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Summary

Jeju Island is the largest region in Korea with an average annual rainfall of 1,1444 ~
1963.1mm but due to its high permeability which is the geological features of volcanic
rocks. about 40.6% of rainfall flows into the aquifer to be groundwater. There is
limitation in the use of surface water with hydrological quality of Jeju island. In
particular, unlike inland areas where water sources in streams and reservoirs are used
as agricultural water, Jeju Island supplies about 94.2% (2018) of agricultural water as
underground water, which is expected to further accelerate its dependence on
underground water along with extreme droughts and changes in farming patterns caused
by climate change. Although it is inevitable to develop additional underground water to
meet the increasing demand for agricultural water, excessive development of
underground water has been said to cause several problems such as depletion of
underground water and pollution. Jeju Island needs not only to minimize the
development of new ground water irrigation in terms of conservation and management
of underground water but also to consider measures to supply agricultural water using
alternative water resources such as available surface water (baseflow) for easing
shortages and imbalances in the supply of water. Therefore, in this study, the amount
of leakage is measured through the field observation from 2012 to 2019 on the
permanent stream and spring water located in southern Jeju island, and the permanent
stream and spring water is selected that can be substituted for agricultural ground
water. r that can be secured as an alternative water source for agricultural ground
water. The study carculated the amount of underground water incubation by stimulating
long—term runoff by SWAT model about Akkun stream as a model and analyzed by
applying future climate change scenarios. Furthermore, it not only revealed the features
of underground water flow in the corresponding basin by applying the carculated
underground incubation to the GMS-MODFLOW model but carculated the amount of
leakage and river maintenance flow which is available for an alternative water resource
for agricultural water through the analysis on correlation between rainfall, leakage and
ground level. The permanent stream and spring water available for agricultural water
were analyzed into six points in total, including the local stream Akkun Stream and the
stream Sokgolmul, Joytongmul, GguangMangmul, Seonngangnaemul, and DeaWangsu.
The average drought flow of the stream basin was determined to be 0.051 (m*/s). This
study shows that the groundwater dependence on agricultural water is about 96%,
which can replace part of the demand for agricultural water that increases with future
climate change and changes in agricultural patterns, and is also used as a precautionary
measure for the problem such as a decrease in the amount of ground water content due

to excessive development and use of ground water.
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1995)
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(Hydrologic Engineering Center, 1968)
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(Williams and Hann, 1972)
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(U.S. Army Engineer, 1972)
Tank Model
(Sugawara et al., 1984)
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Hydrological (Morris, 1980)
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(Terstriep et al., 1974)
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Table II-3. Runoff curve index of natural region, CN (AMC-II, 7, =0.25)
B E0T
[k ME X Ik
£ o4 Ay 98 A2 Ay e
Fallow Straight row - 77 8 91 94
Straight row Poor 72 81 88 91
Straight row Good 67 78 8 89
Contoured Poor 70 79 84 88
Row crops
Contoured Good 65 75 82 &6
Contoured and terraced Poor 66 74 80 &2
Contoured and terraced Good 62 71 78 &1
Straight row Poor 65 76 84 &8
Straight row Good 63 75 83 87
. Contoured Poor 63 74 82 &
Small grains
Contoured Good 61 76 81 &4
Contoured and terraced Poor 61 72 79 &2
Contoured and terraced Good 5 70 78 81
Straight row Poor 66 77 8 89
Straight row Good 58 72 81 &
Close-seeded
Contoured Poor 64 75 81 &
legumes
) Contoured Good 55 69 78 83
or rotation meadow
Contoured and terraced Poor 63 73 80 &3
Contoured and terraced Good 51 67 76 &0
Poor 68 79 & &9
Fair 49 69 79 &4
Good 39 61 74 &0
Pasture or range
Contoured Poor 47 67 81 &8
Contoured Fair 25 59 75 83
Contoured Good 6 3 70 79
Meadow good 30 B8 71 78
Poor 45 66 77 83
Woods Fair 36 60 73 79
Good 25 55 70 77
Forest Very sparse - 5% 75 8 91
Farmstead - 5 74 8 &4
Dirt - 72 82 &7 &9
Roads
Hard surface - 74 84 90 92
Commecial and 85% impervious - 8 92 94 95
Business Area 72% impervious - 8 &8 91 93
Industrial Area 65% impervious - 77 8 90 92
Residentia Area  [30% impervious - 59 71 86 &6
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Wol FE W §F el AeAd: AVARE WER TEAA el ol

2 (1.6)= SWAT 2o A HAFgA A (LADE EA J&5 A8 A i1t

e A3 # Qe Add HES A% AN Yol

cang,, = can,, . * < — (1.6)

A7, cany, + AF 712F W A AFEE o5 Hmm/day)
can,,, © A0l $A3 AP We] A H )5 Hmm)

LAL,, @ 3% 713 o] HojgHaAA

@ #A S22 Potential evapotranspiration)

A A =¥k (Potential EvapoTranspiration; PET)S E %S 914 3]

g a
o FE3 Bol T H= AdHlA ol B AAFe 4 flo] T e T
Abo] WFAlE= W] & (Thornthwaite, 1948)°]1™, Penman(1956)> #HA|52aks ‘AW
S b Ha, dde Eolok EFFo] A e AHAAY HA &l o5
SAtE = R, olgta Aol

SWATo® A4 += Penman-Monteith(Monteith, 1965; Allen, 1986), Priestley-Taylor
(Priestley ¢} Taylor, 1972), Hargreaves(Hargreaves 5, 1985) W o & a3 2HAk
ol A= 7} el 91e A s+ Table I-49F #2t.
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Table II-4. Input data according to PET calculating method

Method ¥E A8
Penman-Monteith Method 71, AUSsE, HEEAE, S5
Priestley—Taylor Method 71, Aulss, QgEAd
Hargreaves Method 7]

Penman-Monteith 2]-& (1.7)3 Zomw =il §AE 93 dyxr 2 FZF7E

neaA @) 5] FNAgAG B exz TR 9

\E= 2 (1.7)

7| A, A1 ZAZE (M *d ") | E : F2e9 Zol(mm/d)
A XTI 49 71&7] de/dT (kPa/TC)
_, ¢ B A ¥ (net radiation) (M *d ')

G:AGZE 2~ (MIn 2d '), p, @ 710 %E (kg/m)

