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Derivation of an Infiltration Model at the Non—Zero Initial Moisture Condition
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Abstract

Infiltration is one of the important processes of the hydrologic cycle determining the
distribution of water and has been studied extensively. Various theories and models proposed
for this process are usually applicable only when the rainfall intensity is higher than the
infiltration capacity. The study by Diskin and Nazimov (1995, 1996) suggested a conceptual
infiltration model that comprises two elements. The model can make an reasonable approach to
the infiltration process, instead of representing the infiltration as a function of time. The study
presented herein improved the existing conceptual infiltration model by an additional con-
sideration of the initial moisture contents. The analysis results for the wvariation of the
infiltration capacity curves for various initial moisture contents demonstrate that the model is
more reasonable for the approach to the infiltration process. In addition, the results for the
relationship of stormwater events-ponding time are compared with the literature values of that
for a number of soil types. The agreement is rather good, leading to the conclusion that the
improved model is valid for describing the infiltration process.
keywords @ conceptual infiltration model, ponding time, initial moisture contents, infiltration
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So = 0 mm So = 10 mm So = 20 mm
¢ R S ; RS ; RS ;R
00 00 @ 0.000 20.500 - 10.000  14.289 - 20.000 8.078 -
' @ 0.000 20.500 - 10000  20.500 - 20.000  20.500 -
05 14 ®© 0.670 20.084 - 9810  14.407 - 18.950 8.730 -
@ 0.670 20.084 - 9810  20.694 - 18950  23.481 -
10 49 @ 2.622 18.872 - 10.976 13.683 - 19.331 8.494 -
@ 2.622 18.872 - 10.976 19.505 - 19.331 22.401 -
15 29 ) 6.655 16.367 - 14.291 11.624 - 21.422 7.195 0.528
&) 6.655 16.367 - 14291 16.126 - 21.927 15.028 -
90 120 ®© 11.825 13.156 - 18.064 9.281 0.774 22.816 6.329 2619
@ 11.825 13.156 - 18791 11.540 0.012 24,849 6.732 0.836
95 95 @ 15.354 10.964 - 20578 7.719 0.500 23.745 5.752 1.730
@ 15.354 10.964 - 21650 8.626 0.066 25.495 4,898 1.842
30 83 @ 18.006 9.317 - 22.253 6.679 0.551 24.364 5.368 1.370
' @ 18.006 9.317 23.449 6.792 0.310 25.585 4,642 1.765
35 93 @ 17.558 9.595 - 21.441 7.183 - 23.369 5.985 -
@ 17.558 9.595 - 22534 7.7125 - 24.486 7.763 -
40 11 ® 16.575 10.206 - 20.123 8.002 - 21.886 6.907 -
@ 16.575 10.206 - 21.123 9.164 - 22.907 12.246 -
45 48 D 17.446 9.664 - 20.690 7.650 - 22.301 6.649 -
’ @ 17.446 9.664 21.603 8.674 23.234 11.317
50 109 @ 20.167 7975 1.040 22.328 6.632 1.880 23.402 5.965 2.297
@ 20.167 7.975 1.040 23.447 6.795 1.583 25.241 5618 1.224
55 141 @ 21.979 6.849 3.344 23.420 5.954 3.903 24.135 5.510 4,181
@ 21.979 6.849 3.344 24,440 5.783 3.906 25.550 4,742 4.460
6.0 102 @ 23.187 6.099 1.863 24,147 5.503 2.236 24.624 5.206 2421
' @ 23.187 6.099 1.863 24975 5.237 2.345 25.593 4.620 2.760
65 80 @ 23.992 5.599 1.076 24632 5.201 1.324 24.950 5.004 1.447
@ 23.992 5.599 1.076 25.263 4,943 1.455 25.599 4,603 1.694
70 29 @ 23.317 6.018 - 23.902 5.605 - 24.192 5475 -
@ 23.317 6.018 - 24,479 5.743 - 24,786 6.912 -
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¥ 2. A5 BBl 7| ekl WE & wpaeEel AR (mm)
H}E A4 So = 0 mm Se = 10 mm Se = 20 mm
Diskin#} Nazimov (1995) 7323 11.168 16.593
& AT AAE 2E 7.323 9.677 14.581

E 3 2 B9 Z7| ASS, 29AE-50jAZ Bl U olsiES Hxs) 2

oy fe R ty

12720 0.5833
20340  0.1508
253.80  0.0867
Poudre sand 83.820 ig?gg 88%)2; 523135  369.867  399.524 0.9933
45720  0.0242
56860  0.0155
© 0.0000

5082 0.2178
76.20  0.0955
83.86  0.0693
16020 10158 0.0523 178539 102.001 111751 0.9970

Nickel gravelly

sandy loam 11430 0.0407
127.02  0.0323
o 0.0000
3810  0.5568
52.08  0.2903
7620  0.1305
Nibley silty 88.80  0.0955 o pe S 10
clay loam 10.020 10140 00722 141.349 243.480 263.103 0.9924
11460  0.0565
12720 0.0463
©0 0.0000
38.10  0.2237
50.82  0.1263
Colby silt loam 63.48  0.0805
(constant @) 5.100 7620 0.0553  108.770 120.345 129.134 0.9675
(D 101.58  0.0298
190.50  0.0098
o0 0.0000
50.82  0.1465
76.20  0.0632
88.86  0.0468

