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Calculation of Unit Hydrograph from Discharge Curve, Determination of Sluice
Dimension and Tidal Computation for Determination of the Closure curve

Summary

During my stay in the Netherlands, Ihave
studied the following, primarily in relation to
the Mokpo Yong-san project which had been
studied by the NEDECO for a feasibility rep-
ort.

1. Unit hydrograph at Naju ,

There are many ways to make unit hydro-
graph, but I want explain here to make unit
hydrograph from the actual run of curve at
Naju. A discharge curve made from one rain
storm depends on rainfall intensity per houre
After finaing hydrograph every two hours, we
will get two-hour unit hydrograph to devide
each ordinate of the two-hour hydrograph by
the rainfall intensity.

I have used one storm from June 24 to June
26, 1963, recording a rainfall intensity of
average 9. 4 mm per hour for 12 hours. If sev-
eral rain gage stations had already been estab-
lished in the catchment area above Naju prior
to this storm, I could have gathered accurate
data on rainfall intensity througilout the catch-
ment area. As it was, I used |the automatic
rain gage record of the Mokpoi moteorological
station to determine the rainfall intensity.

In order to develop the unit ;hydrograph at
Naju, I subtracted the basic flow from the total
runoff flow. I also tried to keeﬁ the difference
between the calculated discharge %mount and the
measured discharge less than IO%L The discharge
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period of an unit graph depends on the length
of the catchment area.

2. Determination of sluice dimension

Acoording to principles of design presently
used in our country, a one-day storm with a
frequency of 20 years must be discharged in 8
hours. These design criteria are not adequate,
and several dams have washed out in the past
yeats.

The design of the spillway and sluice dim-
ensions must be based on the maximun peak
discharge flowing into the reservoir to avoid
crop and structure damages. The total flow into
the reservoir is the summation of flow descri-
bed by the Mokpo hydrograph, the basic flow
from all the catchment areas and the rainfall
on the reservoir area. To calculate the amount
of water discharged through the sluice(per half
hour), the average head during that interval
must be known. This can be calculated from

the known water level outside the sluice(deter-

mined by the tide) and from an estimated wa-
ter level inside the reservoir at the end of each
time interval. The total amount of water dis-
charged through the sluice can be calculated
from this average head, the time interval and
the cross-sectional area of ‘the sluice. From the
inflow into the reservoir and the outflow thr-

~ ough the sluice gates I calculated the change in

the volume of water stored in the reservoir at
half-hour intervals. From the stored volume of

~ water and the known storage capacity of the



reservoir, I was able to calculate the water
: The Colculated water
level in the reservoir must be the same as the
estimated water level, Mean stand tide will be
adequate to use for determining the sluice dim-
ension because spring tide is worse case and
neap tide is best condition for the'resuit of the
calculatio

3. Tidal computation for determination of

the closure curve.

During the construction of a dam, whether
by building up of a succession of horizontael
layers or by building in from both sides, the
velocity of the water 'ﬂowing through the clo-
sing gapwill - increase, because of the gradua
decrease in the cross sectional area of the gap.
- _I calculated the - velocities in the closing gap
during flood and ebb for the first mentioned
method of construction until the cross-sectional
area has been reduced to about 25% of the
original area, the change in tidal movement
within the reservoir being negligible. Up to that
point, the increase of the velocity is more or
less hyperbolic. )

During the closing of the last 25% of the
gap, less water can flow out of the reservoir,
- This causes a rise of the mean water level of
' the reservoir. The difference in hydraulic head

is then no longer negligible and must be taken
into account.

When, during the course of construction, the

level in the reservoir.

submerged weir become a free weir the critical )

flow occurs. The critical flow is that point,
during either ebb or flood, at which the velo-
city reaches a maximum. When the dam is
raised further, the velocity decreases because of

the decrease in the height of the water above
the weir.

The calculation of the currents and velocities
for a stage in the closure of the final gap is
done in the following manner;

Using an average tide with a neglible daily

quantity, I estimated the water level on the pu-
stream side of .the dam (inner water level). I
determined the current through the gap for
each hour by multiplying the storage area by
the increment of the rise in. water level. - The
velocity at a given moment can be determined
from the calcalated current in m®/sec, and the
cross-sectional area at that moment. At the
same time from the difference between inner
water level and tidal level (outer water level)
the velocity can be calculated with the formula
h;% and must be equal to the velocity
determined from the current, If there is a dif-
ference in velocity, a new estimate of the inner
water level must be made and entire procedure
should be repeated. When the higher water .
level is equal to or more than 2/3 times the
difference between the lower water level and
the crest of the dam, we speak of a “free weir.”

