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March 07, 2019
08:30-09:00 | Regishration = L :
Openmg and Presenf:anon The Taiwan-Philippines Joint Water Quality Rﬁsarch and Innovation
09:00 ~09:30 | Center in Mapuia Univesity
Prof Delia B. Senoro | Mapiia University
1930 — 10:10 Topic: Overview of Drinking Water Quality Research at National Cheng Kung University
Prof. Teair-Fuh Li:a Naﬂoml C’?ieng .Krmg Unnrgmiy
10:10—10:30 | AM Break/Snack . AT R U R e S -
10:30 — 1115 Topic: Progress in Water Treab:nent Punﬁcatmn and Quahtj for Domesnc Supply
Engr. Ronald Padua Muoynilad Waier Services Ine.
1115 — £3:00 Topic: Progress in Water Treztment, Purification and Quality for Domestic Supply
Dr. Danvir Mark Famazo Mamt‘zz H?n‘er C‘angmmr!nc
13:00 - 13:50 Topic: Treatment of cyanotoxin and T&O compound in drinking water systems-
Prof. Tsair-Fuh Lin National Cheng Kimg University
1350 — 14:40 Topic: Biologieal fragtment of drnnking water. ' N o
’ Prof. Langmuir “Hmng I\'aﬂanal Cheng Kung Universify
:lf;lﬁéljiﬁﬂ_:..gmysmck ' e S s e
15:30 - 16:20 Topic: TmmanWater Cmpmtlon. cunent status and ﬁ.mu'e perspecmes |
Dr. Tin-Lai Lee Taiwan Water Corporaiion (ITFC}
| 1620-17.00 | Discussion/QfA . - . - ]

March 08, 2019

Topic: Challenges in water quality monitoring and freatment operations

05:00 —0%:30
Ma. Evangeline Rey Mellano St Joseph Water Services Corporgion
0930 — 10:20 Topic: Application of Molecular Biology Technique for Cyanobacteria in TiaHu Taka.
30 —10:

Mr. Yi-Hsuan Chen CENPRO Technology Co. Lid.
Topic: Momnitoring of cyanotoxin and edorant-producing cyanobactena in dnnking water reservoirs
10:20-11:10 | using real-time PCR. .

Dr. ¥31-Ting Chiu National Cheng Kung Universiiy
-0 |Dsewson/O¥ .

12:00-13:00 | Lonch .

13-00 — 1500 Hands-on tmm.mg Cyanobactena identification and epumeration

Dr. Yi-Ting Chiu National Cheng Kung University
15:00 — 17-00 Hands-on iraining: Flavor Profile Analysis (FPA)
) ' Dr. Yi-Ting Chiu National Cheng Kung Universiiy




The Talwan-Phlhppmes Water
Quality Research and Innovation
Center in Mapua University
(TP-WRIC)
Prof. Delia B. Senoro

"ﬁ”‘ﬁf”’iﬁﬁd#ﬂ“'uéﬁﬁﬁ ‘EE%% F*‘x’i&iil‘“ﬁxiiﬁk%

Water Quality Research at National
Cheng Kung University
Prof. Tasir-Fuh Lin

- BRI RERE LA RER T ARR
2BmmTaﬁﬁ%ﬁmﬁﬂmmﬁﬁ%ﬁﬁ%ﬁ
AR
3. KEAEZAGEBYEAMERR
4, KEEERSE KRN - HE S KTER - &
AR AR SR X
.mg SRR AT A MBHER AR

Progress in Water Treatment,
Purification and Quality for
Domestic Supply

Engr. Ronaldo C. Padua

1142 3£ 4 § Maynilad 4 & R AK4E KI5 KB
ZMMMM%%KR@&%mﬁM%mmmwﬁﬁ
FREQARBBHO)ERERF TG EERE Ry
RER
3. BRFEOAEMARER - AT REE - R
LI IR

Progress in Water Treatment,
Purification

and Quality for Domestic Supply.
Dr. Danvir Mark IFarnazo

1.4 42 Manila water company

2. B A7 Manila water company 4 & 32 7K B KR PR @ E5
BB A KRR ~ (QRA 0 AALBIE ~ (3R
KAEF R

3ﬁ%ﬁ$ﬁ%%mﬂﬁ$

Monitoring and Treatment of
Cyanotoxins and Taste and Odor
Compounds in Drinking Water
Systems Prof. Tsair-Fuh Lin

LB KRAEENERE - RRBERMAE
2. TBAR BB RE B G RBLRHEH TS
X R HF TR X
3. Bk~ BRORBRASH T EARER S RN

Biological treatment of drinking
water.

Prof. Langmuir Whang

I EBE R RS
2. AL MRIEEGR L - Hil - R ARNER
3. AR oLk R R RS R & R A £ M RIS
SRR EE B R R

Taiwan Water Corporation: current
status and future perspectives
Dr. Tin-Lai Lee

L oA EAAK KRS B Rk D EH

2. NELBA RAKBEE N AT RSEHHAR
WFKEHKRGRERF

3. AN EN A RAREARADESG PR - BhT
ZWIBR

10
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29 » Leones K kAR & M AR R H B IRHAOERSHEE AR ZEMNEAR
BEASEERFRBENROMEHSHNE  UBRFITOHEESH -
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ABGEEAPHBRHEREEERRRASBER

11:00-14:00 RBEY BRI B K E

14:00-14:30 l. AR R ETEHRA S
# ""iﬂimﬁ ;I%—i

14:30-15:50 %gigggg‘zgﬂﬁﬁ#Aﬁxmﬁﬁ?%

15:50-16:00 RIS 3. RBEHELSY

16:00 — 18:00 R E BEEREEAA RERIBERE

11




%

EAERRBMA A

(b) &

RERA

3

CREFERBRRARE

W=

12



=~ EBBNTRRERLSGBWLARTAE S

3HESHAGAZSH EAMEMER B AT AEEEER G RAASBELEE
HEALRBMIBFRIGTRFTERAEALLBRBRIAALT G AREGHEH 21448 %
FrREREAE  Md - LHEW Rt  ERERARIBREARERELAG - HITTR

EGHRREHUN BB R WA o

£ LRBBTAHEREGHERIARTHE TRE

w1 EM | EHA LT
09:00 - 09:30 | 453 ‘
09:30-09:40 | M3 Prof. Bonifacio T. Doma, Jr. e 5B H = K4
frgi= mk TEIRERE
HEE ik BIARAHKRE
09:40-10:20 | FHGuAER | Thhad £ L5 ggnimEmesn
AT EEEARMS | 2. 2B R T KT 3 E KM
A MR8
10:20-10:50 | Coffee break )
10:50-11:30 | BpEMHFEEE | FEREEE &/ | LAMFEGREEN X
HutAERER | FRAXE 2EENFERESHEERE
E ) TEHEARIE 15
11:30-12:10 | XRF B HE R | T35 £I1F 1. XRF #F 5 /R
BE L HEHAEENE |2 EERRTRSEASEN
M2 8] 3.XRF #%f5 /& 7~ £1 Demo
12:10-13:30 | &4
13:30-14:10 | HEEm R E42B | RET £8E 1k E2K LT EERR
B TENE - | mEABREAER | BHEER
B ML) K 2.As Wb £
3.As & 6 3 4% 4 R A~ # Demo
14:10-14:50 | /b aiE AL R | RS #HiE Lk abi5 /& 40
gk ily SLFH RS 2.5 &5 B G
3.0h S5 EGMIAE BN EN
14:50-15:10 | Coffee break
15:10-16:00 | 28 AMEEF | Thd £ 1.2 RABER 5 RAERME
REMERESY | FHEBRHARRE | £6
g # M 8 2.4 RA MRS B K06 Bl
16:00-16:30 | &24-33% Delia B. Senoro £ | FFA B G EH BRI LA
i
16:30 B B
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ARBERALENEGRBEPREMBFEZREREZER  F AR S48
EERDERBRAETEFUAETS RLBZYIFEFZ ISR HEW - HRF LY
BB MRS S RAMIBER T RIGR LA L EE% ) b RBERARHET XRF
AP ELREHRERE  FHARBATRAEAIARTZLR  EARMIAAMETeH  BF
XRF & 75 uk B8 E B RF RRMATFT RREMAZA - B € &34 2o I
Zo ARERENEMEBRALKREAT > HEGHRA B ZAR

