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Studies on Rainfall Runoff and Doline Infiltration Drainage in a Ryukyu Limestone Region
ABSTRACT

ABSTRACT

River systems are often primitive in “Ryukyu” coréimestone soil
regions. Therefore, water is drained through undeugd infiltration
from a doline. A lower infiltration capability coug@d with typhoon and
heavy rain often triggers flood damages, which jaafizes agricultural
crop production in these areas. Therefore, it igeumt to evaluate the
effect of various measures on flood damage mitigatihese areas and
implement the effective measure. In order to evaduthe effectiveness
of these measures, we need to clarify the relathoms between
rainfall-discharge and infiltration drainage thrduga doline in these
regions. However, previous studies used a simplead@hassuming only
penetration apertures at the bottom of infiltratippnds and were not
able to sufficiently capture the roles of side apees and limestone
pipes for drainage which are characteristics tosken in these areas.

The objective of this study is to clarify and imwmour understanding
of the relationship between rainfall-discharge aimdiltration drainage
through a doline in these regions considering themplex drainage
system in these areas. We considered rainfall-dasgh and infiltration
drainage as a series of phenomena within a modektFwe estimated

the inflow to a doline based on the amount of di@ag®e. Then, we
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evaluated the residues by computing the differenlcesveen the inflow
to a doline and infiltration drainage through a ih&. Finally, we
developed a mathematical simulation model and sabed an input
output relationship ofthese drainage systems. In order to reflect this
complex systems in the model, we varied the sizesode apertures
depending on the water level of a seepage basin,datead the
relationship between the cross sectional area dkesapertures and the
water level, and incorporated this mechanism intw simulation model.

We applied this simulation model to two areas, Bshi-chaga” area
where a tunnel drainage system has been introddcednitigating flood
damages, 2)"Makabe” area where several measureg bhaen discussed
for mitigating flood damages.

Our simulation model was able to closely approximmahe observed
water level changes by explicitly modeling the edffeof side apertures in
“Ashi-chaga” area. Our simulation results indicatdat the peak
discharge for the December’s rainfall event (thexmmaum rainfall per
hour: 54.0mm, the total rainfall: 187.0mm) was 8n¥l1sec. We applied
parameters estimated for this December’s rainfakret to the heavy rain
event of September, 1999 (the maximum rainfall @érhours: 477.0mm,
the total rainfall: 555.0mm) and simulated changesvater levels. This

simulation closely projected the peak water levélkloe heavy rain event
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(simulated water level was 6.8m, while the obserwedter level was
6.7m). Furthermore, this simulation results indieathat the peak
discharge of this event was 25.91/iec.

In this region, the tunnel had been constructechalrainage measure.
However, we have not experienced the heavy rain névdike
September,1999 and the effectiveness of this turresd not been tested
yet. So, we used our simulation model to examine ¢fifect of the tunnel
drainage on the degree and extent of flood damad&s: simulation
model suggests that the tunnel contribute to the&urgion of the
maximum flood area by 65% and 82% of the total disige.

In “Makabe” area, we simulated infiltration of oustudy site by
modeling two adjacent infiltration ponds with diffent infiltration
capabilities, overflow among these two adjacent g®nthrough a
subterranean drain system, and pipe flow drainagetem. Our
simulation model was able to closely approximate thbserved water
level changes by modeling this complex multiple idieege ponds system.

We used the rain event data of August, 2007 (rainpalr day: 457mm,
the maximum rainfall per hour: 83.5mm), which caddée flood damage
over 20 ha, and simulated the changes in water [le@ar simulation
results show that the peak water level was at thaleation of 26.3m,

and flooding occurred on the section of approximptellOm of
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prefectural road. Although, the rainoff-dischargelationship at each
pond has not been quantified, our simulation resuhldicate that the
peak discharge and the cumulative discharge at tf'e pond were
28.4nT/sec and 445,029 respectively, while the peak discharge and the
cumulative discharge at the'"8pond were 6.2rffsec and 113,706
respectively. Furthermore, we identified the chaeacstics of the
limestone-cave which has been observed at the doneam direction of
the T pond thorough our simulation analysis. Our simidat model
closely projected changes in water levels when blase height of this
pipe is set at the elevation of 18.5m (the baseghtiof this pond is
EL=16.5m), the diameter of this pipe is set at 80amd the roughness
coefficient (n) of 0.1 is used.

Our simulation results indicate that this modeliagproach is useful
for evaluating proposed measures for mitigatingododamages in these
regions. These results will help us improve our amstanding of the
complex relationship between rainfall-discharge aniafiltration
drainage through a doline on and will provide sdiéic knowledge for

evaluating flood damage mitigation measures in thaseas.
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05<h=10 1300 | 3040.0 00| 1569 | 31380 -33.0 3105
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5 R E M DKL ORE B N B XZEL=20.0m%E# 25L&, 700m F i i2H5 7

77U A =0 AR D LD (R IR AL Ak K FE B, 2000).
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AT BREKA K IRONAT 70— %A BE DR B ARy NI — 72 3881T BB HEK DT

A B R T, BRI IR A 1R IR E W £ 85 1R i Hh o0 I I
P RIEZA VTR D, BEHEKICONWTUEL, &4 DRE i ~DORKN
M EAZRBHEARKOPEKELLTHZ, ZRNTIDORFEMOR) —XDR
FBAILDOREIEKRMOBEFE RN TRLIEZN F =V —DEBEEZH WTHENT L7,
T, 1B REBMOEKEIZONVTIX, AT 70—l XD7 77—

OF Rz E XL, T OFET VITHIA A TR DT,

4.4 B%Eﬁl)ll.ll:l:llo)ﬁ**ﬁo)q—:lﬁ
BERNICOWTIE, B 9o IRRENE Y —DT —FE .
fE AT £ 7L O REE 1T, 20had it K TRERIEMICEL KR Exbicblic
20074 8H M Uf20074E9H DR 7 —Z & Ml Wiz,
B W H DT IO W TIE, EFT R 2 W< oD S L (K
-4), A & OS2 8 L AVSAT BE O R E B DI TV 2
FL. 2L T, MKRDNRE TIEA 2 W & odis 2520, W E TR m
OO H K O FE & 32 1T 22 A B manning o H BT ATISHE - Tt T L Tn<
ERELT, AT ZIBB L. R H 7 VO T 138 1 il ik &
Mz, KprE i i TN E 2R O22H20, & m LB K Ol
AZH>WTC, EE# H R EL TN dmanning &, (2) X2 S s i

DO & H W,

2
Q=V-4,= %'RE'ﬁ'AZ (D
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AT BREKA K IRONAT 70— %A BE DR B ARy NI — 72 3881T BB HEK DT

04, AQ

5t o ~ Ix (2)

T, Vi E YR, ntmanning D FL B4R B, 1K A S, AgTE K

rim A, RIEETR, g AR, QItE THD.