The flow over the weir is then dependent
upon the higher water level and not on the
difference between high and low water levels,
When the weir is “submerged”, that is, the
higher water level is less than 2/3 times the
difference between the lower water and the
crest of the dam, the difference between the
high and low levels being decisive.

The free weir normally occurs first during
ebb, and is due to the fact that mean level in
the estuary is higher than the mean level of

‘the tide in building dams with barges the ma-

ximum velocity in the closing gap may not be
more than 3m/sec. As the maximum velocities
are higher than this limit we must use other
construction methods in closing the gap. This
can be done by dump-cars from each side or by
using a cable way.

I. Unit graph {E®7%5%
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‘Table 1 2-hour unit graph £/

FGREF R 9. 4mm 12WF[HIE K

wm ] 5 1 2 1R 19 19 12 [ 9 lewwen =

0 0 0 0
9 (5)

4.7 0 4.7 5 —0.3
4 ©) (5)

9.4 4.7 0 4.1 14 +0,1
6 (16) ©) (5)

19. §| 9,4 4.7 0 33,9 30) +3.9
3 (70) (16) Q) (5)

65 19. 8 9.4 4.7 0 98.9 100 -11
10 (230) (70) ae Q@ (5)

189 65| 19, 8 9,4 4.7 0 287.9) 330 -42.1
12 (315) (230) 70) (16) @ )

392 189 65 19.8 9.4 4.7 679. 8 645 +34,8
14 (570) 315) (230) (70) (16) 9

499 392 189 65 19,8 9.4 11,0742 1,2100  —135.8
16 473 499 392 189 65 19.8 1,637.8 1,800, —162.2
18 411 . 473 © 499 392 189 65 2,029.0 2,210, —181.0
20 340 411 473 499 392 189 2,304 2,2800 + 24
22 284 340 411 473 499 3920 2,399 2,2600 -+139
24 251 284 340 411 473 499 2,258 2,200+ 58
26 213 251 284 340 411 4730 1,971 2,070, — 99
28 18 212 251 284 340/ 411 1,186 1,800 —204
30 151 188 212 251 284! 3400 1,426 1,550 ~—124
32 1 151 188 212 251 284 1,214 1,2500 —-36°
34 1@! 128 151 188 212 251) 1,038 1,030 + .8
36 89 108 128 151 188 212 876 850, + 20
38 7 . 89 108 128 151 188 735 7100 + 25
40 56| 7 89| 108 1 151 613 580 + 33
42 47 56 n 89 108 128 509 480 + 29
44 36 47 56, 7 89 108 47 410 + 7
46 24 36, 47 56| 71 89 333 30| ~ 7
48 18 24 36 47 56| 7| 2521 2800 — 28
50 9.4 18| 36| 47 56) 190, 4 200 — 9.6
52 0 9,4 i;‘ 24| 36| 47 134. 4 60| — 25.6
54 0 9.4 18 24 36 87. 4 1200 - 32.6
56 0 9, 4 1 24 51,4 80 — 286
58 0 9, 18 27. 4 500 — 22.6
60 ' 9.4 9,4 1 - 06
62 0 0 0

FHiEstel WA o F 1] R4 ARL=
FEete Hikel = 289 4714 @
= FRL HIRAY BRE&S Y KHE
FL#Z /M2 I unit graph & 2HE] W& Ao
o —E LEI F#H 233 HiE AIER
<+ MR Y g A 2Eves B oY
7bx] BWRRE wet E v e

Mo 2 etz ooz 16 BEES %
I o Ol HE mHESmRT o 5 dde

d 2 RS B R T Al

2
o| A& —E3 Bl hydrograph & wHE4 &
A& A3t WE WHRY BET 18 A"
7t =% #HHEE K#ET =& 2 hydrograph]
BES BFAES Jvd 22| Z unit graph
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Table 2,
I |
#i| % ron | unitgraph 19 “graph | unitgraph
o o ol 28 188 20.0
2 4,7 0.5] 30 151 16,0
4 9.4 Lol 32 128 13.6
8 19. 8 2.1 34 108 1.5
8 65 6.9 36 89 9.4
10 189 20,1 38 71 7.5
12| 392 41.7] 40 56 6.0
14 499 53 of 42 47 5.0
16 473 50,3 44 36 3.8
18 411 43.3] 46 24 2.6
200 340 36,2 48 18 L9
22 284 30,2 50 9.4 1.0
24 251 26.7] 52 0 0
26 212 | 22.5

