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Installation Design of Landscape-use Artificial Channel for Sustainable

Management
-Focusing on the Water Volume and Equipment System of Streamlet in

Jeonju and Wanju Innovation City-

Oh, Chang-Song

Adjunct Professor, Dept. of Landscape Architecture, Yeungnam University

ABSTRACT

Although planning techniques linking parks, green areas, and waterways have become common, there are frequent
disruptions in the operation and management of landscape-use artificial channels (LuAC). Therefore, this study examined
a design to promote the sustainable management and operation of a LuAC using rainwater for the streamlets of the
Jeonju-Wanju Innovative City. In order to accomplish the purpose of this study, scenarios were set up by dividing the
design into waterhead and waterway portions. First, the scenario regarding the waterhead was analyzed to calculate the
water supply and storage required for the waterway and waterhead. The analysis showed that the waterway requires a
water supply of 676.8 tons/months, 3,018 tons to 5,512 tons of storage space, and a water depth of 0.75 m to 1.37 m
considering the ecological and landscape aspects. The second scenario is to select an effective system of facilities for the
operation and management of the LuAC. To accomplish this, a single-circulation system (SCS), which transports water
to a highland location was compared to a multi-circulation system (MCS), which supplied water separately to each water
space and operated independently. The results showed that the MCS, which was operated independently by small power

units, was more effective owing to the vast difference in water supply operation times.

Key Words: Water Circulation Facility, Detention Pond in Urban Parks, Water Balance Analysis, Waterscape Facility,
Water supply
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Figure 1. Blue network plan in Jeonju-Wanju Innovation City.

Source: JBDC & LH(2010).
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Figure 2. Aerial view and masterplan of the waterhead
Source: Namu wuki(left) and JBDC & LH(2010, right).
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HAQ Saae "oES dSske WHOE £
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glo|th(Figure 4 ). A T4 i FAolx19 w3t
& Ateted Aeehe FU% FEY 18 AREE 52
AEsE Aot &, 9 W 2% 59 4 (input) 2 S

Scenario A: estimation of maintenance water Scenario B: selection of mechanical system
(Waterhead: Detention pond in park) (Waterway: Artificial channel)
- Set up water storage - Check single circulation system
- Set up waterproof or non-waterproof - Check multi circulation system
- Calculation of inflow - Hydraulic calculation
- Analysis of water balance - Capacity of equipment
- Consideration of landscape & ecology - Work costs
- Maintenance per month - Maintenance costs
- Size of water storage
Derive optimum work design of
Landscape-use Artificial Channel (LuAC)

Figure 3. Flow chart to derive optimum scenarios
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Figure 4. Basic model of water balance
Source: Wikiwand.
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et al, 2018).
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A9 BE £ AAMES A 33
o mEhA AU L Al EFX 1% Eq 122 A& + Ak

(i
o!

QL. (Maintenance water on waterway) =
E (Evaporation) + L (Loss)
@2. (Maintenance water on waterhead) =

E+L+Ql (Fa. 1)

\ Input Data (Do year) \

Runoff Demand quartity

Necessary quantity

‘ Water balance caloulation ‘

\
\ Calculation of required water supply |

[
Effective storage

Figure 5. Procedure for water balance analysis
Source: Kim et al. (2020).
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UeRd Aol th(Lee ef al, 2016). YRt o2 SHERe 4= HE
o] §&TE wol WA

E (Evaporation) = P (Evaporation pan) x
K (Pan coefficient) x A (Surface area) (Eq. 2)

TrYe FAR 2 v =4 W9 s et
= 2219 M (Darcy's law) 0 & A= tHEq, 3). WEY
$ BLASK)E B3 1310 an/sec S,
3 £t QB AEd dgee A
110 en/secS A8t WAl FA (A E AAAA =

L (Leakage) = K (Permeahility coefficient) x
Ah (Waterproofing material thickness) x
A (Cross-sectional area) (Eq. 3)
3) 98 A59] +5
=54 A A AREEE 99 AREE SAR(9A,
4 VA 7RSSR THS A, E9A FAEF
So] AtHKim ef al, 2020).
gAY d3E T A AR AF - g
ALY Al g3 7 o whel 100haZ A sk
3 A A DS HE AT - S5 FAEA A 27
2 2 AAAA BIA" AAAA SH 27 ste] Table
13} 7ok ot =94 (waterhead) @] 241 05me &9 A%
Lol digh AlvE] 2o whek 24snh dev 9y A
(waterway) 9] 441 0.5m "]¥H Ministry of Construction and
Transportation(2016) # Ministry of Environment(2019)¢] A
A71Eel whet FAs AT Table 1 #5).

