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# 1 PUB Visit & SIWW Workshop 10-15, Jul_Programme

Day Main activities for Morning Afternoon
day
Sunday 10 | Arrive; EVA Air —-BR215 (09:25) Hot Issues Workshop
Jul Opening ceremony & | Arrive at Singapore at 13:50 Opening Ceremony
Welcome Reception | Hot Issues Workshop
Monday 11 | Visit of PUB-Water | PUB-Water Hub-Water Quality Office | Water Convention Poster Presentation
Jul Hub-Water Quality | (Chief, Lim Mong Hoo) (Poster: Towards Including Water Quality In Climate
Office; *10AM-13PM Adaptation Frameworks)
Water Convention - Water Quality Management (Poster Presentation)
PO [PIESENENER - Water Treatment Research
- Water Quality Education and Training *1330PM
- Water Quality Monitoring (Fish & Oil Visit Cck Plant
Waste)
- Water Regulation
- Water Quality and Laboratory Design
Tuesday 12 | Water Convention Water Convention Opening Plenary Water Convention Parallet Tracks | Smart Water Forum
Jul Opening Plenary
Wednesday | Water Convention Water Convention Parallet Tracks Water Convention Parallet Tracks
13 Jul Parallet Tracks

Water Convention closing Plenary
Desalination and Water Reuse Business Forum




Day

Main activities for
day

Morning

Afternoon

Theme 1A: Delivering Water From Source to Tap — Networks
(2:00-3:30 PM)

(Oral: The Response Action of Taiwan Water Corporation for
Drought Resistance)

Thursday | Site & CCOC Visits | Visit Marina Barrage 1330 Arrive at Woodleigh Complex Blk 2
14 Jul 1400 — 1430  Introduction of PUB & Water Supply Network
1430 -1530  Tour of CCOC (Combined Control & Operations
Centre)
- Water Services and Operations Centre
- PUBOne
- Water Supply Control Centre
1530 - 1600  Sharing on Leak Detection Programme
1600 — 1700 Tour of Meter Workshop
Friday 15 | Checkout & Accommodation check out EVA Air -BR216
Jul Departure departure at 15:10

TPE at 20:00
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- ~ SIWW Water Convention
(=) *€vEE@IRz BEFET

~ =tk € 3% 73 Delivering Water from Source to Tap ~ Effective and
Efficient Wastewater Management -~ Water for Liveability and

)

Resilience ~ Water Quality and Health 2 Water for Industries 7 ~ 2 %% -

=xeb s k=A@ 2 44e 3 4R T Delivering Water from Source to
Tap | 24 » 4% T104 # 280 e %5 CHF L R2P 2 7
Th | (15 A 42 v EEAR L (FEB 4) e A AFE T AP REE
BT FEREBH KRR T2 FEETE D NATLRREZ B - B

Tl ¥ A PRE 2R 4R B T 2 #g(GEH ©) o

Taiwan Water Corporation
Reporter: Thomas Tseng

W4 228 K A3AT4en kI HE © E 4R
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Towards Including Water Quality in
Climate Adaptation Frameworks

N.-T. Hu®, T-F. Lin**, L-Y. Cai**, C.-H. Chang**, L. van der Linden***, and M. Burch***

* Taiwan Water Corporati hung City, ROC.
lt-mall' khcn.moll waul goutw, chihhua@mall.ncku.edu.tw)
** Dep of g and Global Water Quality R ch Center, e

Xung Unhm'slfy, Talnan City, Talwan ROC.
*** Australian Water Quality Centre, SA Water, Adelailde, SA, Australia.

Introduction e © ame e s« e IMethodology

challenge to the water industry as they make T T
90 S boweve undor the y that ~
surrounds climate change,
0 Mathods have been developed to adapt to the
challenges have focused on water quantity

msues, Including water qualty sspects s

T
well understood potential negative impacts of
climate change on water guality.

L This international cooperative program, jointly
studied by  Australia,  Talwan  and  USA,
demonstrates the abilty to include climate
change Impacts on water quality n a variety of
d support

O Using Taiwan’s Munshan Resorvolr (HS#) a3 a primary example, the value of an
Intograted modelling approach 1o 83303 the effects of climate change on water

quality is present
Results & Discussion

- y
R e ] v vty st

Flgure 11 Model for the of the on
water quality under chimate change scenarios

= (mpacts of dlimate chanae 00 catchment flow and water auality SIS T - e T
& ! HE
27 [T | I I\‘ | l lll I

Lanl I

E.J-.nh. ] !

