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Agreement No CE89/95 
Supplementary Environmental Impact Assessment for Dredging 

or the Anchorage Area ror Stonecutters Island Naval Base 

1. INTRODUCTIO時

1.1 General 

The 的~ectives of this Supplement~吋 Environmental Impact Assessment (ElA) are 
summarÎsed as follows: 

、
車a
f

--za Je--
to define the nature and extent of the environmental impacts arising from the 
proposεd dredging activities associated with the provision of an anchorage area 
for the Stonecutters. Naval Base; 

(ii) to identi句， any unacceptable environrnental irnpact associated with the 
irnplementatîon of the works; and 

(iii) to recommend rneasures to minîmise any adverse impacts to acceptable levels. 

The present Study supplements the findîngs of the Environmental Irnpact Assessment 
of the Slonecutters Island South Shore Naval FacilitÌes (Agreement No. CAO B 18) and 
focuses on the assessment of the impacts as草。ciated with the provision of two Class A 
and two Class B mooring buoys. 

Approximately 71 白，OOOm2 of seabed within the Study Area will be dredged to a depth of 
-10.5m or 酬 12.5m CD to accornmodate the proposed facilities. An estÎmated 2.3Mm3 of 
rnarine deposits will requîre to be dredged and disposed of off位te. A sediment quality 
studY was undertaken to determÍne the quality of the marine deposits in the anchorage 
area. 

The findings of the sediment quality study and the interpretation of the sediment plume 
modelling studies were used to determine the acceptable impacts associated with 
dredging and disposal of the marîne mud . 

. ‘',
aa w 



2. 

2.1 

ENVlRONMENTAL SETTING 

Environmental Le皂islation

Marine water quaIity in Hong Kong Îs governed by the 1980 Water Pollution Control 
Ordinance (Cap 358) (WPCO). Territorial waters are divided into Water Control Zones 
which have each been ascribed a serÎes of Water Quality Objectives. The Study Area is 
located within the VictorÎa Harbour Water Control Zone and the relevant water quality 
objectives promulgated for this area are g附n in Table 2.1 below: 

Table 2.1 \Vater Qua1ity Objectives for Victoria Harbour 

Objective 
叭later Qua1ity 

Victoria lIarbour* Sub閉ZoneParameter 

Offcnsive 0是our， tÎnts ar吋 - Not 10 cxtcnd nalural by >的% - Whole zone 
colours 

Visible foam，。丘， grcase - Not to bc prcscnt - Whole zone 
scum , lÎllcr 

E.coJi - Nol [0 cxcecd 1000/泊。ml， - Sccondary contact 
calculalcd as lhe gcometric mcan recrcation subzone 
of lhe most rccenl 5 consccutÎve - Inland 、~aters

sam plcs taken at Întervals of 
bctwccn 7 and 21 days 

D.O. wilhin 2m of botlom - not lcss than 2mg/l within 2m of - Marine waters 
the seabcd for 90% of thc 
sampling occasions during the 
whole ycar 

Dcpth avcrage D.O. - Not less than 4 mg/l for 90% of - Whole zone except 
the sam p1ing occasions 往uring fish culture zone 
thc whole ycar; values should be - Fish culture zone; 
calculatcd as lhe annual water (BU且2)

column ava 

pH - To bc within the rangc of - Marinc waters 
6.5-8.5 unÎls 圖 In additÎon, 
hmuan aCLlvÎLy should not cau紹
thc nalural pH ran學c to be 
cxtcndcd by more than 0.2 unit 

- Human activity should not cause - lnland waters 
thc pH of the waler to cxcecd thc 
range 6.0 - 9.0 units. 

Salinity - Changc duc lo dischargc not lo 闖 Whole 怠。ne

cxcecd 10(~ of nalural Icvcl 

Tcmpcralure change . Change due to dischargc llot to - Who1e zone 
cxcccd 20 C 

SuspC Il(kd solids “ Dischargc nol (0 raisc lhe • \Vhole zonc 
naluraJ am位icnt lcvcl by 鉤，五
nor accumulalio l1 of SS息

τox.i cants producing - lSnt to bc pr心cnl 粉 \Vhole zonc 
significant tox.ic cffccts 
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Table 2.1 \\'ater Quality Objective寫 for Victoria Harbour (Cont'd) 

Objective 
\Vater Quality 

Vktoria Harbour* Sub-Zone Parameter 

AmmonÎa - Annual mean not to excee品 - Whole zone 
0.021 mg/l calculatcd as 
unionîscd form 

NUlrients 總 nUlrÎcnts not lo be prcscnt in 學 Marine Waters 
quantitics suflìcicnt to cause 
cxcc品ivc or nuisance 巴ro，^1.h of 
algae or olhcr aquatic planls. 

輸 lcvcl of inor皂anîc nÎlrogcn - Marine Watcrs 
should no1 cxcccd 0.4 mg per 
lilrc, cxprcsscd as annual watcr 
column avcrage (scc notc 1) 

NOlc 1: Exprcsscd normally as the arilhmct Îc mcan of at kas13 measurClllcnts allm below surface, 
mid dcpth and 1m above the seabcd. Howcvcr În water of a dcpth of 5m or less the mean 
shall bc 1ha1 of 2 measuremcnts (1 m bclow surface and 1m above seabed), an益 in water of 
lcss lhan 3m the 1m bclow surfacc sample only shall apply. 

Objcctivcs shown for Viclor Îa Harbour are for Bcncficial Use Critcria No. 3, (BU-3), ex∞pt 
for E.coli which BU-6 crilcria havc bccn uscd. Below îs a summary of lhe bcneficial Use 
CrÎlcrÎa. 
BU-l; 

* 

BU-2; 
BU-3; 
BU-4; 
BU-5; 
BU闖6;

BU-7; 

BU-8; 

As a sourcc of food for human consumptÎon. WQOs apply lo the food itself, not 
thc watcrs. 
As a rcsourcc for com l11 crcial tìshcrics and sheU tìshcries (mariculture). 
As a habitat for marinc life and a resource for human exploitation. 
For bathing (March to Octobcr) ‘ 

For sccondary contacl rccrealÎon including divin皂， sail-boarding and dinghy saìling. 
For domcstic and industrial purpos峙， induding cooling, toilet flushing an是
dcsalinaLÎon. 
For navigalion anù shipping induding thc usc of officially approved and endorsed 
shc lLcrcd harbours 必nd typhoon shdters as lemporary havcns. 
For acsthclic c 你可，1ll1 cn

In additîon to the foregoing, in 1990 an amendment to the Ordinance contained a serîes 
of standards to be useu as control measures for discharges to sewers, inland and coastal 
waters. 

For this Supplemeritary EIA, hoth thè Water Quality Objecttves for VictorÎa Harbour 
and the Technical l\1emorandum on Standards for Effluents Discharged into Drainage 
and Sewerage Systems、 lnland and Coastal \Vaters (Ttv1) (\VPCO Cap 358 S.21) were 
adopted as the legislatÎ\'è criteria to be adhered to. 
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2.2 Environmental BaseHne 

2.2.1 The Study Area 

Stonecutters ‘ Island is 77 h~ctares in area and located 2. 1 km west of the Kowloon 
Peninsula. To the north west and west is Container Terminal 8 (CT8) Development and ‘-

to the north and north east is the West Kowloon Reclamation 冉'KR}. ln 1992 r 

Stonecutters' Island was joined to the Kowloon peninsula by 1訊社 reclamation associated 
with the CT8 and WKI之 projects.

In 1993 , reclamation work started on the construction of a n~w Hong Kong Government 
Dockyard within th~ north basin alr~ady occupied hy the HMS Tamar Naval Base. L~ 

Construction of the buildings for the Dockyard start成 in J anuary 1994 and was 一
completed in 1995. Work has also commenced 00 the provision of Stonecutters' Naval I . 
Base and access chanoel which is located on the Southern Shore of Stonecutters Island LJ 
as illustrated on Figure 2.1. 

2.2.2 Adjacent Shipping Activiti傌

The Northern Fairway 

The western breakwater of the Naval Base will be approximately 170m from the eastern 
edge of the North Fairway. 

甘le boundaries of the Northern Fairway stated in Cap. 313 Shìpping and Port Control 
Regulations are as follows: 

On the north , straîght Iines joining the fo lIowing positions:-

(i) latitude 22 0 1 T52' north , 
longitude 114 008'37 、 east;

(i i) latitude 22 019'04' north 
longitude 114 oOT38 t east; 

(i i i) latitude 22 c 19'39' north ‘ 
longitu這e 114006'30' east; 

(îv) latitude 22 019'21' no民九
longitude 114005'35' east: 

(v) latitu吐e 22 019'34' no閃h.

longitude 114005'1I'east; 

On the south 電 straight I ines joining the followîng position只于

(i) latitude 22 0 1 T4T north , 
longitude 114008'28 、 east;

(ii) latitude 22 018'56' north , 
longitude 114、 07'31 、 eas仁

(i ií) latitude 22 019'18' north 、

longitude 114006'48' east~ 
(iv) latitude 220 19' 19' no討扎

longitude 114006'33 ‘ east: 
(v) latîtude ~2019 、 15' north 、

10說gitude I 1 4. 006' t 8' eas t: 
(vi) latitude 220 t 9'09' north ‘ 

longitud~ 114 005'59 、 east:
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(vii) latitude 
longitude 

(viii) latitude 
longitude 

22 018'57' north , 
114 005'49、 east;

22 0 18'25 種 north ，

11.+ 005'46、 east;

On the east and west. straîght lines adjoining the extremities of the north and south 
boundaries. 

On the east and west. straight lines adjoining the extremities of the north and south 
boundaries. The vast majority of ships now calling at Hong Kong enter and leave the 
port viu the \Vestern Approaches (the East Lamma ChanneI) and those proceeding to 
and from the berths within harbour Iimits use the Northern Fairway. The Director of 
MarÎne has advised that whîle he has tentative plans to re心lign parts of the Northern 
Faîrw呵. these proposals would havt! little effect on the Stonecutters' Naval Base and its 
associated Anchorage Area. 
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On average, about 1,500 ocean-going vessels and China ferries arrive and depart from 
berths within harbour limits each month. On the basis that 5% of these vessels use the 
Sulphur Channel or the North Green Isiand Fairway (as advised by the 說arine
Department during the EIA for Stonecutters Island South Shore Naval Facilities) the 
average number ofvessels using the Northern Fairway each month Ís 1,350 inward bound 
and 1,350 outward bound. τhis e中圳的 to 90 vessels per day (45 inward and 衍
outward). 

It was also conc1 uded in the foregoin惡 EIA Study that for 18 hours a day the average 
number of vessel movements in the Northern Fairway is just over 4 per hour. During 
the perîo吐 between midnight and 6.00 a.m. the average number of vessel movements in 
the Fairway îs 2 per hou r. 

lt has been conservatively estimated that 90 ocean-going vessels and China feny 
movements ta l怯 place per day in the Northern Fairway, of which about 78 take place 
between the hours of 6.00 a.m. and midnigh t. This e可uatès to one vessel movement 
every 15 mÎnutes. If there Îs more shipping in the Northern Fairw呵I the contribution 
from the four new anchorage bu吟'$ will be even less. 

The total water area covered by the various existing anchorages and harbour mooring 
buoy area Îs about 1.600 hectares. The car嘉o handling capacity of these buoy and 
anchorage areas varies widdy, depending on the types of vessels and cargoes handled. 
Both buoy and anchorage areas are being significantly reduccù by reclamations in the 
harbou r. The West Kowloon , Central，嗎'anchai and Green ls1and reclamations will 
尪etween them cause a lo$s of 745 hectares of anchorage, including about 25 buoys, by 
1996、 if they proceed. New buoy and anchorage areas to repb“e the 10位 facilities will 
be required, but these 叫II he located to the west of the existing central harbour and will 
be serve c.J hv the East anu \Vèst Larnma Channels. 

On th t! basÎs ot‘ th 己 foregoing it may surmÎse c.J that the provision of the four new 
mooring buoys is thèrefore not expected to significantJy contribure to the overall vessel 
traftïc in this ar t!a eÎther Juring or following theÎr constructÎon. 
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2.3 

2.3 .1 

2.3.2 

Water Quality 

Existing Circulation Patterns 

Seasonal varÎations in the cîrculation patterns in Hong Kongs' coastal waters are best 
illustrated by the residual t1ows, which vary extensive1y between summer and winter, as 
山ustrated in Figure 2.2. Freshwater inflow from the Pearl River plays a significant role 
in the overall variations in temporaI and spatial conditions in the wet season in terms 
of 純linity gradients and tran哀port of pollutants. In the dry season conditions are 
generally well mixed. Even within the relativeJy small Stu冉r Area there are significant 
differences in local circulation patterns. 

Existing 怯'ater Quality 

ln the vicînity of the Study Area, some dramatic physical changes have occurred over the 
past two or three years with a consequential impact on local water quality. Not only has 
the channel between Northern Stonecutters Island and West Kowloon been closed but 
extensive marine works have also 色een ， and are still being, carried out within the area. 
For the purposes of this Supplementary EI.A、 recourse has been made to the results of 
water quality monitoring provided in the E I.A for the Stonecutters Island Southshore 
Naval Facilities included as Table 2.2. 

Table 2.2 Summary of Selected \Vater Quality Monitoring Data 

Period Parameter 

。o (mg/l) SS (mg/l) Turbidity (NTU) 

mean mm max mean nun max mean mln max 

* Station c2 4.3 之5 ?像4 17.6 1.9 73.5 14 2 61 
Sept 1992 
- Aug 1993 

Sept 1993 之2 2.4 ?后 14之 2.9 33.3 12 3 33 
幽 Feb 1994 

* Statíon W4 4.3 之。 6.8 20.6 2.3 136.4 18 2 116 
Sept 1992 
- Aug 1993 

Sept 1993 4.1 2.4 6.7 22.3 在8 59.3 19 5 56 
組 Feb 1994 

* Refer to Figure 之3.

2.3.3 Sediment Transport and Quality 

The seasonal and ùiurnal varÎatÎons in seùîment transport and ùeposition in Hong Kong' 
western wat己 rs afe wdl uocumented. Data co l1ected under a Geotechnical Engineering 
Office programme confirm己d the dominant effect of oceanic waters in preventing the 
ingress of suspenued seuiments from the Pearl River to Hong Kong's coastal waters on 
the tloou tìde. The same study cnnfirmeu that on the ebh tide 、 sediment deposition takes 
place in the \Vestern Harbou r. Deposition in this area is temporary as material is 
known to be re沁'orked bv W (lVè and tidal actìnn. 
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2.4 Future Environmcnt 

External f:泌的 ors which will affect future conditions within the Study Area. include 
alterations to circulation rates or changes in sediment transport and deposition patterns 
as a consequence of major redamation and dre句ing projects planned at various time 
horizons. Reclamations which coulJ affect the local hydrodynamic regime in the longer 
term, include Container Terminal No. 9 and the Tsuen Wan Bay Further Reclamation 
which is scheduled to be developed around the year 2005. 

Dredging works for the midstream operations site and the access channel to the 
Stonecutters Naval Basin will not overlap with the dredging of the anchorage area as the 
constructÎon programmes indicate aU works wiU be completed by May and September 
1996 respectively. Dredging of the Rambler Channel and Approaches was not inc1uded 
in the modelling study as the dredging works will be in an area influenced by a dîfferent 
tidal regime. Dredgîng works for the Rambler Channel and Approaches will involve 
removal of 6Mm3 compared to 2.3Mm3 for this project and could have a greater impact 
on receiving water quali句，

As ÍndícateJ ún Fi草ure 2.1 the existing búundary of the Yau l\1a Tei Typhoon Shelter 
will need to be modified to accommodate the new anchorage area for Stonecutters Naval 
Base. Marine Department have udvised that an amenJment to the Schedule of the 
Shipping anJ Port Control Regulatiúns. Cap. 313 is in progress恥

It has already been identified that the marine traffic generateJ during construction or 
operatîon of the buoys will not contribute 忘ignificantly to vessel movements in the area. 

2.5 Sensitive ReccÎ\'ers 

2.5.1 Water Quality Sensitive Receivers 

SensÍtive receivers within the area of inf1ue.nce are mainly confíned to seawater/coolin墓
water intakes during the constructîon period as illustrated on Figure 2.3. "Beneficial Use 
3 as a habitat for marine life and a resource for human exploitation" is also ascribed to 
the VictorÎa Harbour \Vater Control Zone and, as such，自己 protectîon of the marine 
waters is a hasic tenet for the construction of the anchorage buoys. 
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Figure 2.1 
The Study Area 
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Figure 2.2a 
Residual Flows in Winter 
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Figure 2.3 
Water Quality Monitoring Stations and Sensitive Receivers 
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3.. IMPACT ASSESS f\1ENT 

3.1 Key Issues to be Addressed 

Construction works required to provide the new anchorage area for the four permanent 
mooring buoys incluùe ùredging to a depth of between .10.5 and -12.5mCD by removing 
an estimated 2.3Mm3 of marine depòsíts.τhe quality of the material to be dredged w也
determine any constraints on the dredging methods adopted as well as the disposal of 
the spoil. Sediment quality and the potential release of pollutants to the receiving waters 
during dredging and disposal of the marine deposits are therefore key issues to be 
addressed throuεh this Study. 

Once the anchorage nrea hns been established the local tidal regime could be affected 
by changes in bathymetry whích could in turn alter the existing sediment transport and 
deposition patterns both locally and further afield. The key issue to be addressed in 
connection with the post constructÎon phase relates to the extent of any changes in the 
tidal and sedimentation regimes. 

3.2 Assessment f\ lethodology for the Construction Phase 

3.2.1 EfTects ()f Dredging 

Dredging of the anchorage area for the provision of four new permanent mooring buoys 
will be undertaken in the area i11 ustrated on Figure 2. 1. The tentatÌve works programme 
indicates that construction will bt! carried between August 1996 and March 1997. 

Construction schedules have been prepared for two dredging scenarios as shown on 
Figure結 3.1 and 3之 One Scenario assumes the use of grab dredgers (which equates to 
the scenario where mud is found to be contaminated) while the other scenario has been 
developed assuming the use of the trailing suction dredgers for aU uncontaminated mud. 
A sediment quality study was undertaken to define any restriction泛 on dredging or 
disposal of spoil by surve抖， bulk seuÎment quality analyses and a suite of elutriate tests. 

3.2.2 Sediment Quality Study 

Marine dumping of dredged marin己 mud is controUed by licence under the Dumping at 
Sea Act 1974 (Overseas Terrìtories) Order 1975. Procedures to be adopted are set down 
in Works Branch Technical Circular No. 22/92 for all works, both public and private, 
which involve the marine disposal of dredged mud. Marine sediments are classified in 
the EPD Technical Circular (TC) No. 1-1-92 according to their level of contaminatÎon 
by toxic metals. The classes ar t! defined as foUows: 

Class A . UncontamÎnated material、 for which no special dredging, transport or 
disposal methods 41fe required beyon寸 those which would normally be 
appH叫做 the purpose of ensuring complîance with EPD's Water 
Quality Requirements種 or for protection of sensitive receptors near the 
dredging or disposal areas. 

Class B . f\1oderatdy contaminateJ material、 which requires special care during 
dreuging anJ transpon、 anJ which must be Jîsposed of in a manner 
which minímìses the 10沾沾 of po lJ utants eith訂 into solution or by 
resus(1 e沁101 1.
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Class C- Seriously contaminated material, which must be dredged an這 transported
with great care、 which cannot be dumped in the gazette忌 marine disposal 
grounds and whîch must be effectively Îsolated from the envîronment 
upon final disposa l. 

τhe contamÎnation limits of dredged sediments delineating these classes are shown in 
Table 3. 1. 

Table 3.1 Classif1cation ()f Dredged Sedîments for l\ larine Disposal 

Class Cd Cr Cu Hg Ni Pb Zn 

A 0.0 織 0.9 。- 49 o w 54 位。. 0.7 0-34 0-64 。- 140 

日 1.0 - 1.4 50 - 79 55 - 64 0.8 縛。9 35 - 39 65 - 74 150 - 190 

C 注1.5 ~ 80 注 65 法1.0 ê!: 40 ~ 75 這~ 2ω 

Note Test results should be rounded off to two significant figures 
before comparir可 with the table, e.g. Cd to the nearest 0.1 mgjkg, 
Cr to the nearest 1 mgjk萃， and Zn to the nearest 10 mgjkg 
EPD Technical Circular No. 1-1-92 Source 

Details of the s己diment sampling and testing programmes are given in Appendix A. 

The two tier te:iting programme was derived as foUows: 

Tier One to provide an estimate of the quantity of sediment which is 
contamÎnated and requires special disposal arrangements; and 
to quantify the metal louds associated with disposal of the 
dred在ed materia l. 

Tier One Tests : bulk sediment analyses which are the standard method adopte品 for all 
dredging projects in Hong Kong. Sediment samples were analysed for heavy metals and 
organic pollutants as d t!fined in the relω叫lt technical drculars. 

Tier Two to define the concentration of metals and other persistent 
po lIutants which could be released during dredging. 

Tier Two Tests : elutrÎate tests which provide an indication of the potential extent of 
contamÎnant release into the water column as a result of dredg;u品 and disposal of marine 
J己posits.τhese tests also a lIow the elTects of resuspendeJ dre{;g~J material to be more 
realistically defined than if bulk sediment analyses were used in isolation. 

Elutriate tests were devèloped by the US Army Corps of Engineers and the US EPA 
following publîcation of research work which indicated that direct analysis of sediments 
did not provide an accurate guide to the potential effects of resuspended sediments on 
the water column or li 1'、e supporte<J thereÎn. Elutriate tests essentially consist of mixing 
one part of sediment sample wîth four parts seawat奸， agitating the mixture to resemble 
the action of hydraulic dn~dgif苛~ and lea丸'ing it to s~ttle. The mÎxture Îs then filtered a nd 
the supernatant analysed fo什he components of concern. The laboratory schedule for the 
tests on sèdiment , elutrÎat己J丸 and seawatèr龜 testing proèedures and the location of the 
thre己 samples is gÌven in Appenùix A. 
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Mathematical mode11ing techniques were employed to: 

* determÎne the potential for mîgration of sediments from the dredging site; 
to define the extent of the near-field impacts; and 
to identify the need for maintenance dredging. 

車

* 

The sediment plume model of the \VAHMO suit己 was used to simulate the action of 
dred在ing and the release of sediment to the water column. The plume model was set to 
simulate the release of aU of the sediment to the surface layer thereby predicting the 
worst case scenario in terms of 0缸'-slte transportation. Two discrete scenarios were 
modelled. The first assumed that dredging would be conducted using a tra iHng suction 
dredger, with the second set of simulations assumed the use of two grab dredgers. 

It was ascertaÎned that: 

(i) dred在ing for Stonecutters Island Permanent Site for Mid-Stream Operations is 
話cheduled [0 be completed by the end of May 1996; 

(ii) there is no further dredging required for SSDS Stage 1; 

'." (iii) the dredgin惡 of the Naval Basin per se will be undertaken behind well established 
seawalls; and 

(iv) dredging for the access channel to the Naval Base has now been advanced and 
will be completed before this Project commences. There will therefore 00 

overlap with the construction works programmed for the Anchorage Area. 

Direct, short term or intermittent exposure of benthos or epibenthos to metal or organic 
compounds assocÎated with the disposal of contamÎnated material may give rise to acute 
toxÎc impacts occurring in the near field, or in close proximity to the point of release. 
The degree of toxicity and the extent of the impacts depends on the level of 
contamination. the amount of entraÎnment whîch occurs within the water column, the 
degree and rate of initial dilution and dispersion of the dredged sediments and the 
sensitivity of any aquatic specìes which may inhabit the area. 

Reference was mad己 to the guidelines and standanis proposed by the State of California 
for the protection of marine life and the 品lÎdelines given by the USEPA in connectÎon 
""vith the protection of m:~rine life during the dredging operation. 

In order to determine the tota1 suspended sediment concentrations from the dredging 
activities the calibrated simulations of natural suspended sediment concentrations were 
run with the addîtional loading from the dredging activities. These results were then 
assessed in terms of overall suspended sediment concentrations associated with dredging 
operat lOns. 

- 10 -



3.3 Assessment .l\1ethodology for the Post ConstructÎon Phase 

3.3.1 Flow l\lodelling Study 

Several existing two-dimensional two-Iayer tidal flow and water quality models cover a 
Iarge area around Stonecutte俗， Island. It was agreed at the outset that the 100m 
Western Harbour model would be the most suitable of the existing models for this 
application, as the area covered is sufficiently large to include the impacts of the 
construction of the anchora萃e area. 

This model has been previously caJibrateu against a large data sel which was collecte這
during 1987/88. The model was set up for present day conditÎons and run for the four 
representatìve tides, which are wet and dry season spring and neap tides, to form the 
basdine uata 此t. The modd was re-fun to incI ude the complèted anchorage and the 
results compared with the baseline simulations 泊中lantÎ令， the effects of modifying the 
existing bathymetric conditions the anchorage area on the tidal flow regime. 

3.3..2 Scdiment Transport and Deposition Study 

The WAH~10 sediment transport model (MUDFLOW) was used to simulate the 
natural (background) suspended sediment concentrations over the whole of the Western 
Harbour and the effects of the completed anchorage sediment regime. 

The moùd was first calibrated against existing data whìch were measured durîng 
1987/88. Using the reSl的 from the tidal t10w simul叫ons the exi呵呵 (1995) conditions 
were run for the four representative tides to provÎde baseline data. The completed 
anchorage was included in the model geometry to simulate the effects of the anchorage 
on the natural sediment regime in the area and on the likely sedimentatÎon rates within 
the anchorage area. Using the results from the sediment transport simulations an 
assessment was thus made of the stability of the deposîted material within the anchorage 
area and the likely re-susI冗nsion nltes of this materia l. 
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4. 

4.1 

I扎fPACTS ON THE l\tARINE ENVIRON1\IENTAL DURING CONSTRUCTION 

Efl'ects of Dredging 

Environmental impacts as忌。ciated wîth dredging can be subdivided as follows: 

physical effects : resuspension and redeposition of particles dudng the dredging 
operations and changes in physical habitat due to smothering of benthos. 

chemical effects oxidation of released sediment悉， potential proliferation of 
bacterîa which feed on resuspended organic matter. 

biological effects : short term alteration in phytoplankton productivity as a result 
of decreased light penetration or proliferation of some species at the expense of 
others due to overabundance of nutrients, and adverse impacts of silt and clay 
partides on the branchiae of fish , and abrasive effects on crustaceans. 

social implications : visual impacts of dredging in terms of the recreational use 
of waters, damage [0 commercial fishing grounds or high levels of suspended 
solids at seawater intake points. 

