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FOREWORDS

The International Seminar with special focus on
“Water Hesihience m a Changing World” has been held
successfully from 29* to 31* July 2016 in Bah, attended by
experts and professionals from many countnies mcluding
Indonesian as the host. The discussions of the Seminar covered

the entire aspects of the water resilience in a changing world
mcluding its water conservation and risk and impact of extreme events. water
security for all, and water governance and partnership.

The overall presentations and discussions duning the semmnar concluded that the
outputs will undoubtedly coniribute to remarkable concepts, strategies, lessons
learned, and sharning of experiences on the water resilience in a changing world,
particularly on the environmentally sound technologies and sustainable practices on
the years to come. Based on this fact, | believe that the proceeding of this seminar
will be valuable document for the implementation of the adaptation and mitigation
to the climate change.

[ would like to thank the organizing committee, peers and writers, seniors and all
members of HATHI for enormous supperts to the seminar. May God bless you all.

Bali, August 201

e

IrM adi, M.Sc., Dip-HE.

Chairman of HATHI
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INDIVIDUAL POLDERS AS AN ALTERNATIVE TO
FLOOD CONTROL IN THE CENTER OF PADANG CITY
GOVERMENT AT AIR PACAH

Lahrul Umar'*, Bambang Istijono’, Svafril Daus®, and Rifda Suryvani’

HATHI Cabamg Sumsdera Barst
“Fakubus Tekmik Liniversitns Andalos
I Dimas PSOA Provinsi Sumaiers Barait

*email: zahnal_umar Gyaloo.co.id

Abstract

Earthgquake and prediction of tsunami divides padang city into three zones areas
prone to tsunamis, namely red, yellow and green. Red zone, area that is located along
the coast to 1 km to east of padang city and constitute zone very vulnerable by the
tsunami, the yellow zone is located | to 3 km and the red zone= 3 km from the coast
towards the cast. The impact of this policy, many residents in the red zone move
into the green zone located around the road of by-pass padang city. Inchuding the
government of padang city moved the center of his government to Air Pacah and was
followed by several other government offices such as BPKF, Bung Hatta University,
University of Baiturrahmah, Siti Rahmah Hospital and other public facilities,
Unfortunately, locations wsed for construction of residential complexes, offices and
public facilitics are located in the low topographic. This location inundated during
the rainy season because have the shape of basin (depression) and drainage is bad,
as it happened on March 22, 20135 in which this region hit by devastating flocds that
height until reaching 2-3 m. This area 13 located in the Watershed (DAS) Batang
Kuranji, Sub Das Batang Balimbing with its iributaries Batang Maransi and Batang
Lures and this region flanked by this tributaries. Inan effort to control fleoding that
often occurs in this region, one of the efforts that can be done in a shorl time is (o
build a polder in every office, residential complexes and other public facilities were
built by owner of the buildings around the boundary of land owned, The system was
selected, due to building constrection of Aeod control in wide area will require large
funds, either to land aguitation and physical development. For arca of government
effice, based of calculation, the high of pelder = .50 m, Volume of retention ponds
in the ram effectively 15 same as a comcentration time with a pump capacity 2 m* /
sec = 102 179 m?, with a capacity 5 m® / sec = 75.457m?,

Keywords: Flood, Polder, The gradually vaned Aow, The standard stage method

INTRODUCTION

Background

Earthquake of September 30, 2009 and prediction of tsunami that streck of padang
city and government policy of padang city that divides padang city into three zones
arcas prone to tsunamis, namely red, vellow and green. Red zone, arca that is located



along the coast to 1 km to east of padang city and constitute zone very vulnerable
by the tsunamu, the yellow zone 15 located | to 3 km and the red zone> 3 km from
the coast towards the east (Figure 1).

Figure 1. Location of Study

The impact of this policy, many residents in the red zone move into the green
zone located around the road of by-pass padang city. Including the government of
padang city moved the center of his government to Air Pacah and was followed by

several other government offices such as BPKP, Bung Hatta University, University
of Baiturrahmah, S1t1 Rahmah Hospital and other public facilities.

Unfortunately, locations used for construction of residential complexes, offices and

public facilitics are located in the low topographic. This location inundated dunng

the rainy scason because have the shape of basin (depression) and drainage 1s bad,
as it happened on March 22, 2005 in which this region hit by devastating Aoods tha
height until reaching 1-2 m (Figure 2 and 3). This area is located 1n the Watershed
{DAS) Batang Kuranji, Sub Das Batang Balimbing with its tnbutanics Batang
Maransi and Batang Lurus and this region flanked by this inbutanies.