—— SRR - { {-
pe—— : '
Figure 2; Near-term (2020-2019) and long-term (2080-2099) projections of ] |
monthly catchment flow and water quality under A1l scenario,
l -
Table 1: Pro on of noar-term and long-term mean flow and water guality,
" "o ey - 00 N o astees s
& {
e oom oo an . !
- 0.0m 00 on " 3 - I |
menn 100m8 0 002y woroon wromn wsan l
L) o0y ool on "
(110N IBOATO0M)  (DOTODH  DIOM)  MSAl -
® Coupling watershed and resarvole models, 10 ausess the impacts of thmate Flgure 41 Risk exceedance probability for the tevels of nutrients in surface and
change on_the water auality of an_ off-channel ceservoir io a humig: bottom layers. M4 b e
subiropicel imatic region o
III || “ il ll*“'*"
LR Figure S: Risk excoedance probabiity for the levels of phytoplankton
Figure 3: fnk m'odcnu probability for the levels of WT nnd DO in surfaco layer Q The tlux of phosphorus in the hypolimnion may not support algal growth in
the epilimnion during sumemert stratification,
U The rsing temperatures will significantly lower the water gquality n HSR ] s 00 Proj 10 Incroase the , Since the HSK
through greater thermal stability and DO stratification. Resulting in reduced Is well mixed in late fall/winter.
DO concentrations n deeper layers of the reservoir and intreased release of Q) The projected earlier arrival of spring should be noted. If the presence of
phosphorus from sediments Autrients s high, the prolonged growing season will increase the sspected
frequency of algal blooms
Conclusions

U The ming temperature anociated with future cimate Iy projocted to sgnificantly lower the water quality In MSK, The tools developed In this project allow the
of 10 these climate changeo kmpacts.

water
The authors would like to express appreciation for the support of the sponsors: qm ‘mh” ok Cm

W5 THFERBHRERFT2HELBEITER I MATLRELZ 6 &
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~ PUB Water Hub - Water Quality Office
(- )PUB

PUB # B8 & kT ;‘lﬁl%‘K(MiniStry of the Environment and Water
Resouses)(7:] 6)> 1 & Bt 4k kg i hp % -k (Clean Water) % =
T4 > H¥p 5 H i+ 5 K 73k B A (National Environment Agency) - 4p
# AR = 5 R74e 8L gk 5 A8 (Environmental Sustainability) ¥ 4 o

B o
sl Ministry of the Environment
and Water Resources

-
“To deliver and sustain a clean and healthy
environment and water resources for ail in

Singapore.”

National :
Environment I ) J B
Agency

\ Water for All: Conserve Value, Enfoy

“To ensure a sustainable ;" enstur § an e;fﬂ_cr egft_.
guality environment in adequate & sustainable

Singapore” supply of water”
s QEEE!I i g id & E EE ”:“E .
% Clean Air
2 Public Healih A Statutory Board constituted under

the Public Utilities Act 2001 to
provide integrated water supply,
sewerage and drainage services

W 6 A7 B IBB Ak TR ERE

PUB if % ISO 17025 » 5 WHO 4 i4x * -k % > # L {ri3 3 -k ik
FEAMEER o FhESZ s AR S RPE (LTS L3
FoRE X AT TR TR ETRE AR 7 977 )% QAQC
(&SRR ;ﬂj\ﬁs 2 BEERE R RER) FRENAST
FACE R 2Rt F 332 FPR 2P 23 6

: 2 A(e 5 15 =fE 4) o

|



A2 #c® A 159 % % (HPLC-ICP-MS)

W7 PUB®%%®#&
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Biology and Microbiology Laboratories
For routine monitoring of algae, E.coli etc. R&D projects for rapid
and accurate pathogen detection of water supplies

Organic Chemistry Laboratory

For routine monitoring of organics such as herbicides and
pharmaceutical products. R&D projects for developing new
analytical method for pollutants of emerging concerns.

General Chemistry Laboratory

Receiving samples and registration of samples into |laboratory
information management system.

Inorganic Chemistry Laboratory
Advanced analysis of inorganic and radiclogical parameters.

R&D projects to develop analytical methods and techniques for
various contaminants

Advanced Biotechnology Laboratory

Focus on R&D that advance PUB's capabilities in improved detection
methods for current and emerging microorganisms of concern

® 8 PUB Analytics & Research Laboratories

(=) #idesk ki

Frovl 3 4 < RRGES'E 9) ¢ 57 & & -k (Desalinated
Water) ~ #74 -k (NEWater) ~ :& v -k Imported Water)(p & k& 17 & s

(Johor)#i » ) ~ 12 & f -k % ¢ & -k (Water from Local Catchment) - 3
“r21 NEWater » % 5 2 5875k wfcf A2 ek Fih» 44 8 i
Bt g 51 £7 k0 RREEAGI N LR H Y KRR o F

