Â³�®Ë�d�¸£�d^�¿

Ê»�{Â�)Sun et al., 2002(.

�µÁ|m)�-� :(µ|»�É{Á�Á�ÉZÅ�f»Y�Za)Sun et al., 2002(.

�f»Y�Za�Y|¬»
�¶z¸ze( )q( )33 cmcm�/�

��Y{YÂÅ�¶z¸ze( )a( )33 cmcm�/�
�YÂfv»�[M( )q( )33 cmcm�/�

�Â¸]�ÄfÌ�¿Y{( )br( )3cmg��/�
Zy�É|À]L�m�\Ë��-�µZÌ��( )dk( )gcm3�/��

�É�ÀÅ�½Â¿Z«�d]Zi( )hk���/�
�Ä¿Â³�µÁY�Ä^e�»��À¯YÁ�w�¿�( )1k( )d1��/�
�Ä¿Â³�µÁY�Ä^e�»��À¯YÁ�w�¿�( )2k( )d1��/�

^e�»��À¯YÁ�w�¿�Ä¿Â³�µÁY�Ä�( )3k( )d1��/�
�Ä¿Â³�µÁY�Ä^e�»��À¯YÁ�w�¿�( )4k( )d1����/�

�Ä¿Â³�µÂ�u��Âf¯Z§��Ä¿Â³��Y��( )2y��/�
�Ä¿Â³�µÂ�u��Âf¯Z§��Ä¿Â³��Y��( )3y��/�
�Ä¿Â³�µÂ�u��Âf¯Z§��Ä¿Â³��Y��( )4y��/�
�É�Z³�}Â¨¿�\Ë��( )gD( )dcm2���
��ËZ»�}Â¨¿�\Ë��( )lD( )dcm2����/�

�YÂÅ�d���( )gJ( )dcm�
�ÊÀÌ»��Ë��[M�d���( )wJ( )dcm��



���

�¶°�)� -�� :(�Ä�ËZ¬»µ|»�lËZf¿ºnu�É�Z��{Á|v»�ÉZÅ)�Â�y  (�Ê¸Ì¸ve�µ|»���Âe�Ã|»M�d�{�Ä]�lËZf¿�Z]�Á�½Z�
�½Y�Z°¼Å)�Z¬¿ ()Sun et al., 2002(�ÉY�]�¶Ì§Á�a¸£�ÉZÅ�d�~³��Y�| ]��ËZ»��Z§��{�Ä¿Â³��ZÆq�d�����Á��.

�¶°�)� -�� :(�Ä�ËZ¬»µ|»�lËZf¿ºnu�É�Z��{Á|v»�ÉZÅ)�Â�y  (�Ê¸Ì¸ve�µ|»���Âe�Ã|»M�d�{�Ä]�lËZf¿�Z]�Á�½Z�
�½Y�Z°¼Å)�Z¬¿ ()Sun et al., 2002(�ÉY�]�¶Ì§Á�ad�~³��Y�| ]��Z³��Z§��{�Ä¿Â³��ZÆq�d�¸£�ÉZÅ����Á��.



���

�¶°�)� -�� :(�Ä�ËZ¬»µ|»�lËZf¿ºnu�É�Z��{Á|v»�ÉZÅ)�Â�y  (�Ê¸Ì¸ve�µ|»���Âe�Ã|»M�d�{�Ä]�lËZf¿�Z]�Á�½Z�
�½Y�Z°¼Å)�Z¬¿ ()Sun et al., 2002(�ÉY�]�¶Ì§Á�a�d�~³��Y�| ]�Ä¿Â³��ZÆq�Ê¸¯�d�¸£�ÉZÅ����Á��.



���

ÊËY�v��cZ ·Z�»�É��Êf À��ÄÌuZ¿�¶¯��{�Ã|��¹Zn¿Y�

�-� .Ä»|¬»

�µZ���Y�É��Êf À��ÄÌuZ¿�¥Y��Y��{�d¨¿�Ä¸Ì�Á�Ä]�ÊÀÌ»��Ë��[M�Á�Zy�Ê³{Â·M�����

|Ë{�³��z�» .Â·M�¾ËYZ¼Ì¬f�»�Y��Ê»Â]�dÌ ¼m�Ê³|¿��Ê³{�µZ���Y�����d�Y�ÄfyZ���iZf»� .��a

Zn¿Y�ÄÀÌ»��¾ËY��{�¹Y|«Y�¾Ë|Àq�½Y�ËY�d·Á{�Äq��³Y�,½M��YÄ�uÔ»�¶]Z«�lËZf¿�Z»Y�{Y{�¹�|�¿�Ã|ÅZ�»�ÉY

d§ZË��ËY�§Y�µZ��Ä]�µZ��Ê³{Â·M��iY�Á .�cZ ·Z�»�,½M��Y�Ê�Z¿�É|m���y�Á�Ê³{Â·M�d �Á�¶Ì·{�Ä]

�µZ���{�ÊÀÌ»��Ë��[M�Ê³{Â·M�ÉÁ��É�f�Ì]�����Êe|»��Y�| ]��Ì¿��Z¯�¾ËY�µZu�¾ËY�Z]�,|Ë{�³��Z£M�

|��¦«Âf».

d¨¿��ËÓZa�d¯���,�´Ë{�¥����Y½Y�Æe���¾ËY��{�Äf§�³��Y�«�É��Êf À��ÄÌuZ¿��¯�»��{�Ä¯�

�¼m��Ì�¿�ÊeZ ·Z�»�½Z°»Y�|u��{��Â�yÄ¿Â¼¿�É�ÁM�Ã{Á|v»��{�[M�ÉZÅZq�Á�cYÂÀ«��Y�[M�ÉZÅ

�¹Zn¿Y�Ã�Ì£�Á�ÊÀÌ»��Ë��[M��Zb¼a�,ÊÀÌ»��Ë��[M�t���cZ¿Z�Â¿�ÉÁ��c�Z�¿�,½Y�Æe�d¨¿��ËÓZa�d¯��

d�Y�Ã{Y{ .{Á��Ê³{Â·M�,µZu�¾ËY�Z]Ê»��Â�e�Äq�½M��Y��edÌ·Z §��Y��Ì£�Á�Ã{�¯�Y|Ìa���f�³�|��ÉZÅ

¾Ì�Z»�{Â^¼¯�¶Ì·{�Ä]�,ÓZ]d�Ë��dË�Ë|»�Ä»Z¿�]�{Â^¿�Á�cÓM�É�´Ë{��iÂ»��Z¯�pÌÅ�,\�ZÀ»�Ê�Ìv»

{Â]�Ã|�¿�¹Zn¿Y�Ê³{Â·M�µ�fÀ¯�Á��ÅZ¯�ÉY�].

                                                  
1. Tehran Oil Refining Company (TORC)
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���f�³�µZ���Å�É��Êf À��ÄÌuZ¿��{�ÊÀÌ»��Ë��[M�Ê³{Â·M�,¾ËY�]ZÀ]�É�f�Ì]�¾ËY�Á�d§ZË

Z�Â�z»�Ê³{Â·MµZ���{��Êf»Ô��É|m���y�Z]�Y��Ä¬�À»�ºÌ¬»�¹{�»�Ê³|¿��Ze�Ã|��\^���ÌyY�ÉZÅ

{�Z��ÃY�¼Å.

ºÌ¼�e�,Y~·®ÌÀ°e�É�Ì³�Z°]�Z]�®ÌeZ¼f�Ì��Ê�Ìv»�d�Ë��cZ ·Z�»�¹Zn¿Y�ÉY�]�É�Ì³�ÉZÅ

¾Ì�Z»�Á�|Ë|mÊ»���¿�Ä]�É�Á����Á��Ä]�cÓM|Ì�� .¿��ËÓZa�d¯���¾ËY�]ZÀ]�½ÁZ e��¯�»��Y�½Y�Æe�d¨

d¨¿�Ã{Z»M��Y�dËZ¼u�ÉY�]�¾aY��½Z°»Y�Ä ·Z�»�®Ë�É�Z��µZ���{�ÊnÀ�����{�¯�Z�Z¬e� .�µZ^¿{�Ä]

�d¯���Ã{Á|v»��{�Y��ÊÀÌ»��Ë��[M�Á�Zy�Ê³{Â·M�Ä ·Z�»�¾aY��d¨¿�½ÁZ e��¯�»�,d�YÂy�{�¾ËY

�¾Ë{�Á�§��{�½Y�Æe�d¨¿��ËÓZa����{�¯��Z£M� .Ä ·Z�»�s����¯�»�¾ËY�,Ä¬�À»��ËY����Z�Y��]�Y��

Ä¿Â¼¿�Á�Ä ·Z�»�É�Â·ÂÀ°ec�Z�¿�dve�Zy�Ä]�Ã{Â·M�ÊÀÌ»��Ë��[M�Á�Zy��Y�É�Y{�]��Ìv»��¯�»

Zy�d�Ë��ÓÂ¼ »�Ä¯�{�¯�ÊuY���©Z^�¿Y�¾aY���{�Ã|��¹Zn¿Y�Ä]Z�»�Ê�Ìv»�d�Ë��cZ ·Z�»�Z]�

d�Y{ .�{Y{�y��{�ÊeZ»|¬»�cZ ·Z�»����|��¹Zn¿Y� .Y�]�Ä ·Z�»�¾ËY��{��^À»�Á�¦Ì��½{�¯��z�»�É

Ã�Y|¿Y��Y�Ê³{Â·MÃ�Y|¿Y�,Zy�d¨¿�ÉÂfv»��Ì·Z¿M�,�Y�§�Ê·M�ÉZÅ�Z³�ÄfÌ�¿Y{�É�Ì³�ÄËÓ�d»Zz��É�Ì³

ÃZq��{�d¨¿Ä¨·Â»��Ì·Z¿M�,ZÅ|��Ã{Z¨f�Y�Ã�Ì£�Á�Ã|ÀËÓM�d¨¿�ÉZÅ.

��{�Y��Ê¸¯�Ê���]�,ÊÆ]Z�»��Á���Y�Ã{Z¨f�Y�Z]�½Y�Æe�d¨¿��ËÓZa�d¯���,¾ËY�]�ÃÁÔ���d¯���

�d¨¿��ËÓZa�d¯���Ê]ÂÀm�d¼���{��Zb¼a�ÃZ´f�ËY��{�Á�Ê«���d¼��Z]��ÁZn»�,É��Êf À��ÄÌuZ¿��{

�ÃZ»��}M��{�½Y�Æe����{Â¼¿��Z£M� .Ê���]�¾ËY�ÃZ»��Ìe��{�ZÅ�����Ä¯�|Ë{�³��z�»�Á�d§ZË�¹Z¼eY�

�d¨¿�É{ZË���Y|¬»)�{Á|u��{3m����� (¾Ì»���{d¯���ÉZÅ�ÉZÅ{�Y{�{ÂmÁ��Â¯~» .��Â�e�,ÃÁÔ ]

Ê»d�Y�Ã|��Ã{�f�³�Ê Ì�Á�Ä¬�À»��{�Ê³{Â·M�Ä¯�{Â�.

Ä�uÔ»�¶]Z«��iY�Ê³{Â·M�¾ËYd�Y{�|ÅYÂy�d�Ë���Ìv»�Á�¥Y��Y�ÊuYÂ¿��]�ÉY .�Ä ·Z�»�¾ËY�]ZÀ]

�Ì�Á�Ä¬�À»��{�|ËZ]�Ê³{Â·M�¾ÌÌ e�Á{�Ì³�¹Zn¿Y�É�e .Ã�Y|¿Y�É��°Ë�,¾ÌÀr¼ÅÉ�Ì³��Â�À»�Ä]�|ËZ]�ZÅ

{�Ì³�c�Â���ÁZn»�ª�ZÀ»�Á�½Y�Æe�d¨¿��ËÓZa�d¯����{�Ê³{Â·M�¾ËY��ÅZ¯.

                                                  
1. Japan Cooperation Center, Petroleum (JCCP)

2.Soil Environment Center Inc
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Ê���]d�Y��Ë��Ä¸u�»�Á{�¶»Z��É��Êf À��ÄÌuZ¿��{�Ã|��¹Zn¿Y�ÉZÅ:

·Ã�Y|¿Y�¶»Z��µÁY�Ä¸u�»É�Ì³�Ä¯�ÊËZm�½Y�Æe�d¨¿��ËÓZa�d¯���¶yY{��{�Ê³{Â·M�ÉZÅ

{Â·M��ËY���Ê���]�¾ËY�Á�Ã|��¹Zn¿Y�Ô^«�Ê¸¯��ËY���Ê���]�É��Êf À���Ì�Á�ÄÌuZ¿��{�Ê³

�½Z�¿�Y�Ê»|Å{.

·Ã�Y|¿Y�¶»Z��¹Á{�Ä¸u�»É�Ì³d�Y�É��Êf À���Ì�Á�ÄÌuZ¿�¶yY{��{�Ê³{Â·M�ÉZÅ.

�Á��Á�d¨¿�ºÌ¬f�»��Zb¼a�¶»Z��ÊÀÌ»��Ë��[M��Y�Ê³{Â·M��§��dÆm�Ã|��[Zzf¿Y�ÉY�mY�¶]Z«�

½M��¼ne�¶v»��{�d¨¿�ÉÁZu�[Md�Y�ZÅ.

�-� .»�ÄrzË�Ze��]�É�Á�»É��Êf À��ÄÌuZ¿�¶¯��{�Ã|��¹Zn¿Y�cZ ·Z�

�d¨¿��ËÓZa�d¯���dËZ��Ê���]

�µZ���{�É���Æ��Êf À��ÄÌuZ¿�Á�½Y�Æe�����µZ���{�Á��Á�������Ä»Z¿�]�ª^��É�Ë��¹Zn¿Y�ÉZÅ

d§�Ë~a�¹Zn¿Y�½Y�Æe�d¨¿��ËÓZa�d¯���Z]�Ã|� .�µZ���{������{��Ë��c�Â��Ä]�ÊeZ»|¬»�Ê���]�®Ë�

¿��ËÓZa�d¯���dËZ�d§�Ë~a�¹Zn¿Y�½Y�Æe�d¨:

·�¼mÃ{Y{�Ê���]�Á�É�ÁM�d�Y{ZË�Á�ZÅdËZ���{�ÊÀÌ»��Ë��[M�{�Â»��{�{ÂmÂ»�ÉZÅ.

·Ä¿Z¼³Ê���]�ÉY�]�Êf«Â»�Ê¿�Ê¸Ì�¨e�ÉZÅ.

·Ê���]�lËZf¿��Ì·Z¿MZÅ.

�¼m�,¹{�»��Y����a�ªË����Y�Ê³{Â·M��]ZÀ»�Á�Ã|ÀËÓM�{YÂ»�,Ê���]�¾ËY��{�����������,Ã{Y{�É�ÁM

Ã�Y|¿Y³É�Ì|¿|��ÊËZ�ZÀ��ÊÀÌ»��Ë��[M�½ZË�m�Ã|ÅZ�»�Á�Êf«Â»�ÉZÅ .Ä¿Â¼¿�,¾ÌÀr¼Å��Ì·Z¿M�Á�É�Y{�]

Ã�Y|¿Y�Á�dËZ���{�Ä�¬¿�ZÅ|���{�Zy��Z³�c�Â��Zy�¶yY{��{�d¨¿�ÉÂfv»�Á�d¨¿�d»Zz��É�Ì³

d§�Ë~a .ÃZq�¹Z¼e��{�,¾ËY��]�ÃÁÔ�Ä¿Â¼¿�[M�dÌ¨Ì¯�¾ÌÌ e�ÉY�]�ZÅ|��¹Zn¿Y�É�Y{�].

¿��Z�Y��]Ê���]�lËZf�[M�½ZË�m�Ä�¬¿�Á�Ã{Â·M�Zy��Z³�d�¸£�®ÌeZ¼��¹Y�³ZË{�,ÊeZ»|¬»�ÉZÅ

�µZ���{�Ê¸Ì�¨e�Ê���]�dÆm��ZÌ¿�{�Â»�ÊeZ�Ô�Y�®¿Z]�{ZnËY�ÉY�]�ÊÀÌ»��Ë������ÄÌÆe�½M��Y�| ]�Á�



���

|¿|Ë{�³ .Ä¿Z¼³�,ÊeZ»|¬»�Ê���]�¾ËY��{�,¾ËY��]�ÃÁÔ�Ê���]�ÉY�]�Êf«Â»�Ê¿���Z�Y��]�Ê¸Ì�¨e�ÉZÅ

¿Ã�Y|¿Y�lËZfÉ�Ì³d§�³�¹Zn¿Y�ÓZ]��{�Ã|��Ã�Z�Y�ÉZÅ�Ì·Z¿M�Á�ZÅ.

�Ì�Á�ÊÀÌ»��Ë��[M�Ê³{Â·M�Ä¯�{Y{�½Z�¿�dËZ��ÊeZ»|¬»�Ê���]�lËZf¿�Ìa�Äq�½M��Y��e�ÊÀÌ]

�dËZ��¥Y��Y�ª�ZÀ»��{�Êfu�Á�Ã{Â]�Ã|�½Y�Æe�d¨¿��ËÓZa�d¯��d�Y�Ã|���za��Ì¿� .�,¾ÌÀr¼Å

Ê»�½Z�¿�lËZf¿À»�¾Ë|Àq�Ä¯�|ÀÅ{{�Y{�{ÂmÁ�Ä¬�À»��{�Ê³{Â·M��^.

�µZ���{����Ê���]�,½M��Y�| ]�Á���ËY���Ê���]�ÉY�]�dËZ���Y�Ä�¬¿�¾Ë|Àq��{�Ê¸Ì�¨e�ÉZÅ

¾Ì»���Y�É| ]�Ä����ËÂ�e�®Ë�ÄÌÆe�Á�ÊÀÌ»��Ë��[M�Á�Zy�Ê³{Â·M��ËY���,ª¼��dÆm��{�Ê�ZÀ�

¾Ì»���ZfyZ�|Ë{�³�¹Zn¿Y�Ê³{Â·M�Á�Ê�ZÀ�.

cZ ·Z�»�Ä]�¶�§�Ä»Y{Y��{Ê���]�Á�½M��Y�Ä¸�Zu�lËZf¿�Á�Ã|��¹Zn¿Y�ÊËY�v��ÉZÅ��Â��Ä]�ZÅ

|��|ÅYÂy�Ã�Z�Y�Ä�Ôy .�ÄÌuZ¿�,½Y�Æe�d¨¿��ËÓZa�d¯����z]�Ä��¶»Z��Ä ·Z�»�{�Â»�ÄÌuZ¿

�d�Y��Zb¼a�ÃZ´f�ËY�Á�É��Êf À�)¶°��ÉZÅ�-��Á��-� .(

.(Idemitsu engineering Ltd, 2003) �¶°�)� -� :(ÄÌuZ¿�¥Y��Y�Ä�¬¿É��Êf À��



���

�¶°�)� -� :(Ê���]�{�Â»�Ä¬�À»�ÊËZÌ§Y�¤m�dÌ «Â».



���

Ê���]��Y�Ã|»M�d�|]�lËZf¿��Z�Y��]Ê»�Ê ��ZÅ{Â��Ã{Y{�x�Za��Ë��ÄÀË�³��ZÆq�Ä]�{{�³:

�.Ã|ÀËÓM.|Àf�Å�Ê�Â¿�Äq��Y�ZÅ

�..|Àf�Å�Zn¯�Ê³{Â·M��]ZÀ»

�.Ê»�Ã{�f�³�Á��za�Ä¿Â´q�Ê³{Â·M.{Â�

۴.Ê»�d¯�u�Ä¿Â´q�Ã|ÀËÓM�{YÂ»ÀÀ¯.|

�-� .¾Ì»�Ê§Y�³ÂaÂe�Á�Ê�ZÀ�

¾Ì»����¿��YZ^Ë�¬e�,Ê�ZÀ�d¼�«�¹Z¼e��dË�|¿M�,dË�|¿M�,¥Âe�¶»Z��½Y�Æe��Æ��¥Y��Y�ÉZÅ

d�Y�¾�ÂWY�Ã�Á{�Ä]��Â]�»�Y�»Â¸³M�Á�Ã|��Ê§Âe .�Á�¾Ì¿ÁÁ{�Ã�Á{�ÉY�»Â¸´À¯�¶»Z��Ê«���d¼�«

²À�d�Y�®ÌWÁ�Á�»�Ã�Á{�ÄeZÀ]�¯�ÉZÅ .Ë�|¿M�Á�¥Âe�Z]�Ê]ÂÀm�d¼�«�Ã|Ì�Âa�¾�ÂWY�Ã�Á{�Ä]��Â]�»�d

¾ÌËZa�ZË�{�t���Ä]�d^�¿�Á�d�Y�Ã|�d�Y��e .d§�]M��]�½Y�Æe�É�Æ��ÄÌuZ¿��ËZ��§��Y�¶�Zu�ÉZÅ

ÃÂ¯�Ã{�f�³�d�Y�Äf§�³��Y�«���^·Y�ÉZÅ)�¶°��-�.(

d�Y�d¼�«�Á{�¶»Z��½Y�Æe�É�Æ��ÄÌuZ¿��{�Ê§Y�³ÂaÂe�dÌ �Á :Ê¿Zf�ÅÂ¯�ÄÌuZ¿�Á�d�{ .

d¼�«uZ¿�Ê·Z¼��ÉZÅ��Y�d¼�«�®Ë�½YÂÀ��Ä]�Á�Äf§�³��Y�«�Ê¿Zf�ÅÂ¯�Ä¬�À»��{�½Y�Æe�É�Æ��ÄÌ

ÃÂ¯�Äf��µ{Z »�Ê·Â��Z]���^·Y�ÉZÅ����Ä¯�ÊËZm�[�£�Ä]�©����Y��f»Â¸Ì¯�¾Ìq���YÂ���YÂ¿Y�Ã{�Ây

Ã|Ë{Ê»d�Y�Äf§�³��Y�«�,{Â� .d§�]M�Ä¸Ì�Á�Ä]�ÄÌuZ¿�¾ËYÊ¼Ë|«�ÉZÅd§�]M�Z»Y�Ã|��Ã|Ì�Âa��e�ÉZÅ

Ä]��Ì¿�|Ë|mÊ»�d§ZË�Ê�z]��Â��|¿Â�.

Ê»�½Z�¿�½Y�Æe�d¨¿��ËÓZa�d¯���¥Y��Y�Ê§Y�³ÂaÂe��Y�Ê´f�ÅM�Ä]�ÄÌuZ¿��Z¨e�Y�Ä¯�|Å{

Ê»��ÅZ¯�[ÂÀm�d¼��Ä]�µZ¼�Ê»�\Ì��Êfz��Ä]�[�£�Ä]�©���dÆm��{�Á�|]ZË{�Ì³ .�Ê§Y�³ÂaÂe

��Y��f¼¯�Ã�Z]��{�½Y�Æe�d¨¿��ËÓZa�d¯���Ã{Á|v»��Y���Âf»�Á�{�Y{�½Z�Â¿��f»��Z^Ë�¬e�½M��{��Z¨e

����d�Y�{Y�M�ÉZÅZË�{�[M�t���ÉÓZ]��f»�.



���

�¶°�)� -� :(¾Ì»��Ä�¬¿�Ê���]�{�Â»�Ä¬�À»�Ê�ZÀ�)www.gsi.ir(.
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{�Y{�{ÂmÁ�¶�³�Á{�½Y�Æe�d¨¿��ËÓZa�d¯���¶»Z��É��Êf À��ÄÌuZ¿��{ .½M��Y�Ê°Ë��{�ZÅ

ºÌ���Ê°Ë{�¿«�{Z]MÃ�ÅZ��d¼��Ä]�Ä¯�{�Y{��Y�{�Y{�{Y|f»Y�[�£��{�{Z]M .�½M��{�Á�d�Y��Ìa�¶�³�¾ËY�Z»Y

d�Y�Ã|���a�Êf§�]M�cZ]Â���Á�¾n·�,��.

�µÂ��Z]�¶�³�®Ë�Â¿�Ä ¸«�[ÂÀm�,É��ÄÌuZ¿�[ÂÀm�d¼�«��{�/���[�£�Ä]�©����Y��f»Â¸Ì¯�

{�Y{�{Y|f»Y .d�Y�Ã|��¦«Âf»��fÌ·Z §�Á�d�Y��Ìa��Ì¿�¶�³�¾ËY.

�-� .qÄÀÌÊ�ZÀ�

�ZfyZ�»�Ì¾�{�Z^e�YZ]³{Â·M�ÊZyÁ[M�Ë»��ÌÀ�Ê]�Ä�ÁÌÄ¸d¨¿Ä¯�{���]�Ê��Zu

�Z°�M,Ã|��{�Ë�·Ìd�Ã|�d�Y .Ä],ÃÁÔ��Y{Â¼¿ÉZÅ��¬»����ÊÓËÄ|À]�É»�Ì¾�ZÀ��Ê�{�Ä��

��{��Zb¼a�ÃZ´f�ËY�Á�É��Êf À��ÄÌuZ¿�,½Y�Æe�d¨¿��ËÓZa�d¯���ÄÌuZ¿¶°�ÉZÅ� -��Ze�-��½Z�¿

Ã{Y{»ÊÂ�¿|.

·��Y��uZ¿ÌÄf À��Ê��É�¬eËZ^Ë�®»�Ì¾Ë�dyYÂÀ°�Y��Ze�Ìd¸d�Y.

·���¿��Y»�Ì¾�ZÀ�Ê,��{uZ¿ÌÄf À��Ê��É{Á|u���f»ÓËÄ��Á�Ze���f»ÓËÄ�Ìd¸

{ÂmÁ{�Y{ .cZ]Â��Ä¿Y{�Ë�½MZÅ�Ê Ì�Á�Ä¬�À»�Y»�Ì¾Y�Ã|¿Z�Âad�Y.

·ÓËÄ¾Ì»��ÉZÅÀ�Ê�Z�¬eËZ^Ä]¶°��YÂ»Ë�ÉZ�Ô»Z¯��YÂ»�ÉZ]t��»�Ì¾�ÂeË�Ã|�d�Y.

·ÅÌpÓËÄ|À]�É£Ì�¶]Z«}Â¨¿�Ä¯�Â�u[M�Ë»��ÌÀ�Ê{Á|v»|À¯�cZ^iY�Y��Ã|ÅZ�»|�¿.

·�ZfyZ�»�Ì¾�ZÀ��Ê»�Ì¾ÉZÅ{�¿Ë®uZ¿ÌÄYËÃZ´f��Zb¼a�YZf¿ËlcY|ÅZ�»Ã�¤»Y�É�¾ÌÌ e

�|�)�¶°��-���Á��-��( .aÌf�Â´�ÊqÌÄÀY�ÉÃ{Y{�{Â^¿�¶Ì·{�Ä]Ä¿Z¼³�ªË����Y�Ê§Z¯�ÉZÅ�ZÅ

�z�»¿Ìd�.

·��Á�Ìd¸�{¥Y��YuZ¿ÌÄYËÃZ´f��Zb¼a�ÂeË�Ã|�|¿Y .½Âq¥ÔfyY°qÂ¯�Ê]Ì¾��Á

�Ìd¸¥Y��YYËÃZ´f��Zb¼a{ÂmÁ{�Y{Á½MZÅcZ�z�»�Z^Ë�¬eÄ]Z�»Y�ÉY�½Z�¿»Ê,|ÀÅ{���

Ê»�½YÂef¿ÌÄnd§�³Ä¯¬e�ËZ^�ZfyZ�»�Ì¾�ZÀ�Ë�Ê½Z�°ÊÀ´¼Å�Z^Ë�¬e�Á�{ÂmÁ{�Y{.



���

·�½Y�Æe�d¨¿��ËÓZa�d¯���dËZ���{�¾Ì»��ÊËYÁY�e�\Ë��sm81014.2 -´�ÄÌuZ¿��{�Á�

�É��Êf À�sm81007.8 -´d�Y�Ã|��¾ÌÌ e�.

�-� .[MÊÀÌ»��Ë��ÉZÅ

Ã|ÅZ�»�Ê¯|¿Y�¾Ë�e�M�Ã�¨��,É��ÄÌuZ¿��{¨��Z»Y�Ã|��Z^Ë�¬e�¾Ë�e�M��Ì£�Ã�d¼�«�¹Z¼e��{��ÉZÅ

Ê»�Ã|Ë{�Ä¬�À»{Â�.

Ê���]�Á�cY|ÅZ�»�ª^���]ÃZq��{�,d¨¿�d À��ÃZ´�ÅÁ�a���Âe�Ã|��¹Zn¿Y�ÉZÅ�Êe�Z�¿�ÉZÅ

d�Y�ÓZ]�ÊÀÌ»��Ë��[M�t���Á�¾ÌËZa�µZ���Å��{��ZÆ]�¶ËYÁY��{�[M�¥��»�Ä¯�|Ë{�³��z�» .��{�¾ËY

·{�Ä]��ÌWZa�¶ËYÁY��{�Ä¯�d�Y�Ê·Zud�Y�¾ÌËZa�ÊÀÌ»��Ë��[M�t���[M�¥��»�¾f§��ÓZ]�¶Ì.

Ê���]�lËZf¿Ä¿Z¼³�ÉZÅ�½Z�¿�½Y�Æe�ÄÌuZ¿��{�d¨¿�d À��ÃZ´�ÅÁ�a���Âe�Ã|��¹Zn¿Y�Ê¿�

Ã{Y{�\¸£Y�Ê·Z¼���z]��{�ÊÀÌ»��Ë��[M�t���ª¼��Ä¯�|¿Y�����¬§�Ê]ÂÀm��z]��{�Z»Y��f»����f»�

d�Y.

�¶°�)� -� :(¶Ì§Á�a�dÌ «Â»Â»�Zy�ÉZÅ����������������������½Y�Æe�d¨¿��ËÓZa�d¯���dËZ��¶yY{��{�Ê���]�ÉY�]�{Âm
(Idemitsu engineering Ltd, 2003).



���

�¶°�)� -� :(�Zy�¶Ì§Á�a11 ¢-(Idemitsu engineering Ltd, 2003).

�¶°�)� -� :(Zy�¶Ì§Á�a55 ¢-(Idemitsu engineering Ltd, 2003)  .



���

�¶°�)� -� :(¶Ì§Á�a�dÌ «Â»�Ä�¬¿¾Ì»��ÉZÅ�É��Êf À��ÄÌuZ¿��{�Ê�ZÀ�(Fusione Techno Solutions Co., 2006).

�¶°�)� -� :(¶Ì§Á�a¾Ì»���Ê�ZÀ�53 CBCB -�É��Êf À��ÄÌuZ¿��{�(Fusione Techno Solutions Co., 2006).



���

�¶°�)� -� :(¶Ì§Á�a��¾Ì»�Ê�ZÀ�41 CBCB -�É��Êf À��ÄÌuZ¿��{�(Fusione Techno Solutions Co., 2006).



���

�¶°�)� -�� :(�É�Z¨u�Ä¿Z¼³�dÌ «Â»CBP _��Zb¼a�ÃZ´f�ËY�ÄÌuZ¿��{�(Fusione Techno Solutions Co., 2006).

�¶°�)� -�� :(¶Ì§Á�a¾Ì»���Ä¿Z¼³�¶v»��{�Ê�ZÀ��É�Z¨uCBP _������������������������������������������Zb¼a�ÃZ´f�ËY�
(Fusione Techno Solutions Co., 2006).



���

�½Y�Æe�d¨¿��ËÓZa�d¯���¥Y��Y��{�d¨¿�d À��ÃZ´�ÅÁ�a���Âe�Ã|��¹Zn¿Y�ÊÀÌ»��Ë��[M�Ê���]

Ê»�½Z�¿µZ¼��d¼���Y�ÊÀÌ»��Ë��[M�t���Ä¯�|Å{-���µZ¼��[ÂÀm�d¼��Ä]�©-�\Ì��[�£�[ÂÀm�

�d�Y�cÁZ¨f»�Ä¬�À»�Ê§Y�³ÂaÂe��Y�Ê¯|¿Y�ÊÀÌ»��Ë��[M��Ë�Âe�Á�Ã{�¯�Y|Ìa�Ê¼ËÔ»)�¶°��-�� .(¶°��¾ËY�

Ê»�½Z�¿�Ã{Á|v»��{�ÊÀÌ»��Ë��[M�t���Ä¯�|Å{���Ze���Ê»��ÌÌ¤e��f»�|À¯.

�¶°�)� -�� :(Y�Æe�d¨¿��ËÓZa�d¯���dËZ��¥��Y�ÊÀÌ»��Ë��[M�t���Ä�¬¿�½)�������������������������Y�Ã|��sÔ�Y
Idemitsu engineering Ltd, 2005(.

Ã{Y{�ª^���]Ä¿Z¼³�ÉZÅ�sÔ�Y�Á�dyZ��½Z»���{�Ê¿�½Y�Æe�d¨¿��ËÓZa�d¯��ÄËÓ�,������ÉZÅ

¾Ì»��dËZ��¶yY{��{�Ê�ZÀ�½Y�Æe�d¨¿��ËÓZa�d¯���Z^Ë�¬e�[ÂÀm�Ä]�µZ¼���Y�Á�[�£�Ä]�©���d¼���Y�

f�Å�½�Â¼Å½M�¹Z¼e�Z^Ë�¬e�Á�|ÀZy�¶»Z��ZÅÄ�Z»�d¸Ì��ÉÂfv»�Ê¯|¿Y�Z]�½�Â¼Å�Ê���ÉZÅ���������ÉY

Ê»|À�Z].



���

�-� .ºf�Ì��ÊuYÂ¿�Á�½Y�Æe�d¨¿��ËÓZa�d¯���dËZ��ÄÌuZ¿��{�[M�¾Ì»Pe�ÉZÅ

½M��ÁZn»

�-�-� .cZÀ«

Á�{�Y{�{ÂmÁ�½Y�Æe�d¨¿��ËÓZa�d¯���dËZ��Ã�ËÂ]�É��Êf À��ÄÌuZ¿��{�É{ZË��cYÂÀ«���{��Ë��cZÀ«�

�|¿|��d§ZË�d¯���¾ËY�dËZ���ÁZn»�ÄÌuZ¿)�¶°��-��:(

�.-{Z]M�½Z��{�cZÀ«

�.-½Zf¨»�cZÀ«

�.-ºË�»�Ê]�Ê]�cZÀ«

�.cYÂÀ«-��¼«�±��]�Á�®qÂ¯�

�.¶Ì�Z¼�Y�cZÀ«{Z]M-

�.-ºÌ���cZÀ«

�.�Ìy�Ã{�Á�ÂÀÅ{�cYÂÀ«.

�-�-� .ÃZq[M�ÉZÅ

ÃZq��{�[M�ÉZÅ�e�d¨¿��ËÓZa�d¯���dËZ��¶yY{��{�Ä�¬¿��Á�½Y�Æ��{ÂmÁ�½M��Y�k�Zy�Ä�¬¿�

Ê»�Ã{Z¨f�Y�[M�Ã�Ìy}�½YÂÀ��Ä]�Äf�~³��{�Ä¯�|¿�Y{|¿|� .ÃZq�¾ËY�,��Zu�µZu��{�[M�Ê³{Â·M�¶Ì·{�Ä]�ZÅ

µZ���{�Êf¨¿�{YÂ»�Ä]�ÊÀÌ»��Ë�Ê»�Ã{Z¨f�Y�½ZÅZÌ³�É�ZÌ]M�ÉY�]��¬§��ÌyY�ÉZÅ|¿Â� .ÃZq�¾ËY��Y�Êy�]�ZÅ

�Y�{�Â»��´Ë{�Ê³{Â·M��ËY�§Y�¶Ì·{�Ä]Ê¼¿��Y�«�Ã{Z¨f|¿�Ì³.



���

�¶°�)� -�� :(cZÀ«�dÌ «Â»�½Y�Æe�d¨¿��ËÓZa�d¯���dËZ��¥Y��Y�ÉZÅ)Idemitsu engineering Ltd, 2005(.

�-�-� .ÃZqÊfÌ·Á�f°·Y�d�Z¨u�ÉZÅ

�,½Y�Æe�d¨¿��ËÓZa�d¯���dËZ���{����{�cZ�Ì�Pe�ÊfÌ·Á�f°·Y�d�Z¨u�ÉY�]�Ä¯�{�Y{�{ÂmÁ�ÃZq�

½M��Y�®Ë��Å�®Ë�ZÅd�Y�Ã|��\�¿�d^j»�\�« .ÃZq�¾ËY�¹Z¼e�Z^Ë�¬eÃ|��Ã{Â·M�Êf¨¿�{YÂ»�Ä]�ZÅ|¿Y.

�-� .½Y�Æe�d¨¿��ËÓZa�d¯���dËZ��k�Zy��{�[M�Ê³{Â·M�Ê���]

�[M�Á�Zy�Ê³{Â·M�Ä¯�dyZ���Z°�M�ÊeZ»|¬»�Ê���]�Ä¸u�»��{�¶v»�¾ÌÀ¯Z���Y����a�Á�ªÌ¬ve

|u�Ä]���¿�{�Â»�ÄÌuZ¿��{�d¨¿�Ä��YÁ�Ä]�ÊÀÌ»��Ë�Ê»��]�¶^«�µZ��Ê��{Á{{�³ .�Ä]�Ä¯�d¨¿�Ê³{Â·M�Ä·P�»

cYÂÀ«�ªË����Y�d¨¿�Ä]�Ã{Â·M�[M�½ZË�m�Ä¸Ì�Á�ÉZÅZf�Á��Ä]�½Y�Æe�d¨¿��ËÓZa�d¯���dËZ���{�{ÂmÂ»�

|���z�»�½ZÌWZf�Á����Âe��Z]�¾Ì·ÁY�ÉY�]�,d�Y�Ã{�¯�dËY����ÁZn».



���

Y�,d�Ì¿��z�»�Z¬Ì«{��ÂÀÅ�d�Y�Ã{Y{�w��d¨¿�Ê³{Â·M�Ä¯�ÊËZm�Ä·Â·��Â�y�ªË����Y�d�¿�Z»

Ê»�Ã|��Ê���]�½Z»��½M��{��Z]�¾Ë|Àq�Ä¯�ÊÀÌ»��Ë���{�ÊÀÌ»��Ë��[M�Ê³{Â·M��]ZÀ»��Y�Ê°Ë�½YÂÀ��Ä]�|¿YÂe

{Â��Äf§�³���¿.

½Z¼ÅcYÂÀ«�,|��Ã�Z�Y�Ä¯��Â��½Y�Æe�d¨¿��ËÓZa�d¯����Ì�Pe��Y�¶^«���¿�{�Â»�ÄÌuZ¿��{�É{ZË��

{Â]�Ã|��{ZnËY .Ä]�Êf¨¿�{YÂ»�d�¿½M�¶yY{�Ê»�ZÅ|�Z]�Ê³{Â·M��Z�f¿Y�ºÆ»�¶»Z��®Ë�|¿YÂe .

Ê���]�ª^�Ä¿Â¼¿�Á�ZÅÉ�Y{�]cYÂÀ«��Y�Ã|��¹Zn¿Y�ÉZÅÃZq�Á��Ê³{Â·M�Ä¯�|Ë{�³��z�»�[M�ÉZÅ

ÃZq�¹Z¼e��{�d¨¿ÃZq�¾ËY�Á�{�Y{�{ÂmÁ�½Y�Æe�d¨¿��ËÓZa�d¯����ÁZn»�ÉZÅZf�Á��[M�ÉZÅ�¶]Z«��´Ë{�ZÅ

Ê¼¿�Ã{Z¨f�Y|À�Z] .

�-� -� .cZÀ«��{�Ê³{Â·M

�-� -�-� .{Z]M�½Z��{�cZÀ«

Ä¿Â¼¿�ÄË�ne�Ê¸�Y�lËZf¿Ê»�½ZÌ]��Ë��c�Â��Ä]�ZÅ|¿Â�:

·ÃZq�Ã�Z¼��ÃZq��Y�| ]�ÉZÅ��|¿�Y{��Y�«�½Y�Æe�d¨¿��ËÓZa�d¯���É�eZ]�Ã{Á|v»��Y�k�Zy��{� .

·Ã{Y{�ÄË�ne�Ã�Z¼��ÃZq��{�ZÅ��Ê»�½Z�¿�ÉÁZu�[M�Ä¯�|Å{lmg�/��,¶À§�lgm���������

¾]�¯Á�|ÌÅÄ¬¸u�|Àq�ÉZÅ�Á�®ÌeZ»Á�M�ÉYlmg�/�¾]�¯Á�|ÌÅ�d�Y�®ÌeZ»Á�M�ÉZÅ.

·d�Y�ÓZ]�Á�fÌ¿�|Ì�Y�d�¸£.

·�Ã�Z¼��ÃZq�Á�ÃZq��{Z»��{�¶À§�d�¸£���\Ìe�e�Ä]�lgm�/��Á�lgm��d�Y�.

·¾]�¯Á�|ÌÅ�d�¸£Ä¬¸u�|Àq�ÉZÅ�Ã�Z¼��ÃZq�Á�ÃZq�����{�®ÌeZ»Á�M�ÉY���\Ìe�e�Ä]�lmg

��/��Á�lmg�/�d�Y�.



���

�-� -�-� .cYÂÀ«��¼«�±��]�Á�®qÂ¯�

Ä¿Â¼¿�ÄË�ne�Ê¸�Y�lËZf¿Ê»�ÄWY�Y��Ë��c�Â��Ä]�cYÂÀ«�¾ËY�[M�ÉZÅ|¿Â�:

·�ÃZq�����{�¶¯�¾]�¯Á�|ÌÅ�d�¸£lmg�/�Ä¬¸u�|Àq�¾]�¯Á�|ÌÅ��z]�,½M��{�Ä¯�d�Y��ÉY

�®ÌeZ»Á�Mlmg��/��¶À§�Á�lmg�/�d�Y�.

·�µZ���{�cZÀ«�Á�Ä·Â·��y���Z¬e�¶v»�®Ë{�¿��{�d¨¿�d�¿����d�Y�Ã|����Y�³�½M��Y�¶^«�Á� .

|Ì¨��d¨¿�,¶ÌWÁ�Z³��Â�u��¬§�½Z»��½M��{�ÄË�ne�lËZf¿�®^��d¨¿�Á��{�¯�cZ^iY�Y��[M��{�.

·�µZ��Ä]��Â]�»���Y�³�ª^���]������Y�d¨¿�d�¿�½Z»���{�½M��Y|¬»�Z]�Ä�ËZ¬»��{�Ê³{Â·M��Y|¬»�,

�µZ���{�Ä·Â·��y����d�Y�Äf§ZË��ÅZ¯� .�d^�¿�Ä·Â·��y��Ì¼ e�Ä]�Y��Ê³{Â·M��ÅZ¯�¶Ì·{

Ã{Y{|¿Y .Ã{Y{�½{Â]�{ÂmÂ»�¹|��¶Ì·{�Ä]�¾Ì¬Ë��Â�]�Äf^·YÊ¼¿�Ê§Z¯�ÉZÅ�Ê³{Â·M��ÅZ¯�Z¬Ì«{�½YÂe

{Â¼¿�ÄÌmÂe�Y���Â¯~» .

·ÃZq��{Ä¿Â¼¿��{�¾Ì´À��cY�¸§�Ä¬�À»�cZÀ«�ÉZÅÊ»���¿�Ä]�Ä¯�|¿|��¦�¯�[M�ÉZÅ��Y�Ä¯�|��

[Ô�Z§�Ê�°Å�Ä¿Zy�Z¯�Á�©�]�ÃZ³Á�Ì¿�Ä]��Â]�»�Êf À��ÉZÅ�¯Á��ÉZÅY�¸§�É�Z¯�ÄÌuZ¿��{�c

Ã|��Ê�Z¿�É�|¿Y  .

�-� -�-� .Ê]�cZÀ«ºË�»�Ê]

d�Y��Ë���Y�«�Ä]�cZÀ«�¾ËY�ÄË�ne�Ê¸�Y�lËZf¿:

·cYÂÀ«��ËZ��Z]�Ä�ËZ¬»��{�cZÀ«�¾ËY��{Ê»�¾ÌWZa��ZÌ�]�d¨¿�Z]�Ê³{Â·M��Y|¬»�,|�Z].

·�Ã�Z¼���Ìz^e��zf�Y�ºf�Ì���{�Ê]Y�y�Ä]�Y��cZÀ«�¾ËY�[M�Ê³{Â·M�Ê»�d^�¿�|ÀÅ{.

                                                  
1.Kerosene
2.Light oil



���

�-� -�-� .ÂÀÅ{�cZÀ«

d�Y��Ë��c�Â��Ä]�cZÀ«�¾ËY�[M�ÄË�ne�Ê¸�Y�lËZf¿:

·�µZ���{�Ã|��¹Zn¿Y�Ê���]�lËZf¿�Z]�Ä�ËZ¬»��{�����Äf§ZË��ÅZ¯�cZÀ«�¾ËY�[M�Ê³{Â·M�t���,

Ê»��Â�e�Ä¯�d�Y|�Z]�Ä·Â·��y��Ì¼ e�ÄnÌf¿�{Â�.

·|��¦�¯�cZÀ«�¾ËY�[M��{�¶À§�Ê¯|¿Y��Y|¬».

�-� -�-� .�Ìy�Ã{�cZÀ«

¿�,cZÀ«�®Ë{�¿��{�d¨¿�¶¼u�cZ�Ì�Pe�®Ë��Y�Ä¸�Z§��ËY�§Y�Z]�Ä¯�{Y{�½Z�¿�cZÀ«�¾ËY�[M�ÄË�ne�lËZf

��ÅZ¯�d¨¿�d�¸£d§ZË .|�¿�¦�¯�Ê³{Â·M��^À»�pÌÅ�Z»Y.

�-� -�-� .½Zf¨»�cZÀ«

�cZÀ«�¾ËY�[M�ÄË�ne�Z]|»M�d�{�Ä]�¶Ë}�s���Ä]�ÊnËZf¿:

·d�Y�Ã|Ë{�c�Z�y�¶v»�¾Ë|Àq��{�cZÀ«�¾ËY�.

·³{Â·M��d¨¿��ËÓZa�d¯���dËZ��Ê]ÂÀm�d¼�«��{��Ìz^e��zf�Y�®Ë�Ä]�Y��cZÀ«�¾ËY��{�[M�Ê

Ä¿Zy�Z¯�ZË�½Y�ÆeÃ{Y{�d^�¿��ÁZn»�ÉZÅ|¿Y.

�-� -�-� .{Z]M�ºÌ���cZÀ«

µZ��¾Ì]��{�cZÀ«�¾ËY�ÉZÅ�����Á�����d�Y�Ã|��Ê���]� .|»M�d�{�Ä]��Ë��lËZf¿�Ê���]�¾ËY��{:

·»�¿�½Z»��½M��{�[M�Ê³{Â·M��Y|¬Zf^�{Â]�Äf§ZË��ËY�§Y�.

·¾]�¯Á�|ÌÅ�Á�¶À§Ä¬¸u|Àq�ÉZÅ|¿|��¦�¯�cZÀ«�¾ËY�[M��{�®ÌeZ»Á�M�ÉY.



���

�-� -� .ÃZq[M�ÉZÅ

�¹Z¼e�Z^Ë�¬e�Ä¯�|¿�Y{�{ÂmÁ�½Y�Æe�d¨¿��ËÓZa�d¯���dËZ��¥Y��Y��{�É�ZÌ]M�ÉY�]�[M�ÃZq�É{Y| e

½MÃ|��Ã{Â·M�d¨¿�Z]�ZÅ|¿Y.

�-� .ËZ��¶yY{��{�[M�Ê³{Â·M�Ê���]½Y�Æe�d¨¿��ËÓZa�d¯���d

ÃZq�,{Z]M�½Z��{�cZÀ«��Y�|Àe�Z^��½Y�Æe�d¨¿��ËÓZa�d¯���dËZ���{�{ÂmÂ»�ÊÀÌ»��Ë��cZ�Ì�Pe�ÉZÅ

ÃZq�Á�É�ZÌ]M�ÉY�]�[M��Zb¼aÊfÌ·Á�f°·Y�d�Z¨u�ÉZÅ .�Ê���]�{�Â»�[M�Ê³{Â·M��Zv·��Y�cZ�Ì�Pe�¾ËY�¹Z¼e

�|Àf§�³��Y�«)Idemitsu engineering Ltd, 2003(.

�-�-� .{Z]M�½Z��{�cZÀ«

Ê»�dËZ��Ê¿ZÌ»�Ä¬�À»��{�[ÂÀm�Ä]�µZ¼���Y�cZÀ«�¾ËY¶ �»�|uYÁ�®Ë{�¿�½M�ÃZq��{Z»�Á�{�~³���

{�Y{��Y�«�½Y�Æe�d¨¿��ËÓZa�d¯���Ê·Z¼� .ÃZq�Ã�Z¼��ÉZÅ��Ze�����ËÓZa�d¯���É�eZ]�Ã{Á|v»��{�½M�

Äf§�³��Y�«�½Y�Æe�d¨¿|¿Y .|����Y�³Ã�Z¼��ÃZq��{�Ä¯�d�Y�Ã��Z^Ë�¬e�����{�d¨¿��fÌ·�Â¸Ì¯�½ÂÌ¸Ì»�

�¾Ë{�Á�§�Ê¿Z»��Ä¸�Z§������ÂË�Æ��Ze�����d�Y�Ã|��Äf§ZË�µZ¬f¿Y�.

Ä¿Â¼¿�ÄË�ne�lËZf¿ÃZq��{�Ã|ÀËÓM�{YÂ»�Á�Ã{Â·M�[M�ÉZÅÊ»�½ZÌ]��Ë��c�Â��Ä]�cZÀ«�¾ËY�ÉZÅ{{�³  :

·ÓZa�d¯����Y��f�Ì]�Ê]ÂÀm�½Y�Æe�d¨¿��ËÓZa�d¯����{�Ê³{Â·M��Y|¬»��Ê·Z¼��½Y�Æe�d¨¿��Ë

d�Y.

·�Ã�Z¼��ÃZq��{����Z³�Á�|Ì¨��d¨¿�,¶ÌWÁ�Z³�,cZÀ«�¾ËY�-|��¦�¯�d¨¿�.

·�Ã�Z¼��ÃZq�Á�ÃZq��{Z»��{�[M�Ê³{Â·M��Y|¬»��d�Y�¾ÌËZa�Zf^�¿�.

                                                  
1. Flare



���

·�Ã{Á|v»��{�Y��d¨¿�d�¸£�,cZÀ«�¾ËY��{�ÊÀÌ»��Ë��[M�ÄË�ne�lËZf¿�lmg��/��Ze�lmg

����|¿{Y{�½Z�¿�.

·ÃZq��Ã�Z¼��ÉZÅ��,��,���,���,���,���Á���Ã|��Ã{Â·M�cZÀ«�¾ËY�|¿Y .�Ã�Z¼��ÃZq���¾Ë�eÓZ]�½M�

d�Y�Ã{Y{�½Z�¿�Y��[M�Ê³{Â·M�t��.

�-�-� .ÃZqÉ�ZÌ]M�ÉY�]�[M�ÉZÅ

ÃZq��{�½Zfy�{�É�ZÌ]M�Ä]��Â]�»�[M�ÉZÅ��Äf§�³��Y�«�dËZ��Ä�¬¿�|¿Y .ËY�½ZÌ»��{ÃZq�¾�����,ZÅ

ÃZq�Ã�Z¼��ÉZÅ��,��,��,��,��,��,��Á���Ä¿Â¼¿�ÉY�]�|¿|��[Zzf¿Y�ÄË�ne�Á�É�Y{�] .�lËZf¿�Ê���]�¾ËY��{

|»M�d�{�Ä]��Ë�:

·ÃZq��{�Ê³{Â·M��Ã�Z¼��ÉZÅ��Á��d�Y�É|m� .�Ã�Z¼��ÃZq��{��d¨¿�Á�|Ì¨��d¨¿�,¶ÌWÁ�Z³��Y|¬»�,

�\Ìe�e�Ä]�®^� %���,� %�/���Á� %�/�ÃZq��{�Á��Ã�Z¼����\Ìe�e�Ä]�, %��/���, %��/���������������

�Á %��/��d�Y�Ã|����Y�³�.

·ÃZq��ËZ��Ã|��Ã{Â·M�É{Á|u�Ze��Ì¿�ZÅ|¿Y.

·�Ã�Z¼��ÃZq�[M�ÄË�ne�lËZf¿���ÊÀ]�¯Á�|ÌÅ�cÓÂ�v»�Ä]Z�»�)|Ì¨��d¨¿�Á�dm�dyÂ� (��{

{Â]�Äf§�³��Y�«�ÃZq�Ê°Ë{�¿��{�Ä¯�{Â]�Ê¿�Zz».

�-�-� .ÃZqd�Z¨u�ÉZÅÊfÌ·Á�f°·Y�

�,½Y�Æe�d¨¿��ËÓZa�d¯���dËZ���{��½M��Y�®Ë��Å��{�Ä¯�{�Y{�{ÂmÁ�ÃZq��d^j»�\�«�®Ë�ZÅ

d�Y�Ã|��\�¿�ÊfÌ·Á�f°·Y�d�Z¨u�ÉY�] .ÃZq�¾ËY�Ê���]Ä¯�{Y{�½Z�¿�ZÅ  :

·ÃZq��{�Êf¨¿�{YÂ»�Z]�Ê³{Â·M�Ê»��ËY�§Y�Ä·Z���Å�ÊfÌ·Á�f°·Y�d�Z¨u�ÉZÅ|]ZË.



���

·�µZ���{�����ÃZq�,�ÉZÅ�Ã�Z¼���,��,��,��,��,��,��,���,���,���,���,���,���Á�����ÂÀÅ�

|¿{Â]�Ã|�¿�Ã{Â·M .ÃZq�¾ËY�¹Z¼e��{�Ê³{Â·M��Â�u�Z»Y�µZ���Y�ZÅ����|��cZ^iY�| ]�Ä]�.

·�Z³�Z^Ë�¬e�®^��d¨¿�Á�|Ì¨��d¨¿�,¶ÌWÁÃZq�¾ËY�¹Z¼e��{�Ã|��Ã|ÅZ�»�ZÅ½M�ÉZÅ|��{�Z»Y�|¿Y�ZÅ

|Àf�Å�cÁZ¨f»�ÃZq��Å��{ .Z³|¿�Y{�Y��Ê³{Â·M���Y�É�f�Ì]�ºÆ��|Ì¨��d¨¿�Á�¶ÌWÁ�.

�-�-� .�ÃZ´f�ËY�Á�É��Êf À��ÄÌuZ¿�,½Y�Æe�d¨¿��ËÓZa�d¯���ÉZÅ|uYÁ��{�d¨¿�d�¿

�Zb¼a

��Y��Ì]�½Y�Æe�d¨¿��ËÓZa�d¯�����Á�Ê³{Â��§��Zq{�½M�cZ�Ì�Pe�Á�Ã|���Ì�Pe��Ìa�µZ��

Ã|��Ê³|Ì�Âa|¿Y .°vf�»�Á��Ì¼ e��Z]�¾Ë|Àq�|uYÁ��ÅÊ»���¿�Ä]�,Z»Y�d�Y�Ã|��ºÄ]�Ä¯�|���É�Z�

d�Y�Ã|�¿�¹Zn¿Y�É{ZÌÀ].

½Z¼Å¶°���{�Ä¯��Â��ÉZÅ)�-�� (�Ze)�-�� (Ê»�Ã|ÅZ�»�¦¸fz»�ÉZÅZm��{�d¨¿�d�¿��iY�,{Â�

d�Y�Ã|��Ã|Ë{�½Y�Æe�d¨¿��ËÓZa�d¯���dËZ� .Ê»�Y��{�Â»�¾ËY��{�Ê³{Â·M��]ZÀ»��Y�Ê°Ë�½YÂÀ��Ä]�½YÂe

d§�³���¿.

�¶°�)� -�� :(½ZË�m��Y�d¨¿�d�¿lÀ�ZÅ��µ�fÀ¯�ÉZÅ�Ì��Á�)Idemitsu engineering Ltd, 2003(.

                                                  
1. Flow meters



���

�¶°�)� -�� :(�®¿Ze�¦¯�®Ë{�¿�d¨¿�d�¿)Idemitsu engineering Ltd, 2003(.

�¶°�)� -�� :(�Ã|��É�Z�Zm�Ä·Â·��y��Y�d¨¿�d�¿)Idemitsu engineering Ltd, 2003(.

Z]���]�Ê�{¶yY{Z¿�Ä�Âv»É��Êf À��ÄÌu,YË¾��Â�Â»PeÌË||�Ä¯¶v»ZÅ�Éd�¿d¨¿

ºÆ»�¾Ë�e�]ZÀ»³{Â·M�ÊÊ»|À�Z].¶v»ZÅ�ÉËPe�{�Â»�Ä¯���¿�{�Â»Äf§�³��Y�«�|Ì|¿Y�{¶°�)� -��(½Z�¿

Ã{Y{Ã|�d�Y .Y��Ë�¸ §�ÊYË¾�Z¬¿�{¶°�ZÅ�É)�-��(Ze)�-��(½Z�¿Ã{Y{Ã|�|¿Y.

{�YÂ»yÌ¸�Ê¼¯�Ê�Y{Â·M³�Ê�Ä]��Â]�»�Ë�t���YÁ��Ét��¾Ì»��PeÌË||� .�ÊÀ^»�É{�YÂ»�Ê·Á

�Ê]Y�y��]ÁÄÀÆ¯½|��Ä·Â·ZÅ�|¿{Â]�Ã|���Ì¼ e�Ä¯)Ä�¬¿��¶°��,�-��(|Ë{�³���Y�³�, .��ÂÀÅd�¿d¨¿

�YYË¾Ä·Â·½Â§|»¼ eÌ�Ã|�{ÂmÁd�Y{ .d¨¿d�¿Ã{�¯Ä]Zy�Ë�Ë¾}Â¨¿Ã{�¯d�Y .¤eÌÌ�²¿�

ZyÄ]�^�eÌÃ�YË¾ «YÁÌdY�PeÌË|»Ê|À¯.

|ÀqË¾d�¿d¨¿�{�Z¬¿¦¸fz»�Â�yÄ·Â·Êv���d¯���yÄ·Â·Á�Z^e�YYË½Y�) Ä�¬¿��,

�¶°��-�� (PeÌË||� .�Z]Ë]Z�Êd¨¿¿Ì��{YË¾�Z¬¿¹Zn¿Y»Ê{Â�.



���

³{Â·M�Ê�z�»d¨¿�]Á��É»�Ì¾�{¶yY{Z�Ëdd¯���ÂeË�µÂ�v»d¨¿��Ì¿{ËÃ||��Ã

d�Y .�{»Ì½ZYË¾,�Z¬¿Ë�®d�¿�Z°�Md¨¿�{mÁ�y�Ê�yÄ·Â·Ä¯d¨¿Y�Ä]�°¿ZeZÅÉd¨¿�¶¬fÀ»

»Ê|ÀÀ¯) Ä�¬¿� (�z�»|� .ÃÁÔ ],¥Y��YaÌdÉZÅ�°Å��Ê¾n·¸zeÌÄÃ|��YZÅ�°¿Ze�Éd¨¿ ]ZÀ»�Ê

�Y³{Â·M�ÊÃ|ÅZ�»|�|¿) �Z¬¿�Á� .(aÌdÉZÅ�°Å��ÊZ»Á�·Y�]�É�Å®¿ZeÃ|��{ZnËYÁÅÌp�Á�Ë�Z

�PeÌcZ�³Â¸mÌ��ÉY�]�É¦«Âf»¾fyZ�}Â¨¿d¨¿�¼m�ÁM�ÉÃ|��{dÌa�¾ËY�{ÂmÁ�ZÅ{�Y|¿.Ê���]�ZÅ

Ê»�½Z�¿�|Å{Ä¯aÌdÉZÅ�°Å�Ê�Â¯~»�»Ê¿YÂeÀ|Ë�°�Ê�Y�]ZÀ»³{Â·M�Êd¨¿�Z]À| .

d¨¿�Ä¸�Z]¶¬fÀ»Ã|�Á¸zeÌÄÃ|�Ä]»Z¯Ì½ÂZÅ�É�°¿Ze�Y{Á£ÌÃ�]�Ä�ÁÌÄ¸�y·Â·Ä�¼m�ÁM�É

Á�Z]Ë]Z�Ê»Ê{Â� .

�¶°�)� -�� :(�É��Êf À��ÄÌuZ¿��{�Ê³{Â·M��Z¬¿�Ê¸ §��ËY��)Fusione Techno Solutions Co., 2006(.

�¶°�)� -��:(dÌ «Â»�d¨¿�d�¿�ÉZÅ)�Ä�¬¿� ()Fusione Techno Solutions Co., 2006(.



���

�¶°�)� -��:(dÌ «Â»�d¨¿�d�¿�ÉZÅ)�Ä�¬¿� ()Fusione Techno Solutions Co., 2006(.

�¶°�)� -��:(dÌ «Â»�d¨¿�d�¿�ÉZÅ)�Ä�¬¿� ()Fusione Techno Solutions Co., 2006(.

�¶°�)� -�� :(�Ê�°Å��dÌa)�Ä�¬¿�(
)Fusione Techno Solutions Co., 2006(.

�¶°�)� -�� :(�Ê�°Å��dÌa)�Ä�¬¿�(
)Fusione Techno Solutions Co., 2006(.

Ã�Y|¿Y�Á�cY|ÅZ�»É�Ì³�Zb¼a�ÃZ´f�ËY�ÄÌuZ¿��{�ZÅ�Ä¯�{�xË�Ze����ÌeÃZ»�����,d§�Ë~a�¹Zn¿YÓËÄ

f¨¿ÊZ]d»Zz��/��f»�{Ä¿Z¼³�Z¨uÉdyZ���Z°�M�Y�� .Ê���]�¾ËY��{ZÅ�¼ned¨¿Ä¸�Z]�{¥Y��Y�

Ë®�yÄ·Â·�Ë»��ÌÀ�Ê{�¿Ë®Ä¿Z¼³�Z¨uÉ�Â¯~»�) ¶°��-�� (Ã|ÅZ�»|� .Z]YË¾,µZuYË¾��Â�Â»

�Z¬Ì«{�z�»�Ã|�¿Ä¯¶¯³{Â·M�Êd¨¿��ÌÃ|Ä]Ä¿Z¼³���¿�{�Â»�YYË¾�yÄ·Â·�Ë»��ÌÀ�Ê|�Z].



���

North

�¶°�)� -��:(dÌ «Â»���������������������������������������Zb¼a�ÃZ´f�ËY��{�ÊÀÌ»��Ë��Ä·Â·��y�®Ë�¥Y��Y��{�d¨¿�d�¿�
)Fusione Techno Solutions Co., 2006(.



���

�-� .{ÂmÂ»�cZ�Ì�Pe��{�d¨¿�ª¼��Ê���]

�-�-� .Ã�Y|¿YÃZq��{�d¨¿�ª¼��É�Ì³cZÀ«�ÉZÅ

ÃZq��{�ÊÀÌ»��Ë��[M�t���ÉÁ��d¨¿�ª¼��½Y�Æe�d¨¿��ËÓZa�d¯���dËZ���{�{ÂmÂ»�cZÀ«�ÉZÅ

)ÃZq�Ã�Z¼��ÉZÅ��Ã�Z¼��Ze���{Z]M�½Z��{�cZÀ«� (Ã�Y|¿YÉ�Ì³|�� .Ã�Y|¿Y�lËZf¿É�Ì³��Ë�Âe�c�Â��Ä]�ZÅ

¶°���{�Êv��ÉZÅ) �-�� (�Á)�-�� (Ã|��Ã{Y{�½Z�¿|¿Y .Ã�Y|¿Y�d«{�Äq��³YÉ�Ì³�¾ËY�Z]�Ã|��¹Zn¿Y�ÉZÅ

��m�»�dÆm��Á��¦Ì�Âe�ÉY�]��¬§�Y��Ã|ÀËÓM�d¨¿�ª¼��¶ËZ¼e��Ìz�e�½Z°»Y�Ê·Á�d�Ì¿�\�ZÀ»��Á�

Ê»�ºÅY�§{�Z�.

Ê���]Ê»�½Z�¿�ZÅ�|Å{�µZ���{�d¨¿�ª¼��Ä¯�����µZ���Y�Y�Z°�M��Â�]�����d�Y�Ã|���f�Ì]�� .

�µZ���{�d¨¿�ª¼��½Y�Æe�d¨¿��ËÓZa�d¯���Ê·Z¼��d¼�«��{�Ze|¼��������Âf»��Â��Ä]��/���f»�

�d�Y�Ã|���z�»)�¶°�� -�� (Z^Ë�¬e��Y|¬»�¾ËY�Z»Y�Ä]��/���ZÆ]��{��f»��������d�Y�Äf§ZË��ËY�§Y�

)�¶°��-��.(

¼���ËY�§YÊ»��Z°�M�Y��dÌ «YÁ�¾ËY�d¨¿�ª��ËÓZa�d¯���Ê·Z¼��d¼�«�ÉÂ��Ä]�d¨¿�Ä¯�{�Z�

Ê»�ÓZ]�d�{�ÓZ]�d¼���{�½Y�Æe�d¨¿|ËM .�[ÂÀm�Ä]�µZ¼��d¼���Y�[M�½ZË�m�\^��cZÀ«��ZfyZ��Z»Y

Ê»Ê«Z]�d»Zz��Ä¯�d�Y�dÌ «YÁ�¾ËY��´¿ZÌ]�Ä¯�{{�³��^À»�Ä]��Â]�»�ZÆÀe�[ÂÀm�d¼���{�d¨¿�Ã|¿Z»

Â»�Ê³{Â·Md�Ì¿�[ÂÀm�d¼���{�{Âm .d»Zz�d¨¿ÓZ¼fuY¤eÌÌcY�¸�§�Ê{�Y{.

Â��Ä]ËZa�ÊÀÌ»��Ë��[M�½ZË�m�d����,Ê¸¯�Ê»�¾Ì�[M�½ZË�m�d����cZÀ«�¶yY{��{�Z»Y�|�Z]

d�Y��eÓZ]�ÓÂ¼ » .�Ê³{Â·M�d �Á��ËY�§Y�\^��d�Y�¾°¼»��Â�Â»�¾ËY�d�¿��Z¬¿�ªË����Y�Ä¯�{{�³

Äf§ZË�ÃY��cZÀ«�Ä]�Ã|ÀËÓM�{YÂ»|¿Y .�½Á�{��{�Ê³{Â·M�Ê¸�Y��^À»�ZËM�Ä¯�Y��dÌ «YÁ�¾ËY�¾ÌÌ e�cZÀ«�{ÂmÁ

Ê»��¶°�»�Y��½M�k�Zy��{�ZË�{�Y{�{ÂmÁ�½Y�Æe�d¨¿��ËÓZa�d¯���dËZ�{�Z� .��{�cZÀ«�ÃZq��{Z»�{ÂmÁ

Ê»�ÄÌuZ¿�¾ÌÀ¯Z��Ê¿Y�´¿�\mÂ»�¾ÌÀr¼Å�Ê³{Â·M��]ZÀ»�¶»Z��ÓZ¼fuY�Êf À��Ä¬�À»{Â� .�Ä¼Å��Y�| ]



���

\·Z�»�¾ËY�[M�Ê³{Â·M�¶°�»�¶u�Ê´¿Â´q�½|Ì�Ë|¿Y��{�ºÆ»��Â�Â»�®Ë�cZÀ«�Ä¯�d¨³�½YÂf]�|ËZ��,

d�Y�Ã|ÀËM�ÉY�]�ÊÀÌ»��Ë�.

��{f¿ÌÄnÁ�Ê���]�Ã�Y|¿Y³Ì��Éd»Zz�ÓËÄd¨¿�{ÃZqZÅ�Ée�Z�¿�Ê\�¿,Ã|���Â�uÓËÄd¨¿

�{d¼�«]ÂÀm�Ê�¶¯uZ¿ÌÄÉ��Êf À��PeÌË||� .d»Zz�ÓËÄd¨¿�{��Êc|»YË¾���]�Ê�{�ÄÌ�Zu

[ÂÀm]�£�ÊuZ¿ÌÄ�{�Â»���]Ê�j¯Y|u��/��f»{Â] .ÃÁÔ��]YË¾�{ÂmÁ�ÓËÄd¨¿�{ÃZqZÅ�É{ÂmÂ»�{

d¯���ÂeË�cÓÂ�v»f¨¿�Ê�É��Êf À��ÄÌuZ¿��{PeÌË||�.
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Oil Pollution Situation of Dorsun Abad Qanat Wells in May 1995
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�¶°�)� -�� :(Ã�Y|¿Y�lËZf¿ÃZq��{�d¨¿�ª¼��É�Ì³�½Y�Æe�d¨¿��ËÓZa�d¯���dËZ��¶yY{��{�cZÀ«�ÉZÅ)�Y�d�Æ^Ë{���� (
)Fusione Techno Solutions Co., 2006(.
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Oil Pollution Situation of Dorsun Abad Qanat Wells in April 2003
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�¶°�)� -�� :(Ã�Y|¿Y�lËZf¿ÃZq��{�d¨¿�ª¼��É�Ì³�½Y�Æe�d¨¿��ËÓZa�d¯���dËZ��¶yY{��{�cZÀ«�ÉZÅ)�¾Ë{�Á�§
���� ()Fusione Techno Solutions Co., 2006(.

