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ABSTRACT

This study proposes a method for evaluating flood risk in a watershed by comprehensively
understanding the rivers and sewer systems that can cause flooding damage. To achieve this,
we developed an integrated analysis method for flood damage mechanisms, which enable us
to analyze everything from rivers to sewer systems simultaneously. Next, we proposed a
method for evaluating rainfall forces based on flooding damage from large rivers to sewer
systems. We identified the factors causing flooding damage within the watershed through
simultaneous analysis of external and internal water and developed a flood risk assessment
method based on hydraulic quantities. Finally, based on these research results, we presented
a series of methods for predicting flood risk through simultaneous analysis of external and
internal water using predicted rainfall data as the driving force.

In Chapter 2, we implemented the development of a simultaneous analysis method for both
internal and external water systems, which integrates the analysis of rivers that cause
flooding damage in the watershed with the sewer system. During the development of the
analysis method, we conducted field surveys during heavy rainfall events that occurred in
Sapporo City, where we confirmed the situations of internal flooding from the sewer systems
and the rapid rise in water levels of small and medium-sized rivers. Based on the insights
gained from this survey, we made improvements to the simultaneous analysis model for
internal and external water by isolating rainfall to consider flooding occurrence in
depressions, expanding the analysis areas on a watershed basis for the sewer systems, and
refining the simplified evaluation of the distribution mechanisms of flood volumes from the
sewer systems. As a result, we achieved not only improved reproducibility of the analysis
model but also increased speed.

Chapter 3 examines methods for extracting rainfall external forces that should be
considered for risk assessment of flooding in river basins. This study proposes a method to
evaluate rainfall external forces using a composite probability focused on two time scales. In
this method, the composite probability is calculated by multiplying the occurrence
probabilities of the rainfall volume during the rainfall duration used in river planning and
the rainfall volume during the time it takes for the flood to reach the reference point. The
method evaluates the occurrence probability of rainfall from both total rainfall and short-
duration total rainfall perspectives. This method proposes a framework for assessing rainfall
along two axes: one based on time scales of several days, due to the flooding of large rivers,
and another based on time scales of several hours, due to flooding damages in small and

medium-sized rivers and sewage systems.



Chapter 4 examined methods for analyzing and evaluating flood risks based on hydraulic
quantities calculated from simultaneous analyses of internal and external water. Drawing on
multiple academic papers and guidelines, a risk map was proposed that implements flood risk
evaluations based on evacuation difficulties by assessing water depth and flow velocity. Next,
a method was developed to visualize the factors leading to flooding in various locations and
districts by introducing tracking particles based on the causes of flooding within the
simultaneous analysis of internal and external water. To clearly illustrate the factors causing
flooding damage in various locations and districts, tracking particles were introduced into the
simultaneous analysis, allowing for the visualization of flood causes to be more
comprehensible. Finally, by superimposing the results of multiple rainfall forces and
parameters using simultaneous analyses of internal and external water, a method was shown

to extract dangerous areas on the risk map.

Chapter 5 organized the methods for introducing predicted rainfall data into the
simultaneous analysis of internal and external water in order to forecast potential flooding
damage on a watershed scale, and conducted predictions of flood risks against previously
unencountered rainfall forces. Additionally, by clarifying the impact of differences in
spatiotemporal scales during this process, a method for introduction was proposed. Diverse
rainfall data with various spatiotemporal distributions and resolutions were created to assess
the influence of differences in spatiotemporal distribution and resolution on flooding risks. As
a result, it was indicated that, in terms of the flooding risk derived from simultaneous
analysis of internal and external water, the impact of temporal resolution is stronger than
that of spatial resolution. Finally, based on the findings from Chapters 2 to 5, unprecedented
rainfall waveforms experienced within Sapporo City were extracted from predicted rainfall
data, and flood risks from this rainfall were calculated using simultaneous analyses of

internal and external water, clarifying the flood risks.
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22T, v o Wrm s, hoc K, g EAINEEE, s : KEEAEL,
st : BEERAEL = s; = n*v? /RY3, a,
A JENMIELRE, ThHD.

B LA K 2 M EAREL,

(2.2-2)FIHIK D42 R L ¥ — KFFH, = 7 + Ah cos 6 + E —H+ ‘;—’:%s;éfxﬁmf,

Bov , OH: _

. r — Sf ................................................................................. (2.2_3)
- > cy

ZZIZ, z o FRYERNOWIKRE CTOEE, H=2z+ Ahcos8 : KN, ThHbH.

(2.2-1)~2.2-3) UL > THEREN DRI TH B 005, RO L HITFEHBRIC LS
FoRIZEH BND.

IR T - (%)i - %v P (2.2-4)
[>T,
(3_‘:+Z_i_q)+(ﬂvic)(éa_v+ﬂ+sf):0 ....................................... (2.2-5)

2B g ot dx
BRI 5. 2 ZICEAIERIBIC E B, Fi-cld,

c= \/(%v)z + AgC;;"'A = [eA /B (2.2-6)

TERIN, PHREICHIAIZ & 5172 dynamic wave OIFEHRE TH D, WALE H it
(e>v) L3hiE, XQ2.2-4)THREND 2 DD dynamic wave DAGFE ST AL AW ESFF T
HoT, EOLDOIZERND FHtZHE M35 dynamic wave 2, BHO L DX Tt 6 Bt~

# 4% dynamic wave ##£9. 7=, X(2.2-H)FZFNF D dynamic wave (25> T L -
TMMEZ DN ELRLTND.
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n

