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Table 3.1.1 (1/3) FINAL RESULT OF CONTROL POINTS

(DELI RIVER)
Projection UTM
Zong 47
Semi-Major Axis £378160.06600
Semi-Minor Axis 6356774.50409
Flattering 1/298.24700
Scale Factor : 0.93960000
Latitudo of Origin ~ : = 0°00°00”
Longitude of Origin 1 99°00°00”

STATION X{m) Y{(m) - ELEVATION
DGI 390,553.936 464,660.218 33.097 -
DG2 -390,483.085 464,635.065 34.766 © .

-DG3 389,614.073 464,499.064 32.697
DG4 389,522 496 464,488.166 33.38%7
- DGS 387,522.423 . 463,805.525 42417
DG6 387393315 463,880.823 40.772 .
', Table3.1.1 (2/3) FINAL RESULT OF CON_TROI_.- POINTS
- .. (FLOODWAY) :
Projection T U.T.__M ?E
Zone . i 4T .
Semi-Major Axis @ 6378160.00000 -~
Semi-Minor Axis @ 6356774.50409. =
Flattering : 1429824700 Ceed
Scale Factor 1 0.99960000
Latitede of Origin ~ :  0°00°00™ . |
Longitude of Origin @ 99°00°00”

1: STATION X(m) Y(m) ~ ELEVATION = .
. FGl 390361.882 : - - 465521072 38386 -
FG2 1390,357.092 - - - 465,646.881 40511
FG3. . 390321531 466,645.229 37.534
FG4 © 390,318.565 . 466,807.727 36.692

"~ FG5 - 390,674.667 468,704.513
FG6 - 390,582.720 468,755.082

- FG7 390,323.938 463,140,249 35.107
468,209,297 35.406

FG8

390,298374




Table 3.1.1 (3/3) FINAL RESULT OF CONTROL POINTS

(PERCUT RIVER)
Projection uTM
Zone 47 _
Semi-Major Axis 6378160.00000
“Semi-Minor Axis 6356774.50409
~ Flattering . 14298.24700
+ Scale Faclor 0.99960000
Latitude of Origin  :  0°00°00" -
Longitude of Qrigin  :  99°00°00”
STATION X(m) Y(m) ELEVATION
- PG | 391,362.694 468,427,982 e
PG 2 391,359.363 468,286.369
PG 3 392,901.047 468,295.385
PG 4 392,975.097 468,296.469
PGS 394,130.141 o 469,217.177
PG 6 304,114.872 469,440,349
PG7 - 395,624,443 470,248.993 -
PGS . ©395,619.267 ' 470,055.288 _
PG 9 397,080.044 471,484,065 . 21,286
PG10 " 397,047.785 '471,179.693 ' 22.007
PGlI 400,070.653 7 471,234.335
PG12  400,031.144 471,371.002
PGI13 401,964,077 472,262.485 N
PGl4 402,004.623. 472,307.712 11.999
PG15 404,722.099 473,125,599 . - S
PG16 404,864,951 473,135.841 -
PG17 406,842.634 474,261.935 -
PG18 406,905.214 414,161.766
PG19 408,570.515 474590699 2.024
PG20 408,768.491 . 474,661.512 o
PG21 410,615.481 475,491.761 - 1.232
PG22 - 410,646.816 475,572.265 1.277- -
PG23 411,077.57 " 476,791.991 R
PG24 411,099.395 - 476,866,756




Table 3.1.2

ORIENTATION SURVEYING ( GPS ) ACCURACY

CONTROL CHART
Sesston No Station Distance Closure Tolerance Closufe Ratip
. . 1022 - - :
DGl Ax=-0.003Im
1 DG2 10,603.962m Ay=-0.00Im 0.6 PPM
: DG3 S " Az= 0.005m
- 1022 . ;
. PGy _ . Ax= 0.008m
:2 DG4 C14,344.115m &= - 0.002m . 0,7PPM
DGS. Az= 0.006m ’
DGS L
: GPSi4 ) :
: GPS20 . o Ax=-0.008m
3 1022 26932797 - Ay=:0013m . 08PFM
, PGl Az= - 0.016m -
o GPS14 _ -
: GPS20 _ o Ax=-0.015m : :
4 FGI ©23523.135m Ay= - 0.013m C1L6PPM
! FG2 : “Az= 0.033m’ :
FG3
FG2
FG3 Co o . Ax=" 0.002m
5 FG4 . | . 6312.745m Ay= 0.001m 0.8PPM
FG5 - Az= 0.005m
FG6 L
GP314 S
GPS20 - Co Ax=-0.003m
6 PGI . 20,619.506m | - Ay=0.004m 0.8 PPM
PG2 T Az=-0.017m '
PG3 o .
PG3
: PG4 e C Ax= 0.001m
7 , ., PGS 6,839.007m - Ay= 0.00Im 0.7PPM
’ - PG6 - AzZ - 0.005m :
PGT
PG8 : S Ax=-0.003m: ‘
8 . PG 10,120.646m Ay=-0.007m 1.0 PPM
B PG10 o az= 0.007m
PG11 .
PGI11
. PGI2 T Ax= 0.002m
9 " PGI3 10,176.739m Ay=-0003m 1.0 PPM
: ;PG4 - A2="0.010m " o
. PGIS
PGIS -
PGI6 Ax=-0.001m
10 PGI7 2,374.660m Ay= 0.00Im 0.8 PPM
' PGiS Az= 0.007m
PG19
PGl19
o PG20 _ Ax= - 0.005m
11 PG21 6,951.527m ‘By=-0.00im 1.3 FPM
PG22 Az= DOO%m
- PG23
PG22 _ Ax= 0.000m
t2 PG23 1,508.916m Ay= 0.000m 0.7 PPM
PG24 : Az=-000km




Table 3.1.3 LEVELING ACCURACY CONTROL CHART

Route Station Distance | Closure | Limit | Remarks
i TTGs~TTG342 | 3.24km | + 4 mm + 72mm { Closed route
2 TIG312~TTG33 | 8.68km | —4mm | £ 76mm|  #
3 TBMI~DNO1 | 4.07km | +10wmm | % 80mm | Double-run
4 | pnow~Dnose | 4.38km | —9mm |+104mm| = »
b ' PHa~PBMI 27.3%km | —25 mm | £209mm| Closed route
6 PBMI~PH1 7.05km | —26 mm | +106mm no
7 PHI~PPI - 340km | +i8mm | £ 73mm | i
8 PP1~PH2 481km | +17mm | = 87mm i
g Pil2~PBM3 1.9%km — Gmm | = 66mm A
10| eeMs~pus | 1.68km | —7mm | * 6lmm N
11 | ere~pis | 33%m | —2mm | % 72mm y
12 PHA~PRI 152%m | —3mm |+ 49mm J
13 ‘PRI~PiI5 C35%m | — '6 mm | * 76mm i
14 PH5~PHS6 ‘3.47km, +51 mm |+ 74mﬁ{ u
15 PHs~PH7 | 3.76km | + Lmm | & 77mm v
16 ‘PHI~PHS - 357km | — 9mm | £ 75mm "
17 TBM1~PLi8 | 6.47km +9mm |+ 77mm i
|18 TEMI~PHBGG) | 6.46km | +8min | £ 7mm|
19 | ‘mu~pn 206km | — 7mm | % 57mm | Double-run’
20 - FHI~FH2 1.24km | — 8mm | % 4dmm Cloused route
21 FH3~FH4 0.47km, — fmm | & 27mm | "
22 DBMi~DBMI 0.40km | F2 mm | £ 25mm ‘Double-run
23 FHG~FHA 1.10km +2mm |+ 41mm Cloused .route
24 FH3~FG3 L10km | —11mm | % 41mm v
25 PH1~PH3 | 190km | + 1mm |+ 56mm "




* Table 321 DESIGN VALUES OF SOIL

| Cohesion

Wet Density

Soil Features Intesnal Friction
Classification L C(kg/em?) | ¢ (degrec) Y (g/em’)
© |Gravel High density 0 40 2.0,
~ |Low density 0 35 1.8
Sand Cﬁntainjng " |High density _' 0 L 4p 2.1
Gravel . : o ol P -
'- ‘ Low density 0 35 1.9
Sand Highdensty | 0 35 2.0
Low density 0 30 18
SandySoil . . |Highdensity [lessthan03| . 30 1.9
(Silty Sand, Claycy K .
Sand) - “lpowdensity .| 0 25 17
Claycy Soil High stiffness 05 | 25 18
(Sandy Clay) I _ o -
. Low sliffness. .| 0.3 - 20 0T
Soft 045 15 16
Silt, Clay - High stiffness | - 0.5 20 7
Low stiffiess | = 03 15 16
_ﬁ . ‘ Soft 015 10 1.4
. * Soutce : Japan Highway Public Corporation ' Fo




“Table 3.2.2(1/2) SOIL TEST RESULTS ON SHEAR STRENGTH INDICES

Seil ... |- Depth. | Cohesion Internal Angle] Wet Density | SPT
Classification {m) C (kg!cm’) & {degree) Yo (glcm’) N Valug
1. Percut River (Bore No, Bl - BIS)
Silty and sandy clsy : o _
CL1 Lowstiffness, . . | 0.0 - 12.0] 005 - 0.1 10% - 15° 13 -16|1-10
Silty andsandyclay i . _ :
] CL2 Mediomstiffness 60 - 80 {1 .01-03 16°, - 20° 14 - 18]8-20
g | spPl Fine sand, Low density 20 - 50 0 20° - 3¢0° 17 -183)5-15
kS CHI Clay, Low to medium stifiness | 0.0 - 7.0 01 <63 ] I -20° 13 - t6)2-15
2 SM | Sitty sand, Medivm density 3.0 - 8.0 0 20° 1.7 11-15
< C - Organic clay and silt ‘ - ' o o
OL Lo to medium stifTness 100 - 180 | 0.15 - 04 10° - 20° 14 - 1L7]3-20
sCl Clayey sand, Linw dersity 40 - 100 0 C20°-300 | 17 3-10
Medium size sand ‘ : : _ Bk
sSP2 Low to medivm density 17.0 - 280 0 25° . 35° 1.7 - £9] 8-35
: o ~ Clayeysand, o oo . o .
: s¢2 Low to medium density 50-110] o0 S0 - 30 16 - 1.7] 8-325
":E: CL3 Sandy clay, Low stiffness 50 -.1830] 0.06 - 0.11 100 - 20° 14 -16]13-12
H - Silty and Sandy clay, o _ I _ o ' :
@ Cl4 Medium stiffness 126 - 50 03 -05 | 15°-20° 16 - 1.7 |10-15
£ : Organicelay, - - _ R : :
‘E OH .. Medium stiffncss 100 - 140 | 03 - 0.5 150 - 20° 1.6 - 1.7 j18-25
R N Fire (o Medivm size sand - : I _ :
g SP3 Low to mediurn density 160 -2501].. 0O 25%. . 3%8° 1.8 9-25
) ‘ C Weli gradd _ . AR o e
; Swi Fin: fo medium size sand 120 - 60 | ° 0 3000- 38° 1.8 -:1.9|20-35
5p7 Coars sand containing gravel | 150 - 30.0 | . 0 30° - 40° 19 - 20 ]20-50
2, Percut River (Bore No, B16 - B19) . B R
§ | SCi |  Cweoseilowkey ]00-20 [ o | 20°0-25° | 17 |5-6
H — {Clay, Low to medium stiffness : ; _ : ' _ :
_2 CHI o : 20 = 7.0 03 - 04 15° - 20° 16 - 1.7]10-15
: . Clayey sand i : : . '
SC2 Leiw to medium density 00 - 1707 0 20°:- 30° 1.7 -1915-35
Clayey sand, : : S
SC3 Medium to high deasity 9.0 -250] : 0 25° - 30° 17 - 19110-50
CH2 Clay, Low stiffness 0o -100] 01 ~03"] 10°-15 13 - 1.6 [2-10
E | ez | Cavtowomdvmaities [120 . 156 | 0.15 - 05 | 10° - 20° 15 - 1L.7]9-20
,g i Finctomediumsizesand | : : T S .
& | sp4 Mediun to high dersity 50-20). 0 30° . 40° 1.8 - 2.0 {20-50
£ { cLa | Sendychy,Mediomstiffiess {140 -.160] 02 - 05 | 20°-25 | 16 - 1.7 120-25
E Medium size to coarse sand - T - _ . o )
= sPS5 Lowlomediumdensity | 5.0 - 33.0 0 - | 30° - 35 17 - 1.8 ]|12-25
g Medium size to coarse sand . _ )
= | sp6 High density 270 - 300 0 4° | 19 -20]40-50
Coarse sand confaining gravel, . i . :
Sp? Medium to high density 17.0 - 380 0 300 - 40° 1.8 - 20 |20-50
Fine to medium size sand R ‘
Well graded, ] : ' ]
5W2 High density 20,0 - 300 0 . A 19 - 20 [40-50
é E Qur Uncemented tufl 220 - 280 0 405 | 1.8 ~20 {20-50




