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PROPOSAL OF THE NEW SIMULATION MODEL ON
URBAN STORM RUNOFF—GRID ANALYSIS—

By Araza ICHIKAWA

Synopsis

In order to estimate the hydrograph of the Urban Storm Drainage, this paper has proposed
the new simulation model, the name of which is ‘Grid Analysis’. This model consists of 3 parts :
1) Estimation of the hydrograph at the manhole mesh, 2) at the outfall of the sewer pipe into the
river, 3) at the point of river section.

The characteridstics of the model is the precise division of the land surface with 10 m meshes,
and the information of each grid, flow direction, and land use patterns, are provided by the
computer-aided systems. According to 10 meter grids, rainwater is followed by each time step by
the huge-computer. This paper has also verified this new model with actual rainfall and runoff
data with good agreement, at the Nogawa River of 70 sqkm watershed, Tokyo Japan.
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Fig. 1 Concept on effective rainfall.
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Fig. 2 Movement of rainwater from a v Pipe flow
grid to the adjacent grid. Fig. 3 Surface flow and pipe flow.
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Fig. 4 Synthesis of hydrograph in the sewer pipe.
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Fig. 5 Example of tortoise chart on the
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Fig. 6 Methodology on the determination of the flow direction of each grid.
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Fig. 8 Explanation on the calculation method of grid analysis.

— 6 —



W Fi LOBUKIEH B 70— A v ¥ 2 thi— D8RR 239

WA IC AT & £ DM AMBOENTRERE < b Y w7 2%EDLY, ZOLICHBRORBEEEADELY 7
FEER LTV Do HERD 7 WEHEE FTOME & LOAEORE DS ICEHFIR & AR E ok
GERBLIICLTN B,

47 WkoOxh

DI F DR DR CTABEAT 50 £OEAZRT DI Fig 7, 8 - TH\T Y, MWLk
Bic 4 SOEMBOFBAEEL, FErb12 34 LBE2D0TH B, Fig 8offiszEHELY, £0
BADEIERASDETRELTES, CORDLIL, v ¥ 2MOBBRETSH4 LATF v T TN
=} 75 7RKp, ENHIERBRTMAASZESICL TG, LOXA LAT v TREIRET 202
AEFLOBEMERETZEEDEA ¥ b THBo METDHNICDNTRKRD Kerby AWML ERHS
NTH3,

t= {%ng 281(,,/\/3’)}0"67= L 4402/ ST crvvrrerssnnnissssssssensseissssssss s snassssees @

Coic b Am) KTFTHOKETSBEG), »: HERKCHYTZ 50T, REEME 02, £OBER
0.1, B0 1, 025 VhR TS, S BHMERARTERTTSHS, LORICLS LHEHT1%DH
EA b OHEES 10m BT 2 ICET AREE3 4 EHES NG, COMMEESEL LTSS DT
TRINEE T Be FAEROBAIENIGE 0 3m/s £EZT 10m £ifth 2 DIKBY 20T,
1 BEBHHE L ELTHEEZT> T 5,

2 vk O TR LBEE T 1~1.5m/s ORETHNZBDELT, RiIKRDIw V&
— VDD DB VA — A BILDZOF T © (6 £R®, OTERLTHRHE < bbb
DELTEHFET> T3,

4.8 ARG UBROEBRH

PLE® 7 r 2RIk DA LBSIHRAKICED 2 THAN a5 7] patHshg, ZORAN
L ¥R s 7R LS @5 B0 ZRBEHET 21080 RALAOLRERHEET > T 5,

34 3@
1.2
Y 3)

C T Q: FNEE (m¥/s), ¢: KEMAR (m2/s) TA v ¥ 2 TROLEEDONA ¥u 57, 415
FUERE (m?), B : EE () Thbo COMSHEREEMBRIE EDL THEZT> T 5, FHFICH
WS R 7 v 713208, REGRF v 713 100m THY, BKREBEER Sm/s LEATO S,

5 BINFEETOERH

ZEIKZOFINICENTID A » ¥ 2 ROBAEFROEF LV OBESERD, 4HROFARE LB
Lio

WIZENFTHOTAEEHE T 2 BRFNTH 2 W TFAEOEGICE SRVHEBKIBCOZ T
%, Fig. 9, 10 3 FAREROT — % 2RI LCHBRAERE LSO TH S, LCTREOILEELS
BEARBIH, 20k 0 LT SOMKRENEE > TEEINCHRINTO 2, R, TOHEN
FOFEE bOE S —F, HEROLMOTAEIED, FICBRISNEHBHEELE-THEDT, b2
MRS > T B,

¢ OFEBA TAEORARDEI Fig. 11, 12 1R T & 5 IOMNRRICH D T LB LFIRR, TAEKR
MB kU&= vk — VB O/NRIBICAE Lz, HHIFIFRILIE Table 2 {TRLTH 2,

_7_..