1. 3008 .38 B T A 55 i R B G485

Groundwater Contamination and 2. HHBHIPENS - BAAEEEIEFE

Site Assessment 3. RS RAE LA BERAEHHA 0 a5k

Bing Nan Wang FES XEARBEFE Y BERMEFTE T KB
BRBFBTE - BBBEANRET Y

Contamination Forensics and L ERZESREA

Post-treatment Planning of an illegal | 2. $E:E B uRERLF B Ik

dumping site in Taiwan 3. B 2 RERASEENEREI T E

Meng-Der Fang 4. JEEEBSHGKERLSL Eng

Experience of rapid heavy metal 1. 28 13 BT ARG RERNE

elemental analysis by XRF in 2. SR ESREEAGIS S BER 2R

Taiwan 3. XRF R @54 TR A

Ying-Chun, Wang 4 XRFZHER ~ AR ~ BEFE
A novel screening tool for As and 1.8 2 5 5 3t ) RH 2L BE ) 69 R B
heavy metals contamination in water | 2.7k &% 3§ JE 547 H ik N B H b

A case study in Taiwan. 3.EACEFT MR T AIRERE

Hans Chang 4 EILEHEERER FH)
5. BAuGmp iR AR B AT R A - Bh AR 0A SRk
o

Petroleum Compounds 1. BMhS5ErE

Contaminated Site Investigation and | 2. Aoih3s5 LR EREE R

Remediation Technologies 3. bR RS AA-42

Dr. Ting-NienWu 4, &8 ok kT R RE RS BN B-185 feid

¥~ — o fuih s
Introduction of Chlorinated-Solvent | 1. 4 fL A AR M its 2 oH
Contaminated Site Investigation and | 2. 4 & #ER5 LA ER S ML R-F 610N

Remediation 3. SRAEBRBERFRELLTENE - REFIRA
Bing Nan Wang FNBESPE: o)

14



REEUNAZRIFABERZIBRET RFLAERLLE M oW - T RRA
RABEAE  ROBATEFFRTh  FREEREN LR TARAAN BB AT
Mef ) RRTEGRZHBRBRNTES Wi E£olugh -

(a) HMRBETHE 4483

= ERBETRAZREGENTARFAE T TRARRH

15



(b) #i MR FHE AR

(c) Bl % AR5 E &~ 8IHE Prof. Bonifacio T. Doma, Jr.5 ¥
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ERAELEMAREEERENHT  BHYNAH IO FHFAE R THF AL
BT RBFAES - BHRALL %i@%%%ﬁ@%ﬁ%—éﬁﬂ%’%%(Marcopper) CEABAER
Mikeny X > G R EAEEHE » 1993 % Marcopper bR MR £ FRES > FEM
Mogpog river » 1996 8% » B Ao A B R EMHE NS e B F AR T B4 S5-HH%
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EBETATEE SR -

A~ BFRLIE R F RIS AT R A A A

07:00 — 13:00 |

07:30 - 08:30

13,8 11 5 MogpoE river

%Eéﬁﬁiﬁ%*ﬁ@ucena)&%ﬂﬁ XA
13:30~17:00 | EEMNESHAE L ORI | BERBH
(Balanacan)Z% 33
17:00 — 18:00 %%&E%Tﬁm
1377 e B Riel L A G Conper A o MI0gbo8 rver EdE AL
WMFUHOBmdmaLﬁJR LR FRBR NS T RAY AR
Ak LB AR
11:00 — 14:00 | San Antonio #F % R E AR Y
14:00 — 16:00 | Marcopper b4315% 35 Bon SRR R ~ R L HRBEARE
16:00 — 18:00 | Mogpog river L. #% 7 & FHER P EBRESE - TTRAR - KRR

Mogpog river ‘P zﬁ?zTH&

|tk

HEAERARR RS
~ FTHRBLE >~ JRIR

FAR S 6

08:30 — 14:00 | Boac River ¥ ~ F st o EWRFHRAEE - TRAM - KR
FARIL R

14:30 — 16:00 | HHL HF M SR

16:00 - 17:00 | B4 7,855 #% 4 Marinduque State College)4% &

%”

Merian Catajay-Mani 4 4
R

A EREE

14.30 — 17.00 Eiﬁémiﬁ;(BaIanacan)ﬁ%ﬁE EE |EREBHEEEIRS
ERN5A
17:00~-22:00 | ERMEBHAFT PR HIRE SR 0 ML T HRE

ARBHMBRME R0 B wAT  FUHREWEARESWT THERA LB LT °

A7 5 4% 2 T 40 % Marcopper ﬂb*fﬁ'lﬁ?ldmﬁl G4 LIEM AR E B ARE 0 BT AL E AR

B

W35% B (0-10em) 138 K % R4RFEPAFRE 2 G a9 5 > 2 £ 3B P AR B R M4 % B XRF
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& Mogpog river # Boac river #UIR/ER E 4B 47 4o B AT - BRE B AT AL 1993
F2 1996 FHRABRRFAVE 2B RBFLEEAFE - BB F2RE ST TR
BALAF L ARG A KRERERRERTH KRR BR TGS TREBEES
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Marcopper #&3F A% - R KR f 40 P34 38 A% - Mogpog river #9/RRATMEL E Begit
S BT M BRGT BR AR K B Mogpog river 8 %5 5 8 8245 - M #H AR 5069 % 3 7K Boac river
RBRERBDEERBER - ZCENRENS HEHRRESEENURIKE oy LR
HEREAT - 2R BRAGLEFZRERE  LETHREENARSORR > HE X
RBEREEFTREMNZREAO0mgke)  BTHRABDAERLE B LER R AMEER
B ERRA R ETHMER -

ESA and Sampling location.

Google Earth
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(a) HAkAL 5L & REEIRAK 5 #7 Boac River

W E. ~ B EHA R B TATRARA
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(k) Bhhht 5 193k S BT
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FHCURE

0—50 mgfke

50 — 200 mg/ke
& 200 - 400 mg/ke

@ :00- 600 mgike
. 600 - $00mg/kg

800 mg/ke 4 &

ESA and Sampling location

" San Antonio Pit

disasterin

Tapian pit
disasterin
1996

A
N
* i

M 7% ~ Mogpog river & Boac river #URE R XRF # RERE
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BEA S M RRRRE £ 0GR -
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EREE TR TREIRE SR EAIUERY Bék o BR 2 MR R HIRT A 1993 £
#1996 FH R EM ~ BBAAFHEANTNEBEBE » £ FoK ~ T RE)RIRHS
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Workshop on Water Quality Improvement for Drinking Water

March 07,2019

08:30-09:00 | Regisirati

March 07-08, 2019, Mapiia University, Manila, Philippines

Opening and Presentation: The Taiwan-Philippines Joint Water Quality Research and Innovation

09:00 - 09:30 | Center in Mapta Univesity
Prof. Delia B. Senoro Mapiia University
0930 — 10:10 Topic: Overview of Drinking Water Quality Research at National Cheng Kung University
Prof. Tsair-Fuh Lm Nanonal Cheng Kung Umve,1 szty
jlz‘O_:I‘(.};'_12_0:530,."_“1EEAMBreak/Snack L T S N e T
10:30 - 11:1$ Topic: Progress in Water Treatment Punficatlou and Quahty for Domestlc Supply
Engr. Ronald Paduna Maynilad Water Services Inc.
11:15 — 12:00 Topic: Progress in Water Treatment, Purification and Quality for Domestic Supply

12:00-13:00

Dr. Danvir Mark Famazo Manila Water Company Inc.

Topic: Treatment of cyanotoxin and T&O compound in drinking water systems.

13:00-13:50

Prof. Tsair-Fuh Lin National Cheng Kung University
13:50 = 14:40 Tapic: Biological treatment of drinking water.

Prof. Langmulr Whan g National Cheng Kung University
150071830 [ Breainack T i s e T T B
15:30 - 16:20 Topic: Taiwan Water Corporatlon current status and future perspectives

Dr. Tin-Lai Lee Taiwan Water Corporation (ITWC)

March 08, 2019

09:00 — 09:30 Topic: Challenges in water quality monitoring and treatment operations

Ma. Evangeline Rey Mellano St. Joseph Water Services Corporation
09:30 — 10:20 Topic: Application of Molecular Biology Technigue for Cyanobacteria in TiaHu Lake.

Mr. Yi-Hsuan Chen CENPRO Technology Co. Lid.