Key Îssues which were addressed through this assessment include: 

(i) the definition of the extent of the potential sediment contamination; 

。i) d仗ermination of the respon錯。f the marine environment to the potential release 
into the water column of truce metals and 0咕anic micropollutants from the 
m,“erial being dredged; and 

(iii) definitÎon of the mitigation measures which wi1l minimise the impacts of dredging 
to the lowest acceptahle leve l. 

The geochemical form of trace metals within sediment samples plays a significant role 
in deterrτlining the potential impacts on the marine environmen t. AJthough bulkchemical 
analyses provides an indication of the total contaminant levels within a sediment sample, 
the mere presence of a contaminant does not necessarily infer that it will either have an 
adverse impact on water quality or be ava i1able for uptake by aquatic organisms. 

Metals may be : 

(i) bound tightly wÎthin th己 crystalline lattice structure of the minerals within 
sed(ments and are not thus released except through the weathering process. Such 
metals、 including aluminium and magnesiu巾， are usually inert an社 are thus 
biologica lJy unavailahle; 

(li) bound through a variety 0 1' ionic interactions, involving negatively charged 
surfaces 0 1' minerals or lar草e organic molecules and positively charged catîon污
including trace metals. Substances in this form , often termed exchangeable 
cations, are relativdy easily mobiIised particularly under acidic conditions; or 

(i ii) dissolved in interst ìtial wa t 己 rs (porèS) and allhough thîs fraction Ìs genera l1y 
relati\'ely small these conta minants ar己 comparatively ea芷江y mob i1ised and are 
often available to l1 iota. Contarninants in Ínter這titial waters exÎst as free ions, in 
various organic and inorganÎc complexes、 and their concentration is independent 
of the total contarninant leve l. 

- 12 -



Metals, nutrients and OI莒anic materials which are bound into the sediment interstitial 
waters or adsorbed to the cation exchange complex, are the most mobile and potentially 
available contamÎnants in dreùged materîa l. Anoxic sediments will fre可uently contaÍn 
trace elements which are readily mobilised. 

Contaminants, such as polychlorinated biphenols (PCB's) and chlorinated hydrocarbons 
are more complicated than organo-metals as they are not bound within minerallattic郎，
they do not occupy positions in clays or form sulphides or other insoluble compounds, 
nor are they part of thè exchangeablè fractÎon. Instead, S)叫hetic organics are almost 
exclusively found in the adsorbed form. usually associated with dissolved and particulate 
organic pollutants and carbon în sediments, connected to various organic molecules by 
Van der \Vaals forces. 

Only a fraction of the PCB's and chlorinated hydrocarbons which are bound to the 
sediments are available in the interstitial water of sediments, and therefore it may be 
concluded that only a very smatl percentage of the overall contaminant load will be 
bioavailable. 

Redox potentìai (Eh) is one of the most important f，以ors influencing the remobilization 
of metals from sediments. Anoxic sediments which are characterised by an Eh of .100 
mV or less, while well oxygenated waters will, in contrast, have an Eh of >400 mV. lf 
anoxic sediments are dr恥地位J from or disposed of in well oxygenated waters (i.e. 
dissolved oxygen levels greater th汶口 4mgjl) ， the physîo-chemical state of metals within 
the sediments may be affected and some metals wi 1J become more mobile. 

In addition to redox potential, the pH of both the sedi汀lents and the receiving waters 
can also affect the availability of some metals with a consequential increase in the 
amount of metal released initiaHy to the water column. 

Reference criteria are the Water Quality Objectives, given in Table 2.1 and the 
guidelines prepnreu throu皂h research by and on behalf of the USEPA for the protection 
of marîne life given in Tahle 4.1. 

Table 4.1 Reference Criteria and Guidelines for the ProtectÎon ()f l\1arîne Life 

Paramεter GuideJines for Protec lÎon Efl'ects Associated with Concclltration of 
of 1\1arine Ufe Pollutants in Sedilllents 

pH 〉 ι5 <品.5 t.! xisting conditions acccplable in tcrms of the 
ovcrall WQO's and thc protccLÎon of marine life 

marinc Ii lè : wcll 述。cU ll1 cnlcd c\.'i(kn~è lO suggest tolerance of 
0.005 mg/l (USEPA) marine organisms to CJ Ìs higher than freshwater 

organisms. Cd chcmislry parlicularly affccted by 
brackish condilio閱 (drcdιîng in the 是ry season so 
wcll l11 ixcd walcr column will prcvail). Acule and 
chronic thrcshold5 for marinc organisms 
documcnlcd as "bcÎng 96 and 31 ppm respcctivcly. 
\Vidc range of appurcnl cffects thresholds. 
ER.L in scdimcnts is 5ppm. 

Pb marînc lífl! : L.:thal conccntralion of Pb O.lppm wilh effccts 
位。只o mg/I (USEPA) |川|iEn、RUm-CpLL晶o晶3uin5ngpdps im n mpion rree sscctdnoicxmcic KoElnf h t Ni and Zn.OrEanolcati .J1l inorganic forms. 

s. 
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Table 4.1 Reference Criteria and Guidelines for the Protection of Marine Life 
(Cont'd) 

Parameter Guiddinεs for Protectîoll Etrects À.Ssoci泌ted with Concentration of 
of .Marine Li fe Pollutants in Sedimcnts 

Hg marine life : Acutc to:cicity to marÎne organisms >3.5pp悶，
0.10 ug/I (USEPA) organomcrcury considcrably more to:cic than 

inorganic forms. 
ER-L of 0.l5ppm 

Cr marîne lífc : Tox.icily of Cr afrcctcd grcally by speciation. Acute 
0.100mgjl (USEPA) toxicity 10 marinc lifc of Cr (VI) occurs in the 

rangc of 2,000 lo 105,000ppm. Acute toxicity to Cr 
(111) obscr\，叫 at conccntrations of 10.300 to 31 ，5∞ 
ppm (USEPA). No ovcrall apparent effects 
lhrcshold ablc to bc dcfincd as lhe data are wide 
rang1l1g. 
ER-L of 80 ppm. 

Cu marîne lifc : 在ffccts 011 marine life obscrved betwcen 5 al吋 6∞
0.050臨g/l (USEPA) ppm. Effcct on Crassostrca gigas found to be of 

thc ordcr of 400 ppm. 
ER-L of 70 ppm 

Ni marinc llfc : T oxicity in l1 ucnccd by hardncss and salinily. To:cic 
。.1OOmgjl (USEPA) to marinc organisms at conccntratÎons as low as 38 

ppm (LC50 for 96 hours for csluarine fish specÎcs). 
No <J pparcnl cffccl lhrcshold on the basis of the 
data availablc. 
ER-L of 30 ppm. 

Zn marine life : Dala suggcst sublclhal cffccls SO - 125 ppm and 
0.100 mgjl (USEPA) almost always acute cffccls obscrved at >詣。 ppm.

LC50 for cstuarinc 訂sh rcportcd to range from 192 
to 320,000 ppm. 
ER.L of 120ppm ‘ 

Amm-N marinc lifc : 
O.-WO mgjl (unioniscd as 
NH 3) (USEPA) 

DDT marinc lifc : Acutc loxicÎly of 旦旦旦 in saltwalcr at 14ppm. 
O.OOlppm as 24 hour ER-L of DDT lppb in scJìmcnt 
avcra在c wiLh 110 ER-L of DDE 2ppb 
excecdancc of O.13ppm ER-L total DDT 3 ppb 
(USEPAj 

Trîbutyl marinc lifc : no condusiolls drawn on tin or TBT from lhe data 
Tin advcrsc împacts on collCClcd in lhc rcscarch programmes. 

已抓lropod沾沾nd molluscs 
hut h~心 ls fur protcclÎon 
。r marÎnc lirc nol 
incluJcd În lhc 
勾結ci!ïcatilHlοbtaincd.

PCB ‘$ marin t! liCt!. ACUl l! lllxiciry of PCB's in saltwalcr > lOppm 
<O.OOlugjl (VSEPA) although OystCf lar\'ac aCrcclcd at 400ppb. 

ER-L of 50ppb 

胎 14 剛



4.2 Sediment Plume SimulatÎnns 

4.2.1 Introduction 

Once in suspension, fine sediment will be -carrîed by the tidal currents and dispersed, 
possibly over a large area dependîng on tidal condítions. During transport by the tidal 
currents, the fine sediment wil1 tend to flocculate forming larger partides which will 
settle under gravity on the seabed. The rate of settling for cohesive sediments will 
depend on the concentration anu on the local tidal currents. Once the tidal currents 
become sufficiently weak, the sediment wi l1 settle to the seabed and begin to consolîdate. 
lf the tidal currents become large enou且h ， the settled material wiJl be eroded and put 
back Înto suspension for further transport by the tîdal currents where the rate of erosÍon 
will depend on the tidaJ currents and the degree of consolîd抗ion which may have taken 
place. 

The \VAHMO sedìment plume model was designed to simulate these processes of 
transport, deposition and re-erosion for narrow sediment plumes formed during dre這ging
or dumpîng activities and was used for this study. 

4.2.2 Sediment Plume l\lodel Description 

The sediment plume mod泣， SEDPLUME, forms part of the WAHMO suite of coastal 
hydraulic and wat缸中ality mod e1s set U[} by H R \VaUingford and WRc and transferred 
to the Hong Kong Governmen t. The plume model sÌmulates the transport and 
dispersion of sediment in suspension w;ing a random walk technique and includωthe 
processes of deposition and erosion at the seal冗d. The plume model uses results from 
the WAH MO two-dimensional two-layer model of tidal flows as basic tidal 缸ow data. 

The plume model simulates the 1055 0 1' sediment to suspension by introducing particles 
into the mode1 area 泣 specified locations and positions within the water column. The 

. particles are released at a set rate and are given a fixed ma~s to simulate the rate of 
sediment lo$s. The particIes are tracked throughout the model and at specified storage 
Íntervals the numbèr of partides in each cell is summed and the concentration of 
sediment C4l kutatèd. The grid size for the sediment plume mode1 can be set to finer 
than the tlow modd \I,:hich fonn~ the input data but the interface leve1 between the 
upper and lower layers 時 the 沾沾me in both modèls. 

An analysÎs of the rωults from the plume modd may be made to determine the effect 
of sus[}ended sedirnent on di獄。Ived oxygen levels. The analysîs Îs based on the following 
relationship : 

00削= DOb.J.:k - (C*SOD*K牢0.0(1)

where = result [ng dissolved 0月'gen level in mgjL DOrCii 

DOh•• 主 ambient dissolveù Dxygen level in mgjl 

C = tiJal a\'èrage sus [1èndeJ sèdiment concentration în 
kgjm:\ 

= sediment oxygen uemanu- tn mgO /kg sedìment SOD 

K = daily oxyιen uptakè factor 
= 0.23 
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4.2.3 

The analysis does not allow for reaeration , which would be a minor factor in the above 
relationship, and so gives conservative results. 

The results may also be analysed to determine the concentrations of nutrients released 
into the water column from the suspended sediments by assuming that the nutrients 
associated with the sediment lost to suspension are transported and diluted at the same 
rate as the sediment in suspension. 

Scenarios Simulated by the Sediment Plume Model 

The sediment plume model SEOPLUME has beèn used to simulate the fo l1owing 
Scenarios for dredging of the Stonecutters Naval Base Anchorage Area: 

(i) Scenario 1 simulated dredging of the anchorage arèa with a traiJing suction 
dredger; 

(ii) Scenario 2 simulated dredging of the anchorage area using two grab dredgers; 

The SEOPLUME model was Sèt up to cover an area large enough to encompass the 
maxÎmum excursion of sediment in suspension (Figure 4.1) with an horizontal resolution 
of 50m, which is finer than the flow model which used a grid size of 100m. 

:Even with Itclean dredging" techniques、 sediment will still be released to the water 
column around the dredging site. The aim is to minimise hoth the generation of the 
plume in the water column and the off-site transportation of this material as it can: 

• adversely affect water quality, especially at seawater intakes (indicated on Figure 
2.3); 

• can affect marine life; and 
• be visually intrusive. 

1n order to determine the potential effect of dredging on receiving water quality, an 
estimate of the potential sediment releases to the water column was made assuming a 
worst case scenario. The potential impacts in terms of off-site migration of sediment 
and the potential depletion of dissolved oxygen and elevations in nutrient levds were 
predicted using the sediment PLUME model from the WAHMO suite and the results 
compared to the WQO、s. given in Tahle 2. 1. 

The colour contour plots illustrated the potential impacts for ùifferent dredging 
scenariosjrates in terms of suspended solids concentrations、 dissolved oxygen depletion 
and elevations in concentrations of nutrÎents in the water column. A baseJ ine 00 value 
of 6 mg/l was used as input to the model on the basis that this represented conditions 
in close proximity to the site (on the hasis of monitoring data collected under other 
Projects). The release of ammoniaca l. organic and total inorganic nitrogen during 
dredgîng was simulated by using the data from the elutriate tests as input to the model. 

Scenario 1 sÎmulated a veη， worst case scenario in which a trailing suction dredger with 
a production rate of 40、000 mγday was used. Assuming a 1055 rate of 5% and a dry 
density of the fines of 4削 kgjm~ this gives a loss to suspension of 976β00 kgjday. This 
tη)e of dredger wilJ work continuously which means that the rate of sediment lost to 
suspension will he 1l.J kgjs. The 105S of sediment to susl可己 nsion was simulated by 
releasing sediment at sÏx rointδcovering the whole of t'- L: anchorage area (Figure 4.2) 
in order to simulate the maximum possible spread of sediment released to suspension 
during the dredging. Sediment was continuously released at each of the six points at a 
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rate of 1.88 kgjs. Scenario 1 was simulared for thc:以 et anJ d 月. season sprin草 and neap 
tides. 

Scenario 2 simulated two grab dredgers with a total daily production rate of 12,800 m3
• 

Assuming a 1055 rate of 5% and a dry density of the fines of 尋88 kgj m3 give5 a loss to 
sU5pension of 312,320 kgjday. The grab dredgers wil1 work during daylight hours only 
which equates to a total of 16 hours per day which gives a total Loss of sediment to 
suspension of 5.42 kgjs. The 108s of sediment to suspension was simulated by releasing 
sediment at two points within each half of the anchorage area (Figure 4.3) which 
corresponded to each of the two grab dredgers. Sedìment was released at each of the 
two points for 16 hours at a rate of 2.71 kg戶. Scenario 2 wa8 a1so simulated for the wet 
and dry season spring and neap tides. 

In order to minimise settling of the sèdiment in the ímmediate vicinity of the release 
points the sediment was introduced into the modeI at the water surface which is a worst 
case approximation. 

The analysis of the impacts of suspended sedÎments on dissolved oxy主en levels was based 
on an amhient, backεround ， dissolved Ievel of 6 mgjl, with a sediment oxygen 丘emand
of 52、500 mgO jkg sedimen t. These values a re the same as those used for the 
assessment of the Permanent Site for Mid.Stream Operations at Stonecutters and equate 
to very contamÍnated mud. 

已lutriate testing of sedîment samples from the existing seabed at the sÎte of the 
anchorage area has shown the sediment has maximum available levels of ammoniacal 
nîtro皂en of 12 mgr這jkg sediment and levels of inorganic nitrogen of 16 mgNjkg 
sedimen t. 

相le sediment plume model was thu浴 used to simulate the (unmitigated) impacts of 
dredgin萃 00 receiving waters during the wet and dry seasons during both the spring and 
neap tides before any mitigation measures were considered. As the results are linear it 

. was possible to consider any dred三ing scenario which may be considered on a pro rata 
basLs, using the ahove reference scenario. 

The results from the sediment plume simulations have heen presented as time varying 
suspended sediment concentrations at 25 selected stations (Figure 毛的 and as colour 
contour plots of suspended sediment concentrations at times followîng the peak ebh and 
flood phases of the tide. The results from the sediment plume sÎmulations have been 
processed to determine the impact of the sediment plumes on di錯。Ived oxygen levels 
and nutrient concentrations and these are shown as colour concerllration plots of daily 
averages. The results from a11 the sediment (unmitÎεated) 抖ume simulations are 
contained within Appendix D. 

Discussîon of the resu1ts obtained from the modelling study follows in SectÌon 4.2.4 and 
4.2.5 with the implication of these results and mitigation measures discussed fully in 
SectÌon 6. 
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γ he grτ aphs沼s of suspended sediment concentn叭nions 法t技t the 25 s叫仙i刊山tμat丘101只叭1祐s show m，川t忱XIIηmum ‘ 

cOflcentrations of over 70 ppm f扣、bοr st;刊t t i ο ns 12 (泌tn趴叫1(，吋d 13丸‘ which ar 己 within the anchorage “rea, for the wet season (dlÙ o\'er 40 ppm in the dry Sèason. 0 1' the stations which arè L 
not in the immediate vicinity of the anchorage area the maximum concentrations are at 
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on the wet season spring tide and up to 30ppm on the dry season spring tide. On the 
dry season spring tide suspended solids values at StatÎon 2 of up to 30ppm are predicted 
which is due to the stronger flood tide in the dry season because the large fresh water 
discharge from the Pearl Estuary does not dominate flow conditions as it does in the wet 
season. On the ebb side of the anchorage area, at Stations 泣， 22 and 23, maximum 
concentrations are up to 10ppm on the wet season sprìng tide and 20ppm on the dry 
season spring tide. 

The contours of suspended sediment concentrations show pìumes on the flood tide 
extending from the anchorage area to beyond Container Termina18 and beyond Kai Tak 
along the northern side of Victoria Harbour on the ebb tidè. The plots for the flood 
phase of the tide show suspended sediments being present on the eastern, ebb, side of 
the anchorage area. These suspended sedÎments are a result of sediment in suspension 
from the previous ebb tide beîng carried back in the tlood direction once the tide turns. 
Maximum sediment concentratÎons at the anchorage <l rea are over 45ppm but these 
elevated suspended sediment concentrations rapidly decrease outside the anchoragearea 
to be no more than 15ppm. 

On the flood tide suspended sediment concentrations are up (0 15ppm in the vLcinity of 
The Permanent Site for Mîd耐Stream Operations but reduce to 色。 ìn the range 1δppm 
further along the plume. On the ebb tide sediment concentrations in the surface layer 
up to 15ppm at Kai Tak are forecast wîth 治 reduction further eastwards. ln the lower 
layer there Îs a consistent plume of 15ppm up to the western ènd of Kowloon BL勻. with 
peak concentrations in the rang己 的辦 25ppm.

Using the water quality monitoring data given in Tahle 2.2 for Station C2 the baseline 
concentration of suspended 思olids in thís area is taken to be 15.9mgjl ‘ The WQO for 
suspended solids a lJows 30% elevatÎon i.e. 20.7mgjl'(which equates to 5mgjl permÎtted 
to be added to the water column). On this basis and assumÎng that no mitigation 
measures are applied, at stations 6, 7‘ 12. 曰 and 的 and to a lesser extent at 4，口， 19 
and 22 (mainly in the dry season). the WQO wil1 be exceeded (refer to Table 4.2). It 
should be noted that the dredgin且 rate (泊sumed in the model Ìs twice that which would 
be anticipated (and twice the rate assumed in the programme given in Figure 3.2). 

ln addition to which Stations 6, 7, 12、 13 and 18 are all within the dredgìng area , and 
none of the stations external to the 況tual works area will exceed the WQO even 
assuming this highest (and unmitigated) dredging rate. 

Table 喝.2 Summary of Maximum Impacts Associated wÎth Dredging (ppm) 

Station Trailing Suction Dredger Grab I)redger 
(TSD) (GD) 

Wet, Wet電 Dry、 Dry, Wet, Wet, D哼， 。旬，
Spring Neap Spring Neap Spring Neap Spring Neap 

組 個 . 倒閉 總 國﹒ 別馳 . 

2 弓 14 6 " . 2 3 
利

3 2 -個 -
4 8 6 18 19 、 14 D 

5 4 - . - . 
』輔岫﹒ 」闢酬個 』圓圓圓-一 」且........ 且由 '--翩翩自

- 1 忌"



Table 4.2 Summary or j\ laximum Impacts Associated with Dredging (ppm) 
(Cont'd) 

Station Trailing SuctÎon Dredger Grab Dredger 
(τSD) (GD) 

Wet, Wet, Dry. D哼， W泣， Wet, D句， D旬，
Spring Neap Spring Neap Spring Neap Spring Neap 

6 10 18 32 32 15 18 25 20 

7 40 33 24 15 2 31 3 2 

8 - . 翩 - - " " -
y 機 . - . - " " -

10 - . - . - " . -

11 - . - . - " - “ 

12 45 62 45 42 12 5 3 10 

計于
69 35 32 62 72 45 40 

3 4 5 1 z 2 . 

戶手 3 是 . . 

16 2 . - - - - -
17 5 7 4 8 - - 2 2 

18 41 37 40 32 32 38 55 30 

19 13 3 10 13 4 - 4 4 

20 . - . 關 . - -

21 今 2 • “ - - . . 

22 15 2 10 14 8 . 3 8 

23 3 . 2 4 ‘你
. 開 -

2是 " . . - - - -

:I 25 I 3 . 輛 . .恥 " - . 

The plots of sediment deposition show the majority of the sediment settlin萃 in and 
around the anchorage are紋， wlth an area of deposition on the southern si社e of Container 
Terminal 8 and tm.vards Kowloon Poin t. On the spring tid前， reflecting the stronger tî這al
currents and hence th己 greater transport of seJimer泣1 deposition Îs shown to occur along 
the northern edg己S of Victoria Harbour anJ the entrance to Kowloon Bay, but at low 
rates of deposîtio凡 0.0 1-0.1 kg/m~ /tid t!. 

The plot紋。l' uaily dissolveJ oxygen leve!s show areas 0 1' uepleteu oxygen levels extendîng 
from Conta Îner T erminal 8 to Kaiγak. \Vithin VictorÎa Harbour the oxygen levels are 
depleteJ by lèss than 0.02 mg/I in the uppèr layer anù 0.0是 mg/l în the lower layer. with 
a narrow band of higher cJ epletion levels i up to 0,06 mgjl, extending along the northern 
side of Victoria Harbour between the southern end of the 玩'est Kowloon Redamation 
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4.2.5 

車nd Ocean Terminal. In the vicînity of the anchorage area dissolved oxygen levels are 
less than 5.92 mgJl in both the upper and lower layers but still achieve the WQO's. 

The 'plots of ammoniacal and inorganic nîtrogen show extremely low concentrations 
throughout, with maximum levels of greater than 0.0003 mg/l at the site of the release 
points in the sediment plume model.甘\e m失jority of the area affected by elev泣ed
levels of nitrogen has concentrations of less than 0.00006 mg/l and th的 will achieve the 
WQO's. 

Following the assessment of the results of nitrogen release for Scenario 1 it was decided 
not to anal yse 品。 se是iment plume resuJts from Scenario 2 for eÎther ammoniacal or 
inorganic nîtrogen impact because the values given for Scenario 1 are so tow as to be 
beyond detection limÍts 仙過 the suspended sediment results from the other Scenarîos do 
not show signitïcantly higher suspended sediment concentrations. 

It may therefore be concluded that the WQO、s will not be exceedOO t'(.1[ DO, ammonia 
or nutrients. It should also he notOO that none of the sensitive receivers (seawater 
intakes) will affected as the plumes do not ingress the sheltered Yau Ma Tei 
embayment. 

Scenario 2 : Grah Dredgers 

The graphs of suspended sediment concentrations at the 25 stations show maximum 
吋 concentratÎons at Station 13. which is wíthin the anchorage area, of 70ppm in the wet 
season and 40ppm in the dry season. Along the edges of the anchorage area, at Stations 
7 and 18, maximum concentrations are up to 40ppm at Station 7 for the dry season 
.sprîng tide and 30ppm at Station 18 for the dry season neap tide. At the stations remote 
from the dredging , suspended sediment concentrations are less than 5pp啦， reflecting the 

'''Iower dredging rate and hence lower concentrations. The graphs of suspended sediment 
八concentrations at the 25 st滋ions show that the high suspended sediment concentrations 

wiH be contained in the region local to the anchorage area. 

The contours of suspend以j sediment concentrations again show plumes extending fro認

the anchorage area to Container Terminal 8 on the tlood tÍùe anù along the northern 
sÎde of Vktoria Harhour to Kai Tak on the ehh phase of the spring tides but the plume怠
do not extend beyond Ocean Terrninal on the ehb phase of the neap tides. For the 
spring ti益的 the ehb plume does not fully tt1rm until after dredging has stopped after 
each 16 hour cyde and 80 no suspended sedÎments are shown at the dredging site. On 
the spring tides concentrations on the ehh plume wÎthin Vktoria Harbour are low. less 
than 5ppm in 出e upper layer and less than 10ppm in the lower layer. Neap tides show 
similar low concentrations in the vicinity of Ocean T己rminal 、 with diffuse areas of 
sediment concentrations of less than 5ppm along the northern shore of Victoria Harbour 
on the wet season neap tide. 

The largest tlood tide plume is formed on the dry sea$on spring tÎde with concentratÎons 
of up to 15ppm in the surface layer and 25ppm in the lower layer in the vicinity of 
Container Terminal 8. The other tides show low concentratÎons ‘ less than 5ppm種 at the 
limits of the t100d plumes. The contour plots show that the higher concentrations, 
greater th加 25ppm‘ generally occur within the anchorage area dose to the dredging site. 

The plots of sediment ùepl可 ition show that most of the seùiment 只ettles in and around 
the anchorage area ‘ with deposition 、 för the most part 、 heing ~ontained wíthin th,e area 
between Container Terminal 8 and the tip of the West Kowloon Redamatíon. The 
spring tides show some deposìtîon occurring withìn Vi~tori ê;l Harhour, along the coastline 
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of the Kowloon Peninsul況. hut the rates are lo\\', less than 0.1 kgjmγtide. The highest 
deposition rates of greater than 0.7 kgjmγtîde、 particularly on the neap ti這es where 
there is less dispersion by the weaker tidal currents電 occur at the site. 

The plots of 白話y dissolved oxygen levels shows a sîm i1ar area of depleted oxygen leveJs 
as Scenario 1 but the areas of higher depletion Jeve坊、 greater than 0.02 mgjl. are greatly 
reduced retlecting the lower dredging rate in Scenario 2. 

It may be conduded that the WQO for 0合 would not be exceeded. nor would any 
sensitive receiver be adversely affected. Using the some crìteria for SS it may be 
concluded that if no mitigation measures are applied , at a release rate of 5%、 the WQO 
for SS will be exceeded at Stations 12 、 13 and 18 on a11 tidesjseasons and at stations 4, 
6, 7, 12 、 18 and 22 under varying conditions alheit to a lesser exten t. Miti惡atÍon
measures and methods of minimising the re1ease rates are discussed in SectÎon 6. 

