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ABSTRACT 

A case study was conducted at the development area in Batu Gajah, Perak Darul 

Ridzuan, (Taman Batu Gajah and Kg. Tersusun Sentang). This particular research covers 

analytical approaches to the issue of flash flood recurrence at the problem area for the 

past 5 years with data collected from site investigation, surveys with the local residents 

and interviews with the responsible authorities. Relevant data was analyzed and the 

existing drain capacity and peak flow of 0.96 m3 /s and l.l4 m3/s respectively were 

obtained. The study covers a catchment area of 3.7 hectares. The way of the existing 

drainage design was implemented and constructed could be traced back to the early 

planning stage of the development in Batu Gajah area namely during early 1970's. The 

study found that there is a discrepancy between the actual performance and the intended 

capacity of the drainage system. Application of On-Site Detention storage (OSD) was 

analyzed for possible alternative to mitigate the flood problem. The OSD was found to be 

able to reduce the peak flow to 0.15 m3 /s and alleviate the problem. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background studies 

Batu Gaj~ Perak, for the past ten years had grown in line with the expansion of 

major economic activities as emphasized in the National Development Policy (NDP). 

However, these progressions that concurrently expanding with the construction of 

housing areas, business complexes, and all the related infrastructures had in a way altered 

the natural hydrological cycle. Storm water flow from major storm event could not be 

catered by the existing drainage system, hence several flood events had been recorded 

trough out the years. 

The project area for the study include Taman Batu Gajah, Taman Batu Gajah Baru 

and Kg. Tersusun Sentang is located at Batu Gajah, Perak Darul Ridzuan. The catchment 

covers a total area of 100 hectares. 

Figure 1 : Vicinity under study at Balu Gajah, perak. Scale 1:8000 
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1.4 Signifieance of Project Research 

This research had gone trough various aspect related to the issue of flash flood in 

Batu Gajah. All contributing factor discussed, and all solutions suggested may be the 

foundation for further studies relevant to the matter if futher research is to be conducted 

in near future. 

Considering other areas in this region with the same issue, this research will be 

usefull as a basis for solving similar engineering problems. 
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CHAPTER2 

LITERATURE REVIEW 

Flash flood problem had long become an issue of urban planning and development 

(J. Parkinson, 2005). Factors that continually discussed over are the planning, 

implementation and regulation itself (related to design) regarding safe design criteria, the 

drastic rate of urban development, and problem of global warming; that may be linked to 

the increasing of rainfall intensity troughout the country. 

Malaysian Meteorological Department has reported that as recently, rainfall over the 

country recorded normal to above normal while some parts in Terengganu, Kelantan, 

Pahang together with eastern parts of Sabah experienced much above normal. Further 

more, northern to western parts of Peninsular received 50 to 70 mm of rainfall amount. 

However, eastern parts together with southern parts of Peninsular experienced more 

rainfall ranging from 70 to ISO mm. Notable 10-day total rainfall amounts ranging from 

70 to 200 mm were reported particularly over East Malaysia (Sarawak and eastern parts 

of Sabah ) throughout the period. Elsewhere in the country received 30 to 70 mm amount 

of 1 0-day total precipitation. With regard to the temperature, most of the lowland areas in 

Malaysia recorded normal temperature during this period. This scenario may be related to 

the commencement of inter-monsoon period at early March, with light and variable wind 

and humid air, affecting major city and town toward the west coast of Peninsular. 

Meanwhile, observation towards recent climate history indicates that the frequency 

of occurrence of heavy rainfall event is increasing as in research conducted by Ismail M. 

Nor and S. Awadalla (1991) found that 15% increase in rainfall and 10% in evaporation 

induced the flood peak from an equivalent of a 28-year flood to that of a 35-year flood. 

This is indeed a worrying statistic, and without proper and immediate mitigative 

measure, serious flood problem may occur. 
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Two types of flood that reccuring in this region are flash flood and monsoon 

flood. Flash flood commonly affecting urban areas, due to higher intensity rainfall in a 

short duration. Several event of flash flood for instance, have been recorded during 

March 2008, as the result of the continous heayy downpour that had lasted for 2-3 hours. 

The affected areas on 12th of March include Ayer Hitam, Batu Pahat and Johor Bharu and 

on 25th of March in Batu Gajah, Perak (Zaili Muhammad, 2008). 

On the other hand, monsoon flood usually occurs during the north-east monsoon 

period and is associated with high intensity rainfall of a few days duration. The heaviest 

rain recorded at 350mm in less than 24 hours at Johor on December 2006 and caused 

landslides, burst riverbanks, blocked major roads and disrupted trains trips. The heaviest 

rainfall in century had leaved 110,000 people displaced and homeless (Raai Osman, 

2007). 

Taking it to smaller scales, as for the case study area in Batu Gajah, Perak, 

flooding in urban areas usually occur as the results of overspilling and surface ponding 

when the stormwater drains become surcharged and overflow. We do notes that in a new 

townships, the total impervious areas is very high since the housing developers only have 

to comply to an open space of 10%; the developers normally go for maximum built up 

areas to maximize land use. With respect to catchment runoff, an increase in area 

imperviousness from zero to 40% would cut the time to peak discharge by about 50% and 

increase the discharge magnitude by about 90% (The Stormwater Management Manual 

by DID, 2000). Before urbanization, rainwater is intercepted by the vegetation, infiltrates 

into the ground and takes time to travel to the river, but now it is quickly collected from 

the roofs and other paved grounds and channeled efficiently to public drains, which in 

turn rapidly brings it to the nearest river. 

Although floods are natural phenomena, the effects of rainfall resulting in excess 

runoff into streams and rivers, uncontrolled development activities in watersheds and 

along river corridors and high sea level areas can increase the severity of floods, yielding 

possible harzadous consequences at the concentrated areas. The high rate of 

sedimentation in the rivers can also lead to serious flooding, as may be related to the new 
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construction of highway nearby, connecting lpoh-Lumut highway to Batu Gajah-Gopeng 

road. 

A proper and optimum design of drain system seen here to be a crucial aspect in 

mitigating all this issue. Looking back to the history of the design system itself, Barry 

Adams and Fabian Papa (2000) in their research stated that urban drainage system design 

can be traced back to as early as 1800's. Early drainage design system was based largely 

on peak discharge rates estimated from observations of runoff rates that occured in the 

existing systems. In 1852, John Roe published a table of such observations for London 

sewers, and in 1857, Hawksley fitted analytical expressions to Roe's data to relate the 

magnitude of discharge to the drainage area. Over the half century that followed, 

Hawksley's formula began a generation pseudoempirical equations for peak flow 

estimation, not considering either meteorological variables (such as rainfall intensity) or 

the frequency of estimated peak discharges. Numerons of such similar formulas appeared 

for culvert design in the same era. It was not until1913 that Weston Fuller published the 

first empirical peak discharge formula which explicitly included an estimate of the 

frequency or return period of peak discharge. However the reliability of such estimate 

was questionable. 

The research furthermore found that the appearance of the rational formula in the 

same era did allow for explicit consideration of rainfall frequency through the inclusion 

of meteorological variable; rainfall intensity. However, early usage of the formula was 

often based on intensities of unspecified frequency. Consequently, by 1904, there were 

26 years of rainfall records at the Chestnut Hill reservoir in Boston from which Metcalf 

and Eddy created the intensity-duration curves for specific return periods (Metcald and 

Eddy, 1914). By the 1930's the concept of associating frequencies with rainfall intensities 

and the derivation of intensity-duration-frequency (IDF) curves from rainfall records had 

become well known. Hencefor, the use of rational formula, combined with the IDF 

curves imparted an approach to drainage design practice that still endures up until now. 

The next step in the evolution of urban drainage system design methods occurred when 

digital computers made digital simulation practical. Since the late 1950's rainfall-runoff 
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simulation models have appeared to capitalize on this computing capability. As a result, 

there was no longer a practical necessity to restrict the shape of the design storm to a 

rectangular hyetograph. Although it was technically impossible to simulate a runoff from 

entire recorded rainfall histories, emphasise was placed on simulating the effects of 

specific discrete rainfall events or design storms. 

Coming back to the issues confronted around urban drainage design in recent years, 

especially on problem areas, the major factor is the inadequacy of the existing channel 

particularly the main drains to cater the generated stormwater flow. This could be related 

back to the issue on significant increment of rainfall and evaporation in the past 20 years 

(Ismail Mohd Nor and S. Awadalla, 1991). Previous design implementation, going back 

to the last two decades should have become obsolete, and insufficient to cater for the 

growing development and global climate changes. 

Indiscriminate littering and solid waste dumping are also the contributing factor to flood 

events. The accumulation of the solid waste in drain has aggravated this problem, and is 

frequently a source of localized flooding, bringing contaminated drain water into contact 

with residential areas. Random garbage dumping in waterways impede drainage during 

rainy season, and contributes to flow stagnation otherwise during dry season. The existing 

drainage usually found at problem areas are highly silted and the depth of sediment can 

be noticed to a significant extent. This may be caused by the lack of maintenance by the 

responsible party (local authority, paid contractor). Sediment deposits in drainage create 

negative effects on the hydraulic performance of the system and on the environment. 

