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ABSTRACT: Flood always hits Sampang City every year and it causes the transportation desruptson in
Madura Island. The Bood in Sampang City is cassed by four main [actors: the walershod (DAS) quality, the
drasnsge system, the nver capacity, sad the de. The flood control strasegies that bave beea doae are the
reduction of flood dascharge peak and morcasing the niver capacity. However, these strategics have not
achicved the sgnificant results vet. [(hes 3 new strategy is moaded 0 solve the problem, The result of
hydrography analysas shows that the discharge is dominated by the sarface mnofY, thas it indicates that the
quality of DAS is very poor. Fusther, the land wsage in DAS ss dominated by the agncultural land such as the
farms snd the nce fields. Based on these observations, a new flood control strategy by controlling the surface
nenoff on agricultaral land 1s proposed. The stratogy is describod as the technical activitses in the form of
utilization of the farmland partition as the temporary storage facalines, To achieve the maxiesam result, ot
should be followed by the following activities: a) increasing the capacity of interception and infiltraticn by
the land conservation. b) morcasing the capacity of the water reservor on the land by rasing
the embaakment desagn from 30 cm 0 S0 om; ¢) shorkning the water puddic time by constructing the
absorption wells. The resalt of the hydrodogical analysas shows that the new strategy s able 1o reduce the

Nood discharge peak of 20 10 67%

Keywords: Flood control, Surface rimoff, Agricwlivral land

L INTRODUCTION

Flood s one of the dommant nataral disasters
in Indemesia, followed by the landshide disaster (1)
I last three decades, flood disaster iffldonesia is
a1 fourth rank (190 events) after the Unied States
(388 cvents), Chana (344 events) and Indss (225
ovents) [2]. While flood disaster m East Java
Provence s at e second rank in Indomesia 1]

The flood always hits Sampang City, Madura
Island. Indonesa every year that causes the
trassportatson dissuption, especially in the mner
<ty transporistion and along sub-distncts in the
Madura Island [t becomes cee of the mam focuses
of flood disaster news in [ndonesaa

The arca of Sampang Cuty 1 located n the
estuary  of the Kemusing River, which is
hydraulically affected by the ade [3]. The flood is
caused by four main factors, 1o the watkcnbed
(DAS) quality, the city dminage system, the nver
capacity. and the Bde. Several flood comtrol
strategies have been done such as [3)|%] a) the
reduction of flood discharge peak by making the
basin retarding and rescrvour, sad b) mercasmg the
nver capacity by nver flow nommalization, which
comsumes the high cost [6] However, these offorts
have not yacdded the significant results. Therefore
the new strategy should be proposed to overcome
such problcmns. The nght strasegy might be

achieved when a  thorough analysis of the
discharge mising i1s done and their allemative
sol ffos are provided [7]

The rest of paper 3 onganized as follows.
Section 2 presents the analysis of flood control
strategy. Seclfl 3 discusses the developasent
strategy. The results and discussion are presested
in Section 4. The conchasion s covered in Section
s,

2. ANALYSIS OF THE FLOOD CONTROL
STRATEGY

2.1 The River Capacity Enhancement

The hydeological analvsis result shows that the
capacity of Kemuaing River is 50.13 m"/s. While
the flood discharge in two years retum penods is
622 m"'s. The flow normalizaticn by widening the
riverbed W 40 m should be doae w0 discharge the
flood [8]. However, it is dafficult 10 be done due 10
the fact that the nver v the urban arca of Sampang
City expenences the parroning 10 become 15 m
caly

2.2 The Flood Discharge Peak Reduction

The reduction of flood daschange peak m 1he
Kemusing River by making the retarding bassa 15
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able 1o peduce the flood rechasge of 260 m"'s [4)

Fig | The sub-DAS in the Kemuning River

When wo uso the twe yoars retum pened of 622
m's this effort is able o reduce the flood
discharge peak of 42%. However, this amalyss
does not indscate the precae kcation