4.2.6 Dredging Methods 
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It shoul這 be stressed that the choice of dredging plant w i11 ultimately be the Contractor's 
choice. As the water depth IS about 10m, hoth trailer suction and grab dredgers could l' 
be used for this Project. The relative pe自rmance of t川]er suctÎon dredger versus grab l ~ 
dre社gers Ìs summarÎsed in Table 4.3 helow. 

T法ble 4 .3 Performance ()f Trailer Suction and Grab Dredgers 

Trailer Suction Dredger Grab Dredger 

MaÎn causes of turbidìty 翁round the 是redger Main causes of turbîdity around the dredger 
from the use of overflows and discharge from lhe use of grabs t and the overflow of 
from degassing syste01s. material. 

Suspended solids concenlralions are of the Suspended solids conccntrations in exccss of 
order of 1 ∞O1gjl cxcepl in lhc immcdiatc l0001gjllhrou在hOU1 thc walcr colu01n are 
vicinity of the 是rcdger. expcctcd. An Încrcasc in lhe size of grab wíl1 

result in a corrcspondin在 incrcasc in thc 
suspendcd solids conccnlralion in the wah汀
column. 

Opcrational pcrfor01ancc variahle Opcrational perfúrmancc variablc dcpending 
depending upon lhc siχe of drcdgcr wllh 00 the duty of carc providcd. 
respect to the water depth. 

也組長: if ovcrflow not pcrmittcd, lhc Usc of watcr light 岳rahs Îs rcporled to rcduce 
suspended solids conccntralÎons can rcducc lhc suspcndcd solids loads t心 the uppcr parl 
to about 1(的mgjl near the bottom of thc 。f lhc walcr column but increase lhe 
water colu01n. concentrations in thc oot給m watcrs. 

在xtcnsive rcworking of materÎ.;:泣， O1 orc likcly Lcss rcworking or crushíng of material cannot 
lo relcase conlamÎnants to rcccÎving watcrs‘ be used. îf sed.imcnl has a high walcr conten l. 

Careful opcration can rcducc thc rclcasc Careful npcraticlO can dfcctivcly reduce Lhe 
ratc to < 1 。在 οf \'olumc bcing drc這gcd scdil羽毛:“ l lnsscs by :> 50Sh, co01parcd lo thc 

un01itigatcd sccnario，的pccia Il y if scalcd and 
walcr tight grah drcdgcrs arc uscd. 
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4.3 Release of Pollutants During Dredging 

The elutrÎate tests were carried out to determine the concentrations of metals, organo­
metals and synthetic organic $ubstances which could be released from the sediments in 
the Study Area during dredgin皂. The results of these analyses are presented in full in 
Appendix C. 

Background concentratÎons of all of the parameters tested were a1so defined byanalysing 
samples of seawater coU t!cted from the same Jocation and used as the medium for the 
elutriate tests (refer to Appendix A). DefinitÎon of each parameter in seawater was 
essential for the computation of the actual release of each contaminant from the 
sediment sample. 

It should be noted that the elulriat己 tèsts \\'ere ol'站inaUy d t! rlved to examine the effect5 
of hydraulic dredging and disposal of marine deposits. As hydraulic dredging involves the 
entrainment of water within the mass of sediment and denatures the material to a 
greater extent than grab dredg己的 (by the action of entrainment and agitation) it may be 
surmised that the release of hitherto bound poUutants will be greater during hydraulic 
dr~dging than if grab dredgers are used. Notwithstanding the foregoîng the elutriate 
testing procedure allows a comprehensive assessment of the effects of dredgîng on the 
marine environment to be undertaken compared to using the results of the analyses of 
bulk sediment samples. 

Field studies which have been carried out in the US and Canada to relate the accuracy 
of the elutrÎate test to the fidd situation indìcate that the results obtained for chromium, 
cadmium. arsenic. nickel and zinc have been found to be particularly accurate compared 
to elutriate test result趴 The results obtained for lead, mercury and copper were not 50 
accurate as these metals are adsorbed by suspended solids during the dredging and 
especiaUy disposal operations. 

Field studies have also indicated that the release of nitrogen from sediments may be 
Qver-εstimated (more than an order of magnitude) during the elutriate testing although 
it is pertinent to note that the concentrations predicted in the p侃侃nt study are less than 
those for the Permanent Site for Mid Stream Operations, due north of the Study Area. 
There are several factors which could explain the dîfferences. For example the redox 
potential in the Study Area indicat t!s that the sediments are more anoxic (the samples 
may have been taken further down the column, rather than on the 名urface)， the degree 
of contaminatÎon Îs higher at the more sheltered mid-stream operations site (ie less 
erosion or reworkîng of the polluted sediments) and the surface materials could have 
been eroded before the sediment 部\mples were taken (by wind or wave forces) thus 
exposing the more anoxic deposits. 

Reference crîteria for this Project are the WQO's defined under the Water Pollution 
Control Ordinance, gÎven in Table 2. 1. As one of the beneficial uses for th誌 Water
Control Zone îs protection of marine life specific reference was made to guidelines and 
standard法 applied by. Înter alia , the USEPA and Environment Canada. Reference was 
made to the NatÎonal Ocean ServÎces Technical Memorandum (summarised in Table 尋 .1)
坑'hich provided details 0 1' the biological effects of sediment sorbed sediments, testing 
procedures an汎叫d the (扎lp吋[1χ1a扎Ifeαn立t e叫叫ffe
pol立lut ，沁mt臼$. The [aUèr ar t! referred tt' t11 己 lower t! nd of the range of concentrations at 
which biological effects hav t! been observed in a wide range of organisms (ER幽L) for 
both sediments and marine waters. 

嗎 22 -



As泓紹制tυur汀f泊mm叫11呵 o[ th站己 Ùι山b扎i山 obta山ur趴i f的

thìs a“k惦5S己S5ηm已U叩nt are prú叭丸v吐社叫i丸Ùt垃以2久d i泊n APPè口叫ndix C a山ln孔叫d Tables 4.尋 and 4.5丘

Table 4 .4 Contribution ()f Pollutants frOln S吋iments to the Water Column 

Parameters Elulriale 1 . Elutriate 11 - Elutriate III - Average 
Scawatcr Sea、，vatcr Seawater ConcentratÌon of 

Additional Load 

Range of pH value 7.6 勵 7.9 7.7 哪 7.8 7.9 - 8.0 ?五- 8.0 

Redox potential, m V al -72 to -61 嘯64 to -56 -60 to .63 . 

250 C in elutrialc 

Total organic carbon <1 <1 <1 <1 
contcnt, mg CjL 

Copper contcnt， μgjL 0.5 0.5 0.7 

Nickel conlcnt ， μεjL 2.5 24 8.5 11.7 

ZÎnc content mgjL <0.05 <0.05 <0.05 <0.05 

Lcad content, 且正gjL 1.5 n.d. n.d 1.5 

Cadmîum content， μgjL 0.5 在1 0.2 0.3 

Chromium conte肘， μgjL 3 1.5 7 3.8 

Mercury co慌C叭 μg/L <1 <1 <1 <1 

Ammoniacal nålrogcn 7.15 1.38 7.82 5.45 
contcnt, mgN jL 

Organic nÎlrogcn èonlc肘， 6.69 0.92 7.35 5.0 
位可NjL

TOlal inorganic nÎlrogcn 3.55 0.20 2.05 1.9 
contcnt, mgNjL 

n.d. seawater conccnlralÌon bclow detcction lcvcl lherefore nol able 10 determine the actual 
cxtent of lhc rcleasc. 
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4.4 

Com叫p】1a叫l

given in Tahle 4.1 江t m~沾ly be s叫urmis促丸e叭吋講咒吋d th:汎川1t the relea站S紹e of contamÎnants from the γ 
sediments (even u泌i誌51泊ng tra Hing suction dredging) would not cause the criteria for n 
protection of marine life to be exceeded, nor wωld the cumulative load (i.e. seawater 卜
plus pollutant released from sediment) exceed the criterÎa. lt should be however noted 
in the case of mercu句， and PCB's the detection limit is higher than the standard given. r 

It Îs also worthy of note that despite the extensÎve studies conducted by and on behalf 
of USEPA. there were no conclusions dn叭'n from τBT. L 一

The pe悶n沁t凶a咚皂e rele，削 of con叭t缸伺圳圳扎圳叩H口mlf
aqueous ph4λ川l吋S已 (seαωi扎l\V已V，i叫l此te釘r)刊has been c~泊llcu凶h泣i泣te缸吋d and the results are summa訂n誌sed in Table L .J 

4.6. from which it cωaηbe seen t仙h，川lt the maximum release rate Îs ~ 0.1 %. 

Table 4.6 

r
L

「
L
f
L

「
i
L

「
i
L

可已 Release 0 1' Pollutant frum Bound to Aqueous Phase 

Parameter Sample 1 Sample 2 Sample 3 

Copper 0.1% 0.1% 0.1% 

Cadmium 0.1% n.d ‘ 0.1% 

Chromium 0.1 早在 0.1% 0.1% 

Lead 0.1 Cì~ 0.1% 0.1% 

Nickel 0.1% 在29忘 0.1% 

Zinc 0.1% n.d n.d. 

Mercury 0.2% n.d幽 R 闌 d.

TBT n.d. n.d. n.d. 

DDγ n.d. 鈍，ι n.d. 

PCB電S n.d 恥 n.d. n.d. 

TotalOr惡anic Carbon O.I Ck <0.1% <0.1% 

n.d. belov .. ' uètectÎon limils IL[LIL[LfLfL 

D isposal ()f Spoil 

In order to assess the likèlihood of heavy mètal contamÎn泣ion in the area of proposed 
dredging for the Stonecutters‘ Island Naval Base (see Figure 4.5) it was proposed that 
a suite of samplìn主 and tèstìng of the in situ marine sediments be carried ou t. 

Samples from a total of thirty vibrocore locatÎons across the site were recovered for 
testing dUrlng a marine Învè叫 igatÎon carried out by Bachy-SoIetanche in 抖。vember 1995. 
The locatÎons of these vibrocores are ShO\\'11 on Figure 4.6. Sub-samI吐出g and testing for 
heavy metal contamÎ川的 Wω 晶。 ca川ed out ìn 泣趴泌cα:cω:0叫叫
γGωchnica叫l叫I Circular (\VßTC) N哼O 蠱 22/92. γhe results showed that Class C contamination, 
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as defined in Sect Îon 3.2.2、 exÌsted in the in-situ deposits to a maximum depth of 6m 
below existing seabed level. 
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Sub-samplin皂 of deposits was carrÎed out at 1m intervals between the sea位ed and 3m 
dep的1 and at 6m depth. At each sub-sampling horizon a single sample, approx:imately 
200g in weight was recovered from the centre of the vibrocores using a plastic sampling 
devîce. Each sample was taken from just above the proposed sample target depth (with 
the obvious exception of the surface sample). For example at 3.0m depth, the sub­
sample was taken from 2.9m . 3.0m. 

All samples were subsequently tested t可1\1ateriaLab for the standard suÎte of heavy 
metals 這escribed by the relevant WBTC. The EPD Technical Circular No. (TC) No. 1-1-
92 classifies d閃dged sediments according to their level of contamination by toxic metals, 
as outlined in Section 3.2.2. The analytical I11dhods us己也i for detecting the trace metals 
in the sediment samples were in accordance with the procedures outlined in Table A 1 
UAnalytical Methodolo品戶 of Works Branchγechnîcal Circular r這o. 22/92. Laboratory 
testing was carried out by MateriaLab in accordance with the American Public Health 
Association (APHA) testing standards 3111 & 31128 and the AmerÎcan Society for 
Testing of Materîals (ASγM) D3974-81 (Practice B). Results of the tests on the 
vibrocore samples are summarÎsed in Appendîx B, Tables B 卜 1 to B 1.3. 

Testing of vibrocore suh-samples taken durÎng the investîgation identified that Class C 
contamination existed at 23 of the 30 locations. 1n general, Class C contamination was 
limited 10 the upper 1 to 2m of sedimen t. However, two vihrocores VA17 and VA18 
indîcated elevated levels of lead at óm depth. However since these concentrations are 
isolated. lie below the proposed base of dredging and no class C contamination was 
indicated in the sub-sam抖的 directly above (2.9m to 3.0m). these resuits have been 
ignored for the purposes of the overa lJ contamination assessmen t. 

Fígure 4.7 shows the existing seabed contours at 0.5m Înter、'als， while Figure 4.8 shows 
the proposed dredging layout for the contaminate這 materiaL Figure 毛8 should 忌e
compared with Figure 4.9 which shows the proposed dredging layout for the project. An 

, approximate in sÍtu volume of 2,300‘000 mJ (unbulked voiume) of soft marine clay will 
be removed by dredgin忌。f whîch approximately 1.400,000 m3 (unbulked volume) will 
be classified and dis[>osed 0 1' as contaminated sedimen t. Details of the calculations 
carried out to derive the volumes are given in Appendix B. 

The results of the testing carried out on the samples recovered by vibrocore sampling 
indicate wîdespread heavy metal contamination genera l1y within the upper two metres 
of materÎaL lt is recommended that the contaminated sediment Ìs dred忍ed and disposed 
of in accoruance with the WBTC 22/92 guiddines for Class C materia l. It should be 
noted that closed grabs will be required for the removal of all contamÎnated material and 
that trailing $uction dredgers wHl not be permitted for the removal of contaminated 
sediment. 

Fîgure 4.8 shows lhe cOlìtours of the base of Class C contamÎnated deposits. The final 
design of the dr己dging layout and lèVd沾沾hould be based on these contours and should 
ensure that all highly contaminateJ material is re l11oved , whilst mÌnimÍsin皂 the amount 
of over Jred且ing to limit uispo泊 t quantitÎes of this typè 0 1' s[>oi1. 

v伊

峭 26 -



4.5 

Below the levels shown on Figure 4.8, the sedÎment is classified as Class A 
"uncontamÍnated materÎa J1' which re有uires no special dredging, transport or disposal 
methods beyond those which would normaUy be applied for the pu巾。se of ensuring 
compliance with EPD‘s Water Quality Objectives, or for the protection of sensitive 
receivers near the dredging or disposal areas. 

A total În situ volume of approximately 2，30台，000 m~ of soft marine clay will be removed 
by dredging of which approximately 1,400,00 m=' will be classified as 鈴contaminatedll •
Thus, using a bulking factor of 1.3 for the dredged materîaJ , the volumes of 
contaminated and uncontaminated mud to be disposed of become 1,820,000 m3 and 
1, 170,000 m:l respectively. 

r
l
L

「
l
l

Impacts 00 Marine Traffic 

Depending on the constructÎon programme adopted up to 是 barges and 3 tugs may be 
required to dispose of the marîne deposit哀 on a daily basis. In their letter of 29 r 
February 1996 (Ref (5月 in PA/S 909/2/87) Marine Department have advîsed that: I ' 

(i) the Contractor will need to apply for the promulgation of an lINotice to r 
Mariners" from MD before any marine work ìs carried out. 

G糾圳i均) a 山k詬岫<Î吋啪i訂訊n叭1

operat lOn; 

仙仙 a11 dr 
i記e侃av叫i吟/er吭e昕的r吋i咚 the work site; 

(îv) a lI working craft involved in the project work should not await in the adjacent 
Y 缸細叫叫i凡內h知J

(令v) passa 皂ge of vess紹吋els t山hr沁ougt拱h the Western Harhour sh>Ol吐i丘ld be s叩pe也ci汪滔f抗ie叫d.

1n addîtion to which , although Marine Department have advised th句 have no objection 
to the proposed plan for dredgìng of the Anchorage Area or the methods assessed 
(tra i1ing suction dredger or 2 grab dredgers) 、 it should be noted that if the Contractor 
selects to use a traîling suction dred皂er to undertake these works‘ this vessel wH1 be 
precluded from transîting the Central Harhour. AJl movements to and from the works 
area must be vÎa designate泣如irways.

「
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「
L
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L
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Figure 4.1 
Extent of SEDPLUME Grid 
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Figure 4.2 
Locations of Sediment Release Points 

in the SEDPLUME Simulations 
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Figure 4.3 
Location of Sediment Release Points for 

Dredging Anchorage Area with Grab Dredger 
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Figure 4.4 
locations of Suspended Sediment Resu1ts 
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的伊re 4.5 
Layout of the Anchorage Area 
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Figure 4.6 
vibrocore Location Pla聽
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5. 

5.1 

5.2 

5.2.1 

POST CONSTRUCTION Il\1PACT ASSESSl\fENT 

Introduction 

The change in bathymetry in the anchora皂e area once dredging has been completed may 
a1ter the existing sediment deposition and erosion rates. Recourse hωbeen made to 
mathematical models of the WAHMO suite to determine the need and extent of any 
maintenance dredging requirements. 

The modeUing work comprised the fo lJowing main elements: 

(i) tidal flow modelling determined the effects of the dredged anchorage area on the 
loca l tidal t10w regime, and 

(ii) sediment transport mode lJing of the natural, or background, sediment regime, 
simulated any effects of the anchorage area on sediment flows and deposition 
and determÎned possible rates 01' sedimentation within the anchorage area. 

Tidal Flow I\lodclling 

Introduction 

The aim of the tidal flow simulations was to determine the effects of lowering the seabed 
for the anchorage area on the locat tidal t1 0w regime. 

The f10w model was set up by the Civil Engineering Department (CED) as part of the 
studîes into the Port Peninsula and is known as the Lantau Port and Western Harbour 
(LPWH) model. The model is based on the WAHMO 乞Iayer 2.dimensÎo叫 modelof
tidal flows which was developed by HR Wallingford and transferred to the Hong Kong 
Government The model solves the equations describing conservation of momentum and 
mass for water and salt interactîvely in two layers which are separated by a fixed 
interface. The LPW叮 model covers the whole of the Western Harbour and Victoria 
Harbo日r (Figure 5.1) using a grîd sÎze of 100m. 

The calibration of the flow model against field data measured during 1990 was examined 
to determine whether any possible improvements could 己e made to the model's 
representatîon of tidal flows恥 The model was then set up for 1996 conditions, which 
form the baseline scenario for this investigation, an是 the model validated agaînst 益的a
measured in the western part of Victoria Harbour. Finally the dredged anchorage area 
was added to the model bathymetry and the model re-run , with the results being 
compared wÎth the baseline to det己rmine any effects of the anchora皂e area on tidal 
flows. 

5.2.2 Flow I\lodcl Calibration 

The f10w model was originally set up and calîbrated by CED using field data taken 
during 1990 as part of the Enhancetl WAHMO studies. The original field data was 
recovered and compared against the r:n odel predictions at the three field data stations 
wÎthin the model are址 (Figure 5.2) to verify the originnl calibration. The results from 
this comparÌson arè given in Appendix 巳

The comparison of the t10叭 modd against the field data shows very go。這 compHrÎson
for both the dry se給on tides with peak current speeds and the phasing of the tides being 
well reproduced. The wet season sprìng -tide shows a sîmilar good comparison except 
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at Station E6 where the model underestimates the peak ebb currents. This is [ 
particularly evi是ent in the surface layer and is because the layer averaged speeds do not 
represent the extremely high near-surface currents well. The wet season neap tide shows n 
a si叫ar behaviour for the twice da丘y peak ebb currents. In overa l1 terms, it may be 卜
surmised that the compari怠。n ls with the field data is good. 

The comparison of the model with the orÎginal calîbration field data has shown that the 
model reproduces the observed ti丑al conditions we[] and it m品y be concluded that the 
model was weU set up and calibrated. 

5.2..3 Flow Model Validation 

At the end of 1995 during the dry season, tidal current speed and direction data were 
collected at a number of sites in the western part of Victo rÎa Harbour. The locations 
of these stations are shown in Figure 5.3. The tlow model was run for the baseline 
configuration which corresponded to the coastline present at the time of the data 
collection and the model results were compared to the field data in order to validate the 
performance of the model (Appendix F). 

At Statîons CRl, CR2 and CR3 data w部 col1ected during 20/11/95 on a neap tide and 
也lri可 27/11/95 on a spring tide. The comparison with the neap tide current data at 
Station CR 1, CR2 and CR3 is good but with peak currents being over-predicted, 
particularly in the surface layer. This is because the tide in the model is larger than the 
tide during which the field data was measured which is shown by a comparison of the 
tidal elevations used În the model and those measured at a tide gauge at Sheung Wan. 
The comparison wîth the spring tide current data shows close agreement between the 
model and the field data except during the semi-dîurnal phase of the tide where the 
model under鵡predicts the peak current speeds.τhis can be explained by cornparing the 
actual ti這al elevations with those in the model which shows that, although the tidal 
ranges are similar, the semi-diurnal phase of the tide on which the field data was 
measured had a larger range than in the modeL 

At Stations KP L K.P2 and KP3 data was collected for a spring tide on 22/12/95. A 
comparison of the tidal elevations at Sheun在 Wan shows that the tide durin學 the fi e1d 
data coliection was larger than the tide use益 in the modeL The comparison between the 
current speeds measured at the three statÎons and the model data shows close agreement 
except that the model slightly under-predicts the peak current speeds, particularly at 
Station KP3 whîch Îs close to the southern portion of the West Kowloon 民eclamation.
This is because of the larger tide during the field datil collection and model grid havin皂
insufficient horizontal resolution to represent the complex flow patterns in this regLon. 

The comparison of the tlow model data with field data collected during late 1995 shows 
th泣 the model accurately represented the tidal flow conditions and it be surmised that 
it Îs well vali這ated.

5.2.4 Scenarios Simulated in the Tidal Flow Modelling 

Two layouts for the tlow model simulations have been considered, the baseline and 
completed scenarÎos ‘ The haseline scenario simulated conditions which will occur 
îmme~iately prior to the co~~truction of the anchorage area. This scenario includt'd 
reclamatìons for Container Terminal 8、 West Ko\汁。on 、 Central Phase 1 and 11 、 Hong

Kong Convention and Exhibition Centre、 Stonecutters Site for Mid-$tream Operations 
and the Stonecutters Naval Base breakwaters and also included dredging for the access 
to Container Terminal 8電 Dredging of Rambler Channel and Approaches l the Naval 
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Basin and the acce給s channel to the naval basÎn. The completed scenario then included 
the dredged anchorage area. Each of the scenarios have been modelled for the wet and 
d叩 season spring and neap tides. 

5.2..5 Results of the Tidal Flow Simulations 

The results from the Baseline and Completed Scenarios are presented here as graphs 
of time varying current speed and direction at eight selected stations (Figure 5.4). Also 
given are colour vector plots of the peak ebb and flood phases of each of the four tides 
for the both the upper and lower layers of the flow model. The vector plots cover the 
regîon encompassîng the anchorage area and the western portion of Victoria Harbour. 
The results from the Baseline and Completed Scenarîo are included in Appendices G 
and H respectively. 

A comparison of the results from the tidal flow simulations for the baseline and 
completed cases show that the dredging for the anchorage area has no discernable 
in f1 uence on tidal flows in the region around the anchorage area. The only noticeable 
difference is that the anchorage area, having been dredged, is represented by two layers 
in the flow model for the Completed Scenarîo but current speeds in the new lower layer 
are very low showing that total flows through the anchorage area do not change 
significantly. 
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The aim of the sediment transport modeUing was to determine whether the construction 
of the anchorage area would affect the natural suspended sediment regime in the waters 
around it and to predict siltation rates within the anchorage area so that maintenance 
挂redging requirements may be quantified. The results from the sediment transport 
model were also combined wÌth the result話 from the sediment plume simulations to give 
total suspended sediment concentrations during dredging of the anchorage area. 

5.3.1 Sediment Transport Model Description 

The sediment transport model、 MUDFLOW， form忍 part of the WAHMO suÎte of coωtal 
hydraulic and water quality models set up by HR Wallingford and WRc and transferred 
to the HonεKong Government. The sedìment transport model Îs a two-layer1 two幽
dimensional mud transport model. The model símulates the transport and dispersion 
of sediment in suspenslon by solving the e中Jations describing the conservation of mass 
and includes the processes of deposition and erosion of sedìment at the seabed. Tidal 
t10w data is provided by the W AHM 0 two-dimensÎonal two-layer model of tîdal f1ows. 
了he sediment transport model uses the same grid and layerinζsy!>tem as the flow mo往el
simulation which provides the flow data. 

The sediment transport model was originally calibrated to' simulate natural sediment 
transport and particulate discharges from a large number of outfalls in Vìctoria Harbour. 
Since then, it has been calibrated to model the sediment transport in the waters of the 
North-West New Territories. 

5.32 Sediment Transport l\lodel CalibratÎoÍ1 

The sediment transport model has heen calihrated f()r natural suspended sedîment 
transport for the same area coverage as the t10w r~ .dJel. The tidal f10w datø for the 
calibration was provîded by the 100m flow model which sÎmulate益 1990 conditions and 
for which the tlow model was calibrated. The calibration of the sediment transport 
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model was based on field data measured in 1990 and 1987. Although 白e coastline of 
Victoria Harbour has changed between 1987 and 1990 the tìel社 data measured in 1987 
w il1 still be valid. 

5.3.3 Scenarios Simulated by the Sediment Transport Model 

The 說ediment transport model has been used to simulate the Baselìne and Completed 
Scenarios for the dredging of the anchorage area during wÎth wet and dry seasons on the 
spring and neap tide, and to provide an ÎndicatÎon of potential maintenance dredging 
re學lÎrements. The tidal flow data was prov泣。d by the 100m t1 0w model Basel ine and 
Completed Scenarios. 

5.3.4 Results from the Sediment Transport Model 

Wet Season Spring Tide 

The comparison between the Basel ine an吐 Completed Scenarios for suspended sediment 
concentrations shows 銜的 the construction of the anchorage area has only small locali紡d

effects. Suspended sedimènt concentrations are shown to Încrease În the northern 
fairway to the west of the anchorage area because the deepening of the seabed 
encourages greater flow from the main tlow channel to the west of Tsing Yi which 
carries with it 白e incre給ed suspended sediment from 出is area. On the ebb tide the 
only reaJ di有erence between the two scen鑫rios are the sl ightl y increased concentrations 
抽出e lower layer between Sheung Wan and the southern tip of the West Kowloon 
Reclamation because more tlow is being encouraged through Victoria Harbour which 
carries more sed iment from the eastern portion of the inner harbour. 

