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ɩʀʍʚʇʂʕʂ 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ˊɟŬɔɛŬŰŮɨŮŰŬɘ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ɓɏɚŰɘůŰɞɡ ɟɡɗɛɞɨ 

ɏɔɢɡůɖɠ ŬŮɟɑɞɡ ɤɠ ɛɏɗɞŭɞɠ ɡˊɞɓɞɐɗɖůɖɠ Űɖɠ ˊŬɟŬɔɤɔɐɠ gas lift, Űɞɡ ˊɟŬɔɛŬŰɘəɞɨ ˊŮŰɟŮɚŬɥəɞɨ 

ˊŮŭɑɞɡ OILFIELD, ɞ ɞˊɞɑɞɠ ɗŬ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ ɛɏɔɘůŰɖ ˊŬɟŬɔɤɔɐ ˊŮŰɟŮɚŬɑɞɡ ɛŮ Űɖɜ ɛɘəɟɧŰŮɟɖ 

ŭɡɜŬŰɐ ˊŬɟɞɢɐ ŬŮɟɑɞɡ. ȼ ŮˊɑŰŮɡɝɖ ŬɡŰɞɨ Űɞɡ ɓɏɚŰɘůŰɞɡ ɟɡɗɛɞɨ ŮɑɜŬɘ ŬɜŬɔəŬɑŬ ŭɘɧŰɘ ɖ ɢɟɐůɖ 

ɡˊŮɟɓɞɚɘəɐɠ ˊɞůɧŰɖŰŬɠ ŬŮɟɑɞɡ ɛŮɘɩɜŮɘ Űɖɜ ˊŬɟŬɔɤɔɐ ˊŮŰɟŮɚŬɑɞɡ əŬɘ ŬɡɝɎɜŮɘ Űɘɠ ŬɜɎɔəŮɠ ɔɘŬ 

űɡůɘəɧ Ŭɏɟɘɞ, Ůɜɩ ůɡɔɢɟɧɜɤɠ ŬɡɝɎɜŮɘ ŰŬ ɚŮɘŰɞɡɟɔɘəɎ əɧůŰɖ.  

 

ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ɓɏɚŰɘůŰɞɡ ɟɡɗɛɞɨ ɏɔɢɡůɖɠ, ɧɚŮɠ ɞɘ ɔŮɤŰɟɐůŮɘɠ Űɞɡ ˊŮŭɑɞɡ OILFIELD 

ɛɞɜŰŮɚɞˊɞɘɐɗɖəŬɜ ˊɟɩŰŬ ɛŮ Űɞ ˊɟɧɔɟŬɛɛŬ PROSPER əŬɘ ɖ ŬɟɘůŰɞˊɞɑɖůɖ Űɖɠ əŬŰŬɜɞɛɐɠ Űɞɡ 

ŬŮɟɑɞɡ ůŰɞ ˊŮŭɑɞ, Ůɜ ůɡɜɧɚɤ, ŬɟɘůŰɞˊɞɘɐɗɖəŮ ɛŮ Űɞ ˊɟɧɔɟŬɛɛŬ GAP. ũɘŬ Űɖɜ Ůˊɘɚɞɔɐ Űɤɜ 

əŬŰɎɚɚɖɚɤɜ ůɡůɢŮŰɑůŮɤɜ Űɤɜ ɗŮɟɛɞŭɡɜŬɛɘəɩɜ ɘŭɘɞŰɐŰɤɜ (PVT) Űɞɡ ŰŬɛɘŮɡŰɐɟŬ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŭŮŭɞɛɏɜŬ Ŭˊɧ ŭɞəɘɛɏɠ ůŰɘɔɛɘŬɑŬɠ ŮəŰɧɜɤůɖɠ (Flash Expansion Process) Űɞɡ 

ɟŮɡůŰɞɨ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. 

 

ȳɚŬ ŰŬ  ŭɘŬɗɏůɘɛŬ ŭŮŭɞɛɏɜŬ Ŭˊɧ Űɘɠ ŭɞəɘɛɏɠ ˊŬɟŬɔɤɔɐɠ Űɞɡ ˊŮŭɑɞɡ ŮɚɏɔɢɗɖəŬɜ, ɧůɞɜ ŬűɞɟɎ Űɖɜ 

ˊɞɘɧŰɖŰɎ Űɞɡɠ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ PROSPER. ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɞɘ ˊŬɟɎɛŮŰɟɞɘ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ 

ŬɚɚɎɕɞɡɜ ůɡɜŮɢɩɠ Ŭˊɧ Űɖɜ ɏɜŬɟɝɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ, ɐŰŬɜ ůɖɛŬɜŰɘəɧ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ 

ŮˊɘəŬɘɟɞˊɞɘɖɛɏɜŬ ŭŮŭɞɛɏɜŬ ŰŬ ɞˊɞɑŬ ɜŬ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɘɠ ŰɟɏɢɞɡůŮɠ ůɡɜɗɐəŮɠ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. 

ȷˊɧ Űɖɜ ɛŮɚɏŰɖ ŭɘŬˊɘůŰɩɗɖəŮ ɧŰɘ ɧɚŬ ŰŬ ŭŮŭɞɛɏɜŬ Ŭˊɧ Űɘɠ ŭɞəɘɛɏɠ ˊŬɟŬɔɤɔɐɠ, ɔɘŬ ɧɚŮɠ Űɘɠ 

ɔŮɤŰɟɐůŮɘɠ, ɘəŬɜɞˊɞɘɞɨɜ ŰŬ əɟɘŰɐɟɘŬ ˊɞɘɧŰɖŰŬɠ Űɞɡ PROSPER. ɇɞ Ůɨɟɞɠ Űɖɠ Ŭˊɧəɚɘůɖɠ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ Űɤɜ ŰŮůŰ ˊŬɟŬɔɤɔɐɠ ɛŮ Űɘɠ Űɘɛɏɠ ˊɞɡ ˊŬɟɏɢɞɡɜ ɞɘ  ůɡůɢŮŰɑůŮɘɠ ˊɞɡ ˊŮɟɘɏɢŮɘ Űɞ 

PROSPER, ɓɟɏɗɖəŮ ɜŬ ŮɑɜŬɘ Ŭˊɧ 1.5% ɏɤɠ 3.3%. 

 

ɇɞ ˊŮŰɟɏɚŬɘɞ ůŰɞ ˊŮŭɑɞ OILFIELD ˊŬɟɎɔŮŰŬɘ Ŭˊɧ 11 ůɡɛɓŬŰɘəɏɠ ɔŮɤŰɟɐůŮɘɠ əŬɘ 2 ɔŮɤŰɟɐůŮɘɠ 

ŭɘˊɚɐɠ ɞɚɞəɚɐɟɤůɖɠ (Dual Completion), ɞɘ ɞˊɞɑŮɠ ɡˊɞɓɞɖɗɞɨɜŰŬɘ Ŭˊɧ Űɞ ɐŭɖ ŮɔəŬŰŮůŰɖɛɏɜɞ 

ůɨůŰɖɛŬ gas lift. ȼ Űɤɟɘɜɐ ˊŬɟŬɔɤɔɐ Űɞɡ ˊŮŭɑɞɡ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 3,300 bbls/day ɛŮ ɛɑŬ ɏɔɢɡůɖ 

ŬŮɟɑɞɡ əŬŰɎ ˊɟɞůɏɔɔɘůɖ 270,000 SÍ /day. ȷˊɧ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ Űɞɡ 

ˊɟɞɔɟɎɛɛŬŰɞɠ GAP, ɖ ɛɏɔɘůŰɖ ˊŬɟŬɔɤɔɐ ˊŮŰɟŮɚŬɑɞɡ ŮəŰɘɛɐɗɖəŮ, ˊŮɟɑˊɞɡ, ůŰŬ 3,700 bbls/day 

ɛŮ ɛɑŬ ɏɔɢɡůɖ ŬŮɟɑɞɡ Űɖɠ ŰɎɝɖɠ Űɤɜ 270,000 SÍ /day. ȼ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ ˊɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ, ŬˊɏŭɤůŮ ŬˊɞŰŮɚɏůɛŬŰŬ ŰŬ ɞˊɞɑŬ 

ŭŮɑɢɜɞɡɜ ɧŰɘ Űɞ ˊŬɟŬɔɤɔɘəɧ ůɨůŰɖɛŬ ŮˊɘŭɏɢŮŰŬɘ ˊŮɟŬɘŰɏɟɤ ɓŮɚŰɑɤůɖ ɛŮ Űɖɜ ŬɜŬəŬŰŬɜɞɛɐ Űɞɡ 

ŭɘŬɗɏůɘɛɞɡ ŬŮɟɑɞɡ, Ůűɧůɞɜ ɡˊɎɟɢŮɘ ɛɑŬ ŭɘŬűɞɟɎ ŬɜɎɛŮůŬ ůŰɖɜ ɡűɘůŰɎɛŮɜɖ ˊŬɟŬɔɤɔɐ əŬɘ Űɖɜ 

ɓŮɚŰɘůŰɞˊɞɘɖɛɏɜɖ, Űɖɠ ŰɎɝɖɠ Űɤɜ 400 bbls/day. 
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ȾȺūȷȿȷȽɃ 1ɞ 

ȺȽɆȷũɋũȼ 

1.1 ũŮɜɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ  

ɇɞ ˊŮŭɑɞ ˊŮŰɟŮɚŬɑɞɡ OILFIELD, Ůˊɑ Űɞɡ ɞˊɞɑɞɡ ɓŬůɑůŰɖəŮ ɖ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ, 

əŬɚɨˊŰŮɘ ɛɘŬ ɏəŰŬůɖ ˊŮɟɑˊɞɡ 6 ŰŮŰɟŬɔɤɜɘəɩɜ ɢɘɚɘɞɛɏŰɟɤɜ. ɇɞ ˊŮŭɑɞ ŬɜŬəŬɚɨűɗɖəŮ ůŰɘɠ Ŭɟɢɏɠ 

Űɞɡ 1970 əŬɘ ɖ ˊŬɟŬɔɤɔɐ ɎɟɢɘůŮ 10 ɢɟɧɜɘŬ ŬɟɔɧŰŮɟŬ ɛŮ Űɘɠ ˊɟɩŰŮɠ 24 ɔŮɤŰɟɐůŮɘɠ. ɆɡɜɞɚɘəɎ, 

ɏɜŬ ůɨɜɞɚɞ Ŭˊɧ ɔŮɤŰɟɐůŮɘɠ (ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ əŬɘ ŬɡŰɩɜ Űɖɠ ŮɝŮɟŮɨɜɖůɖɠ, Ŭɝɘɞɚɧɔɖůɖɠ, 

ŬɜɎˊŰɡɝɖɠ, ˊɚŮɡɟɘəɐɠ ˊɟɞůɏɔɔɘůɖɠ əŬɘ ŮɘůˊɑŮůɖɠ) ɏɢɞɡɜ ŭɘŬŰɟɖɗŮɑ ůŰɖɜ ˊŮɟɘɞɢɐ, Ůə Űɤɜ ɞˊɞɑɤɜ 

ɞɘ 13 ŮɑɜŬɘ ůɐɛŮɟŬ ůŰɞ ůŰɎŭɘɞ Űɖɠ ˊŬɟŬɔɤɔɐɠ. ȼ ɏɔɢɡůɖ ɜŮɟɞɨ ŰɏɗɖəŮ ůŮ ŮűŬɟɛɞɔɐ, ůŰɘɠ Ŭɟɢɏɠ 

Űɞɡ 1980 əŬɘ ŰɩɟŬ ɛɧɜɞ 3 ɔŮɤŰɟɐůŮɘɠ ŮɘůˊɑŮůɖɠ ŮɑɜŬɘ ŮɜŮɟɔɏɠ. Ƀɘ ŮɔəŬŰŬůŰɎůŮɘɠ Űɖɠ 

ɡˊɞɓɞɐɗɖůɖɠ ɎɜŰɚɖůɖɠ ɛŮ ɏɔɢɡůɖ ŬŮɟɑɞɡ (Gas Lift ) ŰɞˊɞɗŮŰɐɗɖəŬɜ ŬɟɔɧŰŮɟŬ əŬɘ ɞɘ ɔŮɤŰɟɐůŮɘɠ 

ŮɑɜŬɘ ůɐɛŮɟŬ ůŮ ɚŮɘŰɞɡɟɔɑŬ ɛŮ Űɖɜ ɛɏɗɞŭɞ ŬɡŰɐ. 

 

ȼ ȿŮəɎɜɖ Űɞɡ ˊŮŭɑɞɡ OILFIELD  ŭɘŬɛɞɟűɩɗɖəŮ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɄŬɚŬɘɞɔŮɜɞɨɠ ˊŮɟɘɧŭɞɡ, 

əŬɘ  ŮɚɏɔɢŮŰŬɘ Ŭˊɧ ȸȷ - Ɂȷ ɟɐɔɛŬŰŬ, ŰŬ ɞˊɞɑŬ ɢɤɟɑɕɞɡɜ Űɞɜ ŰŬɛɘŮɡŰɐɟŬ ůŮ ŭɨɞ əɨɟɘŬ ŰɛɐɛŬŰŬ, 

ɏɜŬ əɎŰɤ Ŭˊɧ Űɞ Ɂȷ ɟɐɔɛŬ əŬɘ ɏɜŬ əɎŰɤ Ŭˊɧ Űɞ ȸȷ, ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɞ ɆɢɐɛŬ 1.2, ůŰɞ 

ɞˊɞɑɞ ɛŮ ˊɟɎůɘɜɞ ɢɟɩɛŬ ŮɛűŬɜɑɕɞɜŰŬɘ ɞɘ ˊŬɟŬɔɤɔɘəɏɠ ɔŮɤŰɟɐůŮɘɠ əŬɘ ɛŮ ɛˊɚŮ Űɖɠ ŮɘůˊɑŮůɖɠ.  

 

 

 

ɆɢɐɛŬ 1.2: ɄŮŭɑɞ OILFIELD (1) 
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ȿɧɔɤ Űɖɠ ɗɏůɖɠ Űɤɜ ɔŮɤŰɟɐůŮɤɜ ŮɘůˊɑŮůɖɠ əɎŰɤ Ŭˊɧ Űɞ Ɂȷ ɟɐɔɛŬ, ɞɘ ˊŬɟŬɔɤɔɘəɏɠ ɔŮɤŰɟɐůŮɘɠ 

ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɞ ɑŭɘɞ ŰɛɐɛŬ, ˊŬɟɞɡůɘɎɕɞɡɜ ɛɑŬ ɛŮɔŬɚɨŰŮɟɖ ˊɑŮůɖ ŰŬɛɘŮɡŰɐɟŬ. ȷɜŰɑůŰɞɘɢŬ, ɞɘ 

ˊŬɟŬɔɤɔɘəɏɠ ɔŮɤŰɟɐůŮɘɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ əɎŰɤ Ŭˊɧ Űɞ ȸȷ ɟɐɔɛŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɛɘəɟɧŰŮɟŮɠ 

ˊɘɏůŮɘɠ ŭɘɧŰɘ ŭɏɢɞɜŰŬɘ ɛɑŬ ɛɘəɟɧŰŮɟɖ ŮˊɑŭɟŬůɖ Ŭˊɧ Űɖɜ ŮɘůˊɑŮůɖ Űɞɡ ɜŮɟɞɨ.   

 

ȼ ŬɜɎˊŰɡɝɖ Űɖɠ ɚŮəɎɜɖɠ ɎɟɢɘůŮ əŬŰɎ Űɞ ɀŮɘɧəŬɘɜɞ əŬɘ ɖ əŬɗɑɕɖůɖ ůɡɜŮɢɑůŰɖəŮ ɛŮ ˊɚɞɨůɘŬ ůŮ 

ɞɟɔŬɜɘəɐ ɨɚɖ ŬˊɞɗɏůŮɘɠ, əɚŬůŰɘəɩɜ əŬɘ ŬɜɗɟŬəɘəɩɜ ɘɕɖɛɎŰɤɜ. ȰŰůɘ ůɢɖɛŬŰɑůŰɖəŮ ɛɑŬ  ɛŮɔɎɚɖ 

ŮɓŬˊɞɟɘŰɘəɐ ŭɘŬŭɞɢɐ ůŰɟɤɛɎŰɤɜ, ɚɧɔɤ Űɞɡ ɝɖɟɞɨ əɚɑɛŬŰɞɠ əŬɘ Űɖɠ Ŭˊɞɛɧɜɤůɖɠ Űɖɠ ɚŮəɎɜɖɠ, 

ůɢɖɛŬŰɑɕɞɜŰŬɠ ɛɘŬ əŬɚɐ ˊŬɔɑŭŬ ɔɘŬ ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ. ȼ əŬɗɑɕɖůɖ ůɡɜŮɢɑůŰɖəŮ ɛŮ ɗŬɚɎůůɘŬ 

əɚŬůŰɘəɎ ɘɕɐɛŬŰŬ əŬɘ ůɡɜŮɢɑɕŮŰŬɘ ɛɏɢɟɘ ůɐɛŮɟŬ. 

 

ɆɐɛŮɟŬ, ŰŬ ŬˊɞɗɏɛŬŰŬ Űɞɡ ˊŮŭɑɞɡ ŬɜɏɟɢɞɜŰŬɘ ůŮ ˊŮɟɑˊɞɡ 12 Mbbls. ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, ɖ 

ˊŬɟŬɔɤɔɐ ŬɡɝɐɗɖəŮ ůŮ ˊŮɟɑˊɞɡ 3300 bbls/day Ŭˊɧ ŰŬ 1200 bbls/day, ŮɝŬɘŰɑŬɠ Ůɜɧɠ 

ˊɟɞɔɟɎɛɛŬŰɞɠ ŭɘɎŰɟɖůɖɠ ɜɏɤɜ ɔŮɤŰɟɐůŮɤɜ. ɆŰɖɜ ˊŬɟɞɨůŬ űɎůɖ, ɖ ˊŬɟŬɔɤɔɐ ůɡɜŮɢɑɕŮŰŬɘ Ŭˊɧ 

13 ɔŮɤŰɟɐůŮɘɠ ůŰɘɠ ɞˊɞɑŮɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ɛɏɗɞŭɞɠ ɡˊɞɓɞɐɗɖůɖɠ Űɖɠ ˊŬɟŬɔɤɔɐɠ gas lift, ɖ 

ɞˊɞɑŬ ɛŮŰɎ Ŭˊɧ ŭɞəɘɛɐ Ɏɚɚɤɜ ɛŮɗɧŭɤɜ (ESPs) ŬˊɞŭŮɑɢŰɖəŮ ɜŬ ŮɑɜŬɘ ɖ ˊɘɞ ŬˊɞŰŮɚŮůɛŬŰɘəɐ. ȷɜ 

əŬɘ Űɞ ˊŮŭɑɞ ɏɢŮɘ űŰɎůŮɘ ůŮ ɏɜŬ ɩɟɘɛɞ ůŰɎŭɘɞ ˊŬɟŬɔɤɔɐɠ, ɡˊɎɟɢɞɡɜ ŬəɧɛŬ ůɖɛŬɜŰɘəɎ ˊŮɟɘɗɩɟɘŬ 

ŮɝŬɔɤɔɐɠ Ůˊɘˊɚɏɞɜ ˊɞůɞŰɐŰɤɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ ɛɏůɤ Űɖɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ Űɤɜ ůɡůŰɖɛɎŰɤɜ 

ˊŬɟŬɔɤɔɐɠ. Ⱥˊɞɛɏɜɤɠ, ɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɞɡ ɡˊɎɟɢɞɜŰɞɠ ůɡůŰɐɛŬŰɞɠ ɡˊɞɓɞɐɗɖůɖɠ Űɖɠ 

ˊŬɟŬɔɤɔɐɠ (Gas Lift ) ŮɑɜŬɘ ɕɤŰɘəɐɠ ůɖɛŬůɑŬɠ ɔɘŬ Űɖɜ ůɡɜɏɢŮɘŬ Űɖɠ ˊŬɟŬɔɤɔɐɠ. 

 

ρȢς ɫʐʝʔʋʅ ʐʂʏ ʌɻʍʋʞʎɻʏ ɿʅʌʇʖʈɻʐʅʆʙʏ ʀʍɾɻʎʚɻʏ 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɓŬůɑɕŮŰŬɘ ˊɎɜɤ ůŮ ŭŮŭɞɛɏɜŬ Ŭˊɧ Űɞ ˊɟŬɔɛŬŰɘəɧ ɡˊŮɟɎəŰɘɞ 

ˊŮŭɑɞ OILFIELD, ůŰɞ ɞˊɞɑɞ ŮɝŬɘŰɑŬɠ Űɤɜ ɢŬɛɖɚɩɜ ˊɘɏůŮɤɜ ɚɧɔɤ Űɖɠ ɤɟɘɛɧŰɖŰŬɠ Űɞɡ, 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ɛɏɗɞŭɞɠ Ůɜɑůɢɡůɖɠ Űɖɠ ˊŬɟŬɔɤɔɐɠ ɛŮ ɏɔɢɡůɖ ŬŮɟɑɞɡ (Gas Lift ). Ƀ əɨɟɘɞɠ 

ůŰɧɢɞɠ Űɖɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ɛŮɔɘůŰɞˊɞɑɖůɖ Űɞɡ ɟɡɗɛɞɨ ˊŬɟŬɔɤɔɐɠ ˊŮŰɟŮɚŬɑɞɡ ɛŮ Űɖ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɞɡ ɟɡɗɛɞɨ ɏɔɢɡůɖɠ ŬŮɟɑɞɡ gas lift , ɔɘŬ Űɞ ˊŮŭɑɞ OILFIELD Űɞ ɞˊɞɑɞ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 11 ůɡɛɓŬŰɘəɏɠ ɔŮɤŰɟɐůŮɘɠ ˊŬɟŬɔɤɔɐɠ (A-1, A-2, ȷ-3, A-4, B-1, B-2, B-3, B-4, 

B-5, B-6, B-7) əŬɘ 2 ŭɘˊɚɐɠ ɞɚɞəɚɐɟɤůɖɠ/dual completion (A-5 əŬɘ A-6). ȼ ŮˊɑŰŮɡɝɖ ɓɏɚŰɘůŰɤɜ 

ˊŬɟɞɢɩɜ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ ŭɘɧŰɘ Űɡɢɧɜ ɡˊŮɟɓɞɚɘəɐ ŮɔɢŮɧɛŮɜɖ ˊɞůɧŰɖŰŬ ŬŮɟɑɤɜ ɛŮɘɩɜŮɘ Űɖɜ 

ˊŬɟŬɔɤɔɐ ˊŮŰɟŮɚŬɑɞɡ əŬɘ ŬɡɝɎɜŮɘ Űɞ əɧůŰɞɠ ɚŮɘŰɞɡɟɔɑŬɠ. ȼ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ ɤɠ 

ˊɟɞɠ Űɖɜ ˊɞůɧŰɖŰŬ əŬɘ Űɞɜ ɟɡɗɛɧ ɏɔɢɡůɖɠ ŬŮɟɑɞɡ ɔɘŬ Űɖɜ əɎɗŮ ɔŮɩŰɟɖůɖ ɛɞɜŰŮɚɞˊɞɘɐɗɖəŮ 

ŬɟɢɘəɎ ɛŮ Űɖɜ ɢɟɐůɖ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ PROSPER Űɖɠ PETROLEUM EXPERTS, ɛŮ Űɞ ɞˊɞɑɞ 
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ɏɔɘɜŮ əŬɘ ɞ ůɢŮŭɘŬůɛɧɠ Űɤɜ əŬɛˊɡɚɩɜ IPR (Ůˊɑŭɞůɖ ɟɞɐɠ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ) əŬɘ VLP (Ůˊɑŭɞůɖ 

ɟɞɐɠ ůŰɘɠ ůɤɚɖɜɩůŮɘɠ əŬɘ Űɖɜ ŮˊɘűɎɜŮɘŬ) Űɖɠ əɎɗŮ ɔŮɩŰɟɖůɖɠ ɝŮɢɤɟɘůŰɎ. ɇɞ ˊɟɧɔɟŬɛɛŬ 

PROSPER ŬˊɞŰŮɚŮɑ Űɞ ɚɞɔɘůɛɘəɧ Űɞ ɞˊɞɑɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɖɜ ůɡɜŰɟɘˊŰɘəɐ ˊɚŮɘɞɣɖűɑŬ Űɤɜ 

ŮŰŬɘɟɘɩɜ ˊŬɟŬɔɤɔɐɠ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ ŬɜɎ Űɞɜ əɧůɛɞ. 

 

ɀŮŰɎ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɖɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ ɧɚɤɜ Űɤɜ ˊŬɟŬɔɤɔɘəɩɜ ɔŮɤŰɟɐůŮɤɜ Ŭˊɧ Űɞ 

PROSPER, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ˊɟɧɔɟŬɛɛŬ GAP (General Allocation Program) Űɞ ɞˊɞɑɞ Ůˊɑůɖɠ 

ŬɜɐəŮɘ ůŰɖɜ ɞɛɎŭŬ ˊɟɞɔɟŬɛɛɎŰɤɜ Űɖɠ  PETROLEUM EXPERTS əŬɘ ɖ əɨɟɘŬ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ 

ŮɑɜŬɘ ɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ əŬŰŬɜɞɛɐɠ Űɞɡ ŭɘŬɗɏůɘɛɞɡ ŬŮɟɑɞɡ ůŮ ɧɚɞ Űɞ ůɨɜɞɚɞ Űɤɜ 

ˊŬɟŬɔɤɔɘəɩɜ ɔŮɤŰɟɐůŮɤɜ Ůɜɧɠ ˊŮŭɑɞɡ. ɇɞ GAP ŮɘůɎɔŮɘ Űɘɠ ŬˊŬɟŬɑŰɖŰŮɠ əŬɛˊɨɚŮɠ IPR əŬɘ VLP 

Ŭˊɧ Űɞ PROSPER. 
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ȾȺūȷȿȷȽɃ 2ɞ 

ɆɈɁɇɃɀȼ ȷɁȷūɃɅȷ ɆɇȼɁ ɀȼɉȷɁȽȾȼ ɄȺɇɅȺȿȷȽɃɈ 

2.1 ȹɖɛɘɞɡɟɔɑŬ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ 

ɇɞ ˊŮŰɟɏɚŬɘɞ ŮɑɜŬɘ ɞɟɔŬɜɘəɐɠ ˊɟɞɏɚŮɡůɖɠ. ȳɚŮɠ ɞɘ ŬˊɞɗɏůŮɘɠ ůŰɘɠ ɘɕɖɛŬŰɞɔŮɜŮɑɠ ɚŮəɎɜŮɠ (ɆɢɐɛŬ 

2.1) ˊŮɟɘɏɢɞɡɜ ɞɟɔŬɜɘəɎ ɡˊɞɚŮɑɛɛŬŰŬ ɢŮɟůŬɑɤɜ, ɚɘɛɜŬɑɤɜ, ˊɞŰɎɛɘɤɜ əŬɘ ɗŬɚɎůůɘɤɜ Ůɘŭɩɜ, ɖ 

ɛŮŰŬŰɟɞˊɐ Űɤɜ ɞˊɞɑɤɜ ɡˊɧ ŬɜŬŮɟɧɓɘŮɠ ůɡɜɗɐəŮɠ ɞŭɖɔŮɑ ůŰɞ əɖɟɞɔɧɜɞ. ɇɏŰɞɘŬ ˊŮŰɟɩɛŬŰŬ 

əŬŰŬŰɎůůɞɜŰŬɘ ůŮ ɛɖŰɟɘəɎ ˊŮŰɟɩɛŬŰŬ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰɎ Űɞɡɠ ůŮ ɞɟɔŬɜɘəɧ 

ɡɚɘəɧ. Ƀ ɧɟɞɠ əɖɟɞɔɧɜɞ ŬɜŬűɏɟŮŰŬɘ ůŰɞ ŬŭɘɎɚɡŰɞ ɞɟɔŬɜɘəɧ ɡɚɘəɧ Űɤɜ ɘɕɖɛŬŰɞɔŮɜɩɜ 

ˊŮŰɟɤɛɎŰɤɜ ůŮ ɞɟɔŬɜɘəɞɨɠ ŭɘŬɚɨŰŮɠ, ůŰɞ ɜŮɟɧ əŬɘ ůŮ ɞɝɡɔɞɜɞɨɢŬ ɞɝɏŬ əŬɘ 

ŭɖɛɘɞɡɟɔŮɑŰŬɘ ůŰɞ ůŰɎŭɘɞ Űɖɠ ŭɘŬɔɏɜŮůɖɠ Űɖɠ ɞɟɔŬɜɘəɐɠ ɨɚɖɠ ůŰɞɡɠ ɔŮɤɚɞɔɘəɞɨɠ 

ůɢɖɛŬŰɘůɛɞɨɠ  ŬɚɚɎ ŭɘŬŰɖɟŮɑŰŬɘ Ůɜ ɛɏɟŮɘ əŬɘ ůŰŬ ŮˊɧɛŮɜŬ ůŰɎŭɘŬ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ Űɖɠ 

ɛɏɢɟɘ əŬɘ Űɖɜ ɛŮŰŬɛɧɟűɤůɖ.   

 

 

ɆɢɐɛŬ 2.1: ȽɕɖɛŬŰɞɔŮɜɐ ɚŮəɎɜŮɠ ŬɜɎ Űɞɜ əɧůɛɞ (2)  (The limits for CCS: gauging CO2 storage 

potential - Wolf Heidug) 

 

ɄɟɞɦˊɧɗŮůɖ ɔɘŬ Űɞɜ ůɢɖɛŬŰɘůɛɧ ˊŮŰɟŮɚŬɑɞɡ ŮɑɜŬɘ ɖ əŬŰŬɓɨɗɘůɖ əŬɘ ɖ ůɡůůɩɟŮɡůɖ Űɞɡ 

ɞɟɔŬɜɘəɞɨ ɡɚɘəɞɨ ˊ.ɢ. ůŰɞɜ ˊɡɗɛɏɜŬ ɗɎɚŬůůŬɠ ɐ ɚɑɛɜɖɠ ŬˊɞɡůɑŬ ɞɝɡɔɧɜɞɡ, ɩůŰŮ ɜŬ ɛˊɞɟŮɑ ɜŬ 

ŬˊɞůɡɜŰŮɗŮɑ ˊɟɞɠ ŭɖɛɘɞɡɟɔɑŬ əɖɟɞɔɧɜɞɡ. ȽŭŬɜɘəɏɠ ůɡɜɗɐəŮɠ ɔɘŬ ŬɡŰɏɠ Űɘɠ ˊɟɞɦˊɞɗɏůŮɘɠ 

ŬˊŬɜŰɩɜŰŬɘ ůŮ ůŬˊɟɞˊɖɚɞɨɠ ůŰɞɡɠ ɞˊɞɑɞɡɠ ŬˊɞůɡɜŰɑɗŮŰŬɘ ɖ ɞɟɔŬɜɘəɐ ɨɚɖ Ŭˊɧ ŬɜŬŮɟɧɓɘŬ 
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ɓŬəŰɐɟɘŬ. ɄŬɟô ɧɚŬ ŬɡŰɎ, ɖ ˊɚŮɘɞɜɧŰɖŰŬ Űɖɠ ɞɟɔŬɜɘəɐɠ ɨɚɖɠ ɞɝŮɘŭɩɜŮŰŬɘ əŬɘ ŬɜŬəɡəɚɩɜŮŰŬɘ ɤɠ 

ὅὕ. ȷəɧɛɖ əŬɘ ůŮ ɓɎɗɖ ɏɤɠ ŰŬ 1000 m əŬɘ ɗŮɟɛɞəɟŬůɑŮɠ ɏɤɠ Űɞɡɠ 50ÁC Űɞ ɞɟɔŬɜɘəɧ ɡɚɘəɧ ˊɞɡ 

ɏɢŮɘ ŮɛˊŮŭɤɗŮɑ ůŰɞ ɑɕɖɛŬ ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ əɖɟɞɔɧɜɞ. ȷɡŰɐ ɖ ŭɘŬɔŮɜŮŰɘəɐ ŭɘŬŭɘəŬůɑŬ ŮɜŰŮɑɜŮŰŬɘ 

ɛŮ ˊŮɟŬɘŰɏɟɤ əɎɚɡɣɖ əŬɘ əŬŰŬɓɨɗɘůɖ əŬɘ ɛŮ Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Ŭˊɧ Űɖɜ ɗŮɟɛɧŰɖŰŬ Űɞɡɠ 

ŮůɤŰŮɟɘəɞɨ Űɖɠ ũɖɠ. ȷɡŰɐ ɖ ŭɘŬŭɘəŬůɑŬ, ɔɜɤůŰɐ ɤɠ əŬŰŬɔɏɜŮůɖ, ˊɟɞɢɤɟɎ ůŮ ɓɎɗɖ Ŭˊɧ 1000 ï 

5000 m əŬɘ ɗŮɟɛɞəɟŬůɑŬ ɏɤɠ 175ÁC ˊŮɟɑˊɞɡ (ɆɢɐɛŬ 2.2). ȾŬŰɎ Űɖɜ əŬŰŬɔɏɜŮůɖ, Űɞ ɞɟɔŬɜɘəɧ 

ɡɚɘəɧ ŬűɡŭɟɞɔɩɜŮŰŬɘ ˊɟɞɠ ůɢɖɛŬŰɘůɛɧ ɛŮɗŬɜɑɞɡ əŬɘ ɡŭɟɞɔɧɜɞɡ əŬɘ ɡɔɟɩɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ 

ɛŮ Űɖɜ ŬɡɝŬɜɧɛŮɜɖ ɗŮɟɛɞəɟŬůɑŬ. ɇɞ ɞɝɡɔɧɜɞ əŬɘ Űɞ ɡŭɟɞɔɧɜɞ ŭɘŬűŮɨɔɞɡɜ ˊɘɞ ŮɨəɞɚŬ Ŭˊɧ Űɞ 

ɛɖŰɟɘəɧ ˊɏŰɟɤɛŬ ůŮ ůɢɏůɖ ɛŮ Űɞɜ ɎɜɗɟŬəŬ əŬɘ Űɞ ɎɕɤŰɞ, əŬɘ ɏŰůɘ ŬɡɝɎɜŮŰŬɘ ɖ ůɢŮŰɘəɐ ŬɜŬɚɞɔɑŬ 

ůŮ ɎɜɗɟŬəŬ. 

