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Chapter 1 Introduction

The Incident

11

1.2

1.3

1.4

The Water Supplies Department (WSD) received complaints from
residents in some areas of Kwai Chung and Tsuen Wan starting
from the night of 18 November 2017 (Saturday) to the late
afternoon of 20 November 2017 (Monday) regarding unpleasant
odout in drinking water.

Upon receiving the complaints, the WSD deployed the standby
teams to follow up the case by flushing the water mains in the
water supply network of the affected areas through fire hydrants
in accordance with the established procedures with a view to
restoring the quality of drinking water supply to the customers as
soon as possible.

When more and more complaints on unpleasant odour in drinking
water were received, it was suspected that the cause was at the
source of the drinking water supply to the affected areas i.e. the
Tsuen Wan Fresh Water Service Reservoir (TWFWSR). The WSD
therefore arranged to change the source of drinking water supply
for the affected areas from TWFWSR to Tsuen Wan No. 2 Fresh
Water Service Reservoir, Tsuen Wan West Low Level Fresh Water
Service Reservoir and Lai Chi Kok Fresh Water Service Reservoir
by opening / closing valves in the water supply network. The
change of drinking water supply source to the affected areas was
completed at around 8pm on the evening of 19 November 2017.
However, flushing of the water mains in the water supply network
of the affected areas had to be continued in order to remove the
residual water in the water mains from the previous source. By
noon of 20 November 2017, no more unpleasant odour was
detected in the drinking water in the water supply network.

However, it was still necessary to drain away the residual water
from the previous source in the inside services of the affected
housing estates / buildings and clean their sump and roof water
tanks. The WSD proactively offered technical support to the

related management offices of the affected housing estates /

! The residents complained that there was cleaning agents, thinners and varnishes-like smell in the
drinking water.



buildings in draining away the residual water and cleansing of
their tanks. With the residual water being drained away, no
further complaint on unpleasant odour in drinking water from the
affected areas was received by the WSD since the late afternoon
of 20 November 2017.The WSD also deployed water wagons
and/or water tanks since the night of 19 November 2017 to
provide drinking water to the affected residents until they were no
longer required.

1.5 Figure 1 shows the affected housing estates / buildings from
which complaints on unpleasant odour in drinking water were
received. The WSD estimated that there were about 60 000
residents affected by the incident.

1.6  On the evening of 20 November 2017, the WSD issued a press
release to give an account of the latest development of the
incident and the findings of its initial investigation into the
incident(Annex A).

1.7 On the morning of 21 November 2017, Mr CHAN Chung-kun,
the Assistant Director (New Territories) of the WSD, gave an
account of the incident including the WSD'’s follow-up actions in
two radio phone-in programmes. The WSD also uploaded the
latest information regarding the incident onto the webpage on the
same dayAnnex B).

1.8 The WSD took water samples from the outlet pipe of the
TWFWSR, the water supply network and the inside services of
the affected estates / buildings from 20 to 23 November 2017 for
rapid toxicity test& The water samples were also tested for the
15 health-related volatile organic compounds (VOC) paranieters
in the World Health OrganizatioGuidelines for Drinking-water
Quality (WHO Guidelines). All water samples had negative
toxicity test results and their VOC contents complied with the
requirements of WHO Guidelines as shown in the water sampling
test results aAnnex C.

2 The rapid toxicity test is an internationally well-recognised technique based on the bioluminescent
technology (light-emitting bacteria) that is able to accurately screen over 1,000 harmful substances.

3 The 15 VOC parameters include benzene, carbon tetrachloride, 1,2-dichlorobenzene,
1,4-dichlorobenzene, 1,2-dichloroethane, 1,2-dichloroethene, dichloromethane, ethylbenzene,
hexachlorobutadiene, styrene, tetrachloroethene, trichloroethene, toluene, vinyl chloride and xylenes.

2



1.9

1.10

1.11

The Investigation Team

On 21 November 2017, the Director of Water Supplies set up an
independent Investigation Team headed by the then Assistant
Director of Water Supplies (Mechanical and Electrical), Mr.
WONG Man Ching, with team members comprising Assistant
Director (Urban), Mr. LAM Ching Man and Chief Chemist
(Acting), Mr. LI Lun Ho Joseph who were all independent from
the Supply and Distribution (New Territories) Branch responsible
for the water supply system in the affected areas and had not been
involved in the incident.

The terms of reference of the Investigation Team are as follows:

(i) To look into the cause(s) of the incident; and
(i) To recommend improvement measures to prevent recurrence
of similar incidents in future.

This Report will present the investigation conducted by the
Investigation Team and the identified cause of the incident as well
as other observations @hapter 2 and its conclusion i€hapter

3. The recommendations of the Investigation Team to prevent
recurrence of similar incidents in future will be presented in
Chapter 4.



