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A Study on the Effects of Temperature Rise of
Irrigation Water Passed Through the Warm Water Pool.

EOE£ #* - B B AM
Kyu Seok Yeon , Ye Hwan Choi

Summary,

The study was to estimate the effect of the rise of water temperature in the warm
water pool and to make contribution to the establishment of reducing to a damage of cool
water gs well as to the planning for warm water pool. This observation was performed in
Wudu warm water pool located at deu—Dong of Chuncheon for two years from 1975 to
1976.

" The results were showed as follows; )

1. The daily variation of water temperature was the least for inlet (No.1; 0.6 °C) the
second for middle overflow (No2; 3°C, No.3; 2.3°C) and another for outflet (No.4; 3.6°C,
No.5; 3.8°C) '

And the highest reaching time of water temperature in each block was later about 1
hour than the time at which air temperature happend in the daytime.

So, the variation of Water temperature was sensitive to the variation of air temperature

2. The monthly variation of water temperature at each measuring point was plotted. to
be increased with increase in air temperature till August (Mean monthly rising degree; No.1;
1.15°C, No.2; 1.7°C, No.3; 1.73°C, No.4; 2.08°C, No.5; 2.0°C), and expressed gradually
descended influence upon water temperature after August.

‘3. The mean temperature of inflow folwed in warm water pool was 7.5~12.5°C, and
outflow temperature was described as 13. 4~22.5°C to be climbed.

And So, the rising interval of water temperature was shown as 6. 7~10. 4°C.

4. The correlation between the rising of water temperature and the weather condition

~ was found out highly significant. As the result, their correlation coefficents of water
temperature depending on mean air temperature, ground temperature, wind velocity and
relative humidity were to be 0.93, 0.90, — 0.83 and Q.71 respectively. But there was no
confrimation of the correlation on the clouds, sunlight time, volume of evaporation, and

heat capacity of horizontal plane.
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5. The water temperature of balance during the period of rice growing in Chuncheon
district was shown as table 10, and the mean of whole period was calculated as about
23.7°C.

6. The observed value of the outflow temperature passed through the warm water pool
was higher than that of computed, the mean difference between two value was marked
as 1.15°C for blockl, 1.18,°C f0r block2, and 0.47°C for block3, respectivly. Therefore,
the ratio on the rising degree . between the observed and computed were shown as 53%,

‘449, -and 18%, mean 38% through each block warm water pool (referring item (@) of

table 11,12, and 13).

Accordingly, formula - (4) in order to fit for each block warm water pool was tran-

sfromed as follow;

0,—0y=(1—exp| "‘-—2—?’— A}]xw —0) XC

Here, correction coefflcment was computed 1.38, and being 'substituted 1. 38 for C in

- preceding formula, the expected water temperature will be calculated to be able to irrigate

the rice paddy.

As the result, we can apply the coefficient in order to plan and to construct a new

warm water pool.
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Table-1 Calculation of staying time in each block.
Classification Unit Block 1 ] Block 2 Block 3 , Total Remarks
N 1

Water surface area(A) m? 49,176 24,192 46, 134% 119,502

Mean depth h) m 1.10 1.20 1. 10;

Pondage ()] m® 54,093.6 29, 030. 4 50, 747. 4i 133,871. 4 AXh

Flowing discharge (Q) | m?/sec. 1.0 0.34 0. 66‘

lowing di v

ge;’“{l‘;‘.g ischarge | mmr. 3, 600 1,224 2,376 Qx3, 600

. Staying time () hr. 15.0 23.7 2%, 3( S4q

A 21.3hr2 Vel o), o]l: HkES} KA,
HHEA &K A peEsl= g},

2. kiBel At
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Table-3

2, 3), MHOMo. 4, 5)FIZ 07~20F71A] HHEHE
FEHAL, FEEE £o17] B3 6HM(19764,
7/8, 7/15, 7/25, 8/6, 8/21, 8/25)8) WEMEE M
— FEMNZ Figstd QB(L BRES JED ¥ =
#Re Table 2 2 Fig. 28 7v},

Daily variation in water temperature.(Unit : °C)