Figure 2.  Top view of government Figure 3.  Top View of Air Pacah
office center in Air Pacah District

In an effort to control flooding that often occurs in this region, one of the efforts

that ¢an be done in a short time is to build a polder in every office, residential
complexes and other public facilities were built by owner of the buildings around

568



the boundary of land owned, The system was selected, due to building construction
of flood control in wide area will require large funds, either to land aquitation and
physical development.

Literature Review

Flood 1s the event of overflow the miver water exceeds of the cross section of nver
(PP RI No. 38 Year 2011). The cause of flooding, according Kodoatie & Sugivanto
(2002} classified caused by human actions and by nature. Which includes the causes
of flooding by human activities are: 1) Changes in land use; 2} Waste disposal:
31 Slum area along the river, 43 Plannimg of flood conirol system is not appropriate;
5) Decreasc in land and rob; 6) The non-functioning land drainage system; 7) Dam
and waterworks; and 8) Damage to the building of flood control.

And that mcludes natural cavses are: 1) Erosion and sedimentation; 2} Rainfall;
31 The impact of physiographic ¢ geophysical river, 4) The capacity of the river and
inadequate drainage; 3} The influence of the tide: &) Decrease in land and rob; and
T) Dramage and land.

Flood Conirol

Flooding i one of damage or disasters caused by water damage, Aood control is

done thoroughly that includes prevention, mitigation and recovery. Prevention 1=

done through both physical and non-physical (Siswoko, 2010). Physical activity i=

the development of infrastructure and other measures including;

1. Reduction of peak lood in general by creating a lood control reservoir upstream—

2. Localizing flood flow in the river channel is applied to the levees, lood walls and
closed channels—

3. Thedecline in the face of the food peak by increasing the flow - rate by improving
the fow of a river or a diversion (o gef the ideal slope. The distribution of Qood
discharge through the water draimage or— flood diversion canal kedaerah another

river fow, improved crogs-section of the river and sediment management in the
cstuanry.

4. Management of flood plains or swamps are housed in the polder w flow through
the pump o Aood the canal (owards the sea— Reduction of lood plain and tillage
comtour and galudan.—

Polder

Polder is an area that is planned in such a way and is limited by the dike so that
runotf water coming from outside the region can not enter (Volker.A, 1990), thus a
problem to be solved 15 how to drainage of water from the polder itself, especially
water which comes from rainfall.

Sk



Calculation of How surface profile gradually varied fow

Calculation curved surface gradually varied flow that is basically, completion of
dynamic equations of flow gradually varied Aow., The main purpose of calculation
the flow surface profile is to determine the shape of curved surface of gradually
varied flow by calculating magnitude of flow depth according to its distance from
the cross section of the control

All completion of fow equations gradually vared flow o be started from the
depth of flow in the cross section control and continwed with the caleulation of
the Aow depth towards the vpsiream or downstream direction, ie which way to
the flow control operation, At the boundary upstream and downstream boundary
surface gradually varied flow approaching normal asymptotis depth. In this casc
the mecting pomnt can be predicted a few percent above or below normal depth
{Anggrahini, 2005).

Calculation way of the surface profile gradually varied flow there are several ways
including:the graphical integration method; Direct integration method; Direct step
methad; Standard step method and so on. (Ven Te Chow, 1984). For this study used
the Btandard step method |

METHODOLOGY

This paper is done by:

1. Calculate the ramfall desaign

2. Calculate the flood discharge with synthetic unit hydrograph Nakayasu method
as well as the rational method

3. Based on discharge data obtained using this Nakayasu method calculated water
surface profile plans using Standard Step Method o determine the water level of
the elevation +0, 93 m. This calculation is intended to determine the warer fevel
of river at the junction between Batang Balimbing with Kuranji, water level in
junction Batang Maransi, Batang Lurus with Batang Belimbing

4. Calculate the flood water level in the center of government, planning a polder in
the center of government offices and defermine the volume of retention ponds

and capacity of pump ..