9 E‘aiﬁﬂ =}, 4% unit hydrograph & =&
71 ®iell WHERA A EERE (basic flow) &

WL gt of #e FUY LEE vk o]

unit graph & st=& HEG-L 504 10049
BRAES &t BHAT unit graph o #KE
of LERRRBEE RitL BN MESE B
- HEqte] 2—hour hydrograph & F#& st &3
o fifgkel BI 504Ecl U 1004 AEY BN
ol 3 M e B2 of fhigd KT
HEA #ET ZRPREL HES KNREE
3k e '

2 MAESE

* Figlol4 253ed stze] M4
19634 673 24H F3i) FHT5 HHE 3. 5mm,
9.4mm, 12.2mm, 13.2mm, llmm, 6.8mm
7} 1280 Eotel Usled ol FigErMEL
9.4mm o| =}, =i EMiEAl A Rt
BisEstY 22 MHEMRE fig 1.9 =k o
WHE R A basic flowE =4 g2 &=}
o BE WMHES Table 19 EHBERMGE
o EASHL 2 o 2-hour hydrograph & #t
Pz BHE @MEO@WWE®Mt e BFE
b HEE AESE fAE B EROL O
W EFo @F o1 O (O 14
A @ 594, k& )Ml 2 5% 9 97t
@MY ol H= e OR40" 4 BEamel
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59 95 # 160 (@ 24 €4 @
3300 A & BEamel 5, 9, 16& # 70¢| 3tk

Table 19 ( DA £RI A3 Zo] (B (6,
(DW= 2L HEoz #HEY + 3od = F
A GRS ot BRbozs RYsHA
at Bl slolAe 7higel Zbe Bt HAel
2HI AP WAt A Bste R
HAIRE BUfEL Sl =2 o] 2 8 hydrograph & 3l
& 5 e Aok 284 @ 9% B&
BEBEFZE YolA A4 MO E®MMR i2
Aste e 30 @5 94 sed o e
o (A £R/ 18RS HE5 & Ao
5 x3 @MY BEot @ik Rwstd  &KXE
of o} & & #id 2 BEST Fl EI4 00
HEE Heojol &2 /i Fig. 2914 BRIz
d& A3t zho] graph = Smooth 3t o} Fr} -
B— o1& fife] atsle o1& Smooth &
gifol w72 HEE FHEoL KHESHA ok
Aot olFste. 42 @M@ E OmMe

9.4mm o] FA—3% HifRe] = B2 ofeh & B A

@MW £HE 9.42 T Ta_ble 2914 ¥E
uko} 7+ 2-hour lmm unit graph & ¥ & 5
o= olAL Fig 2] ==&t}

. #eKREPY f6H EtHFE
LF B |
4714 Wik AL 2 HKMM S 3
Fohe AolA T o HEE ki kel
& HES A E WML 4 AT W gk
HOKMFIE BESH DL St LBAA 9900}
BatshA e BRAE HE EHELHS 24
dob e FEMES EAY o1 Aok B
Auksh HEKMFIS] SEJEel e AL KK

ok Stk BEel Wl HKMFE Skl @

kel BB ol EH BESL Yohe Bhelo)
227} RS FRE B Rkiby s
o HOKEENS 21 Yo HEEE T4
stEetd Hew ol da Wime s Eotedok 3t
S MR RES T 123 &Y
o ®ES} BUBES =L HoKMFIEEe) o oF
et gpkebd] TEER =€ SOREF He
BiiEol EAal Wimel Wk HPKRAMIES F



B 98 old e Y Mwe EREsl= 5
= MEE E£25) 38 2 ERes Yol @A
—3 Pkl glel A BEkgEHel H— v
A o) Spring Tide(kiDol™, #H— F& 20|
Neap Tide(/M#De|ch, 28 =% Spring Tide
Mean Tide, Neap Tide & &I #HE3q 3=
AR FA 7 Fyels (3ol Mean Stand
Tide(pEHEERD 81 k& 714 2 s B3}
ok o7& wpolz, :

