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Abstrak
Studi Pengaruh Ketebalan Sedimen Pada Flushing Conduit Terhadap Volume Penggelontoran Dengan
Material Dasar Pasir Halus Di Waduk dibimbing oleh Ratna Musa dan Amrullah Mansida. Sumber utama
kerusakan DAS merupakan bagian dari erosi dan sedimentasi. Kerusakan Daerah Aliran Sungai (DAS)
sebagai daerah tangkapan air di waduk menyebabkan tingginya erosi lahan sehingga angkutan sedimen
meningkat yang berdampak terhadap pengurangan kapasitas waduk, dan berpengaruh pada penyediaan
fungsi waduk antara lain kebutuhan air irigasi, PLTA, Kebutuhan air bersih, dan lain-lain. Penelitian ini
bertujuan untuk mengetahui kinerja metode flushing conduit terhadap variasi ketebalan sedimen dan
pengaruh ketebalan sedimen terhadap volume penggelontoran. Karakteristik sedimen yang digunakan
dalam penelitian ini adalah pasir halus berdasarkan skala wentworth dari hasil analisa saringan. Dari hasil
penelitian menunjukan jumlah sedimen yang tergelontor untuk Q1 yaitu pada ketebalan sedimen (db) 20
cm jumlah volume gelontor (vg) 0,0037 m3 atau 3,083%, ketebalan sedimen (db) 30 cm jumlah Volume
tergelontor (vg) 0,0032 m3 atau 1,77% dan pada ketebalan sedimen (db) 40 cm jumlah volume gelontor (vg)
yaitu 0,0029 m3 atau 1,208%. Kinerja Flushing Conduit menunjukan semakin tebal endapan sedimen (db)
volume gelontor (vg) cenderung menurun akibat adanya kepadatan pada sedimen. Mekanisme kerja
flushing conduit terbagi atas tiga tahapan yaitu memberikan tekanan sehingga terjadi fluidasi, proses
penghisapan endapan sedimen masuk kedalam pipa akibat fluktuasi debit dan tekanan, serta transportasi
sedimen dalam pipa.
kata kunci : Flushing Conduit, Penggelontoran, Sedimentasi.

Abstract

Study of Effect of Sediment Thickness on Flushing Conduit Against Flushing Volume With Soil Basal
Based Material In Reservoir is guided by Ratna Musa and Amrullah Mansida. The main source of
watershed damage is part of erosion and sedimentation. Damage to watersheds in watersheds leads to
high erosion of land so that sediment transport increases which impacts reduction of reservoir capacity,
and influences the provision of reservoir functions such as irrigation water needs, hydropower, clean
water needs, etc.This study aims to determine the performance of the flushing conduit method on sediment
thickness variations and the effect of sediment thickness on the flushing volume. Sediment characteristic
used in this research is fine sand based on wentworth scale from result of filter analysis. The results
showed that the amount of sediment that was flushed for Q1 was on the thickness of the sediment (db) 20
cm the volume of gelontor (vg) 0,0037 m3 or 3,083%, the thickness of sediment (db) 30 cm Volume was
flushed (vg) 0,0032 m3 or 1.77% and on the thickness of sediment (db) 40 cm the amount of volume of
gelontor (vg) is 0.0029 m3 or 1.208%. Flushing Conduit performance shows that the thickness of the
sediment deposition (db) of gelontor volume (vg) tends to decrease due to the density of the sediment.
Working mechanism of flushing conduit is divided into three stages, namely to provide pressure so that
fluidation occurs, sediment sediment absorption process into the pipe due to fluctuations in flow and
pressure, as well as sediment transport in the pipeline.
keywords: Flushing Conduit, Flushing, Sedimentation.
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ÍÕ Ôatar Ìelakang

Ö×Ør×Ù ×ÚÛr×n sunÜ×Û ÝÖÞßà ×á ×Ú×Ù âã×tu wÛÚ×y×Ù á×r×t×n y×nÜ sØä×r×
tåæåÜr×çÛè áÛé×t×âÛ åÚØÙ æãêÜÜunÜ ëpunÜÜunÜ ÜununÜ y×nÜ mØê×mpuêÜ á×n
mØnyÛmæ×n ×Ûr Ùãì×n untãè èØmãáÛ×n mØny×Úurè×n èØ Ú×ut mØÚ×ÚãÛ sunÜ×Û ut×m×
ÝíÙ×y Þâá×èî ïðËðàñ ò×mun æØnÜÜun××n Ú×Ù×n y×nÜ éØrè×Ût×n Ør×t áØnÜ×n
×ètÛçÛt×s m×êãâÛ× mØnyØé×éè×n èØâØÛmé×nÜ×n ØèåâÛstØm ÖÞß tØrÜ×nÜÜãñ

óèâæÚåÛt×âÛ ÖÞß mØêÛméãÚè×n m×â×Ú×Ù é×êìÛr áÛ mãâÛm Ùãì×n á×n èØèØrÛêÜ×n áÛ

mãâÛm èØm×r×ãî æØnurun×n áØéÛt âãêÜ×iî Ørosi á×n âØáÛmØnt×si ñ

ßuméØr ut×m× âØáÛmØnt×si w×áãè éØr×â×l á×ri Ørosi l× Ù×n áÛ á×Ør×h
t×ngk×æ×n w×áãèñ ôØéØr×æ× è×r×ktØr Ö×Ør×h Þlir×n ßãêÜ×i ÝÖÞßà âØæØrtÛ
tåæåÜr×çÛî èØlØrØng×êî æØrâå×l×n õö÷øùúû/lancover éØræØnÜ×ruh tØrÙ×á×p
æØningk×t×n ×lir×n sØáÛmØn áÛ Ö×Ør×h Þlir×n ßung×i ÝÖÞßà y×nÜ âØÚ×êìutny×
mØêÜ×ÚÛr èØ w×áãèñ üntuk éØ éØr×p× w×áãèî pråéÚØm pokok æØningk×t×n Ørosi
áÛâØé×éè×n landcover y×ng tiá×k sØâã×i æØruntãè×n ×t×u tØrj×áÛ æØrãé×Ù×n fungsi
hut×n áÛ hulu ÖÞßñ

ýåêáÛsi âØáÛmØnt×si ×t×u æØêÜØêá×æ×n y×ng tØrj×áÛ áÛ w×áãè þÿ�Þ

ô×è×ru â××t ÛêÛ âãá×Ù â×êÜ×t mØmprÛÙ×tÛnè×n á×n éØrá×mæ×è tØrÙ×á×p
æØêÜopØr×âÛ×n  w×áãè tØrâØéã� tÛá×è optÛm×Ú Ú×ÜÛñ þ×á× èåêáÛâÛ tØrtØntãî

èØèØrãÙ×n á×n èØèØr×â×n âØáÛmØn y×ng tØré×w× éØrâ×m× ×lir×n ×ir jãÜ× á×æ×t
mØnyØé×éè×n èØrus×è×n æ×á× komæåêØn turéÛn m×upun komæåêØn þ Ømé×ngkit
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��str�� ������ 	�r 
��nny�� ��n 
���h ��sti ��r��m��k pul� t�r����p t�����
listrik y�ng ����ngkit��n ol�h ���	 ����r�� 	����t ��
�rny� 
���m�nt�
� y�n�
t�r���� ���� w���� ���	 ����r�� m��� ��t�t����nl�h ��hw� h�l t�r
����
m�r�����n m�
�l�h ut�m� y�ng ��rlu ��n ��rus m������ t ��r��ti�n ��n 
�luruh
pi��k y�ng t�rli��t ��l�m �����lol���n ���	 �� ��ru ���
�t��n��� ��
��
� �����
��l�m 	isy�h 	lim����n � ������

����m�n y�n� ���������n ��
�m ��
�m w���� ���
�ny� ��s���r��n ��
��w�� �
�v�
� ��r norm�
� t�t�pi �ir y�ng ��ny�k m�ng���� ng 
���m�n �isim��n

�m�nt�r� ��l�m volum� ��ng����li�n ��njir �� �t�s �l���si �ir norm�l  ukup
l�m�� 
�hingg� 
���gi�n ��ri 
���m�n ���n m�������p ���� �l���si kol�m
��������li ��njir�

���� umumny� tuj��n ��ri ����ngunny� 
��tu w���� �t�u ������g�n
���l�h untuk m�l�st�rik�n sum��r ��y� �ir ��ng�n  �r� m�nyimp�n �ir ��
��t
��l�����n y�ng ���
�ny� t�rj��� ��
��t musim ��nghuj��� 	ir y�ng ��t�ng
m�lim��h ���� musim ��nghuj�n t�rs����� ��t�mpung ��n ��sim��n 
�rt�
����rgun���n s� �r� t�p�t gun� 
�p�nj�ng t�hun� !i��r�pk�n pul� ��njir ����t
�� �g�h 
�rt� k�kur�n��n �ir p��� s��t musim ��m�r�u ti�� ����t ���t�si�
"�l�upun ��l�m �����si t�rt�ntu ti��k ����t ��pungkiri ��hw� w���k ����t
m�nj��� ��mi u t�rj���ny� musi���� #�mun ��l ini ti��k ��
� ����n��ng��n
�����n fungsi w���� y�ng m�mpu m�m��rik�n kontri��
� y�ng 
�n��t ��
�r ��gi
��� �r���n �konomi m�sy�r���t � �n 
�ktor i���
�ri�

��ngg�r���n 
���m�n �� ����r�p� w���� 
���h ��l�����n 
�j�k l�m�
��mun ��silny� ��r�s� kur�ng m�ksim�l� ��r���ti ��ri ��r��g�i �� sil p���liti�n
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m$%&%'&()n *)+,) t$r')-. /$%0ur)n0)n ()/)1.t)s w)-&( -)r. t)+&% ($ t)+&%2
3$%4)%) /$ng$r&()n 5 dredging) $%-)/)n s$-.m$nt)1. w)-&( 1)n0)t t.-)(
m&%0(.%2 6$n0$r&()n $n-)/)n 1$-.m$nt)1. m$m$r7&()n *.)y) y)n0s)n0)t *$1)r2
8)+()n *.)y) m9*.7.1)1. /$r)7)t)n 5 dredging) 7$*.+ m)+)7 -.*)%-.%0()n *.)y)
9/$r)1. /$n0$r&()n 5 dredging) 5:uroso  -)n ;)+yu ;.-.y)nt9< =>>?@

A1)+) y)ng *.1) -.l)kuk)n untuk m$ng)t)si /$rm)1)l)+)n s$-.m$nt)si
-.-)l)m 1)lur)n fl99-,)y )-)l)h -$n0)n m$l)(&()n /$m*.l)s)n )t)u
/$ngg $lontor)n 1$-.m$n 1$4)r) hi-Bolis 5 hydraulic flushing). 6$m*.7)1)n )t)u
/$%00$7ontor)n 1$-.m$n 1$4)r) +.-B)u 7.s 5 Hydraulic flushing) )-)7)+ 4)r) y)n0
7$*.+ *).( unt&( m$n0$m*)7.()n ()/)1.t)s r$s$rC9.r *.7) -.*)%-.n0()n -$n0)n
4)r) 7).n s$/$rt. p$n00)7.)n ) t)u p$n0$r&()n s$4)r) m)%&)7 5 Dreedging). D)7

t$r1$*&E m$%')-. r$F$r$n1. unt&( /$%$7.t.)n /$%0$r&()n 1$-.m$n -$n0)n (9%1$p
flushing conduit y)n0 r$7)t.F mur)+ -)n r)m)+ 7.%0(&%0)%2 G-)pun '&-&7

/$%$7.t.)n .%. )-)7)+ H IJKULM NOPQRSUT UOKOVRWRP JOLMXOP NRLR

YWUJTMPQ CZPLUMK KOSTRLRN VZWUXO NOPQQOWZPKZSRP

LOPQRP XRKOSMRW LRJRS NRJMS TRWUJ LM [RLUU \U]M

OUJNOSMXOPKRW^

V_ Sumusan Xasalah

8$r-)1)rk)n ur)i)n m)1)l)h -.)t)1< m)() -)/)t -.rum&1()n
/$rm)1)l)h)n /$n$liti)n 1$*)g)i *$rikut H
`@ 8)g)im)n) /$n0)ruh ($t$*)l)n 1$-.m$n t$r+)-)p volum$ g$lontor)n5a0@?
=@ 8)0).b)n) (.%$r') b$t9-$ flushing conduit t$r+)-)p ($t$t)*7)n 5-*@ 1$-.b$n?
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Cc dujuan penelitian

efnghn hihnyh mhjhkhl yhng tfhkhl imrumnjohpq mhoh tujnhn
rfpflitihn ini hihlhh jfshghi sfrikut t
uv wntuk mfpgfthhui shghimhph kipfrjh mftxif flushing conduit tfrlhihp

yhrihsi oftfshlhn jfimmfn zisv?
{v wntno |fngfthlnm shghm|hph rfnghrnl oft fshkhn jfim|fn tfrlhihp yxkn|f

gfkontor hn z}gv?

~c �anfaat �enelitian

Mhp�hht yhng ihrht imrfrxkfl ihrm rfnfkmtmhn mpm hihkhl jfshghm sfrmon�t
uv �fshghm jhrhnh untno |fpgf|shngohn rfngfthlnhn hthu whwhjhn ifnghn

rfpfrhphn im khrhnghp�
{v Mf|sfrmohn mp�or|hjm tfnthpg rfnggfkontorhn jfim|fn ifpghn jmstf|

flushing conduit yhng rh|hl kmpgonpghp�

�v Dhrht im�himohn sfshghm jhkhl jhtu s hlhn rf�frfpjm untno rfnfkmtmhn
jfkhp�utnyh yhng sfrohmthn ifpghn rfnggfkontorhn jfim|fn ifpghn jmstf|
flushing �onduit�

�c �atasan �asalah

�ghr rfpfkmtmhn mpm ihrht sfr�hkhn ifpghn f�fo�m� ihn |fp�hrhm jhjhrhn
yhng mngmn im �hrhm |hoh rfpfkmtmhn mpm imsfrmohn shthjhn |hjhkhl jfshghm sfrmon�t
uv �fpfkmtmhn mpm im �xonjohn ofrhih sf�hnl |hph rfpghrnl rfnggfkontorhn

ifpghn jmstf| flushing conduit rhih yhrmhjm oft fshkhn jfim|fn zisv �
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�� ��n��n ��� m���� �� ������tor�um �����t�s ������ �ni �rsit�s
¡�¢�mm���y�h ¡ ���ss�r £

¤� ¥���liti�n ini �� f���¦��n untuk m���liti ¦�j�uh m��� p�ng�ruh v�ri�si
��t���l�n ¦���m�n t�r¢���p volum� ��lontor §¨��£

©� ¡����un���n ����r�ª� ��t �����n ¦���m�n §��� §�«¬m­ ¤«¬m­ ©«¬m�£

®¯ °istematika ±²nulisan

�ntuk m����ª�tk�n g�m��r�n umum isi tulis �n­ sist�m�ti�� ª�nuli¦�n
tug�s �khir ini t�r��ri ��ri lim� ��� ­ ª�nulis m�m���t sist�m�ti�� ª�nuli¦�n
¦���g�i ��rikut ³

´µ´ ¶ ±·¸¹µºU»Uµ¸ ¼ ��l�m ��� ini m�r�ª���n ª�m��¢�¦�n
m������i l�t�r ��l�k�ng­ rum�¦�n m�¦�l�¢­ tuj��n ª�nuli¦��­ m�nf��t ª�nuli¦��­
��t�¦�n m�¦�l�¢­ ��n sist�m�ti�� ª�nuli¦��£

´µ´ ¶¶ ½¶¸¾µUµ¸ ±¿°½µÀµ ¼ ��l�m ��� ini ��ur�i��n ¦�¬�r�
ring��s m�ng�n�i ª�rm�¦�l�¢�n y�ng ���n m�nj��� ��h�n ª�n�liti�n ��l�m
ª�nuli¦�n t���s �khir ���nt�r�ny� ¥�ng�rti�n �ÁÂ­ ¥�ng�lol��n �ÁÂ­ Ã����­

Ä�ª�sit�s Ã����­ Â���m�nt�si­ �lir�n ��l�m Â�lur�n t�rtutup §¥Å¥Á�­ Flushing
Conduit, m�sukny� ¦���m�n ����l�m piª�­ ¥rinsip ��¦�r tr�nspor ¦���m�n ��l�m
piª�£

´µ´ ¶¶¶ Æ·½Ç¹· ±·¸·»¶½¶µ¸ ¼ ��l�m ��� in i m�ngur�ik�n
t�nt�ng l���si ª�n�liti��­ w�ktu p���liti��­ m�t��� ª�l�ks����n ª�n�liti��­ ���li¦�
��t�­ ��r�ng�� ��rfikir­ ��n flow ¬¢�rt ª���liti ��£
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ÈÉÈ ÊË ÌÉÍÊÎ ÏÉÐ ÑÒÓÈÉÌÉÍÉÐ Ô mÕÖ×urØÙÚØn tÕntØn×
ÛÕmÜØÝØÞØn tØÝØp ÛÕnÕßÙtÙØn yØn× àÙßØÚÞØnØÚØn yØÙtáâ pÕÖØmÜÙlØn àØtØã ØÖØlisis
àØn ÛÕmÜØÝØsØn àØtØä