RESULTS AND DISCUSSION

Calculation of ramfall design begins wath test data consistency, homogeneity of
data, analysis of the probability distnbution. test probability distribution used
Chi-kuadarat method and Smimov Kolmogorof methods, based calculations, the
amount of rainfall design in DAS Batang Marans: and DAS Batang Lurus selected

rainfall design is log Pearson type 111 method as follows:
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Table 1. Ramnfall L‘.I':S'LE:n

Beturn Period [ years)

2

5 {1} 25

Rainfall Design (mm)

13

ITé 2313 325

Calculating Rainfall Intensity

Rainfall intensity calculated using Mononobe tormula as follows:

D

Where: Ky is rain plan for different return period {(mm); concentration ris
time (hours) for the tool m minutes ¢ done 60; and fr 1= rain intensity
for different retum period (mm'h)

Rainfall intensity calculation results can be seen in and Figure 4.
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Caleulation of Design Flood Discharge

This area is located in Batang Kuranji watershed, sub-watershed s Batang Belimbing
with Batang Maransi and Batang Lurus tributarie (Figure 4.2} Calculation of
flood discharges Batang Kuranji and Batang Belimbing. calculated using of unit
hydrograph sintetis (HSS Nakavasu method. flood discharge of Kuranji river = 993
m/sec for a return period 235 years (Mikken, 2000) .Batang Lurus river = 120 m'/sec
for retum period 25 years and Batang Maransi nver = 34 m¥sec for 10-vear retum

period (Figure 5.).
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Figure 6. Distribution of Flood Discharge Batang Kuranji Watersheed

Calculation of high water level river by Standard step method

Padang City Government Center 15 fanked by two tributaries namely Batang
Maransi leatherback rod and rod Straight Muara Batang Marans: within + 2.6 km
and a straight rod + 3.5 km from the mouth of the rod on the heach Kuranji field.
Based on calculations by the river water level tingghi stages standard method using
the water level control points in the trunk Kuranji estuary when the tide (= 0.93
my}. the result is the water level in the trunk of leatherback precisely dimuara rod
maransi + 3,500, at the mouth of the rod 43,669 m long straight and at the mouth of
the new straight rod + 4,426 m, Water level is seen still influenced by tides siruinya
sea water, (Figure 4.4), based on the water level in the estuary rod while maransi
+3.501 + 2.565 land surface clevation, the height of the flood 15 0,936 m. With this
data retrieved polder dikes 1.50 m high. {Figure 4.5).
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Calculation of high water level of the river by Standard step method

The Govermment office Center Padang City is flanked by two tributaries Batang
Balimbing namely Batang Maransi and Batang Lurus. River mouth of Batang
Maransi within + 2.6 km and a Batang Lurus + 3.5 km from the mouth of Kuranji
river on the Padang beach. Based on calculations high water level with standard
standard method using the water level control points in the mouth of nver Batang
kuranji when the tide (+ 093 m), result 1= the water level in Batang Balimbing
precizely at the mouth of river Batang Maransi 15 + 3,301, at the old mouth of river
Batang Lurus +3.66%9 m, and at the new mouth of river Batang Lurus is + 4.426 m.
Water level is seen still influenced by the tides. (Figure 4.4). based on the water
level in the mouth of river Batang Maransi +3.501 and clevation of land surface
15 + 2565, Sa, the height of flood 15 = 0,936 m in the government center office of
Padang City . With this data retrieved polder dikes high is 1.50 m. (Figure 4.5).

A 1,00 m Tanggul POLDER
15m

- 200.0 F 200.0 # 00O F 2000 F 2000 &

Figure 7. Cross section Design of Polder

& B Ll T

Figure 8. Schematic of the nver water level on the caloulation  standard step
method

Design of Polder
Problems in design of polder 15 how to drain rainwater that fell in the polder

region, in this paper flood discharge in the polder is caleulated with rational method
maodified as follows

OE=0.278 . C. C8 LA oo D
2t, L
—_— x L= a . i SR A N S S SRS B R A R 3'
r.'l I!._—'I'trl ] I'|. tl..l+t|] L] :1-‘ ].l' { )
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Where: () are flood discharge plan; C is coefficient streaming; Cs s

coefficient of deviation; £ are ratnfall intensity {momvhour); 4

are area command arca (catchment area) (km?); 7o s time of
concentration for urban dramage channel drainage consists of to and
td; ror is the time it takes the water to flow through the soil surface ro
the nearest channel {minutes); & is time required to flow the water
in the canal to a planned {minutes)

Calculations o, t¢ and td carried out in accordance with Figure 9,

Figure 9.

