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ABSTRACT

The Singaporean government’s Public Utilities Board aims to open Kranji and Marina
Reservoirs to the public for recreational use. Thus, the water bodies have to be safe from fecal
contamination in order to protect the people’s health during water-contact activities. Under the
Singapore-MIT Alliance for Research and Technology (SMART) program, faculty and students
from Nanyang Technological University and MIT have worked together to conduct
bacteriological studies at both Kranji and Marina catchments and their reservoirs. Storm water,
especially from urban landscapes, contains elevated concentrations of total coliform, E. coli, and
enterococci bacteria. The goal of this study was to review, classify, and evaluate wet- and dry-
weather bacteria samples dating back to 2005 with a focus on grab-samples collected by
Nshimyimana (2010) in 2009 and samples collected during January 2011 field work at Choa Chu
Kang Crescent, Bras Basah, and Verde. These bacteriological samples were collected from high
density residential (HDR), low density residential, forested, and commercial areas.

Evaluation of the relationship between concentration and flow showed a linear increase in
bacteria concentrations with flow in storm water from mixed forested and HDR areas, a pattern
that is consistent with nonpoint source runoff, while commercial areas exhibited peak
concentrations during low and high, but not intermediate, flows indicating contributions from
both nonpoint and point sources. Likely point sources are sanitary sewer leakage due to aging
infrastructure in the commercial area. All measured concentrations exceeded Singapore and
USEPA’s recommended bacterial levels for recreational water. Hence, more wet-weather
sampling is recommended in order to collect data on bacterial concentrations so that more robust
statistical analyses can be performed in future studies. The elevated bacterial concentrations
during wet weather from this study indicate that extra precaution should be taken to manage
discharge of storm water into receiving waters before they are made accessible to the public.
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Chapter 1: Introduction

This chapter was prepared collaboratively with Ryan Bossis and Yangyue Zhang.

1.1 Singapore Background

Singapore is located at the southern tip of Malaysia, and is 137 kilometers north of the equator.
The total area of the entire country spans approximately 710 km® (Granger, 2010) and the
country's current population is estimated to be around five million with a growth of 1% per
annum (Nshimyimana, 2010). Singapore’s free market economy has enjoyed almost
uninterrupted growth since 1965, when it won its independence. The city-state has one of the
highest per capital GDPs in the world ($45,000) with a standard of living comparable to North
America and Western Europe. Among all the industries, the tourism industry is the best
developed in that it generated $12.8 billion in receipts from a record of 9.7 million visitors in
2009.

Figure 1.1: Map of Singapore (Bing.com, 2011)

The climate in the Southeast Asian region is typically humid, rainy and tropical with two main
monsoon seasons from December to March and June to September, and inter-monsoon periods in
between typically characterized by heavy thunderstorms in the afternoons. Singapore receives
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around 2400 mm of rainfall a year, which is above the global average of 1050 mm per year.
However, lack of land and thus limited catchment area to collect rainwater, coupled with the
high evaporation rates in the country, have caused Singapore to be classified as a water-scarce
country. On the United Nations’ list of country’s fresh water availability, Singapore ranks 170
out of 190 (Tan et al., 2009).

1.2 Water Issues and Water Management
1.2.1 Singapore’s Water Supply — The Four National Taps

Singapore has developed water supply for their population through what they describe as their
“Four National Taps”: water from local catchments, imported water from their neighbor country
Malaysia, NEWater, and desalinated water. The demand for domestic water was 75 liters per
capita per day in 1965 when the population of Singapore was at 1.9 million (Tan et al., 2009).
Singapore’s current population is 5.1 million people (S. Department of Statistics, 2011) and the
current domestic water demand is at 154 liters per capita per day (Ministry of the Environment
and Water Resources, 2011). With the projected population growth and an increasing demand for
water per capita, the country is planning ahead to meet future needs.

Singapore does not have natural aquifers or lakes. The country draws water from 17 constructed
reservoirs with storage water collected using a comprehensive network of drains, canals, rivers,
and stormwater collection ponds. These catchments form Singapore’s 1% National Tap (PUB,
2010). Figure 1.2 shows the 17 reservoirs (Pulau Tekong in the upper right corner is also a
reservoir) (PUB, 2011).

The 2™ National Tap is imported water from Johor, Malaysia. Under a 1961 and revised 1962
Water Agreement with Malaysia, Singapore has the full and exclusive right and liberty to draw
off, take, impound, and use all (raw) water from the Johor River up to a maximum of 250 million
gallons per day with a payment of 3 cents per 1000 gallons (PUB, 2010). The 1961 and 1962
Agreements will expire in 2011 and 2061 respectively. Singapore is planning for self sufficiency
when the Water Agreements to import water from Malaysia expire in 2011 and 2061.

NEWater, the 3™ National Tap, is reclaimed municipal wastewater treated using advanced
membrane technologies and supplies 30% of Singapore’s total water demand. There are
currently five NEWater plants—Bedok (online in 2003), Kranji (2003), Seletar (2004), Ulu
Pandan (2007), and Changi (2010) (PUB, 2010).

Singapore’s 4™ National Tap was turned online in September 2005 in the form of the SingSpring
Desalination Plant in Tuas. The plant produces 30 million gallons of water per day using reverse

osmosis (PUB, 2010).
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Figure 1.2: Singapore's 17 Reservoirs

1.2.2 Current Campaign — Active, Beautiful, Clean Waters Programme

Via the Active, Beautiful, Clean Waters (ABC Waters) Programme, Singapore’s Public Utilities
Board (PUB) aims to transform the drains, canals, and reservoirs within the country into
beautiful and vibrant streams, rivers, and lakes. The program’s main objectives are to (1)
transform water bodies into lifestyle attractions for the public in addition to functioning as
collection, storage, and drainage systems; (2) involve People-Public-Private (3P) resources in
developing water bodies into community spaces while at the same time maintaining water
quality; (3) play the role of the umbrella program that connects all water management initiatives
within the country; and (4) integrate water conservation into the community’s lifestyle (PUB,
2008). PUB aims to transform two thirds of the country into a massive water catchment by the
year 2011 (PUB, 2010).

PUB developed a Masterplan to identifying potential water catchment projects across the
country. These projects would be implemented in phases over the span of ten to fifteen years
with the first five-year plan being from 2007 to 2011. PUB divided the map of Singapore into
three “watersheds”: the Western, Eastern and Central Catchments, with respective themes and
projects. The goal is to provide a suitable water management system to capture freshwater and
additionally provide the public with water recreational activities.
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1.3 Kranji and Marina Reservoirs

Kranji and Marina Reservoirs are two of the many reservoirs in Singapore being opened to the
public under the ABC Waters Programme. Figure 1.2 shows both catchments relative to one
another in size and distance. Kranji Catchment covers an area of 6,100 hectares whereas Marina
Catchment covers an area of approximately 10,000 hectares.

1.3.1 Development of Kranji Reservoir

Kranji Catchment is a largely rural and underdeveloped area and has some of the most important
nature areas in Singapore. Figure 1.3 shows the breakdown of water catchments in the Western
Catchment, with Kranji Reservoir included in the figure at the northern corner and Figure 1.4
shows the Western Catchment’s location within Singapore.

Kranji Reservoir is a drinking water reservoir in the northwest region of Singapore and is
managed by Singapore Public Utilities Board (PUB). Kranji Reservoir has three main tributaries,
Sungei Kangkar, Sungei Tengah, and Sungei Peng Siang. The reservoir, despite its strength in
natural beauty, open space availability, and ecological uniqueness, has low visitor rates due to
lack of transportation, poor access, and relatively isolated areas at the reservoir. Due to the
availability of large undeveloped land however, Kranji Reservoir had high recreational potential
among other reservoirs in the Western Catchment (Tan ef al., 2009). Under the 2003 Masterplan,
the Urban Redevelopment Authority (URA) of Singapore proposes to develop a tropical
wetlands experience for the public around the Kranji freshwater marshes (PUB, 2003).

Figure 1.3: Western Catchment with Kranji Reservoir included (PUB, 2007)
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Western Catchment Boundary

Figure 1.4: Location of Western Catchment within Singapore (APWA, 2010)

1.3.2 Marina Reservoir

Marina Reservoir was formed in 2008 and is Singapore’s 15" reservoir. It is the first reservoir
in the center city and has the largest and most urbanized catchment. Marina Catchment
(highlighted in Figure 1.5) spans 10,000 hectares as previously mentioned (1/6™ the area of
Singapore), and includes drains from some of the main areas of Singapore including Orchard
Road, Ang Mo Kio, Paya Lebar, Alexandra, and other parts of the business district. This
includes some of the oldest developments in Singapore. The mouth of the reservoir was
dammed by the Marina Barrage and combined with the Punggol and Serangoon Reservoirs,
aims to increase the country’s water catchment area to two thirds of the total land area. PUB
estimates the reservoir to supply more than 10% of Singapore’s water demand. Sungei
Singapore, Sungei Kallang, Sungei Geylang, and Rochor Channel (a tributary of Sungei
Kallang) are the main tributaries flowing into Marina Reservoir. Excess water will be channeled
into the existing Upper Peirce Reservoir for storage purposes. As of now, Marina Reservoir is
still in transition from sea water to fresh water but Marina Barrage aims to keep out all the salt
water from the reservoir.
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Figure 1.5: Location of Marina Catchment within Singapore (PUB, 2010)
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Chapter 2: Analysis of Wet- and Dry-Weather Bacterial Loadings

2.1 Scope of Study
2.1.1 Reclassification of Wet- and Dry-Weather Samples from Nshimyimana (2010)

Dry and wet weather loadings of human fecal pollution sources at Kranji catchment were
compared by Nshimyimana (2010). Water samples were collected at various points within the
catchment during January 2009, June-July 2009, and January 2010, and analyzed for bacterial
concentrations. January 2009 was classified as a dry period with total rainfall during the month
of only 23 mm, June-July 2009 was classified as a wet period with total rainfall of 248 mm.
Similarly, Nshimyimana classified January 2010 as wet weather based on total rainfall of 729
mm. Figure 2.1 shows a histogram of his results indicating the percentage of samples observed to
fall within the indicated ranges of E. coli concentration for both dry and wet weather conditions.
Results were described as having small but significant differences in the frequency distributions
of wet and dry weather.

[

400
|

g

® Wet Weather
= Dry Weatber

Percentage of Observations

LE ]

01 110 10-10° 1010 10010° 10%-10° 10%10° 10107 107.16" TNTC
Logarithmic Intervals (CFU/ 100 ml)

| Figure 6.2 Comparison of Frequency Percentages of All E. coli Data Recorded under Dry
(January 2009) and Wet Weather (July 2009 and January 2010)

Figure 2.1: Results of Percentage Observations of Wet- and Dry-Weather E. coli Loadings
(Nshimyimana, 2010)
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Figure 2.2 shows rainfall recorded at different sampling stations during January and June-July
2009 and January 2010 in millimeters of rain while Figure 2.3 shows the amount of rainfall in
January 2009. Rainfall during January 2009 was measured only at the KC2 (Pang-Siang 1)
monitoring station since that was the only station in operation at that time whereas by June-July
2009 and January 2010, KC1, KC2 (Pang Siang, Pang Siang-1), KC3, KC4 (Tengah), KC6
(Kangkar), and KC7 (Pang Sua-2) stations went into operation and rainfall could therefore be
measured (Nshimyimana, 2010). Rainfall was recorded at five-minute intervals throughout the
year in units of millimeters. Flow velocity in meters per second and water surface levels in
meters were also recorded by loggers in adjacent drainage channels.

200.0

180.0 ®Jun-09 |—
W Jul-09

160.0

® Jan-10

140.0

120.0

100.0

Rainfall in mm

Pang Siang Pang Siang-1 Tengah Kangarkar Pang Sua-2

Kranji Sub-catchments

Figure 2.2: January 2009, June-July 2009, and January 2010 Rainfall (mm) for various Sub-
catchments within Kranji (NTU, 2010) (NR = not recorded)
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Figure 2.3: January 2009 Rainfall (mm) for Kranji Catchment (NTU, 2009)

It rained only on January 10", 20" and 31 in 2009 (Figure 2.3) at Pang Siang-1 and based on
field observations, no samples were collected at Pang Siang-1 during those dates. Hence, the dry
weather samples were definite dry weather samples. There is uncertainty as to whether or not the
June to July 2009 and January 2010 samples were truly wet weather samples. In actuality, wet-
weather samples should be samples collected during or after particular storm events. Using “total
rainfall” (248 mm and 729 mm) was an inaccurate representation of weather conditions during
that particular month. Although the process of sample collection was extensive, better
conclusions regarding comparisons between bacteriological levels during storm and dry weather
conditions can be made if those previous samples are categorized more accurately.

Hence, this study firstly aims to reclassify the wet- and dry-weather bacterial samples presented
by Nshimyimana (2010). In order to reclassify the samples, rainfall intensities and discharge per
sampling event had to be determined. Rainfall data for the storm events were compiled by
SysEng (S) Pte. Ltd. and Greenspan Pte. Ltd. which are both based in Singapore. Rainfall
intensity in millimeters is continuously being recorded at different rain gauging stations
(represented by the red circles and black crosses in Figure 2.4) located in Kranji Catchment in
Singapore. The rain amount is recorded at I-minute, 5-minute and 10-minute intervals.
Discharges during storm events were obtained from measurements recorded in the field and the
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peak flow was identified for each sampling event (i.e. from flow values from start of sampling to
end of sampling only). Windows Technical Release 55 (WinTR-55) was used to find peak
discharges at stations at which field measurements were not available. The methodology for this
determination is described in Chapter 5.

Figure 2.4: NTU Catchment and Reservoir Gauging Stations (NTU, 2008)

2.1.2 Identifying Bacteriological Levels in Storm Runoff

This study secondly intends to identify typical bacteriological levels in storm runoff in Kranji
Catchment and in the commercial section of Marina Catchment for different land uses based on
analysis of sampling data collected from 2006 to 2011. Both wet- and dry-weather bacterial
concentrations were compiled from previous and current studies conducted by students from the
Massachusetts Institute of Technology (MIT) and Nanyang Technological University (NTU).
Specifically, information was gathered from the final project report Water Quality Monitoring,
Modelling and Management for Kranji Catchment/Reservoir System — Phases 1 and 2 submitted
by the Division of Environmental and Water Resources Engineering of the School of Civil and

21



Environmental Engineering at NTU to PUB (NTU, 2008), Bacteriological Studies for Kranji
Catchment by Lee Li Jun of NTU (Lee, 2009), Evaluating Human Fecal Contamination Sources
in Kranji Reservoir Catchment, Singapore by Jean Pierre Nshimyimana of MIT (Nshimyimana,
2010), and data collected in January 2011 at Choa Chu Kang Crescent, Verde, and Bras Basah.
Chapter 3 discusses the datasets for wet- and dry-weather sampling events from 2005 to 2010.

The objective of the wet- and dry-weather sampling conducted in 2011 (described in Chapter 4)
was to obtain 12-hour series of bacterial concentrations from selected land use types draining
into Kranji and Marina Reservoirs. This 12-hour sampling captured the fluxes of bacteria due to
human activities such as cooking during lunch and dinner hours, as well as laundry in the
mornings. It provides a better representation of fecal contamination at a certain area compared to
results from grab sampling. This new dataset of bacterial concentrations in addition to previous
years’ datasets of bacterial concentrations will have been collected from a range of different land
use types including High Density Residential (HDR), Low Density Residential (LDR),
Commercial, and Forested areas. Those datasets were then reviewed for their usability for
analysis. Results are presented in Chapter 6 in the form of derived concentration versus flow
relationships.

The objective of deriving concentration versus flow relationships is to provide better
representation of fecal contamination sources. Areas where bacteria concentrations are higher
can be located and their peak loading times can be predicted based on rainfall and flow levels.
With such knowledge, best management practice designs by Singapore’s PUB could be better
catered to suit different locations. Therefore, if wet- and dry-weather bacterial loadings could be
reclassified more precisely and their sources identified, adequate preventive steps could be taken
to protect the public from probable health risks.

2.2 Bacterial Concentrations in Storm Runoff
This section was written in collaboration with Yangyue Zhang.

Previous studies have shown elevated indicator bacteria concentrations in storm runoff from
urban areas and in streams. Based on microbial analysis, Overcash and Davidson (1980) found
that densities of indicator microorganisms in storm runoff were usually tenfold higher than
densities in urban streams and were close to densities found in raw sewage. There is proof of
increased health effects to individuals swimming near storm-water outfalls in Santa Monica Bay,
California, and of elevated indicator bacteria concentrations in shellfish waters after storm events
(Hathaway et al., 2010). Infections of the skin, eyes, ears, nose, and throat may result from
contact with the water during such recreational activities as bathing, water skiing, boating, and
fishing (Thomann and Mueller, 1987). This is because common modes of transmission of
pathogens are through ingestion of contaminated water and food, and exposure to infected
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persons or animals. In the event that the runoff is redistributed to surface waters in use by the
public as could be done at Kranji and Marina Reservoirs, health risks to the public have to be
taken into consideration. Reservoirs may be closed permanently or intermittently during rainfall
conditions when high concentrations of pathogenic bacteria are discharged from urban runoff
and combined sewer overflows.

It is therefore important to identify concentration levels of bacteria being discharged into
receiving waters. Measurement approaches for bacteria in water include analysis for (a) indicator
bacterial groups that reflect the potential presence of pathogens, (b) the pathogenic bacteria
directly, (c) viruses, and (d) intestinal parasites. Of these, indicator bacteria are the most
commonly used and are discussed further in Section 2.3.

2.3 Indicator Microorganisms

This section was written in collaboration with Yangyue Zhang.