The net mud deposits over a complete tidal cycle show that after the construction of the 
anchor議ge area, sediment deposition rates will be reduce往 in the fairway to the south 
while sediment deposits will be Încreased around the northern portion of the anchorage 
area. The reduction in deposition in the fairway is hecause the slightly increased tlows 
through the fairway increase社 the bed shear stresses sufficiently to prevent deposition 
for a greater perio是 of the tidal cyc1e. On the northern side of the anchorage area the 
deepening of this area encourages tlowaround from the fairway around this side of the 
anchorage area where the suspended sed iment Îs then deposite這 because of the low tidal 
current speeds. There ìs also reduce這 dëposition on the western half of the anchorage 
area hecause more of the sediment is being deposited around the edges of 出e anchorage 
area rather than evenly over the whole area. 
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Wet Season Neap Tide 

The contour plots of suspended 紛diments on the flood tide show very small differences. 
between the Baseline and the Complet吋 ScenarÌos. On the ebb tide in the surface layer 
there is a narrow area of hìgher concentration in the Completed Scenado to the east of 
the anchorage area. Th is is caused 句話。ws on the ehb tí出 having higher suspended 
sediment concentrations than the water arour泣 the anchorage area. The same pattern 
is evident in the lower layer with higher concentrations around the northern side of the r- 、
anchorage area in the Completed ScenarÎn an過 lower concentrations on the 哀。uthern
sidè. 
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The contour of mud deposits also show the same pattern as in the wet season spring tide 
with Încreased sedimentation to the north of the anchorage area in the Completed 
Scenario and decreased sedimentatÎon to the south. Lower deposition rates are also 
shown over the eastern half of the anchorage area. 

Dry Season Spring Tide 

A comparison of the contour plots of suspended sediment concentrations for the flood 
tide shows no discernable differences between the Completed and Baseline Scenarios, 
except that there Îs now sediment present in lower layer over the anchorage area for the 
Completed Scenario. On the ebb tide there are also no differences evident between the 
two scenarios in the surface layer and the only difference Îs that sediment is now present 
in the lower layer for the Completed Scenario. 

The contour各 of net mud deposits do not show any differencès between the two 
scenanos. 

Dη， Season Neap Tide 

A comparison of the contour plots of suspended sediment concentrations for the f100d 
'tide shows no discernable differences between the Completed and Baseline Scenarios. 
except that there is now sediment present in lower layer over the anchorage area for the 

~ Completed Scenario. On the ebb tide there are again no visible differences between the 
Baseline and Completed Scenarios. 

The contours of net mud deposits also do not show any differences between the two 
scenanos. 

Prediction of Annual Siltation Rates 

The prediction of annual siltation rates was based on the results of the sediment 
:: transport modelling for the deposition of sediment resulting from tidal dispersion. It was 

assumed that each of the four tide types occurred 89 times per year and the net 
depositîon rates were simply multiplied hy 89 and the values summed. This ωlculation 
gave the total mass of mud deposited onto the seabed during a year in kg/m:!. ln order 
to determine the depth of deposits it was 品sumed that over a year the mud would 
consolidate and would have an average dry density of 350 kgjm :l. The resulting 
predictions of the annual siltation rates for the Baselîne and Completed ScenarÎos are 
shown in Appendix 1. 

The predictions of annual siltation rates show that once the anchora在e area has been 
dredged up to 4 cmjyear of mud will be deposited on the western side of the anchorage 
area, while the eastern 污ide will have up to 2 cm/year. A comparison of the predicted 
mud deposits for the Baseline and Completed Scena fÎos shows that after the 
construction of the anchorage area there wi1l be 也creased 也position in the fairway to 
the south of the anchorage area but that sedimentation wi l1 be increased on the northern 
and eastern sides of the anchorage area. 

- 32 • 



Combined Suspended Sediment Concentrations during Dredging 

The results from the sediment plume simulations for Scenario 1 were added to the 
results from the sediment transport mo益el simulations for each of the four 
representative tide types. The results from thìs analysis are presented in Appendix J. 
Two sets of results are shown, one set shows the sediment transport model results and 
the other set shows the combîned sediment plume and sediment transport model results 
thereby allowing comparisons to be made to determine the magnitude of the increases 
in suspended sediment concentrations from the dredging activities. 
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Figure 5.1 
Extent of Flow Model Grid 
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Figure 5.2 
Locations of 1990 Calibration Stations 
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Figure 5.3 
Locations of 1995 Validation Stations 
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Figure 5.4 
UJcations of Flow Model Results Stations 
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APPENDIX A 

Sedi,ment Sampling and TesUng Programme 
(inçludes Figure Al Location oC Vibro~ores for Elutriate Testing) 
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Table A.I Sampling and Analyses to be conducted 

Sampling 

Sampling of Vibrocores Sampling of Seawater for Elutriate Tes重ing

30 Sample locations, 6m length of 3 Sample locations to be tested at 3m 
vibrocore at each locatÎon above seabed 

5 Subsarnples per 6m length of 
vibrocore 2 Water samples to be collected at 

each location for the pu叩ose of 
Total nurnber of subsamples for conducting elutriate tests. One 
testing is 150 a品dítional sample to be collected at 

each location to determine the 
composition of seawater (îe without 
release of contaminant結合om
sediment). A total of 9 (ie 3 x 3 
no.) water samples to be ∞llected. 

Each suite of tests requires 4.3751 
(51 for convenience) of seawater 
therefore a total of 45 1 of water to 
be coUected. 

Analysis of Samples 

Sediment Seawater & Elutrîate 

A. Heavy Metal ContaminatÎon of Tests to be conducted on seawater (3 
Sediment (all sediment samples) samples) and Elutriate Samples (6 

samples) 
Cu e 

Cr Redox potential 
Cd pH 
Pb H侃vy MetaIs: Cu 
Ni Cr 
Zn Cd 
Hg Pb 

Ni 
Zn 
Hg 

B. Other tests on sediment for Total Inorganic Nitrogen 
Elutriate Analysis (6 samples only) Ammoniacal Nitrogen Content 

Organic Nitrogen content 
Redox potential Tot品 1 Organic carbon 
pH 了ributyl Tin (TBT) 
Total Organic Carbon DDT 
TBT PCB 
DDT 
PCB 



SHEET 1 

Bottle requirements for seawater analysis provided by two different laboratories: 

1 litre plastic 
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Redox potentîal 
pH 
TON 
Ammonía 
Organic N 
TOC 

2 litre gla品Tributylτin 

1 litre glass DDT + PC話's
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. Cu, Cr, Cd. Pb, Ni, Zn 

250 ml glass 

4 litre 375 ml 
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Sample Description 

Sample identificatÌon 

Test required 

Date received 

Date completed 

[ Methods used 
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El Seawater 
E3 Seawater 
E1 Elutriate (11) 
E2 Elutriate (11) 
E3 Elutriate (11) 
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E2 Seawater 
El Elutriate (1) 
E2 ElutrÍate (1) 
E3 ElutrÍate (1) 

1) pH value 
2) Redox potentîal 
3) Total organic carbon content 
4) Copper content 
5) Nickel content 
6) Zinc content 
7) Lead content 
8) Cadmium content 
9) Chronium content 
10) Mercury content 
11) Ammoniacal nitrogen content 
12) Organic nitrogen content 
13) Total inorganic nitrogen content 

16/02/96 

28/02/96 

1) APHA 17ed 4500 - H+ 
2) ASTM D 1998 = 1976 excludes clause 8 
3) APHA 17ed 5310C 
4), 5) & 7) - 9) APHA 17ed 3113 
6) APHA 17 ed 3030A, 3030F3b & 3111 B 
10) In house method E-T-022D 
11) APHA 17ed 4500 - NH) B&E 
12) APHA 17ed 4500 - NH) B&E & 4500 - Norg B 
13) APHA 17ed 4500-NO)"E & 4500-N02-B 
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APPENDIX B 

Sediment Quality Study 
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Analytlcal Results oC Seawater and, Elutriate: Tests 
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Sediment Plume Simulations 

APPENDIX D 

Scenario 1 (Trailing, $uction Dredgers) 
Scenario 2 (Grab Dredgers) 
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6. 

6.1 

MITIGATION M缸ASURES

Construction Phase 

From the interpretation of the results of the 能diment plume stu句" it was concluded that 
no specific mitigation measures wil1 be required to achieve the WQO's for dissolved 
oxygen, ammonia or nutrients when dredging is being carried ou t. As noted in Section 
4.2 on the basis of the model resu1ts. it may be surmised that the WQO's for SS will be 
exceeded within the anchorage area. 

As noted in Section 4.2 the model indicates that the overall impacts on marine water 
quality are greater when a trailing suction dredger lS used for dredging the anchorage 
area than for two grab dredgers. It should be noted that the dredging programme given 
in Figure 3.1 is actually based on a dredging rate of 20,OOOm3

. A rate of 40,OOOm3 was 
used as input to the model to assess cumulative impacts if there was more than one 
dre這ging activity taking place in the area of influence 臼ring the programmed works. 
As noted in Section 3 this is not case and thus the results for the trailing suction dredger 
should be divided by 2. Even on this basis, it was predicted that suspended solids 
concentrations will exceed the WQO for the .ynmitÌ{!ateQ scenario (20.000m3

). 

It should however be noted that a sediment release rate of 5% îs very conservative; în 
practîce average release rates of about 1% are more common for trailing suction 
dredgers assuming good operatÎng practices are adopted (as discussed later in the text). 
On the basis that 1 % release rates are, on average easily achieve~、ble using trailing 
suction 這redgers the impacts withìn the anchorage area could be reduced to less than 
7mg/L The concentration around the dre這ger itself wm naturaUy be higher but this 
should be confined to a smaU area. 

If the construction programme needs to be compressed and trailing suction dredgers are 
used, the production rate could be between 20,000 and 40,OOOm3 depending on the time 
available. The impact (and mitigation measures) would however need to be reassessed 
with respect to any changes in the construction programme ‘ 

For grab dredgers the rates used as input to the model correspond to the programme 
given in Figure 3.2. 

The assumed sediment loss of 5% lS also very hi皂h when relating this to field 
observations. A reduction of about 50% jn the predicted losses (i.e. 2.5% loss rate ) 
could easily be achieved through standard operating practices as discussed later in this 
section. If this reduction is taken into account the impacts ;，\的。ciated with this dredging 
option will be significantly reduced ‘ In the anchοrage area. suspended solids 
concentrations stiU are forecast to be relatively high and î.1 itigation measures wi1l need 
to applied if the Contractor chooses to use grab dredgers throughout the construction 
phase. 

1t is worthy of note that about 1.8Mm3 of mud Îs defined as being contamÎnated and will 
thus be dredged using closed end grab dredgers. The remaining 1.2Mm3 is defined as 
uncontamÎnated and no such dredging restrictions apply. However, it Ís possible that the 
Contractor wiU choose to deploy only c10sed end grah dredgers on the sîte to canγout 
the entire dredging works as this could he more economical than changin皂 plant part way 
through the dredging works. It is "Iso worthy of note that the contaminated mud wiJl 
be dredged out as the first activity (scheduled durin惡 the Wèt season). If the Contractor 
cho令ses to use trailing suction dredgers, impacts wil1 he' less as this will be carried out 
during the dry season. 
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• reduction of sediment losses through app1icatîon of low impact dredging 
methods. Sediment losses estimated herein could be reduced by about 80% 
compared to the unmiti萃ated scenario (ie 1 % release rate compared to the it 5% 
which was assumed ín lhe sediment plume model) throu答h employment of 
trailing suction dredgers. Grab dredgers could reduce the impact by 
approximately 50% (compared to the unmitigated scenario). If closed end grabs 
are used the high vertical accuracy which can be attained wilJ further reduce the 
sediment los5帖. Turbidity generation may st i1l be high during closing and 
hoisting due to improper dosing ar d己bris/silt sticking to the sides of the grab. 

flLFiLFIrth-LriLriL 

• by contro l1 ing the dredging (and production) rates the impacts on the water 
column can be reduced. For trailing suction dredg己rs production rates should 
be controlled at 20,OOOmJ/day (as ddïned in the Construction Programme given 
in Figure 3.2), and for grab dredgers this shouid be 12,800m3 per day on the 
basis of the foregoing assessments (as given in Figure 3.2); 

• sediment losses during dredgin萃 should be controlled through the Conditions of 
Contract to less than 5% of the dr以jging rate; and 

• residual impacts can be controlled through Înter alia. dredging only on a slack or 
rising tîde or by feducing the actual production r泌 te.

Although the modeUing study indicated there would be no need to use silt curtains to l' 

protect the sensitive receivers (s剝削ter i的d臼s) ， if these are found to be required the 
fo l1owing conditions should apply: 

• When dredging the Contr"ctor sha l1 surround any seawater intakes within the 
area of influence with suÌtable sÎ.lt curtains to prevent excess silt contaminating 
the water drawn into the intakes. The Contractor shall be responsible for 
providing and insta Iling sth curtains, where required, which sh乳旦 be formed from 
tough , abrasion resistant, permeable membranes suitable for the purpose, 
supported on floating booms in such an 技 manner as to ensure that the ingress 
of turbid waters to the enclosed waters sha l1 be restricted. 

• The bottom of the curtain shall be formed and installed to accommodate the 
tidal rise and fa旺 I and that ingre5s of turbid waters Îs limited. The Contractor 
shall regularly inspect the silt curta Îns and shaU en活ure that they are adequately 
moored and marked to avoid any danger to marine traffic. 

Operatinn Ph~“e 

Examination of the calîbraled sedimènt transport model results indicate that 
sedimentation rates within the anchorage arèa are lîkely to be up to 4cm per year. This 
calculation has bee l1 made on the assumption that the 將這iment will not consolidate and 
will have an averagè dry density of 94 kg/mJ

• Maintenance dredging is likely, therefore 
to be required every ten years or so 總
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However, under extreme storm 己vents‘ the 50ft seabed deposits are likely to be 
remobîlised, (orming a dense suspension of sèdimènt anù water close to the seabed. 
This mobiliseu material will tend to bè deposited in the anchorage area where it will 
consolidate' rapidly. 
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7. CONTRACT CLAUSES 

7.1 General Environmental Protection M倒給res

On the basis of the foregoing 品sessmen詣， it is apparent that specific controls will need 
to be applied to protect marine 1 ife and water ♀ual ity, both at the Anchorage Area and 
at the spoiI dumping grounds. 

、
‘
.
'
，

-aza i--
The Contractor shall carry out the Works in such a manner as to minimize 
adverse impacts on the water quality during execution of the Works. Methods 
of working shall be arranged to minimize the effects on the water quality within 
出e Site, adjacent to the Site, on transport routes and at loading, dredging and 
dumping areas. 

(2) Methods of working shall be designed to minÎmize adverse impacts upon water 
quality in Hong Kong waters in terms of the WQO; experienced personnel with 
個itable training shall be employed to ensure that these methods are 
implemented. 

(3) Particulars of proposed methods of working whìch are likely to cause adverse 
impacts upon water quality shall be suhmîtted to the Engineer. The partÎCular話
shaH be submitted before such work starts. 

(4) Seawater intakes which may be affected by dredging shall 悅 surrounded with 
suitable silt curtain systems to prevent excess silt contaminating the water drawn 
into the intakes if 出 is is found to be necessary. The silt curtain system怠 shall be 
designed to ensure that the întake water shall contain less than 140 mg/l 
suspended solids (the W是ter quality objective for WSD intakes is 10 mg凡， but 
note this is actually even less than ambient water qualìty). 

卜， (5) The Contractor shall comply with the provisions of the Summary o ffences 
Ordinance, particula(句 with respect to marine littering. 

(6) Sediment losses during dredging works shall not exceed 5% of the daily dredgîng 
rate or 1.2kg/s whichever is lowest and the 部diment 10品結 shall be confined 
within siit êurtai的 if required. 

(7) The Contractor shall agree with the Engineer the specific routes which shall be 
adopted for the disposal of spoil and shall adhere to these routes unless 
otherwÎse advised. 

7.2 Protection of Marine Water Quality 

(i) The Contractor shall design methods of working to mínímise adverse impacts 
upon water quality stemmìng from his operations in Hong Kong waters in terms 
of the WQO, and shall provide experienced personnd wÌth suitable training to 
ensure that these methods are implemented. Methods of working shal1: 

(a) minimize disturhance to the seahed while dreùging: 

(b) 

(c) 

mÎnimize leakage of dredgèd materialuuring lifting: 

minimize loss of material during transport of dredged materÎal~ 

- 36 -



、
、•• 
aF 

••• 

A 

-
a
z

且

Jfk 

、
、
霉
，
'
，

eeza aRgza -i 
r
z
丸

(如)

(d) 

(e) 

prevent discharge of dredged material except at approved locations; 

prevent the unacceptable reduction, due to the Works, of the dissolved 
0月'gen content of the water affected by the Works; and 

(f) prevent excess suspended solids from being present in intake waters. 

Before the commencement of the Works. the Contractor shall suhmit to the 
Engineer the proposed methods of working. 

After commencement of the Works if the plant or work methods are be!ieved by 
the Engineer to be causing unacceptable levels of poHutio口t the plant or work 
methods shall be inspected and remedial proposals drawn up, approved and 
implemente試 Where such remedial me的ures înclude the use of additional or 
alternative plant such plant shaU not be used on the Works until agreed by the 
Engineer. Where remedìal measures include maintenance or modification of 
previousJy approved plant such plant shall not be used on the Works until such 
maÎntenance or modificatÌon is completed and the adequacy of the maintenance 
or modificatÎon is demonstrated to the satisfaction of the Engineer. 

When dredgîng the Contractor shall surround any seawater intakes which may 
be affected by such operations with suitable silt curtain systems, to prevent excess 
silt contaminating the water drawn into the Întakes. 

(v) The Contractor 忍hall comply with the provisions of the Summary Offences 
Ordinance, particularly with respect to marine littering. 

7.3 General Procedures for the Avoidance of Pollution During Dredging, Transporting and 
Dumping 

(a) All Contractor's Equipment shall be designed and maintained to minimise the 
risk of si1t and other contaminants being released into the water column or 
這eposited in other than designated locations. 
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Pollution avoidance measures shall indude but are not limited to the following:-
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(iv) 

mechanical grabs shall he designed and maintained to avoid spillage and 
shall seal tightly wh i1e beîng lifted; 

îf traiJing suction hopper dredgers for dredging of uncontaminated 
marine mud are proposed, overflow from the dredger and the operation 
of lean mixture overboard systems shaH not be permitte益， unless 
expressly approved by the Engineer in consultation with the EPD; 

all vessels shaU be sized such that adequate clearance is maintained 
between vessels and the 統a hed at all states of the tide to ensure th泣
undue turhidity is oot generated hy turl亨ulence from vessel movement or 
propeller wash; 

a11 pipe leak~lges are to he repaireo promptly and plant is not to he 
operated with leakîn皂 pípes:
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(ν) the Works sha lI cause no vjsible foam , o i1, grease, scum, litter or other 
objectionable matter to be present on the water within the Site or 
dumping grounds; 

(vi) a11 barges and hOPl咒r dredgers shaH be fitted with tight fitting seals to 
their bottom openings to prevent leakage of material; 

(vii) excess materÎal shall be cleaned from the decks and exposed fittîngs of 
barges and hopper dreùgers before the vessel is moved; 

(viÎi) Ioading of barges and hoppers sha Il be controlJed to prevent splashing of 
dredged material to the surroundîng water and 色arges or hoppers shall 
not be fiIled to a level which 法1ill cause over l1ow of material or polluted 
water during loading or transportation; 

(ix) adequate freeboard shall be maintained on barges to ensure that decks 
are not washed by wave action; nnd 

(x) any other pollution avoidance measures deemed suitable and appropriate 
by the Contractor. 

,, (c) , The Engineer may monitor any or all vessels transporting material to ensure that 
no dumping outside the approved location takes place. The Contractor shall 
provide a11 reasonahle assistance to the Engineer for this purpose. 

(d) The Contractor shall ensure that all marine mud, contaminated marine mud and 
un污uitable material Îs disposed of at the approved locations. He will be required 
to ensure accurate positioning of vessels before dischar皂e and will be required 
to submit and agree proposals with the Engineer for accurate positional control 
at disposal sites before commencing dredging. All disposal in designated marine 
dumping grounds shall be in accordance with the conditions of a licence issued 
by the DEP under the Dumping at Sea Act (Overseas Territories) Order 1975. 
Floatable and contamÎnated materÎals (as defined by the DEP) will not be 
acceptable at marine dumping grounds and w i1l require other methods of 
disposa l. 

(e) The Contractor shall design methods of working to minimise po l1ution and shall 
provide both experienced personnd and suitable training to ensure that these 
methods are implemented. 

7.4 Designated Contaminated l\ larine l\Iud 

The 10catÎons and depths of the designated contaminated marine mud will be as directed 
by the Engineer on site. The Contractor is to ensure that the designated contamÌnated 
marine mud is dred許止 transported and placed in approved 叩ecial dumping grounds 
and in such a manner as to minimise the loss of material to the water column. 

Special Procedures for the Avoidance of Pollution Durîng Dred萃in忍， Transportation and 
Disposal of Designated ContamÎnatαj !\1arÎne 1\1 ud include: 

(a) A lJ contamÎnated m~泣。 rial wÎU be uredged and disposed of accordíng to the 
re守uÎrements of the FMC and EPD. 
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1 Uncontaminatcu muu shal1 not be dumped other than in dumping grounds as 

may be approve丘 by the DEP and in accordance with the Dumping at Sea Act 
(Overseas Territories) Order 1975. Contamînated mud shall not be dumped in 
gazetted dumpìng grounds. If it cannot be left in situ it should be disposed of by 
specific methods as directed by the DEP. The Contractor shall be responsible 
for obtaining a lJ necessary licences for these operations. 

When dredgin萃， transporting and disposing of designated contamÌnated marine 
mud, the Contractor sha立 impIement addîtional special procedures for the 
avoidance of po l1 ution which shall ìndude but are not Jimited to the following:. 

(i) The contractor shall obtain a disposal licence for disposal of 
contamÎnated mud at the East Sha Chau contaminated Mud Pits. 

(ii) dredgîng of designated contaminated marine mud shall only be under偏

taken by a suÎtable grab dredger using a closed watertight grab; 

(iii) transport of designated contaminated marine mud shall be by split barge 
of not less than 750m3 capacity; well maintained and capable of rapid 
opening and discharge at the disposal site; 

(iv) the material will be placed in the pit by bottom dumping, at a location 
within the pit to be specified t from time to time, by the Secretary of Fill 
Management Committee; 

(v) discharge shall be undertaken rapidly and the hoppers shall then 
immediately be c1 osed; any material adhering to the 各ìdes of the hopper 
shaIl not be washed out of the hopper and the hopper shall remain closed 
unt i1 the barge next returns to the disposal site; 

(vi) the Contractor must be 圳e to position the dumping vessel to an 
accuracy of 士 10m;

(vii) the Engineer for the Contract which is disposing of the contamÍnate這
mud wi lJ supervise and record the disposal operation. The Contractor 
shall provide assistance to the Engîneer and the details of the supervision 
and record keeping are to be agreed beforehand by the Director of 
Environmental Protection; and 

(vîií) the Contractor shall ensure that the dump Îl t ,5 vessel shall be stationary 
throughout the dumping operation. 

1n addition to the foregoing, the F iIl Management Committee and the Environmental 
Protection Department m句 impose further restrictions 叫ìen the Contractor app1ies for 
the licence. 
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8.2 

& ENVIRON l\1ENTAL l\10NITORING AND AUDIT REQUIR昆l\1ENTS

8.1 General 

The Contractor will be requlred to schedule and design his works such that he: 

• minimises dis[urbance to the seabed while dredging; 
• minimises losses of dredged material during lifting and transportatíon of fill or 

dredged material; 
• prevents discharge of pollutants, fill or dredged material at any location other 

that approved by the Director of EnvÎronmental Protection; 
• prevents the unacceptable reductîon in dissolved oxygen levels due to the 

dredgíng; and 
• prevents release of excessiv己 suspended solids to the water cotumn. 

To ensure the Contractor Îs carrying out the Works În such a manner as to minimise 
adverse impacts on receiving water 中ality during execution of the Works, it is 
recommendeù that impa口 monitoring during the period when dredging and related 
marine works are undertaken to confirm the standards set are being achieved. 

The Engineer should establish a series of Designated Monitoring Stations (as illustrated 
on Figure 8.1) with each station having a defined (measured) target limit for turbidity 
defined by the Engineer. One station will bè located near any seawater intake within 
a lkm radius of the site. Two more statÎons will be located within the immediate Study 
Area, with a further two !生tations external to the embayment. 1t is proposed the 5 
monitoring statio口袋 will b己也tahlîshed around the Anchora早已 Area site to monitor the 
marine impacts of these works. These sha lI be defined in the Environmental Monitoring 
and Audit Manua l. 

Baselîne l\1onitoring 

Baseline conditions for water quality wiJl be established at least four weeks prior to 
commencement of the marine works by insítu measurement of dissolved oxygen 
conc己ntratÎon (mg/l) (DO) and dissolved oxygen saturation (%) (DOS) and temperature 
(OC). No monitoring of heavy metals Îs prop。但d on 抗ccount of the resu1ts provided and 
temperature (OC) ‘ 1口W司'N~沁tte叮r $;刊lmp判l已凶s wl11 b花已 taλlke釘n f、or immη1edi泣;扎lte onsi江te measurement of 
tωur巾bidit句y (昶TU) 趴d h 
monitoring 泓WI山11 be un孔叫已de盯r鬥take叩{η1 for ;，泌tl且1 0剖ther p(扎lr只伶ameters at all Designated Monitoring 
Stations, for a period of one month prior to the commencement of the marine works on 
four days of each week. Monitoring sha11 be undertake:~ :\t each statÎon on the mid 
flood and mid ebb tiJes at three de伊hs、 namely九 one mèlre below the water surface 
(upper), mid water depth (middle) and one. metre a色。ve the sea bed (lower). 甘le
baseline results and \\/QO shall form the basis for calculating trigger, action and ta苟et
levels to be used in the impact monitorîn皂. A framework for calculating TAT levels is 
思hown in Table 8.1. 
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Figure 8.1 
Proposed Water Q詣ality Monitori聽g Stations 
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8.3 

8.4 

Table 8.1 Trigger, Action and Target Levels 

Paramt't t'r草 Tri自~t'r Actioß Targ的

Dissolved 00<5克欄 ile of DO < 1 %- île of <4mg/L 
Oxygeß, 00 tn革JL basclinc data for 草 urface baseline data for (<5mg/L for MFCZ) 
(Dcpth avera息cd) and middle I這ycr草 surface and midd[e 

layers 

Dissolvcd Bt)Uom: Bottom: h臨旦:
Oxygen , DO mg/L 00<55忌- ile of DO<l 咚. i1e of <2 mg/L 

(Bottom) basdîne dala fl)r bouom basdine dala for 
layer botlom layer 

Suspcnded SS >90%- ile ()f SS >95%糊 ile of SS>99%備i1e of 
Solid , SS mg/L basdinc dala and SS basdinc:. data and SS baseline data and 55 
(deplh他avcragcd) > 1105毛 upslream > 120% upslr給m > 130% upstrca如

conlro! stalion'5 5S a1 control slatio l1 's SS at conlrol station's SS at 
the 給mc tide of thc thc snmt! tide of the the same tide of the 

same d揖y samc day same day 

TurbidiLy，相勻， 詞句 >90字且也 ile of Thy>9主%闖i1e of τby>99~息- ile of 
NTU ba草cline data and Tby basdine data and Thy basdißc data and Thy 

(deplh-a verag毛主d) > 110% upslrcam > 120晃 up挂lrcam > 130% upstream 
COlllrol st:ttion's Tby al I..'onlrol s~llion's Thy al control station's Thy at 

thc samc liJc 0 f lhe thc SUll1è lidc of the thè same tide of the 
same Jay s:unc duy same day 

Impact l\fonitoring 

Impact monìtoring will be undertaken , during the course ofthe Works , on three working days 
per week at each pred t!tïned Designated Monitoring Station. The interval between each 
sampling series (mid ebb and mid tlood) wîll not be less than 36 hours where two sets of the 
turbidîty , DO. DOS and temperature levels shall be measured and water samples for 
suspended solids taken at each depth. Where the difference in value between the first and 
second reading of each set is more than 25 % the readings shall be discarded and further 
readings shall be taken. Suspen t1ed solids analysis wi1t continue until such times 部 a clear 
relationship is determined with turbidity. 

