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Abstract 
       Pumping test data in karstic aquifers are usually analyzed using conventional methods originally developed for granular 
aquifers. Theis (1935) and Cooper-Jacob (1946) straight-line methods are the most common conventional methods applied to 
karstic aquifers. Some investigators have utilized double porosity based methods for analyzing pumping test data in karstic 
aquifers. However, this question might be raised that which method is the most appropriate for analyzing pumping test data in 
karstic aquifers. It seems that the most appropriate methods for almost all pumping test data in karstic aquifers are Theis 
(1935) and Cooper-Jacob (1946) methods. However, methods based on double porosity theory should be applied for some of 
pumping test data. In this paper, the most appropriate method for analyzing pumping test data in karstic aquifers is addressed 
based on a number of pumping test data obtained from different karstic area. 
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ĥŚĜưě�ƶŝ�ƶŤƀŝ��ƵŶŝ�Żř��ĥŚĜưě�Î�Śţ�ÎÍ�ƶƤǀƣŵƵŵřŵ�ƽřŶŤŝř��ƃ�źƔƳ�ƝźƇ�ŚƷºººº�ƵŶ
�Ţſř��ŹŶƣ�źƷƵŶŝ�ƪųřŵ�Ƶźǀųŷ�źŧř�ŶƃŚŝźŤƄǀŝ�ĥŚĜưě�ƵŚģŵƺŝ�ŶƷřƺų�źŤưƧ������

��
Ƶŵřŵ�ƪǀƬŰţ�ƽřźŝ�ƭƺſźƯ�ƽŚƸƃƹŹ�ŵźŝŹŚƧ�ĥŚĜưě�ƂƿŚƯŻō�ƽŚƷ  

ƱŚưƷƶƳƺĭ�ƃƹŹ��Ŷƃ�ƵŹŚƃř�ƶƯŶƤƯ�ƂŴŝ�Źŵ�ƶƧ�ƽŚƸƭƺſźƯ��ƵŶƃ�ƶŗřŹř�ƽřźŝ��
ƵźƠſ��ƽŚƷŹřŶŝōƶƳřŵ��� ��ƽřƶŝ�ƽřźŝ� ƵŵźŤƀĭ� ŹƺƏ�ƪǀƬŰţƵŵřŵ���ƂƿŚƯŻō�ƽŚƷ

ƵźƠſ�Źŵ�ĥŚĜưě��ƵŵŚƠŤſř�ŵŹƺƯ�ƾŤſŹŚƧ�ƽŚƷŹřźƣƾƯ��ŶƳźǀĭ���źƯř�Ʋƿř�ƪǀƫŵ�Ʋƿř
�Ţſř�ƾƯƺưƗ� ŹŚŤƟŹ� ƶƧźŤƄǀŝƵźƠſ��ŝō�ƽŚƷŹřŶ�ƾŤſŹŚƧ��ƶǀŞƃ�Ƃǀŝ� ƹ� ƮƧ�

ƵźƠſ�ŹŚŤƟŹ�ŝō�ƽŚƷŹřŶƶƳřŵ���ƽř�ŶƴŤƀƷ�ŪƿŚŤƳ�ƹƵŶƯō�Ţſŵ�ƶŝƶŝ��ƶƬǀſƹ�ƩŚưƘŤſř�
ƾƯ�Ɩƣřƹ�ƾƫƺŞƣ�ƪŝŚƣ� ƵŵƹŶŰƯ�Źŵ�ƭƺſźƯ�ƽŚƸƃƹŹ�ŶƳƺƃ� ��ƱƹżƟřƲƿř� źŝ��Źŵ�

�ƶƯŶƤƯźƧŷ�ƁƹŹ�ƹŵ� �ƭƺſźƯ�ƽŚƸƃƹŹ�Ʋǀŝ� Żř�ƶƧ�Ŷƃ�Theis (1935)�ƹ�
Cooper & Jacob (1946)�ŪƿřŹ�Ʋƿźţ�ƽřźŝ�ƶƧ�ŶƴŤƀƷ�ƾƿŚƸƃƹŹ��ƪǀƬŰţ