3. DEVELOPMENT STRATEGY
3.1 The Evaluation of DAS Quality

Based ca the evalvation of the strategy and the
resslts of flood control that kave boen dome. ad
from the expenences of acthors and poevices
researchers, the new strategy s proposed as
prewenied in the followng section

To mcrease the nocursey of the malyss resslt
and the ccavenience in the implomentation, the
DAS s dvaded o 7 (seven) subDAS s given
Table 1 and Fig |

Table | The arca of subDAS in the DAS of
Komuning River

No  Name of sub-DAS Area (Km®)
1 Sub-DAS 1 6252
2 SubDAS2 7073
3 SubDAS3 103.22
4 Sub-DAS4 4
5 Sub-DASS 47383
6 SubDASG RN B
7 Sub-DAS? 7265
The total arco of DAS 42024

Sowrce. Amakysis result

To moaitor and evaluase the DAS management,
several ndicstors mav be used such as 9] the
Flow Regime Coefficient (KRA), the saneal flow
coelficiont, the sediment load, the flood and water
waage mdex. Since this rescarch s focused oa the
control of surface mnoff, the KRA indicator s
sciectal 10 classify the DAS quabty. The KRA
value is delimad a5 the ratso of maximam discharge
(Quus ) 10 mimimmem discharge (Qu, ) the DAS
Based on the KRA value, the DAS is classficd as
given in Table 2. where the higher class denotes
he lomer quality of DAS.

e 0 hesited discharge momtonag dats in
exch sub-DAS, the messusement of flood
discharge and manmmum discharge 15 obtamod
asalvtically. There are 2 (two) options = the flood
analyvss, samely using the lmped model and the
distrbated moded

Since the umcertainty in the flood discharge
analyss s very hagh the combmation of histoncal
data mnd the usape of the proper model may redace
this uscertamty [10]

Table 2 The dassificaton of watershed based-cn
KRA

No. BRAvales Class
1 KRA=X Very low
2 20-KRA=H Low
1 S<KRAS0 Maodium
4 SOKRACIWO High
3 BRACIN Very High

Source: Manister of Forestry of Republic Indomesan,
2004
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Table 3 The KRA value and Qualsty Class in the DAS of Kemuaing River

No Name of Que Qe KRA Class
Sub-DAS  (m's) (m%s) (Qua Que
)
1 Sub-DAS T 17386 00021 %2790 48 Very hugh
2 Sub-DAS2 16251 00007 23215714 Very NE
3 Sub-DAS3I 16225 00092 17635 87 Very li!!
4 Sub-DAS4 24293 00021 115680 95 Very high
) Sub-DAS S 18106 00352 514378 Very hugh
6 Sub-DASG 24211 00097 2495979 Very HE
7 Sub-DAS7 25353 00105 2414571 Very hagh
Source:
Analysis Results

The dastnbuted msodel without calibeation can
be used to analyze the flood discharge whea the
discharge data is lumited [11]. This model requires
the avarlshility of the spatial data with good
quality. Since the Nakavasa-Hydrograph Unit
Symthetse (HUS) is very precise for the discharge
analvais on the DAS of 10 Km® up w0 1000
Km? [12]. it is emploved in this research

Basic flow discharge s calculated useng the FJ
Mock model. Thas model has been usad to mmalyro
the low discharge fow i the DAS of Titomove,
Wanogin (area of 204.7 Km') with the daily
penods of 5, 10, and 15 [13]+]14]. The result
shows that the model achecves a high dogree of
matching. Thus in this research, we employ the
same method (FJ Mock model) 1o analyze the low
discharge flow. The results of the two discharge
analyses aro then used to calculate the KRA in 7
(seven) swh-DAS as given m Table 3.

3.2 The Evaluation of River Quality

The width and the depth of Kemusing River in
urban arca decrease due to the nverside wilization
and sedsmentation.  This condiion  causes  the
reduction of nver capacity and the reverse water
that potoatially prodeces the overflow.

