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Mechanical research of soil erosion on

slopeland-Analysis of rill erosion

Abstract

Impacted by global climate change and ruptured geological
conditions, the problem of soil and mud disaster on slopeland in Taiwan
has become more complicated and serious. The use of empirical
equations to estimate soil loss is convenient and widely applied. However,
its accuracy is in question and with high uncertainty, and thus hard to
cope with the impacts by extreme weather events. In this project, we
focus on the mechanical and physical-process analysis and study the
occurring mechanism for rill erosion. Using in-field soil specimens for
erosion experiments and geotechnical tests, we analyze the relationship
between soil physical properties and its erosion critical condition, in order
to formulate the quantitative relationships. The results are further
compared with the prevailing equations for exploring their feasibility for

slopeland erosion analysis and disaster management.

From this project, we propose that the field sediments are mainly
constituted of fine particles with clay and silt size. The particle size
distribution ranges from 0.001 mm to 0.1 mm with the dso of 0.031mm.
Based on their plastic and liquid limits, most of the reservoir bed
sediments belong to ML-OL, with low plasticity and organic matter; the

average specific weight is around 2.6. We also found that the total erosion



mass may be estimated using slope, flowrate, and the total area of
developed rills. Meanwhile, parameters regarding rills, including the
length, area, average width, and length-width ratio, are positive correlated
with power-law relationships. The critical shear stress (thresholds for rill
erosion) is majorly affected by the slope and physical properties of

sediments.

Keywords: Rill erosion, Agongdian reservoir, Physical process,

Erosion threshold
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F)EERF RN ZREBPE 2 E AL DFET > H L FREIR
o B RRE AR ER T s S ] R g
ko A KRR YRR

A ()i 0 A KRR R R A e T
T A et T > B8 % kA f5(Schumm - 1956) » & ke %t
Hom L] Y R h g BEs(HkE 2 0 1995 FdRILE 4
2014) - B * B RZ v RELR R PR ooBcE B AL > M EE D
AR S BUE R TR R 2 1 IE P A E (Dirk> 2005 ; Peteretal. >
2012) > fe F if % it A R E R g R

ATk RN LS B E R LG VB ST g
Foofs G R ¥ | L g gz - x Lt~ %2 gl

BB RR R S A AT

lf“\ﬂ

Sl
10Be ~ 'Be ~ %Fe ~ %Sy ~ 181 137Cg « 210Ph « 44 -137 ~ 45-226 % % (Yaung
etal. » 1998 ; Z &% > 1999 ; =& & > 2007 ; #ri i5 > 2008) -
WhHZRAY P Or PP LI E o] 3 43340
2014 E % FkiAs vHS o BHF AL LA R e {os

B4 7 3h

TR

B2 hw [ EREGAR R i Gk g R R 4
BE R BE R E e ok w T R R R RIEREPM A

e AR RAEILR R RT BRI R
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SR FRPGE S ZREATHERS G RELE R AT RERE
T L o 4edd P IR A OV (f AL USLE)™ 5 BB R A Manig sk

B

"&f

I~
A\

*E_Jh] °

il
)

PR R e LA R R TR Pl A5 F
AR TR RSN B IR, 0 R B e FR R
PR E FERL 0 X iR 204 5% 255 4o 0 WEPP ~ GUEST » B %

L 8Lk & 4 i 5% (Agricultural Non-Point Source Pollution Model -

AGNPS)» B 4% k iz B SRR E kR EIFAE o
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£ 33BN RE

w R K

P

USDA(Z & B $%)(1965) | USLE TN iSRS -\
EImlEdg g o
USDA(Williams and MUSLE PRI o S I o
Berndt ,1977) BRrpdafFMd o d
BUaifEimEes
£ F YV BEIRRE
#3 5]+ e
USDA(Renard and others, | RUSLE i+ USLE z # & -
1997) FEmFS 2 ,&’é_.})#ﬂﬁt
USDA(1970) SWRRBWQ PRGN T RS L B
K F R PERTECE
USDA(1998) AGNPS By A, F)F o Ry
2 T = 4
SRR B S NER
AGNPS2001 SR fEE - kAT

USDA (Laflen et al.,
1991; Flanagan and
Nearing, 1995)

WEPP(Water Erosion
Prediction Project)

PO SN LR

ﬂ?i,ﬂf‘vﬁ /~%7}\ ‘?\2 o

USDA(1980) CREAMS(Chemicals, LS SN SOl i A SR
Runoff, and Erosion from | 4875 2 3+ 4 & o
Agricultural Management
Systems)
USDA(1984) EPIC R S S N
4 A3 EFAREER o
USEPA ( # W% i%3# % ) | HSPF PLEBLRS AP o KPR
£ Hydrocomp Inc. £ ¢ P EeE EN

e

il

WINHSPF(WINdow
Hydrological Simulation
Program-Fortran)

HSPF s»Windows /i & %%
R S [ e W S
FooRIE A BRI
Tio- av] %o BB
R R IR e
P - Bk (B
7+ 2013)

USDA

SWAT(Soil and Water

HESY & B (ot g TR g
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U

Assessment Tool)

PR % 4 (1998) #- USLE %
F#ic> 40502 SEIM 4
WiapetnFasl

A EE o

=~ B & 4 (2006) 2 £ USLE 2 SDR z 3+
FoE2 R kREHAE
ELACE R

UM 5 4 (20093) i+ TUSLE 2 8 ¥

Km~Rm 2 2 LS %]+ %
GlS?];{ N RENC SR
D= WP L2 7 S
:kJ_-_o

%4 3FR LS 4 (2010) ~ AR E BT AT

(-)  SWRRBWQ

SWRRBWQ #i-5¢ 2 % B & 3% (USDA) * ** it |k & K & -k
FoRABEENERLENEEFL B E R E Esk o
AEEECRS e F AR RAM G S R AF RS KR
Bl g e ® > 7 HRE PR > 2 kA R e @
B2 E g AR ok s B F s B A R e 2
T4 4 & T (FR4LE - 2009) -
()  SWAT

SWAT #-3% d % B USDA =7 ARS(Agricultural Research Service)

THE S - TARRIL E RBHLT KB CRVAE B RSP BE
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S22 SEAS TR L X SRR L IEREE E AR R 0= 1 =
SWAT &f#PFRF I £ 23385 p PP RE: R ¥ B E
PEEp R 5 A R RN R R F o BV R
KFwme S O3 EL®w > FEARTL T wA 5 BB
HRU(hydrologic Response Unit)» % ¥ ¥3t% — B HRU &7 % &0
PRI o W G VR A S A EkA e o B2 g o 1Y
HRU 5 #3858 ~ > A W[k w0 g iz ?ﬁim@?}/\ e Ep

R B AR ERMER CGHE R EAPHIRE  FER LT

y
R

AL g A E B SCS o

o

R XY TIOTAE S R

GRERUHERE QIR MRIRS ¥ 8 IR & S0sl ALk D AR

) X\y.
}ﬂ»
=\

# ¢ 4F P kB MUSLE(Modified Universal Soil Loss) s 4 2 3¢ o

(=)  USLE

I

¥ A% * 5 USLE(universal soil loss eqution) » & — B 4>d 2 F B

M H e B2 E 21 V36 BE EREREFFE DR F L A2

-\

F ;ALY Fy‘jl v de b 2500 B HERTE A MSEF RPN s thend s
A RS ATIE N cnE P RS A LR A TR E a4 B
].k-jf‘j:#"'—» iw"ﬁﬂ;v AT ts A2 0 B o T }:ﬁ:r-ﬁ}@

Pood MR AR AL B AU B 0~T%5 £ 4 SR E > E L

L% L § e R 5 A (Wischmeier W H and Smith D D » 1965) » pt %5
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Re @ B(F g &R, 28 /2. | g5 &)
K=4 3, &é&jﬂgt( MELOELE R R EROR)

£ %3 S=HARFS S CRERFRAS

Frl  BEREE LA E N ORI REIEIH o B
£ 5 2213m B A 5 9% (k2 FIFPMTRSE > B 12014 # 9 1)

SR LS CHrPFF L Emlefig @ Tt gEinL £
FREFRLIRENAEIE > ¥R AFXFF (L £4E 51999 - L
BSAFAREBREFL LSHAFF - B £ S H 2R

FOM B R ORI R A P AR A 2 L g
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&4 K4 i/g,&’/.ﬁﬂ»;}ﬂgt,lqz\___t BB aE bR B 43:%@%?; s

Ik

FEIMIC REHFRAT BT B Th 0 F R 5%

=

$ FHEd BAZ RGN F  § BTA ¢ Hd 7 bk feeh CC
Fl3+ R XA RIRECF N CS F]F o C ET 5 CC ¥+ 2 CS 7]+ 2

Tk Pk EFARIL TG 0 SRR s Aok D R 2

N

WET e WAL R BN B2 e

¥

7

I
:fi%#ﬁ%'a;fplvz\ AR Aok G g R lﬁ-:ﬁﬂ-%’ﬂ s Lo

e USLE ¥ix3 ¥ g3 'J,}ixz"/m@‘l St~ FlF 2 e 3 0%
oo P ORI G B fFEA S T R FEITNTF]F T E K
F % %iﬁ”}’z 4 3 H:zig 2 g E e 1740 RUSLE 2 2 TUSLE(Taiwan
USLE) -

RUSLE # 2= i ?]—"*%’M‘ﬁaéé&ﬁi »om H_pt 2 F"*‘F"”ﬁ i B3
¥ «"14"'”#1%]% ARG D W e R e B R
&2 R P 4 (Fhif]3 > 2010) - 1998 £ i 4o E B & GIS 2 fFh B ik
T o RUSLE V4 AL A KEF-R w2 234§ 02012 £
Ozsoy % * & * ern RUSLE ic3] » fe &35 2 GIS 2 B H g L 3ng=
7 Mustafakemalpasa i@ /i3 -k % et i & o

MR & £ (1998) 5 7 #-USLE sz 2 5 i * 3% 5 %8 % il o

Foat B 43k 4k dn ik SEIM(Soil Erosion Index Model) -3¢ » #- USLE
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=% R zBevE
U

EE S 3 SRS AN SN R R L
Bt 2R a et Ry L FRME B8R S ]+ &% McCool
£ A(1987)10ig * SR S s B ok E 0 C e NDVI 5 f B pF
FPRFRQEIE O FEARIEIBF R AP EZE R R OER

B0 P ER AT B TREEEE R B T 5

(z) WEPP

Nearing & 4 #rB # o WEPP i3 P e A A 5 - Bk
ot S ] RIS AR K p TR S £ B RE Y R
WWAE & 2 2 (¥ 5 A & > 2004) - WEPP 03] 7 ot B & o & 23

&
-t

Eﬂ

Fhargddamd EraE AL F 2 Bl S8 5§ FiE
(Climate Generation) ~ -k = (Hydrology) ~ {4~ # % (Plant Growth) ~ 2

¥ (Soils) ~ ;&% (Irrigation) 2 2 j# & (Erosion) » & B e w £ 5 =

Rig

FLE 2 EE 255y o ﬁ%]:",:%% & PR A 4 (Time-integrated ) #74&

-\]’-8

Bt a g o BBEE T L Peid 4 BB

'

Eo YR ERRE -

WEPP #A| #-i8ini A G XA frRAF S BREe-> T4 235 L4
R F vk A iEE > a2 FF K i (Sheet flow) - Foster et al.(1982)z%
A STH (BRI R R R R S L’

A B o HoA P TR enfE LR B 2 4R 3¢ (Steady-state sediment

continuity equation) * k % 7 U AR A E XA F id o 407 (1)
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di 1
— —D,+D, (1)
dx f '

H v

7~

A0
% £

G %k ‘)ﬁ@?]/?) F (kgstml) AL kmFEIHE
Dy 3 xEiaF(kgs—tm?)

Di 5 s F(kgstm?)

