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8. Hydrodynamic Madeling of Prainage Pipe System

Yhe existing drainage pipe system in Ho Chi Minh City is large and complex networks.
Furihermore the outlets of the drainage pipe system are affected by the tidal time
varying water levels.

Fhus, for consideration of the drainage pipe network and the hydraulic condition at the
outlet, MOUSE, developed by Danish Hydeaulic Institute (DHI), can be applied to
modeling

(1) Modeling for the Prainage Areas in the Study Arca

At the Master Plan stage, there are 3 main purposes for the modeling activity.

b
2)
3)

Construct the main drainage pipe network database
Assess the [Tow capacity of the main drainage pipes
Calibration against records of inundated areas during the 1994 flood

Consequently, the modeling shall be concentrated on the main drainage pipes having an
equivalent or a larger area of cross-section than that of ¢ 600 mm pipe.

a) Boundary Conditions

Dry-weather flow
Unit wastewater discharge, which is 170 V/day/person for urban district and 140

V/day/person for rural district, is applied to the boundary condition for the
calibration.

Rainfall ,
The rainfall time scries occurred on June 28", 1994 will be applied to the boundary
condition for the calibration. The rainfall started at 7:00 on June 28, 1994 and

continued for 24 hours.

Water Level at the Outlets |

The water level at the Phu An station, corresponding to the rainfall time series, is
applied to the boundary condition of the water level at the outlet into the Saigon
River, the Tau Hu-Ben Nghe, the Doi-Te and the Nhicu Loc—Thi‘Nghe canals.
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b) Procedure for Modeling

A general idea of modeling procedure is shown as the flow chart below.

Hydrodynamic Pipe Flow Model

Data Input
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v
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Detailed Stage
- Supplement network database

- Integrate pipe and sucface Nows

v

Calibration Stage

-Parameter adjustment based on the 1594

tflood arcas

3

Planning & Designing Stage

- Find out critical drainage pipes for design
rainfall :
-Assess several alternative sirajegies (o

mitigate the flooding
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lissentially, MOUSE consists of 2 components as shown:

¥ MOUSE Runoff Model : Computé surface runolf for cach

catchment. The Calchment is linked
to the specified network node (i.c.
manhote) of the Pipe Flow Model.

* MOUSE Hydrodynamic Pipe Flow Model : Compute  the  drainage  network

fows based on the runoft discharge
calculated by the Runoff Model.

a) General Description of Modeling

Surface Runoff Model

The model computes the runoff discharge for each catchment. The resulting runoft

from the catchment is computed on the basis of the specified time of concentration
and the runoff coeificients.

Hydrodynamic Pipe Flow Model

The model is a computational toot for simulations of unsteady flows in pipe
nelworks with alternating free surface and pressurized flow conditions.  The
computation is based on an implicit, finite difference numerical solution of basic 1-
D, free surface flow equations { Saint Venant ). The implemented algorithm

provides cfficient and accurate solutions in multiply connceted, branched and
looped pipe networks.

The computational scheme is applicable to vertically homogencous flow
conditions which occur in low-lying pipes, often pressurized main pipes, affected
by the varying water level at the outlct.

Both subcritical and supercritical flows are treated by means of the numerical
scheme which adopts according to the local flow conditions. Naturally, flow
features such as backwater effects and surcharges ace precisely simulated.

Morcover, a advanced technique using this model can simulate the street flooding
when the overtlow from the node surmounts the inflow capacity of the node.
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b) Required Pata for Modeling

Required data for modeling are shown in the table below.

Runefi Model Hydrodynamic Pipe Flow Model
Catchment Node (i.e. manhole ) Pipe
TCARRAT T T T T | -'Bottem Elevation T Linkage T

(upstream node and
downstream node)

- Concentration Time « Shape - Cross-section

- Runoff Coelticient - Dinension : = Upstrcam and
Downstream Invert
Elevation

- Ground Elevation - Manning Numbu

¢) Boundary Conditions for Modeling

These models support the following time-variable boundary conditions for

simulation:
Runoff Model™ Hydrodynamic Fipe Flow Model
A Ram Hydregraph -bry Weather Flow