Chapter 2 Investigation and Findings

2.1

2.2

2.2.1

2.2.2

2.3

2.3.1

This Chapter gives a detailed account of the investigation
conducted by the Investigation Team and their findings in
identification of the cause of the unpleasant odour in drinking
water and the safety of the drinking water during the incident as
well as their other observations of the incident.

The Investigation

Upon switching the drinking water supply source for the

affected areas from the TWFWSR to other fresh water service
reservoirs on the evening of 19 November 2017 and after
flushing the residual water in the water mains of the water
supply network from the TWFWSR, no unpleasant odour was
detected in the drinking water in the water supply network.

Therefore, it was likely that the incident was related to the
source of the affected areas, viz. the TWFWSR. The
Investigation Team noted that there were maintenance works
being carried out at the TWFWSR during the incident and

therefore conducted detailed investigation of the cause of the
incident along this direction.

The Investigation Team conducted site inspections at the

TWFWSR, examined the test results of the water samples taken
during the incident and the materials used in the maintenance
works, reviewed the related documents and records, and met the
maintenance contractor and relevant staff of the WSD.

Identification of the cause of unpleasant odour in drinking
water

(1) Internal design of the TWFWSR

The TWFWSR is a service reservoir built in 1957 with two

compartments, which are separated by a concrete division wall.
Such design is conventional which allows one compartment to
be in operation to supply water while maintenance works are
being carried out at the other compartment in order to maintain
the reliability of the water supply system. As the division wall

iIs about 2.5 metres lower than the ceiling of the service

reservoir, there is a gap between the top of the division wall and
4



the ceiling of the service reservoir. Plastic curtains for air
insulation have been installed to seal off the gap.

2.3.2 However, the 60-year old TWFWSR is of an old layout design
with two access manholes with cat ladders on the top of the
division wall to allow access to the service reservoir for
carrying out maintenance works. As a result, the gap on top of
the division wall at the locations of the access manholes / cat
ladders has not been completely sealed off with plastic curtains
for air insulation.

2.3.3  Figure 2shows the general layout of the service reservoir.

(11) Use of protective coating material

2.3.4  Maintenance works were carried out at the eastern compartment
of the TWFWSR starting in early October 2017 to maintain its
durability and water-tightness. The compartment was drained
down on 2 October 2017 while the western compartment
continued to be in operation for supplying water. The repair
works in the eastern compartment, commenced on 7 October
2017, were first to repair the worn-out walls and floor joints by
applying epoxy coating (MasterProtect 180) and joint sealant
(Polyseal PS) and no complaint on unpleasant odour of drinking
water had been received during this period. In the final stage
of the maintenance works, a protective coating was to be
applied to the worn-out part of the floor slab (about 250 square
metres, 16% of the total floor slab area) of the eastern
compartment. Figure 3 shows the schematic arrangement of
the maintenance works to the floor slab in the eastern
compartment.

2.3.5 The protective coating for applying to the worn-out part of the
floor slab of the eastern compartment was SPUA-406. Itis a
polyurea-based material and is an approved product under the
United Kingdom Water Regulations Advisory Scheme (WRAS).
The cured protective coating contains no harmful substance to
human and complies with the BS6920 for use in potable water
installation works. A copy of the approval document is at
Annex D. Moreover, the product is anti-skid. The raw

4 The usual epoxy repair material is slippery.



2.3.6

2.3.7

2.3.8

2.3.9

materials of the SPUA-406 contain VOCs which give
unpleasant odour as they evaporate during the gwinthe
protective coating. The VOCs will totally evaporaitter the
protective coating has been completely cured anduner
odour will be released.

Maintenance works are not usually required forfkher slab of
service reservoirs. However, as the TWFWSR has Ipeg
into use for many years, there were worn-out pamtg$he floor
slab in the eastern compartment which requirediegtpmn of

protective coating. In view of the anti-skid proye of

SPUA-406, it was used as protective coating forfther slab
to prevent the WSD staff / workers from slipperyentthey are
working inside the service reservoir thus meetiogupational
safety and health requirements. It was the firsetthat the
product was used in one compartment of a serviserveir
while the other compartment was in operation tqsuwater.

(111) Construction procedures

The maintenance works for application of the prioteccoating
to the floor slab of the eastern compartment conueéron the
morning of 18 November 2017. The works were cdroet
until 3:30 pm on that day. With the evaporationttof VOCs
from the protective coating during its curing, tleastern
compartment was filled with odour.

The investigation revealed that the contractor rul seal off
the two openings without plastic curtains for asulation at the
locations of the access manholes / cat ladderstedd, the
contractor arranged to extract the air from in©éi¢he service
reservoir to the outside by means of blower fares, forced
ventilation at the two access manholes.

