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QO Qrm uw} C_re |=yxO=O w u=tR xOW|Q=OQ@xvwtv pwrLt Q=Okt � l =N |q=@ QO Qrm uw} |x}rw= C_re � l =N |q=@ QO �s}OU QwQrm
x@ w |Q=DWwv CQwY@ l =N `=iDQ= l =N u}}=B |RQt \QW � �OwOLt sQH� l =N |q=@ |RQt \QW � V}=tR; COt pw] QO C_re u}}aD |=Q@

|t}UQD CQwY �QiY |}xOwD u=} QH�

Q=Qk =yVvD u; CLD xr=@ R uiOt hm QO |UQ QDU; l} ,qwtat xm CU= xOw@
CW=OO=} u=tR pw] QO =yxvwtv R= xDi=}u=} QH ?; u=R}t =yV}=tR; pw] QO "OQ}o|t
=@ =yxvwtv x@ |OwQw ?; u=R}t xm CU= xO}UQ u=}=B x@ |v=tR =yV}=tR; w xOW
� u=} QH |=y|vLvt '=yV}=tR; s=tD= R= TB "CU= xOW Q@=Q@ |HwQN ?; u=R}t
?} Q[ (k = Q/iA) |UQ=O |x]@=Q R= xO=iDU= =@ TBU w xOW sUQ u=tR
R= xDi=}u=} QH ?; |@O Q 'x]@=Q u}= QO "CU= xOt;CUO x@ xvwtv Qy |=Q@ |Q}PBPwiv
|Q}PBPwiv ?}=Q[ "CU= xvwtv `]kt K]U A w '|m}rwQO}y u=}O=Qo i 'xvwtv pN=O
x�=Q= xt=O= QO xOt;CUOx@ G}=Dv w KqY= x=oW}=tR; CQ=QL xHQO |=Q@ xOt;CUOx@

"Ov=xOW

s}kDUt VQ@ |=yV}=tR; VwQ "6"2
=yxvwtv 'xv}y@ C@ w]Q R= QDW}@ �30 =@ T}r}UwQm}t w TQ l =N \qDN= R= Oa@
OOa 3 O=OaD w xOW sm =QDt nQR@ R}=U ?r=k QO OQ=Ov=DU= sm =QD B VwQ j@]
x=oDUO XwYNt Q}oxvwtv \UwD 10 � 10 cm O=a@= x@ xOQwNvCUO |xvwtv
=@ x@aH w xDiQo Q=Qk VQ@ |x@aH pN=O QO CkO =@ xvwtv "Ov=xOW xO} Q@ VQ@
|wQ 'CU= pNrNDt nvU x@ RyHt xm '=Q Q=@ QU |xLiY "CU= xOW `=@W= ?;
|wQ}v "CU= xDiQo Q=Qk u; |wQ s�=k |Q=PoQ=@ XwYNt ?=k w xDW=Po xvwtv
|Q=PoQ=@ ?=k |wQ ?U=vt |=yxvRw uOwRi= =@ w V}=tR; \}=QW x@ xHwD =@ s�=k
=@ |m} QDmr= QwDwt |xr}Uw x@ w |ki= CQwYx@ VQ@ |wQ}v "CU= xOW p=ta=
|}=Hx@=H w GvUwQ}v |xkrL |xr}Uw x@ wQ}v u}= "CU= xOW p=ta= |v}at QwO
pQDvm CQwYx@ VQ@ p=ta= "CU= xOW |Q}oxR=Ov= |ki= pmWQ}}eD G}o \UwD
TBU w OUQ@ Gw= |x]kv x@ VQ@ |wQ}v =D CU= xDi=} xt=O= QOkv; w xOw@ VvQm
w sQowr}m 20 w 10 '4 |=yxvRw R= s�=k |wQ}v p=ta= |=Q@ "OQ=Po@ Vy=m x@ wQ
'0 4 s�=k VvD 3 R= xvwtv Qy |=Q@ "CU= xOW xO=iDU= x=oDUO 10 x@ 1 |wR=@
1 1(mm/min) |WQ@ |wQ}v p=ta= CaQU w xOW xO=iDU= (kg/cm2) 2 w 1
|Dr}U TQ l =N |xvwtv |wQ s}kDUt VQ@ |=yV}=tR; s=Hv= R= TB "CU= xOw@
|=yQ=Owtv CQwYx@ G}=Dv 'T}r}UwQm}t w |Dr}U TQ |@}mQD |=yxvwtv w Xr=N
�C� |oOv@UJ |Dtw=kt |=yQDt=Q=B w xOW s}UQD |WQ@ VvD p@=kt QO s�=k VvD
xOW xO=O K}[wD xt=O= QO xm 'Ov=xOt; CUOx@ (') |rN=O l =m]Y= |x} w=R w