(wastewater from houschold }

TWater Levels inthe Outlets

9, CALCULATION ON STORAGE REQUIREMENT

Flood Plain Storage aloag Daihan Canal

fimprovement plan of Daihan canal has been proposed such that the proposed canal
sections can drain $- year rain water in 24 hours. In such a case, inundation is expected
to occur along the flood plain of Daihan canal. An analysis has been carried out on
ood plain storage along Daihan canal for 5-year return period and is prcscmcd in Fig.
C.9.1. Flood plain storage volume, V, () atong any reach is caleulated as:

V= (Vi VY-V,
where: Vi = Inflow volume {m’) from main channet of upper reach;

V= Lateral inflow volume (m') from conmbmmg sub-catchment
alono the reach in consmeratmn and
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V.= Ontflow volume (m’) from main channe! of the reach in
consideration.

Average specific storage volume and arca (considering a 30 cm inundation depth) are
calcutated to be 29,800 m*/km? and 99,300 m’/km” respectively.

Specific Storage Volunie duc to Urbanization

According to future {2020) landusc plan prepared by Urban Planning Institute of Ho
Chi Minh City, rapid urbanization is cxpected in the North Eastern zone. To keep future
runoff (under future tanduse condition) same as present runofT (under existing land use
condition), storage pond (nori-siruclura! measure through landuse regulation) is
proposed for the rapidly urbanizing catchments. Required specific storage volume duc
to increase in urbanization has been estimated. Overland flow runoff hydrographs
for 5 and 10 yecar rcturn periods have beczn constructed for five landuse
conditions for a unit catchment arca of 1.0 km” and ar¢ presented in Fig. C.9.2.
Required specific storage volume (m *Is/km } as a function of increase in runoft
coeflicient for four categories of urbanizations, with reference to agricultural
langd, have been calculated and the results are plotted as shown in Fig. C.9.3. For

case in application, two equations have been proposed for 5 and 10 year return
periods :

V = 76852 x (AC)E:Z;; S-year return period
V = 85679 x (AC)” 10-year retumn period
where: V = required specific storage volume (mjlslkmz) and

AC = increase in runoff coeflicient by urbanization.

STRENGTHENING MONITORING NETWORK ON METEO-HYDROLOGY

In the Study area, there exists only onc automatic i);pe rainfall station at Tan Son Nhat
where short duration rainfall data is available. There exist six more rainfall stations in
and around the Study area w hlch are of manual type and where, only daily ramfall data
are available. This posed a great difficuity in perfomnng a detailed analys:s on rainfall
distribution over the Study area that could support in carrying out a better sunoff
analysis and developing a better hydrodynamic model. To have a more uniform
distribution with smaller repn.sentame arcas, five new automatic type rainfall stations
are proposed to be instalted within the Study area. It is also proposed that the existing '

six rainfall stations shall be updated from manual to automatic type. Locations of the

proposed rainfall stations are shown in Fig. C.16.1. 11 can be seen that areas of Thiessen
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polygons with the proposed rainfall stations arc much smaller and more uniformiy
distributed than those with the existing rainfall stations.

Proposced Water Level Stations

There exists no water level station along any of the canals in the Study arca. This posed
a great difficulty in carrying out a detailed analysis on discharge and water level along
the canals as well setting up boundary conditions and calibration for hydrodynamic
model development. To overcome this difficully, nine new automatic type water level
stations arc proposed to be installed along the canals that best represents the hydrologic
system. Anong them, six water level stations are proposed in the Western canal system
and three water level stations are proposed in the Eastera canal system. Locations of the
proposed water level stations are shown in Fig. C.10.2.
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Table C.3.2 ANNUAL MAXIMUM RAINFALLS AT TAN SON NHAT