Ƶŵřŵ�ƾƯ�Źřźƣ�ƵŵŚƠŤſř�ŵŹƺƯ�ŚƷ�ŶƳźǀĭ����
ƶŝǀƬŝŚƣ� ƾſŹźŝ� ŹƺƔƴƯ�� ŢūřººººººřźƽƃƹŹ�ºººº� ƽŚƸTheis (1935)�ƹ�

Cooper & Jacob (1946)�ƽřźŝƵŵřŵ��ƵźƠſ� ĥŚĜưě� ƂƿŚƯŻō� ƽŚƷ��ƽŚƷ
�ƾŤſŹŚƧ�ŶƴģƵŵřŵ�ƶƗƺưŬƯ��ƵźƠſ�Żř�ĥŚĜưě�ƂƿŚƯŻō���Śŝ�ƞƬŤŴƯ�ƾƨƷō�ƽŚƷ

�ŚƸƃƹŹ�Ʋƿř�ƪǀƬŰţƵŶƃ��ŶƳř��ƽŚƸƬƨƃÎ�ƹ�Ï�����
ƪƨƃ�Î�ƁƹŹ� ŵźŝŹŚƧ�Theis (1935)�řŹ�ƽřźŝ�ƪǀƬŰţŻō�ƽŵřŶƘţ��ƂƿŚƯ

ƵźƠſ�Źŵ�ĥŚĜưě�ƾƯ�ƱŚƄƳ�ƾŤſŹŚƧ�ƽŚƷ�ŶƷŵ� �ƱŚưƷƶƳƺĭ��ƵŶƿŵ�ƪƨƃ�Źŵ�ƶƧ�
ƾƯ���ŵƺƃ�ƶŝ�Ʋƿř�Źŵ�ƾƴĮưƷŚƳ�ŵƺūƹ�ƮƛŹƶƳƺĭƵźƠſ���ŚŞƿźƤţ��ŚƷƭŚưţƵŵřŵ���ƽŚƷ

�Ěǀţ� ƾƴŰƴƯ� źŝ� ƵŶƃ� ƵŶƷŚƄƯTheis (1935)� �ƢŞƐƴƯƾƯ��ŶƳƺƃ� ��ƲƿřźŝŚƴŝ
ƲǀƴģƾƯ� ƾƣŚŞƐƳř��ƶŬǀŤƳ� źŝ� ƽŶǀƿŐţ� ŶƳřƺţ�ƽźǀĭ�ƤƤŰƯ�ŚƾƳ� �ƃŚŝ�ŹŚƸƓř� ƶƧ� Ŷ
źƧƵŵ��ƾƬƧ�ŹŚŤƟŹ�ŶƳřźŤƄǀŝƵźƠſ��ƵźƠſ�ŶƴƳŚưƷ�ƾŤſŹŚƧ�ƽŚƷ�ƶƳřŵ�ƽŚƷ��ƽřŢſř���



 ��
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����������

��ÒÏ���������������������������������������������������������������������������ŹŚƸŝÕÒ�ƩŚſ��ƮƷŵżƳŚě��ƵŹŚưƃ�ÒÖ�������������������������������������������������������������

 

ƶŝƵŵřŵ�Żř�ƾƄŴŝ��ƩŚů�źƷ���ŚƷ�Ƶŵřŵ�ƵĦƿƺŝ�ĥŚĜưě�ƂƿŚƯŻō�šŶƯ�ƵŚţƺƧ�ƽŚƷ���źŝ
�Ěǀţ�ƾƴŰƴƯTheis (1935)�ƢŞƐƴƯƾưƳ��ŶƳƺƃ���ƽŚƸƟǈŤųř�ƾƿŚƸƄŴŝ�Ʋǀƴģ

