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+80$1�&20)257�$1'�$,5�&21',7,21,1*
+XPDQ�EHLQJV�ZDQW�WR�OLYH�LQ�DQ�HQYLURQPHQW�WKDW�LV�QHLWKHU�KRW�QRU�FROG��
QHLWKHU�KXPLG�QRU�GU\��

7KH�KXPDQ�ERG\�FDQ�EH�YLHZHG�DV�D�KHDW�HQJLQH ZKRVH�HQHUJ\� LQSXW� LV�
IRRG��

$V�ZLWK�DQ\�RWKHU�KHDW�HQJLQH��WKH�KXPDQ�ERG\�JHQHUDWHV�ZDVWH�KHDW WKDW�
PXVW�EH�UHMHFWHG�WR�WKH�HQYLURQPHQW��

)RU�DQ�DYHUDJH�DGXOW�PDOH��LW�LV�DERXW����: ZKHQ�VOHHSLQJ������: ZKHQ�
UHVWLQJ� RU� GRLQJ� RIILFH� ZRUN�� ����: ZKHQ� ERZOLQJ�� DQG� ����: ZKHQ�
GRLQJ�KHDY\�SK\VLFDO�ZRUN��

7KH�FRUUHVSRQGLQJ�QXPEHUV�IRU�DQ�DGXOW�IHPDOH DUH�DERXW����SHUFHQW�OHVV��

$� ERG\�ZLOO� IHHO� FRPIRUWDEOH� LQ� HQYLURQPHQWV� LQ�ZKLFK� LW� FDQ� GLVVLSDWH
WKLV�ZDVWH�KHDW�FRPIRUWDEO\�
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+80$1�&20)257�$1'�$,5�&21',7,21,1*
7KH�FRPIRUW�RI� WKH�KXPDQ�ERG\�GHSHQGV�SULPDULO\�RQ� WKUHH� IDFWRUV�� WKH�
�GU\�EXOE��WHPSHUDWXUH��UHODWLYH�KXPLGLW\��DQG�DLU�PRWLRQ��

0RVW� SHRSOH� IHHO� FRPIRUWDEOH� ZKHQ� WKH� HQYLURQPHQW� WHPSHUDWXUH� LV
EHWZHHQ����DQG���r& ����DQG���r)���

5HODWLYH�KXPLGLW\�LV�D�PHDVXUH�RI�DLU¶V�DELOLW\�WR�DEVRUE PRUH�PRLVWXUH��

+LJK� UHODWLYH� KXPLGLW\� VORZV� GRZQ KHDW� UHMHFWLRQ� E\� HYDSRUDWLRQ�� DQG�
ORZ�UHODWLYH�KXPLGLW\�VSHHGV�LW�XS��

0RVW�SHRSOH�SUHIHU�D�UHODWLYH�KXPLGLW\�RI����WR����SHUFHQW��

$LU�PRWLRQ�LPSURYHV�KHDW�UHMHFWLRQ E\�UHPRYLQJ�WKH�ZDUP��PRLVW�DLU�WKDW�
EXLOGV�XS�DURXQG�WKH�ERG\�DQG�UHSODFHV�LW�ZLWK�IUHVK�DLU��

0RVW�SHRSOH�IHHO�FRPIRUWDEOH�DW�DQ�DLUVSHHG�RI�DERXW����P�PLQ��

�

$,5�&21',7,21,1*�352&(66(6
0DLQWDLQLQJ� D� OLYLQJ� VSDFH� RU� DQ� LQGXVWULDO� IDFLOLW\� DW� WKH� GHVLUHG�
WHPSHUDWXUH�DQG�KXPLGLW\�UHTXLUHV�VRPH�SURFHVVHV FDOOHG�DLU�FRQGLWLRQLQJ�
SURFHVVHV��

7KHVH�SURFHVVHV�LQFOXGH��
VLPSOH�KHDWLQJ��UDLVLQJ�WKH�WHPSHUDWXUH���
VLPSOH�FRROLQJ �ORZHULQJ�WKH�WHPSHUDWXUH���
KXPLGLI\LQJ��DGGLQJ�PRLVWXUH���DQG�
GHKXPLGLI\LQJ �UHPRYLQJ�PRLVWXUH���
6RPHWLPHV� WZR� RU� PRUH� RI� WKHVH� SURFHVVHV
DUH� QHHGHG� WR� EULQJ� WKH� DLU� WR� D� GHVLUHG�
WHPSHUDWXUH�DQG�KXPLGLW\�OHYHO��

9DULRXV� DLU�FRQGLWLRQLQJ� SURFHVVHV� DUH�
LOOXVWUDWHG�RQ�WKH�SV\FKURPHWULF�FKDUW��
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$,5�&21',7,21,1*�352&(66(6

1RWLFH� WKDW� VLPSOH� KHDWLQJ� DQG� FRROLQJ�
SURFHVVHV DSSHDU� DV� KRUL]RQWDO� OLQHV� RQ�
WKLV� FKDUW� VLQFH� WKH� PRLVWXUH� FRQWHQW� RI�
WKH� DLU� UHPDLQV� FRQVWDQW �Z  � FRQVWDQW��
GXULQJ�WKHVH�SURFHVVHV��

$LU� LV� FRPPRQO\� KHDWHG� DQG� KXPLGLILHG
LQ�ZLQWHU�DQG�FRROHG�DQG�GHKXPLGLILHG LQ�
VXPPHU��

1RWLFH�KRZ�WKHVH�SURFHVVHV�DSSHDU RQ�WKH�
SV\FKURPHWULF�FKDUW��

0RVW� DLU�FRQGLWLRQLQJ� SURFHVVHV� FDQ� EH�
PRGHOHG�DV�VWHDG\�IORZ�SURFHVVHV�

�

$,5�&21',7,21,1*�352&(66(6

'LVUHJDUGLQJ� WKH� NLQHWLF� DQG� SRWHQWLDO� HQHUJ\ FKDQJHV�� WKH� VWHDG\�IORZ�
HQHUJ\�EDODQFH�UHODWLRQ�( � �  �( �	��
 FDQ�EH�H[SUHVVHG�LQ�WKLV�FDVH�DV�

0RVW� DLU�FRQGLWLRQLQJ� SURFHVVHV� FDQ� EH� PRGHOHG DV� VWHDG\�IORZ�
SURFHVVHV�� DQG� WKXV� WKH� PDVV� EDODQFH� UHODWLRQ� P � �  � P �	��
 FDQ� EH�
H[SUHVVHG�IRU�GU\�DLU DQG�ZDWHU�DV�

7KH�ZRUN� WHUP� XVXDOO\� FRQVLVWV� RI� WKH� IDQ�ZRUN� LQSXW��ZKLFK� LV� VPDOO�
UHODWLYH�WR�WKH�RWKHU�WHUPV�LQ�WKH�HQHUJ\�EDODQFH�UHODWLRQ��

1H[W� ZH� H[DPLQH� VRPH� FRPPRQO\� HQFRXQWHUHG SURFHVVHV� LQ� DLU�
FRQGLWLRQLQJ�



�

�

6LPSOH�+HDWLQJ�DQG�&RROLQJ��Z  �FRQVWDQW�
,Q� PDQ\� KHDWLQJ� V\VWHPV�� WKH� DLU� LV�
KHDWHG� E\� FLUFXODWLQJ LW� WKURXJK� D�
GXFW� WKDW� FRQWDLQV� WKH� WXELQJ� IRU� WKH�
KRW� JDVHV� RU� WKH� HOHFWULF� UHVLVWDQFH�
ZLUHV��DV�VKRZQ��

7KH� DPRXQW� RI� PRLVWXUH LQ� WKH� DLU�
UHPDLQV� FRQVWDQW GXULQJ� WKLV� SURFHVV�
VLQFH� QR� PRLVWXUH� LV� DGGHG� WR� RU�
UHPRYHG�IURP�WKH�DLU��

7KDW� LV�� WKH� VSHFLILF� KXPLGLW\� RI� WKH�
DLU� UHPDLQV� FRQVWDQW� �Z  � FRQVWDQW��
GXULQJ�D�KHDWLQJ��RU�FRROLQJ��SURFHVV�
ZLWK� QR� KXPLGLILFDWLRQ� RU�
GHKXPLGLILFDWLRQ��



6LPSOH�+HDWLQJ�DQG�&RROLQJ��Z  �FRQVWDQW�
6XFK� D� KHDWLQJ� SURFHVV� SURFHHGV� LQ�
WKH� GLUHFWLRQ� RI� LQFUHDVLQJ� GU\�EXOE
WHPSHUDWXUH� IROORZLQJ� D� OLQH� RI�
FRQVWDQW� VSHFLILF� KXPLGLW\� RQ� WKH�
SV\FKURPHWULF� FKDUW�� ZKLFK� DSSHDUV�
DV�D�KRUL]RQWDO�OLQH��

1RWLFH� WKDW� WKH� UHODWLYH� KXPLGLW\� RI�
DLU�GHFUHDVHV GXULQJ�D�KHDWLQJ�SURFHVV�
HYHQ� LI� WKH� VSHFLILF� KXPLGLW\� Z
UHPDLQV�FRQVWDQW��

7KLV� LV� EHFDXVH� WKH� UHODWLYH�KXPLGLW\�
LV�WKH�UDWLR�RI�WKH�PRLVWXUH�FRQWHQW�WR�
WKH� PRLVWXUH� FDSDFLW\ RI� DLU� DW� WKH�
VDPH� WHPSHUDWXUH�� DQG� PRLVWXUH�
FDSDFLW\�LQFUHDVHV�ZLWK�WHPSHUDWXUH��
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6LPSOH�+HDWLQJ�DQG�&RROLQJ��Z  �FRQVWDQW�
$� FRROLQJ� SURFHVV DW� FRQVWDQW� VSHFLILF�
KXPLGLW\� LV� VLPLODU WR� WKH� KHDWLQJ� SURFHVV�
GLVFXVVHG� DERYH�� H[FHSW� WKH� GU\�EXOE�
WHPSHUDWXUH� GHFUHDVHV� DQG� WKH� UHODWLYH�
KXPLGLW\� LQFUHDVHV� GXULQJ� VXFK� D� SURFHVV�� DV�
VKRZQ��

&RROLQJ� FDQ� EH� DFFRPSOLVKHG� E\� SDVVLQJ� WKH�
DLU�RYHU�VRPH�FRLOV WKURXJK�ZKLFK�D�UHIULJHUDQW
RU�FKLOOHG�ZDWHU IORZV��

7KH� FRQVHUYDWLRQ� RI� PDVV� HTXDWLRQV IRU� D�
KHDWLQJ� RU� FRROLQJ� SURFHVV� WKDW� LQYROYHV� QR�
KXPLGLILFDWLRQ� RU� GHKXPLGLILFDWLRQ� UHGXFH� WR�
P ���  �P ��� IRU�GU\�DLU�DQG�Z �  �Z � IRU�ZDWHU��

7KH� FRQVHUYDWLRQ� RI� HQHUJ\� HTXDWLRQ LQ� WKLV�
FDVH�UHGXFHV�WR��

���

+HDWLQJ�ZLWK�+XPLGLILFDWLRQ

,I� VWHDP LV� LQWURGXFHG� LQ� WKH�
KXPLGLILFDWLRQ�VHFWLRQ�� WKLV�ZLOO� UHVXOW�
LQ� KXPLGLILFDWLRQ� ZLWK� DGGLWLRQDO�
KHDWLQJ �7 � !�7 � ���

,I� KXPLGLILFDWLRQ� LV� DFFRPSOLVKHG� E\�
VSUD\LQJ� ZDWHU LQWR� WKH� DLUVWUHDP�
LQVWHDG��ZKLFK�UHVXOWV�LQ�WKH�FRROLQJ�RI�
WKH�KHDWHG�DLUVWUHDP �7 � ��7 � ���

3UREOHPV� DVVRFLDWHG� ZLWK� WKH� ORZ� UHODWLYH� KXPLGLW\� UHVXOWLQJ� IURP� VLPSOH�
KHDWLQJ FDQ�EH�HOLPLQDWHG�E\�KXPLGLI\LQJ�WKH�KHDWHG�DLU��

7KLV� LV� DFFRPSOLVKHG E\� SDVVLQJ� WKH� DLU� ILUVW� WKURXJK� D� KHDWLQJ� VHFWLRQ�
�SURFHVV������DQG�WKHQ�WKURXJK�D�KXPLGLI\LQJ�VHFWLRQ �SURFHVV�������DV�VKRZQ��

7KH�ORFDWLRQ�RI�VWDWH���GHSHQGV�RQ KRZ�WKH�KXPLGLILFDWLRQ�LV�DFFRPSOLVKHG��
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$Q� DLU�FRQGLWLRQLQJ� V\VWHP� LV� WR� WDNH� LQ�
RXWGRRU�DLU�DW���r&�DQG����SHUFHQW�UHODWLYH�
KXPLGLW\�DW�D�VWHDG\�UDWH�RI����P � �PLQ�DQG�
WR� FRQGLWLRQ� LW� WR� ��r&� DQG� ��� SHUFHQW�
UHODWLYH� KXPLGLW\��7KH� RXWGRRU� DLU� LV� ILUVW�
KHDWHG� WR���r&�LQ� WKH�KHDWLQJ�VHFWLRQ�DQG�
WKHQ� KXPLGLILHG� E\� WKH� LQMHFWLRQ� RI� KRW�
VWHDP LQ� WKH� KXPLGLI\LQJ� VHFWLRQ��
$VVXPLQJ�WKH�HQWLUH�SURFHVV�WDNHV�SODFH�DW�
D�SUHVVXUH�RI�����N3D��GHWHUPLQH��

�D�� WKH� UDWH� RI� KHDW� VXSSO\� LQ� WKH� KHDWLQJ�
VHFWLRQ�DQG�

�E��WKH�PDVV�IORZ�UDWH�RI�WKH�VWHDP�UHTXLUHG�LQ�
WKH�KXPLGLI\LQJ�VHFWLRQ�

([DPSOH�����
+HDWLQJ�DQG�+XPLGLILFDWLRQ�RI�$LU

���

([DPSOH�����
+HDWLQJ�DQG�+XPLGLILFDWLRQ�RI�$LU

�D�� WKH� UDWH� RI� KHDW� VXSSO\� LQ� WKH� KHDWLQJ�
VHFWLRQ�DQG�



�
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([DPSOH�����
+HDWLQJ�DQG�+XPLGLILFDWLRQ�RI�$LU

�E��WKH�PDVV�IORZ�UDWH�RI�WKH�VWHDP�UHTXLUHG�LQ�
WKH�KXPLGLI\LQJ�VHFWLRQ�

���

&RROLQJ�ZLWK�'HKXPLGLILFDWLRQ
7KH� VSHFLILF� KXPLGLW\� RI� DLU� UHPDLQV� FRQVWDQW�
GXULQJ�D�VLPSOH�FRROLQJ�SURFHVV��EXW�LWV�UHODWLYH�
KXPLGLW\�LQFUHDVHV��

,I� WKH� UHODWLYH� KXPLGLW\� UHDFKHV� XQGHVLUDEO\�
KLJK� OHYHOV�� LW� PD\� EH� QHFHVVDU\� WR� UHPRYH�
VRPH� PRLVWXUH IURP� WKH� DLU�� WKDW� LV�� WR�
GHKXPLGLI\�LW��

7KLV� UHTXLUHV� FRROLQJ� WKH� DLU� EHORZ� LWV� GHZ�
SRLQW�WHPSHUDWXUH��

7KH� FRROLQJ� SURFHVV� ZLWK� GHKXPLGLI\LQJ� LV�
LOOXVWUDWHG� VFKHPDWLFDOO\� DQG� RQ� WKH�
SV\FKURPHWULF� FKDUW� LQ� FRQMXQFWLRQ� ZLWK�
([DPSOH���±���
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&RROLQJ�ZLWK�'HKXPLGLILFDWLRQ
+RW��PRLVW�DLU�HQWHUV�WKH�FRROLQJ�VHFWLRQ�DW�VWDWH����

$V� LW� SDVVHV� WKURXJK� WKH� FRROLQJ� FRLOV�� LWV�
WHPSHUDWXUH� GHFUHDVHV DQG� LWV� UHODWLYH� KXPLGLW\�
LQFUHDVHV DW�FRQVWDQW�VSHFLILF�KXPLGLW\��

,I� WKH� FRROLQJ� VHFWLRQ� LV� VXIILFLHQWO\� ORQJ�� DLU�
UHDFKHV�LWV�GHZ�SRLQW��VWDWH�[��VDWXUDWHG�DLU���

)XUWKHU�FRROLQJ�RI�DLU�UHVXOWV�LQ�WKH�FRQGHQVDWLRQ�
RI�SDUW�RI�WKH�PRLVWXUH LQ�WKH�DLU��

$LU� UHPDLQV� VDWXUDWHG GXULQJ� WKH� HQWLUH�
FRQGHQVDWLRQ�SURFHVV��ZKLFK�IROORZV�D�OLQH�RI����
SHUFHQW� UHODWLYH� KXPLGLW\� XQWLO� WKH� ILQDO� VWDWH�
�VWDWH����LV�UHDFKHG��

���

&RROLQJ�ZLWK�'HKXPLGLILFDWLRQ
7KH� ZDWHU� YDSRU� WKDW� FRQGHQVHV� RXW� RI� WKH� DLU�
GXULQJ� WKLV� SURFHVV� LV� UHPRYHG� IURP� WKH� FRROLQJ�
VHFWLRQ�WKURXJK�D�VHSDUDWH�FKDQQHO��

7KH� FRQGHQVDWH LV� XVXDOO\� DVVXPHG� WR� OHDYH� WKH�
FRROLQJ�VHFWLRQ�DW�7 � �

7KH�FRRO��VDWXUDWHG�DLU�DW�VWDWH���LV�XVXDOO\�URXWHG�
GLUHFWO\� WR� WKH� URRP�� ZKHUH� LW� PL[HV� ZLWK� WKH�
URRP�DLU��

,Q�VRPH�FDVHV��KRZHYHU��WKH�DLU�DW�VWDWH���PD\�EH�
DW� WKH� ULJKW� VSHFLILF� KXPLGLW\� EXW� DW� D� YHU\� ORZ�
WHPSHUDWXUH��

,Q� VXFK� FDVHV�� DLU� LV� SDVVHG� WKURXJK� D� KHDWLQJ�
VHFWLRQ ZKHUH� LWV�WHPSHUDWXUH� LV� UDLVHG�WR�D�PRUH�
FRPIRUWDEOH�OHYHO�EHIRUH�LW�LV�URXWHG�WR�WKH�URRP��
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$LU�HQWHUV�D�ZLQGRZ�DLU�FRQGLWLRQHU�DW���DWP��
��r&��DQG����SHUFHQW� UHODWLYH�KXPLGLW\�DW�
D� UDWH� RI� ��� P � �PLQ�� DQG� LW� OHDYHV� DV�
VDWXUDWHG�DLU�DW���r&��3DUW�RI�WKH�PRLVWXUH�
LQ� WKH� DLU� WKDW� FRQGHQVHV� GXULQJ� WKH�
SURFHVV� LV� DOVR� UHPRYHG� DW� ��r&��
'HWHUPLQH� WKH� UDWHV� RI� KHDW� DQG�PRLVWXUH�
UHPRYDO�IURP�WKH�DLU�

([DPSOH�����
&RROLQJ�DQG�'HKXPLGLILFDWLRQ�RI�$LU

��

(YDSRUDWLYH�&RROLQJ

&RQYHQWLRQDO�FRROLQJ�V\VWHPV�RSHUDWH�RQ�D�UHIULJHUDWLRQ�F\FOH��DQG� WKH\�
FDQ�EH�XVHG�LQ�DQ\�SDUW�RI�WKH�ZRUOG��

%XW�WKH\�KDYH�D�KLJK�LQLWLDO�DQG�RSHUDWLQJ�FRVW��

,Q�GHVHUW��KRW�DQG�GU\��FOLPDWHV��ZH�FDQ�DYRLG�WKH�KLJK�FRVW RI�FRROLQJ�E\�
XVLQJ�HYDSRUDWLYH�FRROHUV��DOVR�NQRZQ�DV�VZDPS�FRROHUV��

<RX�KDYH�SUREDEO\�QRWLFHG�WKDW�RQ�D�KRW��GU\�GD\�WKH�DLU�IHHOV�D ORW�FRROHU�
ZKHQ�WKH�\DUG�LV�ZDWHUHG��

7KLV�LV�EHFDXVH�ZDWHU�DEVRUEV�KHDW�IURP�WKH�DLU DV�LW�HYDSRUDWHV��
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(YDSRUDWLYH�&RROLQJ
(YDSRUDWLYH�FRROLQJ�LV�EDVHG�RQ�D�VLPSOH�SULQFLSOH��$V�ZDWHU�HYDSRUDWHV��
WKH� ODWHQW� KHDW�RI�YDSRUL]DWLRQ� LV�DEVRUEHG� IURP� WKH�ZDWHU�ERG\�DQG� WKH�
VXUURXQGLQJ�DLU��

$V�D�UHVXOW��ERWK�WKH�ZDWHU�DQG�WKH�DLU�DUH�FRROHG�GXULQJ�WKH�SURFHVV��7KLV�
DSSURDFK�KDV�EHHQ�XVHG�IRU�WKRXVDQGV�RI�\HDUV�WR�FRRO�ZDWHU��

$� SRURXV� MXJ RU� SLWFKHU� ILOOHG� ZLWK�
ZDWHU�LV�OHIW�LQ�DQ�RSHQ��VKDGHG�DUHD��

$� VPDOO� DPRXQW� RI� ZDWHU� OHDNV RXW�
WKURXJK� WKH� SRURXV� KROHV�� DQG� WKH�
SLWFKHU�³VZHDWV�´

,Q� D� GU\� HQYLURQPHQW�� WKLV� ZDWHU�
HYDSRUDWHV� DQG� FRROV� WKH� UHPDLQLQJ�
ZDWHU�LQ�WKH�SLWFKHU�DV�VKRZQ�

���

(YDSRUDWLYH�&RROLQJ

7KH� HYDSRUDWLYH� FRROLQJ� SURFHVV� LV� VKRZQ�
VFKHPDWLFDOO\�DQG�RQ�D�SV\FKURPHWULF�FKDUW��

+RW�� GU\� DLU� DW� VWDWH� �� HQWHUV WKH� HYDSRUDWLYH�
FRROHU��ZKHUH�LW�LV�VSUD\HG�ZLWK�OLTXLG�ZDWHU��

3DUW� RI� WKH� ZDWHU� HYDSRUDWHV� GXULQJ� WKLV�
SURFHVV�E\�DEVRUELQJ�KHDW IURP�WKH�DLUVWUHDP��

$V� D� UHVXOW�� WKH� WHPSHUDWXUH� RI� WKH� DLUVWUHDP�
GHFUHDVHV�DQG�LWV�KXPLGLW\�LQFUHDVHV �VWDWH�����

,Q� WKH� OLPLWLQJ� FDVH�� WKH� DLU� OHDYHV� WKH�
HYDSRUDWLYH�FRROHU�VDWXUDWHG�DW�VWDWH��¶�

7KLV� LV� WKH� ORZHVW� WHPSHUDWXUH WKDW� FDQ� EH�
DFKLHYHG�E\�WKLV�SURFHVV�

$Q�HYDSRUDWLYH�FRROHU�ZRUNV�RQ�WKH�VDPH�SULQFLSOH��
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(YDSRUDWLYH�&RROLQJ

7KH� HYDSRUDWLYH� FRROLQJ� SURFHVV� IROORZV� D�
OLQH� RI� FRQVWDQW� ZHW�EXOE� WHPSHUDWXUH RQ� WKH�
SV\FKURPHWULF�FKDUW��

6LQFH�WKH�FRQVWDQW�ZHWEXOE� WHPSHUDWXUH�OLQHV�
DOPRVW� FRLQFLGH� ZLWK� WKH� FRQVWDQW�HQWKDOS\
OLQHV�� WKH� HQWKDOS\� RI� WKH� DLUVWUHDP� FDQ� DOVR�
EH�DVVXPHG�WR�UHPDLQ�FRQVWDQW��7KDW�LV�

���

$LU� HQWHUV� DQ� HYDSRUDWLYH� �RU� VZDPS��
FRROHU� DW� ����� SVL�� ��r)�� DQG� ���
SHUFHQW�UHODWLYH�KXPLGLW\��DQG�LW�H[LWV�
DW� ��� SHUFHQW� UHODWLYH� KXPLGLW\��
'HWHUPLQH��

�D��WKH�H[LW�WHPSHUDWXUH�RI�WKH�DLU�DQG�
�E�� WKH� ORZHVW� WHPSHUDWXUH� WR� ZKLFK� WKH�

DLU�FDQ�EH�FRROHG�E\� WKLV� HYDSRUDWLYH�
FRROHU�

([DPSOH�����
(YDSRUDWLYH�&RROLQJ�RI�$LU�E\�D�6ZDPS�&RROHU
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:HW�&RROLQJ�7RZHUV
3RZHU� SODQWV�� ODUJH� DLU�FRQGLWLRQLQJ� V\VWHPV�� DQG� VRPH� LQGXVWULHV�
JHQHUDWH� ODUJH� TXDQWLWLHV� RI� ZDVWH� KHDW WKDW� LV� RIWHQ� UHMHFWHG� WR� FRROLQJ�
ZDWHU�IURP�QHDUE\�ODNHV�RU�ULYHUV��

,Q� VRPH� FDVHV�� KRZHYHU�� WKH� FRROLQJ�ZDWHU� VXSSO\� LV� OLPLWHG RU� WKHUPDO�
SROOXWLRQ�LV�D�VHULRXV�FRQFHUQ��

,Q� VXFK� FDVHV�� WKH� ZDVWH� KHDW� PXVW�
EH� UHMHFWHG� WR� WKH� DWPRVSKHUH��ZLWK�
FRROLQJ� ZDWHU� UHFLUFXODWLQJ� DQG�
VHUYLQJ� DV� D� WUDQVSRUW� PHGLXP� IRU�
KHDW�WUDQVIHU�EHWZHHQ�WKH�VRXUFH�DQG�
WKH�VLQN��WKH�DWPRVSKHUH���

2QH� ZD\� RI� DFKLHYLQJ� WKLV� LV�
WKURXJK� WKH� XVH� RI� ZHW� FRROLQJ�
WRZHUV�

���

:HW�&RROLQJ�7RZHUV
$�ZHW�FRROLQJ�WRZHU�LV�HVVHQWLDOO\�D�VHPL�HQFORVHG HYDSRUDWLYH�FRROHU��

$Q�LQGXFHG�GUDIW�FRXQWHU�IORZ ZHW�FRROLQJ�WRZHU�LV�VKRZQ�VFKHPDWLFDOO\��

$LU�LV�GUDZQ�LQWR�WKH�WRZHU�IURP�WKH�ERWWRP�DQG�OHDYHV�WKURXJK�WKH�WRS��
:DUP�ZDWHU�IURP�WKH�FRQGHQVHU�LV�SXPSHG�
WR� WKH� WRS�RI� WKH� WRZHU�DQG� LV� VSUD\HG LQWR�
WKLV� DLU�VWUHDP��7KH� SXUSRVH�RI� VSUD\LQJ� LV�
WR� H[SRVH� D� ODUJH� VXUIDFH� DUHD RI� ZDWHU� WR�
WKH�DLU��$V�WKH�ZDWHU�GURSOHWV�IDOO�XQGHU�WKH�
LQIOXHQFH� RI� JUDYLW\�� D� VPDOO� IUDFWLRQ� RI�
ZDWHU� �XVXDOO\� D� IHZ� SHUFHQW�� HYDSRUDWHV
DQG� FRROV� WKH� UHPDLQLQJ� ZDWHU�� 7KH�
WHPSHUDWXUH�DQG�WKH�PRLVWXUH�FRQWHQW�RI�WKH�
DLU�LQFUHDVH�GXULQJ�WKLV�SURFHVV��7KH�FRROHG�
ZDWHU� FROOHFWV� DW� WKH� ERWWRP� RI� WKH� WRZHU�
DQG� LV� SXPSHG� EDFN� WR� WKH� FRQGHQVHU WR�
DEVRUE�DGGLWLRQDO�ZDVWH�KHDW��



��
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:HW�&RROLQJ�7RZHUV
7KH�DLU� FLUFXODWLRQ LQ� WKH� FRROLQJ� WRZHU�GHVFULEHG� LV� SURYLGHG�E\� D� IDQ��
DQG�WKHUHIRUH�LW�LV�FODVVLILHG�DV�D�IRUFHG�GUDIW�FRROLQJ�WRZHU��

$QRWKHU� SRSXODU� W\SH RI� FRROLQJ� WRZHU� LV� WKH� QDWXUDO�GUDIW� FRROLQJ�
WRZHU�� ZKLFK� ORRNV� OLNH� D� ODUJH� FKLPQH\ DQG� ZRUNV� OLNH� DQ� RUGLQDU\�
FKLPQH\��
7KH� DLU� LQ� WKH� WRZHU� KDV� D� KLJK�
ZDWHU�YDSRU� FRQWHQW�� DQG� WKXV� LW�
LV� OLJKWHU� WKDQ� WKH� RXWVLGH� DLU��
&RQVHTXHQWO\��WKH�OLJKW�DLU�LQ�WKH�
WRZHU� ULVHV�� DQG� WKH� KHDYLHU�
RXWVLGH�DLU�ILOOV�WKH�YDFDQW�VSDFH��
FUHDWLQJ� DQ� DLUIORZ IURP� WKH�
ERWWRP� RI� WKH� WRZHU� WR� WKH� WRS��
7KH�IORZ�UDWH�RI�DLU�LV�FRQWUROOHG�
E\� WKH� FRQGLWLRQV� RI� WKH�
DWPRVSKHULF�DLU��

���

&RROLQJ�ZDWHU� OHDYHV� WKH�FRQGHQVHU�RI�
D� SRZHU� SODQW� DQG� HQWHUV� D� ZHW�
FRROLQJ� WRZHU� DW� ��r&� DW� D� UDWH� RI�
���� NJ�V��:DWHU� LV� FRROHG� WR� ��r&�
LQ� WKH� FRROLQJ� WRZHU� E\� DLU� WKDW�
HQWHUV�WKH�WRZHU�DW���DWP����r&��DQG�
��� SHUFHQW� UHODWLYH� KXPLGLW\� DQG�
OHDYHV� VDWXUDWHG� DW� ��r&��
1HJOHFWLQJ� WKH� SRZHU� LQSXW� WR� WKH�
IDQ��GHWHUPLQH��

�D� WKH�YROXPH�IORZ�UDWH�RI�DLU�LQWR�WKH�
FRROLQJ�WRZHU�DQG�

�E�� WKH�PDVV� IORZ� UDWH� RI� WKH� UHTXLUHG�
PDNHXS�ZDWHU�

([DPSOH�����
&RROLQJ�RI�D�3RZHU�3ODQW�E\�D�&RROLQJ�7RZHU
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&RROLQJ�ZDWHU�OHDYHV�WKH�FRQGHQVHU�RI�D�SRZHU�SODQW�
DQG�HQWHUV�D�ZHW�FRROLQJ�WRZHU�DW���r&�DW�D�UDWH�RI�
����NJ�V��:DWHU� LV�FRROHG� WR���r&�LQ� WKH�FRROLQJ�
WRZHU�E\�DLU�WKDW�HQWHUV�WKH�WRZHU�DW���DWP����r&��
DQG� ��� SHUFHQW� UHODWLYH� KXPLGLW\� DQG� OHDYHV�
VDWXUDWHG�DW���r&��1HJOHFWLQJ� WKH�SRZHU� LQSXW� WR�
WKH�IDQ��GHWHUPLQH��D��WKH�YROXPH�IORZ�UDWH�RI�DLU�
LQWR�WKH�FRROLQJ�WRZHU�DQG��E��WKH�PDVV�IORZ�UDWH�
RI�WKH�UHTXLUHG�PDNHXS�ZDWHU�

([DPSOH�����
&RROLQJ�RI�D�3RZHU�3ODQW�E\�D�&RROLQJ�7RZHU

��

$GLDEDWLF�0L[LQJ�RI�
$LUVWUHDPV
0DQ\� DLU�FRQGLWLRQLQJ� DSSOLFDWLRQV�
UHTXLUH�WKH�PL[LQJ�RI�WZR�DLUVWUHDPV��

7KLV� LV� SDUWLFXODUO\� WUXH� IRU� ODUJH�
EXLOGLQJV�� PRVW� SURGXFWLRQ� DQG� SURFHVV�
SODQWV�� DQG� KRVSLWDOV�� ZKLFK� UHTXLUH� WKDW�
WKH� FRQGLWLRQHG� DLU� EH� PL[HG� ZLWK� D�
FHUWDLQ�IUDFWLRQ�RI�IUHVK�RXWVLGH�DLU�EHIRUH�
LW�LV�URXWHG�LQWR�WKH�OLYLQJ�VSDFH��

7KH� PL[LQJ� LV� DFFRPSOLVKHG� E\� VLPSO\�
PHUJLQJ�WKH�WZR�DLUVWUHDPV��DV�VKRZQ��
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$GLDEDWLF�0L[LQJ�RI�$LUVWUHDPV
7KH� WKH� PDVV� DQG� HQHUJ\� EDODQFHV� IRU� WKH�
DGLDEDWLF�PL[LQJ�RI�WZR�DLUVWUHDPV�UHGXFH�WR�

7KXV�ZH�FRQFOXGH�WKDW�ZKHQ�WZR�DLUVWUHDPV�DW�
WZR�GLIIHUHQW�VWDWHV��VWDWHV���DQG����DUH�PL[HG�
DGLDEDWLFDOO\��WKH�VWDWH�RI�WKH�PL[WXUH��VWDWH����
OLHV� RQ� WKH� VWUDLJKW� OLQH� FRQQHFWLQJ� VWDWHV� �
DQG� �� RQ� WKH� SV\FKURPHWULF� FKDUW�� DQG� WKH�
UDWLR�RI� WKH�GLVWDQFHV�����DQG����� LV�HTXDO� WR�
WKH�UDWLR�RI�PDVV�IORZ�UDWHV�P ��� DQG�P ��� �

���

6DWXUDWHG�DLU�OHDYLQJ�WKH�FRROLQJ�VHFWLRQ�RI�DQ�
DLU�FRQGLWLRQLQJ�V\VWHP�DW���r&�DW�D�UDWH�RI�
���P � �PLQ� LV�PL[HG� DGLDEDWLFDOO\�ZLWK� WKH�
RXWVLGH�DLU�DW���r&�DQG����SHUFHQW�UHODWLYH�
KXPLGLW\�DW�D�UDWH�RI����P � �PLQ��$VVXPLQJ�
WKDW�WKH�PL[LQJ�SURFHVV�RFFXUV�DW�D�SUHVVXUH�
RI���DWP��GHWHUPLQH� WKH� VSHFLILF� KXPLGLW\��
WKH� UHODWLYH� KXPLGLW\�� WKH� GU\�EXOE�
WHPSHUDWXUH�� DQG� WKH� YROXPH� IORZ� UDWH� RI�
WKH�PL[WXUH�

([DPSOH�����
0L[LQJ�RI�&RQGLWLRQHG�$LU�ZLWK�2XWGRRU�$LU