Colby silt loam

(ID 5100 10138  0.0360  163.901 95.247 104.415 0.9857

11430  0.0288
127.02  0.0237
0 0.0000

L. foiz 27] 35%% (mm/hr), f3= &7 35S (movhe), Spiz 35 B3EY Z27] 35 (mm), Smiz A%
(o]
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e° (cm/min) (min) (em/min) (cm)
@) © & © @) ©
D 05080 20 352 392 05080 05080 1790 1990
0.7620 1 071 0.7620 0.540
Poudre <and @ 5080 10 304 328 05080 05080 1790  1.800
® 07620 20 145 071 07620 07620 1100 0540
0.5080 2
D 7620 20 920 200 07620 06860 1160 1016
D 01270 30 573 603 01270 01270 0728 0766
0.1690 2
@ 01270 20 505 522 01270 012710 0726 0747
0.0423 4
@ 0.0846 4
Nickel gravelly 0.1270 20 975 1099 01270 01270 0729  0.887
sandy loam @ 01690 30 313 323 01690 016% 0530 0546
0.0846 3
® 1690 20 463 497 01690 01690 0530 0587
02117 30 179 166 02117 02117 0420 0351
® 01270 2
02117 20
D 0.0867 30 1742 1885 0087 00867 1515 1634
0.1481 3
Nibley silty @ o867 20 1553 1627 0087 00867 152 1595
clay loam @ 0.1481 30 574 592 01481 01481 0850 0877
0.0867 8
D 1481 20 918 964 01481 01481 0869 0936
D 01058 30 483 559 01058 01058 0510 0591
0.1693 1
Colby silt loam @ 1c 20 427 493 01058 01058 0514 = 0585
(CO”SE?)H 9?5 016% 30 189 203 01693 01693 0320 0344
0.1058 2
® 01693 15 264 282 01693 01693 0319 0350
D 01270 30 783 427 01270 012710 0990 0542
Colby silt loam 0.0635
(D @ 0.1905 437 0.1905 0.324
0.1270 15 9.00 0.1270 1.016

1. @ Smith (1972)ell4 AHE An, O £ ddA 7idd A%

292

weol o7 A3}

BAEKERPGHIE




wslolq Fold w, 77b WeelMe] 4Y EUE ¥
Foke gsha FFsl HEsP Bk ol AR
5 FuANe Bl e PrRd RS wei
= 0] ule) urk geHe AAY AT el A
25 gloletn Werech

a9 28 2E B AT AN AT 239 3,
A Eoe ] Jzol o

Al

AR FMe Wil A vepEE & & Yk
Diskin®} Nazimov (1995)94] #A|§+ 35F 25 7
$ Z7] ko] 95 2] AFTe] A vehhe
g, o= 27| AF5E 4A 3 (h=205 mm/hr %
7143 Aol 9uizlE datolr}l Diskin® Nazimov
(1995)olA #|AJg 25 B2He A B 7] ¢
Tl EABIA Grhs 7Hgel o8] freEfiens,
3 ] FRS Ao og AT
R RRE F4e W

F et A 2945 Jepidled, o= £ 1
o R ¥E0RFE R

aae] deps 27 (7]
He & FraAeEe] A

iv

é% ok
o :
e

4

%0,

o)

4. 28l H8M A&

E Ao Jd" A% B Heds dHe
HAZAE B9 dEsiths 32 A9 #71ss o

tt 28yt Smith (1972)% 2@ Echje] u|x3}
Az 32o] i3k v WAL Zo vkl EoE
ksl AHA7EE 28 39 ARV A1) AAlE
AAE vl gt mEkA B2 Aol AE Smith (1972)
23e] HeAes HES A

& Smith (1972)7} AAF 2F B 97349
ARYS) BAE olgsick HHsh el 9ol B
AFFL Smith (1972) 9jsl] 7} EEE A€
we AHgslglom, 27 A5, 4V g 2]
w9 A geue A48 ogen dPskn:

£ 3ol 7 B9 3] A5 2 B9

358 3% 20021 6]

) olby silt loame E9ke] -k
et FFE0] dAE A (D9 18A @2 A4S
(IDZ Yol & 3904 AaAAGE 0.9675~0.9970

ZAKSHA Ve R A3} Ak

9] Faada ¢ 4

Smith (1972)% Tl¥e A&ANE 2 90
o b AL SR ARleIAle] BEE, S ARV
o & WEY 5 A, oleid 4 Ak
2wl disl 0999 olde) ARASE 2 AR
Homne Akl Roluz B ATelde olF HF
oz am wge Hede ARsdd olF 949

7} EqhdE FHAsd s (R 3)E ARESIRen,
Hed AE dik= & 490 AE UeEiich

¥ 4% 1B 7% A7ke) A% Poudre sand9] @
39 ARl disl Smith (1972)el4 A9 =t Al
& 304 Foluf, B dATelA AHE 9 ARE