� ƾƨǀƫƹŹŶǀƷ� ƅřƺų� ƲǀŝƵŵƹŶŰƯ� ƵŚģ� ƝřźƏř� ƦģƺƧ��ƯžƨƘƴ��ƵŶƴƴƧ
Ƶŵřŵ�ĥŚĜưě�ƂƿŚƯŻō�šŶƯ�ƵŚţƺƧ�ƽŚƷ���ŚŝīŹżŝ�ƵŵƹŶŰƯ���Źŵ�ƶƧ�Ţſř�ƽźţ

ƾƳǇƺƏ�ƽŚƸƳŚƯŻ��źţŢŰţƾƯ�Źřźƣ�ĥŚĜưě�źǀŧŐţ��Ƶŵřŵ�ŢƤǀƤů�Źŵ�ƹ�ŶƳźǀĭ��ƽŚƷ
ƾƳǇƺƏ�ƽŚƸƳŚƯŻ�ƶŝ�ƍƺŝźƯ��źţƲǀĮƳŚǀƯƢǀƣŵ��ƽźţřŹ��ƶŗřŹř�ŶƴƿŚưƳ����

ƪƨƃ�Ï� ƁƹŹ� ŵźŝŹŚƧ�Cooper & Jacob (1946)�řŹ� ƽřźŝ�ƪǀƬŰţ�
�ƂƿŚƯŻō�ƽŵřŶƘţĥŚĜưěƵźƠſ�Źŵ��ƾƯ�ƱŚƄƳ�ƾŤſŹŚƧ�ƽŚƷ�ŶƷŵ��ƱŚưƷƶƳƺĭ��ƶƧ�
ƾƯ�ƵŶƿŵ�ƪƨƃ�Źŵ��ƾƬƧ�ŶƳƹŹ��ŵƺƃźŤƄǀŝ�Ƶŵřŵ�ƽŚƷǀſ�Źŵ�ƵŶƃ�ƵŶƷŚƄƯ�ƀ�ƮŤ
� ƾưŤƿŹŚĮƫ� ƶưǀƳ�ƾưŤƿŹŚĮƫ� ŹƺŰƯ� ƽƹŹ� źŝ� ƱŚƯŻ� �� ŢſřŹ� ƎųŢſř�ƹ�

�Ʋƿř� Źŵ� ŵƺūƺƯ�ƽŚƸǀƴĮưƷŚƳƶƳƺĭƵźƠſ���Ǝų�Ʀƿ�ŜƬƛř� ƶƧ� ƵŶƃ�ŦƗŚŝ� ŚƷ
�ŶƴģƶŞǀƃ����� ���Multi-slope line�ŵƺƃ�ŵŚŬƿř���ƱŚưƷƶƳƺĭ��Żř�ƾųźŝ�ƶƧ�
ƤƤŰƯŚƱ ŹŚƸƓř�ƵŵźºººƧ��ŶƳř�ŨƯ�ƽřźŝºƩŚ��Sanchez-Vila et al. ,1999���

ƁƹŹ� ŹŵCooper & Jacob (1946)�Ƶŵřŵ�ƾƬƧ�ŶƳƹŹ���ƵźƠſ�Ʀƿ� Źŵ� ŚƷ
ŝōŹřŶƾƯ�ƲĮưƷŚƳ���ƶŗřŹř� řŹ�ƾƨǀƫƹŹŶǀƷ�ƅřƺų�Żř�ƾŝƺų�ƎſƺŤƯ�Ʀƿ�ŶƳřƺţ

