BSPE 00202—-331—2

BT E B 2t MR

A Study on the tide-well response

1991. 4.

W B B P



WEPIRRRX AT

X REBS "BEITE KERE 3¢ A" ®¥E LRBERS R

1991, 4. 30.

BF RA: HXE
FREX
& w R
&€ F R



1. EH  REYE RERE 3T R

2. BrRe] B

Az Sevieiold HEisol o MIWERS 28 o 22718 KBRE  BEFTIA
AAER 93, AL ARVl BB A% oE AFIIENA Atk REA
o 71EFQ TzE EEGOIU WA RE sl MBIT-E(tide-vel DS A
23l WA (intakepipe)& B3 AWEI AAst ARG Bkl i)
BEISEUL AE7t eSS A& BES: Zojth. ot MAHES 2l
o3 AEHVH B BRS Aty KA MYS JISIEF Hojlrh

BESE gweooh el HBER, BAEED 5 IFS AT I dUF
A AZAAH olAgt T wiwle MM 78-S BME AR B RE
o o3 wimlE HBER, BREIED SIS A3 H¥EHE dvE 4
th JEEW AZHos Y WEER Tt BREEED molt 471 B¥
& A AEe] K o3 HEifsel 7189 golohs 4] tE 2= dch

Foju el AL HEF T2 FEH R oy KENES Y
Ao g ZARIAY, Drainage test(Okada, 1985: Satake, 1988)0f] 23] ##ifTold K
HEfi® (Response coefficient)E ZAgslo], AUANE A83iH BEFE =
KErS AARE v} Qlot.  MitrEEel iy KERS) KES 23U ET RAR
Qhate]  kfre] EAIBEE  E3A WA (Intakepipe)®] EIE EARY F
o= orh REME Alawel REERH titt XF7A] AFelME oy HY

_—3—



of &3 o] FHR, BHo] AEShe MEMTES KEF#E i A ©
A bt

BRETES BENYE Sk Zle T2 HHLE 33 gy, = AR
HwEelu EiRE) JSAVIEAM MARCR s Ao o]&H gt o] o
Toll ZAATY] AAZ2A WEfECEKe] Wol o8I At ol MMEEKS K.
Bt fsiN e 2 WM RERES £93] sk Zlo] S&sich. X HRE
B EiRES B4A ME 5o ITE Uske FALHY ZAIAE BSA vla
3171 Slsid= gasith feueldMs BRI A& ol& W WEA
o] #rEceE EME NE EHRE Signald] UYL RE AFE 47 #¥iMe
HA wEE  Aosle RERES A=Y Yoot orh

3. IEEE

o BEITE BIAE K#Ie8 A% (tide-well system)2] IR iR

4. BIRASE 2 B

BEFT el KL RRFERR

o BEAERS YU HREE A25e] RKE RBE

o RIEH# ¥ (Response coefficient)?] TRE
B#T-E(tide-well)®] RERY EE

o

o



Summary

The advantage of tide well system with an intakepipe near the sea floor is
that it can record not only tide but also harbour oscillation, tsunami, rapid
change of tide height when a storm was causing rapid fluctuations in sea
level. Consequently record of harbour oscillation may be extracted from tidal
records by removing the predicted tide and then correcting for the

attenuation caused by the tide well system,

The response of tide well with intakepipe to short period wave was
examined by in situ measurements, numerical computation of response function
and tide well model experiment for Pusan tidal station. The well constant was
also computed hydraulically on the basis of the structure of the tide gage
system. It has been found that the response is governed by tide well

structure,

The tide records can be used for the determination of mean sea levels for

surveying purposes, as the response of tide gage sustem can be estimated.
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A selvielols  wEiggel ¥ MYBNS A3 o 2271e] KBR KM
Frold ANl oT, A A¥rl MEBLE Q&HoET AEIIEHT vk
BEgEY 71 T2 BRRCIU BA BB Jlold MEITE(tide-wel)E
X3t WAKHF(intake pipe)E B3l AEH AZAsl ST HirMbo] cf
3 BERTE We KiTl Stk A& B3 Aoth ol WA (Intake
pipe)?] ZHgol o3} AHIZE B RS A3 KAH MPS JVISINES Ho
olck.

