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Developing an Optimum Equipment Model for
Agricultural Reservoir Considering Beneficiary
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Abstract

The purpose of this study was to develop an optimum equipment model considering various objective
functions and variables of agricultural reservoir. Traditional optimum function for feasibility assessment is based
on economic benefit, but we tried new approach of feasibility assessment based on the number of beneficiary.
The data of Yuraimi reservoir and Yongbong reservoir in Yesan-gun such as numbers of related people,
construction costs, safe diagnosis have been gathered for applying developed model. Data are used for determining
optimum strategy with restricted cost. For verifying results of optimum maintenance, real maintenance data of
Yuraimi reservoir were compared with simulated strategy. Results show that simulated maintenance strategies are
3 times more effective than real maintenance data.
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Function | Beneficiary Beneficiary days per year
|| Z-EPS',I Jé;l HI EIZéIQ_I 7Htél' water use farmer farmer numbers X water supply days
flood control | resident resident numbers X flood days
1. E'—‘él 9_[ ?Jg water friendly|neighborhood |neighborhood numbers X visiting days
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L. structure weighting, PUP: potential
water use days,
M;: repair amount, TM,: total amount
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.. structure weighting, PDP: potential
flood control days
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occupancy of water friendly
facility, T,. visiting time
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where, TMC: total repair cost, I initial construction
cost, nyear. present year, cyear: construction
year, MR- repair ratio, IR: interest ratio

TMC=>M, < C, (6)

where, C;: unit repair cost
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PUP< TUP— CUP (7

where, PUP. potential water use days, TUP:
total water use days, CUP: current water use
days

PDP< TDP— CDP ©)

where, PDP. potential flood control days, TDP :
total flood control days, CDP. present flood
control days

PFP< TFP— CFP 9

where, PFP. potential water friendly days, TFP:
total water friendly days, CFP. present water
friendly days
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where, D, ' deterioration degree
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Table 2 Optimum equipment model of agricultural reservoir

far. () PUPXF, M
. X F. X
; NI Vs

i

object function 2 ’ T[l [

i=n+1

O TMC= M, < C, TMC< 2 (IX MR)x (IR)"veer— cvear
year =n—>5

@ PUP< TUP— CUP, PDP< TDP— CDP, PFP< TFP— CFP

Constraints ® CUP=XTUPXF,xD,, CDP=3TDPXS, x D,, DFP= 7§P
@ Y BPD X< T x365XM < PFP
i=n+1
Table 3 General characteristics of target reservoir
Name Location Permission area | Irragation area Basin area Surface area
(ha) (ha) (ha) (ha)
Yongbong Dun-ri, Deoksan-myeon, Yesan-gun 95.8 93.6 420.0 16.1
Yuraimi Yeoraemi-ri, Sinyang-myeon, Yesan-gun 163.0 138.3 380.0 14.0
Table 4 Safe diagnosis result
p p— — -
Name vear | Dam crest Upstream | Downstrea | Spillway Outlet Stllhpg Operating | Intake Conduit | Total grade
slope m slope crest channel basin flatform tower
Yongbong | 2002 C C C C C C C C C C
Yurai-mi | 2001 D D D C D D C D D D
CDP= 3. TDPx S, X D, (11 Table 5 Surveying data of beneficiary
Efﬂ' @ZH 91 PN d] olore /5} (12) Il]— Zz]'o] 7‘1 _/[: Name Farmers Residents Neighborhoods
. /\A_]J.—]‘ }\]/HI:H g ole iﬂE/\]ﬂ- co Yongbong 991 182 300
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2. =& XX| IHETA Table 8 General characteristics friendly water for
facilities
EAHLALA] RS AR BAHL B F ost Beneficiary |, .. . .
L e Name Unit | person per Visiting time| Unit cost
71s Ast T dPA|IFoRE HAE7] oA vear (hour) | (1,000 won)
A SR sEo] HE3) Ao B
]Qoi Hﬂ ] ﬂ ] 0—4 EH 7] Pavallion each 80 0.5 20,000
]7]‘]“ },;_,_g}E]oi %—é%]t]— 7\1 OHO = Bird observatory | each 40 0.2 6,000
9,111_‘ /\]}HO ztﬂﬁ“’]‘"]’ —'—Q’i‘c’)‘ /\]ME E]E_]E%] Water service | each 7 0.2 1,000
Sl M=) P F i e B 2 = 19 S | = Bt = Toilet '’ 200 0.2 25,000
grgtomM, 270 SelAde] vl 8 gRjue Bench |each| 3 02| w0
S slofstel A A ol W AyEe] mg Awesswad [m [ 10 [ o1 [ 50
o S ol o Tol 5 T 0 [ w0
54 Aaals) 2ol 4Rl FRdE AT A e '
Ak /\].e ] Stone embank. m 2 0.2 400
Xﬂ 5% ] o} ]— 01—'_5 HT Sports park each 150 0.5 40,000
/\Vé %_o] O]Ltﬂ o] TF/] /\]H‘jcoﬂ EHE]- 7HE—" Parking area m’ 8 0.2 1,200
/\}ﬁ w }JJ—’.;T éalo}?]i Table 61—]( ZEH:} Environment area | m’ 0.5 0.1 100
H]%S— 7HE—/|\— /\]’S’Silﬂl%gi lﬂ‘gﬁﬂ' o= Oh;]— Areation facility | each 15 0.2 2,000

