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Harbour and Engineerlng Consultants 

1. INTRODUCTION 

1.1. P R O J E C T BACKGROUND 

In December 1994 (02-12-94), the Government of the Socialist Republic of 
Viet Nam and the Government of the Kingdom of Belgium signed a specitỉc 
Agreement for bilateraỉ cooperation in the fíeld of engineering advisory 
services for the General Study of the Access-Channel to Hai Phong Port. 

The Terms of References (T.O.R.) of the study project and of the 
contribution by both signatory parties are đetaíled in this Specifíc Agreement. 
The Implementing Agency is the Viet Nam Ministry of Transportation 
(MÓT) ; the study counterpart is the MÓT Transport & Design Inc. (TEDI) . 

Ail reporting of the study results are due toward B A D C anđ T E D I . 

The diíĩicult nauticaỉ access to Hai Phong Port has since long caused 
ỉimitations to the maritime traíĩic and especially for ships with đeeper 
draughts. These diíĩìculties are essentially Hnked to the intense siltation of the 
maritíme access-channel - the Nam Trieu Channel - crossing the offshore 
estuary bar between Cape Do Son and Cát Ba Islanđ (íigure 1.1. and 
drawỉng no. 34.20.101). 

The study contract was avvarded by B A D C (Belgian Administration for 
Development Cooperation) to the Consulting Engineering Company 
H A E C O N N.v. (24-04-95); the start of the study project was sét ìn the 
contract ôn 24-05-95 for a total duration of 16 months. This study contract 
aimed át "deíining an optimum technical solution to improve the existing 
channeỉ or selecting another channeỉ for vessels úp to 10,000 D W T (ref. 
speciííc Agreement)". Elsewhere in the T.o.R., Ít is stipulated thát 
accessibility to 30,000 DWT vessels should also be investigated (see 
annex 1). 
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The study team includes a group of experts tròm Viet Nam and Belgium 

) Viet Nam ; 

Implementing Agency 

Counterpart: 

Tasks : 

2) Beĩgium 

Administration 

Consuỉtant : 

Tasks: 

Mìnistry of Transportation (MÓT) 

Ministry of Transportation 
Transport and Design Inc. 

T E D I 

provide aỉl information to the 
project; 
assist to and collaborate with the 
Belgian Consultant Team ; 
execute the íĩeld work required by 
the project; 
review and approve the interim 
study results anđ design , 
dispatch study results to relevaní 
Vietnamese Authorities. 

Beỉgian Administration for Deveỉop-

mèm Cooperaíion (BADC) 

N.v. HAECON 

- execute the diíĩerent study tasks 
speciíied in the T. o. R. (study, 
đesign, training.. .) ; 

- sét úp the specifications o f the 
surveỵs to be done by Viet Nam for 
the prqịect; 

- prepare and submit the síuđy 
reports to BADC and TEDĨ ; 

- procure addiíional survey and 
mathematicai modeỉling equipment. 
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1.2. PRCUECT STATUS 

Át the end of April 1995, when the síudy projecí began, the Government of 
Viet Nam requested thát the proposed time-schedule (according to contract 
between BADC and HAECON) be modiíied. 

In order to link this study project to the study prọịect for the Rehabilitation 
Plan of Hai Phong Port (supported by JICA), M Ó T requests thai a first 
preỉiminary design o f the access-channeí be presented in November 1995. 
Aíter analysing this request, HAECON estimates thát this modiíìcation of the 
study time scheduỉe is feasible, provided thát : 

a) the field survey and moniíoring work is starteđ as soon as possibỉe and 
executed before the end of the 1995 rainy season ; 

b) the supporting mathematical sỉmulations of the design are executed in 
Beigium ; 

c) training, sateỉỉite imagery, detailed design, ... actívities be postponed to 
1996. 

This alternative prọịect schedule was accepted by M Ó T and BADC during 
course of the íìrst weeks of May 1995 (séc par. 1.4. Time Schedule). 

The prọịect status can be described as follows (situation as of November 
1995): 

1. Data collectìon 

Aỉl existing and avaiiable data (excepted from the 1995 survey) have been 
processed anđ synthesised in report VAH1351/00244 "Site mổ Prọịect 
DescriptiorT. 

2. Field survey and monitorìng 

- survey works were started by TEDÍ in earỉy May 1995 ; 
- monitoring activities have been started in June 1995 (observation o f 

Nam Trieu, observation of pilot-channeỉ in Lách Huyên) , 
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3. Study ĩictivities 

- the study activities of phase Ì "Data analysis anđ coỉlectìon and 
additional survey/monitoring programme" and phase 2 "Sĩte survey and 
monitoring" were executed according to scheđule ; the following 
reports were presenteđ : 

1. VAH1351/00134 "Ađditional survey and monitoring, programme" 
(31-05-95) 

2. VAH1351/00162 "Contract documents for geotechnical survey 
programs" (31-05-95) 

3. VAH135Ỉ/OOỈ58 "Contract documents for dredging o f pilot-

channels" (02-06-95) 
4. VAH1351/00175 "Additional survey equipment and technical 

specifícations" (30-06-95) 
5. VAH1351/00244 "Site and Project Description" (05-09-95 + 

rev. ỉ : 09-10-95). 

- the preliminary design activities of the access-channel have been starteđ 
based ôn the available survey data and sedimentological simulatìons; 
the outcome of this preliminary design has been published in the report 
VAH1351/00431 (15-11-95) and presented durìng the 06-12-95 
Presentation Seminar helđ in Ha Noi with representaíives o f MÓT, 
Port of Hai Phong, VÍNAMARINE, TEDĨ, BADC, ... and his 
Exceỉlency the Embassador of Beỉgium. 

- the first version of the Preliminary Design Report was updated ôn 
22-12-95 (Report VAHỈ35ỉ /00513) and incỉuded a basic proposal for 
a new channel design for full-loaded 10.000 DWT-ships and with 
foỉỉowing characterisíics : 

a) alignment in the Lách Huyên + Tráp Canal ; 
b) boítom width of 100 m resp. 80 m ; 
c) nautical bottom át C.D. - 8.50 m ; 
d) a tidaỉ winđow sét át C.D. + ỉ . 7 0 m delivering a time-

accessibility of ca. 65 % ; 
e) a safe keel-clearance o f ì .70 m. 

- due to economic constraints for capítal investment Vietnamese 
Authorities íbrmuỉated their wish to consider a phased channel 
development inciuđing : 

a) phase Ì : Urgent Channel Development Pian with Hmited 
accessibility (15 %) , reduced capital đredging (28 % 
less) and design accorđing to Vietnamese standards ; 
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b) phase 2 : Full Channel Development Plan with good 
accessibiíity (65 % : each day), and according to 
safety standards as đescribeđ above. 

- during the Seminar and during some work sessions with TEDI p*s c 
o f Hai Phong Vinalines, ... comments were formuỉated; these 
comments, together with the study activiíies (sedimentological 
nautical and dredging síuđy) executed since then were prọcessed in íhis 
fínal version of the Preliittinary Design. 
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The study ĩeam inciudes a group of experts tròm Viet Nam and Beỉgìum 

) Viet Nam : 

ĩmpỉementing Agency 

Counterpart : 

Tasks : 

2) Belgium 

Administration 

Consulíant : 

Tasks : 

Ministry of Transportation (MÓT) 

Ministry of Transportation 
Transport and Design Inc. 

TEDĨ 

provide all information to the 
project; 
assist to and coílaborate with the 
Belgian Consuỉtant Tearn ; 
execute the íĩeid work required by 
the project; 
review and approve the interim 
study resuỉts and design ; 
dispatch study resuits to reỉevant 
Vietnamese Authorities. 

Belgian Administration for Develop-

ment Cooperation (BADC) 

N . v . HAECON 

- execute the diíĩerent study tasks 
specifíed in the T. O.R. (study, 
design, training . . . ) ; 

- sét úp the speciíìcations o f the 
surveys to be done by Viet Nam for 
the prọịect; 

- prepare and submit the study 
reports to BADC and T E D I ; 

- procure additional survey and 
mathematical modellíng equipment. 
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1.2. PROJECT STATUS 

Át the end of April 1995, when the study prọịect began, the Government of 
Viet Nam requested thát the proposed time-scheđuỉe (according to contract 
between BADC and HAECON) be mođiíied. 

In order to ỉink this study prọịect to the stuđy prọịect for the Rehabilitation 
Plan o f Hai Phong Port (supported by JĩCA), M Ó T requests thát a íĩrst 
preliminary design of the access-channeì be presented ìn November 1995. 
Aũer analysing this requesí, HAECON estimates thát this modifícation of the 
study time schedule is feasible, provided thát : 

a) the fìeld survey and monitoring work is starteđ as soon as possibỉe anđ 
executed beíbre the end o f the ỉ 995 rainy season ; 

b) the supporting maíhematical sìmulations o f the design are executed in 
Belgium ; 

c) training, sateỉlite imagery, detailed design, ... activiíies be postponed to 
ỉ 996. 

This aỉternative project schedule was accepted by M Ó T and BADC during 
course of the fírst weeks o f May 1995 (see par. 1.4. Time Scheduỉe). 

The prọịect status can be described as folỉows (situation as of November 
1995): 

1. Data collection 

All existing and avaiỉabie data (excepteđ from the 1995 survey) have been 
processed and synthesised in report VAH1351/00244 "Site and Project 
Description". 

2. Fieĩd survey and monitoring 

- survey works were started by TEDÍ in eariy May 1995 ; 
- monitoring activities have been started in June 1995 (observaíion o f 

Nam Trieu, observation of pilot-channeỉ in Lách H u y ê n ) ; 
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1.3. SÍTUATION OF REPORT 4.5. "COMPARATIVE STUDY OF 
A C C E S S - CHANNEL AND PRELIMINARY DESIGN" 

Referring to the Terms o f Reference G.54/17I42/I Ì relative to the General 
Study of the Access Channel to Hai Phong Port and the bid of HAECON 
(VAH1351/00050) approved by BADC, a report is to be made which 
describes a fírst preliminary design of the access-channeỉ to Hai Phong. 
The purpose o f this report is to generate questions and remarks especiaỉly in 
order to tune this channeỉ study towards the Port Rehabilitation Plan of Hai 
Phong. Remarks and recommendaíions wilỉ be processed so as to execute the 
final design. 

This second version of the VAH1351/00652 report was updated with new 
remarks from TEDI. 

Partners invoỉved in the production o f this report are : 

- HAECON's stuđy team for engineering and processing of modeỉ results, 
survey data; 
- ĩr. B. Maíherbe, Prọịect Manager ; 
- íng. G. De Padt, Dredging Engineer; 
- Ing, H. Coens, Dredging Engineer , 
- Ú c . K. De Vos, Geologisí. 

- Hyđraulics Research Ltd. to execute the mathematicaỉ hydrauỉic and 
sedimentological simulatìons ; 
- Dr. J. Smallman ; 
- Mr. M . Crickmore ; 
- Dr. M . Dearnaley ; 
- Dr. B. Roberts. 

- TEDI's team for providing the fíeld data, for reviewing the design 
elements and conclusíons ; 
- Dr. La Noi; 
- Mr. Dung ; 
- Mr. Thang; 
- Mr. Quang. 

These partners are thereíòre greatly acknowledged. 

1.4. TIME SCHEDULE 

The revised tirne-scheđuỉe of the study project foỉlows, indicating the due 
dates of delivery of the diíTerent reports. 

1 5 - 0 7 - 9 6 B M E / G D P / D D T / V A H 1 3 5 1 / 0 0 6 5 2 - 6 



ID 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

TatkName 
1. PHASE l.Data analysU and Jddftlon»l survey/monttoring pragranvne 

1.1 Collecỉion and analysís of odeting data 

1.2 Inventory of existing survey equípment 

1.3 Inverrtory of odstlng modeillng racllítles 

ì .4 Anaíysis of planned port deveỉopment 

1.5 Description of addltional survey programme 

1.6 Description of required monítoring programme 

1.7 Descriplion of technícal specíílcatlons for survey 

1.8 Submisston ũf report: suê and project đescrìption + approval 

1.9 Submỉssỉon oi report: Addttional survey and monttoring programme + approval 

1.10 submisslon oi contract documents for geotechnlcal programme + appravai 

t. 11 Submìsslon oi contracỉ documents íor đredging oi pỉlc* channel reaches + approva 

.PHASE 2 Sỉte survey and monttorỉng 

2.1 List of addítĩonal survey equlpment 

2.2 Technical speciíications and cost estimate of addltỉonat equipment 

2.3 Report: Addỉtional equipmení and technicai speclíỉcations + approva! 

2.4 Procurement of addltìonal equìpment 

2.5 Preparatlon and execution oi síte survey (MOTC) 

2.6 Preparatlon and executíon oi monttoring (MOTC) 

2.7 Preparaílon of interim ĩactuai report ôn survey anđ monitoring 

2.8 Submtssion of Interỉm íactua! report + approva! 

Apr i May Ị Jun ị Jul iAug Ịsepi uct ÌNOV Ị ụ eo Ị oai Ị Ị Ị cu Ị 
Ị -> t --

GENERAL STUDY OF THE ACCESS-CHANNEL TO 
HAI PHONG PORT 

TIME SCHEĐULE OF THE SĨUDY 

Task jỉ|lll'll|Ị|ỊỊ|llilỉỊ||Ị|llll 1 Mlleetone ^ GENERAL STUDY OF THE ACCESS-CHANNEL TO 
HAI PHONG PORT 

TIME SCHEĐULE OF THE SĨUDY Progress • • • • • • • • • Summary ^ÈÊtKÊÊÊÊÊKÈÊÊỆ 

Page 1 baecon 

• • • • • • • • • • • • • l i 



T1ME SCHEDULE STUDY PROIECT "GENERAL STUDY 0F THE ACCESS-CHANNEL TO HAI PHONG" 

(D Tatk Name 
1000 1V90 

(D Tatk Name Apr Ị May 1 Jun Ị Jul 1 Aug 1 Sáp 1 Ocí ị Nov ị Đéc Jan 1 Feb ị Mar 1 Apr Ị May 1 Jun Ị Jul i Auữ í Sep 1 Ocl 
23 2.9 Preparation of flnal íactual report ôn survey and mDnttoring 

24 2.10 Submission of fĩnal factuaf report + approval 

cữ 

26 

27 

3. PHASE 3 Hydrauiic and sedtmentologlcal study 

3.1 Procurement and processing of satellíte and aerial Imagery 

28 3,2 Report: SateUtte and aeríal imagery 

28 3.3 Procurement oi the necessary harứvvara for tha mathematlcaí modeliing 

30 3.4 Preparatlon of the basic data for the hydraulic study 

31 3.5 Preparation of the mathematỉcal modeỉs for thô hydraulic stuđy + ỉestruns 

32 3.6 Modelííng calculations for the hydrautíc stuđy and technicaỉ asslstance 

33 3.7 Preparatíon of the basỉc data for the sedimentologlcai study 

34 3.8 Preparation of the mathematical models for the sedímentoìogical study 

36 3.9 Modellíng calculations for the sedimentologícal study and tectinlcal asslstance 

36 3,10 Flnal hydraulỉc and sedimentological simulaỉions 

37 3.11 interpretatlon of hydrauiic and sedỉmentũloglcat simulatíons HR 

38 3.12 Report ôn mathematỉcal investỉgaUon + approval 

39 3.13 Physical tóstìng oi mud samples 

40 3.14 Report ôn physìcal testìng +approval 

41 3.17 Preparation of report ôn hyđraulical and sedimentaloglcal sỉuđy 

1 42 3.18 Report ôn hydrauíic and sedimentoìoglcal study + approval 
1 

43 4. PHASE 4 Comparatỉve stuđy of the access channels 

44 4.1 Preỉĩminary design oi selected access channels 

GENERAt STUDY OF THE ACCESS-CHANNEL TO 
HAI PHONG PORT 

TIME SCHEDULE OF THE STUDY 

Mllestone ^ 

Summary 

Page2 haecon 



TIME SCHEDULE STUDY PROJECT "GENERAL STUDY 0F THE ACCESS-CHANNEL TO HA) PHONG" 

1996 1996 
ID TatkName Apr|May|Jun| Jul Auq Ị Sep Ị Oct ị Nơ/ Ị Đéc janỊFeb MarỊApr May ì Jun Nu! ỊAufl|sepíucí 
46 4.2 Presentation of ínterim report with preilminary deslgn • 
46 4.3 Ship manoeuvertng expertt&e 

47 4.4 Preílmlnary deslgn of the necessary InCrastntcture worte H U 

48 4.5 Muttlcrìterta anatysls oi the selecteđ cbannels 

49 4.6 Repcrt: comparative study of the access channels + approval 

50 

61 5. PHASE 6 Detailed destgn oi the accen channel 

52 5.1 Detailed design 
H i m 

63 5.2 Report: Detaited design of access-channel +approval • 
64 5.3 Preparation oi the tender documents • 
56 5.4 Submỉsston of tender documents + approval • 
56 

67 6. PHASE 6 Tralnlng programme 

68 6.1 Preparation ũf the trainlng programmes 
1 

69 6.2 Submlssion of the training programmes + approval 

60 6.3 Impỉementation of training programmes 

GENERAL STUDY OF THE ACCESS-CHANNEL TO 
HAI PHONG PORT 

TIME SCHEDULE OF THE 8TUDY 

MỉỉttiorM • 

Summary 

Pas*3 haecon 



2. ACCESS-CHANNEL DESIGN ELEMENTS 

2.1. GENERAL 

In anticipation of the conclusíons o f the study project "Rehabiliíation o f Hai-
Phong Port" the basic elements for the design o f the access-channeí to Hai 
Phong can be determineđ by referring to the characteristics of the design 
ship. The channel must in fact be designed to aỉlow safe navigation of ships 
of various sịzes. 

The major accent in the Hai Phong Port Development for the Rxture wiiỉ be 
oriented towards : 

- improvement o f nautỉcal accessibility to Ị 0,000 DWT (bulk carriers, 
general cargo, container vessels, or anỵ of the above bút ỉightered) ; 

- increase of the port's annuai throughpuĩ tròm actual 2.70 Mtons 
(1993) towards 8.4 Míons, within 15 years ; 

- improve Hai Phonạ's hinterland connection ; 
" deveỈQpment of Hai Phong ìndustrial and trading activities-

The characteristics o f the design ship were defíned based ôn actual ship 
traữic anđ traíĩìc forecast. The JĨCA "Port Rehabilitation Study" will 
however ascertain in more detaiỉ the characteristics of íliture traffic and 
ship's size {expected datum : December 1995). 

The characteristics o f the channel were determined taking into account the 
characteristics o f the design ship, considered by the Vietnamese Authorities. 

Conforming to the T.O.R. and the recommendations formulated by TEDI the 
fol!owing design premises can be put forward for the Access-Channel to Hai 
Phong : 
ỉ Traffic Lanes 

- a one-way traffic in the parts subjected to sedimentation ; 
- parts of the channel where suíĩícient natural widths (> 8 B) and natural 

depths are present, can be used as ship's crossings zones. 

2- Design ship 
The design ship considered in this study is a ílil!-loaded 10,000 DWT ship 
with a loađed static drafỉ (in seawater) of 8.50 m. 

Ị 5 - 0 7 - ' ) 6 B M E / G D P / D D T / V A H 1 3 5 1 / U 0 Í Õ 2 - 7 



3. Channeí design 
- nautical depth will be determined for the design ship (10 0 0 0 D W T ) 

and the optimised tidaỉ level ; 
- channel widĩh ìn íhe one-way traíĩic sections will be determined based 

ôn thebeam of a 10,000 DWT ship (B - 20.00 m) ; 
- channel bending-radii wilỉ be determined based ôn' the length (LOA) of 

a 10,000 D W T ship (LOA = ỉ 60 m). 

4. Accessibiĩity 
ít is accepted thát a partial accessibility of the Port is adopíed. The tidal 
and saiiing window have to be ascertained ìn tlìis Síudy; M Ó T have 
mentioned a tidal window át C.D. + 2.5 m. 

Based ôn the study resuỉts HAECON proposes the following channel (for 
10.000 DWT-ships) : 

a) a new aỉignemení through Lách Huyên, Tráp Canal, Bách Dang 
and Cam River; 

b) a bottom width of 100 m in the outer reaches ; a bottom width of 
so m in the inner reaches ; 

c) a nautical botíom ai C.D. -8.50 in ; a nauticaỉ botíom tolerancẹ 
o f 0 . 5 0 m ; 

d) a tidaỉ window át C.D. + ỉ.70 ni deỉivering a time-accessibiỉity of 
65 % ; 

e) a safe keel-clearance of 1.70 m 

Moreover, is ít proposed to improve aids to navigaíion to alỉow night-time 
navigation and to train pilots ôn the new channel navigation. 

For more detaiís ôn design, ít is reĩerred to the report VAH1351/00244 "Site 
and projecí Description". 

Because o f economic constraints for capital investment Vietnamese 
authorities prefer to see the channel deveìopment similar to the 2 síageđ 
rehabilitation plan for Hai Phong Port - a first "Urgent Rehabilitaíion Plan" 
and a second "Porí Deveỉopment Plan'\. 
Therefore the deveỉopment of the access-chânneỉ is aìso seen into 2 stages in 
order to compiy with the request o f Vỉet Nam to spread the investment; 

1. Stage Ì : Urgent Channel Rehabiiitatỉon Plan (original design) 
- Tidíìl window : C.Đ. + 2.5 m (and more) 
- Keel - clearance : g.k.c. : 1.20 ni 
- Vessels : 10,000 D W T íulMoadcd 
- Nnntical íiccessibilìty : ± 15 % of ỉotal time (waií ing íimes úp to 10 

days) + navigation resti iction uiuler storm conditions 
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2. Stage 2 : Channel Development Plan {optimised design) 
- Tiđal window : C.D. + 1.70 m (and more) 
- Keel - ciearance : g.k.c. between 1.05 and i.70 m 
- Vesseis : lo 000 D W T full-loaded 
- Nautical accessibility : + 65 % of total time (waiting times: 

maximum : 20 hours) 

The technicai background of the đesign eỉements will be gìven hereaữer. 

The choice for a Rỉỉỉ channel development (stage 2) versus a partial channeí 
development (stage 1) should be done by an economic balance of waiting 
times (20 hours versus 10 days), time-accessibility (65 % versus 15 % ) , 
capital investment (63 MUSD versus 45 MUSD) and port development 
(traíĩic increase). This was nót the subject of thỉs study. 
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2.2. DESÍGN SHỈP CHARACTERISTICS 

For the access-channel to Hai Phong, a design ship of 10,000 DWT has been 
seiected : 

In the Terms of Reference (T.O.R.) of the study ít is mentioned thát the 
comparative study of access-channels (phase 4) should also address the 
"quaiity with regard to possible íìiture deepeníng o f the access-channel for 
vessels úp to 30,000 DWT". This is regarded as an option in this study and is 
described in more detail in Annex Ì to this Preíiminary Design Report. 

Once the design static ship's draught (in seawater) is known the nominal 
nautical bottom (or nomina! channeỉ bed leveỉ : this is the theoreticai 
minimum channel bed leveỉ relaíed to C.D.) can be determined. 

The Underkeel Clearance (k.c.) wilỉ aílow the accurate defínĩtíon o f the 
nautical bottom taking 3 diữerent types of factors into account : 
ì. factors reỉated to the water level Auctuations ; 
2. factors reỉated to the ship herself and variations ; 
3. factors related to the variations o f the bottom. 

This reasoning is íùrther expỉaineđ with íìgure 2. ì . (ref. PIANC 1 1985) 

The Underkeeỉ Cỉearance defíned is applicable to the standard designed 
channel and w.r.t. the environmental conditions which prevail in the 
concerned area. 

The mean channel dredged level lies in general well beiov/ the actual bed 
level for reasons expỉained below. 

This important nautical principle is aíso illustrated ôn íĩgure 2.2-

P l A N C : Pcrmmieni [ i i lcrmuíona] As.soci;ilion of Nin'igalỉon Congrcsscs 
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fulMoaded 10,000 D W T s h ỉ p Static Draught 
lì ca nì 
Length 

T - 8.50 m 
B - 20.00 in 
L O A = Í 6 0 m 
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In ílgure 2.2., the requiređ depth of an access-channei is derived as foỉlows 

N.D. T + L + Z + I + R + k.c. + U .C. ( 1 ) 

in which 
N.D. « 
T 

channel depth in reỉation to C.D. 
static draughí in síiỉl water 
the deviation above chart daturn of the hydrographic 
chart 

L 

z - squat and trim 
ĩ = amplitude o f vertical ship movement 
R - bottom roughness 
k.c. = keeỉ clearance 
ư .c . = inaccuracy of water-level measurement and sounding 

The formulation of k.c. by PIANC (1985) is most accurate and wiỉỉ be 
adopted in this síudy. Moreover, due to the lack of long series for statistics, 
Ít is preíerred to use a determinìstic approach of the different k.c.-factors. 
The different fâctors determining the Nauticaỉ Bottom and the Underkeeỉ 
Clearance will now be screeneđ. 

2.3.1. Gross underkeeỉ-clearance (g.k.c.) : water level and ship 
reỉated ĩactors 

2.3.1.1. stage 1 : Urgent Channel Rehabiĩitaỉion Plan 

Based ôn the Vietnamese standard computation method for the gross 
underkeel-clearance a g.k.c. o f i . 2 0 m is recommendeđ by TEDI for íxiil-

loaded 10,000 D W T ships, and is calculated as follows : . 

ỉ. allowance for sea bed geoỉogical condition : 
Z l - 0.04T - 0.04 X 8.5 m = 0.34 m 

2. squat due to navigationaỉ speed : 
Z2 - 0.6 m 

3. allowance for wave action : 
Z3 = 0.3 Hv.„ - z Ì = 0.3 X 2 - 0.34 - 0,26 m 

g.kx. = Z l + Z 2 + Z 3 - 1.20 m 
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HAECON can accept this gross-underkeel clearance of 1.20 m according to 
Vieínamese standard compuíaíion method in the íìrst stage of the channel 
developmenĩ with the explicit restriction of navigation under rough wạve 
conditions ( H s > LO m). índeed, 10,000 D W T ships are quite heave sensitive 
in the case o f Hai Phong (see par. 2.3.1.2.4) and no nét underkeei clearance 
is taken ; consequently absolutelỵ no margin of safety is given under these 
circumstances. 

2.3.1.2. stage 2 : Channel Development Pían 

Based ôn the determinìstìc calculation (PIANC), the gross underkeel-

clearance for the fulỉ Channel Development Plan and accordine to 
ínternational accepted navigation saíety, standards has been evaluated for the 
desígn ship. 

The diíTerent tầctors deíermining the underkeeỉ-clearance wili now be 
screened. 

2.3.1.2.1. Stíầtic draught in sea vvater 

This is the maximum underwater depth o f the ship át any pỉace o f the ship's 
bottom, thus incỉuding the static trim (diíĩerence before/after) and static list 
(difference starboard/portside). ít is đeííned in sea water with a specifíc mass 
of 1,025 kg/m 3 for a zero ship speed (reỉative to the water). 

In the đetermìnistic approach this factor is a representative maximum value, 
taking into account the uncertainty in the đraught measurement and/or 
caiculations. 

In the case o f the Hai Phong access-channel the static draught is equai to -

8.50 m for the 10,000 DWT-ship and - 11.30 m for the 30,000 DWT-ship. 

The maxìmum draught including the static trim and iist wiỉ! have to be 
determineđ for each ship before entering the channeí. 
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2.3.1.2.2. Change in water density 

The effect of uncertainties in the water density ôn the ships sinkage (due to 
uncertainties in the saỉiníty and temperature of the water) is treated as a 
variance in the probabiíistic approach. in the deterministic approach the 
uncertainty is incorporated in the "representative maximum" vaỉue of the 
facíor. 

Especiaỉly in the case of high ửesh water discharge a đoubỉe layer system can 
occưr in the landward part of the channeỉ. 

The fìxed station profilings survey resuíts showed the occurrence o f a tóp 
fresh water layer úp to 3 m with saíinity đifferences between tóp and bottom 
of 20 g/1 in the outer reaches of the access-channel. (see report 
VAH1351/00244). With these saiinity difference the exíra sinkage have been 
caỉculated for a 10,000 DWT-ship. 

In Bách Dang anđ Cam Rivers water becomes fresh over the whole water 
deptii depending upon tide and season, A maxìmum extra sinkage o f 0.20 m 
has been taken into account. 

Squat and dynamic trim incluđe the eíĩects of the dynamic trìm due to the 
speed and the dynamic iist due to beam winds. Ưncertaínties arise from the 
limited accuracy of the squat prediction modeỉs and the uncertainties in the 
exact ship speed (relative to the water), wind speeđ, wind direction, 
underkeeỉ-clearance, beam currents, etc. 

Squat is deíĩned as the suppiementary sinkage o f a ship, relaíive to the 
original undisturbed water-leveỉ, vvhich is caused by its movement át a given 
speed. ít includes the vertical sĩnkage of the ship as a whoỉe anđ the sailing 
trùn. 

Squat can be calcuỉated hy e.g. the íbrmuỉa o f Barrass (1985) 

2.3.1.2.3. Squat and đynamic trim 

z 
c s 

(2) 
30 

( 
I - S 
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ìn which : 
z = squat (m) 
V = vessePs speed (knots) 
C H ~ block coefficient of the ship 

Dis 

LOA.B.T 

Dis = Dispíacement (m 3 ) 
L O A = Length o f ship between perpendicular (m) 
B - Ship's beam 
T = Static draught 

s 
— — - Channel confinement factor 
]~s 

s = Bỉockage factor of waterway 
AiWAc 

Am = Midship section (m 2 ) 
± B . T . 

Ác = Channel cross-section (m 2 ) 

The squat was calculated for a ship with the followìng dimensions : 

L O A = 160.00 m 
B = 20.00 m 
T = 8.50 m 
C B = 0.80 m 
v = lOknots 

For the Lách Huyen/Nam Trieu sections the íormula o f Barrass leads to a 
bow squat vaỉue of 0.70 m. For the other sections the values can be slightly 
đecreaseđ, because of the Iower vessel's speed. 

Other reliable estimation methods lead to bow squat values betvveen 0.53 m 
and 0,90 in for the Lách Huyen/Nam Trieu section : 

Icords(1980) z - 0 . 6 8 m 
Millwarđ(1990) z = 0.90 m 
Millward ( !992) z = 0.90 m 
Dand(1975) z = 0.90m 
Barrass(I979) z - 0 . 7 0 m 
Eryuzlu&Hausser( I978) z = 0.7! m 
Eryuzlu et aỉl (1994) z = 0.53 m 
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23.1.2,4. Wave response allowance 

In the deterministic approach, a representative maximum vaìue is determined 
of the wave response, within the operationaí limiís. This implies thát the most 
unĩavoưrable wave condition in which the transỉt o f the ship is still justifíeđ is 
the basis for the calculations. In the probabilistic approach a probabiiity is 
caỉculated thai the wave-induced vertical ship motion exceeds the wave 
response allowance. 

Uncertainties occur in the wave climate, due to ĩnaccuracies in wave 
observation/measurement, Hmited accuracy of the descrĩption of the wave 
spectrum (often described by oniy one or a few parameters), changes in the 
predicted wave climate during ship transit. They may have a iarge impact ôn 
the required wave response allowance. Models are availabie for the treatment 
of these uncertaìnties and the uncertainty in the response o f the ship to the 
wave, 

ỉn order to evaluate the wave response aỉỉowance regular wave response 
characteristics were calculated by means of a method based ôn strip íheory. 
The method was applíed to a ship with folìowing dĩmensions : 

in a waterdepth h - 13 m. 

The response o f a ship to regular waves depends ôn : 

- wave pe r iođe ; 

- wave length (related to the íatter i f depth is given); 
- direcíion o f wave propagation ; 
- ship speeđ. 

The analysis in Table 2.T. ỉ. is baseđ ôn a ship speeđ V = 10 knots. Following 
wave dírections o f f stern are considered : 0°, 25°, 45°, 135°, 155°, 180°. For 
each wave period range, the maximum ratio beíween the ampỉitude of 
verticaỉ motion of the bow and the wave ampỉitucle ìs given. 

LOA 
B = 
T = 

160.00 in 
20.00 m 

8.50 in 
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wave period (S) 

0-5 5-7 7-9 9-11 11-13 13-15 15-17 17-19 

wave 
direction 
off stern 

0° 0.03 0.17 0.39 0.27 0.67 1.04 1.43 1.53 
wave 

direction 
off stern 

0.04 0.29 0.40 0.37 0.9 ỉ 1.22 1.43 1.49 wave 
direction 
off stern 

45° 0.24 0.42 0.5Ỉ 0.99 1.35 1.48 1 53 1.52 
wave 

direction 
off stern 135° 0.02 0 13 0.47 2.25 2.86 2.57 2.25 1.95 

wave 
direction 
off stern 

155° 0.02 0.05 0.24 0.64 2.31 2.39 2.30 2,12 

wave 
direction 
off stern 

180° 0.0Ỉ 0.05 0.30 0.30 1.83 ' 2.19 2.21 2.13 

Tahie2.r.h 
Ma xi mu ni ratio between the amplitude of vertical ni ót lon oi the bow and the wave 

ampl i tuđe (pitch) 

The ship considered is very sensitive to waves with periods larger than 9 
seconds, especially wìth direction 135° o f f stern. 

The maximum vertical response to each o f the period/height combinations 
for the ship is given in Table 2.T.2. Percentages o f occurence less than 0. Ì % 
are nót mentioned. 

wave period (S) 

0-5 5-7 7-9 9-11 11-19 
0.0 - 0 5 0.06 

37.6% 
0.11 
1.2 % 

0.11 
0. i % 

0.5 - ỉ.o 0.12 
27. ỉ % 

0.21 
2.7 % 

0.21 
0.4 % 

1.13 
0.14% 

1.0 - 1.5 0.18 
15.1 % 

0.32 
3.7 % 

0.32 
0.6 % 

1.69 
0.14% 

wave 
height 

ỉ.5 -2 .0 0.24 
2.7 % 

0.42 
1.8% 

0.42 
0.5 % 

band (mị 2.0-2 .5 0.30 
1.1 % 

0.53 
1.2% 

0.53 
0.5 % 

2.81 
0.12% 

2.5 -3 .0 0.36 
0.3 % 

0.63 
0.6 % 

0.63 
0.4 % 

3.0-4 .0 0.48 
0.2 % 

0.84 
0,3 % 

0.84 
0.4 % 

4.50 
0.15% 

4.0 - 5.0 1.05 
0.1 % 

5.0-8.0 

Tabỉc2.T.2. 
Maxiniul vertical responsc (m) - Pcrcentaỵcs of occur;ince 
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From the various simulations oa wave response executed in this stuđy ít 
appeared thát the 10,000 DWT-ship (LOA = 160 m) is a quite wave sensĩtivè 
ship in the case of the Hai Phong Access-Channel because o f the closc 
proximity of wave ỉengths and the wave response resonance wave íength of 
this type o f ships. Ships with a larger LOA woulđ have smalỉer w,ive 
responses. 

In 95 % of the cases (waves lower than 2,0 m), the maximal vertical response 
is less than 0.50 m. Thereíore Ít is recommended to take into account in 
overa!] wave response a!lowance of 0.50 m. 

2.3.1.2.5. Nét underkeel-cleíirance (n.k.c.) 

"Nét underkeeỉ-clearance" ís in the conventional (deterministic) approach 'he 
minimum margín remaining between the nomínal channeỉ bed level, and '''le 
keel of the vessel in the most unfavourable position under conditions o f the 
đesign criterỉa. 
íf aỉỉ the other factors thát đetermine the requìred gross ưnđerkeel 
Clearance, are assessed as representaíive maximum values - the usual way -

nét ưnderkeel Clearance can be considered as an additional safety margĩn 
against the boítom. 
The n.k.c. provides - especially in narrow and shallow channels - for 
appropriate water return f low under the hull withouí too much induced 
ửiction íòrces. 
For the access-channel to Hai Phong a nét underkeeỉ-clearance of 0.30 m is 
proposed. 

2.3.1.2.6. Computation of gross underkeel-dearance 

Baseđ ôn the above mentioned đeterministic approach, the gross underkeel-

clearance has been evaluated for the design ship in Tabỉe 2.T.3. 
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D e s ì g n Ship 10 ,000 D W T 

Nam Tricu Nam T h ê u Tráp B á c h Đai!" 
Lách Huyên H a Nam + Cam 
(Open Sen) (Proteetcđ (Canal) (River) 

w;iter) 
1\CCI v l t ư i t u 1V*- * - ư i i i ị j * r y i i t u 

1. AỈIo\vance for s tat íc draught 0.10 0. lo 0.10 0.10 
uncertainties 

2. Change in water densitv 0.00 0.20 0.20 0.20 
3. Squat (dynamìc trim + list) 0.70 0.55 0.45 0.35 
4. Wave rtỉSponse allovvance 0.50 0,30 0.00 0.00 
5. Wind response allowance 0 10 0 . Í 0 0.20 0 10 
6. Netto Keel-Clearance 0.30 0.30 0.30 0.30 

G r o s s U n d e r k e e l - C í e a r a n c e (m) 1.70 1.55 1.25 1.05 

Table2.T.3. 
Gross underkeel-clearance computation for a 10,000 D W T shi|) 

2.3.2. Channel Dredged Level : Bottom Related Factors 

Apart f rom the uncỉerkeei-clearance, the bottorn reỉateđ faciors have to be 
taken into account to calculate the channel dredged level, and are described 
hereaíter. 

2.3.2.1. Bed level uncertainties 

This factor takes into account the inaccuracies and uncertainties in the 
sounding equipment, in the recorded water leveỉ and in possible vertical 
motions of the survey vesseỉ during the depth measurement, bút also 
undiscovered shoals or objects ôn the bed, and unexpected/unpredictable 
sediment deposiís between sounding surveys, e.g. caưsed by storms. ít is 
treated as a margin (đét. approach). In the case of the Nam Trieu Channei 
experience shows thát sỉỉtation can be very rapid. 

The OMS (OíTice o f Maritime Safety) executes a bathymetric survey of the 
Nam Trieu shallow parts approx. 8 times/year. 
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A sha!iowing of 0.20 to 0.30 m/month is a generaỉỉy accepted ffgure in the 
Nam Trieu Channei in the dry season. In the wet season this shallowing can 
go to 1.0 - 1.5 m ìn ỉ month (ĩigure 4.2.23 and íigure 4.3.2). 

A mạjor bed level uncertainty can occur in access-channels where loose mud 
deposits occur, making ít quite difficult to đeíìne the exací nauíical bottom. 
HAECON has done a lót o f eữòrts ôn this research and íòcused the 
deíìnition of nautical bottom ôn a shear-strength criterion. 

ưnfortunateỉy, the surveys undertaken hereto in the Nam Trieu Channel seem 
to indicate thát mud deposits are quite consolidated or thát loose mud 
deposits are ỉimited to some Ì or 2 feet (see report VAH1351/00244), 
making the use of this concept nót appỉicabỉe in keeỉ-clearance optimisation : 
taking into account the estimated shear strength properties and the densiíy 
proíĩỉes of the mud a maximum extra depth of 0.30 m due to loose mud can 
be estimated (ôn the places where ỉoose muđ đepos í ts occur !). This extra 
depth đue to ỉoose mud is negligibỉe compared to the bed level uncertainties 
due to sedimentation. 

2.3.2.2. Bottom changes betvveen 2 dredgings 

In a deterministic approach this is the maxiinum accepted sediment đeposit 
between two dredging campaigns. In the case of the Nam Trieu Channeỉ and 
with the current practice Ít appears thát the channel is aỉlowed to complete 
siltation (this is 2 to 3 m) after each of the 2 annuaí dredging campaigns). In 
orđer to introduce the concept of maintaining a safe nauticai depth, ít wili be 
advised to program the maintenance dredging procedure in order nót to 
allow a channel bottom ỉevel variation between 2 dredging of more than 
0.25 in. 
This brings the nauticaỉ bottom tolerance to a total vaỉue o f 0,50 m in the 
outer sea channel (see further). 

2.3.2.3. Dređgíng execution tolerance 

Dredging execution toierance is due to the inability o f dredgers to guarantee 
the envisaged botíom ỉevel exactly ôn cm-accuracy. 

For Traiỉing Suction Hopper Dredgers (TSHD) - ỉike used for the 
maintenance of the Nam Trieu Channel - in silty deposits, a vertical tolerance 
of 0.30 m is generaỉỉy accepted. 
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2.3.2.4. Summary of bottom-related keel-clearance tactors 

From this ít foỉỉows thát apart from the underkeel-clearance, bottom relaíed 
factors have to be íaken into account to caiculate the channei dredged ỉeveỉ. 
The íbỉiowing aílowance has been taken into account 

ì. alỉovvance for bed level uncertainties 0.10 m 
2a. allovvance for nautical botíom changes between 

two dredgings in Nam Trieu / Lách Huyên 0.25 m 
2b. allowance for nautical bottom changes between 

two dredgings in the river system : 0.05 m 
3. dredging execution toỉerance : 50% of 0.30 m : 0.15 m 

Thus the total assumed allowance for botĩom related keel-ciearance factors 
varies between 0 .30 m (river system/canal) and 0.50 ni (Nam Trieu / Lách 
Huyên), 

2.3.3. Selection of tỉdal level for nautical accessibility 

The accessibility to Hai Phong Port is tide-bound. Ôn íigure 2.3. a typical 
tide recording (Hon Dâu station) is illustrated. 