)
e
W

g Gl el ud (Mm °d 1)

e} : o] zol M9 E3FT 7 (kPa)

e, : ¥o] zol|lA e FF7|I¢kPa), r, @ AT EA 3 (s/m)
v 1 5549 ( the psychrometric constant) (kPa/C)

r, - 7152 A G (E TG GAY) (s/m)

Priestley-Taylor Method & 2}(1.8)% #o] x| EwWo] 53 Ael7l g ¥, o

YA A 24 a

o =L28F Fahe P A,

A =ay,, At (H.,—G) (1.8)
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o] 714, A & 71EFE (M /kg) |, £ 0 AAE2AHmm/d)
Qo 2 AT, AL ESFFVG-2 5 49 7187] de/dT(kPa/C)
v FEAFKP/C) , Ho, o B d )

G:AY =H2(Mdm %d )

@ A A S22 Actual evapotranspiration)
SWATA M= HA g AR AAe o) AAds= SHHEFS AHgsta,
Richtie(1972)°] Wi 3 frAlstAl Hdl 4, Ad 3t 2 ES S2ES 183t

of AA w3 TG o] AAT LA AFA,

3) E¥(Soil Water)

Aol s AFE =2 oY dHE AEstd H=e Y 2L S
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A8t (groundwater) ™= 9 ¢H(Positive Pressure)o] ZHg3slyE E3 A o] 22 A
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@ 72L& t<F(Deep Aquifer)

254 BN 28 Yo £ B Fe nHA 23, Azl
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A AstA EA AL 2 AS g B A Hold AE&AdS JERTH

&A% 2] Package™= BAS(basic), BCF(Block-Centered Flow), $-&(Well), &%k
(Recharge), 7Z(River), ®l<*(Drain), <A Evapotranspiration)s ¢ Package® -
dEe] A

BCF packaget™ W32 Favi/ldsE gopsto] ofjmst Ao ti43Q1A A

Asta, At G5 AL A cell x cell®] %, storage®] %S A
o
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RCH package:= &<
o Zhzhe] Axpe] 3

FAAEA o F7b

(recharge rate)S ©o]&3te] At dddF AaE AdHH
(@)

i
=

°]9] BAS package® layers, AAF, AGg 5 Ry ANAQ 25 A
3}al, River package: 3} 7 AZ7, Drain packagei= W%, Evapotranspiration

package= T 2AFS RO st=dl AFEHY. 549 packaget™ ZF celldl )

AR AR ANGE AL s, 27k 2B~ packages 5HF A
58 st A4S FARHY
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Table I-5. Minimum flow concept
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Table I-3. Agricultural water demand in regional

w o EEUaREFeARud) vaess | SEET | o) que | gusg
= (ha) (ha) (m/D/ha) | 50T (m'/<) (m/<)
(m / A )
AT = 37,031 33,824 - 1,239,552 919,659 -319,893
A 15,855 14,851 - 539,554 406,147 -133,407
A 3,062 2,636 46.91 123,652 58,055 -65,597

A skl 2,602 2,470 34.76 35,856 72,116 -13,740

_Zr_

Al N5 4,888 4,586 28.49 130,653 105,081 25,572
245 2,084 1,986 40.28 79,995 49,224 -30,771
s 3,219 3,173 37.63 119,398 121,671 +2,273

A 21,176 18,973 - 699,998 513,512 -186,486
& A < 4,192 3,908 41.21 161,047 116,371 -44,676
k5 1,347 1,473 24.59 36,220 25,286 -10,934

A

j FAH 2,438 2,192 26.79 58,722 45,328 -13,394

A
T s 5,647 4510 37.97 171,244 110,302 -60,942
e 1,857 1,646 34.93 57,459 40,279 -17,180
oA 5 5,295 5,245 41.05 215,306 175,946 -39,360

AR AFSAANE BUAE5 BF B ey 2AH164E),
F LA T
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Table IV-1. Spring water observation using ADC

(%‘OA : ’VTLR/S)

) &Z | 2% Agy | =AE | =3l
S E L | BRE | T AAE | A5 | A E

=] = = 4 | o"
2017.06.09 | 0.157 | 0.149 | 0428 | 0.098 X X X 0058 | 0032
2017.06.27 | 0261 | 0211 | 0462 | 0072 | 0016 | 0011 X 0.072 | 0025
2017.07.05 | 0.327 | 0143 | 0402 | 0085 | 0006 | 0.009 X 0.066 | 0032
2017.07.18 | 0.284 | 0247 | 0415 | 0066 | 0012 | 0.008 X 0033 | 0035
2017.07.26 | 0.199 | 0.110 | 0456 | 0084 | 0007 | 0007 | 0076 | 0036 | 0014
2017.0802 | 0.260 | 0142 | 0333 | 0052 | 0008 | 0007 | 0078 | 0024 | 0011
2017.0809 | 0.343 | 0225 | 0352 | 0059 | 0007 | 0007 | 0087 | 0024 | 0010
2017.08.16 | 0.266 | 0180 | 0349 | 0070 | 0007 | 0007 | 0090 | 0040 | 0026
2017.0823 | 0202 | 0245 | 0368 | 0112 | 0010 | 0009 | 0097 | 0046 | 0029
2017.0901 | 0.199 | 0173 | 0342 | 0082 | 0004 | 0007 | 0085 | 0036 | 004
2017.09.08 | 0.163 | 0184 | 0308 | 0092 | 0008 | 0007 | 0094 | 0036 | 0031
2017.09.15 | 0.145 | 0181 | 0268 | 008 | 0003 | 0007 | 0090 | 0028 | 0031
2017.09.22 | 0201 | 0186 | 0317 | 0071 | 0011 | 0004 | 0084 | 0022 | 0029
2017.09.29 | 0220 | 0164 | 0377 | 0092 | 0016 | 0012 | 0078 | 0031 X
2017.10.06 | 0.391 | 0297 | 0569 | 0204 | 0013 | 0014 | 0146 | 0101 | 0038
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Table IV-2. Principal component analysis for agricultural water quality standards

