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Predictive Equations for Deposits and Sediment Yields

at Irrigation Reservoirs
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Summary

The objectives of this paper were to develop predictive equations for reservoir deposits
and watershed sediment yields based on sediment survey data for irrigation reservoirs. Hund-
red reservoirs of various sizes, which have the surveyed data for sediment deposits, were
chosen and fourteen watershed physiological and hydrological parameters were investigated.
Correlationships between watershed parameters and sediment deposits were investigated
and a best fit regression equation was derived, which may be applied for estimating reservoir
sediment deposits. The sediment deposits were converted to the watershed sediment yields
by applying the trap efficiencies and specific weights. The resulting sediment yields were
related to watershed parameters and an empirical predictive equation was also proposed

that may be used for rough estimations of watershed sediment yields.
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Table-1. Empirical equations for reservoir deposits

Researchers Year Site Empirical equations References
Eum et al 1968 1 SD-15 method review KSAE 10(1)
Yoon et al. 1972 31 Mean D=1068 m®/km?/yr KSAE 13(2)
You et al 1975 30 D=1.27(C/A) KSAE 14(3)
You et al 1976 9 D=143(C/A)* KSAE 17(3)
Shin et al. 1979 16 Mean D=536m?/km?/yr KSAE 21(D)
Yoon Y. N. 1981 113 (D/A) =1334.08A% T %6 KSCE 1(D)
Ahn et al. 1984 66 (D/A) =3495.425A"63 T, 256 KAHS 17(2)
Suh et al. 1988 122 Local D=aA® CL2L® KSAE 30(4)
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Table-2. Location and size of selected reservoirs

. Watershed area(km?®)
Province Total
0~10 | 10~20 | 20~30 | 30~40 | 40~50 | 50~60 | 60~70 | 70~80
Kyoung gi 3 6 1 1 1 1 13
Gang weon 3 1 4
Chung buk 2 3 5
Chung nam 10 8 4 23
Jeon buk 2 2 4
Jeon nam 17 7 1 28
Kyoung buk 7 6 16
Kyoung nam 4 3 7
Total 45 38 10 2 1 0 1 100
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Table-3. Statistics for watershed characteristics of selected reservoirs

Characteristic parameter Units Min.RangeMax. Average Std. dev. Re(l.%e)rr.
Rainfall erosivity R 2300 650.0 4614 99.7 216
Average annual runoff 10°m?® 1053 | 48153 8417 803.7 95.5
Watershed area - km? 18 710 13.9 110 79.1
Circumferencial length km 5.7 415 15.8 6.5 411
Main stream length km 2.0 15.8 5.2 25 48.1
Shape factor 0.1 1.3 05 0.2 40.0
Basin relief m/km 10.1 96.0 46.5 235 50.5
Forest area km? 0.7 46.0 9.7 85 876
Paddy area km? 0.0 105 1.8 18 100.0
Upland area km?® 0.0 4.8 0.7 09 128.6
Deposit period year 3.0 65.0 31.1 144 46.3
Reservoir capacity m'/km® | 31880 | 230242 | 472088 | 593766 | 1258
per watershed area
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Table-4. Correlation coefficients between
specific sediment deposits and wa-
tershed parameters for their normal

and log-transformed values

Correlation coefficients
Normal value| log value

Watershed parameters Remarks

Vatershed ares, A~ | —049 ) —07 A, oS Wael WAEMEBE Table-50)
Main stream length, L —057 —0.73 R Zo i ol mx o
Circumferential length,CI|  —053 | —065 b ol —0212 #iEt ARl A &
Forest area, As =023 —065 gk,

L HHERD s @RS B
LA B vho} Bol KK R ED
Mo WBERS MRE 1 USAR D2 AR

Reservoir capacity

/watershed area, C/A 052 059

Average 047 067

Table-5. Correlation coefficients between specific sediment deposits and watershed
parameters

P S X1 XZ X% X4 X§ X6 X7 x8 XQ xl() Xll XIZ X13 Xl4
S 10 | —75|—65|—73| 34| .26| 47| .04| .59|—.65|—.33|—.19|—.21|—.36| .36
X; |—.75| 10 81y 95|—36|—43| —58| —24| —40 91} 39| .12 36| .31}—.12
X | —65{ 81| 10 83[—60(—.22(—22{—20|—45( .80 .20( .05 .30 .28|—.20
Xy |—.73] 95| .83} 10 |—43|—38]—46|—.17|—.35| .89| .33| 08| .32| .26|-—.11
X, 34| —36|—.60 —43| 10 | —.06| —.24| —.01| .32|—40] .17 .12(—.08|—.09| .29
Xs 26| —43(—.22] —.38( —.06( 10 27 181 12| —34|—.29| —.11|—.22| —.07| —.16
Xe

