
(ok AU9817315

Radioactive and Dye Tracer Studies for the NWNT Sewage Outfall,
Hong Kong, and Comparison to Near-Field Modelling

PETER R.HORTON
Project Engineer, Unisearch Water Research Laboratory, University of New South Wales,

King Street, Manly Vale, NSW 2093, Australia
PETER L.AIREY

Project Manager, Environmental Dynamics
Australian Nuclear Science and Technology Organisation, Menai, NSW 2234, Australia

JEFFREY R. WILSON
Manager, Unisearch Water Research Laboratory, University of New South Wales

SUMMARY: A monitoring programme for the North West New Territories (NWNT) sewage outfall
in Hong Kong was completed in 1996. This included three surveys measuring effluent behaviour and
oceanographic conditions near the outfall. Radioisotopes gold-198 and tritium were used to trace the
effluent discharging from the outfall during a wet and dry season survey. The effluent was also
simultaneously tagged with Rhodamine WT dye which was detected with fluorometers. The gold-198
was generally traced with sensors sitting 1-2 m above and/or below the fluorometers, while the tritium
was measured in sea water samples using liquid scintillation. In this paper, the radioisotope and dye
measurement techniques are described. These techniques were progressively refined over the surveys
and a reliable equipment arrangement and sampling procedure was established. Estimates of effluent
dilutions and trap levels based on the measured tracer concentrations are also compared to the
predictions of a near-field numerical model JETLAG. It is found that the measured and modelled
values are comparable, verifying JETLAG for prediction of future outfall performance. The tracing
exercises were also useful in determining which outfall ports were blocked either through fouling or
sediment burial and provided other benefits.

1. INTRODUCTION

The North West New Territories (NWNT)
outfall in Hong Kong consists of a 2.6km long
submarine pipeline into the Urmston Road tidal
channel (Figure 1). The last 600m of the
pipeline contains 30 diffuser heads at 20m
spacings, with sewage discharged at a depth of
about 20-25 m. Each diffuser riser has two
operating ports fitted with Tide-Flex (duckbill)
check valves discharging horizontally in
opposite directions.

In the dry season, the Urmston Road channel
site is dominated by tidal currents which run
approximately normal to the outfall and
southward flowing oceanic currents. In the wet
season, the oceanography of the region is
dominated by the substantial discharge of the
Pearl River in China to the north of the outfall.

To assess the effects of the NWNT outfall on
the environment, a post-commissioning
environmental monitoring program was carried
out in 1995 and 1996. As part of this the
outfall performance was measured by tracing
radioactive isotopes and fluorescent dye injected
into the sewage upstream of the outfall and
discharged through the diffusers into the
receiving water.

In the near-field, effluent rises as a buoyant
jet/plume until it reaches the water surface, or if
there is sufficient density stratification (caused
by temperature or salinity gradients), a trap
level below the surface. Once surfaced or
trapped, the effluent is advected by the ambient
currents; this zone of effluent behaviour is
termed the far-field region.

In this paper, the measured near-field
behaviour of effluent discharged from the



NWNT outfall during the three surveys is
compared to the results of the near-field model
JETLAG. The work described was undertaken
by staff of Unisearch Water Research
Laboratory, supported by Montgomery Watson
(the principal consultant) and the University of
Hong Kong. The end client was the
Environmental Protection Department of Hong
Kong. Survey work and radioactive tracing
were undertaken by Electronic and Geophysical
Services and the Australian Nuclear Science
and Technology Organisation (ANSTO)
respectively. The contributions to the tracing
by Alan Davison, Thomas Kluss and Phillip
Thornton of ANSTO are acknowledged.
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Figure 1: The NWNT Outfall, Urmston

Road, Hong Kong (Hong Kong Metric Grid
coordinates)

2. TRACER EXPERIMENTS

Three surveys, namely the reconnaissance
(March 1995), wet season (July/August 1996)
and dry season (January/February 1996)
process surveys, were undertaken as part of the
post-commissioning environmental monitoring
program for the NWNT outfall.

In the surveys, tasks included measurement of
effluent properties such as flowrate,
temperature and salinity; assessment of

oceanographic conditions near the outfall, such
as currents, using Acoustic Doppler Current
Profiler's (ADCP's), and receiving water
stratification (temperatures and salinities), with
Conductivity-Temperature-Depth (CTD)
meters; estimation of the dispersion and
dilution of effluent by tracing dye (20%
Rhodamine WT solution) and two radioactive
isotopes (Gold-198 and Tritium) injected into
the effluent (often simultaneously);
determination of the number of ports open on
the diffuser, through the effluent tracing
described and also diver inspection, acoustic
backscatter measurements and investigation of
the bathymetry around the outfall using echo
sounders, side scan sonars and/or a swath
bathymetry system; water quality

measurements, including suspended solids,
biochemical oxygen demand, dissolved oxygen,
E. coli and NH3; and water level
measurements.

