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Abstract Reservoirs are important facilities that supply more than about 60% of agricultural water in
Korea. Securing water storage by dredging is required to prepare for drought efficiently. In the present
study, the average annual sediment was estimated by the RUSLE model, and reservoir storage was
measured by UAV and USV. The results were compared and analyzed for 5 old reservoirs. The difference
between estimated and measured storage was 657.2m> in SongJong reservoir, and the differences for
Wow, DoChan, GaHak, and PaSan reservoirs were 1,107.5m?% 313.9m% 129.5m® and 554.0m®,
respectively. The result shows that the RUSLE model tends to underestimate sediment compared to the
measured storage in the 5 reservoirs. Therefore, if the RUSLE model is used to calculate the sediment

for dredging a reservoir, the result may be underestimated compared to the actual sediment.
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Using Flight of Ultra- - Use the GNSS GPS - PPK’ Log File . DSM
UAV Light Vehicles - Aerial photography * Post Process Kinemetic + PointCloud
+ Approval for - Autonomic Navigation® + GCP data
aerial * Mission Planner
photography
h Topographic Depth of water Analysis of Storage
. Surveying I::> Surveying I::> 2l Bzmpling I:> Storage Capacity I::> Capacity Curve
Bathymetric
+ GNSS GPS* + Autonomic Navigation + Use the Software + Global Mapper = Excel
. * RTK + Manual Navigation - (Topographic) Tera-S
Using USV + NTRIP Service - (Depth of water)
Hydro Survey
Fig. 2. Survey Process of Ageing Reservoir
= Aol St} FASHE EA 99t o= gt Table 1. UAV specifications
AGEg FRARHES &S FAUSFOE NPt — —
Component Classification Specifications
H=2Fko 22]9] kAo =z =
A7IA oleR APSH2 AR e Ve & A Size 1.68m x 1.52m x 0.76m
FFE BN Yol s3EY, SASH2 429 7] Operating 35Minutes(Maximum)
9] 253 7152 E85to] ALAE 10m oHe] Weight 9.1kg(with battery)
YT 2% 1AL 2 AU SFL AN T vav | Maximum speed 18m/s
21 A& A= Global Mapper ZE1#HS & hﬁz‘l‘t‘ﬁ;ﬂ 2,000m
golo] Hole] £ 9 A B4 Bl 49-A " e———
_ accuracy M
HE AL A ALY 25kl £ within 2em
A7t FARRS AHAFT) B ddglo] ARRE ot Camera Resolution 42 million pixels
I FRIBEE Fig 33 Zon, AYPrE= Zhzt able
s aple =T aple Z. specirications
1, Table 29} &t} Table 2. USV ificati
Component Classification Specifications
Size 1.1m x 0.42m x 0.25m
Battery 30,000mAh lithium battery
. Less than 5kg
Weight (without battery)
Boat Material FRP + carbon
Operation speed 5kn(2.6m/s)
Maximum speed 9kn(4.63m/s)

(a)

(b)
Fig. 3. UAV(a) and USV(b)

System operation

Autonomic Navigation /
Manual remote controller

Single beam

Depth use area

minimum 30cm ~
Maximum200m

+0.0l m + 0.1% x D

Precision (D=Depth)
Resolution 0.0lm
+8mm +1ppm RMS
(Horizontal)
GPS Precision
+15mm +1ppm RMS
(Vertical)
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K= E([Qal"'[a%"‘ K,a,) @)
Where, K, K,, -~ K, denotes soil erodibility

factor by soil series, a;a,, - @, denotes area by

soil series(ha), A denotes basin area of the

reservoir(ha)

2.3.3 xléﬂfﬂxr(w)
S 3F Yo

farste, AgA] felo] dole} Ao g Wit
olgl3t A%A] 89 EAL 183t EFHAE AES
93l Eq. () 2 A Aol Q1A (L) o #24e
BARIAH(S) S Zk2r TEsfoF it
— ( A )7n = 444£§44,
22.13° 1+
11.16sin6
= 3

3(sinf)"* +0.56
S = 10.8sinf+0.03, sinf < 0.09
= 16.8sinf —0.50, sinf > 0.09
Where, A denotes horizontal projection of the
slope length(m), m denotes exponent of slope
length, § denotes rate of erosion, € denotes

downhill slope angle(”)
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Where, erosion-control

factor by land use, aj,ay - a, denotes area by

land use(ha), A denotes basin area of the

reservoir(ha)

Fig. 5. Land-use types(ex. Songjong reservoir)

Table 3. Analysis result of RUSLE model
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-O
AR o AR e frER AR EFRA

2 SFRRE ol 5olHA YAFY EARRE ALAE §9Y
Elo] E|ZE}. o]+ RUSLE 28-S 55 A4A o
EHE Eq. (DT Zo] FHH EFHARFRS ARl &
dd EAMETY ZA ¥ guiRith webA
RUSLE 23¥Z B 449 S84 ESRATE &
ARAGEY FAFHS TEsopt A%A] fHo §Y
H EAMESelg L & & it

|AFAZE(SDR, Sediment Delivery Ratio)2 <
WA 3 | mefiel EQ] vlgo] wgt o3 Eq. (5)
9} Zo] 4HYsi, SEH EHo]X] EYRHFALY E
EEAE &85to] nfiet JEY vE&S 247 45kl
oH20].