X:

Xs

47| —58| —22|—46|—24] 27| 10 20 16| —44| —.51|—.18|—.24| —.25| —.03
04| —24] —20| —.17| —.01 18| 207 10 | —.10(—.11(—.33| —.06| —.32| —.35| —.21
59| —40| —45| —.35| .32 12| 16| —.10( 1.0 [—45] .09| 06| —.03| —.12 42
Xy | —.65 91 80| 89| —40| —34(—.44|—.11|—45]| 10 12| —.05 19 16| —.14
X | —.33 39| 20| 33| .17|—.29|—51|—.33] .09 12 10 47 26| 36| —.05
Xn | —.19 12 .05 08| 12| —.11(—.18| —.06| .06| —.05| 47| 1.0 21 A7) .06
X | —21 36| 30| 32(—.08|—.22|—.24|—32,—.03| .19/ .26| .21| 10 150 13
Xz | —.36 31 .28 26(—.09| —.07|—.25|—.35]|—.12| .16| .36| .17 151 1.0 | —.11
Xu 36 —.12| —.20| —.11 29| —.16| —.03| —.21 42| —.14| —.05 .06 A3 —.11¢ 10
& . P=parameters, S=log(D), X;=log(A), X;=log(C), Xs=log(L), Xy=log(F), Xs=log(Dy,
Xs=1log(Dy), X:=log(R.), Xs=1log(C/A), Xo=log(A), Xi=log(A,), Xu=log(A,), X.=log(P),
X1, =log(R), X1y=log(K),
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Fig. 1. Relationships between watershed
area and specific sediment deposits
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Table-6. Comparisons between surveyed and
estimated sediment deposits using
predictive equations.

Statistics Eq.(2) [Eq.(3) | You'® | You™ |Yoon?®
Average ratio 1213 1172 1272 2257 | 1171
Standard Deviation 0.781| 0628 | 1072 | 1863 | 1040
Relative error(%) 644 |582 [843 [825 |88

R 056 | 064 | 030 | 030 | 048
1000005
100004 D=6593,19 A"1057

10004

1005

Specific sediment deposits(m®/km?/yr)

0.1 1 10 100 1000

Watershed area(km?)

Fig. 2. Relationships between watershed si-
zes and specific sediment deposits
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Fig. 3. Comparison between the surveyed
and estimated sediment deposits
using Eq.(3).
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Table-7. Sediment grain size distribution for
Owon reservoir(RDC, 1990)

Grain size distribution(% )
Depth .
Sand Silt Clay Gravel
0~20 92 6.6 14 36
20~40 94 54 0.6 H
Average 93 6.0 1.0 35
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Table-8. Partial correlation coefficients between watershed parameters and specific sidiment

yields

Partial Partial Partial

Parameter Parameter Parameter
corr. coeff. corr. coeff. corr. coeff.

log(A) —-0.73 log(Dy) 0.47 log(A.) —0.24
log(C) —~0.61 log(R.) 0.07 log(P) —0.22
log(L) -0.71 log(C/A) 0.40 log(R) —-0.39
log(F) 0.27 log(ApD -0.59 log(K) 0.32
log(Dp 0.26 log(A,) —042
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Fig. 4. Relationship between specific sedi-
ment yields and watershed areas

S, s et BT d5EAM hiipE
#ER S T87) A8t BiEY EES S A
Aetg o, R E Ae9 ndtA &
SREREE FE T3 BRSO3 2o,

Sy=23563.68 A 131 A QA KO . (9

#£(9)9 ®E HEE 06110190 #(9)d)

oS fipy R #ERER S kit B2

HH 78 it ES BlaEE Fig. 59 2o
V. B U K5

K pHFel HeoS BLA WERA fokmhel e
EHE A, ] M EF, Kot
Ry &3 HWEpREte] AAE SHidoss
R ES #HES AT RERE feshed)
Ak 2B HMGRES FH ki F 100
X& AAst HHWES T R
RF¥e] AAE THstAT. EF, 2 Bkt
e MRAERS sy B BERS H#HEsty
fotRbE o R NE Uk eSS ritgon
Hathy Fike B HipaEe) #els
FEsATh

A BHEY #RE Tk e 2t

1000004
X 3
o ‘\\(\2’
é . A
2" 10000 >
e : -
z ] N
E v
= 10003 ‘-'
) 3 o
E ] =
- ¢ |
G 2
T 1004
]
£
W P
= B
L
10 100 1000 10000 100000

Sediment yields (Ton/km?/yr)
Fig. 5. Comparisons between sediment yie-
lds and the estimates from Eq. (9).
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