"CU=

|QwLtlD |Q=Wi |=yV}=tR; VwQ "7"2
=yxvwtv 'xv}y@ C@ w]Q R= QDW}@ �3 =@ T}r}UwQm}t w TQ l =N \qDN= R= Oa@
l =N TBU "Ov=xOW sm =QDt lJwm R}=U ?r=k QO OQ=Ov=DU= sm =QD A VwQ j@]
2 x@ 1 `=iDQ= x@ Q]k C@Uv =@ pmW |}xv=wDU= |xvwtv 3 w GQ=N ?r=k R=
xOw@ 72 cm =yv; \UwDt `=iDQ= w 36 cm =yxvwtv \UwDt Q]k� Ov=xOW x}yD
w q=@ Kw]U 'V}=tR; x=oDUO Q} R QO l =N |=yxvwtv uO=OQ=Qk R= p@k "�CU=

|@}mQD |=yxvwtv |wQ xOWs=Hv=|rwmrwt Q=WDv=V}=tR; pOt QwYt pmW "3 pmW
"T}r}UwQm}t w |Dr}U TQ l =N

"s=Hv= p=L QO |rwmrwt Q=WDv= |=yV}=tR; |QU Q}wYD "4 pmW
xYqN CwrwB Q=Ri=sQv |HwQN w |OwQw |=yxO=O '6 pwOH QO "CU= xOW ?=NDv=
w OyO|t u=Wv =Q |rwmrwt Q=WDv= V}=tR; pOt QwYt Qw]x@ '3 pmW "CU= xOW
C=aq]= "OwW|t xOy=Wt |rwmrwt Q=WDv= |=yV}=tR; |QU Q} wYD '4 pmW QO
w Xr=N |Dr}U TQ l =N |=Q@ |rwmrwt Q=WDv= |=yV}=tR; G}=Dv x@ \w@ Qt
w u=tR � C_re |=yQ=Owtv x=Qty x@ T}r}UwQm}t =@ |Dr}U TQ l =N |=y?}mQD

"Ov=xOW xO=O K}[wD xt=O= QO jta � C_re

|Q}PBPwiv |=yV}=tR; VwQ "5"2
8Q}PBh=]av= |xQ=w}O =@ |QwLtxU |Q}PBPwiv x=oDUO =@ |Q}PBPwiv |=yV}=tR;
w |Dr}U TQ l =N |=y?}mQD u}vJty w Xr=N |Dr}U TQ l =N |wQ Q@
117 `=iDQ= w QDt|r}t 100 Q]k x@ =yl =N |xvwtv "Ov=xOW s=Hv= T}r}UwQm}t
w xv}y@ C@ w]Q xHQO R= QDW}@ �3 C@ w]Q xHQO QO =yxvwtv "Ov=xOw@ QDt|r}t
pN=O QO 'xOW xO=t; sm =QD ?r=k QO 9OQ=Ov=DU= QwDmwQB sm =QD VwQ R= xO=iDU= =@
=yxvwtv w 'xOW xO}Wm =yxvwtv h=Q]= u} Q@tt VWwB 'xDiQo Q=Qk V}=tR; |x_iLt
x@v=Hxty VvD� x_iLt VvD '20 |m}rwQO}y u=}O=Qo =@ |Q}PBPwiv V}=tR; CLD
T}r}UwQm}t =@ l =N ?}mQD Qy |=Q@ w xDiQo Q=Qk 60 kPa QF-wt VvD w �100 kPa

|}=yVvD |xOwOLt QO xOWp=ta= VvD Q}O=kt "Ov=xOW V}=tR; x@=Wt xvwtv 2
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O}tL
wwO

@s_
=m w u=tR � C_re |xOW|v}@V}B w |}xOy=Wt |=yQ=Owtv |v=w=Qi Cra x@

?}mQD w Xr=N |Dr}U |UQ l =N x@ \w@ Qt |=yQ=Owtv \ki 'jta � C_re
Q=QmD =@ "Ov=xOW x�=Q= 6 w 5 |=ypmW QO ?}DQD x@ T}r}UwQm}t �30 =@ l =N
xOt; CUOx@ xH}Dv u}= '=yl =N |xvwtv R= s=Om Qy |wQ |rwmrwt Q=WDv= V}=tR;
|rwmrwt Q=WDv= ?} Q[ u}}aD |=Q@ |L}LY VwQ 'xDiQ Q=mx@ VwQ xm CU=
'wrR=v Xr=N |Dr}U TQ l =N |rwmrwt Q=WDv= ?} Q[ '7 pwOH j@=]t "CU=
T}r}UwQm}t OYQO V}=Ri= =@ w xOt; CUOx@ x}v=F Q@ `@ QtQDt 5 18 � 10�10

Q=Okt x@ 'T}r}UwQm}t �30 |va} QN; ?}mQD QO w xDi=} V}=Ri= 'l =N u}= QO
T}r}UwQm}t OYQOV}=Ri= =@u}=Q@=v@ "CU= xO}UQ x}v=F Q@ `@ QtQDt 7 67�10�10