441 ENRW=E—RMNMELXR=
WMIMOBR MW E(ZR —ZMBELRNE(ZRY)DO B XL, FFiES

(1986) /R L7=(3): L TH L.

SRI=SR-(1-a-3R) (3)

ZIT, a=(ZR-ZRN/(ER?*THS. AN EReZ(A)X TREND.

Re=XR-XIRI (4)

4.42 B IOvOR DE R
B

X D2 OO T oy 7Lz oL, MO B O& 4L
BEZAHR, PhAKRKBEOA TS 28 ICLT, HIEH OS5 E 21T, — AR
OFEEPEKREELLTET ML (B RMN L5 %, 2010a), X4-4D i
W a7 X 2R Uiz, 17512 % #h O UE 35 i A5 13 184.2haT, 7 uy 7 5id
76fH THDH. F/o, 8% = % M DU B F11339.4haT, Ty 7 BT 3ME T

H5.
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AT BEROKCE I ON AT T =2 OB DREMA Y N — 2128 DR B HEK O AT

FoA-1 : VORERG X R R T T v b - PEAREE O~E R OMR A
& B Pk & Pk s
=2 wf | e IS K E5 Hi | mEf | pls NEL | KEE L
(ha) (m) (m) (ha) (m) (m)
1 2.29 520 | 00440 | 2200 | 0.0145 41 1.24 729 | 0.4444 170.0 | 0.0085
2 1.55 62.0 | 04000 | 2500 0.1300 42 282 | 2686 | 0.0066 1050 | 0.0065
3 3.72 60.0 [ 00670 | 310.0 | 0.0300 43 0.75 652 | 03280 1150 | 0.0052
4 1.37 274 0.1540 250.0 0.0760 44 2.46 105.1 0.0134 234.0 0.0037
5 757 658 | 0.1030 | 5750 | 0.0178 45 0.78 848 | 05200 920 | 0.0042
6 218 872 00333 | 2500 0.0400 46 1.16 77.3 0.0062 1500 | 0.0064
7 4.17 72.5 0.0750 575.0 0.0267 47 2.53 50.2 0.4990 450.0 0.0100
8 1.71 684 | 00100 | 1250 0.0200 48 238 | 1l6.1 0.4700 205.0 | 0.0100
9 1.02 408 | 00050 | 125.0| 0.0050 49 3.93 528 | 0.0100 372.0 | 0.0541
10 1.17 106.4 | 0.005] 110.0 | 00082 50 634 | 1057 | 0.0640 300.0 | 0.0404
11 1.83 43.6 0.0045 210.0 0.0053 51 4.33 72.2 0.0100 300.0 0.0475
12 1.40 1120 | 00015 | 1250 | 0.0070 52 1.78 | 1589 | 0.0050 1120 | 0.0050
13 1.20 109. 1 0.0103 | 1100 | 0.0083 53 230 | 2642 | 0.0083 870 | 00277
14 1.26 86.9 0.0063 145.0 0.0074 54 1.60 97.0 0.0086 165.0 00118
15 1.53 1055 | 00075 | 1450 | 0.0081 55 205 | 1000 | 0.0052 205.0 | 0.0143
16 131 87.3 00162 | 1500 | 00100 56 214 | 1075 | 0.0079 1990 | 0.0139
17 327 908 | 00165 | 3600 00124 57 215 | 1049 | 00130 2050 | 0.0093
18 1.29 614 | 00130 2100 0.0080 58 4.08 56.0 | 0.0090 364.0 | 0.0222
19 1.67 375 | 04240 | 4450 0.0130 59 1.61 55.1 0.0014 146.0 | 0.0058
20 1.62 810 | 00144 | 2000 | 0.0072 60 5.05 88.0 | 0.0100 2870 | 0.0600
21 0.68 439 | 04800 | 155.0| 00100 61 244 | 1305 | 0.0203 1870 | 0.0347
22 1.46 360.5 0.0438 200.0 0.1010 62 2.67 50.1 0.0034 238.0 0.0195
23 4.95 66.0 0.0100 375.0 0.0397 63 1.07 525 0.0007 102.0 0.0185
24 0.05 20| 00100 ]| 2500 00232 64 1.54 585 | 0.0108 1320 | 0.0042
25 1.56 390 | 00100 | 2000 0.0170 65 1.15 793 0.0182 1450 | 0.0052
26 1.71 59.0 | 00760 | 1450 0.0270 66 505 | 1423 0.0887 3550 | 0.0154
27 1.24 62.0 0.0330 200.0 0.0300 67 4.19 220.5 0.0644 190.0 0.0362
28 2.56 569 | 00515 | 2250 | 0.0487 68 124 | 4354 | 0.0600 285.0 | 0.0403
29 3.43 047 | 00235 | 2650 0.0145 69 297 | 1381 0.0556 215.0 | 0.0404
30 3.94 985 | 00043 | 4000 [ 00119 70 148 925 | 0.0780 160.0 | 0.0429
31 2.14 101.9 | 0.0042 | 2100 | 0.0069 71 2.78 348 | 0.0520 400.0 | 0.0520
32 2.21 553 0.0042 | 2000 | 0.0073 72 1.86 67.6 | 0.0552 2750 | 0.0470
33 0.80 727 | 00005 | 1100 [ 02667 73 135 | 1080 | 00018 125.0 | 0.0048
34 1.32 357 | 00100 | 3700 | 0.0506 74 1.19 441 0.0221 270.0 | 0.0113
35 452 628 | 00100 | 3600 0.0579 75 1.73 534 | 00058 162.0 | 0.0042
36 2.06 1962 | 0.0050 | 1050 | 0.0050 76 1.71 407 | 0.0050 4200 | 00128
37 2.10 168.0 | 00050 | 1250 | 0.0050 77 290 | 3806 | 0.0544 7625 | 0.0367
33 2.47 56.1 0.0043 | 2200 | 0.0090 78 097 | 1450 | 00755 687.5 | 0.0367
39 227 576 | 00035 | 1970] 0.0078 79 042 56.0 | 0.0010 750 | 0.0010
40 2.55 1175 | 00041 | 217.0 | 0.0072
) 1~76 FiL 1 FESERGER, T7~79 L 8 SREMT