) Hour
M 07 {08 [ 09 [0 [ 1 {1213 | 14 l 151 16 {17 18] 19] 20
point }
Inlet | No.1| 10.5 10.¢ 10.7] 10.7] 10.9 10.9] 10.9 10.9] 10.9) 11.0}11.1111.0] 10.9} 10.8
Middie | No2| 152 155 n6.0f 163 6.4 169 1.2 175 1.8 181182 17.9] 17.9) 169
overflow No.3| 15.1‘ 15. 4 15.7[ 15.7\ 15.8 16.1| 16.4\ 16.6\ 17.9| 17.2! 17.4 17.1‘ 16.5 15.9
‘ No.4] '19.3' 19.8 20.4[ 21.1] 21.7| 22.1‘ 22.4‘ 229 22.6’ 22.8\ 22.9 22.4’ 21.8l 21.3
‘Qutlet
: No.S‘ 18.2‘ 18.8 19.3[ 19.9| 2.08\ 21.3‘ 21.5| 21.6i 21| 21.9| 22.8 21.5\ 20.9] 20.3
Mean air temp. [ 21.| 21.6] '22.8] 24.2] 25.2] 26.01 26.6] 27.2‘ 27.61 27.7; 27..51 27.0} 2611}24.8
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' Fig. 2. Daily variation in water

temperature.
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Monthly variation in water temperatur. (Unit : °C)

4
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5 6 7 I 8 9
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Fig. 3. Monthly variation in water
temperature, ‘
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Table-4

Comparison of balance water temperature and outflow temperature,(Unit: °C)
Monthly, ] —
S 5 ' 6 7 8 9 l Remarks
“Classification [ .
Balance water temp. 1615, 20.12| 25.28] 26.66] 28.35] - 25.50| . From table 10 ,
Qutflow temp. 13. 801 14,35 17.40; 19.80] 21.95 20.25{ Mean of No.4 and No. 5
Mean air temp, 13.9 l 16.1 21.2 23.8 24.4 21.8
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5
| 1 ] ) ) l
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Relative humidity (%)
Fig. 7. Correlation between relative

humidity and rising degree.
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kMol K WA KB LR PRA B B

A HRAA 4 & v gol KB LR
FHE YA REEGEL FHRE, MhCLE)E
B, B¥E, HHREY Eelged, HEMEAKE &
#%0.93, 0.9, —0.83, 0,71¢ 2%}

olgtel 18t e Hihoz EE, OB, A
& ATEAHE S ¥A4= HBENES B
ot 2 HEEE BF ¢ + 40,

5. EAkiA kBHT

1) KERH
BKEA EEH(I0cm)Y KRS HHOV 24
B BAGOl A & HHE Belz 2,
REH(Scm) 4 hEI(S5em)] B LE A
ke KigRch && 2~4°C, 1~2°C BE &
Kige] SH=E HkY BAKE BEsts dee
¢ = ded AL Bikihe #ES 1B KA 1
2 Aol =2 \okM Rmikel Bkzt EEsHA
3¢ ¢ F+ Aele dAd =4 BxtE
AEEY IR 1% WA 1 MBEE kBT AelH,
oz Bde BRART HRAZS FE WA
8t Aol REK BUKE B8 BEd ¥ Aol
2) EEHH
EEHE Sdol feld —BEER Rykihe
KR KBS 8D QL BB RMES o, XEHA
1mykEEel *o} K7l P45 1~1.5°C £E Ve
We 2 LTY KA KEFH KBRS &4
st e e, & @Ak FEKE 1.15m
of 3 KES BEAHE ZEHES KERS K
Table-5

BE7T Wl = g2y 92 1~5°CE v
W,

3 2 & KRl ¥& AS Az, 2L A
& G5, o F 94 WE B BEHE
W EE(scm)¥E hMEGsem) A E 1~5°Ca
27t 23, G e EEH(I0cm)AA & o, 5
~1°C BEZ %7 Fgtch,

6. RUCKRON 8t AR AR B

EHHRR ERBH LU Ko —vez B
Kits) KR EAEE LE BEEE] FHE %
oloF fote MAOB LIkl 2AE T Bk