V}=Ri= |QOk |rwmrwt Q=WDv= ?} Q[ 'wrR=v |Dr}U TQ l =N QO |vRw �30 =D
|=Q@ OQ=Ov=DU= Q}O=kt |xOwOLt pN=O QO xOt;CUOx@ Q}O=kt um}r &CU= xDi=}
10� 10�10=D 1 5� 10�10 |xOwOLt |va} '|UOvyt uiOt l} |UQ QDU;
l =N |wQ u}W}B |xOWs=Hv= |=yQ=m |UQQ@ =@ u}vJty [36]"CU= x}v=F Q@ `@ QtQDt
Xr=N |Dr}U TQ l =N |rwmrwt Q=WDv= ?} Q[ 'x}twQ= |wrR=v |xk]vt |UQ
QO 'xar=]t u}= QO xOt;CUOx@ T}r}UwQm}t =@ |Dr}U TQ l =N |=y?}mQD w

[28�23]"CU= xOw@ u}W}B C=ar=]t QO xOt;CUOx@ ?}=Q[ |xOwOLt

|Q}PBPwiv |=yV}=tR; "2"3
|=y?}mQD w Xr=N |Dr}U TQ l =N |wQ xOWs=Hv= |Q}PBPwiv |=yV}=tR; G}=Dv
'8 pwOH j@=]t "Ov=xOW x�=Q= 7 pmW w 8 pwOH QO T}r}UwQm}t =@ l =N

x=oDUO li wO =@ pt=m T=tD QO l =N =D 'Ov=xOW h=Y xe}D =@ =yxvwtv u}}=B
|=yVvQm '`=iDQ= Q}}eD C@F =@ w p=ta= =yxvwtv |wQ |QwLt Q=@ TBU "OW=@
u=}t pY=wi uDiQoQ_vQO C@=F =@ 'V}=tR; s=ovy QO "Ov=xOW x@U=Lt |QwLt
QO w sm pY=wi =@ =yC�=Qk =OD@= QO "CU= xOW C�=Qk \w@ Qt |wQ}v '=yVvQm
s=Hv= |QDW}@ pY=wi =@ =yC�=Qk 'pmWQ}}eD � Q=@ |vLvt pwRv Cra x@ xt=O=
TBU w xO}UQ Gw= |x]kv x@ Q=@ xm Ov=xDi=} xt=O= |t=ovy =D =yC�=Qk "Ov=xOW
|k=@ C@=F ,=@} QkD u; R= Oa@ w xO}UQ xv}W}@ Q=Okt x@ Q=@ =} w &CU= xDi=} Vy=m
s}UQD |QwLt VvQm � |QwLt VvD |=y|vLvt 'V}=tR; Qy u=}=B QO "CU= xOv=t
|=yxvwtv w Xr=N |Dr}U TQ l =N |=Q@ (Cu) xOWv|WmyR |oOv@UJ w
xOW xO=O K}[wD xt=O= QO xm 'Ov=xOt; CUOx@ T}r}UwQm}t w |Dr}U TQ |@}mQD

"CU=

EL@ w G}=Dv "3
|rwmrwt Q=WDv= |=yV}=tR; "1"3

Q=WDv= |xk} Q] x@ |oOwr; p=kDv= |=yV}=tR; 'CU= xOW xO=O K}[wD xm u=vJty
T}r}UwQm}t OYQO 30 w 25 '20 '10 |=y?}mQD w Xr=N TQ |=Q@ |rwmrwt
QO xm 'Ov=xOW x�=Q= 7 pwOH QO =yV}=tR; G}=Dv w =yxO=O "CU= xDiQ}PB s=Hv=
OYQO |xOvyO u=Wv ?}DQD x@ V}=tR; Qy |xQ=tW x@ \w@ Qt hQL w OOa 'u;

"CU= �B =} A� V}=tR; Q=QmD |QU w T}r}UwQm}t

"�.A V}=tR;� wrR=v Xr=N |Dr}U TQ l =N |wQ |rwmrwt Q=WDv= V}=tR; QO 'l =N jta � C_re Q=Owtv �? 's}OU QwQrm uRNt QO u=tR � C_re Q=Owtv �hr= "5 pmW
"|rwmrwt Q=WDv= |=yV}=tR; QO xOt;CUOx@ G}=Dv w xO=iDU= OQwt |=yxO=O "7 pwOH

30 - B 30 - A 25 - B 25 - A 20 - B 20 - A 10 - B 10 - A 0 - B 0 - A V}=tR; |xQ=tW
12 5 12 2 12 8 12 2 12 12 5 13 12 5 12 12 5 (cm) l =N `=iDQ=
23 5 23 5 22 1 22 1 21 3 21 3 20 5 20 5 19 4 19 4 |vRw C@ w]Q OYQO
95 93 94 93 93 95 94 92 95 96 `=@W= OYQO

0 378 0 374 0 369 0 367 0 357 0 363 0 356 0 353 0 330 0 334 l =N |tHL C@ w]Q |xHQO
4 4 1 4 1 4 1 4 2 4 4 4 1 4 2 4 1 (cm) xOwr; pwrLt `=iDQ=