Indicator microorganisms are used to indicate the presence of pathogenic microorganisms or
fecal contamination. The ideal indicator organism can be described as (1) being usable for
different types of water sample environments but has no elevated growth rates whilst in water,
(2) being present whenever pathogens are present and therefore have densities with direct
relationships to degree of fecal pollution, (3) having survival times that are reasonably longer
than the survival times of pathogens being detected, and (4) being commonly found in the
intestines of warm-blooded animals (Maier et al, 2009). Indicator microorganisms are not
necessarily pathogenic but are found more often than not in parallel quantities to the amount of
fecal contamination (which contains pathogenic microorganisms) due to their presence in the
intestines and therefore feces of mammals.

While the use of bacterial indictors to measure water quality is widespread, no universal
agreement exists to indicate the most favorable indicator microorganism to be used. Presently,
the most commonly measured bacterial indicators include total coliforms and E. coli. Total
coliforms were first to be used in studies with a threshold of 2,300 CFU/100mL as an indicator
for detectable swimming-associated health effects based on observations in an epidemiology
study conducted by the United States Public Health Service (Dufour, 2001 as cited by Noble et
al., 2003). Following the use of total coliforms, E. coli (a subset of the fecal coliform group) was
established as the preferred indicator and its threshold was based on a series of epidemiological
studies carried out in sewage-impacted recreational waters (Cabelli et al., 1982; Dufour, 1984).
These studies demonstrated that that the concentration of E. coli correlated better with water-
contact-related illnesses in comparison with total coliforms. E. coli is a good indicator in fresh
water and is generally absent in unpolluted waters. More recently, enterococci has been
introduced as another indicator of fecal contamination. Enterococci is more persistent in water
and sediments compared to coliforms (Sobsey, 2007).
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However, the applicability of E. coli as an indicator organism in tropical climates has been
doubted (Lopez-Torres, 1987; Hazen, 1988) due to its growth in soils and waters in such
climates, and its poor survival in high salinity water, which might give low predictability of
health risks (Sobsey, 2007). Singapore is a tropical country with abundant rainfall throughout the
year. Hence, the efficiency of using E. coli as an indicator in this region might decrease.

In August 2008, Singapore’s National Environment Agency (NEA) adopted new water quality
guidelines for recreational water based on studies dating back to 2005 conducted by members of
NEA, PUB, the National Water Agency, National University of Singapore, and NTU. These new
guidelines apply to whole-body water contact activities which are also known as primary contact
activities. Enterococcus was stated to be the better indicator of gastrointestinal and respiratory
illnesses but E. coli is still used alongside as a water quality indicator in most bacterial studies in
Singapore (Dixon et al., 2009; Kerigan and Yeager 2009; Granger 2010; Nshimyimana 2010)
since there is no adequate amount of evidence to show that E. coli has failed to identify the
sources of fecal contamination. The 2008 NEA guidelines state that for recreational and fresh
water bodies, Enterococcus counts should be less than or equal to 200 CFU/100mL water 95% of
the time (NEA, 2008). The USEPA guidelines state 126 CFU/100mL for E. coli concentrations
and 33 CFU/100mL for enterococci (USEPA, 2003).

2.4 Point and Nonpoint Sources of Bacterial Loading

Bacterial pollution stems from two main groups; natural and man-made (Novotny and Chesters,
1981). These can be further categorized into point sources or nonpoint (diffuse) sources. Point
source pollution enters water bodies via identifiable locations and are easily measured or
quantified. Their impact can usually be evaluated directly. Major sources include effluent from
solid waste disposal sites, sewage treatment plants (STPs), or industrial sources. The flow of
point sources into surface water is steady, with relatively constant quality in which variability
ranges less than one order of magnitude. Point sources cause higher impact during dry (low-
flow) periods. Other parameters of interest besides bacterial loadings associated with point
sources include biological oxygen demand (BOD), dissolved oxygen (DO) content, nutrients,
and suspended solids.

Nonpoint source pollution usually enters surface waters due to meteorological events (Novotny
and Chesters, 1981). Their exact source is hard to identify as the pollution accumulates over a
large land area and is later transported overland before being discharged into surface waters.
Flow of nonpoint sources is highly dynamic in random intermittent intervals with variability
ranging at several orders of magnitude. Nonpoint sources cause most severe impacts during or
following storm events. Examples of nonpoint sources include land erosion, residues from
agricultural chemicals, or weathering of minerals. Their loading to surface water is a response of
drainage area to a storm event which usually has limited duration; from a fraction of an hour to
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two days. The magnitude of nonpoint sources depends on rain volume, intensity, quality,
duration of previous dry period and others. Parameters of interest besides bacterial loadings
include amount of sediments, nutrients, toxic substances, DO concentrations and pH.

2.5 Defining a Storm Event

According to Hathaway e al. (2010), a storm event is defined as “any rainfall event which
produces runoff in excess of base flow.” Base flow or base runoff is defined by the United States
Geological Survey (USGS) as sustained or fair weather runoff, composed largely of groundwater
effluent (Langbein and Iseri, 2008). Stream flows mostly consist of both groundwater discharge
and land surface runoff (Schilling, 2010). Direct runoff and base runoff recede at different rates.
Direct runoff recession curves and base runoff recession curves are usually drawn to aid in
depicting the decreasing rate of runoff following a period of rain. For the purpose of this study,
samples collected in January of 2011 are considered storm samples if collected during rainfall
based on field observations. For samples collected in previous years, rainfall and discharge
values are obtained and are plotted with concentration as a secondary y axis against time, to find
an indication of where the samples lie during the storm.
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Chapter 3: Previous Wet and Dry Weather Sampling Events

Total coliform, E. coli, and enterococci bacteria samples had been collected during both storm
and dry weather in prior studies. Samples were collected in 2005 and 2006 using an autosampler
by a team formed by the Division of Environmental and Water Resources Engineering at NTU
(NTU, 2008). Lee Li Jun from the School of Civil and Environmental Engineering at NTU
carried out 18-hour sampling events in January and February of 2009 (Lee, 2009). Lastly, Jean
Pierre Nshimyimana from the Massachusetts Institute of Technology collected grab samples
during the months of January 2009 and June and July 2009 (Nshimyimana, 2010). Another team
of MIT students collected grab samples in January of 2010 (Foley et al., 2010).

The rainfall amount over time, time of sample collection, and discharge at the point of sampling
for each sampling event was reviewed to identify the usability of each dataset for the analysis of
wet and dry-weather bacterial concentrations. The dataset was considered usable if the following
were available: (1) the 24-hour rainfall amount over time at regular time intervals at the sampling
location, and/or (2) gauging record of the 24-hour discharge at the point of sampling, and most
importantly (3) the time at which samples were collected. These parameters were required so that
distributions of concentration and rainfall or discharge over time and of concentration versus
discharge could be plotted in order to identify typical bacteriological levels in storm runoff in
Kranji Catchment and parts of Marina Catchment in addition to reclassifying Nshimyimana’s
(2010) previous wet- and dry-weather bacteria samples.

3.1 November 2005 to February 2006 Sampling

Storm runoff was sampled under the Phase I and II Water Quality Monitoring, Modeling and
Management for Kranji Catchment/Reservoir System Project by the Division of Environmental
and Water Resources Engineering at NTU for PUB (NTU, 2008). Samples were collected at
KC1 (Bricklands Road) and KC2 (Choa Chu Kang Walk) using ISCO 6712 autosamplers during
the months of June 2005 to November 2006 and October 2006 to August 2007 respectively. The
autosamplers were set to be triggered when water levels in the drains rose to above base flow and
collected 24 one-liter samples at a time interval of 10 minutes. Rainfall, water flow levels, and
water velocity were logged at 5-minute intervals. The samples were analyzed for E. coli and
enterococci concentrations and results are shown in Table 3.1 and Table 3.2 below.
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Table 3.1: E. coli Density (MPN/100ml) for Gauging Stations KC1 and KC2

Bottle Analyzed
KC1 #3 #6 #9 #12 #15 #18 #21 #24
Time Sampled 4:55:00 AM | 5:25:00 AM | 5:55:00 AM | 6:25:00 AM | 6:55:00 AM | 7:25:00 AM | 7:55:00 AM | 8:25:00 AM
23-Nov-05 64,900 68,700 38,700 64,900 41,000 >242,000 43,500 17,300
Time Sampled - - - - - - - -
18-Jan-06 4,500 5,500 5,800 4,400 5,300 2,400 4,100 7,900
KC2 #1 #4 #7 #10 #13 #16 #19 #22
Time Sampled ) ) ) ) ) ) ) }
10-Dec-05 3,100 1,300 4,200 3,900 3,900 1,500 850 4,500
Time Sampled - - - - - - - -
25-Feb-06 740 3,600 2,500 2,700 4,600 7,900 16,700 7,500
Table 3.2: Enterococci Density (MPN/100ml) for Gauging Stations KC1 and KC2
Bottle Analyzed
KCl1 #3 #6 #9 #12 #15 #18 #21 #24
Time Sampled 4:55:00 AM | 5:25:00 AM | 5:55:00 AM | 6:25:00 AM | 6:55:00 AM | 7:25:00 AM | 7:55:00 AM | 8:25:00 AM
23-Nov-05 45690 34410 24810 27230 16070 19890 10390 6630
Time Sampled - - - - - - - -
18-Jan-06 4780 7820 5200 6050 4570 3450 4410 7890
KC2 #3 #6 #9 #12 #15 #18 #21 #24
Time Sampled 3 ) ) ) ) ) ) )
10-Dec-05 >24196 >24196 >241960 141360 >24196 >24196 >241960 >241960
Time Sampled 3 3 3 - - - 3 B
25-Feb-06 32700 5200 12200 28500 18900 20900 14600 12000
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Unfortunately, time-of-sampling information for the 10" of December 2005, 18™ of January
2006, and 25™ of February 2006 was not provided by the contractor hired for the work.
Therefore in the future, if sampling times could be obtained for the other events in this series,
further analysis on wet- and dry-weather bacterial concentrations could be carried out since this
series of data collected via autosampler shows a good distribution of bacterial loadings over
time. Dry weather sampling data were available (Table D-1 and D-2 in Appendix D) from this
series of sampling but unfortunately without the sample collection times, the E. coli and
enterococci concentrations could not be included in this analysis.

3.2 January & February 2009 18-Hour Water Sampling

Lee Li Jun (2009) collected first-flush storm-event samples at CP2 with the Isco 6712 Full-size
Portable Autosampler (Teledyne Isco, Inc., Lincoln, NB) set to collect at 10-minute intervals and
triggered to start collecting samples when water levels rose above 0.25 m. CP2 covers Peng
Siang sub-catchment and is located at Choa Chu Kang Walk. The Peng Siang sub-catchment
covers an area of 1300 ha and is 62% undeveloped area, 32% residential area, and 6%
agricultural area. Lee chose the site because previous studies (Tay et al., 2008) had shown that
CP2 had the highest bacteria level count. Analysis of samples collected during dry weather
shows both E. coli and enterococci bacterial concentration peaks at around 12:00 pm whereas
results from the wet weather samples showed first-flush effects and higher total coliform and E.
coli concentrations. Lee also concluded that this meant nonpoint source pollution was of
importance at KC2.
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Figure 3.1: Averaged Total Coliform for 18 hour Dry Weather Sampling during 21 & 22 Jan

2009 (Lee, 2009)
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Figure 3.4: Averaged E. coli for 18 hour Wet Weather Sampling during 10 & 11 Feb 2009

3.3 July 2009 Grab Sampling

(Lee, 2009)

Grab samples were collected by Jean Pierre Nshimyimana in July of 2009 (Nshimyimana, 2010).
Runoff samples were collected on 7™ and 9" of July 2009 from KC7, 15" of July 2009 at KC1,
KC2, KC3, KC5 and KC6, and 22™ of July 2009 from KC6. During the 2009 samplings, new
name codes were given to the sampling locations within the sub-catchments. The new labels are
shown in Table 3.3. Bacterial concentrations were obtained from Jean Pierre and from Eveline
Ekklesia. Rainfall data from KC1, KC2, KC6 and KC7 was obtained from databases provided by
SysEng (S) Pte. Ltd. and Greenspan Pte. Ltd.. Although bacterial concentration data were
available for KC3 and KCS5, rainfall data was not available as NTU did not have permission from
PUB to access the monitoring stations. Hence, those concentration values were not taken into

account for this report.
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Table 3.3: New Names for 2009 Sampling

Sub-catchment | 2008 NTU Sites 2009 Sampling Locations
Peng Siang KCl1 PBO1
Peng Siang KC2 PS01
Tengah KC3 THO1
Neo Tiew KC5 NTO1, NT02
Kangkar KCo6 KKO01,KK05, KK06
P S KC7 PUO02, PUO3, PUO4, PUOS5, PUO06,
PUO07, PUOY, PUO9, PU10, PU11

Nshimyimana’s raw data for January, June-July 2009 and January 2010 from his Kranji

Catchment Singapore Field Data Sheet was acquired and reviewed. Samples collected in January
2009 were confirmed to be dry-weather samples because all of them were collected outside of

storm events. Sampling events in July 2009 were highlighted and reevaluated to ascertain if they

fell into the storm sampling category based on field observations written in the notes and also on
rainfall data. Several of the sampling events were carried out during rainfall events and others
were collected before, after, or close to rainfall events. Unfortunately, sampling times for June
2009 and January 2010 samples were not available in the field data sheet. Hence, those sets of
bacterial samples could not be evaluated. Figures 3.5 to 3.10 show the sampling events which

were possible wet-weather data.
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Figure 3.5: 1 5 July 2009 Sampling Event at PB0I (KC1)
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Figure 3.6: 1 5t July 2009 Sampling Event at PS01 (KC2)
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Figure 3.7: 1 5t July 2009 Sampling Event at KK01 (KC6)
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Figure 3.8: 22 July 2009 Sampling Event at KK05 and KK06 (KC6)
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Figure 3.9: 7" July 2009 Sampling Event at PU02, PU03, PU04, PU0S (KC7)
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Figure 3.10: 9" July 2009 Sampling Event at PU06, PUO7, PU0Y, PU10, PU11 (KC7)
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Chapter 4: January 2011 Field Work

January 2011 field work was planned by Eveline Ekklesia and carried out by Ryan Bossis,
Genevieve Ho, and Yangyue Zhang. Three sampling locations were pre-selected for the field
work. Manual sampling by the students took place from 4™ January 2011 to 18" January 2011
and lasted from 8:00 am to 7:00 pm whereas an autosampler was configured to detect discharge
levels and automatically start collecting samples during the storm event on 8™ February 2011.

4.1 Sampling Locations

Sampling locations were selected by Eveline Ekklesia. They were selected to be representative of
high-density residential (HDR) areas, also known as Housing Development Board (HDB) areas,
low-density residential (LDR) areas, and commercial areas. Factors considered when choosing
the sites included total area covered, percentage of land usage being represented, and dry weather
flow level to meet sample volume requirements.

The first selected site was Choa Chu Kang (CCK) Crescent (N 1°24°4.8” E 103°45°34.2”) which
is the outlet point for drainage from an overall area of 37 hectares, and is 84% HDR (Figure 4.1).
The name code for CCK Crescent was KC whereby K stood for Kranji and C stood for CCK
Crescent. HDR areas at CCK Crescent consisted of high-rise flats and several grocery stores. The
specific sampling site was a covered drain that flowed into the canal and is shown in Figure 4.2.

The second site was Verde (N 1°23°29.9” E 103°45°9.7”), shown in Figures 4.3 and 4.4, which
drains an overall area of approximately 7 hectares and is 76% LDR. The name code for Verde
samples was KV. Verde’s neighborhood consisted of landed houses such as terrace houses and
semi-detached houses. The sampling site was the outlet point of drainage discharging into the
same canal as CCK Crescent.

The last site (Figures 4.5 through 4.7) was Bras Basah (N 1°18°13”, E 103°51°12”) which drains
an area of 16 hectares and is 65% commercial area. More specifically, the location was
surrounded by Hindu and Buddhist temples, an art gallery, a shopping complex, several eateries,
office buildings, parking garages, and hotels. Bras Basah is located at Singapore’s Historic
District and is also densely populated. Bras Basah samples were coded MB, with M standing for
the Marina Catchment.

CCK Crescent and Verde are both in Kranji Catchment and are within the catchment drained by
gauging station KC7 whereas Bras Basah is located in Marina Catchment and is in the area
tributary to gauging station MC11.
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Figure 4.2: Author Conducting Field Sampling and View of High Density Residential Properties
at Choa Chu Kang Crescent (Photographs by Eveline Ekklesia and Ryan Bossis)
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Sampling Site KV

Figure 4.4: MIT Student Conducting Field Sampling and Image of Low Density Residential
Properties at Verde (Photographs by Eveline Ekklesia and Ryan Bossis)
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Figure 4.6: NTU and MIT Students Sampling at Bras Basah and Drain Sampled
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Figure 4.7: Bras Basah Commercial Area

4.2 Collection of Dry Weather Samples

Dry weather samples were collected every hour on site. Samples were collected using an
adjustable Nasco Sampling Pole for Whirl-Pak® bags and a sterile Nasco 500-mL Whirl-Pak®
bag (Nasco, Fort Atkinson, WI). The Whirl-Pak® bag was fixed to the pole using a retainer ring
and the pole could be extended from six to 12 feet as needed. Two 100-mL and one 50-mL
Whirk-Pak® thio-bags (all sterile) were filled for every sampling time and stored in an ice box to
be sent to the laboratory for analysis. Bags were labeled with location names, day of sampling,
and time of sampling. Sterile gloves were used throughout the sampling process. Conductivity,
salinity, and pH were measured with a YSI meter and recorded. Samples were collected at CCK
Crescent on the 4™ and 19" of January 2011, at Verde on 6" and 12" January 2011, and at Bras
Basah on 10" and 18" January 2011.

