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DREDGING AT CASTLE PEAK BEACH A,
Sediment Plume Modelling

L nvmopucrion §6

I.1.  DLCS has requested the Techrtical Services Division to remove by dredging
the existing top layer of loose mud on the seabed of Castle Peak Beach. The
muddy layer (when stirred up by swimmers) will seriously affect the clarity
and quality of the seawater, which will become unsuitable for swimming.
Thus the mud removal is essential for the re-opening of the beach to public for
swimming scheduled in the summer season of 2002.

1.2, As the above dredging works will be carried out in proximity to a bathing
beach. it will be a designated Project under Environmental Impact Assessment
Ordinance.  An Environmental Permit (EP) is needed for the works.
However, in view of the nature and the scale of the works., direct application
of the EP is very likely, subject to DEP’s approval. In this connection, DEP
has indicated that they would be agreeable to the direct EP application if the
eftect of the sediment plume as a result of the dredging has been briefly
assessed.

1.3, Mathematical models were set up to simulate the extent and assess the nature
of the sediment plume that would be formed as a result of the above dredging
works.

.4.  The objective of this paper 1s to outline the methodology with which the above
sediment plume assessment was conducted and the modelling results are alsa
summarized herein.

2. MODELLING METHODOLOGY JR J245%) <43 1%
General

21 The objective of the above sediment plume assessment was to determine the
movement of sediment as a result of the above dredging activity. The net
increase in suspended solids (88) in the adjacent waters was estimated by way
of hydraulic modelling. Te achieve this objective, two hydraulic models, a
hydrodynamic model and a particle-tracking model were set up for the
proposed dredging works.

I
b

The particle-tracking model simuiated the convection and deposition of
sediment. which was based on the output from the hydrodynamic model.
Details of the particle-tracking medel and the hydrodynamic model are
described in the following sections.
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Hydrodynamic Modet 2K 7 7% #5383

The hydrodynamic conditions of the particle-tracking mode! are based on the
Upgrade Model, which was set up, calibrated and validated under Agreement
Na. CE 48/96 by Delft Hydraulics. The Upgrade model covered Hong Kong
waters, the Pearl Estuary and a coastal stretch of approximately 200 x 80 km?.
The Upgrade Model had 10 hydrodynamic layers.

Ins the Upgrade Model, the grid sizes for the Castle Peak Beach area were too
coarse {approximately 300m by 300m) for this modelling assignment. Hence,
a detailed model was set up to improve the grid resolution. Figure | shows
the coverage and grid schematization of the detailed model.

As curvilinear grids were adopted for the hydrodynamic model, the grid
resolution varied from location to location. To enhance the accuracy of the
sedimentation simulation, the grid sizes were reduced to about 50m by 50m in
the Castle Peak Beach and surrounding areas.

The hydrodynamic model was used to generate typical spring/neap flow
conditions for the dry season in 2002 (dredging is proposed to be carried out
between December to February 2002).  The open boundary conditions for the
detailed model were generated using the Upgrade Model.

Particle-tracking synodei ﬁ;’? ‘*;z-l' 3?%;{1\,\1% {l%ﬁ &

The sedimentation, deposition and resuspension of suspended substances were
stmulated by the particle-tracking module (Delft-PART) of Delft3D. The
sediment released in the dredging activity was simulated as a conservative
substance loarded at the dredging site.

The base grid for the particle-tracking mode] was the same one adopted for the
hydrodynamics detailed model. To speed up the computation, however, the
10 hydrodynamic layers were aggregated to five sedimentation layers.

Sedimentation simulations were carried out for both the spring and neap tidal
conditions to assess the spread of the sediment plume and the increase in 5SS in
the nearby marine waters as a result of the proposed dredging works.

The sediment release rate which was used as an input for the particle-tracking
model were derived from the expected daily dredging rate and an estimation of
the sediment that would be released when grab dredging plant was deployed at
Castle Peak Beach. Details of the sediment release calculations and the
associated input adopted for the particle-tracking simulations are discussed in
Appendix I
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3.1.  Because of the small dredging area involved, sensitivity tests indicated that the
resultant sediment plume was not very sensitive to the actual position at which
dredging was being carried out.  Modelling Plot 1 — 4 summarized the results
of the sediment plume simulation that were based on a dredging plant
operating at the eastern end of the proposed dredging site under spring tide
condition. The above four plots show the extent of the sediment plume as
well as the maximum increase in SS within the region of marine waters that
would be affected by the sedimenr plume at various timings during the
dredging process.