dAstlon, 54

3 | #AFA | FF | 29 HY | A | =3 | dgs 472 | apz | ot=a o2
A4 | A 2 | 52| = 2 2 A
A% | mg/L | mg/LL | mg/L | mg/LL | mg/L | mg/LL | mg/LL | mg/L mg/L mg/L
L O X X X X X X X X X X
NO3-n | X X X X X X X X X X
po || 71| 57 | 80 94 | 150 | 139 X 23.1 6.7 179
NO3-n | 19 | 10 | 28 27 | 39 | 24 X 47 0.8 3.7
4o || 68 | 56 | 79 92 | 150 | 137 X 213 53 160
NO3-n | 18 | 09 | 28 28 | 38 | 27 X 3.9 0.8 3.9
o |69 | 57 | 7 92 | 159 | 144 X 57.9 5.4 x
NO3-n | 18 | 09 | 24 25 | 42 | 25 X 5.2 0.7 x
| c- | 66 | 55 | 75 90 | 156 | 145 X 32.3 53 180
5% Nosm | 18 | 08 | 22 24 | 41 1.9 X 3.9 0.7 36
e |72 | 63 | 84 94 | 159 | 143 | 16035 | 387 6.2 20.0
6% 'Nosm | 18 | 10 | 34 20 | 44 | 20 56 43 0.8 3.8
Jo || 71| 63 | 78 93 | 168 | 474 | 13688 | 305 55 20.7
NO3-n | 04 | 09 | 13 3.1 44 | 02 8.2 41 05 25
lc- | 73 60 | 90 98 | 174 | 144 | 12583 | 320 56 196
8% Nosm | 22 | 19 | 45 39 | 48 | 31 85 5.1 13 44
om | C | 76 | 65 | o1 98 | 187 | 144 | 11572 | 280 6.2 166
NO3-n | 27 | 24 | 46 37 | 51 3.9 59 6.0 16 50
0| ¢ | 70 | 58 | 80 91 | 166 | 154 | 10471 | 239 5.4 19.3
g INO3n | 19 | 13 | 27 22 | 44 | 15 5.4 5.2 0.7 3.8
11 C- | 69 | 63 | 82 93 | 179 | 150 | 13326 | 735 5.4 150
g INO3n | 21 | 13 | 35 30 | 45 | 22 5.4 6.0 1.0 3.0
19 Cl- | 69 | 57 | 79 91 | 172 | 148 | 11527 | 213 5.4 172
g INO3n| 15 | 09 | 30 24 | 44 | 17 44 42 05 34
131 ¢ | 67 | 57 | 19 89 | 167 | 150 | 14147 | 209 5.2 160
g INO3n | 19 | 11 | 26 29 | 43 | 23 5.4 16 0.8 35
| C- | 69 | 58 | 78 91 | 167 | 153 | 6327 x 53 19.3
S INO3n | 17 | 04 | 22 |BAZ| 40 | BAZ | 47 x 0.7 2.8
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Table IV-3. Results of calculation for runoff
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IV-1. Analysis of water quality standards for agricultural water(NOs; ")

Table IV-4. Analysis of water quality standards for agricultural water(NOs3 ™)

NO,—N NO,—N F47]% © 20mg/L ©] 3}
T HAa FH o =R FHAE
zz2z 0.4 27 18 25
Zol &= 04 2.4 1.1 Zly
e 13 46 29 2%
A= 22 39 29 25
=R 38 5.1 43 25
g4 0.2 39 22 2%
A & 44 85 59 e
CRe} 39 6.0 48 2%
o3l 05 16 08 e
SEE 25 5.0 36 e
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Cl- (mg/L)
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Fig. IV-2. Analysis of water quality standards for agricultural water(Cl )

Table IV-5. Analysis of water quality standards for agricultural water(Cl )

CL™ FA7]F : 250mg/L °]3}
TR 32 # o 33t FA7E
&8 3 6.6 7.6 7.0 KSRl
FolEE 55 6.5 5.9 =] %
A= 75 9.1 8.1 g
AR & 89 9.8 9.3 =] %
=R 8 15.0 187 16.0 = 3}
o <= 13.7 474 17.1 2 &
A5 632.7 1603.5 1218.6 A9}

A= 20.9 735 336 =] %
oF A 5.2 6.7 5.6 =] %
of 2 15.0 20.7 18.0 g
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Table IV-6. Analysis of water quality standards for agricultural water(14)
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Fig. V-1. Location of meteorological observatory of the basins to be studied
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Table V-1. Location of meteorological observatory of the basins to be studied

Observation post Name Latitude Longitude Elevation(m)
Weather station )
Seogwipo 33.24 126.56 47
(189)
AWS
Jungmun 33.24 126.40 63
(328)
AWS )
Eorimok 33.39 126.49 967
(753)
AWS
Wekse 33.36 126.51 1668
(871)
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Fig. V-2. Annual rainfall data at location of meteorological observatory

Table V-2. Annual rainfall data at location of meteorological observatory

Year Seogwipo Jungmun Eorimok Wekse
2003 2309 2154 3636 5938
2004 2038 2106 3370 6575
2005 1413 1345 2101 3271
2006 1781 1480 3549 4380
2007 2195 1763 3899 5012
2008 1693 1247 2211 1958
2009 2035 1579 2406 3153
2010 2423 1877 4066 4202
2011 2036 1465 3616 5646
2012 2728 2019 4507 6559
2013 1109 1169 2616 3157
2014 2502 2064 4094 7331
2015 2620 2572 3791 6404
2016 2210 2229 3462 6006
2017 1334 1194 1646 2973
2018 2171 1887 3511 6370
2019 779 608 926 2021
Total 33,376 28,758 53,407 80,956
MAX 2728 2572 4507 7331
MIN 1109 1169 1646 1958

AVERAGE 1963.3 1691.6 3141.6 4762.1
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Fig. V-3. Monthly rainfall data at location of meteorological observatory

Table V-3. Monthly rainfall data at location of meteorological observatory

Seogwipo Jungmun Eorimok Wekse
1 515 52.3 114.4 106.6
2 879 82.8 149.9 191.8
3 139.9 1245 206.8 292.3
4 225.3 190.3 271.1 496.2
5 215.8 197.2 315.1 567.2
6 289.1 232.9 3195 539.4
7 221.0 205.7 468.6 693.3
8 3114 263.3 571.8 961.5
9 220.1 1574 368.8 510.2
10 115.3 107.3 209.2 258.7
11 107.4 81.7 147.4 1775
12 52.7 64.3 1374 138.9