4020 4010 4050 4040 3910 3980 3900 3960 3940 3900 (mg/l) pwrLt |x}rw= C_re
15 15 14 5 14 5 13 2 13 2 12 12 13 13 �RwQ� V}=tR; u=tR COt

7 57 7 67 7 23 7 08 6 68 6 86 6 23 6 09 5 45 5 18 Qrm uw} |rwmrwt Q=WDv= ?} Q[
�10�10 (m2/s)
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xO=i

DU=

OYQO 30 =@ |Dr}U TQ l =N ?}mQD |wQ |rwmrwt Q=WDv= V}=tR; QO 'l =N jta � C_re Q=Owtv �? 's}OU QwQrm uRNt QO u=tR � C_re Q=Owtv �hr= "6 pmW
�3 .A V}=tR;� T}r}UwQm}t

l =N |=y?}mQD w Xr=N |Dr}U TQ l =N |Q}PBPwiv ?} Q[ C=Q}}eD "7 pmW
"T}r}UwQm}t OYQO p@=kt QO T}r}UwQm}t w

QDU; |=QH= s=ovy QO sm =QD w uoty \qDN= R= |W=v CqmWt p}rO x@ =t= 's}DUy
?}mQD R= xO=iDU= 'T}r}UwQm}t |q=@ |=yOYQO QO |ak=w uiOt l} QO |UQ
w u=mr=m xm |y@=Wt Q=m QO "OwW|t x}YwD =QH= QO T}r}UwQm}t �20 |xv}W}@
T}r}UwQm}t uOwRi= =@ x}mQD QOhrDNt|UQ l =N ẁv 4 |wQ Q@ �2004� Cwrw@m ;
'Ov=xO=O s=Hv= l =N x@ 50 w 30 '25 '20 '15 '10 '5 |=yOYQO =@ �swi=m}r}U�
QO x}v=F Q@ QDt 4 5 � 10�7 =D 4 0 � 10�7 |xOwOLt QO |Q}PBPwiv ?}=Q[
QO x}v=F Q@ QDt 1 5� 10�7 =D 1 0� 10�7 Q=Okt x@ 'Xr=N |UQ |=yl =N
x@ C@Uv |v=OvJ Q}}eD '�50 ?}mQD QO w xDi=} Vy=m T}r}UwQm}t �30 ?}mQD
=Q |Q}PBPwiv ?} Q[ |Q@=Q@ 4 =D 3 Vy=m 'Q}O=kt u}= "CU= xOWv xOy=Wt �30

[12]"CU= xO=O u=Wv hrDNt l =N ẁv 4 |=Q@

s}kDUt VQ@ |=yV}=tR; "3"3
w wrR=v Xr=N |Dr}U TQ l =N |wQ xDi=}s=Hv= s}kDUt VQ@ |=yV}=tR; G}=Dv
9 w 8 |=ypmW "CU= xOW x�=Q= 9 pwOH QO T}r}UwQm}t w l =N |=y?}mQD
QO =Q l =N |rN=O l =m]Y= |x} w=R w |oOv@UJ C=Q}}eD Q=Owtv ?}DQD x@ R}v
8 pmW w 9 pwOH QO xm Qw]u=ty "OvyO|t u=Wv T}r}UwQm}t OYQO p@=kt

|=y?}mQD w Xr=N |Dr}U TQ l =N |=Q@ |Q}PBPwiv |=yV}=tR; G}=Dv "8 pwOH
"T}r}UwQm}t w l =N

|Q}PBPwiv ?} Q[ |xQ=tW T}r}UwQm}t
(m/s) xvwtv ���

1 51� 10�8 1 01 46� 10�8 2
1 30� 10�8 1 51 35� 10�8 2
1 07� 10�8 1 101 04� 10�8 2
7 59� 10�9 1 158 01� 10�9 2
3 46� 10�9 1 204 20� 10�9 2
2 47� 10�9 1 252 76� 10�9 2
1 63� 10�9 1 301 97� 10�9 2

1 5 � 10�8 \UwDt Qw]x@ wrR=v Xr=N |Dr}U TQ l =N |Q}PBPwiv ?} Q[
|UQ QDU; |=Q@ xOWx}YwD OQ=Ov=DU= R= |Q}PBPwiv ?} Q[ Q=Okt u}= "CU= (m/s)

Qw]u=ty "CU= QDW}@ �1� 10�9 m/s |xv}tm � xr=@ R uiOt hm QO xOWsm =QDt
'QwmPt l =N x@ T}r}UwQm}t uOwRi= 'OwW|t x_Lqt 7 pmW w 8 pwOH QO xm
|w=L ?}mQD QO xm |Qw] &CU= xOW u; Vy=m w |Q}PBPwiv C}Y=N Ow@y@ Ea=@
xm 'CU= xOW 1 8�10�9 (m/s) l =N |Q}PBPwiv ?} Q[ T}r}UwQm}t �30
T}r}UwQm}tV}=Ri= =@ OvJ Qy "CU=T}r}UwQm}t Ok=i l =N R= QDtm Q@=Q@ 8 OwOL
Oy=W =Q |Q}PBPwiv ?} Q[ Vy=m u=vJty '30 w 25 |va} QDq=@ |=yOYQO x@
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@s_
=m |oOv@UJ '�30 OL =D l =N QO T}r}UwQm}t OYQO V}=Ri= =@ 'OwW|t xOy=Wt

