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Summary

This study presents the range of sediment yield and the ranges of the soil
erodibility factor when sediment yield is estimated for Jeju area by using annual
mean sediment yield of normal rainfall year and sediment yield due to a single
heavy rainfall with Revised Universal Soil Loss Equation(RUSLE) model. The
ranges of specific factors considering the characteristics of the site were
presented after the equations for sediment yield estimation were reviewed and the
field measurements of the area in study were analyzed. The method of the study

in detail is as follows.

Various sediment yield estimation equations known in Korea were put together
to be reviewed and analyzed for their limits, advantages, disadvantages and
application targets. Especially, RUSLE model, which is used mainly in the
evaluation of disaster prevention, is reviewed and analyzed in detail. The results

of the model were compared with those of the field measurements.

The soil erodibility factor, K, was analyzed and its characteristics were
examined. A new method was proposed for designers to calculate the amount of

sediment yield more easily and accurately.

- vii -
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Table 2.1 Guide to Selection of S; and P;

Si Egeo)4x P, T4 Soil Texture
1 | Very fine granular 1 | Rapid Sand
2 | Fine granular 2 | Moderate to rapid | Loamy sand, Sandy loam
3 | Moderate or coarse | 3 | Moderate Loam, Silt loam
granular 4 | Slow to moderate | Sandy clay loam, Clay loam
4 | Blocky, platy, 5 | Slow Silty clay loam, Sandy clay
massive 6 | Very slow Silty clay, Clay
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Table 2.2 Adjustment factors to LS to estimate soil loss on irregular slopes

aTe T M m=0.5 E%k?fo%z E m=0.3
9 1 0.35 0.38 0.41
2 0.65 0.62 0.59
1 0.19 0.22 0.24
3 2 0.35 0.35 0.35
3 0.46 0.43 0.41
1 0.12 0.14 0.17
4 2 0.23 0.24 0.24
3 0.30 0.29 0.28
4 0.35 0.33 0.31
1 0.09 0.11 0.12
2 0.16 0.17 0.48
5 3 0.21 0.21 0.21
4 0.25 0.24 0.23
5 0.28 0.27 0.25

4) ¥ &=L A= C

USLESIA &= 52440 el 24e) vl 438 sy sgnegs 2

B #E7F B HA o mAE A &S dvwdty] fste] I 5-#E ARt
(Cover and Management Factor) CE A}&3tal lom, o] CRIx= REU o] <
Hit EYGEAT ofdl JIFS v £33 EYEL IAlTo A4Sy, 4T



Table 2.3 Selected USLE C values for construction, mining and forest lands

Condition C factor
1. Bare soil conditions
Undisturbed except scraped 0.66~1.30
Compacted
Smooth 1.00~1.40
Root raked 0.90~1.20
Disk tillage
Fresh 1.00
After one rain 0.89
2. Mulch
Straw
0.5 tons/ac 0.30
1.0 tons/ac 0.18
2.0 tons/ac 0.09
4.0 tons/ac 0.02
Wood
0.5 tons/ac 0.90
2.0 tons/ac 0.70
4.0 tons/ac 0.42
6.0 tons/ac 0.22
3. Chemical binders
Asphalt emulsion, 605 gal/ac 0.14~0.52
Aquatain, Terra—tack 0.67
4. Seedings
No prepared seedbed
New planting 0.64
After 60 days 0.54
Prepared seedbed
New planting 0.40
After 60 days 0.05
5. Undisturbed
100-75% canopy, 100-90% litter 0.0001 ~0.001
35-20% canopy, 70-409% litter 0.003~0.009
6. Permanent pasture and brush cover
0% canopy, 80% ground cover
Grass 0.013
Weeds 0.043
50% brush, 80% ground cover
Grass 0.012
7. Mechanically prepared woodland sites
Burned, 10% cover at ground
Good soil 0.240
Poor soil 0.360
Burned, 0% cover at ground
Good soil 0.260
Poor soil 0.450
Disked, 0% cover at ground
Good soil 0.720
Poor soil 0.940




Table 2.4 Selected USLE C values for construction and disturbed lands

Condition C factor
1. Bare soil conditions
Freshly disked to 6-8 in 1.00
After one rain 0.89
Loose to 12 in. smooth 0.90
Loose to 12 in. rough 0.80
Compacted root raked 1.20
Compacted bulldozer across slope 1.20
Same Except root raked across 0.90
Rough irregular tracked all directions 0.90
Seed and fertilize, fresh, unprepared seedbed 0.64
Same except after 6 months 0.54
Seed, fertilize after 12 months 0.38
Undisturbed except scraped 0.66~1.30
Scarified only 0.76~1.31
Sawdust 2 in deep, disked in 0.61
2. Asphalt
1210 gal/acre 0.01~0.019
605 gal/acre 0.14~0.57
302 gal/acre 0.28~0.60
3. Dust Binder
605 gal/acre 1.05
1210 gal/acre 0.29~0.78
4. Other chemicals
Aquatain 0.68
Aerospray 70, 10% cover 0.94
PVA 0.71~0.90
Terra-tack 0.66
5. Seedings
Temporary, 0 to 60 days 0.40
Temporary, after 60 days 0.05
Permanent, 2 to 60 months 0.05
6. Brush 0.35
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Table 2.5 Selected USLE P factors(after Wischmeier and Smith, 1978)

1. P Values and slope length limits for contouring

Land slope Maximum length
Percentage P Value (ft)

1to 2 0.60 400

3toh 0.50 300

6 to 8 0.50 200

9 to 12 0.60 120

13 to 17 0.70 80

17 to 20 0.80 60

21 to 25 0.90 50

2. P Values, maximum strip widths, and slope length limits for contour
strip cropping

Land slope P Value Strip width | Maximum length
Percentage A B C (ft) (ft)
1to 2 0.30 0.45 0.60 130 800
3tobh 0.25 0.38 0.50 100 600
6 to 8 0.25 0.38 0.50 100 400
9 to 12 0.30 0.45 0.60 80 240
13 to 17 0.35 0.52 0.70 80 160
17 to 20 0.40 0.60 0.80 60 120
21 to 25 0.45 0.68 0.90 50 100
3. P Value for contour—-farmed terraced fields
Farm planning Computing sediment yield
%glger?tlggpg Cfontour Stipcrop Chaiili(lisedso d Steep backslope
actor factor underground outlets
outlets
1to2 0.60 0.30 0.12 0.05
3 to 8 0.50 0.25 0.10 0.05
9 to 12 0.60 0.30 0.12 0.05
13 to 17 0.70 0.35 0.14 0.05
17 to 20 0.80 0.40 0.16 0.06
21 to 25 0.90 0.45 0.18 0.06
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S = 10.8sinH + 0.33 , sinH < 0.09 (2.11)
S = 16.8sinH - 0.5, sind> 0.09 (2.12)

o] 7|4 HE AFAZAFZbol )
APA AL 84% 744 mkE Bk thEk Soll thsiMdE 2] (2.11) 2 24 (212)¢ F

gol Zhsaithe ArANs} Aok WA Aok 156t Tkl A4 AlFAgo)
AR k7] o S APHAALe}] A#AAE wekst o] Fg-o AL 4
(213)2 <4# A 9t}