Topic: Monitoring of cyanotoxin and odorant-producing cyanobacteria in drinking water reservoirs
10:20 - 11:10 | using real-time PCR.

Dr. Yi-Ting Chiu National Cheng Kung University
1110~ 12:00° | Discussion / Q&A e B R R
12000 - 13:00-" :.:Lunch DR s | T
13:00 — 15:00 Hands-on trammg Cyanobactena 1de11t1ficat10n and enumeration

Dr. Yi-Ting Chin National Cheng Kung University

Hands-on training: Flavor Profile Analysis (FPA)
15:00 - 17:00

Dr. Yi-Ting Chiu National Cheng Kung University




Workshop on Water Quality Improvement for Drinking Water

March 07-08, 2019, Mapta University, Manila, Philippines

13:00 — 15:00 on March 08, 2019

Hands-on training: Cyanobacteria identification and enumeration

13:00 - 13:30  Introduction of microscope and morphology of common algae.
Using PowerPoint. Stay in the workshop room.

13:30 - 13:45  Move to the laboratory (microscope).

13:45 —15:00  Identification and enumeration.
Q&A

Instruments and consumables:
1. Microscope with a monitoring screen.

15:00 — 17:00 on March 08, 2019

Hands-on training: Flavor Profile Analysis (FPA)
15:00 — 15:30  Introduction of flavor profile analysis.

Using PowerPoint. Stay in the workshop room.
15:30 —17:00  Started the FPA.

Q&A.

Instruments and consumables:
1. Water bath @ 45°C.
2. Deionized water as much as possible.

Date
March 09, Saturday

Water sampling activity at Laguna Lake
Mapua University and National Cheng Kung University
March 09-12, 2019

Items
1. Mobilization to Binangonan resort.
2. Preparation for sampling activity
PE bottles (the bottles we left in May, so we don’t need to buy that).
The transformer which can transfer the voltage from 220V to 110V.
Sampler.
Lugol’s solution.
1000 ppm Chlorine.
75% Ethanol.
Deionized water.

@ e oo o P

March 10, Sunday

Sampling

March 11, Monday

Sampling

March 12, Tuesday

Transportation from Binangonan to Hotel.
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. CARE IN EVERY DROP

Progress in Water Treatment, Purification
and Quality for Domestic Supply

Danvir Mark Farnazo
Water Forensics Head

March 07, 2019
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anila Water Company
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CARE |N EVERY DROP

tne Manila Water Vision

Qur vision is to become a leader in the provision of
water, used water and environmental services

Sustamab!e
Development

. MANILA WATER

CARE IN EVERY DROP

CLEAN WATER 1,079,214 |
AND SAN“A“UN Billed connections across the enterprise
17.2M

Population served across the enterprise

107,994
Desludged septic tanks

141,266

Sewer connections

56.42 MCM

Used water treated

I AT LTI TT GHIMEINBN D) (3 61



 MANILA WATER

CARE IN EVERY DROP

Improved Access to Piped-in Water

d o Manila Water made sure
&, :

7 {7 that leaks and pilferage
6.6 wuion customers | were reduced, from 63%
i v | tothe current 11%.

S sy

3.1 wuiion cdsTomers

Water saved from
efficiency measures
were made available to
hew customers.

0-12 hours In the last 18 yea.rs, no
new dam was built.

L ' 24 hours m 13-23 hours

* Percentage of people reached by the
network who have 24 hour water
availability

 MANILA WATER

CARE IN EVERY DROP

PHILIPPINES

MYANMAR

AR i immear

WETNAM @ lAO WATER o @ ORANDO WATER

@ BULACAN WATER

THAILAND 3

INDONESIA.
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CARE IN EVERY DROP

Water Supply and Treatment Issues

- ¥ MANILA WATER

CARE IN EVERY DROP

Transmission losses  §
=50-80MLD

Angat Dam
MWCI Allocation = 1600 MLD

i
Intake 1 & 2 Intake 3 & 2 Intake 4

Balara Treatment 1

Total Designed Production = 1560 to 1620 MLD (BTP 1 and 2) and 80 MLD from ELMTP LAGUNA WATER

8 A BAARELS WATIR COMPANTY
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1. Raw water supply availability La Mesa Level {m]

« Billed volume expected to increase 50 MLD
from 2017 onwards due to higher demand
and expansion of services

» Transmission fosses from Angat Dam is 50 —
80 MLD

+  Production during summer exceeds the
allocation, MWCI is now "harvesting” water
from La Mesa Reservoir

* Decreasing level of La Mesa Reservoir

La Mesa Level (m)

* WTPs are treating water above the

design parameters )
« Shortage in production due to poor will not be enough

water quality

ol Sl el e e ¥ i
ek e RGP RENSS5SS 5550000005
1 1 o L) D x

g o va);’»ﬁ’} T LGt
i Orly S ror bt ?ﬁ 1 RO DA N NOCRTO0]

CARE IN EVERY DROP

= } MANILA WATER

Challenges in Water Treatment

2. Low levels at intake structures in La Mesa Reservoir

Problems encountered:

* Organic matters released from sediments
from shallow water leads to higher chlorine
demand during disinfection

« High turbidity due to run-off from exposed
streambeds

* Highly colloidal, usual coagulant and
flocculant are inefficient

Exposed shores at La Mesa Reservoir
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CARE IN EVERY DROP

Ipo Dam at normal weather conditions Ipo Dam during wet season

Cause:
= Sediment run-off from exposed soil due to deforestration

Problems encountered:

» High turbidity { <600 NTU)
+ High sediment content (reduced storage capacity of La Mesa Reservoxr)
» High organic content may lead to higher chlorine de

: MANILA WATER

CARE [N EVERY DROP

Short-term Strategies

« Raw water abstraction management via bypass and various
headworks projects

+ La Mesa reservoir water quality profiling

+ Operational and process adjustments in WTPs

Long-term Strategies
+ Installation of Ecotone vegetative filter at the shores of La Mesa Reservoir
« Intensive watershed protection
+ Laguna De Bay as Raw Water Source
+ Improved water source and treated water WQ monitoring
+ Comprehensive process profiling of WTPs

12
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CARE IN EVERY DROP

Water treatment plant operation and process adjustment

1. Reduce production to assist WTP in treating high turbidity during low water
level and heavy rainfall

2. Switching from alum sulfate to poly-aluminium chloride (PAC) as coagulant
when turbidity is high

3. Use of anionic coagulant when raw water is highly colloidal

4. Increase chlorine dosing to attenuate effects of organic compounds whilst
maintaining 1.5 ppm residual chlorine at the treated water

o } MANILA WATER

CARE IN EVERY DROP

1. La Mesa Reservoir Water Quality Profiling

Objectives:
1. Investigate the effect of low levels at Intakes 1 -4 to water qualities

2. Determine treatment options to address poor water quality
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CARE 1N EVERY DROP

vestigations
La Mesa Reservoir Water Quality Profiling

30
0
Intake 1 & 3 Intake 2
(Ba!ara Treatment Plant 1) {Balara Treatment Plant 2)

. For Intake 1 & 3, increasing turbidity with decreasing water level
For Intake 2, low turbidity levels were observed demonstrating the effectiveness of the turbidi

CARE IN EVERY DROP

-} MANILA WATER

vestigations
La Mesa Reservoir Water Quality Profiling

Intake 4
{EastLa Mesa Treatment Plant)

»  Although increasing turbidity with respect to water level is observed, turbidity is decreasing with radial
distance
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Water Source WQ Monitoring

» Monitor diurnal WQ parameters at .a Mesa Reservoir and Laguna Lake intakes

OBJECTIVES/OUTPUT |- Provide early warning to Water Supply Operations for consequent process
adjustments and augmentation to ensure water security and quality

TestHame ™ Samplx location A4
'\ Alka o onizasNi.. | Exa i 1| eolarides [Ealaraipaw: = j Balsra2 Raw i EastLamaze Raw i ELRWall

i Cofor, Ipp!re‘n:' i Color, TCL R Cspp‘erlf.‘u}dl [ uerdes LamesaIntake?

HPC w“j: Iron (fe)dig!stl& i I;éﬁiHACH) o AEn
: Maasxsurrmi’\\? TET -Serial Bi... || Multi-well 2000 i

E pH {onyita} hasphates |M... | Suates [Manua)

; Tatal Dixsalvad 'otal Dissolvad..