(Acose)n A?H_AJ + Q?_Q;lﬂ _.n
j %

B At At
N (% . C):l (gv}l‘:t—V}’ n H?j;’:jﬁﬂ + Sf?HJ;Sf?H) ) e (2.2-7)
W~GDETIE, Aofkekihiie LT,
(/1 c;)s e);l (A;.HAlt_A;? 4 Q?A_tl;lg? _ ‘I?—1)
NE . C)j (g v;“;t—v]" N Hfi;:?j sf7+12+sf7_1) L0 (9.9-8)
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(2 FE_RTAERMAEETILOERAER

L T 2 Eim T 5 5681, HEORE T T 8M%EIC L VL2 L S,
HEREEZEREICET T 2 LR oo TS,

— 7, BERTORKFNTIZ IRV TITHIE T — # OB ESCHEHEOMEREDO KN 5, 250mFLfE
DAYV alFafEHEL LTEY, @P0EREITIA vy 2 ORE L LTERILI N, BASH
Wb Ay P E L TRIASh TV

L7 L, DEM OEfE=Cat RO mEIC L D 10mOME R A v ¥ a3/ T, &g A
v a ORERT TRLBBR - 22HEERLE LTCERBATH LIk, BAHSE L BFEIC
REUTEXHLEEXOLND.

AT, BARBNICEWAFIET 23560, Wl IRITARETD A v > 22 K 2 BUEfEE
ZRAWEEBEXZUTICE D 20T

1) EEAER
HEIEW DRI KIT T ZIRITIE, ST PRI E BRI R o D728, filill - BB S %
2HIZ L TR(2.2:9)~(2.2-12)D BV RBLL, ShEHEIHEST LI Lk, il
BREZENTWS, 2L, diamikh 2 HE LigiRRs 2 TEmRICESHL . L
BRI DWW UL RIS ARV D S AR VW S0 728, 2z F R O EE) I K E D
(2.2-12) L 72 5.

@EHHERX x AME)

a(7’u) + 5(7412) + 5(7UV) + 7@ _ az—x F R = e (2_2-9)
ot OX oy ox oz X

@EFHEX (y AR

o) | oGuV) L O(VT) | 0P OTy (g s (2.9-10)
ot ox oy oy oz y

@Efi=

a(%") + a(7’\/) + 5(7W) o () e (2.2_11)
OX oy oz

OFKEDK (z AHDEFHARERX)

ng(h+zb_z)1 ZbSZSh‘i‘Zb ...................................................... (22-12)

Z 2,

P:ES, o :/KOEE, h:/KE u:x FRAFE, v:y FETGE, w:z FAiH,
g BENEEE, Zb : HUEE, v EECROEE S (2L, $RE M —E)
tx, Tty BAMT), RxRy: Hi/iHE
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H(2.2-9)~(2.2-11) & $4E. 7 AT RS 4y L CARIESE b U 7= e mds 7 i =3 =(2.2-13) ~
2.2-15) D B Lip s, HERICHOWTIE, BRSSP TESEEL Z 2T L, &N
(IR AR CBRBR I NI D KNEDNE L L 72D LRET D 2 & TAIEDERIZEIZ D

WTCIEZERR R 2B L 720,

OEFHHERX (x AM)

Q. o @.2) o QR a(h+z ) ........... (2.2-13)
¥ 8tx+6)([ X J+ay[7 Xh Y |+ gsh e~ bz Hrpy + R, |=0

@:EEHEX (y AR

oQ o Q. Q o Q.72 6(h+z ) .......... (22_14)
78ty+ax[7/ th]+ay[7 :: ]Jrg;/h ayb —Tgy 7oy + Ry =0

@&

oh 5(7QX) 6(7Qyj ..................................................................... (22_15)
anl + —q

ot OX oy

ZZig,
Qx,Qy : x,y HRIOBAIERE, o : KOBE, h: KE, g: HIIMEE,
Zb : MR, v ZEERSROBEE A (7272 L, SRET I —E)

T 8X, t sy : KENAEHATHHEAW ], <bx, by : JKmEET

FimEIE©2.2-16), EREEEIZI~ = /R LV R(2.2-17)TEHEIND.
KIENAERT 2 AWM © o, © o IZJERHEEE EHE L TN TH LD EE L TN 5.

@A
2 2 2 2
hR, =%CD(1—y)QX Qxh T R, =%CD(1—;/)Qy Qxh TQT (2.2:16)
O EMEIR
Q.\/Q.>+Q,° QI +Q%
o = gN° h’3 — Ty = gmn? PYZE] . (2.2-17)
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mxﬁﬁ@m (A v aBIRICBY 5 THZERR)
vy y FEOFEEE (X v a BB 5 FRZERER)
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Vis1i2,g At

I o 1+ 6Ar

5 5 w r+er
1 0, 0, o 0.9,
_E( Vs h :':'—1_;' _ I )i.j.] +A_yI\ET}i+1=1.J+1-‘1 _):'—1-'1.;'—1-':J

t+8A {(’!“ - :b):'—'l.j - Lh + —_b}j+1._i'}!_‘sm
Ax

.D h i+1/2,j

_g:‘vl 1,hr+1']

b, Q«/Qx +0,

@EHHERX (v AR

t+Az Q t
Vi j+1/2 - Vi j+102

Y At

¥
./

R 1+ EAL

r+6Ar - 2 2
e (2 O o ] : +§[QT) 150

N , h o Wh+ Zy)iga (h+ :b}i.j}r_em
Sv g i g+172 A

v
0, JQX +0,’ 0,,0.7+0,’ o (3.5)
'. }’ )C f‘}j"jiﬂfl a = 0
@Efi=
h,-_j?_m _ h,-__r-?

At

" {[;V.rix}i— /x x)r 17 _r ? e LI a ):; 1/ [r;-i_\.'}:’._;'—l"l}r_em _ t+BAL (3 6)

— Ax '1_' =i 3.

