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SUMMARY, CONCLUSIONS & RECOMMENDATIONS 

I. This Focused Environmental Impact Assessment (EIA) has been undcrttlken for the allocated use of 
the West of Sulphur Channel (WS C) Marine DO'TOW Area (MDA) for the dredging of reclamatio n 
material, and has been awarded by the Ci vil Engineering Department (CED) under AgrecmclH No. 
CE 52/94. 

2. The primary purpose of the roclIsed ErA is 10 assist ill 1l111l1lTIISIIlg po llution, environmental 
uislurbrlllce and IlUiStlllCe from the proposed marine bon'owillg and all related activities in West of 
Sulphur Channel by providing information on the IWlure and ex lelll of the potential environmental 
impacts, identifying the most appropriate dredging method and tile recommendation or su itable 
Initigrllion measures. 

3. Investi gations ill the WSC area have illdic~lI cd that if the WSC area is mlded lo the South TSing Yi 
(STY) area 10 the north (Pits 1& 2), the lJl ilbm tion of the ovemll sa lld resource can be optimised. The 
WSC MI3A WrlS allthorised for dredging in November 1993. The Director of Environmental 
Protection indicated howevcr, that Cl focllscd EIA, w ith emphasis on the possible impacts of the 
sediment plumes from the dredging. wi ll he requ ired prior to elud ing the WSC (lrca to the STY arCH. 
The section or horrow area assessed for the purposes of' lhis st udy is hereinafter referred 10 as WSC 
Pit 3. 

4. The W SC Pit 3 is locmed in onc of the busicst fni rways in Hong Kong Ilarbour and lies in shipping 
routes for which a trai'lic schcmc is in force. The Marine Department imposed the condition thnt two 
dredgers could work concllrrelltl y in either two of the pits in the are:l, but onl y one dredger will he 
permitted to dreuge in thc fairway at any onc time. As such, it. would be impractical 10 have lwO 
dredging contractors working concurrcntly in the area. For the purpose of this study, it is assumed 
thilt thc sand extracted rrnmthis area will he useLl to supply sa nd for the Container Terminal 9 (C'1'9). 

5. The material to he dreLlgcd in the borrow arca consists or alluvial sand varying in thickness from 5 to 
18m present to a depth of -52mPO. which is overlain by marine sand varying in thickness from nil to 
8111 down 10 a mHx imum depth of ·42I11PD. The marine sand is ovcrla in by marine silt and clay 
v:u"ying in thickness rrom 2 to 7m, down to a max imum depth of -35mPO. 

6. Thi s assessment has heen based 0 11 a worst case scenario of one trailer suct ion hopper dredger 
(1'SIID) dredging marine SHnd in \VSC Pit 3 and another TSIID dredging alluvial sand in STY Pit 2. 
It has also hcen assumcd that dredging w ithin the r:: .. ast of Lamma Channel M::lrinc OOll'OW area, and 
that required for the Green Islil nd Rccirnnntion (Par t) Puhlic Dump (GIRPD) will he proceedi ng at the 
s:1mc time. 

7. In addition 10 this FoclIseLl l ~ l A, an l :nvi rollll1cnltll Monitoring & Audit (EM&J\) M,IIHwl has been 
prcp:treLl which specifics the objectives tlnLl responsihilities for monitoring Clntl autlit , together with 
PJ"()()c()ls j'()r untleJ'wking these roles. 1 '~ ll v iro nll1 elltal pcrr(H'/nance requirements for tJle w(lrks are also 
provided. together with Action PlflllS for the im(1lcmentation of ll1itigillion measures to alleviHt e 
pOlClltially aLl vcrse ellvironmental impncts associated with the works. It is recommended thal the 
EM& A Manual be llsed in conjullc.: t ion wi th this FoclIsed EIA report. 

8. A scoping exe rcise or envi ronmental impacts associa ted WitJl the works identified m~l.i or key issues 
relating 10 potclltial impacts in relation to mnrine water quaJity cllld marine ecology, cllld intermediate 
impacts with respect 10 fi sheries, m:u"icultllre zones. utilities (c.g. submarine pipelines and cables) Hnli 
visual quality. Minor potentia l impacts wcre idellt ilied in relatioIl to noise and nil' quality. Subsequclll 
to the scoping exerc ise, each of the key issues were asscsscLl with respect 10 iden tified sensiti ve 
receivers. 

Marine Water Quality and Scdiments 

9. The impilcts or dredging in WSC Pit 3 ha ve becn in vcsti gated qlJllntitntively by applying the 
WAllMO (Water Quality alld ll ydrodynamic) MlIDFLOW model. The model, which is particu larly 
well suited to simulnling the rntc or large mnollnts or sed iment losses associnted w ith tlle overrlow 
dredging of marine anti nlluvial sand. was set up tn pred ict the extcnt Hnd concentrations of the 
sediment plullle It)]' four difrercnttide types: spring Hnd neap tides in the dry Hnd we t seasons. 

., 



10. The model input dat ~1 wcre based on the worst Case dredging scenario mlv ised by CED's dredging 
consultant, DEMAS. The wors t case scenario comprised cnnCllITelll dredging of marine sand in WSC 
Pit 3 wi th dredging for alluvial sand in the nearby STY Pit 2. Decause or ullcen(linties regarding the 
stHrt of" the dredging programme. it was assumed that dredging for GIRPD would also be ulHJerway 
during lhe most critica l period :Illd the dredging source for this project was therefore also included in 
Ille model. 

11. Predicted impacts have been assesscd agHinst background levels, based primari ly on tJle 
Environmental Protection DCp:lrtmelll's (EPD) routine monitoring data and against the acceptable 
limits for a range of specific sensiti ve receivers. An assessment of the cumulati ve impacts, taking 
into account the eITects of dredging in the East L ammCl Clmnnel. has also been ma~le. BClscd on the 
results, Cl system of monitoring \0 ensure that impacts are kept to acceptHble limits during dredging 
hns heen proposed. 

12. The fundamental impact thnt mHy he expected to result from dreug ing in WSC Pit 3 will be elevated 
levcl!\ of fine inert matcr inl slIspended in the wa ter column. These suspended solids will arise from 
the overllow dredging method using {\ TSl ID and wil l be greatest when marine ~and is bcing dredged, 
owing to the high fines content of this material compHred to allu vin l sand. 

13. Existing water quality data, primnrily thnt collected by EPD as pan of their routine moniLOring 
prngrnmme, indicate very low amhiell t levels of suspended solids in the wa ters likely to be affected 
by the sedimcllt plume. Data on sediment qunlity, which is subj ect 10 confinnntion by datH collected 
speci fically for this study, indica te that setliments afC uncol1lnminated; overlying mruine mud at WSC 
Pit 3 may therefore he disposed of nccortiingly. 

14. Sediment transport modelling of the worst case scenario has been carried out for four tide types : 
spring and neap titles in both the wet and dry seasoll . Com parison of the results for these indica te that. 
the greatest impacts may hc expected tiuring the wet SC,ISOII spring tidc. I\. rurther model run was 
emTied oul for a reduced impact scenario for this tide, as.~uming a lower loss rate hy dredging a 
mixture 01" marine and alluvial s;lIIds duri ng each dredging cyc le. This approach cou ld be adopted if 
mitigation is necessary following the exceedance of Trigger, I\.ction and T(lrget (TAT) lim its. 

15. IrnpHcts Iwve been ~Isscsscd in relation tn a rtlnge 01" sensi tive receivers including nusi1in g water 
intakes, cooling w(ltcr intakes ~ II\(I maricu iture zone~. T he only receiver pred icted to be affected 
beyond acceptnhle limits is the WSD llushing water intake at Kennedy Town. It is recommended llUll 
the effccts of the plume he miligated 10 Heccptahle levels by inst{) lIing Cl silt screen mOllnd the intake. 

16. The Water Quality Objectives (WQOs) for sllspc nded solids limits the increase above ambicnllevels 
ill !TImine waters within tlle Southern Wnters and Western DulTer WCZ,s to 30% of ambient. Because 
of the high losses associnted wit h dredg ing of this nnture, coupled with the ex tremely low nmhient 
levels, it i s inevitable that tlie WQOs will be exceeded by large pru·IS of tlle plume. Although pan 01" 
the plume gencfCl tcLl by the worst case scenario mny ha vc some visunl impacts, it will on ly appl y for Cl 

few months and w ill not result in Cl 10llg term detrimental trcnc!. The exceedance of the WQOs is 
therefore not regarded as a sClinus prohlem inlhe cin,:ull1stances. 

17. A system or monitoring is recommended wh ich comprises monitoring anti control loca tions. While 
linking TAT limit s 10 ahsolute va lues designed to protect sensit ive receivers) the difference hetween 
monitoring and co nt ro l s\(llions will allow the trem.l o f impacts to be monitored and will help 10 
itlelllii"y when sll spended solids mtlY he eleva ted from other ca uses. I3nselinc monitoring shou ld 
begin prior \0 the works commencing 10 allow the true running hackground .levels to be established. 
f-urlher<.ielHils 0 11 monitoring mc gi ven ill the EM&I\. Manual. 

Marine Ecology and Fisheries 

18. I\. review of avni lablc information on local marinc eCOlogy and Iishclies (incl uding mariculttJl"c zones) 
has been llllderwkell in order to predicl pntentiHI imp~lc t s associfltcd wi th dredging WSC Pit 3. 

Marin e Ecology 

19. Dased Oil previous surveys or hcnthic marine orgHllisll1s in lhe vici nit y 01" WSC Pit 3 it is likely lhat 
the remova l of sea hell hahitnt wi ll result ill the loss of .a relati vely unclisturbed macrobenthic 
community. 
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20. Mm-ine silt and clay dredged from WSC Pit 3 will be disposed of in the mm-ine dumping ground at 
SOUOl Cheung Chau. Whilst the dumping of Olis material in exhausted bOITow pits can provide a 
suitable habitat for the recolonisation of the sea bed by marine organisms, it is likely Olat Ole positi ve 
impact of this will be limited, particularly if material is dumped over existing dumped material which 
has been partially recolonised. Eventual backfilling of WSC Pit 3 WiOl uncontaminated mm·ine silt 
and clay from other bonow areas in Hong Kong waters will initiale and enhance recolonisation by 
the macrobenthos, and it is recommended that such action be considered following ule completion of 
works in WSC Pit 3. 

21. Suspended sediments in the water column from ule dredging operation will enhance sedimentation 
rates down current of the works. Benlhic organisms are capable of sustaining an increase in 
sedimentation rale, where the actual capacity is dependent on Ule ratc of deposition, species tolerance, 
stage of life-cycle (egg, larva, juvenile, adult) and oUler environmental stress factors (e.g. presence of 
toxins, water flow and temperature). 

22. Hong Kong waters are known to contain a broad range of organisms with respect to sed iment 
tolerance, butlillle is known about the absolute tolerance Ouesholds of most Hong Kong organisms 
(Rcf 5.5). Sedimentation impacts may last for a relatively short or longer period of time depending 
on the ex tent , duration and rate of dredging, as well as environmental factors related to the 
hydrological regime. Sedimentation impacts may be lethal due to direct smothering of organisms, or 
be indirect through, for example, decreased li ght penetration. Non-lethal impacts may impair the 
funcLioning of ule organism, for exrunple via clogging of feeding and respiratory apparatus, and have 
the potent.ial to alter community species composition as more tolerant species as!o;ume dominance. 
These impacts have been demonstrated on a range of organisms including crabs, polychaetes, oysters, 
lobsters and clams. Relatively high sedimenr concentrations, combined with multi-day exposures, are 
generally required to injure or kill these organisms. In most cases larvae were found t.o be more 
sensitive to high sediment concentrations lhan adult specimens. 

23. It is worlh noting that many benthic communities in Hong Kong are located on soft muds and sands 
which are frequently disturbed by Storms which create high suspended sediment loads in the water 
column. Macrobenthic invertebrates arc thererore n01 likely to be adversely affected by dredging 
actjvity with respect to sediment suspension and resettlement, and the main impncl will relate to <.Jirecr 
habitat loss in Ole WSC Pit 3 area. 

24. Corals are also highly variable in their tolernnce of sediment concentrations. where variations are 
species·specific and growth·fonn speci fic. In contrast to other benthic fauna, some of the musL 
common hard coral species in Hong Kong ru·e easi ly damnged and killed by seli imenlHlion and are 
therefore considered to be tile most sensitive mluine organisms to sedimen t impacts associated Wi Ul 
dredging activity. Coral damnge call take place rapidl y for sensi ti ve species as Cl result of increased 
suspended solids levels which induce chronic effecls and tllell ~edimentation ontO the coral surface 
which leads to denth of the organhan. Due 10 the slow growth rntes of Corals, full recovery takes 
Illany years and coral larvae me known to be inhibited from settling and developing due to the 
presence or tine sediment. Potential impacts on the loca l coral communit y, in the case of dredging 
WSC Pit 3, are tilCrefore likely 10 be restricted to impacts from both increased ~ lI spended solids levels 
nnd increased sedimentation of the seabed, raUlcr tlmn a direct loss of habilflt. 

25. Further eva luation of sediment impacts on coral has been based on the sedimen t deposition 
predictions over the dredging period of six montlls for mnrine snnds. Of tlle areas in Ule East Lrunm(l 
Channel which me predicted to expcrience high ratcs of sedimcnt deposition on ly the coral rnnge on 
Ule Ilonhern coastline of Lamma I sland (Pat Kok) and L uk Chnu have dense pOPlllations of gurgonian 
corals between -10 and ·1 6 mPD. Dased olllhe growth form or these coral species and the fnct that 
(lpproximately 500;'. of the corn Is were found growing from vertical or sub·vcnical subslI·ate these 
corals would not be susceptible to sediment accumulation. As the total deposition is estimated to be 
less ulan 0.2 m in the arcas concerned, it is also considered that the remainder of these organisms 
growing on the lower lying seahcd would 110( he at risk of complete hurinl even if continuous 
deposition of sediment occur ns prcdicted. The cora ls in this m"ea arc considered to have a medium 
conservation vnlue (Ref 5.6). Although of high risk of mortality from deposi ti on, the contls in tile 
range adjacent to Ule west or Hong Kong Island are of low density and low conservat ion value. It is 
likely umt much of the coral communit y in this are~l has al ready been damaged or destroyed as a 
result of the runnunt of shipping and othcr acti vities occulTing within the East Lamma Channel. Soft 
coral colonics locnled in morc open and fmacr t10wing wnters are more likcly to survive due 10 the 
f1 ex ihility 01' soft corals and the cleansing action of the faster tidal currents. The actual degree or 
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impact is depenuent on the rcsuspcnsion and reuistrihtllion of scdimcnts caused hy storm evcllIs 
throughout the duration of works. 

26. No tOx icological impacts 011 the hellthic fmllHl arc e ll v i ~agcd . 0 11 the premise th((l surface sedimcnt 
taken from WSC Pi t :1 and annlysed for heavy metals do not shown ~lIl y signs signi ficant 
cOlltcllnination according to EPD criteria. 

Marine Fisheries 

27. Loss or seahcd habitat from dredging operations associfl ted with WSC Pit 3 w ill result in the 
avoidance of the men by adult fi sh species which nfC relati vely mobile and nble \() quickl y locate to Cl 

morc congenial environmcnt. The main direct impact of dredging nctivit y will be the loss of feeding 
grounds for fish species dcpendent on the benti1ic fauna. hut this cnn be expec!ed to be limited in 
extent. The duration of this impnct is dependent on the re colonisfltion of the borrow area following 
the cessation of dredging. 

28. Commercial fi shing acti vit y in thc vicinit y of WSC Pit 3 will be alTcctcd for the duration of the 
works. duc to res tricted access hccclusc of the presence of dredging vesse ls and the aversion of fi sh 
species to the afca alTette<i by elevated suspendeu sediment concentrations. 

29. Suspended sedimcllls in the water column will have variable erfects on the commercin l fi sh nnd 
inve rl t..:hrate populati on depending 0 11 n host of species-speci fi c and environmental factors. 
V ulnernbilit y of fi sheri es will he greater w ith respcct to Fry collec tion areas due to th e greater 
sensitivity ofjll veni les to high sllspended scdimelll concelltrmions compnrcd \() adult fish. 

30. M tu·icullUrc zones (M CZs) mc potcntiall y more vulnernhle 10 sedimcnt impacts than open water 
fi sheries as fi sh popui:ttiolls are capti ve. and therefore more readil y ex posed to ad verse effects 
associHted witll fi ll increascd suspcnded solid concelltfHtioll . Maturation success of the fish types in 
the M CZs is dependcnt on wnter quality and the prevalence of di~ense. Fish arc known to have a 
wide ronge of tolerance tn sediment concentrations, where high concentrations mny result in direct 
fi sh kills due to gi ll clogging. ilntl lower cOllccntrations mny enhance suscept ibilit y to disease. Fish 
mclY also be susceptiblc to the eutrophication of watcr as a result o f sediment disturbancl:!, either 
directl y or indirectl y via the proli fe fmioll of ph ytopl ankton which can reduce dissolved oxygen levels 
Hnd produce hiochemicalt{)x ins. 

31. Evallltllion of scdimcntation impacts on fi sheries :IIlU MCZs has hecn based on the sedimcm plume 
Illodelling results, together w ith an es timntc of predicted depositioll !"H ies. Comparing the ex tent and 
concentration of sed iment plumes with the locat ion of MCZs. i t cnn he demonstrated thill sediment 
cOllcentration under the worst case scenario ill the closest MCZ. Lo Ti k Wn n. will he in Ihe rclllge of I 
to 10 pplll above amhient (7 ppm) leve ls. The max imum cnncelllr:llioll or 17 ppm in the vici nity of 
Lo Tik Wan is within the recollllllcnded guideli ne of 80 mg/l for the prn teclioll of M CZs. Towl 
sedimellt deposition rat es in the vicinity or 1.0 T ik Wan MCZ (I re estimilted 10 be helween 5 nnd 
20 cm over the dredging period, I\gain . the actual accumulation ralC is dcpendeIll on the resuspension 
and redistribution or setiimellt s during storm event s. ,HId deposited sediments arc unlikely tn have 
mlvcrse crfcc t." on Ihe MC'Z as fi sh cages me suspended ahove the setl hed. 

32. 

Air Quality 

The only perceived impact on air qualit y is the emissions from sea vessels associated with tllC mnrine 
borrowing. Thc neares t sensiti ve rcceptors in reliltion to pOlcntinl air qualit y impacl:; from TSIID 
vessels (lrc over I km distant from the houmlary of WSC Pit 3. 

33. The air pollutants emilleu by the vessels may consist of: 

nitrogen dioxide: 
tOlal slIspelu.led particul.lles: 
rcspirahlc slIspended panicul ,lIes: and 
sulphur dioxide 

34. It is unlikely that even in the most adverse meteoro log ica l cond i tions that I:!miss ioll s from two 
dredgers in the mari ne borrowing mea would have a measurahle effect on ,lil Y of th l:! sensiti ve 
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reccivcr~. As such. no mitigation measures arc requireo Hnd it is envisaged that no significant 
cumulative air qualit y impacts would he assOCiHtcLl with the work~. 

Noise 

35. The impoct of the works on noise levels or Noise Sensitive Receivers (NS Rs) is dependent on the 
prevailing background noise level and the proximity of the NSRs 10 the source of noise. The closest 
NSR is over 1 km dislOnce from the bOLlndory of WSC Pit 3. 

36. Noise emission sources from dredging vessels may include uiesel motors ~lIld meta llic 'jolt. and shock' 
noisc. TSHDs arc c()m~idcrcd to onc or [he quieter types of dredger as tile pumps and other equipment 
arc (ocmed in the hull. 