ÈÉÈ V åÒÍÊÓÑUÎÉÐ ÏÉÐ ÍÉæÉÐ ÔÜØÜ ini mÕráÛØÚØn ÛÕnutup
yØng ÜÕrisi tÕntØng ÚÕsimpulØn àØri ÝØsil pÕÖÕlitiØÖã ÞÕrtØ ÞØrØn àØri ÛÕnulis yØng
ÜÕrÚØitØn àÕngØn fØktor ÛÕÖàáÚáÖ× ÞÕrtØ fØktor pÕnghØmÜØt yØng àÙ ØlØmi ÞÕlØmØ
ÛÕÖÕlitiØn àÙlØÚÞØÖØÚØÖã yØng mÕráÛØkØn ÝØrØpØn ØgØr ÛÕÖÕlit iØn ini ÜÕrgáÖØ
untuk ÛÕÖÕlitiØn ÞÕlØnjutnyØ àØn ÛÕnÕrØpØn àÙlØÛØngØn nØntinyØä



ç

èéè êê

ëêìíéUéì îUïëéðé

éñ òaerah éliran ïungai óòéïô

õñ îengertian òaerah éliran ïungai
ö÷nurut øùmus ú÷ûüý÷rþ ÿ�� ù�ùlùh ü�ùtu �ù÷rùh yùng ��ûùtùsi ol÷h

�÷miüùh topogrùfiþ yùng m÷�÷rimù hujù�þ �÷�ùmpungþ m÷nyim�ùn �ùn
m÷��ùlirøùn ø÷ sungùi �ùn ü÷t÷rusnyù k÷ �ù�ùu ùtùu ø÷ lùut� ÿ�� m÷r��ùøùn
ü�ùtu ÷kosist÷m ��mù�ù ���ùlùmnyù t÷rjù�� suùtu pr	ü÷s int÷rùksi ùntùrù fùktor 


fùktor û�otiøþ �	� û�otik �ùn mùnusiù ��
ùm�� ú��ùyùþ �����
ÿù÷rùh ùlirùn sungùi �ÿ��� û�ùüùnyù ��ûù�� m÷��ù�� �ù÷rù
 
���þ

t÷��ùh �ùn hilir û÷r�ùüù røùn ÷kosist÷mnyù� ÿù÷rùh hulu m÷r��ùkùn �ù÷rùh
ø	�ü÷r�ùsi yùng m÷mpunyùi k÷rùpùtùn ��ùi�ùü÷ l÷û�h tinggi �ùn m÷miliki
ø÷miringùn lù
ùn yùng û÷üùr� �÷m÷ntùrù �ù÷rùh hilir m÷r��ùkùn �ù÷rùh yùng
üù��ùt û÷rmùnfùùt untuk ø÷lùngsungùn hi���þ ø÷rù�ùtùn ��ùi�ùü÷ l÷û�h ø÷�il �ùn
m÷miliki ø÷miringùn lù
ùn yùng ø÷�il üùm�ùi yùng üùn�ùt ø÷�il� ÿ�� ûùgiùn
t÷��ùh m÷r��ùkùn �ù÷rùh trùnsisi �ùri ø÷��ù ûùgiùn ÿ�� yùng û÷rû÷�ù t÷rü÷û�ý�
�ø	ü�st÷m ÿ�� 
��u m÷r��ùøùn ûù��ùn yùn� p÷nt��� øùr÷�ù m÷mpunyù� �un�ü�
�÷r�������ùn t÷ r
ù�ùp ü÷�ur�
 ûù��ùn ÿ���
�ñ îengelolaan òéï dan î enyebabnya

�÷��÷�	�ùùn ÿ�� m÷ru�ùøùn �÷n�÷�	�ùùn sumû÷r �ùyù ù�ùm yùn�
�ù�ùt ����
 ø÷mûù�� �ù�ùm ü÷û�ù
 ÿ�� yùn� ���ùø�øùn t÷rus m÷n÷rus unt�ø
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m�m�����r�  �!��m"�#$�n unt% &�m�n'��t�nny�( )�nurut
*�&�rt�m�n +��%,�n�n -.///0 "��1� p�n$��2���n *�s m���put�3
�0 4�ng�lol��n sum"�r 5�y� �l�m y�ng 5�p�t 5�&�r"���rui
"0 4�m�#%��n  �"%,%��n m�nusi� untuk !� �r�ng 5�n m�!� 5�t�ng
60 +�l�st�ri�n 5�n  �!�r�si�n �kosist�m -��#$ %#$�n ��5%&0
50 4�#$�#5����n �%"%#$�n t�m"�� "��� �nt�r� sum"�r 5�y� ���m 5�n$�n m�n%!��
�0 4�ny�5���n ��r7 &�ng�#5�li�n �rosi7 "�njir 5�n s�5�m�nt�si

892!� 5�n !�5�m�nt�!� m�r%&� �n &�ny�"�" :p�ny�"�" ut�m� 5���m
t�r;�5�ny� &�nurur#�n pr25% ,�<� t�s t�#�� :t�#�� &�rt�#��#7 5�n p�nur%�#�n
 %�ntit�s �ir( 892!� �tu m���put� pr2!�s 3 &�l�&�!�n &�rti �l :&�rti �l t�#�h
-detachment)7 &�ng��nyut�n &�rti �l :&�rti �l t�#�h - transportation)7 5�n
&�#$�#5�p�n &�rti �l :&�rti �l t�#�h y�ng t�l�h t�r��nyut �n - deposition) -=ost�r
�#5 )�y�r7 >?@A0 5�l�m Brsy�5 C(-./>/0(

4�ny�"�" ut�m� t�r;�5�ny� �r2!� 5� 5��r�� tro&�s !�&�rt� D#52#�!��
�5���� ��r( E�� �#� 5�!�"�" �n 2��� 5��r �� tr2&�s m�m��� �  ���m"�"�n 5�n r�t� :

r�t� 6ur�� �%;�n &�r t��%n y�n$ 6% %& t�n$$�( 4ro!�s �r2!� t�#�� y�n$ 5�!�"�" �n
2��� ��r m���put� A ,���&7 y�itu 3
�0 4�l�&�!�n "%,ir�n t�n�h �t�u &�rti �l t�#�h 5�ri "2ng �h �gr�$�t t�#��(
"0 4�mi#5���n �t�u &�n$�ngkut�n "%,ir�n t�#�h ol�h m�5�� &�ngngkut7 y�itu �ir
60 4�ng�#5�&�n "%,ir�n t�#�h 5�m�#� "%,ir�n t�#�h ti5�k 5�&�t 5��ngkut l�gi

ol�h m�5�� &�ng�ngkut(
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Fambar G H IrJKLs LrJKM NMOPPQ pLnPLORQpQn KLRMmLn STuryono TURQrsono RQn
VQKQtLru WJXMOQPQY Z[[\] RQ^Qm TMtM _iskiyQnti `QaMm SZ[bc]

deJKM tQOQN RQfQt tLrgQRM KLhQrQ Q^QmMQN RQn non Q^QmMQNH TLhQrQ
Q^QmMQNY LrJKM RQpQt tLrgQRM KLhQrQN Q^QmMQN QtQu aQrOQ iQajor Q^Qm Mtu KLORMr M

KLfLrtM hurQN NUgQn yQnP tMOPPMY kLfLaQQn tQOQh KLrtQ jUPQ RMfLngQruhi olLh
kLPLtQsiY Lrosi RQfQt tLrjQRM KLhQrQ QlQmiQh fQRQ tQOQh RLOPQn mLlQlui tQNQfQn
fLnghQOhurQOY fLnPQngkutQn RQn fLngLORQfQOH TLRQngkQn Lrosi non QlQmiQh
RQfQt RMKLlQlaQn aQrOQ aLgiQtQn RQri mQnusiQ KLfLrti fLmlUaQQn lQNQn RM
KLkitQrQn RQLrQh QlirQn sungQi SmnT]H

Fambar oHIrJKLs drJKM pKLRMmLntQKMSnPunP qH TUfQOPQtY Z[br]



10

st Waduk

ut vengertian waduk
wxyz{ m|rz}x{xn t|mpxt }xyx }|rmz{xxn tx~x� yxn� y�mx{�zy{xn

untz{ m|ny�mpxn yxn m|~xm}z~� x�r �xxt t|r�xy� {|�|���xn x�r }xyx mz��m
�z�x~� {|mzxy�xn xir yxng �|rl|���xn t|r�|�z� y�mxnfxxtkxn untuk �|r�xgxi
{|}|rlzxn s|}|rti irigxsi� }|m�xngkit t|~xgx listr i{� xir �|rsih yxn lxin lxi~�

�xlxm }|n�|lolxxn sum�|r yxyx xir wxyuk �|ring y�jum}xi
}|rmx�xlxhxn �}|rmx�xlx�xn yxng m|nyxngkut x�}|k }|r|~�x ~xx~� op|rxsi yxn
}|m|li�xrxxn wxyz{� �|y�m|ntxsi xyxlxh }|rmx�xlxhn umum yxng m|njxy�
}|rmx�xlxhxn utxmx y� wxyz{ �wxyz{ �|lxmx ini� �xlxh �xtu }|r��xlxn utxmx yxng
t|rjxy� yxlxm �}|rxsi yxn }|m|li�xrxxn wxyz{ untuk }|ny|y�xxn xir }xyx wxktu �

wxktu t|rt|ntu � �xyx sisi lxin }|rmintxxn xir untuk �|r�xgxi k|�z�z�xn �|ny|rung
�|mxkin m|ning{xt �|�x�xi xki�xt }|ningkxtxn jumlxh }|~yzyz{� �|rxgxmnyx
}|mxnfxxtxn xir� �|r{|m�xngnyx }|m�xngunx~� �|rtx {|�|~y�un�xn m|n|runnyx
{zxlitxs xir xki�xt p|~�|mxrxn ol|h �|r�xg xi k|gixtxn ��ustom�� ����� yxlxm
��uroso  yxn wx�yu w�y�yxnt�� �����
ut �apasitas W aduk

�xmx umur |{�~��� �|�zx� wxyz{ �|r{��xr y� xntxrx �� tx�z~ �x��

wxyz{ {|��� y|n�xn vo�um| ��m}xn mx~�xxt �|{�txr �� ���� �utx m�
� hinggx

�|�|rxpx rxtus txhun �xgi wxyz{ �wxyz{ yxng l|��h �|�xr� t|rgxntung yxri
�|r�xgxi fxktor yxng �xrus y�}|rtim�xng{xn �|ny�ri ��|~y�ri }xyx s|tixp wxyz{�
�xyx xkhir umum |konominyx� y�txksir ��� yxr� {x}x��txs  ��um| ��m}xn
mx~�xxt t|�x� y�}|~z�� s|y� m|n yxn� t|rtxn�{xp y� yx�xm {��xm wxyz{ �|}x~�xn�
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w¡¢£u ¤t¥¦ §¡¨¡ ©¡¡t ¨¡n ¢ª«¨¤©¤ ¤tu w¡¨¥¢ sü¡¬ ¨¤¡n­­¡p t¤¨¡¢ ¨¡p¡t ®¡­¤
¯°r±un­©¤ ©°¯¡­¡¤m¡«¡ ±¥«­©¤ w¡¨¥¢ ¤tu ©°«¨¤r¤¦

²¡³¡©¤t¡s w¡¨¥¢ ©¡¡t ¨¤r°«´¡n¡¢¡n ¯°r̈ ¡s¡r¢¡n ³°r¬¤t¥«­¡n µª®um°
t¡m³¥«­¡n ¡¤r t¡n ³¡ ¡¨¡ny¡ ©°¨¤m°nt¡©¤¦ ¶°¤r¤«­ ¯°r·¡®¡nny¡ w¡¢£u
³°«­op°r¡©¤¡n w¡¨¥¢¸ t°r·¡¨¤ ©°¨¤m°nt¡©¤ ¨¤ ¡r°¡® ­°«¡n­¡n ¬¤n­­¡ m°ny°¯¡¯¢¡n
¯°r¢¥¹¡n­ny¡ ¢¡p¡©¤t¡s t¡m³¥«­¡n w¡¨¥¢ ¤tu ©°n̈¤r¤¦

§°«­°«¨¡³¡n ¨¤ ¨¡®¡m w¡¨¥¢ ©°r¤n­ t°r·¡¨¤ ®°¯¤¬ ¯°©¡r ¨¡r¤³¡¨¡ y¡n­
t°®¡¬ ¨¤¬ ¤t¥«­ ¨¡«º¡t¡u ¨¤¬¡r¡³¢¡n ³¡¨¡ t¡¬¡p ¨°©¤­«¦ »¡® ¤«¤ ¨¤©°¯¡¯¢¡n ª®°¬
¯°¯°r¡p¡ ±¡¢£or ©°³°rt¤ ¼
¡½ K°t¤¨¡¢£°³¡t¡n ¨¡®¡¾ ¾°«­¥¾³¥®¢¡n ¨¡n ¾°n­°®ª®¡¬ ¨¡t¡ ¬¤¨¹ª®o­¤ ¨¡n °rª©¤

¨¡r¤ D¿¶ ³¡¨¡ t¡¬¡p ¨°©¤­«¦
¯½ À°rt¡¾¯¡¬«y¡ ¬¡©¤® ©°¨¤¾°n ¢ª£or ¢¡r°«¡ p°rū¡¬¡n t¡t¡ ­¥«¡ ®¡¬¡n D¿¶

¡¢¤¯¡t ¾¡«¡·°¾°n y¡n­ t¤¨¡¢ ¬¡t¤ Á¬¡t¤¸ ¡t¡u ¢°rus¡¢¡n D¿¶¦

´½ Â³°r¡©¤ ¨¡n p°¾°®¤¬¡r¡¡n w¡¨¥¢ y¡n­ t¤¨¡¢ ¯°n¡r¦

Ãambar Ä ¦ À°r¢¥¹¡n­ny¡ ¢¡³¡©¤t¡s w¡¨¥¢ ¢¡r°«¡ ©°¨¤¾°nt¡©¤ ÅM¡ys °t ¡®¦¸ ÆÆÇ½
M°nurut ¢¡©¤ro °t ¡®¦¸ ÈÆÆÉ¸

¢¡³¡©¤t¡s w¡¨¥¢ ©°´¡r¡ u¾¥¾ ¨¤¯°¨¡¢¡n ¾°«·¡¨¤ t¤­¡ y¡¤tu ¼
¡½ K¡³©¤t¡s ¾¡t¤ (dead storage)
¯½ K¡³¡©¤t¡s ³°®¡y¡«¡n (Active Storage)
´½ K¡³¡©¤t¡s tot¡®
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Êmur ËÌlÍyÍÎÍn wÍÏÐÑ mÌrÐËÍÑÍn fungsi ÏÍri volumÌ tÍmËÐÎÒÍn Íktif
ÓÔÕyÍs Ìt ÍÕÖ× ØÙÙØÚÖ ÛÌmÍÑÜn mÌnyusut ÝÞÕumÌ tÍmËÐÎÒÍn ÍÑßÜà mÌnÍÎÏÍÑÍn
áÌmÍÑÜn ËÌÎÏÌÑ umur ËÌÕÍyÍÎÍn wÍÏÐÑÖ âÌÕÍyÍnÍn ÝÞÕumÌ tÍmËÐÎÒÍn ÍÑßÜà ÕÌãÜä
ãÍnyÍÑ ÏÜáÌãÍãÑÍn ÑÍrÌÎÍ ãÌrtÍmãÍäÎyÍ ÝÞÕumÌ áÌÏÜmÌn yÍnÒ mÍáÐÑ ÑÌÏÍÕÍm
wÍÏÐÑÖ

Cå æengendapan ç èedimentasi é

êå æengertian è edimen
ÛÌÏÜmÌn ÍÏÍÕÍä mÍtÌrÜÍÕ äÍáÜÕ ÏÍrÜ prosÌs ÌrosÜ× ãÍik ãÌrupÍ Ìrosi

ËÌrmÐÑÍÍÎ× Ìrosi ËÍrit× ÍtÍu jÌnis Ìrosi tÍÎÍh lÍinnyÍ yÍng mÌnÒÌÎÏÍp ÏÜ ãÍgiÍn
ãÍwÍh ÑÍki ãÐÑÜt× ÏÜ ÏÍÌrÍh gÌnÍngÍn Íir× sÍlurÍn Íir× áÐÎÒÍi× ÏÍn wÍÏÐÑÖ
ÛÌÏÍngkÍn áÌÏÜmÌntÍsi ÍÏÍlÍh prÞáÌ s ËÌnÒÌÎÏÍËÍn mÍtÌriÍl frÍgmÌntÍl olÌh Íir
áÌãÍgÍi Íkiã Ít ÏÍri ÍÏÍnyÍ ÌrosiÖ

ÛÌëÍrÍ umum ÏÜÑÍtÍkÍn ãÍhwÍ Ìrosi ÏÍn áÌÏÜmntÍsi mÌrÐËÍÑÍn prÞáÌs
tÌrlÌËÍsnyÍ ãÐßirÍn tÍÎÍh ÏÍri iÎÏÐÑÎyÍ ÏÜ suÍtu tÌmËÍt ÏÍn tÌrÍngkutnyÍ mÍtÌriÍl
tÌráÌãÐß olÌh gÌrÍÑÍn Íngin ÍtÍu Íir ÑÌmÐÏÜÍn ÏÜikuti ÏÌngÍn ËÌngÌÎÏÍËÍn
mÍtÌriÍl yÍng tÌrÍngkut ÏÜ tÌmËÍt yÍng lÍiÎÖ ìÍäÍyÍ Ìrosi ãÍnyÍk tÌrjÍÏÜ ÏÜ
ÏÍÌrÍh íÏÍÌrÍh lÍhÍn ÑÌring tÌrutÍmÍ yÍng mÌmiliki ÑÌmiringÍn lÌrÌng áÌkitÍr
Øîï ÍtÍu lÌãÜh rÌÎÏÍäÖ
ðå æroses è edimentasi