The forced ventilation was however not effectivancg the air
blowers were located at the access manholes oroftape
division wall to extract air from the service ressr, the VOC
fumes from the corner of the eastern compartment th the
direction to the western compartment. The VOC fumethe
eastern compartment were not totally extracted filoenservice
reservoir and some of the VOC fumes got into thestere
compartment through the two openings and dissointx the

6



2.3.10

2.3.11

drinking water. After the forced ventilation stopped at 5:30
pm on 18 November 2017, about 2 hours after the maintenance
works had been finished on that day, the VOC fumes in the
eastern compartment continued to diffuse into the western
compartment through the two openings and dissolved in the
drinking water in it. Figure 4 illustrates how the VOC fumes
from the eastern compartment got into the western compartment
and dissolved in the drinking water.

The drinking water with dissolved VOCs were distributed from
the western compartment of the TWFWSR through water mains
to the customers. As a result, when the drinking water was
drawn from the water taps by the customers, the VOCs were
released from the drinking water thus causing odour problems
to the customers. The VOCs have such a low odour threshold
that even a very low concentration in the drinking water could
be perceivable by the customers. To confirm this point, an
odour testing panel was set up to verify the odour threshold of
xylene in water (the major VOC constituent of the protective
coating raw materials). All panel members detected odour at a
concentration well below the guideline value for xylene in the
WHO Guidelines. Please refer gmnex E for details of the
results of the testing panel.

(1V) Benchtop Study to confirm the identified cause

In order to confirm the cause of the incident as identified above,
the Investigation Team made reference to an overseas résearch
and conducted a benchtop study to confirm the cause as
identified above. Two glass tanks were used to simulate the
operating condition of the two compartments of the TWFWSR
during the incident, i.e. one compartment being emptied (for
maintenance works) while the other one being filled with water
(in operation), with openings provided to simulate incomplete
separation of the two compartments. Details of the experiment
are given inAnnex F. The result of the experiment showed
that odour released from the protective coating material applied
in the empty glass tank could diffuse through a narrow tubing

5 In this report, “xylene” refers to a mixture of isomers includontho-, meta- and para-xylenes

which often co-exist in commercial products.

6 M.G. Mahmoodlu et al, 2017, Dissolution kinetics of volatile organic compound vapors in water: An
integrated experimental and computational study, Journal of Contaminant Hydrology 196 (2017) 43-51.
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connected to the other glass tank and caused odour in the water.
The result of the experiment supported the validity of the cause
of the incident as identified above.

2.4 Possibility of accidental spillage of the protective coating

24.1

2.4.2

2.4.3

material into the compartment in operation during delivery

The Investigation Team noted that the protective coating
material had been delivered manually to the eastern
compartment through the access manholes above the division
wall. The Investigation Team therefore also explored whether
the incident could have been caused by accidental spillage of
the protective coating material into the drinking water in the
western compartment during its delivery into the eastern
compartment.

The Investigation Team arranged draining down the western
compartment and conducted a detailed inspection of the
compartment. The Investigation Team did not find any sign of
residual protective coating material on the walls and floor slabs
of the compartment particularly in the vicinity of the access
manholes. Photos showing the condition of the western
compartment after it was drained down are showininex G.

The Investigation Team therefore considered that the incident
should not have been caused by accidental spillage of the
protective coating material into the western compartment.

2.5 Drinking water safety during the incident

2.5.1

There were concerns regarding the safety of the drinking water
with the unpleasant odour supplied to the customers during the
incident. The Investigation Team noted that the WSD staff had
been engaged in flushing the water mains as well as the
subsequent operation of the valves in the water supply network
to switch the drinking water supply source for the affected areas
during the incident. The WSD staff had not taken water
samples from the taps of the customers before the switching of
the supply source. Nevertheless, the WSD took a water
sample from the outlet pipe of the western compartment of the
TWFWSR on the following morning of 20 November 2017 for
water quality testing [Note: the water supply from the western

8



2.5.2

2.5.3

compartment of the TWFWSR was suspended since the evening
of 19 November 2017]. The Investigation Team considered
that the water sample should have adequately reflected the
qguality of the drinking water with an unpleasant odour supplied
to the customers during the incident as the TWFWSR was the
source of drinking water supply to the affected areas during the
incident and the outlet pipe was an enclosed conduit through
which the VOCs in the drinking water could not evaporate and
hence there should be no reduction in the VOC content in the
drinking water at the time the water sample was collected.

The water sample taken at the outlet pipe of the western
compartment on the morning of 20 November 2017 had an
unpleasant odour. The rapid toxicity test result of the water
sample was negative, i.e. non-toxic. The water sample was
also tested for the contents of the 15 health-related VOC
parameters in the WHO Guidelines and all results complied
with the requirements of the WHO Guidelines. The water
sample test results are at item 10Aoinex C. Based on the
test results of the water sample, the drinking water, though with
an unpleasant odour, should not cause any health hazard. As
explained in paragraph 2.3.10 above, due to the low odour
detection threshold, a very low VOC concentration in the
drinking water would still be perceivable by the customers
despite the fact that the VOC concentration in the drinking
water was compliant with the requirements of the WHO
Guidelines.