37. Based on Cl single dredger heing loc(lI cd in WSC Pit 3 al anyone time, the expected noise level at Ihe 
NSR has been calculmed os 37 dll (1\). Additionol TSHOs working in one of STY Pits I or 2, or at 
the East of Lamma Channel Marine DOlTOW Area or Green Island Reclamation (Part) Public Dump 
would not cOlltribute significantly to this noise level. The nigh t time consu'uction HccepUlble noise 
limit of 45 db CA) will not therefore be hreached and, as such, il is not envisaged that 111 C works will 
result in any significant noise nui sance. No special mitigation measures me therefore required 
beyond good work practices which shou ld include cnsuring that all powered mechanica l equipment is 
adequately maintained and thCll dredging vessels uo not opcrHte beyond the eastel1l boundary of WSC 
Pit 3, pmli culmly at nigh!. 

Monitoring and Audit Requirements 

38. Responsihilities for monitoring and audit arc tkscrihcd together with a framework 1'01' haseline cuul 
operational monitoring, and a speci li calion for environmental performance criteria (lnd Action Plans. 
I1 is recommended that the EM&/\ Milllual be used in conjunct ion with this Focused EIA Report for 
mtmitnring al1<.1 audit requirements. 
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1. 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

INTRODUCTION 

This Focused Environmental Impact Assessment (EIA) has bcen undertaken for tile allocated use of 
the West of Sulphur Channel Mm·inc BOlTOW Area (WSC MBA) for tile dredging of reclmnation 
material, and has been awarded by the Civil Engineering Dcpru-tment (CED) under Agreement No. 
CE 52/94. 

Details of the Study Brief m·e summmised in Sections 1.8 to 1.13 below. The primm·y purpose of tilis 
Focused ErA is to assist in minimising pollution, environmental disturbance and nuisance from the 
proposed marine bon'owing and all related activities in WSC by providing intormation on the nature 
and extent of the potential environmental impacts, idenlifying the most appropriate dredging method 
and recommending mitigation measures, as appropriate. The assessment has been based 011 the 
description of works, as discussed in Chapter 3 of this report. 

In addition to tilis Focused EIA, an Environmental Monitoring and Audit (EM&A) Manual has been 
prepmed (Ref 1.1) which specifies Ihe objeclives and responsibililies for monitoring and audit, 
together with prolocols for undertaking these roles. Environmental performance requirements for the 
works are also provided, together with Action Plans for the implementation of mitigation measures to 
alleviate potentially adverse environmental impacts associated with the works. It is recommended that 
the EM&A Manual be used in conjunelion WiUl Ihis Focused EIA report. 

Background 

Investigations in the WSC m'ea have indicated that if the WSC area is added to the South Tsing Yi 
(STY) mea to Ihe norlh (Pits 1& 2), Ihe ulilisation of Ihe ovcrall sand resource can be optimised. The 
WSC MI3A Was authorised for dredging in November 1993. The Director of Environmental 
Prolection indicatcd however, Ihat a Focused EIA, wilh emphasis on the possible impacts of Ihe 
sediment. plumes from the dredging, will he required prior to adding the WSC area to the STY area. 
The section of borrow area assessed for the purposes of this study is hereinafter refelTed to as WSC 
Pi13. 

The WSC Pit 3 is located in one of the busiest fairways in Hong Kong Hm·hour and lies in shipping 
routes for which a tranic scheme is in force. The Marine Department imposed the condition that two 
dredgers could work concurrently in either two of the pits in the area (shown in Figure 1.1), but only 
one dredger will be permitted to dredge in the fairway at anyone lime. As such, it would be 
impractical to have two dredging contractors working concurrently in the area. For the purpose of 
this study, it is assumed that the sand extracted from this area will be used to supply sand for Ule 
Container 'J'erminal 9 (C'I'9). 

Dredging for reclamation material from STY Pits 1 and 2 Hnd WSC Pit 3 encompasses two authorised 
mcas for mmine sand gazetlcd under notification of the Foreshore and Seabed (Reclamations) 
Ordinance (Chapler 127). These areas include; 

West of Sulphur Channel Marine Borrow Area under Governmenl NOlice No. 3611993, 
Gnzclle No. 3237 of 10 Seplember 1993, ns anlhOlised 26 November 1993. 

West. of Green Island Marine I3orrow Area under Government Notice No. 629, Gazett.e No. 
611990 of 8 Febnmy 1990, as aUlhorised on II May 1990. 

I3ased on the available site investigation data, Cl dredging assessment. conducted by CED's dredging 
consulianls (DEMAS) for WSC Pil 3 and STY Pil 2 has shown Ihal Ihe material 10 be dredged 
consists of: 

alluvial sami varying ill thickness from 5 to 18 m to a maximum depth of -52mPD; 

mruine sand varying in thickness from 0 to 8m to a maximum depth of -42mPD; and 

marine silt anti clay varying in thickness from 2 to 7m, to a maximum depth of -35mPD. 
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Objectives of the Focused EIA 

1.8 The objectives of tile Focused EIA, as specified in the Study Brief, are as follows: 

1.9 

1.10 

• 

to describe the proposed marine bon'owing project and associated works together with the 
requirements for canoying out the proposed project; 

to identify and evaluate, where appropriate, emission sources and determine the significrulce of 
impacts on sensitive receivers and potentially affected uses; 

to identify ami evaluate. where appropriate, any potential losses or damage to flora, fauna and 
natural habitats, based on a review of existing information; 

to propose the provision of pmctical and cost-effective mitigation measures so as to minimise 
pollution, environmental disturbance and nuisance during the proposed mmine bon'owing 
activities; 

to identify, predict and evaluate the residuHl (Le. after practicable mitigation) environmental 
impacts and cumulative effects expected to arise during the proposed marine borrowing 
activities in relation to lhe sensitive receivers anti potential affected uses; and 

to design and specify the environmental monitoring and audit requirements necessary to ensure 
the implementation and the effectiveness of the environmental protection and pollution control 
measures adopted. 

Description of FoclIsed EIA 

In order to achieve the objectives given in Paragraph 1.8, tile Study Drief requires that study tasks 
should include: 

• 

identifying, collecting and analysing existing information relevant to tile Focused EIA; 

reviewing existing environmental surveys, site investigations and ba<;eline monitoring work to 
achieve the objectives and make recommendations on fUl1her studies if necessary; 

quantifying, by use of models or other predictive methods, the residual and cumulative 
environmental impacts m·ising from the construction ami operation of the proposed marine 
bono wing project; 

proposing practical, effective and enforceable methods, measures and standmds lO effectively 
mitigate any significant environmental impacts in the silOIt and long term; and 

outlining a programme by which the environmental impacts of the proposed marine bOlTowing 
project can be assessed, monitored Hnd audited. 

Baseline monitoring is not a requirement of the Study Drief. However, baseline information has been 
collected in the vicinity of WSC Pit 3 from previous studies and this information has been reviewed 
to provide an estimate of environmental baseline conditions at WSC Pit 3. Information which has 
been reviewed for the assessmelll includes: 

Binnie Consultants Lld: Fill Management Study - Phase IV. Investigation and Development 
of Mar·iue Borrow Areas. South Cheung Chau and Sulphur Channel Seabed Ecology Pilot 
Survey by Grnb Srunplc. Draft Report. GEO, Civil Engineering Depm1ment, July 1994. 

Greiner - Maullsell: Focused EIA of I3nckfilIing Operation at South Tsing Yi Mar-ine Bonow 
Area. Provisional Airport Authority - Hong Kong, December 1993. 

HWR (Asia) Ltd: Disposal or Spoil at South Tsing Yi. An Assessment of the Stability and 
Losses of Dumped Spoil. GEO, Civil Engineering Department, July 1993. 
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1.11 

1.12 

1.13 

Binnie Consultants Lld: Pill Management Study - Phase II. East. Lamma Channel Borrow 
Area Scoped Environmental Assessment Final Report. GEO, Civil Engineering Department, 
January 1993. 

Binnie Consultants Lld: Fill Management Study - Phase n. Environmental Review of Potential 
BOITOW Area NorUl Lmnma Channel. GEO, Civil Engineering Department, April 1993. 

Binnie Consultants Lld: Fill Management Study - Phase IV. Lrunma Dredging Audit Baseline 
Survey Drafl Final Baseline Report. GEO. Civil Engineering DepCU'tment, August 1994. 

Scott WiIson Kirkpau'ick: Green Island Reclamation (Pmt) Public Dump. Draft Final RepOlt 
(El A). Civil Engineering Department, September 1994. 

Gcotechnical Engineering Office of CED ha\) undertaken a baseline survey to determine heavy metal 
concentrations of surface scdiments within WSC Pit 3. The results of this survey are included in 
Appendix 1 to this report. FurUler information on baseline monitOling requirements, which should be 
undertllken prior to ~le commencement of the works, is provided in the EM&A Manual. 

The identificmion of key environmental issue .. ':'; has been based on a review of the available 
information and the description of works in Chapter 2, and these key issues are presented in Chapter 
3. Predictive modelling of environmental impacts associated with these works is restricted to marine 
water modelling (Chapter 4), as agreed with Government prior to the commencement of tIle StUdy. 

The following chapters in this report include: 

Chapter 2: Description of Works 

Chapter 3: Identification of Key Issues 

Chapter 4: Marine Water and Sediment Quality 

Chapter 5: Marine Ecology and Fisheries 

Chapter 6: Air (2uality 

Chapter 7: Noise 

• Chapter 8: Environmental MonitOling and Audit Requirements 

References 

Rcf 1.1 Civil Engineering Department. West of Sulphur Channel Mru'ine Borrow Area. Draft Environmental 
Monitoring and Audit Manual, September 1994. 
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2. 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

DESCRIPTION OF WORKS 

Introduction 

It is proposed that WSC Pit 3 will be used to supply sand for the Container Terminal 9 (CT9) 
development at. the south east tip of Tsing Yi Island. The bound:'lries of the bolTOW area are shown in 
Figure 1.1 ~U1d conform with the proposed extension of the Green Island Link. The pits in the original 
South Tsing Yi (STY) allocation for the CT9 development are STY Pit 1. U,e westel11 pit, mld STY 
Pit 2, U,e eastem pit. The locations of these pits are also shown in Figure 1.1. Infonnation in Ulis 
Chapter has been supplied by DEMAS, CED's dredging consultant for the WSC Pit 3 and STY Pit 2. 

The study area is located in one of the busiest fairways in Hong Kong Harbour and lies in shipping 
routes for which a Traffic Separation -Scheme is in force. The Marine Deparunent has imposed the 
condition U,at two dredgers could work concUll'Cntly in either two of U,e three pits allocated for Ille 
CT9 project, but only o~e dredger will be permitted in the fairway at anyone time. 

Geology 

The material to be dredged in U1C borrow area consists of alluvial sand varying in thickness from 5 to 
18 III present to a depth of -52mPD, and is overlain by marine sand varying in thickness from nil to 
Sm up to a maximum depth of -42mPD. The marine sand is overlain by marine silt and clay (mud) 
varying in thickness from 2 to 7m, down to a maximum depth of -35mPD. The environmental impacl 
of dredging of marine surface sand in STY Pits 1 HmI 2, north of the Study Area, do not require 
consideration as part of this assessment as dredging of this layer will have been completed when 
dredging work in WSC Pit 3 commences. 

Sediment Characteristics 

The average densities of tile sediments in the area are presented in Table 2.1. The dry densities have 
been measured in a laboratory, while the saturated densities have been calculated using the dry 
density, assuming a water density of 1,025 kg/m3 and a particle density of 2,650kg/m3. 

Table 2.1 

Material 
type 

Overburden 

Mmine Sand 

Alluvial Sand 

Density of Sediments in West Sulphur Channel Marine Rorrow Area. 
(Figures supplied by DEMAS). 

Dry density Saturated density 
kg/m3 ku/m3 

960 1610 

1,600 2.010 

1.560 1,980 

The typical particle size distribution of the marine sand in the area is presented in Figure 2.1. The 
typical particle size distlibution of the alluvial sand in the area is presented in Figure 2.2. 

Sediment Volumes 

In' order to be in a position to give a proper prediction of the method and speed of extraction of the 
material from the WSC Pil 3 it is necessary to consider the whole of the project for which the sand 
will be utilised. 
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2.7 

2.8 

2.9 

2.10 

2.11 

The dredged material from the marine bOlTOW m"ea can only be placed in the CT9 reclrunat.ion site 
aft Cl' unsuitable material has been removed from that parl of the site. The majority of the 
uncontaminated mud from the CT9 site will be disposed of at South Cheung Chau marine dumping 
area. Part of the dredged ullconlmnimlleo mud will also be used 10 backfill the exhausted STY Pits 1 
or Pit 2. In addilion, U,e eonlaminmed mud from Ihe CT9 site will be disposed of in specially dredged 
pits in the East Sha Chau area. 

For the CT9 reclmnation and all its related works, a total of approximately 95 million cubic metres 
(Meum) of material needs to be dredged, including the 39 Meum of fill to be placed at the 
reclamation site. A summary of the approximate volumes of material to be dredged in the CT9 
reclamat.ion site and the mruine bOlTOW ru-eas is given in Table 2.2. From the total volume, 9 Meum of 
sand and 4.1 Meum of silt and clay (mud) will be dredged from WSC Pit 3. 

Tahle 2.2 Summary of Volumes of Muterial to he DI'edged in the Reclamation Site and 
Marine norrow A,'eas, (Figures supplied by DEMAS). 

Dredging area Volumes to be 
excavated (m) 

Dredging of CT9 Reclamation Site (Mud) 21,100,000 

Re-align Fairway Channel (M lien 4,000,000 

Dredging of Rambler Channel (Mud) 2,930,000 

Dredging of STY Pit 1 and 2 (Mud) 9,300,000 

Dredging of STY Pill anu 2 (Sanu) 31,000,000 

Dredging of WSC Pit 3 (Mud) 4,100,000 

Dreuging of WSC Pil 3 (Sand) 9,000,000 

To"d V olllme 81,430,000 

The volumes available in Ihe STY Pill anu 2 anu WSC Pit 3 mea uown 10 a depth of ·50mPD are 
listed in Table 2.3. The volumes listed take into consideration the losses that occur during the 
dredging process, the configuration of Ule pits and the compaction of matetial at. the reclamation site. 

Dredging Details 

The dredging programme assumed for the assessment is based the total volume that needs to be 
dredged within a period of 36 months. To comply with this condition, an average of 600,000 cum per 
week of all types of materials from several differenllocations needs to the dredged. However, iL is 
assumed that only two larger dredgers (8,000 cum) are required to supply the sand to Ule CT9 site, 
and will operate within the bOITOw area at anyone time (scc Section 2.19). 

It is anticipated that trailing suction hopper dredgers (TSHDs) of approximately 8,000 cum capacity 
will be used for the extraction or the mW'jne mud and the sand. Most of the dredgers working in 
Hong Kong over the last three yems me of Ulis class. 
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2.12 

2.13 

2.14 

2.15 

Tahle 2.3 Availahle Volumes in South Tsing Yi and \Vest Sulphur Channel Pits for 
CT9 Allocation. (Figllres slIpplied by DEMAS). 

Dredge to maximunt STY Pit 1 STY Pit 2 WSCPit3 Total Pits 
-SOmPD (Volume 013) (Volume m3) (Volume 013) 1,2 and 3 

(Volume 013) 

Marine surface sand 640,000 2,290,000 0 2,930,000 

Marine sand '5,370,000 8,610,000 3,760,000 17,740,000 

Alluvial sand 6,820,000 11,110,000 5,280,000 23,210,000 

All Sand 12,830,000 22,010,000 9,040,000 43,880,000 

Mm"jne silt and clay 7.070,000 4,630.000 4,100,000 15,800,000 

It is anticipated that part of the uncontmninated mud dredged from the CT9 sile and the Rrunbler 
Channel will be dumped in the exhausted STY Pits 1 and 2. For the purposes of this assessment it is 
assumed that part of the overburden dredged in WSC Pit 3 will be dumped in the marine dumping 
ground at South Chcung Chau. 

Part of the reclrunation works for CT9 will be executed with a smaller type of TSED of 5,OOOm3 
capacity or less. However, these dredgers would only extract marine surface sand at an early stage 
from STY Pits 1 and 2 to form the cap in the East Sha Chau disposal pits. It is assumed that this 
activity will be completed before any sand dredging at WSC Pit 3 commences. Grab dredgers will be 
used to dredge mmine mud from the shallower parts of the CT9 reclamation site itself. In view of its 
great distance from the study area no cumulative environmental erfect associated with the dredging at 
WSC Pit 3 is expected. 

Extraction Rates 

For the purpose of this assessment the likely extraction rates have been calculated for the material 
types encountered and the sailing distances required. The uncontaminated mud dredged from the three 
pits may be transported either to the South Cheung Chau (SCC) mud dumping site, to the East Sha 
Chau (ESC) disposal pits to form a cap, or to an exhausted pit within the allocation area. 

It has been assumed that the marine surface sand dredged from STY Pits 1 and 2 will be part.ly used 
for the capping of the East Sha Clmu Pits and partly for the reclamation of the CT9 site. The mm-ine 
sand and the alluvial sand dredged in all three of the pits will be used only for tlle CT9 site. The 
weekly production rates for a TSHD of 5,000 cum and 8,000 cum m'e presented in Table 2.4. 
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Table 2.4 Weekly Production Rates for Dredging. (Figures supplied by DEMAS). 

Material Dredging Discharging Weekly 
D"edger type type area m"ea production 

(rn3/wk) 

TSHD5000 Marine surface STY Pit 1und2 ESC 78.000 
sand 

TSHD8000 Marine silt and STYfWSC SCC 160,000 
clay 

TSHDSOOO Mmine silt. and STYfWSC ESC 70,000 
clay 

TSHD8000 Marine surface STY Pit land2 CT9 2S0,000 
sanu 

TSHDSOOO Marine sand STYfWSC CT9 300,000 

TSHDSOOO Marine silt and STYfWSC STY land2 450,000 
clay 

TSHDSOOO Alluvial sand STY/WSC CT9 330,000 

TSHDSOOO Marine silt ami CT9 STY land2 320,000 
clay 

Nb: Tile acronym TSHD5000 is sl/Or/lor a 5,0001113 TSHD and TSHD8000 swndsf 
or a 8,000 CUIll 1:)HD. 

Overflow Losses 

In order to give a forecast of the plume gcncrntcd by the dredging process from WSC Pit 3 (see 
Chapter 6) the overflow losses of suspended solids during the dredging activity itself have been 
calculated. The calculation accounts for the cycle lime whilst. nOlloading, the particle size disttibution 
of Ule layers to be dredged allllthe specifications of a typical TSHD of 8,000 m3 as input to calculate 
the production, the overllow loss Hmi the characteristics of the overflow. The model generates tile 
volume of material loaded, the load remaining in the hopper, the loading time and the overflow 
losses. DUling the initial stage of the loading no dredge plume will be generated as the hopper has to 
be lopped up before overnowing begins. With the input used for the model this results in 
approximately 17 minutes without ovcrllow during each cycle. 

The overtlow has been simulntcd for dredging in marine and alluvial sand only, as dredging of mm'ine 
mud will not generate dredging plumes a~ overflow is not permitted. Overflow losses me dependent 
on the now entering the hopper, the hopper dimensions and the design of the overflow device. The 
model generales a particle size distribution and the concentration of suspended solids released into the 
wnter column through the overflow. Suhsequently the percentage of fines (that is the percentage of 
particles with a size less than 63 ~m) in the mixture is calculated. The release of fines per second 
through the overtlow is the required input. data for the sediment plume model. The overflow loss 
during the dredging cyc1e is presented in Table 2.5. 