ADRETBE A A XA Y 2 N E SRR R

ﬁs?]sz it 4 (Sediment transport capacity) pF > 2+ 3 % & # F (Net soil
detachment) - * (2);% ;% 2 #) & * 3Tk 5f'}$%]%3f§‘§ 4 2 g £ (Net
soil deposition) » B * ()74 3-8 R if i+ 4 F

_pa-% 2
De(1—7) @

v
D; = % (T. — G) (3)

H ¥
D¢ % ik ®) & 47 % £ (detachment capacity) » & 4 /Ko & Fgat 4
T. 2k %) # # % £ (sediment transport capacity in the
rill(kg-s~t*m™) » * &8 & 7 i

B i iFildFins ik



5

1

ES A ) T
U

q ¥ 5aEm> s

Dcir#yidcp 2 TR#)EHFE 275 40(@) > (B)7 ¢

D, = K, (17— T.) (4)

T, = k1% (5)

K, = 287 & G(Ezas k)

Tp o= (8% 3 23 sp s ok & 4 (flow shear stress
acting on the soil particles)

T, = F% 3 2 ap ke hie b *» & # (the rill detachment
threshold parameter, or critical shear stress, of the

soil)

da
e

ke = B %

Foster % A #1995 # i3 I 7 DR EZ R h 4

&
da
P
P
W
I
&
[
'3\

B RE T Kagdd o0 R R A F B S e R

WERXEFERBETRZ2ZW > B iESnRE AT Kiadj & /5\ 3
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ARG E -~ FEBE E 5 AR R 2 G Y
B4 HRAEAKE RS BE

Romero & 4 (2007) ¢h3p £ ¢ » 2IFP T TK 2 K(R A2 X
R R 4 T AR M Al X M-iBat ¥ WEPP 2 USLE #7 * v

A G o bRk ZEARROYE) L 2R D T M) BOK B

P BRI I A TR o d WERIRERLL G IR

ﬁ

“rak 2 AR R @ 9 4 RE § fur & ahi 4 o daSilva, L F.% 4
(2016) 1k FHFH 2 L A2 T THE > NEP FEFHRBIRIE
TR FREEFEFNIEVRBPEGEREIEZEATRA (1) T
:L&ﬂ@?l > 3 WEPP #2731 ¢ > i inss o LR V) i i 2 R A o

Tiwari, A. K.(2000)# WEPP ~ USLE 2 RUSLE iz#= B3V 3 5

R R B R BT R A E TR R L B iR G

WEPP fiit B rrp i » R ERH 5 > 4o r {2 E%ﬁéﬁﬁﬁl INE S ' J22

USLE 2 RUSLE ! % erc % #4# » = WEPP 7 855 = 3% » Tt i

R A -
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=% R zBevE
U

DEREE S A0 Ll - R B
RO L EAER: $F By el

Bl AAR AT T P Rk ) ihie S AR 5 B R
Fyfuir 464 hE & Jp 4% (Grabowski et al., 2011; Stone et al., 2011) ; %
1AM P FARREF LI U AF L IR e T
s ! B (de) % ) A (2 AR B foR) T2 )2
FPREREZLEE D e R ¥ P Bl pahv &4 o
()  EERiE

RIS Y B R AR BT AN
POt — o S AR A )~ b iiE o ik BECE B i B
7 4o Hjulstrom (1939) and Postma (1967) © = &% -k )1 27 %
4 1 Z ; Smerdon and Beasley (1961) 7§ %% % -k :#%kE = P AR B
2Agp(e 7 RS s PR A2 2R A B)DERM
B RAmRAL AR B AR E IR k(R 2
# 7. )enit 4p B t2(Dade et al., 1992; Tolhurst et al., 1999) - k& » { %

MR BT AP BT R AR B L R

g

P SER (B e et TR 4 g 4p B 7% ( Roberts et al., 1998;
Thomsen and Gust, 2000; Briaud et al., 2001; Lick et al., 2004; Kothyari

and Jain, 2008) -
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B JEE S BT RS L B
2 El

(=) e A i

Ry A W T e i  hF SR B A T
PR R FEaapr s A e B85 MG LR o mifkik
Fpd 80 bt G AR TR R ML T L PE R FFERGFFRF
7 4 Mitchener and Torfs (1996) -~ Panagiotopoulos et al. (1997) -
Reddi and Bonala (1997) ~ Lick et al.(2004) ~ van Ledden et al. (2004) ~
Barry et al. (2006) ~ Kothyari and Jain (2008) -~ Debnath and Chaudhuri
(20104, b) ~ Grabowski et al. (2010) ~ Geremew and Yanful (2011) & * ;
2 I 3% 4o Mitchener and Torfs (1996) ~ Houwing (1999) -~ Aberle
etal. (2004) ~ Dickhudt et al. (2011)% * o sp M FT 5 ¢ > 0L 4455 2
Zgbd et "ZRET BEFAY FRA &SR B RR S

24 7 227477 (van Ledden et al., 2004) ; >384 B F R+ 4y

rx
X
3

g £ 77§ R R e A (7 5 (Mitchener and Torfs, 1996;
Aberle et al., 2004; Dickhudt et al., 2011) -
(=) FRBRE Ok

BB ARZ ZRSFTEEIEE RSP B GRIE 2 &%
Bef %P L AER Wk kR A 5 R F &~ ( Mitchener and

Torfs, 1996; Williamson and Ockenden, 1996; Jepsen et al., 1997
Roberts et al., 1998; Houwing, 1999; Krone 1999; Lick and McNeil.,
2001; Aberle et al., 2004; Ravisangar et al., 2005; Gerbersdorf et al.,
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2007) > mied BRI EEARE AP > 2 .]Jangg;g SRR )R B 87 F A
4% & (Grabowski et al., 2011) o — S ki » B X R X 1337
FRARALF R F R oD R0 ZTORF AR E o F] L SRR SR
B2 R % e & Bt SR R A e (e.g. McNeil et al., 1996; Lick and
McNeil, 2001; Ravisangar et al., 2005) o i 4% ## % & $ALEIE F) > 4
hE £ (e Al 98 B RL kB EERNFF FE
B2 E4ES 04 § 54 (Grabowski etal., 2011) » £ + » 42 frd iR

HEHEIH BRI A FRUVALE)C R REFRRZ PO
FRERTT o LG BERT O FRBATS FokF I AT A

—g 3 & (e.g. McNeil et al., 1996; Jepsen et al., 1997; Roberts et al.,

(z) pE ST

Pm AL AR AR d S g R 4 F BRA T4 e
e g R - A P ARG IR o LS WHERR -
Greenland and Hayes (1978) %7 3 4 1 » L3RI » AL 3p 4
RS 45 B9 f 5~0.5um o X AREVEEA S ) s S A e L kL7
AR IRE R RG] o
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oA FEE AT 2015 BT R FFF RS 0 @ gkt IE
LR AR AN Es A10R 15 8 ~20 B) 0 BEF
RAwF AR FIF A AR RPN - R EFHA
e REOBREZE BHRRES R F LTS BB BY
Fap R ARSI NG SRR 0 22 R A (01071 7 R
FRAET BRI HEFREZSOIT EF BB REHT 0 E

FARIEPHIHEORFERNTF AR EH IO IR HFR

W BB R R R R o

(=) REA Rk

HE- LA R FEavRIARERE iﬁﬁ TOREN IR 0 @
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Hels

EE: EuliE cledF

FrRigppERs

¥ - HREA

hEE AR R R FRITA 0 X

L2
BLEgH

i (dso) = - 0 5

LEHY g

’AE[': '
7t o —

DA AT BT W o RS R e d 4 1

2242575 SRR LTS B A 2T E 2 R T

CARTD R S R

- AR PR A

FI# & & A7 R~ g 4(0.074mm ~ 0.053mm % 0.044mm)dﬂz

LD flabcim ] 2R fr R E A WA 4T

#4133 ErF5@Q)

Method Diameter (mm) |Cumulative P(%)|Cumulative P(%)|Cumulative P(%)
#200 Sieve 0.074 99.82% 99.96% 98.79%
#270 Sieve 0.053 81.21% 81.62% 82.73%
#325 Sieve 0.044 66.13% 67.23% 68.57%
hydrometor 0.032 51.47% 57.87% 50.83%
hydrometor 0.021 39.32% 41.88% 38.69%
hydrometor 0.012 28.77% 32.29% 28.77%
hydrometor 0.009 22.710% 29.09% 23.66%
hydrometor 0.006 22.710% 25.90% 20.46%
hydrometor 0.004 18.86% 22.70% 18.86%
hydrometor 0.001 10.55% 14.71% 9.91%

4-1



B 1EFEd By —uRErass

S S R

B E A A @A 420

% 4-2 2 g g 2 47(b)

Ay p AV
SNAD silt clay Dsanp DsiLt DCLAY
99.00% 60.59% 11.37% 0.074 0.045 0.002
98.00% 60.71% 11.43% 0.074 0.045 0.002
98.00% 60.35% 11.53% 0.074 0.045 0.002
99.00% 59.16% 11.53% 0.074 0.045 0.002
98.00% 61.95% 11.46% 0.074 0.045 0.002
99.00% 50.77% 10.68% 0.074 0.045 0.002

W

\.li”a"ﬁ/\@},%ib‘*ﬁi

B GE A 1999 £ 2 R I PRES BOKIES 2 HRA
2 AT end AT MGG R TR ER S o e R L e
- o T A TR S e T M AR R A TR

SRS A T Rk TR 410 0 SRR A RAp i o
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EEY
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MR BEREEL B > PR R A s B PR
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Gk 8 T o UedpF i eh 3 k£ T 2 (Holtz and Kovacs, 1981) - 4 3%
XA FLAAMFELY RPIERREF* AT HEY BN RES
LI AEH o aEm M- R E S B g
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£ 4-31 0% 4

¥-BF= L e
G(Gravel) : #2713
SSand) : i F 2 F3F 2 & W(Well) © if 2 & pe
M(Silt) : 8 F ik 2 3mp)  P(Poorly) : 7 2 & pe
C(Clay) : & # 42 H(High) © % % i
O(Organic) : 7 #F ik 2 3 L(Low) * % |+

Pt(Peat) : & & 2 (Peat)

Bt e B HRAEFRGH EF7 R 4-4> 408 4- 2 Fror o

S5 T ML-OL en% - B 2 HE 5 A e o

% 4-4 3 RPFHEE

PLASTICITY INDEX LIQUID LIMIT ASTM D2487 11
# A
Pl LL
1 6.19 26.77 CL-ML
2 1.7 25.08 ML or OL
3 6.18 22.56 ML or OL
4 2.21 23.03 ML or OL
5 3.2 24.84 ML or OL
6 3.65 25 ML or OL
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25
A-Line
= 20
o .
- secee U-Line
< 15
£ . LL=50
£ 10
.E S s e LL=35
— . 1e
o 5 CLEML / ML or OL Pl=4
. 3. B
« 50,9
0 = ¥
—PI=7
0 20 40 60
Liquid Limit LL Diagonal Line

B 4- 2 % {2 B

Fz&igng

In

2 2ot ¢ % b & sy (pycnometer) 7 ik ASTM £ #

D854-06 s# 5 A2 ;" Bl & » 2 & * #5425 0> 2 B—qcd iz & 7o
WE T L IR e R (P)BEI R RE (Pu)2 W B R 4

g p o ok RS 2014~2015 & B FAc g chg 43 0 A 2 B
o ik ASTM %23 D854-06 :2skA25" » & * weggd hi2 > & B[R E

AL AF) e £ > de 2 gpis 20 2 R FAE-k 0 5T o ot

B {d4rd 4-5:
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B m=Wigi2izdt € im, = £HERE m, =+
B3 g o
2 4-53 €38
¥ - X%k
A B C D E F
Mpws 82.28 81.74 83.26 82.06 82.05 83.09
Mpw 76.05 76.46 76.99 76.17 76.35 76.87
Mg 10.00 8.80 10.00 9.64 9.66 10.00
i 2.623 2.492 2.672 2.562 2.432 2.637
T g £ 2.570
*% 8 258 & > ke A L 0.99681 g/cm?®
¥ o % s § = ks
A’ B’ C’ D’ E’ F’
Mpws 169.19 160.84 163.06 160.18 166.92 141.8
Mpw 156.65 148.36 150.74 147.76 154.92 129.12
ms 19.96 19.9 19.95 19.87 19.83 19.91
i€ 2.675 2.666 2.600 2.652 2.518 2.738
Tl £ 2.647 2.636

*% 8 344 & > okeh® R L 0.99437 g/em®
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EE: EuliE cledF

¥w &pH EA T

ARy 8 % 2. pH ik i Mettler-Toledo S220-BASIC » £ 5 p # 8
BRI o Bl EF 2 ABRBEUEERARRDT & 2R T RE
rREFRIRY FE FREE BRI STE o RREIRRES
etz g ok o 2 pH R &R E B pH E 0 B T ok2 70 H R
T pH E 5 707> 2 e BRKREBTIHE > 4ok 4-6 9757