Problems that arise include blockage, surcharge, early overflows, and large pollutant 

discharges (Delleur, 2001) 

The rules and regulations related to the drainage system in Malaysia is covered 

under the STREET, DRAINAGE AND BUILDING ACT 1947 (ACT 133). The act 

includes the condition where the local authority reasonably suspects there is a defect, 

deformation or deterioration in the structures which may likely result in the failure, they 

may issue to the owner/developer and order to review the safety and stability of the 

structures. 
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One good example was the case where three housing developers in Klgang during 

2004 were ordered to stop their construction works until they build the required siltation 

and retention ponds at the site to prevent mud floods (National House Buyer Association, 

2004). This shows how serious the authority may look into the particular issue related to 

the developers and consultants. However, the condition and well being of the main 

drains and irrigation channel, also to mention periodical maintenance of the structures 

that actually should be under their supervision; clearly may and should be improved. 
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CHAPTER3 

METHODOLOGY 

The purpose of this research is to study, analyze and propose an engineering solution 

for corrective/mitigative measures to reduce the potential impact of the new and existing 

developments with respect to surfuce water discharges, in this case at the problem area of 

Junction at Kg. Sentang and Taman Batu Gajah, at Batu Gajah, Perak. 

Figure 2 : Study area highlighted in map 
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I Desktop Research L. 
I 

~ 
Data Collection (Rainfall, Landuse, catchment sizes) 

~ 
Survey and Questionnaire 

Data Analysis 

Catchment boundary determination 

~ 
Obtain peak flow and existing drainage capacity 

~ 

I Design approach I 
~ 

Proposed design OSD and surface tank 

~ 
Determine possible peak flow reduction 

Figure 3 : Methodology flowchart 
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3.1 Data Collection/Gathering 

Several site visits was conducted to the study case area, for the purpose of data 

collection and questionnaire session. The site inventory was carried out over a period of 

several month during which a numbers of surveys were conducted. Each survey lasted for 

a whole day. 

Studies on the existing drainage system were carried out, where the drains and 

culverts that resemble the system were measured. The accuracy of the measurement taken 

is ±0.1 mm by using a metric measuring tape. Related drainage properties were 

quantified and recorded, that include perimeter drains for housing area, main drains and 

culverts exist on site. Tools used includes the measuring tapes, Personal digital assistant 

(PDA) for recording of data, digital camera, and related equipment (such as umbrella, 

raincoat etc.) 

Figure 4 : Measuring the drain properties 
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Figure 5 : Average of the measurements obtained and recorded accordingly 

Figure 6: Culvert covered by sediments and vegetation Figure 7 : Drain structure collapsed at site 

All the data obtained pertaining to the survey later discussed in the section on 

results and discussions. The informations will be used to determine the existing drainage 

capacity and aids in establishing the catchment boundaries for the study. 
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Questionnaire and Survey 

Several site visits and interviews with local communities have been carried out to 

evaluate the performance of the existing drainage system and how would be the 

responses from the residents about the flood problems. 

50 sets of questionnaire was prepared and posted to the local addresses. The 

writer also conducted several meet up session during the survey for interviews at the local 

residences for immediate response related to the questionnaire prepared. The participant 

had been asked whether their home, contents and other possession had suffered from the 

flood events. Near 20 respondents had been interviewed for this purpose. 

Figure 8 : Survey conducted during a heavy downpour 

This section provides the product of the survey undertaken to a number of local 

residents in Batu Gajah, Perak Darul Ridzuan related to the occurrence of flood events at 

the particular area 
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2. If yes, how much is the estimated lost? 

Major resident includes their losses to be no more than RMl 000 

3. How long it takes to get back to daily routine? 

more than 
2weeks 

Majority of the respondents stated no more than 3 days to get back to normal life. 
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4. How much time spent for cleanups? 

Many stated minimum 1 day needed for cleanups while longer time need to be allocated 
for the same purpose for bigger houses, premises with larger compound area and 
backyards. 

5. Have you taken any mitigation measures before the floods? 

Several options on mitigation approaches prior to flood events listed, where most of the 
participants responded well, as keeping the valuables off the lower floor is the least to be 
done. 
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6. If no~ would you intend to take one after this? 

7. Have you been warned or noticed prior to the flood occurrence? 
if yes, by whom and how? 

NO 

Only one respondent acclaim that he were informed by flyers and radio announcement 
while most others claimed no warning announced. 
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8. Do you notice any corrective, mitigative measure taken by authority subsequent 
to flood event? 
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Several residents claimed that there were some infra-works related by the local 

authority had been worked on regarding the drain and river. One admitted that the river 

was widen, as well as the drainage facilities. The other two mentioned that the 

responsible contractor that once cleared up the clogging and solid waste in the drainage 

system. 

Majority of the residents admit the impact of flash flood to their living, 

economically and socially. Shop lots often closed, while the main road and junction Kg 

Tersusun Sentang totally inaccessible due to flood events. 

They also admit there was an effort by the local authority to increase the height of 

the road embankment. 

The residents, especially at Taman Batu Gajah do emphasize that the main 

problem is still, the channel and main drain at the problem area. Too small and clogged 

all year round, as they claim. 

This is true as during the survey conducted, the culvert at junction Kg. Tersusun 

Sentang is partially blocked by sedimentation and hidden by thick vegetation. 

Related to this serious issue, the contractor responsible for drainage maintenance, 

Kuwasa Enterprise had been contacted but unfortunately could not be reached. 

The resident reported that the contractor would maintain the drain for sediment 

clearing/unclogging every three months and sometimes after flood even where deposited 

sand and soils would have been heavily accumulated. 
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Data analysis 

A map of overall view of area under supervision by Majlis Daerah Kinta Barat, 
(MDKB) that is the municipal council responsible for Batu Gajah bad been obtained. By 
using AutoCAD®, the area under study was extracted. 

Figure 9 : Topo map for Batu Gajah area 

Next, the map was worked on Watershed Modeling Software (WMS) ® 8.0 to 
come out with the basin delineation. Google Earth Pro V4 also used to obtain the specific 
point elevations and coordinates. 

oo•-o. 
- 011 ...... 

-··~ .. -..... .,.._ -· _ .... --118IIIU4JDCO --­.. IMIUOO 
aacu.•­
aaao.JU~oW. ---........ 
-~· 
_ _, __ 
aaom. ----118TNUffl 
ll&mo&JJ ---"' ll&.al..fM ------8QQ.OJOU _ _... 

--~ 118C1111f1011t..• 

-~­II&KMUWIA 
_.....__ -....... -

• .. 

Figure 10 : Map of Batu Gajah on WMS 
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Figure II : map overlays by using AutoCAD 

Figure 12 : Delineation of the overall drainage basin 
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Figure 13 : Sub-catchment contributed to the flood area 

The area of sub-catchment to the point under study is 3.7 hectares. 

The peak flow generated calculated to be = 1.14 m3 /s by the calculation below. 
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t.. = 14 minute 

Comparing the peak flow with the existing drain capacity on site : 

CALCULATION FOR CULVERT 

Step (1) 

Step (2) 

Step (3) 

Step (4) 

Diameter= 900 mm 

Determine the general formula for hydraulic parameter 

Area, A = nd2/4 
Wetted parameter,P = nd 
Hydraulic Radius,R = AlP 

Determine the value of hydraulic parameter 

A = 0.6363 m2 
p = 2.8278 m 
R = 0;225 m 
s = 1/200 = 

Determine the design capacity 

From Manning's Equation; 

Q,_;.y 
n 

Qcapacity 

= 

= 
= 

(1/n) X A. X R213 
X S112 

0.015 

0.90140217 m3/s 

Determine the Average velocity 

v = Q 
A 

= 1.41673098 m/s 

30 

0.0033 



Hydraulic Analysjs 

Type of open drain : Half Round with Brick Sides 

Size of drain : 300mm 

Depth of drain, y : Road/Platform Level- Drain Invert Level = 1.00 m 

Manning ,n: 0.015 

+ 0.05m 

H 

0.15m! 

+---+---- Block Drain 

Step (1) : Determble the genmJ. foriJUda for hydralllic 
parameter 

From analysis obtain the general formula for 300mm HR + BS. 

H = y- 0.15-0.05 

Area, A = 0.6H + 0.035 

Wetted parameter, P = 2H + 0.471 

Hydraulic Radius, R =AlP 

31 

............... Eq.(l) 

•.............. Eq.(2) 

............... Eq.(3) 

............... Eq.(4) 



Step (2) : Determine the value ofhyclraulie parameter 
For; 

y = 1.00 m 

H = 0.80 m 

A = 0.515 m' 

p = 2.07 m 

R = 0.25 m 

s = 0.005 

Step (3) : Determine the Average velodty 

1 X R"' X 
v = S"' 

n 

v = 1.86 m/s 

Step (4) : Determine the design capacity 

From Manning's Equation; 

Q = 1 X A X R213 X S112 

n 

Q = 0.96 m3/s 

Where the capacity of either could not even cater for runoff from Taman Batu Gajah 

alone. The excess discharge is creating flood problem, thus reduction in peak runoff is 

needed. The following engineering intervention were assessed and recommended: 
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On-site Detention Storage <Below Ground) 

Providing a small proportion of the required storage volume underground can often 

enhance adevelopment by limiting the frequency of inundation of an above ground 

storage area. 