g AL AHA 7w

SWAT =9 Al ¥ Am2 AbEH= Ha-HA 7|22 AFAE7]EHE A9

e 3ol AWSIAE 7158 2] oy
of- 240 QX2 ATt
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Fig. V-4. Temperature data of Seogwi meteorological post
Table V -4. Highest temperature data of Seogwi meteorological post
<= (Fa) 1 2 3 4 5 6 7 8 9 10 11 12
2003 10.1 13.0 14.7 198 | 227 | 26.0| 271 309 | 290 | 239 | 207 13.6
2004 114 13.6 159 20.1 22.5 27.0 30.4 324 28.2 23.7 18.7 14.7
2005 9.5 9.9 13.1 186 | 220 | 255 ] 286 290 | 280 | 235 195 10.3
2006 12.0 114 15.0 188 | 215 | 247 | 279 | 317| 269 | 255 19.3 13.8
2007 12.0 14.2 15.3 193 | 235 | 25.0| 286 315| 283 23.9 18.2 13.7
2008 11.2 9.9 15.0 186 | 223 | 2321 303| 30.7| 279 | 247 18.0 13.7
2009 10.0 14.2 155 19.2 24.1 25.2 28.1 295 279 249 175 12.7
2010 11.2 124 14.4 16.8 22.0 25.1 28.8 309 28.8 23.1 18.2 12.6
2011 7.5 12.8 13.3 18.2 219 24.1 29.3 29.1 284 235 20.8 12.0
2012 10.1 9.8 14.1 18.9 23.7 255 28.7 30.7 26.6 23.7 16.6 115
2013 10.5 11.9 16.2 185 229 25.2 29.9 32.2 29.0 25.0 176 12.6
2014 12.1 12.2 154 19.7 23.6 24.8 28.2 28.0 205 239 19.0 115
2015 12.1 12 14.9 185 229 24.1 26.9 29.1 26.0 22.8 18.2 13.2
2016 9.3 10.9 14.7 195 22.2 24.3 28.2 30.7 26.4 23.3 18.0 14.0
2017 11.1 11.8 139 19.2 23.0 25.3 30.1 315 205 229 174 10.9
2018 9.2 9.7 155 19.6 219 25.0 29.4 304 265 21.6 18.3 12.7
Average 10.6 119 14.8 19.0 22.7 25.0 28.8 30.5 277 23.7 185 12.7
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Table V-5. Lowest temperature data of Seogwi meteorological post
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Fig. V-5. Average wind speed data of Seogwi meteorological post

Table V-6. Average wind speed data of Seogwi meteorological post

Year 1 2 3 4 5 6 7 8 9 10 11 12
2003 3.4 3.0 3.5 3.4 3.5 29 35 2.9 3.3 3.2 3.2 3.2
2004 29 3.3 3.2 2.9 2.6 2.6 3.0 3.3 3.9 3.7 2.9 25
2005 26 3.2 3.2 3.1 2.9 3.0 3.1 3.1 3.9 3.0 24 29
2006 26 3.0 3.2 29 3.3 25 26 2.4 3.5 25 3.2 2.6
2007 26 29 3.1 26 2.8 29 25 2.9 3.1 2.4 24 3.1
2008 2.3 2.7 3.1 2.8 25 29 19 2.8 25 2.1 1.9 1.8
2009 2.7 2.7 2.7 2.7 2.6 25 2.7 3.1 2.7 2.8 26 2.6
2010 29 24 3.3 3.0 2.7 25 2.3 2.7 2.8 2.9 2.3 2.9
2011 24 2.3 25 2.7 2.7 24 24 3.0 26 25 25 22
2012 2.2 26 2.7 3.1 25 2.8 2.2 3.2 26 25 26 25
2013 24 2.3 2.4 2.7 2.3 24 25 2.3 26 2.9 25 2.4
2014 2.2 29 2.4 24 22 2.1 2.2 2.9 2.7 3.0 2.2 2.4
2015 24 2.2 2.1 2.3 1.8 1.8 2.3 2.0 2.7 2.1 1.9 1.7
2016 16 2.0 1.8 1.8 1.5 1.6 16 1.8 1.8 2.1 15 1.7
2017 1.8 2.0 1.8 1.8 1.5 15 1.8 1.8 2.1 2.4 15 16
2018 16 1.8 2.1 1.7 2.1 1.7 1.8 2.3 2.0 19 1.7 15
Average 24 25 2.6 26 2.4 2.3 24 2.6 2.8 2.6 2.3 2.3
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Table V-7. Relative humidity data of Seogwi meteorological post

Relative humidity data of Seogwi meteorological post

Year 1 Z 3 4 o 6 7 8 9 10 11 12
2003 613 | 635 | 613 | 675 | 725 | 76.0 | 879 | 788 | 71.5 | 579 | 686 | 56.6
2004 56.3 | 53.0 | 3.7 | 60.1 | 74.2 | 70.7 | 822 | 745 | 74.7 | 58.0 | 63.6 | 60.2
2005 072 | 626 | 577 | 622 | 645 | 76.3 | 81.2 | 784 | 74.0 | 60.8 | 57.9 | 59.5
2006 60.1 | 99.9 | 56.2 | 62.6 | 74.8 | 80.5 | 882 | 75.7 | 679 | 59.5 | 60.3 | 60.9
2007 60.7 | 624 | 615 | 52.1 | 619 | 81.0 | 81.7 | 786 | 749 | 644 | 534 | 61.2
2008 68.8 | 56.7 | 64.1 | 67.0 | 69.9 | 83.8 | 835 | 77.2 | 749 | 64.3 | 63.3 | 61.1
2009 63.2 | 676 | 59.6 | 58.2 | 60.1 | 77.7 | 829 | 76.3 | 68.7 | 53.0 | 65.2 | 60.4
2010 623 | 671 | 663 | 62.1 | 694 | 77.7 | 853 | 82.6 | 75.7 | 61.4 | 584 | 63.1
2011 61.6 | 665 | 54.1 | 62.9 | 76.3 | 89.1 | 846 | 84.7 | 679 | 63.8 | 72.8 | 65.2
2012 60.6 | 65.7 | 66.0 | 68.7 | 69.0 | 80.4 | 874 | 82.1 | 735 | 60.3 | 61.4 | 67.1
2013 63.9 | 68.0 | 639 | 62.1 | 72.6 | 853 | 854 | 779 | 68.3 | 65.6 | 63.7 | 60.2
2014 60.5 | 69.8 | 64.0 | 63.6 | 66.1 | 825 | 854 | 83.8 | 73.6 | 68.1 | 66.8 | 63.7
2015 62.8 | 63.7 | 615 | 753 | 69.6 | 84.8 | 89.2 | 81.0 | 73.6 | 62.2 | 76.6 | 68.8
2016 659.5 | 625 | 67.1 | 75.7 | 754 | 87.9 | 91.8 | 77.1 | 832 | 80.7 | 724 | 682
2017 66.8 | 994 | 58.7 | 71.2 | 73.8 | 80.3 | 95.0 | 83.7 | 75.8 | 76.1 | 65.6 | 61.2
2018 694 | 643 | 789 | 772 | 842 | 885 ] 933 | 91.7 | 85.2 | 68.7 | 714 | 72.1
Average | 62.6 | 633 | 62.1 | 6565 | 70.9 | 814 | 866 | 80.3 | 74.0 | 64.0 | 65.1 | 63.1
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Fig. V-7. DEM of stream to be studied

1.2.2 EA 9] &% (Landuse map)
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FEOR FaEv, 7 AR AGAA Y i E=TE A H o AT (Table V-8.).