OYQO 20 |r= 10 |w=L ?}mQD QO V}=Ri= MQv u} QDW}@ w xDi=} V}=Ri= R}v l =N
TQ |=Q@ |oOv@UJ Q=Okt 'QwmPt |=yV}=tR; QO "CU= xO=O MQ T}r}UwQm}t
67 kPa 'T}r}UwQm}t �30 w l =N ?}mQD |=Q@ w 46 kPa 'Xr=N |Dr}U
|Dr}U TQ l =N x@ T}r}UwQm}t |vRw �30 uOwRi= =@ u}=Q@=v@ "CU= xOt; CUOx@
QO xOWx�=Q= G}=Dv j@=]t "CU= xDi=} V}=Ri= �45 OwOL l =N |oOv@UJ 'wrR=v
CU= xHQO 4 'Xr=N |Dr}U TQ |rN=O l =m]Y= |x} w=R '9 pmW w 9 pwOH
"CU=xDi=} V}=Ri= xHQO 8 =D Q=Okt u}= 'QwmPt l =N x@ T}r}UwQm}t uOwRi= =@ w
�30 =D =Q l =N |rN=O l =m]Y= |x} w=R |OYQO 100 V}=Ri= 'G}=Dv OvJ Qy
Q}osWJ|rN=O l =m]Y= |x} w=R QO|rmV}=Ri=um}r 'OyO|t u=WvT}r}UwQm}t

"CU}v

|QwLtlD |Q=Wi |=yV}=tR; "4"3
R= xOt;CUOx@ (Cu) xOWv|WmyR|oOv@UJ w |QwLtlD |Q=WiCtw=kt Q}O=kt
|=y?}mQD w wrR=vXr=N |Dr}U TQ l =N |wQ xOWs=Hv= |QwLtlD |=yV}=tR;
C=Q}}eD Q=Owtv R}v '10 pmW "CU= xOW x�=Q= 10 pwOH QO 'T}r}UwQm}t =@ l =N
|Dr}U TQ l =N ?}mQD |=Q@ =Q |Q=Wi |QwLt VvD p@=kt QO |QwLt VvQm

|QwLtlD |=yV}=tR; R= pY=L |xOWv|WmyR |oOv@UJ Q}O=kt "10 pwOH
"T}r}UwQm}t =@ wrR=v |Dr}U |UQ l =N |=y?}mQD |wQ

xOWv|WmyR |oOv@UJ |Q=Wi Ctw=kt T}r}UwQm}t
(Cu; kPa) (kPa) |QwLtlD ���

34 3 68 6 0
38 3 76 5 5
42 2 84 4 10
49 0 96 0 15
53 0 106 0 20
55 9 111 8 25
57 9 115 8 30

V}=tR; QO |Q=Wi |QwLt VvD p@=kt QO |QwLt VvQm C=Q}}eD "10 pmW
"T}r}UwQm}t OYQO 30 w QiY =@ wrR=v |Dr}U TQ ?}mQD |wQ |QwLtlD

TQ l =N |=y?}mQD |wQ xOWs=Hv= s}kDUt VQ@ |=yV}=tR; G}=Dv "9 pwOH
"T}r}UwQm}t w |Dr}U

l =m]Y= |x} w=R |oOv@UJ |WQ@ VvD s�=k VvD T}r}UwQm}t
�xHQO� |rN=O (kPa) (kPa) xv}W}@ (kPa) ���

4 46
48 40

054 100
58 200

6 5 50
54 40

562 100
70 200

6 56
60 40

1069 100
74 200

6 5 60
65 40

1572 100
80 200

7 2 63
67 40

2076 100
84 200

8 1 65
70 40

2580 100
90 200

7 7 67
72 40

3081 100
93 200

VQ@ |=yV}=tR; QO T}r}UwQm}t OYQO =@ l =N |oOv@UJ C=Q}}eD "8 pmW
"s}kDUt

QO T}r}UwQm}t OYQO =@ l =N |rN=O l =m]Y= |x}w=R C=Q}}eD "9 pmW
"s}kDUt VQ@ |=yV}=tR;
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DU=3 5 � 10�9 (m/s) =@ Q@=Q@ \UwDt Qw] x@ w QDtm |Q}PBPwiv ?} Q[ x}mQD
"OQ=O