Outlet pipe 

Trash screen 

Figure 14 : Typical below ground on-site detention 
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CALCULATION ON OSD SYSTEM FOR TAMAN BATU GAJAH BARU 

Designing Below- Ground OSR Storage System 

Step (1) : Determine Storage Volume Required 

1 Determine the area of the site that will be directed to the OSR storage system. 

Catchment 

Catchment (m2) 
Name of Block 
Platform 

Taman Batu Gajah 

37000 
1 

Varies, majorly low lying 

2 Determine the amount of impervious and pervious areas draining to the OSR 
Storage system. 

Impervious area 

Building 

Parking 

Driveway 

Surface paving 

TOTAL 

Pervious area : 

Landscape and Garden = 

The site condition before development was : 

and the pervious area is = 

3 Times of concentration, t. and t.. 

34 

= 13000.00 

= 1000.00 

= 1000.00 

= 2000.00 

= 17000 

20000 

37000 m2 

m2 

m2 

m2 

m2 

m2 



To determine the catchment times of concentration, an analysis of the catchment 
drainage system will need to be undertaken. 
From calculation (Refer times of concentration analysis), the times of 
concentration is : 

tcs = 40 minutes 

tc = 14 minutes 
4 Calculate the pre and post-development flows for the area draining to the OSR storage. 

Dev. 
Status 

Predev. 

Post dev. 

The minor drainage system that the OSR storage will discharge into the nearest drain 
has been designed for a 5-year ARI capacity. 
From the calculation, the rainfall intensity is : 

5 I 14 = 130 mmlhr 
5 I 40 = 101 mmlhr 

(Post Development) 

(Pre Development) 

Using the Rational Method, the pre and post- development flows are calculated 
as follows: 

I(mmlhr) Impervious Area Pervious Area 
CxA Q 

c A{m2) c A{m2) (Lis) 

liS 0.37 37000 13690.0 448.7 

130 0.68 17000 0.58 20000 23160.0 836.3 

5 Determine the required Permissible Site Discharge (PSD) 

Using Equation 19.1 with Equation 19.1c and 19.1d for the below ground storage: 

a = 20375 

b = 3207945 

PSD = 158.68 Liter/sec 

6 Determine the required SSR 
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t.J 
(min) 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

The site discharge to OSR has been designed for 10 year ARI and the corresponding 
SSR is calculated for a range of storm durations to determine the maximum SSR for the 
total storage. Assumption has been make whereby storm duration is greater than 
30minutes. 

I Impervious Area Pervious Area CxA Qd 

(mmlhr) c A(m2) c A(m2) (L/s) 

250,68 0.68 17000 0.58 20000 23160.0 1612.7 

195.48 0.68 17000 0.58 20000 23160.0 1257.6 

158.37 0.68 17000 0.58 20000 23160.0 1018.8 

133.25 0.68 17000 0.58 20000 23160.0 857.2 

114.84 0.68 17000 0.58 20000 23160.0 738.8 

102.57 0.68 17000 0.58 20000 23160.0 659.9 

94 0.68 17000 0.58 20000 23160.0 604.7 

86 0.68 17000 0.58 20000 23160.0 553.3 

80 0.68 17000 0.58 20000 23160.0 514.7 

75 0.68 17000 0.58 20000 23160.0 482.5 

70 0.68 17000 0.58 20000 23160.0 450.3 

66 0.68 17000 0.58 20000 23160.0 424.6 

62 0.68 17000 0.58 20000 23160.0 398.9 

59 0.68 17000 0.58 20000 23160.0 379.6 

56 0.68 17000 0.58 20000 23160.0 360.3 

54 0.68 17000 0.58 20000 23160.0 347.4 
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85 51 0.68 17000 0.58 20000 23160.0 328.1 

90 49 0.68 17000 0.58 20000 23160.0 315.2 

95 47 0.68 17000 0.58 20000 23160.0 302.4 

100 45 0.68 17000 0.58 20000 23160.0 289.5 

t.J Qd PSD d 
SSR 

(liter/sec) c (mJ) 
(min) (Liter/sec) 

5 1612.7 158.68 102.98 1.83 452.37 

10 1257.6 158.68 101.81 2.34 692.06 

15 1018.8 158.68 100.57 2.89 823.85 

20 857.2 158.68 99.34 3.44 905.36 

25 738.8 158.68 98.09 3.99 955.09 

30 659.9 158.68 97.01 4.46 1005.10 

35 604.7 158.68 96.09 4.87 1057.92 

40 553.3 158.68 95.07 5.32 1086.90 

45 514.7 158.68 94.16 5.72 1119.90 

50 482.5 158.68 93.30 6.11 1149.28 

55 450.3 158.68 92.31 6.54 1159.88 

60 424.6 158.68 91.42 6.94 1174.48 

65 398.9 158.68 90.40 7.39 1174.20 
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70 379.6 158.68 89.56 7.76 1185.45 

75 360.3 158.68 88.62 8.18 1185.63 

80 347.4 158.68 87.93 8.48 1204.75 

85 328.1 158.68 86.80 8.98 1184.83 

90 315.2 158.68 85.97 9.35 1187.54 

95 302.4 158.68 85.07 9.74 1183.03 

From the above table, a maximum SSR of 1204.75 
at a duration of 80 minutes. 

Step (2) Size Primary Outlet 

The primary outlet flow-restricting pipe is to be sized to discharge the PSD 
flow. 
The required pipe diameter is found by rearranging Equation 19.6 and using 
trial and error : 

Ap = PSD 
------------~~-------------

(2g x ( Ys + S.L- Ye)IKL)l·5 

and 

Dp ='----=4A::I!...,___J0.5 c 3.142 
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where; 

Height of from platfonn to invert 
Ys = outlet 

= Depth of earth cover + height of OSD tank 
= 0.3 + 1 
= 1.3 metre 

s 
L 

= 

= 

The outlet pipe slope = 

Length outlet pipe = 

(Refer schematic diagram in Appendix 1) 

For the trash rack , An = 

From equation 19.8, trash lossfactor; k1 

= 

From equation 19.9, entrance loss factor, k. = 

0.75 

1 % 
4 m 

0.55 

2.78 

From equation 19.10 & 19.1l,friction loss factor, kr= 0.071 D-4/3 

Adopt outlet loss factor, ko = 
Hence; 

KL = 3.83 + 0.0710""13 

PSD = 

Ys = 
SxL = 

Ye = 

2g = 

39 

0.5 

0.1587 m3/sec 

1.3 meter 

0.04 meter 

0.3 meter 

19.62 mls 



The trial and error calculation are summarized in the following table. 

Qoutflow = 

= 

= 

Determine the velocity, v 

v = 

Qoutflow = 

Qoutflow = 

+ Ye 

0.0687472 

3.830052 

2.26 m/s 

Apxv 

0.15560 m3/sec 

= 

Qoutflow = 155.597 Litre/sec 

Step (3) Determine Storage Dimension 

a) Square type for OSD tank has been selected 

Volume required = 1200 

Adopt size tank = 40m (L) X 30m( W) x l.O(D) 

Volume capacity = 1200 

Where the peak flow may be reduce up to 0.15560 m3 /sec. 

The optimum dimension for OSD is 40 m x 30 m x 1 m. 
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Figure 15 : Proposed area for OSD 

Through analysis conducted upon study case area that includes survey and questionnaire 

the writer may come to conclude that: 

• The existing drains are highly silted with significant amount of sedimentation 

visible. This may be cause by lack of maintenance, especially during rainy 

seasons. 

• The existing drain and channel capacity could not cater the generated runoff from 

stonn events 

• Some drain structures are in need for maintenance. Some already collapsed and 

have improper lined surfuce. 

Type of Drain/ Culvert Size Manning coefficient 
Half Round + Brick Sides 300mm 0.015 
RC culvert 900mm 0.015 
RC culvert 600mm 0.015 
V-drain 500mm 0.015 

Table 1 : Existing drainage properties 
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The resultant of the current drain capacity with respect to the contemporarial 

weather condition had been numerically discussed in FYP I where comparatively 

hydrological analysis upon storm water runoff at Taman Batu Gajah found that the peak 

flow discharged by the residential area would be 1.14 m3 ls. While the discharge capacity 

of the existing main drain is 0.96 m31s, it is definitely could not adequate the surface 

runoff generated, let it be even from Taman Batu Gajah alone not to mention the Kg. 

Tersusun Sentang nearby. Suggested approach on OSD will provide reduction in the peak 

flow. 

Discussion with DID personnel, Mr. Taquddin Azmi Bin Zawawi had outlined the 

issue of relation and synchronization in term of development plan, for instance, between 

the responsible government bodies. 

In addition, he emphasized on the river bank reserve as outlined by DID prior to any 

development. The flood plain should be included for: 

• Maintenance I upgrading the river 

• Monsoon flood 

• As a buffer zone for erosion, etc 

• Aesthetic I recreation 

Which as he said, sadly seldomly implemented and become an issue to concentrated 

areas, saturated developments, or occurrence of major storm events. 
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CHAPTERS 

CONCLUSION AND RECOMMENDATION 

The existing drainage system injunction Kg. Sentang, Batu Gajah is 

experiencing a major drawback in its functionality due to an increase in runoff as a result 

of urban development. 

The 5 year peak discharge (Q) 1.14 m3/s from Taman Batu Gajah alone is higher 

than the capacity of the main drain which was designed at 0.901 m3/s. 

Proposal of Below Ground On-site Detention (OSD) facilities for the community 

was found to be able to reduce the peak flow. Consequently, it will reduce the peak flow 

to 0.155 m3/s and alleviate the flooding problems. 

Several workouts that may be exercise in order to improved the study about the 

case area: 

• Conducting detailed study on siltation and sediment loading particularly at 

the study area 

• Comprehensive analysis on the drainage flow system. 