Eventl Action Plan 

I缸f the mor叫:丘it約or叫ing d 法泣ta of t缸叩ur巾bidity or suspendeú 50叫lids or dîssol仙ve飢叫￡社1 oxygen or a剖mm約on叫1吋ia缸ca泣l 
nitrogen show a dete臼r盧心i

t出he Clοmtractor shall take action in a~cordance with an Action Plan wh;ch shall be submitted 
to and agreed hy the Enginèer and EPD. 

Action on dètet.:ting a dete fÎoratÎon in water quality shall includè all necessary steps taken by 
the Contractor to stem thè d位erioration and r已-estahlish the 泣atus quo. The steps taken will 
include but not be I imit吋 to:-

• checking of all marinè plant and èq l1 ipment~ 

• maintenan~e nr replacèmçnt of any marinè plant or èquipment contributing to 出e
dèteriorati廿 n~

• checking and maintenant:e of any silt scrèens; anJ 
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• review of all working methoLfs. 

A 叫叫C討ω叫枷川叫O叫侃叫川叫n川叮l川印pl泣a部1山… 
below 蠱

Table 8.2 Action/Event Plan for \Vater Qualily 

Exceedanre En\'ironment;“ Team Conlrador Engineer 
(!\1onilorin結 S(arr + Em'ironmenlal 

Audi(or) 

Tri詔cr Levcl lnform COnlra l'tor RCt'liry unacccptahlc practÎCe 
beÎng 
exce叫ed by 
one sa熱pling

day 

?計處er level Repeat În-sÎtu measurCnlcnt to In[()rnl thc Enginccr: Discuss with Environmental 
being confírm fimJings: RCl'tify unacrcptable practícc; Team and the Contractor on 
exceeded by Idcntify source(s) of impucl; Check all planl and equípmcnt; the proposed mîtigation 
more than Inform Contractor: Considcr changes of 協 絨毛easures;

two Chcckin萃Olonitorìng daw , 311 planl、 methods; Make agreement on the 
consccutlve equipmenl and contractor‘s working Propose nlitigulion measurωto miligation measures to be 
sampling days melhods: En草incer and di豆cuss 泌ilh implemented; 

Discuss míti鑫泌的n mcasurcs with thc Environmcntalγcam and the Assess the effectìveness of the 
Engincer and ContraClor. Engìncer; implcmented mitig剖ion

lmplement mitigation measurcs mcasures, 

Action level Repcat in.situ mcasurcmcnl 10 Inform Ihc Engînccr and confirm Discuss wilh Environmental 
being co給打rm fi終dings; nOl ificatíon of excecdance in wrìting; Team and the Contractor on 
exceeded by Idcntiry sourcc(s) of im仰仗; 良心:“ f~' unacc已ptahle practice; the propo鑫ed mitîgation 
one s袋mptìng Inform. Conlractor; Chcck all plant and cquipmcnt; 口leasures;

day Chcck monitoring dal3. all planl, C.onsidcr chan萃的 of working Make agreement on the 
equipment 益nd contractoc's working mcthods; mitígation measures to be 
melhods; Proposc mitig..l lion mcasurω lO implemented; 
Discuss mitigation mC3surcs with the Engínccr and discuss with Assess the effectivencss of the 
Engíncer and Conlrac!Or; Envìronmcnlal Tcam and the implemented mitigation 
Repeat measuremcnt on the ncxt day Enginccr. measures. 
。fe其ceedanct!. lmplcment the agrccd mÎligalion 

mcasurcs. 

Action levc: 1 Repcal in-situ mcaεurcmcnt to Inform thc Engincer and confirm Dî釘us.s with 丘nvironmental

being conlirm findings: notifil'ation of cxcccdance in wrìting; Tcam and the Contractor on 
exceeded by hlcntiry 50叫cc(s) of im仰仗; RCl'tify una~ccptable praclicc; the proposed mitigation 
more than In(orm Conl倍ctor: Chcd: all plant and cquipmcnt: measures; 
two Check monítoring data 、 all plant. Considcr I.'hangcs of 圳)rkin墓 Make agrecment on the 
consccutlVε cquipmcnt and COnlral'lOr'S workil璋 n\cthod益; milìgalion measures to be 
sampling da戶 mClhods; Prl)pOSe mitigation mcasurcs to implcmented; 

Discuss miligulion measurcs wÍlh Ihc Enginccr 叫 Ihin 3 working days 叩on Asses.s the effeclÎveness of the 
Enginc t! r and Contraclor; lhc nolÍ ril'ation and discuss 泌i"Î lh implemented mitigatîon 
Ensure mítigation mca其urcs arc I三nvironmcntal Teum and the measures. 
ìmplcmented: Enginecr: 
Prcparc to incrcasc thc nlOllíll)ring lmpkmcnl the a在rccd mitigation 
frequcn l'y 10 daí!y: 約lca其urcs.

Repcal measurcmcnt on thc ne.\'t day 
o[ cxcecdanCè. 

Target level Rcpeat 川-s，ìtu m t.:asurcmcnt 10 InCùrm thc Enginccr and confirm 。 i革cuss with Environmcnlal 
being confirm findings; nnlificalion of c~cecdance ín writìng: Tcam and the Conlraclor on 
excecded by Idcntîfy soun:c(s) of impact; Rcctify unacccptable pract Ïl'e: the propo就d mitìgation 
one sampling lnform Contractor and EPD; Chcck all plant and cquipm c.: nt: mcasures; 
d吟， Chcck. monitoring data、 all plant ‘ Con話ìdcr c-hangcs of 怯 llr J..: in萃 Rcquest Conu海ctor to c討lically

equipmenl and conlractors working mClhods; review the workìng methods; 
mcthods: Propo逗c mlll在這 tion mcasun.:s to Make agrecmenl on '.Þe 
Dí革cuss mitìgaliùn mc.: asurcs 叭叭 h Ihc En~llh~cr Wllh ll1 3 站。rkin立g d;;約:r1i upon miti惡ation measurcs 10 be 
Enginccr und C\)ntr: . .Il'tnr: Ihè Ih)\ifil'且 lio說i1 nd disl'USS 協ùh ìmplcmentcd; 
l了nsurc milígallùn Il1 C <lsurc后盯于 i :Il\l rnll l1lcn\al Tcam 沾 nJ thc 八ssess the effectiveness of the 
implcmcnt t.: J; Enιinccr: imp1cmentcd mitígation 
tncrt! 3SC thc monÎtorìng frcqucn(y to Implcmcnt Ih c;! agrccd mitigation Olca在ures;

daíly un t"ìl 泣。 cxcccdant:c of Targc\ mcasurcs 
levc l. 
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Table 8.2 ActionjEvent Plan l'or Water Quality (Co剖，“

Exceedance EO\'Îronmenlal Team Contr:u:'tor En諺語eer

(注fonitoring Slaff + En\'iron Ol~ntal 

Audifof.} 

τ'a rget level Rcpeat in.sìtu measurcmcnt to Inrllrm thc Engi叭的r and confinn Discuss with Environmental 
being confirm findings: notirkution or cXl"cedancc in wrilin志 Team and the Contractor on 
exceeded by Identífy 50urce(s) of impac:t; RCèlify unacccptablc pr.sctice; the proposed mitigation 
more than Inform Contrac(or and providc Chcck all plant 3nd cquipment; 認leasures;

two repo況s 10 EPD; Rc叭cw critica lJy thc working Req uest Contractor to criti阻111'

consecutlve Check monìtoring data. all plant. mcthods; revîew the working meth必s;

sampling days eq凶pmcnt and contractor's working Proposc mÎ1Îga(Îon m c:a草urC5 to Make agreement on the 
methods; Enginccr 叫thin 3ωrking days upo泣 mitigation measures to be 
Discuss milig，泌的n mcasurc屋的th thc thc l1 úlifi叫tion and di在cuss 的th implemented; 
Engineer and Con(raClOr; Envìronmcntal Tcu ll1 and lhe Assess the e(fectiveness of the 
Ensure mitigation n泌asun.:s 泌rc Engincèr; implementcd mitigation 
implcmcnlcd~ Implcnlcnl thc agrccd mitigution' mc正主sures;

lncrcasc thc monitoring frcqucncy 10 I1lca品urcs: Com:>Îder and insl叫叭 if

daily unlìl no excccdancc of Tar萃的 八s dircctcd by Enginccr. 10 510w necc且ary電 the contractor to 
Icvcl (or two consccutivc da戶﹒ d(糊'oorω ::，"TOP all or part of the slow down or to STOP all or 

marinc work. part or the marine work until 
no exceedance or Target level. 

The general procedures to avoid pollution during dredging works include the 
re可uÎrement that the Contractor shall design his working methods and use equipment 
that shall minimise the risk of silt and other contaminants being released into the water 

l:column. 

For the purposes of e\'alua lÌ n旱的e wa ter qualit)九 a l1 values shall be depth averaged. A 
monthly summary of aH data will he prt!pared and wìl1 include at least the following: 

• copY of all the monitoring results; 

• highl這hting whenever the trigger, action and target limits or WQO's are 
exceeded~ 

• impl己mentation of the action plan whenever the trigger、 action and target levels 
are exceeded; 

• identîfication of reasons for non-complîance; 

• identificatìon of mitigation measures taken by the Contractor as a result of 
exceeding the trigger，法ction and/or target limit以 and

• copy of all complaints received along with the responSèS .;nd details of the action 
taken. 

A copy of the summary data wi I1 be made avaiJable for inspection by the DEP at his 
request , and by the Contractor. 

The Contractor shall prov[ùe a sumrnary of any specific activitîes recently undertaken 
which may affect the 怯，這 tèr quality parameters, and any remedial measures deemed 
necessary as a resu!t of non-compliance whenever target limits ~re exceeded. If, the 
Contractor has not taken approprialè anu effectÎ\'è measures to reduce the water quality 
impacts, the Contractor maybe requireu to take a l1 measures necessary to improve the 
wate[ qualit)人 γi法 trîggef. actÌon and target lè\'ds (TA T) will be endorsed by both the 
Engineer and EPD , 
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8..5 其1onitoring of Spoil Disposal 

riLrli4 

The Contractor shall ensure that all marine mud, contamina泣l詰ted marine mud and í" 「
u 
en】怠以心ure accωur悶at閃e pos蛇i技tio∞n叫1討10呵1沼g of veω5S認吋els before di忱S仗叫cha泣lar咕惡e and t昀o s叫ubr您nl誌t and agree 、 , 

proposals w叫i t山h the Engineer for a凶l比ccurate po~叫~itiona沁.1 control at 社dis句poωS侃a叫1 sites before r 
comme 叫n咚g dr吋叫e吋dgi吟 All di誌spo叫 10 只 de郎S句

accordance with the conditions of a licence issued by the D缸P under the Dumping a剖t 心
J 

Sea Or吋dînance (18 of 1995). Floating and contamÎnated materials (as defined by the .. 
DEP) will not be acceptable at marine dumping grou叫坊 and will require other methods I ' 
of disposal as required by FMC他

The 巳n吟gi倪er ma益ly mo州or any vessel t川
material does not take p抖1叫lace d也hυlr叫1n皂 tf.λms呵叩i河中[1 01口吃-ta沁泣i泣tion. The Cor仿1泛tra耐-ac叫tor shall provi祠de a11 L": J 

r閃easonable assista汀nce tωo the Engineer for this pur叩[1 0$忱e an叭ld s品haU design his me叫thods of 
「

working to mÎnimÎse p仰3泊oIl u叫叫tion
training to ensure t泊h，叭lt these methods are imf抖3甘le缸me叫n削1叮te叫d. Lι J 
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9. cor當CLUSIONS

On the basis of the fore墓。 ing assessment, the following conclusions have been drawn: 

(i) the water quality objectives for dissolved oxygen, ammonia, and nutrÎents can be 
achieved regardless of the dreùging scenario considered; 

(ii) the water quality objectives for suspended solids will be exceeded unless 
mitigation measures are arr1ied as shown below: 

Contaminated Deposit Uncontaminated Deposit 

Total Volume 1.8 l\.fm3 l .2MmJ 

l\fitigatÎon l\.teasures 
Proposed 

(a) Grab dn~dger • closed grabs must be used • control production rate 
for contamÎnated spoH of 泣，800m'/day

• contro口i 1 p3 roduction riiie of • low impact dredging can 
12,800m J j day reduce sedîment losses 

• low impact dredging can by 50% compared to 
reduce sedîment losses by unmitîgated scenario 
50% compared to • dosed grabs further 
unmitigated scenario reduce sediment losses 

• closed grabs further • ensuring proper closing 
reduce sediment losses and hoisting of grab will 

• ensuring proper c10sing further reduce irnpacts 
and hoisting of grab wi1l • controlling dredging rates 
further reduce impacts • sediment release rates no 

• contro l1ing dredging rates greater than 1.2kg/s 
• sediment release rates no 

greater than 1.2kgjs 

(b) Trailing N/A • conlrolling dredging rates 
Suction 的〈鉤，OOOm3/day
Dredger • contro l1îng sediment 

10裕的 to 1 % of dredging 
rate 

• use of trailing suction 
dredgers only during dry 
sea.wn 

• use of trai1ing suction 
dredgers only on slack or 
t100ding tide 

• sediment release rates no 
greater than 1.2kg/s 

Disposal Locatioß East Sha Chau East Ninepins or South 
Contaminated ty1ud Pits Cheung Chau 

Residual lmpact ~O r走訪 idual Împact outwlth 1\:0 residual impact outwith 
anchorage a rea anchorage area 
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(位i) heavy metal and other organic pollutant releases from the solid to a中eous phase will 
be less than 0.1 % of the source material in the sediment and will comply with a11 the 
Guidelines proposed for the protection of marine life as shown below: 

Parameter Guidelines for Protection 0 1' Marine Life Average Concentration of 
Pollutant Released to 
Water Column During 
Dredging 

pH > 6.5 < 8.5 7.6 - 8.0 

Cd marine life : 。3μgjl
0.005 mgjl (USEPA) 

Pb marine lifc : 1.5μgjl 

0.050 mgjI (USEPA) 

Hg marine lífe: < 1μgjl 
0.10μ在j1 (US巳PA)

Cr marinc lifc : 3.8μgjl 

0.100mgjl (USEP A) 

Cu marine life : 0.7μgjl 

0.050mgjl (USEPA) 

Ni marinc lifc : 1 1.7μgjl 

O.tOOm旦/1 (USEPA) 

Zn marine life : <0.05 mgjl 
0.100 mg/I (USEPA) 

Amm-N marine lifc : 5.45 mgNjl 
0.400 mg/l (unionised as NHJ ) (USEPA) 

DDT marinc life : l μgjl 
O.OOlppm as 24 hour avcrage with no 
exceedance of O.13ppm (US忠PA)

Tributyl marinc 1ife : 10μgjl 

Tin advcrsc ímpacts on gastropods and moHuscs but 
lcvels for prolcclion of marinc lifc not includcd 
ân lhe speci訂C叫Îon obtaincd. 

PCB's marinc life : lμgjl 

<0.001 u惡jl (USEPA) 

(iv) no other sensÎtive receivers (sea毛主rater intakes) w il1 be adversely affected either during 
or following constructîon; 

(v) an estimated 1.8Mm3 of material to be dredged is contaminated, and will be disposed 
of at the East Sha Chau Contaminated Mud Pits. This material will be need to be 
dredged using a closed end gral亨 dredger in accoτdance with the requirements of the 
F山 Management Committee and the EnvÎronmental ProtectÎon Department; 

(vi) an estimated 1.2Mm3 of material has been defined，的rough the sediment quality study, 
as being unc,ontaminated and will he disposed of at either East Ninepins of South 
Cheung Chau according to the requirements of the F i11 Iv1anagement Committee and 
the Environmental Protection Department~ and 

(v位i) siltation rates to the west and e~b( of the anchorage area are forecast to be 2cm and 
4cmjyear respecttvdy. This means that maintenance dredging will on average be 
required every te札 or 50, }叫 rs to maintain the required clearance. 
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APPENDIX E 

Tida,1 Flow Model Calibration 
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VA19 2 量 a 30 .12081 <<02 2量 18 71 ‘ 005 
VA19 學 9 • 60 .15081 ‘ 02 31 10 2ß 16 84 < 005 . 
VA20 令.85 00 • 0.1 。 9 ‘ 0 :2 37 2事 22 18 74 ‘ 005 
VA20 09 • 10 .98 ‘ 02 32 85 22 18 12 ‘ 005 
VA叩 1.9 2.0 .'08 ‘ 02 35 99 18 18 73 <005 
VA20 21 • 主§ .118 疇。 2 34 ru .17 可 7 87 心。§
VA諂 59 • 80 .1U ‘ 02 30 Q.S 41 18 81 cOOS 

1. Accordi l'\g to WBTC 22192 C矗 Cf Cu Pb Nt 

。1〉-52T0。A…ICI轟輩輩 A 0 0.0 醬 0-49 0.54 0.84 0-34 
ICln量 a 哩。'4 鉤.79 55.84 65.74 3S‘39 
I Clas軍 c 濟 1 S >80 >65 >75 〉禹。

& 
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APPENDIX B.l.2 HEAVY METAL CONTAMINATION LEVELS (CO前T'D)

VIOlo<:or. Sub唱d
Dseapmth pi{ar-y兮 ι ... 喜i C<1 Cr Cu Pb N. 2n |吋H糧g食當 Clas, Clau 8 CI矗uC

NO l啊啊(帥的 mPD 悟，兩團 111明曹 |何棋書 叫脾灣 1"....畫 |佇嚼畫 E旬，陶酬 Eltments 
VAQ1 .7 抽 1. 。 2 .75: 。 24 壘S 金量 <13 17 150 自 3118 U ZI'\ 

VA01 og 10 .833 ..02 詩 10 21 16 12 <<005 
VA01 19 • 20 .933 ..02 31 76 14 17 “ ‘ 005 
VA01 29 • .-3 0 .1033 ..02 3d s 16 1♀ 7S <005 
VA01 墨學﹒ 60 .13 畫畫 ‘ 02 3唱 11 2' 19 前 ‘ OOS 

VA02 -8 80 。 4 05 .章。5 ‘ 02 是§ 71 章。 19 "0 ‘ 0251C Cu 
VA02 告量 10 AatOS最5 ‘ 02 油 65 '3 17 66 ‘ 005 
VAO'2 t9 “ 20 ‘ 02 34 88 15 '9 72 < 005 
V1.02 H. ~O .11.55 ‘ 02 3S 直 3 16 t事 7喜 ‘ 005 
V ... jl2 事童 -'0 .14 5S ‘ 02 34 10 19 17 72 ‘ 005 

VA03 。.13 05 • 06 -3 68 ‘ 02 
含章 73 1S 18 87 <005 

VA03 09 • 10 。臨 ‘ 02 29 73 15 可 7 88 <005 
2 VA03 19. 20 .1008 ‘ 02 33 轟轟 15 望7

s7N ~<‘‘ c o Oooo是seii l 主壘.03 a. 車。 .,, 0& ‘ 02 304 g $矗 18 
V1.03 59 • 80 .'4 借 ‘ 02 34 10 18 18 

VA04I .7 6<t 告1) • ~1 “?嘻嘻 ‘ 02 42 62 27 18 的 0181B Cu 
VA04 09 '0 .8 S9 ‘ 02 28 斗s 是s 

22 1S 71 ooe 
VAOI. t 曹 20 -959 ‘ 02 32 19 16 69 ‘ 005 
有IA04I 2 章， 30 .1050 ‘ 02 

站 10 20 18 81 c 005 
VA04I 童自 ..6 0 .1359 <02 31 .-2~ 22 '5 73 009 

VAOS .1.90 03 04 可8 2S ‘ 02 48 84 32 如 140 01會 C Cu 
VAOS Oi • 1Q -8 85 。 50 前 '40 細 21 210 0691C CrCuZIl 

VA05 HI • 20 .985 ‘ 02 32 7.9 可§ 17 87 ‘ 005 
扭扭 2章， 30 .'085 ‘ 02 33 83 

" 
17 70 <005 

VA時 學 9 • 登車 .1385 ‘ 0 ,2 拇 12 23 18 76 ‘ 005 

VAOS 。 03 00 • 0.1 -3 06 035 63 12 23 
44 21 1鉛 。 28.l C Cr 主R Cu 

VA帥 。當. 1.0 個車胎 ‘ 02 3ð 20 18 嘻嘻 007 
VAOð 品219 • 畫，也 心鉛 ‘ 0.2 3ð 28 聾。 1 團 ?自 008 
VA06 30 .10 個 ‘ 02 37 07 量。 1Q 晶。 ‘ 0 0'5 
VAOS 盟章 , 60 “13 髓 <<02 37 哇哇 23 t韋 主墨 <1 005 

\lA07 -8.44 00 • 0.1 “849 。3ð 83 210 40 22 哇前 0321C C, Zn Cu 
VA07 盒，“ 10 &鋪

說
29 73 14 17 88 ‘ 005 

VA07 t 會﹒ 主 e 心揖 33 Q3 18 18 73 <005 
\lA07 29 雪。 .1098 3ð 99 19 18 7S ‘ 005 
\lA07 SI 80 .1398 ‘ 02 33 會? 21 18 65 <005 

\1 MB -7.58 00 01 .763 016 50 守主。 37 '" 120 0221C Cf Cu 
VA僧 金j . 10 點。2

話 7 矗 可$ 17 76 ‘ 005 
VA組 1 會﹒ 20 02 34 8 ,7 16 19 73 ‘ 005 
\lA偽 2,9 • 3.0 02 3S 全7 19 '9 80 ‘ 005 
\lA時 基會" 事早 “1353 ‘ 02 32 11 28 16 8ð ‘ 005 

VA喝 -8.4" 02 • 03 -8 69 031 55 1鉛 47 19 110 o 471C CrZn Cu 
VA09 告警﹒ 10 心.3會 ‘ 02 42 事鉛 電詢 17 240 11C CuPb ZnH垂
VA09 19 20 -'039 ‘ 02 M 87 16 19 73 <005 
VA09 29 • 車。 ., t 39 <02 35 會? 19 19 忌。 ‘ 0 0'5 
VA翎 s 書﹒ 80 .14 3會 ‘ 02 ~ 言， 30 17 73 ‘ 005 

VA10 -8.48 00 • 01 -3 53 021 55 130 38 21 130 0271C C, Cu 
VA10 o 會 1 Q .943 021 52 150 48 17 150 o 晶， IC CtZn Cu 
\lA句。 19. 20 .1043 .02 304 13 17 18 16 <<OOS 
\lA10 21 30 -1'43 ‘ 02 3ð 重重 18 t8 75 毒。 05

\lA10 S 章雜 60 .14 43 ‘ 02 33 12 90 17 67 考 0051C Pb 

Remark : 
,. According to WBrC ~2 Cc:t Ct Cu Pb NI Zn I-IQ 

I Cla‘5 1. 0 0..0 9 0.49 O.做 0-84 0.34 o..'4Q 00.0 7 
1 0.' .. 島市 55.64 65爛N 35-39 的心，部 108.09 

CI轟$S C 惜 1 S 沙80 b壘S >75 》是已 特∞ 1>10 
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APPENDIX 8.1.3 HEAVY METAL CONTAMINATION LEVELS (CONT'D) 
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Appendix 8.1.4 
Contours of Class C Contamination 
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Appendix B.l.6 
Estimate or Total Volume of Material to be Dredged 

J
K
'

。
h
f
!
'

STON在CUTTERS NAVAL BASE ANCHORAGË AREA 
Estimate o( Total Volume of Material to be Oredged 

$ection Area (的2) Average (mSePa Bb} ed ievei Oredge level Thickness Ored包豐 Volume

(mPD) Removed (m) (m3) 

嗨，。∞ -7.5 “ 10.5 3 30000 
2 10.000 帽7.7 .10.5 3 30000 
3 10,000 .8.2 組 10.5 2.6 28000 
4 10,000 -8.2 -11.5 2.3 230∞ 

5 10β00 耐8.2 -12.5 3.3 33000 
6 10,000 .8 -12.5 莓.3 43000 
7 6,660 .7.7 -12.5 4.5 29970 
8 10,000 .7.5 ' -10.5 4.8 48000 

s 10.000 .7.3 輛 10.5 3 30000 

10 10.000 -8.1 .11 3.2 32000 
11 10,000 -8.2 T 斗。 5 2.9 29000 
12 10.000 -8.2 樹 10.5 2.3 23000 
13 10,000 -8 -10.5 2.3 23000 
14 10.000 -7‘8 斗。5 2.5 25000 
15 5，。∞ -7.8 .12.5 2.7 13500 
16 10,000 -8 -12.5 4.7 L 47000 
17 10,000 -8 。 -12.5 4.5 45000 
18 10,000 .8 -12.5 4.5 為5000

19 1.0.000 -8.2 -12 4.5 45000 
20 10.000 忌.3 . -12.5 3.8 38000 
21 10.000 .8‘1 -12.5 4.2 42000 
22 10,000 -8 總 12.5 4再 尋尋000