 

 

ɆɢɐɛŬ 2.2: ȹɖɛɘɞɡɟɔɑŬ ˊŮŰɟŮɚŬɑɞɡ əŬɘ űɡůɘəɞɨ ŬŮɟɑɞɡ ůŬɜ ůɡɜɎɟŰɖůɖ Űɖɠ ɤɟɑɛŬɜůɖɠ Űɞɡ ɛɖŰɟɘəɞɨ 

ˊŮŰɟɩɛŬŰɞɠ (3)  (www.drilling formulas.com/transform-organic-matter-into-petroleum/) 

     

ȼ ɛŮŰŬɜɎůŰŮɡůɖ Űɞɡ ˊŮŰɟŮɚŬɑɞɡ Ŭˊɧ Űɞ ɛɖŰɟɘəɧ ˊɏŰɟɤɛŬ ŭŮɜ ŮɑɜŬɘ ŬəɧɛŬ ˊɚɐɟɤɠ əŬŰŬɜɞɖŰɐ. 

Ⱥűɧůɞɜ ɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ˊŮŰɟŮɚŬɑɞɡ ůɡɜɞŭŮɨŮŰŬɘ Ŭˊɧ ŬɚɚŬɔɏɠ ůŰɖɜ ˊɑŮůɖ Űɞɡ ɛɖŰɟɘəɞɨ 

ˊŮŰɟɩɛŬŰɞɠ, ŮɑɜŬɘ ˊɘɗŬɜɧ ɜŬ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɛɘəɟɞ-ɟɤɔɛɏɠ ɞɘ ɞˊɞɑŮɠ ˊŬɟɏɢɞɡɜ ɛɑŬ ŭɑɞŭɞ 

ŭɘŬűɡɔɐɠ Űɞɡ Ŭˊɧ Űɞ ɛɖŰɟɘəɧ ˊɏŰɟɤɛŬ ˊɟɞɠ ŭɘˊɚŬɜɎ ˊɘɞ ŭɘŬˊŮɟŬŰɎ ůɡůŰɐɛŬŰŬ, ɧˊɤɠ ŮɑɜŬɘ ŰŬ 

ɘɕɖɛŬŰɞɔŮɜɐ ˊŮŰɟɩɛŬŰŬ. ȼ ŭɘŬŭɘəŬůɑŬ ɛŮŰŬɜɎůŰŮɡůɖɠ ɢɤɟɑɕŮŰŬɘ ůŮ ŭɨɞ ůŰɎŭɘŬ, Űɖɜ 

ɛŮŰŬɜɎůŰŮɡůɖ Ŭˊɧ Űɞ ɛɖŰɟɘəɧ ˊɏŰɟɤɛŬ əŬɘ Űɖɜ ɛŮŰŬɜɎůŰŮɡůɖ ɛɏůŬ ůŰɞɜ ŭɘŬˊŮɟŬŰɧ ůɢɖɛŬŰɘůɛɧ. 

ŪŮɤɟŮɑŰŬɘ ɧŰɘ ɛɧɜɞ ɏɜŬ 10% Űɞɡ ˊŮŰɟŮɚŬɑɞɡ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ŬˊɞɓɎɚɚŮŰŬɘ əŬɘ ŬˊɞɗɖəŮɨŮŰŬɘ 

ůŮ ŰŬɛɘŮɡŰɐɟŮɠ. 
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2.2 Ƀ ŰŬɛɘŮɡŰɐɟŬɠ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ 

ɋɠ ŰŬɛɘŮɡŰɐɟŬɠ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɞɟɘůŰŮɑ ɛɑŬ ůɡůůɩɟŮɡůɖ ɞɘəɞɜɞɛɘəɎ ŮəɛŮŰŬɚɚŮɨůɘɛɖɠ 

ˊɞůɧŰɖŰŬɠ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ ůŮ ɏɜŬ ˊɞɟɩŭŮɠ ɘɕɖɛŬŰɞɔŮɜɏɠ ˊɏŰɟɤɛŬ. ȼ ůɡůůɩɟŮɡůɖ ŬɡŰɐ, ɖ 

ɞˊɞɑŬ ɗŬ ɏɢŮɘ űŰɎůŮɘ ůŮ ɘůɞɟɟɞˊɑŬ ˊɘɏůŮɤɜ ŬɜɎɛŮůŬ ůŰɞɡɠ ˊɧɟɞɡɠ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ ɛŮ Űɖɜ 

ˊɎɟɞŭɞ Űɞɡ ɢɟɧɜɞɡ, ɔɘŬ ɜŬ ɛˊɞɟɏůŮɘ ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ɗŬ ˊɟɏˊŮɘ ɜŬ ˊɚɖɟɞɨɜŰŬɘ ɞɟɘůɛɏɜŮɠ 

ˊɟɞŭɘŬɔɟŬűɏɠ. Ƀɘ ŬˊŬɟŬɑŰɖŰŮɠ ˊɟɞɦˊɞɗɏůŮɘɠ (ɆɢɐɛŬ 2.3) ɔɘŬ ɜŬ ɛˊɞɟɏůŮɘ ɜŬ ɡˊɎɟɝŮɘ ɛɑŬ 

ŮɛˊɞɟɘəɎ ŮəɛŮŰŬɚɚŮɨůɘɛɖ ůɡɔəɏɜŰɟɤůɖ ɡɔɟɩɜ ɐ əŬɘ Ŭɏɟɘɤɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ ŮɑɜŬɘ ɜŬ ɡˊɎɟɢŮɘ: 

 

- ȰɜŬ ɩɟɘɛɞ ɛɖŰɟɘəɧ ˊɏŰɟɤɛŬ.  

- ȰɜŬ ˊɏŰɟɤɛŬ ŰŬɛɘŮɡŰɐɟŬɠ. 

- ȰɜŬɠ ŭɑŬɡɚɞɠ ɛŮŰŬɜɎůŰŮɡůɖɠ ɛŮŰŬɝɨ Űɞɡ ɛɖŰɟɘəɞɨ ˊŮŰɟɩɛŬŰɞɠ əŬɘ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. 

- ȰɜŬ ŬŭɘŬˊɏɟŬŰɞ ůŰŮɔŬɜɧ ˊɏŰɟɤɛŬ (cap rock) ɡˊŮɟɎɜɤ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ əŬɘ 

- ɇɞ ɛɖŰɟɘəɧ ˊɏŰɟɤɛŬ, ɞ ŰŬɛɘŮɡŰɐɟŬɠ əŬɘ Űɞ ůŰŮɔŬɜɧ ˊɏŰɟɤɛŬ ɜŬ ŭɖɛɘɞɡɟɔɞɨɜ ůɡɜɗɐəŮɠ 

ˊŬɔɑŭŮɡůɖɠ Űɤɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ. 

 

 

ɆɢɐɛŬ 2.3: ˊɟɞɦˊɞɗɏůŮɘɠ ɨˊŬɟɝɖɠ ŰŬɛɘŮɡŰɐɟŬ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ  (4)  (Introduction to oil and gas 

ï Dr. Deva Ghosh) 

 

Ƀɘ ˊɟɤŰɞɔŮɜŮɑɠ ŭɘŮɟɔŬůɑŮɠ ŬˊɧɗŮůɖɠ əŬɘ ɖ űɨůɖ Űɤɜ ɘɕɖɛɎŰɤɜ ɏɢɞɡɜ ɛɑŬ ůɖɛŬɜŰɘəɐ ŮˊɑŭɟŬůɖ 

ůŰɞ ˊɞɟɩŭŮɠ əŬɘ ůŰɖɜ ŭɘŬˊŮɟŬŰɧŰɖŰŬ Űɤɜ ůɢɖɛŬŰɘůɛɩɜ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. ȹŮɡŰŮɟɞɔŮɜŮɑɠ 

ŭɘŮɟɔŬůɑŮɠ, ɧˊɤɠ ɖ ůɡɛˊɑŮůɖ, ɖ ŭɘɎɚɡůɖ, ɖ ɢɖɛɘəɐ ŬɜŰɘəŬŰɎůŰŬůɖ əŬɘ ɞɘ ŭɘŬɔŮɜŮŰɘəɏɠ ŭɘŮɟɔŬůɑŮɠ, 

ɛˊɞɟɞɨɜ ɜŬ ˊɟɞəŬɚɏůɞɡɜ ˊŮɟŬɘŰɏɟɤ ɛŮŰŬŰɟɞˊɏɠ ůŰɖɜ ŭɞɛɐ əŬɘ ůŰɖɜ ɔŮɤɛŮŰɟɑŬ Űɤɜ ˊɧɟɤɜ. ɀŮ 
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Űɖɜ ůɡɛˊɑŮůɖ, ɞɘ əɧəəɞɘ Űɤɜ ɘɕɖɛɎŰɤɜ ůɡɛˊɘɏɕɞɜŰŬɘ ɧɚɞ əŬɘ ˊŮɟɘůůɧŰŮɟɞ əŬɘ ɏŰůɘ ŰŬ ɟŮɡůŰɎ 

ɛˊɞɟŮɑ ɜŬ Ŭˊɞɓɚɖɗɞɨɜ ŮɝŬɘŰɑŬɠ Űɖɠ ɛŮɑɤůɖɠ Űɞɡ ɧɔəɞɡ Űɤɜ ˊɧɟɤɜ. ȺɎɜ ŰŬ ɟŮɡůŰɎ ŬɡŰɎ ŭŮɜ 

ɛˊɞɟɏůɞɡɜ ŰŮɚɘəɎ ɜŬ ŬˊɞɛŬəɟɡɜɗɞɨɜ Ŭˊɧ Űɞɡɠ ˊɧɟɞɡɠ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ, ɖ ˊɑŮůɖ Űɞɡ ˊɞɟɩŭɞɡɠ 

ŬɡŰɞɨ ůɢɖɛŬŰɘůɛɞɨ ŬɡɝɎɜŮŰŬɘ ɧůɞ ůɡɜŮɢɑɕŮɘ ɜŬ ŬɡɝɎɜŮŰŬɘ əŬɘ ɖ ůɡɛˊɑŮůɖ. 

 

2.3 ɳʍʀʑʉɻ ɾʅɻ ʌʀʐʍʘʇɻʅʋ 

Ƀɘ ˊɘɗŬɜɧŰɖŰŮɠ ɨˊŬɟɝɖɠ ˊŮŰɟŮɚŬɑɞɡ ɐ űɡůɘəɞɨ ŬŮɟɑɞɡ ˊɟɏˊŮɘ ɜŬ ŮˊɘɓŮɓŬɘɤɗɞɨɜ ɛŮ ŰŬ 

ŮɟŮɡɜɖŰɘəɎ űɟŮɎŰɘŬ. ɇɞ əɧůŰɞɠ, Űɞ ɞˊɞɑɞ ŬɡɝɎɜŮŰŬɘ ŮəɗŮŰɘəɎ ɛŮ Űɞ ɓɎɗɞɠ, ɞɘ ŬəɟŬɑŮɠ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ əŬɘ ŰŬ ŬɡɝŬɜɧɛŮɜŬ əɧůŰɖ Ůɝɞˊɚɘůɛɞɨ əŬɘ ˊɟɞůɤˊɘəɞɨ, ŬˊŬɘŰɞɨɜ ˊɟɘɜ 

Űɖ ŭɘɎɜɞɘɝɖ ŮəŰŮŰŬɛɏɜɖ ŮˊɘůŰɖɛɞɜɘəɐ ɛŮɚɏŰɖ. ȳɛɤɠ, ˊŬɟô ɧɚɖ Űɖɜ ˊɟɞŮŰɞɘɛŬůɑŬ, ɖ ˊɘɗŬɜɧŰɖŰŬ 

ŭɘɎɜɞɘɝɖɠ ɔŮɩŰɟɖůɖɠ ɖ ɞˊɞɑŬ ŭŮɜ ɗŬ ŬˊɞŭɩůŮɘ ɞɘəɞɜɞɛɘəɎ ŮəɛŮŰŬɚɚŮɨůɘɛɞɡɠ ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ  

ˊŬɟŬɛɏɜŮɘ ˊɎɜŰŬ ɡɣɖɚɐ. ȺɑɜŬɘ Ůˊɞɛɏɜɤɠ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ɛŮɚŮŰɖɗŮɑ ɖ ɔŮɤɚɞɔɘəɐ ɘůŰɞɟɑŬ Űɖɠ 

ˊŮɟɘɞɢɐɠ əŬɘ ɜŬ ɚɖűɗɞɨɜ ɡˊɧɣɘɜ Űɡɢɧɜ ůɡɜɗɐəŮɠ ůɢɖɛŬŰɘůɛɞɨ Űɤɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ ůŮ 

ɢɟɞɜɞɚɞɔɘəɧ əŬɘ ɔŮɤɔɟŬűɘəɧ ˊɚŬɑůɘɞ, əŬɘ ɜŬ ŮɚŮɔɢɗŮɑ əŬŰɎ ˊɧůɞ ŰŬ ɡˊɧ ŮəŰɑɛɖůɖ ˊŮŰɟɩɛŬŰŬ-

ŰŬɛɘŮɡŰɐɟŮɠ ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ ˊŬɔɘŭŮɨɞɡɜ ˊŮŰɟɏɚŬɘɞ ɐ Ŭɏɟɘɞ. ȼ ɛɏɗɞŭɞɠ Űɖɠ ůŮɘůɛɘəɐɠ 

ŬɜɎəɚŬůɖɠ ŮɑɜŬɘ Űɞ əɨɟɘɞ ůŰɞɘɢŮɑɞ Űɖɠ ůɨɔɢɟɞɜɖɠ ŮɝŮɟŮɨɜɖůɖɠ əŬɘ ŮɑɜŬɘ ůŮ ůɡɜŮɢɐ ɢɟɐůɖ əŬɘ 

ŬɜɎˊŰɡɝɖ. 

 

2.3.1 ũŮɤɚɞɔɘəɐ ɏɟŮɡɜŬ       

ɆŮ ɖˊŮɘɟɤŰɘəɏɠ, əɡɟɑɤɠ, ˊŮɟɘɞɢɏɠ ɖ ŮˊɘűŬɜŮɘŬəɐ ɔŮɤɚɞɔɘəɐ ɏɟŮɡɜŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ 

ˊɟɩŰɖ Ŭɝɘɞɚɧɔɖůɖ əŬɘ ˊɘɗŬɜɐ ɞɟɘɞɗɏŰɖůɖ Űɤɜ ŰŬɛɘŮɡŰɐɟɘɤɜ ˊŮŰɟɤɛɎŰɤɜ. ȼ ˊɟɞɦˊɧɗŮůɖ ŮɑɜŬɘ ɖ 

ůŰɟɤɛŬŰɞɔɟŬűɘəɐ ŬəɞɚɞɡɗɑŬ ɜŬ ˊɟɞŮəŰŮɑɜŮŰŬɘ Ůɜ ɛɏɟŮɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ əŬɘ ɜŬ ŮɑɜŬɘ 

ˊɟɞůˊŮɚɎůɘɛɖ.  ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɖɜ ɔŮɤɚɞɔɘəɐ ɏɟŮɡɜŬ, ɛŬɕɑ ɛŮ ŬɡŰɎ Űɖɠ ɔŮɤűɡůɘəɐɠ, 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ŭɘŬŰɨˊɤůɖ ˊɘɞ ŬɝɘɧˊɘůŰɤɜ ŬˊɧɣŮɤɜ ɤɠ ˊɟɞɠ Űɞ ˊɎɢɞɠ, Űɖ ɛɞɟűɐ əŬɘ 

Űɖɜ ɖɚɘəɑŬ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ 

 

2.3Ȣς ɜʀʖʒʑʎʅʆʙ ʘʍʀʑʉɻ  

ȼ ɔŮɤűɡůɘəɐ ɏɟŮɡɜŬ, ɛŮ Űɘɠ ŰɟŮɘɠ ɓŬůɘəɏɠ ɛŮɗɧŭɞɡɠ, Űɖɜ ɛŬɔɜɖŰɘəɐ, ɓŬɟɡŰɞɛŮŰɟɘəɐ əŬɘ ůŮɘůɛɘəɐ 

ɛɏɗɞŭɞ, ŭɑɜŮɘ ŮɜŭɘŬűɏɟɞɡůŮɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖ ɔŮɤɚɞɔɘəɐ ŭɞɛɐ Űɞɡ ɡˊŮŭɎűɞɡɠ ˊɟɘɜ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ɞɘ ŭŬˊŬɜɖɟɏɠ ŮɟŮɡɜɖŰɘəɏɠ ɔŮɤŰɟɐůŮɘɠ. 
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2.4 ɜʀʖʐʍʙʎʀʅʏ   

Ƀ ůəɞˊɧɠ Űɖɠ ŮɟŮɡɜɖŰɘəɐɠ ɔŮɩŰɟɖůɖɠ ŮɑɜŬɘ ɖ ŭɘɎɜɞɘɝɖ Űɞɡ űɟɏŬŰɞɠ ɔɘŬ Űɖɜ ŬɜŮɨɟŮůɖ ŮɛˊɞɟɘəɎ 

ŮəɛŮŰŬɚɚŮɨůɘɛɞɡ əɞɘŰɎůɛŬŰɞɠ ˊŮŰɟŮɚŬɑɞɡ ɐ űɡůɘəɞɨ ŬŮɟɑɞɡ ɛŮ ŬůűɎɚŮɘŬ əŬɘ ɛŮ ůɤůŰɐ 

ŭɘŬɢŮɑɟɘůɖ Űɤɜ ŭɘŬɗɏůɘɛɤɜ əŮűŬɚŬɑɤɜ. ũɘŬ Űɖɜ ɡɚɞˊɞɑɖůɖ Űɞɡ ůəɞˊɞɨ ŬɡŰɞɨ ŬˊŬɘŰŮɑŰŬɘ ɖ 

ůɡɜŮɟɔŬůɑŬ ˊɞɚɚɩɜ ɞɛɎŭɤɜ əŬɘ ŮɝŮɘŭɘəŮɡɛɏɜɤɜ ŮŰŬɘɟɘɩɜ, ɡˊŮɟ-ŮɟɔɞɚɎɓɤɜ, ůɡɛɓɞɨɚɤɜ ə.Ŭ. Ƀɘ 

ŭɘŬɜɞɑɝŮɘɠ ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ əŬɘ Űɖɜ ŮɝŮɟŮɨɜɖůɖ Űɤɜ əɞɘŰŬůɛɎŰɤɜ ŮɑɜŬɘ ɔɜɤůŰɏɠ ɤɠ ŮɟŮɡɜɖŰɘəɏɠ 

ɔŮɤŰɟɐůŮɘɠ (exploratory wells), Ůɜɩ ɞɘ ŭɘŬɜɞɑɝŮɘɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŮɑɜŬɘ 

ɔɜɤůŰɏɠ ɤɠ ˊŬɟŬɔɤɔɘəɏɠ ɔŮɤŰɟɐůŮɘɠ (production wells). ɇŬ ŮˊɘŰɡɢɖɛɏɜŬ ŮɟŮɡɜɖŰɘəɎ űɟŮɎŰɘŬ 

ɛŮŰŬŰɟɏˊɞɜŰŬɘ ůŮ ˊŬɟŬɔɤɔɘəɎ ɛŮ Űɖɜ ˊɟɞůɗɐəɖ Űɞɡ əŬŰɎɚɚɖɚɞɡ Ůɝɞˊɚɘůɛɞɨ. 

 

ɇŬ ŮɟŮɡɜɖŰɘəɎ űɟŮɎŰɘŬ ˊɟɏˊŮɘ ɜŬ ŭɘŬɜɞɘɢɗɞɨɜ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ ɩůŰŮ ɜŬ ˊŬɟɏɢɞɡɜ ŬəɟɘɓŮɑɠ 

ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɞɜ ůɢɖɛŬŰɘůɛɧ. ȷɡŰɧ ɔɑɜŮŰŬɘ ɛŮ ŭŮɘɔɛŬŰɞɚɖɣɑŬ ˊŮŰɟɤɛɎŰɤɜ, ɟŮɡůŰɩɜ, 

ůɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ɔŮɤűɡůɘəɩɜ ɛŮŰɟɐůŮɤɜ, ŭɘŮɝŬɔɤɔɐ ŭɞəɘɛɩɜ 

ˊŬɟŬɔɤɔɘəɧŰɖŰŬɠ əŬɘ ˊŬɟŬŰɐɟɖůɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɞɡ əɞɘŰɎůɛŬŰɞɠ. ɇŬ ˊŬɟŬɔɤɔɘəɎ űɟŮɎŰɘŬ 

ˊɟɏˊŮɘ ɜŬ ŭɘŬɜɞɑɔɞɜŰŬɘ əŬɘ ɜŬ ɞɚɞəɚɖɟɩɜɞɜŰŬɘ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ ɏŰůɘ ɩůŰŮ Űɞ ůɡɜɞɚɘəɧ əɧůŰɞɠ ɜŬ 

ɛɖɜ ɡˊŮɟɓŬɑɜŮɘ ŰŬ ŭɘŬɗɏůɘɛŬ, ɔɘŬ Űɖɜ ŭɘɎɜɞɘɝɖ, əŮűɎɚŬɘŬ, ɜŬ ɔɑɜŮɘ ɓɏɚŰɘůŰɖ ɢɟɐůɖ Űɖɠ 

ˊŬɟŬɔɤɔɘəɐɠ ŭɡɜŬɛɘəɧŰɖŰŬɠ əŬɘ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ ˊŬɟŬɔɤɔɐ ɢɤɟɑɠ ˊɟɞɓɚɐɛŬŰŬ əŬɗô ɧɚɖ Űɖ 

ŭɘɎɟəŮɘŬ ɕɤɐɠ Űɞɡ əɞɘŰɎůɛŬŰɞɠ.  

 

2.4Ȣρ ɝʅʗʉʋʅʊʂ ɾʀʡʐʍʂʎʂʏ  

ɇɞ űɟɏŬɟ ŭɘŬɜɞɑɔŮŰŬɘ ɛŮ Űɞ ˊŮɟɘůŰɟŮűɧɛŮɜɞ əɞˊŰɘəɧ Ɏəɟɞ (rotating bit) ůŰɞ ɞˊɞɑɞ ŮűŬɟɛɧɕŮŰŬɘ 

ŭɨɜŬɛɖ ˊɞɡ ŬůəŮɑ  ɖ ɔŮɤŰɟɖŰɘəɐ ůŰɐɚɖ (drilling pipes/collars)  ˊɟɞɠ ŰŬ əɎŰɤ. ũŮɜɘəɎ, Űɞ əɞˊŰɘəɧ 

Ɏəɟɞ ˊŮɟɘůŰɟɏűŮŰŬɘ, ɧˊɤɠ əŬɘ ɞɚɧəɚɖɟɖ ɖ ŭɘŬŰɟɖŰɘəɐ ůŰɐɚɖ, ɛɏůɤ Űɖɠ ˊŮɟɘůŰɟɞűɘəɐɠ ŰɟɎˊŮɕŬɠ 

ůŰɖɜ ŮˊɘűɎɜŮɘŬ. ȼ ŭɨɜŬɛɖ ˊɟɞɠ ŰŬ əɎŰɤ ŮűŬɟɛɧɕŮŰŬɘ Ŭˊɧ ŰŬ ŭɘŬŰɟɖŰɘəɎ ůŰŮɚɏɢɖ (drill  pipes) ɛŮ 

Űɖ ɢɟɐůɖ ɓŬɟɏɤɜ ŭɘŬŰɟɖŰɘəɩɜ ůŰŮɚŮɢɩɜ (drilling collars) ɚɑɔɞ ˊɎɜɤ Ŭˊɧ Űɞ əɞˊŰɘəɧ Ɏəɟɞ. ɇŬ 

ɗɟŬɨůɛŬŰŬ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ ŬɜɏɟɢɞɜŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Űɞɡ ɟŮɡůŰɞɨ ɔŮɩŰɟɖůɖɠ 

(drilling mud) ˊɞɡ ŮɘůɎɔŮŰŬɘ ůŰɖɜ ŭɘŬŰɟɖŰɘəɐ ůŰɐɚɖ, əŬŰɏɟɢŮŰŬɘ ůŰɞ əɞˊŰɘəɧ Ɏəɟɞ, ŮɝɏɟɢŮŰŬɘ 

Ŭˊɧ ŬɡŰɧ əŬɘ ŬɜɏɟɢŮŰŬɘ ůŰɞ ŭŬəŰɨɚɘɞ ɛɏɢɟɘ əŬɘ Űɖɜ ŮˊɘűɎɜŮɘŬ ɧˊɞɡ əŬɘ ŭɘŬɢɤɟɑɕŮŰŬɘ (ɆɢɐɛŬ 

2.4).    
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ɆɢɐɛŬ 2.4 : ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ ŭɘɎɜɞɘɝɖɠ ɔŮɩŰɟɖůɖɠ  (5) 

(https://dtetechnology.wordpress.com/2014/05/04/components-of-a-land-based-rotary-drilling-

platform/)   

 

2.4.2 Ƀɘəɞɜɞɛɘəɐ ȷɜɎɚɡůɖ  

ȾŬɗɐəɞɜ Űɞɡ ɛɖɢŬɜɘəɞɨ ɔŮɤŰɟɐůŮɤɜ ŮɑɜŬɘ ɜŬ ˊɟɞŰŮɑɜŮɘ ɛŮɗɧŭɞɡɠ ˊɞɡ ɗŬ ɏɢɞɡɜ ɤɠ ŬˊɞŰɏɚŮůɛŬ 

Űɖɜ ŮˊɘŰɡɢɐ ɞɚɞəɚɐɟɤůɖ Űɞɡ űɟɏŬŰɞɠ ɛŮ Űɞɜ ŬůűŬɚɏůŰŮɟɞ əŬɘ ɞɘəɞɜɞɛɘəɧŰŮɟɞ Űɟɧˊɞ. ɄŬɟɏɢŮɘ 

ŭŮ əŬɗɖɛŮɟɘɜɎ ɡˊɞŭŮɑɝŮɘɠ ɔɘŬ ɚŮɘŰɞɡɟɔɑŮɠ Űɖɠ ɔŮɩŰɟɖůɖɠ ɧˊɤɠ ɟɨɗɛɘůɖ ɟŮɡůŰɩɜ ɔŮɩŰɟɖůɖɠ, 

Ůˊɘɚɞɔɐ əɞˊŰɘəɩɜ Ɏəɟɤɜ, ɚŮɘŰɞɡɟɔɑŬ ŬɜŰɚɘɩɜ əŬɘ ɔɘŬ ɞˊɞɘŬŭɐˊɞŰŮ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ 

ˊɟɞəɨɣɞɡɜ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ɔŮɩŰɟɖůɖɠ. 

 

ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ əɧůŰɞɡɠ, ůɡɜɐɗɤɠ ŰŬ ɏɝɞŭŬ Űɖɠ ɔŮɩŰɟɖůɖɠ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ůŮ Ŭ) 

ɛŮŰŬɓɚɖŰɎ əŬɘ ɓ) ůŰŬɗŮɟɎ ˊɞɡ ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɘɠ ŮɜŬɚɚŬəŰɘəɏɠ ɚɨůŮɘɠ. ɇɞ əɧůŰɞɠ 

ɔŮɩŰɟɖůɖɠ ŮɝŬɟŰɎŰŬɘ əɨɟɘŬ Ŭˊɧ Űɖɜ ŰɞˊɞɗŮůɑŬ əŬɘ Űɞ ɓɎɗɞɠ Űɖɠ ɔŮɩŰɟɖůɖɠ. Ɇɡɜɐɗɤɠ ɞ 

ɛɖɢŬɜɘəɧɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ůŰɖɟɘɢɗŮɑ ůŮ ɘůŰɞɟɘəɎ ůŰɞɘɢŮɑŬ Ŭˊɧ ˊŬɟŬəŮɑɛŮɜŬ ɐ ɧɛɞɘŬ űɟɏŬŰŬ ɔɘŬ Űɖɜ 

ŮəŰɑɛɖůɖ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ Űɞɡ əɧůŰɞɡɠ Űɖɠ ɔŮɩŰɟɖůɖɠ. 

 

https://dtetechnology.wordpress.com/2014/05/04/components-of-a-land-based-rotary-drilling-platform/
https://dtetechnology.wordpress.com/2014/05/04/components-of-a-land-based-rotary-drilling-platform/
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2.5 ɩɻʍɻɾʖɾʙ  

ȼ ˊŬɟŬɔɤɔɐ Űɞɡ ˊŮŰɟŮɚŬɑɞɡ ŭɘŬəɟɑɜŮŰŬɘ ůŮ ŰɟɑŬ ůŰɎŭɘŬ ŬɜɎəŰɖůɖɠ: ˊɟɤŰɞɔŮɜɐ, ŭŮɡŰŮɟɞɔŮɜɐ əŬɘ 

ŰɟɘŰɞɔŮɜɐ. 

 

ɄɟɤŰɞɔŮɜɐɠ ŬɜɎəŰɖůɖ (primary  recovery): ɆŰɞ ůŰɎŭɘɞ Űɖɠ ˊɟɤŰɞɔŮɜɞɨɠ ŬɜɎˊŰɡɝɖɠ, Űɞ 

ˊŮŰɟɏɚŬɘɞ əŬɘ Űɞ űɡůɘəɧ Ŭɏɟɘɞ ˊŬɟɎɔɞɜŰŬɘ ɛŮ Űɖɜ ˊɑŮůɖ Űɞɡ əɞɘŰɎůɛŬŰɞɠ ɤɠ əɘɜɖŰɐɟɘŬ ŭɨɜŬɛɖ 

ɔɘŬ ɜŬ ˊɟɞɤɗɖɗɞɨɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ. ɇɞ ůŰɎŭɘɞ Űɖɠ ˊɟɤŰɞɔŮɜɞɨɠ ˊŬɟŬɔɤɔɐɠ ɗŬ űŰɎůŮɘ ŰŮɚɘəɎ 

ůŰŬ ɧɟɘɎ Űɞɡ, ŮɑŰŮ ɧŰŬɜ ɖ ˊɑŮůɖ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ ˊɏůŮɘ ŬɟəŮŰɎ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɞɘ ɟɡɗɛɞɑ 

ˊŬɟŬɔɤɔɐɠ ɜŬ ɛɖɜ ŮɑɜŬɘ ˊɚɏɞɜ ɞɘəɞɜɞɛɘəɎ ŬɜŮəŰɞɑ ŮɑŰŮ ɧŰŬɜ ɞɘ ŬɜŬɚɞɔɑŮɠ ˊŬɟŬɔɧɛŮɜɞɡ űɡůɘəɞɨ 

ŬŮɟɑɞɡ ɐ ɜŮɟɞɨ ɛŮ Űɞ ˊŮŰɟɏɚŬɘɞ ŮɑɜŬɘ ˊɞɚɨ ɛŮɔɎɚŮɠ. ɀŮ Űɖɜ ˊɟɤŰɞɔŮɜɐ ŬɜɎəŰɖůɖ ŬɜŬəŰɎŰŬɘ, 

ůɡɜɐɗɤɠ, ˊŮɟɑˊɞɡ Űɞ 5-15%  Űɞɡ ůɡɜɞɚɘəɞɨ ˊŮŰɟŮɚŬɑɞɡ ˊɞɡ ɡˊɎɟɢŮɘ ůŰɞ əɞɑŰŬůɛŬ.   