% 4-6 pH &R % izé

1 #oken

TEVE F-x - =x ¥==x Yz ¥Ix T35
2 10k)
1:1 7.42 7.36 7.44 7.31 7.35 7.38
1:1.5 7.43 7.52 7.51 7.5 7.51 7.49
1:2 7.53 7.51 7.55 7.54 7.59 7.54
1:3 7.57 7.59 7.6 7.62 7.62 7.60
1:4 7.61 7.61 7.62 7.65 7.65 7.63
1:5 7.7 7.69 7.67 7.68 7.67 7.68

BT 7.55

SR pH E A 738—7.68 2 FF > %4 1 3 pH B fik g s
T Foo R iR eE o 2 A - df v hPH B 65—
752 B s e gaz < 22F(N)-#P)-#2K) ¥ 2 &

bt F oo FI(%Y £ 4- T £ 4-8) > Tt R% @ D echig %

NH

7 1 J‘L"{g;

3B > LY R A et R oo
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24-T31HEpH e BKHEERTL £

PH # % F B
<45 | t&p&k 12 (Extremely acid)
45-5.0 | &5 p& ++(Very strongly acid)
5.1-55 | 3 & 1% (Strongly acid)
5.6-6.0 | ¢ p&t+(Medium acid)
6.1-6.5 | #&p& 14 (Slightly acid)
6.6-7.3 | ¢ {+(Neutral)
7.4-7.8 | 334k 12 (mildly alkaline)
7.9-8.4 | ¥ &+ (Moderately alkaline)
8.5-9.0 | % & 1+ (Strongly alkaline)
>9.0 | &5 4k 1+ (Very strongly alkaline)

%+ (BAz2 > 2002)

1 4-8 1 BB REAF okl pH § ol

¥5~% b.if pH & W
(N 5.8~8.0
B(P) 6.5~7.5
& (K) 6.0~7.5
4T (CA) 7.0~8.5
4% (MG) 7.0~8.5
#5(S) 5.0~10.0
4 (FE) 4.0~6.0
4 (MN) 5.0~6.5
(B) 5.0~7.0
4 (CU) 5.0~7.0
&(2ZN) 5.0~7.0
47 (MO) 7.0~10.0
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I FIE AL
RN EE: S %R
AR F Y BRE T AL E(<B2em) ~ B (<25cm) e 48
Ao bRRRm AR ARt ESREE 0 5 10 B

s BRIE- R BRRE N E gL R K

e oo

RERIE Bo ff o w4 51

2 5- 1 REFBR HEHR

HE KR T 2 K& 33 XA XA
Case mA g E R
(%) (Co) (Limin) (%) (ko) (%) (if) (cm?)
<1l 2745 0.874 0.51 20.06 36 6 5544
<l 2778 0421 025 161 3 17 661.9
26.35 0.836 0.33 13.81 25 109 1007.6
5 26.7 0.421 024 842 15 230 99.0
15 2548 0.809 047 3057 55 79 23924

O~ wN PR
(62}

PR i A =<t A ’}’?
PR ERRELS TR APNRE D > KEER
ARt 2B R b ER%Y (Casel :

Q=0.874L/min,S < 1% ; Case2 : Q =0.421L/min,S < 1% ;

Case3 : @ =0.836L/min,S = 5% ; Case4 :

5-1



B e BRI RS bl

Q=0421L/min,S = 5% Case5: Q = 0.809L/min,S = 15%) > 2
BioFRE2ZRECTEL o REERWL) A THERR

(W) & 7w (ﬁ)@m B> 4eB 5-1 2B 5-3%7 > /R ITAE

XN

% v

iv Rd

A= 0.1403L585 ; W = 0.14031%5%%5 ; L/, — 71253104115

10000.00
1000.00 e
] 2H o
_100.00 "
™~
§ 1000 po- oy [
< “
> 1.00
E 0.10
& o001 - A=0.1403| 1555
000 RZ = 0.8367
0.10 10.00 100.00

100
SUERE, L (cm)

® Case 1 A Case 2 W Case 3 & Case 4 = (Case 5 —=3SEE(All)

M5-1 X4 HARELR2Z M AN

100.00
X - ¢
1000 o o 00X
E ¢ .
=)
Z 1.00
.
EP
v 0.10 -
s
B W =0.1403L058%
= R?=0.4128
& 001
0.10 1.00 10.00 100.00

SUERE, L (cm)

® Case 1 A Case 2 % Case 3 & Case 4 = (Case 5 ——3EE(All)

WS-2RETOFRAXELRZ MW
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4=
e
S
&
-%*\‘
¥

1000.00
= 100.00
iy
B 1000
100
* L/W =7.125304115
R?=0.2559

0.10

0.10 100 _ 10.00 100.00

SUBERE, L(cm)
® Case 1 A Case 2 Case 3 & Case 4 = (Case 5 ——=ZEE(All)

WS-3REERFTVEREERZM AW

PR R SLE -, e as

EPEY S AR EERARLFELEE T R OLF
(normal depth)® o | & Br%m2. M1 22 M2 /K& 3 & $R2 8T8

B o ¥ RFET REFER PN SRTT S 353 S (uniform
flow)» # 2 A& T &4 ()7 5 % (Sturm, 2001) :

=15, [5.1]

¢

5

Ho ZwTokgnt & 5 y=T3RF; S =R EHE o E5%

M2 RET A (F)FHFd g~ KiFE- B RRREL A I
[5.1]5 3 & B ® - 2B+ 4 # 7 (Ravisangar, 2001; Hobson,
2008) » A& Rt 5 F 4R E B R(LDV)RI £ 2 ik

Tl SRS 2 R R Y MBS P E A #[5]R 2



B 1EFEd By —uRErass

Ravisangar (2001)f- Hobson (2008)#4[5.1]5% 3+ & % % 2. % %

ST A R PRI

2w g ()T d LDV ipl1# 2 ik
HHERB G RAAS BT EHE

e drp v (S0)T 2

KiE(Y)F d ez ¥ ORFEE S EF > LA EAET
B4 (7)) @ 3o (V) ok 4 2UE(R) S F (R & AR

F(Fynyd AR R AE

=S—; [5.2]

:b-l:yZy [5-3]
Re=4iv [5.4]
=20 [5.5]
B v=kgd 4 EF Gl PR TR ITES Yo

Bh R RRH WA ARERAR T R PP

Ravisangar (2001)f= Hobson (2008)4% * ] k=4& it 258 113+ 3

W
PN E )

T AT Y B RIERE AR 2 T 0 ¢ R RIS

()~ A R+ (B) s mg k4 2R A A& # g

ﬁi:(nb) H3 g Ny o

2
f,= 0.0015{Iog($ﬂ -0. 0428Iog( : j+ 0.1884

[5.6]
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gﬂ+%0—m [5.7]
R, =+ R [5.8]
n, = —n_pus g2 [5.9]

V89
2o teoagE e Km0 gy o Ko=149 0 5 00 % gy

jedk i (K)p)d 2Rz B > ¢ Keulegan’s = 42.5¢ ([5.10]) ¥ 5] &

FE-TAC R N i

1/6
\/_

ve —
ks 2.0Iog[12.2|:bj

Bois o fl* [5.8]2[BINE 2 RfrhEn g potv

Nn () o mEQuEr RiEE 2w 57 LR
Q@ e - B LR ARBE IR RT

BTl g T 7 T 23k kR
[6.2]71[5.9]5 3+ & Bofrim » 1k #2573 Ei2Q £RF R
5220750 s wp@eeQ . SoqeraamT g ok

Fo L IR R

5-5



B 1EFEd By —uRErass

< RFRE LR
PRk R - R PR RIE R 2§ R R 0
’ b‘ﬁp//%)iﬁ/%}i F&mrﬁg%"%‘ﬂfé'?fﬁf%ﬁfﬁ@oéﬁg

u’ﬁr;;p]gggj’;?‘\;f:' /1:; I E R L‘I"-"—ﬂz(

‘9
oo

) I wF

B %o S| S HBEA L5219 CokA (mgll); C*=3 & (NTU)

E g AE 54
25-23mkRBERERE
C(MG/L) C*(NTU) C(MG/L) C*(NTU) C(MG/L) C*(NTU)
0.000 1.340 4801.856 | 1122.000 6963.194 | 1837.200
2437.118 116.800 5048.315 | 1362.600 7137.273 | 1916.857
2560.990 942.833 5121.979 | 1817.818 7659.513 | 2471.143
3201.237 766.636 5570.555 | 1410.625 8181.752 | 3138.200
3521.361 | 1108.400 5762.227 | 1537.000 8355.832 | 3366.375
3829.756 823.000 6092.794 | 1706.167 8963.464 | 2607.455
4481.732 | 1523.900 6402.474 | 2424.300 10884.206 | 3509.100
4481.732 982.727 6722.598 | 2250.600 12164.701 | 3917.750
4500
4000 | ¥ =0.3564x-306.61
R® = 0.9064
3500
§ 3000
% 2500
E 2000
S 1500
1000
500
0
0 2000 4000 6000 8000 10000 12000 14000

Bed-load concentration (mg/L)

WS5-43mkREFRZVR
(3§ B +4): X #h C(g/l)Y b C*(NTU)
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GRS FEGRE KRS RAT B E)LimRe B
R Y SR P S X TR N R

BT IR 2 E T 0 TR R RO R R ehd

=

BIER NP E A B B F(E) TH RN R SE

E:%pd [5.11]
Hed > D=2\t BFERISFRPERF; AT IETRHRAE -
EruprEa RMEFRRRTZAREPEIE T

FUIRPBFELRAT A T2 Xy BB R T G

([5.12]5% )iz 7 Tk 2 - B @2k 4 2 1 i Rh T R4 (%)
ol B (Ta P o bR E KR F RS EE2 580

E:M(r—rc)n [5.12]

g9 o MN=5 g g L ERFFF LI MU LAp
frRiEFETHREFZ £4F 2 M BER 0 P FEABTED K
311@477 &gfé“i"ﬁ d 77fé/n T TR B a‘ﬁ" AL BRI (T HE

L o
| g

REPELHIEZ A MDD, =K(T—T1)% 7 3P T.5
3P BRAT RS CRLZF L IEFERE S FIEE o RP
§ 4 (1998)# 21T, 5 REFE 4 2 TR VR4 0 2 1, = yhsind (y =
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BEIEFAE EEy A SIS L

ket E S h=da s AEE MO =H R ) Reta iz
T RiED BRI - HEINEFL 2ZRAE

e =c(sing) 76 =g 2 HAFAIM L F e AP F B
0.8283 - Wang and Sturm (2016)4-¥t3k ~ & 5 2 2 w4 3 > &
FHPEEHEFAEE R EaF I EIBEIT RS T
TUAE T REW )& Ak B (CSF > %)dE i ¢

T2 =8.46—27.76w + 73.69CSF + 83.22(w X CSF)

Te

% i

Te . N 7
(‘:f'x = TYw) di(]

Py 2V E vy, 5 R E ~dgo 5 ¢ ERIT o
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LR N Sk X

NS T A
4 3EALJ1E £ (1998)% Wang and Sturm (2016) 5120 34 % » B shdicdpdn s 4 b B TRR £ > #5454

4 5-3REFBTREER

F%  HAR T(f(r:n)p ( I_I/m _in) FkE R E r.2(Pa)  7,°(Pa)
CASE 1 | <I % 27.45 0. 874 51 % 11.37%  4.90x10"  3.68x10°
CASE 2 | <1 % 27.78 0. 421 25 % 11.43%  4.90x10" 6.03x10°
CASE 3 5% 26.35 0. 836 33 % 11.53%  1.47x10° 5.34x10°
CASE 4 @ 5% 26.70 0. 421 24 % 11.53%  1.47x10" 6.18x10°
CASE 5 | 15 % 25.48 0. 809 AT % 11.46%  1.47x10° 4.06x10°

@ fkEALAE 4 (1998)2 2 N1, = yhsing > &3+ % hB 1~5mm

b % Wang and Sturm (2016) = ;% 3+ &
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I~ aTRhEet—um AN 2 ER R
FoHRPIEDIEFPFT 7 E 5 035% > d 21 F £ (1998)2 Wang and Sturm (2016) 572 38 4717 2. g &8
Romero et al.(2007) 2 Wang et al.(2013) 4%+ WEPP & * 2. St vt o> 2 2 vis R 2 gt ] > 5 8 F 2
£ 5 0.035% -

%5453 %EFVR

Case | vfs | Clay time slope T Qc? 0 TP T’ ¢ Kr®

(H = (%) (%)  (min) (%) (ml/s/cm)  (L/min)
1 9% 11.37 600 1% 0.49%10° 3231652  1.938991 3.68%10° 2.8793 2.8993 47.33%10°
2 8% 1143 600 1% 0.49%10° 3231652  1.938991 6.03*10° 2.9070 2.9270 44.33%10°
3 % 11.53 600 5% 1.47%¥10°  4.942647  0.296559 5.34%10° 2.9780 2.9980 41.33%10°
4 35% | 11.53 600 5% 1.47%10°  4.942647  0.296559 6.18%10° 1.3695 1.3895 125.33%10°
5 29% | 1146 600 15% | 1.47#10° 1.371886  0.082313 4.06%10° 1.7129 1.7329 107.33%10°

2N kR SRR £ (1998) ~ PWang(2016) ~ ©Romero(2007) ~ 4Wang(2013)
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®Romero et al.(2007) :

D.= K.(t—1.)