FÌỊỉiirc 2.3. 
Túlal Icvel reo 01(1 ì 11« át Hon Dan $howing the diurnal litle and strong intlucnce 

()f moon cyclc (ditTercnce S|>rinjỊ/nc;»Ị>) 

15-1)7-% B M E / G D P / D D T / V A H 1151/00652 - 21 



Ôn 365 days/year ca- 347 High Waters will occur in the access-channel to 
Hai Phong. From these 347 High Waters (HW), the HW's have to be 
selected which are occurring 

a. with a minimum of 3 hours above C.D. + 2.5 m (sailìng t ime) ; 
b. during daỵ-ỉight (no limited night traíĩic because o f insufficient 

lightning of channel buoys). 

In one single moon cycle (29,53 daỵs) 28. Ì tides wiỉ! occur. From these tides 
approx. 14 tides have a H . w . above C.D. + 2.5 m'(mean duration of water 
ievel át C.D. + 2 . 5 m ; 6 hr 20 min. This means thát i f the day/night 
proportion is taken into account (172/365 = 47 % = 50 % ) thát in one moon 
cycie 14 X 0.50 = 7 H .w . can be useđ for nautical access to Hai Phong (or 
ca. 45 hours navigation time/moon cycle). Ôn year basis Ỉ2.36 moon cycỉes X 
7 H.W./moon cycỉe = 86.5 H.w . ' s can be useđ for nauticaỉ accessibiỉity to 
Hai Phong Port ( D W T = 10,000 ton ; tidal elev. - 2.5 m + C.D.) which 
means thát onĩy 25 % of the occurring H .w , ' s can be utilised. 

The water-reference !eve! corresponds to the hydrographic chart-datum C.D. 
being the level of the Lowest registered Low Waters. 

In order to optimise the nautical accessibility even wiíhout a detailed cost 
analysis, one can look át the accessibiliĩy graph of 10,000 D W T ship as a 
íunction of the tiđal level cumulative distribution. This ỉs represented ôn 
figure 2.8 where the accessibilìty (in % of íotal time) to Hai Phong is 
expressed as a fưncíion of Nauticaỉ depth (w.r.t. C.D.) and for different 
ship's sizes. 

The íypical " s "-shaped curves show how the nauticaỉ depth can be 
optimised : in the nearly horizontal (paraỉleỉ to abscis) part of the curves a 
maximum increase in accessibility can be obtained for a minimal increase in 
nautical depth. For a 10,OOODWT ship the accessibiỉity wil l increase from 
15 % towarđs ± 65 % for a nauticaỉ depth increase o f merely 0.80 m. ít is 
assumed hereby thát nighí navigation which wil l become possible in the 
future by appropriate aids-to-navigation. 

Therefore, the tiđaỉ ỉevel under which navigation to and Tròm Hai Phong Port 
wilỉ be considered in the 2 stages, mentỉoned before : 
Stage ! : Urgení Channel Rehabilitation Pỉan 
Stage 2 : Channel Development P!an 
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2.3.3.1. stage 1 : Urgent Channel Rehabilitation Pian 

Previous studies (ref. 7, 8, l i ) inciicate a initial tidai leveỉ of C.D. + 2.5 m as 
appropriate for the access-channeỉ to Hai Phong. Despite the ven/ restricted 
time-accessibiỉity linked to this C.D. + 2.5 m vaiue, this is acceptabỉe to the 
Port o f Hai Phong, TEDI and V Ĩ N A M A R Ĩ N E . 

ít was asked by TEDĨ i f the seỉected tidal ỉevel could noi be optimized by 
taking into account : 

a. The capital dredgíng costs corresponding to various tidal leveis and 
associateđ nautical depths ; 

b, The costs ỉinked to the waíting íime for ships anchored oífshore. 

Hy decreasing the tidal ievel ít is obvious thát the channel dredged level will 
increase and consequentỉy the capital dređging costs. 

Regardìng waiting times a staíistic analysis o f saiíing time between buoy nr. 0 
and Hai Phong Port for 1993 is done, based ôn the statistics of shìp s traíĩìc 
to Hai Phong in 1993. 

Ôn í ìgure 2.4. the distribution histogram is given indicating thát the buỉk 
sailing time is between 2 and 6 hour, with a median value of 5 hours. 
However, more than 85 % of aỉl ships novvadays have an average upsailing 
time o f ỉess than 24 hours. This can be deduced from the cumuỉative 
distribution graph of the saiiing times iílustrated ôn ĩigure 2.5. 

Saiíing times van/ betvveen 2 hours and 750 hours wiíh more than 50 % 
being less than 5 hours. 
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When a reỉationship is looked for between the enteríng draít and the total 
saiiirm time (íìgure 2.6.) no distinct relation seems to occur the 5-7 m draít 
vessels appear to present a wide variation of sailing times between 2 and 240 
hours wit l i the bulk being less than lo hours however. 
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Fỉgur{j 2.6. 
Reiationship bctwcen etiter (lraft of vesscls and sai l ìng time to Hai Phonjĩ (1993) 

ít is quite impossible to fínd a relationship between D W T or Draft and the 
Saiỉing time. 
Based ôn the tidai curve át Hai Phong ít is possibỉe to pređict minimum and 
maximum waiting times for diíTerent tidal levels. ít is impossible to predict 
the exact arrival of the ship át Buoy n° 0 w.r.t. to the t ide; thereíbre a 
minimum waiting time of one hour (boarding of pilot) and a maximum 
waiting time (between arrivaỉ ai Buoy n° 0 and next tidal Ievel) has been 
calculated. 

15-07-% BME/GDP/DDT/VAH1351 /00652 - 25 



1D.2G 10 70 12.00 13-40 Tolil w*ter dapih (m) 
.7 70 m -s.00 ro - 1 1 - 5 5 m Dr.dglna dopth (ro) 
CD *2.S0 m CO +1.70 m co +1.SS ro ""Ó3 1 wir»l°w 

Figure 2.7. 
Volume of c;i|>iial (ỉrcdgi»K in function of watcr depth 

(Altcrnative 4 : T r á p C a n a l - Lách Huyên) 

Tidal leveỉ Waiting Time 

C . D . + M i ni múm Maximum 
(hrs) (hrs) 

1.50 ỉ 12 
1.70 ì 20 
1.86 ỉ 48 
2.00 ỉ 72 
2.50 1 240 
3.00 1 600 

Minimiim ;tnd niitximum W i t í t i n g timcs for different tidal 
levels in Hai Phong 

Taking ìnto account the average íreight costs tbr diíĩerent vesseỉ sizes (ref 
9) Ít is obvious thát Ít is nót possibie to deữne exactly the economỉc optimum 
w,r.t, waiíing time costs because of the too Sarge range of unceríainty. This 
uncertainty is closely linked to the particular tide wave occurring in this part 
of the wotid-
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Vessel size Freight costs Tidal level VVaitína time costs (USD) 
(DWT) USD / 24 hrs C.D. + in M i ni múm Maxiinum 

(USD) (ƯSD) 
10,000 8,500 1.86 355 8,500 

2.00 355 25,560 
2.50 355 85,200 
3.00 355 213,000 

20,000 12,640 1.86 530 12,640 
2.00 530 38,160 
2.50 530 127,200 
3.00 530 318,000 

30,000 ỉ 5,900 ỉ.86 660 15,900 
2.00 Ó60 47,520 
2.50 660 158,400 
3.00 660 396,000 

Table2.T.5. 
VVaitiiiíí time costs of ỈYcỉght in fu nét í ôn of vessel size ;md tidal lcvel 

Theretbre, Ít is proposed to keep the selected tidal level, for Stage ì ; ưrgent 
Rehabiỉitation Pian át C.D. + 2.5 m as originalỉy proposed by MÓT. 

2.3.3.2. stage 2 : Full Channel Development Pian : optimisation of 
Selected Tidal Level. 

The optimisaíion of the íidal window can only be done after balancing the 
costs for further deepening and the benefits due to extra deep draught traíĩíC. 
This balancing analysis is to be based ôn đitĩerent traffic-forecasts and 
economic impact assessments about shíp's size ôn the port's turnover. 
Because these aspects are nót covered by the T.O.R. o f this study another 
approach for the optimỉsatỉon o f the tidai window has been presented. 

The followin« approach for the optimisation of the selected tidaỉ level has 
been adopted : 

I . the accessibiiity (in % of totai time) to Hai Phong is analysed for the 
design ship and in íunction of the nautical depth ; the accessibiỉity graph is 
represented in ỉìgure 2.8, i 
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2. the reỉaíionship shows thai in order to improve the accessibility for a 
10,000 DWT ship from 15 % to 65 % only a slight increase in nautical 
depth is necessary. 

ít is highly recommended thát the design o f the access-channel to Hai Phong 
should be done keeping in minđ the modern trend in maritime trađe. There is 
a wor!dwide trend to ređuce the waitine times to a strict minimum ; waiting 
times of more than 2 days are generaỉly nót accepted anymore because of 
productivity reasons. Therefore ít ís recommended to consider át ỉeast a 
50 % time-accessibiiiíy which means thát the design ship (10,000 DWT fu l l -

loaded) can sail to or from Hai Phong gạch day. By anaiysing the time-

accessibility graph Ít can be seen thát there is only a slight increase (3 % ) in 
nautical depth necessary to increase the time-accessibility from 50 % to 
65 %. 

Consequently, in order to increase the nauticaỉ accessibility to 65 % of the 
totaỉ time, the tida! window for the tun developed access-channei to Hai 
Phong Port is proposed át C.D. + ] 70 ni for 10,000 DWT ship. 
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2.3.3.3. Tidal window and saiỉing wỉndow 

Present day experience shows thát the Nam Trieu Channel from Buoy Nr 0 
to Hai Phong Port is upsailed in approx. 3 hours (see also statistics in par 
2.3.3.1). 

The tidai window for the fuli channel đeveỉopment and for I0 000DWT-

ships is sét át C.D. + Ì .70 lĩ! (see par. 2.3.3.2). 

From the UNDP tidal recordings and the tidal recordings done in this study 
the tidal wave propagatìon can be computed through the buoy úp tin Hai 
Phong Port. When comparing tiđal wave propagation and ship's saiỉỉng 
speeds (upsaiỉing and down-saiỉing) Ít becomes possible to caiculate sailing 
windows. 

This has been done and represented in : 

1. íìgure 2.9. Tida! and saiiing window át spring Tide (max. range) for 
10,000 DWT ships (C.D. + 1.70 m) in Nam Tríeu (Alt 1) 
(Data ươm 9/10-01-93) 

2. íìgure 2.10. Tidai and sailing window át spring Tide (max. range) for 
10,000 DWT ships (C.D. + Ị .70 m) in Lạch Huyên (Xít. 4) 
(Dataữom 11/12-07-95) 

From these graphs and compuíations the foI)owing conciusions can be 
drawn ; 

- The upsaiỉing window ranges from approx. - 6 hrs 40'/H.W. Hon Dâu úp 
to + 4 hrs 507H.W. Hon Dâu (tidal window sét át C.D. + 1.70 m) (see 
figure 2.2.) 

- The down-saiỉing window ranges from - 7 hrs/H.W. Thai Binh (Cua Cam) 
to + 2 h r 40 ' /HW Thai Binh. 

O f course, this kind of anaiysis is ven/ much dependení upon sailing speeds 
and channel options. ỉn Hai Phong Ít is - accorđing to the JICA 1993 study 
report - acceptabỉe and safe, thát ship^s tí me ìtei-vaỉs are sét át approximately 
30 minutes , Ihis means thát át maximum 24 design ships can sail úp in Ì 
single tide or thai a maximum 20 design ships can sai! down under the above-

mentioned conditions and conĩi^uration 
No time-Iag for the boarding/unboarciing o f pilots has been taken ìnto 
account íbr these sailing window computations (only Ì pilot from buoy nr. 0 
úp to Hai Phong). 
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ít must also be stressed thát tidal window sailing implies thát át berth 
Ịocations in Hai Phong, (át present 12 equiped berths) nautical depths must be 
available equaiiing the shíps drau^ht + approx. lo %. 

2.3.4. Concỉusions and summary about determination of nautical 
bottom depth and channeỉ dredged level 

2.3.4.1. Channel depth for stage 1 : Urgent Channel Rehabilitation Plan 

Based ôn the Vietnamese standard for the gross underkeel-ciearance and 
vvith a tida! window of C.D. + 2-50 m, nautical depth and dredging depths 
are calculated as follows : 

Nam Trieu Tráp Bách Dang 
Lách Huyên Ha Nam Cam Rĩver 

Charmel Canal 

Staíic draught 8.50 m 8.50 m 8.50 ni 
Gross keel-clearanec Ì .20 m i .20 m 1.20 ni 
Required \vater đcpth 9.70 ni 9.70 in 9.70 ni 

Tìdaí \vindow CD + 2.50 ni + 2.50 ni + 2.50 m 
Nautical depth - 7.20 m - 7.20 m -7.20 m 
Channel dredged -7.70 m - 7.50 ni - 7.50 ni 
level 
Acccssibilitv for ± 15 % ± 15 % ± 15 % 
í 0,000 DWTships 
(% of the total time) 

Tablc 2.T.6. 
Cmi)|)ut;iỉii>n oi riiiuỉicỉ)! iind drcíl í ỉ inỵ deptbs for a 10,000 DVVT ship \vith ;ui 

uccessìbi i i tv of 15 % 
Stnỵe ì : Urgent Rchubìỉitation Phin 
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2.3.4.2. Channel depth for Stage 2 : Full Channe! Development Plan 

Based ôn the deterministic calculation for the gross underkeel-clearance with 
a time-accessibility of ± 65 % for a 10,000 DWT ship, nautical depths and 
dredged depths are caículated as folỉows : 

Design sliip 10,000 D W T 

Nam Trieu Nam Trieu Tráp Bách Dang 
Lách Huyên Ha Nam Cam 
(Open sea) (Protected 

water) 
(Cam!) (River) 

Static draught 8.50 m 8.50 m 8.50 m 8.50 m 
Gross keel-clearance í.70 m ỉ .55 m 1.25 m 1.05 m 
(detenninistic) 
Required water depth ỉ0.20 ni 10.05 ni 9.75 nỉ 9.55 ni 
Tidal \vindo\v CD + 1.70 m + 1.70 ni + 1.70 m + 1.70 in 
Nautical depth - 8.50 m - 8.35 m - 8.05 m - 7.85 m 
Charmel dredged - 9.00 m -8.85 ni - 8.35 m - 8.15 m 
level 
Accessibility ± 6 5 ± 6 5 ± 6 5 ± 65 
(% of the total time) 

Tabỉe 2. T. 7, 
Compiitation oi' Iiỉiuticnl an<I úreúịỳiìỉ* dcpths í or iì J 0,000 DWT-«ihi|) 

\vith an accessihiiitv (>f 65%. 
Stage 2 : Finaí Cliannc! Devclopmcnt Plan 

The access-channei to Hai Phong Port shouỉd be designed in order to aỉlow 
access for the design ship each day : this means the use o f the daily H .w . 
irrespective of day or night. Appropriate aids to navigation ạt night will 
thereíbre become necessary. 
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2.4, CHANNEL VVÍDTH DESIGN 

2.4.1. Channel vvidth design according to PỈANC - iAPH
 2 

The bottom vvidth w o f the waterway with a straight alignment is given for a 
one way channel by formula 3 : 

and for a two-way channeỉ by : 

w = 2wBM + 2 Ế wi + wBf + wBg + wp 

where, as shown in figure 2. ỉ Ì. W[ir and w Bg are the bank cỉearances ôn the 
bank clearances ôn the "red" and "green" sides o f the channeỉ, Wp is the 

passing distance and the Wị are given in íable 2T.9. 

The basic manoeuvring width W B M , as a muitipỉe of the beam B o f the design 
ship, is given in table 2.T.8, This basic manoeuvring width is required by the 
design ship to sai! safely in ven/ favourabỉe environmental and operational 
conditions. 

PikSSIHG 

CHHHNCt « 1 S 

Fỉgure 2.11. 
Elements of Clumnel Width toi* :ì two-way clianncl 

2 IAPH : [ntcriKil ỉonal Assocìa t ion o f P o r í s mui Híiibours 
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To the basic manoeuvring iane width W H M are added addỉtional widths (to 
allow íbr the eửects OI* wind, current, etc.) which gives the manoeuvring lane 
W M . The additionaỉ widths are given in table 2.T. ỈO, 

Ship Manoeuvrability good mo dem te poor 

Basic Manoeuvring Lane, W B M Ỉ.3 B 1.5 B 1.8 B 

Tahỉe 2.T.8. 
Biisic maiioeuvring ỉanc in funcí ion of shi | í \s manocuvrabilỉty 

NVIDTH Outer Channel ĩnner Channel 
Wi (exposed to open water) (protected water) 

(a) Vessel speed (knots) 
- fast > 12 0.1 B OA B 

- moderate > 8 - 12 0.0 0.0 
- slow 5 - 8 0.0 0.0 

XVỈDTH Vessel Speed Outer Iiiner 
Wi Channel Chíinnel 

(exposed to (protected 
open water) water) 

(b) Prevailỉng cross wind (knots) 
- milđ < 15 (< Beauíbrt 4) all 0.0 0.0 
- moderate > 15-33 (> Beauforí 4 - fast 0.3 B 

Beauforí 7) mod 0.4 B 0.4 B 
slow 0.5 B 0.5 B 

- severe > 33-48 (> Beauíòrt 7- fast 0.6 B 
Beauĩort Ọ) 

mod 0.8 B 0.8 B 
slow Ì . 0 B I .OB 

(c)PrevaiIing cross ciirrent (knots) 
- negligible < 0,2 alỉ 0.0 0.0 
- Ỉow0 .2 -0 .5 fast CU B 

mod 0.2 B 0.1 B 
slow 0.3 B 0.2 B 
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- moderate > 0.5 - 1.5 rast 0.5 B 
tuod 0.7 B 0.5 B 
slow 1.0 B 0.8 B 

- strong> 1.5 -2 .0 fast 0.7 B -

mod 1.0 B 
sỉow 1.3 B -

(d) Prevailìng longitudinal current 
(knots) 
- low < 1.5 ai! 0.0 0.0 
- moderaíe > 1.5 -3 fast 0.0 

mod 0.1 B 0.1 B 
slow 0.2 B 0.2 B 

- strong > 3 fast O I B -

mod 0.2 B 0.2 B 
slow n Á Xì A /ì TU Ù.4 ti 

(e)Signiíĩcaní wave heighí H s and 
len^íh A. í ni \ 
- Ho < i and X < L ai! 0.0 0.0 

- 3 > H s > ỉ and X * L fast * 2.0 B 

mod * 1.0 B 
siow ^0.5 B 

- H s > 3 and X > L fast * 3 . 0 B 

mod ^ 2 . 2 B 
slow * ỉ.5 B 

W Í D T H Outer Channel Inner Channel 
(exposed to open water) (protected water) 

(f) Aids to Navigatìon 
- excelíent with shore traữlc controỉ 0.0 0.0 
- good 0.1 B 0.1 B 
- average, visual and ship board, 0.2 B 0.2 B 

inírequent poor visibility 
- average, visual and ship board, > 0.5 B >0.5 B 

frequent poor visíbility 
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(g) Bottom suríace 
- i f d e p t h > 1.5 T 
- i f đ e p t h < 1.5 Tthen 
- smooth and soft 
- smooth or sloping and hard 
- roueh and hard 

(h) Depth of waterway 
- > ] . 5 T 
- 1.5 T - 1.25 T 

- < i .25 T 

0.0 

0.1 B 
0.1 B 
0.2 B 

0.0 
0.1 B 

0.2 B 

0.0 

0.1 B 
0.1 B 
0.2 B 

> 1.5 T 0.0 
< 1.5T- 1.15 T 0 2 
B 
< U 5 T 0.4B 

(í) Cargo hazard level 
- low 
- medium 
- hích 

0.0 
> 0 . 5 B 
> 1.0 B 

0.0 
> 0 . 4 B 
>0.8 B 

Tabỉe2.T.9. 
Aíkiitìomìl widths for straight chamiel aEỉg,nments 

VVĨDTH for B A N K C L E A R A N C E Vessel Speed Outer Inner 
(w B r or \ \ Ị ị t , ) Channel Channel 

(exposed to (protected 
open water) water) 

Sloping channel edges and shoals : 
fast 0.7 B 

moderate 0.5 B 0.5 B 
slow 0.3 B 0.3 B 

Steep and hard embankments. 
structures : 

fast ỉ.3 B 
moderate 1.0 B 1.0 B 

s!ow • 0.5 B 0.5 B 

TaMe2.T.Ị0. 
Additìoi ial widths loi* biink clCitrance 
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2.4.2. Channel vvidth design according to UN or other ports 

According to the Pott Development Handbook by the ưnited Nations, Ít is 
recommendabỉe thát a mỉnimum value for the width of a one-way channel 
(width át full depth) vvould be 5 times the beam width (B) of the biogest 
vessel (\vith limited cross-cuiTents). 

This code is based ôn research and experience ; actual one-way channel 
vvidth in existing ports varies between 4 to 5 B. 

2.4.3. Calculation of channeỉ width 

The channel width of the maritime access-channel to the Hai Phong Port has 
been đetermined based ôn the PIANC/IAPH guidelines, see Tabỉe 2.T. 12. 
Some of the tìgures might be subịect to comment. 

2.4.3.1. Addition for cross current 

For the Nam Trieu channel, an addition o f 0.5 B accounts for cross current, 
which implies thát the prevailing cross current is considered as moderate (0.5 
- Ì.5 knots). 

For the Lách Huyên channel, current vectors are practically parallel to the 
chímneỉ, so thát the component perpendicuỉar to the channeỉ is always less 
than 0.5 knots. So an addition of 0.2 B for cross currenís seems reasonable 
tbr the Lách Huyên channel (low cross current, moderate vesseỉ speed, outer 
channei exposed to open water). 

2.4.3.2. Addition for longitudinal current 

In the Cam River section, strong ỉongitudinal currents occur (> 3 knots), so 
an additional width of 0.4 B isjustifíed. 
Anyway, time of passing through the Cam River and Bách Dang River 
sections shouid be arranged so as to avoiđ strong tiđaỉ currents. Especially 
for ships sailing out, Ít appears practically impossible to sai! át a speed of 3 -

4 knots in currents of 3 knots from the stern. 
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2.4.3.3. Addition for waves 

No additionaỉ width for waves is considered, which accounts for a signiíìcant 
wave heíght H s < I m and a wave ỉength X in the orđer of magnitude o f the 
ship lengĩh (X =t L). 

Table 2.T. ỉ Ì shows clearỉy thát the condition (Ì m < H s < 3 m and X S: L) has 
an occurrance of oniy 0.33 % (Ì day per year), The condition ( H s < Ì ni and 
X < L) occurs 69.30 % of the time, and can thereíòre be consideređ as the 
prevailing wave condition. ít should be emphasized thát Tabỉe 2.T. Ị ỉ is 
based ôn data concerning offshore wave cỉimate. The occurrence o f 
condition ( H s < Ì lĩ) and X < L) nearshore can be estimated át about 80 Vo. 

wave length (perìod) 
A . < L \ > L Tota! 

(T < 11 s) { l i S < T < 17 s) ( T > 17 s) 
< 1 m 69.30 % 0.17% 0.00 % 69.47% 

wave lieiglit ! - 3 in 28.74 % 0.33 % 0.01 % 29.08 % 
> 3 m 1.32% 0.12% 0.00 % 1.45 % 
Total 99.36% 0.63 % 0.01 % 100.00% 

Tuhỉel.TAĩ. 
Annuaỉ (itTshore Wiive climate - wavc height against ivave pcriod 
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2.4.3.4. Conclusions and summary abouí channel wỉdth 

The navigable width of the maritime access-channel to the Hai Phong Port 
has been evaluated as folỉows : 

• 
Nam ì riêu 

. . . 
Lách HuYGn I^ í im I v i v e r 

K 'ầ í* h ề \ ' Ì Ti <t 

JDỈ1CI1 ù ỈU l i ; 
RlVCI* 

Trao Canai 

Basic manoeuvring lane (W B\í) L.5 B 1.5 B 1.5 B 
Ađdition for speed 0.0 B 0.0 B 0.0 B 
Addition for cross winđ 0.4 B 0.4 lì 0.4 B 
Ađđition for cross current 0.5 B 0 2 6 0.0 B 
Addition for long. current 0.1 B 0.1 B 0.4 B 
Addition for waves 0.0 B 0.0 B 0.0 B 
Addition for aids to navigation 0.2 B 0.2 B 0.2 B 
Ađdit ion for bottom surface 0.1 B 0.1 B 0.1 B 
Addit ìon for Wí»terway depth 0.2 B 0.2 B 0.4 B 
Ađdition for cargo hazarđ 0.0 lì 0.0 lì 0.0 B 
Bank c l e a r a n c e (\V|, r + W| t ! ĩ ) 1.0 B 1.0 B 1.0 B 

Total 4.0 B 3.7 [í 4.0 B 

Chan nét wiđth (B = 20.0 m ) - 80 i n 74 in 80 m 

Table2.TJ2. 
Aciress Chiinnel vvidth (iesi»n (B - beam of (icsign ship ; 20.0 m) 

For a design ship with beam B - 20.0 m, the channel wou!d need a 
theoreticaỉ width of so m (Nam Trieu) or 74 m (Lách Huyên). Taking 
account of the actual width o f the existing navigation channel (Nam Trieu), 
which is 100 m, a ređuction to 80 m or 74 m in order to receive larger ships 
would be very different compaređ to the actuaỉ nautical practice. 

This is nót in accordance with overall nautical saíety guideíines, where Ít is 
common practice noi to restricí channel widths (acquaintance o f pilots, 
heímsmen, . . .)• Therefore, ít is recommended by this study to maintain a 
design boítom width of ỉ 00 m. 
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2.5. BENDS 

In this report Ít is assumed thát ships navigaíe in the channel without tug-

assisíance. Therefore, any bend connecting straighí ỉegs of a channel must 
íake into account the turning abiỉity o f a ship. 

in calm water with no wind, a hard-over t ùm may be accompỉished by a ship 
having average-to-good manoeuvrability witlì a radÌLis o f about ỉ.8 to 2.0 
L O A in deep water increasmg to perhaps 2-8 L O A ai a xvaíer depíh/draught 
raíìo of n o 

The ship "side-slips" as Ít turns Ít sweeps out a path which ís wider than its 
beam. This excess can vary from about 0,40 B át a water depth/draught ratio 
of Ì. 10 to Ì .60 B in deep water (ref. 14 depending ôn the depth of water). 

Theretore the way a ship turns, depends very much ôn the water 
depth/draught ratio. This affects both the radius of tùm and the width of the 
swept track, shcnving thát, át the íowest water depth/draught ratios, the 
radius wilỉ be át its greatest and the additional vvidth needed át íts smallest. 

For concept ciesign, ít is suggested hy PIANC-IAPH thát íurning radii and 
swept track width o f the design ship are calculated with a nidder of 15° to 
20° in a bend. Greater values give too ỉittỉe margìn for safety and iesser 
values making turning difficult due to the length of the track anđ the handlíng 
problems of keeping ship accurately ôn track in a bend. 

The PIANC guiđeiine íurther recommends bending radius to be within 5 
LOAand lo LOA. 

To take a margin of safeíy with respect to cross-currents, (especially for 
entering and exií the Tráp Canal or Ha Nam Canal), a turning radius of 
approx. 12 X L O A (R = 2000 m) is proposed. 

The width in the bends is also sét át 4 B, bút additional widíh ĩs 
recommended for eníering and ieaving the New Ha Nam Canal 
(Alíernative 3) or the Tráp canal (Alternative 4) in orđer to aìỉow for the 
cross current : b B (entering) or 5 B (ỉeaving) m át the bottom in the bend as 
opposed to 4 B in in the straight secíions. 
According to PIANC guidelines additional width is preíerahíy placed ôn the 
inside bank rather than ôn the outside bank o f the bend. 
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GENERAL CONSIDERATIONS AND CONCLUSIONS 
ABOUT CHANNEL DESIGN 

The Port of Hai Phong expects to increase its overall annuaỉ throughput 
towards approximateỉy 8.5 Mtons for 2010. This means thát the ship's traffic 
in the access-channeỉ will be modiíied ìn the coming years and thát the new 
access-channel must íake these modifications into account. The traffic 
charges can roughlv be summarized as foỉlows : 

ì ) From a novvadays observed decrease in average ship's size, 
íuture trends are expected to show an increase in average ship's 
size. 

2) TraíTic density will increase ; Ít is expected thát íliture annual 
number of ship movements will be approximately 4,000 to 5,000 
which corresponds to approximateiy ỉ 5 per day 

3) Requirements for short ship hanđling and waiting times 
(especiallỵ i f container íraffíC wilỉ increase). 

The design of the access-channel to Hai Phong leads to the foỉlowing 
scheme : 

ì) a channel bottom width o f 100 m ; 

2) a stao;ed channeỉ deveỉopment in order to aỉỉow traffic, port 
deveíopment and port economics to improve progressìveiy : 

Stage Ì : Urgent Channel Development Pỉan 

- nauticaỉ depth : C-D. -7.20 m ; 
- gross keel-clearance : ỉ .20 m ; 
- tidaí window : C.D. +2.50 m ; 
- nautical accessibility max. 15 % (with additional 

restrictions during rough weather anđ particular caution 
with deep draught vesseis). 

Stage 2 : Fu!I Channel Development Plan 

- nautical depth : C.D. - 8.50 m to C.D. -7.85 m ; 
- gross keel-ciearance : 1.70 rn to 1.05 m; 
- tidai window ; C.D. +1.70 m ' 
- nauticai accessibiỉity : 65 %. 
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The proposed futỉ developed access-channel (Stage 2) with a width of 100 m 
anđ a nauticaỉ bottom át C.D. - 8.50 m is able to ílilfilỉ all the above-

mentioneđ íùture expected traffic requirements. 

ít is assumed in this Access-Channel study thát the foỉ!owing items are 
handleđ by the Vietnamese Authorities : 

1) Provide turning circles and ship's manoeuvring areas in front of 
the berths of Hai Phong Port ; 

2) Maintain a sufficient ship's berthing depth in front of the quay 
wails, jetties, ... (ship's measured đraft + variations o f water 
density + aỉlowance for siltation) ; 

3) Provide appropriate piỉotage and aiđs-to-navigation facilities, 
allowing also ni«ht navigation , 

4) Provide the appropriate ship handling and berthing facilities 
(nowadays only 12 berths are available ; this is expected to be 
too low for handling 8.5 Mtons) ; 

5) Take the access-channe! design eiements into account 
(geotechnicaì stability) when planning or executing works ôn the 
river banks (groynes, ịetties, quay walis, , , . ) ; 

ó) Assure a proper and regular monitoring of the available nautical 
depth ; 

7) Assure a proper and regular maintenance đređging. 
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3. ACCESS-CHANNEL ALTERNATIVES 

3.1. GENERAL 

Based ôn the technical sessions with ỈVÍOT and TEDĨ, a number of possible 
Access-Channel altematives have been selected for íìirther preiiminary 
design. The channeS-aỉtematives to be studied ìn this "General Study for the 
Access-Channel to Hai Phong1' have been deííned as follows : 

ỉ. Alternative Ị : 
Deepenỉng and widening the existing chrtnnel 

2. A l t e r i i a t i v e 2 : 

New Nam Trieu ChíHinel (where a direct route south of ẤVÍ»1 is 
designed) 

3. A l t e m a t i v e 3 : 

New aỉignment in Lách Huyên through (nevv) Ha Nam Canal 

4. Alternntive 4 : 
New alignment in Lách Huyên through (exìsíìng) Tráp Canal 

The other aỉternatives mentioned by the consultant such as the alignment 
foHowing the old Cam bedding and the route through Tráp Canaỉ/North of 
Cai Ba were nót to be consideređ according to T E D I . 

For the purpose of describing the diíĩerent channeỉ alternatives, the channei is 
divided in four sections tròm Ì to I V : 

Section ĨV : Cam River 
Section IU : Bách Dang River upstream 
Section 0 : Ì. Bí^ch Dang River Downstream 

2. Tráp or Ha Nam Canaỉ 
Section ĩ : Ì. Nam Trìeu Channel 

2. Lách Huyên Channel 

The sections UI and I V (resp. Bách Dang River upstream and Cam River) 
are the same for aíl altematives. 
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3.2. CAM RỈVER AND BÁCH DANG RỈVER 

3.2.1. Cam River (Section IV) 

a) Lny-out 

Coming from the sea, the Port of Hai Phong is át present accessible 
through the Nam Trieu Channel, the Bách Dang River, the Dinh Vu Canal 
and the Cam River. The Cam River section is approximately 8.6 km long 
and fìows out in the Bách Dang River íhrough the Dĩnh Vu Canal (see 
Pigure 3,] . and drawings no 34.20 105, 106, 107). 

Particưlar attention is to be given to the existing inữastructures ôn both 
banks o f the Cam River : 

- quays, 
- groynes, 
- wharves. 

Therefore the maximum wídth of the access-channel is to be restricted to 
SO m. 

b) Soi! conditions 

The water of the Cam River is quite turbid with cỉay and siit in 
suspension. Part of these sediments are presumed to be eroded from the 
river bed and river banks ; the vast mạịority of sediment supply comes by 
advection from the Song Hông and Song Duong river system. 

c) Hydrodviĩitmic conditions 

Relevaní hydrodynamic conditions are mainly relateđ to íluvial f low and 
currents. Very hĩgh íluvia! íìovv may occur, especially during the wet 
season. 

ri!) Longitudinaỉ Ị>rofile 

Figure 3.3. shows the longiíuđinaỉ profíỉe of the bottom along the axis of 
the Cam River ( K M 0 to K M 8.6). 
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e) Nìivỉgatioii aìds 

The shipping channe! foỉlows át present respectively a bearing of 293° 
3 15° and 299°. The channel is delìmited by ten red and green buoys. 

f) Design profile 

The selected design profíle is a trapezoidal with the following main 
characteristics : 
- Bottom width 80 m át C.D. -8.15 m 
- Nautical depth c D. - 7.85 m 
- Dredging depth C.D. - 8.15 m 
- Slope gradient 1/7 
- Possibỉe navigation lane a 80 m wíde central lane along the axis for a 

one way sea vessel traíĩic of 10,000 DWT. 

3.2.2. Bách Dang River (section III) 

a) Lay ọ út 

The Nam Trieu and the Dinh Vu Canal are linked by a section of the Bách 
Dang River approx. 8 km long. This section o f the Bách Dang River 
exhibits 2 bends. The bend connecting the Nam Trieu Channel and the 
Bách Dang River is 2,200 m long ( K M 16.50 - K M 14.30) with a radius 
o f 2,000 m. The second bend is 2000 m long ( K M 12.50 - KM 10.50) 
vvith a radius averaging 2,800 m. 

b) Soiĩ conditions 

Soil conditions in the Bách Dang River are expected to be essentially 
muddy sediments. 

c) Hydrodvnĩimic condỉtions 

Relevant hydrodynamic conditions are mainly related to Auvial flow and 
current. The díscharge of the Bách Dang River appears to be only a 
íraction of the discharge o f the Cam River. Since the Dinh Vu dam 
closure, the discharge of the Bách Dang River is highly iníluenced by the 
discharge ót* the Cam River. 
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d) Longitudinal prolĩle 

Figure 3.3 shows the longitudinal profíìe of the bottom along the axis of 
the Bách Dang River ( K M 8.6 to K M 16.5). 

e) Navigation aids 

The channel is delimited hy three (3) red buoys n° 22, 24,26 and three (3) 
green buoys n° 27, 29, 31. 
The PVB Leading Lighí (33 ỉ °) heỉps the navigatỉon in this section of 
Bách Dang. 

0 Design proíĩle (fig. 3.2.) 

10,000 DWT 
Section IU 

K M 
Nauticaí depth 
Dredging depth 
Width át bottom 
Slope gradient 

16.50-8.60 
CD - 7.85 m 
C D - 8 . 1 5 m 

80 m át CD - 8.15 in 
ỉ/7 

Tablcĩ.r.ĩ. 
Dcsign Ị>rofile for Bách Dang River 
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3 3. DESCRIPTION OF CHANNEL ALTERNATIVES (Section Ị & li) 
AND OPTIONS 

FolỉowiníỊ channel options have been selected for furíher evaluation : 

A L T E R N A T I V E ì : Existing N A M TRIEU channeỉ aiígnment 

- Shipjraffic 
10,000 D W T 

- Options for infrastructure 
* option Ì : improvement with upgraded dredging programme 
* option 2 : improvement wiíh sedimentation basin 
* option 3 improvement with training walls 

A L T E R N A T Ĩ V E 2 : New N A M TR1EU channel 

- Ship traíĩìc 
10,000 D W T 

- Options for inữastructure 
* option ỉ new aiiíựiment with basíc dimensions 
* option 2 : improvement with sedimentation basin 
* option 3 ; improvement with íraining walì 

A L T E R N A T I V E 3 : New alignment of shipping channel in LÁCH HUYÊN 
through new Ha Nam Canal 

- Ship traíTic 
10,000 D W T 

- options for infrastructure 
* option Ì new alignment with basic dimensions 
* option 2 : improvement with training waỉl 
* option 3 : improvement vvith use of naturaỉ spit 
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ALTERNAT1VE 4 Nevv ali»nment of shipping channel in LÁCH HUYÊN 
through Tráp Canal 

- Ship ĩraíBc 
10,000 DWT 

- options for intrastructure 
* option ì : new alignment wĩth basic dimensions 
* option 2 : improvement with training walỉ 
* option 3 : improvement with use of natural spit 

Parallel to these works, M Ó T plans to builđ a number o f hydrauỉic 
inữastructures or to carry out interventions which will probably iníluence or 
interfere with the above-mentioned options : 

I the sequential rernoval o f the Dinh Vu dam combineđ with the 
đredging of a channe! in the old Cam River; 

2- the construction of 4 groynes ôn Bách Dang Left bank ; 
3. the construction of 9 groynes in the Cam River. 

3.3.1. Existing channel alignment 

í*) Lnv-out (Drawing no. 34.20. ỉ Ì0) 

Coming from the open sea, the Port o f Hai Phong is át present accessible 
through a approx. Ỉ9-24 kin long existing channel, known as the "Nam 
Trieu Channel". 

The channei can be subdivided inío three (3) homogenous geometrical 
sections : 
- 2 straight sections : L i , L2 ; 
- ì bend : B I . 

The channel entrance begins with an initial straight section ( L I ) ( K M 
36.80 - K M 24.07), according to the atignment o f the leading lights át 
Avaỉ and Ba Tang, 
This straight section L I isfo!lowed hy a second straight section (L2) over 
6.4 km ( K M 22.89 - K M 16.50). 
The connection beíween the two (2) straight sections L I and L2 is 
ensured by a ] , ] 80 m long bend with a radius averaging 2,000 m. 
The straight section (L2) is connected wiíh the Bách Dang River by a 
2,200 m long bend B2 ( K M 16.50 - K M 14.30) with a radius o f 2,000 m. 
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b) Soi! conditions 

Avaiỉable data ôn soil characteristics show a consolidated mud ỉayer 
resting ôn tóp of silt/clay layers alíernating with sanđ layers locally (e.g. 
buoys 7/8). 

c) Hydrodynnmic conditions 

The predominant wave direction is SE, aỉmost paralỉel to the direction of 
the maritime part of the access-channel ; rolỉing of ships is expected to be 
limited vvhiỉe heave is accentuated under strong wave conditions. The 
dominant tidal currenĩs induce a driít angle of 20° to 30° ; the max. cross 
current is 0.11 m/sec. 

Cross wind of 7,4 m/sec for L I and 9.3 m/s for L2 have to be taken into 
account; however, this vaỉues remain quiíe low anđ are nót expected to 
iníluence ađverseỉy the navigation. 

d) Longitudinal proíiĩe 

Figure 3.3, shows the longitudinal proíile of the sea bottom along the axis 
of the exisíing channel ( K M 16.50 to K M 36.80). The existing Nam Trỉeu 
channel crosses an approx. 14 km long oữshore bar. This oíĩshore bar 
crossing is annually dredged to an effective nauticai bottom level of C.D. 
- 4 . l o m t o C . D . -5.00 m 

e) Navigation aids 

In the Nam Trieu Channel, the marker buoy system comprises : 
- tìoating marks aỉong the channeỉ (17 buoys) ; 
- two fíxed leading lights (Aval and Ba Tang). 
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0 Design mofĩ íe for Alternatiye Ị ( f ig . 3.4. and 3.5.) 

! 0,000 DWT 

Section ì Section u 
K M 
Nauticaỉ depth 
Dredeing đeptlì 
Width át bottom 

Slope gradient 

36.80 - 22.89 
C D - 8 . 5 0 171 
CD - 9,00 m 

] 00 m át 
CD - 9.00 m 

1/Ỉ5 

22.89 - Í4.30 
C D - 8 . 3 5 m 
CD - 8.85 m 

100 m át 
C D - 8 . 8 5 m 

1/Ỉ5 

Tahỉe3.r.2, 
ĐesÌỊỊĩi proí i l e for alteniiitive ì 

g) Options 

A possibility to minimise the siltation in the Nam Trieu Channel is to 
dređge a sedimeníation basin in the upstream part. Anoíher possibility to 
improve aỉternaíive l is buiiding a training walỉ paraỉỉel to the axis o f the 
channeỉ to avoid latera! inflow o f seđiments in the channei. 
The lay-out of these improvements is described in the report : "Site and 
prọịect description , , (VAH1351/00244). 
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3.3.2. New Nam Trieu channel alignment 

a

) Lav-out (Drawing no. 34.20. ỉ 11) 

A possible upgrađed alignment of the Nam Trieu Channel, which is 
described hereafter, has been deíined in the lìght o f the following topics : 

- shorter navigation distance, with a shorter crossing of the offshore 
bar; 

- avoid the ship being exposed to cross currents to ensure better shíp's 
navigation. 