S = 3.0(sinf)*® + 0.56 (2.13)

g Az A4 Bl A @del wasw Pao] Fr mufEel ot @
Qe AP Bt 2 A sE 4 Qo AU
S = 4.25(sinH)*%" sinfd>0.09 (2.14)

s Aatel WAS: Eoeld dXetE AWAAT} 9 vrelE A 21D 4§

#oF st} RUSLEO| A1) SAFA 7 USLEC Hl&) 58] AFHAA 209% o] 4e] 4

G B o] A E A
RUSLEeIA 9] L 4t 542 USLEeIAM 9 4 (2.15)¢ o] sdstA #FAstar 3k
ou f&HeAE tha zkel7t v
i
L= ()" .
( o ) (2.15)
oA71A de ftdele] FHe] FgE Abde] Aolojw 7252 FEATFY @9 4

oolth. A AL ol9] WA S (exponent) mE A (216)3F Zol AT R AFE
el w) gsl weo] Yo,
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B
- _ 2.1
m ¢ (2.16)
11.16 sinH

3.0(sin®)*® + 0.5

B =

st 9lom HE AS 2 (2171 o8 fnaE T F AT AT A ]
uobdt EFol B 050ma ©1™ HA7FsA o]l 43 B B 2.08ma ©lth o A
= <F 26>9 Q°oF¥ o] gith

O

Table 2.6 Slope length exponent m

o] 7} = = 43

7 AHS) = el A g =
N = [e] S A

0.2 0.02 0.04 0.07
0.5 0.04 0.08 0.16
1.0 0.08 0.15 0.26
2.0 0.14 0.24 0.39
3.0 0.18 0.31 0.47
4.0 0.22 0.36 0.53
5.0 0.25 0.40 0.57
6.0 0.28 0.43 0.60
8.0 0.32 0.48 0.65
10.0 0.35 0.52 0.68
12.0 0.37 0.55 0.71
14.0 0.40 0.57 0.72
16.0 041 0.59 0.74
20.0 0.44 0.61 0.76
25.0 0.47 0.64 0.78
30.0 0.49 0.66 0.79
40.0 0.52 0.68 0.81
50.0 0.54 0.70 0.82
60.0 0.55 0.71 0.83

4) I 5-#2 1A C
USLEY RUSLEZ|HolA FA oy EFe] e 7]He] HAld n A= s vl

FAY EguEgd F g Bt EFAA) AL JUA JFS vas]
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Table 2.7 Py, Contouring subfactors for tillage along the contour

when slope lengths are less than critical

Ridge of orientide roughness height (in) .
) - Critical slope
Downbhill Low Moderate Ridge system
length (ft)
slope 1~3 3~5 >5
05 1.0 0.8 0.8 1000+
3.0 09 05 0.3 630
5.0 0.8 05 0.2 323
10.0 0.8 0.6 0.2 125
15.0 1.0 0.6 0.3 78
20.0 0.8 04 57
25.0 1.0 0.7 45
32.0 1.0 30°

Table 2.8 P}, effective, contouring subfactors for tillage along the contour

when slope lengths are greater than critical

FAHE A o] of (Unslope P value)/(Slope length sxponent m)
313 A A} 0.20 0.40 0.60 0.80 1.00
Z1o] H]& 0.10 0.50 1.00{0.10 0.50 1.00]0.10 0.50 1.00]0.10 0.50 1.00 All
0.5 0.63 0.72 0.80[0.72 0.79 0.85/0.81 0.86 0.90{0.91 0.93 0.95 1.00
0.6 0.54 0.63 0.71]0.66 0.72 0.78|0.77 0.81 0.86|0.89 0.91 0.93 1.00
0.7 0.46 0.53 0.61]0.59 0.65 0.71|0.73 0.77 0.80]0.86 0.88 0.90 1.00
0.8 0.37 0.43 0.49]|0.53 0.57 0.62|0.69 0.71 0.74|0.84 0.86 0.87 1.00
0.9 0.29 0.32 0.35]0.47 0.49 0.51|0.64 0.66 0.68|0.82 0.83 0.84 1.00
1.0 0.20 0.20 0.20{0.40 0.40 0.40/0.60 0.60 0.60(0.80 0.80 0.80 1.00

Table 2.9 P; subfactor for terracing with conservation planning

Horiz. Ter. Closed Open outlets with percentage grade (%)
int (ft) outlets 0.1-0.3 0.4-0.7 > 0.8
< 110 0.5 0.6 0.7 1.0
150 0.7 0.8 09 1.0
300 1.0 1.0 1.0 1.0
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Table 2.10 Terracing impact on sediment yield

Terrace grade

Delivery subfactor

Closed outlet
0 (level)

0.2
0.4
0.6
0.7
0.8
0.9

0.05
0.10
0.13
0.17
0.29
0.49
0.83
1.0

Table 2.11 Py subfactor for stripcropping

Ps. for conservation

Impact on sediment

system planning delivery from field
Rotation stripcropping
RC-WSG-M1-M2 0.78 0.53
RS-SSG-RC-5SG 0.91 0.75
RC-RCrt-RCrt-M 10.84 0.65
RC-WSG 0.86 0.71
0.1 Filter 0.91 0.24
Buffer strip 0.67 0.15
Buffer strip 0.75

) RC : row crop, WSG : winter small grain, SSG : spring small grain, M1 : 1st year

meadow, M2 : 2nd year meadow, C : corn, SB : soybeans, rt : reduced tillage, nt : not

till
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o714 Areat 92 4ol(acre), RS @d s 9o tdk %244 (English Unit), Q

¢} q,= acre—feet9} ft’/seco]tt.
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A7IA Yie 2F9e EToA EAGER, BE A2 75 (Routing coefficient),

o= FAF WG olTh

A (22D< AEshd 4 (222)2 Fdd

oi

Yi = Yoe = BTovdo (2.22)

ANNA Yo 259 FTANA] EARAFOIR, Vs | 2FGoNM BT EALY
Hgol el fETOl HEahE Folrl, Ten 2fdolA F F9 577149

g zko ).