Table 322 (2/2) SOILTEST RESULTS ON SHEAR STRENGTH INDICES

-Soil Depth Cohesion | Internal Angle |\Wet Density | SPT
L . Classification m) | Cxglem®) | p(degree) | Vi (gfem®) | N Value
3. Mcdan Floodway (Bore No. B29 - B37) ' '
] CH2 Clay, Low stiffiiess 00 -50 {015- 03] 10°-15 |14 -16 | 3-10
; Ci3 Sandy clay, Low stiffness 00 - 70 015 - 03] 1°- 15 14 - 16 3-10
Clayey sand, . . : T ; ' . .
: SC2 Low to medium density 60 - 13.0 0 200- 25 FLT - L8| 2-%5
. : Clayey sand, . s : N O ‘
: 'g SC3 Medium to high density 1.0 - 200 0 . 25% - 30 17 - 49 11 -40
B :  Medivmsizesand - S R P -
- SP1 Mediumiohighdensity  {13.0 - 16,0 0 35° - 40° 1.9 - 20 | 30-50
g ] . Medivm size to coarss sand : ) . : 7
- SPS | Loewtomedium density 10 - 10.0 0. ©25% - 3 1.7 - 1.8 5-20
: E _ Medium size to coarse sand : S
: E SP6 - Madiumto high density 80 - 220 0 - 30° = 40° 18 - 20 15 - 50
3 " | (Coarse sand containing gravel . : . R
; SP7. High density 120 - 230 0 35° - 48 19 -20 |35-50
: Fine to medium size sand j & _ :
g © Wellgradad, _ o : o ' -
Swi . Medium fo high density 20 <130 0 :30°- 40° | 18- 20| 15-50
: " | Fineto medium size sand _ :
: SwW2 Well graded, High Density 200 - 2590 0 35° - 4° 19 -20 | 30-50
55 Qif Uncerentedtoll © - |13.0 < 250 0 ) 300 doe |18 - 20 | 20-50
1, Medan Floodway - Diversion Weir and Deli Weiv - (Bore No. B35, B37, B38, B39) i
Clay : :
CH2 Low stiffness 00 - 70 01 -03 10° - 15° 14 - 16 3-8
Silty and sandy clay ’
' CL4 Medium stiffness 006 - 30 03 - 05 15° - 2° 16 - 1.7 | 23-24
8 Fine sand,
g. SP3 | Lowtomedumdensiy | 20 - 4.0 0 20° - 300 |17 -18 | 5-17
] : o Sdychay L N .
g - CH3 Medium StifThess 40-70 | 02- 04| 15- 200 |16 -17 | 10-20
= Médium size to coarse sand ' o _
$ps | | Lowtomedumdensity | 7.0 - 100 .0 co0° -30° |17 -18. | 5-20
o Medium size to coarse sand N ;
Sp6 | . Medumdensity 1100 - 120 0 30° - 35° 1.8 20 -25
' Fine to medium size sand ’ o Co
S " Well graded, : C
Swi Medium to high density 20 - 7.0 0 130° - 40° 18 - 20 | 20-350
Qif  Uncemgeted il 50 - 200 0 135 . 40° |19 -20 | 30-50
- T Medium size sand, S : ' '
8 SP4 .| © Mediomtohighdensity - {340 - 23.0 0 L 30° - 40° 1.8 - 20 | 20450
. : oSy i SR [ - : '
é CH4 | Mefumtohighstifihess 1§70 - 300 | 03 - 05] 15 -25 |16 -18 |[10-40
' . Clay . .
E CHS High stiffness 210 - 340 25 - 50 o 1.8 40 - 50
% Medium size fo coarse sand, ] :
= SP6 Medium 1o high density 320 - 350 0 35 - 40¢ 18- 20 [125-30
Fine 1o modium size sand, Well : - .
Sw2 graded, High density 210 - 250 0 350 - 4@ 19- 20 130-50



Table 323 FIELD SOILTEST RESULT ON PERMEABILITY INDEX

2 Do - Permeability :
Localion of Sanipling Soil Classification Coefficient | Elgvation of ] .
Depth Elevation .| Riverbed
Borehole No. {m). (El.m) K (em/s) {El.m)
Bandar Sidotas | B7| 7.0~ 10.00 | 0.20 ~ -2.80 Fine sand | 136x 10" 54
Weir : . ‘ ' ‘ : '
Diversion Weir |B37] 9.0 ~ 11.00 |25.79 ~23.79| Medium size sand 185 x 10°
* on Floodway 15.0 ~ 2045 | 19.79 ~ 14.34 | Uncemented fuff 1.72x 10°
' _ o - 243
Weir on Deli River |B35] 7.0 ~ 10.00 § 24,27 ~21,27 Uncéniénled tufl 1.33x 10"
: {. {10.0~13.00]2127~1827{ Uncemented tuff 1.09 x 10
B38114.0 ~23.00 | 2037 ~ 11.37| Uncemented tulf 3.67x 10°
" 1250~30.00] 937437 | Clay ' 1.33x 107
B39 3.0~500 |2132~1932| Fine to medium size sand | 1.30x 10*
'| 140 ~ 17,00} 10.32 ~ 7.32 | Fine sand co'n!ainin_g cay | 190x107.}
Table 3,24 PERMEABILITY COEFFICIENT OF SOIL
Soil Classification ' Perm'éabii'iiy Coefficient’ * Degree of f
L L {em/sec) ' ‘Permeability
Gravel more than 0,1 High
‘Sand o S 01~1x 10'3 .. Medium
‘Sandy Soil (Silty Sand) 1x10° ~ 1 x 10°  Low,
Clayey Soil (Sandy Clay) 1%10% ~ 1 x 107 Very low
Clay . less than x 107 ~ impermeable

Source : Design Standard by Japan Road Institute

T-3-8
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Table 3.2.5 SOIL. TEST RESULT ON CONSOLIDATION INDEX

Coefficient of

: _ Compression| Censolidation
~~ Location of Sampling Soil Classification Index Coefficient Volume
Borchote|  Depth Elevation : : Compressibility
No. (m) () (€ | (10 em¥scc) | m, (em'kg)
Bl | 40~480 | -272~-352 | Sandy ctay ' 0.0907 5.44 0.0756
80~880 | .672~.752 | Siltyclay 0.0977 580 00
15.0~15.80 { -13.72~-14.52 | Clay containingsilt - 0.0594 5.51 L 00713
B2 |10.0~1080] -9.30~-10.10 | Silty clay 00971 5.50 - 00736]
16.0~16.80 | -15.30~-16.10 | Silty clay 0.0971 5.51 0.0713]
220~2280) 2130 ~-22.10 | Sandy clay - 0.1223] - 523 0.0556| .
B3 | 80-880 | -723--803 | Sandyclay 0.0943 5.65 0.0728
- 1120~1280 | -11.23 ~.12.03 | Clay containing peat malerial 0.1359 5260 0.0641
115.0~15.80 | -14.23 ~-15.03 | Clay containing peat material ' 0.1121 559 0.0740
B4 |110~1180 f -720--8.00 | Silty<clay 0.0961 544 ouse2
| 16.0~1680 } -1220~.13.00 | Fine sand containing clay 02700 7000 - 00385
B6 | 40-480 | 295~215 | Sandyclay 0.1554 5.63 10,0557
BI0 | 7.0~780 | .0.69~-149 | Fincsand containing clay 04725 6.73 0.0506
Bi3 | 60~680 279~199 | Finesand containing clay 0.1061 5.74 o.ossol
10.0~1080 [ -120~-200 | Organicclay’ - 01189 - 5.66 - 0.0730
B4 |100~10380 1.94~1.14 Sandy clay - 0.1328 5.7 0.0654]
B29 | 804880 | 2325~2245 | silyclay - 0.0881 547 0.0917] :
10021080 | - 21.25 ~20.45 | Fineandy clay 0.097 -5.65 0.0679]
i - 0 . H L Ll
B35S |240-2480| 7.27:647 | Clay 0.1287 5331 0.0640]
260~2680] 527~447 | Chy’ 0.1967 5.24 0,044




Table 3.2.6 EVALUATION OF SUITABILITY FOR DIKE MATERIAL

Borehole| Right/Lelt Soil - Depth Properties of Dike Material Suitability
- No. Bank | Qlassification {m) | Permeability Compactibility| Resistibility | Resistibility of
: ' - agalnst against Dike Material
s | Szepage | Deformation 3
Al Right Cle 0.0-357 Low Fair Fair Poor Poor
‘ . SM - 3.57-6.0 Medium - Good - Poor Poor Poar
S A2 Lelt Cls 0.0-0.75 Low " Fair " Fair :Fair Fair
e - . CL¢ 0.75-6.0 Low Fair ~_Fair Poor __ - Poor
C A3 Left Cls 0.0-35 Low Fair ' Fair Fair - . Fair .
: ' SC 35-60 Low _Good Fair Fair Good
© A4 “Right CLs 0.0-1.75 Low Fair * Falr Falr  Fair - .
; . L SM 1.75 - 6.0_|_ Medium ‘Good __Poor Poor Poor
i AS Right Cle “Q-1.85 . Low Fair . Fair . Poor . Poor
T sC 1.85-220 Low Good Fair’ Fair Good -
CLc 2.20:425 Low Fais Fair Poor Poor
- SC 4.25-6.0 Low Good Fair Fair ~ Good
A6 Right Cls 0.0-095.| . Law Fair Fair - Fait Fair
: : . SW 0.95-6,0 High Good Poor  Good Poor
A7 Right - Cif 0.0-1.18. Low - Poor Good Fair Poor
' SPp . 118-185 High Good .. Poor ° Good : Poor
CH 1.85:60. Low Poor ~ Good — Fair Poor
AB Lelt CH 0.0-135: Low Poor Good Fair Poor
‘ sC 1.35-6.0 Low Good - Fair Fair Good