240 FORBHRBIFBHER 295 B-2 @61 4 (1986)

Table 2 The areas of the land use pattern at the each sub-watershed. (unit; 100m?)

sub-basin 1 2 3 4 5 6 7 8 9 10

forest 31 300 91 13 182 50 1 184 0 0
paddy 0 0 1 4 0 0 0 0 0 0
vegetable 74 533 112 118 844 1 0 645 0 0
recreation 0 35 0 0 Q 0 0 0 0 0
vacant 25 324 26 59 180 2 0 361 0 4
industry 28 13 25 28 2 0 0 0 0 0
low house 237 1714 362 370 1461 0 0 634 0 2
high dense 164 327 34 1 175 0 0 227 0 0
high story 40 13 0 0 7 0 0 0 0 0
business 297 912 528 465 371 0 0 101 0 0
road 281 1198 143 116 496 251 17 297 0 0
park, green 1 574 3 0 418 2471 761 122 3941 1407
public 1 720 5 5 242 503 158 306 0 88
river 16 69 27 0 5 2 4 0 0 0
miscelaneous 0 0 0 0 48 0 0 13 0 0
Tatal 1195 6733 1357 1179 4433 3280 941 2891 3941 2298
sub-basin 11 12 13 14 15 16 17 18 19 20

forest 32 556 114 111 1878 882 25 856 1131 210
paddy 0 0 0 0 0 1 0 52 20 2
vegetable 58 559 31 253 2269 1657 360 2828 4108 863
recreation 0 1 0 0 0 0 0 3 0 0
vacant 63 243 8 €3 239 116 40 369 647 401
industry 0 20 0 0 5 3 0 267 310 111
low house 716 1798 576 407 1566 1343 650 2069 4034 2403
high dense 20 133 55 6 184 189 81 92 1028 407
high story 0 0 0 0 0 1 0 87 203 2
business 3 330 40 70 849 674 65 913 1239 444
road 38 799 137 88 916 622 198 985 1025 615
park, green 23 2325 4 0 4421 55 3 122 519 63
public 84 366 0 72 847 162 24 3356 774 149
river 12 0 22 0 19 0 0 6 0 0
miscelaneous 0 5 6 0 0 0 0 0 0 0

Talal 1050 7136 994 1041 13194 5707 1446 12005 15038 5671

zhick AWk O EREEE Fig 13 TR LU
ZORD L EFNDREEBAUW TS ERBOB LV, ARIRERELPL, HOBERKORKHE
DG ADETITROEFNVOFREEET > T &,

ABFREST S ICH 7 D BRBHRIH OBEME GEEEIASHNHRR, AW, @6, K =K
H, BAFHOTKERR) OBBNELl. E{BHORERT RN TH L, BROFENS, K%K
OEEWELTT LHFRRRE, EAmEEomELBFIRfER (TDS 111, 5448R) ZFA LT 2,
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sub-basin 21 22 23 24 25 26 27 28 29 30

forest 161 394 126 347 715 432 123 212 270 0
paddy 1 0 8 0 0 2 0 0 3 0
vegetable 719 879 579 1947 1875 1254 371 1484 310 0
recreation 0 0 0 0 0 0 0 0 0 0
vacant 462 317 263 242 791 592 93 106 58 0
industry 33 26 237 6 338 18 3 0 1633 0
low house 3404 2777 2169 2722 6308 3289 671 2080 595 0
high dense 624 232 108 97 515 131 148 185 41 0
high story 196 59 709 10 504 785 0 1 0 0
business 1186 841 3n 279 651 772 71 373 123 0
road 1152 1336 1315 1176 3031 2923 154 567 516 19
park, green 136 134 96 252 125 307 28 61 416 399
public 1580 888 1307 1281 1321 1178 659 772 6185 375
river 7 20 69 36 116 136 0 0 4 14
miscelaneous 0 3 0 1 5 7 0 0 0 0
Total 9662 7903 7361 8397 16183 11832 2319 5841 10019 807
sub-basin 31 32 33 34 35 36 37 38 39 TOTAL
forest 100 444 709 183 20 95 9 448 29 11464
paddy 0 0 0 0 0 0 0 0 0 94
vegetable 844 608 115 8 178 84 8 104 124 26804
recreation 0 0 0 0 0 0 0 0 0 39
vacant 384 298 18 25 75 190 26 66 53 7199
industry 2 586 0 35 21 64 5 0 0 3819
low house 2146 2978 103 51 447 925 528 1216 493 53244
high dense 119 175 4 0 33 172 0 31 131 5869
high story 33 81 0 0 0 19 0 41 0 2791
business 408 313 53 13 24 466 55 115 52 13467
road 610 580 69 82 48 430 53 238 97 22618
park, green 4 13 0 0 64 0 14 37 18 19337
public 637 1928 10 59 97 511 129 25 175 27776
river 0 0 81 0 7 0 4 0 2 678
miscelaneous 0 5 0 0 3 16 0 2 4 115
Total 5288 8010 1162 916 1017 2983 831 2324 1178 195563

Ay ¥ 2 ORI, CCHERMIDIEDT>TBD, ZOWSERTH S, BBETEOFOHHE
ATW3, &LiT, Bl GItkEES), BEE EAARXK), WL EEAEE), WERGER
BELAPER, BEHE GEARED, k02 EEEHY), THEA GEEFR), MIE G=
FYEE), #LET GRERAEHE) SROBICLZHDTHD,

LicbDTH5B,

ARFACHREMEFABGE RARB REWIE CXAMERED 15TE 3,

X3 ENENFILOBRRZHEKER
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Fig. 9 Outline of the Nogawa riber basin.
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Fig. 10 Comparison on natural watershed and the artificial watershed at the Nogawa river.
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Tig. 11 The division of sub-watershed of the Nogawa river.
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Fig. 12 Location of the outfall from the combined sewer.
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Fig. 13 Result of the simulation of grid analysis.
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