22 78 AAL & R &3t FiRd
= ez, off FAANA X BEAMY KEELAL
RE Bt 22

%E%:'=[l—exp{___h%2;2?)_ . %}] ...... )

{H, 6, HHEKRCC)
P EHABRCC)
T FEKECC)
: ERBVEERE (cal/m?.°Csec)
ETKEREN—-REHRS Wb
(mmHg/°C)
cp . &9 BFHE MAE(cal/’C.m?)
A D RAKM KEH(m?)
g HA W E(m?/sec)
1) gugFRo {1 A
(1) #ES RHERE

D B D>
°

s =

~ General weather conditions.

Monthly,|
Classification \ 4 5 6 7 8 9
Unit
Mean air temp. . eC : 13.9] 16| 21.2] 238  24.4 218
Relative Pumidity ' % 0.620; Q.63 0.710 0.753 0.770, 0.785
Clouds ) 0.640; 0. 567, 0. 687 0.783 0.657 0.600
Wind velocity m/sec 1.700 1.60 1.250 1.21 1.183  1.100
) FEAREE ol& KLl A KAH Energys) ftim

AL Kl Fe MEHES =RP HEE
of AU KiR€ F3e, 2 iiia"v:

(s/h) 2D e,

o<,

A7 A, G(FHRARB)E HMl 22 SHKRHE)
h(BEREZRE) D(RE) o(BRFVKARBIB(LE)
¥ R3 A

O S(MfsR)S HE

23 LRSS BRRE HEHE Rz g
9 Rez kg,

S=(1—@)R,—Fgerersverssennvenntiniinaaeinninnnn, 6)-
@B, a: s ’

R, EXFe B2 2E¥ KiEozH BEQ
HEREMES &kste Relal e Rez B
et

Ru=Ro(l—0.37”—0.38”')'-------"‘-'-""
(3714,

6-1)
R, : sEREIRRS] BizoEHBRME
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7 FEER 0~ 0>9) 98
Fu: EBaQdul o MifksikeozA g Rez & F,=8,26 X107 X0, 98X (294, 8)* X
R}, : (0.39—0. 058 +/15, 3781) =16, 5572
Fo=F (1—0,638%) ereereerreerarenrennans 6—2) 48
A7 4 Fo= WX APRMEezA 21— (21—20, 3) 2%
Fy=08T*+(0.39—0.088 Vaa o e K R,=- T x0.116
{8, 0 :Stefan Boltzmann = =0, 078582 Kcal/m?-sec=78, 582 cal/m?.set
8, 26 X 10‘"(0a1/cm’min° K9 58 :
8K SHHEE(0. 98) R,=—23_x0,116= o 087763 kcal/m'sec :
T:KE EFEECH273) : 304
ea: AR ehe} KTERIES (mmHg) ~87.763 cal/m'sec
284 dAA Fh WERS SYHRSRE) 2 - 6
SERWERES FF2ERIHER)E RF2 R,= 30 y —22 X0, 116=0, 091597 kcal/m’sec
= =91. 597 cal/m*sec
47 78
F,=8,26:.10"1 X0, 98 X (286. 9)* X 29
(0. 39—0, 058 /7 3842) =21. 2336 R 23.6—(23.6-23.4) =%
_ = 30 2 %0,116
58 :

= 2 = : ~al/m?
F,=8 26X10- X0, 98X (289, 1)* X 0.089610 keal/m?sec=89, 610 cal/m’sec