_21_



Fig 2.2 Example watershed division for MUSLE routing procedures
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(2.25)¢F o] Ate wvf Atk
S 1.35 L 0.35 P 1.75
E = FR(—)" )" ()" (2.25)
(10 ) 72.6) 1.25)
o714 Ex A7 A2 ZF(ton/acre - vear), F= #2414 A 4=((ton/acre  year), R
S B2 9 EBAS SE AAH%), L& ApAdol(ft), P 2d HIE 308 A %77 A
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Table 2.12 Unit load method in Korea

Apo = e
AR (m'/'d/ha) = (/)
U=, &R 200~400 20,000~40,000
w2 24 15 1,500
Bl 2 200
HEel 9 1 100
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3.1.3 J|AFHE
B AgA o] A AFEE v A it XS dAYgorw 73
H 1097 9 2 A JARSS <F 31~2>uUEhyglon, dHF 7
S

A A 1,981.6mmE oA R hSAdS Kolw Uk

Table 3.1 Yearly weather

A
_ 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 |10 7+
| B | 145 | 148 | 155 | 164 | 154 | 153 | 148 | 157 | 165 | 158 | 155
e | Az | 331 | 335|337 | 337|323 ]334 327|318 337 | 350 | 350
(O 84 | -44 | -394 =31} 81| =23+ 29 -51,/| -25 | -17 | -48 | -51
22 [2169.8(1,757.9|1,803.0(2,235.9/2.328.0|1,370.0|1.856.5(1,781.52,550.5|1,.962.5|1.981.6
105
) 165 | 160 | 250 | 220 | 145 | 125 | 21.0 | 165 | 200 | 250 | 250
7 | A
1A%
| 760 | 450 | 440 | 730 | 555 | 27.0 | 940 | 480 | 69.0 | 1005 | 1005
o | A
64 3¢
()| g | 2195|1075 875 (1735|1065 | 550 | 1205 | 905 | 1700 | 1895 | 2195
14
2 | 20| 1510 | 1500|1765 | 1645 | 1005 | 1205 | 1140 | 1635 | 2515 | 3020
= | ®F | 32| 31| 28 | 30 |31 |32 33|31 ]29] 31|31
| Ao | 159 | 114 | 154 | 148 | 240 | 141 | 127 | 199 | 209 | 140 | 240
()| (Z&) [NNW| SW | SSE | SSE | SE | SSE [NNW|NNE | NW | S | SSE
Aa=| 68 | 69 | 65 | 74 | 719 | 6 | 66 | 73 | M | 72 | 7
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Table 3.2 Monthly weather
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Fig 3.3 Existing plantation map
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Table 3.3 Rainfall erosion factor by oberservation post

Wws [ #za9 | R | e | bz (@229 | R | Amiz
159 Ak 629 1969-1978 135 5 297 1969-1978
143 o T 209 | 1969-1978 105 & T 297 | 1969-1978
156 2 F 531 1969-1978 184 AT 390 1969-1978
146 q F 364 1969-1978 165 = X 323 1969-1978
138 x & 261 1969-1978 108 A& 593 1969-1978
152 = b 455 | 1969-1978 168 o F 496 | 1969-1978
189 NAE 636 |1969-1978 162 = T 508 1969-1979
140 o Ak 429 | 1969-1979 090 = 255 | 1969-1979
192 T 424 1969-1979 232 || 617 1969-1979
236 o 483 | 1969-1979 278 o A 293 | 1969-1979
244 d A 435 1969-1979 260 T & 554 1969-1979
288 EI 392 | 1969-1979 295 @l 701 1969-1979
279 A A 262 1969-1979 272 9 T 326 1969-1979
226 B 2 351 1969-1979 235 |HH(REH)| 491 1969-1979
295 3 3 526 1969-1979 Al R Al 294 1969-1979
245 |AF(HF)| 552 | 1969-1979 289 Rhry A 475 | 1969-1979
256 s T 512 1969-1979 223 = T 328 1969-1979
247 4 o« 464 | 1969-1979 221 A 344 | 1969-1979
112 d oA 406 1969-1980 119 T 557 1969-1980
101 = A 464 1969-1980 131 3 T 490 1969-1980
133 o A 490 1969-1980 129 Al Ak 489 1969-1980
100 o 7= 269 | 1969-1980 201 A 687 | 1969-1980
273 |A&EGEA)| 324 1969-1980 212 = A 417 1969-1980
203 o] A 465 1969-1980 114 4 F 578 1969-1980
202 < 3 427 1969-1980 214 A F 215 1969-1980
) 3} (3Feh) 341 1969-1980

%) ()gte A BEa

_33_




Fig 3.4 Isoline map of rainfall runoff factor in Korea
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Table 3.4 Soil quality and estimated result of K value

& T
B FHE A (%) s S
?:J ° | % H -
G- 7HHLQ'74] =] —Z A Al E ‘_E ?‘ >~
B B S OJ_laj (—)1015]~} O(?)?~ HE<| 3 Jj‘ E tonnes/ |tonnes/
2mn omn | O1mn | 0.05mm 0.002mm (%) E acre/R | hr/R
A 022 L0 LB L8 gl 3] 019 | 02
I
e 5|7 2 L 3|5 25 323 019 | 02
e 4|9 - : 3|6 = g 312 |3 018 | 024
i
R 5|4 Lt 3|2 2 ij 3|23 016 | 021
25 | 13 | 3 | 40 [ 19
-
I 3 e o 3| 2 [3] 021 | 028
S| 35 [ 17 | 4 [ 30 | 14
Hl== . S
e ¥ 52 3 13 2|38 017 | o022

3) AbA A o] -AFA AL QIAE (LS, FAkel)

Aol olg BN AAA G dojek FAtEe wel ety e e A
ok AlFAbel b el B tig A g adE aestr] fsto] FAAASE
LSE =9istlom, dollA dx@ntel o] McCool(1987, 1993)0 2]ako] A€
21 (2.10), (21D), (2.14), (2.15), (216)= °]&3ste] A on AAFHd e <GE
35>3 2t