• Study on effects of drainage problem imposed on the residents (diseases 

outbreak, losses etc.) 
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JABATAN PENGAIRAN DAN SALIRAN 
MALAYSIA 

Source is \\Svr-jpshis\datanegeri\Perak\Rfrnanual.mtd 
Monthly totals 1930 to 1995 site 4410122 LDG. HILL RISE at BATU GAJAH, 
PERAK 

Days end at 8:00:00arn 
Rain mm 

Year Jan Feb 
Total 

Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1930 ? ? ? ? ? ? ? 178.8 216.2 450.5 226.0 198.1 
1269.6? 
1931 443.4 54.9 179.4 308.1 111.0 89.8 177.5 73.3 222.1 174.0 157.8 471.2 
24 62. 5 
1932 258.7 295.4 462.5 334.1 253.1 146.9 41.6 236.6 98.5 375.9 282.3 279.8 
3065.4 
1933 379.9 94.7 149.2 317.2 302.1 49.4 167.0 270.3 124.8 126.5 290.1 193.1 
2464.3 
1934 259.6 143.8 444.7 437.1 124.1 285.1 129.2 247.8 177.4 355.8 585.0 194.7 
3384.3 

1935 315.5 210.0 282.7 268.3 149.3 135.1 75.8 391.6 92.0 479.0 289.9 429.7 
3118.9 
1936 325.3 115.8 415.6 321.5 421.3 154.2 102.2 149.8 156.9 324.8 280.5 450.8 
3218.7 
1937 349.5 286.6 265.9 305.9 105.5 33.9 74.1 66.2 196.7 542.1 263.4 198.2 
2688.0 
1938 166.8 165.2 306.4 308.3 140.7 85.6 78.7 194.8 281.2 238.5 300.7 225.5 
2492.4 
1939 420.1 202.2 210.8 249.6 303.5 82.5 93.4 66.4 245.5 217.6 84.3 322.9 
2498.8 

1940 275.1 173.8 123.3 165.8 156.8 200.9 114.6 108.4 266.1 196.4 487.2 256.5 
2524.9 
1941 186.6 193.0 183.1 305.2 326.5 96.3 113.0 104.1 324.8 244.0 376.5 ? 
2453.1? 
1942 ? ? ? ? ? ? ? ? ? ? ? 
? ? 
1943 ? ? ? ? ? 
? ? 
1944 ? ? ? ? ? 
? ? 

1945 ? ? ? ? ? 
? ? 
1946 ? ? ? ? ? 
? ? 
1947 ? ? ? ? ? 
2062.9? 
1948 86.1 186.1 420.2 207.9 ? 
900.3? 
1949 
? ? 

1950 
? ? 

? 

? 

1951 ? 
638.0? 
1952 159.8 
1423.7? 
1953 ? 
1708.0? 
1954 ? 
1764.4? 

? ? ? ? 

? ? ? ? 

? ? ? ? 

? 427.5 508.5 237.5 

? 277.5 383.2 204.2 

57.4 217.1 228.0 198.3 

? ? ? ? ? ? 

? ? ? ? ? ? 

? ? ? ? ? ? 

? ? ? ? ? ? 

? 109.8 433.2 305.9 262.8 256.3 694.9 

? ? ? ? ? ? ? 

? ? ? ? ? ? 

? ? ? ? ? ? 

? ? ? ? ? 371.7 266.3 

29.7 60.7 ? ? ? ? ? 

106.3 190.5 101.9 70.9 142.6 121.9 109.0 

117.3 0.0 ? 97. 6 449.8 229.6 169.3 

1955 104.3 175.5 145.9 316.4 160.5 48.2 2.5 162.1 247.2 438.9 260.4 326.6 
2388.5 
1956 197.5 99.9 436.1 206.6 205.7 351.8 211.2 94.5 117.9 481.1 450.7 158.0 



3011.0 
1957 125.8 188.5 ? ? ? ? ? ? 189.8 320.8 629.9 342.2 
1797.0? 
1958 122.8 96.2 324.2 259.6 342.5 68.2 16.7 170.7 158.7 279.1 206.6 138.7 
2184.0 
1959 116.7 198.8 293.0 168.2 301.1 104.0 173.7 131.0 309.7 418.1 615.7 234.5 
3064.5 

1960 200.6 236.0 148.6 293.4 233.2 78.3 223.9 128.5 170.1 359.3 294.7 248.2 
2614.8 
1961 142.9 124.6 247.7 407.6 26.5 145.6 148.6 118.7 195.8 241.4 271.3 258.0 
2328.7 
1962 246.4 138.3 151.5 200.8 224.0 102.1 67.7 307.5 141.8 433.1 268.2 157.4 
2438.8 
1963 223.6 130.8 234.9 163.8 305.8 29.8 145.6 253.5 132.0 277.3 482.5 203.5 
2583.1 
1964 162.4 144.2 125.0 326.2 133.5 190.5 414.1 58.3 184.7 168.4 149.3 202.7 
2259.3 

1965 22.1 82.3 285.2 274.9 221.7 24.0 74.6 196.2 220.2 327.6 168.7 311.7 
2209.2 
1966 154.0 182.8 229.9 240.2 52.1 277.0 168.4 135.3 224.8 223.8 408.3 253.6 
2550.2 
1967 137.7 123.8 239.4 494.3 319.0 99.5 41. 6 61.3 203.7 337.3 278.3 82.8 
2418.7 
1968 142.5 305.6 152.8 273.9 362.8 145.0 93. 6 90.6 186.5 532.2 237.4 379.6 
2902.5 
1969 379.1 84.1 290.2 196.4 360.8 87.1 70.3 281.2 108.8 478.8 343.4 302.9 
2983.1 



page 2 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
total 

1970 323.7 37.0 160.0 388.7 298.9 93.2 128.3 176.2 314.3 370.4 297.2 235.8 
2823.7 
1971 110.2 202.9 264.6 180.6 33.0 59.3 92.7 339.3 97.3 104.0 166.9 348.1 
1998.9 
1972 55.4 261.5 151.3 415.9 136.4 130.7 17.6 20.0 153.7 407.8 304.7 225.5 
2280.5 
1973 143.0 162.8 201.7 307.2 397.4 165.0 49.6 189.6 99.5 315.0 475.1 172.1 
2 67 8. 0 
1974 70.6 149.4 91.0 148.0 223.0 223.0 96.1 64.0 286.0 150.0 142.0 124.0 
17 67 .l 

1975 204.5 209.0 257.6 ? ? 43.6 46.0 47.0 164.0 43.0 198.0 186.0 
1398. 7? 
1976 193.0 125.0 174.0 355.0 49.0 106.0 244.0 121.0 122.0 350.0 201.0 202.0 
2242.0 
1977 154.0 229.0 111.0 181.0 92.0 144.0 76.0 107.0 153.0 ? ? 196.0 
1443.0? 
1978 199.0 188.0 278.0 206.0 136.0 46.0 75.0 138.0 120.0 375.0 209.0 119.0 
2089.0 
1979 66.0 183.0 137.0 293.0 157.0 191.8 195.2 67.2 279.8 210.5 366.5 135.0 
2282.0 

1980 125.2 114.8 384.0 91.0 285.0 200.0 117.0 273.8 180.0 189.0 326.0 151.0 
2436.8 
1981 193.0 544.0 185.0 423.0 269.5 114.5 49.0 85.0 288.0 300.2 286.8 63.0 
2801.0 
1982 98.0 94.0 259.2 482.8 203.8 45.2 150.0 144.0 111.5 589.5 235.0 323.0 
2736.0 
1983 169.0 83.9 174.1 37.0 179.0 136.0 48.0 74.0 512.0 216.0 275.0 206.0 
2110.0 
1984 292.5 244.5 318.0 285.4 261.6 104.0 214.0 36.0 60.0 174.0 319.0 513.0 
2822.0 

1985 165.0 
1498. 0? 
1986 85.0 
2500.0 
1987 297.0 
3699.0? 
1988 ? 
2618.0? 
1989 150.0 
1831.5 

244.0 ? 

164.0 257.0 

202.0 500.0 

344.0 325.0 

208.0 105.0 

148.0 

464.0 

333.0 

282.0 

197.0 

105.0 ? ? 

176.0 39.0 68.0 

184.0 96.0 46.0 

240.0 93.0 95.0 

91.0 137.0 163.0 

? ? ? 485.0 351.0 

13.0 216.0 345.0 468.0 205.0 

637.0 500.0 670.0 234.0 ? 

314.0 410.0 15.0 217.0 283.0 

141.5 155.0 307.0 45.0 132.0 

1990 85.0 85.0 128.0 265.0 361.0 135.0 324.0 69.0 295.0 458.0 66.0 376.0 
2647.0 
1991 271.0 129.0 130.0 640.0 636.0 90.0 158.0 55.0 218.0 367.0 212.0 191.0 
3097.0 
1992 35.0 50.0 33.0 100.0 175.0 15.0 122.0 110.0 174.0 120.0 308.0 361.0 
1603.0 
1993 226.0 30.0 355.0 169.0 367.0 78.0 328.0 73.0 355.0 263.0 335.0 338.0 
2917.0 
1994 134.0 210.0 357.0 294.0 187.0 18.0 30.0 284.0 188.0 209.0 244.0 128.0 
2283.0 

1995 157.0 58.0 109.0 226.0 188.0 205.0 88.0 220.0 148.0 168.0 233.0 85.0 
1885.0 

Min. 22.1 30.0 33.0 37.0 26.5 15.0 
1603.0 

0.0 13.0 60.0 15.0 45.0 63.0 

Mean 190.7 167.5 242.9 284.9 221.0 114.6 118.5 162.5 204.9 307.7 291.4 249.3 
2526.3 
Max. 443.4 544.0 500.0 640.0 636.0 351.8 414.1 637.0 512.0 670.0 629.9 694.9 
3384.3 



The Min Mean and Max of Annual means are for complete years only. 

