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ɄɅɃȿɃũɃɆ - ȺɈɉȷɅȽɆɇȽȺɆ 
 

ȼ ́ŬɟɞɨůŬ ɛŮŰŬˊŰɡɢɘŬəɐ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɛŮ ŰɑŰɚɞ çɈŭɟɞɔŮɤɚɞɔɘəɐ ɏɟŮɡɜŬ 

əŬɘ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ɡˊɧɔŮɘŬɠ ɟɞɐɠ ůŰɞɜ ɡŭɟɞűɞɟɏŬ Űɖɠ ˊŮɟɘɞɢɐɠ Ɇɑɜŭɞɡè, 

ŮəˊɞɜɐɗɖəŮ ůŰɞ ˊɚŬɑůɘɞ Űɞɡ ɛŮŰŬˊŰɡɢɘŬəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ ůˊɞɡŭɩɜ çȺűŬɟɛɞůɛɏɜɖ 

əŬɘ ɄŮɟɘɓŬɚɚɞɜŰɘəɐ ũŮɤɚɞɔɑŬè ɛŮ ŮɘŭɑəŮɡůɖ ůŰɖɜ çɇŮɢɜɘəɐ ũŮɤɚɞɔɑŬ əŬɘ 

ɄŮɟɘɓɎɚɚɞɜè ůŰɞ ŰɛɐɛŬ ũŮɤɚɞɔɑŬɠ Űɞɡ ȷɟɘůŰɞŰŮɚŮɑɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ 

ŪŮůůŬɚɞɜɑəɖɠ. 

ɇɞ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ, ŮɑɜŬɘ ɖ ˊɟɞůɞɛɞɑɤůɖ Űɞɡ ɡˊɧɔŮɘɞɡ 

ɡŭɟɞűɧɟɞɡ ůɡůŰɐɛŬŰɞɠ Űɖɠ ˊŮɟɘɞɢɐɠ Űɖɠ Ɇɑɜŭɞɡ, əŬɗɩɠ əŬɘ ɛɘŬ ˊɘɗŬɜɐ ɛŮɚɚɞɜŰɘəɐ 

ˊɞůɞŰɘəɐ əŬŰɎůŰŬůɖ ŬɡŰɞɨ, ɛŮ Űɖ ɛŮɑɤůɖ ɐ Ŭɨɝɖůɖ Űɤɜ ŬɜŰɚɐůŮɤɜ əŬɘ Űɖɠ 

ŰɟɞűɞŭɞůɑŬɠ Űɞɡ.   

Ƀɘ ŰɟŮɘɠ ŮˊɘɓɚɏˊɞɜŰŮɠ ˊɞɡ ŬˊŬɟŰɑɕɞɡɜ Űɖɜ ŮɝŮŰŬůŰɘəɐ ŮˊɘŰɟɞˊɐ ŮɑɜŬɘ ɞ ə. 

ȸɞɡŭɞɨɟɖɠ ȾɤɜůŰŬɜŰɑɜɞɠ, ȾŬɗɖɔɖŰɐɠ ȷɄŪ,  ɞ ə. ɀɎŰŰŬɠ ɉɟɐůŰɞɠ, ɀɏɚɞɠ ȺȹȽɄ 

ȷɄŪ əŬɘ ɞ ə. ȾŬəɚɐɠ ɇɟɘŬɜŰɎűɡɚɚɞɠ, ɀɏɚɞɠ ȺȹȽɄ ȷɄŪ. 

ŪŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɘŭɘŬɘŰɏɟɤɠ Űɞɜ ŮˊɘɓɚɏˊɞɜŰŬ əŬɗɖɔɖŰɐ ə. ȸɞɡŭɞɨɟɖ 

ȾɤɜůŰŬɜŰɑɜɞ, ɔɘŬ Űɖɜ ŮɛˊɘůŰɞůɨɜɖ Űɞɡ əŬɘ Űɖɜ ŬɜɎɗŮůɖ ɛɘŬɠ Űɧůɞ ŮɜŭɘŬűɏɟɞɡůŬɠ 

ɗŮɛŬŰɞɚɞɔɑŬɠ ɔɘŬ ɛŮŰŬˊŰɡɢɘŬəɐ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ, əŬɗɩɠ əŬɘ Űɖ ůɡɜŮɢɐ ŭɘɎɗŮůɐ 

Űɞɡ ɔɘŬ əŬɗɞŭɐɔɖůɖ əŬɘ ɓɞɐɗŮɘŬ, ˊɞɡ ɞŭɐɔɖůŮ ůŮ ɛɘŬ ɎɟɘůŰɖ ůɡɜŮɟɔŬůɑŬ. Ⱥˊɑůɖɠ, 

ŮɡɢŬɟɘůŰɑŮɠ ɗŬ ɐɗŮɚŬ ɜŬ ŬˊŮɡɗɨɜɤ əŬɘ ůŰɖɜ ɡˊɧɚɞɘˊɖ ůɡɛɓɞɡɚŮɡŰɘəɐ ŮˊɘŰɟɞˊɐ ɔɘŬ 

ŰŬ ůɢɧɚɘɎ Űɖɠ, əŬɘ ůŰɞɜ ə. ɀɎŰŰŬ ɉɟɐůŰɞ, əŬɗɩɠ ɢɤɟɑɠ Űɖ ŭɘəɐ Űɞɡ ůɡɛɓɞɚɐ əŬɘ 

əŬɗɞŭɐɔɖůɖ, ŭŮɜ ɗŬ ŮɑɢŮ ŮˊɘŰŮɡɢɗŮɑ ɖ ɢɟɐůɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ MODFLOW.  

 ȾɚŮɑɜɞɜŰŬɠ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɖɜ ɞɘəɞɔɏɜŮɘɎ ɛɞɡ əŬɘ Űɞɜ əɞɘɜɤɜɘəɧ ɛɞɡ 

ˊŮɟɑɔɡɟɞ ɔɘŬ Űɖɜ ŮɜɗɎɟɟɡɜůɐ Űɞɡɠ, Űɖɜ ˊɑůŰɖ Űɞɡɠ ˊɟɞɠ Űɞ ˊɟɧůɤˊɧ ɛɞɡ əŬɘ Űɖ 

ůɡɜŮɢɐ ɣɡɢɞɚɞɔɘəɐ ɡˊɞůŰɐɟɘɝɖ ˊɞɡ ɛɞɡ ˊŬɟŮɑɢŬɜ. 

ɀŮɚɚɞɜŰɘəɎ, ɗŬ ŮˊɘɗɡɛɞɨůŬ ɖ ŭŮŭɞɛɏɜɖ ɛŮŰŬˊŰɡɢɘŬəɐ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɜŬ 

ŬˊɞŰŮɚɏůŮɘ Űɖɜ əɘɜɖŰɐɟɘŬ ŭɨɜŬɛɖ ɔɘŬ ˊŮɟŬɘŰɏɟɤ ɏɟŮɡɜŬ ůŰɖɜ ˊŬɟɞɨůŬ ˊŮɟɘɞɢɐ, ŬɚɚɎ 

əŬɘ ɔɘŬ ɎɚɚŮɠ ˊŮɟɘɞɢɏɠ ɛŮ ˊŬɟɧɛɞɘŬ ˊɟɞɓɚɐɛŬŰŬ, əŬɘ ɜŬ ɔɑɜŮɘ ŬɜŰɘɚɖˊŰɐ ɖ 

ɢɟɖůɘɛɧŰɖŰŬ əŬɘ ŬɜŬɔəŬɘɧŰɖŰŬ Űɖɠ ŮɘŭɘəɧŰɖŰŬɠ Űɞɡ ɔŮɤɚɧɔɞɡ. 
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ɄȺɅȽȿȼɊȼ  

 

ȼ ŭŮŭɞɛɏɜɖ ɛŮŰŬˊŰɡɢɘŬəɐ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞ ɡˊɧɔŮɘɞ ɡŭɟɞűɧɟɞ 

ůɨůŰɖɛŬ əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɏɢŮɘ ɤɠ ŬɜŰɘəŮɑɛŮɜɞ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ɡˊɧɔŮɘŬɠ ɟɞɐɠ 

ɛŮ Űɖ ɢɟɐůɖ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ əŬɘ Űɖɜ ˊɟɧɔɜɤůɖ Űɖɠ ɛŮɚɚɞɜŰɘəɐɠ ˊɞůɞŰɘəɐɠ 

əŬŰɎůŰŬůɖɠ Űɞɡ ɡŭɟɞűɞɟɏŬ ɡˊɧ ŭɘɎűɞɟŬ ŭɘŬɢŮɘɟɘůŰɘəɎ ůŮɜɎɟɘŬ.  

ũɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ ɛɞɜŰɏɚɞɡ əŬɘ Űɖ ŭɘŮɝŬɔɤɔɐ ŬůűŬɚɩɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɏɔɘɜŮ 

ɢɟɐůɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ GMS. ȷˊɧ Űɞ ɚɞɔɘůɛɘəɧ ŬɡŰɧ, ɏɔɘɜŮ ɢɟɐůɖ Űɞɡ MODFLOW 

(Modular Three Dimensional Finite Difference Ground Water Flow Model) ŬɚɚɎ 

ůɖɛŬɜŰɘəɧ ɟɧɚɞ əŬŰŮɑɢŮ əŬɘ Űɞ ɚɞɔɘůɛɘəɧ ArcGIS, Űɞɡ ɞˊɞɑɞɡ ɖ ɓɞɐɗŮɘŬ əŬŰɏůŰɖ 

əŬŰŬɚɡŰɘəɐ, əŬɗɩɠ ɐŰŬɜ Ŭɟɛɧŭɘɞ ɔɘŬ Űɖ ůɨɜɗŮůɖ Űɞɡ ɛɞɜŰɏɚɞɡ.  

ȼ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ŮɑɜŬɘ ɖ ˊŮɟɘɞɢɐ Űɖɠ Ɇɑɜŭɞɡ, ŪŮůůŬɚɞɜɑəɖɠ. ɆɨɛűɤɜŬ ɛŮ 

ˊŬɟŬŰɖɟɐůŮɘɠ ˊŮŭɑɞɡ, ɖ ˊŮɟɘɞɢɐ ˊɞɚɚɏɠ űɞɟɏɠ ɡˊŮɟɢŮɘɚɑɕŮɘ əŬɘ ɖ ůŰɎɗɛɖ Űɞɡ ɜŮɟɞɨ 

ɝŮˊŮɟɜɎ Űɞ ŮˊɑˊŮŭɞ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ŮŭɎűɞɡɠ, Ůɜɩ ˊŬɟŬŰɖɟŮɑŰŬɘ əŬɘ ŮŰŮɟɞɔɏɜŮɘŬ 

ůŮ əŬŰŬəɧɟɡűɞ ŮˊɑˊŮŭɞ.  

ɆɖɛŬɜŰɘəɧ ɓɐɛŬ ɔɘŬ Űɖ ɢɟɐůɖ Űɞɡ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ, ŮɑɜŬɘ ɖ ŭɘŬɛɧɟűɤůɖ Űɞɡ 

Ůɜɜɞɘɞɚɞɔɘəɞɨ ɛɞɜŰɏɚɞɡ Űɞɡ ɡŭɟɞűɞɟɏŬ ůŰɞ ɞˊɞɑɞ ŬˊɞŰɡˊɩɜŮŰŬɘ ɖ ɡˊɧɔŮɘŬ ɟɞɐ Űɞɡ 

ɜŮɟɞɨ. ȷəɞɚɞɨɗɤɠ, ɛŮ Űɞ Model Calibration ˊɟɞůŬɟɛɧɕɞɜŰŬɘ ɞɘ Űɘɛɏɠ Űɞɡ ɛɞɜŰɏɚɞɡ 

əŬɘ ůɡɔəɟɑɜɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ. ɀŮŰɎ Űɖ ůɨɔəɟɘůɐ Űɞɡɠ, ŮɝɎɔɞɜŰŬɘ ŰŬ ůűɎɚɛŬŰŬ ˊɞɡ 

ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɘɠ ɛŮŰɟɖɛɏɜŮɠ əŬɘ ɡˊɞɚɞɔɘůɛɏɜŮɠ Űɘɛɏɠ, ŭɖɚŬŭɐ ɖ ŮɚɎɢɘůŰɖ ŭɘŬűɞɟɎ 

ˊɞɡ ˊɟɞɏəɡɣŮ ɛŮŰŬɝɨ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ Űɘɛɩɜ. Ƀɘ ɡˊɞɚɞɔɘůɛɏɜŮɠ Űɘɛɏɠ ˊɟɞɏəɡɣŬɜ 

Ŭˊɧ ůɡɜŮɢŮɑɠ ŭɞəɘɛɏɠ Űɞɡ ɛɞɜŰɏɚɞɡ ɛɏɢɟɘ ɜŬ ŮˊɘŰŮɡɢɗɞɨɜ ŬɡŰɏɠ ɛŮ Űɖɜ ɛɘəɟɧŰŮɟɖ 

Ŭˊɧəɚɘůɖ Ŭˊɧ Űɘɠ ɛŮŰɟɖɛɏɜŮɠ (trial and error). ȷɜŰɑůŰɞɘɢɖ ŭɘŬŭɘəŬůɑŬ ɏɔɘɜŮ əŬɘ ɔɘŬ 

ɏɜŬ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ŭɨɞ ŮŰɩɜ, ɖ ɞˊɞɑŬ ɤůŰɧůɞ ŭŮɜ ůŰɏűɗɖəŮ ɛŮ ŮˊɘŰɡɢɑŬ. 

ɆŰɖ ůɡɜɏɢŮɘŬ, Ŭűɞɨ ŮˊɘŰŮɨɢɗɖəŮ ɖ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ˊŮɟɘɞɢɐɠ, ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ŭɨɞ 

ɡˊɞɗŮŰɘəɎ ůŮɜɎɟɘŬ, ŰŬ ɞˊɞɑŬ ŮűŬɟɛɧůŰɖəŬɜ ůŰɖ ɟɨɗɛɘůɖ Űɖɠ ɛɧɜɘɛɖɠ ɟɞɐɠ ɩůŰŮ ɜŬ 

ŮɝŮŰŬůŰŮɑ ɏɜŬ ŮɜŭŮɢɧɛŮɜɞ ɛŮɚɚɞɜŰɘəɧ ɘůɞɕɨɔɘɞ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ. ɆŰɞ ˊɟɩŰɞ 

ůŮɜɎɟɘɞ, ɞɘ ŬɜŰɚɐůŮɘɠ əŬɘ ɖ ŰɟɞűɞŭɞůɑŬ ɛŮɘɩɗɖəŬɜ, Ůɜɩ ůŰɞ ŭŮɨŰŮɟɞ ůŮɜɎɟɘɞ, ɞɘ 

ŬɜŰɚɐůŮɘɠ ŬɡɝɐɗɖəŬɜ əŬɘ ɖ ŰɟɞűɞŭɞůɑŬ ɛŮɘɩɗɖəŮ. ȼ ŮɝŬɔɤɔɐ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɐŰŬɜ 

ɘəŬɜɞˊɞɘɖŰɘəɐ ůŰɞ ˊɟɩŰɞ ůŮɜɎɟɘɞ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞ ŭŮɨŰŮɟɞ Űɞ ɞˊɞɑɞ ŮɑɢŮ ɛŮɔɎɚɖ 

Ŭˊɧəɚɘůɖ Űɘɛɩɜ. 

ɆŰɞ Űɏɚɞɠ ŬɡŰɐɠ Űɖɠ ŮɟɔŬůɑŬɠ, əɟɑɜŮŰŬɘ ŮˊɘŰɡɢɏɠ Űɞ ɛɞɜŰɏɚɞ ˊɟɞůɞɛɞɑɤůɖɠ ɔɘŬ Űɖ 

ɟɨɗɛɘůɖ Űɖɠ ɛɧɜɘɛɖɠ ɟɞɐɠ, əŬɗɩɠ ɏɔɘɜŮ ɖ ŬɜŰɘůŰɞɘɢɑŬ ɛŮ Űɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ Űɖɠ 

ɡˊŬɑɗɟɞɡ Űɖɠ ˊŮɟɘɞɢɐɠ Űɖɠ Ɇɑɜŭɞɡ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖ ɟɨɗɛɘůɖ Űɖɠ ɛŮŰŬɓŬɚɚɧɛŮɜɖɠ 

ɟɞɐɠ. 
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ABSTRACT  

 

The given master's thesis is related to the aquifer system and more specifically, it 

has as its object the operation of the groundwater flow with the use of a mathematical 

model and the possible future state of the balance under different scenarios.  

GMS software was used to develop the model and conduct safe results. From this 

software, MODFLOW (Modular Three-Dimensional Finite Difference Ground Water 

Flow Model) was used, but an important role was also played by the ArcGIS 

software, whose help was considerable, as it was responsible for the composition of 

the model.  

The area under study is the area of Sindos. According to field observations, the area 

often overflows and the water level exceeds the ground surface level, while vertical 

heterogeneity is also observed.  

An important step for the use of the mathematical model is the formation of the 

conceptual model of the aquifer in which the groundwater flow is captured. Next, 

with Model Calibration, the model values are adjusted and compared with each other. 

After comparing them, the errors obtained from the measured and calculated values 

are extracted, i.e. the minimum difference obtained between the corresponding values. 

The calculated values resulted from continuous tests of the model until those with the 

smallest deviation from the measured values were reached (trial and error). A similar 

procedure was carried out for a period of two years, which however was not crowned 

with success.  

Then, after the simulation of the area was achieved, two hypothetical scenarios were 

created and applied to the permanent flow setting to consider a possible future balance 

of the study area. In the first scenario, the withdrawals and supply decreased, while in 

the second scenario, the withdrawals increased and the supply decreased.  

The conduction of the results was satisfactory in the first scenario, in contrast to the 

second one which had a large price deviation. At the end of this work, the simulation 

model for permanent flow regulation is judged to be successful, as it has been 

matched with the rural reality of Sindos region, as opposed to variable flow 

regulation. 
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ȾȺūȷȿȷȽɃ 1. ȺȽɆȷũɋũȼ 
 

1.1 ȷɜŰɘəŮɑɛŮɜɞ ŮɟɔŬůɑŬɠ  
 

ȼ ŭŮŭɞɛɏɜɖ ɛŮŰŬˊŰɡɢɘŬəɐ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ, ůŰɞɢŮɨŮɘ ůŰɖ ɛŮɚɏŰɖ Űɞɡ ɡˊɧɔŮɘɞɡ 

ɡŭŬŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ (ɈɈɆ) Űɖɠ ˊŮɟɘɞɢɐɠ Űɖɠ Ɇɑɜŭɞɡ əŬɘ Űɖ ɢɟɐůɖ Űɞɡ ɔɜɤůŰɞɨ ůŰɖ 

ŭɘŮɗɜɐ əŬɘ Ůɚɚɖɜɘəɐ ɓɘɓɚɘɞɔɟŬűɑŬ MODFLOW. ɇɞ ɛŬɗɖɛŬŰɘəɧ ŬɡŰɧ ɛɞɜŰɏɚɞ, 

ˊɟɞůɞɛɞɘɩɜŮɘ Űɖɜ ɞɟɘɞɗŮŰɖɛɏɜɖ ˊŮɟɘɞɢɐ, əŬɗɩɠ Ůˊɑůɖɠ, ɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ 

ɛŮŰŬŰɟɏˊŮɘ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɡŭɟɞűɞɟɏŬ Űɖɠ ˊŮɟɘɞɢɐɠ (ŬɜŰɚɐůŮɘɠ, ŰɟɞűɞŭɞůɑŬ) əŬɘ ɜŬ 

ɡˊɞɚɞɔɑɕŮɘ Űɞ ɜɏɞ ɘůɞɕɨɔɘɞ ɜŮɟɞɨ, ɔɘŬ ɜɏŮɠ ɛŮɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ. 

 

1.2 ȺɟɔŬůɑŮɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ  
 

ũɘŬ Űɖɜ ɡɚɞˊɞɑɖůɖ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŮɟɔŬůɑŬɠ əŬɘ Űɖ ŭɘŮɝŬɔɤɔɐ ŬůűŬɚɩɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ŮɟɔŬůɑŮɠ ɔɟŬűŮɑɞɡ əŬɘ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ  

ŮɝŮɘŭɘəŮɡɛɏɜŬ ɚɞɔɘůɛɘəɎ, əŬɘ ŮɑɜŬɘ ŰŬ ŬəɧɚɞɡɗŬ: 

¶ Ƀɘ ŮɟɔŬůɑŮɠ ɔɟŬűŮɑɞɡ ɔɘŬ Űɖɜ ŮɨɟŮůɖ Űɤɜ ɔŮɜɘəɧŰŮɟɤɜ ˊɚɖɟɞűɞɟɘɩɜ Űɖɠ 

ŮɡɟɨŰŮɟɖɠ ˊŮɟɘɞɢɐɠ (ɔŮɤɚɞɔɑŬ, ɔŮɤɛɞɟűɞɚɞɔɑŬ, ŰŮəŰɞɜɘəɐ, ůŮɘůɛɞɚɞɔɑŬ, 

ɡŭɟɞɔŮɤɚɞɔɑŬ).  

¶ ȼ ůɡɔəɏɜŰɟɤůɖ əŬɘ ŮˊŮɝŮɟɔŬůɑŬ əɚɘɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ (ɗŮɟɛɞəɟŬůɑŬ, 

ɓɟɞɢɧˊŰɤůɖ).  

¶ ȼ ůɡɚɚɞɔɐ Űɤɜ ɔŮɤŰɟɐůŮɤɜ (ŰɞˊɞɗŮůɑŬ) əŬɘ ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ ɡŭɟɞűɞɟɏŬ 

ɛŮ ɓɎůɖ Űɘɠ ɚɘɗɞɚɞɔɘəɏɠ Űɞɛɏɠ Űɤɜ ɔŮɤŰɟɐůŮɤɜ. 

¶ ȼ ůɡɚɚɞɔɐ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɖɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ (ɡŭɟŬɡɚɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ, ůŰɎɗɛŮɠ ɔŮɤŰɟɐůŮɤɜ, ˊŬɟɞɢɐ, ŬɜŰɚɐůŮɘɠ, ŰɟɞűɞŭɞůɑŬ)  ɔɘŬ 

Űɖ ɢɟɐůɖ Űɞɡɠ ůŰɞ ɚɞɔɘůɛɘəɧ əŬɘ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɛɞɜŰɏɚɞɡ. 

¶ ȹɖɛɘɞɡɟɔɑŬ ɢŬɟŰɩɜ ɛɏůɤ ɚɞɔɘůɛɘəɞɨ ArcGIS əŬɘ Google Earth. 

¶ ɇɞ ɚɞɔɘůɛɘəɧ ArcGIS, Űɞ ɞˊɞɑɞ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ shapefile 

əŬɘ Űɖɜ ŮɘůŬɔɤɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɞɡɠ ůŰɞ ɚɞɔɘůɛɘəɧ MODFLOW. 

¶ ɇɞ ɚɞɔɘůɛɘəɧ MODFLOW, ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɞɡ ɡŭɟɞűɞɟɏŬ əŬɘ ŰŬ 

ůŮɜɎɟɘŬ ɔɘŬ Űɖ ɛŮɚɚɞɜŰɘəɐ əŬŰɎůŰŬůɖ Űɖɠ ˊŮɟɘɞɢɐɠ, ɛŮ ɓɎůɖ ˊɘɗŬɜɏɠ ŬɚɚŬɔɏɠ 

ůŰɖɜ ŰɟɞűɞŭɞůɑŬ əŬɘ ɎɜŰɚɖůɖ. 
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ȾȺūȷȿȷȽɃ 2.  ũȺɁȽȾȷ ɉȷɅȷȾɇȼɅȽɆɇȽȾȷ ɇȼɆ ɄȺɅȽɃɉȼɆ 

ȺɅȺɈɁȷɆ 
  

2.1 Ūɏůɖ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ 
 

ȼ ˊŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ Űɖɠ ŭŮŭɞɛɏɜɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ˊŮɟɘɞɢɐ Űɖɠ 

Ɇɑɜŭɞɡ. ȷɜɐəŮɘ ůŰɖɜ ɄŮɟɘűŮɟŮɘŬəɐ ȺɜɧŰɖŰŬ ŪŮůůŬɚɞɜɑəɖɠ ɛŮ ɏŭɟŬ Űɖ ȹɖɛɞŰɘəɐ 

ȺɜɧŰɖŰŬ ȺɢŮŭɩɟɞɡ əŬɘ Űɞɡ ȹɐɛɞɡ ȹɏɚŰŬ. ȸɟɑůəŮŰŬɘ ůŮ ŬˊɧůŰŬůɖ 14 ɢɘɚɘɞɛɏŰɟɤɜ 

ɓɞɟŮɘɞŭɡŰɘəɎ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ, ŭɡŰɘəɎ Űɞɡ ũŬɚɚɘəɞɨ ˊɞŰŬɛɞɨ ůŰŬ 2 ɢɘɚɘɧɛŮŰɟŬ, 

Ůɜɩ ɞ ˊɚɖɗɡůɛɧɠ Űɖɠ ŬɜɏɟɢŮŰŬɘ ůŰɞɡɠ 10.000 əŬŰɞɑəɞɡɠ ˊŮɟɑˊɞɡ. ȺˊɘˊɟɞůɗɏŰɤɠ, 

ɓɧɟŮɘŬ ŬɡŰɐɠ, ɓɟɑůəŮŰŬɘ ɖ ȸɘɞɛɖɢŬɜɘəɐ ɄŮɟɘɞɢɐ ŪŮůůŬɚɞɜɑəɖɠ, ɖ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑ 

ůŰɖɜ ȺɚɚɎŭŬ Űɖ ɛŮɔŬɚɨŰŮɟɖ ɓɘɞɛɖɢŬɜɘəɐ ɕɩɜɖ, əŬɗɩɠ Ůˊɑůɖɠ ŮɜŰɞˊɑɕŮŰŬɘ əŬɘ Űɞ 

ˊŬɟɎɟŰɖɛŬ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ Űɞɡ ȹɘŮɗɜɞɨɠ ɄŬɜŮˊɘůŰɖɛɑɞɡ ȺɚɚɎŭɞɠ. 

 

ȺɘəɧɜŬ 1. ɆŰɞ əɧəəɘɜɞ ˊɚŬɑůɘɞ ŮɜŰɞˊɑɕŮŰŬɘ ɖ Ɇɑɜŭɞɠ, ˊɞɡ ŬˊɞŰŮɚŮɑ Űɖɜ ˊŮɟɘɞɢɐ Űɞɡ ŮɜŭɘŬűɏɟɞɜŰɞɠ (Google Earth). 
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ȺɘəɧɜŬ 2. Ⱦɧəəɘɜɞ ˊɚŬɑůɘɞ ɖ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ əŬɘ ɛŮ əɑŰɟɘɜɞ ɢɟɩɛŬ ɖ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ. 

(ArcGIS) 

 

2.2 ũŮɤɛɞɟűɞɚɞɔɑŬ 
 

ȼ ɛɞɟűɞɚɞɔɑŬ Űɖɠ ŮɡɟɨŰŮɟɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ, ɧˊɞɡ ŮəŰŮɑɜŮŰŬɘ ɛŮŰŬɝɨ Űɞɡ 

ɉɞɟŰɘɎŰɖ, ɄɎɘəɞɡ, ȸŮɟɛɑɞɡ əŬɘ Ʉɘɏɟɘɤɜ, űŬɑɜŮŰŬɘ ɜŬ ɏɢŮɘ Űɖ ɛɞɟűɐ ŰŮəŰɞɜɘəɐɠ 

ŰɎűɟɞɡ. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ŮɝŬɘŰɑŬɠ Űɤɜ Ŭɜɞŭɘəɩɜ əŬɘ əŬɗɞŭɘəɩɜ əɘɜɐůŮɤɜ Űɖɠ 

ɖˊŮɘɟɞɔɏɜŮůɖɠ, ŬɚɚɎ əŬɘ Űɖɠ ɏɜŰɞɜɖɠ ˊɟɞůɢɤɛŬŰɘəɐɠ ŭɟɎůɖɠ Űɤɜ ˊɞŰŬɛɩɜ ȷɝɘɞɨ əŬɘ 

ũŬɚɚɘəɞɨ ˊɞɡ ŭɘŬůɢɑůɞɡɜ Űɖɜ ˊŮŭɘɎŭŬ. 

ȼ ɛɞɟűɞɚɞɔɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ ŮɝŮŰɎůŰɖəŮ əŬɘ ŮɝɎɢɗɖəŮ ůŮ ɢɎɟŰɖ ɛɏůŬ Ŭˊɧ 

Űɞ ɚɞɔɘůɛɘəɧ ArcGIS. ȳˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ əŬɘ ůŰɞɜ Ŭəɧɚɞɡɗɞ ɢɎɟŰɖ, űŬɑɜŮŰŬɘ Űɞ 

ɡɣɧɛŮŰɟɞ ɜŬ ŬɡɝɎɜŮŰŬɘ əŬɘ ɜŬ űŰɎɜŮɘ ɛɏɢɟɘ əŬɘ ŰŬ 9 m ůŰŬ ȸȷ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ, 

ůŰŬ Ɂȷ ˊŬɟŬŰɖɟŮɑŰŬɘ ɛŮɑɤůɖ ŬɡŰɩɜ ŬɔɔɑɕɞɜŰŬɠ ŰŬ ɛɖŭɏɜ ɛɏŰɟŬ, Ůɜɩ ˊɟɞɠ ŰŬ ȹ 

ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɞɘ ŬɜɩŰŮɟŮɠ Űɘɛɏɠ Űɤɜ 4 m ˊɎɜɤ Ŭˊɧ Űɖ ɗɎɚŬůůŬ. ȳˊɤɠ 

ŬˊɞŭŮɘəɜɨŮŰŬɘ əŬɘ Ŭˊɧ Űɞɜ ɢɎɟŰɖ, ɖ ˊŮɟɘɞɢɐ ˊŬɟɞɡůɘɎɕŮɘ ɞɛŬɚɐ ɛɞɟűɞɚɞɔɑŬ ɢɤɟɑɠ 

ɛŮɔɎɚŮɠ ŭɘŬəɡɛɎɜůŮɘɠ. 
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ȺɘəɧɜŬ 3. ɀɞɟűɞɚɞɔɘəɧɠ ɢɎɟŰɖɠ ŮɡɟɨŰŮɟɖɠ ˊŮɟɘɞɢɐɠ, ɧˊɞɡ Űɞ əɧəəɘɜɞ ˊɚŬɑůɘɞ ɖ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ɛŮ Ɏɜɞŭɞɠ 

ɡɣɞɛɏŰɟɞɡ ůŰŬ ȸȷ əŬɘ ɖ ɛŮɑɤůɖ ŬɡŰɞɨ ůŰŬ əŮɜŰɟɘəɎ əŬɘ Ɂȷ. (ArcGIS) 

 

2.3      ɈŭɟɞɔɟŬűɘəɧ ŭɑəŰɡɞ  
 

Ƀ Ŭəɧɚɞɡɗɞɠ ɢɎɟŰɖɠ ŮɝɎɢɗɖəŮ Ŭˊɧ Űɞ ɚɞɔɘůɛɘəɧ ArcGIS əŬɘ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞ 

ɡŭɟɞɔɟŬűɘəɧ ŭɑəŰɡɞ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ. ɄŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɡˊɎɟɢɞɡɜ ŭɨɞ əɨɟɘŬ 

ˊɞŰɎɛɘŬ ŮəŬŰɏɟɤɗŮɜ Űɖɠ ˊŮɟɘɞɢɐɠ ŮɜŭɘŬűɏɟɞɜŰɞɠ, ŬɜŬŰɞɚɘəɎ ɞ ũŬɚɚɘəɧɠ ˊɞŰŬɛɧɠ əŬɘ 

ŭɡŰɘəɎ ɞ ȷɝɘɧɠ ˊɞŰŬɛɧɠ. ɆɖɛŬɜŰɘəɧ ŮɑɜŬɘ ɜŬ ŮˊɘůɖɛŬɜɗŮɑ, ɧŰɘ ɖ ŰɟɞűɞŭɞůɑŬ Űɤɜ 

ɡˊɧɔŮɘɤɜ ɡŭɟɞűɞɟɏɤɜ ɔɑɜŮŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɞɜ ũŬɚɚɘəɧ ˊɞŰŬɛɧ əŬɘ ŭŮɡŰŮɟŮɡɧɜŰɤɠ 

Ŭˊɧ Űɞɜ ˊɞŰŬɛɧ ȷɝɘɧ (Ⱦɞɡəɑŭɞɡ, 2005).   

 

ȺɘəɧɜŬ 4. ɆŮ əɧəəɘɜɞ ˊɚŬɑůɘɞ ŮɑɜŬɘ ɖ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ, ɛŮ əɑŰɟɘɜɞ ˊɚŬɑůɘɞ ŮɑɜŬɘ ɖ ˊŮɟɘɞɢɐ 

ɛŮɚɏŰɖɠ, ɛŮ əɧəəɘɜɖ ŰŮɗɚŬůɛɏɜɖ ɔɟŬɛɛɐ ɞ ȷɝɘɧɠ ˊɞŰŬɛɧɠ əŬɘ ɛŮ ˊɟɎůɘɜɖ ɞ ũŬɚɚɘəɧɠ ˊɞŰŬɛɧɠ. (ArcGIS) 
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2.4 ȾɚɘɛŬŰɘəɎ ůŰɞɘɢŮɑŬ  
 

2.4.1      ȸɟɞɢɧˊŰɤůɖ 
 

ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɓɟɞɢɞɛŮŰɟɘəɩɜ ůŰɞɘɢŮɑɤɜ Űɖɠ ŮɡɟɨŰŮɟɖɠ ˊŮɟɘɞɢɐɠ 

ɛŮɚɏŰɖɠ, ɚɐűɗɖəŬɜ ŭŮŭɞɛɏɜŬ ɔɘŬ ŰŬ ɡŭɟɞɔŮɤɚɞɔɘəɎ ɏŰɖ Ŭˊɧ Űɞ 2018 ɏɤɠ Űɞ 2023 Ŭˊɧ 

Űɞɜ ɛŮŰŮɤɟɞɚɞɔɘəɧ ůŰŬɗɛɧ Űɖɠ Ɇɑɜŭɞɡ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɡŭɟɞɔŮɤɚɞɔɘəɧ ɏŰɞɠ 

ɞɟɑɕŮŰŬɘ ɖ ˊŮɟɑɞŭɞɠ Ŭˊɧ Űɞɜ ɛɐɜŬ ɃəŰɩɓɟɘɞ, ɏɤɠ Űɞɜ ɛɐɜŬ ɆŮˊŰɏɛɓɟɘɞ Űɞɡ ŮˊɧɛŮɜɞɡ 

ɏŰɞɡɠ. ȼ  ůɡɚɚɞɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɔɘŬ ŰŬ ˊɟɞŬɜŬűŮɟɗɏɜŰŬ ɡŭɟɞɔŮɤɚɞɔɘəɎ ɏŰɖ, 

űŬɑɜŮŰŬɘ ůŰɞɜ Ŭəɧɚɞɡɗɞ ˊɑɜŬəŬ.  

 

ɄɑɜŬəŬɠ 1. ȴɣɖ ɓɟɞɢɧˊŰɤůɖɠ (mm) Ŭˊɧ Űɞɜ ůŰŬɗɛɧ Űɖɠ Ɇɑɜŭɞɡ ɔɘŬ ŰŬ ɡŭɟɞɔŮɤɚɞɔɘəɎ ɏŰɖ 2018-2023, ɀɃ əɎɗŮ 

ɛɐɜŬ, ɛɏɔɘůŰŮɠ əŬɘ ŮɚɎɢɘůŰŮɠ Űɘɛɏɠ ŬɡŰɩɜ. 

 
2018-

2019 

2019-

2020 

2020-

2021 

2021-

2022 

2022-

2023 
M.O Min  Max 

ɃəŰɩɓɟɘɞɠ 0,4 28,4 17,6 157,2 7,6 42,24 0,4 157,2 

Ɂɞɏɛɓɟɘɞɠ 34,6 74 6,4 58,8 57,6 46,28 6,4 74 

ȹŮəɏɛɓɟɘɞɠ 20,4 79,8 80,4 51 46,6 55,64 20,4 80,4 

ȽŬɜɞɡɎɟɘɞɠ 61,4 3,8 126,4 25,8 66 56,68 3,8 126,4 

ūŮɓɟɞɡɎɟɘɞɠ 5,2 0,6 6 57 13,8 16,52 0,6 57 

ɀɎɟŰɘɞɠ 12,6 127,4 22 53,6 45,6 52,24 12,6 127,4 

ȷˊɟɑɚɘɞɠ 47,2 107,2 51,4 41,8 79,8 65,48 41,8 107,2 

ɀɎɘɞɠ 26 22,4 8 10,4 114,4 36,24 8 114,4 

Ƚɞɨɜɘɞɠ 19,2 42 28,2 77,8 71,4 47,72 19,2 77,8 

Ƚɞɨɚɘɞɠ 30 45,2 1,4 35,8 11,2 24,72 1,4 45,2 

ȷɨɔɞɡůŰɞɠ 6 78,8 6 39,8 9,2 27,96 6 78,8 

ɆŮˊŰɏɛɓɟɘɞɠ 29,6 16 22,2 66 18,8 30,52 16 66 

Ɇɨɜɞɚɞ 292,6 625,6 376 675 542 502,24   

 

ȺɘŭɘəɧŰŮɟŬ, ˊŬɟŬŰɖɟŮɑŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɞ ɘůŰɧɔɟŬɛɛŬ ˊɞɡ ŬəɞɚɞɡɗŮɑ, ɧŰɘ Űɞ 

ɡŭɟɞɔŮɤɚɞɔɘəɧ ɏŰɞɠ 2021-2022 ɏɢŮɘ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏůɞ ɧɟɞ ɨɣɞɡɠ ɓɟɞɢɐɠ ůŰɖɜ 

ˊŮɟɘɞɢɐ, ɛŮ Űɘɛɐ 675 mm ɓɟɞɢɐɠ, Ůɜɩ Űɞ ɛɘəɟɧŰŮɟɞ ŬˊɞŭɑŭŮŰŬɘ ůŰɞ ɡŭɟɞɔŮɤɚɞɔɘəɧ 

ɏŰɞɠ 2018-2019 ɛŮ ɨɣɞɠ ɓɟɞɢɐɠ ˊɞɡ ŬɜɏɟɢŮŰŬɘ ůŰŬ 292,6 mm. 
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ȺɘəɧɜŬ 5. Ɇɨɔəɟɘůɖ Űɘɛɩɜ ɨɣɞɡɠ ɓɟɞɢɧˊŰɤůɖɠ ɔɘŬ ŰŬ ɡŭɟɞɔŮɤɚɞɔɘəɎ ɏŰɖ 2018-2023. 

ȷɜŬɚɨɞɜŰŬɠ Űɞɜ ɄɑɜŬəŬ 1, ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůŰɘɠ ŭɨɞ ŰŮɚŮɡŰŬɑŮɠ ůŰɐɚŮɠ ɞɘ ɛɘəɟɧŰŮɟŮɠ 

əŬɘ ɛŮɔŬɚɨŰŮɟŮɠ Űɘɛɏɠ ɓɟɞɢɧˊŰɤůɖɠ ɔɘŬ Űɞɜ əɎɗŮ ɛɐɜŬ əŬɘ əɎɗŮ ɏŰɞɠ ɝŮɢɤɟɘůŰɎ. 

ȺɘŭɘəɧŰŮɟŬ, ŮɜŰɞˊɑɕŮŰŬɘ Űɞ ɢŬɛɖɚɧŰŮɟɞ ɨɣɞɠ ɓɟɞɢɐɠ 0,4 mm Űɞɜ ɛɐɜŬ ɃəŰɩɓɟɘɞ Űɞɡ 

ɡŭɟɞɔŮɤɚɞɔɘəɞɨ ɏŰɞɡɠ 2018-2019 Ůɜɩ, Űɞɜ ɑŭɘɞ ɛɐɜŬ ŬɚɚɎ Űɞ ɡŭɟɞɔŮɤɚɞɔɘəɧ ɏŰɞɠ 

2021-2022 ůɖɛŮɘɩɜŮŰŬɘ ɖ ɡɣɖɚɧŰŮɟɖ Űɘɛɐ ůŰŬ 157,2 mm.  

ȳˊɤɠ ɐŰŬɜ ŬɜŬɛŮɜɧɛŮɜɞ, ɞɘ Űɘɛɏɠ ɛŮɘɩɜɞɜŰŬɘ Űɞɡɠ ŮŬɟɘɜɞɨɠ əɡɟɑɤɠ ɛɐɜŮɠ, ɀɎɘɞ, 

Ƚɞɨɜɘɞ, Ƚɞɨɚɘɞ, ȷɨɔɞɡůŰɞ əŬɘ ɆŮˊŰɏɛɓɟɘɞ, ɞɘ ɞˊɞɑŮɠ Ŭɔɔɑɕɞɡɜ Űɘɛɏɠ ɏɤɠ əŬɘ 24,72mm, 

əŬŰɎ ɛɏůɞ ɧɟɞ, Űɞɜ Ƚɞɨɚɘɞ. ɇɞɡɠ ɡˊɧɚɞɘˊɞɡɠ ɛɐɜŮɠ ŰŬ ɨɣɖ ŬɡɝɎɜɞɜŰŬɘ, ɛŮ Űɞɜ ɛɐɜŬ 

ȷˊɟɑɚɘɞ ɜŬ əŬŰŬŰɎůůŮŰŬɘ ˊɟɩŰɞɠ, ɛŮ ɛɏůɞ ɧɟɞ ɨɣɞɡɠ 65,48 mm əŬɘ Ŭəɞɚɞɡɗɞɨɜ ɞ 

ȽŬɜɞɡɎɟɘɞɠ əŬɘ ɞ ȹŮəɏɛɓɟɘɞɠ ɛŮ ɛɏůɞ ɧɟɞ 56,68 mm əŬɘ 55,64 mm, ŬɜŰɑůŰɞɘɢŬ.  