4.3 Wet Weather Sampling

The most reliable kind of sampling is usually carried out manually with the requirement that
field personnel understand the methods and are on time with the sampling (Wanielista and
Yousef, 1993). However, storm events are hard to predict in the Singaporean climate. Although
thunderstorms are usually predicted in the afternoons, they are typically very scattered.
Therefore, autosamplers are sometimes used for convenience and are set to collect samples when
the water level rises to a certain level. In the event of wet weather at Bras Basah on the 10" of
January 2011, samples were collected every 20 minutes or 30 minutes by MIT students
depending on intensity of rainfall. Wet weather samples were collected using the Nasco
Sampling Pole. The Isco Model 3700 Sampler (Teledyne Isco, Inc., Lincoln, NB) was used to
collect wet weather samples at Verde on 8" February 2011. The autosampler was triggered to
collect samples when water levels reached 5.5cm at a time interval of 10 minutes. Rainfall and
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water level values were obtained from the EnVault website based on the Isco Model 3230 Flow
Meter (Teledyne Isco, Inc., Lincoln, NB).

4.4 Colilert® and Enterolert™ Systems

The Colilert® and Enterolert™ systems (IDEXX Laboratories, Inc., Westbrook, ME) were used
for the Most Probable Number (MPN) test to detect total coliforms and E. coli, and enterococci.
The Colilert® reagent consists of salts, nitrogen, carbon and indicator-nutrients which are
specific for total coliforms and E. coli. Total coliforms metabolize the indicator-nutrient
orthonitrophenyl-a-d-galacto-pyranoside (ONPG) thus turning the sample yellow whereas E. coli
metabolizes 4-methyllumbelliferyl-a-d-glucuronide (MUG) which enables the sample to
fluoresce (Aquatic Life, Ltd., 2000). Enterolert™ contains the nutrient indicator 4-methyl-
umbelliferyl B-D-glucoside which fluoresces when it is metabolized by enterococci with their B-
glucosidase enzyme.

4.5 Laboratory Analysis

The ideal time for sample analysis to start is within six hours of collection (Mitchell and Stapp,
1995). At the lab, each sample was diluted to 1:1, 1:100 and 1:10000. This was done by
measuring 100 mL of the sample using a graduated glass cylinder into a 250-mL glass bottle,
pipetting 1 mL using an Eppendorf Research Pipette® (Eppendorf AG, Hamburg, Germany) and
adding it to 99mL of deionized (DI) water (18 megOhm) into a second 250-mL bottle for the
1:100 dilution, then pipetting 1 mL of the 1:100 mixture into a third 250-mL bottle and adding
99 mL of DI water to obtain the 1:10000 dilution. Sampling runs were conducted twice per
location and for samples collected on the second day of field data collection, dilutions were
carried out to omit the 1:1 dilution and replace it with the 1:10 dilution based on observations
from first sampling results.

These steps were carried out for each of two duplicate 100 mL samples; the first 100-mL batch
was tested for total coliform and E. coli concentration while the second 100-mL batch was tested
for enterococci concentration. After dilutions were carried out, Colilert® and Enterolert™
reagents were added respectively and mixed until the reagents had dissolved into the solution.
Then, the mixtures were poured into IDEXX Quanti-Tray®/2000 trays and sealed with the
IDEXX Quanti-Tray® Sealer (IDEXX Laboratories, Inc., Westbrook, ME). The sealer
distributes the sample mix evenly into wells in the Quanti-Tray®. The Quanti-Trays® were
labeled with the sample name, dilution factor, time of incubation, and time of analysis. The trays
to be analyzed for total coliform and E. coli concentrations were placed in the incubator at
35+0.5 °C whereas trays analyzed for enterococci were incubated at 41+0.5 °C for 24 to 28
hours.
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After the appropriate time had passed, the trays were taken out of the incubators and results were
noted down. Each Quanti-Tray® has 49 large wells and 48 small wells. Yellow wells as seen in
Figure 4.8 indicate positive results for total coliform bacteria, while fluorescent wells under a 6-
watt, 365-nm ultraviolet light (within 5 inches of sample) shown in Figure 4.9 indicate positive
results for E. coli (Colilert®) and enterococci (Enterolert™). The numbers of positive wells were
recorded and the most probable number (MPN) of total coliform, E. coli and enterococci was
determined by referring to the MPN table provided by IDEXX with the Quanti-Trays®. The
system uses a Poisson distribution statistical model and has 95% confidence limit.

Figure 4.8: Yellow Wells Indicating Positive Results for Total Coliform

Figure 4.9: Fluorescent Wells Indicating Positive Results for Enterococci
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Chapter 5: Peak Runoff Estimation using WinTR-55

5.1 Windows Technical Release 55 (WinTR-55)

Concurrent measurements of channel flow were not available for Jean-Pierre Nshimyimana's
(2010) grab samples at KC1, KC2, KC6 and KC7 in 2009 and thus an estimate of flow had to be
obtained. This set of data was the only set whereby discharge (Q) values were not readily
available. The storm runoff peak values (Qp) and time to peak (T,) were calculated using
Windows Technical Release 55 (Win TR-55) (NRCS, 2009). WinTR-55 is a modification of
Technical Release 55 (TR-55). TR-55 was issued by the Soil Conservation Service (SCS—now
the Natural Resources Conservation Service, NRCS) in January 1975 (SCS, 1975) and updated
in 1986 (NRCS, 1986). TR-55 enabled users to estimate runoff volume from storms, peak
discharge rates, and storage volumes for storm water systems in small urban and agricultural
watersheds using SCS procedures (NRCS, 2010). TR-55 was created to be applicable for SCS
Type I, 1A, II, and Il rainfall distributions. It utilizes a computer program to perform SCS
procedure computations automatically.

Windows Technical Release 20 (WinTR-20) was introduced in 1998 to model storm events at
the watershed scale, and to assist in flood event evaluations. It is able to analyze both current
watershed conditions and alternates to current conditions. WinTR-55 was introduced the same
year as WinTR-20. Changes made to the program included an upgrade of source code to
Microsofi® Visual Basic® 6.0, a revision in data input to replace usage of generalized tables and
graphs with a hydrograph computational routine, and the development of a Windows® interface
and output post-processor (NRCS, 2009). The program uses WinTR-20 (Version 1.11)’s
computational routine to generate, route, and add hydrographs. A schematic of WinTR-55’s
system is shown in Figure 5.1. '
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Figure 5.1: WinTR-55 System Schematic (NRCS, 2009)

5.2 Using WinTR-55

WinTR-55 uses the SCS Runoff Curve Number (CN) method to estimate runoff. The equations
used to estimate runoff are:

_— (P_Ia)z ;
Q= TETRYY Equation 5-1
I, =28 Equation 5-2
1000 .
S= - 10 Equation 5-3

where Q is the runoff, P refers to rainfall, I, is the initial abstraction, S refers to the potential
maximum retention after runoff begins, and CN refers to the curve number. Required input into
WinTR-55 therefore includes (1) rainfall distribution, (2) drainage area, (3) CN values, and (4)
the basin time of concentration (T.).

45



5.2.1 Rainfall Distribution, P

Rainfall values used in this analysis were obtained from Prof. Chua Hock Chye of NTU who was
provided the data by SysEng (S) Pte. Ltd. in Singapore. Recent rainfall data could be accessed
through SysEng’s updated online server, and from Greenspan Pte. Ltd. but most of rainfall
events during Nshimyimana’s sampling rounds occurred before 24™ July 2009 and were not
accessible via the servers. Hence, they had to be acquired directly from SysEng (S) Pte, Ltd. The
rainfall intensities at 5-minute intervals were converted into cumulative rainfall and entered as
Custom Rainfall Distributions found under the GlobalData tab in WinTR-55.

Based on PUB’s Drainage Design and Considerations Code of Practice (PUB, 2010), the design
return period for Singapore’s outlet drains and secondary drainage facilities is 5 years. The
rainfall intensity is obtained from Intensity-Duration-Frequency curves shown in Figure C-6 in
Appendix C.

5.2.2 Landuse for CN Values using ArcGIS

Curve Number (CN) values are required in order to determine the initial abstraction (I,) as shown
in Equations 5-2 and 5-3. These CN values are based on land use and hydrologic soil types.

To obtain land usage and area covered information, ArcGIS geographic information system
software (Environmental Systems Research Institute, Inc., Redlands, CA) was used. Previously
created files were obtained from Erika Granger. A DEM shapefile was available whereby both
drainage and topography had been incorporated. This ensures that the flow of water is not
dependent only upon streams, but also upon the drainage system in the region. Previous drainage
and land use files (Figure 5.2) were also available.

The Fill, Flow Direction and Flow Accumulation tools within the Hydrology section of Spatial
Analyst found in ArcToolbox were used to generate respective layers. The Fill tool removes
imperfections in the data by filling in sinks of surface rasters. The Flow Direction tool creates a
raster showing flow direction in the form of colors and numbers from the least steep to steepest
downslope cell. The Flow Accumulation tool then creates a raster of accumulated flow into each
cell. Using the Raster Calculator, streams could be generated by selecting the Flow
Accumulation raster and selecting it to be larger than a self selected number. New shapefiles
were created in ArcCatalog and based on the existing gauging stations (in this case KC1, KC2,
KC6 and KC7), they were edited using Editor whereby polylines were drawn where the gauging
stations were situated. After changing the shapefile into a raster, the Watershed Tool could be
used to generate land area covered based on water flowing into each gauging station. This can be
seen in Figure 5.3. Once this was done, the Clip tool under the Extraction section in Analysis
Tools was used to clip the land use layer onto the generated watersheds.

46



0 475950 1,900 2850 3,800
Meters

Figure 5.2: Land Use GIS Data and Gauging Stations
(Different Colors Indicate Different Land Uses)

Based on Attribute Tables for each layer, the land areas were obtained and soil types from Erika
Granger were looked up to determine Hydrologic Soil Groups. These were then entered as Land
Use Details in WinTR-55 which generates the CN numbers. After the layers were clipped to the
subcatchment boundaries, summed areas in square kilometers by land use for each subcatchment
could be extracted by viewing the Attribute Table.
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Figure 5.3: Land Area Upstream of Gauging Stations KC1, KC2, KC6, and KC7

5.2.3 Time of Concentration, T,

The time of concentration, T, is the time required for a drop of water to travel from the edge of
the watershed to the point of collection. To obtain this value for WinTR-55, the T, path was

determined using ArcGIS.

The time of concentration is the sum of travel times (Ty). Travel times are the ratio of flow length
to flow velocity and as described in the WinTR-55 manual, is calculated using the equation:

L

e Equation 5-4

Tt=
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where T, = travel time (hours), L = flow length (m), V = average velocity (m/s), and 3600 is the
conversion from seconds to hours.

The time of concentration then is:

T.=)T; Equation 5-5

For the first 300 feet (~0.09 km), the flow is considered to be sheet flow or overland flow. The
time of travel for overland flow (sheet flow) was found using a nomograph from Goldman et al.
(1986, page 4.20). This was done for KC2 and KC7 only and the information required includes
the distance travelled by overland flow, land-surface slope, and the rational method runoff
coefficient (represented by the symbol C). The C values chosen were 0.15 and 0.20. Times of
travel in minutes are read off the nomograph. A topography map provided by NTU was available
and accessible via ArcGIS (Figure 5.4), thus slopes could be calculated and then using Figure 5.5
(from NCRS, 1986), corresponding V can be obtained.

After overland flow, the flow becomes shallow concentrated flow. For shallow concentrated
flow, V is also obtained from Figure 5.5 and T, is calculated using Equation 5-4. Once shallow
concentrated flow collects in channels, it becomes open-channel flow. For open-channel flow,
Manning’s equation is used to find the average velocity. Manning’s equation is:

Kk 2 1
V= ;R352 Equation 5-6

whereby k = 1.00 (SI units), n is Manning’s roughness coefficient for open-channel flow, R
refers to the hydraulic radius (m), and S is the slope of the hydraulic grade line (m/m). R is
calculated by dividing the cross sectional area of the channel by its wetted perimeter. Channel
dimensions were provided by NTU and are shown in Appendix C. Roughness coefficients for the
drains at KC1, KC2, KC6, and KC7 were provided by NTU and can be found in Appendix C as
well.
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Figure 5.4: Topographic Map of Kranji Catchment (contour interval = 5 m)
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Figure 5.5: Average Velocities for Estimating Time of Travel for Shallow Concentrated Flow
(NRCS, 1986)
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5.2.4 Qp and T, using WinTR-55

The Q, and T, values are computed by WinTR-55 and are shown in Table 5.1. There were two
storm events each for the KC6 and KC7 stations, hence they were labeled KC6(;), KC6), KC7(y),
and KC7( for the first and second storm event. Of the six storm events sampled by
Nshimyimana (2010), only two events could be analyzed for wet weather bacterial loading
conditions based on results from WinTR-55. These were for KC2 and KC6(,) with total rainfall
intensities of 8.4 mm and 22.7 mm shown in Table 5.1. The other four events could not be
analyzed because the total amount of rainfall during those events fell below the initial abstraction

threshold of WinTR-55 and no flow was predicted to occur.

Table 5.1: Total Rainfall, Q, and T, of Storm Events

Station Total Rainfall (mm) Qi(m3/s) T, (hr)
KCl1 2.8 - -
KC2 8.4 0.07 10.53

KC6 2.8 - -

KC6 5 22.7 1.20 8.63

KC7 ¢ 0.4 - -

KC7 4.4 - -
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Chapter 6: Data Analysis

After wet weather samples had been determined and sorted, they were then analyzed statistically
to find the multiple correlations between wet weather conditions, land use, and bacterial loading.
Out of the eight sampling events selected from Nshimyimana’s data set hypothesized as wet
weather sampling events, only one could be considered as a truly wet weather event (KC2, 15
July 2009) but only one is known for certain to be truly dry weather data. This truly dry weather
data was the sampling event carried out on the 22™ of July 2009 at KC6 which is the grassed-
over land cover area. Samples were found to have been collected before rainfall (based on
discharge over time plots) and are excluded from the analysis. A summary of results is shown in
Table 6.1 showing the six storm events that were analyzed, the two events that could not be
analyzed because we had no access to the rain gages (KC3 and KC5), and the final two events
that could be reclassified as samples collected during wet weather and dry weather conditions.

Table 6.1: Summary of Results (N/A = not available)

Total
Station Dates . 2009 . Rainfall (%" Comments
Sampling Locations (m’/s)
(mm)
KC1 15-Jul-09 PB01 2.8 - Flow was too low
KC2 15-Jul-09 PSO1 8.4 0.07 | Wet-weather sample
KC3 | 15-Jul-09 THO1 N/A N/A | Norain intensity ava
ilable
KCS | 15-Jul-09 NTO1, NT02 N/A N/A | Noranintensity
available
KC6 1y | 15-Jul-09 KKO1 2.8 - Flow was too low
KC6 ) | 22-Jul-09 KXO05, KK06 22.7 1.2 Dry-weather sample
PU02, PUO3, PUO4,
KC7 7-Jul-09 PUOS 0.4 - Flow was too low
PUO06, PUO7, PUQO9,
KC7 9-Jul-09 PU09, PU10, PU11 4.4 - Flow was too low

6.1 Effect of Land Use

The land use breakdown represented by the monitoring stations is shown in Table 6.2 (Chua et
al., 2010). Different land uses present different bacterial loadings mainly due to the percentage
of point and nonpoint sources in those different land uses. This previously obtained information
will be used to analyze bacterial loadings into the catchment during wet and dry-weather
conditions.
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Table 6.2: Percentage Distribution of Land Use (Chua et al., 2010)

Station | Name HDR LDR Forest | Comm. | Transp.
KCl1 Bricklands 36 - 50 - -
KC2 CCK Ave. 68 - 17 - -
KC7 Verde - 76.4 - - -

MCI11 | Bras Basah - - - 65 30.9
Notes:

1. HDR = High Density Residential

2. LDR = Low Density Residential

3. Comm = Commercial

4. Transp = Transportation

5. HDR percentage is shown as 32.6% for KC1 and 70.3% for KC2 by NTU (2008)

The graphs in this chapter show total coliform, E. coli, and enterococci concentrations for Forest
& HDR, HDR, HDR (JP), Commercial, and LDR land uses. Forest & HDR represents the land
use at KC1 where storm samples were analyzed for E. coli and enterococci concentrations by
NTU (2008). HDR and HDR (JP) are the major land uses at KC2. HDR refers to land use at KC2
where total coliform and E. coli concentrations were analyzed by Lee (2009) whereas HDR (JP)
refers to concentrations from Nshimyimana (2010). Land use at MC11 is mostly commercial and
samples were collected 10™ January 2011 whereas land use at KC7 was mostly LDR and were
collected on 8" February 2011 by NTU and MIT students.