(0. 39—0, 058 +/8, 7533) =20, 5745 8A
o 21, 6— (21, 6—20,9) 25
F,=8,26X107" X0, 98 X (294. 2)*X : R,= 30.4 X0.116
(0.39—0. 058 v/'13, 4048) =17. 9478 =0, 080872 kcal/m?sec=80, 872 cal/m’sec
- . oF | ‘
F,=8,26x1071'X0, 98X (296, 8)* X ’ 18.1—-(18.1—-17.7) 2-—59
(0.39—0. 058+16_6488)=15.9610 R,= 0.4 X0, 116
87 =0, 068180 kcal/m’sec=68, 180 cal/m’sec -
F,=8,26X107" X0, 98X (297. 4)X mebA B2 (6l kel SGmGHE)E kA
(0.39—0. 058 /17, 6484) =15. 4389 ¢ Table 67 7t}
Table-s . Calculation of 8.
 Classification | 4 [ 5 } 6 j 7 [ 8 | 9 Remarks
@ a 0.0679]  0.0600| 0.0600] - 0.0600] 0.0600] ©.0679| s
® 1—a 10.9321]  0.94000  0.9400{  0.9400{ 0.9600| 0.9321
@ 1—0.37#—0. 38n* 0. 607 0. 668 0. 566 0.477|-  0.5931  0.641
@ R, 78.582|  87.763]  91.5971 = 89.610| 80.872] 48.180
® (1—a)R, 44,4600 55.18101 .48.7332)- 40.1793| 46.0388] 40,7359
® T 286.9) 289. 1 294.2 296.8| © 297.4| - 294.8
® ea 7.3842|  8.7533 13.4048) - 16.6488|. 17.6484| 15.3781] seake(8,) Xr
F, 21.2336]  20.5745 < 17.9478] 15.9610, 15.4389| 16.5572
® 1-0. 63n? 0.74100  0.7970  0.7020{  0.6137] 0.7280!. 0.7130
@ Fo=F,(1—0.63x%) 15.7340|  10.3978] 12.5993]  9.7952| 11.2395| 12.7987 @x®
) S 28,7260 38.7103|  36.1339; 30.3841| 34.7993| 27.9372 ®-®

* From the planning basis of land improvement. (Irrigation)?" p. 198

*% " . p. 200
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Koy 43 MRk Kl ER HR T HE

@ h(ERMEFREOY HE

KEsH mHEe] Atelel A ] #RE XEIE

A€ Yl e REE e FEEo K3 B3,
thg Koz FRddt, '

h=(0, 2440, 5V 10)
(714, Vie® HiE 10me) Bl MRS A
HESe RES Mt 6me) BFol =2 V.8 BY)

..............................

Table-7 Calcﬁlation of h.
Classification A 5 6 7 l 8 9 ] Remarks
® 0.5V, 1.700 1.600]  1.250 1.216 1.183 1.100]
® k 1.940] . 1.840 1.490 1. 456 1.423 1.3400  0.244+Q@
@ D(faE)d #HE iH FRBHZHE EHREME 24 d&3 24

faEe o= A KEAA WIKEREBNS =
Fre KEFENS EolD2 RERS] BEE=

Table-8

D=(1-+r)-e(b.)
4714, e(6.)€ ERAVKAERES(mmHg)o] o},

.................................

Calculation of D.

Classification 4 | s k 6 | 7 8 | 9 | Remarks
® —r 0.3800  0.362] 0.290  0.247 o0.230] o0.215
® " e(6,) 1.9 13.720  18.88] 221 2,92  19.59) k%
® D 4, 5258 4, 9666 5.4752 5.4611 5.2716) 4.2118 Ox®

** From the planning basis of land improvement.(Irrigation)?” p. 200

@ p(ERFIKERBN—BEHRS BB HE
Bk LAFEE Aed TG fEL

Table-9

e Aoz 2 & g Tablegs}t 2t}

- Caleunation of ¢.

~ Classification 4 | 5 l 6 | 7 ’ 8 I 9 ) Remarks
@ ¢ | o 0. 8| 1.13 1.24 n2g 18] sk
** From the planning basis of land Improvement(Irrigation) ** p. 200
Seld A3F DRO@EE 7HAx . (FHEKE) & 3HHE}H o g Table 103 7+l
Table-10 Calculation of 4, ’
C_lassificatibn 4 5 ) 7 l 8 i 9 ] Remarks
) 8, 13.9] 16 212 23.8] 244 218
® s/h 14.8072] 21.0382 24,2509 20.8682] 24.4548) 20.8486
® 2D 9.0516]  9.9332] 10.9504] 10.9222] 10.5432  8.4234
) s/h—2D 57556 11.1050| 13.3050(  9.9460; 13.9114 12.4250
® 142¢ 2.56 2.76 3.26 3.48 3.52 3.30
B _$/h=2D .25 4.02 4.08 . .95 .
O) e 2 2.86 3 3 77
B 6.(°C) 1615 20.12]  25.28  26.66]  28.35  25.57 D+®
o] gt H/liES PEHKELZA & U5 A

mech 22)8 AL dsel A BE T 4E
ot b g HEE 2FHUNAE ERRBAA
ol & 2o B0t A & ded TAFE AU
KRS REHMTY T REKES 23,7°C2 HE