UVL254 Orgenic. n:{zﬁ}diguud

Analyte

{ Turbidicy Avarage |

: MANILA WATER

CARE IN EVERY DROP

Profiling

Provide insight of WTP unit process efficiencies

OBJECTIVES/OUTPUT |° plqse monitoring of operational and process adjustments employed to address
incident-related non-conformances

+ To monitor new technologies in water treatment facilities

Process units monitored:
» Coagulation

» Flocculation

« Sedimentation

+ Filter Beds

« Clear Tank (if applicable)
» Sampling Booths

B &M L G L M N O AR syt e Y e
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CARE IN EVERY DROP

1. Installation of Buffer Zones at Reservoir

Enhance self-purification ability of water source via ecotone
vegetative filter

Change of water level:
To let O, penetrating into reed beds and enhance
water and matrix interaction

:q 4 % NN Daily water level
i ﬁﬁ g ﬁ“ﬁi ARy, Ohange:
¥ N . sl A
AT LT 3 R 0-30cm
avﬁ &bf j(l pﬁig =t 3‘3 244 g "((: v .

&1 ﬂﬁi‘d“. = ,..-4;."'

im WWWM\\ Vit

; MANILA WATER

CARE IN EVERY DROP

Fgoing Projects — Biomanipulation of Source
2. Watershed Management

Planning of source water protection zones

» In source protection zone |, facilities with no relation to water
supply is not allowed, those exiting facilities have to be
removed or destroyed. Tourism, fishing, swimming and other
potential pollution activities are forbidden.

« In zone I, poliution facilities is not allowed, those exiting
facilities have to be removed or destroyed. Tourism, fishing,
swimming and other potential pollution activities have to be
controlled with severe inspect.

{ Extended
protection
zone

Source Source
profection protection
zone I1 zone [
>2000m >1000m
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Laguna De Bay as Raw Water Source
Rizal Province Water Supply Improvement Project

PHASE 1: 50 MLD (April 2019)
PHASE 2: 50 MLD {June 2019)

Features innovative treatment suited for treatment of Laguna de Bay’s brackish water

, MANILA WATER

CARE IN EVERY DROP

RPWSIP Innovative Process Design

INFLUENT

{LAKE}
———
- COARSE & FINE SCF\!EEN!NG _INTAKE PUMPING STATION PRE-OZONATION & ACTIFLO® SETTLER
{solids wastz removal) (pumping the raw water upto the {initia inorganic/organic compaunds removal
Water Treatment Plant) + suspendad solids removal}
CLARIFIED FILTERED REVERSE OSMOSIS
. WATER WATER 1 {Salt & dissolved solids
lf R e s d removal)
ol DUAL MEDIA FILTERS
frla {fine suspended solids removal
ACTIFLO*® CARB + turhidily rermoval) DRINKING
[bad taste, color and edour removal . WATER

+ organic cempounds remaval)

3 f
EXCESS U .

SWWDGE |
CHLORINE CONTACT TANK )
{pathogen removat and starage)  © )
LAMELLA THICKENER 8ELT PRESS MACJALA WATER

1 {exciss sludge thickening) (sludge dewatering for disposal) Sk o1 gAY RESP
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hallenges in Laguna de Bay raw water treatment

Macrophytes Bloom and Potential Microalgae Proliferation

Foreseen problems:
»  Rapid propagation of water hyacinth at the RP WTP Intake posing clogging
and inefficient abstraction of raw water
Human activities in the vicinity of the WTP and intake structure may cause
lake eutrophication
+ Microalgae and cyanobacteria proliferation due to eutrophicatic
release of T&0O compounds and trace le i

¥ MANILA WATER

CARE IN EVERY DROP

Conclusion

* Manila Water is dedicated to providing clean and sustainable water
and sanitation to all our consumers while fulfilling our obligations to
MWSS and regulators.

»  Water quality and environmental protection dictates innovations,
research and operations of Manila Water.

« Manila Water is in need people who can help us achieve our
commitment to achieving Sustainable Development Goals.

» Manila Water is encouraging collaborative research works with the
academe, regulators and stakeholders wherein our interests are both
protected and served.




Fernando Zobel de Ayala
Chairman
Manila Water Company
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Soil and Groundwater Pollution
Remediation Fund, Taiwan EPA
+ Established in Feb 2, 2000 based on

Soil and Groundwater Pollution
Remediation Act Talwan S04 and Groundwalse Polluion Map

+ Missions npenogay
Frovutatms 13 A melinn
A 16,000 wpuxr Liomebens

, 28
» Manage the soil and groundwater ket bt |
resources in Taiwan W

» Quality confrol and management of soil,
groundwater and sediment

» Contamination site identification and
management

» The Soil and groundwater pollution
remediation fund management
» Support the soil and groundwater
related technology development and
knowledge spread

© Number : 4,706

Control sites

Number + 3,180

Control sites relieved
from announced
control list
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International cooperation project of Soil
and Groundwater protection

e

TRevWorking Group on Remediation for

« Formed Working Group on Remediation § :\" - Sollans Grounauater Follion o
for Soil and Groundwater Pollution of s Y eh e o o 1t LT

Asian and Pacific Region (ReSAG) in
2010 ‘
«International conference in Taipei

<+ Annual workshops and training courses
for ReSAG members

+ International cooperation project in 2018

+ Workshops in of ReSAG member countries

«+ Invite professors and experts to conduct phase '
| assessmentin ReSAG member countries

International cooperation project in 2018

+ Workshop on Soil and Groundwater
Contamination Site Assessment and

et ¥ 08 b i

Remediation C e v t—r

et v rmre: hirun,
W
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The prospect of cooperation in near future

<+ Strengthen the official collaboration on environmental protection
between the Philippines and Taiwan

+ Facilitate the Signing of an MOA/MOU on environmental protection

+ Strengthen the official collaboration on soil and groundwater
protection and remediation

+ For safe drinking water and food corps
+ MOU on Soil and Groundwater Protection and Remediation

+ Recommend Steering Committee Member and contact personal of
ReSAG working group

+ For long term cooperation

Thank you







March, 8, 2019

2019 Taiwan ~ Philippines Workshop on

Soll and Groundwater Contamination Site
Investigation and Remediation

Mapua University, Manila, Philippines

Proceedings




2019 Talwan - Philippines Workshop on
Soil and Groundwater Contamination Site Investigation and Remediation

Date
Venue

Program

: 8% March, 2019
: Mapua University, Manila, Philuppines

09:00 - 09:30 Registration
09:30-09:40 | Opening Address Dr. Bonifacio T. Doma, Jr., Prof.
' . Mapua University
Dr. Chien-fen Ho
Taiwan EPA
Prof. Tsair Fuh Lin
National Cheng Kung University
09:40 - 10:20 Introduction on Soil and groundwater | Bing-Nan Wang, Manager,
conhtamination and site assessment Sinotech Environmental Technology, LTD.
10:20 - 10:50 | Coffee break
10:50 - 11:30 Contamination Forensics and Post- Dr. Meng-Der Fang, Senior Manager
treatment Planning of an illegal Industrial Technology Research Institute.
dumping site in Taiwan
11:30-12:10 Experience of rapid heavy metal Ying-Chun Wang, Manager
elemental analysis by XRF in Taiwan JOHAS Technical Co. Ltd
12:10-13:30 | Lunch .
13:30-14:10 | A novel screening tool for As and Hans Chang, CEO
heavy metals contamination in water ACCUSENSING Technology Co., LTD
— A case study in Taiwan.
14:10-14:50 Petroleum compounds contaminated | Prof. Ting-Nien Wu,
site investigation and remediation Kun Shan University
technologies.
14:50-15:10 Coffee break
15:10-16:00 Chlorinated solvent contamination Bing Nan Wang, Manager
site investigation and remediation. Sinotech Environmental Technology, LTD.
16:00-16:30 Discussion and Q/A All speakers to be moderated by
Dr. Delia B. Senoro, Prof
Mapta University
16:30 Closing Remarks '




2019 Taiwan — Philippines Workshop on
Soil and Groundwater Contamination Site Investigation and Remediation

2019 Taiwan — Philippines Workshop on Soil and | March 8

Groundwater Contamination Site Investigation
and Remediation

2019

Contents

R LT [ e T ¥ Ut o 1 USROS
Introduction on Soil and groundwater contamination and site
L1111 1 =1 o ) SV URRS
Contamination Forensics and Post-treatment Planning of an illegal
UMPINE STEE 1N TAIWATN coevvieeee e rsrrerr v sssseses s asre s s r s e s ss st s e s sssas s anassanss
Experience of rapid heavy metal elemental analysis by XRF in Taiwan
A novel screening tool for As and heavy metals contamination in
water — A case StUAY in TAIWEAN ..eovvvevie e crsss e rsssessnse s s rsssssnessssssassans
Petroleum compounds contaminated site investigation and
remediation teChNOIOGIES .........coviriiivrreivcri e e e reens
Chlorinated solvent contamination site investigation and
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2019 Taiwan — Philippines Workshop on
Soll and Groundwater Contamination Site Investigation and Remediation

Speakers Introduction

Dr. Ting-Nien Wu

Professor

Kun Shan Universit.

