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Instream Flow Estimation for Gap-Stream Watershed Considering Ecosystem,
Landscape, Water-friendly Environment and Water Quality
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Abstract

In order to make the way to determine the instream flow more practically, we have investigated many case studies
and reviewed reports and papers. To validate instream flow level suggested by the case studies, DAWAST and
HEC-RAS model were applied to the Gap-stream watershed in Daejeon city. Flow-duration analysis was performed
both with the stream flow data gauged in the Indong, Boksu, and Hoeduck stations, and with the stream flow
data estimated by the DAWAST model and the specific discharge method. Instream flow was determined among
the flow-duration analysis, DAWAST, HEC-RAS model and mass balance approach. It was satisfied with various
factors such as target water quality, water depth for eco-system and resorts, water surface width, flow velocity for
landscape in dry season. The study suggested that the mean low flow could be replaced into the instream flow for
the preliminary study because the instream flow considering ecosystem, landscape, water-friendly environment and

water quality was generally close to the mean low flow.
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Table 1 Presented instream flow from the previous case studies

Required flow for each item(m®s) Flow-duration analysis(m’/s)
. ) Instream Watgr Watc'er Drought
River Station flow Eco | Land- | Quality | Quality . Water | Mean Mean | Mean
(m’/s) system | scape (Up (target Leisure ~friendly | Drought (10year- Low | Middle
stream) | spot) frequency)
Upstream 0.12 0.12 - - - - - 0.05 0.03 0.12 0.25
Anyang” Midstream | 0.26 - 0.26 - - - - 0.19 0.12 045 | 091
Downstream | 0.35 0.35 - - - - - 0.28 0.16 0.64 1.31
Upstream 0.09 - 0.09 - - - - 0.05 0.03 012 | 0.4
Hakui” Midstream 0.20 - - - - - 0.20 0.07 0.04 016 | 033
Downstream | 0.11 - 0.11 - - - - 0.09 0.16 0.22 0.44
Shintanjin 300 30.0 - - 4.0 9.5 - 11.50 4.20 - -
Bugang 300 30.0 - - 272 9.1 - 13.60 5.00 - -
Geum” Gongju 373 | 300 | %5 - 373 | 98 - | 1830 | 680 - -
Guam 349 300 | 273 - 28.1 34.9 - 21.20 7.90 - -
Ganggyung 34.7 - - - 22.0 34.7 - 22.90 8.60 - -
Nakdong? Jindong 82.0 82.0 - - - - - 32.0 - 600 | 1020
Bochung” | Sangye Br. 474 3.62 - - 4.74 - - 4.70 - 673 | 9.11
Han®” YoungWol 12.7 12.7 - 4.40 4,60 19.30 - 7.26 3.80 - -
Pyungchang® Pyungchang | 3.60 3.60 - 4.20 3.40 - - 2.20 1.90 - -
YoungWol 7.10 7.10 - - - - - 4.30 2.30 - -
Seom” | Hoengsung | 260 | 260 | - 540 | 500 - - 1.60 - - -
Chungmi® Chungmi 2.50 2.50 - 2.60 1.80 - - 1.70 0.90 - -
Bokha” BokhaBr. | 150 | 150 - 040 | 130 - - 100 | 060 - -
WangSuk® | Toygeywon | 1.10 1.10 - 0.60 4.00 - - 0.70 0.50 - -
Naerin” - 760 | 7.60 - - - - - 1.70 - - -
Gwangju” - 073 | 04 | 028 | 073 - - 08 | 003 - - -
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Parameters
WSU: Soil water storage in unsaturated zone
PERC: Percolation
CP: Recharged parameter
L. Infiltration
ET: Evapotranspiration
CE: ET parameter
1a: Initial abstraction
P: Precipitation
FC: Field capacity
WSS: Soil water storage in saturated zone
UMAX: Potential storage capacity
LMAX: Maximum water storage in saturated zone
Ui: Daily distribution ratio
QS: Surface flow
QSD: Daily distributed surface flow
Ql: Interflow
QB: Baseflow
ki: Baseflow recession constant
k2: Interflow recession constant
Q: Total runoff (=QSD+QI+(QB)
Sa: Effective storage capacity (UMAX-WSL)