The cagacity of nver discharge 15 cakulated by
comparing the flood descharnge 1o the discharge
capacity on a control pomnt. The control pomt in
this stady s selected at the upstream of an urban
arca where the automatic water level record
(AWLR) exists. The flood discharge (Qu) is
caleulased wsung the following ogastion
Qi “AxVim's) (1)
where
A = Arca of wet section of the river (m?)

V = Flow velocity {m/s)

The area of the wet section of the river view is
the functson of the height of the waler that s
reconded  from the AWLR Meannbile, the
topographic parameters, 1¢. the longitudinal and
transverse preces are messured darectly using the
Total staticn (TS) The result of discharge analysis
(Qu) for each water level (H) s given m Table 4
and Fig 2.

Table 4 The capacity of River Dyscharge
H (m) (m’/'s)

FPEFFH
FEFFPRT

The flood discharge at the AWLR locatson (Q)
1 calculased based on the DAS paramsctcr using
Nakayasu-HUS method for vanous retam penods.
The result s given m Table 5.

100

River capacity(m*/s)

Fig 2 Graph of the Capacity of River Discharge
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Table § Resalt of Flood Discharge at AWLR |
Control Pomt

Return
Periex 2 s 0 25 50
(year)

Q(mYs) 1609 2165 2531

290 3328

The comparisca of the flood discharges in
vanous retam penods and the nver discharge
capacity are given in Table 6. The comparison
results of QQy indicate that the capaaity of nver
discharge 15 able 10 fow the flood discharge a1 the
retum penod less thas two vears only. Thas result
is validated by the real information where the
Kemunmg River overflows at the srban arca of
Sampang City in every year, even though there is
00 tado.

Table 6 The companson of the lood descharge and
the river discharge capacty

Return
Period 2 5 10 25 0

{vear)
Q(m's) 1609 2165 2531

‘3‘) 9350 9350 9350 9350 9350

QW 172 232 271 320 356

2990 3328

3.3 The Effect of Tide

The tide affects highly the druinage svstem of
Sampang City which can be identified from the
facts that the boats of the fishermen may sl close
1o the city even though there is no flood Besides
that when the flood and the ude  occur
simultanccusly, the reverse water in the
downstrcam of Kemuning River flows to an urban
MeH,

3.4 The Proposed Strategy

Based on the evaluation of the DAS condition,
the nver Bow, and the nde cffect, we propose a
new strategy, ie. controfling the surface renofl
water on the farmland.  Thas  siratogy s
implemented 1o technical sctivities by utelizing
the farmland as the temporary stocage. To
maximize the result, the following activities should
be done:

- Lad comservabon: The combinaton of
vegetstive ssd mechaical methods for
mcreasing the capacity of tercoption
2ad infilration

)

< Raising the embankment design from 30
em to 50 cm to mcrease the capacity of
water storage on the land.

< Constraction of absorpion well The
absorption well is constrected ca cach
land partitioning for shorteaing the waser
peddle tme.

341 Land conservanion

The vegetabive conservation 1s done m the
madinm entical land and the lugh cntcal laad. The
land arca according 10 the DAS condition is given
m Table 7 Since the vegetative consarvabion
covers the medsum contical land and the bagh
cntical land, the total area is 2355 ha
(1233+1122-235%)

Table 7 Land arca according 1o the DAS conditson

—_— landarea(May

. . Low Medium  High
Goexl  Normal itieal  critical itical

6550 7 34354 1233 1122

Source: Analysis Rosults

The conservatson plant is selected based on the
analysis of land conformity. The plants with the
hegh comformity are the water apple, the masgo,
the cashew frust, snd the clephant grass By
selecting the hagh comformity plamts, it o expected
that the peoples will participate actively. Further,
the plantmg will wmcrease the capacty of
stercepton and mfiltration

The proposed mechanical comsorvation i1s by
constrecting  the  bench  wrrace  aod  the
embankment in the garden mad the field. To
m<reaso the capacity of the rmnwaler storage, the
height of the ensbankment is set 10 be 50 co. Thus
i is expecied that the height of water storage will
be 40 ¢m