23 10,000 .8 學 11 4.5 45000 
24 10.000 -8.2 f -10.5 3 30000 
25 10,000 -8.2 肅 10.5 2.3 23000 
26 10.000 -8.3 -10.5 2.3 23000 
27 10,000 明6.4 -11.5 2.2 22000 
28 10.000 .8.4 -10.5 3.1 31000 
29 10.000 -8.4 峙。5 2.1 21000 
30 10.000 .8.5 -10.5 2.1 21000 
31 10.000 .8.5 .12.5 2 20000 
32 10,000 爛8.2 -12.5 4 40000 
33 10‘000 幽8.3 -12.5 4.3 43000 
34 10,000 -8.4 總 12.5 4.2 42000 
35 10.000 -8.7 -11.5 4.1 41000 
36 10,000 -8.7 

可

-12.5 2.8 28000 
37 10,000 -8.7 -12.5 3.8 38000 
36 10,000 。

. -12.5 .3.8 38000 
39 10,000 -9.5 -12.5 3.5 . ‘ 35000 
40 3‘330 心.2

---11s2oD 5 s 5 33 3 
9990 

41 5,000 -8.4 16500 
42 10,000 -8.是 2.1 21000 
是3 10,000 -8.5 -10.5 2.1 21000 
44 10.000 -8.7 1 -10.5 2 20000 
45 6,660 -8.8 -12.5 1.8 11988 
45 10.000 .9 -12.5 3.7 37000 
47 10.000 -9.2 明 12.5 3.5 35000 
48 10,000 他9.7 -12.5 3.3 33000 
49 6.660 -9.7 -12.5 2.8 ! 16648 
50 10.000 -6.8 .10.5 2.8 28000 
!l l 10,000 -8.8 

11o0-.s 5 
1.7 17000 

52 10,000 -8.8 1.7 17000 
53 10.000 -9 -11.5 1.7 17000 
54 10,000 -9.2 學 -12.5 2.5 25000 
55 10,000 -9.4 

-, 1122..5 5 
3.3 33000 

56 10.000 -9.7 3.1 31000 
57 6,660 .9.7 鴨 12.5 2.8 186是8

58 8,000 -8.8 -'0 ,5 2.8 22400 
59 10,000 .8.8 -10.5 1.7 

. 
17000 

60 10,000 開a 種8 研 10.5 1.7 17000 
61 10,000 -9 

主

-12.5 1.7 17000 
62 10,000 -9.2 ‘ 12.5 3.5 35000 
63 10,000 -9.5 -12.5 3.3 33000 
64 10.000 心.7 -12.5 3 30000 
65 5,000 -9.8 -12.5 2.8 14000 
66 10.000 息.1 .12.5 2.7 27000 
67 10,000 .9.喝 .12.5 3.喝 3逞。00

68 10,000 -9.7 -12.5 3.1 . 31000 
69 10,000 .9.8 

-.1122.5 5 22.8 7 218709082 0 
70 6,660 -9.9 

繭嚕，祖4 圖

Total Dredge Volume for Sections 1 to 70 (m3) 2021626 
ðcfditìonal Volume From OredgÎng of Síde Slopes 1 295,500 

Tolal volu哩空空f dred哩哇 rnaterial (吵i 2317126 

riL 

flL 

fiiL 
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Appendix B.1.7 
Estimate of Total Volume of Contaminated Material 認 be Dred伊d

I STONECUTTERS NAVAL BAS在 ANCHORAG丘 AR巳A ，一

皇宮的mate of Total Vo[ume of Contamin鐘ted Material to be Oredged 
Thiçk絨線$ Contaminated 

S前tion Are謹 (m2) Average Seabed Lev每 Base of Class C Contamination Contam. Mud • Oredge Volume 
(n妒忌} (mF'D) Removed (m) I (m3) 

10 ，0∞ -7.5 -7.7 o O 
2 10.0∞ -7.7 -7.9 0.2 2α)0 

3 10.以珀 -8.2 -8 圖 7 0.5 上
5叫沁

4 10.0∞ -8.2 -9 0.8 aα訓。
s 10.0∞ -8.2 -8.唾 0.2 2α:lO 

e 10.∞。 酬8 -6.2 0.2 2 2000 
7 6.660 -7.7 -8.8 1.1 7326 
8 :2器4 -7.5 峙，發 1.1 110∞ 
9 -7.3 -8.9 1.6 16000 
10 惚.0∞ -8.1 -8.9 0.8 80∞ 
11 10.000 -8.2 .92 1∞∞ 

t呵，1z45 l t呵15O0L叫U。叫E曲抽抽
-8.2 -10.7 2.5 25000 
-8 -8.5 0.5 認∞

-7.8 恥8 0.2 2∞。
.7.8 .8 位2 1∞。

18 10.0∞ -8 -9.7 1.7 170∞ 
11 10.000 -8 -9.7 1.7 170∞ 
18 10.0∞ -8 -9.7 1.7 170∞ 
19 給.000 -8.2 -9.5 1.3 130∞ 
20 10.0∞ -8.3 -9.5 1.2 120∞ 
21 10.α抽 息.1 -8.9 0.8 8叫)0

22 10.000 息8 -8.8 0.8 8叫昀

23 10.0∞ 
勵。

-9.1 1.1 11以旭

24 10.000 -8.2 -10.4 2.2 220∞ 
25 10.紋路 幽8.2 -10.7 2.5 250∞ 
26 10.0∞ -8.3 -10.5 2.2 220∞ 
27 10.000 -8.4 。 10.2 1.8 180∞ 

l 3ZzZn 甜2M2a41S lllll ，'抽叩1m1M。0。K.. -回o自個mU“mm E m E 抽)() 
-8.4 -10 1.6 16(誨。

-8,4 -9.6 1.2 120∞ 
-8,5 -9.6 1.1 110∞ 

。.5 -10 1.5 1割掉。

-8.2 。10.2 2 重研泊。

編8.3 勵10.2 1.9 1獄划。

-8.4 -10 1.6 160∞ 
35 10.0∞ -8.7 -10.4 1 了 17前沿

36 10.0∞ -8.7 -10.7 2 2αJOO 

37 10.0∞ -8.7 -10.4 1.7 17α〉。

" 10周也 幫9 .10.8 1.8 18αlO 
39 10.0∞ 。心5 .11 .7 2.2 22αm 
40 3.330 -9.2 -10.4 1.2 3的@

41 5.αm 。.4 ' -9.8 1.4 7叫沁

42 10.∞。 -8.4 -9‘9 1.5 惘。∞
43 

鑄司
-8.5 -9.6 1.1 110∞ 

44 -8.7 -10.6 1.9 1 割肉。

4給 -8 .8 -11.4 2.6 17316 
-48 10.000 -9 .11.4 2.4 240∞ 
47 1氛。∞ -9.2 -11.8 2.6 詣。∞

主倚靠
.9.7 -12.4 2.7 27依持

-9.7 -12.7 19980 
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Tidal Flow Model Results : Baseline ScenariO' 
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Tidal Flow Model Results : Completed Scenario 



「
L

「
L
R

仁

h
l
L
F
L
F
J
U
L
C

卜u
u
f
仁

f
L

「
i
L

「

L

「

L

「

L

「
l
L

「
l
u
r
-
-
心

-
f
i
L
f
L
f
i
L
[
L

WET SEASON SPRI其GTIDE

tt 



「
L
P
i
L
R

仁
「

L

2.0 

Statlon I 
1830000.820000. ) 

絲

、、E 

-0'" 1.0 
ω 
ω 

。-CJ") 

口
仁
[
心

們
U
R
U
U

仁
卜
心
尸

l
u

「
L

「
L
r
s
L

「
i
L

「
L

「
i
L
r
L
r
i
L
I
L
-
-
f
f
l
L

2.0 

Statlon 3 
{832弓00.817700.)

。

1. 5 

的

、k
E 

-0" 1 .0 
ω 
ω 
a.. 
U弓

0.0 w: 

2.0 

Staτlon 6 
(832500.818500.1 

。

aa 
戶
3. 

cn 
\ e 
-0" 1.0 
也
ω 
口-
V可

0.5 

-12 -8 

Hours 戀 fτer Hlgh Vater 

5tatlon 2 
(831250.819200. ) 

。

Station 令

(832250.81 發750.)

5tatlon 7 
(832750.818950. ) 

-16 

Hour‘ s after Hlgh Yacer 

門odel speed layerll 
A t10del dl吋ct ron t !fyer 1 

---- Hode l speed laye l'" 12 
v Model dlrectlon l 法yer 2 

5tatton 8 
(833700. 81 7200. ) 

輛 l6 叫 4 今

Hours after HJgh Vats l'" 

Stonecutters NavaL Base Anchorag8 Ar8a 
CompLeted ScenarÎo 
Curr串門 t Speed & Oirection 
Wet Season Spring Tîde 

360 

270 Z 
信

。t懦
、』

紛

1 日o g 
L 
01 
建E

Q 

90 

O 

360 

270 z 
E 
o 
t.. 

串串

180 ~ 
c:.. 
σ3 
也I
cl 

90 

O 



~ ~ 

.. 
Ill ---

. 
. 
、

L@haJLEf 
司
。
。-
h
h
d
a
@
已

í 

-<@口

' , 

~. 

11'

, 

1 

', 

、

/
、

a
'
，

J
'，
'
，

、
、
/

.
‘
'
、

'
J

‘a
'

，
、

a
'，

J

‘
‘
、

.
-
J
'
k
'
，
﹒
、
/

-
、
.
.

.
/
尸
‘
三
'
、

-
J

/
、
﹒
'
，
.
、

‘
‘

f

‘
‘
.
、
，

J' 

'
，
‘
、

J 

J 

-d 

þ 

以

曲
\
信
心
.
O
A
A

小l
l
|
|

@\adw.otd.DA---­
﹒

\
s
e
.
口
，

N
.白

.
\EN.ot--o 

@\e-.DV 

。
口
的 idly-/ 

', 

a 

、J 

" 
:Gh 

ø' 

、

' 

' 

J 

~ 

~ ' , / 

' 
/ 

~ " 
J 

/ 

, 
/ 

/Jj a',

JP' 

/ 

/ ., 

' , 

' 

/ 

" -' ' 

' 

Ar< eaAnchorage S 七 0鬥ecu 七 ters NavaL Base 
CompLeted. SCenariO 
VeLoci 七 y Vectors 
Wet 5eason Spring Tide 



i } 

t 
p 

:i , 
. 
、、

J 

,

w! 

'a
. 

縛，

J 

/ 

8 

' 
/ 

J 

" 

' , 

-----備

, '- .....,--

J 

i 

司怠口

一-繭

，、、
I . 、‘益，

J 、
平、

/ - \ . 
1....... 、

“......、﹒ I " 
1 、，
“‘ J "、 3、剛﹒ r、"， , 
、、".; 

‘繭.;，

" 
#' 

J 

~ 

J 

" , 

" 

f 

/ 

L
e
h
-
J
L
a
m
o

」

啊M
O
O
呵
恥
M
a
e
a

' -
' ". 

d 

"
、a
A
Y
O
A
A

小
|
|
|
|

"
、.
A
W
a
m
t
q
.
o
a
爪
|
|
|

甜
"
\
a
E
A
W
.
A
M
t
N
.

。

“
\
圈
，
內.
o
t
ω
.
0

.
、
皂
白
.
o
v

1- _ __咀咀酬棚

", 

。
。
的

D e 
L .. 

。 l 差-
~ J 

, 
/ 

/ 

GJO
… 

", 

, 
/ 

.-' 

!iefku 

/' , . 

.--#' 

.,.,.. 

Area Anchorage 8ase 

Tide 

肘，帽..，.

Stonecutt 啥rs

CompLeted 5cenario 
VeLocity Vectors 
'W et 5s8son 5pri 們g

NavaL 

『
E
E
l
-
L

咿a
t
i
l
e
-
-
、



mEHOUfiJ 

〈劃

J
一

，
盔
、
A
S
J
ι
a
a
A
h
2

A
a山
u
a
a
e
a

毅
、a
E
A
Y
O
A
A

小l
l
l
­

S
\
S
E命
.
o
i
q
.
O
A
-
i
l
l

.
、
救
命
‘
帶
-
N
.
口

鶴
"
\
揖
融
制
.
m
t
叫
‘
口

粉
、
絡
刊
.
o
v

口
口
的

::1 
‘ 

d抖，

, ". 
I I今已、 h

、、
/、I . !、 t 

r 、
I • 、多

‘、‘， / 
、、

種 a 、、'
，、"
、、、'
、".- ... 

.、 .‘, 

',
ar 

.,r 

" 

戶........ ,., 

' / 

U 

,
ya

,r 

e 
J 

i 叫_ ... 

' ，“戶, 

、
、

、

Area Anchorage 

..-'" 

Stonecutters NavaL 日ase
CompLe亡 ed Scenario 
Ve Loc i ty Vec七 ors
~et Season Spring Tide 

、k 



\ 

' 

、

/ 

- -"、~
J • 、、“

、J 、
J 、、

r ._\ JI 

J 、 1
、、 \ I 

、 , 、、
t 、，, . II 
、、、'

、 th 

• .......，...."三 d

~口

' , 

' a 

' 
' 

.. 
' , 

' , 

/ 

'
』@
K
A
a
J
ι
-
B
O

」

m
a
A山
u
a
a
@
已

.. 
/ 

J 

d 

" 
/ 

/ 

' , ,,1 

曲
"
、
e

。
.
O
A
A
T
-
-
-
­

M
H
\
重
唱.
o
l
q
.
C
A
l
l
-
­

﹒

\
s
e
.
0
，

N
.。

aw\EN.ci--o 
a
\
ε
-
.
o
v
 

J 

~ 

' , 

oom 

gJTYJ 

' ./ 

、

, 

,/ --

~ 

/ 

' , 

/ 

/ 

F 

/ 

/ 

, 
/ 

' 

/ 

' , ' 
' 

" 

...-" 

Nava L Area Anchorage 8ase 

Tide 

,.,.., 
. 
~ 

Stonecutters 
CompLeted SCenariO 
VeLocity Vectors 
~et Season Spring 



「
i
L
F
J

仁
們

U

「
l
u
h
J
L

尸
[
U

「
U
U
P
L
U
F
L

「

L

「
L
F
J
L
h
i
L

「
L

「
L

「
L

「
i
L
f
L
I
L
f
i
L

WET SEASON NEAP TIDE 



們
恥
卜u
h
y
u
r
L
U

「
J
U

「

L
r
l
L
f
l
L

「
L

「
L
r
i
L
r
L

2.0 

2 電 3電 lon 1 
(830000. 820000. J 

。 v 

I. S 

。‘三

0.0 

2.0 

Stat!on 3 
(832500.81 7700. J 

l. S 

ω 
、he 
-0" 1.0 
。ω a. 
U可

0.5 

2.0 
}F 

-RE n
U
叫

n
u
叫

P
「
d
且

au­-" 
,Auwhom 

." 
n
n
v
帥

。

n
v
開•••• 

『

'
F
h甜
可

t

司
/
』
胃

a

建
三

t
m
浴
血

言
:
.
叫
可

1. 5 

ω 
、、、
ε 

去1. 0
G 
ω 
a. 
U可

0.5 

0.0 
-20 掉 16 呵 12 國g 輛也 G 

Hours after Hrgh Vater 

St at I.on 2 
(831250.819200. ) 

。 Â 

。 1

270 z 
III 心| 、.O仁E .• 

t:. 

1 日3C"自』a 3 

90 

行。de l speed l的啥r /1 
II NodeL dlreCtlon l 是ver 1 
"….... Node L speed l ayer 12 

'1 Nod扇 t drr9ctlon l 嘻yer 2 

Statlon S 
(832存50.819200. ) 

a 。
。

Statlon 4 
(83225ι818750. ) 

n
v
一

封
啦
一
持

峙20 -16 個 12 岫S 向毛 G 

Hours after、 Hlgh \Jacs l'" 

St 翁tlon 8 
(833700.81 7200. ) 

L 
-20 世 16 畸 12 -8 也令 G 

Hours after Hlgh \J翁ter

Stonecutters NavaL Base Anchorage Area 
CompLeted SCenarìO 
Current Speed & Oirection 
Wet Season Neap Tide 

360 

270 z 
g 
L 

ω 

180 ~ 
L 
0軍
司B

CJ 

90 

O 

360 

G 



.. 
JII 
『
l
t

﹒

‘ 
.... 

-, - - --
" 、 I

'" 

-<@口

,/ 

ι
-
K
A
a
J
L
@

色
已2

司
。
。
可L
u
-
-
@已

U 

'"、‘圓、

'"‘、，."
，、

、J ‘ , , / "圖/
"...、'‘

, ，、，'"、.' , 
、'

‘\」、 ff
司、、'_ i ).γ 

、‘
- 'j 

? 

d ' 

﹒

\
e
A
U
d
A
A

小l
l
l
|

.
、a
E
G
.
o
i
q
.
O
A
-
-
-
­

.
、s
e
.
o
l
N
.
D

.
、S
N
.
c
i
-
-
0

.\g-.ov 

O
O的
gLA-flIJ 

「
I
L
-
-們
仁

L
J
U
|
ι
t
L
-
h
t
r
u
-
-
n
L

þ ' 

:0 
、
. 
、'" 

~ 

~ 

J 

J 

~ ' , ' , 

d 

' . 

i 

-a. 
a 

' 

' , 
' , 

' , 
/ 

, 
, þ 

/ 
þ 

/ .. 

' 
.; 

,/ 

".-

". 

t 

'" 
,. ,. 

' , 

~ 

' , 

' , 

/' 

' , 

/ 

.--

/ 

j 

, l' 

' , 

/ 

' , 

島 l'

/ ~ 

~ 

" 

~ 

/ 

' , 

;1 

' , 

".-

l' 

,." / / . .,., 

". 

. 
" 

, 
". ' ., ' , 

--
' ' , / ' -/" /" ./ 

' , 

' 

, 
「
l
l
L

←戶.,..... /" / d 

--
Nava L Area Anchorage 

-
Ba.se 

/" 

Stonecutters 
CompLeted SCenariO 
VeLocity Vectors 
Wet Season Neap Tide 

/' ./ 

『
t
t
t
L

「
l
l
1
」



-c:@口

h戶-----唱

, 
句、 r

ι
e
k
e
J
L
e
h
s
c
J
 

愁
。
。4
h
h
u
-
a
e
a

組

\
-
q
O
A
A

小i
i
!
i

@\ 

•• 

。
.
O
E
A
W
.
O
A
i
i
i
i

ω
\
a
A
W
.
O
.
-
N
.

。

"
、
圈
，
叫
“
O
t

叫
.
0

.
\
般
叫
“m
w
v。

口
的

串串

iD 
(.. .... 

0 1 是

', 
Etii z---‘-

e

﹒
、
、

.... 

t 

11 

/ 

' , 

. . , 

' , 

/ 

. 

' , 

/' 

/ 

.t 

-::! 

自蠅

'"、; .、.啞，
、‘-I 、、

-、
" ~ \ , 
;楠、

h 

盼峙、--、 k 、; ~ 

、、、 J
.\、 ... ' ...!. 

、".

'" ‘. 
"，，-~ /" 

J 

/ 

'" 
J ,.. 

d 

.t 

/ 

' . 
'" 
... 

'" 

11' 

/ 

'" 
t 

' , 

' , 

J 

' , 

' , 

' , 

J 

J 

.‘ ti 
p--

•• 
, 

J 
,F 

', 

SIll-L 

.0 

:0 
/ 

。', 

/ 

/ 

, 

/ 

' , 
' , 

~ 

11 

J , 

J 

~ 

'" 
, 

/" ' , 

."‘.-圈，

'" 
",.., 

..... ~ 

Nava L Area Anchorage e s a QM 
Stonecutt 啥rs

CompLeted SCenariO 
VeLocity Vectors 
\.J eτSeason Neap Tide 



、h

t 
‘ ;i 、
、 1

." ' 

F 

呵 ，勵叫--

/ 
』帽、 r

/ 

' ' , 

, r 

' , . 

./ 

/',', 

~ 
/ 

/眉，

;1 

U 

'',/', 
11J 

Y

、
川
/
'
，
'
，
'
，

he'

, 

vhh'

, 

Jay-R4. 
司
、
、
'
，

h

、
跑

，
'
、
'
，

.. 
h
f
u

尸

『

h
k

ffFF-FJ

>

r
J
\

川

，

J
/峙
，

f
h
'

', 
'
，
‘
、

' .. 
、

" 
F 

." 

' , 

. 

4意口

' , 

a 

' 

I 

1'. 

/ 

a 

' 

每
當

J
h
h
h去

A
A
M
A
a
@已

矗
輯
、
蕩
吧
。
一AA

小l
l
l
|

驢
"
、
a
A
Y
O
自
弋
。
水

|
|
1

.
、a
E
A
W
.
O
I
N
.
。

凰
"
、
a
N
.
o
l

凹
.
o

a
\
a
g自
.
o
u
v

r 

g 
u、
gJ-JIIJ 

，
一', 

、

J

rll1L 

' z ' 4 . 

、、、... 
。4

G 

F 

J 

. s 
d 

' . ' , 

/ 

. 
/ 

圈，

' , 

' , 

' , 

μ， 

" 
., 

、

、
、

' , 

' , ' 
' , 

' . ' 4 
, / 

' / 

' , 
' , 

前-'

繭，

--' 

耐，

、‘ ‘ 

、、、、、‘
、
、

, e 
J / ' , ' , ' , , 

“ ' , 
、、、、.. 

4 
/ ' , 

y 司，

/ ' " 

、
、“ 

" / 
y 

d 

/ 

，到', .' 
、

" ，一

Nav為 L Area Anchorag會Base 

.,. 

Stonecu 七 ters
CompLeted 5cenario 
Ve Loc i t y V如ctors
Wet 5eason Neap Tide 

fIL 

iIIL 

JL 



APPENDlX 1 

Sedi.ment T.ransport Model Results 



f
i
L

「
L
R
I
J
r
L
f
L
h
u
f
u

「

U
F
L

「
L
r
i
i
L

「

L
r
i
L
r
l
L
(
L

「
i
L
f
L
r
|

」

{
L
[
i
L

WET SEASOr可 SPRING TIDE 



「
i
i
u

三 :a~io('\ E4 
: 8 3 . 229 . 8 I :2 ι62.) 

rilJ 

了7" ro 
~. '" 

'‘ ;..:;.. --‘9 
n
u
ι
 

J..'" -, 

rllu 

! 汗叫 Layer 
.叫cde l .a}'er 2 
二

酬

啦

啦

叫…

啊"、. • -一

咱可肉冉

、包，划，、，--­
叫

、4

.也
編 W 向

>,-‘
d圓心川一
也

' 、u
E 呵川 、‘戶

Eι"'.... 
n 
M . 

} 

.,.. 圳

、- • ~ 

且門

『
_'V 一

.. . 
，柵門一 • 
、.，、d

FL 

J 
F 
f 

e個f出

Stðc;on E6 
1825989.819632. ) 

i

「
:
一-lt

「
!
一
。
:
寸æ 

闋

r 
r 

j 
:5.cL 斗

三詩， 3 卜 • 

Mh v j \人吋 æ IB 輛也「‘-

J 于- 恥句圖幽幽九咒語 祠，.ea;白 ;mgF4.ea彎彎

?' 
門
口V

叫
d

QUH 

FH41h FFMQu 

m
u門
V

O
?

一
ρ
J
M
 

t
m
M
叫

az-E th.H-4
戶H
U
G
e、

，門，、
叫、J. 、.J !--

戶，幽《

~:J.丸，

7'" " 
M ‘ "'1 

主...三」一
「
t
ι

rillL 

l
i

『
J
ιO -2 婦品

Hours 為 her Hign \.I ate r-

-6 
i 

-8 

-.....‘ s a':cer 科 ign Water 

Are 忌5:~necutters NavaL Base Anchorage 
v 三 Fl叫 OW Calibr8tion (1990 [J ata) 
S~soended Sediment Conce們 tr8t ions 
We: 5eason Spring Tïde 

「
i••••••••••••••••••• 

恥

、
凶

,EI--

••••••• 

唔
，
圳

‘‘ 

[lL 



ScatlOr. 3 
:83886! .8 1 8207 ,) 
γ-一一一… 2 

三 ~at-=n 2 
:e4'δ35.8 1 6823. ) 

i
•

La 

78.8 

F
卜
L

，內冉

一、J. " 直且~

riL 

FIL 

、.-oce 、 .8yer

.........-衛可 o.:!e 、 、 a:， e'" 2 

.三bserva~ ::ns 、 ayer :. 
領三bserva c : ons ~ayer 2! 

b 想封

吼一

-'-'…一

1 
)巾J 益型屆二…~注~...;-..=-;一日ai

~一可亡J 一\立之~

L 
L 

5tat:on 6 
(836036.816585. ) 

Station 5 
(836208 量 816306.}

尸
L
l
i
卡

1
.
i

「

(之，、《E -'-'苟 M 司一

<
.... 偷

地，
} 

} ^內

、."， u -棚­
M 

'、>

:;! 7;" 們一一
、"、、J. 、J -一-

... 
,.. 
h 

o 可丹 <

'、 ι \.I _U­

,-
冉

、，
土~
呵呵- .，、 肉 , 

‘ 

nnS揖冉
、， .V

7'、'、

，且，、肉
包圍，、，“ 、司， ﹒柵伊-

」

」

!j 
~æ 刀

把竺過頭

、

J

F
S
E
a
-
-丸
"

言之 atton 9 
!832601 .817506. ) 

Statlon 8 
l83主 009.817247.1

S~ a~ . on 7 
:23ι799.818004. ) 

7月(
~ .、4 「可

!..~~~…戶
L __ ' 

-16 個 12 由8 儡屯 O ι 

rlours afcer High Vater 

， r、 r、
\J V. 、J 一一

Aî8a S:8necutteîs NavaL Base Anchoîage 
v 二FLO \.J CaLibrat ìO門 (1987 Oata) 

三νspended 5ediment Concentrat ions 

We 亡 5eason Spring Tide 



Stat10n il 
. ô2099~.) 草

，
.
，
刪

a﹒
棚

內
u
­

nu­nu­ny-
n
u
益
，
叫

1

《Q
H》
叫

. 
州
們
U
計
院h#
呵

卅ο
w
A
》
-

們
)
一

。
悔
?
‘Y
V
­

A
O
T
J一

•• 

F
H
M叫

A
H啊
，
皂
、
關

7月卅
-'. u 

h
打
仁

"'oce 、、 a:.-e們
"'-4 0C已姐 、 ;;;ier tC, 
州、

~cserva~ :rS .ayer 
這 Cbsarva:: ' :)r'污、 ayer 21 

一

"欄目-弓

... 旬

, 
，，:........一~ ......... .. : 

...唱......-- .... • .-+-1 

刊ii

「
i
J
j
i

r幽幽且

人，“
“叫司.-一

r、'、
F →司，傀儡

呵"，，'、'、
肉、一... ....v. '""'" 
.... 
戶

，于『抖，‘

文 ζ.... ， ... 
H 

鼎

制

、- ~，.. ，.、
~. ~ 

~ r
L
ι
 

F
E
-
-

→
-
4
i
!
叫
!
→

e
t
-
-

→
a
i

Stat :cr" 14 
(829682.819 • 31.: 

h
i
」
!
i
i
L
i
|
←
i
i
「
i

Scation 13 
i8273 1. 9 ‘ 825201.. ) 

川
i
l戶
，i
卜
!
|

:;;aτ:::;n 12 
。在 3::3 公 8.82 ‘心字 3.