Á�Êe�Z�¿�ÃZq��{�d¨¿�ª¼��cÁZ¨f»�½Z»��Á{��{�,�Zb¼a�ÃZ´f�ËY��{��{�{ÂmÂ»�É�Z¨u�Ä¿Z¼³�

Ã�Y|¿Y�Ä¬�À»|��É�Ì³ .ÃZq��{�Ä §{�Á{��Å��{|�¿�Ã|ÅZ�»�Êf¨¿�ÄËÓ�Êe�Z�¿� .�d¨¿�ÄËÓ�d»Zz��Z»Y

�����������{����ÂË�Æ�������{Á|u���/���{�Á��f»���µZ��½Z¼Å��Æ»��/�|��Ã{��¾Ì¼ze��f»�.

�-� -� .Ã�Y|¿YÃZq��{�d¨¿�ª¼��É�Ì³ÊfÌ·Á�f°·Y�d�Z¨u�ÉZÅ

¼�ÃZq��{�d¨¿�ª��{�ÊfÌ·Á�f°·Y�d�Z¨u�ÉZÅ���������½Y�Æe�d¨¿��ËÓZa�d¯���dËZ��Ä�¬¿�

Ã�Y|¿Y|��É�Ì³ .ÃZqÃZq��Y��ËZ¼f»�ÊfÌ·Á�f°·Y�d�Z¨u�ÉZÅ�{ÂmÁ�dËZ���{�¶¬f�»��Â��Ä]�cZÀ«�ÉZÅ

½M�dÌ «Â»�Ä¯�É�Â��Ä]�|¿�Y{|Àf�Å�|Ì¨»�Ã|ÀËÓM�{YÂ»��Ë�Âe�É�Z��Z°�M�ÉY�]�ZÅ.



�

Y�¾ËY�lËZf¿Ã�Y|¿É�Ì³¶°���{�ZÅ) �-�� (Ã|��Ã{Y{�½Z�¿d�Y� .½Z¼Å¶°��¾ËY�Ä¯��Â��ZÅ

Ê»�½Z�¿¾Ë�¯Á�|ÌÅ�,|ÀÅ{Ê»��Ë�Âe�½Y�Æe�d¨¿��ËÓZa�d¯���Ê]ÂÀm�d¼�«�¥Y��Y��{�Êf¨¿�ÉZÅ -

�d¨¿�ª¼��¾Ë�f�Ì]�Á�|¿Â�)��Ze���f»� (�Ã�Z¼��ÃZq��{���½Z��{�cZÀ«��Y�Ê¼¯�Ä¸�Z§��{��Ã|Ë{�{Z]M

Ê»{Â� .Å��Y��f¼¯�ZË��f�Ì]�d¨¿�ª¼��¾ÌÀr¼��Ã|��Y|m�Ê«�����»�{Y|f»Y��{�½�z»�Ä�Âv»��{��f»�

½Z��{�cZÀ«��YÊ»�d§ZË�{Z]M�{Â� .ÃZq��{�d¨¿�ÄËÓ��Â�u�Ã�Z¼��ÉZÅ��Ze���µZ¼��d¼�«��{�Ä¯�

M�½ZË�m�d�{�ÓZ]��{�,Äf§�³��Y�«�©��Pe�ÊÀÌ»��Ë��[Ê»�|ÌË{Â� .�{�Ã|ÀËÓM��^À»�,{ZË��µZ¼fuY�Ä]�

�d§Y�®Ë�Äf§ZË��ËY�§Y�d¨¿�ª¼��ZË�,{�Y{�{ÂmÁ�ÊÀÌ»��Ë��[M�½ZË�m�d�{�ÓZ]�d¼�)|Å (�Ê°Ì·Á�|ÌÅ

Ê»�{ZnËY�Y��É�f³��]Ê»�ÊÀÌ»��Ë��[M�Ê Ì^��½ZË�m�¦·Zz»�dÆm��{�[M�½ZË�m�Ä]��nÀ»�Ä¯�|À¯ -

{{�³ .Æe�d¨¿��ËÓZa�d¯���dËZ��Ê«�����»��Y�k�Zy��{�|ËZ]�Ã|ÀËÓM��^À»�c�Â��¾ËY��Ì£��{�½Y�

{Â��d§ZË.

½Z¼Å�Z°�M�ÉY�]�Ê���]�lËZf¿�,|��Ã�Z�Y�ÓZ]��{�Ä¯��Â���{�Êf¨¿�{YÂ»�Êv����Ë�Âe�É�Z�

Ê»�½Y�Æe�d¨¿��ËÓZa�d¯���dËZ��¶yY{ÃZq�¥Y��Y�cÓZÌ��Z»Y�,|�Z]�|Ì¨»�|¿YÂe�d�Z¨u�ÉZÅ

�ÊfÌ·Á�f°·Y)d¨¿�Á�ÊÀÌ»��Ë��[M (Ê»��¬§YÁ�Ê§Z��ZË��f¸Ì§��Y��Â^��ªË����Y�|À¿YÂe½M�{��Y�Ë��|¿Â��ZÅ

Ê»�Ã|Ì�Âa�É�¸§�É�Y|m�Ä·Â·�®Ë�Z]�ÃZq��Å{Â� .ÃZq��ZfyZ��Ä¯�ÊËZn¿M��Y�,{Â^¿�¾�Á��½Z»��½M��{�ZÅ

Ê���]���lËZf¿�¾ËY�]ZÀ]d�Y�Ã{�°¿��z�»�Y��Ã|ÀËÓM�{YÂ»��Ë�Âe�Z¼Ì¬f�»�ZÅ.

�-� -� .Ã�Y|¿Y�ª¼���{�Zy��Z³��¼ne�É�Ì³��f»�

Ë°�Ê�Y�ZiM�Â�u³{Â·M�Ê¨¿f�Ê�{,Ä¬�À»{ÂmÁZÅ�Z³�É�Y�§¶�Zu�YYË¾{YÂ»�{�Ë�»�Ì¾

d�Y .Y~·���]�Ê�ÂeË�d�¸£ZÅ�Z³�É�Y�§{ÂmÂ»�{�Ë�»�Ì¾�Á�Ê�ÉY�]���]�Ê�dÌ �Á³{Â·M�Ê

�{uZ¿ÌÄd�Y.d�¸£�Z³Zy�{ÃZqZÅ�ÉÄ¿Â¼¿�Y{�]�É�Ä¯Z]ª¼���f»)�Yt��»�Ì¾ (�{Z�Ëd

ÓZaË�d¨¿½Y�Æe�{ZnËY�{Â]�Ã|�,dÆm�¾ÌÌ e�^À»³{Â·M�ÊÁ�ÂeË�v���Ê½MÃ�Y|¿Y³Ì�É{�³�Ë|.
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�¶°�)� -�� :(Ã�Y|¿Y�lËZf¿ÃZq��{�d¨¿�ª¼��É�Ì³���������½Y�Æe�d¨¿��ËÓZa�d¯���dËZ��¶yY{�ÊfÌ·Á�f°·Y�d�Z¨u�ÉZÅ
)���Á����¾¼Æ]�����) (Fusione Techno Solutions Co., 2006(.

Ê���]�¾ËY¯�{Y{�½Z�¿�ZÅÄËÓ��Y�½Y�Æe�d¨¿��ËÓZa�d¯���dËZ��Ä��Ë{Z¬»�Z]����ºÌz��ÉZÅ

d�Y�Ã|��¶Ì°�e�½�Á�fÌ¿�ÉÓZ] .µZqÄ¿Â¼¿�ÉZÅ��{�Zy��Z³�É�Y{�]���ª¼��Ze�Ä�¬¿���t����Y��f»�

Ä¿Z¼³�¾Ì�Z»�Ä¸Ì�Á�Ä]�¾Ì»��|¿|���¨u�[M�Ê]��Â¿�Ê¿�)�¶°��-��.(

Pe��Â�À»�Ä]�,½Y�Æe�d¨¿��ËÓZa�d¯���cY��¬»�ª]Z�»�½Z°»��Å��{�ÊÀÌ»��Ë��cZ�Ì�Pe�|ÌË

µZq�,É�Z¨uÄ¿Â¼¿�ÉZÅ�ª¼��Ze�Zy��Z³�É�Ì³�|¿|��É�Z¨u�d�{�Z]��f»� .¶°�) �-�� (�|¿Á�

µZq��¾ËY�É�Z¨uÊ»�½Z�¿�Y��ZÅ|Å{ .¶°���{�ÉZÅ)�-�� (�Ze)�-�� (�Ã|��tË��e��Z¯��ËY����Ì¿

d�Y .
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�¶°�)� -�� :(Ä¿Z¼³�¾Ì�Z»¾aY���Y�Ã|��{�YÁ�Ê¿�
)Fusione Techno Solutions Co., 2006.(

�¶°�)� -�� :(Ä¿Z¼³�|¿Á�Ä¿Â¼¿�ÉY�]�Ê¿�Zy��Z³�É�Y{�]
)Fusione Techno Solutions Co., 2006.(

�¶°�)� -�� :(Ä¿Z¼³�d�{�Ä¸Ì�Á�Ä]�Ê�ËZ»�M�Ê¿�
)Fusione Techno Solutions Co., 2006(.

�¶°�)� -�� :(Ä¿Z¼³�¾Ì�Z»�\�¿�Ê¿�
)Fusione Techno Solutions Co., 2006(.

�¶°�)� -�� :(Ä¿Z¼³�¾Ì�Z»�Ä¸Ì�Á�Ä]�Ê¿�
)Fusione Techno Solutions Co., 2006(.

�¶°�)� -�� :(��Y|m�Ä·Â·�®Ë�É�Z�Zm
)Fusione Techno Solutions Co., 2006(.

�¾ËY��YÃ�Y|¿Y³Ì�ÉZÅZf¿Ël�Ë�¶�Zu|��:

Check by TORCHand excavation

2m2m

Setting drilling machine

Permission 
by TORC

drilling Hand pulling 
drilling rod & bit

Installation of casing

2m2m

4.5m
4.5m

4.5m
4.5m

0.5m
0.5m

Back filling Setting top capInstallation 
of cover plate
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�Ä¬�À»Z]d�¸£�Z³ÓZ]�{d¼�«Àm[Â]�£�Ê�Ê���]�{�Â»�ÄÌuZ¿�{Z�Ëd�d¯��ÓZaË��

½Y�Æe�d¨¿{ËÃ|»Ê{Â�.�Z¬¿�Ê{ÂmÁ|¿�Y{Ä¯�{½MZÅ¬»�Ë{Z�Z³�eÓZ]�Y��Y�¶�Zu�Ã�Z]�ÅÁ{�Ä·Â·

�Z°�M�Z�Á�u�³{YÂ»·M�Ê�Y�§d�Y.YË¾�Äf°¿��Â�e»Ê{Â�Ä¯�½Y�Ì»³{Â·M�Ê�Z]�Ä�ËZ¬»��{

Z¨u�½Z»�Z��{�Y|¿Zf�Y��Ë{Z¬»�d�v»Ì��Ëd�) ½�À]³��/��fÌ·��]�¹�³�Ê¸Ì»�(��f�Ì]�d�Y.

Z]�Ê���]Ã{Y{ZÅ�É�Å,ª¼���¼neÓZ]�É�Z³�{d¼�]ÂÀm�ÊuZ¿ÌÄ�É��Êf À�Á�{¶yY{

Z�Ëd�Ä�d¯���ÂeË�cÓÂ�v»f¨¿Ê,d¯��cZ�Z^e�YÁ�Â�yÄ·Â·YË½Y�Ád¯����a�Ê�Z³

Ã|ÅZ�»|�.

Z]Z¬»Ë�Ä�½Y�Ì»�Z³{YÂ»·M�Ê�Y�§Ã|ÅZ�»Ã|��{Ä�d¯��d¼�]ÂÀm�ÊZ]�½Y�Ì»�Z³{YÂ»

·M�Ê�z�»Ã|��{{Ë�´uYÂ¿Ê¶»Z���ZÆqd¯��d¼�«·Z¼��Ê)uZ¿ÌÄ� :Ä��R»¬veÌªd À�

,d¨¿uZ¿ÌÄ� :d¯��¸¼�ÌcZ¥Z�f¯Y,d¨¿uZ¿ÌÄ� :y}ÌÃ��Z��É�ZneÉÁ�uZ¿ÌÄ� :d¯��

YËµÂ¿Y�(,Ê»�{�½YÂe�d§ZËÄ¯¬»�Y|�Z³�{d¯��ZÅ�É·Z¼��ÊÄ]�Â�¶]Z«Ä�uÔ»Y�ÉZaÌË¾d�Y.

ÃÁÔ��]YË,¾��¼neÓZ]�É�Z³{YÂ»·M�Ê�Y�§�{¥Y��Y½Z°»ZÅ�ÊËÄ¯d�¿d¨¿��Ê���]Ê�ÉZÅ

�{�Ã|��¹Zn¿YZ�ËdPeÌË|Ã|�,d�YÃ|ÅZ�»|Ë{�³� .�{YË¾½Z°»,ZÅ�Z¬¿Ê¼Å½Âr¶v»�ÉZÅ�¼ne

¾n·¸zeÌÄÃ|��YZÅ�°¿Ze�Éd¨¿Ë�ZmÁ�y�Ê�Â�yÄ·Â·Ä¯d¨¿Y�Ä]ZÅ�°¿Ze�Éd¨¿µZ¬f¿Y»Ê|ÀÅ{

Á£Ì{ÂmÁ�Ã�|¿�Y{Ä¯½M��{�ZÅZmd¨¿d�¿»Ê|À¯ .YË¾d�¿Ä]�d¨¿¶yY{»�Ì¾}Â¨¿»Ê|À¯ÁÄ]

Ä��YÁz^eÌ,��Ë�®uZ¿ÌÄZ]��¼neÓZ]ËÊ�Y{YÂ»·M�Ê�Y�§°�eÌ¶Ê»�{{�³.

f«Á�Ê��¼ne�Z³{YÂ»·M�Ê�Y�§�{¥Y��Y½�Zz»y}ÌÃ�Ã�Y|¿Y³Ì��É»Ê,|��{d�z¿�¹Z³

Ê»��Z�f¿Y|�Z]�ÓZ]��Z³��¼ne�d§�.½Âq{Y| e�Ë{Z�ÉµY{Â³ZÅ�ÉÅ�°��Ê�{¥Y��Y½M{ÂmÁd�Y{ .

,Z»YZf¿Ël��ËZ»�M «YÁ�Ê½Z�¿�{Y{Ä¯d�Y�Ä�uÔ»�¶]Z«��ZÌ�]�¦¸fz»�©Z¼�Y��{��Z³��¼ne�cÁZ¨e .

YË¾Zf¿Ël½Z�¿»Ê|Å{Ä¯�Z¬¿½M��{�Ä¯�ÊZm�Z³{YÂ»·M�Ê�Y�§�Ã{�¯��¼ne�¯|¿Y�Ê{Á|v»d�Y.�Ä]

Ê»���¿�Ä¯�|��d¨¿Ä¸�Z]�{aÌdZÅ�É�Å�°�ÊÄ]c�Â�{Â¼��ÉÄ]¶yY{»�Ì¾}Â¨¿|�Z]�Ã{�¯.
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Äf�~³�YYË,¾½Z¼Å�Â�Ä¯Âfv»�Éd¨¿��{ZyÃ{Â·M»Ê|¿YÂeÄ]�ÁÌÄ¸Y�§YË�Z»{z^eÌ�

,{Â�YË¾�Â�e»Ê|�Ä¯��¼ne�Z³Ã�Y|¿Y³Ì��ÉÃ|�Z]Ë|�{ZÅZ»{�É,�eÓZ]ÓZ]|�Z] .Z]YË¾,µZuZ]

�{��¿¾f§�³Zf¿ËlÄ]d�{Ã|»M�Y�Ã�Á{Ã�Y|¿Y³Ì�É,��Â��Ä]t�YÁY�§YË���¼ne�Z³{YÂ»·M�Ê

�Y�§]ZY�§YË�Z»{{Y|¿�½Z�¿�Y� .Á{{�Â»�Ë�»Ê|¿YÂe�{YË¾�Â�y|À�Z]�Äf�Y{��¬¿�:

·Ã�Y|¿Y�cZÌ¸¼��¹Z´ÀÅ�Ä]�{�Ã|���Ìz^e��Z³��Y�Ê�z]�Zy��Z³�É�Ì³ZÅZ»{�ÉÓZ]�½|���Z]�Z]�

Ä·Â·��Âa��Ã|��{�YÁ�Zy�¶yY{�Ä]�Ä¯�ÊËZÅ,|¿YÊ»�k�Zy�½M��Y|¿{�³.

·�Ä°ÀËY�Ä]�ÄmÂe�Z]½Z»�¸¼�ÌcZÃ�Y|¿Y³Ì�É�Z³�Ä]Ã�Y|¿Y§Z¯�Ê¿ÓÂ��ÊÃ{Â^¿,Ã{Y{ZÅ�É

�´¿ZÌ]�Ä¯�Ê�z�»¤eÌÌY�c¸�§�Ê�|�Z]¼¿Êd�¿YÂe�{ÀqÌ¾c|»ÅZeÂ¯�Ê�YÃ�Y|¿Y³Ì��É

�|Ì·Âe{Â�) �ÃZ»�Y¾¼Æ]���YÁY�Ze{Y{�y���YÁY(.

�{uZ¿ÌÄYËÃZ´f��Zb¼a,��¼ne�Z³µZq��{��Y�§�Ê·M�{YÂ»Ä¿Â¼¿�ÉZÅ��{��Z³�É�Ì³����Y�Ä�¬¿�

�ÉY�]�dËZ���Ê¿Z»��Ã�Á{�Ã�Y|¿Y³Ì��É|� .�¶°�)�-�� (��Y�¶�Zu�lËZf¿Ã�Y|¿Y�Zy��Z³��¼ne�É�Ì³

Ê»�½Z�¿���¿�{�Â»�ÄÌuZ¿�Ä���{�Y�|Å{.

d�¸£ÉZÅÓZ]Ë�Y�Ê³{Â·M�Ê»Ê|¿YÂe�{d¼�«[ÂÀmuZ¿ÌÄf À��Ê��É��{�¾ÌÀr¼Å�Ád¼�«

]ÂÀm�Êd¯��ÓZaË�d¨¿½Y�Æe{ËÃ|{Â� .�Ä�uÔ»�¶]Z«���f�³³{Â·M�Ê�z]��{ÉZÅ�ÁÌ �Ê�Y

uZ¿ÌÄf À��Ê��É¶»Z�d¯��ÓZaË�d¨¿½Y�ÆePeÌË||� .YË¾�¦Ì�³{Â·M�ÊÄ]��¿»Ê|��Ä]

�d¼�[ÂÀm]�£�ÊÄ»Y{YË�|]Z .�Y¥��{Ë,�´�mË½ZÊ»Â¼��[MÉZÅ�Ë»��ÌÀ�Ê¿Ì�Ä]d¼�[ÂÀm

]�£�Êd�Y.

�³Yd¨¿�{�¶yY{ÃZqÊÀÌ»��Ë��[M�t���ÉÁ��,|�Z]�Â�e»Ê{Â�Ä¯�¦Ì�³{Â·M�Ê]�Ä�ÁÌÄ¸

�mË½Z[M�Ë»��ÌÀ�ÊÃ{�f�³Ê»�{Â .Z»Y�³Y³{Â·M�Ê�{�ÁZn»t��»�Ì¾,|�Z]Ä]��¿»Ê|��Ä¯

�Z^e�YÊZ]�mË½Z�[M�Ë»��ÌÀ�Ê|�Z]�Äf�Y|¿ .Z]YË¾,µZu�Z^e�Y]Ì¾³{Â·M�Ê�{�ÁZn»t��»�Ì¾Á

�mË½Z[M�Ë»��ÌÀ�Ê�{½Z»�Ê���]�{Â^¿��z�»�Z¬Ì«{.
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�¶°�)� -�� :(�ª¼���{��Y�§�Ê·M�{YÂ»�É�Z³��¼ne��Ë�Âe�»��,½Y�Æe�d¨¿��ËÓZa�d¯���ÄÌuZ¿��{�É�f���{�d¯���
��Zb¼a�ÃZ´f�ËY�Á�É��Êf À��ÄÌuZ¿)Fusione Techno Solutions Co., 2006(.

�-� -� .Ã�Y|¿Y�Á��Z]�Zy��Z³��¼ne��É�Ì³Headspace

Ã�Y|¿Y³Ì��É��¼ne�Z³{YÂ»·M�Ê�Y�§]Z�Á�Headspace��Ì¿¹Zn¿Y»Ê{Â�.

ÃZ´f�{Ã�Y|¿Y³Ì��É{¶°����ÉZÅ)� -�� (�Á)�-�� (d�Y�Ã|��Ã{Y{�½Z�¿ .�z]�ÉY�Y{�ÃZ´f�{�ÉZÅ

d�Y��Ë�:

·�u�³{YÂ»·M�Ê�Y�§

·¥���Á�Headspace,�Ä·Â·Ä �Âe

�¶°�)� -�� :(�Á�Headspace

)Fusione Techno Solutions Co., 

2006(.

�¶°�)� -�� :(Ã�Y|¿Y�®ÌeZ¼��s���Á��É�Ì³Headspace

)Fusione Techno Solutions Co., 2006(.



�

�{,Y|f]Y��¹�³�YÄ¿Â¼¿ZyÄf§�³Ã|��YµZq�{½�z»Headspace �Y�«Ã{Y{»Ê{Â�

)�¶°�� -��( .| ]�Y¾f�]�Âa��½�z»,½M¶¯½�z»Z]Ë|Ä]c|��Ä §{�Á{Ä]�Â�À»z^eÌ��Z³

Zy�{½�z»½Z°eÃ{Y{{Â� .,�b�½�z»Ä]eÌ_Â¶�f»|ÀÀ¯Ã�u�³{YÂ»·M�Ê�Y�§¶�f»

»Ê{Â�Á��¼ne�Z³{YÂ»·M�Ê�Y�§fÀ·Z]ÌÄnÃ�Y|¿Y³Ì��É»Ê{Â�.

�¶°�)� -�� :(Ä¿Â¼¿��ËY��É�Ì³)Fusione Techno Solutions Co., 2006(.

�-� -� .ÃZq�\�¿ÊÀÌ»��Ë��[M�t���Êe�Z�¿�ÉZÅ

ÃZq�,ÊeZ»|¬»�Ê���]��{Ã�Y|¿Y�ÉY�]�Êe�Z�¿�ÉZÅ�ÌÌ¤e�É�Ì³|¿|���¨u�ÊÀÌ»��Ë��[M�t���cY .

�Êe�Z�¿�ÃZq��Á���«�pÀËY���{�Y{�ª¼���f»� .Ä·Â·�ÉY�]�Ä·Â·�®Ë��Y�ÃZq�É�Y~³PVC|��Ã{Z¨f�Y� .

½M��{�ÊÀÌ»��Ë��[M�Ê³{Â·M�Ä¯�ÊËZm�½Y�Æe�d¨¿��ËÓZa�d¯���dËZ��µZ¼���{��ËZ]�¾Ì»��Zf^�¿�Zm

{�Y|¿�{ÂmÁ�Zm�½M��{�É�ZÌ]M�ÉY�]�ÊÅZq�pÌÅ�Á�d�Y�¾ÌËZaÃZq��¨u�¶v»�½YÂÀ��Ä]��Êe�Z�¿�ÉZÅ

|Ë{�³�[Zzf¿Y .�ÄÌuZ¿�,½Y�Æe�d¨¿��ËÓZa�d¯���dËZ��¶yY{��{�Êe�Z�¿�ÃZq�É{Y| e�¾ÌÀr¼Å

|¿|���¨u��Zb¼a�ÃZ´f�ËY�Á�É��Êf À� .ÃZq�dÌ «Â»�d¨¿��ËÓZa�d¯���dËZ��¶yY{��{�Êe�Z�¿�ÉZÅ

¶°���{�\Ìe�e�Ä]��Zb¼a�ÃZ´f�ËY�Á�É��Êf À��ÄÌuZ¿�,½Y�ÆeZÅ�É)�-�� (�Ze)�-�� (Ã|��Ã{Y{�½Z�¿ -

|¿Y.



�

�¶°�)� -�� :(ÃZq�dÌ «Â»�½Y�Æe�d¨¿��ËÓZa�d¯���dËZ���{�Êe�Z�¿�ÉZÅ)Fusione Techno Solutions Co., 

2006(.

�¶°�)� -�� :(ÃZq�dÌ «Â»�É��Êf À��ÄÌuZ¿��{�Êe�Z�¿�ÉZÅ)Fusione Techno Solutions Co., 2006(.

�¶°�)� -�� :(�dÌ «Â»Êe�Z�¿�ÃZqMWP _��Zb¼a�ÃZ´f�ËY�ÄÌuZ¿��{�)Fusione Techno Solutions Co., 2006(.

�-�� .Zy��{�d¨¿�Ê³{Â·M��Y|¬»�¾Ì¼ze

Y�]�É�¾ÌÌ eÄm�{³{Â·M�Êd¨¿ZyM¿·ZÌ�¼¯�Ê¹Zn¿Y»Ê{Â� .Äm�{³{Â·M�Êd¨¿ZyÄ]

c�Â�¹�mÅÌ¾]�¯Á�|f¨¿�Ê)¶¯ÅÌ¾]�¯Á�|f¨¿Ê (Â»{Âm�{Zy��]|uYÁ¹�m¾ÌÌ e�Zy»Ê -

{Â�.



��

¸¯Ì|��§�Ê�^À»³{Â·M�ÊÁ[Zzf¿YZa�Z��É»Ê|¿YÂe�YYË¾�ÄË�ne�d�|]Ã{�ÁM{Â�.�����������

�¶°�)�-�� (Ä¿Â¼¿��Á�Ä¿Â¼¿�µZq��Y�É�Ì³Ê»�½Z�¿�Y��Ä¿Â¼¿�Ã�Ìy}�Á�Zy�É�Y{�]|Å{ .Ä¿Â¼¿ZÅ�É

ZyZ]Z�£ZÅ�É��Âa�Ê�Ä¸�Z§Ô]| ]�Y�¼m�ÁMÉ,Y�]�É³Â¸mÌ��É�Yz^eÌ�Âfv»�Éd¨¿Ã|¿Z�Âa

»Ê{Â�Á| ]�Y�Y�«½{Y{½MZÅ�{Ä^ mZÅ�É�f�YË¾¹Â§�{Ë�µZrzÄ´¿Äf�Y{»Ê|¿Â�.

2 m

Hand excavation up to G.L.-2m Confirmation by TORC

Sample

Keep in
the refrigerator

Analysis of
oil into the soil

Sample

Preservation cylinder

Rubber stopper

Installation of excavator
Casing

Drilling Sampling by sampler

�¶°�)� -��:(Ä¿Â¼¿��Á�Ä¿Â¼¿�µZq��Y�É�Ì³�Ä¿Â¼¿�Ã�Ìy}�Á�Zy�É�Y{�])Fusione Techno Solutions Co., 2006(.

¼zeÌ¾�Y|¬»ÓMËf¨¿�Ã|ÀÊ�{uZ¿ÌÄ�{�Â»���]�Ê�Á{��Z�Y��]�Á�Ã{Z��¹Zn¿Y»Ê�{Â .�{�

�½Y�Æe�d¨¿��ËÓZa�d¯���dËZ��Y|¬»¶¯ÓMËÃ|Àf¨¿ÊZ]�Ã{Z¨f�Y�YË�Äf§ZZÅ�É���]�ÊÂfv»�Éd¨¿

ZyÊ»�Ã{��¾Ì¼ze�{Â� .,Z»Y�Y|¬»¶¯ÓMËÃ|Àf¨¿Ê�{uZ¿ÌÄf À��Ê��ÉZ]Ã{Z¨f�Y�YÁ{�Á�

Ä^�Zv»�Ã|d�Y :

·�Á�Ã{Z¨f�Y�YÂfv»�Éd¨¿Zy�Ì·Z¿M�Á{�Z]�HEM
���ÁCFC-EM

���) �Á��(.

                                                  
113. N- Hexane Extractable Materials

114. Chlorofluorocarbon Extractable Materials (Solvent extraction-infrared absorption spectrophotometry)



��

·d¨¿�ÄËÓ���Âf»�d»Zz���Y�Ã{Z¨f�Y�Z]�Êf¨¿�Ã|ÀËÓM��Y|¬»�\Ë�¬e��Á�) �Á��(

)Fusione Techno Solutions Co., 2006(.

Zf¿Ël·Z¿MÌ��{�Ë�Ã{�ÁMÃ|�d�Y .Ä],ÃÁÔ�Y�]�ÉÄ^�Zv»ºnud¨¿,�¿Y{ÌÄf�e) [Â��»(�Y

d�eZy( )3923.1 mtt =rÁ�¿Y{ÌÄfd¨¿d�|]Ã|»M�Y·Z¿MÌ�»ÂÄ¨·d¨¿Ä¿Â¼¿ZÅ�ÉÄf§�³Ã|�

�YÃZqZÅ( )38183.0 mt=rÃ{Z¨f�Y|¿|�.

,ZÀ¼�d^�¿Âfv»�Éd¨¿�{Z�§�É·Zy�ÊZy�]�Z�Y·Z¿MÌ�HEMÁCFC-EM¼zeÌ¾

Ã{�»Ê{Â�)µÁ|m�-�(.

�µÁ|m)�-� :(d^�¿Âfv»�Éd¨¿�{Z�§�É·Zy�ÊZy)Fusione Techno Solutions Co., 2006(.
�Ì·Z¿M��Y|¬»��j¯Y|u)kgmg(d^�¿Âfv»�Éd¨¿�{Z�§�É·Zy�ÊZy

HEM��������/�
CFC-EM�������/�

d�{�Ä]�lËZf¿�Ä�ËZ¬»�Á�½Y�Æe�d¨¿��ËÓZa�d¯���ÄÌuZ¿��{�Zy�d¨¿�ÉÂfv»�{�Â»��{�Ã|»M�

�µÁY|m��{��Á��Á{��Y�Ã{Z¨f�Y�Z]�É��Êf À��ÄÌuZ¿)�-� (�Á)�-� (d�Y�Ã|��Ã{�ÁM.

Ã�ÂuZÅ�É³{Â·M�Ê�{uZ¿ÌÄf À��Ê��ÉÁd¯��ÓZaË�d¨¿½Y�Æe,ZmÊËÄ¯ÓËÄd¨¿�{

½MZmZÅPeÌË|,|�Z]Á{²¿�cÁZ¨f»½Z�¿{Ã{Yd�Y�Ã|�� .YË¾\¸�»��Z°�M»Ê{Â�Ä¯�ÅÁ{uZ¿ÌÄ

f À��Ê��ÉÁd¯��ÓZaË�d¨¿½Y�Æed�¸£ÓZ]�ÊË�Y³{Â·MÊY���{�z]�ÉZÅ]ÂÀmÊ�{Ây�|¿�Y{ .Ä]

�Â�À»Ä^�Zv»«{Ìª�e�Y|¬»d¨¿�{|uYÁ,ºnuÃ�ÂuZÅ�É½Z�¿Ã{Y{Ã|��{¶°�) �-��(Ä]

½YÂÀ�Ã�Âu³{Â·M�Ê�z�»|¿|� .

|m�µÁ)�-� :(�Á���Y�Ã{Z¨f�Y�Z]�É��Êf À��ÄÌuZ¿�Á�½Y�Æe�d¨¿��ËÓZa�d¯���dËZ���{�Ã|»M�d�|]�lËZf¿�Ä�ËZ¬»�
)Fusione Techno Solutions Co., 2006(.

�É��Êf À��ÄÌuZ¿
(HEM)

�É��Êf À��ÄÌuZ¿
(CFC-EM)

½Y�Æe�d¨¿��ËÓZa�d¯��

�d¨¿�ÊÀÌ¼ze��Ë{Z¬»)3m(�������������������
�d¨¿�ÄfÌ�¿Y{)3mt(����/�����/����/�



��

�Ê³{Â·M�d �Á)2m(�������������������
�ª¼�)G.L.-m(��/����/����/��

�Ê³{Â·M�Ã�Âu)3m(������������������������
�d¨¿�Ê³{Â·M��Y|¬»)3mt(����/�����/�����/�

�µÁ|m)�-� :(��Á���Y�Ã{Z¨f�Y�Z]�É��Êf À��ÄÌuZ¿�Á�½Y�Æe�d¨¿��ËÓZa�d¯���dËZ���{�Ã|»M�d�|]�lËZf¿�Ä�ËZ¬»�
)Fusione Techno Solutions Co., 2006(.

É��Êf À��ÄÌuZ¿½Y�Æe�d¨¿��ËÓZa�d¯��
�ÄÌuZ¿)2m(�������������

�d¨¿�ÊÀÌ¼ze��Ë{Z¬»)3m(�������������
�t���|uYÁ��]�d¨¿�ÄËÓ�d»Zz�)m(��/���/�

�{uZ¿ÌÄYËÃZ´f��Zb¼a¿Ì�³{Â·M�ÊZy]�Ä�ÁÌÄ¸d¨¿Ã|ÅZ�»|� .��Y|¬»�¾Ì¼ze��Â�À»�Ä]

a�ÃZ´f�ËY�ÄÌuZ¿��{�Êf¨¿�Ã|ÀËÓM�ÉZÅ�Ì·Z¿M��Y��Zb¼HEMÁCFC-EM�|Ë{�³�Ã{Z¨f�Y�)��Á�� .(

�Ä¸Ì�Á�Ä]�d¨¿�Ä^�Zv»�,{�Y{�{ÂmÁ�Ä¬�À»��{�Êe�Z�¿�ÃZq�®Ë�Á�É�Z¨u�Ä¿Z¼³�®Ë��¬§�½Âq�,ÃÁÔ ]

��Á��Ä¿Z¼³�º¯�{Y| e�¶Ì·{�Ä]�d¨¿�ÄËÓ�d»Zz���Z�Y��]�ÊÀ Ë�ÃZq�Á�É�Z¨u�ÉZÅ�Êe�Z�¿�ÉZÅ

d�Ì¿�¾°¼» .{Z¬»Ë�Ä^�Zv»Ã|�nuº³{Â·M�Ê���Âe�Á�ZÅ�ÉHEMÁCFC-EMcÁZ¨f»d�Y

)�µÁ|m�-�( .¥ÔfyY�{Âfv»�Éd¨¿Ã�Y|¿Y³Ì��ÉÃ|��Z]YË¾�Á�ZÅ]�ÄÁÄ��Yz^eÌ�d¨¿�YÄ¿Â¼¿ -

ZÅ�ÉZyÊ»�|�Z].

{Z¬»Ë�d¨¿�{uZ¿ÌÄYËÃZ´f��Zb¼a�]�Z�YYÁu|Ä^�Zv»�ºnuÃ|�d�Y .�{{�Â»Ã�Âu

³{Â·M�Ê�{YË¾uZ¿Ì,Ä¯¶Ä¬�À»�ª]Z�»¶°�)�-��(Ã{Â·Md�Y.



��

�¶°�)� -�� :(����������������������������������É��Êf À��ÄÌuZ¿�Á�½Y�Æe�d¨¿��ËÓZa�d¯���dËZ���{�Ê³{Â·M�d �Á
)Fusione Techno Solutions Co., 2006(.

�µÁ|m)�-� :(�ºnu�|uYÁ��]��Zb¼a�ÃZ´f�ËY�ÄÌuZ¿��{�d¨¿�Ê³{Â·M��Y|¬»)Fusione Techno Solutions Co., 2006(.
(HEM)(CFC-EM)

�d¨¿�ÊÀÌ¼ze��Ë{Z¬»)3m(�������
�d¨¿�ÄfÌ�¿Y{)3mt(����/�����/�

�Ê³{Â·M�d �Á)2m(������������
�ª¼�)G.L.-m(��/����/��

�Ê³{Â·M�Ã�Âu)3m(��������������
�ºnu�|uYÁ��]�d¨¿�Ê³{Â·M��Y|¬»)3mt(����/�����/�

Äq�³Y�Y|¬»d¨¿�]|uYÁºnu�{ª�ZÀ»¦¸fz»uZ¿ÌÄÃ{Â·McÁZ¨f»d�YZ»Y�Y|¬»³{Â·MÊ

)3mt���/�-����/�(ª]Z�»Z]Zf¿Ël���]ÊÅÃ|��¹Zn¿Y�ÉZd�|]Ã{�ÁM|� .�{Z¬»ËÄ�Z]Zf¿Ël

d�|]Ã|»M�{uZ¿ÌÄf À��Ê��É)3mt��/�-��/� (��ÃZ´�ËÓZa�Á)3mt��/�(,¬»Ì�Z³{Â·M�Ê

�{uZ¿ÌÄYËÃZ´f��Zb¼a�f¼¯aÌ�]ÌÀ�Ê»Ê{Â�.



��

�¶°�)� -�� :(a�ÃZ´f�ËY�ÄÌuZ¿��{�Ê³{Â·M�d �Á��Zb¼)Fusione Techno Solutions Co., 2006(.

�-�� .��§�^À»³{Â·MÊ

�]ZÀ»³{Â·M�Ê¾°¼»�{uZ¿ÌÄ�{�Â»���]Ê�Y�|Àe�Z^�� :d�¿�Yt��¦¯½�Zz»,d�¿�YÄ·Â· -

ZÅ�É�Ë»��ÌÀ�Ê|À¿Z»�Â�y,Ä·Â·d�¿�Y½�Zz»�Ë»��ÌÀ�ÊÁ}Â¨¿d¨¿�YaÌdZÅ�É�°Å�Ê.

�-��-� .ÓMËÃ|ÀÊf¨¿�ÉZÅ

ÓMËÃ|ÀÉZÅPeÌË|Ã|��{uZ¿ÌÄ�{�Â»���]Ê�Y�|Àe�Z^��:

·d¨¿®^�) WÁ�Z³Ì¶–d¨¿�Z³(

·d¨¿®^�-d¨¿´À�Ì¾)f¨¿Z´À�Ì¾-d¨¿�Z³-d¨¿´À�Ì¾(

·d¨¿®^�-d¨¿´À�Ì¾)�{YË¾{�Â»d¨¿®^�Á´À�Ì¾�Â¸z»»ÊÂ�¿|(

·WÁ�Z³Ì¶ÁZu�É[��) d�¿¶^«�Y����(

¦·Y-�^À»³{Â·MÊd¨¿�®^) WÁ�Z³Ì¶-d¨¿�Z³(

�{��Zu�µZu,�^À»�¾ËY�³{Â·M�Ê�Êf��{�Ä]�z�»d�Y�Ã|�¿� .��Y�d�¿�{ZË��µZ¼fuY�Ä]�Ê·Á

�,½�Zz»aÌd�°Å�Ê,Ä·Â·ZÅ�É�Ë»��ÌÀ�ÊµZ¬f¿Y,d¨¿��]ZÀ»�¾ËY³{Â·M�ÊÊ»|À�Z].

[-d¨¿®^�-d¨¿´À�Ì¾) f¨¿Z´À�Ì¾-d¨¿,�Z³d¨¿´À�Ì¾(



��

�{µZu,��Zu�^À»¾ËY�·M³{ÂÊd�Ì¿��z�»�ªÌ«{��Â�]� .�,½�Zz»��Y�d�¿aÌd�°Å�Ê,Ä·Â·-

ZÅ�É�Ë»��ÌÀ�ÊµZ¬f¿Y,d¨¿��]ZÀ»Ê·Z¼fuY��¾ËY³{Â·M�ÊÊ»|À�Z].

_-³{Â·M�Êd¨¿®^�-d¨¿´À�Ì¾

�,{�Â»�¾ËY��{�Â�yÄ·Â·µZ¬f¿Yd¨¿¹Zy¾°¼»d�Y�^À»¾ËY�³{Â·M�Ê|�Z].

c-WÁ�Z³Ì¶ÁZu�É[��) d�¿¶^«�Y����(

�{���Zu�µZu�µÂ�v»WÁ�Z³Ì¶ÁZu�É[��{ÂmÁ{�Y|¿ .Ä]YË¾·{Ì,¶WÁ�Z³Ì¶¦�¯Ã|�Z]Ë|

WÁ�Z³Ì¶d�¿Ã{�¯�Ä]��Â]�»¶^«�YYË¾�ZeËx|�Z] .Y�]ZÀ]Ë¾�^À»¾ËY�³{Â·M�Ê»ÆnµÂd�Y.

�-��-� .Ë¾f§Z�^À»³{Â·M�Ê

�-�� -�-� .Ë¾f§Z�^À»³{Â·M�Ê�{uZ¿ÌÄf À��Ê�É

¥Y��Y½�Zz»Z°»½ÉZÅ�¨uÃ|�ÉY) aÌdÉZÅ�°Å�Ê ({ÂmÁ|¿�Y{Ä¯�Y�]�É�¼m�ÁM�É

Z»ËcZ Ä¸�Z]��Êc|»Ä´¿�Y{ÉÃ{Z¨f�Y�Ê»�¿Â| .d¨¿Ä¸�Z]�¼m�ÁM�ÉÃ|��{YË¾aÌdÅZ�É

�°Å�Ê,�|eËZn]�Ä�ÁÌÄ¸z^eÌ�Ë�Z}Â¨¿½M�{»�Ì¾�ÅZ¯»ÊË|]Z .�Y�Ä^Àm³{Â·M�ÊZyÁ[M

�Ë»��ÌÀ�Ê]�Ä�ÁÌÄ¸,d¨¿YË¾aÌdZÅ�É�°Å��ÊZ �«�^À»³{Â·M�Ê|Àf�Å.Y�]�É,µZj»�³Y��¼ne�Z³

{YÂ»·M�Ê�Y�§�{�ÁZn»½�Zz»���]�Ê�Â,{d �Á��¼ne�Z³�{¶¯uZ¿ÌÄÄ�Âv»�½�z»»Ê|¿YÂe

Ã�Y|¿Y³Ì��É,{Â��Y�Ë�aÌdZÅ�É�°Å��Ê�{c�ÁZn»½MZÅ�Y¶^«{ÂmÂ»|¿{Â] .Z]YË¾,µZu�]�Z�Y

Zf¿ËlÃ�Y|¿Y³Ì��É��¼ne�Z³{YÂ»·M�Ê�Y�§��{ª¼���f»É,½Z°»ÊËZÅZ]��¼ne�Z³ÓZ]Á��¼ne�Z³

ZaÌË¾�{{�¿Ë®µZqZÅ�ÉÄ¿Â¼¿�Y{�]�É�Z³{ÂmÁ|¿�Y{ .Y�]ZÀ]Ë,¾�Â�e»Ê{Â�Ä¯ÓMËÃ|Àf¨¿Ê�Y

aÌdZÅ�É�°Å�Ê,Ä]�Â�¸v»�Ê�{»�Ì¾}Â¨¿»Ê|À¯ .�Y�ÉÁ��ÂeË���¼ne�Z³{YÂ»·M�Ê�Y�§�{ª¼�

��f»É,Ë�®uZ¿ÌÄÃ{Â·M�ÁÌ �Ê�{d¼�«]ÂÀm�ÊuZ¿ÌÄ{�Â»���]ÊÊ»��z�»�{Â� .�Â�e»Ê -

{Â�Ä¯��¼ne�Z³{YÂ»·M�Ê�Y�§��{ª¼���f»É,Zy� «Â»Ìd³{Â·M�Êc�ÁZn»t��»�Ì¾Y�



��

��Z°�M»Ê{�Z� .f¨¿�ÊÄ¯�YË�®aÌd�°Å��Ê¿�d,Ã{�¯�Â�e»Ê{Â��¾Ì»��¶yY{��{Ä]c�Â�

Â¼�{�Éd¯�uÃ{�¯d�Y .Y�]ZÀ]Ë,¾aÌd�°Å��Ê�^À»³{Â·M�ÊY�]�Ét��»�Ì¾k�ZyuZ¿ÌÄ�½�Zz»

¿Ìd� .Ä]ÃÁÔ�d¨¿Z]»ÂÄ¨·ZÅ�É¦¸fz»�{ÃZqZÅ�Ée�Z�¿�Ê��Ze��{ÂmÁd�Y{.

Ê���]�Ä¯�{Y{�½Z�¿�ZÅ}Â¨¿�YaÌdZÅ�É�°Å�Ë�Ê®�^À»³{Â·M�Ê��Z°�M{Â] .Z»Y���]�Ê��f�Ì]

dÆmÄ ·Z�»fuYµZ¼YË¾Ä¯�³ËÄÀZÅ�É�Ë��^À»³{Â·M�Ê|À�Z]d�Y�É�Á��:

d�¿�Yt��¦¯½�Zz»,�Â�yÄ·Â·Á{Ë�´Ä·Â·ZÅ�É�Ë»��ÌÀÊ,d�¿�Y½�Zz»�Ë�»�ÌÀ�ÊÁ£ÌÃ�.

�-�� -�-� .Ë¾f§Z�^À»³{Â·M�Ê�{¿ZuÌÄf À��Ê��ÉÁd¯��ÓZaË�d¨¿½Y�Æe

Z]�{��¿¾f§�³�mË½Z[M�Ë»��ÌÀÊ,½Âqd¯��ÓZaË�d¨¿½Y�ÆeZaÌË¾d�{uZ¿ÌÄ

f À��Ê��É�Y�«,Äf§�³Ë�®µZ¼fuY{ÂmÁ{�Y{Ä¯³{Â·M�Êd¯��ÓZaË�d¨¿½Y�ÆeÄ]·{Ì¶d¨¿

�{Ëd§ZÃ|��YuZ¿ÌÄf À��Ê�É|�Z]� .Z]YË¾��§�µZu»Ê{Â�Ä¯�½ZË�mÓMËÃ|Àf¨¿ÊÄ]�·{Ì¶

��Ë\YÁY�e�ÊË®qÂ¯½YÂz]M�Ä]�´f�ÅMÊ{�Ì³�c�Â�� .�{»{�Â³{Â·M�Ê{�¿Ë®t��[M�Ë»��ÌÀÊ�Á�

Ê³{Â·MÊv���ÉZÅ�{d¯��ÓZaË�d¨¿,½Y�Æe½Âqd¯�uÓMËÃ|Àf¨¿ÊÄf�ÅM,d�Y�Â�e�¾ËY

Ä¯P�À»³{Â·M�Ê�{uZ¿ÌÄf À��Ê��Éd�Y{Â]�|ÅYÂy�¶°�»�, .Z]YË¾,µZu�{�Å�½Z°»�Á{d¯��

ÓZaË�d¨¿½Y�ÆeÁuZ¿ÌÄf À��Ê�É,{Y| e�ÉÀ»�^³{Â·M�ÊÊ»��Z�f¿Y{Á� .Y�]ZÀ]Ë,¾¹Zn¿YË�®

���]Ê�¨eÌ¸Ê�ÉÁ�À»Z�]³{Â·M�ÊÁ�z�»½{�¯½M�ZÅ�Á���Éd�Y.

�-�� .�¼mÊËY�v��cZ ·Z�»�lËZf¿�É|À]

�-��-� .ÁË³�ÊZÅ�ÉÓMËÃ|À

 «Â»Ìd�¼necÓÂ�v»,{Y�M�Â¿�Ã|ÀËÓMf¨¿ÊÊ·Z¼fuY�YZf¿Ël·Z¿MÌ,ZÅ� «Â»Ìd�yÄ·Â·Á

Âfv»�É½�Zz»�{¶°�)�-��(½Z�¿Ã{Y{Ã|�|¿Y .



��

�¶°�)� -�� :(�½�Zz»�Ê¸�Y�cZ^Ì¯�e�Á���ZÀ��¶»Z��,{Y�M�µÂ�v»�d¨¿��Â¿)Fusione Techno Solutions Co., 

2006(.

Ë®µÂ�v»{Y�M|ÀqË¾�Â¿d¨¿�Â¸z»Ã|�d�Y .z�eÌ��Â¿�ÓMËÃ|À¶°�»d�Y .Z]YË¾

,µZu�\Ì¯�e¸�YË�Ê®µÂ�v»{Y�M�YZf¿Ël�½M�ÄË�ne�|uÃ{�|� .ÄnÌf¿��{,¯�eÌ\¸�Y�Ê

ÓMËÃ|ÀWÁ�Z³Ì,¶d¨¿¨�Ì|Ád¨¿�Z³��§»Ê{Â�.

�-�� -� .��§Ã{Á|v»³{Â·MÊ

�-�� -�-� .Ã{Á|v»³{Â·M�Ê�¾Ì¼zeÃ{�Ã|��YÄË�ne�[M�Ë�»�ÌÀÊ

Zf¿Ël�ÉÂfv»�ÄË�ned¨¿�{[M�Ë»��ÌÀ�Ê�{¶°�)�-��(½Z�¿Ã{Y{d�Y�Ã|�� .Ã{Á|v»

�ÉÂfv»ÓZ]�É³{Â·M�Ê�{¥Y��YuZ¿ÌÄf À��Ê��É��§»Ê{Â�.



��

�]ª^�Zf¿Ël�ÄË�neÄ¿Â¼¿ZÅ�É[M�¼m�ÁM�ÉÃ|��YÃZqZÅ�Ée�Z�¿�ÊÁcZÀ«,ZÅ�{¶¯uZ¿Ì,Ä

cY|»Zmª¸ »�eÓZ]�Y�|u{�Y|¿Zf�Y[M��ÁZ�¯�É( )Lmg100{Â] .Àr¼Å¾ÌYË¾�Äf°¿��z�»

|�Ä¯uZ¿ÌÄ{Â·M³�Ê�Yd¼�]ÂÀm�ÊuZ¿ÌÄf À��Ê��É��f�³»ÊË|]Z.

�-�� -�-� .Ã{Á|v»³{Â·M�Ê�¾Ì¼zeÃ{�Ã|��YÃ�Y|¿Y³Ì��É�Z³Zy

�j¯Y|u�Y|¬»�ÂeË���¼ne�Z³ZyÃ�Y|¿Y³Ì��ÉÃ|��{¶°�)�-��(½Z�¿Ã{Y{d�Y�Ã|�� .

Ã{Á|v»��¼neÓZ]�É³{Â·M�Ê�{¥Y��YuZ¿ÌÄf À��Ê��É��§»Ê{Â�.

�-�� -�-� .Ã{Á|v»³{Â·M�Ê�¾Ì¼zeÃ{�Ã|��Y·Z¿MÌ�Âfv»�Éd¨¿Zy

Ã{Á|v»³{Â·M�Ê�{¶¯uZ¿ÌÄ��É�{�¯�»uZ¿ÌÄf À��Ê��É�Y�«Äf§�³d�Y)¶°��-�� .(

YË¾�Äf°¿��§»Ê{Â�Ä¯�Ê³{Â·M�{d¼�[ÂÀm«��Ê,[ÂÀm]�£�ÊÁ[ÂÀm�ÂeË�Ê»�{{�³ .Ä]

,ÃÁÔ��{uZ¿ÌÄf À��Ê�É,�¦Ì�³{Â·M�ÊZ]Y�§YË�ª¼���f�³Ê»Ë|]Z .�{ª�ZÀ»{Ë�´�ÉÂfv»

�d¨¿Z]Y�§YË�ª¼��f¼¯»Ê{Â�.

Ã{Á|v»³{Â·M�Ê¶»Z�d¨¿d�¸£ZaÌË¾Ä]�Â��ÁÌ��{¶¯uZ¿ÌÄ��ÉÃ{�f�³Ã|�d�Y .

³{Â·M�Êf¨¿Êd�¸£ZaÌË¾�Y]Ô�Z§ÊÊ»�Ê�Z¿��{Â�Ä¯Ä]��d¼�©�Á[�£ÓZaËÃZ´��mË½Z{�Y{Á

��Y�¾ÌÀr¼Å[M��ÁZ�¯�É¶»Z�d¨¿Ä¯�Y[ÂÀmÓZaËÃZ´��mË½Z{�Y{.Ä],ÃÁÔ��]�Z�YZf¿Ël

·Z¿MÌ�Âfv»�Éd¨¿Zy�{¥Y��YµZ¿Z¯ZÅ�É,cZÀ«ÅÌpÄ¿Z�¿Y�É{ÂmÁ{�Y|¿Ä¯³{Â·M�Ê]�Ä�ÁÌÄ¸�

Ë®µZ¿Z¯�{�»Ì�cZÀ«Ã{�f�³Ã|�|�Z]�.



��

�¶°�)� -�� :(�¶¯��{�ÊÀÌ»��Ë��[M��{�d¨¿�ÉÂfv»��Ë�Âe�É��Êf À��ÄÌuZ¿)Fusione Techno Solutions Co., 

2006(.



��

�¶°�)� -�� :(������������������������������������������É��Êf À��ÄÌuZ¿�¶¯��{��Y�§�Ê·M�{YÂ»��¼ne��Y|¬»��j¯Y|u��Ë�Âe
)Fusione Techno Solutions Co., 2006(.



��

�¶°�)� -�� :(�Y�Ã|���z�»�Ê³{Â·M�ÉÓZ]�c|��Z]�ÊuYÂ¿Ã�Y|¿Y�lËZf¿��Zy�d¨¿�ÉÂfv»�É�Ì³
)Fusione Techno Solutions Co., 2006(.

�-�� -�-� .Ã{Á|v»�¾Ì¼zeÃ{�Ã|�³{Â·M�Ê�Z]Ã�Y|¿Y³Ì��Éd»Zz�ÓËÄd¨¿

�j¯Y|u�Y|¬»�{�d¨¿�ÄËÓ�d»Zz�uZ¿ÌÄf À��Ê��É�ÂeË�»Ê{Â�) �¶°��-��.(



��

�¶°�)� -�� :(�{�d¨¿�ÄËÓ�d»Zz���j¯Y|u��Ë�Âe�É��Êf À��ÄÌuZ¿�¶¯�)Fusione Techno Solutions Co., 2006(.

�-�� -�-� .Ã{Á|v»�|uÃ{�Ã|�³{Â·M�Ê�YÊ¸v»�¾ÌÀ¯Z���Y����a�ªË��

�{uZ¿ÌÄf À��Ê��É�{¥Y��Y½�Zz»�Ë»��ÌÀ�Ê³{Â·M�Ê�{ÃZqZÅPeÌË|»Ê{Â� .�{{Ë�´

uYÂ¿�Ê��É³{Â·M�ÊZe|¼��{cZÀ«ZÅPeÌË|»Ê{Â�) ¶°�ZÅ�É� -���Á��-��.(



��

�¶°�)� -�� :(�d¨¿�Ä]�ÊÀÌ»��Ë��[M�Á�Zy��Ì�Á�Ã{Â·M�ÄÌuZ¿)Fusione Techno Solutions Co., 2006(.

�{¶¯uZ¿ÌÄ�É,ÓZaËÃZ´�Á�d¯���Êf À��É,uYÂ¿�ÊÄ]c|�Ã{Â·MZ]ÓËÄd¨¿�{ÃZqZÅ

{ÂmÁ|¿�Y{ .³{Â·M�ÊÓZ]Ä]�Â�¸v»�Ê�{Ä¬�À»�ÁZn»ÓZaËZ´�ÃÁ�d¯����ÉÁ�ÁZn»YËÃZ´f�

a¼�ZbÊ»�d§ZË�{{�³ .�ZÀ»¬�Ê{Ë�´Z]�³{Â·M�Êd¨¿ZaÌË¾Ã|����Y�³��e|¿Y.



��

�¶°�)� -�� :(cZÀ«�Ä¸Ì�Á�Ä]�Ê³{Â·M���f�³��Y�®ÌeZ¼��s���ZÅ)Fusione Techno Solutions Co., 2006(.



��

µ|»¾]�¯Á�|ÌÅ�Ê�À¯YÁ�µZ¬f¿Y�É{|��É�Z��ÉZÅ�½YÂz]M��{�Êf¨¿

É��Êf À��ÄÌuZ¿�¶¯��{�½Y�Æe

�-� .Ä»|¬»

�{½Z»�,��Zu�{�d¯��ÓZaË�½Y�Æe�d¨¿�Á�ÁZn»,½Md¨¿ÄËÓ�c�Â��Ä]�ÉY�]Á��Ét��

[M�Ë»��ÌÀ�Ê{ÂmÂ»d�Y .���]ÊZÅ�É�d�Y�Ã{Y{�½Z�¿�ÊËY�v�Ä¯³{Â·M�ÊuZ¿ÌÄ�ÁÌ �Ê�¶»Z��Y�

Ê»�{{�³ÁÓËÄd¨¿�{��f�Ì]�ÃZqZÅÉuZ¿ÌÄd�Y�Ã|��Ã|ÅZ�»� .�]ª^�YË¾���]Ê,ZÅ]Ì��Y

��������\ °»��f»�d¨¿�{��Y��Ã{Á|v»�d¯��ÓZaË�½Y�Æe�d¨¿�ÁuZ¿ÌÄf À��Ê��É{ÂmÁ

{�Y{.

Y�]É¶u�YË¾»¶°��Ëd�v»Ì�Ê,��{·ÁYÌ¾Ä¸u�»�|ËZ]�]ZÀ»³{Â·M�Ê�Y��z�»Á�d�¿��Y

{�¯�É�Ì³Â¸m�d¨¿.Za�s���®Ë�|ËZ]��b��Ê³{Â·M��§��ÉY�]�\�ZÀ»�É�Z���{�{ÂmÂ»�Êf¨¿�ÉZÅ

{Y{�ÄWY�Y�ÄÌuZ¿ .ËÓM�¾ËY�Ê�À¯YÁ�µZ¬f¿Y��{��Ì³�{�ÉZÅ|ÀËM�§��{�,�Z¯�¾ËY��Y�¶^«�Z»Y��Ìv»��{�Ã|À

Ä¿Zz]MPe�¶»YÂ��Á�ÉY½M��]��Y~³�Ìid�Y�É�Á���ZÅ .µ|»�ÉY�]Ê «YÁ�É�Z��»Zm�Á��e�ÊuY���¥|Å�Ä]��e

Za��{�\�ZÀ»��Á��®Ë�Z�Ã|ÀËÓM��Y�ÊÀÌ»��Ë��[M�Ã�¨��É�¾ËY�Ê»Z¼e�¾f§�³���¿��{�,Êf¨¿�ÉZÅ

{Â]�|ÅYÂy�É�Á���ZÅ|ÀËM�§.



��

Ê»�Ê ��¶�§�¾ËY��{Ã{Y{�Á�ÄÌuZ¿��ËY���Ä]�ÄmÂe�Z]�,{Â�Ã�Y|¿Y��Y�¶�Zu�ÉZÅÉ�Ì³�ÉZÅ

Ã{Y{�Á�ÊËY�v�µ|»�,Ã|����fÀ»�½Âf»��{�{ÂmÂ»�ÉZÅ��ÄWY�Y�Ä¬�À»��Å�ÉY�]�Ê¸»Z¯�Á��»Zm�ÉZÅ�{Â

½M��Y�¶�Zu�lËZf¿��Y�ZeZa�\�ZÀ»��Á��®Ë�ÊuY���ÉY�]�½YÂf]�ZÅ{Â¼¿�Ã{Z¨f�Y�É�Z�.

� -� .µ|»��ËÓZa�d¯����Zb¼a�ÃZ´f�ËY�Ä¬�À»��{�¶ÌWÁ�Z³�Ê�À¯YÁ�µZ¬f¿Y�É�Z�

½Y�Æe�d¨¿

� -�-� .Ã{Y{�Á�µ|»�ºÌ�ÀeÉ{Á�Á�ÉZÅ

ÄÌ^��ÉY�]b¼a�ÃZ´f�ËY�Ä¬�À»��{�¶ÌWÁ�Z³�Ê�À¯YÁ�µZ¬f¿Y�É�Z��½Y�Æe�d¨¿��ËÓZa�d¯����Z

|��ÊuY���É| ]�Á{�µ|»�®Ë .ÄÌ^��ÉY�]��ZÌ¿�{�Â»�cZ�Ô�Y�½Âq��¬§�¶ÌWÁ�Z³�Ê�À¯YÁ�µZ¬f¿Y�É�Z�

Ä¨·Â»�{�Â»��{¶ÌeY�,¾WÂ¸e�,½�À]�ÉZÅµ|»�,{Â]�{ÂmÂ»�¾¸ËY��Á�½�À]Ä¨·Â»�¾ËY�ÉÁ���¬§�É�Z��¹Zn¿Y�ZÅ

|� .�¶°�)�-� (Ê»�½Z�¿�Y���Zb¼a�ÃZ´f�ËY�Ä¬�À»Å{| .�¶°�)�-� (�Ã{Z¨f�Y�É| ]�Á{�µ|»�Ã�Âu

ÄÌ^��¾ËY��{�Ã|�Ê»�½Z�¿�Y��É�Z�|Å{.

�¶°�)� -� :(��Zb¼a�ÃZ´f�ËY�Ä¬�À»(Fusione Techno Solutions Co., 2006).



��

�¶°�)� -� :(ÄÌ^��ÉY�]�Ã|��Ã{Z¨f�Y�µ|»�É| ]Á{�Ã�Âu�É�Z�)�Ê������¬»A-B�¶°���{�� -�.(

]�Á{�µ|»�Ê������¬»�{Z ]Y��Â¯~»�É| ����Á�Ê¬§Y�{Y|f»Y��{��f»����É{Â¼��{Y|f»Y��{��f»�

�¶»Z��Ä¯�d�Y���Ê»�Ê·�fÀ¯�ºnu��|�Z])¶°��-�.(

�¶°�)� -� :(É| ]�Á{�Ê������¬») :a (�,{Á|v»�ºnu�Ä°^�)b (d����ÉZÅ�Y{�].

|Ë{�³�¾ÌÌ e�©Â§�µ|»�ÉY�]��Ë��É��»�Á�ÄÌ·ÁY��ËY��:

·�¨��ÄÌ·ÁY�d�¸£ºnu�ÄÌ¸¯��{�|��Äf§�³���¿��{�Ê·�fÀ¯�ÉZÅ .�Ã|ÀËÓM��Ë�Âe��Y|¬»�¾ËY

µ|»��Á����{�½ZË�m�Ã�Âu��{�Y��µÂ¸v»Ê»�¦Ì�Âe�É�Z��|À¯)0,0)0,( ³= xxC.(

·�|��Äf§�³���¿��{�µ|»�É{Á�Á���»��{�Ã|ÀËÓM�d�¸£�Z]��]Y�]�d]Zi�d�¸£

)0,),0( 0 >= tCtC .(

·Z]��]Y�]�d]Zi�d�¸£�|��¾ÌÌ e�µ|»�ÊmÁ�y���»��{��¨��)0,0),( ³=¥ ttC .(

|����§�ZËZa�c�Â��Ä]�ÊÀÌ»��Ë��[M�½ZË�m�ºf�Ì� .�ÉZÅ��»�¾Ì]�Ê°Ì·Á�|ÌÅ�|Å�¥ÔfyY

�µ|»�d�Y��Á�`q�/�|��Äf§�³���¿��{��f»� .���Z]���Âf»��Y|¬»)ÄË~¤e (��/��ÉY�]�µZ���{��f»�

|���Â�À»�ÊËÓZ]���».



��

��ÓZ]��{��f»��Ã|���Z^�Y�ÄÌuZ¿�,��¬»�¾Ë�Ë��d¼�«�Á�Ã|�¿��Z^�Y�Ä¬�À»�½YÂÀ��Ä]���¬»�É

�d]Zi�¶z¸ze�Z]��/�|����§� .º�q�Ã|�¿��Z^�Y�Ä¬�À»��{�d����Ê¬§Y�Ä¨·Â»��Y�Ê³{Z��ÉY�]�Ê�Âa

|����§�Ä¬�À»�¾ËY��{�É{Â¼��dÆm��{��¬§�½ZË�m�Á�|� .Ä¿Â³�¹Z¼e�d�¸£��Ë{Z¬»�\�u��]�ZÅ

Ê¸Ì»Y�Y��fÌ·��]�¹�³Ã|��ÄW|¿Y .Ã{Y{�µÁY|m��{�µ|»�É{Á�Á�ÉZÅ)�-� (�Ze)� -� (Ã|��Ã{�ÁM|¿Y.

�µÁ|m)�-� :(ÄÌ^���{�Ã|��Ã{Z¨f�Y�É{Á�Á�ÉZÅ�f»Y�ZaÉ| ]�Á{�É�Z�.
Äf��³Ê¿Z»��Á�ÊËZ�§�É�Z��Y|¬»�m�»

�{Y|f»Y��{�µ|»�µÂ�x����f»�
�{Y|f»Y��{�µ|»����y���f»�

½Z¼·Y�{Y| eÊ¼nu�ÉZÅ���
ÄÌ^��½Z»��c|»�É�Z���µZ��

¹Z³�Y| eÊ¿Z»��ÉZÅ��
�Y�°e�{Y| e����

µZ¬f¿Y�Á�½ZË�m�ÉZÅ�f»Y�Za�Y|¬»�m�»
�{Y|f»Y��{�Ê°Ì·Á�|ÌÅ�dËY|Åxsm /

�-��×��/�
�{Y|f»Y��{�Ê°Ì·Á�|ÌÅ�dËY|Åysm /

�-��×��/�
Zy�®�y�Ê·Z´q3/ cmgr�/�

¶z¸ze��/�
�½�À]��Ë�Âe�\Ë��( )ocKkgL /�/��(Park and Juan, 2000)

�¾WÂ¸e��Ë�Âe�\Ë��( )ocKkgL /���(Park and Juan, 2000)

¶ÌeY��Ë�Âe�\Ë���½�À]( )ocKkgL /���(Park and Juan, 2000)

�¾¸ËY���Ë�Âe�\Ë��( )ocKkgL /���(Park and Juan, 2000)

�Zy�Ê·M�¾]�¯��Y|¬»( )ocf���/�
µ|»�`q�d¼����»��{�d]Zi�|Å�/���f»�

�{�d]Zi�|Åµ|»�d�Y��d¼����»��/���f»�
�Ê·Â��Ê³|À¯Y�a�\Ë��( )La���f»�
Ê����Ê³|À¯Y�a�\Ë��( )Ta��f»�
½�À]�µÔv¿Y�d����d]Zi1-s

�-��×��/�(Essaid et al., 2003)

¾WÂ¸e�µÔv¿Y�d����d]Zi1-s
�-��×��/�(Schafer et al., 2005)

¶ÌeY�µÔv¿Y�d����d]Zi½�À]1-s
�-��×��/�(Essaid et al., 2003)



��

¾¸ËY��µÔv¿Y�d����d]Zi1-s
�-��×��/�(Essaid et al., 2003)

½�À]�µÔv¿Y�dÌ¸]Z«�º¼Ë�¯Z»Lmg /����(Park and Juan, 2000)

¾WÂ¸e�µÔv¿Y�dÌ¸]Z«�º¼Ë�¯Z»Lmg /���(Park and Juan, 2000)

¶ÌeY�µÔv¿Y�dÌ¸]Z«�º¼Ë�¯Z»½�À]Lmg /���(Park and Juan, 2000)

¾¸ËY��µÔv¿Y�dÌ¸]Z«�º¼Ë�¯Z»Lmg /���(Park and Juan, 2000)

½�À]��Z^�Y�Ä¼Ì¿�d]ZiLmg /���/�(Goudar and Strevett,
1998)

¾WÂ¸e��Z^�Y�Ä¼Ì¿�d]ZiLmg /���/�(Goudar and Strevett,
1998)

¶ÌeY��Z^�Y�Ä¼Ì¿�d]Zi½�À]Lmg /���/�(Goudar and Strevett,
1998)

]Zi¾¸ËY���Z^�Y�Ä¼Ì¿�dLmg /���/�(Goudar and Strevett,
1998)

½�À]�ÉY�]�Ã�ËÁ�|���w�¿��j¯Y|u1-s
�-��×��/�(Goudar and Strevett,

1998)

¾WÂ¸e�ÉY�]�Ã�ËÁ�|���w�¿��j¯Y|u1-s
�-��×��/�(Goudar and Strevett,

1998)
¶ÌeY�ÉY�]�Ã�ËÁ�|���w�¿��j¯Y|u½�À]1-s

�-��×��/�(Goudar and Strevett,
1998)

¾¸ËY��ÉY�]�Ã�ËÁ�|���w�¿��j¯Y|u1-s
�-��×��/�(Goudar and Strevett,

1998)
½�À]�ÉY�]��À¯YÁ�Ã�ËÁ�Ã{�Z]mgmg /���/�(Goudar and Strevett,

1998)

¾WÂ¸e�ÉY�]��À¯YÁ�Ã�ËÁ�Ã{�Z]mgmg /���/�(Goudar and Strevett,
1998)

¶ÌeY�ÉY�]��À¯YÁ�Ã�ËÁ�Ã{�Z]½�À]mgmg /���/�(Goudar and Strevett,
1998)

¾¸ËY��ÉY�]��À¯YÁ�Ã�ËÁ�Ã{�Z]mgmg /���/�(Goudar and Strevett,
1998)

½�À]�É�f»ÂÌ¯Âf�Y�\Ë���
¾WÂ¸e�É�f»ÂÌ¯Âf�Y�\Ë���
¶ÌeY�É�f»ÂÌ¯Âf�Y�\Ë��½�À]�
¾¸ËY��É�f»ÂÌ¯Âf�Y�\Ë���

��{�½�Ì�¯Y�É�f»ÂÌ¯Âf�Y�\Ë��
½�À]�Z]��À¯YÁ

��/�

��{�½�Ì�¯Y�É�f»ÂÌ¯Âf�Y�\Ë��
¾WÂ¸e�Z]��À¯YÁ

��/�

f�Y�\Ë����{�½�Ì�¯Y�É�f»ÂÌ¯Â
¶ÌeY�Z]��À¯YÁ½�À]

�/�

��{�½�Ì�¯Y�É�f»ÂÌ¯Âf�Y�\Ë��
¾¸ËY��Z]��À¯YÁ

�/�



��

½�À]��ÌyZe�¶»Z���/�
¾WÂ¸e��ÌyZe�¶»Z���/�
¶ÌeY��ÌyZe�¶»Z�½�À]��/�
¾¸ËY���ÌyZe�¶»Z���/�

�»ÂÌ]�\Ë�ze�w�¿1-s
�-��×���/�
]�É��»��ËY��µZ¬f¿Y�ÉY�

É{Á�Á :d]Zi�d�¸£ÊmÁ�y :�¨��Z]�ÉÁZ�»�d�¸£�½ZË{Y�³
½�À]Lmg /�-
¾WÂ¸eLmg /�-
¶ÌeY½�À]Lmg /�-
¾¸ËY�Lmg /�-

½�Ì�¯YLmg /�-
�»ÂÌ]Lmg /�-

ÄÌ·ÁY��ËY��
½�À]Lmg /�
¾WÂ¸eLmg /�
¶ÌeY½�À]Lmg /�
¾¸ËY�Lmg /�

½�Ì�¯YLmg /�
�»ÂÌ]Lmg /�/�

�µÁ|m)�-�( :�Ã{�YÂÅ�¶ÌWÁ�Z³�Ê¿�Á���¯(Park and Juan, 2000).

