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Introduction

As a result of inadequate sewerage and sewage treatment in the main urban areas of Kowloon and northern
Hong Kong Island, water quality in and around Victoria Harbour is deteriorating. Therefore, in the late 1980s
and the 1990s, Hong Kong’s Environmental Protection Department (EPD) embarked on an ambitious
strategy to clean up the harbour. This consisted of two elements:

•  A series of Sewerage Master Plan studies (SMPs) which identified and quantified inadequacies at
catchment level and generated cost effective solutions to ensure the proper collection of sewage;

•  A strategic interception and treatment system for Victoria Harbour - the Strategic Sewage
Disposal Scheme (SSDS).

The SSDS will provide sewage interception, treatment and disposal for a population projected to exceed 5
million by the year 2016. The SSDS is predominantly a deep tunnel collection system, which will intercept
effluent from the existing screening plants around Victoria Harbour and divert it to a chemically enhanced
primary treatment (CEPT) works at Stonecutters Island (SCISTW). The treated effluent will then be
transferred to Lamma Island for disinfection and then discharged through an oceanic outfall. Figure 1 shows
the overall SSDS proposals.

Stage I of SCISTW, designed for an average flow of around 1.7 million m3/day, was commissioned in May
1997 and is successfully treating around 0.3 million m3/day of sewage from the adjacent North West
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Kowloon catchment. Statistics for the first two years of operation show average suspended solids (SS) and
biochemical oxygen demand (BOD5) removal rates of 82% and 72% respectively. The treated effluent is
currently discharged to the Western Harbour via a tunnelled “interim” outfall.

By the end of March 2000, in excess of 80% of the total 23.9km of the Stage I deep tunnels had been
excavated. The depths of these tunnels are in the order of 100m in order to:

•  Ensure sound rock for tunnelling;

•  Reduce surface environmental and traffic impacts;

•  Avoid the Mass Transit Railway Tunnels / piled foundations and deep basements / subsurface
utilities.

To reduce pumping costs, the tunnels are designed to act as an inverted syphon with “downstream” pumping
stations creating sufficient head to induce sewage flow towards SCISTW. However this operating philosophy
means that storage in the tunnels cannot be used as a management strategy for peak wet weather flows.
From the early days of planning, the interaction between the Sewerage Catchments Areas (SCA), the
associated screening plants and the SSDS tunnels was recognised as a vital consideration in the
development of a cost-effective, reliable scheme for improving Victoria Harbour.

Peak flows to the SSDS tunnel system are based on the requirement to maintain the correct hydraulic
conditions under normal operation. i.e. avoid oversizing, guarantee sediment transport.  This means that
extreme peak flows arriving at the PTW’s are not passed in their entirety into the tunnel drop shafts, and that
excessive flows are bypassed to the harbour after receiving preliminary treatment.

The original planning study carried out, which developed the SSDS proposals, stated that “if extremely high
flows are received at a preliminary treatment works, the excess portion (>2DWF) which cannot be accepted
into the deep tunnel network should be discharged to sea after screening and degritting.”

Table A summarises the peaking factors used in designing the Stage I tunnel system.

Table A SSDS Stage I Tunnel Capacities

Tunnel Section Length
(m)

Diameter
(m)

Peaking Factor Design Flow
(m3/sec)

Tseung Kwan O → Kwun Tong 5,300 twin 1.35 2 4.89

Chai Wan → Shau Kei Wan 2,400 1.2 2.2 1.66

Shau Kei Wan → Kwun Tong 2,700 1.35 2.2 2.72
Kwun Tong → To Kwa Wan 3,500 2.82 2 14.81
To Kwa Wan → SCISTW 5,600 3.54 2 21.80
Kwai Chung → Tsing Yi 800 2.21 2 7.36
Tsing Yi → SCISTW 3,600 2.36 2.2 9.45

The Design Memorandum for SSDS Stage I stated that “Peak wet weather flows coincide with unusual
rainfall events and occur infrequently (perhaps at intervals of 9-24 months).  However, these extreme flow
values need to be accommodated within the upstream sewerage network and preliminary treatment facilities
to minimise the risk of overloading and flooding, and to control the level and frequency of overflow of
wastewater into the storm drainage system.”

Table B summarises the peaking factors used in designing the Stage I PTW  upgrading:
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Table B SSDS Stage I PTW Upgrading Capacities

SSDS ActualPTW
Design Peak Factor for PTW Design Capacity (m3/sec)

Kwun Tong 2.8 10.93
To Kwa Wan 2.8 9.32

North West Kowloon 2.8 12.1
Kwai Chung 2.8 10

Tsing Yi 3.03 1.5*
Chai Wan 2.9 2.61

Shau Kei Wan 2.9 1.75
Tseung Kwan O 2.8 6.85

Plant Capacity to be augmented by future expansion.