ârÞáÌs áÌÏÜmÌntÍsi ÏÍËÍt tÌrjÍÏÜ ËÍÏÍ lÍäÍn ílÍhÍn ËÌrtÍniÍn mÍupun ÏÜ
áÌËÍnjÍng ÏÍáÍr sungÍ× ÏÍáÍr wÍÏÐÑ× muÍrÍ× ÏÍn áÌãÍgÍinyÍÖ ìÌrÏÍsÍrÑÍn prÞáÌs
tÌrjÍÏÜnyÍ áÌÏÜmÌntÍsi ÏÍËÍt ÏÜãÌÏÍÑÍn mÌnjÍÏÜ ÏÐÍ ãÍgiÍn yÍitÐñ
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òó ôroses õ edimentasi secara ö eologis ÷øormalù

úûütu prýþÿs tû�û� �ûn þÿ�ü�ÿntûþü yûn� �ÿr�û�ûn þÿ�ûrû nor�û� ûtûu
�ÿr�ûn�sun� þÿ�ûrû �ÿý�ý�ü	 ûrtünyû prýþÿs 
ÿn�ÿ��û
ûn yûn� �ÿr�ûn�sun� �ûþü�

�û�û� �ûtûs ��ûtûs yûn� �ü
ÿr�û���ûn ûtûu �û�û� �ÿþÿü��ûn�ûn û�û� �ûrü prýþÿs
degradasi �ûn agrdasi 
û�û 
ÿrûtû ûn �
�üt �
�ü û�ü�ût 
ÿ�û

�û��
bó ôroses õedimentasi � ipercepat

�ÿ�ü�ÿntûþü yûn� �üpÿr�ÿ
ût �ÿrupû�ûn prosÿs tÿr�û�ünyû þÿ�ü�ÿntûþü
yûn� �ÿnyü�
ûn� �ûrü prýþÿs þÿ�ûrû �ÿý�ý�üs �ûn �ÿr�ûn�sun� �û�û� wû��u yûn�
�ÿ
ût	 �ÿrþü�ût �ÿr
þû� ûtûu �ÿru�ü�ûn �ûn �û
ût �ÿ���ûn��u �ÿsÿü��û��ûn
û�û� ûtûu �ÿ�ÿstûrüûn �ü���
��ûn �ü�

� Kÿ�û�üûn tÿrþÿ�
� �üûþûnyû �üsÿ�û��ûn
ý�ÿ� �ÿ�üûtûn �û�
þüû �û�û� �ÿn�ÿ�ý�û� tû�û�� �ûrû �ÿn�ÿ�ý�û� tûnû� yûn�
þû�û� �û
ût �ÿnyÿ�û��ûn ÿrýþü tû�û� �ûn sÿ�ü�ÿntûþü yûn� tün��ü�

öambar �ó �ros ÿs �ÿ�ü�ÿntûþü �or�û� �ûn �ÿ�ü�ÿntûþü �ü
ÿr�ÿpût �þ
��ÿr �
swwt��þ
�ÿ�
	����� �û�û� �stü�û Mur�ü �
�üs ���� �

�ÿ�ü�ÿn �üûþûnyû �ü�û��ûr�ûn þÿ�û�ûü pûrtü�ÿ� 
û�ût yûn� �ü�ÿrû�ûn
ý�ÿ� ��
ü�û þÿ�ü�ÿn yûn� tÿr�û�ü 
û�û sun�ûü �ûn �üþÿ�û��ûn û�ü�ût ÿroþü yûn�
tÿr�û�ü 
û�û �û�ûn ��û�ûn �!ütüs yûn� �ÿr�ûpût 
û�û tû���û
ûn Dûÿrû� ��ürûn �
��ûü
�D���� Jü�û �ûtÿrüû� þÿ�ü�ÿn yûn� tÿr�ÿnt
� û�ü�ût ÿrýþü �û�ûn tÿrþÿ�
� �ûþ
� �ÿ
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"#$#m %&' "#$#m (um$#) y#n* +,s#r- m#.# #k#n m,ny,+#+.#n l#ju /,"0m,n
y#ng m#suk ., "#l#m %&' m,nj#"0 +,/#r - +#).#n #.#n m,l#m1#ui l#ju /,"0m,n
r,23#n#4 &ki+#t /,"0m,n y#ng m,ng,2"#p "0 "#/#r #k#n +,r1,n*#ruh 1#"#
.#1#sit#s t#mpung#n #ir 4

56 7ifat 8sifat 7edimen
'if#t 9sif#t tr#nsport#si /,"0m,n +,rp,ng#ruh t,r)#"#p /,"0m,n itu

/,2"0ri y#itu m,mp,n*#ru hi 1,m+,nt:.#n struktur /,"0m,n y#ng t,r+,nt:.4
;mumny# pr</,s /,"0m,n m,r:1#k#n )#sil l#ngsung "#ri *,r#k#n m,"0#
1,2*#ngkut4  =#mun ",miki#n sif#t fisik >r#*#m :.:?#2- +,ntuk "#n +,r#t j,nis@
+:Air#n /,"0m,n itu /,n"0ri m,mpuny#i p,ng#ruh 1#"# pros,s mul #i "#ri ,rosi-
tr#nsport#si /#m1#i ., p,ng,2"#1#24
aB Cekanisme Derakan 7edimen

E,nurut >&/"#.- FGGH@ "#$#m &mr:$$#) >FGIG@ .,3,1#t#n tr#nspor
/,"0m,n m,rup#.#n Ju2*/0 "#r0 .,3,p#t#n #$0r#n sun*#0 "#n :.:?#n 1#rt0.,$
/,"0m,24 K#rt0.,$ /,"0m,n :.:?#n .,30$ /,p ,rt0 t#2#) $0#t "#n ",+: "#1#t "0#2*.:A
#$0r#n #0r "#$#m +,nt:. t,r$#rut > wash load)4 ',"#2*.#n p#rt0.,$ y#n* $,+0) +,/#r-
#nt#r# l#i2- 1#sir 3,2",rung +,rg,r#k ",ng#n 3#r# m,lom1#t4 K#rti.,l y#ng l,+0h
+,/#r "#ri 1#sir- mi/#lny# .,rikil > gravel) +,r*,r#. ",n*#n 3#r# m,r#y#p #t#u
m,2**,$02"02* "0 "#/#r s:2*#0 > bed load) /,p,rt0 1#"# *#m+#r L4

M,r#.#n +:A0r#n t#2#) #t#u +:A0r#n 1# s0r /,3#r# 02"0N0":#$ #.0+#t
t,rt0m1# t0t0. 9t0t0. ):(#n #t#u t,r"<?on* #$0r#n #0r "#$#m #$ur 9#$ur .,30$ t,r/,+:A4
E,.#20sm, 1,n*n*.:A#n +:A0r 9+:A0r t#2#) y#n* "0+#w#) "#$#m #0r y#n* m,2*#$0r
"#1#t "0*<$on*.#n m,2(#"0 +,+,r#p# +#*0#2- /,+#g#i +,rikutO
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PQ Wash Load Transport PtPu PRSTUVPn WXYZmXn sU[Z\ yPitu ]P^Pn wash load
]XrPWPl YPri _XlPpukPn lPpiWPn tPRPh yPng mXnjPYZ lX_Ps ]Xr upP YX]U `YX]U

^Plus WXlPmP musim TXringa bX]U ^Plus ini WXlPnjutnyP YZ]cPh mPsuk TX
sungPi ]Pik olXh Pngin mPupun olXh Pir hujPn yPng turun _XrtPmP _PYP musim
hujPR\ WXhinggP jumlPh WXYZmXn _PYP PwPl musim hujPn lX]Zh ]PnyPk
YZ]PRYZngTPn YXngPn kXPYPPn yPn g lPiRa

]Q Suspended Load Transport PtPu PngkutPn WXYZmXn lPyPng\ yPitu ]UVir `]UVir
tPRPh ]XrgXrPk mXlPyPng YPlPm PlirPn Pira dXrPTPn ]UVZr `]UVZr tPRP^ ZRZ tXrus
mXRXrus YZTefprXWZr egX^ SXrPT tur]UgXRWZ PgZrPn WX^ZnSSP ]UVZr `]UVZr tPRP^
]XrSXrPT fXgPyPnS YZ PtPs WPgurPRa

[Q Salation Load Transport PtPu PRSTUVPn WXYZmXn geR[Pt\ yPitu _XrSXrPkPn ]UVir `

]UVir tPRPh yPng ]XrgXrPk YPlPm PlirPn Pir PntPrP _XrSXrPkPn suspended load
YPn bed loada hutir `]UVir tPRPh ]XrgXrPk WX[PrP tXrus mXRXrus mXleR[Pt `loR[Pt
iskip) YPn mXgXm]URS i bounce) WXpPRjPnS WPgurPn tPR_P mXnyXntU^ YPWPr
WPgurPRa

YQ Bed Load Transport PtPu PRSTUVPn WXYZmXn YPsPr\ yPitu mXrU_PkPn PngkutPn
]UVir `]UVir tPRPh ]XrupP _Psir TPWPr i coarse and) yPnS ]XrSXrPT WX[PrP
mXRSSXgZRYZRS i rolling), mXRYekonS YPn mXnSSXsXr i pushing and sliding)
tXrus mXRXrus _PYP YPsPr PgZrPn yPnS _XrSXrPTPnnyP YZ_XnSPrU^Z egX^ PYPnyP
SPyP WXrXt iYrPS lor[XQa dXrPTPn ZRZ TPYPnS `TPYPRS YP_Pt WPmpPZ YXnSPn jPrPT
tXrtXntu YXnSPn YZtPRYPZ ]Xr[PmpurnyP ]UVZrPn _PrtZTXg tXrWX]UV ]XrSXrPT TX

PrP^ ^ZgZra i meXwPrRe\ noonQ YPgPm mZtZ piWTPyPnti qPTZm irsntQ
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uambar v w xyzym {|ry}yn ~|��m|n �y�ym ��r �~um�|r� ���tyy� ����� �ylym
�sti}y ���ni ����s ������

b� �sitribusi Ukuran �utir
��y����}y�� �|��m|n ���|�y}yn m|��y�� �|mpunz � clay), �umpur (Slit),

�y��r � sand), }|r�}�� � gravel), }��y� �pebble), ytyu }|ry}y� � cabbles), �yn �ytu
�boulders). �|nurut �|ntwort� }�y����}y�� �|r�y�yr �}��yn ����r �ypyt ���y��}yn
�y�ym ty�|� �w
�abel �  ��y����}y�� �}��yn ����r �|��m|n m|nurut �|ntwort�

��y����}y�� ¡�ym|t|r �yrt�}|� �mm�

¢|rynz}y�
~y�zyt �|�yr

¢|�yr
~|�y�z

�|£��

¤�¥� – ��¤¦

��¤¦ – ���¤

���¤ – §��

§�� – �§�

K|ry}y� ¢|�yr
K|£��

�§� – ��¦

��¦ – �¤

Kory� �K|r�}�� �|�yr�
~y�zyt �|�yr

Ky�yr
~|�y�z

¨y�us

�¤ – ��

�� – ��

�� – ¦

¦ – ¤

K|r�}�� ¤©�

ªy��r
~y�zyt �|�yr

Ky�yr
~|�y�z

¨y�us
~y�zyt ¨y�us

� – �

� – ��§

��§ – ���§

���§ – ����§

����§ – �����
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«umpur ¬­®­r ¯°¯±² – ¯°¯³´

µ¶·­¸¹

º­»us
µ­¸¹­t º­»us

¯°¯³´ – ¯°¯´±

¯°¯´± – ¯°¯¯¼

¯°¯¯¼ – ¯°¯¯½

«¶¾pun¹
K­®­r
µ¶·­¸¹

º­»us
µ­¸¹­t º­»us

¯°¯¯½ – ¯°¯¯²

¯°¯¯² – ¯°¯¯´

¯°¯¯´ – ¯°¯¯¯¿

¯°¯¯¯¿ – ¯°¯¯¯²½

µÀ¾Á¶r Â MÀÃ­¾¾­· Ärsy­· ÅÃ­Ã­ Æ²¯¯±Ç

ÈÉ Êenggelontoran Ëedimen Èengan Ìetode Ílushing

ÎÉ Èefinisi Ílushing
ÏrÐ¸®Ðp ·­rÐ ¾¶tÑ·¶ Ò¶n¹¹¶»ontor­n ®¶·Ð¾¶n ·¶n¹­n ¶n¶r¹Ð pot¶¸®Ð­ ­Ðr

w­·ÀÓ Æflushing) ­·­»­Ã ¾¶n¹¶»À­rÓ­n s¶·Ð¾¶n ·¶n¹­n ¾¶n¹­¾ÁÐ» ¾­¸Ô­­t
¶¸¶r¹Ð ÃÐ·ÕÑ»ÐÓ ­ÓÐÁ­t Á¶·­ tÐ¸¹¹Ð ­nt­r­ ¾uÓ­ ­Ðr ·Ð ·¶Ò­n ·­n Á¶»­Ó­n¹
Á¶¸·À¸¹­¸° À¸ÖÀÓ ¾¶nsuÒ»­Ð ¶¸¶r¹Ð Ò­·­ sediment flushing system.

×¶r·­®­rÓ­n Ò¶r¾­®­»­Ã­n ¾¶tÑ·¶ fluidasi ·¶¸¹­n ¾¶n¹¹À¸­Ó­n
­»Ðr­n Ò¶r¾ÀÓ­­¸° ¾­Ó­ ·Ð ØÑÁ­ ·ÐÓ¶¾Á­¸¹Ó­n ¾¶tÑ·¶ flushing conduit ®¶Á­¹­Ð
­»t¶ŗ ­tÐÔ ®Ñ»À®Ð ·¶¸¹­n t­¸Ò­ ­»Ðr­n Ò¶r¾ÀÓ­­¸Ù M¶tÑ·¶ flushing counduit ­t­u
Ò¶¸¹ur­®­n ¾¶»­»ÀÐ ÒÐÒ­ ·¶¸¹­n ¾¶¾­nÔ­­tÓ­n Ô»ÀÓÖÀ­®Ð t¶Ó­¸­n untÀÓ ¾¶¸¹À®ÐÓ

¶¸·­Ò­n ®¶·Ð¾¶n ®¶ÃÐn¹¹­ t¶r Ô»ÀÐ·­®Ð° ·­n ®¶»­¸Úutny­ t¶rÃÐ®­p Ó¶ ·­»­¾ ÒÐÒ­
¾¶»­»ÀÐ »ÀÁ­¸¹ Ó¶ØÐ» Ó¶¾À·Ð­n t¶rÚ­·Ð tr­nspor ¶¸·­Ò­n ®¶·Ð¾¶n ·­»­¾ pÐÒ­ ­t­u
Ò¶¸¹ur ­®­n Ó¶ t¶¾Ò­t y­¸¹ »¶ÁÐÃ ·­»­¾ Ù

ÛÉ Êerbedaan Ìekanisme kerja Íluidasi dengan flushing Üonduit

M¶tÑ·¶ flushing conduit Ò­·­ Ò¶¾¶»ÐÃ­r­­n ­»ur ­·­»­Ã Ò¶n¹¶¾Á­n¹­n
¾¶tÑ·¶ Ô»ÀÐ·­®Ð ·¶¸¹­n ·­Ò­t ·Ð»ÐÃ­t ®­»Ð¸¹ Ó¶t¶rÓ­Ðt­n ·ÐÒ¶r»ÐÃ­tÓ­n Ò­·­ t­Á¶» ²

Á¶rÁ¶·­­n ¾¶t Ñ·¶ t¶r®¶Áut ®¶Á­¹­Ð Á¶rÐÓÀÖÂ
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Ýabel Þß àárâáãään mátoãá åáræä çèéêãäëê ãánìän flushing conduit

íîï ðátîãá ñèéêãäëê ðátîãá flushing conduit

òï

ðáóìáóãäèêåän äèêrän párméåään
máóìäèêråän ëáãêmán åá ãäáräô
yänì èáâêô ãäèäm

ðáóìáóãäèêåän äèêrän ãäèäm õêõä
untéå máóììáèontoråän ëáãêmán
åá ãäáräô èáâêô ãäèäm

öï

ðáóìäóãäèåän õän÷ärän æát
máèäèéê èéâäóì párçoräëê untéå
máóìéëêå ãän máóìänìåät
ëáãêmán

ðáóìäóãäèåän ôêëäõän ëáãêmán
máèäèéê èéâäóì êëäp åá ãäèäm õêõä
ãän tränspor ëáãêmán ãäèäm õêõä

øï

ðámâéùéôåän táåäóän yäóì âáëär ðámâéùéôåän táåäóän çèéåùéäåùêç
yänì ráèätêç âáëärï

ú

ðámâéùéôåän ãáâêt yäóì ráèätêç
âáëär

ðámâéùéôåän ãá âêt yäóì ráèätêç
âáëär

ûï

üêstám õáóìäèêrän ãêèäåéåän
ãáóìän õánìäèêrän âáâäs

üêstám õáóìäèêrän ãêèäåéåän
ãáóìän pánìäèêrän âártáåänän
çèéåùéätéç

ýï

þáåäóän ãëäèäm õêõä ôärus èáâêô
âáëär ãärêõäãä ãê èéär õêõä

þáåäóän ãäèäm õêõä ôärus èáâêô
ráóãäô ãärê õäãä èuär õêpä

üumâár ÿ �mrulläh �ö�òò �

�ß �aktor ��aktor Yang �empengaruhi �lushing
�çáåùêç têãäåóyä ôäëêè õáóììáèontorän ëáãêmán � flushing� ãêõáóìäréôê