Table V-8. Code on entries of landuse map

o) &5 FE 5 A E5
77N 5 EREE 2271 &5 EHI= 4170 &5 s
GEFAA Y 111
= ol
FAA 110 Se=A7 o
TdAY 120 T 121
FaA 130 AU FA 131
AFA A Y 140 =AY 132
A 7} 3} A=A @éﬂ o 14_11
S o 100 =3 151
AxA e PESA 150 ar 152
=R 153
© 154
71EF 0E, AN 155
FFAEAY 160 SN A 161
o, FHAA 162
7 e} FEFAA 163
A=
- 210 BAAAYN) © = 211
b 220 AAAE) ¢tE = 212
A 200 B2 2wl A 230 BAAAY7 § 2 221
! 240 AA A7) orE W 292
BF-$- 22 A 1] X 231
7 Bl X
TEFA 8l A 250 Fe ol
ki 310 =3 251
Ab A o 300 A+ 320 71 EF A H) A 252
a9 330 ga9-¥ 311
A 2 A 410 1949 312
N 25 331
—'l—X - -~
e 400 SEERY 420 AAzA ATl
R 421
N _ W55 510 A 422
Ealyd !
=7 500 AgkEA 520 7)EF 24 423
W55 511
AL A A 610 A 521
Rl 522
A
A 600 gkl 611
AFHA 620 375 612
& H/mkg) 613
. A FA o 621
U5 710 S 622
7 1+ A
0 o) iRl 711
3 ok 4= 720 .
A 712
3 4= 721
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Soil type of Akkun basin
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Fig. V-8. Soil map of Akguen stream to be studied

Table V-9. Soil map of Akguen stream to be studied

&7 TET A5 A (k) | HE(%)
URMD F7A9 0.03 0.16
UIDU SAA Y 0.00 0.02
A7bst Az UCOM FAAS 0.01 0.06
UINS SaAAA S 0.03 0.14
UTRN W-EA S 0.12 0.64
T4 AGRR % 5.41 29.06
FRSD g4 5.66 30.38
e FRSE R 5.96 29.84
FRST TEd 0.94 5.04
ZA] PAST A A Z A 0.81 4.37
BARR 0.02 0.10
=9 WATR w55 0.04 0.19
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1.2.3 EY%(Soil Type map)
EY%(Soil Type Map) A a&E QA7 EdoA ATt sHESA

X
BI(ASIS) Al&sh= 1:25000 A EYLEsE EYGeHRE st d9A8® 55
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o] AR Bxy How BAEJHFig. V-9, Fig. Table V-10.).