T. = 2.65+ 6.5 clay — 5.8 vfs

K, =0.00197 + 0.030 vfs + 0.03863 g~ 184crgmat

He

T, =3 P RTRR T A 0 £ 22 i 4 (Pa)

clay/vfs/orgmat=3t2 7 & [{&mif 5 5 p & vt b

Ki=2 3+ &+ %

®\Vang et al.(2013) :

T = 2.67 + 6.5clay — 5.8 vfs
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NS

T 3o F ) 2603 B2 TV KPS A P MR35 & 4 (pH T 351 X 7.55)
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2o M ERKE  BAERBR R EES E AL £ o
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EMEH ESE ENEQZ MR ' M=-1022+0.995+29.98Q
B8 38 KRR G A 2 MRS

M =—1.2168+ 0.03054, 50 TR N E2 G FA- THTRAWE &
Tl st e ERLE DAL FAM G Y =alb; {17 w42
FOoARPTERIFPORRKEEKRANS L REFBZRRIT R
Er. 4 5x10% % 6x10°Pa 2 B » H 4 FiE g 22 A5

B)b s AP M -

4-2



¥ & 23
R T L L ERY I P

- RE S ABRBLRS DR BRI R AP REE T2

SRR R 2P TR (R gav Fl)& st o 2 o2z 2k o A&
FTEREELF RIRF G AR Rk A Mt
:,\.3:7\[@’#%@]?]

2,

N bk’ I-Q ol qu IE J\(;V-*B L 7&\} e ]77_!:1 *3‘5‘]}{7 7J\J ;fi—r'} N U ,:l,’

\

e I R AV e L -;ﬁttpi;ﬁmr;‘: o m g g o
FRBEREAZ B2 TP L R% 2 AT ek
PEAELET PR TR

s F B FE EAME T ART U RR IR I F SN
Ao FREANR S B ERRE O SRR AT RN R 2
& * W E e






10.

ST 2k
54

0 A (1993) o S Tt AR O N 2w R
LK 4 (R4E 5 47 24(2): 131-152 -

LN"J
%
pial
&

R E kI d ~ & F40 Mo~ 3 47 (2013) -
F1* P AR RRTFR R T B HEAK I BB EE F R
2EBRAEALTRELERF RN L

27(4):273-284 -

2% (1997) 2L NERGE o W S ERITE L
¥ 18 5 47 (23) : 89-106 -

252 (1999) 5 45 137 HAFE Y 303 HIPBFT T 2w A E
o LA BEMEIE W EAY > 26:25-44 o

FEW FRF A E G BQ01L) - R R, KA Z
HEFoERADILI AT o ¢ B k2 FREFERE,
9(6):8-13.

FIF A~ 32 REG S M4 9 E(2004) o B E 2 g imeEe
g () + & 34(4):493-506

FRFI IS S B (2010)° 12 & 4R ¥ 4 R4 258 (RUSLE) 2
fi Ao ok B4 > 5(4):251-257 -

ik 2(1995) 0 A FHEFTHN LT 0 o FrEE L
¥ 78 5 47 > 18:45-58 -

PR~ P %(1992) » 1% AGNPS H-:V:2i 77 L 44k B
KRR E A 2 P P EKS RAFEE 4R > 23(1):33-43
FRALE(2009) > BB B BTG E R TR AT 0 T



11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

RS D AR L R T

Fadk % o
HhE 2(2014) ) TEMOREB KRR I EIBE R B2 PET
R, ORI A I AIRE AFETT AL HT o
2B o~ R s B v s § FEQ2006) 0 BokwRE G EHA
Bl BN E 27T - P BiFAE 0 2(2):55-67.
v B~ FR34(2008) 0 2 IR A S BB 2 B SR P
ok 3 R4FE 4R 5 40(3): 357-368 -
BRGFRL S o8 s B8 - £ 4T (2010) 0 R K
FERFFREE LRI IFFILEREZF P BIRES
7| » 106:5-15 -

ok (1997) > RALER KR A ESRAE 242G > 2P K
v ey > 10:17-30 -
Jp kAR (1999) 0 "F A A2 13370 ¢ EOR D RIFHR
30(2):87-94 -

b k4B(1996) > B 2 22 > 85 EoK L IR BoR TR
EYFETTENER S HRESET > 15(1):1-19-
;;L,lwka\ oA~ FRIIFS AL~ X £ & (1995) 0 4
2

B2 ixig (2 )84 F BRY RFZE B LR ‘q?i“l;:r

1

AR F L AL990) PEAZRSLAHEN AP L ER
KTz W o P ER D BRI > 21(1)2-72 -

R F LA FEE 2 (1994) - B RBSTT 2372 it
4 B2 B2ER KL BIFE B AFEYFTIESRR
o

TR EFEL R € o tREFFT] > 46:125-135 -

4-2



21.
22,

23.

24,

25,

26.

27,

28.

29.

30.

il a

BAz2(2002) > Sppht 2t TR 0 FFIR R FiT S

P2 B R R S EGE B8 2 (2013) 0 43 M B

Moz FRERLEZ HER R - L F 2B 24(3) 1 340-348 -

PR S HROE o AT T XA EF S B2 £(2012)

AMAB KR EFAEN P LS RFSER 433)

275-283 -

IR Rioge ~ FEORKE i s B E(2014) 0 1t a4

BRIFTHR G 2 KB F oK% s 2 g eril 5 22014
ERLRFEFEEEEEIFHER B

FIRE RO s R AR BT 5 v s+ E2(2010)

"TERLRE T EMRERERRIEIBEFELIT ) M E

FEAP BB SR IRFETP CHEERREELR ¢

k2 EFEFER o

FIRL SRR BB B AR CEME o FeM N FER

(2009) > T3S H M EF KRG K TH G F 83 52 /Y |

K WHogke o 4(3):191-203 o

AL E  ¥5T 2(1992) c AGNPS B8 B # ) Bk Rdn i 4

Homd Bitin B 2 3t o ok 2 R E IR 24(2):35-56 -
FLA0992) ~Er L e e v EAT > R4
X BT B E 4R 5 15:1-14 o

ERE £,(2007) 0 TAmbbp i 137 A2 MERTA G F R E 2
EENIEE R Ry B eI SR S e

S 4 (1999) » ok B R FALITE 2 M AT B EAE T
4F 2 > 2+ % %% :NSC88-2218-E006-024 -

%-3



31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

B 1EFEd By —uRErass

W %5(2008) 0 TOKE G KL R 2 AT F P EIRE B OK R ik
R KRRz ZEAGHEEZ L AT S RFL 02
% %% NSC 95-2625-Z-006-003 -

HART (1978) » 1% S8 E KR AL Fhir PRI 2P
4Rk e P ER D RIFE IR - 9(2): 93-102 -

BEB(2013) ¢ 2 TInEAEAL A A ST HLFTY o ¢

BAE L RS LN o
Wk BED(2016) - H a7 b EAEEH BsE K4 B
2 o kAL R 27(1) 1 22-30 ¢

MF S AR K 2R XR(2014). ATHEIAE R HE 2wt
AR R AT Y. 3 S 4R > 51(6):1234-1241 -

MO S 42 BT S 300 @ (1098) o A4 it 2 v e g
BN 2 0 ¢ EoK S RIEF 4R > 29(3):233-247 -

AR~ F G £ 5% 2L % (2009) 0 GISHE 2 1
FlFaEE S g 258 (TUSLE) - M 2 PR R & -k
T o]0 ¢ ER D R4FR AR > 40(2):185-197 -
FUB ~ 5 5 5 - A5 (2000D) 0 4 A R AR H L HTL
FERE AR R RREE KRR T SIVEE RO

Ik

B €T > 23:59-67 -

SRR N BER Y F S T (2016) o i A iR R HHE
kB AR SR o K LB i B 27(4): 535-541 -

EE g o P g (2015)  HEE A EE T AL

-&"

AR FRE R R o K FRE 26(1) 1 51-58
-:l:
=4

0 A

M}

S HEE S (1998) o B AT R E B A

4-4



42.

43.

44,

45.
46.

47.

48.

49.
50.

51,

52,

53.

F Sl

BHCHRRRRAT T 0 W IRAT T 5 17(2):163-170 -

ERH ~ Lk F 2@ 3 LA PR K(2012) - S A
TG ok BERA T kA E 2B 23(4)1229-235
B 57(1989) o mif R4 B RIE S 2 fE R o k2 AR
9(4): 41-45 -

B3 B L (1998) - % 2 MG F b3

o

=]

o
o)

Y- R08 v
HSIT o b8 47 5:422-428 o
¢ EK D RS E 5 (2018) o k2 RAFL R o
AT B ESE pE - EARQ0L) R EY
F 2 H G ik RA S HRF R R E 58 -46(8): 104-112-
B B VAL 2 T(1996) 0§ 2 A B AR R L A iR
Za A 7)Ao B T2 47 (02):108-117 -

BB~ 4ikid - 2 7 E(2004) o B4E L M himiE B A A
2P EF £ o KA E B ¢ 15(1):12-18.
PR L 2 (2012) o 3 H P AHEE o
5 B~ kAR RI8(1999) IR A B RSP 0 K2

Lt & o
B oA ze s dRiflze ~ g kAE(1990) 0 Lty bR A 2R
¥ ) 5 26:31-48
FAH - F 4R 5(1989) ALy JmFEEE L
2 48t > B HRE4F > 38(2): 37-48 -

. REE B =(2012) - 8

Bk B R EHBEMAUBAR DT ERE  KPEEE
23(4) : 502-508 o

IEERCFPHEELZ 12



o4,

55.

56.

57,

58.

59.

60.

61.

B 1EFEd By —uRErass

FEE S H ) 4E(2014) o BN A 1Y A Bk RS
Bk v i Mo R EEE 25(4) ¢ 526-533 ¢

Agassi M, Bloem D, Ben-Hur M. (1994). Effect of drop energy
and soil and water chemistry on infiltration erosion. Water
Research Res, 30(4), 1187-1193.

Amorim R S S, Silva D D, Pruski F F, M atos A T. (2001).
Influence of the soil slope and kinetic energy of simulated
precipitation in the interrill erosion process. In : Proc of Int
Symposlum : Soil Erosion Research for the 21st Century,
Honolulu, Hawaii, ASAE St. Joseph, MI, USA. 155-158.
Anthony J Parsons. (2003). Overland Flow: Hydraulics And
Erosion Mechanics. CRC Press.

Anthony J. Parsons, John Wainwright, Athol D. Abrahams, J.
Roger Simanton.(1997). Distributed dynamic modelling of
interrill overland flow. Hydrological Processes,
11(14):1833-1859.

ASTM D 1140 (2000). "Standard test methods for amount of
material in soils finer than the No. 200 (75- 1 m) sieve." West
Conshohochen, P., American Society for Testing and Materials.
ASTM D 2216 (2005). "Moisture content of soil." West
Conshohochen, P., American Society for Testing and Materials.
ASTM D 4318 (2005). "Standard test method for liquid limit, p. I.,
and plasticity index of soils." West Conshohochen, PA, American

Society for Testing and Materials.

4-6



62.

63.

64.

65.

66.

67.

68.

T

2 ﬁ

ASTM D 854 (2006). "Standard test methods for specific gravity
of soil solids by water pycnometer” West Conshohochen, P.,
American Society for Testing and Materials.

Beasley, D. B., Huggins, L. F., & Monke, A. (1980). ANSWERS:
A model for watershed planning. Transactions of the ASAE, 23(4),
938-0944.

Blanco-Canqui, H., & Lal, R. (2008). Principles of soil
conservation and management. Springer Science & Business
Media.