Table 3.5 Length and slope factors L and S

Addel [AEAAr

LR L inH

T2 |9 () (0 %) Sin S B m L LS
7N I 555 | 1,821 4.44 0044 | 051 | 061 | 038 | 340 | 1.44
g o 920 | 3,018 5.38 0054 | 061 | 071 | 042 | 479 | 3.22
kil I 597 | 1,959 4.13 0.041 | 048 | 058 | 037 | 338 | 1.36
7N

. I 221 725 4.31 0043 | 050 | 060 | 038 | 240 | 1.20
= il 998 | 3,274 4.85 0048 | 055 | 065 | 0.25 | 259 | 142
. I 800 | 2,625 3.94 0039 | 046 | 056 | 036 | 364 | 167
o

e
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(C, 5=
HoAgol A AAG yEAdx CE FAA 0070, 3-F = AEA 0.000, A
1.000, 54 0.010, A 0.100%= A &st9om, g5 AqA Cae <x 36>

Table 3.6 Result of cover management factor

e EE EXol &4 EHE A (ar) it
?_ RUS TT‘Q‘]:] US] ! ! - = -

) | p734 | &al WA | EEFA 24 C#t

Ex o] &4 e CHt 0.070 0.000 1.000 0.010 0.100
7N I 0.052 - - - - 0.052 0.10
Ll o 0.133 0.005 - - 0.128 0.10
il m 0.088 - - - 0.001 0.087 0.10
7N I 0.038 - 0.038 - 1.00
Ll I 0.275 - 0.271 0.004 0.99
< m 0.146 - 0.005 0.117 - 0.024 0.82
all I 0.038 0.004 = 0.034 0.09
Els I 0.275 e 0.020 = 0.018 0.237 0.09
5 m 0.146 - 0.013 - 0.001 0.132 0.09

5 EGREAAJNA (P, F2-¢)
B AFgAME A wEl Wischmeiert Smith(1978)7F Atk <& 25>EF o] &
to] A - F - S5 FEote] &9 e P2 <i 37> #uh

Table 3.7 Result of support practice factor

T2 Lk AR AL (%) Pk
7 I 4.44 0.50
s i 5.38 0.50
2 m 413 0.50
7N
. I 431 0.50
- i 485 0.50
S
: m 3.94 0.50
,Zrb‘_
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Table 3.8 Average annual soil erosion amount

cormal R K EAMT =
T | ‘rr&ms (10" J/ha | (ton/ha| LS C p (ton/ha | (ton
-mn/hr) | /R) /year) | /year)
7N I 0.052 0.25 1.44 0.10 0.50 11 57
13 I 0.133 0.24 3.22 0.10 0.50 25 333
A m 0.088 0.28 1.36 0.10 0.50 12 106
7N I 0.038 0.25 1.20 1.00 0.50 95 361
Ly I 0.275 636 0.21 1.42 0.99 0.50 94 2,582
= i 0.146 0.22 1.67 0.82 0.50 96 1,402
7N I 0.038 0.25 1.20 0.09 0.50 9 34
Ly I 0.275 0.21 1.42 0.09 0.50 9 235
< I 0.146 0.22 1.67 0.09 0.50 11 161
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v Aox 4#EA Adrt.(Wischmeier, 1959)
= AT A = 50 WIES] A&7 S o] &5t AR e, A

Table 3.9 R value of frequency 24 hours duration time design heavy rain in 50

A 4713k 7S HAFF-=F| A7 A AR AR of L %] &£}
(hr) (cm) (cm) (hr) (em/hr) (m - ton/ha)
Al 12,211
0 0.000 0.000 0.0 0.00 -
0.5 9.071 9.071 0.5 18.14 2,921
1 15.455 6.384 05 12.77 1,966
2 20.815 5.360 1.0 5.36 1,474
3 24.844 4.030 1.0 4.03 1,064
6 32.173 7.328 3.0 2.44 1,788
12 40.472 8.299 6.0 1.38 1,842
24 46.723 6.251 12.0 0.52 1,156

RGOW W) = 12211 x 1814 + 100 = 2,215 10" J/ha - mn/hr
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Table 3.10 Selected VM values, soil erosion modulator(TRB, 1980)

Condition VM Factor
1. Bare soil conditions
freshly disked to 6~8 inches 1.00
after one rain 0.89
loose to 12 inches smooth 0.90
loose to 12 inches rough 0.80
compacted bulldozer scraped up and down 1.30
same except root raked 1.20
compacted bulldozer scraped across slope 1.30
same except root raked across 0.90
rough irregular tracked all directions 0.90
seed and fertilize, fresh 0.64
same after six months 0.54
seed, fertilizer, and 12 months/chemical 0.38
not tilled algae crusted 0.01
tilled algae crusted 0.02
compacted fill 1.24~1.71
undisturbed except scraped 0.66~1.30
scarified only 0.76~1.31
sawdust 2 inches deep, disked in 0.61
2. Asphalt emulsion on bare soil
1250 gallons/acre 0.02
1210 gallons/acre 0.01~0.019
605 gallons/acre 0.14~0.57
302 gallons/acre 0.28~0.60
151 gallons/acre 0.65~0.70
3. Dust binder
605 gallons/acre 1.05
1210 gallons/acre 0.29~0.78
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Table 3.10 Selected VM values, soil erosion modulator(TRB, 1980), continued

Condition VM Factor
4. Other chemicals
1000 1b. fiber Glass Roving with 60~150
gallons asphalt emulsion/acre 0.01~0.05
Aquatain 0.68
Aerospray 70, 10 percent cover 0.94
Curasol AE 0.30~0.48
Petroset SB 0.40~0.66
PVA 0.71~0.90
Terra-Tack 0.66
"Wood fiber, 1000 Ib/acre fresh (hydromulch) 0.05~0.73
"Wood fiber, 1000 Ib/acre fresh (hydromulch) 0.01~0.36
"Wood fiber, 3500 Ib/acre fresh (hydromulch) 0.009~0.10
Portland cement + Latex
1000 1bs/ac + 605 gals/ac 0.13
1500 Ibs/ac + 605 gals/ac 0.006
5. Seedings
temporary, 0 to 60 days 0.40
temporary, after 60 days 0.05
permanent, 0 to 60 days 0.40
permanent, 2 to 12 months 0.05
permanent, after 12 months 0.01
6. Brush 0.35
7. Excelsior blanket with plastic net 0.04~0.10
8. Mulch (depends on type and amount of 0.01~1.00

mulch and erosion potential)
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Table 3.11 Result of VM, soil erosion modulator