®ÌeZ»Á�M
½�À]¾WÂ¸e¶ÌeY½�À]¾¸ËY�
����/�����/�����/�����/�

�µÁ|m)�-� :(�[M�dÌ¨Ì¯�ÄË�ne�lËZf¿(Fusione Techno Solutions Co., 2006).

Ã�Y|¿Y�ÉZÅ�f»Y�ZaÃ|��É�Ì³
pH�d¨¿�ÉÂfv»)Lmg /(�������������d¨¿��ÄËÓ�d»Zz�

�Êe�Z�¿�ÃZqP_MW��/����
�É�Z¨u�Ä¿Z¼³P_CB-���/�



��

ÄÌ^��¾ËY��{Ê»���§�É�Z�Ä¨·Â»�Ä¯�{Â��c�Â��Ä]�É�YÂÅ��ËY���dve�¶ÌWÁ�Z³�ÉZÅ

Ê»�ÄË�ne�Ê°Ë�Â·ÂÌ]|¿Â� .�À¯YÁÉZÅ�cZ^Ì¯�e�½ÂÌ�Y|Ì�¯Y�¶ÌeY�,¾WÂ¸e�,½�À]�¾¸ËY��Á�½�À]

)BTEX (e�Ä]Ê»�½ZÌ]��Ë��c�Â��Ä]�\Ìe��|¿Â�)modified from Anid et al. 1993, Agah et al., 

2011(:

)�-�(OHCOOHCB 22266 365.7: +®+

)�-�(OHCOOHCT 22287 479: +®+

)�-�(OHCOOHCE 222108 585.10: +®+

)�-�(OHCOOCHHCX 2222346 585.10)(: +®+

� -�-� .ÄÌ^��lËZf¿É| ]�Á{�É�Z�

� -�-�-� .Y�ÂË�ZÀ�µÁ :d§�ÀÆa�Á�Ê³|À¯Y�a�ÉZÅ|ÀËM�§�¶»Z��Ê�À¯YÁ��Ì£�É| ]Á{�µ|»

|Ë{�³�Y�mY�Ê�À¯YÁ��Ì£�d·Zu��{�µ|»�,µÁY�Ä¸u�»��{ .µ|»��Y�Ä¸u�»�¾ËY��{�Á{��¬§�É�Z�

|��Äf§�³���¿��{�µZ¬f¿Y�¹�Ì¿Z°»��{�d§�ÀÆa�Á�Ê³|À¯Y�a�|ÀËM�§ .��³Y�Ä¯�|Ë{�³��z�»�c�Â��¾Ë|]

ÀËÓM�µZ¬f¿Y�¾¼��Ê�À¯YÁ�pÌÅÊ»�Êf§Z�»�Äq�Ze�Ã|ÀËÓM�¹Â¸a�,{�Ì´¿�c�Â��Ã|��Ìv»��{�|¿YÂe

{Â��Ã{�f�³ .µ|»�lËZf¿�Ê¿Z»��¹Z³�Á{��{�É�Z����µZ��)Ã{Y{�Ä¯�{ÂmÂ»�½Z»��¾ËY��{�ÊËY�v��ÉZÅ

d�Y (�Á���Ìa�ÉY�]�µZ��¶°���{�Ã|ÀËM��{�Ã|ÀËÓM�¹Â¸a��Zf§��ÊÀÌ]�ÉZÅ)�-� (�Á)�-� (�Ã{Y{�½Z�¿

d�Y�Ã|�.

 (a)



��

 (b)

(c)

(d)

�¶°�)� -� :(ÄÌ^��É| ]�Á{���¬»É�Z� :(a)�,(b)�,(c)�Á�(d)¶ÌeY�,¾WÂ¸e�,½�À]�d�¸£��Ë�Âe��dve�¾¸ËY��Á�½�À]
�d�~³��Y�| ]�Ê�À¯YÁ��Ì£��ËY����µZ��.

 (a)

(b)

 (c)

 (d)



��

�¶°�)� -�:(ÄÌ^��É| ]�Á{���¬»É�Z� :(a)�,(b)�,(c)�Á�(d)¶ÌeY�,¾WÂ¸e�,½�À]�d�¸£��Ë�Âe��dve�¾¸ËY��Á�½�À]
�d�~³��Y�| ]�Ê�À¯YÁ��Ì£��ËY����µZ��.

� -�-�-� .¹Á{�ÂË�ZÀ� :�,d§�ÀÆa�,Ê³|À¯Y�a�ÉZÅ|ÀËM�§�¶»Z��Ê�À¯YÁ�É| ]�Á{�µ|»

Ê°Ë�Â·ÂÌ]�ÄË�ne�Á�[~m

ÄÌ^��¾ËY��{���Y�Ê]Á�°Ì»�|���¶»Z��Ê°Ë�Â·ÂÌ]�ÄË�ne�|ÀËM�§�¦Ì�Âe�ÉY�]�,É�Z��|¿Â»�®ÌfÀÌ

|��Ã{Z¨f�Y .[Á�°Ì»��Y�ÃÁ�³�®Ë�,®ÌfÀÌ��¾ËY�É�Ì³�Z°]�ÉY�]�ÉZÅ��vf»��Ì£�Ã|ÀÀ¯�|Ì�¯Y�É�YÂÅ

�cZ^Ì¯�eBTEX|��Äf§�³���¿��{��Ìv»��{�¾ÌËZa�d�¸£�Z]� .µÂ¸��{Y| e�,�yZ���Â��Ä]�ÉZÅ

Ä^e�»�Z]�Ê]Á�°Ì»���|����§�Ã�¨��{YÂ»�¹�³��]� .Â¸]�ÄfÌ�¿Y{�®Ë���§�Z]3/ cmgr�/��ÉY�]�

�Z^Ë�¬e�Ê]Á�°Ì»�d�¸£�,Ã�¨��{YÂ»Lmg /�/�|��Ã{��¾Ì¼ze� .�Ä]�[~m�|ÀËM�§�,��Zu�µ|»��{

ÄÌ^��Ê�y�c�Â�|Ë{�³�É�Z� .µ|»��Y�Ä¸u�»�¾ËY��{µ|»��ËZ���Y�|¿Â»�®ÌfÀÌ���]�ÃÁÔ��,É�Z��ÉZÅ

¶ÌWZ°Ì»�®ÌfÀÌ��¶Ì^«��Y�Ê°ÌfÀÌ�-ÌfÀÌ��,¾fÀ»��Ã{Z¨f�Y��Ì¿��¨��Ä^e�»�®ÌfÀÌ��Á�µÁY�Ä^e�»�®

½M�lËZf¿�Á�|�|Ë{�³�Ä�ËZ¬»�|¿Â»��Á���Y�Ä¸�Zu�lËZf¿�Z]�ZÅ .�Á��ÉZÅ�f»Y�Za�É���®Ë�Ä]��´Ë{�ÉZÅ

Ê¼¿�Ä¯�|¿�Y{��ZÌ¿�Ê°ÌfÀÌ�|¿Â��Ã{��¾Ì¼ze�|¿Â»�ÉZÅ�f»Y�Za�ÉÁ���Y�|À¿YÂe .�ÉZÅ�f»Y�Za�,�Â�À»�¾Ë|]

�Á��¾ËY�µÂÆn»zf¿Y�É�Â��ZÅÊ»�[Z½M��Y�¶�Zu�¹Â¸a�µÂ��Ä¯�|¿Â��d�~³��Y�| ]�ZÅ���µZ��

ÄÌ^��¹Â¸a�µÂ��µ{Z »�|�Z]�Ä]Z�»�½Z»��c|»��{�|¿Â»��Á��Z]�Ã|��É�Z�)¶°��ÉZÅ)�-� (�Ze

)�-� .((�Ìa�ÊËZ¿YÂe�Á��ÊÀÌ]¹Â¸a�Ä�ËZ¬»�Ä¸Ì�Á�Ä]�¦¸fz»�ÉZÅÄÌ^��ÉZÅ�Ê]ZË��Y�Ã|��É�Z�

Ê»{{�³.

 (a)



��

 (b)

 (c)

 (d)

 (e)

 (f)

�¶°�)� -� :(ÄÌ^��lËZf¿É| ]�Á{�É�Z� :(a)�,(b)�,(c)�Á�(d)¶ÌeY�,¾WÂ¸e�,½�À]�d�¸£��Ë�Âe���Y�| ]�¾¸ËY��Á�½�À]
�d�~³��ÄÌ^���Y�µZ��|Àf�Å�|¿Â»��Á��Z]�É�Z� .(e)�Á�(f)��Y�| ]��»ÂÌ]�Á�½�Ì�¯Y�d�¸£��Ë�Âe�\Ìe�e�Ä]����

�½Z�¿�Y��µZ�Ê»�����|ÀÅ{.

 (a)



��

(b)

 (c)

 (d)

�¶°�)� -� :(ÄÌ^��lËZf¿É| ]�Á{�É�Z� :(a)�,(b)�,(c)�Á�(d)¶ÌeY�,¾WÂ¸e�,½�À]�d�¸£��Ë�Âe���Y�| ]�¾¸ËY��Á�½�À]
�d�~³��ÄÌ^���Y�µZ��¶ÌWZ°Ì»��Á��Z]�É�Z�-|Àf�Å�¾fÀ»�.

 (a)

 (b)

 (c)

 (d)



��

�¶°�)� -�( :ÄÌ^��lËZf¿É| ]�Á{�É�Z� :(a)�,(b)�,(c)�Á�(d)¶ÌeY�,¾WÂ¸e�,½�À]�d�¸£��Ë�Âe���Y�| ]�¾¸ËY��Á�½�À]
�d�~³��ÄÌ^���Y�µZ��|Àf�Å�µÁY�Ä^e�»��Á��Z]�É�Z�.

 (a)

 (b)

 (c)

 (d)

�¶°�)� -� :(ÄÌ^��lËZf¿É| ]�Á{�É�Z� :(a)�,(b)�,(c)�Á�(d)¸e�,½�À]�d�¸£��Ë�Âe�¶ÌeY�,¾WÂ��Y�| ]�¾¸ËY��Á�½�À]
�d�~³��ÄÌ^���Y�µZ��|Àf�Å��¨��Ä^e�»��Á��Z]�É�Z�.

�ÄË�ne�Ê¸�Y�¶Ì�¿Zfa�ÄnÌf¿��{�Á�Ê]Á�°Ì»�dÌ ¼m�¾Ë�f�Ì]�,|¿Â»�®ÌfÀÌ��¾f§�³���¿��{�Z]

Ã|ÀËÓM�Ä¯�ÊËZm�Ê³{Â·M�ÊËÓZ]���»��{�Ê°Ë�Â·ÂÌ]��Â¸z»�d§�ÀÆa�|ÀËM�§���Âe�½�Ì�¯Y�Z]�ZÅ

Ê»Ê»�Ä �Âe�,|¿Â��|]ZË)¶°��ÉZÅ�-���Á��-�� .(��{��¬§�ÄË�ne�,Ê³{Â·M��^À»�d�{�¾ÌËZa��{

Ê»�w��¹Â¸a�ÄÌ�Zu��{�Ê³|À¯Y�a�|ÀËM�§���Âe��ÔfyY�Ä¬�À»|Å{ .�Ä��YÁ�Ä]�,¹Â¸a�ÄÌuZ¿�k�Zy��{

Ã|ÀËÓM�{Â^¿ÄË�ne�pÌÅ�ZÅÊ¼¿�©Z¨eY�ÉY|f§Y .Ê»�ÄÌ¸ze�¹Â¸a�Ê¸yY{�Ä¬�À»��{�½�Ì�¯Y�{Â�)�d¼�«

(e)¶°���{��ÉZÅ�-���Á��-�� .(

 (a)



��

 (b)

 (c)

 (d)

 (e)

 (f)

�¶°�)� -�� :(ÄÌ^��lËZf¿É| ]�Á{�É�Z� :(a)�,(b)�,(c)�Á�(d)¶ÌeY�,¾WÂ¸e�,½�À]�d�¸£��Ë�Âe���Y�| ]�¾¸ËY��Á�½�À]
�d�~³��ÄÌ^���Y�µZ��|Àf�Å�|¿Â»��Á��Z]�É�Z� .(e)�Á�(f)\Ìe�e�Ä]���Y�| ]��»ÂÌ]�Á�½�Ì�¯Y�d�¸£��Ë�Âe����

Ê»�½Z�¿�Y��µZ�|ÀÅ{.

(a)

 (b)



��

 (c)

(d)

 (e)

 (f)

�¶°�)� -�� :(ÄÌ^��lËZf¿É| ]�Á{�É�Z� :(a)�,(b)�,(c)�Á�(d)¶ÌeY�,¾WÂ¸e�,½�À]�d�¸£��Ë�Âe���Y�| ]�¾¸ËY��Á�½�À]
�d�~³��ÄÌ^���Y�µZ��Å�|¿Â»��Á��Z]�É�Z�|Àf� .(e)�Á�(f)��Y�| ]��»ÂÌ]�Á�½�Ì�¯Y�d�¸£��Ë�Âe�\Ìe�e�Ä]����

Ê»�½Z�¿�Y��µZ�|ÀÅ{.

�¶°���{)�-�� (Ã{Y{�Z]�|¿Â»�®ÌfÀÌ���Zv·�Z]�É{|��µ|»��Y�Ã|»M�d�|]�lËZf¿�ÊËY�v��ÉZÅ

¶v»��{Ä¿Z¼³�ÉZÅ�d�~³��Y�| ]�Êe�Z�¿�ÃZq�Á�É�Z¨u���|Ë{�³�Ä�ËZ¬»�µZ�� .Ê»�½Z�¿�Ä�ËZ¬»�|Å{

Ä¯ÄÌ^��Ä]��{Z«�Ê]Ây�Ä]�|¿Â»�®ÌfÀÌ���¹Â¸a��Zf§��É�Z�BTEXd�Y� .�lËZf¿�¾Ì]�®qÂ¯�¥ÔfyY

Ã{Y{�Á�µ|»�cZ^Ì¯�e��¬§�Ä¯�d�Y�¶Ì·{�¾ËY�Ä]�ÊËY�v��ÉZÅBTEXÄÌ^���{��Äf§�³���¿��{�É�Z�

º�q�¶ÌWÁ�Z³��{�{ÂmÂ»�cZ^Ì¯�e��´Ë{��Y�Á�Ã|�d�Y�Ã|��Ê�Âa.



��

�¶°�)� -�� :(M�d�|]�lËZf¿�Ä�ËZ¬»Ã{Y{�Á�|¿Â»�®ÌfÀÌ���Y�Ã|»�ÃZq�Á�É�Z¨u�Ä¿Z¼³��{�ÊËY�v��ÉZÅ
��Y�| ]�Êe�Z�¿��µZ��.

�Á�¶ÌWZ°Ì»�Ê°ÌfÀÌ��ÉZÅ-�,|¿Â»�®ÌfÀÌ��Z]�Ä�ËZ¬»��{��¨��Ä^e�»�Á�µÁY�Ä^e�»�,¾fÀ»�

Ã|ÀËÓM�d�¸£Ê»�¾Ì¼ze��f¼¯�Y��ZÅ|À¿� .�Á��¾ËY�Ê»Z¼e�Ä¯�d�Y�½M�,�Â�Â»�¾ËY�Ê¸�Y�¶Ì·{�ZÅ

Ì»�dÌ ¼mÊ¼¿���¿��{�µ|»��{�Y��½�Ì�¯Y�Ê��f�{�dÌ¸]Z«�Á�Ê]Á�°�|¿�Ì³)¶°��ÉZÅ�-��

�Ze�-��.(

 (a)

 (b)

 (c)

 (d)



��

�¶°�)� -�� :(ÄÌ^��lËZf¿É| ]�Á{�É�Z� :(a)�,(b)�,(c)�Á�(d)¶ÌeY�,¾WÂ¸e�,½�À]�d�¸£��Ë�Âe���Y�| ]�¾¸ËY��Á�½�À]
�d�~³��ÄÌ^���Y�µZ���É�Z�¶ÌWZ°Ì»�®ÌfÀÌ��Z] -¾fÀ»�.

 (a)

 (b)

 (c)

 (d)

�¶°�)� -�� :(ÄÌ^��lËZf¿É| ]�Á{�É�Z� :(a)�,(b)�,(c)�Á�(d)¶ÌeY�,¾WÂ¸e�,½�À]�d�¸£��Ë�Âe���Y�| ]�¾¸ËY��Á�½�À]
�d�~³��ÄÌ^���Y�µZ��µÁY�Ä^e�»�®ÌfÀÌ��Z]�É�Z�.

 (a)

 (b)



��

 (c)

 (d)

�¶°�)� -�� :(ÄÌ^��lËZf¿É| ]�Á{�É�Z� :(a)�,(b)�,(c)�Á�(d)¶ÌeY�,¾WÂ¸e�,½�À]�d�¸£��Ë�Âe���Y�| ]�¾¸ËY��Á�½�À]
�d�~³��ÄÌ^���Y�µZ���¨��Ä^e�»�®ÌfÀÌ��Z]�É�Z�.

�Ìa�Á��Ä¼Å�ÊÀÌ]¹Â¸a�d�¸£�Á�µÂ��Ä¸Ì�Á�Ä]�Ê°ÌfÀÌ��ÉZÅÄÌ^��ÉZÅ�Ê]ZË��Y�Ã|��É�Z�

|Ë{�³ .¹Â¸a�Ìa�ÉZÅ|��ÊÀÌ]Á���Y�Ã{Z¨f�Y�Z]�Ã��¶ÌWZ°Ì»�ÉZÅ-��¨��Ä^e�»�Á�µÁY�Ä^e�»�,¾fÀ»�

ÃZeÂ¯����º¯�Á��e¹Â¸a��Y��eÄÌ^��ÉZÅ|Àf�Å�|¿Â»�®ÌfÀÌ��Z]�Ã|��É�Z� .�,|¿Â»��Á��Z]�Ä�ËZ¬»��{

�Á���ËZ�Ê»�¾Ì¼ze��f¼¯�Y��¹Â¸a�µÂ��ÓÂ¼ »�ZÅ|À¿� .�ÄË�ne�|ÀËM�§�,µÁY�Ä^e�»�®ÌfÀÌ���Á�

Ì]�Y��Ê°Ë�Â·ÂÌ]Ê»�¾Ì¼ze��f�Ê»��ÌÌ¤e�½Á|]�½Z»��d�~³�Z]�¹Â¸a�ÄnÌf¿��{�,|¿�|¿Z».

�Á�¶ÌWZ°Ì»�Ê°ÌfÀÌ��ÉZÅ-ÄÌ^��ÉY�]��¨��Ä^e�»�Á�µÁY�Ä^e�»�,¾fÀ»�Ã�¨��É�Z��[M�ÉZÅ

½M��{�Ä¯�ÊÀÌ»��Ë�Ã|ÀËÓM�µZ¬f¿Y�Á�µÂve��]�ºÆ»��¬¿�Ê°Ë�Â·ÂÌ]�ÉZÅ|ÀËM�§�ZÅ�\�ZÀ»�,|¿�Y{�ZÅ

{Â]�|ÀÅYÂz¿.

�ÃÁÔ�µ|»�,¾ËY��]�d�¸£�¦Ì���Y�Ê�z]�ÉÁ���]��¬§��¨��Ä^e�»�Á�µÁY�Ä^e�»�Ê°ÌfÀÌ��ÉZÅ

Ã|ÀËÓM|Àf�Å��^f »�Ã�¨���{�{ÂmÂ»�ÉZÅ .�d�Y�¾°¼»�|¿Â»�®ÌfÀÌ���Á��É{�YÂ»�¾ÌÀq��{�,Y~·

ªÌ«{�lËZf¿�Á�Ê]Á�°Ì»�dÌ ¼m�¾f§�³���¿��{�Ä��YÁ�Ä]�É�e½Á�f°·Y�½YÂÀ��Ä]�½�Ì�¯Y�ºÅY�§�Ã|¿�Ì³

{�Z�.

� -�-�-� .¹Â��ÂË�ZÀ� :��Y�| ]�Ä¯�¾ËY���§�Z]�Ê�À¯YÁ�É| ]�Á{�µ|»����]ZÀ»�µZ��

Ê»��§��¾Ì»��t����Y�Ê³{Â·M{{�³



��

�Y�mY���§�¾ËY�Z]�µ|»�,¹Â��ÂË�ZÀ���{��Y�| ]�Ê³{Â·M��]ZÀ»�Ä¯�|Ë{�³���¾Ì»��t����Y�µZ��

Ê»��§�|¿Â� .Ê¼¿�w��¾Ì»��t����Y�Êf�¿�pÌÅ�c|»�¾ËY��Y�| ]�,¾ËY�]ZÀ]{��Á��pÌÅ�Z»Y�|Å

ZaÊ¼¿�Y�mY�Ã{Â·M�ÊÀÌ»��Ë��[M�Á�Zy�ÉY�]�É�Z�{Â� .��^À»�½YÂÀ��Ä]�Ã{Â·M�Zy�,{�Â»�¾ËY��{

Ê»��Zf§��ÊÀÌ»��Ë��[M�t���ÉÓZ]��{�Ê³{Â·M|À¯ .ÄÌ^��Ã|ÀÀ¯�µ�fÀ¯�ÉZÅ|ÀËM�§�¦Ì�Âe�ÉY�]�É�Z�

�cZ^Ì¯�e�Ê�À¯YÁ�µZ¬f¿YBTEX|��Y�mY� .Ê»�½Z�¿�lËZf¿Ä¯�|ÀÅ{��ÅZ¯�h�Z]�Ê³{Â·M��]ZÀ»�¥~u�

�cZ^Ì¯�e�d�¸£BTEXÊ»�{{�³)�¶°��-��.(

 (a)

 (b)

 (c)

 (d)

 (e)

 (f)



��

�¶°�)� -�� :(ÄÌ^��lËZf¿É| ]�Á{�É�Z� :(a)�,(b)�,(c)�Á�(d)¶ÌeY�,¾WÂ¸e�,½�À]�d�¸£��Ë�Âe���Y�| ]�¾¸ËY��Á�½�À]
�d�~³��ÄÌ^���Y�µZ����Z]�É�Z�|Àf�Å�|¿Â»��Á .��Y�| ]�Ê³{Â·M��]ZÀ»�,ÂË�ZÀ��¾ËY��{���¥~u�¾Ì»��t����Y�µZ��

|¿|� .(e)�Á�(f)��Y�| ]��»ÂÌ]�Á�½�Ì�¯Y�d�¸£��Ë�Âe�\Ìe�e�Ä]���Ê»�½Z�¿�Y��µZ��|ÀÅ{.

� -�-�-� .¹�ZÆq�ÂË�ZÀ� :��Y�| ]�¾Ì»��t����{�Ê³{Â·M��]ZÀ»�¥~u��]�ÃÁÔ����,µZ��

Za��Ì¿�Ã{Â·M�Zy»�É�Z�Ê{{�³

Za�{�Â»��Ì¿�Ã{Â·M�Zy�,¾Ì»��t����{�Ê³{Â·M��]ZÀ»�¥~u��]�ÃÁÔ��,ÂË�ZÀ��¾ËY��{�É�Z�

Ê»��Y�«{�Ì³ .�ÃY��Ê³{Â·M�¾ËY�]ZÀ]�½Z»��c|»��Y��a�ÊÀÌ»��Ë��[M�Ã�¨��Ä]�Äf§ZË���Ä¸Ì�Á�Ä]�µZ��

Ê»��§��Ê°Ë�Â·ÂÌ]�ÄË�ne�Á�[~m�Ä¸¼m��Y�¦¸fz»�ÉZÅ|ÀËM�§�cZ^Ì¯�e�d�¸£�Á�|¿Â�BTEX��Â��Ä]�

Ä�uÔ»�¶]Z«Ê»��ÅZ¯�ÉY�|]ZË)�¶°��-�� .(Ê»��ZÆq�Á�Ä��ÉZÅÂË�ZÀ��lËZf¿�Ä�ËZ¬»�Z]�ÄnÌf¿�½YÂe

�cZ^Ì¯�e�d�¸£��ÅZ¯�ÉY�]�ÊËZÆÀe�Ä]�¾Ì»��t����{�Ê³{Â·M��]ZÀ»�¥~u�Ä¯�d§�³BTEX�[M��{�

Za�{�Â»�|ËZ]��Ì¿�Ã{Â·M�Zy�Á�{Â]�|ÅYÂz¿�Ê§Z¯�ÊÀÌ»��Ë�{�Ì³��Y�«�É�Z�.

 (a)

 (b)

 (c)

 (d)



��

 (e)

 (f)

�¶°�)� -�� :(ÄÌ^��lËZf¿É| ]�Á{�É�Z� :(a)�,(b)�,(c)�Á�(d)¶ÌeY�,¾WÂ¸e�,½�À]�d�¸£��Ë�Âe���Y�| ]�¾¸ËY��Á�½�À]
�d�~³��ÄÌ^���Y�µZ��|Àf�Å�|¿Â»��Á��Z]�É�Z� .��Y�| ]�Ê³{Â·M��]ZÀ»�,ÂË�ZÀ��¾ËY��{��~u�¾Ì»��t����Y�µZ���¥

Ã|�Za��Ì¿�Ã{Â·M�Zy�Á�|¿Y|Ë{�³�É�Z� .(e)�Á�(f)��Y�| ]��»ÂÌ]�Á�½�Ì�¯Y�d�¸£��Ë�Âe�\Ìe�e�Ä]����½Z�¿�Y��µZ��
Ê»|ÀÅ{.

� -�-� .dÌ�Z�u�¶Ì¸ve

dÌ �«�¹|���f�Ì][M�Ê³{Â·M�¦Ì�Âe�Z]�ÃY�¼Å�ÉZÅ�É�Ë~a��ÌÌ¤e�Ä��YÁ�Ä]�ÊÀÌ»��Ë��ÉZÅ

Ã|ÀËÓM�ÊËZ�§��Ë�Âe�Á�Ã�¨���ËY��Ê»�ZÅ|�Z] .ªÌ«��Ê]ZË��Y��{dÌ �«�¹|��¾ËY��iY�,Ê Ì^��É�Z��ZÅ

®�Ë��Z]�Ä�]Y���{�Z�Â�z»�,d�Y�ºÆ»�½M�d�¸£��Ë�Âe�Á�¹Â¸a�Ä�|ÀÅ�ÉÁ���]�Z]�ÃY�¼Å�ÃÂ¬·Z]�ÉZÅ

�Ê³{Â·M(Gribb et al., 2002, Suarez and Rifai, 2004) .dÌ �«�¹|��¾ËY�Ê]ZË��Y�ÉY�]ZÅ������Y�

�Á��Ã{Z¨f�Y�Ê¨¸fz»�ÉZÅÊ»{Â� .�Á��¾ËY��Y�Ê°Ëd�Y�dÌ�Z�u�¶Ì¸ve�ZÅ .�cY�ÌÌ¤e��iY�,�Á��¾ËY

Ê»�¾ÌÌ e�Y��½M�ÊmÁ�y��Ë{Z¬»�ÉÁ���]�µ|»�É{Á�Á�ÉZÅ�f»Y�Za|À¯ .�½{�]�ÓZ]�ÉY�]�dÌ�Z�u�¶Ì¸ve

�Ìa��Ë{Z¬»�,µ|»�ÉZÅ�f»Y�Za��Y�®Ë�¹Y|¯�Ä¯�¾ËY�ºÆ§�dÆm�d�Ë���Ìv»�½Z�|ÀÆ»��¿Y{�t�� -

µ|»�Ä¸Ì�Á�Ä]�Ã|��ÊÀÌ]Ê»�µ�fÀ¯�Y��É�Z�d�Y��ZÌ¿�{�Â»�,|ÀÀ¯.

µ|»�ÉY�]�Ã|��Ã{Z¨f�Y�ÉZÅ�f»Y�Za��Ë{Z¬»��{�cY�ÌÌ¤e�Ä]�µ|»�x�Za�Ä�uÔ»�ÉY�]�,É�Z�

µ|»�Ä]��Â]�»�ÉZÅ�f»Y�Za�,�Ë�Âe�\Ë���,Ê³|À¯Y�a�\Ë����{�cY�ÌÌ¤e�Ä]�µ|»�dÌ�Z�u�ÉZÅ



��

¶ÌWZ°Ì»�,|¿Â»�Ê°ÌfÀÌ�-ÉÁ���]��¨��Ä^e�»�Á�µÁY�Ä^e�»�,¾fÀ»�Ã|ÀËÓM�¹Â¸a��¾Ë|Àq�¹Zn¿Y�Z]�ZÅ

ÄÌ^�|Ë{�³�Ê���]�É�Z�.

� -�-�-� .ÄÌ^�µÁY�É�Z� :Ê³|À¯Y�a�\Ë���ÉÁ���]�dÌ�Z�u�¶Ì¸ve

ÄÌ^��¾Ì·ÁY�¹Zn¿Y�Ê³|À¯Y�a�\Ë����Ë{Z¬»�cY�ÌÌ¤e�Ä]�µ|»�dÌ�Z�u�Ê���]�ÉY�]�É�Z�

|Ë{�³ .��Y�Ê³|À¯Y�a�\Ë���/��Ze��f»���|��Ã{Y{��ÌÌ¤e��f»�.

�Ë�Âe�½Z»��c|»�ÉY�]�,Ê³|À¯Y�a�\Ë���¦¸fz»��Ë{Z¬»�Z]�Ã|»M�d�|]�d�¸£�ÉZÅ���Á�µZ��

¶°���{��¨���Ë�Âe�\Ë���®Ë�ÉZÅ)�-�� (�Ze)�-�� (Ã|��Ã{Y{�½Z�¿|¿Y .Ê»�½Z�¿�lËZf¿�Z]�Ä¯�|ÀÅ{

Ê»��za�[M�½ZË�m��Ìv»��{��f�Ì]�Ê³{Â·M�,Ê³|À¯Y�a�\Ë����ËY�§Y{Â� .�¾ËY�ÓZ]�c�Z^��ÊÀ »

�§�Ä¯�d�Yd�Y�µÂ¸v»�Ã|ÀËÓM�µZ¬f¿Y�Á�µÂve��]��iÂ»�ºÆ»�¹�Ì¿Z°»�®Ë�Ê³|À¯Y�a�|ÀËM .�,ÃÁÔ ]

Ê»��ÅZ¯�Y��d�¸£�½ZË{Y�³�Ê³|À¯Y�a�\Ë����ËY�§Y|Å{ .�Ê¬§Y�c�Â��Ä]�ÊÀÌ»��Ë��[M�½ZË�m�½Âq

Ê»�h�Z]�Ê����Ê³|À¯Y�a�\Ë����ËY�§Y�,Ã|����§Ã|ÀËÓM�Ä¯�{Â��ÊÀÌËZa���»�d¼��Ä]��f�Ì]�ZÅ

��za�µ|»|¿Â�.

�¶°�)� -�� :(�Ê³|À¯Y�a�\Ë����Y|¬»�Z]�½�À]�d�¸£��Ë�ÂemTL 5.0== aa�½Z»��c|»�ÉY�]���µZ��.

�¶°�)� -�� :(�Ê³|À¯Y�a�\Ë����Y|¬»�Z]�½�À]�d�¸£��Ë�ÂemTL 1== aa�½Z»��c|»�ÉY�]���µZ��.



��

�¶°�)� -�� :(����Y|¬»�Z]�½�À]�d�¸£��Ë�Âe�Ê³|À¯Y�a�\ËmTL 2== aa�½Z»��c|»�ÉY�]���µZ��.

�¶°�)� -�� :(�Ê³|À¯Y�a�\Ë����Y|¬»�Z]�½�À]�d�¸£��Ë�ÂemTL 5== aa�½Z»��c|»�ÉY�]���µZ��.

�¶°�)� -�� :(�Ê³|À¯Y�a�\Ë����Y|¬»�Z]�½�À]�d�¸£��Ë�ÂemTL 15== aa�½Z»��c|»�ÉY�]���µZ��.

� -�-�-� .ÄÌ^�¹Á{�É�Z� :�Ë�Âe�\Ë���ÉÁ���]�dÌ�Z�u��Ì·Z¿M

�ÄÌ^�Ã|ÀËÓM�µZ¬f¿Y�|ÀËM�§��]�Ê�y�[~m��iY�,¹Á{�É�Z�Ê»�Ê���]�Y��ZÅ|À¯ .¶°��ÉZÅ

)�-�� (�Ze)�-�� (Ã|ÀËÓM�d�¸£��Ë�Âe�ÉÁ���]�Y���Ë�Âe�\Ë����ÌÌ¤e��iY�Ê³|À¯Y�a��Ë{Z¬»�ÉY�Y�Ä]�ZÅ

mL 15=a�Á�mT 1=a�½Z»��c|»�ÉY�]���Ê»�½Z�¿�µZ��|Å{ .Ã|ÀËÓM�µZ¬f¿Y��Ë{Z¬»�ÉY�Y�Ä]�ZÅ

�±��]dkÊ»�|À¯�½ZË�m�dÆm��{{Â�.

�¶°�)� -�� :(��Ë�Âe�\Ë���Z]�½�À]�d�¸£�¹Â¸a��/��½Z»��c|»�ÉY�]���µZ��.

�¶°�)� -�� :(�¹Â¸a��Ë�Âe�\Ë���Z]�½�À]�d�¸£��/��½Z»��c|»�ÉY�]���µZ��.



��

�¶°�)� -�� :(��Ë�Âe�\Ë���Z]�½�À]�d�¸£�¹Â¸a�/���½Z»��c|»�ÉY�]���µZ��.

� -�-�-� .ÄÌ^�¹Â��É�Z� :|¿Â»�®ÌfÀÌ��µ|»�ÉZÅ�f»Y�Za�ÉÁ���]�dÌ�Z�u�¶Ì¸ve

ÄÌ^��¾Ì»Â�Å�f»Y�Za�cY�ÌÌ¤e�Ä]�µ|»�dÌ�Z�u�Ê���]�ÉY�]�,É�Z��¹Zn¿Y�|¿Â»�®ÌfÀÌ��ÉZ

|� .ÄÌ^��¾ËY�¹Zn¿Y�ÉY�]|��[Zzf¿Y��f»Y�Za�Ä�Â¼n»�Á{�,É�Z� .�ÄË�ne�ÓÂ¼ »�,µÁY�Ä�Â¼n»

�Z]�Y��Ê°Ë�Â·ÂÌ]��]Y�]�Á{�½{�¯�¦�¿�Á��À¯YÁ�Ã�ËÁ�Ã{�Z]�\Ë���Á�Ã�ËÁ�|���w�¿��j¯Y|u��Ë{Z¬»�½{�¯

�cZ^Ì¯�e��Z^�Y�Ä¼Ì¿�d]Zi��Y|¬»BTEXÊ»�¾Ì¼ze��f�Ì]�½�Ì�¯Y�Á�|¿� .�¾Ì»Á{�,ZÅ�f»Y�Za��Y�Ä�Â¼n»

�Á��À¯YÁ�Ã�ËÁ�Ã{�Z]�\Ë���Á�Ã�ËÁ�|���w�¿��j¯Y|u��Ë{Z¬»�½{�¯�¦�¿�Z]�Y��Ê°Ë�Â·ÂÌ]�ÄË�ne�ÓÂ¼ »

�cZ^Ì¯�e��Z^�Y�Ä¼Ì¿�d]Zi��Y|¬»�½{�¯��]Y�]�Á{BTEXÊ»�¾Ì¼ze��f¼¯�½�Ì�¯Y�Á�|¿�.

»�½Z�¿�|¿Â»�®ÌfÀÌ��ÉZÅ�f»Y�Za�ÉÁ���]�dÌ�Z�u�¶Ì¸ve�lËZf¿Ê�Ä]�Ê¸Ìy��Á��¾ËY�Ä¯�|Å{

¹Â¸a��Zf§��ÉÁ���]�Ê¼Æ»��ÌÌ¤e�pÌÅ�½Âq�,d�Ì¿��Z�u�ZÅ�f»Y�Za�¾ËY�cY�ÌÌ¤e�ÉZÅ�cZ^Ì¯�eBTEX�

�Á�|�¿�Ã|ÅZ�»�½�Ì�¯Y)¶°��ÉZÅ�-���Á��-��.(

 (a)

 (b)

 (c)



��

 (d)

 (e)

 (f)

�¶°�)� -�� :(ÄÌ^��lËZf¿É| ]�Á{�É�Z� :(a)�,(b)�,(c)�Á�(d)¶ÌeY�,¾WÂ¸e�,½�À]�d�¸£��Ë�Âe���Y�| ]�¾¸ËY��Á�½�À]
�d�~³��ÄÌ^���Y�µZ���|¿Â»��Á���Y�Ã{Z¨f�Y�Z]�É�Z�ZÅ�f»Y�Za�Ä�Â¼n»�¾Ì·ÁY��Zv·�Z]|Àf�Å�, .(e)�Á�(f)�\Ìe�e�Ä]�

��Y�| ]��»ÂÌ]�Á�½�Ì�¯Y�d�¸£��Ë�Âe��Ê»�½Z�¿�Y��µZ��|ÀÅ{.

(a)

 (b)

 (c)

(d)



��

 (e)

(f)

�¶°�)� -�� :(ÄÌ^��lËZf¿É| ]�Á{�É�Z� :(a)�,(b)�,(c)�Á�(d)¶ÌeY�,¾WÂ¸e�,½�À]�d�¸£��Ë�Âe���Y�| ]�¾¸ËY��Á�½�À]
�d�~³��ÄÌ^���Y�µZ���|¿Â»��Á���Y�Ã{Z¨f�Y�Z]�É�Z�ZÅ�f»Y�Za�Ä�Â¼n»�¾Ì»Á{��Zv·�Z]|Àf�Å�, .(e)�Á�(f)�\Ìe�e�Ä]�

ÂÌ]�Á�½�Ì�¯Y�d�¸£��Ë�Âe��Y�| ]��»��Ê»�½Z�¿�Y��µZ��|ÀÅ{.

Ê»��Â�Â»�¾ËY�Ä¸Ì�Á�Ä]�É�YÂÅ�Ê°Ë�Â·ÂÌ]�ÄË�ne�Ä¯�{Â��Ã{Y{�tÌ�Âe�c�Â��¾ËY�Ä]�|¿YÂe

Ê¼¿�{Á|v»�Ê]Á�°Ì»�®ÌfÀÌ��ÉÁZu��Ì¼e�[M�Z]�Ã{Â·M�[M�Ã|¿Â��Ã|À¯Y�a��ÔfyY�Ä¸Ì�Á�Ä]�Ä°¸]�,{Â�

Ê»�{Á|v»�Ã�¨���{�½�Ì�¯Y{{�³ .�a�|ÀËM�§�,Ã|Ë|a�¾ËY��ÔfyY�h�Z]�Ä¯�d�Y�Ê°Ì¿Z°»�Ê³|À¯Y

Ã|ÀËÓM½Á�f°·Y�Z]�µÂ¸v»�ÉZÅÃ|¿�Ì³Ê»�ZÅ{Â� .�w��ÊËZm��¬§�Ê°Ë�Â·ÂÌ]�ÄË�ne�,|¿Â»�®ÌfÀÌ���{

Ê»�cZ^Ì¯�e�Ä¯�|Å{BTEX|¿{ÂmÂ»�½Z�°Ë�½Z°»�Á�½Z»���{�½�Ì�¯Y�Á .¹Â¸a�,¾ËY�]ZÀ]�ÉZÅ

ÄÌ^��f»Y�Za�Z]�|¿Â»�®ÌfÀÌ��Ä¸Ì�Á�Ä]�Ã|��É�Z�¹Â¸a�Ä]�d^�¿�Ê^Ë�¬e�ÉZÅ�Ä]�Ã|��¾ÌÌ e�ÉZÅ

�Á��Ä¸Ì�Á¹Â¸a�Z]��fÆ]�Ã|��Ã{Z��ÉZÅ|¿�Y{�d¬]Z�»�Ê «YÁ�ÉZÅ.

� -�-�-� .ÄÌ^�¹�ZÆq�É�Z� :��������®ÌfÀÌ��µ|»�ÉZÅ�f»Y�Za�ÉÁ���]�dÌ�Z�u�¶Ì¸ve

¶ÌWZ°Ì»-¾fÀ»�

ÄÌ^��¾Ì»�ZÆqÌWZ°Ì»�®ÌfÀÌ��cY�ÌÌ¤e�Ä]�µ|»�dÌ�Z�u�Ê���]�ÉY�]�É�Z�¶-�Y�mY�¾fÀ»�

|� .|��[Zzf¿Y�Ã{Y{�Ä�Â¼n»�Á{�,ÂË�ZÀ��¾ËY�ÉY�mY�ÉY�] .�ÄË�ne�ÓÂ¼ »�,ZÅ�f»Y�Za�Ä�Â¼n»�¾Ì·ÁY



��

��Z^�Y�Ä¼Ì¿�d]Zi��Y|¬»�½{�¯�¦�¿�Á�ÄË�ne�w�¿��j¯Y|u��Ë{Z¬»�½{�¯��]Y�]�Á{�Z]�Y��Ê°Ë�Â·ÂÌ]

�cZ^Ì¯�eBTEXÊ»�¾Ì¼ze��f�Ì]�½�Ì�¯Y�Á�|¿� . »�,ZÅ�f»Y�Za�¹Á{�Ä�Â¼n»�Y��Ê°Ë�Â·ÂÌ]�ÄË�ne�ÓÂ¼

�cZ^Ì¯�e��Z^�Y�Ä¼Ì¿�d]Zi��Y|¬»�½{�¯��]Y�]�Á{�Á�ÄË�ne�w�¿��j¯Y|u��Ë{Z¬»�½{�¯�¦�¿�Z]BTEX�Á�

Ê»�¾Ì¼ze��f¼¯�½�Ì�¯Y|¿�.

�]d�Y��Z�u�½M�ÉZÅ�f»Y�Za�cY�ÌÌ¤e�Ä]��Á��¾ËY�,|¿Â»�®ÌfÀÌ��¥Ôy .�Ä�Â¼n»�¾Ì·ÁY

¹Â¸a�µÂ��Á�d�¸£��ÅZ¯�h�Z]�ZÅ�f»Y�Za�ZÅÊ»�,ZÅ�f»Y�Za�¹Á{�Ä�Â¼n»��Y�Ã{Z¨f�Y�Z]�,Ä¯�Ê·Zu��{�,{Â�

¹Â¸aÊ»�ZÅÄÌ^���f�Ì]�d �Á�Á�d�¸£�Z]�|À¿YÂe�|¿Â��É�Z�)¶°��ÉZÅ�-���Á��-�� .(

 (a)

 (b)

 (c)

 (d)

�¶°�)� -�� :(ÄÌ^��lËZf¿É| ]�Á{�É�Z� :(a)�,(b)�,(c)�Á�(d)¶ÌeY�,¾WÂ¸e�,½�À]�d�¸£��Ë�Âe�]��Y�| ]�¾¸ËY��Á�½�À
�d�~³��ÄÌ^���Y�µZ��¶ÌWZ°Ì»��Á��Z]�É�Z�-�¾fÀ»�ZÅ�f»Y�Za�Ä�Â¼n»�¾Ì·ÁY��Zv·�Z]|Àf�Å.

 (a)



��

(b)

 (c)

 (d)

�¶°�)� -�� :(ÄÌ^��lËZf¿É| ]�Á{�É�Z� :(a)�,(b)�,(c)�Á�(d)¶ÌeY�,¾WÂ¸e�,½�À]�d�¸£��Ë�Âe���Y�| ]�¾¸ËY��Á�½�À]
�d�~³��µZ��ÄÌ^���Y�¶ÌWZ°Ì»��Á��Z]�É�Z�-�¾fÀ»�ZÅ�f»Y�Za�Ä�Â¼n»�¾Ì»Á{��Zv·�Z]|Àf�Å�.

� -�-�-� .ÄÌ^�ºnÀa�É�Z� :�Ä^e�»�®ÌfÀÌ��µ|»�ÉZÅ�f»Y�Za�ÉÁ���]�dÌ�Z�u�¶Ì¸ve

µÁY

ÄÌ^��¾Ì¼nÀa�µ|»�¾ËY�µÁY�Ä^e�»�®ÌfÀÌ��d]Zi��ÌÌ¤e�Ä]�µ|»�dÌ�Z�u�Ê]ZË��Y�¶»Z��É�Z�

d�Y .¶ÌWZ°Ì»��Á��Ä]Z�»-d�Y��Z�u�®ÌfÀÌ��d]Zi��ÌÌ¤e�Ä]�ºÅ��Á��¾ËY�,¾fÀ» .�Á�d�¸£

¹Â¸a�d �ÁÊ»��ÅZ¯�,µÁY�Ä^e�»�d]Zi�½{�¯��]Y�]�Á{�Z]�ZÅ|À]ZË .��Â¯~»��f»Y�Za��³Y�Ä¯�Ê·Zu��{�¦�¿

¹Â¸a�{Â�Ê»�Y|Ìa�É�f�Ì]�d �Á�ZÅ�|ÀÀ¯)¶°��ÉZÅ�-���Á��-��.(

 (a)



��

 (b)

 (c)

 (d)

�¶°�)� -��:(ÄÌ^��lËZf¿�É| ]�Á{�É�Z� :(a)�,(b)�,(c)�Á�(d)¶ÌeY�,¾WÂ¸e�,½�À]�d�¸£��Ë�Âe���Y�| ]�¾¸ËY��Á�½�À]
�d�~³��ÄÌ^���Y�µZ���Z]�µÁY�Ä^e�»�®ÌfÀÌ��Ä¸Ì�Á�Ä]�É�Z�µÁY�Ä^e�»�d]Zi�½{�¯��]Y�]�Á{|Àf�Å�.

(a)

 (b)

 (c)

 (d)



��

�¶°�)� -�� :(ÄÌ^��lËZf¿É| ]�Á{�É�Z� :(a)�,(b)�,(c)�Á�(d)¶ÌeY�,¾WÂ¸e�,½�À]�d�¸£��Ë�Âe���Y�| ]�¾¸ËY��Á�½�À]
�d�~³��ÄÌ^���Y�µZ���¦�¿�Z]�µÁY�Ä^e�»�®ÌfÀÌ��Ä¸Ì�Á�Ä]�É�Z�µÁY�Ä^e�»�d]Zi�½{�¯|Àf�Å�.

� -�-�-� .ÄÌ^�º���É�Z� :�Ä^e�»�®ÌfÀÌ��µ|»�ÉZÅ�f»Y�Za�ÉÁ���]�dÌ�Z�u�¶Ì¸ve

�¨�

ÄÌ^��¾Ë�yM]�ÉY�]�É�Z�|��Y�mY��¨��Ä^e�»�®ÌfÀÌ��d]Zi��ÌÌ¤e�Ä]�µ|»�dÌ�Z�u�Ê��� .

�¶ÌWZ°Ì»��Á��Á{�Ä]Z�»�ºÅ��Á��¾ËY-��Z�u��¨��Ä^e�»�®ÌfÀÌ��d]Zi��ÌÌ¤e�Ä]�µÁY�Ä^e�»�Á�¾fÀ»�

d�Y .¹Â¸a�d �Á�Á�d�¸£Ê»��ÅZ¯�,�¨��Ä^e�»�®ÌfÀÌ��d]Zi�½{�¯��]Y�]�Á{�Z]�ZÅ|À]ZË .�,¶]Z¬»��{

Á|u�Ä]��f»Y�Za�¾ËY��ÅZ¯¹Â¸a�d�¸£�Á�µÂ���ËY�§Y�h�Z]�½M��Y|¬»�¦�¿�{Ê»�ZÅ�{Â�)¶°�ÉZÅ

�-���Á��-��.(

 (a)

 (b)

(c)

(d)



��

�¶°�)� -�� :(ÄÌ^��lËZf¿É| ]�Á{�É�Z� :(a)�,(b)�,(c)�Á�(d)¶ÌeY�,¾WÂ¸e�,½�À]�d�¸£��Ë�Âe���Y�| ]�¾¸ËY��Á�½�À]
�d�~³��ÄÌ^���Y�µZ��Ì��Ä¸Ì�Á�Ä]�É�Z���]Y�]�Á{�Z]��¨��Ä^e�»�®ÌfÀ��¨��Ä^e�»�d]Zi�½{�¯|Àf�Å.

 (a)

 (b)

 (c)

 (d)

�¶°�)� -�� :(ÄÌ^��lËZf¿É| ]�Á{�É�Z� :(a)�,(b)�,(c)�Á�(d)¶ÌeY�,¾WÂ¸e�,½�À]�d�¸£��Ë�Âe���Y�| ]�¾¸ËY��Á�½�À]
�d�~³��ÄÌ^���Y�µZ���¦�¿�Z]��¨��Ä^e�»�®ÌfÀÌ��Ä¸Ì�Á�Ä]�É�Z�¯�¨��Ä^e�»�d]Zi�½{�|Àf�Å�.

� -� .µ|»¾]�¯Á�|ÌÅ�É�Z§�|Àq�Ê�À¯YÁ�µZ¬f¿Y�É�Z��ÄÌuZ¿��{�Êf¨¿�ÉZÅ

É��Êf À�

�-�-� .Ã{Y{�Á�µ|»�ºÌ�ÀeÉ{Á�Á�ÉZÅ



��

���ÄÌ^��ÉY�]�É| ]�Á{�µ|»�®Ë¾]�¯Á�|ÌÅ�É�Z§�|Àq�Ê�À¯YÁ�µZ¬f¿Y�É�Z����Ä/ÌuZ¿��{�Ê/f¨¿�ÉZÅ

���|��ÊuY���É��Êf À� .�Â¯~»�ÄÌuZ¿��{�½Âq��Ã|/ÀËÓM��Y�Ê�Â/Àe������Ê/ÀÌ»��Ë��[M�Ã�¨/���{�Ê/f¨¿�ÉZ/Å

����µ|»��{�,d�Y�Ã|���z�»¾]�¯Á�|ÌÅ�¶¯��Ë{Z¬»�É�Z�Ê»�Äf§�³���¿��{�ZÅ{Â� .ÄÌ^���ÉÁ���/]�É�Z�

�����¾Ì»��¶Ì§Á�a�Ä]Z�»�Ê������¬»�®Ë��Ê�ZÀ�41 CBCB -�����d§�Ë~/a�¹Z/n¿Y�É��Êf À��ÄÌuZ¿)��¶°/�

�-��¶�§��{�� .(

���¬»�{Z ]Y��Â¯~»�É| ]�Á{�Ê��������Á�Ê¬§Y�{Y|f»Y��{��f»��/��-�/���{Y|f»Y��{��f»�

�¶»Z��Ä¯�d�Y�É{Â¼�����Ê»�Ê·�fÀ¯�ºnu��|�Z])¶°��ÉZÅ�-���Á��-��.(

�¶°�)� -�� :(É| ]�Á{�Ê������¬» :�Ä°^��{Á|v»�ºnu)�É{Â¼���Âv»��d�Y�Ê¬§Y��Âv»��]Y�]�.(

ÌÌ e�µ|»�ÉY�]��Ë��É��»�Á�ÄÌ·ÁY��ËY��|Ë{�³�¾:

·|��Äf§�³���¿��{�ÄÌ·ÁY�����½YÂÀ��Ä]��¨��d�¸£ .��{�Y��µÂ¸v»�Ã|ÀËÓM��Ë�Âe�,�Y|¬»�¾ËY

µ|»��Y�¶^«�½ZË�m�Ã�ÂuÊ»�¦Ì�Âe�É�Z��|À¯)0,0)0,( ³= xxC.(

·�|��¾ÌÌ e�µ|»�ÊmÁ�y���»��{��¨��Z]��]Y�]�d]Zi�d�¸£)0,0),( ³=¥ ttC .(



��

�¶°�)� -�� :(ZÅ�Y{�]d����É.

|����§�ZËZa�c�Â��Ä]�ÊÀÌ»��Ë��[M�½ZË�m�ºf�Ì� .�ÉZÅ��»�¾Ì]�Ê°Ì·Á�|ÌÅ�|Å�¥ÔfyY

�µ|»�d�Y��Á�`q��d�Y��f»� .���Z]���Âf»��Y|¬»)ÄË~¤e (��/���{�ÊËÓZ]���»�ÉY�]�µZ���{��f»�

|��Äf§�³���¿.

µ|»�|ÀËM�§��{�Ê³{Z��ÉY�]�Ã|�¿��Z^�Y�Ä¬�À»��{�d����Ê¬§Y�Ä¨·Â»��Y�É�Z�º�q�|��Ê�Âa

|����§�É{Â¼��½ZË�m�dÆm�Á .Ê¸Ì»�\�u��]�d�¸£��Ë{Z¬»d�Y�Ã|��ÄWY�Y��fÌ·��]�¹�³ .Ã{Y{�ÉZÅ

�µÁ|m��{�µ|»�É{Á�Á)�-� (Ã|��Ã{�ÁM|¿Y.

� -� -� .ÄÌ^��lËZf¿É| ]�Á{�É�Z�

� -� -�-� .µÁY�ÂË�ZÀ� :µ|»�É| ]�Á{�É�Z���À·�d»Zz�LNAPL�[M�t���ÉÁ���]�

�ÊÀÌ»��Ë�

Ä¸u�»��{��À·�d»Zz��,µ|»�½ÂÌ�Y�^Ì·Z¯��Â�À»�Ä]�,µÁY�LNAPL�Ä·{Z »��Y�Ã{Z¨f�Y�Z])�-�� (

ÄÌ^��¹Á{�¶�§��{�Ã|��ÄWY�Y|��É�Z�.

ÄÌ^��¾ËY��{�Á�|»Zm�ÉZÅ�Z§�¾Ì]�Ê¼Ì¬f�»��Z¼e�pÌÅ�Ä¯�|Ë{�³���§�É�Z�LNAPL�{ÂmÁ

d�Y��Y�«�]�Ê¸v»�µ{Z e�ZÅ�Z§�¾Ì]�Á�{�Y|¿.



��

�µÁ|m)�-� :(�Á�ÉZÅ�f»Y�ZaÄÌ^���{�Ã|��Ã{Z¨f�Y�É{ÁÉ| ]�Á{�É�Z�.
�f»Y�Za�Y|¬»�m�»
�{Y|f»Y��{�µ|»�µÂ�x�����f»�
�{Y|f»Y��{�µ|»����y�/��-�/���f»�

½Z¼·Y�{Y| eÊ¼nu�ÉZÅ����
ÄÌ^��½Z»��c|»�É�Z���µZ��

¹Z³�Y| eÊ¿Z»��ÉZÅ��
�Y�°e�{Y| e����

�{Y|f»Y��{�[M�Ê°Ì·Á�|ÌÅ�dËY|Åxsm /
�-��×��/�

�{Y|f»Y��{�[M�Ê°Ì·Á�|ÌÅ�dËY|Åysm /
�-��×��/�

�{Y|f»Y��{�d¨¿�Ê°Ì·Á�|ÌÅ�dËY|Åxsm /
�-��×��/�

�{Y|f»Y��{�d¨¿�Ê°Ì·Á�|ÌÅ�dËY|Åysm /
�-��×��/�

�¶z¸ze( )q��/�
�ÉÂfv»�[M( )Wq�/�

��Y{YÂÅ�¶z¸ze( )aq��/�
�d¨¿��Y�Ã|���a�¶z¸ze( )NAPLq��/�

`q�d¼����»��{�d]Zi�|Å��
d�Y��d¼����»��{�d]Zi�|Å��

�Ê·Â��Ê³|À¯Y�a�\Ë��( )La���f»�
Ê����Ê³|À¯Y�a�\Ë��( )Ta��f»�

�[M�Ê·Z´q( )Wr3mkg����
d¨¿�Ê·Z´q( )NAPLr3mkg���

��Z^�YNAPL��À·��{�NAPL( )ooS��/�
Z»�Ê«Z]�[M��Z^�Y�Ã|¿( )owS��/�)Kim and Corapcioglu, 2003(

��Z^�YNAPL�Ã|¿Z»�Ê«Z]( )ounS��/�)Kim and Corapcioglu, 2003(
��^À»�½ZË�m�w�¿NAPL( )oQdaym3���/�

��ÌyPe�¶»Z�( )wR�
�Êf¨¿�¾]�¯Á�|ÌÅ�ÄË�ne�\Ë��( )1kday1�����/�)Kim and Corapcioglu, 2003(

�Ã�¨��Ã|���Z^�Y�Ä¬�À»�d»Zz�( )b���f»�
�Ã|�¿��Z^�Y�Ä¬�À»�d»Zz�( )d���f»�

��Zb¼a�w�¿NAPL
h

m3�



��

�Ä¬�À»��Y�¹�m�µZ¬f¿YLNAPL��Z^�Y��Ì£�Ä¬�À»�Ä]�Á�µÔv¿Y�|ÀËM�§�Z]�Ã|���Z^�Y�Ä¬�À»�Ä])�Ä]

�Ìz^e�Ä��YÁ (Ê»�Äf§�³���¿��{{Â� .|Ë{�³�Y�mY�µ|»�cZÌ��§�¾ËY�Z] .µ|»�lËZf¿�Ê¿Z»��¹Z³��{�É�Z�

��Ã{Y{�Z]�Ä�ËZ¬»�ÉY�]�µZ���¶°���{�ÊËY�v��ÉZÅ)�-�� ({Y{�½Z�¿d�Y�Ã|��Ã .ÄÌ^��lËZf¿�É�Z�

�¶°���{�ÊËY�v��cZ ·Z�»��Y�Ã|»M�d�|]�lËZf¿�Z]�É{|�)�-�� (Ã|��Ä�ËZ¬»|¿Y .�½Z�¿�Ä�ËZ¬»�¾ËY

Ê»�¹Â¸a�d»Zz��Äf�¿YÂe�Ê]Ây�Âv¿�Ä]�Ã|��ÄWY�Y�É{|��µ|»�Ä¯�|Å{LNAPL��Y��[M�ÉÁ���]�

ÄÌ^�|À¯�É�Z�.

�¶°�)� -��:(ÄÌ^��lËZf¿É| ]�Á{�É�Z� :Zz���À·�d»LNAPL�½Z»��c|»��{���µZ��.

�¶°�)� -�� :(Ã{Y{�Z]�{Á|v»�ºnu�µ|»��Y�Ã|»M�d�|]�lËZf¿�Ä�ËZ¬»��Y�| ]�ÊËY�v��ÉZÅ��µZ��.



��

� -� -�-� .¹Á{�ÂË�ZÀ� :µ|»�É| ]�Á{�É�Z�¾]�¯Á�|ÌÅ�Ê�À¯YÁ�µZ¬f¿Y�[M��{�µÂ¸v»�ÉZÅ

ÊÀÌ»��Ë�

¾]�¯Á�|ÌÅ�Ê�À¯YÁ�µZ¬f¿Y�ÂË�ZÀ��¾ËY��{»�ÉZÅ��Y�Ã{Z¨f�Y�Z]�ÊÀÌ»��Ë��[M��{�µÂ¸v

�Ä·{Z »)�-�� (µ|»�¹Á{�¶�§��{�Ã|��ÄWY�Y|Ë{�³�É�Z� .�Ä¬�À»�Z]��Z^�Y�Ä¬�À»NAPL�Ä¸Ì�Á�Ä]�

d�¸£��Z�Y��]�,�Ìz^e�Á�µÔv¿Y�Ä��YÁ�Ä]��Z^�Y��Ì£�Ä¬�À»�Á�µÔv¿Y¾]�¯Á�|ÌÅ�ÉZÅ�Á{�¾ËY��{�ZÅ

{�Y{��iY�Ô]Z¬f»�Ä¬�À» .�Ä·{Z »��{)�-��(¾]�¯Á�|ÌÅ�Ê°Ë�Â·ÂÌ]�ÄË�ne�c�Z^���Äf§�³���¿��{�ÉZÅ

½M�ÊËZÌ¼Ì��ÄË�ne�Á�Ã|�¿d�Y�Ã|���Zv·�µ|»��{�µÁY�Ä^e�»�®ÌfÀÌ��Ä¸Ì�Á�Ä]�ZÅ .�,ÂË�ZÀ��¾ËY��{

µ|»�ÉY�]�¶Ìb�¿Â·�Á�½ZÅ���Âe�Ã|��ÄWY�Y�Ê°Ë�Â·ÂÌ]�ÄË�ne�µ|»��Y�Ê°Ë�Â·ÂÌ]�ÄË�ne�É�Z�)���� (

)�Ä·{Z »� -��¹Á{�¶�§��{� (f�Y|Ë{�³�Ã{Z¨ .¾]�¯Á�|ÌÅ��f�Ì]�½Âq�Ê¼��cZ^Ì¯�e��Â¿��Y�Êf¨¿�ÉZÅ

d�¸£��{�Ä¯�|¿�{Z«�Á�|Àf�ÅµÂ¸��±�»�\mÂ»�½Z�fÌ¸]Z«�|u��Ë��ÉZÅ�|¿Â��Ê]Á�°Ì»�ÉZÅ

)Sikkema et al., 1995 (dÌ «Â»��{�,¾ËY�]ZÀ]ÄmÂe�¶]Z«��Y|¬»�Ä¯�ÊËZÅÃ|ÀËÓM�¾ËY��Y�ÉY��Z¼e��{�ZÅ

�|Àf�Å�[M�Z])Ë�ZÀ��¶j»��Zu�Â(�ÄË�ne�ÄnÌf¿��{�Á�Ê]Á�°Ì»�dÌ·Z §�¶»Z¯�É�Y{�Z]�¶Ì�¿Zfa�,

�{�Y{�{ÂmÁ�Ã|¿�Y{�Z]�cZ^Ì¯�e�Ê°Ë�Â·ÂÌ])Sanders, 2002 .(��Y��eÓZ]�Ä¯�Ê¿Y�v]�d�¸£�,µ|»�¾ËY��{

Ê»�¦«Âf»�Ê°Ë�Â·ÂÌ]�ÄË�ne�½M�,{Â�Lmg���|��Äf§�³���¿��{� .�³���¿��{�Z]�Ä §{�®Ë�µ|»�¾f§

|Ë{�³�Y�mY�Ê°Ë�Â·ÂÌ]�ÄË�ne�½Á|]��´Ë{��Z]�Á�Ê°Ë�Â·ÂÌ]�ÄË�ne .ÄÌ^��lËZf¿¹Z³��{�É�Z��Ê¿Z»��ÉZÅ

���Á���¶°���{�µZ���ÉZÅ)�-�� (�Ze)�-�� (Ã|��Ã{Y{�½Z�¿|¿Y.

½Z¼Å¶°���{�Ä¯��Â�Ê»�Ã|ÅZ�»�©Â§�ÉZÅ�³�Ê°Ë�Â·ÂÌ]�ÄË�ne�®ÌfÀÌ���Zv·�Ä]�µ|»�,{{

º�q�dÌ�Z�u�Y|¿�É�Ì³Ä]Z�»�ºÅ�Z]�Z^Ë�¬e�d·Zu�Á{��{�Ã|»M�d�|]�lËZf¿�Á�{|¿Y .�¾Ë|]��Â�Â»�¾ËY

Ã|ÀËÓM�d�¸£�Ä¯�d�Y�¶Ì·{�Ô¼��Á�d�Y�Ã|��¾ÌÌ e�Ê¿Y�v]�d�¸£��Y��eÓZ]�µÂ¸v»�ÊÀ]�¯Á�|ÌÅ�ÉZÅ

d�¸£��{�Ê]Á�°Ì»�dÌ ¼m�±�»�\mÂ»�Ä]�Ê°Ë�Â·ÂÌ]�ÄË�neÊ¼¿�c�Â��ÓZ]�ÉZÅ{�Ì³.



��

�¶°�)� -��:(ÄÌ^��lËZf¿É| ]�Á{�É�Z� :�½Z»��c|»��{�µÂ¸v»��Z§�d�¸£��Ë�Âe���ÄË�ne�¾f§�³���¿��{�½Á|]�µZ��
Ê°Ë�Â·ÂÌ].

�¶°�)� -��:(ÄÌ^��lËZf¿É| ]�Á{�É�Z� :�½Z»��c|»��{�µÂ¸v»��Z§�d�¸£��Ë�Âe���ÄË�ne�¾f§�³���¿��{�Z]�µZ��
Ê°Ë�Â·ÂÌ].

�¶°�)� -��:(ÄÌ^��lËZf¿É| ]�Á{�É�Z� :�½Z»��c|»��{�µÂ¸v»��Z§�d�¸£��Ë�Âe���ÄË�ne�¾f§�³���¿��{�½Á|]�µZ��
Ê°Ë�Â·ÂÌ].



��

�¶°�)� -��:(ÄÌ^��lËZf¿É| ]�Á{�É�Z� :�½Z»��c|»��{�µÂ¸v»��Z§�d�¸£��Ë�Âe��ÄË�ne�¾f§�³���¿��{�Z]�µZ���
Ê°Ë�Â·ÂÌ].

�{Y�M��Z§�ÄÌuZ¿��{��¬§�µÂ¸v»��Z§�¹Â¸a�,d�Y�º¯�Ê¸Ìy�ÊÀÌ»��Ë��[M�½ZË�m�d����½Âq

d�Y�Ã|��Ã{�f�³�ÊÀ]�¯Á�|ÌÅ�Ã|ÀËÓM .�Á��ÊuY�����¿��Y��Â�Â»�¾ËYZa�ÉZÅË�»�®Ë�É�Z��d

Ê»�[Â�v»�Ä¬�À»�ÉY�]{Â� .½Z¼ÅÊ»�Ã|ÅZ�»�Ä¯��Â��d�~³�Z]�Êfu�{Â���v»��Z§�¹Â¸a�,µZ���µÂ¸

Ê¼¿��a�,{�Y{�ÊÀÌ»��Ë��[M�½ZË�m�dÆm��{�Ê¼¯���f�³�{Ây��ÁZn»�ÊuYÂ¿�Ê³{Â·M�¶»Z��|¿YÂe

|�Z].

� -� -�-� .¹Â��ÂË�ZÀ� :µ|»�É| ]�Á{�É�Z�¾]�¯Á�|ÌÅ�Ê�À¯YÁ�µZ¬f¿Y��{�Z]�µÂ¸v»�ÉZÅ

½M��Zb¼a�Ä¸Ì�Á�Ä]�ÊÀÌ»��Ë��[M�t���ÉÁ���]�{Y�M��Z§�d»Zz��½|��º¯�¾f§�³���¿

Z¼eY��Y�| ]Ã�Y|¿Y�Á�cZ ·Z�»�¹É�Ì³�µZ���{�ÊËY�v��ÉZÅ�����dÆm�¹Y|«Y�¾Ì·ÁY�½YÂÀ��Ä]�,

Ã|ÀËÓM��§�Za�Á�ZÅÃ|ÀËÓM�¾ËY�{Y�M��Z§��Zb¼a�,Êf¨¿�{YÂ»�Ä]�Ã{Â·M�ÊÀÌ»��Ë��[M�Ã�¨��É�Z���Y�ZÅ

|Ë{�³��Z£M�¾Ì»��t���Ä]�Ã�¨��¶yY{ .Ê¸��Z»YËÓ��Y�d�¿�¶Ì·{�Ä]�,Ä¬�À»��{��Zb¼a�cZÌ¸¼��º£�Ä�ÉZÅ

d�Y�Ã|¿Z»�Ê«Z]�ÊÀÌ»��Ë��[M�t���ÉÁ���]�{Y�M��Z§��Y�Ê¯�Z¿�ÄËÓ��ÂÀÅ�,Ã{Â·M�Zy�ÊËÓZ] .�lËZf¿

ÄÌ^�Ê»�½Z�¿�d·Zu�¾ËY��{�É�Z��Z»Y�d�Y�Ã|��Ã{Á{��Ã�¨���Y�{Y�M��Z§��f�Ì]�Ä¯�¾ËY�{ÂmÁ�Z]�Ä¯�|Å{



��

É�Ì´¼�q��ZÌ¬»��{�ÊÀÌ»��Ë��[M�Ê³{Â·M�¹ÁY|e�h�Z]��Z¿�ÄËÓ�¾Ì¼Å�{ÂmÁ�d�Y�Ã|��

)�¶°��-��.(

�¶°�)� -��:(ÄÌ^��lËZf¿É| ]�Á{�É�Z� :�½Z»��c|»��{�µÂ¸v»��Z§�d�¸£��Ë�Âe���ÄË�ne�¾f§�³���¿��{�Z]�µZ��
Ê°Ë�Â·ÂÌ] .Ã|ÀËÓM�{Y�M��Z§��Y�Ê¯�Z¿�ÄËÓ�,ÂË�ZÀ��¾ËY��{��Y�| ]�ÊÀÌ»��Ë��[M�Ã�¨��t���ÉÁ��ÊÀ]�¯Á�|ÌÅ�ÉZÅ���

d�Y�Ã|¿Z»�Ê«Z]�µZ�.