 

ȺɘəɧɜŬ 6. ɆɡɔəŮɜŰɟɤŰɘəɧ ɘůŰɧɔɟŬɛɛŬ ɨɣɞɡɠ ɓɟɞɢɧˊŰɤůɖɠ əŬɘ ɡŭɟɞɔŮɤɚɞɔɘəɩɜ ŮŰɩɜ. 
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2.4.2      ŪŮɟɛɞəɟŬůɑŬ 
 

ũɘŬ Űɖɜ ŬɜɎɚɡůɖ Űɘɠ ɗŮɟɛɞəɟŬůɑŬɠ, ŰŬ ŭŮŭɞɛɏɜŬ ŬɜŰɚɐɗɖəŬɜ Ŭˊɧ Űɞ ůŰŬɗɛɧ Űɖɠ 

Ɇɑɜŭɞɡ, ɧˊɤɠ əŬɘ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ, əŬɘ ŮɑɜŬɘ ůɡɔəŮɜŰɟɤɛɏɜŬ ůŰɞɜ Ŭəɧɚɞɡɗɞ ˊɑɜŬəŬ. 

 

ɄɑɜŬəŬɠ 2. ɆɡɔəŮɜŰɟɤŰɘəɧɠ ˊɑɜŬəŬɠ ɛɏůɤɜ ɗŮɟɛɞəɟŬůɘɩɜ (ÁC) ɔɘŬ ŰŬ ɡŭɟɞɔŮɤɚɞɔɘəɎ ɏŰɖ 2018-2023. 

 2018

-2019 

2019-

2020 

2020-

2021 

2021-

2022 

2022-

2023 
Min  Max 

ɃəŰɩɓɟɘɞɠ 17,8 18,5 18,5 14,7 17,4 14,7 18,5 

Ɂɞɏɛɓɟɘɞɠ 12,2 15,4 12 12,8 14,3 12 15,4 

ȹŮəɏɛɓɟɘɞɠ 5,9 8,9 10,6 7,2 10,4 5,9 10,6 

ȽŬɜɞɡɎɟɘɞɠ 4,1 5,9 7,6 6,2 9,3 4,1 9,3 

ūŮɓɟɞɡɎɟɘɞɠ 8,2 11,8 8,8 8,7 7,9 7,9 11,8 

ɀɎɟŰɘɞɠ 12,3 11 10 8,2 11,9 8,2 12,3 

ȷˊɟɑɚɘɞɠ 14,9 13,6 13,5 15,2 14,3 13,5 15,2 

ɀɎɘɞɠ 19,5 20,1 20,7 21,4 18,7 18,7 21,4 

Ƚɞɨɜɘɞɠ 26,2 24,6 24,8 26 24,1 24,1 26,2 

Ƚɞɨɚɘɞɠ 27,1 27,2 28,5 27,7 28,9 27,1 28,9 

ȷɨɔɞɡůŰɞɠ 27,8 26,6 28,1 27,3 27,7 26,6 28,1 

ɆŮˊŰɏɛɓɟɘɞɠ 23,4 24,3 22,2 22 23,4 22 24,3 

 

ɆŰɞɜ ɄɑɜŬəŬ 2 ŬɜŬɔɟɎűɞɜŰŬɘ ɞɘ ɛɏůŮɠ Űɘɛɏɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬŰɎ ŰŬ 

ɡŭɟɞɔŮɤɚɞɔɘəɎ ɏŰɖ 2018 ɏɤɠ 2023. ɄŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɞɘ ŮŬɟɘɜɞɑ ɛɐɜŮɠ 

əŬŰŬŰɎůůɞɜŰŬɘ ůŰɞɡɠ ɗŮɟɛɧŰŮɟɞɡɠ ɛɐɜŮɠ, ɧˊɤɠ ɎɚɚɤůŰŮ ɐŰŬɜ ŬɜŬɛŮɜɧɛŮɜɞ, əŬɘ ɞɘ 

ɢŮɘɛŮɟɘɜɞɑ ůŰɞɡɠ ɣɡɢɟɧŰŮɟɞɡɠ. ȺɘŭɘəɧŰŮɟŬ, ɞ ˊɘɞ ɗŮɟɛɧɠ ɛɐɜŬɠ ɞɟɑɕŮŰŬɘ ɞ Ƚɞɨɚɘɞɠ 

Űɞɡ ɡŭɟɞɚɞɔɘəɞɨ ɏŰɞɡɠ 2022-2023 ɛŮ ɛɏůɖ ɗŮɟɛɞəɟŬůɑŬ 28,9ÁC, Ůɜɩ ɞ ˊɘɞ ɣɡɢɟɧɠ 

ŰŬɡŰɑɕŮŰŬɘ ɛŮ Űɞɜ ȽŬɜɞɡɎɟɘɞ Űɞɡ 2018-2019 ɛŮ 4,1ÁC. 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ŰŬ ɡŭɟɞɔŮɤɚɞɔɘəɎ ɏŰɖ ŭŮɜ ɏɢɞɡɜ ŬɝɘɞůɖɛŮɑɤŰŮɠ ŭɘŬűɞɟɏɠ 

ɛŮŰŬɝɨ Űɞɡɠ. ɇɞ ɏŰɞɠ ɛŮ Űɘɠ ɛɘəɟɧŰŮɟŮɠ, əŬŰɎ ɛɏůɞ ɧɟɞ, ɗŮɟɛɞəɟŬůɑŮɠ ŮɑɜŬɘ Űɞ 2021-

2022 Ůɜɩ ɛŮ Űɘɠ ɡɣɖɚɧŰŮɟŮɠ ŮɑɜŬɘ Űɞ 2022-2023. Ƀɘ ŮŬɟɘɜɞɑ ɛɐɜŮɠ əɡɛŬɑɜɞɜŰŬɘ 

ɛŮŰŬɝɨ Űɤɜ ɗŮɟɛɞəɟŬůɘɩɜ 24,1ÁC əŬɘ 28,9ÁC əŬɘ ɞɘ ɢŮɘɛŮɟɘɜɞɑ ɛŮŰŬɝɨ Űɤɜ 4,1ÁC əŬɘ 

11,8ÁC. Ƀɘ ɗŮɟɛɞəɟŬůɑŮɠ ˊɞɡ ŮˊɘəɟŬŰɞɨɜ ŰŬ əŬɚɞəŬɑɟɘŬ ŭŮɜ ˊŬɟɞɡůɘɎɕɞɡɜ əɎˊɞɘŬ 

ɘŭɘŬɘŰŮɟɧŰɖŰŬ, əŬɗɩɠ ŭŮɜ ɗŮɤɟɞɨɜŰŬɘ ɞɨŰŮ ˊɞɚɨ ŭɟɞůŮɟɎ, ŬɚɚɎ ɞɨŰŮ əŬɘ ˊɞɚɨ ɕŮůŰɎ. 

ȷɜŰɘɗɏŰɤɠ, Űɞɡɠ ɢŮɘɛŮɟɘɜɞɨɠ ɛɐɜŮɠ ɖ Űɘɛɐ 11,8ÁC ɗŮɤɟŮɑŰŬɘ ɡɣɖɚɐ, ŮɘŭɘəɎ ɔɘŬ Űɞɜ 

ɛɐɜŬ ūŮɓɟɞɡɎɟɘɞ ɧˊɞɡ ɡˊɞɚɞɔɑůŰɖəŮ.   
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ȺɘəɧɜŬ 7. ɆɡɔəŮɜŰɟɤŰɘəɧ ɘůŰɧɔɟŬɛɛŬ ɛɏůɤɜ ɗŮɟɛɞəɟŬůɘɩɜ ɔɘŬ ŰŬ ɡŭɟɞɔŮɤɚɞɔɘəɎ ɏŰɖ 2018-2023. 
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ȾȺūȷȿȷȽɃ 3.  ũȺɋȿɃũȽȷ-ɇȺȾɇɃɁȽȾȼ  
 

3.1    ũŮɜɘəɎ 
 

ȼ ˊŮɟɘɞɢɐ Űɖɠ Ɇɑɜŭɞɡ ŬˊɞŰŮɚŮɑ Űɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ Űɖɠ ŭŮŭɞɛɏɜɖɠ 

ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ. ȷɜɐəŮɘ ůŰɘɠ ȺůɤŰŮɟɘəɏɠ ȺɚɚɖɜɑŭŮɠ ůŰɖ Ȼɩɜɖ ȷɝɘɞɨ, əŬɘ ˊɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ, ůŰɖɜ Ɉˊɞɕɩɜɖ ɄŬɘɞɜɑŬɠ.  

 

ȺɘəɧɜŬ 8. ũŮɤŰŮəŰɞɜɘəɧɠ ɢɎɟŰɖɠ Ⱥɚɚɖɜɑŭɤɜ ɕɤɜɩɜ. Au: ȺɜɧŰɖŰŬ ɄɚŬəɤŭɩɜ ȷůɓŮůŰɧɚɘɗɤɜ, Px: ɕɩɜɖ ɄŬɝɩɜ, I: 

Ƚɧɜɘɞɠ ɕɩɜɖ, G: ɕɩɜɖ ũŬɓɟɧɓɞɡ ï ɇɟɑˊɞɚɖɠ, P: ɕɩɜɖ Ʉɑɜŭɞɡ, Pk: ɕɩɜɖ ɄŬɟɜŬůůɞɨ ï ũəɘɩɜŬɠ, Sp: 

ɈˊɞˊŮɚŬɔɞɜɘəɐ ɕɩɜɖ, Ac: ȷŰŰɘəɧ-ȾɡəɚŬŭɘəɐ ɕɩɜɖ,  Pl: ɄŮɚŬɔɞɜɘəɐ ɕɩɜɖ, Ȼɩɜɖ ȷɝɘɞɨ: (Pe: Ɉˊɞɕɩɜɖ ɄŬɘɞɜɑŬɠ, 

Pa: Ɉˊɞɕɩɜɖ ɄɎɘəɞɡ Al: Ɉˊɞɕɩɜɖ ȷɚɛɤˊɑŬɠ), CR: ɄŮɟɘɟɞŭɞˊɘəɐ ɕɩɜɖ, Rh: ɀɎɕŬ Ʌɞŭɧˊɖɠ, Sm: 

ɆŮɟɓɞɛŬəŮŭɞɜɘəɐ ɛɎɕŬ. (ɀɞɡɜŰɟɎəɖɠ, 2020) 
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3.2    ũŮɤɚɞɔɑŬ  

3.2.1      Ȼɩɜɖ ȷɝɘɞɨ 
 

ȼ ɕɩɜɖ ȷɝɘɞɨ, ɐ Ŭɚɚɘɩɠ çȻɩɜɖ Vardarè, ˊŮɟɘəɚŮɑŮŰŬɘ Ŭˊɧ Űɖɜ ɄŮɚŬɔɞɜɘəɐ ɕɩɜɖ 

ůŰŬ ȹɡŰɘəɎ əŬɘ Ŭˊɧ Űɖ ɛɎɕŬ Űɖɠ Ʌɞŭɧˊɖɠ ůŰŬ ȷɜŬŰɞɚɘəɎ. ȼ ŭɘŮɨɗɡɜůɐ Űɖɠ ɗŮɤɟŮɑŰŬɘ 

ɧŰɘ ŮɑɜŬɘ ȸȸȹ ï ɁɁȷ Ůɜɩ Űɞ ˊɚɎŰɞɠ Űɖɠ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ 30 km ɏɤɠ ŰŬ 70 km. ȼ 

ɏəŰŬůɖ Űɖɠ ŮɑɜŬɘ ɛŮɔɎɚɖ, əŬɗɩɠ ɔɑɜŮŰŬɘ ɞɟŬŰɐ Ŭˊɧ ŰŬ ɆəɧˊɘŬ Űɖɠ  ũɘɞɡɔəɞůɚŬɓɑŬɠ, 

ŭɘɏɟɢŮŰŬɘ  Ŭˊɧ Űɞɜ ŪŮɟɛŬɥəɧ əɧɚˊɞ əŬɘ ˊŮɟɜɎŮɘ ůŰŬ ɜɖůɘɎ Űɞɡ ȷɘɔŬɑɞɡ əŬɘ Űɤɜ 

ȸɧɟŮɘɤɜ ɆˊɞɟɎŭɤɜ, Ůɜɩ ɛŮ ɛɘŬ əɎɛɣɖ əŬŰŬɚɐɔŮɘ ˊɟɞɠ Űɖ ɀɘəɟɎ ȷůɑŬ ɛŮ ˊɘɗŬɜɐ 

ŭɘŮɨɗɡɜůɖ  

Ɂȹ ï ȸȷ. ȼ ŭŮŭɞɛɏɜɖ ɕɩɜɖ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰɟŮɘɠ ɡˊɞɕɩɜŮɠ əŬɘ ŮɑɜŬɘ ɞɘ ŬəɧɚɞɡɗŮɠ: 

Ŭ) ȷɨɚŬəŬ ɄŬɘɞɜɑŬɠ, ɓ) ȴɓɤɛŬ ɄɎɘəɞɡ əŬɘ ɔ) ȷɨɚŬəŬ ȷɚɛɤˊɑŬɠ, ɧˊɞɡ ɔɘŬ Űɖɜ 

ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŮɝŮŰɎɕŮŰŬɘ ɖ ɡˊɞɕɩɜɖ ɄŬɘɞɜɑŬɠ. 

  

ȺɘəɧɜŬ 9. Ȼɩɜɖ ȷɝɘɞɨ ɛŮ Űɘɠ ŰɟŮɘɠ ɈˊɞɕɩɜŮɠ ȷɚɛɤˊɑŬɠ, ɄɎɘəɞɡ əŬɘ ɄŬɘɞɜɑŬɠ. (ArcGIS) 

 

3.2.2      Ɉˊɞɕɩɜɖ ɄŬɘɞɜɑŬɠ 
 

ɆŮ ˊɟɩŰɞ ůŰɎŭɘɞ, ɖ ɡˊɞɕɩɜɖ Űɖɠ ɄŬɘɞɜɑŬɠ, ŮɑɢŮ ɢŬɟŬəŰɖɟɘůŰŮɑ ɤɠ ɀŮůɞɕɤɥəɐ 

ŬɨɚŬəŬ ɛŮŰŬɝɨ Űɞɡ ɡɓɩɛŬŰɞɠ Űɞɡ ɄɎɘəɞɡ əŬɘ Űɖɠ ɆŮɟɓɞɛŬəŮŭɞɜɘəɐɠ ɕɩɜɖɠ, Ůɜɩ ůŮ 

ŭŮɨŰŮɟɞ ůŰɎŭɘɞ ɗŮɤɟɐɗɖəŮ ɧŰɘ ɔŮɤŰŮəŰɞɜɘəɎ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ŰɛɐɛŬ Űɖɠ ˊŬɚɘɎɠ 

ɤəŮɎɜɘŬɠ ˊŮɟɘɞɢɐɠ Űɖɠ ɇɖɗɨɞɠ. ɋůŰɧůɞ, ɡˊɐɟɢŮ ˊɟɧɓɚɖɛŬ ŮɎɜ ŮɜŰɞˊɑɕŮŰŬɘ ŭɘŬűɞɟɎ 

Űɧůɞ ˊŬɚŬɘɞɔɟŬűɘəɎ ɧůɞ əŬɘ ɔŮɤŰŮəŰɞɜɘəɎ ɛŮ Űɖɜ ɄŮɟɘɟɞŭɞˊɘəɐ ɕɩɜɖ, Űɞ ɞˊɞɑɞ 

ɧɛɤɠ ɚɨɗɖəŮ əŬɗɩɠ ŮˊɘůɖɛɎɜɗɖəŮ ɧŰɘ ɖ ɡˊɞɕɩɜɖ Űɖɠ ɄŬɘɞɜɑŬɠ ˊŮɟɘɚŬɛɓɎɜŮɘ ŰŬ 
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ɘɕɐɛŬŰŬ ˊɞɡ ŮɑɢŬɜ ŬˊɞŰŮɗŮɑ ůŰɖɜ ŬɜɞɘɢŰɐ ɓŬɗɘɎ ɗɎɚŬůůŬ Ůɜɩ ɖ ŭŮɨŰŮɟɖ, ɧŰɘ 

ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ŰŬ ɘɕɐɛŬŰŬ ˊɞɡ ŮɑɢŬɜ ŬˊɞŰŮɗŮɑ ůŰɖɜ ˊŬɚɘɎ ˊŮɟɘűŮɟŮɘŬəɐ ŰɎűɟɞ ï 

ŬɨɚŬəŬ əŬɘ ůŰɖɜ ɖˊŮɘɟɤŰɘəɐ əŬŰɤűɏɟŮɘŬ Űɖɠ ȺɜŭɞɢɩɟŬɠ.  

 

3.2.3      ũŮɤɚɞɔɑŬ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ   
 

ȼ ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ ŮəŰŮɑɜŮŰŬɘ ɛŮŰŬɝɨ Űɤɜ ˊɞŰŬɛɩɜ ȷɝɘɞɨ əŬɘ ũŬɚɚɘəɞɨ. Ⱥˊɞɛɏɜɤɠ, 

ˊɟɞəɨˊŰŮɘ ɧŰɘ ůŰɖɜ ˊŮɟɘɞɢɐ ŮɜŰɞˊɑɕɞɜŰŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ɘɕɐɛŬŰŬ Űɞɡ 

ɇŮŰŬɟŰɞɔŮɜɞɨɠ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ŮɑɜŬɘ ɢŮɟůŬɑŬ, ɚɘɛɜŬɑŬ, ˊɞŰŬɛɞɢŮɘɛɎɟɟɘŬ əŬɘ 

ˊɞŰɎɛɘŬ ɘɕɐɛŬŰŬ ɧˊɞɡ, Ŭˊɧ ŰŬ ˊŬɚŬɘɧŰŮɟŬ ˊɟɞɠ ŰŬ ɜŮɧŰŮɟŬ, ŮɑɜŬɘ ŰŬ ŬəɧɚɞɡɗŬ: 

- ɄɚŮɘůŰɞəŬɘɜɘəɏɠ ŬˊɞɗɏůŮɘɠ 

- ȷɟɔɘɚɩŭŮɘɠ Ɏɛɛɞɘ əŮɟŬɛɧɢɟɤɛɞɡ ɢɟɩɛŬŰɞɠ, ɢŬɚŬɟɞɑ ɣŬɛɛɑŰŮɠ ɧˊɞɡ əŬɚɨˊŰɞɜŰŬɘ 

əŬŰɎ ɗɏůŮɘɠ Ŭˊɧ ŮɚɚɞɡɓɘŬəɏɠ ŬˊɞɗɏůŮɘɠ əŬɘ ɢŬɚŬɟɎ əɟɞəŬɚɞˊŬɔɐ  

- ɃɚɞəŬɘɜɘəɏɠ ŬˊɞɗɏůŮɘɠ  

- ȺɜůŰɟɩůŮɘɠ Ɏɛɛɤɜ, əɟɞəɎɚɤɜ, ɢŬɚɘəɘɩɜ, Ŭɟɔɑɚɤɜ əŬɘ ɘɚɨɤɜ ɧˊɞɡ ŮɛˊŮɟɘɏɢɞɜŰŬɘ 

ůŰɘɠ ˊɟɞůɢɩůŮɘɠ Űɤɜ əɞɘɚɎŭɤɜ 

- ɉɎɚɘəŮɠ, əɟɞəɎɚŮɠ əŬɘ Ŭɛɛɞɨɢɞɘ Ɏɟɔɘɚɞɘ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɘɠ ůɨɔɢɟɞɜŮɠ 

ŬˊɞɗɏůŮɘɠ Űɤɜ ˊɞŰŬɛɩɜ 

- ȺɚɚɞɡɓɘŬəɏɠ ŬˊɞɗɏůŮɘɠ ˊɞɡ əŬɚɨˊŰɞɡɜ Űɘɠ ɄɚŮɘůŰɞəŬɘɜɘəɏɠ ŬˊɞɗɏůŮɘɠ əŬɘ Űɞ 

ɔŮɤɚɞɔɘəɧ ɡˊɧɓŬɗɟɞ, ŬˊɞŰŮɚɩɜŰŬɠ ɏɜŬɜ ɛŬɜŭɨŬ ɛŮ ŬˊɞůŬɗɟɤɛɏɜŮɠ ɚŬŰɨˊŮɠ əŬɘ 

ůɢɘůŰɧɚɘɗɞɡɠ 

- ȷɚɚɞɡɓɘŬəɎ ɟɘˊɑŭɘŬ ˊɞɡ ůɡɜɘůŰɩɜŰŬɘ Ŭˊɧ ɚŮˊŰɧəɞəəŬ əŬɘ ɢɞɜŭɟɧəɞəəŬ ɡɚɘəɎ  

 

3.3     ɇŮəŰɞɜɘəɐ 
 

ɇɞ ɓŬůɘəɧ ŰŮəŰɞɜɘəɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɖɠ ɡˊɞɕɩɜɖɠ Űɖɠ ɄŬɘɞɜɑŬɠ, ŮɑɜŬɘ ɖ ɚŮˊɘɞŮɘŭɐɠ 

ŰŮəŰɞɜɘəɐ Űɖɠ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰŮəŰɞɜɘəɎ ɚɏˊɘŬ ŰŬ ɞˊɞɑŬ 

ŭɖɛɘɞɡɟɔɐɗɖəŬɜ Ŭˊɧ Űɖ ůɡɛˊɘŮůŰɘəɐ ŰŮəŰɞɜɘəɐ əŬŰɎ Űɖɜ ˊŮɟɑɞŭɞ Űɞɡ ɇɟɘŰɞɔŮɜɞɨɠ, 

əŬɘ ɏɢɞɡɜ Űɧůɞ ɛɘəɟɏɠ ɧůɞ əŬɘ ɛŮɔɎɚŮɠ ŭɘŬůŰɎůŮɘɠ. ȷɡŰɎ ŰŬ ɛŮɔŬɚɏˊɘŬ ˊɞɡ Űɞ əŬɗɏɜŬ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ůɡɔəŮəɟɘɛɏɜɞɡɠ ůɢɖɛŬŰɘůɛɞɨɠ, ŬˊɞŰŮɚɞɨɜ Űɘɠ ɡˊɞŮɜɧŰɖŰŮɠ Űɖɠ 

ɕɩɜɖɠ, ŮɑɜŬɘ ŬˊɞəɞɛɛɏɜŬ ɛŮŰŬɝɨ Űɞɡɠ ɛŮ əɚɑůɖ ˊɟɞɠ ŰŬ ȸȷ əŬɘ ˊŬɟɞɡůɘɎɕɞɡɜ 

ůɡɜŮɢŮɑɠ ŮűɘˊˊŮɨůŮɘɠ ˊɟɞɠ ŰŬ ȹ əŬɘ Ɂȹ, Ůɜɩ Űɏɚɞɠ, ɓɟɑůəɞɜŰŬɘ ŰɞˊɞɗŮŰɖɛɏɜŬ Űɞ ɏɜŬ 

ˊɎɜɤ ůŰɞ Ɏɚɚɞ. 

Ƀɘ ŮɜɧŰɖŰŮɠ ï ɛŮɔŬɚɏˊɘŬ ˊɞɡ ŭɘŬəɟɑɜɞɜŰŬɘ ůŰɖɜ ɡˊɞɕɩɜɖ Űɖɠ ɄŬɘɞɜɑŬɠ ŮɑɜŬɘ ɞɘ 

ŬəɧɚɞɡɗŮɠ: Ŭ) ȺɜɧŰɖŰŬ ȿŮɓŮɜŰɞɢɤɟɑɞɡ, ɓ) ȺɜɧŰɖŰŬ ɀŮŰŬɚɚɘəɞɨ, ɔ) ȺɜɧŰɖŰŬ ȯůˊɟɖɠ 

ȸɟɨůɖɠ, ŭ) ȺɜɧŰɖŰŬ ȷɟŰɕɎɜ, Ů) ȺɜɧŰɖŰŬ ȸŬűŮɘɞɢɤɟɑɞɡ, ůŰ) ȺɜɧŰɖŰŬ ɋɟŬɘɞəɎůŰɟɞɡ 

əŬɘ ɖ) ȺɜɧŰɖŰŬ ũŮɡɔŮɚɐɠ.   

ȰŰůɘ, ŰŮəŰɞɜɘəɎ ɓɡɗɑůɛŬŰŬ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ɖˊŮɘɟɞɔŮɜŮŰɘəɏɠ əŬɘ 

ɞɟɞɔŮɜŮŰɘəɏɠ əɘɜɐůŮɘɠ ŬˊɞŰŮɚɞɨɜ ɞɘ ɚŮəɎɜŮɠ Ŭˊɞɟɟɞɐɠ Űɤɜ ŭɨɞ ˊɞŰŬɛɩɜ ˊɞɡ 

ˊŮɟɘɓɎɚɚɞɡɜ Űɖɜ ˊŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ, Űɞɡ ȷɝɘɞɨ əŬɘ Űɞɡ ũŬɚɚɘəɞɨ.   
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ȺɘəɧɜŬ 10. ɆɢɖɛŬŰɘəɧɠ ɢɎɟŰɖɠ ɛŮ Űɘɠ ŮɜɧŰɖŰŮɠ Űɖɠ ɡˊɞɕɩɜɖɠ ɄŬɘɞɜɑŬɠ. 1. ũɘɞɡɔəɞůɚŬɓɑŬ, 2. ɆɢɖɛŬŰɘůɛɞɑ 

ɛŮŰŬɚˊɘəɞɑ ɁŮɞɔŮɜɞɨɠ əŬɘ ɇŮŰŬɟŰɞɔŮɜɞɨɠ, 3.ůɢɖɛŬŰɘůɛɞɑ Ŭɚˊɘəɞɑ, 4. ȾɟɡůŰŬɚɚɞůɢɘůŰɩŭŮɠ ɡˊɧɓŬɗɟɞ Űɖɠ ɕɩɜɖɠ, 

5. ūɚɨůɢɖɠ, 6. ȾɟɡůŰŬɚɚɞůɢɘůŰɩŭŮɠ Űɖɠ ɆŮɟɓɞɛŬəŮŭɞɜɘəɐɠ, f. ɅɐɔɛŬŰŬ, ű əŬɘ ū. ŬɜɩɛŬɚŮɠ ŮˊŬűɏɠ (ȾŬŰɎ 

Mercier 1966). F. ˊɘɗŬɜɧ ɧɟɘɞ ɄŬɘɞɜɑŬɠ ï ɄŮɟɘɟɞŭɞˊɘəɐɠ ůɨɛűɤɜŬ ɛŮ Űɘɠ ɜŮɧŰŮɟŮɠ ŬˊɧɣŮɘɠ. (ɀɞɡɜŰɟɎəɖɠ, 2020) 

 

 

3.4     ɆŮɘůɛɘəɧŰɖŰŬ 
 

ȳůɞɜ ŬűɞɟɎ Űɖ ůŮɘůɛɘəɧŰɖŰŬ Űɖɠ ˊŮɟɘɞɢɐɠ, ůɨɛűɤɜŬ ɛŮ Űɖɜ ŰŮɚŮɡŰŬɑŬ ŬɜŬɗŮɩɟɖůɖ 

Űɞ 2003 Űɞɡ ɢɎɟŰɖ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ ɔɘŬ Űɖɜ ȺɚɚɎŭŬ, ɛŮ Űɖɜ Űɟɞˊɞˊɞɑɖůɖ 

Űɤɜ ŬɜɎɚɞɔɤɜ ŭɘŬŰɎɝŮɤɜ Űɞɡ Ⱥɚɚɖɜɘəɞɨ ȷɜŰɘůŮɘůɛɘəɞɨ ȾŬɜɞɜɘůɛɞɨ ȺȷȾ 2000, ɖ 

ˊŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ ŬɜɐəŮɘ ůŰɖ ɛˊɚŮ ɕɩɜɖ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ŬɡŰɐ ŮɑɜŬɘ ɖ Ȼɩɜɖ 

Ƚ ɖ ɞˊɞɑŬ űŰɎɜŮɘ ɛɏɔɘůŰɖ ŮŭŬűɘəɐ ŮˊɘŰɎɢɡɜůɖ PGA 0,16g.  
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ȺɘəɧɜŬ 11. Ɂɏɞɠ Ůɚɚɖɜɘəɧɠ ɢɎɟŰɖɠ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ (ȺȷȾ 2000).
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ȾȺūȷȿȷȽɃ 4. ɈȹɅɃũȺɋȿɃũȽȷ-ɈȹɅɃūɃɅȷ ɆɈɆɇȼɀȷɇȷ  
 

4.1     ũŮɜɘəɎ 
  

ɇɞ ɜŮɟɧ əŬŰŬŰɎůůŮŰŬɘ ůŮ ɏɜŬɜ Ŭˊɧ Űɞɡɠ ůɖɛŬɜŰɘəɧŰŮɟɞɡɠ űɡůɘəɞɨɠ ˊɧɟɞɡɠ, əŬɗɩɠ 

ɏɢŮɘ Űɞɜ əɡɟɑŬɟɢɞ ɟɧɚɞ ůŰɖ ɕɤɐ əŬɘ Űɖɜ ŬɜɎˊŰɡɝɖ ɧɚɤɜ Űɤɜ ɞɟɔŬɜɘůɛɩɜ. ɆŰɞɜ 

ˊɚŬɜɐŰɖ ɛŬɠ ŮɜŰɞˊɑɕŮŰŬɘ ůŮ ˊɞɘəɑɚŮɠ ɛɞɟűɏɠ ˊɢ. ɡɔɟɐ, ůŰŮɟŮɐ, ŬɏɟɘŬ, ŬəɞɚɞɡɗɩɜŰŬɠ 

ɛɘŬ əɡəɚɘəɐ ŰɟɞɢɘɎ, Űɞɜ ŮˊɞɜɞɛŬɕɧɛŮɜɞ çɡŭɟɞɚɞɔɘəɧ əɨəɚɞè. ȺɘŭɘəɧŰŮɟŬ, Űɞ ɜŮɟɧ 

Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ůɡɔəŮɜŰɟɩůŮɤɜ ɜŮɟɞɨ ŮɝŬŰɛɑɕŮŰŬɘ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ, ɔɑɜŮŰŬɘ ɖ 

ůɡɛˊɨəɜɤůɐ Űɞɡ ůŰŬ ůɨɜɜŮűŬ əŬɘ əŬŰŬəɟɖɛɜɑɕŮŰŬɘ ɝŬɜɎ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɔɖɠ əŬɘ 

ůŰɖ ɗɎɚŬůůŬ. ȰɜŬ ɛɏɟɞɠ Űɖɠ ˊɞůɧŰɖŰŬɠ ˊɞɡ űŰɎɜŮɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ, 

ŬˊɞɗɖəŮɨŮŰŬɘ əɎŰɤ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘɎ Űɖɠ əŬɘ ŬɡŰɧ ŮɑɜŬɘ Űɞ ɚŮɔɧɛŮɜɞ ɡˊɧɔŮɘɞ ɜŮɟɧ.  

 

4.2     ɈˊɧɔŮɘɞɘ ɡŭɟɞűɞɟŮɑɠ 
 

Ƀɘ ɔŮɤɚɞɔɘəɞɑ ůɢɖɛŬŰɘůɛɞɑ əɎŰɤ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ ˊɞɡ ŮɑɜŬɘ 

əɞɟŮůɛɏɜɞɘ ɛŮ Űɞ ɜŮɟɧ ˊɞɡ ŬˊɞɗɖəŮɨŰɖəŮ, ɞɜɞɛɎɕɞɜŰŬɘ ɡŭɟɞűɞɟŮɑɠ, əŬɘ ŮɑɜŬɘ ɘəŬɜɞɑ 

ɜŬ ŰɟɞűɞŭɞŰɐůɞɡɜ ˊɖɔɏɠ əŬɘ ɔŮɤŰɟɐůŮɘɠ ɛŮ ɔŮɜɜŬɘɧŭɤɟŮɠ ˊɞůɧŰɖŰŮɠ ɨŭŬŰɞɠ.  

Ƀɘ ɡˊɧɔŮɘɞɘ ɡŭɟɞűɞɟŮɑɠ ɢɤɟɑɕɞɜŰŬɘ ůŮ ŰɏůůŮɟɘɠ (4) ɓŬůɘəɞɨɠ Űɨˊɞɡɠ əŬɘ ŮɑɜŬɘ ɞɘ 

Ŭəɧɚɞɡɗɞɘ: 

i. ȺɚŮɨɗŮɟɞɘ ɡŭɟɞűɞɟŮɑɠ (unconfined aquifers). Ƀɘ ŭŮŭɞɛɏɜɞɘ ɡŭɟɞűɞɟŮɑɠ 

ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ Űɞ ůŰŮɔŬɜɧ Űɞɡɠ ŭɎˊŮŭɞ Ůɜɩ ůŰɖɜ ɞɟɞűɐ Űɞɡɠ ŭŮɜ 

ŮɜŰɞˊɑɕŮŰŬɘ ŬŭɘŬˊɏɟŬŰɞ ɔŮɤɚɞɔɘəɧ ůŰɟɩɛŬ. ȰŰůɘ, ɖ ɡŭɟɞůŰŬŰɘəɐ ˊɑŮůɖ ŮɑɜŬɘ 

ɑůɖ ɛŮ Űɖɜ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ ůŰɖɜ ŮɚŮɨɗŮɟɖ ŮˊɘűɎɜŮɘŬ Űɞɡ ɡˊɧɔŮɘɞɡ 

ɜŮɟɞɨ. Ƀ ɧɔəɞɠ əŬɘ Űɞ ˊɎɢɞɠ Űɞɡ ɜŮɟɞɨ ŬɡŰɞɨ, ŮɑɜŬɘ ɛŮŰŬɓŬɚɚɧɛŮɜŬ 

ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɎɜŰɚɖůɖ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɘɠ ɔŮɤŰɟɐůŮɘɠ əŬɘ ŰŬ 

ˊɖɔɎŭɘŬ.  

ii.  Ɉˊɧ ˊɑŮůɖ ɡŭɟɞűɞɟŮɑɠ (confined aquifers). ɇɞ ɜŮɟɧ ůŮ ŬɡŰɞɨɠ Űɞɡɠ 

ɡŭɟɞűɞɟŮɑɠ ŮɑɜŬɘ ůɡɔəɟŬŰɖɛɏɜɞ ɛɏůŬ ůŮ ŬŭɘŬˊɏɟŬŰɖ ɞɟɞűɐ əŬɘ ŭɎˊŮŭɞ. ȼ 

ˊɑŮůɖ Űɞɡ ɜŮɟɞɨ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɖɜ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ Ůɜɩ ɖ 

ɡŭɟɞˊŮɟŬŰɧŰɖŰŬ (k) ůŮ ŬɡŰɧ Űɞ ůŰɟɩɛŬ ŮɑɜŬɘ ɛɖ ɛŮŰɟɐůɘɛɖ, ŭɖɚŬŭɐ kå0. 

ȰŰůɘ, ɖ ˊɘŮɕɞɛŮŰɟɘəɐ ŮˊɘűɎɜŮɘŬ ŰŬɡŰɑɕŮŰŬɘ ɛŮ Űɖɜ ɡŭɟɞůŰŬŰɘəɐ ŮˊɘűɎɜŮɘŬ  

Űɞɡ ɡŭɟɞűɞɟɏŬ əŬɘ ɓɟɑůəŮŰŬɘ ůŮ ɛŮɔŬɚɨŰŮɟɞ ɡɣɧɛŮŰɟɞ Ŭˊɧ Űɖɜ ŬŭɘŬˊɏɟŬŰɖ 

ɞɟɞűɐ. 
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iii.  ȼɛɘŮɔəɚɤɓɘůɛɏɜɞɘ ɡŭɟɞűɞɟŮɑɠ (semi-confined aquifers). Ƀɘ ɡŭɟɞűɞɟŮɑɠ ŬɡŰɞɑ, 

ŮɑɜŬɘ ˊŬɟŬˊɚɐůɘɞɘ ɛŮ Űɞɡɠ ɡˊɧ ˊɑŮůɖ, ɛŮ Űɖɜ Ůɘŭɞˊɞɘɧ ŭɘŬűɞɟɎ ɧŰɘ Űɞ 

ůŰɟɩɛŬ Űɖɠ ɞɟɞűɐɠ ŮɑɜŬɘ ɖɛɘˊŮɟŬŰɧ. ɀˊɞɟŮɑ ɜŬ ůɡɜŬɜŰɖɗɞɨɜ əŬɘ ɤɠ ɖɛɘ-

ŬɟŰŮůɘŬɜɞɑ  ɡŭɟɞűɞɟŮɑɠ (leaky aquifers). 

iv. ȼɛɘŮɚŮɨɗŮɟɞɘ ɡŭɟɞűɞɟŮɑɠ (semi-unconfined aquifers). Ƀɘ ŭŮŭɞɛɏɜɞɘ 

ɡŭɟɞűɞɟŮɑɠ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ Űɖ ɛŮɔɎɚɖ Űɞɡɠ ɡŭɟɞˊŮɟŬŰɧŰɖŰŬ ůŰɞ 

ůŰɟɩɛŬ ˊɞɡ ɡˊɏɟəŮɘŰŬɘ, ɖ ɞˊɞɑŬ ɧɛɤɠ ŭŮɜ ɝŮˊŮɟɜɎ ŬɡŰɐ Űɞɡ ɡŭɟɞűɞɟɏŬ. 

 

 

ȺɘəɧɜŬ 12. ȸŬůɘəɧŰŮɟŬ Ůɑŭɖ Űɤɜ ɡŭɟɞűɞɟɏɤɜ (ȸɞɡŭɞɨɟɖɠ, 2013) 

 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ, ɞ 

ɡŭɟɞűɞɟɏŬɠ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɏɜŬɜ ůɡɜŭɡŬůɛɧ ŮɚŮɨɗŮɟɞɡ əŬɘ ɡˊɧ ˊɑŮůɖ 

ɡŭɟɞűɞɟɏŬɠ (unconfined/confined aquifer) əŬɗɩɠ ŰŬ ŬɜɩŰŮɟŬ ůŰɟɩɛŬŰŬ ŮɑɜŬɘ əɡɟɑɤɠ 

Ɏɛɛɞɠ, Ɏɟɔɘɚɞɠ, ɘɚɨɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ ŮɜŭŮɘəŰɘəɐ Űɞɛɐ Ŭˊɧ Űɖ 

ɔŮɩŰɟɖůɖ Ɇ06Ɂ.  
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ȺɘəɧɜŬ 13. ȿɘɗɞɚɞɔɘəɐ Űɞɛɐ ɔŮɩŰɟɖůɖɠ Ɇ06Ɂ, ůŰɖɜ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ. 
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4.3     ɈŭɟŬɡɚɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ      
   

4.3.1      ɈŭɟŬɡɚɘəɧ űɞɟŰɑɞ (h) 
 

ɇɞ ɡŭɟŬɡɚɘəɧ űɞɟŰɑɞ (hydraulic head) ŮɑɜŬɘ ɖ ŬɘŰɑŬ ˊɞɡ Űɞ ɡˊɧɔŮɘɞ ɜŮɟɧ əɘɜŮɑŰŬɘ, 

ŭɖɚŬŭɐ əɘɜŮɑŰŬɘ ɛŮ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ ůɡɜɞɚɘəɐɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ űɏɟŮɘ əŬɘ ɖ ɞˊɞɑŬ 

ɘůɞɨŰŬɘ, ŬɜɎ ɛɞɜɎŭŬ ɧɔəɞɡ, ɛŮ Űɞ ɎɗɟɞɘůɛŬ Űɖɠ ŭɡɜŬɛɘəɐɠ, ɡŭɟɞůŰŬŰɘəɐɠ əŬɘ 

əɘɜɖŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ. ȼ ůɢɏůɖ ˊɞɡ ˊɟɞůŭɘɞɟɑɕŮɘ Űɞɜ ŭŮŭɞɛɏɜɞ ˊŬɟɎɔɞɜŰŬ ŮɑɜŬɘ ɖ 

Ŭəɧɚɞɡɗɖ: 

 

Ⱥɝɑůɤůɖ 1. Ⱥɝɑůɤůɖ ɡŭɟŬɡɚɘəɞɨ űɞɟŰɑɞɡ. 