Nofe Cls: Sindyclay, Clc:Silly chay, CH: Chy, SM: Silty sand, SC: Clayey sand, SW: Well graded sand, SP: Poor graded sand

" Table 327 OPTIMUM MOISTURE CONTENT ‘OF SOIL
' ' FOR DIKE MATERIAL

Location of Sampling

© Optimum

Soil Optimum Location of Sampling . Soil
Borehole| Depth | Classification| Moisture Borekole Depth - | Classification | Moisture -
No. {m): Content (%) No. C o {m) : Content (%)
Al |000~145] CLe 161 AS 000185 | Cic 143
1.15~250 Cle 184 1.85~220 . 8C 1.8
2.50~3.57 Cle 169 220~425 Cle 166
A2 1075~1.35 Cle 163 Ab 0.95 ~2.50 sw 10.7
135~ 255 Cle 17.3 2.50~ 600 Sw 16.2
255~600f Cle 184 E
A7 1.85 ~ 3.00 ci 155
A3 | 0.00~1.00 Cls 154 3.00~6.00 CH 15.7
1.00~225 CLs 15.1 7
225 ~350 Cls 165 A8 135 ~4.00 sC 16.4
4.00 ~ 6.00 sC 169
- A4 0.00 ~ 1,75 Cis 14.9 '
1.75~270 SM 11.7 .
2.70 ~ 4.00 SM 116
Note Cls:

Sandy clay, CLe: Silty clay, CH: Clay, SM: Silly sand, 8C:

T-3-
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Clayey sand, SW: Wellgraded sand




Table 33.1  THIESSEN COEFFICIENTS

~ “Thiessen Coeflicient
Period Rainfal} Deli River Percut River
o Station (358 k) ) (86 kny')
" No 101 0.39 | 023
: No 106 0.46 0.05
1954-1968 ~ No 109 0.02 0
| " No 119 0.03 0
No 303 0.03 010 -
No 308 0.07 0.62
No 101 05T - 0.23
: No 109 1 0.02 0
1968-1988 No 116 002 0
No 119 0.03 - 0
. No 303 0.13 1 0.22
No 332 0.23 0.55
No 101 T 057 0.23
_ No 109 - 0.05 0
1989-1994 No 116 . 0.02 0
- NO 303 0.13 022
No 332 0.23 0.55

" Note : The station No. 119 has been non-operational since 1989

S T-3+11




Table 3.3..2 MEAN MONTHLY RAINFALL

OF DELI RIVER BASIN
{Unit : mm)
Year tan CFed| | M Are May Jun Jul Aug Sep Oa| = Now Dec]  Totat
1954 80 4 L 135w 1 p 01 [ 17 12t 218 165 ]
1958 ] | 1. Y inl 154 323 a1 a2
1956 wl . ] ws] am] o1l . el aw 154 302 185 el 6%
1987 182 9 132 178l e 314 221 ol ags| 20 1| s ams
1958 163 » 104 sos . cassl - e8] es| 2 w3 266 &l 20
sz | 40 185 e 1% 254 w6 a3l s0nc w6 LEE) Y1) §
8950 s w9 b 1) 148 ml o m Tnel s 1] 238)
1951 145 19 163 ) 133 20! W 20 n 233 ol - asm)
1961 aol - 108 1 108 8] s 1ss] - 1 1ss 1% ] 23w
1963 2l 38 - w el o wox| 208 308 466 263 ne] - zam|
1964 - 67 . oma] sl g 32 L) e | 39 ) 26m
1965 15 131 262 158 207 258 x| . wo| . as| 2 34 2] 267
1966 e 3 149 | | 2e8 2% 149 25 415 "a18 198 2] 23
1967 | 1se 62 193] 208t g0 68| me WM 0 18]
1968 Wl on 143 o) e 15 15| 20 sl osm 128 29| 2,33
1969 . 1) e .62 ol sl s3] 127 T 27 1] 204 150
e | ] . es] st ss] 141 169] . 30 %3] i3m 3% 1 2am
N 15 196 232 & 353 %6 2ol n 24] - 180] 33 2,850
wn 4 135 ) 23] B T 9 91 378 233 21 192 1969
1973 1m0 9% 155 I iss| . w P ERE: R 387 p34| 55 2402
BH se] 293 33 o] -2 03] D L e 1. 185 208 30 3] 20w
1975 s o m 8 189 ¢ 195} 103 o] wel 2| e n? | 2260
1926 75 106 i3 9] .M 156 a1 an| o wel am 17 o 2w
1971 n 141 106 [ Bl 52 38 o) 409 293 )| BT
o | 1w ¥ 88 i el el el wm| T asl mn o 2a] o] o232
1979 T 7% 3 169/ ns| sl 2 166] 153 346 £37i MY, O 1
§550 105 145 115 89 4 103 125 3 358 14 249 a0 2608
181 80 75 6t 242 n7 69 ) 104 267 135 284 15 - 20%
1982 1 32 210 ) 183, 153 n 1 e mn 07 ws] 2
1933 9 57 56 40 42 178 9| - s3] 29 m 176 3] 2009
1984 182 257 165 108 w8 i 351 2 135 w1 w2
1935 107 9 Yo 261 32 1] 153 175 5 Nne 0 wes] 220
i98s 155 14t 147 15) 22 262 67 50 396 235 m] ] 224
1987 149 2 215 E Mm 184 129 m 338 g %6 w] 24w
1588 124 204 130 70 172 161 338 1T 182 n 89 | 26w
1939 i oY) 154 208 23 165 144 298 n 228 116 155] 2532
1990 7% np 53 17, ml e 141 102 am| s 335 in] 1214
1991 1 . ni 243} - ss 126 162 m 248 203 w0l 1852
1592 23 7 4 195 1y . awm 151 156 25 236 17 | 200
1593 b %9 B2 199 201 135 Wl issl g 305 28] 9| 28] 233
1993 £ 18 29 ugl 19 105 159 257 pe1| 73| - 18] aug
Aveiage 125 100 125 153 25 170 1 ns 21 310 255 w23

’T"3‘12



Table 3.3.3

MEAN MONTEILY RAINFALL

OF PERCUT RIVER BASIN

. funit : mm)
Year Jan Feb Mar Apt May Jn Jul Aug Sep Oct Nov Dxe Total
1954 86 12 ) ) 316 w6l 1 3 138 W uss ny 2
1955 P 136 124 243 ]} 165 160 191 158 284 2) il 335
1955 28 155 wif .o 153 ne] - 19, 191 tes 354 sest | 2ew
1957 15 3 1% 19 o R N 156 us| 0 165 iso] | 2.0
less 9 14 9 18 155 13 150 ] o ser 19 ol | psse
1952 0 H 1% 108 1% M 39 336 7 ml . s os] . 2630
1960 162 112 125 122 m 139 wo] L 1ssl we) sl s auss
1961 159 156 w3 an 178 137 3 n 30| - 4n i 161 A_i'._@_fil
1962 176 60 e8] i3 Wl anf 26 28 16! m no|l 2w
1963 135 0 - 8% al e 151 59 106 9 s 1) |
1963 124 146 107 121 150 156) 180 193 168 3% 36 7 BT
1965 17 4 145 1) 10 18 s3I iy 259 37 oy IR
1965 38 é1 142 4 15 P 28] g 251 102 | IREL
1567 85 129 116 126 s m| aes 264 22 an ws| - wf 2
1568 135 2 59 93] 207 ) 30 N 252 143 ws] 241
1963 pE} 10 7] i 239 38 16t 53| 260 5990 384 260 3,01
1920 230 67| so| w7 1 s 30s 323 347 w|  m 26 270
1571 i 293 a 122 a1 338 M0 w9, 313 159 216 e T
1972 i3 s 85| 195 185 m 0 133 3 212 200 18 1,990
jon3 |js 136 a1g] 75 125 17 148 Ny . 65l an 258 455 2391
19 il s 0 180 238 165] 16 2 R 130 269 72| s
1975 102 . 105 13 158 158 7 s Y ETR) 249 309] o2
197 ) 194 s s am s m 70 wi| sl ae 6| o 26w
1977 0 7 7 35 14 194 . 68 38t 262 355 313 287 2,2%
1978 150 ) 31 m 358 i) 1246 170 s 7 380 245 ni] ¢ 25
1979 $0f . 1 48 308 173 to2] 2w s 198 355 i83 63] 2410
1950 15 205 l}n 93 - ns] . e 381 37 136 286 ey ;3067
1981 102 152 i ) w7 84 - 181 11 281 3 2is 124 1
tog2 . s wa] 2] se0]  ws| o} 2] tss|  mel e
1983 s 62 o] % m o] o 2 n as4 261 asof - 2
1984 252 267 19 168 383 136 378 152 s 251 152 ml o aws
1585 153 107 162 (3] 33 5] am in mn 384 192 194] 2587
1986 217 80 sl 9 m 232 i 82 45, 397 2% 194 255 2,271
1987 186 2 wil a0 3 206 ;}lss S 183 385 376 m 13
1588 w o aw sl ol | | Tl s ae) 2] omel s aen
1953 1 208 49 29 Bt ';is»z 253 20 sl i 15e] i 238
1950 &N T g6 i 283 129 ‘i . e} s 31 2] 1 2388
1951 s, 3y 153 132 m 170 10 179 244 3 is2 i L 2159
1992 186 123 so] 2 sl 13 183 165 384 223 207 158 1 o230
1993 8 124 176 1% w3 1 187 195 20 wl 327 160] i 23w
1994 8] | o ms w2l 18 155 0 196] 248 s 167 1] i 2084
Average 132 14 5] 158 34 168 195 - A 284 15 352 208]  24m
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Table 3.3.4 - ANNUAL MAXIMUM DAILY RAINFALL

i

Unit : mm/day)