ŶƷŵ����
ŹŵŚů� źƷ�Ƶŵřŵ� Żř� ƾƄŴŝ� �Ʃ�ƽŚƷ�ŢſřŹ�Ǝų�ƾƬƧ� ŶƳƹŹ� Żř� ƵŶƃ� ƵŶƷŚƄƯ�

�ƽƹźǀěƾưƳ�ŶƴƴƧ��ƾƿŚƸƄŴŝ�Ʋǀƴģ��ƽŚƸǀƴĮưƷŚƳ�ŵƺūƺƯƵźƠſ�Źŵ���řŹ�ƾŤſŹŚƧ�
ƾƯ�žƨƘƴƯ�ŶƴƴƧ��Ƶŵřŵ�ƝřźŰƳř�ŵŹƺƯ�Źŵ���Żř�šŶƯ�ƵŚţƺƧ�ƽŚƷŶƳƹŹ�Ǝų�ƾƬƧ�

ŢſřŹ��ƱƹżƟřţ� źŝ�ŐƵźƠſ�Źŵ� ŵƺūƺƯ�ƽŚƸǀƴĮưƷŚƳ� źǀŧ��ƾƯ���ƵŵŹƹōźŝ�ƶŝ� ŶƳřƺţ
ƱŶƃ�ƁƹŹ�ƍźƃ�Cooper & Jacob (1946)�ƾƴƘƿ�ƖŝŚţ�Ʊŵƺŝ�ƦģƺƧ�u�
żǀƳ�ƍƺŝźƯŵƺƃ����
��

�ƁƹŹ�ŵźŝŹŚƧMoench (1984)��
ƁƹŹ�Moench (1984)�ƶƧ� ŽŚſř� źŝ�ƶƿźƔƳŢſř� ƶƳŚĭƹŵ� ƪŴƬŴţ���

ƃºººƪƯŚ��
�Ěǀţ�ƾƴŰƴƯ�ƽŵŚƿŻ� ŵřŶƘţ�(Type Curve)�ƾƯ�ŵƺƃŝ� ƶƧ�ƾųź�Żř�ƶŝ� ŚƸƳō�

�Ěǀţ�ƾƴŰƴƯTheis (1935)��ƦƿŵżƳŶƴŤƀƷ���ưƷƱŚ�ƶƳƺĭ��ƪŞƣ�ƂŴŝ�Źŵ�ƶƧ
Ŷƃ� ƶŤƠĭ��� ŹŵźŤƄǀŝŵŹřƺƯ���Ƶŵřŵ�ƵźƠſ� Źŵ� ĥŚĜưě�ƂƿŚƯŻō� ƽŚƷ�ŝō� ƽŚƷŹřŶ�
� ƾŤſŹŚƧŻř� Ěǀţ� ƾƴŰƴƯ�Theis (1935)�ƽƹźǀěƾƯ��ƴƧŶƴ� ��ƽřźŝ� ƶĤƳŚƴģ
�ƪǀƬŰţƵŵřŵ�Ʋǀƴģ��ƁƹŹ�Żř�ƾƿŚƷMoench (1984)�ƵŵŚƠŤſřƵŵřŵ��ŵƺƃ���ƽŚƷ

�ƽŚƸǀƴŰƴƯ�Żř�ƾƴŰƴƯ�ƽƹŹ�źŝ�ĥŚĜưě�ƂƿŚƯŻōĚǀţ� �ƿřƲ�ŶƷřƺų�ƢŞƐƴƯ�ƁƹŹ�
�ƾƴŰƴƯ� Ʊō� ƶƧ� ŶƃŚƿ�Ěǀţ� ƾƴŰƴƯ� ƱŚưƷ�Theis (1935)� � �Ţſř�ƶŝ� Śƿ� ƹ�

�ƾƴŰƴƯžƿŚţŹŚǀƀŝŢſř�ƦƿŵżƳ����Ʋƿř�ƽřźŝ�ƶƧ�Ŝǀţźţ�Ʋƿř�ƶŝƶƳƺĭƵŵřŵ���ƽŚƷ
ĥŚĜưě�ƂƿŚƯŻō��ŪƿŚŤƳ��ƵŶƯō�Ţſŵ�ƶŝ�ƁƹŹ�ƹ�ƭƺſźƯ�ƽŚƸƃƹŹ�ŻřMoench 