ɧˊɞɡ: 

z = ɖ ŬˊɧůŰŬůɖ Ŭˊɧ Űɞ ŮˊɑˊŮŭɞ ŬɜŬűɞɟɎɠ 

P = ɖ ɡŭɟɞůŰŬŰɘəɐ ˊɑŮůɖ 

ɔ = Űɞ Ůɘŭɘəɧ ɓɎɟɞɠ Űɞɡ ɜŮɟɞɨ 

hp = Űɞ ɨɣɞɠ Űɞɡ ɜŮɟɞɨ ˊɎɜɤ Ŭˊɧ ɛɘŬ ŮˊɘűɎɜŮɘŬ 

 

 

ȺɘəɧɜŬ 14. ɈŭɟŬɡɚɘəɧ űɞɟŰɑɞ (h), űɞɟŰɑɞ ˊɑŮůɖɠ (hp), űɞɟŰɑɞ ɨɣɞɡɠ (z) (ȸɞɡŭɞɨɟɖɠ, 2021). 

 

ɆŰɞɡɠ ŮɚŮɨɗŮɟɞɡɠ ɡŭɟɞűɞɟŮɑɠ Űɞ ɡŭɟŬɡɚɘəɧ űɞɟŰɑɞ ɘůɞɨŰŬɘ ɛŮ Űɞ ŬˊɧɚɡŰɞ 

ɡɣɧɛŮŰɟɞ Űɞɡ ɜŮɟɞɨ ɛɏůŬ ůŮ ɛɘŬ ɔŮɩŰɟɖůɖ, Ůɜɩ ůŰɞɡɠ ɡˊɧ ˊɑŮůɖ ɡŭɟɞűɞɟŮɑɠ ɘůɞɨŰŬɘ 

ɛŮ Űɞ ŬˊɧɚɡŰɞ ɡɣɧɛŮŰɟɞ Űɞɡ ɜŮɟɞɨ, Ŭɜ ɞ ůɤɚɐɜŬɠ Űɖɠ ɔŮɩŰɟɖůɖɠ ŮˊŮəŰŮɘɜɧŰŬɜ ˊɎɜɤ 

Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ.  
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4.3.2      ɄŮɟŬŰɧŰɖŰŬ - ɈŭɟɞˊŮɟŬŰɧŰɖŰŬ (k) 
 

ȼ ́ŮɟŬŰɧŰɖŰŬ (intrinsic permeability) ŮɝŬɟŰɎŰŬɘ ɛɧɜɞ Ŭˊɧ Űɞ ůɢɐɛŬ, Űɞ ɛɏɔŮɗɞɠ əŬɘ 

Űɖ ŭɘɎŰŬɝɖ Űɤɜ əɧəəɤɜ Űɞɡ ˊɞɟɩŭɞɡɠ ɛɏůɞɡ əŬɘ ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰɖ Űɞɡ ɟŮɡůŰɞɨ. 

ɀŮɔŬɚɨŰŮɟɖ ˊŮɟŬŰɧŰɖŰŬ ŮɛűŬɜɑɕɞɡɜ ŰŬ ɢŬɚŬɟɎ ɡɚɘəɎ ůŮ ůɢɏůɖ ɛŮ ŰŬ ůɡɜŮəŰɘəɎ əŬɘ 

ɏɢŮɘ Űɘɠ ŭɘŬůŰɎůŮɘɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ (L2). 

ȼ ɡŭɟɞˊŮɟŬŰɧŰɖŰŬ (hydraulic conductivity) ɐ ɡŭɟŬɡɚɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ (k) ŮɝŬɟŰɎŰŬɘ 

Ŭˊɧ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ɛɏůɞɡ əŬɘ ŬɡŰɏɠ Űɞɡ ɜŮɟɞɨ. ɀŮ ɎɚɚŬ ɚɧɔɘŬ, ɛŮ Űɖɜ ɡŭɟŬɡɚɘəɐ 

ŬɔɤɔɘɛɧŰɖŰŬ ŮəűɟɎɕɞɡɛŮ Űɖ ŭɡůəɞɚɑŬ ɐ ŮɡəɞɚɑŬ Űɞɡ ɜŮɟɞɨ ɜŬ əɘɜɖɗŮɑ ůŰɞ ŮəɎůŰɞŰŮ 

ɛɏůɞ əŬɘ ůɡɛɛŮŰɏɢŮɘ ɤɠ ˊŬɟɎɛŮŰɟɞɠ əŬɘ ůŰɞ ɜɧɛɞ Űɞɡ Darcy (ɜɧɛɞɠ əɑɜɖůɖɠ Űɞɡ 

ɡˊɧɔŮɘɞɡ ɜŮɟɞɨ). ȰɢŮɘ ŭɘŬůŰɎůŮɘɠ ŰŬɢɨŰɖŰŬɠ (L-1.T-1).     

ɋɠ ˊɟɞɠ Űɖɜ ɡŭɟɞˊŮɟŬŰɧŰɖŰŬ ɞɘ ůɢɖɛŬŰɘůɛɞɑ əŬŰŬŰɎůůɞɜŰŬɘ ɤɠ Ůɝɐɠ (ȸɞɡŭɞɨɟɖɠ, 

2013): 

- Ʉɞɚɨ ɡŭɟɞˊŮɟŬŰɞɑ: k Ó 10-1 m/s 

- ɈŭɟɞˊŮɟŬŰɞɑ:  10-6 < k < 10-1 m/s 

- ȿɑɔɞ ɡŭɟɞˊŮɟŬŰɞɑ: 10-9 < k < 10-6 m/s 

- ɄɟŬəŰɘəɎ ůŰŮɔŬɜɞɑ: k Ò 10-9 m/s  

 

Ƀɘ Űɘɛɏɠ ɡŭɟŬɡɚɘəɐɠ ŬɔɤɔɘɛɧŰɖŰŬɠ ɓŬůɘəɩɜ ɔŮɤɚɞɔɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ  ŮɑɜŬɘ ɞɘ 

ŬəɧɚɞɡɗŮɠ: 

ɄɑɜŬəŬɠ 3. ɇɘɛɏɠ ɡŭɟŬɡɚɘəɐɠ ŬɔɤɔɘɛɧŰɖŰŬɠ (k) (ȸɞɡŭɞɨɟɖɠ, 2013) 

ɆɢɖɛŬŰɘůɛɧɠ k (m/s) 

ȯɟɔɘɚɞɠ 10-9 

ȷɛɛɩŭɖɠ Ɏɟɔɘɚɞɠ 10-8 

Ƚɚɨɠ 10-8  - 10-7 

ȿŮˊŰɧəɞəəɖ Ɏɛɛɞɠ 10-4 - 10-5 

ɀŮůɧəɞəəɖ Ɏɛɛɞɠ 10-4 

ɉɞɜŭɟɧəɞəəɖ Ɏɛɛɞɠ 10-3 - 10-4 

ɉŬɚɑəɘŬ ɛɘəɟɞɨ ɛŮɔɏɗɞɡɠ  10-3 

ɉŬɚɑəɘŬ ɛŮůŬɑɞɡ ɛŮɔɏɗɞɡɠ 10-3 

ɀŮɔɎɚŬ ɢŬɚɑəɘŬ 10-2 

 

 

4.3.3      ȷˊɞɗɖəŮɡŰɘəɧŰɖŰŬ (S) 
 

ɆŮ ɏɜŬ əŬŰŬəɧɟɡűɞ ˊɟɑůɛŬ Ůɜɧɠ ɡŭɟɞűɧɟɞɡ ůŰɟɩɛŬŰɞɠ ɛŮ ɛɞɜŬŭɘŬɑŬ ŮˊɘűɎɜŮɘŬ 

ŬɜɎ ɛɞɜɎŭŬ ɛŮŰŬɓɞɚɐɠ Űɞɡ űɞɟŰɑɞɡ, ɞ ɧɔəɞɠ Űɞɡ ɜŮɟɞɨ ˊɞɡ ŬˊɞɗɖəŮɨŮŰŬɘ 

ɞɜɞɛɎɕŮŰŬɘ ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬ (S). ȼ ůɢɏůɖ ˊɞɡ ŬˊɞŭɑŭŮɘ Űɖɜ ˊŬɟɎɛŮŰɟɞ Űɖɠ 

ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬɠ ŮɑɜŬɘ ɖ Ŭəɧɚɞɡɗɖ:  

 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

34 

 

 

Ⱥɝɑůɤůɖ 2. ɆɡɜŰŮɚŮůŰɐɠ ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬɠ. 

ȳˊɞɡ:  

ȹV = ɞ ɧɔəɞɠ ɜŮɟɞɨ ˊɞɡ ˊɟɞůŰɑɗŮŰŬɘ ɐ ŬˊŮɚŮɡɗŮɟɩɜŮŰŬɘ 

ȷ = ɞɟɘɕɧɜŰɘŬɠ ŮˊɘűɎɜŮɘŬɠ 

ȹh = ŭɘŬűɞɟɎ űɞɟŰɑɞɡ (ˊŰɩůɖ ɐ Ŭɨɝɖůɖ) 

 

ɆɨɛűɤɜŬ ɛŮ Űɖɜ ˊŬɟŬˊɎɜɤ ůɢɏůɖ ˊɟɞəɨˊŰŮɘ, ɢɤɟɑɠ ɜŬ ɡˊɎɟɢŮɘ ŮɛˊɚɞɡŰɘůɛɧɠ, ɖ 

Ŭəɧɚɞɡɗɖ ůɢɏůɖ: 

 

Ⱥɝɑůɤůɖ 3. Ɇɢɏůɖ ɟɡɗɛɞɨ ŰŬˊŮɑɜɤůɖɠ ůŰɎɗɛɖɠ. 

ȳˊɞɡ: 

 ɟɡɗɛɧɠ ɛŮɑɤůɖɠ ůŰɎɗɛɖɠ  

q = ˊŬɟɞɢɐ ůŰɖɜ ɎɜŰɚɖůɖ  

ȷ = ŮˊɘűɎɜŮɘŬ ɡˊɧɔŮɘɞɡ ɡŭɟɞűɞɟɏŬ 

S = ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬ 

 

Ƀɘ Űɘɛɏɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬɠ ˊɞɘəɑɚɞɡɜ ŬɜɎɚɞɔŬ ɛŮ Űɞɜ ɡŭɟɞűɞɟɏŬ. 

ȷɡŰɧ ůɡɛɓŬɑɜŮɘ, ŭɘɧŰɘ ůŰɞɡɠ ɡˊɧ ˊɑŮůɖ ɡŭɟɞűɞɟŮɑɠ ɖ ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬ ŬˊɞŰŮɚŮɑ 

ůɡɜɎɟŰɖůɖ Űɖɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ Űɞɡ ˊŮɟɘŮɢɧɛŮɜɞɡ ɡˊɧɔŮɘɞɡ ɜŮɟɞɨ  əŬɘ Űɖɠ 

ŮɚŬůŰɘəɧŰɖŰŬɠ Űɞɡ ɡŭɟɞűɞɟɏŬ, ŭɖɚŬŭɐ Űɖɜ ˊɟɧůɗŮůɖ ɐ Űɖɜ ŬűŬɑɟŮůɖ ɜŮɟɞɨ ˊɞɡ 

ŬˊɞŭɑŭŮŰŬɘ ůŰɖ ůɡɛˊɑŮůɖ Űɞɡ ɡŭɟɞűɞɟɏŬ əŬɘ ůŰɖ ŭɘɧɔəɤůɖ Űɞɡ ɜŮɟɞɨ.  

- ɆŰɞɡɠ ŮɚŮɨɗŮɟɞɡɠ ɡŭɟɞűɞɟŮɑɠ ˊŬɑɟɜŮɘ Űɘɛɏɠ 1% - 30%.   

- ɆŰɞɡɠ ɡˊɧ ˊɑŮůɖ ˊŬɑɟɜŮɘ Űɘɛɏɠ 0,0001% - 0,5%. 

 

ɆŰɞɡɠ ŮɚŮɨɗŮɟɞɡɠ ɡŭɟɞűɞɟŮɑɠ ɞ ůɡɜŰŮɚŮůŰɐɠ ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬɠ S ŰŬɡŰɑɕŮŰŬɘ ɛŮ Űɞ 

ŮɜŮɟɔɧ ˊɞɟɩŭŮɠ Ůɜɩ ůŰɞɡɠ ɡˊɧ ˊɑŮůɖ ɘůɢɨŮɘ ɖ Ŭəɧɚɞɡɗɖ ůɢɏůɖ: 

 

 

 

Ⱥɝɑůɤůɖ 4. ɆɡɜŰŮɚŮůŰɐɠ ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬɠ ůŰɞɡɠ ɡˊɧ ˊɑŮůɖ ɡŭɟɞűɞɟŮɑɠ. 
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ȳˊɞɡ: 

ɔ = Ůɘŭɘəɧ ɓɎɟɞɡɠ Űɞɡ ɜŮɟɞɨ 

D = ˊɎɢɞɠ Űɞɡ ɡŭɟɞűɞɟɏŬ 

Ŭ = ůɡɜŰŮɚŮůŰɐɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ Űɞɡ ɡŭɟɞűɞɟɏŬ 

ɓ = ůɡɜŰŮɚŮůŰɐɠ ůɡɛˊɘŮůŰɧŰɖŰŬɠ Űɞɡ ɜŮɟɞɨ 

Sy = Űɞ ŮɜŮɟɔɧ ˊɞɟɩŭŮɠ 

 

4.3.4      ɀŮŰŬɓɘɓŬůŰɘəɧŰɖŰŬ (ɇ) 
 

ȼ ɛŮŰŬɓɘɓŬůŰɘəɧŰɖŰŬ (transmissivity) ɘůɞɨŰŬɘ ɛŮ Űɞɜ ɧɔəɞ Űɞɡ ɜŮɟɞɨ ˊɞɡ ŭɘŬˊŮɟɜɎ 

ɛɘŬ ɛɞɜŬŭɘŬɑŬ ŭɘŬŰɞɛɐ Űɞɡ ɡŭɟɞűɧɟɞɡ ůŰɟɩɛŬŰɞɠ, ɛŮ Űɖɜ ɡŭɟŬɡɚɘəɐ əɚɑůɖ ɜŬ 

ɘůɞɨŰŬɘ ɛŮ Űɖ ɛɞɜɎŭŬ əŬɘ Űɖɜ ŮˊɘəɟɎŰɖůɖ Űɞɡ əɘɜɖɛŬŰɘəɞɨ ɘɝɩŭɞɡɠ.  ȼ ůɢɏůɖ ˊɞɡ 

Űɖɜ ŮəűɟɎɕŮɘ, ŮɑɜŬɘ Űɞ ɔɘɜɧɛŮɜɞ Űɖɠ ɡŭɟŬɡɚɘəɐɠ ŬɔɤɔɘɛɧŰɖŰŬɠ (k) ɛŮ Űɞ ˊɎɢɞɠ Űɞɡ 

ɡŭɟɞűɧɟɞɡ ůŰɟɩɛŬŰɞɠ (D) əŬɘ ŮɑɜŬɘ ɖ Ŭəɧɚɞɡɗɖ: 

 

Ⱥɝɑůɤůɖ 5. Ɇɢɏůɖ ůɡɜŰŮɚŮůŰɐ ɛŮŰŬɓɘɓŬůŰɘəɧŰɖŰŬɠ. 

 

4.4 ɈŭɟɞɔŮɤɚɞɔɑŬ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ 
 

ũɘŬ Űɖɜ ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ, ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɡˊɧɔŮɘɞɡ ɜŮɟɞɨ ɚɐűɗɖəŬɜ Ŭˊɧ Űɘɠ 

ɔŮɤŰɟɐůŮɘɠ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰɖ Ɇɑɜŭɞ, ůɨɛűɤɜŬ ɛŮ Űɖɜ əŬŰŬɔɟŬűɐ Űɞɡɠ Ŭˊɧ Űɖɜ 

ȺɈȷŪ ȷ.Ⱥ. ȷɜɏɟɢɞɜŰŬɘ ůŰɘɠ 25 ɔŮɤŰɟɐůŮɘɠ ůŰɖɜ ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ɞɘ 

Ɇ04, Ɇ05Ɂ, Ɇ06Ɂ, Ɇ07Ɂ, Ɇ08, Ɇ08ȷ, Ɇ08ȸ, Ɇ09Ɂ, Ɇ10ȷ, Ɇ11Ɂ, Ɇ14, Ɇ15, Ɇ16Ɂ, 

Ɇ16Ʉ, Ɇ17, Ɇ18, Ɇ19, Ɇ21Ɂ, Ɇ21Ʉ, Ɇ24, Ɇ26Ɂ, Ɇ31, Ɇ33, Ɇ34 əŬɘ ɖ Ɇ35, əŬɘ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ ɛŮ Űɖɜ ɞɜɞɛŬůɑŬ əŬɘ Űɖɜ Ŭəɟɘɓɐ Űɞɡɠ 

ŰɞˊɞɗŮůɑŬ. 

ɄɑɜŬəŬɠ 4. ũŮɤŰɟɐůŮɘɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ (Ɇɑɜŭɞɠ). 

ũȺɋɇɅȼɆȼ COORD_X COORD_Y 

Ɇ04 400028,3 4500269 

Ɇ05Ɂ 399591,2 4500247 

Ɇ06Ɂ 398952,1 4500150 

Ɇ07Ɂ 398495,2 4500235 

Ɇ08 397423,2 4501061 

Ɇ08ȷ 397068,9 4500608 

Ɇ08ȸ 396633,2 4499640 

Ɇ09Ɂ 396175 4501128 

Ɇ10ȷ 395073 4501227 

Ɇ11Ɂ 394061,8 4501503 

Ɇ14 399877,1 4501602 
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Ɇ15 399644,1 4501029 

Ɇ16Ɂ 397720,1 4501522 

Ɇ16Ʉ 397707,7 4501531 

Ɇ17 398560,1 4501364 

Ɇ18 397277 4501365 

Ɇ19 396922,8 4501830 

Ɇ21Ɂ 394882,5 4501991 

Ɇ21Ʉ 394879,3 4501999 

Ɇ24 400017,2 4499747 

Ɇ26Ɂ 397730,9 4499905 

Ɇ31 400324,5 4502043 

Ɇ33 397413 4500300 

Ɇ34 396688,5 4500722 

Ɇ35 395897 4499945 

 

ɀɏůɤ Űɞɡ ɚɞɔɘůɛɘəɞɨ ArcGIS ŮɝɎɢɗɖəŮ ɞ ˊŬɟŬəɎŰɤ ɢɎɟŰɖɠ, ůŰɞɜ ɞˊɞɑɞ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɔŮɤŰɟɐůŮɘɠ ůŰɖɜ ˊŮɟɘɞɢɐ, ůɨɛűɤɜŬ ɛŮ Űɘɠ ɔŮɤɔɟŬűɘəɏɠ 

ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡɠ Ŭˊɧ Űɞɜ ɄɑɜŬəŬ 4. 

 

 

ȺɘəɧɜŬ 15. ũŮɤŰɟɐůŮɘɠ ˊŮɟɘɞɢɐɠ ɏɟŮɡɜŬɠ, Ɇɑɜŭɞɡ. (ArcGIS) 
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4.5     ȹɘŬəɨɛŬɜůɖ ɡˊɧɔŮɘŬɠ ůŰɎɗɛɖɠ ůŰɞɜ ɢɟɧɜɞ 
 

ȼ ůŰɎɗɛɖ Űɤɜ ɡˊɧɔŮɘɤɜ ɡŭɎŰɤɜ ŮˊɖɟŮɎɕŮŰŬɘ Űɧůɞ Ŭˊɧ Űɘɠ ŬɜŰɚɐůŮɘɠ ůŰɖɜ ˊŮɟɘɞɢɐ 

ɧůɞ əŬɘ Ŭˊɧ Űɖɜ ŰɟɞűɞŭɞůɑŬ ůŰɘɠ ŮˊɘűŬɜŮɘŬəɏɠ ůɡɚɚɞɔɏɠ ɜŮɟɞɨ əŬɘ ůŰɞɡɠ ɡˊɧɔŮɘɞɡɠ 

ɡŭɟɞűɞɟŮɑɠ. ȼ əŬŰŬɜɧɖůɖ Űɖɠ ŭɘŬəɨɛŬɜůɖɠ Űɖɠ ɡˊɧɔŮɘŬɠ ůŰɎɗɛɖɠ ůŰɖɜ ˊŮɟɘɞɢɐ 

ŮɜŭɘŬűɏɟɞɜŰɞɠ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ. ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ, ŮˊɘɚɏɢɗɖəŬɜ ŰɟŮɘɠ 

ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ɔŮɤŰɟɐůŮɘɠ, ɞɘ Ɇ06Ɂ, Ɇ10ȷ, Ɇ34 əŬɘ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ŭɘŬɔɟɎɛɛŬŰŬ 

ŭɘŬəɨɛŬɜůɖɠ.   

 

4.5.1      ũŮɩŰɟɖůɖ Ɇ06Ɂ 
 

ȼ ŭɘŬəɨɛŬɜůɖ Űɖɠ ůŰɎɗɛɖɠ Űɞɡ ɡˊɧɔŮɘɞɡ ɜŮɟɞɨ Ŭˊɧ Űɖ ɔŮɩŰɟɖůɖ Ɇ06Ɂ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ˊŬɟŬəɎŰɤ ŭɘɎɔɟŬɛɛŬ. 

 

ȺɘəɧɜŬ 16. ȹɘɎɔɟŬɛɛŬ ŭɘŬəɨɛŬɜůɖɠ ůŰɎɗɛɖɠ ɔŮɩŰɟɖůɖɠ Ɇ06Ɂ. 

 

ɆɨɛűɤɜŬ ɛŮ Űɞ ŭɘɎɔɟŬɛɛŬ ůŰɖɜ ȺɘəɧɜŬ 16, ˊɟɞəɨˊŰɞɡɜ ŰŬ əɎŰɤɗɘ ůɡɛˊŮɟɎůɛŬŰŬ: 

i. ȼ ɢŬɛɖɚɧŰŮɟɖ Űɘɛɐ Űɖɠ ůɢŮŰɘəɐɠ ŬˊɧɚɡŰɖɠ ůŰɎɗɛɖɠ Ŭˊɧ Űɖ ɔŮɩŰɟɖůɖ Ɇ06Ɂ, 

ɧˊɤɠ əŬŰŬɔɟɎűɖəŮ Ŭˊɧ Űɖɜ ˊŬɟŬŰɐɟɖůɖ ůŰɞ ˊŮŭɑɞ, ŮɜŰɞˊɑɕŮŰŬɘ ůŰɘɠ 

22/4/2003 ɛŮ ɓɎɗɞɠ -33,79 m Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ. 

ii.  ȼ ɡɣɖɚɧŰŮɟɖ Űɘɛɐ 0,66 m Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ, ŮɑɜŬɘ ůŰɘɠ 

4/03/2016, 6/05/2016 əŬɘ 10/11/2022. 
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iii.  ɇɞ ŭɘɎɔɟŬɛɛŬ Űɖɠ ůŰɎɗɛɖɠ ˊŬɟɞɡůɘɎɕŮɘ ŬɚɚŮˊɎɚɚɖɚŮɠ ŭɘŬəɡɛɎɜůŮɘɠ ŬɚɚɎ 

ůɡɜŮɢɩɠ ɖ ůŰɎɗɛɖ ŬɡɝɎɜŮŰŬɘ ɛŮ ɞɛŬɚɧ ɟɡɗɛɧ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, Ŭˊɧ Űɘɠ 

10/11/2003 ɏɤɠ Űɘɠ 28/07/2008 ɞɘ ŬɡɝɞɛŮɘɩůŮɘɠ ŮɑɜŬɘ ˊɞɚɨ ɛɘəɟɏɠ, ɛŮ Űɖɜ 

ɛɘəɟɧŰŮɟɖ Űɘɛɐ ůŰŬ -21,36 m əŬɘ Űɖ ɛŮɔŬɚɨŰŮɟɖ ůŰŬ -15,54 m. ȼ ŮˊɧɛŮɜɖ 

ɛɏŰɟɖůɖ ɛŮŰɎ Űɘɠ 28/07/2008 ŮɑɜŬɘ ůŰɘɠ 20/05/2009 əŬɘ ɖ ŭɘŬűɞɟɎ ůŰɎɗɛɖɠ 

ŮɑɜŬɘ ɛŮɔɎɚɖ, əŬɗɩɠ Űɞ 2008 ŬɜŮɟɢɧŰŬɜ ůŰŬ -17,82 m əŬɘ Űɞ 2009 ůŰŬ  

-6,31 m. ɀŮŰɎ Űɞ 2009, ɖ ŭɘŬəɨɛŬɜůɖ ŬɡɝɎɜŮŰŬɘ ɞɛŬɚɎ ɛŮ ŬɡɝɞɛŮɘɩůŮɘɠ 

ŬɜɎɚɞɔŮɠ ɛŮ Űɖɜ ˊŮɟɑɞŭɞ 2003 ɛŮ 2008, ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ ˊŬɟŬˊɎɜɤ. 

ɀŮŰŬɝɨ Űɤɜ ŮŰɩɜ 2017 ɛŮ 2020 ŭŮɜ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮŰɟɐůŮɘɠ, ɤůŰɧůɞ,  

ɛŮɔɎɚɖ ŮɑɜŬɘ ɖ ˊŰɩůɖ Űɖɠ ůŰɎɗɛɖɠ, əŬɗɩɠ ůŰɘɠ 19/04/2017 ɖ ůŰɎɗɛɖ ɐŰŬɜ 

ůŰŬ -0,52m Ůɜɩ ůŰɘɠ 9/11/2020 ɏˊŮůŮ ůŰŬ -9,03m. 

 

4.5.2      ũŮɩŰɟɖůɖ Ɇ10ȷ 
 

ȷˊɧ Űɖ ɔŮɩŰɟɖůɖ Ɇ10ȷ ɖ ŭɘŬəɨɛŬɜůɖ Űɖɠ ůŰɎɗɛɖɠ Űɞɡ ɡˊɧɔŮɘɞɡ ɜŮɟɞɨ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ˊŬɟŬəɎŰɤ ŭɘɎɔɟŬɛɛŬ. 

 

ȺɘəɧɜŬ 17. ȹɘɎɔɟŬɛɛŬ ŭɘŬəɨɛŬɜůɖɠ ůŰɎɗɛɖɠ ɔŮɩŰɟɖůɖɠ Ɇ10ȷ. 

ɆɨɛűɤɜŬ ɛŮ Űɞ ŭɘɎɔɟŬɛɛŬ ůŰɖɜ ȺɘəɧɜŬ 17, ˊɟɞəɨˊŰɞɡɜ ŰŬ ˊŬɟŬəɎŰɤ 

ůɡɛˊŮɟɎůɛŬŰŬ: 

i. ȼ ɢŬɛɖɚɧŰŮɟɖ Űɘɛɐɠ ůɢŮŰɘəɐɠ ŬˊɧɚɡŰɖɠ ůŰɎɗɛɖɠ ŮɑɜŬɘ ůŰŬ -26,33 m Ŭˊɧ Űɖɜ 

ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ, ůŰɘɠ 21/11/2002. 

ii.  ȼ ɡɣɖɚɧŰŮɟɖ Űɘɛɐ űŰɎɜŮɘ ůŰŬ 1,66 m ůŰɘɠ 6/05/2016. 
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iii.  ȳˊɤɠ əŬɘ ůŰɖ ɔŮɩŰɟɖůɖ Ɇ06Ɂ, ɞɘ ŬɡɝɞɛŮɘɩůŮɘɠ Űɖɠ ůŰɎɗɛɖɠ ŮɑɜŬɘ 

ŬɚɚŮˊɎɚɚɖɚŮɠ əŬɘ ůɡɜŮɢɩɠ ŬɡɝɎɜŮŰŬɘ ɞɛŬɚɎ ɖ ŭɘŬəɨɛŬɜůɖ. ɋůŰɧůɞ, ɞɘ 

ɛŮŰŬɓɞɚɏɠ ŮɑɜŬɘ ɛɘəɟɧŰŮɟŮɠ ůɡɔəɟɘŰɘəɎ ɛŮ Űɘɠ ŭɘŬəɡɛɎɜůŮɘɠ Ŭˊɧ Űɖ ɔŮɩŰɟɖůɖ 

Ɇ06Ɂ. ȷˊɧ Űɘɠ 27/04/2007 ɛɏɢɟɘ Űɘɠ 22/03/2022 ɖ ŭɘŬűɞɟɎ Űɤɜ ůŰŬɗɛɩɜ ŭŮɜ 

ŮɑɜŬɘ ŬɝɘɞůɖɛŮɑɤŰɖ əŬɗɩɠ ŬɔɔɑɕŮɘ ŰŬ 7,47 m, Ůɜɩ ůŰɖ ɔŮɩŰɟɖůɖ Ɇ06Ɂ ɖ 

ŭɘŬűɞɟɎ ŬɜŮɟɢɧŰŬɜ ůŰŬ 20,82 m.  

 

4.5.3      ũŮɩŰɟɖůɖ Ɇ34    
 

ȼ ŰŮɚŮɡŰŬɑŬ ŮɜŭŮɘəŰɘəɐ ɔŮɩŰɟɖůɖ ɔɘŬ Űɖ ŭɘŮɝŬɔɤɔɐ ůɡɛˊŮɟŬůɛɎŰɤɜ ůɢŮŰɘəɎ ɛŮ Űɖ 

ůɢŮŰɘəɐ ŬˊɧɚɡŰɖ ůŰɎɗɛɖ, ŮɑɜŬɘ ɖ ɔŮɩŰɟɖůɖ Ɇ34, ɧˊɞɡ ɖ ŭɘŬəɨɛŬɜůɖ Űɖɠ ůŰɎɗɛɖɠ Űɞɡ 

ɡˊɧɔŮɘɞɡ ɜŮɟɞɨ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ŭɘɎɔɟŬɛɛŬ ˊɞɡ ŬəɞɚɞɡɗŮɑ.  

 

 

ȺɘəɧɜŬ 18. ȹɘɎɔɟŬɛɛŬ ŭɘŬəɨɛŬɜůɖɠ ůŰɎɗɛɖɠ ɔŮɩŰɟɖůɖɠ Ɇ34. 

 

ɆɨɛűɤɜŬ ɛŮ Űɞ ŭɘɎɔɟŬɛɛŬ ůŰɖɜ ȺɘəɧɜŬ 18, ˊɟɞəɨˊŰɞɡɜ ŰŬ Ůɝɐɠ ůɡɛˊŮɟɎůɛŬŰŬ: 

i. ȼ ɢŬɛɖɚɧŰŮɟɖ Űɘɛɐɠ ŮɑɜŬɘ ůŰŬ -22,83 m Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ, ůŰɘɠ 

3/07/2002. 

ii.  ȼ ɡɣɖɚɧŰŮɟɖ Űɘɛɐ ůɢŮŰɘəɐɠ ŬˊɧɚɡŰɖɠ ůŰɎɗɛɖɠ ŮɜŰɞˊɑɕŮŰŬɘ ůŰŬ 1,56 m ůŰɘɠ 

6/05/2016. 

iii.  ȼ ŭɘŬəɨɛŬɜůɖ Űɖɠ ůŰɎɗɛɖɠ ŬəɞɚɞɡɗŮɑ ˊŬɟŬˊɚɐůɘŬ əŬɛˊɨɚɖ ůŰɞ ŭɘɎɔɟŬɛɛŬ, 

ɛŮ ŬɡŰɐɜ Űɖɠ ɔŮɩŰɟɖůɖɠ Ɇ10ȷ. ȼ Ŭɨɝɖůɖ Űɤɜ ůŰɎɗɛŮɤɜ ŮɑɜŬɘ ɞɛŬɚɐ əŬɘ ɖ 

ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɤɜ ɖɛŮɟɞɛɖɜɘɩɜ 8/05/2002 əŬɘ 22/11/2021, ůŮ ɛŮɔŬɚɨŰŮɟɞ 
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ŭɘɎůŰɖɛŬ ůɡɔəɟɘŰɘəɎ ɛŮ Űɘɠ ŭɘŬűɞɟɏɠ Űɤɜ ˊɟɞɖɔɞɨɛŮɜɤɜ ɔŮɤŰɟɐůŮɤɜ, ŮɑɜŬɘ 

ůŰŬ 24,39 m. 

 

4.6 ɄɘŮɕɞɛŮŰɟɘəɧɠ ɢɎɟŰɖɠ  
 

Ƀɘ ˊɘŮɕɞɛŮŰɟɘəɞɑ ɐ ɘůɞˊɘŮɕɞɛŮŰɟɘəɞɑ ɢɎɟŰŮɠ, ˊŬɟɏɢɞɡɜ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɖ 

ŭɘŮɨɗɡɜůɖ Űɖɠ ɟɞɐɠ, Űɘ Ůɑŭɞɡɠ ŮɑɜŬɘ ŰŬ ɔŮɤɚɞɔɘəɎ ůɨɜɞɟŬ, ˊɞɘŮɠ ŮɑɜŬɘ ɞɘ ˊŮɟɘɞɢɏɠ ˊɞɡ 

ŰɟɞűɞŭɞŰɞɨɜ Űɖɜ ɡűɘůŰɎɛŮɜɖ əɚˊ, ůŮ ɛɘŬ ŭŮŭɞɛɏɜɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ.  

ũɘŬ Űɖ ŭŮŭɞɛɏɜɖ ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ ŭɖɛɘɞɡɟɔɐɗɖəŮ ˊɘŮɕɞɛŮŰɟɘəɧɠ ɢɎɟŰɖɠ ɔɘŬ Űɖɜ 

ˊŮɟɑɞŭɞ Űɞɡ ɁɞŮɛɓɟɑɞɡ, Űɞɡ ɏŰɞɡɠ 2021 əŬɘ ŮɑɜŬɘ ɞ Ŭəɧɚɞɡɗɞɠ. 

 

ȺɘəɧɜŬ 19. ɄɘŮɕɞɛŮŰɟɘəɧɠ ɢɎɟŰɖɠ ɡˊɧɔŮɘɞɡ ɡŭɟɞűɧɟɞɡ ůŰɖɜ ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ (ArcGIS). 

 

  ȷˊɧ Űɞɜ ˊŬɟŬˊɎɜɤ ɢɎɟŰɖ, ŮɝɎɔɞɜŰŬɘ əɎˊɞɘŬ ɢɟɐůɘɛŬ ŭŮŭɞɛɏɜŬ ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ 

ɛŮɚɏŰɖɠ, ŰŬ ɞˊɞɑŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɖ ůɡɜɏɢŮɘŬ. 

i. Ƀɘ ɘůɞŭɡɜŬɛɘəɏɠ əŬɛˊɨɚŮɠ űŬɑɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ůŰɞ ɛŮɔŬɚɨŰŮɟɞ ŰɛɐɛŬ Űɖɠ 

ˊɟɞůɞɛɞɘɤɛɏɜɖɠ ˊŮɟɘɞɢɐɠ, ˊŬɟɎɚɚɖɚŮɠ ɛŮŰŬɝɨ Űɞɡɠ əŬɘ ɜŬ ɛɖɜ ɘůŬˊɏɢɞɡɜ. 

ii.  ɇɞ ɡˊɧɔŮɘɞ ɜŮɟɧ űŬɑɜŮŰŬɘ ɜŬ ɏɢŮɘ ɔŮɜɘəɐ ŭɘŮɨɗɡɜůɖ ɟɞɐɠ, ȸɧɟŮɘŬ ˊɟɞɠ ɁɧŰɘŬ. 

iii.  ȼ ŬˊɧůŰŬůɖ Űɤɜ ɘůɞŭɡɜŬɛɘəɩɜ ɔɟŬɛɛɩɜ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ ůŰŬ ȷɜŬŰɞɚɘəɎ, 

ŭɖɚŬŭɐ ŭɑˊɚŬ ůŰɞɜ ũŬɚɚɘəɧ ˊɞŰŬɛɧ, ˊɞɡ ŬɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ ɞɘ ɡŭɟŬɡɚɘəɏɠ 

əɚɑůŮɘɠ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟŮɠ. 

iv. ɇɞ ɡŭɟŬɡɚɘəɧ űɞɟŰɑɞ ŮɑɜŬɘ ɛŮŰŬɝɨ 0 ůŰɞ ɓɞɟŮɘɞŭɡŰɘəɧ ŰɛɐɛŬ, əŬɘ űŰɎɜŮɘ 

ɛɏɢɟɘ -5m ůŰɞ ɜɧŰɘɞ ŰɛɐɛŬ.
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ȾȺūȷȿȷȽɃ 5.  ȾɋȹȽȾȷɆ MODFLOW   
 

5.1 ũŮɜɘəɎ   
 

ɀŮ Űɖɜ ˊɎɟɞŭɞ Űɤɜ ɢɟɧɜɤɜ, ɔɑɜŮŰŬɘ ɧɚɞ əŬɘ ˊɘɞ ŬɜŬɔəŬɑŬ ɖ əŬŰŬɜɧɖůɖ Űɖɠ 

əŬŰŬɜɞɛɐɠ Űɤɜ ɡˊɧɔŮɘɤɜ ɡŭɎŰɤɜ əŬɗɩɠ əŬɘ Űɞ ŮɜŭŮɢɧɛŮɜɞ ɛŮɚɚɞɜŰɘəɩɜ ŬɚɚŬɔɩɜ 

ůŰŬ ŭŮŭɞɛɏɜŬ, Űɖɠ ŮəɎůŰɞŰŮ ˊŮɟɘɞɢɐɠ. ɆɨɛűɤɜŬ ɛŮ Űɞ ȽɜůŰɘŰɞɨŰɞ ũŮɤɚɞɔɘəɩɜ 

ȺɟŮɡɜɩɜ ȼɜɤɛɏɜɤɜ ɄɞɚɘŰŮɘɩɜ (USGS) Űɞ GMS (Department of Defense 

Groundwater Modeling System ɐ ɆɨůŰɖɛŬ ɀɞɜŰŮɚɞˊɞɑɖůɖɠ ɈˊɧɔŮɘɤɜ ɈŭɎŰɤɜ) ŮɑɜŬɘ 

ɛɘŬ ŮűŬɟɛɞɔɐ ˊɟɞůɞɛɞɑɤůɖɠ ɡˊɧɔŮɘɞɡ ɜŮɟɞɨ. ɇŬ ɡˊɞɚɞɔɘůŰɘəɎ ɛɞɜŰɏɚŬ ˊɞɡ 

ɡˊɞůŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ Űɞ GMS ŮɑɜŬɘ ŰŬ ŬəɧɚɞɡɗŬ: 

- MODFLOW 2000 

- MT3DMS 

- SEAM3D 

- MODAEM 

- SEEP2D 

- PEST 

- T-PROGS 

- MODPATH 

- RT3D 

- ART3D 

- FEMWATER 

- UTCHEM 

- UTEXAS 

 

5.2 ɇɞ ɚɞɔɘůɛɘəɧ MODFLOW   
 

ȼ ůɡɔəŮəɟɘɛɏɜɖ ŭɘˊɚɤɛŬŰɘəɐ ɛŮŰŬˊŰɡɢɘŬəɐ ŮɟɔŬůɑŬ əɎɜŮɘ ɢɟɐůɖ Űɞɡ ˊɘɞ 

ŭɘŬŭŮŭɞɛɏɜɞɡ ɡˊɞɚɞɔɘůŰɘəɞɨ əɩŭɘəŬ, Űɞɡ MODFLOW (Modular Three Dimensional 

Finite Difference Ground Water Flow Model). ɀŮ Űɖ ɢɟɐůɖ ŬɡŰɞɨ Űɞɡ ɡˊɞɚɞɔɘůŰɘəɞɨ 

əɩŭɘəŬ ŮɑɜŬɘ ŮűɘəŰɐ ɖ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ɟɞɐɠ Űɤɜ ɡˊɧɔŮɘɤɜ ɡŭɎŰɤɜ Ŭˊɧ ɛɑŬ ɛɏɢɟɘ 

əŬɘ ŰɟŮɘɠ ŭɘŬůŰɎůŮɘɠ, ɖ ɞˊɞɑŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖɜ Ůˊɑɚɡůɖ ɛɘŬɠ ŭɘŬűɞɟɘəɐɠ 

Ůɝɑůɤůɖɠ. ũŮɜɘəɎ, ɞ əɩŭɘəŬɠ MODFLOW ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ɏɜŬ ɛŬɗɖɛŬŰɘəɧ 

ɜŰŮŰŮɟɛɘɜɘůŰɘəɧ ŬɟɘɗɛɖŰɘəɧ ɛɞɜŰɏɚɞ ˊŮˊŮɟŬůɛɏɜɤɜ ŭɘŬűɞɟɩɜ, ŭɖɚŬŭɐ ɖ 

ˊɟɞůɞɛɞɑɤůɖ Űɞɡ ɡˊɧɔŮɘɞɡ ɜŮɟɞɨ ɔɑɜŮŰŬɘ ɛŮ Űɖɜ Ůˊɑɚɡůɖ ɛŬɗɖɛŬŰɘəɩɜ ŮɝɘůɩůŮɤɜ. ȼ 
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ɔɚɩůůŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ Űɞɡ əɩŭɘəŬ ŮɑɜŬɘ ɖ Fortran əŬɘ ŮɑɜŬɘ ɘŭŬɜɘəɧɠ ɔɘŬ Űɖɜ 

əɑɜɖůɖ Űɞɡ ɜŮɟɞɨ ůŮ ˊɞɟɩŭŮɘɠ ɡŭɟɞűɞɟŮɑɠ ɛɏůŬ ůŮ əɞəəɩŭɖ ˊŮŰɟɩɛŬŰŬ. 