A TSIlD Iypically works 24 hours pcr day seven days pcr week, apart from a scheduled stop of 
approximately 12 hours per week for maintenance and fueling, thus resulting in 156 operational hours 
per week.- During the operational hours non-scheduled delays may occur, due to navigational 
constraints, weather, and repairs due to failure of parts caused by additional wem and t.ear of 
equipment. 
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Tahle 2.5 Ov~..tlow Loss Over Time During a Single Dredge Cycle for l\1arine Sand and 
Alluvial Sand. (Figures supplied by DEMAS). 

Material type Marine sand Alluvial sand 

Sailing lime 87 minutes 87 minutes 

Dredging no overflow 17 minutes 17 minutes 

Dredging with overi1ow 62 minutes 47 minutes 

Total 166 minutes 151 minutes 
. 

Loss of fines per cycle 2,262 Mg 668Mg 

Av. rate of loss lines ovcrflowin u 610 kois 240 kais 

Dredging Programme 

In establishing the dredging programme it has been assumed that all targets for the timely completion 
of the CT9 reclamation need to be met.. The progress of the associated works, c.g. construction of 
culverts to drain the hinterland and construction of quay walls. dictate the speed of filling because 
certain areas can only be made availahle for sand fiJling after other works have been completed. For 
the extraction of sand from WSC Pit 3. it has been assumed that two dredgers working two of the 
three pits (Le STY Pits 1 mul 2 mul WSC Pit 3) will give sufficient capncity to meet the target dates. 

It is assumed that after all initial period in which both TSHDs only work in the upper deposits, only 
one of the two dredgers will be converted to reach a greater depth. Even if the design of the dredger 
allows for dredging at greater depth and if it has worked already at such depths, it will still take some 
time to change the dredging installation from the shallow dredging configuration lO the deep 
configuration. An extended dredge pipe, which is necessary to reach the greater depUl, creates more 
resistance and is more vulnerable to damage than a shallow water pipe. For Ulis reason the pipes will 
not be extended unless absolutely necessary. When the dredger has been converted to reach the 
greater depths it will only dredge in the deeper alluvial sand which underlies the other deposits. This 
assumpt.ion is supported by the experience gained from similar dredging undertaken for CT8 and 
Chck Lap Kok airport. 

The commencement date of dredging for WSC Pit 3 is estimated from end April 1996 to early 
November 1996, assuming the CT9 reclmnation commences in January 1905, although this is not 
detinite due to uncertainties over the commencement date for the for the CT9 reclamation. For the 
purposes of cumulative assessment it has been assumed that dredging will be commensurate with 
dredging requirements for Ule East of Lamma Channel Marine Borrow Area (Ref 2.1) and the Green 
Island Reclamation (Part) Public Dump advanced works for the sea wall construction (Ref 2.2). 

Based on the constraints identified in previous paragraphs, three potential worse case dredging 
scenmios have been defined. It has been assumed Umt Mcu'ine Department's rule of one dredger in the 
fairway at anyone lime will not prevent STY Pits 1 and 2 and WSC Pit 3 from being operated 
simultaneously. I3ecflllse the demand for dredged sand will vary daily, the contractor will operate for 
shorter or longer periods according to one of the 1'ollowing scenario):;. 

Scenario 1 

One TSI-ID works in the marine sand in WSC Pit 3 amI the other TSHD works in the alluvial sand in 
STY Pit 2. Both dredgers either discharge their load by filling the CT9 rec1amation site in a re­
handling basin in front of a cutler suction dredger located in proximity to the reclamation site. 

The production and overllow losses timing the dredging are presented in Table 2.6. A typical sailing 
route for dredging in STY Pit 2 and WSC Pit 3 is presented in Figure 2.2. 
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Table 2.6 

Dredging 
area 

WSC Pit 3 

STY Pit2 

Production Per Week and Uelease of Fines During Overflowing: Scenario 1. 
(Figures supplied by DEMAS). 

Production Loss of Loss of Duration Av. rate 
Material per week fines per fines per of loss ofloss of 
type (m3/wk) trip day per cycle fines 

(M2) (Mg) (min) (kws) 

Marine sand 300,000 2,262 19,600 47 610 

Alluvial sand 330,000 668 6,400 47 240 

TOIalloss of fines per day (M g) 26.000 

Scenario 2 

One TSED works in Ihe marine sand in WSC Pit 3 whilstlhe olher one dredges overburden from 
STY Pit 1 and dumps Ihe load in STY Pit 2. During Ihe dredging no sediment is released from the 
dredger. However, there is cons id era hIe uncertainty at present regarding the percentage of the load 
which goes into suspcm;ion during dumping. Previous studies have assumed 3% and 5%. Until 
further investigation and measurement has been llIH.lertaken this uncertainty will remain. For the 
purpose of this study it is assumed that a maximum of 5% of the load will go into suspension. The 
production and overllow losses during such periods are presented in Table 2.7. 

Table 2.7 

Dredging 
area 

WSC Pil3 

STY Pil2 

STY Pit 2 

Total loss of 

Scenario 3 

Production Pel' \Veek and Uelease of Fines during Overflowing: Scenurio 2. 
(Figures supplied by DEMAS). 

Prod uction Loss of Loss of Duration Av. rate 
Matedal per week fines pel· fines per of loss ofloss of 
type (m3/wk) trip day per cycle fines 

(Mg) (Mg) (mill) (k~/s) 

Marine sand 300.000 2,262 19.600 62 610 

Dredged 450,000 0 0 0 0 
Marine sill 
and clay 

Dumped 450,000 192 6,000 6 530 
Mmine silt 
and clay 

tines pcr day (M") 25.600 

One TSHD works in the marine sand in WSC Pit 3, discharges the load in the reclamation site, 
dredges uncontaminated mud in the CT9 site or in the Fairway Channel or Rambler Channel near 
CT9 and dumps the load in STY Pit 2. As for Sccnario 2 no sediment is rcleased from the dredger 
during the dredging, hut it is assumed that 5% of this load will remain in suspension during the 
dumping of the load. Concurrently the otiler drcdger would drcdgc alluvial sand and fill the CT9 site. 
l11C production amI ovcrilow losses (itHing such periods are presented in Table 2.8. 
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2.27 

2.28 

Scenario 1 rcprcscnt~ the worst case scenario for the dredging at the study area as the loss of fines per 
day is highest compared with the other SCCI1ClriOS. It. is therefore recommended that the data for 
Scenario 1 be used for Ihe sedimelll plume model (Chapler 4). 

Table 2.8 Production Per Week and Release of Fines During Overflowing: Scenario 3. 
(Figures supplied by DEMAS). 

Pt"oduction Loss of Loss of Duration Av. rate 
Dredging Material per week tines pel' fines per of loss of loss of 
area type (m3/wk) trip day per cycle tines 

fMg) (Mg) (min) (kg/s) 

Pit 3 Mruinc sand 230,000 2,262 14,400 62 610 

Fairway Dredged 150,000 0 0 0 0 
Channel Mminc silt 
or and clay 
Ramblers 
Channel 
or 
CT9 

Pit2 Dumped 150,000 192 1,200 6 530 
Mmine sill 
and clay 

Pit 2 Alluvial 330,000 668 6,400 47 240 
sand 

TOlalloss of fines per day (M") 22,000 

Worst Case Scen({rio 

For the purposes of cumulrltive water quality assessment, it has been assumed that dredging in the 
WSC Pit 3 will be commensurate with the East of Lamma Channel Marine Bonow Area and the 
dredging works required for the Green Island Reclamation (Part) Public Dump advanced works 
seawall construction. This. together with Sccnario 1 for the works associated with the WSC allocated 
area, represents the worst ca.<.;e scenario for assessing cumulative water quality impacts and has been 
used for modelling purposes. 

References 

Ref 2.1 Govcrnmenl Notice No. 2480. Dredging for Mflrinc Sand in an Area in East Lmnma Channel. Gflzette 
No. 30 of July 1991. 

Ref 2.2 Seoll Wilson Kirkpmrick: Green Island Reclamation (Part) Puhlic Dump. Draft Final Report (EIA). 
Civil Engineering Deparunent, September 1994. 
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3. 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

ENVIRONMENTAL SCOPING AND KEY ISSUES 

Introduction 

Euvironmental scoping is the process whereby the potential environmental impacts of a development 
are identified with respect to the human amI natural environment. This process allows the 
iucntil1cation and prioritisation of key environmental issues that require more detailed assessment. 

A simple environmental scoping matrix for the identification of key issues arising from the works 
associated with WSC Pit 3 is shown in Figure 3.1, together with a preliminary assessment of their 
potential significance. The scoping process has been undertaken for each of the main st.:'1ges involved 
in the dredging operation including: 

removal of marine silt and (;lay; 

removal of mmine and alluvi,ll sand; 

disposal of mm;ne silt and clay; and 

marine u'arfic m()vements. 

The classit1cation of significance for each of the issues identified relates to potential rather than 
residual (net) impacts, where residual (net) impacts are dependent on applied mitigation measures to 
alleviate potential impacts. The designation of magnitude of impact (Le. minor, intermediate or 
Il1njor) is based on an initial evaluation of impacts, review of available information (see Chapter 1), 
and Ule Consultant's experience. Further assessment in relation to the key issues is conducted in the 
following chapters with reference to potential mitigation measures, proximity of sensitive receivers 
and operational constraints of the works. 

It is evident from Figure 3.1 that. some environmental parameters have greater potential to be 
adversely arfected by the works than others. Potentially major impacts associated with the works 
relate to the physical removal of sediment. material from the sea bed and associated loss of ecological 
habitat, and suspension of that material into the water column and associated impacls on ecological 
communities, commercial i1shcries in open waters and mariculture zones. Suspended sediments will 
impact upon the water column in the rollowing principle ways: 

Increa!'ed !'llspcnded solids concentrations. This ha!' the potential to affect fish physiology and 
reproduction. Increasing sedimentation rates on the sea bed also have the potential to affect. 
sensitive benthic fauna and nOn!. 

Decreasing dissolved oxygen levels. This can occur via chemical and biological processes 
acting upon reduced chcmical constituents ami/or organic maller in the sllspended sediments; 
and 

Release of contaminants (e.g. heavy metals, organics) associated with the soHd and aqueous 
phase of the suspended sedimcnts. The impact of contaminants is dependent on the levels 
initially present in the scdimcnts, and they may be associated with acute or chronic effects on 
marine ecological communities. 

The impacts on marine ecological communities, tisheries and mariculture zones are dominated by 
potential impacts on marine water quality as a result of the works. Impacts on marine biology can 
extend beyond the immediate dredging mea, and areas of particular ecological sensitivity, sllch as 
coral beds and foreshore communities. Direct. loss or sea bed from the dredging operation is also a 
major and unavoidahle impacL on marine ecological communities and fish feeding grounds. However, 
there is scope for some recompense of thi!' impact by depositing overburden material in previously 
exhausted marine borrow areas (sce Chapter 2) to initiate rc-colonization by mmine organisms. 
Mitigation of impacts on ITI(u-ine hiology arc closely associated with control measures to alleviate 
water quality impacts from dredging, and are discussed further in Chapters 4 and 5 of this repOlt. 

Les!'er potcntial impacts of the works include thosc associated with noise levels, air qualit.y and visual 
impacts. The vessel equipment (winches, diesel motors and metallic 'jolt and shock' noise) have the 
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potential 10 create noise nuisance, parliculm'ly as the dredging operation will be virtually continuous 
over the 24 hour period (scc Section 2.18), However, noise nuisance is dependent on the proximity 
of uredging vessels to sensitive receivers, which arc normally Icrrestrially based and remote. This is 
al.so the c<t"e for sensitive receivers in relation 10 air quality, where emission sources me restricted to 
vessel exhaust emissions. Visual impacts are nlso dependent on the proximity of sensitive receivers, 
and on the concentration of sllspended particuialcs in the water column. These environmental issues 
are assessed fUl1hcr in the Chapters 4, 6, and 7 or this report. 

Other impacts associated with the works include the impaCls on navigation safety, anchorage and 
utilities (e.g. pipelines and cables). Navigation safety and anchorage impacts have been formerly 
atklressed by Civil Engineeting Department in consultation with Matine Depru1ment, resulting in 
restrictions in the number and operation or dredging vessels in the WSC Pit 3 area (see Section 2.2). 
Civil Engineering Dcpm·ttnent hnve also verified that the works will not impact upon submmine 
utilities. These impacts me thererore not mklressed further in this report. 

Sensitive Receivers 

Identified sensitive receivers (or the purposes of wnter quality assessment are listed in Table 3.1, 
together with Hong Kong metric grid coonlinHtes and distance to the centre of WSC Pit 3. Locations 
are also shown in Figure 4.3 (Chapter 4). [dentilicd sensitive receivers considered for Ule purpose of 
potential noise and air quality impacts are given in Tnhlc 3.2. Locntions are shown in Figure 3.2. 
Sensitive receivers for potential visual impacts me discussed in Chapter 4. 

TlIble 3.1 Mmoine 'Vater, Mariculture and Ecological Sensitive Receivers 

Sensitive receiver Coordinates Distance frol11 
houndaryof 
WSC Pi! 3 (m) 

l. WSD Kcnnedy Town 10 830 400 N 816 000 1,200 
Salt Water Pumping 
Station Intake 

2. HOllsing Authority E 832 000 N 812 100 3,800 
Flushing Water Intake, 
Wail Fu 

3. Tsing Yi Power Station E 828 300 N 820 SOO 4,100 
Cooling WHter Intake 

4. Lamma Island Power 
Station Intake E 829 900 N 808 400 7,500 

S. Queen Mary Hospital 
Cooling Water Intake E 830 600 N 814 200 1,400 

6. Ocean Park Seawatcr 
Intake 10 836 200 N 810 900 9,100 

7. Lo Tik Wan 
Mariculturc Zone E 831500 N 810 000 5,SOO 

8. Sok Kwu Wan 
Mariculturc Zone E 831 SOO N 807 700 8,200 

9: Ma Wan Mariculture 
Zone E 824 SOO N 807 700 10,900 
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Tahle 3.2 Sensitive Receivers for Air Quality ancl Noise Imj>ucts 

Sensitive receiver CoonJinates Distance from Height above 
houndaryof Principle 
WSC Pit 3 (m) Datum (m) 

I. Police Buildings E 830 144 N 815 142 1,050 40 

2. Mount. Davis Cottage E 830 230 N 815 500 1,360 55 
Area 

3. Residential Building E 830 275 N 815 040 1,150 55 

NB: The Green Island Refugee Camp is not considered to be {/ noise sensitive receiver, as it has 
110 direct/ine a/sight to WSC Pir 3, and ir is shielded by rhe topography ~fGreen Island. 
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Enviroruncntal Issues 

Works Activity Marine Water Quality 
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Suspended Dissolved Release of Impact 
Solid Oxygen levels Contamin-

Concentr- ants 
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Removal of *** *** ** * * ** to *to *to *to *to marine silt & 
clay 

*** ** ** ** ** 
Removal of *** *** ** * * **to *to *to *to *to marine &a11uvial 
sands 

*** ** ** ** ** 
Disposal of *** *** ** * * **to *to *to *to *to marine silt & 
clay 

*** ** ** ** ** 
Marine Traffic *to *to * * *to * * * 

** ** ** 
Nb: * also includes navigation safety, anchorages and utilities impacts (e.g. pipelines, cables) 

* ** . . *** WEST OF SULPHUR CHANNEL IWlINE 
Minor Potential Impact Intermediate PolenUal Impact Major Potential Impact 

BORROW AREA 
FOCUSED ENVIRONIIENTAL IIIPACT 
ASSESSIIENT 

Figure No·1 3.1 

Environmental Scoping of Potential Impacts Associated with Dredging Works 
-
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4. 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

4.7 

MARINE WATER AND SEDIMENT QUALITY 

IntJ'oduction 

This chapter covers water quality aspects of the focused study which has been carried out on the WSC 
Pit 3 (see Figure 4.1), with close attention being paid to the concurrent and cumulative impacts of adjacent 
projects, including dredging and dumping operations underway in STY Pits I and 2, dredging for the 
Western Seawall of the Green Island Reclamation (part) Public Dump (GIRPD) and dredging in the East 
Lamma Channel (ELC) Borrow Area. The impacts of the GIRPD works have already been assessed 
under a separate Environnlental Impact Assessment (EIA) (Ref 4.1). 

The activities involved within the proposed Works, as described in Chapter 2 of this report, have the 
potential to cause breaches of the Government's prescribed Water Quality Objectives (WQOs) and may 
affect specific users of the marine environment, known as "Sensitive Receivers". By their very nature the 
activities will result in temporary, localised changes in marine water quality. 

Activities which could potentially result in changes in mmine water quality over a wider area are identified 
as: 

• Dredging of existing marine silt and clay (mud); 

• Dredging of marine and alluvial sand from the bOITOW pits; and 

• Dumping to backfill exhausted bOlTOW areas. 

With some types of dredger, the dredging of Marine mud has the potential to release sediment oxygen 
demand (COD and BOD) into the water colunm. However, for this project the material will be dredged 
using a trailing suction hopper dredger (TSHD) and, because no overflow is allowed when dredging 
marine mud, the losses of sediment are expected to be negligible. No significant increases in oxygen 
demand are expected, therefore. 

No mmine mud will be dumped in WSC Pit 3 during this project. Marine mud may be dumped in STY 
Pit 2 concun'ent with dredging activities in Pit 3. Whilst such simultaneous activity has been taken into 
consideration in temlS of the overall sediment losses which may be expected, oxygen demands associated 
with Pit 2 dumping have not been calculated because this pit is not within the ErA study area. The 
scenarios which have been considered, with details of anticipated losses of fines, are presented in Chapter 
2 of !his repOli. 

The key water quality impact will therefore relate to the dredging of marine and alluvial sand. This will 
lead to significant increases in suspended solids concentrations in the water column, owing to the high 
proportion offines mateJial (pmiicle size < 63 I'm) lost overboard in the overflow discharge. Marine sand 
has a higher proportion of fine particles than alluvial sand and dredging of this material will therefore 
result in higherlosses. The impacts of the worst case dredging scenario, based 011 information provided 
by DEMAS and assuming conCUlTent dredging for the Green Island westem seawall, have been assessed 
using the W AHMO (WAter quality and Hydrodynamic MOdels) MUDFLOW model. MUDFLOW was 
designed to sinlulate plumes generated by many sources cove6ng a large area. It has been developed to 
include simulations of a moving dredger and was used in preference to the SEDPLUME model, which 
was designed to investigate nlliTOW sediment plumes coveling a small area, owing to its greater suitability 
for simulating the high loss rates associated with the overflow dredging of mmine sand. 

The impacts of the proposed Works have been investigated and compared witll background conditions. 
The high fine material loss rates will inevitably result in high suspended solids concentrations in tl,e 
vicinity of the dredging area and the large extent of the plume generated by the works may lead to 
significant increases above ambient levels, pmiicularly in those zones where existing suspended solids 
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4.12 

levels are low. However, with the introduction oflocal mitigation measures where appropriate. sensitive 
receivers should not be adversely affected to unacceptable levels. 

The impacts during dredging should be monitored on a regular basis and, in the event of exceedance of 
appropriate levels, actions to mitigate impacts should be enforced. A proposed system of monitoring, 
designed to give a practical means of controlling impacts and ensuring that they are not significantly worse 
than those predicted in this study, is detailed in the Environmental Monitoring and Audit Manual (Ref 
4.2). The Manual also gives guidance on establishing appropriate Trigger, Action and Target (TAT) 
limits. 

Background Information & Monitoring Data 

Marine water quality data reported by thi: Environmental Protection Department (EPD) (Refs 4.3 - 4.7) 
together with data fi'om the EPD marine water quality database and a recent intensive water quality 
monitoring programme (Ref. 4.8) carried out for the GIRPD have been used in this study. 