4.4.3

ERREOHETE

—

TIJL

RKERHETAVEZHONTEMRKHEEZII2L—ar 3750010, HEE

TNEME LI (K4-5). BHEAET VTR, § 2O %Z— kD8O

PR LN E T2 R AR O mNLR5, HELLTH T,

- >
— —
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FAR BRI IRONA7 T 0—Z I ORF M Ay N — 21281 D B K O T

TIEAS L o E 25, A AE L7220/ Ml #m oG L, iz
PEK B 23D A F i O &I o . £4-1ICK4-4L4-512 R 74 X
i ik o B oA, R e, B AR, PR R, YRR AR AR T,
K ET AV OSRHEIZISTHH B B O (N, 8, DA &
DA RIX0.7, BHL, PR K OAT 2O N R 130.1% A v Ok [ - Fi 58
1993), Hi H 2NEAE TALXITm AL THEFEH L TR O, KK OM
LR Hnix=2 70— bk 5 0.015, 1K B (B A4 % 78) 0.04% F W7o (B2 4k

K PE AR & S R, 2001) .

4.

o1

= EHKDERTOFIE

152 ZMmE8EREMDA BALB T5L, 1512 % h13221,325m°, 8

T M 2312,250m3 TH D . HEY, T Tl S B B X8 E B
Hoa7E, FEIFLIGE THS. MBREMHMOMKEHEEAEL LR LE
LEe, 17 Emivb8szigE i, ir R NDHDEE ZHND.

UL, EBEOM KRR OB ZRICLDE, 15 EMII8F R EM LVE H

KZENZ7D, 85 R EMITLIZOP KRB, ZOZENbHIREGREIL, 85 1R

s

WIVIXLIFREFHM DR REVWEEZOND. L EORNEZEELT, 254

WM OMILNALDORENTH &L, FxORFM~DMAELLTE X, B

=1

B ORI =D DiR % &, BESLRENSOBTE, ~(77r—I|2&

DK BEEIIaL —va itV Lz,
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AT BREKA K IRONAT 70— %A BE DR B ARy NI — 72 3881T BB HEK DT

4.5.1 JK i -8 7K [ 75 R #R% B UK 6L -i8 7K = R #R
e 5 B2l &R M EICK S, 15iR %M & 85 = % i J& 12 ©
HE X 2 AF R LT, 2O M X 265 & ft & A8 & &6 A B D, K AL (h)-
K i B (A) B (LT, h— ARl ), KAz (h)—i K & (Q) il 4 (L F, h-Q
M) ZERR L7-. Zo Tl KA, K EQDIRATF1LILS R & %,
WA F8II8HF R G M 2 Z L E K T . /K M FE K& O K & DR D LK AL
hiZ, 2% #h O J& 0 & (B2 & EL=16.5m) Zh=0LL T, /KA. DA % FiA A

Th=0~18m® i [ Ti% & L7=. h— A # %, (5),(6)X 2= 7.
A;=Aml-h + Am2 (5)
Ag=Anl-h + An2 (6)
(5),(6) 2 2 FL2 ALK AL D [ [ hy~h, TR 4> LCIH 3L R Y — %0 K fir. 0 %

KM oEEKkEEZNAXNDEBYKRD-. ZNEV15EFE M Oh—Qu il i (£

2) J 8% {2 2 it Oh— QgHli R (£ 3) ZR W 7-.

Q= f Aydh=| (Aml-h+ Am2)dh
hq hq

Aml Aml
=< h, +Am2h2>—( —hy +Am2h1> @)
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A

F24-2: 15kt oh —A Mk, h —Q it N5 2 — X

h—A; EIEE,%?

A=Aml -h+Am?2

RAL DX H] h—Q, Hiff
(m) 0= (0ml/2) +I'+0m2 « h+ Om3
h=0 = Aml Am?2
EL=16.5m Oml Om?2 Om3
0=h=50 206.0 3750.0 0.0
50<h=6.75 4273.0 -16585.0 50837.5
6.75<h=7.50 51697.0 | -336698.0 | 1131222.0
7.50<h=775 21280.0 | -108570.0 | 275739.0
7.75<h=8.00 78240.0 -550010.0 | 1986319.0
8.00<h=8.25 57216.0 | -381818.0 | 1313551.0
8.25<h=8.50 101504.0 | -747194.0 | 2820727.0
8.50<h=9.00 92440.0 -670150.0 | 2493290.0
9.00<<h=925 73840.0 | -502750.0 | 1739990.0
9.25<h=9.50 99040.0 | -735850.0 | 2818077.5
9.50<h=11.00 109567.0 | -835857.0 | 3293108.0
11.00<h=11.75 118213.0 | -930963.0 | 3816196.5
11.75<h=13.5 137691.0 | -1159829.0 | 5160781.0
13.5<h 137691.0 | -1159829.0 | 5160781.0

F4-3 1 8O —AM, h —Ogh# o> 3T A —X4

h—A; EHE]/%?