 

5.2.1      Ⱥɝɑůɤůɖ ɟɞɐɠ  
 

ȼ əɨɟɘŬ Ůɝɑůɤůɖ ɟɞɐɠ Űɞɡ MODFLOW ŮɑɜŬɘ ɓŬůɘůɛɏɜɖ ůŰɖɜ Ŭɟɢɐ ŭɘŬŰɐɟɖůɖɠ Űɖɠ 

ɛɎɕŬɠ əŬɘ Űɞɡ ɜɧɛɞɡ Darcy, əŬɘ ŮɑɜŬɘ ɖ Ŭəɧɚɞɡɗɖ: 
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Ⱥɝɑůɤůɖ 6. ŪŮɛŮɚɘɩŭɖɠ Ůɝɑůɤůɖ  ɟɞɐɠ Űɞɡ MODFLOW 

- kx, ky, kz : ɞɘ Űɘɛɏɠ Űɖɠ ɡŭɟŬɡɚɘəɐɠ ŬɔɤɔɘɛɧŰɖŰŬɠ əŬŰɎ ɛɐəɞɠ Űɤɜ Ŭɝɧɜɤɜ 

x,y,z, ˊɞɡ ŮɑɜŬɘ ˊŬɟɎɚɚɖɚɞɘ ůŰɞɡɠ əɨɟɘɞɡɠ ɎɝɞɜŮɠ ɡŭɟŬɡɚɘəɐɠ ŬɔɤɔɘɛɧŰɖŰŬɠ,  

- h: Űɞ ɡŭɟŬɡɚɘəɧ űɞɟŰɑɞ, 

- W: ɞ ɧɔəɞɠ Űɞɡ ɜŮɟɞɨ ˊɞɡ ŭɏɢŮŰŬɘ ɗŮŰɘəɏɠ əŬɘ ŬɟɜɖŰɘəɏɠ Űɘɛɏɠ ŬɜŰɑůŰɞɘɢŬ ɔɘŬ 

Ůɘůɟɞɏɠ əŬɘ Ůəɟɞɏɠ, 

- S: ɖ ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬ Űɞɡ ˊɞɟɩŭɞɡɠ ɛɏůɞɡ, 

- t: ɞ ɢɟɧɜɞɠ. 

ȺɑɜŬɘ ɏɜŬ ɛɞɜŰɏɚɞ ˊŮˊŮɟŬůɛɏɜɤɜ ŭɘŬűɞɟɩɜ, ɧˊɞɡ ůŰɘɠ əɡɣŮɚɑŭŮɠ Űɞɡ əŬɜɜɎɓɞɡ, 

ůŰɘɠ ɞˊɞɑŮɠ ɔɑɜŮŰŬɘ ɖ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ əɑɜɖůɖɠ Űɞɡ ɡˊɧɔŮɘɞɡ ɜŮɟɞɨ, ɏɢɞɡɛŮ Ůˊɑɚɡůɖ 

ŮɝɘůɩůŮɤɜ (Todd & Mays, 2005, ũɘŬɜɜɏɚɖ, 2009).  

 

5.2.2      ȹɞɛɐ əŬɜɜɎɓɞɡ  
 

ɇɞ MODFLOW ŮɑɜŬɘ ɏɜŬ ɚɞɔɘůɛɘəɧ ˊɞɡ ŭɞɛŮɑŰŬɘ Ŭˊɧ ɏɜŬ ˊɚɏɔɛŬ ɐ əɎɜɜŬɓɞ (grid). 

Ƀ əɎɜɜŬɓɞɠ ŬɡŰɧɠ, ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ əŮɚɘɎ (cells) ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ŮɑŰŮ ɞɟɗɞɔɩɜɘɞ ŮɑŰŮ 

ŰŮŰɟɎɔɤɜɞ ůɢɐɛŬ. ȺɑɜŬɘ ɞɟɗɞɔɩɜɘŬ əŬɘ ůŰɘɠ ŭɨɞ ŭɘŬůŰɎůŮɘɠ Űɞɡɠ, ɤůŰɧůɞ ɖ ŭɘɎůŰŬůɖ 

ůŰɞɜ ɎɝɞɜŬ yȭy (əŬɗô ɨɣɞɠ) ŮɑɜŬɘ ŮűɘəŰɧ ɜŬ ŬəɞɚɞɡɗŮɑ Űɖ ɔŮɤɚɞɔɘəɐ ŭɞɛɐ. 

ɆɖɛŬɜŰɘəɧ ɜŬ ŮˊɘůɖɛŬɜɗŮɑ, ŮɑɜŬɘ ɜŬ ɛɖɜ ɡˊɎɟɢŮɘ ɛŮɔɎɚɖ ŭɘŬűɞɟɎ ůŰŬ ɛŮɔɏɗɖ Űɤɜ 

əŮɚɘɩɜ, ŭɖɚŬŭɐ əŬɛɘɎ ůŰɐɚɖ ɐ ůŮɘɟɎ ŭŮɜ ɔɑɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ əŬŰɎ 50% Ŭˊɧ 

Űɖɜ ɔŮɘŰɞɜɘəɐ Űɖɠ. ȺɎɜ ɖ ŭɘŬűɞɟɎ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɞ 50%, ŰɧŰŮ əŬŰɎ Űɖɜ 

ˊɟɞůɞɛɞɑɤůɖ ɗŬ ŬˊŬɘŰɖɗŮɑ ŬɟəŮŰɧɠ ɢɟɧɜɞɠ ɔɘŬ Űɖɜ ˊŮɟɎŰɤůɐ Űɖɠ ɐ/əŬɘ ɗŬ ɡˊɎɟɝɞɡɜ 

ůűɎɚɛŬŰŬ. ɀŮ Űɖ ŭŮŭɞɛɏɜɖ ɚɞɔɘəɐ, ˊɟɞŰŮɑɜŮŰŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ ɛɘəɟɩɜ əŮɚɘɩɜ ɛɧɜɞ 

əɞɜŰɎ ůŰɘɠ ɔŮɤŰɟɐůŮɘɠ ɎɜŰɚɖůɖɠ, ŬɚɚɎ, əŬɘ ůŰŬ ůɖɛŮɑŬ Űɞɡ ɛɞɜŰɏɚɞɡ ˊɞɡ 

ŮˊɘŭɘɩəɞɜŰŬɘ ɚŮˊŰɞɛŮɟɐ ŬˊɞŰŮɚɏůɛŬŰŬ. 
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ȺɘəɧɜŬ 20. ɇɟɘůŭɘɎůŰŬŰɖ ŭɞɛɐ Ůɜɧɠ ɛɞɜŰɏɚɞɡ (McDonald and Harbaugh, 1988).  

 

5.2.3      ɇɨˊɞɘ əŮɚɘɩɜ (cells) ï ɃɟɘŬəɏɠ ɆɡɜɗɐəŮɠ (Boundary 

Conditions)  
 

ɈˊɎɟɢŮɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɞɟɘůŰɞɨɜ ŰɏůůŮɟŬ (4) ŭɘŬűɞɟŮŰɘəɎ Ůɑŭɖ ɞɟɘŬəɩɜ 

ůɡɜɗɖəɩɜ  ůŮ əŮɚɘɎ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰŬ ˊɚŮɡɟɘəɎ ɧɟɘŬ Űɖɠ ˊŮɟɘɞɢɐɠ ˊɟɞůɞɛɞɑɤůɖɠ, 

ŬɜɎɚɞɔŬ ɛŮ Űɘɠ ɡŭɟɞɔŮɤɚɞɔɘəɏɠ ůɡɜɗɐəŮɠ ˊɞɡ ŮˊɘəɟŬŰɞɨɜ, əŬɘ ŮɑɜŬɘ ɞɘ Ůɝɐɠ:  

i. ȾŮɚɘɎ ɛɖŭŮɜɘəɐɠ ɟɞɐɠ ɐ ŬɜŮɜŮɟɔɎ (no flow boundary ɐ inactive): ŮɑɜŬɘ ŬɡŰɎ 

ɧˊɞɡ ŭŮɜ ɡˊɎɟɢɞɡɜ Ůɘůɟɞɏɠ əŬɘ ˊŬɑɟɜɞɡɜ Űɖɜ Űɘɛɐ ɛɖŭɏɜ (0). 

ii.  ȾŮɚɘɎ ůŰŬɗŮɟɞɨ űɞɟŰɑɞɡ (constant head): ŮɑɜŬɘ ŬɡŰɎ ɧˊɞɡ ɖ ůŰɎɗɛɖ ŮɑɜŬɘ 

ůŰŬɗŮɟɐ əŬɗô ɧɚɖ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ əŬɘ ˊŬɑɟɜŮɘ Űɖɜ Űɘɛɐ -1.   

iii.  ȾŮɚɘɎ ɛŮŰŬɓŬɚɚɧɛŮɜɞɡ űɞɟŰɑɞɡ (variable head cell): ŮɑɜŬɘ ŬɡŰɎ Űɤɜ ɞˊɞɑɤɜ ɖ 

ůŰɎɗɛɖ ɛŮŰŬɓɎɚɚŮŰŬɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ. ɄŬɑɟɜɞɡɜ Űɖɜ 

Űɘɛɐ 1. 

iv. ȾŮɚɘɎ ůŰŬɗŮɟɐɠ Ůɘůɟɞɐɠ (general head boundaries): ɖ Ůɘůɟɞɐ ŮɑɜŬɘ ůŰŬɗŮɟɐ 

əŬɘ ɖ ůŰɎɗɛɖ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɘɠ ɛŮŰŬɓɞɚɏɠ Űɤɜ ˊŮɟɘɓŬɚɚɧɛŮɜɤɜ əɡɣŮɚɑŭɤɜ.  

 

5.2.4      ȾɨɟɘŬ ɡˊɞˊɟɞɔɟɎɛɛŬŰŬ (ɡˊɞɟɞɡŰɑɜŮɠ) 
 

Ƀ əɩŭɘəŬɠ MODFLOW ŮɛˊŮɟɘɏɢŮɘ əɎˊɞɘŬ ɓŬůɘəɎ ɡˊɞˊɟɞɔɟɎɛɛŬŰŬ ɐ ɡˊɞɟɞɡŰɑɜŮɠ, 

ŰŬ ɞˊɞɑŬ ůɡɛɓɎɚɞɡɜ ůŰɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ɡˊɧɔŮɘŬɠ ɟɞɐɠ əŬɘ ŰŬ əɡɟɘɧŰŮɟŬ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ˊŬɟŬəɎŰɤ (ȸɞɡŭɞɨɟɖɠ (2021), ȾŬɟŬˊɘɚɎűɖɠ (2008), ɄŬˊˊɎ ȷ. 

(2010), ɄɚɘɎəŬɠ (1998), McDonald et. Al . (1988)): 

- ȸŬůɘəɧ ˊŬəɏŰɞ (Basic Package, BAS). ɆŰɞ ɓŬůɘəɧ ˊŬəɏŰɞ ŮɘůɎɔɞɜŰŬɘ ŰŬ 

ŭŮŭɞɛɏɜŬ ˊɞɡ ŮɑɜŬɘ ůɢŮŰɘəɎ ɛŮ Űɞ ˊɚɐɗɞɠ Űɤɜ ɔɟŬɛɛɩɜ əŬɘ Űɤɜ ůŰɖɚɩɜ, Űɞ 
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ˊɚɐɗɞɠ Űɤɜ ɡŭɟɞűɧɟɤɜ ůŰɟɤɛɎŰɤɜ, Űɖ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ ˊɞɡ ɔɑɜŮŰŬɘ ɖ 

ˊɟɞůɞɛɞɑɤůɖ əŬɘ Űɞ ɓɐɛŬ Űɖɠ əɎɗŮ ˊŮɟɘɧŭɞɡ, Űɞɜ əŬɗɞɟɘůɛɧ Űɤɜ ɛɞɜɎŭɤɜ 

ɛɏŰɟɖůɖɠ əŬɘ Űɘɠ ɞɟɘŬəɏɠ ůɡɜɗɐəŮɠ ůŰɞɡɠ əɧɛɓɞɡɠ Űɞɡ əŬɜɜɎɓɞɡ. ɆŰɖɜ Ŭɟɢɐ 

Űɖɠ ɢɟɞɜɘəɐɠ ˊŮɟɘɧŭɞɡ ŮɘůɎɔŮŰŬɘ ɤɠ Ŭɟɢɘəɐ ůɡɜɗɐəɖ ɖ ˊɘŮɕɞɛŮŰɟɑŬ, ɖ ɞˊɞɑŬ 

ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɘɠ ɛŮŰɟɐůŮɘɠ Űɞɡ ˊŮŭɑɞɡ. 

- ɄŬəɏŰɞ əŮɜŰɟɞɓŬɟɘəɐɠ ŭɘɎŰŬɝɖɠ Űɖɠ ɟɞɐɠ (Block-Centered Flow Package, 

BCF). ɆŰɞ ˊŬəɏŰɞ əŮɜŰɟɞɓŬɟɞɨɠ ŭɘɎŰŬɝɖɠ ŮɘůɎɔŮŰŬɘ ɞ Űɨˊɞɠ Űɞɡ 

ɡŭɟɞűɞɟɏŬ, ɞɘ ůɡɜɗɐəŮɠ ɟɞɐɠ, ɞɘ ŭɘŬůŰɎůŮɘɠ Űɤɜ əŮɚɘɩɜ əŬŰɎ ɛɐəɞɠ Űɤɜ 

Ŭɝɧɜɤɜ x əŬɘ y, Űɘɠ ůɡɜɘůŰɩůŮɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ Ⱦ (ɡŭɟŬɡɚɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ) 

ɔɘŬ Űɞɡɠ ŮɚŮɨɗŮɟɞɡɠ ɡŭɟɞűɞɟŮɑɠ ɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ ɇ (ɛŮŰŬɓɘɓŬůŰɘəɧŰɖŰŬ) 

ɔɘŬ Űɞɡɠ ɡˊɧ ˊɑŮůɖ ɡŭɟɞűɞɟŮɑɠ. 

- ȺɛˊɚɞɡŰɘůɛɧɠ (Recharge Package, RCH). ɆŰɞ ˊŬəɏŰɞ Űɞɡ ŮɛˊɚɞɡŰɘůɛɞɨ 

ŮɘůɎɔŮŰŬɘ ɖ əŬŰŮɑůŭɡůɖ Ŭˊɧ Űɘɠ ɓɟɞɢɞˊŰɩůŮɘɠ, ɞ ŰŮɢɜɖŰɧɠ ŮɛˊɚɞɡŰɘůɛɧɠ 

ŬɚɚɎ əŬɘ ɞɘ ŮˊɘůŰɟɞűɏɠ ŬɟŭŮɨůŮɤɜ. ȼ Űɘɛɐ Űɞɡ ŮɛˊɚɞɡŰɘůɛɞɨ ŮɘůɎɔŮŰŬɘ 

ɛɧɜɞ ůŰɞ top layer Űɞɡ əŬɜɜɎɓɞɡ ˊɟɞůɞɛɞɑɤůɖɠ ˊɞɡ ŮɑɜŬɘ Űɞ ŬɜɩŰŮɟɧ Űɞɡ 

ŰɛɐɛŬ əŬɘ ɏŰůɘ ŭŮɜ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɞ ŮɛˊɚɞɡŰɘůɛɧɠ əŬŰŬəɧɟɡűŬ 

ɛɘŬɠ ůŰɐɚɖɠ, əŬɗɩɠ ɞ űɡůɘəɧɠ ŮɛˊɚɞɡŰɘůɛɧɠ ŮɘůɎɔŮŰŬɘ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ 

Űɞɡ ŮŭɎűɞɡɠ ůŰɞɜ ɡŭɟɞűɞɟɏŬ. 

- ũŮɤŰɟɐůŮɘɠ (Well Package). ɆŰɞ ŭŮŭɞɛɏɜɞ ˊŬəɏŰɞ, ŮɘůɎɔɞɜŰŬɘ ɞɘ ˊɚɖɟɞűɞɟɑŮɠ 

ůɢŮŰɘəɎ ɛŮ Űɘɠ ɔŮɤŰɟɐůŮɘɠ. Ƀɘ ɔŮɤŰɟɐůŮɘɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮɑŰŮ ŮɛˊɚɞɡŰɘůɛɞɨ 

ŮɑŰŮ ɎɜŰɚɖůɖɠ əŬɘ ŬɡŰɧ ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ Ŭˊɧ Űɘɠ Űɘɛɏɠ Űɖɠ ˊŬɟɞɢɐɠ, əŬɗɩɠ 

ɧŰŬɜ ŮɑɜŬɘ ɗŮŰɘəɏɠ űŬɜŮɟɩɜɞɡɜ ŮɛˊɚɞɡŰɘůɛɧ Ůɜɩ ɧŰŬɜ ŮɑɜŬɘ ŬɟɜɖŰɘəɏɠ 

űŬɜŮɟɩɜɞɡɜ ɎɜŰɚɖůɖ. ɋůŰɧůɞ, ɞ ɟɡɗɛɧɠ ɎɜŰɚɖůɖɠ ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰɞɠ Ŭˊɧ 

Űɖɜ ˊɘŮɕɞɛŮŰɟɘəɐ ůŰɎɗɛɖ əŬɘ Ŭˊɧ Űɖɜ ɏəŰŬůɖ Űɤɜ əŮɚɘɩɜ.   

- ȳɟɘɞ ɔŮɜɘəɞɨ űɞɟŰɑɞɡ (General Head Boundary, GHB). ɇɞ ˊŬəɏŰɞ GHB ŮɑɜŬɘ 

ɘŭŬɜɘəɧ ɔɘŬ Űɖɜ ɡˊɧɔŮɘŬ ɡŭɟŬɡɚɘəɐ ŮˊɘəɞɘɜɤɜɑŬ ɛŮŰŬɝɨ Űɤɜ ɔŮɘŰɞɜɘəɩɜ 

ɡŭɟɞűɞɟɏɤɜ űŬɜŮɟɩɜɞɜŰŬɠ Űɖɜ ɡŭɟŬɡɚɘəɐ ůɨɜŭŮůɖ ɛŮ ɡŭɟɞűɞɟɏŬ ɏɝɤ Ŭˊɧ 

ŰŬ ɧɟɘŬ Űɖɠ ˊŮɟɘɞɢɐɠ ˊɟɞůɞɛɞɑɤůɖɠ. ɀŮ Űɖ ůɨɜŭŮůɖ ŬɡŰɐ ɡˊɞŭɖɚɩɜŮŰŬɘ ɖ 

ɨˊŬɟɝɖ ˊɚŮɡɟɘəɐɠ ŰɟɞűɞŭɞůɑŬɠ ůŰɖɜ ˊɟɞůɞɛɞɑɤůɖ. ȼ ˊŬɟɞɢɐ Űɖɠ 

ŰɟɞűɞŭɞůɑŬɠ ŮɑɜŬɘ ŬɜɎɚɞɔɖ ɛŮ Űɖ ŭɘŬűɞɟɎ Űɖɠ ůŰɎɗɛɖɠ ŬɜɎɛŮůŬ ůŰɞɜ 

ŮɝɤŰŮɟɘəɧ ɡŭɟɞűɞɟɏŬ əŬɘ ůŰɞ əŬɗɏɜŬ əŮɚɑ ɝŮɢɤɟɘůŰɎ ůŰɖɜ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ, 

əŬɘ ŮɑɜŬɘ ŮɝŬɟŰɩɛŮɜɖ Ŭˊɧ Űɖɜ ŬɔɤɔɘɛɧŰɖŰŬ Űɤɜ ɡɚɘəɩɜ Űɞɡ ŮɝɤŰŮɟɘəɞɨ 

ɡŭɟɞűɞɟɏŬ əŬɘ Űɤɜ ɔŮɘŰɞɜɘəɩɜ əŮɚɘɩɜ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ. ȼ ŬɔɤɔɘɛɧŰɖŰŬ 

əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ɞɟɘɕɧɜŰɘŬ ɡŭɟŬɡɚɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ Űɞɡ əɎɗŮ əŮɚɘɞɨ 

ˊɞɚɚŬˊɚŬůɘŬůɛɏɜɖ ɛŮ Űɖɜ ŮɔəɎɟůɘŬ ŭɘŬŰɞɛɐ Űɖɠ əŬɘ ŭɘŬɘɟŮɑŰŬɘ ɛŮ Űɖɜ 

ŬˊɧůŰŬůɐ Űɖɠ Ŭˊɧ Űɞɜ ŮɝɤŰŮɟɘəɧ ɡŭɟɞűɞɟɏŬ (ˊɚŮɡɟɘəɐ ŰɟɞűɞŭɞůɑŬ). ɆŰɞ 

əɎɗŮ əŮɚɑ ŬˊŬɟŬɑŰɖŰɞ ŮɑɜŬɘ Űɞ ɔŮɜɘəɧ űɞɟŰɑɞ əŬɘ ɖ ŬɔɤɔɘɛɧŰɖŰŬ. ɆŰɞ ɔŮɜɘəɧ 

űɞɟŰɑɞ ɡˊɎɔŮŰŬɘ Űɞ ŮˊɑˊŮŭɞ Űɞɡ ɡŭɎŰɘɜɞɡ ɛɏůɞɡ ůŰɞ ɧɟɘɞ Űɞ ɞˊɞɑɞ ŮɑŰŮ ŮɑɜŬɘ 

űɡůɘəɎ ˊɟɞůŭɘɞɟɘůɛɏɜɞ ŮɑŰŮ ɜŬ əŬɗɞɟɘůŰŮɑ Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ. ȼ ŬɔɤɔɘɛɧŰɖŰŬ 

ŮɑɜŬɘ ɖ ŬɜŰɑůŰŬůɖ Űɖɠ ɟɞɐɠ ɛŮŰŬɝɨ Űɞɡ ɞɟɑɞɡ ɔŮɜɘəɞɨ űɞɟŰɑɞɡ əŬɘ Űɤɜ 

ɡˊɞɔŮɑɤɜ ɜŮɟɩɜ Űɖɠ ˊŮɟɘɞɢɐɠ ˊɟɞůɞɛɞɑɤůɖɠ. 

- ɆŰŬɗŮɟɧ űɞɟŰɑɞ (Constant head). ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ˊŬəɏŰɞ, ɧˊɤɠ 

ˊɟɞŬɜŬɔɔɏɚɚŮɘ əŬɘ ɖ ɞɜɞɛŬůɑŬ Űɞɡ, ŮɑɜŬɘ ŰŬ ɧɟɘŬ Űɞɡ ůŰŬɗŮɟɞɨ űɞɟŰɑɞɡ ŰŬ 

ɞˊɞɑŬ ˊŬɟŬɛɏɜɞɡɜ ŬɛŮŰɎɓɚɖŰŬ əŬŰɎ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ. ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ, 

ŰŬ űɞɟŰɑŬ ɛɏɜɞɡɜ ůŰŬɗŮɟɎ əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ. 
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- ȺɝŬŰɛɘůɞŭɘŬˊɜɞɐ (Evapotranspiration, Ⱥɇ). ɇɞ ˊŬəɏŰɞ Űɖɠ ŮɝŬŰɛɘůɞŭɘŬˊɜɞɐɠ 

ˊŮɟɘɚŬɛɓɎɜŮɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŮɝɎŰɛɘůɖɠ əŬɘ Űɖɠ ŭɘŬˊɜɞɐɠ Űɤɜ űɡŰɩɜ 

Ŭˊɧ Űɞ ŮˊɑˊŮŭɞ Űɞɡ ŮŭɎűɞɡɠ. 

- ȰɚŮɔɢɞɠ Ůɝɧŭɞɡ (Output Control). ɆŮ ŬɡŰɧ Űɞ ˊŬəɏŰɞ ɞɟɔŬɜɩɜŮŰŬɘ ɛŮ ˊɞɘɞɜ 

Űɟɧˊɞ əŬɘ ůŮ Űɘ ɛɞɟűɐ ɗŬ ŮɝŬɢɗɞɨɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ 

əŬɗɩɠ ŭɑɜŮŰŬɘ əŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ůɨɜŭŮůɖɠ ɛŮ ŮɝɤŰŮɟɘəɎ ˊɟɞɔɟɎɛɛŬŰŬ ɔɘŬ 

Űɖɜ əŬɚɨŰŮɟɖ ˊŬɟɞɡůɑŬůɖ ŬɡŰɩɜ. 

 

5.2.5      Ʌɨɗɛɘůɖ ˊɟɞůɞɛɞɑɤůɖɠ ɡˊɧɔŮɘŬɠ ɟɞɐɠ   
 

ɇɞ ɛɞɜŰɏɚɞ ˊɟɞůɞɛɞɑɤůɖɠ ɢɟŮɘɎɕŮŰŬɘ Űɖɜ ɞɜɞɛŬɕɧɛŮɜɖ ɟɨɗɛɘůɖ (calibration) ɩůŰŮ 

ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ Űɞ ɛɞɜŰɏɚɞ ɛŮŰɎ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ůŮ əɎˊɞɘŬ 

ŭŮŭɞɛɏɜɖ ɗɏůɖ Űɞɡ ɡŭɟɞűɞɟɏŬ. ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɟɨɗɛɘůɖɠ, ɖ ɛŮŰɟɖɛɏɜɖ 

ŬˊɧɚɡŰɖ ůŰɎɗɛɖ Űɞɡ ɡˊɧɔŮɘɞɡ ɜŮɟɞɨ ůŰɖɜ ɨˊŬɘɗɟɞ ůɡɔəɟɑɜŮŰŬɘ ɛŮ Űɘɠ ɡˊɞɚɞɔɘůɛɏɜŮɠ 

Űɘɛɏɠ əŬɘ ɏŰůɘ əŬɗɞɟɑɕŮŰŬɘ ɖ Ŭˊɧəɚɘůɖ RMSD (Root Mean Square Deviation), ɖ 

ɞˊɞɑŬ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Ŭəɧɚɞɡɗɖ ůɢɏůɖ: 

 

Ⱥɝɑůɤůɖ 7. Ɇɢɏůɖ Ŭˊɧəɚɘůɖɠ RMSD. 

ȳˊɞɡ ɏɢɞɡɛŮ:   

ɉcalc: ɞɘ ɡˊɞɚɞɔɘůɛɏɜŮɠ Űɘɛɏɠ ůŰɎɗɛɖɠ ɡˊɧɔŮɘɞɡ ɜŮɟɞɨ, 

Xobs: ɞɘ ɛŮŰɟɖɛɏɜŮɠ Űɘɛɏɠ,  

n: Űɞ ˊɚɐɗɞɠ Űɤɜ ůɖɛŮɑɤɜ ˊŬɟŬŰɐɟɖůɖɠ. 

 

ũɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɖɠ əŬɚɨŰŮɟɖɠ ˊɟɞůɞɛɞɑɤůɖɠ, ɖ Űɘɛɐ Űɖɠ Ŭˊɧəɚɘůɖɠ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ŮɑɜŬɘ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ɛɘəɟɧŰŮɟɖ. ȼ ɟɨɗɛɘůɖ ůŰɞ ɛɞɜŰɏɚɞ ˊɟɞůɞɛɞɑɤůɖɠ Űɞɡ ɡˊɧɔŮɘɞɡ 

ɜŮɟɞɨ ɔɑɜŮŰŬɘ ůŮ ŭɨɞ ůɡɜɗɐəŮɠ əŬɘ ŮɑɜŬɘ ɞɘ ŬəɧɚɞɡɗŮɠ:   

- ɆɡɜɗɐəŮɠ ɘůɞɟɟɞˊɑŬɠ (steady state), ɧˊɞɡ ɞɘ Ůɘůɟɞɏɠ ɘůɞɨɜŰŬɘ ɛŮ Űɘɠ Ůəɟɞɏɠ 

əŬɘ ɞ ɧɔəɞɠ Űɞɡ ɜŮɟɞɨ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɧɠ ɛŮ Űɞɜ ɢɟɧɜɞ. 

- ɆɡɜɗɐəŮɠ ɛŮŰŬɓŬɚɚɧɛŮɜɞɡ űɞɟŰɑɞɡ (transient state), ɧˊɞɡ ɞ ɧɔəɞɠ Űɞɡ ɜŮɟɞɨ 

ŬɚɚɎɕŮɘ ɛŮ Űɖɜ ˊɎɟɞŭɞ Űɞɡ ɢɟɧɜɞɡ əŬɘ Űɞ űɞɟŰɑɞ ŮɑɜŬɘ ůɡɜɎɟŰɖůɖ ŬɡŰɞɨ. 

ɆŰɞ ůɡɔəŮəɟɘɛɏɜɞ ůŰɎŭɘɞ ˊɟɞůŰɑɗŮŰŬɘ əŬɘ ɖ ˊŬɟɎɛŮŰɟɞɠ Űɖɠ Ůɘŭɘəɐɠ 

ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬɠ (Ss) ɛŮ ɛɞɜɎŭŬ ɛɏŰɟɖůɖɠ m-1. ȼ ˊŬɟɎɛŮŰɟɞɠ ŬɡŰɐ 

ŬɜɎɚɞɔŬ ɛŮ Űɞɜ Űɨˊɞ Űɞɡ ɡŭɟɞűɞɟɏŬ ˊŬɑɟɜŮɘ Űɘɛɏɠ, ˊ.ɢ. 1%-30% ɔɘŬ Űɞɡɠ 

ŮɚŮɨɗŮɟɞɡɠ ɡŭɟɞűɞɟŮɑɠ əŬɘ 0,0001% - 0,5% ɔɘŬ Űɞɡɠ ɡˊɧ ˊɑŮůɖ ɡŭɟɞűɞɟŮɑɠ 

(ȸɞɡŭɞɨɟɖɠ, 2021). 
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5.3      ɀŮɗɞŭɞɚɞɔɑŬ əŬɗɞɟɘůɛɞɨ ɛɞɜŰɏɚɞɡ 
 

ũɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ɛɞɜŰɏɚɞɡ ˊɟɞůɞɛɞɑɤůɖɠ ɡˊɞɔŮɑɤɜ ɡŭɎŰɤɜ, ŬˊŬɘŰɞɨɜŰŬɘ 

ůɡɔəŮəɟɘɛɏɜŬ ɓɐɛŬŰŬ ŰŬ ɞˊɞɑŬ ůɨɛűɤɜŬ ɛŮ Űɞ ˊɟɤŰɧəɞɚɚɞ ŮűŬɟɛɞɔɐɠ ŮɑɜŬɘ ŰŬ 

ŬəɧɚɞɡɗŬ [(Walton, 1991), (Anderson & Woessner, 1992), (ȸɞɡŭɞɨɟɖɠ, 2021)]: 

i. Ƀ əŬɗɞɟɘůɛɧɠ Űɞɡ ůəɞˊɞɨ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ. 

ii.  ȼ ŬɜɎˊŰɡɝɖ Űɞɡ Ůɜɜɞɘɞɚɞɔɘəɞɨ ɛɞɜŰɏɚɞɡ ɛŮ Űɖ ůɡɚɚɞɔɐ Űɤɜ ŬˊŬɟŬɑŰɖŰɤɜ 

ŭŮŭɞɛɏɜɤɜ Űɖɠ ˊŮɟɘɞɢɐɠ ˊɞɡ ˊɟɞůɞɛɞɘɩɜŮŰŬɘ. 

iii.  ȺˊɘɚɏɔŮŰŬɘ ɞ əŬŰɎɚɚɖɚɞɠ əɩŭɘəŬɠ ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ. 

iv. Ƀ ůɢŮŭɘŬůɛɧɠ Űɞɡ ɛɞɜŰɏɚɞɡ (model design), ŭɖɚŬŭɐ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ 

əŬɜɜɎɓɞɡ, Űɖɜ ŮɘůŬɔɤɔɐ Űɤɜ ɡŭɟŬɡɚɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ, ŰŬ ɢɟɞɜɘəɎ ɓɐɛŬŰŬ 

əŬɘ Űɘɠ ˊŮɟɘɧŭɞɡɠ űɧɟŰɘůɖɠ. ɆɖɛŬɜŰɘəɐ ŮɑɜŬɘ əŬɘ ɖ ŮɘůŬɔɤɔɐ Űɤɜ ɞɟɘŬəɩɜ 

ůɡɜɗɖəɩɜ. 

v. ȼ ɟɨɗɛɘůɖ (calibration) Űɞɡ ɛɞɜŰɏɚɞɡ, ɧˊɞɡ ɛŮ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ŮɘůɐɢɗɖůŬɜ 

ɔɑɜɞɜŰŬɘ ŭɞəɘɛɏɠ ɛŮ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŭɞəɘɛɐɠ əŬɘ ɚɎɗɞɡɠ (trial and error) 

ɛɏɢɟɘ Űɖɜ ŮˊɑŰŮɡɝɖ Űɘɠ ɘůɞɟɟɞˊɑŬɠ ɛŮŰŬɝɨ ɡˊɞɚɞɔɘůɛɏɜɤɜ əŬɘ ɛŮŰɟɖɛɏɜɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ. 

vi. ȼ ŬɜɎɚɡůɖ ŮɡŬɘůɗɖůɑŬɠ (sensitivity analysis), ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɖɠ əŬɚɨŰŮɟɖɠ 

ˊɟɞůɞɛɞɑɤůɖɠ əŬɘ ŬɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɞɜ əŬɗɞɟɘůɛɧ Űɖɠ 

ůɖɛŬɜŰɘəɧŰɖŰŬɠ Űɖɠ əɎɗŮ ˊŬɟŬɛɏŰɟɞɡ əŬŰɎ Űɘɠ ɟɡɗɛɑůŮɘɠ Űɞɡ ɛɞɜŰɏɚɞɡ. 

vii.  ȼ Ů́ŬɚɐɗŮɡůɖ (verification) Űɞɡ ɛɞɜŰɏɚɞɡ ɛŮ Űɖ ɢɟɐůɖ ɛŮŰɟɐůŮɤɜ Ŭˊɧ Űɖɜ 

ɨˊŬɘɗɟɞ. ȳůɞ Űɞ ɛɞɜŰɏɚɞ ŮˊŬɚɖɗŮɨŮŰŬɘ, ɔɑɜŮŰŬɘ ɧɚɞ əŬɘ ˊɘɞ ɏɛˊɘůŰɞ. 

viii.  ȼ ɟ́ɧɓɚŮɣɖ (prediction), ɧˊɞɡ ɛŮ Űɖɜ ŬɚɚŬɔɐ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŭɨɜŬɜŰŬɘ ɜŬ 

ŬɚɚɎɕɞɡɜ ɛŮ Űɞ ɢɟɧɜɞ ˊɢ. ɓɟɞɢɧˊŰɤůɖ, ŮɛˊɚɞɡŰɘůɛɧɠ əŬɘ ŬɜŰɚɐůŮɘɠ, 

ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ŭɘɎűɞɟŬ ůŮɜɎɟɘŬ. 

ix. Ƀ Ů́ŬɜɏɚŮɔɢɞɠ Űɞɡ ɛɞɜŰɏɚɞɡ, ɞ ɞˊɞɑɞɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖɜ ˊɎɟɞŭɞ Űɞɡ 

ɢɟɧɜɞɡ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɞɘ ɛŮŰɟɐůŮɘɠ ůŰɖɜ ɨˊŬɘɗɟɞ ŮˊŬɚɖɗŮɨɞɡɜ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ůŮɜŬɟɑɤɜ Űɞɡ ɛɞɜŰɏɚɞɡ. 
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ȾȺūȷȿȷȽɃ 6.  ɄɅɃɆɃɀɃȽɋɆȼ ɈȹɅɃūɃɅȺȷ ɇȼɆ ɄȺɅȽɃɉȼɆ 

ɆȽɁȹɃɈ  
 

6.1 ũŮɜɘəɎ 
 

ɆŰɖɜ ȺɚɚɎŭŬ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɏɢɞɡɜ ɔɑɜŮɘ ɛŮɚɏŰŮɠ ɓŬůɘůɛɏɜŮɠ ůŰɖ ɢɟɐůɖ Űɞɡ 

ɚɞɔɘůɛɘəɞɨ MODFLOW. ɀŮɟɘəɏɠ ŰɏŰɞɘŮɠ ˊɟɞůɞɛɞɘɤɛɏɜŮɠ ˊŮɟɘɞɢɏɠ ŮɑɜŬɘ ɖ ɚŮəɎɜɖ 

Űɖɠ ɀŮůůɎɟŬɠ (ɄŬˊŬɛɘəɟɞɨɚɖɠ, 2018), Űɞ ɇɡɛˊɎəɘ ȾɟɐŰɖɠ (ȸŬɚůŬɛɑŭɞɡ, 2017), ŰŬ 

ɁɏŬ ɀɞɡŭŬɜɘɎ (ɆɘɎɟəɞɠ, 2012), ɞ ȷɚɛɡɟɧɠ ȸɧɚɞɡ (Lyra ȷ., Loukas ȷ., Sidiropoulos 

P, Tziatzios G., Mylopoulos N., 2021) əɚˊ, ɧˊɞɡ ɏɔɘɜŮ ˊɟɞůɞɛɞɑɤůɖ əŬɘ ŮɚɏɔɢɗɖəŮ 

Űɧůɞ ɖ ɡűŬɚɛɨɟɘɜůɖ ɧůɞ əŬɘ ˊɖɔɏɠ ɟɨˊŬɜůɖɠ. 

ȼ ˊŮɟɘɞɢɐ Űɖɠ Ɇɑɜŭɞɡ ŮɑɜŬɘ ɖ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ 

ɛŮŰŬˊŰɡɢɘŬəɐɠ ŮɟɔŬůɑŬɠ, ɧˊɤɠ ɏɢŮɘ ŬɜŬűŮɟɗŮɑ əŬɘ ůŮ ˊɟɞɖɔɞɨɛŮɜŬ əŮűɎɚŬɘŬ. ȼ 

ˊŮɟɘɞɢɐ ˊŬɟɞɡůɘɎɕŮɘ ŮɜŭɘŬűɏɟɞɜ ŭɘɧŰɘ, Ůɜɩ ɡˊɎɟɢɞɡɜ ɔŮɤŰɟɐůŮɘɠ ɧˊɞɡ ɔɑɜɞɜŰŬɘ 

ŬɜŰɚɐůŮɘɠ əŬɘ ɖ ůŰɎɗɛɖ Űɞɡ ɡˊɧɔŮɘɞɡ ɜŮɟɞɨ ɛŮɘɩɜŮŰŬɘ, ŮɛűŬɜɑɕŮŰŬɘ əŬɘ Űɞ űŬɘɜɧɛŮɜɞ 

Űɖɠ ɡˊŮɟɢŮɑɚɘůɖɠ, ŭɖɚŬŭɐ Űɞ ɡˊɧɔŮɘɞ ɜŮɟɧ ŮɑɜŬɘ ůŮ ɡɣɖɚɧŰŮɟɞ ɡɣɧɛŮŰɟɞ Ŭˊɧ Űɖɜ 

ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ. 

 

6.2       Ⱥɜɜɞɘɞɚɞɔɘəɧ ɛɞɜŰɏɚɞ  
 

6.2.1      ũŮɤɚɞɔɑŬ - ɈŭɟɞɔŮɤɚɞɔɑŬ 
 

  ȼ ́ɟɞůɞɛɞɘɤɛɏɜɖ ˊŮɟɘɞɢɐ, ɓɟɑůəŮŰŬɘ ůŰɖɜ ˊŮŭɘɎŭŬ ˊɞɡ ŮəŰŮɑɜŮŰŬɘ ɛŮŰŬɝɨ Űɤɜ 

ˊɞŰŬɛɩɜ ũŬɚɚɘəɞɨ əŬɘ ȷɝɘɞɨ, Ŭˊɧ ŰŬ ȷɜŬŰɞɚɘəɎ ˊɟɞɠ ŰŬ ȹɡŰɘəɎ əŬɘ ɖ  ɏəŰŬůɐ Űɖɠ 

ŬɜɏɟɢŮŰŬɘ ůŰŬ 24,15 km2. ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ůŰɖɜ ŮɜɧŰɖŰŬ 3.2.3, ŮˊŬɚɖɗŮɨŮŰŬɘ 

Ŭˊɧ Űɘɠ ɔŮɤŰɟɐůŮɘɠ, ɧŰɘ ůŰɖɜ ˊŮɟɘɞɢɐ ŮɜŰɞˊɑɕɞɜŰŬɘ ŮɜůŰɟɩůŮɘɠ əŬɘ ŮɜŬɚɚŬɔɏɠ 

Ŭɟɔɑɚɞɡ, Ɏɛɛɞɡ, ɢŬɚɑəɤɜ əŬɘ ɘɚɨɞɠ. ɆɨɛűɤɜŬ ɛŮ ŬɡŰɏɠ Űɘɠ ˊɚɖɟɞűɞɟɑŮɠ, ɞ 

ɡŭɟɞűɞɟɏŬɠ ɗŮɤɟŮɑŰŬɘ confined/unconfined aquifer (ŮɚŮɨɗŮɟɞɠ/ɡˊɧ ˊɑŮůɖ). 