BEGRE Byedohs} BRER, BHEIRE 59 52 A% 7 gukAd
AZIA| 28] ojz|gt, ¥hE wiul2 MEMRS] 715 WEER A2 R KE
of o3 wuiz MREE, HREIRE $ VIS 4] HYEHE FvE Aot
AEEY A4 oe AR WWRE Tt BHEHRES Eole AU BEI
Al&Rle] Rife] o3 MmifRel JISW golths AW3 tiE FFE olth

BRI E S A0 BBk RERES BEIT-E2 HKE 23 seldetd] &
3 A AREAI, o Algtel] &N AdFE Fulvt gloj Folm, ol H
d" o8 zab A7 YA Sich HSE] oY KES E3AH M
ZARRY 2 (Noye, 1974a,b)olLt BBiFTolN HMBSE  ute]  KAIE  JF3A
NKEe] ARG AR s gtk ¥ KEEMQ] RS wWel x|t MK
TR B9 RS o3 BBRE cis] 1At Z(Noye, 1974b)3} WA, i
el S el JHRBRME i3l 71<%t Z(Cross, 1968: Loomis,  1983)0]
olch. FBERECS: KirZe] el ulasid sisrt &dstn 23t o
WKEo] P F orifice HHY L BMFEoN RHojArh o] Aoz vyt
ExBe] gl uiyt F3 HFol zAER lth (Noye, 1974a). 3k



WERES] 7255 & BRel oo™ RETE  AUute] FuEifro]l o7t Arle
ol A F= 2 glrt.

Fulu dEe A BTy T2 Py HRERC oY KERES
seleg ZAREAL, Drainage test(Okada, 1985:  Satake, 1988)o]l 2|3} #&
#pToll A RKHESR ¥ (response coefficient)& A3, AUAANE AM83|M B
S5 el KIS AR vl Qo EivEEe] iyt AEERS] RES 2¥4UY E=
BEER Adute] KIS FABEE T BKEFY ANE AR FEE CJ
th BB AR RERE oy AF7HA] ATl olEolut Ade 2%t
o] FAIL HFol| AL BET-ES] RERH iy =2= wA] dch

REUBE WS B33 AL FH Bz 3ia A3, =y HBREEY 8
w8 AFAVNEA HAZLE JPY AR o] &E I rh o] uwife] ZApAF
2 AR2AM HEECEel Weol ol&=x lth ol Y MMEES IR BT
e 2 wEipTY] RERES £93] sk 2ol So3ich. = HRBER EBliR
Bl BAEBE 5o A7E Wi FAMYY ZAE  BFZAHe  wlasp]
#AE "asich  felveilMdE BREESe] A& o8 U WEFTY MWL
g EHE YE BIR® Signald] REE 47§ 97] f3AME WA BER A2
o] RERHES AEY Yot glch

£ 7oA E BAES /M BETES UM E 3l I KER#ES Governing
equation o] BMHMFS B3} misiz 2PAUY Azlel vlasly LILE BRYH BE
FE A2RY RERHES setstaat et



2 2 EFE PBEEAeRS] 2%y WYY #WRIU

BBl o8 MWEES A3 o 227he) MMFOIA AT AT ALl W
BES A4AE ol ASAol AE/IST Yok, iU} T2 AEFS B
BE 22 HEISE VIYOET LI KWH MRS YA FuessHMIEAT 7S
wpe ZAS Yol o] MEMEEL Fol 3] B o= ¥Ee| £5ol 3
KEBLE 2300 7128 T2s Bl KB sl HMSES B2 Wk
o= MMTEe] W AWEL sl a4 A Mrmtel weld MMISE

SEUY K7t A2 FHOIEF Hof 9le ZHolt} (Fig. 2.1).

tide gage
4 tide well
—O-
H1 Dp |1
| | wintake pipe | |h dp = 300 mm
J L =6.5m
I Dw = 1.0 m
? L > FHIE : 1965.1 -
—_ — Dw — WHEIBRS : Fuess Type, 1/10