Concentration flow to control points on the location of the district
administration center field

Calculation Volume of Retention Pool and Pumps Capacity
1. Area of region office {A) = 100 ha = 1 kmy®
2. Flow coefficient (C) = 0.73

3. Starting time (t_0) obtained from the graph to determine t_ 0 (Subarkah.1,
19807 with C =0.73; slope of 0.73%, range = 100 m obiained 1_0 =13
muniies.

4. The channel length {L_d) = 400} m
Average velocity = 1.5 misec

6. Rainfall design for a return period 10 years = 233 mm

Solufion:

Iy The time fowing along the channel 47 Raimfall Intencity

L
X

= 8015

4000 ey Ll ARG, B
----- = 444 =45 a0 ! E* {[ I J H*- [rlﬂl‘"ﬂ

= Hi1, T8 mmyhour

2 Time Comceniration

Lty

3} The coefficient of deviation

21,

= |5 445 = & ge¢ 5) Inscharge Inflow

Qp =0278.C.C..1.A
0278, 0,75, 0,73, 80,78, 1
12,30 m'/sec

2.0

1

T
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Table 2. Cumulative inflows Q,, Rain Effective duration equal to the time of
concentration () and Analysis Volume of retention pond and Pump Capacity

Cumola- Asragn Cumala- Winlume wilumae
Mo tive Tome [rrﬂ_-i;r'w Inflow "“ Volume tive Volu- - Cumolative Pump Retention Pond
i mBEe i [=ecomds} ' me |
{mmutes} s B Im'/see 5 m'iser 2 m'isec 5 m'/sec

1 0.0 0000 0 LI 0 0 L]

2 7.50 1.538 0,769 SN i Hal IR 2250 -20B  -1558
3 15k 3075 2306 S 2076 ZTHE 1B 43N] bt i) =1733
4 2250 4413 3844 A0 3459 6227 2700 6T 1527 -523
5 Mk £150 5381 i 4543 11070 1M I TaTh 2070
6 AT TT0R G420 GO0 6214 17205 4512 112800 12794 GO2G
7 45461 9215 Bda7 D Tadd 391G 540 135000 19526 L1426
b 5150 10UT63 004 LIl LU 3924 MM 15TSm 2TRI0 IRITO
L GOl 12 3 11531 S0 10378 44K THH  1ROOR  ITAE 2610
I &7T.50 11,421 11.8&1 S 174 54073 El0O P25 4GRTI 34723
11 750 IS4 109R2 400D UEHE A %56 i) Z25000  55HS6 42154
12 BX5g 9463 10003 900 Qg TIe QO X4TEE G400 49199
13 M B7E4 4224 Sl HIm] B2250 losmn  IT0on 71450 55750
14 9750 7905 §345 G0N TEID  ROTR] L1700 F25p 78060 60510
15 [0S0 7026 Tdab G ATI9 GhaTY 12600 31500 RIRTO 64979
16 11250 6147 63IET LUIH A0rg 02407 135000 13750 BEHT  6E65T
17 12006 5268 5708 900 5117 107543 14440 Tedied 93143 71543
IE 12750 4359 4K20 Rl 4% T118R9 [53m0  IR2S0 965D TIARY
1 13500 3510 3450 A 3555 115443 6200 S0 99243 743
X 14230 2631 1071 R 2T6HE 118207 I7TH0 42730 101107 75457
21 15000 1752 2092 0 90D 1272 12079 LBO00 45004 21T TSITS
X 157.50 0000 DB S TEE 1263 |80l 472500 102068 T3TIR
I3 16500 0000 0000 Ui L] | Mk 19800 9500 101168 71408
XM 17250 D000 000D S L] | 2enaR MK 517500 100368 G9Z1S
I5 IR0 0000 000HE SO L] 12EGE 21600 F0MF  993GE  HO0GE
6 IRT.30 0000 0000 ) L] 12H6H 22500 56250 98468 64T1E
27 19500 D000 Dooon 900 a 12068 23400 seE0D 9TAGE 62408
IE - 20250 0003 0000 S0 L] | G 24 s0750 9ERAE  S0218
e 21000 0000 D00 G L] 136 ISNH GROMD 91768 STOGLE
o 21750 000 000 i L] 12FIGR 6100 65250 YdBaE  S55TIS
Il 235000 0000 D000 S L] | 2ehaR 17000 G750 93GGE 33448
12 22 E00 0000 OU0HE G L] | 2EGE AT00 - AU 93WGE  S121E
11 24D 00000 0000 G L] 1 2GR RS0  THOD 92|48 ARBGR
X 24T S QU000 DUBD0 G L] 1 2FaR 29700 T4250 91268 46TIH
15 25500 {000 0.0 RUITH L] 1 20FhaR WG TRSOD  Y036E 44408
s 26250 000D 0.0 D L] | 2GR 1500 TETED  E046E 42708
IT 27000 0000 0.0 G0 L] 120G F240  RI0OD  HESRE  JO0AS
IE 27750 000D 0.0 At L] 120FGE A3T0D  BIISD  BTEGE  ATTIR
M ZRS00 QU000 L0 A L] | 2ehaR I4HE B5500  BAETGE  A5408
4 29250 0000 000 S0 L] 1 20GE A5 ETTSD  BSEG6S  A32IE
41 30000 0000 O 900 0 12FGE IGO0 MHIDE B4UGE 30R6E
41 30750 (U000 0L00 Giil L] 120FGR Gl 922s) BdlGE 2BTIS
43 31500 U000 D00 SHID L] | 20FaR I7EOD WSSO0 BALGE G468
44 32250 0000 DU S0 L] | 2FI6E IBTDN QAT BIXGE  4TIE
4% 35000 (000 000 ) L] 120K6HE F96 SN BI3GE 21960
46 IFTED 0000 U0 SO0 L] | 20FaE AXHK 01250 S0468 (9718
47 GEEOF 0000 ousia D L] | 20¥haE 414 (03500 TSGR | THE
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From the table 4 above was obtained:
L. Pump capacity 2 m’sec, the volume of retention ponds obiained is 102 179 m?*
2. Capacity pumps 3 m /sec, the volume of retention pond obtained is 75.457m*