(1984)�ŚŞƿźƤţ�ƱŚƀƨƿ�ŶƴŤƀƷ��ŢůřŹ�ƾƐƿřźƃ�Ʋǀƴģ�Źŵ�ƹ�źţŜſŚƴƯ���Ʋƿř�źţ

�ƽŚƸƃƹŹ�ƱŚưƷ�Żř�ƶƧ�ŢſřƭƺſźƯ�ŵƺƃ� ƵŵŚƠŤſř���ƽŚƸƬƨƃaÐ� Śţ�dÐ���Źŵ�
ƵźƠſ� Źŵ� ƱŚƯŻ� º� ŢƟř� ƾƴŰƴƯ� �ƾưƧ� ŚŤŞƀƳ� ŵŹřƺƯ�� ƪƯŚƃ� ƾŤſŹŚƧ� ƽŚƷƶſ�

ƾƯ�ƂŴŝ�ŵƺƃ���Ěǀţ�ƾƴŰƴƯ�Śŝ�ƭƺſ�ƹ�Ʃƹř�ƽŚƸƄŴŝ�ƶƧ�Ŝǀţźţ�Ʋƿř�ƶŝ�žƿŚţ
ƢŞƐƴƯƾƯ��ŶƳƺƃ�ƾƫŚů� Źŵ���Ŝǀƃ�ƂƷŚƧ�Ʀƿ� ƭƹŵ�ƂŴŝ� ƶƧ�Żř�ƝřźŰƳř�
� ƾƴŰƴƯžƿŚţ� �ƾƯ� ƱŚƄƳ� řŹ��Ƶŵƺţ� Żř� ƱŚƿźū� ƱŶƃ� ƵŵƹżƟř� Ʊō�ƪǀƫŵ� ƶƧ� ŶƷŵ
�Ĭƴſƶŝŵ�ƱƹŹ�ŻŹŵ�ƹ�ŚƸƟŚƨƃ�Ţſř���ƽŚƸƬƨƃeÐ�ƹ�fÐ����ƽŹŚŤƟŹ�ŢƤǀƤů�Źŵ

ƵźƠſ� Śŝ� ƶŝŚƄƯ� ŚŞƿźƤţ�ƾƯ�ƪƯŚƃ� řŹ� ŵřŻō�ƽŚƷ��ŶƳƺƃƶƧŢƟř�ƾƴŰƴƯŹŵ����ƱŚƯŻ
ƵźƠſ� Ʋƿř�ūƹ�ƂŴŝ� ƶſ� żǀƳ� ŚƷººº�ƾƷŶŝō�ŢƬƗ� ƶŝ� ƭƹŵ�ƂŴŝ� ƶƧ� ŵŹřŵ� ŵƺ

ųŐţǀººººººººƽź�(Delayed yield)�Żř�ƱŚƄƳ� ƝřźŰƳř� žƿŚţ� Ěǀţ� ƾƴŰƴƯ�
ƾƯ�ŶƷŵ� �Ƶŵřŵ� ƶƧ� ƾƐƿřźƃ� Źŵ�� ƽŚƷƂƿŚƯŻō� ƾŤưƀƣ� ƶſ� ŹŚŤƟŹ� ĥŚĜưě���ƶƧ

Ţſř� ƶƳŚĭƹŵ� ƪŴƬŴţ� ƽŹřŸĭźǀŧŐţ� źĮƳŚǀŝ� �ƾƯ� ƱŚƄƳ� řŹ�� �ŶƴƷŵƵŵŚƠŤſř�Żř�
� ŶƷřƺų� ŵŚŬƿř� řŹ�ƾƸūƺţ�ƪŝŚƣ�ƽŚƐų� ƭƺſźƯ�ƽŚƸƃƹŹźƧŵ� ��ƽřźŝ�ƲƿřźŝŚƴŝ