Bradford J M, Foster G R. (1996). Interrill soil and slope
steepness factors. SSSAJ, 60(3), 909-915.

Braud I, Vich A1 J, Zuluaga J, Fornero L, Pedrani A. (2001).
Vegetation influence on runoff and sediment yield in the Andes
region : observation and modeling. Journal of Hydrology, 254,
124-144,

Briaud, J. L., Ting, F. C. K., Chen, H. C., Cao, Y., Han, S. W., &
Kwak, K. W. (2001). Erosion function apparatus for scour rate
predictions. Journal of geotechnical and geoenvironmental
engineering, 127(2), 105-113.

Campbell,B. L.(1992). Spatialand temporal variationinerosion and
sediment yield. In:Bogen, J.,Walling, D. E. and Day,T.(eds.)
Erosion and Sediment Transport Monitoring Programmes in
River Basins,International Association of Hydrological Sciences

Publication no.210,455-465.

-7



69.

70.

71,

12.

73.

74.

75.

B 1EFEd By —uRErass

Casali, J., Loizu, J., Campo, M. A., De Santisteban, L. M., &
Alvarez-Mozos, J. (2006). Accuracy of methods for field
assessment of rill and ephemeral gully erosion. Catena, 67(2):
128-138.

Chen, X. Y., Zhao, Y., Mi, H. X., & Mo, B. (2016). Estimating
rill erosion process from eroded morphology in flume
experiments by volume replacement method. Catena, 136,
135-140.

Cochrane T A, Flanagan D C. (1997). Detachment in a simulated
ril1. Transaction of the ASAE, 40(1), 111-119.

Cochrane T A, Flanagan D C. (2001). Deposition processes in a
simulated rill. In:Proc of Int Symposium:Soil Erosion Research
for the 21st Century, Honolulu, Hawaii. ASAE, St. Joseph, Ml,
USA. 139-142.

Collision A, Simon A. (2001). Modeling gully head—cut
recession processes in loess deposits. In:Proc. of Int.
Symposim:Soil Erosion Research for the 21st Century. Honolulu,
Hawaii, ASAE, St. Joseph, M I, USA. 87-90.

Csafordi, P., P6dor, A., Bug, J., & Gribovsyki, Z. (2012). Soil
erosion analysis in a small forested catchment supported by
ArcGIS Model Builder. Acta Silvatica et Lignaria Hungarica,
8(1): 39-56.

da Silva, L. F., Cassol, E. A., Murliki, J. D., da Silva, B. P., &

Pandolfo, M. L. (2016). Susceptibility to rill erosion of a

4-8



76.

77,

78.

79.

80.

81.

82.

83.

T

2 ﬁ

12-year-old soil reconstructed after coal mining. International
Journal of River Basin Management, (just-accepted), 1-15.

De Roo AP J, Offermans R J E, Cremers N H D T. (1996).
LISEM : a single event physically-based hydrologic erosion model
for drainage basins Il: Sensitivity analysis, validation and
apploication. Hydrological Processes, 10, 1119-1126.

Dirk H. Rieke-Zapp. (2005). Digital close range photogrammetry
formeasurement of soil erosion. The Photogrammetric Record.
20(109): 69 - 87.

Elliot W J. (1993). A process based rill erosion model. Trans
ASAE, 36(1), 65-72.

Elliot, W. J., Liebenow, A. A., Laflen, J. M., Kohl, K. D., (1989).
A compendium of soil erodibility data from WEPP cropland soil
field erodibility experiments 1987 and 88. NSERL Report, 3, 316.
Forsberg, B., Godoy, J. M., Victoria, R., & Martinelli, L. A.
(1989). Development and erosion in the Brazilian Amazon: A
geochronological case study. GeoJournal, 19(4): 399-405.
Foster, G. R. (1982). Modelling the erosion process. CT Haan
(Ed.), Hydrologic Modeling of Small Watersheds, The American
Society of Agricultural Engineers Monograph.no 5. pp. 297-370.
Foster, G. R, Lane, L. J., Nowlin, J. D., Laflen, J. M., & Young,
R. A. (1981). Estimating erosion and sediment yield on field-sized
areas. Transactions of the ASAE, 24(5): 1253-1262.

Foster,l. D. L.,Dearing,J.A.,Grew,R. and Orend, K.(1990). The

%-9



84.

85.

86.

87.

88.

89.

90.

B 1EFEd By —uRErass

sedimentary data base: an appraisal of lake and reservoir sediment
based studies of sediment yield. In:Walling,D. E., Yair,A.and
Berkowicz,S.(eds.)Erosion, Transportand Deposition

Processes, International Association of Hydrological Sciences
Publication no.189,19-43.

Gilley J E, Kottwitz E R, Simanton J R. (1990). Hydraulic
characteristics of rills. Trans ASAE, 33, 1900-1906.

Gokhan Ozsoy, Ertugrul Aksoy, M. Sabri Dirim, Zeynal
Tumsavas.(2012). Determination of Soil Erosion Risk in the
Mustafakemalpasa River Basin, Turkey, Using the Revised
Universal Soil Loss Equation, Geographic Information System,
and Remote Sensing. Environmental Management 50:679 - 694.
Grabowski, R. C., Droppo, I. G., and Wharton, G. (2010).
Estimation of critical shear stress from cohesive strength
meter-derived erosion thresholds. Limnol. Oceanogr. Methods,
8:678-685.

Grabowski, R. C., Droppo, I. G., and Wharton, G. (2011).
Erodibility of cohesive sediment: The importance of sediment
properties. Earth-Science Reviews, 105(3-4), 101-120.

Graham, E. R. (1963). Factors affecting Sr-85 and 1-131 removal
by runoff water. Water and Sewage Works, 110: 407-410.
Greenland, D. J., & Hayes, M. H. B. (1978). The chemistry of soil
constituents. The chemistry of soil constituents.

Holger Gartner.(2006). Tree roots — Methodological review

4-10



91.

92.

93.

94,

95.

96.

97.

98.

T

2 ﬁ

and new development in dating and quantifying erosive processes.
Geomorphology. 86(3-4):243-251.

Horton, R.E. (1945). Erosional development of streams and their
drainage basins-hydrophysical approach to quantitative
morphology. Geological society of America bulletin, 56(3),
275-370.

Huang C H, Bradford J M, Laflen J M. (1996). Evaluation of the
detachment-transport coupling concept in the WEPP rill erosion
equation. SSSAJ, 60(3), 734-739.

Huang C, Bradford J M, Cushman J H. (1983). A numerical study
of raindrop impact phenomena:The elastic deformation case.
SSSAJ, 47(5), 855-861.

L. Vanderkerckhove, B. Muys, J. Poesen, B. De Weerdt, N. Copp
é. (2001). A method for dendrochronological assessment of
medium-term gully erosion rates. Catena(45):123-161.

Laflen, J. M., Lane, L. J., & Foster, G. R. (1991). WEPP: A new
generation of erosion prediction technology. Journal of Soil and
Water Conservation, 46(1): 34-38.

Lal, R. (1990). Soil erosion in the tropics: principles and
management. McGraw Hill.

Lei T, Nearing M A, Haghighi K, Bralts V F. (1998). Rill erosion
and morphological evolution: A simulation model. Water
Resources Research, 34(11), 3157-3168.

Lick, W. (1982). "The transport of contaminants in the great

%-11



B JEE S BT RS L B
2 El

99.

100.

101.

102.

103.

104.

105.

106.

lakes." Annual Review of Earth and Planetary Sciences, 10, 327.
Liebenow, A. M., Elliot, W. J., Laflen, J. M., & Kohl, K. D.
(1990). Interrill erodibility: collection and analysis of data from
cropland soils. Transactions of the ASAE, 33(6), 1882-1888.

Liu, Q., Li, J., Chen, L., Xiang, H. (2004). Dynamics of overland
flow and soil erosion (I1). Advances in Mechanics, 34(4),
493-506.

Lo, A. F. K., & Tsai, W. B. (1992). Erosion evaluation and
prediction in mountain regions of Taiwan. Erosion, Debri, Flows
and Environment in Mountain Regions, (209), 119-128.

Lo, K. F. A. (1995). Erosion assessment of large watersheds in
Taiwan. Journal of soil and water conservation, 50(2): 180-183.
Loughran, R. J.(1989). The meansurement of soil ersion. Progress
in Physical Geography,13(2):216-232.

LUO Meil, ZHOU Yunchaol, WANG Keke.(2015).Soil Erosion
Characteristics According to Tree-rings in a Karst Area. Journal
of Resources and Ecology, 6(4): 257-262.

McAuliffe J R, L A Scuderi, L D McFadden. (2006). Tree-ring
record of hillslope erosion and valley floor dynamics: landscape
responses to climate variation during the last 400 yr in the
Colorado Plateau, northeastern Arizona. Global and Planetary
Change, 50: 184-201.

McManus, J., & Duck, R. W. (1985). Sediment yield estimated

from reservoir siltation in the Ochil Hills, Scotland. Earth Surface

4-12



107.

108.

109.

110.

111.

112.

T

2 ﬁ

Processes and Landforms, 10(2): 193-200.

McNeil, J., Taylor, C., and Lick, W. (1996). Measurements of
erosion of undisturbed bottom sediments with depth. Journal of
Hydraulic Engineering, 122(6):316-324.

Meyer L D, Harmton W C. (1989). How row-sideslope length and
steepness affect sideslope erosion. Transactions of the ASAE,
24(1):472-475.

Nearing M A, Bradford J M. (1985). Single waterdrop impact
detachment and mechanical properties of soils. SSSAJ, 49,
457-552.

Nearing, M. A., Foster, G. R., Lane, L. J., & Finkner, S. C. (1989).
A processbased soil erosion model for USDA-Water Erosion
Prediction Project technology. Transactions of the ASAE, 32(5):
1587-1593.

Nord, G. and Esteves, M. (2010). The effect of soil type,
meteorological forcing and slope gradient on the simulation of
internal erosion processes at the local scale. Hydrological
processes, 24(13):1766-1780.

Oldfield, F., Clark, R. L., Boardman, J., Foster, . D. L., &
Dearing, J. A. (1990). Lake sediment-based studies of soil erosion.
In Soil erosion on agricultural land. Proceedings of a workshop
sponsored by the British Geomorphological Research Group,
Coventry, UK, January 1989. (pp. 201-228). John Wiley & Sons
Ltd.

%-13



B 1EFEd By —uRErass

113.

114.

115.

116.

117.

118.

119.

120.

Oldfield, F., Rummery, T. A., Thompson, R., & Walling, D. E.
(1979). Identification of suspended sediment sources by means of
magnetic measurements: some preliminary results. Water
Resources Research, 15(2): 211-218.

Onstad, C. A., & Foster, G. R. (1975). Erosion modeling on a
watershed. Transactions of the ASAE, 18(2): 288-0292.

Ozsoy, G., Aksoy, E., Dirim, M. S., Tumsavas, Z. (2012).
Determination of soil erosion risk in the Mustafakemalpasa River
Basin, Turkey, using the revised universal soil loss equation,
geographic information system, and remote sensing.
Environmental Management. 50(4):679 - 694.

Park S W, M itchell J K, Bubenzer G D. (1982). Splash erosion
modeling : Physical Analyses. Trans ASAE, 25(2):357-361.
Parsons, A. J., Wainwright, J., Abrahams, A. D., & Simanton, J. R.
(1997). Distributed dynamic modelling of interrill overland flow.
Hydrological Processes, 11(14): 1833-1859.

Poesen, Jean.(1986).Surface sealing as influenced by slope angle
and position of simulated stones in the top layer of loose
sediments. Earth surface processes and landforms, 11(1): 1-10.
Raina, P., Joshi, D. C., & Kolarkar, A. S. (1991). Land
degradation mapping by remote sensing in the arid region of India.
Soil use and management, 7(1): 47-51.

Rauws, G. & Covers, G. (1988). Hydraulic and soil mechanical

aspects of rill generation on agricultural soils. Journal of Soil

4-14



121.

122.

123.

124.

125.

126.

127.

T

2 ﬁ

Science, 39(1):111-124.

Remley, P. A., and J. M. Bradford.(1989). Relationship of soil
crust morphology to inter-rill erosion parameters. Soil Science
Society of America Journal. 53(4): 1215-1221.

Renard K G, Foster G R, et al. (1991). RUSLE : revised universal
soil loss equation. Journal of soil and Water Conservation,
46(1):30-33.