Table 6 Equipment unit cost of each facility

Facility name Unit Cost(1,000 Won)
Dam crest m 5,000
Upstream slope m 1,200
Downstream slope m 2,000
Spillways crest m 10,000
Outlet channel m 10,000
Stilling basin each 90,000
Operating platform each 20,000
Outlet tower each 300,000
Conduit m 3,000

Table 7 Weighting value of each facility for usage
and preventing flood disaster

Facility name Wa?er use Flooq coptrol
weighting weighting

Dam crest 0 0.0948

Upstream slope 0.09 0.0632

Downstream slope 0.16 0.632

Spillways crest 0.1222 0.1386

Outlet channel 0.0754 0.0504

Stilling basin 0.0624 0.021
Operating platform 0.0588 0
Outlet tower 0.2597 0
Conduit 0.1715 0
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Table 9 Input data of developed model

Nam Construction Cost Serface area Embankment Length | Spillway Length | Outlet length Conduit
ame Year (million won) (ha) (m) (m) (m) (m)
Yongbong 1978 349 16.1 148 34 34 39
Yuraimi 1990 3,310 14 184 21 76 100

Table 10 Optimum maintenance model simulation

Table 11 Comparison of results

result Data Model
Item Origin First Second Facility name Cost  [Beneficiary] Cost  [Beneficiary
Dam crest 0 3 0 (L0 won) days |(1,000won)|  days
Upstream slope 0 1 32 Dam crest 759,034 | 1,677 0 0
Downstream slope 0 4 4 Upstream slope 5,829 37 3,600 23
Spillways crest 0 0 0 Downstream slope 65,009 1,299 | 846,000 | 16,911
Oputlet channel 0 1 1 Spillways crest 195,305 516 0 0
Stilling basin 0 0 0 Outlet channel 244,629 860 0 0
Operating platform 0 1 1 Stilling basin 0 0 90,000 | 1,767
Outlet tower 0 1 1 Intake tower 299,950 | 3,620 | 620,000 | 10,343
Conduit 0 39 39 Water friendly facility 0 0 10,500 5,110
Pavallion 0 0 1 Total 1,570,256 8,009 [1,560,600| 34,154
Bird observatory 0 0 1
Water service 0 1 2 >4
Toilet 0 1 2 v.d =
o ° 1 - B AT SelAaEe] ue £33 9
Ac'cessroad 0 5 7 5 2A5 mES el o exsast Ba
Bike road 0 71 0 ~
Esplanade 0 109 86 2 okt 875 7lsS Ate] $UEA
Stone embank. 0 3 0 TZ] X_]H] H]—o]- U] _.,]X-UHH]EH]O“ a3t Eﬁ‘)r\‘% |
Sports prk 0 0 0 Helglon, A2 dppes Aske vz 24
Parking area 0 3 4 9,] X%H]HOPQJ— XA E%é}h z,]z%zm] EJ_HLO_ 7HHP5—],odr/]..
Environment area 0 7 0 2 JA) dAXIAA BElels AgA]o A&
Areation facility 0 1 1 o}oq ol AWNE 7|29 Au|doly} vlw HESN]
First Trial

Result: Solver found an integer solution within tolerance. All
constraints are satisfied.

Engine: Standard GRG Nonlinear, Solution Time: 24 Seconds,
Iterations: 15

Subproblems: 32, Incumbent Solutions: 1

Second Trial

Result: Solver found an integer solution within tolerance. All
constraints are satisfied.

Engine: Standard GRG Nonlinear, Solution Time: 22 Seconds,
Iterations: 5

Subproblems: 28, Incumbent Solutions: O
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