ƲǀƴģƵŵřŵ���ƁƹŹ� �ĥŚĜưě�ƂƿŚƯŻō�ƽŚƷMoench (1984)�ƶƧ�ŹŵŚƣ�Ţſř�
ƾŝ�ŵřŶƘţ�ŶƿŚưƳ�ŵŚŬƿř�Ěǀţ�ƾƴŰƴƯ�ƽŹŚưƃ�ŜſŚƴƯ���źţŢſř���

���
Ƶŵřŵ�ƪǀƬŰţ�ƽřźŝ�ŜſŚƴƯ�ƁƹŹ�śŚŴŤƳř��ĥŚĜưě�ƂƿŚƯŻō�ƽŚƷ��

ƾƌƘŝƤƤŰƯ�Żř�Ś�ŹƺƏ�ƶŝ�ƱŮƿźƇ�ƭƺſźƯ�ƽŚƸƃƹŹ�ƾƴưƋ�Śƿ�Theis (1935)�
ƹ�Cooper & Jacob (1946)��řŹ�ƽřźŝ�ƪǀƬŰţřŵ�Ƶŵ��Źŵ�ĥŚĜưě�ƂƿŚƯŻō�ƽŚƷ
ƠſººººººººƵź��ƽŚƷſŹŚƧººƾŤƴƄǀě�º� ŵŚƸźƧƵŵ�� ŶƳř�ƩŚŨƯ� ƽřźŝ ;     Jones, 

1999� 1998 ƹDillon et al.2001� ��ƶǀƇƺţ�Ʋƿř�ŽŚſř�źŝ�� �ŚƷƽŚƸƃƹŹ�
�ƁƹŹ�ƲǀƴĤưƷ�ƹ� ŹƺƧŸƯMoench (1984)��� ƶƧƽřźŝƵźƠſ���ƹ� ŻŹŵ�ƽŚƷ

ƝŚƨƃ��Ʊō�ŽŚſř�ƹ�Ţſř�ƵŶƃ�ƶŗřŹř�ŹřŵƶƿźƔƳƹŵ�ƪŴƬŴţ�Ţſř�ƶƳŚĭ��ƽřźŝ�
ƵźƠſ�Źŵ�ĥŚĜưě�ƂƿŚƯŻō�ƽŵŚƿŻ�ŵřŶƘţ�ƵŶƃ�ƶŤƟźĭ�ŹŚƧ�ƶŝ�ƾŤſŹŚƧ�ƽŚƷ��ƹ�ŶƳř

� ŽŚſř� źŝƶƀƿŚƤƯ� ŪƿŚŤƳ�� ƵŶƯō� Ţſŵ� ƶŝ��ƱŚƯŻ� º� ŢƟř� ƾƴŰƴƯ� ƪƨƃ� ƹ
�šřŵŚƸƴƄǀěźƿŻ� ŵŹƹōźŝ� ƹ� ƾŝŚƿŻŹř� ƽřźŝ�ƽŚƸǀĭĦƿƹƵźƠſ�ƾƨǀƫƹŹŶǀƷ���ƽŚƷ

ƾƯ�ƶŗřŹř�ƾŤſŹŚƧ�ŵƺƃ����
æ��Ƶŵřŵ�Żř�ƶŤſŵ�Ʊō�ƽřźŝ���ƽŚƷŻōƂƿŚƯ�Źŵ�ƱŚƯŻ�º�ŢƟř�ƾƴŰƴƯ�ŚƸƳō�Źŵ�ƶƧ�ĥŚĜưě�

Şǀƃ�Ŷƴģ�Ǝų�Ʀƿ�ƾưŤƿŹŚĮƫ�ƶưǀƳ�ƮŤƀǀſƾ��Multi-slope line��ƶŗřŹř� řŹ�
ƾƯ��ŶƷŵ��ƶƧśŚţŻŚŝ��ƵŶƴƴƧƾƴĮưƷŚƳŢſř�ƵźƠſ���ƁƹŹ�ŵźŝŹŚƧ��Moench 