Sand : Y = 52.94x ~ 027
Clay : Y= 107.03.X ~009%!

Where, Y denotes sediment dilivery ratio(%), X

®)

denotes basin area(ha)

RUSLE 23< &9l 4dd 5399 ESRATE
AAARNZ SHitslr] eiie ASEE LHsfoF st
o, 495%E 1efste WS o Eq. (03 Zth

7, = 0.82(P+2)"" ©)
Where, 7, denotes unit weight(, P denotes sand
composition ratio with particle size of 0.05 or more(%)

Area R K A Soil erosion quantity (tonnes/year)
Reservoir (10"J/ha'm | (tonnes/ha LS VM
(ha) m/hr) /R) (tonnes/ha) Total Sand Clay
Songjong 246.8 478.5 0.031 24.7 0.037 13.5 3,325.3 997.6 2,327.7
Wow 270.5 445.1 0.028 40.3 0.032 16.1 4,350.9 870.2 3,480.7
Dochan 23.5 421.3 0.021 13.1 0.031 3.5 82.1 32.8 49.3
Gahak 74.1 607.6 0.025 13.9 0.103 21.9 1,622.5 649.0 973.5
Pasan 87.0 538.1 0.029 26.3 0.081 33.3 2,894.5 1,157.8 1,736.7
Table 4. Estimation result of sediments
Sediment Delivery Ratio(%) Sediments
Reservoir Weighted Unit Weig};lt
Sand Clay average (tonnes/m’) (tonnes/year) (m’/year)
Songjong 11.5 62.9 47.5 1.3 1,579.4 1,224.3
Wow 11.2 62.4 52.1 1.2 2,208.6 1,844.4
Dochan 22.0 78.9 56.2 1.3 46.1 34.7
Gahak 16.0 70.7 48.8 1.3 792.0 595.5
Pasan 15.3 69.6 47.9 1.3 1,385.9 1,042.0
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(a)
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Fig. 6. Result of Aerial survey(ex. Songjong reservoir)
(a) Pointcloud (b) Orthophotograph

(a)

b

Fig. 7. Result of bathymetric survey(Songjong reservoir)
(a) Track chart (b) DSM



A7 &5hE =R A24W A%, 2023

Table 5. Analysis of storage capacity

Total storage capacity(l ,000m°)
Reservoir Survey Completion Maximum — Sediment Rate(%)
Date Year Depth(m) Specifications Survey result (1,000m’) 0
information
Songjong 20191104 1992 15.55 700.0 649.2 -50.8 7.26
Wow 20200303 1968 6.67 295.0 141.5 -153.5 52.03
Dochan 20200408 1983 12.51 281.0 268.1 -12.9 4.59
Gahak 20200108 1996 9.44 420.0 402.6 -17.4 4.14
Pasan 20191118 1969 16.45 345.0 265.2 -79.8 23.13

AT E AR E AawF 243 Table 59+ &
ot $E3AGAE AYYE diy] 50.88m’o] st
om ok w2k 71sh oAl 42 AlY FE o
H] 153.58m®, 12.98m*, 17.48m*, 79.8dm’] 7
A% Ao BAHQI o= B JAFSE 5 B
9] JFOoE ALA §9 AFERE EAMYLE FF
o] 7Kt Aolth. &35] AR} kAR =
FT T 504 ol AHE 5 ALAR A GHE oy
Hg=eFo] oF 52%, 23% ZAsI o, 7HEo] thy|sto]
EHHEA £4 5 A&E T 283 ER1T 4

Act.

2oks AR 9] i e}, S o)t B Bof wet
e o]0l AL Atk wheba] & AtoflA=
ALAE JdEdF EARF APE Qe JUsE 23 &2
AE Table 59 FHEARRS ALAE Apd4E Y
o] APgsiglon, AsAd AW HARY A4 Azt
+ Table 63 Zt}. 4 23 £3A-A+= oF 657.2
m?®, b, E=Z, 7¥el, mAASAE 247 1,107.5m”,
313.9m%, 129.5m*, 554.0m*9] AWH EXF o]
7} Sske Zog RAE9th S5 $5, ok9, what
ASAE 23 F oF 304~504 o4 A =F A%
AZM, RUSLE E82 &85t A%+ EXFF 34 Al
A5Ae] GqEE (4)0] 2 b FHAARHR) 7
Hol B3t Y5> 59| PP wrdetx] Hohs
Ao= yerHt

Table 6. Estimation result of sediments yield

Sediment(m®/year) Variation
Reservoir 3
RUSLE Survey result ()
Songjong 1,224.3 1881.5 -657.2
Wow 1,844.4 2951.9 -1,107.5
Dochan 34.7 348.6 -313.9
Gahak 595.5 725.0 -129.5
Pasan 1,042.0 1596.0 -554.0
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