� -� -�-� .¹�ZÆq�ÂË�ZÀ� :µ|»�É| ]�Á{�É�Z�¾]�¯Á�|ÌÅ�Ê�À¯YÁ�µZ¬f¿Y��{�µÂ¸v»�ÉZÅ

��Y�| ]�[M�ÉÁ���]�{Y�M��Z§�¹Â¸a�Ä¯�¾ËY�¾f§�³���¿��{�Z]�ÊÀÌ»��Ë��[M����§��Ô»Z¯�µZ��

Ê»{Â�

§�,d·Zu�¾ËY��{�Ä¯�cÁZ¨e�¾ËY�Z]�d�Y�¹Â��ÂË�ZÀ��Ä]Z�»�¹�ZÆq�ÂË�ZÀ�Ê»�����iY��{�Ä¯�{{�³

�d�~³��Y�| ]��Zb¼a�¶¼���Á�|�Z]�Ã|��Ã{Á{��ÊÀÌ»��Ë��[M�Ã�¨��t����Y�Ê¸¯��Â��Ä]�{Y�M��Z§�,µZ��

Ê»�Y�mY�µ|»�d·Zu�¾ËY��{{{�³ .d�¸£��Ë�Âe�d�~³��Y��a�µÂ¸v»��Z§����¶°���{�µZ��)� -�� (

d�Y�Ã|��Ã{�ÁM.

d�¸£��Ë�Âe��{�Y��É�Ì´¼�q�cY�ÌÌ¤e�¶°��¾ËY�Z§�¾]�¯Á�|ÌÅ�µÂ¸v»��½Z�¿�Êf¨¿�ÉZÅ

Ê»��Y�| ]�{Y�M��Z§�¥~u�ÄnÌf¿�Ä¯�|Å{��d�Y�µZ�� .�ÉY�]�Á�d�Y�Ã{Â·M��ÂÀÅ�ÊÀÌ»��Ë��[M�Ã�¨��Z»Y

ZaÄ]��Á��®Ë�|ËZ]�,Ê³{Â·M�µÂ¸v»��Z§�É�Z��Á��¶j»�Ä§���Ä]�½Á�¬»�Á�\�ZÀ»�É�Z�Ä]��É�Z�

{Â��ÊuY���Ä¬�À»��ËY���Ä]�ÄmÂe�Z]�Ê°Ë�Â·ÂÌ].



��

�¶°�)� -��:(ÄÌ^��lËZf¿É| ]�Á{�É�Z� :�½Z»��c|»��{�µÂ¸v»��Z§�d�¸£��Ë�Âe���ÄË�ne�¾f§�³���¿��{�Z]�µZ��
Ê°Ë�Â·ÂÌ] .Ã|ÀËÓM�{Y�M��Z§�,ÂË�ZÀ��¾ËY��{��Y�| ]�ÊÀÌ»��Ë��[M�Ã�¨��t���ÉÁ���Y�ÊÀ]�¯Á�|ÌÅ�ÉZÅ����Â��Ä]�µZ��

|��¥~u�¶»Z¯.

� -� -�-� .�ZÀ�ºnÀa�ÂË :µ|»�É| ]�Á{�É�Z�¾]�¯Á�|ÌÅ�Ê�À¯YÁ�µZ¬f¿Y�Ã|���Ìz^e�ÉZÅ

�Z^�Y��Ì£�Ä¬�À»��{

Ê»���§�ÂË�ZÀ��¾ËY��{���������Z§��Z^�Y��Ì£�Ä¬�À»��{�Ä¯�{{�³NAPL{�Y|¿��Â�u� .�Ä¬�À»�¾ËY

�Ä¬�À»�Z]�cÓZ ¨¿Y�Á�¶ §��� »��{�Á�d�Y�|»Zm�Á�[M�,Zy��Z³�ÉZÅ�Z§�¶»Z�NAPL�Ä¬�À»�,

��Z^�YÊ»��¨�¼eY�Á|�Z] .Ã|ÀËÓM�Z]��Z^�Y��Ì£�Ä¬�À»��³Y��Y�Ã|���Ìz^e�ÉZÅNAPL��Z^�Y�Ä¬�À»�ZË�

Ã|ÀËÓM�Ê¸v»�Ê·{Z e�É|À]L�m�,{Â��Ã{Â·MÊ»���§�ZÅ�Z§�¾Ì]��{�ZÅ{Â� .µ|»�ÉY�]�É| ]Á{�É�Z�

¾]�¯Á�|ÌÅ�µZ¬f¿Y�Ä·{Z »��Y�Ä¬�À»�¾ËY��{�Êf¨¿�ÉZÅ)�-�� (Z¨f�Y�¹Á{�¶�§��{�Ã|��ÄWY�Y�Ã{

Ê»³{{� .�Y�mY�ÓZ]�cZÌ��§�Z]�µ|»Ê»{Â� .ÄÌ^��lËZf¿�Ê¿Z»��¹Z³�Á{�ÉY�]�É�Z����Á�����{�µZ��

¶°��ÉZÅ)�-�� (�Á)�-�� (Ã|��Ã{Y{�½Z�¿|¿Y.

�¶°�)�-�� (Ê»�½Z�¿�½Z»��c|»��{�Ä¯�|Å{��ÄmÂe�¶]Z«��Y|¬»�µZ��¾]�¯Á�|ÌÅ��Y�ÉY�ÉZÅ

�¾ÌÀr¼Å�Á�ÊÀÌ»��Ë��[M�t����Y�Êf¨¿�{Y�M��Z§NAPL����¶¬fÀ»��Z^�Y��Ì£�Ä¬�À»�Ä]�Á�Ã|���Ìz^e�

Ã|�|¿Y .Ã|ÀËÓM�dË�Y�§�dÌ¸]Z«�Ä¯�d�Y�½M�Ã|ÀÅ{�½Z�¿��Â�Â»�¾ËY��{�{ÂmÂ»�ÊÀ]�¯Á�|ÌÅ�ÉZÅ

d�Y�{ZË��Ä¬�À» .�¶°���{�Z»Y)�-�� (¾]�¯Á�|ÌÅ��Z³��Z§�d�¸£��Ë�Âe�Ä¯�d�~³��Y�| ]�Y��Êf¨¿�ÉZÅ



��

��Ê»�½Z�¿�µZ��»�½ZÌ]�,|Å{Êd�¸£��Ë{Z¬»�Ä¯�{�Y{�¶°���{�Ã|��Ã{Y{�½Z�¿��Ë{Z¬»�Ä]�d^�¿�ZÅ

)�-�� (d�Y�Äf§ZË��ÅZ¯ .¾]�¯Á�|ÌÅ��Z³��Z§�d�¸£��Ë{Z¬»��ÅZ¯�¾ËY�Ä]��Z^�Y��Ì£�Ä¬�À»��{�ZÅ

É�Z¨u�¶Ì·{µZ���{�ÊËY�v��cZ ·Z�»��Â�À»�Ä]�Ä¬�À»��{�{ZË��ÉZÅ�ÉZÅ����-����d�Y� .��Y

É�Z¨u�¾ËY�ªË��¶]Z«�ºnu�ZÅÄmÂe��d§ZË�ÃY���¨�¼eY�Ä]�¾Ì»��t����Ë���{��Â^v»�É�Z³��Z§��Y�ÉY

|Ë{�³�¾Ì»��t����Ë���{��Y�§�ÉZÅ�Z³��¼ne��ÅZ¯�Ä]��nÀ»�Ä¯.

�¶°�)� -��:(ÄÌ^��lËZf¿É| ]�Á{�É�Z� :¾]�¯Á�|ÌÅ��Z³��Z§�d�¸£��Ë�Âe�½Z»��c|»��{�Êf¨¿�ÉZÅ��µZ��.

�¶°�)� -��:(ÄÌ^��lËZf¿É| ]�Á{�É�Z� :¾]�¯Á�|ÌÅ��Z³��Z§�d�¸£��Ë�Âe�½Z»��c|»��{�Êf¨¿�ÉZÅ��µZ��.



��

� -� -�-� .º���ÂË�ZÀ� :µ|»�É| ]�Á{�É�Z�¾]�¯Á�|ÌÅ�Ê�À¯YÁ�µZ¬f¿Y�Ã|���Ìz^e�ÉZÅ

�Ë��[M�t���ÉÁ���]�{Y�M��Z§�d»Zz��½|��º¯�¾f§�³���¿��{�Z]��Z^�Y��Ì£�Ä¬�À»��{�ÊÀÌ»�

½M��Zb¼a�Ä¸Ì�Á�Ä]

d�Y�¹Â��ÂË�ZÀ��Ä]Z�»�ÂË�ZÀ��¾ËY .Ê»���§�µZ���Y�| ]��Zb¼a�cZÌ¸¼���iY��{�Ä¯�{{�³�����

��Y�Ê¯�Z¿�ÄËÓ�®Ë��¬§�Á�|�Z]�Ã|���§��[M�t���ÉÁ��{Y�M��Z§��f�Ì]NAPLd�Y�Ã|¿Z»�Ê«Z]� .�µ|»

|Ë{�³�Y�mY��ËY���¾ËY�Z] .�¶°���{)�-�� (ÄÌ^��ÄnÌf¿�ÉY�]�É�Z��Ê¿Z»��¹Z³���Ã|ÅZ�»�µZ��

Ê»{Â� .¶°��Ä�ËZ¬»�ÉZÅ)�-�� (�Á)�-�� (Ê»��z�»�[M�t���ÉÁ���Y�{Y�M��Z§�¥~u�Ä¯�|À¯

¾]�¯Á�|ÌÅ�É�Z³��Z§�d�¸£��ÅZ¯��{�Ê¼Æ»��¬¿{�Y{��Y�§�ÉZÅ.

� -� -�-� .ºf¨Å�ÂË�ZÀ� :µ|»�É| ]�Á{�É�Z�¾]�¯Á�|ÌÅ�Ê�À¯YÁ�µZ¬f¿Y�Ä¬�À»��Y�§�ÉZÅ

Z]��Z^�Y��Ì£��Y�| ]�[M�ÉÁ���]�{Y�M��Z§�¹Â¸a�Ä¯���§�¾ËY���Ê»��§��Ô»Z¯�µZ��{Â�

Ê»���§�ÂË�ZÀ��¾ËY��{Ë��[M�t���ÉÁ���]�{Y�M��Z§�¹Â¸a�Ä¯�{Â��d�~³��Y�| ]�ÊÀÌ»�����

Ô»Z¯�µZ�Ê»��§��{Â� .ÄÌ^��¾ËY��Y�¶�Zu�ÄnÌf¿�Ê¿Z»��¹Z³�ÉY�]�É�Z���¶°���{�µZ��) � -�� (

d�Y�Ã|��Ã{Y{�½Z�¿ .Z¼Å½Ê»�Ã|ÅZ�»�¶°��¾ËY��{�Ä¯��Â�¾]�¯Á�|ÌÅ�É�Z³��Z§��f�Ì]�{Â��ÉZÅ

d�Y�Ã|��[~m�|»Zm��Z§�Ä]�ZË�Á�Ã|��ÄË�ne�½M��´Ë{�d¼�«�Á�Äf§ZË�µZ¬f¿Y��¨�¼eY�Ä]��Y�§ .�ÄnÌf¿��{

½M�d�¸£Ä�uÔ»�¶]Z«��Â��Ä]��Z^�Y��Ì£�Ä¬�À»��{�ZÅd�Y�Äf§ZË��ÅZ¯�ÉY.

� -� -�-� .ºf�Å�ÂË�ZÀ� :�Âe�Ä^�Zv»�ËLNAPL�{¦¸fz»�ÉZÅ�Z§�

Ê»���§�,ÂË�ZÀ��¾ËY��{�{Y�M��Z§�Ä¯�{Â�LNAPL�Ze����Ê«Z]�ÊÀÌ»��Ë��[M�t���ÉÁ���]�µZ��

Ê»Ä]�cZÌ¸¼��pÌÅ�Á�|¿Z»d�Y�Ã|�¿�¹Zn¿Y�½M�ÉÁ���]�É�Z� .�¦¸fz»�ÉZÅ�Z§��z]���§�¾ËY�Z]

Ê»�Ä^�Zv»{Â� .�¶°�)�-�� (Ê»�½Z�¿�Y��¦¸fz»�ÉZÅ�Z§�Ê¿Z»���Ë�Âe|Å{ .�Z]�ÅZ¯��z]�

LNAPL�z]�{Y�MÊ»��ËY�§Y�Ã|���Ìz^e�Á�µÂ¸v»�ÉZÅ|]ZË .��ËY�§Y�Y|f]Y��{�Ã|��[~m��Z§��z]



��

Ê»��Y�| ]�Y{Á|u�Z»Y�,|]ZË��Ê»�Y|Ìa��ÅZ¯�ZnË�|e�µZ��|À¯ .�d�Y�¶Ì·{�¾ËY�Ä]�ÓZ¼fuY��ÅZ¯�¾ËY

�Ã|���Y�«�]�É�Z³�Á�µÂ¸v»�ÉZÅ�Z§�Á�Ã|��[~m��Z§�¾Ì]�Ê¸v»�µ{Z e�®Ë�Ä¯d�Y .�¶°�)� -�� (�Ä]

Ê»�½Z�¿��Z°�M��Â�Ê»��¨�¼eY�Ä]��Ìz^e�|ÀËM�§�Ä¯�|Å{Ä�uÔ»�¶]Z«��Â��Ä]�|¿YÂe�Á�µÂve��]�ÉY

�{Y�M��Z§�µZ¬f¿YLNAPL{�Y~´]��ÌiPe�.

�¶°�)� -��:(ÄÌ^��lËZf¿É| ]�Á{�É�Z� :�½Z»��c|»��{�É�Z³��Z§�d�¸£��Ë�Âe��µZ�� .�ZÀ��¾ËY��{�ÄËÓ�®Ë�,ÂË
Ã|ÀËÓM�{Y�M��Z§��Y��Z¿��Y�| ]�ÊÀÌ»��Ë��[M�Ã�¨��t���ÉÁ���Y�ÊÀ]�¯Á�|ÌÅ�ÉZÅ��d�Y�Ã|¿Z»�Ê«Z]�µZ��.

�¶°�)� -��:(ÄÌ^��lËZf¿É| ]�Á{�É�Z� :¾]�¯Á�|ÌÅ�É�Z³��Z§�d�¸£��Ë�Âe�½Z»��c|»��{��Y�§�ÉZÅ����Zv·�Z]�µZ��
Ê°Ë�Â·ÂÌ]�ÄË�ne .M��Z§�,ÂË�ZÀ��¾ËY��{Ã|ÀËÓM�{Y���Y�| ]�ÊÀÌ»��Ë��[M�Ã�¨��t���ÉÁ���Y�ÊÀ]�¯Á�|ÌÅ�ÉZÅ���Ä]�µZ��

|Ë{�³�¥~u�¶»Z¯��Â�.



��

�¶°�)� -�� :(��Ë�ÂeLNAPL¦¸fz»�ÉZÅ�Z§��{�.

� -� .µ|»¾]�¯Á�|ÌÅ�ÄË�ne�É�Z�ºÌ�¿Z³�YÁ�°Ì»�Ä¸Ì�Á�Ä]�Êf¨¿�ÉZÅ�ÉZÅ

�cY�fÌ¿�ÉZÌuY��ËY���dve�Ä¬�À»�Ê»Â])cY�fÌ¿ÊËY{�(

� -�-� .Ã{Y{�Á�µ|»�ºÌ�ÀeÉ{Á�Á�ÉZÅ

�������������d¯�/��Á�É��Êf À/��Ä/ÌuZ¿�Z/y��{�½�Á�/fÌ¿��/¼ne�Ä¯�{Y{�½Z�¿�ÊËY�v��cZ ·Z�»�lËZf¿

����d�Y�ÓZ]�½Y�Æe�d¨¿��ËÓZa .��Ê»��Â�Â»�¾ËY��¾]�¯Á�|/ÌÅ�ÄË�ne��´¿ZÌ]�|¿YÂe������ËY�/��d/ve�Ê/f¨¿�ÉZ/Å

cY�fÌ¿���|�Z]�Ä¬�À»��{�ÊËY{� .���ÄÌ^/��ÉY�]�É| ]�Á{�µ|»�®Ë�,¾ËY�]ZÀ]���¾]�¯Á�|/ÌÅ�Ä/Ë�ne�É�Z/���ÉZ/Å

���cY�fÌ¿��ËY���dve�Êf¨¿�����|��ÊuY���É��Êf À��ÄÌuZ¿�¶¯��{�ÊËY{� .���Y�Ê�Â/Àe��Â¯~»�ÄÌuZ¿��{�½Âq

Ã|ÀËÓM�µ|»��{�,d�Y�Ã|���z�»�ÊÀÌ»��Ë��[M�Ã�¨���{�Êf¨¿�ÉZÅ��¾]�¯Á�|/ÌÅ�¶/¯��Ë{Z¬»�É�Z���Z/Å

Ê»�Äf§�³���¿��{{Â� .ÄÌ^�Zn¿Y�ÓZ]��Y��ËZ¼¿�c�Â��Ä]�É�Z�d§�Ë~a�¹ .

��Â¯~»�É| ]�Á{�µ|»�{Z ]Y�����Á�Ê¬§Y�{Y|f»Y��{��f»������Ä¯�d�Y�É{Â¼��{Y|f»Y��{��f»�

�¶»Z������Ê»�Ê·�fÀ¯�ºnu�|�Z] .|����§�ZËZa�c�Â��Ä]�ÊÀÌ»��Ë��[M�½ZË�m�ºf�Ì� .��Ë{Z¬»

Ê¸Ì»�\�u��]�d�¸£d�Y�Ã|��ÄWY�Y��fÌ·��]�¹�³ .Ã{Y{�µÁ|m��{�µ|»�É{Á�Á�ÉZÅ)�-� (ÁM�Ã{�

Ã|�|¿Y.



��

�µÁ|m)�-� :(ÄÌ^��¾ËY��{�Ã|��Ã{Z¨f�Y�É{Á�Á�ÉZÅ�f»Y�ZaÉ�Z�.
Äf��³Ê¿Z»��Á�ÊËZ�§�É�Z��Y|¬»�m�»

�{Y|f»Y��{�µ|»�µÂ�x�����f»�
�{Y|f»Y��{�µ|»����y�����f»�

½Z¼·Y�{Y| eÊ¼nu�ÉZÅ�����
ÄÌ^��½Z»��c|»�É�Z���µZ��

¹Z³�Y| eÊ¿Z»��ÉZÅ��
�Y�°e�{Y| e����

µZ¬f¿Y�Á�½ZË�m�ÉZÅ�f»Y�Za�Y|¬»�m�»
�{Y|f»Y��{�Ê°Ì·Á�|ÌÅ�dËY|Åxsm /�-��×��/�
�{Y|f»Y��{�Ê°Ì·Á�|ÌÅ�dËY|Åysm /�-��×��/�

Zy�®�y�Ê·Z´q3/ cmgr�/�
¶z¸ze��/�

Ê³|À¯Y�a�\Ë���Ê·Â��( )La���f»�
Ê����Ê³|À¯Y�a�\Ë��( )Ta��f»�

ÊÀÌ»��Ë��[M�½ZË�m�d���sm /�-��×��/�
Ê]Á�°Ì»�d�¸£Lmg /��/�(Choi et al., 2009)

cY�fÌ¿�É{Á�Á�Á�ÄÌ·ÁY�d�¸£Lmg /��
�Ã|ÀËÓM��ÌyPe�¶»Z�( )R�

Ã|ÀËÓM�ÄË�ne�µÁY�Ä^e�»�w�¿�d]Zi
( )1k

min-1�-��×��/�(Choi et al., 2009)

�Ã|ÀËÓM�Ã�ËÁ�|���w�¿��j¯Y|u( )mmmin-1�-��×��/�(Choi et al., 2009)

�Ã|ÀËÓM��Z^�Y�Ä¼Ì¿�d]Zi( )CKLmg /���(Choi et al., 2009)

�Ê]Á�°Ì»�Ã{�Z]�\Ë��( )Y��/�(Choi et al., 2009)

�Ê]Á�°Ì»�±�»�w�¿�\Ë��( )deckmin-1�-��×��/�(Choi et al., 2009)

�cY�fÌ¿�É�f»ÂÌ¯Âf�Y�\Ë��( )f��/�(Choi et al., 2009)

�Ã|ÀËÓM�É�Y{�Z]�d]Zi( )IKLmg /���(Choi et al., 2009)

�cY�fÌ¿��Z^�Y�Ä¼Ì¿�d]Zi)-
3NO

K(Lmg /�/�(Choi et al., 2009)

|Ë{�³�¾ÌÌ e�µ|»�ÉY�]��Ë��É��»�Á�ÄÌ·ÁY��ËY��:



��

·|��Äf§�³���¿��{�ÄÌ·ÁY�����½YÂÀ��Ä]��¨��d�¸£ .��{�Y��µÂ¸v»�Ã|ÀËÓM��Ë�Âe�,�Y|¬»�¾ËY

µ|»��Y�¶^«�½ZË�m�Ã�ÂuÊ»�¦Ì�Âe�É�Z��|À¯)0,0)0,( ³= xxC.(

·d�¸£�|��Äf§�³���¿��{�µ|»�É{Á�Á���»��{�Ã|ÀËÓM�d�¸£�Z]��]Y�]�d]Zi�

)0,),0( 0 >= tCtC .(

·�|��¾ÌÌ e�µ|»�ÊmÁ�y���»��{��¨��Z]��]Y�]�d]Zi�d�¸£)0,0),( ³=¥ ttC .(

ÄÌ^��¾ËY��{Ê»���§�É�Z�¾]�¯Á�|ÌÅ�Ä¯�{Â��ÉZÌuY�É�YÂÅ��Ì£��ËY���dve�Êf¨¿�ÉZÅ

�c�Â��Ä]�cY�fÌ¿Ê»�ÄË�ne�Ê°Ë�Â·ÂÌ]|¿Â� .cY�fÌ¿��À¯YÁ�,µZj»�½YÂÀ��Ä]��Ë��c�Â��Ä]�¾WÂ¸e�ÊËY{�

Ê»�½ZÌ]�{Â�)Molson, 2000:(

OHNCONOHC 222387 4376 ++®+ -

)�-�(

� -�-� .ÄÌ^��lËZf¿�É�Z�

� -�-� -� .�ZÀ�µÁY�ÂË :�[~m�,d§�ÀÆa�,Ê³|À¯Y�a�ÉZÅ|ÀËM�§�¶»Z��Ê�À¯YÁ�É| ]�Á{�µ|»

cY�fÌ¿��ËY���dve�Ê°Ë�Â·ÂÌ]�ÄË�ne�Á��Y�| ]�Ä¯�¾ËY���§�Z]�ÊËY{����Ê³{Â·M��]ZÀ»�µZ��

Ê»��§��¾Ì»��t����Y{{�³

ÄÌ^��¾ËY��{cY�fÌ¿��ËY���dve�Ê°Ë�Â·ÂÌ]�ÄË�ne�|ÀËM�§�¦Ì�Âe�ÉY�]�,É�Z��|���¶»Z��ÊËY{�

Ì»�½Y�Z°¼Å�Á�ÊËÂq���Âe�Ã|��ÄWY�Y�µ|»��Y�Ê]Á�°)�cÓ{Z »�-���,�-���Á�� -��¹Á{�¶�§� (

|��Ã{Z¨f�Y .[Á�°Ì»��Y�ÃÁ�³�®Ë�,µ|»�¾ËY�É�Ì³�Z°]�ÉY�]�ÉZÅ��Ì£��vf»�É�YÂÅ�¾ÌËZa�d�¸£�Z]

|��Äf§�³���¿��{��Ìv»��{ .�Y�mY���§�¾ËY�Z]�µ|»³{Â·M��]ZÀ»�Ä¯�|Ë{�³��Y�| ]�Ê���t����Y�µZ��

��§��¾Ì»Ê»|¿Â� .Ê¼¿�w��¾Ì»��t����Y�Êf�¿�pÌÅ�½Z»��¾ËY��Y�| ]�,¾ËY�]ZÀ]��Á��pÌÅ�Z»Y�|Å{

ZaÊ¼¿�Y�mY�Ã{Â·M�ÊÀÌ»��Ë��[M�Á�Zy�ÉY�]�É�Z�{Â� .Ê»���§�,¾ÌÀr¼Å�dÌ ¼m�Ä¯�{Â�

Ä¿Zz]M��Ìv»�|»Zm��Z§�Ä]�Ê]Á�°Ì»~m�ÉYÊ¼¿�[½Á�f°·Y�ZÆÀe�cY�fÌ¿�Á�{Â��Ìv»��{�{ÂmÂ»�Ã|¿�Ì³�



��

d�Y .�ÉY�]�µ|»�cZÌ��§�¾ËY�Z]��|��Y�mY�Ê¿Z»��¹Z³� .µ|»�lËZf¿�Ê¿Z»��¹Z³�Á{��{�É�Z����Á�µZ��

��¶°���{�µZ���ÉZÅ�-���Ze�� -��Ã|��Ã{Y{�½Z�¿�|¿Y.

�¶°��Ä�ËZ¬»)�-�� (�¶°��Z]

)�-�� (µ|»�lËZf¿�[Ây�©Z^�¿Y��Y�Ê¯Zu�ºnÀa�¶�§��{Ã{Y{�Z]�É{|��É�Z�d�Y�ÊËY�v��ÉZÅ.

ËZ¬»��Y¶°��Ä��ÉZÅ)�-�� (�Ze)�-�� (Ê»�ÄÌuZ¿��{�Ä¯�d§ZË�{�½YÂe)a (�ÉÓZ]�d�¸£�¶Ì·{�Ä]

�Ã|ÀËÓM)��Y��eÓZ]Lmg /��� (Ê¼¿�w��Ê°Ë�Â·ÂÌ]�ÄË�ne��À¯YÁ�pÌÅ|Å{ .�ÄÌuZ¿�½M��{�,ÄnÌf¿��{

Ê¼¿�¥��»�cY�fÌ¿Ê»�Ê«Z]�É{Á�Á�d�¸£��]Y�]�½M�d�¸£�Á�{Â�|¿Z» .{�,Ê§����Y��Â¯~»�ÄÌuZ¿��

Ê»�\Ë�ze��¬§�Á�Ã{Â]�|���|«Z§�Ê]Á�°Ì»�dÌ ¼m��ÅZ¯��¨��d¼��Ä]�½M�d�¸£�¾ËY�]ZÀ]�|¿Â�

Ê»|]ZË.



��

�¶°�)� -�� :(ÊÀÌ»��Ë��[M�½ZË�m�d����ÉZÅ�Y{�].

�ÄÌuZ¿��{)b(¾]�¯Á�|ÌÅ�ÄË�ne�¶Ì·{�Ä]�,cY�fÌ¿��ËY���dve�Êf¨¿�ÉZÅ��Y|¬»�Ê»Z¼e�,ÊËY{�

Ê»�¥��»�cY�fÌ¿Â��{Ê»��¨��Ä]�½M�d�¸£�Á|�� .½Z¼Å�¶°���{�Ä¯��Â�)�-�� (�Ã|ÅZ�»

Ê»cY�fÌ¿��À¯YÁ��Â«Á�,{{�³Ê»�Ê]Á�°Ì»�dÌ ¼m�|���h�Z]�¾ÌÀr¼Å��Â¯~»�ÄÌuZ¿��{�ÊËY{��{Â�

Ê»��z�»�ÄÌuZ¿�½M��{�d�¸£��ËY�§Y�Z]�Ä¯{{�³.



��

�¶°�)� -�� :(¾]�¯Á�|ÌÅ�d�¸£��Ë�Âe�½Z»��c|»��{�Êf¨¿�ÉZÅ����µZ .��Y�| ]�Ê³{Â·M��]ZÀ»�,ÂË�ZÀ��¾ËY��{���µZ��
|¿|��¥~u�¾Ì»��t����Y.

¾]�¯Á�|ÌÅ�d�¸£��{�Êf¨¿�ÉZÅ

�ÄÌuZ¿)c (Ê¼¿�c�Â��Ê°Ë�Â·ÂÌ]��À¯YÁ�pÌÅ�ÄÌuZ¿�¾ËY��{�,¾ËY�]ZÀ]�,d�Y��¨��\mÂ»�Ä¯�{�Ì³

{Â��Ê]Á�°Ì»�dÌ ¼m�|���Á�cY�fÌ¿�¥��» .Ä^e�»�®ÌfÀÌ��dve�Ê]Á�°Ì»�dÌ ¼m�Ê§����Y�µÁY�

Ê»�\Ë�ze�ÄÌuZ¿��{�,Y~·�,{Â�)c (Ê»��ÅZ¯�½M�d�¸£|]ZË.



��

�¶°�)� -�� :(�½Z»��c|»��{�cY�fÌ¿�d�¸£��Ë�Âe��µZ�� .��Y�| ]�Ê³{Â·M��]ZÀ»�,ÂË�ZÀ��¾ËY��{���¾Ì»��t����Y�µZ��
|¿|��¥~u.

�¶°�)�-�� (cY�fÌ¿��À¯YÁ�dÌ·Z §�ÄÌuZ¿ÃY�¼Å�Ä]�Y��ÊËY{�Ê»�½Z�¿�½M��À¯YÁ�w�¿�|Å{ .

½Z¼ÅÊ»�Ã|ÅZ�»�¶°���{�Ä¯��Â�cY�fÌ¿��À¯YÁ�,{Â��À¯YÁ�L�m�ÊËY{��ÉZÌuY�Á�½ÂÌ�Y|Ì�¯Y�ÉZÅ

ÄÌ�Zu½Á�f°·Y��ÔfyY�Ä]��ZÌ¿�Ä¯�Ã{Â]�ÉY�Ã|ÀÅ{)¾]�¯Á�|ÌÅÊf¨¿�ÉZÅ (½Á�f°·Y�Á�Ã|¿�Ì³)cY�fÌ¿ (

{�Y{.



��

�¶°�)� -�� :(�½Z»��c|»��{�Ê]Á�°Ì»�dÌ ¼m�d�¸£��Ë�Âe��µZ�� .À��¾ËY��{��Y�| ]�Ê³{Â·M��]ZÀ»�,ÂË�Z����Y�µZ��
|¿|��¥~u�¾Ì»��t��.

�À¯YÁ�ÉZÌuY�Á�½ÂÌ�Y|Ì�¯Y�ÉZÅ

ÄÌ�ZuÊ»��Ë��e�Ê³|À¯Y�a�|ÀËM�§�Ä¸Ì�Á�Ä]�ÉY|¿Â�   .�z�»�À¯YÁ�½M��{�Ä¯�Ê¬�ZÀ»�É�Z��ÉZÅ

cY�fÌ¿�Ä¸¼m��Y�¦¸fz»�ÊËZÌ¼Ì�ÂW�Ê»�w��ÊËY{�Ä]�É�eY�f�Y�®Ë�ÊuY���Ä¸u�»��{�,|ÀÅ{�Z��É

Ê»�ÄÌuZ¿�ÉY�]�\�ZÀ»|�Z]�\�ZÀ»�|¿YÂe.



��

�¶°�)� -�� :(cY�fÌ¿��À¯YÁ�w�¿��Y�| ]�ÊËY{���µZ�� .��Y�| ]�Ê³{Â·M��]ZÀ»�,ÂË�ZÀ��¾ËY��{���¾Ì»��t����Y�µZ��
|¿|��¥~u.

½Z¼Å�¶°���{�Ä¯��Â�)�-�� (Ê»�Ã|ÅZ�»�¹Z³��Y�| ]�¾Ì»��t����{�Ê³{Â·M��]ZÀ»�¥~u�,{Â�

�Ê¿Z»���h�Z]�µZ��¾]�¯Á�|ÌÅ�d�¸£��ÅZ¯��Ê¿Z»��¹Z³��{�ÊÀÌ»��Ë��[M��{�µÂ¸v»�Êf¨¿�ÉZÅ���

Ê»�µZ�{{�³ .ÄËÓ��{�Êf¨¿�Ê³{Â·M�,Z»Y���Âe�Ê³{Â·M�¾ËY�Á�d�Y�{ÂmÂ»��ÂÀÅ�Ã�¨��ÉÓZ]�Zy�ÉZÅ

[MÄË~¤e�ÉZÅÊ»�ÉYÄ¿Zz]M�ºf�Ì��{�YÁ�Á�Ã|��Äf���|¿YÂe|¿Â��ÉY .



��

�¶°�)� -�� :(¾]�¯Á�|ÌÅ�d�¸£��Ë�Âe�½Z»��c|»��{�Êf¨¿�ÉZÅ��µZ�� .��Y�| ]�Ê³{Â·M��]ZÀ»�,ÂË�ZÀ��¾ËY��{���µZ��
|¿|��¥~u�¾Ì»��t����Y.

Ê¸��,¾ËY�]ZÀ]¾]�¯Á�|ÌÅ�d�¸£��ÅZ¯�º£��Ê¿Z»��¹Z³��{�µÂ¸v»�Êf¨¿�ÉZÅ���Ä]�d^�¿�µZ��

�Ê¿Z»��¹Z³��d�Y�Ê«Z]�Äf�ÂÌa�¶°��Ä]��ÂÀÅ�Ã|ÀËÓM�¹Â¸a�,µZ�� .¶°��Ä]�ÄmÂe�Z]�ÉZÅ)�-�� (�Á

)�-�� (cY�fÌ¿��À¯YÁ¾]�¯Á�|ÌÅ�Ê°Ë�Â·ÂÌ]�ÄË�ne�Á�ÊËY{��Z]�Ã|ÀËÓM�Ä¯�Ê¬�ZÀ»��{�Êf¨¿�ÉZÅ

��Y��f¼¯�d�¸£Lmg /����d�Y�{ÂmÂ»�)�ÄÌuZ¿)a((Ê»�w��,�¥��»�\mÂ»��»Y�¾ËY�Ä¯�|Å{

¾]�¯Á�|ÌÅÊ»��Â¯~»�ÊuYÂ¿��{�Ê]Á�°Ì»�dÌ ¼m�|���Á�cY�fÌ¿�Á�Êf¨¿�ÉZÅ{Â�.
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�¶°�)� -�� :(�½Z»��c|»��{�cY�fÌ¿�d�¸£��Ë�Âe��µZ�� .��Y�| ]�Ê³{Â·M��]ZÀ»�,ÂË�ZÀ��¾ËY��{���¾Ì»��t����Y�µZ��
|¿|��¥~u.

�ª�ZÀ»��ËZ���{)�ÄÌuZ¿)b ((�Ä¯

¾]�¯Á�|ÌÅÊ»�Ê«Z]�É{Á�Á�d�¸£�|u��{�cY�fÌ¿�d�¸£�,|¿�Y|¿��Â�u�Êf¨¿�ÉZÅ�dÌ ¼m�Á�|¿Z»

Ë�ze�¶Ì·{�Ä]�Ê]Á�°Ì»Ê»�d�¸£��ÅZ¯�µÁY�Ä^e�»�\|Å{.
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�¶°�)� -�� :(�½Z»��c|»��{�Ê]Á�°Ì»�dÌ ¼m�d�¸£��Ë�Âe��µZ�� .��Y�| ]�Ê³{Â·M��]ZÀ»�,ÂË�ZÀ��¾ËY��{����Y�µZ��
|¿|��¥~u�¾Ì»��t��.

�¶°�)�-�� (�dÌ·Z §�ÄÌuZ¿

cY�fÌ¿��À¯YÁ¹Z³��{�Y��½M��À¯YÁ�w�¿�Á�ÊËY{��Ê¿Z»����Ê»�½Z�¿�µZ��|Å{ .½Z¼Å��Ã|ÅZ�»�Ä¯��Â

Ê»cY�fÌ¿��À¯YÁ�w�¿�,{Â��Ê¿Z»��¹Z³��{�ÊËY{����Ê¿Z»��¹Z³�Ä]�d^�¿�µZ�����Äf§ZË��ÅZ¯�µZ��

d�Y .¾]�¯Á�|ÌÅ�d�¸£��ÅZ¯�¶Ì·{�Ä]��Â�Â»�¾ËY�Ê¿Z»��¹Z³��Y�| ]�Êf¨¿�ÉZÅ��d�Y�µZ��.



��

�¶°�)� -�� :(cY�fÌ¿��À¯YÁ�w�¿��Y�| ]�ÊËY{���µZ�� .·M��]ZÀ»�,ÂË�ZÀ��¾ËY��{��Y�| ]�Ê³{Â���¾Ì»��t����Y�µZ��
|¿|��¥~u.

� -�-� -� .¹Á{�ÂË�ZÀ� :�,d§�ÀÆa�,Ê³|À¯Y�a�ÉZÅ|ÀËM�§�¶»Z��Ê�À¯YÁ�É| ]�Á{�µ|»

cY�fÌ¿��ËY���dve�Ê°Ë�Â·ÂÌ]�ÄË�ne�Á�[~m��Y�| ]�Ä¯�¾ËY���§�Z]�ÊËY{�����]ZÀ»�µZ��

Za��Ì¿�Ã{Â·M�Zy�,½M��]�ÃÁÔ��Á��§��¾Ì»��t����Y�Ê³{Â·MÉ�Z�»Ê{{�³

¾]�¯Á�|ÌÅ�Ä]�Ã{Â·M�Zy�,¾Ì»��t����{�Ê³{Â·M��]ZÀ»�¥~u��]�ÃÁÔ��,ÂË�ZÀ��¾ËY��{�ÉZÅ

Za�{�Â»��Ì¿�ÊÀÌ»��Ë��[M�t���ÉÓZ]�Êf¨¿Ê»��Y�«�É�Z�{�Ì³ .�Ã�¨��Ä]�Äf§ZË�ÃY��Ê³{Â·M�,¾ËY�]ZÀ]



��

�½Z»��c|»��Y��a��ÄË�ne�Á�Êv���[~m�,Ê³|À¯Y�a�¦¸fz»�ÉZÅ|ÀËM�§�Ä¸Ì�Á�Ä]�µZ���Ê°Ë�Â·ÂÌ]�

cY�fÌ¿��ËY���dve�ÁÄ�uÔ»�¶]Z«��Â��Ä]�ÊËY{�Ê»��ÅZ¯�ÉY�|]ZË)�¶°��-�� .(

¾]�¯Á�|ÌÅ�d�¸£��ÂÀÅ�{ÂmÁ�¾ËY�Z]�,Z»Y�|u��Y��eÓZ]�dËZ��ª�ZÀ»�Êy�]��{�Êf¨¿�ÉZÅ

Ê»�Ä¯�d�Y�{�Y|¿Zf�Y{{�³�Êf»Ô��cY��y�h�Z]�|¿YÂe .�Ä¯�d�Y�½M�Ã|ÀÅ{�½Z�¿��Â�Â»�¾ËY

«��ÉZÅ|ÀËM�§ªÌZa�Ä]��{Z«�ÊËZÆÀe�Ä]�Ê Ì^��É�Z�Ê³{Â·M��Y�Ä ·Z�»�{�Â»�dËZ��¶»Z¯�É�Z��ÉZÅ

Ê¼¿�Êf¨¿Za�ÉY�]�|ËZ]�Á�|À�Z]Ä¿Zz]M�ºf�Ì��¶»Z¯�É�Z�Ä]�É�eY�f�Y�®Ë�ÉY�ÄmÂe�Z]�\�ZÀ»�É�Z�

{Â��ÊuY���dËZ���ËY���Ä].

½Z¼Å�¶°���{�Ä¯��Â�)�-�� (Ê»�Ã|ÅZ�»dËZ��ÊuYÂ¿��Y�Êy�]��{�,{Â��d�¸£�

¾]�¯Á�|ÌÅÊ»��¨��Ä]�Êf¨¿�ÉZÅ|�� .½M�¹Â¸a�¶°���ÌÌ¤e�Á�d�¸£��ÅZ¯�¾ËY�ÉZÅ|ÀËM�§��iY��{�ZÅ

Ê»�{ZnËY�d§�ÀÆa�Á�Ê°Ì»ZÀË{Á�|ÌÅ�Ê³|À¯Y�a{{�³.

¶°��Ä�ËZ¬»�Z]�ÉZÅ)�-�� (��Ze)�-�� (Ê»��z�»�¹Z¿�Z]�Ã|��Ã{Y{�½Z�¿�ÊuYÂ¿��{�Ä¯�{Â�

)a (¾]�¯Á�|ÌÅ��Â�u�¹|��¶Ì·{�Ä]cY�fÌ¿��À¯YÁ�Êf¨¿�ÉZÅÊ¼¿�w��ÊËY{�|Å{ .�¾ËY��{�,ÄnÌf¿��{

�Ä]�\Ë�ze�Ä��YÁ�Ä]�Ê]Á�°Ì»�dÌ ¼m�d�¸£�Á�Ã|¿Z»�Ê«Z]�É{Á�Á�d�¸£�|u��{�cY�fÌ¿�d�¸£�ÊuYÂ¿

Ê»��¨�|��.

�ÄÌuZ¿��{)b(¾]�¯Á�|ÌÅ�,cY�fÌ¿��À¯YÁ��{�cY�fÌ¿�Á�Êf¨¿�ÉZÅÊ»�¥��»�ÊËY{�|¿Â� .��»Y�¾ËY

Å�d�¸£��ÅZ¯�h�Z]¾]�¯Á�|Ì�¾ËY��{�Ê]Á�°Ì»�dÌ ¼m�|���Á�cY�fÌ¿�¶»Z¯�¥��»�Á�Êf¨¿�ÉZÅ

Ê»�ÄÌuZ¿{Â�.

¾]�¯Á�|ÌÅ�d�¸£��ÅZ¯�ÄÌuZ¿��{�Êf¨¿�ÉZÅ)c (�,Ê°Ì»ZÀË{Á�|ÌÅ�Ê³|À¯Y�a�|ÀËM�§��iY��{

cY�fÌ¿��À¯YÁ��iY��{�Ê]Á�°Ì»�dÌ ¼m�|���w�¿�Á�cY�fÌ¿�¥��»�w�¿��ÅZ¯�\mÂ»Ê»�ÊËY{�{{�³.

�¶°�)�-�� (Z¿cY�fÌ¿��À¯YÁ�dÌ·Z §�ÄÌuw�¿�ÃY�¼Å�Ä]�ÊËY{��½Z�¿�ÂË�ZÀ��¾ËY��{�Y��½M��À¯YÁ���

Ê»|Å{ .½Z¼ÅÊ»�Ã|ÅZ�»�Ä¯��Â�w�¿�{{�³cY�fÌ¿��À¯YÁ���ÅZ¯�Ê¼¯�µÁY�ÂË�ZÀ��Ä]�d^�¿�ÊËY{�

d�Y�Äf§ZË .¾]�¯Á�|ÌÅ�d�¸£��ÅZ¯�Ä]��Â]�»��»Y�¾ËYÊ»�ÂË�ZÀ��¾ËY��{�Êf¨¿�ÉZÅ|�Z].



��

�¶°�)� -�� :(¾]�¯Á�|ÌÅ�d�¸£��Ë�Âe�½Z»��c|»��{�Êf¨¿�ÉZÅ��µZ�� .��Y�| ]�Ê³{Â·M��]ZÀ»�,ÂË�ZÀ��¾ËY��{���µZ��
Za��Ì¿�Ã{Â·M�Zy�Á�Ã|��¥~u�¾Ì»��t����Y|Ë{�³�É�Z�.



��

�¶°�)� -�� :(�½Z»��c|»��{�cY�fÌ¿�d�¸£��Ë�Âe��µZ�� .��Y�| ]�Ê³{Â·M��]ZÀ»�,ÂË�ZÀ��¾ËY��{���t����Y�µZ���¾Ì»�
Za��Ì¿�Ã{Â·M�Zy�Á�Ã|��¥~u|Ë{�³�É�Z�.



��

�¶°�)� -�� :(�½Z»��c|»��{�Ê]Á�°Ì»�dÌ ¼m�d�¸£��Ë�Âe��µZ�� .��Y�| ]�Ê³{Â·M��]ZÀ»�,ÂË�ZÀ��¾ËY��{����Y�µZ��
Za��Ì¿�Ã{Â·M�Zy�Á�Ã|��¥~u�¾Ì»��t��|Ë{�³�É�Z�.



��

�¶°�)� -�� :(cY�fÌ¿��À¯YÁ�w�¿��Y�| ]�ÊËY{���µZ�� .��Y�| ]�Ê³{Â·M��]ZÀ»�,ÂË�ZÀ��¾ËY��{���¾Ì»��t����Y�µZ��
Ã|��¥~uZa��Ì¿�Ã{Â·M�Zy�Á�|Ë{�³�É�Z�.

� -� .µ|»¾]�¯Á�|ÌÅ�{Y�M��Z§�d»Zz��É�Z��[M�t���ÉÁ���]��ÁZÀ��Êf¨¿�ÉZÅ

��Y�| ]��Zb¼a�cZÌ¸¼����§�Z]�É��Êf À��ÄÌuZ¿�¶¯��{�ÊÀÌ»��Ë���µZ��

� -�-� .Ã{Y{�Á�µ|»�ºÌ�ÀeZÅÉ{Á�Á�É

�ÄÌ^��ÉY�]�É| ]�Á{�µ|»�®Ë¾]�¯Á�|ÌÅ�{Y�M��Z§�d»Zz��É�Z���t�/��ÉÁ���]��ÁZÀ��Êf¨¿�ÉZÅ

|��ÊuY���É��Êf À��ÄÌuZ¿�¶¯��{�ÊÀÌ»��Ë��[M .ÄÌ^�d§�Ë~a�¹Zn¿Y�ÓZ]��Y��ËZ¼¿�c�Â��Ä]�É�Z� .



��

��Â¯~»�É| ]�Á{�µ|»�{Z ]Y�����Á�Ê¬§Y�{Y|f»Y��{��f»������É{Â¼��{Y|f»Y��{��f»��Ä¯�d�Y

�¶»Z������Ê»�Ê·�fÀ¯�ºnu�|�Z] .

|Ë{�³�¾ÌÌ e�µ|»�ÉY�]��Ë��É��»�Á�ÄÌ·ÁY��ËY��:

·�ÄÌ·ÁY�����½YÂÀ��Ä]��¨��d�¸£�µZ¼�Y)0,0)0,( ³= xxC(

·�µ|»�É{Á�Á���»��{�Ã|ÀËÓM�d�¸£�Z]��]Y�]�d]Zi�d�¸£�µZ¼�Y)0,),0( 0 >= tCtC .(

·�{��¨��Z]��]Y�]�d]Zi�d�¸£�µZ¼�Y�µ|»�ÊmÁ�y���»�)0,0),( ³=¥ ttC .(

|Ë{�³���§�ZËZa�c�Â��Ä]�ÊÀÌ»��Ë��[M�½ZË�m�ºf�Ì� .���Z]���Âf»��Y|¬»)ÄË~¤e (��/��

|��Äf§�³���¿��{�µZ���{��f» .d�Y�Ã|��ÄWY�Y��f»�\�u��]�d»Zz���Ë{Z¬» .Ã{Y{��{�µ|»�É{Á�Á�ÉZÅ

�µÁ|m)�-� (Ã|��ÄWY�Y|¿Y.

� -�-� .ÄÌ^��lËZf¿��É�Z

ÄÌ^��ÉY�]¾]�¯Á�|ÌÅ�{Y�M��Z§�d»Zz��É�Z���{�ÊÀÌ»��Ë��[M�t���ÉÁ���]��ÁZÀ��Êf¨¿�ÉZÅ

�Ä·{Z »��Y�É��Êf À��ÄÌuZ¿�¶¯)�-�� (|��Ã{Z¨f�Y�¹Á{�¶�§��{�Ã|��ÄWY�Y .���§�ÂË�ZÀ��¾ËY��{

¾]�¯Á�|ÌÅ�{Y�M��Z§�Ä¯�Ã|���Y�| ]�ÊÀÌ»��Ë��[M�t���ÉÁ���]��ÁZÀ��Êf¨¿�ÉZÅ���¿�Z]�µZ���whm3

��Zb¼a�Ê»�{{�³.

ÄÌ^��¾ËY��{�{�Y|¿�{ÂmÁ�{Y�M�Á�|»Zm�ÉZÅ�Z§�¾Ì]�Ê¼Ì¬f�»��Z¼e�pÌÅ�Ä¯�|Ë{�³���§�É�Z�

d�Y��Y�«�]�Ê¸v»�µ{Z e�ZÅ�Z§�¾Ì]�Á .¾]�¯Á�|ÌÅ�{Y�M��Z§�Ä¬�À»��Y�¹�m�µZ¬f¿Y�Ä¬�À»�Ä]�Êf¨¿�ÉZÅ

Ì£�Ä¬�À»�Ä]�Á�µÔv¿Y�|ÀËM�§�Z]�Ã|���Z^�YÊ»�Äf§�³���¿��{��Ìz^e�Ä��YÁ�Ä]��Z^�Y��{Â� .�¾ËY�Z]

|Ë{�³�Y�mY�µ|»�cZÌ��§ .µ|»�lËZf¿�Ê¿Z»��¹Z³�Á{��{�É�Z����Á���Ã|��Ã{Y{�½Z�¿�µZ���|¿Y

)¶°��ÉZÅ�-���Á��-��.(



��

�µÁ|m)�-� :(ÄÌ^��¾ËY��{�Ã|��Ã{Z¨f�Y�É{Á�Á�ÉZÅ�f»Y�Za�É�Z�
�f»Y�Za�Y|¬»�m�»

|f»Y��{�µ|»�µÂ��{Yx�����f»�
�{Y|f»Y��{�µ|»����y�����f»�

½Z¼·Y�{Y| eÊ¼nu�ÉZÅ�����
ÄÌ^��½Z»��c|»�É�Z���µZ��

¹Z³�Y| eÊ¿Z»��ÉZÅ��
�Y�°e�{Y| e����

�{Y|f»Y��{�[M�Ê°Ì·Á�|ÌÅ�dËY|Åxsm /�-��×��/�
�{Y|f»Y��{�[M�Ê°Ì·Á�|ÌÅ�dËY|Åysm /�-��×��/�
�{Y|f»Y��{�d¨¿�Ê°Ì·Á�|ÌÅ�dËY|Åxsm /�-��×��/�
�{Y|f»Y��{�d¨¿�Ê°Ì·Á�|ÌÅ�dËY|Åysm /�-��×��/�

�¶z¸ze( )q��/�
�ÉÂfv»�[M( )Wq�/�

��Y{YÂÅ�¶z¸ze( )aq��/�
�d¨¿��Y�Ã|���a�¶z¸ze( )NAPLq��/�
�Ê·Â��Ê³|À¯Y�a�\Ë��( )La���f»�
Ê����Ê³|À¯Y�a�\Ë��( )Ta��f»�

�[M�Ê·Z´q( )Wr3mkg����
d¨¿�Ê·Z´q( )NAPLr3mkg���

��Z^�YNAPL��À·��{�NAPL( )ooS��/�
�Ã|¿Z»�Ê«Z]�[M��Z^�Y( )owS��/�)Kim and Corapcioglu, 2003(

��Z^�YNAPL�Ã|¿Z»�Ê«Z]( )ounS��/�)Kim and Corapcioglu, 2003(
ZË�m�w�¿��^À»�½NAPL( )oQdaym3���/�

��Zb¼a�w�¿NAPLhm3�
��ÌyPe�¶»Z�( )wR�



��

�¶°�)� -��:(¾]�¯Á�|ÌÅ�{Y�M��Z§�¹Â¸a�d»Zz���Y�| ]�[M�t���ÉÁ���]��ÁZÀ��Êf¨¿�ÉZÅ��µZ��.

ÄÌ^��lËZf¿|��É�Z��Ê¿Z»��¹Z³��{�É{����{�ÊËY�v��cZ ·Z�»��Y�Ã|»M�d�|]�lËZf¿�Z]�µZ��

�¶°�)�-�� (Ã|��Ä�ËZ¬»�ºnÀa�¶�§|¿Y .Ê»�½Z�¿�Ä�ËZ¬»�¾ËY�Âv¿�Ä]�Ã|��ÄWY�Y�É{|��µ|»�Ä¯�|Å{

¾]�¯Á�|ÌÅ�{Y�M��Z§�¹Â¸a�d»Zz��Äf�¿YÂe�Ê]ÂyÄÌ^���Y��[M�t���ÉÁ���]��ÁZÀ��Êf¨¿�ÉZÅ�É�Z�

|À¯.

½Z¼Å�{�Ä¯��Â��¶°��)�-�� (Ê»�Ã|ÅZ�»¾]�¯Á�|ÌÅ�{Y�M��Z§��Zb¼a�cZÌ¸¼��,{{�³�Êf¨¿�ÉZÅ

��Y�| ]�ÊÀÌ»��Ë��[M�t���ÉÁ���]��ÁZÀ�����{�{Y�M��Z§�¹Â¸a�d»Zz��ÄmÂe�¶]Z«��ÅZ¯�\mÂ»�µZ��

�Ê¿Z»��¹Z³��Ê»�µZ��{Â�.



��

�¶°�)� -��:(¾]�¯Á�|ÌÅ�{Y�M��Z§�¹Â¸a�d»Zz�| ]�[M�t���ÉÁ���]��ÁZÀ��Êf¨¿�ÉZÅ��Y���µZ��.

� -� .µ|»¾]�¯Á�|ÌÅ�Ê�À¯YÁ�µZ¬f¿Y�É�Z�cYÂÀ«�ºf�Ì����Âe�Êf¨¿�ÉZÅ

� -� -� .Ã{Y{�Á�µ|»�ºÌ�ÀeÉ{Á�Á�ÉZÅ

�����ÄÌ^��ÉY�]�É| ]�Á{�µ|»�®Ë��¾]�¯Á�|ÌÅ��À¯YÁ�µZ¬f¿Y�É�Z���cYÂ/À«�ºf�Ì����Âe�Êf¨¿�ÉZÅ

|��ÊuY���É��Êf À��ÄÌuZ¿�¶¯��{ .ÄÌ^�¿Y�ÓZ]��Y��ËZ¼¿�c�Â��Ä]�É�Z�d§�Ë~a�¹Zn .

��Â¯~»�É| ]�Á{�µ|»�{Z ]Y�����Á�Ê¬§Y�{Y|f»Y��{��f»������Ä¯�d�Y�É{Â¼��{Y|f»Y��{��f»�

�¶»Z�����Ê»�Ê·�fÀ¯�ºnu�|�Z] .Ê»�¶^«�cÓZu�Ä]Z�»�Ê·Z¼�Y�É��»�Á�ÄÌ·ÁY��ËY��|�Z].



��

|����§�ZËZa�c�Â��Ä]�ÊÀÌ»��Ë��[M�½ZË�m�ºf�Ì� .�Ê^�¿�d�¸£�\�u��]�d�¸£��Ë{Z¬»

WY�Yd�Y�Ã|��Ä .Ã{Y{�µÁ|m��{�µ|»�É{Á�Á�ÉZÅ)�-� (Ã|��ÄWY�Y|¿Y.

�µÁ|m)�-� :(ÄÌ^��¾ËY��{�Ã|��Ã{Z¨f�Y�É{Á�Á�ÉZÅ�f»Y�ZaÉ�Z�.
�f»Y�Za�Y|¬»�m�»

�{Y|f»Y��{�µ|»�µÂ�x�����f»�
�{Y|f»Y��{�µ|»����y�����f»�

½Z¼·Y�{Y| eÊ¼nu�ÉZÅ����
ÄÌ^��½Z»��c|»�É�Z���µZ��

¹Z³�Y| eÊ¿Z»��ÉZÅ��
�Y�°e�{Y| e����

�{Y|f»Y��{�[M�Ê°Ì·Á�|ÌÅ�dËY|Åxsm /
�-��×��/�

�{Y|f»Y��{�[M�Ê°Ì·Á�|ÌÅ�dËY|Åysm /
�-��×��/�

�¶z¸ze( )q��/�
�Ê·Â��Ê³|À¯Y�a�\Ë��( )La���f»�
Ê����Ê³|À¯Y�a�\Ë��( )Ta��f»�

�Êf¨¿�¾]�¯Á�|ÌÅ�µÁY�Ä^e�»�ÄË�ne�d]Zi( )1kday1�����/�
��ÌyPe�¶»Z�( )wR�

� -� -� .ÄÌ^��lËZf¿�É�Z�

ÄÌ^��¾ËY��{ÄË�ne�|ÀËM�§�¦Ì�Âe�ÉY�]�,É�Z�¾]�¯Á�|ÌÅ�Ê°Ë�Â·ÂÌ]��ºf�Ì���{�Êf¨¿�ÉZÅ

|��Ã{Z¨f�Y�µÁY�Ä^e�»�®ÌfÀÌ���Y�cZÀ« .ÄÌ^��Ê�y�c�Â��Ä]�[~m�|ÀËM�§�,��Zu�µ|»��{�É�Z�

|Ë{�³ .µ|»��Y�¥|Å�z�»�É�Z��,cYÂÀ«�ºf�Ì��ªË����Y�Ä¯�d�Y��Â�Â»�¾ËY�É�Z��Ze�Ã|ÀËÓM�¹Â¸a

Ê»�Êf§Z�»�Äq{Â��Ã{�f�³��Ìv»��{�|¿YÂe .|»�lËZf¿µ�Ê¿Z»��¹Z³�Á{��{�É�Z����Á�µZ������{�µZ��

¶°��ÉZÅ)�-�� (�Ze)�-�� (d�Y�Ã|��Ã{Y{�½Z�¿ .

�¶°��Ä�ËZ¬»)�-�� (¶°��Z]�ÉZÅ)� -�� (�Á)�-�� (�d�Y��Â�Â»�¾ËY��´¿ZÌ]�ºnÀa�¶�§��{

¾]�¯Á�|ÌÅ�Ê�À¯YÁ�µZ¬f¿Y�d�Y�Äf�¿YÂe�Ê]Ây�Ä]�Ã|��ÄWY�Y�É{|��µ|»�Ä¯�ºf�Ì���{�Êf¨¿�ÉZÅ



��

��cZÀ«ÄÌ^��Y|ËZ¼¿�É�Z� .µ|»�¾ËY��Y�¶�Zu�lËZf¿�¾ÌÀr¼ÅÊ»�|ÌËPe�Y��\¸�»�¾ËY�É�Z��Ä¯�|À¯

½M�µZ¬f¿Y�Ä��YÁ�Ä]�É��Êf À��ÄÌuZ¿�[ÂÀm��{�Ê³{Â·M��Z�f¿YÊ»�cYÂÀ«�ºf�Ì����Âe�ZÅ|�Z].

½Z¼Å�¶°���{�Ä¯��Â�)�-�� (Ê»�Ã|ÅZ�»�Ê¿Z»��¹Z³��{�,{{�³��¾]�¯Á�|ÌÅ�µZ���Êf¨¿�ÉZÅ

duZ�»��{Ã|��Ã{�f�³�ÄÌuZ¿��Y�É�f�Ì]�|¿Y .

�½ZË�m��Ì�»�Z Ë���|ËZ]�cYÂÀ«���Âe�Êf¨¿�Ê³{Â·M��f�Ì]��za��Y�É�Ì³Â¸m�ÉY�]�,¾ËY�]ZÀ]

¾]�¯Á�|ÌÅ�Á�Ã{�¯�{Á|�»�Y��Ã{Â·M�cYÂÀ«µZ¿Z¯�¶yY{��Y�Êf¨¿�ÉZÅ½M�ÉZÅ�¼m�ZÅ{{�³�É�ÁM .��{

Ä]�\�ZÀ»�É�eY�f�Y�®Ë�ÊuY���Z]�,| ]�Ä¸u�»f�Ì��,É�Z�Za�¶»Z¯��Â��Ä]�Y��Ã{Â·M�cYÂÀ«�º�É�Z�

{Â¼¿.



��

�¶°�)� -��:(cYÂÀ«�[M�½ZË�m�d����ÉZÅ�Y{�].

�¶°�)� -��:(¾]�¯Á�|ÌÅ�d�¸£��Ë�Âe��Y�| ]�Êf¨¿�ÉZÅ��µZ��.



��

�¶°�)� -��:(¾]�¯Á�|ÌÅ�d�¸£��Ë�Âe��Y�| ]�Êf¨¿�ÉZÅ��µZ��.

� -� .µ|»�É| ]�Á{�É�Z�Á�|ÌÅ�Ê�À¯YÁ�µZ¬f¿Y¾]�¯�Ä¬�À»��{�Ã|���Ìz^e�ÉZÅ

É��Êf À��ÄÌuZ¿�¶¯��{��Z^�Y��Ì£

� -� -� .Ã{Y{�Á�µ|»�ºÌ�ÀeÉ{Á�Á�ÉZÅ

�����ÄÌ^��ÉY�]�É| ]�Á{�µ|»�®Ë���¾]�¯Á�|ÌÅ�Ê�À¯YÁ�µZ¬f¿Y�É�Z����/Ì£�Ä¬�À»��{�Ã|���Ìz^e�ÉZÅ

|��ÊuY���É��Êf À��ÄÌuZ¿�¶¯��{��Z^�Y .ÄÌ^�d§�Ë~a�¹Zn¿Y�ÓZ]��Y��ËZ¼¿�c�Â��Ä]�É�Z� .



��

��Â¯~»�É| ]�Á{�µ|»�{Z ]Y�����Á�Ê¬§Y�{Y|f»Y��{��f»������Ä¯�d�Y�É{Â¼��{Y|f»Y��{��f»�

�¶»Z�������Ê»�Ê·�fÀ¯�ºnu�|�Z] .

Ê»�¶^«�cÓZu�Ä]Z�»�Ê·Z¼�Y�É��»�Á�ÄÌ·ÁY��ËY��|�Z].

|����§�ZËZa�c�Â��Ä]�ÊÀÌ»��Ë��[M�½ZË�m�ºf�Ì� .Ê¸Ì»�\�u��]�d�¸£��Ë{Z¬»��fÌ·��]�¹�³

WY�Yd�Y�Ã|��Ä .Ã{Y{�µÁ|m��{�µ|»�É{Á�Á�ÉZÅ)�-� (Ã|��ÄWY�Y|¿Y.

�µÁ|m)�-� :(ÄÌ^��¾ËY��{�Ã|��Ã{Z¨f�Y�É{Á�Á�ÉZÅ�f»Y�ZaÉ�Z�.
�f»Y�Za�Y|¬»�m�»

�{Y|f»Y��{�µ|»�µÂ�x�����f»�
�{Y|f»Y��{�µ|»����y�����f»�

½Z¼·Y�{Y| eÊ¼nu�ÉZÅ������
ÄÌ^��½Z»��c|»�É�Z���Z��µ

¹Z³�Y| eÊ¿Z»��ÉZÅ��
�Y�°e�{Y| e����

�{Y|f»Y��{�[M�Ê°Ì·Á�|ÌÅ�dËY|Åxsm /
�-��×��/�

�{Y|f»Y��{�[M�Ê°Ì·Á�|ÌÅ�dËY|Åysm /
�-��×��/�

�¶z¸ze( )q��/�
�ÉÂfv»�[M( )Wq�/�

e��Y{YÂÅ�¶z¸z( )aq��/�
�[M��{�Ã|ÀËÓM�}Â¨¿�\Ë��( )wDscm /2�-��×�(Baehr and Corapcioglu, 1987)

�YÂÅ��{�Ã|ÀËÓM�}Â¨¿�\Ë��( )gDscm /2�-��×�(Baehr and Corapcioglu, 1987)

��ÌyPe�¶»Z�( )wR�
�Êf¨¿�¾]�¯Á�|ÌÅ�µÁY�Ä^e�»�ÄË�ne�d]Zi( )1kday1�����/�

É�ÀÅ�d]Zi( )H��/�
�Ã|�¿��Z^�Y�Ä¬�À»�d»Zz�( )d���f»�

� -� -� .ÄÌ^��lËZf¿�É�Z�



��

��{ÄÌ^��¾ËY���§�É�Z���Z§��Z^�Y��Ì£�Ä¬�À»��{�Ä¯�|Ë{�³NAPL{�Y|¿��Â�u� .�Ä¬�À»�¾ËY

��Z§�Z]�cÓZ ¨¿Y�Á�¶ §��� »��{�Á�d�Y�|»Zm�Á�[M�,Zy��Z³�ÉZÅ�Z§�¶»Z�NAPL�Á��Z^�Y�Ä¬�À»�,

Ê»��¨�¼eY|�Z] .Ã|ÀËÓM�Z]��Z^�Y��Ì£�Ä¬�À»��³Y��Y�Ã|���Ìz^e�ÉZÅNAPL�Ã{Â·M��Z^�Y�Ä¬�À»�ZË�

�Ã|ÀËÓM�Ê¸v»�Ê·{Z e�É|À]L�m�,{ÂÊ»���§�ZÅ�Z§�¾Ì]��{�ZÅ{Â� .µ|»�ÉY�]�µZ¬f¿Y�É| ]�Á{�É�Z�

¾]�¯Á�|ÌÅ�Ä·{Z »��Y�Ä¬�À»�¾ËY��{�Êf¨¿�ÉZÅ)�-�� (�Ã{Z¨f�Y�¹Á{�¶�§��{�Ã|��ÄWY�Y|Ë{�³ .�Z]�µ|»

|��Y�mY�ÓZ]�cZÌ��§ .ÄÌ^��lËZf¿�Ê¿Z»��¹Z³�Á{�ÉY�]�É�Z����Á���¶°���{�µZ���ÉZÅ)�-�� (�Á

)�-�� (Ã|��Ã{Y{�½Z�¿|¿Y.

ÄÌ^��lËZf¿�Ä�ËZ¬»�Ê¿Z»��¹Z³��{�É�Z����ÊËY�v��cZ ·Z�»�lËZf¿�Z]�µZ��)�¶°��-���¶�§�

ºnÀa (Ê»�½Z�¿�Ê�À¯YÁ�µZ¬f¿Y�d�Y�Äf�¿YÂe�Ê]Ây�Âv¿�Ä]�Ã|��ÄWY�Y�É{|��µ|»�|Å{

¾]�¯Á�|ÌÅÄÌ^���Z^�Y��Ì£�Ä¬�À»��{�Ã|���Ìz^e�ÉZÅ�É�Z�|ËZ¼¿ .

�¶°�)� -�� ::(¾]�¯Á�|ÌÅ��Z³��Z§�d�¸£��Ë�Âe�½Z»��c|»��{�Êf¨¿�ÉZÅ��µZ��.



��

�¶°�)� -��:(¾]�¯Á�|ÌÅ��Z³��Z§�d�¸£��Ë�Âe�½Z»��c|»��{�Êf¨¿�ÉZÅ��µZ��.

½Z¼Å�¶°���{�Ä¯��Â�)�-�� (Ê»�Ã|ÅZ�»d�¸£��Ë{Z¬»�{Â��Ã{Y{�½Z�¿��Ë{Z¬»�Ä]�d^�¿�ZÅ

�¶°���{�Ã|�)�-��(d�Y�Äf§ZË��ÅZ¯� .¾]�¯Á�|ÌÅ��Z³��Z§�d�¸£��Ë{Z¬»��ÅZ¯�¾ËY�Ä¬�À»��{�ZÅ

É�Z¨u�¶Ì·{�Ä]��Z^�Y��Ì£d�Y�ÊËY�v��cZ ·Z�»��Â�À»�Ä]�dËZ���{�Ã|��¹Zn¿Y�ÉZÅ .�¾ËY�ªË����Y

É�Z¨uÄmÂe�¶]Z«�ºnu�ZÅÊ»�ÃY���¨�¼eY�Ä]�¾Ì»��t����Ë���{��Â^v»�É�Z³��Z§��Y�ÉY��nÀ»�Ä¯�|]ZË

¼ne��ÅZ¯�Ä]Ê»�¾Ì»��t����Ë���{��Y�§�ÉZÅ�Z³��{{�³.