ȼ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ůɨɛűɤɜŬ ɛŮ Űɞɜ Ŭəɧɚɞɡɗɞ ɢɎɟŰɖ Corine, ɞ ɞˊɞɑɞɠ ŮɝɎɢɗɖəŮ Ŭˊɧ 

Űɞ ɚɞɔɘůɛɘəɧ ArcGIS, ˊŬɟɞɡůɘɎɕŮɘ Űɖ ɢɟɐůɖ ɔɖɠ ˊɞɡ ŮɑɜŬɘ əɡɟɑɤɠ ɞɟɡɕɩɜŮɠ, ŭɖɚŬŭɐ 

ɔŮɤɟɔɘəɏɠ ŮəŰɎůŮɘɠ ˊɚɖɛɛɡɟɘůɛɏɜŮɠ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɞɡ ɢɟɧɜɞɡ əŬɘ 

əŬɚɚɘŮɟɔɞɨɜŰŬɘ ɖɛɘɡŭɟɧɓɘŬ űɡŰɎ, ůɨɜɗŮŰŮɠ əŬɚɚɘŮɟɔɞɨɛŮɜŮɠ ŮəŰɎůŮɘɠ, ŬůɡɜŮɢɐɠ 
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ŬůŰɘəɧɠ ɘůŰɧɠ ŬɚɚɎ ŮɜŰɞˊɑɕŮŰŬɘ əŬɘ ɓɘɞɛɖɢŬɜɘəɐ əŬɘ Ůɛˊɞɟɘəɐ ˊŮɟɘɞɢɐ, ɖ ɞˊɞɑŬ ɧɛɤɠ 

ŭŮɜ əŬŰŬɚŬɛɓɎɜŮɘ ɛŮɔɎɚɖ ɏəŰŬůɖ. 

 

ȺɘəɧɜŬ 21. ɉɎɟŰɖɠ Corine ɔɘŬ Űɘɠ ɢɟɐůŮɘɠ ɔɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ (ArcGIS). 

 

6.2.2      ɀŮŰŮɤɟɞɚɞɔɘəɎ ȹŮŭɞɛɏɜŬ 
 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ŮəŰŮɜɩɠ ůŰɞ əŮűɎɚŬɘɞ 2.4, ɞ əɚɘɛŬŰɘəɧɠ Űɨˊɞɠ ˊɞɡ ŮˊɘəɟŬŰŮɑ 

ůŰɖɜ ˊŮɟɘɞɢɐ ŮɑɜŬɘ ɛŮůɞɔŮɘŬəɧɠ. ɆŰŬ ɢɟɧɜɘŬ ɛŮŰŬɝɨ 2018 ɏɤɠ 2023, Űɖ ɢŬɛɖɚɧŰŮɟɖ 

ɗŮɟɛɞəɟŬůɑŬ ɏɢŮɘ ɞ ɛɐɜŬɠ ȽŬɜɞɡɎɟɘɞɠ Űɞɡ ɡŭɟɞɔŮɤɚɞɔɘəɞɨ ɏŰɞɡɠ 2018-2019 ɛŮ 

4,1ÁC əŬɘ Űɖɜ ɡɣɖɚɧŰŮɟɖ ɞ Ƚɞɨɚɘɞɠ ɛŮ 28,9ÁC Űɞɡ ɏŰɞɡɠ 2022-2023. 

ȳůɞɜ ŬűɞɟɎ Űɖ ɓɟɞɢɧˊŰɤůɖ, ůɨɛűɤɜŬ ɛŮ Űɞɜ ɄɑɜŬəŬ 1, ɔɘŬ Űɖɜ ɑŭɘŬ ɢɟɞɜɘəɐ 

ˊŮɟɑɞŭɞ (2018-2023) Űɞ ɛɏůɞ ŮŰɐůɘɞ ɨɣɞɠ ɓɟɞɢɐɠ ŬɜɏɟɢŮŰŬɘ ůŰŬ 502,2 mm. Ƀ ɛɐɜŬɠ 

ˊɞɡ əŬŰɏɔɟŬɣŮ Űɞ ɡɣɖɚɧŰŮɟɞ ɨɣɞɠ ɓɟɞɢɐɠ ɐŰŬɜ ɞ ȷˊɟɑɚɘɞɠ ůŰŬ 65,48 mm əŬɘ Űɞ 

ɢŬɛɖɚɧŰŮɟɞ ɞ ūŮɓɟɞɡɎɟɘɞɠ əŬɘ ɛŮŰɎ ɞ Ƚɞɨɚɘɞɠ, ůŰŬ 16,52mm əŬɘ 24,72mm 

ŬɜŰɑůŰɞɘɢŬ.   

 

6.2.3      ɇɟɞűɞŭɞůɑŬ ɈɈɆ 
 

ɇɞ ɡˊɧɔŮɘɞ ɡŭɟɞűɧɟɞ ůɨůŰɖɛŬ Űɖɠ ˊŮɟɘɞɢɐɠ ˊɞɡ ɓɟɑůəŮŰŬɘ ɡˊɧ ɏɟŮɡɜŬ, 

ŮɝŬůűŬɚɑɕŮɘ Űɖɜ ŰɟɞűɞŭɞůɑŬ Űɞɡ ɛŮ Űɞɡɠ əɎŰɤɗɘ ɛɖɢŬɜɘůɛɞɨɠ: 
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- Ŭˊɧ Űɞ ɓɧɟŮɘɞ ɧɟɘɞ Űɖɠ ˊɟɞůɞɛɞɘɤɛɏɜɖɠ ˊŮɟɘɞɢɐɠ ɧˊɞɡ ɔɑɜŮŰŬɘ Ůɘůɟɞɐ 

ɡŭɎŰɤɜ, 

- Ŭˊɧ Űɖɜ ɓɟɞɢɧˊŰɤůɖ, 

- Ŭˊɧ Űɘɠ ŮˊɘůŰɟɞűɏɠ ŬɟŭŮɨůŮɤɜ. 

6.2.4      ɆŰɎɗɛɖ ɡˊɧɔŮɘɞɡ ɜŮɟɞɨ 
 

ȼ ɎɜŰɚɖůɖ əŬɘ ɖ ŰɟɞűɞŭɞůɑŬ ŮɑɜŬɘ ɞɘ əɨɟɘŮɠ ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖ ůŰɎɗɛɖ 

Űɞɡ ɡˊɧɔŮɘɞɡ ɜŮɟɞɨ, əŬɗɩɠ ŭɨɜŬɜŰŬɘ ɜŬ ˊɟɞəŬɚɏůɞɡɜ ŬɝɘɞůɖɛŮɑɤŰŮɠ ŭɘŬəɡɛɎɜůŮɘɠ. 

ɆɨɛűɤɜŬ ɛŮ Űɘɠ ŰɟŮɘɠ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ɔŮɤŰɟɐůŮɘɠ, ɧˊɤɠ ˊŬɟɞɡůɘɎůŰɖəŮ ůŰɖɜ 

ŮɜɧŰɖŰŬ 4.5, əŬɘ ɛŮŰŬɝɨ Űɤɜ ŮŰɩɜ 2006 ɏɤɠ əŬɘ 2023 ˊɞɡ ɞɘ ɛŮŰɟɐůŮɘɠ ŮɑɜŬɘ 

ůɡůŰɖɛŬŰɘəɏɠ, űŬɑɜɞɜŰŬɘ ɞɘ ŭɘŬəɡɛɎɜůŮɘɠ Űɖɠ ůŰɎɗɛɖɠ ɜŬ ɏɢɞɡɜ Ůɨɟɞɠ Ŭˊɧ 3 ɏɤɠ 19 

ɛɏŰɟŬ. ɋůŰɧůɞ, ŰŬ ŰŮɚŮɡŰŬɑŬ ŭɏəŬ (10) ɢɟɧɜɘŬ Űɤɜ ɛŮŰɟɐůŮɤɜ (2012-2022) 

ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰŬɗŮɟɧŰɖŰŬ Űɖɠ ůŰɎɗɛɖɠ ɛŮ Ŭˊɧəɚɘůɖ ůŰɖ ɔŮɩŰɟɖůɖ Ɇ06Ɂ ůŰŬ 9,69 

m, ůŰɖɜ Ɇ10ȷ ůŰŬ 2,51 m əŬɘ ůŰɖɜ Ɇ34 ůŰŬ 9,69 m. Ⱥˊɞɛɏɜɤɠ, ŬɡŰɧ ŭŮɑɢɜŮɘ Űɖɜ 

ɘůɞɟɟɞˊɑŬ ɛŮŰŬɝɨ Űɤɜ Ůɘůɟɞɩɜ əŬɘ Ůəɟɞɩɜ ůŰɖ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɘɞɢɐ.  

 

6.2.5      ɈŭɟŬɡɚɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ 
 

ɆɨɛűɤɜŬ ɛŮ ŰŬ ŬɜŰɚɖŰɘəɎ ůŰɞɘɢŮɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ, ɡˊɞɚɞɔɑůŰɖəŬɜ ɞɘ ˊŬɟŬəɎŰɤ 

ˊŬɟɎɛŮŰɟɞɘ, ŬˊŬɟŬɑŰɖŰɞɘ ɔɘŬ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ˊɟɞůɞɛɞɘɤɛɏɜɖɠ ˊŮɟɘɞɢɐɠ:  

- ȼ ɡŭɟɞˊŮɟŬŰɧŰɖŰŬ (k) ɛŮ Űɘɛɐ 2 m/day. 

- ȼ ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬ (S) ɛŮ Űɘɛɐ 0,005. 

- ȼ ɛŮŰŬɓɘɓŬůŰɘəɧŰɖŰŬ (ɇ) ɛŮ Űɘɛɐ 380 m2/day. 

 

6.3       ȷɜɎˊŰɡɝɖ ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ 
 

6.3.1      ũŮɤɛŮŰɟɑŬ ɞɛɞɘɩɛŬŰɞɠ 
 

ȼ ɞɟɘɞɗŮŰɖɛɏɜɖ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ, ɏɢŮɘ ɏəŰŬůɖ 24,15 km2  əŬɘ Űɞ ˊɎɢɞɠ Űɞɡ 

ɡŭɟɞűɞɟɏŬ ŬɜɏɟɢŮŰŬɘ ůŰŬ 200m. Ƀ əɎɜɜŬɓɞɠ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŮ ŮɑɜŬɘ ɞɛɞɘɧɛɞɟűɞɠ 

əŬɗɩɠ ŰŬ əŮɚɘɎ ŮɑɜŬɘ ŭɘŬůŰɎůŮɤɜ 50m x 50m. 
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ȺɘəɧɜŬ 22. ɉɎɟŰɖɠ əŬɜɜɎɓɞɡ Ŭˊɧ Űɖɜ ˊŮɟɘɞɢɐ ˊɞɡ ˊɟɞůɞɛɞɘɩɜŮŰŬɘ ɛŮ Űɘɠ ɞɟɘŬəɏɠ ůɡɜɗɐəŮɠ əŬɘ Űɘɠ ůɡɜɞɚɘəɏɠ 

ɔŮɤŰɟɐůŮɘɠ Űɖɠ ˊŮɟɘɞɢɐɠ. 

 

6.3.2      ɆɡɜɗɐəŮɠ Steady State (ɛɧɜɘɛɖɠ ɟɞɐɠ) 
 

6.3.2.1       ɇɟɞűɞŭɞůɑŬ ɡŭɟɞűɞɟɏŬ 
 

ũɘŬ Űɖɜ ŰɟɞűɞŭɞůɑŬ Űɞɡ ɡˊɧɔŮɘɞɡ ɡŭɟɞűɧɟɞɡ ůɡůŰɐɛŬŰɞɠ, ɧˊɤɠ ŬɜŬˊŰɨɢɗɖəŮ əŬɘ 

ůŰɖɜ ŮɜɧŰɖŰŬ 6.2.3, ɡˊŮɨɗɡɜɞɘ ŮɑɜŬɘ ɞɘ ˊŬɟŬəɎŰɤ ɛɖɢŬɜɘůɛɞɑ: 

-  Űɞ ɓɧɟŮɘɞ ɧɟɘɞ Űɖɠ ˊɟɞůɞɛɞɘɤɛɏɜɖɠ ˊŮɟɘɞɢɐɠ ɧˊɞɡ ɔɑɜŮŰŬɘ Ůɘůɟɞɐ ɡŭɎŰɤɜ, 

- ɖ ɓɟɞɢɧˊŰɤůɖ, 

- ɞɘ ŮˊɘůŰɟɞűɏɠ ŬɟŭŮɨůŮɤɜ. 

 

6.3.2.2       ɃɟɘŬəɏɠ ůɡɜɗɐəŮɠ    
 

ȳůɞɜ ŬűɞɟɎ Űɘɠ ɞɟɘŬəɏɠ ůɡɜɗɐəŮɠ Űɖɠ ˊŮɟɘɞɢɐɠ Űɖɠ Ɇɑɜŭɞɡ ˊɞɡ ˊɟɞůɞɛɞɘɩɜŮŰŬɘ, Űɞ 

ŬɜɩŰŮɟɞ ɧɟɘɞ Űɞɡ ɞɛɞɘɩɛŬŰɞɠ ɞɟɑɕŮŰŬɘ ɖ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ. ȷˊɧ ŮəŮɑ ɗŮɤɟŮɑŰŬɘ 

ɖ əŬŰŮɑůŭɡůɖ Űɞɡ ɜŮɟɞɨ Űɤɜ ɓɟɞɢɞˊŰɩůŮɤɜ, əŬɗɩɠ əŬɘ ɞɘ ŮˊɘůŰɟɞűɏɠ ŬɟŭŮɨůŮɤɜ. ɇɞ 

ˊŬəɏŰɞ ŬɡŰɧ ůŰɞ ɚɞɔɘůɛɘəɧ ɞɟɑɕŮŰŬɘ ɤɠ Recharge Package. 

ũɘŬ Űɞɜ ɞɟɘůɛɧ Űɞɡ əŬŰɩŰŮɟɞɡ ɞɟɑɞɡ, ŬűŬɘɟɏɗɖəŬɜ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ  

200m, ɧˊɞɡ ɡˊɐɟɢŬɜ ůŰɞɘɢŮɑŬ Ŭˊɧ Űɘɠ ɔŮɤŰɟɐůŮɘɠ Űɖɠ ˊŮɟɘɞɢɐɠ, əŬɘ ɏŰůɘ 

ŭɖɛɘɞɡɟɔɐɗɖəŮ ɖ ɔŮɤɛŮŰɟɑŬ Űɞɡ ɡŭɟɞűɞɟɏŬ.  

ũɘŬ Űɖɜ ˊɟɞůɏɔɔɘůɖ Űɤɜ ɞɟɘŬəɩɜ ůɡɜɗɖəɩɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ Ŭˊɧ Űɞ ɚɞɔɘůɛɘəɧ ŰŬ 

ŮɟɔŬɚŮɑŬ Well əŬɘ General Head Boundary. ȼ Ůɘůɟɞɐ ɜŮɟɞɨ ůŰɞ ɛɞɜŰɏɚɞ əŬɘ ɖ 

ŬɜŰŬɚɚŬɔɐ ŬɡŰɞɨ ɛŮ Űɘɠ ˊŮɟɘɞɢɏɠ ŮəŰɧɠ Űɞɡ ɞɛɞɘɩɛŬŰɞɠ, ɔɑɜŮŰŬɘ Ŭˊɧ ŰŬ əŮɚɘɎ ůŰŬ 

ɞˊɞɑŬ ɏɢɞɡɜ ŰɞˊɞɗŮŰɖɗŮɑ ɞɘ ɘŭɘɧŰɖŰŮɠ ˊɞɡ ˊɟɞŬɜŬűɏɟɗɖəŬɜ. 
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ɆŰɞ ɓɧɟŮɘɞ ŰɛɐɛŬ, ɖ ˊŮɟɘɞɢɐ ŭɏɢŮŰŬɘ Űɖɜ Ůɘůɟɞɐ ɡˊɧɔŮɘɤɜ ɡŭɎŰɤɜ ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ 

əɑɜɖůɖ ˊɞɡ əŬŰŮɡɗɨɜŮŰŬɘ ɜɧŰɘŬ, əŬŰɎ əɨɟɘɞ ɚɧɔɞ. ȼ ŮəűɧɟŰɘůɖ ŬɡŰɩɜ ɔɑɜŮŰŬɘ Ŭˊɧ ŰŬ 

əŬŰɎɜŰɖ Űɖɠ ˊɟɞůɞɛɞɘɤɛɏɜɖɠ ˊŮɟɘɞɢɐɠ. 

ȷˊɧ Űɞ ˊŬəɏŰɞ Wells Űɞɡ ɚɞɔɘůɛɘəɞɨ, ɞɟɑɕɞɜŰŬɘ ɞɘ ŬɜŰɚɐůŮɘɠ ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ ˊɞɡ 

ˊɟɞůɞɛɞɘɩɜŮŰŬɘ. ɆŰɖ ŭŮŭɞɛɏɜɖ ˊŮɟɑˊŰɤůɖ ɏɔɘɜŮ ɖ ŮɘůŬɔɤɔɐ 25 ɔŮɤŰɟɐůŮɤɜ, ɧˊɤɠ 

űŬɑɜŮŰŬɘ əŬɘ ůŰɖɜ ŮɘəɧɜŬ 15. 

 

6.3.2.3       Ɇɡɜɞɚɘəɧɠ ŮɛˊɚɞɡŰɘůɛɧɠ 
 

Ƀ ɏɜŬɠ Ŭˊɧ Űɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ŰɟɞűɞŭɞůɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ ŮɑɜŬɘ ɖ 

ɓɟɞɢɧˊŰɤůɖ. ȼ ɛɏůɖ ŮŰɐůɘŬ ɓɟɞɢɧˊŰɤůɖ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 1 Űɖɠ 

ŮɜɧŰɖŰŬɠ 2.4.1 ɔɘŬ ŰŬ ɏŰɖ 2018 ɏɤɠ 2023, ŬɜɏɟɢŮŰŬɘ ůŰŬ 502 mm Ůɜɩ ɞ ůɡɜŰŮɚŮůŰɐɠ 

əŬŰŮɑůŭɡůɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ ŮəŰɘɛɐɗɖəŮ ůŰɞ 10%. Ⱥˊɞɛɏɜɤɠ, ɖ əŬŰŮɑůŭɡůɖ Űɞɡ ɜŮɟɞɨ 

Űɖɠ ɓɟɞɢɐɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ůŰŬ 0,00013753 m/d. 

Ƀɘ ŮˊɘůŰɟɞűɏɠ Ŭˊɧ Űɘɠ ŬɟŭŮɨůŮɘɠ ůŰɖɜ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ɗŮɤɟɞɨɜŰŬɘ ůŰɞ 10% Űɞɡ 

ůɡɜɞɚɘəɞɨ ɧɔəɞɡ ɜŮɟɞɨ ˊɞɡ ŬɜŰɚŮɑŰŬɘ Ŭˊɧ Űɘɠ ɔŮɤŰɟɐůŮɘɠ. Ƀɘ ŮŰɐůɘŮɠ ŬɜŰɚɐůŮɘɠ 

ŬɜɏɟɢɞɜŰŬɘ ůŰŬ 3.561.420 m3, Ůˊɞɛɏɜɤɠ ɞ ŮɛˊɚɞɡŰɘůɛɧɠ Ŭˊɧ Űɘɠ ŮˊɘůŰɟɞűɏɠ ŮɑɜŬɘ ůŰŬ 

0,00004041 m3/d. 

Ƀ ůɡɜɞɚɘəɧɠ ŮɛˊɚɞɡŰɘůɛɧɠ Űɖɠ ˊŮɟɘɞɢɐɠ Ŭˊɧ Űɘɠ ɓɟɞɢɞˊŰɩůŮɘɠ əŬɘ Űɘɠ ŮˊɘůŰɟɞűɏɠ 

ŬɟŭŮɨůŮɤɜ, ɡˊɞɚɞɔɑɕŮŰŬɘ ůŰŬ 0,00017761 m/d, ŭɖɚŬŭɐ 1,5x106 m3 ŮŰɖůɑɤɠ. 

  

6.3.2.4       ɆɖɛŮɑŬ Ůɚɏɔɢɞɡ 
 

ɆɖɛŬɜŰɘəɐ ŮɑɜŬɘ ɖ ŮˊŬɚɐɗŮɡůɖ Űɤɜ ɡˊɞɚɞɔɘůɛɏɜɤɜ Űɘɛɩɜ Űɞɡ ɛɞɜŰɏɚɞɡ ˊɞɡ 

ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ, ůŮ ůɢɏůɖ ɛŮ Űɘɠ Űɘɛɏɠ ˊɞɡ ɛŮŰɟɐɗɖəŬɜ ůŰɞ 

ˊŮŭɑɞ Űɞ ɏŰɞɠ 2021. ɇɞ ˊɚɐɗɞɠ ŭɘŬɗɏůɘɛɤɜ ɔŮɤŰɟɐůŮɤɜ ˊŬɟŬŰɐɟɖůɖɠ ŮɑɜŬɘ ɞɢŰɩ (8) 

əŬɘ űŬɑɜɞɜŰŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ ŮɘəɧɜŬ. 
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ȺɘəɧɜŬ 23. ũŮɤŰɟɐůŮɘɠ Ůɚɏɔɢɞɡ (observation points). 

 

 

6.3.2.5       ȷɟɢɘəɏɠ ůɡɜɗɐəŮɠ 
 

ũɘŬ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ Űɞ Ŭɟɢɘəɧ űɞɟŰɑɞ (starting heads) ŮˊɘɚɏɢɗɖəŮ ɜŬ ɔɑɜŮɘ ůŰɞ 

ɚɞɔɘůɛɘəɧ MODFLOW ɢɤɟɘəɐ ˊŬɟŮɛɓɞɚɐ (interpolation) Űɞɡ ɛŮŰɟɖɛɏɜɞɡ 

ɡŭɟŬɡɚɘəɞɨ űɞɟŰɑɞɡ ůŰɞɜ ɡŭɟɞűɧɟɞ. ɀŮŰɟɖɛɏɜŮɠ Űɘɛɏɠ, ɞɘ ɞˊɞɑŮɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 

ɔɘŬ Űɖ ɢɤɟɘəɐ ˊŬɟŮɛɓɞɚɐ, ɡˊɎɟɢɞɡɜ ɔɘŬ 11 ɔŮɤŰɟɐůŮɘɠ, Űɖɜ ˊŮɟɑɞŭɞ Űɞɡ ɁɞŮɛɓɟɑɞɡ 

Űɞɡ ɏŰɞɡɠ 2021. 

ȼ ˊɟɞŬɜŬűŮɟɧɛŮɜɖ əŬŰŬɜɞɛɐ Űɞɡ ɡŭɟŬɡɚɘəɞɨ űɞɟŰɑɞɡ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɖɜ 

ˊŬɟŬəɎŰɤ ŮɘəɧɜŬ.  

 

ȺɘəɧɜŬ 24. ȷɟɢɘəɏɠ ůɡɜɗɐəŮɠ ˊɘŮɕɞɛŮŰɟɑŬɠ (starting heads) ɛŮ Űɖɜ əŬŰŬɜɞɛɐ ɡŭɟŬɡɚɘəɞɨ űɞɟŰɑɞɡ ůŰɖɜ 

ˊɟɞůɞɛɞɘɤɛɏɜɖ ˊŮɟɘɞɢɐ. 
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6.3.2.6       ȷˊɞŰŮɚɏůɛŬŰŬ ůŮ ůŰŬɗŮɟɏɠ ůɡɜɗɐəŮɠ ɟɞɐɠ (steady state) 
 

ȳůɞɜ ŬűɞɟɎ Űɖ ɟɨɗɛɘůɖ ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ɡˊɧɔŮɘŬɠ ɟɞɐɠ ŮűŬɟɛɧůŰɖəŬɜ 

əɎˊɞɘŬ əɟɘŰɐɟɘŬ əŬɘ ŮɑɜŬɘ ŰŬ ŬəɧɚɞɡɗŬ: 

- ȰɔɘɜŮ ůɨɔəɟɘůɖ Űɤɜ ɡˊɞɚɞɔɘůɛɏɜɤɜ əŬɘ ɛŮŰɟɖɛɏɜɤɜ ɡŭɟŬɡɚɘəɩɜ űɞɟŰɑɤɜ 

ůŰɘɠ ɗɏůŮɘɠ Űɤɜ ůɖɛŮɑɤɜ ˊŬɟŬəɞɚɞɨɗɖůɖɠ. 

- Ƀ ˊɘŮɕɞɛŮŰɟɘəɧɠ ɢɎɟŰɖɠ ˊɞɡ ˊɟɞɏəɡɣŮ Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ ůɡɔəɟɑɜŮŰŬɘ ɛŮ ɢɎɟŰŮɠ 

ˊɟɞɖɔɞɨɛŮɜɤɜ ɛŮɚŮŰɩɜ ɐ ɛŮ ɢɎɟŰŮɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɘɠ ɛŮŰɟɐůŮɘɠ. 

- ɇɞ ůɡɜɞɚɘəɧ, ŬɚɚɎ əŬɘ ŬɜɎ ˊŬɟɎɛŮŰɟɞ (ŮɛˊɚɞɡŰɘůɛɧɠ, ɎɜŰɚɖůɖ ɜŮɟɞɨ əɚˊ), 

ɡŭŬŰɘəɧ ɘůɞɕɨɔɘɞ Űɞɡ ɡŭɟɞűɧɟɞɡ ůɡůŰɐɛŬŰɞɠ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ ˊɞɡ 

ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɞ ɚɞɔɘůɛɘəɧ, ůɡɔəɟɑɜŮŰŬɘ ɛŮ ŬɡŰɧ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ 

əɚŬůůɘəɐ ɡŭɟɞɔŮɤɚɞɔɘəɐ ɏɟŮɡɜŬ. 

ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Űɞ Űɟɏɝɘɛɞ Űɞɡ ɞɛɞɘɩɛŬŰɞɠ əŬɘ ŮɑɢŮ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɞɜ 

Ŭəɧɚɞɡɗɞ ˊɘŮɕɞɛŮŰɟɘəɧ ɢɎɟŰɖ. ȷˊɧ Űɖɜ ŬɜɎɚɡůɖ ŬɡŰɞɨ, ŮɝɎɢɗɖəŬɜ ŰŬ Ůɝɐɠ 

ůɡɛˊŮɟɎůɛŬŰŬ: 

- ȼ ɟɞɐ Űɞɡ ɡˊɧɔŮɘɞɡ ɜŮɟɞɨ ŬəɞɚɞɡɗŮɑ ŭɘŮɨɗɡɜůɖ ɓɧɟŮɘŬ ˊɟɞɠ ɜɧŰɘŬ, ɧˊɤɠ 

űŬɑɜŮŰŬɘ əŬɘ Ŭˊɧ Űɘɠ ˊɘŮɕɞɛŮŰɟɘəɏɠ əŬɛˊɨɚŮɠ.  

- ɆŰŬ ɜɧŰɘŬ Űɖɠ ˊŮɟɘɞɢɐɠ ˊɞɡ ˊɟɞůɞɛɞɘɩɗɖəŮ, ˊŬɟŬŰɖɟŮɑŰŬɘ əɩɜɞɠ ˊŰɩůɖɠ 

ůŰɎɗɛɖɠ, ɧˊɞɡ ŮəŮɑ ɓɟɑůəɞɜŰŬɘ ŭɨɞ ɔŮɤŰɟɐůŮɘɠ əŬɘ ŮɛűŬɜɑɕŮŰŬɘ Űɞ 

űŬɘɜɧɛŮɜɞ Űɖɠ ɡˊŮɟɎɜŰɚɖůɖɠ.   

- Ƀ ˊɘŮɕɞɛŮŰɟɘəɧɠ ɢɎɟŰɖɠ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ ɚɞɔɘůɛɘəɧ, ŮɑɜŬɘ ŬɟəŮŰɎ ɧɛɞɘɞɠ 

ɛŮ Űɖɜ ˊɘŮɕɞɛŮŰɟɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ ˊɞɡ ɐŭɖ ɏɢŮɘ ŮɝŬɢɗŮɑ. 

 

ȺɘəɧɜŬ 25. ɄɘŮɕɞɛŮŰɟɘəɧɠ ɢɎɟŰɖɠ Űɖɠ ˊɟɞůɞɛɞɘɤɛɏɜɖɠ ˊŮɟɘɞɢɐɠ (steady state). 
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- ɇɞ ɡŭɟŬɡɚɘəɧ űɞɟŰɑɞ ˊɞɡ ɡˊɞɚɞɔɑůŰɖəŮ ɏɢŮɘ ˊɞɚɨ ɛɘəɟɐ Ŭˊɧəɚɘůɖ ɛŮ Űɘɠ 

ɛŮŰɟɖɛɏɜŮɠ Űɘɛɏɠ əŬɘ ůŰɘɠ ɞɢŰɩ (8) ɔŮɤŰɟɐůŮɘɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 

26, ůŰɞɜ ɄɑɜŬəŬ 5 əŬɘ ȺɘəɧɜŬ 27. 

- ɇɞ RMSE (ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ) ɘůɞɨŰŬɘ ɛŮ 0.89, Űɞ ɞˊɞɑɞ ɗŮɤɟŮɑŰŬɘ 

ɘəŬɜɞˊɞɘɖŰɘəɐ Űɘɛɐ ɚɧɔɤ Űɞɡ ɛɘəɟɞɨ Ŭɟɘɗɛɞɨ Űɤɜ ɔŮɤŰɟɐůŮɤɜ. 

 

 

ȺɘəɧɜŬ 26. ɆɖɛŮɑŬ Ůɚɏɔɢɞɡ ɛŮ Űɘɠ ŬˊɞəɚɑůŮɘɠ. 

  

ɄɑɜŬəŬɠ 5. ȷˊɞəɚɑůŮɘɠ ɛŮŰɟɖɛɏɜɤɜ (observed head) ɛŮ ɡˊɞɚɞɔɘůɛɏɜɤɜ (computed head) Űɘɛɩɜ. 

ũŮɩŰɟɖůɖ ɉ Ɉ 
ɀŮŰɟɖɛɏɜɖ 

Űɘɛɐ (m) 

Ɉˊɞɚɞɔɘůɛɏɜɖ 

Űɘɛɐ (m) 

ȷˊɧəɚɘůɖ 

(m) 

06N 398952.0 4500149.0 -3.92 -4.84 0.92 

08A 397068.0 4500608.0 -1.91 -3.28 1.37 

08B 396633.0 4499640.0 -5.56 -5.58 0.027 

09N 396175.0 4501128.0 -3.67 -3.24 -0.42 

10A 395073.0 4501227.0 0.12 0.24 -0.12 

11N 394061.0 4501503.0 -1.62 -0.72 -0.89 

31 400324.0 4502042.0 2.84 3.78 -0.95 

34 396688.0 4500722.0 -1.13 -2.46 1.33 
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ȺɘəɧɜŬ 27. ȹɘɎɔɟŬɛɛŬ ŬˊɞəɚɑůŮɤɜ Űɘɛɩɜ ɡŭɟŬɡɚɘəɞɨ űɞɟŰɑɞɡ, ɛŮŰɟɖɛɏɜɤɜ əŬɘ ɡˊɞɚɞɔɘůɛɏɜɤɜ. 

 

ȾŬŰɎ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ ůŰŬɗŮɟɐɠ ɟɞɐɠ, ɡˊɞɚɞɔɑůŰɖəŬɜ ɞɘ Ůɘůɟɞɏɠ əŬɘ Ůəɟɞɏɠ ůŰɞɜ 

ɡˊɧ ŮɝɏŰŬůɖ ɡŭɟɞűɞɟɏŬ ŮŰɖůɑɤɠ, ɞɘ ɞˊɞɑŮɠ ˊŬɟŬŰɑɗŮɜŰŬɘ ůŰɞɜ Ŭəɧɚɞɡɗɞ ˊɑɜŬəŬ. 

 

ɄɑɜŬəŬɠ 6. ɄɑɜŬəŬɠ ŮŰɐůɘɞɡ ɡŭŬŰɘəɞɨ ɘůɞɕɨɔɘɞɡ ɡŭɟɞűɞɟɏŬ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ. 

Ⱥɘůɟɞɏɠ (Ĭ106 m3) Ⱥəɟɞɏɠ (Ĭ106 m3) 

Recharge 1.56 Wells 3.71 

General Head 

Boundary (ɄɚŮɡɟɘəɐ 

ŰɟɞűɞŭɞůɑŬ) 

2.15 

General Head 

Boundary 

(ɈˊɧɔŮɘŮɠ Ůəɟɞɏɠ) 

0,00108 

Constant head 

(ůŰŬɗŮɟɧ űɞɟŰɑɞ) 
0 

Constant head 

(ůŰŬɗŮɟɧ űɞɟŰɑɞ) 
0 

Ɇɨɜɞɚɞ 3.71 Ɇɨɜɞɚɞ 3.71 
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ȺɘəɧɜŬ 28. ȼɛŮɟɐůɘɞ ɡŭŬŰɘəɧ ɘůɞɕɨɔɘɞ ɡŭɟɞűɞɟɏŬ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ. 

 

 

6.3.3      ɆɡɜɗɐəŮɠ Transient State (ɛɖ-ɛɧɜɘɛɖɠ ɟɞɐɠ) 
 

Ƀ ɡŭɟɞűɞɟɏŬɠ ŮəŰɧɠ Ŭˊɧ ůŰŬɗŮɟɏɠ ůɡɜɗɐəŮɠ ɟɞɐɠ, ˊɟɞůɞɛɞɘɩɗɖəŮ əŬɘ ůŮ ůɡɜɗɐəŮɠ 

ɛɖ-ɛɧɜɘɛɖɠ ɟɞɐɠ (ɛŮŰŬɓŬɚɚɧɛŮɜɞɡ ɘůɞɕɡɔɑɞɡ). ȷɡŰɐ ɖ ˊɟɞůɞɛɞɑɤůɖ ɓŬůɑůŰɖəŮ ůŰɞ 

ˊɟɞɖɔɞɨɛŮɜɞ ɓɐɛŬ, ˊɞɡ ɐŰŬɜ ɖ ˊɟɞůɞɛɞɑɤůɖ Űɞɡ ɡŭɟɞűɞɟɏŬ ůŮ ɟɨɗɛɘůɖ steady 

state. ȼ ˊŮɟɑɞŭɞɠ ˊɞɡ ˊɟɞůűŮɟɧŰŬɜ ɜŬ ŮɝŮŰŬůŰŮɑ ůɨɛűɤɜŬ ɛŮ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ 

ɡˊɐɟɢŬɜ, ɐŰŬɜ Ŭˊɧ Űɞɜ ɃəŰɩɓɟɘɞ Űɞɡ 2020 ɏɤɠ Űɞɜ ɃəŰɩɓɟɘɞ Űɞɡ 2022, ɛŮ 

ŮɝŬɛɖɜɘŬɑɞ ɓɐɛŬ, Ŭˊɧ Űɞɜ ȷˊɟɑɚɘɞ ɏɤɠ Űɞɜ ɆŮˊŰɏɛɓɟɘɞ əŬɘ Ŭˊɧ Űɞɜ ɃəŰɩɓɟɘɞ ɏɤɠ 

Űɞɜ ɀɎɟŰɘɞ Űɞɡ ŮˊŮɟɢɧɛŮɜɞɡ ɏŰɞɡɠ. ɋůŰɧůɞ,  əŬŰɎ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ ɧˊɤɠ ɗŬ 

ˊŬɟɞɡůɘŬůŰŮɑ ˊŬɟŬəɎŰɤ, ŭŮɜ ˊɟɞɏəɡɣŬɜ ɘəŬɜɞˊɞɘɖŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ əŬɗɩɠ 

ɡˊɐɟɢŬɜ ˊɞɚɨ ɛŮɔɎɚŮɠ ŬˊɞəɚɑůŮɘɠ ɛŮŰŬɝɨ ɛŮŰɟɖɛɏɜɤɜ əŬɘ ɡˊɞɚɞɔɘůɛɏɜɤɜ Űɘɛɩɜ, 

ŮəŰɧɠ Ŭˊɧ Űɖ ɝɖɟɐ ˊŮɟɑɞŭɞ (ȷˊɟɑɚɘɞɠ-ɆŮˊŰɏɛɓɟɘɞɠ) Űɞɡ ɏŰɞɡɠ 2021. 

ũɘŬ Űɖ ɟɨɗɛɘůɖ ɛɖ-ɛɧɜɘɛɖɠ ɟɞɐɠ, ŬˊŬɟŬɑŰɖŰɞɠ ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ Ůɘŭɘəɐɠ 

ŬˊɞɗɖəŮɡŰɘəɧŰɖŰŬɠ S (primary storage), ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ɑůɞɠ ɛŮ 0,005, Ůɜɩ ɞ 

secondary storage coefficient ŮɑɜŬɘ ɑůɞɠ ɛŮ 0,00045, əŬɗɩɠ ɞ ɡŭɟɞűɞɟɏŬɠ 

ˊɟɞůɞɛɞɘɩɗɖəŮ ɤɠ confined/unconfined. 
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6.3.3.1 ȷˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ ɛŮŰŬɓŬɚɚɧɛŮɜŮɠ ůɡɜɗɐəŮɠ (transient state) 
 

ȳˊɤɠ ŮɘˊɩɗɖəŮ əŬɘ ůŰɖɜ ˊŬɟŬˊɎɜɤ ɡˊɞŮɜɧŰɖŰŬ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɞɘ ɛŮŰɟɐůŮɘɠ 

Ŭˊɧ Űɞɜ ɃəŰɩɓɟɘɞ Űɞɡ 2020 ɏɤɠ Űɞɜ ɃəŰɩɓɟɘɞ Űɞɡ 2022, ɛŮ Űɘɠ ɔŮɤŰɟɐůŮɘɠ 

ˊŬɟŬŰɐɟɖůɖɠ (observation points) ˊɞɡ ɡˊɐɟɢŬɜ əŬɘ ůŰɖ ɟɨɗɛɘůɖ steady state. 

ɆŰɞ ˊŬɟŬəɎŰɤ ŭɘɎɔɟŬɛɛŬ, űŬɑɜɞɜŰŬɘ ɞɘ ŬˊɞəɚɑůŮɘɠ Űɤɜ ɛŮŰɟɐůŮɤɜ ɔɘŬ Űɘɠ 

ɔŮɤŰɟɐůŮɘɠ ůŮ əɎɗŮ ŮɝɎɛɖɜɞ. ɄŬɟŬŰɖɟŮɑŰŬɘ ɖ ɛŮɔɎɚɖ Ŭˊɧəɚɘůɖ ˊɞɡ ɏɢɞɡɜ ůŰɘɠ ɎɚɚŮɠ 

ˊŮɟɘɧŭɞɡɠ, ŮəŰɧɠ Ŭˊɧ Űɖ ɝɖɟɐ ˊŮɟɑɞŭɞ Űɞɡ 2021. ȷɡŰɐ ɖ Ŭˊɧəɚɘůɖ ŮɑɜŬɘ ˊɘɗŬɜɧ ɜŬ 

ɞűŮɑɚŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ɖ ˊɟɞůɞɛɞɑɤůɖ ɏɔɘɜŮ ɛŮ ɓɎůɖ Űɞ steady state Űɞɡ 

ɁɞŮɛɓɟɑɞɡ 2021 əŬɘ ɔɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ, ɖ ŭŮŭɞɛɏɜɖ ɝɖɟɐ ˊŮɟɑɞŭɞɠ ŮɑɜŬɘ ɛŮ 

ɛɘəɟɧŰŮɟŮɠ ŬˊɞəɚɑůŮɘɠ ůɡɔəɟɘŰɘəɎ ɛŮ Űɘɠ ɎɚɚŮɠ. 

ɆŰɘɠ ˊŬɟŬəɎŰɤ ŮɘəɧɜŮɠ, ɖ ɡˊɞɚɞɔɘůɛɏɜɖ ůŰɎɗɛɖ ůɡɔəɟɑɜŮŰŬɘ ɛŮ Űɖ ɛŮŰɟɖɛɏɜɖ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ, ɧŰŬɜ Űɞ ɢɟɩɛŬ ůŰɘɠ ɛˊɎɟŮɠ ŮɑɜŬɘ ˊɟɎůɘɜɞ ɜŬ ɡˊɞŭɖɚɩɜŮɘ Ŭˊɧəɚɘůɖ 

ɛɘəɟɧŰŮɟɖ Űɞɡ Ůɜɧɠ ɛɏŰɟɞɡ, ɧŰŬɜ ŮɑɜŬɘ əɑŰɟɘɜɞ ŮɑɜŬɘ ɛŮŰŬɝɨ 1-2 ɛɏŰɟɤɜ əŬɘ ɧŰŬɜ ŮɑɜŬɘ 

əɧəəɘɜɞ, ɞɘ ŬˊɞəɚɑůŮɘɠ ɡˊŮɟɓŬɑɜɞɡɜ ŰŬ 2 ɛɏŰɟŬ. 

 

 

ȺɘəɧɜŬ 29. Ɇɨɔəɟɘůɖ ɛŮŰɟɖɛɏɜɤɜ Űɘɛɩɜ Űɤɜ observation points ˊŮɟɘɧŭɞɡ 2018-2023 əŬɘ ŭɘŬəɨɛŬɜůɖ ůŰɎɗɛɖɠ 

ɡˊɧɔŮɘɞɡ ɜŮɟɞɨ. 
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ɆŰɞɜ Ŭəɧɚɞɡɗɞ ˊɑɜŬəŬ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɡˊɞɚɞɔɘůɛɏɜŮɠ əŬɘ ɞɘ ɛŮŰɟɖɛɏɜŮɠ Űɘɛɏɠ 

Űɤɜ ɔŮɤŰɟɐůŮɤɜ ˊŬɟŬŰɐɟɖůɖɠ Ŭˊɧ Űɞ ɏŰɞɠ 2020 ɏɤɠ Űɞ 2022. ȹŮɜ ɚɐűɗɖəŬɜ ɡˊɧɣɖ 

ɞɘ ɖɛŮɟɞɛɖɜɑŮɠ Ŭˊɧ Űɞ 2018 ɏɤɠ Űɞ 2020, ŭɘɧŰɘ, ɞɘ ŬˊɞəɚɑůŮɘɠ ŮɑɜŬɘ ˊɞɚɨ ɛŮɔɎɚŮɠ. 