|Q}oxH}Dv "4
|Dr}U TQ l =N |m}vmDw�S C=}YwYN Ow@y@ QO T}r}UwQm}t QF= VywSB u}= QO
|=Q@ l =N u}= R= u=wD@ =D 'CU= xOW |UQQ@ x}twQ= u=DUQyW |wrR=v |xk]vt
|UOvyt � |DW=Oy@ pwY= =@ xm 'xr=@ R |=yuiOt hm QO |UQ QDU; CN=U
%pt=W x}=B |m =N l}v=mt C=}YwYN "OQm xO=iDU= 'OvwW|t xDN=U xk]vt QO
XwYNt uRw w 'xv}y@ C@ w]Q OYQO 'xS} w |r=oJ '|Q}tN XN=W '|Ov@xv=O
|Dtw=kt '�|Q}PBPwiv ?} Q[� |m}rwQO}y C=}YwYN w 'l =N |xv}W}@ lWN
�|rwmrwt Q=WDv= ?} Q[� |oOwr; Q=WDv= w �|QwLtlD |Q=Wi w |WQ@ Ctw=kt�
"CU= xOW |UQQ@ T}r}UwQm}t =@ xOW?}mQD l =N w Xr=N |Dr}U TQ l =N
'5 =@ wrR=v |Dr}U TQ l =N 'xOWQmP |m}vmDw�S C=}YwYN |Q}oxR=Ov= |=Q@
=@ =yV}=tR; G}=Dv '?}mQD T}r}UwQm}t |vRw OYQO 30 w 25 '20 '15 '10
XNWt l =N |m}vmDw�S C=}YwYN Ow@y@ QO T}r}UwQm}t QF= w 'xU}=kt sy
xYqN u=wD|t CQwY u}= x@ =Q xar=]t u}= R= xOt;CUOx@ G}=Dv "CU= xOW

%OQm
u=DUQyW |wrR=v |xk]vt l =N ẁv 'l =Nl}v=mt |=yV}=tR; G}=Dv x@ xHwD =@ "1
xOWh} QaD |=yQDt=Q=B l =N u}= "CU= xOW xO=O X}NWD |Dr}U TQ 'x}twQ=
|Q}tN XN=W Q_v R= =Q |UOvyt xr=@ R uiOt l} QO |UQ QDU; l} |=Q@
|=yxv=O |vRw �30 uDW=O� |UQ |=yxv=O |vRw OYQO w ��8 R= QDW}@�
xv}tm � OQ=Ov=DU= R= QDq=@ |Q}PBPwiv ?} Q[ um}r 'OQ=O �uwQm}t 2 R= QDlJwm
'|UQ QDU; Kr=Yt u=wvax@ xO=iDU= |=Q@ u}=Q@=v@ "CU= �1� 10�9 (m/s)

"CU= |QwQ[ l =N u}= |m}vmDw�S C=}YwYN Ow@y@
l =N |=y?}mQD R= s=Om Qy |=Q@ OQ=Ov=DU= QDmwQB sm =QD |=yV}=tR; G}=Dv "2
OYQO V}=Ri= =@ xm 'CU= xOW xO=O u=Wv T}r}UwQm}t =@ wrR=v |Dr}U TQ
XwYNt uRw wV}=Ri= l =N |xv}y@C@ w]Q OYQO '30 =D 5 R=T}r}UwQm}t

"CU= xDi=} Vy=m u; |xv}W}@ lWN
V}=Ri= =@ l =N |v=wQOL xm CU= xO=O u=Wv nQ@ QD= OwOL |=yV}=tR; G}=Dv "3
Q}}eD u; |Q}tN OL um}r 'CU= xDi=} V}=Ri= 'OYQO 30 =D 5 R= T}r}UwQm}t
"CU= xDi=} V}=Ri= l =N |Q}tN XN=W xH}Dv QO 'CU= xOQmv |yHwD p@=k
xOW u; |xS} w |r=oJ Vy=m Ea=@ 'l =N QO T}r}UwQm}t OYQO V}=Ri= "4

"CU= T}r}UwQm}t |xS} w |r=oJ uOw@u}}=B p}rO x@ xm 'CU=
TQ l =N |wQ |rwmrwt Q=WDv= |xk} Q] x@ |oOwr; p=kDv= |=yV}=tR; G}=Dv "5
T}r}UwQm}t OYQO 30 w 25 '20 '10=@ l =N |=y?}mQD w Xr=N |Dr}U
|rwmrwt Q=WDv= ?} Q[ 'l =N x@ T}r}UwQm}t uOwRi= =@ xm CU= xO=O u=Wv
xDi=} V}=Ri= 7 67� 10�10 m2/s x@ 5 18� 10�10 m2/s R= Qrm uw}
?}mQD QO Qrm uw} |rwmrwt Q=WDv= ?} Q[ w CU= |�RH V}=Ri= u}= um}r &CU=
QDU; l} |=Q@ xOWh} QaD R=Ht |xOwOLt QO Rwvy 'T}r}UwQm}t �30 |w=L