. R ek EXol &g dE ™A (ki) T
R B K - VM %

A ISl R R =

EXo] &AM el VMgt 0.040 0.000 0.800 0.010 0.050
7N I 0.052 - - - - 0.052 0.05
-1y il 0.133 0.005 - - - 0.128 0.05
%l m 0.088 - - - 0.001 0.087 0.05
7N I 0.038 - - 0.038 - - 0.80
-1y il 0.275 - - 0.271 - 0.004 0.79
= m 0.146 - 0.005 0.117 - 0.024 0.65
7N I 0.038 - 0.004 - - 0.034 0.05
dt I 0.275 - 0.020 - 0.018 0.237 0.04
el m 0.146 - 0.013 - 0.001 0.132 0.05
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Table 3.12 Sediment yield (TRB, by single storm)

o o A R K EANGETF
T e Q0" J/nal(ton/ha| LS | VM
(k) - mn/hr) | /R) (ton/ha/year)| (ton/storm)
0.052 0.25 1.44 0.05 40 208
0.133 0.24 3.22 0.05 86 1,144
0.088 0.28 1.36 0.05 42 370
7N 0.038 0.25 1.20 0.80 532 2,022
iy 0.275 2,215 0.21 1.42 0.79 522 14,350
= 0.146 0.22 1.67 0.80 529 7,723
7N 0.038 0.25 1.20 0.05 33 125
Ly 0.275 0.21 1.42 0.04 26 727
< 0.146 0.22 1.67 0.05 41 599
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Table 3.13 Unit load method in Japan

A% 9 A H lhad EAMZ& % (m'/d) 57 (nm)
B e PR 200~ 400 20~40
A, 24 F 15 15
2 A A 2 0.2
B F 9 A 1 0.1

Ab5) thEPA7(1984). Z2 320 A 2 AlE, d&

AN <E 313> A9 FAe EdY AAFAE UEde AowA
MEeAE EANFZZ] AMS S E BEANY] @9sEs 358 Zasitt

o7|A EAES @eFEe v]Ee Aol ostd diyg el Aol 09~
Liton/m'ol™, at+5 F< 31 @708 A5#9] ¢ 13lton/m o]t}

i 2 ATHEA T AR HAAE A wEEE AAEFe 785
A% Aown YA AR GeFFL 75
¢l oF 13lton/m' Htp & Ao =2 Aokenh BRF ojye} EY FAAAEE &

-
A

g
a)
=
ofo
By
-
N,
o
i}
ax
m
ey
do

st EAzALA AMHE 2 JEZoZ YEegTh ol 2 A s
AR 9] HAE =S Laned Koelzer(1953)9] A& Ao 93 ks #8353 th

w3l JferEe]l YAt wE duel= Ay oA AAGE Zrel =7rel 300
Agstom, AxAdds thE <& 314>9F 2ol AhEH A
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Table 3.14 Sediment yield based on unit load method

= z] o] & A} W1y A ? ALS-=z2k
?_ ;,‘i'— %Q%‘ ,(,)_&}Egz)z_—]' = ]- ]‘ o 7o F’H =] (kHl)_ = }'TFE ] QX—J,E
s 8 [ [ Al 2 | Gy [ (ion (9952
ton/m’
A9 (m/ha/year) | 50 | 00 | 3000 | 20 | 150 |vear) |/vear)
7 0052 | - - - - loo0s2| 78 | 111 | 142
W | oo | 01330005 | - - - 0128|195 | 269 | 1.38
A | m |o00s8| - - ~ | 0001 |0087| 131 | 176 | 134
A 1 |o003| - - | o038| - ~ |1140| 1619| 142
| oo o2 | - - lo2nn| - 0004|8136 /11390 1.40
| m |o016| - |0005|0117| - |0024|3546]4929| 139
7 1 |o003| - |o0004| - - 10034| 51 | 72 | 142
W |om o2is | - |0020] - | 0018 |0237] 359 | 503 | 1.40
= m |ow6| - oo = | 0001 0132|198 | 275 | 139
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3.4 EAGEE |2

ke

AT HEA Gl M o] EALREFS A7) 918ke] RUSLES A (478745 d 2]

GAds AN A 5 AbEa o, A AdE vhe < 3.15>3% Zrh

Table 3.15 Sediment yield for each method

B EE
o -
v i hin 9] 7H;§xd 7]42%% ® - 7]%;; @ - D
RUSLE(H37-$d4]) | ton/year 57 361 A 304 34 v 23
I RUSLE(# 59-4]) | ton/storm | 208 2022 | A 1814 125 |'¥ &3
Aoy ton/year | 111 | 1619 | & 1508 | 72 | ¥ 39

RUSLE("837-¢Al) | ton/year 333 2982 | A 2249 | 235 v 98

il RUSLE(Y ¥ & -%A]) | ton/storm | 1,144 | 14,350 | 213206 | 727 v 417

19 ton/year 269 11,390 | 211,121 | 503 | W10,887

o,

RUSLE(H37-dAl) | ton/year 106 1,402 | A 1,296 | 161 A 55

m RUSLE(% ¥ 5%A]) | ton/storm | 370 77723 | A 7353 | 599 A 229

A ton/year 176 4929 | A 4753 275 A 99
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Table 4.1 Hourly rainfall on June