ɄɑɜŬəŬɠ 7. ɀŮŰɟɖɛɏɜŮɠ əŬɘ ɡˊɞɚɞɔɘůɛɏɜŮɠ Űɘɛɏɠ ˊŮɟɘɧŭɞɡ 2020-2022. 

ũŮɩŰɟɖůɖ ȼɛŮɟɞɛɖɜɑŬ 
ɀŮŰɟɖɛɏɜɖ Űɘɛɐ 

(m) 

Ɉˊɞɚɞɔɘůɛɏɜɖ Űɘɛɐ 

(m) 

ȷˊɧəɚɘůɖ 

(m) 

06N 

9/11/2020 -9,03 -15,3 6,31 

22/11/2021 -3,92 -13,9 9,97 

10/11/2022 0,66 5,25 -4,59 

08A 

12/11/2020 -0,43 -12,8 12,4 

22/11/2021 -1,91 -11,2 9,24 

11/11/2022 -2 5,69 -7,69 

08B 

3/3/2020 -7,29 -30,6 23,3 

22/11/2021 -5,56 -13,6 8,02 

22/3/2022 -0,19 -3,42 3,23 

09N 
22/11/2021 -3,67 -9,74 6,07 

22/3/2022 0,93 -0,601 1,53 

10A 

12/11/2020 0,03 -7,66 7,69 

22/11/2021 0,12 -6,15 6,27 

22/3/2022 1,06 2,12 -1,06 

11N 

12/11/2020 -2,15 -6,34 4,19 

22/11/2021 -1,62 -5,04 3,42 

22/3/2022 0,93 2,96 -2,03 

11/11/2022 -0,88 8,6 -9,48 

31 

6/11/2020 1,25 -6,61 7,86 

22/11/2021 2,84 -5,83 8,67 

10/11/2022 3,71 9,73 -6,02 

34 
12/11/2020 -0.37 -11,9 11,5 

22/11/2021 -1.13 -10,1 8,96 
 

ȷˊɧ Űɖɜ ŬɜɎɚɡůɖ Űɞɡ ɄɑɜŬəŬ 7 əŬɘ ɔɘŬ Űɘɠ ɞɢŰɩ (8) ɔŮɤŰɟɐůŮɘɠ ˊŬɟŬŰɐɟɖůɖɠ, ɖ  

ɛɘəɟɧŰŮɟɖ Ŭˊɧəɚɘůɖ əŬŰŬɔɟɎűŮŰŬɘ ůŰɖ ɔŮɩŰɟɖůɖ Ɇ10ȷ ůŰɘɠ 22/3/2022 ɛŮ Űɘɛɐ  

1,06 m əŬɘ ɖ ɛɏɔɘůŰɖ ůŰɖɜ Ɇ08ȸ ůŰɘɠ 3/3/2020 ɛŮ Űɘɛɐ 23,3 m. ȺˊɘˊɟɞůɗɏŰɤɠ, 

ůɖɛŬɜŰɘəɧɠ ŮɑɜŬɘ əŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ɛɏůɖɠ Ŭˊɧəɚɘůɖɠ ˊɞɡ ŬɜɏɟɢŮŰŬɘ ůŰŬ 4,68 m. 

Ƀɘ ŭŮŭɞɛɏɜŮɠ Űɘɛɏɠ ŭŮɜ ɗŮɤɟɞɨɜŰŬɘ ɘəŬɜɞˊɞɘɖŰɘəɏɠ ɔɘŬ ɜŬ ɗŮɤɟɖɗŮɑ ŮˊɘŰɡɢɖɛɏɜɞ Űɞ 

ɛɞɜŰɏɚɞ. ɇɞ ŬˊɞŰɏɚŮůɛŬ ŬɡŰɧ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŬˊɞŭɞɗŮɑ ůŰɞ ɛɘəɟɧ Ůɨɟɞɠ Űɖɠ 

ɢɟɞɜɞůŮɘɟɎɠ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ɛŮŰɟɐůŮɤɜ. Ⱥˊɑůɖɠ, ůŰɖɜ ɏɚɚŮɘɣɖ ˊɚɖɟɞűɞɟɑŬɠ ɧůɞɜ 

ŬűɞɟɎ Űɘɠ ɞɟɘŬəɏɠ ůɡɜɗɐəŮɠ ŰɟɞűɞŭɞůɑŬɠ əŬɘ ŮəűɧɟŰɘůɖɠ Űɖɠ ˊɟɞůɞɛɞɘɞɨɛŮɜɖɠ 

ˊŮɟɘɞɢɐɠ, əŬɗɩɠ ŮɝŮŰɎɕŮŰŬɘ ɏɜŬ ɛɘəɟɧ ŰɛɐɛŬ Ůɜɧɠ ɛŮɔŬɚɨŰŮɟɞɡ ɡŭɟɞűɞɟɏŬ əŬɘ ŮɑɜŬɘ 

ŭɨůəɞɚɞ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ. ɇɏɚɞɠ, ɧůɞɜ ŬűɞɟɎ ůŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ɡŭɟɞűɞɟɏŬ 

(ˊŮɟŬŰɧŰɖŰŬ, ůɡɜŰŮɚŮůŰɐɠ ŬˊɞɗɐəŮɡůɖɠ ə.ɚ.́) ŬɡŰɎ ŮəŰɘɛɐɗɖəŬɜ ɓɘɓɚɘɞɔɟŬűɘəɎ 

əŬɗɩɠ ŭŮɜ ɡˊɐɟɢŬɜ ŬɝɘɧˊɘůŰŬ ŭɘŬɗɏůɘɛŬ ŭŮŭɞɛɏɜŬ Ŭˊɧ ɛŮŰɟɐůŮɘɠ ůŰɞɜ ɡŭɟɞűɞɟɏŬ. 

ȷɝɘɞůɖɛŮɑɤŰɞɠ ɚɧɔɞɠ Ůˊɑůɖɠ, ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŮɑɜŬɘ ɞ ŮɛˊɚɞɡŰɘůɛɧɠ, ɞ ɞˊɞɑɞɠ ůŰɞ 
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ɛɞɜŰɏɚɞ ɗŮɤɟŮɑŰŬɘ ůŰŬɗŮɟɧɠ ɔɘŬ ɧɚŮɠ Űɘɠ ˊŮɟɘɧŭɞɡɠ, ɚɧɔɤ ɏɚɚŮɘɣɖɠ ˊɚɖɟɞűɞɟɘɩɜ, 

ŬɚɚɎ ůŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ɛŮŰŬɓɎɚɚŮŰŬɘ ůŮ əɎɗŮ ɛɘŬ Ŭˊɧ ŬɡŰɏɠ.   

ɆŰɘɠ ˊŬɟŬəɎŰɤ ŮɘəɧɜŮɠ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ˊɘŮɕɞɛŮŰɟɘəɞɑ ɢɎɟŰŮɠ Űɖɠ ˊŮɟɘɞɢɐɠ ˊɞɡ 

ŮɝɎɢɗɖəŬɜ Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ əŬɘ, ɧˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ, ŭŮɜ ŮɑɜŬɘ əŬɚɐ ɖ ˊɟɞůɞɛɞɑɤůɐ 

Űɞɡɠ. ȷɡŰɧ ɗŬ ɔɑɜŮɘ ŬɜŰɘɚɖˊŰɧ əŬɘ Ŭˊɧ Űɞ ɢɟɩɛŬ ˊɞɡ ɏɢɞɡɜ ɞɘ ɛˊɎɟŮɠ ŬɜɎ ŮɝɎɛɖɜɖ 

ˊŮɟɑɞŭɞ, əŬɗɩɠ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ ŮɑɜŬɘ əɧəəɘɜŮɠ, ˊɞɡ ɡˊɞŭɖɚɩɜŮɘ ůűɎɚɛŬ ɛŮɔŬɚɨŰŮɟɞ 

Űɤɜ ŭɨɞ (2) ɛɏŰɟɤɜ. 

 

ȺɘəɧɜŬ 30. Ɇɡɜɗɐəɖ transient state ˊŮɟɘɧŭɞɡ 1/04/2020. 

 

 

 

ȺɘəɧɜŬ 31. Ɇɡɜɗɐəɖ transient state ˊŮɟɘɧŭɞɡ 1/10/2020. 
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ȺɘəɧɜŬ 32. Ɇɡɜɗɐəɖ transient state ˊŮɟɘɧŭɞɡ 1/04/2021. 

 

 

 

ȺɘəɧɜŬ 33. Ɇɡɜɗɐəɖ transient state ˊŮɟɘɧŭɞɡ 1/10/2021. 

 

 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

61 

 

 

ȺɘəɧɜŬ 34. Ɇɡɜɗɐəɖ transient state ˊŮɟɘɧŭɞɡ 1/04/2022. 

 

6.4       ɆŮɜɎɟɘŬ ˊɟɞůɞɛɞɑɤůɖɠ 
 

ɆɡɛˊɚɖɟɤɛŬŰɘəɎ, ɔɘŬ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ŭŮŭɞɛɏɜɖɠ ɏɟŮɡɜŬɠ, ˊɟɞŰɎɗɖəŬɜ ŭɨɞ 

ůŮɜɎɟɘŬ ɔɘŬ Űɖɜ ˊŬɟŬŰɐɟɖůɖ Űɖɠ Ůɝɏɚɘɝɖɠ Űɞɡ ɈɈɆ ɚɧɔɤ ŬɚɚŬɔɩɜ ůŰŬ əɚɘɛŬŰɘəɎ 

ŭŮŭɞɛɏɜŬ. ɇɞ ɏɜŬ ůŮɜɎɟɘɞ ɞɟɑɕŮŰŬɘ ɤɠ Űɞ Ůɡɜɞɥəɧ ůŮɜɎɟɘɞ, ɤɠ ˊɟɞɠ Űɞ ɈɈɆ, əŬɘ Űɞ 

Ɏɚɚɞ ɤɠ ŭɡůɛŮɜɏɠ, ɧˊɤɠ ŬɜŬɚɨɞɜŰŬɘ əŬɘ ˊŬɟŬəɎŰɤ. 

¶ Ⱥɡɜɞɥəɧ ůŮɜɎɟɘɞ: ɆɨɛűɤɜŬ ɛŮ Űɞ ůŮɜɎɟɘɞ ŬɡŰɧ, ɛŮɘɩɜŮŰŬɘ ɖ ŰɟɞűɞŭɞůɑŬ  

(recharge) əŬŰɎ 10% əŬɘ ɞɘ ŬɜŰɚɐůŮɘɠ əŬŰɎ 15%. 

¶ ȹɡůɛŮɜɏɠ ůŮɜɎɟɘɞ: ȾŬŰɎ Űɞ ŭɡůɛŮɜɏɠ ůŮɜɎɟɘɞ, ɛŮɘɩɜŮŰŬɘ ɖ ŰɟɞűɞŭɞůɑŬ  

(recharge) əŬŰɎ 10% əŬɘ ŬɡɝɎɜɞɜŰŬɘ ɞɘ ŬɜŰɚɐůŮɘɠ əŬŰɎ 15%. 

 

 

6.4.1      Ⱥɡɜɞɥəɧ ůŮɜɎɟɘɞ 
 

ɇɞ ˊɟɩŰɞ ůŮɜɎɟɘɞ ɞɟɑɕŮŰŬɘ ɤɠ Űɞ Ůɡɜɞɥəɧ. ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ˊŬɟŬˊɎɜɤ, 

ɗŮɤɟɞɨɜŰŬɘ ɧŰɘ ɖ ŰɟɞűɞŭɞůɑŬ Űɞɡ ɡŭɟɞűɞɟɏŬ əŬɘ ɞɘ ŬɜŰɚɐůŮɘɠ ɛŮɘɩɜɞɜŰŬɘ əŬŰɎ 10% 

əŬɘ 15% ŬɜŰɑůŰɞɘɢŬ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɞɘ ŬɜŰɚɐůŮɘɠ ɛŮɘɤɛɏɜŮɠ əŬŰɎ 15% 

ŬɜɏɟɢɞɜŰŬɘ ůŰŬ 3.117.207 m3 ŮŰɖůɑɤɠ əŬɘ ɖ ŰɟɞűɞŭɞůɑŬ ůŰŬ 0,0001556 m ŬɜɎ ɖɛɏɟŬ.  

ȼ ˊɟɞůɞɛɞɑɤůɖ ɏɔɘɜŮ ůŰɖ ɟɨɗɛɘůɖ Űɖɠ ɛɧɜɘɛɖɠ ɟɞɐɠ (steady state), ɧˊɤɠ 

ˊŬɟɞɡůɘɎůŰɖəŮ əŬɘ ůŮ ˊɟɞɖɔɞɨɛŮɜɞ əŮűɎɚŬɘɞ. ɆŰɞɜ ˊɑɜŬəŬ əŬɘ ůŰɖɜ ŮɘəɧɜŬ ˊɞɡ 

Ŭəɞɚɞɡɗɞɨɜ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ, Ŭűɞɨ ɏɔɘɜŬɜ ɞɘ ŬɚɚŬɔɏɠ ůŰɖɜ 

ŰɟɞűɞŭɞůɑŬ əŬɘ ůŰɘɠ ŬɜŰɚɐůŮɘɠ.  
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ɄɑɜŬəŬɠ 8. ɈˊɞɚɞɔɘůɛɏɜŮɠ, ɛŮŰɟɖɛɏɜŮɠ Űɘɛɏɠ əŬɘ Ŭˊɧəɚɘůɖ ŬɡŰɩɜ ɔɘŬ Űɞ Ůɡɜɞɥəɧ ůŮɜɎɟɘɞ. 

ũŮɩŰɟɖůɖ ɉ Ɉ 
ɀŮŰɟɖɛɏɜɖ 

Űɘɛɐ (m) 

Ɉˊɞɚɞɔɘůɛɏɜɖ 

Űɘɛɐ (m) 

ȷˊɧəɚɘůɖ 

(m) 

06N 398952.0 4500149.0 -3.92 -4.019 0.099 

08A 397068.0 4500608.0 -1.91 -3.041 1.131 

08B 396633.0 4499640.0 -5.56 -4.561 -0.998 

09N 396175.0 4501128.0 -3.67 -3.005 -0.664 

10A 395073.0 4501227.0 0.12 -0.825 0.945 

11N 394061.0 4501503.0 -1.62 -1.462 -0.157 

31 400324.0 4502042.0 2.84 1.701 1.138 

34 396688.0 4500722.0 -1.13 -2.523 1.393 

 

 

ȺɘəɧɜŬ 35.  ɄɘŮɕɞɛŮŰɟɘəɧɠ ɢɎɟŰɖɠ ˊɟɩŰɞɡ ůŮɜŬɟɑɞɡ (Ůɡɜɞɥəɧ ůŮɜɎɟɘɞ). 

 

ɆŰɖ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ, űŬɑɜŮŰŬɘ ɧŰɘ ɛŮ Űɘɠ ŬɚɚŬɔɏɠ ˊɞɡ ɏɔɘɜŬɜ, ɞɘ ŬˊɞəɚɑůŮɘɠ 

ŮɝŬəɞɚɞɡɗɞɨɜ ɜŬ ŮɑɜŬɘ ɛɘəɟɏɠ (ɛɘəɟɧŰŮɟŮɠ Űɤɜ ŭɨɞ ɛɏŰɟɤɜ) əŬɘ Űɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ 

ůűɎɚɛŬ (RMSE) ɡˊɞɚɞɔɑɕŮŰŬɘ ůŰŬ 0,92. ȼ Űɘɛɐ ŬɡŰɐ ɗŮɤɟŮɑŰŬɘ ŬˊɞŭŮəŰɐ əŬɘ ŬɟəŮŰɎ 

əɞɜŰɘɜɐ ɛŮ ŬɡŰɐɜ ˊɞɡ ˊɟɞɏəɡɣŮ Ŭˊɧ Űɞ steady state ůŰŬ 0,89, ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ 

ůŰɞ əŮűɎɚŬɘɞ 6.3.2.6. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɞɘ ůŰɎɗɛŮɠ Űɤɜ ɡˊɞɚɞɔɘůɛɏɜɤɜ Űɘɛɩɜ Űɞɡ 

ŭŮŭɞɛɏɜɞɡ ůŮɜŬɟɑɞɡ ŮɑɜŬɘ ɛɘəɟɧŰŮɟŮɠ Ŭˊɧ Űɘɠ ɡˊɞɚɞɔɘůɛɏɜŮɠ Űɞɡ steady state əŬɘ ɞ 

ɛɏůɞɠ ɧɟɞɠ Ŭˊɧ Űɘɠ ŭɘŬűɞɟɏɠ Űɤɜ ŬˊɞəɚɑůŮɤɜ Űɖɠ ŮəɎůŰɞŰŮ ˊɟɞůɞɛɞɑɤůɖɠ ŮɑɜŬɘ 

0,06875. 
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6.4.2      ȹɡůɛŮɜɏɠ ůŮɜɎɟɘɞ 
 

ɇɞ ŭŮɨŰŮɟɞ ůŮɜɎɟɘɞ ŮɑɜŬɘ Űɞ ŭɡůɛŮɜɏɠ ůŮɜɎɟɘɞ. ɆŰɞ ůɡɔəŮəɟɘɛɏɜɞ, ɗŮɤɟɞɨɜŰŬɘ ɧŰɘ 

ɞɘ ŬɜŰɚɐůŮɘɠ ŬɡɝɎɜɞɜŰŬɘ əŬŰɎ 15%, Ůɜɩ ɖ ŰɟɞűɞŭɞůɑŬ ɛŮɘɩɜŮŰŬɘ əŬŰɎ 10%. ɀŮ ɓɎůɖ 

ŰŬ ŬɟɢɘəɎ ŭŮŭɞɛɏɜŬ, ɞɘ ŬɜŰɚɐůŮɘɠ ŬɜɏɟɢɞɜŰŬɘ ůŰŬ 4.095.633 m3 ŮŰɖůɑɤɠ Ůɜɩ ɖ 

ŰɟɞűɞŭɞůɑŬ ůŰŬ 0,00016559 m. ɀŮ Űɖɜ ŮűŬɟɛɞɔɐ Űɤɜ ɜɏɤɜ ŬɡŰɩɜ ŭŮŭɞɛɏɜɤɜ, 

ŮɝɎɢɗɖəŬɜ ŰŬ ˊŬɟŬəɎŰɤ ŬˊɞŰŮɚɏůɛŬŰŬ. 

ɄɑɜŬəŬɠ 9. ɈˊɞɚɞɔɘůɛɏɜŮɠ, ɛŮŰɟɖɛɏɜŮɠ Űɘɛɏɠ əŬɘ Ŭˊɧəɚɘůɖ ŬɡŰɩɜ ɔɘŬ Űɞ ŭɡůɛŮɜɏɠ ůŮɜɎɟɘɞ. 

ũŮɩŰɟɖůɖ ɉ Ɉ 
ɀŮŰɟɖɛɏɜɖ 

Űɘɛɐ (m) 

Ɉˊɞɚɞɔɘůɛɏɜɖ 

Űɘɛɐ (m) 

ȷˊɧəɚɘůɖ 

(m) 

06N 398952.0 4500149.0 -3.92 -2.564 -1.355 

08A 397068.0 4500608.0 -1.91 -1.584 -0.325 

08B 396633.0 4499640.0 -5.56 -3.082 -2.477 

09N 396175.0 4501128.0 -3.67 -1.558 -2.111 

10A 395073.0 4501227.0 0.12 0.635 -0.515 

11N 394061.0 4501503.0 -1.62 0.003 -1.623 

31 400324.0 4502042.0 2.84 3.062 -0.222 

34 396688.0 4500722.0 -1.13 -1.065 -0.064 

 

 

ȺɘəɧɜŬ 36. ɄɘŮɕɞɛŮŰɟɘəɧɠ ɢɎɟŰɖɠ ŭŮɨŰŮɟɞɡ ůŮɜŬɟɑɞɡ (ŭɡůɛŮɜɏɠ ůŮɜɎɟɘɞ). 

ȾŬŰɎ Űɞ ŭɡůɛŮɜɏɠ ůŮɜɎɟɘɞ, űŬɑɜɞɜŰŬɘ ɞɘ ŬˊɞəɚɑůŮɘɠ ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ 

ŬɡŰɏɠ Űɖɠ ˊɟɩŰɖɠ ɟɨɗɛɘůɖɠ steady state. ȺɘŭɘəɧŰŮɟŬ, ůŰɘɠ ɔŮɤŰɟɐůŮɘɠ Ɇ08ȸ əŬɘ Ɇ09Ɂ 

ˊŬɟŬŰɖɟɐɗɖəŮ Ŭˊɧəɚɘůɖ ɛŮɔŬɚɨŰŮɟɖ Űɤɜ ŭɨɞ ɛɏŰɟɤɜ, Ůɜɩ Űɞ RMSE ɡˊɞɚɞɔɑɕŮŰŬɘ 

ůŰŬ 1,39. ȺɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞ Űɖɠ ɛɞɜɎŭŬɠ əŬɘ Ŭˊɧ ɛɧɜɞ Űɞɡ, əŬɘ ŬɡŰɧ űŬɜŮɟɩɜŮɘ Űɖɜ 

ɛŮɔɎɚɖ Ŭˊɧəɚɘůɖ Űɤɜ Űɘɛɩɜ. Ƀɘ Űɘɛɏɠ Űɤɜ ůŰɎɗɛŮɤɜ Űɤɜ ɡˊɞɚɞɔɘůɛɏɜɤɜ Űɘɛɩɜ ůŰɞ 

ŭɡůɛŮɜɏɠ ůŮɜɎɟɘɞ ŮɑɜŬɘ ɡɣɖɚɧŰŮɟŮɠ Ŭˊɧ Űɘɠ ɡˊɞɚɞɔɘůɛɏɜŮɠ ůŰɞ steady state əŬɘ ɞ 

ɛɏůɞɠ ɧɟɞɠ Űɤɜ ŭɘŬűɞɟɩɜ Űɤɜ ŬˊɞəɚɑůŮɤɜ Ŭˊɧ Űɘɠ ŭɨɞ ɟɡɗɛɑůŮɘɠ, ŮɑɜŬɘ 0,19. 
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6.5       ȸŮɚŰɑɤůɖ ɞɛɞɘɩɛŬŰɞɠ Űɞɡ ɈɈɆ Ɇɑɜŭɞɡ 
 

ȼ ˊɟɞůɞɛɞɑɤůɖ ˊɞɡ ɏɔɘɜŮ ůŰɖɜ ˊŮɟɘɞɢɐ, ɢɟŮɘɎɕŮŰŬɘ ɞɟɘůɛɏɜŮɠ ɓŮɚŰɘɩůŮɘɠ ɩůŰŮ ɜŬ 

əŬŰŬůŰŮɑ ŭɡɜŬŰɐ ɖ ŮˊɘŰɡɢɐɠ ˊɟɞůɞɛɞɑɤůɖ ŬɡŰɐɠ.  

¶ ȷˊŬɟŬɑŰɖŰŬ ŮɑɜŬɘ ŰŬ ŭŮŭɞɛɏɜŬ ɛŮŰɟɐůŮɤɜ ůŰɎɗɛɖɠ Ŭˊɧ Űɘɠ ɔŮɤŰɟɐůŮɘɠ Űɖɠ 

ˊŮɟɘɞɢɐɠ, ɔɘŬ ɛŮɔŬɚɨŰŮɟɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ. 

¶ ɄɟŬɔɛŬŰɞˊɞɑɖůɖ ŬɜŰɚɐůŮɤɜ ůŰɘɠ ɑŭɘŮɠ ɖɛŮɟɞɛɖɜɑŮɠ əɎɗŮ ɏŰɞɠ. 

¶ ȹɖɛɘɞɡɟɔɑŬ ˊŮɟɘůůɧŰŮɟɤɜ ɔŮɤŰɟɐůŮɤɜ ɔɘŬ ɛŮɔŬɚɨŰŮɟɖ əɎɚɡɣɖ Űɖɠ ˊŮɟɘɞɢɐɠ 

əŬɘ Űɖɜ ŮɝŬɔɤɔɐ ŬəɟɘɓɏůŰŮɟɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. 

¶ ɄɟŬɔɛŬŰɞˊɞɑɖůɖ ŭɞəɘɛŬůŰɘəɩɜ ŬɜŰɚɐůŮɤɜ ɔɘŬ Űɖɜ ŬəɟɘɓɏůŰŮɟɖ ŮəŰɑɛɖůɖ 

Űɤɜ ɡŭɟŬɡɚɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ. 

¶ ȷɜɧɟɡɝɖ ŮɟŮɡɜɖŰɘəɩɜ ɔŮɤŰɟɐůŮɤɜ ůŰŬ ɧɟɘŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ ɔɘŬ Űɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɞɟɘŬəɩɜ ůɡɜɗɖəɩɜ. 

¶ ȺɔəŬŰɎůŰŬůɖ ɡŭɟɞɛɏŰɟɤɜ ɔɘŬ Űɞɜ ŬəɟɘɓɏůŰŮɟɞ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ 

ŬɜŰɚɞɨɛŮɜɞɡ ɧɔəɞɡ Űɧůɞ ɔɘŬ ɡŭɟŮɡŰɘəɐ ɧůɞ əŬɘ ɔɘŬ ŬɟŭŮɡŰɘəɐ ɢɟɐůɖ. 
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ɆɈɀɄȺɅȷɆɀȷɇȷ - ɄɅɃɇȷɆȺȽɆ  
 

ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮŰŬˊŰɡɢɘŬəɐ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ 

ɡŭɟɞɔŮɤɚɞɔɘəɐ ɏɟŮɡɜŬ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ Ɇɑɜŭɞɡ əŬɘ ɏɔɘɜŮ ˊɟɞůɞɛɞɑɤůɖ Űɞɡ 

ɡŭɟɞűɞɟɏŬ Űɖɠ ˊŮɟɘɞɢɐɠ. ȺˊɘˊɟɧůɗŮŰŬ, ɏɔɘɜŮ ˊɟɧɓɚŮɣɖ ɔɘŬ Űɖ ɛŮɚɚɞɜŰɘəɐ ˊɞůɞŰɘəɐ 

Űɞɡ əŬŰɎůŰŬůɖ ɛŮ Űɖ ɢɟɐůɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ MODFLOW, Ůɜɧɠ ɛŬɗɖɛŬŰɘəɞɨ 

ɛɞɜŰɏɚɞɡ ˊɟɞůɞɛɞɑɤůɖɠ Űɖɠ ɡˊɧɔŮɘŬɠ ɟɞɐɠ. ɇŬ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ ŮɑɜŬɘ 

ŰŬ ŬəɧɚɞɡɗŬ: 

- ȼ ˊŮɟɘɞɢɐ Űɖɠ Ɇɑɜŭɞɡ ŮɜŰɞˊɑɕŮŰŬɘ ɛŮŰŬɝɨ Űɞɡ ũŬɚɚɘəɞɨ ˊɞŰŬɛɞɨ ůŰŬ 

ȷɜŬŰɞɚɘəɎ əŬɘ Űɞɡ ȷɝɘɞɨ ůŰŬ ȹɡŰɘəɎ ůŰɖɜ ɄŮɟɘűŮɟŮɘŬəɐ ȺɜɧŰɖŰŬ 

ŪŮůůŬɚɞɜɑəɖɠ. 

- Ƀɘ ɢɟɐůŮɘɠ ɔɖɠ ůŰɖ ɛŮɔŬɚɨŰŮɟɖ ɏəŰŬůɐ Űɞɡɠ ŮɑɜŬɘ ɞɟɡɕɩɜŮɠ, ŭɖɚŬŭɐ 

ˊɚɖɛɛɡɟɘůɛɏɜŮɠ ˊŮɟɘɞɢɏɠ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɞɡ ɢɟɧɜɞɡ, ɧˊɞɡ 

əŬɚɚɘŮɟɔɞɨɜŰŬɘ ɖɛɘɡŭɟɧɓɘŬ űɡŰɎ. 

- ũŮɤɚɞɔɘəɎ əŬɚɨˊŰŮŰŬɘ Ŭˊɧ ŰŮŰŬɟŰɞɔŮɜɐ ɘɕɐɛŬŰŬ (ɢŮɟůŬɑŬ, ɚɘɛɜŬɑŬ, ˊɞŰɎɛɘŬ əŬɘ 

ˊɞŰŬɛɞɢŮɘɛɎɟɟɘŬ), ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŮɜŬɚɚŬɔɏɠ ɢŬɚɑəɤɜ, Ɏɛɛɞɡ, 

əɟɞəɎɚɤɜ əŬɘ Ŭɟɔɑɚɤɜ. 

- ɇɞ əɚɑɛŬ ŮɑɜŬɘ ɛŮůɞɔŮɘŬəɧ, ɛŮ ɛɏɔɘůŰɖ ɗŮɟɛɞəɟŬůɑŬ 28,9ÁC əŬɘ ŮɚɎɢɘůŰɖ 

4,1ÁC, Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ŮŰɩɜ 2018-2023. 

- ɇɞ ɛɏůɞ ŮŰɐůɘɞ ɨɣɞɠ ɓɟɞɢɧˊŰɤůɖɠ ŮɑɜŬɘ 502,2 mm Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ŮŰɩɜ 2018-

2023. 

- ȸɎůŮɘ Űɞɡ ˊɘŮɕɞɛŮŰɟɘəɞɨ ɢɎɟŰɖ ˊɞɡ əŬŰŬůəŮɡɎůŰɖəŮ, ɖ ɔŮɜɘəɐ ŭɘŮɨɗɡɜůɖ Űɖɠ 

ɡˊɧɔŮɘŬɠ ɟɞɐɠ ŮɑɜŬɘ Ŭˊɧ ȸɧɟŮɘŬ ˊɟɞɠ ɁɧŰɘŬ. 

- ȼ ůŰɎɗɛɖ Űɞɡ ɡˊɧɔŮɘɞɡ ɜŮɟɞɨ ŰŬ ŰŮɚŮɡŰŬɑŬ ŭɏəŬ (10) ɢɟɧɜɘŬ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 

2,50 m ɏɤɠ 9,50 m Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ, ŭŮɑɢɜɞɜŰŬɠ ɘůɞɟɟɞˊɑŬ 

ɛŮŰŬɝɨ Ůɘůɟɞɩɜ əŬɘ Ůəɟɞɩɜ. 

- Ƀ ɡŭɟɞűɞɟɏŬɠ ŬˊɞŰŮɚŮɑ ɏɜŬɜ ůɡɜŭɡŬůɛɧ ŮɚŮɨɗŮɟɞɡ əŬɘ ɡˊɧ ˊɑŮůɖ ɡŭɟɞűɞɟɏŬ 

(unconfined/confined), ɚɧɔɤ Űɤɜ ŮɜŬɚɚŬɔɩɜ Ŭɟɔɑɚɞɡ, Ɏɛɛɞɡ, ɢŬɚɑəɤɜ əŬɘ 

əɟɞəŬɚɩɜ. 

- ȼ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ˊŮɟɘɞɢɐɠ, ɛŮ Űɞ ɚɞɔɘůɛɘəɧ MODFLOW, ɗŮɤɟɐɗɖəŮ 

ŮˊɘŰɡɢɖɛɏɜɖ ɔɘŬ Űɖ ɟɨɗɛɘůɖ ɛŮ ůŰŬɗŮɟɐ ɟɞɐ, əŬɗɩɠ ɞɘ ɛŮŰɟɖɛɏɜŮɠ ɛŮ Űɘɠ 

ɡˊɞɚɞɔɘůɛɏɜŮɠ Űɘɛɏɠ ɏɢɞɡɜ ˊɞɚɨ ɛɘəɟɐ Ŭˊɧəɚɘůɖ (ɛɘəɟɧŰŮɟɖ Űɤɜ 2 m). 

- ɇɞ ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ (RMSE) ůŰɖɜ ˊɟɞůɞɛɞɑɤůɖ ůŰŬɗŮɟɐɠ ɟɞɐɠ, ŮɑɜŬɘ 

ɑůɞ ɛŮ 0.89, Űɘɛɐ ŬˊɞŭŮəŰɐ ɚɧɔɤ Űɞɡ ɛɘəɟɞɨ Ŭɟɘɗɛɞɨ ɔŮɤŰɟɐůŮɤɜ 

ˊŬɟŬŰɐɟɖůɖɠ. 

- ȼ ˊɟɞůɞɛɞɑɤůɖ ɔɘŬ ɛŮŰŬɓŬɚɚɧɛŮɜɖ ɟɞɐ ŮɑɢŮ ŬůŰɞɢɑŮɠ əŬɗɩɠ Űɞ Ůɨɟɞɠ Űɤɜ 

ɢɟɞɜɞɚɞɔɘɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŭŮɜ ɐŰŬɜ ŮˊŬɟəɏɠ ɔɘŬ ŬůűŬɚɐ 

ŬˊɞŰŮɚɏůɛŬŰŬ, əŬɘ ɏŰůɘ Űɞ ŬɜŰɑůŰɞɘɢɞ RMSE, ɡˊɞɚɞɔɑůɗɖəŮ ɛŮ Űɘɛɐ 

ɛŮɔŬɚɨŰŮɟɖ Űɖɠ ɛɞɜɎŭŬɠ. 

- ȺɝŮŰɎůŰɖəŬɜ ŭɨɞ ŭɘŬɢŮɘɟɘůŰɘəɎ ůŮɜɎɟɘŬ ɔɘŬ ŮɜŭŮɢɧɛŮɜɖ ɛŮɚɚɞɜŰɘəɐ ˊɞůɞŰɘəɐ 

əŬŰɎůŰŬůɖ Űɖɠ ˊŮɟɘɞɢɐɠ, ɏɜŬ Ůɡɜɞɥəɧ əŬɘ ɏɜŬ ŭɡůɛŮɜɏɠ ɔɘŬ Űɞɜ ɡŭɟɞűɞɟɏŬ. ɆŰɞ 

Ůɡɜɞɥəɧ ůŮɜɎɟɘɞ, ɛŮɘɩɜŮŰŬɘ ɖ ŰɟɞűɞŭɞůɑŬ  (recharge) əŬŰɎ 10% əŬɘ ɞɘ 
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ŬɜŰɚɐůŮɘɠ əŬŰɎ 15%. ɆŰɞ ŭɡůɛŮɜɏɠ ůŮɜɎɟɘɞ, ɛŮɘɩɜŮŰŬɘ ɖ ŰɟɞűɞŭɞůɑŬ  

(recharge) əŬŰɎ 10% əŬɘ ŬɡɝɎɜɞɜŰŬɘ ɞɘ ŬɜŰɚɐůŮɘɠ əŬŰɎ 15%. 

- ȺˊɘɓŮɓŬɘɩɗɖəŮ ɧŰɘ ɛŮ Űɖ ɛŮɑɤůɖ Űɤɜ ŬɜŰɚɐůŮɤɜ əŬɘ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ, ɞ 

ɡŭɟɞűɞɟɏŬɠ ɗŬ ɓɟɑůəŮŰŬɘ ůŮ ŮɡɜɞɥəɧŰŮɟɖ əŬŰɎůŰŬůɖ Ŭˊɧ Űɖɜ ˊŬɟɞɨůŬ ɛŮ Űɞ 

ɛɏůɞ ŰŮŰɟŬɔɤɜɘəɧ ůűɎɚɛŬ (RMSE) ɜŬ ŮɑɜŬɘ ůŰŬ 0.92, Ůɜɩ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɤɜ 

ŬɜŰɚɐůŮɤɜ əŬɘ ɛŮɑɤůɖ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ, ɞ ɡŭɟɞűɞɟɏŬɠ ɗŬ ɓɟɑůəŮŰŬɘ ůŮ 

ŭɡůɛŮɜɏůŰŮɟɖ əŬŰɎůŰŬůɖ ɛŮ RMSE ůŰŬ 1.39. 

ũɘŬ Űɖ ɓŮɚŰɑɤůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ, ˊɟɞŰŮɑɜɞɜŰŬɘ: ɖ Ŭɜɧɟɡɝɖ 

ŮɟŮɡɜɖŰɘəɩɜ ɔŮɤŰɟɐůŮɤɜ ůŰŬ ɧɟɘŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ 

ɞɟɘŬəɩɜ ůɡɜɗɖəɩɜ, ˊŮɟɘůůɧŰŮɟŮɠ ɔŮɤŰɟɐůŮɘɠ ɔɘŬ Űɖ ɛŮɔŬɚɨŰŮɟɖ əɎɚɡɣɖ Űɖɠ 

ˊŮɟɘɞɢɐɠ, ŭɞəɘɛŬůŰɘəɏɠ ŬɜŰɚɐůŮɘɠ ɔɘŬ Űɞɜ Ŭəɟɘɓɐ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɡŭɟŬɡɚɘəɩɜ 

ˊŬɟŬɛɏŰɟɤɜ, əŬɗɩɠ əŬɘ ɖ ŮɔəŬŰɎůŰŬůɖ ɡŭɟɞɛɏŰɟɤɜ ɔɘŬ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ɞ 

ŬɜŰɚɞɨɛŮɜɞɠ ɧɔəɞɠ Űɧůɞ ɔɘŬ ɡŭɟŮɡŰɘəɐ ɧůɞ əŬɘ ɔɘŬ ŬɟŭŮɡŰɘəɐ ɢɟɐůɖ.  

Ⱥˊɑůɖɠ, ɔɘŬ Űɖɜ əŬɚɨŰŮɟɖ ˊɞůɞŰɘəɐ əŬŰɎůŰŬůɖ Űɞɡ ɡŭɟɞűɞɟɏŬ ˊɟɞŰŮɑɜŮŰŬɘ ɖ 

ɛŮɑɤůɖ Űɤɜ ŬɜŰɚɐůŮɤɜ əŬɘ ɖ Ŭɨɝɖůɖ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ (ŮɛˊɚɞɡŰɘůɛɞɨ), əŬɗɩɠ Ŭˊɧ 

ŰŬ ŭŮŭɞɛɏɜŬ ŭɘŬűŬɑɜŮŰŬɘ ˊŰɩůɖ Űɖɠ ůŰɎɗɛɖɠ Űɞɡ ɡˊɧɔŮɘɞɡ ɜŮɟɞɨ ɛŮ Űɖɜ ˊɎɟɞŭɞ Űɞɡ 

ɢɟɧɜɞɡ.  