End of process 

Remarks: 
1. 
2. 
3. 

The Min Mean and Max of Annual means are for complete years only. 
'?' means incomplete data for the month. 
'xxxx?' means total amount with incomplete data. 



JABATAN PENGAIRAN DAN SALIRAN 
MALAYSIA 

Source is \\SVR-JPSHIS\Datanegeri\Perak\Rfrnanual.rntd 
Monthly totals 1930 to 1995 site 4409121 LOG. NALLA at TRONOH, PERAK 

Days end at 8:00:00arn 
Rain mrn 

Year Jan Feb 
Total 

Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1930 ? ? ? ? ? ? ? 216.2 86.2 590.8 227.9 207.3 
1328.4? 
1931 375.5 73.·4 99.5 310.7 134.7 126.1 53.3 45.5 190.2 208.1 257.4 481.0 
2355.4 
1932 171.5 171.1 237.7 354.0 109.9 98.3 99.6 356.2 124.6 427.2 350.2 205.5 
2705.8 
1933 339.1 64.8 200.9 252.6 312.8 69.2 103.4 162.5 49.9 161.9 365.0 248.6 
2330.7 
1934 440.0 287.4 292.2 222.8 108.1 292.2 107.3 224.7 141.1 342.8 412.1 155.0 
3025.7 

1935 284.0 152.1 269.6 165.6 109.7 131.0 47.2 362.3 79.2 306.6 327.4 325.0 
2559.7 
1936 303.1 117.8 256.8 194.9 256.8 76.3 65.5 124.4 99.3 232.0 305.4 354.7 
2387.0 
1937 303.5 256.9 97.9 478.2 102.0 10.6 101.9 122.1 150.1 446.4 176.6 143.5 
2389.7 
1938 ? ? ? ? ? 48.8 171.9 ? ? ? ? ? 
220. 7? 
1939 333.4 230.4 143.7 288.9 178.5 134.9 72.1 33.1 140.2 261.7 127.9 126.7 
2071.5 

1940 193.2 268.8 86.0 133.7 228.1 66.8 80.5 156.2 163.3 291.5 454.2 408.2 
2530.5 
1941 270.7 132.6 177.7 399.0 185.1 104.6 92.9 114.8 219.5 194.2 420.7 ? 
2311. 8? 
1942 ? ? ? ? ? ? ? ? ? ? ? 
? ? 
1943 ? ? ? ? ? ? ? ? ? ? ? 
? ? 
1944 ? ? ? ? ? ? ? ? ? ? ? 

? ? 

1945 ? ? ? ? ? ? ? ? ? ? ? 
? ? 
1946 ? ? ? ? ? ? ? ? ? ? ? 
? ? 
1947 ? ? ? ? ? 161.3 204.0 256.2 132.3 204.7 136.6 298.7 
1393.8? 
1948 176.5 202.9 194.0 151.8 113.3 39.6 ? ? ? ? ? ? 
878.1? 
1949 ? ? ? 211.6 207.8 65.3 350.1 212.4 197.6 358.6 300.8 280.0 
2184.2? 

1950 181.3 
1350.2? 
1951 ? 
1851.4? 
1952 111.5 
2018.2? 
1953 187.7 
2035.0? 
1954 ? 
1196.9? 

221.2 262.2 

172.2 115.7 

192.2 260.0 

317.1 247.4 

? ? 

226.5 0.0 68.3 

199.4 198.9 52.3 

307.9 179.7 43.2 

255.5 52.4 215.1 

134.3 79.9 89.5 

55.7 111.2 119.9 103.9 ? ? 

169.6 93.0 168.4 159.2 294.2 228.5 

145.4 72.6 ? 207.0 243.8 254.9 

244.5 43.6 251.0 ? ? 220.7 

133.7 104.1 65.1 324.5 154.6 111.2 

1955 63.3 150.0 125.0 110.5 79.6 67.1 123.2 43.3 244.6 305.4 262.3 164.6 
1738.9 
1956 261.2 64.3 300.1 106.2 159.2 113.8 148.4 113.6 152.8 412.5 264.2 144.7 
2241.0 



1957 141.4 42.5 175.0 217.2 327.8 31.6 122.8 90.9 101.4 202.2 434.5 234.1 
2121.4 
1958 152.1 98.8 104.6 100.6 147.2 88.1 11.4 77.0 99.9 232.3 252.5 104.8 
1469.3 
1959 195.0 145.8 282.1 188.1 391.2 112.1 209.3 110.2 178.6 282.7 373.0 110.0 
2578.1 

1960 182.1 317.0 175.3 128.9 103.9 135.0 262.6 157.2 128.1 324.5 265.8 348.1 
2528.5 
1961 94.6 240.6 290.3 352.2 5.0 146.8 162.3 124.1 138.0 238.7 441.0 226.4 
2460.0 
1962 201.9 78.2 183.8 104.2 142.3 48.8 82.0 323.8 170.9 466.5 268.7 195.1 
2266.2 
1963 172.4 177.3 74.0 93.2 229.4 22.0 99.5 160.3 42.1 374.5 530.8 146.0 
2121.5 
1964 179.1 98.7 94.9 363.2 134.7 66.8 358.3 39.7 187.1 126.5 150.2 72.8 
1872.0 

1965 47.7 77.3 164.7 298.1 134.3 0.0 59.1 144.3 78.7 251.1 236.7 200.3 
1692.3 
1966 83.0 126.0 128.6 275.7 46.3 180.2 124.6 181.8 272.1 279.7 271.6 234.0 
2203.6 
1967 186.6 68.4 245.5 344.1 334.5 115.4 51.9 136.5 163.7 354.0 275.3 200.9 
2476.8 
1968 162.4 107.0 191.4 207.3 332.3 133.0 147.0 162.0 181.9 380.4 349.9 506.0 
2860.6 
1969 259.8 101.6 400.0 167.9 240.4 61.3 117.2 335.3 65.3 451.0 328.9 347.3 
2876.0 

1970 166.7 40.0 85.1 192.4 256.9 65.7 183.6 118.4 173.9 369.1 207.3 158.0 
2017.1 
1971 95.3 230.2 260.6 131.7 64.0 37.8 74.6 159.0 137.4 54.9 174.4 482.2 
1902.1 
1972 68.6 244.9 98.5 332.1 42.2 192.7 48.5 12.6 205.3 255.6 241.5 237.3 
1979.8 
1973 216.1 71.4 230.9 262.1 270.5 63.0 92.3 147.3 99.4 377.4 277.4 237.7 
2345.5 
1974 109.5 ? ? 336.5 258.5 152.5 72.0 86.0 257.0 155.5 67.5 95.0 
1590.0? 

1975 201.0 203.5 
2223.0 
1976 59.5 208.5 
2171.5 
1977 175.5 158.5 
2421.0 
1978 94.0 82.0 
1299.0? 
1979 85.0 249.0 
2223.0 

223.0 148.5 

138.0 306.5 

164.5 88.0 

162.0 163.5 

90.0 374.0 

126.0 63.0 202.5 37.5 243.0 

89.5 189.0 266.0 102.5 110.0 

260.0 143.5 40.0 110.5 103.5 

108.5 67.5 55.5 ? ? 

56.5 215.0 175.5 115.5 253.0 

34.0 431.5 309.5 

245.0 285.5 171.5 

502.5 413.5 261.0 

280.0 169.5 116.5 

295.5 292.0 22.0 

1980 171.0 54.5 322.0 208.0 300.5 153.5 37.5 242.5 175.5 213.0 238.0 279.0 
2395.0 
1981 67.0 274.0 75.0 216.0 485.5 45.0 16.5 75.0 267.0 261.0 166.0 36.5 
1984.5 
1982 40.0 77.5 126.0 365.0 193.0 74.5 114.0 188.2 178.3 318.3 179.7 239.0 
2093.5 
1983 112.0 80.2 148.8 78.5 202.5 159.5 49.5 67.0 314.0 127.0 193.5 293.0 
1825.5 
1984 394.0 ? 268.5 231.5 203.0 49.5 146.5 91.5 82.0 119.5 386.5 309.0 
2281.5? 

1985 144.5 311.0 364.5 163.0 121.0 16.0 41.5 66.0 100.5 330.0 365.0 247.5 
2270.5 
1986 49.0 101.0 297.0 345.0 118.0 73.0 161.0 38.0 159.0 89.0 265.5 183.0 
1878.5 
1987 77.0 186.0 246.0 252.0 174.0 57.0 75.0 351.0 311.0 330.0 111.0 ? 
2170.0? 
1988 ? 139.0 206.5 233.0 115.0 57.0 192.0 188.0 247.5 57.4 266.6 217.5 
1919.5? 
1989 207.5 57.0 199.0 253.0 77.0 17.0 107.0 60.0 364.0 160.0 288.0 182.0 
1971.5 



1990 123.0 109.0 80.0 219.5 232.5 1.5 142.5 25.0 118.5 469.5 145.5 116.0 
1782.5 
1991 133.0 22.0 106.0 176.0 351.0 60.0 144.0 60.0 55.0 128.0 198.0 80.0 
1513.0 
1992 78.0 39.0 51.0 57.0 205.0 59.0 182.0 93.0 0.0 54.0 156.5 195.0 
1169.5 
1993 71.0 107.5 195.0 9.6 9.9 9.6 9.9 9.9 9.6 9.9 428.3 500.0 
1370.5 
1994 287.0 277.0 261.0 163.0 87.0 10.5 17.0 266.5 164.3 199.4 311.5 151.2 
2195.4 

1995 196.0 156.0 185.0 275.0 259.0 175.0 143.0 324.0 164.0 79.0 289.5 274.0 
2519.5 

Min. 40.0 22.0 51.0 9.6 0.0 0.0 9.9 9.9 0.0 9.9 67.5 22.0 
1169.5 
Mean 175.5 152.5 190.2 222.8 173.0 90.4 121.5 138.7 155.7 258.9 277.4 226.4 
2180.3 
Max. 440.0 317.1 400.0 478.2 485.5 292.2 358.3 362.3 364.0 590.8 530.8 506.0 
3025.7 

The Min Mean and Max of Annual means are for complete years only. 