îèáô âáâáräõä çäåùor ëáâäìäê âárêåéù
ä� 	êmáóëê ãärê Flushing outlet
â� àîëêëê ãärê Flushing outlet
÷� àáóämõänì wäãéå ãän åá÷urämän ãäëär wäãéå
ã� àäóæäóì
 õáóãáå
 èáâär ãän tiãäknyä wäãéå
á� �urus têãäåóyä wäãéå åáäräô outlet
ç� 	êstrêâéëê ãän åáõäãätän ëáãêmán
ì� �átárëáãêään äêr wäãéå untéå õáóììáèontorän ëáãêmán
ô� ñráåéáóëê õánììáè ontorän ëáãêmán
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� �liran �alam �aluran �ertutup ������

�� �efinisi �liran �alam dalam �aluran �ertutup ��ipa�
�����p flushing conduit ���n�ur s n m�! !"# �#� $  % ! & su tu �#st�m

��m�!#& r  n  !ur %�n� n m�t�%� '!"�&#�� y �� m���r �( n p�n���!ontor n
%����#t ��%#m�n (� % �r & y n� !�)#& % ! m  t u ) �# n &#!#r*

+!#r n % ! m �#�  )�r'"���# unt"( m�m#�% &( n '!"#%  % r# �" tu
t�m� t (� t�m� t y n� ! #�* , %  umumny  '!"#%  y n�  ( n %#�#�% &( n
m�m#!#(# �#! # (�(�nt ! n y n� )�r)�% -)�% * .#! # (�(�nt ! n #�# � n� t ��nt#��
unt"( %#(�t &"#  � r % p t m���nt"( n (�)"/"& n ���r�# yn� %#��r!"( �*

0"1&�#n % n 2") �yo �3455$ ,���!#t# n  !#r n % ! m �#�  � internal
flow$ %#m"! # ��or �� m &  �uru % r# 6 �rm n t &"� 57849 6"!#us :�#�) 1&

m���!#t# � %  &"!u �#p 9 y ng (�mu %# n %#l njutk n ol�h insinyur ,�r n1i�9 ;�nry
< r1y p %  t &"� 578= y n� m�! ("( n �(���r#m�n  !#r n �#�  y n� %#(�� !
%��� n ��r� m  n < r1y -:�#�) 1&* ��m"%# n >�)�?�� @�ynol% m�l ("( n
�(���rim�n m�l lui pi�  t hun 577A y ng m�m��rli& t( n ��ntingny  @� ynol%�
% l m  lir n flui% *

,�r)�%  n m��% s r  nt r   lir n p %  � lur n t�r)"(  % n � lur n
t�rtutup �  !#r n � %  �#� $  % ! &  % ny  ��rm"(  n y n� )�) s % n �& m�#r
��! !u$ )�r"�  "% r  � %  � !ur n t�r)"( * 6 %# �� �% #ny  p %  �#�   !#r nny 
t#% ( ���"& &#n��  m �#&  %  ron��  y n� )�r#�# "% r  m (  �#' t % n
( r (/�r�#t#(  !#r nny  s m  %�n� n  !#r n � %  � !ur n t�r)"(  �� %� t#� 3443B
358$
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CDEDm FGrFDHDI IJKLMNrI MGFDHIDn FGsDr OELIKDnyD mGnHDEIr PDKD PIPD Q

PIPD MDEurDn tGrtutup R closed conduit flow)S TDsDEDU utDmD yDnH mLJVuE DntDrD
EDIJW

DX YGrjDKInyD HGMGZDn pDKD KIJKIng piPDS
FX YGrjDKInyD turFLEGnsi kDrGJD HGrDkDn rGlDtif KDlDm molGkul fluiKD yDng

KIPGJHDru hi olGh viskositDs fluiKD itu MGJKIri KDn FGntuk piPD
VX YGrjDKInyD kDPDsitDs DlirDn yDng MGmDkin ZGVil PDKD KDGrDh yDng jDuh KDri

sumFGr ZDrGnD UDmFDtDn gGsGk PDKD DlirDn yDng MGmDkin mGmFGMDr
CDri MGluruh PGrmDsDUDn tGrMGFLN KIDtDs KDPDt KIKLHD FDhwD fDktor

tGZDJDn DtDu kGrugiDn tGZDJDn KDPDt mGmPGnHDruhi kiJGrjD KDn GfisiGnsi pomPDS
[lGh ZDrGJDnyD KIpGrlLZDn PGninjDLDn lGFIh mGJKDlDm lDgi PDKD FIKDng
mGZDniZD fluiKD tGrutDmD KIJDmiZD fluiKD untuk mGJHDtDsi PGrmDMDlDUDn tGrMGFLNS

\GrpiJKDUDn fluiKD RVDIrDn D tDu HDsX KI KDEDm sGFLDU MDEurDn tGrtutup
RPIPDX MDnHDt pGntIJH KI KDEDm Z]JMGp flushing conduit yDnH mGnGrDPZDn
PGJHHGEontorDn sGKImGntDMI KI KDEDm PIPDS ^DZtor QODZNor yDnH mGmpGJHDrLUI
DEIrDn KDEDm MDEurDn tGrtutLP_ yDitu `GVGpDtDJ_ KGFit KDn lLDs PGJDmp Dng MDlurDn
ab cekanisme derja efngaliran galam eipa

hmumnyD mDMDlDh jDringDn pipD DKDlDh rumit KDn mGmGrlLZDn
PGnyGlDMDiDn V]FD QV]FD KGngDn mGnyGimFDnHZDn rDngZDiDn QrDngkDiDn KDMDr
MGVDrD FGrgDntiDn MDmpDi MGmLD syDrDt QsyDrDt DlirDn KIPGnuhiS iyDrDt QsyDrDt
FGrikut UDrus KIPGnuhi KDlDm jDriJHDn piPD DKDlDh W
DX jumlDh DljDFDr PGnurLJDn tGZDJDn MGputDr tiDp rDngkDiDn UDrus MDmD KGngDn

nolS
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kl mnropmppn qprry stnuokprvw ptpu rumus xnsnypn nyoz{|n|oup} ypnx sntprpw
vprus ~uznnuhi untuk tipp pizp� ypy|u v�k�|xpn ypnx ono�pu pntprp ynruxupn
tu|xxu tnypn ~pn ~nkut yp|x p~p vprus ~upn|�vu unt�y zn|xp}urpn tupp zuzp�

rl �}urpn yn tupp tutuy v�k�|x vprus op�p ~nnxpn p}urpn ypnx �nn unxxp}ypn tutuy�
�� �ifat �sifat � liran dalam �ipa

~p}p� o�ptu p}urpn ypnx �n}nwptu oustn� ptpu unstp}pou zuzp pypn tnr�p~u
o�ptu vp�kptpn p}urpn ~u�p|p vp�kptpn tnronk�� ~uonkpkypn �py�or s�py�or knnt�y
unstp}pou� �p�kptpn tnronk�� ~pzpt �nnynkpkypn turunnyp nnnrxu ~pru �}�u~p
tnronk�� ypnx onrunx ~uonk�� ~n|xpn ynruxupn tu|xxu tnyp|pn � head loss) ptpu
znnur�|pn tnypnpn � pressure drop) ypnx ~uonkpkypn {}nv zn|xpr�v xnonypn �}�u~p
�friction losses) ~pn znr�kpvpn z{}p p}urpn yp|x tnr�p~u yprn|p �}�u~p vprus
�n|xuy��u knnt�y ~pru ~u|~u|xnyp�
�� �lasifikasi �lira n dalam �ipa

Dnkut p~p}pv o�ptu kpxupn znntunx ~p}p� suptu znnxp}urpn tu~py
tnrynrup}u zp~p p}urpn ~p}p� zuzp �pupun op}urpn tnrk�yp� �nvunxxp unt�y
�n|xvutunx knspr ~nkut ~p}p� o�ptu znnxp}urpn ~ux�|pypn znrop�ppn ����

onkpxpu knruy���
Q = A.V�����������������������������������������������������������������������������������������������������l

V = ����������������������������������������������������������������������������������������������������������������l

Du�p|p � � � Dnkut p}urpn �� �
�~�yl

� � �ups znnp�zpnx p}urpn �� �
l

� � Knrnzptpn p}urpn ~p}p� zuzp ���~�yl
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�� �engukur �ecepatan aliran zat cair
 r¡¢£¡p st¤¥¢¤£¡ m¦r§¤p̈¤n ©¤s¤r ©¤r¡ t¤ª§¢¥ «¡tot y¤n¥ ©¡¥§¢¤¨¤n

unt§¨ m¦¢¥§¨§¬ ¨¦­¦«¤t¤n ¤®¡r¤n z¤t ­¤¡r̄°¡t¡¨ st¤¥n¤£¡ t¦r±¤©¡ «¤©¤ §±un¥ ª¤ ¨¤¤n
«¡«¤ y¤n¥ ²¦¢©¤t¤r ©¤n t¦¨¤¢¤nny¤ ¤¨¤n ®¦ª¡³ ª¦£¤r ©¤r¡ t¦¨¤¢¤n z¤t ­¤¡r ©¡

£¦¨¡t¤rny¤ £¦ª¦£¤r t¡n¥¥¡ ¨¦­¦«¤t¤n V / 2g´ y¤n¥ ©¡t§¢±§¨¨¤n µ®¦³ ¨¦¢¤¡¨¤n z¤t
­¤¡r ©¡ ©¤®¤² t¤ª§¢¥¯ ¶¦³¡¢¥¥¤ ·°¬¡¤t²µ©±o ¸´ ¹ºº»¼

½ ¾ 2 …………………………………… ¿¿¿¯¯¿¿¿¿¿¿¿¿¿¿·À¼

¾ 2 ( ) / …………………………………………………… ÁÁÁ… ÂÃÄ

DÅÆÇÈÇ É ÊËÌÇÈÇÈ ÍÎÇÏÈÇÍÅ ÂÌÏÐcm Ä

É ÊËÌÇÈÇÈ ÍÎÇÎÅÍ ÂÌÏÐcm Ä

Ñ É ÊÅÈÏÏÅ ÇÅÒ ÓÅtot ÂÔÆÄ

Ï É ÕËÒÔËÓÇÎÇÈ ÏÒÇÖÅÎÇÍÅ·²× ¼

Ø� Ùersamaan Úukum Ûernoulli Üekanan Ýalam Ùipa
Þ£¤s ¸¦r¢µ§®®¡ ²¦ny¤t¤¨¤n ª¤³ß¤ “  ¤©¤ «¡«¤ y¤n¥ ²¦¢©¤t¤r

·³µ¬¡zont¤®¼ ´ t¦¨¤¢¤n à®§¡©¤ «¤®¡¢¥ ª¦£¤r ¤©¤®¤³ «¤©¤ ª¤¥¡¤n ¨¦®¤±§¤n ¤®¡rny¤
«¤®¡¢¥ ¨¦­¡®´ ©¤n t¦¨¤n¤n «¤®¡¢¥ ¨¦­¡® ¤©¤®¤³ «¤©¤ ª¤¥¡¤n y¤n¥ ¨¦®¤±§¤n ¤®¡rny¤
«¤®¡¢¥ ª¦s¤r̄  ¦rny¤t¤¤n ¡¢¡ ©¡¨¦²§¨¤¨¤n «¦rt¤²¤ ¨¤®¡ µ®¦³ Daniel Bernoulli
·áâººãáâ»¹¼´ £¦³¡n¥¥¤ ©¡¨¦¢¤® £¦ª¤¥¤¡ ¤£¤s Bernoulli.
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äambar å æ çèéèê ëìrníèîîï ðñòñ óñîurñn tìrtutup ô sumõìr ö ÷isthyøùú ûüýûþ

ÿæ �liran �aminer dan �urbulen
�ì�ñrñ �ñris õìóñr polñ ñlirñn òñlñm piðñ tìrõñ�ï mìnjñòï ti�ñú yñitèö

lñmi�ìrú turõèîì�ú òñn trñnsisi ôñntñrñ ñlirñn ñlmi�ìr òñn turõèîìnþø �olñ ñlirñn
óñ��ñt õìrpìn�ñruh pñòñ si�ñt òñri ñlirñ�ø

äambar ÿ ø �ìr�íõññn 	ìynolòó 
ìntñn� � lirñn lñmi�ñr ôñþ �lirñn turõèîìn ôõþ
ðñòñ óñlurñn tìrtutup ôpiðñþ

�lirñn lñmi nìr ñòñlñh óèñtu ñlirñn òïmñ�ñ �ñyñ kìéìntñlñn rìlñti�
óñ��ñt õìóñr ò iõñ�òïn�kñn òìn�ñn �ñyñ éìlìmõñõ ñ�ú óìhin��ñ ñlirñn òïéèñóñi
olìh ðìn�ñruh éìéìntñlñn ø �ñòñ ñlirñn lñmi�ìrú �luiòñ õìr�ìrñk óì�ñrñ tìrñturø
�rí�il éì�ìpñtñn òñri ñlirñn lñmi�ìr tiòñk tìrjñòï ðì��ñmpurñn ñntñrñ �ñris ñrus
yñn� sñtu òìn�ñn yñn� lñinnyñø �olñ ñlirñn ini òïóìõè
 lñmi�ìr éñrìnñ tìrli�ñt
óìðìrti �ñõè��ñn òñri lìmõñrñn �luiòñ ô laminer) yñn� sñli�� õìr� ìsìrø

�lirñn turõèîìn òï�iriéñn olìh éì�ìðñtñn �luiòñ yñ�� õìr�luktèñsi óì�ñrñ
ñ�ñk òñn ñlirñn yñn� õìr�ñmpur pñòñ lì
ìl mñkroskopiéø �ñòñ ñlirñn turõèîì�ú
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������ t���� ��r��r�� ���� ���tu ��r�s �rus y��� ���us ��n ������t�n ������
��r���� ����r� ���� ��r� ���p w�����

��r�����n �nt�r� ���r�n ��m���r ��n tur����n ��rt�m� ����

�����r���������n  ��� !s� "�� #�ynol�� ���� t�hun $%%&� #�ynol�� m�l�����n
��r� ���n ��ng�n m�nyunti���n z�t ��w�r�� ���� ��r y�n� '�n����r ����' �����
���� ��(u ���r�n y�n� r�����) z�t ��w�r�� '������r����r� t�r�tur ��n t����
t�r��'pur ������ �� ����r� ���� ��(u ���r�n y��� ����� t�n���) z�t p�w�rn�
t�r��'pur p��� ���ur�� �����n ��r� �����

M�nurut ����� ��r� ���n #�y� ��) unt�� '�'������n �p���� ���r�n �tu
tur����n �t�u ��'���r ����t '�n �������n ����n��n t�� ��r��'���� y�n� �������
�����n ����n��n #�y� ��� *���n��n ��� ����t��� �����n p�r��'��n ��r����+

���������������������������������������������������������������������������������������,-.

D�'��� + #� / *���n��n #�y� �� ,t�� ��r��'����.

0 / K�����t�n r�t� 1r�t� ,�t2s �t�u '2s.
D / D��'�t�r ��p� ,�t �t�u '.

v / 0��� ��t�s ����'�t�� ,' 3
2s.