= v

v

SE@LF AR ok R RS R GERR 10)-
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From sourcing, collection, purification and supply of drinking
water to treatment of used water and turning it infto NEWater,
drainage of storm water

Stormwater , naln‘_ sea‘

Management
|

1 indirect Potable
\lce

Desalination Direct Non- N\
Potable Use JR*LULTHIGTEN

o
Used Wate
g

Water.to the

awdlo ) .
D i{;“Wa — PO%)uTé‘tlon !
y V&ﬂnduétrles

WO Adest-kKRZ -k H%ET LW

W 10 NEWater #3557 & B
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*ﬁ&%ﬂw%ﬁ$~ﬁ%$£% quﬁﬁk e
ﬁ—@ﬁﬁj~rﬁ%i—@ﬁﬁﬁj‘rﬁ&ﬁ—@ﬁJﬁ&m

RIS < MgELE o

> W g & - ¥ % -k(Collect Every Drop of Rain Water): B # #74c 3 4

L

NACRE R AT AT kS 0@ Frier e § 23 603 o A TS

17 i % ki gk R -

W 8 & - jF* = -k(Collect Every Drop of Used Water) : p % 4 &
R A R R s /#uﬁéﬁ ko asZE 3T LR T 4 AR 2 KR
Bk A ) AR A R R o

7%= — jf -k (Recycle Every Drop of Water) : A kA7 -k % j& %
b R R B 2K A T 30%% 25% o

ATt KRR S 2 5 me L E AT

BoRRETR B ARy s (Mer R * R84y > 2 (7R

® g r oAl endy g

PBOREET B AR R E 25 L1 £k G Bk
SRS R E R R FTSNE S

& -k % & #(Catchment Surveillance) o
47 4] (Algae Control) 9 4% -k # s -

REPEREREE §OKF R (Water Quality Monitoring) ©

18



()54t p koKi2 4

k% >33 (Water Safety Plan, WSP)(G£R] 11),7&75'\?%@;5% » BT
DRF KA R e R o B AT B AR RS ST
fE R o mp RORIOA LRk WSP AT HRTIRE O £ L 2
(Environmental Public Health Regulations)s& = ¢ ﬁﬁi&lgéﬁ? koK
B4R 4=(Quality of Piped Drinking Water) - H & &34 L K 4=k 7T
TR AR RBRERTIEERR 2D Fek o T REEED
FHE(MArz2 ¥ A& AEY L2 RTHF T2 HEER) BB tRl%
BATRAEIDZ P HEMFZ A3 YR LEEEY o

R

l

Health Based Targets

(Piped Drinking Water Requlations)

v

Water Safety Plan (PUB/water suppliers)
Water Safety Team™*
(plan, develop, verify and implement) e
System . Management &
Assessment Monitoring Communication
(reservoir, treatment plant,  (Water Sampling Plan) (SOP, emergency / risk
distnibution networks) management plan)
7 I‘.‘Iul-tldlscmunary including those l
who know about the system those [ oo
with ability to make decisions Surveillance
outside “experts” if necessary (Audit)

% 11 WSP of Singapore
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# 2 Singapore Drinking Water Quality Standard