S5 9] 712:AF AHEShe AT A ASSE
S 200095 2208714 207k HEASE FLsct
(Table 2 F%), ¢ dukel FAAAE &4 7|78 TeEle]

Table 1. Specification of designed site area

Class Basin area | Normal water | Target water | Maintenance
(ha) area (m’) depth (m) |capacity (ton)
Waterhead 100 4,024 05 2,012
Waterway 1.8374 02~05" 5%.1

*_ Adjustments according to the settings in scenario A.
™ Water depth based on landscape design standard by Korean goverment.

Table 2. Jeonju average precipitation and evaporation during 20
years(unit: mm/month)

Class Apr. | May | Jun. Jul. | Aug | Sept. | Oct.

Precipitation | 77.3 | 915 | 1679 | 2996 | 2775 | 1376 | 535

Evaporation | 1111 | 137.5 | 1357 | 1193 | 130.0 | 1027 | 841

1d 3 4¢9%H 10%77}74 S5

ARE AN JES 9719 2719 B Aol 9
B S oY %ngw AR AR et

1) £ A7 AP AYS A AR A9 44
Akl A A8 S0 875 840 A4 TR (storage
= RO AFY 57N

e
o
ol
ol
N
i)l
r
A
o
o
fuf

= = ZoARE A 7ke] Fd W AL
AfFAERE Ae aed o7t Ak mEA AFFA AA7
ol <A (Eom, 2010: Ministry of Land, Infrastructure, and
Transport, 2016) 3} 4=41& 05m, 1.0m 12|12 1.5m=Z U
AtH Figure 6 7).

O

] ]2"01]’\1 9%
fication) ol frelet 2 FA19] 29 s Feich
@ 4 1.0mE & 3

o|9} 7+8 ] A1S AU 2 AAT el B
A% &3S 2.012ton, 4.024ton, 1941 6,036ton 0.2 434 3}]
A £49& JPsTh

FAA dd Ao B #4 2 AY Sl w

Supplylng water for LUAC
To start pomt m
A

(High Level) Scenario A-1: Depth and size of !
water storage :

0.5 m: 2,012 tons Rainwater

& Runoff

1.0 m: 4,024 tons

\ 1.5 m: 6,036 tons
A 4 v

Loss water = Make-up water

d

Minimum ...\
maintenance
level

A

Scenario A-2: Waterproof or non-waterproof

Figure 6. Scenario A for supplying water.
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Table 3. Main cases of the constructed LUAC

A e] oA Bd WA o 2] A A A R
of Hlg| & FHO S HYS ACE & F Qo

F8 AlEE ARESER] AYEAdA &9 T AFY
TN AuAFY 2 AR WAl eed W
Aoz R 4 ltkFigure 7 %), AR FANELE 9
o2 o7 AXeH] St (Kim ef al, 2007), &
T Fa AR I BHER) YA AR Tk A8
IFTYeR ggsi

A4 4-8F 5 (non-pressure flow system) < F=3 AR =
BZ715 527 dlo] R WFel= AFolt) £9l e
HES AAs7] 8l AUl F A9 F§FAE A3t
AAY Srad(d FHsFad) oA &4 AR F=
ol sPHOE WSt AY due ARG AW AP

$55 WRIE AAR WA P AT ¥

4] 2]
(artificial circulation system)< &2 (pump) S AREsle] €19

Discharge

lSuppIy

T

Non-pressure flow

a: non-pressure flow system

Pumping

Non-pressure flow

b: artificial circulation system

Figure 7. Classification of LUAC systems

Class (unit) Dongbeak” Pangyo? Seiong” Gimpo ™™ Gajeong™
System diagram H![i'ﬁlﬂ-& e - ST
System types Non-pressure flow system Artificial circulation system
Year of completion 2006 2009 2013 2018 2019
Waterway length (km) 75 24 3.6 136 0.7
Lake area (m?) 22,210 Non 322,800 74,300 -
Water source Rainwater Underground water River water Agricultural water Rainwater
Supply (tons/d) - 6,000 5,000 - 23 (Makeup water)
Circulation (tons/d) Non 17,000 21,000 900
Source: Choi and Lee (2016), “Sejong city, ~ Gimpo city (2015) and ~ LH (2011).
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ol Zag I fA e MR =4 Bt

2) AFA] %

FAA A ek B4R EAo dAM AFA W HlE FA 7ol
AUEL A7 SRR ohe Al skl SS58keAE A
STk oIS S8l HA R ARSHY Sl
24 (Q=CA)E A&sitt. FEAFC0 = FIFEAFY
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(Jeong et al, 2020), F+9HZ(A)E 100ha® HA 35Tk
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L AN 5RZ sk AY e FUFH vud 23

Table 4. Water loss and need of LUAC (unit: tons)

Class Apr. | May Jun. Jul, Aug. | Sept. | Oct.