T = A2
REESIEL 1 2 3 4 5 6 7 8 9 10 11 12| A Ll
o A 13 14 15 16 17 18 19 20 21 22 23 24
Ql — — — — — — — — — — — —
1€ | mm — — — — — — — — — 740 70 — 18.0
220 | mm 1.0 - 2.0 1.0 2.0 1.0 1.0 - - = 1.0 - 9.0
32 | mm — — — — — — — — — — — — 0.0
4 | mm ~ ~ — - - = ~ = - - - —1 00
5¢ | mm - - - - - - - - - - - - 0.0
62 | mm - - - - - - - - - - - - 0.0
6 7¢ | mm — — — — — — — — — — — — 0.0
2] 8 |mm = = = - - = = = - - - —1 00
92 | mm - - - - - - - - - - - - 0.0
- - - = = - - - - 1.0 4.0 7.0
(=1}
10g jmm — [ 10 [ 20 [ 30 | 30 — [ 20 [ 10 - - - -] 260
11¢ [mm — — — — — — — — — — — — 0.0
12¢ | mm — — — — — — — — — — — — 0.0
132 [ mm - - - - - - - - - - - - 0.0
142 fmm - - - - - - - - - - - - 0.0
T E A2
Al 2 [ el 2M 1 2 3 4 5 6 7 8 9 10 11 12| Al s
o X} 13 14 15 16 17 18 19 20 21 22 23 24
152 [ mm - = = = = = = 5 = - - - 0.0
162 [ mm — — — — — — — — — — — — 0.0
1720 | mm ~ ~ — - - = = ~ - - - —1 00
182 | mm - - - - - - - - - - - - 0.0
199 [ mm - - - - - - - - - - - - 0.0
20¢ [ mm - - - - - - - - - - - - 0.0
21¢ [ mm — — — — — — — — — — — — 0.0
6 [ 22¢ [mm ~ ~ — - - = = ~ - - - —1 00
2| 282 |mm - - - - - - - - - - - - 0.0
24¢ [ mm - - - - - - - - - - - - 0.0
(=1] — — — — — — — — — — — —
26¢ | mm = = — — — — — — — — 70 70 2.0
268 [ mm —t— 1Tttt 11— 0
272 | mm ~ ~ — - - = ~ ~ - - - —1 00
282 [ mm - - - - - - - - 1.0 - - - 1.0
209 [mm 11— 11— 11— 1 !0
30¢d [ mm — — — — — — — — — — — — 0.0
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Table 4.2 Hourly rainfall on July

T = A2
RE ESIEL 1 2 3 4 5 6 7 8 9 10 11 12l A Ll
o At 13 14 15 16 17 18 19 20 21 22 23 24
12 | mm - - - - - - - - - - - - 0.0
o9l mm X X X X X X X X X X X X 3.0
= X X X X X X X X X X X X |
32 | mm — — — — — — — — — — — — 0.0
4 | mm ~ ~ — - - = ~ ~ - - - —1 00
- - - - - - 4.0 7.0 2.0 8.0 - 1.0
ol
5 | mm 70 70 — — — — = 70 = = — 10 29.0
62 | mm - - - - - - - - - - - - 0.0
7 7¢ | mm — — — — — — — — — — — — 0.0
2] 8 |mm = = = - - = = = —T 7 —T 5] 2°
92 | mm - - - - - - - - - - 10 - 1.0
108 [ mm 11— 11— > 50
11¢ [ mm — — — — — — — — — — — — 0.0
122 | mm — — — — — — — — — o 50 T 701 *°
152 | mm s e B B I B B B B s me IRAR
) - - 1.0 3.0 2.0 1.0 - - 1.0 6.0 8.0 2.0
14< | mm 7o — = = = = o — = = = 70 27.0
T E A2
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Table 4.3 Hourly rainfall on August
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Fig 4.6 Water level on August 7th
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Fig 47 Water level on August 23th

Fig 4.8 Water level on August 24th
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Fig 49 Triangular weir

Table 44 Measured streamflow

®% 54 A
8d 74 298.69 m'
8¢ 234 45.05 m’
8¢ 244 1,143.41 m'
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Table 45 Calculated streamflow on August 7th

L"‘HI’ Al = S h Q1 >Q
Zol(mm)| =ol(cm) | F2(m/s) | =X F 2 (m)
.07 4 0 0.0 0.00 0.00000 0.000
10 0.0 0.00 0.00000 0.000
20 0.0 0.00 0.00000 0.000
30 6.0 5.63 0.00105 0.630
40 3.0 2.81 0.00019 0.742
50 2.0 1.88 0.00007 0.782
5 0 1.0 0.94 0.00001 0.789
10 1.0 0.94 0.00001 0.797
20 1.0 0.94 0.00001 0.804
30 0.5 0.47 0.00000 0.805
40 0.0 0.00 0.00000 0.805
50 2.0 1.88 0.00007 0.845
6 0 2.5 2.34 0.00012 0.916
10 2.0 1.88 0.00007 0.956
20 1.5 1.41 0.00003 0.976
30 1.0 0.94 0.00001 0.983
40 16.0 15.00 0.01220 8.303
50 35.0 32.81 0.08634 60.109
50 4.0 3.75 | 0.00038 296.278
15 0 310 2.81 0.00019 296.389
10 3.5 3.28 0.00027 296.553
20 4.0 3.75 0.00038 296.782
30 5.0 4.69 0.00067 297.181
40 4.5 4.22 0.00051 297.488
50 4.5 4.22 0.00051 297.796
16 0 4.0 3.75 0.00038 298.024
10 4.0 3.75 0.00038 298.253
20 3.5 3.28 0.00027 298.417
30 3.0 2.81 0.00019 298.528
40 2.5 2.34 0.00012 298.599
50 2.0 1.88 0.00007 298.639
17 0 1.8 1.69 0.00005 298.670
10 1.0 0.94 0.00001 298.678
20 1.0 0.94 0.00001 298.685
30 1.0 0.94 0.00001 298.692
40 0.5 0.47 0.00000 298.693
50 0.5 0.47 0.00000 298.694
18 0 0.0 0.00 0.00000 298.694
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Table 46 Calculated streamflow on August 23th