2) MuicE=oll (K& XFEKE W

oA k3 FEHE RWE 43 F H39 Rl
feA#e] Block3| B KR (EREE Fdishd
Table 11, 12, 13% 2ok,
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0,:[1—exp{_—h(1c;ig@— . _‘;I__DX(o__oo)_*_oo et e e (§)

Table-11 Calculation of expected water temperature by heat balance formula.(Block 1)

Classification ‘ 4 1 5 . 6 ( 7 ’ 8 9 Remarks
) 6.—6, 8. 65 1n.72 15.88 16. 06| 16.25 13.32
® 142¢ 2.56 2.76 3.26 3.48) . 3.52 3.30
@ k 1.940 1.840 1.490 1. 456 1.423 1. 340
@ —h(1+20) —4.9664] —5.0784] —4.8574] —5.0669] —5.0089 —4.222
® ch x -‘;1_ 0.0492)  0.0492  0.0432  0.0492  0.0492  0.0492
® —h(;iw)XA —0.24435| —0.24984] —0.23898] —0.24929] —0.24644] —0.21756

cpXq ‘ ‘
@ exp{®) 0.783214] 0.77891| 0.787431} 0.779354| 0.781579{ 0.80448
1—exp{®} 0.216786  0.22109| 0.212569] 0.220646| 0.218421] 0. 19552
® @®x(0.—-6,) 1.88 2.5 . 3.38 3,54 3.55 2.60
@ 8,(°C) - 7.50 8. 40 9. 40 10. 60 12.10 12.25
@ 0,(°C) 9.38 10.99 12.78 14,14 15.65 14.85

Table-12  Calrulation of expected water temperature by heat balance formula. (Block 2)

Classification 4 l 5 6 I 7 { 8 \ 9 ‘ Remarks

) 6,.—6° 4.95 8.22 11.58 10. 66 10.35 8.37
® 142 2.56 2.76 3.24 3.48 3.52 3.30]
® h 1.940 1.840 1.496 1.456. 1,423 1.340
C —h(142¢) —4.96641 —5.0784] —4,8574) —5.0069| —5.0089) —4.422
® l_px_;“_ 0.07115] 0.07115| ~ 0.07115 0.07115 0.07115 0.07115
® _:KLEZ?M_ —0:35335| —0.36133 —0.34560] —0.36050 —0. 35638 —0. 31462
cpXq ) .

@ exp(®} 0.70733| 0.09674| 0.70779| 0.69732]  0.7002] 0.73006
1—exp(®) 0.29766] 0.30326 0.29221] 0.30267|  0.2998 0.26994
® @®x(0.—86) 1.47 2.49 3.38  3.22 3.10 2.25
® 8,(°C) 1.2 - 1.5 13.7 16.0 18.0 17.2
@ 6,¢°C) 12. 67 14,35 17.08 19.22 21.10 19.45

Table-13 Calculation of expected water tempefature by heat balance formula.(Block 3)

Classification 4 i 5 I 6 | 7] 8 i 9 \ Remarks
o . 6.-6, ' 5. 35] 8.42 11.98 10.76 10.65 8.77
® 1420 2.56 2.76 3.26 3.48 3.52 3.30
® h , 1.940 1. 840 1.490 1.456 1.423 1.340
@ —h(1+2¢) —4.9664] —5.0784| —4.8574) —5.0669| —5.0089| —4.422
® ‘clﬁ A 0.0699|  0.0699]  0.0699|  0.0699] ' 0.0699  0.0699
® _—_hﬂi;JEM_A_ —0.34715) —0.35498 —0.33953 —0.35417| —0.35012} —0. 30909
cPXq ’
@ exp(®} 0.7067| 0.70118 0.71211] 0.70175  0.7046| 0.73411
® 1—exp(®]} 0.2933 0.29882| 0.28789| 0.29825  0.2954| 0.26589
® @®x(0.-6,) 1.56 2.51 3.44 3.20 3. 14 2.33
@ 6,°0) 10.8 1.7 13.35 15.9 7.7 16,8
O 6.¢°C) 12. 34 14.21 1674 19.10]  20.84 19.13
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WoAel s WEEEAS ABES PRl ML B