��

�¼mÉ|À]ÄnÌf¿�,É�Ì³cY{ZÆÀ�Ìa�Á�

� -� .Ä»|¬»

d�Ë��¶ËZ�»��Y�Ê°Ë�Ã�Á�»Yºf�Ì��Ê³{Â·M�,ZÌ¿{���Y����{�ºÆ»�Ê�Ìv»Ä¿Zz]M�ÉZÅ���Âe�ÉY

Ã|ÀËÓM¾]�¯Á�|ÌÅ�Ä¸¼m��Y�Ê·M�ÉZÅÊ»�Êf¨¿�ÉZÅ|�Z] .��Ë��ÄnÌf¿��{{Z�e�ÉZÅÃÂÌ��,Ê§��§{�ÉZÅ

Êf�¿�Á��«Z¿Ã|ÀËÓM�¾ËY�,Êv����Ë��Ê¿�z»�cZ�Ì�Pe��Y�¶�Zu�ÉZÅ�Ìv»�{�YÁ�ZÅ�Êv����Ë��ÉZÅ

Ê»[M����Y�Z]��]ZÀ»�dËZÆ¿��{�Á�|¿Â�Ê»�Ã{Â·M�Y��ÊÀÌ»��Ë�|ÀÀ¯ .Ã|ÀËÓMÊ»�Êf¨¿�ÉZÅ��{�|À¿YÂe

µZ��ÉY�]�¾Ì»��t����Ë��Zy�Ä��YÁ�Ä]�Á�|À¿Z¼]�Ê«Z]�Ê¿ÓÂ��ÉZÅ�|¿�Y{�Ä¯�ÊÀÌËZa�µÔv¿Y�dÌ¸]Z«

Ê»[M�Ã�¨��|À¿YÂeÉZÅ|¿�Z��Ã{Â·M�É{Z¼f»�½ZÌ·Z��ÉY�]�Y��ÊÀÌ»��Ë� .Ã|ÀËÓM�¾ËY�Ã|ÌrÌa�d Ì^��ZÅ

Ê»�h�Z]�\¸£Y�Ôe�Ä¯�{{�³Ä]�ÉZÅË�|¿Â��ÄmYÂ»�d�°��Z]�É�Z��,d�Y���¿�{�Â»�Äq�½M��Y��f¼¯�Z

Â»|À�Z]��i .¾ËY�Ä]�ÄmÂe�Z][M��]ZÀ»�Ä¯��ÉZÅÊf�¿���Âe�ÊÀÌ»��Ë�ÊfuY��Ä]�ÊÀ]�¯Á�|ÌÅ��]ZÀ»�ÉZÅ

Ê»�Ã{Â·MZa�Ê§����Y�Á�|¿{�³Ã�¨���Y�Ê³{Â·M�¾ËY�É�Z�[M�ÉZÅ�Á�c|»�Ê¿ÓÂ��|ÀËM�§�®Ë��Y{

ÄÀË�ÅÊ»��]�Ìa�¾ËY�]ZÀ]�,|�Z]¹�Ì¿Z°»�Ê���]�Á�Êf¨¿��]ZÀ»��Y�¶�Zu�Ê³{Â·M�Ã{Á|v»�ÊÀÌ]�ÉZÅ

Ã|ÀËÓM�µZ¬f¿Y��]�º¯ZuÁ�|ÌÅ�ÉZÅ[M�Ã�¨���{�ÊÀ]�¯�Á��Á�ºÆ»�¶WZ�»��Y�ZÅd�Ë�Ê»�Ê�Ìv»�|�Z]

Ê»�,Ê·Z¼fuY�Ê³{Â·M�Ã{Á|v»�¾ÌÌ e�¾¼��Ä¯�ÊuY���Á�Ê·�fÀ¯�ÉZÅ�Z°ÅY��ÄWY�Y��{�Y��Z»�|¿YÂe

É�eY�f�YZa�Á�ÊÀÌ»��Ë��[M��]ZÀ»�d�Z¨u�dÆm�\�ZÀ»�ÉZÅ|ËZ¼¿�É�ZË�Ã{Â·M�ª�ZÀ»�É�Z�.



��

µZ��Ê�µ|»�,�ÌyY�ÉZÅÉ{|��É�Z�ºf�Ì��ºÆ§�Á�¶Ì¸ve��{�®¼¯�dÆm�Ê¼Æ»��Y�]Y�®Ë��ÉZÅ

d�Ë�d�Y�Ã|��Ã|ÌrÌa�Ê�Ìv» .�Ìv»��{Ä¿Zz]M�ÉZÅ�,Ê°Ë�Ì§�dÌÅZ»�Z]�ZÅ|ÀËM�§��Y�É�ZÌ�]�Ä¯�ÉY

µ|»�,|Àf�Å��Ì³�{�Ê°Ë�Â·ÂÌ]�Á�ÊËZÌ¼Ì�Ê»�É{|��É�Z��Ê¬�À»�[Âq�Zq�®Ë�ÄÌÆe�dÆm�|¿YÂe

µÂ»�§�ÉY�]ÃY���Y�Ä¯�ÊeZ�Ô�Y�É|À]�ÉZÅ�¦¸fz»)�cZ ·Z�»�Á�ÊÅZ´�ËZ»�M�cZ ·Z�»�,É�ÂXe�ÉZÅ�Z¯

ÊWY�v� (Ê»�ÄnÌf¿|¿Á���Z¯�Ä]�,|¿Â� .µ|»Ê»�ZÅ�Ìa�ÉY�]�É|À¼e�|«��Y�]Y�|À¿YÂe����µZ¬f¿Y�Á�µÂve�ÊÀÌ]

¾]�¯Á�|ÌÅ[M��{�Êf¨¿�ÉZÅ|À�Z]�ÊÀÌ»��Ë��ÉZÅ .Ã|ÀËÓM�µÔv¿Y�½Âr¼Å�ÊËZÅ|ÀËM�§�¶yY{�Ä]�ZÅ

[M�½ZË�m�ºf�Ì���Ë��,Ä¿Zz]M�{YÂ»�Ä]�[~m�,Ê����Á�Ê·Â��Ê³|À¯Y�a�Ã|Ë|a�,d§�ÀÆa�Ã|Ë|a�,ÊÀÌ»

Ê¿Z¯�|ÀËM�§�ZË�Á�¶°���ÌÌ¤e�,Ê°Ë�Â·ÂÌ]�ÄË�neÃ|ÀËÓM�µZ¬f¿Y�Á�µÂve�,É�Z��[M��{�Y��Êf¨¿�ÉZÅ

Ê»��iPf»�ÊÀÌ»��Ë�|¿�Z� .[M�Ê³{Â·M��Z£M��Y�Y|Ë|��ZÅ|ÀËM�§�¾ËY�É�e�]�Á�Ê^�¿�dÌ¼ÅY�ÉZÅ

¿�Ze�ÊÀÌ»��Ë�Ã|ÀËÓM�¶»Z¯�½|��|Ë|aZÊ»��ÌÌ¤e�ZÅ|À¯ .Ã|ÀËÓM�cÓZ ¨¿Y�Á�¶ §�ÊËZ�ZÀ��,¾ËY�]ZÀ]�Z]�ZÅ

[M�Á�Ä¿Zz]M�¶z¸zf»�{YÂ»�Ìa�ÉY�]�ÊÀÌ»��Ë��ÉZÅÃ|ÀËÓM�µÂve�Á�µZ¬f¿Y�ªÌ«{�ÊÀÌ]d�Y�ºÆ»�ZÅ .

Ê»�ZÅ|ÀËM�§�¾ËY�Ê»Z¼e�¾f§�³���¿��{ªÌ«���»Zm�Ê]ZË��Y��{�|¿YÂeÌ¯�e�Ê Ì^��É�Z��cZ^

[M��{�ÊÀ]�¯Á�|ÌÅZa��{�\�ZÀ»�É�eY�f�Y�®Ë�ÊuY���ÉY�]�ZË�ÊÀÌ»��Ë��ÉZÅ�[M�Ã�¨��É�Z�

|�Z]��iÂ»�ÊÀ]�¯Á�|ÌÅ�cZ^Ì¯�e��Y�ÊÀÌ»��Ë� .µ|»�ÉY�]Ê «YÁ�É�Z��»Zm�Á��e|ÀËM�§��Y��e��Ì³�{�ÉZÅ

[M�Ã�¨��Ê³{Â·M��{¾]�¯Á�|ÌÅ�Z]�ZÅÃ{Y{�,Êf¨¿�ÉZÅË�Á�Ê§Z¯�ÉZÅ��Ê»ÂÆ¨»�µ|»�®�½Z�¿�Ä¯�tÌv

�Ã|ÀÅ{¹�Ì¿Z°»Ã|ÀËÓM�µZ¬f¿Y��{��iÂ»�ÉZÅ�À¯YÁ�¾ÌÀr¼Å�Á�Ê³{Â·M�¹Â¸a�Ä �Âe�,ZÅ�ÉZÅ

|Àf�Å��ZÌ¿�{�Â»�,|�Z]��Ì³�{�ÊËZÌ¼Ì�ÂW�Á�|ÌÅ .�,Ã�¨��cZ�z�»�dyZÀ��,Ê»ÂÆ¨»�µ|»�®Ë�ÄWY�Y��{

µ|»�¥|Å�Á�Ä ·Z�»�{�Â»�Ã{Á|v»�ÉZÅ��»�¾ÌÌ e�,Ê¼Ì�ÂW�Ê»�É�Á���É�Z�|À�Z].

]�d¨¿��ËÓZa�d¯���dËZ��Ê���

�µZ���{�É���Æ��Êf À��ÄÌuZ¿�Á�½Y�Æe�����µZ���{�Á��Á�������Ä»Z¿�]�ª^��É�Ë��¹Zn¿Y�ÉZÅ

d§�Ë~a�¹Zn¿Y�½Y�Æe�d¨¿��ËÓZa�d¯���Z]�Ã|� .



��

�¼m�,¹{�»��Y����a�ªË����Y�Ê³{Â·M��]ZÀ»�Á�Ã|ÀËÓM�{YÂ»�,Ê���]�¾ËY��{�����������,Ã{Y{�É�ÁM

Ã�Y|¿YÉ�Ì³Å|¿|��ÊËZ�ZÀ��ÊÀÌ»��Ë��[M�½ZË�m�Ã|ÅZ�»�Á�Êf«Â»�ÉZ .Ä¿Â¼¿�,¾ÌÀr¼Å��Ì·Z¿M�Á�É�Y{�]

Ã�Y|¿Y�Á�dËZ���{�Ä�¬¿�ZÅ|���{�Zy��Z³�c�Â��Zy�¶yY{��{�d¨¿�ÉÂfv»�Á�d¨¿�d»Zz��É�Ì³

d§�Ë~a .ÃZq�¹Z¼e��{�,¾ËY��]�ÃÁÔ�Ä¿Â¼¿�[M�dÌ¨Ì¯�¾ÌÌ e�ÉY�]�ÄÌuZ¿�ÉZÅ|��¹Zn¿Y�É�Y{�] .

,¾ÌÀr¼ÅÄ¿Z¼³�,ÊeZ»|¬»�Ê���]�¾ËY��{�Ê���]�ÉY�]�Êf«Â»�Ê¿��lËZf¿��Z�Y��]�Ê¸Ì�¨e�ÉZÅ

Ã�Y|¿YÉ�Ì³d§�³�¹Zn¿Y�ÓZ]��{�Ã|��Ã�Z�Y�ÉZÅ�Ì·Z¿M�Á�ZÅ.

�µZ���{����Ê���]�,½M��Y�| ]�Á��ÉZÅ�Ä¼Ì¿�Ê���]�ÉY�]�dËZ���Y�Ä�¬¿�¾Ë|Àq��{�Ê¸Ì�¨e

¾Ì»���ËY��³{Â·M��ËY���,ª¼��dÆm��{�Ê�ZÀ�Zy�Ê�ËÂ�e�®Ë�ÄÌÆe�Á�ÊÀÌ»��Ë��[M�Á��É| ]�Ä��

¾Ì»���ZfyZ���Y|Ë{�³�¹Zn¿Y�Ê³{Â·M�Á�Ê�ZÀ�.

�Ì�Á�ÊÀÌ»��Ë��[M�Ê³{Â·M�Ã|ÀÅ{�½Z�¿�dËZ��Ê���]�lËZf¿�Ìa�Äq�½M��Y��e�Á�Ã{Â]�Ã|��ÊÀÌ]

�dËZ��¥Y��Y�ª�ZÀ»��{�Êfu�d¨¿½Y�Æe�d¨¿��ËÓZa�d¯��d�Y�Ã|���za��Ì¿� .�lËZf¿�,¾ÌÀr¼Å

½Z�¿Ê»�{�Y{�{ÂmÁ�Ä¬�À»��{�Ê³{Â·M��^À»�¾Ë|Àq�Ä¯�|ÀÅ{.

Ä]½YÂÀ�·ÁYÌ¾Ä¸u�»�¹Y|«YY�]É¶u�YË¾Ä·P�»�Ëd�v»Ì�Ê,�]ZÀ»³{Â·M�Ê�z�»Á¼ eÌ�

�||¿ .,�b�d¨¿{Y�M{ÂmÂ»�]Á��Ét��[M�Ë»��ÌÀ�ÊÄ]�ÁÌÄ¸�Á�`¼aÁsÔ�Y�§�|� .

�Ä»Y{YYË¾�Z¯|ÀqË¾µZ�µÂ�»Ê|�¯ .Z]YË¾,µZuYË¾�Á��¼¿Ê|¿YÂe�ÂÀÅ�§�¶»Z¯�³{Â·M�Ê�Y

Z�Ëd�Y�¼�eÌ¾|À¯.·MÊ³{Âd¨¿�»Ê|¿YÂeÄ]Á{¶°��¾Ì»��t����Ë���{{ÂmÁÄf�Y{|�Z]:

·µÂ¸v»�{[M�Ë»��ÌÀÊ

·�{]Ì¾cY�}Zy

�{�Å�Á{,¶°��Â�ud¨¿�{�Ë�t��Ä]½YÂÀ�Ë�®�^À»·M�ÃÂ¬·Z]Ê³{ÂY�]�É[M�Ë»��ÌÀ�Ê¶¼�

»Ê|À¯.Za�ÉY�]�Ä§���Ä]�½Á�¬»�Á�\�ZÀ»�É�eY�f�Y�®Ë�|ËZ]�¾ËY�]ZÀ]��ÊuY���dËZ��¶»Z¯�É�Z�

{{�³ .�Á�dËZ���ËY���|¿YÂf]�Ä¯�d�Y��ZÌ¿�¶»Z¯�Á��»Zm�É{|��µ|»�®Ë�Ä]�,¥|Å�¾ËY�Ä]�¶Ì¿�ÉY�]

¾]�¯Á�|ÌÅ�µÂve�Á�µZ¬f¿Y�dÌ �Á|À¯��° À»�Ê]Ây�Ä]�Y��Êf¨¿�ÉZÅ .�|Ë{�³�Ê ��ªÌ¬ve�¾ËY��{�Z]



��

Ã{Y{�Á�ÄÌuZ¿��ËY���Ä]�ÄmÂeÃ�Y|¿Y��Y�¶�Zu�ÉZÅÉ�Ì³Ã{Y{�Á�ÊËY�v��ÉZÅ�½Âf»��{�{ÂmÂ»�ÉZÅ

µ|»�,Ã|����fÀ»{{�³�ÄWY�Y�Ä¬�À»��Å�ÉY�]�Ê¸»Z¯�Á��»Zm�ÉZÅ .

µ|»�¾ËY��Y�¶�Zu�lËZf¿�Ä]�¶�§�¾ËY�Ä»Y{Y��{Ê»�Ã�Z�Y�É{|��É�Z�{{�³.

� -� .�¼mµ|»�Ä]��Â]�»�lËZf¿�É|À]Y�É�Z��Ä¬�À»��{�¶ÌWÁ�Z³�Ê�À¯YÁ�µZ¬f¿

½Y�Æe�d¨¿��ËÓZa�d¯����Zb¼a�ÃZ´f�ËY

�,Ê°Ë�Ì§�ÉZÅ|ÀËM�§�,Y|f]Y��{

¾]�¯Á�|ÌÅ�µÂve�Á�µZ¬f¿Y��{��iÂ»�Ê°Ë�Â·ÂÌ]�Á�ÊËZÌ¼Ì�½M��Z�Y��]�Á�ÊËZ�ZÀ��Êf¨¿�ÉZÅ�®Ë�ZÅ

|Ë{�³�ÊuY���É| ]�Á{�µ|» .µ|»�Ä¸u�»�¾ËY��Y��Ë��lËZf¿|»M�d�|]�É�Z�:

·��{�Z]�ÄË�ne�Ê¸�Y�¶Ì�¿Zfa�ÄnÌf¿��{�Á�Ê]Á�°Ì»�dÌ ¼m�¾Ë�f�Ì]�,|¿Â»�®ÌfÀÌ��¾f§�³���¿

Ã|ÀËÓM�Ä¯�ÊËZm�Ê³{Â·M�Ã{Á|v»�ÊËÓZ]���»��{�Ê°Ë�Â·ÂÌ]�|ÀËM�§���Âe�½�Ì�¯Y�Z]�ZÅ

Ê»��Â¸z»�d§�ÀÆaÊ»�Ä �Âe�,|¿Â�|]ZË.

·a�|ÀËM�§���Âe��ÔfyY�Ä¬�À»��{��¬§�ÄË�ne�,Ê³{Â·M��^À»�d�{�¾ÌËZa��{��{�Ê³|À¯Y�

Ê»�w��¹Â¸a�ÄÌ�Zu|Å{.

·Ã|ÀËÓM�{Â^¿�Ä��YÁ�Ä]�,¹Â¸a�ÄÌuZ¿�k�Zy��{Ê¼¿�©Z¨eY�Ê°Ë�Â·ÂÌ]�ÄË�ne�pÌÅ�ZÅ|f§Y.

·Ã|ÀËÓM�Z]��À¯YÁ�Ä��YÁ�Ä]�¹Â¸a�Ê¸yY{�Ä¬�À»��{�½�Ì�¯Y[Á�°Ì»���Âe�¥��»�Á�ZÅ�ZÅ

Ê»�ÄÌ¸ze{Â�.

·�®ÌfÀÌ���Zv·�Z]�É{|��µ|»��Y�Ã|»M�d�|]�lËZf¿�Ä�ËZ¬»Ã{Y{�Z]�|¿Â»��{�ÊËY�v��ÉZÅ

¶v»Ä¿Z¼³�ÉZÅ�d�~³��Y�| ]�Êe�Z�¿�ÃZq�Á�É�Z¨u���Ê»�½Z�¿�µZ���|¿Â»�®ÌfÀÌ��Ä¯�|Å{

ÄÌ^��Ä]��{Z«�Ê]Ây�Ä]�¹Â¸a��Zf§��É�Z�BTEXd�Y� .



���

·Ã{Y{�Á�µ|»�lËZf¿�¾Ì]�ÊW�m�Zf^�¿�¥ÔfyY�cZ^Ì¯�e��¬§�Ä¯�d�Y�¶Ì·{�¾ËY�Ä]�ÊËY�v��ÉZÅ

BTEXÄÌ^���{��{�É�Z�º�q�¶ÌWÁ�Z³��{�{ÂmÂ»�cZ^Ì¯�e��´Ë{��Y�Á�Ã|��Äf§�³���¿��Ê�Âa

d�Y�Ã|�.

·�Á�¶ÌWZ°Ì»�Ê°ÌfÀÌ��ÉZÅ-�,|¿Â»�®ÌfÀÌ��Z]�Ä�ËZ¬»��{��¨��Ä^e�»�Á�µÁY�Ä^e�»�,¾fÀ»�

Ã|ÀËÓM�d�¸£Ê»�¾Ì¼ze��f¼¯�Y��ZÅ|À¿� .�¾ËY�Ê»Z¼e�Ä¯�d�Y�½M�,�Â�Â»�¾ËY�Ê¸�Y�¶Ì·{

�Á�dÌ¸]Z«�Á�Ê]Á�°Ì»�dÌ ¼m�ZÅÊ¼¿���¿��{�µ|»��{�Y��½�Ì�¯Y�Ê��f�{�|¿�Ì³.

·¹Â¸a�Ìa�ÉZÅÁ���Y�Ã{Z¨f�Y�Z]�Ã|��ÊÀÌ]��¶ÌWZ°Ì»�ÉZÅ-��¨��Ä^e�»�Á�µÁY�Ä^e�»�,¾fÀ»�

ÃZeÂ¯����º¯�Á��e¹Â¸a��Y��eÄÌ^��ÉZÅ|Àf�Å�|¿Â»�®ÌfÀÌ��Z]�Ã|��É�Z�.

·»�¾Ì¼ze��f�Ì]�Y��Ê°Ë�Â·ÂÌ]�ÄË�ne�|ÀËM�§�,µÁY�Ä^e�»�®ÌfÀÌ���Á�Ê�Z]�¹Â¸a�ÄnÌf¿��{�,|¿�

Ê»��ÌÌ¤e�½Á|]�½Z»��d�~³|¿Z».

·�Á��¶ÌWZ°Ì»�Ê°ÌfÀÌ��ÉZÅ-ÄÌ^��ÉY�]��¨��Ä^e�»�Á�µÁY�Ä^e�»�,¾fÀ»�Ã�¨��É�Z��[M�ÉZÅ

½M��{�Ä¯�ÊÀÌ»��Ë�Ã|ÀËÓM�µZ¬f¿Y�Á�µÂve��]�ºÆ»��¬¿�Ê°Ë�Â·ÂÌ]�ÉZÅ|ÀËM�§�ZÅ�,|¿�Y{�ZÅ

{Â]�|ÀÅYÂz¿�\�ZÀ».

·µ|»�»�Ê°ÌfÀÌ��ÉZÅÃ|ÀËÓM�d�¸£�¦Ì���Y�Ê�z]�ÉÁ���]��¬§��¨��Ä^e�»�Á�µÁY�Ä^e�ÉZÅ

|Àf�Å��^f »�Ã�¨���{�{ÂmÂ» .�lËZf¿�d�Y�¾°¼»�|¿Â»�®ÌfÀÌ���Á��É{�YÂ»�¾ÌÀq��{�,Y~·

ªÌ«{�Ã|¿�Ì³�½Á�f°·Y�½YÂÀ��Ä]�½�Ì�¯Y�Á�Ê]Á�°Ì»�dÌ ¼m�¾f§�³���¿��{�Ä��YÁ�Ä]�É�e

{�Z��ºÅY�§.

·��ZÆq�Á�Ä��ÉZÅÂË�ZÀ��lËZf¿)§�¶���cZv¨��,����Ze���� (Ê»�½Z�¿��]ZÀ»�¥~u�Ä¯�|ÀÅ{

�cZ^Ì¯�e�d�¸£��ÅZ¯�ÉY�]�ÊËZÆÀe�Ä]�¾Ì»��t����{�Ê³{Â·MBTEX�Ê§Z¯�ÊÀÌ»��Ë��[M��{�

Za�{�Â»�|ËZ]��Ì¿�Ã{Â·M�Zy�Á�{Â]�|ÅYÂz¿{�Ì³��Y�«�É�Z�.

·Ê»�½Z�¿�Ê³|À¯Y�a�\Ë����Ë{Z¬»�cY�ÌÌ¤e�Ä]�µ|»�dÌ�Z�u�Ê���]�lËZf¿]�Ä¯�|ÀÅ{��ËY�§Y�Z

Ê»��za�[M�½ZË�m�ºf�Ì���{��f�Ì]�Ê³{Â·M�,Ê³|À¯Y�a�\Ë��{Â� .�¾ËY�ÓZ]�c�Z^��ÊÀ »



���

Ã|ÀËÓM�µZ¬f¿Y�Á�µÂve��]��iÂ»�Á�ºÆ»�¹�Ì¿Z°»�®Ë�Ê³|À¯Y�a�|ÀËM�§�Ä¯�d�Y�µÂ¸v»�ÉZÅ

d�Y.

·Ê»��ÅZ¯�Y��d�¸£�½ZË{Y�³�Ê³|À¯Y�a�\Ë����ËY�§Y|Å{ .�Ä]�ÊÀÌ»��Ë��[M�½ZË�m�½Âq

Ê¬§Y�c�Â�Ê»�h�Z]�Ê����Ê³|À¯Y�a�\Ë����ËY�§Y�,Ã|����§�Ã|ÀËÓM�Ä¯�{Â���f�Ì]�ZÅ

|¿Â���za�µ|»�ÊÀÌËZa���»�d¼��Ä].

·Ê»�½Z�¿��Ë�Âe�\Ë����Y|¬»�cY�ÌÌ¤e�Ä]�µ|»�dÌ�Z�u�¶Ì¸ve�Ä¯�|Å{Ã|ÀËÓM�µZ¬f¿Y�Ä]�ZÅ

�±��]��Ë{Z¬»�ÉY�Y�Ë�Âe�\Ë��Ê»�|À¯�½ZË�m�dÆm��{{Â�.

·Å�Ê°Ë�Â·ÂÌ]�ÄË�ne�½ÂqÊ¼¿�{Á|v»�Ê]Á�°Ì»�®ÌfÀÌ��Ä¸Ì�Á�Ä]�É�YÂ�Ä¸Ì�Á�Ä]�Ä°¸]�,{Â�

Ê»�{Á|v»�Ã�¨���{�½�Ì�¯Y�ÉÁZu��Ì¼e�[M�Z]�Ã{Â·M�[M�Ã|¿Â��Ã|À¯Y�a��ÔfyY�¾ËY�,{{�³

�ÉÁ���]�Ê¼Æ»��ÌÌ¤e�pÌÅ�½Âq�,d�Ì¿��Z�u�Ê°ÌfÀÌ��ÉZÅ�f»Y�Za�cY�ÌÌ¤e�Ä]�Ê¸Ìy��Á�

¹Â¸a��Zf§��ÉZÅ�cZ^Ì¯�eBTEX�Á�|ÅZ�»�½�Ì�¯Y|�¿�Ã.

·¹Â¸aÄÌ^��ÉZÅ¹Â¸a�Ä]�d^�¿�Ê^Ë�¬e�ÉZÅ�f»Y�Za�Z]�|¿Â»�®ÌfÀÌ��Ä¸Ì�Á�Ä]�Ã|��É�Z��ÉZÅ

�Á��Ä¸Ì�Á�Ä]�Ã|��¾ÌÌ e¹Â¸a�Z]��fÆ]�Ã|��Ã{Z��ÉZÅ|¿�Y{�d¬]Z�»�Ê «YÁ�ÉZÅ.

·�¶ÌWZ°Ì»��Á��,|¿Â»�®ÌfÀÌ��¥Ôy��]-d�Y��Z�u�½M�ÉZÅ�f»Y�Za�cY�ÌÌ¤e�Ä]�¾fÀ»� .

f»Y�Za�Ä�Â¼n»�¾Ì·ÁY�ZÅ�)�w�¿��j¯Y|u��Ë{Z¬»�½{�¯��]Y�]�Á{�Z]�Y��Ê°Ë�Â·ÂÌ]�ÄË�ne�ÓÂ¼ »

�cZ^Ì¯�e��Z^�Y�Ä¼Ì¿�d]Zi��Y|¬»�½{�¯�¦�¿�Á�ÄË�neBTEX�¾Ì¼ze��f�Ì]�½�Ì�¯Y�Á�

Ê»|¿� (¹Â¸a�µÂ��Á�d�¸£��ÅZ¯�h�Z]Ê»�ZÅ�¹Á{�Ä�Â¼n»��Y�Ã{Z¨f�Y�Z]�,Ä¯�Ê·Zu��{�,{Â�

�ZÅ�f»Y�Za)°Ë�Â·ÂÌ]�ÄË�ne�ÓÂ¼ »��]Y�]�Á{�Á�ÄË�ne�w�¿��j¯Y|u��Ë{Z¬»�½{�¯�¦�¿�Z]�Y��Ê

�cZ^Ì¯�e��Z^�Y�Ä¼Ì¿�d]Zi��Y|¬»�½{�¯BTEXÊ»�¾Ì¼ze��f¼¯�½�Ì�¯Y�Á�|¿�(¹Â¸a�,�ZÅ

Ê»ÄÌ^���f�Ì]�d �Á�Á�d�¸£�Z]�|À¿YÂe|¿Â��É�Z�.



���

·¶ÌWZ°Ì»��Á��Ä]Z�»-��Z�u�®ÌfÀÌ��d]Zi��ÌÌ¤e�Ä]�ºÅ�µÁY�Ä^e�»�®ÌfÀÌ���Á��,¾fÀ»�

�Yd .¹Â¸a�d �Á�Á�d�¸£Ê»��ÅZ¯�,µÁY�Ä^e�»�d]Zi�½{�¯��]Y�]�Á{�Z]�ZÅ|À]ZË .�Ä¯�Ê·Zu��{

�¦�¿��Â¯~»��f»Y�Za��³Y¹Â¸a�{Â�Ê»�Y|Ìa�É�f�Ì]�d �Á�ZÅ|ÀÀ¯.

·�¶ÌWZ°Ì»��Á��Á{�Ä]Z�»�ºÅ��¨��Ä^e�»�®ÌfÀÌ���Á�-�d]Zi��ÌÌ¤e�Ä]�µÁY�Ä^e�»�Á�¾fÀ»�

d�Y��Z�u��¨��Ä^e�»�®ÌfÀÌ� .Á�Á�d�¸£¹Â¸a�d ��®ÌfÀÌ��d]Zi�½{�¯��]Y�]�Á{�Z]�ZÅ

�Ä^e�»�¨�Ê»��ÅZ¯�,|À]ZË .�h�Z]�½M��Y|¬»�¦�¿�{Á|u�Ä]��f»Y�Za�¾ËY��ÅZ¯�,¶]Z¬»��{

¹Â¸a�d�¸£�Á�µÂ���ËY�§YÊ»�ZÅ{Â�.

� -� .�¼mµ|»��Y�¶�Zu�lËZf¿�É|À]����É�Z§�|Àq�Ê�À¯YÁ�µZ¬f¿Y�É�Z�

¾]�¯Á�|ÌÅÉ��Êf À��ÄÌuZ¿��{�Êf¨¿�ÉZÅ

�É| ]�Á{�Ê·|»�,Ä¸u�»�¾ËY��{

ÄÌ^��ÉY�]¾]�¯Á�|ÌÅ�É�Z§�|Àq�Ê�À¯YÁ�µZ¬f¿Y�É�Z�|��ÊuY���É��Êf À��ÄÌuZ¿��{�Êf¨¿�ÉZÅ .

Ã|ÀËÓM��Y�Ê�ÂÀe��Â¯~»�ÄÌuZ¿��{�½Âqµ|»��{�,d�Y�Ã|���z�»�ÊÀÌ»��Ë��[M�Ã�¨���{�Êf¨¿�ÉZÅ -

¾]�¯Á�|ÌÅ�¶¯��Ë{Z¬»�,É�Z��Äf§�³���¿��{�ZÅ|� .Y��Ë��lËZf¿µ|»�¾ËY��|��¶�Zu�É�Z� :

·ÄÌ^��lËZf¿�Ä�ËZ¬»Ê»�½Z�¿�ÊËY�v��cZ ·Z�»��Y�Ã|»M�d�|]�lËZf¿�Z]�É{|��É�Z��Ä¯�|Å{

��Z§�¹Â¸a�d»Zz��Äf�¿YÂe�Ê]Ây�Âv¿�Ä]�Ã|��ÄWY�Y�É{|��µ|»)LNAPL (�Y��[M�ÉÁ���]

ÄÌ^�|À¯�É�Z�.

·µ|»¾]�¯Á�|ÌÅ�Ê�À¯YÁ�µZ¬f¿Y�É�Z�Z�¿�ÊÀÌ»��Ë��[M��{�µÂ¸v»�ÉZÅÊ»�½�Ä¯�|Å{�Ä]�µ|»

º�q�dÌ�Z�u�Ê°Ë�Â·ÂÌ]�ÄË�ne�®ÌfÀÌ���Zv·�Á{��{�Ã|»M�d�|]�lËZf¿�Á�{�Y|¿�É�Ì³

Ä]Z�»�ºÅ�Z]�Z^Ë�¬e�d·Zu|¿Y .Ã|ÀËÓM�d�¸£�Ä¯�d�Y�¶Ì·{�¾Ë|]��Â�Â»�¾ËY�ÊÀ]�¯Á�|ÌÅ�ÉZÅ

�±�»�\mÂ»�Ä]�Ê°Ë�Â·ÂÌ]�ÄË�ne�Ô¼��Á�d�Y�Ã|��¾ÌÌ e�Ê¿Y�v]�d�¸£��Y��eÓZ]�µÂ¸v»

¼md�¸£��{�Ê]Á�°Ì»�dÌ Ê¼¿�c�Â��ÓZ]�ÉZÅ{�Ì³.



���

·�{Y�M��Z§�ÄÌuZ¿��{��¬§�µÂ¸v»��Z§�¹Â¸a�,d�Y�º¯�Ê¸Ìy�ÊÀÌ»��Ë��[M�½ZË�m�d����½Âq

d�Y�Ã|��Ã{�f�³�ÊÀ]�¯Á�|ÌÅ�Ã|ÀËÓM .�Á��ÊuY�����¿��Y��Â�Â»�¾ËYZa�ÉZÅ�®Ë�É�Z�

Ê»�[Â�v»�Ä¬�À»�ÉY�]�dË�»{Â� .�d�~³�Z]�Êfu��Z§�¹Â¸a�,µZ���Ê¼¯���f�³�µÂ¸v»��

Ê¼¿��a�,{�Y{�ÊÀÌ»��Ë��[M�½ZË�m�dÆm��{|�Z]�{Ây��ÁZn»�ÊuYÂ¿�Ê³{Â·M�¶»Z��|¿YÂe.

·ÄÌ^��lËZf¿�Ä¸Ì�Á�Ä]�ÊÀÌ»��Ë��[M�t���ÉÁ���]�{Y�M��Z§�d»Zz��½|��º¯�d·Zu��{�É�Z�

Ê»�½Z�¿�½M��Zb¼amÁ�Z»Y�d�Y�Ã|��Ã{Á{��Ã�¨���Y�{Y�M��Z§��f�Ì]�Ä¯�¾ËY�{ÂmÁ�Z]�Ä¯�|Å{�{Â

d�Y�Ã|��É�Ì´¼�q��ZÌ¬»��{�ÊÀÌ»��Ë��[M�Ê³{Â·M�¹ÁY|e�h�Z]��Z¿�ÄËÓ�¾Ì¼Å.

·��Y�| ]�{Y�M��Z§�¥~u�ÄnÌf¿��{��d�¸£��Ë�Âe��{�É�Ì´¼�q�cY�ÌÌ¤e�,µZ���µÂ¸v»��Z§�

¾]�¯Á�|ÌÅÊ»�{ZnËY�Êf¨¿�ÉZÅ{{�³ .�ÉY�]�Á�d�Y�Ã{Â·M��ÂÀÅ�ÊÀÌ»��Ë��[M�Ã�¨��Z»Y

Za{Â·M�µÂ¸v»��Z§�É�Z�Ä]��Á��®Ë�|ËZ]�,Ê³�Á��¶j»�Ä§���Ä]�½Á�¬»�Á�\�ZÀ»�É�Z��

Ä]{Â��ÊuY���Ä¬�À»��ËY���Ä]�ÄmÂe�Z]�Ê°Ë�Â·ÂÌ]�É�Z�.

·µ|»�É| ]�Á{�É�Z�¾]�¯Á�|ÌÅ�Ê�À¯YÁ�µZ¬f¿Y��Z^�Y��Ì£�Ä¬�À»��{�Ã|���Ìz^e�ÉZÅ�½Z�¿

Ê»�½Z»��c|»��{�Ä¯�|Å{��ÄmÂe�¶]Z«��Y|¬»�µZ��¾]�¯Á�|ÌÅ��Y�ÉY�Êf¨¿�ÉZÅ�[M�t����Y

�{Y�M��Z§�¾ÌÀr¼Å�Á�ÊÀÌ»��Ë�NAPLÃ|��¶¬fÀ»��Z^�Y��Ì£�Ä¬�À»�Ä]�Á�Ã|���Ìz^e�|¿Y .�¾ËY

Ã|ÀËÓM�dË�Y�§�dÌ¸]Z«�Ä¯�d�Y�½M�Ã|ÀÅ{�½Z�¿��Â�Â»�Ä¬�À»��{�{ÂmÂ»�ÊÀ]�¯Á�|ÌÅ�ÉZÅ

d�Y�{ZË�.

·¾]�¯Á�|ÌÅ�É�Z³��Z§�d�¸£��Ë�Âe�d�~³��Y�| ]�Êf¨¿�ÉZÅ��Ê»�½ZÌ]�µZ��»�Ä¯�{�Y{��Ë{Z¬

d�¸£�½Z»��c|»��{�Ã|��Ã{Y{�½Z�¿��Ë{Z¬»�Ä]�d^�¿�ZÅ��d�Y�Äf§ZË��ÅZ¯�µZ�� .�¾ËY

¾]�¯Á�|ÌÅ�É�Z³��Z§�d�¸£��Ë{Z¬»��ÅZ¯É�Z¨u�¶Ì·{�Ä]��Z^�Y��Ì£�Ä¬�À»��{�ZÅ�{ZË��ÉZÅ

µZ���{�ÊËY�v��cZ ·Z�»��Â�À»�Ä]�Ä¬�À»��{�ÉZÅ����-����d�Y� .�¾ËY�ªË����Y

É�Z¨uÄmÂe�¶]Z«�ºnu�ZÅ�Ä¯�d§ZË�ÃY���¨�¼eY�Ä]�¾Ì»��t����Ë���{��Â^v»�É�Z³��Z§��Y�ÉY

|Ë{�³�¾Ì»��t����Ë���{��Y�§�ÉZÅ�Z³��¼ne��ÅZ¯�Ä]��nÀ».



���

·µ|»�É| ]�Á{�É�Z�¾]�¯Á�|ÌÅ�Ê�À¯YÁ�µZ¬f¿Y��{�Z]��Z^�Y��Ì£�Ä¬�À»��{�Ã|���Ìz^e�ÉZÅ

Ä¸Ì�Á�Ä]�ÊÀÌ»��Ë��[M�t���ÉÁ���]�{Y�M��Z§�d»Zz��½|��º¯�¾f§�³���¿�½M��Zb¼a�

Ê»��z�»�É�Z³��Z§�d�¸£��ÅZ¯��{�Ê¼Æ»��¬¿�[M�t���ÉÁ���Y�{Y�M��Z§�¥~u�Ä¯�|À¯

¾]�¯Á�|ÌÅ{�Y{��Y�§�ÉZÅ.

·µ|»�É| ]�Á{�É�Z�¾]�¯Á�|ÌÅ�Ê�À¯YÁ�µZ¬f¿Y�¶»Z¯��§����§�Z]��Z^�Y��Ì£�Ä¬�À»��Y�§�ÉZÅ

��Y�| ]�[M�ÉÁ���]�{Y�M��Z§�¹Â¸a��Ê»�½Z�¿�µZ��Z³��Z§��f�Ì]�Ä¯�|Å{¾]�¯Á�|ÌÅ�É��ÉZÅ

d�Y�Ã|��[~m�|»Zm��Z§�Ä]�ZË�Á�Ã|��ÄË�ne�½M��´Ë{��z]�Á�Äf§ZË�µZ¬f¿Y��¨�¼eY�Ä]��Y�§ .��{

½M�d�¸£�ÄnÌf¿Ä�uÔ»�¶]Z«��Â��Ä]��Z^�Y��Ì£�Ä¬�À»��{�ZÅd�Y�Äf§ZË��ÅZ¯�ÉY.

·�Ä^�Zv»�Ë�ÂeLNAPLÊ»�½Z�¿�¦¸fz»�ÉZÅ�Z§��{�Ä¯�|Å{�Z]�ÅZ¯��z]�LNAPL�{Y�M

�z]ÉZÅÊ»��ËY�§Y�Ã|���Ìz^e�Á�µÂ¸v»�|]ZË.

·µ|»�¾ËY�lËZf¿Ê»�½ZÌ]�¾ÌÀr¼Å�É�Z�Ê»��ËY�§Y�Y|f]Y��{�Ã|��[~m��Z§��z]�Ä¯�{�Y{�,|]ZË

��Y�| ]�Y{Á|u�Z»Y��Ê»�Y|Ìa��ÅZ¯�ZnË�|e�µZ��|À¯ .�d�Y�¶Ì·{�¾ËY�Ä]�ÓZ¼fuY��ÅZ¯�¾ËY

�«�]�É�Z³�Á�µÂ¸v»�ÉZÅ�Z§�Á�Ã|��[~m��Z§�¾Ì]�Ê¸v»�µ{Z e�Ä¯d�Y�Ã|���Y.

·µ|»��Ë�Âe�É�Z�LNAPLÊ»�½Z�¿�¦¸fz»�ÉZÅ�Z§��{��¨�¼eY�Ä]��Ìz^e�|ÀËM�§�Ä¯�|Å{

Ê»Ä�uÔ»�¶]Z«��Â��Ä]�|¿YÂe�{Y�M��Z§�µZ¬f¿Y�Á�µÂve��]�ÉYLNAPL{�Y~´]��ÌiPe�.

� -� .�¼mµ|»��Y�¶�Zu�lËZf¿�É|À]¾]�¯Á�|ÌÅ�ÄË�ne�É�Z��Ä]�Êf¨¿�ÉZÅ

ºÌ�¿Z³�YÁ�°Ì»�Ä¸Ì�Á�ÉZÅ�cY�fÌ¿�ÉZÌuY��ËY���dve�Ä¬�À»�Ê»Â]

)cY�fÌ¿ÊËY{�(

�d¯���Á�É��Êf À��ÄÌuZ¿�Zy��{�½�Á�fÌ¿��¼ne�Ä¯�{Y{�½Z�¿�ÊËY�v��cZ ·Z�»�lËZf¿

d�Y�ÓZ]�½Y�Æe�d¨¿��ËÓZa .Ê»��Â�Â»�¾ËY¾]�¯Á�|ÌÅ�ÄË�ne��´¿ZÌ]�|¿YÂe��ËY���dve�Êf¨¿�ÉZÅ



���

cY�fÌ¿|�Z]�Ä¬�À»��{�ÊËY{� .,¾ËY�]ZÀ]ÄÌ^��ÉY�]�É| ]�Á{�µ|»�®Ë�¾]�¯Á�|ÌÅ�ÄË�ne�É�Z��ÉZÅ

cY�fÌ¿��ËY���dve�Êf¨¿|��ÊuY���É��Êf À��ÄÌuZ¿�¶¯��{�ÊËY{� .ÄÌ^��¾ËY��Y�¶�Zu�lËZf¿�É�Z�

d�Y��Ë���Y�«�Ä]:

·�Ã|ÀËÓM�ÉÓZ]�d�¸£�Z]�ÊuYÂ¿��{)��Y��eÓZ]Lmg /��� (��w��Ê°Ë�Â·ÂÌ]�ÄË�ne��À¯YÁ�pÌÅ�

Ê¼¿|Å{ .Ê¼¿�¥��»�cY�fÌ¿�ÊuYÂ¿�½M��{�,ÄnÌf¿��{�É{Á�Á�d�¸£��]Y�]�½M�d�¸£�Á�{Â�

Ê»�Ê«Z]|¿Z» .�\Ë�ze��¬§�Á�Ã{Â]�|���|«Z§�Ê]Á�°Ì»�dÌ ¼m��Â¯~»�ÊuYÂ¿��{�,Ê§����Y

Ê»Ê»��ÅZ¯��¨��d¼��Ä]�½M�d�¸£�,¾ËY�]ZÀ]�,|¿Â�|]ZË.

·¾]�¯Á�|ÌÅ�ÄË�ne�¶Ì·{�Ä]fÌ¿��ËY���dve�Êf¨¿�ÉZÅcY���¥��»�cY�fÌ¿��Y|¬»�Ê»Z¼e�,ÊËY{�

Ê»Ê»��¨��Ä]�½M�d�¸£�Á�{Â�|�� .cY�fÌ¿��À¯YÁ��Â«Á�dÌ ¼m�|���h�Z]�¾ÌÀr¼Å�ÊËY{�

Ê»�Ê]Á�°Ì»Ê»��z�»�ÊuYÂ¿�½M��{�d�¸£��ËY�§Y�Z]�Ä¯�{Â�{{�³.

·cY�fÌ¿��À¯YÁ�À¯YÁ�L�m�ÊËY{�ÄÌ�Zu�ÉZÌuY�Á�½ÂÌ�Y|Ì�¯Y�ÉZÅÉY�ÔfyY�Ä]��ZÌ¿�Ä¯�Ã{Â]��

½Á�f°·YÃ|ÀÅ{) ¾]�¯Á�|ÌÅÊf¨¿�ÉZÅ (½Á�f°·Y�Á�Ã|¿�Ì³)cY�fÌ¿ ({�Y{.

·�À¯YÁÄÌ�Zu�ÉZÌuY�Á�½ÂÌ�Y|Ì�¯Y�ÉZÅÊ»��Ë��e�Ê³|À¯Y�a�|ÀËM�§�Ä¸Ì�Á�Ä]�ÉY|¿Â� .

�À¯YÁ�½M��{�Ä¯�Ê¬�ZÀ»�¾ÌÌ ecY�fÌ¿�Ä¸¼m��Y�¦¸fz»�ÊËZÌ¼Ì�ÂW��ÉZÅÊ»�w��ÊËY{��,|Å{

Ä]�É�eY�f�Y�®Ë�ÊuY���Ä¸u�»��{Ê»�ÄÌuZ¿�ÉY�]�\�ZÀ»�É�Z�|�Z]�\�ZÀ»�|¿YÂe.

·��Y�| ]�¾Ì»��t����{�Ê³{Â·M��]ZÀ»�¥~u�������d�¸£��ÅZ¯�h�Z]�d�¿��Z£M��Y�µZ��

¾]�¯Á�|ÌÅ��Y�| ]�ÊÀÌ»��Ë��[M��{�µÂ¸v»�Êf¨¿�ÉZÅ��Ê»�µZ��{{�³ .��{�Êf¨¿�Ê³{Â·M�,Z»Y

ÄËÓ�Âe�Ê³{Â·M�¾ËY�Á�d�Y�{ÂmÂ»��ÂÀÅ�Ã�¨��ÉÓZ]�Zy�ÉZÅ[M��ÄË~¤e�ÉZÅÊ»�ÉY�|¿YÂe

Ä¿Zz]M�ºf�Ì��{�YÁ�Á�Ã|��Äf��|¿Â��ÉY .Ê¸��,¾ËY�]ZÀ]¾]�¯Á�|ÌÅ�d�¸£��ÅZ¯�º£��ÉZÅ

��Y�| ]�µÂ¸v»�Êf¨¿���½Z»��Ä]�d^�¿�µZ�����Ê«Z]�Äf�ÂÌa�¶°��Ä]��ÂÀÅ�Ã|ÀËÓM�¹Â¸a�,µZ��

d�Y.



���

·Ê¸�Za�Á�¾Ì»��t����{�Ê³{Â·M��]ZÀ»�¥~u�º£��Ä]�Ã{Â·M�Zy�É�Z�¾]�¯Á�|ÌÅ�Êf¨¿�ÉZÅ

¾]�¯Á�|ÌÅ�d�¸£��ÂÀÅ�,ÊÀÌ»��Ë��[M�t���ÉÓZ]��Y��eÓZ]�dËZ��ª�ZÀ»�Êy�]��{�Êf¨¿�ÉZÅ

Ê»�Ä¯�d�Y�{�Y|¿Zf�Y�|u{{�³�Êf»Ô��cY��y�h�Z]�|¿YÂe .�½M�Ã|ÀÅ{�½Z�¿��Â�Â»�¾ËY

ªÌ«��ÉZÅ|ÀËM�§�Ä¯�d�YZa�Ä]��{Z«�ÊËZÆÀe�Ä]�Ê Ì^��É�Z�·Z�»�{�Â»�dËZ��¶»Z¯�É�Z��Ä 

Ê³{Â·M��YÊ¼¿�Êf¨¿�ÉZÅZa�ÉY�]�|ËZ]�Á�|À�Z]Ä¿Zz]M�ºf�Ì��¶»Z¯�É�Z���Á��®Ë�ÉY

Ä]{Â��ÊuY���dËZ���ËY���Ä]�ÄmÂe�Z]�\�ZÀ»�É�Z�.

·�¹Á{�ÂË�ZÀ��ª]Z�»)�¶�§��Äv¨��,���(�,¾]�¯Á�|ÌÅ�d�¸£�dËZ��ÊuYÂ¿��Y�Êy�]��{�ÉZÅ

Ê»��¨��Ä]�Êf¨¿|�� .¾]�¯Á�|ÌÅ�d�¸£��ÅZ¯�¾ËYÉZÅ½M�¹Â¸a�¶°���ÌÌ¤e�Á�Êf¨¿���iY��{�ZÅ

Ê»�{ZnËY�d§�ÀÆa�Á�Ê°Ì»ZÀË{Á�|ÌÅ�Ê³|À¯Y�a�ÉZÅ|ÀËM�§{{�³.

·w�¿�,¹Á{�ÂË�ZÀ���{cY�fÌ¿��À¯YÁ�ÉZÅ�µÁY�ÂË�ZÀ��Ä]�d^�¿�ÊËY{�)�¶�§��cZv¨��,����Ze�

��� (d�Y�Äf§ZË��ÅZ¯�Ê¼¯ .¾]�¯Á�|ÌÅ�d�¸£��ÅZ¯�Ä]��Â]�»��»Y�¾ËY�¾ËY��{�Êf¨¿�ÉZÅ

ZÀ�Ê»�ÂË�|�Z].

� -� .�¼mµ|»��Y�¶�Zu�lËZf¿�É|À]¾]�¯Á�|ÌÅ�{Y�M��Z§�d»Zz��É�Z��ÉZÅ

���§�Z]�É��Êf À��ÄÌuZ¿�¶¯��{�ÊÀÌ»��Ë��[M�t���ÉÁ���]��ÁZÀ��Êf¨¿

��Y�| ]��Zb¼a�cZÌ¸¼���µZ��

ÄÌ^��ÉY�]�É| ]�Á{�Ê·|»�,Ä¸u�»�¾ËY��{¾]�¯Á�|ÌÅ�{Y�M��Z§�d»Zz��É�Z���]��ÁZÀ��Êf¨¿�ÉZÅ

Á�|��ÊuY���É��Êf À��ÄÌuZ¿�¶¯��{�ÊÀÌ»��Ë��[M�t���É .ÄÌ^��¾ËY��Y��Ë��lËZf¿�¶�Zu�É�Z�

Ã|�|¿Y:



���

·ÄÌ^��lËZf¿�Ä�ËZ¬»��Y�| ]�É{|��É�Z����ÊËY�v��cZ ·Z�»��Y�Ã|»M�d�|]�lËZf¿�Z]�µZ��

Ê»�½Z�¿���{Y�M��Z§�¹Â¸a�d»Zz��Äf�¿YÂe�Ê]Ây�Âv¿�Ä]�Ã|��ÄWY�Y�µ|»�Ä¯�|Å{

]�¯Á�|ÌÅ¾ÄÌ^���Y��[M�t���ÉÁ���]��ÁZÀ��Êf¨¿�ÉZÅ|À¯�É�Z�.

·¾]�¯Á�|ÌÅ�{Y�M��Z§��Zb¼a�cZÌ¸¼���Y�| ]�ÊÀÌ»��Ë��[M�t���ÉÁ���]��ÁZÀ��Êf¨¿�ÉZÅ���

��Y��a�{Y�M��Z§�¹Â¸a�d»Zz��ÄmÂe�¶]Z«��ÅZ¯�\mÂ»�µZ���Ê»�µZ��{Â�.

� -� .�¼mµ|»��Y�¶�Zu�lËZf¿�É|À]¾]�¯Á�|ÌÅ�Ê�À¯YÁ�µZ¬f¿Y�É�Z��Êf¨¿�ÉZÅ

cYÂÀ«�ºf�Ì����Âe

ÄÌ^��ÉY�]�É| ]�Á{�µ|»�®Ë¾]�¯Á�|ÌÅ�Ê�À¯YÁ�µZ¬f¿Y�É�Z��cYÂÀ«�ºf�Ì����Âe�Êf¨¿�ÉZÅ

|��ÊuY���É��Êf À��ÄÌuZ¿�¶¯��{ .µ|»�¾ËY��Y��Ë��{�YÂ»Ã|��ÄnÌf¿�É�Z�|¿Y:

·ÄÌ^��lËZf¿�Ä�ËZ¬»��Y��a�É{|��É�Z���d�Y��Â�Â»�¾ËY��´¿ZÌ]�ÊËY�v��lËZf¿�Z]�µZ���Ä¯�

¾]�¯Á�|ÌÅ�Ê�À¯YÁ�µZ¬f¿Y�d�Y�Äf�¿YÂe�Ê]Ây�Ä]�Ã|��ÄWY�Y�É{|��µ|»�ºf�Ì���{�Êf¨¿�ÉZÅ

ÄÌ^��Y��cZÀ«|ËZ¼¿�É�Z� .µ|»�¾ËY��Y�¶�Zu�lËZf¿�¾ÌÀr¼ÅÊ»�|ÌËPe�Y��\¸�»�¾ËY�É�Z��|À¯

½M�µZ¬f¿Y�Ä��YÁ�Ä]�É��Êf À��ÄÌuZ¿�[ÂÀm��{�Ê³{Â·M��Z�f¿Y�Ä¯�cYÂÀ«�ºf�Ì����Âe�ZÅ

Ê»|�Z].

·�Y��a��¾]�¯Á�|ÌÅ�,d�¿��Z£M��Y�µZ���¶»Z��Y��ÄÌuZ¿��Y�É�f�Ì]�duZ�»�Êf¨¿�ÉZÅ

Ê»|¿Â� .�Z Ë���|ËZ]�cYÂÀ«���Âe�Êf¨¿�Ê³{Â·M��f�Ì]��za��Y�É�Ì³Â¸m�ÉY�]�,¾ËY�]ZÀ]

¾]�¯Á�|ÌÅ�Á�Ã{�¯�{Á|�»�Y��Ã{Â·M�cYÂÀ«�½ZË�m��Ì�»µZ¿Z¯�¶yY{��Y�Êf¨¿�ÉZÅ½M�ÉZÅ�ZÅ

�¼m{{�³�É�ÁM .{Ä]�\�ZÀ»��Á��®Ë�ÊuY���Z]�,| ]�Ä¸u�»���Y��Ã{Â·M�cYÂÀ«�ºf�Ì��É�Z�

Za�¶»Z¯��Â��Ä]{Â¼¿�É�Z�.



���

� -� .�¼m��Y�¶�Zu�lËZf¿�É|À]µ|»�É| ]�Á{�É�Z��������Ê�À¯YÁ�µZ¬f¿Y

¾]�¯Á�|ÌÅÉ��Êf À��ÄÌuZ¿�¶¯��{��Z^�Y��Ì£�Ä¬�À»��{�Ã|���Ìz^e�ÉZÅ

ÄÌ^��ÉY�]�É| ]�Á{�µ|»�®Ëf¿Y�É�Z�¾]�¯Á�|ÌÅ�Ê�À¯YÁ�µZ¬��Ì£�Ä¬�À»��{�Ã|���Ìz^e�ÉZÅ

|��ÊuY���É��Êf À��ÄÌuZ¿�¶¯��{��Z^�Y .ÄÌ^��¾ËY��Y��Ë��cZ°¿Ã|��ÄnÌf¿�É�Z�|¿Y:

·ÄÌ^��lËZf¿�Ä�ËZ¬»��Y�| ]�É�Z���Ê»�½Z�¿�ÊËY�v��cZ ·Z�»�lËZf¿�Z]�µZ���µ|»�Ä¯�|Å{

À¯YÁ�µZ¬f¿Y�d�Y�Äf�¿YÂe�Ê]Ây�Âv¿�Ä]�Ã|��ÄWY�Y�É{|�¾]�¯Á�|ÌÅ�Ê���{�Ã|���Ìz^e�ÉZÅ

ÄÌ^��Y���Z^�Y��Ì£�Ä¬�À»|ËZ¼¿�É�Z�.

·d�¸£��Ë{Z¬»��Y�| ]�ZÅ����Y�| ]�Ã|��Ã{Y{�½Z�¿��Ë{Z¬»�Ä]�d^�¿�µZ�����Äf§ZË��ÅZ¯�µZ��

d�Y .¾]�¯Á�|ÌÅ�É�Z³��Z§�d�¸£��Ë{Z¬»��ÅZ¯�¾ËY�¶Ì·{�Ä]��Z^�Y��Ì£�Ä¬�À»��{�ZÅ

É�Z¨u�Ä]�dËZ���{�Ã|��¹Zn¿Y�ÉZÅd�Y�ÊËY�v��cZ ·Z�»��Â�À» .É�Z¨u�¾ËY�ªË����Y�ZÅ

ÄmÂe�¶]Z«�ºnuÊ»�ÃY���¨�¼eY�Ä]�¾Ì»��t����Ë���{��Â^v»�É�Z³��Z§��Y�ÉY�Ä]��nÀ»�Ä¯�|]ZË

Ê»�¾Ì»��t����Ë���{��Y�§�ÉZÅ�Z³��¼ne��ÅZ¯{{�³.

� -� .ÊËZ¿YÂeµ|»�ÉZÅÄ¨·Â»�|Àq�Ê�À¯YÁ�µZ¬f¿Y�É�Z����É�Z§�|Àq�Á�ÉY

¾]�¯Á�|ÌÅÅºnu��Á���Y�Ã{Z¨f�Y�Z]�Êf¨¿�ÉZ¹�¿��{�{Á|v»�ÉZÅ��Y�§Y

PHOENICS

·ºnu��Á��µÂ�Yd�Y�½Z�M�{�]�Z¯�Á��{�dÆm�{Á|v»�ÉZÅ.

·ºnu��Á��»�{�Â»��{�{Á|v»�ÉZÅd�Y�ÉÂ«�dyYÂÀ°Ë��Ì£�É|À].

·ºnu��Á���Y�Ã{Z¨f�Y�ºÆ»�dË�»�®Ë�Á���ËZ��Ä]�d^�¿�{Á|v»�ÉZÅ�ÊËZ¿YÂe�,É{|��ÉZÅ

�³��{�½M�ÉÂ«Äf�c�Z^��¶u�Á�É�Z��Y��µZ¬f¿Y�Ä·{Z »�Ä¯�ÊeY�Z^��0Z�Â�z»�Ã�ËÁ��^À»�ÉZÅ

Ê»�Ê�y��Ì£�Y|Ë|�d�Y�,{�Z�.
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·Ê»�¦¸fz»�É��»��ËY���Ìa�µÁ�Z»��{�Ê³{Z��Ä]�|À¿YÂe¹�¿���Y{�a��Y�§YPHOENICS

|¿Â��ºÌ�Àe.

·�Ê�ËÂ¿|¯�,Ê�y��Ì£�Á�Ã|ÌrÌa��^À»�cY�Z^��ÉY�]FORTRAN»Z¿�]��Ë��®Ë�ªË����Y��Ä]�Ä

�¹Z¿GROUND½Z°»Y�Ê»��Ë~a|�Z].

·�a�µÁ�Z»�cZ�z�»�Á�ÊËZ¿YÂe¹�¿���Y{�a�ÊmÁ�y�½Z�M�Ä�ËZ¬»�,�Y�§YPHOENICS�lËZf¿�Z]

�Ìa�ZË�ÊËY�v�ÊÀÌ]Ê»�Ã�ZmY�Y��Ê¸Ì¸ve�ÉZÅ|Å{ .c�Â��Ä]�ÊmÁ�y�lËZf¿�¶j»�¦¸fz»�ÉZÅ

Ä�¬¿�,ZÅ�Y{�]¥Y�³�Á��ËÁZ�e�,É�Âf¿Z¯�ÉZÅÊ»�ZÅ�ËZ¼¿�|À¿YÂe|¿Â��Ã{Y{�.

� -� .Ã|ÀËM�cZ¬Ì¬ve�ÉY�]�ÊeY{ZÆÀ�Ìa

·Ã|ÀËÓM��Y�Ê�ÂÀe�Ä ·Z�»�{�Â»�ÄÌuZ¿��{�½Âqµ|»��Â�À»�Ä]�,d�Y�{ÂmÂ»�Êf¨¿�ÉZÅ�É�Z�

¶»Z¯¾]�¯Á�|ÌÅ�Ê�À¯YÁ�µZ¬f¿Y��eÊ»�{ZÆÀ�Ìa�Êf¨¿�ÉZÅ��Y�®Ë��Å��Y|¬»�Á��Â¿�Ä¯�{Â�

Ã|ÀËÓMÄ¨·Â»�Ê¿�Á�|��{�¾ÌÀr¼Å�Á�ZÅ½M�ÉZÅ�Y�ZÅ�ËZ»�M�ªË����ªÌ«{��Â��Ä]�Ä�Â]�»�ÉZÅ

|¿Â���z�».

·¿M��YpÌÅ�Ä ·Z�»�{�Â»�Ä¬�À»��{�Ä¯�Zn����ÄÌ�Âe�,d�Y�Äf§�´¿�¹Zn¿Y�Ê]Á�°Ì»�cZ ·Z�»�Ä¿Â³

Ê»dÌ ¼m�ÊËZ�ZÀ���Â�À»�Ä]�cZ ·Z�»�¾ËY�Ä¯�{{�³�Ã|ÀÀ¯�ÄË�ne�Ê]Á�°Ì»�ÉZÅ

¾]�¯Á�|ÌÅ½M�d�¸£�¾ÌÌ e�Á�Êf¨¿�ÉZÅ�Ì³�¹Zn¿Y��Ìv»��{�ZÅ{.

·¾]�¯Á�|ÌÅ�Ê°Ë�Â·ÂÌ]�ÄË�ne�ÉÁ���]�¾Ì´À��cY�¸§�É�Y{�Z]��iY�Ä]�ÄmÂe�Z]�Á�Êf¨¿�ÉZÅ

dÌ·Z §Ê»�{ZÆÀ�Ìa�,Ê]Á�°Ì»�ÉZÅÃZq�Ê»Z¼e��{�¾Ì´À��cY�¸§�d�¸£�Ä¯�{Â���{�{ÂmÂ»�ÉZÅ

Ã�Y|¿Y�ªÌ«{��Â��Ä]�Ä¬�À»{Â��É�Ì³.

·µ|»�dÆmÃ�Ìn¿��Ê°Ë�Â·ÂÌ]�ÄË�ne�|ÀËM�§�¶»Z¯�É�Z�·Y���Âe�ÉY½Á�f°Ã|¿�Ì³�¦¸fz»�ÉZÅ

)O2, NO3
-, Mg2+, Fe2+, SO4

2-, CO2(Ê»�ÄÌ�Âe½Á�f°·Y�d�¸£�Ä¯�{{�³Ã|¿�Ì³�ÉZÅ

ÃZq�Ê»Z¼e��{�¦¸fz»Ã�Y|¿Y�Äf�ÂÌa��Â��Ä]�Ä¬�À»��{�{ÂmÂ»�ÉZÅ{{�³�É�Ì³ .
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·½Z¼Åµ|»�lËZf¿�Ä¯��Â�É�Z��ÄËÓ��Zb¼a�Á�¾Ì»��t����{�Ê³{Â·M��]ZÀ»�¥~u�,{Y{�½Z�¿�ZÅ

{Y�M¾]�¯Á�|ÌÅ�d�¸£��ÅZ¯�h�Z]�ÊÀÌ»��Ë��[M�t���ÉÁ���]�d¨¿��µÂ¸v»�Êf¨¿�ÉZÅ

Ê»ÄËÓ�Z»Y�,{Â��Ê³{Â·M��^À»�®Ë�½YÂÀ��Ä]�{Ây�ÊÀÌ»��Ë��[M�t���ÉÓZ]�Ã{Â·M�Zy�ÉZÅ

Ê»�Ã�¨��Ê³{Â·M�¹ÁY|e�\mÂ»�Á�Ã{�¯�¶¼�{�³|¿ .Ê»�{ZÆÀ�Ìa�,Y~·Za��Y�¶^«�Ä¯�{Â��É�Z�

��Y�ÊÀÌ»��Ë��[M�Ã�¨�Ã|ÀËÓMÄËÓ�,µÂ¸v»�Êf¨¿�ÉZÅ�Ã�¨��t���ÉÓZ]�Ã{Â·M�Zy�ÉZÅ

Za|¿Â��É�Z�.

·Za��Á��®Ë�ÊuY���dÆmZy�É�Z�¾]�¯Á�|ÌÅ�Ä]�Ã{Â·M�ÉZÅ���ÄÌ�Âe�dËZ���{�Êf¨¿�ÉZÅ

Ê»�lËZf¿��Y�Á�Ã|��¹Zn¿Y�Ê¸Ì�¨e�cZ ·Z�»��Z§�d�Y��f�Ì]�Ê³{Â·M��Y|¬»�Ä¯�Ê¬�ZÀ»��{�{{�³

ÄÌ^���{�½MM�§�É�Z�¾]�¯Á�|ÌÅ�µÂve�Á�µZ¬f¿Y��{��iR»�ÉZÅ|ÀË��Ì£�Ä¬�À»��{�Êf¨¿�ÉZÅ

{{�³�Ã{Z¨f�Y��Z^�Y.

·�{ZÆÀ�Ìa�Y~·�,d�Y��Z�u��Ë�Âe�\Ë���Á�Ê³|À¯Y�a�\Ë����Ë{Z¬»�cY�ÌÌ¤e�Ä]�µ|»�½Âq

Ê»|¿{�³�¾ÌÌ e�ÊËY�v��Á�ÊÅZ´�ËZ»�M�ªÌ«{�cZ ·Z�»��Z�Y��]�ZÅ�f»Y�Za�¾ËY�{Â�.

·ÉÁ���]�dÌ�Z�u�¶Ì¸ve�lËZf¿Ê»�½Z�¿�|¿Â»�®ÌfÀÌ��ÉZÅ�f»Y�Za��Ê¸Ìy��Á��¾ËY�Ä¯�|Å{

d�Ì¿��Z�u�ZÅ�f»Y�Za�¾ËY�cY�ÌÌ¤e�Ä] .¹Â¸a��´Ë{�¥����YÄÌ^��ÉZÅ�Ä¸Ì�Á�Ä]�Ã|��É�Z�

¹Â¸a�Ä]�d^�¿�Ê^Ë�¬e�ÉZÅ�f»Y�Za�Z]�Êfu�|¿Â»�®ÌfÀÌ��Á��Ä¸Ì�Á�Ä]�Ã|��¾ÌÌ e�ÉZÅ�ÉZÅ

¹Â¸a�Z]��fÆ]�Ã|��Ã{Z�¿�Y{�d¬]Z�»�Ê «YÁ�ÉZÅ| .]�ÄmÂe�Z]Ê»�ÄÌ�Âe��Â�Â»�¾ËY�Ä�Ä¯�{{�³

�{ÄÌ^��É�Z�Za��Á��ÊuY���ÉY�]��ZÌ¿�{�Â»�ÉZÅ{{�³�Ã{Z¨f�Y��Á��¾ËY��Y�É�Z�.

·��Ë{Z¬»�Ä¯�Zn¿M��Y��Z^�Y�Á�Ã|¿Z»�Ê«Z]�[M��Z^�YNAPLÊ«Z]���fÀ»��Ë{Z¬»��Z�Y��]�Ã|¿Z»

Ê»�{ZÆÀ�Ìa�,|¿|��[Zzf¿Y�½Âf»��{�Ã|��]�ZÅ�f»Y�Za�¾ËY�{Â��ÊÅZ´�ËZ»�M�cZ ·Z�»��Z�Y�

|¿Â��¾ÌÌ e�ªÌ«{.

·µ|»�lËZf¿�Ä�ËZ¬»½ZÌ]�ÊËY�v��cZ ·Z�»�Á�É{|��É�Z��|ÀËM�§�Ä¯�|Àf�Å��Â�Â»�¾ËY��³

cY�fÌ¿Ê»�w��{ZË��Ê¸Ìy�µZ¼fuY�Ä]�Ä ·Z�»�{�Â»�dËZ���{�ÊËY{�|Å{ .Ê»�,¾ËY�]ZÀ]�Z]�½YÂe
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ÊuY���Ä¬�À»�ÉY�]�\�ZÀ»�É�eY�f�Y�®Ë�|ÀËM�§�¾ËY�dËÂ¬e{Â¼¿� .Ê»�ÄÌ�Âe�cZ ·Z�»�{{�³

{�Ë~a�¹Zn¿Y��Â�y�¾ËY��{�É�f�Ì].

·½Z¼ÅÄÌ^���{�Ä¯��Â�É�Z���za�,ÊÀÌ»��Ë��[M�¾ÌËZa�d����¶Ì·{�Ä]�,|���z�»�ZÅ

Ä¿Zz]M�ºf�Ì��ªË����Y�Êf¨¿�Ê³{Â·Md�Y�¾°¼»��Ì£��Ì�Á��ZÌ¬»�®Ë��{�ÉY .�¶Ì·{�Z»Y

Â¿�Ã�ËÁ�Ä]�É��Êf À��ÄÌuZ¿��{�Ê³{Â·M���f�³�Ê¸�YÊ³{Â·M��za�,½M�Ê]ÂÀm�ÊuY�ÉZÅ

d�Y�Ã{Â·M�cYÂÀ«�ªË����Y�Êf¨¿ .Ê»�{ZÆÀ�Ìa�Y~·���f�³�µ�fÀ¯��{�¹|«�¾Ì·ÁY�½YÂÀ��Ä]�{Â�

¾]�¯Á�|ÌÅ�Á�{Â��{Á|�»�Z Ë���Ã{Â·M�cYÂÀ«�½ZË�m��Ì�»�,Ê³{Â·MµZ¿Z¯�¶yY{��Y�Êf¨¿�ÉZÅ -

½M�ÉZÅ�¼m�ZÅ{{�³�É�ÁM .À»�É�eY�f�Y�®Ë�ÊuY���Z]�,| ]�Ä¸u�»��{Ä]�\�Z�ºf�Ì��,É�Z�

Za�¶»Z¯��Â��Ä]�Y��Ã{Â·M�cYÂÀ«{Â¼¿�É�Z�.

·ÄÌ^�¾]�¯Á�|ÌÅ�Ê�À¯YÁ�µZ¬f¿Y�É�Z�Ê»�½Z�¿��Z^�Y��Ì£�Ä¬�À»��{�Ã|���Ìz^e�ÉZÅ�Ä¯�|Å{

ÄmÂe�¶]Z«��Y|¬»¾]�¯Á�|ÌÅ��Y�ÉY�{Y�M��Z§�¾ÌÀr¼Å�Á�ÊÀÌ»��Ë��[M�t����Y�Êf¨¿�ÉZÅ

NAPL�Z^�Y��Ì£�Ä¬�À»�Ä]�Á�Ã|���Ìz^e�Ã|��¶¬fÀ»�|¿Y .�d�Y�½M�Ã|ÀÅ{�½Z�¿��Â�Â»�¾ËY

Ã|ÀËÓM�dË�Y�§�dÌ¸]Z«�Ä¯d�Y�{ZË��Ä¬�À»��{�{ÂmÂ»�ÊÀ]�¯Á�|ÌÅ�ÉZÅ .Ê»�ÄÌ�Âe�Y~·�{{�³

Ä]�É�eY�f�Y�®Ë�ÊuY���ÄÀÌ»���{Ã|ÀËÓM�Ê³�ËÁ�¾ËY��Z�Y��]�É�Z���{�{ÂmÂ»�Êf¨¿�ÉZÅ

{�Ë~a�¹Zn¿Y��ZÌ¿�{�Â»�cZ ·Z�»�,Ä¬�À».