自
!
!
引
吭

æ 

7:. 二

,{,1"0 "一一
、d 、d 叫一

聲

-a-
Em 

肉
。
…

n
y
a叫

門γ
一

《V
，
一

?
'
八
V
-
E

-
‘
公
u
-

... 
n

《
U
U一

cpuwv in-v

… 

亡
，
。
一

肉
。
酬
，4
-

E
<
M­

q
吋
{
T

留

1 自自

5tat ion 16 
(827000. 車 15995. ) 

5:aτ ‘，Jn 5 
:g2全.三6.815902.1

7用 2

，/.."川

、'、"、

ε:: 、~. v 一-

mι3.3 … 

京 32.C-1 ，
刮

到 22. 三一

:辛三 內扭
"'.~呵益』垃ρ翅盜

至學也 ... • 施純正-
1"\ "........... ‘ 一嘗一一一一'''' 叫，..品

三輛﹒之 ::ι G ι 

-:::~~S a;τer H;gh Yater 

Are8 Base Anchor80e 
(1987 日 3 亡 a)

Concentrat 

Tìde 

lons 

Nava L 
Calibration 

5edimen 七
5prîng 

s r en tdo 
七

e
s

uvvda C(Une 
g
i
i
〕
已
只
叫

nUFrny 
{
)
「
-
J
$
τ

m
v

已
v
z

〉

O
V

H
)
V
(

」1
)
U
M
W

fttit--he 



rziL 
三~aτcn '8 
:B3 ‘ C3S.8 12376.: 

t 
考

呵呵吋

& 

7~.: 

F
卜
L

Å 戶 m-y...... -一

主 J 月茍

<-cce\ 、 a~'e""

:“ :-:Ode~ 、 ay磁尸 2 
Joser- vat;QI'"\怨、 ayer :. 

蕊二cser- "a:<;:::r>s 、 ayer 2< 

喻戶叫樹吋

+ 

e 

一4 
z 

心- -、、愉­
__...... ..þ一

一, 

fli 

fliL 

Area 5τ8necut 立 ers N8Val 8as臼 Anchorage

v 三 FLOw Cal j brat i 0們 (1987 Oata) 
S0spended Sediment Conc台ntrat ions 
WeτSeason 5pring Tide 



< 5.0 ppm 
• 5.0 - 10.0 ppm 
.. 10.0 - 15.0 ppm 
.. 15.0 一 20.0 p戶
口 20.0 - 30.0 ppm 
aI 30.0 嘲心.0 ppm 
甜的.0 - 60.0 ppm 
mω.0 < ppm 

Pest Flood i" lhr 
Upper Layer 

5tonecu七七 ers NavaL Ba芯 e Anchorage Area 
MUDFLOW CaLibratlon 
5uspended 5edimen七 Concentrations
Wet 5eason 5pr i ng T i-de 



咀< 5.0 ppm 
11 5.0 岫 10.0 押m
11 10.0 - 15.0 ppm 
個 15.0 -泊.0 ppm 
口 20.0 也到.0 ppm 
血泊.0 且 40 駕 o ppm 
揖 40.0 峙 60.0 ppm 
1160.0 < ppm 

Peek FLood +lnl"" 
Lo'Wer Layer、

Stonecu七七合rs NavaL Bas命
鬥UOFLOW Ca L i bra七 ìon
Suspended 5edìme們t Concentratio鬥S

Weτ5eason 5pring Tide 

Anchorage Area 

I 

F 

J 

rliiL 

rlL 

「
z
l
L



…fizz-

AK--\1.v 

m
m
m

剛m
m
m
m
m
m

pppPPPPD­ppppppppz 《
V

《
υ
n
u
n
u
n
u
u

《
U
M
《
U
M

台•••• 

4

《
u
ζ
」

n
υ
n
u
n
u
n
u
w

t
t

可
l

叫
，ι
這
i
w
A
悼

A
U
W

〈
且
也
岫
喇
嘛
啊
〈

AU

<HMAU

<ununu

<U

P
D
n
υ
F
D
A
U

《
u
n
υ

《
υ

-
-
4
i

叫d
z
J
'

峙

d
o

m
m
m

﹒
口

m
m

個

Pe泌 k Ebb +lhr 
Upper Leyer 

r ι/' 

~ 

F
L
h
L

「
U
P
U

仁
t
r
u
r
L

Area Stonecutters NavaL 88se 
鬥UDFLOW Ca L i bra 七 io鬥
Suspended Sediment Concentrat ions 
Wet 5eason Spring Tide 

Anchorag8 

{
-
L

「
J
L
F
L
V
J
L
P
r
t
i
y
i
|
r
j
i
-
-
i
|
「
L
i

「
L
l
l
[
i
L



\ 
/ 
方

祖< 5.0 pprn 
• 5.0 - 10.0 ppm 
• 10.0 呵 15.0 ppm 
• 15.0 叫 20.0 ppm 
口 20.0 恤 30.0 ppm 
ca 30. 0 - 40. 0 pp紋
，為0.0 - 60.0 ppm 
• 60.0 < pprn 

Peak Ebb +1hr 
Lower Layer 

5tonecu七 ters NavaL 8ase Anchorage Area 
們LlOFLOW Ca L i bra 七 ion
5uspended Sediment Concentrations 
Wet Season 5pring Tide 

一U
I
M

…E
h
L
C
C
E
C
[
[

〔

[
[
[
[
J
[
L
[
L
[



r
l
-
r
l
L

刊

U
r
L
h
l
L
h
u
r
u

仁
U

「

j
J

值
P
ι

f
l
L
f
J
u
p
l
L

「
j
b
f
L
r
l
J
L
f
L
f
L
f
L
γ
|
L

'.. /"叫
、...，./-楠、

、

_ J 

1\1 

2000 

揖< 0.050 Kg/sq.m 
.0.050 且正 100 ~g/sq.m 
瞳 0.100 喘 0.150 Kg/sq.m 
• 0.150 冒 0.200 Icg/sq.m 
己 0.200 - 0.300 kg/sq.m 
閥 0.300 < kg/sq.m 

Stonecut 七 ers NavaL Base Anchorage Area 
鬥 u口 FLOW Ca l i bra七 ion
門ud Oepos i ts ov色 r 1 Tid合
Wet Season Spring Tide 



t
r
i
u

們
U

干
l
u
h
l
L
f
u

仁
U

「
U
P
|
L

「
L

「
L
r
L
h
l
u
(
L

「

ι

「

ι
[
L
f
u
-
-
u
f
L

WET SEASON NEAP TIDE 



叫d
sO 

ι
 

冉
，ι

a
『
電
i

c-nR

>

FQr 
O

叫d

j

州
J
恥

"
、
.

azw ",<

HW

4
月
司"I
、

二
t
s
l
i
t

-- ，旬，

------------.-oce 、、 ayer- ; 

;.... .......I"ooe , .ay9r 2 
-， OSE言，總 va 亡 :;rs 、 21 ， er 

發三~bs企rvat :c 戶 S '.aye戶 2

-
8 

!B 
!!!吋

祖 æ
必 為關遠 f\!

三 著:e每當~魚"、 司 æ-Fól''=......-.æ茵河
.-、.主iF

g 叫咱且積澱耐 空油!

h …一 乎每 迫自且即“ -~ 

:，...，;"也- \~.~..~叫且以 ~ 計‘.... ...七/、----、'----.. ........_____ '1 
~\~一一戶----~-.，....+l....+的i.:~.~

æ 

萄 iiæ

æ 
5器

司--…一

"、『』 - . ~ 
{ 

咱一
削"唱

“恥

…~....、4 一
心

… } 

呵- • 
• 丸"恥

一“-_. ..... 
也

峭

H 

-叫，、冉

d 一、'‘­a. -. 
二士戶《

一，叫

，一_ ;:;...- t ..,,; 

.恤. . 
d 

‘‘ f、們
C ζ 、，，，，-，
，岫‘ 呼, . 
叫

…
一
們
U
U

h

「
4

一-z

3毛 at:on 1:6 
(皂 2三韋思9.819632.)

? <
... v 叫

〈
們M
J
M

mhJ

. 
c
h

向
.
u

nnu 
『J
『
/
咱

們H
U

且
，
‘
內H
J
W

《d
句
&
-
w

峙
，
心
，m
M
V

蠅
、
咐

?們肉

、J ， ... 

A 之"、
四幽幽. w 一

幽幽 r、
組、

“.、，

'、汽 i.:;."
、"、4 _:;- '.::l .,(, 

.:;.、， -也. -、

叫~.-s a;t9r High Yater 

一句“也是
, 

呵呵...l

叮
叮叮

一ï

12這

5日

æ 

也
咽趟

, 
. . . . . SJf g 還

. 
'Ð 

EB 

mm 

扭
曲

報

113 

。

!!l EB 

「
'
，
「i

I 

什

斗

4 
平……宇先種… 戀\."…

J.."、 I-:"';\..<. \J-岫咱倆

三三 .v 1'""一

~ : '"而
、， , 、，:-“翩翩

~:::用」
但回_~10".01;

吧"、 f嗯?
叫 "';\.J. 、J r再一

~ 

-; .::.主 a 三戶-
..... 

這 i

三 22.3
、d

一血，、‘
三‘ U •… 

翩翩，、 、
叫

一叫..... J 

2 '、‘d -午 -2命為~2 句:三世喜

Hour 發 aF:er ~í9n Water 

; 8 -: 6 _:ι “ 20 

A:ea oôse 
( 1990 

Concen "Cr' a 亡 10 r. 3

Tide 

(…) (3 814/ pa <JMPsvmug 
(
)
內
仆
〕

尸
八
門
…

三 CC f九 ec~ 之三 ers

〉、J 二 FLOW C8 L i bra 亡 íon

S.....spended Sedíme們 t

keτSeason Neap 

~avaL 



Sca~i 乞n 3 
{e3eeò' .8:82~7. ‘ .. 

'" ---E z
-
-且

鈍
，
心m

A
H工

λ
-
M可圖

，
g

l

峭

2
8

一

. 
們
阻
《h
J
…

冉L
v
w
吋
‘
‘
、
八

M
w
F
t

幾
覆
人
三

4 ••••. 

叫

34-
t
a

二

P「
-
-
'
‘
刪78.~ 

,1'"> ,.. 
-、J. 、J -帥-

‘ w_是、、晶，.el'"
、1-......... -立 ::2. 、 <iue們 ζi

l . 己已莘莘 -Ja: ,:-s 、 a ， e帥 靈
|努:…:. ,:....S , ayer c:: 

「
?士告 J

~一i

-...,_.... 

ι ，. ~ 

-;;: 電《 戶自一

OJ 

~-戶

文心.'-'一 「

-.J ~ ,___ ^ ___1 
..酬.......-!'!'咆圓圓明幽‘ H蝠，聽

i 可言丸 ...~ 

æ 
戶 ..... 

」

4 

Staticn 6 
(83位336.s !告豈是言， 12iJ 

卜

γ-

L 
斗斗牛〈叫什

Stðticn 5 
1836208.81630是 .1

S~a;:cn 4 
:338ac 1.8 i 7ι5己，‘

一j

一
, .、《

,... -""".、d
h 

'、
叫

三-:^川
、 4 、'、..，、', M 

恥一'，則，
h 

o .,,... ~ 
'‘c;.v. \"t w 
A 

h 

'、棚
，、

月內

1...,-, 

f'\ ,. 
、J' 、，

5:at;cπ 字
(232念三 : .8l7三C￡
γ一…「

rL 
P
B
A
O
-
-
e
i

「i
J
i

-勵e

P.J\掛}
闕...~‘

斗ζζ二ι二 蠱製-. .備.. .----;---

且20 耐 16 由 !2 向8ιC

Hours 羽 f ~ e'" r: i c;"" 司 a:e'"

門
i
!「
i
卜
!
」l
i」
|可

一一之二月」
~→...---r---t---→~ 

-20 -16 昀 12 -8 州 4 0 

Scatlcn 8 
(834009.817247 ,) 

益
，

rtil} 

伽輛輛閉目

2 
2 . 

f 
È :::、"'. u-一 一開守

_ L2.: - -! 

:二 ""l:^ ""一叫 -

?可 ζ 、OIJ* v-叫 呼叫吋

}!3.3 扭晶晶，，~二時，于悶悶哼!一

咱也一一月，一------~----~~~~叫吽」叫可J

-23 叫.主 -:2 -8 -4 0 
叫企叫 -5 a~~er Hi9n ~s~er 

5:a-:;'c f"l 7 

:83L 799.818004. ) 
ì:.~ 

J.." ,'" 
-_."、.. -一鬧鬧

工

先

八 fh 惡之三Base A 門 chorage

(1987 Oata) 

Concentrat ions 
Tide 

;二三 cneCLJ 亡 ters

V~SFLOW Cali~~ation 

S~spended Seoime們℃

We 之 Season Ì'\ eôo 

hJsva L 

\ 



益
，
且
可

卅
一M
r

mdu 
H
V

一

:
司
/
二
，

i
e
m
H
M
且

n AM ---3 ,
HJW 

mtJW <hu月
U
U

FV' 

戶
U
M
-
­

t
g

信
H
V

m
u
間
「J

AMAM 

AU 

---44

, 

atw 
"
、

A
J
F
M

洲
、J
w
e
-
-

.• 

恥r
i
L

?內 A

•• 

為

二三至. 、 3.e-

、、
告“革，告，睡 L

】~"弓，﹒喜酬 s 、 ô ， e戶

"‘ 呵 :;S~.嚕 "a: 二們 s 、 a \l e- iC. 

- L 

?一 E軍 司一

:;IJ扮

~__ ...-. />>9 ." ~ >!L 
~.□ ........_ :i? ‘_._. ... ......""- ~垣國判ìII.I

y ~ ...... 輛輛﹒_T、 ρ ，可江三叫:

L 輛咀..J..._~一一一 i

A月內

....v..... 一

叫精品

至三 w 個嗯-
一'‘ 
一) 

，、'、
戶.......， -' 
h ,. 
W 

.... -，唱，‘
繭，、
內- ~器、d

即

“d w 
』“ 闖關、 楊

::: ~...庸、a
u 
戶

<

‘ i 
〕叫，“

世…曙-~-斗，峙呵，打

也戶--叫-吋

一

耐刪峭幽.吋

‘ 

一

' . 

們U
U
L

fuu 

AY 
卒
，
蠅
一
•• 

1.Q

>

門
叫
J
h

OAC 
d
<•"

1

月
旬
，

3

肉
，ι

ZAHUM P、J
i

可

J 
-申

";:;Ji一 iiiìíìijlj之3苛;;;.-司烹

、
，
耐-m-2

叫
一

內
吋γ，
-

F

『
且

-
蠱
'

「
/
』
A
/岫
酬a
i2 

1
1

貸
υ
m

.. 
門
。
三

兩
》••• 

一

立
之

'
，
《
a
M叫

《
叫
叫
‘J
W叫

且
柵
欄
-
m
叫

J
W且

必{
H
J
E
a
‘
‘

P‘. ，..-、“風
、J. 、

7" 丹_. -

"''' ,.. 、，句"、J

『一
'、....\J-

:1 

固三 s指 : 

-",:1 
g 明 2

、'Ii:ii;."-是r

3 

æ 

tIL---J:iz--tit--i 
而ζ

nJM <V'
"HJ 

F「... 
了
，
弓

，
是

C
M
一

mLAL--
m』
《
M
W
叫

“
"
內
w
w
m

a
m
/
三

命
『M

.，戶，‘

，，"'、'、
……一

L
i
L
i
l
z「

、喝

戶可 ""'f_-

~ "Z~呵'... ....."'..，;-咱可-

-> 

..也 4、‘
!!..~.-- 恥可『

~ .內用

可想堂買輛

戶-.......

h 戶 Z

、.. ~ 

甲之: --e --2 “8ι G 
叫- -戶 s a;:τ9:- ~íQr 州 aτ<:?'"

flL 

「
l
i
-
-
4

吋

月
C(

一
)

L、一""''''"'~、"電 -恥，.......，.、 r楠、 \，叫. ....--多 闖關〈戶、r-、戶、
'- ~ '-1 令，亡3 、...1.，...; '" '-之:;自 之::> .',c::\I ζ~~ ~C::之〉之三

V):CLCKIC a L :已 (2 亡 ;0 門 98 7

2 ，-， S8金門oed 5eci r: en 之 Co六cen 亡 ;8t IC:;S 

K 合τSessc門 NS3c?;de

<…>{)) 

(
C
、
、i
d

m(C oc 
h
u
a
門
。

叫
)
〔
仆
〕

λ

們

[ 
-
E
E
-
-
E
E
E

咀
心

w 

f
E
E
I
.
-
z霉，



' 
益

一

7:.:: 

-m[/-m 

戶

F

ee wa--' 33 

.‘ 

'
.
向
/
』

間a

拘a

m
m

啊
，

"
『
﹒
斗"
a
w

且
可
M

... “
2
.
a

。
.
"
﹒

、

-
3

卒
，

... Fm 

忌
"
且
圖
勵

-
F
W
鴨
戶
，

咱
咀
句
旭
掃
盲
繭

h

h
u

‘
一M
R
}

叫
』

M
L
W

肉
i
u
A
】

•• 

盟
報

.."一­-"'-"'"一

'、《
、.'、d

「

J

'
e
E
E
S
Z
費
a
a
a

f
E
童
醫
L

A叫
}

[}}8ase 
(!987 

f、

Lonsent 尸 3 亡 0:-: 弓

(…) 

鬥
}
)

(
{
)
、
'
，

J

【
』

(
C

OC 
「
〈
。

(
)
們
-
J

A

代之 :2 :ì 8CU 亡亡 e......s
\/冉、戶﹒時 r值'\'，! f' 

,-,,-,' ~GA ,- 8 1,.' 8"'"'3: r on 
5)spendeC Sed: 們色(亡

\~; eτSeason Nea8 Tide 

\:2\/8 l 



“rIiL 

-'】一叫 一，.::11聶幽

.~占 1 • 
" 司

、

"'-

r
i
L

「

L
r
ι
r
J
L
r
i
L
r
l
L
f
i
L
f
L
f
L

mmmmmmmmm pppppppp pppppppp nhvnu

<UM
<U
<UV
<)<

UV

R
J
n
u

冉
、d
《
u
v
n
v
n
u
w
n
u

!12346 
〈

-
m
m

『
明
叫
〈

n
U

《
υ
n
U

《
U
M
n
u
n
υ
n
u

505ccnvo 

-
B
T
E

「
4

安
d
i
峙

A
u
-

-
-
白
白
白
白

•• 

Peak ;: :JodφIhr 
Upper _ayer 

Stonecu七 ters NavaL Base Anchorage Area 
l可 UDFLOW CaLibra 七 ion
Suspended Sediment Conc台鬥trations

Wet Season Neap Tide 



「
i
t

fztt 

的
卜1
1
)
fli) 

fliL 

一. 
3 
弘

a 

、旬

儡
‘
司

o 2000 

; Hetres 

個< 5.0 ppm 
• 5.0 血的 .0 ppm 
口 10.0 - 15.0 ppm 
[J 15.0 - 20.0 ppm 
口 20.0 - 30.0 ppm 
ffl 30ρ 叫姑且 o p拘

留 40.0 凹的.0 ppm 
• 60.0 < ppm 

會

Pe怠 k FLood +lhr 
Lo....er Layer 

\ 

Area 

\ 

“楠、

、

S 七 onecut 七 ers N8 
MUOFLOw Ca L ì braζ -J n 

Suspe門ded Sedime們 t Concentra七 ions
Wet Season Neap Tîde 

Anchorage 

主，~
(山\司1

- . "，/-t...人

'-\ 

判 、 電叭，

司

88se 

J\ftii 

' • 

品';:-'

苟. 



于
1
)

n
u
f
u
F
L
F
U
F
U

仁
U

「

L
F
l
u
r
-
r
L
i
f
L
f
L
r
L

句耐用，

' ~ 

4 垂

:Ø\于

'.、

懦、帽、

、 、

間< 5.0 ppm 
• 5.0 叫 10.0 ppm 
口悶.0 - 15.0 ppm ' 
口-。由 20.0 ppm 

c .0 30.0 ppm 
且 30.0 -心.0 ppm 
• 40.0 自 60.0 ppm 
個 ω.0 < ppm 

Peak Ebb +lhr 
Upper Layer 

~
J

、

J
-
d
w

、

J
M

『

J

f
i
!
ι
i
i
i
t
i
b
-
-
i
i
i
h
i

可

l
i
ι
R
f
i
l
l
M

5tonecutters Naval B8Se Anchorag位 Ar 位 8

鬥UDFLOW Calibrat ion 

5uspended 5edime鬥 t Concentra 七 ions
Wet 5eason Neap Tìde 



rliJ 

r
l仁

:iiilili--!iii 

、
\ 

\ 

、
f

、、

斗1、、

~ 
汽

• 

-- 勾心、一
叫-

t 

/. 

.0 200。
Metres 

mmmmmmmmm pppppppp pppppppp 《
》
《
υ

《
U
V《
U
H
《
U

《
u
v
n
u
w

205095G 
112346 

〈
啼
喘
叫
咱
】
呵
〈

n
υ
n
υ
n
u
n
υ
n
u
w

《
u
n
u

sovhJGGGG 

'
I

會
l

呵
/
恥
，3

，
峙
，
o

a
m
口
口
口
聞
"
，

、、
J 
、、

----

J 

rEZEL Pea la: Ebb +lhr 
Lower、 layer聶哥

II 
[ 

Area Stonecu 七 ters NavaL Base 
MUOFLOW CaLibrat ion 

Suspe門ded 5ediment Concentra 七 ions
凶惡 t 5eason Neap 了 ide

Anchorage 

F
量
E
E
E
Z
~



n
U
N
r
i
L
T
l
L主F
U
P
l
u

仁

L
F
L
y
-
u
(
i
i
L
f
l
L
r
i
L

, t 

、

---‘、、、、"-
"7"冉、 2

b 、

/ 

\ 

鷗< 0.050 k:g/sq.m 
• 0.050 … 0.100 kg/呵.m
口 O. 100 - O. 150 kg/sq.m 
臼 0.150 - 0.200 k: g/sq.m 
口 0.2∞岫 0.300 kg/sq.m 
起 0.300 <均/sq.m

Stonecutters NavaL Base Anchorag8 Area 
鬥UOFLOW Calibrat ion 
們 ud Deposits over 1 Tide 

We 七 Season Neap Tide 



一r
i
l
γ
i
L
T
i
a
J

「
L
F
L
r
ι
r
l
L
f
l
J

們l
L

「
i
u
f
L

「L
P
i
L

「
L
「
i
L
f
L
f
L
I
L
f
L
[
L
f
l

.、

暐< 5.0 ppm 
• 5.0 叫 10.0 ppm 
o 10.0 喘 15.0 ppm 
口 15.0 呵 20.0 ppm 
[J 20.0 - 30.0 ppm 
W 30.0 峙心 .0 ppm 
﹒的.0 酬的 .0 ppm 
體 60.0 < ppm 

Peelc Flaod -t- lh,.. 
Upper Layer 

Stonecu 七 ters NavaL 8ase Anchorage Area 
鬥UDFLOW CaLlbration 
Suspended Sedimen 七 Concentrations

Ory Season Spring Tide 



的r
i
J

卜
i
L
n
u
卜
u

J
F
l
u
r
-
u
h
p
i
L
F
I
L

「
L

口
L
[
L

卜
j
L
I
-
-
心

[
L
f
i
L
f
i
t
-
L
J
r
!
L

DRYSl三ASON SPR1NG TIDE 



的
O
L

〈

o 

r、』

4 

• 
叫3

。
c
…
F
L瓜
的
仁
。ω的
ω

的
\
〈
〈
仆

仆V
C
m
w
ε一
℃
的
們
可φ
℃
C
O

丘
ω
)

的

仁
。
一
…
v
m
L
O
J
的

U
Y
U
J
L仆
〉
\
/

ω
L
m
w
μ
υ
門.
J
U
m
w仁
刊

μ
川

的
力
…
卜

的
仁
。
一
心
的
仁
心

C
O
O
C
O
U

的

。1
的~

L 呵

。 υ
仁(0

(J CJ 
亡

<:c 

L
S
M

伺
〉
之
前
一
Z
L
ω
M
H可A
N
M
W
L
3
0
玄

仗亨

O
H
I閃
一•• 

d
川t

叫
一
z
m
w
ι
i
o
m

叫F
N
內
i

., f 

曲
回

U
J
唔
，
:
.
惜
那

也
由

J
'

，
'.•• 

z
;
E
E
-
-
.
呵
，4
e
J
i
t
-
-
I
!
:

?1 
•••• 

EJ1 

... 
H 

一
如
聽
伊
防
弋

叮
!

τ
i
 

Tl w 
旬
，aa
a

，

wbi ?E'

,
l 

m 。

凡
智
意

。 r -- r 

翎
函

{
e
N
m吻
。
一
的.
G
m
w
小
們
內
昀
叫

d
m
w
c
m心
叫
你
叫
叭

智、i

l. L 
<]) QJ 
:--.>、
得 ro
-$ 

…亨、
ω (J1 

L L ç <.. 
(J) <l) 0 0 
〉、〉‘。‘ Hro (啥叫 U

, -'翎甸
.> ;:> 

凹， L t贓

(J) (J) (l) ω 

。弋3 間!i'Io 0 n (J 
): 1- (可 r)

。
內
心
內
心
:

您
的

的

〔口

+ æ 
2年

J
的
〉
的

2

」….J tL-Jí 」一」一-.J，
1 

」一---.Ji

…..I_J...… L -.-l_J嘲一 l …斗…L_.J… JLJ

正3 弘

一 ω

-1 r\ 草
•“:-r 

.c. 
叫，、(/1

自主

、。… L 
I 心
的，;'

1 仿

() 
1'\1 ;' 

A itL;i 
I ... U. 最 II~I

." I 
r) c , 
111 (, 

f\J 

防一門，呵呵 γ一←下寸…r一「

r-. 
已〉
F吋
奴3

1/1 -
ll.l絞3

<..0 
0"­., OJ 
扒。}

得 "'1
μαP 

(Jl 

」干干;

I!43.3YUU 

"
，
e
、
'
、
'
‘
、
、
，

i
i

…
n
a
u
n
川
叭
叭

!
斗
的.
h
v們刊

-n 
fHHUF 

li--

•• 
a
3
.