Environmental
Public Health
WHO 2011/ (Quality of Piped | PUB Water . .
Characteristics Unit GV (4th | Drinking Water) Quality, PUB V\Q;ﬁr eQuallty, PUBC\Q/r:tTiaQng:my’
Edition) | Regulations 2008, |  Average 9 P
(updated 1 Nov
2010)
Microbiological Parameter
Escherlch!a coli (E. cfu/100ml <1 < < < p
coli)
Physical Parameters
Colour Hazen - 15 <5 <5-5 P
Conductivity uS/cm - - 256 92-527 -
Odour TON - - Unobjectionabl|  Unobjectionable -
e
pH Value Units - 6.5-9.5 8.1 7.7-84 P
Total Dissolved
Solid mg/L - - 161 54-344 -
Turbidity NTU 5 5 0.19 0.11-1.30 P
Radiological Parameters
Gross Alpha Bo/L 0'?1'\)““6 05 0.040 <0.017-0.190 P
Gross Beta Bag/L 1Note (1) 1 0.173 <0.021-0.499 P
Radon 222 Bg/L - 100 <0.6 <0.6-0.89 P
Chemical Parameters
Acrylamide ug/L 0.5 0.5 <0.5 <0.5 P
Alachlor ug/L 20 20 <1 <1 P
Aldicarb ug/L 10 10 <25 <25 P
Aldrin and Dieldrin ug/L 0.03 0.03 <0.01 <0.01 P
Antimony ug/L 20 20 <1 <1-2 P
Arsenic ug/L 10 10 <5 <5 P
Atrazine ug/L 10(02l;lote 2 <0.5 <0.5 P
Aluminium mg/L - 0.1, 0.2 Note (3) 0.029 <0.019 - 0.162 P
Barium mg/L 0.7 0.7 0.021 <0.004 - 0.053 P
Benzene ug/L 10 10 <5 <5 P
Benzo[a]pyrene ug/L 0.7 0.7 <0.2 <0.2 P
Boron mg/L 2.4 2.4 0.022 0.008 -0.052 P
Bromate mg/L 0.01 0.01 <0.005 <0.005-0.007 P
Bromodichloromethan ug/L 60 60 10.69 <5-25.00 P
e
Bromoform ug/L 100 100 <5 <5-8.3 P
Cadmium ug/L 3 3 <0.5 <0.5 P
Carbofuran ug/L 7 7 <25 <25 P
Carbon
Tetrachloride ug/L 4 4 <1 <1 P
Chlorate mg/L 0.7 0.7 <0.043 <0.043 - 0.358 P
Chiordane (total ug/L 0.2 0.2 <0.02 <0.02 P
isomers)
Chlorine Note(4) mg/L 5 5 25 1.8-3.0 P
Chlorite mg/L 0.7 0.7 <0.015 <0.015 P
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Environmental
Public Health
WHO 2011| (Quality of Piped | PUB Water . .
Characteristics Unit GV (4th | Drinking Water) Quality, PUB V\/;\et;r Sua“ty’ PUBC\QI;tTiaQnmey’
Edition) | Regulations 2008, |  Average 9 P
(updated 1 Nov
2010)
Chloroform ug/L 300 300 17 <5-47 P
Chlorotoluron ug/L 30 30 <25 <25 P
Chlorpyrifos ug/L 30 30 <0.1 <0.1 P
Chromium mg/L 0.05 0.05 <0.005 <0.005 P
Copper mg/L 2 2 <0.002 <0.002 P
Cyanazine ug/L 0.6 0.6 <0.6 <0.6 P
Cyanide mg/L - 0.07 <0.03 <0.03 P
Cyanogen c_hlorlde uglL ) 70 <50 <50 p
(as cyanide)
Chloride mg/L - - 26 6-82 -
2,4-D(2,4-
dichlorophenoxyacetic| ug/L 30 30 <25 <25 P
acid) in free acid form
2,4-DB[4-(2,4-
Dichlorophenoxy) ug/L 90 90 <25 <25 P
butyric acid]
DDT and
metabolites ug/L 1 1 <0.01 <0.01 P
Di(2-Ethylhexyl)
ohthalate ug/L 8 8 <1 <1 P
1,2-Dibromo-3-Chlor
opropane (DBCP) ug/L 1 1 <0.2 <0.2 P
Dibromoacetonitrile ug/L 70 70 <10 <10 P
Dibromochloromethan| ug/L 100 100 <5 <5-18 P
e
Dibromoethane
(Ethylene Dibromide) ug/L 0.4 0.4 <0.05 <0.05 P
1,2-
Dichloroacetate ug/L 50 50 13 <5-41 P
Dichloroacetonitrile ug/L 20 20 <1 <1-3.1 P
D'Ch'olr;k_’enze”e' ug/L 1000 1000 <1 <1 P
D'Ch'olrzk_’enze”e' ug/L 300 300 <1 <1 P
Dichloroethane, 1,2- ug/L 30 30 <2 <2 P
Dichloroethene, 1,2- ug/L 50 50 <5 <5 P
Dichloromethane ug/L 20 20 <5 <5 P
D'Chkirgf’mpa”e’ ug/L 40 40 <5 <5 P
D"’“'Tg‘_’“’pe”e' ug/L 20 20 <10 <10 P
Dichlorprop ug/L 100 100 <25 <25 P
Dimethoate ug/L 6 6 <0.1 <0.1 P
Dioxane, 1,4 ug/L 50 50 <1 <1 P
Endrin ug/L 0.6 0.6 <0.01 <0.01 P
Epichlorohydrin ug/L 0.4 0.4 <04 <0.4 P
Ethylbenzene ug/L 300 300 <1 <1 P
Edetic acid
(EDTA-Ethylene
Diamine Tetraacetic ug/L 600 600 <1 <1 P
Acid) in free acid
form
Fenoprop (2,4,5-TP;
2,4,5-
trichlorophenoxy ug/L o o <25 <25 P
propionic acid)
Fluoride mg/L 15 0.7 0.47 0.36-0.66 P
Hexachlorobutadiene ug/L 06 06 <001 <001 P
Isoproturon ug/L 9 9 <25 <25 P
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Environmental
Public Health