2 HEFE

=2 unit graph o4 %27} Rl @RS
A BRAEY 5T BWEES 21 Jod
7 28pfetele] BWEE  unit graph & F3
oF 23] MES= FU4Y ME HEL 2 ¥
fE°l =t basic flow & o .3}eof ¥ WM ki<
Fig. 39 zbe] mpEch, 224 o] HMEE Table
39 (DM = wHle AR oS B
RIERE HIEAS HAKEHFTES st £E
&Rl #kE 1§ Fig 49} Zo] wbEc) o]z &
MEAER wTE A& BEINT E A3
Bl oz HAkE = e A F AxE
HERER FEE "G HTHY ke
N1& @ERISE ok & Ho|st, o HE koo
& AL fig 59 Z-& Mean Stand Tide Curve
oleh. o)A L 2 4 5t Mean Tide & F¥y
1A o]zl & Tide Curve o] =}, o] & HE
Bt7b 280 dolxw Table 33 Zo] 3HES &
7AA 3L Akfre] #Eshs KBS Figsel a9
7tk "=l 9714 BREsE Figsdl 4 2= vhe)
o] #— & low Tide o A MAfEH L BE
St 2 vhg oWl sk GAPEE B AMMES
FKALE Om = JEF oF-& Table 3 o (DA A
0=} 2054 BRI BEMAEC] %% 268m®
o} 288mPel =22 o] A9 FHMEE (DM 2z
2BFFHIE-qES] M MAES (Y 2.0x10°m?7}
Het ol A2 =3 2ERS Y BMEAR ] 7]
% sheh mhe Figd ol A 2x10°m® 4 o] skfr s}
drht ol e Eeh 2 o A& skfirel
T #gho) glenz &ty 2ohg 2
22 4, 6 8 109 AFE HHY 44
Fig. 5¢ z#stad ¥ot sAafrsl A 226F 3070
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© o]zl meflnte AT

of AKALeF Skfrst A—ixln 2z FeE
HNokBr7t AKALETE ol o 7 AifiEd A
Ae T HKME €94 BRE =+ A= 2

< ETEE 2380 Sed 045%¢Y A
B3 2 5749 RmMAZ 40.55%10°m® &
FMA 41.02m° 7} Feb, 2k 2288304 A9
AZKAL 1. 22m ol A Al A A 30457
HEOKF9& @l BEBRE o= 23 o) YR K Ar
£ A% 12lem & BE HETF. 294 28EH
oY FEKME 1.22m 2 1 2ok 228
30473k 2385 EHES SKALE Fig 5914 #4%
ool of o] o] FigfEE QO A kikn (8)
el A QOIS W FEAEES 9¢ 5 Yok
A A2)WANA 5 A& ukg o] V=C
vY2ghdl4 h& 44 Hnz VE #HEL 5 Y
ot C¥= HkRM =l S ARR = 2=t
e FBel A7 4= 0.98 ERsSE =
HoKAF2 Sill & —5me] Fi 27]2 7 50m
olmz 0 LITY HEREM ] 250m® o] o]
el oF AmEKA Y] FEREES AT Aol
M HERRERECl Fh o] HMEE (DM FEA
i (129 (U3¢ F3hd 09F¢Y Fiy B
B MR QOM=E 2ol 39dm® s} A=k o
AL BE KHEN=Z 1,80080% F35id 30
55t B Bol WA He 234 (OO
S AMEREEER 41.02X10°m2 |4 (15) 89
3041 HERE 0.885X10°m® & Mgkt 40, 14
xX10°m® 7} E =}, o] Be 1 HE MERC
B2 dol e Bl H9 AL Fig 444
gow hTHREY FEMBERINA 1.2lm st
Hef, ol AR +2 s HR.BET AKESY A
—3 Biclnz REH} EH— o) (M3 AN
9 Kzt Selw F—3 BfESF L4742 GHE
2 2 Fola she] Holel b o] FHEHES
PKbLe kb AL FE—ste A4 742 @it
Nokprrt RRAZ YA ok | BEKREIFIE @
MERKES BT T Ao AKX EA—B
b Sa ohg Skfirsh ok ATKALE TR ot
27 He = HoKRFIS #Eal HRE 5 stk
sle] Fig. 54 ATz
A ok gl od, A—% HiEeR FHHEIH o
23 ZHES AKELIF FKAECE Ho HIER #



: Table 3

#EkBIFY L=50m Sill=5m C& 0.9

WA Em/seci AR Mk & Velocity |5 4
(i3 Wﬁ)ﬁ(1§§|§ff})§ R ﬁzﬁ = Head L:C«/%?%é%g%ﬂigﬁ ﬁﬂﬁg
W] @ gwET BT e mg gy 0 " [ lmEH se
om w | & | e 06 e ' ) ! o |m ) ow e e | o

0 268

2 | 7,200, 288278 | 20| 2.00

4 | 7,200 424/ 356 | 2.55 4.550.15

6 | 7,200 560 492 | 3.54 8. 090.28

8 | 7,200 627594 | 4. 28 12.370.47

10 | 7,200 666 647 | 4.62 16.990.58

12 | 7,200 678 672 | 4.85 21.840.70)