Year " Date Dehi River Year Date Percut River
o _19s4 12 Dec s7.5] 1954 10ct 84.3
1955 21 Des sa8] 1953 1 Apr 538
1956 28 Nov. 1656] . 1956 . 27Nov 109.1
1987 7Sep o21] 1957 7sep £5.6
1958 - 250 128 1953 { Nov 682
1959 30 Sep 96| 1959 | 30Sep 1038
1560 9 Dec 77.1| - 1960 21 Jan . 726
1961 5 May 8s0] 1961 39 4! 67.0]
1962 16 Jun 183 1962 19 Nov 556
1963 1 Jan 763 1963 2BNov 786
1954 30Apr 694] 1961 19Jan 02
1965 .27 Aug 29| 1968 HNov 311
1966 28 Sep sg6| 1966 1 5ol 54.9
1967 16 Dec - 4613|1967 27 Jon 465
i558 15 Sep s74| 1963 30 Nov 508
969 29 Sep 628 1969 7 Jan 102.1
1970 30sep 650 1970 5Nov_ 6.7
197} 1S Aug 06|  1om 10 Feb 60.7
1972 14 Sep 556l iom 13Nov 544
1973 26 Ot 632 1973 4 Mar 592
191 29 Oct 496 1974 29 Doc 605
915 | 27Dee 23] 1978 19 Mar 512
1976 . 9 Jan s68] 1976 2 Nov 234
1977 7 Nov 55.1 19?1 20 D 620
1978 3 Dec 76.1| 1978 12 et -~ 784
1979 13 nov 654 1579 13 Nov 63.5
1980 6 Dec 7837|1980 21 Deo 18
931 | 160a 489 1981 16 Nov s3]
um 31 Dee 6s3)  19%2 | 23May 69.9
1983 I 101) 1983 29 109.6
- 1984 21 Ot s51.6] 1984 29 Iu 639
1988 24 Apr sa7) 1985 30 Sep 142
1986 | 3Feb 65.4] 986 6 Dec 614
1987 16 Scp 91.8] 1987 15Sep
1988 | 30Sep 620] . 1988 30 Sep 82.)
1889 13 Sep 690 1989 13 Sep 702
1990 18 May 672 - 1990 1 May 60.1
1991 20 Oxt 539 1991 . 200t 65.1
1992 27 Sep 55.7 1992 27 Sep 834
1993 ANov s2al - 1993 4 Nov 65.9
1993 12 Nov 134] 1994 14 Jan 474

T-3-14
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. Tablé33.5 - PROBABLE DAILY RAINFALL

BY GUMBEL METHOD
g . (Unit: mriﬂdaj')
Return Deli River Percut ' '
Period B-PStudy ‘DDSwdy |  BPSudy | D/DStudy
“(Year) 1954-1988] . 1954-1994 1954-1988] | 19541994
2 66.3 648 S erli 672
3. 760 74.0 77.2| ! 760
4 822 79.8 - g32| 81.6
s | 363 84.1 876) - 85.7
3 96.1 92.9 - 965| 94.1
Sty 100.4 96.9 100.6| 98.0
15 1081 1041} 1079 104.9
20 1135 £09.2 113.1 109.7
25 176 131 1170 1134
a0 121.0 1163 1203 116.4
40 1263 121.2 125.3 121.2
50 1304 125.1 129.2 1249
60 133.7 1282 132.4 127.9
80 1390] 32| 137.5] 1326
100 143.0 1370 1414 1363
150 150.4 1439 1484 142.9
200 15546 oo 1488) 1534 147.6
: ,f
i
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Table 3.3.6 PARAMETERS IN STORAGE FUNCTION MODEL |

+ 16

River |Basinor| Arca Storage Cocfficient
Channel | (km?) K P 1L f Kr Pt TL(h)
Dl 93] 35 08 . 22 0.3 B
D2 65 35 08 15 0.3
Deli . | D3 44 3.5 0.3 04 - 03
(158km’) [ D4 99 35 08 23 03
-1 D5 40] 35 08 09 - 03
D6 17 35 08:. ©1 03 . o
1 ‘ : 57 06 0.2
2 14.1 06 029
3 : o _ o253 06 0.9
Percut Prl 10s] 35 08 1.4 03
(186 kn?)| Pi2 66 - 35 08 0.3 0.3
' Pi3 15 35 08 - ol 0.3
1 : ' - 189 06 = 035
, 2 - 47 06 013
- Note ~: Saturation Rainfall Depth Rsa = 300 mm :
= Basc Flow Qb =0.035m/ s /km'
Table 3.3,7 DESIGN STORM RAINFALL PATTERN
__ _ Hourly Rainfall (mim) -
Hour | Ratio Deli River Percut River
. | 25:year| 40-year|100-year| 25-year] 40-yeac;100-year
1 0.02 2.26 242 274} 226 o 242) 272
2 | 003 339 363 4] 3391 363 408
3 0.03 339 363} 411 339 363 4.08]
4 0.03 339]  363f 41| 339 363 408
5 0.10 mae]  12.10] 1370 1130] 12.10| 13.60
6 0.47 53110 56.87| 6439 53il]f 5687F 63.92
7 0.13 14.69] 1573 17.81] 1469 1573 - 17.68
8 0.05 565 60s| 685 565 605] 680
9 0.04 352 484  s4s| 452 484 544
10 0.04 452]  484] 548 452|484 544
1 0.03 339 363 4ml 339 363 408
12 0.03 339  363] 411 3390 3631  4.08]
Total | 100 | 113.00] 121.00{ 137.00] 113.00] 121.00 136.00}
T-3



Table 3.3.8 PROBABLE FLOOD DISCHARGES IN DELI RIVER

e Kuning
. Sikambing ~ Babura s
~¢ River River

Return Peak Discharge of Project Flood (m/s)
Period Pl P2 P3| P4 P3 pl p2
(Year) | 34tkm?| 301km?| 202 km?[ 158km?| 93km?| 40ka’} 99kn!
2 FYJ) 245 156 151 100 50 109
5 . 369|. 334 2100 203 134 67 143
Hi 437 397 247 239 - 187] 78 167
20 s02f . 457 281 273 179 39| 189
25 523 477 92 284 187 93 196
0 510 492 301 292 192 o6 - 202
40 . 567 518 315 307| - 202 100 211
50 589 538, 326 318 - 209 104 219
100 655 . 600 359 352 0 232 1S 241,
o N pan
Deli River 4—— Pl o P2 : P3 P4 P55
2] , | ' Y S A
 Helvetia |Pl| _ |P 217 N Tid | 5 | Simeme .

' Table 339 PROBABLE FLOOD DISCHARGES IN PERCUT RIVER

Sy

- o Peak Discharge of Project Flood (nr'/s)
_ReturnPeriod! | RiverMouth - Tembung Dam Site
2 S Pl - P2 ‘P3.
e 186km’ 171km? " 105km’
"3 year 138 132 122
5 year . 183 : 181 160
toyear ~ | 205 213 184
‘20year . 249 245 - 203
25 year 258 : 253 214
30 year . 267 - 261 - 220
40 year . 282 : 274 231
50 year 293 _ 285 - 239
100 year - 326 : 315 262
Dam Site
_ o . NG .
" PerculRiver < P1 P2 P3
B . o /s N -
Tembung - National
Road
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Table 3.3.12  FLOOD DISCHARGE WITH FLOODWAY
"IN IMMEDIATE PLAN

Return Period

T-3-19

. Peak Discharge (m¥s) : :
_ oil @3 ot os| o6 @7 Qs| Q9 Qi Q2| Qu3}
2 year | 100] 151} 16| sy auf 272 3| 122) 132 134 12
5 year | 134 203} 210 181 313 348y 29( 160 181 202| 210
10 year | 157) 239 247) 202| 3s9| 399 45| 84| 213 251|255
20 year | 179 273| 281] 220 402| 446 61| 208 245 300 - 300] .
25 year | I87) 284] 292| 225] 416 62| 67| 214 233 3mf 34
10 year | 192 292| 301 23| 4210 47| 7| 220{ 261| 327} 327
10 year | 20| 307| 3isl 238] aas| 494 77| 231 27| 348 348
so year | 209] 8| 326 245] 459 so9) s2 239] 285 365 365
100 year | 232] 3s52] 350 261] so2 557 98] 262 315f i3 414
National
Road
N ¢
_ PercutRnerq——— Q13 ‘ le_ - Qi Q»
A : : P }
Tcmbung N T MEDAN
_ | N s Q | FLOODWAY
Deli River —— Q7 Q6 _ Qs Q4 Q3 A
- A ] i I—' ' Y | :
Helvelia I I 7 ™ Titi Kuning | | Simeme




—

Table 3.3.13 . FREQUENCY OF DAILY RAINFALL
: (DELI RIVER BASIN)

(Unit : Days) -

Daily Rainfall (mm) | 30.0] 350] 400| 450] soo| sso 60.0] 650 700

in 1984 0] 9 s 4 2 2 o o o

in 1985 w6l 12| s s 4 of o o o

. in 1986 w9l sl 4l 2] 2f o0

in 1987 2 15| 8 6] 4 1 1 |

_in 1988 19 13| 7 4 2l 2 2 of o

in1989 | st 12| 7p e 2f af ] o

magee | | o7 s 2f 2l 1 | o
in 1991 11 ol 6 31 2| i o o of

in 1992 i8] n| 6l 3 1| tf o .o o
in_1993 6] 1l 6 el 31 o o o o
Average (daysiyear) | 16.0] 112] 6.8] 47| 24| 12| 06] 04| 01|

Table 3.3.14 FREQUENCY OF DAILY RAINFALL
" (PERCUT RIVER BASIN) |

: o L o (Unit : Days)