"OQ=O Q=Qk xr=@ R uiOt |UQ
w Xr=N |Dr}U TQ l =N |wQ |QwLtxU |Q}PBPwiv |=yV}=tR; G}=Dv "6
QOT}r}UwQm}tV}=Ri= =@ xmCU= xO=O u=WvT}r}UwQm}t =@ l =N |=y?}mQD

Q=Owtv R}v '11 pmW QO "OyO|t u=Wv T}r}UwQm}t OYQO 30 w 0 =@ wrR=v Xr=N
l =N |QwLtlD |Q=Wi Ctw=kt p@=kt QO l =N QO T}r}UwQm}t OYQO C=Q}}eD
"CU= xOW xO=O u=Wv �CU= xOW l =N |oDN}Uo x@ QHvt xm xv}W}@ |Q=WiVvD�
l =N |xOWv|WmyR |oOv@UJ w |QwLtlD Ctw=kt V}=Ri= 'xOt;CUOx@ G}=Dv
�OYQO 30 =D 5 R=� l =N QO T}r}UwQm}t OYQO V}=Ri= =@ =Q wrR=v |Dr}U TQ
Ctw=kt 'OwW|t xOy=Wt 11 pmW w 10 pwOH QO xm Qw]u=ty "OyO|t u=Wv
|=Q@ xm |r=L QO &CU= 68 6 kPa Q@=Q@ Xr=N |Dr}U TQ |QwLtlD |Q=Wi
"CU= xDi=} V}=Ri= 115 8 kPa x@ Q=Okt u}= 'T}r}UwQm}t �30 =@ l =N ?}mQD
|Q=Wi Ctw=kt =D CU= xOW ?Hwt l =N x@ T}r}UwQm}t �30 uOwRi= u}=Q@=v@

"O@=} V}=Ri= �69 OwOL l =N
hrDNt |UQ l =N ẁv 4 |wQ Q@ Cwrw@m ; w u=mr=m xm |y@=Wt Q=m QO
'25 '20 '15 '10'5 |=yOYQO =@ �swi=m}r}U� T}r}UwQm}t uOwRi= =@ x}mQD QO
OwOL R= |QwLtlD |Q=Wi Ctw=kt Q}O=kt 'Ov=xO=O s=Hv= l =N x@ 50 w 30
�30 ?}mQD |=Q@ 120 kPa Q=Okt x@ 'Xr=N |UQ |=yl =N |=Q@ 80 kPa

x@ l =N =@ T}r}UwQm}t �50 ?}mQD |=Q@ 130 kPa w l =N =@ T}r}UwQm}t
V}=Ri= =@ OvJQy xm CU= xO=O u=Wv xar=]t u}= G}=Dv [12]"CU= xOt; CUO
=O}B |W}=Ri= OvwQ R}v |QwLtlD |Q=Wi Ctw=kt '�50 =D T}r}UwQm}t OYQO
w CU= sm T}r}UwQm}t �25 R= V}@ Q}O=kt |=Q@ V}=Ri= MQv um}r 'Ovm|t
x}YwD u; R= V}@ w CU= xv}y@ 'l =N ?}mQD QO T}r}UwQm}t �25 skQ u}=Q@=v@

"OwW|tv
xar=]t u}= QO wrR=v |Dr}U TQ |}=}t}Ww�S w |m}vmDw�S C=}YwYN |xU}=kt
x@ =Q |}=yCw=iD [19w12]'x}mQD QO Cwrw@m ; w u=mr=m |xar=]t QO xOWxO=iDU= TQ w

%OyO|t u=Wv KQW u}=
|rw@kt |v=m xm [33]'CU= C}r}= ẁv R= wrR=v |Dr}U TQ QO ?r=e |v=m
?r=e |v=m um}r &OwQ|t Q=tWx@ xr=@ R |=yuiOt QO |UQ |=yQDU; CN=U |=Q@
|@U=vt TQ w OQ=O |tQwD C}Y=N ,=twta xm 'CU= C}DmtU= x}mQD TQ QO
OL '|Q}tN C}Y=N wrR=v TQ "CU}v =yuiOt QO |UQ QDU; CN=U |=Q@
TQ x@ C@Uv |QDtm |Q}PBPwiv ?} Q[ w 'xv}y@ C@ w]Q OYQO '|v=wQ
TQ \UwDt |Q}PBPwiv ?} Q[ 'CU= xOW EL@ xm u=vJty "OQ=O x}mQD
=@ u; KqY= |xwLv xm 'CU= 1 5 � 10�8 (m/s) wrR=v Xr=N |Dr}U
TQ xm |DQwY QO &CU= xDiQo Q=Qk xHwD OQwt xar=]t u}= QO T}r}UwQm}t