1 39 328 228 Jelith o 0.71 &9
A Fao] whAlgh Fof ARTHUE A& ZHE
wAiska, 3.28 #oll T 7 #ixlel gto] gt
& ovgitt ZrEv F A3 7 AlRke Z$ Smith
(1972)9] AT} 2 AT Bdapt fAlsHA
vERL 024 2 (79 %)9 Zelg =2tk Poudre
sand®} @ &5- Aot Colby silt loam (ID9] &
T Abdell oisiAE b AREe] Bejdnt wiEkeF
o7 vtk gy, olsk A9-E Adstue £
AlZke] He)A#7} ARk og koAl Ve

T AZtelAe] AFgol diEiXE Colby silt
loam (ID9] A& Aty 3] g5z 2oz
HE HERICE ole FEto] WAlERE ALielA
o] ZHAE-5se BAP 2249 Case (o)l 3

ANE L A7 Aol Bekal FAgh

e ZhE 9 TR A ] HAE] diE
ofck FHF ARWAAS] F AFEF| UelME Poudre
sand® @ & ARFolL Colby silt loam (DY &
G APl oigk A5 AQslaE Avkgos et
o)A 3E VeI

dExoa B deld AN HE
Poudre sand®] d% 3¢ APgoly Colby silt loam
(ID&] 59 APl tig A9-8 Ajstae detsos

2 o

-

89

5
K3

& O
2y

293



2 a7elA Agd AR RES zAd f0E
7B AR ahet 2 a4 s vwd it
gk A By ogA] 7]E At (Diskin® Nazimov,
1995, 1996)0llM= A Bzl &7 shrgpo] &
34 geths 7S B8 AR IHe 2osiy, o

4 A3 o 5
4 3

&
Z k=
S

A B n
S rr

Y,
rlo
e
N
dr
o
Ji
e
re
-4
9
2,
o
i
w
=
=

A 271 e 2000 il wiEe)Hel A ver
ileon, mebd & Al o] AH EYE
7] e aefehs o] Kok wigsial g
L B Avelie ot BEdAEe dis)

I
wipAE HHsRtn 5 ARd-F ARE $
)
AZ Bl L) A8de HEssict

=

of Mo ke Ao Ut Te B w
o el Hgol TFFEhEs ] glsidE Uy
5% APgolt Edtad] tishd F714el 19 2 8
Ho Wad Aoz BLE,

B AT AF8L 2 fYdese] B9
A BB g e AT L A5 BHe
Aoes et ARl g5A 7R melshe
o ¥ls) Mt gEH O 4T AP ol i
e WEHT ST 2 B Bl e

o) golatx] Rome olo] Be F7442)
W ohel, fE FEGYe) AR Rl o
B4 ZE w3 GFe AFHE A ol

[o5

2 HE Lo off
O ['_,>_’:

T

294

# ol 8% RS R EY oy 849
20004 digtE=ste] shEttgs| =28, Us
E583] pp. 401-404.

ol (1989). HFE st X EFE 2o =
B o WAk, e sl

ASE (1991). “HFAe] Wt A" g

wotE|«], e=EaESE, A7, AlE, pp.

AAY, 4% (1991). “Green-Ampt HHel og 7
AR 28" £3sH=F A|339, pp. 144-155.
- AAAE (1993a). “E%ke) 2d7 549 sl
& 1Ed 249 AFRE Afu” =2 535
2|X|, h=s3sts] #A3BA, A33, pp. 36-46.
sy, AAF (1993b). “Green-Ampt T2 o

7ol AT Aq-goEEtd A, 218
B, A2%, pp. 67-81.
Aron, G., Dempsey, B.A., and Smith, T.A.

(1992). Pen State runoff model user manual.

Department of Civil and Environmental
Engineering, Pennsylvania State University,
PA.

Bauer, S.W. (1974). “A modified Horton equation
during intermittent rainfall” Hydrol Sci.
Bull, Vol. 19, pp. 219-224.

Diskin, M.H., and Nazimov, N. (1995). “Linear
reservoir with feedback regulated inlet as a
model for the infiltration process.” Journal of
Hvdrology, Vol. 172, pp. 313-330.

Diskin, M.H., and Nazimov, N. (1996). “Ponding

infiltration capacity variation
during steady rainfall.” Journal of Hy-
drology, Vol. 178, pp. 369-380.

Singh, V.P. (1989). Hydrologic Systems
Volume. 2. Infiltration. Prentice-Hall, En-
glewood Cliffs, NJ.

Smith, R.E. (1972). “The infiltration envelope:
results from a theoretical infilirometer.”
Journal of Hydrology, Vol. 17, pp. 1-21.

Verma, S.C. (1982). “Modified Hortons in-
filtration equation.” Journal of Hydrology,
Vol. 58, pp. 383-383.

time and

(3=11.5:01-050/ 392001.6.27/ A AHH5:2002.05.14)

BEKERPEANE