A=Anl <h + An2

IRALD X fi] h— Qg Bhifz
(m) Os (Onl/2) *h +0n2 *h+ On3
EL=9.1m Anl An?2
Onl On2 On
0=h=50 140.0 2100.0 0.0
50<h=7.50 156.0 2020.0 200.0
7.50<h=8.00 720.0 -2210.0 16063.0
8.00<h=8.50 2940.0 -19970.0 87103.0
8.50<h=9.00 1580.0 -8410.0 37973.5
9.00<h=9.25 2000.0 -12190.0 54984.0
9.25<h=13.50 1760.0 -9970.0 44716.5
13.5<h 1760.0 -9970.0 44716.5

GERA OGO N AT T 0= O DR BMA  NT — 7128 DR B K D AT
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FAR BRI IRONA7 T 0—Z I ORF M Ay N — 21281 D B K O T

I

Fo, AL TO) R85 R FEM DKL O XM O K EE(8)NdL

Bk,
Qg = (#h22+An2h2)—<%h12+An2h1) (8)
(7),(8): Nk 4-2, RA4-IF OKAMNOXEHEOHEKEZRDTZ., L&D
KL DX K EZR ML TRIMFEAK EEZ KD, h—Quilli 2 ((9)=)
& O'h— Qg # ((10) ) &k 6 7=,
Q:=(Qm1/2)+-h*+Qm2-h+Qm3 (9)

Qs=(Qn1/2)-h®*+Qn2-h+Qn3 (10)

AS52 BE-BEENDHRHEERVEREDETE

DEFBHEKDOHEABIZONTIE, 2R FE OIS OB [ it

‘Uﬂ%
rac
m

MANRBELZHAT, 15 B EBFIRBEMIT, ZNAENIRATDH. I
ORI, X 4-61277 T IR (IH B=1.62m X H SH=2.45m) TE 35T
BV, BEOE G (EL= 22.63m) XV E Ml DKM N ELSRDE, KALDE
W ZBHMNABIERWR EZM ~, BEMAOKNEH T2, 2 F M LK RS
WLE B OB R 2 X 4-7I2R 3R E M oK AR E (K IKES

EL=25.8m) #l 2 2L B LV KA DKW R FEH ~8 KN ELD.
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AT BEROKCE I ON AT T =2 OB DREMA Y N — 2128 DR B HEK O AT

125 EL(m) LR (i )
. . hep=0m
. KRS )
i 380m EL=30.0m |
38 © 368m EL=29.5m |
® 354m EL=29.0m
29 @ 340m EL=28.5m |
X © 300m EL=28.0m |
34 (® 250m EL=27.5m
@ 202m EL=27.0m
32 \ @ 156m EL=26.5m |
@ 44m EL=26.0h P& EL(m)
30 \ / 30
~Z
\ =~ L KU
28 e WLIE 7 S ARG /5 160 28
= — (L) :
| l—
. (DEL=25.8m 26
T 24
. =
O I8 #2 & EL=25.8m (% 2 ;
22
@(}:ﬁj(’ﬁ[i hKND=0.Om =z 20
S
| 18
1
— I 16
8 Hiifi ;o
I | i

I~

4-7: % 7%« W UE ds SO OV 0E oD € W T X

= % M [ oue A - i B OFHE X, B IR O X EERE R SR E Lo X H

FORBEEEZB 56 OX M Tl 2 ICEELE. KIEOX B o W
T, B O S 5 Hanks (EL=22.63m) &, K 85 5 Hank: (EL=25.08m)

DOHFPH DKM hZEmSELT, BFIEOIEBORBEL TR LE. /2, KFE®D
K i & VR E B KR & o X ol B W FE X, BRIR O | SHERF IR DO IE B
OREELTERE L, Tl 280 2 72 805 W i F& 2o ik, B IR o W i s

EFA-A TR 9 IR E oo B W R 2 VTR LT

86



AT BEROKCE I ON AT T =2 OB DREMA Y N — 2128 DR B HEK O AT

Fx 4-4: 778 BT O = - KA S HE TR & O W i iR

X [H F R 7K A7 LT TR TR
EL(m) hievn(m) L(m) (m?)
D EL =25.8 By =0 0 0
@ 25.8<EL=26.0 0<hpp=0.2 44.0 5.0
® 26.0<EL=126.5 0.2< hevp=0.7 156.0 55.0
@ 26 5< EL=270 0.7<hpp=1.2 202.0 145.0
27.0<EL=27.5 1.2< hp=1.7 250.0 258.0
® 27 5<EL=280 1.7< hpyip=2.2 300.0 396.0
@ 28.0<<EL=128.5 22< hnp=2.7 340.0 556.0
28 5<EL=29.0 2.7 < hnvp=3.2 354.0 730.0
1 205<EL=30.0 | 3.7<hgp,=4.2 380.0 | 1097.0

17537 % #h DK AL hh &85 1% 15 #l D /K AL hhg®D K A7 7 hheg THiE A - 3t i
IS 25D T, ZOKAL 2 %] E L Thhy > hhg® 3 & IXhhge= hhy— hhgd L
To. 72720, 8% ir % M DK AL 231G IR D JE & 5 KO BAK WEI£R 1I2H Hhhg <
Hanks® %5 A& 13, hhsa=hhi—Hanks EL72. 12 3% Mt DKL 75 hhealZ 381 Dtk

it B Qerr 1 F IR TR DT,

Qetr = Aetr X € X Y, 29 X hhg, (11)

TIT, Aer B W I A, ciit AR %% (0.6), g:FEE )N E THD.

453 (T o7O0—I12&kBHK
12 % M O KN OFE E 2DNEL=20.0m (/KA h=3.5m)ff iz x 5L, 15 &

BN AAT T —12k, T —nBEE N ELLEEDILTNS
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AT BEROKCE I ON AT T =2 OB DREMA Y N — 2128 DR B HEK O AT

(b #8 U% B2 AR K PE 7 2008b) (X14-8) . 777V —nbiEH 3251 0 O F
XX, EL=12.0mTdh 5. K%L CTIE, 15 R BMNPDLTITVH —FTO N
A7 OXEIE, HEWE CETIEICLE. SATOEEEPET5HE, W
I 5 PaaldPad” n 4 TR TZENTED. 15 RBMOIE T MO SALTHE D
D JE 5 Psokon @ F5 HE T, /KA B E FEPag D KXW A L/ S W B 143
T, AT B DOHE K B PouE K D72, h=Psokon® i & 13 Poui=0TH 5.

K AL 3 Psokon << Psokon+Paa D& PH IZH D5 & 1%, it B A2 F b 357
D, NAT ORI &, &S K O FE A E LRD IO T W il O iE 2 3R E
L, BAKEEL Tmanning X XDEEK & 2Rk O, 5F0, MW m o HE £
% Pad, HIE W7 0 O & % Pgg, 18 %Pl T 5E, Pag® 7 /14=Ppp X Pag 23k 0
N ZAVEVD T W OB 1Py =Pag X n/4L725. KALhIZI T DH
BT FS 1XPaa=hXPppy CEK T 2ENTED. ZZTARNMNIZE T D %Py
ETHEPpp=2h+ Pppt 725D T, IR IZPrR=Paa IPpp TH5H.