(1984)���ƶŝƾŝ�ŵřŶƘţ�ƶƨƴƿř�ƪǀƫŵ��ƾƯ�ƪƯŚƃ� řŹ�Ěǀţ�ƾƴŰƴƯ�ƽŹŚưƃ��ƹ� ŵƺƃ
�Ěǀţ�ƾƴŰƴƯ�Ʀƿ�śŚŴŤƳřźƈŰƴƯŵźƠŝƵŵřŵ�ƽřźŝ�ŚƸƳō�ƱŚǀƯ�Żř���źƔƳ�ŵŹƺƯ�ƽŚƷ

Ƴ�ŜſŚƴƯ� �Ţſř� ƪƨƄƯ� ŹŚǀƀŝŢƀǀ� �ƱƹżƟřƲƿř� źŝ���ƶūŹŵ� ƶƧ� ƾƐƿřźƃ� Źŵ�
� ƱŚƯŻ� º� ŢƟř� ƾƴŰƴƯ� šřźǀǀƜţ� Ţſř� ǇŚŝ� ŹŚǀƀŝ� ƾƴĮưƷŚƳŹŵ�Ʀƿ� śŚŴŤƳř�

ƾƯ�ƁƹŹ� Ʋƿř�Ěǀţ� ƽŚƸǀƴŰƴƯ� ŵŚƿŻ� ŵřŶƘţ� Ʋǀŝ� Żř� Ěǀţ� ƾƴŰƴƯ��ŦƗŚŝ� ŶƳřƺţ
ƾƷřźưĭ� źŝŹŚƧ�ŵƺƃ� �ģ� Źŵ� ƲƿřźŝŚƴŝƾƐƿřźƃ� Ʋǀƴ�ŜſŚƴƯ��ŚƸƃƹŹ� Ʋƿźţ��

�ƭƺſźƯ�ƽŚƸƃƹŹŢſř����
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Ï� ��ŢƟř�ƾƴŰƴƯ� ƶƧ�ƾƐƿřźƃ�ŹŵºƺĮƫř�Żř�ƱŚƯŻ�ƽ�ƶƿźƔƳ�ƶƳŚĭƹŵ�ƪŴƬŴţ��ƽƹźǀě
ƾƯ�ƴƧ�Śƿ�ƹ�ŶŢƟř�ƾƴŰƴƯźĮƿŵ�šŹŚŞƗ�ƶŝ���ƪƯŚƃ�ƱŚƯŻƶſƾƯ�ƂŴŝ���Źŵ��ŵƺƃ

ƽŵŹřƺƯ�Ʋǀƴģ�ŜſŚƴƯ���ƽřźŝ�ƁƹŹ�ƲƿźţƪǀƬŰţƵŵřŵ���ƁƹŹ� �ŚƷMoench 

(1984)� �ŢſřŚƃ�ƶƧ�� ŵřŶƘţ�ƪƯƾŝ�ƽŹŚưƃƾƯ�Ěǀţ�ƾƴŰƴƯ���ƾƴŰƴƯ� ƹ� ŵƺƃ
� ƽŚƸǀƴŰƴƯ� Ʋƿř� Żř� ƾƨƿ� Śŝ� ƵŶƃ� ƵŶƷŚƄƯ� ƱŚƯŻ� º� ŢƟřĚǀţƾƯ� ƢŞƐƴƯ���ŵƺƃ

��ƽŚƸƬƨƃeÐ�ƹ�fÐ����
Ð�ƽŚƸǀƴĮưƷŚƳ�ƆǀŴƄţ�ƽřźŝ� ºŵƺūƺƯŜſŚƴƯ� �ƵźƠſ�Źŵ���Ǝų�ƁƹŹ��ƁƹŹ�Ʋƿźţ

ŢſřŹ Cooper & Jacob (1946)�Ţſř�Ʊō�Źŵ�ƶƧ�ŚƸǀƴĮưƷŚƳ�šŹƺƇ�ƶŝ�
řƺŤƯ�šřźǀǀƜţ�ƾưŤƿŹŚĮƫ� ƶưǀƳ� ƮŤƀǀſ� Źŵ�ƱŚƯŻ� º�ŢƟř�ƾƴŰƴƯ�Ŝǀƃ�ƾƫźƷŚƓ�

ƾƯ��ŶƳƺƃ�ƪƨƃÏ����
 
 
 
 
 

ƶŬǀŤƳƽźǀĭ�  
źŝ� Źŵ� ũŹŶƴƯ� ŜƫŚƐƯ� ŽŚſř��ƖūřźƯƵŵřŵ���ƶŝ� ƍƺŝźƯ� ĥŚĜưě� ƂƿŚƯŻō� ƽŚƷ

ƵźƠſ��Śŝ�ŜƬƛř�ƾŤſŹŚƧ�ƽŚƷƵŵŚƠŤſřƃƹŹ�Żř�ƭƺſźƯ�ƽŚƸ��Theis (1935)�ƹ�
Cooper & Jacob (1946)�ƵźƠſ� ƽřźŝ� ƶƧ��ŝō� ƽŚƷŹřŶ�ƶƳřŵ��ƶŗřŹř� ƽř

ƵŶƃ�ŶƳřƪǀƬŰţ� �ƾƯ��ŶƳƺƃ� ƶģźĭřŵŹřƺƯ�ƽŹŚǀƀŝ� Źŵ��ƵźƠſ�ƾƬƧ� ŹŚŤƟŹ���ƽŚƷ
ƵźƠſ�ŶƴƳŚưƷ�ƾŤſŹŚƧ�ŝō�ƽŚƷ�ŹřŶƶƳřŵ��ƽř�Ţſřŝ� ƹ�� ƶ�ƽźǀĭŹŚƧ�Ʋƿř�ŚƸƃƹŹ

�ƽřźŝ�ƪǀƬŰţƵŵřŵ�ƵźƠſ�Źŵ�ĥŚĜưě�ƂƿŚƯŻō�ƽŚƷ�ŚƷŻř�ƾŤſŹŚƧ�ƽ�Ţƣŵ�ƾƟŚƧ�
ŢſřŹřŵŹƺųźŝ� � �ŹŵƩŚů� źƷ���Źŵ�ƾƌƘŝ� � ŵŹřƺƯ� Żř�ƶƧ�ŢƟř�ƾƴŰƴƯ����ƱŚƯŻ

� ƶſ� ƪƯŚƃƂŴŝƾƯ��ŵƺƃ�� ƽřźŝ� ƭƺſźƯ� ƽŚƸƃƹŹ� ŵźŝŹŚƧ�ƪǀƬŰţƵŵřŵ���ƽŚƷ
ƵźƠſ�Źŵ�ĥŚĜưě�ƂƿŚƯŻō��ƽŚƷƾŤſŹŚƧ�ŶƷřƺų�ŵŚŬƿř�ƾƸūƺţ�ƪŝŚƣ�ƽŚƷŚƐų�

ŵźƧ� ��Ʋƿř� ŹŵƶƳƺĭƵźƠſ��ŚƷ�ŢƟř�ƾƴŰƴƯ���� ƱŚƯŻŻř�ƾƄŴŝ� ƶſ� ƺĮƫř��ƶƿźƔƳ
ƾƯ�ƽƹźǀě�ƶƳŚĭƹŵ�ƪŴƬŴţ�Ƶŵřŵ�ƪǀƫŵ�ƲǀưƷ�ƶŝ�ƹ�ŶƴƧ�ŚƯŻō�ƽŚƷ�ƂƿĥŚĜưě�ŶƿŚŝ�

� ŚƸƳō� ŽŚſř� ƶƧ� ƾƿŚƸƃƹŹ� ŚŝƶƿźƔƳ� ŶƃŚŝ� ƾƯŹƺƧŸƯ��� ŶƴƳŚƯMoench 

,1984��ƪǀƬŰţŶƳƺƃ����
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