Unit: mm
Year . ) Shoa Duration Rainfall Long Duration Rainfall Basly Rainfal)
5] e | 4 &0 % 130 | 180{min) 6 | 12 ] 8 [ 13 | (compound rain)
) {mm) (mm) {min) | (min) { {min} | {(min) Amoant  Date (hrs) thes ) | (hes )| (hes) Amount | Date
1952 J 265 | 276 | 298 | 310 | 304 | 328 | 442 o&0 |44 w4 | 763 [ 134 13a 200
Tiesy | 200 | no | 422 ] 458 | 527 ] 563 ] sss 0 - oKes 2805
1950 F 306 | w24 | é6 | m20 | w37 | o5 | 933 - 1 1 1106 26009
1955 § 260 | 330 | 368 | 352 | 502 | 556 | €0%  owit {m ' | oss oém
1556 | 252 | 310 | w50 | asq | sse | 452 | 458 s 02 00
1957 f 280 | 360 | 480 | S3k | 574 | eas | 686 ned | I one T ue
1958 | 232 | so3 [ 's08 | 'sos | ;18| sie | os24 - &} N 524 3006
19s3 | 403 1 s00 | 600 | 700 | WO | 90 | 190 3006 I | 8o 1608
1960 | 276 | 366 | 376 | 379 | 382 | 383 | Bs oo | 1 ' | 930 amws
105y | 280 | 206 | so6 | 510 ] 538 | 550 | 550 0607 fess| 26 K0T
1952 | 2217 die | 482 | 3347 | eso | e | 243 209 | ses|u6r| 1546 305
1we3 | 257 | 440 | d80 7| sss | sva | es2 | 730 i506 ' ] see T 1906
i9s | 35| se0 ] 837 | 893 98 s || BB UIE Y
1965 F 310 | 150 | 616 | 681 RN ] w5 e
wee | 1| w75 | 10| 850 THer Twas || | e 1708
wer | 350 | s20 | n2s | w00 ) 1006] S| iors T 0w
i9ss {250 | 387 ] 500 | 515 ‘ RN ITE Y
1989 | 307 | 514§ s21 B3 o | | C8s e
Caerd | g2 | s | T0s 1o e | | | | s e
1o | 300 | 520 | 140 830 sl 918 3105
wrr | 230 | 00| 20 C39% s frio]| s | T s
199 | 4s07| 0| slo | sis | &6 Taao |1 | oses  nwor
1974 | 300 | 3637| 580 | 660 nBo  ams | | B Y
ors | 58| 320 a0 | 53 05 amio | ' | o®a awio
T1976” L 3ss ) aes | 610 | 50 WO | B - TIT N I . B S R UT
T19rr ] i | 3ss | E10 | 810 | 656 | 656 | 678 1348 ' Bl 86 0710
vwors | 32| 488 ) ére | 2 | es | A As w0 ] || ' 1769 1o
1979 3 30 | sis | sso 90 | sz0 f s30 | @2 owes || ' | o936 s
1950 | 234 | 467 | ez | 186 | 817 | 867 j oo amos asal | L | s4s  ises
sk | 32 vz poren a3 | e ney | wvies Do | | ] ' 998 T 2906
s | 023 | Ts10| e227y 628 1619 | esy | ees o T | HOS 0309
1983 | 2| i ] saa | oess [0 mee | 2y s | ) | 1307 10408
1081 | 288 | 364 | 455 | 517 | ses | 6207 | 612 Bz p B R AT
wes |94 |20 |ses | ssr | ed ] AT T T 0| O R A A 1
1986 | 342 ] 4077 65 | ass ) WS [ Usiv | Tsie Thww b | T oeas amee
1987 | 446 | 630 | 8347|837 | BSE | "9 | 935 " 11m6 | 943 S T Tws s
1983 ) 288 | 403 | 4507|451 ) s88 | dos | 495 ozio | o | e3s  Gim
1959 | 194 | 360 | 450 | 40 | 10 | €13 | 132 amio o 8.5 1210
1weo | 500 | 695 | vee ] sy k2| w2 | B4z 0309 ors} | 813 B0y
1991 | 378 | 605 | es3 | esy [ 1098 | wm2e | nizr w0 | ] s T esAe
1992 | 287 |ssa | ey | er? | 1| 159 ) sz 2oz fesa]oesi| 999 2108
1993 | 3sa | 22 ) sve | eas [ esa | 639 | 690 08 g | R CER T
1994 | 316 | 835 | oen | 1026 | w064 | 1067 | 1038 2es Quisa| ysey|isss|2es3| 622 2805
1995 | 376 | 656 | 735 | 130 | 60 | #6s5 | 882 oeos | - N | 3 owms
1996 | 256 | a757| w05 | res | w207 725 | Bs2 2w |37 B 916 2105
1997 | 935 | sra | s | %0 [ 983 | 995 | o owmn | | ] owios oo
Masimurn| 500 | 885 | 963 | 143 ] nizo | 1374 | 1ass onoaradnises| 11| 18s8{2053] 1769 1011078

Short and fong duration rainfall : Amount represents annual maximurm rainfalt for a single zainfoll everd
DBaily rainfall . Amount repeesents annual maximum rainfall for compound rainfall (single of muhtiple rainfil evenis en same day).