 

ȹŮɡŰŮɟɞɔŮɜɐɠ ŬɜɎəŰɖůɖ (secondary recovery): ȼ  ŭŮɡŰŮɟɞɔŮɜɐɠ ˊŬɟŬɔɤɔɐ  ɚŬɛɓɎɜŮɘ ɢɩɟŬ 

ɧŰŬɜ ɖ əɘɜɖŰɐɟɘŬ ŭɨɜŬɛɖ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɜɘůɢɡɗŮɑ Ŭˊɧ ŮɔɢŮɧɛŮɜŬ ɟŮɡůŰɎ, ɧˊɤɠ 

ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ Ŭɏɟɘɞ ɐ ɜŮɟɧ, ɛŮ ůəɞˊɧ Űɖɜ ŭɘŬŰɐɟɖůɖ ɐ Űɖɜ ɛŮɟɘəɐ ŭɘŬŰɐɟɖůɖ Űɖɠ ˊɑŮůɖɠ. ɇŬ 

ŮɔɢŮɧɛŮɜŬ ɟŮɡůŰɎ ŭɟɞɡɜ Ůˊɑůɖɠ əŬɘ ɤɠ ɟŮɡůŰɎ ŮəŰɧˊɘůɖɠ Űɞɡ ˊŮŰɟŮɚŬɑɞɡ, ŬˊɞɛŬəɟɨɜɞɜŰŬɠ Űɞ 

Ŭˊɧ Űɞɡɠ ˊɧɟɞɡɠ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ əŬɘ ɞŭɖɔɩɜŰŬɠ Űɞ ůŰɞ űɟŮɎŰɘɞ Űɖɠ ɔŮɩŰɟɖůɖɠ. ɀŮŰɎ Ŭˊɧ Űɖɜ 

óôůɎɟɤůɖôô Űɞɡ ŰŬɛɘŮɡŰɐɟŬ Ŭˊɧ  Űɞ ɜŮɟɧ ɐ Űɞ Ŭɏɟɘɞ, ɗŬ ˊŬɟŬɛŮɑɜŮɘ ŬəɧɛŬ əɎˊɞɘŬ ˊɞůɧŰɖŰŬ 

ˊŮŰɟŮɚŬɑɞɡ ůŮ ůɢŮŰɘəɎ ɡɣɖɚɧ ɓŬɗɛɧ əɞɟŮůɛɞɨ, ɧˊɞɡ Űɞ ɜŮɟɧ ɐ Űɞ Ŭɏɟɘɞ, ɔɘŬ ŭɘɎűɞɟŮɠ ŬɘŰɑŮɠ, 

ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɚɧɔɤ ɘɝɩŭɞɡɠ, ŭɘɎŰŬɝɖɠ Űɤɜ ɔŮɤŰɟɐůŮɤɜ ə.Ŭ., Űɞ ˊɟɞůˊɏɟŬůŮ əŬɘ ŭŮɜ Űɞ 

ŬˊɞɛɎəɟɡɜŮ. Ⱥˊɑůɖɠ, ŮɝŬɘŰɑŬɠ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ (ŭɘŬˊŮɟŬŰɧŰɖŰŬ, ˊɞɟɩŭŮɠ, 

ŭɘŬɓɟŮɢŰɧŰɖŰŬ ə.Ŭ.) əŬɘ Űɤɜ ŮɔɢŮɧɛŮɜɤɜ ɟŮɡůŰɩɜ, ɏɜŬ ŰɛɐɛŬ Űɤɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ 

(ɡˊɞɚŮɘɛɛŬŰɘəɧ ˊŮŰɟɏɚŬɘɞ) ˊŬɟɏɛŮɘɜŮ ɛɏůŬ ůŰɞɡɠ ˊɧɟɞɡɠ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. ȷɡŰɎ ŰŬ ɛɖ 

ŬɜŬəŰɖɗɏɜŰŬ ˊɞůɞůŰɎ ˊŮŰɟŮɚŬɑɞɡ, ŭɖɚŬŭɐ Űɞ ɡˊɞɚŮɘɛɛŬŰɘəɧ ˊŮŰɟɏɚŬɘɞ, ŮɑɜŬɘ ɞ ůŰɧɢɞɠ Űɤɜ 

Ůɜɘůɢɡɛɏɜɤɜ ɛŮɗɧŭɤɜ ŬɜɎəŰɖůɖɠ (Enhanced Oil Recovery), ŭɖɚŬŭɐ Űɖɠ ŰɟɘŰɞɔŮɜɞɨɠ ˊŬɟŬɔɤɔɐ. 

 

ɇɟɘŰɞɔŮɜɐɠ ŬɜɎəŰɖůɖ (tertiary  recovery): Ƀɘ ́ɟɞɤɗɖɛɏɜŮɠ ɛɏɗɞŭɞɘ ŬɜɎəŰɖůɖɠ (EOR/IOR) ɐ 

Ŭɚɚɘɩɠ ŰɟɘŰɞɔŮɜɐɠ ˊŬɟŬɔɤɔɐ, ˊɟɞůűɏɟɞɡɜ ˊɟɞɞˊŰɘəɏɠ ɔɘŬ ɛɑŬ ůɡɜɞɚɘəɐ ˊŬɟŬɔɤɔɐ Űɖɠ ŰɎɝɖɠ Űɞɡ 

30-60% Űɤɜ Ŭɟɢɘəɩɠ ˊŮɟɘŮɢɞɛɏɜɤɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ, ŰŬ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ 

ŬɟəŮŰɎ ŮəŬŰɞɛɛɨɟɘŬ ŭɞɚɎɟɘŬ ŮˊɘˊɟɧůɗŮŰɞ əɏɟŭɞɠ. ɈˊɎɟɢɞɡɜ ŰɟŮɘɠ əɨɟɘŮɠ əŬŰɖɔɞɟɑŮɠ 

Ůɜɘůɢɡɛɏɜɤɜ ɛŮɗɧŭɤɜ ŬɜɎəŰɖůɖɠ, ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ: 
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1) ȷɜɎəŰɖůɖ ɛŮ ɗŮɟɛɧŰɖŰŬ (thermal recovery): ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ŮɘůŬɔɤɔɐ 

ɗŮɟɛɧŰɖŰŬɠ, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ŬŰɛɞɨ, ɛŮ ůəɞˊɧ Űɖɜ ɛŮɑɤůɖ Űɞɡ ɘɝɩŭɞɡɠ ɔɘŬ Űɖɜ 

ɓŮɚŰɑɤůɖ Űɖɠ ɟɞɐɠ Űɞɡ ˊŮŰɟŮɚŬɑɞɡ ɛɏůŬ ůŰɞɜ ŰŬɛɘŮɡŰɐɟŬ. 

2) ȷɜɎəŰɖůɖ ɛŮ ɏɔɢɡůɖ ŬŮɟɑɞɡ (gas injection): ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ (ɆɢɐɛŬ 2.5) ɢɟɖůɘɛɞˊɞɘŮɑ 

ŬɏɟɘŬ ɧˊɤɠ Űɞ űɡůɘəɧ Ŭɏɟɘɞ, Űɞ ɎɕɤŰɞ (ɦ ) ɐ əŬɘ Űɞ ŭɘɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ (#/) ŰŬ 

ɞˊɞɑŬ ŮəŰɞɜɩɜɞɜŰŬɘ ɛɏůŬ ůŰɞɜ ŰŬɛɘŮɡŰɐɟŬ əŬɘ ŮˊɘŰɡɔɢɎɜɞɜŰŬɠ ŬɜŬɛŮɘɝɘɛɧŰɖŰŬ ɛŮ Űɞ 

ˊŮŰɟɏɚŬɘɞ, ŬˊŮɚŮɡɗŮɟɩɜɞɡɜ Ůˊɘˊɚɏɞɜ ˊɞůɧŰɖŰŮɠ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ ˊɟɞɠ Űɞ űɟŮɎŰɘɞ Űɖɠ 

ɔŮɩŰɟɖůɖɠ. 

 

 

ɆɢɐɛŬ 2.5: ȷɜɎəŰɖůɖ ɛŮ ɏɔɢɡůɖ ŬŮɟɑɞɡ (6)  (http://energy.gov/fe/science-innovation/oil-gas-

research/enhanced-oil-recovery)  

 

 

3) ȷɜɎəŰɖůɖ ɛŮ ɏɔɢɡůɖ ɢɖɛɘəɩɜ (chemical injection): ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖ 

ɢɟɐůɖ ˊɞɚɡɛŮɟɩɜ ɛŮ ůəɞˊɧ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ůɎɟɤůɖɠ Űɞɡ ŮɘůˊɘŮɕɧɛŮɜɞɡ ɜŮɟɞɨ (water 

flooding) ɐ Űɖɜ ɢɟɐůɖ ŰŬůɘŮɜŮɟɔɩɜ ɞɡůɘɩɜ ɔɘŬ ɜŬ ɓɞɖɗɐůɞɡɜ ůŰɖɜ ɛŮɑɤůɖ Űɖɠ 

ŮˊɘűŬɜŮɘŬəɐɠ ŰɎůɖɠ ˊɞɡ ŮɛˊɞŭɑɕŮɘ ŰŬ ůŰŬɔɞɜɑŭɘŬ Űɞɡ ˊŮŰɟŮɚŬɑɞɡ Ŭˊɧ Űɞ ɜŬ əɘɜɞɨɜŰŬɘ 

ɛɏůŬ ůŰɞɡɠ ˊɧɟɞɡɠ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ.  

 

http://energy.gov/fe/science-innovation/oil-gas-research/enhanced-oil-recovery
http://energy.gov/fe/science-innovation/oil-gas-research/enhanced-oil-recovery
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2.6 ȼ ůɖɛŬůɑŬ əŬɘ ɞ ůəɞˊɧɠ Űɖɠ ɛɖɢŬɜɘəɐɠ ˊŮŰɟŮɚŬɑɞɡ  

Ƀ ůəɞˊɧɠ Űɖɠ ɛɖɢŬɜɘəɐɠ ˊŮŰɟŮɚŬɑɞɡ ŮɑɜŬɘ ɜŬ ŬɜŬɚŬɛɓɎɜŮɘ Űɞɜ ůɢŮŭɘŬůɛɧ əŬɘ Űɖɜ ŮəŰɏɚŮůɖ 

ŰŮɢɜɘəɩɜ ɔɘŬ Űɖɜ Ŭˊɧɚɖɣɖ ŮɛˊɞɟɘəɎ ŮəɛŮŰŬɚɚŮɨůɘɛɤɜ ˊɞůɞŰɐŰɤɜ ˊŮŰɟŮɚŬɑɞɡ əŬɘ űɡůɘəɞɨ 

ŬŮɟɑɞɡ. ȺɑɜŬɘ ɛɘŬ ŰŮɢɜɞɚɞɔɑŬ ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɖ ɛɖɢŬɜɘəɐ (Engineering) əŬɘ ůŰɘɠ ɔŮɤŮˊɘůŰɐɛŮɠ 

ŬɚɚɎ əŬɘ ůŰŬ ɞɘəɞɜɞɛɘəɎ əŬɘ Űɖɜ ůŰŬŰɘůŰɘəɐ. ȷˊɧ Űɖɜ ˊɚŮɡɟɎ Űɖɠ ɛɖɢŬɜɘəɐɠ, ŮɑɜŬɘ ɛɑŬ 

óôˊŮɟɑŮɟɔɖôô ŮˊɘůŰɐɛɖ, ɛŮ Űɖɜ ɏɜɜɞɘŬ ɧŰɘ ɞ ůɢŮŭɘŬůɛɧɠ əŬɘ ɖ ɡɚɞˊɞɑɖůɖ Ůɜɧɠ ɏɟɔɞɡ ɓŬůɑɕɞɜŰŬɘ 

ůŰɖɜ ˊŬɟŬŰɐɟɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɖɠ ˊŬɟŬɔɤɔɐɠ əŬɘ ůŰɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ Ŭˊɧ 

ˊɞɚɨ ɚɑɔŬ ŬɟɢɘəɎ ŭŮŭɞɛɏɜŬ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ. ɀŮ Űɖɜ ˊɎɟɞŭɞ Űɞɡ ɢɟɧɜɞɡ əŬɘ Űɖɜ ˊɟɧɞŭɞ Űɖɠ 

ˊŬɟŬɔɤɔɐɠ, ŬˊɞəŰɩɜŰŬɘ ˊŮɟɘůůɧŰŮɟŮɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖ űɨůɖ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ əŬɘ ɏŰůɘ ɞɘ 

ɛɏɗɞŭɞɘ ˊŬɟŬɔɤɔɐɠ ˊɞɡ ŬəɞɚɞɡɗɞɨɜŰŬɘ ɛˊɞɟŮɑ ɜŬ ɓŮɚŰɘɤɗɞɨɜ. 

 

ȼ ɞɘəɞɜɞɛɘəɐ ˊɚŮɡɟɎ Űɤɜ ŰŮɢɜɘəɩɜ Ŭˊɧɚɖɣɖɠ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ, ŮɑɜŬɘ  ɎɟɖəŰŬ ůɡɜŭŮŭŮɛɏɜɖ ɛŮ 

Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ɛɖɢŬɜɘəɐɠ ˊŮŰɟŮɚŬɑɞɡ əŬɘ ɞ ɛɖɢŬɜɘəɧɠ ɏɢŮɘ ůɡɜŮɢɐ Ůɡɗɨɜɖ ɜŬ ˊŬɟɞɡůɘɎɕŮɘ 

ŬɜŬɚɡŰɘəɎ ůɢɏŭɘŬ ŰŬ ɞˊɞɑŬ ɗŬ ˊɟɏˊŮɘ ŮɑɜŬɘ ŰŮɢɜɘəɎ Ŭəɟɘɓɐ əŬɘ ɞɘəɞɜɞɛɘəɎ ŮɚəɡůŰɘəɎ. ȳůɞɜ 

ŬűɞɟɎ Űɖɜ ůɖɛŮɟɘɜɐ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ, Űɤɜ ɧɚɞ əŬɘ ɓŬɗɨŰŮɟɤɜ ŮɝŮɟŮɡɜɖŰɘəɩɜ ɔŮɤŰɟɐůŮɤɜ ŬɚɚɎ 

əŬɘ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ŮəɛŮŰɎɚɚŮɡůɖɠ ůŮ ɡˊŮɟɎəŰɘŬ ˊŮŭɑŬ ůŮ ɧɚɞ Űɞɜ əɧůɛɞ (ɆɢɐɛŬ 2.1), Űɞ əɧůŰɞɠ 

Űɖɠ ˊŬɟŬɔɤɔɐɠ ŮɑɜŬɘ ŰŮɟɎůŰɘɞ. ɇɞ ɛŮɔɎɚɞ ŬɡŰɧ əɧůŰɞɠ Űɖɠ ŬɜɎˊŰɡɝɖɠ Ůɜɧɠ ˊŮŭɑɞɡ ŭɖɛɘɞɡɟɔŮɑ 

Űɖɜ ŬɜɎɔəɖ ŮŰŬɘɟɘɩɜ, ɞɘ ɞˊɞɑŮɠ ɗŬ ůɡɔəŮɜŰɟɩůɞɡɜ ŰŬ ůɖɛŬɜŰɘəɎ əŮűɎɚŬɘŬ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ, Űɤɜ 

ɞˊɞɑɤɜ ɞɘ ŬˊŬɘŰɐůŮɘɠ Ŭˊɞˊɚɖɟɤɛɐɠ ůɢŮŰɑɕɞɜŰŬɘ ɎɛŮůŬ ɛŮ Űɖɜ ŮˊɘŰɡɢɑŬ əŬɘ Űɖɜ ˊɟɧɞŭɞ Űɖɠ 

ˊŬɟŬɔɤɔɐɠ ˊŮŰɟŮɚŬɑɞɡ ɐ űɡůɘəɞɨ ŬŮɟɑɞɡ. 
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ȾȺūȷȿȷȽɃ 3ɞ 

ȷɄɃȹɃɆȼ ɄȷɅȷũɋũȼɆ ɇȼɆ ũȺɋɇɅȼɆȼɆ 

 

3.1 ȺɘůŬɔɤɔɐ 

ɆŰɖ ɛɖɢŬɜɘəɐ ˊŮŰɟŮɚŬɑɞɡ, ɞ ůɡɜŭɡŬůɛɧɠ Űɖɠ ɟɞɐɠ ůŰɖɜ ˊŮɟɘɞɢɐ ŬˊɞůŰɟɎɔɔɘůɖɠ Űɞɡ űɟɏŬŰɞɠ 

(Inflow Performance) əŬɘ Űɖɠ ɟɞɐɠ ůŰɖ ˊŬɟŬɔɤɔɘəɐ ůŰɐɚɖ (Outflow Performance), əŬɗɞɟɑɕŮɘ Űɖɜ 

ɘəŬɜɧŰɖŰŬ əŬɘ Űɖɜ Ŭˊɧŭɞůɖ Űɖɠ ɔŮɩŰɟɖůɖɠ ˊŬɟŬɔɤɔɐɠ. ɇŬ ɟŮɡůŰɎ Ůɜɧɠ ŰŬɛɘŮɡŰɐɟŬ, ɛŮ Űɖɜ 

ɏɜŬɟɝɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ, Ŭűɞɨ ŭɘŬɜɨůɞɡɜ ŬˊɧůŰŬůɖ ɛɏůŬ ůŰɞ ˊɞɟɩŭŮɠ ɛɏůɞ, Ŭɟɢɑɕɞɡɜ ɜŬ ɟɏɞɡɜ 

ɛɏůŬ ůŰɞ űɟŮɎŰɘɞ Űɖɠ ɔŮɩŰɟɖůɖɠ, ɛɏůŬ Ŭˊɧ Űɖɜ ˊŬɟŬɔɤɔɘəɐ ůɤɚɐɜɤůɖ (tubing) əŬɘ Űɏɚɞɠ ɛɏůŬ 

ůŰɞɜ ŭɘŬɢɤɟɘůŰɐɟŬ (separator) (ɆɢɐɛŬ 3.1). 

 

 

ɆɢɐɛŬ 3.1: ɆɨůŰɖɛŬ ˊŬɟŬɔɤɔɐɠ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ (7) (Ʉɖɔɐ: Petrowiki.org) 

 

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ˊɞɟŮɑŬɠ ŬɡŰɐɠ, ɖ Ŭɟɢɘəɐ ˊɑŮůɖ Űɤɜ ɟŮɡůŰɩɜ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ ɛŮɘɩɜŮŰŬɘ 

ɛɏɢɟɘ əŬɘ Űɖɜ ŬŰɛɞůűŬɘɟɘəɐ ɛɏůŬ Ŭˊɧ ɛɑŬ ůŮɘɟɎ Ŭˊɧ ŭɘŬŭɞɢɘəɏɠ ˊŰɩůŮɘɠ ˊɑŮůɖɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ 

əŬɘ ůŰɞ ɆɢɐɛŬ 3.1: 

 

ȹɅ1 = ɄŰɩůɖ ˊɑŮůɖɠ ůŰɞɜ ŰŬɛɘŮɡŰɐɟŬ   

ȹɅ2 = ɄŰɩůɖ ˊɑŮůɖɠ ɚɧɔɤ Űɤɜ ˊŮɟɘɞɟɘůɛɩɜ ˊɞɡ ŮˊɘɓɎɚɚɞɡɜ ŰŬ ůŰɞɘɢŮɑŬ ˊɞɡ ŬˊɞŰŮɚɞɨɜ Űɖ 

ɔŮɩŰɟɖůɖ (completion) 

ȹɅ3 = ɄŰɩůɖ ˊɑŮůɖɠ ůŰɖɜ ˊŬɟŬɔɤɔɘəɐ ůŰɐɚɖ 
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ȹɅ4 = ɄŰɩůɖ ˊɑŮůɖɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ (ŮˊɘűŬɜŮɘŬəɏɠ ůɤɚɖɜɩůŮɘɠ, ŭɘŬɢɤɟɘůŰɐɟŬɠ, ɓŬɚɓɑŭŮɠ 

ŬůűŬɚŮɑŬɠ ə.Ŭ.) 

 

ȼ ŮˊɑˊŰɤůɖ Űɤɜ ˊŬɟŬˊɎɜɤ ˊŰɩůŮɤɜ ˊɑŮůɖɠ ůŰɖɜ ɟɞɐ Űɤɜ ɟŮɡůŰɩɜ ˊɟɞɠ Űɖɜ ŮˊɘűɎɜŮɘŬ, 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɘɠ ɘŭɘɧŰɖŰŮɠ əŬɘ Űɖɜ ˊɑŮůɖ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. Ƀɘ ɛɖɢŬɜɘəɞɑ ˊŬɟŬɔɤɔɐɠ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ əŬŰŬɜɞɐůɞɡɜ Űɖɜ ŬɚɚɖɚŮˊɑŭɟŬůɖ ˊɞɡ ɏɢɞɡɜ ŬɡŰɞɑ ɞɘ ˊŬɟɎɔɞɜŰŮɠ, ɝŮɢɤɟɘůŰɎ 

ůŰɞ ůɨůŰɖɛŬ ˊŬɟŬɔɤɔɐɠ, ɏŰůɘ ɩůŰŮ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ɛɞɜŰŮɚɞˊɞɘɐůɞɡɜ ůɤůŰɎ ɛɑŬ ɔŮɩŰɟɖůɖ ɛŮ 

ůəɞˊɧ Űɖɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖ əŬɘ Űɘɠ ɛŮɚɚɞɜŰɘəɏɠ ˊɟɞɓɚɏɣŮɘɠ Űɖɠ ˊŬɟŬɔɤɔɐɠ. 

 

3.2 Ʌɞɐ ůŰɞɜ ŰŬɛɘŮɡŰɐɟŬ  

ɆŰɞɡɠ ŰŬɛɘŮɡŰɐɟŮɠ ˊŮŰɟŮɚŬɑɞɡ ŮˊɘəɟŬŰɞɨɜ ůɡůŰɐɛŬŰŬ ɟɞɐɠ ŰŬ ɞˊɞɑŬ ŰŬɝɘɜɞɛɞɨɜŰŬɘ ŬɜɎɚɞɔŬ ɛŮ: 

ɇɞ Ůɑŭɞɠ Űɞɡ ɟŮɡůŰɞɨ (ůɡɛˊɘɏůɘɛɞ ɐ ŬůɡɛˊɑŮůŰɞ) 

ȰůŰɤ ɛɑŬ ɛɞɜɎŭŬ ɧɔəɞɡ Ůɜɧɠ ɛɏůɞɡ Űɞ ɞˊɞɑɞ ŮɑɜŬɘ əɞɟŮůɛɏɜɞ əŬŰɎ 100% ɛŮ ŬůɡɛˊɑŮůŰɞ ɟŮɡůŰɧ 

ɘɝɩŭɞɡɠ ɛ. ȼ ɞɔəɞɛŮŰɟɘəɐ ˊŬɟɞɢɐ Űɞɡ ɟŮɡůŰɞɨ ůŰɖɜ Ůɑůɞŭɞ əŬɘ ůŰɖɜ ɏɝɞŭɞ Űɞɡ ɧɔəɞɡ Űɞɡ 

ˊɞɟɩŭɞɡɠ ɛɏůɞɡ ɗŬ ŮɑɜŬɘ ůŰŬɗŮɟɐ əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ɢɟɧɜɞɡ əŬɘ Ůűɧůɞɜ Űɞ ɟŮɡůŰɧ 

ɗŮɤɟŮɑŰŬɘ ŬůɡɛˊɑŮůŰɞ, ɖ ˊɡəɜɧŰɖŰŬ ɗŬ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɐ ůŮ əɎɗŮ ůɖɛŮɑɞ (”=”): 

1 2 1 2
dm dm

m m
dt dt

= Ý =  

 

                                                 

1 2

1 1
1 2

dm dm

dt dtr r
=                                                 (3.1) 

ȷˊɧ Űɞɜ ɞɟɘůɛɧ Űɖɠ ˊɡəɜɧŰɖŰŬɠ ɘůɢɨŮɘ:  

                                             
dm dm

dV
dV

r
r

= Ú =                                              (3.2) 

ȯɟŬ ŬɜŰɘəŬɗɘůŰɩɜŰŬɠ ůŰɖɜ (3.1) ˊɟɞəɨˊŰŮɘ: 

                                            1 21 2
dV dV

Q Q
dt dt
= Ý =                                        (3.3) 

Ⱥˊɞɛɏɜɤɠ ɖ ˊŬɟɞɢɐ ŮɑɜŬɘ ůŰŬɗŮɟɐ ůŮ əɎɗŮ ůɖɛŮɑɞ. ȷɜŰɑɗŮŰŬ, Ŭɜ Űɞ ɟŮɡůŰɧ ŮɑɜŬɘ ůɡɛˊɘɏůɘɛɞ, ɖ 

ˊŬɟɞɢɐ ɛɎɕŬɠ ůŰɖɜ Ůɑůɞŭɞ əŬɘ ůŰɖɜ ɏɝɞŭɞ, ɗŮɤɟŮɑŰŬɘ ůŰŬɗŮɟɐ. Ⱥˊɞɛɏɜɤɠ ɖ Ůɝɑůɤůɖ Darcy 

ɚŬɛɓɎɜŮɘ Űɖɜ ˊŬɟŬəɎŰɤ ɛɞɟűɐ: 
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                                             L

k dP
U

dL
r r

m

å õ
=æ ö
ç ÷

                                                 (3.4) 

ɇɞ ɟὟ  ŮɑɜŬɘ ůŰŬɗŮɟɧ Ůɜɩ ɖ ˊɡəɜɧŰɖŰŬ ɟ ɛŮŰŬɓɎɚɚŮŰŬɘ ɛŮ Űɖɜ ˊɑŮůɖ. Ⱥˊɞɛɏɜɤɠ, ɔɘŬ ɜŬ 

ɛˊɞɟɏůɞɡɛŮ ɜŬ ɞɚɞəɚɖɟɩůɞɡɛŮ Űɖɜ Ůɝɑůɤůɖ (3.4) ɗŬ ˊɟɏˊŮɘ ɜŬ ɔɜɤɟɑɕɞɡɛŮ Űɞɜ Űɟɧˊɞ ɛŮ Űɞɜ 

ɞˊɞɑɞ ɛŮŰŬɓɎɚɚŮŰŬɘ ɖ ˊɡəɜɧŰɖŰŬ ɟ ɛŮ Űɖɜ ˊɑŮůɖ. 

 

ɇɖ ɔŮɤɛŮŰɟɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɟɞɐɠ  

ɇŬ ɓŬůɘəɎ Ůɑŭɖ  ɔŮɤɛŮŰɟɑŬɠ ɟɞɐɠ ŮɑɜŬɘ ɖ ŬəŰɘɜɤŰɐ (radial) ɟɞɐ, ɖ ɔɟŬɛɛɘəɐ (liner) əŬɘ ɖ 

ůűŬɘɟɘəɐ (spherical). ɇŬ ˊɘɞ ůɖɛŬɜŰɘəɎ ɛɞɜŰɏɚŬ ŮɑɜŬɘ ŬɡŰɎ Űɖɠ ɔɟŬɛɛɘəɐɠ əŬɘ Űɖɠ ŬəŰɘɜɤŰɐɠ 

ɟɞɐɠ. Ⱥˊɑůɖɠ, Űɞ ɛɞɜŰɏɚɞ ŬəŰɘɜɤŰɐɠ ɟɞɐɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ˊŮɟɘɔɟŬűɐ Űɖɠ ɟɞɐɠ Ůɜɧɠ 

ɟŮɡůŰɞɨ ˊɟɞɠ Űɖɜ ɔŮɩŰɟɖůɖ.  

 

ɇɞɜ Űɟɧˊɞ ɛŮŰŬɓɞɚɐɠ Űɖɠ ɟɞɐɠ ɛŮ Űɞ ɢɟɧɜɞ. 

Ƀɘ Űɟɧˊɞɘ ɛŮŰŬɓɞɚɐɠ Űɖɠ ɟɞɐɠ ɛŮ Űɞ ɢɟɧɜɞ ŮɑɜŬɘ Űɖɠ ůŰŬɗŮɟɐɠ əŬŰɎůŰŬůɖɠ (steady state), Űɖɠ ɛɖ 

ůŰŬɗŮɟɐɠ əŬŰɎůŰŬůɖɠ (unsteady state) əŬɘ Űɖɠ ɛŮŰŬɓŬŰɘəɐɠ (transient). ɇɖ ůŰɘɔɛɐ ˊɞɡ, ɛɑŬ 

ɔŮɩŰɟɖůɖ ɗŬ ŰŮɗŮɑ ůŮ ˊŬɟŬɔɤɔɐ, ɗŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ɛɑŬ ˊŰɩůɖ ˊɑŮůɖɠ ůŰŬ ŰɞɘɢɩɛŬŰɎ Űɖɠ ɘəŬɜɐ ɜŬ 

ˊɟɞəŬɚɏůŮɘ ɟɞɐ. ȰŰůɘ, ɛŮ Űɖɜ ˊŰɩůɖ ŬɡŰɐ, Űɞ ɟŮɡůŰɧ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ ŮəŰɞɜɩɜŮŰŬɘ ɔɘŬ ɜŬ 

əŬɚɨɣŮɘ Űɞɜ ɢɩɟɞ ˊɞɡ ɏɛŮɘɜŮ ɝŬűɜɘəɎ ŭɘŬɗɏůɘɛɞɠ, ŰɟɞűɞŭɞŰɩɜŰŬɠ Űɖɜ ɔŮɩŰɟɖůɖ ɛŮ ˊŮɟɘůůɧŰŮɟɞ 

ɟŮɡůŰɧ. ɀɏɢɟɘ ɚɞɘˊɧɜ ŬɡŰɐ ɖ ŭɘŬŰŬɟŬɢɐ Űɖɠ ˊɑŮůɖɠ, ɛɏůŬ ůŰɞɜ ŰŬɛɘŮɡŰɐɟŬ, űŰɎůŮɘ ůŰŬ ɧɟɘɎ Űɞɡ, 

ɞ ůɢɖɛŬŰɘůɛɧɠ ˊŬɟɎɔŮɘ ůŬɜ ɜŬ ɏɢŮɘ ɎˊŮɘɟɖ ŬəŰɑɜŬ əŬɘ ɖ ɟɞɐ ɗŮɤɟŮɑŰŬɘ ɛŮŰŬɓŬŰɘəɐ (transient 

flow). 