Loss 1507 | 1429 | 1768 | 1745 | 1534 | 1321 | 1082

Need 669.0 | 7029 | 7006 | 6795 | 6933 | 6582 | 6343

Table 5. Comparison of inflows with water storage as set in

scenario A
Class Apr. | May Jun. Jul. Aug. | Sept. | Oct.
%ﬂggs 51329 | 60758 [11,148.919,894.1|18426.6 | 91369 | 35525
05 m meet
(2,012 tons)
10 m - 35525
(4,024 tons) (-4715)
15m (519%2391 et 35525
(6036 tons) | " e 24835
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Table 6. Maintenance water capacity and remaining volume in the waternead (Non-waterproof, unit: tons)
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Storage Class Mean Apr, May Jun, Jul, Aug. Sept. Oct.
(A) Evaporation 330.1 3129 337.3 3822 336.0 366.2 289.3 2369
2,012 ton (B) Leakage 521.5 5215
(0.5m) (C) Maintenance 15285 1,5034 16118 1,604.4 15371 1,581.0 1,469.0 1,392.7
Residual  depth 0.12m 0.13m 0.10m 0.10m 0.12m 0.11m 0.13m 0.156m
(Voune) | (4835 / 24.0%)|  (508.6) (400.2) (407.6) (474.9) (431.0) (543.0) (619.3)
4,024 ton (B) Leakage 1,025.5 1,043.0 920.82
(1.0m) (C) Maintenance 2,032.5 2,024.9 21333 21259 2,058.6 2,1025 1,990.5 1,792.0
Residual ~ depth 0.48m 0.50m 0.47m 0.47m 0.49m 0.48m 0.51m 0.44m
(Volurre) (13 ét'}) / (1,999.1) (1,890.7) (1,898.1) (1,965.4) (1,9215) (2,0335) (1,760.5)
070
6,036 ton (B) Leakage 1.439.1 1,3304 1,564.5 920.8
(1.5m) (C) Maintenance 2.446.1 2.312.3 2,654.8 26474 2.580.1 2,624.0 2.512.0 1,792.0
Residual ~ depth 0.77m 0.70m 0.84m 0.84m 0.86m 0.85m 0.83m 0.44m
(Velure) (?glli‘if)/ (2806) | G | G386 | (4559 | (341200 | (352400 | (17605)
a0
* Storage = A (Evaporation) + B (Leakage) + Supplying maintenance water for artificial channel (see Table 4).
Residual water level (and volume) = Storage - C (Maintenance water).
Table 7. Maintenance water capacity and remaining volume in the waterhead (Waterproof, unit: tons)
Storage Class Mean Apr. ‘ Jun. ‘ Jul, ‘ Aug. Sept. QOct.
2012 ton (0.5m) (B) Leakage 0.052 0.052
\ on (0.5m
(C) Maintenance 1,007.0 932.0 1,090.3 1,082.9 1,015.6 1,059.5 9475 871.2
Residual  depth 0.25m 0.26m 0.23m 0.23m 0.25m 0.24m 0.26m 0.28m
o) G0N amo | oan | ooen | e | s | ams) | 0109
.J70
4024 ton (10m) (B) Leakage 0102 0.104 0.092
, on (1.0m
(C) Maintenance 1,007.1 982.0 1,090.4 1,083.0 1,015.7 1,059.6 9476 871.3
Residual  depth 0.73m 0.76m 0.73m 0.73m 0.75m 0.74m 0.76m 0.67m
(Velrre) %gﬁf/ (020 | @986 | o0 | G083 | %) | (o | (26812
.070
6.036 ton (L5m) (B) Leakage 0.144 0.133 0.156 0.092
i on (1.5m
i (C) Maintenance 1,007.1 932.1 1,090.4 1,083.0 1,015.7 1,059.6 9476 871.3
Residual  depth 1.13m 1.03m 1.23m 1.23m 1.25m 1.24m 1.26m 0.67m
(Vdurre) (1;551250/% / (4,150.8) (4,945.6) (4,953.0) (5,020.3) (4,976.4) (5,088.4) (2,681.2)
.. 70
TE 6760t Tk, Fadol 39 W ARA s HA & £ Fuop/| Wol ARAS] #E 9 05mE AAst e &
o AJE] - 73HA QA e A g 7919 Tkl ek FAE GAE B AR B8] B2 HES &5
AR ojok & Aot Ao 2 AREEIT Qo] S74# 07 HES 4= QlE A7) itk
A2 Adl whet TRk Aol A 15282/ ~2,446%/ o] wirof o] FAS Hae] A FAR AFHoJoF & A
4, W AEelA 1007E/99] Sraae] B8k oty A deddETd W ARA(FATEL) 7F AEA
F ARl A o] 4L 0.12m~077TmQA L, W Aol A 7 FAE TGH7] AeliMe Tk AdeelA ko] 4 048m
of F42 025m~113m=E 5 AR i el A o EE W5 A 0.73mE FAE & Ae 402489 AGE
FAlo] oF 15 =9th Zvo] A4S Ao gasitt Hdk 7t S 7] A #e
o<
T