If the Effective Rainfall longer than the time of concentration {tc), acquired the
pump capacity and volume of retention pond is as table 4.7 below:

Figure 1. Graph inflow hvdrogeaph (Qm) at the time of Effective Rain longer
than the ime of concentrabion {tc)

Table 3. Volume retention pond at the trime of Effective Rain longer than the time
of concentration {ic)

Effective  [niinsitas  Dischart Time Volume Retention Pomds (m')
My Rannfall {ir) [Ty (0} Consentration (i) Pump Pump
[ Minutes) {mma) /e [Minutes) (2 mteec) {5 msec)
1 Uil 61,53 10,24 il 140, 0 1G.a20
2 1200 50,80 Raz 60 159,522 14700
1 150 43 T4 60 | 743060 120021

CONCLUSIONS AND RECOMMENDATIONS

Conclusion

1. Mouth of Maransi Batang and Batang Lurus still influenced by the tidal
water level

]

High-polder 1s planned 1.50 m

3. Al the time effective rainfall same same with the tinve concentration with a
pump capacity 2 m* / sec, obtained volume of retention pond is 102 179 m’
and with a pump capacity 5 m' / sec, obtained volume of retention pond is
75457 m*

4. At the time effective rainfall longer than the time of concentration * (Rainfall
effective 90 minutes) with a pump capacity 2 ' / sec, obtained volume of
retention pond is 140 006 m* and with a pump capacity 5 m* / sec, obtained
volume of retention pond 15 103 629 m*

576



3. At the time effective rainfall longer than the time of concentration * { Rainfall
effective 120 minutes) with a pump capacity 2 m' /' sec, volume of retention
pond obtained is 159.522m*. and with a pump capacity 5 m"/ sec, volume of
retention pond obtained is 114 090 m?

6. At the time effective rainfall longer than the time of concentration * (Rainfall
effective 150 minutes) with a pump capacity 2 m? / see, volume of retention
pond obtained 15 171 360 m® and with a pump capacity 5 m?* /sec volume of
retention pond, obtained 15 120021 m?

Recommendations

Conatruction of fleod contrel infrastructure throughout the whwole of this region
requires substantial funds, apart from making the channel also to built of temporary
water storage pon d dunng high tide. Therefore, are expected the government of
Padang city may recommend creating a polder at each office complex or residential
independenthy,
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