3.2, As expected, the simuiation results indicated that the extent of the sediment
plume as well as the net increase in S$ in the vicinity of the dredging site
increased with the cumuliative duration of the dredging process. However,
due to the slow dredging rate and the sheltered hydrodynamic condition, the
simulated resuits confirmed that the resultant sediment plume would be
confined to the region within the existing breakwater. The simulation results
shown that the maximum increase in S5 dropped quite quickly from the point
of dredging to less than 2.5g/m’ further seawards. [t was also noted that the
fine sediment settled out slowly during the night and the increase in 5§ within
the affected area would gradually drop to less than 2.5g/m’ in the moming
before the commencement of dredging the next day.

3.3, Modelling Plot 5 shown that the extent of the sediment plume would be
smaller when dredging was being carried out under neap tide condition. This
wis reasonably as the slower tidal current during a neap tide would tend less
10 carry the sediment released further from the dredging site.

4____CONCLUSIONS 5%

4.1.  Based on the hydrodynamics conditions during the December 2001/ February
2002 period and the dredging rates anticipated, hydraulic model simulations
indicated that the sediment plume associated with the proposed mud dredging
works at Castle Peak Bay would generally be confined to the region within the
existing breakwater. W%iﬂtﬁa 2 ﬁ\m E—m‘% llﬂ?,wihr'}ﬁi#-m
TLRR) B D RG A, w0 DR R LSRN
4.2, The suspended solid (S8} within the affected waters would ¢ op quite quickly mﬂ_{
from the point of dredging to the background level further seawards when uﬁi}_
dredging works was upderway in the day time. The fine sediment would also ¢
settled out slowly during the night and the increase in SS within the entire
affected area would gradually drop to less than 2.5g/m’ in the morning before
the commencement of dredging the next day.
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APPENDIX 1
'%f _’%ﬂi@ R e

ent Input Parameters or De ft—PART

7 N
Calculatm Sed:ment j ﬂse Rate:

Total volume of mud 1o be dredged = ' 11000 m’
Stipilating a daily dredging rate of 300 m'/day
=> total no. of working days required 1w complete the dredping works = 36,7 days
Assuming conservatively that the dredger operates continuous for 8 hr/day
=> an hourly dredging rate of 37.5 m3/hr

This production rate was adopted to estimaie the sediment release rate during the dredging process.

The Contaminated Spoil Management Study (Mot MacDonald, 1991; Table 6.12) which reviewed
relevant literature, concluded that open-grab dredgers would release sediment at a rate of 12 - 25 kg/m'
as a result of nud dredging. Taking the upper figure of 25 kg,a‘m:' {conservative) for this dredging exercise

=> the sediment release rate during the dredging operation = 0175 ke/he
or 15625 g/min

Hence. a constant loading rate of 15,625 g/min was used as the sediment release rate during the &-hour
dredging operation.

ﬁﬁﬁ%ﬁﬁﬁ?a%ﬁ;

No. of Particles Used for Slmn[anun

According 1o the DelfR-PART manual, 100.000 particles were recommended to simulate a continuous
sediment refease. The diredging proeess was simulated as three continuous sediment sources during
a 3-day simulation period under both the spring & neap conditions.

To assess the number of particles to use tor the 3-day simulation {for the release rate of 15,625 g/min),
consider the mass of sediment which would be released {in 3 days) = 22500 kg

Adopting a minimum resolution of 100g fparticle for the simulation,
=> for Delfi-PART simulation. a minirum of 225X} particles

To ensure accuracy. $00,HM) particles were used tor the 3-day simulation.
s TR ) %g\
Seftling Velocity for Fine nit

It should be pointed out that this modelling exercise was aimed 1o simulate the sedimentation pheomena
of fine panicles which were released as a result of mud dredging, In accordance with the findings of the
Comprehensive Water Quality Survey in the Western Harbour conducted recently by EPD, the settling
velocity for fine sediment released by mud disposal was in the order of (.Immyssec. This settling velocity

was adopred for this medeting job,
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Outlines of Environmental Monitoring & Audit (EM&A) Programme

(1) An Environmental Team (HOKLAS accredited) will be set up which comprise
WQM field staff, an environmental auditor and laboratory staff, They will
work under CED close supervision. 3% "2 Eef0E #0)0. ‘ 2o T b S
BE ARG BB s ) BIHRE X

(2) A baseline, impact and post-project water quality monitoring (WQM) will be
performed. The baseline & post-project WQM will each take at least 3 weeks.
AR 45 45 S B 0 2 3k S HBARBR), 633253588,

(3) All WOQM will be performed in accordance with EPD’s generic EM&A

Programme. % iR i 5| 4 % 18 BALE RIS,

(4) The locations of control & impact WQM stations are shown in Appendix G,
AREG 56 BT Yot o0 W R ANk 2R BRI WELS .
(5) WQM parameters are turbidity, dissolved oxygen, dissolved OXygen saturation,
water temperature, suspended solids, salinity water depth, and dissolved Copper
& Zinc. Measurements for Copper and Zinc will be at least once weekly.
RGN B R G Hien sk,
=