QO T}r}UwQm}t OYQO p@=kt QO |QwLtlD |Q=Wi Ctw=kt C=Q}}eD "11 pmW
"wrR=v |Dr}U TQ l =N |wQ |QwLtlD |=yV}=tR;
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"CU}v Q}osWJ |rN=O l =m]Y= |x} w=R QO |rm V}=Ri= um}r 'OyO|t
T}r}UwQm}t uOwRi= xm CU= xO=O u=Wv |QwLtlD |Q=Wi |=yV}=tR; G}=Dv "8
"CU= xOW u; |Q=Wi Ctw=kt V}=Ri= Ea=@ wrR=v |Dr}U |UQ l =N x@
20 =D 10 |=yOYQO QO 's}kDUt VQ@ V}=tR; Ovv=ty 'V}=Ri= MQv u} QDW}@
|Dr}U TQ l =N 'xOt;CUOx@ G}=Dv T=U=Q@ "CU= xO=O MQ T}r}UwQm}t
T}r}UwQm}t �30 |w=L l =N w 68 6 kPa |Q=Wi Ctw=kt 'wrR=v Xr=N

"OyO|t u=Wv V}=Ri= �69 xm 'OQ=O 115 9 kPa |Q=Wi Ctw=kt
x@ T}r}UwQm}t uOwRi= xm OQm u=}@ u}vJ u=wD|t |rm |Q}oxH}Dv l} u=wvax@ "9
'OwW|t l =N u}= |m}vmDw�S |=yQDt=Q=B Ow@y@ ?Hwt wrR=v |Dr}U TQ l =N
&OQm O}m -=D u=wD|t l =N |Dtw=kt w |Q}PBPwiv |=yQDt=Q=B x@ =yv; xrtH R= xm
|xr=@ R |=yuiOthm |UQ QDU;CN=U QO xO=iDU= |=Q@ =Q l =N u}= xm |Qw]
CU= xO=O u=Wv |y=oW}=tR; |=yxOy=Wt "OR=U|t OaDUt xk]vt QO |UOvyt
|q=@ |=yOYQO QO l =N sm =QD w |Qw;Qi '\qDN= CqmWt RwQ@ =@ xHwD =@ xm
u=wD|t =Q T}r}UwQm}t �20 =@ wrR=v |Dr}U TQ l =N ?}mQD 'T}r}UwQm}t
hm |UQ |=yQDU; CN=U s=ovy QO l =N u}= |=Q@ xv}y@ ?}mQD l} u=wvax@

"OQm |iQat xk]vt QO |UOvyt xr=@ R |=yuiOt

?} Q[ "CU= xDi=} Vy=m l =N |Q}PBPwiv ?} Q[ 'OYQO 30 =D 5 R= l =N
l =N w 1 5�10�8 m/s Q@=Q@ Xr=N |Dr}U TQ l =N \UwDt |Q}PBPwiv
Q@=Q@ 8 OwOL xm 'CU= 1 8 � 10�9 m/s Q@=Q@ T}r}UwQm}t �30 |w=L
T}r}UwQm}t |=yxv=O uOw@ QDxv=OR} Q "CU= Xr=N |Dr}U TQ l =N R= QDtm
p}rO Ov=wD|t =yxv=OR} Q u}= =@ l =N Pi=vt uOWQ)B w l =N |=yxv=O x@ C@Uv
=@ |Q}oxH}Dv u}= "OW=@ T}r}UwQm}t =@ \qDN= QF= QO l =N |Q}PBPwiv Vy=m

"OQ=O |Q=oR=U R}v x@=Wt Kr=Yt |wQ u}W}B C=ar=]t G}=Dv
x@ T}r}UwQm}t uOwRi= xm CU= xO=O u=Wv s}kDUt VQ@ |=yV}=tR; G}=Dv "7
|�RHV}=Ri= w l =N|oOv@UJ TwULtV}=Ri=Ea=@ wrR=v|Dr}U TQ l =N
QO |oOv@UJ V}=Ri= MQv u} QDW}@ "CU= xOW l =N |rN=O l =m]Y= |x} w=R
|oOv@UJ Q=Okt "CU= xO=O MQ T}r}UwQm}t OYQO 20 |r= 10 |w=L ?}mQD
'T}r}UwQm}t �30 w l =N ?}mQD |=Q@ w 46 kPa Xr=N |Dr}U TQ |=Q@
x@ T}r}UwQm}t |vRw �30 uOwRi= =@ u}=Q@=v@ "CU= xOt; CUO x@ 67 kPa

|x} w=R "CU= xDi=}V}=Ri= �45 OwOL l =N|oOv@UJ 'wrR=v|Dr}U TQ l =N
T}r}UwQm}t uOwRi= =@ w CU= xHQO 4 Xr=N |Dr}U TQ |rN=O l =m]Y=
V}=Ri= 'G}=Dv OvJ Qy "CU= xDi=} V}=Ri= xHQO 8 =D Q=Okt u}= l =N u}= x@

=yCWwv=B
1. SIO2
2. Silicafume
3. Ca(OH2)
4. Di�usion coe�cient
5. Advection
6. mechanical dispersion
7. Pollute
8. 
exible wall triaxial hydraulic conductivity apparatus
9. standard Proctor compaction test
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