Daily Rainfall (mmy | 30.0} 35.0] 400] 450 s500] ss50] co0] 650] 700

“in 1984 200 12 8| 71 31 3] i of o

in 1985 17l n 5 3| 4 3l 2 2 2

in 1986 15p o] 6 4] 2 1 t|] ol o

in 1987 ap 6] 12| 1] 9f 8 e 3| 2

in 1938 18 of 3 3 1 1 1 1 1

in 1989 i3] 8} 6 3] 2 1 | 1 1

in 1990 16| o 4 21 2 1 il o] o

in 199 13 6| 4 2| 2 2f 2 |

in 1992 9] 13| 8 e 3 3| 3 3l 1

in_1993 12l 7 s 2 1 ) I

Average (days/year) 164 10] 6.1 44| 29] 24 1.9 1.2]) 0.7

“T+3-20



Table 3. 3 15 WAT ER LEVEL AND SECTION AREA OF DIVERSION POND

T-3-21

. (AFTER IMPROVEMENT)
Section  Distance | Water Level (¢m) - Section Area (m%)
L (m) H=25m| H=27m| H=29m| H=31m}j H=33m| H=34m| H=35m
No. 12 X)) ' 53 403 - 733 103 1453 1628 2253
No. 13-30 -12.0 3.7 64.8 206.8 434.0 780.9 962.6 1146.2
INo. 13 122.0 0.8 29580 - 1866] 4843 996.9 1286.1 1581.3
No. 14 98.0 0.0 22.6] . 1383] 3562 3200 1065.4 1313.4
No. 15 - 104.0 0.0} 25.5 130.3 3420 930.9 12424 15593
No, 16" . 520 0.0 21.5 4.9 153.1 5248 7420 9824
No. 17 48.0 0.0 235 7129 151.0 14242 6129 8135
No. 18. . 500 00l 215  e86). . 1458| . 2637 4233 3874
- |No. 19 50.06 0.0 . 223 70.3]. 1469 247.0 7.2 411.4]
No. 20 - 54.0 00]  2L3] 660 122.6 2743 37221 482.8
No, 21 500 00| - 200 69.9]. 1369 3479 506,31 6759
No. 22 118.0 0.0 12.8 417 96.2 2846 524.2 783.7
No.23 ° %40 . 0.0 2540 700 1321 246.3] 3551 480.2
INo, 24 © O 100.0 0.0] 9.4 . 46.3}, 7.0 1829 29161 420.1):
No. 25 90.0 0.0 54 . 363 8166|1518 2297 . 3489
No. 26 - 98.0 0.0 5.6 394 78.3 123.3] 1608} . 209.5
No. 27 100.0 00| 97| 553 1154 1845 2363 3043
No. 28 102.0 0.0 9.9 39.1). 89.3 178.4 291.1 416.6 _
No. 29 106.0 0.0 0.1} 285 - 7781 - 1927 -335.1 508.7
No. 30 . 1600 0.0 1.1} = 257 64.5 165.9 286.5 4650
No. 31 110.0 0.0 4.1 350 71.5 166.2 309.7 480.2
No. 32 98.0 0.0 0.0 21.9 2.1 - 1357 2343 360.4
No. 33 96.0 0.0 00 255 688 138.0 195.6 2115
No. 34 1020 0.0 641 - 311 - 169 181.4 25172 3353
No. 35 92,0 0.1 21 26.7 634] 1599 3013 484.9
No. 36 100.0 2 00[.:. . 00] . 251 68.01 - 139.3F . 2690]|- 4732
No.37 1000 _{ 00 95| _ 483|963 1489] 220.5| 3588
No. 38 100.0 0.0 0.0 190 558 - 108.1 180.0 385.2
No. 12 98.0 0.0 007 - 1971 0 543 121, 2123 485.1] -
No. 40 940 0.0 0.0 184 9871  1162| 10871 1479.5] .
No. 41 - 130.0 0.0 001 150] 1962 6137 8903] 1194.6]:
{No. 42 1000 o 0.0 0.0 192 . 634 2718 1171 12000
No. 43 100.0 - 0.0 65| . 296] . 660 1#20]-  5559] 1023.0]
No. 44 100.0 0.0 00] @ 114 476 12801 . 3858] | 7659
No. 45 1000 25 22,1 T 60,7 1194 1939 2772 . 6048|-
No. 46 103.0 0.0 ¢4 - 83| 267 133.4]° 2988 651.0] -
. [No. 47 1000 429 527 662 - 314 104.80 1255 249.2
No. 48 100.0 0.0 0.0 04 143 . 419 60.5 1428
No. 49 100.0 0.0 . 0.0 0.0 6.3 224 396 594
No. 50 ~__100.0 0.0 00} 00 2.4 18.7 34.1 529
No, 55 500.0 0.0 00§ 00] - 00 L1 9.8 26.5
No, 60 500.0 0.0 00} - 00 0.0 0.4 15.0 43.0
No. 63 300.0 0.0] . 00 0.0 0.0 0.0 0.0 22
Volume (m%) 5,177 43,430} 179,438] 432,696/1,027,710] 1,592,810]2,346,610



Table 3 3.16 RELATION BETWEEN WATER LEVEL AND VOLUME OF
DIVERSION POND (AFTER IMPROVEMENT)

- {Water level (EL.m) 250 270 29.0 310 33.0 3.0 35.0
Storage Capacity _ _ _ - |
(ooom?) -5 41 179 433 1,028 1,593 2,347

 Table 3.3.17 SMALLER S(_:ALE FLOOD DISCHAR_GES AND PONDING

(DFLI RIVER)
" Daily Discharge at Diversion Pond

- . Rainfall . Inflow Outflow | Max, Watet Level
Probabitity (nim) _ o m¥s) (m’/s) _(m)
2year .} . 65 156 g - 323
~ lyear 51 | 134 9% 317
. 2-limes/y 52 120 o9 . 314
. S-times (y I S 98 : 82| 30.6
10-times / y .36 . L 68/ 29.6

~Table 3 3.18 SMALLER SCALE FLOOD DISCHARGES

(PERCUT RIVER)
Daily & Dlschargeat Dl\rel'SlOﬂ Pond .
S ' Rainfall | - ‘ Inflow - Outflow . .
' Probability (rmm) - C o (m'fsy (m/s)
2 ycar 67 ' Bk} _ 132
lyear |.. 65 S - I o7
2-times / y 9 ). o 120 113
Stimesly | .43 82 1
10-times / y | - 35 o 64 _ 63 -
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PONDING ANALYSIS OF SMALLER SCALE FLOODS

- Table3.3.19
: -+ (AFTER IMPROVEMENT)
_ . 1-year Flood - 2-timesfyear Flood
Time { Hm|] Qe QGu)] V@) Hm| Qdn)] Qun] V(m’)
SN 2519 714 521 - 8333 2519 .14 521 8,330
1.2 © 2538 7.39 7.35] - 11,7167 25.37 1.36 7.33 11,737
L3 254 8.10 7.76 12,452 25.41 7.99] 769 12335
14 25.51 9.521 8851 14,260 25.50 9251 - 8.66 13,947
1.5 25.90 1205 10.86 17,586] 2566 1150 1045 16,901
1.6 26,16 19.24 15,84 25,830 2606 17.81] | 14.83|  24,160
1.7 1 2116} - 3897 27199 - 5L712 27.06 3502 :26.22 45,375
1.8 |  2816] WD 4728 120,928 2191 66.24|° (4253 103,901)
1.9 29591 114.16] - 6748 254393] 29.28 10116 63.27] . 214,781}
1.10 30.93] 133.53 85.69| . 424,687 3040 119,67 .18.42] 357,223
1.11 31461 12560 9272 570,153 3115 114.46(- 88,54} 478,134
1.12 31,721 105.59 96.17] 646,281 31.35 97.61 ‘9118 536,376
1.13 “3LN 86.36 96.13] - 645611 3132 80.56 90.87{ 529,396
1.14 31521 - 7078 93d49| ss7080] 3na3] 0 6637 8823] 471,493
.15 319 5797  $9.08] 490,159 30.62 546500 81290 384181}
1,16 30.54 47.31 30.29| . 3M4,791] 29.86 44.82 7%.15| 288,839
i.17 29,65 3557 -68.28| . 261,932 29.141 - 361 “61.39| 197,101
1,18 2878 31.62 56.47] 163,723 28,17 30.30] 47251 121,762
119 2117 26.26 39.90 94,4528 - 2749 25.29 34.33 74,492
1.20 27231 2218 2941] 56,828 27,101 . 21.43 27.00 48,178] -
121 2679} . 19.01] ~ 22.68] - 37,153} © 26.61 18.47 20 34,002
122 | 2632 1659 1760  28738) ¢ 2628  1618] [17.48]  28,050]
1.23 | 2613 0 1471]  C15.57] - 253850 26.10] © 1440  1521] 24,786
24 | 25981 13241 1391] - 226408 - 2595 - 13.00 13,63 22179
MAX| 3172 13353 §96.17] 646,281F : 31.35] - 119.67] 91.18] 536,376
N B IR S-limesfyear Flood . - - : ° 10-timesfyear Flood
Time | H{m) | Quny | Qeou) | V(') | H@m) -] Qn} J:Qou) | V(m)
SLU - 25.18) TA3] 0 527 0 8327 25.18) - 1120 5.27 8,323
1.2 | 2537 a3 . 130 o 11,691 2537 7.26) 7. 13,646] -
1.3 | 2540 1.83 ©7.58] : 12,153] 2539 1.67 - T.48 11,979 -
14 | 2547 8.85 837] | 13,464] 2544 - 847 809 13003]
15 | 2560 - 1066  9sMf 15839 25551 987 - 921  14,855]
1.6 | 25.92 15.66 1330} : 21,625] ::25.79] - 13.67 ‘11.88 19,265
17 | 2679 2001) 22770 37209 2645 0 237 1898 31028)
1.8.] ' 2157 5347 35.94| 180,265 27.28 4131 ';?30.35 60,187
1.9 ~2870| - 8134 5543 158,445 28.04 62,95 :45.07] 113,002
110 | 2963 - 9791} 6297 258980 28.97 76.93) 59.12| 172,250
1.11 3032 - 9638  77.35| 347,132 2942y~ 78.08| 65.16| 232,567
1.2 ] ¢ 3063 8436 81.54( 386,470 29.64] - 7047 68.09 260,101
113 ] - 3054 70.85 80.27) - 374,601 29.58] © 60.53]° 67.26] 252,283
1.14 30.18 59,05 75.35( 328318 29.311 - 51.25] ¢ 63.60| 217,940
1.15 | 2967 49.08 68.51| 264,022 28.86] - 43.13] . 57162 169617
1.16 29.11| - 4065 60.911 192,591 28.18 36.16 47,76 122,656
117 | © 2826| © 33.66|  49.27] 128,018 27.6% 30.31 33.06 87,813
118 | 27.62 28.03 36.95 83,366 2133 25.56 31.29) - 63,583
119 27.23 23.62 29.52 57,2071 - 27.06 21.78 26.20 45,298
1.20 26.92 20.19) . 241} 39,530 26.61 18.81 20.72 33,905
1.21 2642 17.53] 0 1864 30,4721 - 2631 16.48 17.52 28,608
1.22 2621 1546 l16.41 26,773] . 26.12 14.66 1549 -25,249
1.23 26.04| 1384  14.58) 23,736 25.98 13.22 13.87 22,513
1.24. 25911 12,57 13.15 21,373 25.86 12.07 12.5% 20451
MAX 30,63 97.91 S1.5%] 386,470 2964 78.08] 63.09] - 260,101)-
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Table 3.3.20 WATER LEVELS IN DELI RIVER UPSTREAM FOR SMALLER FLOODS