6.2 Event Mean Concentrations

The event mean concentration (EMC) represents the flow-weighted concentration of bacterial
loadings for each storm event. The equation to calculate EMC is:

EMC = L(@xc) Equation 6-1
xQ

where Q refers to discharge and C refers to bacteria concentration. Figure 6.1 plots EMC values
against land use for the sampling events analyzed. The symbol NS is used to represent samples
that were “not sampled”. The log-normal graph in Figure 6.2 was plotted to show clearer
comparisons which could not be seen from Figure 6.1, such as the lower EMC values in the
forested & HDR, commercial, and LDR areas. Figure 6.3 shows the same values found in Figure
6.1 without total coliform. EMC values for enterococci were higher compared to E. coli EMC
values, with the exception of enterococci EMC levels at Bras Basah, which is a commercial area
with suspected inflow from leaking sanitary sewers.
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Figure 6.1: Event Mean Concentrations for Different Land Uses (NS = not sampled)

The accuracy of the EMC increases with an increasing number of sampling events. For the
purposes of this report, finding the EMC might not serve as a proper representation of bacterial
concentrations because there are a limited number of storm samples available. The number of
samples collected during the storm event at HDR was only two whereas only one sample was
collected during the HDR (JP) storm event. Additionally, the EMC values shown in Figures 6.1
through 6.3 conflict with results from existing literature. The estimated levels of fecal coliform in
raw sewage ranges from 10°-10” whereas for enterococci it ranges from 10°-10° (Maier et al.,
2009) indicating that fecal coliform levels are typically higher than that of enterococci. Results in
Figure 6.3 show that at forest & HDR and LDR land uses, EMC values for E. coli are lower than
those of enterococci (5,000 vs. 9,000 for forest & HDR and 1,600 vs. 2,100 for LDR) thus
conflicting with existing literature. If more field sampling could be conducted in future studies,
more bacterial concentration values can be recorded and another analysis can be carried out to
calculate new EMC values.
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Figure 6.3: Event Mean Concentrations for E. coli and Enterococci for Various Land Uses
(NS = not sampled)
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6.3 Concentration vs Q/Q,

The C vs Q/Q,, graphs show correlations between degree of wetness (represented by the symbol
Q/Q,) and bacterial concentration (represented by the symbol, C). Graphs were plotted for wet
weather C values for total coliform, E. coli and enterococci versus Q/Q,. Concentration values
are in units of CFU/100 mL. Both concentration and flow were measured over time for storm
events at KC1, KC2, KC7 (Verde), and MC11 (Bras Basah) representing forest and HDR, HDR,
LDR and commercial land uses respectively, and are shown in Figures 6.4a through 6.6a.

Q/Q, values were used instead of discharge (represented by the symbol, Q) for two reasons. The
first was to understand when, for different land uses, bacterial concentrations peaked and were
more concentrated during the course of a storm. For example, based on Figure 6.4a, LDR (red
square symbols) showed high total coliform concentrations at both low flow (Q/Q, value of
0.006) and high flow (Q/Q, value of 0.67). The second reason was to make the graphs more
uniform and comparable since Q values varied widely from one storm event to another. The Q
values for commercial (light blue circle symbols) varied from 0.01 m®/s to 1.35 m’/s whereas the
Q values for LDR varied from 0.000002 m>/s to 0.0006 m’/s. Converting these to Q/Q, ratios
sets all those different Q ranges from different storm events to a fixed range from 0.0 to 1.0 and
eliminates that variability.

Previous reports (Lee, 2009) have indicated that the HDR areas at KC2 (light green triangle
symbols) had the highest bacterial loadings in Kranji Catchment. This can be seen by comparing
in Figure 6.4a overall bacterial concentrations from HDR, forest & HDR, and LDR land use
areas, which are all located within Kranji Catchment. Additionally, the commercial area (light
blue circle symbols) which is located in Marina Catchment also showed high bacterial loadings
(Figure 6.4a). Bacterial concentrations from point sources are usually higher than those of
nonpoint sources (Novotny and Chesters, 1981). Discharge from the HDR housing areas can be
considered as virtual point sources due to the fluctuations in volume of discharge over a day
caused by daily activities such as washing clothes or cooking. Bras Basah is one of the oldest
areas in Singapore and therefore the old age of the sewers in Bras Basah suggests that leaking
sanitary sewers might be significant point sources of bacterial loadings to storm drains in the
neighborhood. Discharge from this particular commercial area is also considered as a type of
point source due to those leaky sanitary sewers.

Trendlines were fitted using Microsoft Excel to C vs Q/Q, data for forest & HDR as well as
LDR, and are shown in Figures 6.4b, 6.5b and 6.6b. Trendlines are used to show trends in
existing data and forecasts of future data. The R? value ranges from 0.00 to 1.00 and indicates
how closely estimated values on the trendline correspond to actual data. Trendlines were not
fitted to data for HDR because there was an insufficient amount of sampling points available,
and were also not fitted to data for the commercial land use area because Microsoft Excel could
not detect a trendline for the series. The trendlines for LDR for all three figures showed a U-
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shaped pattern although it was less apparent in Figure 6.6b. The significance of the U-shaped
curve is discussed in Section 6.4. Trendlines for the forest & HDR land use areas depicted a
pattern of increasing concentration with increasing flow (Figures 6.5b and 6.6b) and fit with R
values of approximately 0.65..
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Figure 6.4a: 2006 — 2011 Wet Weather Total Coliform Concentration (CFU/100 mL) vs Q/Q,
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Figure 6.4b: Total Coliform Trendline for LDR Land Use
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Figure 6.5a: 2006 - 2011 Wet Weather E. coli Concentration (CFU/mL) vs Q/Q,
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Figure 6.5b: E. coli Trendline for Forest & HDR and LDR Land Uses
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Figure 6.6a: Concentration of Enterococci (CFU/100 mlL) versus Q/Q,
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Figure 6.6b: Enterococci Trendline for Forest & HDR and LDR Land Uses

6.4 Log C vs Q/Q,

The logarithm of concentration was plotted in Figures 6.7 through 6.9 since logarithmic plots
provide concise summaries of highly variable bacterial concentration measurements—variability
that can be observed over a short period of time. These plots enable variability of the data to be
identified easily (Novotny and Olem, 1994).

From the logarithmic plots (Figure 6.8b), forest and HDR samples (purple diamond symbols)
show increased concentration with increased flow. This type of concentration-vs.-flow trend is
typically observed for nonpoint sources (NCWQR, 2005). Nonpoint sources contribute higher
pollutant loads with higher flow as more of the load is being flushed out by the flow.
Distributions for the commercial area (blue circular symbols in Figures 6.7 through 6.9) show
that most of the bacterial concentrations are concentrated around lower flows. The old age of the
sewers in the commercial area that was sampled suggests that leaking sanitary sewers might be
significant point sources of bacterial loadings to storm drains in the neighborhood. Bacterial
concentrations from point loadings that are constantly discharged will generally show higher
levels during low flow since there is less water to dilute the loadings (Novotny and Chesters,

1981).
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Samples for bacterial analysis were collected at the LDR site using the Isco Model 3700 Sampler
(Teledyne Isco, Inc., Lincoln, NB) and are shown with square red symbols in Figures 6.7 through
6.9. Higher bacterial concentrations are observed both at low flows and at high flows, creating a
U-shaped concentration vs. flow curve as shown by the trendlines in Figure 6.7b, 6.8b, and 6.9b.
Areas with both point and nonpoint sources contributing to elevated pollutant concentrations
usually give U-shaped graphs since point sources contribute elevated concentrations during low
flow whereas nonpoint sources contribute elevated concentrations during higher flows
(NCWQR, 2005).

Logarithmic graphs usually show this pattern more clearly compared to linear C vs Q/Q, graphs
and this can be seen by comparing the trendlines in Figures 6.4b-6.6b with those in Figures 6.7b-
6.9b. R values for trendlines fitted for the LDR U-curves in Figures 6.4b-6.6b ranged from 0.28
to 0.42 whereas trendlines in Figures 6.7b-6.9b were much better and ranged from 0.38 to 0.76.
A R? value closer to 1.00 indicates a better fit.

Total Coliform
6.50
® A
=) . é
6.00 =
® ® A
g °
&) ® i
% 5.50 o o
3 @ @ e =
¢ ¢ AHDR
®
AHDR (JP)
5.00 = ® Commercial
| | =3 ELDR
4.50 T T T T T —
0.00 0.20 0.40 0.60 0.80 1.00 1.20
QQ,

Figure 6.7a: Logarithm of Concentration of Total Coliform versus Q/Q,
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Figure 6.7b: Total Coliform Trendline for LDR Land Use (Note: in trendline formula, y =
Loc;oC, x = Q/Op)
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Figure 6.8a: Logarithm of Concentration of E. coli versus Q/Q,
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Figure 6.9a: Logarithm of Concentration of Enterococci versus Q/Q,
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Figure 6.9b: Enterococci Trendline for Forest & HDR and LDR Land Uses (Note: in trendline
Sformula, y = Loc;oC, x = Q/Op)

6.5 C/Cary vs Q/Q,

C/Cqry versus Q/Q, graphs were also plotted for two reasons. First, only using C values does not
show any form of comparison with Cg, conditions. Hence, the ratio of wet-weather
concentration over dry-weather concentration (represented by the symbol C/Cyy) was used
whereby Cgr, values serve as the baseline (“typical” concentration without effects of rainfall) and
C/Cary serves as the relative departure from the baseline. Wet-weather bacterial concentrations
are historically much higher than dry-weather bacterial concentrations and this comparison is an
easy way to show what could be expected if a storm occurs. Secondly, similar to using Q/Q, to
eliminate variability from one storm event to another, the ratio of the instantaneous wet-weather
bacterial concentration divided by a reference concentration measured during dry-weather
(represented by symbol C/Cg4y) was also used to eliminate variability between land uses.
Bacterial concentrations vary systematically between land uses and were found, for example, to
be consistently higher in the commercial land use area than at the LDR land use areas.

Cary values were obtained from previous years’ sampling data and matched with wet weather
values. The dates on which dry-weather bacteria samples were collected are shown in Table 6.2.
Cary for the HDR land use sites were for samples collected by June (2009), as mentioned in
Section 3.2, whereas Cqyy for the commercial site were for samples collected by MIT students on
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18" January 2011. All of those samples were selected because they had been collected and
evaluated using similar methodology, or because the C4y values were readily available. For
example, both 10™ February 2009 and 21 January 2009 samples had been collected by the same
auto-sampler, at 1-hour time intervals, and were analyzed for total coliform and E. coli.

Table 6.3: Bacterial Sample Collection Dates for C and Cy,

Land Use C Cary
HDR 10-Feb-09 | 21-Jan-09
HDR (JP) 15-Jul-09 21-Jan-09
Commercial 10-Jan-11 18-Jan-11

We also tried to ensure that corresponding dry weather samples (Cgry values) were collected from
the site at the same time and location as the storm samples, meaning that if C was sampled under
wet weather conditions at KC2 at 8:00 pm on the 10" of February 2009, we would look for Cgr
sampled at KC2 at 8:00 pm at a date close to the 10™ of February 2009 as the corresponding Cary-
However, those corresponding Cyyy, values were not always available since wet weather samples
were collected every 20 minutes while dry weather samples were collected only once per hour.
Without previous years’ Cgry values to substitute, an average value of all Cg4ry values was used in
replacement. Lack of a Cg4yy value collected under truly comparable conditions might contribute
slight inaccuracies to the constructed C/Cyyy ratios given changes in landscape over the years. For
the case of the samples collected during storm events at the Forest & HDR and LDR land uses,
no corresponding Cgy values were available so these land uses were omitted from the C/Cgry
versus Q/Q, graphs.

E. coli C/C4y ratios were much larger than those of total coliform and enterococci.
Concentrations of fecal coliform in untreated domestic wastewater ranging from low strength
wastewater to high strength wastewater typically span the range 10°-10® CFU/100 mL whereas
concentrations of total coliform typically range from 10° to 10'° CFU/100 mL (Tchobanoglous et
al., 2003). The range of concentration for enterococci over low to high strength wastewater is not
available but as indicated by Maier et al. (2009), the estimated level in raw sewage is generally
10*-10° CFU/100 mL. This indicates that E. coli has concentrations that, despite being lower
than total coliform, vary over a broader range than total coliform and than enterococci as well.

For enterococci the only C/Cg,y values available were at the MC11 commercial area, as shown in
Figure 6.12a. Wet-weather enterococci concentrations were higher than dry-weather
concentrations (hence having high C/Cg4y values) during low flows and high flows, at Q/Q,
values of 0.1 and 0.7 respectively. At mid-level flows, with Q/Q, values of 0.3, the wet-weather
enterococci concentrations were closer to the dry-weather enterococci concentrations. These
fluctuations in bacterial concentrations at different flow levels show a U-shaped pattern (Figure
6.12b).
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Figure 6.11: E. coli C/Cyy, versus Q/Q,
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Figure 6.12b: Enterococci Trendline for Commercial Land Use
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6.6 Log C vs Q/Qqry

The ratio of wet-weather flow and dry-weather flow (represented by the symbol Q/Qqry) was also
considered besides Q/Q, as an indicator of differences in flow during wet weather and dry
weather and the effect of flow on bacterial concentrations if any. Most Qqry values were obtained
from previous dry weather flow information, as well as from SysEng (S) Pte. Ltd. and Greenspan
Pte. Ltd.. Table 6.3 shows the dates on which Q and Qg Were measured.

Table 6.4: Dates for Q and Qg4r, Measurements

Station Q Qary
KC1 23-Nov-05 18-Jan-06
KC2 10-Feb-09 21-Jan-09

15-Jul-09 21-Jan-09
KC7 8-Feb-11 9-Feb-11
MCl11 10-Jan-11 18-Jan-11

As discussed by Dixon et al. (2009), January 2009 was an unusually dry month in Singapore and
thus measured flows can be reliably taken as dry weather flow. Qary values for the commercial
area (Bras Basah — MC11) were taken from measurements on 18" January 2011 whereas Qury
values for LDR at Verde (KC7) were taken from measurements on 9" February 2011 because
examination of the rainfall record showed both were dry-weather periods.

Log C was plotted against Q/Qqry since log distributions were less spread out compared to C
distributions as aforementioned in Section 6.4 and are thus an easier means to analyze patterns in
different bacterial concentration distributions over the different land uses. Distributions for all
three types of indicator bacteria showed similar patterns for all the different land uses:
concentrations were more concentrated around lower Q/Qgy ratios than around higher ratios.
LDR land use bacterial concentrations (Figures 6.14 through 6.16) were the only ones with a
large Q/Quy ratio, and thus large peak flow, and exhibited its highest concentrations at high
flows. Forest & HDR distributions showed different patterns between E. coli and enterococci
bacterial concentrations, as seen in Figures 6.15 and 6.16. E. coli concentrations were more
spread out from lower to higher concentrations on the vertical axis whereas enterococci were
more centered on a smaller range of values that were much lower than E. coli concentrations.
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Chapter 7: Conclusions & Recommendations

7.1 Reclassification of Nshimyimana’s (2010) Wet- and Dry-Weather Samples

Out of the six wet-weather datasets compiled from Nshimyimana’s studies (2010), only two were
able to be reclassified. These two were samples collected at KC2 and KC6 on the 15" of July
2009 and 22" of July 2009 respectively. Bacterial samples collected at KC2 on the 15" of July
were indeed storm samples, and was sampled at Q/Q, of 1.00, indicating that the samples were
collected during the peak flow of that particular storm event. When compared with flow and
rainfall over time, it was discovered that KC6 samples fell outside of the storm event, and were
reclassified as dry-weather samples.

The other four storm events that were sampled at KC1, KC6, and KC7 (two of the four were at
KC7) could not be reclassified because the total amount of rainfall intensities fell below the
initial abstraction threshold of WinTR-55 and hence no flow was predicted to occur.

7.2 Bacteriological Levels in Storm Runoff

USEPA’s guideline for E. coli concentrations is 136 CFU/100 mL and 33 CFU/100 mL for
enterococci. Singapore’s 2008 NEA guidelines for enterococci is 200 CFU/100. All the wet-
weather bacteria concentrations from storm water draining into Kranji and Marina Reservoirs
from the various land use types exceed the guidelines with total coliform concentrations from
high-density residential (HDR) areas ranging from 65,000 CFU/100 mL up to 1,800,000
CFU/100 mL (Figure 6.4a), E. coli concentrations from 300 CFU/100 mL to 530,000 CFU/100
mL (Figure 6.5a) and enterococci concentrations ranging from 170 CFU/100 mL to 70,000
CFU/100 mL (Figure 6.63a).

Based on Q vs C evaluations in Chapter 6, several noticeable trends were associated with the
land use types, especially in concentration patterns from samples collected in November 2006 at
KC1 (Forest & HDR) as well as during 2011 field sampling at Bras Basah (commercial area) and
Verde (low-density residential (LDR) area).

Bacterial concentrations draining from Forest & HDR regions (shown as purple star symbols in
Figures 6.5a through 6.9b) increased linearly with increasing flow when concentrations is plotted
against Q/Q,. Linear regression trendlines fitted using Microsoft Excel showed clear correlations
with R? values ranging from 0.50 to 0.60. The forest & HDR region is considered a nonpoint
source of bacteria. Hence, bacterial loads increase with flow as the higher flow flushes higher
amounts of bacteria into receiving waters. Point sources are believed to be minimal in the HDR
regions because sanitary sewers of recent construction service the entire area. Bacterial
concentrations from LDR regions (red square symbols) peaked at low and high flows with lower
concentrations at intermediate flows, thus showing U-shaped pattern curves when concentration
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was plotted against flow. R* values for these were approximately 0.65. U-shaped bacterial
distributions are associated with regions where both point and nonpoint sources exist. During
low flow, dry-weather sources produce limited flow, but very high loads, resulting in a high
concentration. During wet weather, nonpoint source runoff contributes both flow and load,
resulting in both a high flow and a high concentration.

Commercial land use consistently exhibited U-shaped C vs. Q curves with high bacterial
concentrations during low and high flows. High concentrations during low flow are suspected to
be due to leaky sewers in the area whereas high concentrations during high flow are caused by
urban runoff from the largely impervious and densely populated area. This land is located in Bras
Basah, one of the oldest commercial areas in Singapore’s Historic District, which dates back to
1822. The aging infrastructure in the area has a high probability of having leaky sewers, which
are point sources with high fecal coliform loads.

There was not a sufficient number of datasets for wet-weather and dry-weather concentrations to
be analyzed statistically. Therefore, although several general trends were apparent (linear and U-
shaped curves) and general contaminant levels are known, a conclusion cannot be made as to
what parameters are best used to compare bacterial concentrations exhibited during different
flow patterns from different land use types.