[ 1: Ay v aNOEREICRC %8>y )
[ ] Ay vaoEERICREC R8>y V)
[ 1 Ay v 208 cRC B85y x, v y)
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(3) ZEMgE - BBEDIRE

ZERRIIZONTE, Ay v aNOBYERHEEELZHET LI EICKVRETH. REIC
bl > TiE TR HE R 2500 (FE CHEERT) |, TEMEHIEEH 1/10 #1502 > = (E 14
W) |, THEdEHX 5000 (BHFIH) SE2FH L7z, ok, Ay va i@y chasn
DEEITEEA v ¥ a E AREWE R CHAFHRED DR < 2y, B L < ITZEREOFR/IMEL
B~10%FEE ISR ET 2SI L VRO L ENE2TET 5. BRRICOW T, HEOFHEK
FRPBEIND A v v 2GR EORYEAIERNS, HERTRKOEBVRETHI L%
EARLT 5.

PTFORIY, £A v aDZEEE  FBRBERTETSH.

v, =1 —(S1+S2)/(DX*DY) ..................................................................... (2 9 18)
Vi =] —By/DY, Vy:] —BX/DX ............................................................... (2 9 19)
Ve =y =] _\/(] _Vv) ............................................................................ (2 2 20)

Z g, DXDY : e x iism, yEiGmO A v a A r—),
S1,82 : A v aNOEY#HMEME, Bx,By: A v aBER EOEYEHIEE

DX

A
v

=27

DY

X 226 *viaANOBRYEEEER - EREDHRE
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@) DD DBFEE

BRI AR EZEH T 5 2 L2 AL L, MEROBIROFMAE 52560k
T 5. HIRARIC X 23R, NERE L QN E —UIBE L T, HEICE-T
B KRARBRENHE SN Z EBH D, LN T, MENORERHEICHITEZ ZE
T2 koM, B ARIC &0 R 7B E Qe SRS L EOJE Qp L /hE D k&
MERL, REWEAICIE Qe Qo & T 2%5OHIENLETHSH. Fiz, EENOKMDNATEDK
L&k 0 REWGAITIE, BNDLLRE~TRT 26508 L, ZOLEITERBTAR (RH
R) 1LV EZD. HHEA Y 2OHBIIZED A v ¥ 2 @B RENE L 0 /NS D720,
X 2.2.71RTEBY, IREEFICHHRT 5 A > ¥ o IR &R TR, 20 xy

[y & ENENRET .

AR

AR~ 7 (b v

A

8285 DIRARIIERALE
RBHIERR T ALY : QN

e~z }\i

M7 bV x FrpRS
SEBH B SR

RBHIERR T FALSY : Qs
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1) #HERaR
BRELRIC B L CRIASRIEI TR ORLEO PR OB EEZ T 5 b0 LB B DR, B
RCIFHFEHEIC IO TOABRBEOARSRRE SN TODITBE 2. 72721, Kb
(2008) &V, BEATHEOBRBLGIC DUV C b AR AROWERMIEC & 0 EBREER 2 b 5 FRE
BHTE TSI EMmb, TROGED, 25285 L LTHRRTS.

228 HRAXEKRREROLLEK (MBTRMED) (BILF(2008) &£ Y)

a) EFRFOH

AT D IE AT K 2 BALIE TR & : Qo Z VI AL © 0 EHHELRE: o TEIET 22 &
IR B R EXE L2 b O TH Y, FIRAEL : T X 0 imtAE, MEMRSERL
TW5h. ZTIZ7T, OnOs: HACIE M 72 Y OB & O SERERR M A5y B OSSEBLHERR 7 11 A%
FTHD.

EERHERR T Ry On =0aQocosb

BRI HER T ROy Os =aQosinf

& 221 HEHEEE (EEFLY)

R KA D i
1>1/1,580 1>1/12,000
a=0.14+0.19xlog10(1/1)°, 0=48—1510g10(1/)° a=1, 6=1558—238xlogl0(1/I)°
1/1,680=1>1/33,600 1/12,000=1
a=0.14+0.19xlog10(1/1)°, 6=0° a=1, 6=0°
1/33,600=1
a=1, 6=0°

b) FLFEDH

EARITSHIC 51 2 BB O SRR B b & 12, AT EmBE A% #-8.2.2 (07T
B 0 LHERM o CEET AT, MiEREERIL LI b O ThH .
Fr(=(QuB)/(gh3)™?) : 7 b— 4, Qu @ ISEPYHER, L : YU, B : WHHIECTH 5.

& 222 MEHEEE FALUFLY)
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2) Em#ERAX (REOAR)

HE SRR & LAY 2 — 2000 By &, RN O 48 2 28t & o
HEIE, AMOBRAREZRAT 5. 7ok, BRARIC X 23FIL, FHETE & OILK
EUEE LTV, BAICEVBRREIRESHAEShD Z 03D 5.

FDI, WETHIOE S I 2 Lb—3 3 VEF LB T, BIARIC L vk 7o
TR QNMEENHIEE L EOJE @s LV /NS W L EMER L, REWGAIZIE @v=Qs &
THEOHIEZIT S . Fio, ENOKMALEDKN LY KREWNGEITIE, BN HIHE
~ET LT 5.

SEAHT (hy/h,<2/3) D Qn=0.35xh1V(2gh) , Qs=0

75 0 B (hy/h, = 2/3) D Qn=0.35%x h 2\V(2g(h1 -hy),  Qs=0

72720, hy, by (TREEE D DR - T2KIET, @WHE b, RWFE h, &35, 7ol
WD h2 OFREMLE DV TIE, BRHRSR E A v v at A XA biEd)/e A vy o iE % E
D BHVEND .

X 229 #FE (M) HAK

T2, LEFRE Q IXCE O AMAE 0 12 L0 ERHERRITERSY & BRBGHERR T M A1
ST TIRERA v 21252580 T 5.