The selected improveđ aligmnent follows a N N W - SSE axis. 

b) Soil conditions 

In the maritime part o f the proposed access-channeỉ, the soil is expected 
to be siightly more sandy in the upper meters of the seabed , this 
corresponds greatly to the crossing of the submerged sand spit. 

c) Hydrodynamic conditions 

The predominant wave direction ĩs SE and with a consequent angie of 
attack of ca. 20° - 30° with the channel. Cross currents are expected to be 
very low because this alignmení is chosen to be paralỉel to the dominant 
tidal currents. Cross wind o f 9.3 m/sec. has to be taken into account ; this 
value remains quite Iow. 

à) Longitudinal protìle 

Fígure 3.6. shows the longitudinal profìle of the sea bottom aiong the axis 
of theproposed new Nam Trieu Channel (KM 16.5 - K M 34.5). 
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e) Navigatỉoii aỉds 

The buoys ỉocated north of Aval vvtU remain in place The buoys locateđ 
south of Aval must be removed ancl shiữed to the wesí in accordance with 
the proposed ali»nment. 

f) Desígn profUe for Alternative 2 ( f ig . 3.7.) 

ỉ 0,000 DWT 

Section 1 Section l i 
K M 
Nauticaỉ depth 
Dredging đepth 
Width át bottom 

Slope ẹradient 

34.5 - 22.89 
CD - 8.50 m 
CO - 9 00 m 

100 m át 
CD - 9.00 m 

1/15 

22.89 - 16.50 
CD - 8.35 m 
CO - S.85 in 

100 m át 
CD-8 .85 m 

1/15 

TahlL'3.r.3. 
DesÍỊỊii protì le for alternutive 2 

ự) opt io i i s 

Two possibilities to improve the nevv Nam Trieu channel are to eĩther 
dredge a sedimentation basin or to built a traininỉí wall paraỉỉeỉ to the axis 
of the channel (reference 15). 
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3.3.3. New alignment in Lách Huyên through Ha Nam Canaỉ 

a ) Lav-ont (Drawing no, 34.20.112) 

A possibie aiternatĩve route with respect to the existing Nam Trieu 
Channeỉ, is the routing o f the channeỉ in the natural deep and wiđe Lách 
Huyên. Moreover, this route is expected to deliver other ađvantages : 

~ the offshore bar is here quite narrovv ; consequently the maintenance 
dredgỉng is expected to be lower than in the Nam Trieu aỉternatìves ; 

- the natural channel is (of course) weil aíigned with the dominant tidal 
currents ; consequently, no signifícant cross-currents are expected here 
for navigation. 

The connection beĩween Lách Huyên and the Bách Dang River is planned 
to take place through a new canaỉ crossing Ha Nam Isỉand. 
The channel can be divided into three (3) homogeneous geometrical 
sectìons : 
- 3 straight sections ( L I , L2, L 3 ) ; 
- l b e n đ : B l . 

The channei entrance in Lách Huyên begins with two síraight sections L I 
( K M 38.70 - K M 28.50) and L2 ( K M 28 50 - K M 24.00). 
These straight sections are foNowed by a third straight section (L3) across 
Ha Nam over approx. 5.0 km ( K M 22.20 - K M 17.00). 
The connection between the straight sections L2 and L3 is ensured by a 
ỉ.80 km long bend B I ( K M 24.00 - K M 22.20) whose radius averages 
2,000 m. 
The straight section L3 is connected with the Bách Dang River bỵ a 1.46 
km long bend B 2 ( K M 17.00 - K M Ỉ5.54) with a rađius of 2,000 m. This 
bend is followed by a bend B3, with a 2,000 m radius between K M 15.54 
- K M 14.00. 
An additionaỉ width is recommenđed ôn the ínside of the bend for entering 
and leaving the Ha Nam Canaỉ in order to aíỉow for the cross current 
action The bottom width in the bend B I is sét át 120 m and in B2 át 
100 m(dredged level) over a length of ± 2 km (see drawing 34.20.112). 

b) Soil conditions 

Available data ôn soi! characteristics shovv : 
- superíìcial sand layers ( I to 2 m) ôn the offshore bar overiying 

consoliđated mud deposits; 
- consoliđated mud ôn the deeper parts o f the channel. 
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Soil conditions in Ha Nam are quìte similar to these ìn the Tráp Canaỉ, i.e. 
consolỉdated mud over the first 10-15 m. 

c) Hvdrodynamic conditions 

The predominant wave direction is quiíe paraỉlel with the channel in the 
marine sequent. Cross currents in this area are aỉso expectẹd to be very 
low. 

d) Longitudinal proille 

Figure 3,8. shows the longitudinal profiỉe of the sea bottom aỉong the axis 
o f the proposed channeỉ. 

e) Nnvigation aids 

Since the proposed channeỉ runs according to a new aỉignment along the 
whole length, a new marker buoy system (+ ieading ỉights) has to be 
installed. 

0 Design profile for Alternative 3 

10,000 DWT 

Section ì Section l i 
K M 
Nautical depth 
Dredging depth 
Wiđth át bottom 

Slope gradient 

38.70 - 22.20 
CD - 8.50 m 
CD - 9.00 m 

ỉ 00 m át 
CD - 9.00 m 

1/15 

22.20- 16.50 
CD - 8.05 m 
CD - 8.35 m 

80 m át 
CD - 8.35 m 

ỉ/5 

Tablc 3.T.4. 
I)esi«!i proí ì l e for alternative 3 
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g) optỉons 

The Lách Huyên channe! is naturally deep (more than c D - 6 rn and 
down to C.D. - 13 m) and vvide (500 m) and very Httle sediment supply 
occurs from the upstream parts. Moreover, the Lách Huyên is Aanked to 
the West hy a submerged spit of more than 5 km length oữering natural 
protectiotì against ỉaterai sedíment infìow. 
options for this aiternatĩve 3 in order to mínimise íùture maintenance 
dredging are thereíbre considered as foỉiows (ref. 15) : 
- use and maintenance of the natural spit; 
- improvement of the natnral spit by heightening the crest (supply of 

stones sand). 
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3.3.4. New alignment in Lách Huyên through the Tráp Canal 

a) Lav-out (Dravving no. 34,20. ì 13) 

The mạjor advantages of the Lách Huyên route described as alternative 3 
(see par. 3.3.3.) could even be íìirther improved by desìgning the crossing 
of Ha Nam Island through the existing Tráp Canal. Indeed, this aỉternative 
will avoid the possibỉe channeỉìzatìon of the Cam and Bách Dang Rivers 
water and sediment flows into the Lách Huyên. 

The entrance of the new aỉignment proposed is the same as the one for 
AJternative 3. 
The connection beíween Lách Huyên and the Bách Dang River is planned 
through the Tráp Canal. The channei can be devided into three (3) 
homogeneous seometrical sections : 
- 3 straight sections : L I , L2, L3 ; 
- I bend B i . 

The channel enírance in Lách Huyên begins wiíh two straight sections L I 
( K M 39.80 - K M 2 9 . 5 0 ) anđ LI ( K M 2 9 , 5 0 - K H I 23.15), followed by a 
third straight secíion ( ú ) íhrough the Tráp Canai ( K M 20.38 - K M 
18.28). 
The connecĩion beívveen the straighí sections L2 and L3 is ensured by a 
2.77 km long bend Bí ( K M 23.15 - K M 20.38) with a radius which 
averages 2,000 m. 
The straight section L3 is connected with the Bách Dang Rịver bỵ a 2.74 
km longbend B2 ( K M 18.28 - K M 15.54) wiíh a radius o f 2,000 m. This 
bend is followed by a benđ B3 with a 2,000 m radius between K M 15.54 -

KM 14.00. 
An additional width is recommended ôn the insiđe of the bend for entering 
and ỉeaving the Tráp Canal in order to aIlow for the cross current action. 
The bottom width in the bend B I is sét át ỉ20 m and in B2 át 100 m 
(dređged level) over a ỉength o f ± 2.0 kin (see drawing n° 34.20. ỉ 13). 

b) Soil conditioiầs 

Availabỉe data ôn soi! conditions in the Tráp Canal show a tóp iayer o f 
soft sandy siit and soft day. 

Avaiỉabỉe data ôn soi! characteristics show ; 
- superíkiaỉ sand layers ( í to 2 m) ôn the oữshore bar overlying 

consoỉidateđ mud đepos i t s ; 
- consolidated mud ôn the deeper parts of the channeỉ. 
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c) Hvdrodynamic conditions 

The hydrodynamic conditions are expected to be the same as these of 
alternative 3 (new aỉignment in Lách Huyên through Ha Nam). 

d) bongitudinal profiie 

Figure 3.10. shows the ỉongitudinal proĩile o f the sea bottom alons: the 
axỉs of the proposeđ channel ỉn Lách Huyên. ít crosses an approx. 6 km 
long oíĩshore bar : the Gulf o f Tonkin. 

e) Navigation aids 

The proposed channei runs according to a new alignment in Lách Huyên. 
A new marker buoy system has therefore to be installed. 

0 Design profile for Aiternatiyp 4 

10,000 D W T 

Section ĩ Section l i 
K M 
Nautical depth 
Dredging depth 
Width át bottom 

Slope gradient 

39.80 - 20.38 
C D - 8 . 5 0 m 
CD - 9.00 m 

ỉ 00 m át 
C D - 9 . 0 0 m 

1/15 

20.38- 16,50 
CD - 8.05 m 
C D - 8.35 m 

80 m á t 
CD - 8.35 m 

1/5 

Tahle3.T.5. 
Desij;n proĩiles for aí tcrnat ive 4 

g) opt ions 

The Lách Huyên channel is naturaỉly deep (more than C.D. - 6 m and 
down to C.D. 13 m) and wide (500 m) and apparenteỉy very ỉitíle 
sediment supplỵ occurs from the upstream parts. Moreover, the Lách 
Huyên is ữankeđ to the West by a submerged spit of more than 5 kin 
Ịength offering natưral protection against lateraỉ sediment inflow. 

options for this alíernative 4 in order to minimise future maìntenance 
dredging are therefore considered as foílows (ref. 15) ; 
- use and maintenance of the rvatural spit; 
- improvement o f the natural spit by heighíening the crest (suppiy o f 

stones : see Training Wall). 
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Rét.: — — - Sounding map 1995 ref. TEOI 

Sounding map BÌNH DO CAO DO rét. TEDI 
Composìtô map 1990 (1:25.000) 
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3.4. DISPOSAL AND DUMPING OF CAPITAL DREDGED 
MATERIAL 

The planned channeỉ improvement works involve essentiaỉiy the excavation 
of large quantities of sediments - essentially muddy sedimenís - during the 
capital dredging (initial excavation) and the sưbsequent mairuenance 
dredging (yearly operation). In order to design the planned works in an 
appropriate way Ít is essential to also design the disposal of the dredged 
material in such a way thát : 

a recirculation of dumped material back to the dredging area is avoided 
hy ai! means ; 

b. maximai beneíĩcial use of dredged materiai ỉs made possible (e.iĩ 
landíìỉling, ...) ; 

c - environmentaỉ impacts are minimised. 

AU above-mentioned topics are strongly reỉated to the type o f soi! excavated 
duríng the dredgings. The soil investigation is nót yet terminated and 
thereíòre these aspects wíll be based ôn the existing knowíedge and 
assumptions. 

One can envisage 3 types of disposal of the capital dredging volumes : 

Ì. ìntertidal flat disposaỉ by thin spreading ôn inangrove-areas ; 
2. ỉandíílling subtidal fíats like the ones south of Dinh Vu or Cát Hai ; 
3. aquatic dumping. 

For maintenance dredging Ít is expected thát the buỉk o f the materiai is mud 
and thát upland and intertida! disposal capacity is too Hmited. Therefore Ít is 
proposed thát maintenance dredging volumes are disposed by aquatic 
dumping át \vaterdepths exceeding C.D. - 10.00 in. 

3.4.1. intertidal flat disposal by thin-spreading 

The mangrove areas ôn the left bank of Bách Dang and ôn Ha Nam are 
natural mud sedimentation areas. Even non-fìocculated mud can sedíment 
here in between the roots of the mangrove fìora. 

Because of the particuỉar adaptation of mangrove ílora to varying salinities, 
niud sedimentation and anoxic condítỉons, intertidal mangroves areas could 
be envisaged for the thin spreading o f a mud iayer. ít has been assumed thát 
this mud ỉayer may nót exceed 0.40 m íhickness. 
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However because o f the great environmental importance o f mangrove areas 
a pilot disposal test ís highly recommended. ít is proposed to execute as soon 
as possibie a thin spreađing disposal of ca. 4,000 m 3 over a 100 m X ỉ 00 in 
mangrove area and to observe the reaction of the ecosystem over ỉ year. 

ĩ f the resuỉts of a piiot-test are positive, a total disposaỉ capacity ôn intertidaỉ 
mangroves can be evaiuated as fo!ỉows (see dravving VAHI351/34.20.114). 

ỉ. Left Bank Bách Dang : 
- Surface : ± 1 0 . 5 Mm-

- Geometrical Disposal Capacity : ± 4.2 M m 3 

3.4.2. Landfiilỉng of subtidal fỉats 

South of Dinh Vu and Cát Hai ihere are large subtidal flats which can be 
potentialiy landíiiỉed, províded thát the Iandfsll-materiaỉ has a suíĩỉcient sand 
content or thát the soi! can be consolidated in ã laier stage. The landíilỉing 
will aỉso require the construction o f retaining cỉikes. 

Especialiy the subtidal flat, south o f Dinh Vu seems to be appropriated 
because of the close presence o f the future Dinh Vu Economic Zone and the 
integration possibilíties in the Port's Development Pỉan. 

These landfillìng works will fírst require the construction of a soiỉ retaining 
dike (crest approx. C.D. + 5.50 m) as a rubble-mound breakwater. Ôn 
drawìng VAH1351/34.20.114 a pỉan view o f such a possibie ỉandĩill dísposai 
tầciỉity is illustrated. Totai geometric disposal capacity is estimated át ± 30 
Mm 3 . 

The most obvious way of disposal the iarge quantities o f muddy dredged 
material tròm both capitaỉ and maintenance dredgin^s is the mere aquatic 
dumpinií in the Guif o f Ton Kin. 

2. Ha Nam : 
- Surface ; 
- Geometricai Disposaỉ Capacity 

± 6 . 5 M i n 2 

± 2 . ó M m 3 

3.4.3. Aquatic dumping 
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The capacity ót" this soiution is aỉmost unlimited and the environmental 
impact is estimated to be negỉieible because the naturaí fore~dđta seabed 
consisís mainly o f muđ sedíments yet. 

Regarding recircuỉation of fme-grained dump-ỉosses back to the dređging 
area, the residuai transport pathways have been computed by Sediment 
Trend Anaỉysis. Essentiaỉỉy, the very mobiíe mud-fractions must be looked át 
in cỉose detaii ; f rom figure 34.20 008, Ít appears thát muđ is Hkeiy to migrate 
from oữshore to land and ôn t h e j ^ j ^ ^ s J x Q m J h £ - £ a £ t t o the Woct. ít can 
I5ẽnĩssũmẽcT cỗnsẽquentíy thát sailing distances t ròm dredging area (Lách 
Huyên Bar) to dumping area are át mìnimum 5 km and thát natural water 
depths should be in excess of C.D. - 12.00 m , moreover must the dumping 
site be placed to the West oi" the dredging area in the oữshore bar crossing. 
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4. SELECTION CRITER1A OF THE CHANNEL 

Based ôn the existíng knowỉedge of the project and the study area the 
folỉowing criteria have been used versus the channel alternatives in order to 
períòrm an objective seỉection : 

í. the volume of capital dredging affecting the capital investment 
2 the hydraulic and sedimentologicai impạct regarding the modifíed flow 

and sediment-transport; 
3. the expected volume of yearly maintenance dredging ; 
4. the vertical, họrizonĩal and sĩope stability o f the proposed channel; 
5. the expected sọcial impacts ôn ỉocai íanđ-use, transportation, íishing 

activities, ... ; 
ó. the expected env ị ro tìm en tai impacts especially ôn mangrove anđ aquatic 

ecosystems ; 
7 the nauticaỉ accesgibịiitỵ of the proposed channel. 

Apart t ròm this the possibiỉity/opportunity to implement countermeasures to 
reduce maintenance dredging will be investigated. 

The diíĩerent criteria will be overviewed now for the 4 channel alternatives. 
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4.1. CAPỈTAL DREDGING 

4.1.1. Volumes of capitaỉ dredging 

To make a preỉiminary comparison of the four (4) aỉternatives selected, the 
characteristics of the proposed ỉay-out and the volumes of capitaỉ dredging 
are given for a 10,000 D W T ship in tabie 4.T.2. 

Area Section Method o f dredging Estimated unit cost 
USD/m 3 in siíu 

- open water TSHD 4 
- Nam Trieu ỉ, l i SB 2 
- Lách Huyên ì 

- Sheỉtered areas CSD 2,5 
- Tráp Canal l i 
- Ha Nam Cana! l i 

- Bách Dang i n 

- Cam River I V 

Table-t.T.l. 
Estiniỉitcd mút costs for capital dredgiii í ĩ 

N.B, ; TSHD Trailer Suction hopper Dređger 
CSD Cutter Suction Dredger with 8000 m discharge 

pipeiine 
SB Sweep Beam (bottom levellíng) 

Table 4.T I . gives the estimate of the overall unit-cost for capital dredging 
with discharge or dumping over 8 km dỉstance. ít has been assurned in this 
cost-estimate thát ỉocaỉ equipment could be used. In case of international bid 
demanđ for the capital and/or maintenance dredging works additĩonal cost-

iíems wiỉl have to be considered such as : 
- mobilisation/demobiỉisation of equipment; 

a. mob/demob of a seagoing CSD + gear : ± 2,5 MƯSD 
b. mob/demob of a 3000 m 3 TSHD : ± 1,5 1VÍƯSD 
c, mob/demob o f a 7000 m 3 TSHD : ± 2,5 MƯSD 
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- down-time and stancl-by (vveather, traữic, . . . ) ", toi" a CSD the tbiỉovving 
roush fígures couỉd apply : 

a. wet season : 35 % down-time 
b. dry season : ỈO % down-time 

No costs for ínữastructure of the upland or tidaỉ tìat discharge areas - such as 
the construction of dikes, weirs, etc... - have yeí been tbreseen atìd wili have 
to be designed after decision of the right channel alternative. 

Moreover, ít has been assumed thát capital dredging is to be done in soft 
soiĩs without wrecks, mìnes, or anỵ otlìer object likeỉy to impede ôn normal 
dređging works- ít is absoỉuteỉy essentiaỉ to execute a geophysical soil 
investigation in order to detect the eventuai presence of subsoil rock 
outcrops, likeiy to affect the dredging methodology and the costs. 

Ạ mine hưnting/sweeping operation previous to any dredgíng work is also 
highiy recommended. 

The volume of capitai dredging has been calcuỉated with an ỉntergraph 
Digital Terrain Modeỉ ( D T M ) by comparison of the designed channei 
dimensions wiíh the modelled 1995 bathymetric survey data. The results of 
these computations are iiiven in table 4.T.2. (Stage ỉ : Ưrgent Channei 
Rehabilitation) and table 4.T.3. (Stage 2 : Channel Development Plan). 
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Liivout 
Aitertintive 1 

Nam Trú'ỉr 
Altenialivc 2 

Nam Trieu 
Alteniatívc 3 
Lách Huyên/ 

Hít Num Oaiiíil 

Altcmaiive 4 
Lách HUÝCH/ 

Ti i tp Caiiíil 
DrsìgH proíilt-

Secfi<m ì 
- K ĩ u 
- nau!icaỉ ÍKtttom 
- cỉiíitỉiicl {irủđi;cil k v d 
- iinliom \vidth 
- sk>jie íỉr.idịiiiií 

Nam Trĩcn 
K M 36.80-22.89 
OI) -7.20 m 
CD-7.70 m 
100 m .ít CD-7.70 m 
1/15 

Nam Trieu 
K M 34.50 - 22.8Ỉ) 
CO -7.20 ni 
en-7.70 m 
]{)0 nií i iCD-7.70 ni 
]/I5 

Lách Huyên 
K M 38.70 - 22.20. 
CO-7.20 ni 
CO - 7.70 ni 
100 m alCĐ-7.70 ni 
1/1? 

Lách Huyên 
KM 39.80 - 20.38 
C D - 7 . 2 0 m 
e n - 7 . 7 0 in 
K>()n]ììlCI>-7.70n } 

Si-rtioii Ỉ I 
- KM 
• nauiical hottom 
- channel đrerìgtíd k-vd 
- hoílom \vrdlh 
- slopc gr.iđicnl 

Nam Trìcu 
K M 22.89-16.50 
CO -7.20 ni 
CD -7.70 ni 
loa míUCD-7.70 ni 
1''I5 

Nam Tric i i 
K M 22.89 - 16-50 
CD -7.20 ni 
e n -7.70 ni 
J00ni.-ttcn-7.70m 
i/15 

Ha Nam Cítna! 
KIM 22.20- 16.50 
CD -7.20 ni 
CD -7.50 m 
80iHaíCD-7 .?0 ni 
1/5 

Tráp Can ai 
K M 20.38- 16.50 
CD-7.20 ni 
CD -7,50 ni 
SO m .-ít CD-7.50 ni 

Sectkui H I 
- K M 
- Iiaulical Imilom 
- cliannel drcdced ievd 
- Ivitloni H'id!!i 
- sĩopc cra<iicnl 

Hách Dang river 
K M 16.51) -8.60 
e n - 7 . 2 0 IU 

sa ni át co-7.50 lít 
Ì '7 

Bách Dang river 
K M 16.50-8.60 
CD - 7.2U HI 
CO - 7.5(1 ÍT) 
ao m át CO -7. ỉa HI 

ỉ n 

Bách Dang rivtT 
Iy'M]6.50 -8.6(1 
OI) - 7.20 ni 
CO-7.50 ni 
SOmatCD -7.50 m 
in 

Bách OÍ>II« l ivcr 
K M Ỉ6.50 -S.60 
CD - 7.20 DI 
CD-7.5Ơ m 
X O 1)5 íil Cl> -7.5(1 m 
|;7 

Scetioii IV 
k ' \ I 

- nan ti cai tKìtUmi 
- cliniUK'1 drociiĩod tcvel 

hotlom width 
- slope iiraiỉient 

( .'am river 
Ỉ .*M f.f\ ft tin 
e n - 7 . 2 0 m 
e n - 7.50 (li 
80 m ai Cỉ) -7.50 I U 
1/7 

Cam river 
L r HA V / ; Ỉ I l i AÍ1 IV1M ơ.ou - vi.nụ 
O I ) - 7.20 ni 
e n - 7 , 5 0 m 
80 m át CO -7.50 in 
\n 

Cam l ívpr 
L-\í tí iị tin K.ÍV1 S.tiU - Ù,UM 
CO - 7.20 ni 
CD-7.5Ơ ni 
SO ni ai CD -7.50 tu 
in 

Cam r ivcr 
L' \ ì tí f f\ i\ íìfl 
KÌM ».<IU - n.tPU 
CD-7.20 ni 
eo -7 .50 ru 
ÍỈOmalCD -7.50 in 
17 

Ciipítnl c)|[-<l<:in<: 
(in -.Ítli m') 
Sectiiiịi ì 
Sit-tíon l i 
Sei-íioii i n 
.Srcíiim IV 

5.530.1)00 
1.750.000 
1.240.000 
1.590.000 

6.560,000 
1.750.000 
1.240,000 
1.590.000 

3.9 30.000 
8.570,000 
1.300,000 
Ì,590.001) 

7.000.000 
3.940.000 
1.300.000 
1.590.000 

Tí.tiil 10,110,00« 11,1^0,000 15,390.000 13,830,000 

('iist?. <>f i'apit;(l 
40.315,000 44,370,00» 45,075,000 

Tahỉe4.T.2. 
Com Ị) à ri son ()f cỉiannel altcrnatives and volunies oi capita) (Jrcdj>in« 

for 10,000 D W T shỉp 

Staỵe Ì : Uríiení Cliannel Rchabiiitỉttiun Phin 
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l.aynut 
Âiu-niiitive ì 

Nam Tiii'11 
Àltermitivo 2 

Num TrU'11 
Alteniíitỉve 3 
f ,:u-h Huvcn/ 

Ha Num Canal 

Alternative 4 
Lách Huyên/ 
T r á p Canal 

Design pri.iìỉe 

St'1'tiiiii ì 
- K I M 
- notìtical liDíinm 
- diaiuiel dredgetl k-vd 
- bottoni wịáìh 
- skipc gradicnt 

Nam Trieu 
K M 3 6 . 8 0 - 2 2 . 8 9 
CD -8.50 m 
c ĩ ) -9.00 ni 
100 maiCD-9.00m 
1/15 

Nam Ti ieu 
K M 3 4 . 5 0 - 22 .»y 
CD -8-50 DI 
CD -9.00 m 
100 matCD-9.00 tu 
ỉ / ] 5 

Lách Huven 
K M 38 .70 - 2 2 . 2 0 
CO - 8.50 m 
CD - 9.00 m 
100 matCD-9.00 m 
1/15 

Lách Huyên 
K Ì M 39 .80 - 20 .38 
CO-8.50 m 
c ò - 9-00 m 
100matCD-9.00m 
1/15 

Sectíon 1! 
- K M 
- IỈ.HHÌL-.I) biittom 
- ehaniiel dnỉíiged lcvel 
- ho Hom \vtdth 
- slnpe graititìiil 

Nam Trictt 
K M 22.89 -16.50 
CD -8.35 in 
e n -8.85 m 
100 ni át CD-8.85 m 
r i 5 

Nam Ti ieu 
KM 22.89-16.50 
CD-8..T5 ni 
OE) -8.85 ni 
]()0 m alCD-8.íỉ5 m 
1 '15 

Ha Nam Cỉinal 
K M 22.20-16.50 
c ô -8.05 in 
c ĩ ) -8.35 m 
80 mai CD-8.35m 

T r á p Canal 
K M 20.38-16.50 
CO -8 .05 m 
CD -8.35 m 
80matCL)-8,35tti 
1/5 

.•Seetion U I 
- K M 
- (Miilica) hollmiỉ 
- chnnnel ilrettgod lưvd 
- Imttom vviilth 
- slope grndícrtt 

Bách Dang river 
KM 16.50-8.60 
CD-7.85 ni 
e n - 8 . 1 5 HI 

80 ni ai Cf) -8.15 m 
1.7 

Bách Dang r ivcr 
K M 16.50 - 8.60 
CD - 7.85 ni 
CO - 8. l í UI 
SO ni át CD-8. i 5 ni 
],7 

Bách Dang river 
k*M 16.50-8.60 
en-7 .85 m 
C[) - 8.15 in 
80 ni át CH -8.15 IU 
)/7 

Bách Dang river 
K M 16.50 - 8.60 
C D - 7 . 8 5 m 
C D - 8 . I 5 I 1 1 
80 m át CO -8.15 m 
1/7 

Séc tùm IV 
k ' \ f 

- rtntftit:;tl Itollom 
- channel liredged L-vei 
- ImlHíin \vidlli 
- slope ỊỊiailient 

Cam river 
K'!L'f íi C(\ lì 
C D - 7 . 8 5 H 1 

e n - 8.15 in 
80 mai CO -8.15 m 
17 

Cam r ĩvcr 
iViVi - l i 
CO -7.85 in 
GI) - 8.1? tu 
80 in a t c i ) - í U ? m 
ì '7 

í ' um ríviT 
T\.i\l ít 
en-7 .85 m 
c ô - 8 . 1 5 m 
80 tu a iCD-8. ]5m 
1/7 

Cam river 
k';vt ít tía lì 
CD - 7.X5 in 
CD-8.15 m 
SOmalCD -8.15 ni 
1-7 

í Iipitnl l i re»1«ĩn« 
(in sim m ' ì 
Srvtioii ì 
.Noi-í lon l i 
Seititill H I 
Srrtinn IV 

9.010.000 
2.990.000 
1,550.000 
2.160.000 

9.770.000 
2.9')0.0Ũ(Ì 
1,550,000 
2.160.000 

6.6SO.U00 
9.520.000 
1.610.000 
2.160.000 

10 .600 .000 
4 570 000 
1.6KX000 
2.160.000 

Toti i l 15,710,000 16,470,000 19,970,000 18,940,000 

Cii.sís t i f cnpitnl 
(iiTdaina (ỎSD) 57,275,000 60,315,000 59,945,000 63,250,000 

Tabte-Í.T.3. 
Compiirison of chaimel altci natives iind volumes of capital dredging 

for 10,000 D W T s h i | ) s 

StaíỊC 2 : FuII Cliiinnel Devclopment Phin 
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4.1.2. Type of soil to be dredged 

From the geotechnical soíl investigation in Hai Phong bay some generaỉ 
concỉusions can be drawn Tròm the seabed ( Ì00 ) sampling and the 
vibrocoring (50) program (see maps V A H 1351/34.20.005, 006 and 007). 
The soil investigatĩon has been íòcused to soft soi! survey techniques because 
Ít was assumed thát the vast mạjority o f soiỉs within reach of the potentìal 
capita! dredging works (i.e. max. dredging level C.D. - 9.0 m) are 
Ọuaternary deposits. In this area of the Red River Basin these Quaternary 
formations consist mainly of sand and mud from both íìuvial and marine 
origin, 

However, special care shouỉd be taken regarding the possibility of presence 
of subsoiỉ rock basemẹnt and especiallỵ close to Cát Ba (karstic ỉimestone). 
Moreover, objecís like wrecks or mines are likeỉy to occur in íhese recent 
deposíts. No deđicated survey work (geophysical survey) has been 
conducted úp tiu now and is imperativelv to be foreseen beíbre any 
commencement o f the capital dređgìng. 

The purpose of this criterium is to analyse the feasibility o f beneficial use o f 
the capital (and maintenance) đredged materiai for : 

- beach replenishment (Cát Hai, Do Son, . . . ) ; 
- iandfiỉl o f port developmení areas (industrìal zones in Hai Phoní>, . . . ) . 

The vast mạịority o f soiis surveyed along the existing Nam Trieu Channel 
(see íigure 4.1.1) is very sofì brown day wiíh a high plasticity. In Cua Nam 
Trieu the soil consists essentialiỵ of very soft silty day. 

The Lách Huyên oữshore bar (alternative 3 + 4 ) (submerged spit) consists o f 
a 1.5 to 3 m íìne to medium sanđ deposit (see map 34.20.006). 

in the Tráp canal itself, the soi! layers consist essentiaíly o f soft dark grey 
sandy silt (2.5 in), anđ an unđeriaying soft day with high plasíicity. 

From the maps 34.20.006 (sandlayer thickness f rom vibrocores) and 
34.20.007 (median grain-size of surfacc sampỉes) the foỉlowing can be 
conciuded : 

- aỉl the spit-like features ôn both sides of the Nam Trieu/Bach Dang and 
Lách Huyên consist mainly oi"very fme, fine or medium sand ; 

- the sand deposits o f íhese spit-like features are aỉso reíỉected by the 
vibrocorings ; the ỉayer thicknesss varies between ỉ .5 and 3 m. 

- the vast maịorìty of the subtidal flat and deeper deposits consìst of silty 
day (mud). 
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Ôn tìgure 4.1.1. (Existing Nam Trieu) and 4.1.2 (Tráp Canal + Lách Huyên) 
geotechnical/geologic iongitudinal proíìỉes are drawn : 

- the Nam Trieu Channei bai" crossing consists almost compỉetely of sílty 
ciay (mud) in a more or less consolidation stage ; 

- the Lách Huyên Channe! bar crossing has a tóp 2 - 3 m sand layer ôn tóp 
o f a silty/cỉay deposit. 

The surveys executed do nót aĩlow to conclude thát there are no presences o f 
mines, wrecks and/or subsoil rock outcrops. This should be assessed with a 
dedicated geophysical survey. 

4.1.3. Methods of executỉon of capital dredging 

The method of execution of the capitaỉ dredgìng is closely linked to : 

a. the workability of the area (wave action, currents, traíìỉc) ; 
b the soil tỵpe ; 
c. the disposal siíe. 

Regarding the workability o f the area the foỉlowing cỉassìíícation can be 
given (see also wave ciimate simuỉations par. 4.2.3.5.) : 

a. sheỉtered areas 
- Cam River 
- Dinh V u Canaỉ 
- Bách Dang upstream 
- Tráp Canal 
- Ha Nam Canal 
- Lách Huyên upstream Ben Gót 

b. partialỉy sheítered areas 
- Bách Dang downstream 
- Lách Huyên between Ben Gót and Xuân Dan 

c. open sea 
- Lách Huyên Bar 
- New Nam Trieu Bar 
- Existing Channel Nam Trieu 

in sheltered areas a Bucket Wheel Dredger (BD), a Grab Dredger (GD) or a 
Cuĩter Suction Dredger (CSD with Aoating or sunken discharge pipe) can be 
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operated , of course a Trailer Suction Hopper Dredger can also be used. 
Preíerence is given to a CSD. 

In partiaiỉy sheltered areas a Bucket Wheeỉ Dredger, or preferab]y a Trailer 
Suction Hopper Dredger can be operated. 

The non-sheỉtered areas are best dredgeđ with Traiỉing Suction Hopper 
Dredgers wìth high utiỉity coeíĩicients. ỉn íhe shalỉow parts of the channel Ít 
is recommended to ftrst dredge a trench wìth a CSD ìn sidecasting mođe. 
Afìerwards a shaílow draught TSHD (e.g H V = .1000 m 3) can deepen úp the 
channel to al!ow operations for a larger TSHD (e.g. H. V. = 7000 ni 3). 

Regarding the soil íype, the mạịority of soỉls are soft so a!l types of dretk>ers 
are suitabie. Even for sỉopes proposed in the desisn a Traiíing Suctioo 
Hopper Dredger can be operaíed. I f rock outcrops are present ít is expecíed 
thát these formations are Carboniferous Limestone, dredgeable with a 
powerfìjl Seagoing Cutter Suction Dredser. For rock dredging, also rock 
blasting p!atforms can be mobilised. 

With respect to the disposaí Ít is proposed to dispose the biggest quantity of 
dredgings by aquatic dumping át great waterdepths (see drawing 34.20.114). 
The sheltered river sections can profit from speciaỉ disposaỉ sites to be 
đesigned in a later stase. Dumping can be đone bỵ Trailer Suction Hopper 
Dredgers and by split-barges (fílled by a Bucket Wheeỉ Dređger, .. ). 

4.1.4. Conclusions about Capitaỉ Dredging 

Based ôn the above-mentioned considerations the following preference 
classiíication tbr the different channel-aiíernatives is given : 

- best : Alternative ] 
- second best : Aiternative 2 
- medium.. Alternative 4 
- ieast : Alternative 3 
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4.2. HYDRAULIC AND SEDIMENTOLOGICAL IMPACT 

4.2.1. Introduction 

The excavation of a 9,00 m deep channeí in the present day seabed wilỉ nót 
only influence the seabed topography bút wiỉl aiso have ã tremendous impact 
ôn the local hydrodynarnics. The hydraulic and sedimentological impact of 
the excavation of a channel is expected to be of diíĩerent orders : 

Ì. modiíication o f flow velocities (change of wet section : slackening 
or íncrease o f flow) ; 

2. channelization of tiđal currents and river đischarge ; 
3. local modiíìcation of wave fìeld ; 
4. modiíication of tidal wave propagation; 
5. modiíied sediment transport system and induction of erosion or 

sedimentation ; 
6. upstream morphologicaỉ changes. 

The compiexity o f the hyđrodynamics in the bay o f Hai Phong necessitates a 
specitic approach for the prediction of these hydraulic impacts : 

Ì. river discharge measurements (wet and dry season); 
2. íỉxed station proíílings ; 
3. bathỵmetric survey ; 
4. sedimentologicaỉ survey ; 
5. hydraulic and seđimentoỉogical mathematical modelling. 

The survey activities and basic understanding of the present day situation has 
been described in detail in the " Site and Prọịect Description " report 
VAH135I/00244 (ref. 15). 

Thereíòre, this paragraph wiỉl present the mathematical modeỉỊĩng resuits as 
for today based ôn existing data and implemented with the 1995 bathymetry 
and seabed sediment characteristỉcs. The 1992 and 1995 fixed staíion 
profilings have both been used for the setíing of the boundary conditions of 
the model. 
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4.2.2. Hydrodynamic modellỉng set-up 

In order to study the sedíinení transport processes in the approaches to Hai 
Phong Port, ít was first necessary to establish a hydrodynamic flow model. In 
the case of Hai Phong approaches a three-dimensional flow modei was 
necessary for the simulation of weĩ season conditions because of the compiex 
vertical structure of the flow (saỉt-wedgeX whereas for dry season conditions 
a two-dimensionaI depth averaged flow mocíel could be used. 

The model selecteđ was the HR Waỉỉingford TIDEFLOW 3D (3 dimensions) 
modeỉ thát soỉves the 3D shaỉỉow water equations ôn a square grid incỉudin" 
the effects of saìinity variation. 

4.2.2.1. Bathymetry data sources 

The numericai f low model requires íìrst a representatĩơn of the bathymetry of 
the area to be modeỉled. The initiaỉ model bathymetry data for the model was 
dỉíỊÌtised from two sources ; íirst, a compiiated map of diíĩerent bathymetric 
surveys ôn scaie 1:25,000 and executed between ỉ 989 and 1991 and 
secondly a 1:25,000 chan produced from a survey undertaken in 1993 by the 
Transport and Engineering Design Institute, Vietnam (TEDI) , Ít covered an 
area f rom Hon Dâu to Cát Ba. 
This data was sưpplemented from the Ì :75,000 Admiralty chan number 3875 
"Hai Phong to Cam Pha" (which incỉuded corrections to í 986) to produce a 
bathymetry data sét which extenđed ư ơ m the Southern point of Cát Ba to 
Hon Dâu and incỉuded the mạịor channeis such as Lách Huyên, Bách Dang 
and the Cua Cam upstream of Hai Phong iíseỉf. From Ocíober ôn, the new 
bathymetric survey data (Juỉy - September

 L

95) have been provided by TEDĨ. 
These new bathymetry has been used for the final simulations. 
All đepths were relative to Chan Datum which was considered noi to vary 
signifìcantly over the area represented in the modeỉ. 

4.2.2.2. Model setting úp procedure 

The initia! digitised data was interpoiaĩed onto a square grid of cell size 
200 m. This grid was ali^ned West o f Noríh to enabỉe the two deep 
channels of Cua Nam Trieu and Lách Huyên to be aỉigned with the model 
grid. 
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The interpoíation procedure íírst interpoỉates onto a grìd smatler than the 
modeỉ grid size and then averages along the cel! sides to ensure thát the 
cross-sectional area o f each ceil face is correct. This cross-sectionaỉ area in 
tùm iníluences the discharge through the celí face. 

The resultinu, modeỉ bathymetry extended from Cát Ba to Hon Dâu and 
included Lách Huyên as far as Mango Island, Bách Dang and Cua Cam 
stretching 3 km upstream o f Hai Phong. This area was considered suữiciently 
large for the calculaííon of realistic tìows in the areas of interest. The model 
had ỉ 22 coỉumns and 171 rows of cells o f which 9377 were active 

(Figure 4.2.1.)-

Some checking and adjustment of the narrower channels was stiỉl necessary 
because of the relatively coarse representation of some of the narrower 
channels by the 200 in model grid. 

These and other subsequent changes to the ínitial model set-up were the 
íblIowing : 

- extra data was addeđ to improve the representation of the deepest 
section of Lách Huyên and Cua Nam Trieu, 

- the Tráp Canal was deepened to 1.8 m below Chart Datum, 
- the coníluence o f the Song Nam wiíh Cua Cam Trieu was deepened, 
- the Dinh Vu Dam was put in place, 
- the Dinh Vu Canal was deepened with speciaỉ care taken át its 

confluence's with Cua Cam and Bách Dang, 
- Cua Cam was also deepened upstream of the Dinh Vu Canal. 

4.2.2.3. Accuracy of model bathynietry 

The model bathymetry contours were compared with the initialỉy digitised 
contours by ovedaying the digitised contours onto piots o f the model 
bathymetry. The modeỉ contours produced were generally accurate to betíer 
than ± 0 . 3 m when compared in this way. 

Maximum depths in the deepest channeỉs were also compared in Lách 
Huyên, Bách Dang and Cua Cam Trieu. The model was within + Ì m o i the 
surveyed depths ai the deepest point. 

From this comparison Ít has been coníírmed thát the mođeí represents the 
main features o f the bathymetry adequately for the purpose o f the study. The 
tìnal model bathymetry is shown as Figure 4.2. ì. 
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During the course o f the study the new data tròm the TEO] 1995 was also 
used to compare vviíh the modeì bathymetry. 