WHO 2011| (Quality of Piped | PUB Water . .
Characteristics Unit GV (4th | Drinking Water) Quality, PUB V\Q;ﬁ;(e)uallty, PUBC\QI;ELQ”EZ“W’
Edition) | Regulations 2008. Average
(updated 1 Nov
2010)
Iron mg/L - - 0.005 <0.003 - 0.013 -
Lead ug/L 10 10 <2 <2 P
Lindane ug/L 2 2 <0.01 <0.01 P
MCPA
(4-Chloro-2-methylph ug/L 2 2 <2 <2 P
enoxyacetic acid)
Mecoprop (MCPP;
[2(2-methyl-chlorophe ug/L 10 10 <25 <25 P
noxy) propionicacid])
Mercury, in inorganic ug/L 6 6 <0.03 <0.03 p
form
Methoxychlor ug/L 20 20 <0.01 <0.01 P
Metolachlor ug/L 10 10 <1 <1 P
Microcystin-LR ug/L 1 1 <0.1 <0.1 P
Molinate ug/L 6 6 <1 <1 P
Monm:)(;mme mg/L 3 3 1.9 0525 P
Monochloroacetic acid|
(chloroacetic acid) ug/L 20 20 <10 <10 P
Manganese mg/L - 0.4 0.004 <0.002 - 0.010 P
Molybdenum mg/L - 0.07 <0.004 <0.004 - 0.005 P
Nickel mg/L 0.07 0.07 <0.003 <0.003 P
Nitrate (as N) mg/L 1 1 0.31 <0.01-1.13 P
Nltrllo(t'r\ﬁcpe\t)lc acid ug/L 200 200 <1 <1 P
Nitrite (as N) mg/L 0.9 0.9 <0.01 <0.01 P
Nitrate plus nitrite | e 1 1 0.029 <0.011-0.103 P
combined
N'tros?ﬁ:gﬁ%'am'”e ng/L 100 . <2 Note (6) | <2-4.24 Note (6) P
Pendimethalin ug/L 20 20 <1 <1 P
Pentachlorophenol ug/L 9 9 <1 <1 P
Permethrin, where
used as a larvicide for ug/L - 300 <2 <2 P
public health purposes
Pyriproxyfen ug/L - 300 <10 <10 P
Selenium ug/L 40 10 <10 <10 P
Simazine ug/L 2 2 <1 <1 P
Styrene ug/L 20 20 <5 <5 P
Sulphate mg/L - - 48 10-220
Silica (as SiO2) mg/L - - 3.62 0.47-7.26 -
Ter?;gzl)azme ug/L 7 7 <1 <1 P
Tetrachloroethene ug/L 40 40 <5 <5 P
Toluene ug/L 700 700 <5 <5 P
Trichloroethene ug/L 20 20 <5 <5 P
Trichlorophenol ug/L 200 200 <1 <1 P
2,4,6-
2,45-T(2,4,5-
Trichlorophenoxyaceti ug/L 9 9 <25 <25 P
c acid)
Trichloroacetate ug/L 200 200 8.5 <5-233 P
Trifluralin ug/L 20 20 <1 <1 P
Total
Trihalomethanes units <1 <1 0.30 <0.2 -0.65 P
Ratio
Total Oz_gi_gtl:c)Carbon mg/L ) ) 14 04-48 .
Total C,:(I:koa;l)mty(as mg/L ) ) 19 5.3 )
Total Hardness (as mg/L - - 66 26 - 203 -
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Environmental
Public Health
WHO 2011| (Quality of Piped | PUB Water . .
Characteristics Unit GV (4th | Drinking Water) Quality, PUB V\Q;ﬁrgSuallty, PUBC\QI;EriaQnEZmy’
Edition) | Regulations 2008. Average
(updated 1 Nov
2010)
CaC03)
Total - Phosphorous | - gy - - 0.013 <0.003 - 0.034 -
(as P)
Uranium ug/L 30 15 0.008 <0.001 - 0.016 P
Vinyl Chloride ug/L 0.3 0.3 <0.3 <0.3 P
Xylenes ug/L 500 500 <15 <15 P

* The quality of our drinking water is regulated by the Environmental Public Health (EPH) (Quality of Piped Drinking

Water) Regulation 2008 (updated 1 Nov 2010).

The drinking water standards set out under the EPH Regulations were based on the World Health Organisation

(WHO) Guidelines for Drinking-water Quality.

The WHO Guideline value is for Atrazine and its chloro-s-triazine metabolites.

Aluminium controlled at 0.1mg/L or less in large water treatment facilities that serve 10,000 or more

people. (Applicable to all Singapore and Johor Waterworks except Pulau Tekong Waterworks)

Aluminium controlled at 0.2mg/L or less for in small facilities that serve less than 10,000 people.