After switching the drinking water supply source to the affected
areas and draining away the residual water from the previous
source in the water supply network and inside services, the
WSD took water samples from the water supply network and
the inside services of the affected estates / buildings from 20 to
23 November 2017 for rapid toxicity test and test for VOC
contents. The water samples all had negative toxicity test
results and their VOC contents complied with the requirements
of WHO Guidelines which confirmed that the drinking water
after the switch of source is also safe. Details of the water
sample test results are showrAimnex C.

2.6 Other observations



2.6.1

2.6.2

2.6.3

Since the western compartment of the service reservoir
continued to supply drinking water when maintenance works in
the eastern compartment was in progress, the contractor should
have the responsibility to adopt appropriate measures to
effectively and completely separate the two compartments to
prevent the drinking water in the western compartment from
being affected. The contractor however had not properly
discharged his responsibility by sealing off the two openings
present at the access manholes / cat ladders that had not been
covered up with plastic curtains for air insulation. He only
relied on forced ventilation to extract the VOCs released from
the application of the protective coating to the floor slab in the
eastern compartment. The forced ventilation was ineffective
and some of the VOC fumes got into the western compartment
through the two openings and dissolved into the drinking water
therein. Moreover, the forced ventilation stopped at around
5:30 pm after the maintenance works had been finished for two
hours and the VOC fumes in the eastern compartment continued
to diffuse into the western compartment through the two
openings and dissolved in the drinking water.

The maintenance works to the floor slab of the eastern
compartment were under the WSD’s supervision and the
material and methodology proposed by the contractor had been
reviewed by the WSD staff. The site work was supervised by a
Works Supervisor Il of the WSD. Both the staff responsible for
reviewing the material and methodology proposed by the
contractor and the staff supervising the work had
underestimated the possibility that the VOCs released from the
protective coating material in the eastern compartment could get
into in the western compartment in operation through the two
openings and dissolve in the drinking water. It reflects that
they lacked awareness of the possible impact of the
maintenance works on drinking water quality.

In handling the incident, the WSD switched the drinking water
supply source as soon as they suspected that the service
reservoir could be the cause of the incident and deployed water
wagons and tanks to mitigate the impact on the customers
during the incident. In addition, the WSD issued a press release
on 20 November 2017 and gave an account of the incident in
radio phone-in programmes and uploaded related information

10



2.6.4

on its website on 21 November 2017.

In spite of the above effort made, the Investigation Team
considered that there was still room for improvement in respect
of management of the incident in several aspects. Although a
water sample was taken from the outlet pipe of the western
compartment of the TWFWSR on the morning of 20 November
2017 for water quality testing and the water sample should have
adequately reflected the quality of the drinking water with an
unpleasant odour supplied to the customers during the incident,
the Investigation Team considered that in future, it would be a
better arrangement to collect water samples from the supply
network and consumer taps at the onset / early stage of the
incident so that the water sampling test results could be released
earlier to alleviate the concern of the affected customers over
the quality of the drinking water supplied to them during the
incident. Moreover, the Investigation Team opined that press
release or updated information should be issued earlier to keep
the affected customers and the media informed of the situation
and the measures being taken by the WSD to tackle the incident.
Furthermore, the Investigation Team considered that it would be
helpful if the WSD would provide relevant guidelines for
reference of the property management companies to facilitate
them to take prompt and appropriate contingency measures
including draining away the water of substandard quality,
cleansing of their inside services etc. in response to water
guality incidents.

11



Chapter 3 Conclusion

3.1 The Investigation Team has the following conclusion:

(i)

(i1

The unpleasant odour in the drinking water in some of the
areas in Kwai Chung and Tsuen Wan was caused by the
VOCs released from the application of protective coating to
the floor slab in the eastern compartment of the TWFWSR,
that got into the western compartment in operation through
the two openings above the division wall (at the locations of
the access manholes / cat ladders which had not been sealed
off by plastic curtains for air insulation) and dissolved in the
drinking water in the western compartment which was then
distributed to the customers.

The drinking water supplied to the customers during the
incident, though with an unpleasant odour, should not cause
any health hazard. As the VOCs have a low odour
detection threshold, a very low VOC concentration in the

drinking water would still be perceivable by the customers

despite the fact that the VOC concentration in the drinking

water was compliant with the requirements of the WHO

Guidelines.