ȷɜɎɚɞɔŬ ɛŮ Űɞ Űɘ ɗŬ ɔɑɜŮɘ ůŰŬ ɧɟɘŬ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ, ŭɘŬəɟɑɜɞɜŰŬɘ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ: ɆŰɖɜ ˊɟɩŰɖ 

ˊŮɟɑˊŰɤůɖ, ɧŰŬɜ ɖ ˊɑŮůɖ ɗŬ ɏɢŮɘ ŭɘŬɜɨůŮɘ ɛɑŬ ŬəŰɑɜŬ er  əŬɘ ɗŬ ɏɢŮɘ űŰɎůŮɘ ůŰŬ ɧɟɘŬ Űɞɡ 

ŰŬɛɘŮɡŰɐɟŬ, ɗŬ ŬˊŬɘŰɖɗŮɑ ɖ ˊŬɟɏɚŮɡůɖ Ůɜɧɠ ɛɘəɟɞɨ ŭɘŬůŰɐɛŬŰɞɠ ɢɟɧɜɞɡ, ŬɜɎɚɞɔŬ ɛŮ Űɖ 

ɔŮɤɛŮŰɟɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ ŬˊɞůŰɟɎɔɔɘůɖɠ, ɔɘŬ Űɖɜ ŬɜŬəŬŰŬɜɞɛɐ Űɖɠ ˊɑŮůɖɠ ɛɏůŬ ůŰɞɜ ŰŬɛɘŮɡŰɐɟŬ 

(late transient flow). ɀŮŰɎ Ŭˊɧ Űɞ ŭɘɎůŰɖɛŬ ŬɡŰɧ, ɞ ŰŬɛɘŮɡŰɐɟŬɠ ˊŬɟɎɔŮɘ ɡˊɧ ůɡɜɗɐəŮɠ 

ůŰŬɗŮɟɞˊɞɘɖɛɏɜɖɠ ɟɞɐɠ, ɖ ɞˊɞɑŬ ɢɤɟɑɕŮŰŬɘ ůŮ ůŰŬɗŮɟɐɠ əŬŰɎůŰŬůɖɠ əŬɘ ɛɖ ůŰŬɗŮɟɐɠ 

əŬŰɎůŰŬůɖɠ. ɆŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ, ɞɘ ůɡɜɗɐəŮɠ ɟɞɐɠ ŭɘŬŰɖɟɞɨɜŰŬɘ ůŰŬɗŮɟɏɠ ŮɑŰŮ ŭɘɧŰɘ ɔɑɜŮŰŬɘ 

ɏɔɢɡůɖ ɜŮɟɞɨ Ŭˊɧ ɔŮɘŰɞɜɘəɏɠ ɔŮɤŰɟɐůŮɘɠ ɏɔɢɡůɖɠ ŮɑŰŮ ŭɘɧŰɘ ɞ ŰŬɛɘŮɡŰɐɟŬɠ ɏɢŮɘ ŮˊɘəɞɘɜɤɜɑŬ ɛŮ 

ɏɜŬɜ ɡŭɟɞűɧɟɞ ɞɟɑɕɞɜŰŬ ɞ ɞˊɞɑɞɠ ŬɜŬˊɚɖɟɩɜŮɘ ůɡɜɏɢŮɘŬ Űɞɜ ɧɔəɞ Űɤɜ ɟŮɡůŰɩɜ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ. 

Ʉɘɞ ŬɜŬɚɡŰɘəɎ: 
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1. ɀŮŰŬɓŬŰɘəɐ ɟɞɐ (Transient flow) 

ȼ ɛŮŰŬɓŬŰɘəɐ ɟɞɐ ŮűŬɟɛɧɕŮŰŬɘ ɛɧɜɞ ɔɘŬ Űɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ɏɤɠ ɧŰɞɡ ɖ ŭɘŬŰŬɟŬɢɐ Űɖɠ ˊɑŮůɖɠ 

űŰɎůŮɘ ůŰŬ ɧɟɘŬ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. ȼ ůŰŬŭɘŬəɐ ŮˊɏəŰŬůɖ Űɖɠ ŭɘŬŰŬɟŬɢɐɠ ŬɡŰɐɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ 

ɆɢɐɛŬ 3.2. ɆŰɞ ŭɘɎůŰɖɛŬ ůŰɞ ɞˊɞɑɞ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ɖ ɛŮŰŬɓŬŰɘəɐ ɟɞɐ, ɗŮɤɟŮɑŰŬɘ ɧŰɘ ɖ ˊɑŮůɖ 

ůŰɞɜ ŰŬɛɘŮɡŰɐɟŬ ŭŮɜ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟɞɡůɑŬ Űɞɡ ŮɝɤŰŮɟɘəɞɨ Űɞɡ ɞɟɑɞɡ, Ůˊɞɛɏɜɤɠ ɞ 

ŰŬɛɘŮɡŰɐɟŬɠ ɗŮɤɟŮɑŰŬɘ ɧŰɘ ɏɢŮɘ ɎˊŮɘɟɖ ɏəŰŬůɖ. ȼ ɗŮɩɟɖůɖ ŬɡŰɐ ŮűŬɟɛɧɕŮŰŬɘ əɡɟɑɤɠ ůŰɖɜ 

ŬɜɎɚɡůɖ Űɤɜ ŰŮůŰ ˊŬɟŬɔɤɔɐɠ, ůŰŬ ɞˊɞɑŬ ɞ ɟɡɗɛɧɠ ˊŬɟŬɔɤɔɐɠ ŬɚɚɎɕŮɘ ůəɧˊɘɛŬ ůɡɜŮɢɩɠ, ɏŰůɘ 

ɩůŰŮ ɜŬ ɛŮŰɟɖɗŮɑ əŬɘ ɜŬ əŬŰŬɔɟŬűŮɑ ɖ ˊɑŮůɖ Űɞɡ ˊɡɗɛɏɜŬ Űɖɠ ɔŮɩŰɟɖůɖɠ, əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ɛɘŬɠ 

ůɨɜŰɞɛɖɠ ˊŮɟɘɧŭɞɡ ɛŮɟɘəɩɜ ɤɟɩɜ Ŭˊɧ Űɖɜ ŬɚɚŬɔɐ Űɞɡ ɟɡɗɛɞɨ, ŭɖɚŬŭɐ ɖ ŬɜŰɑŭɟŬůɖ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ ɟɞɐɠ ůŰɖɜ ɛŮŰŬɓɞɚɐ Űɖɠ ˊŬɟɞɢɐɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ɖ ˊɑŮůɖ ŮɑɜŬɘ ůɡɜɎɟŰɖůɖ 

Űɧůɞ Űɖɠ ɗɏůɖɠ ůŰɖɜ ɞˊɞɑŬ ɏɢŮɘ űŰɎůŮɘ ɖ ŭɘŬŰŬɟŬɢɐ, ɧůɞ əŬɘ Űɞɡ ɢɟɧɜɞɡ: 

 

                                                  ( ),P f r t=                                                    (3.9) 

ȾŬɘ                                                          ( ),
p

f r t
t

µ
=

µ
                                                 (3.10) 

  

 

ɆɢɐɛŬ 3.2: ɆŰɎŭɘŬ ɛŮŰŬɓŬŰɘəɐɠ ɟɞɐɠ  (8) (Ʉɖɔɐ: 

http://infohost.nmt.edu/~petro/faculty/Engler524/PET524-7-transient.pdf) 
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2. Ʌɞɐ ůŰŬɗŮɟɐɠ əŬŰɎůŰŬůɖɠ (Steady state) 

Ʉɞɚɚɞɑ ŰŬɛɘŮɡŰɐɟŮɠ ˊŬɟɎɔɞɡɜ ɡˊɧ əŬɗŮůŰɩɠ ůŰŬɗŮɟɐɠ əŬŰɎůŰŬůɖɠ (ɆɢɐɛŬ 3.3). ȷɡŰɧ 

ůɡɛɓŬɑɜŮɘ ɧŰŬɜ ˊŬɟɎɔɞɡɜ ɛŮ ɘůɢɡɟɧ ɛɖɢŬɜɘůɛɧ ŮəŰɧˊɘůɖɠ Ŭˊɧ ɡˊɞəŮɑɛŮɜɞ ɡŭɟɞűɧɟɞ ɞɟɑɕɞɜŰŬ 

ɞˊɧŰŮ ɞ ŰŬɛɘŮɡŰɐɟŬɠ ɗŮɤɟŮɑŰŬɘ ɧŰɘ ɏɢŮɘ ɏɜŬ ŬɜɞɘəŰɧ ɔɘŬ ɟɞɐ ŮɝɤŰŮɟɘəɧ ůɨɜɞɟɞ. Ƀɘ Űɘɛɏɠ Űɖɠ 

ˊɑŮůɖɠ əŬɘ Űɖɠ ˊŬɟɞɢɐɠ Űɞɡ űɟɏŬŰɞɠ ˊɞɡ əŬŰŬɔɟɎűɞɜŰŬɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ɛɘŬɠ ˊŮɟɘɧŭɞɡ ɟɞɐɠ, 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ Űɞ əŬɗŮůŰɩɠ ɟɞɐɠ. ȷɜ ɞɘ Űɘɛɏɠ ŬɡŰɏɠ ˊŬɟŬɛɏɜɞɡɜ 

ůŰŬɗŮɟɏɠ ɛŮ Űɞ ɢɟɧɜɞ ŰɧŰŮ ŮɑɜŬɘ ůɑɔɞɡɟɞ ˊɤɠ ŮˊɘəɟŬŰŮɑ ɖ ɟɞɐ ůŰŬɗŮɟɐɠ əŬŰɎůŰŬůɖɠ. ŪŮɤɟŮɑŰŬɘ 

ŭŮŭɞɛɏɜɞ ɧŰɘ, ɔɘŬ ůŰŬɗŮɟɧ ɟɡɗɛɧ ˊŬɟŬɔɤɔɐɠ, ɖ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ ɟŮɡůŰɩɜ Ŭˊɧ Űɞɜ ŰŬɛɘŮɡŰɐɟŬ 

ɗŬ ŬɜŰɘůŰŬɗɛɑɕŮŰŬɘ ɛŮ Űɖɜ Ůɑůɞŭɞ Űɤɜ ɟŮɡůŰɩɜ əŬŰɎ ɛɐəɞɠ Űɞɡ ŬɜɞɘəŰɞɨ ɞɟɑɞɡ əŬɘ, ɤɠ Ůə 

ŰɞɨŰɞɡ: 

                                                 eP P Ɏstaqer= =   ɔɘŬ  er r=                                (3.5) 

ȾŬɘ                                                 0
p

t

µ
=

µ
 ɔɘŬ ɧɚŬ ŰŬ r əŬɘ t                              (3.6) 

ɧˊɞɡ ὖ ɖ ˊɑŮůɖ Űɞɡ ŮɝɤŰŮɟɘəɞɨ ɞɟɑɞɡ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ, ὶ ɖ ŬəŰɑɜŬ Űɖɠ ˊŮɟɘɞɢɐɠ ŬˊɞůŰɟɎɔɔɘůɖɠ 

əŬɘ P ɖ ˊɑŮůɖ ůŮ ɛɑŬ ŬəŰɑɜŬ r. 

 

 

ɆɢɐɛŬ 3.3: Ʌɞɐ ůŰŬɗŮɟɐɠ əŬŰɎůŰŬůɖɠ  (9) (Fundamentals of Reservoir Engineering ï L.P. Dake) 

 

3. Ʌɞɐ ɛɖ ůŰŬɗŮɟɐɠ əŬŰɎůŰŬůɖɠ (Unsteady state) 

ȰɜŬɠ ŰŬɛɘŮɡŰɐɟŬɠ ɞ ɞˊɞɑɞɠ ˊŬɟɎɔŮɘ ɢɤɟɑɠ ɞɘ ɧɔəɞɘ Űɤɜ ɟŮɡůŰɩɜ Űɞɡ ɜŬ ŬɜŬˊɚɖɟɩɜɞɜŰŬɘ Ŭˊɧ 

ɏɜŬɜ ɛŮɔɎɚɞ ɡˊɞəŮɑɛŮɜɞ ɡŭɟɞűɧɟɞ ɞɟɑɕɞɜŰŬ ɐ Ŭˊɧ ŮɘůˊɑŮůɖ ɗŬɚŬůůɘɜɞɨ ɜŮɟɞɨ, ɗŮɤɟŮɑŰŬɘ ˊɤɠ 

ˊŬɟɎɔŮɘ ɡˊɧ ůɡɜɗɐəŮɠ ɛɖ ůŰŬɗŮɟɐɠ əŬŰɎůŰŬůɖɠ əŬɘ ŬˊɞŰŮɚŮɑ ɏɜŬ əɚŮɘůŰɧ ůɨůŰɖɛŬ ɟɞɐɠ. 
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ȹɘŬəɟɑɜɞɜŰŬɘ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ ɟɞɐɠ ɛɖ ůŰŬɗŮɟɐɠ əŬŰɎůŰŬůɖɠ ŬɜɎɚɞɔŬ ɛŮ Űɞɜ Űɟɧˊɞ ˊŬɟŬɔɤɔɐɠ. 

ȺɑŰŮ ɖ ˊŬɟɞɢɐ q ŭɘŬŰɖɟŮɑŰŬɘ ůŰŬɗŮɟɐ ůŰɞ ɓɎɗɞɠ Űɞɡ űɟɏŬŰɞɠ (ɣŮɡŭɞ-ůŰŬɗŮɟɐ əŬŰɎůŰŬůɖ) ŮɑŰŮ ɖ 

ˊɑŮůɖ ŮɑɜŬɘ ŬɡŰɐ ˊɞɡ əɟŬŰŮɑŰŬɘ ůŰŬɗŮɟɐ Ůɜɩ ɖ ˊŬɟɞɢɐ əɡɛŬɑɜŮŰŬɘ (Ʌɞɐ ɛɖ ůŰŬɗŮɟɐɠ əŬŰɎůŰŬůɖɠ 

ɡˊɧ ůŰŬɗŮɟɐ ˊɑŮůɖ). 

 

Ʌɞɐ ɣŮɡŭɞ-ůŰŬɗŮɟɐɠ əŬŰɎůŰŬůɖɠ 

ŪŮɤɟŮɑŰŬɘ ɧŰɘ ŮɑɜŬɘ ɏɜŬ əɚŮɘůŰɧ ůɨůŰɖɛŬ ɟɞɐɠ, ŭɖɚŬŭɐ ŰŬ ɟŮɡůŰɎ ˊɞɡ ŬˊɞɛŬəɟɨɜɞɜŰŬɘ ŭŮɜ 

ŬɜŬˊɚɖɟɩɜɞɜŰŬɘ Ŭˊɧ ɏɜŬɜ ɛŮɔɎɚɞ ɡŭɟɞűɧɟɞ ɞɟɑɕɞɜŰŬ ɐ Ŭˊɧ ŮɘůˊɑŮůɖ ɗŬɚŬůůɘɜɞɨ ɜŮɟɞɨ. 

ȷɛɏůɤɠ ɛɧɚɘɠ ɖ ŭɘŬŰŬɟŬɢɐ Űɖɠ ˊɑŮůɖɠ (pressure gradient) űŰɎůŮɘ ůŮ ɧɚɞ Űɞɜ ŰŬɛɘŮɡŰɐɟŬ, ɞ ɚɧɔɞɠ 

ȹP/ȹt ɔɑɜŮŰŬɘ ůŰŬɗŮɟɧɠ ůŮ ɧɚŬ ŰŬ ůɖɛŮɑŬ əŬɘ ɏɢɞɡɛŮ ɞɛɞɘɧɛɞɟűŮɠ əŬŰŬɜɞɛɏɠ Űɖɠ ˊɑŮůɖɠ ɛŮ Űɞɜ 

ɢɟɧɜɞ ɔɘŬ əɎɗŮ r. Ⱥˊɞɛɏɜɤɠ: 

                                               
dP dV

cV q
dt dt
=- =-                                    (3.7) 

ȾŬɘ                                                           
2

e

dP q

dt c r hp
=-

F
                                     (3.8) 

 

 

ɆɢɐɛŬ 3.4: Ʌɞɐ ɣŮɡŭɞ-ůŰŬɗŮɟɐɠ əŬŰɎůŰŬůɖɠ  (10) (Fundamentals of Reservoir Engineering ï 

L.P. Dake) 

 

 



31 
 

3.3 Ʌɞɐ ůŮ əɚŮɘůŰɞɨɠ Ŭɔɤɔɞɨɠ ɡˊɧ ˊɑŮůɖ  

ɇɞ ɘɝɩŭŮɠ əŬŰɎ Űɖ ɟɞɐ Űɤɜ ɟŮɡůŰɩɜ ˊɟɞəŬɚŮɑ ŭɘŬŰɛɖŰɘəɏɠ ŰɎůŮɘɠ ɐ ŭɡɜɎɛŮɘɠ Űɟɘɓɐɠ ɛŮŰŬɝɨ Űɤɜ 

ɛɞɟɑɤɜ Ůɜɧɠ ɟŮɡůŰɞɨ əŬɘ ɛŮŰŬɝɨ Űɤɜ ɛɞɟɑɤɜ Űɞɡ ɟŮɡůŰɞɨ əŬɘ Űɤɜ ŰɞɘɢɤɛɎŰɤɜ Űɤɜ Ŭɔɤɔɩɜ, 

ɛɏůŬ ůŰɞɡɠ ɞˊɞɑɞɡɠ əɘɜŮɑŰŬɘ Űɞ ɟŮɡůŰɧ, ɛŮ ŰŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ŬɜŰɑůŰŬůɖ ˊɟɞɠ 

Űɖɜ əɑɜɖůɖ. ũɘŬ ɜŬ ɡˊɎɟɝŮɘ ɟɞɐ Ůɜɧɠ ɟŮɡůŰɞɨ, ˊɟɏˊŮɘ ɜŬ ŮəŰŮɚŮůɗŮɑ ɏɟɔɞ ɔɘŬ Űɖɜ ɡˊŮɟɜɑəɖůɖ 

ŬɡŰɩɜ Űɤɜ ŭɡɜɎɛŮɤɜ ŬɜŰɘůŰɎůŮɤɠ əŬɘ əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ɐ ɛɖɢŬɜɘəɐ ŮɜɏɟɔŮɘŬ 

ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ɗŮɟɛɧŰɖŰŬ.  

 

Ƀɘ ŮˊɘŭɟɎůŮɘɠ Űɞɡ ɘɝɩŭɞɡɠ ŬɜŬɔəɎɕɞɡɜ ɏɜŬ ɟŮɡůŰɧ ɜŬ ɟɏŮɘ əɎŰɤ Ŭˊɧ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ 

əŬŰŬůŰɎůŮɘɠ, Űɖɜ əŬŰɎůŰŬůɖ Űɖɠ ůŰɟɤŰɐɠ ɟɞɐɠ (laminar flow) əŬɘ Űɖɜ əŬŰɎůŰŬůɖ Űɖɠ Űɡɟɓɩŭɞɡɠ 

ɟɞɐɠ (turbulent flow). ɆŰɖ ůŰɟɤŰɐ ɟɞɐ, ŰŬ ɛɧɟɘŬ əɘɜɞɨɜŰŬɘ ůŮ ɔɟŬɛɛɏɠ ɐ ůŰɟɩůŮɘɠ ˊŬɟɎɚɚɖɚŮɠ 

ɛŮŰŬɝɨ Űɞɡɠ əŬɘ ŭŮɜ ɡˊɎɟɢŮɘ ɛɖɢŬɜɘəɐ ŬɜɎɛɘɝɖ Űɤɜ ɛɞɟɑɤɜ. ȾŬŰɎ Űɖɜ Űɡɟɓɩŭɖ ɟɞɐ, ŰŬ ɛɧɟɘŬ 

Űɞɡ ɟŮɡůŰɞɨ, ˊŬɟɎɚɚɖɚŬ ɛŮ Űɖɜ əɑɜɖůɖ Űɞɡɠ ˊɟɞɠ Űɖɜ əɨɟɘŬ ŭɘŮɨɗɡɜůɖ Űɖɠ ɟɞɐɠ, əɘɜɞɨɜŰŬɘ 

ŰɡɢŬɑŬ əŬɘ ˊɟɞɠ ɧɚŮɠ Űɘɠ ŭɘŮɡɗɨɜůŮɘɠ. ȼ ɛˊɚŮɔɛɏɜɖ ŬɡŰɐ ɛɞɟűɐ Űɖɠ Űɡɟɓɩŭɞɡɠ ɟɞɐɠ, ŮˊɖɟŮɎɕŮɘ 

ɞ́ɚɚɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ɟŮɡůŰɞɨ ˊɞɨ ŭɘŬűɏɟɞɡɜ ůɖɛŬɜŰɘəɎ ɛŮŰŬɝɨ Űɤɜ ůŰɟɤŰɩɜ əŬɘ Űɡɟɓɤŭɩɜ 

ɟɞɩɜ. ȰŰůɘ ɞɘ ŰɡɟɓɩŭŮɘɠ ɟɞɏɠ ɛŮŰŬűɏɟɞɡɜ ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɖ ˊɞůɧŰɖŰŬ əɘɜɐůŮɤɠ əŬɘ Ůˊɞɛɏɜɤɠ 

ůŮ ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ Ŭůəɞɨɜ ˊɞɚɨ ɛŮɔŬɚɨŰŮɟŮɠ ŭɡɜɎɛŮɘɠ ůŰŬ ůŰŮɟŮɎ ůɩɛŬŰŬ, ˊɞɨ ŮɑɜŬɘ ůŮ 

ŮˊŬűɐ ɛŮ Űɞ ɟŮɡůŰɧ.  

 

H ůŰɟɤŰɐ ɟɞɐ ŮɛűŬɜɑɕŮŰŬɘ ɧŰŬɜ ɞɘ Űɘɛɏɠ Űɞɡ Re ŮɑɜŬɘ ɛɘəɟɧŰŮɟŮɠ Űɞɡ 2320 əŬɘ ɖ Űɡɟɓɩŭɖɠ ɟɞɐ 

ɧŰŬɜ ɞɘ Űɘɛɏɠ Űɞɡ Re ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ 4000 ɏɤɠ 6000. H ŬůŰŬɗɐɠ ŮɜŭɘɎɛŮůɖ əŬŰɎůŰŬůɖ 

ɛŮŰŬɝɨ ůŰɟɤŰɐɠ əŬɘ Űɡɟɓɩŭɞɡɠ ɟɞɐɠ, ɞɜɞɛɎɕŮŰŬɘ ɛŮŰŬɓŬŰɘəɐ əŬŰɎůŰŬůɖ əŬɘ ŮɑɜŬɘ ŭɡɜŬŰɧ ɜŬ 

ŮɛűŬɜɘůɗŮɑ ɔɘŬ Ŭɟɘɗɛɞɨɠ Reynolds Ŭˊɧ 2320 ɤɠ 6000. 

 

3.4 Nodal Analysis (Ⱦɞɛɓɘəɐ ȷɜɎɚɡůɖ) 

ȼ ŰŮɢɜɘəɐ Űɞɡ nodal analysis ŮűŬɟɛɧɕŮŰŬɘ Ůŭɩ əŬɘ ˊɞɚɚɎ ɢɟɧɜɘŬ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ Űɖɠ Ůˊɑŭɞůɖɠ 

Űɖɠ ˊŬɟŬɔɤɔɐɠ. ɀŮ ŬɡŰɐ Űɖɜ ɛɏɗɞŭɞ ŬɜŬɚɨɞɜŰŬɘ ˊŮɟɑˊɚɞəŬ ŭɑəŰɡŬ Ŭɔɤɔɩɜ, ɖɚŮəŰɟɘəɎ 

əɡəɚɩɛŬŰŬ əŬɘ ůɡůŰɐɛŬŰŬ ɎɜŰɚɖůɖɠ ˊŬɟŬɔɤɔɐɠ. ȺűŬɟɛɧůŰɖəŮ ůŰŬ ůɡůŰɐɛŬŰŬ ˊŬɟŬɔɤɔɐɠ, 

ŬɜŬˊŰɨɢɗɖəŮ ˊɟɩŰɖ űɞɟɎ Ŭˊɧ Űɞɜ Gilbert Űɞ 1954 Ůɜɩ ɞ Mach, Proano əŬɘ ɞ Brown Űɖɜ 

ŬɜɏˊŰɡɝŬɜ ˊŮɟŬɘŰɏɟɤ Űɞ 1979. 
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ɆŰɞ nodal analysis, ŮˊɘɚɏɔŮŰŬɘ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ůɖɛŮɑɞ Űɞɡ ůɡůŰɐɛŬŰɞɠ (node) əŬɘ Űɞ ůɨůŰɖɛŬ 

ŭɘŬɘɟŮɑŰŬɘ ůŮ ŭɨɞ ɛɏɟɖ ɛŮ ɓɎůɖ ŬɡŰɧ Űɞ ůɖɛŮɑɞ. ȳɚŬ ŰŬ ůɡůŰɐɛŬŰŬ əŬŰɎɜŰɖ Űɞɡ node (upstream) 

ŬˊɞŰŮɚɞɨɜ Űɞ inflow ŰɛɐɛŬ Ůɜɩ ŰŬ ůɡůŰɐɛŬŰŬ ŬɜɎɜŰɖ Űɞɡ node (downstream) ŬˊɞŰŮɚɞɨɜ Űɞ 

outflow ŰɛɐɛŬ. ɇɞ ůɖɛŮɑɞ (node) ůŰɞ ɞˊɞɑɞ ɢɤɟɑɕŮŰŬɘ Űɞ ůɨůŰɖɛŬ ˊɟɞɠ ɛŮɚɏŰɖ, ɞɟɑɕŮŰŬɘ ůŰɞɜ 

ˊɡɗɛɏɜŬ Űɖɠ ɔŮɩŰɟɖůɖɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŭɘŬɢɤɟɘůŰŮɑ Űɞ ůɨůŰɖɛŬ ůŰɞ  ŰɛɐɛŬ Űɖɠ ɟɞɐɠ ˊɞɡ 

ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞɜ ŰŬɛɘŮɡŰɐɟŬ əŬɘ ůŰɞ ŰɛɐɛŬ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖ ɟɞɐ ůŰɘɠ ůɤɚɖɜɩůŮɘɠ ɛɏɢɟɘ əŬɘ 

Űɖɜ ŮˊɘűɎɜŮɘŬ. 

 

Ƀɘ ˊɘɞ ɓŬůɘəɞɑ ůŰɧɢɞɘ Űɞɡ nodal analysis ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

¶ Ƀ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ ɟɡɗɛɞɨ ˊŬɟŬɔɤɔɐɠ ɛŮ Űɞɜ ɞˊɞɑɞ ˊŬɟɎɔŮɘ ɛɑŬ ɔŮɩŰɟɖůɖ 

ˊŮŰɟŮɚŬɑɞɡ ɐ ŬŮɟɑɞɡ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊô ɧɣɖ Űɖ ɔŮɤɛŮŰɟɑŬ Űɖɠ əŬɘ Űɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ Űɖɠ 

ůɡɛˊɚɐɟɤůɖɠ (completion). 

¶ ɁŬ ˊɟɞůŭɘɞɟɑůŮɘ əɎŰɤ Ŭˊɧ ˊɞɘŮɠ ůɡɜɗɐəŮɠ ɟɞɐɠ ɖ ɔŮɩŰɟɖůɖ ɗŬ ůŰŬɛŬŰɐůŮɘ ɜŬ ˊŬɟɎɔŮɘ. 

¶ ɁŬ ŮˊɘɚɏɝŮɘ Űɖɜ əŬŰɎɚɚɖɚɖ ˊŮɟɑɞŭɞ əŬŰɎ Űɖɜ ɞˊɞɑŬ ɗŬ ˊɟɏˊŮɘ ɜŬ ŬɟɢɑůŮɘ ɜŬ ɚŮɘŰɞɡɟɔŮɑ 

ɏɜŬɠ ŰŮɢɜɖŰɧɠ ɛɖɢŬɜɘůɛɧɠ ˊŬɟŬɔɤɔɐɠ (artificial lift ). 

¶ ȼ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɖɠ ɛɏɔɘůŰɖɠ ŭɡɜŬŰɐɠ ˊɞůɧŰɖŰŬɠ 

ɟŮɡůŰɩɜ. 

¶ Ƀ ɏɚŮɔɢɞɠ əɎɗŮ ůŰɞɘɢŮɑɞɡ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɔɘŬ ɜŬ ˊɟɞůŭɘɞɟɑůŮɘ Ŭɜ ˊŮɟɘɞɟɑɕŮɘ Űɖɜ ɟɞɐ ɔɘŬ 

ɞˊɞɘɞŭɐˊɞŰŮ ɚɧɔɞ (ˊ.ɢ. ɛˊɞɟŮɑ ɛɑŬ ɓŬɚɓɑŭŬ ŬůűŬɚŮɑŬɠ ɜŬ ɏɢŮɘ ˊɞɚɨ ˊɘɞ ɛɘəɟɐ ŭɘɎɛŮŰɟɞ 

Ŭˊɧ Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ əŬɘ əŬŰô ŮˊɏəŰŬůɖ ɜŬ ˊŮɟɘɞɟɑɕŮɘ Űɖɜ ɟɞɐ). 

 

Ƀ ɟɡɗɛɧɠ ˊŬɟŬɔɤɔɐɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɛˊɞɟŮɑ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ Ůűɧůɞɜ ŰɖɟɞɨɜŰŬɘ ɞɘ ŬəɧɚɞɡɗŮɠ 

ˊɟɞɦˊɞɗɏůŮɘɠ:  

 

1) ȼ ɟɞɐ ˊɟɞɠ Űɞ node ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɑůɖ ɛŮ Űɖɜ ɟɞɐ ɏɝɤ Ŭˊɧ Űɞ node. 

2) ɀɧɜɞ ɛɑŬ ˊɑŮůɖ ɛˊɞɟŮɑ ɜŬ ɘůɢɨŮɘ ůŰɞ node (upstream & downstream). 

 

ɇŬ əɡɟɘɧŰŮɟŬ nodes ɔɘŬ ɏɜŬ ůɨůŰɖɛŬ ˊŬɟŬɔɤɔɐɠ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ ŭɑɜɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 3.5. 
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ɆɢɐɛŬ 3.5: ȹɘɎűɞɟŮɠ ˊŮɟɘɞɢɏɠ Űɞɡ node (11) 

 

ȼ ˊɑŮůɖ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ, əŬɘ Űɖɠ əŮűŬɚɐɠ Űɖɠ ɔŮɩŰɟɖůɖɠ (wellhead) ɐ Űɞɡ ŭɘŬɢɤɟɘůŰɐɟŬ, 

ɗŮɤɟɞɨɜŰŬɘ ůŰŬɗŮɟɏɠ ɛɑŬ ŭŮŭɞɛɏɜɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ. Ⱥűɧůɞɜ Űɞ node ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ ɛɧɜɞ ɛɑŬ 

ˊɑŮůɖ, ŰɧŰŮ:  

 

                  r upstream nodeP P P-D =             (inflow)                                     (3.11) 

               wh downstream nodeP P P+D =           (outflow)                                      (3.12) 

  

ȳˊɞɡ: ὖ ɖ ɛɏůɖ ˊɑŮůɖ ŰŬɛɘŮɡŰɐɟŬ (psi), ὖ  ɖ ́ɑŮůɖ ůŰɖɜ əŮűŬɚɐ Űɖɠ ɔŮɩŰɟɖůɖɠ (psi),     

 ῳὖ  ɖ ́ Űɩůɖ ˊɑŮůɖɠ ɚɧɔɤ Űɤɜ Ůˊɘɛɏɟɞɡɠ ŰɛɖɛɎŰɤɜ əŬŰɎɜŰɖ Űɞɡ node əŬɘ  

ῳὖ  ɖ ́Űɩůɖ ˊɑŮůɖɠ ɚɧɔɤ Űɤɜ Ůˊɘɛɏɟɞɡɠ ŰɛɖɛɎŰɤɜ ŬɜɎɜŰɖ Űɞɡ node. 

ɀɑŬ Űɡˊɘəɐ ɔɟŬűɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Ŭˊɧ Űɖɜ ŬɜɎɚɡůɖ Űɤɜ ŭɨɞ ˊŬɟŬˊɎɜɤ ŮɝɘůɩůŮɤɜ (3.11) əŬɘ 

(3.12), ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 3.6, ɧˊɞɡ əŬɘ ɏɢŮɘ ˊŬɟŬůŰŬɗŮɑ ɔɟŬűɘəɎ ɖ ůɢɏůɖ ˊɑŮůɖɠ ï 

ɟɡɗɛɞɨ ˊŬɟŬɔɤɔɐɠ ɔɘŬ Űɘɠ ŭɨɞ ŮɝɘůɩůŮɘɠ inflow əŬɘ outflow, ɔɘŬ ɏɜŬ əɞɘɜɧ ůɖɛŮɑɞ (Pnode). ɇɞ 

ůɖɛŮɑɞ Űɞɛɐɠ Űɤɜ ŭɨɞ ɔɟŬɛɛɩɜ ŮɑɜŬɘ əŬɘ Űɞ ɛɞɜŬŭɘəɧ ůɖɛŮɑɞ ɚŮɘŰɞɡɟɔɑŬɠ (operating point) ˊɞɡ 

ˊɟɞůŭɘɞɟɑɕŮɘ Űɘɠ Űɘɛɏɠ Űɖɠ ˊɑŮůɖɠ əŬɘ Űɞɡ ɟɡɗɛɞɨ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰɞ ůɡɔəŮəɟɘɛɏɜɞ ůɖɛŮɑɞ, ɞɘ 

ɞˊɞɑŮɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ɘəŬɜɞˊɞɘɞɨɜ əŬɘ Űɘɠ ŭɨɞ ŮɝɘůɩůŮɘɠ. ȷɡŰɐ ɖ ˊɟɞůŮɔɔɘůŰɘəɐ ɛɏɗɞŭɞɠ Ůˊɑɚɡůɖɠ 
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ŬˊɞŰŮɚŮɑ Űɖ ɓɎůɖ ɔɘŬ ɧɚŮɠ Űɘɠ ŭɘŬŭɘəŬůɑŮɠ ɡˊɞɚɞɔɘůɛɞɨ ɟɞɐɠ ůŮ ɛɑŬ ˊŬɟŬɔɤɔɘəɐ ɔŮɩŰɟɖůɖ əŬɘ 

ůɡɢɜɎ ŬɜŬűɏɟŮŰŬɘ ɤɠ ɛɏɗɞŭɞɠ əɞɛɓɘəɐ ŬɜɎɚɡůɖɠ ɐ nodal analysis.  