7.3 Recommendations

The main limitation to this study is the availability of data. Not enough rainfall intensity and
flow information was readily available. Issues concerning contracted studies came in the way of
obtaining required information for rainfall intensity before 22™ July 2009, and also for the KC3
and KC5 rain gage stations. Even when rainfall intensity values could be obtained from rain
gages owned by SysEng(S) Pte. Ltd., the rainfall might not have been representative of the
sampling site. The field sampling locations were not necessarily at or near to rain gage stations
and additionally, Singapore’s storms are typically highly localized thunderstorms. Hence, the
rainfall intensity might have read 0.2 mm/minute at the rain gage but it could have actually been
0.5 mm/minute at the actual sampling location. Furthermore, gauging stations were sometimes
not set to record flow levels. If rain gage stations closer to sampling locations with hydrologic
records dating back to 2005 can be accessed in the future and more accurate rainfall conditions
can be obtained, it is recommended that sampling events, especially those carried out by
Nshimyimana (2010) at KC1, KC6, and KC7 (Section 3.3), be reevaluated.

Required information, especially for the November 2005 to February 2006 dataset (Section 3.1)
was also not available. Part of that bacteriological study was conducted by contracted teams who
were not NTU or MIT personnel from the current study team. Due to that reason, time of
sampling was not known for several sampling events, which was a waste of good information. If
those sampling times are discovered, future storm water bacteriological studies can incorporate

73



this dataset, as it is quite a complete set of data from both wet and dry weather sampling events
(with up to 24 samples collected per run using autosamplers).

The lack of consistency in bacterial sampling methods also posed as a limitation. Several
samples were collected in January 2010 without records of sampling times. This meant that even
though samples were available, we did not know when they were actually collected, and could
not verify if they were collected during a storm or not.

Figure 6.1 in Chapter 6 shows that several studies focused on obtaining concentration levels for
total coliform and E. coli whereas others focused on E. coli and enterococci levels. Hence,
complete sets of bacterial concentration levels for all three microorganisms—total coliform, F.
coli and enterococci—were not always available. Additionally, several samples were taken as
grab samples and were not representative of the bacterial loadings in that area. Sampling
conducted over longer periods of time better representation bacterial concentration fluxes over
time and is recommended for future purposes.

A final recommendation is that more sampling events be carried out to collect samples during
wet-weather conditions. Results certainly show elevated bacteriological conditions during
storms, posing a threat to recreational water users of Kranji and Marina Reservoirs.

74



Chapter 8: References

APWA. (2010). “Western Catchment area in Singapore.”
http://www.apwa.net/Images/Publications/R eporter/abc2.jpg (April, 2011).

Aquatic Life, Ltd. (2000). “Trusted Environmental Testing Solutions: Complete Product Line.”
Winnipeg, Canada.

Bing.com. (2011). “Singapore.” http://bing.com/maps/ (January, 2011).

Cabelli, V. J, Dufour, A. P, McCabe, L. J, and Levin M. (1982). “Swimming-associated
Gastroenteritis and Water Quality.” American Journal of Epidemiology, 115(4), 606.

Chua, L. H.C., Shanahan, P., Lo, E. Y.M., Shuy, E. B., Thompson, J., Dixon, C. C., Kerigan, K.
B., Nshimyimana J. P., Yeager J. M, Lee, L.-J., and Por, Y. L..(2010). "Dry Weather Bacteria
Monitoring and Variation with Land Use for Kranji Reservoir Catchment, Singapore." 17th
Congress of the Asia and Pacific Division of the International Association of Hydraulic
Engineering and Research, Auckland, New Zealand (2010). Presented February 21-24, 2010.

Dixon, C., Kerigan, K., Nshimyimana, J. P., and Yeager, J. (2009). “Water Quality Monitoring,
Modelling and Management for the Kranji Catchment/Reservoir System,” Master of Engineering
Program Report, Department of Civil and Environmental Engineering, Massachusetts Institute of
Technology, Cambridge, MA.

Dufour, A. P. (1984). “Bacterial indicators of recreational water quality.” Canadian Journal of
Public Health, 75, 49-56.

Foley, K., Granger, E., Sagel, A. M., Nshimyimana, J. P., and Sudhalkar, A. (2010).
“Characterization of Water Quality in Kranji Reservoir Catchment, Report on Activities through
May 2010.” Master of Engineering Program Report, Department of Civil and Environmental
Engineering, Massachusetts Institute of Technology, Cambridge, MA.

Goldman, S. J., K. Jackson, and T. A. Bursztynsky. (1986). Erosion and Sediment Control
Handbook. McGraw-Hill, New York, New York.

Granger, E.. (2010). “Water Quality Modeling in Kranji Catchment.” Master of Engineering
Thesis. Massachusetts Institute of Technology, Cambridge, MA.

75



Hathaway, J. M., W. F. Hunt, and O. D. Simmons III. (2010). “Statistical Evaluation of Factors
Affecting Indicator Bacteria in Urban Storm-Water Runoff.” Journal of Environmental
Engineering : 1360-367. 36.12.

Hazen, T.C. (1988). “Fecal coliforms as indicators in tropical waters: A Review.” Toxicity
Assessment: An International Journal, 3, 461-477.

IDEXX Laboratories, Inc. (2007). “Colilert(R) Test Kit.” Westbrook, ME.

Kerigan, K. B., and Yeager, J. M.. (2009). “Bacteria Attenuation Modeling and Source
Identification in Kranji Catchment and Reservoir.” Master of Engineering Thesis. Massachusetts
Institute of Technology, Cambridge, MA.

Langbein, W. B,, and Iseri, K. T.. (2008). “Science in Your Watershed - General Introduction
and Hydrologic Definitions.” USGS Water Resources of the United States. USGS.
http://water.usgs.gov/wsc/glossary.html#Runoff. (4 December 2010).

Lee, L. J. (2009). “Bacteriological Studies for Kranji Catchment.” Fourth-Year Report. Nanyang
Technological University, Singapore.

Lopez-Torres, A. J., Hazen, T. C., and Toranzos, G. A. (1987). “Distribution and in situ survival
and activity of Klebsiella pneumoniae and Escherichia coli in a tropical rain forest watershed.”
Current Microbiology, 15(4), 213-218.

Maier, R. M., Pepper, I. L., and Gerba, C. P. (2009). Environmental Microbiology. Elsevier Inc.,
New York.

Ministry of the Environment and Water Resources. (2011). “Top 5 Most Popular FAQs.”
http://www.ifaq.gov.sg/mewr/apps/fcd_fagmain.aspx (April, 2011).

Mitchell, M. K., and Stapp, W. B. (1995). “Sampling & Testing Technique Overview. Resource
Book - Field Manual for Water Quality Monitoring.”
http://www.esu7.org/~waterqweb/sampling.information.html (January, 2011).

NCWQR. (2005). “Concentration-Flow Relationships.” National Center for Water Quality
Research, Heidelberg University, Tiffin, OH. http://ncwqgr.heidelberg.edu/watershed.html

NEA. (2008). "Recreational Water Quality." http://app2.nea.gov.sg/topics rwg.aspx (8 April
2011).

76



Noble, R. T., Moore, D. F., Leecaster, M. K., McGee, C. D., and Weisberg, S. B. (2003).
"Comparison of total coliform, fecal coliform, and enterococcus bacterial indicator response for
ocean recreational water quality testing." Wat. Res., 37 1637.

Novotny, V., and Chesters, G. (1981). Handbook of Nonpoint Pollution: Sources and
Management. Van Nostrand Reinhold, New York.

Novotny, V., and Olem, H. (1994). Water Quality: Prevention, Identification and Management
of Diffuse Pollution. Van Nostrand Reinhold, New York.

NRCS. (2009). "Small Watershed Hydrology: WinTR-55 User Guide." U.S. Department of
Agriculture, Washington, DC.

NRCS. (2010). National Engineering Handbook, Title 210, Engineering, Part 630, Hydrology.
Document No. H 210 NEH_630 - Amend. 35. Natural Resources Conservation Service, U.S.
Department of Agriculture, Washington, D.C.
http://directives.sc.egov.usda.gov/viewerFS.aspx?hid=21422. (June, 2010).

NRCS. (1986). Urban Hydrology for Small Watersheds, Second Edition. Technical Release 55.
United States Department of Agriculture, Natural Resources Conservation Service, Washington,
D.C.

Nshimyimana, J. P. (2010). " Evaluating Human Fecal Contamination Sources in Kranji
Reservoir Catchment, Singapore." Master of Science Thesis, Massachusetts Institute of
Technology, Cambridge, MA.

NTU. (2008). Water Quality Monitoring, Modelling and Management for Kranji
Catchment/Reservoir System - Phases 1 and 2. Rep. Nanyang Technological University,

Singapore.

NTU. (2009). “Rainfall data January 2009, July 2009 and January 2010”. Nanyang
Technological University, Singapore.

NTU. (2010). “January 2010”. Nanyang Technological University, Singapore.

Overcash, M. R., and Davidson, J. M. (1980). Environmental Impact of Nonpoint Source
Pollution. Ann Arbor Science Publishers, Inc, Ann Arbor, Michigan.

PUB. (2007). Western Catchment Masterplan. Singapore Public Utilities Board. Rep. Singapore.

71



PUB. (2008). "Master Plans." http://www.pub.gov.sg/abcwaters/abcwatermasterplan/Pages/
default.aspx (14 December 2010).

PUB. (2010). “Water For All: Conserve, Value, Enjoy. Meeting Our Water Needs for the next 50
Years.” http://www.pub.gov.sg/LongTermWaterPlans/foreword.html (14 December 2010).

PUB. (2010). “Code of Practice: Drainage Design and Considerations.”
http.//www.pub.gov.sg/general/code/Pages/SurfaceDrainagePart2-7.aspx (February, 2011).

PUB. (2010). “Marina Reservoir Catchment.”
http://www.pub.gov.sg/sewerrehab/private_sewerrehab_prog/Pages/MRC.aspx (April, 2011).

PUB. (2011). “Local Catchment Water: The 1st National Tap.”
http://www.pub.gov.sg/water/Pages/LocalCatchment.aspx (October, 2010).

Singapore Department of Statistics. (2011). “Latest Statistical News.”
http://www.singstat.gov.sg/index.html (April, 2011).

Schilling, Keith E. (2010). “Baseflow: Where Groundwater Meets Surface Water.”
http://www.igsb.uiowa.edu/Browse/baseflow/baseflow.htm (4 Dec 2010).

SCS. (1975). Urban Hydrology for Small Watersheds. Technical Release 55. Soil Conservation
Service, U.S. Department of Agriculture, Upper Darby, Pennsylvania. January 1975.

Shanahan, P., and Harleman, D.R F. (1984). “Transport in lake water quality modeling.” Journal
of Environmental Engineering, ASCE. Vol. 110, No. 1, Pg. 42-57. February 1984.

Singapore Tourism Board. (2010). “Tourism Statistics Publications.”
https://app.stb.gov.sg/asp/tou/tou03.asp (19 December 2010).

Sobsey, M. D. (2007). “Recreational Water Quality and Health.” University of North Carolina.
http://www.unc.edu/courses/2007spring/envr/890/003/lectures/0320_lecture.ppt (Accessed
November 21, 2008).

Streetdirectory.com. (2011). http://streetdirectory.com/ (January, 2011).

Tan, Y. S., Lee, T. J., and Tan, K. (2009). Clean, Green and Blue: Singapore’s Journey Towards
Environmental and Water Sustainability. ISEAS Publishing, Singapore.

Tchobanoglous, G., Burton, F. L., and Stensel, H. D. (2003). Wastewater Engineering:
Treatment and Reuse. McGraw-Hill Higher Education, New York.

78



Thomann, R. V. and Mueller, J. A. (1987). Principles of Surface Water Quality Modeling and
Control. Harper & Row, Pub., Inc.

USEPA. (2003). “Bacterial Water Quality Standards for Recreational Waters (Freshwater and
Marine Waters) Status Report.” Rep. No. EPA-823-R-03-008, USEPA, Washington, DC.

Wanielista, M. P., and Yousef, Y. A. (1993). Stormwater Management. John Wiley & Sons, Inc,
United States of America.

79



Appendix A

2011 Field Sampling Results

80



Table A-1: Choa Chu Kang Crescent Day 1: 4th January 2011 (Dry-weather)

Mot Mot Most
5;::’: S:;:.‘ " Total Coliform (Veliow) ?:‘::;':‘2:: E. <oli (Yetiow and Fiuorescent) ::::mwm’o £nterococci (Fiuarescent) R;:;:::

(MPNITDO mL) m) (VPO L}

Ditutions 1 100 10,008 1 100 10,000 1 100 10,000
LS MPN L] S| MPN L[S MPN L{S MPN L]s MPN LiS MPN LisS MPN LiS] Ml Lis]| MPN
xC181 0l o] <1 - - <1 0] 0] «1 - - <1 ol 0f <« - - <1
XC108 800 | am]| 4| as] >2419.6[49] 40} 122,900 {11] 1| 134000 111,950 |4sf<e] 1986 [12] 5| 1930 | 3| of 10000 1986 |4s|as]>24106[18] 1| 1870 | o of <10.000 1,870
XC108 9:00 | Am] 9] a8 >2,419.6] 43| 48| >241,960({ 18] 2| 259,000 259,000 | 48|4s| 1553 |12] of 1.350 | of of <10,000 1,683 4948 >2.4196[31] 1] 4750 | 1l of 10000 4,780
XC110 10:00  |Am| 49| s8] »2419.6] a9) 47| 241,960 [21[ 1| 279,000 241,960 |a9]e2| 1,300 l33] 2| 1710 | 3} o] 10,000 1,300 49148] >2.419.6133] 7] 6380 | o o} <10.000 6,380
KC111 1100 Am| 45| ag| >2,419.6 | 48] 47| 241,960 [17] 2| 228,000 241,960 agl47] 2420 f23] 1| 2,790 o} o] <10.,000 2,420 491 48] >2,419.6]38] 6] 7840 & 6] <10,000 2.940
KC182 as| 47| 2,420 . . 2,420 ol of <1 - - < ol of « - - <
Kc112 1200 | pm| a9 48] >2,419.6 49| 8] >241.950] 48| 11] 1,850,000 | 1.860000 |49]48]>2.4196]4s] 7] 11,530 | 3} of 31,000 11,530 | 49| 48] >2.419.632]11] 6820 | 1| of 10000 6.820
KC113 100 |PM| 49| 48| >2,419.6| 23] 28] >241,960[ 48] 27] 5,172,000 | s172000 |49 4s]>24196]28] 2| 4,260 | o o <10,000 5260 | 49| 48]>22196/38] 4 7400 | 3| o] 10,000 7,490
XC114 2:00 | pm| 49| 48] 52,419.6] 45| 28] >241,960] o] o] <10,000 >241,960 | 48|48} >2,419613s| 1| 5860 | of of <10000 5860 |49|48] »2,4196]32] 6| 5910 | of of <10,000 5,910
KC115 3:00 | Pm| 49| 48| >2,419.6| 43 28| >241,960( 24 6| 402,000 402,000 | 43] 28] >2,419.6]30] 4| 5.040 | of o] <10,000 5040 |a9|as] »24196]28] 7] 5080 | o] of 10,000 5.040
KC116 400 | pm]as(4a8] >2,419.6] 29| 44| 155,310 [10] o] 110,000 155,310 |49[48]>2,419.6]|19] of 2,330 | of ol <10,000 2,330 |49]48] >2,419.6]23] 2] 3270 | 2| o] 20000 3,270
xc183 s{1] 11 - - 11 ole| < - - <1 olo] <1 - - <1
KC117 500 |em|as|4a] »2.419.6]as] a7] 241,960 | o] of <i0,000 241,960 |49]as]>2.4196[17] 2| 2280 | of of <1000 2,280 |4948]| >24196]41] 4 8800 | 1| o] 10,000 8,800
Kc118 6:00 | PM| 49|48 >2,419.6| 28] 48[ >241,960[ 20 2] 275,000 275,000 |49]48] >2,4196] 7] 2| 960 | of of <10,000 960 49148| >2,419.6| 25| 2| 3.640 | o] o] <10,000 3,640
xc119 700 |pm|49)a8] >2,419.6 a9] 28| >241,960( 15] 2| 213,000 213,000 |49]e8]>2,4196(30] 6| 5370 | 1] of 10000 5370 |49]48] >2,819.6]42] 14| 12,340 | 1| o 10,000 12340
Error infab. Possible reason is either 1ml or Colilert was forgottento be added.
18 analytes were analysed by Setsco.
Table A-2: Choa Chu Kang Crescent Day 2: 1 9" January 2011 (Dry-weather)

Most Most Most

5;:::': S;:\:Iee 4 Total Coliform (Yellow) ?:'::EZ::;: E.coli (Yellow and Fluorescent) 2: :m::;:o Enterococci (Fluorescent) :eé:::;r;?;v
(MPNH00 mi.) mi} {MPN/100 mL}
Ditutions 10 100 10,000 10 100 10,000 10 100 1,000
LISt MPN J LIS MPN LIS MPN LS| MPN LS| MPN | L|S MPN L]S8] MPN fLIS| MPN | L]S] MPN