14 | 7,2000 681| 679.5 4.88 26.720.85

16 | 7,200 681 681 | 4.91] 31631 00

465

18 | 7,200 452 458.5 3.31| 34.94]1. 08

20 | 7,200 338 395 | 2.8 37.79[1. 17

22%| 7,200 288 313 | 2.25 40.041. 22

22 | 1,800 273 281 | 0.51 40.55(.22]  |1.22

23 | 1,800 253 263 | 0.47) 41.02(1. 21j1. 220.90|L. 06 0. 16| 1.62  303| 394.0 0.885| 40.14 1.21
24 3,600 207 230 | 0.83 41.14/1. 16/1. 190, 33(0. 61| 0.58 3.03 310,939 [3.38 37.76| 1.16
242,400 187 197 | 0.47) 38.231.07|1. 120, 23)0. 28 0.84 3.65 306 1,117 2.68 | 35.55 1.07
25 | 1,200, 181| 184 | 0.22 35.77|1 03[1.05(0. 25/0. 24 0.81 3.590  300|1,077| 1.29 | 34. 48| 1.03
26 | 3,600 167 174 | 0.63] 35.110.981.01/0.49/0.37 0.64 3.16 300/ 939 |3.38|31.23 0.98
27 13,6000 159 163 | 0.59 31.82(0.94/0.96/0.940.72 0.24 2.00] 298 596 |2.15|29.67] 0.94
28 | 3,600 %gg 159 | 0.57 30.240.97

30 |7.200] 101 105 | 0.75 30.990.99

32 | 7,200 73 87 | 0.63 31.62]1 00

34 7,200 38 56 | 0.40 32.02]L.01

36 | 7,200 200 29 | 0.21 32.231.02

37| 4,2000 12 16 | 0.12 32.35}1.02 1.02

38 (3,000 4 8 | 0.06 32 41100/l 01(0.83(0.93 0.08 1.14 300/ 342 {1.03131.38 1.00
3913600 4 4 | 0.01 313998100 0.09 1.220 300 366 | 1.32 | 30.07, 0.98
4 3600 4 4 | 001 30 0830. o8

42 17,200 4 4| 0.03 30.110.98

407,200 4 4 | 003 30 140,098

46 |7,2000 4 4 | 0.03 30.170.98

48 | 7,200 4 4 | 0.03 30.2000.98 [0.98

49 |3,6000 4 4 | 0.01 30.210.89(0.940. 34I0. 66| 0.28 2,15 298| 641 |2.31|27.84 0.89
49%|2,400 4 4 | 0.01] 27.850.820.86/0.230. 29, 0.57 3.02 201879 |2.11 2574 0.82
50 | 1,2000 4 4 | 0.01] 25 7410. 81/0. 820. 25/0. 24 0. 58 3.02 290/ 876 | 1.05 | 24.69 0.81
51 | 3,600 4 4 | 0.01 24 700.730. 770. 480. 37] 0.41 2.56) 289 740 | 2.66 | 22.04 0.73
5100 1,800 4 4 —| 22.040. 710. 7200. 71/0. 60, 0. 12 1.41 286/ 403 |0.73 | 21.31 0.71
73'° 21.310.710  0.71f | -

74 | 3,000 21. 310. 640. 680. 34{0. 53 0.15 170, 282 479 | 1.44 | 19.87] 0,64
749 | 2,400 | 19.870.620. 630.230.29 0. 34 2.36| 281/ 663 | 1.59 | 18.28| 0,62
76 | 4,800 | 18.280.540. 54/ 480. 36 .23 1.93 2790539 |2.59 (15.69 0.54
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F7F gl AR st o FHEE B o
= Fig. 514 AKME 332 £#EF HE 8
KEFHE A A o] Bkz BRI ME-T THEY
B A= S JokMMEiES J2 2 2 BE HE
8t Mopof & Aol I AL dsbxIvt FHE
3w gk},