Mark (*) means supercriticat flow

T-3-24

{AFTER IMPROVEMENT)
2-year l-_;.’ear 2-timessy S-timesfy 10-limes/y
_ Distance Q H Q H - Q H Q |- H Q. H
Section (m) (w5} | (El.m) | (whs) | (ELa) | {m/s) | (Elmy) | (m’/s) | (Bl.m) | {m’/s) (EI m)
No. 12 . .0 136 3228] 134} 3721 120 31351 938 3063 78 29.64
No. 13-30 n 156 3236|134 ¢| 30,794 120 3nd42] 98 |- 3068 78 29.69
No. 13.. 122 156 3237|134 | 31.80{ 120 t42] 98 30691 18 29.69|
No. 14 98 156 | 3237 134 31.80; 120 L4221 98 3069 78 29.70
No. 15 104 156 32371 134 31.80; 120 31421 98 - 30.69 . ‘78 29.70
No 16 - 52 156 3237 134 | 31790 120 3L41} 98 | 3068 78 29.68
No. 17 - 48 156 | 32.37] 134 .| 31.79% 120 | 3142) 98 | 3068 78 29.69
No. 18 - S0 156 3236] 134 ] 31.79) 120 3p41] 98 . 3069 0 78 29.70
No, 19 50 - 156 | 32.36] 134 |- 31.79) 120 342 98 30701 8 29.72
No. 20 54 156 32371 134 31,805 120 31.42]- 98 3069 B | 2972
No.21 50 156 3239 134 3182y 120 3E44) 98 30711 .78 2914
No. 22, " L8 - 156 | 3241) 134 31.82) 120 31441 98 3071 . 18 2974
“INe. 237 94 - 156 3243 134 31.88] 120 3E49] 938 30771 78| 2982
No.24° . 160 156 32.43] 134 31871 120 3149 98- 30.761 - 718, 29.82
No. 25° 0 | 156 244| 134 J1.88] 120 ‘31.50] 98- 30.78] + 78 29.84
No. 26 8 156 J246] $34 |- 3181 120 3153 98. 30.83] - 78 29.93
No.27 . 100 156 1 32.55] 134 32.00] 120 31621 93 30911 78| 30.04
No. 28 102 : 156 32.57] 134 | 32.00| 120 31621 98 30921 78 30.05
No. 29 106 156 | 3263 134 32.05] 120 3166 98 .| 30955 78. 30.11
No. 30 100 156 3267 134 3209 120 31701 93 3099] 1 30.19
No, 3t - 110 156 | 32.74] . 134 32.17] 120 31.78] 9% 3nip 18| 3036
No. 32 98 156. 32Ty 134 32.20] 120 31821 98 | 3L16 J18: 3041
No.33 . 9% | 156 323843 - 134 32.25] ‘120 31.87] 98 ~3b21] 78 3048
No.34' 102.: | 156 3291 134 | 3233] 1207 3196} 98 | 3129] .78 | 30.58
No. 35 92 156 | 32.94] 134 32.38| 120 3201} 98 31321 78 30.60
No. 36 100 E56 3299 134 3244 120 32.11f 98 314l 78 ! 30.70
No. 37 - 100: | :156 313.03] - 134 3249 120 32.17] 98 3148 - 78, 30.80
No. 38 100 - 156 33.02| - 134 |- 3247] 120 32141 98- 3145] 18: 30.77
No. 39 98 156 33.13] 134 | 3256] 120 3222 98 | 3153 78! 30.86
No. 40 ' 156 33.24] 134 32691 120 3236 98 3169 78 3107
No. 41 - ¢ 130 - 156. 33247 0134 | 3269]: 120 32.36] 98 L7l 78 3117
No, 42 - 100 - 156 3324 134 | 3270] 120 3236] 98 3167 78 3114
No. 43 100 156 | 33.26§ 1334 |:3272] 120 | 3237 98 31721 78 3119
No. 44 100 156 3331 134 3278 120 3240 98 | 3L72f 78 -31.20
No. 45 100 - 156 31.37] 133 32,91 120 3252 98 ~31.89y 78 3136
No. 46 100 156 1 3341 134 | 3294 120 3251 98 | 3167} 78 3118
No. 47 - 100 . 156 3344 134 }.:33.03] 120 3264 98 | 3228] ' 78 Lm
No. 48 100 156 33.24] 134 3297 120 | 3231 98 32.05]: 78 31.59
No. 49* 100 156 3393 134 | 33.69] 120 .| 3353] 98 |: 3327 78 33.01
No. 50 lOO 156 . 3511 - 134 34.84] 120 3467 98 3438 18- 1. 3411
Nole + Coefltcicnl of Roughnessn 0.03% . - o -
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Mark (*) means supercnlica! flow : e :
Discharges are conv erled by catchmen! area (18{) km’) l‘wm flow regime of Slmemc (158 kmz) '

Table 3.3.21 WATFR LEVELS IN DELI RIVER UPSTREAM FOR USUAL FLOWS
' (AEFTER EMPROVEMENT}
25%Q 50%Q 30%Q MinQ AveQ
Section - Distance Q | H §j Q H Q H Q “H Q H
(m) (o'ls) | (Elm) { {m%s) | (El.m) | (m*s) | ELm) | (m'/s} | (El.m) {m’/s) | (El.m)
No. 12 0 106 | 26.10 7.3} 2580 5.3 25.60 36] 2530 8.8 26.00
No. 13-30 72 106 | 2682 731 2581 5.1 25.61 36| 2532 88| 26.01
No. 13 122 106 | 26.14 7.3] 2585 s 2565 36| 2542 88| 2603
Ho. 14 98 | 106 | 2620 73| 25921 . 51| 2573 36 2555 38| 2609
No. 15 104 | 106 | 2627 731 2601 - 5.1 2583 3.6] 2566 8.8| 26.16]
No. 16 52 106 | 2631 7.3 2606] - 5.1 2587 3.6] 2571 28| 2620
No. 17 43 186 | 263t] 73] 2611 Sl 2592 3.6] 25.76 88| 2624]
No. 18 50 106 | 2639 73| 2616  5.1]. 2598 36] 2581 88| 2629
No. 19 ) 106 | 2645 73| 26.22 5.1f 2605 3.6] 25.88 88| 2634|
No. 20 54 106 | 2650 - 73| 2627 51| 2610 3.6| 2593 8.8 2639
No. 21 50 106 | 2634 7.3 2632 51| 2615 36| 2599] 88] 2643
No.22 118 106 | 2674 73] 26356 51| 26421 3.6 2633 88| 26.64|
No.23 95 ] 106 | 2694 73| 2677 5.1 2665 3.6} 26.56 88| 26.85]
No. 24 100 106 | 2703 73| 2686 50| 2673 3.6] 2663] 88 2694
No. 25 - 90 106 | 27.27 73| 27.10] - 51| 2697 36] 2683 88| 27.19]:
No. 26 c9g | w6 | 27251] - 23] 27350 - 51 27.23 3.6] 2705 88| 2742
No. 27 100 f 106 | 2259 73| 27.42{ - s} 2129 36| 2113 . 88] 27.50|
No. 28 102 | 106 | 2762 73| 2745 5.1 2230 3.6| 2715 88| 21.53
No.29. 106 106 | 27.718 73| 27261 - S| 27.48] 36| 27.36 88| 27.69]
“|No. 30 100 | los | 2805 73] 2287| . 5| 22.74) 36| 2765 88| 27.96]
No. 31 ‘110, | 106 | 2815 73| 22.96] 5.1 -27.80 36| 2169 88 2805]
No. 32 98 | 106 | 28201 73| 2801 @ 51| 2785 36| 2773  8.8| 28.10]:
No.33. 96 - 106 | 2831 7.3 2813 51| 27.96 3.6 27.83} 88| 2822
No.34 102 | 106 | 2839 73| 2821 - s.1f 2805 3.6 2789 - 8.8) 2830}
No. 35 .92 | 106 | 2842 73] 2823] . 5.1 2807 36] 2791 88| 28321
No. 36 100 | 106 | 2848 23| 2828| .. 51| 2812 3.6] 2795 8.8| 28.384:
No. 37 100 | 106 | 28353 73| 2833] 51| 2816 36| 2799 88| 2842
No. 38 100 | 106 | 2855 73F 28351 . 511 2818 3.6] 2803 8.8 28.44]:
No. 39 98 10.6 | 2864 73| 2844 . 51] 2827 3.6] 28121 88| 2854
No. 40 94 .| 106 | 2871 73| 2850 . 51| 2832 36 2818 88| 2860]:
No. 41 130. ] 106 | 2885 13| 2864 | 51| 2846 36| 2833 88| 28|
No. 42 100 106 |. 2898 13| 28.76] - 5.1| 28.60 36| 2847 8.8 28.86|:
No. 43 00 | 106 | 2501 7.3 2879} : 51| 2862 3.6 2849 88| 2890
No. 44 100 106 | 2905 73] 2883 . 5.1| 2865 36| 2852 . 8.8 2893|
No.45 . 100 10.6 .| 29.15 73| 2892 51} 28712 36| 2857 8.8 29.03
No. 46 100 106 | 2916 7.3| 2893 - s 287% 3.6] 28.58 8.8 29.05
No. 47 100 106 | 293t} 73| 2904 53| 2881 3.6 28631 88 29.18
No. 48* 100 106 | 29.75 73] 2956 51| 2941 36| 2931 B8] 2965
No. 49 100 | 106 | 3034 23| 3064 5.1 3050 36| 3039 88| 3074
No. 50 100 106 | 3148 7.3 3123 5.1] 3106 3.6 3091 88| 3134
"Note *"CocHicient of Roughnzss n = 0. (}35 ' '




“Table 3.3.22 EXISTING

DRAINAGE OUTLET ALONG PERCUT RIVER

Note : #*¥ is new drainage outlet,

AND FLOODWAY
Betiom | - Top Botiom | Catchment
No. Location Type width | Width | Height | Elevation |  Area Note
' : - o 1 (o) | (m} (EL). | ()
Right Bank] SR | ¥E. 166 + 80 | Trapeeoid CC 14 1.4] 251 1450 3785}
o sr2 | PE 176 + 85 | Trapezoid WC 03 1.4 19 1590 50.96{ Raitway Br.
sry. | PE. 200 + 10 | Treperoid CC| . 03 0.8 078 2110 £.99]Denai Br,
SR4 | PE. 2060+ 35 Cinle  PC{ : 12 0.0 0.0] 2040 11,04 Denai Br.
SRS PE. 216 + 0 | Trapezoid WC| @ 0.1 0.4 04] 2380 0.84
SR6 | PE. 218 +30 | Trapszoid WC| : 02 o9] 08] 23.00 10.18]
SR7 | PE. 23 + 20 | Trapezoid WC| '04] ‘07 0.6] 2400 -15.50
SRE | PE. 245 + 30 | Rectangle CC 0.3 08 03] 2660 : 15.01 | Amplas Br.
sR9 | PE. 255 + 20 | Rectangle EC| . 0§ 0.5 05 2150 . 639
SRID | PE. 259 +0 |Trapezoid CCJ ~ 490 5.1 37] 2430 498.49
srit | PE. 271+ 15 jRectangle ECy | 02 0.2 02] 2800 - 11.35
SR12 | PE. 272 + 85 DRectanple CC] 03] 08 05 2950 14,50
LefiBank | St | _—— D e | ee | ave [ 400 17.74| Perkebonan Br+100m |-
; 512 | PE. 95 + ¢ | Recangle EC 200 20 23] 3350 . $59.02 S 1
SL3 | PE. 138 + 5% | Rectangle EC 1.5 1.5 26] 1100 109.23] Payung Be.+110m
T s14 | PE. 155 + 40 | Trapizoid EC 10] 40 25] 1250 119.25{Under Constriction
SL5 | PE. 176 + 55 | Trapszoid WC o] 03 10]  15.00 - 54,00 Reilway Br.
sL6 | PE. 176 + 85 | Trapezoid WC 20 30 20] 1600 _62.00|Railway Br. -
SL7 PE. 189 + 40 | Rectangls  CC 0.5 05| @ o5 1800 : 9.00 : -
"L | PE. 198 + 0 | Trapezcid WC 1.0 1.3 1.o] 210 35.200 !
sLe § PE. 200 + 25 | Trepezoid CC 0.3 0] 23} 21.00 © 3.50|Denai Br,
SL10 | PE. 200 + 40 | Traperoid CC 0.5 14 22| . 2030 : 7.75}Denei B,
siil | PE. 206 + 0 | Trapezeid WCE 06 495 . 18| 2030 \ 0.36|Toll-way Br,
SL1Z { PE. 206 + 55 | Trapezoid WC 0.5 1.0 13 2330 123.00]| ToB-way Br.
sL1d | PE. 232 + 0 | Rectangle CC 1.0 50 1.5] " 2100 181.60JL. Loro
sL14 | PE. 222 + 0 |BoxCuivert €C 2.1 2.1 24| 2070 | 345.76|Binjai Br.
SL1S:| PE. 222 + 15 | Retlangle WC i.$ 1.3 20] - 2150 © 32.60]JL. Timur
SL16 | PE. 246 + 35 | Trepenoid cc| - 23] 3 4.5F 250 i08.42] Amplas Br. -
sL17 | PE, 250 + 90 QRectangke CC| 10 1.0 1.0] 2600 ‘1435] '
SLiB:| PE 255 + 15 JRectsmgke EC| - 02] 02 - 02| 2650 '20.96 ] Pipe Bridge
SLio | PE 258 + 25 |Trapezoid we| 02] o7l 10] 2760 x| . i
"§L20 | PE. 259 + 55 | Rectangle WCY  04]. 04 04] 200’ 378
SL21 | PE. 262 +0 | Trapezoid €C] 15 1.5 30] 2630 -§5.09
sL22 | PE. 265 + 0 | Rectangle CC 05l 08 10| 2680 a1 .
§1.23.1 PE. 269 + 55 [Pipe Culvent PC R 00 00| 3040 4,09|National Road By,
SL24 | PE. 269 + 95 PipeCulvert FC| . 11 0ol 00| 2972 - 9.93|National Road Br.
: SL25 | PR 274 + 60 | Restangle EC] 7 10 10 19] 3000 1274
Floodway | SFI | #W. 6 + 50| Rectangle’ EC| ~ 18] 100 1O 3000 . 20.20
: SFz | FW. 9 + silTrapesoide EC 15 i3 10] 3300 1%0.10
SF3 | Fw.. 13 + 0|Trapezoide EC ps].  0s] . o0s| 3630 .- 9.00
sF4 | FW, 16+ 0 e are | oaee | eer 35.10 40.50 -
sFs | ew. 25 ¢ 24| Trapescide EC 50 10 1.0] 325 422.11| Botuani River
SF6 § FW. 30 + 0] ~ 4ee vee | ees ] e | 300 9.38 -
SF7 | FW. 38 + 50|Trapezoide EC 0] osf o5l 3rso 1125
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Tab!e 3 3 23 HiSTORICAI ANNUAI MAXIMUM SHORT DURATION