Fig.2.1 Structure and parameter of the pusan tide gage system
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Z2](pulley)oll QALY FEol gusteo T 22l wires} U3 #¥ F(balance weight)
7} o] glth. o] Fofl A FEE uftt wireo] YFY o] Foix| Tt K
HEe] Kifiols X K, wired] &% A3 55 ZHFHAR, FHAHLE B
o} olEe] MMIS-Ete] Kfzel WEol chdA 1-32] Aol B7IE FEoItHEXR
4, 1988). MEETES] $2o] TFoU VAR B} v ¥ HERREU RANRLE
Sof iyt RERES ZAIY e BKE BET-ES Az st Foh

BEISE BIWS BS3e AE FLU BAOZ 3la 93 I BHE 1A
HRBERS FSIs S7EANE 1 RERHEC ack] 2e¥A] dx A3 71§x] A
$457 20m/hr2 XUAA =2t £ X3 Fo ¥ FH o] 9o wiredt
sasd 2] 43 2 Y Fol 3 7ISHAE Hojud  Asirt 4k o]
o} T2 BEA AR, BEAL 7 WA AGHOE Ml WA dEYo
B 312 QU] Wil 42 UEshe RAKERIU HBERS] FFolxs A B
3 4 grh. oluiol ZAMATY] B2 A K¥ECeo] 7MY Wol ol8F s gl
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WIS T2, 53] WAFlE d71A Hehe] Ao| ARSI YA FLw
WBIETel Zol LB MMITES HulE U3% ¥AF UIE /I J1E2Ad B
el (Fig. 3.1)of cisid 24spd vhaat rh

J-D-Ltide gage

R L D S D D R B tide well ERERER
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1§
} |Bintake pipe | |h
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B — Dy >

Fig. 3.1 basic model of tide well

Fig.3. 1oA 2} o] JAEFY Zolt WiZ & 27}t L, Dp, BEIT-E Bt LS H
BE-EUIS] KHZE hE FUch WAEARY PHRES = SPH, dEHS o
ol Hrt.
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AZ S A (dwd)7h AL FOE TS Al (Hh)e BAEOE £4
o 1% JEAT ho, i) uho] 1% HAKE he B FE0l ¥ HEKE hex
o Y3t 2 T3t ol Bk

H-h=he + hf + hex (3.2)

A7IA, he = fo *u2 / 2g

hf = f L/D * u2/2g

hex= fex * u2/2g (3.3)

= TYEE, WMARKRY fo, BEEAXRK {, MRBKEH fout BAES I
golut zofl wiel tiExRt, ot AiS 71X dBe=shd KEBARK(BARLK
e, 1985)F FE

fe = 0.5 (3.4)
f = 124.5 n2 /7 Dp4/3 (3.5)
fex = 1.0 (3.6)

ojch. 714 n& Manning®] ZEATE BKFLE A 0|8 FH(Hue tube)oA
= n = 0.013 (Murakami, 1983)o|tt. 2L} hjo] o] FA3}7| =3l EALZ} ¥
H3hA nd] S A s ZoE Y 4 olrh AB.5)s Y ETFo] AHA
e o AHg3hs Zolxrt, VAT MERS] Z-Folc YA Reynolds F(=2310)&
53] doluiRel EAle JrH BRI, 1988). 21(3.6)2 Dp<<Dw A wi®] ol



ob Zxke] BBIBTE Dp/Dw = 0.1 ©o]3 fex:= 1.00] 7PIcH BAXEE, 1988).
Bernoulli’s theoremol X MAKEFAHL 5 u & Steady flows 7133IH =21k %k
fr(H) &} $Eeke] Kr(h)] 2] Alg2ol wleRict.

u = sgn (H-h) * {2g| H- h | /7 F}!/2 (3.7)

4714, u : WKERS HE
sign: (H-h)&] FFitoll whet 1 E= -12] FFREM (sign function)
F @ &KoT BEEER
H : 5 WY Kir
h  BETE U9 Kz

oo EERAN F= o3t ol

124, 5n2L
FZfe*fL/D*‘fex=l.5+Dp"’—/3 (3.8)

o714, n : Minning?] ZEA+E HeRE 32 Eof tf3) 0.01 - 0.03

L : Sk 2ol ot}

A(3. 1) (3.7)28H

—:h—t = W san (H - h){2g/H - h|}1/2 (3.9)



E BAEL o714 ¥ e 4 gEiaEE 53 e KRTAY RS KER
M= vt

W= (%)2 / F1/2 (3.10)