·��Z§�½|���¼m�Á�ÄÀÌËÂ»�ÄÌ�Zu��{��Z�§��ÌÌ¤e�\mÂ»�ÊÀÌ»��Ë��[M�t���ÉÁ���]�d¨¿�{Y�M

Ê»�[M�t���¾f§��¾ÌËZa{Â� .Ã|�¿��Zv·�ªÌ¬ve�¾ËY��{�Ã|��ÄWY�Y�µ|»��{�cY�ÌÌ¤e�¾ËY|¿Y .

Ê»�{ZÆÀ�Ìa�Y~·�[M�t���Á�ÄÀÌËÂ»��Z�§�cY�ÌÌ¤e�¾f§�³���¿��{�dÆm�µ|»�Ä¯�{{�³

{Â��Ã{Y{���]�ÊÀÌ»��Ë�.

� -�� .�Á�Za�ÉY�]�É{ZÆÀ�Ìa�ÉZÅÊ³{Â·M��Y�É��Êf À��ÄÌuZ¿�É�Z��ÉZÅ

Êf¨¿



���

Z]�{��¿¾f§�³Y��Ë�Z�Ë,dZ�Â�z»�Â�u�PeÌcZ�ÓZaË��Ê��Y��Ä¬�À»Á¹Á�·

½{�¯�Z¯½MZÅÄ]�Â�aÌ,Äf�Â�Á��|ËZ]Za�ÉY�]�ÊËZÅÄ]�Á�É�Z��Ä¯�{Â¼¿�ÊuY���Ä¬�À»�É�Z�

Ä�|yM�cZÌ¸¼��Á�cZ�Ì�Pe�¾ËY�Ä]�ÉY½{Â�¿�{�YÁ�ZÅ .�t����{�Ê³{Â·M��]ZÀ»�|ËZ]�,d�z¿�Ä¸u�»��{

|¿Â���§��¾Ì»� .Ã|ÀËÓM�{Y�M��Z§�{ZË��d»Zz��¶Ì·{�Ä]��b���Ë��[M�Ã�¨��t���ÉÁ��Êf¨¿�ÉZÅ

{Â��Ã{Á{��[M�t���ÉÁ���Y�¶»Z¯��Â��Ä]�{Y�M��Z§�Ze�{�Ì³�¹Zn¿Y�dËZ���{��Zb¼a�cZÌ¸¼��|ËZ]�,ÊÀÌ»� .

�¾Ë|Àq�d�Y�¾°¼»��Z¯�¾ËY|�°]�µÂ��µZ� .

Za�,É| ]�Ä¸u�»Zy�É�Z�¾]�¯Á�|ÌÅ�Ä]�Ã{Â·M�ÉZÅd�Y�Êf¨¿�ÉZÅ .�Á��Ä¸¼m��Y������ÉZÅ

ZaZy�É�Z�Ã|ÀËÓM�Ä]�Ã{Â·M�ÉZÅ�Á��,Êf¨¿�ÉZÅÄf§ZË��ËY�§Y�µÔv¿Y���d�Y� .��Y�,�Á��¾ËY��{

Ã|ÀËÓM�|¿�{Z«�Ä¯�É{YÂ»�|ÀÀ¯�¶u�{Ây��{�Y��Êf¨¿�ÉZÅ)»ÂÌÅ�|Ì�Y�Ä¸¼m��Y®Ì��� (Ê»�Ã{Z¨f�Y{Â� .

ÄËÓ�{�YÁ�{YÂ»�¾ËY�Êf«ÁÊ»�Ã{Â·M�Zy�ÉZÅ¾]�¯Á�|ÌÅ�,|¿Â��{Ây�Z]�Á�Ã{�¯�¶u�{Ây��{�Y��Êf¨¿�ÉZÅ

[M�Ã�¨��¶yY{�Ä]Ê»�¶¬fÀ»�ÊÀÌ»��Ë��|ÀÀ¯ .Ê³{Â·M�,�»Y�¾ËY�ÄnÌf¿��{�Ã{Á{��Zy��Y�Êf¨¿�ÉZÅ

Ê»|¿Â� .\Ì��®Ë��Á��¾ËY��{�®Ì»ÂÌÅ�|Ì�Y��Y�Ã{Z¨f�Y�Z»Y�\mÂ»�Ä¯�d�Y�½M�Ä¯�{�Y{�ÃY�¼Å�Ä]�

Ê»�Zy��{�{ÂmÂ»�Ê»Â]�Ê]Á�°Ì»�dÌ ¼m�±�»{Â� .�¾ËY�ÉY�]�É�´Ë{�{YÂ»��Y�d�Y��fÆ]�,¾ËY�]ZÀ]

{Â��Ã{Z¨f�Y��Á� .�Á�cÂ¸ËZa�,ÊÅZ´�ËZ»�M�cZ ·Z�»�d�Y�¹�Ó��Â¯~»��Á��\�ZÀ»�ÊuY���ÉY�]

Ê���]�¾ÌÀr¼Å�Á�Êf À�{�Ë~a�¹Zn¿Y�É{Z�f«Y�ÉZÅ.

Ä¸u�»ZÆ¿�ÊËY�]�É�§�ZÆ¿�ÊË·MÊ³{ÂÉZÅf¨¿�Ê�{Ä¬�À»,Za�Ã|ÀËÓM�É�Z���Y�µÂ¸v»�ÉZÅ

Ä¿Zz]M��Ìv»d�Y�ÉY .¥���Ä]�½Á�¬»�Á�¾Ë�fÆ]��»Y�¾ËY�ÉY�]��Á��¾Ë�eÄ]�Z��É]Ì�Â·ÂË°�Êd�Y.

Ä]�Z��É]Ì�Â·ÂË°�Ê{�]�Z¯M�§ËZÅ|À�É]Ì�Â·ÂË°�ÊY�]�Éen�ËÄË�Z|^eË¶ÓMËÃ|ÀZÅÄ]¶°�ZÅ�É�f¼¯

�¼ÊË�Z£Ì�¼��Êd�Y.�Á���Y�Ê°Ë�Ä]�ÉZÅcY�fÌ¿��Á��,Ê°Ë�Â·ÂÌ]�É�Z��d�Y�Ã|��dËÂ¬e�ÊËY{�

Ê»���¿�Ä]�dËZ���ËY���Ä]�ÄmÂe�Z]�Ä¯Ã|ÀËÓM��§��ÉY�]�Ê^�ZÀ»��Á��|¿YÂf]�Ä¯�|���µÂ¸v»�ÉZÅ

|�Z].
                                                  

115. Enhanced dissolution
116. Humic acid
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Ä]�Â�À»Y�mY�É�Á�Ä]�Z��É]Ì�Â·ÂË°�ÊY�]�É�§�³{Â·M�Ê[M¶uY�»�Ë�Z]Ë|¹Zn¿YÂ�{:

·��YË]Z�Ê·ÁYÌÄZ�Ë,d

·cZ ·Z�»¬»Ì�ZZ»�MËÅZ´�Ê,

·�»ZcZ ·�{¬»Ì�ZZaË,cÂ¸

·uY��Ê,

·Ã{ZÌa��,É�Z�dyZ�ÁY�mY���{¹Z¼e¬»Ì�ZZÅÁc�Z�¿.
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A CFD Method for Investigation of Groundwater Aquifer
Contaminated by Hydrocarbons at Tehran Oil Refining Company

and Proposing an Appropriate Remediation Strategy

Abstract

Contamination of the aquifer systems by organic pollutants is a widespread

environmental concern. Hence, the management of the groundwater resources has been

strongly emphasized in recent years. Accurate methods are required to predict

contaminants transport through porous media in order to determine contamination

plumes in the subsurface aquifers and control pollution expansion. At present, oil has

been revealed as a layer on the groundwater surface in the Tehran oil refinery and

nearby areas. Field investigations have shown groundwater and soil pollution in a large

area. Furthermore, oil has been measured in monitoring and other wells in the study

area. The investigations have revealed the presence of more than 1440000 cubic meter

of oil throughout the Tehran oil refinery and the Rey industrial area. In this research,

comprehensive models have been developed for each zone of the contaminated area.

The results of these models can be used for designing an appropriate remediation

strategy. To achieve this goal, a conceptual model was first developed to consider

effective mechanisms involved in the reactive transport of hydrocarbon pollutants,

pollution plume expansion and hydro-chemical reactions. A two-dimensional model has

been then presented by modifying a multi-purpose commercial software called

PHOENICS to predict multi-species and multi-phases reactive transport of

hydrocarbons through the saturated zone of groundwater flow system in the Rey

industrial area. PHOENICS solves model equations numerically utilising a finite

volume technique. All non-linear terms of the partial differential equations were

handled using PHOENICS by coding in PIL (PHOENICS Input Language), and saving

in a Q1-file with calls to the GROUND routine for all non-standard computations. The

required coding was added through GROUND routine with FORTRAN99 language.

The accuracy of the model was verified with analytical solutions to simplified systems

and single processes together with the results obtained by different scenarios of
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published numerical models by other researchers to more complicated cases. The model

was then expanded to predict multi-species and multi-phases reactive transport of

hydrocarbon pollutants in the study area. The proposed model was calibrated with the

field data for a time period of 36 years; showing a close agreement. It was then

implemented to predict reactive transport of hydrocarbons for 15 years after calibration

period taking different scenarios into account. The most important characteristics of the

model presented in this research are that in addition to the physical transport

mechanisms, it incorporates variable source, linear adsorption process and biological

kinetics models including Monod, Michaelis-Menten, first- andzero- order 

mathematical expressions. A sensitivity analysis was carried out to assess uncertainties

of the model presented in this research and to consider the influence of parameters

variability on the results of model. For this analysis, the sensitivity of the model to

changes in the dispersivity, distribution coefficient, parameters of Monod, Michaelis-

Menten, first- and zero- order kinetics modes on the contaminant plumes were

examined by performing several simulations. It was found that the model is most

sensitive to changes in dispersivities, distribution coefficient, and parameters of

Michaelis-Menten, first- and zero- order kinetics model. On the other hand, the model is

not sensitive to the parameters of Monod kinetics model. The reason for this

insensibility is that degradation is not limited by microbial kinetics in the simulation,

but by dispersive mixing. The modeling results show that by removing LNAPL from

the surface of groundwater table of the aquifer after 42 years, there will be a significant

change in the distribution of dissolved hydrocarbons in the underlying aquifer.

However, aquifer remains contaminated during this time. It will be necessary to develop

an appropriate remediation strategy based on biological process in the study area. The

results obtained from such investigations can be used to monitor the contaminated sites

by hydrocarbon pollutants and design methods for controlling pollution and minimizing

environmental problems in the groundwater aquifers.

Keyword: Computational fluid dynamics (CFD), Numerical modelling, Aquifer,

Multi-component reactive transport, Multi-phases, Hydrocarbon pollutants,

Biodegradation Kinetics models, Linear adsorption, Sensitivity analysis,

Bioremediation.



���

Shahrood University of Technology
Faculty of Miming Engineering, Petroleum & Geophysics

PhD Thesis

A CFD Method for Investigation of Groundwater Aquifer 
Contaminated by Hydrocarbons at Tehran Oil Refining Company

and Proposing an Appropriate Remediation Strategy

Azadeh Agah

Supervisor:
Professor Framarz Doulati Arde Jani

Industrial Consultant:
Hossein Ghoreishi

August 2012



���

TALK=T;RUN( 1, 1)

 ************************************************************
   Q1 created by VDI menu, Version 3.5, Date 20/10/03
 CPVNAM=VDI;SPPNAM=Core
 ************************************************************
 IRUNN   =         1 ;LIBREF =         0
 ************************************************************
  Group 1. Run Title
 TEXT(   NO REACTIVE    )
 ************************************************************
  Group 2. Transience
 STEADY=F

 * Set overall time and no. of steps
RSET(U,0.000000E+00,1.576800E+09,50)
    * Modify regions
************************************************************
  Groups 3, 4, 5  Grid Information
    * Overall number of cells, RSET(M,NX,NY,NZ,tolerance)
 RSET(M,35,10,1)
 ************************************************************
  Group 6. Body-Fitted coordinates
 ************************************************************
  Group 7. Variables: STOREd,SOLVEd,NAMEd
 ONEPHS  =    T
    * Non-default variable names
 NAME(149) =R11  ; NAME(150) =POT
    * Solved variables list
 SOLVE(C1  ,C3  ,C5  ,C7  ,C9  ,C11 ,R11 ,POT )
    * Stored variables list
 STORE(V1  ,U1  ,P1  )
    * Additional solver options
 SOLUTN(C1  ,Y,Y,Y,N,N,N)
 SOLUTN(C3  ,Y,Y,Y,N,N,N)
 SOLUTN(C5  ,Y,Y,Y,N,N,N)
 SOLUTN(C7  ,Y,Y,Y,N,N,N)
 SOLUTN(C9  ,Y,Y,Y,N,N,N)
 SOLUTN(C11 ,Y,Y,Y,N,N,N)
 SOLUTN(R11 ,Y,Y,Y,N,N,N)
 SOLUTN(POT ,Y,Y,Y,N,N,N)

 ************************************************************
  Group 8. Terms & Devices
 TERMS (C11 ,N,N,N,Y,Y,Y)
 TERMS (R11 ,N,N,N,Y,N,Y)
 TERMS (POT ,N,N,Y,N,Y,Y)
 ************************************************************
  Group 9. Properties
 PRESS0  = 1.000000E+05 ;TEMP0  = 2.730000E+02
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SETPRPS(1, 67)
 RHO1    = 1.000000E+00
 ENUL    = 1.000000E+00
 ENUT    = 0.000000E+00
 DVO1DT  = 1.180000E-04
 PRNDTL(C1  ) = -5.650000E-08 ;PRNDTL(C3  ) = -5.650000E-08
 PRNDTL(C5  ) = -5.650000E-08 ;PRNDTL(C7  ) = -5.650000E-08
 PRNDTL(C9  ) = -5.650000E-08 ;PRNDTL(POT ) = -8.070000E-06
************************************************************
  Group 10.Inter-Phase Transfer Processes
 ************************************************************
  Group 11.Initialise Var/Porosity Fields
 FIINIT(C1  ) =  0.000000E+00 ;FIINIT(C3  ) =  0.000000E+00
FIINIT(C5  ) =  0.000000E+00 ;FIINIT(C7  ) =  0.000000E+00
 FIINIT(C9  ) =  5.000000E+00 ;FIINIT(C11 ) =  1.700000E+00
 FIINIT(R11 ) =  0.000000E+00 ;FIINIT(POT ) =  3.450000E+01

No PATCHes used for this Group

 INIADD  =    F
 ************************************************************
  Group 12. Convection and diffusion adjustments

 PATCH (GP12DFNT,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (GP12DFNT,C1  , 1.000000E+00, 0.000000E+00)
COVAL (GP12DFNT,C3  , 1.000000E+00, 0.000000E+00)
 COVAL (GP12DFNT,C5  , 1.000000E+00, 0.000000E+00)
 COVAL (GP12DFNT,C7  , 1.000000E+00, 0.000000E+00)
 COVAL (GP12DFNT,C9  , 1.000000E+00, 0.000000E+00)
 COVAL (GP12DFNT,POT , 1.000000E-01, 0.000000E+00)
************************************************************
  Group 13. Boundary & Special Sources

 PATCH (EAST    ,EAST  ,2,0,0,0,0,0,1,50)
 COVAL (EAST    ,POT , FIXVAL      , 3.140000E+01)

 PATCH (WEST    ,WEST  ,1,0,0,0,0,0,1,50)
 COVAL (WEST    ,C9  , FIXVAL      , 5.000000E+00)
 COVAL (WEST    ,POT , FIXVAL      , 3.450000E+01)

 PATCH (INLTNO  ,NORTH ,3,0,0,0,0,0,1,50)
 COVAL (INLTNO  ,POT , FIXFLU      , 7.820000E-09)

 PATCH (SOUR    ,VOLUME,5,28,7,9,1,1,1,50)
 COVAL (SOUR    ,C1  , 4.860000E-08, 1.424000E+01)
 COVAL (SOUR    ,C3  , 1.157000E-08, 5.096000E+01)
 COVAL (SOUR    ,C5  , 6.360000E-08, 4.560000E+00)
 COVAL (SOUR    ,C7  , 5.670000E-08, 2.574000E+01)
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 EGWF    =    T
 ************************************************************
  Group 14. Downstream Pressure For PARAB
 ************************************************************
  Group 15. Terminate Sweeps
 LSWEEP  =       500
 RESFAC  = 1.000000E-05
 ************************************************************
  Group 16. Terminate Iterations
 ************************************************************
  Group 17. Relaxation
 RELAX(C1  ,FALSDT, 1.000000E+06)
RELAX(C3  ,FALSDT, 1.000000E+06)
 RELAX(C5  ,FALSDT, 1.000000E+06)
 RELAX(C7  ,FALSDT, 1.000000E+06)
 RELAX(C9  ,FALSDT, 9.999000E+05)
 RELAX(C11 ,FALSDT, 9.999000E+05)
 RELAX(POT ,LINRLX, 7.000000E-01)
 ************************************************************
  Group 18. Limits
 VARMAX(U1  ) = 1.000000E+06 ;VARMIN(U1  ) =-1.000000E+06
 VARMAX(V1  ) = 1.000000E+06 ;VARMIN(V1  ) =-1.000000E+06
 VARMAX(C1  ) = 1.000000E+02 ;VARMIN(C1  ) = 0.000000E+00
 VARMAX(C3  ) = 1.000000E+02 ;VARMIN(C3  ) = 0.000000E+00
 VARMAX(C5  ) = 1.000000E+02 ;VARMIN(C5  ) = 0.000000E+00
 VARMAX(C7  ) = 1.000000E+02 ;VARMIN(C7  ) = 0.000000E+00
 VARMAX(C9  ) = 5.000000E+00 ;VARMIN(C9  ) = 0.000000E+00
 VARMAX(C11 ) = 1.000000E+02 ;VARMIN(C11 ) = 0.000000E+00
************************************************************
  Group 19. EARTH Calls To GROUND Station
USEGRD  =    T  ;USEGRX =    T
 POTVEL  =    T
 ASAP    =    T
 PARSOL  =    T
 IDISPB  =         1 ;IDISPC =        50
 RG(  1) = 2.017500E-05
 RG(  2) = 2.017500E-06
 RG(  3) = 1.000000E+00
 RG(  4) = 3.460000E+01
 RG(  5) = 1.077000E+02
 RG(  6) = 2.292000E+02
 RG(  7) = 2.500000E+02
 RG(  8) = 5.690000E-05
 RG(  9) = 4.770000E-01
 RG( 10) = 2.690000E+00
 RG( 11) = 1.020000E-04
 RG( 12) = 4.270000E-01
 RG( 13) = 3.252000E+00
 RG( 14) = 5.860000E-05
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 RG( 15) = 2.720000E-01
 RG( 16) = 1.288000E+00
 RG( 17) = 6.690000E-05
 RG( 18) = 3.310000E-01
 RG( 19) = 4.681000E+00
 RG( 20) = 4.100000E-01
 RG( 21) = 3.500000E-01
 RG( 22) = 3.000000E-01
 RG( 23) = 3.000000E-01
 RG( 24) = 1.175000E-05
 ************************************************************
  Group 20. Preliminary Printout
 ECHO    =    T
 ************************************************************
  Group 21. Print-out of Variables
 ************************************************************
  Group 22. Monitor Print-Out
 IXMON   =        28 ;IYMON  =        10 ;IZMON  =         1
 NPRMON  =    100000
 NPRMNT  =         1
 TSTSWP  =        -1
 ************************************************************
  Group 23.Field Print-Out & Plot Control
 NPRINT  =    100000
 NTPRIN  =    100000 ;ISTPRF =         1 ;ISTPRL =     10000
 ISWPRF  =         1 ;ISWPRL =    100000
   No PATCHes used for this Group
 ************************************************************
  Group 24. Dumps For Restarts
 IDISPA  =         1 ;IDISPB =         1 ;IDISPC =        50
CSG1    ='B'

 GVIEW(P,0.000000E+00,0.000000E+00,1.000000E+00)
 GVIEW(UP,0.000000E+00,1.000000E+00,0.000000E+00)

> DOM,    SIZE,        7.500000E+02, 4.000000E+01, 1.000000E-02
> DOM,    MONIT,       6.000000E+02, 3.800000E+01, 5.000000E-03
> DOM,    SCALE,       1.000000E+00, 1.000000E+00, 1.000000E+00
> DOM,    SNAPSIZE,    1.000000E-02

> OBJ,    NAME,        INLET
> OBJ,    POSITION,    0.000000E+00, 0.000000E+00, 0.000000E+00
> OBJ,    SIZE,        0.000000E+00, 2.800000E+01, 1.000000E-02
> OBJ,    CLIPART,     cube3t
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED

> OBJ,    NAME,        OUTLET
> OBJ,    POSITION,    7.500000E+02, 0.000000E+00, 0.000000E+00
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> OBJ,    SIZE,        0.000000E+00, 2.800000E+01, 1.000000E-02
> OBJ,    CLIPART,     cube12t
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED

> OBJ,    NAME,        INLTNO
> OBJ,    POSITION,    0.000000E+00, 4.000000E+01, 0.000000E+00
> OBJ,    SIZE,        7.500000E+02, 0.000000E+00, 1.000000E-02
> OBJ,    CLIPART,     default
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED

> OBJ,    NAME,        SOUR
> OBJ,    POSITION,    1.000000E+02, 2.800000E+01, 0.000000E+00
> OBJ,    SIZE,        4.900000E+02, 8.000000E+00, 1.000000E-02
> OBJ,    CLIPART,     default
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED
STOP
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TALK=T;RUN( 1, 1)

 ************************************************************
   Q1 created by VDI menu, Version 3.5, Date 20/10/03
 CPVNAM=VDI;SPPNAM=Core
 ************************************************************
 IRUNN   =         1 ;LIBREF =         0
 ************************************************************
  Group 1. Run Title
 TEXT(    FIRST ORDER KINETICS     )
 ************************************************************
  Group 2. Transience
 STEADY=F
    * Set overall time and no. of steps
RSET(U,0.000000E+00,1.576800E+09,50)
    * Modify regions
************************************************************
  Groups 3, 4, 5  Grid Information
    * Overall number of cells, RSET(M,NX,NY,NZ,tolerance)
 RSET(M,35,10,1)
 ************************************************************
  Group 6. Body-Fitted coordinates
 ************************************************************
  Group 7. Variables: STOREd,SOLVEd,NAMEd
 ONEPHS  =    T
    * Non-default variable names
 NAME(149) =R11  ; NAME(150) =POT
    * Solved variables list
 SOLVE(C1  ,C3  ,C5  ,C7  ,C9  ,C11 ,R11 ,POT )
    * Stored variables list
 STORE(V1  ,U1  ,P1  )
    * Additional solver options
 SOLUTN(C1  ,Y,Y,Y,N,N,N)
 SOLUTN(C3  ,Y,Y,Y,N,N,N)
 SOLUTN(C5  ,Y,Y,Y,N,N,N)
 SOLUTN(C7  ,Y,Y,Y,N,N,N)
 SOLUTN(C9  ,Y,Y,Y,N,N,N)
 SOLUTN(C11 ,Y,Y,Y,N,N,N)
 SOLUTN(R11 ,Y,Y,Y,N,N,N)
 SOLUTN(POT ,Y,Y,Y,N,N,N)

 ************************************************************
  Group 8. Terms & Devices
 TERMS (C11 ,N,N,N,Y,Y,Y)
 TERMS (R11 ,N,N,N,Y,N,Y)
 TERMS (POT ,N,N,Y,N,Y,Y)
 ************************************************************
  Group 9. Properties
 PRESS0  = 1.000000E+05 ;TEMP0  = 2.730000E+02
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SETPRPS(1, 67)
 RHO1    = 1.000000E+00
 ENUL    = 1.000000E+00
 ENUT    = 0.000000E+00
 DVO1DT  = 1.180000E-04
 PRNDTL(C1  ) = -1.695000E-06 ;PRNDTL(C3  ) = -1.695000E-06
 PRNDTL(C5  ) = -1.695000E-06 ;PRNDTL(C7  ) = -1.695000E-06
 PRNDTL(C9  ) = -1.695000E-06 ;PRNDTL(POT ) = -8.070000E-06
************************************************************
  Group 10.Inter-Phase Transfer Processes
 ************************************************************
  Group 11.Initialise Var/Porosity Fields
 FIINIT(C1  ) =  0.000000E+00 ;FIINIT(C3  ) =  0.000000E+00
FIINIT(C5  ) =  0.000000E+00 ;FIINIT(C7  ) =  0.000000E+00
 FIINIT(C9  ) =  5.000000E+00 ;FIINIT(C11 ) =  1.700000E+00
 FIINIT(R11 ) =  0.000000E+00 ;FIINIT(POT ) =  3.450000E+01

No PATCHes used for this Group

 INIADD  =    F
 ************************************************************
  Group 12. Convection and diffusion adjustments

 PATCH (GP12DFNT,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (GP12DFNT,C1  , 1.000000E-01, 0.000000E+00)
COVAL (GP12DFNT,C3  , 1.000000E-01, 0.000000E+00)
 COVAL (GP12DFNT,C5  , 1.000000E-01, 0.000000E+00)
 COVAL (GP12DFNT,C7  , 1.000000E-01, 0.000000E+00)
 COVAL (GP12DFNT,C9  , 1.000000E-01, 0.000000E+00)
 COVAL (GP12DFNT,POT , 1.000000E-01, 0.000000E+00)
************************************************************
  Group 13. Boundary & Special Sources

 PATCH (EAST    ,EAST  ,2,0,0,0,0,0,1,50)
 COVAL (EAST    ,POT , FIXVAL      , 3.140000E+01)

 PATCH (WEST    ,WEST  ,1,0,0,0,0,0,1,50)
 COVAL (WEST    ,C9  , FIXVAL      , 5.000000E+00)
 COVAL (WEST    ,POT , FIXVAL      , 3.450000E+01)

 PATCH (INLTNO  ,NORTH ,3,0,0,0,0,0,1,50)
 COVAL (INLTNO  ,POT , FIXFLU      , 7.820000E-09)

 PATCH (SOUR    ,VOLUME,5,28,7,9,1,1,1,50)
 COVAL (SOUR    ,C1  , 4.860000E-08, 1.424000E+01)
 COVAL (SOUR    ,C3  , 1.157000E-08, 5.096000E+01)
 COVAL (SOUR    ,C5  , 6.360000E-08, 4.560000E+00)
 COVAL (SOUR    ,C7  , 5.670000E-08, 2.574000E+01)
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 PATCH (RETARDB ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (RETARDB ,C1  , GRND        , GRND        )

 PATCH (RETARDT ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (RETARDT ,C3  , GRND        , GRND        )

 PATCH (RETARDE ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (RETARDE ,C5  , GRND        , GRND        )

 PATCH (RETARDX ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (RETARDX ,C7  , GRND        , GRND        )

 PATCH (FIRSTB  ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (FIRSTB  ,C1  , 1.120000E-08, 0.000000E+00)

 PATCH (FIRSTT  ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (FIRSTT  ,C3  , 1.750000E-08, 0.000000E+00)

 PATCH (FIRSTE  ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (FIRSTE  ,C5  , 1.860000E-08, 0.000000E+00)

 PATCH (FIRSTX  ,VOLUME,0,0,0,0,0,0,1,50)
COVAL (FIRSTX  ,C7  , 8.760000E-09, 0.000000E+00)

 EGWF    =    T
************************************************************
  Group 14. Downstream Pressure For PARAB
 ************************************************************
  Group 15. Terminate Sweeps
 LSWEEP  =       500
 RESFAC  = 1.000000E-05
 ************************************************************
  Group 16. Terminate Iterations
 ************************************************************
  Group 17. Relaxation
 RELAX(C1  ,FALSDT, 9.999000E+05)
RELAX(C3  ,FALSDT, 9.999000E+05)
 RELAX(C5  ,FALSDT, 9.999000E+05)
 RELAX(C7  ,FALSDT, 9.999000E+05)
 RELAX(C9  ,FALSDT, 9.999000E+05)
 RELAX(C11 ,FALSDT, 9.999000E+05)
 RELAX(POT ,LINRLX, 7.000000E-01)
 ************************************************************
  Group 18. Limits
 VARMAX(U1  ) = 1.000000E+06 ;VARMIN(U1  ) =-1.000000E+06
 VARMAX(V1  ) = 1.000000E+06 ;VARMIN(V1  ) =-1.000000E+06
 VARMAX(C1  ) = 1.000000E+02 ;VARMIN(C1  ) = 0.000000E+00
 VARMAX(C3  ) = 1.000000E+02 ;VARMIN(C3  ) = 0.000000E+00
 VARMAX(C5  ) = 1.000000E+02 ;VARMIN(C5  ) = 0.000000E+00
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 VARMAX(C7  ) = 1.000000E+02 ;VARMIN(C7  ) = 0.000000E+00
 VARMAX(C9  ) = 5.000000E+00 ;VARMIN(C9  ) = 0.000000E+00
 VARMAX(C11 ) = 1.000000E+02 ;VARMIN(C11 ) = 0.000000E+00
************************************************************
  Group 19. EARTH Calls To GROUND Station
USEGRD  =    T  ;USEGRX =    T
 POTVEL  =    T
 ASAP    =    T
 PARSOL  =    T
 IDISPB  =         1 ;IDISPC =        50
 RG(  1) = 2.017500E-05
 RG(  2) = 2.017500E-06
 RG(  3) = 1.000000E+00
 RG(  4) = 1.340000E+00
 RG(  5) = 2.060000E+00
 RG(  6) = 3.310000E+00
 RG(  7) = 3.510000E+00
 RG(  8) = 2.845000E-05
 RG(  9) = 9.540000E-01
 RG( 10) = 5.380000E+00
 RG( 11) = 5.100000E-05
 RG( 12) = 8.540000E-01
 RG( 13) = 6.506000E+00
 RG( 14) = 2.930000E-05
 RG( 15) = 5.440000E-01
 RG( 16) = 2.576000E+00
 RG( 17) = 3.345000E-05
 RG( 18) = 6.620000E-01
 RG( 19) = 9.362000E+00
 RG( 20) = 4.100000E-01
 RG( 21) = 3.500000E-01
 RG( 22) = 3.000000E-01
 RG( 23) = 3.000000E-01
 RG( 24) = 1.175000E-05
 RG( 25) = 1.000000E-08
 RG( 26) = 3.120000E-08
 RG( 27) = 2.400000E-08
 RG( 28) = 1.100000E-08
 ************************************************************
  Group 20. Preliminary Printout
 ECHO    =    T
 ************************************************************
  Group 21. Print-out of Variables
 ************************************************************
  Group 22. Monitor Print-Out
 IXMON   =        28 ;IYMON  =        10 ;IZMON  =         1
 NPRMON  =    100000
 NPRMNT  =         1
 TSTSWP  =        -1
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 ************************************************************
  Group 23.Field Print-Out & Plot Control
 NPRINT  =    100000
 NTPRIN  =    100000 ;ISTPRF =         1 ;ISTPRL =     10000
 ISWPRF  =         1 ;ISWPRL =    100000
   No PATCHes used for this Group
 ************************************************************
  Group 24. Dumps For Restarts
 IDISPA  =         1 ;IDISPB =         1 ;IDISPC =        50
CSG1    ='B'

 GVIEW(P,0.000000E+00,0.000000E+00,1.000000E+00)
 GVIEW(UP,0.000000E+00,1.000000E+00,0.000000E+00)

> DOM,    SIZE,        7.500000E+02, 4.000000E+01, 1.000000E-02
> DOM,    MONIT,       6.000000E+02, 3.800000E+01, 5.000000E-03
> DOM,    SCALE,       1.000000E+00, 1.000000E+00, 1.000000E+00
> DOM,    SNAPSIZE,    1.000000E-02

> OBJ,    NAME,        INLET
> OBJ,    POSITION,    0.000000E+00, 0.000000E+00, 0.000000E+00
> OBJ,    SIZE,        0.000000E+00, 2.800000E+01, 1.000000E-02
> OBJ,    CLIPART,     cube3t
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED

> OBJ,    NAME,        OUTLET
> OBJ,    POSITION,    7.500000E+02, 0.000000E+00, 0.000000E+00
> OBJ,    SIZE,        0.000000E+00, 2.800000E+01, 1.000000E-02
> OBJ,    CLIPART,     cube12t
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED

> OBJ,    NAME,        INLTNO
> OBJ,    POSITION,    0.000000E+00, 4.000000E+01, 0.000000E+00
> OBJ,    SIZE,        7.500000E+02, 0.000000E+00, 1.000000E-02
> OBJ,    CLIPART,     default
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED

> OBJ,    NAME,        SOUR
> OBJ,    POSITION,    1.000000E+02, 2.800000E+01, 0.000000E+00
> OBJ,    SIZE,        4.900000E+02, 8.000000E+00, 1.000000E-02
> OBJ,    CLIPART,     default
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED
STOP
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TALK=T;RUN( 1, 1)

 ************************************************************
   Q1 created by VDI menu, Version 3.5, Date 20/10/03
 CPVNAM=VDI;SPPNAM=Core
 ************************************************************
 IRUNN   =         1 ;LIBREF =         0
 ************************************************************
  Group 1. Run Title
 TEXT(     MENTEN KINETICS     )
 ************************************************************
  Group 2. Transience
 STEADY=F
   * Set overall time and no. of steps
RSET(U,0.000000E+00,1.576800E+09,50)
    * Modify regions
************************************************************
  Groups 3, 4, 5  Grid Information
    * Overall number of cells, RSET(M,NX,NY,NZ,tolerance)
 RSET(M,35,10,1)
 ************************************************************
  Group 6. Body-Fitted coordinates
 ************************************************************
  Group 7. Variables: STOREd,SOLVEd,NAMEd
 ONEPHS  =    T
    * Non-default variable names
 NAME(149) =R11  ; NAME(150) =POT
    * Solved variables list
 SOLVE(C1  ,C3  ,C5  ,C7  ,C9  ,C11 ,R11 ,POT )
    * Stored variables list
 STORE(V1  ,U1  ,P1  )
    * Additional solver options
 SOLUTN(C1  ,Y,Y,Y,N,N,N)
 SOLUTN(C3  ,Y,Y,Y,N,N,N)
 SOLUTN(C5  ,Y,Y,Y,N,N,N)
 SOLUTN(C7  ,Y,Y,Y,N,N,N)
 SOLUTN(C9  ,Y,Y,Y,N,N,N)
 SOLUTN(C11 ,Y,Y,Y,N,N,N)
 SOLUTN(R11 ,Y,Y,Y,N,N,N)
 SOLUTN(POT ,Y,Y,Y,N,N,N)

 ************************************************************
  Group 8. Terms & Devices
 TERMS (C11 ,N,N,N,Y,Y,Y)
 TERMS (R11 ,N,N,N,Y,N,Y)
 TERMS (POT ,N,N,Y,N,Y,Y)
 ************************************************************
  Group 9. Properties
 PRESS0  = 1.000000E+05 ;TEMP0  = 2.730000E+02
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SETPRPS(1, 67)
 RHO1    = 1.000000E+00
 ENUL    = 1.000000E+00
 ENUT    = 0.000000E+00
 DVO1DT  = 1.180000E-04
 PRNDTL(C1  ) = -1.695000E-06 ;PRNDTL(C3  ) = -1.695000E-06
 PRNDTL(C5  ) = -1.695000E-06 ;PRNDTL(C7  ) = -1.695000E-06
 PRNDTL(C9  ) = -1.695000E-06 ;PRNDTL(POT ) = -8.070000E-06
************************************************************
  Group 10.Inter-Phase Transfer Processes
 ************************************************************
  Group 11.Initialise Var/Porosity Fields
 FIINIT(C1  ) =  0.000000E+00 ;FIINIT(C3  ) =  0.000000E+00
FIINIT(C5  ) =  0.000000E+00 ;FIINIT(C7  ) =  0.000000E+00
 FIINIT(C9  ) =  5.000000E+00 ;FIINIT(C11 ) =  1.700000E+00
 FIINIT(R11 ) =  0.000000E+00 ;FIINIT(POT ) =  3.450000E+01

No PATCHes used for this Group

 INIADD  =    F
 ************************************************************
  Group 12. Convection and diffusion adjustments

 PATCH (GP12DFNT,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (GP12DFNT,C1  , 1.000000E-01, 0.000000E+00)
COVAL (GP12DFNT,C3  , 1.000000E-01, 0.000000E+00)
 COVAL (GP12DFNT,C5  , 1.000000E-01, 0.000000E+00)
 COVAL (GP12DFNT,C7  , 1.000000E-01, 0.000000E+00)
 COVAL (GP12DFNT,C9  , 1.000000E-01, 0.000000E+00)
 COVAL (GP12DFNT,POT , 1.000000E-01, 0.000000E+00)
************************************************************
  Group 13. Boundary & Special Sources

 PATCH (EAST    ,EAST  ,2,0,0,0,0,0,1,50)
 COVAL (EAST    ,POT , FIXVAL      , 3.140000E+01)

 PATCH (WEST    ,WEST  ,1,0,0,0,0,0,1,50)
 COVAL (WEST    ,C9  , FIXVAL      , 5.000000E+00)
 COVAL (WEST    ,POT , FIXVAL      , 3.450000E+01)

 PATCH (INLTNO  ,NORTH ,3,0,0,0,0,0,1,50)
 COVAL (INLTNO  ,POT , FIXFLU      , 7.820000E-09)

 PATCH (SOUR    ,VOLUME,5,28,7,9,1,1,1,50)
 COVAL (SOUR    ,C1  , 4.860000E-08, 1.424000E+01)
 COVAL (SOUR    ,C3  , 1.157000E-08, 5.096000E+01)
 COVAL (SOUR    ,C5  , 6.360000E-08, 4.560000E+00)
 COVAL (SOUR    ,C7  , 5.670000E-08, 2.574000E+01)
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 PATCH (RETARDB ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (RETARDB ,C1  , GRND        , GRND        )

 PATCH (RETARDT ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (RETARDT ,C3  , GRND        , GRND        )

 PATCH (RETARDE ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (RETARDE ,C5  , GRND        , GRND        )

 PATCH (RETARDX ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (RETARDX ,C7  , GRND        , GRND        )

 PATCH (MENTNB  ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (MENTNB  ,C1  , GRND4       , 0.000000E+00)

 PATCH (MENTNT  ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (MENTNT  ,C3  , GRND4       , 0.000000E+00)

 PATCH (MENTNE  ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (MENTNE  ,C5  , GRND4       , 0.000000E+00)

 PATCH (MENTNX  ,VOLUME,0,0,0,0,0,0,1,50)
COVAL (MENTNX  ,C7  , GRND4       , 0.000000E+00)

 EGWF    =    T
************************************************************
  Group 14. Downstream Pressure For PARAB
 ************************************************************
  Group 15. Terminate Sweeps
 LSWEEP  =       500
 RESFAC  = 1.000000E-05
 ************************************************************
  Group 16. Terminate Iterations
 ************************************************************
  Group 17. Relaxation
 RELAX(C1  ,FALSDT, 9.999000E+05)
RELAX(C3  ,FALSDT, 9.999000E+05)
 RELAX(C5  ,FALSDT, 9.999000E+05)
 RELAX(C7  ,FALSDT, 9.999000E+05)
 RELAX(C9  ,FALSDT, 9.999000E+05)
 RELAX(C11 ,FALSDT, 9.999000E+05)
 RELAX(POT ,LINRLX, 7.000000E-01)
 ************************************************************
  Group 18. Limits
 VARMAX(U1  ) = 1.000000E+06 ;VARMIN(U1  ) =-1.000000E+06
 VARMAX(V1  ) = 1.000000E+06 ;VARMIN(V1  ) =-1.000000E+06
 VARMAX(C1  ) = 1.000000E+02 ;VARMIN(C1  ) = 0.000000E+00
 VARMAX(C3  ) = 1.000000E+02 ;VARMIN(C3  ) = 0.000000E+00
 VARMAX(C5  ) = 1.000000E+02 ;VARMIN(C5  ) = 0.000000E+00
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 VARMAX(C7  ) = 1.000000E+02 ;VARMIN(C7  ) = 0.000000E+00
 VARMAX(C9  ) = 5.000000E+00 ;VARMIN(C9  ) = 0.000000E+00
 VARMAX(C11 ) = 1.000000E+02 ;VARMIN(C11 ) = 0.000000E+00
************************************************************
  Group 19. EARTH Calls To GROUND Station
USEGRD  =    T  ;USEGRX =    T
 POTVEL  =    T
 ASAP    =    T
 PARSOL  =    T
 IDISPB  =         1 ;IDISPC =        50
 RG(  1) = 2.017500E-05
 RG(  2) = 2.017500E-06
 RG(  3) = 1.000000E+00
 RG(  4) = 1.340000E+00
 RG(  5) = 2.060000E+00
 RG(  6) = 3.310000E+00
 RG(  7) = 3.510000E+00
 RG(  8) = 5.690000E-05
 RG(  9) = 4.770000E-01
 RG( 10) = 2.690000E+00
 RG( 11) = 1.020000E-04
 RG( 12) = 4.270000E-01
 RG( 13) = 3.252000E+00
 RG( 14) = 5.860000E-05
 RG( 15) = 2.720000E-01
 RG( 16) = 1.288000E+00
 RG( 17) = 6.690000E-05
 RG( 18) = 3.310000E-01
 RG( 19) = 4.681000E+00
 RG( 20) = 4.100000E-01
 RG( 21) = 3.500000E-01
 RG( 22) = 3.000000E-01
 RG( 23) = 3.000000E-01
 RG( 24) = 1.175000E-05
 RG( 25) = 3.000000E-08
 RG( 26) = 5.700000E-08
 RG( 27) = 2.400000E-08
 RG( 28) = 4.100000E-08
 ************************************************************
  Group 20. Preliminary Printout
 ECHO    =    T
 ************************************************************
  Group 21. Print-out of Variables
 ************************************************************
  Group 22. Monitor Print-Out
 IXMON   =        28 ;IYMON  =        10 ;IZMON  =         1
 NPRMON  =    100000
 NPRMNT  =         1
 TSTSWP  =        -1
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 ************************************************************
  Group 23.Field Print-Out & Plot Control
 NPRINT  =    100000
 NTPRIN  =    100000 ;ISTPRF =         1 ;ISTPRL =     10000
 ISWPRF  =         1 ;ISWPRL =    100000
   No PATCHes used for this Group
 ************************************************************
  Group 24. Dumps For Restarts
 IDISPA  =         1 ;IDISPB =         1 ;IDISPC =        50
CSG1    ='B'

 GVIEW(P,0.000000E+00,0.000000E+00,1.000000E+00)
 GVIEW(UP,0.000000E+00,1.000000E+00,0.000000E+00)

> DOM,    SIZE,        7.500000E+02, 4.000000E+01, 1.000000E-02
> DOM,    MONIT,       6.000000E+02, 3.800000E+01, 5.000000E-03
> DOM,    SCALE,       1.000000E+00, 1.000000E+00, 1.000000E+00
> DOM,    SNAPSIZE,    1.000000E-02

> OBJ,    NAME,        INLET
> OBJ,    POSITION,    0.000000E+00, 0.000000E+00, 0.000000E+00
> OBJ,    SIZE,        0.000000E+00, 2.800000E+01, 1.000000E-02
> OBJ,    CLIPART,     cube3t
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED

> OBJ,    NAME,        OUTLET
> OBJ,    POSITION,    7.500000E+02, 0.000000E+00, 0.000000E+00
> OBJ,    SIZE,        0.000000E+00, 2.800000E+01, 1.000000E-02
> OBJ,    CLIPART,     cube12t
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED

> OBJ,    NAME,        INLTNO
> OBJ,    POSITION,    0.000000E+00, 4.000000E+01, 0.000000E+00
> OBJ,    SIZE,        7.500000E+02, 0.000000E+00, 1.000000E-02
> OBJ,    CLIPART,     default
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED

> OBJ,    NAME,        SOUR
> OBJ,    POSITION,    1.000000E+02, 2.800000E+01, 0.000000E+00
> OBJ,    SIZE,        4.900000E+02, 8.000000E+00, 1.000000E-02
> OBJ,    CLIPART,     default
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED
STOP
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TALK=T;RUN( 1, 1)

 ************************************************************
   Q1 created by VDI menu, Version 3.5, Date 20/10/03
 CPVNAM=VDI;SPPNAM=Core
 ************************************************************
 IRUNN   =         1 ;LIBREF =         0
 ************************************************************
  Group 1. Run Title
 TEXT(  MONOD KINETICS   )
 ************************************************************
  Group 2. Transience
 STEADY=F
    * Set overall time and no. of steps
RSET(U,0.000000E+00,1.576800E+09,50)
    * Modify regions
************************************************************
  Groups 3, 4, 5  Grid Information
    * Overall number of cells, RSET(M,NX,NY,NZ,tolerance)
 RSET(M,35,10,1)
 ************************************************************
  Group 6. Body-Fitted coordinates
 ************************************************************
  Group 7. Variables: STOREd,SOLVEd,NAMEd
 ONEPHS  =    T
  * Non-default variable names

 NAME(149) =R11  ; NAME(150) =POT
    * Solved variables list
 SOLVE(C1  ,C3  ,C5  ,C7  ,C9  ,C11 ,R11 ,POT )
    * Stored variables list
 STORE(V1  ,U1  ,P1  )
    * Additional solver options
 SOLUTN(C1  ,Y,Y,Y,N,N,N)
 SOLUTN(C3  ,Y,Y,Y,N,N,N)
 SOLUTN(C5  ,Y,Y,Y,N,N,N)
 SOLUTN(C7  ,Y,Y,Y,N,N,N)
 SOLUTN(C9  ,Y,Y,Y,N,N,N)
 SOLUTN(C11 ,Y,Y,Y,N,N,N)
 SOLUTN(R11 ,Y,Y,Y,N,N,N)
 SOLUTN(POT ,Y,Y,Y,N,N,N)

 ************************************************************
  Group 8. Terms & Devices
 TERMS (C11 ,N,N,N,Y,Y,Y)
 TERMS (R11 ,N,N,N,Y,N,Y)
 TERMS (POT ,N,N,Y,N,Y,Y)
 ************************************************************
  Group 9. Properties
 PRESS0  = 1.000000E+05 ;TEMP0  = 2.730000E+02
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SETPRPS(1, 67)
 RHO1    = 1.000000E+00
 ENUL    = 1.000000E+00
 ENUT    = 0.000000E+00
 DVO1DT  = 1.180000E-04
 PRNDTL(C1  ) = -1.695000E-06 ;PRNDTL(C3  ) = -1.695000E-06
 PRNDTL(C5  ) = -1.695000E-06 ;PRNDTL(C7  ) = -1.695000E-06
 PRNDTL(C9  ) = -1.695000E-06 ;PRNDTL(POT ) = -8.070000E-06
************************************************************
  Group 10.Inter-Phase Transfer Processes
 ************************************************************
  Group 11.Initialise Var/Porosity Fields
 FIINIT(C1  ) =  0.000000E+00 ;FIINIT(C3  ) =  0.000000E+00
FIINIT(C5  ) =  0.000000E+00 ;FIINIT(C7  ) =  0.000000E+00
 FIINIT(C9  ) =  5.000000E+00 ;FIINIT(C11 ) =  1.700000E+00
 FIINIT(R11 ) =  0.000000E+00 ;FIINIT(POT ) =  3.450000E+01

No PATCHes used for this Group

 INIADD  =    F
 ************************************************************
  Group 12. Convection and diffusion adjustments

 PATCH (GP12DFNT,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (GP12DFNT,C1  , 1.000000E-01, 0.000000E+00)
COVAL (GP12DFNT,C3  , 1.000000E-01, 0.000000E+00)
 COVAL (GP12DFNT,C5  , 1.000000E-01, 0.000000E+00)
 COVAL (GP12DFNT,C7  , 1.000000E-01, 0.000000E+00)
 COVAL (GP12DFNT,C9  , 1.000000E-01, 0.000000E+00)
 COVAL (GP12DFNT,POT , 1.000000E-01, 0.000000E+00)
************************************************************
  Group 13. Boundary & Special Sources

 PATCH (EAST    ,EAST  ,2,0,0,0,0,0,1,50)
 COVAL (EAST    ,POT , FIXVAL      , 3.140000E+01)

 PATCH (WEST    ,WEST  ,1,0,0,0,0,0,1,50)
 COVAL (WEST    ,C9  , FIXVAL      , 5.000000E+00)
 COVAL (WEST    ,POT , FIXVAL      , 3.450000E+01)

 PATCH (INLTNO  ,NORTH ,3,0,0,0,0,0,1,50)
 COVAL (INLTNO  ,POT , FIXFLU      , 7.820000E-09)

 PATCH (SOUR    ,VOLUME,5,28,7,9,1,1,1,50)
 COVAL (SOUR    ,C1  , 4.860000E-08, 1.424000E+01)
 COVAL (SOUR    ,C3  , 1.157000E-08, 5.096000E+01)
 COVAL (SOUR    ,C5  , 6.360000E-08, 4.560000E+00)
 COVAL (SOUR    ,C7  , 5.670000E-08, 2.574000E+01)
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 PATCH (RETARDB ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (RETARDB ,C1  , GRND        , GRND        )

 PATCH (RETARDT ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (RETARDT ,C3  , GRND        , GRND        )

 PATCH (RETARDE ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (RETARDE ,C5  , GRND        , GRND        )

 PATCH (RETARDX ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (RETARDX ,C7  , GRND        , GRND        )

 PATCH (MONODB  ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (MONODB  ,C1  , GRND1       , 0.000000E+00)

 PATCH (MONODT  ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (MONODT  ,C3  , GRND1       , 0.000000E+00)

 PATCH (MONODE  ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (MONODE  ,C5  , GRND1       , 0.000000E+00)

 PATCH (MONODX  ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (MONODX  ,C7  , GRND1       , 0.000000E+00)

 PATCH (OXYGB   ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (OXYGB   ,C9  , GRND2       , 0.000000E+00)

 PATCH (OXYGT   ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (OXYGT   ,C9  , GRND2       , 0.000000E+00)

 PATCH (OXYGE   ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (OXYGE   ,C9  , GRND2       , 0.000000E+00)

 PATCH (OXYGX   ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (OXYGX   ,C9  , GRND2       , 0.000000E+00)

 PATCH (BACTRB  ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (BACTRB  ,C11 , GRND3       , 0.000000E+00)

 PATCH (BACTRT  ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (BACTRT  ,C11 , GRND3       , 0.000000E+00)

 PATCH (BACTRE  ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (BACTRE  ,C11 , GRND3       , 0.000000E+00)

 PATCH (BACTRX  ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (BACTRX  ,C11 , GRND3       , 0.000000E+00)

 EGWF    =    T
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 ************************************************************
  Group 14. Downstream Pressure For PARAB
 ************************************************************
  Group 15. Terminate Sweeps
 LSWEEP  =       500
 RESFAC  = 1.000000E-05
 ************************************************************
  Group 16. Terminate Iterations
 ************************************************************
  Group 17. Relaxation
 RELAX(C1  ,FALSDT, 1.000000E+06)
RELAX(C3  ,FALSDT, 1.000000E+06)
 RELAX(C5  ,FALSDT, 1.000000E+06)
 RELAX(C7  ,FALSDT, 1.000000E+06)
 RELAX(C9  ,FALSDT, 9.999000E+05)
 RELAX(C11 ,FALSDT, 9.999000E+05)
 RELAX(POT ,LINRLX, 7.000000E-01)
 ************************************************************
  Group 18. Limits
 VARMAX(U1  ) = 1.000000E+06 ;VARMIN(U1  ) =-1.000000E+06
 VARMAX(V1  ) = 1.000000E+06 ;VARMIN(V1  ) =-1.000000E+06
 VARMAX(C1  ) = 1.000000E+02 ;VARMIN(C1  ) = 0.000000E+00
 VARMAX(C3  ) = 1.000000E+02 ;VARMIN(C3  ) = 0.000000E+00
 VARMAX(C5  ) = 1.000000E+02 ;VARMIN(C5  ) = 0.000000E+00
 VARMAX(C7  ) = 1.000000E+02 ;VARMIN(C7  ) = 0.000000E+00
 VARMAX(C9  ) = 5.000000E+00 ;VARMIN(C9  ) = 0.000000E+00
 VARMAX(C11 ) = 1.000000E+02 ;VARMIN(C11 ) = 0.000000E+00
************************************************************
  Group 19. EARTH Calls To GROUND Station
USEGRD  =    T  ;USEGRX =    T
 POTVEL  =    T
 ASAP    =    T
 PARSOL  =    T
 IDISPB  =         1 ;IDISPC =    50
 RG(  1) = 2.017500E-05
 RG(  2) = 2.017500E-06
 RG(  3) = 1.000000E+00
 RG(  4) = 1.340000E+00
 RG(  5) = 2.060000E+00
 RG(  6) = 3.310000E+00
 RG(  7) = 3.510000E+00
 RG(  8) = 5.690000E-05
 RG(  9) = 4.770000E-01
 RG( 10) = 2.690000E+00
 RG( 11) = 1.020000E-04
 RG( 12) = 4.270000E-01
 RG( 13) = 3.252000E+00
 RG( 14) = 5.860000E-05
 RG( 15) = 2.720000E-01
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 RG( 16) = 1.288000E+00
 RG( 17) = 6.690000E-05
 RG( 18) = 3.310000E-01
 RG( 19) = 4.681000E+00
 RG( 20) = 4.100000E-01
 RG( 21) = 3.500000E-01
RG( 22) = 3.000000E-01
 RG( 23) = 3.000000E-01
 RG( 24) = 1.175000E-05
 ************************************************************
  Group 20. Preliminary Printout
 ECHO    =    T
 ************************************************************
  Group 21. Print-out of Variables
 ************************************************************
  Group 22. Monitor Print-Out
 IXMON   =        28 ;IYMON  =        10 ;IZMON  =         1
 NPRMON  =    100000
 NPRMNT  =         1
 TSTSWP  =        -1
 ************************************************************
  Group 23.Field Print-Out & Plot Control
 NPRINT  =    100000
 NTPRIN  =    100000 ;ISTPRF =         1 ;ISTPRL =     10000
 ISWPRF  =         1 ;ISWPRL =    100000
   No PATCHes used for this Group
 ************************************************************
  Group 24. Dumps For Restarts
 IDISPA  =         1 ;IDISPB =         1 ;IDISPC =        50
CSG1    ='B'

 GVIEW(P,0.000000E+00,0.000000E+00,1.000000E+00)
 GVIEW(UP,0.000000E+00,1.000000E+00,0.000000E+00)

> DOM,    SIZE,        7.500000E+02, 4.000000E+01, 1.000000E-02
> DOM,    MONIT,       6.000000E+02, 3.800000E+01, 5.000000E-03
> DOM,    SCALE,       1.000000E+00, 1.000000E+00, 1.000000E+00
> DOM,    SNAPSIZE,    1.000000E-02

> OBJ,    NAME,        INLET
> OBJ,    POSITION,    0.000000E+00, 0.000000E+00, 0.000000E+00
> OBJ,    SIZE,        0.000000E+00, 2.800000E+01, 1.000000E-02
> OBJ,    CLIPART,     cube3t
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED

> OBJ,    NAME,        OUTLET
> OBJ,    POSITION,    7.500000E+02, 0.000000E+00, 0.000000E+00
> OBJ,    SIZE,        0.000000E+00, 2.800000E+01, 1.000000E-02
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> OBJ,    CLIPART,     cube12t
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED

> OBJ,    NAME,        INLTNO
> OBJ,    POSITION,    0.000000E+00, 4.000000E+01, 0.000000E+00
> OBJ,    SIZE,        7.500000E+02, 0.000000E+00, 1.000000E-02
> OBJ,    CLIPART,     default
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED

> OBJ,    NAME,        SOUR
> OBJ,    POSITION,    1.000000E+02, 2.800000E+01, 0.000000E+00
> OBJ,    SIZE,        4.900000E+02, 8.000000E+00, 1.000000E-02
> OBJ,    CLIPART,     default
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED
STOP
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TALK=T;RUN( 1, 1)

 ************************************************************
   Q1 created by VDI menu, Version 3.5, Date 20/10/03
 CPVNAM=VDI;SPPNAM=Core
 ************************************************************
 IRUNN   =         1 ;LIBREF =         0
 ************************************************************
  Group 1. Run Title
 TEXT(     NO SOURCE       )
 ************************************************************
  Group 2. Transience
 STEADY=F
    * Set overall time and no. of steps
RSET(U,0.000000E+00,1.576800E+09,50)
    * Modify regions
************************************************************
  Groups 3, 4, 5  Grid Information
    * Overall number of cells, RSET(M,NX,NY,NZ,tolerance)
 RSET(M,35,10,1)
 ************************************************************
  Group 6. Body-Fitted coordinates
 ************************************************************
  Group 7. Variables: STOREd,SOLVEd,NAMEd
 ONEPHS  =    T
    * Non-default variable names
 NAME(149) =R11  ; NAME(150) =POT
    * Solved variables list
 SOLVE(C1  ,C3  ,C5  ,C7  ,C9  ,C11 ,R11 ,POT )
    * Stored variables list
 STORE(V1  ,U1  ,P1  )
    * Additional solver options
 SOLUTN(C1  ,Y,Y,Y,N,N,N)
 SOLUTN(C3  ,Y,Y,Y,N,N,N)
 SOLUTN(C5  ,Y,Y,Y,N,N,N)
 SOLUTN(C7  ,Y,Y,Y,N,N,N)
 SOLUTN(C9  ,Y,Y,Y,N,N,N)
 SOLUTN(C11 ,Y,Y,Y,N,N,N)
 SOLUTN(R11 ,Y,Y,Y,N,N,N)
 SOLUTN(POT ,Y,Y,Y,N,N,N)

 ************************************************************
  Group 8. Terms & Devices
 TERMS (C11 ,N,N,N,Y,Y,Y)
 TERMS (R11 ,N,N,N,Y,N,Y)
 TERMS (POT ,N,N,Y,N,Y,Y)
 ************************************************************
  Group 9. Properties
 PRESS0  = 1.000000E+05 ;TEMP0  = 2.730000E+02
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SETPRPS(1, 67)
 RHO1    = 1.000000E+00
 ENUL    = 1.000000E+00
 ENUT    = 0.000000E+00
 DVO1DT  = 1.180000E-04
 PRNDTL(C1  ) = -1.695000E-06 ;PRNDTL(C3  ) = -1.695000E-06
 PRNDTL(C5  ) = -1.695000E-06 ;PRNDTL(C7  ) = -1.695000E-06
 PRNDTL(C9  ) = -1.695000E-06 ;PRNDTL(POT ) = -8.070000E-06
************************************************************
  Group 10.Inter-Phase Transfer Processes
 ************************************************************
  Group 11.Initialise Var/Porosity Fields
 FIINIT(C1  ) =  0.000000E+00 ;FIINIT(C3  ) =  0.000000E+00
FIINIT(C5  ) =  0.000000E+00 ;FIINIT(C7  ) =  0.000000E+00
 FIINIT(C9  ) =  5.000000E+00 ;FIINIT(C11 ) =  1.700000E+00
 FIINIT(R11 ) =  0.000000E+00 ;FIINIT(POT ) =  3.450000E+01

No PATCHes used for this Group

 INIADD  =    F
 ************************************************************
  Group 12. Convection and diffusion adjustments

 PATCH (GP12DFNT,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (GP12DFNT,C1  , 1.000000E-01, 0.000000E+00)
COVAL (GP12DFNT,C3  , 1.000000E-01, 0.000000E+00)
 COVAL (GP12DFNT,C5  , 1.000000E-01, 0.000000E+00)
 COVAL (GP12DFNT,C7  , 1.000000E-01, 0.000000E+00)
 COVAL (GP12DFNT,C9  , 1.000000E-01, 0.000000E+00)
 COVAL (GP12DFNT,POT , 1.000000E-01, 0.000000E+00)
************************************************************
  Group 13. Boundary & Special Sources

 PATCH (EAST    ,EAST  ,2,0,0,0,0,0,1,50)
 COVAL (EAST    ,POT , FIXVAL      , 3.140000E+01)

 PATCH (WEST    ,WEST  ,1,0,0,0,0,0,1,50)
 COVAL (WEST    ,C9  , FIXVAL      , 5.000000E+00)
 COVAL (WEST    ,POT , FIXVAL      , 3.450000E+01)

 PATCH (INLTNO  ,NORTH ,3,0,0,0,0,0,1,50)
 COVAL (INLTNO  ,POT , FIXFLU      , 7.820000E-09)

 PATCH (SOUR    ,VOLUME,5,28,7,9,1,1,1,36)
 COVAL (SOUR    ,C1  , 4.860000E-08, 1.424000E+01)
 COVAL (SOUR    ,C3  , 1.157000E-08, 5.096000E+01)
 COVAL (SOUR    ,C5  , 6.360000E-08, 4.560000E+00)
 COVAL (SOUR    ,C7  , 5.670000E-08, 2.574000E+01)
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 PATCH (RETARDB ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (RETARDB ,C1  , GRND        , GRND        )

 PATCH (RETARDT ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (RETARDT ,C3  , GRND        , GRND        )

PATCH (RETARDE ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (RETARDE ,C5  , GRND        , GRND        )

 PATCH (RETARDX ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (RETARDX ,C7  , GRND        , GRND        )

 PATCH (MONODB  ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (MONODB  ,C1  , GRND1       , 0.000000E+00)

 PATCH (MONODT  ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (MONODT  ,C3  , GRND1       , 0.000000E+00)

 PATCH (MONODE  ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (MONODE  ,C5  , GRND1       , 0.000000E+00)

 PATCH (MONODX  ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (MONODX  ,C7  , GRND1       , 0.000000E+00)

 PATCH (OXYGB   ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (OXYGB   ,C9  , GRND2       , 0.000000E+00)

 PATCH (OXYGT   ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (OXYGT   ,C9  , GRND2       , 0.000000E+00)

 PATCH (OXYGE   ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (OXYGE   ,C9  , GRND2       , 0.000000E+00)

 PATCH (OXYGX   ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (OXYGX   ,C9  , GRND2       , 0.000000E+00)

 PATCH (BACTRB  ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (BACTRB  ,C11 , GRND3   , 0.000000E+00)

 PATCH (BACTRT  ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (BACTRT  ,C11 , GRND3       , 0.000000E+00)

 PATCH (BACTRE  ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (BACTRE  ,C11 , GRND3       , 0.000000E+00)

 PATCH (BACTRX  ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (BACTRX  ,C11 , GRND3       , 0.000000E+00)

 EGWF    =    T
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 ************************************************************
  Group 14. Downstream Pressure For PARAB
 ************************************************************
  Group 15. Terminate Sweeps
 LSWEEP  =       500
 RESFAC  = 1.000000E-05
 ************************************************************
  Group 16. Terminate Iterations
 ************************************************************
  Group 17. Relaxation
 RELAX(C1  ,FALSDT, 1.000000E+06)
RELAX(C3  ,FALSDT, 1.000000E+06)
 RELAX(C5  ,FALSDT, 1.000000E+06)
 RELAX(C7  ,FALSDT, 1.000000E+06)
 RELAX(C9  ,FALSDT, 9.999000E+05)
 RELAX(C11 ,FALSDT, 9.999000E+05)
 RELAX(POT ,LINRLX, 7.000000E-01)
 ************************************************************
  Group 18. Limits
 VARMAX(U1  ) = 1.000000E+06 ;VARMIN(U1  ) =-1.000000E+06
 VARMAX(V1  ) = 1.000000E+06 ;VARMIN(V1  ) =-1.000000E+06
 VARMAX(C1  ) = 1.000000E+02 ;VARMIN(C1  ) = 0.000000E+00
 VARMAX(C3  ) = 1.000000E+02 ;VARMIN(C3  ) = 0.000000E+00
 VARMAX(C5  ) = 1.000000E+02 ;VARMIN(C5  ) = 0.000000E+00
 VARMAX(C7  ) = 1.000000E+02 ;VARMIN(C7  ) = 0.000000E+00
 VARMAX(C9  ) = 5.000000E+00 ;VARMIN(C9  ) = 0.000000E+00
 VARMAX(C11 ) = 1.000000E+02 ;VARMIN(C11 ) = 0.000000E+00
************************************************************
  Group 19. EARTH Calls To GROUND Station
USEGRD  =    T  ;USEGRX =    T
 POTVEL  =    T
 ASAP    =    T
 PARSOL  =    T
 IDISPB  =         1 ;IDISPC =        50
 RG(  1) = 2.017500E-05
 RG(  2) = 2.017500E-06
 RG(  3) = 1.000000E+00
 RG(  4) = 1.340000E+00
 RG(  5) = 2.060000E+00
 RG(  6) = 3.310000E+00
 RG(  7) = 3.510000E+00
 RG(  8) = 5.690000E-05
 RG(  9) = 4.770000E-01
 RG( 10) = 2.690000E+00
 RG( 11) = 1.020000E-04
 RG( 12) = 4.270000E-01
 RG( 13) = 3.252000E+00
 RG( 14) = 5.860000E-05
 RG( 15) = 2.720000E-01
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 RG( 16) = 1.288000E+00
 RG( 17) = 6.690000E-05
 RG( 18) = 3.310000E-01
 RG( 19) = 4.681000E+00
 RG( 20) = 4.100000E-01
 RG( 21) = 3.500000E-01
 RG( 22) = 3.000000E-01
 RG( 23) = 3.000000E-01
 RG( 24) = 1.175000E-05
 ************************************************************
  Group 20. Preliminary Printout
 ECHO    =    T
 ************************************************************
  Group 21. Print-out of Variables
 ************************************************************
  Group 22. Monitor Print-Out
 IXMON   =        28 ;IYMON  =        10 ;IZMON  =         1
 NPRMON  =    100000
 NPRMNT  =         1
 TSTSWP  =        -1
 ************************************************************
  Group 23.Field Print-Out & Plot Control
 NPRINT  =    100000
 NTPRIN  =    100000 ;ISTPRF =         1 ;ISTPRL =     10000
 ISWPRF  =         1 ;ISWPRL =    100000
   No PATCHes used for this Group
 ************************************************************
  Group 24. Dumps For Restarts
 IDISPA  =         1 ;IDISPB =         1 ;IDISPC =        50
CSG1    ='B'

 GVIEW(P,0.000000E+00,0.000000E+00,1.000000E+00)
 GVIEW(UP,0.000000E+00,1.000000E+00,0.000000E+00)

> DOM,    SIZE,        7.500000E+02, 4.000000E+01, 1.000000E-02
> DOM,    MONIT,       6.000000E+02, 3.800000E+01, 5.000000E-03
> DOM,    SCALE,       1.000000E+00, 1.000000E+00, 1.000000E+00
> DOM,    SNAPSIZE,    1.000000E-02

> OBJ,    NAME,        INLET
> OBJ,    POSITION,    0.000000E+00, 0.000000E+00, 0.000000E+00
> OBJ,    SIZE,        0.000000E+00, 2.800000E+01, 1.000000E-02
> OBJ,    CLIPART,     cube3t
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED

> OBJ,    NAME,        OUTLET
> OBJ,    POSITION,    7.500000E+02, 0.000000E+00, 0.000000E+00
> OBJ,    SIZE,        0.000000E+00, 2.800000E+01, 1.000000E-02
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> OBJ,    CLIPART,     cube12t
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED

> OBJ,    NAME,        INLTNO
> OBJ,    POSITION,    0.000000E+00, 4.000000E+01, 0.000000E+00
> OBJ,    SIZE,        7.500000E+02, 0.000000E+00, 1.000000E-02
> OBJ,    CLIPART,     default
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED

> OBJ,    NAME,        SOUR
> OBJ,    POSITION,    1.000000E+02, 2.800000E+01, 0.000000E+00
> OBJ,    SIZE,        4.900000E+02, 8.000000E+00, 1.000000E-02
> OBJ,    CLIPART,     default
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED
STOP
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TALK=T;RUN( 1, 1)

 ************************************************************
   Q1 created by VDI menu, Version 3.5, Date 20/10/03
 CPVNAM=VDI;SPPNAM=Core
 ************************************************************
 IRUNN   =         1 ;LIBREF =         0
 ************************************************************
  Group 1. Run Title
 TEXT(         RETARD           )
 ************************************************************
  Group 2. Transience
 STEADY=F
    * Set overall time and no. of steps
RSET(U,0.000000E+00,1.576800E+09,50)
    * Modify regions
************************************************************
  Groups 3, 4, 5  Grid Information
    * Overall number of cells, RSET(M,NX,NY,NZ,tolerance)
 RSET(M,35,10,1)
 ************************************************************
  Group 6. Body-Fitted coordinates
 ************************************************************
  Group 7. Variables: STOREd,SOLVEd,NAMEd
 ONEPHS  =    T
    * Non-default variable names
 NAME(149) =R11  ; NAME(150) =POT
    * Solved variables list
 SOLVE(C1  ,C3  ,C5  ,C7  ,C9  ,C11 ,R11 ,POT )
    * Stored variables list
 STORE(V1  ,U1  ,P1  )
    * Additional solver options
 SOLUTN(C1  ,Y,Y,Y,N,N,N)
 SOLUTN(C3  ,Y,Y,Y,N,N,N)
 SOLUTN(C5  ,Y,Y,Y,N,N,N)
 SOLUTN(C7  ,Y,Y,Y,N,N,N)
 SOLUTN(C9  ,Y,Y,Y,N,N,N)
 SOLUTN(C11 ,Y,Y,Y,N,N,N)
 SOLUTN(R11 ,Y,Y,Y,N,N,N)
 SOLUTN(POT ,Y,Y,Y,N,N,N)