However, the EPD was concerned about the relative qualitative and quantitative impacts of this philosophy
on the receiving waters. It therefore commissioned a study to investigate the likely frequency during storm
events of overflows at the screening plants and the associated polluting loads. It was also recognised that
the quantity and quality of such overflows should be reviewed in terms all other pollutants being discharged
via the storm water drainage system, during the same storms, so that a catchment management strategy
could be formulated.

Modelling and Analysis

Selected Catchments and Sewer Models
The study was carried out using previously verified Sewerage Master Planning hydraulic models for the
catchments of North and South Kowloon (To Kwa Wan PTW), and Chai Wan and Shau Kei Wan PTWs
which are located on Hong Kong Island. The HydroWorks models were enhanced to include the recently
upgraded PTWs, and to represent dry weather flows with an appropriate diurnal profile and pollutant
concentrations. Pollutant concentrations were based on recent sampling data collected by EPD at the PTW
sites, and were found to be comparable with expected per capita loads from the UK and elsewhere.

Rainfall Data and Analysis
To determine the average annual effects of rainfall on the sewerage system, an analysis of historical rainfall
records from the Hong Kong Observatory was carried out for the Kowloon and Hong Kong Island areas. This
analysis, which focussed on the most complete and reliable periods of data, indicated that 1986 could be
used as a “typical” year based on total rainfall depth, intensity of storms and duration of storms. All of the
storms from this year were extracted from the data record.

The HydroWorks QSIM models were then used with these rainfall inputs to calculate the expected frequency
of overflow spills from the PTWs in a typical year, and the anticipated pollutant loading to receiving waters
from these spills.

Surface Water Drainage Inputs
For comparative purposes the pollutant loading from the surface water drainage systems, serving the same
catchments was also calculated so the effect of the anticipated PTW overflows could be put into the
perspective of overall pollutant loading.

Pollutant concentrations in the surface water runoff were based on a recent sampling exercise carried out in
Hong Kong by EPD as part of a pilot study on urban stormwater pollution. The values in this study were
compared with values quoted in international research. As expected, there was a wide degree of scatter in
these values, and a range was considered rather than using a single value for each pollutant. Typically, it
was found that event mean concentrations were lower in Hong Kong than elsewhere, but that the same data
expressed as unit area load was higher. This apparent contradiction can be explained, at least in part, by the
very high annual rainfall and intensity of development in Hong Kong when compared with sites in the US,
Europe and New Zealand which form the core of the international data set.
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Dry Weather Flow Interceptors
The North and South Kowloon drainage system contains a number of Dry Weather Flow (DWF) interceptors
(inter-connections). These are used to intercept wastewater which enters the drainage system mostly via
illegal connections. The interceptors consist of small diameter pipes or pumping stations to transfer peak dry
weather flow from the drainage system into the sewerage system. During storms these act as overflows, with
the majority of the flow passing on into the drainage system, but with an increased flow also entering the
sewer system. In order to analyse the effect of these fully, the sewerage and drainage models for the
catchment were combined into one model and the inter-connections between the two systems added.

Model Results for PTWs
The results of the analysis show that given present day DWFs, To Kwa Wan PTW in Kowloon is not
predicted to have any overflows in the average year. Chai Wan and Shau Kei Wan PTWs are predicted to
have approximately 8 overflows each.
For 2016 DWF’s To Kwa Wan is predicted to have 1 overflow per year, and Chai Wan and Shau Kei Wan will
again have 8 overflows each but with slightly larger volumes of effluent being overflowed.
These results confirmed that the various catchments connected to the SSDS have widely varying
characteristics, particularly in terms of response to storm flows. Differences in rainfall patterns, diurnal DWF
profile and infiltration all play a part in this, but the key factor is the amount of impermeable area connected
to the sewerage system which varies significantly from one catchment to another.
Analysis of the pollutant load indicates that the annual loading from the predicted PTW overflows is small in
comparison with the loading from the surface water system. A comparison for the main pollutants analysed is
shown in Table C below. Only for ammonia is the PTW predicted anywhere near comparable pollutant loads
to surface water system, and in both cases, the total annual loads of ammonia are extremely small.

Table C Pollutant Loads from PTW Overflows as Percentage of Load from Surface Water System.