ɇɏɚɞɠ, ɖ ŭŮŭɞɛɏɜɖ ɏɟŮɡɜŬ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŮˊŮəŰŬɗŮɑ əŬɘ ɜŬ ŬˊɞŰŮɚɏůŮɘ Űɖ ɓɎůɖ ɔɘŬ 

Űɖ ŭɘŮɟŮɨɜɖůɖ, ůŮ ɓɎɗɞɠ ɢɟɧɜɞɡ, Űɖɠ ˊɞůɞŰɘəɐɠ əŬŰɎůŰŬůɖɠ Űɞɡ ɈɈɆ Űɖɠ Ɇɑɜŭɞɡ, 

ɩůŰŮ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ ɓɘɩůɘɛɖ ŭɘŬɢŮɑɟɘůɖ əŬɘ ˊɟɞůŰŬůɑŬ Űɞɡ ɡˊɧɔŮɘɞɡ ɡŭɟɞűɞɟɏŬ Űɖɠ 

ˊŮɟɘɞɢɐɠ ɛŮ Űɖ ɚɐɣɖ əŬŰɎɚɚɖɚɤɜ ɛɏŰɟɤɜ. 
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ɄȷɅȷɅɇȼɀȷ: ȿȽŪɃȿɃũȽȾȺɆ ɇɃɀȺɆ ũȺɋɇɅȼɆȺɋɁ  
 

ũȺɋɇɅȼɆȼ Ɇ04 

ɃɁɃɀȷ ɈȿȽȾɃ ȷɅɉȼ (m) ɇȺȿɃɆ (m) 

Ɇ04 ˊɟɞůɢɩůŮɘɠ 0 5 

Ɇ04 Ɏɟɔɘɚɞɠ 5 11 

Ɇ04 Ɏɛɛɞɠ 11 13 

Ɇ04 Ɏɟɔɘɚɞɠ 13 30 

Ɇ04 ɢŬɚɑəɘŬ 30 35 

Ɇ04 ˊɖɚɧɠ 35 37 

Ɇ04 ɢŬɚɑəɘŬ 37 39 

Ɇ04 ˊɖɚɧɠ 39 44 

Ɇ04 ɢŬɚɑəɘŬ 44 46 

Ɇ04 ˊɖɚɧɠ 46 54 

Ɇ04 Ɏɟɔɘɚɞɠ 54 58 

Ɇ04 Ɏɛɛɞɠ 58 59 

Ɇ04 ˊɖɚɧɠ 59 63 

Ɇ04 Ɏɛɛɞɠ 63 64 

Ɇ04 ɢɎɚɘəŮɠ 64 65 

Ɇ04 ˊɖɚɧɠ 65 66 

Ɇ04 ˊɖɚɧɠ 66 81 

Ɇ04 ɢŬɚɑəɘŬ 81 82 

Ɇ04 Ɏɛɛɞɠ 82 85 

Ɇ04 ˊɖɚɧɠ 85 94 

Ɇ04 ɢɎɚɘəŮɠ 94 96 

Ɇ04 ˊɖɚɧɠ 96 98 

Ɇ04 ɢɎɚɘəŮɠ 98 99 

Ɇ04 ˊɖɚɧɠ 99 101 

Ɇ04 ˊɖɚɧɠ 101 102 

Ɇ04 ˊɖɚɧɠ 102 103 

Ɇ04 ˊɖɚɧɠ 103 109 

Ɇ04 ɢɎɚɘəŮɠ 109 115 

Ɇ04 Ɏɛɛɞɠ 115 116 

Ɇ04 ˊɖɚɧɠ 116 118 

Ɇ04 ɢɎɚɘəŮɠ əŬɘ ˊɖɚɧɠ 118 121,5 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

70 

 

 

ũȺɋɇɅȼɆȼ Ɇ05Ɂ 

ɃɁɃɀȷ ɈȿȽȾɃ ȷɅɉȼ (m) ɇȺȿɃɆ (m) 

Ɇ05Ɂ Ŭɟɔɘɚɞɥɚɨɠ əŬůŰŬɜɐ 0 9 

Ɇ05Ɂ Ŭɟɔɘɚɞɥɚɨɠ ˊɟɎůɘɜɖ ɛŮ ŬˊɞɚɘɗɩɛŬŰŬ 9 31 

Ɇ05Ɂ Ɏɛɛɞɠ ɢɞɜŭɟɧəɞəəɖ ɛŮ ŬˊɞɚɘɗɩɛŬŰŬ 31 33 

Ɇ05Ɂ Ɏɟɔɘɚɞɘ,ɢŬɚɑəɘŬ 33 40 

Ɇ05Ɂ ɢŬɚɑəɘŬ,Ɏɟɔɘɚɞɠ 40 45 

Ɇ05Ɂ Ŭɟɔɘɚɞɥɚɨɠ əŬůŰŬɜɐ ɛŮ ŬˊɞɚɘɗɩɛŬŰŬ 45 52 

Ɇ05Ɂ Ɏɛɛɞɠ,ɢŬɚɑəɘŬ 52 53 

Ɇ05Ɂ Ɏɟɔɘɚɞɘ,Ɏɛɛɞɠ,ɢŬɚɑəɘŬ 53 56 

Ɇ05Ɂ 
Ŭɟɔɘɚɞɥɚɨɠ ˊɟɎůɘɜɖ ɛŮ ɢŬɚɑəɘŬ əŬɘ 

ŬˊɞɚɘɗɩɛŬŰŬ 
56 59 

Ɇ05Ɂ Ŭɟɔɘɚɞˊɖɚɧɠ ŰŮűɟɞˊɟɎůɘɜɞɠ 59 62 

Ɇ05Ɂ Ɏɛɛɞɠ əŬɘ Ɏɟɔɘɚɞɠ 62 63 

Ɇ05Ɂ Ɏɟɔɘɚɞɠ əŬůŰŬɜɐ 63 71 

Ɇ05Ɂ ɢŬɚɑəɘŬ,Ɏɛɛɞɠ,Ɏɟɔɘɚɞɠ 71 73 

Ɇ05Ɂ 
ŮɜŬɚɚŬɔɏɠ Ŭɟɔɑɚɤɜ-Ɏɛɛɤɜ ɛŮ 

ŭɘɎůˊŬɟŰŬ ɢŬɚɑəɘŬ 
73 80 

Ɇ05Ɂ ŬɛɛɞɢɎɚɘəŮɠ 80 89 

Ɇ05Ɂ Ɏɛɛɞɠ 89 92 

Ɇ05Ɂ 
Ɏɟɔɘɚɞɠ əɑŰɟɘɜɖ ɛŮ ŭɘɎůˊŬɟŰŬ 

ɢŬɚɑəɘŬ 
92 101 

Ɇ05Ɂ ŬɛɛɞɢɎɚɘəŮɠ 101 103 

Ɇ05Ɂ Ŭɟɔɘɚɞɥɚɨɠ 103 107 

Ɇ05Ɂ ɢŬɚɑəɘŬ,əɟɞəɎɚŮɠ 107 110 

Ɇ05Ɂ Ɏɟɔɘɚɞɠ ɛŮ ŭɘɎůˊŬɟŰŬ ɢŬɚɑəɘŬ 110 124 

Ɇ05Ɂ ɢŬɚɑəɘŬ,əɟɞəɎɚŮɠ 124 128 

Ɇ05Ɂ Ɏɟɔɘɚɞɠ ɛŮ ŭɘɎůˊŬɟŰŬ ɢŬɚɑəɘŬ 128 136 

Ɇ05Ɂ ɢŬɚɑəɘŬ,əɟɞəɎɚŮɠ 136 140 

Ɇ05Ɂ Ɏɟɔɘɚɞɠ,ɢŬɚɑəɘŬ 140 144 

Ɇ05Ɂ ɢŬɚɑəɘŬ,əɟɞəɎɚŮɠ 144 165 

Ɇ05Ɂ ɢŬɚɑəɘŬ 165 167 

Ɇ05Ɂ Ɏɟɔɘɚɞɠ 167 170 

Ɇ05Ɂ ŬůɓŮůŰɞɛŬɟɔŬɥəɎ ɜŮɞɔŮɜɞɨɠ 170 200 
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ũȺɋɇɅȼɆȼ Ɇ06Ɂ 

ɃɁɃɀȷ ɈȿȽȾɃ ȷɅɉȼ (m) ɇȺȿɃɆ (m) 

Ɇ06Ɂ Ŭɟɔɘɚɞɥɚɨɠ 0 10 

Ɇ06Ɂ 
Ŭɟɔɘɚɞɥɚɨɠ,ɚŮˊŰɧəɞəəɖ Ɏɛɛɞɠ ůŮ 

ŮɜŬɚɚŬɔɏɠ 
10 34 

Ɇ06Ɂ Ɏɛɛɞɠ 34 37 

Ɇ06Ɂ Ɏɟɔɘɚɞɠ əŬɘ  Ɏɛɛɞɠ 37 39 

Ɇ06Ɂ Ɏɟɔɘɚɞɠ ɛŮ ɚɑɔɖ Ɏɛɛɞ 39 44 

Ɇ06Ɂ ŬɛɛɞɎɟɔɘɚɞɠ 44 47 

Ɇ06Ɂ Ɏɛɛɞɠ ɛŮůɧəɞəəɖ 47 51 

Ɇ06Ɂ Ɏɟɔɘɚɞɠ əŬůŰŬɜɐ ɛŮ Ɏɛɛɞ 51 55 

Ɇ06Ɂ 
Ɏɛɛɞɠ ɛŮ Ɏɟɔɘɚɞ ůŰŬɢŰɐ əŬɘ 

ŬˊɞɚɘɗɩɛŬŰŬ 
55 62 

Ɇ06Ɂ Ŭɟɔɘɚɞˊɖɚɞɑ 62 64 

Ɇ06Ɂ ŬɟɔɘɚɞŬɛɛɩŭŮɠ 64 72 

Ɇ06Ɂ Ŭɟɔɘɚɞɥɚɨɠ 72 75 

Ɇ06Ɂ Ŭɟɔɘɚɞɥɚɨɠ ɛŮ ˊɞɚɚɎ ŬˊɞɚɘɗɩɛŬŰŬ 75 80 

Ɇ06Ɂ ŬɟɔɘɚɞŬɛɛɩŭŮɠ 80 87 

Ɇ06Ɂ Ɏɛɛɞɠ əŬɘ ɢŬɚɑəɘŬ 87 90 

Ɇ06Ɂ ŬɟɔɘɚɞŬɛɛɩŭŮɠ 90 93 

Ɇ06Ɂ ɢɞɜŭɟɧəɞəəɖ Ɏɛɛɞɠ əŬɘ ɢŬɚɑəɘŬ 93 99 

Ɇ06Ɂ ŬɟɔɘɚɞŬɛɛɩŭŮɠ 99 104 

Ɇ06Ɂ Ɏɟɔɘɚɞɠ əŬůŰŬɜɐ 104 106 

Ɇ06Ɂ ɛŮůɧəɞəəɖ ɢŬɚŬɕɘŬəɐ Ɏɛɛɞɠ 106 108 

Ɇ06Ɂ Ŭɟɔɘɚɞɥɚɨɠ ɛŮ Ɏɛɛɞ 108 113 

Ɇ06Ɂ ɛŮůɧəɞəəɖ ɢŬɚŬɕɘŬəɐ Ɏɛɛɞɠ 113 117 

Ɇ06Ɂ Ŭɟɔɘɚɞɥɚɨɠ ɛŮ Ɏɛɛɞ 117 119 

Ɇ06Ɂ ɛŮůɧəɞəəɖ ɢŬɚŬɕɘŬəɐ Ɏɛɛɞɠ 119 123 

Ɇ06Ɂ ŬɟɔɘɚɞŬɛɛɩŭŮɠ 123 130 

Ɇ06Ɂ ɛŮůɧəɞəəɖ ɢŬɚŬɕɘŬəɐ Ɏɛɛɞɠ 130 134 

Ɇ06Ɂ Ɏɟɔɘɚɞɠ 134 139 

Ɇ06Ɂ Ɏɛɛɞɠ ɛŮ Ɏɟɔɘɚɞ 139 140 

Ɇ06Ɂ Ɏɟɔɘɚɞɠ ɛŮ ɚɑɔɖ Ɏɛɛɞ 140 146 

Ɇ06Ɂ ɛŮůɧəɞəəɖ ɢŬɚŬɕɘŬəɐ Ɏɛɛɞɠ 146 156 

Ɇ06Ɂ Ɏɟɔɘɚɞɠ əŬůŰŬɜɐ ɛŮ ɢŬɚɑəɘŬ 156 159 

Ɇ06Ɂ ɢɞɜŭɟɧəɞəəɖ Ɏɛɛɞɠ əŬɘ ɢŬɚɑəɘŬ 159 174 

Ɇ06Ɂ ɢŬɚɑəɘŬ əŬɘ Ɏɛɛɞɠ 174 191 

Ɇ06Ɂ ɢŬɚɑəɘŬ əŬɘ Ɏɟɔɘɚɞɠ əŬůŰŬɜɐ 191 193 

Ɇ06Ɂ Ɏɟɔɘɚɞɠ 193 196 

Ɇ06Ɂ ɢŬɚɑəɘŬ ɛŮ ŬůɓŮůŰɧɛŬɟɔŬ 196 205 

Ɇ06Ɂ ŬůɓŮůŰɞɛŬɟɔŬɥəɎ 205 214 

Ɇ06Ɂ Ɏɛɛɞɠ əŬɘ ɢŬɚɑəɘŬ 214 218 

Ɇ06Ɂ ŬůɓŮůŰɧɛŬɟɔŬ əŬɘ ɢŬɚɑəɘŬ 218 235 

Ɇ06Ɂ Ɏɛɛɞɠ əŬɘ Ɏɟɔɘɚɞɠ 235 238 

Ɇ06Ɂ 
ŮɜŬɚ. Ŭɟɔɑɚɞɡ, Ɏɛɛɞɡ, ɛŮ ɢŬɚɑəɘŬ 

əŬɘ ŬůɓŮůŰɘŰɘəɎ ůɡɔəɟɑɛŬŰŬ 
238 245 
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 ũȺɋɇɅȼɆȼ Ɇ07Ɂ 

ɃɁɃɀȷ ɈȿȽȾɃ ȷɅɉȼ (m) ɇȺȿɃɆ (m) 

Ɇ07Ɂ Ŭɟɔɘɚɞɥɚɨɠ 0 10 

Ɇ07Ɂ ŮɜŬɚɚŬɔɏɠ Ŭɟɔɘɚɞɥɚɨɠ ɛŮ ˊɖɚɧ 10 38 

Ɇ07Ɂ Ŭɟɔɘɚɞɥɚɨɠ ŰŮűɟɧɚŮɡəɖ 38 44 

Ɇ07Ɂ Ɏɟɔɘɚɞɠ əŬɘ  Ɏɛɛɞɠ 44 56 

Ɇ07Ɂ Ŭɟɔɘɚɞɥɚɨɠ ɛŮ ɚɑɔɖ Ɏɛɛɞ 56 59 

Ɇ07Ɂ ɢŬɚɑəɘŬ 59 61 

Ɇ07Ɂ Ŭɟɔɘɚɞˊɖɚɞɑ ɛŮ ˊɞɚɚɎ ŬˊɞɚɘɗɩɛŬŰŬ 61 71 

Ɇ07Ɂ Ɏɛɛɞɠ ɛŮ ŬˊɞɚɘɗɩɛŬŰŬ 71 74 

Ɇ07Ɂ 
Ŭɟɔɘɚɞɥɚɨɠ ŰŮűɟɧɚŮɡəɖ əŬɘ 

ŬˊɞɚɘɗɩɛŬŰŬ 
74 79 

Ɇ07Ɂ ɢŬɚɑəɘŬ əŬɘ Ɏɛɛɞɠ 79 80 

Ɇ07Ɂ Ŭɟɔɘɚɞɥɚɨɠ  ɛŮ ŬˊɞɚɘɗɩɛŬŰŬ 80 85 

Ɇ07Ɂ Ŭɟɔɘɚɞɥɚɨɠ 85 98 

Ɇ07Ɂ Ŭɟɔɘɚɞɥɚɨɠ ɛŮ ɢŬɚɑəɘŬ 98 101 

Ɇ07Ɂ ɢŬɚɑəɘŬ əŬɘ Ɏɛɛɞɠ 101 102 

Ɇ07Ɂ 
ŮɜŬɚɚŬɔɏɠ  ɢŬɚɘəɘɩɜ əŬɘ Ɏɛɛɤɜ ɛŮ 

Ŭɟɔɑɚɞɡɠ 
102 108 

Ɇ07Ɂ Ɏɛɛɞɠ əŬɘ ɢŬɚɑəɘŬ 108 113 

Ɇ07Ɂ Ɏɟɔɘɚɞɠ əŬɘ ɢŬɚɑəɘŬ 113 117 

Ɇ07Ɂ Ɏɛɛɞɠ əŬɘ Ɏɟɔɘɚɞɠ 117 122 

Ɇ07Ɂ Ɏɛɛɞɠ əŬɘ ɢŬɚɑəɘŬ 122 124 

Ɇ07Ɂ Ɏɟɔɘɚɞɠ 124 128 

Ɇ07Ɂ ɢŬɚɑəɘŬ əŬɘ Ɏɛɛɞɠ 128 133 

Ɇ07Ɂ Ŭɟɔɘɚɞɥɚɨɠ ɛŮ Ɏɛɛɞ 133 154 

Ɇ07Ɂ ɛŮůɧəɞəəɖ ɢŬɚŬɕɘŬəɐ Ɏɛɛɞɠ 154 156 

Ɇ07Ɂ ŮɜŬɚɚŬɔɏɠ Ŭɟɔɑɚɞɡ ɛŮ Ɏɛɛɞ 156 165 

Ɇ07Ɂ ɢŬɚɑəɘŬ əŬɘ Ɏɛɛɞɠ 165 176 

Ɇ07Ɂ Ɏɟɔɘɚɞɠ 176 178 

Ɇ07Ɂ Ɏɛɛɞɘ əŬɘ ɢŬɚɑəɘŬ 178 195 

Ɇ07Ɂ Ɏɟɔɘɚɞɠ əŬɘ ɢŬɚɑəɘŬ 195 198 

Ɇ07Ɂ Ɏɟɔɘɚɞɠ əɧəəɘɜɖ 198 200 

Ɇ07Ɂ ŬůɓŮůŰɞɛŬɟɔŬɥəɎ ɛŮ ɢŬɚɑəɘŬ 200 202 

Ɇ07Ɂ ŬůɓŮůŰɞɛŬɟɔŬɥəɎ 202 215 
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ũȺɋɇɅȼɆȼ Ɇ08 

ɃɁɃɀȷ ɈȿȽȾɃ ȷɅɉȼ (m) ɇȺȿɃɆ (m) 

Ɇ08 ŭŮɜ ɡˊɎɟɢŮɘ ˊŮɟɘɔɟŬűɐ 0 40 

Ɇ08 Ɏɛɛɞɠ,ɢŬɚɑəɘŬ 40 43 

Ɇ08 Ɏɟɔɘɚɞɠ 43 55 

Ɇ08 Ɏɟɔɘɚɞɠ 57 66 

Ɇ08 ɘɚɨɠ 66 68 

Ɇ08 Ɏɟɔɘɚɞɠ 68 73 

Ɇ08 Ɏɛɛɞɠ ɢɞɜŭɟɧəɞəəɖ 73 74 

Ɇ08 ŬɟɔɘɚɞɎɛɛɞɠ 74 77 

Ɇ08 ɢŬɚɑəɘŬ, Ɏɛɛɞɠ 77 85 

Ɇ08 Ɏɟɔɘɚɞɠ 85 94 

Ɇ08 ɢŬɚɑəɘŬ, Ɏɛɛɞɠ 94 96 

Ɇ08 Ɏɟɔɘɚɞɠ 96 99 

Ɇ08 Ɏɛɛɞɠ ɢɞɜŭɟɧəɞəəɖ 99 101 

Ɇ08 Ɏɟɔɘɚɞɠ 101 108 

Ɇ08 Ɏɛɛɞɠ ɢɞɜŭɟɧəɞəəɖ 108 109 

Ɇ08 Ɏɟɔɘɚɞɠ 109 124 

Ɇ08 ɢŬɚɑəɘŬ, Ɏɛɛɞɠ 124 127 

Ɇ08 Ɏɟɔɘɚɞɠ 127 130 

Ɇ08 ɢŬɚɑəɘŬ 130 133 

Ɇ08 Ɏɟɔɘɚɞɠ 133 151 

Ɇ08 ɢŬɚɑəɘŬ, Ɏɛɛɞɠ 151 153 

Ɇ08 ŬɟɔɘɚɞɎɛɛɞɠ 153 161 

Ɇ08 ɢŬɚɑəɘŬ, Ɏɛɛɞɠ 161 167,5 

Ɇ08 Ɏɟɔɘɚɞɠ, ɢŬɚɑəɘŬ 167,5 183 

Ɇ08 əɟɞəɎɚŮɠ ɛɘəɟɏɠ 183 185 

Ɇ08 Ɏɟɔɘɚɞɠ, əɟɞəɎɚŮɠ 185 191 

Ɇ08 əɟɞəɎɚŮɠ 191 198 

Ɇ08 Ɏɟɔɘɚɞɠ, əɟɞəɎɚŮɠ, ɢŬɚɑəɘŬ 198 202 
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ũȺɋɇɅȼɆȼ Ɇ08ȷ 

ɃɁɃɀȷ ɈȿȽȾɃ ȷɅɉȼ (m) ɇȺȿɃɆ (m) 

Ɇ08ȷ űɡŰɘəɐ ɔɖ 0 7 

Ɇ08ȷ 

Ŭɟɔɘɚɞɥɚɨɠ ɛŮ ŮɜŭɘŬůŰɟɩůŮɘɠ 

ɚŮˊŰɧɟŮɡůŰɤɜ Ɏɛɛɤɜ əŬɘ ɕɤɘəɩɜ 

əŬɘ űɡŰɘəɩɜ ŬˊɞɚɘɗɤɛɎŰɤɜ 

7 63 

Ɇ08ȷ Ɏɛɛɞɠ ɚŮˊŰɧəɞəəɖ-ɛŮůɧəɞəəɖ 63 66 

Ɇ08ȷ Ŭɟɔɘɚɞɥɚɨɠ 66 79 

Ɇ08ȷ Ɏɛɛɞɠ ɢɞɜŭɟɧəɞəəɖ, ɢɎɚɘəŮɠ 79 88 

Ɇ08ȷ Ɏɟɔɘɚɞɠ 88 98 

Ɇ08ȷ Ɏɛɛɞɠ ,ɢŬɚɑəɘŬ 98 105 

Ɇ08ȷ Ɏɟɔɘɚɞɠ 105 107 

Ɇ08ȷ Ɏɛɛɞɠ ,ɢŬɚɑəɘŬ 107 115 

Ɇ08ȷ Ɏɟɔɘɚɞɠ 115 130 

Ɇ08ȷ Ɏɛɛɞɠ,ɢŬɚɑəɘŬ,əɟɞəɎɚŮɠ 130 138 

Ɇ08ȷ ɢŬɚɑəɘŬ,əɟɞəɎɚŮɠ 138 140 

Ɇ08ȷ Ɏɟɔɘɚɞɠ 140 145 

Ɇ08ȷ ɢŬɚɑəɘŬ, əɟɞəɎɚŮɠ 145 150 

Ɇ08ȷ Ɏɟɔɘɚɞɠ 150 155 

Ɇ08ȷ Ɏɛɛɞɠ ,ɢŬɚɑəɘŬ 155 158 

Ɇ08ȷ Ɏɟɔɘɚɞɠ 158 164 

Ɇ08ȷ ɢŬɚɑəɘŬ, əɟɞəɎɚŮɠ 164 168 

Ɇ08ȷ Ɏɟɔɘɚɞɠ 168 180 

Ɇ08ȷ əɟɞəɎɚŮɠ, ɢŬɚɑəɘŬ 180 186 

Ɇ08ȷ Ɏɟɔɘɚɞɠ 186 190 

Ɇ08ȷ əɟɞəŬɚɞˊŬɔɏɠ 190 209 

Ɇ08ȷ Ɏɟɔɘɚɞɠ 209 229 
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ũȺɋɇɅȼɆȼ Ɇ08ȸ 

ɃɁɃɀȷ ɈȿȽȾɃ ȷɅɉȼ (m) ɇȺȿɃɆ (m) 

Ɇ08ȸ Ɏɛɛɞɠ ɚŮˊŰɧɟŮɡůŰɖ 0 3 

Ɇ08ȸ Ɏɛɛɞɠ ɚŮˊŰɧɟŮɡůŰɖ ɛŮ ɞɟɔŬɜɞɛɘɔɐ 3 25 

Ɇ08ȸ Ɏɟɔɘɚɞɠ ŬˊɞɚɘɗɤɛŬŰɞűɧɟɞɠ 25 42 

Ɇ08ȸ 
Ɏɟɔɘɚɞɠ əŬɘ Ɏɛɛɞɘ 

ŬˊɞɚɘɗɤɛŬŰɞűɧɟɞɘ ůŮ ŮɜŬɚɚŬɔɏɠ 
42 60 

Ɇ08ȸ Ɏɟɔɘɚɞɠ ɛŮɚŬɜɐ 60 63 

Ɇ08ȸ Ɏɛɛɞɠ,ɢŬɚɑəɘŬ 63 66 

Ɇ08ȸ Ɏɟɔɘɚɞɠ əŬűɏ 66 71 

Ɇ08ȸ Ɏɛɛɞɠ,ɢŬɚɑəɘŬ 71 74 

Ɇ08ȸ Ɏɟɔɘɚɞɠ ɔəɟɘ ɛŮ ŬˊɞɚɘɗɩɛŬŰŬ 74 84 

Ɇ08ȸ Ɏɟɔɘɚɞɠ əŬűɏ 87 89 

Ɇ08ȸ ŬɛɛɞɢɎɚɘəŮɠ 89 93 

Ɇ08ȸ Ɏɟɔɘɚɞɠ ɛŮ ŮɜŭɘŬůŰɟɩůŮɘɠ Ɏɛɛɤɜ 93 111 

Ɇ08ȸ ŬɛɛɞɢɎɚɘəŮɠ 111 114 

Ɇ08ȸ Ɏɟɔɘɚɞɠ ɔəɟɘ 114 123 

Ɇ08ȸ ŬɛɛɞɢɎɚɘəŮɠ ɛŮ ɚɑɔɖ Ɏɟɔɘɚɞ 123 126 

Ɇ08ȸ Ɏɟɔɘɚɞɠ əŬűɏ 126 128 

Ɇ08ȸ ŬɛɛɞɢɎɚɘəŮɠ 128 134 

Ɇ08ȸ Ɏɟɔɘɚɞɠ ɔəɟɘ 134 137 

Ɇ08ȸ Ɏɟɔɘɚɞɠ əŬűɏ 137 142 

Ɇ08ȸ ŬɛɛɞɢɎɚɘəŮɠ 142 144 

Ɇ08ȸ Ɏɟɔɘɚɞɠ əŬűɏ 144 148 

Ɇ08ȸ ŬɛɛɞɢɎɚɘəŮɠ 148 149 

Ɇ08ȸ Ɏɟɔɘɚɞɠ əŬűɏ 149 154 

Ɇ08ȸ Ɏɟɔɘɚɞɠ ɔəɟɘ ɘɚɨŮɠ 154 166 

Ɇ08ȸ Ɏɟɔɘɚɞɠ əŬűɏ ɛŮ Ɏɛɛɞɡɠ 166 171 

Ɇ08ȸ Ɏɟɔɘɚɞɠ əŬűɏ ɛŮ Ɏɛɛɞɡɠ 172 177 

Ɇ08ȸ ŬɛɛɞɢɎɚɘəŮɠ ɛŮ ɚɑɔɖ Ɏɟɔɘɚɞ 177 198 

Ɇ08ȸ Ɏɟɔɘɚɞɠ əŬűɏ ɛŮ Ɏɛɛɞɡɠ 198 200 

Ɇ08ȸ ŬɛɛɞɢɎɚɘəŮɠ 200 206 

Ɇ08ȸ Ɏɟɔɘɚɞɠ əŬűɏ ɛŮ Ɏɛɛɞɡɠ 206 214 
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ũȺɋɇɅȼɆȼ Ɇ09Ɂ 

ɃɁɃɀȷ ɈȿȽȾɃ ȷɅɉȼ (m) ɇȺȿɃɆ (m) 

Ɇ09Ɂ Ŭɟɔɘɚɞɥɚɨɠ 0 11 

Ɇ09Ɂ 
Ŭɟɔɘɚɞɥɚɨɠ ŰŮűɟɐ ɛŮ Űɨɟűɖ əŬɘ 

ůŬˊɟɧűɡŰŬ 
11 22 

Ɇ09Ɂ Ɏɟɔɘɚɞɠ ŰŮűɟɐ ɛŮ ŬˊɞɚɘɗɩɛŬŰŬ 22 40 

Ɇ09Ɂ 
ŮɜŬɚɚŬɔɏɠ  ŰŮűɟɐɠ əŬɘ əŬůŰŬɜɐɠ Ŭɟɔɑɚɞɡ 

ɛŮ ŬˊɞɚɘɗɩɛŬŰŬ 
40 49 

Ɇ09Ɂ ŬɛɛɞɢɎɚɘəɞ 49 51 

Ɇ09Ɂ ŬɟɔɘɚɞŬɛɛɩŭŮɠ ɛŮ ŬˊɞɚɘɗɩɛŬŰŬ 51 54 

Ɇ09Ɂ ŬɛɛɞɢɎɚɘəɞ 54 55 

Ɇ09Ɂ ŬɟɔɘɚɞŬɛɛɩŭŮɠ ɛŮ ŬˊɞɚɘɗɩɛŬŰŬ 55 60 

Ɇ09Ɂ 
Ɏɟɔɘɚɞɠ əŬɘ ˊɖɚɧɠ ɛŮ ˊɞɚɚɎ 

ŬˊɞɚɘɗɩɛŬŰŬ 
60 72 

Ɇ09Ɂ Ɏɛɛɞɠ ɛŮ ˊɞɚɚɎ ŬˊɞɚɘɗɩɛŬŰŬ 72 74 

Ɇ09Ɂ 
Ɏɟɔɘɚɞɠ əŬɘ  Ɏɛɛɞɠ ɛŮ ˊɞɚɚɎ 

ŬˊɞɚɘɗɩɛŬŰŬ 
74 78 

Ɇ09Ɂ Ŭɟɔɘɚɞɥɚɨɠ ɛŮ ŬˊɞɚɘɗɩɛŬŰŬ 78 84 

Ɇ09Ɂ ŬɟɔɘɚɞŬɛɛɩŭŮɠ əŬůŰŬɜɧ ɛŮ ŬˊɞɚɘɗɩɛŬŰŬ 84 87 

Ɇ09Ɂ Ɏɛɛɞɠ ɛŮ ŬˊɞɚɘɗɩɛŬŰŬ 87 89 

Ɇ09Ɂ Ɏɟɔɘɚɞɠ əŬůŰŬɜɐ 89 93 

Ɇ09Ɂ Ɏɛɛɞɠ-ɢŬɚɑəɘŬ-Ɏɟɔɘɚɞɠ ɛŮ ŬˊɞɚɘɗɩɛŬŰŬ 93 99 

Ɇ09Ɂ 
Ŭɟɔɘɚɞɥɚɨɠ əŬůŰŬɜɐ ɛŮ ŭɘɎůˊŬɟŰŬ 

ɢŬɚɑəɘŬ 
99 103 

Ɇ09Ɂ Ɏɟɔɘɚɞɠ əŬůŰŬɜɐ 103 109 

Ɇ09Ɂ ŬɛɛɞɢɎɚɘəɞ 109 114 

Ɇ09Ɂ Ɏɟɔɘɚɞɠ əŬɘ  Ɏɛɛɞɠ 114 118 

Ɇ09Ɂ ŬɛɛɞɢɎɚɘəɞ 118 121 

Ɇ09Ɂ Ɏɛɛɞɠ əŬɘ Ɏɟɔɘɚɞɠ ŰŮűɟɐ 121 126 

Ɇ09Ɂ Ɏɛɛɞɠ əŬɘ Ɏɟɔɘɚɞɠ əŬůŰŬɜɐ 126 128 

Ɇ09Ɂ Ɏɛɛɞɠ əŬɘ ɢŬɚɑəɘŬ 128 130 

Ɇ09Ɂ ŬɟɔɘɚɞŬɛɛɩŭŮɠ 130 137 

Ɇ09Ɂ ɢŬɚɑəɘŬ əŬɘ Ɏɛɛɞɠ 137 139 

Ɇ09Ɂ Ŭɟɔɘɚɞɥɚɨɠ 139 143 

Ɇ09Ɂ Ɏɛɛɞɠ 143 148 

Ɇ09Ɂ ŮɜŬɚɚŬɔɏɠ Ɏɛɛɞɡ əŬɘ Ŭɟɔɑɚɞɡ 148 158 

Ɇ09Ɂ Ɏɛɛɞɘ əŬɘ ɢŬɚɑəɘŬ 158 159 

Ɇ09Ɂ Ɏɛɛɞɠ ůŮ ŮɜŬɚɚŬɔɏɠ ɛŮ Ɏɟɔɘɚɞ 159 165 

Ɇ09Ɂ ɢŬɚɑəɘŬ əŬɘ Ɏɛɛɞɠ 165 174 

Ɇ09Ɂ Ɏɟɔɘɚɞɠ əɧəəɘɜɖ əŬɘ Ɏɛɛɞɠ 174 176 

Ɇ09Ɂ ɢŬɚɑəɘŬ əŬɘ Ɏɛɛɞɠ 176 185 

Ɇ09Ɂ Ɏɛɛɞɠ əŬɘ Ɏɟɔɘɚɞɠ 185 188 

Ɇ09Ɂ Ɏɛɛɞɠ 188 191 

Ɇ09Ɂ Ɏɟɔɘɚɞɠ 191 194 

Ɇ09Ɂ ŮɜŬɚɚŬɔɏɠ Ɏɛɛɞɡ əŬɘ Ŭɟɔɑɚɤɜ 194 220 
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ũȺɋɇɅȼɆȼ Ɇ10ȷ 

ɃɁɃɀȷ ɈȿȽȾɃ ȷɅɉȼ (m) ɇȺȿɃɆ (m) 

Ɇ10ȷ űɡŰɘəɐ ɔɖ 0 6 

Ɇ10ȷ 

Ŭɟɔɘɚɞɥɚɨɠ ɛŮ ŮɜŭɘŬůŰɟɩůŮɘɠ 

ɚŮˊŰɧɟŮɡůŰɤɜ Ɏɛɛɤɜ əŬɘ ɕɤɘəɩɜ əŬɘ 

űɡŰɘəɩɜ ŬˊɞɚɘɗɤɛɎŰɤɜ 

6 95 

Ɇ10ȷ Ɏɛɛɞɠ ɢɞɜŭɟɧəɞəəɖ 95 101 

Ɇ10ȷ Ɏɟɔɘɚɞɠ 101 104 

Ɇ10ȷ ɢŬɚɑəɘŬ ɛŮ Ɏɟɔɘɚɞ 104 110 

Ɇ10ȷ ŬɛɛɞɢɎɚɘəŮɠ 110 116 

Ɇ10ȷ Ɏɛɛɞɠ,ɢŬɚɑəɘŬ ɛŮ ɚɑɔɖ Ɏɟɔɘɚɞ 116 128 

Ɇ10ȷ ŬɛɛɞɢɎɚɘəŮɠ 128 132 

Ɇ10ȷ Ɏɟɔɘɚɞɠ 132 134 

Ɇ10ȷ Ɏɛɛɞɠ,ɢŬɚɑəɘŬ,əɟɞəɎɚŮɠ 134 154 

Ɇ10ȷ Ɏɟɔɘɚɞɠ 154 157 

Ɇ10ȷ Ɏɛɛɞɠ,ɢŬɚɑəɘŬ,əɟɞəɎɚŮɠ 157 161 

Ɇ10ȷ Ɏɟɔɘɚɞɠ 161 167 

Ɇ10ȷ ŬɛɛɞɢɎɚɘəŮɠ 167 175 

Ɇ10ȷ Ɏɟɔɘɚɞɠ 175 186 
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ũȺɋɇɅȼɆȼ Ɇ11Ɂ 

ɃɁɃɀȷ ɈȿȽȾɃ ȷɅɉȼ (m) ɇȺȿɃɆ (m) 

Ɇ11Ɂ Ŭɟɔɘɚɞɥɚɨɠ 0 7 

Ɇ11Ɂ Ɏɟɔɘɚɞɠ ɛŮ ɚŮˊŰɧəɞəəɖ Ɏɛɛɞ 7 9 

Ɇ11Ɂ Ɏɟɔɘɚɞɠ ɛŮ ŬˊɞɚɘɗɩɛŬŰŬ 9 13 

Ɇ11Ɂ ɚŮˊŰɧəɞəəɖ Ɏɛɛɞɠ 13 15 

Ɇ11Ɂ 
ůŬˊɟɧűɡŰŬ əŬɘ ɚɘɛɜɞɗŬɚɎůůɘŬ 

ŬˊɞɚɘɗɩɛŬŰŬ 
15 17 

Ɇ11Ɂ Ŭɟɔɘɚɞˊɖɚɞɑ ɛŮ ŬˊɞɚɘɗɩɛŬŰŬ 17 30 

Ɇ11Ɂ ˊɖɚɧɠ 30 44 

Ɇ11Ɂ ˊɖɚɧɠ 44 51 

Ɇ11Ɂ Ŭɟɔɘɚɞɥɚɨɠ ɛŮ ɞɟɑɕɞɜŰŮɠ ˊɖɚɞɨ 51 58 

Ɇ11Ɂ ˊɖɚɧɠ ɛŮ ŬˊɞɚɘɗɩɛŬŰŬ əŬɘ űɡŰɘəɎ 58 75 

Ɇ11Ɂ ɛŮůɧəɞəəɖ Ɏɛɛɞɠ 75 77 

Ɇ11Ɂ ˊɖɚɧɠ 77 84 

Ɇ11Ɂ ˊɖɚɧɠ əŬɘ Ɏɛɛɞɠ 84 86 

Ɇ11Ɂ ɘɚɨɠ 86 87 

Ɇ11Ɂ ɛŮůɧəɞəəɖ Ɏɛɛɞɠ 87 88 

Ɇ11Ɂ Ŭɟɔɘɚɞɥɚɨɠ 88 102 

Ɇ11Ɂ Ɏɛɛɞɠ ɢŬɚŬɕɘŬəɐ 102 104 

Ɇ11Ɂ Ŭɟɔɘɚɞɥɚɨɠ əŬɘ Ɏɛɛɞɠ 104 110 

Ɇ11Ɂ Ŭɟɔɘɚɞɥɚɨɠ 110 119 

Ɇ11Ɂ Ɏɟɔɘɚɞɠ ŰŮűɟɐ 119 130 

Ɇ11Ɂ Ɏɟɔɘɚɞɠ əŬɘ  Ɏɛɛɞɠ 130 133 

Ɇ11Ɂ Ɏɛɛɞɠ ɛŮ ɚɑɔŬ ɢŬɚɑəɘŬ 133 135 

Ɇ11Ɂ Ɏɟɔɘɚɞɠ 135 138 

Ɇ11Ɂ Ɏɛɛɞɠ ɛŮůɧəɞəəɖ 138 142 

Ɇ11Ɂ Ɏɟɔɘɚɞɠ ɛŮ Ɏɛɛɞ 142 146 

Ɇ11Ɂ Ɏɟɔɘɚɞɠ 146 151 

Ɇ11Ɂ Ɏɛɛɞɠ əŬɘ Ɏɟɔɘɚɞɠ 151 153 

Ɇ11Ɂ Ɏɟɔɘɚɞɠ 153 160 

Ɇ11Ɂ Ŭɟɔɘɚɞɥɚɨɠ 160 162 

Ɇ11Ɂ Ɏɛɛɞɠ ɛŮ ɚɑɔŬ ɢŬɚɑəɘŬ 162 174 

Ɇ11Ɂ Ɏɟɔɘɚɞɠ 174 177 

Ɇ11Ɂ Ɏɛɛɞɠ 177 198 

Ɇ11Ɂ 
Ɏɟɔɘɚɞɠ ŰŮűɟɧɚŮɡəɖ ɛŮ ɚŮˊŰɧəɞəəɖ 

Ɏɛɛɞ 
198 217 

Ɇ11Ɂ Ɏɛɛɞɠ 217 232 

Ɇ11Ɂ Ɏɟɔɘɚɞɠ ŰŮűɟɧɚŮɡəɖ 232 250 
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ũȺɋɇɅȼɆȼ Ɇ14 

ɃɁɃɀȷ ɈȿȽȾɃ ȷɅɉȼ (m) ɇȺȿɃɆ (m) 

Ɇ14 Ɏɛɛɞɠ 0 2 

Ɇ14 Ɏɟɔɘɚɞɠ 2 10 

Ɇ14 əɞɔɢɨɚɘŬ 10 12 

Ɇ14 Ɏɟɔɘɚɞɠ 12 25 

Ɇ14 ɢŬɚɑəɘŬ, əɟɞəɎɚŮɠ 25 30 

Ɇ14 Ɏɟɔɘɚɞɠ 30 35 

Ɇ14 ɢŬɚɑəɘŬ, əɟɞəɎɚŮɠ 35 37 

Ɇ14 Ɏɟɔɘɚɞɠ 37 45 

Ɇ14 ɢŬɚɑəɘŬ ɛɘəɟɏɠ əɟɞəɎɚŮɠ 45 51 

Ɇ14 Ɏɟɔɘɚɞɠ 51 61 

Ɇ14 ɢŬɚɑəɘŬ, əɟɞəɎɚŮɠ 61 63 

Ɇ14 Ɏɟɔɘɚɞɠ ɛŮ ɢŬɚɑəɘŬ 63 64 

Ɇ14 Ɏɟɔɘɚɞɠ ɛŮ Ɏɛɛɞ 64 72 

Ɇ14 ɢŬɚɑəɘŬ ɛɘəɟɏɠ əɟɞəɎɚŮɠ 72 77 

Ɇ14 Ɏɟɔɘɚɞɠ əŬɘ  Ɏɛɛɞɠ 77 83 

Ɇ14 ɢŬɚɑəɘŬ, əɟɞəɎɚŮɠ 83 84 

Ɇ14 Ɏɟɔɘɚɞɠ 84 85 

Ɇ14 ɢɎɚɘəŮɠ 85 86 

Ɇ14 Ɏɟɔɘɚɞɠ 86 91 

Ɇ14 ɢŬɚɑəɘŬ, əɟɞəɎɚŮɠ 91 93 

Ɇ14 Ɏɟɔɘɚɞɠ 93 94 

Ɇ14 ɢŬɚɑəɘŬ, əɟɞəɎɚŮɠ 94 110 

Ɇ14 Ɏɟɔɘɚɞɠ 110 130 
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ũȺɋɇɅȼɆȼ Ɇ15 

ɃɁɃɀȷ ɈȿȽȾɃ ȷɅɉȼ (m) ɇȺȿɃɆ (m) 