Note (1) :  These are WHO screening values and not guideline values.

Note (2) :

Note (3) :  Code of Practice on Piped Drinking Water Sampling and Safety Plans
(Applicable only to Pulau Tekong Waterworks)

Note (4) :  Chlorine data included all waterworks.

Note (5) :
was used in Pulau Tekong Waterworks as a secondary disinfectant.

Note (6) :

other data showed non-detect. The average reading was <2 ng/L.

Monochloramine data included all waterworks except Pulau Tekong Waterworks. No monochloramine

Six readings were recorded at 4.24 ng/L , 3.70 ng/L, 2.92 ng/L, 2.82 ng/L, 2.78 ng/L and 2.15 ng/L. All

# 3 Singapore New Water Quality Standard (Typical value)

L . WHO 2011 GV .
Characteristics Unit R Typical value
(4™ Edition)
Microbiological Parameter
Escherichia coli (E. coli) cfu/100ml <1 <1
Heterotrophic Plate Count (HPC) cfu/mL - <1
Physical Parameters
Colour Hazen - <5
Conductivity uS/cm - <250
pH Value Units - 7.0-8.5
Total Dissolved Solids (TDS) mg/L - <150
Turbidity NTU 5 <5
Chemical Parameters
Ammonia (as N) mg/L - <1.0
Aluminium mg/L - <0.1
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. . WHO 2011 GV .
Characteristics Unit th e e Typical value
(4™ Edition)
Barium mg/L 0.7 <0.1
Boron mg/L 2.4 <0.5
Calcium mg/L - 4-20
Chloride mg/L - <20
Copper mg/L 2 <0.05
Fluoride mg/L 1.5 <0.5
Iron mg/L - <0.04
Manganese mg/L - <0.05
Nitrate (as N) mg/L 11 <15
Sodium mg/L - <20
Sulphate mg/L - <5
Silica (as SiO2) mg/L - <3
Strontium mg/L - <0.1
Total Trihalomethanes Ratio <1 <0.04
Total Organic Carbon (TOC) mg/L - <0.5
Total Hardness (as CaCO3) mg/L - <50
Total Residual Chlorine mg/L 5 <2
Zinc mg/L - <0.1

AR RRRTERG AT A PPN E RS PR
KT AP IsE Y KRR TSR G KK RS S B 4
BB RBATRE RSP 2 FR ORI R AR T R &
*W*F%%ﬁﬁiﬁﬁﬁﬁ@%«ﬁ’f Hoko Py
TR EFREES o LAVAEFE R F A A
ﬁ%’%‘f% Arscdl 172 0 0 WSP # 4 i2(7 AL B K-K o T et

(2)#F4csk p Jok-k TR

Ff 5 R BE KR PUBIRBEHY Bk ey
% (Holistic Water Quality Management) > H 2% 2 p #&5 =
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LR e b vk P UL T & £ & AR iRk o

2. MgFif § ¥ PUB 4 A N kenp ok B R ARG SRR
¥ oap ok op 2R SRR ()40 @ Reclaimed Water of Wastewater) -

3oARBFET G Y 4p t&(Key Performance Index, KPI) -

PUB g4 &2 s T-RE 233 (WSP), fr T 2 2 & 47
T B & 47 ) B A 5 (Hazards Analysis and Critical Control Point
Principle, HACCP) ;; ¥ 3" % & B> ;2 (Multi-Barrier Approach) |
GER 12 & B 13)FE ik i foRJCk iR~ RS ~ 2 3% SB35

T AN T AR S B A

ntrol Input W
' Qw—’ bl utput j A

" waQ |

In Itlal Barrlers Barriers . Barri Flnal Ou.tput
raw e

water Control Measures (catchment to

quality distribution system) (Customer Taps)

W 12 Multi-Barrier Approach
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SCREENING Alum
]

SAND FILTRATION /
MEMBRANE FILTRATIO?