Catchment/Scenario SS BOD COD TKN Ammonia TP
Chai Wan Existing 0.37 0.68 0.68 2.24 18.66 2.79
Chai Wan Future 0.48 0.87 0.87 2.97 23.42 3.68
Shau Kei Wan 1.08 2.17 2.17 5.42 36.43 6.69
To Kwa Wan Existing 0 0 0 0 0 0
To Kwa Wan Future 0.01 0.02 0.02 0.04 0.39 0.05

Model Results for DWF Interceptors
In order to assess the contribution of pollutant loads from overflows at the DWF interceptors in the drainage
system, results from the ten most severe storms from the typical year were analysed in more detail. Table D
below shows that for these storms, the effect of the wastewater flows is significant, with a comparable
quantity of suspended solids/BOD, and significantly more ammonia being derived from the wastewater, than
from surface wash-off alone.

Table D  Estimated Pollutant Loads from DWF Interceptors with Loads from Surface Water System
only.

Parameter Predicted Load from
DWF Overflows to
Drainage System

(kg)

Estimated Load From
Drainage System Without

DWF Overflows (kg)

Ratio of Load: DWF
Overflow to Surface Wash-

off

SS 277,000 185,461 1.49
BOD 70,000 74,184 0.94
Ammonia 7,000 371 18.87

Conclusions

Wastewater System and Water Inflows
The analysis carried out confirms:
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•  The performance (in terms of peak wet weather flows generated at the PTWs) of the sewerage
catchment areas (SCAs) across Hong Kong varies from catchment to catchment;

•  The ratio of peak dry weather flow to average dry weather flow varies from the “global” factors
adopted for the original design.  Generally speaking the ratio appears to be lower than the design
assumption;

•  The design assumptions used for SSDS Stage I with respect to capturing “dry weather flows” are
valid;

•  Peak wet weather flows in excess of the capacity of the conveyance system will be generated by
the various SCAs contributing to SSDS. The extent of these events will vary from catchment to
catchment.

Pollutant Loading

The analysis confirms that SSDS Stage I will capture the vast majority (>99%) of pollutant load from the
sewerage systems that is currently discharged, with only preliminary treatment, to Victoria Harbour.  The
analysis of overflow events indicates that the resulting spill volumes and pollutant loading from the PTW
overflows are only a fraction of the pollutant loading from the urban drainage system in any year.  Modelling
results indicate that foul flows within the North and South Kowloon drainage system may represent a
significant source of pollution during storm conditions due to spills back to the drainage system .

Validity and Usefulness of Pilot Study Approach

The analysis has indicated a clear difference between the “performance” of the catchments assessed.  The
inclusion of both hydraulic and quality modelling provides a means of comparing catchments for the purpose
of developing strategies for further detailed assessment.

The use of time series analysis to develop a “typical” or average year of rainfall pattern is considered a major
step forward over the use of “design storms” in the performance assessment of existing sewerage systems.

The inclusion of quality modelling of the sewerage system allows the environmental impact of such events to
be considered in the context of total discharges to the receiving waters.

The analysis carried out indicates a spatial variation in the rainfall between Kowloon and Hong Kong Island
and this variation is represented in the peak flow predicted in the sewerage systems. Once commissioned,
SSDS Stage I creates a “new” large sewerage catchment with the SCISTW as the downstream point.  While
certain assumptions with respect to the peak flows arriving at SCISTW have been adopted in the design of
SSDS Stage I, it is clear the actual flow conditions will be subject to the “performance” and interaction of all
the contributing SCAs.  The pilot study points to the value in re-assessing these assumptions prior to the
design.
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Discussion

Question Benoit Marais Haswell Consulting Engineers

What standards do you use to design the system?

Answer

Hong Kong has its own standards for wet and dry weather flows, including peaking factors.

Question Andrew Walker Wallingford Software

Where do you go next?

Answer

Hong Kong is embarking on a review of the current strategy, in particular the centralised treatment strategy.
There is some time available in the strategy development which may allow looking at Hong Kong as a whole
catchment including diurnal profile and spatial rainfall.

Question Andy Eadon Haswell Consulting Engineers

There are reported problems of grease and fat in Hong Kong

Answer

Yes this is an issue we are looking mainly at source control to help reduce this.


	Introduction
	Modelling and Analysis
	Selected Catchments and Sewer Models
	Rainfall Data and Analysis
	Surface Water Drainage Inputs
	Dry Weather Flow Interceptors
	Model Results for PTWs
	Model Results for DWF Interceptors

	Conclusions
	Wastewater System and Water Inflows
	Pollutant Loading
	Validity and Usefulness of Pilot Study Approach

	Acknowledgement
	Discussion