4.2.2.4. Hydrodynamic Boundary Conditíons 

In order to simuiate the tide in the numerìcai model then ít is necessary to 
impose hydraulic bounđary conđitions ôn the open bounđaries of the modeỉ. 
The modeí incluđeđ fíve bounđary segments where Ít was necessary to defíne 
the boundary conditions. The southern boundary of the modeỉ was sét as a 
tidal elevation boundary and tidaỉ discharge boundaries were imposed 
iandward of Lách Huyên, át Bách Dang, Song Nam and Cua Cam. 

The data used for these boundary conditions came ữ o m Reference 8. This 
report included observed veíocity cross-sections át Bách Dang, Lách Huyên 
and Song Nam. These were used to caiculate the tidaỉ discharge through 
these sections and sơ caỉcuiate the imposed boundary velocities upstream of 
thèm. The Bách Dang section was downsĩrearn o f the coníluence of the Dinh 
Vu Canal with Bách Oang and so the discharge caỉcuỉated there was 
distributed beíween Cua Cam and Bách Dang itself. The tíđe curve observed 
ôn the same day as the velocity cross-sections was used to define the water 
eỉevatỉon between Hon Dâu and Cát Ba. 

The Admiraltỵ Tide Tabies quote the tidaỉ harmonic constituents for Hon 
Dâu and Apowan which is ôn Cát Ba át the eastern end of the model íidal 
eỉevation boundary. 

Át these sites the main sẹmi-diurnaỉ constituents (M2 and S2) are very small 
(0.05 in or ỉess) and so the tidaỉ propagation is đominated by the ẾỈiurnal 
harmoníc constituents (Oi and K I ) . O f these the K I differs by onỉy r of 
phase and 0.0Ỉ m in ampỉitude and the O I diữers fay 0.04 m ampíitude and 
12° phase between Hon Dâu and Apowan. The tida! eỉevation could 
therefore be assumed nót to vary along the iength of the seaward boundary. 

4.2.2.5. Calibration and Valìdation 

ít was necessary to simulate the hydrodynamics for diữ*ering tidai and 
seasonal conditions ai Hai Phong. To this end íbur representative tidal 
conditions were chosen and comparisons were made with observecỉ data for 
each. They were spring and neap tides for boĩh the wet anđ dry seasons.' 

15-07-96 B M E / G D P / D D T / V A H Ì35 1/00652 - 72 



AU of the tides simulated were for a íìiỉl ciiurnal period (i.e. 25 hours) 
because as mentioned above the diurnal component of the íide is much lar^er 
át Hai Phong than the semi-diurnal component. 

The foiỉowing acceptance procedure of the model has been applied : 

a) the calculated flow veỉocities and direcíions were compared with the data 
of the fixed station proíiling (see e.g- figures 4.1.3, 4. Ì .4, 4 1.5), 

b) the caiculated saiinities were compared with the đata of the íìxed station 
proíìlings (íìgures 4.1.6, 4.1.7, 4.1.8); 

c) the caỉcuỉated suspension concentrations were compared with the data of 
the ííxed proíiiings (see e.g. íìgures 4.1.9, 4. Ì. 10, 4.1.11) ; 

d) the calculated wave climate át Avai (and Hon Dâu) was compared to the 
observed data (see í ì i r ther) ; 

e) the calcuỉated annual infi!ỉ rate was compared with the observed data 
đeduceđ from cross-sectiona! profílings in Nam Trieu since 1990 (for both 
Wet and Dry Season) (see íìgures 4.3.2 and 4.3.3) ; 

0 the caỉculated infíll rate of the Lách Huyên pilot channel was compared to 
the observed data đeduced from the cross sectỉonal proĩiỉings ; 

0) sand transport computations have been checked against bed-Ioad tracer 
tests carried out (measured sand transport rates by the Nuclear Institute of 
Dalat and cỉose to Buoy 9, 10, Ị Ì, 12 are 0.4 to 0.8 m7m\day) ; 

h) caỉcuiated model poỉnts of residua! transports are compaređ with 
processed reílectometry ôn sateỉỉite images for check of the position of 
turbidity maximum ; 

1) calculated residual sediment transport is checked against resuỉts of 
sediment trend analysỉs. 
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4.2.3. Hydraulic modelling results : Description of the actual 
situation 

4.2.3.1. Dry season, spring tỉde 

The ỉandward boundary conditions íbr the dry season spring tide run were 
taken tròm observations of velocities át the Song Nam, Bách Dang and Lách 
Huyên cross-sections for 4-5 Pebruary ỉ 993 (Ref. 8). The tidal ieveỉs át 
Hoang Chau during thát observation period were : 

H W 3.32 m C.D. 0200 hrs (local time) 
L W 0 . 4 5 m C . D . 15 lo 
H W 3 . 3 2 m C . D . 0230 
L W 0 . 3 4 mC.D. 1600 
Ranee : 2.87 m 

During thìs period, because of the iow fresh water f low associated with the 
dry season and the large mixing effect of the high íidal range measurements 
show thát there was no signiỉicant variation o f salinity in the water column 
and so the tidal current couid be repiesented by a depth averaged current. 
This simulation couỉd therefore be run using a single ỉayer modeí to prođuce 
a depth averaged velocity. Reíerence 8 quotes depth-averaged values for the 
observed currents át the cross-sections and aiso át a number of íixed station 
observation positions along the approach channel. The positions o f these 
observation points are marked by the number of buoys useđ to mark the Nam 
Trieu Channel. 

The model was run for a diurnal tide period starting from a condition o f flat 
water surface and stationary water. The results from the modeỉ run were 
compared with observations of water elevation and tidal current át the cross-
sections for 4-5 February and tidal currents ai the fíxed stations which were 
observeđ ôn 8-9 January 1993. The tidal range for this day was 3.16 m ôn 
the ebb anđ 3.24 m ôn the flood (i.e. iarger than the tiđe from which the 
boundarỵ conditions were sét). 

The vectors o f resídual discharge are shown in fígure 4.2.2. 
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4,2.3.2. Dry S e a s o n , Neap tide 

The bounđary data for the dry season neap tide run were taken from 
observations át the discharge cross-sections ôn 11-12 February 1993. The 
neap tide curve ôn this day was almost flat át 2 m above C.D, This coníirms 
the general observation thát neap tide ranges are extremeỉy smaỉỉ compared 
to spring tides ai Hai Phong. Because of the smaỉier diurna! component, the 
semi-diurnaí component can be seen more readily in the neap tĩdes. 

As in the case of the dry season spring tide a depth-integrated representation 
was chosen for this tide simulatỉon. ĩn thỉs case, although comparison of tidaỉ 
currents with the observations made ai the cross-sections was possible, there 
was nót a comparable sét o f dry season neap tide fìxed station observations. 
Currents were observed ôn 10-11 March 1993 bút this tỉde had a range át 
Hoang Chau of 1.04 lĩ) ôn the ebb and 1.24 m ôn the ílood compared to ebb 
and íìood ranges GÍ 0 . 4 9 lĩ! and 0.78 in respectively for the íide used for the 
bọundạry conditions. 

Vectors of residuai discharge are presented in ffgure 4.2.3. 

4.2.3.3. Wet S e a s o n , Spring tide 

Discharge boundary data for the wet season spring tide condition were taken 
from cross-section observations taken ôn 15-16 August 1993. In this case 
the high fresh water f low results in vertical staicture o f the velocities which 
meant a multi-íayer model was necessary. Three model ỉayers were used, 
their interfaces being constant át 0.1 m anđ 1.5 m below C.D. with the bed 
layer being át least Ì m thìck. 

Thus in shailow areas, only ỉ or 2 model layers were used. This arrangement 
meant thát the tidal variation was contained in the tóp ỉayer and thát ai! layers 
were present throughout the approach channel. 
Boundary conditions were aỉso sét for salinity whìch were assumed nót to 
vary signifícantỉy đuring the íide. They were 33 ppt át the seawarđ limit and 
íiìỉly fresh water ( 0 ppt) ai the ỉandward limits, this iníòrmation matched the 
observations ôn 1 5 - 1 6 August 1993 át the cross-sections. 

The model was run from high water with an initialiy flat water surface. An 
ìnìtial salinitỵ vaỉue of 30 ppt was imposed from observations taken át the 
cross-section and aiso át the fixed station sites (taken ôn 27 - 28 August 
1993) . 
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These observations show ỉiítỉe or no density variation át high waíer with 
stratiíìcation ìncreasing through the ebb then returnìng to a well-mìxeđ state 
for the foiỉowing high water. 

The tidaỉ level át Bách Dang durĩng the cross-section observations for this 
tide was : 

HW3.63 m C . D . 1500 hrs (locaí time) 
L W 0 . 7 9 m C.D. 0610 
HW 3.67 m C.D. 1500 
Ranges 2.84 m ôn the ebb and 2.88 m ôn the flood. 

From the model results Ít can be deduced thát ôn the ebb the velocities in the 
điíTerent ỉayers van/ much more greatly than ôn the Aooci. This is due to the" 
action of gravitationaỉ circuỉation thát tends to make the surface current 
seaward and the bed current more lanđward. The tidaỉ range for the period of 
the fỉxed station observatiôíìS was 2.72 m ôn the ebb and 2.74 m ôn the-

flood. One would thereíòre expect slower ctirrents ôn the day of the fíxed 
station observations compared to those associated with the period of the 
cross-section observations 

Vectors o f residuaỉ discharge are shovvn in íígure 4.2.4. for layer" ỉ (surface 
ỉayer) and in figure 4.2.5. for layer 3 (suríace iayer). 

4.2.3.4. Wet season, Neap tide 

Boundary data for the wet season neap tide condition were taken from cross-

section observations taken ôn 25 & 26 Juỉy 1993. For this condition 4 ỉayers 
were used, their interfaces being constant át 0.5 m above C.D and 0.5 m 
be!ow C.D. This arrangement of the ỉaỵers was used to represent the very 
strong vertical density gradient thát prevailed ôn this tide - effectively a saỉt 
wedge situation as the neap tide range is very small so tidal currents weak 
and insuữĩcient to cause much vertical mixing. 

Again alỉ layers were present throughout the approach channel. The water 
suriầce elevation in this case resembled much the đry season neap tide with 
very little variation around a mean level of about 2 m above C.D. An initial 
salinity disiribution was chosen to represent approximately the saíiniíy 
observed as Ít đoes nót vary much during the tide. 
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In the case of this run ít is found thát there is a near-permanent state of 
seaward flow át the surface and ỉandward át the bed. When a slight tide ebb 
occurs the surface ebb f low is enhanced and the bed f ìow is nearỉy stationary. 
Simiiarly during a slight flood phase the suríace current comes to rest and the 
íloođ át the bed is enhanced. During all of this time there is a general suríace 
current thát is more seaward than the bed current by abo-ut 0.30 ịrơs át buoy 
18 and ỉess át the other buoy locations, which is reproduced in the modeỉ. 
The tíde curve for the day when obser\'ations were made át the buoy 
iocations is different to thai for whiclì bounđary conđitions were obtained so 
the detailed velocities át the buoy locations are nót compared liere. 

Vectors o f residual discharge are shown in fígure 4.2.6. and fígure 4.2.7. 
(resp. for layer Ì and layer 4). 
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Fỉgurư -4.2,1. 
Hui Phong approachcs model 
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Fiỵurc 4.2.2. 
IU'si (Ì li ai dĩscharj>c Vcctors 

Dry scason, Spriníỉ tidc 



Fiíjure 4.2.3. 
Residual tliscỉiiirge Vcctors 

Dry scuson, Neap tidc 
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Loyer 
Evéry vecloi 

F/gwrc -Ị.2.4. 
Resiíỉual (lischargc Vectors (sutface hiyer) 

Wet scitson, spr ing t iđe 
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Pịgure -4.2.5. 
Resiđui ì l (lischarge Vectors (bcd layer) 

Wet season, SpriiiỊỊ í ide 
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Layer ì 
Evéry second vector 

Pìgure -i.2.6. 
Rcsỉđiiỉil dĩschargc Vectors (layer 1) 

Wct scason, Neap tìde 
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FÌ£ure 4.2.7. 
Residiiỉil discharge Vectors ( lavcr 4) 

W c t scason, Ncap tidc 
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4.2.3.5. Wave íields 

4.2.3.5. Ì. Methodology 

For the Hai Phong access-channel study wave conditions are required in 
various locations within the Bay so thát the effect of waves ôn the transport 
o f sediments can be determined. 

Ideally, when assessing wave conditions in Hai Phong Bay, iong-term 
recorded wave data wouId be used. However át the time this study was 
carried out, no such wave data was avaiỉabỉe. Wave climates were thereíòre 
predicted át six points in Hai Phong Bay using data obtained from the British 
Meteorologicaỉ Office in conịunction with a computatìonal wave 
transformation modei. This is a technique which has been used in many 
prevíous stuđies, and proviđês á reíiable method for predictỉng wave 
conditions ai shallcnv nearshore locations. 

ỉn this paragraph, the prediction of annuaỉ and seasonaỉ wave cíimates át the 
locations in Hai Phong Bay ís consideređ. Annual and seasonaỉ offshore 
frequency tables from vos data were obtaineđ tròm the British 
Meteorologicaỉ Oíĩice. The HR WalIingford wave reữaction modeỉ 
OƯTRAY was then used to represent the eíĩects of refraction and shoaling 
as the waves propagate inshore. The resuỉís from the wave model were 
analysed to provide 'typicaí' and 'storm' events which were used by the 
FLUIDMƯDFLOW model to include the effect o f waves in the siltation 
process (see íiirther). 

4.2.3.5.2. Assessment of offshore wave conditíons from v o s data 

The mạịority o f ships of passage make reguiar observations of wind and 
wave conditions as part of their routine duties, known as Voluníaiy 
Observations of weather from Ships (VOS). This iníòrmation is collected and 
collated wor)d wide and is avaiỉable through the British Meteorologicaỉ 
OtTice The records include date, time, location, winđ speed and direction, 
signiíicant wave height (Hs), mean 2ero crossing period ( T m ) and wave 
direction. Aithough nót scientiíicalỊy measured, vos records have been 
found to be a reliable source of data, particularly for areas includiníí shipping 
lanes where a ỉarge number of observations have been made over many 
years 
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vos data is available in the form of monthỉy, seasonal and annual frequency 
tables of wave heighí and vvave period ìn 30° directional sectors for sea areas 
speciíìed in latitude and longitude limits, 

When using vos data Ít is important to ensure thát the selected area is large 
enough to contain sufficient data in each sector tbr reiiabie analysis, bút smalỉ 
enough thát vvave conditions are representative of the region o f interesí. In 
addition, fcr a vos analysis to be valid Ít is necessary to engure thát the 
exposure o f the Iocation o f interest is the same as thát of the vos area used 
for the direcíion sectors of interest. 

vos data for the Gulf of Tonkin was obtained from the British 
Meterological Office for this study. The vos ciata obtained was for the 
region 18°N to 22°N and 105°E to U 0 ° E . Over a 44 year periođ, 13764 
observations were recorded in thìs area, o f which 84 were o f indeterminate 
direction. ít appears thát waves incident from beíween north north east and 
south south east acGOimt for Gver 65% o f the annual waves. in generai waves 
tròm these directions are less than 4. Om (Hs) in height, bút there are 
recordings of waves úp to 8.Om (Hs). 98% of aỉl waves are less than 3.Om 
(Hs). The associated wave periods, shows thát 90% of aỉl wave periods are 
ỉess than 7-5s (Tz). Although records úp to 20s have been observed. The 
data are used directly as the ofFshore wave cíímate for the wave reửaction 
model. 

Equivalent seasonal climates for the periods June to September and 
December to March were aiso obtained for the same area. ít is evident from 
these thát durin" June to September the dominant vvave directions are around 
south, and íbr December to March they are around north-east. 

The O U T R A Y \vave reữact ion model 

In this study, the HR wave reữaction modeỉ, OUTRAY, was used to derive 
the wave climates át six points in Hai Phong Bay corresponding to given 
otĩshore climates. O U T R A Y represents the physical processes of wave 
reửaction and shoaling, caused by spatiaỉ variations in the water depth as 
waves propagate through shallowing water. 

The OUTRAY wave refracíion model predicts vvave activity át coastaE sites 
given a spectral description of oíĩshore wave condiíions. The modeỉ uses the 
concept o f wave raỵs, wlìich are lines evetyvvhere perpendicular to the wave 
crest. These rays are traeked seawards from a selected inshore point to the 
oíĩshore edge of the modeí grid system, using Sneỉỉfs law to caỉculate 
changes in ray path direction due to reíraction eữects. 
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Since the ray paths are reversible, each ray then gives iníòrmation ôn how 
energy traveỉs between the seaward edse of the griđ system and the 
nearshore point of interest. 

Compuíations in the OƯTRẮY program can be split into two parts. The first 
stage involves considering a large number of ray paths, representing a wide 
range o f oữshore periođs and directions, to generate a sét of matrices known 
as transfer ủinctions. These íransfer functions proviđe a description of the 
transíòrmation o f wave energy between the edge of the diíĩraction grid and 
the inshore point of interesí. The seconđ stage uses these transfer íùnctions 
to modiíỳ oífshore spectra to a correspondĩng spectrum ai the nearshore 
point of interest. 

OƯTRAY does nót include the non ỉínear effects o f currents and energy 
đissipation processes such as seabed íriction and vvave breaking. In many 
cases this wilỉ nót be a signiữcant drawback and the mođel wíll give accuraíe 
predictions of wave conditions, even in shaỉlovv water. Diữraction is aỉso nót 
incìudcd in OƯTRAY, hmvever the seabeđ o f Hai Phong Bay is generalỉy 
smoothly varying wiíh no sudden changes in depth and diffraction eíĩects W ỉ l ỉ 

nót be signifícant. 

4.2.3.5.4. The application of OƯTRAY to Hai Phong Bay and comparison with 
field observatíons 

To assess the effects o f wave refraction and shoaHng ôn wave conditions, the 
O U T R A Y model requires a digitaỉ description of the seabed bathymetry in 
the area being modelieđ. The bathymetric iníormation was obíained from 
Admiralty Charts 3875, 3990, 1965 and 3989. The O Ư T R A Y grid system 
consists of six grids which are varied in size and spacing so as to represent 
the bathymetry in the area as accurately as possible. The grid system is given 
beiow (Table 4.T.4) : 
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Grid Grid 
c r i £1 í* ĩ r i í "r 5 u tlK; 1 Ì Ì 1^ 

(metres) 

Number of nodes Grid origin (model 
coordinates) 

Grid Grid 
c r i £1 í* ĩ r i í "r 5 u tlK; 1 Ì Ì 1^ 

(metres) 

X direction y direction x ( m ) y (m) 

1 2000 123 35 0 0 

. . 2 . . - 1000 - - - 9 9 - -. . 2 . . - 1000 - - - 9 9 - - — 0 68000 

3 1000 57 ỉ 09 98000 68000 

4 2000 46 55 154000 68000 

5 1000 60 40 39000 98000 

ó 500 91 55 53000 ỉ 37000 

Tahỉe 4.TJ. 
OM T R Â Y griíl characteristics 

The positive X axis of the grid system was orientated át 90°N and the origin 
of the grid system was ai approximateiy 19°25'N and 106°10'E. The extent 
of the grid system was chosen so as to allow the wave transformatíon 
processes of waves generated in the approaches to Hai Phong Bay to be 
modelled. The outer boundary of the grid is positioned so as to be adịacent 
to the area covered by the vos data sét. The sizes o f the inner grids are 
selected so as to accurately represent the bathymetry o f the Bay. 

The main purpose of the wave modelling was to provide wave input to the 
FLƯIDMUDFLOW sediment transport model. This requires thát wave 
conditions are selected so as to represent 'typical' and 'stornV conditions 
íhroughout the modeiled area. In order to select these conditions an 
understanđing is required of the annual and seasonaỉ conditions át locations 
within the Bay. The approach which was thereíbre adopted was to apply the 
O U T R A Y model to transform the offshore annual and seasonal wave 
climates, to a series o f six inshore points át locations throughout the Bay. 

OƯTRAY ains for analysis points ỉ and 2 were carried out using still water 
levels C.D. + 3.9m and C.D. + O.Om which correspond to Mean High Water 
springs (MHAVS) and Mean Low Water springs ( M L W S ) respectively. This 
was done in order to assess the sensitivity of the wave climate to changes in 
water level. For each water level át points Ì and 2 the annual wave climate 
was considered as weỉi as íwo seasonal climates, December to March and 
June to September. These correspond to the dry and wet seasons 
respectively. OUTRAY mns for analysis points 3, 4, 5 and 6 were carried 
out using a still water level of C.D. +3.9m and the annual climate only was 
considered. 
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Wave climate át Aval deduced from refracted vos data are summarised in 
the following Table 4.T.5. 

Hs (m) % exceedance loa (
0 / ,

° exceedance) 
0.5 30.57 1,49 
1.0 11.24 1.05 
1.5 1.51 0.18 
2.0 0.34 - 0.47 
2.5 0.12 - 0,92 
3 0 0.07 - 1.15 
3.5 0.03 - 1.52 
4.0 0 01 - 2.00 

Table-I.T.5. 
Wave climate át Aval ileduced í rom i c í r a c t e d v o s (iata (Aniỉua! elỉmate) 

The wave modei results in an oíĩsbore wave cliraate based ôn vos data for 
the periođ ỉ949 to 1993 (44 years ; 13764 observations). The offshore wave 
cíimate is transformed to an inshore point using the OƯTRAY model 
(MHWS Stilỉ Water). 

There are no long term time series for wave observations át Aval. Despite 
íhis the wave observations acquired by M O T / T E D I under this prọịect can be 
compared with the above wave cỉimate. 

Hs (Aval) Dry Season Wet Season 
ni % exceedance % exceedance 

(02/95 - 06/95) (06/95 - 07/95) 
0.20 4 4 % 81 % 
040 1 8 % 55 % 
0.70 5 % 24 % 
1.00 1,21 % 4,7 % 
1.40 0,10 % 0,25 % 
1.60 0 % 0 % 
2.70 0 % 0 % 

Tabỉe-I.T.6. 
Observed wavc-climatc át Aval in the perỉod 1995 - 1996 

ỉt appears thát the observed wave climate is notabiy calmer than the one 
predicted tròm muỉti-annual síatistics. This indeed corresporids to the overaỉl 
impressions of people acknowledaeđ with the siíe thát the 1995 - 1996 
periods were calmer. 
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For the simulation of the channel infill a vvave climate as described in the 
table belovv was adopted (Table 4.T.7) : 

Hs (Aval) Dry Season Wet Season 
ni % exceedance % exceedance 

0.20 7 0 % 70 % 
0.40 4 0 % 41 % 
0 70 2 0 % 21 % 
1 00 1 0 % l i % 
1.40 5 % 6 % 
ì .60 2 % 3 % 
2.70 0 % 1 % 

Tơblư 4.T.7. 
Representntive wave climate át Aval take into account for the si! tát! ôn predictions 

4.2.3.5.5. Discussion of results 

ít can be seen tròm the annual tabỉe thát the mạjority of waves are Tròm 
easterỉy directions between 15°N and Ỉ60°N. The same can be saiđ for 
Deceinber to March, however during the weí season between June and 
September waves are incident form more southerly directions. Oíĩshore wave 
heights can reaclì úp to 6.Om, however the mạịority of waves are less than 
2.Om offshore. 

ít can also be concỉuded thát, as expecteđ, the waves inshore have tended to 
align perpendicular with the bottom contours anđ wave energy has been re-

distributed in the reíraction process. Át reữaction points ] and 2 the mạịority 
of waves are incident in the 30° direction sector centred ôn 150°N. Át 
reửaction point Ì there is a slight tendencỵ for the wave dìrection to be more 
towarđs the ESE whereas át point 2 Ít is more south-easterly to southerly. 
This is consistent wĩth the overall orientation o f the sea bed contours 
adịacent to these two areas. For both points Ì (Aval) and 2 there is a greater 
reducíion in wave energy between oíĩshore and inshore át M L W S than át 
MHWS 

This analysis indicates thát the annual inshore wave conditions át tỵpical 
locaíions in Hai Phong Bay are relativeỉỵ insensitive to change in tidal ỉevel 
between MHWS and M L W S . 

The anaiysis of seasonal variabiỉity shows thát duríng the wet season, June to 
September, inshore waves are predominantly tròm directions between South-

South-east and south ( Ỉ35°N to I05°N). For the đry season, December to 
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March, the directions are more south-easíerly and are between Ỉ05°N and 
I65°N. This is consistent with the wet season conditions beìng more 
southeriy offshore than the dry season which are predominantly from the 
noríh-east. 

There is verỵ littỉe seasonai variation in heights át the inshore ỉocations. For 
both seasons át point ỉ almost 95% o f waves are ỉess than 2.Om (Hs), with 
less than 1% being between 2.Om and 4.Om. Waves in the dry season are 
marginaíly larger wiíh about 0.02% being between 4.Om and 4.5m. Simiỉar 
comments ôn the seasonal variability of wave height apply át M L W S and át 
point 2 for both water levels. 

From the resuỉts át points Ì and 2 ít was noted thát there was iittle variation 
in wave height either beíween seasons or ai diữerent water ieveis. 

A comparison o f predicted wave conđitions with measured data át Avaỉ was 
made and shows a reasonable similarity. Wave data át Aval has been made 
available to HR for the dates 10 February ỉ 995 to 27 .Tuly 1995 excluđing 6 
April to 5 May. From this daía Ít can be seen thát there is a maximum wave 
height of ỉ.5m and the mạịority of recorđeđ waves are less than 0.5m. The 
seasonal December to March \vave climate for point ì (Ắvai), show thai less 
than 2.0% o f waves exceed 1.5m and 7 1 % o f waves are ỉess than 0.5m. 
Símilarly the remaining recorded wave data compares weỉl with predicted 
wave conditions. ít should be noted thai the comparison of the predicted anđ 
measured conditions can only be made ôn the basis of wave height as the 
wave recorder does noi measure direction. 

4.2.3.5.6. Selection of wave conditions for sediment transport modeHing 

The wave input conditions used for the FLƯIDMUDFLOW model are 
showned in figures 4.2.7.(a) and (b) (see par. 4.2.5.). 

Five (5) điíTerent wave ciìmates were used throughout the various 
simulations with representative signifícant wave heights (Hs) át Aval o f : 

Description Hs (Àvai) 
No waves 0.00 m 
Typical waves 0 40 m 
Storm waves 0.70 m 
Severe Storm waves 1.60 m 
Typhoon 2.72 ni 

Tahle -Í.T.S. 
VViivc clim;ite useđ in the modellin" 
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4.2.4. Modelling results : hydraulỉc impact of the different 
alternatives 

4.2.4.1. Selection of test cases 

The calibrated hydrodynamic model was used to investigate the impact of 
diữerent channel alternatìves ôn the flows in Hai Phong Bay. The main 
purpose ĩs to proviđe flows for the various aỉternatives which can be used in 
the mud transport model. The mud transpon model is then used to 
investigate channel siỉtatìon and the consequential requirement for 
maintenance dredging. There are 3 possible depths for the channel 
alternatives and four different tide types to be considered. Át an earỉy stage 
in the study Ít was decided to model a representative seiection of 
combinations o f depth, aỉternative channels and tide types. This selection was 

mađẽ ôn the bàsĩs of the iriFormãtión required to make the síltation 
assessment. ỉn addition to the different channel alternatives, modeỉ 
predictions vvere also made for the situation with the Dinh Vu Dam partially 
removed. 

The situations selected for testing are sho'vn in the fo!lowing íable : 

Tide type Dry spring Wet Neap Wet spring 
Layout X X X 

Existing 
CD -9.0 m AU Ì X X 

AU 2 X X 

A l t 3 X 

AU 4 X X 

CD-7.3 m Alt Ì X X 

CD - Ì Ì.5 m Alt ỉ X 

Removal of Dinh Vu X X 

Dam 

Tabíe 4.T.9. 
Hvdrodynamĩc rnodel tes í s earr íeđ 0111 to examinc 

the aítcrnat íve chỉinncl coníÌỊỊuraỉions 

The íest cases were sét úp by changes to the bed leveis in celís in the 200 m 
grid Hai Phong mođeỉ, (see par. 4.2.2.2.). As the channei bottom width is 
intended to be 160 ni the modeí slightly overestimates the impact of the 
channel. The channeỉ depth studied in the present work was predominantly 
C.D. -9.0 m, with extra tests for one o f the alternaíives to investigate the 
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sensitivity of the hyđrodynamics to increasing the channel depth to C.D -

l i . 5 m or đecreasing Ít to C.D. -7.3 m. The side slopes for the channeỉ were 
1:20. 

For the tesí cases the model was run in exactly the same way as the existing 
conditions model. The dry spring tides are íìrst considered beíow folỉowed by 
the wet neap and then the wet spring tide condition. 

4.2.4.2. Dry season spring tides 

The simuỉations of a đry spring tide use a 2D depth integrateđ f!ow modeỉ as 
calìbrateđ for existing condiíions. 

4.2.4.2.1. Existing conditions 

The magnitude of the simuiated spring tidal carrent át peak ebb and flood 
tidal phases are shown in figs 4.2.8.(a) and (b). Outside of the channeỉs the 
peak current is no more than 0,6 m/s bút in the channeỉs the current can be 
úp to anđ greater than Ì .0 m/s. 

4.2.4.1.2. Alternatìve Ì : VViđening and deepening the existing Nam Trieu 
Channel 

The channel generaliỵ fo!ỉows the existing channel with the bed íeveỉ in the 
navigational channel reduced to C.D. - 9.0 m. The resulting peak ebb and 
íìoođ current speeds appear to be simiỉar to the existing conditions bút some 
areas o f speed decrease can be seen. Plots o f the difference in speed át peak 
íloođ and ebb times are shown in figs 4.2.9.(a) anđ (b). They show generaỉly 
speed decreases, some as large as 0.2 m/s or more. 
In some places the fìow speeđ in the channeỉ is apparently unchanged bút the 
channel being now deeper Ít is carrying more of the total discharge and the 
fỉow ouíside of the channel is correspondingly weaker. 
This speed decrease is especially noticeabỉe near to Dinh Vu isỉanđ where 
sedimentation may be expected as a resuỉt of the channelization of the flow. 
Some very localised areas of speed increase can a!so be seen in the channeỉ 
particularỉy át the seaward end o f the channel. Ôn the ebb the speed increases 
tend to be ôn the south sỉope of the channel (where the larger channel 
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discharge leaves the channel) and ôn the ílood Ít is ôn the north side o f the 
channel. The model aỉso predĩcts some speed decrease in the Tráp Canal 
relative to existing conditions át these times. Note thát these peak ebb and 
flood times may nót correspond to the times of peak fìow in the Tráp Canaỉ. 

The model with the channel ãlternatìve ì has also been run with a dredged 
depth of C.D. - 7.3 m. The difFerence in peak speed compared vvith the 
existing situations are shown in figs 4.2. lo.(a) and (b). The speed diữerence 
ploís show the same features as for the deeper channel ôn route Ì, only the 
effects are rather smaỉler. There are speed increases compared to the existing 
situation seaward of the Tráp Canal anđ speed decreases íùrther away. AJso 
speed decreases just north of Dinh Vu isỉand, bút slight speed increases in the 
dredged channel, as with the deeper dredgeđ channel. The f low in the Tráp 
canal át these tìmes again shows a sỉíght decrease. 

The modeí wìth channel alternative I has íìirther been nin vvith a channe! 
dredged to C O . - Ì 1.5 m úp to the Đinh Vu Channei and c D -7.30 m 
above there to Hai Phong. 
The speed diíĩerences relatíve to the existing conditions are shown in figure 
4.2. i ỉ ,(a) an (b) respectively for peak ebb and peak ílood. 

4.2.4.1.3. Alternative 2 : New Nam Trieu Channel 

Alternative 2 is generalỉy more aligned with the f low đirection in the model 
and unlike alternative ỉ ít does nót folỉow the existing channel across the ban 
The existing channeỉ is however included in the model representation in 
addition to the proposed one. Clearly ali bút the seaward part o f this channel 
is the same as alternative ì. The speed differences ôn peak ebb and floođ 
between alternative 2 (C.D- - 9.0 m) and the existing condition are shown in 
lìgs 4.2.12.(a) and (b). Similar speed decreases can be seen as for aỉternative 
Ì, e.g. át Dinh Vu, bút át the seaward end where a new channeỉ across the 
bar has to be dredged the speed is larger in the channel than for existing 
conditions and speed đecreases also occur away from the new channeí, 
especially ôn the ebb in the vicinity o f the existing channel. Further changes 
in peak speed could be expected íf the existing channel were to be 
abandoned. 

speed increases along the seaward parí o f the channel are agaín ven/ clear 
here and larger than for alternative Ì, perhaps because the channel is aligned 
more with the f low and because in alternative I one is considering deepening 
an existing channel. Outside o f the channel there are slight speed decreases. 
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The landward part (where the two routes overỉap) is the same as alternative 
ỉ, including the spread decrease át peak ebb and ílood tỉde in the Tráp CanaL 

4,2.4.1.4. Alternative 3 : New alignment in Lách Huyên through Ha Nam Canal 

This aíternative invoỉves making a new canal amning approximateỉy east-

west from the western end of the existing Tráp canal. The existing channel 
through the bar is kept as is the exìsting Tráp Canal. The channel depth is 
again át C.D. -9.0 in and the channeỉ above the canal is the same as eariier 
test cases. The currents have decreased near to Dinh V u island as is apparent 
in the speed difFerence plots figures 4.2.13.(a) and (b) for peak ebb and 
flood. speed increases in the channeí dređged across the bar át Lách Huyên 
can be seen. The speeđ changes near to Dinh Vu isỉand are the same as for 
alíernative Ì. 

4.2.4.1.5. Alternative 4 : New alignment in Lách Huyên through Tráp Canal 

Alternative 4 passes along the Tráp Canal beíore turning seaward. The 
existing channel across the bar is again retained in the mode! The speed 
dilĩerence plots (C.D. - 9.0 m) fígs 4,2.14.(a) and (b) show an increaseđ 
current speed in the new seaward part of the channeỉ, as weỉl as a speed 
increase o f át least 0. ỉ m/s through the Tráp Canaỉ, and some speed decrease 
in the vicinity òf the existing channel as more đischarge is being carried along 
the Tráp Canal and along the new channel across the bar. 

Further landward the speed differences resemble cỉosely the ones for 
alternatives Ì ancỉ 2. Where the Tráp Canaí flood flow emerges into the 
channel Ít aỉso causes some sỉowing o f the flow. 

4.2.4.1.6. Eíĩect of removal of Dinh Vu Dam 

The eíĩect o f the removal of the existing Dinh Vu dam has been sỉmuíated by 
considering a conditíon thai diữers from the existing only in the removaỉ of 
the dam and the drediĩinn of a channel át C.D. -2 m for 7 kin seaward of the 
dam site. Peak ebb and fìood currents in the channel đownstream o f the dam 
site are úp to 0.8 m/s during the ebb. The peak currents in the existing 
channel to the east o f Dinh Vu island are correspondinglỵ reduced. The 
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speed difference plots for peak ebb and í ìood compared with existing 
conditions (fígure 4.2.15.(a) and (b)) sliow thát the effect is mainly coníìned 
to either side of Dinh Vu island with eữects nót greater 0.05 m/s íiirther 
away. 
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Fiiỉure -4.2.8.00 
Hai Phong 

Magnititdc of spceti - Pc;tk chi) 
Exỉstinịỉ comlitioiks 
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Hai Phong 
Magni tuđe of spced - Pcak flood 

Existiní" contỉitions 
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Fisure 4.2.9.(a) 
Hai Phong 

Diỉlcrence in magnitudc of speed - Pcak ebl> 
Altcniative ì : C . D . -9.0 m chỉinncl 

Ì 5-07-96 B M E / G Đ P / D D T / V A H 1 3 5 ỈAH1652 - Ì l o 



Fỉíiurc -t,2.9.(bị 
Hai Phong 

DỉtTcreiice in magnitude of speed - Peak floorf 
Altcrnative ỉ : c o . - 9.0 m channel 
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Figurej.2J0.(a) 
Hai Phong 

Diffcrencc in magnĩtude of speed - Peak cbb 
Aỉternative ỉ : C.D. - 7.3 m channel 
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Fiẹure 4.2AŨ.(b) 
Hai Phong 

Dìf ferencc in magnitudc of speed - Peak í lood 
Alternative Ì : C.D. - 7.3 m channel 
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Fiỉiure4.2.ĩĩ.(a) 
Hai Phong 

DiỉTercnce in magnì tude of speed - Pcak cbb 
Alternativc ỉ : C . D . - l i . 5 m channcl 
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Fieure-í.2.12.(b) 
Hai Phong 

Difference in maíĩnitude of speetl - Peak flood 
Altcrnative 2 : C . D . - 9.0 m channel 

BMB/GDP/DDT/VAH1351/00652 - 117 





FÌỊ>ure 4.2.ì3.(b) 
Hai Phong 

Diffcrcncc in m;ií»nitude of speed - Pcak flood 
Altcrnativc 3 : C . D . ~ 9.0 m channcl 
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Fiĩiurc-4,2.N.(aì 
Hai Phong 

Diffcrcnce in magnitude of speed - Peak ebb 
Altcrnative 4 : C.Đ.- í>.0 m channcl 
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Fiỉỉure 4.2A4.(h) 
Hai Phong 

D i i ĩ c m i c e in maíỉnitudc ofspeed - Pcak flood 
Altermitive 4 : C . D . - 9.0 ni channel 
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Figurc 4.2A5.(a) 
Hai Phong 

Differcncc in magnỉtudc of spceđ - Pcak cbb 
Dinli Vu (lam rcmovcd : C.D. - 2 ni channel 
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Fìzurt> J.2J5.(b) 
Hai Phong 

DiíTcrence ỉn magnitude of speecl - Peak flood 
Dinh Vii (lam removcíl : C . D . - 2 m ehannel 
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4.2.4.3. Wet season, neap tiđes 

4.2.4.3.1. Exisíing conđitions 

The wet neap simulation has been analyseđ to give the residual f low velociíy 
over the tide considered. The residuai velocities are shown in figs 4.2- ỉ6.(a) 
and (b) for the surface laỵer and layer 4 (the bed layer). The surface iayer 
dispỉays a seaward current át all locations, bui the bed ỉayer shows a 
lanđward current át the seawarđ ỉimit bút a seavvard current íìirther 
Iandwarđ. 

4.2,4.3.2. AHernative Ì : Dccpening and widening the existing Nam Trieu 
Channel - Depths át C.D. - 9.0 ni and C . D . - 7.3 ni 

The residual velocities over the tide f ig 4.2.17.(a) and (b) for surface and bed 
show similar results for the surface current bút the nuỉl poiní between 
seaward and iandward current in the bed layer has moved !andward by a 
distance of one or íwo kiiometres. 
This seems to show the possibility for deepening of the channel to produce a 
iikely increase of saline intrusion. The salinities in the seaward part of the 
model, however, show little eíĩect of the channel. The current speeds for 
alternative Ì show thát the bed currení át buoy 18 is considerably increased 
with the đredged channeỉ, which as the bed layer is also deeper in this case 
results in a considerable increase in the salt being transporteđ iandward át 
this section o f the estuary. This couid also ỉeađ to increased possibilities of 
siltation iandward of buoỵ 18 i f the lovver layer contains large amounts o f 
suspended sediment. 

The residual velocities with the shaỉlower channel (C.D. -7.3 m) alíernative 
ỉ, are shown in figures 4.2.18.(a) and (b) for suríace and bed currents. The 
results are generally intermediate between the existing situation má the 
alternative Ì channeỉ át c o - 9.0 m. 
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4.2.4.3.3. AKernatỉve 4 : New Iilỉgnnient in Lách Huyên through Tráp Canal 
Depth át C.D. - 9.0 m 

The residual velocities over the tide are shovvn in fígure 4.2,19.(a) and (b). 
While the eữects of increased gravitational circulation can be seen in the 
Bách Dang saỉinities (which are zero for the existing case), they are simiỉar in 
size to those for the alternative Ì channel sét át c D - 7.3 m and less than 
íhose for a co. - 9.0 m channel ôn alternative 1. 