I. $#EER
1LF @

+2 7k BIBRTEA  delA F— OB
DR ar UIHIR ol fnfas] #ste sbe o
TR o] w2k o o 3 EEABIE MRS oF
CHa TEHES M Hko s ook Hx
kel & Zloleh, EIEEHES $1 34 Tidal Cu-
rve o BFERITER MEA HEAEET Eihl
2 g gled BEHES € 5 U B
RiFYI< MELZTH BIESY Rl 4 B
fEy)et =t =& Wuleto A LE Bk 2 %
St Bt AR WS Bbel glolA w
o] BRI A7 nzE KEE Hstd ok L MH
olBh, A RH-E PIRURAIES  BIKH B ]
3/47t2] FoEE e Fig 9dA4E & F
A= A Zo] TEHHo] WEANA 35 LE
5 dtel b ekl 4 3o by F—3te}
PrEfREiEe] 1/4 LINE ZoEH4 LEHAE
WA A -5 THEs= AL @R BAsAA44
Bfgel 7HA WiEel JA Hedl 1 BieA
= et Bii@el obF A A4 Hkz Hile
ARE HARe] shE gdeld=ta ®REshd
RKALE SkArBE e el =2 Wi
T o FHE-S KAz AKALS ok EE gt
F9 el A7 HEolsh Uil F-
B ZErbs FEL WE-S BmERet AKAL
of Skfre] 2o BIEIRTIE #H LRES
A8 w9 173 LLESd BRI H9 &K
o Jgel 47A HH 2 Lk g3std B
it Aol Bl ZREES BRol HA4 HFE
o1 €A deh 2 A7 A& BIPRe #
Foll et ERYE T+ v HARBEEERY 2
Zale E jEfo] 3m LIRC AL sl ep ulelx|
EAE THEEYE + 3oy 3m Likel HH ut
o}zl 7F el "l A LEE K] AR
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A 2 Aolsh, A7 Bo4x] o wstax e
AL ERAEEANA Fo BHS = WEel 1/4
72 FEEE THES= WS HiEe #
s A ek SkALeE Ak F—3HA @ (s e
1/4 LUF2 Wifel Eo 52 Akt sikfrt
gebA] 1 KALS] BE3h= range 7} AbKELY
o A s a2 Bbs BiEel el 2Rl
AR HAE 5 g7 4 Folt

2. HEHE

BrEIR RS Fig 75 2ol BiBURAZEA A
WEH L = Fig 63 22 Spring Tide & B
RfcEA BEAS 283 @b 1
cycle & 118H 25470123t 71 A &= EEE 13
R 2540 B3ldh o BhEAe Fig 64
A BT Y=AFd el Kfzsk +63cm ¢ A4
tafEstel FEI S Aol MR 4 oh4) UKz
b A—3 kfr@el +63cm bAoA o] 13
254 A7l A Zolel o 138 2545 3kel
Bksl —162em7H=] W HE Zekot @EEE +567
cm7tR] $2zkone o|lA-& Fig 49 fftfge]
W=7 §iel REEANA =2 0@EEdA
567cm7HA] ] AR 345X10°m3e)n 04 A
—162cm7tx] &) AZEH 162cmol] Hisk 2, 600ET
4+ FF 42X10°m® ¢ /b 387x10°'m® 71 =
o, 2# A o] 1 cycle el Eo] 387X10°m?
7t BFERAEel Eolgtebt vUgtele E#d
WE 57F gleh 28| #E-e s FHEs
ko] MBS o] lcycle 5oF #ifrghige] o4
g el Yl AR o Kz mEmEel AL
U KB o Bl Yol Ae BEKEE &
ot el = Jkfird o BrEIRAENAY Wl ET
& WEe 4™ s AHSHA REFIY
k. #E 59 Tabled @A 7+ BIfrt
63cmo] i 2 Jkfizel A o] AHIE E#el Fig. 40l
A 2,90087 2.2 2 AAHI/KERZE 204 ¢l 43cm
ol £ BEHrel Wt HHEelRE —
RS ¥A 1 o Tipe] ME capacity = B
# 2, 900FT X 10, 000m*=290 X 10°m*((3)/) 7} =i
22 d7)dcl 0. 43ml@lE Fshad 124.7x
10'm?® ol =] ol AL 204fHY WHEl2Z BE
MHES 1,20002 Y& 10, 400m*/sec((5)®] 7+



b o} Eo| BETH 14 Bl +63cm
LIFY piEnaeime Fig 74 oA (@)W
o] R A o] 13,580m? ol = (G)ME
Moz Y iES 77cm/sec 7} Wk o
g 74 W 35 —F7t KEHE
A}t o Bie fHEE (B Ebb & £R s
fEEe 22 EHm (DFRe AHHS
2 a7 dEels ol AL EHME FES
Y=l =t 4§ 305 He F 200 HEYE F7
ek ko] FEL PR EIEC 3/4 LITR
i aﬂ 742 Bl AAKARMETL ol HviA] ¢+
BREAC AL o FHEHES FHYE T doy
o] 3E-R2 slx %ol= o WS St WK
&7t Fig. 9414 & 5 sl At 2ol Wi
Rt F2=2 FHEYel Fig 94 29 Y=o}
PR E 7] §ie Rkl 3lo14 ¢ Ebb
%} Flood 4 ¢ MEAR-S Fig. 844 & +
£ 23 Ze| Ebb HARe] 362.4X10°m?® o] 3L
Flood o] MAR ] 384x10°moj=2 W2
#HE7T 5%A4 E% ob = EihKHE 387% 10°
m® e T Bpel 22 RFSAE  EiHstet
I e

