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Surface Cover Application for Reduction of Runoff and Sediment Discharge from Sloping Fields
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ABSTRACT

To measure effects of surface cover on runoff and sediment discharge reduction using rainfall simulator, four(5 mx30 m scale) plot
experiments were conducted in this study. Surface covers made with straw mat, Polyacrylamide (PAM), chaff, and sawdust were
simulated 4 times under 31.1~44.4 mm/hr rainfall intensities. Compared with results from control plot, the time of runoff generation
is delayed and outflow volume decreased with surface cover. Effects on runoff reduction of straw mat, PAM, sawdust and chaff ranged
4.7~81.5 % and runoff rate reduced by 6.5~76.1 % respectively, when compared with those from control plot. The percentage of
decrease in sediment discharge were 99.7~99.8 % from straw mat +sawdust + PAM plots, 85.9~95.6 % from straw mat+PAM plots,
and 98.5~99.4 % from straw mat+ chaff+ PAM plots. The runoff, sediment discharge, and SS concentration reduction efficiencies
of the cover materials were outstanding when compared to control plot. It was analyzed that reduction of runoff and sediment
discharge were mainly contributed by decrease in rainfall energy impact and flow velocity and increase of infiltration due to the
surface cover materials. The results could be used as a base for the development of best management practices (BMPs) to reduce

runoff, sediment discharge from sloping field.
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Fig. 1 Sketch of the field plot
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Table 1 Result of the rainfall simulator using by rain gauges

(Unit: mm/hr)
Classification i;fj?;ig 5_1’\_/[; Aij[j Bare |SM+PAM 55/1; A(li}l{ Average
Ist 0.6 29.6 33.7 34.1 27.0 31.1
2nd 1.0 35.0 45.9 44.6 36.7 40.6
3rd 0.8 30.2 41.8 40.1 35.7 36.9
4th 1.2 43.3 45.5 46.7 42.1 44.4

- SM: Strawmat, SD: Sawdust, CH: Chaft.
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Table 2 Comparison of runoff start time

Classification/Rainfall SM+ 5D Bare SM+CH

+PAM SMH+PAM 1 by

Ist 31.1 |23 min 40 sec|17 min 20 sec|15 min 40 sec|33 min 15 sec

2nd 40.6 | 5 min 00 sec | 2 min 20 sec | 5 min 00 sec | 5 min 30 sec

3rd 36.9 |9 min 20 sec | 3 min 10 sec | 6 min 15 sec | 6 min 40 sec

4th 44.4 | 6 min 40 sec | 3 min 45 sec | 8 min 00 sec | 8 min 25 sec
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UERH Tefazolch, 12} AdollA] Fig. 29 Zro] U] Al ze}
Y4+ PAME A5t AldZoA a2 343 S7HIE B
P, HA + A + PAMIE BA + R+ PAME A2lsh AlE
Eof|H= AAE] F7HAIE Koot 747t SREH F43] 1
Aohe A9RE Borh YAVTEe B+ PAME TEeh A[dE
oAl WS S&eR 232 m'T} 2.21 m’E 2 Xpol7} gl
S5 UeSIth (Table 3). WAVYE) ] Aot vlistgle
YT} PAMRRS o8sto] AEE TESE H- (4.7 % A1)
Astar, FHat GAE TR 9&53 A2 M= fEF
AZEI7} 65.5 %} 81.5 %E Ego] Yehton] EylEch
GAE AESE A ZAN fEF A 5L o 2 AR
EPSAT) (Table 4). o] 7ol olafl BHgolA ofgHd AS0]

1st Outdoor Rainfall Simulation
25

—e— Stawmat + Sawdust + PAM
20 <= Bare
a —— Strawmat + PAM
—e— Strawmat + Chaff + PAM
& 15
7}
=
5
S 101
x
0.5 -
0.0 +

. .
00:40 01:00 01:20
Time(min)

Fig. 2 Variation graph of runoff at the 1st experiment
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3o £2 € F 3% 43S 3] A
WA Slobv] whie] &t §280] ZolE Aow Ukt
W) G 4EES 1~ 24 Aus $Ush UAARE

0.622 7P¢ 37 Yergton, HA+ 97 + PAME A3t A
LA 1.31 m’T} 0.24% 7} 27 Yepdeh (Table 3). &
Ze) 925 AUES WA+ PAMS A3t AJgzoA 25,87}
22.6 %, A+ %A + PAME A2t AldaEolA 66.22 61.3 %,
HA + E5F+ PAMES A2j3t AF2ol|A] 62.99F 48.4 %2] A7t
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Fig. 3 Variation graph of runoff at the 2nd experiment
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Fig, 4 Variation graph of runoff at the 3rd experiment