4.2.4.3.4. Eiĩect of removikl of Dinh Vu Dam 

The residuaỉ velocities over the tide (íigures 4.2.20.(a) and (b)), the salinities 
in the Dinh vu part o f the mođel anđ the veiocity aỉl show rather iittle effect 
ôn the gravitational circuiation o f the removal o f Dính Vu dam. 
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Fiựure 4.2.Ị6.(a) 
Rcsiduul Current Vcctors - S u r í a c e laycr 

Wet season neap tiíle 
ExistĩnỊỉ toiuiitions 
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Fìíỉurc J.2.Ị6.0) 
Rcsiđuul current vcctors - Bed layer 

Wct season nertp tĩdc 
Existing conditions 
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Pixure 4.2A7.(a) 
Residual Currcnt Vcctors - Stirfacc layer 

Wct seuson nen Ị) tỉde 
Aỉternative ì : C . D . - 9.0 m channcl 
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Fĩẹure 4.2.ỉ7.(bị 
Rcsiđuni Current Vectors - Bed ỉayer 

Wet season neap tide 
Altcrmitive Ì : C . D . - 9.0 m channel 

] 5-07-% BME/GDP/DDT/VAH1351/00652 - 129 



15-07-96 B M E / G D P / D D T / V A H 1 3 5 1/0O652 - 130 



Fifĩure 4.2.18. (bì 
Rcsidual current vectors - Bcti laycr 

Wet season ncap tide 
Altcrnative Ì : - 7.3 m 
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Fiỉ>ure J.2.ỉ9.(a) 
Rcsiduai cui rcnt vectors - Surf í ice laycr 

Wct season Itcap tidc 
Altcrnativc 4 : c à - 9.0 ni 
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Fisurư-Í.2.19.(b) 
Rcsìduitl current vcctors - Bét! lityer 

VVet season neap tide 
Aliernative 4 : có. - 9.0 m 

BME/GDP/DDT/VAHỈ351 /00652 - 133 

J 

15-07-96 



FÌỊỊurứ 4.2.20.(ạ) 
Residurtl Cnrrent Vectors - Sur íace liiyer 

Wet season ncap tide 
Dinh Vu Dam rcmovcd, existing channel 
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Fiẹure 4.2.20.0) 
Residual Currcnt Vectors - Bed laver 

Wet season neap tide 
Dinh V u Dam removcii, cxistinỵ chimnel 
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4.2.4.4. Summary of the impact of the altemative channel configuratíons 

The diữerent channeỉ conĩigurations have been tested for dry spring and wet 
neap tides as these are able to show the iníluence of the bathymetry chanees 
ôn the tidal currents and ôn the gravitational circulation respectively. 

In general the đeepening of the channel is discovered to result in a lower 
current as a larger channel cross section is used to carry essentiaUy the same 
tidal dìscharge. The exception to this is where the channel crosses the bar 
where speed ỉncreases in the channel are founđ (ĩỉgures 4.2.21. and 4 2.22(a) 
and 4.2.22(b)) by a kind o f "channalization" of the flow. The removai o f the 
Dinh Vu dam also causes a decrease in the current speed in the existing 
channel ôn the other side of Dinh Vu island as more o f the current is carried 
past the đàm site and less passes through the Dinh Vu channel. Alternatives 3 
and 4 are simiỉar to the other schemes lanđward of the Tráp Canal and they 
have a similar eíĩect íhere (reducíion of speed caused by the increase of cross 
sectíonal area). 

The deepening o f the channel also resuỉts in an increase in the eíĩectiveness 
of the gravitational circulation as evidenced by the patterns of residual 
current át the bed which tend to show a nùi! point moving íiinher landward 
and o f the salinities át Bách Dang section which become íarger (than zero for 
existing conđitions). The C.D. - 7.3 m and Cũ. - 9.0 m channels ôn 
Alternative Ì and the C.D. - 9,0 m channe! ôn alternative 4 all showed such 
increased salinity át the Bách Dang section, indicating increased gravitational 
circulation. However the alternative 4 result showed a lower salinity át Bách 
Dang section compared with the C.D. - 9.0 m channel being cíoser to the 
C.D. -7.3 lĩ! channel result. The removal of Dinh V u dam does nót appear to 
show any signiíicant effect ôn gravitational circulation. 
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Fiỉỉure 4.2.21. 
Hai Phong approaches modeỉ 

Positions 
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4.2.5. Sedimentological modellỉng results 

4.2.5.1. FLUIDMUDFLOW Modeỉ set-up 

Model tests have been carried out for the existing condition, and for the 4 
alternatives with the model FLƯĨDMƯDFLOW The model was the 
validated 3D-flow íields described in par. 4.2.2. and the calculated wave 
íìelds (see par. 4.2.3.5.), 
The boundary concỉitions applieđ for suspended sediment, which strongỉy 
inAuence the input of sediinent to the modelled area were as foiỉows (based 
ôn the resuỉts of the Ư N D P survey) : 

125 - 600 ppm Cua Cam (variable according to season) 
75 ppm Bách Dang 
50 - 400 ppm offshore (variable according to tide and location) 
50 ppm Ham Rịver 
50 ppm Chanh River 
10 ppin Lang Bay 

The initiai condìtion for the model tests useđ a uniform suspended 
concentration of 50 ppm, bút this is quickiy aỉtered by the iníluence of 
seítling and inflow from the boundary conditions. 
The initial distribution o f sediment ôn the bed was sét úp based ôn the bed 
samples from the 1995 survey and incluđes areas o f mud, sandy mud and 
sand. The sand areas are treated as beinq; inerodible as the mathematicai 
model oniy appiies to mud transport. 

4.2.5.2. Simulations of the exỉsting conditions 

When analysing the sediment-íluxes to and from the channel-bed in the 
exisĩing Nam Trieu Channel based ôn the avaiỉable channel monitoring data 
(1992, 1993), the foIlowìng can be coiìđudeđ : 
a - during dry season average sedimentation is approx. 0-30 m/month 

corresponding to sediment fluxes of about 3 to 6 kg d.s./m2 tide 
(depending upon density : 300 or 600 kíĩ d.s./m3) ; 

b. during vvet season average seđimentation is between 0.30 m/month and 
1.00 m/month corresponding to sedimení íluxes o f about 3 to 20 kg 
d.s./m2 íide and probably very much dependent upon the wave activity 
(íigure 4.2.23.). 
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Fĩgure -Ì.2.23. 
Monitoring of Nam T r i c n Channcl Scdimentat íon (Junc - August '95) 
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When compariníỊ these pĩctures with the modeiiing results (tìgure 4.2.24 for 
modeỉ section subdivision and fígure 4.2.25 for simulation of 
erosion/deposition fỉux of dry seasoti sprin" tide withouí waves) one can 
conclude thát 

a. no signiíicant sedỉmentation trenđ occur between Dính Vu Canal and 
South Limií o f Bách Dang (Aval) ; in a lót o f cases even erosion occurs ; 

b. average sedimentation is between 0.25 and 0.70 kg d.s./m2 tide. 

When repeating this simuiations for different wave'activities, ít appears thát 
above signìíicant wave heights (Aval) o f more than ì.00 m, deposition rates 
of mud increase subsíantially (íigure 4,2.26). Siltation rates can reach under 
severe storm conđitions úp to 100 kg d.s./m2 tide, and under typhoon 
conditions úp to 400 kg. d.sVm2 tide. 

ít appears consequently thát the channel sedimentatíon is very sensitive to the 
prevailing wave action (in this case abpvẹ H s = Ì .00 m át Aval). Thịs is a 
general íìnding from aỉỉ mathematical simulations thát the sedìmentatỉon is 
mainly governed bv storms or events (such as the wet season typhoons) 
stirring úp vast qưantities of the bed mud ; this muđ is than mobilìseđ by the 
(tidal) currents, the residual wave transporí and fluid mud density flows. 

When analysing the seasonal eíĩects Ít appears thát wet season, neap tidal 
conditions and with stonn action (Hs - 1.60 m) give rise to quite different 
patterns of depositíon (íigure 4.2.27.) : there is aỉmost no deposition in the 
outer part of the channeỉ anđ the deposition concentrates in the inner part 
(between Aval and buoy ỉ ỉ ) . 
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Fií>ure 4.2.24. 
Location oi Cbannel Sections for cxisỉing channel (alternative 1) 
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Fỉgure 4.2.26. 
Effect of wave action ôn sed ímentat ion 

(Nam Trìeu C h a n n e l ; section C4000, C6500, D2500, D5000, D8000 
and L á c h Huyên channel ; section D3000, £ 2 0 0 0 , F6250, F12500) 
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Figure 4.2.27. 
Scdinientat ìon/eros ion fluxes Ciilculated for the existing channel under wet season 

(ncap tidc ; H s (Aval) - 1.60 m) 
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4.2.5.3. Simulation oi sedimentatỉon/erosíon fluxes for the 4 channel 
alternatives 

4.2.5.3.1. Comparison of the sedimentation behaviour in the 4 alternatives 

With the FLUIDMƯDFLOW-modeI as described above a series of 
simulations of the sedimentation/erosion Auxes has been períormed. The 
following comparisons have been executed : 

- channe! aỉternatives ỉ, 2, 3 and 4 dredged át channel bed level C.D. -

9.0 m (for dry season, weí season, with and without waves and typhoon 
storm waves) ; 

- channel aỉíernative Ì dredged át channel beđ levels C.D. -4.1 m (existing 
situatỉon), CO. - 7.3 m, C.D. ~ 9.0 m, C.D. - 11.5 m. 

From this extensive sét of simulations the following conctusions can be 
drawn : 

Ì • Existing situation 

- approximateiy 70 % of the total yearly sedimentation is occurring 
during the wet season (rainy season); 

2- Alíernative Ị : Widening and deepenỉng the existing channel (C.D. -9.0 m) 

- dry season : sedimentation is essentiaỉlỵ and unitbrmỉy spread over 
approx. 6500 in of the outer channel (fígure 4.2.28) ; 

- wet season : sedimentation is concentrateđ in Bách Dang and north 
parts of Nam Thêu (ĩỉgure 4,2.29a) ; 

- typhoons . sedimentaíion pattern is similar to those found for smaller 
waves, however the more extreme waves seem able to carry sediment 
much ĩurther úp the dredged channeỉ. Sections A and B were largeiy 
unaíĩecíed by accretion for the "severe storm" case, while in the 
typhoon case considerable accretion has occurred along these sections 
( f í gu r e 4 .2 .29b ) ; 
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Aiternative 2 : New Nam Trieu Channel 

- dry season : sedirnentation is concentrated át the otĩshore end o f the 
channeỉ there where the channel crosses the submerged spit anđ the bar 
(over a length of approx. 2,000 lĩ! ; figure 4.2.30.); 

- wet season : sedimentation is concentrated ôn 2 spots, the crossing of 
the submerged spit and the Bách Dang between Tráp Canaí and Aval. 
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FÌ8itre 4.2.30. 
Scdimentation/erosion Auxcs in channcỉ alternativc 2 ( C . D . - 9.0 m) 

for <hv season, spriii" title ( H s = 1.60 ni) 
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4. Ạlternaĩive 3 : New aiignment in Lách Huyên through Ha Nam Canal 

- dry season : sedimentation is very much concentrated in the 3,000 m 
long crossing of the oữshore bar (seavvard front) ; almost no 
sedimentation is occurring elsewhere (figure 4.2.32) ; 

- wet season : seđimentation occurs ôn 2 marked spots, i.e. the seaward 
and ỉandward front of the oữshore bar in the Lách Huyên ; 

Figure 4.2.31. 
Locations of cross-sections for channel 3 alignment 
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5. Alternative 4 ; New alignment in Lách Huyên through Tráp Canaỉ 

- dry season : sedimentation is very much concentrated in the 3,000 m 
long crossing of the offshore bar (seaward front) i almost no 
sedimentation is occurring elsewhere (figure 4.2.33) ; 

- wet season sedimentation occurs ôn 2 marked spots, i.e. the seaward 
and !andward ữont of the offshore bar in Lách Huyên (figure 4.2.34a), 

- typhoon : the main aspects of the siltation pattern are similar to those 
found for smailer waves such as the accumulation in the vvest, erosion 
in the muđdy areas to the south of the modeliing area and to the sides 
of dredgeđ channels, and the accumuỉation of sediment along the 
clredged channeỉ along section F. However, as in the case of alternative 
Ì, the typhoon waves arẹ able to carry sediment íurther into the bay 
and sections A, B, c, D and E experience signitìcant accretion aiong 
theĩr iengths. Section F í íuctuates between 150 and 400 kg/m 2 aỉong íts 
lẹngth. 
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Fisure 4.2.33. 
Locations of cross-sections for channel 4 alignment 
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4.2.5,3.2. hiỉlueuce of channel dredged level 011 siltation rate 

From the hydraulic simuíations ít appeared thát the deepenĩng works by 
capital dredQÌng wi!l have tollowing hydraulic impacts . 

a. channelization of flow-both tidal currents and river đischarge-inducing 
current increase in the channei ; 

b. current-slackening ôn the banks of the river such as in Cam or Bách Dang, 

When anaỉysing the siltation area over íwo tiđal cycles in spring tide, dry 
season and Hs - Ì .60 m wave conditions for the existing channel alternatives 
anđ for điữerent dredged íeveỉs, the foíIowing concíusions can be drawn (see 
also table 4.T 10. and fígure 4.2.35. : 

ĩ . the mâm siltaĩion always occurs in the ouĩẽr cĩíãĩínẽĩ"õf the seaward 
part (70 to 75 % ) ; 

* 2. the ílirther deepening of the channeỉ appears to reduce the amount of 
siltation (Table 4.T. 10) ; this is probably due to the increase in current 
velocity in the channeỉ by channelization and the reduction o f the 
current velocity ôn either side o f the channeỉ. 

Channel Dređged levei Siltation 
(tons d.s./48 hrs) 

Existíng C D - 4 . 5 m 45,000 
Altern. ỉ CD - 7.3 m 81,000 
Altern. ỉ C O - 9 . 0 m 46,000 
Altern. 1 C D - 11.50 m 34,000 

Tabte-i.T.lO. 
IntlHcnce rtf the (leepeninị; of the existing channel 

ôn the ovcrall s i l taí ion rate 
(drv senson, spring tide, Hs = 1.60 m waves) 

This tìnding of the mathematical simulations is of outermost importance 
because Ít means thát Ít could be more economic w.r.t. maintenance dredging 
to dredge the access-channei to C.D. -9.0 m or more. An attempt has been 
made to transíate íhese ĩindings into annuaỉ sìltations. This, o f course, has to 
be ascertained for the alternatives 3 and 4. 
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However, Ít must be saỉd thát the deeper the channei wili be, the bigger the 
long-term hydraulic sectỉon wiỉl be because of the mild slopes. With slopes of 
! :20 a C.D. - 11.5 m channeỉ bed leveỉ will have sỉopes extending to 190 m 
ôn either side of the channeỉ ỉimừs, vvhilst a c D - 7.3 m channel bed level 
vvilỉ only have 105 m slope areas ôn both sides. Therefore wilỉ the variations 
o f siltation rate in íìinction of dređged level be buữered to some extení 
( T a b l e 4 . T . l l ) : 

ở 
Channel Dredged ieveỉ Extrapolated annuaỉ 

siỉtation 
Mtons d.s./year 

Exístỉng C D - 4 . 5 m 1.85 
Alternatíve ỉ CO - 7.3 ni 4.05 
Aiternalive 1 CD -9 .0 m 4.00 
Aiternative 1 C D - 11.50 m 4.40 

Rough es t imaíe of the influence oi the deeperùng of ttie existing channeỉ 
(Alternativc 1) ôn ỉinnual siltation 

Progressive sỉope-iníill is noi addressed by the mathematical mođeỉ bút will 
be commenteđ in par. 4.3. 

4.2.6. Morphological changes 

With the resuits of the mathematical mođeỉ Ít is also possible to get a better 
ỉnsight ỉn the overall modifíed sedimentation/erosion pattern in the whole 
bay, These morphological changes are o f course reỉated to the deepening and 
widening o f the channel and to the resulíing channelization of the flow (tidal 
currents + river discharge). 

In ali four the cases the excavation o f the channeỉ will induce an increased 
sedimentation : 

a. in the Cam River axis and banks ; 
b. in the Bách Dang River sedimentation vvilỉ be enhanced ôn the river 

banks (Dinh Vu side + Left bank) ; 
c. ôn the foreshore o f Dinh Vu Islanđ. 

15-<)7-% B M E / G D P / D D T / V A H ỉ 1 / 0 0 6 5 2 - [60 



ít has already been said thát the major driving force for the reínobìlization of 
the bed-mud is the wave-action during storms and typhoons ; sedimentation 
location itseỉf seems to be governed by the nodaĩ points of the resìduaỉ 
sediment transport (both salt wedge and river suppỉy) and consequently 
essentially governed by : 

a. tidal coeíĩicient; 
b. river discharge. 

During storms, there will be essentially erosion along the course of the old 
Cam River (Do Son side of the bay) and in front o f Cát H a i ; this is 
iỉlustrated by a sét o f fígures : 

a. íìgure 4.2.36. ; 
Sedimeníation/erosion íluxes for existing situation đuring dry season, 
spring tiđe and síorm waves ( H s = 0.5 - Ì .0 m ) ; 

b. íiạure 4.2.37. : 
-Seểimerìtatiem/erGsien Atixes for exỉstin^ skuation đuring wet season, 
neap tide and severe storm waves (Hi — Ì -60 m) ; 

c. fìgure 4,2.38. : 
Seđimentation/erosion ữuxes for channel aỉternative ỉ (C.D. - 11.5 m) 
during dry season, spring tide, severe storm waves ; 

à. í k u r e 4.2.39. : 
Sedimentation/erosion íìuxes for channel aỉternative 3 (C.D. - 9.0 m) 
during dry season, spring tide, storm waves ; 

e. íìgure 4.2.40. : 
Sedimentation/erosion Auxes for channel aiĩernative 4 (C.D. - 9.0 m) 
during wet season, neap tide, typhoon storm waves. 
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Fỉsure 4.2.36. 
Sedmicntation/erosion ÍỊuxes for existing situation during dry season 

spring tide and storm vvaves 
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Fi%ure 4.2.37. 
Seđimentat ion /eros ion í luxes for existing situation du ri lì £ wet seasoo, 

neap tide, severe storm vvaves 
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Fỉgure 4.2.38. 
Sedimentatìon/erosion íluxes for channel aiternative Ì dredged át C.Đ. -11.5 ni during 

ilry season, spring tide, severe storm waves 
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Fỉgure 4.2.39. 
Sedỉmentation/crosion fluxes for channel alternative 3 (Iredged át C . D . -9.0 m during 

(iry season, spring t íde , severe storm waves 
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Figure 4.2.40. 
Sedimentation/erosỉon Auxes for channeỉ alternative 4 í lredged át C . D . -9.0 in durỉns 

wet season, neap tide, typhoon storm waves 
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4.2.7. Conclusions aboutthe mathematical modeỉling 

1. According to the T.O.R.'s the morphoỉogical and seđimentologicaí 
changes and the prediction o f siltation should be based ôn a 
matheinatical simulation using a validated model. The hydrođynamic, 
wave fieỉd and sedimentoiogical models đescribed in this par. 4 were 
caiibrated and vaiidated against existing field data and data obtained 
during the addiíional survey and monitoring program. ít must be kept in 
mind thát the conclusions are based ôn the results of mathematical 
simulations and thát real values of siltation may differ with a great extent 
due to the unpredictability of the hydrometeorological conditions and 
due to the necessary simpliíìcation of the naturai sedimentology to al!ow 
modelisation. 
Nevertheiess, the simulations have been used essentiaĩĩy to compare the 
differenĩ channel alternatives and to help the decision-making for the 
access-channe! to Hai Phong. 

2. A 3-D hydrodynamic model was sét úp anđ calibrated for both dry and 
wet season fIows in Hai Phong Bay. ít was consideređ, based ôn the 
observations o f salinity and current, thát a depth-integrated model 
representatiort was suitable for modeỉling the dry season tides át Hai 
Phong. Muitilayer modeỉling was used for the wet season tides when 
stronơ stratiíìcation may occur, especially duríng neap tiđes when tidai 
action is nót avaiiable to mix the salt through the water column. The aim 
of the siinuiation o f wet season modelling was to produce condiúons 
thát can be regarded as typicai of a kind o f tide when gravitational 
circuiation (density currents) as weiỉ as tidal currents are important. This 
aim was achieved with the modei being satisíactorily calibrated for wet 
season conditions, 

3. A range of different channel confígurations were tested for dry spring 
and wet neap tides as these were able to show the inAuence o f the 
bathymetry changes ôn the tidal currents and ôn the gravitatíonal 
circuiation respectiveiy. in general the deepening o f the channeĩ is 
discovered to result in a tower current as ạ ĩarger channel cross section 
is used to carry essentialiy the same tidal discharge. The exception to 
this is where the channel crosses the bar. where speed increases in the 
channei are íòund. The removai o f the Dinh Vu dam was also 
investigated in the modeí. The removai causes a decrease in the current 
speed in the existing channeỉ ôn the other side o f Dinh Vu island as more 
of the current is carríeđ past the dam site and less passes through the 
Dinh Vu channe!. 
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4. The deepening of the channel also results in an increase in the 
eìTectìveness of the gravitational circuìation (density flows) as evidenced 
hy the patterns of residuaỉ current át the bed which tend to show a nùi! 
point moving further landward and of the saíinítìes át Bách Dang section 
which become larger (than zero for existing conditions). The C.D. -7.3m 
and C.D. -9.0 m channels ôn alternatíve Ì and the C.D. -9.0 in channel 
ôn alternatíve 4 ai! showeđ such increased saỉinity át the Bách Dang 
section, indicating increased gravitational circulation. However the 
alternative 4 resulí showed a lower saỉinity át Bách Dang section 
compared with the -9.0 m C.D. channeỉ being òloser to the -7.3 m C.D. 
channel result. The removal o f Dinh Vu dam does nót appear to show 
any signiĩicant eíĩect ôn gravitational circulation. 

5. Waves within Hai Phong Bay were predicted using a wave refracíìon 
model with boundary condítions provided (rom vos wave daía. Wave 
conditions were predĩcted át six iocations within the Bay and provicled 
input to the sediment transport model. 

6. The sénsitívỉty tests carrieđ out in the wave modeỉ, indicated thát waves 
ìnshore were síightíy more south-easterly ỉn direction át M H W S 
compared to MLWS. However there was very littie difference in the 
distribution o f wave heighís át MHWS and MLWS. Át outer iocations in 
the Bay approximateỉy 96% o f the waves are less than 2.0 m (Hs), less 
than 0.5% are between 2.0 m and 4.0 m. A i MHWS a íbrther 0.01% 
were betvveen 4.0 m and 4.5 in. 

7. The model resuits were also used to assess the iníluence of seasonal 
variability ôn waves. This shows thát during the wet season, June to 
September, inshore waves are predominantỉy from directions betvveen 
South-South-east and south (135°N to 195°N). For the dry season, 
Deceinber to March, the directions are more south-easterly and are 
between Ỉ05°N and 165°N. This is consistent wìth the wet season 
conditions being more southerỉy offshore than the dry season which are 
predominantly from the north-easí. 

8. A comparison of these predicted wave conditions with measured data át 
Avaỉ, shows a reasonabỉe simiiarity between the two, for the limited 
period for which daia was avaiiable. 

9. Anaỉysis o f íìeld observations anđ the resuỉís of the sediment transport 
modelỉing suggest thai the sịkaíion in the navigation channel is 
dominated hy the effect of extreme events. In the modeỉling work, the 
etTect o f extreme wave conditions has been examíned and found to 
dominate the long term siltation rate. Observations suggest thát extreme 
river flood events may also be iníluential. 
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10 Ai! of the Channeỉ Aỉíernatives folỉow the same route between Hai 
Phong and the Tráp Canal and the effect of deepening this part of the 
channel, regardỉess of the alignment of the deepened outer part of the 
channel, ìs to enhance the siỉtation rate landward of the Dinh Vu Canal. 
Accretion occurs ôn aỉl tide types bút is greater during the wet season. ít 
ĩs possibíe thát extreme íluviaí f!ows may have an erosive eữect in this 
area, bút such conditions have nót been tested in the mođe!. In stormy 
conditions there is some tendency for ìncreased siltation adjacent to 
Dinh V u ĩslanđ, bút this is srnall compared to the effect of storm events 

'J ôn the outer part o f the channei. 

Ì Ì. Deepeníng of the existing channel alignment (Channel alternative 1) wiỉỉ 
affect both the wave and current condịtions- Currents will generalíy be 
faster in the outer part of the deepened channel anđ more aỉigned with 
the direction o f the channel. A deeper channel WÍ1Ị reduce the effect o f 
the waves át the channel bed and may modiíy the distribution of waves. 

— - -The-ehanges • to-€Ufrents -tenể-to- "ppomỡte • less-aGcretion- i n th©~Ghannel-

while the waves tenđ to promote more accretion in the channeỉ. These 
competing trends ỉead to the complex behaviour. 

12. The predicted patterns of siltation for Channel alternative Ì and Channel 
alternative 2 are ven/ siiTŨỊar to each other. The siltation patterns 
associateđ with Channel alternative 3 and Channel aiternative 4 are aỉso 
very simiỉar to each other. For aỉternatives Ì and 2, the siltation is more 

" evenỉy distributed over the ỉength of the channel seaward of the Tráp 
Canal than Ít is for aỉternatives 3 and 4, where most of the siỉtation is 
predicted to occur over a few km át the seaward limit of the channel, 
with the rest of the channel tending to keep itself cỉear. 

13. According to the above-mentioneđ considerations the foỉlowing 
preference-cíassifícation is given for the different channeí-alternatives 

- best : Alternative 4 
- second best : Alternative ỉ 
- međium ; Aỉternative 3 
- least : Aiternative 2 
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4.3. MAINTENANCE DREDGING 

4.3.1. General 

Based ôn the various simuỉations about the sediment transport mentioned 
under par. 4.2. the annual totaỉ maintenance dredging volume has been 
computed, For the estimation of the totai sedimentation in the excavated 
channei (to nautical depth of C.D. - 9.0 m) the following statisticaỉ 
distribution have been taken into ãccount : 

ì . Seasons : 
Wet Season ; 58 % of time (7 months) 
Dry Season : 42 % o f time (5 months) 

2. Tỉáes ;^ —- • - • - - — " 

sprìng Tide ; 50 % of time 
Ncap Tide : 50 % o f time 

3. AVaves 
(Signiíìcant Wave Heights át Hon Dâu ; reporí VÀM 1351/00513) 

Signiíỉcant 
Wave Heighí (m) Frequency o f Exceedance (%) 

Dry Season Wet Season 

0.2 70 70 
0.4 40 41 
0.7 20 21 
1.0 10 l i 
1.4 5 6 
1.6 •> 

j 
2.7 0 1 

Tahỉc4.T.Ỉ2. 
Wave Heigi i í DỉstrìỈHitíon (Av;íí Rcĩerence Station) uscd for m;ũnteri:incc 

dredỊĩiiiỊỊ computations 

4. Typhoons : 8/year 
(with Hs > 2.70 m át Aval) 
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Total mud sedimentation ôn annual basís is then calculated with the results of 
the FLUĨDMƯDFLOW simulations and according to the design proíìle of 
the access-channels, i.e. . 

• bottom width : 100 m 
• nautical depth : c o . - 8.5 m 
• dredging depth : C.D. - 9.0 m 
• sỉopes : 1/15 

Bút the to tai sedimeníation in the access-charmel is to be linked with 
different forrns of sediment supply : 

a) in the Ouíer Sea Channels Nam Trieu or Lách Huyên : 

• mud inflow hy density flows, decantation and bedỉoad-trapping. Thỉs 
process appears to be very sensitive to storms or typhoons ; 
.grạdyai weạ_kenịng^of the channel-banks . s!ope-weakening (estimated 
evoiution from 1:15 towards ì :20 or ỉ 40 in approx. lo years) ; ~~ 

• bedload trapping o f sand sediments where the channel crosses the spít-... 
like morphoỉogical íeatures. 

b) in the upper Reaches Bách Dang and Cam River: 

• mud inflow hy density flows, decantation and bedload trapping ; 
• bedload írappíng o f sand sediments (upstream suppiy). 

4.3.2. Siltation rate and slope-vveakening in the OuterSea Channel 

Based ớn the results o f the sedimentation modelling Ít is now possibỉe to 
make íi pređiction about the annual siỉtation (mud seđiments by density fỉows 
and sỉope-weakening) in the different channel options (dredged EO C.D, -

9.0 m). 

The resuỉts of these simuỉations for the C.D. -9.0 m case are given ôn íigure 
4.3.1. (graph of siltation expressed as a total quantìty of sedimentation 
in Mtons of dry solids/year) showing the diffei ences between the 4 different 
channel alternatives and in comparison with the acíual situaíion, i.e. the Nam 
Trieu Channel with a nauticaỉ depth of C.D. - 4.5 m. Tota! sedimentation is 
caỉculated as i f the channei is đredged and is then aÌlowed to sedimentate 
until original seabed levels are recovered (fi.ll] sedimentation). This is of 
course without the action o f the maintenance reduction inírastructures (see 
par. 4.9.). 
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Siltation is estimated from the íbllowing computations : 

ỉ. Siỉtation by densiĩy fìow and decantation o f mud in the sedimentation-

prone areas of the channe! ; mud density f low and decantation have been 
calcuỉated by using the mathematical models described in par. 4.2. and the 
statisíical distribution of hydrodynamic conditions' meníioned in par. 
4 .3 .1 . ; 

Channel Aỉternative Sedỉmentation of mud 
Mtons of đ.s./year 

1. Deepening and widening the 
existinG; Nam Trieu Channel 

4.0 

2. New Nam Trieu Channel 3.6 
3. Lách Huyên alignment íhrough Ha 

— Nam Canaí 
2.6 

4. Lách Huyên aHgnment through 
Tráp Canal 

2.5 

Tablc-Í.T.13. 
Vníitcs of siltation by tỉensìív flow anđ đéc n ri tát in n 

2. graduaí slope-vveakening from the capital dredging value of 1:15 towards 
1:20 or 1:40 spread over 10 years wi!l deliver the following additional 
siltation voỉumes : 

a. Aiternative ỉ : 400,000 mVyr - 2,000,000 mVyear 
(or 240,000 t.d.s./yr - 1,200,000 t.d.s./yr) 

b. Alternative 2 : 270,000 mVyr - 1,347,500 mVyr 
(or 162,000 t.d.s./yr - 808,500 t.d.s./yr) 

c. Alternative 3 : 122,500 mVyr - 612,500 mVyr 
(73,500 t.d.s./yr - 370,000 t.đ.s./yr) 

d. Aỉternative 4 ; Ỉ22,500 mVyr - 612,500 mVyr 
(73,500 í .d.s./yr- 370,000 t.d.s./yr) 

Sỉope evolution in Lách Huyên was estimated by taking into account the soil 
laỵering and the maintenance đređging actions. 

The tóp sand layer will probably adopt equilibrium slopes ìn the range of 
1:100 whilst the underíying consolidated mud (day) ỉayer will remain stable 
under ỉ; 15 or 1:20. Hovvever, Ít is very likely thai by vveakening of the mud 
(water adsorption) and by undermining action iinked to maintenance 
dredging siopes in the day laỵer will partialiy coliapse. The combined 

15-07-% B M E / G D P / D D T / V A H i 351/00652 - 173 





processes vvill lead Eo a resuitant sỉope S0!newhere in between 1:20 and 1:30 
( i n the vvorst case). 

Slope evolution in Nam Trieu and New Nam Trieu is expected also to tend 
towards weaker sỉopes of !:20 or even 1:40 ; despite the cohesive muđ soi! 
because o f : 

a) weakening of consolidated mưd by progressive water adsorption ; 
b) more intense wave action than for AU 3 or Alt 5 ; 
c) the horỉzoníal dredging tolerance during íùture maintenance dredging 

operations. 

4.3.3. Sand-infill in the Outer Sea Channel 

In some parts of the Outer Sea Channe! reaches sandy deposits are crọssed. 
(see drawings V A H 1351/34.20/006 and 007). In these areas - essentiaily 
characterized by spit-íike SLỉbmerged banks - a signiíĩcant sand sedimentaíỉon 
is expected. Sand sediments are transported by ti dai currents and are strongly 
rernobiIized during storms and typhoons. The resiđual sand íransport 
pathways calculaíed by Sediment Trend Anaỉysis (ref. report 
VAHỈ351/00540 ; map 34.20.008) indicate thát e.g. in the.Lách Huyên bar 
crossing sand is transported from West to East whi!st in the New Nam Trieu 
Channel sand is rather transported from East to West. 

Based ôn the comparison of occurring shear stress ve!ocities (unđer tides and 
waves) with criticai shear síress velocities for fíne sand under wave acíion, 
transport capacities for sand (both bedload and suspension) have been 
computed using Van Rijn ( I9S0; equation 4 Si 5) and Grass (1981: 
equation 6) formuỉae : 

Bedload : qi, = 0.005 5, Ưh 
u - ư c r 

[ (s- l )gđ5oj D.5 

2.4 dĩa 1.2 

Í T 
(4) 

Suspended load : q s = 0,012 p s Udso 
Ư - U c r 

_ [ ( s - l ) g d » ] 

1 4 

D, -0.6 
(5) 

Where qi>, q s measured as mass of sediment/unit width/unìt time (kg/m/s) 

ư - current speed (m/s) 
d5(i = median grain diameter (m) 
h = water depth (m) 
p s ~ sediment density kg/m 3) 
s = sediment speciíic gravity 
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g ~ g r a v i ĩ a t i o n a l a c c e l e r a t i o n ( i n / s 2 ) 

r c s - O í 

V = k i n e m a í i c v i s c o s i í y of vvater (mVsec) 

Grass argued thát sediment entrainment is a íunction of the íurbulení kinetic 
energy, vvhich in tùm is proportional to ư 2 . When waves of r.m.s. orbitaí 
velocity Uo are superimposed ôn the current, additiona! turbulence, 
proportional to U(}2, is generated, of which a proportion B is available for 
sediment entrainment, Thus for sediment entrainment, the term ư 2 in a 
current-only case should be repỉaced by ( ư 2 + B ưo 2 ) in a wave-plus-current 
ca se. 

He further argued thát ĩhe entraỉned sediment is transported by the current át 
a speed ư , which is unchanged in the wave-plus-current case. Thus in the 
powẽr Ù" ìn Eq (ó), a ĩactor ư is ãssòòiãtèd with Eransport, and a ĩactor U"" 1 

with entrainment, 
The wave-enhanced suspended transport rate q s + is thus 

n - Ì 

q ^ A Ư ( ư 2 + B Vo
2

)
 z (6) 

in which ; 
A = empirical dimensiona! constant 
n = typically 3 or 4 
B = factor reỉated to drag and rugosity 

Since beđioad íransport is usualỉy ắ 20 % of qt, Ít is reasonable to use the 
Grass approach to enhance q t, rather than just q s. Adapting the arguments, Ít 
can be shown thát the wave-enhanced formuia, incluđing a treshold velocity, 
is given by : 

q,. = A U ( ư 2 + BU,, 2 ) - u , n-] (7) 

After computing the induced veíocities and shear stresses unđer currení and 
wave actions (including statìstical distributions), the sand transport poteníial 
can be caỉculated. This sand transport is expecíed to be aimost compleíelỵ 
ĩrapped in the excavated trench. From this a sand sedimentation ôn annual 
basis can be đeduced (Table 4.T. 14). 

15-07-96 BME/GDP/DDT/VAH1351/00652 - 175 



Channel Alternative 
ĩ .envt li 

U I J ị j 1 K 

crossing 
<m) 

Expecteđ Sand Sedimentation 
Channel Alternative 

ĩ .envt li 

U I J ị j 1 K 

crossing 
<m) 

I M L U I ! u*s./ycỉir iViin /ytíir 

ì. Deepening and widening 1000 0.52 0.35 
the existing Nam Trieu 
Channel 

2. New Nam Trieu Channel 250O 1.04 0.Ó9 
-1 
j . Lách Huyên aỉignment 3000 1.08 0.73 

through Ha Nam Canal 
4. Lách Huyên aỉignment 3000 1.08 0.73 

through Tráp Canal 

T(thte4.T.Ĩ4. 
Expectcd seiliimMitiitiim ()ỉ's:ind in the Oíitci* reaches oi" the channel 

One has to note thát these values are the expectations in the fírst ỵears aíter 
the excavation has been terminated. A gradual decrease of the sand-infill is to 
be expected ôn the long Rin. 

By the Nuclear Instituíe of Daiat severaỉ sand bedload tracer tests have been 
executed ôn both banks o f the Nam Trieu channeỉ. These tests indicated : 

íransport veiocities 10 to20m/day ; 
bedỉoad iayers 0.01 to 0.04 m ; 
beđíoad transport rates : 0.4 to 0.8 m3/m* day. 

These bedỉoad transports correspond in order o f magnitude with the above 
rnentioned computed vaiues. 
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Mangrcve & trd î 'a!s ( +<••' JCí,'ie 

LEGEMD d 5 0 (m ic rons ; 

VIETNAM ACCESS CHANNEL TO HAI PHONG 

MlNlSTKí OF POREIGN AFFWRS. 
POREGN TR4DE 

AND DEVB-O^EMT CQOPERiTlON 

OcissiOT 
Nf No 

ỉ • Ị H A * ^ R 

' ENG1N£E9!NG CONSUL T ANTS Bntsiũí! KMrtstraDcti 
ía dmek*™* ™porafton VAH 135* 

ỉ • Ị H A * ^ R 

' ENG1N£E9!NG CONSUL T ANTS 

SEDÍMENTOLOG1CAL MAP OF SEABED 
Seabed - Sampỉing :Ap r ỉ ỉ - June 1991 

June - August1995 
spaiial Distíibution of Median Grain-Size {050} 

Df&wn 
;end JRR 
ne 

Ị Checked 

Nageaen BME 

ị Aporoued 
Ị G&3dgeKeti!d 3M E 
^Approuv"!,' 

~ " 2 6 - 0 2 
ISC3Ỉ6 ì 3rawriQ 

1 9 9 6 ?cnaai 1 / 1 0 0 . 0 0 0 T « e i . « Ị 
ỉĩsciìeile \?]aa 00. 

3 4 . 2 0 . 0 0 7 

ì >: H 
0 i \ ị 
\ í"' R ^ 





LEGEND 

= G E \ D n B S Í D U " ^ . SEO IM E N ' " H ^ . ^ c - T 

RESiD.-AL MUD TnANSr 

SESLCúAL SANG TSA'i£P'j
 = 

VỈETNAM ACCESS CHANNEL TO HAI PHONG 

MIN1STTTY 0F POREiGN A."AiflS 

« 1 0 3EVEL0PM£WT COCPE^-Src*' 
Ni No 

SBlgmn uOirunnarauon 
ÍT đffjwc«™rt CQC*>sraB(y 

VAH :35J 

LJLỈ 
:»;>tóL'.-Ị=™t,-, ... c , Ì,' ; 3 f f i i B : i í. 

RESIDUAL SED1MENT TRANSPORT PATHVVAYS 

(DEDUCED FROM SEDIMENT TREND ANALYSìS) 

Getwenc JRR 
Chét-éc 
Nag^ien BME 

ũató Scais 
ũaium 10 - 05 - 1996 ịschaa 
•a:e , Escrẹ >q 

''00.000 ỉ 34.20 008 

• 3 

G I L í - 0 : 

VINH 

T O Ị \ A Ỉ N 

B Á C H O 









4.3.4. Total Outer Sea Channel ĩnfni or sedimentation 

The totaỉ sedimentation can consequentỉy be deduced based ôn the above-

mentioned vaỉues. Totaỉ sedimentat ion is assuming thát the channel is 
excavated e.g. in December and thát Ít is allowed to the channel to iníĩll over 
12 months without any intervention. 

Siỉtation and sedimentation are in consequence estimated accorđingly; the 
vaỉues o f sedimentation for the differení channeí alternatives are tabulated in 
table 4.T.15. belovv (Outer Sea Channeỉ); ai! quantities are expressed 
in Mtons of dry soỉids to aliow for ạ standardised comparíson. 

Channcỉ 
alternative 

Tót;)! cáp! lai 
circdging 
vohmie 

—fMm
?

-itt~siHt)-— 

Annuaỉ Sedimentalion 
Tót;)! cáp! lai 

circdging 
vohmie 

—fMm
?

-itt~siHt)-— 
(Scclion ì + l í ) Mud infìo\v 

Mton 
đ.s./vr 

Sand scd. 
Mton d.s./yr 

Slope evol. 
Múm đ.s./ỵr 

Total 
Mton 

d.s./yr. 
ì . Deepening anđ \viđen ìng 

existing Nam Trieu Channel 
12.00 4.0 0.52 0.70 5.22 

2. New Nam Trieu Channel 12.76 3.ó 1.04 0.55 5.19 

3. Lách Huyên alignment tlirough 
Ha Nam Canal 

16.20 2.6 ỉ.08 0.25 3.93 

4. Lách Huyên aligrmient íhrough 
Tráp Canal 

15.17 2.5 1.08 0.25 3.83 

Tuhỉe 4. T. /5. 
Comparison of compiitcd sedi incnti i í ion í ị í iantit ies for the (HlTcrcnt channd altcrnativcs 

( C . D . - 9.0 ni dml ỉ ĩ cd le\X'l - Outcr channcl) 

Sedimentaíion is expressed in Millions of íons o f đry solids as a general 
accepted reference unit. For maintenance dredging the mud sedimentation 
(mud inflow + slope evolution) is the major item to be considered because 
the expected rapidness of sedimentation. 

These vaiues indicate veiy clearỉy thát the channel aiternatives 3 & 4 are the 
besí appropriated for the Access-channel to Hai Phong. Moreover, Ít is 
expected thát in the course o f the years the iateral inflow o f sediments in the 
Lách Huyên bar crossing will decrease because of the limited stock of sandy 
materiaỉ and because the obtained equilibrium slope o f the channe! banks (see 
table4.T.ỈÓ). 
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Mechanism Ảniuml Setiimentation in Lách H u y ê n (Al t 3 + 4) 
(Mtons d.s./yr) 

Fírst 10 ycrtrs A í t e r 10 years 
Mud inflow 2,5 2,5 
Sand sedimentation 1,08 0,2 
Slope evoiutiotì 0,25 / 
To 3,83 2,70 

Tahlư-I.T.Ỉ6. 
Illustrntion oi" expecí iMÍ í lccrciisc in un ti li ai s e d i m i M i í a t i m i 

fOi* maintcnance (Ired^ìnỵ 
in Alí 3 mui AU -í 

Channel alternaĩive 4 - i.e. the alignment through the Tráp canal - is the 
channel aỉternative which ôn the long run W Í Ỉ Ị be the most interesting because 

—ữf~thg~fowesĩ~êxpecĩeđ" annuaí sedimentation (nearly 3 0 % less than for 
Aiternative ì Ị). 