4���t ���r�n ����' ���� ��r��ntun� p��� ����n��n #�y� ���� 5nt��
�������� ���� ����n��n t�����) ��t�s �t�s ���r�n ��'��r �����ny� ���'��� ����
�������n #�y� ��� 6&77� 8������ �������n #�yno��� ����� ��r� 9777) '��� ���r�n
�������p tur������ 5ntu� �������n #�y� ��� �� �nt�r� 6&77 ��' 9777) ���r�n
t���� ����t ��pr������ ��n �����ny� ��r���� 1���� ����t �nt�r� ��'���r ��n
tur������ 8��r�n ��� ����� ������� ���r�n tr�������
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:; <ehilangan =nergi >ayor ?alam @ipa ABesekC

DEFrGn HEIFJG yGnK mLEGEIF MFMG GNGn OLEGEu mL PKGEGmF NLQFEGnKGn
LPLrKFR SGE FPF JFOLTGTNGn UELQ KLOLNGn yGnK tLrVGJF GntGrG HEIFJG JLnKGn JFPJFPK
MFMG GtGu MLrITGQGn NLWLMGtGn yGnK JFGEGmF UELQ GEFrGn HEIFJGR

XLQFEGnKGn LnLrKF GNFTGt KLsLNGn JGpGt JFQFtIPK JLPKGn mLnKKIPGNGn
rumus YGrWy Z[LFOTGWQ\ yG Ftu ]

= . . RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR^_`

YFmGPG ] a KLQFEGnKGn LPLrKF NGrLPG KLsLNGn ^b`

aKULHFOFLn KLOLNGn DGrWy Z[LFOTGWQ ^JFMLrUELQ JGrF KcGHFN bUUJỳ
d a  eGPVGnK MFMG ^b`

D aDFGbtLr MFMG ^Wb`

f a  KLWLMGtGn GEFrGn ^bgJhN`

K a  eLrWLMGtGn KrGiFtGOF ^bg `
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jambar 8k lmnornm pqqry

sabel tk umvnm wxynznrnn rm{rm{o unt|y }xr}nonm pm~n yq�xrzmnv
�m~n pntxrmnv ��|m�nvxnt �oug�{xzz�

��t�
�nzxn – �mvvmn�s
�qx��m�mxnt� �

�rnzz� �q~~xr�nv|�m{m|� ��� × 10 ���

���� �vnstm� � × 10 ���

�nst �ron
uxw ��� × 10 ���

�vr � ���

�nv�n{mzxr �ron ��� × 10 ���

�z~�nvtxr �ron ��� × 10 �

�rq|o�� �ron ��� × 10 �

�q��xr�mnv n{r �xvrxr

�txxv
��� × 10 ���

�m�xtxr �txxv ����× 10 ���

�q{�rxtx ���� × 10 ���

�qqr �tn�x ���� × 10 ���

Sumber :Ram S. Gupta. Hydrology and Hydraulic Systems. Prentice Hall. London. 1989.
Chapter 11, hal.550
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 ¡¢£¤¢m ¥¦¦§y ẗ ©¢ª §¡£«¬¢­¢n unt«­ m̈nÿ©¨®¢¡­¢n ¯¨rm¢s¢©¢ª¢n
¢©¡r¢n °©«¡§¢ §¡ §¢©¢m ¯¡¯¢ §¨n£¢n m̈n££«¬¢­¢n °¢±tor £¨®¨­¢n ¯¡¯¢²°³ §¢r¡
rumus  ¢r±y –´¨¡®µ¢±ª¶ ·nt«­ §¢¯¢t ¸¨¬¨nt«­¢n µ¨®¢rny¢ ¬¡©¢¡ ° §¢r¡ §¡¢£r¢¸
M¦¦§y ª¢rus §¡­¨t¢ª«¡ µ¨®¢rny¢ µ¡©¢n£¢n ¹¨y¬¦©§® §¢n ¯¨rµ¢¬§¡n £¢n ¢nt¢r¢

­¨­¢®¢r¢n §¡¬§¡¬£ ¯¡¯¢ §¨¬£¢n §¡¢¸¨ẗ r ¯¡¯¢ ẗ r®¨µ«º ² ) »¼¡©¢¡ ­¨­¢®¢r¢n

§¡¬§¡¬£ ¯¡¯¢ §¡µ¨r¡­¢n p¢§¢ t¢µ©¨ ½¶
¾¿ Àehilangan Áinggi Áenaga pada Âapisan Ãedimen

K¨±¨p¢t¢ n ¢©¡r¢n ¯¢§¢ s«¸µ« Ä¨t ®¢¸¢ §¨n£¢n ­¨±¨p¢t¢n Ä¨t §¡©«µ¢n£¶

Å¡¬££ ®¢n£¢t §¡¯¨n£¢ruª¡ ¦©¨ª turµ«©¨¬®¡ §¢n £¨®¨­¢n ¢nt¢r¢ Ä¨t §¨n£¢n °r¢­®¡

®¦©¡§ §¢n °©«¡§¢ y¢n£ ¢§¢ §¡®¨­¡t¢r¶ Æ¢§¢ °¨¬¦¸¨¬¢ ¢nt¢r¢ °©«¡§¡®¢®¡ §¢n °©«®ª¡¬£

t¡¬££¡ r̈ ©¢t¡° ­¨±¡© ­¢r̈¬¢ £¨®¨­¢n s̈§¡¸¨n §¡®¨­¡t¢rny¢ ®¨ª¡n££¢ §¢¯¢t

§¡¢¬££¢p t¡§¢­ ®¡£¬¡°¡­¢n ẗ rª¢§¢p ­¨ẗ µ¢©¢n ®¨§¡¸¨n ¶ D¨n£¢n §¨¸¡­¡¢nÇ µ¨µ¢n
®¨§¡¸¨n y¢n£ §¡¯¨rª¡t«¬£­¢n §¢p¢t µ¨rµ¨nt«­ ®©¡¬§¨r ®¨ª¡¬££¢ d §¢n µ¨r§¡¢¸ẗ r

d ¶K¨ª¡©¢n£¢n t¡¬££¡ ẗ ¬¢£¢ ¦©¨ª ©¢¯¡®¢n ®¨§¡¸¨n ®¨©¢¬Äutny¢ §¢p¢t §¡ẗ nt«­¢n

§¨¬£¢n ¸¨¬¡¬Ä¢u ­¨®¨¡¸µ¢¬£¢n £¢y¢ È¨rt¡±¢© ¢nt¢ r¢ £¢y¢ ­¨¢t¢s ² . . . )

§¨¬£¢n µ¨r¢t ®¨§¡¸¨n §¢©¢¸ ¢¡r ² d (1 − ) ( − )/ . K¨µ«º«ª¢n t¡¬££¡
ẗ ¬¢£¢ ¢­¡µ¢t ­¨ª¡©¢n£¢n ẗ r®¨µ«º §¢¯¢t §¡®¡¸¯«©­¢n ®¨¯¨rt¡ µ¨r¡­«º É ²Åª¢ª¢Ç
½ÊÊË³¶

Ìd ²Í− ) ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ¶ÎÎ¶¶¶¶¶¶¶¶²Ï³

D¡¸¢¬¢ É = ­¨ª¡©¢n£¢n t¡n££¡ ẗ ¬¢£¢ ¢­¡µ¢t ©¢¯¡®¢n s̈§¡¸¨n ²±¸³

d Ð ­¨ẗ µ¢©¢ns̈§¡¸¨n ²±¸³

Ð r¢¯¢t ¸¢®®¢ ¢¡r
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Ñ rÒÓÒt ÔÒÕÕÒsÖ×ØÔÖn

ÑporÙÕØtÒs ÕÖ×ØÔÖn

gÑÓÖrÚÖÓÒtÒnÛrÒÜØtÒÕØ ÝÔÞ dtk )

ßàá âehilangan tekanan sekunder dalam pipa
ãÖäÒØn åÖæØäÒçÛÒn ÖnÖrÛØ åÒrÖnÒ ÛÖÕÖåÒn ×ÖnÛÒn ×Øç×ØçÛ ÓØÓÒè sÖäÒÔÒ

ÓÖçÛÒäØrÒnnyÒè ÒØr åÖæØäÒçÛÒn ÖçÖrÛØ åÒrÖnÒ æÒrus ÔÖÔéÖäÙå ÕÖæØçÛÛÒ tÖrêÒ×Ø
turéëäÖçÕØì DÖÔØåØÒn ÓëäÒ êØåÒ ÒØr ÔÖäÒäëØ ÓÖnyÖÔpurçÒÒn ×Òn ÓÖÔéÖsÒrÒn ÕÖÚÒrÒ
tØéÒ ítØéÒì

KÖæØäÒnÛÒn ÖnÖrÛØ ×Ø tÖÔÓÒt t ÖÔÓÒt tÖrÕÖéëî ÔëçÛåØn ÕÒêÒ êÒëæ äÖéØæ

éÖÕÒr ×ØéÒç×ØçÛåÒn ×ÖnÛÒn åÖæØäÒnÛÒn ÖnÖrÛØ ÒåØéÒt ÛÖÕÖåÒn ×ÖnÛÒn ÓØÓÒì ïÒ×Ò
åÙç×ØÕØ äÒØçè ÕÒÒt ÓØÓÒ ÕÒçÛÒt ÓÒçêÒnÛ åÖæØäÒnÛÒn ÖçÖrÛØ ÔØnor ÒtÒu sÖåëç×Ör
ÔëçÛåØn ÔÖçêÒ×Ø tØ×Òå sØÛçØðØåÒn tÖræÒ×Òp åÖæØäÒçÛÒn ÖçÖrÛØ utÒ ÔÒì KÖæØäÒçÛÒn
ÖçÖrÛØ ÔØnor ×ÒäÒÔ éÒæÒÕÒ ÔÒtÖÔÒtØåÒ ×ØtëäØs ÕÖéÒÛÒØ ÝåÖäÒs Dìè ñòòóô

õ
. .

ÒtÒu õ
.
ööööööìììöööööììììììììììììììììììììììììì Ý÷ô

DØÔÒçÒø åù õ åÙÖðØÕØÖn åÖæØäÒçÛÒn tØnÛÛØ ÖçÖrÛØ ÓÒ×Ò äëéÒnÛ ÔÒÕëå ÓØÓÒ ÝÔôè

×ØÒÔéØä åú õ òèòû ëçîëå äëéÒçÛ ÔÒÕëå ëêëçÛ éëäÒt rÒ×Øus åÖÚØäì
v   õ åÖÚÖÓÒtÒn ÒäØrÒn ÝÔÞ×îåô

Û   õ pÖrÚÖÓÒtÒn ÛüÒÒÜØtÒÕØ ÝÔÞ×îå
ý
ô
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þÿ �liran � edimen �alam � ipa � flushing �onduit�

�ÿ �asuknya �edimen 	e �alam �ipa
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m p��
 � flushing conduit)
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23 4567t89567t 7:5r7n 75r ; flow characteristics)
<3 4567t89567t 9=>5m=n ; flow charasteristics)
?3 @=AB7rCDAy7 t5mE7: E7:5F 7nt7r7 9567t 7:5r7n 75r >7n 9567t 9=>5m=n ; interection)

G7:7m >=975n tr7nspor 9=>5m=n >7:7m @5H7I >C7 j=nis r=gi m= 7lir7n
y7ng >5hiA>7ri y7itu J

73 Stationary bed regime k7r=A7 ini ti>7k 7k7n m=ngD7silF7n tr7nspor z7t H7>7t
7H7pun

E3 moving bed regime 9=E7E K5F7 >5E7w7D FLA>595 norM7:I regime 5A5

M=ABD795:F7n r=95FL D7ME7t7ANH=nyCME7t7n p7>7 97:5r7n H5H7



31

OPO QQQ

RSTUVS WSXSYQTQPX

PZ Yokasi dan Waktu Wenelitian

[\]\^_t_`n _]_ a_^`bcb`n a_ d`efg`tor_um h`bc^t̀ s i\b]_b jnik\rsit̀ s
lcm`mm̀a_ỳh l`b`ss̀r n`a` ec^`n l\i opqr s`mn`i tktfe\r opqru

OZ Plat dan Oahan

v\w`r̀  umum `l̀ t a`n e`m`n ỳng a_guǹb`n untuk m\r̀ ngk̀i a`n
m\l\ngk̀pi mfa\l flushing conduit a`l̀ m n\l̀ ks̀]``n p\]\litì n `a`l̀ h s\e`g̀i
e\rikut x
qy zl̀ t

`y [in` [{| } s\e`~`_ p\n~m`nt̀ r s\a_m\n ỳn~ a_c�_
ey [\r̀ ^`t̀ n n\m\r_bs``n s\a_m\n m`s_^ ~\^ontor̀n s\n\r t_� t_�e`]~`]�
w`ẁ]� s`r_n~`n ~\^`s cbur a`n fn\n

wy [\r̀ ^`t̀ n e\n~b\^ s\n\rt_ �\s_n n\�otf]~� ~\r_]a`� m`��\r
ay [_n` �s`p
\y [f�n` `_r o e\r�un~s_ s\e`~`_ n\�f�n` `_r a`r_ e`b n\]`�pun~`n
�y vtopẁtwm untcb �\]~m_tc]~ ẁb�u ỳn~ a_~c]`b`n n`a` n\n~cbcg`n
a\e_t

~y i`^_ a`n e\]`n~ s\e`~`_ n\�`]ac a`^`� n\�ec`t̀ n �fa\^
my F^ow ẁtwm untcb �\n~cbcg b\w\p̀t̀ n `^_r̀ n ỳ]~ `b`n �`scb b\a`^`�
n_n` flushing conduit

31



32

�� ��rt�s �� ��n ���t t���s unt�� m����t�t ��n��m����n ��t� �w�� p��� ���t
��� m����

�� ��m�r� ����t�� ��r�un��� m����m��� ������nt��� ������t����
�� �������� �inggi�� ���� �ntuk �����m��l�n ����m�n y�ng �k�n ��uji
l� ��st�r ��n �ol m�t�r untuk m�ngukur ��tinggi�n ����m�n ��n ��nj�ng

pi�� y�ng ��gun���n ��l�m ����liti���
 � ¡�¢�n

�� £���m�n ����g� i m���l ��r������ ��t���l�n s���m�n y�ng ��g���k�n
��r¤�ri�si ¥ ¦�m� §¦�m� �¦�m�

�� ¡�k �ir untuk supl�y� ��k sirkul�si� ��n ��k ����rt�i ��ri���n untuk
����m�n

�� �ir untuk m����m�ti j�nis �lir�n ��l�m pi��

C¨ ©ªnis «enelitan dan ¬umber ­ata

®� ¯�nis ����liti�n
¯�nis ����lit�n y�ng ��������n ���l�h �ksp�rim�nt�l� ��m��� ��n�liti�n

t�r����° �����t ��n ��r����ng �����ri ol�h ����liti ��ng�n � �r������n ����
lit�r�tur ±lit�r� tur y�ng ��r��it�n ��ng�n flushing conduit� ��rt� ���ny� kontrol
�����n tuj��n untuk m�ng�t�hui ����� �ki��t ��ri ������lonto r�n ����m�n ��rt�
��r��� ����r p�ng�ruh ��ngg�lont��n t�r¢���p ¤�ri�si ����m���
 � £um��r ²�t�

³��� ����liti�n ini ���n ��g���k�n ��� ¥ � sum��r ��t� �nt�r� ���n �������
��r���°´
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µ¶ ·µtµ pŗm¹r yµ¸tu ºµtµ yµ»¼ º¸½¹r¾¿¹À ¿µn¼sun¼ ºµŗ ÀµÁ¸¿ Á¸mÂ¿µÁ¸ m¾º¹¿ Ã¸Á¸Ä
º¸ ¿µÅ¾Æµtoŗum

Å¶ ·µtµ Á¹ÄÂ»º¹r yµ¸tu ºµtµ yµn¼ º¸½¹r¾¿¹À ºµŗ ¿¸t¹rµrur ºµn ÀµÁ¸¿ ½¹»¹¿¸ţµn yµn¼
t¹¿µÀ º¸¿µÄÂÄµn Á¹Å¹¿umnyµ Åµ¸Ä yµn¼ t¹¿µÀ º¸¿µÄÂÄµn º¸ ¿µÅ¾Æµtoŗum mµupun
º¸t¹m½µt ¿µ¸n Ç¿µ½µ»¼µn¶ yµn¼ Å¹rÄµ¸tµn º¹»¼µn ½¹»¹¿¸ţµn t¹ntµ»¼
½¹»¼¼¿ontorµn Á¹º ¸m¹n flushing conduit.

ÈÉ Variabel yang diteliti

Êµºµ ½¹»¹¿¸ţµn ¸»¸ µÄµn m¹»¼¼unµÄµn ºÂµ ËµŗµÅ¹¿Ì yµitu Í
Î¶ ËµŗµÅ¹¿ Å¹Åµs yµ¸tu ÏµŗµÅ¹¿ ½¹ny¹ÅµÅ (Independent Variables)
µ¶ Ð¹Ñ¹pµtµn µ¿¸rµn Çv¶
Å¶ ÒÂÀÂ ÇÓ¶

Ñ¶ Ë¹¿um¹ Ô¹¿ontor  ÇË¼¶
º¶ ËµŗµÁ¸ Ð¹ţn¼¼¸µn Ò¹º¸m¹n ÇÀ¶
¹¶ ÕµÄtor ¼¹s¹Äµn Ç λ¶

Ö¶ ËµŗµÅ¹¿ t¹ŗÄµt µtµu ËµŗµÅ¹¿ t¹r¼µntun¼ (Dependent Variables)
µ¶ D¹Å¸t Ç×¶
Å¶ ØµÄÙu Çt¶
Ñ¶ Ó¹Äµ»µn Dµ¿µÚ Ê¸½µ ÇÊ¶
º¶ Êµ»Ûµ»¼ ½¸½µ ÇÜ¶
¹¶ D¸µÚ¹t¹r ¿ÂÅµn¼ Çº¶
Ã¶ Ò½µÁ¸ ÜÂÅµn¼ Çµ¶
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PIPA ISAPTAMPUNGAN
SEDIMEN PIPA FLUIDISASI

PIPA TAMPUNGAN
SEDIMEN

PIPA SIRKULASI

BAK OUTLET
ALIRAN

BAK OUTLET
ALIRAN

BUKAAN KATUP

POMPA INLET

PIPA SPIRAL

PIPA SIRKULASI

PINTU
PENGATUR
DEBIT

PINTU
THOMSON PITOT

METER

MANOMETER

2.25m

2 m 5 m 4 m
0.7 m

1.5 m

1.5 m

0.60 m

PIPA SIRKULASI

BAK OUTLET
ALIRAN

BAK INTLET
ALIRAN

POMPA INLET

SEDIMEN

ÝÞ ßahap àenelitian

áâ ãäråæçèçn
éçêçp èärtçmç èäråæçpçn ë ìtíîæ litärçtur îælçïíïçn untuk mäðñçri sumòär

îçtç îçn informçsi yçng çïçn îæmíçt åäòçgçi räfäränsi täori îçlçm mälçïíïçn
èäðälitiçn ini ó Flushing Conduitô åärtç mäõçïíïçn èäråæçèçn èämòíçtçn möîäõ îæ
÷çòörçtoræum îçn mäm päråæçèçn çõçt îçn òçêçn untíï èämòíçtçn åçõurçn
ø ãärçðñçnùçn úöîäõ