RAINFALL AT SAMPALI

Year . Duration (Hour) S

, i 2 3 6 12
1977 516 516 516 62.8 112.2
1978 618 1112 118.9 131.2 1482
1979° 54.1 884 93.6 101.9 104.0
1980 - 165 28.7 348 600 835
1981 - - - Lo - -
1982 132 88.4 1016 1016 101.6.
1983 - 40.7 C720 94.0 104.4 1044
1984 908 | 1006 106.1 - 109.4 109.4
1985 - PR - - e
1986 ° 61.5 . 100.5 1025+ L1025 1025
1987 624 67.8 82.3 1207 134.2
1988 - 394 61.2 65.2 78,1 805
1989 529 - 743 782 79.0 79.0 -

Table 3.3.24 PROBABLE SHORT DURATION RAINFALL AT SAMPALI

]

Retum

. L " Duration {Hour)
Period . ra,y 1 2 3 6 12
_ ol on | rfray | w nfiay | R iy | ffray no | nfray
{year) {(mm) |(mawhr)] ratio |(mnvhe)| ratio [(mnwhr)} ratio {{mnvhr)| ratio |[{mmvhr}| ratio
2 1033]  s24] os507] 368 03s6] 27.0f 0261] 154 0.149 8.5 0083
3 115.8] 630 o0s44] 435( 03750 317 0273 :17.5] 0151 9.5 0.082
5 120.6] 749 0578 . s510] 0393 369 0284 19.9|. 0.153] 10.6] 0.082
8 1516l 85| oso1] s57.4| o040s| 413 0202 219 0.us5] 116] 0082
10 1471} 89.8| 0610} 604 o410 - 434 0295 228{ 0155 120 Q.08
20 16338] 104.1| 0.636 69.4 0424 49071 0303] 257} 0157 13.3] 0.081
Ave. - 0.579) - 03941 - 0.285] - 0.153] - 0.082
Note: rg, -—Pmbablel -Day Ramfall . '

I

1
b

T

-3-27

= Probable Rainfall lntens:ty in the Durauon (t hour)




Table 3.3.25  ANNUAL MAXIMUM DAILY RAINFALL

Year Date Deli River Year Date Percut River
1954 12Dec 57.5 1954 1 0ct 843
1955 21 De 648 1955 1 Apc 588
1956 | 28Nov 1656 1956 27Nov 109 ¢
1957 "7 Sep 927 . 1957 7 Sep 856
1958 25 Oct s 1958 t Nov 632
1959 30 Sep 796 1959 30 Sep 1038 °
1960 9Dec - 771 1960 - 21 Jan 726
1951 5 May. 850 | 1961 30 Jul 610
1962 10 Juin 783 11962 19Nov 556
1963 tian 6.3 1963 28 Nov - 786
1964 30 Apr 60a | - 1964 © 19Jan . 502
1965 27 Aug 729 1965 11 Nov R A
1966 28 Sep 586 11966 1Jul 549 -
1967 16 Dec 46.7 1967 27 Jun 465
1968 15 Sep 574 1968 30 Nov 50.8
1969 29 Sep 623 1969 7 Jan 102.1
1970 30 5¢p 65.0 1970 5 Nov 617
1971 15 Avg 606 1571 10 Feb 60.7
1972 14 Sep 556 1972 13 Nov 544
1973 260t 632 1973, 4 Mar. |, 592
1974 29 Oxt 496 1974 29 Dee 605
1975 271Dec 6238 1978 © 19 Mar 512
1976 9 Jsn 53 1976 CgNov 834
1977 7 Nov 55.1 1977 20 Dec 620 !
1978 3D - 76.1 1978 12.0ct 84
1979 3nov 654 1979 - 13 Nov 68.5
1980 6 Dec 187 1980 21Deo | 778
1981 16 Oct - 4 1981 16 Nov 537
1982 31 Dec 653 1982 " 23 May ' ' 699
1983 6l 70,1 1983 29 Jul 1096
1984 a0 | 516 1984 205 1 69
1985 24 Apr 547 1985 0Sep 11422
1986 3Feh 654 986, §Dco. 614,
1987 16 Sep 978 1987 | 158 907
1988 30 Sep 620 1988 30 Sep 821 -
1989 13 Sep 69.0 1982 138ep 702
1990 12 May 672 1950 1 May 607
1991 ~ 200t 589 1991 20 Okl 65.1
1992 27 Sep 55.9 © 1992 27 Sep 834
1993 4 Nov 527 1993 - 4Nov 659
1994 12 Nov 484 1994 14 Jan 474

T-3-28



Table 3.3.26 PROBABLE DAILY RAINFALL

T-3-29

" BY GUMBEL METHOD . :
o (Unit : mm/day)
Return - Deli River _ Percut River
“Period - BPSwdy | D/DStudy B-P Study ~ D/D Study
(Year) 1954 - 1988 O 1951-1994 1954-1988 1954-1994
2 66.3 | 618 619 612
3 76.0 S0 : 112 176.0
4 82.2 7938 832 816
5 868 gIne 816 357
8 96.1 929 9.5 91
10 1004 969 100.6. 98,0
15 1081 104.1 107.9° = 1049
20 O3S 169.2 3.1 1097
25 e 1131 1170 134
36 Fli210 116.3 1203 116.4
40 1263 1212 125.3 1212
50 1304 1254 1292 1249
60 1337 1282 1324 1279
80 1390 | 133.2 1315 1326
100 143.0 137.0 1414 136.3
150 1504 1439 84 142.9
200 1556 1488 L1834 147.6



@ @ s
AL 421 (X2 L0 62011 [CE D ARSIl s L1z oR [ QL 0 0 OO _L0E £ 0 o] LAl fll LAS
608 2P0 PECS 3ze0 _ 1stgs _ 1096%0 0£'£0! z__it'ee go7 l¢ 3 < sg g0 ¢ 3 3 ¢g 186 XS
00y 06701 PO OF S6£0._ [bETOL  1S/%0 o%'ent ¢ |r'es £€2 log 10 0 oL 19570 10 . 10 0 0L [1rZZe | <dS
L2 L6'1 Se LY 6370 16806 - 12660 0r£01 z_1o%0 997 |s 0 ¢ log -ire0 I¢ o - [¢1 tog fosow ris
708 Lo 688 26570 10T86 ___ 1096'0 0£E0] 7 igfy |81z (¢ 0 ¢v log  lswp IS 0 r 108 1006 £18
99y 00t roor ybo 11160t 18060 oSl g 1064 EET_10E 0 0 0L 19870 l0¢ 1o ] of__lsrost | Zd4S
1t 630 6RTS 1350 |£6'601 [456°0 58611 S GOk 05T_10 0 0 0ol _logo lo 0 ) 001 0707 158
1o (RO .m.v..ww ALICa - HeInTT festy ol il iy 9 1Lz o1 0 0 {8 Zen 161 o 0 of PLLL LAy
799 190 6565 1090 L6 10960 §EEnt z_ lizy g41 foc o 0 oF  iovg 196 10 ) 0s  1eT6 #7718
OvZ] 1570 75 S% R0 [80°00T 169670 0E€01 T 1oz 26 fog 1o1 10 0 Ze0 106 ol 1o [} (R4 £218
058 1% £6°69 9690 [76°66 119670 og sl RS TR T o log jevg 104 10 Q 05 iy 78
7Z9 a3 Z09% 6160 (/8401 126670 0gell ¢ |Tie cel loc 1o 0106 ove 1o¢ o i) 05 _leose | 1738
&1L LT0 LYY ovo'g  1ST'00T (0460 0701 T tprg  feel-los 19 0 0¢ lovg 105 19 0 0 [8Lf ozIS
eet cLo ) 9650 JEOTtIL (6560 08811 - S ivey cot _Jos 1o Q os___love [0S 10 g gs  lzror 1 6198
T8 PL SL L9 L1900 {78601 [6v6Q QFSl s 1o0r U o o 1o jof Twwo lor 0 0 ot ooz | RUIS
16°¢ $20 $168 [ N T LT ) 08611 g 16€¢ £z 0c o 1o 0L 1950 tog |0 0 QL tesy LTS
490°01 16701 ) 990 loroot 191470 081 g lgee 26 o6 fo1 1o 0 760 tos [0 10 ) rgol | 9118
174 SET 8L [0 L9¢0 70601 11960 0g'$11 ¢ logy 91 199 o o lop |zwo 10 10 0 gy Jooze | SIS
15°0 XL 08°1S LOS0  ISUPOl (7380 LRI s 1909 gl 19s ot IS ST Isv¥o 109 - lor i¢ ¢z Jorere | #178
%9 Rl 1 vs $1c0  1ocy0r 17060 08611 g leys 6t 199 S < gf  levo log ¢ g gf 109181 | SIS
orL L 96'£9 £330 100601 Livg'o 0311 c ey 9105 |0 g lovy [z¢'0 109 (D 0 v looez | ZUIS
oot SO0 21501 ££0°1 LETOL feseo Q501 Z__|swl 0011001 10 0 [y 050 001 1o 0 ) 95D 1S
1EEY LSO EEES - 11090 6T66 17960 0501 7..108¢ (o lpe to 10 oy levo [go o 0 oy lei 0178
pse 4] 18LL AP0 156001 [£16°0 0501 T__ 18T ger 108 10 0__log  tovo log 1o 9 0T 106 618
12001 8LE SELL OLL0 [48°801. LOM6'0 el ¢ g 001 (001 10 0 ) osg Joot o 1o 0 oree 1S
8651 o7 1 ER'ER ova0  10T66 10960 0£€0! z__lotz o6 los  Jos 10 0 099 fo¢ (06 [0 0 006 s
ST £0°% A TTi0  1ssior 16260 08511 ¢ |oez os fos log 1o 0 0%g 1ge  Jos - o Q- 10079 978
8201 £¢'s 0L 9290 ITELOT  |Z€E0 OR'ST1 RS 001 1001 10 ) o losg [0 10 ) ] 00'rC <7S
LTe L oGy 0760 [oPp6  |P160 0£°£01 7 lg79 o1 _loz Jor [o1 jos lowd Iz 10T 10T 108 ISTEIT | ¥IS
{8678 LOG 05 S 18p'0 t7Oow6 19160 0EE0!t Z _if0L s7Z oY o Jog 19 - (w0 [OT_ 10 of 109 _Ifrsol | 78
1867 88 ¥1 85 1L 00F'D 160778 16RO 0L"£01 {6901 iveg ot 1o 3 g8 [rCe 101 10 ¢ sR _ Izogey | 28
00y 1.0 LOLY gev' 1796 11460 0E°£01 AR o6z__10 0 0 gor_log'o 1o 0 0 (TN 178
698 RET LiLh PERD oYt b Ay DEelr Iy raraAl o) log 0f 0, 4] 0108 474 o] o] oCrl VAR
€96 yil TS 5L zeo  N1®oIl__1($6°0 0%l — ¢ lzee - 1gf1 joR 10 o oz lov'0_j0& 10 ] 07 ey 1l 1138
o 6222 STOv 00r0 _ 1£9°001 _ 1698°0 DT ¢ lge RTL 10T ¢ o1 169 lov'o 1oz IS 0L |59 lev'mep i _OINS
AR 250 17l LILQ. . 1966 14960 0£°€01 7 Jrog . feet log 1o 0 gz lov'n (0810 0 o7 659 &I
5o 8 271 BG 69 e e LT ) 0R'S11 5 17Re Le1 oz lo 0 oc  wr'0 0L 10 0 of 110l 3uS
99 LEG 1168 LE£60 SE0OIT__ES6°0 o%elt ¢ lveg gz doz o1 lo O isco tor lor o oL 10¢§1 LS
se L ) 6199 9650 |SOTITT 6660 oR'gLl ¢ vy cet tos o 0 log lovg los 10 g o¢ [srol | 9uS
&0 500 oles orge. 17101 11860 05 €01 z__lseT cel oo lor_ 1o oc  lovo lpo ot o ) oS
[ 1870 89'¢9 T6so 6T 18660 0% €Tl T $61_ 10510 0 05 ovo los 10 0 0s  {¥Q11 s
56 600 SULL_ - J7ore  (IZTO1 (0860 9£%01 T 199z U _Joc  lor 1o oy [vv0 loc 1ot 10 or (660 £48
1v's 54T S 1060 (co'ROL [€€6°0 08511 R cez log o ) oL 19€0 108 [0 0 QL |960¢ s
79°G 157 ZURS - |6F60 114801 6560 0%’ s 0w 261 sy In 3 a5 l1y'0 (st - |0 3 05 |6RLE 198
(Reus/) b (s | (g 0 (Aspaau) (Awpuw) [(reag)) (wus) 1 Bav o0t | 08 | 05T | 06T {Bav 0§01 0L0 | 040 1 0€°0 | (PR
b wody 1w (oymny | g | (A | Ay 1 T3 |'soy [10ovd WAPPUqiAINE | 5 | SOW | WRL APPRIAIH |V N
oreyasi(] AU Iw3uivy neRawy | pousg | uonmIng JOyd SNRIPAH WIADIIOH JJOuUnY mry | e3eumg
oyweds | 9fmwyosicy | ooy sy | Aneg Ay Aoy - | wney | (e TIY WOUDIRD) JO LOLPUOD