Renard K.G., Foster G.R., Weesies G.A., McCool D.K., Yoder
D.C. (1997). Predicting soil erosion by water: A guide to
conservation planning with the Revised Universal Soil Loss
Equation (RUSLE). Agricultural Handbook No 703. United States
Department of Agriculture, Washington, DC.

Renard, K. G., Foster, G. R., Yoder, D. C., & McCool, D. K.
(1994). RUSLE revisited: status, questions, answers, and the
future. Journal of Soil and Water Conservation, 49(3): 213-220.
Ritchie, J.C., McHenry, J.R. (1975). Fallout Cs-137: A tool in soil
conservation research. Journal of Soil and Water Conservation,
30 (1975): 283-286.

Robinson,A R.,(1977). Relationships between soilerosion and
sediment delivery. In:Erosion and Solid Matter Transport in
Inland Water,International Association of Hydrological Sciences
Publication no.122,159-167.

Roels,J. M. and Jonker,P. J.(1983). Probability sampling

techniques for estimating soil erosion,Soil Science Society of

%--15



B 1EFEd By —uRErass

America Journal,47:1224-1228.

128. Romero, C. C., Stroosnijder, L., & Baigorria, G. A. (2007).
Interrill and rill erodibility in the northern Andean Highlands.
Catena, 70(2): 105-113.

129. S.H. Luk, Q.G. Cai. (1990). Laboratory experiments on crust
development and rainsplash erosion of loess soils, China.
Catena,17(3):261-276.

130.  Schumm, S. (1956). Evolution of drainage systems and slopes in
badland at Perth Amboy, New Jersey, Bulletin of Geological
Society of America, 67(5): 597-646.

131.  Selen Deviren Saygin, Chi-Hua Huang, Dennis Flanagan and
Gunay Erpul.(2014). Developing Relations Between Soil
Erodibility Factors in Two Different Soil Erosion Prediction
Models (USLE/RUSLE AND WEPP) and Fluidized Bed
Technique for Mechanical Soil Cohesion.Poster session presented
at ASA, CSSA and SSSA International Annual Meetings, Long
Beach. Poster Number 1830.

132. SharmaP P, Gupta S C, Foster G R. (1995). Raindrop-induced
soil detachment and sediment transport from interrill areas. SSSAJ,
59(3):727-734

133.  Smith R E, Corradini C, Melone F. (1999). A conceptual model
for infiltration and redistribution in surface-sealed soils. Water
Resources Research,35(5):1385-1393.

134. Smith, R. E., Goodrich, D. C., Woolhiser, D. A., & Unkrich, C. L.

4-16



135.

136.

137.

138.

139.

140.

141.

142.

143.

T

2 ﬁ

(1995). KINEROS - a kinematic runoff and erosion model.
Computer models of watershed hydrology, 20, 627-668.

Stavi, ., & Lal, R. (2011). Variability of soil physical quality and
erodibility in a water-eroded cropland. Catena, 84(3), 148-155.
Sturm, T. W. (2001). Open channel hydraulics. Textbook series in
water resources and environmental engineering, 2 Ed., McGRaw
Hill, New York.,

Thomas, A. W., & Welch, R. (1988). Measurement of ephemeral
gully erosion. Transactions of the ASAE, 31(6): 1723-1728.
Tiwari, A. K., Risse, L. M., & Nearing, M. A. (2000). Evaluation
of WEPP and its comparison with USLE and RUSLE.
Transactions of the ASAE, 43(5): 1129-1135.

Torri D. (1996). Slope > Aspect and surface storage. In: Menachem
Agassi, ed. Soil Erosion, Conservation, and Rehabilitation, New
York, USA : Marcel Dakker Inc., 77-106.

Trimble,S. W.(1983). A sediment budget for Coon Creek basin in
the Driftless Area. Wisconsin,1853- 1977,American Journal of
Science,283:454-474.,

Van Ledden, M., Van Kesteren, W. G. M., & Winterwerp, J. C.
(2004). A conceptual framework for the erosion behaviour of
sand—-mud mixtures. Continental Shelf Research, 24(1), 1-11.
Walling,D. E.,(1988). Measure sediment yield from river basin.
In:Lal,R.(ed.)Soil Erosion Research Methods,lowa:SWCS,39-74.

Walling,D.E.(1983). The Sediment delivery problem, Journal of

%.-17



B 1EFEd By —uRErass

144,

145.

146.

147.

148.

149.

150.

151.

Hydrology,65(1):209-237.

Wang Y.-C. (2013). Effects of physical properties and rheological
characteristics on critical shear stress of fine sediments. PhD
dissertation, Georgia Institute of Technology, Atlanta, GA.
Wang, B., Zheng, F., Romkens, M. J., & Darboux, F. (2013). Soil
erodibility for water erosion: A perspective and Chinese

experiences. Geomorphology, 187: 1-10.

Wang, Y.-C. and T. W. Sturm. (2016). “Effects of soil physical
properties on erosional and yield strengths of fine-grained
sediments” . Journal of Hydraulic Engineering, 10: 1061.

Wendt, R. C., Alberts, E. E., & Hjelmfelt, A. T. (1986).
Variability of runoff and soil loss from fallow experimental plots.
Soil Science Society of America Journal, 50(3): 730-736.

WH Wischmeier; Use and Misuse of the Universal Soil Loss
Equation. Journal of Soil and Water Conservation, 31: 5 - 9.
Williams, J. R. (1975). Sediment-yield prediction with universal
equation using runoff energy factor. In Present and Prospective
Technology for Predicting Sediment Yield and Sources, Vol.
ARS-S-40, pp. 244-252.

Williams, J. R., and H. D. Berndt (1977). Sediment yield
prediction based on watershed hydrology. Transactions of the
American Society of Agricultural Engineers, 20(6):1100-1104.
Williamson, H. J. & Ockenden, M. C. (1996). ISIS: an instrument
for measuring erosion shear stress in situ. Estuarine, Coastal and

Shelf Science, 42(1): 1-18.

4-18



152.

153.

154.

155.

156.

157.

T

2 ﬁ

Wischmeier, W. H. and Smith D. D. (1965). “Predicting rainfall
erosion losses from cropland east of the Rocky Mountains-guide
for selection of practices for soil and water conservation,” U.S.
Department of Agriculture, Agriculture Handbook.

Yang, H., Chang, Q., Du, M., Minami, K., and Hatta, Y. (1998).
Quantitative model of soil erosion rates using **'Cs for
uncultivated Soil. Soil Science, 163(3): 248-257.

Young, R. A., Onstad, C. A., Bosch, D. D., & Anderson, W. P.
(1989). AGNPS: A nonpoint-source pollution model for
evaluating agricultural watersheds. Journal of soil and water
conservation, 44(2): 168-173.

Young,R.A. and Onstad,C.A.(1987). Soil erosion : measurement
and prediction. In:Harlin,J. M. and Berardi,C.
M.(eds.)Agricultural Soil Loss: Process,Polices,and

Prospects,Boulder,Colorado:Westview,91-111.

Zhang, K.L., Shu, A.P., Xu, X.L., Yang, Q.K., and Yu, B. (2008).
“Soil erodibility and its estimation for agricultural soils in
China.” Journal of Arid Environments, 72: 1002 - 1011.

Zhang, Q., Lei, T., & Zhao, J. (2008). Estimation of the
detachment rate in eroding rills in flume experiments using an

REE tracing method. Geoderma, 147(1): 8-15.

%-19






"ok

itek—- P R ARERRATYR

PR C100 &£ 8% 251
WEL Frcla £ 1R

K2R R

d
¢ 472 (105/08/25) 91 A 4 F

%

FELA

LA g o gl &
ERE AR RSt 1 L

jFTJmIJx,/j o

T

BL Ripsco o 4o
BATRAM L g T

B8 AR AW

2.P.3-5 2 ELFr (T RS S
AN REE I > @ P36 2
P.3-7To8(umd28as A sa)
L RAESE AT ENRE

Ak G A

N T LS 5 SR

152 gk o

BHLIREALL  citn

BHTAE S % R
3-4-3-8 0 112 HI FH =

%%

P

[e]

3.P.2°5 2 A fERE S & 0 ¢ 42BN
SERE AR G R sk o A D

H1h @9

BEHEZ AL FHZ
L Y RIS R
i A

N RILC - F & I

o5 EL
z

FRER G A PR

HERaFHEGLA E)LM

N E REF VR RN o

-1



HE I as BT 8Lk

4, R 3 HER AT A AR Rk 2k
23 o130, 01mm 2 R s 27

FEAET A G B CFR)TR?

EHLRRLAL >« 374
W o AIHF Wang &

Sturm(2016)z. A ¢

A ;\ » H
CSF (Ab4e 5 )™ % 4 ¥4t

EY RS SL R 1-Y SR

B

5.P.3-34 A#E A2 ik 2 A2 | RHLALL 5T X 5=

LR 2 MRS SRR YRS S SU AR E

W e B AR R | AP R e

e 2R AR e GRS ELRE | BREK O NIRRT RBAR

R 4 kg o a0, 82
mx0. 25 mx0.21 m) > T -KEE
B S dE g N i
FAREREEH R -]
EEBLE S F A R IES A o
IR AH e AT 2 F A
AR EAR o

6. "% % F] & LT HFRESLT EHLIERLL A4 H

%4 (20158 § 45 e F 4

F2RTHARFREFLE

PRE 4o AV 2 E 4 (2014) %
Chen et al. (2016)7= ¢ *

5L R R AR

%o kg AR A

i -2




?fgg‘f?\)\ WY BRI E o 'F
T2 FlF e S~y
T.P.3-34 B 3-9 Kin¥ &4 > v (% EHEIAELL ¢ A%
R ?2WM3-10H" T4 £ A& (T FF 28 BIPER%Y
L0005 WL H SBR[ P o
x5 :}F]n':‘fg)(?

8.P.4-2 Bjr T B K 4 (K

B &R )P T2 AR T o K E
Boif R LM E G S e
SR AR A TR R ST AR kA > 37

SR L 1

A B 85 00 5 Rt 35

SR RARZ A7 RER o ¢

e

1

o

i r TR d MR (TS

0. AFT G R4 RS 2 B

A2 fv ¥ #& 3] 79 USLE/RUSLE ~MUSLE

SRS EA ARG L AR
irg - ER ‘Q Q'E; i T /‘J—Jrr 43":‘]" o 2

¥z 4 > Ak AFf &g USLE %

FArim b o

EHMETATA

USLE/RUSLE ~ MUSLE * & %

E Pl o R T R R |
v B 2 WEPP ¢ 3% % 20 o

F (2 EP BT

S SELRE 4T )5 e

10 P % 2 B2 B> % 0 doip RMEBER L o @
By IR ARETF VIR | Ry I FEER & o

2R AR

11328 % > i i3 N R#E B R LA
e PR B R B B? | XA (2019 g A F 4

453



B 1EFEd By —uRErass

ERET

F7 TR RGBT

R oo A E A (2014)2
Chen et al. (2016)7" & *

T H R TR AR

oo fh R AR

PER > EF RINE
2 F]F e P STy E
=
12. % k- B g ik kg N R
AL 5 o E RN RN I ES - (K"
SHAP R B P | G AR ey B AR
TR IR L2 LS S A PR AFSR e AT
(DE Btz > - > |5 a2 A#FIHG2 4
BEFERORL T - 2 x| B ARk u TR
WA ESDNE T Fo | BFHFRGE MR
PR ez B REg e Bt | 2 BT R pr P
BRI 25 s 2R i | FER
B R RR S A B S
Hrn o W A B e
oo

(2) &
o B G RR
S Y ST

2}

N —




Nl A

V/”‘LP\‘E‘ o R—’\i%&i i%l"t ) 7 /#i% % :

3 GaRvH o I S-S NI g

AN

S TR

3]

B 2 AT IR

Bk B PP A Rk

PR fi)iir]'% iT v%o

455



B dErad 8T —UREFSL

NHéks SRR AR

P
LR R

105 # 127 3P

F2TH-MF2HA %3

#e 3£ (105/08/25) M AEAEF AR LE st P
FLER W 2L
I MR% SRS § RS BRFHL 0 BN
L RS R B ERAME VR | L ER
i ECEal SERECE e LS
P ANEFT{HRG o
2. REHBEL L Rehd T HRFHL > < o K
WEPER A F LRI IR | P ER
PEARERAGRTEE -
3. PE WP D RRE KR E TR ke A NN G ) A
B AEE AR 20D EE KR TR 0 A ORI 3
AR £ Ll e MR
B SRSk AR P
L&
4, ZER L HBFT (G032 gpgﬁgw,b?;\'m
Pl o@F43 7 2kr  £v | FyEke