% Land soil of Akkun basin

8

E

,,,,,,,

mmmmmm

nnnnn

::::::

~~~~~~~

uuuuuuuuu

JOENRNRRORRERCRRCNRCAROCIRER

25 125 0 25 5

1 B
tn

=

Fig. V-9. Soil map of Akguen stream to be studied

_60_



Table V-10. Rate and dimension by soil series at the basis of Akguen river

Land soil Area Percent(%)
Ara 0.655 3.516
Donggui 0.950 5.100
Daeweon 0.130 0.696
Heugag 8.224 44.146
Hampyeong 0.042 0.227
Ido 0.122 0.657
Jeogag 0.215 0.130
Jecheon 0.215 1.154
Jungmun 0.318 1.705
Jungeom 0.172 0.923
Jocheon 0.010 0.053
Jeju 3.845 20.639
Gueom 0.692 3.714
Gamsan 0.105 0.565
Gyorae 0.069 0.372
Gunsan 0.011 0.058
Minag 0.058 0.314
Ora 1.749 9.389
RC 0.785 4.212
Nongo 0.064 0.343
Sara 0.111 0.594
Songag 0.057 0.304
Tosan 0.058 0.309
Yeongweol 0.013 0.072
Yeongog 0.068 0.367
Yonggang 0.082 0.440
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SWAT R Aol s v A= Q1A= 7(Crop.dat, Basin input, Chemical,
Ground water, HRU General, Soil, Main channel, Management)7}¢] & HF = ¥

FEH, AE QA= F 287FA o Table V-11. 3 2},

Table V-11. Parameter in SWAT model

5 ul] 7] A 4= A v 3FkA] | AdghA|
Crop.dat USLE.C |EXIXE mz & A% 0.001 05
SMFMX 692199 §af &4 0 10

SMFMN  |12¥€2199] §&f 94 0 10

SPCON EAlolg WA Ao A AL 0.0001 0.01

Basin input SPEXP EAlols vl Ao e A4 1 15

NPERCO |22t A& A< 0 1

PRERCO |24k A& A4 10 175

PHOSKD |E%9] QAS FEe= Als 100 200

SOL_LABP |E%ZoA9] %7] NO3 5% 0 100
) SOL_ORGN |EdZoAe] 7] 2kt d4s vk 0 10000

Chemical n - N .

SOL_ORGP |EdZFdlAel x7] AHgkdl s 0 4000

SOL_NO3 |EdFdAe %7] NO3 &% 0 5

ALPHA_BF [7IA®& &5 35 0 1

7N Aol thek et dA
GWQMN 0 5000
Ground water Bk

GW_REVAP |28 ti43=2] REVAP A+ 0.02 0.2

REVAPMN |3 F] g3t && gz dA % 0 500

ESCO Eokzul B A4 0 1

HRU General SLOPE 2899 A AXAE AL(%) 0.0001 0.6
SLSUBBSN | AFe] Ao](m) 10 150

n el ZEAF
Soil TLAPS 2 HE AF 0 50
o! SOLAWC |E%¥Z fasidg 0

CH_COV e uE 24 -0.001 1

Main channel CH_EROD |8}H e H2A o4 -0.05 0.6
CH_K2 st A e FHEAEE AS -0.01 150

BIOMIX AEsH AT 0 1

Management USLE_P USLE A3 A4 0.1 1
CN_2 SCS FrE2r 443 AMC-11 %71 35 98

B AToAE A AFE e ddowm AA"E A, 2008, A 2012)F
&

EdE viZiias 24 dide] obd EYshy wizhi s Aledlen, &3 #



Ae FEed wagel skl ME ®AS ANsgom, ma wAwSE
AsbE Fat w7l 7 GW_REVAP, REVAPMIN, GWQMN, ALPHA_BF)&
HEste] AE AWS CN2, WA vAMS ESCO, CHK2, E35H v
AWM SOLAWC & 374 A4ste] A7 Agskgith(Table V-12.).

Table V-12. Value for analyzing the sensitiveness of hydrological parameters

related to runoff

Parameters Lowest limit -100% -50% 0 50% ggﬁfg
ALPHA_BF 0 1 0 0.25 0.5 0.75 1
GWQMN 0 5000 0 1250 2500 3750 5000
GW_REVA
b 0.02 0.2 0.02 0.065 0.11 0.155 0.2
REVAPMN 0 1000 0 250 500 750 1000
ESCO 0 1 0 0.25 05 0.75 1
SOL_AWC 0 1 0 0.25 0.5 0.75 1
SOL_K 0 2000 0 500 1000 1500 2000
CN_2 35 98 35 50.75 66.5 82.25 98

)

SWAT ®eo& 9% Wzte ¥A 723 Table V201 AAHo1A Qi &84

7R 870E VIS ZH2E £25%, +50% ©] value $hS WSA7|WHA w3}

T 2% JFAA 87l thake] obtzl frofoll A gsto] viAns: NS
AES A3 F FF3F] 92 F A= SOLKUIS8~-01%), AEFZANA=
SOL_K(131.3~0.6%), 71 A&l A= SOL_AWC(-299.54~-37.89%) wi/HW 4 217}
7h g & WEds Bk 719 GWQMN S1Akek ESCO S1Abs &-f-&7 714
frEel 4%, GW_REVAPE /%, CN2 A= /&, ARFE, 7IAFE A

Rbol A ®13Hg &S e Aem E4 AT (Table V-13.~15)).

o2
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Table V-13. Rate of change of Water yield according to the rate of parameter

at Akguen stream except for a river

Parameters Range 100%6 50% 0 509 100%
ALPHA_BF 0 1 10.94 0.00 0.00 0.00 0.00
GWQMN 0 5000 -3.84 -2.56 0.00 2.11 3.74
GW_REVA
P 0.02 0.2 -3.40 -1.65 0.00 1.39 2.53
REVAPMN 0 1000 0.00 0.00 0.00 0.00 -0.05
ESCO 0 1 -8.58 1.27 0.00 -2.98 -10.65
SOL_AWC 0 1 -15.41 -1.67 0.00 -1.44 -1.44
SOL_K 0 2000 15.80 0.30 0.00 -0.08 -0.13
CN_2 35 98 1.47 0.88 0.00 -1.52 -7.89

Table V-14. Rate of change of SURQ according to the rate of parameter at

Akguen stream except for a river

Parameters Range 100% 5096 0 5096 100%
ALPHA_B
F 0 1 0.00 0.00 0.00 0.00 0.00
GWQMN 0 5000 0.00 0.00 0.00 0.00 0.00
GW_REV
AP 0.02 0.2 0.00 0.00 0.00 0.00 0.00
REVAPM
N 0 1000 0.00 0.00 0.00 0.00 -0.50
ESCO 0 1 -9.78 1.92 0.00 -4.29 -11.09
SOL_AWC 0 1 -5.87 -16.44 0.00 -11.91 -11.91
SOL_K 0 2000 -131.30 -1.61 0.00 0.43 0.64
CN_2 35 98 13.85 7.09 0.00 -7.96 -20.09
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50%
-0.02
25.74
17.58
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-11.94
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26.32
55.63

0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0%
-0.02
-31.23
-20.83
0.00
3.21
-37.89
-93.40

-54.16

100%
100.00
-46.91
-42.90
0.00
-43.02
-299.54
99.99
-108.40

1
5000
0.2
1000
1
1
2000
98

Range

0
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0
0
0
0
35

F
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N
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Table V-15. Rate of change of GWQ according to the rate of parameter at
A4
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Table V-16. Comparison of stream baseflow discharge measurement method

Date Discharge(m?/s) Date Discharge(m?/s)
2011-07-08 1.2787 2013-04-26 0.302
2011-07-22 0.6863 2013-05-31 0.1986
2011-08-02 1.242 2013-06-16 0.5658
2011-08-18 1.2098 2013-06-29 0.4994
2011-09-02 0.7661 2013-07-12 0.1652
2011-09-16 0.6763 2013-07-26 0.367
2011-09-30 0.7175 2013-08-09 0.1264
2011-10-28 0.5374 2013-08-23 0.1374
2011-11-25 0.5722 2013-10-12 0.1271
2011-12-09 0.362 2013-11-01 0.1046
2011-12-23 0.3505 2013-12-06 04775
2012-01-06 0.3505 2014-01-03 0.0999
2012-10-26 1.0217 2018-07-25 0.99414
2012-11-09 1.2743 2018-08-05 0.97364
2012-11-19 0.8637 2018-08-21 0.84362