ãärçðñçnùçn möîäõ untíï èäðäõætæçn îæõçïíïçn tärõäòæê îçêíõu untíï
èärçðñçnùçn möîäõ untuï èäðäõætæçn Flushing Conduit yçnù õäòæê ûäõçs åäêæðùùç
îçõçm èäðärçèçn îæõçpçnùçn îçèçt òärûçõçn åäsuçæ räðñçnçâ

üambar ýâ þçnñçnùçn úöîäõ Flushing Conduit óÿäðçêô

üambar � �Þ þçnñçngçn úöîäl Flushing Conduit ótçmèçï åçmèænùô
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DIAMETER LUBANG
ISAP

JARAK LUBANG ISAP

PIPA
SEDIMEN0.60 m30 cm

�ambar ��� ��n��ng�n �	
�l �i
� ����p � �ot	���n M���nt���

�ambar ��� D�t��� � �������n t���� ��
���n s�
���n
�� ������t�n M	
�� ���ur�n

����������n 
�����t�n ��� �	
�� ��r�
���n 
���r���n y�n� ut���


���� 
�n���t��n ��� � Flushing Conduit) ���� �����t���� ��r� ��r�� �	���p
Flushing Conduit ��rt� unt�� 
���������n 
�t� ����� 
�r�	���n y�n� ���n

���������

!� 
���������n 
�t� �r������"

��r�	���n �w�� 
�������n r����n� ��������� �	
��" unt�� ��n��t����

�����
��n ���t 
�n �����t���� ����r�n v�r����� �

#� $������ 
�n ���������n
$������s 
�n 
��������n 
�������n ��t���� 
�
�r	��� 
�t� y�n� 
���%����n

unt�� 
�	��� ����� 
� ������ ��&or���� y�n� � �%u��

L
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'( )*osedur )enelitian

+,n-.,/ 01,n-.,/ 2,1,m m31,.4.,n 53r678,,n 2,1,m 53931:t:,n ;
,< =3nyi,p.,n m723l >,lur,n t3r84., 2,ri 5,s,ng,n 8,tu 23ng,n 2:m3nsi 5,nj,ng

>,lur,n ? m@ l38,r >,lur,n A m@ tinggi >,lur,n BC 6mD 83>3rt, 53rl3ng.,p,nny,
>353rti pom5, sirkul,si@ pom5, supl,y@ 8,k intl3t E4.D FDFBG x FDFBG x FG<

>38,-,: >451,y@ 8,. out13t E4.D ADBG x ADBG x AG<@ 2,n s,r:n-,n s38,-,:

539,Gpun- >32:G3n y,n- t3r-31ontor
8< H:5, F14>/:9- HIJ 2:,G3t3r EFDC :96:<@ 2:84,t 148,9- :>,p p,2, >:>: .:r: 2,n

.,9,n >35, 9K,n- A G 23n-,n ,r,/ /7r:zont,1 239-,n 2:,G3t3r AC GG 2,n K,r,.

E>5,>:< 148,n- L GG

6< H,2, M,. p3ny451,y ,:r 2: 5,>,9- 5:ntu 4.4N O/7Gson unt4. G39-4.4N 238:t
,1:r,n 53rG4.,,9@ 2,n 5:5, E>451,y< 2:5,>,n- ,1,t 4.4N .3635,t,n ,:r 2,n ,1,t
4.4N t3.,9,n ,:r EM ,noG3t3r<D P31,:n :tu 2:5,s,9- 541, stop .N,n s3831uG ,:r
G313w,t: 5:tot 2,n ,1,t 4.4N t3.,9,n ,:r EM,noG3t3r<D H,2, 5:5, :nt13t K4-,

2:5,>,9- >,G849-,n 23n-,n 57G5, unt4. Q14>/:n- .7924:t .3G42:,n 2:p,>,9-

stop .N,n 2,n Ku-, 5:5, 53G84,n- 2: p,>,n- s,G849 -,n 23n-,n 57G5, unt4.

>:r.41,>:D

2< M3r,n-.,: ,1,t 2,n 8,/,n y,n- >42,/ t3r>32:, .3G42:,n 53r678,,n >:,p
2:1,.4.,n

3< M39K,1,9.,n 57G5, unt4. G31,.>,9,.,n r499:n- .7>79- 23n-,n G3n-,1:r.,n
,:r t,95, 53G83r:,n >32:G3n unt4. G393nt4.,n 238:t y,n- 2:-un,.,n

Q< P31,9Kunty, G39K,1,9.,n 57G5, 23n-,n G3n-,1:r.,n ,:r s3>4,: 238:t 2,n
53G83r:,n >32:G3n y,n- R31,/ 2:t3nt4.,n
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ST mUVSWmWtX YZV[X\X \U[XmUn yWnS tUr]X\Wp [Wn W^Wt _UVS`Y`r tUYWVWn sU^WmW
wWYau yWnS tU^W] [XtUnt̀ YWVb cW^Wm ]W^ XVX wWYau dtT [Wn YUtUeW^Wn \U[XmU n
d[eT yWnS [XS`VWYWVW f mWgWm hWrXW\X

]T iUtU^W] hWrXW\X [Wn pUmeWgWWn tUYWVWn sU^U\WXj \UlWnjutnyW mUngukur
eWnyWknyW volumU \U[XmUn yWng tUrSUlontor

iT krZ\U[`l ini ini [XlWkuYWn [UnSWn eUeUrW_W YWli _UrgZeWWn [XmulWi [Wri
YUtinggiWn sU[XmUn mn gmj fngmj [Wn ongm untuk [XjW[XYWn eW]Wn
_UreWV[XngWn

pq relaksanaan simulasi

kUlWY\WVWWn pUngujiWn mZ[Ul [Wn lWngYWh tlWngYWh _UngujiWn W[WlWh u
WT cisiW_YWn p i_W kvw [UVSWn `Y`lWn m XVgX dx mT y^`\]XnS \UpWVzWnS { mUtUr

[UVSWn zWrWY ^`eWnS |gm [Wn [XWmUtUr ^`eWnS {n gmb kXp W kvw { mUtUr [Xe`Wt
^`eWVS _X_W X\Wp \X\X YXrX [Wn YWVWn WrW] ]ZrXzontW^

eT iU[X}Un [Xe`Wt [UnSWn eUnt̀ Y \USX U}_Wt [W^W} \W^urWVb DX}WnW tUeW^

\U[X}Un eUrhWrXW\X yWXtu d[e ~ � mn g}j [e� � fn g}j [Wn [e � � on g}T

gT �WY WXr unt̀ Y \`_^Wy [XX\X \U\`WX YUe`a`]Wn _UVS`zXWn yWnS g`Y`_ unt̀ Y

\XrY`^W\X WXr
[T KU}`[XWn _Xntu WXr [X gUY d[Xe`YWT \U\`WX [UVSWn YUe`a`]Wn e`YWWn

_UVS`zXWn d|n
�
Tb

UT iU^WVzutnyW [X^WY`YWn pUVS`zXWn [UnSWn }W\XVS t}W\XVS YUtUeW^Wn \U[X}UVb

kUrgZeWWn [X^WY `YWn [UnSWn \XstU} e`YWWn _Xntu WXr d|n
�
Tb �`YWWn [X^WY`YWn
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����ny�� � ���� unt�� m����� �m����� ��r���� unt�� m������t��n ����t ���r�n
��n m�m���� �m�nutup ��tup �stop ���n� unt�� �������t��n t�����n ���ut�

�� �����m�t�n ������� ����m�n ��m���� t�r����p ����m� n ��n m���������n
stopw�t�� ������ ��n��n w���u y�n� t���� ��t�nt���n ��n m�m���� t�����n
���� m�nom�t�r� �inggi �ir ���� pitot�

g�  �t� ��sil ��r�����n y�ng ��rus ����t�t ���l�h t�k���n ���� m�nom�t�r�
tinggi �ir ���� pitot ��n volum� ����m�n t�rg�lontor�

h� ¡���� ����u����n s���m�n y�n� t�r���ontor m������ ��t� �um��� ����m�n
������n y�n� t�r���ontor ����m ��nt�� �m�

�� ¢�����n ��r� ���nt ��� ��m��� �����n ��� m������ t�����n ��m����� ������t����

£�����utny� t�����n ��� ������� ��n��n v�r���� ��t�����n ����m�n � ����

�������� ��t� ��n���t��n ���� p ���um��� ¤¥ ��t��

¦§ ¨engambilan ©ata

¡�� ��nt�n� ����m ��n���t��n ������ ��n��m����n ��t�� ���� ����rny�
��t� y�n� ���m��� ������ ��t� y�n� ���n ���un���n ������� ��r�m�t�r ����m
��������  �t� ���t� y�n� y�n� t���� ������ ���t ������t��n ��r������ l�ngsung ��p�t
�� input ���� t���l � �orm�t �� ���m��l�n ��t�
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ª« ¬low chart ­enelitian

®idak

®idak

¯ambar °±« ²³ow ´µ¶rt ·¸¹¸³ºtº¶n

Alat

ambar  ow rt t n

»¼³¶º

Persiapan

Bahan
SDM

Cek

Pembuatan  model½¾ ¿ÀÁ½Â½n Ã½Ä½m ÅÆÅ½

Ç¾ ÈÆ½mÀtÀr ÄÉÇ½ÂÊ

Ë¾ ÌÅ½sÆ ÄÉÇ½ÂÊ

Ã¾ Í½nÎ½ÂÊ ÅÆÅ½

À¾ ÈÀÇÆt
Ï¾ w½Átu

½¾ Ð½rÆ½sÆ ÁÀtÆÂÊÊÆ½n
sÀÃÆmÀn

Ç¾ sÉÑÉ

Ë¾ vÒÄumÀ ÊÀÄontor
Ã¾ Ï½Átor ÊÀsÀÁ½n
À¾ ÁÀËÀÅ½t½n ½ÄÆr½n

Running

Kalibrasi

Pengumpulan Data

Cek

Ónalisis data dan Ôembahasan
½¾ ÕÀÁ½ÂÆsmÀ ÅÀÂÊÊÀÄontor½n ÃÀÂÊ½n sÆstÀm

flushing conduit
Ç¾ ÍÀÂÊ½rÉÑ Ö½rÆ½sÆ sÀÃÆmÀn tÀrÑ½Ã½p vÒÄumÀ

ÊÀÄontor ×ÐÊ¾

Ø½sÆÄ ÙÁÑÆrÚÛ½por½n

ÌÀÄÀs½Æ

ya

ya



40

ÜÝÜ Þß

àÝáÞâ ãÝä åæçÜÝàÝáÝä

Ýè ãeskripsi ãata àasil åenelitian

éêëìíîïëî ðñtñ yñnò ñìñn ðîëñóîìñn ðñrî ôñëîõ ïêöêõîtîñn îöî ñðñõñô unt÷ì

mêmøêrîìñn òñmøñrñn sêùñrñ umum mêöòêöñî pênyêøñrñn ðñtñ yñnò ðîïêrúõêô ðî

õñøúíñtorîumû üðñpun ðñtñ ïêöêõîtîñn yñnò ðîïêroõêô ðî õñøúíñtúîrîum ðîøêðñìñn
mêöóñðî ð÷ñ yñît÷ý

þÿ �ñrîñøêõ øêøñs ñtñu �ñrîñøêõ ïênyêøñø � Independent Variabels) ñðñõñô ý

volumê gêlontor �� òÿ� �êùêpñtñn ülirñn �vÿ� �înggu m÷ìñ ñir �ôÿ� �êìñnñn �pÿû
�ÿ �ñrîñøêõ �êrîìñt ñtñu �ñrîñøêõ têròñntunò � Dependent Variabels) ñðñõñôý  �÷ñs

ïêöñmïñnò sñõurñn �üÿ� �êøñr ëñõurñn ��ÿ� éêøît ñlirñn �	ÿ� 
ñktu �tÿ� � êøñl
ëêðîmên �hÿ�éiñmtêr �iïñ iëñp �é�ÿ� spñsi l÷øñnò piïñ iëñp �ñÿ� ïñnjñnò piïñ

flushing ��ÿ

éñtñ ðñtñ yñnò ðîpêrolêh ðñri ôñsil ïêrùúøññn ðî lñøúíñtoium ñðñlñh
untuk mêöòêtñhui jumlñh ëêðîmên yñnò têròêlontor têr ôñðñp �ñriñsi ìêtêøñlñn
ëêðîmêö� ëêøêlum ïênòñmøîlñn ðñtñ ðîmulñi têrlêøîh ðñhulu ðîlñì÷ìñn runniöò

ïêöðñhul÷ñn �runninò ñwñlÿ û tuj÷ñn ðîlñk÷ìñn runninò ñwñl �runniöò

ïêöðñhul÷ñnÿ ñðñlñh untuk mêöðñïñtìñn ðñtñ yñöò iðêñl ðênòñn mñks÷ð ñòñr
ðñtñ yñnò ðîpêrolêh nñntinyñ øîëñ ëêmñksimñl m÷öòkiöû üðñpun ðñtñ r unniöò

ñwñl ëêïêrti ïñðñ tñøêl 
 øêrikutû

40
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�o
�����n
��tup
����

�����n
p�ntu

��n��� ��r
��� ��m�

��n��� ��tot
��� ��m�

����n�n ���
�����m �

Ko���s��n D� �t �!�
(m �"t� �

!# !$ !%

&

'(°

9 )*)+(, ,- &)*,,,, &*')+' )*)),)

)*)),) )*))(& )*))./

0

,

'

11 )*&)(. ,0 &&*---. &*,/-+ )*))(&(

-

.

13 )*&0-, ,&*---. &,*---. &*,++' )*))./+

/

&)

-)°

9 )*)+(, ,& &&*,,,, &*')+' )*)),)&&

&0

&,

11 )*&)(. 0)*,,,, &)*,,,, &*,/-+ )*))(&&'

&(

&-

13 )*&0-, 0(*---. &0 &*,++' )*))./&.

&+

&/

/)°

9 )*)+(, &+*---. / &*')+' )*)),)0)

0&

00

11 )*&)(. &-*,,,, +*,,,, &*,/-+ )*))(&0,

0'

0(

13 )*&0-, 0( +*---. &*,++' )*))./0-

0.

Sumber data : Hasil penelitian

1abel 2 3 4or56t 76t6 6n689s6 :;unn9<= >w68?
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@abel A B Corm Dt pEnFDmGHIDn JDtD yDnF JHGutuKLDn pDJD sDDt pEnEIHtHDn JEnFDn M N O PQPPRPm SJtLQ

To DEGHt UMV
m SJtL

WDLtu UtV
UXEnHtV

YEGDI
ZEJHXEn
UJGV U[X

DHDXEtEr
\uGDnF

UD]V UXXV

^_LDDn
KDtup
(Bk)

`DnaDnF `HpD
bHsDp U\V

UXV

JDcDL
\uGDnF  UDV

U[XV

doIuXE
eEIontor
UdFVSUm V

`EnFuLucDn
YELDnDn U`V
ULFS[m V

YHnFFH fHr
`Htot UKV
U[XV

KE[EpDtDn
fIHcDn UdV
UXSJtL

g

PQPPRP

h

20

gP iP g i

0,0037 0,080 24,3333 2,1819j

R

k

30 0,0029 0,069 19,0000 1,9290h

i

l

kP 0,0018 0,064 16,6667 1,8081m

n

gP

gP

20 0,0056 0,086 24,3333 2,1819gg

gj

gR

30 0,0037 0,078 19,0000 1,9290gk

gh

gi

kP 0,0023 0,073 16,6667 1,8081gl

gm

gn

gh

20 0,0066 0,091 24,3333 2,1819jP

jg

jj

30 0,0047 0,084 19,0000 1,9290jR

jk

jh

kP 0,0029 0,078 11,6667 1,5126ji

jl

Sumberdata : Hasil penelitian
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oabel pq rormst tunvsmwxysn zsts ysnv zxw{|{}~sn tszs �sst tu�uyxtxsn zu�vsn �� � ������m �z|~�

�o D���t ���
m ��t�

���tu �t�
���n�t�

�����
������n
���� ���

D����t�r
�u��n�

�D�� ����

�����n
K�tup
(Bk)

��n �n� ��p�
¡�s�p ���

���

J�¢��
�u��n�  ���

����

£o�u��
¤��ontor
�£����m �

��n�u�u¢�n
����n�n ���
�����m �

��n��� ¥�r
��tot �¦�
����

K���p�t�n
¥��¢�n �£�
����t�

§

¨©¨¨ª§

ª

20

§¨ «¨ § «

0,0038 0,082 33,6667 2,5649�

¬

­

¬¨ 0,0031 0,075 29,3333 2,3985ª

«

®

­¨ 0,0023 0,069 24,6667 2,1998¯

°

§¨

§¨

20 0,0057 0,087 33,6667 2,5649§§

§�

§¬

¬¨ 0,0038 0,084 29,3333 2,3985§­

§ª

§«

­¨ 0,0032 0,075 24,6667 2,1998§®

§¯

§°

§ª

20 0,0068 0,093 33,6667 2,5649�¨

�§

��

¬¨ 0,0049 0,088 29,3333 2,3985�¬

�­

�ª

­¨ 0,0040 0,080 24,6667 2,1998±²

±³

Sumber data : Hasil penelitian
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´abel µ¶ ·orm̧t p¹nº¸m»¼½¸n ¾¸¿¸ y̧nº ¾¼»utuÀÁ¸n p̧¾¸ ş¸t p¹n¹½¼¿¼¸n ¾¹nº¸n Â Ã Ä ÅÆÅÅÇÈm É¾¿ÁÆ

Êo DËÌÍt ÎÏÐ
m ÑÒtÓ

ÔÕÓtu ÎtÐ
ÎÖËnÍtÐ

×ËÌÕØ
ÙËÒÍÖËn
ÎÒÌÐ ÎÚÖÐ

DÍÕÖËtËr
ÛuÌÕnÜ

ÎDÝÐ ÎÖÖÐ

ÞßÓÕÕn
KÕtup
(Bk)

àÕnáÕnÜ àÍpÕ
âÍsÕp ÎÛÐ

ÎÖÐ

JÕãÕÓ
ÛuÌÕnÜ  ÎÕÐ

ÎÚÖÐ

äoØuÖË
åËØontor
ÎäÜÐÑÎm Ð

àËnÜuÓuãÕn
×ËÓÕnÕn ÎàÐ
ÎÓÜÑÚm Ð

×ÍnÜÜÍ æÍr
àÍtot ÎçÐ
ÎÚÖÐ

KËÚËpÕtÕn
æØÍãÕn ÎäÐ
ÎÖÑÒtÓ

è

éêééëì

í

îé

èé ïé è ï

0,0041 0,089 37,6667 2,7184î

ð

ñ

ðé 0,0033 0,087 32,3333 2,5178í

ï

ë

ñé 0,0027 0,084 27,3333 2,3157ò

ì

èé

èé

îé 0,0058 0,093 37,6667 2,7184èè

èî

èð

ðé 0,0042 0,091 32,3333 2,5178èñ

èí

èï

ñé 0,0035 0,089 27,3333 2,3157èë

èò

èì

èí

îé 0,0069 0,095 37,6667 2,7184îé

îè

îî

ðé 0,0050 0,094 32,3333 2,5178îð

îñ

îí

ñé 0,0044 0,093 27,3333 2,3157îï

îë

Sumber data : Hasil penelitian
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óô õnalisis öata

÷ø ùontúû üýrûþtÿ���n �ý��r �ý�þt týorþtþs

=

= 0.0019625 1.5963

= 0.0031 /

�ø ùontúû üýrûþtÿ���n �ý�ýü�t�n �	þr�n týorþtþs

=

=
0.0031

0.0019625

= 1.5287 /


ø ùontúû üýrûþtÿ���n �þ	�n��n rýy�ú	�

=

=
1.5963 0.05
0.000000824

= 96861.094

�ø ùontúû üýrûþtÿ���n �ýûþ	����n tþ���þ tý����n ��þ��t �ý�ý� ��	�m üþü�

= .
2

2.