RG-SR T A WA L

D. AP HUTRZIEE N wipk

T ISLE 2582 £ B4 5

USLE = ;% ¥ & *

%’K?viiﬁ! E‘)*éﬁf&l‘

R

’ j\’?‘—'-

856




o

Eorin . N LA E 5
YaEdvg wErad

2h R el B2 B

6. PR AKRL R RTEY > T RS SAC LS EAREE
feUSLE v #4457 & Mg o USLE; | & ¥y EHagria g 2@
2T A Bo XEFBEZ T o
Bez F2 5 ¢1 USLE = 5% e *

S A oo

[ PR R S e BRFEL S BN
A ERERERGRE - HHE  FrER-

7

fay ARk PEE 3

bt 1 SN s PN

45T



BE I8 By — R EFS L)

-8



ST SRS (I { VR

EN e LR E FRiE F A Ak Ft

Diameter = Cumulative Diameter = Cumulative Diameter = Cumulative Diameter = Cumulative Diameter = Cumulative
(mm) P (%) (mm) P (%) (mm) P (%) (mm) P (%) (mm) P (%)
0.007 7.00% 0.002 14.50% 0.002 13.50% 0.002 5.00% 0.002 2.50%
0.008 9.00% 0.003 17.00% 0.003 15.50% 0.003 10.00% 0.003 4.50%
0.009 10.00% 0.004 21.00% 0.004 17.00% 0.004 14.50% 0.004 5.50%
0.100 11.00% 0.005 23.50% 0.005 18.50% 0.005 20.00% 0.005 7.50%
0.150 17.00% 0.006 26.50% 0.006 20.50% 0.006 23.50% 0.006 10.00%
0.170 23.00% 0.007 30.50% 0.007 22.50% 0.007 27.50% 0.007 14.00%
0.240 36.00% 0.008 32.50% 0.008 23.50% 0.008 32.00% 0.008 15.50%
0.300 80.00% 0.009 37.00% 0.009 24.00% 0.009 33.00% 0.009 16.50%
0.500 89.00% 0.010 39.50% 0.010 25.50% 0.010 36.50% 0.010 17.50%
0.600 92.00% 0.020 66.00% 0.020 53.00% 0.020 54.00% 0.020 31.00%
0.700 95.00% 0.030 77.50% 0.030 68.00% 0.030 66.00% 0.030 41.00%
0.800 98.00% 0.040 86.00% 0.040 76.00% 0.040 80.00% 0.040 50.00%
0.900 100.00% 0.050 91.50% 0.050 82.50% 0.050 88.00% 0.050 58.50%
1.000 100.00% 0.060 95.50% 0.060 85.00% 0.060 90.50% 0.060 66.00%
2.000 100.00% 0.070 98.00% 0.070 86.00% 0.070 92.00% 0.070 70.00%
0.080 100.00% 0.080 87.00% 0.080 93.00% 0.080 74.50%
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L L Rt R

0.090

0.1
0.200
0.300
0.400
0.500
0.600
0.700
0.800
0.900
1.000

2.000

100.00%
100.00%
100.00%
100.00%
100.00%
100.00%
100.00%
100.00%
100.00%
100.00%
100.00%
100.00%

0.090

0.1
0.200
0.300
0.400
0.500
0.600
0.700
0.800
0.900
1.000
2.000

88.00%
89.00%
93.50%
96.00%
97.00%
97.50%
98.50%
99.00%
99.00%
99.50%
99.50%
100.00%

it 4510

0.090

0.1
0.200
0.300
0.400
0.500
0.600
0.700
0.800
0.900
1.000
2.000

94.00%
94.50%
96.50%
97.50%
98.50%
99.00%
99.50%
99.50%
100.00%
100.00%
100.00%
100.00%

0.090

0.1
0.200
0.300
0.400
0.500
0.600
0.700
0.800
0.900
1.000
2.000

76.50%
80.00%
90.50%
94.50%
97.00%
97.50%
99.00%
99.50%
100.00%
100.00%
100.00%
100.00%



HHr - R SRER TR
- ~ Case-1

REL(CEM) REGH(CMY) TBETARCM) £ F

37.23 86.74 2.33 15.98
15.16 37.45 2.47 6.14
6.25 4.71 0.75 8.29
13.93 8.79 0.63 22.08
32.16 230.59 7.17 4.49
24.45 186.12 7.61 3.21

it 4511



B l1EFsd By —uRErais

—~ ~ Case-2

R £ (cm)

23.26
11.27
20.38
9.06
13.59
28.98
5.96
18.94
20.55
9.08
2.93
9.24

XE s f(cm?)

18.90
2.18
3.34
3.68
3.76

15.76
1.09
7.94
6.86
2.54
0.77
2.05

T 32 & (cm)

0.81
0.19
0.16
0.41
0.28
0.54
0.18
0.42
0.33
0.28
0.26
0.22

£ R

28.62
58.40
124.49
22.27
49.17
53.30
32.53
45.20
61.51
32.39
11.15
41.63

X £ (cm)

i ae-12

7.98
10.92
8.78
17.52
23.01

XEa f(cm?)

1.72
3.58
1.20
1.55
22.09

T 355 A& (cm)

0.22
0.33
0.14
0.09
0.96

£ 7

36.96
33.37
64.12
198.66
23.95



= ~Case_3

XEL(CmM) XiEafHCcm?) TBFRECmM) £ F XEL(CmM) XEafHCcm?) TBFRECmM) £ FW

0.80 0.06 0.08 9.88 14.23 3.06 0.21 66.25
1.05 0.10 0.10 10.71 1.24 0.35 0.28 4.43
0.71 0.10 0.14 5.21 1.38 0.13 0.09 14.70
0.84 0.51 0.61 1.39 8.07 1.11 0.14 58.48
3.02 0.41 0.14 22.35 1.68 0.14 0.08 20.43
5.41 0.64 0.12 45.58 1.49 0.20 0.14 10.85
5.76 0.68 0.12 48.75 0.98 0.12 0.12 8.24
10.56 0.94 0.09 118.44 1.42 0.09 0.07 21.76
1.48 0.14 0.09 15.71 1.16 0.11 0.10 12.15
0.90 0.17 0.19 4.74 1.23 0.12 0.10 12.38
1.24 0.71 0.10 74.20 0.73 0.06 0.08 9.33
40.44 23.23 0.57 70.39 2.60 0.84 0.32 8.07

4513



R VR Lo o S

XEL(Cm) XiEa Hcmd)

6.06
5.06
6.52
0.42
0.43
0.82
1.18
8.17
1.94
0.72
0.89
0.79

1.13
0.40
1.79
0.03
0.03
0.09
0.12
2.66
0.20
0.05
0.10
0.08

T 355 R (cm)

0.19
0.08
0.27
0.08
0.06
0.11
0.10
0.33
0.10
0.07
0.12
0.10

£ F
32.44
64.65
23.79
5.53
7.09
741
11.66
25.10
19.19
10.79
7.51
7.65

XEL(Cm) XiEa Hcmd)

4514

0.58
0.74
2.03
0.60
0.49
2.81
0.98
0.25
3.52
1.07
1.26
0.30

0.04
0.07
0.16
0.05
0.05
0.35
0.07
0.01
0.24
0.08
0.16
0.02

T 35% & (cm)
0.07
0.10
0.08
0.09
0.10
0.13
0.07
0.04
0.07
0.08
0.12
0.05

£
8.12
7.66
25.57
6.78
5.08
22.49
13.23
5.57
51.12
13.52
10.17
5.66



XEL(Cm) XiEa Hcmd)

17.87
1.20
1.02
4.53
0.50
0.74
1.67
3.51
0.57
0.65
0.73
1.64

4.53
0.08
0.04
0.54
0.06
0.14
0.16
0.32
0.04
0.03
0.04
0.17

T 355 R (cm)

0.25
0.07
0.04
0.12
0.12
0.19
0.09
0.09
0.08
0.05
0.06
0.10

£ B

70.47
17.48
23.46
37.91
4.06
3.92
17.88
38.31
7.44
12.74
12.29
15.98

XEL(Cm) XiEa Hcmd)

4515

2.44
2.44
0.49
0.54
1.32
2.73
0.41
1.04
0.29
0.72
0.66
0.32

0.17
0.27
0.03
0.03
0.10
0.16
0.02
0.09
0.02
0.12
0.09
0.03

T 355 R (cm)

0.07
0.11
0.06
0.06
0.07
0.06
0.04
0.08
0.08
0.16
0.14
0.08

£ Fv
35.19
21.74
7.87
8.54
18.25
46.52
10.54
12.71
3.84
4.50
4.79
4.04



R VR Lo o S

XEL(Cm) XiEa Hcmd)

1.19
0.60
0.44
3.33

39.32
3.98
2.04
4.50
6.13
1.69
2.55
1.36

0.12
0.05
0.03
0.43
83.94
1.09
0.14
1.26
0.83
0.10
0.16
0.09

T 35% & (cm)
0.10
0.08
0.06
0.13
2.13
0.27
0.07
0.28
0.13
0.06
0.06
0.07

£ F
11.91
7.72
7.78
25.66
18.42
14.55
29.34
16.13
45.46
29.92
4191
20.19

XEL(Cm) XiEa Hcmd)

it 4516

1.36
2.09
0.69
1.67
1.41
0.84
0.36
3.66
4.16
2.92
7.76
2.24

0.26
0.15
0.10
0.14
0.17
0.12
0.03
0.92
0.4
1.25
12.56
0.4

T 35% & (cm)
0.19
0.07
0.14
0.08
0.12
0.14
0.07
0.25
0.11
0.43
1.62
0.20

£ Fv
7.22
28.30
4.96
20.28
11.75
5.85
4.89
14.59
39.39
6.82
4.80
11.32



XEL(CmM) XiEafHCcm?) TBFRECmM) £ F XEL(Cm) XiEafHCcm?) TBFRECmM) £ FW

9.39 5.35 0.57 16.47 15.54 207.19 13.33 1.17
1.75 0.26 0.15 11.65
38.85 212.12 7.02 5.53
0.61 0.12 0.20 3.03
0.55 0.17 0.30 1.84
0.85 0.33 0.39 2.17
0.93 0.36 0.39 2.40
1.54 2.05 1.34 1.15
6.13 17.01 2.77 2.21
0.75 0.26 0.35 2.16
0.97 0.33 0.34 2.81
1.55 1.66 1.07 1.45

it 4517



B l1EFsd By —uRErais

z ~ Case 4

XEL(CmM) XE®MHF(Cm?) THFTR(CmM) £ T XEL(CM) XE®MHF(CEm?) THFR(CmM) £ T
37.86 39.25 1.04 36.51 1.79 0.29 0.16 11.15
6.93 12.67 1.83 3.79 2.38 0.42 0.18 13.45
8.33 2.97 0.36 23.36 2.35 0.44 0.19 12.49
4.35 1.07 0.25 17.63 3.47 0.75 0.22 16.06
4.39 1.00 0.23 19.24 3.29 1.11 0.34 9.78
8.66 1.78 0.21 42.06 3.51 0.75 0.21 16.43
5.68 1.23 0.22 26.18 2151 14.95 0.70 30.94
1.95 0.30 0.16 12.55 2.66 0.70 0.26 10.17
6.17 1.40 0.23 27.20 3.39 1.32 0.39 8.70
4.33 0.94 0.22 19.88 17.43 28.40 1.63 10.70
4.15 1.27 0.31 13.58 3.19 0.51 0.16 19.95
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B l1EFsd By —uRErais

XEL(CmM) XEMHF(Cm?) THFTR(CmM) £ T XEL(CM) XE®MHF(Cm?) THFR(CmM) £ T
30.04 8.01 0.27 112.68 1.23 0.22 0.18 6.77
3.81 1.00 0.26 14.58 3.25 1.33 0.41 7.93
1.76 0.60 0.34 5.19 1.78 0.34 0.19 9.35
0.41 0.07 0.18 2.30 1.53 0.29 0.19 8.12
0.97 0.29 0.30 3.27 1.58 0.51 0.32 4.90
1.55 0.22 0.14 10.85 1.82 0.37 0.20 8.88
5.48 5.31 0.97 5.66 3.84 1.12 0.29 13.18
3.95 1.06 0.27 14.71 3.42 1.27 0.37 9.24
4.56 2.26 0.50 9.19 2.87 1.38 0.48 5.99
4.95 7.22 1.46 3.39 3.84 1.30 0.34 11.40
22.20 38.05 1.71 12.95 5.19 2.73 0.53 9.89
1.06 0.22 0.21 5.15 2.06 0.42 0.20 10.12