KC281 ol O <1 - - <1 0f © <1 - ~ <} gl O <1 - - «3
KC211 11:00:00 | 45| 48] >24,196 | 49| 31| 64.880 | 9| o 98000 64,280 30| 8 571 4} 6| 410 0] 0] <10,000 571 121 1 146 o 6f <100 o] 0] <1,000 146
KC212 12:00:00 | 48| 48] 24,196 | 48| 46| 198,630 [13| 4] 195000 198,630 46[ 17| 1842 5] 3 840 o] of <10,000 1,842 44 11] 1,296 |11 2] 1450 0] o} <1,000 1,296
KC213 13:00:00 | 49| 48] >24,196 | 49| 46| 198,630 |15} o] 175,000 19&530 agl 19| 2603 7] 1 850 1l of 10,000 2,603 47f13] 1,785 Jais| 1} 1870 0] 0] <1,000 1,788
KC214 14.00:00 |49] 48| »24,196 | 49| 48] »241,960]49] 36 8_{664;000 §,_554.000 47|27 3,084 19| 7| 3,240 0l O (1&000 3,044 49130} 6,131 40| 9] 9590 7] i} 8500 6,131
KC21S 150000 |49} 48] »24,196 | 43| 48} >241,960(34| 7| 670,000 670,000 43[11] 1211 7] 1 850 o] o] <10,000 1,211 48|16} 2,282 9| 1{ 1,090 2| of 2,000 2,282
KC216 16:00:00 |49]48] 24,196 | 45| 48] >241,860| 45} 18] 3,076,000 3,076,000 |45|22| 1951 [13] 3| 1,830 of o] <10,000 1,951 431271 5,172 |2%] 4 3,930 3| of 3,100 5,172
KC217 17:00:00 |49]48| >24,156 | 49| 48] >241,960]43] 6| 1,050,000 1,050,000 [48|315| 2,187 |20 4] 3,010 0] of <10,000 2,187 49/20] 3,448 |32{ 3| 5,380 4} o] 4,100 3,448
KC218 18:00:00 |49}48] 24,196 | 49| 48| >241,960{ 44| 8| 1,187,000 1,187,000 [49]/20]| 3448 [is8} 2| 2430 1} of 10,000 3,448 49126} 4,884 |27 1| 3,890 6l Of 6,300 4,884
KC219 190000 |49]48| >24,196 | 45| 48] >241,960] 44| 5| 1086000 | 1085000 [45(20] 2035 {1s] 3| 2260 | of o] <10,000 3,035 |49/42] 12,997 |3s] 8| 7170 | 3] of 3,100 7,170

Blank was done at ditutionof 1
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Table A-3: Bras Basah Day I: 18" January 2011 (Wet-Weather)

Most Most Most
Sample Nome s::‘:" ed Total Coliform (Yeliow) ::;::T:: E. coli (Yellow ard Fluorescent) m:_s::iame Enterococdi {Fluorescent) R:‘Z::::'
{MPN/100 mi) (MPN/100 L) {VPN/100 mL)
2ilutions 1 100 10,000 1 100 10,000 1 100 10,000
Lis] men [L[s] men [L]s] wmon L[s] men [i]s] wmen [L]s] wen L[s] men [i]s] men [L]s] mew
MB181 1o 1 - - 1 ol of <« - - <1 ol o] <1 - - <1
MB108 49| 48| >2,419.6 | 49| 48| >241,960| 45| 10| 1,354,000 | 1,354,000 | 49| 48| >2,419.6 | as| 48| >231,960] 31] 4| 529,000 | 529.000 | 49| 48| >2.419.6]| 42| 9| 10,760 | 3| o 3L000 10,760
mMB109 49| 48] >2,419.6 | 49| as]>241,960] 36| 8| 759,000 759,000 | 49| 48| >2,419.6 | 45| 46| 198,630 [15| 1] 187,000 | 98630 |a49|4s|>2,419.6| 28| 3| 4,410 | 1| o 10,000 4,410
MB110 49| a8[>2,419.6 [ 29| 28]>241960] 7| 2| 96.000 96,000 | 49| 8] >2,419.6 | ac| 43| 121,360 | of o] <10,000 | :a1360 |a9|as|>2,419.6|3s| o| 5680 | o o <10,000 5,680
MB111 49| 48] >2,419.6 | 45 48] >241,960] 15| 2| 199,000 199.000 | 49{ 48] >2,419.6 | as| 36| 86,690 | 5| 1| 63,000 86,640 | 49]48]>2,419.6 33| 2| 5480 | 1] o 10,000 5,480
MB112 49| a8|>2,19.6 | 49| 28]>241,960[ 37| 6| 754,000 758,000 | 49) 8| >2,419.6 | ag|41] 120,330 |11] 3| 156,000 | :20330 |a9|as|>2,419.6] 2] 10| 11,060 | o] o <10,000 11,060
MB162 ol o] « - - < ol of « - - <1 ol of < - - <
MB1-1227 49! 48| >2,419.6 | 49| 48/ >241,960]48] §| 1,722,000 1,722,000 | a9| «8] »2,419.6 | 46/ 40| 111,950 (11| 2| 145,000 111,990 | 49| 48] >2,415.6 49| 35| 45,110 | 8| o0 85,000 46,110
UB1-125G 49| 48] >2,419.6 | a0 a7| 241,960 [17] 1| 216.000 261,960 | 49| <8] >2,419.6 | 3z] 12| 7,330 | 2| o] 20,000 7330 |a9fas[>2,419.6[ 47| 8| 15000 | a| 1| 52,000 15,000
MB113 49/ 48| >2,419.6 | 49| 48| »241,960( 18| 1| 231,000 231,000 49} 48| >2,413.6 | 4¢{ 31| 64,880 | 7{ 0] 75,000 654,820 49| 48] >2,419.6 | a1 15| 11,910 | O] © <10,000 11,810
MB1-13:0 a0 a8 >2,419.6 | a9] 28] >241,960| 30| 3| 588,000 588000 | 49] 48] >2,419.6 | as| 31| 4,880 | 6| o| 63,000 64,880 | 4948 >2,419.6 29| 30| 51,310 | 2] o] 20,000 61,310
MB1-1340 49| 48)>2,419.6 | a0] 48/ >241,960| 42| 8| 1,046,000 | 1,ca5,000 | 9] 28] >2,419.6 | a7 24| 27,000 | 3| o] 10,000 27,000 | 49 48] >2,619.6 20| 28] 34,750 | 7| o] 75,000 54,750
MB114 49| 48/ 2,196 | ao| a8|>241960[ 43| 11] 1,211,000 | 1211000 |ao|48|>2,419.6 | ac a7] 21,960 [15] o] 175,000 | :a1960 | a9|as| >2,419.6 | a8| 16| 22,820 | 3| o 31,000 22,820
WB1-1430 a9] 28] >2,419.6 | as] s8] >241 960[ 36| 2| €37,000 657,000 | 49| 8] >2,419.6] ac| 30| 61,310 | 7| o] 75,000 61,310 | 49l48]>2,419.6 47| o 15530 | 3| o 31,000 15,530
MB1-14:0 49| 48 >2,419.6 | 40| 48] >241,960] 28] 2| 426,000 426,000 | a9] 48| >2,419.6 [ acf 19] 32,550 | 7] o] 75,000 32,550 | 49|48]>2,419.6 44| 6| 11,150 | o o <10,000 11,190
MB115 9] 48| »2,419.6 | 49| a8 >241,960| 32| 6| 591,000 501,000 | 49| 48] >2,419.6 | ac| 21| 36,540 | 3| 1| 41,000 36,540 | 49| 48] >2,419.6| 20| 11] 10,120 | o] o <10,000 10,120
MB1-15:0 49| a8|>2,419.6 | as| a8{>241,960 23] 1| 313,000 313,000 | 49| ¢8| >2,419.6 | 4¢| 45| 173,290 [12] 0| 135,000 | :73200 |[ao|as|>2419.6|38| 1| 6.8a0 | 2| o 20,000 5,840
MB116 49| 48| >2,418.6 | 45| 47| 241,960 | 15| 2 199,000 241,960 49} 48| >2,419.6 | ac| 28| 98,040 10| 1 121,000 98,040 49148| >2,419.6 | 37| 2| 6,700 G| o =<10,000 6,700
MB183 201 3 [ - - T - 3 2] 3 [T - - clo] a [ | - B
MB1-1630 45| 48] >2,419.6 | as| 24| 155,310 | 18| o] 218,000 155310 | aof 48] >2,419.6 | as| 29[ 57,940 | a| o 41,000 57,910 |as|as]>2,419.6 35 3| 6,200 | 2| of 20,000 6.240
MB117 49| 48| >2,419.6 | 43| 48| >241.960] 17] 5[ 266,000 266000 | 49| 48[ >2,419.6 | 48| 42| 75,560 |30| 0| 439,000 | 75560 |ao|as| >2.419.6 | 40| 13| 23,590 | 3| o 31,000 23.550
MB1-1720 49| 48| >2,419.6 | 49| 28>241,960] 22| 3| 323,000 323000 |49} 8 >2,419.6 | as| 47| 2¢1,960 | 4| o] 41,000 241,960 | 49| 8] >2,419.6 | 49| 13] 23,590 | o of <a0.000 | 23500
uB1-17:0 9| 48| >2,419.6 | 49| a8|>241,960( 39| 8| 884,000 883,000 | 49| s8] >2,419.6 | ac| 48| >241,960| 22| 4| 336,000 | 335000 |ao|as|>2,419.6] 48| 22| 29,870 | 2| o 20,000 29,870
MB118 9] 48] 52,319.6 | 49| 26| 198,630 | 20| 3| 288,000 198,630 | 49| 48] >2,419.6 | 4¢| 15| 26,130 | 3| o] 31,000 26,130 | a9 48] >2,619.6 [ a0| 12| 22,470 | o] o] <10,000 | 22.470
MB119 - - - - - - - - - - - -

There is norepresentative value for this because the vaiue should be zreater than 214 960

High concentration might be due to the turbid water {white) flowing tc the sarpling peint

Time

led is the {ast two be:s of the sample name
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Table A-4: Bras Basah Day 2:18" January 2011 (Dry-Weather)

Most Most Most
Sample Name 5;:_:: ed Total Coliform {Yeliow) ::zﬁ:::::: E. coli {Yellow and Fluorescent)} mp'::g:f“" Enterococti {Fluorescent) R::‘::::"
(MPN/100 mi) (MPN/100 mi) (MPN/100 mi)
Ditutions 1 100 10,000 1 100 10,000 1 100 10,000
LS| MPN |L:S] MPN IL]|S MPN L l S| MPN L{S| MPN LIS MPN LS| MPN [L|S]| MPN (L[S MPN

MB1B 1 0 1 - - i o 0 « - - <1 0 0 < - - <i
MB108 49| 48| »2.413.6 | 49| 48{>241,960: 45| 10] 1,354,000 1,354.000 | 49| 48| >2,419.6 | 49 48/ >241,960]| 31 4] 529.000 529.000 |49]48|>2,419.6142] 9| 10,760 | 3| 0 31,000 10.760
M8109 49| 48| >2,419.6 | 40| 48{>241,960!36] 8] 759,000 758,000 49| ¢8| »2,419.6 | 48] a6] 198,630 | 15] 1| 187,000 198,630 49| 48| >2,419.6 | 28| 3] 4,410 1| of 10,000 4,410
MB:10 45 48] »2,419.6 | 45! 48/>241,960; 7] 2| 96,000 96,000 49| 48] >2,419.6 | 49] 43 141,360 | of 0] <10,000 141,360 |49} 48!>2,419.6 35| o] 5680 | o| of <10,000 5.680
M8:i: 49| 48] >2,419.6 | 49| 48]>241,960{ 15| 2| 199,000 189,000 49| 48] >2,319.6 | 45] 36| 86,640 | 5| 1| 63,000 86.640 49} 48/ >2,419.6 |33 2| 5480 | 1 of 10,000 5480
MB112 49| 48] >2,419.6 | 49| 48/>241,960]37] 6| 754,000 754,000 49| 48] >2,419.6 | 49| 41] 120,330 {11} 3| 156,000 120,330 | 48] 481 >2,419.6| 42/ 10| 11,060 | of of <10,000 11,060
M8182 oj ol <« - - <3 ol of <« - - <1 of of <« - - <1
MB:13 49| 48] >2,419.6 | 49| 48(>241,960} 18] 1| 231,000 231,000 49| 48| »2,419.6 [ 49 31| 64,880 | 7| o] 75,000 64,880 45| 48] >2,419.6 | 41] 15| 11,910 | o o} <10,000 11.910
M3114 49| 48] >2,419.6 | 29| 48/ >241,960|43] 11| 1,211,000 3,211,000 |49} 48] »2,418.6 | 49| 47| 241,960 | 15| O] 175,000 241,960 |49l 48!>2,419.6148|16] 22,820 | 3| of 31,000 22,820
M3115 ag| 38] >2,419.6 | 49| 48|>241,960| 32| 6| 591,000 591,000 49 48] >2.419.6 | 49] 21| 36,540 | 3| 1| 41,000 36.540 agl 48] >2,419.6 1 40f 11| 10,120 | of O] <10,000 10,120
M3116 a9} 48] >2,419.6 | 49 47{ 241,960 [ 15| 2] 199,000 241,960 49/48)>2,419.6 [ 45 38| 98,040 |10f 1| 121,000 98,040 49|48{>2,419.6|37| 2| 6,700 | of of <10,000 6.700
MB183 2i1 3 | | - - 3 2]z 3 || - ojo < | | - - <1
MB117 491 48] >2.419.6 | 49| 451>241,960!17] 5| 266,000 266,000 49] 48] >2.419.6 | 48{ 42| 75,560 30 O] 439,000 75.560 49} 48} >2,419.6 1 49/ 13| 23,590 | 3] 0} 31,000 23,590
MB8118 a9| 48] >2,419.6 | 49| 46| 198,630 | 20] 3| 288,000 198,630 a9 28| >2,419.6 | 49| 15| 26,130 | 3] o] 31,000 26,130 a0 48] >2,419.6 | 4o} 12| 22,470 | o] o] <10,000 32,470
M3119 - - - - - -

Thare is no representative value for this because the value should be greater than 114,960
Highest concentration might be due to the turbid water (white) flowing to the sampling point
Time sampled is the last twn numbers of the sample name

[+
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Table A-5: Verde Day 1: 6" January 2011 (Dry-weather)

NMost Most Most
Time . Representative " Representative . Representarive
. cali {Yell d Fi F
Sample Name sarmpled Total Coliform {Yellow} Total Coliform E. cali {Yellow and Flucrescent) £ coli Enterococi {Fluorescent) €nterococci
{MPN/10C mi} {MPN/100 mL) {MPN/100 mi)
Dilutions 1 100 10,003 1 100 10,000 1 1w 10,000
1 ]S| MpPN P {S{ MPN i ]S MDPN i [ S| MPN 1 1S| MPN ils MPN 1]1Si MPN t|S] MPN 1iS MPN
KviBl 2] 0 2 - - 2 0| 0 <1 - - <1 0} O <1 - - <1
¥v108 49] 48} >2,419.6 | 49| 43/ >241,960{20{ 4| 301,000 303,000 49| 48] >2,419.6 | 49| 24] 43,520 3| 1| 41,000 43,520 49} 33, 727 11§ 2| 1,450 0 0] <10,000 1450
Kv1089 49] 48] >2,419.6 | 49| 48] >241,960 | 46| 13| 1,616,000 1,636,000 |49]48/>2,419.6| 46| 4] 12,100 | o] o] <10,000 12,100 49i29| 579 G| of 630 o] o] <10,000 630
Kv110 49 48| >2,419.6 | 491 43/ >241,960| 44| 8| 1,187,000 1187000 |49| 48] >2,419.6 | 49| 37| 92,080 | 9| o©| 98,000 92,080 49148 >2,419.6 | 48] 16| 22,820 | 3] 0| 31,000 31,000
Kviil 49| 48] >2,419.6 | 49| 48/>241,960 45| 8| 1,274,000 1,274,000 §49]48]>2,419.6 | 49{ 18| 30,760 | 6/ ©Of 63,000 30,760 49148 >2,419.6 1491 25| 46,110 | 6] 0] 63,000 63,000
KV122 4y| a8| 22,419.6 | av| ay| >241,960| 32| 5| 538,000 SIB,UN ay| as] >2,419.6 | ay| &] 18,720 | 1| o©| 10,000 18,720 4y] a¥| >2,419.6 { av] 10| 20,460 | a| o] 41,000 41,000
KviB2 ol 0 <1 - <1 ol o <1 - - <1 o} o <1 - - <1
Kv1i3 49} 481 >2,419.6 { 49| 48/ >241,960(17| 5| 266,000 266,000 49| 48| >2,419.6 | 23| i8] 5,560 2] 1] 30,000 5,560 49148] >2,419.6 | 35} 10{ 7,630 2] 0f 20,000 20000
Kv114 - - - - - - - - - - - -
KV11S 301 481 >2,419.6 | 401 471 241,960 {20 2| 275,000 241960 40] 481 ~2,410.6 | 40{ 17| 29,000 | 3{ of 31,000 22,000 40} 48{ ~2,419.6 | 22| 1l 5,040 il of 10,000 ° 10,000
KV1i6 - - - - - - - - - - -
Kv117 - - - - - - - - - - -
KV118 - - - - - - - - - - - -
KV119 - - - - - - - - -
Ciear biue fluorescence reading. The other readings had unciear biue fluorescence
£ coli concentrations at Verde were higher than Crezcent.
 Time sampled is the last two numbers of the sample name
. . th
Table A-6: Verde Day 2: 12" January 2011 (Dry-weather)
Most Most Most
. Time Representative . Representative Aepresentative
Sampie Name sampind Total Colform {Yellow) Totat Cotiluren E coh {Yellow and Fluorescent) £ ol Enterococc {Fluorescent) ettt
[MPN/100 mi} (MPN/100 mi) (MPN/100 mi}
Dilutions 10 100 10,000 10 100 10,000 ic 100 L 000
L]s] PN T LIS] MPN | L[S MPN L[s] men [ L]S| wmeN jils MPN tIs] PN Ti]s] men |t]s MPN
{ovas1 1 0 1 B - 1 ol of <« - - <a ol o] <t - - < blank was done at difubion 1.
XV208 43} 48| >24,196 | 49} 48] >241,960[47] 16/ 1,989.000 | 1.985.000 |49|as| >24.196 | 48] 20[ 27.230 | 1} 1| 20,000 27,230 |3s| 8] 723 | 8} 1 970 il of 1000 723
Kv209 9] 43 >20,196 | 49] a8} >24 48 9f 1722000 | 1722000 [4a9f42f 12997 [asf 7| 11530 | 1| 0] 10,000 12997 [3af 8] 89 | 7f Of 750 | 2| Of 2,000 689
Kv210 49! 40] »24,19C § 49 48[ >241.9C0 | 44] B 1.187.000 1,187,000 49| 40f »24,319C ‘21 38, 98040 12| O] 135000 98,040 ‘2’27 5172 33| 4 5830 5§ O 2,200 5172
Kvzil 45} 48] >24.196 | 491 48] >241960|38] 10| 886,000 886,000 | 49] 48] >24,196 [49] 23| 41060 | 4} of 41000 41060 lasf of 1421 {21} 1 2790 } 3f Of 1,000 1421
Kvzi2 43| 48] >24,196 | a9] a8 241,960| 18] 4 269,000 269000 149)50] 6151 |33{ 3{ 5650 | Of O 10000 6,131 270 4| a35 § a4} i s | of ol <,000 435
|xvasz o of «a - - <1 ofof <« - - <1 oo a - - <1 blank was done at dilution 1.
Kv213 49} 48| 24,196 | 49} 48} 241960 46/ 15 1725000 | 1725000 (49|33} 7270 [39] 4| 7.850 | o] Of <10000 7.270 36] 2] 637 8] 1i 970 | Of Of <1.000 637
Xv214 49} 48] ~24,196 - 6,131,000 48] 47} 24,196 ﬂl? 26,030 1 o 10,000 24,196 4812 2,247 18 2 2,430 2{ O 2,000 2,247
K215 49; a8} >23,196 3076000 {agf3sl 8364 |20f 3| 2880 | 2f of 20000 8164 49|43} 14136 27] 3! 4200 | S 1i 6300 43200
K216 49148} >24,196 241,960 23&[ B664 taci 6/ 88320 | 2] o 20000 8,664 16111 201 1 0f 100 0] <1,000 201
Kv283 8id <1 - - <1 [:1 K] <1 - - <1 elo <1 , - <1 blank was done at dilution 1.
V217 49]48] >24,196 | 49] 48} >241.960] 40! 4| 833,000 833000  149139] 10462 |45] 7/ 12360 | 3 Of 31,000 10462 |23f2| 327 | 4[of 410 | of of <Looc 327
(323%.] AYIAR] 224,190 | 4Y] AN] 2241 50030 /4 HUB UG LY AWiSsf 24,19b | 32f 14 4,380 ap U 43,000 7,380 &bl 1b 1,782 151 3% 2,130 2] U 2 1,082
xvz19 49{ 48] »24,196 | 49} 48] >241960|24] 3{ 359,800 550000 {49]|48] >24196 [a8] 24 32820 | & 0f 63000 32,820 l48f26] 38609 Iz24f 4; 3730 | 3] Of 3300 3,609