= 0.013
1

0.05
.

2.1819
19.62

= 0.0631 m
�ø ùontúû üýrûþtÿ���n �ýûþ	����n tþ���þ tý����n p��� 	ÿ��n� þ��p

=
2

2.
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= 0.32
2.1819
19.62

= 0.0679 m

� �ont�� ��r��t����n ���������n t����� t�n��� �����t ������n ����m�n

= .( 1 − ).
−

= 20.( 0.73).
1832

995.95

= 26.8560

�� �ont�� ��r��t����n ���������n t����� t�n��� tot��

= + +

= 0.0631 + 0.0679 + 26.8560

= 39.9588

�� �ont�� ��r��t����n p�ru����n t����� t�����n

− 0 = −

= 77.3092 − 39.9588

= 37.350

 ntuk ��sil ��rhit����n ��l�njutny� ��� �� ��li��t ���� t���l l�mpir�n 
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C! "arakteristik #edimen
$%r%&'(r)st)& *(+)m(n y%,- +)-un%&%n +%.%m p(,(.)t)/%n ),) %+%.%0

1%*)r 0%./*2 *(*/%i +(ng%n 0%sil 3(m(ri&*%%n ukur%n 4/'ir +(n-%n uji *%ring%n +%n
gr%+%si ukur%n 4/'ir2 y%ng +)*%j%ki%n p%+% -%m4%r +%n t%4(l 4(rikut5
6abel 7 8! 8%t% %,%li*% s%ri,-%n
9aringan
:;<

=iameter
>mm?

@erat Aertahan
>gram?

@erat
Bumulatif
>gram?

Cersen >D?
Aertahan Eolos

F FGHI J J J KJJ

L MGNL KKL KKL HGHKMFKL OMGMLHPLK

KI KGKO KIF MLM KLGFNKNH LKGPILIM

NJ JGPOP FJP ILH FFGOJKOI PPGJOLJN

PJ JGMOH NOM KJHO HJGPMMLH MOGFHHKMF

KJJ JGKFO MIM KNFK LHGIFHJP KMGNPMOFK

MJJ JGJHF KLO KPNJ KJJ J

QRn S KPNJ KJJ J

Tambar U V! Wr%+%*) /&/r%n 4/')r%n *(+)m(n X*%m3(.Y
Z(r+%*%r&%n +)%m(t(r s(+)m(n y%n- +)+%3%t&%n +%r) 0%*). %,%.)*%

*%r),-%,2 m%&% *(+)m(n y%ng +)g/,%&%n +%l%m 3(,(liti%n ini %+%l%h t(rm%suk
3%sir 0%lus 4(r+%*%rk%n kl%sifi&%si ukur%n 4/'ir *(+)m(n m(nurut *&%l%
[(ntwort05 8im%,% +)%m(t(r 3%rti&(l 3%sir h%lus 4(r%+% +)%nt%r% X\2]^ mm –
\2_]^ ``Y5 a%*). %,%.)*% *%r),-%n y%)tu _]2b ^ +(n-%n +)%`(t(r 4/')r%n \2_cd ``5

e
fe
ge
he
ie
je
ke
le
me
ne
fee

eoefeofffe

p
q rsen r

ol
os 

st
u

viameter waringan xmmy

zo{ | Nomor Saringan
zo{ } zo{ ~� zo{ �� zo{ �� zo{ ~�� zo{ ���
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�� �embahasan

�� �ubungan �ntara �ebit �q� terhadap volume gelontor �Vg��
��r����r��n ����� ��t� ��t� y�n� ����r���� m��� ����t ����m�����n

����� ��n��r�� ����t �q� ������ ����� ��tu ����or y�n� m�mp���r���  um���
����m�n y�n� t�r���ontor ����m pr���s ��n�ur���n m�t��� flushing conduit,
¡��� �����t �� ��n ����¢��n ����t t�or�t�s �q� t�r����p £��um� ���ontor � ¤��

���� ¢���� ����� ����¢� ���¥���m�t�r l���ng �¦�¥ �����n ��tup y�ng ��m�¥ t�rli��t
���� ���� g�m��r ��n t���l ��rikut§
¨abel © ª «���¢��n �nt�r� ����t t�or�ts �q� t�r����p £��um� ���ontor¬ ­ ® ¯ °¥°°±

²
³
´���

µo ¶e·¸t ¹q º

¹m »¼dtkº
½¾¿Àu ¹tº
¹menitº

Áolume Âelontor¹Ágº
¹m »º

Ã¬

q® °¥°°Ä±

Å °¥°°±Æ

Ç¬ Ã° °¥°°ÅÈ

±¬ ÃÅ °¥°°ÈÈ

Ä¬

qÉ °¥°°±Ê

Å °¥°°ÇË

Å¬ Ã° °¥°°±Æ

È¬ ÃÅ °¥°°ÄÆ

Æ¬

q³ °¥°°±Å

Å °¥°°ÃÊ

Ê¬ Ã° °¥°°Ç±

Ë¬ ÃÅ °¥°°ÇË

Ìambar � Í� Îr���� ����n ��n �nt�r� ����t t�or�t�s �q� t�r����p £���²� ���ontor
���� ­® ¯ °¥°°±° ²³´���

0
0.001
0.002
0.003
0.004
0.005
0.006
0.007

ÏÐÏÏÑÒ ÏÐÏÏÑÓ ÏÐÏÏÔÑ

Vo
lum

e 

Õ

elo
ntor 

Ö Vg×

ØÙbit Ú qÛ Úm ÜÝÞtkÛ

t = 5 menit
t = 10 menit
t = 15 menit
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ßàmáàr â ã mäåæåçæèàn áàéêà ëämàèìn èäíìî ïäáìt ðqñ màèà òóîumä
ôäîontor ðõôñ çuôà ëämàèìn èäíìîö ÷àî ìåì ïìøärèìràèàn ïìøänôàræéì àïànyà
èäøàïàtàn ëäïìmän yànô mämæåôèìåèàn áæùìràn ëäïìmän ëæëàé untæè màëæè èä
îæáàåô øìøà ìëàøú kiåärjà flushing conduit øàïà pàïà ïäáìt ûúûûüý mþÿïùè räîàtìòä
áàôus yànô ïàîà� àrtìàn �äåæåçæèàn òóîæ�ä øänôôäîontoràn yô ëìôåì�ìèàn
ïìwàèùu yànô ëà�àö éàî ìåì ïìäøäåôàræéì óîäé ïäáìt øäåôuràsàåúïì�àåà sä�àèìn
täáàî äåïàøàn ëäïì�än ðï �ñ �àèà èàøàëìtàs ïäáìt øäåôuràëàn íäåïärunô �änurun
yànô �änôàèìáàtèàn èàpàëìtàs òóîæ�ä ôäîontor íäåïärunô �änuræåö
�abel � �� ÷uáæåôàn àntàrà ïäáìt täorìtìs ðqñ täréàïàp òóîæ�ä ôäîontorö � � 	

ûúûûãâ �
þ
ÿïùè


o �e�
t � q�

�m �
�dtk�

����u �t�
�menit�

�olume �elontor��g�
�m �

�

âö

q� ûúûûãû

ã ûúûûý�

�ö âû ûúûûã�

ýö âã ûúûû��

üö

q� ûúûûü�

ã ûúûûýâ

ãö âû ûúûûý�

�ö âã ûúûûü�

�ö

qþ ûúûûüý

ã ûúûû�ý

�ö âû ûúûûý�

�ö âã ûúûûüý

�ambar � � ßrà�ìè ßrà�ìè éæáæåôàn àntàrà ïäáìt ðqñ täréàïàp òóîæ�ä ôäîontor
øàïà ��

0
0.001
0.002
0.003
0.004
0.005
0.006
0.007
0.008

!"!!#$ !"!!#% !"!!&

Vo
lum

e 

'

elo
ntor 

( Vg)

*+bit , q- ,m ./0tk-

t = 5 menit
t = 10 menit
t = 15 menit
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12m32r 4 5 m678798:2n 32;<2 =6m2:>n :6?>@ A63>t BqC m2:2 DE@um6
F6@ontor BGFC 9uF2 =6m2:>n :6?>@H I2@ A>J6r:>r2:2n A>J6nF2r8;> 2A2ny2 :6J2A2t2n
=6A>m6n y2nF m6munF:>7:2n 38K>r2n =6A>m6n sus2; unt8: m2=8: :6 @832nF  J>J2

>=2JH

Label M NN I8387F2n 2nt 2r2 A63>t BqC t6 r;2A2p DE@um6 F6@ontor H OP Q RSRRTU

V
P
WAK:

Xo YeZ[t \]oritis ^q _

^m `
adtk_

bcdeu ^t_
^menit_

folume gelontor^fg_
^m `

_

4H

qh RSRRij

i RSRRk4

lH 4R RSRRim

jH 4i RSRR5U

kH

qn RSRRkU

i RSRRjj

iH 4R RSRRkl

5H 4i RSRRiR

TH

qP RSRRki

i RSRRlT

mH 4R RSRRji

UH 4i RSRRkk

oambar N pq 1r2r>: 1r2r>: ;8387F2n 2nt2r2 A63>t BqC t6r;2A2p DE@8V6 F6@ontor
J2A2 OP

F2V32r 4T V678798::2n 32;<2 A63>t BqC V6VJ67F2r8;> 98V@2; =6A>V6n
y2nF t6rF6@ontor BGFC ;2@ >7> A>J67F2r8;> E@6; :6;>@27F2n t>7FF> t6:272n y2nF
?8:8J =>F7>r>:2n :2r6n2 r@8:K82=> t6:272n y27F t6r92A> 36@8V 6r6:K>r unt8:

V67F8=>: K632@ s6A>V6n H

0
0.001
0.002
0.003
0.004
0.005
0.006
0.007
0.008

stssuv stssuw stssvx

Vo
lum

e 

y

elo
ntor 

z Vg{

|}bit ~ q� ~m ���tk�

t = 5 menit
t = 10 menit
t = 15 menit
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�� �ubungan �ntara ketebalan sedimen �d b� terhadap �luktuasi �ekanan h�

h� �cm ��

�����r�� �������n ��t�����n ����p�n ����m�n � ��� �����n ���������

t�����n ��n � �um� ���ontor � ¡�� m�nu �¢���n ���£� ��m���n t���� ����¤�n
����m�n � ��� t�r����t t�����n ��n � �um� ���ontor ��m���n ��¥��¦��¤�r��r���n
��¤����r���  ��� ���������n t����� t���n�n y�n� ¥���¤ ����������§��¤�rti ¤���

t���l ��n g�m��r ��rikut¦
�abel ̈ ©� ª������n �nt�r� ��t�����n ����m�n t�r����p «�������� ¬����� �­�®¦

¯° ± ²§²²³ ´
µ
¶���

·o ¸¹º»¼ ½edimen ¾d ¿À

¾ÁmÀ
Â»ÃÄu ¾tÀ

¾menitÀ ¾ÁmÀ
Åluktu»si ¸¹Ã»Æ»Æ h -h0

(cm)
Ç¦

��° È²

É Ê²¦³ËÈÉ

È¦ Ç² ÊË¦³ÌËË

³¦ ÇÉ ÉÇ¦Ê²ËÍ

Ê¦

��Î ³²

É ÇÌ¦ÍÉÇÌ

É¦ Ç² ÈÍ¦ÍÌÍÏ

Ë¦ ÇÉ ³³¦ÌÇÈ²

Í¦

��µ Ê²

É Ê¦ÈÊÌ²

Ì¦ Ç² Ç²¦ÉÌ³Ê

Ï¦ ÇÉ ÇÉ¦Ë²³É

Ðambar © 8� Ñr���� �������n �nt�r� ��t���� �n ����´�n �� �� t�r����p F��������

¬�����n � – �® �¥´� untu� ¯ °
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60

10 20 30 40

Ò

luktuasi Ó ekanan

Ô
Õ ho

 

Ö C
m×

Øetebalan Ùedimen ÚdbÛ ÚcmÛ

t = 5 menit
t = 10 menit
t = 15 menit
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ÜÝmÞÝr ß à máâãâäãåÝn ÞÝæçÝ èánéÝrãæ æãÞãâéÝn táÞÝê ëáìímán îì ïð

ìáâéÝn ñêãåòãÝëí táåÝâÝn ÞÝæçÝ ëámÝåín táÞÝê ëáìímán îìïð tárêíæÝt ñêãåòãÝëí

táåÝâÝn ëámÝåín åáóíêô õÝê íâí ìíèáråírÝåÝn åÝráâÝ åáèÝìÝtÝn ëáæínééÝ táåÝâÝn
ráêÝtíñ åáóíê

öabel ÷ øù õãÞãâéÝn ÝntÝrÝ åátáÞÝêÝn ëáìímá n táræÝìÝp úêãåòãÝëí ûáåÝnÝn æüæýô

þÿ � �����ß ���ìòå

�o Tebal Sedimen (db)
(cm)

Waktu (t)
(menit)(cm)

Tekanan (p)
(kg/cm2)

ßô

ìï� 	�

� 
�ô
��à

	ô ß� 
	ô
à��


ô ß� 
àôàßß�


ô

ìïÿ 
�

� ß�ôßà
�

�ô ß� 	àô		��

�ô ß� 
	ô	
�ß

�ô

ìï� 
�

� 
ô	�
�

àô ß� àô	���

�ô ß� ß
ô	���

�ambar ø �� ÜrÝñíå æãÞãâéÝn ÝntÝrÝ åátáÞÝê Ýn ëáìí�án îì ïð táræÝìÝp FêãåòãÝëí

ûáåÝâÝn æ – æý îó�ð untuå þ ÿ

ÜÝ�ÞÝr ß � �áâãâäãåÝn ÞÝæçÝ pánéÝrãæ æãÞãâéÝn táÞÝê ëáìí�án îì ïð

ìáâéÝn ñêãåòãÝëí táåÝâÝn ÞÝæçÝ ëá�Ýåín táÞÝê ëáìí�án îìïð tárêíæÝt ñêãåòãÝëí

táåÝâÝn ëá�Ýåín åáóíêô õÝê íâí ìíèáråírÝåÝn åÝráâÝ åáèÝìÝtÝn ëáæínééÝ táåÝâÝn
ráêÝtíñ åáóíê

0
10
20
30
40
50
60

10 20 30 40

�

luktuasi � ekanan

�
� ho

 

� C
m�

�etebalan �edimen �db� �cm�

t = 5 menit
t = 10 menit
t = 15 menit
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�abel � ��  !"!#$%n %nt%r% &'t'"%(%n )'*+m' n t'r,%*%p -(!&.!%)+ /'&%#%n ,–,01
23 4 565578 93:*.&

;o Tebal Sedimen (db)
(cm)

Waktu (t)
(menit)(cm)

Tekanan (p)
(kg/cm2)