HEPHZOWTIX, 777 H—0 0 (EL=12.0m) 515 {7 % #h O
J& # (EL=16.5m) £ T @& E£4.5MITPsokon & M 2 72b D &, 1512 1% #h O F
HMWb7 773 H—0 A ETOXHEERELNS, Pi=(Psokon+4.5)/LEK D

bND. THIVPEK EPould, (12) TR LN TES.

2
3 X Py

(12)

1
Pout:PaaXva:PaaxP X Prr
nn

ZIZT, P EYHEE, Pon: manningkl E R THD.
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AT BEROKCE I ON AT T =2 OB DREMA Y N — 2128 DR B HEK O AT

WAZIKAL 230 > Psokon+Paa D& BH IZH D & DA T 7 —%&R iz, N
A7 O KR AKFEhIT(LI) AR TR DOHND. BEEHR K AR F AT (14) R ITR T
ERVTHL (RMRKEEMELER, 1998). 2T, i A7 HF 0 L
O DOKAMELERRTIENTEXEDT, 7773 A —0OHAON515 7 &

HOEH ETOE I4.5miZ, 157 1% M OKA 2N 2 7=hf=h+4.5mEFK &

TEINTED.
he =h+45= L Ry 13
I 2=/ Paa  2g (13)
124.5- B, .2
B (Pa) /3 (19

(14) X 23X IR AL TIHEPWICHOWTE I 5L, poulX (15 TH
26D,

1/2

\ (15)
)

2g(h + 4.5)

124.5- P2 x L
4/3

Poutzpaaxpvvzpaax\

Paq

454 FBEHKEDETE

— KR = b0 K ®IZN F=V—DEH TEKIND. 15 R %

i

1

X

MNSDNRAT T —1C LB TIT73H—~DH K EEPwETDE, BEZItIC

BIF5iEEHEKESQIH(A6) X TrRaEn5.
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FAR BRI IRONA7 T 0—Z I ORF M Ay N — 21281 D B K O T

SQ(t)=c a*V=c+a2gh(t) + Pyy: (16)

ZIT, SQiRBHEK &, et AR R, ViPEK B, aniR & L A, hok

N THD. 72721, h=Pgokoh Pi 1L Pout=0 TH 5.

46 HERRERUVUER

46.1 FRAE=
2007 4E 8 HBEM T — 22 W TR BHEZR D=, 2o R

& 450mm (2 %F 35 2 I8 25 N & % 100~300mm D% i T, 50mm %l #
TEODFr—AEZHE L. r—A o' —rmHEER N H =23 4-5

W2~

RIMBEIENEDNNSWG ST, AN ENLRERLLI0T, FWITH
BIIRESRD. —FH, BMBELANERIRENG AT, BRI H EIT/0S
XA, ZZTHREILEE 5 DD — 20T B KD L E LT
=DIX, F—A3ORME KT E 200mm O & ThoT. K 4-9127—A
3OMEWEMWNIRH &2 7T, ZOHE O LFHREICLSE, E—IRFIZE
J51 5 EEMA~ORKRH R, 8 4 11 H 19 FFZ 28.4m%/sec, £ N
WM B X 445,029m°, 8 B R B M OB A& 1X, T E L 6.2m/sec,

113,706m° Th 7=,
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HATE SRKTPOE RO N (77— D B BLE I Y N — 2\ 51 S BB AR DARAT
#* 4-5. F—ARl— I & &k VRN &
r—2A4% | Bl v — 7 O 2
# (m®/sec) (m?)
2007 4E KN
8 H k& &=
5] (mm) |1 5E%E | 8FRE |15EE |8 FiRiE
L e Jak L I Tk flﬁ:’sz flﬁj’sz
r—=x1 100 42.4 9.6 600,782 153,639
r—2 2 150 35.2 7.9 522,346 133,641
r—2x3 200 28.4 6.2 445,029 113,706
r—=Z 4 250 21.4 4.7 366,568 94,162
r—2x 5§ 300 15.7 3.2 289,770 73,740

E) BB 1S REBMFE T B8 5 iR 3 it ik

60

50

e 1077 [E BN | | ‘

10
15

40

— RNt & (15R%

ity

20
25

30

— [T B (851205

7 th)

20

10

4 RN B (m/sec)

BE[E] (10min)

4-9: 2007 £ 8 J] [ WV L B& FY I &

BN & : R=450mm

R #(mm)
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AT BEROKCE I ON AT T =2 OB DREMA Y N — 2128 DR B HEK O AT

462 REHKDODETILORE

X 4-91Zr T —A30BENIR M &2 H W TR ZEEKDOET VERGEL
o, Ralb—valCRVEF R ESND KA A, 157 % h o H T K 8L
Je N85 12 335 #h o> Mt T K BRI H o> 52 K AL IS L 2 K0T, R E
DIRALIZH T2 ZALE B M L5 R EMNDD AT 7 — (XD K
BOEREE, RITSERMICBRE L.

=3 LW iR RS 2D WX, & — ADO R BTk T DK AL & D B

Raial—va il E Lz (£ 4-6-34-7).

£ 4-6: 1 BiFFE MO KN & 1337 FLE FE
KA (m) AL —1=7E FLIEAE D
h A=A4,"h+ A
0=h=150 1.33%107h+2.00<10™
1.50<h=2.00 5204107 h-7.40+1072
2.00<h=3.00 3.00<107
3.00<h=4.00 3.00<107
4.00<h=5.00 1.00<107% /- 1.00<10*
5.00<h=6.00 1.00<102% /- 1.00<10?
6.00<h=7.00 5.00%107% h—2.50<10"
7.00<h=8.00 1.00%10"
8.00<h=9.00 5.00<107%h—3.00+10"
9.00<h=10.00 5.00<10%h—3.00<10"
10.00</7=11.00 2.00<10"
11.0<h 2.00+107"
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# 4-7: 8 BRHBMOAN L B FHILE S