inconsistent first and second dilution readings. Meanwhile, first dijution readings were taken
E coli concentrations at Yerde were higher than Crescent.
I Time sampled (s the last two numbers of the sample name

Table A-7: Verde Day 3: 8" February 2011 (Wet-weather)
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Most Most Mot
S::‘:‘: h’;’:: ed Total Coliform {Yeilow) :_:;'?:t:;: E. coli {Yellow and Fluorescent} Ropr;s::;;a e Entarccocci {Fluorescent) nz:;::ir'
{MPN/100 mL} {MEN/LOD mL) (MPN 10D mi]
Wi hutigns. i0 100 0,000 10 106 10.000 10 o0 1,000
Lis MON LiS| MPN JLIS MON LS MPN L{S| WDPN Lis MIN LiS| MPN LiSi MPN Lis MPN
Kv301 1908 49] 48| >2,419.6 | 42| 31| 4,830 3i © 31,000 54,880 492119 126 19] 6| 3,110 1} ©] 10,000 326 24 1 33 2} 1 300 C} 0 <1,000 33
KVSUL 1918 {4yl ay| 224,196 |ayi a7l 241,960 | 23] 1] 273,000 2&1.90U a9 s4] 7,701 las]:i| 312.11C | U] ¢ <10.000 ERLH ayiau 11,199 |42i o] 9.8%0 /} 1 8300 33399
KW303 1928 50| 48] >24,196 {49) 31| 64,830 51 3 63,000 £4,880 42| 20 3,448 35{ 7| 7.030 a] ¢ <10.000 2,448 a8} 17| 2,382 15 1| 1,870 ol o <1.000 2,382
K304 1938 | 49| 48] >24,196 | 23| 36| 86,640 | 3| ©] 98,000 86,640 43| z¢{ 4,804 (36] 2| 6370 | O] C| <10,00C0 4,004 a6{ 10| 1,467 |13} 1| 1,600 | of o <1,000 1,407
AV303 1988 |49} 48| »24,196 | 49| a2i 123,570 | 1] i| 121,000 329370 29| 37] 3,208 |a4:f 7] 9590 | i| G| 10.000 9.208 a9} 15| 2613 |i9i 2| 2390 | 4} of 4.100 2,513
KWANA 1088 caf arf >74, 196 [ ac! a:] 120,330 §13] 2| 158,00 TS 22N an a1 12,433 | a3 17| 11,A90 21 »| 41,000 12033 ari 11} 2064 | 1&l of 1,390 o] nj <1000 2,084
V307 2008 | 49| 48] »2,419.6 | 40| 48/>241,96G |24 4| 273,000 373,000 aola7] 2420 [ss|11| 18600 | 2 ol 20,000 2,820 49} 30{ 1,120 |40} 8| 9,330 i12] 2/ 15,800 1,120
RV308 2018 | 4a9] e8] 224,136 | 9| a6} 198,630 (22 3] 323000 198,530 o] s6| 19,363 {a6! 17| 18420 | 2] of 20,000 19563 ag| aa!l 19,531 [39ii0f 9,340 |i3] 1} 16,000 35531
NVINQ I0IR &9f ar} >74,186 jao! a7{ 241,980 |0 3 275,01 341950 22{35f R IR |av]1s| I9IRD 2{ o 20,000 8162 asj 131 1,618 15 1| 1,870 Hl sl 1,000 1A1R
K310 2038 | a0l 48] >24,196 |a0| 47] 281,960 | 13| 2| 171,000 221,960 45{32! 9,804 |28{13] 20,140 | 3| ©| 10,000 0,804 47120{ 3448 (15| 1] 1,870 | 1} o 1000 3,442
Kv311 2048 49) o8} »2,419.6 | 32| 38} >241,9%G0) 75! ©] 295,000 299,000 49|41f 1,203 |a4i 39} 12,230 1] o] 16,000 1.208 47111 166 3 o 380 of o <1,000 165
xW3i2 2058 49| 48| >24,190 {48 45! 1/3.290 111} 2] 145000 173.28C 49144] 15,531 [44!10] 14090 O of <ipuw 15531 30} 6 547 71 1 ¥5U 0] O <iuuo 537
K313 2108 | 19| 48| 221,196 | o9 48[>241,960(17{ 4] 253,000 253,000 48/48] 10,112 |48} | 17,220 | o] o] «10,000 17,220 312 495 5] o 520 o] ol <1,000 ~95

incansicient first and cecond diiution readings. Meanwhile, firrt diitt:on readings ware taken

{ coi: concentrat:ons at Verde weere highar than Crescent
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Table B-1: Bras Basah Field Notes, taken on 10" January 2011 (Wet -weather)

Fizl? Sata Sheat

1
fiedd gatashert ol i i

Date W sar 2L '

Latatan VerdsfNTT (O Cresc®Rt (0] / Sras Basah (MB]

oy of samphng {For the acatinn: (1f3/13

Haurs: T WA e 0730-1130)

mames of field persarned: g:’*:;&ﬂ,. %&...._. wrllang,

M,

Fetd dete shieet of: [oustion){day of sampling for s neatan]

@@ Verde day L2 EV1

Sarmphey' rames locationjlday of sermpling oo he locbor Thour in 24-br fomratl
g veorde, day 18 am = K108 ’
Wobarms of oach sample collected {rotal valuere = 3L} e g Bank lar Yorde, day 1, 0if 1= KWIB1

= 2 Ao of 100mL Wil Pak thio-2ags INTU Vaiurme of black in eack sh# [otal valums = & E5L]
= 1 nos of S3mL Whink Pak thic-bag [NTU} « 2 pan of 100mi Whirl-Fak thia-bags

= ¥ ros of 1900 armber glass botties (Setsco) 1 ras af Sl whirl-Pak thio-bap,

> 1 pos of SOEENL chear glass batte [soeo)
¢ peastic bottie (Setsn]
if {he noette dsed for Sest00 araysin 15 net the tame 35 sbhove sxted

2750 takai
P - ’,s' . Jf;
% L3 L 4
4 29 C als ¢ A 4
< REETIE RN NS I Vs & AW )
o T . 2 05 S8 thad -y .
‘ Ly =2
. - P ol -
Ol ene ,11 L {’_J"i—'? >
¥ e
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Date:

Location
Day of ampling {for the location).

Hours

Narnes of Fesltt persoanei

Notas

A% ee 2011

Fizicd Data Sheet

verde (V] / COX Cres-ort (KC) /a3 Basah IMB)

273

TIAG - 1030 fo§ 0730-1130}

Raan. e

Fioid data sheet of: [location]iday of sampiing forthe location]

e.g Verde, day 1« KV1

Sampies’ names: {locationfiday of samgpling for the lacation] thour in 24-0v format)
e.g Verde, day 1, 8 am = KV108
Volume of each sample collected [total volume = 3i):
> 2 nos of 100mL Whirt-Pak thio-bags {NTU)

> 1 nos of S50mL Whirl-Pak thio-bag (NTU}

> 2 nos of 10004, aember giass botties {Setuco)

> 1 nos of 250m1 plastic botTe {Setsca)

> 2 nos of 100mL Whirk-Pak thio-bags
> 1 nos of 50mi whirl Pak theo-bag

Field dats showt of:

M4

> 1 nos of S00m1 cear glass bottie (Setsco)

Remarks fill in if the botthe ysid tor Sagtro anslyys s rot the same 23 above listad
Blank's name flocation]{day of samping for the Jocation]|blank | shit}

¢ g Blank for Verde, day 1, shift 1 = KV1B1

Votume of Blank i cach shilt (total votume = Q 25

# - 'W)tsimv\ﬁ
2| ma3 \'L‘;z? . EO‘?; L(Q,? oy c.5 Y +
. " { TR0 Avmalnueaw” il %
| SO U HUH ) 2 ETVP “ Do
M?J!k‘j 15% Lot L.t N o St Sei Cawfﬁ?@t\mgw
N i P Lgna Agai 4y
b mEol s ol | o | B o1 L eoly Au
, K- 's] Zroreen op (W R YL
| neik | g -t Rod o I SRR BT Ll o .
b ’%\’S‘Qi ’} ?'m,‘\r - ‘i:{"‘ € :L} (/ b/t;;_& i‘;’ {} . "}' 3{__ "U"(i}d ¢ S - : ?f%li?
i} \ Ll -
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Fiskd Oata Sheet

Date ”f jan 2011

Location ({ﬁmeim £ CEX Cresant (K} / s@m
243

Dy of sempling lfor the lecation)

Haurs: e e UT30.31304
Kamas of fleld personnet g“m #m
otes: Famie data sheet of foraronidey of samping for the Kcation)

e.p Verde, day L~ 61

Sampies’ rames [location{day of sampling tor tte neaton] how w24 b format]
® g Verde day 18 am = KVI0R

Wolume of cath sample coliected Total wHume « L)

> 2 nos of 100t Whirl-Pak thio-bags {NTU)

* 1 nas of S0ml Whirk-Pak Thic-bag INTU}

» 2 oos of 1000mL smber glass botties {Seticnt

Fieid gata sheet of | M7 }

> 1 nps of SO0 chear gass bottle (Setwol

> 1 nos of 250mL plasee botthe (Setsco)

Rernarks: Tl in f the bottle wed for Sestoo analysas i not the wme 3 above isted
Blank's narne: lcationjiday of sengling foe the iocation i{blank Bsniit]

e.g Slark for Verde, day 1, st | 2 KV1BL

Yolurne of blaak i each still (1018 volurme = 0 151

» 1 Aos of 100m) Whirt-Pak thio-bugs

» 3 nos of S0t Wivet-Pak thio-bag

e e T ‘m
3 e L 3 o
3 w8 | 1300 27 a R0 o) 2 m&’i g
G oA P Cooambe bobh plofe L
o) I%c 3 Bl Ve X \.3\}}"\ L L 140 nl g ¥ o5
MES- R L ke Wh | nwe» | oo 790 mi
(KI wih ) -l¥w A ’2«“4-6 ?)“ & O,.% 160 PR
f)( ME- 153D VL0 6.3 ui? 4 “ 1 15C el
f‘} N W« = iRy - . Y ’Yﬂi\‘ 'i\ o
T :‘R;:&’ QQSJ ,; 7 i"”‘ ‘},’W %'& ZJL"'&} 7y L Mé
, L) Lo “@|oy | Tz
AW 0 Y 1y N TS erL
S - N . N . ‘ - - . ‘ "4
W e DN S B O e LA ke damoR
L I TERRY & < 16 v VbR g LR AY
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Table B-2: Bras Basah Field Notes Taken on 18" January 2011 (Dry-weather)

Fizld Data Sheet

w~

Fialt data sheet of ] [T,

\:{‘} e ’ﬂli

e
Location: W‘/ Lk Crg;pevﬂitl §Bray Sassh (B3]
Oy of samping lfor the incatan) g} o<
rours: M [2.g. O730-1130)
Names of fieid personnel: QQ_P_L‘ wl&
Nites Finld data sheat af: Bacation| jday of sampbng Far the lecation] » 3 nez of S00mi clear gass botthe [Satsco)
e.g. Warde, day 1= KVi = L noe of 250miL plasyic bottie {Setsco}
Sampées' names: [locason][day o sampling for the lozatanlibows in 24k fnerat] Feermares il in if Uhe botths gsad For Sesion ansyiis is not the sarne 35 aboee listed
eg Verde, day 1, 8 am = KV108 Bank's name: Hocationl{day of sampling for the locstion ][ Hank)ishift]
Mioiure of sach sample collecrad frotaiwalueme = 3L} w.g. Blink far Verde, cay 1, shift 1 = KV1BL
= 2o o 200mL Whid-Pak !io-bags INTU) Welhuma of beank in each shift {tosst valume « 0251
= 1 nos of SOmL Whri-Fak thio-bag INTU) > 1 aon ot LODmL Whin-Pak thic-bags
x> 2 nos of 30G0mL amber glass botties [Setsco) > 1 nen o Sl Whirk-Pak thag-tag

Axtaz o S &aﬂmw&,‘

=3
E%)
%
A4
o
0
[
Py
L
_Z-s
e
J{:l
-

e - e — ; “ Pt LV B Sterpoed
ER T SRR YU et

L IMBaeg | 0B 090k | 2% (0 FL0 04 2l Py

Llve 2o | ooy 2 2 Ho 04 2 J

g Mi& 2 GCJ‘S'HCJE; 13 O &% a 0.4 2 / e {»la.) [

wepet
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Data _:é}gn e
Loation: s
Oay of sampang (far te letatan): ’

i
Hours: 1&‘5& S8 e ama an)

Names af fishd persomnal ol Ut e
Netes: Fald data sheet of: locaton|iday of sampling for the ozaton]
iorde, day 1= X¥1

wp verde, day 18 s o= KVIOS

Viohsme of pach sample molfertad (taml vodume = 31):
3 ngsoof O Whir-Pak thsa-bags [NTU]

= 5 s of S0enl Whirl-Pak thio-bag (KT}

= 2 s of 1000mL smirer glass bolthe Setw o)

WoderfE0 7 COR Copsment00H f Brs Dissah (8}

nars2s Hooatien Hday of @ampling for the location|haur ie 24071 Bl
Haay &

Field Data Sheat

Field data sheet of:

w6 = a

> 1 nas of 300mL clea- glass botte (Setses)

= 1 nos of 330mlL plasic battle (et}

Remarks, filie? the sortis gsed for Beston ansysic is oot the same 35 above lised
Glarey name lovstan]idéey of sampling for the locsvor ][Blank]{ k]

g, Biank far Verde, ray 1, shift 2= EV1B1

Wolurne of Blank in sach st {totsl wolamne = DL2EL)

= 2 nis of J00mL WhishPak thicbegs

> 4 nws of S0ms WhirkFak thio-lnsg

[S45 {pe A eaiay

e L | isE - 203 AF-C S S bepiert v chad enef flo afie oo
U CERCE PR
HMead | st TBeR a3 Y g | oA

ylrasnd | yem e | AR G e

ieog iz

SAMEING | ey PO 2e 3 143 04 i
e | Eeb ko) 27y 22 (N 3
L8,
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Fiold Data Shoot

Fizlf data sheet of

Cate: v w2011
Lacatisn: Vards K] OO Drescann (KO Bras Basd (MB]
Ciay af sampling {foe the location): 1AEH
Hours: & iy T (g 0740-21300
Narmws of fisld personnet o DTy
Motes: Fieid data shaet of: {losation]day & samaling for the location] > 1 mes of S00m L ciear glass battfe [Scts}
@8 verde, gy 1 = KV] » L nes gf 250m piastic dorle (Setscn)
Samples’ names: [Doationfidsy of ampiag tar tee docatom|thage in 2k fnemat] famarky: Aill n if the bottle gsed for Sesies analydls @ nat the same as shoe Ssted
a.p. Verde, diy 1, B am = 8V108 Biank's name (locationi[day of saempling for the locationHblank][shift]
Volume of each sareple collected [otal valume = 3LR e.g. 8lank for Verde, day 1, shift 1 = KV1#1
> 2 3z of 100raL Whirt-Fak thio bags (NTU) Valuma of bank in cach shift [tatal volume = D.28LE
> 1 nas of S0ml Whet-Pak thio-bag {NTL| > 2 nivs af 100mi Whirl-Fak theo-Zags
= 2 s of 1000mE amber glass Bories (3etson) > L af SOl Wir-Pak thio-hiag

750 1aket
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Table B-3: Verde Field Notes, taken 6" January 2011 (Dry-weather)

Fisld Data Shest

poeid gt sheer of | R ) j

N k- %
Dt M janzsy
Location: \fgnigxéfl § C0X Crescent [K0] [ Bras Basah (MBS}
Day of sarapanyg For the logation ], i:}’jf 3 43 .
Haurs HEL R 08 ey Q7I01L30)
Harnes of el personnsl -
Hotes Field data shest of: scatinni{day of sarydng Far the ocate] I 1 g of SO0 clear glass botie [Setsoo)

e.5 Werds day 17 KV = 1 nos of 250mL olasiic batte {Setseat

sampley’ names. [lacatanfigay of samphng for e foganan [[hour in 24k foerral] Remnasks: Fiim i the botth wied for Sestoo anastyis is not the same a3 sbave liged

2 g Werde, day 1, 8 am = V108 Blank's mama: [eationliday of sampiang for the 'ocation | [Bank]{shif]

Volunie of 2ach samale colected [ota] volume 2 301 wg Slank for verde, day L, /ift 1 = KVi8

° 2oy of 1000 Whirh-Fak tha Sags {NTU) ;‘i{zlufh‘: of Biaak in cach shift (otal evglume = DUESLE

% 1 s of S0l Whirl-Pak thintiag [NTU in 3 nos of 100mL Whist-Fak tho bags

a7 nes of 1000mL amber gass hutties {setsrn) s 1 nas o SOmL Whirl-Fak thes tag

Y

54 takan by Setsig?