Data Source © Southern Region Hydro Meteorologivel Center, Ho Chi Minh City
Daity : Feom2.00 P M. 10 7.00 P M
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Table C.4.1  PROBABLE MAXIMUM WATER LEVELS BY STATION

Urit. FL. m (Mui Nai)

Station Probabie Mavimam Water Level for Different Retum Peniods
e [sve [ e |osve | 10-ve [ 20-ve [ 259 J30-¥r, [500r | 70-we | 300vr
123 127 128 129 131 132 14 135 135 136 137 138
They Eraar Mot R - - - - - B Rt ERNE T BRI R R - - e
11 20) ay Fasy | um (30
Y m b4 | ¥4 [TVl 143 | sk | s 156 | 156 | esy | 1¢0 [ 162
Fho An s bas T aan foaan | gan e
<§35> 141> | 04> | o< d4gs T} eras <15k
e Y v | na TTuas 150 | T3 [ use |[Tss s | Twes |Tier | Tues | ores
3 (bely | ey | usn (1 69)
Bien Hoa 130 135 162 163 78 189 192 702 205 {272 | 200 in
Benlue 1.3 122 1.26 30 134 1.4% 1.46 1.4% 14% 153 L56 159

Table C.4.2  PROBABLE MINIMUM WATER LEVELS BY STAT!ON

Unit: EL. m (Mui Nai)

Station Probable Minimum Water Level for Different Return Periods
1 O-Ye 15-Yr. 2-Yr 3-Yr 5-Y. 10-¥r. 20-Y'r. 25-Yr. | 30-Ye. | 50-¥r. 70-¥1 104-Yr.
-7 212 11 -2 29 -139 -2 A2 -2 -2 51 -135 24
Tha Trau Mot - - - . (ﬁ") _i-"l_.'fﬁ)_ e iE] B Bt 153
180 233 243 <245 -248 =184 -159 23
Fhu An T FEEDE NAESY R T D I )
- PEXIE IFXET N I R ™Y R I YU
Nha Be 19 _ 23 ) cas) ) 284 | 256 | -281 {265 | (269
(215 | {-206) {-1387)
Bien oo -135 -154 -16) -1583 -1 -1.54 <196 | 201 -2.06 -2 N
Ben b we -147 -156 158 <187 -1.71 1.2 -1.73 175 137 -1.29

148 : Calculated by the Study Team applying Gumbel's distibution methed vsing collecied data from 960 10 1997, depending upen station
Data Sewrce : Southern Region Hydro Metearological Center, Ho Chi Minh City,

{1 .41): The Hydeotogical Sub-Tastiture 1M, 1990; Using Gumbel's method
<b 41> - Asian Development Bank, 1998, Data ranges from 1960 - 1991

Table C.4.3 REFERENCE WATER LEVELS BY STAT[()N

Unit. EL. m (Mui Nai)

Sraticn Reference Water Lesels

Recoreded Historical Eligh Water Level | Desian Flood Level | Mean Water Eenel | Low Water Eenel | Recorded Historical

Highest WL (HWL) {DFL) (MWL) LWLy Lowest WL

Tho Do Mot 138 § 2% 122 0.32 -208 =234 )
Phu An LR 143 Covm ) om0 aw IR Y] R
NhaBe ey _ T 149 o 36 o7 ’ 225 Tolsr
Bienlloa 2T I PO T I I Y7 S T R S T A
Benluc R 127 L) [ I T N

Nore o Caleulared by the Stady Team using colfected data from 1960 10 1997, dipending upon station
MWL Dxta for Phua An vanges from 1993 1o 1997 (ourly data) ard for other stations, estimated from cortelutions of mwcan »ater levels
Duta Sawmce 1 Southern Region By dro Mereorolegical Center, 110 Chi Minh City,