Fig. 2 Conceptual structure of the DAWAST model and its parameters
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Table 2 Worst water quality for the study stations
in dry season

Station | BOD(ppm) | T-N(ppm) | T-Plppm) | SS(ppm)

Indong 1.63 2.68 0.17 6.87

Boksu 1.52 2.54 0.14 6.30
Yuseong 1.50 2.38 0.18 15.04
Hoeduck 3.22 9.80 0.31 24.50
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Fig. 3 Flow chart for ﬁlg estimation of instream flow
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Table 3 DAWAST parameters for steamflow calib—

ration
Station
Parameter
Indong Boksu Hoeduck
UMAX(mm) 250 280 280
LMAX(mm) 30 25 20
FC(mm) 120 150 130
CP 0.010 0.020 0.018
CE 0.020 0.008 0.009

sigon], o4 A8 A4S ol§siol Hl g
< A8l nlEEA Y FIRLES AAST

Lt ME - 28 - 2ITE D25t SPRAIRE M
iz

1) sHAEA 74715
B dfore AeAS Bashet agt skt
A es RS AESIUT, ol tiE dxe
AR EAL ABE 0183t MAshe bl A%,
AAR f2lzA9 2%, A" 2 77 44, d5d
BRRAGE AP 5ol Basi o]df it dio]
Z0 2357} =7 3RS YE £ Y oo

2 siekelg s oifdd die %ﬂ} %
do] o) A, oot BaiE 94, 44, 4
A2, o4 ofF, shutazgioz 44, MA

pH, AESeH Abh a7 Go| ajslofof gt
A7\ st V) IAYE S5 4 22T
aejstgen ojo] £4H & FHAA ol ofRf
RAL Qs Z471o% A 20 cm $2419] 320
GastArt o] Wl wet BHFACE 20 cm
g A EA U3t SHEg pAHoR
et sS40l 30 cm E I ool FA]

R ERE

-

iE "ﬂ EE i ] &
Fig. 4 Example of daily streamflow simulation for DAWAST model(2004, Hoeduck)

I a— = iF] jF2

Journal of the Korean Society of Agricultural Engineers, 49(6), 2007. 11 15



}\geﬂ .

3

oY
>
4>
X
tlo

.
el

%

Table 4 Hydraulic condition of eco-river considering water—friendly activities®

Division Swimming Waterside excursion obsIZ:\(:;;[ion Fishing Boat Feizzastﬁi ﬁ?ﬁiﬁiﬁl Joﬁizg’/
Width | Higher than 5m - - Preserved Higher than 10 m | Preserved| Preserved |Preserved
Depth | Higher than 0.5 m | Lower than 0.5m | 0.05~0.3 m |Higher than 0.3 m|Higher than 1.0m| 0.3 m 0.3m 0.3m
Velocity | Higher than 0.5 m/s | Lower than 0.6 m/s | 0.1~ 0.3 m/s 0.3 m/s 0.6 m/s 03m/s | 03m/s | 03m/s
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Table 5 Standard for instream flow estimation

Division Standard for instream flow estimation
Width . Flow width/River width(W/B)
Daejeon-, Yudeung- and Gap-stream : W/B > 0.2
Velocity 0.1~03 m/s
Depth Higher than 0.3 m
16
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Table 6 Flow-duration analysis for the study stations

Divide Stream Station Z;rsf) Analysis method Period(year) M?i?; /I;?W Mea?mg/rso)ught Remark
Daejeon Indong 61.6 | Stage-discharge curve 2002-2006 0.19 0.13 Applied