4.3.5. Comparison between predicted and actual sedỉmentatíon 
vaíues in exỉstìng Nam Trieu Channel 

The mathematical models described above are essential tools for comparison 
of differení channel-alternatives, bui in generaỉ, ít can be saiđ thát absolute 
values o f sedimentation predicted with íhese models should rather be seen as 
an order of magnitude rather than exact values. This is aỉso due to the fact 
thát sediinentation-simulaíions are based upon statistỉcaỉ distributions of 
prevaiỉing hydrometeorologicai condỉtions. 

Despite all this, one is aỉvvays interested in the comparison between measured 
and predicĩed sedimentation. To a certain extent, ỉs this possibie under the 
present study because of the extensive Channel Monitoring Programme (stiỉl 
ongoing) in : 

a) the existing Nam Trieu Channel ; 
b) the Piiot Channel in the Lách Huyên. 
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From this Moniíoring Program observed shoaiìng rates in hoth channds can 
be deduued ơ n annuai basis (see íigure 4.3.2): 

mom o i 0 * I M 

— - - SM« IJ f » ỉ ) 
- s a n lỉf»3) 

9xt>Pi 12fw> 
— 4 — Socam l i re»l ỉ 

— — S » a t n l T ( M ) 

— l í — 3 » o » i n 1 7 f » 0 l 
S«C8WI 20TO1 

• ỉMH>nm) 
— a — S M M 20 ôn 

i m « 
itatm-m I 

- - - i . * n f M 0 ) i 

— - Ma ircM-niỊ 

Fiíji/re -/.3.2. 
Prclỉni inary rcsultíi uf Num ÌYieu Chỉtnncl ítnd Lách Huyên Pilot Chỉtnncl 

Mom ton 11« (Monitoring oi" sho:iiin«) 

From this figure the íòỉlovving concỉusions can be dravvn : 

a) shoaling rates are dependent upon the season : high shoaiing rates in wet 
season (ì in or more/month) and low shoaling rates in dry season (0.10 
EO 0.30 m / m o n t l ì ) ; 

b) shoaling in Nam Trieu Channeỉ is iarger in dry season than in the Lách 
Huyên Pilot Channe! (seđimentatíon is sanđ). 
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When transforminíj the shoaling graph into sedimentation graph (expressed 
in lons of dry solids assuming various dry densities) Ít is possible TO compare 
with the mathematical simulations o f totaỉ sedimentatỉon in the existing Nam 
Trieu Channeỉ. This is represented ôn figure 4.3.3. 

Montíis oi the year 

Fiịỉitrư -Ỉ.3.3. 
Comparison behveen calculatcd aiul observed totaỉ seđ imentat ion raícs ỈM cxisí ỉng 

Nam T r i c u Chunnel 

From íìgure 4.3.3. Ít appears thát the mathematical simulations tend to ; 
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• describe quite vvell the seasonal variations of the sedimentation rates ; 
• be in line vvith the order of magnitude of the observed sedimentation 

rates ; 
• may be underestimate slightly (10-20 %) the real sedimentaíion rates. 

From the observations o f the sedimentation in the Lách Huyên Pilot channel 
đuring the Dry Season 1995-1996 the following comparison with 
mathematical simulations can be made ". 

a) mathematicaỉ simulations 
siltatỉon 1200 tds. / í 38 đays ; 
sand sedimentation 500 tds./I38 days • 

± i 700 tds/138days 

b) observations ± 1600 tds/138 days. 

In our opinion can these Quaỉity Assurance Checks be considered as a 
suữicient vaiidaíỉon procedure for the adopted mathematicaĩ simulation of 
the sedimentation rate. 

4.3.6. Maintenance dredging in Outer Sea Channel : quantities and 
costs 

O f course will the required maintenance dređging eíĩbrt be directly related to 
the siltatíon rate. Bút they are nót necessarily equal. Indeed must here the 
concept o f acceptable tolerance ôn Nauticai Bottom (N .B) be introduced. 
The N.B tolerance is the maximum shoaiing which is acceptable to the Port 
Authority to consider the access-channel to be safely navigable. 

Current practice in maintenance dredging is so thát 2 times a year the 
Access-Channe! is deepened to N.B = C.D. - 4.5 m, once in April/May and 
once in December/January. After this deepening (slopes 1/15) shoaling of 2 
to 3 m are aiiowed resulting in a near No-channel situation after some (2-3) 
months. 

I f the N.B íolerance concepts is introduced in Hai Phong, the folIowing 
maior advantaues wil! be gained for the Port : 

ỉ - ship's navigation safety and accessibility wili improvẹ and remain constant 
all-ỵear round ; this wilỉ attracl more traffic ; 

15-07-96 B M E / G D P / D D T / V A H 1 3 5 1 / 0 0 6 5 2 - 181 



2. the maintenance dredging eíĩort wilỉ be optimized and reduced in 
comparison with a practice of Ì, 2, 3, ... annual dredging campaigns. 

The đecrease in requiređ maintenance dredging eíĩòrt is directly reiated to 
the cross-proíìie of the Access-Channeỉ and to the acceptable N.B tolerance. 
Current practice in modern western ports is a N.B toĩerance o f 0.50 m. 
These N.B variations are carefulỉy monitoređ and especialiy in the areas with 
high siltation rates such as the Nam Trieu Channel. As soon as a shoaling of 
0.50 m ôn N.B design level is observed a dredging campaígn is organìzed in 
order to maintain the channel át ìts design đepth (this is the reason why 
specialists speak about Ma ĩ rít en ạ nce Dredging). 

When comparing the maintenance dredging eíĩort for a methodoỉogy with 
one or two dredging campaigns/year to a dredging programme wìth a 
Nautical Bottom tolerance of 0.50 m, one can deduce f rom í ìgure 4.3.4. thát 
an optimisation of ca. 20 % can be easiỉy achieved-

Fịỵure 43.4. 
Caỉcuhted reọttired maintcnance {ỉredgỉnỵ effort for various dredỵing scenarỉos : 

Ị. somc ilralỉỊÌnỵ campaiiỊỉis ìvidiont N.IÌ tolcrance 
2. /rét/Haiti tỉretiiỊÌỊtg ciỉinpuiỵns ìvỉth N.JÌ íoỉcraticc = 0.50 m 
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From this tỵpe ót' analysis, ít is possible to simulate the most appropriated 
Maĩntenance Dredging Methodoíogy and the minimum required hopper 
voi ụ me for executing the maintenance dredging. 

To achieve these goals the foỉlowing steps were made : 

• the required maintenance dredging volume (with N.B toỉerance of 0.50 m) 
is recalculateđ as hoppervolumes ; 

• the maintenance dredging eíĩorts (expressed in tons of d.s.) are grapheđ as 
a function o f time over Ì year (íìgure 4.3.5). 

4.0 , --

Dác Jan Fe£> Mát Afjf May Jun Jul Aug Sep Oc« Nov Dác 
Mon(/» oi tít* year 

Tim* 

C a k u l a í c i l i 'c(|uÌrcđ maiiitcnnucc (ircdgin" tons of dry solids in Lách Huyên 
( í lcnsi ly = 1.2» ; N.B tolenmce = ii.Si) ni ; hoppcr Cỉipacỉty - 3820 in

3

) 
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the required weekly or monthly maintenance d r e d g i n g volume within the 
0,50 m N.B. tolerance is plotted (see íigure 4,3.5 ; Iower graph) ' 

the above mentioned exercise is repeaíed several íimes for varìous 
available hopper capaciíies and for various production tirnes (a dredging 
cycỉe of 3 hours is taken into account) ôn íigures 4.3.6. This is expressed 
for : 

a) the existing Nam Trieu ChanneỊ maintaineđ át a N.B. of C.D. - 4.5 m • 
b) the Lách Huyên Channel mainíained ai a N.B. o f C.D. - 8.5 m. 

FiựtựL> 43.6. 

Requircí l luíỊtpcr capiicity itif* m;vin(i'n;mtx ilrctlgtiiỉỉ 
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The above-mentioned series of analysis lead to the foliowing conclusions 
regarding the required maintenance dreciging : 

a) to maintain the access-channeỉ to Hai Phong át constant width and depth 
(N.B.-ĩolerance : 0.50 in) verỵ reguiar maintenance dredging is required 
and especially in the weĩ season , 

b) to mainíain the existing Nam Trieu Chartneỉ át C.D. - 4,50 m (N.B.-

toỉerance : 0.50 m) a ĩotal hopper-capacity of ± 2,200 m J with an 
occupatỉon time of 60 % shouid be instalied ; 

c) to maintain the new Lách Huyên Channel ai C.D. - 8.50 m (N.B.-

tolerance : 0.50 m) a total hopper-capacity of ± 5,600 in 3 with an 
occupation ti me of 60 % shouid be instaliẹd. 

With the same reasoning and the comparison of siltatỉon for different channe! 
depths ít can be deduced thát for the existing Nam Trieu Channeỉ_đeepened^ 

~ãĩ~ã nautĩcal đepth of C.D. - 7.20 m the folỉowing rough íìgures should 
appỉy : 

- a total maintenance dredging need o f approxỉmately 5 Mtons of dry 
soiids a year; 

- a totaí required hopper-capacity of ± 10,000 m 3 with an occupation 
time of 60 %. 

Similarly to maintain the Lách Huyên Channeỉ át a nauticai depth of 
C.D. -7.20 in (Stage Ì : ưrgent Channei Rehabilitation Plan) the foilowing 
estimate can be given : 

- a total maintenance dredging o f approximateiy 3.7 Mtons of dry 
solids a year; 

- a toíal required hopper-capacity o f ± 6,000 in 3 with an occupation 
time o f 6 0 % . 

The above-mentioned ĩigures are based ôn a maintenance dredging cycie 
whìch can be described as Tollovvs : 

- navigatíon Tròm dredging zone to đumpiriíĩ zone (distance 15 kin) : 
Ì hour; 

- dredging + overflow : Ị hour; 
- navigation from dumping zone to dredging zone : Ì hour. 
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For the Lách Huyên Channei maintenance át C.D. - 8.50 m and with a total 
instaiíed hopper-capacity of 5,600 m 3 an average cosí price of 1.25 
MƯSD/month is caỉculated ; in this month, those TSHD's should execute 
approximately 150 dređging cycles (this corresponds to approximately 2.20 -

2.40USD/m* in-situ). 

Assuming an in-situ dry solid content of 500 kg d.s./m3 the maintenance of 
the Fuiỉ Channel Development Pỉan (Stage 2) would cost approximately 
6.60 M m 3 X 2.30 ƯSD/m 3 = 15.2 MƯSD/year. 

Sĩmilarly can the maintenance of the UríỊent Channel Rehabilitation Pỉan be 
estimated át approximately 17.0 MƯSD/year. 

ít must be repeated thai these ílgures can noi be compared with the present-

day situation becanse foj" the time beiní* no deíĩnite nautical accessibiliíy can 
be guaranteed (design n'autical depth is avaiíable for approximaíeiy 4-5 
months/year). 

Finally the required TSHD hopper capacỉties for maintenance dredging do fít 
quite well with the capacity of the new TSKD under construction for 
V Ĩ N A W A C O (Ĩ1V = 6,000 ni 3). 

4.3.7. Maỉntenance dredging in the other reaches of the access-

channel 

From the modeiling results Ít appears clearly thát the mạjor changes in 
siltaíion and the greatest siltatiotì/sedimeníaĩion rates are to be expected in 
the outer channel, this means from the Gulf of Tonkin ciovvn to the exit of the 
Tráp Canaỉ. Moreover, the Lỉpstream sectìons of Bách Dang, Dinh Vu Canal 
and Cam River are com ni ôn to all alternaíives ; thereíbre these are nót 
considered in the comparison of the Channel-Aiternatives. 

Further upstream other morphological changes are to be expected ; 

a. ìn the Bách Dang between Tráp Canaỉ and Dinh Vu Canaỉ Ít is expecteđ 
thát the channelỉzatĩon of i low wiỉl keep the channel clear, bút important 
mud sedimentation ỉs to be expected ôn both banks ; 

b. in the Dinh Vu Canal no signìíicant modifícations in the sedimentation 
paítern are expected despite the section widening ; 

c. the most signifìcant changes in sedimentation in the upstream parí of the 
channel are to be expected in the deepened secĩions of the Cam River (in 
ữont of Hai Phong Port). 
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Thereíbre, some considerations vvill be given to the expected increaseđ 
sedimentation in the Cam River Nowađays total quantities of annual 
required maintenance in Cua Cam vary between 100,000 m 3 and 700,000 m

3 

dredged voiume annually with an average of 350,000 m
3 per year. 

The deepening from an average depth of CD - 6.5 m to C D - 8.0 m will 
probably have the foílowing effects ; 

- the self-scouring eíĩect (induced aỉong the Right Bank by the rỉver 
groynes) wilỉ be diminished ; 

- in some cases silíation wil! increase w.r.t. the existing sỉtuation bút ít 
appears also thai sometimes the silíation wi]í be Iower dependent upon the 
season ; 

- maintenance dredging in Cam ríver is expected nót to increase to more 
than o.s Mtons of dry soliđs/year; indeed are ebb currents nót expected 
to sỉacken with more than 20 % ôn average. 

Mẳínĩểnârĩce đreốgingTri tTìẽ rỉvẽr ĩẽaches of Bạch Dang and Song Cam can 
be executed as in current practice wiíh Grab Dredgers or Bucket Wheel 
Dredger and đumping ôn dìsposa! sites ôn river banks. Cost is estimated át 
1.5 to 2.0 ƯSD/m 3 in-situ. ĩ f aquatic đumping is envisageđ in the nearly 
íliture additiona! transport costs are to be consiđered (one-way transport 
time = ±4 hours). 

The deepening and maintenance of appropriate turning basins and berths ís 
nọt considered in this study. ít is recommended however to careíìilly đesign 
íhese dredging works taking into account : 

a) the quay-wa!I íbundation and structure ; 

b) the impact ôn the hydraulic secíion and consequent sedimentation/ 
erosion patterns; 

c) the stability o f the port and river-bank inírastructures. 

4.3.8. Considerations about impact oi maintenance dredgỉng ôn 
port deveỉopment 

Maintenance dredging is the major concern regarđing the selection and 
design o f the new channel to Hai Phong Port because the costs associated to 
íhese ever recurrent yearỉy costs wiỉl have a signifícant impact an the 
economic balance of Hai Phong Port. 
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When comparing some broad íígures of the present day situation of Hai 
Phong Port wiíh projections obtained from exírapolations and Tròm the 
previous mentioned maintenance dredging volumes, the followĩng can be 
concluded : 

Ị. Situaĩion 1993 : 
- Total cargo vokime TCV = 2.7 Mtonnes (stat.) 
- Toía] maỉntenance dredging íonnage : T M T - ± 1.0 Mtons d.s. (stat.) 
- Nauticai depth : ND - C.D. -4 ,1 m 
- T M T / T C V - ± 0 . 3 7 

2. Sìtuaĩion 2000 : 
- Totai cargo volume : TCV — 5,5 Mtonnes (proj.) 
- Totaỉ maintenance dredging volume : T M T = 4.0 - 6.0 Mtons d.s. 
- Nauticai depth ND - C.D. - 8.5 m 
- T M T / T C V - 0 . 7 3 - 1.09 

—£r-Sifaatị3fl~2W)-: - - - - -

- Totai cargo volume : TCV - 8.4 Mtonnes (proj-) 
- Total maĩntenance đredging volume : T M T = 4.0 - 6.0 Mtons d.s. 
- Nauticaí depth ; ND = C ũ - 8.5 ni 
- T M T / T C V - 0.48 - 0.71 

The large variations in the estimated maìntenance dredging tonnage and 
consequently in the ratio T M T / T C V mentioned above can nót be used for 
detailed economic analyses- Therefore, a lót o f efforts have been made in this 
study project to estimate more accurately the future maintenance dredging 
volume by using present-day^ most sophisíicated sediment transport 
matheinaticaỉ model. This has been described in paragraph 4.2. to a large 
extent. 

Regarding the choice of the channel development optìons - Stage ỉ : ưrgen t 
Channeỉ Rehabiỉitation anđ Stage 2 Fuỉl Channeỉ Development will Haecon 
recommend to ciecide át once for the Fuỉl Channel Development because : 

a) the capital dreduing investment is only 28 % more ; 
b) the time-accessibility of the port increases with 50 % for the design 

ship ; 
c) the mainíenance dredging is nót expecteđ to be signiíicantly diíTerent. 
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4.3.9. Conclusions about maintenance dredging 

Based ôn the above-mentioned considerations the folỉowing preĩerence-

classification is given for the điữerent channeỉ-alternatives : 

- best : Aíternative 4 
- second best : Aỉternative 3 
- medium : Alternative 2 
- least: Alternative ] 

* 
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4.4. CHANNEL STABỈLỈTY 

The "channel stability" criterium is reiated to the verticaỉ, horizoníal and 
slope síability ôn the short and long run. 

Vertica! stabiìity means the rate of change in nautical depth for instance 
between 2 soundỉngs. in the par. 4.2. and 4.3. atteníion has been given to the 
siltation rates in the dííĩerent sectíons o f the channel. From the past 
experience and from the simulations, the followỉng can be concỉuded : 

1. Cam River ; siỉtation of approx. 0.20 m/month in dry season and 0.40 
m/month in wet season ; 

2. Nam Trieu Channel : (bar area) silíation of approx. 1.00 m/month (first 
months) decreasing progressively as channel boltOỉiì in approaching the 
naturai sea-bed ievel ; 

3. Lách Huyên Channel : (bar area) siỉtation of approx. 0.70 m/month 
probabty Tĩtso đecreasirrg when~el«mnel &ĐỉtOỉtt-\s approaGhing the natural-

sea-bed ỉevel , 

The vertĩcal stability is analysed here essentiaỉly for the ship's navigation 
safety aspects with respect to the uncỉerkeel-clearance variations. 

From these considerations ít is obvious thát any channel solution for Hai 
Phong Port must be associated with : 

a- a better and ven/ regular channel monitoring system with fast data-

processing ; 
b. an appropriate maintenance dredging system where dredgers can be made 

readíỉy avaiỉabỉe to prevent too large veiiicai changes ỉn nauíicai depth. 

The horizontaỉ channeỉ stabiiity is reỉated to the ỉateral stability of ebb and 
íìood channels and the aỉignment with the prevaiíing tidal currents. 

The slope stability is related to the evolution of the side-slopes of the channel 
in fijnction of time. The high densities of the mud deposits wi!l guarantee the 
stability of slopes under 1:5 or 1:15. Hovvever, Ít is to be expected thát - due 
to wave action anci mud-weakenin» - slopes wi!) 'evaiuate over the years by 
reguiar maintenance to much milder equiỉibrium vaỉues and probabỉy to 
approx. ] ;40. Slope stabiliíy is of course very dependent upon the soi! type. 
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4.4.1. Vertical stability 

As said ỉn the introduction of par. 4.4. the verticai síabiỉity is related to the 
expected siỉtation rate - dependent upon the season and the occurrence o f 
typhoons - and has yet been ađđressed in the paragraphs par. 4.2. and 4.3. 

4.4.1.1. Altemative 1 : Deepening and vvidening the exist ing Nam Trieu 
Channe l 

Siỉtation profíies here indicate a rather unỉỉbrm pattern in which suddea-

sha!lowìngs of approx. 0.50 m per event (Ì storm tide) can occur over a 
length o f more than 5,000 m. 

4.4.1.2. Alternative 2 : New Nam Trieu Channe l 

Despite the better alignment of the New Nam Trieu Channel with the 
prevaiỉing ebb and flood currents ôn the "channelization"-effect siltaíion rates 
are expecteđ to be very hỉgh and concentrated ôn the oíĩshore extremity 

. (approx. 2,000 - 3,000 m), due to : 

a. the crossing of the submerged sand spit ; 
b. the crossing of the oíĩshore muđ bar át its largest extension with the 

supply frorn the river, the sea and the side sỉopes. 

Suđden silíaíions after e.g. a storm-event can amount to approx. 0.20 m 
shailowing. 

4.4.1.3. Alternative 3 : New alignment in Lách Huyên through Ha Nam 
Canal 

The high siltation area is limited here bỵ the relative narrow offshore bar 
crossing. 
Sudden siiíaíions át the oíĩshore bar after e.g. a storm-event can amount to 
approx. 0.40 m sha!lowing. 
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4,4.1.4. Alternative 4 ; New aiignment in Lách Huyên through Tráp Canal 

The high siltation area is limited here by the relative narrow offshore bar 
crossing. 
Sudden siltations át the oíĩshore bar afìer e.g. a storm-event can amount to 
approx. 0.40 ni shaliowing. 

4.4.2. Hori2ontal Channei stabilitỵ 

4.4.2.1. Alternative 1 ; Deepening and widening the exist ing Nam Trieu 
Channe l 

The ãỉignment of the existing Nam Trieu Channeỉ with the change in bearing 
reílects aỉso the ĩocal morphology where the sand spit to the West of the 
Nam Trieu gets a sharp eastwards bend souíh of Avai. The morphology o f 
this bended sand spit is probabỉy related to a complex hydrosedimeníary 
iníeraction betvveen the tidal currents, the (slackeneci) river discharge and the 
wave action. 

ít is expected thát the horizontal channel stabiliíy of this alternative is 
reiatively good ; íhis is also ascertaỉned by the relatively symmeíricaỉ siiíation 
observed in the Nam Trieu, (despite the cross-current alignrnent of the 
channel in the south-part). 

4.4.2.2. Alternaíỉve 2 : New Nam Trĩeu Channel 

The crossing of the sandbank by the new Nam Trieu Channel ìs likeỉy to 
adversely aíĩect the horizonta1 stabiỉity and this, despite the better aỉignment 
with the prevailing ticial currents. 
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4.4.2.3. Alternative 3 : New aỉignment in Lách Huyên through Ha Nam 
Canal 

The horizontai stability of this alternative is expected to be good, excepted in 
the far south extremity of the channel vvhere a similar inílected sanđ spit end 
crosses the channei-route as in alternative 2. The impact of this bar ôn the 
channel síabiiity is expecteđ to be very íimited aithough quite diíEcult to 
foresee; ít is probable thát this sand spit wil l induce additional maintenance 
đredging (see par. 4.3.). 

In order to reduce the ỉateral sand spit extremity inflow, the bearing of this 
part of the channel have been inílected sỉightly to the east. 

4.4.2.4. Aỉternative 4 : New aíígnment in Lách Huyên through tráp Canal 

Same conclusions as for alternative 3 (see par. 4.4.2.3.). 

4.4.3. Slope stabiíity 

As described in this preiiminary design report, the proposeđ channeí slopes 
for capital dredging is ỉ: 15 for Nam Trieu/Lach Huyên Channel,ỉ:5 for 
Trap/Ha Nam Canaỉ and Ì :7 for Bách Dang and Cam River. The evolution to 
miỉder siopes is to be seen over severai years ( l o years) of maintenance 
dredging. 

4.4.3.1. Alternatỉve 1 : Deepening and widening the existing Nam Trieu 
Channel 

ít is obvious from the channel monitoring thát sỉopes ôn 1:15 to 1:20 are 
stable ôn longer terms. No evidence of siope collapsing can be found in the 
cross-sections. Bút the high densilies (above 1.40 density) and the associated 
relaíiveỉy high initial rigidities (more than 100 Pa) suggest thát even steeper 
slopes of 1:5 to ỉ : lo can be considered as relatively stable. 

However, the extra excavation to C.D. - 8.50 in nautical depth in Nam Trieu 
wiỉỊ induce ôn the long run milder slopes due to soil-weakening and wave 
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acíion ôn the "channel-shoulders" ; íherefore Ít is expected thai the sỉopes 
WÌ1I eva lua te to the m i l đ e r v a l ư e s o f ! .20 OI" m o r e . 

4.4,3.2. Alternative 2 : New Nam Trieu Channeỉ 

The existing soi! information along the New Nam Trieu Channel route 
suggest thai different soiỉ types wil! be crossed : 

Ì • crossing of the sandbank West of Nam Trieu : 

- Ị to 2 m thick surtầce layer of fine sand wiíh limiíed mud fraction ; 
- expecíed equilihrium sỉope in sand : 1:10 
- expected l o n g - r u n equilibrium sỉope in múc! : 1:20 

2. crossing of the muddy QÍTshore bar 

The slope stabiiity of this alternatìve is therefore very much dependent ôn the 
fmaỉ resuỉts ofthe soil investigation. 

4.4.3.3. Alternatíve 3 : New alignrnent in Lách Huyên through Ha Nam 
Canal 

The slopes in the Canal are defìned ôn 1:5. The slope stability is essentially 
aíĩected in the c r o s s í n g of the oíTshore bar where a particuỉar soi! layering 
seems to occur : 

1. a tóp iayer of 1.5 m to 2 m (sometimes even 3 m) fíne to medium 
sand ; 

2. a SLìbịacent consolidated muđ layer wirh densities of 1.40 m and úp. 

After excavation of the channe! unđer ỉ: 15 Ít is ven/ iikeiy thát the 
channei slopes wilỉ evaluate to milder values afìer severa! years o f 
inaintenance to Ì :20 or more for the SLibjacení mud íayer. 
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4.4.3.4. Aỉtemative 4 : New alignment in Lách H u y ê n through Tráp Canal 

The Tráp Canal is expected to get the same equilibrium siopes as the New 
Ha Nam Canal. 

For the outer channel crossing the oíTshore bar, the same conciusions as for 
alternative 3 (par. 4.4.3.3.) do appiy. 

4.4.4. Concỉusions about channel stabiiity 

Based ôn the above-mentioned consiđerations the fol!owing preference-

classiíìcation is proposed : 

- besí : Aỉíernative 4 
- second best : Alternative 3 
- medium : Alternative 2 
- least : Alternative ỉ 
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4.5. SOCIAL ỈMPACT ASSESSMENT 

4.5.1. Generaỉ 

Sociaỉ impacts can be generated i f large waterwork infrastaicíures are 
causing : 

- necessity of relocation of people's housing ; 
- modiíication in local transportation / communication ; 
- modifìcation of professional acíiviíies, especiaỉly regardíng artisanaĩ 

fishing activities ; 
- loss of ỉand. 

. Q u a n l j f ỳ j n g exactỉy the social impacts requires a separate study ; thercfore, 
the different scenario's Toi" aỉternative channels wil! be described in íiinction 
of a potentiai sociaỉ impact vvhich will be qualìtatively assessed. 

4.5.2. Alternative 1 : Deepening and widening the existing Nam 
Trieu Channel 

Deepening to C.D. - 9.0 m dredged level or to C.D. -11.5 m dredged level 
and widening (to bottom wìdth of ]00 m) the exisíing channei wiỉl essentially 
have an impact ôn hydraulic ílow and sedimentological regime (see par. 
4.2.). Hydrau!ic fìow is expected to be iníluenced as foilows according to the 
modeỉỉing results : 

ỉ. increase in current veỉociíies, boíh át ebb anđ fíood, in the channel 
itself (down to buoy 18/19); 

2. decrease in current veỉocities ôn the adịacent banks and subtidaỉ ílats. 

From a sedimentoỉcmicaỉ poỉnt of view, ít is also expected from the model 
results, thát mud seđimentation will take place ôn the banks in size by the 
deepening and widening of the channe!. 

Relocation of people ought nót to be consiciered for this alíernative even for 
the widening of the Dinh Vu Canal. 

Increase of shippinu tratTic wilĩ iníluence domestic transportation and traíĩic ; 
this is however trúc for alỉ alternatives. 
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Pishing actíviíies with íishing síakes and fixed nets aiong the banks may be 
signìíìcantly iníluenced because of the change in sea or riverbeđ. Yet the 
impact couid be beneficiai because of the extra supply o f nutrient-rich mud 
improving benthic ecosystems, especially for non-sessile organisms (e.g. 
shrimps, crabs, . . . ) . 
The greater the seiected nautical depth, the greater the impact, of course. 

Alternative 2 : Excavation of a New Nam Trỉeu Channel 

Excavaíing the new Nam Trieu Channel south of Aval wili even rnore 
chanelize the ebb and ílood currents because of a beíter alỉgnment with the 
natural currents (see par. 4.2.). 

Sociaỉ impact is expected to be the same as for alíernative Ì (Existing Nam 
T n ẽ ủ Oãnnẽĩ7Tẽ7Xã3vẽrsFõrBẽnẽf ĩc ĩăr?) ' ímpae rỡn fìslììng~ãẽứviđẽs~atõng" 
the subtỉdaỉ flats. (Hoang Chau, , . .)• 

Alternative 3 : New Alignment in Lách Huyên and channel 
through Ha Nam 

This alternaíive will of course have an impact ôn social, economic and 
cultural conditions in Ha Nam isiand. The neaiiy ]50 m wìde Ha Nam Canal 
will make a new cút through the Ha Nam lowlands between the west-entry o f 
Tráp Canal and Thân Trân avoiding the human settỉement areas. 

Social impact is expected - for íhis alternatìve - to be mainíy : 

a. loss o f approx. 75 ha of ỉand (paddy íìelds, rice-fìe!ds) ; this ỉoss can 
eventually be compensated partially i f Ít ĩs decided to landíìll the Tráp 
Canai ; 

b. increased communication điíĩícuities with mainland (2 canals to cross) ; 
can aỉso be solved by ỉandííiling the Tráp Canal. 

The modiíied current field át ebb and ílood will have little or no eíĩect ôn 
extra sedimentation aiong (he banks of Lách Huyên (see par. 4.2.). 

However, Ít is expected thát increased sedimentation witl occur in the 
existing Nam Trieu Channel aíTecting may be the íishing activities in this 
area. 
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4.5.5. Alternative 4 : New alignment in Lách Huyên and channel 
through Tráp CanaL 

The wiđening of the existing Tráp Canal (now 80 m wide) to approx. 150 m 
wiỉl of course have a social impact mainly because of the loss of approx. 50 
ha o f land. 

Other social impacts are similar to íhose describeđ for alíernative 3 (see par. 
4.5.4.). 

4.5.6. Conclusion about Social ỉmpact 

Based ôn the above-mentioned consiđerations the foỉlowíng preference-

classification of the channel alternatives is proposed : 

- best : Alternative Ì 
- seconđ besí : Alternative 2 
- medium : Alternative 4 
- least: Alternative 3 
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4.6. ENVIRONMENTAL IMPACT 

Coastal zones like the one in the bay of Hai Phong have been dubbeđ the 
bioíogically most productive marine envìronments. 
Many countries and large numbers o f human beings depend ôn the 
production o f íìsheries along the coast nót only for food ìncome anđ 
employment, bút for foreign trade as weỉl. Thus, there is a need to protect 
these areas from poỉlution, from extensive exploitation and from any ađverse 
impact in order to susíain their productive condiíion and the overaỉỉ aquatic 
ecosystem of which we - humans - are part of. 

As for Oíher Southeast Asian regions, any mạịor works modiíying natural 
condiíions, ít is perhaps recommenđed thát an in-depth environmental impact 
assessment be conducted, !ess physical, biologicaỉ, economic and sociological 
consequences deveỉop which would negatìveíy reílect ôn the benefíts đerived 

„frorn ̂ ẹ^urxent^prcýec t^HÂECON-ee t ỉ ỉ é prơvkỉe- the expertise to carry-out 
such E.I.A. 

In this area anđ in reỉation to the đredging works - both capital and 
maintenance - the environmental impacts can be relaíed to : 

Ì, impact ôn benthic ecosystems in the dredging areas ; 
2. impact ôn beníhic ecosysterns in the dumpỉng areas and the areas 

affected by the dispersion o f fme-grained rnud partícles ; 
3. impact ôn mangrove-ecosystems (when used for thin spreading 

disposal, or i f bank erosion does occur, . . . ) ; ôn the fìgure 4.6.1. 
be!ow, a satelỉite-image o f the area (SPOT Panchromatic View ....) 
is given ; the dark-red and black areas ôn the rìver banks indicate 
the mangrove ecosystems wiíh their complex tidal gulley systems. 

The deepening anđ wiđening of the existing Nam Trieu Channel WÌ1I aíTect 
the ũrst 0.5 m of the sediments to which the benthic ecosystem is closely 
linked. 

Environmeníai impacts in the dredging areas can be linkeđ to (common to a!ỉ 
alternatives) : 

a. destruction of benthic communities of sessile organìsms ; 
b. stress-inductions due to disturbance, noise, ... 
c. spillage of oi), fuel, ... (accidental) ; 
d. remobiỉisation of nutrienĩs in muddy sediments and temporal 

eutrophication ; 
e. increase o f oxygen demand in waíer coiumn ; 
í changes in saiinitỵ. 
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Environmenta! impacts due to capiíaí dredgỉng works are generaỉỉy 
temporary lasting as long as the execution of the works (approx. ì year), and 
are proportioned to the area covered hy the works. 

Much bìgger impacts (lasting as long as the works are execuíed) can be 
expected ôn the disposai areas of the dredged material and the areas aíĩected 
by the dispersion of the dump-losses both upland and aquatic : 

a. burial o f sessiỉe organisms ; 
b. modiíìcation of substratum anđ consequentỉy o f habitat; 
c. increase o f water turbiđiíy ; 
d. increase o f nutrienís by reỉease during đumping ; 
e. increase o f oxygen demanđ in the water column. 

Ai! the environmental impacts ôn the disposal areas are however the same for 
all the four channel-aỉternatives. Consequentiy, no signiíícant difFerences can 
be expected in this respect. 

" l ĩ ĩíTthẽreíorẽV recoiĩìiĩiẽrìđếđ to ẽxẽCũte"âđeđicateđ Environmentaỉ ÍTĩipact 
Assessment (EIA) once the channei has been selected. Moreover, ít is 
recommendeđ to execuíe a piỉot-test with ecological monitoring to assess the 
feasibility of disposai by thin-spreading into the mangrove areas. 

Regarđing the Environmental Impacts related to the aquattc dumping of 
dredged material, HAECON recommends to follow the speciíications o f the 
London Dumping Convention (1972) and more speciíìcally the 1983, 

"Guiđelines for the Management o f Dredged Materiaỉ" (accepted by the Osio 
Commission (OSCOM) and prepared by Belgian Experts) in which the 
Concept át Best Environmentai Practìce (BÉP) to opíimise the disposal o f 
dređged materiaỉ was introđuced. The OSCOM Guiđeỉines đescribe the 
foIIowing items to be addressed in the choice of a dumping program : 

Ì- optimise the dispQsal quantities : íhis means minimise the quantity of 
dredging volume to a minimum ; 

2. Improve ìhe sediĩTìent quaỉiĩy : only appiicable i f the geochemical sediment 
characteristĩcs indicate potentiaỉity of íoxicity, and ađverse biochemical 
eíĩects ; 

3. MiniìTiise the eíĩecĩs caused by the disposal of dredged maĩerial : this 
rneans choose a dumping site in order to minimize redispersion and 
recirculaiion of dump-losses and improve the eíĩiciency of disposal 
operations (e.g. increase hopper density, . . . ) . 
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Fỉỉiure -Í.6.Ĩ. 
S P O T vicw of stuđy arca with iiKlication ofroangrovc arcas (21-05-88) 
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4.6.1. Alternative 1 : Deepening and vvidening the existing Nam 
Trieu Channel 

The area covered by the deepening anđ widening works o f the exisíing Nam 
Trieu Channel is approx. 500 m X 35,500 m = 17.75 km 2 . In comparison to 
the approximately 320 km 2 water surface of the Hai Phong Bay and river 
system, this means thát the works will affect approximately 5 % of the whole 
benthic ecosystem. 

Deepenịng and widening the exisíing channel will mođiíỳ the salt wedge 
penetration causing more saỉine waters to penetrate into the Bách Dang. This 
modiíìcation is likely to aỉter the beníhic communities. 

4.6.2. Alternative 2 : New Nam Trieu Cbannel 

There is no signiíìcant điíĩerence between Alternative 2 and Aỉíernative Ì 
regarding : 

Ì. the iníluence o f the dređging works ôn the benthìc ecosysíem ; 
2. the increase íìirther ỉandward of the salt wedge. 

4.6.3. Aíternative 3 : New alignment in Lách Huyên through Ha Nam 
Canai 

These dredging works of this alternative will aíĩect approximateỉy 6 % of the 
whole ecosystem. 
Salt wedge penetration íurther landvvarđ in the Bách Dang is also occurring 
for this alternaíive to approximateỉy the same extent as Alternatives Ì and 2. 

4.6.4. Alternative 4 ; New aỉignment in Lách Huyên through Tráp 
Canal 

These dreciging works of this alternative wiiỉ have an impact ôn 6.25 % o f 
the whole ecosystem of the bay (which is nót sìgniíìcantíy different from 
Alternatives ì, 2 and 3. 
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Saỉt weđge penetration further landward in the Bách Dang is here the least of 
all the four aỉternatives. 

4.6.5. Concỉusions about environmental impact 

Although a dedicated E I A (Environmental Impact Assessment) should fírst 
be conducted, Ít is yet possible to compare and (preliminary) classiiỳ the 
different alternatives from an environmental irnpact point of view : 

best ; 
second best : 
medium : 
least ; 

Alternative 4 
Alternative 3 
Alternative Ì 
Alternative 2 
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4.7. NAUT1CAL ACCESSÍBILITY 

4.7.1. Genera 

The diữerent access-channeỉs proposeđ in this study are designed according 
to the internationalỉy accepted safety ruỉes regarđỉng width, keel-clearance 
and bending radius. 

However, there are a number of other aspects related to the nautical 
accessibilitỵ vvhich are important to be meníioned because they might 
iníĩuence the decision-taking regarding the best channel These aspects are 
reỉated to : 

_a,- -the presencẹ o f two-way traffic sections ; 
b. the occurrence o f cross-currents ; 
c. the length o f the channel ; 
d. the potentiality for future deveỉopments (widening t deepening, . . .). 

The different alíernatives wilỉ now be screened for these different nautical 
aspects. ít has been assumed thát the traíĩìc capacity - this is the maximum 
number of sailing ships per tidal cycỉe - is equal for all íbur alternatives (for 
Hai Phong the OíTice ofMar i t ime Safety accepts a time interval o f 30 min. 
between 2 ships), 

4.7.2. Alternative 1 : Deepening and widening the existíng channeỉ 

Alternative ỉ wiỉi present one single channeỉ stretch o f approx. 2,400 m in 
Bách Dang downstream where two-way traffic is possible (width = approx. 
200 m - 250 m) ; a better regulation of íishing activities ôn the banks is here 
required. 

The same cross-current paííern for navigation as' in the existing situation is 
expected to prevail despite the better channelization o f mainỉy the ebb-flow 
due to the deepening. However, ít must be emphasiseđ thát nowadays cross-

currents are rather íimited to approx. Ì knot mả 30° drift angle (during 
fìood) causing no signiíìcant navigation hinđrance. 
Therefore Ít is nót expected thát for aỉternative Ì problems of cross-currents 
will be significant. The cross-currents át the entrance of Dinh Vu Cạnai are 
common to all four the channel-íìlternatives. 
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The length of the channel fi 'om buoy "0" to Hai Phong Main Port is síill 35.5 
kin. 

There are no speciíìc limitations foreseen for ílỉrther nautĩcal accessibility 
improvement excepted the common Dinh Vu Canai width. 

4.7.3. Aỉternatỉve 2 : New Nam Trỉeu Channel 

Alternative 2 wilỉ aỉso have one single channeỉ stretch of approx. 2,400 m 
ỉength in Bách Dang downstream reach where two-away traíĩìc is possibỉe 
(width - 200 - 250 ni). 

Because of the better aỉígnmení of the channeỉ with the prevailing tidal 
currents this aỉternative WÌH provide a channel exempted from signiĩícant 
cross-currents. 

The íength of the channel f rom natural waterdepths ìn the Guỉf o f Tonkin to 
Hai Phong Main Port is 34.5 kin, ỉ km shorter than alternative Ì, 

4.7.4. Alternatìve 3 : New aiignment in Lách Huyên through Ha Nam 
Canal 

This aiternative wi!ỉ provide 2 stretches of navigation channel where two-

way traffìc is possible, rendering this alternative quiíe attractive from this 
point of view : 

a. in Bách Dang Downstream reach 
length : 750 m 
bottom wiđth ; 200 - 250 m 

b. in Lách Huyên 
length : 4000 m 
bottom wìdíh : 500 m 

Alíernative 3 is we!ỉ aligned \vith the sometimes quite strong tidal currents in 
the Lách Huyên and therefore no navigatìonal problems due to cross-currents 
are expecled here. Some problems may rise by entering and exiting the Ha 
Nam Canal ; therefore the entrance and exit wili be designed localỉy with a 
greater bottom width o f the canal (200 m). Nevertheỉess the magnitudes of 
diíĩerentiai -cross-currents are noi in thát order thát navigation will be 
rendered impossible. A special training programme for pilots could 
eventuaíỉy be ĩoreseen. 
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The length of the channel is approx. 39.5 km which is 4 km longer than 
aỉternative 1. 

Puture development o f the channel wiil have to talce into account the riverine 
development along both banks of the Ha Nam Canal : Ít is diíĩicult to say 
now whether this wilỉ form a problem for fuíure widenings or deepenings. 