2012-12-22 0.3545 2018-09-05 0.92693
2013-01-18 0.4618 2018-09-19 0.9008
2013-02-15 0.523 2018-10-17 1.27125
2013-03-03 0.2771 2018-10-31 1.02469
2013-03-15 0.3308 2018-11-14 1.2941
2013-03-29 0.529 2018-11-29 1.21287
2013-04-12 0.1904

Maximum 1.795
Minimum 0.063
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Fig. V-10. Result of calibration of Akkun stream
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Fig. V-11. Result of runoff simulation of the basin of Akguen Akkun stream
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Monthly Average Discharge

350
300
__ 250
E
E 200
a
£ 150
=
=]
2 100
=3
50
0
- PREC 4313 | 89 |1415|2252|2037| 283 | 2136|3112 2196|1205 | 1071 554
—+— WATER YIELD | 31.55 | 50.01 | 84.08 | 146.6 | 142.7 | 175.3 | 163.9 | 2095 | 169.9 | 1185 | 87.90 | 46.15
——5URQ 1871|1311 | 2284 | 5612 | 4647 | 6275 | 4915 | 8256 | 6161 | 3423 | 19.79| 2842
—s—Gwa 1413 | 1053 | 16.98 | 27.15| 4061 | 38.06 | 5038 | 47.75 | 49.86 | 49.77 | 35.45| 2553

Fig. V-12. Monthly average discharge of Akkun stream(2004-2018)

Monthly Discharge(2004)
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Fig. V-13. Monthly discharge of Akkun stream(2004)
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Monthly Discharge(2005)
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E
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mm PREC 33 105 195 137 139 99 198 249 18 54 139 47
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—— SURO 0.14 588 (3028|1193 | 242 4.27 147 (4696 ( 006 084 (2251 015
=i GW(O 476 6.7 1902 | 3429 | 3773 | 2996 | 2091 | 1888 | 26,88 | 17.79 ( 13.16| 1555
Fig. V-14. Monthly discharge of Akkun stream(2005)
Monthly Discharge(2006)
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~d— WATER YIELD | 49.06 | 25.73 | 25.84 | 1808 | 1080 | 165.7 | 2329|1215 | 117.1| 68.11 | 44.79 | 19.16
——SURQO 7.8 0.26 235 | 6783 | 18.23 | 4882 | 7218 | 0.78 113 | 656 058 | 0.05
—ii— GWQO 1227|1286 | 856 | 25.16| 395 | 3361 | 6085|5811 | 485 | 4335 218 | 1326

Fig. V-15. Monthly discharge of Akkun stream(2006)
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Monthly Discharge(2007)
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Em PREC 68 47 o8 B2 158 146 468 336 510 185 0 o7
—&— WATER YIELD | 3122 | 17.76 | 4383 | 3037 | 6356 | 5512 | 3275 | 2024 | 437.3| 1864 | 56.15 | 62.09
—f LR 3.36 016 811 269 (1133 631 | 1344 | 3321 | 2420|5449 0 84949
—f— GWQ 8.2 761 7.44 oo4 102 | 1600 | 4782 | 67.27 | 7974 | 80.03 | 528 | 25.68
Fig. V-16. Monthly discharge of Akkun stream(2007)
Monthly Discharge(2008)
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1
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—d— WATER ¥IELD | 3919 | 2017 | 54.23 | 5954 | 1212 | 2367 | B6.19 | 102 2155 | B5.04 | 61.11 | 37.57
—— 5RO 0.26 | 012 6.73 | 1474 | 5050 | 9628 | 072 | 1003 | 02.21 | 13.13 | 060 | 001
—fi— GWQO 1586|1318 | 611 | 1821|1871 | 3025|5083 | 4100 | 3190 | 4506 | 3647 | 2460

Fig. V-17. Monthly discharge of Akkun stream(2008)
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Monthly Discharge(2009)
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1 2
Em PREC 53 161 219 185 105 397 332 162 135 B3 184 19
—&— WATER YIELD | 1922 | 9285 | 1539 | 1356 | 76.88 | 22360 226.7 [ 1126 | 9735 | 9481 | 1327 | 3642
—f LR 018 381 | 5601 4465|1259 (9944 B3.73 | 637 1148 | 1603 | 3656 | 0.04
——Gwa 713 | 6.15 | 3012 | 39.84| 37.53 | 28.39| 46.04 | 59.56 | 45.64 | 4582 | 37.48 | 3173
Fig. V-18. Monthly discharge of Akkun stream(2009)
Monthly Discharge(2010)
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——SURQ 338 | 235 | 5432 | 8922 | 482 | 1047 | 76.04 | 1338 | 1935|1457 | © | 4.85
—s—cwa 8.23 | 10.26 | 26.14 | 47.72 | 59.04 | 39.26 | 60.75 | 7154 | 9195 | 70 | 4337|2087

Fig. V-19. Monthly discharge of Akkun stream(2010)
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Monthly Discharge(2011)
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—f LR 003 011 (1481 1731|1652 | 1632|1302 | 4685|2144 | 1212|1500 01
—f— GWQ 851 261 2.73 132 (2217|3381 | 8373|6702 )|48.08| 3186 | 4054|5272
Fig. V-20. Monthly discharge of Akkun stream(2011)
Monthly Discharge(2012)
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Fig. V-21. Monthly discharge of Akkun stream(2012)
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Monthly Discharge(2013)
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Fig. V-22. Monthly discharge of Akkun stream(2013)
Monthly Discharge(2014)
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Fig. V-23. Monthly discharge of Akkun stream(2014)
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Monthly Discharge(2015)
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Fig. V-24. Monthly discharge of Akkun stream(2015)
Monthly Discharge(2016)
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Fig. V-25. Monthly discharge of Akkun stream(2016)
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Monthly Discharge(2017)
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Fig. V-26. Monthly discharge of Akkun stream(2017)
Monthly Discharge(2018)
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Fig. V-27. Monthly discharge of Akkun stream(2018)
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Fig. V-28. Future present comparison of direct runoff of Akkun stream
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Fig. V-29. Future present comprison of direct runoff of Akkun stream
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Fig. V-30. Future present comprison of ground water runoff of Akkun stream