Gold-198 has been used successfully by
ANSTO on many investigations since 1977 to
measure effluent dispersion from cliff base and
deep water outfalls. For the NWNT
experiments, a total of 400GBq of gold-198
was injected on each day of each survey, with y
energy of 420keV and a half-life 2.7 days. The
gold-198 was generally traced in real time
using submersible detectors. These detectors
were standard 50mm x 50mm sodium iodide
(Nal) detectors mounted in aluminium housing
and connected with a 50m waterproof cable to
a Minekin model 9001 ratemeter. The detectors
had a sensitivity factor of 0.58 counts s^

Tritium is the most conservative of all tracers
for water (or effluent) since it is of identical
molecular structure. It is commonly used in
studies of lake and reservoir dynamics, leakage
from dams and subsurface aquifer flow studies.
The tritium (as tritiated water, HTO), had p
energy of 18keV and a half-life of 12.3 years,
with a total of 800 GBq activity injected on each
day of each survey. Due to its low energy p
ray, the tritium could not be detected in the
ocean using submersible detectors. Instead,
samples of sea water were taken and the tritium
was measured in the laboratory using low level
liquid scintillation techniques. The purpose of
the tritium injection was to provide an
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independent measure of dilution, and also to
correlate with water chemistry measurements
which were undertaken on the samples.

3. EQUIPMENT ARRANGEMENT

Two boats were utilised in tracing the injected
radioisotopes and dye in the receiving waters.

The first boat used an isotope detector moving
up and down through the water column in a
saw-tooth pattern between the surface and sea
bed in order to establish the depth and vertical
extent of the plume (Figure 2). This was
denoted as the towed vertical profiler system
and was controlled by a pulley mechanism
mounted on a float.

isotope detector

Figure 2: Establishment of the depth of the
plume using a towed vertical profiler system

The second boat had isotope sensors sitting
above and below a fluorometer sensor (1.7m
between the top and bottom isotope probes),
towed behind the boat on a line attached to a
hydrodynamic depressor (downrigger). The
arrangement is shown in Figure 3.

The depth of the sensors on this boat was
controlled by the helmsman. The sensors were
flown at the depth of the plume as determined
from the first boat in order to determine the
horizontal plan extent of the plume. Currents
were also collected using an ADCP mounted on
the second boat. It was the tracer concentration
data that was collected from this boat that was
used in the calculation of effluent dilutions.

(sotoiK" detector

depressor

weight

Figure 3: Arrangement of sensors for
determining horizontal extent of plume

The boats generally travelled along paths
(transects) parallel to and downstream of the
outfall, with dye and isotope concentrations and
currents measured along the path. The timing
of tracer injection was generally such that the
tracers would be released on flood or ebb tides.
Typical dye and isotope traces are shown in
Figure 4. The depth of the detectors is also
shown. The correspondence between the dye
and isotope traces is evident.
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Figure 4: Example of dye and isotope traces

Dye and isotope concentrations were converted
to dilutions by dividing the initial concentration
of tracer at injection into the measured
concentration of tracer in the receiving water,
with the background concentrations of dye and
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isotope in the natural environment (prior to the
injection of tracers) subtracted from the latter.
For the isotope, allowances were also made for
the decay in activity from the time of injection
to the time of monitoring.

4. RELATIVE MERITS OF TRACERS

The fluorometer performed well in the near-
field during all surveys. However, the
Aquatracka fluorometer used measured the
fluorescence in a small area (lcm3) around the
detector head so the dye trace was more
difficult to detect in the far-field when the
plume was fragmented.

Conversely, the isotope detectors measured the
gold-198 activity in a volume of water of about
1 m3 (6 orders of magnitude larger than the
fluorometers), and the isotopes also had lower
background concentrations in the natural
environment, so at greater distances from
outfall the interpretation of isotope results was
more reliable.

It was found that the average dye
concentrations were generally equivalent to the
peak gold-198 isotope count rates, with these
both representative of average dilutions.
Minimum dilutions (equivalent to maximum
concentrations) were only detected with the dye
and fluorometers.

It was found that dilution at the NWNT outfall
occurs mainly in the near-field (dilutions in the
order of hundreds) with the far-field
contributing further dilutions of a factor of
about 10.

The real time gold-198 measurements were
found to be more useful than the results of the
tritium sampling; with the tritium there was
difficultly in ensuring that the samples were
taken in the labelled plume as locations were
determined by plume positions found on
previous transects.

The real time measurements also had the
advantage of enabling a detect and track
procedure, allowing useful data to be regularly
collected.

5. NEAR-FIELD MODELLING

JETLAG is a three-dimensional Lagrangian
near-field model devised by Lee and Cheung
(1), and discussed in Horton (2). The
oceanographic conditions (current and
stratification data and outfall flows) measured
during the process surveys were used as inputs
to JETLAG to estimate near-field dilutions,
trap depths and trap radii. These were
compared to the effluent dilutions, depths and
radii measured during the tracer experiments as
described in Horton and Wilson (3).