NE AGINE DEN} AdHo) 2 FAHOE §5

el #Ha

9 05ml 5571 fs Aakshd W A2 d

SARZSBIR| & 49 25 (2021 4%) 121
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B0BE(SE 4 075m) ] A3F7ke] e WAROE AR BE $FWM) MR BYI FuE AZ
SRS AP BT O BL AN S G N TRAR A DAY s | FRO B5E UES o)
L0m= elsh7] S8AE 5 ARl Liame] #e] 54 @ Aol
T YL PE 606 AFFE AR AF R0l B4 Bz G0l g BALWASIE A2 B
o}, wa 2] AL 1.0mel B3] 91s) GakeH 4 5512 (In-line pump) 7} Tz 8HA1F ol = 2281 38 2 (Booster pump)
E(F2 7 137m) 9] Aezte] dasith 7} AR EQT) Qleiel Hars e gk g BAlshs d%o)
&2 PIoInk WA IFEBATINE F vae 7} 529t
2. AdHle] AT HiSe| B AZH ofe] AHOE A LA T2 i hol BT
) A e el s S Ok O 2l A AR sl Yo g
AUATA I AL B Al i} FERARAN
AR e st ey FE e 60 20 fed) €0 9 4 Sl A1)
) 8 A e A B e aage T RUEAEE 22 Rpd g8 s2A @) 4
R T R T AR e ISR AR e o 642 T 2selok 4 W, dEERAE
HTHE FRE AW AT LAY AL AGTE o o wuo) B wAGeE/) G SLR0EA) B2
SRl RAGE BB DT AE B AAIE FY oo e e e ot
- - = LR S LIRS N - o AR
AN SO REAME TP
29219 FIE GAEIAFY 4% S0E] BLAATL,
SRS A% W0E0] Lesislt DRSS 4 2) X R vl et 5 AL
931 FEE ARY SANE FE Hpe) 3 gsy apre oo AHES B IR AN L A 99 v
& viol F90] 519 TR Aolch A geaAge O B O ALS 5 99 I3 33 deddy

=
(Table 8 #%). FLETE FuT AAfrat= Q18]
ZIAA 9 R Fel Bie] Adnrk 2 HA gtk o o
Operating time: 6 h/day Operating time: 9 h/month /é]-x] H—&oﬂ Mt sec. 1 _‘,]_ sec. 2_1‘:_ ol 94 _/’: A ,\] }é 34_ % 5 %
wee) Aoz Qlslel WER 77 £8S AT BUdEH
E2 sec, 3NN, DEEIAEL sec, [94HE 22 27
A 7] o) S Aglel Aolrk BAHALE, o ol vl
Pressurized water supply pump Pressurized water supply pump 314 ]%Oﬂ/\i /\}‘%3]"—‘ —E‘%‘—-éi«] = 0]:7(4 4 (total head) Zrol
a’ Single circulation system b: Multi circulation system %-ff?_]‘ A]ESEE]’ ‘7?"7" }ﬂ'xéﬂgi‘:]‘
Figure 10. Operation of water supply equipment according scenario B
Table 8. Pump capacity by hydraulic calculation
Single-circulation Multi-circulation
Class Length Water Flow Header Total Pump Pump Flow Header Total Pump Pump
volume rate size head power | capacity rate size head power | capacity
(m) | (Ton) | (pm) (A) M | (HP) | Kw) | (pm) (A) M | (HP) | (Kw)
Pump to room 1,400 100 17 125 75 1,400 100 17 125 75
Waterhead | Pump to channel 526 1,100 100 90 50.0 22 1,400 200 109 80.0 185
(In-line pump) (Booster pump)
Sec. 1 112 204 1,100 100 10 5.5 4 1,100 100 10 5.5 4
Sec. 2 127 44 770 100 13 4.0 3 770 100 13 4.0 3
Sec. 3 75 21 - - - - - 450 80 12 2.0 15
Sec. 4 111 21 - - - - - 420 80 12 2.0 15
Waterway
Sec. 5 86 38 - - - - - 700 100 14 4.0 3
Sec. 6 166 31 - - - - - 650 100 14 4.0 3
Sec. 7 87 17 - - - - - 333 65 10 15 11
Sec. 8 329 66 - - - - - 1,100 100 10 5.5 4

122 sH2x7sk|X| M| 498 25 (2021 4%)
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Appendix 1. Hydraulic calculation for pipe and pump
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Appendix 2. Pump performance curve

Section 3. (80Ax450LPMx12Mx2.0HP)

Section 1. (100Ax1,100LPMx10Mx5.5HP)

Booster pump (200Ax1,400LPMx109Mx80.0HP)
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