2210 AIA L DILERE
(RKBERERKREY =2 7IILRETHITHR p15)
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(5) IRBHDRESMG

FHRIZY T2 o TOWREIIREOFMHREIZ OV L, YIS T 2 £ ORERF %
SELT LM, MUY Iab—Yary -~v=aT7)b (%)) EERRAE TRFRETT, Rk 8 4 2
H) #BBIZUTICE > TRET 5.

1) #KiE
TRFEARE M 1T D ERBA KD B OBUKIEIE, #%ik3 2 EEiE2>, B i S E
TOHBEONTNIVNE N LT 5.

2) RIRNE
BB I BB o 25 B3N ESE LT 50, EFRENRVIGEIT, REIE y (m)
TP B RAHEN G M T T, J)IlEx (m) KO RKUCIVEET 2.
7B, BUAAT X, BIRORENER TE R2WBIEOWINAEIR L TV 5546 T,
Z D BZIISINDONERANN D)IED 3 FILLEE U, EKEITAE TR D B FRICA)
JIED 2 DX EZ BL LT 5.
(a) BFAMEDHA + y=20x(log,, x)** +77
(b) BFAMIIELSOEE © y=16x(log,, x)** +62

3) RIERES
PG E THE T 2 b0 L L, REILEIZ R D kR & N s KBS OV
NEW TG i &4 5.
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\ =KEE mEHs

ERHES \
ava
\ AER AR S

filt

2211 HWREED
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PITFZ, RFEHTET VO TRKEOT VTV X LERT.
D FAEEBEA~DOIATNX, REY A — I E & D TRAZRE
Q@ FAGEN S DILEIRANL, ~ 2 R— L OKNLH Hil 2 9 25 & 34E
QRE~VE—ADLIE LR a—AF, RELEA v 2 (ZE5K
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223 ETIERRER

ARETCIE, FAREEEBRICOWTIER 600mm L EEHEALE LET /ML LT, £z, &
HAE THAT IR KL E O FBUC LB 2R A IRE(ER 600mm Al O & IRE) 2 @ Bk L7z, &K
RETTIE, 2.2.15 IR THIEENOELE SNSRI E £ CORMN KBS 7= T/KiE GIS
T — X % AV TER 600mm Ll EOER A LET L LT,
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224 TKEEKRDEFE

B 600mm LU EAFEARL LIz o B VBT VAR T A120, HAILICHAT HHE KX &
REL. 7B 7ETIVTHE, B8 600mm K DOERKAZET /ML LW, K 2.2.16 12
Y X DITET ALK BRI O I OLEKIE TIE ALY BT TIRADFAE L (iR oL
BT CILIE RN R T L CE HAIRIRKT D). RET /L, B 600mm LLEDOFKEDO~
A= VTR LT AT, S BRI HE T 2 8% 600mm Aili D B8 DEEIKIX & IR KSR A
DX OICHEARREZHRE LT,
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KK DR EL, RERZRIG L LIZTBORKK 2.2.17 2) 1265 T 5 2 & TIER L.
2.2.18 | 600mm LA EDOE A XIGHUT, O 2 AR LTl Z ~d . O R OA L, 600mm
s DE B DOBHHR I A B EICFE M L=, 600mm Kl DEF KA ET /LT 5581%, AOT%
FOFEFEHEAKEE LTRE L. 2.2.19 IZARGT CRE LIEAKXER~T. E7 UL T 5%
NLA~OFEARIL, FE LTCEKKNOERNENIRATHZ & & L.

e £, 0D F ($E7K [X)
— E T A (600mm LA )

2217 BORH(ZEIARE)

2-24



< A&
~7 NN
.

Y| N w S —

_ W 2 . H,  —
A lwﬂun‘_‘uﬂw(
,\_\N) kv
lwﬂu_ﬂ‘_‘ vl

P
Fun
=

s

¥ =
RVA AGILR RS
o\

2-25



BT 4 2 (600mm LL 1)
B R% DEKIX

2219 AR THLS 600mm ULLEDEREZXRRE LI-EKK

2-26



225 TKEMEHRHETILOHEE
ARECIE, 7 T AE R O W RS 2 22 128 1E RRL 5% IV C RGBT HE
TIVERESE LT,

(1) f8IE RRLZEDHME

{E1E RRL VAL, WRHFEEFRO 2R T (Rrls FAERE () 128V, B D O RREE M
DO ANA Fa T 72 8ET HFEE LT, RETHI I RRL £ Road Research
Laboratory Method) % & & (2, [HEERRAE LARMIEATDS, ARIEROEE & S-Q iR OHEEE
D EBEELEZLDTHS.

N

NRFBRFEROFE I IR el v
B A = T57

RAIRIRF I
LI
SR ER R O FLE T (4 v \

TANA Ra 757

N

S-Q DB E Ui TR (R v
WAL R s o7

IR (59)

) BnA N7 77, FREEROEE, WRANA Fr /77, $-Q OB EIR LRI, T3l FRE—RA

KW EEERRS —1982 FFhR— tEENEAN BATAREW=) LV 5IH.

2220 BERRLZEIZKARHFTEIO—
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(2 FYEREOEZA

RRLETIE, RNEREHRICHESTENOBREZBRIERE LTWDA, BARD XS IZRERTRED
RERNEFRRIZT 2HE1C1E, BEENOOREBE L 2T b, 207k
¥, EIERRLIETIE, REBICESTZRG —EAZINESE LTS, EIERRLIEICZKITS
AR ERTE ORI E 2 %K 2.2.21 1277, ¥ 2.2.21 k0, EERRLIETIE, KW
OIS E LNIMETEEIR A, ZERAEBE T 5. MMTEEAE, KO EAL LT 6mm
FER L. BEHEKE, —RORETH D 10mm ZFRE L.