Titen Warer Leels
Highest WL . Recarded historical maximum watec level
HWE = igh Water Level » Averzge of annual maxdmum water Jevels
DFL = Dwsiyn Flood Level © s Average of monthy maximum water Jevels for the moniks August to November
RIWE = Mean Water Lese! T Averags of daily mean water Tevels
LWL = Lo Wakrbavel : Average of annual minimum water Jevels
Lewmest Wl  :Recorded historical minimum water fevel
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Table C.4.4 PROBABLE MAXIMUM WATER LEVELS BY REACH

Unit. $1. me (Mui Naiy

Reach Protoble Maximum Water Leveld for Different Return Periods

10¥r  LSNr  2Ve 3¥r S¥e 10N 0¥ 25Yr  30Vh  S0Nr  20¥n  100-r
Reachl | 133 142 144 047 150 153 IST . 188 0 159 142 163 163
Reach2 133 148 151 1SS 158 16y 167 89 . 1W D 175w
Reachd | ¥32 15y 053 0&s LM L8t 189 1% el 200 201 209
Reach 4 B S I S I 7 S & T It DR 7 SN -1 S - N B> SN ¥ B P
;‘;‘;‘:’;:es 138 148 151 158 138 143 167 188 1R 173 175 177

'l‘abl.e Cds PROBABLE MINIMUM WATER LEVELS BY REACH

Unit EL. e (Mui Nai)

Rzach Proboble Minimum Water Level for Different Return Periods e
1 0-Yr. 1.5-¥r. | 2-Vr ¥ 5-¥r. 0 10-¥Yr 20-¥r. T 25-¥r Y 50-Yr. 0-¥r 100
Reacht | 380 200 208 s D232 0 242 245 247 251 258 26
Reach2 {44 24 209 226 0 212 0 241 249 pocrs 260 26 268
Reach3 | -185  -206 - 232 219 226 235 244 1 247 0 230 236 1 260 265
Reachd | -180 -200 2208 x5 a2 - 232 242 . I_ 247 254 238 263
:if:;;:¢s -1.94 22l 2 2R 24 248 254 260 265 268
Table C.4.6 REFERENCE WATER LEVELS BY REACH
Uait EL. m (Mui Nai)
Reach Reference Water Levels
Recorgded Iistorical High WaterTesel  DesignFloodlevel ~ Mcan WaterLevel  LowWater Level  Recorded Historical
Hiphest WL {HWL) (DFL) (MWL) (LWL) Lowest WL
Reacht | s s o e A 29
Resch2 | a0 a2 w0 em CALI 241
Recdd | o e 1.4 . os¢ w2
Reachd N 1 UL . N 2 A T S
g‘lﬁ“’r‘;&s 178 : 152 139 017 212 242

Reach | : From confluence point of Rach Ba Hong with Song Saigon 10

confluence po‘inl of Kinh Te \\'i;h Song Saigon (33,97 km}
Reach 2: From c.o.nﬁucﬁce point of KinhTe with Song Saigon to

conluence point of Soing ﬂ!mng Cthi \.v-ith Sdng ha Be (27.815km)
Reach 3 From confluence point of Song Saigon withSong NhaBeto

. (nonherf\) confluence poind of Song Tae with So.ﬁg Doag Nai (26 33 k).

Reach 4 © From confluence point of Kinh Te-(ané Kinh Ben Nghe) with Song Saigon to

corfluence point of Rach Ba Goc with Song Ben Luc (15.00 km). .
Southarn Boundaries 1 The southern boundaries of Bach Can Giuoe, Rach Ba Lao eie. Aowing 10w ards the south.
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Table C.6.1