Observ-ed | Yudeung Boksu 160.4 | Stage-discharge curve 2002-2006 0.88 0.41
Gap Hoeduck 607.7 | Stage—discharge curve 1997-2006 4.83 3.60 Applied

Indong 61.6 DAWAST model 1997-2006 0.12 0.12

Bacieon Bj}fg %‘iﬁ“ 774 | Specific discharge | 2002-2006 0.24 0.17
Boksu | 1604 panst 1997-2006 | 048 0.28 Applied

Simulat-ed Yudeung Before junction e
with Dacjeon 187.6 Specific discharge 1997-2006 0.56 0.33
Hoeduck 607.7 DAWAST 1997-2006 3.32 317
model
Gap Yuseong | 2491 | Specific discharge 1997-2006 1.98 148
Yuseong stream | 30.5 Specific discharge 1997-2006 0.24 0.18
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Fig. 5 Flow-duration curves for 3 streams in Gap stream watershed
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Table 7 Result of HEC-RAS model analysis

Instream flow for
. River width(B) | Discharge | Velocity | Flow width(W) Depth eco-system,
Siream Station (m) @ | e (m WB | @ | tandscape, and
water-friendly(m*/s)

Daejeon Indong 732 0.64 0.23 16.39 0.22 0.30 0.64
Boksu 154.5 0.48 0.15 17.54 0.11 0.32 0.48

Yude juncti
WE | Before junction 163.3 150 0.11 52.43 032 | 042 1.50

with Yudeung
G Yuseong 207.3 1.83 0.13 79.47 0.38 0.30 1.83
a

P Hoeduck 255.9 3.60 0.22 134.75 0.52 0.30 3.60
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Table 9 Estimation for the dilution water flow

Required flow for target

g . Lo . :
ream Station Dilution water flow water quality(m/s)
_ 60x013+ 5%
0.13+ Qs
Daejeon Indong Cs = Dilution water quality 0.13+ 0.26=0.39

(assumed to be 1.5 mg/L)
Qs(Dilution water) = 0.26 m'/s

_ 3.0X0.28+15X Qs

Boksu 0.284 @s 0.28+ 0.00=0.28
_ 3
Yudeung Qs=0.0m"/s
_ 40%0.33+1.5X Qs
Before junction with Yudeung B 0.33+ Qs 033+ 0.22=0.55
Qs=022ms
_ 4.0x1.48+1.5X (s
Yuseong N 1.48+ Qs 148+ 0.89 =247
Qs =099 m'/s
Gap
9.0 X 3.60+1.5X Qs
Hoeduck - 3.60+ Qs 360+ 055=4.15
Qs =055 m'/s
Table 10 Selection of instream flow for Gap-stream watershed
Area Flow-duration Water Instream flow for eco~ Recommended
Stream Site () Mean Drought Mean Low quality system, landscapet and instream flow
(m'fs) (m’fs) (m*fs) water-friendly(m’/s) (m/s)
Daejeon Indong 61.6 0.13 0.19 0.39 0.64 0.64
Boksu 160.4 0.28 0.48 0.28 048 0.48
Yudeun; juncti
& | Beforejunction ) 0p 0.33 0.56 055 150 150
with Yud eung
G Yuseong 249.1 1.48 1.98 2.47 1.83 2.47
ap
Hoeduck 607.7 3.60 4.83 4.15 3.60 4.15
= 5.0
T;; 4.0 *
g
= 3.0
g *
g 2.0
PO —" o
g oo —— ;
0 100 200 360 400 500 800 760
Arealkn?)

Fig. 7 Correlation curve between watershed area and instream flow rate in Gap-stream

Fig. 73 Zo] 744 §4 30 319 sAeA% Y = 00111 x* R* = 0.70 (3)
FE A3 Ant fAmA T7)0) wet P ALl A
FAAE Rojx it A7) Y : FASASEmYs), X ¢ FAHA(km?)
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