Prof. Wu got his Ph D from Texas A&M University (U.5.A.) in 1994 and majored in
environmental engineering. He is presently a professor of Department of Environmental
Engineering of Kun Shan University, Tainan, Taiwan. Prof. Wu is an environmental expert
specialized in site assessment and contaminant control in air, soil and groundwater. In the
past 20 years, Prof. Wu implemented and supervised more than 50 funding projects
regarding air pollution control, river basin management, soil / groundwater pollution
cleanup and environmental monitoring in Taiwan. He published more than 30 journal
papers and 30 international conference papers and also owned 6 patents regarding
groundwater remediation technologies.

Dr. Meng-Der Fang

Senior Manager

Industrial Technology Research Institute

Dr. Fang received his Ph D from National Sun Yat-sen University (Taiwan) in 2007 and
majored in Marine Environment and Engineering. He is currently the manager of
Micropollutant Analysis Department in Industrial Technology Research Institute, Hsinchu,
Taiwan. Dr. Fang is specialized in chemical analysis and environmental forensics. In his
career, he has published 25 SCl journal papers and supervised or co-supervised more than
10 large projects from Taiwan EPA for implementing their policy. He also won the
Outstanding Project Manager Prize of the year from Taiwan Association of Soil and
Groundwater Environmental Protection in 2015.

Ying-Chun Wang

Manager

JOHAS Technical Co. Ltd

Mr. Ying-Chun, Wang has been working in the XRF analysis industry for almost decade. He
has several application experiences in different industries, such as PCB, Semiconductor,
environmental, recycling etc. Mr. Wang has cooperated with $GS, AECOM to help them
rapid heavy mental elements in soil, groundwater or waste by XRF in Taiwan and China.
Based on different poliution source, he knows how to use the unit making the analysis faster
and accuracy. Therefore, he has sold many units in environmental industry and offer the
efficiency process.




2019 Talwan — Philippines Workshop on
Soil and Groundwater Contamination Site Investigation and Remediation

Speakers Introduction

Bing-Nan Wang

Manager
Sinotech Environmental Technology, LTD.

Mr. Bing-Nan Wang was trained in environmental engineering and got master degree from
National Chung Hsing University. He attained Department of Environmental Engineering,
National Cheng Kung University in 2017 to pursue the ph. D degree. In 2000, Mr. Wang
joined Sinotech Environmental Technology, LTD and worked on soil and groundwater
investigation and remediation. Mr. Wang implemented several site assessment project
founded by Taiwan EPA including military bases, air ports, petroleum chemical industries
and gas station. Mr. Wang also held several DNAPL bioremediation project in Taiwan and
successfully cleaned-up a TCE groundwater contaminated site. He won the Qutstanding
Engineering Prize of the year of Taiwan Association of Soil and Groundwater Environmental
Protection in 2017.

Han-Yu Chang

CEO Y
ACCUSENSING Technology Co., LTD g

Mr. Hans Chang graduated from National Chung Hsing University and majored in soil science
and electrochemistry. Mr. Chang has 10 years working experience of soil and groundwater
investigation and remediation and participated several site assessment projects founded by
Taiwan EPA including military bases, abandoned factories and gas stations. Mr. Chang is the
founder of ACCUSENSING Technology Co., LTD. ACCUSENSING takes electrochemistry as
core technology and be capable of R&D and manufacturing. ACCUSENSING expect providing
substantial benefit to environment by developing fast and accurate environmental
monitoring devices to improve the time required to obtain pollution information.




2019 Taiwan — Philippines Workshop on . _
Soil and Groundwater Contamination Site Investigation and Remediation

2019 Taiwan - Philippines
Workshop on Soll and Groundwater Contamination Site Investigation and Remedlation

Introduction on Soil and
Groundwater Contamination
and Site Assessment

Bing Nan Wang, Manager
Sinotech Environmental Technology, LTD.
2019.03.08

Qutline

« Soil and groundwater contamination

¢ Site Assessment and Site investigation
» Site Assessment and Cases

» Site Investigation and Cases

» Conclusions




2019 Taiwan — Philippines Workshop on
Soil and Groundwater Contamination Site Investigation and Remediation

Soil and groundwater contamination

» Soil, Groundwater or Sediment are the final
destination of anthropogenic poliutants.

+ Soil/Groundwater/Sediment Pollution

+ Substances, biological organisms or forms of energy
introduce into Soil/Groundwater/Sediment that alters
the quality, impacts the normal use or endangers
public health and the living environment

from Taiwan Seil and Groundwater Pollution Remediation Act, 2011



2019 Taiwan — Philippines Workshop on
Sofl and Groundwater Contamination Site Investigation and Remediation

B S

Soil and groundwater contamination

« Most are invisible from y ‘“\ ,m.ﬁ\m,r/li L
ground surface. %“"' ‘

+ Be noticed only'when the:
pollution is serious or some
people die or sick because of
the contamination.

« Large surface area/pore
volumes.

» Large capacity/amount of
pollutants hide under ground
surface

« Slow interactions (with air
and water)

e




2019 Taiwan — Philippines Workshop on
Soll and Groundwater Contamination Site Investigation and Remediation

Soil and groundwater contamination

+ Sources of the soil and groundwater contamination

Common Sources of Ground
Water Contamination

Excavations,

Mining
- ,M-
Surface Protective

walsr runolf- d Soli Cap




2019 Talwan — Philippines Workshop on
Soil and Groundwater Contamination Site Investigation and Remediation

et

Soil and groundwater contamination

+ Sources of the soil and groundwater contamination
» |mproper discharge of industrial wastewater and storage of waste
+ Leaked storage tanks and pipelines

« Gas station

« Factories, Petroleum Chemical industries
+ lllegal dumping
« Improper management of (sanitary) landfills
« Ajr Pollution

« Acid deposition

« Leaded gasoline emission

» Heavy metal fume emission
+ Agriculture/ Septic tanks

« Pesticides

- Fertilizers

» Animal wastes

« Nitrate
+ Accidents

» Mining ]

Soil and groundwater contamination

» Inorganic contamination
» .Heavy metals _
» Pb, Zn, Cu; Hg, Cr, Cd, As, and Ni
« Manufacturing; Metal plating, Plastic
Industries, Mining ‘
» Mostly positive charge, adsorbed to soil

- Low mobility, near 30 em of ground
surface

« As-and Cr are redox sensitive chemicals.

» Affected by CEC of soil

» Some are naturaily oceurring e.g. As

. aoma come from riew industry e.g. Y, In,

o
* lons

« CF NGy NOy, 80,7, PO, Fr, NHy*

« lons are.soluble in water-and spread and
transport with .the groundwater .

« Agriculture and Humanh activities

10




2019 Taiwan — Philippines Workshop on
Soil and Groundwater Contamination Site [nvestigation and Remediation

Soil and groundwater contamination

» QOrganic contamination
+ Petroleum HCs

» TPH, Benzene, toluene, ethyl benzene,

xylenes {BTEX), MTBE

« Light Non-agueous Phase Liquid (LNAPL)
- Major sources: gasoline and diese!