(6) Action and Limit Levels for WQM, tcig er with Action/Event Plan are shown
nAmpendi . BRI LR LEGSBETE , widmg
> - -
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The AL Levels are to be formuiated based on the baseline monitoring data.
framework of AL levels is illustrated in the following table:

BTN Y 6L AR

BRALGS B
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'::Li‘-;.' oS jﬂ !4"3?5 ¥ 5

Parameters I%‘;h) Action{FE sl Limit{&% )
Dissolved oxygen, DO mg/L.  [DO < 5%-ile of baseline data |DO < 4mg/L or DO < 1%-ile
(Depth—average of surface and |for surface and middle layers. |of baseline data for surface
wlﬁ%ﬂ(z@ﬁﬂ’) and middle layers.
Dissolved oxygen, DO mg/L. (DO < 5%-ile of baseline data [DO < 2mg/L or DO < 1%-ile
(Bouom)x\%ﬁ ﬂ( kAx)  [for bottom layer. of baseline data for bottom

' layer.
Suspended solids, SS mg/L.  |SS > 95%-ile of baseline data |SS > 99%e-ile of baseline data
(Depth-averaged) OR OR
S8 > 120% of upstream S8 > 130% of upstream

control station’s S8 at the

control station’s SS at the

ZE 2 A

same tide of the same day. same tide of the same day.
{whichever the value is {(whichever the value is
higher) higher)
Turbidity, Tby NTU Tby > 95%-ile of baseline data|Tby > 99%-ile of baseline data
(Depth-averaged) OR OR

Tby > 120% of upstream
control station’s Thby at the
same tide of the same day.
(whichever the value is

Inigher)

Thy > 130% of upstream
control station’s Tby at the
same tide of the same day.
(whichever the value is
higher)

%) ﬁ&;%’;?c«ﬁ?‘}" KiLp
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designated

monitoring stations indicate that the water quality criteria are not complied with, the
actions in accordance with the Action Plan in the following table are to be carried out.

exceedance of Limit level,

gﬁ‘!& HRLBIGTS xR 16514 @:ﬁgufr%
: ”Envu-nnmmmﬂ‘m L (ETY. ~ Contrdetor o
Actmn level Repeat in-siti measurement tc Infoml the Engimeer and Dlscuss mth ET and the
being confirm findings; confirm notification of Contractor oz the proposed
exceeded by Identify source(s) of impact; exceedance in writing; mitigation measures;
one sampling Informn Contractor and EPD; Rectify unacceptable practics; Make agreement on the
day m Check monitoring data, all Check all plant and equipment; mitigation measures to be
) plant, equipment and Consider changes of working implemented;
ﬁ'ij) fﬁiﬁ_ contractor's working methods; methods; Assess the cffectivencss of the
Discuss mitigation measures Propose mitigation measures to implemented mirtigation
AEBRIM | with the ER 2nd Contastor ER and discuss with ET and measures.
W B@' Repeat measurement on the ER;
~ next day of exceedance. Implement the agreed
mitigation measures.
Action lovel Repeat in-situ measurcment to Inform the Engineer and Driscuss with ET and the
being confirm findings; confirm notification of Contractor on the proposed
exceeded by Identify source{s} of impact; exceedance in writing; mitigation measures;
more than two Inform Contractor and EPD:; Rectify unacceptable practice; Make agreement on the
consecutive Check monitoring data, ail Check all plant and cquipment: mitigation measures to be
sampling days plant, equipment and Consider changes of working implemented,
;.;- g e E?S contractor’s working methods; methods: Assess the effectiveness of the
2N Discuss mitigation meastires Propose mitigation measures to implemented mitigation
Iﬁfg ib% with the ER and Cenractor; ER within 3 working days and measures.
P Ensure mitigation measures are discuss with ET and ER;
e T80 implemented; Implement the agreed
& [ %1 Prepare to increase the mitigation measures.
monitoring frequency to daily;
Repeat, measurement on the
next day of exceedance.
Limit level Repeat in-situ measurement to Inform the Engineer and Discuss with ET and the
being confirm findings; confirm notification of Contractor on the proposed
excecded by Identify source{s} of impact; exceedance in woting; mitigaticn mezsures;
one sampling Inferm Contractor and EPD; Rectify unacceptable practice; Request Contractor to mﬁmﬂy
day %ﬁ% Check monitoring data, ail Check all plant and equipment; review the working methods;
plant, equipment and Consider changes of working Make sgrecment an the
Contractor’s wotking methods; methods; mitigation mweasures to be
Discuss mitigation measores Propose mitigation measures to * implemented;
7;-_% with the ER and Coatractar: ER within 3 working days and Assess the cffectiveness of the
?h Ensure mitigation measures are discuss with ET and ER; nmplemented mitigation
1)-@ ’; . implemented; Implement the agreed measures.
Increase the monitoring mitigation measures.
frequency to daily untif no