End of process 

Remarks: 
1. The Min Mean and Max of Annual means are for complete years only. 
2. '?' means incomplete data for the month. 
3. 'xxxx?' means total amount with incomplete data . 
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Flow Estimation and Routing 
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Design Chart 14.3 Runoff Coefficients for Urban Catchments 
Source: AR&R, 1977 

Note: For I> 200 mm/hr, interpolate linearly to C= 0.9 at I= 400 mm/hr 

Urban Strmnwater Management Manual 



Row Estfmatfon and Routfng 

APPENDIX 14.A DESIGN CHARTS 

50 100 200 

Design Chart 14.1 Nomograph for Estimating Overland Sheet Flow Times (Source: AR&R, 1977) 
(Overland SheetFiow Times- Shallow Sheet Flow Only) 
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Design Chart 14.2 Kerb Gutter Flow Time 

U!ban S!Dtmwater Management Manual 
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(aji Selidik Kejadian Banjir di Tempat Kediaman 
Selaras dengan pra-syarat untuk Projek Tahun Akhir Universiti Teknologi PETRONAS (UTP)) 

;kop kajian : Batu Gajah, Perak Darul Ridzuan 

(aji selidik ini dijalankan untuk mendapatkan lebih maklumat berhubung kejadian banjir di tempat 
cediaman anda sepanjang tahun 2008. Oleh itu, kami ingin memohon kCijasama daripada pihak anda 
mtuk melengkapkan borang kaji selidik ini.Keijasama daripada pihak anda amat dihargai dan 
liucapkan terima kasih. 

Umur 
Jantina 
Pekeijaan 
Tempat tinggal 

1. Pemahkah tempat kediaman I prernis perniafaan anda dilanda banjir? 

IvA lvJIDAK 
2. Jika_y_a, berapakah angg_aran kos keru_gian? 

Kurang dari RMIOOO v- RM5001-RM10,000 

RMl 000-RMSOOO Lebih dari R.\.11 0,000 

3. B I akah tuk k d k bar l"h era_pa am un ea aan em I pU I sepe rti d"akal ? SCI a. 
1-3 hari v 1 rninggu-2 minggu 

4-7 hari Lebih dari 2 rninggu 

4. B I akah" k era_p_a am , Jangt a masa pem beih rs an se epas d"l dab .. ? 1 an anJlr. 
1 hari 5 hari 

2 hari 6 hari 

3 hari v 7 hari 

4 hari Lebih dari seininggu 

-

-
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5. Adakah da an mengam 1 se arang tm an perse Iaan enuseeum an an]IT. b"I b . dak d" b "k t b I dil dab .. ? 

Mendapatkan jaminan insurans 

Membersihkan Iongkang kecil di sekitar rumah I premis perniagaan 

Memastikan tiada barang-barang berharga berada di tempat yang berisiko 
untuk tenggelam 

Melnindahkan barang-barang berharga ke tempat yang selamat ~ 

6. Jika anda menjawab tidak untuk soalan (5), adakah anda akan mengambil tindakan-tindakan ini 
pada masa akan datang? 

7. Adakah anda diberikan sebarang amaran/peinberitahuan sebelum kejadian banjir berlaku? 
Jika Ya, apakah bentuk amaran yang diberikan? 

8. Apakah tindakan dari pihak berwajib yang anda dapat Iihat bagi mengatasi masalah ini? 
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Mohd Annan B. Meohan 
5553 Civil Engineering 
Final Year Project II 
Universiti Teknologi Petronas 

tji Selidik Kejadian Banjir di Tempat Kediaman 
elaras dengan pra-syarat untuk Projek Tahun Akhir Universiti Teknologi PETRONAS (UTP)) 

op kajian : Batu Gajah, Perak Darul Ridzuan 

\ii selidik ini dijalankan untuk mendapatkan lebih maklumat berhubung kejadian banjir di tempat 
diaman anda sepanjang tahun 2008. Oleh itu, kami ingin memohon kerjasama daripada pihak anda 
tuk melengkapkan borang kaji selidik ini.Kerjasama daripada pihak anda amat dihargai dan 
1capkan terima kasih. 

Umur 
Jantina 
Pekerjaan 
Tempat tinggal 

: I ~ to.lrpJ\1 

: \)t:_fQ_('()t>'-'C\X\ 

: \Qr<JC.,(\ 16~11'1(\. N\~wQ~ ISC\\'.J C.qC\)0,\rJ 

l. Pernahkah tempat kediaman I premis perniajaan anda dilanda banjir? 

[YA I _TIDAK 

2. Jika va, beraoakah an_ggaran kos kerugjan? 

Kurang dari RMIOOO / RM5001-RM10,000 

RM1000-RM5000 Lebih dari RivUO,OOO 

3. Berapa lam un kea __ elllc _l_]J_ll I akah tuk daan k bal. rh sepertJ se 1 . a. . d"akal ? 

1-3 hari 1 minggu-2 minggu 

4-7 hari ../ Lebih dari 2 minggu 

4. l akah. be "h Beraua am 1 1angka masa pem rs1 an selepas d"l dab .. ? 1 an an11r. 
1 hari 5 hari 

2 hari 6 hari 

3 hari / 7 hari 

4 hari Lebih dari seminggu 

·-
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5. d A akah anda memmm 1 se aranl! tm b"l b . dak d" an perse man enutseeum an annr. b "k bl d.il dab""? 

Mendapatkan jaminan insurans 

Membersihkan longkang kecil di sekitar rumah I premis perniagaan 

Memastikan tiada barang-barang berharga berada di tempat yang berisiko 
untuk tenggelam 

Mernindahkan barang-barang berharga ke tempat yang selamat V' 

6. Jika anda menjawab tidak untuk soalan (5), adakah anda akan mengambil tindakan-tindakan ini 
pada masa akan datang? 

7. Adakah anda diberikan sebarang amaran/peinberitahuan sebelum kejadian banjir berlaku? 
Jika Ya, apakah beiltuk amaran yang diberikan? 

8. Apakah tindakan dari pihak berwajib yang anda dapat lihat bagi mengatasi masalah ini? 
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lji Selidik Kejadian Banjir di Tempat Kediaman 
elaras dengan pra-syarat untuk Projek Tahun Akhir Universiti Teknologi PETRONAS (UTP)) 

op kajian : Batu Gajah, Perak Darul Ridzuan 

\ii selidik ini dijalankan untuk mendapatkan lebih maklumat berhubung kejadian banjir di tempat 
diaman anda sepanjang tahun 2008. Oleh itu, kami ingin memohon kerjasama daripada pihak anda 
tuk melengkapkan borang kaji selidik ini.Kerjasama daripada pihak anda amat dihargai dan 
1capkan terima kasih. 

Umur 
Jantina 
Pekerjaan 
Tempat tinggal 

I. Pernahkah tempat kediaman I premis perniaraan anda dilanda banjir? 

IYA I ~TIDAK 

2. Jika va, beraoakah anggaran kos kerugian? 

Kurang dari RMIOOO RM5001-RMIO,OOO 

RMI 000-RMSOOO Lebih dari RJvUO,OOO 

3. lak tuk daan k bar ul"h . d"akal ? Berapa am ahun kea e.!!!.: ~_pl~ 1~seperti se 1 a. - . 

1-3 hari I minggu-2 minggu 

4-7 hari Lebih dari 2 minggu 

4. Berapa lamakah iangka masa pembersihan selepas dilanda banjir? 
I hari 5 hari 

2 hari 6 hari 

3 hari 7 hari 

4 hari Lebih dari seminggu 
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5. Adakah da an . dakan mengam 1 se arang tm perse man n tseemn an anJIL d" be "ku b I dil dab .. ? 

Mendapatkan jaminan insurans 

M~mbersihkan longkang kecil di sekitar rumah I premis pemiagaan / 
Memastikan tiada barang-barang berharga berada di tempat yang berisiko 
untuk tenggelam / 
Memindahkan barang-barang berharga ke tempat yang selamat ./ 

6. Jika anda menjawab tidak untuk soalan (5), adakah anda akan mengambil tindakan-tindakan ini 
pada masa akan datang? 

7. Adakah anda diberikan sebarang amaran/peinberitahuan sebelmn kejadian banjir berlaku? 
Jika Ya, apakah beiltuk amaran yang diberikan? 