 

ʅ˔ʺ˃ʰ 3.6Υ ʃʾʶˋʹ ̀ ˍˇ node ̀ ˎ˄ʰˊˍʺˋʶʽ ̱ ˇˎ ́ ˎʻ˃ˇˏ ˉʰˊʰʴ˖ʴʺˌ (12) 
(http://www.ingenieriadepetroleo.com/nodal-analysis-petroleum-engineering.html) 

 

ȼ əɨɟɘŬ ɢɟɖůɘɛɧŰɖŰŬ Űɖɠ ɛŮɗɧŭɞɡ ŬɡŰɐɠ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ, ŮɑɜŬɘ ɜŬ ɓɟŮɗŮɑ Űɞ 

ůɖɛŮɑɞ ŮəŮɑɜɞ (Operating Point) Űɞ ɞˊɞɑɞ ɗŬ ŭɩůŮɘ Űɞɜ ɓɏɚŰɘůŰɞ ɟɡɗɛɧ ˊŬɟŬɔɤɔɐɠ ˊŮŰɟŮɚŬɑɞɡ 

ɛŮ Űɖɜ ɏɔɢɡůɖ Űɖɠ ɓɏɚŰɘůŰɖɠ ˊɞůɧŰɖŰŬɠ ŬŮɟɑɞɡ ɔɘŬ əɎɗŮ ɔŮɩŰɟɖůɖ, ˊɞɡ ŮɑɜŬɘ əŬɘ Űɞ ɓŬůɘəɧ 

ɕɖŰɞɨɛŮɜɞ. ȷɡŰɧ ɗŬ ŮˊɘŰŮɡɢɗŮɑ ɛŮ Űɞɜ ůɡɜŭɡŬůɛɧ Űɖɠ əŬɛˊɨɚɖɠ IPR (Inflow Performance 

Relationship), ɖ ɞˊɞɑŬ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖɜ ɟɞɐ ůŰɞɜ ŰŬɛɘŮɡŰɐɟŬ əŬɘ ɛŮ Űɖɜ əŬɛˊɨɚɖ VLP 

(Vertical Lift  Performance) ɐ TPC, ɖ ɞˊɞɑŬ ŬɜŬɚɞɔŮɑ ůŰɖɜ ɟɞɐ ůŰɖɜ ˊŬɟŬɔɤɔɘəɐ ůɤɚɐɜɤůɖ əŬɘ 

ůŰɖɜ ŮˊɘűɎɜŮɘŬ (ɆɢɐɛŬ 3.7).  

 

ɆɢɐɛŬ 3.7: ɆɖɛŮɑɞ Űɞɛɐɠ IPR/VLP (13) 

(Ʉɖɔɐ:https://ariefhidayat.wordpress.com/category/kuliah/)  

https://ariefhidayat.wordpress.com/category/kuliah/
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ȼ əŬɛˊɨɚɖ IPR ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ (ˊɑŮůɖ, ɗŮɟɛɞəɟŬůɑŬ, 

ŭɘŬˊŮɟŬŰɧŰɖŰŬ, ŮˊɘŭŮɟɛɘəɧ ůɡɜŰŮɚŮůŰɐ ə.Ŭ.) əŬɘ Űɘɠ ɗŮɟɛɞŭɡɜŬɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ɟŮɡůŰɩɜ Űɞɡ 

(ɘɝɩŭŮɠ, ůɖɛŮɑɞ əɞɟŮůɛɞɨ, ˊɡəɜɧŰɖŰŬ, GOR ə.Ŭ.). ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ, Ůűɧůɞɜ ɞɘ ɘŭɘɧŰɖŰŮɠ ŬɡŰɏɠ 

ˊŬɟŬɛɏɜɞɡɜ ůɢŮŰɘəɎ ŬɜŮˊɖɟɏŬůŰŮɠ ɔɘŬ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ɛɘəɟɧ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ, ɖ əŬɛˊɨɚɖ 

IPR ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɐ  (ɡˊɞɗɏŰɞɡɛŮ ŬɛŮɚɖŰɏŬ ɛŮŰŬɓɞɚɐ). ȰŰůɘ, ɔɘŬ Űɖɜ ŮɨɟŮůɖ Űɞɡ ɓɏɚŰɘůŰɞɡ 

ɟɡɗɛɞɨ ˊŬɟŬɔɤɔɐɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮˊɏɛɓɞɡɛŮ ůŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ ŬˊɞŰŮɚɞɨɜ Űɖɜ əŬɛˊɨɚɖ 

VLP, əŬɘ ˊɞɘɞ ůɡɔəŮəɟɘɛɏɜŬ ůŰɖɜ ˊɡəɜɧŰɖŰŬ Űɞɡ ɟŮɡůŰɞɨ ɧˊɤɠ ɏɔɘɜŮ ůŰɖɜ ˊŬɟɞɨůŬ 

ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɛŮ Űɖɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɞɡ ɟɡɗɛɞɨ ɏɔɢɡůɖɠ ŬŮɟɑɞɡ, ɛŮ Űɖɜ ɛɏɗɞŭɞ 

ɡˊɞɓɞɐɗɖůɖɠ Űɖɠ ˊŬɟŬɔɤɔɐɠ ɛŮ ɏɔɢɡůɖ ŬŮɟɑɞɡ. 

 

3.4 Ⱥˊɑŭɞůɖ ɟɞɐɠ ůŰɞɜ ŰŬɛɘŮɡŰɐɟŬ (Inflow Performance Relationship)   

3.4.1 ɄŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ əŬɛˊɨɚɖ IPR 

ȼ əŬɛˊɨɚɖ IPR ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ ˊŬɟŬɛɏŰɟɞɡɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɞɜ ŰŬɛɘŮɡŰɐɟŬ. ɇŬ ˊɘɞ 

ůɖɛŬɜŰɘəɎ ůŰɞɘɢŮɑŬ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ əŬɛˊɨɚɖ IPR ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 

 

1. ɄɑŮůɖ ŰŬɛɘŮɡŰɐɟŬ: ȳůɞ ˊɘɞ ɡɣɖɚɐ ŮɑɜŬɘ ɖ ˊɑŮůɖ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ, ɗŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ əŬɘ 

ɛŮɔŬɚɨŰŮɟɖ ɟɞɐ ˊɟɞɠ Űɞ űɟŮɎŰɘɞ Űɖɠ ɔŮɩŰɟɖůɖɠ, ŭɖɚŬŭɐ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ŭɘŬűɞɟɎ 

ˊɑŮůɖɠ ŬɜɎɛŮůŬ ůŰɞɜ ŰŬɛɘŮɡŰɐɟŬ əŬɘ Űɖɜ ɔŮɩŰɟɖůɖ. 

2. ȽŭɘɧŰɖŰŮɠ ˊɞɟɩŭɞɡɠ ɛɏůɞɡ: Ƀɘ ɘŭɘɧŰɖŰŮɠ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ əŬɛˊɨɚɖ 

IPR ŮɑɜŬɘ ɖ ŭɘŬˊŮɟŬŰɧŰɖŰŬ əŬɘ Űɞ ˊɎɢɞɠ Űɖɠ ˊŬɟŬɔɤɔɘəɐɠ ɕɩɜɖɠ. 

3. ȽŭɘɧŰɖŰŮɠ ɟŮɡůŰɩɜ: Ƀɘ ɘŭɘɧŰɖŰŮɠ Űɤɜ ɟŮɡůŰɩɜ, əɡɟɑɤɠ Űɞ ɘɝɩŭŮɠ əŬɘ ɞ ɞɔəɞɛŮŰɟɘəɧɠ 

ůɡɜŰŮɚŮůŰɐɠ ůɢɖɛŬŰɘůɛɞɨ (Bo), ŮɑɜŬɘ ůɖɛŬɜŰɘəɏɠ ɔɘŬ Űɖɜ ŭɘŬɛɧɟűɤůɖ Űɖɠ əŬɛˊɨɚɖɠ 

IPR. 

4. ũŮɤɛŮŰɟɑŬ ɔŮɩŰɟɖůɖɠ: ɇŬ əɨɟɘŬ ůŰɞɘɢŮɑŬ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůŰɖɜ ɔŮɤɛŮŰɟɑŬ Űɖɠ 

ɔŮɩŰɟɖůɖɠ əŬɘ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ŬˊɞŭɞŰɘəɧŰɖŰŬ Űɖɠ ŮɑɜŬɘ ɖ ŬəŰɑɜŬ Űɖɠ, Űɞ ɛɏɔŮɗɞɠ Űɤɜ 

ˊŬɟŬɔɤɔɘəɩɜ ɕɤɜɩɜ, Űɞ ɛɏɔŮɗɞɠ əŬɘ ɖ ˊɡəɜɧŰɖŰŬ Űɤɜ ŭɘŬŰɟɖɛɎŰɤɜ ə.Ŭ. 

 

3.4.2 ȹŮɑəŰɖɠ ˊŬɟŬɔɤɔɘəɧŰɖŰŬɠ (Productivity  Index) 

ȼ ɘəŬɜɧŰɖŰŬ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ ɜŬ ɛŮŰŬűɏɟŮɘ ŰŬ ɟŮɡůŰɎ ɛɏůŬ ůŰɖɜ ˊŬɟŬɔɤɔɘəɐ ůŰɐɚɖ ŮɑɜŬɘ 

ɛŮɔɎɚɖɠ ůɖɛŬůɑŬɠ ɔɘŬ Űɖɜ ˊɟɧɓɚŮɣɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ əŬɘ ɗŬ ˊɟɏˊŮɘ ɜŬ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ. ȹŮɑəŰɖɠ 

ˊŬɟŬɔɤɔɘəɧŰɖŰŬɠ PI (ůɡɛɓɞɚɑɕŮŰŬɘ ɛŮ J) Ůɜɧɠ űɟɏŬŰɞɠ əŬɚŮɑŰŬɘ Űɞ ˊɖɚɑəɞ Űɖɠ ˊŬɟɞɢɐɠ ˊɞɡ 

ɛŮŰɟɐɗɖəŮ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Ůɜɧɠ ŰŮůŰ ˊɟɞɠ Űɖɜ ˊŰɩůɖ ˊɑŮůɖɠ ˊɞɡ ŬˊŬɘŰɐɗɖəŮ əŬɘ ŮˊŮɘŭɐ ŮɑɜŬɘ 
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Űɞ ɛɏŰɟɞ Űɖɠ ŭɡɜŬɛɘəɧŰɖŰŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɟɞɐɠ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ ɜŬ ˊŬɟŬŭɑŭŮɘ ɟŮɡůŰɧ ůŰɞ 

űɟŮɎŰɘɞ, ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɐɠ ůɖɛŬůɑŬɠ.  

 

ũɘŬ ŬəŰɘɜɤŰɐ ɣŮɡŭɞ-ůŰŬɗŮɟɐ ɟɞɐ, ɞ ůɡɜŰŮɚŮůŰɐɠ ˊŬɟŬɔɤɔɘəɧŰɖŰŬɠ ˊŮɟɘɔɟɎűŮŰŬɘ ɛŬɗɖɛŬŰɘəɎ 

Ŭˊɧ Űɞɜ Űɨˊɞ Űɞɡ Darcy əŬɘ ŮɑɜŬɘ ɞ ɚɧɔɞɠ Űɞɡ ɟɡɗɛɞɨ ˊŬɟŬɔɤɔɐɠ ˊɟɞɠ Űɖɜ ˊŰɩůɖ ˊɞɡ ɡűɑůŰŬŰŬɘ 

ɖ ˊɑŮůɖ (Ⱥɝɑůɤůɖ 3.13). Ƀ Űɨˊɞɠ ŬɡŰɧɠ ɛˊɞɟŮɑ ɜŬ ŮűŬɟɛɞůŰŮɑ ɛɧɜɞ ůŮ ɛɞɜɞűŬůɘəɐ ɟɞɐ, ŭɖɚŬŭɐ 

ůŰɖɜ ˊŮɟɑˊŰɤůɖ Ůɜɧɠ ŬəɧɟŮůŰɞɡ ŰŬɛɘŮɡŰɐɟŬ: 

                        
2 1

3
ln

4

r wf o e

w

q kh
J

P P B r
S

r

p

m
= =
- å õ

- -æ ö
ç ÷

                                  (3.13) 

ȳˊɞɡ: J ɞ ŭŮɑəŰɖɠ ˊŬɟŬɔɤɔɘəɧŰɖŰŬɠ (stb/day/psi), q ɞ ɟɡɗɛɧɠ ˊŬɟŬɔɤɔɐɠ (stb/day), Pr ɖ ɛɏůɖ 

ůŰŬŰɘəɐ ˊɑŮůɖ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ (psi), Pwf ɖ ˊɑŮůɖ Űɞɡ ˊɡɗɛɏɜŬ Űɖɠ ɔŮɩŰɟɖůɖɠ (psi), ὶ ɖ ŬəŰɑɜŬ 

Űɖɠ ɔŮɩŰɟɖůɖɠ (ft), ὶ ɖ ŬəŰɑɜŬ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ (ft), S ɞ ŮˊɘŭŮɟɛɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ, h Űɞ ˊɎɢɞɠ Űɞɡ 

ŰŬɛɘŮɡŰɐɟŬ (ft), ɛ Űɞ ɘɝɩŭŮɠ Űɞɡ ɟŮɡůŰɞɨ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ (cP) əŬɘ Bo ɞ ɞɔəɞɛŮŰɟɘəɧɠ 

ůɡɜŰŮɚŮůŰɐɠ ůɢɖɛŬŰɘůɛɞɨ (bbl/stb). 

 

Ƀ ůɡɜŰŮɚŮůŰɐɠ ˊŬɟŬɔɤɔɘəɧŰɖŰŬɠ ůŮ ˊŮɟɑˊŰɤůɖ ůŰŬɗŮɟɐɠ ɟɞɐɠ, ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ: 
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ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ˊŬɟŬˊɎɜɤ, ɞ ŭŮɑəŰɖɠ ˊŬɟŬɔɤɔɘəɧŰɖŰŬɠ ɛŮŰɟɘɏŰŬɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Ůɜɧɠ 

ŰŮůŰ ˊŬɟŬɔɤɔɐɠ. ɆŰŬ ůɡɔəŮəɟɘɛɏɜŬ ŰŮůŰ, ɖ ɔŮɩŰɟɖůɖ əɚŮɑɜŮɘ (shut ï in) ɛɏɢɟɘ ɜŬ ŮɝɘůɞɟɟɞˊɖɗŮɑ 

ɖ ˊɑŮůɐɠ ůŮ ɞɚɧəɚɖɟɞ Űɞ ůɨůŰɖɛŬ ɟɞɐɠ. Ⱥűɧůɞɜ ɖ ůŰŬŰɘəɐ ˊɑŮůɖ (Pr) ɛŮŰɟɖɗŮɑ əŬɘ əŬŰŬɔɟŬűŮɑ, 

ɖ ɔŮɩŰɟɖůɖ ŬɜɞɑɔŮɘ əŬɘ ŬűɐɜŮŰŬɘ ɜŬ ˊŬɟɎɔŮɘ ɛŮ ɏɜŬ ůŰŬɗŮɟɧ ɟɡɗɛɧ Q əŬɘ ɛŮ ɛɑŬ ˊɑŮůɖ ˊɡɗɛɏɜŬ 

Pwf ɖ ɞˊɞɑŬ ɗŬ ˊɟɏˊŮɘ ɜŬ ˊŬɟŬŰɖɟŮɑŰŬɘ əŬɘ ɜŬ əŬŰŬɔɟɎűŮŰŬɘ ůɡɜŮɢɩɠ Ŭˊɧ Űɖ ůŰɘɔɛɐ ˊɞɡ ɖ 

ɔŮɩŰɟɖůɖ ɗŬ ŬɟɢɑůŮɘ ɝŬɜɎ Űɖɜ ˊŬɟŬɔɤɔɐ. ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ ɞ ŭŮɑəŰɖɠ ˊŬɟŬɔɤɔɘəɧŰɖŰŬɠ ɗŬ 

ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ Ŭˊɧ Űɖɜ Ⱥɝɑůɤůɖ (3.13). Ƀ ŮˊɘŭŮɟɛɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ŮɝŬɟŰɎŰŬɘ ɎɛŮůŬ 

Ŭˊɧ Űɖɜ ŭɘŬˊŮɟŬŰɧŰɖŰŬ ks Űɖɠ ŮˊɖɟŮŬůɗŮɑůŬɠ ˊŮɟɘɞɢɐɠ əŬɘ Ŭˊɧ Űɞ ˊɎɢɞɠ Űɖɠ ˊŮɟɘɞɢɐɠ 

ŬˊɞůŰɟɎɔɔɘůɖɠ h, ɞɘ Űɘɛɏɠ Űɤɜ ɞˊɞɑɤɜ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖɜ ŬɜɎɚɡůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɤɜ ŰŮůŰ 

ˊŬɟŬɔɤɔɐɠ.  
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ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ Ŭ́ ɟɧůɛŮɜŮɠ ɛŮɘɩůŮɘɠ Űɞɡ ŭŮɑəŰɖ ˊŬɟŬɔɤɔɘəɧŰɖŰŬɠ ůŮ ɛɑŬ ɔŮɩŰɟɖůɖ 

ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɏɜŭŮɘɝɖ ɔɘŬ ɛɑŬ ůŮɘɟɎ Ŭˊɧ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ŬɜŰɘɛŮŰɤˊɑɕɞɡɜ ůɡɢɜɎ ɞɘ ɔŮɤŰɟɐůŮɘɠ, 

ɧˊɤɠ ɓɚɎɓŮɠ əŬŰɎ Űɘɠ ŮˊŮɛɓɎůŮɘɠ ůŮ ɛɑŬ ɔŮɩŰɟɖůɖ (workovers), əŬŰɎ Űɖɜ ůɡɛˊɚɐɟɤůɖ 

(completion) Űɖɠ ɔŮɩŰɟɖůɖɠ, ɛɖɢŬɜɞɚɞɔɘəɎ ˊɟɞɓɚɐɛŬŰŬ ə.Ŭ.  

ȼ Ⱥɝɑůɤůɖ (3.13) ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŮ ˊŬɟŬˊɎɜɤ, ŮɑɜŬɘ ˊŮɟɘɞɟɘůŰɘəɐ, ɛŮ Űɖɜ ɏɜɜɞɘŬ ɧŰɘ 

ŮűŬɟɛɧɕŮŰŬɘ ɛɧɜɞ ůŮ ɔŮɤŰɟɐůŮɘɠ ɞɘ ɞˊɞɑŮɠ ˊŬɟɎɔɞɡɜ Ŭˊɧ Űɞ əɏɜŰɟɞ ɛɘŬɠ əɡəɚɘəɐɠ ˊŮɟɘɞɢɐɠ 

ŬˊɞůŰɟɎɔɔɘůɖɠ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ, ɖ ˊŬɟŬˊɎɜɤ Ⱥɝɑůɤůɖ (3.13) ɗŬ ˊɟɏˊŮɘ ɜŬ ŭɘŬɛɞɟűɤɗŮɑ ɏŰůɘ 

ɩůŰŮ ɜŬ  ůɡɛɓŬŭɑɕŮɘ ɛŮ Űɖɜ ɞˊɞɘŬŭɐˊɞŰŮ ɏɚɚŮɘɣɖ ůɡɛɛŮŰɟɑŬɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɘůɢɨŮɘ. ũɘŬ Űɖɜ 

ŮˊɑŰŮɡɝɖ ŬɡŰɞɨ Űɞɡ ŬˊɞŰŮɚɏůɛŬŰɞɠ, ɖ Ůɝɑůɤůɖ Űɖɠ ɣŮɡŭɞ-ůŰŬɗŮɟɐɠ ɟɞɐɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮəűɟŬůŰŮɑ 

ůŮ ɛɑŬ ɔŮɜɘəɐ ɛɞɟűɐ ɛŮ Űɖɜ ŮɘůŬɔɤɔɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ ɛɞɟűɐɠ  Dietz (Dietz shape factor), ɞ 

ɞˊɞɑɞɠ ůɡɛɓɞɚɑɕŮŰŬɘ ɛŮ ὅ. Ƀ ůɡɜŰŮɚŮůŰɐɠ ŬɡŰɧɠ ɚŬɛɓɎɜŮɘ ŭɘɎűɞɟŮɠ Űɘɛɏɠ, ŬɜɎɚɞɔŬ ɛŮ Űɞ ůɢɐɛŬ 

Űɖɠ ˊŮɟɘɞɢɐɠ ŬˊɞůŰɟɎɔɔɘůɖɠ əŬɘ Űɖɠ ɗɏůɖɠ Űɖɠ ɔŮɩŰɟɖůɖɠ ůŰɖ ˊŮɟɘɞɢɐ ŬɡŰɐ. ȰŰůɘ, ɞ 

ˊŬɟɞɜɞɛŬůŰɐɠ Űɖɠ Ⱥɝɑůɤůɖɠ (3.13) ɛˊɞɟŮɑ ɜŬ ŭɘŬɛɞɟűɤɗŮɑ ůŮ ɛɑŬ ůɢɏůɖ Űɖɠ ɛɞɟűɐɠ: 
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ȳˊɞɡ Űɞ ɔ ŮɑɜŬɘ ɖ ŮəɗŮŰɘəɐ ůŰŬɗŮɟɎ Űɞɡ Euler ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɑůɖ ɛŮ 1.781 əŬɘ Űɞ ὅ ŮɑɜŬɘ ɞ 

ůɡɜŰŮɚŮůŰɐɠ ɛɞɟűɐɠ  Dietz. Ƀ ůɡɜŭɡŬůɛɧɠ Űɖɠ Ůɝɑůɤůɖɠ (3.13) əŬɘ (3.15) ŭɑɜŮɘ Űɖɜ ɔŮɜɘəɐ 

Ůɝɑůɤůɖ ɟɞɐɠ ɣŮɡŭɞůŰŬɗŮɟɐɠ əŬŰɎůŰŬůɖɠ  ɖ ɞˊɞɑŬ ɚŬɛɓɎɜŮɘ ɡˊô ɧɣɖ Űɖ ɔŮɤɛŮŰɟɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ 

ŬˊɞůŰɟɎɔɔɘůɖɠ: 
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3.4.3 ȾŬɛˊɨɚɖ IPR ůŮ ŬəɧɟŮůŰɞ ŰŬɛɘŮɡŰɐɟŬ 

ȺɎɜ ɖ Ůɝɑůɤůɖ (3.16) ŬɜŬŭɘŬŰɡˊɤɗŮɑ, ˊɟɞəɨˊŰŮɘ ɛɑŬ ɔɟŬɛɛɘəɐ ůɢɏůɖ ɛŮŰŬɝɨ Űɞɡ ɟɡɗɛɞɨ 

ˊŬɟŬɔɤɔɐɠ əŬɘ Űɖɠ ˊŰɩůɖɠ ˊɑŮůɖɠ ɔɘŬ ɛɑŬ ɛɞɜŬŭɘəɐ Űɘɛɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ ˊŬɟŬɔɤɔɘəɧŰɖŰŬɠ: 

 

                                                              ( )r wfq J P P= -                                            (3.17) 

 

ũɟŬűɘəɎ, ɖ ˊŬɟŬˊɎɜɤ Ůɝɑůɤůɖ ˊŬɟɑůŰŬŰŬɘ Ŭˊɧ ɛɑŬ ŮɡɗŮɑŬ ɔɟŬɛɛɐ ɛŮ ɛɑŬ əɚɑůɖ ɖ ɞˊɞɑŬ ɘůɞɨŰŬɘ 

ɛŮ   ī1/J (ɆɢɐɛŬ 3.8). ȳŰŬɜ ɖ ˊɑŮůɖ ůŰɞɜ ˊɡɗɛɏɜŬ ŮɑɜŬɘ ɑůɖ ɛŮ Űɖɜ ɛɏůɖ ˊɑŮůɖ ŰŬɛɘŮɡŰɐɟŬ, ŭŮɜ 

ˊŬɟŬŰɖɟŮɑŰŬɘ ɟɞɐ ŮɝŬɘŰɑŬɠ Űɖɠ ɛɖŭŮɜɘəɐɠ ɓŬɗɛɑŭŬɠ ɑ́Ůůɖɠ Ůɜɩ ɞ ɛɏɔɘůŰɞɠ ɟɡɗɛɧɠ ˊŬɟŬɔɤɔɐɠ, 

ɗŮɤɟɖŰɘəɎ, ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɧŰŬɜ ɖ ˊɑŮůɖ ůŰɞɜ ˊɡɗɛɏɜŬ ŮɑɜŬɘ ɛɖŭŮɜɘəɐ (AOF). ȷɜ ɖ ˊɑŮůɖ wfP   

ˊɏůŮɘ əɎŰɤ Ŭˊɧ Űɞ ůɖɛŮɑɞ əɞɟŮůɛɞɨ Űɞɡ ɟŮɡůŰɞɨ, ŰɧŰŮ ɖ əŬɛˊɨɚɖ IPR ŭŮɜ ŬˊɞŰŮɚŮɑ ŮɡɗŮɑŬ 

ɔɟŬɛɛɐ ůŮ ɧɚɞ Űɖɠ Űɞ ɛɐəɞɠ.  

  

 

ɆɢɐɛŬ 3.8: ȺɡɗŮɑŬ IPR ɔɘŬ ŬəɧɟŮůŰɞ ŰŬɛɘŮɡŰɐɟŬ (14) 
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3.4.4 ȾŬɛˊɨɚɖ IPR ůŮ əɞɟŮůɛɏɜɞ ŰŬɛɘŮɡŰɐɟŬ 

ɇɞ ɔɟŬɛɛɘəɧ ɛɞɜŰɏɚɞ Űɖɠ IPR ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŮ ůŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ŮɜɧŰɖŰŬ, ɘůɢɨŮɘ ɔɘŬ Űɘɛɏɠ 

ˊɑŮůɖɠ ˊɎɜɤ Ŭˊɧ Űɞ ůɖɛŮɑɞ űɡůŬɚɑŭŬɠ (bubble point). ȾɎŰɤ Ŭˊɧ Űɞ ůɖɛŮɑɞ ŬɡŰɧ, Űɞ Ŭɏɟɘɞ 

ŬɟɢɑɕŮɘ ɜŬ ŮɚŮɡɗŮɟɩɜŮŰŬɘ Ŭˊɧ Űɞ ˊŮŰɟɏɚŬɘɞ. ȼ ŮɚŮɨɗŮɟɖ űɎůɖ Űɞɡ ŬŮɟɑɞɡ əŬŰŬɚŬɛɓɎɜŮɘ əɎˊɞɘɞ 

ŰɛɐɛŬ Űɞɡ ɢɩɟɞɡ Űɤɜ ˊɧɟɤɜ, ɏɜŬ űŬɘɜɧɛŮɜɞ Űɞ ɞˊɞɑɞ ɛŮɘɩɜŮɘ Űɖ ůɢŮŰɘəɐ ŭɘŬˊŮɟŬŰɧŰɖŰŬ Űɞɡ 

ˊŮŰɟŮɚŬɑɞɡ əŬɘ ŰŬɡŰɧɢɟɞɜŬ ŬɡɝɎɜŮɘ Űɞ ɘɝɩŭŮɠ Űɞɡ. Ƀ ůɡɜŭɡŬůɛɧɠ Űɖɠ ŮˊɑŭɟŬůɖɠ Űɖɠ 

ŭɘŬˊŮɟŬŰɧŰɖŰŬ əŬɘ Űɞɡ ɘɝɩŭɞɡɠ ɏɢɞɡɜ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɏɜŬ ɢŬɛɖɚɧŰŮɟɞ ɟɡɗɛɧ ˊŬɟŬɔɤɔɐɠ 

ˊŮŰɟŮɚŬɑɞɡ, əɎŰɤ Ŭˊɧ Űɞ ůɖɛŮɑɞ əɞɟŮůɛɞɨ. ȷɡŰɧ Űɞ űŬɘɜɧɛŮɜɞ ŬˊɞəɚɑɜŮɘ Űɖɜ IPR Ŭˊɧ Űɖ 

ɔɟŬɛɛɘəɐ ŰɎůɖ, ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɞ ɆɢɐɛŬ 3.9. ȳůɞ ˊɘɞ əɎŰɤ Ŭˊɧ Űɞ ůɖɛŮɑɞ əɞɟŮůɛɞɨ ŮɑɜŬɘ ɖ 

ˊɑŮůɖ, Űɧůɞ ɛŮɔŬɚɨŰŮɟɖ əŬɘ ɖ Ŭˊɧəɚɘůɖ. ȺɎɜ ɖ ˊɑŮůɖ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ ŮɑɜŬɘ əɎŰɤ Ŭˊɧ Űɞ ůɖɛŮɑɞ 

əɞɟŮůɛɞɨ, ůɡɜɐɗɤɠ ɡˊɎɟɢŮɘ ˊɞɚɡűŬůɘəɐ ɟɞɐ ůŮ ɞɚɧəɚɖɟɖ Űɖɜ ˊŮɟɘɞɢɐ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ.  

 

ũɘŬ Űɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɖɠ IPR ůŮ ˊɞɚɡűŬůɘəɐ ɟɞɐ ɡˊɎɟɢɞɡɜ ɛɧɜɞ ŮɛˊŮɘɟɘəɏɠ ůɢɏůŮɘɠ. ȷɡŰɏɠ ɞɘ 

ŮɛˊŮɘɟɘəɏɠ ůɢɏůŮɘɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɖɜ Ůɝɑůɤůɖ Űɞɡ Vogel ɖ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ ůŰɖɜ 

ɓɘɞɛɖɢŬɜɑŬ ˊŮŰɟŮɚŬɑɞɡ: 
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ȳˊɞɡ Űɞ ή  ŮɑɜŬɘ ɛɑŬ ůŰŬɗŮɟɎ, Űɖɠ ɞˊɞɑŬɠ ɖ Űɘɛɐ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ůɡɜɗɐəŮɠ AOF əŬɘ Űɞ Pr ɖ 

ɛɏůɖ ˊɑŮůɖ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ. ȼ AOF (Absolute Open Flow) ŮɑɜŬɘ ɞ ɛɏɔɘůŰɞɠ ɟɡɗɛɧɠ ˊŬɟŬɔɤɔɐɠ 

ˊɞɡ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɏɢŮɘ ɛɑŬ ɔŮɩŰɟɖůɖ, ɗŮɤɟɖŰɘəɎ, ɛŮ ɛɖŭŮɜɘəɐ ˊɑŮůɖ ůŰŬ ŭɘŬŰɟɐɛŬŰŬ Űɞɡ 

űɟŮŬŰɑɞɡ ˊŬɟŬɔɤɔɐɠ.   