Ce e JATLN0 SOVNIVEA JISOd0¥d LIV SOUVHOSIA  LT€E ARl

T-3-30



Table 3.3.28 COMPARISON OF WATER LEVEL AT ESTUARY OF

PERCUT RIVER

{1) Existing Alignment

Distance fromn

Discharge = 270 m’/s

Discharge = 330 m’/s

River Mouth Ht=15m Ht=20m Ht=15m Ht=2.0m]
0.0 kimy 1.500 2000 1.500 2.000
1.1 km 1.666 2.055 1.713 2.078
1.6 ki 1932 2.175 2.027 2236
1.8 km 2.107 2.280 2.234 2373
2.0 km 2.203 2.347 2.341 2455
2.2km 2.284 2.403 2.426 - 2.520

2391 2487 2.542 2616

2.4 km

{2) ‘Alignment of B-P Study

Distance from

Discharge = 270 m'/s

Discharge = 330 m’/s

River Mouth Hi=15m Ht=20m Hi=}5m Ht=20m
~0.0km 1.500 2,000 1.500 2.000
 L1km 1.673 2.054 1.723 2.077
1.6 km 1.935 2.175 2.031 2.235
1.8 kni 2.109 2.280 2.237 2.373
2.0km 2.205 2.346 2.343 2.454
2.2km 2.285 2.403 2428 2.519
2.4km - 2.392 2483 2.543 2.615
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SCALE!

DETAILED DESIGN STUDY ON - |Fig.3.2.1 ‘
MEDAN FLOOD CONTROL PROJECT LOCATION OF BOREHOLE

JAPAN iNTERNA'_TIONAL COGPERATION AGENCY
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'_ Chapter 4. Formulation of Definitive Flan
CHAPTER 4. FORMULATION OF DEFINITIVE PLAN
41 Formulation of Basle Pl_ah_

4.1.1 Fioed Control Scale -

Probable Flood Discharge "

Theough the hydrological ana]ysns w:th the addtlmnally observed ramfall for six years from
1989 to 1994 menhoned in Section 33 of CHAPTER 3, probable ﬂood dlscharges were
re—analyzed resultmg in decreased values of ﬂood dlscharge compared wuh the B-P Study

results. Somc of these dlscharges are as shown below

‘ : (Unit: m¥fs)
Return Period | - . . Deli River (Helvelia) Percul River {Tembung) .

(Year) “B-P Study /D Study -} B-PStudy D/D Study
5 0 384 | 369 187 183
10 . 453 .. 437 o3 | 215
20 529 . 502 . 258 249
130 o567 | 540 p T 219 267
50 - 617 - 580 300 . 293

100 C 689 655 340 326

When these flood discharges obtained in both studics are upgraded, the recurrence probability

could be as given below.

_ Deli River : Percut River

Discharge Return Period (Year) D:scharge . Reluen Period (Year)
(m’ls) | B-PStudy D/D Study {mfs) B-p Study D/D Study
460 - 10 12 230 .10 .12
530 20 .25 260 20 25
570 30 . [ . 40 280 30 40
620 S0 .70 300 50 10
630 | 100 110 340 TN I 1

- Flood COntroI Works in Deli Percut Hlver Basln

| As fi gured ou: in lhe B-P Smdy, Ihe flood conlrol scheme for Deli- Pcrcut R:ver Basin is

composed of the Masler Plan and the Urgent Plan. The Urgent Plan is furlher divided into two

| stages. Thefi rst phase, n_ame&__l as the lmmedlate Plan, is cqmposed of Ihe project \yoxks of the

Urgent Plan without the Lausimeme Dam in the upstream of Percut River, and the second

phase consists of the construction of Lausimeme Dam,



Chapter 4. Formulation of Definitive Plan

Through the review and analysis of hydrology ang flood control works underlaken, the project
' sé_a!es proposcd are 100-year veturn period for the Master Plan and 40-year return period for
the Urgent Plan. The Master Plan includes the construction of Namobatang Dami which is
proposed in the upstream of Deli River; wﬁilc, the Urge:ht Plan é0n§i51s of only (l) the Pefcut '
River Improvement Works, (2) the construction of Medan Floodway, and (3) the conslruélion '
of Lausmeme Dam, because the Deli River Improvenient Works are a!ready bcmg camcd out
under the Seoond Medan Urban Development Prcgecl (MUDP ll) on lhe pro;cct scaTe of some

10 to 15- year rettim penod

' IHowwcr the "!-lood Conlro] Manual" (MPWICIDA 1993) WhICh could be a gundelme for_
ﬂood contro! works in lndoncsua requires that the scale of flood comrol works in medlum and
 big cities should not be smaller than a 25- -year relun pcnod and, accordmgly, all ongomg and
proposcd flood control projects in North Sumatra vamce are designed on the project sca!e of
more than a 25-year relurn pcnod Since the Deti Rwer Improvcmcnt iject now bcmg
cons!mcled under MUDP 11 and originally scheduled for completion by- the ‘end of 1995 is
de51gned on the scale of a 10 {o 15-year return period according to the hydrologlcal analysu:, in
this D/D Sludy, the flood contrci of Deli River under the Medan Flood Conteol P[OJBC[ shoutd
be assured at more than a 25-year refurn period. In accordance with lhe above, lherefore the

flood control scale of the Immediate Plan is proposed to _bo a ZS-year return period.
The ;::driﬁgu'ra!ioﬁ of the flood .c'c:'m'tr'(i)l scheme for the Deli-Percut River is as shown below o

FLOOD CONTROL SCHEME

L C Tood Control Plan Project Scale _ Project Works .
1, Deli River Imgrovement

Masler Plan ' L_——] : 2. Percut River Improvemeal
(Long Term Plan) | [100-Year ] 3. Construction of Medan Floodway
W : 4, Construciion of Lausimeme Dam

’ $. Constrpction of Namwbatang Dem
. - V - 1. Deli River Tmprovement.” 7 ic0-
U{ch Project | 40-Year . I | 2. Percut Rives Irapiovement L
(Mid-Term Plan} : ] 3. Construction of Medan Floodway

4, Coastruction of Lavsimeare Dam

- | Immediate Project | . - l.Dc‘!iRiverimprovcmer.l )
: P o} 25-Year | - . { 2.Percul River lmprovemzal -

(Shot-TermPlan) | - : — 3. Coastruction of Medan Foodway
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4.1.2 Deslgn Discharge

In accordance with the newly proposed flood centrol scale as well as the updated probable
flood discharges, the dcsigh discharges for the Urgent and Immediate projects have been

estimated as graphically shown below.

For the Urgent Project:

DESIGN DISCHARGE OF URGENT PROJECT
' 1 I . LAUSIMEME
_ ~ DAM
. . - — . o - -
Percut River <= 320 S200 145 | | 240
Fa AN
Tembung ' N Tembakau
MEDAN FLOODWAN\ 120 '
- Defi River <<= 460 a0 200 || 320 310 210
| N ; : A - A -
Helvetia | 109 220 1?““’““3- ~ {Simeme
Sikambing Babura
River River

For the Tmmediate Project:

oot

DESIGH DISCHARGE OF IMMEDTATE PROJECT

L ]

Percut River === 320 R 1.7 i 220
H
* - . Teabang Tecbakau
MEDAN FLOODWAY
\ | |

‘DeliRivee <<—g70 © a0 || w0 290 190

A ' A, A

Belvetia, ] oo | 200 Titikuring Simeme

Sikambing  Babura
. River .. . River

Based on the design dxscharges for the Urgent Project, the des:gn discharges for the Master
Plan have also been fi gurcd out as shown bclow to atlain a smoolh develc)pment of the flood

control plan in the area,
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