12



Chapter 4 Recommendations

4.1 To prevent recurrence of similar incidents, the Investigation Team
recommends the following short- and long-term improvement
measures:

Short-term measures

(i)

(ii)

(iii)

(iv)

For maintenance works carried out in one compartment of a
service reservoir with another compartment in operation for

supplying water, all openings between the ceiling of the

service reservoir and the division wall should be completely

sealed off;

The use of materials with high VOC contents (including
those in the raw materials) for maintenance works inside
service reservoirs under condition (i) above should be
stopped immediately;

Contractors should be required to conduct a Water Quality
Impact Assessment (WQIA) by relevant professionals before
carrying out construction or maintenance works that may
affect drinking water quality, including assessing the risk of
impacts of the works on drinking water quality, determining
the level of supervision required, formulating corresponding
preventive measures and establishing a monitoring system
which includes regular inspection and water sampling tests.
The WQIA should be duly vetted and approved by senior
professionals of the WSD;

Regular training for front-line staff to enhance their
awareness of the possible risk on drinking water quality
posed by construction and maintenance works should be
strengthened,

The Investigation Team noted that the above short term measures
have already been implemented by the WSD.

Long-term measures

(v)

The arrangements for handling water quality incidents,

13



(vi)

which include the collection of water samples for testing and
the release of information to the affected customers and the
media, should be reviewed and further enhanced; and

Guidelines should be provided to property management
companies to assist them to take prompt and appropriate
contingency measures in response to water quality incidents.

- End -
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Annex A

WSD responds to media enquiries on drinking water gality in Kwai Tsing

District and Tsuen Wan District’

In response to media enquiries on the drinkingewauiality in Kwai Tsing
District and Tsuen Wan District, a spokesman foe tWater Supplies
Department (WSD) said today (November 20):

After receiving a number of enquiries from resigesf Kwai Tsing District
and Tsuen Wan District about an unpleasant ododriiking water yesterday
(November 19), the WSD immediately followed up,lirting flushing through
fire hydrants near the affected areas and providimmiking water supply to the

affected districts from another supply network laght.

The WSD has been proactively liaising with the agament offices of the
affected housing estates to provide technical suppdelp them to drain away
the drinking water stored in the sump and roofkdng water tanks and clean the
water tanks. In addition, the WSD has deployed watggons and/or water
tanks in Kwai Tsing and Tsuen Wan Districts to padevdrinking water to

residents in need during the cleaning of watergank

WSD’s initial investigation reveals that the urggdant odour in the drinking
water in the above-mentioned districts may be edlab the maintenance work
at the Tsuen Wan Fresh Water Service ReservoittedlVSD is carrying out
further investigations. The WSD suspended the suppbrinking water from
the service reservoir last night and has taken msgmples for testing. Initial

results show that there was no substance in therwainples that was harmful to

" Press release dated 20 November 2017:
http://www.info.gov.hk/gia/general/201711/20/P201Z@00963.htm?fontSize=1

1



humans.

The WSD will continue to closely monitor the qimalof water supply to

ensure the safety of drinking water quality.

Ends/Monday, November 20, 2017
Issued at HKT 21:13



Annex B
(Chinese only)
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Water sampling test results

Annex C

Volatile Organic Compounds (VOC)

Benzene Carbon tetrachloride 1'2'D'°(h'°;E;’enzene 1,4-Dichlorobenzene| 1,2-Dichloroethane | 1,2-Dichloroethene | - Dichloromethane Ethylbenzene | Hexachlorobutadiene Styrene Tetrachloroethene |  Trichloroethene Toluene Vinyl chloride Xylenes
No Date Time Location Rapid Toxicity Test Odour (Hg/L) (ng/L) (WHO“(%V: 1000 (Hg/L) (ng/L) (Hg/L) (Hg/L) (Hg/L) (ng/L) (Hg/L) (Hg/L) (Hg/L) (Hg/L) (ng/L) (ng/L)
(WHO GV: 10 pg/L) | (WHO GV: 4 pgiL) o) (WHO GV: 300 pg/L) |(WHO GV: 30 g/L) | (WHO GV: 50 pg/L) | (WHO GV: 20 pg/L) | (WHO GV: 300 pgiL) | (WHO GV: 0.6 pg/L) | (WHO GV: 20 pg/L) | (WHO GV: 40 pg/L) | (WHO PGV: 20 pg/L) | (WHO GV: 700 pg/L) | (WHO GV: 0.3 pg/L) | (WHO GV: 500 pgiL)

1 | 20/112017 6:00 |Firehydrant PH5446, Kwok Shui Road, Tsuen Wan Negative Pungent - - - - - - - - - - - - - - -

2 | 20/11/2017 6:00 |Firehydrant PH1673, Kwong Fai Circuit, Tsuen Wan* Negative No Odour - - - - - - - - - - - - - - -

3 20/11/2017 6:00 |Firehydrant PH5451, Tai Ha Street, Tsuen Wan Negative No Odour - - - - - - - - - - - - - - -