Table 3 Runoff and runoff rate according to surface cover

4th Outdoor Rainfall Simulation
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Fig. 5 Variation graph of runoff at the 4th experiment

Table 4 Reduction rate of Runoff and runoff rate according

to surface cover
| SM+SD+ Bare e pa | SMHCH
Different | _ . PAM PAM . SM+ SD+ PAM SM+ PAM SM+ CH+ PAM
. b Rainfall 3 Different | _ . -
in number Runoff (m’) 0 number Rainfall | Reduction rate of runoff (%)
Runoff rate Reduction rate of Runoff rate (%)
. 0.80 2.32 2.21 043 65.5 17 815
Ist | 311 0.18 046 043 011 Ist | 311 609 65 761
2.80 5.25 406 1.80 467 22.7 65.7
Znd | 406 053 076 061 033 2nd | 406 303 197 56.6
144 3.88 2.88 131 62.9 958 66.2
drd | 369 0.32 0.62 0.48 0.24 rd | 369 18.4 22.6 613
1.59 5.17 3.87 1.50 69.3 25.1 71.1
dth ) 444 0.24 0.76 055 0.24 dth ) 444 67.7 27.0 68.8
- Runoff rate: Runoff (m®/ Area (m”)/Rainfall (mm) *1000 _ Vax 69.3 258 815
: 67.7 27.0 76.1
E7} et (Table 4). - v | BT e o
N _ ~ _ ~ _ . ) ob.
424 AS 23 Addo] vlgl] 7;9Fo] 3.8 mm S7FFol oLl 196 i
= BFekl &%) asks Aog el o= 7o) T | e 518 50 65.7
[e)

T S A DA AHE eAfet A3Eet WA A
o] Gz A At Az E2EHA| 2| B

h=
BAE, AF FUD TS FAT A9 A9F 24 E
A 2457 913 21019 A 37Kk, vete] <
: 0
=

2 1~ 32F Aola} S UAIA A2t le} < o RE
+PAME 2|3t AR A 517 m’3} 0.7622 714 37 1}
ehom, WA+ 9A + PAME Ajd AlgZolA 150 m*
0.242 7P A7) Ut (Table 3). F3t 4543 428 A
HES Hal+ PAME Aot AlEol|A 25.13 27.0 %, H3E

+ %A 4+ PAME A3t AP EAA 71.12} 68.8 %, HA+ &
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- Reduction rate: [(Bare-Surface cover)/ bare]*100

B+ PAME A2t AlRlE
UERETH (Table 4).

2 743= Won et al. (2011)0] B F4 <A 18
AM~ ol-gsto] Adgt AifollA BF I} PAMO| YAE A
2algls o Bk kS A2lste] Adg Auprt fEl T
& 2L dokar g Aol Aolsiet, AP At AQlEA
AR 27004 o]FolX Apr A FFAR=L} ZHARY T1R]al -
b ZFErAE 5o a7t ql7) el Aol

oA 69.39+ 67.7 %2] AgtEII}
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sto] &3 AdAEYE ¥ P‘i A1} 33~ 75 %o Agans}

Qlohal 5kgict &3t McElhiney and Osterli (1996)2 PAMS
olgsto] HlEo| B9 ?é!—‘zr%*f:i 2t} 40 %7HA F7HARICAL
[odet. o= 2 dAtollA HAAZ + PAME of-85o] Azaxt
713t Ao} 2 zjolE Hollg| o= B ¢Tre] Ao 24
b 7AAELL A17Fg 30 mm o] 9w R AaeiTele] A
1 G} Aot o Ao mojA,
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[ﬂJ

n“ ol

4. FAEL SS B

Table 5% & $& & 2 AIFEA SAE SARR} WA
Aol Blwste HEAE Aestie uf xm QA A7
agolch 12 HEAT} YA AP AL 237.1 kel EAZF

st o, BE + PAME AHefek AlF oA YA et &
ARt fERFo] WAIgSolle Etelal #2494 (974 0.074 mm
o2l EAPF SR ol E3t FHa HAE A2t A
oA EAPL TS| ¢hot U deel vlwetyls o &
AR AL 100 %% A2 YERTE Table 69 SS & &
AANE ARE F&53E AFEA 111~ 209 mg/LE YA
gof vlaf mij¢ W& AS & 4= Sk AFAT= Lentz and
Bjorneberg (2003)°] B HAL PAME o] 88 AL SAE
100 % A3k 4= Slkar gt Aute} fARE Aakg vehi. o]
2t Aik= fEA7F EFHHES Seal S A6t wfie]
LAERS A 7HA)17]2 (Flanagan et al ,1997), B2l A7t= 4
8749 AEAEZR] PAMo] EGF QAR AgES S7HIA
o] oAEl Aoz wehEch (Entry, et al., 2002). 2~ 42}
oA YAA 2} v S uf tM+PAM— T ESE Al
NA FAREE 85 % oS ARAITL UEsaL, SS FEe
9 % ol AFEITL Y= ALE YET SR FH