8. Apakah tindakan dari pihak berwajib yang anda dapat lihat bagi mengatasi masalah ini? 

/ 
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\ 

aji Selid~ Kejadian Banjir di Tempat Kediaman 
elaras defl'gan pra-syarat untuk Projek Tahun Akhir Universiti Teknologi PETRONAS (UTP)) 

op kajian: Batu Gajah, Perak Darul Ridzuan 

~i selidik ini dijalankan ootuk mendapatkan lebih maklumat berhuboog kejadian banjir di tempat 
diamap. anda sepanjang tahoo 2008. Oleh itu, karni ingin memohon kerjasama daripada pihak anda 
tuk m~Iengkapkan borang kaji selidik ini.Kerjasama daripada pihak anda amat dihargai dan 
1capkan terima kasih. 

Umur 
Jantina 
Pekerjaan 
Tempat tjnggal 

w 
(lid~ 
(\;V~\IG 
~ \ 'l.,v ~ /¥2-A tpA-y r:rfY1; i?A¥L!.A ~ 'Jfrli 

I. Pemallk~ tempat kediaman I premis perniafaan anda dilanda banjir? 

IYA v I JIDAK 

2. Jik aya, be pakah ra anggaran k k OS ? erug~an. 

Kurang dari RMIOOO RM5001-RMIO,OOO v 
RMIOOO-RM5000 Lebih dari R.\1l 0,000 

3. B erapa am Wltu ea aan em l_j)_U 1 sepertt se 1 a. ------akah k k d k bar rh 
0 d"akal ? 

1-3 hari I minggiJ-2 minggiJ v 
4-7 hari Lebih dari 2 minggu 

. ~-. 

4. B era]Ja am akah 
0 

ka .Jangt masapem be "h rst an se epas 1 an anJlr. d"I dab ·'? 

I hari 5 hari 

2 hari 6 hari 

3 hari 7 hari 

4 hari v Lebih dari seminggiJ 

,.";· 



\"SI\-1-flSllt 
:tx:"•Nota 
t·t 1110'<"~ 

Mohd Arman B. Meohan 
5553 Civil Engineering 
Final Year Project II 
Universiti Teknologi Petronas 

5. Adakah da an mengam 1 se arang tm 1 perse 1aan nuseeum an annr. b"l b . dakan d" be "k t b I dil dab .. ? 

Mendapatkan jaminan insurans v 
Membersihkan longkang kecil di sekitar rumah I premis perniagaan 

Memastikan tiada barang-barang berharga berada di tempat yang berisiko 
untuk tenggelam 

Mernindahkan barang-barang berharga ke tempat yang selamat 

6. Jika anda menjawab tidak untuk soalan (5), adakah anda akan mengambil tindakan-tindakan ini 
pada masa akan datang? 

7. Adakah anda diberikan sebarang amaran/peinberitahuan sebelum kejadian banjir berlaku? 
Jika Ya, apakah bentuk amaran yang diberikan? 

8. Apakah tindakan dari pihak berwajib yang anda dapat lihat bagi mengatasi masalah ini? 
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tji Selidik Kejadian Banjir di Tempat Kediaman 
elaras dengan pra-syarat untuk Projek Tahun Akhir Uoiversiti Teknologi PETRONAS (UTP)) 

.op kajian : Batu Gajah, Perak Darul Ridzuan 

\ii selidik ini dijalankan untuk mendapatkan lebih maklumat berhubung kejadian banjir eli tempat 
diaman anda sepanjang tahun 2008. Oleh itu, karni ingin memohon ke~jasama daripada pihak anda 
tuk melengkapkan borang kaji selidik ini.Keijasarna daripada pihak anda amat dihargai dan 
1capkan terirna kasih. 

Umur 
Jantina 
Pekeijaan 
Tempat tinggal 

I. Pernahkah tempat kediaman I premis vafaan anda dilanda banjir? 

lu I JIDM 

2. Jika ya, berapakah angEaran kos kerugian? 

Kurang dari RM I 000 RM5001-RMIO,OOO 

RMI OOO-RM5000 Lebih dari R..\11 0,000 

3. B erapa am akah untu ea aan C_!ll.c _ljl I k k d k bar ul"h sepert1 se 1 a. . d"akal ? 
-

1-3 hari v I minggu-2 minggu 

4-7 hari Lebih dari 2 minggu 

4. B erapa am akah. k .Jangl amasa pem be "h rsr an se epas 1 an anpr. d"l dab .. ? 

1 hari v 5 hari 

2 hari 6 hari 

3 hari 7 hari 

4 hari Lebih dari seminggu 

J 
-
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5. Adakah da an mengam 1 se arang tm b"l b . dak an perse Iaan n see urn an anJrr. be "kut b I dil da b .. ? 

Mendapatkan jaminan insurans v 
Membersihkan longkang kecil di sekitar rumah I premis perniagaan v 
Memastikan tiada barang-barang berharga berada di tempat yang berisiko v untuk tenggelam 

Mernindahkan barang-barang berharga ke tempat yang selamat v 

6. Jika anda menjawab tidak untuk soalan (5), adakah anda akan mengambil tindakan-tindakan ini 
pada masa akan datang? 

7. Adakah anda diberikan sebarang amaran/peinberitahuan sebelum kejadian banjir berlaku? 
Jika Ya, apakah bentuk amaran yang diberikan? 

8. Apakah tindakan dari pihak berwajib yang anda dapat lihat bagi mengatasi masalah ini? 
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llji Selidik Kejadian Banjir di Tempat Kediaman 
elaras dengan pra-syarat untuk Projek Tahun Akhir Universiti Teknologi PETRONAS (UTP)) 

:op kajian : Batu Gajah, Perak Darul Ridzuan 

~i selidik ini dijalankan untuk mendapatkan lebih maklumat berhubung kejadian banjir di tempat 
diaman anda sepanjang tahun 2008. Oleh itu, kami ingin memohon keljasama daripada pihak anda 
tuk melengkapkan borang kaji selidik ini.Keljasama daripada pihak anda amat dihargai dan 
Jcapkan terirna kasih. 

Umur 
Jantina 
Pekeljaan 
Tempat tinggal 

I. Pernahkah tern at kediaman I 
YA 

rnia aan anda dilanda banjir? 

TIDAK 

2. ik J a va, berapakah anggaran k k os erucian? 
Kurang dari RMIOOO RM5001-RMIO,OOO 

RMIOOO-RM5000 Lebih dari R.\11 0,000 

3. Beraoa lam akah untuk kea em 1 oulih seoertJ se 1 daan k bal. . d.akal a? ---
1-3 hari 1 rninggu-2 minggu 

4-7 hari Lebih dari 2 rninggu 

4. Beraoa lamakah iangka masa oembersihan seleoas dilanda baniir? 
I hari 5 hari 

2 hari . 6 hari 

3 hari 7 hari 

4 hari Lebih dari seminggu 

v 

~ 

v 
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S. dakah da A an mengam 1 se arang tm , perse man n utse e urn an ail_! IT. b"l b . dakan d" be "k bl dil dab .. ? 

M~ndapatkanjaminan insurans x 
Membersihkan longkang kecil di sekitar rumah I prernis perniagaan ~ 
Memastikan tiada barang-barang berharga berada di tempat yang berisiko ~ 
untuk tenggelam 

Mernindahkan barang-barang berharga ke tempat yang selamat L.-/ 

6. Jika anda menjawab tidak untuk soalan (S), adakah anda akan mengambil tindakan-tindakan ini 
pada masa akan datang? 

3we~ ~~cr 

7. Adakah anda diberikan sebarang amaran/peinberitahuan sebelum kejadian banjir berlaku? 
Jika Ya, apakah beiltuk amaran yang diberikan? 

cL· h'A ~I'YV' Sl \G>-Qi ' 

8. Apilkah tindakan dari pihak berwajib yang anda dapat lihat bagi mengatasi masalah ini? 

J: ~ L 1A r" :as- &A Dvozj ~r\ 
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11.ji Selidik Kejadian Banjir di Tempat Kediaman 
elaras dengan pra-syarat untuk Projek Tahun Akhir Universiti Teknologi PETRONAS (UTP)) 

:op kajian : Batu Gajah, Perak Darul Ridzuan 

~i selidik ini dijalankan untuk mendapatkan lebih maklumat berhubung kejadian banjir di tempat 
diaman anda sepanjang tahun 2008. Oleh itu, karni ingin memohon kerjasama daripada pihak anda 
tuk melengkapkan borang kaji selidik ini.Ketjasama daripada pihak anda amat dihargai dan 
1capkan terima kasih. 

Umur 
Jantina 
Pekerjaan 
Tempat tinggal 

:to~ 
:~ 
: H"K.f ~ d-"\ 
:~.~~ 

I. Pernahkah tempat kediaman I premis perniaraan anda dilanda banjir? 

IvA IV _TIDAK 

2. Jika ya, berapakah anggaran kos kerugian? 

Kurang dari RMIOOO t/ RM500I -RMJO,OOO 

RMI OOO-RM5000 Lebih dari R.\11 0,000 

3. Beraoa lamakah untuk keadaan kelll_b~.Jl_ulih seperti sediakala? 
I-3 hari v I rninggu-2 minggu 

4-7 hari Lebih dari 2 rninggu 

4. Beraoa lamakah ian!!ka masa pembersihan selepas dilanda banjir? 
I hari 5 hari 

2 hari t/ 6 hari 

3 hari 7 hari 

4 hari Lebih dari seminggu 



l'"ii\'I·.IIS!ll 
:IJ>.'<H ()(;J 

1"1 I RO'< ,._ 

Mohd Arman B. Meohan 
55~ 3 Ci vii Engineering 
final Year Project II 
Universiti Teknologi Petronas 

5. Adakah da an mengam 1 se arang tm 1 perse 1aan n utse eurn an anj!L b'l b . dakan d' be 'k bl dil dab"? 

Mendapatkan jarninan insurans 

Membersihkan longkang kecil di sekitar rurnah I prernis perniagaan v 
Memastikan tiada barang-barang berharga berada di tempat yang berisiko 

/" untuk tenggelam 

Mernindahkan barang-barang berharga ke tempat yang selamat v 

6. Jika anda menjawab tidak untuk soalan (5), adakah anda akan mengambil tindakan-tindakan ini 
pada masa akan datang? 

7. Adakah anda diberikan sebarang amaran/peinberitahuan sebelum kejadian banjir berlaku? 
Jika Ya, apakah bentuk amaran yang diberikan? 