Ɇ15 Ɏɛɛɞɠ 0 2 

Ɇ15 Ɏɟɔɘɚɞɠ 2 9 

Ɇ15 əɞɔɢɨɚɘŬ 9 10 

Ɇ15 Ɏɟɔɘɚɞɠ 10 12 

Ɇ15 ɢŬɚɑəɘŬ 12 15 

Ɇ15 Ɏɟɔɘɚɞɠ 15 28 

Ɇ15 ɢŬɚɑəɘŬ,əɟɞəɎɚŮɠ 28 30 

Ɇ15 Ɏɟɔɘɚɞɠ 30 35 

Ɇ15 ɢŬɚɑəɘŬ,əɟɞəɎɚŮɠ 35 37 

Ɇ15 Ɏɟɔɘɚɞɠ 37 53 

Ɇ15 ɢŬɚɑəɘŬ,əɟɞəɎɚŮɠ 53 55 

Ɇ15 Ɏɟɔɘɚɞɠ 55 56 

Ɇ15 ɢŬɚɑəɘŬ,əɟɞəɎɚŮɠ 56 58 

Ɇ15 Ɏɟɔɘɚɞɠ 58 62 

Ɇ15 ɢŬɚɑəɘŬ 62 63 

Ɇ15 Ɏɟɔɘɚɞɠ 63 72 

Ɇ15 ɢŬɚɑəɘŬ 72 74 

Ɇ15 Ɏɟɔɘɚɞɠ 74 80 

Ɇ15 ɢŬɚɑəɘŬ,əɟɞəɎɚŮɠ 80 86 

Ɇ15 Ɏɟɔɘɚɞɠ 86 93 

Ɇ15 ɢŬɚɑəɘŬ,əɟɞəɎɚŮɠ 93 96 

Ɇ15 Ɏɟɔɘɚɞɠ 96 101 

Ɇ15 ɢŬɚɑəɘŬ,əɟɞəɎɚŮɠ 101 103 

Ɇ15 Ɏɟɔɘɚɞɠ 103 104 

Ɇ15 ɢŬɚɑəɘŬ,əɟɞəɎɚŮɠ 104 112 

Ɇ15 Ɏɟɔɘɚɞɠ 112 130 
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ũȺɋɇɅȼɆȼ Ɇ16Ɂ 

ɃɁɃɀȷ ɈȿȽȾɃ ȷɅɉȼ (m) ɇȺȿɃɆ (m) 

Ɇ16Ɂ Ɏɟɔɘɚɞɠ əŬűɏ 0 33 

Ɇ16Ɂ ɢɎɚɘəŮɠ 33 36 

Ɇ16Ɂ Ɏɟɔɘɚɞɠ ɔəɟɘɕɞˊɟɎůɘɜɖ 36 45 

Ɇ16Ɂ ɢɎɚɘəŮɠ 45 46 

Ɇ16Ɂ Ɏɟɔɘɚɞɠ ɔəɟɘɕɞˊɟɎůɘɜɖ 46 50 

Ɇ16Ɂ 
ŬɟɔɘɚɞɛɎɟɔŮɠ ɔəɟɘ 

ŬˊɞɚɘɗɤɛŬŰɞűɧɟŮɠ 
50 52 

Ɇ16Ɂ ŬɟɔɘɚɞɛɎɟɔŮɠ ɔəɟɘ 52 53 

Ɇ16Ɂ Ɏɟɔɘɚɞɠ əŬűɏ 53 58 

Ɇ16Ɂ ŬɛɛɞɢɎɚɘəŮɠ, əɟɞəɎɚŮɠ 58 59 

Ɇ16Ɂ əɟɞəŬɚɞˊŬɔɏɠ 59 62 

Ɇ16Ɂ Ɏɟɔɘɚɞɠ əŬűɏ 62 65 

Ɇ16Ɂ ŬɛɛɞɢɎɚɘəŬ 65 67 

Ɇ16Ɂ Ɏɟɔɘɚɞɠ əŬűɏ 67 68 

Ɇ16Ɂ ŬɛɛɞɢɎɚɘəŬ 68 69 

Ɇ16Ɂ ŬɛɛɞɢɎɚɘəŮɠ, əɟɞəɎɚŮɠ 69 71 

Ɇ16Ɂ Ɏɟɔɘɚɞɠ ɔəɟɘ 71 72 

Ɇ16Ɂ Ɏɟɔɘɚɞɠ əŬűɏ, ɢŬɚɑəɘŬ 72 74 

Ɇ16Ɂ Ɏɟɔɘɚɞɠ əŬűɏ 74 84 

Ɇ16Ɂ Ɏɟɔɘɚɞɠ əŬɘ ɚŮˊŰɧəɞəəɐ Ɏɛɛɞɠ 84 87 

Ɇ16Ɂ ŬɛɛɞɢɎɚɘəŮɠ, əɟɞəɎɚŮɠ 87 93 

Ɇ16Ɂ Ɏɟɔɘɚɞɠ əŬűɏ 93 100 

Ɇ16Ɂ ɣɖűɘŭɞˊŬɔɏɠ ɢŬɚŬɕɘŬəɧ 100 102 

Ɇ16Ɂ Ɏɟɔɘɚɞɠ əŬűɏ 102 106 

Ɇ16Ɂ ɣɖűɘŭɞˊŬɔɏɠ ɢŬɚŬɕɘŬəɧ 106 107 

Ɇ16Ɂ Ɏɟɔɘɚɞɠ - ŬɛɛɞɢɎɚɘəŮɠ 107 109 

Ɇ16Ɂ əɟɞəŬɚɞˊŬɔɏɠ ɢŬɚŬɕɘŬəɧ 109 115 

Ɇ16Ɂ Ɏɟɔɘɚɞɠ - ŬɛɛɞɢɎɚɘəŮɠ 115 116 

Ɇ16Ɂ Ɏɟɔɘɚɞɠ əŬűɏ 116 118 

Ɇ16Ɂ Ɏɟɔɘɚɞɠ, Ɏɛɛɞɠ ɚŮˊŰɧəɞəəɖ 118 121 

Ɇ16Ɂ əɟɞəŬɚɞˊŬɔɏɠ ɢŬɚŬɕɘŬəɧ 121 130 

Ɇ16Ɂ Ɏɟɔɘɚɞɠ əŬűɏ - Ɏɛɛɞɠ ɚŮˊŰɧəɞəəɖ 130 137 

Ɇ16Ɂ Ɏɟɔɘɚɞɠ əŬűɏ 137 140 
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ũȺɋɇɅȼɆȼ Ɇ16Ʉ 

ɃɁɃɀȷ ɈȿȽȾɃ ȷɅɉȼ (m) ɇȺȿɃɆ (m) 

Ɇ16Ʉ Ɏɟɔɘɚɞɠ 0 2 

Ɇ16Ʉ Ɏɟɔɘɚɞɠ ŰŮűɟɎ Ŭɛɛɞɨɢɞɠ 2 8 

Ɇ16Ʉ Ɏɛɛɞɠ ɚŮˊŰɧəɞəəɖ ŰŮűɟɐ 8 13 

Ɇ16Ʉ 
ɛɎɟɔŬ ˊɚŬůŰɘəɐ ŰŮűɟɎ 

ŬˊɞɚɘɗɤɛŬŰɞűɧɟɞɠ 
13 29 

Ɇ16Ʉ Ɏɛɛɞɠ ɢɞɜŭɟɧəɞəəɖ 29 30 

Ɇ16Ʉ Ɏɟɔɘɚɞɠ əŬůŰŬɜɐ,ɢŬɚɑəɘŬ 30 32 

Ɇ16Ʉ ɢŬɚɑəɘŬ,ɣɖűɑŭŮɠ,Ɏɛɛɞɠ 32 36 

Ɇ16Ʉ Ɏɟɔɘɚɞɠ əŬůŰŬɜɐ 36 40 

Ɇ16Ʉ Ɏɛɛɞɠ ɢɞɜŭɟɧəɞəəɖ 40 41 

Ɇ16Ʉ Ɏɟɔɘɚɞɠ Ŭɛɛɞɨɢɞɠ 41 43 

Ɇ16Ʉ Ɏɛɛɞɠ ɚŮˊŰɧəɞəəɖ 43 44 

Ɇ16Ʉ 
ɛɎɟɔŬ ˊɚŬůŰɘəɐ ŰŮűɟɎ 

ŬˊɞɚɘɗɤɛŬŰɞűɧɟɞɠ 
44 52 

Ɇ16Ʉ Ɏɛɛɞɠ ɚŮˊŰɧəɞəəɖ, ůɡɜŮəŰɘəɐ 52 54 

Ɇ16Ʉ 
Ɏɟɔɘɚɞɠ ɛŮ ɚŮˊŰɏɠ ŮɜůŰɟɩůŮɘɠ 

ɣŬɛɛɑŰɞɡ 
54 57 

Ɇ16Ʉ əɟɞəɎɚŮɠ, ɢŬɚɑəɘŬ, ɣɖűɑŭŮɠ 57 61 

Ɇ16Ʉ Ɏɟɔɘɚɞɠ əŬůŰŬɜɐ 61 66 

Ɇ16Ʉ 
ɢŬɚɑəɘŬ,ɣɖűɑŭŮɠ,Ɏɛɛɞɠ 

ɢɞɜŭɟɧəɞəəɖ 
66 70 

Ɇ16Ʉ Ɏɟɔɘɚɞɠ əŬůŰŬɜɐ 70 88 

Ɇ16Ʉ əɟɞəɎɚŮɠ,ɢŬɚɑəɘŬ,Ɏɛɛɞɠ 88 93 

Ɇ16Ʉ Ɏɟɔɘɚɞɠ əŬůŰŬɜɐ 93 106 

Ɇ16Ʉ əɟɞəɎɚŮɠ,ɢŬɚɑəɘŬ,Ɏɛɛɞɠ 106 114 

Ɇ16Ʉ 
Ɏɟɔɘɚɞɠ Ŭɛɛɞɨɢɞɠ ɛŮ ɚɑɔŮɠ 

əɟɞəɎɚŮɠ 
114 130 
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ũȺɋɇɅȼɆȼ Ɇ17 

ɃɁɃɀȷ ɈȿȽȾɃ ȷɅɉȼ (m) ɇȺȿɃɆ (m) 

Ɇ17 űɡŰɘəɐ ɔɖ 0 3 

Ɇ17 Ɏɛɛɞɠ ɚŮˊŰɧəɞəəɖ ŰŮűɟɐ 3 13 

Ɇ17 
ɛɎɟɔŬ ŰŮűɟɞˊɟɎůɘɜɖ ɛŮ 

ŬˊɞɚɘɗɩɛŬŰŬ ɞůŰɟɎəɤɜ 
13 33 

Ɇ17 
əɟɞəɎɚŮɠ,ɢŬɚɑəɘŬ,Ɏɛɛɞɠ 

ɢɞɜŭɟɧəɞəəɖ 
33 36 

Ɇ17 Ɏɟɔɘɚɞɠ əŬůŰŬɜɐ 36 41 

Ɇ17 
əɟɞəɎɚŮɠ,ɢŬɚɑəɘŬ,Ɏɛɛɞɠ 

ɢɞɜŭɟɧəɞəəɖ 
41 48 

Ɇ17 Ɏɟɔɘɚɞɠ əŬůŰŬɜɐ 48 61 

Ɇ17 əɟɞəɎɚŮɠ,ɢŬɚɑəɘŬ,Ɏɛɛɞɠ 61 64 

Ɇ17 Ɏɟɔɘɚɞɠ əŬůŰŬɜɐ 64 74 

Ɇ17 əɟɞəɎɚŮɠ,ɢŬɚɑəɘŬ,Ɏɛɛɞɠ 74 77 

Ɇ17 Ɏɟɔɘɚɞɠ ŰŮűɟɞˊɟɎůɘɜɖ 77 81 

Ɇ17 Ɏɟɔɘɚɞɠ əŬůŰŬɜɐ 81 89 

Ɇ17 
əɟɞəɎɚŮɠ,ɢŬɚɑəɘŬ,Ɏɛɛɞɠ 

ɢɞɜŭɟɧəɞəəɖ 
89 97 

Ɇ17 Ɏɟɔɘɚɞɠ əŬůŰŬɜɐ 97 103 

Ɇ17 əɟɞəɎɚŮɠ,ɢŬɚɑəɘŬ,Ɏɛɛɞɠ 103 108 

Ɇ17 Ɏɟɔɘɚɞɠ əŬůŰŬɜɐ 108 115 

Ɇ17 əɟɞəɎɚŮɠ,ɢŬɚɑəɘŬ,Ɏɛɛɞɠ 115 118 

Ɇ17 Ɏɟɔɘɚɞɠ əŬůŰŬɜɐ 118 130 

 

 

 

ũȺɋɇɅȼɆȼ Ɇ18 

ɃɁɃɀȷ ɈȿȽȾɃ ȷɅɉȼ (m) ɇȺȿɃɆ (m) 

Ɇ18 Ɏɟɔɘɚɞɠ űŬɘɎ 0 3 

Ɇ18 Ŭɛɛɞɥɚɨɠ 3 12 

Ɇ18 Ɏɛɛɞɠ ɢɞɜŭɟɧəɞəəɖ 34 41 

Ɇ18 Ɏɟɔɘɚɞɠ űŬɘɎ 41 60 

Ɇ18 Ɏɟɔɘɚɞɠ ɛŮ Ɏɛɛɞ 60 69 

Ɇ18 Ɏɛɛɞɠ ɢɞɜŭɟɧəɞəəɖ 69 73 

Ɇ18 Ɏɟɔɘɚɞɠ ɛŮ ɢɎɚɘəŮɠ 73 86 

Ɇ18 Ɏɛɛɞɠ ɢɞɜŭɟɧəɞəəɖ 86 98 

Ɇ18 Ɏɟɔɘɚɞɠ ɛŮ ɢɎɚɘəŮɠ 98 103 

Ɇ18 Ɏɛɛɞɠ ɢɞɜŭɟɧəɞəəɖ ɛŮ ɢŬɚɑəɘŬ 103 111,5 

Ɇ18 Ɏɟɔɘɚɞɠ ɛŮ Ɏɛɛɞ 111,5 122,5 

Ɇ18 Ɏɛɛɞɠ ɢɞɜŭɟɧəɞəəɖ 122,5 124 

Ɇ18 Ɏɟɔɘɚɞɠ ɛŮ Ɏɛɛɞ 124 130 

 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

84 

 

 

ũȺɋɇɅȼɆȼ Ɇ19 

ɃɁɃɀȷ ɈȿȽȾɃ ȷɅɉȼ (m) ɇȺȿɃɆ (m) 

Ɇ19 űŬɘɎ Ŭɟɔɘɚɞɥɚɨɠ 0 3 

Ɇ19 űŬɘɎ ɘɚɨɠ 3 4 

Ɇ19 Ɏɟɔɘɚɞɠ ɛŮ ɚŮˊŰɧəɞəəɖ Ɏɛɛɞ 4 18 

Ɇ19 ɘɚɨɠ ɛŮɚŬɜɧɢɟɞɡɠ 18 32 

Ɇ19 Ɏɛɛɞɠ ɛŮůɧəɞəəɖ-ɢɞɜŭɟɧəɞəəɖ ɛŮ ɢŬɚɑəɘŬ 32 35 

Ɇ19 ɘɚɨɠ ɛŮɚŬɜɧɢɟɞɡɠ ɛŮ Ɏɛɛɞ 35 39 

Ɇ19 Ɏɛɛɞɠ ɢɞɜŭɟɧəɞəəɖ ɛŮ ɢŬɚɑəɘŬ 39 44 

Ɇ19 
Ɏɛɛɞɠ ɚŮˊŰɧəɞəəɖ-ɢɞɜŭɟɧəɞəəɞɘ ɛŮ 

əɞɔɢɨɚɘŬ 
44 68 

Ɇ19 Ɏɟɔɘɚɞɠ űŬɘɎ 68 95 

Ɇ19 Ɏɛɛɞɠ ɢɞɜŭɟɧəɞəəɖ,ɢɎɚɘəŮɠ,əɟɞəɎɚŮɠ 95 110 

Ɇ19 Ɏɟɔɘɚɞɠ űŬɘɎ 110 114,2 

Ɇ19 Ɏɛɛɞɠ ɢɞɜŭɟɧəɞəəɖ ɛŮ ɢŬɚɑəɘŬ 114,2 122,7 

Ɇ19 Ɏɟɔɘɚɞɠ ɛŮ ɢɎɚɘəŮɠ 122,7 130 

 

ũȺɋɇɅȼɆȼ Ɇ21Ʉ 

ɃɁɃɀȷ ɈȿȽȾɃ ȷɅɉȼ (m) ɇȺȿɃɆ (m) 

Ɇ21Ʉ Ŭɟɔɘɚɞɥɚɨɠ 0 30 

Ɇ21Ʉ 
Ɏɛɛɞɠ ɚŮˊŰɧəɞəəɖ-ɛŮůɧəɞəəɖ  ɛŮ 

ŬˊɞɚɘɗɩɛŬŰŬ əŬɘ ɚɑɔŬ ɢŬɚɑəɘŬ 
30 40 

Ɇ21Ʉ 
Ɏɛɛɞɠ ɛŮůɧəɞəəɖ ɤɠ ɢɞɜŭɟɧəɞəəɖ 

ɛŮ ŬˊɞɚɘɗɩɛŬŰŬ 
40 48 

Ɇ21Ʉ 
Ɏɛɛɞɠ ɛŮůɧəɞəəɖ ɤɠ ɢɞɜŭɟɧəɞəəɖ 

ɛŮ əɞɔɢɨɚɘŬ 
48 58 

Ɇ21Ʉ Ɏɟɔɘɚɞɠ, ɢŬɚɑəɘŬ 58 61,55 

Ɇ21Ʉ 
Ɏɛɛɞɠ ɛŮůɧəɞəəɖ ɤɠ ɢɞɜŭɟɧəɞəəɖ 

ɛŮ əɞɔɢɨɚɘŬ 
61,55 64,67 

Ɇ21Ʉ Ɏɟɔɘɚɞɠ ɛŮ ɚŮˊŰɧəɞəəɖ Ɏɛɛɞ 64,67 68 

Ɇ21Ʉ ɢɎɚɘəŮɠ ɛŮ ɢɞɜŭɟɧəɞəəɖ Ɏɛɛɞ 68 74 

Ɇ21Ʉ Ɏɟɔɘɚɞɠ 74 78,38 

Ɇ21Ʉ Ɏɛɛɞɠ ɢɞɜŭɟɧəɞəəɖ ɛŮ ɢŬɚɑəɘŬ 78,38 81,5 

Ɇ21Ʉ Ɏɟɔɘɚɞɠ 81,5 84 

Ɇ21Ʉ Ɏɛɛɞɠ ɢɞɜŭɟɧəɞəəɖ 84 88 

Ɇ21Ʉ Ɏɟɔɘɚɞɠ ɛŮ ɚŮˊŰɧəɞəəɖ Ɏɛɛɞ 88 91,06 

Ɇ21Ʉ Ɏɛɛɞɠ ɢɞɜŭɟɧəɞəəɖ 91,06 103,6 

Ɇ21Ʉ 
Ɏɟɔɘɚɞɠ ɛŮ ɛɘəɟɐ ˊɞůɧŰɖŰŬ 

ɚŮˊŰɧəɞəəɞɡ Ɏɛɛɞɡ 
103,6 122 

Ɇ21Ʉ Ɏɛɛɞɠ ɢɞɜŭɟɧəɞəəɖ ɛŮ ɢŬɚɑəɘŬ 122 128 

Ɇ21Ʉ Ɏɟɔɘɚɞɠ 128 130 

Ɇ21Ʉ ɢŬɚɑəɘŬ ɛŮ əɧəəɘɜɖ Ɏɟɔɘɚɞ 130 146 

Ɇ21Ʉ ɢɎɚɘəŮɠ ɛŮ ɢɞɜŭɟɧəɞəəɖ Ɏɛɛɞ 146 154 

Ɇ21Ʉ Ɏɟɔɘɚɞɠ 154 160 
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ũȺɋɇɅȼɆȼ Ɇ21Ɂ 

ɃɁɃɀȷ ɈȿȽȾɃ ȷɅɉȼ (m) ɇȺȿɃɆ (m) 

Ɇ21Ɂ Ŭɟɔɘɚɞɥɚɨɠ 0 2 

Ɇ21Ɂ Ɏɛɛɞɠ ɚŮˊŰɧəɞəəɖ 2 6 

Ɇ21Ɂ ˊɖɚɧɠ ɛŮ ŬˊɞɚɘɗɩɛŬŰŬ 6 12 

Ɇ21Ɂ ɢŬɚɑəɘŬ, Ɏɛɛɞɘ 12 14 

Ɇ21Ɂ ˊɖɚɧɠ ɛŮ ŬˊɞɚɘɗɩɛŬŰŬ 14 40 

Ɇ21Ɂ ŬɛɛɞɢɎɚɘəŬ ɛŮ ŮɜŬɚɚŬɔɏɠ ˊɖɚɞɨ 40 42 

Ɇ21Ɂ ˊɖɚɧɠ 42 46 

Ɇ21Ɂ Ɏɟɔɘɚɞɠ əŬɘ ɛŬɨɟɞɘ ˊɖɚɞɑ 46 50 

Ɇ21Ɂ Ɏɟɔɘɚɞɘ,ɢŬɚɑəɘŬ əŬɘ ˊɖɚɞɑ 50 56 

Ɇ21Ɂ ˊɖɚɧɠ ɛŮ ŬˊɞɚɘɗɩɛŬŰŬ 56 68 

Ɇ21Ɂ ɢŬɚɑəɘŬ, Ɏɛɛɞɘ 68 70 

Ɇ21Ɂ Ɏɟɔɘɚɞɠ əŬɘ ˊɖɚɞɑ 70 74 

Ɇ21Ɂ Ɏɛɛɞɠ ɢɞɜŭɟɧəɞəəɖ ɛŮ ˊɖɚɞɨɠ 74 82 

Ɇ21Ɂ Ɏɛɛɞɠ ɢɞɜŭɟɧəɞəəɖ 82 96 

Ɇ21Ɂ ɢŬɚɑəɘŬ ɛŮ ŬˊɞɚɘɗɩɛŬŰŬ 96 104 

Ɇ21Ɂ Ɏɟɔɘɚɞɠ 104 122 

Ɇ21Ɂ ɢŬɚɑəɘŬ, Ɏɛɛɞɘ 122 126 

Ɇ21Ɂ Ɏɟɔɘɚɞɠ 126 138 

Ɇ21Ɂ ɢŬɚɑəɘŬ, Ɏɛɛɞɘ 138 142 

Ɇ21Ɂ ŬɟɔɘɚɞɎɛɛɞɠ 142 146 

Ɇ21Ɂ Ɏɟɔɘɚɞɘ,ɢŬɚɑəɘŬ 146 154 

Ɇ21Ɂ ɢŬɚɑəɘŬ əŬɘ Ɏɟɔɘɚɞɠ 154 162 

Ɇ21Ɂ ɢŬɚɑəɘŬ, Ɏɛɛɞɘ 162 196 

Ɇ21Ɂ 
ɢŬɚɑəɘŬ, Ɏɛɛɞɘ ɛŮ ŰŮűɟɧɚŮɡəŮɠ 

Ŭɟɔɑɚɞɡɠ 
196 220 
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ũȺɋɇɅȼɆȼ Ɇ24 

ɃɁɃɀȷ ɈȿȽȾɃ ȷɅɉȼ (m) ɇȺȿɃɆ (m) 

Ɇ24 űɡŰɘəɐ ɔɖ 0 2 

Ɇ24 Ɏɟɔɘɚɞɠ Ŭɛɛɞɨɢɞɠ, ŰŮűɟɎ 2 10 

Ɇ24 Ɏɟɔɘɚɞɠ ŰŮűɟɎ ɛŮ ɧůŰɟŬəŬ 10 31 

Ɇ24 ɢŬɚɑəɘŬ əŬɘ Ɏɛɛɞɠ 31 37 

Ɇ24 Ɏɟɔɘɚɞɠ əŬůŰŬɜɐ 37 41 

Ɇ24 Ɏɛɛɞɠ ɢɞɜŭɟɧəɞəəɖ 41 43 

Ɇ24 Ɏɟɔɘɚɞɠ əŬůŰŬɜɐ 43 45 

Ɇ24 Ɏɛɛɞɠ ɢɞɜŭɟɧəɞəəɖ,ɣɖűɑŭŮɠ 45 50 

Ɇ24 Ɏɟɔɘɚɞɠ 50 51 

Ɇ24 ɢɎɚɘəŮɠ, Ɏɛɛɞɠ, ɣɖűɑŭŮɠ 51 57 

Ɇ24 Ɏɟɔɘɚɞɠ əŬůŰŬɜɐ 57 63 

Ɇ24 ɘɚɡɧɛŬɟɔŬ, ɧůŰɟŬəŬ 63 69 

Ɇ24 Ɏɟɔɘɚɞɠ 69 72 

Ɇ24 Ɏɟɔɘɚɞɠ, ɢŬɚɑəɘŬ 72 75 

Ɇ24 Ɏɟɔɘɚɞɠ 75 81 

Ɇ24 ɢŬɚɑəɘŬ əŬɘ Ɏɛɛɞɠ 81 83 

Ɇ24 Ɏɟɔɘɚɞɠ 83 93 

Ɇ24 ɢŬɚɑəɘŬ əŬɘ Ɏɛɛɞɠ 93 95 

Ɇ24 Ɏɟɔɘɚɞɠ 95 98 

Ɇ24 ɢŬɚɑəɘŬ əŬɘ Ɏɛɛɞɠ 98 100 

Ɇ24 Ɏɟɔɘɚɞɠ 100 104 

Ɇ24 ɢŬɚɑəɘŬ əŬɘ Ɏɛɛɞɠ 104 107 

Ɇ24 Ɏɟɔɘɚɞɠ 107 112 

Ɇ24 ɢŬɚɑəɘŬ əŬɘ Ɏɛɛɞɠ 112 115 

Ɇ24 Ɏɟɔɘɚɞɠ 115 119 

Ɇ24 ɢŬɚɑəɘŬ əŬɘ Ɏɛɛɞɠ 119 123 

Ɇ24 Ɏɟɔɘɚɞɠ əŬůŰŬɜɐ 123 133 

Ɇ24 əɟɞəɎɚŮɠ,ɢŬɚɑəɘŬ,Ɏɛɛɞɠ 133 140 

Ɇ24 Ɏɟɔɘɚɞɠ 140 143 

Ɇ24 əɟɞəɎɚŮɠ,ɢŬɚɑəɘŬ,Ɏɛɛɞɠ 143 146 

Ɇ24 Ɏɟɔɘɚɞɠ 146 148 

Ɇ24 əɟɞəɎɚŮɠ, ɢŬɚɑəɘŬ, ɣɖűɑŭŮɠ 148 155 

Ɇ24 Ɏɟɔɘɚɞɠ, əɟɞəɎɚŮɠ 155 161 

Ɇ24 əɟɞəɎɚŮɠ, ɢŬɚɑəɘŬ, ɣɖűɑŭŮɠ 161 179 

Ɇ24 Ɏɟɔɘɚɞɠ, əɟɞəɎɚŮɠ 179 189 

Ɇ24 Ɏɟɔɘɚɞɠ Ŭɛɛɞɨɢɞɠ 189 192 

Ɇ24 ɢŬɚɑəɘŬ əŬɘ Ɏɛɛɞɠ 192 195 

Ɇ24 Ɏɟɔɘɚɞɠ 195 210 
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ũȺɋɇɅȼɆȼ Ɇ26Ɂ 

ɃɁɃɀȷ ɈȿȽȾɃ ȷɅɉȼ (m) ɇȺȿɃɆ (m) 

Ɇ26Ɂ ŬɟɔɘɚɞˊɖɚɘŰɘəɎ 0 14 

Ɇ26Ɂ Ŭɟɔɘɚɞɥɚɨɠ: ɛŮ ɛŬɨɟɞɡɠ ˊɖɚɞɨɠ 14 38 

Ɇ26Ɂ ɢŬɚɑəɘŬ ɛŮ ŬˊɞɚɘɗɩɛŬŰŬ 38 42 

Ɇ26Ɂ ŬɟɔɘɚɞˊɖɚɘŰɘəɎ 42 70 

Ɇ26Ɂ ɢŬɚɑəɘŬ əŬɘ Ɏɛɛɞɠ 70 76 

Ɇ26Ɂ 
ɢŬɚɑəɘŬ əŬɘ Ɏɛɛɞɠ ɛŮ ɞɟɑɕɞɜŰŮɠ 

ɛŬɨɟɤɜ ˊɖɚɩɜ 
76 80 

Ɇ26Ɂ ɢŬɚɑəɘŬ əŬɘ Ɏɛɛɞɠ 80 90 

Ɇ26Ɂ Ɏɟɔɘɚɞɠ, ɢŬɚɑəɘŬ 90 102 

Ɇ26Ɂ ɢŬɚɑəɘŬ əŬɘ Ɏɛɛɞɠ 102 116 

Ɇ26Ɂ Ɏɟɔɘɚɞɠ, ɢŬɚɑəɘŬ 116 126 

Ɇ26Ɂ ɢɎɚɘəŮɠ 126 134 

Ɇ26Ɂ Ɏɟɔɘɚɞɠ ɛŮ ɚɑɔŬ ɢŬɚɑəɘŬ 134 160 

Ɇ26Ɂ ɢŬɚɑəɘŬ əŬɘ Ɏɛɛɞɠ 160 170 

Ɇ26Ɂ Ɏɟɔɘɚɞɠ 170 174 

Ɇ26Ɂ ɢŬɚɑəɘŬ əŬɘ Ɏɛɛɞɠ 174 180 

Ɇ26Ɂ əɟɞəɎɚŮɠ, ɢŬɚɑəɘŬ, Ɏɟɔɘɚɞɠ 180 210 

 

 

ũȺɋɇɅȼɆȼ Ɇ31 

ɃɁɃɀȷ ɈȿȽȾɃ ȷɅɉȼ (m) ɇȺȿɃɆ (m) 

Ɇ31 ŬɛɛɞɎɟɔɘɚɞɠ 0 30 

Ɇ31 ɢŬɚɑəɘŬ 30 42 

Ɇ31 Ɏɟɔɘɚɞɠ 42 48 

Ɇ31 ɢŬɚɑəɘŬ, Ɏɟɔɘɚɞɠ 48 54 

Ɇ31 Ɏɟɔɘɚɞɠ 54 61 

Ɇ31 ɢŬɚɑəɘŬ 61 67 

Ɇ31 ŬɟɔɘɚɞɎɛɛɞɠ 67 74 

Ɇ31 ɢŬɚɑəɘŬ 74 99 

Ɇ31 Ɏɟɔɘɚɞɠ 99 117 

Ɇ31 ɢŬɚɑəɘŬ 117 123 

Ɇ31 Ɏɟɔɘɚɞɠ 123 135 

Ɇ31 ɢŬɚɑəɘŬ, Ɏɛɛɞɠ 135 148 

Ɇ31 Ɏɟɔɘɚɞɠ 148 153 

Ɇ31 ɢŬɚɑəɘŬ 153 166 

Ɇ31 Ɏɟɔɘɚɞɠ 166 175 
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ũȺɋɇɅȼɆȼ Ɇ33 

ɃɁɃɀȷ ɈȿȽȾɃ ȷɅɉȼ (m) ɇȺȿɃɆ (m) 

Ɇ33 űɡŰɘəɐ ɔɖ 0 2 

Ɇ33 əɟɞəɎɚŮɠ,ɢŬɚɑəɘŬ,Ɏɛɛɞɠ 2 6 

Ɇ33 Ɏɟɔɘɚɞɠ ɔəɟɘ ɏɤɠ űŬɘɞˊɟɎůɘɜɖ 6 12 

Ɇ33 
Ɏɛɛɞɠ ɚŮˊŰɧəɞəəɖ ɛŮ ɚŮˊŰɏɠ ůŰɟɩůŮɘɠ 

Ŭɟɔɑɚɞɡ əŬɘ əŮɚɨűɖ ɞůŰɟɎəɤɜ 
12 46 

Ɇ33 
Ɏɛɛɞɠ ɢɞɜŭɟɧəɞəəɖ ɛŮ ɚŮˊŰɏɠ ůŰɟɩůŮɘɠ 

Ŭɟɔɑɚɞɡ əŬɘ əŮɚɨűɖ ɞůŰɟɎəɤɜ 
46 83,7 

Ɇ33 ɣŬɛɛɑŰɖɠ ůəɚɖɟɧɠ əŬɘ ɢŬɚŬɕɘŬəɧɠ 83,7 88,2 

Ɇ33 əɟɞəɎɚŮɠ,ɢŬɚɑəɘŬ,Ɏɛɛɞɠ 88,2 90,2 

Ɇ33 ɣŬɛɛɑŰɖɠ ůəɚɖɟɧɠ əŬɘ ɢŬɚŬɕɘŬəɧɠ 90,2 101 

Ɇ33 Ɏɟɔɘɚɞɠ ɔəɟɘ 101 114 

Ɇ33 
ɣŬɛɛɑŰɖɠ Ŭŭɟɧəɞəəɞɠ ůəɚɖɟɧɠ əŬɘ 

ɢŬɚŬɕɘŬəɧɠ 
114 119 

Ɇ33 Ɏɟɔɘɚɞɠ ɔəɟɘ 119 121,8 

Ɇ33 
ɣŬɛɛɑŰɖɠ Ŭŭɟɧəɞəəɞɠ ůəɚɖɟɧɠ əŬɘ 

ɢŬɚŬɕɘŬəɧɠ 
121,8 125,2 

Ɇ33 Ɏɟɔɘɚɞɠ ɔəɟɘ 125,2 126,3 

Ɇ33 
ɣŬɛɛɑŰɖɠ Ŭŭɟɧəɞəəɞɠ ůəɚɖɟɧɠ əŬɘ 

ɢŬɚŬɕɘŬəɧɠ 
126,3 138 

Ɇ33 Ɏɛɛɞɠ ɚŮˊŰɧəɞəəɖ 138 144,2 

Ɇ33 
ɣŬɛɛɑŰɖɠ ɚŮˊŰɧəɞəəɞɠ ůəɚɖɟɧɠ əŬɘ 

ɢŬɚŬɕɘŬəɧɠ ɛŮ ůŰɟɩůŮɘɠ əɟɞəŬɚɞˊŬɔɩɜ 
144,2 160 

Ɇ33 Ɏɟɔɘɚɞɠ ɔəɟɘ 160 162,1 

Ɇ33 
ɣŬɛɛɑŰɖɠ ɚŮˊŰɧəɞəəɞɠ ůəɚɖɟɧɠ əŬɘ 

ɢŬɚŬɕɘŬəɧɠ ɛŮ ůŰɟɩůŮɘɠ əɟɞəŬɚɞˊŬɔɩɜ 
162,1 196 

Ɇ33 Ɏɟɔɘɚɞɠ ɔəɟɘ 196 198 

Ɇ33 
ɣŬɛɛɑŰɖɠ ɚŮˊŰɧəɞəəɞɠ ůəɚɖɟɧɠ əŬɘ 

ɢŬɚŬɕɘŬəɧɠ ɛŮ ůŰɟɩůŮɘɠ əɟɞəŬɚɞˊŬɔɩɜ 
198 230 
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ũȺɋɇɅȼɆȼ Ɇ34 

ɃɁɃɀȷ ɈȿȽȾɃ ȷɅɉȼ (m) ɇȺȿɃɆ (m) 

Ɇ34 űɡŰɘəɐ ɔɖ 0 2 

Ɇ34 Ɏɛɛɞɠ ɚŮˊŰɧəɞəəɖ 2 48 

Ɇ34 

Ɏɟɔɘɚɞɠ ˊɟɎůɘɜɖ ɛŮ əŮɚɨűɖ 

ɞůŰɟɎəɤɜ əŬɘ ɚŮˊŰɏɠ ůŰɟɩůŮɘɠ 

Ɏɛɛɞɡ 

48 52 

Ɇ34 Ɏɛɛɞɠ ɚŮˊŰɧəɞəəɖ 52 54 

Ɇ34 
Ɏɟɔɘɚɞɠ ˊɟɎůɘɜɖ ɛŮ əŮɚɨűɖ 

ɞůŰɟɎəɤɜ 
54 57 

Ɇ34 Ɏɛɛɞɠ ɚŮˊŰɧəɞəəɖ 57 58,5 

Ɇ34 Ɏɟɔɘɚɞɠ ˊɟɎůɘɜɖ 58,5 62 

Ɇ34 
Ɏɛɛɞɠ ɢɞɜŭɟɧəɞəəɖ ɛŮ əŮɚɨűɖ 

ɞůŰɟɎəɤɜ 
62 80 

Ɇ34 Ɏɟɔɘɚɞɠ ˊɟɎůɘɜɖ 80 84,5 

Ɇ34 Ɏɛɛɞɠ ɚŮˊŰɧəɞəəɖ, Ɏɟɔɘɚɞɠ 84,5 101 

Ɇ34 Ɏɟɔɘɚɞɠ űŬɘɞˊɟɎůɘɜɖ 101 112 

Ɇ34 Ɏɛɛɞɠ ɚŮˊŰɧəɞəəɖ, Ɏɟɔɘɚɞɠ 112 120,5 

Ɇ34 
Ɏɟɔɘɚɞɠ űŬɘɞˊɟɎůɘɜɖ ɛŮ ɚŮˊŰɏɠ 

ůŰɟɩůŮɘɠ Ɏɛɛɞɡ 
120,5 128 

Ɇ34 Ɏɛɛɞɠ ɢɞɜŭɟɧəɞəəɖ 128 136 

Ɇ34 Ɏɟɔɘɚɞɠ űŬɘɞˊɟɎůɘɜɖ 136 137,8 

Ɇ34 
ɣŬɛɛɑŰɖɠ ɢŬɚŬɕɘŬəɧɠ ɚŮˊŰɧəɞəəɞɠ 

ůəɚɖɟɧɠ 
137,8 139,8 

Ɇ34 
Ɏɟɔɘɚɞɠ űŬɘɞˊɟɎůɘɜɖ ɛŮ ɚŮˊŰɏɠ 

ůŰɟɩůŮɘɠ Ɏɛɛɞɡ 
139,8 154 

Ɇ34 
ɣŬɛɛɑŰɖɠ ɢŬɚŬɕɘŬəɧɠ ɚŮˊŰɧəɞəəɞɠ 

ůəɚɖɟɧɠ 
154 156 

Ɇ34 ŬɛɛɞɎɟɔɘɚɞɠ 156 158 

Ɇ34 

ɣŬɛɛɑŰɖɠ ɢŬɚŬɕɘŬəɧɠ ɛŮůɞ-

ɚŮˊŰɧəɞəəɞɠ ɛŮ ɢŬɚŬɕɘŬəɎ 

əɟɞəŬɚɞˊŬɔɐ 

158 184 

Ɇ34 ŬɛɛɞɎɟɔɘɚɞɠ 184 185,5 

Ɇ34 

ɣŬɛɛɑŰɖɠ ɢŬɚŬɕɘŬəɧɠ ɛŮůɞ-

ɚŮˊŰɧəɞəəɞɠ ɛŮ ɢŬɚŬɕɘŬəɎ 

əɟɞəŬɚɞˊŬɔɐ 

185,5 230 
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ũȺɋɇɅȼɆȼ Ɇ35 

ɃɁɃɀȷ ɈȿȽȾɃ ȷɅɉȼ (m) ɇȺȿɃɆ (m) 

Ɇ35 Ɏɛɛɞɠ ɢɞɜŭɟɧəɞəəɖ 0 2 

Ɇ35 ˊɖɚɧɠ 2 8 

Ɇ35 
Ɏɛɛɞɠ ɢɞɜŭɟɧəɞəəɖ ɛŮ 

ɗɟŬɨůɛŬŰŬ ŬˊɞɚɘɗɤɛɎŰɤɜ 
8 26 

Ɇ35 ˊɖɚɧɠ 26 28 

Ɇ35 ˊɖɚɧɠ ɛŮ Ɏɛɛɞ əŬɘ ŬˊɞɚɘɗɩɛŬŰŬ 28 40 

Ɇ35 ˊɖɚɧɠ 40 46 

Ɇ35 Ɏɛɛɞɠ ɛŮ űɡŰɘəɎ ŬˊɞɚɘɗɩɛŬŰŬ 46 50 

Ɇ35 Ɏɛɛɞɠ,ɢŬɚɑəɘŬ ɛŮ ŬˊɞɚɘɗɩɛŬŰŬ 50 52 

Ɇ35 Ɏɛɛɞɠ 52 70 

Ɇ35 ˊɖɚɧɠ ɛŮ Ɏɛɛɞ əŬɘ ŬˊɞɚɘɗɩɛŬŰŬ 70 124 

Ɇ35 ŬɟɔɘɚɞɎɛɛɞɠ 124 142 

Ɇ35 Ɏɟɔɘɚɞɠ əŬűɏ 142 160 

Ɇ35 ŬɛɛɞɎɟɔɘɚɞɠ 160 168 

Ɇ35 ŬɟɔɘɚɞɎɛɛɞɠ 168 176 

Ɇ35 
Ɏɛɛɞɠ 

ɢɞɜŭɟɧəɞəəɖ,ɣɖűɑŭŮɠ,ɢɎɚɘəŮɠ 
176 194 

Ɇ35 Ɏɟɔɘɚɞɠ 194 196 

Ɇ35 ŬɛɛɞɎɟɔɘɚɞɠ 196 206 

Ɇ35 Ɏɟɔɘɚɞɠ ɛŬɟɔŬɥəɐ ɛŮ Ɏɛɛɞ 206 216 

Ɇ35 Ɏɛɛɞɠ, ɢŬɚɑəɘŬ 216 222 

Ɇ35 Ɏɛɛɞɠ ŰŮűɟɐ 222 224 

 

 

 