Lé!“HI' Al = S h Q1 >Q
Zol(mm)| =ol(cm) | F2(m/s) | =X F 2 (m)
8. 23 7 0 0.00 0.00000 0
10 6.5 6.09 0.00128 0.770
20 5.5 5.16 0.00085 1.277
30 5.0 4.69 0.00067 1.677
40 5.0 4.69 0.00067 2.076
50 5.0 4.69 0.00067 2.476
8 0 5.0 4.69 0.00067 2.876
10 5.5 5.16 0.00085 3.383
20 6.0 5.63 0.00105 4.013
30 6.0 5.63 0.00105 4.643
40 7.0 6.56 0.00154 5.570
50 10.0 9.38 0.00377 7.831
9 0 10.0 9.38 0.00377 10.091
10 9.0 8.44 0.00290 11.828
20 9.5 8.91 0.00331 13.817
30 13.0 12.19 0.00726 18.172
40 13.0 12.19 0.00726 22.528
50 12.0 11.25 0.00594 26.094
50 4.0 3.75| 0.00038 44.320
13 0 35 358 000027 44 484
10 3.0 2.81 ] 0.00019 44.595
20 55 234 | 0.00012 44 666
30 2.0 1.88 | 0.00007 44.706
40 2.0 1.88 | 0.00007 44.747
50 1.5 1.41 | 0.00003 44.766
14 0 1.8 1.69 | _0.00005 44 797
10 2.0 1.88 | 0.00007 44 838
20 2.0 1.88 |__0.00007 44.878
30 2.0 1.88 | 0.00007 44.919
40 20 1.88 | 0.00007 44.959
50 2.0 7.88 | 0.00007 44999
15 0 1.5 1.41 | _0.00003 45.019
10 1.5 1.41 | 0.00003 45.039
20 1.0 0.94 | 0.00001 45.046
30 0.7 0.66 | 0.00000 45.049
40 0.3 0.28 |_0.00000 45.049
50 0.0 0.00 |__0.00000 45.049
16 0 0.0 0.00 | 0.00000 45.049
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Table 4.7 Calculated streamflow on August 24th

Lé!“HI' Al = S h Q1 >Q
Zol(mm)| =ol(cm) | F2(m/s) | =X F 2 (m)
8. 24 5 0 0.0 0.00 0.00000 0.000
10 0.0 0.00 0.00000 0.000
20 0.0 0.00 0.00000 0.000
30 0.0 0.00 0.00000 0.000
40 2.0 1.88 0.00007 0.040
50 4.0 3.75 0.00038 0.269
6 0 5.5 5.16 0.00085 0.776
10 9.0 8.44 0.00290 2.513
20 8.5 7.97 0.00251 4.019
30 7.5 7.03 0.00184 5.120
40 6.0 5.63 0.00105 5.751
50 5.5 5.16 0.00085 6.258
7 0 5.0 4.69 0.00067 6.657
10 6.0 5.63 0.00105 7.288
20 8.5 7.97 0.00251 8.794
30 8.0 7.50 0.00216 10.088
40 9.5 8.91 0.00331 12.076
50 10.0 9.38 0.00377 14.336
17 0 27.0 2531 | 0.04513 | 1110.086
70 19.0 17.81] 0.01875 | 1121.334
20 13.5 12.66 0.00798 1126.121
30 13.0 12.19 0.00726 1130.477
40 13.0 12.19 0.00726 1134.833
50 12.0 11.25 0.00594 1138.399
18 0 10.0 9.38 0.00377 1140.659
10 8.0 7.50 0.00216 1141.953
20 6.0 5.63 0.00105 1142.583
30 4.5 4.22 0.00051 1142.891
40 3.5 3.28 0.00027 1143.054
50 3.0 2.81 0.00019 1143.166
19 0 2.5 2.34 0.00012 1143.236
10 2.0 1.88 0.00007 1143.277
20 2.0 1.88 0.00007 1143.317
30 2.0 1.88 0.00007 1143.358
40 2.0 1.88 0.00007 1143.398
50 1.0 0.94 0.00001 1143.405
20 0 1.0 0.94 0.00001 1143.412
10 0.00 0.00000 1143.412
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4.1.4 BEAREY

Fig 4.11 Measurement of sediment yield in I zone
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Fig 4.12 Piles before rainfall in II-II zone

Fig 4.13 Piles after rainfall in II-II zone
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Fig 4.14 Pile lengths in -1 zone
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Table 4.8 Estimation for suspended sediment load in I zone

2 % Ateta (/m°)
0.00553

&2 (m?)
298.69

45.05
1,143.41

1,188.46 0.01548

Table 49 Measured sediment yield for each zone

| 749
8d 82 | 8d 25¢
5.40

Il
8% 12 | 88 26Y
6,135.30
0.045 | 0.026
276.09 | 159.52

=<
8a 12 | 8& 26¢
3,128.84
0.132 0.029
413.01 90.74

0.67
3.62

0.83
4.48

1.42 1.40 1.39

5.14
1.65
6.79

6.36
18.39
24.75

386.52 223.32

223.32

574.08 126.12

126.12

386.52

574.08
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2= Fo nHor FY FEF& A Hed olet o] AHoZHEH FFo
HozE= OYAH W (Constant

fraction method, F&745), @¥d <28 W (Constant loss rate method, $-%] %%
(h-index method), W-*] ¥ (W-index method)), @%7] £4-44 £2& 9 (Initial
loss—constant rate method), @%} %3419 (Infiltration curve method, Horton®] %%
s34 %), OvF AARY B E(Natural Resources Conservation Service, NRCS)

o] fFEFAAATY & ol 7hA WRie] oy B AgelAE NRCSO FE=4d4

_?,_
A B A F(potential maximum retention) S o] HURE HGT F U= FEF
& FAEE AdezA AR 2 AFeHS dEzs 799 Af frEedS Awd
.

_ (P_ Ia)2
Q= W (4.6)

o714, 1a=028% 7}4ste 1o AL Tex) o MyH,

_ (P—0.29)*
Q= "F70.89) 4.0



NRCSe 93l AHH F&5THS FAFE FEFAAS(runoff curve number)

CN2 S¢ th&3 22 #AE 7Hxid.

= —Z—=—254 (4.8)

Wb, fode A7 fE5Ee BASE £99F CNgtol 249w o) Aol
oa S7b AET o @& Aol P} WA dAFoRA FAREESE QF AL

& 4 vk B ATelA = CN=9%= dA s AT

Table 4.10 Calculated table of R value

x|
6/1~2 27.0 15.7 9 3.0 19.0 0.161 2.52 47.82 5
7/13~14 68.0 54.2 15 4.5 29.8 0.176 9.56 284.91 28
7/ 28~31 329.0 313.5 19 1i7rs 97.5 0.227 71.20 6,943.15 694
8/7 70.0 56.2 11 6.4 32.5 0.189 10.63 345.44 35
8/19~24 | 178.0 162.9 42 4.2 58.2 0.174 28.31 1,648.49 165

olglgt FAS o] &3t 3fEel] AAA ZAS A dig Rk 927
10"Joule/ha-mm/hro] t}.