4 20/11/2017 6:00 |Firehydrant PH4095, Tai Ha Street, Tsuen Wan Negative No Odour - - - - - - - - - - - - - - -

5 | 20/11/2017 6:00 |Firehydrant PH4075, Shek Wai Kwok Estate Negative No Odour - - - - - - - - - - - - - - -

6 | 20/11/2017 6:00 |Firehydrant PH280, Kwai Chung Estate, Kwai Chung Negative No Odour - - - - - - - - - - - - - - -

7 | 20/11/2017 | 11:02 |Kwai Chung Estate Mall Negative No Odour - - - - - - - - - - - - - - -

8 | 20/11/2017 | 11:37 |Fire hydrant PH540, Kwai Hop Street* Negative No Odour - - - - - - - - - - - - - - -

9 | 20/11/2017 | 12:34 |Fire hydrant PH843, Shing Fong Street* Negative No Odour - - - - - - - - - - - - - - -
10 |20/11/2017| 11:45 |[Tsuen Wan FW SR outlet pipe Negative Pungent <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
11 | 20/11/2017| 12:30 (TsuenWan West FW Low Level SR* Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
12 | 20/11/2017| 13:05 |YauKom TauFW SRNo.1* Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
13 | 20/11/2017| 13:30 |YauKom TauFW SRNo.2* Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
14 | 20/11/2017| 20:05 [Fire hydrant PH4076, near Shek Wai Kok Road Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
15 | 20/11/2017| 20:09 (Male Toilet, Shek Fong House, Shek Wai Kok Estate Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
16 | 20/11/2017| 20:27 [Management Office, Fu Kwai House, Tai Wo Hau Estate Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
17 | 20/11/2017| 20:35 |Fire hydrant PH5446, near Ting Kwok Street Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
18 | 20/11/2017| 20:54 [Management Office, HaKwai House, Kwai Chung Estate Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
19 |20/11/2017| 20:55 |Firehydrant PH4095, near Tai Ha Street Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
20 |20/11/2017| 21:03 [Management Office, Luk Kwai House, Kwai Chung Estate Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
21 |20/11/2017| 21:07 |Firehydrant PH5451, near Tai Ha Street Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
22 | 20/11/2017 | 21:20 |Mae Toilet, Fu Pik House, Tai Wo Hau Estate Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <02 <125
23 | 20/11/2017| 21:26 |Fire hydrant PH820, near Tai Wo Hau Road Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
24 | 20/11/2017| 21:44 |[MaeToilet, Kwai Fong Terrace Shopping Centre* Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
25 |20/11/2017| 21:48 |Firehydrant PH1673, near Kwong Fai Circuit* Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
26 |21/11/2017| 14:10 |Tower 6, TieeraVerde, Phasel, Tsing Yi* Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
27 |22/11/2017| 15:00 [FuWah House, Tai Wo Hau Estate Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
28 |23/11/2017| 11:16 [Sump Tank, Chau Kwai House, Kwai Chung Estate Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
29 |23/11/2017| 11:20 [Roof Tank, Chau Kwai House, Kwai Chung Estate Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <02 <125
30 |[23/11/2017| 11:40 [Sump Tank, YanKwai House, Kwai Chung Estate Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
31 |23/11/2017| 11:40 [Roof Tank, Yan Kwai House, Kwai Chung Estate Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
32 | 23/11/2017| 11:55 [Sump Tank, Block 1, Kwai Fong Terrace* Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
33 | 23/11/2017| 12:00 [Sump Tank, Block 7, City Point, Tsuen Wan* Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
34 |23/11/2017| 12:10 [Roof Tank, Block 1, Kwai Fong Terrace* Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
35 |[23/11/2017| 12:11 [Sump Tank, Tsz Kwa House, Kwai Chung Estate Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
36 |23/11/2017| 12:12 |Roof Tank, Tsz Kwa House, Kwai Chung Estate Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <015 <5 <10 <18 <175 <02 <125
37 |23/11/2017| 12:20 [Roof Tank, Block 7, City Point, Tsuen Wan* Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
38 |[23/11/2017| 12:29 [Sump Tank, Ying Kwai House, Kwai Chung Estate Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
39 |[23/11/2017| 12:32 [Roof Tank, Ying Kwa House, Kwai Chung Estate Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
40 | 23/11/2017| 13:00 |Sump Tank, Block C, New Kwai Fong Garden* Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
41 | 23/11/2017| 13:15 |Roof Tank, Block C, New Kwai Fong Garden* Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
42 | 23/11/2017 | 13:20 |Sump Tank, Fu Ping House, Tai Wo Hau Estate Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
43 | 23/11/2017| 13:20 |Roof Tank, FuPing House, Tai Wo Hau Estate Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
44 | 23/11/2017 | 13:45 |Sump Tank, FuMan House, Tai Wo Hau Estate Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
45 |23/11/2017 | 13:45 |Roof Tank, Fu Man House, Tai Wo Hau Estate Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <02 <125
46 | 23/11/2017 | 14:20 |Sump Tank, Fu Wah House, Tai Wo Hau Estate Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <0.2 <125
47 |23/11/2017 | 14:20 |Roof Tank, Fu Wah House, Tai Wo Hau Estate Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <02 <125
48 | 23/11/2017 | 14:32 |Sump Tank, Shek Lin House, Shek Wai Kok Estate Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <02 <125
49 | 23/11/2017 | 14:35 |Sump Tank, Fu Kwok House, Tai Wo Hau Estate Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <02 <125
50 |23/11/2017 | 14:35 |Roof Tank, Fu Kwok House, Tai Wo Hau Estate Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <02 <125
51 |23/11/2017 | 14:43 |Roof Tank, Shek Lin House, Shek Wai Kok Estate Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <02 <125
52 |23/11/2017| 15:30 [Sump Tank, Block 1, Primrose Hill, Tsuen Wan Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <02 <125
53 |23/11/2017| 15:48 |Roof Tank, Block 1, Primrose Hill, Tsuen Wan Negative No Odour <25 <05 <250 <75 <75 <12 <5 <75 <0.15 <5 <10 <18 <175 <02 <125