The Green Island Link Preliminmy Feasibility Study (GILPFS) (Ref. 4.10) 'included analysis of sediments 
in the project area; these, together with data ft'om the EPD mm'ine sediment quality database and data from 
two surveys also carried out for the Green Island project (Refs. 4.11 & 4.12), have been used to provide 
infOlmation on the sediment quality in and near the bon'ow area. Although the available data suggest that 
overburden sediments at the bon"ow area may be described as "uncontaminated'\ additional site-specific 
sediment data have been sought by GEO as part of this study. This additional data,included in Appendix 
1. demonstrates that the surface sediment is not contaminated according to EPD criteria. 

Environmental Standal'ds and Guidelines 

Marine water quality in Hong Kong is managed through the assignation of Beneficial Uses (BUs) to Water 
Control Zones (WCZs). The locations of the ten WCZs within Hong Kong waters are shown in Figure 
4.2. 

The Marine BOlTOW Area which is the subject of this focused study lies witllin the Western Buffer Zone. 
In assessing the impacts which may arise away ft'om the immediate area of the BOlTOW Pits, the 
requirements of the Southern Waters WCZ and the (not yet gazetted) VictOlia Harbour WCZ are also 
considered. 

4.13 The BUs which have been identified as applicable for Hong Kong waters are (Ref. 4.14): 

4.14 

4.15 

BU-l As a source offood for human consumption 
BU-2 As a resource for commercial fisheries and shell fisheries 
BU-3 As a habitat for marine life ill1d a resource for humill1 exploitation 
BU -4 For bathing 
BU-5 For secondaty contact recreation - diving, sail-board and dinghy sailing 
BU-6 For domestic and industrial purposes 
BU-7 For navigation and shipping including the use of officially approved and endorsed 

sheltered hat'bours and typhoon shelters as temporalY havens 
BU-S For aesthetic enjoyment. 

Not all BUs are applicable to all WCZS. The complete BU rill1ge has been applied to those WCZs which 
are already gazetted: Western Buffer and Southern Waters. At the present time no BUs are prescribed 
for VictOlia Hm'bour WCZ but, for assessment purposes, similm' BUs have been used in this study for that 
zone. This does not imply that these BUs will be assigned to Victoria Harbour when it is gazetted. 

In order to maintain the water quality in any zone, water quality parameters appropriate to the assigned 
BUs m'e required to be conU'olled (Ref. 4.14). For different BUs different numerical absolutes, acceptable 
changes or qualitative standards are applied; these are defmed as the WQOs. 
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For the Southern and the Western Buffer WCZs, WQOs have already been defined. The WQO for 
suspended solids is given in Table 4.1. 

Table 4.1 : Suspended solids WQO for the Southern and Western Buffer WCZs 

Water Quality Parameter Objective Part of Zone 

Suspended Solids waste discharge not to marine waters 
raise the natural 
ambient level by 30% nor 
cause the accumulation 
of suspended solids 
which may adversely 
affect the marine 
cOnllnunities 

The WQOs are generally based on annual means or percentiles and are appropriate for comparisons of 
the long term changes in water quality. The range of some of the water quality parameters may be high 
even over a single tidal cycle, giving rise to values which are markedly different from the WQOs. 

WQOs have been defined by the Water Supplies Department (WSD) lor sea water at intake points of 
seawater flushing system pumping stations. The acceptable limit relating to suspended solids is defined 
as being 10 mgll. No WQO has been set by the Housing Authority for their intake at Wah Fu. 

Criteria for the classification of sediments, based on their degree of contamination, have been defined in 
a Technical Circular issued by EPD (Ref 4.1S); these criteria are given in Table 4.2. 

Table 4.2 : Concentrations of heavy metals and PCB in marine sediments and boundary 
values for EPD Class A, Band C sediments. 

Detenninand (mg/kp;) 

Cd C, Cu Pb Hg Ni Zn PCB 

Background 0.05 7 7 t9 0.07 10 40 <0.005 

Class A <t <50 <55 <65 <0.8 <35 <ISO 

Class B 1.0-1.4 50-79 55-64 65-74 0.8-0.9 35-39 150-190 

Class C >=1.5 >=80 >=65 >=75 >=1.0 >=40 >=200 

The feeding behaviour of marine filter feeders such as mussels is not significantly affected by suspended 
solids concentrations as high as 100mgll (ReI'. 4.20); good to moderate freshwater fisheries are found in 
waters with concentrations in the range 2S-80mgll (ReI' 4.21). In Hong Kong marine water mariculture 
is carried out in areas where concentrations are as high as 26mgll (ReI'. 4.16). 

Sensitive Receivers 

The Sensitive Receivers most likely to be affected by the impacts arising from the Works have been 
identified as sea water intakes (including WSD flushing water intakes, Housing Authority flushing water 
intakes and cooling water intakes), mariculture zones (MCZs) and fry collection areas. Other potential 
receivers include bathing beaches along the south coast of Hong Kong Island and recreation zones on 
Lamma Island although significant impacts are less likely owing to their distance from WSC Pit 3. 

. The only existing WSD flushing water pumping station intake within the area likely to be affected by the 
plume is at Kennedy Town. A new WSD flushing water pumping station is proposed at Telegraph Bay; 
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however, this will not become operational until late 1998 or early 1999 and is not therefore a concern in 
tenns of impacts of the proposed dredging works. There is a flushing water pumping station at Wah Fu, 
operated by the Housing Authority. In addition to the flushing water intakes there are cooling water 
intakes for the power stations on Tsing Yi and Lamma Island, and for other developments around the 
Hong Kong coast (including Queen Mary Hospital). Further afield is the Ocean Park Seawater Intake. 

Although there are no known sensitive biological receivers, important fish spawning grounds or fish 
culture zones within the immediate works area, there are some potentially vulnerable receivers within the 
possible extent of the sediment plume generated by the Works. The closest mariculture zones are located 
at La Tik Wan and Sok Kwu Wan on Lamma Island and, to the north, Ma Wan. There are F,y Collection 
Areas near Luk Chau Wan and Yung Shue Wan (Ref 4.13); it is predicted that the latter will not be 
reached by the plume and suspended solids concentration increases at Luk Chau Wan will be velY similar 
to those at the Lo Tik Wan MCZ. 

The locations of sensitive receivers are shown in Figure 4.3. 

Water Quality MonitOl'ing Data 

As part of its role in monitoring and protecting the marine environment EPD carries out routine water 
quality surveys in the TeITitOlY'S waters throughout the year. Suspended solids summaries for the years 
1988 to 1992 in those water areas adjacent to the project area are given in Table 4.3 based on an 
aggregation of data ii"om a number of sampling locations. Table 4.3a contains additional data for the EPD 
stations nearest to the Sok Kwu Wan and Yung Shue Wan MCZs over the same five year period. 

EPD monitOling data for 1992 are presented for relevant individual stations in Table 4.4. The locations 
of these stations are indicated in Figure 4.4. 

Table 4.3 Suspended Solids concentrations in areas adjacent to the Site, 1988 - 1992 
Annual average and ranges in rug!l 

Year HKlsland Victoria West Lamma East Lamma 
West Harbour West Channel Island 

1988 8.1 10.4 5.6 
(0.8 - 28.0) (1.8 - 57.0) (1.8 - 16.7) 

1989 4.8 8.6 7.4 
(0.0 - 18.0) (2.0 - 30.0) (1.0 - 29.8) 

1990 3.9 6.4 
(1.2 - 12.7) (0.9 - 28.3) 

1991 6.3 12.3 5.0 5.8 
(1.2 - 18.7) (1.0 - 50.3) (1.8 - 10.5) (2.0 - 13.3) 

1992 7.0 8.75 6.1 4.7 
(2.0 - 16.8) (2.0 - 18.3) (2.0 - 16.7) (2.2 - 8.7) 
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Table 4.3a Suspended Solids concentrations at Stations SM3 and SM4 (near Lo Tik Wan and 
Sok Kwu Wan MCZs), 1988 - 1992 
Annual average and ranges in mg/l 

Year 8M3 8M4 

1988 4.6 3.7 
(2.3 - 10.3) (2.5 - 4.5) 

1989 3.1 3.4 
(1.0 - 4.7) (1.2 - 5.8) 

1990 2.9 3.3 
(0.5 - 4.3) (0.7 - 6.2) 

1991 6.2 5.4 
(2.2 - 13.3) (2.0 - 12.3) 

1992 5.3 4.0 
(3.3 - 8.7) (2.2 - 7.5) 

Table 4.4 Suspended Solids concentrations for relevant individual stations 
EPD data for 1992: Annual average values and ranges in mg/l 

Hong Kong Island West Victoria Harbour West 

WMI WM2 VM7 VM8 

4.8 9.2 9.6 7.9 
(2.0 - 7.8) (3.5 - 16.8) (2.0 - 18.3) (2.3 - 16.3) 

WestLanuna Lantau Island East East Lamma Island 
Channel 

SM7 SM9 SM3 SM4 

5.6 9.3 5.3 4.0 
(3.7 - 7.3) (2.8 - 18.7) (3.3 - 8.7) (2.2 - 7.5) 

Apart fi:om EPD data, other recent water quality data are available from the intensive monitoring survey 
which was canied out as part of the GIRPD EIA study. Collected prior to the commencement of works, 
these data represent the range of background levels experienced over a complete tidal cycle for spring 
and neap tides. Data were collected tln'ough both in situ monitoring and laboratory analysis of samples, 
for a range of parameters, at regular intervals over a spring and a neap tide. Background Suspended 
Solids values detelmined by the survey are presented in Table 4.5. The positions of the stations are 
shown in Figure 4.4. 
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Table 4.5 Bacl\ground Suspended Solids concentrations in and adjacent to the project area. 
(Mean and range values as mg/I) 

GIRPD 

GIA GIB GI C 

Upper 12 IS 14 
Layer (3 - 27) (5 - 41) (4 - 32) 

Lower 19 23 20 
layer (5 - 47) (4 - 67) (4 - 55) 

Background Water Quality 

Recent assessments of the background water quality relative to WQO levels have been made for the 
relevant water bodies as pat1 of the GIRPD EIA (Ref 4.1) and the East Lamma Channel BOlTOW Area 
Scoped Enviromnental Assessment (Ref 4.17). The conclusion in both cases suggested that, with some 
short term exceptions and for most detenninands. water within the Western Buffer and Southern Waters 
WCZs is relatively clean and complies with the limits of the WQOs. EPD data in these zones indicate 
very low suspended solids concentrations. 

The two GIRPD intensive surveys revealed higher suspended solids concentrations with cycle-average 
values being as high as 15 mgll in the upper layer and 23 mgll in the lower layer. The mean of these 
results for both layers at all three stations is 17 mgll. 

The WQOs do not specifY absolute limit values of suspended solids but concentrate rather on the 
percentage by which the natural mnbient level may increase (Table 4.1). The average of the mean values 
for 1992 from relevant EPD monitOllng stations, typical of levels at the same stations dming recent years, 
is 7mgll (Table 4.4), indicating an exceptionally low mobient level of suspended solids globally within 
the waters likely to be reached by the plume. The 30% increase over that value specified by the WQO 
would represent a level well below that which could have any discernible impact on marine communities. 

An absolute value of 10mg/l is specified as the Target limit by WSD in respect of water taken for flushing 
purposes. Background suspended solids concentrations as monitored by EPD (Tables 4.3 and 4.4) 
suggest that the annual average concentrations in general lie beneath the WSD limit although on occasion 
they have exceeded it in Victoria Harbour West. The maximum values recorded by EPD in most areos 
have exceeded this limit at some time (Table 4.3). 

Sediments 

The marine muds to be dredged from the Marine Borrow Area are believed to be uncontaminated as 
defined by the EPD Technical Circular 1-1-92 (Ref 4.15). There are several sources of data which have 
been considered in drawing this conclusion: 

• EPD sediment sampling data at positions SS4, WS2 and VS6; 

• Dropcore samples taken for the GILPFS EIA, positions DC4, DC5, DC14 and DCI5; 

• GIRPD sampling taken in November 1993; 

• GIRPD sampling taken in April 1994; 

• Site-specific grab samples commissioned by CED GEO for this study. 
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4.33 Sediment characteristics from the relevant EPD sampling stations, stations used for the GILPFS survey 
and stations fi·om bOUl the November 1993 and April 1994 GIRPD surveys are sunnnarised in Table 4.6. 
The sampling positions for all four sources of data are indicated in Figure 4.5. 
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Table 4.6 Existing bottom sediment data in the vicinity of the Works area 

Deter­
minand 
(mgikg) 

Cd 

Cr 

Cu 

Hg 

Ni 

Pb 

Zn 

VS6 
199 

I 

9.2 

GJ 
Gl 
[il 

EPD Data 

VS6 
199 
2 

<0.5 

SS4 
1992-3 

<0.5 

49 40.5 

151-1~ 

0.21 0.08 

29 27 24 -~ 59 50 

GJ 144 110 

WS2 
1992-3 

<0.5 

40 

47 

0.08 

25 

38 

103 

I 

• - Average of triplicate sample results 

GILPFS 
Survey 

DC4 DCI4 

0.6 0.6 

16 IS 

6 9 

0.03 0.04 

10 10 

20 19 

4 

GIRPD November 1993 Survey 
(Western seawall stations) 

5 6 7 8 

I 2.7 I 3.2 I 2.8 I 3.2 I 3.5 I 
32 42 41 36 40 

23 41 32 33 37 

0.40 0.25 0.22 0.31 0.27 

GIRPD April 
1994 Survey 
(top layer)* 

5 7 

<0.5 <0.5 

30 28 

12 17 

0.06 0.25 

25 30 27 28 31 I II 16 

79 '102 1 90 '108 '108 I <9 . 26 

39 40 67 102 91 97 100 64 86 

Class C JI ClassB I Class A 

** - Average of results from 26 grab samples; full data and locations provided in Appendix 1. 
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WSCAugust 
1994 Survey 

Mean values ** 

<0.2 

32 

27 

0.12 

IS 

34 

81 
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4.35 

4.36 
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4.38 

4.39 

4.40 

Samples taken by EPD at VS6 in 1991 and most of those taken during the 1993 GIRPD survey indicated 
a presence of Class "C" sediments, primarily as a result of high cadmium and lead levels. However, 
subsequent EPD samples and the second, more extensive GIRPD survey indicated that cadmium levels 
were low, although high copper levels have been recorded at VS6 and SS4 (Class "C" and Closs "B" 
respectively) as indicated in Table 4.6. 

The Marine BOlTOW Area culTt:ntly under study lies to the west of the Green Island Public Dump area and, 
of the historical data available, is best represented by results from the GILPFS data. The GILPFS 
positions DC4 and DC 14 lie close to if not within the boundary of the bonow area and results from these 
positions indicate very low levels of contamination. Disposal of dredged overburden material may 
therefore be made in accordance with the requirements of the Works Branch Technical Circular (WBTC) 
22/92 for uncontaminated sediment (Ref 4.19). 

Results of the recent grab sample survey commissioned by GEO to obtain site-specific sediment data are 
also summarised in Table 4.6. The results, full details of which are presented in Appendix 1 of this 
report, confinn that the sediments are uncontaminated. 

Numerical Modelling 

The main water quality concem associated with the proposed Works, elevated suspended solids levels, 
has been investigated quantitatively by applying the MUDFLOW model fi"om the W AHMO suite. The 
model detennines the excursion of the sediment plume generated by the dredging activities to enable 
increases in concentration which might be expected near Sensitive Receivers to be investigated. 

The MUDFLOW model was dliven by the lOOm Green Island model results which were generated by 
CED POlt Developments Division for the GIRPD study. This model was based on ti,e CED Lantau Port 
and Western Harbour calibrated lOOm model; its boundary is shown in Figure 4.1. The same baseline 
condition was used as for the GIRPD study which included (eitller directly or indirectly) tl,e following 
planned or committed developments: 

ChekLap Kok 
North Lantau Reclamation 
Lantau Fixed Crossing 
Container T elminal 8 
Container Telminal 9 
West Kowloon Reclamation (North and South) 
Central and Wan Chai Reclamation 
Kowloon Point Reclamation 
Kellett Bank Dredging 
South Tsing Yi BOlTOW Pit (depths after completion of TClminal 7 conslluction) 
Belcher Bay Reclamation (all three phases) 

The results files fi'om the Green Island lOOm flow model do not include a representation of WSC Pit 3 
in the bathymeuy. However; the effects of the presence of Pit 3 on water velocities and sediment u'ansport 
are judged to be small. The likely effect of the Pit would be that more material would be u'apped in the 
lower, slow moving water below the level of the sun"ounding sea bed and would therefore settle out of 
suspension over tile area of the Pit. The absence of Pit 3 in the model therefore means that the model 
predictions will tend. to over-predict suspended solids concentrations. 

Four model runs were ca!Tied out for four tide types (wet and my season, spring and neap tides) to 
investigate the worst ca::;e dredging scenario. A ftnther lUn was canied out for the wet season spring tide, 
following consultations \vith GEO and EPD, to consider the effects of a modified reduced impact scenario. 

The worst case was advised by DEtv1AS to be the following activities aceun"i.og at the same time 
. (Scenario 1 in Section 2.23): 
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• I dredger dredging in Marine Borrow Area Pit 3 for marine sand; 

• I dredger dredging in Marine Borrow Area Pit 2 for alluvial sand. 

No dumping would take place whilst the two dredgers were at work. The cycle of each dredger would 
be interrupted whilst sand in the hopper is shipped to the reclamation site and the vessel returns so that, 
in reality, both dredgers would only be dredging together for part of the time. 

Because of the uncertainty of the programme start date, it was further assumed that this scenario would 
be effective conCW1'ent with the dredging that will be required for the west sea wall of the GIRPD. The 
same dredging assumptions as made in that study were applied for the latest set of sediment transport 
model (MUDFLOW) runs. 

The location of the sowce was simulated t6 represent a moving TSHD on a typical dredging route for Pits 
2 and 3, dredging on an intermittent cycle. The GIRPD western sea wall dredging was represented by 
a single point in the midpoint of the line of the wall and was assumed to be continuous. The source terms 
for the first four lUns are presented in Table 4.7. 

Table 4.7 Sediment plume model input: dredging details for worst case scenario 

West of Sulphur Channel Borrow Area GIRPD 

Dredger details Dredger 1 • Pit 3 Dredger 2 • Pit 2 Western seawall 

Material Marine Sand Alluvial Sand Marine clay 

Sailing time (minutes) 87 87 

Dredge no overflow (minutes) 17 17 

Dredge with overflow (minutes) 62 47 
Continuous 

Total cycle time (minutes) 166 151 

Loss of fines per cycle (Mg) 2,262 668 

Average rate of 1065 of fines (kg/s) 610 240 8 

The model was lUn for three consecutive cycles with all results being plotted from the third tide. 

The second worst case (Section 2.25) assumes one dredger dredging for marine sand in Pit 3 whilst a 
second is dumping uncontaminated overbwden material dredged from Pit I into Pit 2. The loss of fines 
for this scenario is less than that oftwo vessels dredging simultaneously so this combination has not been 
assessed further. 

A third scenario was presented (Section 2.26) which assumed that one dredger would dredge 
uncontaminated mud ft'om outside the area for disposal in Pit 2 in between its sand dredging cycles in Pit 
3. Again, the overall losses associated with this scenallo are lower so this case has not been investigated 
further. 