BASIN AREAS BY ZONES, CATCHMENTS AND SUB-CATCHMENTS

2one Catchiment Sub-Carchment - Zone Calchment Sub-Carchinent
I Aea(hmd) iD Arda{km?) [} Area (ka®) ID 7 Aveand) iD Area (kmd) B | Area(km2)
= : STTE 35 : S 268
O N12 660 i S12 104
NUoone NIY i L A 3 T o
; L 569 i '
! N2k er .
N2 643 : i
%213 nu ; !
RV e : §2 ¢ s
. NS5 098 :
Nopomen : N2k e ;
Nz ¢oaorsr [NRYC 143 !
' N2 T T e s nn ;
; Naw o . e ! 53 3451
! Mo o 51 1
EEXTIE 5.7h ;
N2z 439 :
. : SRR 689 .
Na 1 %315 (Na i 815 S4 ;236
: crr EED ; $s 1 23
. ciz 3153 : Ss | 345
c) LTI ' 5 SRR 1 1) : b i 3%
: cia 158 i S5¢c_| 513
; crs i 1 ‘ SEV 158
C2 : 510 3 i 513 SE2 | 260
i cIv 535 | SEx | 192
\ ciz in ! :
[ I A Fi S Y : SE4 | 780
: cye 558 SE5 | 383
C 106 31 i CET 184 i SEG6 | 510
C42 288 : P
e Sy f SET 1153
ct . wsm S, LA sE8 TEY
Cas 3
G TR sy SE 11936 i
R 1) SEY 281
; cig T 7 Tlass ;
Ca 491 Ca ' 49] !
Cb . i1 |ch 128 SE1D . 2488
Cc . 168 (¢ : 163 : ‘
Wk 968 : $€a | 367
W12 TS SEb | SE6
1y an SEc , 182
g 862 SEd 130
‘ A5 220 SEe | 271
w 291 Wi 29 Do 30 Sef EXL]
Wit 370 NEN 132
WiE 604 .
W19 ) NE2 33
w110 “o27 NE3 ¢ 115
Wl 285 NE4 1 268
w2 1350
NE 6293 :
NES ' 3438
NEa 316
NED 250
Meassicment : G datshase NEG 162

Scale = 1410.000
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Table C.6.2

EXISTING LAND USE AREAS BY SUB-CATCHMENT (1/2)