discharge amount ¢ #t%.2 Table 4@)9] (5)
el ®med = Fig. 8 TEY o] RAStz =
kel Eol3le EES KRt dodAE Aold
Ebb ¢} Flood &9 27} 5% LIR7T 5 ook 5t
E EH EARERS #Rsle Fig 4449
FHES w2ets o FEe 2 Fdogn &
T =k Tabled(a)el (7)# Velocity & Fig.
8 LESk o] A4 HEmKIOE BL3l=
REE & £oz ool ¥ 571 sk 2w
FE BBz Yol il MBS fENA o
< Velocity ##9F 4 942 @Has
M7k EHE A Rolgdoemz HEmtosw
RES] BFEMR BIRT WS Yobd & gtk o
= HE7t e 2 EE WEs S Velocity &
Retel MHARS s Hie @molsla
ot 2 =g PR S FEctd ik f2 &
o Asbkar EZE AAA "ok 2 R/
SPKELZEZE Ale AL BEEEES A
HEHel 1/4 LIRE Zol& B o= o=
B RAIR 3EE itHste ok HARt A=

-868-

1% A

sill o] Om =i o} +2m= F & #slgch =
4 om e EE sted Fig 6014 78
AKALE 16lcm & BUESHE 1 EEee Sk
+ 63cm 7} ¥ KA 63cm = 161cm 9 2/3
Kol Ho BARK KBt H22 g2 KA
16lcm & 1/34] 54cm 7+ Table 4(b)2) (91l
A Ed e 2ol WEKEC A 2
dez e HE 2 159 discharge area
CTOHRA @& I3k (6] discharge Q
Z Qi o] Qe 1,200 Fstz (Y ER
2 rezA HEKEE €9 ¢ Fig 6
of ¥4 o} o] JiFEe] original tide curve
o Fmsh vl sskel "ch ohE TRE30FE 1
B0 7HR] = Fig.6 & ¥4 o4 5 e A 2

© o] AVIKRLT BAEMR LieE Yol golx] 22 free

flow weir 7} ok, 23 A o HEL AKX V=
Cvighioz aEshd WEe ®T 4 dx
=2}4] discharge area & o 5 o=z HHE
% #EE 4 gk oH% Table 4D1A 138
9} 7o) RKMEIF 96cm = BRE-LIE o B
o #kfr7k 203cm el == o] F Kfrel HEe
a9 2 HEKEST ¥ 1 dEKEE 68emst H
o, 2 g EEKE A9 Tide curve J75
fah v L3 BESL o gtel 20554 (B
Wk 2ol 33.5cm 7F Slmz o] AL FWF HESH
w3k o] Wx(B)+1,2002.2 A KAZE
8, 800m*/sec & (Bl kT ch& ol BFESH;
WREE Fig. 79 Om %8 203m 2fo} o] EHA
(MY 2,500m? = VY9 il —35lem/sec 7t
He —fRE HERNZ K Edes AL
wakel o] 35lcm o PEKEHE Retd XA
OMAA 68cm 7+ H=2 $-2st 4 BES
A AAKArEYd B3 B} o o FHE
2 Wl FEame 4 4 U B BRES
SokprZEst FHEERY MBUKEsT A—skA] o
o £ WEE 2% WA HES KES
of of Ev}h & FHEe AW B kel
nz Bgsty] 2 ska Table 4(b)2l discharge Q
7t Ebb &} Flood 7+ z+-e7+2 Fig 8 discharge
amount Om 3} Zte] =24 Ebb<} Flood o
#E7} 5% WHIL H = E AT vHe ol
Fig. 6914 om= 9 RAKAI 33cm ) A 560
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Table 4. Spring Tide