The reduced impact scen31io was based on Scenario I but assUllles that a 50:50 mixture ofmarine:alluvial 
sand would be dredged dming each cycle in Pit 3, instead of marine sand alone. This would have the 
effect of reducing the maximum losses of fines per second although the overall losses throughout the 
project would be similar. 
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Impacts of Dredging and Dumping Activities 

Sediment Transport 

Dry Season Spring Tide 

During the <hy season spring tide at peak ebb, the suspended sediments plume in the surlace layer extends 
from the South coast of Tsing Yi in the North to Wong Chuk Kok on Lamma Island in the south and, at 
its widest, is approximately 5 km wide (Figure 4.6a). The influence of the high velocity ebb cun·ents 
between Tsing Yi and Lantau can be seen clearly at the northem end of the plume and is further apparent 
from the "shadow" effect south ofKau Yi Chau. The concentrations in most of the plume are less than 
10 mgll but there is an area off the west coast of Hong Kong, some 9km long by 2km wide, where they 
are greater. At the core of the plume, extending south south east from the dredging source for about 3 km, 
concentrations exceed 50 mgll. The plume impinges on the west coast of Hong Kong where maximum 
concentrations may be up to 20 mgll and, to a less severe extent, on the south west coasts of Tsing Yi to 
the north and Ap Lei Chau to the south « 1 Omgll). The extent ofthe plume in the bed layer is similar, 
the main differences being that concentrations are in general slightly higher (Figure 4.6b). 

During the peak flood stage of the tide, the surlace layer plume occupies a much smaller area (Figure 
4.6c). Concentrations in excess oflO mgll are confined to a smaller proportion of the overall plume area. 
Where the plume makes contact with the coast concentrations are less than 10 mgll. The plume is larger 
in the bed layer but concentrations at the coast are similarly less than 10 mgll (Figure 4.6d). 

Average suspended solids concentrations are indicated in Figures 4.6e and 4.6ffor tlle sudace and bed 
layers respectively. As might be expected with the high loss rates associated with overflow dredging, 
concentrations in the immediate area of the Works remain constantly high. In the surf..'1ce layer, average 
increases are less than 10 mgll at all points where the plume makes contact with tlle coast. In the bed 
layer, which is less likely to affect sensitive receivers, average concentrations just reach 10 mgll on Hong 
Kong Island's west coast. 

Wet Season Spring Tide 

Figure 4.7a shows the plume for the surlace layer at peak ebb during the wet season spring tide. The 
plume is more extensive than for the dry season spring tide, pat1icularly in that it reaches east into 
Victoria Harbom and south to both sides of Lamma Island. Contact is made with the coast on the west 
coast of Hong Kong Island (with concentrations up to 20 mgll) and, with concentrations less than 10 mgll, 
along the Westem and Central waterfront, the south coast of Tsing Yi and Ap Lei Chau (including the 
northem leg of Aberdeen Harbour). The bed layer is slightly less extensive (Figure 4. 7b) but a higher 
propOltion of the total area (approximately half) contains concentrations of greater than 10 mgll. 

Similar to the dIy season spring tide, the eh1ent of the plume at peak flood (Figures 4.7c and 4.7d) is much 
less than at peak ebb in both layers. With some minor exceptions in the bed layer, concentrations at all 
points of contact with the coast are less than 10 mgll. 

Average plume concentrations for tlle swface and bed layers are shown in Figures 4.7e and 4.7f 
respectively. 

Dry Season Neap Tide 

The lower tidal velocities associated with the neap tide result in a lower extent of the plume. The Imgll 
contour does not reach Tsing Yi to tl,e nOltb in either layer during either the peak flood or peak ebb 
condition (Figw·es 4.8a-d) To the south, the plume is predicted to move down the East Lamma Channel 
to a similar extent to the dlY season spring tide result; the plume moves slightly closer to the tip of the 
Ocean Park headland but it is not predicted to make contact witll it and the Ocean Park seawater intake, 
a potential sensitive receiver on the east side of the headland, is approximately I km away from the 1 mgll 

'contour. The average concentrations in the sUlface and bed layers are shown in Figures 4.8e and 4.8f 
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respectively. 

Suspended solids concentrations where the plume makes contact with the west coast of Hong Kong Island 
are predicted to be similar to or lower than those predicted for either of the spring tides. Concentrations 
at a midpoint between the two main dredging sources are also lower and it can therefore be concluded 
that the dry season neap tide does not represent the worst case for water quality impact. 

Wet Season Neap Tide 

In contrast to the other three tides, the plume does not extend very far south of the dredging area during 
the wet season neap tide. At peak ebb (Fignres 4.9a and 4.9b) the southern point of the Img/l contour 
of the plume is approximately lkm north ofLanuna Island, its northem extreme extending to the north 
of Tsing Yi Island. Contact is made with the west coast of Tsing Yi Island but concentrations are very 
low (approximately Imgll) where this occUrs. The extent of the plume is similar in both surface and bed 
layers. 

At peak flood the plume moves further north still, the Img/l contour extending to the north and west of 
Ma Wan Island to meet the mainland coast between Tsing Ling Tau and Sham Tseng (Fignres 4.9c and 
4.9d). Similarly, concentrations are very low (in the order of Img/l) where the plume impinges with the 
coast. The plume does not reach the Ma Wan mariculture zone. 

The central part of the plume (concentrations above 10mg/l) remains in a relatively compact area and 
does not make contact with the coast. Average concentrations for surface and bed layers are shown in 
Fignres 4.ge and 4.9f. ' 

Reduced Impact Scenario 

A reduced impact scenario proposed by DEMAS which assumes that a mixture of marine sand and 
alluvial sand will be dredged in Pit 3 has been modelled for the worst case tide, the wet season spring tide. 
A mixture of50% matine satld and 50% alluvial sand was assumed, giving an average overflow fines loss 
rate of 460 kgls effective over a period of 53 minutes (compared with 610 kgls and 62 minutes for the 
worst case scenatio as detailed in Table 4.7). The average increases in concentration associated with this 
scenario are illustrated in Fignres 4.10a and 4.1 Ob for the surface and bed layers respectively. 

Comparing these fignres with Figures 4.7e and 4.7ffor the worst case scenario, it can be seen that whilst 
the overall shape and extent of the plumes in both layers for both the standard and mitigated cases is 
similar, the area occupied by each concentration contour is slightly reduced for the mitigated situation. 
The difference is most significant in the >50ppm contour, reflecting the lower concentrations in the area 
of the pits resulting from the reduced initial loss rate. 

Deposition 

Deposition rates have been predicted both as mass of deposition over a single tide and as depth of 
deposition over a six month period. The mass deposited over a single tide has been predicted for each 
tide!)Te and the results are presented in Figures 4.11 to 4.14. The predictions of depth of deposition over 
six months have been made for both chy and wet seasons, the results reflecting expected behaviour during 
both spring and neap tides; these figures are illustrative and represent the worst case, given that marine 
sand (which has the highest fines content) will only be dredged from Pit 3 for a period of approximately 
3 months and losses at other times will be lower. 

The deposition over a single dry season spring tide ranges between 0.0 I - 0.50 kg/m' over the majority 
of the affected area, extending from Tsing Yi in the north to Lamma Island and the East Lamma Channel 
in the south. A relatively thin band (approximately lkm wide) runs from just north of STY Pits I & 2 
down to Ap Lei Chau; a large proportion of this area experiences daily deposition of over lkg/m'. In 
those areas very close to the pits deposition can be over 2.0kg/m'. 

During the wet season spring tide the pattem of deposition is more fragmented. The affected area extends 
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further SOUtll iu ilie West Lanulla Channel and light deposition «0.5kg/m'/day) may be expected along 
parts of the north Hong Kong Island and Kowloon coastlines. The area affected by higher concentrations 
(> 1.0kg/m'/day) is very similar to that for the dry spring tide, however. In the main part of the East 
Lamma Channel, where the channel is deep and flows relatively high on this tide, it can be observed that 
there is no significant deposition «0.0 Ikglm'/day). 

During the dry season neap tide the overall affected area is smaller than for ilie spring tides, although the 
pattem of deposition over 1 kglm'/day is similar. The tendency for the East Lamma Channel to be clear 
is again apparent. 

Consistent with the suspended solids plumes for the wet season neap tide, the area affected is further nm1h 
than for the other furee tides, centring on South Tsing Yi and, in the lower deposition rate band (0.01 -
0.50 kglm'/day), reaching up the west coast of Tsing Yi to the mainland at Ting Kau. 

The illustrative depth of deposition which may be expected over 6 months during the dry season is 
predicted to be between O.OOlm and 0.20m over much of the model area. The deepest deposition lies 
on the line running south south east from just north of the pits down to tlle southern end of the west coast 
of Hong Kong Island, near Wah Fu. In the areas closest to the pits depths are predicted to be in excess 
ofO.80m over the six month period. 

The illustrative 6 monili predictions for the wet season again show a more fragmented picture than the 
dry season results although the relative areas affected by the contour bands are similar in size. The 
influence of the wet season neap tide can be seen to have pushed the central area of high concentration 
slightly north. The deposition expected in the central part of the East Lanuna Channel is again negligible 
«O.OOlm) although the sides of the Channel, home to sensitive coral communities, may experience 
greater depths (but still likely to be less than during ilie dry season). 

It should be noted that long terID bed levels in the areas to be affected by deposition are, on the whole, 
stable and it is probable that some of this material will be re-eroded during subsequent storm events and 
dispersed over a wider area (Ref 4.18). 

Impacts on Sensitive Receive.·s 

Comparison of the results for the four tides suggests that the wet season spring tide presents the worst 
case, The high water velocities associated with this tide result in an extensive plume much of which 
contains concentration increases in excess of 10 mgll. 

The impacts are evaluated by comparing the predicted maximum increases in sediment concentrations, 
when added to background levels, with the concentrations which might result in water quality problems 
for sensitive receivers. The background levels are taken from routine EPD monitoring data for 1 992 as 
presented in Table 4.4. 

The contoured plots produced from the model runs described above indicate that several of the potential 
sensitive receivers identilied will not be adversely affected by the sediment plume. These include the 
mariculture zones at Ma Wan and SokKwu Wan, the Ocean Park seawater intake and the bathing beaches 
on Hong Kong Island South. Similarly, although tl,e plume does extend along tl,e n0l1h coast of Hong 
Kong as far as Sheung Wan tor shm1 periods under some conditions, concentrations are very low and 
there is no likely significant impact on seawater intakes there. 

Figures 4.17 - 4.20 present tl,e predicted tidal variation in concentration increases, at positions of the 
sensitive receivers most at risk, for each of the four tide types: dry spring, wet spring, dry neap and wet 
neap tides respectively. The specific impacts associated with the wet season spring tide mitigated case 
are also presented (Figm·e 4.21). TI,e key sensitive receivers in ilie areas which are affected by the plume 
include the mariculture zone at Lo Tik Wan, the Tsing Yi power station cooling water intake, the WSD 
flushing seawater intake at Kennedy Town, ilie Housing Authority flushing water intake at Wah Fu and 
the cooling water intake for Queen Mmy Hospital at Pokfulam. 
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Table 4.8 summarises the maximum impacts that may be expected on these key sensitive receivers for 
all four tide types under the worst case scenario. The reduced impact UmitigatedU case for the wet season 
spring tide is also included. 

The results summarised in Table 4.8 indicate that, in general, predicted increases in sediment plume 
concentrations in the vicinity of most of the sensitive receivers will be significantly below maximum 
acceptable levels. The requirements for protecting pumping plant at Tsing Yi and other cooling water 
intakes are many times higher than maximum concentrations in any of the areas where the plume meets 
the coastline. Similarly, the guidelines for protecting mariculture zones are safely above the increases 
predicted at Lo Tik Wan, the only mariculture zone predicted to be affected at all by the plume. 

Although it is located near the edge ofthe plume where increases are relatively low, the critical impact 
indicated in Table 4.8 is likely to be that at the WSD seawater intake at Kennedy Town. The WSD WQO 
of IOmgll may occasionally be exceeded by background concentrations at Kennedy Town and the 
maximum values recorded at most stations are generally close to this limit. The maximum increases in 
the surface layer on both SPling tides and the wet season neap tide are sufficiently high to result in regular 
exceedance of the WQO at this site. 

The reduced impact scenario would result in the greatest reductions at those sensitive receivers along the 
west coast of Hong Kong Island, namely the Queen Mary Hospital cooling water intake and the Housing 
Authority flushing water intake at WabFu. There is little effect on sensitive receivers located to the north 
and south as a result of the reduced fines loss rate associated with this scenario. 

The anticipated regular exceedance of the WSD WQO at the Kennedy Town intake indicates that 
mitigation measures will be required to reduce concentrations to an acceptable level. 
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Sensitive 
Receivel' 

WSDKennedy 
Town SW PS 

T sing Yi Power 
Station Cooling 
Water Intake 

Queen Mary 
Hospital 
Cooling Water 
Intake 

Housing 
Authority Wah 
Fu SWPS 

LoTikWan 
MCZ/Luk 
Chau Wan fry 
collection zone 

Notes: I. 
2. 
3. 
4. 
5. 
6. 
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Table 4.8 Summary of Impacts of Increased Suspended Solids on Sensitive Receivers 

- ---- ---

[J o o 

Maximum Basis of Background Maximum Increase in SS (mgll) Maximum Total SS (l11g/l) 
acceptable maximum level 
s~ (mg/I) 

criterion (mgll) DS WS DN WN WS DS 
Mitigated 

10 WSDWQO 8 (VM8) 5 9 I 6 8 13 
(2 - 16) 7-21 

140 Guidelines 12 3 5 - 5 5 15 
for pump (WM3) 6-27 

wear (3 - 24) 

140 Guidelines 5 (WM1) 18 24 20 4 17 23 
for pump (2 - 8) 20-

wear 26 

140 Guidelines 5 (WM1) 28 31 26 - 23 33 
for pump (2 - 8) 30-

wear 36 

80 AFDLimit 5 (SM3) 11 20 4 - 17 16 
(3 - 9) 14-

20 

Background data are taken from EPD monitoring data for 1992 relating to monitoring stations as indicated. 
Predicted suspended solids increases relate to the surface layer unless otherwise specified. 

WS DN 

17 ~ 1I-25 

17 12 
8-29 3-24 

29 25 
26-32 22-28 

36 31 
33-39 28-34 

25 9 
23-29 7-13 

DS ~ Dry Season Spring Tide; WS ~ Wet Season Spring Tide; DN ~ Dry Neap; WN ~ Wet Neap; SW PS ~ Seawater Pumping Station. 
Values in "maximum increase in SS" columns are maximum levels within each tidal cycle at the points specified as predicted by the model. 

WN 

14 
8-22 

17 
8-29 

9 
6-12 

5 
2-8 

5 
3-9 

o o CJ CJ o 

WS 
Mitigat 

od 

16 
10-24 

17 
8-29 

22 
19-25 

28 
25-31 

22 
20-26 

Values in bold in "maximum total SS" columns are based on average EPD background levels~ values in italics are based on maximum levels from the range monitored by EPD. 
Double lines surrounding values in "ma}.;mum total SS" columns indicate possible exceedance of maximum allowable concentrations; thick lines indicate likely exceedance of 
maximum allowable concentrations. 
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Sensitive 
Receiver 

WSDKennedy 
TownSWPS 

Tsing Yi Power 
Station Cooling 
Water Intake 

QueenMary 
Hospital 
Cooling Water 
Intake 

Housing 
Authority Wah 
Fu SWPS 

Lo TikWan 
MCZ/Luk 
Chau Wan fry 
collection zone 

Notes: L 
2. 
3. 

4. 
5. 

Table 4.9 Summary of Cumulative Impacts of Increased Suspended Solids on Sensitive Receivel'"S (including effects of East Lamma Channel dredging) 

Maximum Basis of BackgroWld Maximum Increase in SS (mg/l) Maximum Total SS (mg/I) 
acceptable maximum level 
ss (mgll) 

criterion (mg/I) DS WS DN WN WS DS WS DN WN WS 
Mitigated Mitigat 

od 

\0 WSDWQO 8 (VM8) 5 9 I 6 8 13 17 Q 14 16 
(2 - 16) 7-21 11-25 8-22 10-24 

140 Guidelines 12 3 5 - 5 5 15 17 12 17 17 
for pump (filM3) 6-27 8-29 ·3-24 8-29 8-29 

wear (3 - 24) 

140 Guidelines 5 (WM1) 18 34 20 4 27 23 39 25 9 32 I 

for pump (2 - 8) 20- 36-42 22-28 6-12 29-35 i 

wear 26 I 

140 Guidelines 5 (WM1) 28 41 36 - 33 33 46 41 5 38 
for pump (2 - 8) 30- 43-49 38-44 2-8 35-41 

wear 36 

80 AFDLimit 5 (SM3) 11 30 14 - 27 16 35 19 5 32 
(3 -9) 14- 33-39 17-23 3-9 30-36 

20 

-----

Background data are taken from EPD monitoring data for 1992 relating to monitoring stations as indicated. 
DS ~ Dry Season Spring Tide; WS ~ Wet Season Spring Tide; DN ~ Dry Neap; WN ~ Wet Neap; SW PS ~ Seawater Pumping Station. 
Values in "maximum increase in SS" columns are maximum levels within each tidal cycle at the points specified as predicted by the model ofWSC. increased by the maximum of 
the appropriate contour range for tida average conditions for the East Lamma Channel. 
Values in bold in "maximum total SS" columns are based on average EPD background levels; values in italics are based on maximum levels from the range monitored by EPD. 
Double lines surrounding values in "maximum total SS" columns indicate possible exceedance of maximum allowable concentrations; thick lines indicate likely exceedance of 
maximum allowable concentrations. 
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Because of the low background suspended solids concentrations in the relevant waters as indicated by the 
available data, the limit imposed by the WQO for suspended solids of a 30% increase over ambient levels 
results in a low target level which will be exceeded by many parts of the plume at certain stages of each 
tide. Taking the average ofthe annual mean values recorded by EPD for 1992 at stations in the area that 
will be affected by the plume gives an ambient background level of just 7mgll which, when increased by 
30%, gives a limit ofless than IOmgll. However, the actual impacts associated with this target limit 
would be negligible and large areas of the plume which do not comply with the WQO would still be at 
sufficiently low concentrations to be visually unapparent. In interpreting the predicted concentrations 
against the WQO, emphasis should be placed on ensuring that sensitive receivers and marine 
communities are protected. 

Figures 4.22a and 4.22b illustrate, for the surface and bed layers respectively, the areas where, based on 
average concentrations in the surlace layer for the wet season spring tide (worst case), the suspended 
solids concentrations are likely to rise more than 30% above the assumed background levels (representing 
an exceedance of the WQO). Also indicated is the area where total average concentrations (ie 
background + increase) may be expected to exceed 80mgll, adopted as being a conservative limit above 
which adverse effects on some fOlTIlS of marine life may be expected. A mid-range total concentration 
contour of30mg/1 is also shown. The figures clearly demonstrate that total average concentrations over 
80mgll are only likely to occur in very small areas in the immediate vicinity of the dredging works and 
that the area where concentrations would exceed 30mg/l is relatively small. 

Although concentrations which would threaten marine communities or sensitive receivers are not 
expected to arise on a large scale, it is possible that visual impacts may arise in the parts of the plume with 
concentrations over, say, 30mgll. Such visible impacts will be of a temporruy nature but they may attract 
complaints from fishelman or the general public, particularly where the plume is visible at tlle coast or 
from passing ferries. It is not anticipated that concentrations will be sufficiently high to present a tlu·eat 
to vessel water intakes. 

Cumulative Impacts 

An assessment has been c8nied out of the possible additive effects of the dredging to be undeltaken in 
the West of Sulphur Channel BOlTOW Area with those of other conCUlTent activities nearby. The sediment 
plume modelling undeltaken as pmt of this study has ah·eady included the dredging sources at Pits 1/2 and 
at the GIRPD westem seawall. The other major dredging area in the vicinity with which additive effects 
are likely to be experienced is the East Lamma Channel Borrow Area. 