done Catchruent Sub-Uakchment Landuse Ar¢a by Uategory {km!) Runoll
1] m Area(kmI) ) Com T Iad THOAR T M R TTLow R0 Inst [ Green - Agl. © Water | Coefficient
CAR 333 oM, 003, G‘WLTH?;F_MEITW L I AT
N13° TT a0l T OO0 DI T 000 a0y 004 4 T dos| B350
MU legs - “en| oo 0007 oo aed’ oob T NEr T am| T 0w
NYd T se9) 060 DOb 600, a0 000 836 Tem|  oay
NI WET O 008 60, O 000 g0 0 530
N3t | 8000 ovel | 00d) 00%, 000 Wse 000 HET]
%’ NIy THAL D60 880 T 000 01T 70007 86 T 0d " 04t
: REE S 170007 G057 TDGE, TUAY 000 3BT 008 040
G NI§T B S T R\ TG B0e T gs0 o] s
s N2§ VTR "G00 Bss; 259 '62'9" ooa asi_ L M T XA 1] 0.64
g N1 N1 B AL I Lo A E A A 2 ) L R S T Y R €S A 05y
= NIE CUisE) v6o!l e3st 368205 000 08V 0m’ 735 OIS E
N19 X2 T R E AT N £ 1 '0?0'-0"""60’2‘,"‘ L XN ¥ R 1 111 B %
LS 13700 6w TTTH U000, T OR 6.00, B EE I X1
NI SO0 o0 CTUOM O, C0s 0 289 e 08
NI L CABS[T 000" T003 7 058 TTOs2” ocia ﬁblv 6300 T ¥RTTenl
NI 653 005, oor 164, (A G0, 7150 600 k&3 6.26
Ra _ (¥» L I T L 55 B o.oo, c;)% LEC) E;%__‘_Pﬂ
Cia T 006, o s, 0T, 000, 1 X" T 0.8
(o I 385|701 60T I3 "oido""ﬁc-o"' R s T T M $ (1
Cl (o1 5 S TEE 0% O 43,7700 nr N FIE T 1Y b
(S A LI 21 "osel""a';s'ot"”om; ;J.OOL LS A S T R E M 3
cls TAY 005 RIE ORI 000, 000,050 0T 0s! e
Tr U1 SH 087 03 34K 00, 0W  O0% 000, 0% O3
3T SE5[T 000 063, ¥R 003 60 m_m‘ﬂiﬁ““im
° cy  [E¥rTTT T AN o dds 'fslg"’__’_'o_imi_j___qﬁof 66, vl gy TTam| T
g T N 1 O O O ONN. SN (L B L £
= 34 538) o0 T GART ozr. R L O L O X T S N ¥
B (4 1 S TH[ o6 o5 008, : 3% 0% o
& 42 N L B o.oo;"" 000 000 0OL 00O XSS DM T W
3 (3 B BREEL] I Y MR Ty 4 (M Y- X M X1 S N 1 1| I X
cs 044 RN R X1 | B ¥ i 13N R ONE T 1L L M 048
(o R 5 ) BN ) IO X L ¥ oon ~ uiif L EERRE £} I ¥ &
48 - B R 5 1 N 3 T VS ¥ LR M1} S i R 4 Iy
caT T L] B R ) : 00, 072 D01 oy Tugs| s
CAy wes] 631 em' T aml oee o0 T owil ess ass kS
Ta s L I O L L K S N X N S M 1 (R4
(S (8] TR 000 0% 07E B0, 0W, 00 000 O0E LE )
N G T&E] O4% 010 003 000, OO0 0% O 500 055
LR TE8[ BeT 0IT 395, D16 000, OIY, om0, 443 LX)
LAY SR FT] 00 060, 600, TS0 000; D00 000 4E T 647
Wiz TTUTERYC 000 60, U000 TUOMYT 00000 ey sy S %H)
2 LA X B B Y51 T YT 'o_oz_'“"":'_Ka"“'n'm""Uoo W 660 T0a7
3 S wasT o TR0 BB 0BT U000, TTOES W00 6007 T3 041
£ wy  [WE T IR e BT U008 T 08 000 o:o_z‘, LR £ 054
S Wiy TOUTIR R0 a2 el 0T T00) 00, Thie” U aad” EEN)
i WA T TTwE|T a8’ eert CUeod T 0T T 0B TTO0e 0G0 533 o4t
= LAE I COGe[T TBEST 686 T TODGT TGS T 000, Bo0) BB T 0T TSy
LA I TUU0RTf 0067 600604 00T TG0 060 060 T UOnsTT T UeBY
WAL 7T T TUEES) T 00070000 T DA6T T E35T T 0060 000 000 T 875 TR
WEIZ T T T assel 00 000 T 0000 B210 T 000,003 000 NI 64
ST1 I om oW, 0w, B35 00, 0w 0 T® LEF]
2 siy ] 000 T DT T 0T TR0 0BT e 339 047
3 St Sy CRIE) OB O80T OB T T 607 TIOHY 00T 00T 386 - 041
™ Sig T TTUG6) T 60T 000 T OTTTUE00T T 000 0607 600 T 1317 " oS
£ 15 WAT)CTERY G000 T TRTTT U006 T o 041 00 T8 T4
£ ST1 T Gwm oW . o® b O W 0m T3E 0%y
3 g2 IST2 T TUS6[ T 000 80T T 60 T 090 T TO00 080T 000 T 1 T R
ah §73 T TU2ES[ 0007 600 T 00T T00s T B0, 00T 000 T 7y T 049
S¥¢ E4S] T060) G0Y 0007 UTOETT U000 003 000 TN T 4042 047

C-31



Table C.6.2

EXISTING LAND USE AREAS BY SUB-CATCHMENT (2/2)
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Table C.6.3

FUTURE (2020) LAND USL AREAS BY SUB-CATCHMENT (1/2)
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Table C.6.3

FUTURE (2020) LAND USE: AREAS BY SUB-CATCHMENT (212}

Zone Tatchunent
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Raunfall Intensity {mm/he}
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Existing IDF curves {1953 - 1983 data) of Ministry of Construction, §Banod (MOC)

Figure C.3.8 COMPARISON BETWEEN EXISTING AND PROPOSED IDF CURVES
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Curulative Rainfall Depth
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with return periods varying fiom $-yearto 10-year.

Data Source : Southern Region Hydro Meteorelogical Center, Ho Chi Minh City

Figure C.3.11  MASS CURVES OF TEN HEAVY RAINALL EVENTS (1983 - 1998)
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