+ Chlorinated HCs
- Dense NAPL (DNAPL)

« Dry Cleaning, electronics, metal degreasing

« QOthers

« Pentachlorophenols, phenols, dioxins,

pesticides, herbicides

» Volatile, soluble, biodegradable
In unsaturated zone: vertical migration
+ Saturated zone: vertical and horizontal

®

migration
Affected by SOM

»

. Voate: Table
T T LNAPL Contamination

AT
Giouno-Wales
Flow

Aftar Miurcor and Ciolver (1950)

1t

Site Assessment and Site investigation

+ Purposes of Site Assessment and Investigation

» For human and ecosystem health and safety
+ Baseline survey
« Environmental Safety Assessment of potential siles EPA or Local EPB

« Monitoring
« Early warning system

- Environmental forensics
» For Property transaction

» Self-Investigation

+ Ownership Transfer of Land

« Closure of Factories

» Site Selection of New Factories

+ For Remediation

+ Delineation of the pollution and the boundary

Or Authorities

pr—

L. Land/ Factory
owners

+ Remedial investigation and feasibility study, RI/FS L Polluters/

« Remedial action

« Validation after remediation

Stake holders

12




2019 Taiwan — Philippines Workshop on
Soil and Groundwater Contamination Site Investigation and Remediation

Site Assessment and Site investigation

* Site investigation projects in Taiwan

Minsiry of Agricultire

4 EPA

e * 1!
@j@ #1557 Tnvestigation Phase I) 2034 #2018 g cocionsion Pliase 1
A i
Y P Earpeimedivm/smadl sivle sampliz -
l]% 2. Tuvestigation Phnse | 2002 51208
P
s 5L Investigation }:
Natienal Survey
Initiation  According fo age Complimice Investigation " .
= i 5] b
P~ P & *—> *
1998 2002 2008 2012
Pilot Project Stort .
[ P P TYL IR R ) - 2 A e e 51 GEF
20413 2010 2042
Start (speciite procesaes)
5%

TR

2008

R L L L LI T T P P P PP T T T T T TTT TT Y LT 2%

Pb Cr. NI Diosinand As
200% 2012 2043

2006

ouriesy 10 Director Ho of TWEPA)

e
2010
13

Site Assessment and Site investigation
¢ Process of Site Assessment and Site investigation

ESAPhasel

Site Assessment

ESA Phase i

Site investigation

Planning

1

i
| History review ||

3
Site visit

| | Interview |

k.

Sampling Plan

¥

¥,
Groundwater

¥
Hydrogeological
investigation

Soill Sampling

Sampling

I

Modeling

| cSM & Contamination Assessment

¥

Risk Assessment

I

Decision Making
T

GSR assessment

Remediation

|
)
l
4

|

1
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,-
i

+ |dentify Objectives

+ Collect background Information
« ldentify the potential contamination,

pathway and acceptors

« Preliminary risk identification
+ Preliminary conceptual site model
« Important factor for data collection
and further sampling plan
» [n general, no heavy machines
are required, but may involve

simple instruments
« Site Visit/Survey
¢ Interview

Site Assessment

» Natural Environment

» Background Information of the
site
+ Historical records and
activities on the site
« Surroundings
» Site Maps
« Factory configuration
« Manufacture process and
configuration
« Pipeline {water, wastewater,
ng’?.)lrat gas, electricity, internet
ect.

+ Aerial photos
+ Maps for land usage

» Chemical usage records
(including MSDS, historical
records)

Site Assessment

AUREER &
R TN R i e T T T e R RS s
Jex

TR

- Ud LLHI, * )y
AL T WA T A % LS
Armmu ¥

£ AV R TR T T R

R 23 LAk

information

+ Soil

« Geological information and
drilling data

» Topographical data

« Meteorological data

» Groundwater

» Surface water

16
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Site Assessment

 Site History
» Manufacturing Records, Chemicals Used,
Registrations, Maps
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S

Site Assessment

¢ Historical Aerial photos
¢ The transition/evolution of land use

2009 O

Site Assessment |

+ Site visit and observation
« The pipeline/trench configuration is important
s Leaking point under ground
« Potential transportation pathway of the leaking liquids
« Safety and risks

There may have 2 or 3 layer
of pipes underground

Sump or underground tank
connect to the pump and

pipes are major leaking sites
20
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Site Assessment
e Site visit and observation
+ Wet manufacturing process and ditches/sumps
« Improper operation can be observed
« Trench and sumps nearby
« The temporary storage area’
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23

S

| Site Assessment

+ Raw material and wastes storage area

24
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e

W

" Site Assessment

¢ Other evidence related to soil and groundwater in
the sites

Site Assessment

¢ Surroundings of the site

¢+ 2 miles near the site
+ Nearby factories or potential contamination sites

26
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» Portable equipment
« Bailer, Auger etc.

+ Heavy metals

« XRF

« Test Kits for water

« Screening tools for water
« Organic compounds

« Portable PID/FID

« Pertable GC or similar
instruments

« Testkits
. GASTAC
» Water quality
« Waterfoil meters
« pH, ORP, DO meters

27
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- Site Investigation

Planning

ESAPhase | ¥ + ¥
| History review |[_sitevisit | | Interview

Bile Assessment

ESA Phase H
Sampling Plan

]
¥

Soil Sampling

Site investigation

. .
Groundwater
Sampling

| ©SM & Contamination Assessment Modeling |

+ Risk Assessment |
[ Declslon Making |

| Reme:ﬂaﬁon | GSR assessment |

29

-—“’H"

Site Investigation

* When the results from Phase | indicate the potential
contamination
« Mainly rely on field investigation to obtain subsurface
information

+ Heavy equipment and laboratory analysis are needed- time
consuming and costly

+ To save money, often by several stages

* Ptlanning for next stage is based on the results from the previous
stage.

* No standardized procedures
+ Site dependent
« Different purpose have different sampling plans

» Should also considering cost, number of samples, and
items of monitoring depends on objectives

o

30
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Site Investigation

¢ Geophysical Technologies

s Soil Gas sampling

¢ Soil Sampling and Analysis

* Groundwater Sampling and Analysis

¢ Hydrogeology investigation

¢ Screening/ In-situ Detection Technologies
» Data analysis

N

s

Geophysical Technologies

* Geophysical methods
+ Optional S| Methods
« [ndirect, Rapid and Relatively Cheap

» Get hydrogeological and contamination information of
large area instead of one point
« Commonly used for
« Mapping natural hydrogeological conditions
+ Detecting and mapping contaminant plumes
» Locating and mapping buried objects

32
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Geophysical Technologies

ElectroMagnetic, EM Ground Penetrating Radar,

GPR
+ Mapping geologic deposits *  Volds and
» Locating subsurface cavities and underground trenches
trenches * Builed drums of both

: : : . tal and plastic,
« Mapping contaminant plumes (inorganic me
anciJ sometimes organic), and sea water Flggtin hydracarbon
intrusions products

+ Locating buried tanks, drums, and
subsurface utilities

. . o
L RO T T Y 33
% Dyusary fm)

o
s

-

Geophysical Technologies

 Electrical Resistivity
Tomography, ERT
» The resistance to current flow

as a result of an applied
electrical potential

+ Dry soils, rock, and organic

Contamination ):‘e;::ur:g ranges of resistivity for sore typical
» high resistivity oeas e
] . Atered granite 1100 chm-m
+ Inorganically contaminated mesons 75~ 10.000 arern
. Sands 10 = 1,000 ohm-m
saturated soils Syt o e
. relative low resistivity e T
Soft 1 = {0 ohre-m
Fresh Water 3~ 100 ohm-m
Copper (natfwg) 0,0000062 ohm-m
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i

,,. Geophysical Technologies

« Electrical resistivity tomography, ERT

e 4

mT

Dok Ty

TR R RS SR

s

J Geophysical Technologies

» E RT (‘H-‘. LiLAM-08

« Vertical and horizontal
electrodes arrangement

s |nter Well ERT

+ Bipole — Bipole Array was
selected as the analytical
method of inter well ERT

« Higher Resolution

+ Can understand the
geological construction
and pollution distribution

« Electrodes can be
preserved for long-term
monitoring

(il V1Y ot {c]

s
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Geophysical Technologies

» Compared with horizontal ERT results. We can figure out the
layer of rock, sand with silt is similar with the Inter Well ERT.
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Geophysical Technologies
¢ 3-7m BGS is a layer of rocks and silt

* An clay lens locate at 7m-15m of the SW part of this site.
And there is a thin layer of clay at 22-24m BGS. We
believed that the bottom free aquifer locates at 40m

Soil Gas sampling and survey

* Optional method of Si

» Soil gas concentration can be indicators of...
» Shallow subsurface biological process (CO,, CH,)
» Organic compound contamination distribution
 Vapor intrusion

« Possible public concerns over geological storage of
CO,

» Soil gas sampling can help to map the potential
contamination area of VOCs, including BTEX,
chlorinated solvents

40
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Methods to collect soil gas