2221 {BIEE RRLEDEMEROD—HARULEEZRA
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(3) MHEHBDKRTE
BRSO, —MRA972 FAGEFFEME 2 BRI U TRE LTz,

2.2.22(1) RHEREBOHRE(EF)IAEFEH)
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t = C er -0.35 A0'22
ZZiz ot REERERE (4))
C Wi HHuF R AESE T % 5 B8
(PR : C =180, BE¥#% C =60L3 %, )
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(BERRBREE [ LyRRE | L)
A KR (knd)
B FKGE MK IR TE () MR & A BEFI594:10H
() AARTKEWHES p.18
% 223 THFIBKRICIELCF-EHHC
T #hF| IR R iR E| E#C
ETh B EEIEHX 0.85 60
JrimiE i R E TS 0.80 70
EEE X u]ES 0.75 80
= EH REE#X 0.65 100
— B TEMX RV T EHRMX 0.60 110
— R {FEHRX 0.55 120
BB 1E £ X 0.50 130
BElREMRUSAE - BEEKSE 0.40 150
kit 0.25 180

2-31




FI| ZERFH (min)
B 50K

10 43 ATii
B 20 /AT
H 30550k

2.2.23 FEFMEORE

1) RANA FATSTDEERE
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51 FRRERT—2OERICAT-RRORERMBEE & RKEEORBGRMSE
ARRITIE, PRIBENT — 2 2408 Lz bkm A v ¥ =2 ik L, ZAR7 R DR 2ER] 7340
ZERE L, FHEESRR X s & B AR £ CORERIC IS T 2 Rp22 5940 & 12K REE 0 BIfR I &
& FAGE Z2 — (S TREHT S 2 ALK IRIRFIEST TOMT L2 b D TH D, £ LT, A v aNOkE
R &R KB E DREFRIME 2 E BRI 5 2 L T, A% OEHTEIC I T 2 T/ NI T KIE
DRK TR OEBRIRCKE Y 27 O A~D BB R 2 rd 2 e 2B E LTz,

511 FRRERT—2 ORNKRFRBET~DEAIZRITTORE

UTAFE, EA U I\ TRERE R RO RN 2 0 9~ 5 FERR A X2 b0 R B D 72O R
DIFZE AN &> TEMEEFEI I L TV D, ZFWREOMIEIL, HBRREIZM O KL H)
(C R DRBEPTRR SN TE Y AARBUFITREAE 2 Z 58 LIZIBKETEO RE L2125 LT\ 5.
SR B D58 2 B JE L T iR /KEHEROIR K E Tl ORI, Mizuta et al. 5(2017) d4PDF
DFRARTHEEN 2 O TIRIA S FEfi Sh TH 5.

TFTHERT — 213, B+ km 68 km A v 2 FOEMMGE L > TEBY A v 2NOR
RIAAIE—hR & LT RANICIRBE ST D, A 77— A3 80E km2 & 732 % KA1 D FEHE(E
HRIZ 3T D EICET Digim ClE, A > Y2 NOBMOZERSMIC L 2N TH D &
FEZADBND. T, WA =D kmz OF/ NI OB E, % ha O FKELKKA~D
ABBFITFHERT =2 DA v ¥ 2 WORFZERIMAGT O LA K- TN O & — 7 KA T AKIE )
O OURKDHEIEST DR B OND. EDID, A vy 2 NORENORZEM /AT &
S TRAEEICEDOREZET 50N EH LT 20ENH 5. BIEMETIE, FHOITTH
BERT — & 2L OB RS & U TR 9 2 BRIC R B 22 R L 2 & D IRKIRD 2L 27
LTS, —hHT, Ay yaNOBEROZEMDAROELN ETIE EDRKEERKES) L LT
BT D O ERRZEHE L 72 F BT E L2,

AWFFETIL, AR OB ZERI A0 2308 L, SHEAE 4 7> & BRI BUE £ TORNIC
B D WFZERE) 3 AT &R KEFIE D BIFRIE AT & R /KIE 2 — (K THET 3 5 WA KRR AT T odr
L PRIBER 7 — & OB AT A T EERER 22 e 2 S L 72,
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512 WRETIHEMR7T—ILOEE

AR TG & DR TR — &, )OI, FKEDOEAKIKDZEM A r— /L A HEPR LT
Bl-1 18t & TR THT —F DA v 2 A X, KD B/ANI)IE TOptEk, FAREDHE
KX ERT . BRI A —/iX, BERTPHT — 21 5kmX5km A v a2 &L, EOEMHT
2 RATJEAY 1,000km2, HBiEFFIRANE BT 2 H/ Nl JI1EA) 20km2,  TETAS OB 2 /Mg 111X
9 lkm2, TAKEDOEKXIIH ha &> T4, [EOEBT 2K Otk A 7 —v & B3
T—H DAy v at A XET 2 LN D OFHIE &V D BLATIE, BERTHIT —2 0 A
v ¥ a NORBERDMIZ L D2 HEBIIENTH DL B LN, —J5T, FUNaIlL, /NI, F/KiE
DIRIMAr— /L L il 5 &, Bl THIT =2 DA v ¥ 2 NOBRSMIC L > TN R S
ZENEESNSD. 5.1.1 ORI, H/MIIO Btk & e > TB YV BERTHT —2 DA >
¥ a2 N BTN KRN0 A & RO T Bl O OMHEICEET 5 2 ERHL N TH S.
F 72, FEIKONO/NAIR FAKEIZBER THIT — & O A v v 2 NORFZERIARIZ L - CRERED
AT 5 LHHBENRELS BT HZEMAT— L ERo>TND. ZNHDZENB A YT 2ND
B RN D ZE M3 AR T K = TS FAKE OIRMERZEAL T 2 Z ENEGITHERI T X, 2 DORENFK
R E) E L CEDRERONEm T IMNERHD EEZLND.