The effect of the interaction of the two plumes is a complex one. If, for example, the plume fi·om the ELC 
dredging extended as far as the dredger working on the WSC pits, the losses from the WSC would be 
directly additive to the suspended concenh·ations in the receiving waters generated by the ELC dredging. 
More remote fi·om either dredger, the interaction of the plumes will be complex depending on the tidal 
flows and mixing processes. The resulting combined plume concenh·ation will vary from almost 100% 
ELC and 0% WSC to a weighted average of the two concentrations to 0% ELC and 100% WSC 
depending on location. 

It is difficult to estimate tile combined plunle concentrations with much accuracy without simulating both 
dredging operations simultaneously in the same model. In canying out the assessment of cumulative 
impacts, the concentrations have therefore simply been added togetller giving the upper limit on possible 
combined impacts. Table 4.9 indicates the "maximwl1" levels at the key sensitive receivers based on the 
maximum within-tide increases predicted by the model for WSC, increased with the maximum end ofthe 
relevant tide average contour band for ELC, where applicable. Based on the ELC study results, the 
average increase in suspended solids at any of the WSC sensitive receiver locations in Table 4.9 lies 
within the 1-IOmgll band. The additional impacts caused by ELC dredging over and above the maximum 
predictions for WSC have therefore been represented by adding 10mgll at each sensitive receiver location 
where the plumes overlap. 

Figures 4.23 - 4.25 show the predicted cumulative concentration increases in plan fmm, derived by 
adding together the tide average predicted concentrations for both WSC and ELC, in those areas where 
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the average plumes from the two sources are expected to overlap. For the dry season spring tide the 
overlap is confined to a relatively short stretch of the East Lamma Channel and gives the combined 
concentration increases illustrated in Figure 4.23. 

Dwing the wet season spring tide, the overlap in the surface layer covers an almost identical area to that 
for the dry season spring tide with similar cumulative concentrations expected. In the bed layer the 
overlap extends to the 1O-20mgll contour of both plumes over limited areas off the west coast of Hong 
Kong Island giving a possible maximum increase of over 40 mgll (although it is unlikely to be as high as 
this). However. the impact of such concentrations in the lower layer is less serious than it would have 
been in the upper layer~ given the short duration and limited area over which such additive effects may 
be expected and considering the sensitive receivers nearest to the relevant areas, this is not perceived to 
cause any unacceptable impacts. The combined effects where the plumes overlap are shown in Figure 
4.24. 

Dwing the dry season neap tide, the overlapping area extends from north of Green Island to south of the 
Ocean Park headland. The northern part of the overlapping areas includes the high concentrations of 
suspended solids concentrations that will occur in the vicinity ofthe WSC pits. The ELC plume is less 
than IOmgll over the entire area of overlap, however, so the marginal effect of the overlap is oflimited 
significance. The combined effects of the overlapping plumes are shown in Figure 4.25. 

There is no overlap between the two plumes during the wet season neap tide. 

The environmental review of potential bOlTOW areas in the North Lamma Channel (Ref. 4.13) identified 
a potential borrow area between Pit 3 in the current study and the north ofLamma Island. However this 
area has not been gazetted and, in the absence of details relating to its probable environmental impacts 
and dredging programme, the cumulative effects of this area have not been taken into consideration. 

Control & Mitigation Measures 

In order to minimise adverse impacts on water quality resulting from tlle Works, metllOds of working 
should be canled out to: 

• 
• 
• 
• 
• 

minimise disturbance to the sea bed during dredging and disposal activities~ 

minimise leakage of dredged material during lifting or disposal activities; 

minimise loss of material during transpOlt of fill or dredged material; 

prevent discharge offill or dredged material except at approved locations~ and 

prevent the breach, due to the Works, of the TAT limits specified in tl,e Environmental 
Monitoring & Audit (EM&A) Manual by the timely implementation of suitable Action Plans. 

Unacceptable impacts have been predicted at the WSD flushing seawater intake at Kelmedy Town. In 
order to reduce these to acceptable levels it is recommended that a silt screen should be provided around 
the intake. A suitably designed screen may be expected to reduce suspended solids concentrations 
reaching the intake by a factor of approximately 2.5 so that, for example, the expected maximum 
concentration ofl7 mgll during the wet season spring tide (Table 4.8) would be reduced to 7mgll. In the 
event that the tidal cycle maximum increase at Kennedy Town due to the plume should coincide with 
ambient levels oftl,e order of the maximum recorded by EPD at Station VM8 during 1992, the resulting 
concentration of 25mgll would be reduced to 10mgll with the screen present. 

It is recommended that the reduced impact scenario, comprising the dredging of a mixture of marine sand 
and alluvial sand during each cycle in Pit 3, is implemented only as a mitigation measure in the event of 
exceedance of the Action level specified in the EM&A Manual. The marine sand overlays the alluvial 
sand and would therefore be dredged fll'St, allowing the reduced impact scenario to be adopted at any time 
whilst reserves of marine sand remain. 
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Appropriate monitoring will be necessary to confinn quantitative predictions of environmental impacts 
and to ensure that increases in suspended solids are contained within limits which will prevent significant 
detrimental effects on sensitive receivers. Because pru1s of the plume will inevitably consist of high 
suspended solids levels which would exceed the long telm WQO limits, a system of TAT limits which 
relates to protection of the marine communities will be required. 

Compliance monitOling should comprise a system of monitoring stations and control stations. Whilst the 
TAT levels will relate ultimately to absolute values it is important that the increase in concentrations 
within the plume over the running background concentrations are monitored to check that impacts of the 
Works do not worsen as the project progresses. The control stations will also highlight any increase 
linked to causes other than the WSC dredging works, preventing the unjustified imposition of mitigation 
actions on the Contractor. The recommended monitoring and control stations are shown in Figure 4.26. 

A :further three stations indicated in Figure 4.26 are recommended in accordance with the requirements 
of AFD concerning the monitoring of impacts at Sok K wu Wan and Yung Shue Wan fish culture zones. 
One station is located adjacent to the boundary of each zone (FI and F2), with another single station 
approximately midway between the borrow area and the zones (CFI). Monitoring at these stations should 
take place on a daily basis and will be interpreted according to a different set of TAT limits and action 
plans, as detailed in the EM&A Manual. 

Three stations are located adjacent to water intakes at the Tsing Yi power station, the Queen Mary 
Hospital and the Wah Fu Estate (SRI to SR3 respectively in Figure 4.26). These stations are 
recommended for the purpose of ensuring that the respective sensitive receivers are protected from 
unacceptable impacts and will only be used in the event of the exceedance of Action limits at monitoring 
station Ml (for SRI) or M3 (for SR2 and SR3). 

To ensure that the running background level is applied appropriately, it is recommended that monitoring 
should begin a peliod of six weeks prior to the commencement of dredging. This will be important to 
establish adequately the actual background concentrations which exist at the start of the project so that 
impacts may be assessed against a fair baseline_ 

Monitoring and audit requirements which address the key potential enviromnental impacts identified in 
the course of this EIA are presented in detail in the EM&A Manual which is submitted in conjunction 
with this report (Ref 4.2). The Manual identifies the responsibilities of various parties, the monitoring 
programme and procedures to be adopted, and presents Action Plans linked to perfOlmance requirements. 

Conclusions and Recommendations 

The fimdamental inlpact on mmine water quality that may be expected to result fi'om the West of Sulphur 
Channel dredging in Pit 3 will be elevated levels of fine ineli material suspended in the water column. 
These suspended solids will arise fi'om the overflow dredging method using a TSHD and will be greatest 
when mmine sand is being (lredged, owing to the high fines content of this material compared to alluvial 
sand. 

The worst case scenario will comprise a combination of dredging for marine sand fi'om WSC Pit 3 (the 
study area for this focused EIA) and for alluvial sand in STY Pit 2. Because of unceliainties with the 
timescale of the project, it is fi.lliher assumed that this worst case will coincide with dredging work for 
the west sea wall for the GIRPD. 

Existing water quality data, primarily that collected by EPD as part of the Department's routine 
monitOling, indicate velY low ambient levels of suspended solids in the waters likely to be affected by the 
sediment plume. Data on sediment quality, subject to confilmation by data collected specifically for this 
study, indicate that sediments are uncontaminated; overlying marine mud at WSC Pit 3 may therefore be 
disposed of accordingly. 

Sediment transpOlt modelling of the worst case scenario has been can-ied out for tour tide types: spring 
and neap tides in both the wet and dry season. Comparison of the results for these indicate that the 
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greatest impacts may be expected during the wet season spring tide. A further modellun was carried out 
for a reduced impact scenario for this tide, assuming a lower loss rate by dredging a mixture of marine 
and alluvial sands during each dredging cycle. This approach could be adopted if mitigation is necessary 
following theexceedance of TAT levels. 

impacts have been assessed in relation to a range of sensitive receivers including flushing water intakes, 
cooling water intakes and mariculture zones. The only receiver predicted to be affected beyond 
acceptable limits is the WSD flushing water intake at Kennedy Town. It is recommended that the effects 
of the plume be mitigated to acceptable levels by installing a silt screen around the intake. 

The WQO for suspended solids limits the increase above ambient levels in marine waters within the 
Southern Waters and Westem Buffer WCZs to 30% of ambient. Because of the high losses associated 
with dredging of this nature coupled with the extremely low ambient levels, it is inevitable that the WQO 
will be exceeded by large parts of the plinne. However, the major part of the plume which exceeds the 
WQO is likely to be invisible and the level above which fish life may begin to be affected, conservatively 
assumed to be SOmgll, is only exceeded in very small parts of the pits themselves. Although part of the 
plume generated by the worst case scenario may have some visual impact, the exceedance of the WQO 
is not generally regarded as a serious problem in the circumstances. 

A system ofmonitOIing is recommended which complises monitoring and control stations. While linking 
TAT limits to absolute values designed to protect sensitive receivers, the difference between monitoring 
and control stations will allow the trend of impacts to be monitored and will help to identify when 
suspended solids may be elevated from other causes. Monitoring should begin prior to the works to allow 
the true running background levels to be established. 
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Dry Season Spring Tide: 

Nel Mud Deposil s over 1 Tide 
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Net Mud Deposits over I Tide 
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5. 

5.1 

5.2 

5.3 

5.4 

5.5 

5.6 

MARINE ECOLOGY AND FISHERIES 

Introduction 

This chapter reviews the available information on marine ecology and fisheries (including 
mariculture zones) in ordcr to assess the potential scope of impacts from the works. 

Environmental Standards and Guidelines 

There are no sellegislative standards for the assessment of ecological values of communities other 
than for tile protection of locally or globally endangered species and habitats. However, criteria 
which call be adopted to assess ecologital impact include the following: 

the impact, whether beneficial or harmful, on the ecological communities originally associated 
with the impact area; in particulru', the loss or reduction of endangered species through direct 
habitat destruction or other consequences of habitat alteration. 

the present importance of the existing communities in terms of their values for conservation, 
education or scientific research both on local and global scales. In this respect, factors such as 
the uniqueness of the community, ease of rehabilitation and ecological value in maintaining a 
robust. ecosystem can be considered. 

The assessment. of impact. on fisheries is related to the above criteria, whereby loss of benthic habitat 
and contamination of the water column can impact upon 11sh feeding and breeding grounds. The 
potential impacts can often be more readily evaluated for fishelies as mear.;urements can be taken with 
respect to stock size, population structure, catch per unit. effort and catch revenue. Further, biological 
parameters can be more readily quantified in mariculture fisheries where the commercial populations 
(Ire captive and there!'ore easily monitored. 

A restriction on the concentration of suspended scdiments allowed in mariculture zones (MCZs) of 
80mg!1 is recommended by Agriculture and Fishclies Department. 

In accordance with the Study Drief, no ecological or fisheries monitoring was undertaken for this 
assessment, and the evaluation has heen based on a review of existing information. 

Associated Impacts Related to Water Quality 

As identified in Chapter 3 of tJlis report, potentially major impacts associated with the Works relate to 
the physical removal of sediment matelial from the sea bed, suspension of that. mnteJial into the water 
column and its associated biological impacts on marine ecological communities, commercial fisheries 
in open waters, and MCZs. Suspended sedimcnts will impact upon the water column in the following 
principle ways: 

Increased suspended solids concentrations. This has the potential to affect tish physiology and 
reproduction. Incrcasing sedimcntation rates on the sea bed also have tJle potential to affect 
sensitive benthic fauna and 1101'a; 

Decreasing dissolved oxygen levels. This can occur via chemical amI biological processes 
acting upon rcduced chemical constituents and/or organic matter in the suspended sedimellts; 
and 

Release of contaminants (e.g. heavy metals, organics) associated with the solid and aqueous 
phase of the wspendcd sediments. The impact. of contaminants is dependent. on the levels 
initially present in the sediments. and they may bc associated with acute or chronic effects on 
maline ecological communities. 
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5.7 

5.8 

5.9 

5.10 

5.11 

5.12 

5.13 

5.14 

Existing Marine Ecological Communities 

The marine environment in the vicinilY of WSC Pit 3 is representative of the oceanic transition zone 
of I-long Kong waters found between the oceanic waters to the east and the estuarine waters of the 
west. The transition zone is a region of interacting water masses. In summer, the surface waters arc of 
lowered salinity, elevated temperature and are relatively rich in dissolved oxygen. This surface water 
is separated from cooler, more saline bottom waters which afC low in dissolved oxygen. In winter 
when rainfall is minimal, mixing of the water column creates a relatively uniform water mass. 

The removal of mruine silt and clay lium WSC Pit 3 will result in the lOSS of approximately 1 km2 of 
benthic marine habitat. Ecological data available for the Sulphur Channel area is limited, although 
recent data are available from the CED Fill Management Study Phase IV Seabed Ecological Study 
(Ref 5.1). The main objective of the study was to determine the baseline conditions of benthic 
cOImnunities in the Sulphur Channel, as well as in and around the marine dumping ground at South 
Cheung Chau. Srunpling was undertaken using grab sampling of the macrobenthic surface and sub­
surface fauna. 

Survey sampling was undertaken at two locations in tile Sulphur Channel and at. six locations at South 
Cheung Chau including four within the dumping ground area and two control sites. The monit.oring 
locat.ions are shown in Figure 5.1. 

The two grab samples taken in the Sulphur Channel included 92 invertebrate macrobenthos belonging 
to 32 taxa where the dominant groups consisted of polychaetes, molluscs and crustaceans. 

Of the three dominant groups polychaetes were numerically most abundant in the samples (68 %) and 
comparative analysis to marine spoil dumping monitoring stations at South Cheung Chau indicated a 
relati vely high ahundance, suggesting that the Sulphur Chrmllcl sites arc representative 01" a relaLively 
undisturbed benthic community. Other ecological indices, including species richness, diversity and 
evenness, also demonstrated that the Sulphur Channel monitoring stations were representative of 
undisturbed communities. Fmmal biomass wao.; greater Ulan at dumping monitoring stations at SOUUl 
Cheung Chau. Overall the monitoring data indicated that: 

the macrobenthic community in the Sulphur Channel is relatively species rich and diverse, and 
is relatively unaffected by disturbance of the marine environment; 

. marine spoil dumping, as demonstrated by smnpling undertaken in the South Cheung Chau 
marine dumping ground, has a major impact on abundance and diversit.y of the benthic 
community; and 

recovery of the benthic,community following marine spoil dumping was evident from smnples 
ta.ken from the South Cheullg Chau marine dumping ground, albeit at. a slow rate. 

The results of the macrobenthos survey for the Sulphur Channel stations me generally supported by 
results from other benthic surveys undertaken further south in the Lamma Channel which have been 
assessed with respect to the East Lamma Channel Marine Borrow Area (Ref 5.2). Earlier surveys in 
the West Lamma Channel showed the presence of large numbers of crabs, shrimp and mollusc. 

Within the East Lamma Channel, few hard corals are present hut sea fans, sea whips (gorgonian 
corals) and soft' corals were found to be abundant and exhibited a high species diversity in m-eas of 
hard substratum (Rcf 5.3). These non-reef building corals were estimated to be present in a relatively 
narrow band on each side of the channel (as indicated on Figure 5.1), while hfu·d corals were 
restricted to a zone between 4 and 10 m depth. Hard corals arc restricted to the eastern side of 
Lamma (south ofWong Chuk Kok) and will not be present. within the deeper waters of the WSC Pit 
3 area. 

More recent survey work (Ref 5.6) undertaken in support of this EIA to determine the t.ype and 
density of mm·ine life within the areas which may be affected by the dredging operations has shown 
that. the proportion ot" seabed covered by soft corals is greater than 10% only at. Luk Chau and Pak 
Kok on Lamma Island. The density and diversity of corals in this area is also considered to be high. 
However, hased on the common occurrence of these species of corals in many other 'parts of Hong 
Kong, the conservation value is described as medium. The density of coral to the south of Ap Lei 
Chau was assessed as medium densit.y (ie 6%- 10% cover) and low conservation value. The 
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distribution of coral along the west coa~t of Hong Kong Island towards Ap Lei Chau and along the 
norUl ear:;t coast of Lamma Island is considered to be sparse and of low conservalion value. 

The nearest Site of Special Scientific Interest (SSSI) is located at South Lrunma Island, centred 
m'ound Sham Wan I3each (Figure 5.1). There is evidence that. the beach acts as a turtle hatching 
ground, although recorded obscrvations m·e limited (Ref 5.2). The site is approximately 10 km 
distant li"om WSC Pit 3 (see Tahle 3.1). 

Potential Ecological Impacts 

Assuming that bcnthic communities arc of a similar composition to the Sulphur Channel monitoring 
locations used in the Seabed Ecology Survey (Ref 5.1), then removal of the seabed habitat will result 
in the loss of a relatively undisturbed macrohenthic community. 

Mm·ine silt. and clay dredged from WSC Pit 3 will be disposed of in tlle marine dumping ground at 
SOllth Cheung Chau. Whilst the dumping of this material in exhausted borrow pits can provide a 
suitable habitat for the recolonisation of the sea bed by marine organisms, it is likely that the positive 
impact of this will he limited, pmticularly if material is dumped over existing dumped material which 
has been pm·tially rccolonized. Eventual backfilling of WSC Pit 3 with uncontmninated mm-ine silt 
and clay from other borrow areas in Hong Kong waters will initiate and enhance recolonisat.ion by the 
macrobenthos. It is recommended that sllch action be considered following the completion of works. 

Suspended sediments in the water column from the dredging operation will enhance sedimentation 
rates down current of the Works. Benthic organisms are capable of sustaining an increased 
sedimentation rate, where the actual capacity is dependent on the actual rate of deposition, species 
tolerance, stage of life-cycle (egg, lmva, juvenile. adult) and other environmental stress factors (e.g. 
presence of toxins, watcr flow ami tempcrature). 

Hong Kong waters m'e known 10 contain a broad range of organisms with respect 10 sediment 
tolerance, but little is known about the ahsolute tolerance thresholds of most Hong Kong organisms 
(Ref 5.5). Sedimentation impacts may last for a relatively short. or longer period of time depending 
on the extent, duration and rate of dredging, as well as environmental factors related to the 
hydrological regime. Sedimentation impacts may be lethal due to direct. smothering of organisms, or 
indirectly through, for example, decreased light penetration. Non-lethal impacts may impair the 
functioning of the organism. for example via clogging of feeding and respiratory apparatus, (md have 
the potential to alter community species composition as more tolerant species assume dominance. 
'These impacts have bcen demnnstmtcd on a mngc of organisms including crabs, polychaetes, oysters, 
lobsters and clams (Rcf 5.5). Relatively high sediment concentrations, combined with multi-day 
exposures, were found to be required to injure or kill these organisms. In most casc.', larvae were 
found to be more sensitive to high sediment concentrations than adult specimens. 