AKAL(m) AN —i=ZE fLTFE O
h A=A~ h+ A4
0<h=230 1.40<107
2.50<h=3.00 1.32x10%h-3.16x10""
3.00<h=4.00 2.00<107 h-2.00x10™"
4.00<h=5.00 2.00<107 h-2.00<107"
5.00<h=6.00 2.00<107 h-2.00x10"
6.00<h=7.00 1.00x107 4 — 8.00x107
7.00<h=8.00 1.50x107?
8.00<<h=9.00 1.50%107
9.00<h=10.00 1.50%107
10.0<A=11.00 1.50%107
11.0<h 1.50x107

THEPFET, NmATEICHOWVTIE, EER=T0cmiE E O 22 [ NiER Sh
TWLHDT, R=0.4~1.2mD i TR E L, 72, Ml EKREnlZ >0 TIE,
n=0.04~1.0D i P T & L7z, JE & & (2> W\W L, EL=16.50~23.50m®

P TR E L7z (X 4-10) . AT OJE S @& 122 W TiE, EL=18.50m?D If |2
Ral—varbtFEROKRMN =B LIZOT, ZOEmINDZ YK EB 2T,

ZHEPEKDOET VO EIZHTEY, K45 T/ —A3OK W H &
(X4-9) % H T, R4-6L4-TIT/RTAKANER & LW m B ORE= 5 2

LA, AT OEE & #EL=18.50m, A £ % R=80cm, Hl & 1% ¥ %
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AR BRERAKE I DONAT 70— DO R F Ay N — 212610 HIRGEHE K DOfiftT

n=0.1LChH 27285 & 12, 5 R KN EE B OKNA e — £ L7z (X 4-11,
4-12) . 7 —A3D 15 12 % i L85 15 75 i o> F2 I i & 3 5 D /K AL A L i
LCHDE(K4-13), KB 4k O B I 2 2 i 0 KA 1, 1FFE R R ISR
N TS BB, KB DT 70N ERD., ZLTCHBEEROE —7
AL L —Z KA L ] (2 — 28 ) 1, 2h 2 nigiE — &L Tn
%. X 4-13 TR TERY, 15183 th O TR KA IZKMFORT T iz kY,
EL=25.0m T I A4 HUIV SN TWER, 22 TOF % fE 1L, EL=25.0m

U EDKMEAZIZIEFHHRLZLDES 2 5.

27
| \‘\
_ [ .
£ 23 :
n | \
I [ . \
o S —EL165m |
21
& | \
~,
A | EL175m—EL185m \
19 ;
EL20.0m —EL23.0m "
17 ;
o
15
— I OO M N~ d I O M > A 1 O M I~
ARIBREBSINIHRGES
i [ (hr)

4-10: AT JEHES & B DR &
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4 4-13TIEAKNL R — 272 L, B OJEH (EL=22.63m) LYK AL A
KL< o e D, 15 1R F M L85 1R M Cik, KL DK T B A K&
SEBRDIENRINTNWD. BERIIZIE, 1512 %l OKA B85 IR % il
DKL IV ELIE TFLTWS., ZOE WL, BEBERESCSAT 71285
K ALK T B HE 0 2 238 <K AL (1R 0% i) O it A+ I HE 2V 257200 i IR

DEFH IV NAKM)IZEBNT, 15FREMII AT 7o — 2 KDHE K3 R

ERETHIEIIMAT, 85I GBMIVIBEFTBRENRKENIENE ZLND.
28
26
24
22
E
a 20
L
i
BE 18
E
X 16
14 .
—_— U e 450-100- - —450-150
12
450-200 - - - 450-250 — —450-300
10
O O O O O O O O o © o o o o o
R 8§ 888888383888 % 33
IRF ] (min)

4-11: 17532 % #h o B0 2 & B K A7 EE 5
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AT BEROKCE I ON AT T =2 OB DREMA Y N — 2128 DR B HEK O AT

— 7,85 RBMITIRFBLDOATHAKSNDLDT, 175 iR 1% # LKL
EFPREATHATWD., 15 R G M L85 R EMIZI T DR % HE DE W
X, BB OKMNMAE T OAEN, 15 REMDTHNIVEATHLILEND

bR NG (K4-11, 4-12).

28
26
24
22
E
o 20
e
B 18
=
<,
S 16
14
FERE 450-100 - --450-150
12
---450-200 --- 450-250 — —450-300
10
O O O 9 9 9O 9 9O 9 Q@ O © © 9O 9
8 I 8383893838138 38
IRE R (min)

4-12: 875 1= 1% L D BN 48 2 TN & 1) K A7 A% &
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28
=== 1R A A
26 -
—— L5 R I
24
= \ - - BEEREMA
o 22 R
i \\— 8515 125 1 S I iE
% 20
z N S
- i e
16 -
14
1 26 51 76 101 126 151 176 201 226
B[ (10min)
¢ 4-13: 7 —A3D F WAE L7 R E DK ALEE &

B AS~DOWAE, BRELLOANAT 70— ICLD5HE K& & R %
MO IRSCIRENSO BT &4 X 4-14, 4-15128 3. FGE Tk, RE O
IR AR 5 2325.80mTH LT, KA NI, BT EE KB ELES
ZHENDEN, Ka-13IR ENHEEY, B — 2 KA 23K EL=26.30mE 722> T
5. DFED, KA-TIZXDEE K CTHE KRN 110mO X ] TrAKBZAE LD e

272 %.
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30

25

20

15

10 “\

it B < B B - HE/K B (mP/sec)

-10
0 1,000 2,000 3,000 4,000 5,000

IREFE (min)

4-14: 7 — R3Ok A & Bt & - PEoK & (1592 % )

.o
IIYY LY '.'.'.'.'.

it N &+ BT & PE7K & (mPfsec)

0 1,000 2,000 3,000 4,000 5,000
IR (min)

4-15: 77— A3Dif A & Bt & - PEoK & (851R 7 )




AR BRERAKE I DONAT 70— DO R F Ay N — 212610 HIRGEHE K DOfiftT

4.6.3 ZBEBEKD BT

200748 H [ W DR 1% HE K DT TH Wil tR 2 M W, [A4E9H
W (v 8 R B2 SE R 2 B X —)IC DN TR I M 03 K, HE KR I & B EE
LCH. QA X = SO B3 H->7-(1X 4-16).