3.4.2 Absorpison well constrvction

The sbhsorption well 15 constrocied on the farm
field partiton, the garden and the ficld To avead
the landshide. the absorption well 15 construcied on
the land with the nateral topography slope Jess
than 3%, [16] The absorption well is intended for
shorteaing the dunation of water puddiec tme so
that it does not disturb the qualsty of life and the
prodectivity of the plant By maximizng the
absouption of rainwater into the farmland, it s
expecied that the flood discharge peak oa the nver
can be controlled. This effoet also smpacts on
increasing the availobality of ground water in the
grommg medsa laver of the plant and i the aquafer.

3.4.3 Analysis of comtrolled surface rmaffl
To examine the amount of surface runofl
descharge that can be coatrolled, two condsticas
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are analvzed, ie before treatment and afler
treatment. The difference of discharge in those
comdivons 1x called as DQ and represents the
indscator of flood discharge peak coatrol The
analysis results of 7 (sovem) seb-DAS are given
Table 8

Table 8 Pacantage of the descharge control

Sub- I 2 3 4 5 6 7
DAS
DROCs) 3531 X 20 67 38 36

4. RESULTS AND DISCUSSION

The results of the Mvdrologacal and hydraulse
analyus show that the flood m Sampang City 15
affected by soveral factors as follows (writken
according to the lovel of mlfluence) a) The DAS
quality; b) Effect of the tide; ¢) The narrowing of
the niver; d) The guality of city dminage system.

The existimg flood comtrol strategy, 1o the
coastruction of retarding basia aad reservoir, and
the niver chaancl normalizaticn, tead %0 handle the
water when they have been collecied in the
nverbed only. However, it does not viekd the
significant result Therefore a mew stralegy ix
noeded

The new strategy 15 proposed by comsidening
the conditiom of the water when they are stll on
the sarfoce mumoff. This strategy pronides two
advantages: a) reducmg the flood discharge; b)
increasang the gromndwaler reserve.

The effort o control flood in the srea of Batu
City, East Java Province by constrecting 450
absorption wells was proposed by [15]. According
10 authors, this effort i difficalt to be implemented
due 1o a large number of absorpticn wells that
requres the large lmd arcas. Therctore m this
rescarch, the absorption well s modified so that it
has a dwal function, 1.¢. as the water nunoll comtrol
and as the imgaton water wells. By providmg this
dual functson, 1t is highly expected that the cffost
will be supported by the commusnity

The new strategy s implemented by the land
comservation, aising the embankment, sed the
absorpion well  constrection.  The  vegetative
comservation &5 istended w0 increase  the
evaparatzon and land infiltration. The embankment
ix rassed from 30 ¢m 10 50 ¢m in order o increase
the capacity of waker catchment on the land The
am of absorpticn well construction 15 1o shorten
the duration of a water paddle so that 1t Jocs not
disturb the plant life

From the hydrological analysis. it is obtained
that the proposed strategy is able to reduce the

flood discharge pesk from 20% %0 6T The
reduction of flood discharge peak depends ca the
land condion of cach sub-DAS Thes strategy
should be accompanied by the cffort 10 mamian
the area and composition of lad wtlization It
complies with the recommendation in [17]

5 CONCLUSION

From the above discussions, we mayv conclude
as follows

- The Nlood m Sampang City 15 caused by
soveral factors such as the DAS quality,
the nver capacaty. and the ude

= The exasting flood control strategy tomds
%0 handle the conditson when the water
has been collected in the waterbed. Thus
1t does not yield the significant effect of
the flood control

< The mew flood coatol strategy s
propased by controlling the surface runoff
water m the farmland using the lasd
conservation  that  focuses  on  the
utilzaton of the farmled pastition as the
waler roserve Thas mew stralegy may
reduce the flood discharge peak by 20%
0 67%
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