* denotes location outside the supply zone of the TWFWSR




Annex D

Copy of the WRAS Certificate of the protective coahg of SPUA-406



YWRAS

Approval Number: 1501522 APPROVED MATERIAL
Test Report: MAS168/V

Water Regulations Advisory Scheme Ltd.

Unit 13,
Willow Road,
29" January 2015 Pen y Fan Industrial Estate,
Crumlin,
Marine Chemical Research Institute Co. Lid. Gwent,
No. 4 Jinhu Road, NP11 4EG
Shinan District,
Qingdao,
China

WATER REGULATIONS ADVISORY SCHEME LTD. (WRAS)
MATERIAL APPROVAL

The material referred to in this letter is suitable for contact with wholesome water for domestic purposes having met the
requirements of BS6920-1:2000 and/or 2014 ‘Suitability of non-metallic products for use in contact with water intended
for human consumption with regard to their effect on the quality of the water'.

The reference relates solely to its effect on the quality of the water with which it may come into contact and does not
signify the approval of its mechanical or physical properties for any use.

COATINGS, PAINTS & LININGS - FACTORY APPLIED PIPE & FITTINGS COATINGS. 5030

SPUA-406. Factory applied, yellow coloured, two component PU coating. Mix the two components in a 1:1 volume ratio.
Cure for 7 days@25°C. For use with water up to 23°C. This material is only approved for the curing conditions that
appear on the approval. If the cure conditions are varied from those specified on the approval then the material is not
covered by the scope of the approval.

APPROVAL NUMBER: 1501522
APPROVAL HOLDER: MARINE CHEMICAL RESEARCH INSTITUTE CO. LTD.

The Scheme reserves the right to review approval.
Approval 1501522 is valid between January 2015 and January 2020

An entry, as above, will accordingly be included in the Water Fittings Directory on-line under the section headed,
“Materials which have passed full tests of effect on water quality”.

The Directory may be found at: www.wras.co.uk/directory

Yours faithfully

Jason Furnival
Approvals & Enquiries Manager
Water Regulations Advisory Scheme

The Water Regulations Advisory Scheme Ltd. Registered in England No, 06663930 Registered office: 13 Newby Road, Hazel Grove, Stockport, Cheshire, SK7 5DA
Tel:+44(0)333 207 9030 Fax:+44(0)1495 248 540 Email:info@wras.co.uk website:www.wras.co.uk



Annex E
Odour Testing Panel for Xylene in Water

1. According to the supplier’s information of SPUA-406e major volatile
organic compounds (VOCs) constituent of the protectcoating raw
materials is xylene, with guideline value (GV) d®Gug/L in the WHO
Guidelines. Xylene has a strong, thinner-like odbat is unpleasant.

2. To assess the amount of xylene present in watéec#mlead to unpleasant
odour, an odour testing panel was formed by 8 ooy staff of the Water
Supplies Department to study the concentration ldathvxylene in water
became sensually detectable.

3. The testers were given of a series of water sampbesaining different
concentrations of xylene and asked to describeotlwair intensity of each
sample. The intensity descriptions ranged from Stoell” to “Very Mild”,
“Mild”, “Strong”, “Very Strong” and “Pungent”.

4. The detection level of xylene varied among theetssbut the odour was
detectable by all testers at 30 pug/L. (see tadme

Xylene Detection by the
(na/l) testers (%)
10 80
20 80
30 100
50 100

5. The results indicated that xylene would be detdetdly customers at a
concentration much lower than the guideline valug0® pg/L of the WHO
Guidelines due to its very low odour threshold.



1.