a) & R EEWMEIEWD

[ | relative (3) x (4 dlscharge } [ .
MM N K fz o @ BED hea “1200 I A .
N 204> fH ‘ 2g
w_ . ® ® B el T
7 63 2,900} —43 10,4000 13,580  +77
8 ~58 2,600 -3¢ 7,3200 11,4100 +54
9 —151] 2, 600 —-14 3,020 9, 440, +32
10 ~127, 2,600 +32 6,910 10,340 —67
1 -31 2, 600 +44 9,550 11,870 —80
12 - 92| 3,100 +37 9,580 14,100 —68
13 203, 5, 050 +39) 16,400, 16,180, —1.02
14 320i 7, 200 +41, 24,500, 17,650, —1.38
15 450 8, 450 +40) 28,1000 21,410, —1.32
16 555 8,450 +11] 7,750 23,610 -33
17 530 8,450 35| 24,7000 23,000  +1.06
18 412 8, 250 —44| 23,4000 20,500  +1.12
19 280) 6, 550 -52 28,030, 17,8100 +1.58
20 134 3,800 ~60) 19,0000 14,920  +1.27
b) sill 7} Om 9| 38
\ . relative rdlscharge ["discharge \ Velocityhead|
=3 R Ak A A K | T iy head 3Q are? | V2 fii £
| cmn cm By cm m3/sec - m : cm
(@ (3 (4) (5 (6) (1) | (®) 22 (9) am
7| 161] s300 -2 | 970 3, +325 54
8 | 91 380 1,700 +226
9 67 . 1,801 1,260  +143
10 49 820 930 +88
! 37 414 690 +60
12 43 92 2,750 +13 2,850 1,140,  —250 31 critical tion
13| %i 203 3,150, +335 880 2,50  ~3351 68
4 250 3200 5700  +49 23,2000 6,250  —370 70
15 400 508, 2000 +415 28200 9,015  —314 50
16 528 555 8450 +37.1 26,000 11,270  —230 27
17 549 53] 8,450 —32 22,5000 11,160  +192 19
18 460 412 8450 -40 | 28,000 9,230  +305 48
19 350 280 7.5000 —40.6 25500, 6,890  +370 7
20 218 136 5350 —36.4 15400 4060  +380 73critical flow
cm abE BT Bk @z FES Fig 49 7 GEE odHY dtook dE 2 HET
A #Zrejdleh, 560cm ol %3 capacity 9x 10° abgt FHES shstn 4Bl Table 4(b)

m?® o] 1. 33cm ol #FE 3= capacity 9x 10°m?® 7}

Hyzk 338%10°—

9x10f=

329 x 10°m°® 2}

Zol

it¥Lskod Fig. 8 discharge amount Om e i

tHar b L#gske] -

o IR

—. uko

ol Ao} w2

L

#7471

2

Gl =N

o]}i

o

o (< & FefMvto Fig. 8 W& OmaR
3} zo] FEA’t =& Fig. 8 ¢ A Flood o ik

Flood =
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it 370cm 2} Ebb 9 frinifidl 395cm 3 <A &
oh e} o #iFe A% 18 AR#E

410cm, Ebb =

Xof

440cm 2 3tef of HF



c) sillo| +2m e #:8

137 4

133 |
9 | 130 ‘
10 125
11 121
12 118
13 115
14 284
15 360 450 7,800, 434 4
16 489 555 8,450,  +35.6)
17 538 530 8,450  —13.4]
18 485 412 8,450, —34.0
19 387 280 81500 —13.6
20 327 136 7, 300

14,6200 2,800  +160
L3600 2810 +155
4, 060| 2,740| +148
3,696 2,640  +140
3,320/ 2, 5501 +130)
3,190, 2,490 +128
3,040 2,430 +125
0 | 0
22,4000 5,300,  —420 90
25,0000 7,570,  —331 56
9,580 7, 620i +125 8
24,0000 6,140  +390 77
9, 200 2, 6401 +350 62
8,510 2,580  +330

% Fig. 9 &% .0m 2 Ebb 9} Flood ¢ i ASH
ok #e), =g B B RIS +2m A
x| g2gra ol = Table 4 A2k el Fist

W—& Hikoz Estdch 1 GRS HEY

Kk o] Spring Tide 7} H®iz Set=
566cm 742] HikEak A o] Fig. 9 7ol &KW
22 TR Aolck  ojA-& spring Tide ke

it8el 2l at Neap Tide & sttt -2 7+ By

% %< Neap Tide 9 spring Tide 4bol -

of 8ftdhe ke oA H2e THETE 2

%7} szleta 5l vbelth, ol FHEFELS [
—5t=2 o714 & K3trl 2 sed, Fig 94
£ 5 Y= uheb o] PIEIRE Y Y2 &
2wl JdE Bl 50cm -8 100cm Aol ol A
REiEe Hex o PLE $3obd WS ¥
R Folmed WEAA Y-8 THsId fE
7 880cm J5E 830cm s} =lvh, 24 IE
FiEg oA AE #olelok ke A2 W
B3 2 zolth
CEH « LRI R

i
2 &

ﬁ’)”iiﬂ!ﬁj{ﬁ%ﬂé\

&
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