<1

*=> ?5

@ A?1<B?C

?1 <5 AB1<7C8

D1 <@ AC1<CB8

A1

*=E D5

@ ?81B<7C

@1 <5 DD1BDD8

B1 <@ DB1BA@8

71

*=3 A5

@ <@1CBBD

C1 <5 ?51CCBA

81 <@ ?A185?@

Fambar G HI Jr%K+& ,!"!#$%n %nt%r% &'t'"%( %n )'*+9'n L* =M t'r,%*%p F(!&.!%)+
/'&%#%n , – ,0 LN9M untu& 2 3

J%9"%r ? 5 9'#!#O!&%n "%,P% &'t'"%(%n )'*+9'n )%n$%t 9'9Q'n$%r!,+
K(!&.!%)+ t'&%#%#1  %( +#+ t'r(+,%t Q%*% R%r+%)+ &'t'"%(%n )'*+9'n L*"M ?5 N96 D5
N96 *%n A5 N9 *+9%n% Q%*% &'t'"%(%n s'*+9'n ?5 N9 t'rO%*+ Q'n+#$&%t%n
K(!&.!%)+ y%n$ )%n$%t )+$#+K+&%#1  %( +#+ *+Q'r&+r%&%n t'&%#%n r'(%t+R' "')%r *%n
)'*+9'n t+*%& .'r(%(u Q%*%t1

0

10

20

30

40

50

60

10 20 30 40

S

luktuasi T ekanan

U
V ho

 

W C
mX

Yetebalan Zedimen [db\ [cm\

t = 5 menit
t = 10 menit
t = 15 menit
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]^ _ubungan ̀ ntara Waktu terhadap Volume aelontor bVgc
derfghgrign jghkl fgtg fgtg ygnm fknerolej mgig fgngt fkhkmnplign

qgjrg wgisu gfglgj hglgj hgtu tgisor ygnm memnemgrpjk uumlgj hefkmen ygnm
termelontor fglgm proses nevmurghgn metofe flushing conduit, wgig fkqpgt
igukgn jpqpvmgn wgisu terjgfgp xolume melontor
yabel z {| }pqpvmgn gntgrg ~gisu terjgfgp xolume melontor� � � � ����� ���fsi
�o Waktu (t)

(menit) Tebal Sedimen (db) (cm) Volume Gelontor(Vg)
(m3)

�� �

��

������

�� �� ������

�� �� ������

�� �

��

������

�� �� ������

�� �� ������

�� �

��

������

�� �� ������

�� �� ������

aambar � {^ �rgtki jpqpn mgn gntgrg wgisu terjgfgp xolp�e melontor ngfg �� �

������ �
�
�fsi

�g�qgr � � �evpvupign qgjrg wgisu �pipn hkmvktkign qernenmgrpj
terjgfgp xolp�e melontor� }gl kvk terlkjgt ngfg feqkt � � � ������ ���fsi fk �gvg
he�gikn lg�g wgisu nenmmelontorgn �gig xolp�e melontor he�gikn �evkvmigt

0
0.001
0.002
0.003
0.004
0.005
0.006
0.007

t � � ��n�� t � �� ��n�� t � �� ��n��

Vo
lum

e 

�

elo
ntor 

� Vg�

Waktu  ¡¢  m £¤¥tk¢

db = 20 cm
db = 30 cm
db = 40 cm
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¦abel § ¨© ª«¬«­®¯n ¯nt̄ r̄  w̄°±u t²r³¯´¯p µ¶·um² ®²·ontoŗ¹º » ¼½¼¼¾¿ mÀÁ´±°
Âo Waktu (t)

(menit) Tebal Sedimen (db) (cm) Volume Gelontor(Vg)
(m3)

¿¸ ¾

º¼

¼½¼¼ÃÄ

º¸ ¿¼ ¼½¼¼¾Å

Ã¸ ¿¾ ¼½¼¼ÆÄ

Ç¸ ¾

Ã¼

¼½¼¼Ã¿

¾¸ ¿¼ ¼½¼¼ÃÄ

Æ¸ ¿¾ ¼½¼¼ÇÈ

Å¸ ¾

Ç¼

¼½¼¼ºÃ

Ä¸ ¿¼ ¼½¼¼Ãº

È¸ ¿¾ ¼½¼¼ÇÃ

Éambar Ê ÊË Ìr̄ÍÎ° ³«¬«­®¯n ¯nt̄ r̄ w̄°±u t²r³¯´¯p µ¶·«Ï² ®²·ontor Ð¯´¯ ¹Ñ

Ì¯Ï¬¯r º º Ï²­«­Ò«°¯n ¬¯³Ó¯ w̄°±u Ô«°«Ð ÕÎ®­ÎÍÎ°¯n ¬²rÐ²n®¯r«³
t²r³¯´¯p µ¶·«Ï² ®²·ontoŗ ª¯· Î­Î t²r·Î³¯t Ð¯´¯ ´²¬Ît ¹ Ñ » ¼½¼¼¾¿ ÏÀÁ´±° ´ÎÏ¯­¯
Õ²Ï¯°În ·¯Ï¯ w̄°±u p²n®®²·ontor̄n Ï¯°¯ µ¶·«Ï² ®²·on tor s²Ï¯°În Ï²­Î­®°¯ţ
Ð¯´¯ Ã ÖtÎ®¯× Ï¯Ô¯Ï ´²¬Ît ȳn® ´ÎÔ¶¬¯ ´¯n p̄´¯ °²t²¬¯·¯n Õ²´ÎÏ²n ȳn® Õ¯Ï¯¸
Ì¯Ï¬¯r ÃÃ Ò«®¯ Ï²­«­Ò«°°¯n ¬¯³Ó¯ ¯p̄¬Î·¯ Õ²´ÎÏ²n Õ²Ï¯°În t²¬¯· ȳÎtu Ö´¬ »
Ç¼ ÔÏ× ´¯n ´²­®¯n w̄°±u ȳn® ·¯Ï¯ ȳÎtu Öt » ¿¾ Ï²­Ît× Ï¯°¯ µ¶·«Ï² ®²·ontor
Ô²­´²run® ¬²r°«Ø¯n®¸ ª¯· Î­Î ´ÎÐ²r°Îr̄°¯n ´ÎÐ²­®¯r«³Î ¯´¯nȳ °²p̄´¯t̄ n s²´ÎÏ²n
ȳn® Ï²Ï«­®°Î­°¯n ¬«±Îr̄ n ¬«±Îr̄ n Õ²´ÎÏ²n Õ«Õ¯³ Ï¯Õ«° °² ·«¬¯n® ÐÎÐ¯ ÎÕ¯Ð¸

0
0.001
0.002
0.003
0.004
0.005
0.006
0.007
0.008

t Ù Ú ÛÜnÝÞ t Ù ßà ÛÜnÝÞ t Ù ßÚ ÛÜnÝÞ

Vo
lum

e 

á

elo
ntor 

â Vgã

Waktu äåæ äm çèétkæ

db = 20 cm
db = 30 cm
db = 40 cm
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êabel ë ìí îïðïñòón ónt óró wóôõu tör÷óøóp ùúûumö òöûontor ü ýþ ÿ ������ �
þ
�øõô

�o Waktu (t)
(menit) Tebal Sedimen (db) (cm) Volume Gelontor(Vg)

(m3)
�ü �

	�

����
�

	ü �� ������

�ü �� ����
�


ü �

��

������

�ü �� ����
	


ü �� ������

�ü �


�

����	�

�ü �� ������

�ü �� ����



�ambar � �� �ró��ô ÷ïðïñòón óntóró wóôõu tör÷óøóp ùúûï�ö òöûontor ��ò� �óøó
ýþ

�ó�ðór 	� �öñïñ�ïôón ðó÷�ó wóôõu �ïôï� ��òñ���ôón ðör�önòórï÷
tör÷óøóp ùúûï�ö òöûontorü îóû �ñ� törû�÷ót �ö�óô�n ûó�ó wóôõu �önòòöûontorón
�óôó ùúûï�ö òöûontor �ö�óô�n �öñ�ñòôót póøó � �t�òó� �ó�ó� øöð�t yónò ø�� úðó

øón �óøó ôötöðóûón söø��ön yónò �ó�óü
�� �valuasi �inerja Flushing Conduit

Eùóûïó�� ô�ñör�ó øór� ôötöðóûón �öø��ön �ø  � Flushing conduit ø��öñòórï÷�
úûö÷ ðöð!ó�ó �óôõor � söðóòó��ónó ø�tïñ�ïôón �óøó òó�ðór �	��� øón �
ü

"otúñòón ðïôóón yónò ø�ó�ð�û óøóûó÷ ñ�ûó� rótó #rótó ø��öt�óp øöð�t øönòón wóôõu

0
0.001
0.002
0.003
0.004
0.005
0.006
0.007
0.008

t $ % &'n() t $ *+ &'n() t $ *% &'n()

Vo
lum

e 

,

elo
ntor 

- Vg.

Waktu /t0 /menit0

db = 20 cm
db = 30 cm
db = 40 cm



57

y1n2 31m1 34rt1 51r1m4t4r 651r1m4t4r y1n2 31m17 3454rti 5181 21m91r 8: 91w1h
ini;
<; =4r1>8:ng1n volum4 g4lontor1n ?@2A 84n21n w1BCu y1n2 s1m1 5181 D E

Fambar G HI JotKLMNn OPQNNn RSur pNTN QUtVLMMVNn sUTVmUn T WX YZ[\] ^Z[\] _Z[\

TULMNn wNQtu `a \ULVtb TNn TUcVt `Z]ZZ^Zbd

e1f91r gh f4>i>jiB1n 91kl1 B:>4rj1 Flushing Conduit 5181 t491m

4>8151n s48:f4n ?8 nA y1>2 94r9481 y1:tu 8 no gpqf7 rp qf 81n hp qf 31n21t
f4f54>21rik: jifm1k s48:f4n y1n2 t4r24montor ? @2A 8:f1>1 jifm1k stmif4

24montor1n q4>84run2 f4nurun 81r: B4t:n22:1n gpqf 31f51: hp qf7 8:f1>1 5181

B4t:>22:1n 348:f4n ?8 nA gp qf jifm1k stmif4 24montor p7ppru f
v

1t1u r7pwrx7

3481n2B1n p181 B4t:>22:1n 348:f4n ?8 nA rp qf jif1k s48:f4n y1n2 t4r24montor
p7pprg f

v
1t1u <7uux 81n 5181 B4t:n22:1n 348:f4n ?8 nA hp qf jifm1k stmif4

1 m

D

a = 6cm Df = 10cm
Vg = 0,0037 m3 = 3,083%

Q1 = 0,0030 m3/dtk

db = 0,2m

t = 5 menit

p hulu

1 m

D

a = 6cm Df = 10cm
Vg = 0,0032 m3 = 1,77%

Q1 = 0,0030 m3/dtk
t = 5 menit

p hulu

30

1 m

D

a = 6cm Df = 10cm
Vg = 0,0029m3 = 1,208%

Q1 = 0,0030 m3/dtk
t = 5 menit

p hulu

40
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yz{ontor | }y~ �zm���n mznurun y��tu ������ m �
�t�u ������� ��{ ���

���zr��r���n ��pzny�r��� �{z� �z����n sz��mz��

�� �zr����ny�n ��{umz yz{ontor�n |}y~ �zny�n w���u y�ny s�m� ���� � �

�ambar � �� �ot��y�n �����n �{ur ���� �zt��yy��n �z��mzn � �� �� ¡� ¢� ¡�

£� ¡ �zny�n w���u | �� ¡z��t~ ��n �z¤�t |���� ¥�~�

¦�¡¤�r �¥ ¡z���§���n ���zr§� flushing conduit ���� tz¤�{ z���p�n
�z��¡zn |� �~ �� ¡  ���p z¨z���¨ ��¤����ny��n p��� �ztz¤�{�n ¢�  ¡ ��n £� ¡�

��¡��� ���� �ztz¤�{�n �z��¡zn |� �~ ��  ¡ §�¡{�� ��{�¡z yz{ontor ����¥© ¡
�

�t�u £�©¥�� �ztz¤�{�n sz��¡zn |� �~ ¢�  ¡ ����£�  ¡ �t�u ������ ��n ����
�ztz¤�{�n sz��¡zn |� �~ £�  ¡ §�¡{�� yz{ontor�n |}y~ turun ��¡��� � ���¢� �t�u
��ª�¥�� ��{ ��� ��pzr��r���n ���zny�r��� �{z� �z����t�n sz��¡zn ��n �z¤�t
�z�yur�s ¤zr��«�ny sz�r��y ¤zrt�¡¤���y� �ztz¤�{�n �z��¡zn |� �~�

1 m

D

a = 6cm Df = 10cm
Vg = 0,0057 m3 = 4,75%

Q2 = 0,0051 m3/dtk

db = 0,2m

t = 10 menit

p hulu

1 m

D
a = 6cm Df = 10cm
Vg = 0,0040 m3 = 2,222%

Q2 = 0,0051 m3/dtk
t = 10 menit

p hulu
30

1 m

D

a = 6cm Df = 10cm
Vg = 0,0039 m3 = 1,625%

Q2 = 0,0051 m3/dtk
t = 10 menit

p hulu

40
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¬­ ®¯r°±²³ń°n µ¶·um̄ ´¯·ontor°n ¸¹´º ²¯ń°n w°»¼u y°ń s°m° ½°²° ¾ ¿

Àambar Á ÂÃ ®ot¶±´°n ÄÅ»°°n Æ·ur ½°²° »¯t³±´´³°n Ç¯²³m̄n ² ÈÉ ÊËÌÍÎ ¬ËÌÍÎ

ÏËÌÍ ²¯ń°n w°»¼u ¸ ÐÑ Í¯±³tº ²°n ²¯Ò³t ¸ËÎËË ÓÔº­

Õ°ÍÒ°r Ê Ö Í¯±Å±×Å»°n »³±¯r×° flushing conduit ²³Í°±° »¯t̄ Ò°·°n
Ç¯²³Í¯n ¸² Èº ÌÅ»Å½ Ç³´±³Ø³»°n Í¯Í½¯±´°rÅÙ³ ×ÅÍ·°Ù ´¯·ontor°±Î ²³Í°±° ½°²°

´°ÍÒ°r ¬Ï untÅ» »¯t̄ Ò°·°n Ç¯²³Í¯n ¸²Èº ÊËÌÍ ×uÍ·°Ù µ¶·ÅÍ¯ ´¯·onsstor ËÎËËÖÔ

Í
¿
°t°u ÑÎÓÑÚ Ç¯²°±´»°n ½°²° t̄ Ò°· Ç¯²³Í¯n ¸² Èº ¬ËÌÍ ×ÅÍ·°Ù µ¶·ÅÍ¯ ´¯·ontor

¸¹´º ËÎËËÑË Í
¿

°t°u ÊÎÓÓÓÚ ²°n ½°²° »¯t̄ Ò°·°n Ç¯²³Í¯n ÏËÌÍ ×ÅÍ·°Ù µ¶·ÅÍ¯

´¯·ontor ¸¹´º ËÎËËÏÏ Í
¿
°t°u ÐÎÛ¬¬Ú

1 m

D

a = 6cm Df = 10cm
Vg = 0,0069 m3 = 5,75%

Q3 = 0,0079 m3/dtk

db = 0,2 m

t = 15 menit

p hulu

1 m

D

a = 6cm Df = 10cm
Vg = 0,0050 m3 = 2,777%

Q3 = 0,0079 m3/dtk
t = 15 menit

p hulu

3
0

1 m

D

a = 6cm Df = 10cm
Vg = 0,0044 m3 = 1,833%

Q3 = 0,0079 m3/dtk
t = 15 menit

p hulu

40
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ÜÝÜ V

ÞßàUáUÞ

Ýâ ãesimpulan

äåræçèçréçn êçèëì çíçìëèës æçtç mçéç æçpçt æëèëmîïìéçn ðçêñçò

óô õumlçh volumå gålontor æëîåíöçruhi olåh éåtåðçlçn èåæëmåí÷ æëmçíç pçæç
éåtåðçlçn øæðù èåæëmån úûüm ýumìçê þÿìumå öåìontor øvöù øû÷ûû�� m �

÷

èåæçngéçn pçæç éåtåðçlçn èåæëmån øæðù �ûüm øû÷ûû�û m�
ù æçn îçæç éåtåðçìçn

èåæëmån øæðù �ûüm ýumìçê þÿìumå öåìontor ø�öù yçëtu øû÷ûû�� �
�
ù

úô �åéçíësmå éårýç flushing conduit tårðçöë çtçs tëöç tçêçîçn yçëtu måmðårëéçn
tåéçíçn såêëíööç tårýçæë 	ìïëæçèë÷ prÿèås pånghièçîçn åíæçîçn såæëmån mçsuk
éåæçlçm p iîç çkiðçt fluktïçsi æåðët æçn tåéçíçí÷ èårtç trçnsportçsi èåæimån
æçlçm piîç æångçn pångçlirçn æåðët èåüukupnyçô

Üâ 
aran

óô �åíålitiçn tåntçng îånggålontorçn èåæëmån æångçn siståm flushing conduit
îårlu æëéåmðçngkçn låðëh lçnjut æånöçn månçmðçêéçn vçriçsi ðï�irçn èåæimån
untuk måmðçíæëngéçn æçtç yçng tålçh æëæçîçtéçn èåðålumnyçô

úô 
ntuk îåíålitiçn èålçnjutnyç kåtåðçlçn èåæëmån øæðù îårìu æëtçmðçê untïé
måmîårÿìåê æçtç yçnö ìåðëê çéï�çtô

60
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