Table 4.11 Comparison with R value

A+t 509 R 24hr A< | AA7$-(6-89)

10 Joule/ha-mm/hr 636 2,215 927
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Table 4.12 Comparison of sediment yield

o R « EAREY
o ) - _
Ty | 3272 ”d’%z (10"y/ha | . onmarm| LS c P AR A= Bl
(km®) | mm/hr) ton ton
6/1-2 5 2.9 - -
7/13-14 28 16.0 - -
1o | 7/28-31 | 0.038 | 694 025 |[1.20 | 1.00 | 0.50 395.6 - -
8/7 35 20.0 6.79 2.94
8/19-24 165 94.1 24.75 3.80
6/1-2 5 20.3 - -
7/13-14 28 113.7
2,930.8 | 386.52 7.58
nef | 7/28-31 | 0.275 | 694 0.21 | 1.42 ] 0.99 | 050 | 2,817.1
8/7 35 142.1
811.8 | 223.32 3.64
8/19-24 165 669.8
6/1-2 5 11.0 - -
7/13-14 28 61.6
1,587.9 | 574.08 2.77
e | 7/28-31 | 0.146 | 694 022 | 167 | 082 | 050 | 1,52.3
8/7 35 77.0
439.9 | 126.12 3.49
8/19-24 165 362.9

FolA HeE upel o]l [ 92 8¢ 3154F, N9 749 386.52%, 89 223.32
o] WARAL. EALFE Y E
o] 792 o 76w Frmola 1}

WA= 2773800 Ee] A& o] TS AT
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Table 5.1 K-value by soil series of whole Korea

ABEE(%) K (t/ha/R)
. xz | =e | =Mar | o= He |71 e
o =S & | Erickson| ViSCh
gravel sand vfs silt clay 0.M. Hped m.:eﬁr
<2mm [ 0.1-2.0] 0.05-0.1]0.002-0.05| < 0.002 T
11 72=| 0.0 7.4 4.6 58.5 29.5 | 2.24 | 0.55 0.39
2| 71 A 0.5 47.6 14.7 29.1 8.6 2.31 0.39 0.34
3| 7t m 0.0 82.5 2.1 13.0 2.4 2.59 0.20 0.11
4] 7t = 0.0 38.0 4.0 37.9 20.1 3.91 0.32 0.23
502t 3| 10.4 31.9 3.7 36.9 27.5 4.00 0.29 0.18
6| & 3 0.0 52.9 9.2 37.1 0.8 1.10 0.54 0.45
71 0.0 13.2 13.5 54.6 18.7 2.03 0.62 0.51
8| & 3 0.0 34.3 10.0 38.1 17.6 1.74 0.46 0.36
ol & 4| 15.0 15.9 2.2 52.0 29.9 9.93 0.39 0.06
10| & A 7.4 27.1 20.6 34.3 18.0 3.96 0.40 0.30
366| &t = 7.0 66.0 15.9 15.0 3.1 0.70 0.44 0.27
367| 3t ¢t 0.0 10.0 1.7 52.8 35.5 2.98 0.44 0.28
368| 3t 4.8 46.2 6.6 38.2 9.0 1.69 0.48 0.35
369| 3 = 0.0 18.5 8.2 54.4 18.9 2.62 0.51 0.44
370| & & 4.4 65.8 15.4 13.4 5.4 0.24 0.47 0.26
371 3| = 3.9 35.2 4.5 34.1 26.2 2.28 0.40 0.23
372 & ™ 1.6 18.6 5.2 50.6 25.6 2.80 0.45 0.34
373 & A 0.0 21.2 19.6 43.5 15.7 1.66 0.62 0.51
374 & & 0.0 4.4 3.9 69.7 22.0 [25.22 | 0.44 0.40
375| & & 0.0 62.7 6.9 18.6 11.8 1.78 0.26 0.19
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Kzke 18 213 22 Wischmeier® K3tk A4 E=3%(1971)E o] &34 Y Wischme
ier®} Smith(1965)/Erickson(1977)2] AZ8 =X 2 HAHE & o|&dte FHE
=

Wischmeier®] K@t FHERE o]l&3ste] Kats &7 dalAe dAEAZE(%), 771
WA, dAExE EYAY FHREZ US3 #Zol AZ(G2mm), EH(0.1~2mm),

A AH0.05~0.1mm), A E(0.002~0.0omm), dE(<0.002mm)= YA o} 22
Wischmeier?] #Zt=3 9} Kgk FA2dAMAE A20C2mm)S AA 712 Ao 2+

Table 5.2 Sediment size of soil grain

EyfAte] F7 Y74 9 (mm)
A2 (gravel) >2
%2 2 (sand) 0.1-2
= M| AHvery fine sand) 0.05-0.1
A E (silt) 0.002-0.05
HE (clay) <0.002
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Fig 5.1 K value versus sand content
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Fig 5.2 K value versus clay content
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Fig 53 K value versus silt + vfs content
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Table 5.3 Soil permeability data for USDA soil classification

4 oz £y 2 FEAT + 28y
- = o oF =
s =(a) in/hr cm/sec =¥ S5=(b)
silty clay, clay 6 <0.04 <2.8x107° D
. -5
silty clay loam 5 0.04~008 2.8%x10 ) C~D
sandy clay ~5.6x107°
-5
sandy clay loam 4 0.08~0.20 5.6X10 ) c
clay loam ~1.4%x107"*
-4
loam, silt loam 3 0.20~0.80 | '4*10 B B
~ 5.6X10
-4
loamy sand 5 0.80~2 40 5.6xX10 . A
sandy loam ~ 1.7%X10
sand 1 > 2.40 >1.7x1073 A+

(a) Soil Conservation Service National Soil Handbook (SCS, 1983)
(b) Soil Conservation Service National Enginnering Handbook (SCS, 1972, 1984)
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0.29
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Fig 5.7 Permeability grade and range of permeability factors in II zone
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Fig 5.8 Permeability grade and range of permeability factors in III zone
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Table 54 Permeability grade and range of modified permeability factors

554 5w T F5A 5 (em/sec) T4 55 AT (em/sec)
6 < 2.8x107 < 28x10°
5 2.8x10° ~ 56x107 2.8x10° ~ 8.0x107
4 56x10° ~ 1.4x10* 8.0x10° ~ 2.1x10*
3 14x10" ~ 56x10" 2.1x10" ~ 59x10"
2 56x10* ~ 1.7x10° 59x10* ~ 1.7x10°
1 > 1.7x10° > 1.7x107°
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Fig 5.10 USDA soil classification Fig 5.11 Permeability classification by
soil property
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Fig 5.12 Triangular diagram of K value considering permeability
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