4.7.5. Alternative 4 : New aiignment in Lách Huyên through Tráp 
Canaỉ 

Here aỉso 2 stretches o f possible two-way traíĩìc are associated to alternatìve 
4 (cữ. alternative 3). Moreover, in the fìjture the Ha Nam CanaỊ concept as 
bỵ-pass could stiĩí be developed ìn order to create a thĩrđ two-way trafRc 
stretch (with Tráp Canal). 

Ĩ^a rđrng- thexrơss ; : cưưẽn t s7s"õrn^spec ia l care WĨĨI be needed át the entry 
anđ exit of the đeepened Tráp Canal. ít is expected however thát the 
diíĩerential cross-current paítern át Lách Huyên entry of the Tráp Canal will 
be ỉess than for the new Ha Nam Canai because the tidal currents are weaker 
here. Piỉot training with nauticai simulaíions could greatly ỉmprove the 
experiences in these particuỉar circurnstances. 

The lengíh o f the channeỉ for aỉternative 4 is approx. 40 lan. 

Future developments wiil as for alternative 3 have to tatce into account the 
riverine iand-ụse and development along both banks o f the Tráp Canal. 

4.7.6. Conclusions about nautical accessỉbiHty 

ít is felt thát the possibilities of two-way traíĩic and the cross-cuưent pattern 
in the ofFshore reach of the channel alternaíives are the dominant selection 
criteria regarding nautical accessibiỉity. 

Therefore, the folỉowing cỉassification o f the aỉternatives for nautical 
accessibility is given as fo!iows : 

best : 
second best : 
medium : 
least : 

Alternaíive 4 
Alternative 3 
Aỉternative 2 
Aíternative ỉ 
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5. MA1NTENANCE D R E D G I N G R E D U C T I O N 
M E A S U R E S 

5.1. OPTIONS FOR MAINTENANCE REDUCTION 
INFRASTRUCTURES 

• OPTĨON ĩ : Improvement with sedimentatỉon basin. 

One possibility to minimise the siltation in the Nam Trieu Channel 
(alternative Ì mổ 2) is to dredge a sedímentatíon basin in the upstream 
part. 
Such a sedimentation basin may provide ađvantages with respecí to the 
concentration of the sediments in a limited area (silí-írap). 

• OPTION 2 : Improvement with use o f naturaỉ spỉt. 

Making use of the naĩural spit (alternative 3 & 4) oíĩers another possibility 
to reduce maintenance dredging in the channel. 
Along the northern part of the straight section of Lách Huyên, ôn the west 
side, a shailower zone extends in the direction SSE-NNW. 
This zone might oíĩer a natural protection againsí ỉateral inflow of 
sediments in the channel. 
Such proíecíion shall.be eíĩective provided thís zone is zone's tóp level is 
high enough. Therefore, an artiíìcial suppíy of material (síones / sand) 
might be necessary. 

• ọ p T I Ô N 3 : ĩỉnprovement with training walỉ. 

The lateral infìow of bottom sediments mighí be ređuced by building a 
training wall paraỉlel to the axis of the Nam Trieu / Lách Huyên channel 
(aỉternative Ì, 2, 3 and 4). 
The proposed síructure is a submerged aibble mound breakwater to be 
constructed ôn bamboo mattresses as íòunđatỉon anđ erosion proíecíion 
layer. 
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Parallel to these works M Ó T pỉans to build a number o f hỵdraulic 
inĩrastructures or execute interventions very likeiy to iníluence or interfere 
with the above - rnentioned options : 

1. the sequenĩial removal of the Dinh Vu dam combined wiíh the dredging of 
a channel in the oỉd Cam River ; 

2. the constructíon o f 4 groynes ôn Bách Dang ieft bank ; 
3. the construction o f 9 grovnes in the Cam River. 

With respect to the management o f the rnaintenance dredging and in 
compliance with the underkeeỉ-clearance principỉes sét íbrth for ship's safety 
the following is recommended : 

ỉ . Monĩhly surveys (2-3 weeks interval)on reference cross-sections (50) in 
the area of niaxiinum sedimentation coupỉed with automatic data-

processing; 

2. Programming o f a rnoníhiy mainĩenance dredging allowing a maximum 
sedimentation of 0.50 in ; this will probably imply the setting-up of an 
ímproved đredging fleet or the avaiỉability of dredgers ; 

3. Carry-out the maintenance dredgìng in box-cut over the bottom width and 
nót ôn sỉopes ; natural coỉlapsing and sliding will be induceđ and will form 
part o f the mainíenance work ; 

4. Dumping the dredged materiaỉ át an appropriate dumping site (great water 
depths or oíher seđimentoiogical regime) so as to prevent recirculation o f 
dump losses back to the channel and in orđer to comply to the guiđelines 
o f the London Dumping Convention for rnarine aquatic disposal o f 
dredged material. 

5. Execute bottoro-leveỉling with sweep-beam to move shoals into deeper 
parts o f the channel (maximum levelling đistance : 2,000 in). 
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5.2. CONSTRUCTION OF A SEDIMENTATỈON BASIN 

Sedimentatỉon basins are constructeđ to concentrate the sedimentation o f a 
channel in ì singỉe locaíion, to improve the dredging productivity by 
increasing the in-situ soi! density (consolidation) and to buffer sudden 
sedimentation peaks. 

ít has however been expỉained previously thát seđimeníation in Hai Phong 
bay is very closeiy ỉinked to hydrodynamic events such as storms, 
typhoons, .... The mud sediments are stirred úp and mobilised as fluid mud 
density flows or as suspensìons. Together wiíh the advecíed river sedimenís 
will ỉhese muđ densìty fìows then settle in the areas where nodal poinís o f 
resĩduai transport prevail ; these nodal points are Iinked with the salt wedge 
penetration and the posiíion may vary between Bách Dang đovvnsíream and 
5 km South of Aval depending upon : 

a. the tidal coeíĩicient,_ """ 
b. the river discharge ; 
c. the wave activity. 

The exact location wií! be diíĩìcUt to defme for Alternative Ì and 2 because 
o f the great range in position of the residual nodal poiní. lí is known thát for 
the điíĩerent industrial expansiori projects in Hai Phong there is a need for 
ỉandíill material. South East of Dinh Vu aỉong the western submerged sand 
spit o f the Bách Dang, there is quiíe a laree body o f sand. A possibỉe synergy 
couỉd be created here by the creation o f a large sand extraction area which 
afterwards can be used as a siit tráp. For Alternative 3 and 4 in the Lách 
Huyên, the sedimentation basin is easy to iocaỉize át the spots where the peak 
sedimeníation occurs : ôn each side o f the oíĩshore bar (2 íirnes : ± 2,500 m 
long). 

ít must be clear however thát the sedimentation basin concept does nọt 
mi ni mi se the quantiíy of inaintenance dredging bút makes Ít easier to manage 
the siltation. 

The preiiminary design of a typical sedỉmentation basin (siỉt tráp) suiíable for 
the access-channel ỉo Hai Phong has the following dimensions : 

- length : 2000 m 
- width : 300 m 
- geometric capacity : ± 3 M m 3 

The opportunity of a sedimentation basĩn (silt tráp) will greatly depend upon 
how M Ó T pỉans to organise the future maintenance dredging works. 
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5.3. REDUCTION OF LATERAL INFLOW WITH TRAINING 
WALLS AND REINFORCED SAND SPITS 

5.3.1. General 

From the mathematicaỉ simulations Ít appears thát signiíicant quantities o f 
fìuid mud are produced under storm activity. These íluìd mud flows by 
density driven currents laterally into the channel(s). 

This phenomenon of lateral infìow occurs mainly ôn the shaỉlow parts of the 
Hai Phong Bay and more specially aỉong the Nam Trieu, the subtidal flats 
south o f Dĩnh Vu and to a lesser extent át the seaward reach o f the Lách 
Huyên offshore bar. 

Training walls or reinforceđ (heightened) sand spits bordering the access-

channei couỉd provide valuable inírastructures to reduce íateral inflow of_ 
mud or even liquiíìed sand (spit). Training walls wj]j "Ót reduce 
sedimentaíion due to river seđiment supply or due to upstream migratìon o f 
sediments mobiliseđ oíĩshore under síorms. 

Moreover, the length of the access-channeí to be protected by training walls 
is important in the decision making process because they will determine the 
infrastaicture costs. 

The construction methodology rnusí be done in ftjnction o f : 

a. eíĩiciency agaínst íateral infìow 
b. geotechnical soiỉ stability ; 
c. slope evolution of channel banks ; 
d. costs. 

5.3.2. Lay-out 

Because the training wall - in combination vvith the natural sand spits - is 
essentiaỉly meant to reduce ỉateral ìnfìow (by density nearbed sediment flow) 
Ít is obvious thát the ỉay-out and the length of the structure will be diíĩerent 
according to the alternatives considered (see also drawing 34.20.008) : 
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Aíternative ì : - approximately 2 X 6,500 m 
- ôn boíh sides of the Nam Trieu Channeỉ 

Aíternaíive 2 ; - approximaíely 5,000 m 
- ôn the Easí Bank of the Nevv Nam Trieu Channel 

Alternative 3 : - approximately 5,000 m (wet constructiotì method) or 
10,000 m (dry construcíìon method from Ha Nam) 

- ôn the Wesí Bank of the Lách Huyên Channel 

Alternative4 ; - approximately 5,000 m (wet consíruction method) or 
10,000 m (dry construction method from Ha Nam) 

- ôn the Wesí Bank of the Lách Huyên Channel 

5.3.3. Efficỉency ôn sedimentation reduction 

______Because the-fFrajor đđvihg Torce for sedimentation o f excavaíed channels ìn 
these areas are governed by moves Tròm storms and íyphoons, ít is expected 
thát the eíĩìciciency of a training wal! wii! be determined by its ability to 
interrupt the major sediment supply by density fìows. The training waỉl will 
obviousỉy nót impeđe ôn suppiy by saspension, đecantation, sỉope 
weakening, river and/or oíĩshore supply. 

Moreover is Ít to be expecíed thát the traíning walls wil l induce a speciíic 
modified wave and currení cỉimate wiíh particuỉar scouring around the 
exíremities. 

ít is expected thát the traìning waỉỉs will reduce the specifíc đensity flow 
sedimeníation with ± 30 %, reducing the overall required maintenance 
dredging wiíh ± 20 to 25 %. This is deduced f rom the computaíions of the 
ratio between suspension and bedỉoad transport (see í igure 5.0). 
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Storm conditions. Buoy 0 

Fiỵure 5.0. 
Calculí itcd propoi-tion beíMcen suspcndcỉỉ AiHÌ bcd-Ioađ flux 

5.3.4. Construction 

The training walls are proposed to be constructed as rubble-mound 
structures with a fíiter íòundation (erosion protection). Ôn tóp o f the sandy 
seabed, a gravel ỉayer is laid ôn tóp of which a quarry stone layer is dumpeđ. 
The sand and stone layers are the íìiter íòundation for the armour tóp ỉayer of 
concrete blocks of approximateỉy 3 tons each. 

Two construction methods are envisaged for the training walls ; 

a) ciry meĩhod where the start of the wail is initiated either át Dinh Vu or ai 
Ha Nam Island (iength : 10 km) ; 

b) wet method where the subsequent layers are dumped from barges 
(iength : 5 kin). 

ỉ 5-07-96 BME/GDP/DDT/VAHI351/OOÓ52 - 2Ỉ2 



5.3.5. Recommendation for construction planning 

Because the eíĩiciency of the training wall is noi weỉl known Ít is proposed to 
adopt the fo!lowing planning : 

- excavation o f the stage Ì of the channel đevelopment (ưrgent Channel 
Development) ; 

- observe sedimentatỉon ìn outer reaches; 
- after evaỉuation of real sedimentation raíes decỉde upon construction of 

training walỉ and/or stage 2 of the channel deveỈQpment (Fulỉ Channel 
Development). 

15-07-96 B M E / G D P / D D T / V A H 1 3 5 ỉ/00652 -213 



5.4. REMOVAL OF DINH v u DAM 

The rernoval of the Dinh Vu Dam has been pỉanned for a ỉong periođ by 
MÓT. This intervention will invoỉve the dismantlement of ca. lOOm of the 
2 dams and the dredging of a canal in the course o f the Oỉd Cam River. 

To evaluate the effects of these works the mathematicaỉ simulations ôn f low 
alterations and ôn modifíed sedimentation/erosion íluxes have been executed. 

Ôn fígure 4.2.15.a and 4.2.15.b (see par. 4.2.) the modifíed ebb and íìood 
flow after removaỉ o f the Dam are shown. ít is obvious thát the effect ôn the 
ílood is aímost insigniíícant compared to thát one oa the ebb. 

Ôn í ìgure 5. ì - the modiíìed sedimentation/erosion íluxes after removal of the 
dam is shown. 

When comparing the sedimentaỉion/erosion flux after removai of the Dinh 
Vu Dam with the actual and deepened situation the foilowing concỉusions 
can be made : 

1. sedimentation in Nam Trieu most ỉanđward section wilỉ increase 
only slightly ; 

2. sedirnentation in đownstream part o f old Cam River will increase 
signifícantly; 

3. sedimentaíion ôn Bách Dang Banks wilỉ reduce slightỉy. 

In our opinion is the principỉe of restauring the old river hydraulics and 
sediment transport by the removaí of the Dinh Vu Dam a good idea. 

From the modeiling resuits Ít appears however thát the removaỉ of the Dinh 
Vu Dam as Ít is pianned today wi)l have a ven/ ỉocaỉ iníluence ôn the 
sedímentatíon and erosion. 

ít is clear thát the pỉanned vvorks regarding the Dinh Vu Dam are too small 
to be eíĩective : a much larger section and wider canal linking the Cam Rỉver 
with the Bay shouid be necessary. 

The demolition, dredging and bridging works are estimated by the P'sC of 
Hai Phong to approx. 3 MUSD. ít is thereíbre recommended to study the 
opportunity of these works in more detaii. 

15-07-96 B M E / G D P / D D T / V A H ỉ 351/00652 - 214 



A dedicated síudy to assess the eíĩects of diíTerent Cam channel lay-ouis 
should be conducted. In this study - to be based ôn modelling works - the 
eíĩects ôn sedimentation/erosion patterns must be studied for : 

- channel widths : 20 m to 50 m ; 
- channeỉ depths C.D.-3.5 m to C.D.-7.9 m ; 
- channel lengĩhs ; 7 lem tót 14 lem. 

Afìer evaluating these eíĩecĩs a sound decision ôn the most appropriate 
demolition works can be taken. 
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FỈỊiure 5. ỉ. 
Mođittecl scdimcntation/crosion flux lìỉtcv rcmoval oi Dinh Vu Dam 

(<Iry season, spring tidc) 
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5.5. CONSTRUCTION OF RIVER GROYNES 

In Viet Nam there has been considerable experience gained the íast 10 years 
about the constaiction of river groynes designed for : 

a. channelize the flow and protect the river banks ; 
b. ìnduce the seIf-scouring o f the river bed. 

The eíĩectiveness of river groynes ôn the sedimentatỉon/erosion is however 
to be consiđered ôn a locaỉ scaie. The índuceđ mođifíed f low fíeld wiỉỉ have 
indeed only locaỉ eíTects ĩníluence distance (Iimiteđ to 3 to 5 íimes the 
groyne-length). From the seđimentGỈogicaỉ simulations and investigations Ít 
appears thát the dominant sedimentation mechanism is the baỉance of residuaỉ 
sedimení transport ôn a large scale (approx. 10 km). 

ít is probabỉe thát the groyne -fíelds ôn Bách Dang will much aíĩecí the 
siltation rate in Nam Trieu bút wi]] rather help to improve the naturaỉ scour in 
front of Dinh Vu. Probabỉy thát loca! erosion wìỉỉ occur associateđ wiíh 
increased (proportionaỉ) sedimentation íurther downstream in the Bách Dang 
pit. The 7 groyncs in the Bách Dang are yeí terminateđ. 

The executed and planned groynes in the Cam river can be considered as 
eíĩecĩive measures to expell river seđỉments inío the Bách Dang (or old Cam 
River afíer removaỉ of Dinh Vu Dam 9 ) . They wi!l ereatly help to reduce 
maintenance dredging after íliture đeepening of the Cam River and in front of 
the berths. lí is recommended however thát the design of the river-groynes 
should be done in accordance wỉth the channeỉ desiíín. 
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5.6. MANAGEMENT 0 F MAINTENANCE DREDGING 

When analysing the current practice oi" maintenance dredging versus the 
sedimentation mechanism and the sediment dynamics some improvement-
suggestions may readily be íòrmulated : 

a. dumping o f ciredged material following the present day practice is likely to 
induce recirculation ; thereíbre ít is advised to dump the dređged material 
át least át 5 km from the channel and át least át 12 ni waterdepths ; this is 
expecteđ to reduce recirculaíion to a great extent; 

b. careful monitoring of the channeỉ bed evolution by executing ữequent 
bathymetric survey (one cách 2-3 weeks) along ± 50 standard cross-

sections ; the bathymetrìc survey should be linked to a computer-

processing to allow rapid map-prođuction ; 

c. programming a monĩhỉy maintenance dredging (e.g. vvith a Traiier Suction 
Hopper Dredger in stand-by) in order to control the nautical depth and 
nót to aI!ow shoalings of more than 0.50 m , 

d. execute the dredging in boxcut ôn the bottom width and avoiđ less 
productive slope dredgíng ; 

e. execute boĩtom-levelỉing with a sweep-beam to leveỉ shoals into deeper 
parts of the channe! (maximum economic distance : 2,000 m). 

To implement this option, speciaỉ care must be given to : 

a. a fast seaworthy bathymetric survev vessel ; 
t>. an office-based off-line processing anđ mapping system ; 
c. a Aexibĩe dredging tleet (existing one, acquis i t ion of a dedicated Trailing 

Suction Hopper Dredgér or contracting a specialised dredging company) ; 
d. an accurate dredger positioning system with plotter; 
e. ạ svveep-beam test. 
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6. MULTI - C R I T E R I A ANALYSIS 

6.1. GENERAL 

The multi-criteria analysis proposed here is preliminary because no weighing 
o f the different criteria is appiied. ít is proposed to give a weighỉng factor 
aữer presenting this report to M Ó T and getting the remarks. 

The channei-alternatives have been evaỉuated for the diíĩerent criteria and a 
classification from Ì (least) to 4 (besí) has been given based ôn the results of 
this study-report. 

6.2. MULTỈ-CRITERIA ANALYSIS 

In tabỉe 6.T. Ì. the diilerent channel aỉternatives are given togeíiier wiíh the 
criteria , the classificatỉon is oiven wỉth numbers from ỉ (least) to 4 (best). 
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Tabỉeổ.T.L 
Multicrìtcria aiiiilysis of the diiĩerciìt acccss-channẹl a!t<jrnativcs ta Hai Phong 

., * 1 ĩ ì ti 1 í _ „ l 
Ế Í Í r ị ì L w J tLi-• i.i .ị i t ầ l i i l ta 

CRITERÍA 1. E X I S T I N G H A M 
TRIEƯ C H A N N E L 

2. N E W N A M 
T R I E U C H A N N E L 

3. LÁCH H U Y Ê N 
T H R O U G H 

C A N A L HA N A M 

4. LÁCH HUYÊN 
T H R O U G H TRÁP C A N A L 

1. Capital dredgìng 4 3 1 1 

2. Hydraulic and sedimcntological 
impact 

1 3 2 4 

3. Maintenance dređging 1 1 3 4 

4. Channcl Slabiỉily ỉ 2 3 4 

5. Social impíict 4 3 1 2 

ó, Environmcnlal impíìCl 2 í 3 4 

7. Naulicaỉ accessibility ] 2 3 4 

Sum oĩquotalion 14 16 16 24 
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ít is quite obvious from íhis multicriteria-analysis thát Alternaíive 4 in Lách 
Huyên ãlỉgnment is to be highly recominended. 

Consequently, tlìis alternaíive 4 wiỉl be described in the following chapter 
"Preìiminary Design". 

6.3. CONCLUSION ABOUT CHANNEL ALTERNATIVE 
SELECTiON 

The preỉiminary muỉti-criteria analysis proposed in this report is much in 
favour for the Lách Huyên alignment: Alternative 4. 

This Aỉíernaíive 4 involves an access-channeỉ in the Lách Huyên má makes 
the Iink with Bách Dan" through a (deepened and widened) Tráp Canal. 

ít must be said thát - apart Tròm the advantages ỵet formuìaíed during the 
multĩ-criteria anaỉysis - this Aỉternative 4 also oíĩers the ađvantage nót to 
create irtuch iess interference between the capìtaỉ đredging and the ongoing 
traíĩic. 

According to the recommendations of TEDĨ íhe foỉlowing criteria ciassiíìed 
from high to ỉow importance - have to be adopted : 

1. Capitai investment (we']£iht : 5) 
2. Maintenance dredging (weight : 4) 
3. Safety of ship's navi«ation (weight : 3) 
4. Social/environmental impact (weight : 2) 
5. Possibiỉities for further deveỉopment (vveighí 1) 

With íhese weighing facíors another multi-criterium analysis can be done (see 
tabỉe 6.T.2. This anaỉysis leads to the same conclusions as the one mentioned 
in par. 6.2, i.e. thát Ahernative 4 is the best appropriated Access-Channel 
Route to Hai Phong. 
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Crilcria Allcniativc í : Altcrmuive 2 : AKernalive 3 ; Alícrnalive 4 
Exisling Nam Nc\v Nam Lách Huyên + Lách Huyên + 
Tricti Chíiiuicỉ Tricu Cỉiíinnel ria íNíirn v^anai í ráp canai 

1. Capĩtal Investment 20 15 5 10 
2. Mainíenance Dredging 8 4 12 16 
3, Saíctv of Ship's 3 ó 9 12 

Navigation 
4. Social/Envừonmemal 4 4 4 , ó 

Impact 
5. Possibil ít ics íbr íurUier 4 3 1 2 

development 
Sum of qtiotíition 39 32 31 46 

7ffft/g 6.T.2. 
\Vdịỉl)lcíI multi crỉtcrỉa iinalỴsis 

15-07-96 BME/GDP/MVE/VAH1351 /00652 -222 



7. PRELỈM1NARY D E S I G N 

7.1. GENERAL 

Alternative 4 i.e. New Alignment in Lách Huyên íhrough Tráp Canal has 
been proposed as the best appropriated Access Channei route to the Port of 
Hai Phong. 

This aỉternative 4 wilí now be presented wiĩh speciííc data regarding the 
preỉiminary đesign. This preliminary design is to be reviewed with the 
comments o f MÓT, the 1995 geotechnical survey đata and other design đata 
t sã ĩẽ l l t ĩ^HTĩagerỵ , naut ica! e x p e r l i s e , ; : . ) : " ~ " 

A part from the basic đesign characterìstics o f the channel two other aspects 
will also be reviewed : 

* the dumping o f the capital and maintenance dredged materials ; 
* the opporíunity o f a t r a i n i n g wa!I in the Lách Huyên oíTshore bar area (ío 

reduce íìuíd mud inflow). 
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7.2. CHANNEL DESỈGN 

The characteristics of the proposed lay-out are given in tabỉe 7.T. ì. for the 
íìrst stage and in table 7.T.2. for the second stage. 

Desìgn proíìỉe Lách Huyên 
(Section ì) 

Tráp Canal 
(Scction ÍT) 

Bách Dang 
(Section l í ) 

Cam River 
{Section IV) 

- KM 
- nautical depth 
- channel dredged ỉeveỉ 
- bottom width 
- slope 

39.80 -20.38 
CD - 7.20 m 
CD - 7.70 m 

100 lì! át CD-7.70 m 
1/15 

20.38 - 16.50 
CD - 7.20 m 
CD - 7.50 in 

SO ni át CD - 7-50 in 
1/5 

16.50-8.60 
CD - 7^20 m 
CD - 7.50 in 

80 m a t C D - 7 . 5 0 m 
1/7 

8.60 - 0 
CD - 7.20 m 
CD - 7 50 ra 

80 m át CD - 7.50 m 
1/7 

Tahlư 7. r. Ị. 
Chiinncl í lesi»n toi' iiỉtmiittive 4 

Staỵe Ì : Dr»cnt Chiinncl Rchiihilitation Phin 

Design protìle Lách Huyên 
(Section ì) 

Tráp Cíinal 
(Scctiou 0} 

Bách Dang 
(Sectian.ni).. 

Cam River 
{Section IV) 

- K M 
- naulical deptli 
- cliannel cỉredged leveì 
- bottom width 
- slope 

39.90 -20.38 
CU - 8.50 ni 
CD - 9.ôn m 

100 m á t CO-9.00 in 
1/Ỉ5 

20.38 - 10.50 
CD - 8.05 m 
C D - 3.35 ni 

SO mai CD-8,35 ni 
1/5 

16.50-8.60 
CD -7 .85 m 
CD-8.15 m 

80 in át C D - 8 . 1 5 in 
1/7 

8.60-0 
C D - 7 . 8 5 m 
C D - 8 . 1 5 m 

80 mát C D - 8.15 m 
\n 

Tahỉc 7.T.2. 
Clnmnei đcsiỵn for a l í cn ia t ivc 4 

Stngc 2 : ClKinncl Development Phin 

N.B, : The sỉopes in the Tráp Canal are deĩined ôn 1:5 

Ôn íìgure 7.ỉ . a preliminary design of a cross-section ìn Tráp Canal is 
presented according to the requiremenís of T E D I . The slopes o f 1:5 may 
experience some instability due to wave and screw-actions generateđ by 
passing ships. In this Cítse Ít is accepteđ thát appropriate bank-protections 
(matrasses or gravel dumps) shoulđ be executed. 
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7.3. CAP1TAL DREDGING 

The capital dređaing volumes according to the route o f Alternative 4 
described ôn the drawings 34.20.115 (Maps : Dinh Vu to Hai Phong) 
34.20.116 (Map 2 : Ha Nam to Dinh Vu) and 34.20.117 (Map 3 : Lách 
Huyên) and to the Dìgìĩal Terrain Modeỉ of the 1995 Bathymetric Survey is 
described in tab!e 7.T.3. 

Scction Descripiion Stagc 1 
ư r g c n í Chnnnel 

rchabilitation plan 

Stage 2 
Chíinnel Deve ìopmcn t Plan 

Scction Descripiion 

Gcomcír icai 
volume 

Maíerií i l Geomcír ica ỉ 
voỉiiỉĩie 

Material 

ĩ 

l i 

in _ 
I V 

Lách Huyên oíĩsiiorc 

T r á p Ca nai 
__Eacli-Xhiiig-Upstrciim. 

Cam River + Dinh 
V u Canal 

7.000.000 m 3 

3.940,000 n i 3 

l-.IUKMiOO-m3 

1,590,000 n i 3 

F ì n e smid 
+ imiđ 
M u d 
•Mtrd-

M i t d 

10,600,000 n i 3 

4,570,000 m 3 

- ỉ,610,non ni
3 

2,160.000 m ' 

Fine sand 
+ mud 
Muđ 
M u d "' 

M t i d 
Total 13.830.000 m ? 

18,940,000 m
5 

Tahìe 7.T.3. 
Voltnnes of Ciipital (Ircíĩgỉng Í"(H' Alteni í i t ive 4 

( S t i i ị ĩ c l + 2 ) 

The capita! dredging itself wiỉỉ probably induce slightiỵ bigger quantities đue 
to immediate slope coỉiapse. Moreover, the hydraulic dredging of this 
materiaỉ wilỉ induce a dilution, probably with a facíor 2 to 2.5. 

The capital dredging itselí is proposed to be executeđ in a sequence as 
described in Tabỉe 7.T.4. 
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Sect ìon Descripliou Capilíil Drcciging Mcthod Produclion 
m 3 in situ/đay 

ì Lách H U Ỵ C H 1) Cmtcr Sỉiction D r c đ g c r \\:ith 
sidccasting (initìal trench) 

2) Trai icr Síicíìon Hoppcr 
Drcclgcrs (2-3 ; 3000 - iôoo 
i n 3 hoppcr) 

30,000-40,000 

10,000-15,000 

l i Tráp Cíiníil ì í Ị /Ir Ii l̂t̂ n l i y/^t ri n ứ r Hí! 1 l ì ữ ÍT m 
Luttcr i u c u o n ư í C G g e r \\iin õ K m 
dìscharge pipe (diam. 600 min) 

H ỉ Bíìcii Dang Cutlcr Suction Drcdger or 
Buckct Wỉiccl Dredgcr 
(200!) HP) + barges 

30,000 

15,000 

I V Cam Rivcr + Dinh V u Cultcr Sucíion Drcdgcr or 
Buckcí VVhcei Drcđgc r 
(2000 HP) + bargcs 

30,000 

15,000 

Capitul Dređỵi í iỊỉ Execdting Mctỉiixls 

7.4. AIDS TO NAVIGATION 

A new marker buoy system (with appropriaíe lightning for night navigation Ị) 
has to be instailed aíong the oíĩslìore part o f the new alignment of the 
proposed channel in Lách Huyên. 
Fixed ỉand based markers anđ lights can be installed along both banks of the 
Tráp Canal. 
In Bách Dang must the leađing lights be reaỉigned for the new channel 
alignment. 
In Cam river can the exisíing buoyage system be maintained. 
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7.5. DUMPING 

For the excavation of Lách Huyên oíĩshore bar (submerged spit) Ít is 
expected to đig into a 1.5 to 3 m fine to medium sand deposit. 

The capacity of the sand layer will probably nót exceed 2-3 M m 3 of sand. 
Hov/ever, Ít is expected thát this sand is wel! suited for Ịandfỉlí or beach 
replenishment. 

In the Tráp Canai itself, the soi! layers consist essentiaỉỊy of soft đark grey 
sandy siit (2.5 m), and an unđerỉaying soft day with high pỉasticity. 

For disposal and dumping of dredgeđ material see paragraph 3.4. and 
đrawing no 34.20. ỉ 14. The vasí mạjority of the capitai dredging volumes are 
expecteđ to be dumped ôn the aquatic dump site át such ạ place thát 

— recỉrculalion is minimiscd. 

7.6. TRAINING WALLS 

7.6.1. Layout 

The lateral Ìnflow of bottom sediments in the channel might be reduced hy 
buiiding a trainỉng walỉ paraỉỉel to the axis o f the channeỉ ôn the West Bank 
o f the Lách Huyên Channei with a length o f approximateỉy 5 000 m (wet 
construction method) or 10,000 m (dry consti-uction method) from Ha Nam 
(see figure 7.2). 

The proposed retaining strucíure is a rubbỉe mouncỉ dike to be constructed ôn 
a graveỉ layer as íoundaíion and erosion protection layer. 

The cost for thís training waỉi is estimatecỉ át 40,000,000 USD. 
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7.6.2. Cross section 

A cross section of the proposed structure is presented ôn íìgure 7.3. 

The training waỉi is proposed to be constructed as a rubble-mound structure 
with a filter íbundation (erosion protection). Ôn tóp of the sandy seabed, a 
graveỉ layer is laid ôn tóp of which a (quarry) stone layer is dumped. The 
sand and stone layers are the fíỉter foundation for the armour tóp layer of 
concrete blocks. 

The unit weight of the blocks can be calculated based ôn the local 
hydrodynamic condiíions, The tìrst estimate leads to a linh: weight of 
approximately 3 tons per block. 

7.6.3. Construction of the rubble-mound dike 

Two construction methods are envisaged for the training walls : 

a) dry method vvhere the start of the wall is inítíated át Ha Nam Island ; 
b) wet method where the subsequent layers are dumped from barges. 

To achieve an immediate scour protection o f the sea bottom, a soil 
protection with graveỉ is proposed. Also, during the building of the dam-

core, the surrounding area must be protected against erosion resulting from 
turbulence induced by the construction front. 

For the dry constaiction method the works are to be initiated frorn land by : 

- first, the graveỉ ỉayer; 
- secondly, the (quarry) stone layer; 
- fínaliy, the concreíe blocks together with an access roađ. 

For the wet consĩriiction method the gravel layer can be đumped by split-

barges in the trace-outline of the breakwater to a thickness of 0.50 m. Once 
the graveí layer is in place, pontoons with cravvler cranes can dump a 1.00 m 
thick íayer of stones. Also the placíng of the blocks can be achieved 
afterwards by pontoons with cranes. 
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8. C O N C L U S I O N S 

8.1. Afỉer having screened diíĩerent selection criteria for the 4 channel 
alternatives Ít appears thát the New Aỉignment in Lách Huyên with Ịink 
ĩhrough Tráp canaỉ (Alternaĩive 4) is the best appropriateđ access-channel 
soỉution for Hai Phong Port. 

Selection criteria used tồi' this screening are related to : 

volume (and costs) of capitai dredging ; 
hydraulic and sedimentologicaỉ inipact of the works ; 
the required maintenance đredging ; 
the horizontal, verticai and slope stability o f the channel ; 

- the sociaĩ impact ; 
the environmentaỉ impact; 
the nautical accessibility. 

8.2. The design of the access-channel to Hai Phong leađs to the following scheme 
(full channeỉ development) : 

- bottom width : 100 m (outer reach) ; so m (inner reach); 
- nautical depth ; C.D. -8.50 m to C.D. -7.85 ; 
- gross keeỉ-clearance : 1.70 m to 1.05 m ; 
- tidal window : C.D. +2.50 m ; 
- nauíical accessibility : 65 % 

8.3. Because o f economic contraints, the Vietnamese Authorities want to 
consider the opportunity of a spreaded investment hy a staged channel 
đevelopment. 

Stage Ì : ưrgen t Channel Deveiopment Plan : 
Nauúcal depths 
Gross keel-clearance 
Tídíil window 

C.D. - 7.20 m 
1.20 m 
C.D. + 2.50m 
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- Nauiicai Accessibìlity max. 15 % (with additionaỉ 
restricíions during rough weaíher 
and particular cauíion with deep 
draft vessels). 

Stage Ì : Full Channel Development Plan : 
- Nautical đepths : C.D. - 8.50 m to 

C.D. - 7.85 in 
- Gross keeỉ-clearance : 1.70 m to 1.05 m 
- Tiđai window C.D. + 1.70 ni 
- Nautical Accessibiliíy 65 % 

Regarding the choice of the channeỉ development options - Stage Ì : Urgent 
Channel Rehabilitation and Stage 2 : Full Channeỉ Development - will 
H A E C O N recommend to decỉde át once for the Full Channel Deveiopmení 
because : 

ã) thẽcapĩtaỉ dredgĩng invesíiĩient ĩs õnĩỹ 2S % more "," 
b) the tỉme-accessibỉlity of the port increases with 50 % for the design 

ship ; 
c) the maĩntenance dredging is nót expecteđ to be signiíicantly diữerent. 

8.4. A mạjor decision-taking criterium in this selection has been the estimated 
annual volume of maintenance dredging to keep the channeí át its design 
depth and width. This estimation of maintenance dredging is based ôn 3D-

mathematical sedimentoìogical simuiations of the channel iníiỉl. 

From these computation Ít appears thát For the Channeỉ Development Pian ai 
a nauticaỉ botíom of C.D. - 8.5 m, the expecteđ maintenance đredging will 
involve approximaĩely 4.0 Mtons of dry solìds eacỉi year (both Outer Sea 
Channel, Tráp Canaỉ, Bách Dang and Cam River). This maintenance 
dredging is expecíed to decrease si^niíiCíiníly over the years because : 
a) the limited stock of sanđy materia! ; 
b) the obtention of an equiìibrium slope in the mud + sand layer. 

8.5. The capital dredging for Alternative 4 are the following 
a. ưrgent Rehabiiitation Plan : 13,9 M i n 3 (in situ); 
b. Channel Development Pian : 18,0 M i n 3 (in sưu) i 

8.6. From the possibỉe coLintermeasures to reduce the inaintenance dredging, a 
5 km training wa]j át the oíĩshore Lách Huyên bar (West side) ís consídered 
to be the most likeỉy possibility. 
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This training is meant to prevent iaíeral iníìow o f densiíy sediment fỉows ; 
expecíed reduction ôn maintenance dredging is in order of magnitude of 
25 % (catchment of bed density f low). 
The opportunity for construction of the training wali will be assesseđ after 
the impỉementation of the Stage ì ưrgent Channel Rehabilitation Plan. 
The removai of the Dinh Vu Dam is in principle a good intervention; 
however ít appears thát the đemolition works as they are planned today have 
a íoo limiíed impact. l í is recommended to stuđy this in more detail. The 
groyne-system in the Cam river is appropriate to increase natural scour and 
sedỉment expeiỉing. Because of tidal regime in Bách Dang, a decreased 
eữìciency of the groỵnes w.r.í. sediment expeỉiing is to be expected. 

8.7. The sedimentatÌQỉvmechanism prevailing in this area is closelỵ l inked to 
hydrodvnamic events - storms or typhoons-stirring úp large quantities of mud 
from the seabed. These seđiments are then redisíributed and sedimented 
.tnrTPthpr mịk ứiẽ~úvẽt a4vected gpHiment- ioad ỉa the areas of nodal points of 
residual transport, (đetermineđ by salt wedge peneíration, by tidai 
coeíĩìcients, by waves and by river discharge). The mud is transporteđ as a 
fluid mud bed iaver and as a suspension. 
Knowing this complex interaction between hydrodynamic forces, ít is 
unỉikeỉy thát reỉative small inửastructures will be able to modiíỳ the 
equiiibrium governing this sedimentation. 

8.8. lí is sírongly advised to select a nautical depth for the channel to Hai Phong 
Port in such a way thát - át minimum - a 65 % time-accessibility for the 
design ship (10,000 DVVT) ìs given. This is especially important for container 
traffic. 

Therefore a nautical bottom of C.D. - 8.50 m is proposeđ for 10,000 D W T -

ships in the Mì developmení stage. 

There are 2 arguments to select C.D. - 8.50 rn as the mìnimum channel 
nautical bottom : 

- shalỉower depíhs will - quite surprisingỉy bút explainable by đecreased 
natural scouring - induce inore siỉtation ; 

- this vaỉue assures a 65 % time accessibility to the port : each day a design 
ship can can to Hai Phong Port. 
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9. R E C O M M E N D A T I O N S 

9.1. I f the staged development of the channel is chosen anỵway the choice should 
be balanced in an economic way against investment and port's revenues. This 
should be adressed in a dedicated study in ađđition to this Channel Síudy and 
the Port Rehabilitation Study. 

9.2. The aids to navigatiọn shoulđ be improved. Nowadays, the numbering o f the 
channel buoys is regularỉy modiíied. which is very coníusing for navìgaíion 
purposes. Moreover an appropriate lightning of the channel buoys shouìd get 
absolute priority for both saíeíỵ and improvement ciuring night navigation ; 
this lightning will also improve the overall nauticai accessibility and reduce 
the waiting times. 

9.3. A geophysical soi! investigation should be executed prior to any capitai 
dredging works to assess : 

- presence o f subsoìĩ rock oulcrops ; 
- buried and surface wrecks ; 
- mines 

9.4. A deíailed Environmenìal ĩmpact Assessment CHĨA) should be conducted ôn 
the selected channel. More specialiy Ít is proposed to study mangrove -

ỉandíiỉling (thin - ỉayer spreading) with a pilot-experiment. 
The vast mạịority of dredgings is proposeđ to be disperseđ by aquatic 
dumping át a selected dumping site. 
In orcler to minimise the environmental impací the "Guidelines for the 
Management of Dredged Material" of the Osio Commission (new name 
OSPAR COM1993) shouỉd be used as a basìs for the deíìniíion of the Best 
Environmental Pracíice (BÉP). 
The OSCCMVTGuidelines describe the folỉowing items to be addressed in the 
choice with the philosophy of niinimising the environmental impacts : 

ỉ. optimisaíỉon of the disposal quantities ; 
2. Improve the sediment qualiíy ; 
3. Minimise the eíTects caused by the disposa! of the dređged material. 
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9.5. The planned groyne-system (in Cam and Bách Dang) should be designed in 
accordance with the channel design and in accordance with íuture port 
inữastructures. Especially the stability and the impact ôn local turbulences 
and scouring should be investigated. 

9.6. The demoỉition works of the Dinh vu Dam should be studied in more detail 
in order to optimize their beneíìcial effects. 

9.7. ít is highly recommenđed to improve the maintenance dredging management 
in the Access-Channel to Hai Phong : 
- execute regular soundings of the access-channeỉ e.g. each 2 or 3 weeks (in 

a sét of 50 cross-sections); .... 
- irnplement a rapid off-iine bathymetric survey data processing to make the 

bathymetric map readilỵ avaiiabie ; 
-_ maintain one ÓT two Traĩler Suction Hopper Dredger(s) (with accurate 

positioning system) in stanđ-by operation in order to execute maintenance 
dredging as soon as more than 0.50 m shaUowing OCCUPS ; a total hopper— 
capacity of 5,000 m 3 is considered appropriate to maintain the new 
channel át the required depth and width ; 

- execute the dumpings of dredged material far away tròm the dredging site 
and át great waterdepths in order to avoid recirculation ; 

- investigate ĩeasibility of bottom-levelling by sweep-beam method. 