74—3— 715t ARzl A= 98% olde] fARE AdAELTL U
B, SS s 80 % oA =& AREIT} Uit o]
A#5 B8 fEA 7} 732 e Ao o3t EYALY

o|gt (detachment)Z 7AA|7]aL (Boix-Fayos et al., 1998),

°H~l

=06
=
18] 0]
=

PH n :lo 0

otg <

[‘l[‘

B YRse TMIEH, Aubos AHGETe] o
Hol A frARFE #ARl Aol 7Ilske Ao

t}. o]2f3t AIk= Tiscareno-Lopez et al. (2004)0] #7432 7
AR SpE ol831] A EE 0~ 100 % HIEE )5S}
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Table 5 Sediment and reduction of sediment rate according
to surface cover

SISO+ SM+CH+
Bare SM+ PAM
Different |, _ PAM o
; Rainfall
in number Sediment(kg)
Reduction rate of sediment
] - 237.1 - -
Ist 31.1 100 - 100.0 100.0
07 400.5 36.4 2.5
06 317.2 14.0 2.2
3rd 36.9 99.8 - 95.6 99.3
08 249.2 35.2 3.8

Table 6 SS con, and reduction of SS con, rate according to
surface cover

SM+SD+ SM+ CH+
Bare SM+ PAM
Different . PAM PAM
. Rainfall
in number SS(mg/L)
Reduction rate of SS
209 36,02 111 125
Ist | 3L1 99.4 - 99.7 99.7
2,004 37,14 8,186 3,220
2nd | 406 94.6 - 780 91.3
788 32,00 6,027 9,147
rd | 369 975 - 81.2 93.3
2,421 24,31 7,540 4,079
S 90.0 - 69.0 83.2

A o, A0 gEgo] FIeE BoF fAlge] dadite
Aol ARk Aol

Fig. 6% A R T REFE 2T flumed] Bl EAF
o] B5E gEA FREE yehd Zlolth Bl + PAM+ &
o 3+ 59, A+ PAM A+ GA AIFZ9 flume WA Al
2| flume Tt EJZE EAlFo] Aglon, Bl nl&igt ¢l

[ =1

Agro] §28 Ao 2AE

Iv. 2ot U A&
B AT el MASHE WEedY A Bk
9Jsto] ssAle} ARETNT PAMS HAH) ol 83kt
F7M

AT Wl AR A A B FF5S
Ie) El

AR, GB35 §4E F2AIN WAL B EAFOR
M AEE $2 GEA 1B WIS AY T 4 Sl A



(c) SM+PAM

(d) SM+PAM+ CH

Fig. 6 Figure of sediment according to surface cover

7t wESE Al M= FEF AdELTE 65.5 %9k 81.5
%R FHo| e on, FHETE YAE A AP EA F
S A% 5Pt o & 208 YEith o] kel gs B
Zoj|A o]t hASo| HFoR wEEA] ok A%E 1EF
OB A9 EES wo|1L, HEAT} U AE A
7 B AR S A AT 5 8] tEoR ol
A}, ot g5 A7t EFEHO] Seal A4S Apdstal WAl
H7FE g4 o] mExEZ0l PAMO] E9F ¢RIte] AgEs
S7HA FAREE 9SS B AfaEItE et UAAEE
o} HluE o B PAM, B 1gal SAE o] 83t A
EE TES APEA FARFS 85.9~99.8 %] AfEI}
Ve, SS BEE 69.0~99.7%2] AFAI7} Qe Aor
et ol A%E 9E53 9547 79| gHEouAof 9
3t B} o]eH(detachment) S FaAl7]al, EFOR HEL
< 7N, AutH o AH{ERkl 23E] fAE=
FARES AR Ao 71%08ke AoR v 2 A

o= T
e 2ol ofgt Yt A=l mAle Y= st ok

7] wjgo] F7449 ¢
o e, B3 Rgolt 78 1B g 4857 ¢
AR fh BAdo] ol2olA|A] eey] ujEe], A1)
Hgala gsl] dalis el Asagal vjmy
57] Sfo) a-Eks Wgat ol
oF g Ao® molar,

=0
o=

T-= Eco-star (HAHE 11-7-6) A9 dH] A

e re

bo} 2=t olol ZAR= Y,
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