£9, —OH OEEWIZIH SR 5[ V4R D 18K £TIi2209mm, 10H 23
Ff £ TIZ310MMOD R R o7, DO H ORENIX, 14H 13RELLMNHEEED
R 140mmOBE R A HY, fFE2L450mmOBER RNb-o72. ThHOE N %
AT, B2 25 CRMI M EL RO, K4-171F, 1512 F 21T

LERBRDLFMTIT ol Iab—2ar O EFER KA OEAfLZ LT

AR
20 ]MT'T T 7 0
18 T ] | i 5 g
73?16 | 105 1% - 10 ﬁ%
14
o — MR (15205 15 i
€ 12 |
= — [ R (8512 1% ]h)
il 10 |
2 |
B 8 i
@ :
4
2 _ -
0

o |

2,000 4,000 6,000 8,000 10,000 12,000
¥ [ (10min)

4-16: 20074F 9 H [/ LB /It HH &
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AR BRERAKE I DONAT 70— DO R F Ay N — 212610 HIRGEHE K DOfiftT

r—AUL EFE2 oD O R IR & 450mmiZxt LT, OF R 0> Ia
L— a0k — KGR, ER O —27KAISEEL T2 55108 A
KM E200mmA iR E LG & OKMEN THD. =72 m S EHNL5E
BIAKAL ZD @ DKM OEAR R NS, 2O Iab—ar TiEl4H B
N DOKAL DN ER KA 2 RES BB, KAZDOK THERAEIVREGEN
THATWD., 2O G O — 7 A & 1318.635 m/sec, H NI A & &

493,502m3TH 5.

27
25 SERIKAL
r—2Z1
= Ir—22
£ va
- A4 | L Ry Ry eeee- — A3
o 21
£ |
|4 |
=19
ﬂa ]
¥
17
15
ANMNMOLL AN MO ANMOUL AN MO ANMO LW
AMNM<TOOOOD AN OMNMNOOANSTTLLNOOANML ©
AT A A A AN ANNANANANMMMOMOOMOOMOM
IRE 5 (hr)

4-17: 15925 M 4 — 2B K AL & 520 K
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= AT —ALFE RIS, 20D W O R 1 W & 450mmiZxf LT, ¥
Ralb—va llH8— 7 KM PR LAR BEROFERE =T KAIZER T5&
BN KW & 350mm % ] Wil & O KA ZE (T, BN A &%
190,337m*TH 5. 14 A LLAT O K AL 2 AL 1%, F WKL LR D IZH T
5. 20 EYIab—yarsili D9 W ICED KA L, ER KA Z T [H
STWD. 202007 —AXFERPEF L TWRWEIER O A 1X, v
Ralb—YariZBW TN ZLI @GN BN EL THRIZENTET, B
WEICERNNE " ZMEBEEAWELZRETOLEMEZRBL TN,
ZIT, r—A3TIFIOABWEI4H BEMZ2200R O EL TH BN
DRMWELY, 2L —alliDEBROE—2KAN, FH O —
JARALANE BT HIDICRIMB AN ELKRDZ. OR BN TIE, BINW &
(310mm) — 48 K /i & (180mm) % 5- 2 7= KF 1T, v Ialb — v a i kDK AL 73
EP RN T BILIZ. 2O O RNk A #13249,716m°* Th-7-. 14H &
AZDWTIE, BN & (140mm) — 2 I8 2k i & (7To0mm)z= & 2 723 &,
ERPE LT Iz, ZorE, BN A & 13112,246m> Th o 72 (X 4-17). 1
TR B W ONWT, TRHOH A & BT &K B A X4-181T R 7. A
B, 7r—A1LT =215\ TE, ERME ST B L2R2WZO i A & - i
B PEAKBEOBEBRIT, ZITHRERW. 220K TNE2AbLE TR NN &L
Lie & (=R —22)12, BERKMLEEB L2V DiX, 140 O W
RO FARAM N E LS, BEBMANICEEKRKDZHY, BRINE KN &2/

TEWEZBND. Fiz, WO H KL, — BB 2RFINIES8EK T
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AT BREKA K IRONAT 70— %A BE DR B ARy NI — 72 3881T BB HEK DT

T2, BB AKICIVEEHSNZO T, TR U OEE KL, # T KE
IR fE SN0, RAICHERKEN2bDEB 26N5. 2O LI, 7% HE
KITH TR DB ZRESZTHO, RANWE & LR NE KN EOBM %

, BREBEICEDDILOEE ZLND. LB T, — B EICR B KE
B ROV BERDHLEE ZD.

4 4-16, 4-18IZ/ R SNH LI, R F M ~DRE i A & 25 M &E B L
TMENRKREKEHLTVDIDOIZH LT, K4-17IRmIND L1, BiE
DKALTHB B PLRPBREHEZ R LTS, S E DY Ialb —var T,
ZOIIRIGEIZONT, "ATT7a—% R & K, B R CH S Sz

RHEMEOBIRAZET WVICH AT ZET, IFITEMRICHE 72800

KB 2B,
14
o [ |
§ 12 — i |
£ 10 I
i e S R
ﬁ 8
= 5 HEAK &=
i
B o4 I
=
-2

0 2,000 4,000 6,000 8,000 10,000 12,000
IRE ] (min)
X 4-18: 77— A 3 DO A B -8 & - PEK & (1 52 %)
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4.6.4 /M

SR T EBEH X T, ZWNOEICHEAKRPZAED, ik E =y
FORIEVWNRSL R EEZ T TS, 207, K #EE M IHE 2w T
A EL T, Kb RV DE AR, BN IZHESI 253 B LT, 2 kY
HE N AKBICIRESE TR T2HIEL, BiE OB IL K% OR DK
SN TS, 2O DX R DR R 27 il - Fb B 35720121, 2o (12

BULENRHE LR EZHEKOAAALEZHAONICTLHLERD L. 4 B OB

FETIEME 27wy 740 L, i €7 VA& MW TR Wi HZR o7,
BEBHEKRICONTIE, RELHEELE200RBMICB TR LD EE,
i IRICEDR E M B OB, A7 70— 2D K& D AN =X L% fiF T
TTFTINCH AIATZET, V32l —arllhVRBHEKEFIE 280
TE. LLRNG, RAF%E TIXEREH T K 2 0 & # K 58 BL T o H
TARMICEDEENRE R IN TR, 5B ITZOAD =X L& Frik
DD T —2BEE PN ELE ZD.