11 is worth noting that many benthic communities in Hong Kong m'e located on sort muds and sands 
which are frequently disturbed hy storms which create high suspended sediment. loads in the water 
column. Macrohenthic invertebrates are therefore not likely to he mlversely affected by dredging 
activity with respect to sediment sllspension ami resettlement, and the main impact will relate to 
direct habitat loss in the WSC Pit 3 arca. 

Corals are also highly variable in their tolerance of sediment concentrations, where variations ru'e 
species-specific and growth-form specific (Rcf 5.5). In contrast to other bCllthic fauna, some of the 
most common hard coral species in lIong Kong are easily damaged and killed by sedimentation and 
are therefore considered to be the most sensitive marine organisms to sediment impacts associated 
with dredging activity. Coral drunagc can take place rapidly for sensitive species, especially hru'd 
corals, from the direct effects of smothering caused by sedimentation and indirectly from increased 
suspended solids levels which can induce chronic effects. Due to the slow growth rates of corals, full 
recovery takes many yem's and coral larvae arc known to be inhibited from settling and developing 
due to the presence 01" fine sedimcnt (Ref 5.5). 

Potential impacts on the local coral community, in the case of WSC Pit 3, are likely to be resu'icted to 
im'pacts from both increased suspended solids levels and increased sedimentation of the seabed, 
rather than a direct loss or hahital. However, in considering the potential damage to corals as a result 
of potential sedimentation account needs to be taken of t.he type of coral, the rate of sediment 
deposition amI the coral growth position (ReI' 5.6). 
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Evaluation of sediment impacts on coral has been based on the predicted mass of sediment deposition 
over a single tide (kg/m2/tide) and total depth of deposition resulting from a continuous dredging of 
marine sand over a six month period (Figures 5.3 and 504) as generated by tlle W AHMO model for 
the water quality assessment (Chapter 4). This has been compared with the disuibution corals 
(shown in Figure 5.1) and tlle additional information provided by tlle recent survey (Ref 5.6). In fact, 
Ule total sediment deposition is likely to be less as half the total volume of material to be dredged 
trom WSC Pit 3 will be tlle better quality alluvial sand (see Tables 2.3 and 2.6). Asa result it is likely 
that tlle total deptll of sediment deposition will be two thirds of that shown on Figures 5.3 and 504. 

The predicted mass of sediment deposition over a single tide demonstrates that tlle soft coral range 
will be impacted during the dry season spring and neap tides, as well as tlle wet season spring tide. 
Tidal deposition rates witllin tlle soft coral range are similar for each of tllese three tidal types for the 
band of soft coral adjacent to tlle west coast of Hong Kong Island toward Ap Lei Chau, reaching 
between 1.0 and 2.0 kg/m2/tide. Lower deposition rates of between 0.5 and1.0 kg/m2/tide extend 
SOUtll east toward Ap Lei Chau and tlle cenu·al part of the soft coral range. Tidal deposition rates of 
0.5 to 1.0 kg/m2/tide are also predicted within the band of soft coral adjacent to the coast of north­
east Lamma, Witll isolated areas of deposition of between 1.0 and 2.0 kg/m2/tide for tlle wet season 
spring tide. 

A comparison of the extent. and concentration of total sediment deposition (metres) with the 
distribution of corals (Figure 5,1) demonstrates a potential impact from dredging associated with 
WSC Pit 3 for bOtll tlle dry (Figure 5.3) and wet (Figure 504) seasons, where tlle greatest impact is 
predicted for the dry season. Total accumulation of sediments adjacent to the west coast of Hong 
Kong Island toward Ap Lei Chau, will be in the order of 0.3 to 004 m with isolated areas of deposition 
of greater tllffil 004 m over a six month period. Towards Ap Lei Chau total sediment deposition 
decreases to between 0.1 to 0.3 m. During Ule wet sea,on, Ule accumulated sediment wiUlin Ule soft 
coral range will be lower reaching a maximum of 0.2 to 0.25 III over a six month period. For both 
seasonal periods a small area of accumulated sediment. of between 0.1 and 0.2 III is predicted adjacent 
to the north coast of Lamma Island (Pat Kak) and Luk Chau, where a higher density of corals has 
been indicated. 

A high percentage of tlle corals at the tlueatened sites shown on Figure 5.2 have been identified as 
gorgonian sea fans amI sea whips. These corals have flexible skeletons which move in response to 
water currents and act as a protective mechanism against the deleterious effects of sediment 
deposition on the surface of the coral. 

Of the areas in the East Lamma Channel which ru·e predicted to experience high rates of sediment 
deposition only the coral range on the nonhem coastline of Lrunma Island (Pat Kok) and Luk Chau 
have dense populations of gorgonian corals between -10 and -16 mPD. I3ased on the growth form of 
these coral species and the fact that approximately 50% of the corals were found growing from 
vertical or sub-vertical substrate these corals would not be susceptible 10 sediment accumulation. As 
the total deposition i.s estimated to be less than 0.2 m in the areas concerned, it is also considered that 
the remainder of these organisms growing on the lower lying seabed would not be at risk of complete 
burial even if continuous deposition of sediment occur as predicted. The corals in this area are 
considered to have a medium conservation value (Ref 5.6). Although of high risk of mortality ti·om 
deposit.ion, the corals in the range adjacent to the west of Hong Kong Island are of low density and 
low conservation value. It is likely that much of the coral community in this m·ea has already been 
damaged or destroyed as a result of the amount of shipping and oU1er activities occuning within the 
Ea<;t Lamma Channel. Soft coral colonies located in more open and faster flowing waters are more 
likely to survive due to the tlexibility of soft corals and the cleansing action of Ule faster tidal 
currents. The actual degree of impact is dependent on the resuspension and redistribution of 
sediments caused by stonn events throughout the duration of works. 

A comparison of the single tide deposition rates associated with Ule WSC Pit 3 dredging activity and 
that associated with the East of Lamma Channel MI3A indicates that. Ule critical tide for cumulative 
impacts will be the wet season spring tide. For sediment. deposit.ion associated with the East of 
Lamma Channel dredging activity, deposition rates are highest along the west coast of Hong Kong 
Island towm·ds Ap Lei Chau, reaching up to 1.0 kg/m2/tide with isolated m·eas of between 1.0 and 
2.0·kg/m2/tide. It therefore appears from the respective modelling predictions that the impact of 
deposited sediment during the wet season spring tide for the two dredging activities m·e similm-. 
Cumulat.ive impacts are considered likely to increa"ie the risk of mortality of the soft coral community 
along the norU1-eastern coa'itline of Lamma Island. 
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Signil1cant impact!<i on the hard coral community IocalccJ on the east of Lamma Island (south of Wong 
Chllk Kok) are considered unlikely due to uleir remote location from the boundaryofWSC Pit 3. It 
is more probable that the hard coral community will be directly affected by dredging associated with 
the East of Lamma Channel Marine Bonow Area. 

No toxicological impacts on the benthic fauna are envisaged on the premise that surface sediment 
taken from WSC Pit 3 and analy~ed, as pari of this study, for heavy metals do not show any 
significant contmnination according to EPD criteria. 

Existing Fisheries and Mariculture Zones 

The East Lamma Channel EA (ReI' 5.3) reported uml 250 fishing vessels are estimated to operate in 
East Lamma waters producing an fIllllllai catch of 540 tonnes of fish valued at HK.'f; 6.6 million. It is 
unlikely that these vessels will operate in tlle WSC Pit 3 area as l1shing is prohibited in the fairway. 

A marine fishery baseline survey was conducted for the Lrunma Dredging Audit. Baseline Survey 
(Rci' 5.2), to determine species diversity and abundance for demersaI fintish and shellfish in East 
Lmnma Channel. The fish catch was dominated by gobies, sole and cru'dinal fish which contrasted 
with an earlier survey conducted in t11e mid-1970's where the catch was dominated by cmaker, sole 
and cru'dinal fish, with bream caught during certain seasons, In the recent survey invertebrates 
dominated the catch both in weight and number, whereas in the earlier survey invertebrates were 
generally insignilicanl. The change in community composition and species abundance in the East 
Lamma Channel may he due to many factors including all increased intensity of fishing and 
influences from marine pollution. Whilst it is dif11cult to extrapolate from the survey tindings to the 
WSC Pit 3 area, it is likely that similar alterations to the marine fisheries have occun'ed. 

There are two gazetlcd MCZs along the eastern coastline of Lamma Island (see Figure 5.2) i.e. Lo 
Tik Wan and Sok Kwu Wan, The MCZs are respectively located approximately 5 km and 7.7 km 
distant from the boundary of WSC Pit3. Annual income generated from the two zones is 
approximately HKS 15 millioll and HK$ 14.7 million respectively (AFD 1990, 1992 statistics). Four 
main nsh types are fanned in tlle MCZs (Rcf 5.3) including: 

Groupcr (AerolalCd grouper, Green grouper and other species); 
Purple Amberjack (Yellow tail); 
Russell's Snapper; and 
Gold-lined Sea Dream, 

A small, ungazettcd mmiculture w'ea is also prcsent at Yung Shue Wan. Fry collection areas for 
mariculture arc located at Yung Shue Wan and Luk Chau Wan on the north west and north east coast 
of Lamma respectively (Figurc 5.2). 

Potential Fisheries and Mariculture Impacts 

Loss of sea bed habitat from dredging operations associated with WSC Pit 3 will result in the 
avoidancc of the area by adult fish species which are relatively mohile and able to quickly locate to a 
more congenial environment. The main direct impact of dredging activity will be the loss of feeding 
grounds for fish species dependent on the benthic fauna, but this can be expected to be limited in 
extent. The duration of this impact is dependent on the recolonization of the borrow area following 
the cessation of dredging, whcrehy backrilling of WSC Pit 3, as recommended in Section 5.16, will 
result in an enhanced rate of re-colonization. 

Commercial fishing activity in the vicinity of WSC Pit 3 will be affected for the duration of t11e 
Works, due to restricted access hecause of the presence of dredging vessels and t11e aversion of fish 
species to the area arfected by elevated suspended sediment concentrations. The rate of 
recolonization of t11C seabcd following completion of the Works may also influence the available fish 
yie!ds in the area to a minor extent as fish fccding and breeding witllin WSC Pit 3 will be affected., 
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5.37 Suspended sediments in the water column will have variable effects on tlle commercial fish and 
invertebrate population depending on a host of species-specific and environmental factors, as 
discussed in paragraph 5.17. Vulnerability of fisheries will be greater with respect to Fry 
CollectionAreas due to tlle greater sensitivity of juveniles to high suspended sediment concentrations 
compared to adult fish (Ref. 5.5). 

5.38 MCZs are potentially more vulnerable to sediment impacts than open water fisheries as fish 
populations are captive, and tllerefore more readily exposed to adverse effects associated with an 
increased suspended solid concentration. Maturation success of the fish types in tlle MCZs is 
dependent on water quality and tile prevalence of disease. Fish are known to have a wide range of 
tolerance to sediment concentrations, where high concentrations may result in direct fish kills due to 
gill clogging, and lower concentrations may enhance susceptibility to disease. Fish may also be 
susceptible to the eutrophication of water as a result of sediment disturbance, eitiler directly or 
indirectly via the proliferation of phytoplankton which can reduce dissolved oxygen levels and 
produce biochemical toxins. 

5.39 Fish species associated with coral tend to be territorial and any sedimentation impacts on coral will 
also affect dependent fish species by depriving them of food and shelter. Certain fish species are also 
dependent on visual cues for mating and tenitorial behaviour and enhanced turbidity may eventually 
reduce diversity and abundance of fish (Ref 5.5). 

5.40 Further evaluation of sedimentation impacts on fisheries and MCZs ha.s been based on the sediment 
plume modelling results presented in Chapter 4. together with an estimate of predicted deposition 
rates. The results of EPDs routine monitoring of suspended solids for the monitoring stations closest 
to the FCZs at Lo Tik Wan and Sok Kwu Wan are sunnnarised in Table 4.3a for tile 5-year period 
1989 to 1994. Comparing the extent and concentration of sediment plumes with the location of 
MCZs, it can be demonstrated that sediment concentration under the worst. case scencu-io at Ule closest 
MCZ, Lo Tik Wan, will be in the range of 1 to 10 ppm above ambient (7 ppm). Therefore, tile 
maximum concentration of 17 ppm in the vicinity of Lo Tik Wan is well witllin the recommended 
guideline of 80 mg/l for tile protection of MCZs. Sediment deposition rates in the vicinity of Lo Tik 
Wan MCZ can be evaluated from Figure 5.3, where it can be seen tilat a total deposition of between 5 
and 20 cm may be expected over the dredging period. Again, tlle actual accumulation rate is 
dependent on tllC resuspension and redistribution of sediments during storm events, and deposited 
sediments are unlikely to have adverse effects on the MCZ as fish cages are suspended above the 
seabed. 

5.41 Again, no toxicological impacts on the benthic fauna m'e envisaged on the premise that surface 
sediment taken from WSC Pit 3 and analysed for heavy metals do not show any significant 
contmnination according to EPD critelia. 
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6. 

6.1 

6.2 

AIR QUALITY 

Introduction 

The chapt.er details the environmental standards and guidelines for air quality in Hong Kong and 
examines the meteorological and air quality data measured within the vicinity of Green Island and 
Kcnnedy Town. In addition, U1C air quality impacts arising from the dredging in the West of Sulphur 
Channel arc assessed. 

Environmental Standards & Guidelines 

Legislative conu'ols relating to Ule emission of pollutants are defined under the Air Pollution Control 
Ordinance as Air Quality Objectives (AQOs) which specify limits on ambient levels of seven 
common air pollutants. The Air Quality Objectives are reproduced in Table 6.1. 

Table 6.1 Hong Kong Ail' Quality Ohjectives 

Pollutant Average Time 

1 Hour 8 Hour 24 Hour 3 Months 1 Year 
- -

Sulnhur Dioxide 800 350 80 
- - -

Total Suspended 260 80 
Particulates 

- - -

Respirable 180 55 
Suspended 
Paniculntes* 

Nitrogen Dioxide 300 - 150 - 80 

Cm-bon Monoxide 30000 10000 - - -

Photochemical 240 - - - -
Oxi<hlllts 
(as ozone) 

u,KI - - - 1.5 -

Nb: All concentrations in micrograms per cubic metre (pg/m3), measured at 29S'K (25'C) and 
101.325kPa(one atmosphere). 
1 hour coneenl rations nollO be exceeded more t!Jan t IIree rimes per year. 
8 and 2411011f concentrations not 10 be exceeded more than once per year. 
3 month and 1 year concentrations are arithmetic means. 
*- Respirable sllspended parlicll/mes (RSP) means suspended particles in ah' with a nominal 
aerodynamic diameter qf 10 microns (pm) or less. 
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6.3 

6.4 

6.5 

6.6 

6.7 

Background Information and Monitoring Data 

Meteorology 

This section reviews tile general climate of Hong Kong and the prevailing meteorological conditions 
in the Kenneuy Town and Green Island arca. 

The typical wind regime of Hong Kong is dominated by the northeast monsoon in winter and the 
~outhwest monsoon in summer. Wind regimes are further complicated by the topography of I-long 
Kong. Surface winds may vary in speed and direction over quite short distances. In addition to the 
normal vruiations in wind speed and direction, the vertical distortion caused by roughness effects may 
also be modified by tile diurnal Ulcnnal effects of daytime anabatic winds enhanced by sea-breeze 
effects, and the night time katabatic winds enhanced by I~Uld breezes. 

Meteorological data for the Kennelly Town locaJity is limited. Green bland has an anemometer 
measuring wind data. Figure 6.1 shows the annllal wind rose for Green Island for 1974 - 1983 and for 
January 1990 to December 1992 (Ref. 6.1). Prevailing winds me east - north east, and south. The 
wind regime is dominated by the northeast monsoon in winter and the south west. monsoon in 
summer. The sensitive receivers identified in Table 3.2 would be affected by westerly winds (225' -
315<». On average these occur approximately 7% of the time (see Figure 6.1). 

Air Quality 

A network of EPD fixed monitoring stations measuring ambient air quality has been established 
systematically over the past decade in I-long Kong. In 1992, there were 11 stations in Ule network 
each measuring continuously gaseous and pmticulate pollutants and meteorological parameters. At a 
number of locations the level of toW I suspended partkulates (TSP) concentrations exceeded the AQO. 
In addition, breaches of the AQO for nitrogen (N02) and respirable suspended pmticulates (RSP) 
occuo'ed at. severall(>cations in 1992. 

The nearest EPD continuous air monitoring station to the Green Island/Kennedy Town area is Central 
and Western at Upper Level Police Station between High Street and Hospital Road. Air pollution 
levels me measured 18m above ground level. Table 6.2 shows the ambient air quality levels for 
Western and Cent.ral. 

Tahle 6.2 Amhient Air Quality Levels ror Western and Central (~g/m3) 1986-
1992 

Sulphur dioxide (S02) 

Yem 50% ilc* 98% ile* MerUl Maximum Maximum 
I-hollr 24-hour 

1986 8 35 17 545 127 

1987 10 67 15 269 75 

1988 13 72 19 196 73 

1989 9 66 16 236 77 

1990 11 99 19 402 142 

1991 13 75 18 409 62 

1992 15 113 23 727 135 
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Nih'ogell dioxide. (N02) 

Year 50% ile* 98% ilc** Mean 

1986 54 208 67 

1987 55 184 63 

1988 26 102 32 

1989 51 177 60 

1990 47 120 50 

1991 44 112 46 

1992 47 119 50 

Total slIspended partiell!:.tes (TSP) 

1986 81 196 89 

1987 85 184 90 

1988 95 188 90 

1989 81 174 84 

1990 73 150 75 

1991 75 

1992* 

Respirahle suspended partielll"te, (RSP) 

1986 53 

1987 68 

1988 66 

1989 48 

1990 51 

1991 

1992* 

Nb: * 50 percentile 
** 98 percentile 

134 57 

162 68 

156 71 

126 53 

100 54 

56 
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Maximmu Maximum 
I-hour 24-hour 

743 280 

452 227 
. 

782 235 

573 329 

218 152 

209 112 

206 115 

, 

215 

187 

362 

192 

229 

200 

153 

169 

172 

328 

144 

139 

131 

142 
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The resulis in Table 6.3 show that the sulphur dioxide levels in Ule area remained within the AQOs 
belween 1986 and 1992. The nitrogen dioxide situation, while improving over the petiod, showed a 
Humber of exceedences of the AQO for both the maximum I-hour average and 24-hour average pedod. 
The suspended paniculate results for both Ule total and respirable classes show a number of years 
where the yearly means were in excess of the AQO. The results show that the Green Island and 
Kennedy Town area suffers from poor air quality and any fUrlher emissions would be adding to an 
already impaired enviromnenl.. 

Potential Air Quality Impacts 

The nearest sensitive receptors in relation to potential air quality impacts were given in Table 3.2 and 
Figure 3.1. The distance from Ule boundary of the closest receptor to WSC Pit 3 is over 1 km. 

The only conceived impact on air quality is the emissions from trailing suction hopper dredgers 
(TSI-IDs) associated with the works, No dust emissions are expected from dredged material, as 
moisture content will always bc grent enough 10 prevent any dispersal of dry pmticulates. 