Active Sampling Surface Flux Chamber Passive Sampler

Slda Hammer

Insoriion Tool Coxk Stoppor

Trgora 2,18 Surtice fur thamosr

Figure .15 Passive sorbont samplot

Soil Gas sampling and survey

+ Active soil gas sampling + Soil gas monitoring wells of
Install the direct probe — gas station

Seal the well {o prevent
ambient air short cutting

Check well function
ORRE>, ;
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Soil Gas sampling and survey
¢ Surface Flux
chamber

MP-0 {ppbv}
DCA: DE7
TCE:ND
Toluens : 0,59

wp-2 {ppbv)
OCA 1 0.47
TCE:ND
Toluene : D.45

ne-G (pphv}
DCA: D18

% TCE : ND
e TOENR © D43
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®Commercial Products : Module

/.:’-"ﬂ-"f’:::c:—

¢ Chemically-, biol'ogicaliy- inert,
microporous, waterproof, and

+ Actual size: 18 mm x 60 mm vapor permeable membrane

» Two types of adsorberits {GORE-TEX® membrane)

+ Two pairs of adsorbents for « Containing engineered,
duplicates hydrophobic adsorbents

» verified with analytical e ey

balance
+ Adsorbents are hydrophobic
* Compietely inert sampler

3 :‘c
[}

i
&

i
H

L Ly
i E

i

Soil sampling
» Sampling Plan _
Judgmental sampling "}~ potential contamination area
Simple random sampling

Stratified sampling

Systemaitic and grid sampling ™
Adaptive cluster sampling I
Composite sampling

¢ Sampling depth

*

1. Unknow contamination area
2. Detail site investigation

« Site dependent Und*egrground p?ingltank Farmland

+ Contaminants dependent { ppm! _M]»D 15
- Farmiand ' Bl | — e
« Gas station I A P
« Factories 'I;;’*[‘ : }15'30 m
. Dumping sites —!I:. il

46
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Son samphng

So:l sampllng

» Sonic Drilling
« Fast

« Can continuously
collect sample

+ Add water for
unsaturated zone
sampling, may cause
unwilling lost of the
contamination

« Not good for VOCs
polluted soil
sampling
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T I T e,

T

~ Groundwater sampling

» Install wells for monitoring or contamination investigation

M-
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[ AR e e {ioe}
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Groundwater sampling

* Direct sampling + Micropurge

ECD b FID
] FIDIRAE I
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Groundwater sampling
* Bailer » Passive sampling bag

Teflon Bailer for VOCs

51

Groundwater sampling

®

The optimum GW monitoring | The alternative GW monitoring
wells distribution planning wells distribution planning

[*FS
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Groundwater sampling

sentinel bores

background
buta N

" BECTION VIEW

. ALONG PLUME AXIS 53

In-situ Detection Technologies

YA L=y

¢« Membrane interface probe
¢ Save Sampling Time, and Cost

e Collect Geo-data in the same time at each
Point Quickly

‘2-«
i .
.

« Screening Soil Sampling Point/ MW Location | 1 =
¥
REESES RS HHRE | THaK
(ppm)

PID  |HCs and some cVOCs 0.20-2.0 | Carrier1
FID |HCs especially benzene | 10-20x {Carrier,H2,
PID/XSD jAir

ECD |cVOCs (PCE, TCE) 0.20-2.0 |Carrier
DELCD |HCs, and cVOCs (PCE,| 0.20-2.0 (Carrier, Air
TCE, DCE)
XSD [HC, and cVOCs(PCE,| 0.10-2.0 (Carrisr, Air
TCE, DCE, VC)
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In-situ Detection Technologies

+ MIP
» Only suitable for the sand, silt and clay
 Limited by the direct push depths.

J D 3D distribution PID signal + EG
signa

G- phep At tlel b et
GUFIDE R R0y

In-situ Detection Technologies

* MIP combined with portable TOF-MS

ECD/FID only represent bulk conc. ... .

ECD signal

FEREBRBERISTEAIE]
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In-situ Detection Technologies

» Laser Induced Fluorescence, LIF

i RN

N
¥

Y
Iz

Wil
W ix 3.8

s

.

+ Geoprobe Direct
image®
e Similar to LIF
+« Use CCD to
collection image data
and flourescence
signals

OIP Data Examples:
Gasoline Fluorescence

+F sl

+
4
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High Resolution Site Characterization

» Have a precise CSM

» Shorter sample distance, higher sample point
density

* More is better, but more is expensive
« Rely on real-time analysis

Time CiI

Eulfdh\
ey
B
f

¢ =T3Ibg
L oo

DNAPL Pootl Plume distribution

60
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Conclusions

s Successful site assessment and site investigation

« Define investigation purpose

» Know where and how to collect site information

« Use Screening Tools (Methods) and real-time analysis

tools

» Development of CSM is important for decision

making and remedies design

« High resolution site characterization

81

Wl;ere to take
Samples

' How to interpret
analysis results

How to collect
Samples

Pl ec15e

Basic TheoreucPrmaples & Experiences Intel pletaﬁon |
& Decision

Remediation:
Method, Tlme
frame & Cost

Slide from Prof. Lu, NCHU, Taiwan &
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» Thank you for your attention!
* Question?

63
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2019 Talwan - Philippines
Workshop on Soll and Groundwater Contaminaiion Slte Investigation and Remedlation
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MARUA L)

Contamination Forensics and
Post-treatment Planning of an
illegal dumping site in Taiwan

Meng-Der Fang, Pey-Horng Liu, Ta-Ko Chen, Claudia Chen

Green Energy & Environment Research Laboratories,
Industrial Technology Research [nstitute

2019.03.08

Contents

-Introduction
-Methodology of the Site Investigation

Strategy of the Site Remediation

‘Combination with the Urban Planning
of Kaohsiung City

~Conclusion
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Industrial Technglogy
Researchinstit te

Location of the Daninadina Area

Kaohsiung City
> Located in the south of : R
Kaohsiung City, non-urban
area, low in population

density

» Surrounded by the
Kachsiung LinHai Industrial
Park (steel manufactures),
the Linyuan Petrochemical
Industrial Park ]_)apiﬂgdjng Arca
(petrochemicals :
manufactures), and the
DaLiao Industrial Park
(chemicals manufactures)

Neighboring a Residential
Area within the Kaoping
an Plan




2019 Taiwan — Philippines Workshop on
Soil and Groundwater Contamination Site Investigation and Remediation

SR in Kaonsiung 1.

( CymmExeE
sedee| R T NI
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History
Hilly landscape and part of the area was quite remote

Due 1o fast industry growth between 1980 and 2000,
untreated industrial wastes were illegally disposed including
hazardous wastes.

- 8 illegal dumping sites were found in 2000. The estimated
total area were about 10 hectares. 2 out of the 8 sites
contained highly hazardous solid and barreled liquid wastes.
Soil and groundwater were contaminated with heavy metals
and organics like phenol and benzene.

Contamination investigation and clean-ups of the 2 highly
hazardous sites were conducted in 2002 and finished in 2008.

Another site containing wastes from steel industry was found
in 2005, and its clean-up started in 2008.
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Hung-shia-shan Site (2000-2008)

1. Clean-ups between 2004 and
2008
2. 4,342 barrels of wastes;
2,572 tons of ash from steel
industry
3. 14, 543 tons of combustible
wastes and 1,242 tons of
non-combustible wastes
. About 100,000 metric meters
of slag, construction
materials, and sandblasting
residues were left on site.
. Phenol concentrations were
below the TWEPA limits.
. Cost of the clean-up was
about US$ 5 million.

Tam-ping Site (2006-2011)

 Slag &

2 hectares in
area; 16
meters deep
204,000 cubic
meters of
wastes
Estimated
70,295 tons of
hazardous ash
from steel
industry
157,000 cubic
meters of slag,
construction
wastes and
general wastes




2019 Taiwan — Philippines Workshop on
Soil and Groundwater Contamination Site Investigation and Remediation

Cost Statistics

Waste
Volume

Cleanup Cost per unit
Cost area
(tk NTD) | (1k NTD/Ha)

Hazardous
Wastes (ton)

Hung-
shia. . 113,350 145,470
. (Hazardous onty)
shan Site
Dong-
shan _ , 120,000 363,634
training
site

1an-ping 15 000 | 204,000 70,295 1,017,507 508,7,54
S t {Hazardous only)

Total 5 853 328 41 ? 1 282,977 -
| - X T

Known Contamination Sites
7 iy
Site B o T

Tan-ping Site

i

Power Pole 64
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Farm Contamination

7 sites were found in 2009. The estimated total area
was about 11 hectares. One out of the 7 sites was a
duck farm. The ducks were contaminated with dioxins
and the source of the contamination was assessed the
wastes underneath. All the ducks were removed and
culled.