ȼ əɨɟɘŬ ůɡɜŮɘůűɞɟɎ Űɞɡ Vogel ɐŰŬɜ ɖ ŮɘůŬɔɤɔɐ Űɖɠ ɏɜɜɞɘŬɠ Űɖɠ əŬɜɞɜɘəɞˊɞɑɖůɖɠ əŬɘ Űɖɠ 

ŬŭɘŬůŰŬŰɞˊɞɑɖůɖ Űɞɡ ɟɡɗɛɞɨ ˊŬɟŬɔɤɔɐɠ ůŰɖɜ Űɘɛɐ Űɖɠ AOF (
maxq ). ȾŬɜɞɜɘəɞˊɞɑɖůɖ, ŮɑɜŬɘ ɖ 

ŭɖɛɘɞɡɟɔɑŬ ɜɏɤɜ, ŬŭɘɎůŰŬŰɤɜ ɛŮŰŬɓɚɖŰɩɜ əŬɘ ŬŭɘŬůŰŬŰɞˊɞɑɖůɖ ŮɑɜŬɘ ɖ ŮˊŬɜŬŭɘŬŰɨˊɤůɖ Űɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ ɛɏůɤ ŬɡŰɩɜ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ. Ⱥˊɞɛɏɜɤɠ, ɝŬɜŬɔɟɎűɞɜŰŬɠ Űɖɜ ˊŬɟŬˊɎɜɤ Ůɝɑůɤůɖ 

əŬŰô ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ˊɟɞəɨˊŰŮɘ: 
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Ƀ ůɡɜŭɡŬůɛɧɠ Űɖɠ ŮɡɗŮɑŬɠ IPR əŬɘ Űɖɠ əŬɛˊɨɚɖɠ Űɞɡ Vogel, ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɞ ʅ˔ʺ˃ʰ оΦ9, 

ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɔɟɎɣŮɘ ˊɚɐɟɤɠ Űɖɜ Ŭˊɧŭɞůɖ Űɖɠ Ůɘůɟɞɐɠ Ŭˊɧ Űɞɜ ŰŬɛɘŮɡŰɐɟŬ ůŰɖɜ ɔŮɩŰɟɖůɖ ůŮ 

ɞˊɞɘŬŭɐˊɞŰŮ ˊɑŮůɖ. ȳˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 3.9, ɡˊɎɟɢŮɘ ɛɞɜɞűŬůɘəɐ ɟɞɐ ɛɏɢɟɘ Űɖɜ ˊɑŮůɖ 
wfP

, ɖ ɞˊɞɑŬ ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ Űɞɡ PI (ȺɜɧŰɖŰŬ 3.4.3) əŬɘ ˊŬɟɑůŰŬŰŬɘ Ŭˊɧ ɛɑŬ ŮɡɗŮɑŬ 

ɔɟŬɛɛɐ ɛŮ əɚɑůɖ 1/PI. ɇɖɜ ůŰɘɔɛɐ ɧɛɤɠ ˊɞɡ Űɞ ɟŮɡůŰɧ ɗŬ ŬɟɢɑůŮɘ ɜŬ ɔɑɜŮŰŬɘ ŭɘűŬůɘəɧ,  ɖ IPR 

ˊŬɨŮɘ ɜŬ ŮɑɜŬɘ ŮɡɗŮɑŬ ɔɟŬɛɛɐ əŬɘ ŬɟɢɑɕŮɘ ɜŬ ˊŬɟɞɡůɘɎɕŮɘ ɛɑŬ əŬɛˊɡɚɧŰɖŰŬ ɖ ɞˊɞɑŬ ɔɑɜŮŰŬɘ ɧɚɞ 

əŬɘ ˊɘɞ ɏɜŰɞɜɖ ɧůɞ ŬɡɝɎɜŮɘ ɖ ˊŬɟɞɡůɑŬ Űɞɡ ˊŮɟɘŮɢɧɛŮɜɞɡ ŬŮɟɑɞɡ ɛɏůŬ ůŰɖɜ ɡɔɟɐ űɎůɖ.   

 

 

ʅ˔ʺ˃ʰ оΦфΥ ɼʰ˃ˉˏ˂ʹ IPR ɹ ʽʰ ˁˇˊʶˋ˃ʷ˄ˇ ˍʰ˃ʽʶˎˍʺˊʰ  (15) 
(http://petrowiki.org/PEH%3AReservoir_Pressure_and_Temperature) 

 

3.4.5 ȾŬɛˊɨɚɖ IPR ůŮ ŰŬɛɘŮɡŰɐɟŬ ŬŮɟɑɞɡ 

ɇɞ ɔŮɔɞɜɧɠ ɧŰɘ Űɞ Ŭɏɟɘɞ ŮɑɜŬɘ ůɡɛˊɘɏůɘɛɞ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɖ IPR, ˊɞɡ ˊŮɟɘɔɟɎűŮɘ Űɖɜ ɟɞɐ Űɞɡ 

ŰŬɛɘŮɡŰɐɟŬ ŬŮɟɑɞɡ, ɜŬ ɛɖɜ ˊŬɟɑůŰŬŰŬɘ ɔɟŬűɘəɎ Ŭˊɧ ɛɑŬ ŮɡɗŮɑŬ ɔɟŬɛɛɐ ŬɚɚɎ Ŭˊɧ ɛɑŬ əŬɛˊɨɚɖ 

(ɆɢɐɛŬ 3.10) ůŮ ɧɚɞ Űɞ ɛɐəɞɠ Űɖɠ əŬɘ ɧɢɘ ůŮ əɎˊɞɘɞ ɛɏɟɞɠ ɧˊɤɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ 

əɞɟŮůɛɏɜɞɡ ŰŬɛɘŮɡŰɐɟŬ. ȰŰůɘ, ɖ Ⱥɝɑůɤůɖ (3.17) ɗŬ ˊɟɏˊŮɘ ɜŬ ŰɟɞˊɞˊɞɘɖɗŮɑ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ ɏŰůɘ 

ɩůŰŮ ɜŬ ůɡɛˊŮɟɘɚɎɓŮɘ ɛɑŬ ůŰŬɗŮɟɎ ɖ ɞˊɞɑŬ ɜŬ ˊŮɟɘɏɢŮɘ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ŬŮɟɑɞɡ ɛɏůŬ ůŰɞɜ 

ŰŬɛɘŮɡŰɐɟŬ əŬɘ ůŰɞɜ űɟŮɎŰɘɞ Űɖɠ ɔŮɩŰɟɖůɖɠ: 

 

                                                              ( )2 2

r wfq C P P= -                                          (3.20) 

 

ɧˊɞɡ C ůŰŬɗŮɟɎ 
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ɆɢɐɛŬ 3.10: ȾŬɛˊɨɚɖ IPR ɔɘŬ ŰŬɛɘŮɡŰɐɟŬ ŬŮɟɑɞɡ (16) (Ʉɖɔɐ: fekete.com) 

 

ȼ Ⱥɝɑůɤůɖ (3.20) ɘůɢɨŮɘ ɔɘŬ ɢŬɛɖɚɞɨɠ ɟɡɗɛɞɨɠ q Ůɜɩ ŭŮɜ ŮűŬɟɛɧɕŮŰŬɘ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ɡɣɖɚɩɜ 

ɟɡɗɛɩɜ ɧˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ űŬɘɜɧɛŮɜŬ Űɡɟɓɩŭɞɡɠ ɟɞɐɠ. ȷɡŰɧ ɛˊɞɟŮɑ ɜŬ ɝŮˊŮɟŬůŰŮɑ ɛŮ Űɖɜ 

ɢɟɐůɖ Űɖɠ Ůɝɑůɤůɖɠ óôBureau of Minesôô ɖ ɞˊɞɑŬ ŭɖɛɘɞɡɟɔɐɗɖəŮ Ŭˊɧ ˊŬɟŬŰɖɟɐůŮɘɠ ˊŮŭɑɞɡ əŬɘ 

ŮəűɟɎɕŮŰŬɘ ɛŬɗɖɛŬŰɘəɎ ɤɠ Ůɝɐɠ: 

                                                             ( )2 2
n

r wfq C P P= -                                          (3.21) 

 

ɧˊɞɡ n ŮɑɜŬɘ ɖ əɚɑůɖ Űɖɠ ɔɟŬɛɛɐɠ ˊɞɡ ůɢɖɛŬŰɑɕŮŰŬɘ ůŰɞ ɚɞɔŬɟɘɗɛɘəɧ ŭɘɎɔɟŬɛɛŬ ( )2 2

r wfP P- - Gq

όʅ˔ʺ˃ʰ оΦммύ əŬɘ ˊŬɑɟɜŮɘ Űɘɛɏɠ ůŰɞ ŭɘɎůŰɖɛŬ [ ]0.5,1  ůŰɞ ɞˊɞɑɞ ɖ Ŭɟɢɘəɐ Űɘɛɐ 1 (Ⱥɝɑůɤůɖ 3.20) 

ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖ ɔɟŬɛɛɘəɐ ɟɞɐ (Darcy flow) əŬɘ ɖ Űɘɛɐ 0.5 Űɖɜ Űɡɟɓɩŭɖ ɟɞɐ (Non-Darcy 

flow). 
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ɆɢɐɛŬ 3.11: ɀŮɑɤůɖ ˊŬɟŬɔɤɔɘəɧŰɖŰŬɠ ɚɧɔɤ Űɡɟɓɩŭɞɡɠ ɟɞɐɠ (17) 

 

3.5 Ʌɞɐ ɛɘɔɛɎŰɤɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ əŬɘ Ɏɚɛɖɠ ůŰɘɠ ůɤɚɖɜɩůŮɘɠ ˊŬɟŬɔɤɔɐɠ 

O ˊŬɟɎɔɞɜŰŬɠ ˊɞɡ əŬɗɞɟɑɕŮɘ Űɖɜ ˊŬɟŬɔɤɔɐ ɛɑŬɠ ɔŮɩŰɟɖůɖɠ ŮɑɜŬɘ  ɖ ˊŰɩůɖ ˊɑŮůɖɠ ˊɞɡ 

ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ ɜŬ ŬɟɢɑůŮɘ ɜŬ ɟɏŮɘ Űɞ ɟŮɡůŰɧ, Ŭˊɧ Űɞɜ ˊɡɗɛɏɜŬ ɛɏɢɟɘ Űɖɜ əŮűŬɚɐ Űɖɠ ɔŮɩŰɟɖůɖɠ 

(wellhead) əŬɘ ɏˊŮɘŰŬ ɛɏɢɟɘ Űɞɜ ŭɘŬɢɤɟɘůŰɐɟŬ. ȷɟɢɑɕɞɜŰŬɠ Ŭˊɧ Űɖɜ əɞɟɡűɐ Űɖɠ ɔŮɩŰɟɖůɖɠ, ɞɘ 

ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ ůɡɛɓɎɚɚɞɡɜ ůŰɖɜ ˊɑŮůɖ Űɞɡ ˊɡɗɛɏɜŬ Űɞɡ űɟŮŬŰɑɞɡ ŮɑɜŬɘ: 

 

¶ ȼ ŬɜŰɑɗɚɘɣɖ (backpressure) ůŰɖɜ əŮűŬɚɐ Űɖɠ ɔŮɩŰɟɖůɖɠ (wellhead). ȼ ɗɚɑɣɖ ŬɡŰɐ ŮɑɜŬɘ 

ɞɡůɘŬůŰɘəɎ ɖ ˊɑŮůɖ Ůɜɧɠ ɟŮɡůŰɞɨ, ɖ ɞˊɞɑŬ ŭɟŬ ŬɜŰɑɗŮŰŬ ˊɟɞɠ Űɖɜ ŮˊɘŭɘɤəɧɛŮɜɖ əɑɜɖůɖ 

ɛɘŬɠ ɛɖɢŬɜɐɠ, ŬɜŰɚɑŬɠ ɐ ɓŬɚɓɑŭŬɠ ůɤɚɐɜɤůɖɠ əŬɘ ɖ ɞˊɞɑŬ ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ 

ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɢɤɟɖŰɘəɧŰɖŰɎɠ Űɞɡɠ, ůŮ ˊŮɟɑˊŰɤůɖ Ůəəɏɜɤůɐɠ Űɞɡɠ. 

¶ ȼ ɡŭɟɞůŰŬŰɘəɐ ˊɑŮůɖ  ɛŮŰŬɝɨ Űɞɡ ˊɡɗɛɏɜŬ əŬɘ Űɖɜ əŮűŬɚɐ Űɖɠ ɔŮɩŰɟɖůɖɠ.  

¶ ȼ ŬˊɩɚŮɘŬ ˊɑŮůɖɠ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ ɜŬ ɝŮˊŮɟŬůŰɞɨɜ  ɞɘ ŬˊɩɚŮɘŮɠ ɚɧɔɤ ŭɡɜɎɛŮɤɜ 

Űɟɘɓɐɠ. ȷɡŰɧ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ŰŬɢɨŰɖŰŬ ɟɞɐɠ Űɞɡ ɡɔɟɞɨ, Űɞ əŬɗŮůŰɩɠ Űɖɠ ɟɞɐɠ  əŬɘ Űɞ 

ɘɝɩŭŮɠ, əŬɗɩɠ Ůˊɑůɖɠ  əŬɘ Űɞ ɛɐəɞɠ, Űɖ ŭɘɎɛŮŰɟɞ əŬɘ Űɖɜ ŰɟŬɢɨŰɖŰŬ Űɞɡ ůɤɚɐɜŬ, Űɘɠ 

ůŰŮɜɩůŮɘɠ, Űɘɠ ɓŬɚɓɑŭŮɠ ə.Ŭ. 
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3.5.1 ɀɞɜɞűŬůɘəɐ ɟɞɐ 

ȼ ɛɞɜɞűŬůɘəɐ ɟɞɐ ůŰɖɜ ˊŬɟŬɔɤɔɘəɐ ůŰɐɚɖ, ɚŬɛɓɎɜŮɘ ɢɩɟŬ ɛɧɜɞ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ ɖ ˊɑŮůɖ 

Űɖɠ əŮűŬɚɐɠ Űɖɠ ɔŮɩŰɟɖůɖɠ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ ŬɡŰɐɠ Űɞɡ ůɖɛŮɑɞɡ űɡůŬɚɑŭŬɠ. ũŮɜɘəɎ, ɖ ůɡɜɞɚɘəɐ 

ˊŰɩůɖ ˊɑŮůɖɠ Űɖɠ ůɤɚɐɜɤůɖɠ ůŮ ɛɑŬ ɔŮɩŰɟɖůɖ ŮɑɜŬɘ Űɞ ɎɗɟɞɘůɛŬ Űɖɠ ˊŰɩůɖɠ ˊɑŮůɖɠ ɚɧɔɤ 

ŭɡɜɎɛŮɤɜ Űɟɘɓɐɠ (fPD ) əŬɘ ɚɧɔɤ ɛŮŰŬɓɞɚɩɜ ůŰɖɜ əɘɜɖŰɘəɐ (kPD ) əŬɘ ŭɡɜŬɛɘəɐ ( gPD ) ŮɜɏɟɔŮɘŬ 

Űɞɡ ɟŮɡůŰɞɨ, ɛŮ Űɖɜ ŰŮɚŮɡŰŬɑŬ ɜŬ ˊŬɟŬɚŮɑˊŮŰŬɘ ŭɘɧŰɘ ɖ Űɘɛɐ Űɖɠ ŮɑɜŬɘ ůɡɜɐɗɤɠ ŬɛŮɚɖŰɏŬ ůŮ 

ůɨɔəɟɘůɖ ɛŮ Űɘɠ ŭɨɞ ˊɟɞɖɔɞɨɛŮɜŮɠ: 

 

                                                            f g kP P P PD =D +D +D                                  (3.22) 

 

1. ɄŰɩůɖ ˊɑŮůɖɠ ɚɧɔɤ Űɟɘɓɐɠ 

ȼ ˊŰɩůɖ Űɖɠ ˊɑŮůɖɠ ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɖɜ Űɟɘɓɐ, ŮɑɜŬɘ ůɡɜɎɟŰɖůɖ Űɖɠ ɟŮɞɚɞɔɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ 

Űɞɡ ɟŮɡůŰɞɨ (ɁŮɡŰɩɜŮɘŬ ɐ ɛɖ ɁŮɡŰɩɜŮɘŬ ɟŮɡůŰɎ), Űɤɜ ůɡɜɗɖəɩɜ ɟɞɐɠ (ŰŬɢɨŰɖŰŬ əŬɘ ůŰɟɤŰɐ ɐ 

Űɡɟɓɩŭɖɠ ɟɞɐ) əŬɘ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɖɠ ůɤɚɐɜɤůɖɠ (ŭɘɎɛŮŰɟɞɠ əŬɘ ŰɟŬɢɨŰɖŰŬ). 

 

Ƀ Ŭɟɘɗɛɧɠ Reynolds 

O Ŭɟɘɗɛɧɠ Reynolds (Re) ŮɑɜŬɘ ɏɜŬɠ ŬŭɘɎůŰŬŰɞɠ Ŭɟɘɗɛɧɠ ˊɞɡ ŭɑɜŮɘ Űɞ ɛɏŰɟɞ Űɖɠ ŬɜŬɚɞɔɑŬɠ Űɤɜ 

ŬŭɟŬɜŮɘŬəɩɜ ŭɡɜɎɛŮɤɜ ˊɟɞɠ Űɘɠ ŭɡɜɎɛŮɘɠ ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ Ŭˊɧ Űɞ ɘɝɩŭŮɠ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ 

ˊɞůɞŰɘəɞˊɞɘŮɑ Űɖ ůɢɏůɖ ɛŮŰŬɝɨ ŬɡŰɩɜ Űɤɜ ŭɨɞ ɛɞɟűɩɜ ŭɨɜŬɛɖɠ ɔɘŬ ŭŮŭɞɛɏɜŮɠ ůɡɜɗɐəŮɠ ɟɞɐɠ. 

ȼ ɏɜɜɞɘŬ Ůɘůɐɢɗɖ Ŭˊɧ Űɞɜ George Gabriel Stokes Űɞ 1851, ŬɚɚɎ ɞ Ŭɟɘɗɛɧɠ Reynolds ˊɐɟŮ Űɞ 

ɧɜɞɛɎ Űɞɡ Ŭˊɧ Űɞɜ Osborne Reynolds (1842-1912). Ƀ Ŭɟɘɗɛɧɠ Reynolds ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ: 

 

                                                           e

Dv
R

r

m
=                                                        (3.23) 

 

ȳˊɞɡ v ɖ ɛɏůɖ ŰŬɢɨŰɖŰŬ Űɤɜ ɟŮɡůŰɩɜ, ɛ Űɞ ɘɝɩŭŮɠ Űɞɡ ɟŮɡůŰɞɨ, D ɖ ŭɘɎɛŮŰɟɞɠ Űɖɠ ůɤɚɐɜɤůɖɠ 

əŬɘ ɟ ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ɟŮɡůŰɞɨ. 

 

ȼ ůŰɟɤŰɐ ɟɞɐ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɢŬɛɖɚɞɨɠ Ŭɟɘɗɛɞɨɠ Reynolds Ůɜɩ ɖ Űɡɟɓɩŭɖɠ ɟɞɐ 

ŮɛűŬɜɑɕŮŰŬɘ ɧŰŬɜ ɞ Ŭɟɘɗɛɧɠ Reynolds ˊɎɟŮɘ ɛɑŬ Űɘɛɐ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ 2100. Ȱɢɞɡɜ ɔɑɜŮɘ ˊɞɚɚɎ 

ˊŮɘɟɎɛŬŰŬ ɔɘŬ Űɖɜ ɛɏŰɟɖůɖ Űɖɠ ˊŰɩůɖɠ ˊɑŮůɖɠ Ůɜɧɠ ɟŮɡůŰɞɨ Űɞ ɞˊɞɑɞ ɟɏŮɘ ůŮ ůɤɚɖɜɩůŮɘɠ ɛŮ 

ɔɜɤůŰɏɠ ŭɘŬɛɏŰɟɞɡɠ. ȷˊɧ ɧɚɞɡɠ Űɞɡɠ ˊɘɗŬɜɞɨɠ ůɡɜŭɡŬůɛɞɨɠ ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ, ŭɖɛɘɞɡɟɔɐɗɖəŮ ɖ 

Ůɝɑůɤůɖ Űɞɡ Fanning ɖ ɞˊɞɑŬ ɞɟɑɕŮɘ ɛŬɗɖɛŬŰɘəɎ Űɖɜ ˊŰɩůɖ ˊɑŮůɖɠ ɚɧɔɤ Űɟɘɓɐɠ ɤɠ Ůɝɐɠ: 
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mf v L
P

D

r
D =                                               (3.24) 

 

ȳˊɞɡ mf  ɞ ůɡɜŰŮɚŮůŰɐɠ Űɟɘɓɐɠ Moody, ɟ ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ɟŮɡůŰɞɨ, v ɖ ŰŬɢɨŰɖŰŬ Űɞɡ ɟŮɡůŰɞɨ, 

L Űɞ ɛɐəɞɠ Űɞɡ ůɤɚɐɜŬ əŬɘ D ɖ ŭɘɎɛŮŰɟɧɠ Űɞɡ. 

 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ůŰɟɤŰɐɠ ɟɞɐɠ, ɖ ˊŰɩůɖ ˊɑŮůɖɠ ɚɧɔɤ Űɤɜ ŭɡɜɎɛŮɤɜ Űɟɘɓɐɠ ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰɖ 

Űɖɠ ŰɟŬɢɨŰɖŰŬɠ Űɞɡ Ŭɔɤɔɞɨ Ůɜɩ ŮɑɜŬɘ ŬɜɎɚɞɔɖ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ ɟŮɡůŰɞɨ. Ƀ ůɡɜŰŮɚŮůŰɐɠ 

Moody ŮɑɜŬɘ ŬɜŰɘůŰɟɧűɤɠ ŬɜɎɚɞɔɞɠ Űɞɡ Ŭɟɘɗɛɞɨ Reynolds əŬɘ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ: 

 

                                                                 
64

m

e

f
R
=                                                     (3.25) 

 

2. ɄŰɩůɖ ˊɑŮůɖɠ ɚɧɔɤ ŭɡɜŬɛɘəɐɠ ŮɜɏɟɔŮɘŬɠ 

ȼ Ůɝɑůɤůɖ ˊɞɡ ˊŮɟɘɔɟɎűŮɘ Űɖɜ ˊŰɩůɖ ˊɑŮůɖɠ ɚɧɔɤ ŭɡɜŬɛɘəɐɠ ŮɜɏɟɔŮɘŬɠ ɏɢŮɘ ɤɠ Ůɝɐɠ: 

 

                                                            ()singP g Lr qD =                                        (3.26) 

 

ȳˊɞɡ g ɖ ŮˊɘŰɎɢɡɜůɖ Űɖɠ ɓŬɟɨŰɖŰŬɠ, ɟ ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ɟŮɡůŰɞɨ, L Űɞ ɛɐəɞɠ Űɞɡ Ŭɔɤɔɞɨ əŬɘ ɗ ɖ 

ɔɤɜɑŬ ɛŮŰŬɝɨ Űɖɠ əŬŰŮɨɗɡɜůɖɠ Űɞɡ ɟŮɡůŰɞɨ əŬɘ Ůɜɧɠ ɞɟɘɕɞɜŰɑɞɡ Ůˊɘˊɏŭɞɡ ŬɜŬűɞɟɎɠ. 

 

           

3. ɄŰɩůɖ ˊɑŮůɖɠ ɚɧɔɤ əɘɜɖŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ 

ȼ ˊŰɩůɖ ˊɑŮůɖɠ ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɖɜ əɘɜɖŰɘəɐ ŮɜɏɟɔŮɘŬ ŮɑɜŬɘ ůɡɜɐɗɤɠ ŬɛŮɚɖŰɏŬ ůŮ ůɢɏůɖ ɛŮ Űɖɜ 

ŭɡɜŬɛɘəɐ əŬɘ Űɘɠ ŭɡɜɎɛŮɘɠ Űɟɘɓɐɠ, ɔɘŬ ŬɡŰɧ Űɞ ɚɧɔɞ ůɡɜɐɗɤɠ ˊŬɟŬɚŮɑˊŮŰŬɘ Ŭˊɧ Űɞɜ ɡˊɞɚɞɔɘůɛɧ 

Űɖɠ ˊŰɩůɖɠ ˊɑŮůɖɠ: 

 

                                                              ( )2 2

2 1kP u urD = -                                       (3.27) 

 

ȳˊɞɡ ɟ ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ɟŮɡůŰɞɨ əŬɘ ό əŬɘ ό ɖ Ŭɟɢɘəɐ əŬɘ ɖ ŰŮɚɘəɐ ŰŬɢɨŰɖŰŬ Űɞɡ ɟŮɡůŰɞɨ 

ŬɜŰɑůŰɞɘɢŬ. 
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3.6 ɄɞɚɡűŬůɘəɐ ɟɞɐ ůŮ əŬŰŬəɧɟɡűŮɠ əŬɘ əŮəɚɘɛɏɜŮɠ ůɤɚɖɜɩůŮɘɠ 

ȼ ŭɘűŬůɘəɐ əŬɘ ɔŮɜɘəɧŰŮɟŬ ɖ ˊɞɚɡűŬůɘəɐ ɟɞɐ ŮɑɜŬɘ ɖ ůɡɜɖɗɏůŰŮɟɖ ɟɞɐ Űɤɜ ɟŮɡůŰɩɜ ůŰɖ űɨůɖ. 

ɄɞɚɡűŬůɘəɏɠ ɟɞɏɠ ůɡɜŬɜŰɩɜŰŬɘ ůŮ űɡůɘəɏɠ əŬɘ ɢɖɛɘəɏɠ ŭɘŮɟɔŬůɑŮɠ, ɧˊɤɠ ŮɑɜŬɘ ɖ ˊŬɟŬɔɤɔɐ 

ˊŮŰɟŮɚŬɑɞɡ, ŬɚɚɎ əŬɘ ůŮ ɎɚɚŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɤɠ ůŰɘɠ ŭɘŮɟɔŬůɑŮɠ ŬˊɧůŰŬɝɖɠ, ɣɨɝɖɠ, 

ŮˊŮɝŮɟɔŬůɑŬɠ ɡɔɟɩɜ ŬˊɞɓɚɐŰɤɜ ə.Ŭ. ȼ ŭɘűŬůɘəɐ ɟɞɐ ŭɘɏˊŮŰŬɘ Ŭˊɧ Űɘɠ ɑŭɘŮɠ ɓŬůɘəɏɠ Ŭɟɢɏɠ ˊɞɡ 

ˊɟɞůŭɘɞɟɑɕɞɡɜ əŬɘ Űɖɜ ɛɞɜɞűŬůɘəɐ ɟɞɐ ɟŮɡůŰɩɜ, ɧɛɤɠ ůŰɖ ŭɘűŬůɘəɐ ɟɞɐ ɞɘ ŭɨɞ űɎůŮɘɠ (ɡɔɟɐ 

əŬɘ ŬɏɟɘŬ) əŬŰŬɜɏɛɞɜŰŬɘ ůŰɞɡɠ Ŭɔɤɔɞɨɠ ɛŮ ˊɞɘəɑɚɞɡɠ Űɟɧˊɞɡɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŮɛűɎɜɘůɖ 

ŭɘŬűɧɟɤɜ Űɨˊɤɜ ɐ əŬɗŮůŰɩŰɤɜ ɟɞɐɠ. Ƀɘ ŮɝɘůɩůŮɘɠ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ Űɘɠ ŭɘűŬůɘəɏɠ ɟɞɏɠ ŮɑɜŬɘ 

ˊɞɚɨˊɚɞəŮɠ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŮɑɜŬɘ ŭɡůɢŮɟɐɠ ɖ Ŭəɟɘɓɐɠ ɛŬɗɖɛŬŰɘəɐ Űɞɡɠ ɏəűɟŬůɖ, Ŭűɞɨ ɖ 

əɎɗŮ űɎůɖ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɘɠ ŭɘəɏɠ Űɖɠ ɘŭɘɧŰɖŰŮɠ əŬɘ ůɡɜɗɐəŮɠ, Ůɜɩ ůɡɔɢɟɧɜɤɠ ŮˊɖɟŮɎɕŮɘ əŬɘ 

ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɖɜ Ɏɚɚɖ űɎůɖ.   

  

ɆŮ ɏɜŬ ˊŮŰɟŮɚŬɥəɧ ůɨůŰɖɛŬ, əŬɗɩɠ ŰŬ ɡɔɟɎ ɟɏɞɡɜ Ŭˊɧ Űɞɜ ŰŬɛɘŮɡŰɐɟŬ ˊɟɞɠ Űɖɜ ɔŮɩŰɟɖůɖ əŬɘ Ůɜ 

ŰɏɚŮɘ ˊɟɞɠ Űɖɜ ŮˊɘűɎɜŮɘŬ, ɡˊɎɟɢŮɘ ɛɑŬ ůɡɜŮɢɐɠ ˊŰɩůɖ ˊɑŮůɖɠ. ȷɡŰɐ ɖ ˊŰɩůɖ ˊɑŮůɖɠ ŭŮɜ ŮɑɜŬɘ 

ůŰŬɗŮɟɐ ůŮ ɧɚɞ Űɞ ɛɐəɞɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ əŬɘ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ ˊɞɚɚɞɨɠ ˊŬɟɎɔɞɜŰŮɠ. ɇɞ ɟŮɡůŰɧ 

Űɞ ɞˊɞɑɞ ɟɏŮɘ ɛɏůŬ Ŭˊɧ Űɞ ůɨůŰɖɛŬ Űɤɜ ůɤɚɖɜɩůŮɤɜ ɛˊɞɟŮɑ ɜŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰɟŮɘɠ 

ŭɘŬűɞɟŮŰɘəɏɠ űɎůŮɘɠ ɟŮɡůŰɩɜ (ˊŮŰɟɏɚŬɘɞ, Ŭɏɟɘɞ əŬɘ ɜŮɟɧ) ŰŬ ɞˊɞɑŬ əɘɜɞɨɜŰŬɘ ɛŮ ŭɘŬűɞɟŮŰɘəɏɠ 

ŰŬɢɨŰɖŰŮɠ. ȼ ˊɞɚɡűŬůɘəɐ ɟɞɐ ɛˊɞɟŮɑ ɜŬ ŭɘŬɘɟŮɗŮɑ ůŮ ŰɟŮɑɠ əŬŰɖɔɞɟɑŮɠ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ 

əŬŰŮɨɗɡɜůɖ Űɖɠ. ɇŬ ˊŬɟŬɔɤɔɘəɎ ůɡůŰɐɛŬŰŬ, ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɞ ɆɢɐɛŬ 3.12, ˊŮɟɘɚŬɛɓɎɜɞɡɜ: 

əŬŰŬəɧɟɡűɖ ˊɞɚɡűŬůɘəɐ ɟɞɐ, ɞɟɘɕɧɜŰɘŬ əŬɘ əŮəɚɘɛɏɜɖ. ɆŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ ɗŮɤɟŮɑŰŬɘ ɧŰɘ ɞɘ 

ɔŮɤŰɟɐůŮɘɠ Űɞɡ ˊŮŭɑɞɡ OILFIELD ŮɑɜŬɘ əŬŰŬəɧɟɡűŮɠ.  

 

ɆɢɐɛŬ 3.12: ȹɘŬŭɟɞɛɐ ɟɞɐɠ ˊŮŰɟŮɚŬɥəɞɨ ůɡůŰɐɛŬŰɞɠ  (18) (Schlumberger - Gas Lift Design and 

Technology) 
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3.6Ȣρ ɣɻʃʀʎʐʡʐɻ ʍʋʙʏ 

ȳˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɞ ɆɢɐɛŬ 3.13, əŬŰɎ Űɖɜ ˊɞɚɡűŬůɘəɐ ɟɞɐ ŬɏɟɘŬɠ əŬɘ ɡɔɟɐɠ űɎůɖɠ 

ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ ɛˊɞɟɞɨɜ ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ ŬɟəŮŰɎ əŬɗŮůŰɩŰŬ ɟɞɐɠ, ŰŬ ůɖɛŬɜŰɘəɧŰŮɟŬ Űɤɜ 

ɞˊɞɑɤɜ ŮɑɜŬɘ: 

¶ Ʌɞɐ ɛŮ űɡůŬɚɑŭŮɠ (bubble flow), əŬŰɎ Űɖɜ ɞˊɞɑŬ ɖ ŬɏɟɘŬ űɎůɖ ɓɟɑůəŮŰŬɘ 

ŭɘŬůəɞɟˊɘůɛɏɜɖ ɛɏůŬ ůŰɖɜ ůɡɜŮɢɐ ɡɔɟɐ űɎůɖ Űɞɡ ˊŮŰɟŮɚŬɑɞɡ. 