K 511 XRETIERTRET—FD@BHFA Y &mE
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5.1.3 FHRIEROBFEMS>HOERTE

AR ORBERTHT —Z DA v v ot A XL JWIRA r— /L O g % H & 2 TR TlT — 4
DA ¥ 2 NORRIZZER A 2 R E LTz, 2R Z2 R ET 572012, BN FHIT—# (5km)
%%%ﬁ@%ﬁiﬁ%fﬂ%ﬂﬁ%&ﬂwx NOZEMfRGE 2252 1km A v ¥ 2 & 250m A v ¥ =D
2 DO %h%;aﬁm L7z, 250m # v 3 =2 |[ZHIAME L2 D1 XRain D ZEEIfiRIgE 4 5%
&Li_l512 531k L7z Bkm A v o 2 WO ZERIfRGEE 2 "3, ik a £ 92 Z & T,
mmmmwamwm-TmL DFRIIA 7 — VT ORERDZER DA ZRET HZ LR AREE 72 D.

(/00000

X 512 BRFPAT—EAV10HD* Y 1DETE
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5.1.4 5km A v 2 NOBRROEMDHDEE
bkm A v ¥ a WIZRERNOZEM DA A ERR T 5729012, EEOBROZEMI AL E Lz, —
REICIREE SN D PHIER O A v ¥ 2N ZEM AL, K 5.1.3 12737 X 9 p 23
70mm/hour DRI i-‘ﬁﬁOD/“Fﬁ/\?ﬁé:iiﬁi FHLETIE, ERIICERNEOSHNETLHZ &
WIBESND -0 4 DORBEROZER AR 252 E Liz. BROZEMAOARIE, 5km A v a2 ND
RNENFR CIZ2 D X 2 ICEMIy A >~ ¥ 212 Bkm A v ¥ =2 OFEFEIC 2.0 25 0.5 OfFFE%
%Ué & CEMGAERRE Lc. 723, Ko A Y o OFRIIRHICE L L2nb D & L
22 AR O ENL, bkm A > ¥ a2 WTAHRHANCEERAE L 20X E LTe 7 v ¥ LA
(Case.l), S5km A v ¥ = O Y JRHETAY AR S5/ & A0 E L7z P RE /34 (Case.2), 1A1)1150 T /Kl
Wt FICREN MR 2 2 L AARE L 72 #ik 34 (Case.3), #EFIRIZRBEN DI A A ARE L 72 MR
s7fi(Cased) & Liz. RE L= 4 DOZEMHAA %X 5.1.3 (27~ L7z T0mm/hour O —kE53AA 1
A5 E7T, K 5.1.4 056K 517 ICRTZEMOMERE L. 1km & 250m (2L L7
R AT 2 FEIB T % & 22 RAMRE S DT X > T Bkm A v = NICRAET DA v =
NOFRFEERED AN R D Z ER 05, M b LTEBEDOK A > & 2 [T ET D R R OR%
BOFMREICH LD, bkm A vy a2WNORBWOMEZERET 252 & THRINEDSFHE T HREK
BERRBREE N B2 0, IRAKBEORBURMN B D Z ENMEESND. ITFE, BET DY 75N
DX RBIREEE 2 D & —kRoAn & PRETRERIC L 2RAKEOZE(b 2R L, TRIERNA
ERHLTERAIDBVETHDL BN,

5kmX v 2 1 N DIERI 2% (—HR D7)

150.0
130.0
3 110.0
£
S 90 19
=1 BRmE
e 70.0 (mm/hour)
13
g0 0130.0-150.0
: 10 5110.0-130.0
30.0 7 90.0-110.0
1 3 ¢ 4 070.0-90.0
7 9
11 43 1 050.0-70.0
1517 g 030.0-50.0
X< 1 No. R

B 5.1.3 5km * v 1 MOBFROERSf(— S )
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f& ™ 2 (mm/hour)

5kmX v ¥ 2 NDER S (Case.l 7 ¥ X LD T)

[250m#AS * v 2]
150.0
130.0
110.0
90.0
70.0 19 KERE
50.0 16 (mm/hour)
30.0 13 0130.0-150.0
10 110.0-130.0
7 090.0-110.0
4 070.0-90.0
050.0-70.0
030.0-50.0

514 MEROZEMSfH(Case.l 525 LS
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Casel. 5 V5 L9 Case3. k9%

| 2‘ i 4 s 6 7 8 o 10| nl 12| 13 14 15| 6] 17| 18 19| 20| af 2 3 4 s 6 7 8 9 10 11| 12 13 14 15 15| 17| 1B| 19| 29
1f 630 70.0{ 70.0[ 56.0] 56.0] 70.0| 70.0 700 700 70.0| 70.0 70.0f 49.0( 70.0{ 70.0{ 70.0{ 70.0] 70.0] 70.0 70. 1f 70.0[ 70.0] 70.0[ 70.0] 70.0] 70.0| 70.0 70.0| 700 70.0| 70.0f 70.0f 70.0{ 70.0] 77.0{105.0 35.0] 35.0| 35.0]
2| 56.0) 77.0] 700| 700 700 630| 70.0{ 70.0[ 70.0f 70.0[ 49| 700| 700| 77.0/ 70| 70. 2| 700 70.0] 70.0[ 70.0] 70.0] 70.0] 70.0| 70.0 70.0 70.0| 70.0 70.0 70.0| 63.0 63.0f 98.0f