St hg-2



REL(Cm) XE®FHF(Cm) TBETAR(CM) & T

3.69
3.98
2.31
2.68
3.45
6.73
1.88
55.50
2.79
3.58
2.57
3.77

1.90
0.99
0.55
0.83
1.69
3.11
1.63
210.24
1.00
2.11
0.48
2.14

0.52
0.25
0.24
0.31
0.49
0.46
0.87
3.79
0.36
0.59
0.18
0.57

7.16
16.03
9.73
8.71
7.05
14.55
2.17
14.65
7.79
6.09
13.91
6.67

REE(CM) XE®HCm?) THERECM) £ F

-3

3.09
4.99
4.79
7.70
2.66
5.38
11.61
0.85
2.49
0.61
5.78
5.25

0.74
1.54
1.20
5.79
0.36
2.16
9.35
0.16
0.42
0.12
1.95
3.06

0.24
0.31
0.25
0.75
0.14
0.40
0.81
0.19
0.17
0.20
0.34
0.58

12.99
16.15
19.03
10.23
19.65
13.38
14.41
4.57

14.74
3.08

17.16
9.01



B l1EFsd By —uRErais

XEL(CmM) XEMHF(Cm?) THFTR(CmM) £ T XEL(CM) XE®MHF(Cm?) THFR(CmM) £ T
6.02 2.24 0.37 16.19 191 1.10 0.57 3.33
4.76 0.90 0.19 25.16 6.96 2.07 0.30 23.42
37.43 78.32 2.09 17.89 0.73 0.09 0.13 5.59
6.77 2.10 0.31 21.89 0.50 0.07 0.14 3.52
6.05 4.26 0.70 8.58 1.72 0.33 0.19 9.07
1.73 0.44 0.25 6.88 1.50 0.33 0.22 6.82
0.37 0.04 0.10 3.72 0.81 0.15 0.19 4.36
4.45 1.09 0.25 18.13 12.09 5.21 0.43 28.01
7.42 1.90 0.26 28.96 5.04 191 0.38 13.29
2.90 1.06 0.36 7.97 2.20 0.47 0.21 10.38
2.75 0.89 0.32 8.52 4.02 1.07 0.27 15.09
6.01 4.06 0.68 8.88 4.73 2.58 0.55 8.66
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XEL(CmM) XEMHF(Cm?) THFTR(CmM) £ T XEL(CM) XE®MHF(Cm?) THFR(CmM) £ T

8.72 4.68 0.54 16.22 6.45 1.93 0.30 21.53
2.32 0.64 0.28 8.39 3.74 0.90 0.24 15.52
3.11 0.88 0.28 11.00 4.41 1.10 0.25 17.76
3.27 0.97 0.30 11.02 11.78 5.22 0.44 26.59
4.40 6.58 1.50 2.94 0.48 0.07 0.14 3.40
2.54 0.56 0.22 11.57 3.14 2.46 0.79 4.00
2.93 0.56 0.19 15.33 1.02 0.31 0.31 3.31
2.13 0.66 0.31 6.91 2.63 0.51 0.19 13.69
1.00 0.24 0.25 4.06 1.70 0.29 0.17 9.79
3.63 0.94 0.26 13.94 4.46 0.85 0.19 23.37
4.52 0.88 0.19 23.16 1.80 0.64 0.35 5.08
5.62 1.47 0.26 21.46 2.46 0.58 0.24 10.43

455



B l1EFsd By —uRErais

XEL(CmM) XEMHF(Cm?) THFTR(CmM) £ T XEL(CM) XE®MHF(Cm?) THFR(CmM) £ T
1.15 0.19 0.17 6.87 2.51 0.51 0.20 12.36
2.25 0.40 0.18 12.75 13.97 19.50 1.40 10.01
3.21 0.83 0.26 12.45 27.07 55.93 2.07 13.10
1.32 0.22 0.16 8.04 3.06 0.66 0.22 14.20
2.66 1.05 0.39 6.76 1.76 8.24 4.68 0.38
3.11 0.69 0.22 13.94 5.90 10.78 1.83 3.23
5.41 1.07 0.20 27.48 7.75 2.97 0.38 20.25
7.02 1.24 0.18 39.83 7.90 1.11 0.14 56.45
6.29 1.49 0.24 26.51 5.28 1.07 0.20 26.08
4.02 0.77 0.19 21.09 1.58 2.07 1.31 1.21
2.16 0.45 0.21 10.39 3.22 2.07 0.64 5.01
5.71 0.96 0.17 34.02 4.62 0.88 0.19 24.34

56



REL(Cm) XE®FHF(Cm) TBETAR(CM) & T

2.06
1.64
2.41
0.97
1.89
9.69
0.72
1.30
1.26
2.58
16.36
3.14

0.47
0.34
1.20
0.20
0.60
2.79
0.12
1.19
0.30
0.53
13.70
0.75

0.23
0.21
0.50
0.21
0.32
0.29
0.17
0.92
0.24
0.21
0.84
0.24

9.02
7.95
4.84
4.70
5.98
33.58
431
1.41
5.30
12.53
19.55
13.11

REE(CM) XE®HCm?) THERECM) £ F

i -7

3.18
1.79
2.08
4.09
4.10
5.44
1.14
4.53
1.99

15.63
2.50
1.09

0.71
0.29
0.55
0.81
0.81
9.32
0.22
2.87
0.41
43.01
0.83
0.36

0.22
0.16
0.26
0.20
0.20
1.71
0.19
0.63
0.21
2.75
0.33
0.34

14.18
11.11
7.85
20.74
20.90
3.18
5.99
7.15
9.65
5.68
7.60
3.23



B l1EFsd By —uRErais

XEL(CmM) XEMHF(Cm?) THFTR(CmM) £ T XEL(CM) XE®MHF(Cm?) THFR(CmM) £ T
1.94 0.83 0.43 4.56 2.67 0.66 0.25 10.87
6.41 2.22 0.35 18.49 4.22 0.91 0.22 19.47
5.02 3.55 0.71 7.11 38.30 50.82 1.33 28.87
2.70 2.47 0.92 2.95 3.14 4.66 1.48 2.12
1.13 0.49 0.44 2.59 8.17 18.97 2.32 3.52
8.51 1.86 0.22 38.86 9.03 52.92 5.86 1.54
0.74 0.18 0.25 2.98 1.09 0.29 0.26 4.13
1.04 0.21 0.20 5.09 2.37 0.55 0.23 10.26
1.22 0.27 0.22 5.45 2.02 0.43 0.22 9.38
2.67 1.17 0.44 6.09 8.87 3.90 0.44 20.14
3.73 1.21 0.33 11.48 2.25 0.66 0.29 7.71
1.21 0.27 0.22 5.49 1.42 0.44 0.31 4.57
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REL(Cm) XE®FHF(Cm) TBETAR(CM) & T

17.99
1.87
5.66
1.53
3.91
1.50
4.10
2.81
1.88

15.74
6.09
1.90

98.61
0.40
1.51
0.37
0.99
0.33
2.02
0.93
0.49

41.91
4.63
0.35

5.48
0.22
0.27
0.24
0.25
0.22
0.49
0.33
0.26
2.66
0.76
0.19

3.28
8.68
21.21
6.23
15.38
6.90
8.30
8.52
1.24
5.91
8.02
10.20

REE(CM) XE®HCm?) THERECM) £ F

-9

1.42
6.04
4.52
2.99
6.10
8.78
3.60
1.50
7.42
2.84
8.32
6.99

0.59
2.08
2.21
1.73
1.39
2.78
0.77
0.32
9.06
1.33
3.97
1.72

0.42
0.34
0.49
0.67
0.23
0.32
0.21
0.21
1.22
0.47
0.43
0.25

3.38
17.53
9.26
3.86
26.67
27.76
16.83
6.96
6.07
6.08
19.36
28.40



B l1EFsd By —uRErais

REE(CM) XE®HCm?) THERECM) £ F

12.15 19.54 1.61 7.55
1.84 0.40 0.22 8.50
0.84 0.24 0.28 2.96
18.26 24.23 1.33 13.76
1.75 1.84 1.05 1.67
50.50 1037.21 20.54 2.46
0.94 0.14 0.15 6.49
0.80 0.14 0.18 4.50

XEL(CM) XE®MHF(Cm?) THFR(CmM) £ T

1.73
1.35
9.47
7.09
33.07
0.71
20.54
1.99

#4510

0.61
0.12
1.74
2.26
14.50
0.20
15.33
0.80

0.35
0.09
0.18
0.32
0.44
0.28
0.75
0.40

4.89
15.22
51.45
22.22
75.43

2.92
27.53

4.92



7 ~Case 5

REpL(em) XEef(Cm2) TBFR(CmM) £ F RiEpL(em) XEef(Cm2) TBFR(CmM) & F

0.33 0.02 0.06 5.50 0.72 0.12 0.16 4.43
0.25 0.02 0.07 3.69 0.35 0.03 0.10 3.71
2.26 0.24 0.10 21.62 4.23 0.71 0.17 25.30
0.73 0.07 0.10 7.11 3.39 0.39 0.12 29.19
1.53 0.23 0.15 10.05 3.68 0.73 0.20 18.68
0.62 0.09 0.15 4.05 1.13 0.14 0.12 9.44
2.90 0.82 0.28 10.26 2.78 0.32 0.12 24.12
0.62 0.08 0.12 5.05 6.23 7.95 1.21 5.14
3.87 1.30 0.34 11.54 1.69 0.13 0.08 22.50
2.69 0.44 0.16 16.52 0.83 0.08 0.10 8.33
1.15 0.14 0.12 9.72 1.68 0.17 0.10 16.62

it 4511



B l1EFsd By —uRErais

®XE £ (cm)

0.88
0.52
3.12
4.19
10.59
1.08
0.98
2.69
6.98
0.90
4.15
1.32

X5 #(cm2)

0.08
0.06
0.76
0.67
2.50
0.16
0.11
0.32
0.89
0.09
0.45
0.12

TER(CM) & 7w

0.10
0.11
0.24
0.16
0.24
0.15
0.11
0.12
0.13
0.10
0.11
0.09

9.10
4.78
12.88
26.29
44.85
7.13
8.91
22.38
S4.77
8.87
38.10
14.61

®XE £ (cm)

it 45-12

1.39
8.00
4.77
0.87
1.44
1.51
1.42
1.05
0.79
1.06
0.26
6.45

FiE e #(cm2)

0.14
0.91
0.65
0.08
0.17
0.12
0.11
0.15
0.06
0.10
0.02
3.37

TP R(CM) £ F

0.10
0.11
0.14
0.09
0.12
0.08
0.08
0.15
0.07
0.09
0.06
0.52

13.44
70.50
35.03
9.32
12.36
18.41
18.75
7.12
10.75
11.30
4.15
12.33



®XE £ (cm)

12.39
1.84
2.79
0.28
0.97
1.53
1.75
0.48
1.46
0.79
9.48
2.84

X5 #(cm2)

8.78
0.26
0.33
0.02
0.11
0.21
0.31
0.06
0.38
0.10
0.98
0.26

TER(CM) & 7w

0.71
0.14
0.12
0.06
0.11
0.14
0.18
0.13
0.26
0.13
0.10
0.09

17.49
13.18
23.53
4.84
8.56
11.00
9.89
3.77
5.58
5.91
91.88
30.79

®XE £ (cm)

4513

5.52
1.70
12.30
1.86
1.68
9.11
2.94
11.77
1.78
0.85
1.32
5.37

FiE e #(cm2)

1.54
0.38
7.15
0.93
0.13
8.11
0.50
17.33
0.54
0.17
0.17
0.97

0.28
0.22
0.58
0.50
0.08
0.89
0.17
1.47
0.30
0.20
0.13
0.18

TisH R (Ccm) £ R

19.86
7.66
21.15
3.71
21.92
10.23
17.34
8.00
5.89
4.30
10.19
29.63



B l1EFsd By —uRErais

KELCmM) XEaffccm2) TIBFR(ECmM) £ F

15.12 31.57 2.09 1.24
4.15 0.52 0.13 32.81
0.68 0.08 0.12 5.77
0.22 0.02 0.11 2.08
0.30 0.04 0.14 2.09
1.12 0.67 0.60 1.89
0.17 0.02 0.11 1.56
27.99 631.89 22.58 1.24
29.21 267.16 9.15 3.19
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