1~ 

8. Apakah tindakan dari pihak berwajib yang anda dapat lihat bagi mengatasi masalah ini? 

• ~ ~ ~~ ~~ ~~ ~~ ""~ .\l~c.__\1-e-CA 

~~ ~ /i'l~ ~~~~. ~~ ~~ 
j~ ~~ ~~""' ~4~· 
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lji Selidik Kejadian Banjir di Tempat Kediaman 
elaras dengan pra-syarat untuk Projek Tahun Akhir Universiti Teknologi PETRONAS (UTP)) 

op kajian : Batu Gajah, Perak Darul Ridzuan 

gi selidik ini dijalankan untuk mendapatkan lebih maklumat berhubung kejadian banjir di tempat 
diaman anda sepanjang tahun 2008. Oleh itu, kami ingin memohon keijasama daripada pihak anda 
tuk melengkapkan borang kaji selidik ini.Keijasama daripada pihak anda amat dihargai dan 
1capkan terima kasih. 

Umur 
Jantina 
Pekeijaan 
Tempat tinggal 

:s~ 

~ttolo"J P~t~ tz~sAk!,~ C,~Cb\0.1-0vf"O.J"~ 
f<-d- s ... "~ ·~ ~ 

I. Pernahkah tempat kediaman I premis perniafaan anda dilanda banjir? 

IvA I _TIDAK 1~.--
2. Jika va, beranakah anggaran kos kerugian? 

Kurang dari RMIOOO RM500!-RMIO,OOO 

RMIOOO-RM5000 Lebih dari R.\11 0,000 

3. Berapa lamakah untuk keadaan kembal!_p_lllih seperti sediakala? 

~-3 hari r fuminggu-2 minggu 
4-7 hari Lebih dari 2 minggu 

4. Berapa lamakah iangka masa oembersihan selepas dilanda banjir? 
I hari 5hari 

2 hari 6 hari 

3 hari 7 hari 

4 hari Lebih dari seminggu 

I 
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5. dakah da A an mengam 1 se arang tm b'l b . dakan perse 1aan n tse e urn an an]Ir. d' be 'ku b I dil dab .. ? 

Mtrndapatkan jaminan insurans 

Membersihkan longkang kecil di sekitar nnnah I premis perniagaan ~ 
Memastikan tiada barang-barang berharga berada di tempat yang berisiko v untuk tenggelam 

Mernindahkan barang-barang berharga ke tempat yang selamat 

6. Jika anda menjawab tidak untuk soalan (5), adakah anda akan mengambil tindakan-tindakan ini 
pada masa akan datang? 

Y0r. 

7. Adakah anda diberikan sebarang amaranlpeinberitahuan sebelum kejadian banjir berlaku? 
Jika Y a, apakah bentuk amaran yang diberikan? 

8. Apakah tindakan dari pihak berwajib yang anda dapat lihat bagi mengatasi masalah ini? 



I 
1\.lkS!ll 
;. \;lllllt~l 
I Rf!'<,O,S 

Mohd Annan B.Meohan 
5553 Civil Engineering 
Final Year Project II 
Universiti Teknologi Petronas 

lji Selidik Kejadian Banjir di Tempat Kediaman 
elaras dengan pra-syarat untuk Projek Tahun Akhir Universiti Teknologi PETRONAS (UTP)) 

op kajian : Batu Gajah, Perak Darul Ridzuan 

~i selidik ini dijalankan untuk mendapatkan Iebih maklumat berhubung kejadian banjir di tempat 
diaman anda sepanjang tahun 2008. Oleh itu, kami ingin memohon keijasama daripada pihak anda 
tuk melengkapkan borang kaji selidik ini.Keijasama daripada pihak anda amat dihargai dan 
1capkan terima kasih. 

Umur 
Jantina 
Pekeijaan 
Tempat tinggal 

I. Pemahkah tempat kediaman I premis perniafaan anda dilanda banjir? 

IYA I _TIDAK 

2. Jika y_a, berapakah anggaran kos kerugian? 

Kurang dari RMIOOO RM5001-RMIO,OOO 

RMI 000-RMSOOO Lebih dari R.\11 0,000 

3. Berapa lamakah untuk keadaan kembali_]J'!iih seperti sediakala? 

~-3 hari F TI minggu-2 minggu 
4-7 hari Lebih dari 2 minggu 

4. B el1lpa am akah. k . Jangl a masa pem rs1 an se epas be "h I 1 an anpr. d"l dab .. ? 

I hari 5 hari 

2 hari 6 hari 

3 hari 7 hari 

4 hari Lebih dari seminggu 

lv 
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5. Adakah da an mengam 1 se arang m 1 perse taan nuseeum an anur. __ b"l b f dakan d" be "k t b 1 dil dab .. ? 

Mendapatkan jaminan insurans 

Melnbersihkan longkang kecil di sekitar rumah I premis perniagaan v 
Memastikan tiada barang-barang berharga berada di tempat yang berisiko 
untuk tenggelam 

Memindahkan barang-barang berharga ke tempat yang selamat 

6. Jika anda menjawab tidak untuk soalan (5), adakah anda akan mengambil tindakan-tindakan ini 
pada masa akan datang? 

7. Adakah anda diberikan sebarang amaran/peinberitahuan sebelum kejadian banjir berlaku? . 
Jika Ya, apakah bentuk amaran yang diberikan? 

8. Apakah tindakan dari pihak berwajib yang anda dapat lihat bagi mengatasi masalah ini? 

; 2 
,'!;! e WI 0e:r <O:(, h k~ n (D "jfcqf.;!j ~ 
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1ji Selidik Kejadian Banjir di Tempat Kediaman 
elaras dengan pra-syarat untuk Projek Tahun Akhir Universiti Teknologi PETRONAS (UTP)) 

op kajian : Batu Gajah, Perak Darul Ridzuan 

~i selidik ini dijalankan untuk mendapatkan lebih maklumat berhubung kejadian banjir di tempat 
diaman anda sepanjang tahun 2008. Oleh itu, kami ingin memohon kerjasama daripada pihak anda 
tuk melengkapkan borang kaji selidik ini.Kerjasama daripada pihak anda amat dihargai dan 
tcapkan terirna kasih. 

Umur 
Jantina 
Pekerjaan 
Tempat tinggal 

I. Pemahkah tempat kediaman I premis pemiafaan anda dilanda banjir? 

lu I JIDM 

2. Jika va, beranakah anggaran kos keft!gian? r+---

Kurang dari RM!OOO / RM5001-RM10,000 

RMI OOO-RM5000 I/ Lebih dari R..\11 0,000 

4-7 hari Lebih dari 2 minggu 

4. Beraoa lamakah ian!!ka masa oembersihan seleJ:las dilanda banjir? 

I hari 5 hari 

2 hari / 6 hari 

3 hari I/ 7 hari 

4 hari Lebih dari seminggu 
. 

VI 

~ 
I/ 

/ 

/ 
I 

I' 
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5. Adakah da an rnengam 1 se arang m 1 perse man en use eurn an an)rr. b'l b ( dakan d' b 'k t b I dil dab .. ? 

Mendapatkan jarninan insurans 

Mernbersihkan longkang kecil di sekitar rurnah I prernis perniagaan /1 
Mernastikan tiada barang-barang berharga berada di tempat yang berisiko I untuk tenggelam 

Memindahkan barang-barang berharga ke tempat yang selamat 

6. Jika anda menjawab tidak untuk soalan (5), adakah anda akan mengambil tindakan-tindakan ini 
pada masa akan datang? 

'~9'91< 

7. Adakah anda diberikan sebarang amaran/peinberitahuan sebelurn kejadian banjir berlaku? 
Jika Ya, apakah beiltuk amaran yang diberikan? 

~/)4-

8. Apakah tindakan dari pihak berwajib yang anda dapat lihat bagi mengatasi masalah ini? 

~'Y A\<._ 



Flood Questionnaire 

1. Did your home, contents and possession suffer from flood damage? 

YES 15 NO 5 

2. If yes, how much is the estimated lost? 

Below RM1000 18 
RM1000-RM5000 0 
RM5001-RM10000 2 
more than RM 1 0000 0 

3. How long it takes to get back to daily routine? 

1-3 days 
4-7 days 
1-2 weeks 
more than 2 weeks 

18 
1 
1 
0 

4. How much time spent for cleanups? 

1 days 
2 days 
3 days 
more 

11 
3 
4 
1 

5. Have you taken any mitigation measures before the floods? 

take insurance 
keep drain around property clean 
moved property, stock 
Avoid keeping valuables on ground floor 

6. If not, would you intend to take one after this? 

YES 19 NO 1 

2 
6 
5 

12 

7. Have you been warned or noticed prior to the flood occurrence? 
If yes, by whom and how? 

YES 1 NO 19 

8. Do you noticed any corrective, mitigative measure taken by authority in subsequent 
of the flood event? 

YES 4 NO 16 