‘ Z ﬂ:} w 2_ f—; [- &gm{kﬁ}
o CAnEmi,

# ~ 4 s:‘i:»{“} jes {t;szrs et
3 g5~ 0905 | 1 4406 02 L o gy &l cauS

s o003 | 23 F | 4p g2 s #ery (6%

4 ¥j‘\§r no i;“"j g:;{:‘ - EL}{J f }? égli; { % ‘}L W{.&ﬂ“a R R
gl wN I wﬁ"il{?? 3% 4 “HLa O O 2 A
v AT1TIE
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Cate:

Lrcation:

oy af sampéng [for the laton):

s

Symes of fiesd persannel

Matag

Faid Data Shawt

S
o Jam 211

!yngs JCLK Cregent [KC) / Bras Basah {ME)
Lrejd

“1255 < 1800 te5 0720-1130)
Hora g

Field data sheat of: (Incation}day of sampiing for the location]

eg. Varde, day 1 = KVL

Sampley’ names [location]iday af samping for the Wcatan]fhacein 29:br format]
eg, Verdr, day 1, Bam ~Kviig

Vslume of each sample cxliected (tatal voume = 1t):

> 2 rss of 100w, Whirl-Prk thia-bags [NTU|

» 1 nos of S0me Whirl-Pac tha-hag (NTU]

=3 nos of 1O00mL ambe giass hottles {Setyo)

Fiedd naa sheet ci.[ Fl’! {

= | ros of S20mL dear plass sottle (Sesxo]

> 1 res af 250mi plastic bhotte {5etsq)

Rermarks, fillin if the bottle Lsed ar Ses1co analyss & mot the same 35 above listed
Blark’s name: flocanan](dayof sampting for the ocstion][lari][shitt]

& 5. bank far Verde, Gy 1,51 1= K161
Volu e of blank in eack shi¥ {totad valume
> 2 pas of 100mL Whirl-Pak thio-Dags

> 1 ros of Sl Whirl Pak thio-bag

={.350

1278 - 1308

Jo7-15e

560 e

[ESEYIRgy

ot s adddid
A Shdgs Sl

! T 5 iﬂb’g‘

L ‘

iy fu‘#q‘f
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Table B-4: Verde Field Notes, taken 12" January 2011 (Dry-weather)

Fird Mata Sheet

Feoid data sheet of

Date

Locatae

Gy of samaplirg foe the lncationk:
HOurs: -
Mames of figld personra!

g G730

‘{-,« o

Notes: Faid diata shawt ol acationijday of sampiing for the lacaticn) =1 mas of SO0 clear gass bottle (Setset
&g Verde, day 1= KV1 = 1 nas of 250mL plaste battie (sets)
Samptes’ names: locationijday of samplog for the igvatieniThawr 01 24 by forrat] Reomaris: Fit o i the batt used for Seston anaiysis 15 not the wame 2z sbove listed
eg Verde day 1, 8 amos KVI0E Biank's namn: {location][Gay of sampéng far the location |Banki{shift
Yoiume of each jample tollected (tolal voiime « 301 w g Blank for Verde, day 1, shift 1 = KViE
w7 nes of 300mL Wher-Bak thic-bags (T wrinme of Baak in eson shuft (total wdums « 23500

= 1 nas af 30md Whrt-Pak thi-hag (NTU) H
» 3 raz af IO amber glass aoaties [Setars) e 1 e of Sl Wit Pak thed 2ag

N oaem wEkE wgh S T

S BT o P “i 85 .
L3 IR AN ML GESl - [l 0 Sl e ek (o] T R T
(R ALIEAE =
T o o 2
L - G ™ PR
% Nu{\j
. . PR o SR o
S g ol LeG - ) o - oo v hil
Lo I o, i’ - -
- - Goaths AF .
; e D1E N 2 oo B
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Cield Data Sheat

Date: T Jan 2011

Lucation varga |KV) £ CIK Sreecdng (ke Bras oty Thes)
Oay of sampting [for e locasion): [T = T

Houry: m {e.g 0730-1130)

Names of field peesonnal; P By iy

Noees: Foold data sheet of flocation][day of sampling 107 the 1acation]

.0 Verde, day 1 = ¥V1
Samgles’ naemes: {lacation] [day of sarmphag fac the kcatioof{Fesr o1 340 format]
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Table B-5: Verde Field Notes, taken 8" February 2011 (Wet-weather)
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Appendix C
WinTR-55 Required Information
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Table C-1: Land Use Areas from ArcGIS and Corresponding Curve Numbers

Sub-catch Peng Siang Curve Number | Peng Siang | Cwrve Number |Kangkar Curve Numb Pang: Curve Numb
(Bri d (CCKAved) (AMK1) (Sg Pangrua)

Landuse WinTR-55 Equivaleace CP1 cr2 CP6 CP7

Agriculture (Fanms) Row Crops (Straight Row) - - - - 0.1134 | 8iB - -

Commercial & Residential 1/8 acre orless 0.0368 C 0.037 0.0202 C - - 0.1127 C

Residential /8 acre or fess 13298 B 0.8121 C - - 3.7939 C

Residential with Commercial at 1st Storey 1/8 acre or less 0.0044 B 1.334 0.0034 C 0.836 - - 0.0029 C 3910

Commercial Commercial & Business - - 0.0291 B - - 0.0115 B

Educational Institmtion Commercial & Business 0.2516 B 0.252 0.1138 C - - 0.5618 B

Health & Medical Care Commercial & Business 0.0024 C 0.002 0.0122 [ 0.126 - - 0.0036 B 0.577

Open Space Newly graded areas - - - - 1.8632 C 1.8645 B

Cemetery Open Space (Fair Condition — grass cover 50-75%) - - - - 0.0136 | 79C - -

Sports & Recreation Open Space (Fair Condition — grass cover 50-75%) 00671 C 0067 0.0509 D - - 0.0504 B

Perk Open Space (Good Condition — grass cover > 75%) 0.5254 C 0.52% 0.0216 C - - 0.4438 B

Civic & Comnmunity 1 Open Space (Poor condition — grass cover < 50%) 0.0174 .5B/.5C 0.0103 C - - 0.0329 B

Open Space in Urban Open Space (Poor condition — grass cover < 50%) 0.231 B 0.250 0.0881 C - - 0.5758 B

Place of Worship Open Space (Poor condition — grass cover < 50%) 0.0198 SBi5SC| 0019 0.0098 C - - 0.0581 B 0.667

Light Rapid Transit Paved parking lots, roofs. driveways etc - - 0.0026 98C - - 0.008 98C

Mass Rapid Transit Paved parking lots, roofs. driveways etc 0.0066 98C - - - - - -

Transport Facilities Paved parking lots, roofs, driveways etc 0.002 98C | 0.009 0.004 98C | 0.007 - - 0.0085 C 0.017

Road Paved; curbs and storm sewers 0.419. 98C | 0.419 0.2464 C 0.1146 B 1.5686 C

Reserve Site (Rubber Trees) Woods - grass bi (Fair) 1.5977 B 1.598 0.6003 C 0.0136 65B 1.2401 B

Special Use (Rubber Trees) Woods - grass combination (F air) 0.4683 C 0.468 0.1191 C 0.119 | 1.0021 | 65B 1016 1.0902 B 2.330

Utility Developing Urban Area (No Vegetation) 0.0198 C 0.0086 5C/ 5D 0.0152 C 0.0425 C

‘Waterbody 0.0984 C 0118 0.0046 C - - 2554 C

SUM 5.0975 1.5571 3.1357 11.7252
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Figure C-3: Time of Concentration Travel Path from Point of Highest Elevation to KC2
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Figure C-5: Time of Concentration Travel Path from Point of Highest Elevation to KC7
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Table C-2: Calculations for WinTR-55

SC Type of Flow L (km) Elev, Elev; Disp (km) Disp (f) Slope (o 2 (lll) Pe(m) r(m)=ap, n V (m/sec)V (ft'sec) Tot Rain T, (br) T.(hr) Q, (msls) T, (br)
KC1  Open channel flow 201106 0.130 0105 2011061 65%7.969 001243 0.717 293853 0.2439997 0.012 3.62801 119029 238 0.154  0.154 - -
KC2 Overland flow 03048 0180 0130 03048 1000 016404 0.15 0500 1.074 0.07 10.54

012784 0130 0125 012784 4194226 003911 015 0317
Open channel flow 052461
052525 0.125 0115 14405 4726.05 0.00694 025341 201498 0.1257652 0011 190133 623796 0.210
0.39064
0.65 0115 0110 04224 1385827 0.01184 0.25341 2.01498 0.1257652 0.011 2.48278 8.145%9 0.047
KC6 (1) Open channel flow 3.08 0.125 0.11 3.08  10104.99 0.00487 0.11451 0.84823 0.135 0012 153042 502107 28 0.559 0559 - -
KC6 (D 3.08 0.125 0.11 3.08 1010499 0.00487 0.11451 0.84823 0.135 0.012 133042 502107 227 0.559  0.559 1.20 8.63
KC7 (1) Sheetflow ay 008 0.26 0.252 0.09 2952756 0.08889 0.2 0.15 5.9 0.4 0300 0987 - -
KC7(2) Sheet flow o 009 026 0252 009 2952756 008889 0.15 2640 59 44 0300 0987 - =
Shallow concentrated flow 10089 0252 0125 0.6951 2380512 0.1827 85 0.075
Open channel flow 1.06015 0125 0114 1060151 3478.186 0.01038 165794 530003 03128172 0011 426724 14.0001 0069
392395 0114 0105 3.923953 1287386 0.00229 165794 530003 03128172 0011 200629 6.58232 0.543
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Figure C-6: Singapore Intensity-Duration-Frequency Curves (PUB, 2010)
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[safers Catunet | 0>

Cross Section at CS1 (Bricklands)

Longitudinal slope = 1:1600, length = 393m
n (Dry weather) = 0.0195, n (Overbank flow) = 0.012

Detail survey done by Stephen Tan Boon Kean & Ruby Tok, 8 May 2006, 10am — 1.00pm

: 11,9922 m i

11.8662 m
11.2622m

:
i 00597 m
0205m 0.3055m

0.2985m 0.205m
1.605m

Cross Section at etail Survev

Langitudinal slope = 1:1400, length = 1059m
n (Dry weather)=0.077, n (Overbank flow) = 0.011

Detail survey done by Lim Wee Ho & Lim Lai Wan, 2 June 2006, 10am —12pm
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280m 2.80m
0 R R Lo e e X 4
0203m §_ | LILTS oo : | TiL15 | § 0203m
; h S 3 015w
0.60m
Cross Section at CP6
Longitudinal slope = 1:2000, length = 1492m,
n (Dry weather) = 0.09, n (Overbank flow) = 0.012
Detail Survey done by:

Lun Wee Ho, Yee Woon Kang, Ruby Tok, Chia Key Huat, 4 October 2006, 3:42pm - 4:48pm.

32.1031m ,
245145 m

...............................................................................................................

97278 m

Q8011 m

05m
' 43m !

Cross Section at Sg Pangsua

Longitudinal slope = 1:1000, length = 3831m,
n (Dry weather) = 0.077, n (Overbank flow) = 0.011

Detail Survey done by Lim Wee Ho & Lim Lai Wan, 7 September 2006, 10:20am — 12:24pm

Figure C-7: Drain Cross Sections
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Appendix D

Previous Years’ Wet and Dry Weather Data
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Table D-1: E. coli and Enterococci Densities (MPN/100ml) for the Kranji Reservoir (Dry Weather)

Date Station 1 Station 3 Station 4 Junction Peng Siang Tengah Kangkar
Ecoli | ENT | Ecoli | ENT | Ecoli | ENT | Ecoli | ENT | Ecoli | ENT | Ecoli | ENT | Ecoli | ENT
15 Sep 05 6.3 4.1 1 1 16.9 2 3.1 4.1 517.2 38.4 0.3 134 3.2 14.5
29 Sep 05 N.A NA 1 4.1 1 5.1 NA N.A 2613 770.1 13.4 9.8 2 1
12 Oct 05 N.A NA 1 3 1 5.1 N.A N.A 11 7.4 2 143 1 31
16 Nov 05 N.A N.A 1 4.1 2 1 N.A N.A 16.1 8.4 31 8.5 135 1
19 Jun 06 NA N.A 1 4.1 1 5.1 NA N.A N.A NA NA N.A NA NA
26 Jul 06 1 2 1 3.1 N.A N.A 1 5.2 243 12.1 131 4.1 8.5 8.4
4 Sep 06 6.3 4.1 1 4.1 7.5 3 3 2 60.2 16.9 6.2 22.6 3 2
2 Oct 06 1 1 1 2 1 11.1 1 1 7.5 9.9 7.5 8.7 1 7.5
16 Nov 06 2 N.A N.A 1 1 N.A 2 NA 1298 11.1 42 8.7 22.2 6.4
18 Dec 06 200.5 200.5 59.1 344 6.4 111 200.5 200.5 200.5 200.5 200.5 200.5 200.5 200.5
22 Jan 07 530 73 10 10 10 86 20 173 84 20 10 703 20
5 Feb 07 16.9 18.5 7.3 6.2 6.3 4.1 249 39.1 24.6 25.6 253 24 3 5.2 6.2
19 Mar 07 254 20.7 20.7 NA 3.1 1 28.8 2.2 200.5 N.A 238 N.A 165.2 N.A
23 Apr 07 201.2 259 2 2 2 2 165.8 53.5 24196 | 19863 | 2064 218.7 18.9 15
21 May 07 1 3 1 1 1 1 1 12.7 10 1 2 497 3.1 7.5
5 Jun 07 27.5 239 5.2 2 1 1 104.6 31.7 2419.6 | 1553.1 51.2 439 8.5 15.3
9 Jul 07 135 63 10 10 20 73 1842 199 20 10 &84 41 84 134
20 Aug 07 146.7 1223 133.4 107.1 1374 67 250.9 62.2 1732.9 177.5 1259 225 98.5 54.4
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Table D-2: E. coli and Enterococci Densities (MPN/100ml) for the Kranji Catchment (Dry Weather)

Date CP1 CcP2 CP3 CP4 CPs CP6 Ccr7

E coli ENT E coli ENT E coli ENT E coli ENT E coli ENT E coli ENT E col; ENT
10 Nov 25 2489 487 4106 2224 1234 1334 313 52 2382 3654 754 588 N.A NA
23 Nov 25 2700 6438 7701 7270 583 3873 3282 7701 1314 2323 2909 | 19863 NA NA
7 Dec C5 110 288 1722 198% 1624 1576 323 10 4611 2755 1281 521 N.A NA
21 Dec 05 3609 3654 4884 5172 512 959 259 52 1904 3076 487 905 NA NA
10 May 06 1616 252 11199 715 504 148 2014 554 >24196 | 2489 2098 3654 N.A N.A
13 Jun 06 933 259 7556 1391 683 1 8297 663 2098 1785 422 318 N.A NA
3 Aug 06 933 52 2878 1095 6488 52 379 20 3255 934 4106 2046 N.A N.A
11 Sep 06 624 249 9804 3255 573 110 331 52 1576 1223 1187 465 633 109
9 Oct 06 1789 110 | >24196| 12033 878 594 130 20 6131 6131 313 243 1354 145
6 Nov (6 1333 120 >24196¢ | 24196 399 41 201 41 1467 1376 1616 435 6867 520
11 Dec 06 2359 959 | >2419€| 2098 295 134 1500 576 3654 1467 1576 422 985 262
$ Jan 07 2282 oC9 1340 100 134 10 373 20 2098 933 1860 576 12597 197
12 Feb 07 4352 52 24196 1624 6867 5012 52 10 15531 4611 759 41 959 163

26 Feb 07 N.A N.A N.A NA N.A NA NA NA NA NA NA NA 3076 31
9 Mar C7 9208 173 3255 538 728 1043 282 S0 1782 556 1723 2279 1137 197
14 May 07 24196 84 5520 1870 2014 364 1789 683 5794 588
2 Jul 07 6488 269 24196 1281 189 52 209 231 NA NA

21 Sep 07 554 63 24196 | 1918 158 20 2359 1010 961 32

Note: The samples were diluted with 10 times. The detection limit (D.L.)is 24196 MPN/100m1 for 10 times dilution.

Note: The samples were diluted with 10 times. The detection limit (D.L.) is 24196 MPN/100ml for 10 times dilution.
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