BIOLOGICAL
ACTIVATED

CARBON

W 13 Multi-Barrier Concept of Water Treatment Plant

Fracdl f kKo FE I8 vk GEE) 14) %0 WSP 5 % 8o g 1T A
£ ¢ = i si(Intelligent Water Management System) | 2 [ ez & -k 577 3
(R&D in Water Quality) ; » £ M#FFE 2 P UmiF-REE > o

Water Safety Plan

Intelligent Water
Management
System

Surveillance/Audit Y

W 14 F74cd p %’Lz'jg;\uj\ﬁﬁ?.ggfi‘%ﬁiﬁm
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WSP 34 {7 4 ZR3ide§] 16 #7o7 » BAcde B G + 2 [ o f §

1. Assembletheteam
2. Describe the water supply system
3. Undertake a hazard analysis and risk prioritization
4 Assess theteam
5. ldentify control measures
10 Steps 6. Define monitoring of control measures
of WSP 7. Establish procedures to verify water safety plan
8. Develop supporting programs
9 Prepare corrective actions and incident response

10. Establish documentation and communication procedures

@ 15 10 Steps of WSP in Singapore

PRd BB A feadl (7w 0 (EF) 16)>PUB ¢ BRI A 2 T B Y
éﬁﬁ%\#& ﬁz‘g‘ s ,TEJF "&\'—"1}[‘ ‘j K{B’;} ”5 /? J‘fw}\ ?’m% it T' 51l “FF&

Undertake a hazard
n Yermra assessment and risk Identify control
e ; \ characterisation to measures — the
water :ta:sy:;':ion identify and understand > measures by which risks
e how hazards can enter may be controlled
the system
4
1 \ 4
1 Define monitoring of control
measures — what limits define
acceptable performance and
how these are monitored

integrate them with HACCP plan to state all Establish corrective
existing IMS control measures, actions for normal and
procedures control limits and incident conditions
corrective actions

® 16 PUB’s WSP
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(Z )PUB-RFE R K vd

1y WSP #24 » PUB Edrdk 2t i F B v » KR~ 2
RNERok B E S HEs B AR (

GRERERLEKE AR LA RT LR S fpRiRAEE TR
Bl %-R 17~HF 18 o

n-line) ,x ¥t 2 7 _#p # # (regular sampling)

1) Online (pH, conductivity & residual chiorine, TOC, turbidity,
ammonia, Fluoroprobe - algae)

- Strategic locations on pumping mains
- Inlet and Outlet of Service Reservoirs
2) Daily

- Key bactenal indicators
- Physical parameters (pH, alkalinity, chlonde, etc)

3) Weekly to annually
Chemical indicators, pesticides etc

4) Biological (continuous)
Fish Monitoning for Toxicity

5 Routine Sampling in distnbution networks ’
(~128 weekly sampling points) Service Distribution Mains
’ Reservoirs & Customers

Ammeral
v Transmission
Mains

Wi -

® 17 PUB Water Quality Monitoring Strategy
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" Monitoring of WQ of NEWater

W 18 PUB On-line & Manual Sampking Plan in Monitoring Strategy

(+ )PUB -k % R

PUB & 3 »ethsd K F# S0k 18 & Mg 48% - 87 "% jg

L R ERFLET 385 P 17 ¥ (Internal Audit Panal, IAP) » H £ 88 28 45

1.

2.

W e 0 F i Ak AR M § kT M B AL ) o

AP 2 2 A d A7 8 < § (National Unversity of Singapore)

Fyeff iz o

Elé.ﬁ 7&’gﬂz&véﬁ'4tﬂﬂ\%/€ﬁ}v’5'5/\?{11#?];]
%%@«@ggﬁgopﬁ@mwﬁﬁrwgga4o

3. PPEF I ELEL S
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# 4 PUB IAP Experts

Prof Joan Rose (Chairperson) Microbiology

Prof Thomas Grizzard Environmental Engineering/Water Quality Monitoring
Prof Wolfgang Kiihn Water Chemistry

Prof Laszlo Somlyody Environmental Engineering/Water Quality Monitoring
Mr Michael Wehner Water Quality and Water Technology

Prof Ong Choon Nam Human Health and Toxicology

Prof Lee Hian Kee Environmental and Analytical Chemistry

INHFEPIED R e FEhoTIE P

1 #f K2 Bk 2 A 47 TR £ 45474 -k (NEWater) ~ -k & f -k %
E'] j\,J\ o

2. HRARZE R ATH E-KHFE F74 K (NEWater) @i 541 o
3. FTEF AL AT KPR o
4, EFEKEARKTVRE PIREL LN o

5. ¥ ritep ko-kphit3d o 54 NEWater, Desalination,
and Marina Barrage Projects » & S#8 B 34 17 =t 5> g PFi2 & ik
B ow o PR R AeH ho T S PR o

(5 BT RE AP FERY

o PR AT ¢ 2% FEEEE TS £ - (AllinOne) , = 5
fef o Mp Rk R IR 2 R RS- BIEE ok § LR
o S A AR (R S8 L e
PR BEEARERY 2 R EEE L S GEAR 19 A AT
RO 117 7 (2016)(947 & A7 5 % 28 ) 0 i F o BATR

3
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Payment received on or after 11.07.2015 may not be inchuded in this bill,