63.0| 840/ 77.0) 700| 700| 420| 840| 840/ 700 70.0 70.0 49| - 70.0| 70.0| 840 7. 700| 700| 700/ 700/ 700 70.0{ 70.0{ 70.0| 70.0[ 70.0] 70.0] 70.0| 63.0| 91.0| 420| 91|

4 630 77.0 77.0{ 700 700 700| 77.0 700 700 70.0 70.0f 49.0f 49.0( 910/ 70.0/1050( 70.0 70.0 70.0| 7. 4 700/ 700| 70.0[ 70.0] 70.0 700 700 700 700 70.0 70.0 63| 84.0| 350 84| 119,
5 630/ 70,0/ 70 700 700/ 70.0{119.0| 70.0f 70.0f 350 840 840 840 70.0 70.0| 840 0. 5 70.0[ 700 70.0[ 70.0{ 70.0] 70.0] 70.0| 700 70.0| 70| 56.0| 112.0| 77.0| 42.0| 42.0| 42.0| 112
6o 630 700 70. 490/ 700 70.0f 70.0[ 70.0] 70.0{ 70.0 70.0 350 70.0 840 700 70.0 70.0f 70.0f 70. 6 70.0[ 700 700[ 70.0 700 700 700 700 70.0 49. 350/ 35.0( 119.0f 77.0| 56.0| 56.0| 56.0]
7] 63.0105.0) 700 700 700/ 70.0| 700 70.0 70.0f 420 70.0[ 350 70.0[ 70.0{ 70.0{ 77.0 700 70.0 70. 7 700 700 700 70.0f 70.0f 70.0f 70.0{ 70.0] 77.0[ 56.0]105.0] 77.0| 77.00 77.0| 770 70.
g 700 70.0) 840 700 700 70.0/119.0 70.0| 700- 700] 700 700 490/ 700 70.0 70.0f 56.0 70. g 700/ 700 70.0[ 70.0[ 70.0] 70.0] 70.0105.0f 42.0( 112.0{ 105.0[ 105.0) 98.0| 7700 77.0 630 70.0| 70.
9 700 700 350 70.0f 70.0{1050[ 70.0{ 70.0[ 700 70.0{ 700 700 700 70.0 70.0| 700 70.0 70.0f 70.0 70. 700] 700] 700 700 700 70.0 91.0| 1050| 35, 91.0| 91.0) 1120 77.00 560 70.0| 70.0| 70.
10 350 70| 7001050 700 70.0| 910 70.0f 70.0 70.0f 70.0f 70.0[ 70.0] 70.0 700 77.0 630 70 70. 19 700 700 709 70.0f 70.0f 840 77.0{ 910] %. 350/ 1050 4901 70.0| 70.0 70.0| 70.
11 700 350/ 709 980 70.0{1050 700 700 700 560 700 700 420 70.0 70.0| 70.00 1120 70.0{105.0 70. 1 700 700 709 70.0(112.0f 1050 1050 77.0] 105 910 77.0 77.0) 350 700 700 700 70.0| 70.
12 700 700 709 709 700 700f 700 700 700 700 840 849 700 700 700 639 77. 77.0 77.0{ 70 12 700 70| 70¢ 98.0| 980 56.0 84.0 98! 84.0] 105.0 105.0] 700 700 700 70.0/ 70.0| 70.
13 700 700 700 70.0{1120( 700{ 700 700 70.) 560 560 560 840 70.0| 70.0 77.0 77.00 77.0( 70. 13 70.0) 70.0{119.0 350 112.0| 9L.0f 119! o1, 77.0] 49 700] 700[ 700 700 700 700 70.
14 14 70.) 56, 77.0 84010501050 560 350 63. 700] 700 700 700 700 70.0 70.0 70.
15 15 119.0 105.0 49 910 77.0 63.0 350/ 49 4200 700 700 700 709 709 70.0 70.0| 70.0 70.
14 16119.0| 91.0| 420 350 910 630 56! 350 1050 709 700 70.0| 70.0| 70.9 70.0 70.0f 700 70.0 70.
17 17 119.0 105.0 35 840 490 119, 980 700 700 700 700 700 709 709 709 70.0 70.0 70.
14 19 119.0 112 770 429 560 910 709 709 709 700 700 700 700 700 700 700 709 70.
bl 19 119, 56.0} 84.0| 700| 700 700 700 70.0f 70.0[ 70.0| 70.0[ 70.0{ 70.0] 70.0{ 70.0| 70.0
20| 200119.0( 77.0] 77.0( 77.0] 77.0] 77.0| 700 700 700 70.0| 700 700 70.0{ 70.0| 70.0f 70.0[ 70.0] 70.0] 70.0| 70.0

Case2. HRERHH Cased. JRIR N

i 2 19 2o
1| 63.0) 105.0| 35|
2| 63.0{1120) 105.0| 28.0|

63,0/ 105.0| 90|

4 63.0[ 98.0] 77.0)