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Table V-18. Annual recharge rates of sub-basin (2017-2019)

Recharge area 2017 2018 2019 Average
1 43.00 47.01 37.74 42.58
2 43.17 46.68 36.68 42.18
3 42.27 45.61 35.92 41.27
4 43.67 45.73 36.75 42.05
5 42.59 44.43 36.28 41.10
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Table V-19. Grid network configuration

72 AR 4
Cell refine Base size: 20.0 m, Bias : 1.0, Max. size: 20.0 m
Number of Cells 665 rows x 242 columns = 160,930 cell

(Active cells: 58966 cell / Inactive cells: 101,964 cell)

o 9 Astr FIAW TS SWAT RejolA 149 57 A799 d=(2017. 1.

JdFS Fias 48 AR AHEHJOH, ZAFY AW A Y
< A3y sEol ¢l NO-FLOW AH 92 &yt AAs dA5F7474(Constant Head
Boundary) % A A34tHFig. V-34.).

_82_



—. 3D GRID(3D View)

430.00
400.00
370.00
340.00
31000
280.00
230,00
220.00
190.00
16000
130,00
10000
70.00
40.00
10,00

1573922
TS T L

T&&T L

#14

153892
TeeR L

Leed L

—. 3D GRID(SIDE View)

.mn 00
400.00
370.00
340.00
310.00
280,00

250.00

22000
) i
o000

130,00

100.00

. e T

L

ZTER0L
ZEBTL
Z66TL
TEGEL
TEETL
TE69L
T6EBIL
CTE6LL
Z668L
T666L
76608
6618
Z66T8

Fig. V-34. 3D GRID (Side View)

_83_



22 AT AHd & A4 F58A

N
_O|L
I
o

do] 639 ARE 98] ALHAY, wdo] AA g5z A A Lo B
T AL Qzdcl A o2 A4 Ads wdYe Fed RE F ool md nAg

(Calibration)©] 2= #4& 713 oF g},

=
l‘ [e3
ofo
>~
>
0
e
ox
{0,
=
3
ol  Ho
>
4>
Ho
ofrt
o
(@]
=
o~
lo
o
rd
4>
Ho
B3
il
L\J
(e
—
-~
i
[}
S
=
O
rL
(@)
o
&)
A
mlm
£

sfo] Al g5 FAsEs HAAAS FHstorhFig. V-35)

Edg mAd doF QA F Aty FFFE SWAT 2o Ak A &skglon, shatet

Table V-20. The value of the modeling of the argument

Horizontal Vertical
Recharge o 2)
ate K (m/d) K (m/d) Ry

Mz

:iL

(m/d) RA A | HA S | A A | HAZF | A A | A F

Zone-1 0.001997
Zone-2 0.001978
10"~ 9.39 10"~ 003 ~

Zone-3 | 0001935 ) ) 10 0.30
10 (mean) 10 0.35
Zone-4 0.001966

Zone-5 0.00192

i
e g
1

1) "AFE #EAA R AseEAd FFEAM), (A5, 2003).
A

2) T A} Ak, (A, WetEwAL, 2011).

_84_



BZS5S52 -+
51592 -
E0292 -
795832 -
TE552 -
77292 -
765352 T
75592 -
749292 -
735382 T
1

F-49]

71222 T

Zone-1

}' Point_80471

Zone-3
Zone-2

Zone-4

7T0s32

151323

153853

Fig. V-35. Calibration Target

_85_




Ao SAE Shae BER FARRE ol 8o Ads AERYS BHAH ¢

i)

>

A wAse #2499 vy 298 A0F 2YA)E 1YL AAA 2dY
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A4} g A BE=F99ke] Aol A (residual) & o] E8ke] o e HE Al

(mean residual), 2 ¥ v & 2}(mean absolute residual), RMS(root mean square) #2} 5& 7

}\g‘__}/\ Olq.

2dy BA T AE g #3549 @ Aol oxtel it FAAIE Ht(Mean
Residual)@t  -0.002 m, At)¥(Mean Absolute Residual)zt 0.011 m, RMS 0.011 m& &%
g AZF9 Fe oAkE AA ¥ SR FA o] ALtE #AFFYF BATA ] F ot

Al

N

do

PN
T

o
[t
1 o

Z g th(Table V-21.~22, Fig. V-36.).
A QA whE Aokl AFdeelN RoE 3 A} Ae
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HE AFHAA GE hgEer o Aor yeuthFig.

=

re
W)

A5 B

o

1

By

g

’

bol 241

3

El
i
Of¢

TE iy

a8
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Table V-21. Calibration results of underground water level

Item Value(m) Remark
Mean Residual(Head) -0.002
Mean Absolute Residual(Head) 0.011
Root Mean Squared Residual (Head) 0.011
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Table V-22. Comparison Observation Head vs. Computed Head

- Obs. Head Obs. Head Ojbs. Computed Residual
#5741 (EL. m) interval (m) Contititangs Azt Head (m)
) (%) (EL. m)

F-117 21.72 1.0 9% 21.71 -0.00932

F-225 19.11 1.0 9% 19.13 0.0142

F-497 35.06 1.0 9% 35.05 -0.01125

JM_YH 3152 1.0 9% 3152 0.00296

point_80471 248.0 1.0 9% 248.02 0.01>4

Computed vs. Observed Values
Head
[©] [e] [O]

F-117 F-225 F-497 JM_YH point_80471
250
200—5
- L
2150
g_ | -
2 i
£ i
O | -
100
50—5

L | | | | | | | | | | | | |

50 100 150 200 250
Observed

Fig. V-36. Computed vs. Observed Values
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Fig. V-37. Groundwater table contour map under steady state
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Aoty el wE 2AN G Aot 9 WEkE duRy] fste] dFFs dakete] 75

H 2dy9 At f554S gefstt
oA F99 FYF Mgt wE A FEES gefsty] dske] AR FEHAA &
o ¥ Asg FFES -10 ~ -50%, 10 ~ 50 %S WA A o] - BA S Aste]

A A T 10% AN 134 ~ 1041 m, 20% A 269 ~ 2119 m, 30% FHAA] 4.07
~ 3289 m, 40% FHAA 547 ~ 4406 m, 50% FHAA 689 ~ 5627 m 9 Adtrdl 3 54
Bvoom, 7t #Ae] g fagd wt HA 41%9A Aol 360%7HA AstEArE W# ke
Aok FAHAY. T3 FEF 10% S7HA 131 ~ 1006 m, 20% S7HA 261 ~ 1982 m, 30%
F7H] 388 ~ 29.28 m, 40% F7H 514 ~ 385 m, 639 ~ 4748 m o AsFH AEHE e
o, #HA 405% oA Hdl 32.74% 7HA Asteeivh dsdhe Aow N, $FE T
Al RS B0 FARSH Askeee] e R s 54 Bole AR 4 EH A Table V

-23., Fig V-38.~42)

o

Y

Table V-23. Changes in the groundwater level due to recharge increase

O,
(0]

al
-50 -40 -30 -20 -10 X°E)5 10 20 30 40 50
Obs» L

F-117 | 139 | 155 | 171 | 187 | 202 | 21.7 | 231 | 246 | 260 | 274 | 288

F-225 | 122 | 136 | 150 | 164 | 177 | 191 | 204 | 21.7 | 230 | 242 | 255

F-497 | 232 | 2577 | 281 | 305 | 328 | 350 | 372 | 393 | 414 | 435 | 455

IMLY o008 | 230 | 252 | 273 | 294 | 315 | 335 | 354 | 374 | 393 | 411

p(())i4n7tl_8 1917 | 2039 | 2156 | 226.8 | 237.6 | 248.0 | 2580 | 2678 | 277.3 | 286.5 | 295.5
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Fig V-38. On distribution diagram of an equal number of steady flow state
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Fig. V-40. On distribution diagram of an equal number of steady flow state
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Fig. V-41. On distribution diagram of an equal number of steady flow state
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