Annex F

Benchtop Study on the Diffusion of Odour in
Compartments of Service Reservoirs

Introduction

1.1As part of the investigation of the water qualitgident at Tsuen Wan Fresh

2.

Water Service Reservoir (TWFWSR) in November 2@ Benchtop study
was conducted to investigate if the odour releakethg application of the
protective coating materials in one SR compartngentd impart sufficient
amount of volatile organic compounds (VOCs) in wate the adjacent
compartment to cause odour problem in drinking wate

Procedure

1.1The proposed procedures of the benchtop study mmege reference to an

overseas researéh. It is noted that the two compartments of the TWGRV
are segregated by a division wall with plastic aums for air insulation on
top but the curtains were incomplete with openirgsthe two access
manholes / cat ladders of the SR. Besides, the &Ralr vents on its
rooftop.

1.2In the benchtop study, a pair of glass tanks weexluo simulate the two

compartments. The tanks were covered and holesbofita0.5 cm in
diameter were drilled on the cover at the four eosnof both tanks to
simulate the air vents. One tank was filled with teater while a layer of
protective coating material was spread on the botd the other as thinly
as possible (Figure F1). While the tanks were aerthey were
interconnected by a metal tubing simulating thenapgs in the plastic
curtains. Details of the set-up of the glass tamkd the SR compartments
are indicated in Table F1.

9 M.G. Mahmoodlu et al, 2017, Dissolution kinetics of volatile organic compound vapors in water: An
integrated experimental and computational study, Journal of Contaminant Hydrology 196 (2017)
43-51.



Metal

tubing
Tap water
Coating
material
Figure F1
Glass Tank SR Compartment
Length 17 cm 47 m
Width 12 cm 35m
Height 14 cm 6m
Length/Width 1.4 1.3
Water depth 11 cm 4 m
Water volume 2.2L 6580 M
Opening 0.5cnt®@ 7 m?®
Weight of top coat 849 ~170 kg
Notes:

(a) Cross sectional area of the metal tubing bore.
(b) Total surface area of the plastic curtain opgsiunder the two manholes.

Table F1

1.3The tanks were covered as soon as the protectiggngomaterial was
applied and the set-up was left in a fume-cupboagatnight at about TC
with the sash down and extraction fan turned ajfsimulate flowing water
in the SR, the water in the tank was gently agitéig a magnetic stirrer bar.
A control was also set up in which an identicalktavas similarly filled
with tap water and covered but not connected to\dD§ sources.

1.4Water samples were extracted after 15 hours froensit-up for VOC
analysis. Water sample was also extracted aftéoilits from the control.

2. Results and Discussion



2.1According to the supplier’s information, the ma®C constituent of the
protective coating raw materials is xylene, whicha VOC of health
significance in drinking water with a guideline wal of 500 pg/L in the
WHO Guidelines.

2.2The general properties of xylene and experimemtsllts are summarised
in Table F2 and Table F3 respectively.

Xylene® properties Value®
Melting point (C) -48 — 13
Boiling point CC) 138 — 144
Density(kg/L) 0.86 — 0.88
Water solubility (mg/L) 175-198
Guideline value in WHQ 5009
Guidelines (png/L)

Notes:
(a) “Xylene” refers to a mixture isomers includiagho-, meta- andpara-xylenes
(b) Source of information (except Guideline valnd¥YHO Guidelines): WHO, 200Xylenesin
Drinking-water
(c) For the combined isomers aftho-, meta- andpara-xylenes. Source of information: WHO,
2017,Guidelines for Drinking-water Quality 4™ Edition Incorporating the 1% Addendum

Table F2

Xylenes in water (1g/L)

1 Experiment 414
2 Control Not detected

Table F3

2.3The experimental results showed that a detectabkd bf xylene in water
was caused by diffusion of VOCs from one glass tanthe other through
the narrow metal tubing. It thus demonstrated #mgiication of protective
coating material in an SR compartment could leaddwour in the drinking
water in the adjacent compartment due to diffusibdOCs.

2.4However, it must be stressed that the experimergallts were for
gualitative indication only as the water volumejgin of protective coating
material used and other conditions of the SR wdferdnt from those of
the benchtop study.



3. Conclusion

3.1The benchtop study demonstrates that the odotneinitinking water in the
operating western compartment of the TWFWSR waseazby the VOCs
released during the application of the protectieating material in the
adjacent eastern compartment if there were openmgse plastic curtains
above the division wall.



Annex G

Condition of the Western Compartment after Draining Down

Location: Area near the access manhole close to the inlethefwestern
compartment

Observation: There is no sign of residual protective coatingearat found on
the walls and floor slabs. The white sedimentsrasgdues of limes which are
one of the ingredients in the water treatment pece

Location: Outlet of the western compartment
Observation: There is no sign of residual protective coatingearat found on
walls and floor slabs.