¶ Ʌɞɐ ůɢɖɛŬŰɘůɛɞɨ ɛŮɔɎɚɤɜ ɗɡɚɎəɤɜ ŬŮɟɑɞɡ (slug flow), ůŰɖɜ ɞˊɞɑŬ ɞɘ űɡůŬɚɑŭŮɠ 

ŬŮɟɑɞɡ ůɡɔɢɤɜŮɨɞɜŰŬɘ ůŮ ɛŮɔŬɚɨŰŮɟŮɠ ɞɘ ɞˊɞɑŮɠ əɎˊɞɘŬ ůŰɘɔɛɐ Ŭɟɢɑɕɞɡɜ ɜŬ 

əŬŰŬɚŬɛɓɎɜɞɡɜ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɖɠ ŭɘŬŰɞɛɐɠ Űɖɠ ůɤɚɐɜɤůɖɠ. 

¶ Ʌɞɐ ɛŮ ŬɜŬŰŬɟɎɝŮɘɠ (churn flow), əŬŰɎ Űɖɜ ɞˊɞɑŬ ɞɘ ɛŮɔŬɚɨŰŮɟŮɠ űɡůŬɚɑŭŮɠ ŬŮɟɑɞɡ 

ɔɑɜɞɜŰŬɘ ŬůŰŬɗŮɑɠ əŬɘ əŬŰŬɟɟɏɞɡɜ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŭɖɛɘɞɡɟɔŮɑŰŬɘ Űɡɟɓɩŭɖɠ ɟɞɐ. 

¶ ȹŬəŰɡɚɘɞŮɘŭɐɠ ɟɞɐ (annular flow), əŬŰɎ Űɖɜ ɞˊɞɑŬ ɖ űɎůɖ Űɞɡ ŬŮɟɑɞɡ ɔɑɜŮŰŬɘ ɖ 

əɡɟɑŬɟɢɖ əŬɘ ůɡɜŮɢɐɠ, Ůɜɩ ɖ ɡɔɟɐ ɟɏŮɘ ůŮ ɏɜŬ ŭŬəŰɨɚɘɞ ɞ ɞˊɞɑɞɠ ŮˊɘəŬɚɨˊŰŮɘ Űɖɜ 

ŮˊɘűɎɜŮɘŬ Űɞɡ ůɤɚɐɜŬ, ɛŮ ůŰŬɔɞɜɑŭɘŬ ɜŬ ůɡɛˊŬɟŬůɨɟɞɜŰŬɘ ůŰɖɜ ŬɏɟɘŬ űɎůɖ. 

¶ Ƀɛɘɢɚɩŭɖɠ ɟɞɐ (mist flow), əŬŰɎ Űɖɜ ɞˊɞɑŬ ůŮ ŮɝŬɘɟŮŰɘəɎ ɡɣɖɚɏɠ ŰŬɢɨŰɖŰŮɠ Űɖɠ 

əŮɜŰɟɘəɐɠ ůŰɐɚɖɠ ŬŮɟɑɞɡ, ɖ ŭɘɎŰɛɖůɖ ůŰɖ ŭɘŮˊɘűɎɜŮɘŬ ŬŮɟɑɞɡ - ˊŮŰɟŮɚŬɑɞɡ ɞŭɖɔŮɑ ůŮ 

ŭɘŬůˊɞɟɎ Űɞɡ ˊŮŰɟŮɚŬɑɞɡ ůŰɞ Ŭɏɟɘɞ ůɢɖɛŬŰɑɕɞɜŰŬɠ ɏɜŬ əŬɗŮůŰɩɠ óôɞɛɑɢɚɖɠôô. ȷɡŰɧ Űɞ 

ɛɞŰɑɓɞ ɞɛɘɢɚɩŭɖɠ ɟɞɐɠ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ɛɧɜɞ ůŮ ˊɞɚɨ ɡɣɖɚɏɠ ŰŬɢɨŰɖŰŮɠ ɟɞɐɠ əŬɘ ůŮ 

ůɡůŰɐɛŬŰŬ ɛŮ ɡɣɖɚɧ ɚɧɔɞ Ŭɏɟɘɞɡ - ˊŮŰɟŮɚŬɑɞɡ (GOR).  

 

 

ɆɢɐɛŬ 3.13: ȾŬɗŮůŰɩŰŬ ɟɞɐɠ (19) (Ʉɖɔɐ: http://www.ingenieriadepetroleo.com/flow-regimes-in-

horizontal-and-vertical-pipes.html) 
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ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɖ ˊŰɩůɖ ˊɑŮůɖɠ ůŮ ɛɑŬ ůɤɚɐɜɤůɖ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ ɛɑŬ ůɨɜɗŮŰɖ ůŮɘɟɎ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ ˊɞɚɚɩɜ ˊŬɟŬɔɧɜŰɤɜ, ɏɜŬ Ŭˊɧ ŰŬ ɛŮɔŬɚɨŰŮɟŬ ˊɟɞɓɚɐɛŬŰŬ ůŰɖɜ ŬɜɎɚɡůɖ Űɤɜ 

ˊŬɟŬɔɤɔɘəɩɜ ɔŮɤŰɟɐůŮɤɜ əŬɘ ůŰɖɜ ůɢŮŭɑŬůɖ Űɞɡ gas lift, ŮɑɜŬɘ ɖ ˊɟɧɓɚŮɣɖ Űɖɠ ɛŮŰŬɓɞɚɐɠ Űɖɠ 

ˊɑŮůɖɠ ɛŮ Űɞ ɓɎɗɞɠ. ɇɞ ˊɟɧɓɚɖɛŬ ŬɡŰɧ ɏɢŮɘ ŬˊɞŰŮɚɏůŮɘ Űɞ ŬɜŰɘəŮɑɛŮɜɞ ˊɞɚɡɎɟɘɗɛɤɜ ɛŮɚŮŰɩɜ. 

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, ɡˊɐɟɝŬɜ ŬɟəŮŰɞɑ ŮɟŮɡɜɖŰɏɠ ɞɘ ɞˊɞɑɞɘ ŭɖɛɞůɑŮɡůŬɜ ůɡůɢŮŰɑůŮɘɠ. ȷˊɧ 

ŬɡŰɞɨɠ, ɞɘ ˊɘɞ ɔɜɤůŰɞɑ ůɡůɢŮŰɘůɛɞɑ  ŮɑɜŬɘ Űɞɡ Hagedorn and Brown əŬɘ Orkiszewski. Ƀɘ 

ŮɝɘůɩůŮɘɠ-ůɡůɢŮŰɑůŮɘɠ ŬɡŰɏɠ Űɖɠ ˊɞɚɡűŬůɘəɐɠ ɟɞɐɠ, ŮɑɜŬɘ ŬɟəŮŰɎ ŬəɟɘɓŮɑɠ əŬɘ ˊɞɚɨ ɢɟɐůɘɛŮɠ ɔɘŬ 

Űɞɡɠ ɛɖɢŬɜɘəɞɨɠ ˊŬɟŬɔɤɔɐɠ ŭɘɧŰɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɤɜ Ŭəɞɚɞɨɗɤɜ: 

 

¶ Ⱥˊɘɚɞɔɐ Űɖɠ ůɤůŰɐɠ ŭɘŬŰɞɛɐɠ Űɤɜ ůɤɚɖɜɩůŮɤɜ. 

¶ ɄɟɧɓɚŮɣɖ Űɞɡ əŬŰɎɚɚɖɚɞɡ ɢɟɧɜɞɡ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ ɕɤɐɠ Űɞɡ ˊŮŰɟŮɚŬɥəɞɨ ˊŮŭɑɞɡ, ˊɞɡ 

ɗŬ ˊɟɏˊŮɘ ɜŬ ŬɟɢɑůŮɘ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ŰŮɢɜɖŰɩɜ ɛɖɢŬɜɘůɛɩɜ ˊŬɟŬɔɤɔɐɠ (artificial lift) . 

¶ ɆɢŮŭɘŬůɛɧɠ Űɤɜ ŰŮɢɜɖŰɩɜ ɛɖɢŬɜɘůɛɩɜ ˊŬɟŬɔɤɔɐɠ. 

¶ Ʉɟɞůŭɘɞɟɘůɛɧɠ Űɖɠ ˊɑŮůɖɠ Űɞɡ űɟŮŬŰɑɞɡ Űɖɠ ɔŮɩŰɟɖůɖɠ. 

¶ Ʉɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ ˊŬɟŬɔɤɔɘəɧŰɖŰŬɠ (PI). 

¶ ɄɟɧɓɚŮɣɖ Űɤɜ ɛɏɔɘůŰɤɜ ŭɡɜŬŰɩɜ ɟɡɗɛɩɜ ˊŬɟŬɔɤɔɐɠ. 

 

3.6.2 ɄŬɟɎɛŮŰɟɞɘ ŭɘűŬůɘəɐɠ ɟɞɐɠ 

ȷɟəŮŰɏɠ ˊŬɟɎɛŮŰɟɞɘ Űɖɠ ŭɘűŬůɘəɐɠ ɟɞɐɠ ŮɑɜŬɘ ůɡɜɏˊŮɘŬ Űɞɡ ɔŮɔɞɜɧŰɞɠ ɧŰɘ, ɚɧɔɤ Űɖɠ ŭɘŬűɞɟɎɠ 

ˊɡəɜɧŰɖŰŬɠ Űɤɜ ŭɨɞ űɎůŮɤɜ, ɖ ŮɚŬűɟɨŰŮɟɖ űɎůɖ ɟɏŮɘ ŰŬɢɨŰŮɟŬ (ɆɢɐɛŬ 3.14). ȼ ˊɞɚɡűŬůɘəɐ 

ɟɞɐ ɗŬ ŬˊɚɞˊɞɘɞɨŰŬɜ ůɖɛŬɜŰɘəɎ ŮɎɜ ɞɘ ŭɨɞ űɎůŮɘɠ (ɡɔɟɧ-Ŭɏɟɘɞ) ůɡɛˊŮɟɘűɏɟɞɜŰŬɜ ůŬɜ ɏɜŬ 

ɞɛɞɘɞɔŮɜɏɠ ɛɑɔɛŬ Űɞɡ ɞˊɞɑɞɡ ɞɘ ɘŭɘɧŰɖŰŮɠ ɏˊŬɘɟɜŬɜ ɛɑŬ ɛɏůɖ Űɘɛɐ Űɤɜ Ůˊɘɛɏɟɞɡɠ ɘŭɘɞŰɐŰɤɜ Űɖɠ 

əɎɗŮ űɎůɖɠ.  ȺˊŮɘŭɐ ɧɛɤɠ ɖ ŬɏɟɘŬ űɎůɖ ŭɘŬűɏɟŮɘ ŬɘůɗɖŰɎ Ŭˊɧ Űɖɜ ɡɔɟɐ ɤɠ ˊɟɞɠ Űɖɜ ˊɡəɜɧŰɖŰŬ 

əŬɘ Űɞ ɘɝɩŭŮɠ, ɖ ŬɏɟɘŬ űɎůɖ ɟɏŮɘ ɛŮ ɛŮɔŬɚɨŰŮɟɖ ɛɏůɖ ŰŬɢɨŰɖŰŬ Ŭˊɧ Űɖɜ ɡɔɟɐ, ɏɜŬ űŬɘɜɧɛŮɜɞ 

ˊɞɡ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ <<ɞɚɑůɗɖůɖ>> Űɖɠ ɛɑŬɠ űɎůɖɠ ɤɠ ˊɟɞɠ Űɖɜ Ɏɚɚɖ. ɋɠ əŬŰŬəɟɎŰɖůɖ (HL, 

hold up) ɞɟɑɕŮŰŬɘ ɞ ɛɏůɞɠ ɧɔəɞɠ ˊɞɡ əŬŰŬɚŬɛɓɎɜŮɘ Űɞ ɡɔɟɧ ůŮ ɛɘŬ ɢɟɞɜɘəɐ ůŰɘɔɛɐ ůŮ ɏɜŬ 

ɞɟɘůɛɏɜɞ ŰɛɐɛŬ Űɞɡ Ŭɔɤɔɞɨ əŬɘ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ɞɚɑůɗɖůɖɠ əŬɘ ŭɘŬűɏɟŮɘ Ŭˊɧ Űɞ ɚɧɔɞ Űɖɠ 

ɞɔəɞɛŮŰɟɘəɐɠ ˊŬɟɞɢɐɠ Űɞɡ ɡɔɟɞɨ ɤɠ ˊɟɞɠ Űɖ ůɡɜɞɚɘəɐ ˊŬɟɞɢɐ Űɖɠ ɔŮɩŰɟɖůɖɠ. 

 

ȺɎɜ Űɞ ŮɛɓŬŭɧ ŭɘŬŰɞɛɐɠ ɛɑŬɠ ůɤɚɐɜɤůɖɠ ŮɑɜŬɘ ȷ əŬɘ ŰŬ ŮɛɓŬŭɎ Űɖɠ ŭɘŬŰɞɛɐɠ ˊɞɡ əŬɚɨˊŰɞɜŰŬɘ 

Ŭˊɧ Űɖɜ ŬɏɟɘŬ əŬɘ Űɖɜ ɡɔɟɐ űɎůɖ ŬɜŰɑůŰɞɘɢŬ ŮɑɜŬɘ GA  əŬɘ LA  ŰɧŰŮ ɞ ɛɏůɞɠ ɧɔəɞɠ (GH ) ˊɞɡ 
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əŬŰŬɚŬɛɓɎɜŮɘ ɖ ŬɏɟɘŬ űɎůɖ ɛɘŬ ɢɟɞɜɘəɐ ůŰɘɔɛɐ ůŮ ɏɜŬ ɞɟɘůɛɏɜɞ ŰɛɐɛŬ Űɞɡ Ŭɔɤɔɞɨ ŭɑɜŮŰŬɘ Ŭˊɧ 

Űɖɜ Ůɝɑůɤůɖ: 

                                                                      G

G

A
H

A
=                                          (3.28) 

 

ȳˊɞɡ G LA A A= + . ŪŬ ˊɟɏˊŮɘ ɜŬ ŰɞɜɘůŰŮɑ Ůŭɩ ɧŰɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɞɘ ŭŮɑəŰŮɠ G əŬɘ L ɔɘŬ ɜŬ 

ŭɖɚɩůɞɡɜ Űɖɜ ŬɏɟɘŬ əŬɘ Űɖɜ ɡɔɟɐ űɎůɖ ŬɜŰɑůŰɞɘɢŬ. ɇŬ ŭɨɞ ŬɡŰɎ ɛŮɔɏɗɖ ( LH əŬɘ GH ) ŮɑɜŬɘ 

ůɖɛŬɜŰɘəɎ ŭɘɧŰɘ ˊɟɞůŭɘɞɟɑɕɞɡɜ Űɞ ɢɟɧɜɞ ˊŬɟŬɛɞɜɐɠ Űɤɜ ɟŮɡůŰɩɜ ůŰɞ ůɨůŰɖɛŬ əŬɘ ŮˊŮɘŭɐ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ˊŰɩůɖɠ ˊɑŮůɖɠ. ɆɡɜŭɏɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ ɛŮ Űɖɜ Ůɝɑůɤůɖ: 

 

                                                                    1L GH H+ =                                        (3.29) 

 

 

ɆɢɐɛŬ 3.14: ȷˊɚɞˊɞɘɖɛɏɜɖ ŮɘəɧɜŬ ŭɘűŬůɘəɐɠ ɟɞɐɠ ɡɔɟɞɨ-ŬŮɟɑɞɡ ůŮ əɡɚɘɜŭɟɘəɧ Ŭɔɤɔɧ  (20) 

(ȹɘűŬůɘəɐ ɟɞɐ əŬɘ ɛŮŰŬűɞɟɎ ɗŮɟɛɧŰɖŰŬɠ- Ɂ. ȷɜŭɟɑŰůɞɠ, ȸ. ɀˊɞɜŰɧɕɞɔɚɞɡ, 2012) 

  

ɀŬɕɘəɐ ɟɞɐ  

ȼ ůɡɜɞɚɘəɐ ɛŬɕɘəɐ ɟɞɐ ɞɟɑɕŮŰŬɘ ɤɠ Űɞ ɎɗɟɞɘůɛŬ Űɖɠ ɛŬɕɘəɐɠ ˊŬɟɞɢɐɠ Űɞɡ ɡɔɟɞɨ (LW ) əŬɘ Űɞɡ 

ŬŮɟɑɞɡ (GW ) ůŮ kg/s: 

                                                                      G LW W W= +                                      (3.30) 
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ɀŬɕɘəɏɠ ŰŬɢɨŰɖŰŮɠ (Mass velocities) 

Ƀɘ ɛŬɕɘəɏɠ ŰŬɢɨŰɖŰŮɠ ŮɑɜŬɘ ɞɡůɘŬůŰɘəɎ ɞɘ ɛŬɕɘəɏɠ ɟɞɏɠ ŭɘŬɘɟŮɛɏɜŮɠ ɛŮ Űɖɜ ŭɘŬŰɞɛɐ Űɖɠ ɟɞɐɠ, ůŮ 

kg/ά s: 

                                                               
W u

G u
A v
r= = =                                 (3.31) 

                                                                     G LG G G= +                                        (3.32) 

 

ȳˊɞɡ ɟ əŬɘ u ŮɑɜŬɘ ɖ ˊɡəɜɧŰɖŰŬ əŬɘ ɖ ŰŬɢɨŰɖŰŬ Űɖɠ ůɡɜɞɚɘəɐɠ ɟɞɐɠ. 

 

ɄɞɘɧŰɖŰŬ (Quality) 

ɆŰɖ ɗŮɩɟɖůɖ űŬɘɜɞɛɏɜɤɜ ůŰŬ ɞˊɞɑŬ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ŬɚɚŬɔɐ űɎůɖɠ (ɓɟŬůɛɧɠ, ůɡɛˊɨəɜɤůɖ) 

ŮɑɜŬɘ əŬŰŬɚɚɖɚɧŰŮɟɖ Űɘɠ ˊŮɟɘůůɧŰŮɟŮɠ űɞɟɏɠ ɖ ɢɟɐůɖ Űɞɡ ɧɟɞɡ Űɖɠ ɛŬɕɘəɐɠ ˊɞɘɧŰɖŰŬɠ (X), ɖ 

ɞˊɞɑŬ ɞɟɑɕŮŰŬɘ ɤɠ Űɞ əɚɎůɛŬ ɛɎɕŬɠ Űɖɠ ŬɏɟɘŬɠ űɎůɖɠ ɤɠ ˊɟɞɠ Űɖɜ ůɡɜɞɚɘəɐ (ŬɏɟɘŬ əŬɘ ɡɔɟɐ): 

 

                                                            
G G

G L

G G

G G G
C= =

+
                                    (3.33) 

 

ȼ ˊŬɟɎɛŮŰɟɞɠ ŬɡŰɐ ŭŮɜ ˊɟɏˊŮɘ ɜŬ ůɡɔɢɏŮŰŬɘ ɛŮ Űɖ ɗŮɟɛɞŭɡɜŬɛɘəɐ ˊɞɘɧŰɖŰŬ, Űɞ ɚɧɔɞ ŭɖɚŬŭɐ Űɖɠ 

ɛɎɕŬɠ Űɞɡ ŬŰɛɞɨ ɤɠ ˊɟɞɠ Űɖɜ ůɡɜɞɚɘəɐ ɛɎɕŬ Űɖɠ Űɤɜ ŭɨɞ űɎůŮɤɜ ůŮ ɛɑŬ ůɡɔəŮəɟɘɛɏɜɖ ɗɏůɖ əŬɘ 

ůŰɘɔɛɐ.  

 

ūŬɘɜɞɛŮɜɘəɏɠ ŰŬɢɨŰɖŰŮɠ (Superficial velocities)  

Ƀɘ űŬɘɜɞɛŮɜɘəɏɠ ŰŬɢɨŰɖŰŮɠ Űɤɜ űɎůŮɤɜ ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ɗŮɤɟɩɜŰŬɠ ɧŰɘ ɞɘ ŭɨɞ űɎůŮɘɠ ɟɏɞɡɜ 

ɛɧɜŮɠ Űɞɡɠ ůŰɞɜ Ŭɔɤɔɧ. ȼ űŬɘɜɞɛŮɜɘəɐ ŰŬɢɨŰɖŰŬ ŬɏɟɘŬɠ űɎůɖɠ ɞɟɑɕŮŰŬɘ ɤɠ: 

                                                                 ,
gas

s gas

q
V

A
=                                       (3.34) 

                                                               ,
liquid

s liquid

q
V

A
=                                    (3.35) 
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ȳˊɞɡ ,s gasV  , ,s liquidV   ʋʅ űŬɘɜɞɛŮɜɘəɏɠ ŰŬɢɨŰɖŰŮɠ Űɞɡ ŬŮɟɑɞɡ əŬɘ Űɞɡ ɡɔɟɞɨ ŬɜŰɑůŰɞɘɢŬ, gasq  , 

liquidq  ɞ ɟɡɗɛɧɠ ˊŬɟŬɔɤɔɐɠ Űɞɡ ŬŮɟɑɞɡ əŬɘ Űɞɡ ɡɔɟɞɨ ŬɜŰɑůŰɞɘɢŬ əŬɘ ȷ Űɞ ŮɛɓŬŭɧɜ ŭɘŬŰɞɛɐɠ 

Űɖɠ ůɤɚɐɜɤůɖɠ. 

 

ɆŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ, ůŮ ůɡɜɗɐəŮɠ ˊɞɚɡűŬůɘəɐɠ ɟɞɐɠ, ɞɘ űŬɘɜɞɛŮɜɘəɏɠ ŰŬɢɨŰɖŰŮɠ ŭŮɜ 

ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ˊɟŬɔɛŬŰɘəɏɠ ŰŬɢɨŰɖŰŮɠ, ɧɛɤɠ ŬˊɞŰŮɚɞɨɜ ɛɑŬ ˊɞɚɨ ɓɞɚɘəɐ ˊŬɟɎɛŮŰɟɞ ɔɘŬ Űɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ Űɨˊɞɡ ɟɞɐɠ. Ƀ ˊɟɞůŭɘɞɟɘůɛɧɠ ŬɡŰɧɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Űɤɜ 

ɚɞɔŬɟɘɗɛɘəɩɜ ɢŬɟŰɩɜ ɟɞɐɠ (flow maps) ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɘɠ űŬɘɜɞɛŮɜɘəɏɠ ŰŬɢɨŰɖŰŮɠ (ɆɢɐɛŬ 

3.15). 

 

 

ɆɢɐɛŬ 3.15: ɉɎɟŰɖɠ əŬɗŮůŰɩŰɤɜ ɟɞɐɠ  (21) (Fekete Harmony ï Theory And Equations) 
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ɀɏůɖ ˊɟŬɔɛŬŰɘəɐ ŰŬɢɨŰɖŰŬ (Average phase velocities) 

ȼ ɛɏůɖ ˊɟŬɔɛŬŰɘəɐ ŰŬɢɨŰɖŰŬ Űɖɠ ŬɏɟɘŬɠ űɎůɖɠ əŬɘ Űɖɠ ɡɔɟɐɠ ŬɜŰɑůŰɞɘɢŬ, ɞɟɑɕŮŰŬɘ ɤɠ: 

 

                                                        
,gas s gasG

GAS

G G G G

q VG
V

A H Hr
= = =                         (3.36) 

                                              
( )

,

1 1

liquid s gasL

LIQUID

G L G G

q VG
V

A H H Hr
= = =

- -
               (3.37) 

 

ɇŬɢɨŰɖŰŬ ɞɚɑůɗɖůɖɠ (Slip ratio) 

ȼ ŰŬɢɨŰɖŰŬ ɞɚɑůɗɖůɖɠ, S, ŮəűɟɎɕŮɘ Űɖ ůɢŮŰɘəɐ ŰŬɢɨŰɖŰŬ Űɖɠ ŬɏɟɘŬɠ űɎůɖɠ ( GASV ) ɤɠ ˊɟɞɠ Űɖɜ 

ɡɔɟɐ ( LIQUIDV ) əŬɘ ɞɟɑɕŮŰŬɘ ɤɠ: 

 

                              
1

1

GAS G L L GL

LIQUID L G G G G

V G A HX
S

V G A X H

r r

r r

å õå õ-å õ
= = = æ öæ öæ ö

-ç ÷ç ÷ç ÷
             (3.38) 
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ȾȺūȷȿȷȽɃ 4Ƀ 

ɾɶʋɮɿɹʅɾʁɹ ʇʃʁɰʁɶɸɶʅɶʅ ʃɮʄɮɱʍɱɶʅ όARTIFICIAL LIFT) 

4.1 ȺɘůŬɔɤɔɐ 

ɆŰɖ ɛɖɢŬɜɘəɐ ˊŮŰɟŮɚŬɑɞɡ, ɞɘ ɛɖɢŬɜɘůɛɞɑ ɡˊɞɓɞɐɗɖůɖɠ Űɖɠ ˊŬɟŬɔɤɔɐɠ ŬɜŬűɏɟɞɜŰŬɘ ůŰɖ ɢɟɐůɖ 

ŰŮɢɜɖŰɩɜ ɛɏůɤɜ ɔɘŬ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ɟɞɐɠ ɐ ɔɘŬ Űɖɜ ŮˊŬɜŮəəɑɜɖůɖ ɔŮɤŰɟɐůŮɤɜ Űɤɜ ɞˊɞɑɤɜ ɖ 

ˊŬɟŬɔɤɔɐ ɏɢŮɘ ůŰŬɛŬŰɐůŮɘ (dead wells). ȺɑɜŬɘ ɏɜŬ ůɨɜɞɚɞ ɛŮɗɧŭɤɜ, ɞɘ ɞˊɞɑŮɠ ɗŬ ŬɜŬɚɡɗɞɨɜ ůŰɘɠ 

ŮˊɧɛŮɜŮɠ ŮɜɧŰɖŰŮɠ əŬɘ ɞɘ ɞˊɞɑŮɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ɛŮɑɤůɖ Űɖɠ ˊɑŮůɖɠ Űɞɡ ˊɡɗɛɏɜŬ Űɖɠ 

ɔŮɩŰɟɖůɖɠ (BHP) ɛŮ ůəɞˊɧ Űɖɜ ŮˊɑŰŮɡɝɖ Ůɜɧɠ ɡɣɖɚɧŰŮɟɞɡ ɟɡɗɛɞɨ ˊŬɟŬɔɤɔɐɠ.    

ɆŮ ŬɡŰɧ Űɞ əŮűɎɚŬɘɞ, ɗŬ ɔɑɜŮɘ ɛɑŬ ˊŮɟɘɔɟŬűɐ Űɤɜ ŭɘɎűɞɟɤɜ ŰŮɢɜɖŰɩɜ ɛɖɢŬɜɘůɛɩɜ ɡˊɞɓɞɐɗɖůɖɠ 

Űɖɠ ˊŬɟŬɔɤɔɐɠ, ɛŮ ɘŭɘŬɑŰŮɟɖ ɏɛűŬůɖ ůŰɖ ɛɏɗɞŭɞ ɡˊɞɓɞɐɗɖůɖɠ Űɖɠ ˊŬɟŬɔɤɔɐɠ ɛŮ ɏɔɢɡůɖ ŬŮɟɑɞɡ 

(gas lift ).  

 

4.2 ɣʍʅʐʙʍʅɻ ʀʌʅʇʋɾʙʏ ʀʉʝʏ ʐʀʔʉʂʐʋʞ ʈʂʔɻʉʅʎʈʋʞ ʌɻʍɻɾʖɾʙʏ 

ɈˊɎɟɢɞɡɜ ˊɞɚɚɎ əɟɘŰɐɟɘŬ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ Ůˊɘɚɞɔɐ ɛɖɢŬɜɘůɛɞɨ ɡˊɞɓɞɐɗɖůɖɠ Űɖɠ 

ˊŬɟŬɔɤɔɐɠ. Ʉɟɘɜ ˊŬɟɗŮɑ ɞˊɞɘŬŭɐˊɞŰŮ ŬˊɧűŬůɖ ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ ɛɖɢŬɜɘůɛɞɨ Ŭˊɧ Űɞɜ 

ŭɘŬɢŮɘɟɘůŰɐ əɞɘŰɎůɛŬŰɞɠ, ɗŬ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮɘ ɛɑŬ ŬɜŬɚɡŰɘəɐ ɛŮɚɏŰɖ ˊɞɡ ɜŬ ˊŮɟɘɏɢŮɘ ůŰɞɘɢŮɑŬ ŰŬ 

ɞˊɞɑŬ ɗŬ ˊɟɞůŭɘɞɟɑɕɞɡɜ Ŭəɟɘɓɩɠ ˊɞɘŮɠ ŮɑɜŬɘ ɞɘ ŬɜɎɔəŮɠ Űɞɡ ɏɟɔɞɡ əŬɘ ˊɤɠ ŬɡŰɧ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ɡɚɞˊɞɘɖɗŮɑ. ɀŮɟɘəɎ Ŭˊɧ ŰŬ ˊɘɞ ɓŬůɘəɎ əɟɘŰɐɟɘŬ Ůˊɘɚɞɔɐɠ ŮɑɜŬɘ ŰŬ ˊŬɟŬəɎŰɤ: 

¶ ɇŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŰŬɛɘŮɡŰɐɟŬ əŬɘ ɔŮɩŰɟɖůɖɠ ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ Űɞ ɓɎɗɞɠ Űɞɡ 

ůɢɖɛŬŰɘůɛɞɨ ˊŬɟŬɔɤɔɐɠ, ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɟɞɐɠ, ɖ űɨůɖ Űɤɜ ˊŬɟŬɔɧɛŮɜɤɜ 

ɟŮɡůŰɩɜ ə.Ŭ. . 

¶ ȼ ŰɞˊɞɗŮůɑŬ Űɞɡ ˊŮŭɑɞɡ, ɧˊɤɠ ɢŮɟůŬɑɞ ɐ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ, ɖ ŬˊɧůŰŬůɖ Ŭˊɧ Űɘɠ 

ŮɔəŬŰŬůŰɎůŮɘɠ ŮˊŮɝŮɟɔŬůɑŬɠ, ŰŬ əŬɘɟɘəɎ űŬɘɜɧɛŮɜŬ ə.Ŭ. 

¶ ȼ ˊɖɔɐ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ɗŬ ˊɟɏˊŮɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əŬɘ ɖ ŮɡəɞɚɑŬ ˊŬɟɞɢɐɠ. 

¶ ɄɟɞɓɚɐɛŬŰŬ ɚŮɘŰɞɡɟɔɑŬɠ ɧˊɤɠ ŮɑɜŬɘ ɖ ŮˊɘəɎɗɖůɖ ůŰŮɟŮɩɜ ˊ.ɢ. ŬɚɎŰɤɜ, ŬůűŬɚŰŮɜɑɤɜ, 

ɡŭɟɘŰɩɜ ə.Ŭ., ŬɚɚɎ əŬɘ ɖ ˊŬɟɞɡůɑŬ ŭɘŬɓɟɤŰɘəɩɜ ŬŮɟɑɤɜ ɧˊɤɠ Űɞ ɡŭɟɧɗŮɘɞ. 