The air pollutallts emilleu hy the vessels may consist 01': 

nitrogen dioxide; 
total suspended paniculmcs (TSI'); 
respirable suspended particulates (RSP); and 
sulphur dioxide 

Nitrogen dioxide will be formed within the combuslion chambcrs of the vessel's engine as nitrogen in 
the aunosphere is oxidized under the high pressures and tcmperatures present. Particulate matter will 
also be emilled in the exhaust of the vessel's engines as a COllsc4L1cnce of the incomplete combustion 
of the diesel fuel. A limited amount of sulphur dioxide may also be emilled in the vessel's exhaust 
from sulphur present in the diesel fuel. 

It has been estimated that the number of dredgers necessary to complete tile marine b011'0wing for the 
CT9 reclamat.ion is an average of four 8000cum TSHDs for a period of two yeru's and two 8000cum 
TSI-IDs for a period of more than a yem', However, in spite of the number of dredgers required for the 
whole of the CT9 reclamation, no Illore than twO large dredgers will be permilled to dredge at tile 
same time in twO of the Ulree pits (i.e. STY Pits 1 and 2 and WSC Pit 3). 

It is unlikely that even in the most adverse meteorological conditions that emissions from two 
dredgers in the marine borrowing area would have a measurable effect on any of the sensitive 
receivers. As such, no mitigation measures are rcquired and it is cnvisaged that. no significant 
cumulativc air quality impacts would he lliisociated with the works. 

Reference 

Ref 6.1 Royal OhservalOry (1003). Meteorological l~lIa lill· Green Island. 1093. 
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7. 

7.1 

7.2 

7.3 

7.4 

7.5 

7.6 

NOISE 

Introduction 

This chapter details the environmental standards and guidelines for noise control in Hong Kong and 
ex("unillcs the available baseline noise level data within the vicinity of Green Island and Kennedy 
Town. In addition, the noise impacts from the dredging activities associated with WSC Pit 3 arc 
assessed. 

Environmental Standards and Guidelines 

The Noise Control Ordinance (NCO) provides a framework on which specific Regulations, 
Guidelines and Technical Memormlda have been produced. Of particular relevance to this study me 
the following documents: 

Technical Memorandum on Noise from Constmction Work other than Percussive Piling (Ref7.1; 
and 

The I-long Kong PJanning and Standards Guidelines. Environmental Guidelines for Planning in 
Hong Kong (Ref7.2). 

The objective of thi~ guidance anti legislation is to prevent noise problems ari~ing. through careful 
planning. and to provide statutory control over activities which generate noise. 

The NCO gives statutory provision Oil which noise from specific source~ may be controlled in the 
Technical Memorandum on Noi~e from Construction Work other than Percussive Piling. Giving the 
noise sensitive receivers (NSRs) in the vicinity of WSC PiL 3 the highest sensitivit.y rating, the 
acceptable noise levels' (ANLs) are shown in Table 7.1. Under the existing provisions there is no 
control of noise from powered mechanical equipment between 0700 and 1900 hours on normal 
weekdays. However, il is normal practice to use the target guideline of 75 dB (A) Leq 30 mins at the 
facades of noise sensitive receivers (NSRs). 

As it is intended that tile works are conducted on a 24 hour continuous basis (see Section 2.18), the 
contractor working in the borrow area will be required 10 obtain a Construction Noise Permit (CNP) 
under the NCO for working at night time hours of the weekdays and any time on general holidays 
(including Sundays). 

Tahle 7.1 Accephlble Noise Levels for NSU.s of the Highest Sensitivity Rating 

Time Period ANL (dU(A» 
Area Sensitivity Ruting: A 

All days during the evcning (1900 to 2300 hours), 60 
and general holidays (including Sundays) during the 
day-time and the eveninn (0700 to 2300 hours). 

All days during the night.-time 45 
(2300 to 0700 hours) 

Background Information & Monitoring Data 

This section reviews the available information relating to the prevailing background noise level in tbe 
Green Island and Kennedy Town mea. Existing information is available for the Green Island 
Reclamation (Pm!) Reclmnmion Study (Ref. 7.3) and is summarised in Table 7.2. 
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T"hle 7.2 Background Noise Levels in the Green Island and Kenlledy Town Areas. 

Location Noise Levels l\1ajor Noise Sources 

Noise Noise Level 
Descriptor* dn (A) 

Singapore Internat.ional L eq (30 min) 69.3 Road and marine u'afficl abauoirl 
School wholesale mm'ket. 
(830 775E 815 82SN) 

Kennedy Town Jockey Club L cq (30 min) 73.5 Road and marine traffic/ abat.toir! 
Clinic (830 81SE 81S 88SN) wholesale market. 

Centenary Mansions L eq (30 min) 74.0 Road and marine traffic! abattoir! 
(831 lOOE 815 885N) wholesale market. 

Vicinity of Mount Davis L eq (IS min) / 67.0 to 7S.3 / Road u'aflici Road tranic 

L90 (IS min) 57.2 to 68.7 

Serene Court (roo1) L90 (I hour) 54.0 to 60.5 Water front activities/ helicopters 
(830475E 815825N) 

Water front activities / 
51 Kennedy Town Pmya 

L90 (1 hour) 
61.8 to 65.8 conslruction activity / air 

(831 025E 816 075N) conditioning I u'af11c I market 
activities I helicopters 

Lung Hong Apartments (root) 
L90 (1 honr) 

63.5 to 65.S Water front activitiesl 
(831180E815930N) construction activity/ air 

cOllclitioningl trafficl helicopters 

Nh: Noise descriptors {Ire dependent 011 tho,\'e llsed under variollS monitoring programmes, 

Existing background noise level data for thc Kcnnedy Town area are typical of those of an urban 
I-long Kong environment. Sensitive receivers identified in Table 3,2 arc likely have noise levels 
which ru'e representative of NSRs in the vicinity of MOLIIH Davis (see Table 7.2) where background 
noise levels are dominated by road traffic noise. 

Potential Noise Impacts 

The impact of the works on noise levels at NSRs is dependent on the prevailing background noise 
level and the proximity of the NSRs to the source of noise. The NSRs in Table 3.2 are over Ik1l1 
distance from the houndru-y of WSC Pit 3. where the closest NSR is a group of low-rise Police 
Buildings, 

Noise emission sources from dredging vessels may include diesel motors and metallic Jolt. and shock' 
noise. TSHDs, which are to be used for the works (see Chapter 2) are considered to be one of tile 
quieter types of dredger as the pumps and other equipment ru'e located in the hull. 

Assuming that only a single dredger is located in WSC Pit 3 at. anyone time (see Section 2.2), with a 
sound power level of (LW A) of 102 dB(A) (Ref 7.3), then the noise levels (LPA) at the Police 
Buildings (E 830 144 N 815 142) Can be calculated ru; follows: 

LW A - 20 log d - 8 dIl (A) 

Where d ~ distance to facade of NSR i.e. 1,050 m (i.e. dredger located on the boundru'y of WSC Pit 3 
closest to NSR). 
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This gives a noise level of 37 dB (A) accounting for a noise facade effect of + 3 dB (A). An 
additional TSHD working in onc of STY Pits 1 or 2 would not conti"ibute significantly to this noise 
level. Hence the night time construction ANL of 45 db (A) is achieved. It. is also evidcllt from Table 
7.2, 111al background noise levels in tJ1C vicinity of identified sensitive receivers may already exceed 
the night time noise standard, ailhough this cannot be proven without specific noise monitoring. In 
reality, fm1her attenuation of the noise level associated with the works is likely due to the intervening 
topography of the foreshore, where the Police Buildings are located 40 m above Principle Datum. 

As the noise level at tile closest NSR is lower than the ANL by a margin of more than 5 dB CA), then 
the Conu'actor should readily qualify for a CNP. 

The refugee carnp on Green Island, located at a distance of 650 m from the boundary of WSC Pit 3, 
will not be impacted by operational noise from the TSHD as the camp is shielded by the intervening 
topography of the island, where no direct line of site exists. Noise levels at. the refugee crunp are 
likely to be affected by existing shipping amI ferry movements in the viCinity and shore based noise 
sources on Hong Kong Island. 

Based on thc above assessment, it. is not envisaged that the works will result. in any significant 
exceedance of relevant noise criteria and therefore associated cumulative impacts on prevailing 
background noise levels are not expected. No special mitigation measures are required beyond good 
working practices which should include ensuring that all powered mechanical equipment is 
~ldequately maintained and thm dredging vessels do not operate beyond the east.ern boundary of WSC 
Pit 3, particularly at night. 

References 

Ref 7.1 Technical Memorandum on Noise from Construction Work other than Percussive Piling. 
Environmental Protection DcpeU'uncnt, I-long Kong Government, June 1990. 

Ref 7.2 The Hong Kong Planning and Standards Guidelines. Environmental Guidelines for Planning in Hong 
Kong. Hong Kong Government, 1991. 

Ref 7.3 Binoie Consultants Ltd: Fill Management Study - Phase 11. East Lamma Channel Borrow Area 
Scoped Environmental Assessment Final Report. GEO, Civil Engineering Depru·tment, January 
1993. 
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8.1 
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8.6 

MONITORING AND AUDIT REQUIREMENTS 

Introduction 

The monitoring and audit requirements for the West of Sulphur Channel Marine Borrow Area are 
detailed in a separate Environmental MonitOling & Audit (EM&A) Manual (Ref 8.1) which acts as 
the reference document for all monitoring and audit requirements. 

The monitoring and audit requirements should be of a scale and nature that will enable the Contractor 
to discharge his legal and contractual obligations to ensure compliance with relevant Hong Kong 
environment,,'11 standards whilst, at the saine time, will allow the Contractor to maintain sufficient 
flexibility in the manner in which he uiidertakes the works. 

The Contractor should be required to comply with and observe all ordinances and associated 
Technical Memonmda, bye laws, regulations and rules which for the time being, m-e in force in Hong 
Kong and which govern the control of any form of pollution including air, noise, water and waste 
pollution and the protection of the environment. Failure to comply with legal environmental standards 
during the proposed works will render the Contractor liable to prosecution. 

Monitoring will be necessary to continn quantitative predictions of environmental impaclli and the 
efficacy of mitigation meao:;ures proposed in this Focused EIA report, and will provide data at m~ early 
stage which will Wrull of any reduction in the environmental integrity of the works. The timely 
implementation of Action Plans in the event of a breach of Trigger, Action and Target. (TAT) limits, 
as indicated in the EM&A Manual, will allow the control of any detected deterioration in the 
environment and thereby avoid tile mmlifestation of unacceptable impacts. 

Objectives and Responsibilities 

The Contractor should be responsible for: 

implementing environmental conU"ols and mitigation measures as specified in the EM&A 
Manual, and ensuring that appropriate licenses in relation to dredging of fill material and 
disposal of marine muds are obtained ti"om the rCleVffilt Authority; and 

adhering to any rea,onable directions given by the Employer's Representative with respect to 
maintenance of plant and equipment and tile implementation of Action Plans in response to a 
breach of TAT limits specified in the EM&A Manual. 

The Employer's Representative (ER) should be responsible for: 

making provision for a progrmnme of environmental monitoring and auditing in relation to tlle 
dredging of material and the disposal of marine muds during tile operational and post­
operational period of works, in accordance to the requirements of the EM&A Manual; 

ensurillg that control and smupie stations ru"e suitably located to provide data of sufficient 
quality to detect any statistically significant effect of the works in relation to TAT limits 
specitied in the EM&A Manual; 

ensuring that. environmental reports and data gathered !i"om the monitoring progrrunme is 
sufficiently interpreted with respect to TAT levels, and m'e completed and presented to tile 
Employer and EPD in an efficient manner; and 

ensuring that. directions given for environmental protection by the Employer and EPD are 
implemented by tile Contractor. 
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To achieve the monitoring find audit requirements the ER should arrange two team::; i.e.: 

The Monitoring Team 

The Environmental Management & Audit. Team 

The Monitoring Team 

The Monitoring Terun should be responsible for the collection and analysis of samples under the 
monitoring programme, as specified in the EM&A Manual. Persons undertaking the monitoring 
work should be suitably qualified, and the sampling, analytical and reporting procedures should be 
consistent. with Hong Kong Laboratory Accreditation Standards (HOKLAS) or similar. 

The environmental monitoring programme should have the following objectives: 

to collect. all environmental data neccssm'y In dctcnnillc any potential impacts identified in 
previolls chapters of this report; 

to ensure continuity ami consistency with monitoring surveys undertaken prior to the 
commencement of the works: 

to collect suf11cient data to verify the ctTectiveness of monitoring stations in determining 
potentially signil1cant impacts in the vicinity of the works; 

to collect surncient dala to determine the effectiveness of any remedial measures specified in 
this Focused EIA report to reduce residual (net) environmental impacts to acceptable levels; 

to aBow data and information to be retrieved ami interpreted throughout the operation of the 
works to verify compliance with appropriate environmental standmds and pollution control 
requirements specified in Ihis Focused EIA reporl. Dma mUSI be of suflicient quality and 
quantity to allow the statistical variation to be determined both within and between sampling 
periods and monitOling stCltions; and 

to establish a database of monitoring information throughout. the control, operational and post.­
operational monitoring period of the works. 

The Environmental Management & Audit Team 

The Environmental Management. & Audit Team should be responsible for ensuring thHl the works 
comply with appropIiate environmental sttlndanls and pollution control requirements specified in this 
Focused EIA report. The roles of monitoring and audit should be distinct to ensure an independent 
evaluation and reporting procedure or the Contractor's environmental performance. 

The Environmental Management & AudiL Team should be indepcndent. of the Contractor and tbe 
Monitoring Team, and should report to the ER regarding the Contractor's environmental performance 
and the requirements for the implementation of Action Plans specified in this Manual. The key 
responsibilities of the temn should be as follows: 

to advise the ER during periodic inspections of the works lO check working/management 
practices critical to the environmental integrity and acceptability of the site with respect to: 

aqucous emissions 
noise emissions 
atmosphClic emissions 
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10 check that smnpling and analytical procedures used in the mOlliLOring prognunme are 
consistclll with the requirements specified in the EM&A Mamial; 

to ascertain whether any extraneous activities to the works mea and any disposal sites for 
marine muds, unrelated to the works operation, may have influenced the monitoring data; 

to evaluate changes in measured pruoamet.ers to detect any deterioration in environmental 
conditions associated with tile undertaking of Ule works; 

to specify the implementation of staged Action Plans based on predetermined TAT limits to 
avoid a further detected deterioration in a meao;;ured environmental parameter for the works 
area and any disposal sites for marine muds. Implementation of Action Plans may include the 
specification of an increased frequency of monitoring. revision to operational practices and the 
application of remedial measures; 

to ensure that Action Plans are properly implemented by the Contractor; 

to review actions taken in response to any complaints received from the general public and 
consider whether any alterations arc required WiUl respect to operation of the works. A cleru'ly 
defined system should be established to respond prompiJy to public complaints; 

to review periodically the overall monitoring programme with respect to monitoring locations, 
frequency, parameters measured, analytical techniques and environmental controls and revise 
if necessary; 

to conduct review meetings with the Contractor, Monitoring Team, ER and EPD's 
Representative to consider environmental performance of the proposed works and to identify 
any improvements in working practices to avoid any exceedance of TAT levels. Such 
meetings should take place on a regular basis (Le. fortnightly) with provision for more frequent 
meetings in the event of a hreach of TAT levcls; and 

to submit regular monthly audit reports on the monitoring programmc consistenl with the 
requirements specified in the EM&A Manual. 

Specification of baseline and operational monitoring requirements, monitOling prolocols, monitoring 
proforma, reporting procedures, TAT limits, Action Plans and control/mitigation measures are 
specified in the EM&A M'lIlual. Audit reporting requirements arc also given in the EM&A Manual. 

Organisational stl1lcture ['or environmcntal monitoring and amlit is outlinecl in Figure 8.1. 

Reference 

Ref 8.1 Seot! Wilson Kirkpatrick. West of Sulphur Channel Marine Borrow Area Draft Environmental 
Monitoring and Audit Manual. Civil Engineering Department, September 1994. 
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WEST SULPHUR CHANNEL GRAB SAMPLING 

REPORT 

August 1994 

Contract Number: GE/93/0S 
Works Order Number: GE/93/0S.31 

INTRODUCTION 

Grab sampling witrun the West Sulphur Channel "'-as carried out by GEaTEAJv[ (HK) Ltd for the Fill 

Management Division of the Geotechnical Engineering Office of the Hong Kong Government under 

Contract Number GE/93/05, Works Order Number GE/93/05.31. 

The work was undertaken and completed on the 18th of August 1994, twenty six grab samples were acquired. 

as per the sur,ey programme. as shown in Figure I, Sample Location Plan. 

Navigation was provided by Ashtech DGPS using a T rimble receiver and Differential Corrections provided 

by F.T. Sinclair from a base station located at Chek Lap Kok. 

Water depths were obtained for each grab sample location using an Atlas Deso 20 echo-sounder. 

All positions are given as Eastings and Northings on the Hong Kong (1980) local grid. All depths are 

referenced to metres below the Hong Kong Principal Datum (mbPD), using predicted tidal reductions 

supplied by the Royal Observatory for the 18th August 1994. 

Geoteam (HK) Ltd 
tOfF Greatmany Centre. J09-115 Queen's Road E~~t. Wanchai. Hnn.~ Ki"lH! • Tf'! :.'if)R R,c:21 F:1x.::i2!=l1-l-~~ 
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829207 

828811 

829001 

S~9203 

828784 

829002 

829210 

829400 

829001 

829200 

829411 

828996 

829200 

829397 

829205 

829589 

829398 

Water Depth (mbPD). 

21.5 

22.7 

21.6 

21.2 

24.0 

24.1 

19.8 

25.0 

25.8 

26.0 

24.5 

263 

26.9 

21.7 

26.9 

27.5 

24.7 

26.1 

28.1 

26.2 

24.9 

28.5 

29.0 

25.4 

28.7 

29.8 



Heavy Metal Analytical Results 

Sample Copper Cad- Chrom-
Content mium ium 
mglkg content content 

mglkg mg/kg 

I 22 <0.2 33 

2 22 <0.2 30 

3 22 <0.2 26 

4 21 <0.2 30 

5 20 <0.2 32 

6 32 <0.2 33 

7 28 <0.2 32 

8 22 <0.2 31 

9 22 <0.2 31 

10 37 <0.2 32 

11 26 <0.2 31 

12 26 <0.2 35 

13 32 <0.2 - 36 

14 25 <0.2 30 

15 21 <0.2 30 

16 32 <0.2 34 

17 25 <0.2 30 

18 28 <0.2 31 

19 22 <0.2 31 

20 30 <0.2 31 

21 21 <0.2 31 

22 27 <0.2 28 

23 45 <0.2 41 

24 31 <0.2 30 

25 26 <0.2 29 

26 34 <0.2 34 

Lead Nickel 
content content 
mg/kg mg/kg 

33 16 

30 14 

29 12 

32 14 

33 IS 

35 . 16 

34 IS 

32 14 

30 15 

36 16 
~ 

33 IS 

39 17 

40 17 

33 IS 

32 14 

37 16 

29 15 

33 16 

33 IS 

35 16 

33 16 

31 14 

46 20 

34 15 

32 14 

37 17 

Zinc 
content 
mg/kg 

77 

80 

78 

75 

78 

84 

72 

79 

79 

92 

81 

87 

94 

58 

74 

88 

74 

73 

79 

85 

79 

76 

I ID 

84 

77 

88 

Mercury 
content 
mg/kg 

0.10 

0.10 

0.12 

0.09 

0.08 

0.15 

0.1I 

0.09 

0.09 

0.17 

0.14 

0.1I 

0.12 

0.06 

0.09 

0.12 

0.15 

0.13 

0'()9 

0.18 

0.08 

0.21 

0.18 

0.13 

0.1I 

0.14 
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