BASEe] REREME BESEe] IvjRgl ohle) #MY, RS So HREY
JE) 3 WAERS ThE FolBo] wle} tEc).
2)(3.9)= JEARQ WAAolR, A ML H &) HEo S MBI X

£ h & SHPeE Fois 2L goloin sith. IBEW DT T

H = a sin wt (3.11)
7b Y% Zfol tiPiME dusis ¢ = 93, Runge-Kutta-Gill &} ¥hY Soe
FAAENA  IRES] BRI 9] Adel =AM 4 At} (Cross,  1968).
Noye(1974a)< f&&uib3t A% g1

Bi1=w (a/2g)172 / ¥ (3.12)

2 BA g1o] F+EA H & he] Rl W XS £X3os F3) ages
LERRS gleh 718 st Fo H7b 4 (H = Ho) 3lcha shd, M¥ieEMe K
fz h =

Ho - Ho - h we -t)27/2 t<
h={° sgn (Ho 0) g (c ) c (3.13)
Ho t<c



o] "Hcl. H7IA ho = FHIKEL, ¢ =& BFE
c={2|Ho - ho| 7 g}1’2 7 ¥ (3.14)

olch. ZJlo] MEITE Mol Ah = [Ho - hol®] KfZ7} oled 2AE #E3}
cdol 83k A2 T = vhast o] Hch

={2Ah /7 g }1/2 / W (3.15)

BEIOl 2% AJolN  WBITEV] Kfz h(t)7} F3A glew, SEe] ML
H(t)e chede2 Alud < lch

dh dh
H=h+ —) * (—)2 / 2gW2 3.16
sgn(dt) (dt) g (3.16)

o] A WM KEERES] B0 AMH 5 UAIT (dvdt)? o & Ejsh] of
ol 2 HRER 2+ 71§52 deul 22t 34 5ol doh

WAl Qe . orifice 711 MMITE (L = 0n) olU} MAo] TiRts] B 2
Lol 4. S0 &8 BEBRI IAT, 4 n olao] T HAL Mol 2 o
g 82, nhe) AsE el Zolxrh WZel 23 2gel T FyS nlUTHAK

iR, 1988).

2871218 el BAEARL] B2 Rk A3t (dwdt)E FAISIL A,



A3 EAE BREIME ol ol GBol wt). olg Zashy,

-
L

& {CH-h) -ho - ht - hex } (3.17)
dt
E dct gRERe} ol f&o] RBshe B9 EAUE AT $43 ho. hr,  hex

ZA 2(3.3) - (3.6), (3.8)% AM&3}H

Qv g PR 2
iy {(H-h) » sgn(u)u?} (3.18)

2 "rh A1) o cidstd, REEK holl#y WA chgat go] Hrl

d?h = :‘_ .& 2 - - __E_ ._] 4 _Ch % _d’E 2
w L ( )2 { (H-h) % ( )4 sgn ( dt) ( dt) } (3.19)
2. BB

¥ FILFE BBETY] MBS RES A $13t] B#I-E 3t ol %
REMLETS 28] (Fig. 3.2) 1980.9.19-9.25 7|75t et BNLe] SAIHES A
Alstelct. #fre ui 10E0ich 287 BHAE FA3AL, B/E AL ol 12
AL 2 3583 BHIN ARE EA3Hch
Fig.3.32 BEITE A3 HolMe] SAAFHUE BoiFn, Fig 3.4 1989.4.14 -
4.29 7124t A7) WY SR 30 mith FAIHREY ZAajolch o AE FE =Y
RRHL BYS RETE &=t sleld AY At 982 BAETh



tide gage

< tide well
—O
WVintake pipe
Tide gage
) 1< Tide gage
1 L~

Fig.3.2 Experimental wave-tide gages deployed inside and outside the

tide-well of Pusan tide station.