〉

3
.

仆

“

C

〈
切
的
山

L_J 1, 
~….... L.J 

fii34.E.V-HH 

tt! 

ι一J

、
'
.
3
1

•• , •••••• 

A
J
-
E
E
-
-，圖
，

.
'
、
-
B
Z
E
E

('亨

、o

L....J 

、
e
m

、
'
，

o

r
k
F

、
、
'
?

L-J 

磁 .. 

EFI fÐ ~ 
91'" 

FIl .. 

也先 f
哇"‘咽J'

JI1司，‘o:r". 
鈴，

開 t
111 t 

:Rt. t 

fia-ij 

」干J

(一 i

{'\I 
、o
d 
(\1 

.t. 
111 (I) 

C: 0-
的!"\J

(\1 

m 1'(1 
..α' ‘11 

jjt 
r 

} -f I R 1 ,­F .• , 
j t --1 

L斗J

3.1I 

t
-
-
A
'

，
、

RB'

, 

lili--

•• 

、
J
》

jjjjillJ 

ftt I 1 I 

{叫 11 ， 1)

立斗斗

1.eB 

! 

‘ 

己干」

f

<
AP

LJ 」一;



一~iLJ, 一一J，」-JiLJ 正三JL.:..:J L-J 」ιJLJ 已占已斗jL...:J ~ 」干JC-J LJ 已一j
](

(…一

的
力
一
←
∞
c
-
L

位
的
C
O
ω
仿
ω
ω
\
〈
(
仆

ω
f
L
O
…
υ
臼

r
L
υ
c
o
o
c
o
u
υ
c
ω
ε

一
甘
心
的
甘
心
力CG
C
ω
)的

亡
。
一

μ
m
w
L
O

…

J
ω
υ
~
r
J
O
J
L

仆
〉
〉

的
L
m
w
川V
U
V
J
O
ω
c
o
u
v
川

何
m
w
L
〈
G) 
0") 
(0戶、
<.仰的
o p 

_C (1) 
(J (方
仁

<c 

J
的
〉
叮
一
/
一

仁J

丸
唾3

, J ..... 
ro 
了，

州、..c
V't'相

J: 

C'\I l 
.-是3

、必“‘
ro -0 

… ω 
L 
j 

o 0 
r\J .T: 

…-1'…一!一一個!一. r' 可‘白

∞
.
一O
A
V
N
川
∞
­

m
w
ζ
O
U
M
的
M
們

『 你了…-r
勵

PEeai' . 

‘' 的
lJ 

(1) 

0.J 

L t 
雄主 。
趴〉、
f唔，單

-' , 
('J 

的 m

l l ( l 
ωω (1 n 

"" '" 得仿制.'
, (嘻詞

Y
L

紛
紛
。

7
m

r
a、

〉

-
e
M
O
M
M
Q

刊
﹒

自

1
7
.

，

:
a

司
、
'

，
、
'
、
'
、

-
J

GHUUVF 

科」

仄)
。 o\
的…懈
的、J

aJ 

〈二E

L 
草p

...r ..... 
(1) 

玄Jt

z o::l 
1σE 

X 

P心 ι
』樹立3

、φ-

(1) 
吋3

!/I 
L 
:J 

o 0 
，\F 工

-ttEK 

一L 可 J一」一

r.... 
..:1" 1... 
N 
I\ 

a:>紋3

亡。、
00 
可 o

U ‘.:t l 占

(1)"'" 
μα3 
的}

J~._.l一一止一… i

哪一「寸…r---r~1一. -r'-

(
a
A
V
O

們
叭
"
抖
的
.
∞
口
叫

U
V間
的
恥
，

m
r
L
O
U
M
m
M
的

j一一.L

P 
<:") 
p、』
紋3

1'1 1 何3

仁翩

。、()
川 ((l

M 收手
(1) t<'l 
~ 0:) 

電n 喻

__L _ l~_. L_.l哺一j一. … 1._.. -.1 __L一一…L______ L.. L , I ._...1 _ 

O :一 I一I一

{
.
ι
M
O
O

的
恥
的
‘
小
內
心

h
h叫
們
叩
一

h門
仁
O
H

旬
H
E叭
叭

r . .. r-"--r一下一I 一

電 J

lfll 
.J 
h 

..! 0') 

仁﹒'‘
o 

你

1/) 

、3
.

、
，F

EE 

“
何

? 

( , 
?、.

3
.

、
J

f

<

2.3 

i 
t-­

. } ,<‘ i t 1 

2

‘
』

U
V
w
μ
κ

h 

，
電
‘

r〈
、
『
圳
幻圳
t t 

司
E
.

I 
.
呵

!:it 

'E 

'
、
'
.
、
吼
叫
?
‘
2
.

i p t l 

'
‘
『
‘2

、
，•• 
J
'
，
‘
、

是
，
‘

} i 4 i f 

-
-
1
、.... 
〉
川
-
u

erl

,t 

' 
.. 
、
'

,
ah 

2.­eE 
(1 '( I 

II) 、i

UOI11:.J1 \l il:JllO :J 

才 3

11' 

, ) 
, J 

"" 

'
，
、

h
h



仿
亡
。

的

。

m
c
…
F
L泣
的

1-) 

∞ 
L 
.w 
亡

。υ 
仁

叩
m
w
L
〈

。σ) 
的(

L (0 
O μ 
工- (lJ 
U Cl 
仁

<c 

C) 

t 
11} 

...0‘ t " 
路

鵬當

… i …可一

，雖

紋事

。、0、
。、扒c)

α3 

co 
00 
.0 
....吋〉←吋
ω 叭』
M α3 
!J)、_þ

1一，一 1

一
.
F阿
F
O
﹒
的
.
內
∞
峙
。
何
∞

d

d
'
E
O

一

μ
的

υ
ω

-
h
v
t
m
w
h
嚕
，

m
t
n
﹒

μ
的
〉
t
ω
ω

鬥M
T
m

三
L

心
〉
悟
，

m
t
叭
叭
冊
〉

L
ω

的

D
H
a

曙

叫
t
m
〉
呵
，
，

ω
o
o
y
.

E
ω
、F旬
，

d

山
V
H
M
n
U
E

υ
仁
岱
在
一
切ω
的

C
O
的
心

ω

的
~>\ 

( ì 

U
ω
切
C
ω

心
的
)
的

的
ω

叮
叮
J
叮
〉
自

Z

仁
。
一
抖
的

L
D

…
J
m
u

的

L 
GJ 

ι3 

:J 

。的
仁
( ) 

(f) 

叭
叭
∞
。
←
)

弋 l
Lfl 
0-
o、
ln 

‘。­...α3 

co 
00 

o 
IJ I'、
(1) (\i 
益， ro 
們)

J一…三
T':"'-.-­
_1 臣，

總山、

(
.
d
m凹的
仰
的
，AV
J川h
內
的
)

們
a
t
o
-
u
m
w
u
的

嘗
嘗

-
4
.
s
嗎

?
可

3

•• Fl 開

IB 司

-
1
h

川
、

J
d
j
-
3
1
1
4

》

1

司
、O
O
仁
們
口

r
M
M
H
U
H
α

t
H
V
U

旬
μ
川

••. 

t 

~
J
O
J
h
比
仆
〉
〉

一L一」一一;一…L 迪 L

o =-1-γ 一

一
-
N
O弘
的
←
∞
.
甸
的
'
的
心
的
一

的
←
ζ
H
V
υ
m
立
的

r 、-
( I 

F ‘ 

l l l 
" 

-EEE-EA 

軍1

駐L ♂l!l .. 
詩1

詩!

“ γ … 1 …叫

…
.
叫
你
t
w
內
的w
e
m
w

向
內
﹒

怨

老n

、 . 
' . . . . . 

。•• . • “ 

1 •• 1 

. . . • • . 

" 
仁:)
克.::l

'C) 
()、

〈于) • • 
(U 

L lfl 
(}、。

() 
'"妒i)
!1J !'<') 
e .(J) 

賞 11 、 4

( ) C) 可( 1 

I ) ( 1 t) 買主 ( } 

111 .J N) \ 

(uj( ~d) \!O I l{l 、 1 ÎUil~H J():J 

;:i 
l
l
-
'，

E
J『

旬
，
a
J

ekh 3.s fk 

f-rl\i 

(Wfid} \1< 11 ，r ~.ll\"I: 叭 1":1

::t i
l
l
-
-
1
'

、

et 、
.
，

ECAr 

:一J」咖酬γJL一JL...J 'W ~ 」一」~，L一」，仁…JL心c斗J已斗」可~， C二二:1 {L一



QM14 

au n
m
h寺

內
叫
苦

<

gr-­
益
，"
A
M
w
一

陣
、d

一

hiw n-w 
呵
/

品、自時4
_......" ...1 

叫』一一一帥一一 -O:::l台、 .d/er 

• • .. .. ~ .﹒靴.， ~ooe 、 .a )l e~ 2 
, .二bse~wat :~S .ayer 

湯 ::bser \l a~ .之~S ~aye酬 2i

嚇一吋 - • -

-} 

1 月，向

『一
戶圈. -

h 
h 

w 

f 

..J司 p、'‘
叫‘一叫閩、.'"-M 

M 

峙

，‘島，爛瞞

J奮. ~，""."" 
咀

阻

恥

<

、》, . 
""""- ...... ... 

- .蠱嚇一

'、-.1,'" 

hfiL 

Area 三 τC 們 ec'..j τters NavaL Base Ancnoiage 
v 二FLOV CaL j Dr a 七 ion (1987 U8ta) 
S~spended 5edìment Concentr8tions 
二 '""Y Seascn Spri 門 9 Tide 



。
。

' / 

" I- 『，--

、、

呵e口

- -，;、.

I ~、唱
、、

f 、
a 、
，、、、- \ 
"、 1、‘，戶，之、、、、、~ ~ 
'、'、，

、"
、爪~"
-、、'
、，;

、
、、、....(

t 

? 

J 

ι
e
h
h
e
J
L
@

迪
。
」

AAU

]aaea

d 

F 

~ J 

﹒

\
a
d
v
.
O
A
A
小l
l
l
|

.
、
‘
喝
.
。
-
4
.
C
A
l
l
-
­

.
、a
q
.
白
自
問

.
o

.\-N.ol--o a\a-.ov 

‘一-------

~ 

/ 

' 
/ 

oom 

., 
@ 
ι .... 

0 1 主
-圓圓，

~ J 

/ 
/ 

" 

R 

... 
、

Area Anchorage Base Stonecutters 
CompLeted Scenario 
VeLocîty Vectors 
We七 Season Neap Tide 

Nava L 



DRYSEASOr這 SPRI1可GTIDE



r
i
L

「
i
L

扣
U
L
f
i
L
h

卜J
L

車慧

、、E 

-0" i<< 0 
u 
ω 
c. 

u"i 

C 
?
卜
仁
「
仁
「

L

「

L
r
J
J
J
n
|
仁
「
1
L
e
f
i
L

「

L
U
|
L
f
i
L
l
L
I
l
L
[
L

ω 
\、

E 

-0'" 1.0 
G 

。a.. 
(jJ 

ω 

、、
ε 

-0" 1.0 
ω 
ω 

。“u"i 

2.0 

三tat lon I 
(830000.820000.l 

可F

1. 5 

a 

O. 雪

2.0 

5 1: a 1: ion 3 
(832500.817700.1 

a 
q 

益

, 

1. 5 

0.5 

0.0 

乏。 O

3τat ron 6 
{832500. 81 8500. 1 

a 

1. 5 

0.5 

0.0 
也20 -16 叫 12 .-8 呵4 0 

付。υrs 袋 fter Hrglï Vater 

Seation 2 
(83t 250.81 宇200.)

Staeion 4 
(832250.81 日 750.)

Statlon 7 
(83275ι818950. ) 

AU 

F 

，
特
@
姐
，
、a NH 

A

少災
H

『
4
:‘ 

『

m
w

?-w 

'
、
'
，

v
z

jNa 

s 

cw 2o 
aMH 

們odel speed layerll 
a 悅。deL dr 叫ctlon L,yer 1 

• ModeL spe叫 layer 12 
守門。deL dlreCtlon L 事yer 2 

Statìon 5 
(832450.819200. I 360 v 

a 

270 z 

180 曲z唱

~ 1 1 11 l' l 
90 

Statlon 8 
(833700.817200. 1 360 

270 z 

& I I 
。益

、1:

。
H' 日O 串S串

CL m ω 3 

90 

G 
神20 -16 喘 12 也8 咀4 0 

Hours afeer Hlglï Vater 

Stonecutters NavaL Base Anchorage Area 
CompLeted 5cenario 
Current 5peed & Oirection 
Ory S合 ason 5pring Tide 



白
c
…
L

立
的C
O
ω
ω
ω

的
\
〈FL
O

的
L
O

抖
。
。
〉
\
〈

μ
-
o
o
J
ω〉

。
…
L
m
w
C
O
O
的
力
。

μ
ω
J
a
ε
o
u

的W
L
B
U
V
U
V
3
0
ω
仁
O

抖
的

。
百
一
←

的
O
L

〈
岱
m
叩
L
O
L
O
C〈

J
何
〉

m
z

ω
ω

冊
的

、

。 '101
、

可﹒

、、

. 
、‘

"‘ 、

、
叫‘

k 

、
、

、
九

、

、

、、

、
、

‘ 
\ 

‘ 
、

‘ 、

、

、

、‘ 
、、

、
4、

、、

“ 
. 
、

tI' 

有‘

、

、、

、

、

時.“

備.... "'"恥、‘

、恥、

_...、

-、J 

\r\ 
、

.(、 \r/ 、、 1

I I \ \ :_\F\ 

蓮、、罩、 F 、、:“做
、、、
'、...'、手

、、
、、 J

\ 

、有

、

、

、
，

t
F

It-、

. 

• ezee--

••••••••• 

', 

、
‘.、、、‘‘ 、

、

、、

丸

\ 

、

、

‘ 

、

、\

\ 

、

“ 、

、

.Je.(8, .Jed句:
P001 .:J有eed

89.J l8w t .. 
005 0 I 恥叫叫、

8/“ 9.0 < 再一一一-

8/‘ 9.0 - ,.0 ~一一一

8/灣秒 .0 - Z.O 
8/_ Z.O - 1'0 

8/‘ 1"0 ). 

句-1}….....J 一--.J~ 、
、叫翩翩翩翩翩翩d」岫叫明J

F呵，、電

L.:...J 一-LJ~一元-.--.1…C-J一仁-.--.J→之一一L-J 



', 
L
e
h
.
J
'
h
e

袍
，O
J

W
m
M
C
叫
L
H
4
•• 

丸

' 

a 

' 

' d 

司8口

"，--、
，ι. 、.蠅

I 、、
、

l' 
J 崎

..;.‘、'" I ,,-
1 、"
、， " 、J.. I 、，，"
而'

1.... "'tI 

' 
J 

' , 

" 
' , ' 

, 8 

J 

J '', 

騙
"
\
酬
轍
。
a
m
W
A
m
A
γ
i
i
i
i

e
\灣
。
-
m
i
J
w
a
A
W來i
!
i
i

a
輯
、
波A
W
.
m
M
E
N
-
m

騙"
\
a攝叫
叫
‘ot
F
a
m

m
w
\殺的
.
Q
H
V

J 

話
。
的

風w
m
w
L
υ
v
m
w
Z

門
-

... ‘ 
。
一

F
i
i
J', 

', 

。于
1 

', 

J' 

/ 

/ 

/ 

' 

/' 

/ 

", 

/ 

且，.r ~ 

'" ", 

,. 

J 

" , J 

縛，j 

.... 

Stonecu七七 ers
CompLeted Scenarlo 
VeLocity Vectors 
。ry Season 5pring 

Area Anchorag9 NavaL Base 

Tide 

J 



-==@口

'
這
K
A旦
，
讀
冉
宣
言

A
M
A山
u
a
a
e
a

、
、

‘
-m 

、
司
、
、

、

FAA 

/// ',

aFJF 

',', 
". 

g e 

夕 • 

.", 

" /' 

/.鴨，、", l' 、〈
、，

J 、自

I I \ 
I、、I 甸甸、

" 、

、
.、、
、、甸、'

、】 J
胸姻 、...." 

' , 
' 
, 

U 

• •••• • \、、、、、• • • • E 

凹的吟吟。

0 口 00 口

v ^ s -Nq 

\J'1 1 000 

11 
翁們 i
c... ... 

0 1 吏，

l_ 喘且也喃喃呻 4

，是

J 

" " 

' 

- ,.."., 

////f 
/ 

aw 

dF 

', 

;1 

"" 
.1' 

~ 

f 

Area Ancharag8 NavaL B詣S8Stonecutters 
CompLeted Scenario 
VeLocity Vectors 
Ory Seasan Spring Tide 

n
u
u
i
刊
L
i
什
U
U
i
F
t
i
J
L
u
i
i
f

℃
i
l
r
L
i
f
l
L
!「
L
L
[
J
L
1

卜
L
i
l
L
i
r
-
L



、

fll 

.‘ 

/ 
L
@
K
A
a
-
-
ι
-
3

。
」

a
a山
u
a
a
@
已

f 

~口

""“-I • 、 4
.、

J 、
/、

/' -\ 
,/-

atJ..‘，-、﹒. \ 
" 、、

1 、"
、'<字。
、、、'
、，

7、、1_.-1 ! 

',

4 

卒
，

.
a
F

' , 

dFJd 

' 

, 
1

, 

' 

/ 

d 

" 

﹒

\
a
E
4
v
d
A
A
小l
l
l
|

@
\
a團
副
司.
0
4
且
可.
C
A
l
l
-
­

a
w
\
-
q
.
0
1的
.
。

.\EN.ol--o a\a-.ov 

4 
, 

com 

Eb---r1IJ 

', 
', 

「
L
-
b
u
|

卜
I
L
-
-
L卜
L
|
←
u
-
r

仁
|
卜
l
u
-
-「
L

、io ~ 

-'" /' -
/ 

'" -,/ 

/ 

' , ' 

j 

f 

Area Anchorag8 

' ./ 

Tide 

Stonecutters NavaL Base 
CompLeted 5Cenario 
VeLoci 七 y Vectors 
Dry Season Spring 

(|L 



「
l
L
r
z
L
R
U

「
L
f
L
F
U

口
U

仁
U

「
L

「
i
L
f
L

「
L

「
i
L

「
L

「
L

「

u
f
i
L
r
i
L
I
L
f
L

DRYSEASON 接EAPTIDE



h
F
仁

F
U
U
F
U
F
U
U

「
L
r
l
L
f
L

2.0 

St8tlon 1 
(830000.820000. ) 

1. 5 

的

、、E 

-0- 1 , 0 
o 
心
。-U可

0.0 

乏。 G
;
可.. <

UM-n
U
呵

?rm 
唾
「
吋

1

血
。

電
回
爽
口
之

.. 
n
n
v
戶

onu­iqd­
t
?

主

必
哭
泣

Z

《
》
叫I

S
{

刪

守

1. 5 

的

\ 
ε 

廿1. 0
心
龍3
a.. 

c.n 

0.0 

SCatlon 6 
(832500 , 818500. ) 

5tatlon 2 
(831250.819200. ) 

Station 4 
(832250.818750. ) 

Statlon 7 
(832750.818950. ) 

Model 寫peed layer 11 
A Nodel dlrectlon l~yer 1 
….... Mode L speed layer 12 
。 ModeL drreCtlOn laver 2 

Station 5 
(832450.819200. ) 

。& 
t孟

三位G

ZHHMCLuw nu 7a 
呵
，
已

ω 

18Q ~ 
ι 
cn 
c 

g 

90 

O 

360 

1. 5! H H ? 「 |270 之

\ ω E 有

、OL 』E 

ð. 

U古ωω 已3- 1.G 主
司F

已
且幽幽幽世恤 - ..... 

" 
- v\ 0.5 .... 哥 4 

h 
_Vf!I"""' 司"。 可- 心t L ,\ -r Il~~ ,- 90 

0.0 
間 i 6 -12 騙8 -4 0 主

Hours after Hlgn Vater 

-16 唔 12 且8 -4 0 4 

Hours after Hlgn Yater 

5tatlon 8 
(833700.81 7200. ) 

一 16 嘲 12 -8 輛令 G 

Hours after Hlgn Vater 

5tonecutters NavaL Base Anchorage Area 
CompLe 七 ed 5c 您們ario
Current Speed & Direct ion 
Dry Season Neap Tide 

5 
長



4意口

'' 
，M
G
h
a
J
L

幢
幢
也
包
扭

鴨M
O
O
d
L
M
a
e
a

".,. -
/ 、他也

1". -"，肉--/
/情

、f ‘ , .1 r' /' 
1_ 司，

旭

I I -.''- ..... , 
t 丸/

1、只 /J
、..... .....i.. J ,: '} 

叫他 / 

...,,; 

.\ 

•• 

。
.
O
A
A

小i
i
i
i

.
、E
a
v
d
i
弋

G
A
i
­

-
、-
4
.
o
t
N
a
c

﹒

\
a
E
N
.
o
i戶
.
0

.
、
‘
戶
a
O
V

ß 

。
如
叭 iduff 

J 
# 

"(5 

~O ~← 

J 

' , 

' , 

' 

' 

J 

J 
a砂

~ 

/ 

~ 

'
/
益
，

壘
，
'
，

' , 

, 
" 

' , ". 

..... ,., 

-
,. 

' , 

."" 

' , 

,. 

".t'''',/ ，..~ 

' 

'" 
J 

" / /' 

/ 

' ,. 

/ / 

「一一
-jJ'

,', 

r 
' 

Area Anchor諮9諮Nav論 L 8ase Stonecutters 
Corr中 Leted 5cenarIo 
VeLocity Vectors 
Ory Season Neap Tide 

r
E量
E
t
畫
畫
弘



" 1- _1 

-=@口

ι
e
h
A
a
J
ι
-
B
O

」

司
。
。}
L
u
-
-
e
已

• • • • • 、、、、、、、、、、• 111 IE • • 

-N 吋r 叫2 叫B

00000 

11 自 A

- N 可r

000 

GI 
~ ,[' I c.. 
字e . 

oI~ l________ 
r J 

I 
I 

r 

oom 

們
卜ι
l
n
ι
u

[
l
l
L
1們
U
J
f

/ 

J 

/ 

5夕

'/', 

11'

, 

1 、
'
，

、

-
J
J
U

刊
/

、
、

J

唔
，
/
、
、

i
J
L
'

、
、
.

、

、
‘
-
a

﹒
'
、
'
，
、

-
J

﹒
.
、

Eh

‘ 

d
'，
'
、

'
.
.
.
t

JJh

‘ 

f
a
F
、
』

E
h

', 
'
，
‘
、

t1 

I 

' / 

i ' 
/ 

J 

11 

',', 

d 

' , 
f 

' 
J 

/ 

' 

O 一., 
、

/ 

./ . 
,.... / ,,' 

...- / ~/ 

0" ,/ 

J 

' , 

' 
" 

~ 

., 

rEEEEL 

-
/ / 

", ~ ....... ---4 

,. -J 

/ -
5tonecu七 ters NavaL Base 
CompLeted 5cenario 
VeLoci 七 y Vectors 
Dry Season Neap Tide 

Area Anchorage 

J 



FlL 

之3叫\

'::0 

、‘

'" 

' J 

' , 

." 

F 

" , 

e 
J 

" / 

/ 
J 

/ ," 

' , 

', 
'
B
K
A
e
J
'
'

，
此
必
帶

mMAUWMaw-4 

<=@可

1' 

，
F
a
e

、
1
1

，

',‘

J 

Hs' 

a
r
-
Y
P
J
H
F
'

，
f

、
k
J
d
F

h
.
h

、
叫

,

KR.-shapei "h mh 
棚
、
:
瞥

，
川

y

可
‘
-

J
H

恥

,
Jfhtf~

‘ 

',

d 

'
，
、

“ ••• 

"" ~ 

y 

' 

.
\
a
吧
。

A
A

小i
i
i
i

壘
，
、
‘ι呵
。

l
A
W
.
O
A
i
i
i
i

aw\BEq.DIN-o .
\aEN.ol--0 .

、
國a
-
.
o
v

' , 

oom 

gLHIM-Jiir 

', 
J 

riiu 

' -
、‘、

..-" ' , " 

-'" 

' / 

/ 

/' 

' 
IJ

,f
,
JaIfi 

/ J 

f 

Area Anchorage Nav詣 L Base 5tonecutters 
CompLeted 5cenario 
VeLocity Vectors 
Ory Season Neap Tide fEEEL 



蠅一-- -一

" 可

恥蝠 , 

4學可

'
h
e
h
A

緣
抖
，
盔
、
神
H
M
J

S
A
M
U磁
鐵
念
已

.\aAYOAA?iiii .
\aAW-ate-OAiiii .

、a
q
.
D
i
m
.
。

ω
\聳
肉
.
o
i
-
-
0

.
、
‘
戶
.
o
v

。
位
的idfif 

', 
', 

r
i
i
f
-
-
n
u
u
'
r
l
L
!
i
F
l
L
i
i
F
l
u
-
z
z
f

卜
卜L
U

、‘

-,/ 

F 

/ 

'"‘蟻
I • 、這
/、
.、
.'耐t

/...... 
-f ，可 ..........t

、 、‘尬，
、~.\ 、~ /1 

、'
了 -"'1..."， 1' I 

p / 

/ P 

Ft 
'
a

蜀
，

'',',

J 

f 

4 
I F 

e 
J 

-
、
、‘

、‘

、

σ
。

、

、
' / 

/ -
./ 

./ 

/ 

/ 

/ 

...... 

'" 
/ 

, 
J 

_ t 

' , 

....... ' 
F 

F 

/耐，

Stonecutters 
CompLeted 5cenario 
VeLoci 七 y Vectors 
Dry Season Neap Tld信

Area Anchor措geNavaL Base 

, 



DRY SEASON SPRINGτIDE 

(
「

L
E
P
L
F
L
C
E
F
L

「
L

「
i
L
f
[

「

:
l
f
L
-
J
[
l
f
i
L

「
L

一|
i一




	img-211092936
	img-211094035
	img-211095251