There were 26 boat transects taken for the
reconnaissance, 70 for the wet season and 43
for the dry season survey. Of these, 9, 21 and
33 transects had significant tracer readings for
each survey respectively. JETLAG was run for
these transects. The results are summarised in
Figure 5. Note that no isotope injection was
carried out in the reconnaissance survey.

When extrapolated or interpolated to the
measurement positions, most model dilutions
were within a factor of 2 of the measured
dilutions as indicated by the lines on Figure 5.
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Figure 5: Comparison of modelled and
measured dilutions for the three NWNT

outfall process surveys

When the ambient fluid was stratified,
measured depths of the peak tracer
concentration (which should lie on the plume
centreline) were almost all within the effluent
plume predicted by JETLAG, giving further
support to the JETLAG estimates (Figure 6).
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Figure 6: Comparison of modelled and
measured trap depths in stratified waters for

the three process surveys

Overall, given the measurement uncertainties
and model simplifications there is a reasonable
match in both dilution and trap depth estimates.
Poor matches were probably caused by taking
measurements soon after tracer discharge or not
at the plume centreline (increasing dilutions), or
by the plume swirling at slack tide spreading
tracer through the water column (reducing
dilutions). It could be concluded that JETLAG
was an adequate tool to estimate near-field
effluent behaviour for the NWNT outfall.

With JETLAG verified, predictions of future
outfall performance (as flowrates increase)
could also be made using long-term
oceanographic data as described in Horton et al.
(4). A total of 6 flows up to the ultimate flow
condition were examined, namely 25, 50, 100,
180, 300 and 440ML/day. It was found that
dilutions were particularly sensitive to
discharge, being essentially inversely
proportional to discharge. Figure 7 shows the
variation in dilution with discharge. Note that
flows during the three surveys were generally in
the order of 25-50ML/day.
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Figure 7: Median average dilutions given by
JETLAG in long-term modelling

6. TRACER EXPERIMENT BENEFITS

Besides the usefulness of the tracer experiments
in verifying the JETLAG model for prediction
of present and future near-field effluent
behaviour, there were other benefits of the
experiments as outlined in this Section.

The tracers not only tracked the effluent in the
near-field, but also in the far-field, kilometres
from the outfall, thus allowing the prediction of
far-field dilutions and trap depths. An example
of the lateral effluent boundaries measured in
the far-field during an ebb tide is shown in
Figure 8 by the long-dash lines. The short-
dash lines represent depth contours and solid
lines indicate transect paths, with the NWNT
outfall furthest north-west.

Figure 8: Example of horizontal effluent
extent in the far-field during an ebb tide
(Hong Kong Metric Grid coordinates)



The tracers also revealed the extent to which the
plumes from adjacent diffiisers merged. The
plumes generally remained distinct in the near-
field.

The time for the injected tracers to travel along
the outfall pipe was measured. This could be
used to check the hydraulic conditions in the
pipe and determine if the outfall was purged of
seawater.

The tracer measurements also revealed which
diffusers were discharging effluent and which
were blocked due to fouling or sediment burial.
During all the surveys only about 5 of the 30
diffusers appeared to be discharging sewage.

A particularly useful experiment was carried
out during the dry season survey in which the
sewage upstream of the outfall was collected
and released as a short duration high discharge.
During the release of this high flow detection of
the tracers in the receiving water revealed that it
was likely 5 more diffiisers (a total of 10) were
discharging effluent. It appeared that the higher
flow was forcing sewage out through previously
blocked check valves, most likely formerly
covered in sediment.

The radioisotope and dye measurement
techniques were progressively refined over the
surveys and a reliable equipment arrangement
and sampling procedure was established.
Initially, there were difficulties in employing the
towed vertical profiler system (Section 3).

For example, it was initially found that the first
boat had significant momentum which
prohibited rapid stops and starts and thus
prevented the detector reaching the required
depth in the saw tooth pattern. An attempt to
solve the problem by moving the isotope
detector on to a water sampling rosette attached
to a winch gave poor results due to radio
frequency pickup from the winch and shielding
of the detector by the metal of the water
sampler. The problem was overcome by using
a smaller and more manoeuvrable boat.

7. CONCLUSIONS

Three tracer experiments have been carried out
on the NWNT outfall in Hong Kong. Using
Rhodamine WT dye and gold-198 isotope
tracer was found to be immensely useful in the
characterisation and quantification of the
behaviour of the outfall. It allowed the
verification of the near-field model JETLAG
which was then used to predict outfall
behaviour into the future as flowrates increase.

The measurement and analysis techniques
developed in these experiments can be applied
successfully to other outfall studies.
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