84.0) 5| 630 77.0 84.0|
84.0| 840 8 700 70,0 700 70.
84.0) 84 7 70.0{ 70.0[ 70.0[ 70.0] 70.0 700 700 700 700 70.0| 70.0 70.0| 70.0{ 70.0{ 70.0f 70.0{ 70.0] 70.0] 70.0 70.
84.0) 84 81050 98.0| 560 98.0 77.0 630| 63 1050/ 105.0) 35.0) 35.0| 28. 77.0| 630| 77.0| 56.
84.0) 84 9 980 280 910 91.0/119.0 91.0/1050 77.0/ 350 77.0 98.0 98.0| 420f 77.0 910 1050 42
840 84, 10/ 112.0) 63.0 84001120 560 63.0| 840 42.0(1050( 91.0[119.0] 350 49.0| 84.0) 980 56.0 98.0| 35
840 84, 11 910 700| 77.0/105.0 84.0 56.0f 9.0 49.0{ 112.0 28.0[ 112, 420 280 77.0/105.0 49.0[ 980 77.
840 84 12 84.f 1120 980 77.0) 49.0| 910 56.0 105.0 84.0[ 105.0f 350/ 350 91001050 420 9.0 35.
840 84 13 700 700 709 70.0f 70.0f 70.0f 70.0] 70.0] 70.0f 70.0{ 70.0] 70.0] 700 70.0 700 700 70.0 70.0 70.0| 70.
840 84 14 700 700 709 700 70.0f 70.0f 70.0] 70.0 70.0f 70.{ 70.0 700 700 70.0 700 700 70.0 70.0 70.0| 70.
84 84 15 700 700 709 700 70.0f 700[ 700 700 700 700 700 700 700 70.0| 709 70.0f 70.0f 70.0[ 70.0 70.
840 84 161050 3501050 980 56.0f 98.0f 77.0{ 630 63(.105 1050 350 350 28 77.00 630 77.0 56
17 98.0 28! 91011190 91011050 77.0| 359 77.0 98.0 98.0 42 719 9L 105.0] 42
18 112, 630 840{1120( 560 630 840 42.00 1050 91.0/119.0 350 49.0| 840 980 56.0112.0 350
19 o 77.0/105.0| 84.0| 56.0 91.0| 49.0|112.0 28.0f112.0f 420 280[ 77.0{105.0] 49.0/105.0 77.0
20[ 84.0] 1120| 98.0| 77.0| 49.0| 91.0| 56.0105.0( 84| 35.0‘ 35.U| 91.0| 42,0 98.0| 35.0]

518 HREL-MBRROZE/RS T
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515 XNRFEDHE

KA D> & F/ NI 2 C R KB ORAKFEEZ T 5 7o 012, NAKIFEIRHEATE 7 /L 24
H LTz, RETIVTIE, Hielkd & OW)IGEH E & KB~ 7K H & A O] 1 AT B 2K
1L AMEHA L@ NAEMRAKGHHIIEE RRLIENORIE Lc. ZOiHE A E Fjihm &k Ot
TARED~ R —IZE %, QUWLEBHFET L E@ FAKEEBHNET W X D EN R N FAKEE
RN ODIKNL « P2 fdT U7, HEBBNET WX, —iif)l OEEEE XN, FEEXH, ¥
MRS —RITCAE T T AL LT, %T/l/ﬂﬁl:fﬁ %, K 5.1.9 IR L TR RSRXIED
600mm L\ EOERKIT TN TET Mz Em L, FH DL OBIENIZEICE W THKILER ZMA L7z
HiRIR K FEAE AN U 72 U2 35U Tl 600mm A T OE R S ET7 MbaEf L7z, 512, G
JLEE 7 /W K0 SR YL DAL V) A (B ASPEAR R OO -1 R oeiUi it © Fh L 7. Mk
DAy ald, EHESORKLRHATEDHLIIC10m A v = THELTL.
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5.1.6 RROFZEREGZERKFEOERFRLE
BRE LT A BN D ZE 4040 2 B 5 Sk & LT, WAMKFEIRFENTE 7 v & W CTRKIZ B L,

RIKEFED ST 2 F2hE L 7.

(1) BROFE?HORE

BERRIIZIE, ) 5.1.10 1287 & D ISk CNKILEE 38 A U 7 AR I I & IV 7.
BE U 7= BRI 2 % 8202 G EEUBLR 24 (35mm/hour) 7> & R ik K BUELR 4 (150mm/hour)
% T% bmm/hour FEIFETHI EMIE L2 EM L, TD%, RAKMEDZEC SO MR Z 55
(ZPERN DRFZ2 M o0 AT & Sk U7, IS, PRRN ORI ARG B 12 K DI AKFE DB b % i3 %
T2 OB TR & & L CREfi % 5 2 5 (10 4y i B W) U7 30) 4ot © b figbr
% EhE L7z,

ATEERUKTE
70
W 150mm
60
. H125mm
£
£ 50 80mm
=
>~ B 70mm
€ 40
E B 50mm
I 30
ez H35mm
gt
20
10
o — —

00 03 07 10 13 17 20 23 27 30 33 37 40 43 47 50

5.1.10 FEXRERIKR
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(2) BROFRZERSHEFKEFEORRM

FRIE UT= B0 A 2 D CIRAKIENT 2 5206 L, 1} 5.1.11 1R T X 5 IZA BB BT 5
IR /KTHIFE &2 425 U7, iR /KIE A1, 80mm/hour F CIIFEMEITH L CRIEMICEML TRV,
80mm/hour LA EORERN CILR/AKEAEOHIRILHL LT\ D, Zhid, sHRHIIcs VTR
IKDNVFEE LG\ E5ER2Y 80mm/hour FEE L 72> TWVD Z ENERTH D EHERITE 5. BN
DZER DA OFMGIEICER &35 &, 250m & 1km (ZH5b L7256 CTOIRKERE TR £
HIEIE, £10% & 22N OFEBIIME L 72> T D, K 5111 ICHEROZERMI 434 1 L 5 B
DIFOIEAZREIT 2 &, —HRICBRRZ 5 2 72 R L CORKIEEDS BN M A BET 5 2
ETO8MEND 1.2 (EREDREZFFOZ LN LN Lo,

PEFRDOFZER 21 & iIRKEEDORERME

5,000 \ |
— BT R
41500 ° E‘E Eﬁ%#ﬁ(ZSOm) S
o %[5 (1km) /! :
4 )
,000 ﬁs'/mf |
) 4 \‘\ '/_‘5' \
3,500 TRk i L aE LS AR
35mm/hour ./ (o 4B RGNS
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