3) Killel MO} RAE B
Sl A BHR 4% Block3l SAHKIE (BRI K

BRFKE (RUE & et o § Table 148
g,

Table-14 Comparison of computed water temperature and observed water temperature.(Unit : °C)

Classification \ 4 | 5 ' 6 , 7 ' 8 ‘ 9 | Remarks

Computed |  9.38]  10.99 12.78 14.14 15. 5 14.85

Block 1 ‘ Observed 1.00 11.80 13.500 - 15.95 17.85 17.00
Difference 1.62 0. 81 0.72 1.81 2.20 2.15

-Computed 12. 67, 14. 39, 17.08 19,22 21,10 19. 45

Block 2‘[ Observed 14.200 1540  18.000 20,40  22.50{  20.50
Difference 1.53 1.01 0.92 1.18 .40, .05

{ Computed 12.3¢) | 14.2) 16.74 19.10 20. 84 19.13

Block 3[ Observed 13.40 14. 50 16,80, - 19.200  21.40 20. 00
Difference 1.04) 0.29 0. 04| 0.0} 0. 54| 0.87

A9 &R Ve vt gl ERES KMES
s&735.0. Block 1614 1,55°C, Block 20§ 4 1,18°C,
Block 314 0,47°CA MU o3t R
| 18 KA EFAE(Table 11, 12, 138 @E)%
Block 16] A 2:92°C, Block 2¢]4 2, 65°C, Block
36] 4 2,69°CR et

23, BB KEEREE BRbkd KBLA
Eol £THe A% %5 Potef Huz, ol ¥
E3A Zzte) %L 37 Block 1404 53%
Block 26]A4 44% Block 314 18% =% Ty 38%
“att,

da, B MEER 3 (ORE KBRS
# Blocke] 3tEMoE YIES 37 £

8,—0,=[1—exp{ Z2(1120) h(1+2’°)- }]x

0.-8)yxC
% ¥¢ AL,
BEAR Cx 1,389 S22, o 3} 10R
KA PEEA 94 e KR EAEE BH
T+ A& Aolth,
292, 4% Blocke EANA Bk#E HHY
A& KES REMo2 2584 & Blockjiz K
CEEAEE EHAA, KR M#gdchz 28
| EHe A% KERoD A amsnxi-_— T
" WA AH ¢ Aol

T.#& &

KREfEl A EBAKRE I, REKkd. M
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A @EA 9es KR Reom Kid AF R K
Bl & A%E 248
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EERAE duadA UNGECFA 4 FIK G
BMEK)E TksA Y, MTAE BEYE At
KRMET 4454 #EAA,

wheb A FIKEEACI A9 RAKEC S & 4 e

23°CERkEER) A KiFD 49 KR EAMER
o] JEEA Hed BEYS WERHKE Sz %
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oluct 4 o} KEfrel A8 FulENA L=
ol W¥ Aoz BAMLE REFIoNM, BN
B8 R ol B R HIde ¥& A=A
o] Hwsket,
- a2 Ee K W o] BAME HEoz K
BER $R Bt EgA Fo=24 SF9 &
kML BEtlE R, LMHDGY WKEE B
S BWAAE A 22A R
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e WE © KEY a9k R ABE RE
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2 R RERNC A5 ST REGE '
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185 ol ol A A =S EREACT - MEHKIER
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KEF 98 LAAFE LAE Nol; 1.15°C,
No.2; 1.7°C, No.3; 1.73°C No.4; 2.08°C, No.5;
2.0°C)3ci7 8A& %oz AR TR,
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o2 YIEg BEZA '
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