ZOICHERT =20 AL, FET VO R - L B EITH5ZET, LV
HEORmWYIab—varNA[RIZRDTHA). KA THE LI
L—=yalrE 87 0%, 4%, 2OIORM B 2B LT, #AKHEE O R Tk
ELTHET SN TWDHIR % M o0 B 5 K 55 O R % HE K 02 o % BLH) 73
FEAM ICER 3D 72, HEK K E ORI T TR L L TR I Rb DL

HERD.
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rm$

B 5F i

Hit BR A PR G T, W SR E R AL L, WiRo £ <%, 379
AR OHE 2L THDHTeD, BERILZEOE S AT ICFETHR)—RD
% L n, M FICHE RSN EH 2L V. 2oLl Tlx, & 8 %
DHEFROEI, RU—XDRERE N OMER T 2RI T, &0 E xR
N IRPEREEFICR BEDON, RERE L, REQRMBELGISEILTWD.

ARAFZEIL, ZOXIRMIBICB TR M H L, R —XRICLDR % K
DOEJREMAT5ZL2BMNICITobDTHD., IT FEEL T, BW
MHER B KE - HOBRLELTHBMWICIEXSZEICLE. ETHN
M EAZREZM THOLRI—R~DJ A&mEL, 2O A EEFT—RNED
REBRLEOEZRBMOBEHE ELLL., Thrbii AE—REE Y
BEOWNZEARIZONT, SETET VEMEL T Il —a il FE
L, TDOAN =X LZH BT,

INFETOHI T, BELIEIRI—ROETICH EL T, BFEHEAKD
Vial—varEIT o TR, ZOXHFIE T, ZOHIBRICAHALIDEE
RELSCHEILIMOR VIS T T —  O&RE 2+ 5T ZAHIENTE
IRV RBFZE TR, ZNODOBEHERE B 2B E 57018, 1213 Ml DKz
WISC TR GBI ZRE L, KA LR % L AE 0B 4R 258 b LTt £

WKL BIANTE. B EZBODLE, L TO@EITHS.
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N, AR T ORERR ENLE ST AT o7
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TR AT, LR MITR A K FEICA DN, BERE L, K&
R EEZGEE LTV RICHOWTIERML, A% O R & SR EOR E
2T o7,

BEAE OBFFEIZ DWW TUE, B ER A JK A OB Wit H &NV — R I XD R &
eK DN O FEOEE, KF OB, TL TN EZH £, K
MRPERLTWGBREA R LK.

ARWFZEIE, BB A K S B IS B TR MR H &, FU—3ICkDR &
KOBEREMA T2 AT o A F B LT, im0l
Hi X & ELRE H X A2 Y BT

B8 FIEIZOWTIEE, RU—D0 D0 35 kK 2 fif B 35720 (2B /i I
HERZHKOMBTET NV EZBELT, EREICEEU TV Iab—v
arEfTV, BEAKRKNEBBH TL5FEL R L.

B 2 BT, REMMBKOILEMATOBRORETOR—RDR
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Fe UV O TiX, SOl 2 ERET 28 @ o % i E %
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AR L CRE W R F e —BL TRy, Y REEEzONZ. — ), RU—
FORBHEAKRIZOWTIE, NIF=U—D&E B %2 H v, KA — 3K i FE h
BR, AKAL — K B dh BRI HOW T, BRI A W TH#EANT OF T VICH 2
NI, Valb—a Al ARR I 2 T B L2 EBE R H X DX AT T
—IZOWVWTIE, INLOFE T EH LICTT VICH A TeZ 2T, K0 %E | A
DKL EB LIFIE— BT HIEN T,

FEIETIL, 7TVF ¥ —DORI—ROEH DR & ILIZT TIERLS, RU—

FOMEICFETHIHBELDPOLRBHEAKRKNDEZ-TNDIEN T Do

r\‘lr,

L INEIREHEK OE T VITH B IA B, 17 B0 3 BE K OB EE &L D
Moeb B ABOPE KB R ERAE L. £, BEEHM®ETICONWT
(X, HEAK B O AT AR E W ELTHEE L, # A 8 ILF % i L2 v
RERET NVICEORD., BEHKIZONTL, ghkEZRELD
REZSEKRMOEBATRLEN F2V—DERZH W, TV F ¥ T —
N AZRELEZA, BiR Z IR TEX2OT, RFJE T, 2O
EALERBHRAKDOET VI AT LT, BRI AMOEBEFT LT D
Rab—varfE R NGO, e, TUF v H —JE W Ok K B E AR
HI 2720, EENPANPWVHEKRFFE TR RV TIEIZRDHE KR RIS
NTWb., SEIOHFETIE, il AELT, YIab—al itk —

RNZR RN ZE AN LT B O REMFAELTZ. 1999 EFDRBEN 7 —#% M
W SR, PV ANIT KD B K K T FE 7S 65% 7% BE A U, 6 Bk &

D 82%MN b FIVHEKIZEDZENBH LMo T,
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FBAETIE, BEREMBXO, 1Z5EME%ZORBHEKOD R ERIE L.
HEEFHMX T, ZMOEICHEHAKNED, ERE =T E O R
TEWIX, 2 KW EEZW > T0D. 20720, #EK g E #3272 Uil
MR L7 TS, ZOMIRKELT, JEK P RV O A, itk N 2
MM EBRBELT, CRNEVM T AKRAICRBSE TR TLIHIES, B
DRBIE R EOR BRI INTHD. 2D %R O%h R & 57 A - ki 3
D7ITIE, TOMBITIT D0 W H LR E K O A ST
LHENDHD. A BE O TIEREE T ey 7L, LRk ET Va2
WTHERIRHZ RO, BBHEKIZOWTIE, BEEHEELE 2 DR E
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HHEKEBFE T52LnTE.

RSN RBEELLT, WOFENRZEZILND.

OHs TR OEENT, WK EHEREHEKITEELTWDLEEZLNLD
DT, H T KDL& ZHZGA LT A B R fENT T T L O R 53
HTHD.

@ AR FE DN T NME&IE A LT, fth OB ER A IR A Ik & o b g iF 58 A8
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