Problem of Full-scale

Investigation & Cleanup w *HsIn-tso Road
*Road # 1

Land Management after cleanup ARIEE *Road # 5
Low land use: illegal disposal continues . *Kao-ping area

Urban Pianning
Road availabitity: easier ta access for disposal
Contamination affects urban development

Remediation Cost & Treatment
Capacity

Over 150 Hectare of land is suspicious
Over 3 million tons of hazardous wastes
Qver 8 million m? of contaminated stag and
construction wastes

Qver 800 k m? of contaminated sail

Domestic capacity is limited.

Total cost over 1.7 billion US$
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Site investigation & remediation strategy flowchart
Aerial Pholo Pictures, Site o : e Historica! infermation
Investigation, Cleanup. Basic Information of the Project Area
Checkup, and Cases .

Difference in Historlcal Site SCreéning"&
Aerial Photo Pictures and - i. :
topotogy. lllegal Disposals Verification

Classes & Quantity of o _ s
Contaminants, Soil/Groundv-ater Site Characterization.

Contamination, Geology Survey

e e L o Coordinates. Area. Topology
Site List & Contamination Map

Current Land Use, Regional

information Integration Plan, Receplor Risk

& Risk Assessment’

Control Strategy Setup

Infustrizt Technatogy
Researshinsiute

r IEBWHRE
»

Methodology of
the Site
Investigation




2019 Taiwan — Philippines Workshop on
Soil and Groundwater Contamination Site Investigation and Remediation

Objectives
- Site boundaries and contamination range

- Current land use and land owner information
-Time of disposal and history of disposal rebuilt

Classification and quantification of the wastes,
soil and groundwater contamination

“Hydrology and geology information
Strategies of clean-ups and remediation
Estimates of remediation cost and time frame

Information gathering of the responsible parties

15

Site Investigation Flowchart
e v e ][ SiteVist
 Site Allocation [ ormation

J 777§grveying History Rebuilt

Investigation - L=2meing Source Info.

Cleanup and —
Remediation Wastes

~ SoiliGw

. A User/Manager
Responsibility Poliuter ~ /Landlord
6
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the surrounding vegetation was removed.

R B

Buddha
shrine

Change in color
Disposal of wastes
Vegetation in pattern
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ation Model

x,=—f (X =X +(V, T na +(?, -2,
: (X =X # (g - Yo +(Z, - 2oy
(U, =Xy + (0, ~ Y +(2, =20 )1y
, _‘rc‘)rsl ""ul.l B P LVE (Z,—Z)ry

Yo=-f

CvOCoIN —casdhan sing
R=|conidsin il sinid qudemk  cormeien-sinaninaizg  —vneiosd
ML aim & in¢oos  sindieo ¥ - Jivd ¢

Simutlating human eyes for object observation with
overlapping focuses and baselines. This can be
used on the same 2-D point to form a 3-D image.
Through 3-D observation, the objects on the fand
surface can be analyzed for their heights.

LiyHRiY

Base Surveying |

Check Point Identification

3
P

Control Point Surveyi %

2
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Results of the Digital Elevation Model

* 1993

Comparison

* 1996
TN

PRAERE

[
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Change in Elevation

% Change in 1993-1994  xChange in 1994-1995 > Change in 1995-1996

PR

Elevation Analysis of X Section

1993 94 35 96 3 38 n 2000 0f 02 03 04 05 06 N i R A
or ¥ x ¥ x m tx 1M

— Accumulation Change with Time Elevation Analysis of Y %?on
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Site Investigation on
Wastes Distribution & Characteristics

» Systematic
Sampling

- Gather Vertical and
Horizontal 60
Information of Wast: L
Distribution

- Hazard
Characteristics

Note : Biue dots represent digging locations/
Red triangles represent soil surveying locations

Vertical Info. With Soil
Surveying

[T t&agiasa [TETY]
STONSHL  B04 Q0008 0646 OEKT W4 0P ND I
Hazardous Wastes
Pbh 344mg/L
Cd 4.05mg/L

HEEH SRS FY B 8%

SR, SN R RERY
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« Digital Elevation Model &
On-site Visit Information

= Estimates of disposal tme

Basis of cleanup cost sharing

Logiaal

6 11 6 21 26 3 X 41 4 51 %6 6 6 7 6 4l 86 g6 @ 100106 Ui 116 A 1X 1Bl m



2019 Taiwan — Philippines Workshop on
Soil and Groundwater Contamination Site Investigation and Remediation

Disposal History Rebuild & Assessment

riiak e (v

b3 9 1317 21 38 2% 33 37 4] 45 49 53 57 6L 6% &% 73 77 B! 85 ER 43 U7 M 105100 113m

Disposal History Rebuild & Assessment

Combined with the changes in elevation and surveying
information to assess the disposal time,
including wastes depth.

Year of Landscape Surveying N
change Depth Kinds of Wastes

—

A Wk W AR B RN e W

1999~200¢ IR g e o S o et

— 4 Hazardous Wastes
T Pb 344mg/L
_Cd 4.05mg/L

- PR STSI0TS S XHF 4|
el asemnerm e e H

1995~1998 g e midiiahasl

) : ,
N (Y2 SH00I0 [ 86 XRE Ml |
j Brownish SRR

=1 solids

Yellow
native soil

3

=
N
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!

. Incusirial Technalogy
Resparchinstitats

r IZERRRER

Strategy of the
Site
Remediation

Site List & Cleanup Priority

EAHazard Rating  ERegional Development Risk

3Characteristics

1Development time
® Area/volume

W Features/Style ® Road
| Burial ® Residential area
situation/style i ® Fundamental public facilities

| Current residential area re-build
i

Transport route JLand Use
B Groundwater
W Surface water
m Soll
W Alr

= industry
® Farming
B Reserves

1Receptor Exposurej|' ] 21Public Affaires

B :

n lée\lfr‘:’dugze ] B Wildlife habitat

m SW use . B Final disposal

W Population density B Special land demand
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Strategy

+ The project is still ongoing and the suspicious contaminations
are marked.

» The remediation planning started once the contaminations
were marked.

and r

‘and values, crezie gl

Clean-up Strategy Guidelines

Reuse; recyclable screemng, ciassmcatmn and
cleamng for on-srte reuse

Low carbon cieamng ‘on-site cieamng and ﬁnal
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Green Remediation Planning

i ; -
Planning of [ .. Due to difference in
ceanknergy | ‘Green Remediation e conaonent
provided for E . variety of treatment

remediation by o _ technologies are
the ITRI " developed.

Green
Energy Remediatio

. MOd_e ! Energy Provided n Center
- Facility _

suneal

a8
19MOd [B)jRied
190 JEjOS
Buiueaiag
UsefA pioy

w3
@

&
o
=
)
2
3
]
[~
o
3

Centralized Treatment Plant

" tnformation Collection, Screening, & on-
___site Verification

Contamination Charactenzation I

General Barrel Construction - Contaminated
Industrial Wastes Wastes Soil

Wastes

- T
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I

Incustrial Technotogy
ResearchIrstitute

, TRERERE
=

Combination with
the Urban
Planning of
Kaohsiung City

The 3rd Review of the Dapingding Area
Redevelopment of Kachsiung City

- The 3rd Review in 2011

- Incorporate contaminated lands
into the urban plans. Redesign
land use regions and satisfy the
demands in land

- Encourage public investments on
the remediation to increase the
land values as the key
consideration

Cmainssx
4 ARHHTHAREN
L el




2019 Taiwan — Philippines Workshop on

Soil and Groundwater Contamination Site Investigation and Remediation

Vision of Dapingding Area

DevelopmePt .
' Procedure

rgef
® Green &
Ecology
® Renewable
Energy
© Smart Grid
® Green Building

@ Green
Transportation
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Conclusion

Barriers to Overcome
Restrictions in Law
Environmental laws, such as environmental impact
evaluation and urban planning
Relative Limitations
Responsibility among relative responsible parties

Altitude of stakeholders and governmental
compensation mechanisms

Communications with surrounding residents or
environmentalisis

Budget

Public investments or

Governmental funds (air pollution fund, soil & GW
Remediation Fund, recycling fund) or
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