3. £ WA= s

BB MBS BILE BS3P] 93 dAEd e AlaRle] R K o
3 dol2 BBREE o 71§52 43| H¥se 2eg Uestth(Okada, 1985). &
HETe RS ZABKE W2 Model experiment(Noye, 1974b), TFolxe]
ZE 2RSSl EET-EULS] B2 HulAU YA st Kbz AEAR & FH
= Drainge testo]l 2]%} H(Okada, 1985 : Sadake, 1988) 1212 M#IS-Z bzt ut
o] KrSES P3N 2 AE viashke ¥iel vk A¥ZA} de Beele
REFY T2E BE 23100 AHESAN KEFRKS AR 1 (Okada, 1985 :
Sadake, 1988)°] ¢ltl.
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£ 0.060]1903, o] KIEREE 7122 2} F#fio] ciyt {RERME (amplitude response)
o] AAMAI= Fig 3.59 Pl o471 BE @ 13 ouke] @e galule] 2] 9
Aol el BFPETL IR, A 1E ol B A BMEHA dv A X
AZTHIBFATA, 1989). ¥ FAIHE A5} A(3.16) 225 E I3 REFRKS
B 0.0770]grhhd AT, 1989). MET-E BFPY MMHolA KERK V= &
Be-Eo] Pel 53] WA UF 9 Zolof wet A ci2n, oAU =AM
WAEe] UZol &5, 1elx Zo|7t A4E Zoldg vehdch oz FLE
S22 UL 0. o2 P o) RERKE 7122 2t Fiiel oyt RERES
Fig.3.63 Zth o714 B 8 olde] ARE 71 mhe A9t BT AsS
% olth weld uZo] I3 HAES Zo|vt golls& REHKEE AHAAH, o I
< e AfY vl A B3 Acke A& o 5 Uk
B2 WAER RES FAY of RE&EK 4(3.9)2} RS 23 ol K
BEEY 2(3.19) £X3 22 & + ok oJ]ME Gill A4 Runge-Kutta YPHLE
Zo] o5 REEKE LI BNFTY B#I-Eo 283l AEATE LILE B
BpTe] MBSl IRIE 2.50 el FAHZE Zt2b 102, 302, 1§, 2%, 4F, 8EY
eIl UiERt 3%, BAERY RES FANS d GEtEe RESR fic 4
27} Fig.3.7(a) - Fig.3.7(f)} 2I, WAEAS R 28 o BHTEY K
KESHE B 247 Fig.3.8(a) - Fig.3.8(f)2} Zth MAEN RS FAUE o
RIS BIE= AR 102200A 66.2%, 30204 18.3%0|3L 1F o|4e] AldlAE RIB
o] BF7L A 922 B Fol A A4E EWEECl FS Jehdch FpiY
AR AL 05204 328] HE UERH 4%0lde] dYTle] thsiMs =
o] orl. WAEHS RES LUS ol 74 Flol iy RIES] BWMF= 10eA
71.7%, 30ZolA 12.8%0] RIEERS Ao 1EdAE 8.7%, 2EolXE 2.8% A
Ueluith 483} sRolME RIERIFE A9 gk Ju R $o Aol de



a0 = O5m

ai
Qo

RESPONSE R

T T T T T T T
70 80 S0 100 11 sec

WAVE PERIOD, T

Fig.3.5 Amplitude response between the sea level in(aj) and outside(ao) versus
period, 0.3m diameter intake pipe for Pusan tidal station(KORDI,1989)
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Fig.3.6 Amplitude response between the sea level in(aj) and outside(ao) versus
period, 0.1m diameter intake pipe for Pusan tidal station



T EXHIE ohds 2Fue AR IUD A, LEEL] Tl HAEY =AY
o2 WAL URIE FoRA nhEEMe] & A Fol 23 A KR S 3
Hake 493l thE Zolth

1988\ 32] LUy W¥IEsEe] 23k {REE 10-29cn U2 BlRE) Y82 15032
R 81% o]4do] 2580l 598 Alojo] ¥E3}: Slvh(BBATL, 1989). o9t
Bsled LU MMFTS M-Sl IRIE 19cm I3 FHIZF 2 10, 30%, 1
8Eo] thevizl USY A%, WAEHY RES TAUS O B#F
B KSR ol& Fig.3.9(a)-Fig.3.9(f)oll UePZ, MAKERS] RiES 23
& o M2 REEEH o8 Fig.3.10(a) - Fig.3.10(f)oll Uehiglch MAEH
o] RS FANS Wl wEY BFEE B 102004 12.0%, 3004 0.2%0] 1&
ol 2] Efiol N i B3/t AL g B F3 Ax, drhIe imiEe] E
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