CURRENT MONTH CHARGES ]I Usage | Raterm | Amount ($) 1 Totalfs) |
¥ T
Electricity Services
Electricity Estimated on 10-07-2015
Electricity 4280 kWh 0.2087 805,32
2146 kWh 0.2241 480.82 1,376.24

— | Water Services by Public Utilities Board
Vv:atar Estimated on 10-07-2015

fater 0.0CuM 1.1700 0.00
Waterborne Fee 0.0Cul 0.5607 0.00 0.00
Water Consarvation Tax
E— $0.00 0% 0.00 0.00
——| Total Charges . 1,376.24 1,376.24
Goods & Services Tax
$1,376.24 7% 96.34 96.34
[ Total Gurrent Gharges Inclusive of GST $1,472.58

851“ sta.nf’fa&vﬂl be at your premises on 12.08.2015 to read your meters. You may call us at tel no. 1800 2222333 to verify the identity
our -

With effect from 1 Jul, electricity rariff is 22.41 cents/kWh.

W19 #4222 FE T 5 L£-(AllinOne) ;, *EF Z W

FrocH T RH k% > ABC 23 (Active, Beautiful, and Clean
Plan, ABC-Plan)p § = # » SEZEL7H I B3 H FlE G 2R 4
W FE o AR IR E R BTFEEF L E KRR ER P
K& 2P AR AR o Rt 2 vt AT RO R R IRE A 2 Y
ERRMERER NGFFRBIHRGEF > o HEWSI R S FRE
KRR o A g 7R P AT R T L k’% P R4 BT Ry
g Bl fr R ME SRk~ ok 2 R R R R e
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= ~ PUB Combined Control & Operations Centre

B 2001 & > d 2 X% B K- %,;ﬁﬁff[a;yj(ﬁj%}ﬁlﬁ, CETE TN
Yo kiR E Vit g 8k T frad@ t

#T2 oPUB i R2ATse R4 % K2 1% Ko 374 P W
A v 540 § - # p -k 182§ CMD -

P PUB e 274 -keh 3 > #-% 8-k 100% % jc o 4 > B %20
2020 & p Z k£ 40%d L 4 ok ¥ 2060 £HF T 50% 0 ¥
AoRN TR e EE A B> T 2015 e f AT p TokE2
30% -

PUB i #]¢ w i G Z 8 23— 720 % » NEP RBRFF
e - %05 CTARBRE T ETEFILT N B E PR
IR s >R 0E 24 ) FEIRAY 0 R CEMFREA FRZ T
fRA- g R et PIERTIR - P SRR ag Y '») P SRR
KRR RERR KRR 8 iRy P S FAR O FELEE
GIS &7 %ﬁiﬁalDiii}‘i VR E g B b iz CCTV%’,@\’F’
fé’eEl'Eié&.fé@ifr},E‘%ﬁiE'Jﬁﬂﬂb‘i—;}% AR R P L s F R

kEZE g Jx%"’flxﬁ;fr AR A KLE 7 FE_sensor ko R R F o
fmfie B Q‘i@im
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% 20 PUB Combined Control & Operations Centre
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= ~ Site Visit —Cck Plant & Marina Barrage

(= ) Cck Plant

38 (Cck Plant) i % -k fq 36.4 §#8/p > A 55 8> % — # 1976

%10 BkEH L 967 T3 22 2§ 5 1825 wE/p ’*gs“w -

g ks ~FI2 Foks (& 3R ) > B ARSLin it 4R 21 -

F o9 19811 o Bok® G 412 T 28 > g B L 182 FeE/p o
(8

e AR B2 R ) (A0 ] 22 4 ) -
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(= ) Marina Barrage

1960 & S A4 4 3ACKAE » FdTRm kP * 258 P #
Frovii e 3 17 BOREC2B3EE & fF ¥ R E KR e 303 P ow g
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ARABHEHRE A 4 FiRen a2 F ) ~ PUB, Senior Deputy Director,
Mr. Chong Hou Chun (Singapore); Senior Deputy Director, Mr. Ng Han
Tong (Singapore); Chief Specialist, Mr. Wong Kee Wei (Singapore);
Chief Specialist, Dr. LIM, Mong Hoo (Singapore); Principal Specialist,
Dr. Zhang Lifeng (Singapore); Principal Specialist, Dr. Zhang Hai Bao
(Singapore); Engineer, Mr. Tan Hong Hak (Singapore); Engineer, Ms.
Low Pei Chin (Singapore); Engineer, Mr. Qiu Tien (Singapore);
USEPA, Environmental Scientist, Dr. H. Jeol Allen (U.S.A);
SydneyWater, Engineer, Dr. David Zhang (Australia).

Thank you so much
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