 ************************************************************
  Group 8. Terms & Devices
 TERMS (C11 ,N,N,N,Y,Y,Y)
 TERMS (R11 ,N,N,N,Y,N,Y)
 TERMS (POT ,N,N,Y,N,Y,Y)
 ************************************************************
  Group 9. Properties
 PRESS0  = 1.000000E+05 ;TEMP0  = 2.730000E+02
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SETPRPS(1, 67)
 RHO1    = 1.000000E+00
 ENUL    = 1.000000E+00
 ENUT    = 0.000000E+00
 DVO1DT  = 1.180000E-04
 PRNDTL(C1  ) = -1.695000E-06 ;PRNDTL(C3  ) = -1.695000E-06
 PRNDTL(C5  ) = -1.695000E-06 ;PRNDTL(C7  ) = -1.695000E-06
 PRNDTL(C9  ) = -1.695000E-06 ;PRNDTL(POT ) = -8.070000E-06
************************************************************
  Group 10.Inter-Phase Transfer Processes
 ************************************************************
  Group 11.Initialise Var/Porosity Fields
 FIINIT(C1  ) =  0.000000E+00 ;FIINIT(C3  ) =  0.000000E+00
FIINIT(C5  ) =  0.000000E+00 ;FIINIT(C7  ) =  0.000000E+00
 FIINIT(C9  ) =  5.000000E+00 ;FIINIT(C11 ) =  1.700000E+00
 FIINIT(R11 ) =  0.000000E+00 ;FIINIT(POT ) =  3.450000E+01

No PATCHes used for this Group

 INIADD  =    F
 ************************************************************
  Group 12. Convection and diffusion adjustments

 PATCH (GP12DFNT,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (GP12DFNT,C1  , 1.000000E-01, 0.000000E+00)
COVAL (GP12DFNT,C3  , 1.000000E-01, 0.000000E+00)
 COVAL (GP12DFNT,C5  , 1.000000E-01, 0.000000E+00)
 COVAL (GP12DFNT,C7  , 1.000000E-01, 0.000000E+00)
 COVAL (GP12DFNT,C9  , 1.000000E-01, 0.000000E+00)
 COVAL (GP12DFNT,POT , 1.000000E-01, 0.000000E+00)
************************************************************
  Group 13. Boundary & Special Sources

 PATCH (EAST    ,EAST  ,2,0,0,0,0,0,1,50)
 COVAL (EAST    ,POT , FIXVAL      , 3.140000E+01)

 PATCH (WEST    ,WEST  ,1,0,0,0,0,0,1,50)
 COVAL (WEST    ,C9  , FIXVAL      , 5.000000E+00)
 COVAL (WEST    ,POT , FIXVAL      , 3.450000E+01)

 PATCH (INLTNO  ,NORTH ,3,0,0,0,0,0,1,50)
 COVAL (INLTNO  ,POT , FIXFLU      , 7.820000E-09)

 PATCH (SOUR    ,VOLUME,5,28,7,9,1,1,1,50)
 COVAL (SOUR    ,C1  , 4.860000E-08, 1.424000E+01)
 COVAL (SOUR    ,C3  , 1.157000E-08, 5.096000E+01)
 COVAL (SOUR    ,C5  , 6.360000E-08, 4.560000E+00)
 COVAL (SOUR    ,C7  , 5.670000E-08, 2.574000E+01)
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 PATCH (RETARDB ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (RETARDB ,C1  , GRND        , GRND        )

 PATCH (RETARDT ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (RETARDT ,C3  , GRND        , GRND        )

 PATCH (RETARDE ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (RETARDE ,C5  , GRND        , GRND        )

 PATCH (RETARDX ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (RETARDX ,C7  , GRND        , GRND        )

 EGWF    =    T
 ************************************************************
  Group 14. Downstream Pressure For PARAB
 ************************************************************
  Group 15. Terminate Sweeps
 LSWEEP  =       500
 RESFAC  = 1.000000E-05
 ************************************************************
  Group 16. Terminate Iterations
 ************************************************************
  Group 17. Relaxation
 RELAX(C1  ,FALSDT, 1.000000E+06)
RELAX(C3  ,FALSDT, 1.000000E+06)
 RELAX(C5  ,FALSDT, 1.000000E+06)
 RELAX(C7  ,FALSDT, 1.000000E+06)
 RELAX(C9  ,FALSDT, 9.999000E+05)
 RELAX(C11 ,FALSDT, 9.999000E+05)
 RELAX(POT ,LINRLX, 7.000000E-01)
 ************************************************************
  Group 18. Limits
 VARMAX(U1  ) = 1.000000E+06 ;VARMIN(U1  ) =-1.000000E+06
 VARMAX(V1  ) = 1.000000E+06 ;VARMIN(V1  ) =-1.000000E+06
 VARMAX(C1  ) = 1.000000E+02 ;VARMIN(C1  ) = 0.000000E+00
 VARMAX(C3  ) = 1.000000E+02 ;VARMIN(C3  ) = 0.000000E+00
 VARMAX(C5  ) = 1.000000E+02 ;VARMIN(C5  ) = 0.000000E+00
 VARMAX(C7  ) = 1.000000E+02 ;VARMIN(C7  ) = 0.000000E+00
 VARMAX(C9  ) = 5.000000E+00 ;VARMIN(C9  ) = 0.000000E+00
 VARMAX(C11 ) = 1.000000E+02 ;VARMIN(C11 ) = 0.000000E+00
************************************************************
  Group 19. EARTH Calls To GROUND Station
USEGRD  =    T  ;USEGRX =    T
 POTVEL  =    T
 ASAP    =    T
 PARSOL  =    T
 IDISPB  =         1 ;IDISPC =        50
 RG(  1) = 2.017500E-05
 RG(  2) = 2.017500E-06
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 RG(  3) = 1.000000E+00
 RG(  4) = 1.340000E+00
 RG(  5) = 2.060000E+00
 RG(  6) = 3.310000E+00
 RG(  7) = 3.510000E+00
 RG(  8) = 5.690000E-05
 RG(  9) = 4.770000E-01
 RG( 10) = 2.690000E+00
 RG( 11) = 1.020000E-04
 RG( 12) = 4.270000E-01
 RG( 13) = 3.252000E+00
 RG( 14) = 5.860000E-05
 RG( 15) = 2.720000E-01
 RG( 16) = 1.288000E+00
 RG( 17) = 6.690000E-05
 RG( 18) = 3.310000E-01
 RG( 19) = 4.681000E+00
 RG( 20) = 4.100000E-01
 RG( 21) = 3.500000E-01
 RG( 22) = 3.000000E-01
 RG( 23) = 3.000000E-01
 RG( 24) = 1.175000E-05
 ************************************************************
  Group 20. Preliminary Printout
 ECHO    =    T
 ************************************************************
  Group 21. Print-out of Variables
 ************************************************************
  Group 22. Monitor Print-Out
 IXMON   =        28 ;IYMON  =        10 ;IZMON  =         1
 NPRMON  =    100000
 NPRMNT  =    1
 TSTSWP  =        -1
 ************************************************************
  Group 23.Field Print-Out & Plot Control
 NPRINT  =    100000
 NTPRIN  =    100000 ;ISTPRF =         1 ;ISTPRL =     10000
 ISWPRF  =         1 ;ISWPRL =    100000
  No PATCHes used for this Group
 ************************************************************
  Group 24. Dumps For Restarts
 IDISPA  =         1 ;IDISPB =         1 ;IDISPC =        50
CSG1    ='B'

 GVIEW(P,0.000000E+00,0.000000E+00,1.000000E+00)
 GVIEW(UP,0.000000E+00,1.000000E+00,0.000000E+00)

> DOM,    SIZE,        7.500000E+02, 4.000000E+01, 1.000000E-02
> DOM,    MONIT,       6.000000E+02, 3.800000E+01, 5.000000E-03
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> DOM,    SCALE,       1.000000E+00, 1.000000E+00, 1.000000E+00
> DOM,    SNAPSIZE,    1.000000E-02

> OBJ,    NAME,        INLET
> OBJ,    POSITION,    0.000000E+00, 0.000000E+00, 0.000000E+00
> OBJ,    SIZE,        0.000000E+00, 2.800000E+01, 1.000000E-02
> OBJ,    CLIPART,     cube3t
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED

> OBJ,    NAME,        OUTLET
> OBJ,    POSITION,    7.500000E+02, 0.000000E+00, 0.000000E+00
> OBJ,    SIZE,        0.000000E+00, 2.800000E+01, 1.000000E-02
> OBJ,    CLIPART,     cube12t
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED

> OBJ,    NAME,        INLTNO
> OBJ,    POSITION,    0.000000E+00, 4.000000E+01, 0.000000E+00
> OBJ,    SIZE,        7.500000E+02, 0.000000E+00, 1.000000E-02
> OBJ,    CLIPART,     default
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED

> OBJ,    NAME,        SOUR
> OBJ,    POSITION,    1.000000E+02, 2.800000E+01, 0.000000E+00
> OBJ,    SIZE,        4.900000E+02, 8.000000E+00, 1.000000E-02
> OBJ,    CLIPART,     default
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED
STOP
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TALK=T;RUN( 1, 1)

 ************************************************************
   Q1 created by VDI menu, Version 3.5, Date 20/10/03
 CPVNAM=VDI;SPPNAM=Core
 ************************************************************
 IRUNN   =         1 ;LIBREF =         0
 ************************************************************
  Group 1. Run Title
 TEXT(    ZERO ORDER KINETICS      )
 ************************************************************
  Group 2. Transience
 STEADY=F
    * Set overall time and no. of steps
RSET(U,0.000000E+00,1.576800E+09,50)
    * Modify regions
************************************************************
  Groups 3, 4, 5  Grid Information
    * Overall number of cells, RSET(M,NX,NY,NZ,tolerance)
 RSET(M,35,10,1)
 ************************************************************
  Group 6. Body-Fitted coordinates
 ************************************************************
  Group 7. Variables: STOREd,SOLVEd,NAMEd
 ONEPHS  =    T
    * Non-default variable names
 NAME(149) =R11  ; NAME(150) =POT
    * Solved variables list
 SOLVE(C1  ,C3  ,C5  ,C7  ,C9  ,C11 ,R11 ,POT )
    * Stored variables list
 STORE(V1  ,U1  ,P1  )
    * Additional solver options
 SOLUTN(C1  ,Y,Y,Y,N,N,N)
 SOLUTN(C3  ,Y,Y,Y,N,N,N)
 SOLUTN(C5  ,Y,Y,Y,N,N,N)
 SOLUTN(C7  ,Y,Y,Y,N,N,N)
 SOLUTN(C9  ,Y,Y,Y,N,N,N)
 SOLUTN(C11 ,Y,Y,Y,N,N,N)
 SOLUTN(R11 ,Y,Y,Y,N,N,N)
 SOLUTN(POT ,Y,Y,Y,N,N,N)

 ************************************************************
  Group 8. Terms & Devices
 TERMS (C11 ,N,N,N,Y,Y,Y)
 TERMS (R11 ,N,N,N,Y,N,Y)
 TERMS (POT ,N,N,Y,N,Y,Y)
 ************************************************************
  Group 9. Properties
 PRESS0  = 1.000000E+05 ;TEMP0  = 2.730000E+02
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SETPRPS(1, 67)
 RHO1    = 1.000000E+00
 ENUL    = 1.000000E+00
 ENUT    = 0.000000E+00
 DVO1DT  = 1.180000E-04
 PRNDTL(C1  ) = -1.695000E-06 ;PRNDTL(C3  ) = -1.695000E-06
 PRNDTL(C5  ) = -1.695000E-06 ;PRNDTL(C7  ) = -1.695000E-06
 PRNDTL(C9  ) = -1.695000E-06 ;PRNDTL(POT ) = -8.070000E-06
************************************************************
  Group 10.Inter-Phase Transfer Processes
 ************************************************************
  Group 11.Initialise Var/Porosity Fields
 FIINIT(C1  ) =  0.000000E+00 ;FIINIT(C3  ) =  0.000000E+00
FIINIT(C5  ) =  0.000000E+00 ;FIINIT(C7  ) =  0.000000E+00
 FIINIT(C9  ) =  5.000000E+00 ;FIINIT(C11 ) =  1.700000E+00
 FIINIT(R11 ) =  0.000000E+00 ;FIINIT(POT ) =  3.450000E+01

No PATCHes used for this Group

 INIADD  =    F
 ************************************************************
  Group 12. Convection and diffusion adjustments

 PATCH (GP12DFNT,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (GP12DFNT,C1  , 1.000000E-01, 0.000000E+00)
COVAL (GP12DFNT,C3  , 1.000000E-01, 0.000000E+00)
 COVAL (GP12DFNT,C5  , 1.000000E-01, 0.000000E+00)
 COVAL (GP12DFNT,C7  , 1.000000E-01, 0.000000E+00)
 COVAL (GP12DFNT,C9  , 1.000000E-01, 0.000000E+00)
 COVAL (GP12DFNT,POT , 1.000000E-01, 0.000000E+00)
************************************************************
  Group 13. Boundary & Special Sources

 PATCH (EAST    ,EAST  ,2,0,0,0,0,0,1,50)
 COVAL (EAST    ,POT , FIXVAL      , 3.140000E+01)

 PATCH (WEST    ,WEST  ,1,0,0,0,0,0,1,50)
 COVAL (WEST    ,C9  , FIXVAL      , 5.000000E+00)
 COVAL (WEST    ,POT , FIXVAL      , 3.450000E+01)

 PATCH (INLTNO  ,NORTH ,3,0,0,0,0,0,1,50)
 COVAL (INLTNO  ,POT , FIXFLU      , 7.820000E-09)

 PATCH (SOUR    ,VOLUME,5,28,7,9,1,1,1,50)
 COVAL (SOUR    ,C1  , 4.860000E-08, 1.424000E+01)
 COVAL (SOUR    ,C3  , 1.157000E-08, 5.096000E+01)
 COVAL (SOUR    ,C5  , 6.360000E-08, 4.560000E+00)
 COVAL (SOUR    ,C7  , 5.670000E-08, 2.574000E+01)
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 PATCH (RETARDB ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (RETARDB ,C1  , GRND        , GRND        )

 PATCH (RETARDT ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (RETARDT ,C3  , GRND        , GRND        )

 PATCH (RETARDE ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (RETARDE ,C5  , GRND        , GRND        )

 PATCH (RETARDX ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (RETARDX ,C7  , GRND        , GRND        )

 PATCH (ZEROB   ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (ZEROB   ,C1  , FIXFLU      ,-3.000000E-08)

 PATCH (ZEROT   ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (ZEROT   ,C3  , FIXFLU      ,-5.700000E-08)

 PATCH (ZEROE   ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (ZEROE   ,C5  , FIXFLU      ,-2.400000E-08)

 PATCH (ZEROX   ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (ZEROX   ,C7  , FIXFLU      ,-4.100000E-08)

 EGWF    =    T
 ************************************************************
  Group 14. Downstream Pressure For PARAB
 ************************************************************
  Group 15. Terminate Sweeps
 LSWEEP  =       500
 RESFAC  = 1.000000E-05
 ************************************************************
  Group 16. Terminate Iterations
 ************************************************************
Group 17. Relaxation

 RELAX(C1  ,FALSDT, 9.999000E+05)
RELAX(C3  ,FALSDT, 9.999000E+05)
 RELAX(C5  ,FALSDT, 9.999000E+05)
 RELAX(C7  ,FALSDT, 9.999000E+05)
 RELAX(C9  ,FALSDT, 9.999000E+05)
 RELAX(C11 ,FALSDT, 9.999000E+05)
 RELAX(POT ,LINRLX, 7.000000E-01)
 ************************************************************
  Group 18. Limits
 VARMAX(U1  ) = 1.000000E+06 ;VARMIN(U1  ) =-1.000000E+06
 VARMAX(V1  ) = 1.000000E+06 ;VARMIN(V1  ) =-1.000000E+06
 VARMAX(C1  ) = 1.000000E+02 ;VARMIN(C1  ) = 0.000000E+00
 VARMAX(C3  ) = 1.000000E+02 ;VARMIN(C3  ) = 0.000000E+00
 VARMAX(C5  ) = 1.000000E+02 ;VARMIN(C5  ) = 0.000000E+00
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 VARMAX(C7  ) = 1.000000E+02 ;VARMIN(C7  ) = 0.000000E+00
 VARMAX(C9  ) = 5.000000E+00 ;VARMIN(C9  ) = 0.000000E+00
 VARMAX(C11 ) = 1.000000E+02 ;VARMIN(C11 ) = 0.000000E+00
************************************************************
  Group 19. EARTH Calls To GROUND Station
USEGRD  =    T  ;USEGRX =    T
 POTVEL  =    T
 ASAP    =    T
 PARSOL  =    T
 IDISPB  =         1 ;IDISPC =      50
 RG(  1) = 2.017500E-05
 RG(  2) = 2.017500E-06
 RG(  3) = 1.000000E+00
 RG(  4) = 1.340000E+00
 RG(  5) = 2.060000E+00
 RG(  6) = 3.310000E+00
 RG(  7) = 3.510000E+00
 RG(  8) = 2.845000E-05
 RG(  9) = 9.540000E-01
 RG( 10) = 5.380000E+00
 RG( 11) = 5.100000E-05
 RG( 12) = 8.540000E-01
 RG( 13) = 6.506000E+00
 RG( 14) = 2.930000E-05
 RG( 15) = 5.440000E-01
 RG( 16) = 2.576000E+00
 RG( 17) = 3.345000E-05
 RG( 18) = 6.620000E-01
 RG( 19) = 9.362000E+00
 RG( 20) = 4.100000E-01
 RG( 21) = 3.500000E-01
 RG( 22) = 3.000000E-01
 RG( 23) = 3.000000E-01
 RG( 24) = 1.175000E-05
 RG( 25) = 1.000000E-08
 RG( 26) = 3.120000E-08
 RG( 27) = 2.400000E-08
 RG( 28) = 1.100000E-08
 ************************************************************
  Group 20. Preliminary Printout
 ECHO    =    T
 ************************************************************
  Group 21. Print-out of Variables
 ************************************************************
  Group 22. Monitor Print-Out
 IXMON   =        28 ;IYMON  =        10 ;IZMON  =         1
 NPRMON  =    100000
 NPRMNT  =         1
 TSTSWP  =        -1
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 ************************************************************
  Group 23.Field Print-Out & Plot Control
 NPRINT  =    100000
 NTPRIN  =    100000 ;ISTPRF =         1 ;ISTPRL =    10000
 ISWPRF  =         1 ;ISWPRL =    100000
   No PATCHes used for this Group
 ************************************************************
  Group 24. Dumps For Restarts
 IDISPA  =         1 ;IDISPB =         1 ;IDISPC =        50
CSG1    ='B'

 GVIEW(P,0.000000E+00,0.000000E+00,1.000000E+00)
 GVIEW(UP,0.000000E+00,1.000000E+00,0.000000E+00)

> DOM,    SIZE,        7.500000E+02, 4.000000E+01, 1.000000E-02
> DOM,    MONIT,       6.000000E+02, 3.800000E+01, 5.000000E-03
> DOM,    SCALE,       1.000000E+00, 1.000000E+00, 1.000000E+00
> DOM,    SNAPSIZE,    1.000000E-02

> OBJ,    NAME,        INLET
> OBJ,    POSITION,    0.000000E+00, 0.000000E+00, 0.000000E+00
> OBJ,    SIZE,        0.000000E+00, 2.800000E+01, 1.000000E-02
> OBJ,    CLIPART,     cube3t
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED

> OBJ,    NAME,        OUTLET
> OBJ,    POSITION,    7.500000E+02, 0.000000E+00, 0.000000E+00
> OBJ,    SIZE,        0.000000E+00, 2.800000E+01, 1.000000E-02
> OBJ,    CLIPART,     cube12t
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED

> OBJ,    NAME,        INLTNO
> OBJ,    POSITION,    0.000000E+00, 4.000000E+01, 0.000000E+00
> OBJ,    SIZE,        7.500000E+02, 0.000000E+00, 1.000000E-02
> OBJ,    CLIPART,     default
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED

> OBJ,    NAME,        SOUR
> OBJ,    POSITION,    1.000000E+02, 2.800000E+01, 0.000000E+00
> OBJ,    SIZE,        4.900000E+02, 8.000000E+00, 1.000000E-02
> OBJ,    CLIPART,     default
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED
STOP
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TALK=T;RUN( 1, 1)

 ************************************************************
   Q1 created by VDI menu, Version 3.5, Date 20/10/03
 CPVNAM=VDI;SPPNAM=Core
 ************************************************************
 IRUNN   =         1 ;LIBREF =         0
 ************************************************************
  Group 1. Run Title
 TEXT(  NO SOURCE AFTER 36 YEARS    )
 ************************************************************
  Group 2. Transience
 STEADY=F
    * Set overall time and no. of steps
RSET(U,0.000000E+00,1.576800E+09,50)
    * Modify regions
************************************************************
  Groups 3, 4, 5  Grid Information
    * Overall number of cells, RSET(M,NX,NY,NZ,tolerance)
 RSET(M,35,10,1)
 ************************************************************
  Group 6. Body-Fitted coordinates
 ************************************************************
  Group 7. Variables: STOREd,SOLVEd,NAMEd
 ONEPHS  =    T
    * Non-default variable names
 NAME(149) =R11  ; NAME(150) =POT
    * Solved variables list
 SOLVE(C1  ,C3  ,C5  ,C7  ,C9  ,C11 ,R11 ,POT )
    * Stored variables list
 STORE(V1  ,U1  ,P1  )
    * Additional solver options
 SOLUTN(C1  ,Y,Y,Y,N,N,N)
 SOLUTN(C3  ,Y,Y,Y,N,N,N)
 SOLUTN(C5  ,Y,Y,Y,N,N,N)
 SOLUTN(C7  ,Y,Y,Y,N,N,N)
 SOLUTN(C9  ,Y,Y,Y,N,N,N)
 SOLUTN(C11 ,Y,Y,Y,N,N,N)
 SOLUTN(R11 ,Y,Y,Y,N,N,N)
 SOLUTN(POT ,Y,Y,Y,N,N,N)

 ************************************************************
  Group 8. Terms & Devices
 TERMS (C11 ,N,N,N,Y,Y,Y)
 TERMS (R11 ,N,N,N,Y,N,Y)
 TERMS (POT ,N,N,Y,N,Y,Y)
 ************************************************************
  Group 9. Properties
 PRESS0  = 1.000000E+05 ;TEMP0  = 2.730000E+02
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SETPRPS(1, 67)
 RHO1    = 1.000000E+00
 ENUL    = 1.000000E+00
 ENUT    = 0.000000E+00
 DVO1DT  = 1.180000E-04
 PRNDTL(C1  ) = -1.695000E-06 ;PRNDTL(C3  ) = -1.695000E-06
 PRNDTL(C5  ) = -1.695000E-06 ;PRNDTL(C7  ) = -1.695000E-06
 PRNDTL(C9  ) = -1.695000E-06 ;PRNDTL(POT ) = -8.070000E-06
************************************************************
  Group 10.Inter-Phase Transfer Processes
 ************************************************************
  Group 11.Initialise Var/Porosity Fields
 FIINIT(C1  ) =  0.000000E+00 ;FIINIT(C3  ) =  0.000000E+00
FIINIT(C5  ) =  0.000000E+00 ;FIINIT(C7  ) =  0.000000E+00
 FIINIT(C9  ) =  5.000000E+00 ;FIINIT(C11 ) =  1.700000E+00
 FIINIT(R11 ) =  0.000000E+00 ;FIINIT(POT ) =  3.450000E+01

No PATCHes used for this Group

 INIADD  =    F
 ************************************************************
  Group 12. Convection and diffusion adjustments

 PATCH (GP12DFNT,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (GP12DFNT,C1  , 1.000000E-01, 0.000000E+00)
COVAL (GP12DFNT,C3  , 1.000000E-01, 0.000000E+00)
 COVAL (GP12DFNT,C5  , 1.000000E-01, 0.000000E+00)
 COVAL (GP12DFNT,C7  , 1.000000E-01, 0.000000E+00)
 COVAL (GP12DFNT,C9  , 1.000000E-01, 0.000000E+00)
 COVAL (GP12DFNT,POT , 1.000000E-01, 0.000000E+00)
************************************************************
  Group 13. Boundary & Special Sources

 PATCH (EAST    ,EAST  ,2,0,0,0,0,0,1,50)
 COVAL (EAST    ,POT , FIXVAL      , 3.140000E+01)

 PATCH (WEST    ,WEST  ,1,0,0,0,0,0,1,50)
 COVAL (WEST    ,C9  , FIXVAL      , 5.000000E+00)
 COVAL (WEST    ,POT , FIXVAL      , 3.450000E+01)

 PATCH (INLTNO  ,NORTH ,3,0,0,0,0,0,1,50)
 COVAL (INLTNO  ,POT , FIXFLU      , 7.820000E-09)

 PATCH (SOUR    ,VOLUME,5,28,7,9,1,1,1,36)
 COVAL (SOUR    ,C1  , 4.860000E-08, 1.424000E+01)
 COVAL (SOUR    ,C3  , 1.157000E-08, 5.096000E+01)
 COVAL (SOUR    ,C5  , 6.360000E-08, 4.560000E+00)
 COVAL (SOUR    ,C7  , 5.670000E-08, 2.574000E+01)
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 PATCH (RETARDB ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (RETARDB ,C1  , GRND        , GRND        )

 PATCH (RETARDT ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (RETARDT ,C3  , GRND        , GRND        )

 PATCH (RETARDE ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (RETARDE ,C5  , GRND        , GRND        )

 PATCH (RETARDX ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (RETARDX ,C7  , GRND        , GRND        )

 PATCH (MONODB  ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (MONODB  ,C1  , GRND1       , 0.000000E+00)

 PATCH (MONODT  ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (MONODT  ,C3  , GRND1       , 0.000000E+00)

 PATCH (MONODE  ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (MONODE  ,C5  , GRND1       , 0.000000E+00)

 PATCH (MONODX  ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (MONODX  ,C7  , GRND1       , 0.000000E+00)

 PATCH (OXYGB   ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (OXYGB   ,C9  , GRND2       , 0.000000E+00)

 PATCH (OXYGT   ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (OXYGT   ,C9  , GRND2       , 0.000000E+00)

 PATCH (OXYGE   ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (OXYGE   ,C9  , GRND2       , 0.000000E+00)

 PATCH (OXYGX   ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (OXYGX   ,C9  , GRND2       , 0.000000E+00)

PATCH (BACTRB  ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (BACTRB  ,C11 , GRND3       , 0.000000E+00)

 PATCH (BACTRT  ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (BACTRT  ,C11 , GRND3       , 0.000000E+00)

 PATCH (BACTRE  ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (BACTRE  ,C11 , GRND3       , 0.000000E+00)

 PATCH (BACTRX  ,VOLUME,0,0,0,0,0,0,1,50)
 COVAL (BACTRX  ,C11 , GRND3       , 0.000000E+00)

 PATCH (SOUR2   ,VOLUME,4,0,0,0,0,0,37,50)
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 COVAL (SOUR2   ,C1  , FIXVAL      , 0.000000E+00)
 COVAL (SOUR2   ,C3  , FIXVAL      , 0.000000E+00)
 COVAL (SOUR2   ,C5  , FIXVAL      , 0.000000E+00)
 COVAL (SOUR2   ,C7  , FIXVAL      , 0.000000E+00)

 EGWF    =    T
 ************************************************************
  Group 14. Downstream Pressure For PARAB
 ************************************************************
  Group 15. Terminate Sweeps
 LSWEEP  =       500
 RESFAC  = 1.000000E-05
 ************************************************************
  Group 16. Terminate Iterations
 ************************************************************
  Group 17. Relaxation
 RELAX(C1  ,FALSDT, 1.000000E+06)
RELAX(C3  ,FALSDT, 1.000000E+06)
 RELAX(C5  ,FALSDT, 1.000000E+06)
 RELAX(C7  ,FALSDT, 1.000000E+06)
 RELAX(C9  ,FALSDT, 9.999000E+05)
 RELAX(C11 ,FALSDT, 9.999000E+05)
 RELAX(POT ,LINRLX, 7.000000E-01)
 ************************************************************
  Group 18. Limits
 VARMAX(U1  ) = 1.000000E+06 ;VARMIN(U1  ) =-1.000000E+06
 VARMAX(V1  ) = 1.000000E+06 ;VARMIN(V1  ) =-1.000000E+06
 VARMAX(C1  ) = 1.000000E+02 ;VARMIN(C1  ) = 0.000000E+00
 VARMAX(C3  ) = 1.000000E+02 ;VARMIN(C3  ) = 0.000000E+00
 VARMAX(C5  ) = 1.000000E+02 ;VARMIN(C5  ) = 0.000000E+00
 VARMAX(C7  ) = 1.000000E+02 ;VARMIN(C7  ) = 0.000000E+00
 VARMAX(C9  ) = 5.000000E+00 ;VARMIN(C9  ) = 0.000000E+00
 VARMAX(C11 ) = 1.000000E+02 ;VARMIN(C11 ) = 0.000000E+00
************************************************************
  Group 19. EARTH Calls To GROUND Station
USEGRD  =    T  ;USEGRX =    T
 POTVEL  =    T
ASAP    =    T
 PARSOL  =    T
 IDISPB  =       1 ;IDISPC =        50
 RG(  1) = 2.017500E-05
 RG(  2) = 2.017500E-06
 RG(  3) = 1.000000E+00
 RG(  4) = 1.340000E+00
 RG(  5) = 2.060000E+00
 RG(  6) = 3.310000E+00
RG(  7) = 3.510000E+00
 RG(  8) = 5.690000E-05
 RG(  9) = 4.770000E-01
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RG( 10) = 2.690000E+00
 RG( 11) = 1.020000E-04
 RG( 12) = 4.270000E-01
 RG( 13) = 3.252000E+00
 RG( 14) = 5.860000E-05
 RG( 15) = 2.720000E-01
 RG( 16) = 1.288000E+00
 RG( 17) = 6.690000E-05
RG( 18) = 3.310000E-01
RG( 19) = 4.681000E+00
 RG( 20) = 4.100000E-01
 RG( 21) = 3.500000E-01
 RG( 22) = 3.000000E-01
 RG( 23) = 3.000000E-01
 RG( 24) = 1.175000E-05
 ************************************************************
  Group 20. Preliminary Printout
 ECHO    =    T
 ************************************************************
  Group 21. Print-out of Variables
 ************************************************************
  Group 22. Monitor Print-Out
 IXMON   =        28 ;IYMON  =        10 ;IZMON  =         1
 NPRMON  =    100000
 NPRMNT  =         1
 TSTSWP  =        -1
 ************************************************************
  Group 23.Field Print-Out & Plot Control
 NPRINT  =    100000
 NTPRIN  =    100000 ;ISTPRF =         1 ;ISTPRL =     10000
 ISWPRF  =         1 ;ISWPRL =    100000
   No PATCHes used for this Group
 ************************************************************
  Group 24. Dumps For Restarts
 IDISPA  =         1 ;IDISPB =         1 ;IDISPC =        50
CSG1    ='B'

 GVIEW(P,0.000000E+00,0.000000E+00,1.000000E+00)
 GVIEW(UP,0.000000E+00,1.000000E+00,0.000000E+00)

> DOM,    SIZE,        7.500000E+02, 4.000000E+01, 1.000000E-02
> DOM,    MONIT,       6.000000E+02, 3.800000E+01, 5.000000E-03
> DOM,    SCALE,       1.000000E+00, 1.000000E+00, 1.000000E+00
> DOM,    SNAPSIZE,    1.000000E-02

> OBJ,    NAME,        INLET
> OBJ,    POSITION,    0.000000E+00, 0.000000E+00, 0.000000E+00
> OBJ,    SIZE,        0.000000E+00, 2.800000E+01, 1.000000E-02
> OBJ,    CLIPART,     cube3t
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> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED

> OBJ,    NAME,        OUTLET
> OBJ,    POSITION,    7.500000E+02, 0.000000E+00, 0.000000E+00
> OBJ,    SIZE,        0.000000E+00, 2.800000E+01, 1.000000E-02
> OBJ,    CLIPART,     cube12t
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED

> OBJ,    NAME,        INLTNO
> OBJ,    POSITION,    0.000000E+00, 4.000000E+01, 0.000000E+00
> OBJ,    SIZE,        7.500000E+02, 0.000000E+00, 1.000000E-02
> OBJ,    CLIPART,     default
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED

> OBJ,    NAME,        SOUR
> OBJ,    POSITION,    1.000000E+02, 2.800000E+01, 0.000000E+00
> OBJ,    SIZE,        4.900000E+02, 8.000000E+00, 1.000000E-02
> OBJ,    CLIPART,     default
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED
STOP
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TALK=T;RUN( 1, 1)

 ************************************************************
   Q1 created by VDI menu, Version 3.5, Date 20/10/03
 CPVNAM=VDI;SPPNAM=Core
 ************************************************************
 IRUNN   =         1 ;LIBREF =         0
 ************************************************************
  Group 1. Run Title
 TEXT( BIODEGRADATION )
 ************************************************************
  Group 2. Transience
 STEADY=F
    * Set overall time and no. of steps
RSET(U,0.000000E+00,8.640000E+07,11)
    * Modify regions
************************************************************
  Groups 3, 4, 5  Grid Information
    * Overall number of cells, RSET(M,NX,NY,NZ,tolerance)
 RSET(M,204,4,124)
 ************************************************************
  Group 6. Body-Fitted coordinates
 ************************************************************
  Group 7. Variables: STOREd,SOLVEd,NAMEd
 ONEPHS  =    T
    * Non-default variable names
 NAME(145) =RCH4 ; NAME(146) =RSO4
 NAME(147) =RFE  ; NAME(148) =RMN
 NAME(149) =RNO3 ; NAME(150) =RO2
    * Solved variables list
 SOLVE(C1  ,C3  ,C5  ,C7  ,C9  ,C11 ,C13 ,C15 )
 SOLVE(C17 ,C19 )
    * Stored variables list
 STORE(RO2 ,RNO3,RMN ,RFE ,RSO4,RCH4,W1  ,V1  )
 STORE(U1  ,P1  )
    * Additional solver options
 SOLUTN(C1  ,Y,Y,Y,N,N,N)
 SOLUTN(C3  ,Y,Y,Y,N,N,N)
 SOLUTN(C5  ,Y,Y,Y,N,N,N)
 SOLUTN(C7  ,Y,Y,Y,N,N,N)
 SOLUTN(C9  ,Y,Y,Y,N,N,N)
 SOLUTN(C11 ,Y,Y,Y,N,N,N)
 SOLUTN(C13 ,Y,Y,Y,N,N,N)
 SOLUTN(C15 ,Y,Y,Y,N,N,N)
 SOLUTN(C17 ,Y,Y,Y,N,N,N)
 SOLUTN(C19 ,Y,Y,Y,N,N,N)

 ************************************************************
  Group 8. Terms & Devices
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 TERMS (C7  ,N,N,N,Y,Y,Y)
 TERMS (C11 ,N,N,N,Y,Y,Y)
 ************************************************************
  Group 9. Properties
 PRESS0  = 1.000000E+05 ;TEMP0  = 2.730000E+02
SETPRPS(1, 67)
 RHO1    = 1.000000E+00
 ENUL    = 1.000000E+00
 ENUT    = 0.000000E+00
 DVO1DT  = 1.180000E-04
 PRNDTL(C1  ) = -3.870000E-05 ;PRNDTL(C3  ) = -3.870000E-05
 PRNDTL(C5  ) = -3.870000E-05 ;PRNDTL(C9  ) = -3.870000E-05
 PRNDTL(C13 ) = -3.870000E-05 ;PRNDTL(C15 ) = -3.870000E-05
 PRNDTL(C17 ) = -3.870000E-05 ;PRNDTL(C19 ) = -3.870000E-05
************************************************************
  Group 10.Inter-Phase Transfer Processes
 ************************************************************
  Group 11.Initialise Var/Porosity Fields
 FIINIT(U1  ) =  3.870000E-06 ;FIINIT(V1  ) =  0.000000E+00
FIINIT(W1  ) =  0.000000E+00 ;FIINIT(C1  ) =  0.000000E+00
 FIINIT(C3  ) =  3.000000E+00 ;FIINIT(C5  ) =  8.000000E+00
 FIINIT(C7  ) =  1.424000E+01 ;FIINIT(C9  ) =  1.000000E-01
 FIINIT(C11 ) =  3.821000E+01 ;FIINIT(C13 ) =  1.000000E-01
 FIINIT(C15 ) =  5.000000E+00 ;FIINIT(C17 ) =  1.000000E-02
 FIINIT(C19 ) =  0.000000E+00 ;FIINIT(RCH4) =  0.000000E+00
 FIINIT(RSO4) =  0.000000E+00 ;FIINIT(RFE ) =  0.000000E+00
 FIINIT(RMN ) =  0.000000E+00 ;FIINIT(RNO3) =  0.000000E+00
FIINIT(RO2 ) =  0.000000E+00
   No PATCHes used for this Group

 INIADD  =    F
 ************************************************************
  Group 12. Convection and diffusion adjustments

PATCH (GP12DFHT,VOLUME,0,0,0,0,0,0,1,11)
 COVAL (GP12DFHT,C1  , 3.000000E-01, 0.000000E+00)
 COVAL (GP12DFHT,C3  , 3.000000E-01, 0.000000E+00)
 COVAL (GP12DFHT,C5  , 3.000000E-01, 0.000000E+00)
 COVAL (GP12DFHT,C7  , 3.000000E-01, 0.000000E+00)
 COVAL (GP12DFHT,C9  , 3.000000E-01, 0.000000E+00)
 COVAL (GP12DFHT,C11 , 3.000000E-01, 0.000000E+00)
 COVAL (GP12DFHT,C13 , 3.000000E-01, 0.000000E+00)
 COVAL (GP12DFHT,C15 , 3.000000E-01, 0.000000E+00)
 COVAL (GP12DFHT,C17 , 3.000000E-01, 0.000000E+00)
 COVAL (GP12DFHT,C19 , 3.000000E-01, 0.000000E+00)
************************************************************
  Group 13. Boundary & Special Sources
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 PATCH (SOUR    ,VOLUME,3,0,0,0,0,0,1,11)
 COVAL (SOUR    ,C1  , FIXVAL      , 1.000000E+02)
 COVAL (SOUR    ,C19 , FIXVAL      , 1.000000E+02)

 PATCH (ORGAN   ,VOLUME,0,0,0,0,0,0,1,11)
 COVAL (ORGAN   ,C1  , GRND        , 0.000000E+00)

 PATCH (OXYGEN  ,VOLUME,0,0,0,0,0,0,1,11)
 COVAL (OXYGEN  ,C3  , GRND1       , 0.000000E+00)

 PATCH (NITRAT  ,VOLUME,0,0,0,0,0,0,1,11)
 COVAL (NITRAT  ,C5  , GRND1       , 0.000000E+00)

 PATCH (PYROLU  ,VOLUME,0,0,0,0,0,0,1,11)
 COVAL (PYROLU  ,C7  , GRND1       , 0.000000E+00)

 PATCH (HYDROX  ,VOLUME,0,0,0,0,0,0,1,11)
 COVAL (HYDROX  ,C11 , GRND1       , 0.000000E+00)

 PATCH (SULFA   ,VOLUME,0,0,0,0,0,0,1,11)
 COVAL (SULFA   ,C15 , GRND1       , 0.000000E+00)

 PATCH (MANGA   ,VOLUME,0,0,0,0,0,0,1,11)
 COVAL (MANGA   ,C9  , FIXFLU      , GRND1       )

 PATCH (IRON    ,VOLUME,0,0,0,0,0,0,1,11)
 COVAL (IRON    ,C13 , FIXFLU      , GRND1       )

 PATCH (METHAN  ,VOLUME,0,0,0,0,0,0,1,11)
 COVAL (METHAN  ,C17 , FIXFLU      , GRND1       )

 EGWF    =    T
 ************************************************************
  Group 14. Downstream Pressure For PARAB
 ************************************************************
  Group 15. Terminate Sweeps
 LSWEEP  =       200
 RESFAC  = 1.000000E-05
 ************************************************************
  Group 16. Terminate Iterations
 ************************************************************
  Group 17. Relaxation
 RELAX(C1  ,FALSDT, 3.000000E+06)
RELAX(C3  ,FALSDT, 3.000000E+06)
 RELAX(C5  ,FALSDT, 3.000000E+06)
 RELAX(C7  ,FALSDT, 3.000000E+06)
 RELAX(C11 ,FALSDT, 3.000000E+06)
 RELAX(C15 ,FALSDT, 3.000000E+06)
 RELAX(C17 ,FALSDT, 3.000000E+06)
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 RELAX(C19 ,FALSDT, 2.000000E+06)
 ************************************************************
  Group 18. Limits
 VARMAX(U1  ) = 1.000000E+06 ;VARMIN(U1  ) =-1.000000E+06
 VARMAX(V1  ) = 1.000000E+06 ;VARMIN(V1  ) =-1.000000E+06
 VARMAX(W1  ) = 1.000000E+06 ;VARMIN(W1  ) =-1.000000E+06
 VARMAX(C1  ) = 1.000000E+02 ;VARMIN(C1  ) = 0.000000E+00
 VARMAX(C3  ) = 3.000000E+00 ;VARMIN(C3  ) = 0.000000E+00
 VARMAX(C5  ) = 8.000000E+00 ;VARMIN(C5  ) = 0.000000E+00
 VARMAX(C7  ) = 1.424000E+01 ;VARMIN(C7  ) = 0.000000E+00
 VARMAX(C11 ) = 3.821000E+01 ;VARMIN(C11 ) = 0.000000E+00
 VARMAX(C15 ) = 5.000000E+00 ;VARMIN(C15 ) = 0.000000E+00
 VARMAX(C17 ) = 1.000000E+10 ;VARMIN(C17 ) = 1.000000E-02
 VARMAX(C19 ) = 1.000000E+02 ;VARMIN(C19 ) = 0.000000E+00
************************************************************
  Group 19. EARTH Calls To GROUND Station
USEGRD  =    T  ;USEGRX =    T
 ASAP    =    T
 PARSOL  =    T
 IDISPB  =         1 ;IDISPC =        11
 RG(  1) = 2.083000E-06
 RG(  2) = 5.000000E-01
 RG(  3) = 1.070000E+00
 RG(  4) = 1.273000E-06
 RG(  5) = 5.000000E-01
 RG(  6) = 1.000000E-01
RG(  7) = 1.650000E+00
 RG(  8) = 8.102000E-07
 RG( 9) = 5.000000E-01
RG( 10) = 1.000000E-01
 RG( 11) = 3.670000E+00
 RG( 12) = 1.157000E-07
 RG( 13) = 5.000000E-01
 RG( 14) = 1.000000E-01
 RG( 15) = 7.470000E+00
 RG( 16) = 1.157000E-07
 RG( 17) = 5.000000E-01
 RG( 18) = 1.000000E-01
 RG( 19) = 1.600000E+00
 RG( 20) = 1.042000E-07
 RG( 21) = 5.000000E-01
 RG( 22) = 1.000000E-01
 RG( 23) = 1.000000E-01
 RG( 24) = 5.800000E+00
 RG( 25) = 1.427000E+01
 ************************************************************
Group 20. Preliminary Printout

 ECHO    =    T
 ************************************************************
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  Group 21. Print-out of Variables
 ************************************************************
  Group 22. Monitor Print-Out
 IXMON   =         5 ;IYMON  =         1 ;IZMON  =         6
 NPRMON  =    100000
 NPRMNT  =         1
 TSTSWP  =        -1
 ************************************************************
  Group 23.Field Print-Out & Plot Control
 NPRINT  =    100000
 NTPRIN  =    100000 ;ISTPRF =         1 ;ISTPRL =     10000
 ISWPRF  = 1 ;ISWPRL =    100000
   No PATCHes used for this Group
 ************************************************************
  Group 24. Dumps For Restarts
 IDISPA  =         1 ;IDISPB =         1 ;IDISPC =        11
CSG1    ='L'

 GVIEW(P,0.000000E+00,-1.000000E+00,0.000000E+00)
 GVIEW(UP,0.000000E+00,0.000000E+00,1.000000E+00)

> DOM,    SIZE,        5.100000E+02, 1.000000E+01, 3.100000E+02
> DOM,    MONIT,       1.125000E+01, 1.250000E+00, 1.375000E+01
> DOM,    SCALE,       1.000000E+00, 1.000000E+00, 1.000000E+00
> DOM,    SNAPSIZE,    1.000000E-02

> OBJ,    NAME,        INLET
> OBJ,    POSITION,    0.000000E+00, 0.000000E+00, 0.000000E+00
> OBJ,    SIZE,        0.000000E+00, 1.000000E+01, 3.100000E+02
> OBJ,    CLIPART,     cube3t
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        INLET
> OBJ,    PRESSURE,      0.000000E+00
> OBJ,    VELOCITY,      3.870000E-06, 0.000000E+00, 0.000000E+00
> OBJ,    TEMPERATURE,   0.000000E+00
> OBJ,    INLET_C3,      3.000000E+00
> OBJ,    INLET_C5,      8.000000E+00
> OBJ,    INLET_C11,     3.821000E+01
> OBJ,    INLET_C15,     5.000000E+00
> OBJ,    TIME_LIMITS,   ALWAYS_ACTIVE

> OBJ,    NAME,        OUTLET
> OBJ,    POSITION,    5.100000E+02, 0.000000E+00, 0.000000E+00
> OBJ,    SIZE,        0.000000E+00, 1.000000E+01, 3.100000E+02
> OBJ,    CLIPART,     cube12t
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        OUTLET
> OBJ,    PRESSURE,      0.000000E+00
> OBJ,    TEMPERATURE,   SAME
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> OBJ,    COEFFICIENT,   1.000000E+03
> OBJ,    TIME_LIMITS,   ALWAYS_ACTIVE

> OBJ,    NAME,        SOUR
> OBJ,    POSITION,    1.400000E+02, 0.000000E+00, 1.550000E+02
> OBJ,    SIZE,        1.650000E+01, 1.000000E+01, 1.650000E+01
> OBJ,    CLIPART,     default
> OBJ,    ROTATION24,        1
> OBJ,    TYPE,        USER_DEFINED
> OBJ,    COLOR-MODE,         2
> OBJ,    COLOR-VAL,         15
> OBJ,    OPAQUE,            50
STOP
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c<html><body><pre><strong><!-- -->
C.... FILE NAME GROUND.FTN--------------------------------240802
      SUBROUTINE GROUND  
      INCLUDE '/phoenics/d_includ/satear'
      INCLUDE '/phoenics/d_includ/grdloc'
      INCLUDE '/phoenics/d_includ/satgrd'
      INCLUDE '/phoenics/d_includ/grdear'
      INCLUDE '/phoenics/d_includ/grdbfc'
      COMMON/IDATA/IDFL(118)

   COMMON/GENI/NXNY,IGFIL1(59)
      COMMON/LDATA/LFIL1(7),LFIL2(76)
      COMMON /NAMFN/NAMFUN,NAMSUB
      CHARACTER*6 NAMFUN,NAMSUB
      LOGICAL EF,NF,HF,EF0,NF0,HF0
C      LOGICAL BFC,EF,NF,HF,EF0,NF0,HF0
      COMMON/IDATA/NFM,IGF(21),IPRL,IBTAU,ILTLS,IGFIL(15),

1ITEM1,ITEM2,ISPH1,ISPH2,ICON1,ICON2,IPRPS,IRADX,IRADY,IRADZ,IVFOL
      COMMON/NXNY/DRHODP/ITEMP/IDEN/DVMOD/IDVCGR
CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX USER
SECTION STARTS:
C 1   Set dimensions of data-for-GROUND arrays here. WARNING: the
C     corresponding arrays in the MAIN program of the satellite
C     and EARTH must have the same dimensions.
      PARAMETER (NLG=100, NIG=200, NRG=200, NCG=100) 

COMMON/LGRND/LG(NLG)/IGRND/IG(NIG)/RGRND/RG(NRG)/CGRND/CG(NC
G)
      LOGICAL LG
      CHARACTER*4 CG
C 2   User dimensions own arrays here, for example:
C     DIMENSION GUH(10,10),GUC(10,10),GUX(10,10),GUZ(10)
c      DIMENSION UUGV1(20,30),UUGPOT(20,30)
c      DATA NXDIM,NYDIM/30,20/
      DIMENSION UUGV1(10,35),UUGPOT(10,35)
      DATA NXDIM,NYDIM/35,10/
C 3   User places his data statements here, for example:
C     DATA NXDIM,NYDIM/10,10/
C
C 4   Insert own coding below as desired, guided by GREX examples.
C     Note that the satellite-to-GREX special data in the labelled
C     COMMONs /RSG/, /ISG/, /LSG/ and /CSG/ can be included and
C     used below but the user must check GREX for any conflicting
C     uses. The same comment applies to the EARTH-spare working
C     arrays EASP1, EASP2,....EASP20. In addition to the EASPs,
C     there are 10 GRound-earth SPare arrays, GRSP1,...,GRSP10,
C     supplied solely for the user, which are not used by GREX. If
C     the call to GREX has been deactivated then all of the arrays
C     may be used without reservation.
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C
c*********************************************************************
**
c
      IXL=IABS(IXL)
      IF(IGR.EQ.13) GO TO 13
      IF(IGR.EQ.19) GO TO 19
      GO TO (1,2,3,4,5,6,25,8,9,10,11,12,13,14,25,25,25,25,19,20,25,

121,23,24),IGR
25 CONTINUE

      RETURN
C*****************************************************************
C
C--- GROUP 1. Run title and other preliminaries
C

1 GO TO (1001,1002,1003),ISC
C
1001 CONTINUE
C
C   * -----------GROUP 1  SECTION  3 ---------------------------
C---- Use this group to create storage via MAKE, GXMAKE etc which it is
C     essential to dump to PHI (or PHIDA) for restarts
C     User may here change message transmitted to the VDU screen
      IF(.NOT.NULLPR.AND.IDVCGR.EQ.0)

1  CALL WRYT40('GROUND file is GROUND.F   of:    240802 ')
C
      RETURN
C   * -----------GROUP 1  SECTION  3 ---------------------------
C---- Use this group to create storage via GXMAKE which it is not
C     necessary to dump to PHI (or PHIDA) for restarts
C
1003 CONTINUE
      GO TO 25
1002 CONTINUE
     RETURN
C*****************************************************************
C
C--- GROUP 2. Transience; time-step specification
C

2 CONTINUE
      RETURN
C*****************************************************************
C
C--- GROUP 3. X-direction grid specification
C

3 CONTINUE
      RETURN
C*****************************************************************
C
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C--- GROUP 4. Y-direction grid specification
C

4 CONTINUE
      RETURN
C*****************************************************************
C
C--- GROUP 5. Z-direction grid specification
C

5 CONTINUE
      RETURN
C*****************************************************************
C
C--- GROUP 6. Body-fitted coordinates or grid distortion
C

6 CONTINUE
      RETURN
C*****************************************************************
C   * Make changes for this group only in group 19.
C--- GROUP 7. Variables stored, solved & named
C*****************************************************************
C
C--- GROUP 8. Terms (in differential equations) & devices
C

8 GO TO (81,82,83,84,85,86,87,88,89,810,811,812,813,814,815,816)
1,ISC

81 CONTINUE
C   * ------------------- SECTION  1 ---------------------------
C    For U1AD.LE.GRND--- phase 1 additional velocity. Index VELAD
      RETURN

82 CONTINUE
C   * ------------------- SECTION  2 ---------------------------
C    For U2AD.LE.GRND--- phase 2 additional velocity. Index VELAD
      RETURN

83 CONTINUE
C   * ------------------- SECTION  3 ---------------------------
C    For V1AD.LE.GRND--- phase 1 additional velocity. Index VELAD
      RETURN

84 CONTINUE
C   * ------------------- SECTION  4 ---------------------------
C    For V2AD.LE.GRND--- phase 2 additional velocity. Index VELAD
      RETURN

85 CONTINUE
C   * ------------------- SECTION  5 ---------------------------
C    For W1AD.LE.GRND--- phase 1 additional velocity. Index VELAD
      RETURN

86 CONTINUE
C   * ------------------- SECTION  6 ---------------------------
C    For W2AD.LE.GRND--- phase 2 additional velocity. Index VELAD
      RETURN
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87 CONTINUE
C   * ------------------- SECTION 7 ---- Volumetric source for gala
      RETURN

88 CONTINUE
C   * ------------------- SECTION 8 ---- Convection fluxes
C--- Entered when UCONV =.TRUE.; block-location indices are:
C    LD11 for east and north (accessible at the same time),
C    LD12 for west and south (accessible at the same time),
C    LD2  for high (which becomes low for the next slab).
C    User should provide INDVAR and NDIREC IF's as appropriate.
      RETURN

89 CONTINUE
C   * ------------------- SECTION 9 ---- Diffusion coefficients
C--- Entered when UDIFF =.TRUE.; block-location indices are LAE
C    for east, LAW for west, LAN for north, LAS for
C    south, LD11 for high, and LD11 for low.
C    User should provide INDVAR and NDIREC IF's as above.
C    EARTH will apply the DIFCUT and GP12 modifications after the user
C    has made his settings.
C
      RETURN
810 CONTINUE

C   * ------------------- SECTION 10 --- Convection neighbours
      RETURN
811 CONTINUE

C   * ------------------- SECTION 11 --- Diffusion neighbours
      RETURN
812 CONTINUE

C   * ------------------- SECTION 12 --- Linearised sources
      RETURN
813 CONTINUE

C   * ------------------- SECTION 13 --- Correction coefficients
   RETURN
814 CONTINUE

C   * ------------------- SECTION 14 --- User's own solver
      RETURN
815 CONTINUE

C   * ------------------- SECTION 15 --- Change solution
      RETURN
816 CONTINUE

C   * ------------------- SECTION 16 --- Change DVEL/DPs
    RETURN

C
C   * See the equivalent section in GREX for the indices to be
C     used in sections 7 - 16
C
C   * Make all other group-8 changes in GROUP 19.
C*****************************************************************
C
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C--- GROUP 9. Properties of the medium (or media)
C
C   The sections in this group are arranged sequentially in their
C   order of calling from EARTH. Thus, as can be seen from below,
C   the temperature sections (10 and 11) precede the density
C   sections (1 and 3); so, density formulae can refer to
C   temperature stores already set.

9 GO TO (91,92,93,94,95,96,97,98,99,900,901,902,903,904,905),ISC
C*****************************************************************
900 CONTINUE

C   * ------------------- SECTION 10 ---------------------------
C    For TMP1.LE.GRND--------- phase-1 temperature Index TEMP1
      RETURN
901 CONTINUE

C   * ------------------- SECTION 11 ---------------------------
C    For TMP2.LE.GRND--------- phase-2 temperature Index TEMP2
      RETURN
902 CONTINUE

C   * ------------------- SECTION 12 ---------------------------
C    For EL1.LE.GRND--------- phase-1 length scale Index LEN1
      RETURN
903 CONTINUE

C   * ------------------- SECTION 13 ---------------------------
C    For EL2.LE.GRND--------- phase-2 length scale Index LEN2
      RETURN
904 CONTINUE

C   * ------------------- SECTION 14 ---------------------------
C    For SOLVE(TEM1)-------- phase-1 specific heat
      RETURN
905 CONTINUE

C   * ------------------- SECTION 15 ---------------------------
C    For SOLVE(TEM2)-------- phase-2 specific heat
      RETURN

91 CONTINUE
C   * ------------------- SECTION  1 ---------------------------
C    For RHO1.LE.GRND--- density for phase 1       Index DEN1
      RETURN

92 CONTINUE
C   * ------------------- SECTION  2 ---------------------------
C    For DRH1DP.LE.GRND--- D(LN(DEN))/DP for phase 1
C                                                  Index D1DP
      RETURN

93 CONTINUE
C   * ------------------- SECTION  3 ---------------------------
C    For RHO2.LE.GRND--- density for phase 2       Index DEN2
      RETURN

94 CONTINUE
C   * ------------------- SECTION  4 ---------------------------
C    For DRH2DP.LE.GRND--- D(LN(DEN))/DP for phase 2
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C                                                  Index D2DP
      RETURN

95 CONTINUE
C   * ------------------- SECTION  5 ---------------------------
C    For ENUT.LE.GRND--- reference turbulent kinematic viscosity
C                                                  Index VIST
      RETURN

96 CONTINUE
C   * ------------------- SECTION  6 ---------------------------
C    For ENUL.LE.GRND--- reference laminar kinematic viscosity
C                                                  Index VISL
      RETURN

97 CONTINUE
C   * ------------------- SECTION  7 ---------------------------
C    For PRNDTL( ).LE.GRND--- laminar PRANDTL nos., or diffusivity
C                                                  Index LAMPR
      RETURN

98 CONTINUE
C   * ------------------- SECTION  8 ---------------------------
C    For PHINT( ).LE.GRND--- interface value of first phase
C                                                  Index FII1
      RETURN

99 CONTINUE
C   * ------------------- SECTION  9 ---------------------------
C    For PHINT( ).LE.GRND--- interface value of second phase
C                                                  Index FII2
      RETURN
C*****************************************************************
C
C--- GROUP 10. Inter-phase-transfer processes and properties
C

10 GO TO (101,102,103,104,105),ISC
101 CONTINUE

C   * ------------------- SECTION  1 ---------------------------
C    For CFIPS.LE.GRND--- inter-phase friction coeff.
C                                                  Index INTFRC
      RETURN
c<a name="10.2"></a>
102 CONTINUE

C   * ------------------- SECTION  2 ---------------------------
C    For CMDOT.EQ.GRND- inter-phase mass transfer  Index INTMDT
      RETURN
103 CONTINUE

C   * ------------------- SECTION  3 ---------------------------
C    For CINT( ).EQ.GRND--- phase1-to-interface transfer coefficients
C                                                  Index COI1
      RETURN
104 CONTINUE

C   * ------------------- SECTION  4 ---------------------------
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C    For CINT( ).EQ.GRND--- phase2-to-interface transfer coefficients
C                                                  Index COI2
      RETURN
105 CONTINUE

C   * ------------------- SECTION  5 ---------------------------
C    For CVM.EQ.GRND--- virtual mass coefficient
C                                                  Index LD12
      RETURN
C*****************************************************************
C
C--- GROUP 11. Initialization of variable or porosity fields
C                                                  Index VAL

11 CONTINUE
      RETURN
C*****************************************************************
C
C--- GROUP 12. Convection and diffusion adjustments
C

12 CONTINUE
      RETURN
C*****************************************************************
C
C--- GROUP 13. Boundary conditions and special sources
C                                       Index for Coefficient - CO
C                                       Index for Value       - VAL

13 CONTINUE
      GO TO (130,131,132,133,134,135,136,137,138,139,1310,

11311,1312,1313,1314,1315,1316,1317,1318,1319,1320,1321),ISC
130 CONTINUE

C------------------- SECTION  1 ------------- coefficient = GRND
      IF((INDVAR.EQ.C1).AND.(NPATCH.EQ.'RETARDB'))THEN  
LFCO = L0F(CO)
      DO 1301 IY = IYF,IYL
      DO 1301 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY
      F(LFCO+ICELL)=(RG(4)-1)/DT
1301  CONTINUE
      ENDIF

IF((INDVAR.EQ.C3).AND.(NPATCH.EQ.'RETARDT'))THEN  
LFCO = L0F(CO)
      DO 1302 IY = IYF,IYL
      DO 1302 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY
      F(LFCO+ICELL)=(RG(5)-1)/DT
1302  CONTINUE
      ENDIF

IF((INDVAR.EQ.C5).AND.(NPATCH.EQ.'RETARDE'))THEN  
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LFCO = L0F(CO)
      DO 1303 IY = IYF,IYL
      DO 1303 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY
      F(LFCO+ICELL)=(RG(6)-1)/DT
1303  CONTINUE
      ENDIF

IF((INDVAR.EQ.C7).AND.(NPATCH.EQ.'RETARDX'))THEN  
LFCO = L0F(CO)
      DO 1304 IY = IYF,IYL
      DO 1304 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY
      F(LFCO+ICELL)=(RG(7)-1)/DT
1304  CONTINUE
      ENDIF
      RETURN
131 CONTINUE

C------------------- SECTION  2 ------------- coefficient = GRND1
      IF((INDVAR.EQ.C1).AND.(NPATCH.EQ.'MONODB'))THEN  
LFCO = L0F(CO)
      DO 13101 IY = IYF,IYL
      DO 13101 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY
GQC1K1=RG(8)/RG(9)

GQC1K2=(1.0)/(RG(10)+VARYX(C1))

GQC1K3=VARYX(C9)/(RG(10)+VARYX(C9))
GQC1K4=VARYX(C11)
      F(LFCO+ICELL)=GQC1K1*GQC1K2*GQC1K3*GQC1K4
13101 CONTINUE
      ENDIF

IF((INDVAR.EQ.C3).AND.(NPATCH.EQ.'MONODT'))THEN  
LFCO = L0F(CO)
      DO 13102 IY = IYF,IYL
      DO 13102 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY
GQC3K1=RG(11)/RG(12)

GQC3K2=(1.0)/(RG(13)+VARYX(C3))

GQC3K3=VARYX(C9)/(RG(13)+VARYX(C9))
GQC3K4=VARYX(C11)
      F(LFCO+ICELL)=GQC3K1*GQC3K2*GQC3K3*GQC3K4
13102 CONTINUE
      ENDIF
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IF((INDVAR.EQ.C5).AND.(NPATCH.EQ.'MONODE'))THEN  
LFCO = L0F(CO)
      DO 13103 IY = IYF,IYL
      DO 13103 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY
GQC5K1=RG(14)/RG(15)

GQC5K2=(1.0)/(RG(16)+VARYX(C5))

GQC5K3=VARYX(C9)/(RG(16)+VARYX(C9))
GQC5K4=VARYX(C11)
      F(LFCO+ICELL)=GQC5K1*GQC5K2*GQC5K3*GQC5K4
13103 CONTINUE
      ENDIF

IF((INDVAR.EQ.C7).AND.(NPATCH.EQ.'MONODX'))THEN  
LFCO = L0F(CO)
      DO 13104 IY = IYF,IYL
      DO 13104 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY
GQC7K1=RG(17)/RG(18)

GQC7K2=(1.0)/(RG(19)+VARYX(C7))

GQC7K3=VARYX(C9)/(RG(19)+VARYX(C9))
GQC7K4=VARYX(C11)
      F(LFCO+ICELL)=GQC7K1*GQC7K2*GQC7K3*GQC7K4
13104 CONTINUE
      ENDIF
      RETURN
132 CONTINUE

C------------------- SECTION  3 ------------- coefficient = GRND2
      IF((INDVAR.EQ.C9).AND.(NPATCH.EQ.'OXYGB'))THEN
LFCO = L0F(CO)
      DO 13201 IY = IYF,IYL
      DO 13201 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY

GQC9B1=(RG(8)/RG(9))*RG(20)

GQC9B2=VARYX(C1)/(RG(10)+VARYX(C1))

GQC9B3=(1.0)/(RG(10)+VARYX(C9))
GQC9B4=VARYX(C11)
      F(LFCO+ICELL)=GQC9B1*GQC9B2*GQC9B3*GQC9B4
13201 CONTINUE
      ENDIF
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IF((INDVAR.EQ.C9).AND.(NPATCH.EQ.'OXYGT'))THEN  
LFCO = L0F(CO)
      DO 13202 IY = IYF,IYL
      DO 13202 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY

GQC9T1=(RG(11)/RG(12))*RG(21)

GQC9T2=VARYX(C3)/(RG(13)+VARYX(C3))

GQC9T3=(1.0)/(RG(13)+VARYX(C9))
GQC9T4=VARYX(C11)
      F(LFCO+ICELL)=GQC9T1*GQC9T2*GQC9T3*GQC9T4
13202 CONTINUE
      ENDIF

IF((INDVAR.EQ.C9).AND.(NPATCH.EQ.'OXYGE'))THEN  
LFCO = L0F(CO)
      DO 13203 IY = IYF,IYL
      DO 13203 IX = IXF,IXL

   ICELL = IY + (IX-1)*NY

GQC9E1=(RG(14)/RG(15))*RG(22)

GQC9E2=VARYX(C5)/(RG(16)+VARYX(C5))

GQC9E3=(1.0)/(RG(16)+VARYX(C9))
GQC9E4=VARYX(C11)
      F(LFCO+ICELL)=GQC9E1*GQC9E2*GQC9E3*GQC9E4
13203 CONTINUE
      ENDIF

IF((INDVAR.EQ.C9).AND.(NPATCH.EQ.'OXYGX'))THEN  
LFCO = L0F(CO)
      DO 13204 IY = IYF,IYL
      DO 13204 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY

GQC9X1=(RG(17)/RG(18))*RG(23)

GQC9X2=VARYX(C7)/(RG(19)+VARYX(C7))

GQC9X3=(1.0)/(RG(19)+VARYX(C9))
GQC9X4=VARYX(C11)
      F(LFCO+ICELL)=GQC9X1*GQC9X2*GQC9X3*GQC9X4
13204 CONTINUE
      ENDIF
      RETURN



���

133 CONTINUE
C------------------- SECTION  4 ------------- coefficient = GRND3
      IF((INDVAR.EQ.C11).AND.(NPATCH.EQ.'BACTRB'))THEN  
LFCO = L0F(CO)
      DO 13301 IY = IYF,IYL

DO 13301 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY
GQC11B1=RG(8)

GQC11B2=VARYX(C1)/(RG(10)+VARYX(C1))

GQC11B3=VARYX(C9)/(RG(10)+VARYX(C9))

GQC11B4=GQC11B1*GQC11B2*GQC11B3
GQC11B5=GQC11B4
      F(LFCO+ICELL)=(GQC11B5)*(-1.0)
13301 CONTINUE
      ENDIF

IF((INDVAR.EQ.C11).AND.(NPATCH.EQ.'BACTRT'))THEN  
LFCO = L0F(CO)
      DO 13302 IY = IYF,IYL
      DO 13302 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY
GQC11T1=RG(11)

GQC11T2=VARYX(C3)/(RG(13)+VARYX(C3))

GQC11T3=VARYX(C9)/(RG(13)+VARYX(C9))

GQC11T4=GQC11T1*GQC11T2*GQC11T3
GQC11T5=GQC11T4
      F(LFCO+ICELL)=(GQC11T5)*(-1.0)
13302 CONTINUE
      ENDIF
      IF((INDVAR.EQ.C11).AND.(NPATCH.EQ.'BACTRE'))THEN  
LFCO = L0F(CO)
      DO 13303 IY = IYF,IYL
      DO 13303 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY
GQC11E1=RG(14)

GQC11E2=VARYX(C5)/(RG(16)+VARYX(C5))

GQC11E3=VARYX(C9)/(RG(16)+VARYX(C9))

GQC11E4=GQC11E1*GQC11E2*GQC11E3
GQC11E5=GQC11E4

F(LFCO+ICELL)=(GQC11E5)*(-1.0)
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13303 CONTINUE
      ENDIF

IF((INDVAR.EQ.C11).AND.(NPATCH.EQ.'BACTRX'))THEN  
LFCO = L0F(CO)
      DO 13304 IY = IYF,IYL
      DO 13304 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY
GQC11X1=RG(17)

GQC11X2=VARYX(C7)/(RG(19)+VARYX(C7))

GQC11X3=VARYX(C9)/(RG(19)+VARYX(C9))

GQC11X4=GQC11X1*GQC11X2*GQC11X3
GQC11X5=GQC11X4

F(LFCO+ICELL)=(GQC11X5)*(-1.0)
13304 CONTINUE
      ENDIF
      RETURN
134 CONTINUE

C------------------- SECTION  5 ------------- coefficient = GRND4
      IF((INDVAR.EQ.C1).AND.(NPATCH.EQ.'MENTNB'))THEN  
LFCO = L0F(CO)
      DO 13401 IY = IYF,IYL

  DO 13401 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY
GQC1K1=RG(25)

GQC1K2=(1.0)/(RG(10)+VARYX(C1))

F(LFCO+ICELL)=GQC1K1*GQC1K2
13401 CONTINUE
      ENDIF

IF((INDVAR.EQ.C3).AND.(NPATCH.EQ.'MENTNT'))THEN  
LFCO = L0F(CO)
      DO 13402 IY = IYF,IYL

  DO 13402 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY
GQC3K1=RG(26)

GQC3K2=(1.0)/(RG(13)+VARYX(C3))
      F(LFCO+ICELL)=GQC3K1*GQC3K2
13402 CONTINUE
      ENDIF

IF((INDVAR.EQ.C5).AND.(NPATCH.EQ.'MENTNE'))THEN  
LFCO = L0F(CO)
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      DO 13403 IY = IYF,IYL
      DO 13403 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY
GQC5K1=RG(27)