¶ Ƀɘəɞɜɞɛɘəɐ ŮɡɢɏɟŮɘŬ Űɖɠ ŮŰŬɘɟɑŬɠ əŬɘ ŭɡɜŬŰɧŰɖŰŮɠ ŮɔəŬŰɎůŰŬůɖɠ əŬɘ ůɡɜŰɐɟɖůɖɠ Űɞɡ 

ŬˊŬɟŬɑŰɖŰɞɡ Ůɝɞˊɚɘůɛɞɨ ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ əɘɜɖŰɐɟŮɠ, ůɡɛˊɘŮůŰɏɠ, ŬɜŰɚɑŮɠ ə.Ŭ. 
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τȢσ ɬʞʌʋʅ ʈʂʔɻʉʅʎʈʡʉ ʑʌʋɼʋʙʃʂʎʂʏ ʐʂʏ ʌɻʍɻɾʖɾʙʏ 

Ƀɘ əɡɟɘɧŰŮɟŮɠ ɛɏɗɞŭɞɘ ɛɖɢŬɜɘůɛɩɜ ɡˊɞɓɞɐɗɖůɖɠ ˊŬɟŬɔɤɔɐɠ ŮɑɜŬɘ: 

 

¶ ȯɜŰɚɖůɖ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Ůɛɓɧɚɞɡ (sucker rod pumping)  

¶ ȼɚŮəŰɟɘəɏɠ ɡˊɞɓɟɨɢɘŮɠ ŬɜŰɚɑŮɠ (electric submersible pumps)  

¶ ɇŮɢɜɖŰɐ ŬɜɎəŰɖůɖ ɛŮ ɏɔɢɡůɖ ŬŮɟɑɞɡ (gas lift ) 

¶ ɈŭɟŬɡɚɘəɎ ůɡůŰɐɛŬŰŬ ɎɜŰɚɖůɖɠ (jet hydraulic pumping systems)  

 

Ⱥˊɘˊɚɏɞɜ, ɞɘ ɧɢɘ əŬɘ Űɧůɞ ůɡɢɜɎ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŮɠ ɛɏɗɞŭɞɘ, ɡˊɞɓɞɐɗɖůɖɠ Űɖɠ ˊŬɟŬɔɤɔɐɠ ɛŮ 

ŮɛɓɞɚɞűɧɟŮɠ ŬɜŰɚɑŮɠ (plunger lift ) əŬɘ ŬɜŰɚɑŮɠ ɛŮ əɞɘɚɧŰɖŰŬ (progressive cavity pumps), ɔɑɜɞɜŰŬɘ 

ɧɚɞ əŬɘ ˊɘɞ ŮűŬɟɛɧůɘɛŮɠ ɛŮ Űɖɜ Ůɝɏɚɘɝɖ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ. Ƀɘ ɛɏɗɞŭɞɘ ŬɡŰɏɠ ˊŮɟɘɔɟɎűɞɜŰŬɘ ůŰŬ 

ˊŬɟŬəɎŰɤ ɡˊɧ-əŮűɎɚŬɘŬ.   

 

4.3.1 ɲʉʐʇʂʎʂ ʈʀ ʐʂʉ ɼʋʙʃʀʅɻ ʀʈɼʝʇʋʑ ɉSucker  Rod Pumping ) 

Ƀ ɛɖɢŬɜɘůɛɧɠ ɎɜŰɚɖůɖɠ ɛŮ ɏɛɓɞɚɞ ˊŬɟɏɢŮɘ ɛɖɢŬɜɘəɐ ŮɜɏɟɔŮɘŬ ɔɘŬ Űɖɜ Ŭɜɨɣɤůɖ Űɞɡ ˊŮŰɟŮɚŬɑɞɡ 

ɛɏɢɟɘ Űɖɜ ŮˊɘűɎɜŮɘŬ. ȺɑɜŬɘ ɛɑŬ Ŭˊɚɐ, ŬˊɞŭɞŰɘəɐ əŬɘ Ůɨəɞɚɖ ɛɏɗɞŭɞɠ ɧůɞɜ ŬűɞɟɎ Űɖɜ ŮəˊŬɑŭŮɡůɖ 

Űɞɡ ˊɟɞůɤˊɘəɞɨ Űɞɡ ˊŮŭɑɞɡ. ȺɑɜŬɘ ŮűŬɟɛɧůɘɛɖ ůŮ ɔŮɤŰɟɐůŮɘɠ ɛɘəɟɐɠ ŭɘŬɛɏŰɟɞɡ, ˊɞɚɚŬˊɚɩɜ 

ůɡůŰɖɛɎŰɤɜ ůɡɛˊɚɐɟɤůɖɠ (completion) əŬɘ ůŮ ˊŮŰɟɏɚŬɘŬ ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ɛŮɔɎɚɖ ɗŮɟɛɞəɟŬůɑŬ 

əŬɘ ɡɣɖɚɧ ɘɝɩŭŮɠ. Ⱥˊɑůɖɠ, ɖ ɛŮŰŬűɞɟɎ Űɞɡ ůɡůŰɐɛŬŰɞɠ Ŭˊɧ ɔŮɩŰɟɖůɖ ůŮ ɔŮɩŰɟɖůɖ ŮɑɜŬɘ ŬɟəŮŰɎ 

Ůɨəɞɚɖ əŬɘ ɢŬɛɖɚɞɨ əɧůŰɞɡɠ. 

 

ɇɞ ůɨůŰɖɛŬ ŬɡŰɧ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɘɎűɞɟŬ ɛɖɢŬɜɘəɎ ɛɏɟɖ Ŭˊɧ ŰŬ ɞˊɞɑŬ əɎˊɞɘŬ ɚŮɘŰɞɡɟɔɞɨɜ 

ůŰɖɜ ŮˊɘűɎɜŮɘŬ əŬɘ əɎˊɞɘŬ ůŰɞɜ ˊɡɗɛɏɜŬ Űɖɠ ɔŮɩŰɟɖůɖɠ. ȼ ɛɞɜɎŭŬ ɎɜŰɚɖůɖɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ, ɖ 

ɞˊɞɑŬ ůɡɜŭɏŮŰŬɘ ɛŮ Űɖɜ ɡˊɧɔŮɘŬ ŬɜŰɚɑŬ, ŬˊɞŰŮɚŮɑŰŬɘ, ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɞ ůɢɐɛŬ 4.1, Ŭˊɧ ɏɜŬ 

əɘɜɖŰɐɟɘɞ ɛɖɢŬɜɘůɛɧ (ɖɚŮəŰɟɘəɧɠ əɘɜɖŰɐɟŬɠ) ɞ ɞˊɞɑɞɠ ŭɑɜŮɘ ŮɜɏɟɔŮɘŬ ůŰɞɜ ɘɛɎɜŰŬ ŮɚɎŰŰɤůɖɠ 

ŰŬɢɨŰɖŰŬɠ V-Belt ɔɘŬ ɜŬ əɘɜɐůŮɘ Űɞɜ ɓɟŬɢɑɞɜŬ (crank). Ƀ ɓɟŬɢɑɞɜŬɠ ɛŮ Űɖɜ ůŮɘɟɎ Űɞɡ əɘɜŮɑ Űɖɜ 

ɛŮŰŬɚɚɘəɧ ŭɞəɧ (walking beam) ɞ ɞˊɞɑɞɠ ɛŮŰŬəɘɜŮɑŰŬɘ ˊɎɜɤ- əɎŰɤ ɔɘŬ ɜŬ ŬɜŮɓɎɕŮɘ əŬɘ ɜŬ 

əŬŰŮɓɎɕŮɘ Űɞ ɡˊɧɔŮɘɞ ůɨůŰɖɛŬ ɎɜŰɚɖůɖɠ. 
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ɆɢɐɛŬ 4.1: ɀɖɢŬɜɘůɛɧɠ ɎɜŰɚɖůɖɠ Sucker Rod (22) (ˊɖɔɐ: http://Petrowiki.org) 

 

ɆŰɘɠ ŮɛɓɞɚɞűɧɟŮɠ ŬɜŰɚɑŮɠ, Űɞ ɏɛɓɞɚɞ (plunger) əɘɜŮɑŰŬɘ ɛɏůŬ əŬɘ ɏɝɤ Ŭˊɧ ɏɜŬ ůŰŬɗŮɟɧ 

ˊŮɟɑɓɚɖɛŬ ɛɏůɤ ɛɑŬɠ əɞɘɚɧŰɖŰŬɠ ˊɞɡ ˊŮɟɘɏɢŮɘ Űɞ ˊŬɟŬɔɤɔɘəɧ ɟŮɡůŰɧ. ɆŰɘɠ ŬɜŰɚɑŮɠ ɛŮ ɏɛɓɞɚɞ 

(piston), ŬɡŰɧ ɛŮŰŬəɘɜŮɑŰŬɘ ˊɎɜɤ-əɎŰɤ ɛɏůŬ ůŰɖɜ əɞɘɚɧŰɖŰŬ ɛŮ Űɞ ˊŬɟŬɔɤɔɘəɧ ɟŮɡůŰɧ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ Űɞ ɤɗŮɑ ˊɟɞɠ ŰŬ ɏɝɤ. ȼ əɑɜɖůɖ ŬɡŰɐ, ŮɑŰŮ Űɞɡ Ůɛɓɧɚɞɡ ŮɑŰŮ Űɞɡ ˊɘůŰɞɜɘɞɨ, 

ŭɖɛɘɞɡɟɔŮɑ ɛɑŬ ŮɜŬɚɚŬůůɧɛŮɜɖ Ŭɨɝɖůɖ əŬɘ ɛŮɑɤůɖ Űɖɠ ɟɞɐɠ. ȾŬɗɩɠ ŬɡŰɎ əɘɜɞɨɜŰŬɘ ˊɟɞɠ ŰŬ 

ˊɑůɤ, ɞ ŭɘŬɗɏůɘɛɞɠ ɧɔəɞɠ ɛɏůŬ ůŰɞɜ əɨɚɘɜŭɟɞ ŬɡɝɎɜŮɘ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŬɜɞɑɔŮɘ ɛɑŬ ɛɞɜɧŭɟɞɛɖ 

ɓŬɚɓɑŭŬ ɖ ɞˊɞɑŬ ŮˊɘŰɟɏˊŮɘ Űɖ ɟɞɐ Űɞɡ ɟŮɡůŰɞɨ ɛɏůŬ ůŰɞɜ əɨɚɘɜŭɟɞ. ȷɜŰɑɗŮŰŬ, əŬɗɩɠ ŰŬ ɏɛɓɞɚŬ 

əɘɜɞɨɜŰŬɘ ˊɟɞɠ ŰŬ Ůɛˊɟɧɠ, ɞ ŭɘŬɗɏůɘɛɞɠ ɧɔəɞɠ ɛɏůŬ ůŰɞɜ əɨɚɘɜŭɟɞ ɛŮɘɩɜŮŰŬɘ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɖ 

ˊɑŮůɖ Űɞɡ ɟŮɡůŰɞɨ ɜŬ ɛŮɘɩɜŮŰŬɘ əŬɘ ɜŬ ɤɗŮɑŰŬɘ ˊɟɞɠ ŰŬ ɏɝɤ ɛɏůɤ Űɖɠ ɛɞɜɧŭɟɞɛɖɠ ɓŬɚɓɑŭŬɠ.  

 Ƀɘ ŮɛɓɞɚɞűɧɟŮɠ ŬɜŰɚɑŮɠ ŮɑɜŬɘ ɘəŬɜɏɠ ɜŬ ŭɖɛɘɞɡɟɔɞɨɜ ɡɣɖɚɏɠ ˊɘɏůŮɘɠ əŬɘ ɏɢɞɡɜ ɛŮɔɎɚɖ 

ɢɤɟɖŰɘəɧŰɖŰŬ. ȷˊɧ Űɖɜ Ɏɚɚɖ ɛŮɟɘɎ, ŬˊŬɘŰɞɨɜ ˊŮɟɘůůɧŰŮɟɖ ůɡɜŰɐɟɖůɖ ŮɝŬɘŰɑŬɠ Űɞɡ ɛŮɔɎɚɞɡ 

Ŭɟɘɗɛɞɨ əɘɜɞɨɛŮɜɤɜ ŮɝŬɟŰɖɛɎŰɤɜ ˊɞɡ ˊŮɟɘɏɢɞɡɜ. Ⱥˊɑůɖɠ, ɏɢɞɡɜ ɛŮɔŬɚɨŰŮɟɞ ɓɎɟɞɠ əŬɘ 

ɢɟŮɘɎɕɞɜŰŬɘ ˊŮɟɘůůɧŰŮɟɞ ɢɩɟɞ Ŭˊô ɧŰɘ ɞɘ űɡɔɞəŮɜŰɟɘəɏɠ əŬɘ ɞɘ ˊŮɟɘůŰɟɞűɘəɏɠ ŬɜŰɚɑŮɠ. Ⱥɘ́ˊɚɏɞɜ, 

ŭŮɜ ɏɢɞɡɜ ɛŮɔɎɚɖ ŭɡɜŬŰɧŰɖŰŬ ůŰɞɜ ɢŮɘɟɘůɛɧ Űɤɜ ɟŮɡůŰɩɜ ŰŬ ɞˊɞɑŬ ˊŮɟɘɏɢɞɡɜ ůŰŮɟŮɎ ůɡůŰŬŰɘəɎ 

ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ŭɘŬɓɟɩůɞɡɜ Űɘɠ ɓŬɚɓɑŭŮɠ. 
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4.3.2 ȼɚŮəŰɟɘəɏɠ ɡˊɞɓɟɨɢɘŮɠ ŬɜŰɚɑŮɠ (Electric Submersible Pumps) 

Ƀɘ ɖɚŮəŰɟɘəɏɠ ɡˊɞɓɟɨɢɘɏɠ ŬɜŰɚɑŮɠ (ESPs) ŮɑɜŬɘ ŮɨəɞɚŮɠ ůŰɖɜ ŮɔəŬŰɎůŰŬůɐ Űɞɡɠ əŬɘ ůŰɖɜ 

ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ. ɀˊɞɟɞɨɜ ɜŬ óôůɖəɩůɞɡɜôô ŮɝŬɘɟŮŰɘəɎ ɛŮɔɎɚɞɡɠ ɧɔəɞɡɠ ɟŮɡůŰɞɨ Ŭˊɧ Űɞɡɠ 

ˊŬɟŬɔɤɔɘəɞɨɠ ŰŬɛɘŮɡŰɐɟŮɠ, ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŮ ɡˊŮɟɎəŰɘŬ ˊŮŭɑŬ əŬɘ ɔŮɜɘəɎ Űɞ 

əɧůŰɞɠ Ŭɜɨɣɤůɖɠ ɛŮɔɎɚɞɡ ɧɔəɞɡ ˊŮŰɟŮɚŬɑɞɡ ŮɑɜŬɘ ŬɟəŮŰɎ ɢŬɛɖɚɧ. ɄŬɟô ɧɚŬ ŬɡŰɎ ɡˊɎɟɢɞɡɜ 

əɎˊɞɘɞɘ ˊŮɟɘɞɟɘůɛɞɑ ɧůɞɜ ŬűɞɟɎ Űɖɜ ɢɟɐůɖ Űɞɡɠ, ɧˊɤɠ ɖ ŭɘŬɗŮůɘɛɧŰɖŰŬ ůŮ ɖɚŮəŰɟɘəɐ ŮɜɏɟɔŮɘŬ 

ɡɣɖɚɐɠ ŰɎůɖɠ, ˊɟɞɓɚɐɛŬŰŬ ůŮ ɔŮɤŰɟɐůŮɘɠ ɛŮ ˊɞɚɚŬˊɚɐ ůɡɛˊɚɐɟɤůɖ (completion) əŬɘ ůŮ 

ˊŮŰɟɏɚŬɘŬ ɛŮ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ, ɡɣɖɚɧ əɧůŰɞɠ ůɡɜŰɐɟɖůɖɠ ə.Ŭ. 

ȷɜŮɝɎɟŰɖŰŬ ɧɛɤɠ Ŭˊɧ Űɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ ŬɡŰɞɨɠ, ŰŬ ůɡůŰɐɛŬŰŬ ESPs ˊŬɟɏɢɞɡɜ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ 

ɘˊˊɞŭɨɜŬɛɖ Ŭˊɧ ɧɚɞɡɠ Űɞɡɠ Űɨˊɞɡɠ ɛɖɢŬɜɘůɛɩɜ ɡˊɞɓɞɐɗɖůɖɠ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ɔŮɤŰɟɐůŮɘɠ 

ɛŮ dual completion əŬɘ Ůˊɑůɖɠ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɤɠ ŮűŮŭɟɘəɏɠ ɛɞɜɎŭŮɠ ůŮ 

ůɡɜŭɡŬůɛɧ ɛŮ əɎˊɞɘɞ Ɏɚɚɞ ůɨůŰɖɛŬ. 

ȼ ɛɏɗɞŭɞɠ ɛŮ ESPs ŮɑɜŬɘ ɛɑŬ ŬɟəŮŰɎ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŰŮɢɜɘəɐ əŬɘ əɎŰɤ Ŭˊɧ ɞɟɘůɛɏɜŮɠ ůɡɜɗɐəŮɠ 

ŮɑɜŬɘ ˊɘɞ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŬəɧɛŬ əŬɘ Ŭˊɧ Űɖɜ ɎɜŰɚɖůɖ ɛŮ ɏɛɓɞɚɞ (sucker rod pumps). ȳˊɤɠ 

űŬɑɜŮŰŬɘ əŬɘ ůŰɞ ɆɢɐɛŬ 4.2 a, ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰŬ ŬəɧɚɞɡɗŬ ŮˊɘűŬɜŮɘŬəɎ əŬɘ ɡˊɧɔŮɘŬ 

ůɡůŰɐɛŬŰŬ: 

 

ȷ) ɈˊɧɔŮɘɞ ůɨůŰɖɛŬ 

¶ ȷɜŰɚɑŬ (Pump). ȼ ŬɜŰɚɑŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛɑŬ ůŮɘɟɎ űɡɔɞəŮɜŰɟɖŰɩɜ ůŰɖ ůŮɘɟɎ, ɧˊɤɠ 

űŬɑɜŮŰŬɘ əŬɘ ůŰɞ ɆɢɐɛŬ 4.2 b. H ŬɜŰɚɑŬ ŬɡŰɐ ɚŮɘŰɞɡɟɔŮɑ ɛŮŰŬűɏɟɞɜŰŬɠ ˊɑŮůɖ ůŰɞ 

ɟŮɡůŰɧ ɏŰůɘ ɩůŰŮ ɜŬ Űɞɡ ŭɩůŮɘ Űɖɜ ŬˊŬɟŬɑŰɖŰɖ ŮɜɏɟɔŮɘŬ ˊɞɡ ɢɟŮɘɎɕŮŰŬɘ ɔɘŬ ɜŬ ŬɟɢɑůŮɘ 

ɜŬ ɟɏŮɘ Ŭˊɧ Űɞ űɟŮɎŰɘɞ Űɖɠ ɔŮɩŰɟɖůɖɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ɛŮ ɛɑŬ ŮˊɘɗɡɛɖŰɐ ˊŬɟɞɢɐ. ȷɡŰɧ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖɜ ɛŮŰŬűɞɟɎ əɘɜɖŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ůŰɞ ɟŮɡůŰɧ Ŭˊɧ Űɖɜ űɡɔɧəŮɜŰɟɞ 

ŭɨɜŬɛɖ ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ ɛɏůŬ ůŰɖɜ ŬɜŰɚɑŬ, ɖ ɞˊɞɑŬ ŰŮɚɘəɎ ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ŭɡɜŬɛɘəɐ 

ŮɜɏɟɔŮɘŬ ɛŮ Űɖɜ ɛɞɟűɐ ˊɑŮůɖɠ. 

¶ ȾɘɜɖŰɐɟŬɠ (Motor). Ƀ əɘɜɖŰɐɟŬɠ Űɖɠ ŬɜŰɚɑŬɠ ŰɟɞűɞŭɞŰŮɑŰŬɘ ɛŮ ŰɟɘűŬůɘəɧ ɟŮɨɛŬ Ŭˊɧ 

Űɖɜ ŮˊɘűɎɜŮɘŬ, ɛɏůɤ Ůɜɧɠ ɛɞɜɤɛɏɜɞɡ əŬɚɤŭɑɞɡ əŬɘ ŮɎɜ ɡˊɎɟɢɞɡɜ ɛŮɔŬɚɨŰŮɟŮɠ 

ŬˊŬɘŰɐůŮɘɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ Űɖɜ ŬɜŰɚɑŬ, ŰɧŰŮ ɛˊɞɟɞɨɜ ɜŬ ŰɞˊɞɗŮŰɖɗɞɨɜ ˊŬɟŬˊɎɜɤ Ŭˊɧ 

ɏɜŬɠ. ũŮɜɘəɎ, Űɞ ɛɐəɞɠ əŬɘ ɖ ŭɘɎɛŮŰɟɞɠ Űɞɡ əɘɜɖŰɐɟŬ əŬɗɞɟɑɕɞɡɜ Űɖɜ ɘˊˊɞŭɨɜŬɛɐ Űɞɡ.  

¶ ɀɞɜɤɛɏɜɞ ɖɚŮəŰɟɘəɧ əŬɚɩŭɘɞ (Sealed electric cable). ɇɞ ɛɞɜɤɛɏɜɞ əŬɚɩŭɘɞ 

ŰɟɞűɞŭɞůɑŬɠ ɛŮŰŬŭɑŭŮɘ Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ ɘůɢɨ ůŰɞɜ əɘɜɖŰɐɟŬ Űɖɠ ŬɜŰɚɑŬɠ. ɆŰɘɠ 

ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŮɔəŬɗɑůŰŬŰŬɘ ˊɎɜɤ ůŰɖɜ ˊŬɟŬɔɤɔɘəɐ ůŰɐɚɖ, Ŭˊɧ Űɖɜ əŮűŬɚɐ 
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Űɖɠ ɔŮɩŰɟɖůɖɠ ɛɏɢɟɘ əŬɘ Űɖɜ ŬɜŰɚɑŬ əŬɘ ŮɑɜŬɘ ŮɘŭɘəɎ ůɢŮŭɘŬůɛɏɜɞ ɔɘŬ ɜŬ ɚŮɘŰɞɡɟɔŮɑ 

əɎŰɤ Ŭˊɧ Űɘɠ ɡɣɖɚɏɠ ˊɘɏůŮɘɠ Űɞɡ űɟŮŬŰɑɞɡ.  

¶ ȹɘŬɢɤɟɘůŰɐɟŬɠ ŬŮɟɑɞɡ (Gas separator). Ƀ ŭɘŬɢɤɟɘůŰɐɟŬɠ ŬŮɟɑɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ 

ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ Űɞ ˊɞůɞůŰɧ Űɞɡ ŬŮɟɑɞɡ ˊɞɡ ŮɘůɏɟɢŮŰŬɘ ůŰɖɜ ŬɜŰɚɑŬ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞ 

Ŭˊɧ 20% Űɞɡ ůɡɜɞɚɘəɞɨ ɧɔəɞɡ ɟŮɡůŰɞɨ. ɆŰɖɜ ɞɡůɑŬ ŮɑɜŬɘ ɏɜŬɠ űɡɔɞəŮɜŰɟɘəɧɠ 

ŭɘŬɢɤɟɘůŰɐɠ ɞ ɞˊɞɑɞɠ ŭɘŬɢɤɟɑɕŮɘ Űɖɜ ŬɏɟɘŬ űɎůɖ, ɛŮ Űɖɜ ɛɘəɟɧŰŮɟɖ ˊɡəɜɧŰɖŰŬ, Ŭˊɧ Űɖɜ 

ɡɔɟɐ. ȼ ŰŮɚŮɡŰŬɑŬ ůɡɔəŮɜŰɟɩɜŮŰŬɘ ůŰɖɜ ɛɏůɖ Űɖɠ ůɡůəŮɡɐɠ əŬɘ ŮɘůɏɟɢŮŰŬɘ ɛɏůŬ ůŰɖɜ 

ŬɜŰɚɑŬ Ůɜɩ ɖ ŬɏɟɘŬ űɎůɖ ŬˊɞɓɎɚɚŮŰŬɘ ɛɏůŬ ůŰɞɜ ŭŬəŰɨɚɘɞ, ŬɜɎɛŮůŬ ůŰɖɜ ˊŬɟŬɔɤɔɘəɐ 

ůŰɐɚɖ əŬɘ ŰŬ ŰɞɘɢɩɛŬŰŬ Űɖɠ ɔŮɩŰɟɖůɖɠ (casing). ȷˊɧ ŮəŮɑ, Űɞ Ŭɏɟɘɞ ŬɜŮɓŬɑɜŮɘ ɛɏɢɟɘ 

Űɖɜ əŮűŬɚɐ Űɖɠ ɔŮɩŰɟɖůɖɠ ɧˊɞɡ ŮɑŰŮ ŬˊɞɓɎɚɚŮŰŬɘ ˊɟɞɠ Űɞɜ əŬɡůŰɐɟŬ ŬŮɟɑɞɡ (flare) 

ŮɑŰŮ ůɡɔəŮɜŰɟɩɜŮŰŬɘ ůŰɞ ůɨůŰɖɛŬ ŬˊɞɗɐəŮɡůɖɠ. 

     

 

ȸ) ȺˊɘűŬɜŮɘŬəɧ ůɨůŰɖɛŬ 

¶ ȺɚŮɔəŰɐɠ əɘɜɖŰɐɟŬ (Motor controller). Ƀ ŮɚŮɔəŰɐɠ əɘɜɖŰɐɟŬ ŮˊɘűɎɜŮɘŬɠ ˊŬɟɏɢŮɘ Űɖɜ 

ŬˊŬɟŬɑŰɖŰɖ ŮɜɏɟɔŮɘŬ ˊɞɡ ɢɟŮɘɎɕŮŰŬɘ ɖ ŬɜŰɚɑŬ əŬɘ ˊɟɞůŰŬŰŮɨŮɘ Űɞɜ ɡˊɧɔŮɘɞ Ůɝɞˊɚɘůɛɧ. Ƀ 

ůɢŮŭɘŬůɛɧɠ Űɞɡɠ ˊɞɘəɑɚŮɘ, Ŭˊɧ Űɞɡɠ ˊɞɚɨ ˊɞɚɨˊɚɞəɞɡɠ ɛɏɢɟɘ əŬɘ Űɞɡɠ ˊɘɞ Ŭˊɚɞɨɠ əŬɘ 

Ŭˊɧ Űɞɡɠ ˊɘɞ ɓŬůɘəɞɨɠ ɏɤɠ Űɞɡɠ ˊɘɞ ŮɝŮɚɘɔɛɏɜɞɡɠ, ɞɘ ɞˊɞɑɞɘ ˊɟɞůűɏɟɞɡɜ ˊɞɚɚɏɠ Ůˊɘɚɞɔɏɠ 

ɔɘŬ Űɖɜ ɓŮɚŰɑɤůɖ Űɞɡ Ůɚɏɔɢɞɡ Űɞɡ ůɡůŰɐɛŬŰɞɠ, Űɖɜ ˊɟɞůŰŬůɑŬ əŬɘ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ 

ɧɚɖɠ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ŬɜŰɚɑŬɠ.  

¶ ɀŮŰŬůɢɖɛŬŰɘůŰɐɠ (Transformer). Ƀ ɛŮŰŬůɢɖɛŬŰɘůŰɐɠ ˊɟɞůŬɟɛɧɕŮɘ Űɞ ɖɚŮəŰɟɘəɧ ɟŮɨɛŬ, 

ɛɏůɤ ɔɟŬɛɛɩɜ ɛŮŰŬűɞɟɎɠ ŮɜɏɟɔŮɘŬɠ, ɏŰůɘ ɩůŰŮ ɜŬ ŰŬɘɟɘɎɕŮɘ ɛŮ Űɘɠ ŬˊŬɘŰɐůŮɘɠ ŰɎůɖɠ əŬɘ 

ɏɜŰŬůɖɠ Űɞɡ əɘɜɖŰɐɟŬ Űɖɠ ŬɜŰɚɑŬɠ. ȺɑɜŬɘ ɏɜŬ ɓŬůɘəɧ ůŰɞɘɢŮɑɞ Űɞɡ ůɡůŰɐɛŬŰɞɠ ˊŬɟɞɢɐɠ 

ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ůŰɖɜ ŬɜŰɚɑŬ əŬɘ ɛɑŬ ˊɘɗŬɜɐ ɓɚɎɓɖ Űɞɡ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɞŭɖɔɐůŮɘ 

ůŮ ˊŮɟɘɞɟɘůɛɧ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ əŬɘ ůɡɜŮˊɩɠ ůŮ ˊŮɟɘɞɟɘůɛɧ Űɖɠ 

ˊŬɟŬɔɤɔɐɠ.  

¶ ȺˊɘűŬɜŮɘŬəɧ ɖɚŮəŰɟɘəɧ əŬɚɩŭɘɞ (Surface electric cable). ɇɞ ŮˊɘűŬɜŮɘŬəɧ əŬɚɩŭɘɞ 

ůɡɜŭɏŮŰŬɘ ɛŮ Űɞ ɡˊɧɔŮɘɞ ɛɞɜɤɛɏɜɞ əŬɚɩŭɘɞ əŬɘ ɛŮŰŬŭɑŭŮɘ Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ ɘůɢɨ, ɖ ɞˊɞɑŬ 

ɛŮŰŬűɏɟŮŰŬɘ ɛɏɢɟɘ Űɖɜ ŬɜŰɚɑŬ. 
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4.3.3 ɭɿʍɻʑʇʅʆʗ ʎʑʎʐʙʈɻʐɻ ʗʉʐʇʂʎʂʏ ɻʆʍʋʒʑʎʚʋʑ (Jet Hydraulic  Pumping  

Systems) 

ȼ ŮəŰɞɝŮɡɧɛŮɜɖ ɡŭɟŬɡɚɘəɐ ɎɜŰɚɖůɖ Ŭəɟɞűɡůɑɞɡ ŮɑɜŬɘ ɛɑŬ ŭɞəɘɛŬůɛɏɜɖ ɛɏɗɞŭɞɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɘɠ Ŭɟɢɏɠ Űɞɡ 1930 əŬɘ ɏɢɞɡɜ ŮˊɘŰŮɡɢɗŮɑ ŮˊɘŰɡɢŮɑɠ ŮűŬɟɛɞɔɏɠ Űɖɠ ɛŮɗɧŭɞɡ 

ůŮ ɓɎɗɖ Ŭˊɧ 500 ɏɤɠ 19000 ft. Ƀɘ ɡŭɟŬɡɚɘəɏɠ ŬɜŰɚɑŮɠ ɛŮŰŬŰɟɏˊɞɡɜ Űɖɜ ŮɜɏɟɔŮɘŬ Űɞɡ ŮɔɢŮɧɛŮɜɞɡ 

ɟŮɡůŰɞɨ (ɜŮɟɧ ɐ ˊŮŰɟɏɚŬɘɞ) ůŮ ˊɑŮůɖ ɔɘŬ Űɖɜ ɛŮŰŬűɞɟɎ Űɤɜ ˊŬɟŬɔɧɛŮɜɤɜ ɟŮɡůŰɩɜ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ. ȺˊŮɘŭɐ ůŰɞɜ ɛɖɢŬɜɘůɛɧ ŭŮɜ ŮɛˊɚɏəɞɜŰŬɘ əɘɜɞɨɛŮɜŬ ɛɏɟɖ, ŰŬ ŬɏɟɘŬ ŭŮɜ ŭɖɛɘɞɡɟɔɞɨɜ 

ˊɟɞɓɚɐɛŬŰŬ ůŰɖɜ ŬɜŰɚɑŬ. Ƀɘ ŬɜŰɚɑŮɠ ɛˊɞɟɞɨɜ ɜŬ ŰɞˊɞɗŮŰɖɗɞɨɜ ůŮ ɞˊɞɘɞŭɐˊɞŰŮ ɓɎɗɞɠ ɛɏůŬ 

ůŰɖɜ ɔŮɩŰɟɖůɖ Ůűɧůɞɜ ɖ ˊɑŮůɖ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ Ŭˊɧ Űɖɜ ŬɜŬɟɟɧűɖůɖ ŮɑɜŬɘ ŬɟəŮŰɐ ɔɘŬ ɜŬ 

ŬˊɞŰɟɏɣŮɘ Űɡɢɧɜ ˊŬɟŬɛɞɟűɩůŮɘɠ ůŰɖɜ ŬɜŰɚɑŬ. ɇɞ ˊɘɞ ůɖɛŬɜŰɘəɧ ɧɛɤɠ ɛŮɘɞɜɏəŰɖɛŬ Űɖɠ ŬɜŰɚɑŬɠ 

ŮɑɜŬɘ ɖ ɢŬɛɖɚɐ Űɖɠ ŬˊɞŭɞŰɘəɧŰɖŰŬ ɖ ɞˊɞɑŬ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 20-30%. 

ȼ Ŭɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ɛŮɗɧŭɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 4.3. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɛɑŬ ŬɜŰɚɑŬ 

ŭɡɜŬɛɘəɐɠ ɛŮŰŬŰɧˊɘůɖɠ ɖ ɞˊɞɑŬ ŬɡɝɎɜŮɘ Űɖɜ ˊɑŮůɖ Űɞɡ ŬɜŰɚɞɨɛŮɜɞɡ ɟŮɡůŰɞɨ ɛŮ ɏɜŬ Ŭəɟɞűɨůɘɞ. 
































































































































































