GQC5K2=(1.0)/(RG(16)+VARYX(C5))
      F(LFCO+ICELL)=GQC5K1*GQC5K2
13403 CONTINUE
      ENDIF

IF((INDVAR.EQ.C7).AND.(NPATCH.EQ.'MENTNX'))THEN  
LFCO = L0F(CO)
      DO 13404 IY = IYF,IYL
      DO 13404 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY
GQC7K1=RG(28)

GQC7K2=(1.0)/(RG(19)+VARYX(C7))
      F(LFCO+ICELL)=GQC7K1*GQC7K2
13404 CONTINUE
      ENDIF
      RETURN
135 CONTINUE

C------------------- SECTION  6 ------------- coefficient = GRND5
      RETURN
136 CONTINUE

C------------------- SECTION  7 ------------- coefficient = GRND6
      RETURN
137 CONTINUE

C------------------- SECTION  8 ------------- coefficient = GRND7
      RETURN
138 CONTINUE

C------------------- SECTION  9 ------------- coefficient = GRND8
      RETURN
139 CONTINUE

C------------------- SECTION 10 ------------- coefficient = GRND9
      RETURN
1310 CONTINUE
C------------------- SECTION 11 ------------- coefficient = GRND10
      RETURN
1311 CONTINUE
C------------------- SECTION 12 ------------------- value = GRND
      IF((INDVAR.EQ.C1).AND.(NPATCH.EQ.'RETARDB'))THEN 
      LFVAL = L0F(VAL)
      DO 13111 IY = IYF,IYL
      DO 13111 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY
      F(LFVAL+ICELL)=VARYX(OLD(C1))
13111 CONTINUE
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      ENDIF

IF((INDVAR.EQ.C3).AND.(NPATCH.EQ.'RETARDT'))THEN 
      LFVAL = L0F(VAL)
      DO 13112 IY = IYF,IYL
      DO 13112 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY
      F(LFVAL+ICELL)=VARYX(OLD(C3))
13112 CONTINUE
      ENDIF

IF((INDVAR.EQ.C5).AND.(NPATCH.EQ.'RETARDE'))THEN 
      LFVAL = L0F(VAL)
      DO 13113 IY = IYF,IYL
      DO 13113 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY
      F(LFVAL+ICELL)=VARYX(OLD(C5))
13113 CONTINUE
      ENDIF

IF((INDVAR.EQ.C7).AND.(NPATCH.EQ.'RETARDX'))THEN 
      LFVAL = L0F(VAL)
      DO 13114 IY = IYF,IYL
      DO 13114 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY
      F(LFVAL+ICELL)=VARYX(OLD(C7))
13114 CONTINUE
      ENDIF
      RETURN
1312 CONTINUE
C------------------- SECTION 13 ------------------- value = GRND1
      RETURN
1313 CONTINUE
C------------------- SECTION 14 ------------------- value = GRND2
      RETURN
1314 CONTINUE
C------------------- SECTION 15 ------------------- value = GRND3
      RETURN
1315 CONTINUE
C------------------- SECTION 16 ------------------- value = GRND4
      RETURN
1316 CONTINUE
C------------------- SECTION 17 ------------------- value = GRND5
      RETURN
1317 CONTINUE
C------------------- SECTION 18 ------------------- value = GRND6
      RETURN
1318 CONTINUE
C------------------- SECTION 19 ------------------- value = GRND7
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      RETURN
1319 CONTINUE
C------------------- SECTION 20 ------------------- value = GRND8
      RETURN
1320 CONTINUE
C------------------- SECTION 21 ------------------- value = GRND9
      RETURN
1321 CONTINUE
C------------------- SECTION 22 ------------------- value = GRND10
      RETURN
C***************************************************************
C
C--- GROUP 14. Downstream pressure for PARAB=.TRUE.
C

14 CONTINUE
   RETURN

C***************************************************************
C* Make changes to data for GROUPS 15, 16, 17, 18  GROUP 19.
C***************************************************************
C
C--- GROUP 19. Special calls to GROUND from EARTH
C

19 GO TO (191,192,193,194,195,196,197,198,199,1910,1911),ISC
191 CONTINUE

C   * ------------------- SECTION 1 ---- Start of time step.
      RETURN
192 CONTINUE

C   * ------------------- SECTION 2 ---- Start of sweep.
      RETURN
193 CONTINUE

C   * ------------------- SECTION 3 ---- Start of iz slab.
      RETURN
194 CONTINUE

C   * ------------------- SECTION 4 ---- Start of iterations over slab.
      RETURN
1911 CONTINUE
C   * ------------------- SECTION 11---- After calculation of convection
C                                   fluxes for scalars, and of volume
C                                   fractions, but before calculation of
C                                   scalars or velocities
      RETURN
199 CONTINUE

C   * ------------------- SECTION 9 ---- Start of solution sequence for
C                                                          a variable
      RETURN
1910 CONTINUE
C   * ------------------- SECTION 10---- Finish of solution sequence for
C                                                          a variable
      RETURN
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195 CONTINUE
C   * ------------------- SECTION 5 ---- Finish of iterations over slab.
C     RG(1)=KX/Ne
C     RG(2)=KY/Ne
C     RG(3)=KZ/Ne
C
      MPOT =  LBNAME('POT')
      L0POT=  L0F(MPOT)     
C..............calculation of U1 based on sub. ptvl.......
      IF(STORE(U1) .AND. NX.GT.1) THEN
        L0U1=L0F(U1)
        IF(BFC) THEN

C   NXNY = NX*NY
          L0DXG=L0B(DXGPE) + (IZ-1)*NXNY
        ELSE
          L0DXG=L0F(DXG2D)
        ENDIF
        DO 1961 IX=IXF,IXL
          IPLUS=NY
         IF(IX.EQ.IXL) IPLUS=IPLUS-NXNY
          DO 1961 IY=IYF,IYL
            ICELL=IY+(IX-1)*NY
            IF(EF(ICELL).OR.EF0(ICELL)) THEN
              F(L0U1+ICELL) =0.0
            ELSE
             IE=ICELL+IPLUS
    F(L0U1+ICELL)=RG(1)*((F(L0POT+ICELL)-F(L0POT+IE))/F(L0DXG+ICELL))

            ENDIF
1961   CONTINUE
            DO 1962 IX=IXF,IXL
            DO 1962 IY=8,IYL
           ICELL=IY+(IX-1)*NY
         F(L0U1+ICELL) =1.0e-9
1962      continue
      ENDIF
C................calculation of v1
      CALL GETYX(LBNAME('POT'),UUGPOT,NYDIM,NXDIM)
      IF(STORE(V1) .AND. NY.GT.1) THEN
C        L0V1=L0F(V1)
        IF(BFC) THEN
          L0DYG=L0B(DYGPN) + (IZ-1)*NXNY
        ELSE
          L0DYG=L0F(DYG2D)

   ENDIF
        DO 1963 IX=IXF,IXL
          DO 1963 IY=IYF,IYL
C           I=IY+(IX-1)*NY
            IF(IY.EQ.NY.OR.NF(IY).OR.NF0(IY)) THEN
C            F(L0V1+I)=0.0
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             UUGV1(IY,IX) =0.0
            ELSE
              IN=IY+1
      UUGV1(IY,IX)=RG(2)*((UUGPOT(IY,IX)-UUGPOT(IN,IX))/F(L0DYG+IY))
c      F(L0V1+I)=RG(2)*((F(L0POT+I)-F(L0POT+IN))/F(L0DYG+I))
            ENDIF
1963   CONTINUE
C           DO 1964 IX=IXF,IXL
C           DO 1964 IY=18,NY
C           UUGV1(IY,IX)=-1.0e-010
C 1964 continue
       CALL SETYX(LBNAME('V1'),UUGV1,NYDIM,NXDIM)
      ENDIF
C..................calculation of w1
      IF(STORE(W1) .AND. NZ.GT.1 .AND. IZ.NE.NZ) THEN
        L0POTH =  L0F(HIGH(MPOT))
        L0W1=L0F(W1)
        IF(BFC) L0DZG=L0B(DZGPH) + (IZ-1)*NXNY
        DO 1965 I=1,NXNY
          IF(HF(I).OR.HF0(I)) THEN
            F(L0W1+I) =0.0
          ELSE
            IF(BFC) THEN
              DELZ=F(L0DZG+I)
            ELSE
              DELZ=DZG
            ENDIF
            F(L0W1+I)=RG(3)*((F(L0POT+I)-F(L0POTH+I))/DELZ)
          ENDIF
1965   CONTINUE
         ENDIF
      IF(BFC) THEN
C.................. the cartesian components
      CALL GETCAR
      ENDIF

LFR11=L0F(LBNAME('R11'))
LFC11=L0F(C11)
DO 1966 IX=1,NX
IADD=NY*(IX-1)
DO 1966 IY=1,NY
I=IY+IADD
L0R11=LFR11+I
L0C11=LFC11+I
F(L0R11)=F(L0C11)-
(RG(24)*F(L0C11))
1966  CONTINUE
      RETURN
196 CONTINUE



���

C   * ------------------- SECTION 6 ---- Finish of iz slab.
      RETURN
197 CONTINUE

C   * ------------------- SECTION 7 ---- Finish of sweep.
      RETURN
198 CONTINUE

C   * ------------------- SECTION 8 ---- Finish of time step.
C
      RETURN
C***************************************************************
C
C--- GROUP 20. Preliminary print-out
C

20 CONTINUE
      RETURN
C***************************************************************
C--- GROUP 21. Special print-out to screen

21 CONTINUE
      GO TO 25
C***************************************************************
C* Make changes to data for GROUP 22 only in GROUP 19.
C***************************************************************
C
C--- GROUP 23. Field print-out and plot control

23 CONTINUE
      RETURN
C***************************************************************
C
C--- GROUP 24. Dumps for restarts
C

24 CONTINUE
      END
c</pre></strong></body></html>
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c<html><body><pre><strong><!-- -->
C.... FILE NAME GROUND.FTN--------------------------------240802
      SUBROUTINE GROUND
      INCLUDE '/phoenics/d_includ/satear'
      INCLUDE '/phoenics/d_includ/grdloc'
      INCLUDE '/phoenics/d_includ/satgrd'
      INCLUDE '/phoenics/d_includ/grdear'
      INCLUDE '/phoenics/d_includ/grdbfc'
      COMMON/IDATA/IDFL(118)
      COMMON/GENI/NXNY,IGFIL1(59)
      COMMON/LDATA/LFIL1(7),LFIL2(76)

 COMMON /NAMFN/NAMFUN,NAMSUB
      CHARACTER*6 NAMFUN,NAMSUB
      LOGICAL EF,NF,HF,EF0,NF0,HF0
      COMMON/IDATA/NFM,IGF(21),IPRL,IBTAU,ILTLS,IGFIL(15),

1ITEM1,ITEM2,ISPH1,ISPH2,ICON1,ICON2,IPRPS,IRADX,IRADY,IRADZ,IVFOL
      COMMON/NXNY/DRHODP/ITEMP/IDEN/DVMOD/IDVCGR
CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX USER
SECTION STARTS:
C 1   Set dimensions of data-for-GROUND arrays here. WARNING: the
C     corresponding arrays in the MAIN program of the satellite
C     and EARTH must have the same dimensions.
      PARAMETER (NLG=100, NIG=200, NRG=200, NCG=100) 

COMMON/LGRND/LG(NLG)/IGRND/IG(NIG)/RGRND/RG(NRG)/CGRND/CG(NC
G)
      LOGICAL LG
      CHARACTER*4 CG
C 2   User dimensions own arrays here, for example:
C     DIMENSION GUH(10,10),GUC(10,10),GUX(10,10),GUZ(10)
c      DIMENSION UUGV1(20,30),UUGPOT(20,30)
c      DATA NXDIM,NYDIM/30,20/
      DIMENSION UUGV1(20,40),UUGPOT(20,40)
      DATA NXDIM,NYDIM/40,20/
C 3   User places his data statements here, for example:
C     DATA NXDIM,NYDIM/10,10/
C
C 4   Insert own coding below as desired, guided by GREX examples.
C     Note that the satellite-to-GREX special data in the labelled
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C     COMMONs /RSG/, /ISG/, /LSG/ and /CSG/ can be included and
C     used below but the user must check GREX for any conflicting
C     uses. The same comment applies to the EARTH-spare working
C     arrays EASP1, EASP2,....EASP20. In addition to the EASPs,
C     there are 10 GRound-earth SPare arrays, GRSP1,...,GRSP10,
C     supplied solely for the user, which are not used by GREX. If
C     the call to GREX has been deactivated then all of the arrays
C     may be used without reservation.
c*********************************************************************
**
c
      IXL=IABS(IXL)
      IF(IGR.EQ.13) GO TO 13
      IF(IGR.EQ.19) GO TO 19
      GO TO (1,2,3,4,5,6,25,8,9,10,11,12,13,14,25,25,25,25,19,20,25,

121,23,24),IGR
25 CONTINUE

      RETURN
C*****************************************************************
C
C--- GROUP 1. Run title and other preliminaries
C

1 GO TO (1001,1002,1003),ISC
C
1001 CONTINUE
C
C   * -----------GROUP 1  SECTION  3 ---------------------------
C---- Use this group to create storage via MAKE, GXMAKE etc which it is
C     essential to dump to PHI (or PHIDA) for restarts
C     User may here change message transmitted to the VDU screen
      IF(.NOT.NULLPR.AND.IDVCGR.EQ.0)

1  CALL WRYT40('GROUND file is GROUND.F   of:    240802 ')
C
      RETURN
C   * -----------GROUP 1  SECTION  3 ---------------------------
C---- Use this group to create storage via GXMAKE which it is not
C     necessary to dump to PHI (or PHIDA) for restarts
C
1003 CONTINUE
      GO TO 25
1002 CONTINUE
      RETURN
C*****************************************************************
C
C--- GROUP 2. Transience; time-step specification
C

2 CONTINUE
      RETURN
C*****************************************************************
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C
C--- GROUP 3. X-direction grid specification
C

3 CONTINUE
      RETURN
C*****************************************************************
C
C--- GROUP 4. Y-direction grid specification
C

4 CONTINUE
      RETURN
C*****************************************************************
C
C--- GROUP 5. Z-direction grid specification
C

5 CONTINUE
      RETURN
C*****************************************************************
C
C--- GROUP 6. Body-fitted coordinates or grid distortion
C

6 CONTINUE
      RETURN
C*****************************************************************
C   * Make changes for this group only in group 19.
C--- GROUP 7. Variables stored, solved & named
C*****************************************************************
C
C--- GROUP 8. Terms (in differential equations) & devices
C

8 GO TO (81,82,83,84,85,86,87,88,89,810,811,812,813,814,815,816)
1,ISC

81 CONTINUE
C   * ------------------- SECTION  1 ---------------------------
C    For U1AD.LE.GRND--- phase 1 additional velocity. Index VELAD
      RETURN

82 CONTINUE
C   * ------------------- SECTION  2 ---------------------------
C    For U2AD.LE.GRND--- phase 2 additional velocity. Index VELAD
      RETURN

83 CONTINUE
C   * ------------------- SECTION  3 ---------------------------
C    For V1AD.LE.GRND--- phase 1 additional velocity. Index VELAD
      RETURN

84 CONTINUE
C   * ------------------- SECTION  4 ---------------------------
C    For V2AD.LE.GRND--- phase 2 additional velocity. Index VELAD
      RETURN

85 CONTINUE
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C   * ------------------- SECTION  5 ---------------------------
C    For W1AD.LE.GRND--- phase 1 additional velocity. Index VELAD
    RETURN
86 CONTINUE

C   * ------------------- SECTION  6 ---------------------------
C    For W2AD.LE.GRND--- phase 2 additional velocity. Index VELAD
      RETURN

87 CONTINUE
C   * ------------------- SECTION 7 ---- Volumetric source for gala

   RETURN
88 CONTINUE

C   * ------------------- SECTION 8 ---- Convection fluxes
C--- Entered when UCONV =.TRUE.; block-location indices are:
C    LD11 for east and north (accessible at the same time),
C    LD12 for west and south (accessible at the same time),
C    LD2  for high (which becomes low for the next slab).
C    User should provide INDVAR and NDIREC IF's as appropriate.
      RETURN

89 CONTINUE
C   * ------------------- SECTION 9 ---- Diffusion coefficients
C--- Entered when UDIFF =.TRUE.; block-location indices are LAE
C    for east, LAW for west, LAN for north, LAS for
C    south, LD11 for high, and LD11 for low.
C    User should provide INDVAR and NDIREC IF's as above.
C    EARTH will apply the DIFCUT and GP12 modifications after the user
C    has made his settings.
C
      RETURN
810 CONTINUE

C   * ------------------- SECTION 10 --- Convection neighbours
      RETURN
811 CONTINUE

C   * ------------------- SECTION 11 --- Diffusion neighbours
      RETURN
812 CONTINUE

C   * ------------------- SECTION 12 --- Linearised sources
      RETURN
813 CONTINUE

C   * ------------------- SECTION 13 --- Correction coefficients
      RETURN
814 CONTINUE

C   * ------------------- SECTION 14 --- User's own solver
      RETURN
815 CONTINUE

C   * ------------------- SECTION 15 --- Change solution
      RETURN
816 CONTINUE

C   * ------------------- SECTION 16 --- Change DVEL/DPs
      RETURN
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C
C   * See the equivalent section in GREX for the indices to be
C     used in sections 7 - 16
C
C   * Make all other group-8 changes in GROUP 19.
C*****************************************************************
C
C--- GROUP 9. Properties of the medium (or media)
C
C   The sections in this group are arranged sequentially in their
C   order of calling from EARTH. Thus, as can be seen from below,
C   the temperature sections (10 and 11) precede the density
C   sections (1 and 3); so, density formulae can refer to
C   temperature stores already set.

9 GO TO (91,92,93,94,95,96,97,98,99,900,901,902,903,904,905),ISC
C*****************************************************************
900 CONTINUE

C   * ------------------- SECTION 10 ---------------------------
C    For TMP1.LE.GRND--------- phase-1 temperature Index TEMP1
      RETURN
901 CONTINUE

C   * ------------------- SECTION 11 ---------------------------
C    For TMP2.LE.GRND--------- phase-2 temperature Index TEMP2
      RETURN
902 CONTINUE

C   * ------------------- SECTION 12 ---------------------------
C    For EL1.LE.GRND--------- phase-1 length scale Index LEN1
      RETURN
903 CONTINUE

C   * ------------------- SECTION 13 ---------------------------
C    For EL2.LE.GRND--------- phase-2 length scale Index LEN2
      RETURN
904 CONTINUE

C   * ------------------- SECTION 14 ---------------------------
C    For SOLVE(TEM1)-------- phase-1 specific heat
      RETURN
905 CONTINUE

C   * ------------------- SECTION 15 ---------------------------
C    For SOLVE(TEM2)-------- phase-2 specific heat
      RETURN

91 CONTINUE
C   * ------------------- SECTION  1 ---------------------------
C    For RHO1.LE.GRND--- density for phase 1       Index DEN1
      RETURN

92 CONTINUE
C   * ------------------- SECTION  2 ---------------------------
C    For DRH1DP.LE.GRND--- D(LN(DEN))/DP for phase 1
C                                                  Index D1DP
      RETURN
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93 CONTINUE
C   * ------------------- SECTION  3 ---------------------------
C    For RHO2.LE.GRND--- density for phase 2       Index DEN2
      RETURN

94 CONTINUE
C   * ------------------- SECTION  4 ---------------------------
C    For DRH2DP.LE.GRND--- D(LN(DEN))/DP for phase 2
C                                                  Index D2DP
      RETURN

95 CONTINUE
C   * ------------------- SECTION  5 ---------------------------
C    For ENUT.LE.GRND--- reference turbulent kinematic viscosity
C                                                  Index VIST
      RETURN

96 CONTINUE
C   * ------------------- SECTION  6 ---------------------------
C    For ENUL.LE.GRND--- reference laminar kinematic viscosity
C                                                  Index VISL
      RETURN

97 CONTINUE
C   * ------------------- SECTION  7 ---------------------------
C    For PRNDTL( ).LE.GRND--- laminar PRANDTL nos., or diffusivity
C                                                  Index LAMPR
      RETURN

98 CONTINUE
C   * ------------------- SECTION  8 ---------------------------
C    For PHINT( ).LE.GRND--- interface value of first phase
C                                                  Index FII1
      RETURN

99 CONTINUE
C   * ------------------- SECTION  9 ---------------------------
C    For PHINT( ).LE.GRND--- interface value of second phase
C                                                  Index FII2
      RETURN
C*****************************************************************
C
C--- GROUP 10. Inter-phase-transfer processes and properties
C

10 GO TO (101,102,103,104,105),ISC
101 CONTINUE

C   * ------------------- SECTION  1 ---------------------------
C    For CFIPS.LE.GRND--- inter-phase friction coeff.
C                                                  Index INTFRC
      RETURN
c<a name="10.2"></a>
102 CONTINUE

C   * ------------------- SECTION  2 ---------------------------
C    For CMDOT.EQ.GRND- inter-phase mass transfer  Index INTMDT
      RETURN



���

103 CONTINUE
C   * ------------------- SECTION  3 ---------------------------
C    For CINT( ).EQ.GRND--- phase1-to-interface transfer coefficients
C                                                  Index COI1
      RETURN
104 CONTINUE

C   * ------------------- SECTION  4 ---------------------------
C    For CINT( ).EQ.GRND--- phase2-to-interface transfer coefficients
C                                                  Index COI2
      RETURN
105 CONTINUE

C   * ------------------- SECTION  5 ---------------------------
C    For CVM.EQ.GRND--- virtual mass coefficient
C                                                  Index LD12
      RETURN
C*****************************************************************
C
C--- GROUP 11. Initialization of variable or porosity fields
C                                                  Index VAL

11 CONTINUE
      RETURN
C*****************************************************************
C
C--- GROUP 12. Convection and diffusion adjustments
C

12 CONTINUE
      RETURN
C*****************************************************************
C
C--- GROUP 13. Boundary conditions and special sources
C                                       Index for Coefficient - CO
C                                       Index for Value       - VAL

13 CONTINUE
      GO TO (130,131,132,133,134,135,136,137,138,139,1310,

11311,1312,1313,1314,1315,1316,1317,1318,1319,1320,1321),ISC
130 CONTINUE

C------------------- SECTION  1 ------------- coefficient = GRND
C.................Seting For Consumption of ORGANIC
C     RG(1)=kO2
C     RG(2)=KO2
C     RG(4)=kNO3
C     RG(5)=KNO3
C     RG(6)=KiO2
C     RG(8)=kMn
C     RG(9)=KMnO2
C     RG(10)=KiNO3
C     RG(8)=kMn
C     RG(9)=KMnO2
C     RG(10)=KiNO3
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C     RG(12)=kFe
C     RG(13)=KFe(OH)3
C     RG(14)=KiMnO2
C     RG(16)=kSO4
C     RG(17)=KSO4
C     RG(18)=KiFe(OH)3
C     RG(20)=kCH4
C     RG(21)=KCH4
C     RG(22)=KiSO4

IF((INDVAR.EQ.C1).AND.(NPATCH.EQ.'ORGAN'))THEN     
      L0CO = L0F(CO)
L0C1=L0F(C1)

 L0C3=L0F(C3)
L0C5=L0F(C5)
L0C7=L0F(C7)
L0C11=L0F(C11)
L0C15=L0F(C15)

CL0C17=L0F(C17)
      DO 13001 IY = IYF,IYL
      DO 13001 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY
GQC1R1=RG(1)

GQC1R2=F(L0C3+ICELL)/(RG(2)+F(L0C3+ICELL))

GQC1R3=GQC1R1*GQC1R2
      GQC1R4=RG(4)

GQC1R5=F(L0C5+ICELL)/(RG(5)+F(L0C5+ICELL))

GQC1R6=RG(6)/(RG(6)+F(L0C3+ICELL))

GQC1R7=GQC1R4*GQC1R5*GQC1R6
      GQC1R8=RG(8)

GQC1R9=F(L0C7+ICELL)/(RG(9)+F(L0C7+ICELL))

GQC1R10=RG(6)/(RG(6)+F(L0C3+ICELL))

GQC1R11=RG(10)/(RG(10)+F(L0C5+ICELL))

GQC1R12=GQC1R8*GQC1R9*GQC1R10*GQC1R11
      GQC1R13=RG(12)

GQC1R14=F(L0C11+ICELL)/(RG(13)+F(L0C11+ICELL))

GQC1R15=RG(6)/(RG(6)+F(L0C3+ICELL))

GQC1R16=RG(10)/(RG(10)+F(L0C5+ICELL))
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GQC1R17=RG(14)/(RG(14)+F(L0C7+ICELL))

GQC1R18=GQC1R13*GQC1R14*GQC1R15*GQC1R16*GQC1R17
      GQC1R19=RG(16)

GQC1R20=F(L0C15+ICELL)/(RG(17)+F(L0C15+ICELL))

GQC1R21=RG(6)/(RG(6)+F(L0C3+ICELL))

GQC1R22=RG(10)/(RG(10)+F(L0C5+ICELL))

GQC1R23=RG(14)/(RG(14)+F(L0C7+ICELL))

GQC1R24=RG(18)/(RG(18)+F(L0C11+ICELL))

GQC1R25=GQC1R19*GQC1R20*GQC1R21*GQC1R22*GQC1R23*GQC1R24
      GQC1R26=RG(20)
C

GQC1R27=F(L0C13+ICELL)/RG(21)+F(L0C13+ICELL)

GQC1R28=RG(6)/(RG(6)+F(L0C3+ICELL))

GQC1R29=RG(10)/(RG(10)+F(L0C5+ICELL))

GQC1R30=RG(14)/(RG(14)+F(L0C7+ICELL))

GQC1R31=RG(18)/(RG(18)+F(L0C11+ICELL))
      GQC1R32=RG(22)/(RG(22)+F(L0C15+ICELL))

GQC1R33=GQC1R26*GQC1R28*GQC1R29*GQC1R30*GQC1R31*GQC1R32

F(L0CO+ICELL)=GQC1R3+GQC1R7+GQC1R12+GQC1R18+GQC1R25+GQC1R33

13001 CONTINUE
      ENDIF
      RETURN
131 CONTINUE

C------------------- SECTION  2 ------------- coefficient = GRND1
C.................Seting For Consumption of Oxygen
C     RG(1)=kO2
C     RG(2)=KO2
C     RG(3)=YO2

IF((INDVAR.EQ.C3).AND.(NPATCH.EQ.'OXYGEN'))THEN     
      L0CO = L0F(CO)
L0C1=L0F(C1)
      L0C3 = L0F(C3)
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      DO 13101 IY = IYF,IYL
      DO 13101 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY

GQC3R1=RG(1)*F(L0C1+ICELL)

GQC3R2=1.0/(RG(2)+F(L0C3+ICELL))

GQC3R3=GQC3R1*GQC3R2

F(L0CO+ICELL)=GQC3R3*RG(3)
13101 CONTINUE
C.................Seting For Consumption of Nitrat
C     RG(4)=kNO3
C     RG(5)=KNO3
C     RG(6)=KiO2
C     RG(7)=YNO3
      ELSEIF((INDVAR.EQ.C5).AND.(NPATCH.EQ.'NITRAT'))THEN 

      L0CO = L0F(CO)
L0C1=L0F(C1)
      L0C3=L0F(C3)
L0C5=L0F(C5)
      DO 13102 IY = IYF,IYL
      DO 13102 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY

GQC5R1=RG(4)*F(L0C1+ICELL)

GQC5R2=1.0/(RG(5)+F(L0C5+ICELL))

GQC5R3=RG(6)/(RG(6)+F(L0C3+ICELL))

GQC5R4=GQC5R1*GQC5R2*GQC5R3

F(L0CO+ICELL)=RG(7)*GQC5R4
13102 CONTINUE
C.................Seting For Consumption of Manganese
C     RG(8)=kMn
C     RG(9)=KMnO2
C     RG(10)=KiNO3
C     RG(24)=YMnO2
      ELSEIF((INDVAR.EQ.C7).AND.(NPATCH.EQ.'PYROLU'))THEN     
      L0CO = L0F(CO)
L0C1=L0F(C1)
L0C3=L0F(C3)
      L0C5=L0F(C5)
L0C7=L0F(C7)
DO 13103 IY = IYF,IYL
      DO 13103 IX = IXF,IXL



���

      ICELL = IY + (IX-1)*NY

GQC7R1=RG(8)*F(L0C1+ICELL)

GQC7R2=1.0/(RG(9)+F(L0C7+ICELL))

GQC7R3=RG(6)/(RG(6)+F(L0C3+ICELL))

GQC7R4=RG(10)/(RG(10)+F(L0C5+ICELL))

GQC7R5=GQC7R1*GQC7R2*GQC7R3*GQC7R4

F(L0CO+ICELL)=RG(24)*GQC7R5
13103 CONTINUE
C.................Seting For Production of Manganese
C     RG(8)=kMn
C     RG(9)=KMnO2
C     RG(10)=KiNO3
C     RG(11)=YMn+2
      ELSEIF((INDVAR.EQ.C9).AND.(NPATCH.EQ.'MANGA'))THEN     

L0CO = L0F(CO)
L0C1=L0F(C1)
      L0C3=L0F(C3)
L0C5=L0F(C5)
L0C7=L0F(C7)

CL0C9=L0F(C9)
      DO 13104 IY = IYF,IYL
      DO 13104 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY

GQC9R1=RG(8)*F(L0C1+ICELL)

GQC9R2=F(L0C7+ICELL)/(RG(9)+F(L0C7+ICELL))

GQC9R3=RG(6)/(RG(6)+F(L0C3+ICELL))

GQC9R4=RG(10)/(RG(10)+F(L0C5+ICELL))

GQC9R5=GQC9R1*GQC9R2*GQC9R3*GQC9R4

F(L0CO+ICELL)=RG(11)*GQC9R5
13104 CONTINUE
C.................Seting For Consumption of Iron
C     RG(12)=kFe
C     RG(13)=KFe(OH)3
C     RG(14)=KiMnO2
C     RG(25)=YFe(OH)3
      ELSEIF((INDVAR.EQ.C11).AND.(NPATCH.EQ.'HYDROX'))THEN     

L0CO = L0F(CO)
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L0C1=L0F(C1)
      L0C3=L0F(C3)
L0C5=L0F(C5)
L0C7=L0F(C7)

CL0C9=L0F(C9)
L0C11=L0F(C11)

CL0C17=L0F(C17)
DO 13105 IY = IYF,IYL
      DO 13105 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY

GQC11R1=RG(12)*F(L0C1+ICELL)

GQC11R2=1.0/(RG(13)+F(L0C11+ICELL))

GQC11R3=RG(6)/(RG(6)+F(L0C3+ICELL))

GQC11R4=RG(10)/(RG(10)+F(L0C5+ICELL))

GQC11R5=RG(14)/(RG(14)+F(L0C7+ICELL))

GQC11R6=GQC11R1*GQC11R2*GQC11R3*GQC11R4*GQC11R5

F(L0CO+ICELL)=RG(25)*GQC11R6
13105 CONTINUE
C.................Seting For Production of Iron
C     RG(12)=kFe
C     RG(13)=KFe(OH)3
C     RG(14)=KiMnO2
C     RG(15)=YFe+2
      ELSEIF((INDVAR.EQ.C13).AND.(NPATCH.EQ.'IRON'))THEN     

L0CO = L0F(CO)
L0C1=L0F(C1)
      L0C3=L0F(C3)
L0C5=L0F(C5)
L0C7=L0F(C7)

CL0C9=L0F(C9)
L0C11=L0F(C11)

CL0C17=L0F(C17)
      DO 13106 IY = IYF,IYL
      DO 13106 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY

GQC13R1=RG(12)*F(L0C1+ICELL)

GQC13R2=F(L0C11+ICELL)/(RG(13)+F(L0C11+ICELL))

GQC13R3=RG(6)/(RG(6)+F(L0C3+ICELL))
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GQC13R4=RG(10)/(RG(10)+F(L0C5+ICELL))

GQC13R5=RG(14)/(RG(14)+F(L0C7+ICELL))

GQC13R6=GQC13R1*GQC13R2*GQC13R3*GQC13R4*GQC13R5

F(L0CO+ICELL)=RG(15)*GQC13R6
13106 CONTINUE
C.................Seting For Consumption of Sulfate
C     RG(16)=kSO4
C     RG(17)=KSO4-2
C     RG(18)=KiFe(OH)3
C     RG(19)=YSO4
      ELSEIF((INDVAR.EQ.C15).AND.(NPATCH.EQ.'SULFA'))THEN     
      L0CO = L0F(CO)
L0C1=L0F(C1)
L0C3=L0F(C3)
      L0C5=L0F(C5)
L0C7=L0F(C7)
L0C11=L0F(C11)
L0C15=L0F(C15)
DO 13107 IY = IYF,IYL
      DO 13107 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY

GQC15R1=RG(16)*F(L0C1+ICELL)

GQC15R2=1.0/(RG(17)+F(L0C15+ICELL))

GQC15R3=RG(6)/(RG(6)+F(L0C3+ICELL))

GQC15R4=RG(10)/(RG(10)+F(L0C5+ICELL))

GQC15R5=RG(14)/(RG(14)+F(L0C7+ICELL))

GQC15R6=RG(18)/(RG(18)+F(L0C11+ICELL))

GQC15R7=GQC15R1*GQC15R2*GQC15R3*GQC15R4*GQC15R5*GQC15R6

F(L0CO+ICELL)=RG(19)*GQC15R7
13107 CONTINUE
C.................Seting For Consumption of Methan
C     RG(20)=kCH4
C     RG(21)=KiSO4
C     RG(23)=YCH4
      ELSEIF((INDVAR.EQ.C17).AND.(NPATCH.EQ.'METHAN'))THEN     
      L0CO = L0F(CO)
L0C1=L0F(C1)
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      L0C3=L0F(C3)
L0C5=L0F(C5)
L0C7=L0F(C7)
L0C11=L0F(C11)
L0C15=L0F(C15)
      DO 13108 IY = IYF,IYL
      DO 13108 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY

GQC17R1=RG(20)*F(L0C1+ICELL)
C

GQC17R2=F(L0C13+ICELL)/RG(21)+F(L0C13+ICELL)

GQC17R3=RG(6)/(RG(6)+F(L0C3+ICELL))

GQC17R4=RG(10)/(RG(10)+F(L0C5+ICELL))

GQC17R5=RG(14)/(RG(14)+F(L0C7+ICELL))

GQC17R6=RG(18)/(RG(18)+F(L0C11+ICELL))
      GQC17R7=RG(22)/(RG(22)+F(L0C15+ICELL))

GQC17R8=GQC17R1*GQC17R3*GQC17R4*GQC17R5*GQC17R6*GQC17R7

F(L0CO+ICELL)=RG(23)*GQC17R8
13108 CONTINUE
      ENDIF
      RETURN
132 CONTINUE

C------------------- SECTION  3 ------------- coefficient = GRND2
      IF((INDVAR.EQ.C5).AND.(NPATCH.EQ.'NITRAT'))THEN 

      LFCO = L0F(CO)
L0C1=L0F(C1)
      L0C3=L0F(C3)
L0C5=L0F(C5)
      DO 13201 IY = IYF,IYL
      DO 13201 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY

GQC5R1=RG(4)*F(L0C1+ICELL)

GQC5R2=1.0/(RG(5)+F(L0C5+ICELL))

GQC5R3=RG(6)/(RG(6)+F(L0C3+ICELL))

GQC5R4=GQC5R1*GQC5R2*GQC5R3

F(LFCO+ICELL)=RG(7)*GQC5R4
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13201 CONTINUE
      ENDIF
      RETURN
133 CONTINUE

C------------------- SECTION  4 ------------- coefficient = GRND3
C.................Seting For Consumption of Oxygen
C     RG(100)=U
C     RG(101)=F
C     RG(102)=YO2

IF((INDVAR.EQ.C3).AND.(NPATCH.EQ.'OXYGEN'))THEN     
      LFCO = L0F(CO)
DO 13301 IY = IYF,IYL
      DO 13301 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY

GQC3K1=(RG(100)*RG(101))/RG(102)

GQC3K2=VARYX(C1)/(RG(103)+VARYX(C1)+(VARYX(C1)**2/RG(104)))

GQC3K3=1.0/(RG(105)+VARYX(C3))

GQC3K4=VARYX(C21)+((RG(106)*VARYX(C23))/RG(107))

GQC3K5=GQC3K1*GQC3K2*GQC3K3*GQC3K4

GQC3K6=R(108)*VARYX(C1)

F(LFCO+ICELL)=GQC3K6-GQC3K5
13301 CONTINUE
      END IF
C.................Seting For Consumption of Nitrat
C     RG(109)=kNO3
C     RG(110)=KNO3
C     RG(111)=KiO2
C     RG(112)=YNO3
      IF((INDVAR.EQ.C5).AND.(NPATCH.EQ.'NITRAT'))THEN 

      LFCO = L0F(CO)
DO 13302 IY = IYF,IYL
      DO 13302 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY

GQC5K1=(RG(100)*RG(109))/RG(112)

GQC5K2=1.0/(RG(110)+VARYX(C5))

GQC5K3=RG(111)/(RG(111)+VARYX(C3))

GQC5K4=VARYX(C1)/(RG(103)+VARYX(C1)+(VARYX(C1)**2/RG(104)))
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GQC5K5=VARYX(C21)+((RG(106)*VARYX(C23))/RG(107))

GQC5K6=GQC5K1*GQC5K2*GQC5K3*GQC5K4*GQC5K5

GQC5K7=R(108)*VARYX(C1)

F(LFCO+ICELL)=GQC5K7-GQC5K6
13302 CONTINUE
      END IF
C.................Seting For MOBILE MICROB
C     RG(109)=kNO3
C     RG(110)=KNO3
C     RG(111)=KiO2
C     RG(112)=YNO3
      IF((INDVAR.EQ.C21).AND.(NPATCH.EQ.'MICROB'))THEN 

      LFCO = L0F(CO)
DO 13303 IY = IYF,IYL
      DO 13303 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY

GQC21K1=((RG(106)*RG(113))/RG(107))*VARYX(C23)
C

GQC21K2=1.0/(RG(110)+VARYX(C5))

GQC21K3=VARYX(C3)/(RG(105)+VARYX(C3))

GQC21K4=VARYX(C1)/(RG(103)+VARYX(C1)+(VARYX(C1)**2/RG(104)))

GQC21K5=VARYX(C21)*RG(100)

GQC21K6=GQC21K3*GQC21K4*GQC21K5

F(LFCO+ICELL)=GQC21K6+GQC21K1
13303 CONTINUE
      END IF
C.................Seting For IMMOBILE MICROB
C     RG(109)=kNO3
C     RG(110)=KNO3
C     RG(111)=KiO2
C     RG(112)=YNO3
      IF((INDVAR.EQ.C23).AND.(NPATCH.EQ.'IMMICR'))THEN 

      LFCO = L0F(CO)
DO 13304 IY = IYF,IYL
      DO 13304 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY

GQC23K1=((RG(107)*RG(114))/RG(106))*VARYX(C21)
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C

GQC23K2=1.0/(RG(110)+VARYX(C5))

GQC23K3=VARYX(C3)/(RG(105)+VARYX(C3))

GQC23K4=VARYX(C1)/(RG(103)+VARYX(C1)+(VARYX(C1)**2/RG(104)))

GQC23K5=VARYX(C23)*RG(100)

GQC23K6=GQC23K3*GQC23K4*GQC23K5

F(LFCO+ICELL)=GQC23K6+GQC23K1
13304 CONTINUE
      END IF
      RETURN
134 CONTINUE

C------------------- SECTION  5 ------------- coefficient = GRND4
C.................Seting For Consumption of ORGANIC

      IF((INDVAR.EQ.C1).AND.(NPATCH.EQ.'ORGAN'))THEN     
      LFCO = L0F(CO)
DO 13401 IY = IYF,IYL
      DO 13401 IX = IXF,IXL

   ICELL = IY + (IX-1)*NY
GQC1K1=RG(100)/RG(102)

GQC1K2=1.0/(RG(103)+VARYX(C1)+(VARYX(C1)**2/RG(104)))

GQC1K3=VARYX(C3)/(RG(105)+VARYX(C3))

GQC1K4=VARYX(C21)+((RG(106)*VARYX(C23))/RG(107))

GQC1K5=GQC1K1*GQC1K2*GQC1K3*GQC1K4
F(LFCO+ICELL)=GQC1K5
13401 CONTINUE
      ENDIF
      RETURN
135 CONTINUE

C------------------- SECTION  6 ------------- coefficient = GRND5
      IF((INDVAR.EQ.C1).AND.(NPATCH.EQ.'RETARD'))THEN     
      LFCO = L0F(CO)
DO 13501 IY = IYF,IYL
      DO 13501 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY

F(LFCO+ICELL)=(RG(115)-1)/DT
13501 CONTINUE
      END IF
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      RETURN
136 CONTINUE

C------------------- SECTION  7 ------------- coefficient = GRND6
      RETURN
137 CONTINUE

C------------------- SECTION  8 ------------- coefficient = GRND7
      RETURN
138 CONTINUE

C------------------- SECTION  9 ------------- coefficient = GRND8
      RETURN
139 CONTINUE

C------------------- SECTION 10 ------------- coefficient = GRND9
      RETURN
1310 CONTINUE
C------------------- SECTION 11 ------------- coefficient = GRND10
      RETURN
1311 CONTINUE
C------------------- SECTION 12 ------------------- value = GRND
C.................Seting For Consumption of ORGANIC
C     RG(1)=kO2
C     RG(2)=KO2
C     RG(4)=kNO3
C     RG(5)=KNO3
C     RG(6)=KiO2
C     RG(8)=kMn
C     RG(9)=KMnO2
C     RG(10)=KiNO3
C     RG(8)=kMn
C     RG(9)=KMnO2
C     RG(10)=KiNO3
C     RG(12)=kFe
C     RG(13)=KFe(OH)3
C     RG(14)=KiMnO2
C     RG(16)=kSO4
C     RG(17)=KSO4
C     RG(18)=KiFe(OH)3
C     RG(20)=kCH4
C     RG(21)=KCH4
C     RG(22)=KiSO4

IF((INDVAR.EQ.C1).AND.(NPATCH.EQ.'ORGAN'))THEN     
      L0VAL = L0F(VAL)
L0C1=L0F(C1)
      L0C3=L0F(C3)
L0C5=L0F(C5)
L0C7=L0F(C7)
L0C11=L0F(C11)
L0C15=L0F(C15)

CL0C17=L0F(C17)
      DO 13111 IY = IYF,IYL
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 DO 13111 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY

GQC1R1=RG(1)*F(L0C1+ICELL)

GQC1R2=F(L0C3+ICELL)/(RG(2)+F(L0C3+ICELL))

GQC1R3=GQC1R1*GQC1R2*(-1.0)
      GQC1R4=RG(4)*F(L0C1+ICELL)

GQC1R5=F(L0C5+ICELL)/(RG(5)+F(L0C5+ICELL))

GQC1R6=RG(6)/(RG(6)+F(L0C3+ICELL))

GQC1R7=GQC1R4*GQC1R5*GQC1R6*(-1.0)
      GQC1R8=RG(8)*F(L0C1+ICELL)

GQC1R9=F(L0C7+ICELL)/(RG(9)+F(L0C7+ICELL))

GQC1R10=RG(6)/(RG(6)+F(L0C3+ICELL))

GQC1R11=RG(10)/(RG(10)+F(L0C5+ICELL))

GQC1R12=GQC1R8*GQC1R9*GQC1R10*GQC1R11*(-1.0)
      GQC1R13=RG(12)*F(L0C1+ICELL)

GQC1R14=F(L0C11+ICELL)/(RG(13)+F(L0C11+ICELL))

GQC1R15=RG(6)/(RG(6)+F(L0C3+ICELL))

GQC1R16=RG(10)/(RG(10)+F(L0C5+ICELL))

GQC1R17=RG(14)/(RG(14)+F(L0C7+ICELL))

GQC1R18=GQC1R13*GQC1R14*GQC1R15*GQC1R16*GQC1R17*(-1.0)
      GQC1R19=RG(16)*F(L0C1+ICELL)

GQC1R20=F(L0C15+ICELL)/(RG(17)+F(L0C15+ICELL))

GQC1R21=RG(6)/(RG(6)+F(L0C3+ICELL))

GQC1R22=RG(10)/(RG(10)+F(L0C5+ICELL))

GQC1R23=RG(14)/(RG(14)+F(L0C7+ICELL))

GQC1R24=RG(18)/(RG(18)+F(L0C11+ICELL))

GQC1R25=GQC1R19*GQC1R20*GQC1R21*GQC1R22*GQC1R23*GQC1R24*(-
1.0)
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      GQC1R26=RG(20)*F(L0C1+ICELL)
C

GQC1R27=F(L0C13+ICELL)/RG(21)+F(L0C13+ICELL)

GQC1R28=RG(6)/(RG(6)+F(L0C3+ICELL))

GQC1R29=RG(10)/(RG(10)+F(L0C5+ICELL))

GQC1R30=RG(14)/(RG(14)+F(L0C7+ICELL))

GQC1R31=RG(18)/(RG(18)+F(L0C11+ICELL))
      GQC1R32=RG(22)/(RG(22)+F(L0C15+ICELL))

GQC1R33=GQC1R26*GQC1R28*GQC1R29*GQC1R30*GQC1R31*GQC1R32*(-
1.0)

F(L0VAL+ICELL)=GQC1R3+GQC1R7+GQC1R12+GQC1R18+GQC1R25+GQC1R3
3
13111 CONTINUE
ENDIF
      RETURN
1312 CONTINUE
C------------------- SECTION 13 ------------------- value = GRND1
C.................Seting For Consumption of Oxygen
C     RG(1)=kO2
C     RG(2)=KO2
C     RG(3)=YO2

IF((INDVAR.EQ.C3).AND.(NPATCH.EQ.'OXYGEN'))THEN     
      L0VAL = L0F(VAL)
L0C1=L0F(C1)
      L0C3 = L0F(C3)
      DO 13121 IY = IYF,IYL
      DO 13121 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY

GQC3R1=RG(1)*F(L0C1+ICELL)

GQC3R2=F(L0C3+ICELL)/(RG(2)+F(L0C3+ICELL))

GQC3R3=GQC3R1*GQC3R2*(-1.0)

F(L0VAL+ICELL)=GQC3R3*RG(3)
13121 CONTINUE
C.................Seting For Consumption of Nitrat
C     RG(4)=kNO3
C     RG(5)=KNO3
C     RG(6)=KiO2
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C     RG(7)=YNO3
      ELSEIF((INDVAR.EQ.C5).AND.(NPATCH.EQ.'NITRAT'))THEN 

      L0VAL = L0F(VAL)
L0C1=L0F(C1)
      L0C3=L0F(C3)
L0C5=L0F(C5)
      DO 13122 IY = IYF,IYL
     DO 13122 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY

GQC5R1=RG(4)*F(L0C1+ICELL)

GQC5R2=F(L0C5+ICELL)/(RG(5)+F(L0C5+ICELL))

GQC5R3=RG(6)/(RG(6)+F(L0C3+ICELL))

GQC5R4=GQC5R1*GQC5R2*GQC5R3*(-1.0)

F(L0VAL+ICELL)=RG(7)*GQC5R4
13122 CONTINUE
C.................Seting For Consumption of Manganese
C     RG(8)=kMn
C     RG(9)=KMnO2
C     RG(10)=KiNO3
C     RG(24)=YMnO2
      ELSEIF((INDVAR.EQ.C7).AND.(NPATCH.EQ.'PYROLU'))THEN     
      L0VAL = L0F(VAL)
L0C1=L0F(C1)
L0C3=L0F(C3)
      L0C5=L0F(C5)
L0C7=L0F(C7)
DO 13123 IY = IYF,IYL
      DO 13123 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY

GQC7R1=RG(8)*F(L0C1+ICELL)

GQC7R2=F(L0C7+ICELL)/(RG(9)+F(L0C7+ICELL))

GQC7R3=RG(6)/(RG(6)+F(L0C3+ICELL))

GQC7R4=RG(10)/(RG(10)+F(L0C5+ICELL))

GQC7R5=GQC7R1*GQC7R2*GQC7R3*GQC7R4
F(L0VAL+ICELL)=(-
1.0)*RG(24)*GQC7R5
13123 CONTINUE
C.................Seting For Production of Manganese
C     RG(8)=kMn
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C     RG(9)=KMnO2
C     RG(10)=KiNO3
C     RG(11)=YMn+2
      ELSEIF((INDVAR.EQ.C9).AND.(NPATCH.EQ.'MANGA'))THEN     

L0VAL = L0F(VAL)
L0C1=L0F(C1)
      L0C3=L0F(C3)
L0C5=L0F(C5)
L0C7=L0F(C7)

CL0C9=L0F(C9)
      DO 13124 IY = IYF,IYL
      DO 13124 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY

GQC9R1=RG(8)*F(L0C1+ICELL)

GQC9R2=F(L0C7+ICELL)/(RG(9)+F(L0C7+ICELL))

GQC9R3=RG(6)/(RG(6)+F(L0C3+ICELL))

GQC9R4=RG(10)/(RG(10)+F(L0C5+ICELL))

GQC9R5=GQC9R1*GQC9R2*GQC9R3*GQC9R4

F(L0VAL+ICELL)=RG(11)*GQC9R5
13124 CONTINUE
C.................Seting For Consumption of Iron
C     RG(12)=kFe
C     RG(13)=KFe(OH)3
C     RG(14)=KiMnO2
C     RG(25)=YFe(OH)3
      ELSEIF((INDVAR.EQ.C11).AND.(NPATCH.EQ.'HYDROX'))THEN     

L0VAL = L0F(VAL)
L0C1=L0F(C1)
      L0C3=L0F(C3)
L0C5=L0F(C5)
L0C7=L0F(C7)

CL0C9=L0F(C9)
L0C11=L0F(C11)

CL0C17=L0F(C17)
DO 13125 IY = IYF,IYL
      DO 13125 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY

GQC11R1=RG(12)*F(L0C1+ICELL)

GQC11R2=F(L0C11+ICELL)/(RG(13)+F(L0C11+ICELL))

GQC11R3=RG(6)/(RG(6)+F(L0C3+ICELL))
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GQC11R4=RG(10)/(RG(10)+F(L0C5+ICELL))

GQC11R5=RG(14)/(RG(14)+F(L0C7+ICELL))

GQC11R6=GQC11R1*GQC11R2*GQC11R3*GQC11R4*GQC11R5
F(L0VAL+ICELL)=(-
1.0)*RG(25)*GQC11R6
13125 CONTINUE
C.................Seting For Production of Iron
C     RG(12)=kFe
C     RG(13)=KFe(OH)3
C     RG(14)=KiMnO2
C     RG(15)=YFe+2
      ELSEIF((INDVAR.EQ.C13).AND.(NPATCH.EQ.'IRON'))THEN     

L0VAL = L0F(VAL)
L0C1=L0F(C1)
      L0C3=L0F(C3)
L0C5=L0F(C5)
L0C7=L0F(C7)

CL0C9=L0F(C9)
L0C11=L0F(C11)

CL0C17=L0F(C17)
      DO 13126 IY = IYF,IYL
      DO 13126 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY

GQC13R1=RG(12)*F(L0C1+ICELL)

GQC13R2=F(L0C11+ICELL)/(RG(13)+F(L0C11+ICELL))

GQC13R3=RG(6)/(RG(6)+F(L0C3+ICELL))

GQC13R4=RG(10)/(RG(10)+F(L0C5+ICELL))

GQC13R5=RG(14)/(RG(14)+F(L0C7+ICELL))

GQC13R6=GQC13R1*GQC13R2*GQC13R3*GQC13R4*GQC13R5

F(L0VAL+ICELL)=RG(15)*GQC13R6
13126 CONTINUE
C.................Seting For Consumption of Sulfate
C     RG(16)=kSO4
C     RG(17)=KSO4-2
C     RG(18)=KiFe(OH)3
C     RG(19)=YSO4
      ELSEIF((INDVAR.EQ.C15).AND.(NPATCH.EQ.'SULFA'))THEN     
      L0VAL = L0F(VAL)
L0C1=L0F(C1)
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L0C3=L0F(C3)
  L0C5=L0F(C5)

L0C7=L0F(C7)
L0C11=L0F(C11)
L0C15=L0F(C15)
DO 13127 IY = IYF,IYL
      DO 13127 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY

GQC15R1=RG(16)*F(L0C1+ICELL)

GQC15R2=F(L0C15+ICELL)/(RG(17)+F(L0C15+ICELL))

GQC15R3=RG(6)/(RG(6)+F(L0C3+ICELL))

GQC15R4=RG(10)/(RG(10)+F(L0C5+ICELL))

GQC15R5=RG(14)/(RG(14)+F(L0C7+ICELL))

GQC15R6=RG(18)/(RG(18)+F(L0C11+ICELL))

GQC15R7=GQC15R1*GQC15R2*GQC15R3*GQC15R4*GQC15R5*GQC15R6
F(L0VAL+ICELL)=(-
1.0)*RG(19)*GQC15R7
13127 CONTINUE
C.................Seting For Consumption of Methan
C     RG(20)=kCH4
C     RG(21)=KiSO4
C     RG(23)=YCH4
      ELSEIF((INDVAR.EQ.C17).AND.(NPATCH.EQ.'METHAN'))THEN     
      L0VAL = L0F(VAL)
L0C1=L0F(C1)
      L0C3=L0F(C3)
L0C5=L0F(C5)
L0C7=L0F(C7)
L0C11=L0F(C11)
L0C15=L0F(C15)
      DO 13128 IY = IYF,IYL
      DO 13128 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY

GQC17R1=RG(20)*F(L0C1+ICELL)
C

GQC17R2=F(L0C13+ICELL)/RG(21)+F(L0C13+ICELL)

GQC17R3=RG(6)/(RG(6)+F(L0C3+ICELL))

GQC17R4=RG(10)/(RG(10)+F(L0C5+ICELL))
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GQC17R5=RG(14)/(RG(14)+F(L0C7+ICELL))

GQC17R6=RG(18)/(RG(18)+F(L0C11+ICELL))
      GQC17R7=RG(22)/(RG(22)+F(L0C15+ICELL))

GQC17R8=GQC17R1*GQC17R3*GQC17R4*GQC17R5*GQC17R6*GQC17R7

F(L0VAL+ICELL)=RG(23)*GQC17R8
13128 CONTINUE
      ENDIF
      RETURN
1313 CONTINUE
C------------------- SECTION 14 ------------------- value = GRND2
C.................Seting For Aerobic Respiration
C     RG(1)=kO2
C     RG(2)=KO2
      IF((INDVAR.EQ.C19).AND.(NPATCH.EQ.'AEROBI'))THEN     
      L0VAL = L0F(VAL)
L0C1=L0F(C1)
      L0C3 = L0F(C3)
      DO 13131 IY = IYF,IYL
      DO 13131 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY

GQC19R1=RG(1)*F(L0C1+ICELL)

GQC19R2=F(L0C3+ICELL)/(RG(2)+F(L0C3+ICELL))

GQC19R3=GQC19R1*GQC19R2*(-1.0)

F(L0VAL+ICELL)=GQC19R3
13131 CONTINUE
      ENDIF
C.................Seting For Denitrification
C     RG(4)=kNO3
C     RG(5)=KNO3
C     RG(6)=KiO2
      IF((INDVAR.EQ.C21).AND.(NPATCH.EQ.'DENITR'))THEN     
      L0VAL = L0F(VAL)
L0C1=L0F(C1)
      L0C3=L0F(C3)
L0C5=L0F(C5)
      DO 13132 IY = IYF,IYL
      DO 13132 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY

GQC21R1=RG(4)*F(L0C1+ICELL)
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GQC21R2=F(L0C5+ICELL)/(RG(5)+F(L0C5+ICELL))

GQC21R3=RG(6)/(RG(6)+F(L0C3+ICELL))

GQC21R4=GQC21R1*GQC21R2*GQC21R3

F(L0VAL+ICELL)=GQC21R4
13132 CONTINUE
      ENDIF
C.................Seting For Manganese Reduction
C     RG(8)=kMn
C     RG(9)=KMnO2
C     RG(10)=KiNO3
      IF((INDVAR.EQ.C23).AND.(NPATCH.EQ.'REDMN'))THEN     
      L0VAL = L0F(VAL)
L0C1=L0F(C1)
L0C3=L0F(C3)
L0C5=L0F(C5)
L0C7=L0F(C7)
      DO 13133 IY = IYF,IYL

  DO 13133 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY

GQC23R1=RG(8)*F(L0C1+ICELL)

GQC23R2=F(L0C7+ICELL)/(RG(9)+F(L0C7+ICELL))

GQC23R3=RG(6)/(RG(6)+F(L0C3+ICELL))

GQC23R4=RG(10)/(RG(10)+F(L0C5+ICELL))

GQC23R5=GQC23R1*GQC23R2*GQC23R3*GQC23R4

F(L0VAL+ICELL)=GQC23R5
13133 CONTINUE
      ENDIF
C.................Seting For Iron Reduction
C     RG(12)=kFe
C     RG(13)=KFe(OH)3
C     RG(14)=KiMnO2
      IF((INDVAR.EQ.C25).AND.(NPATCH.EQ.'REDFE'))THEN     
      L0VAL = L0F(VAL)
L0C1=L0F(C1)
      L0C3=L0F(C3)
L0C5=L0F(C5)
L0C7=L0F(C7)
L0C11=L0F(C11)
      DO 13134 IY = IYF,IYL
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      DO 13134 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY

GQC25R1=RG(12)*F(L0C1+ICELL)

GQC25R2=F(L0C11+ICELL)/(RG(13)+F(L0C11+ICELL))

GQC25R3=RG(6)/(RG(6)+F(L0C3+ICELL))

GQC25R4=RG(10)/(RG(10)+F(L0C5+ICELL))

GQC25R5=RG(14)/(RG(14)+F(L0C7+ICELL))

GQC25R6=GQC25R1*GQC25R2*GQC25R3*GQC25R4*GQC25R5

F(L0VAL+ICELL)=GQC25R6
13134 CONTINUE
      ENDIF
C.................Seting For Sulfate Reduction
C     RG(16)=kSO4
C     RG(17)=KSO4-2
C     RG(18)=KiFe(OH)3
      IF((INDVAR.EQ.C27).AND.(NPATCH.EQ.'REDSUL'))THEN     
      L0VAL = L0F(VAL)
L0C1=L0F(C1)
      L0C3=L0F(C3)
L0C5=L0F(C5)
L0C7=L0F(C7)
L0C11=L0F(C11)
L0C15=L0F(C15)
      DO 13135 IY = IYF,IYL
      DO 13135 IX = IXF,IXL

 ICELL = IY + (IX-1)*NY

GQC27R1=RG(16)*F(L0C1+ICELL)

GQC27R2=F(L0C15+ICELL)/(RG(17)+F(L0C15+ICELL)) 

GQC27R3=RG(6)/(RG(6)+F(L0C3+ICELL))

GQC27R4=RG(10)/(RG(10)+F(L0C5+ICELL))

GQC27R5=RG(14)/(RG(14)+F(L0C7+ICELL))

GQC27R6=RG(18)/(RG(18)+F(L0C11+ICELL))

GQC27R7=GQC27R1*GQC27R2*GQC27R3*GQC27R4*GQC27R5*GQC27R6

F(L0VAL+ICELL)=GQC27R7
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13135 CONTINUE
      ENDIF
C.................Seting For Methanogenesis
C     RG(20)=kCH4
C     RG(21)=KCH4
C     RG(22)=KiSO4

IF((INDVAR.EQ.C29).AND.(NPATCH.EQ.'METHANO'))THEN     
      L0VAL = L0F(VAL)
L0C1=L0F(C1)
      L0C3=L0F(C3)
L0C5=L0F(C5)
L0C7=L0F(C7)
L0C11=L0F(C11)
L0C15=L0F(C15)
      DO 13136 IY = IYF,IYL
      DO 13136 IX = IXF,IXL
      ICELL = IY + (IX-1)*NY

GQC29R1=RG(20)*F(L0C1+ICELL)
C

GQC29R2=F(L0C13+ICELL)/RG(21)+F(L0C13+ICELL)

GQC29R3=RG(6)/(RG(6)+F(L0C3+ICELL))

GQC29R4=RG(10)/(RG(10)+F(L0C5+ICELL))

GQC29R5=RG(14)/(RG(14)+F(L0C7+ICELL))

GQC29R6=RG(18)/(RG(18)+F(L0C11+ICELL))
      GQC29R7=RG(22)/(RG(22)+F(L0C15+ICELL))

GQC29R8=GQC29R1*GQC29R3*GQC29R4*GQC29R5*GQC29R6*GQC29R7

F(L0VAL+ICELL)=GQC29R8
13136 CONTINUE
      ENDIF
      RETURN
1314 CONTINUE
C------------------- SECTION 15 ------------------- value = GRND3

      RETURN
1315 CONTINUE
C------------------- SECTION 16 ------------------- value = GRND4

      RETURN
1316 CONTINUE
C------------------- SECTION 17 ------------------- value = GRND5
      IF((INDVAR.EQ.C1).AND.(NPATCH.EQ.'RETARD'))THEN     
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      LFVAL = L0F(VAL)
DO 13161 IY = IYF,IYL
      DO 13161 IX = IXF,IXL
     ICELL = IY + (IX-1)*NY
      F(LFVAL+ICELL)=VARYX(OLD(C1))

13161CONTINUE
      END IF
      RETURN
1317 CONTINUE
C------------------- SECTION 18 ------------------- value = GRND6

      RETURN
1318 CONTINUE
C------------------- SECTION 19 ------------------- value = GRND7

      RETURN
1319 CONTINUE
C------------------- SECTION 20 ------------------- value = GRND8
      RETURN
1320 CONTINUE
C------------------- SECTION 21 ------------------- value = GRND9
      RETURN
1321 CONTINUE
C------------------- SECTION 22 ------------------- value = GRND10
      RETURN
C***************************************************************
C
C--- GROUP 14. Downstream pressure for PARAB=.TRUE.
C

14 CONTINUE
      RETURN
C***************************************************************
C* Make changes to data for GROUPS 15, 16, 17, 18  GROUP 19.
C***************************************************************
C
C--- GROUP 19. Special calls to GROUND from EARTH
C

19 GO TO (191,192,193,194,195,196,197,198,199,1910,1911),ISC
191 CONTINUE

C   * ------------------- SECTION 1 ---- Start of time step.

      RETURN
192 CONTINUE

C   * ------------------- SECTION 2 ---- Start of sweep.
      RETURN
193 CONTINUE

C   * ------------------- SECTION 3 ---- Start of iz slab.
      RETURN
194 CONTINUE
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C   * ------------------- SECTION 4 ---- Start of iterations over slab.
      RETURN
1911 CONTINUE
C   * ------------------- SECTION 11---- After calculation of convection
C                                   fluxes for scalars, and of volume
C                                   fractions, but before calculation of
C                                   scalars or velocities
      RETURN
199 CONTINUE

C   * ------------------- SECTION 9 ---- Start of solution sequence for
C                                                          a variable
      RETURN
1910 CONTINUE
C   * ------------------- SECTION 10---- Finish of solution sequence for
C                                                          a variable
      RETURN
195 CONTINUE

C   * ------------------- SECTION 5 ---- Finish of iterations over slab.
      RETURN
196 CONTINUE

C   * ------------------- SECTION 6 ---- Finish of iz slab.
C.................Seting For Aerobic Respiration
C     RG(1)=kO2
C     RG(2)=KO2
      LFRO2=L0F(LBNAME('RO2'))
LFC1=L0F(C1)
LFC3=L0F(C3)
DO 1961 IX=1,NX
IADD=NY*(IX-1)
DO 1961 IY=1,NY
I=IY+IADD
L0RO2=LFRO2+I
L0C1=LFC1+I
      L0C3=LFC3+I

F(L0RO2)=(RG(1)*F(L0C1))*(F(L0C3)/(RG(2)+F(L0C3)))*86400
1961  CONTINUE
C.................Seting For Denitrification
C     RG(4)=kNO3
C     RG(5)=KNO3
C     RG(6)=KiO2
      LFRNO3=L0F(LBNAME('RNO3'))
LFC1=L0F(C1)
LFC3=L0F(C3)
LFC5=L0F(C5)
DO 1962 IX=1,NX
IADD=NY*(IX-1)
DO 1962 IY=1,NY
I=IY+IADD
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L0RNO3=LFRNO3+I
L0C1=LFC1+I
      L0C3=LFC3+I
L0C5=LFC5+I

F(L0RNO3)=(RG(4)*F(L0C1))*(F(L0C5)/(RG(5)+F(L0C5)))*
     &(RG(6)/(RG(6)+F(L0C3)))*86400
1962  CONTINUE
C.................Seting For Manganese Reduction
C     RG(8)=kMn
C     RG(9)=KMnO2
C     RG(10)=KiNO3
      LFRMN=L0F(LBNAME('RMN'))
LFC1=L0F(C1)
LFC3=L0F(C3)
LFC5=L0F(C5)
      LFC7=L0F(C7)
DO 1963 IX=1,NX
IADD=NY*(IX-1)
DO 1963 IY=1,NY
I=IY+IADD
L0RMN=LFRMN+I
L0C1=LFC1+I
      L0C3=LFC3+I
L0C5=LFC5+I
L0C7=LFC7+I

F(L0RMN)=(RG(8)*F(L0C1))*
     &(F(L0C7)/(RG(9)+F(L0C7)))*
     &(RG(6)/(RG(6)+F(L0C3)))*

&(RG(10)/(RG(10)+F(L0C5)))*86400
1963  CONTINUE
C.................Seting For Iron Reduction
C     RG(12)=kFe
C     RG(13)=KFe(OH)3
C     RG(14)=KiMnO2
      LFRFE=L0F(LBNAME('RFE'))
LFC1=L0F(C1)
LFC3=L0F(C3)
LFC5=L0F(C5)
LFC7=L0F(C7)
LFC11=L0F(C11)
DO 1964 IX=1,NX
IADD=NY*(IX-1)
DO 1964 IY=1,NY
I=IY+IADD
L0RFE=LFRFE+I
L0C1=LFC1+I
      L0C3=LFC3+I
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L0C5=LFC5+I
L0C7=LFC7+I
      L0C11=LFC11+I

F(L0RFE)=(RG(12)*F(L0C1))*
&(F(L0C11)/(RG(13)+F(L0C11)))*

     &(RG(6)/(RG(6)+F(L0C3)))*
     &(RG(10)/(RG(10)+F(L0C5)))*
     &(RG(14)/(RG(14)+F(L0C7)))*86400
1964  CONTINUE
C.................Seting For Sulfate Reduction
C     RG(16)=kSO4
C     RG(17)=KSO4-2
C     RG(18)=KiFe(OH)3
      LFRSO4=L0F(LBNAME('RSO4'))
LFC1=L0F(C1)
LFC3=L0F(C3)
LFC5=L0F(C5)
LFC7=L0F(C7)
LFC11=L0F(C11)
      LFC15=L0F(C15)
DO 1965 IX=1,NX
IADD=NY*(IX-1)
DO 1965 IY=1,NY
I=IY+IADD
L0RSO4=LFRSO4+I
L0C1=LFC1+I
      L0C3=LFC3+I
L0C5=LFC5+I
L0C7=LFC7+I
      L0C11=LFC11+I
      L0C15=LFC15+I

F(L0RSO4)=(RG(16)*F(L0C1))*
     &(F(L0C15)/(RG(17)+F(L0C15)))*
     &(RG(6)/(RG(6)+F(L0C3)))*
     &(RG(10)/(RG(10)+F(L0C5)))*
     &(RG(14)/(RG(14)+F(L0C7))*
     &(RG(18)/(RG(18)+F(L0C11))))*86400
1965  CONTINUE
C.................Seting For Methanogenesis
C     RG(20)=kCH4
C     RG(21)=KCH4
C     RG(22)=KiSO4
      LFRCH4=L0F(LBNAME('RCH4'))
LFC1=L0F(C1)
LFC3=L0F(C3)
LFC5=L0F(C5)
LFC7=L0F(C7)
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LFC11=L0F(C11)
      LFC15=L0F(C15)
DO 1966 IX=1,NX
IADD=NY*(IX-1)
DO 1966 IY=1,NY
I=IY+IADD
L0RCH4=LFRCH4+I
L0C1=LFC1+I
      L0C3=LFC3+I
L0C5=LFC5+I
L0C7=LFC7+I
      L0C11=LFC11+I
      L0C15=LFC15+I

F(L0RCH4)=(RG(20)*F(L0C1))*
     &(RG(6)/(RG(6)+F(L0C3)))*
     &(RG(10)/(RG(10)+F(L0C5)))*
     &(RG(14)/(RG(14)+F(L0C7))*
     &(RG(18)/(RG(18)+F(L0C11)))*
     &(RG(22)/(RG(22)+F(L0C15))))*86400
1966  CONTINUE

      RETURN
197 CONTINUE

C   * ------------------- SECTION 7 ---- Finish of sweep.
      RETURN
198 CONTINUE

C   * ------------------- SECTION 8 ---- Finish of time step.
C
      RETURN
C***************************************************************
C
C--- GROUP 20. Preliminary print-out
C

20 CONTINUE
      RETURN
C***************************************************************
C--- GROUP 21. Special print-out to screen

21 CONTINUE
      GO TO 25
C***************************************************************
C* Make changes to data for GROUP 22 only in GROUP 19.
C***************************************************************
C
C--- GROUP 23. Field print-out and plot control

23 CONTINUE
      RETURN
C***************************************************************
C
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C--- GROUP 24. Dumps for restarts
C

24 CONTINUE
      END
c</pre></strong></body></html>