9.8. ít is clear thát sedimentation has increased in Hai Phong bay over the last 
10-20 years. There is a great likeíihood thát the increased supply of 
sediments is closeỉy ỉinked to the increased soi! erosion in the Red River 
Basin due to đeíòrestation. 
ít is strongly advised to study more in detail how bank protection, soil 
erosion countermeasures, reaíĩbrestation and channelization o f sediment 
loađed river waters could be impỉemented in order to manage the 
maintenance of the access-channeỉ to Hai Phong Port in an integrated way. 

9.9. Seeking for synergy between the dredging for this project and the needs of 
ỉandíìlỉ for other iniíiatives in Hai Phong Port Development Areas could 
improve the feasibility to a great extent. 

9.10. The monitoring resuỉts of the piỉot channel in Lách Huyên seem to indicate 
thát sedimeníaíion rates here are less than in Nam Trieu and related to more 
sandy material. ít is recommended to continue the planned monitoring 
campaign úp tin coinplete iníìll or úp tin end o f September 1996. 
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9.11. A dedicaíed pilot training ôn simulatọr is to be recommended in order to 
train ôn the Tráp Canal crossing. 

9.12. Finaỉỉy, the conclusions and recommendations formulated in this íirst draft of 
the Preliminary Design of the Access-Channel to Hai Phong Port should be 
checked against the traíĩìc íorecasts and port deveiopment studies carried out 
for the Rehabilitation Plan of Hai Phong Port. Moreover, ít is highíy 
recommenđed to join to íhese 2 studies an overlapping porĩ economy study 
in order to deíỉne aỉso the economic optimum for Hai Phong Port regarding 
design ship, traữic, channel widtii and depth for the medium anđ long-term. 

9.13. Compensation for the raisers of aquacultural products wilí be needed in the 
areas where upland disposa! of dredged material (capitaỉ + maintenance) wi)l 
be executed. The proposed areas are the leít bank of the Cam River, the ìeft 
bank o f the Bách Dang River and the ỉowlands of Ha Nam (both banks o f 
Tráp Canal). In any case a disposal permit must be obtained Tròm the 
Municipal People's Committee of Hai Phong. 

N . v . HAECON 
30-08-96 
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Annexe HI : Sediment Trend Anaiysis of Seabed 
Samples 

A.ỈN.1. METHODOLOGY 

The principỉe of Sediment Trend Analysis (STA) is based ôn the 
đeíermination of ĩypical sedimentoỉogical characíeristics (granuỉometry, 
mineralogy, ...) of deposited sedíments (in rivers, sea, ...) and the 
assessment of statistical trends ỉn space and/or tìme wiíhin these 
seđimentoỉogicaỉ characteristics. 

The most comrhon Sediment Trend Analysis technĩque discerns the nét 
transport patterns from statisticaily determined relative changes of grain-

size distributions of bottom samples, sampled accordingto a regular 
sampiing grid. Existing da ta taken according to ỉrregũỉãr sanipỉing grids 
can aỉso be processed and íhus be revaỉuated. 

The grain~size distribution of a sediment can be described by the 
đetermination of the contribution of the dìíTerent grain-size ữactions 
(sìeve-ữactions) or by characteristic grain-size distribution parameters such 
as the median, the mean grain-size, the sorting, íraction coníent, ... 

The methođ of analysis is baseđ ôn the spatiai variations of some síaíistical 
parameters describing grain-size distributions : 

1. the mean grain-size ; 
2. the sorting (or standard deviation) ; 
3. the skewness of the distribution ; 
4. the reỉevant grain-size fraction percentages. 

Moreover, the spatiaỉ variations of the diíĩerent graìn-size fracíions are 
studied. The resuỉís are used as a complement to the interpretation of the 
resulís of the seđiment trend analysis. 
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A.ỊII.2. BASỈC PRINCIPLES 

The grain-size disíribution o f a sediment sample reíìects the distribution of 
the source sediment and the hydrodynamic conditions thát have acted upon 
ít : 

- a lag sediment wilí be coarser and more positively skewed than the 
source sediment; 

- successíve deposits wiỉl be íĩner and more negatively skewed in case of 
decreasing energy in the transport direction, or coarser and more 
positiveỉy skewed in case o f increasing energy in the transport 
direction ; 

- sediments vvill almost always be better sorted in the direction of 
transport. 
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The used sediment trend analysìs algorithm đetermìnes ôn any sampling 
station the character o f the residual íransport (direction, erosion or 
sedimeníation). The numerical and graphical represeníation o f the results 
can be interpreteđ as folỉows : 

* Number o f samples : Total number of processed sediment sampỉes ; 
* Number o f paỉrs : Toíal number of pairs o f samples analysed for 

transport; 
* Weighing distance : Factor takìng the distance between the samples 

in a pair into account (in order to weigh the 
ìmportance o f the calculated trend) ; 

* Number o f FB~ cases : Number o f trends which indicate seđiment 
ítning, better sorting and more negatively 
&kewing : green colour ; sedimentation ĩrend ; 

* Number o f FB+cases : Number of trends which indicaíe sediment 
í ĩn in^ better sorting and more positiveỉy 
skevving ; bỉue colour; sedimentation trend ; 

* Number o f CB + cases : Number o f trends which indicate sediment 
cọarsenmg. betĩer sorĩing and more positiveĩy 
skewing.: red colour ; erosionai trenđ ; 

* Nurnber o f CB'cases ; Number o f trends which indicate seđiment 
coarsing, beíter sortìng and more negatively 
skewing : orange coiour; erosional trend. 

The FB" and F B + cases also indicate sedimentation, the CB + and CB" cases 
indicate erosion. 
The STA method is appỉieđ ôn the total sample, ôn the sand fraction and 
ôn the mud ửaction, separately. 

A.IIỈ.3. RESULTS OF SEDÍMENT TREND ANALYSIS (STA) 

As describeđ beíbre, H A E C O N ^ approach in STA ôn sedimentological 
samples is two-fold : 
step Ì : STA ôn grain-size parameters 
step 2 : STA ôn grain-size fracíions 
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A.ỈN.3.1. Sediment trend analysis ôn grain-sỉze parameters 

A.IỈI-3.1.1.Computation resul ts 

The STA results can be summarised as follows : 

a. Totaĩ sample (2000 ị„im —> < 2 (Am) 

Number of sampies : 
Number o f pairs : 
Weighing distance : 

85 
7225 
1500 m 

Number o f FB" cases : 2088 (29 % ) 
Number of F B + cases : 526 (7,5 % ) 
Number o f C B + cases : 2676 (37,5 % ) 
Number o f CB* cases . 1850 (26 % ) 

The resuĩĩs of the sediment ĩrend analysis ôn the total sampĩe are shown ôn 
figure 09.70 001. 

b. Sand ữacĩion (2000 (.im —>• 63 um) 

Number o f samples ; 69 
Number of pairs : 4761 
Weighing distance : 1500 in 

Number of FB" cases : 2022 (43 % ) 
Number of F B + cases : 836 (18 % ) 
Numberof CBtcases : 1654 (35 % ) 
Number of CB" cases : 180 (4 % ) 

The results of the sediment trend analysis ôn the sand íraction are shown 
onfigure 09.70.002. 

c. Mud fractìon (63 ụm —> < 2 Ị.im) 

Number o f samples : 72 
Number o f pairs : 5184 
Weighing dĩstance : 1500 m 

Number of FB" cases : 2130 (42 % ) 
Number of F B + cases : 332 (6,5 % ) 
Numberof C B + cases : 1832 (30 % ) 
Number of CB" cases ; 788 (15,5 °/ó) 

The resuits of the sediment trend analysis ôn the mud ĩraction are shown 
ôn í ìgure 09.70.003. 
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A.Hi.3.1.2. i n t e r p r e t a t i o n 

The điscrepancy of the resuHs of the diíĩerent ửactions is mainly caused by 
the bimodaỉ character of the sampỉes : a fìne sand population and a mud 
popuỉation. Thereíbre the resulís of the toíal sampỉe analyses will nót get a 
mạịor consideration in íhis study. 

The following interpretation can be given to the STA-resuks ; 
a. 2 trends - FB~ (± 40 % ) and C B ' (± 30 %) - clearỉy dominate the area ; 
b. for boíh types of deposits - sanđ and mud erosion and sedimentation are 

more or iess in balance ; this means thát the sedirnentologic regime 
could be essentiaily a (re)distribution o f sediments under the 
hyđrodynamic actions; 

c. in the Bay and land-inward the isobath of C.D. - 5 m the prevailing 
residual sediment transporí direcíions is from E N E _tg_WSW_j_aJỊ_ 
happens as ìf sediments are transported frorn E to w vvithout a major 
iníluence of the tidal flows in Nam Trieu or even Lách Huyên ; 

d. oíTshore the isobaíh of C.D. - 5 m residual transports are more N-S 
đirected with the mud fraetion being transported f rom the Gulf o f 
Tonkin in upstream direction anđ the sand ửaction being expelledto the ~ 
Gulf of Tonkin ; 

e. in Bách Dang is mud essentiaỉỉy migrating in upstream direction, while 
the sand ữaction is transported downstream (to approx. Ba Tang/Aval 
levei). 

The difference betvveen the seđiment transport vectors and the residual 
water discharge vectors is probably to be explained by an important 
iníluence o f wave action ôn the sediment transport. The existing wave 
climaíe, enhanceđ by the strong acíion o f typhoons cause a shift of the 
sediment transport vectors to the w s w . 

A.ỉll.3.2. Sediment trend analysis ôn grain-size ừactions 

A.l i l .3 .2 .1 . C o m p u t a t i o n a l resu l t s 

The data used by the íraction analysís are calculated đuring processing o f 
the granulometrical analysis resuỉts. ưsing the weight percentages for each 
grain-size interval (fraction) disíribuíion maps are drawn. 

The results of the ữaction analysis are visuaỉised by, íbr each fraction and 
the whoỉe dataset, nonnaiísing the caiculated values and expressing thèm in 
times the standard deviation w.r.t. the mean. Ređ values đepỉct values 
ỉower than the mean, green values depict vaỉues higher than the mean. 
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A.1.1.4.Tidal window and sailỉng window 

Present day experience shows thát the Nam Trieu Channel from Buoy Nr. 
0 to Hai Phong Port is upsaileđ in approx. 3 hours. 

The tidaỉ wìndow for lightered 30,000 DWT-ships is sét át C.D. + 1.70 m. 
For a aill loaded 30,000 D W T ship, the tidal window is sét át + 1.85 m. 

From the UNDP tidal recordings (đata f rom 9/10-01-93) the tidal wave 
propagation can be computed through the buoy úp tin Hai Phong Port. 
When comparing tidal vvave propagation and ship's sailing speeds 
(upsailing and down-sailing) ít becomes possible to calculate sailing 
windows. 

This has been done and reprcsented in 2 "raphs : 

1. íỉgure A .I .2. Tidai and sailing window át Spring Tide (max. range) for 
ĩightered 30,000 D W T ships (C.D. + 1.70 in) in Nam 

- ~~~ĩnẽĩT(Ãit. ỉ) : ~ ~ — 
2. figure A I.3. Tidal and sailing window át spring Tid<^iUâX^rang^Jor 

30,OCO D W T ships (C.D. + 1.85 m) in Nam Trieu (AU. 
ì ) 

From these graphs and computations the fo!]owing conclusions can be 
drawn : 

- The upsailing winciow ranges from approx. - 6 hrs 40'/H.W. Hon Dâu 
úp to + 4 hrs 50'/H.W. Hon Dâu for option A (tidal window sét át C.D. 
+ 1.70 m) (see tìgure A.2.) 
For option B 30,000 D W T ship (tiđal window sét a C.D. + 1.85 m), the 
upsaiỉing winđow ranges from approx- - ó hrs 207H.AV. Hon Dâu úp to 
+ 4 hrs 157H.W. Hon Dâu (see figure A.3.) 

- The đovvn-sailing window ranges Tròm - 7 hrs/H.W. Thai Binh (Cua 
Cam) to + 2 hr 407HW Thai Binh for option A and from - 6 hrs 40/HW 
Thai Binh to + 2 hrs 10'/HW Thai Binh for option B. 

O f course, this kind of analysis is very much dependent upon sailing speeds 
and channel options. In Hai Phong ít is - according to the J I C A 1993 study 
report - acceptable and safe, thát ship's time itervals are sét át 
approximateỉy 30 minutes ; this means thai át maximum 24 design ships for 
optìon A and 22 for option B can sail úp in Ì single tide or thát a maximum 
20 (opíion A) or 18 (option B) design ships can sail down under the 
present conditions and coníìguration. 
No time-lag for the boarding/unboarding of pilots has been taken into 
account for these saiỉing window compưtations (only Ì piiot from buoy nr. 
0 úp to Hai Phong). 
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í t mus t also be stressed t h á t í ì cỉ a Ì vvincỉovv Siì i l ing i m p ỉ i e s t h á t á t b e i t h 

l o c a t i o n s in H a i P h o n g n a u t i c a i đ e p t h s m u s í be a v a i l a b l e e q u a l l i n g t he ships 

d r a u g h t + a p p r o x . ! 0 % . 

A.I.1.5.Determinatỉon of nautical bottom depth 

Based ôn the deíermỉnisíic calcuiation for the gross underkeel-dearance 
with an accessibility of ± 65 % for a ỉighiered 30,000 D W T ship and with a 
± 50 % accessibiỉity for a 30,000 D W T ship, nauticaỉ depths and đredged 
depths are calculated as fo!lows : 

Design ship 30,000 D \ V T lightered 

Nam Tricu 
Lách Huyên 
(Open sen) 

N Í N H Tricu 
Lnclì Huyên 
(Prolcctcd 

Wíỉtcr) 

Tráp 
Ha Nam 
(Ca nai) 

Bách Dang 
Cam 

(River) 

Stíiíic draught 
Gross k q e i - đ e í ư a n e c 
(determinisúc) 
Required water dcplh 
Tidal window C D 

8.50 ni 
1.70 ni . . 

10.20 UI 

+ 1.70 ni 
8 r 5 í ) - t f r — 

S.50 ni 
1.55 I U - . 

10.05 in 
+ 1.70 ni 

8.50 MI 
1 25 IU 

9.75 in 

+ 1.70 ni 

— * 6 5 - m — 

8.50 m 
1.05 in 

9.55 ni 
+ ỉ.70 m 
^M-m— 

-Mautical depth-—-~ 
Channcl dredgcd levcl 
Accessibiỉiív 
(%ofthe total í ime) 

- 9.00 m 
± 6 5 

-8.85 ni 
± 6 5 

-8 .35 m 
± 6 5 

- 8 15 m 
± 6 5 

Tưhỉa A.ỉ. r.ĩ. 
Compulnlion of nautiCỉtl atitl (li-e(!»iii<í (leptliS for ii lightcrcd 30,000 DVVT-sliip 

\vith an acce.Síiibility oi'65%. 

For fUil~ioaded 30,000 D W T ships the nautical accessibility wíll in any case 
be restricted tin the entrance of the Dinh Vu Canaỉ. Because o f existing 
port inĩrastructures and groynes a ílirther deepeníng o f the Cam River is 
exciuded, Fuỉl-Ioaded 30,000 D W T ships vvishing to call for Hai Phong 
Port will therefore have to be ỉighted beíbre entrance in the Dinh Vu Canaỉ. 

Desigu shìp 30,000 D W T 

Nam Tri cu Nam Tricu Tráp Bách Dang 
Lách Huyên Lách Huycn Ha Nam 
[Opcn sc;ì) (Proicclcd 

Uíi icr ) 
(Ca mi!) (River) 

Stntic dnmght 11.30 ni ] 1.30 ni 11.30 ni 11.30 m 
Gross keel-cie<ìnmcc 1.60 ni 1.50 ni 1.25 ni 1.15 m 
(dcterniinisíic) 
Requừcđ \valer dcpth 12.90 m 12.80 m 12.55 m 12.45 m 
Tidíii winđow C D + 1.85 ni + 1.85 ni + 1.85 ni + 1.85 m 
Nautical deplh - 11.05 m - 1(1.95 ni - Ỉ0.70 in - 10.60 m 
Clianncl đrcdgecl Icvc! - 11.55 ni - 1 1.45 ni - 11.00 m - 10.90 m 
Accessibility ±5(1 ± 50 ± 5 0 ± 5 0 
(%ofllie íoííil timc) 

Tahlư A.LT.4. 
Computation oi" nauíical am! i lred»in« (leịỉths toi' iỉ 30,000 DWT-shi | ) with an 

acccssibility (it'± 50%. 
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A.I.2. CHANNEL VVIDTH 

Based ôn the PIANC/ĨAPH approach, the navigable width of the maritime 
access-channel to the Hai Phong Port has been evaluated as follows : 

Nam Trieu 
Lách Huyên 

Bách Dang River 
Trao C a nai 

3 

Basic manoeuvring Inne(WiỉM) 
Addition for speed 
Ađdit ìon tor cross wind 
Addit íon for cross current 
Adđition for long. current 
Addítion for waves 
Addition for aids to navigation 
Ađdit ion for bottom suiTnce 

1.5 B 
0.0 B 
í \ Ã T í 

0.4 B 
0.5 B 
0.1 B 
0.0 B 

1.5 B 
0.0 B 
A Á TY 

0.4 B 
0.0 B 
0.4 B 

_ _ _ _ — 0 . 0 B 

3 

Basic manoeuvring Inne(WiỉM) 
Addition for speed 
Ađdit ìon tor cross wind 
Addit íon for cross current 
Adđition for long. current 
Addítion for waves 
Addition for aids to navigation 
Ađdit ion for bottom suiTnce 

0.2 B 
O I B 
0.2 B 

0.2 B 
0.1 B 
0.4 B 

Addition for cargo haznrd 
Bítnk clearance ( W b r + W b R ) 

0.0 B 
1.0 B 

0.0 B 
1.0 B — 

Total 

Channel vviclth ( B - 3 I . 0 m) 

4.0 B 

125 ni 

4.0 B 

125 ni 

TahÌeA.Ỉ.T.5. 
Acccss Channel wi(llh (Icỉỉign (B = hcam «f (Icsìgit sliips ; 31.0 in) 

In any case is the channel width in the Cam River restricted to 80 m 
bottom width (also for lightered 30,000 D W T ships) because of the 
presence of existing port infrastructures and groynes. Thereíòre extra 
saíety navigation ailes for íhese large vessels in Cam River will have to be 
established. 
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A.i.4. VOLUMES OF CAPITAL DREDGÍNG FOR THE 
DIFFERENT ACCESS-CHANNEL ALTERNATiVES 

Layout 

Design proíĩle 

Sectìon ì 
- KIM 
- nautical ixittom 
- channel dredged levei 
- bottom width 
- slopc gradỉent 

Scction l i 
- K M 
- nauũcal bortom 
- cbannel dredged level 
- bottom U'idth 
- siopc gradienl 

Seetìon I I I 
- K M 
- rtautica! bo Ho ni 
- chminel đređged leví 
-*-bottom width———-
- slope građient 

Section I V 
- K M 
- naulical bottom 
- ciianneí dredged lcví 
- bottom widlh 
- slope građient 

C á p ì (ai (Ircriging 
(in situ ni 1 ) 
Section ì 
Scction l ĩ 
Section I U 
Scctioti IV 

Toti i l 

Costa of capital 
dreilgiiig (ỎSD) 

Aitcnialivc ] 
Nam Ti'k'11 

Nam Trk'11 
K M 3 f i . 8 0 - 22.8'-í 
CO -8.50 m 
CD -9.00 m 
125 m át CĐ-9.00 in 
1/15 

Nam Trícu 
K M 22.89 - 16.50 
CD-8.35 ni 
CO-8,85 ni 
1 2 5 m a t C Đ - 0 5 m 
1/15 

Riich Dang l i v r r 
K M IỔ.50 - SỈ.ÍĨU 
CD - 7.85 ni 
C D - 8 . 1 5 m 

1/7 

Cam I'ìvi'1' 
K M 8.ÍÍ0 - 0.00 
CD-7.85 ni 
CD-8.15 m 
80 m íil CD -8,15 m 
ỉ/7 

10,750.000 
3,570,000 
2^350,000 
2,160,000 

J 8,830,0(10 

Àltiiniilive 2 
Num Tr í t u 

Nam T r k t i 
K M 3-1.50 - 22.8') 

CD-8.50 in 
CD -9.00 nì 
125 m ;itCD-9.00 m 
1/15 

Nam Tricu 
K M 22.X9- 16.50 

CĐ -8.35 DI 
CO -8.85 ni 
125 m ;il CĐ-8.S5 in 
1/15 

lỉiicti Dun" ri V Í T 

Cũ- 7.85 in 
CO - 8.15 ni 

1/7 

0:11)1 r ivcr 
K\ÍH.f.(l-11.110 
CD-7 .85m 
CD-8.15 in 
80 ni lít CO -X.í5m 
1/7 

11.250.000 
3^70.000 
2,350.000 
2J60,Í)00 

19,330,1100 

70.56ll.IMHl 

Alternmive 3 
Lách Huýt'lư 

l ỉ u Nam Can ni 

Lách Huyên 
K M 38.70 - 22.20 
CD - 8.50 HI 
CD - 9.00 ni 
125 ni atCD-9.00 in 
I /Ì5 

l i u Num G i nai 
K M 22.20 -16.50 
CO -8.05 m 
CD -8.35 in 
ì 25 i i ] a tCD-8-35m 
1/5 

Bách Dang river 
K M 16.50-8.(10 
CD-7.85 ni 
CD-S.15 ni 
125 H U I C D »8.15 m 

1/7 

C H I U r ivcr 
K M S.íiO - 0.00 
CD - 7.SÌ5 m 
C D - 8.15 m 
SO IU át CO -8.15 m 
1/7 

Ì 2.5X0,000 
7,780,000 
2,430,000 
2,160,000 

24,950,000 

74.000,000 

Allcmalive 4 
Lách ì lũyen/ 
T r á p Cu nai 

Lách 11uyên 
K M 39.80 - 20.38 
CO - 8.50 m 
CD - 9.00 m 
125 m át CD-9.00m 
1/15 

T r á p Canal 
K M 20.38 -16.50 
CO -8.05 m 
CO -8.35 m 
125 m.ít CD-8.35 m 
1/5 

Ru d i Dang rivcr 
K M 16.50 - 8.60 
CD - 7.85 m 
C D - 8 . 1 5 m 
125 m a l C D - ữ . l 5 m 
Ì/7 

Cam l i V Í T 

K M 8.60 - 0.00 
CD - 7.85 m 
CD-8.15 m 
80 ni át CD -8. U m 
1/7 

12,230,000 
6,550,000 
2,430,000 
2,160,000 

23370,000 

76,770,000 

TơhleA.ĩ.r.n. 
ConiịKtrison of channel alternatives lim! volumes of capitỉil dredỵìii" for s lúp traf f íc 

Qption A (30,000 D W T lightcrcd) 
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A.Ỉ.3. BENDS 

The PIANC g u i d e i i n e recommends bending radius to be within 5 L O A and 
10 LOA. 

To take a margin of safety with respect to cross-currents, (especially for 
entering and exií the Tráp Canal or Ha Nam Canal), a turning radius of 12 
L O A (R = 2750 m) ìs proposed. 

The w i d t h in the bends is also sét át 4 X B, bút additional width is 
recommended for entering and leaving the New Ha Nam Canaỉ 
(Aỉternaíive 3) or the Tráp canal (Alternative 4) in order to allovv for the 
cross c u r r e n t : 160 m át the bottom in the bend as opposed to 115 m in the 
straight sections. 
According to PIANC guidelines addiíionaỉ width is preferably placed ôn 
the inside bank rather than ôn the outsiđe bank oftỉre bend; ~ 
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Layouí 
Alíeníiilive 1 

Niim Tricu 
Alli'1'iulìve 2 

NHÍU Tricu 
AIU'l

-

f!;t(ÌM.' 3 
Luirli HUÝCH/ 

í hi Nam Cnniil 

Aỉleniiitịvc 4 
Lu d i Huyên/ 
T r á p Cnniil 

Desígn protĩtc 

Seclion ì 
lĩ" Hí 

- nauticaì bottom 
- cliaruiel dredgcd ievel 
- botíom width 
- slope gradient 

Nam Trícu 
I f an T ì ứi\ K I M -Hi.sư - LL.nl 

Cũ-11.05 ni 
CD-11.55 ru 

125 ni át CD-11.55ni 
]/15 

Nam Tricii 
KIM 3 4 . 5 U - 22.xy 

CD -11.05 ni 
e n - i 1.55 ni 
125 m atCD-H.55m 
1/15 

I.ÍICỈI Ihiycu 
tí/ l ì ì fk 

K M 3H.71) - 22.21) 
C D - Ì 1.05 ru 
CO - ]J.55m 
125 ni ai CD-11.55 ni 
ì / ỉ 5 

Lách Huyên 
K M 39.80 - 20.38 
C D - 11.05 n i 

C D - ì 1.55m 
125mat CD-l ì .55 ni 
1/15 

Secíion l i 
- ỈVIM 
- nauticaỉ bottom 
- channeỉ dredged leve! 
- bót! om wỉđth 
- slopc gradient 

Nam Ti'ì cu 
K M 22.Hy - 1 fi.au 
CD-ì 0.95 ni 
C D - ĩ l . 4 5 ni 
125 ni át CD<ll .45m 
1/15 

Nam T r k u 
K M 22.H9 - 16.50 
CO -10.95 ni 
CD-11.45 in 
125 ni ì i tCD-l ì .45ni 
1/15 

l i VI Num C-M\:\\ 
K M 22.20 - 16.50 
CD -10.70 ni 
C D - i 1.00 ni ' 
125 mai CD-11.00 m 
1/5 

Ti-ap Caiiiil 
K M 20.38 -1(5.50 
CD -10.70 ni 
CD-11-OOm 
125 m át CD-Il.OOm 
1/5 

Sccíion HI 
L'V1 

- t\iỉ\l 
- nauticat boUom 
- cHannel đredged levei 
- bottom wỉdth 
- s!ope gradient 

Bách Dang livt-r 
IViíI 111.311 - ií.MÌ 
c o - 10.60 IU 
C D - 10.90 ni 
125 ni ai c o -10.90 ni 
1/7 

Binh Dang ri VI'Ị' 
K I M ] (t.ĩill - ỉí.dl) 
C Ọ - 10,60 ni 
C D - i 0 . y O m 
125 m nt CO-10.90 HI 
1/7 

Bu di Dung rivvr 

C D - 10.60.111 ... 
C D - 10.90 m 
125 ni ai CD -J0.90 ni 
i/7 

llíich Dang r ivcr 
1 ' l i mỉ* c ri o f f\ 

K M 16.511 - «.60 
C D - l O i ổ O m 
C D - ]0.90 m 
125 RI át CD-10.90 m 
ìn 

Sccíion IV Cúm ri VÍT CHIU ri VÍT í^íitn ri
1

'
1

'!
-

Cam fiv#y— 
- K M 
- nauticnl bottom 
- cliaiuiel dređgtỉd leveí 
- bottom widlh 
- slope gradicnl 

K M 8.60 - 0.01) 
CŨ- 7.85 ni 
L U « 8.15 tu 
SO mai CD -8.15 m 
1/7 

K M 8.Í.I) - 0.01) 
CD-7.85 in " 
CD - 8.15 lít 
80 ni át CU -8.15 ni 
1/7 

K M X.íiO - 0.00 
CD - 7.85 in 
CD - 8.15 ni 
80 m ui CD-8.15 IU 
i n 

K M 8.60 - 0.00 
CD-7 .85m 
Cu - 8.15 m 
80 ni ai CD -8.] 5 ni 
1/7 

Capỉtal (ireclging 
(in situ ni ' ) 
Scctiott ì 
Seclion l i 
Section UI 
Section IV 

20.560,000 
8.290.000 
5,510.000 
2.160.000 

30. ì 50.000 
«.290,000 
55ỈÍXOO0 
2.16o!o00 

16.690,000 
16,480,000 
5.710.000 
2,160,000 

23,560,000 
9,140,000 
5,710,000 
2,160,000 

Total 3C,520,<I(II) 3^11(1,(111(1 41,(14(1,(1(10 40,570,000 

Costs of capidil 
( Iro t l e ine íùsm 13-Í.ÍÍO0,OO(l 132,yi)lí,íliH) 127,(100.000 136,800.000 

Tahle A.LT.7. 
Compitrison of chiinnel iíltci nativcs mui voltnncs of capitiíl dređỵÌNg for shiịí ti íiffic 

option l ì (30,(K)I) D W T ) 
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ANNEXE li 

MONITORING OF THE PILOT TRENCH 
IN THE LÁCH HUYÊN CHANNEL 
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Annexe li : Monitoring of the pilot trench 

A.ỈI.1. INTRODUCTION 

The firiTi of consuỉtants TEDI (with the technical assistance of the Belgium 
Company HAECON) has signeđ a contract with River Dredging Company 
No. Ì for dredging a pilot trench for the project "Generaỉ Study o f the 
access-channei of Hai Phong Port". 

The contract is written based ôn report 1.3. VAH1351/00158, thát was 
prepared by HAECON, After receiving the survey and design results, given 
by T E D I , River Predging Company No. Ì started the dredging operaíion 
ôn 14-10-95 and íínished thèm ôn 05-1 1-95 Linđer TEDPs supervision. 

A.II.2. LOCATION OF THE PILOT TRENCH 

Based ôn HAECON's repoil 1.3. VAH1351/00158, the pilot trench is 
located át the Lách Huyên channeỉ axìs (see drawing 
VAH1351/34.20.001). 

A.ỈI.3. PILOT TRENCH PROFILES 

The pilot írench was dredged with the fo!lowing parameters (see íìgure 
A . Ĩ I . l ) 

Profíỉe ì 
- Height 2.0 m 
- Bed width 20 in 
- Length SO m 
- Slope 1/10 

Profiỉe 2 
- Height 2.0 m 
- Bed width 20 m 
- Lengíh SO ni 
- Sỉope 1/20 
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Fiựnrc Ạ. lĩ, ỉ. 
Trencl i |H'ofile.s 
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A.II.4. VOLUME TO B E DREDGED 

• In order to have data for designing and computing the volume to be 
dredged, TEDĨ has carried out a bathymetric survey (át scale 1/1000 
with ỉine spacing of 10 in) before dredging .The survey was carried 
out in a period of two days (7/8-10-95). 

• Based ôn the survey results before dredging and the proposed volume 
of 20,000 m 3 (ỉimit by the project budgeĩ), T E D I designed a pilot 
trench with a depth of 4.6 m. This depth is situated át the centre of the 
pilot trench after dredging. The average naturaí depth in thìs area is 
2.6 in. 

• T E D I designed the pilot trench with a total volume of 19,890 m 3 to be 
dredged. 

• The pilot trench was dredged by River Dređging Company No. Ì using 
a buckeí dredger (Dredger 91) with diíĩerent barges. 

A.IỈ.5 BATHYMETRIC SURVEY 

The baíhymetric survey with a scale of 1/1000 was carried out by T E D I * S 
Survey Department from 04-11-95 át 15:48 until 05-11-95 át 00:15, just 
after the dredging work had been completed . Based ôn this result and the 
result surveyed beĩore dredging, the dredged volume (24855 m

3

) was 
calcuỉaíed according to the requirement stated in HAECON's report. To 
deíìne the position , a Microíix system and a Lasertrack system are used. 
The depth was deterniined by a Dual írequency Echosounder Elac and a 
Singỉe írequency (200 K ĩ u ) Echosounder Echotrac. 

The dredged voiume is calculated based ôn 23 cross-secĩions a!ong the 
longitude of the piíot trench. These cross-sections are spaced át 10 m 
interval. 

In order to evaluate the stability of the pilot trench, bathymetrìc surveys 
were frequentỉy repeated (Ì 1-1 1-95, 16-11-95, 21-11-95, 28-11-95, 28-

01-96, 03-03-96, 28-03-96). These additional surveys were executed to 
determine the evolution o f the pilot trench in time. To represent the time-

related behaviour of the pilot írench, 4 sections (2 sections for each profí!e) 
vvere đeíìned as shovvn in đravving VAH1351/34,20.003. 
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A.ỈI.6. RESULTS 0 F THE BATHYMETRIC SURVEY 

A.ỉỉ.6.1. Monitoring results of section 5 

Olstanc* from CBtìtra tin* otchannai (m) 

-50 - íũ -30 -20 -10 0 l ũ 20 30 AO 

IO-Otì-95 - - - OS-Nov-95 " ™ ll-Nou-95 16-NOV-95 21-NOV-95 

—28-NOV-95 2B-Jan-96 - - 03-Mar-se 2B*l3t-96 

ẸÌỊỈỉirư A.ỈỈ.2. 
Evoỉutíon of the 1)0(1 lcvcl ỉn íunctioii of the thuê - Scction s 

Át 05/11/95 the dredging of the pilot trench was executed. For a while, the 
channel was deepened because of erosion as a resuỉt o f the increased 
current. This behaviour keeps úp untìl 21/11/95. After this date, the 
channei started to seđimentate again, bút wi!l be stiil deeper than the depth 
just after dredging. There can be concluded thát just after the dredging 
there is a natural deepening, foIlowed by sedimentation. 
Following the survey report, a sedimeníaíion o f 0.656 centimeters a đay 
can be expected. The time-related erosíon and sedimentation of the centre 
line o f the dredgeđ channei is shovvn in ĩigure A U.3. 
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Monltoring dale 

30-OM-9S 19-N0V-95 09.0ec-95 29-Oec-95 18-Jan-96 07-F»b-96 ĩ7-Frt>-96 18*Ur-96 

FÌỊíttre A.IỈ3. 
Evolution of the ccnỉrc liiic of the pilot channcl in lu ne! lon of the timc - Scction 5 

Át the meantime, the slope-values of the pilot trench are increasing and 
evoluating to theír natural slopes. Some slope-values are presented 
underneath in Table A.ĨI .T, 1. 

10-1Ờ-95 05-li-95 ỉ/-í 1-95 16-H-9S 2Ỉ-ỈI-95 2H-ÌÌ-95 2H-0Ỉ-96 03-03-96 28-03-96 
East-sỉope 1/100 1/11 1/7 1/6 in 1/8 1/8 1/9 1/9 

West-stope 1/33 1/7 1/5 1/6 1/5 1/4 1/6 1/6 1/8 

TttbleA.ĨỊ.T.Ỉ. 
Slope-values of piỉot trencli - Seclion 5 
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A.M.6.2. Monỉtoring results of section 9 

Dlsunca tròm cantn Un* atchannti {m) 

ÌO-OO-95 - - - OS-Nov-95 - • 11-NOV-95 . - • 16-NOV-95 21-NOV-95 
ĩa-Nov.95 — " — 2 a - J a n - 9 f l 03-Mat-96 2a-Mar.96 

Fịỵỵre A.iỉ.4. 
Evoỉution oi' the bét! level in Cu ne t lon of the timc - Scction 9 

As for section 5, for a while the channel was deepened because of erosion 
as a result o f the increased current. This behaviour keeps úp until 28-11-

95. Aiter this đate, sedimentation síarts again. There can be concluded thát 
just aíìer the dredging there is a naturaí deepening, followeđ by 
sedìmentaĩion. 
FolÌowing the survey report, a sedimentation o f 0.492 centimeters a day 
can be expected. The time-reiated erosion and sedimentatìon of the centre 
line of the dredged channeì is shown in figure A.n.5. 
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19-NOV-9S 09-Dec-95 

Monltotlng đụn 

29-DBC-95 1B-Jsn-96 07-feb-S6 27-Feb-96 1WJir-9B OT-Apt-96 

FÌỊ>ure Ạ. Ị ĩ . 5. 
Evoỉution of íliC ccntrc linc of the (ỉ ì lót chnmicl in iuiiction of the ti me - Scclĩon 9 

Át the meantime, the slope-values of the pilot trench are increasìng and 
evoiuating to their natural sỉopes. Some slope-values are presented in 
Tabỉe A.ÌÍ.T.2. 

Ì 0-10-95 tì5- Ị Ị-95 1Í-ỈÌ-9S 16-11-95 21-11-95 28-1 ỉ-95 2X-0Ị-96 03-03-96 28-03-96 
East-slope 1/33 1/7 

ì 16 1/10 MI ì/9 1/8 in m o 
West-slope 1/33 1/6 1/9 1/6 l / ] 0 1/8 1/13 1/8 1/9 

Tai) lư Ạ. ỉ ỉ. r. 2. 
SÌ(>|ỈC-VỈIỈIICJÌ oi' pilot trenirh - Scction 9 
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A.ll.6.3. Monitoring results of section 14 

Fi tỉ tỉ re Ạ. ỉ Ị. 6. 
Evolution oi' ilie hoi! lcvcl in íunct ion of the timc - Scction 14 

Contradictory to the previous sections, there is no notable deepening of the 
channel because o f erosion. This coníírms the theory thát the erosion is the 
result of an increased current, while proíìle Ì (represented by sections 5 
and 9) is narrovverthan proíĩle 2 (represented bỵ sections 14 and 17).Since 
the moment the dredge-work was finished, the channei started to 
sedimentate again. FolIowing the survey report, a sedimentation of 0.492 
centimeters a day can be expected. The time-related erosion anđ 
sedimentation of the centre line of the dredged channel is shown in íigure 
A.II .7 . 
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Uanitorlng đít* 
1ữ-Od-95 30-O«-B5 19-NOV-95 09-Dec-95 29-OAC-95 1B-Jan-96 07-Fob-96 2T-Feb-B6 lỗ-M»-96 

0.00 .- - -

-6 00 -

Fiịỉure A.ỈỈ.7. 
EvoIu(i(m ót' the centrc line oi the pilot channcl in func í ion of the timc - Scctĩon 14 

Át the meantìme, the slope-vaỉues of the pilot trench are increasing and 
evoluaíing to their naturaỉ siopes. Some slope-values are presented in 
Tabỉe A.II .T.3 . 

ỉ 0-ỉ 0-95 05-11-95 ỈỈ-IỈ-9S Ỉ6-ỈỈ-95 2Ỉ-ÌỈ-95 28-11-95 28-01-96 03-03-96 28-03-96 
East-slope 1/33 1/6 1/7 MI 1/8 1/8 1/10 1/10 1/13 
West-sIope 1/100 1/11 1/1 Ì 1/8 m i 1/9 ]/13 1/14 1/14 

Tabỉe A./Ỉ. T.3. 
Slope-valiies of pilot treiich - Section 14 
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A.11.6.4. Monitoring results of section 17 

ũlstance (rom c«níf» lina ofchann*l (mị 

-50 -40 -30 -20 -10 0 10 20 30 40 so 

Ị ị 
-6.0 .. - - ĩ - - ì - -

IO-Ocl-95 - - - OS-Nov-95 • ~ 11-Nov-aS 16-NOV-95 21-Ntw-95 

— Í8-HOV-9S 28-Jan-96 03-Mat-96 2H-Mar-96 

Fiíỉure A.II.8. 
Evolutioii of the l)C(l Icvel in funcí ion oi' the timc - Séc í lon 17 

As section 14, the pilot trench started to sedimentate from the day the 
dredge-works were íinished. Following the survey report, a sedimentation 
of 0.492 centimeters a day can be expected. The evolution of the depth of 
the centre ỉine o f the dredged channel is shown in í igure A.II .9 . 
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Monlloríng dai* 

10-OCI-95 30 Od-95 I9-NOV-95 09-Dec-95 29-DBC-95 1B-Jan-9fi 07-F«b-96 ;?-F«b-96 1B-Mar-96 Ũ7-Apr-96 
0 00 , 

i 

-6.00 - - -i i . . . ì. 

Fiựiire A.ỈỈ.9. 
Evolutinn of the centrc linc of the pilíít chỉtmicl ỉn tuiiction of the timc - Scction 17 

Át the meantime, the slope-values o f the piiot trench are increasing and 
evoluating to their natural slopes. Some slope-values are presented in 
Table A.ĨI.T.4. 

Ị 0-ì 0-95 05-1 ỉ'9 5 lĩ-ì 1-95 Ỉ6-Ỉ1-95 2Ì-ÌỈ-95 2X-Ỉ1-95 2H-01-96 03-03-96 28-Ỡ3-96 
East-stope 1/100 m o ì 19 1/7 m ỉ 1/8 1/8 1/10 1/17 
West-slope 1/33 1/11 1/10 1/10 ì/) 1 1/8 1/1 1 1/14 1/9 

Tabie A.ỈLT.4. 
Slope-Vỉtlucs of |>ĩlót trcncli - Secion 17 
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ANNEXEI 

CHANNEL DESIGN FOR 
LIGHTERED 30,000 DWT SHIPS 

AND FULL-LOADED 30,000 DWT SHIPS 
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Annexe I :Channel design for lightered 30,000 DWT 
ships and fuli-loaded 30,000 DWT ships. 

A.I.1. CHANNEL DEPTH 

A.1.1.1 .Ship characteristics 

For the access-channei to Hai Phong, calculations are also done for : 

- lightered 30,000 D W T ship "Stấtĩc Drauglit T = 8:50 m (*) 
(optionA) Beam B = 31.00 nì 

Length L O A - 230 m 

- 30,000 D W T ship Stíìtic Dĩa nghi T = 11.30 m 
(opíion B) Beam Ồ - 31.00 m 

Length L O A - 230 m 

(*) Static draught of a 10,000 D W T ship 

The nauíicai depth wili be đetermined for the two ships and the optimised 
tidal leveỉ. 
Channel width in the one-way traíĩic sections will be đetermined based ôn 
the beam of a 30,000 D W T ship (B =31.00 m). Parts o f the channel were 
suíĩìcient natural wiclíhs (> 8 B) and the natural depths are present, can be 
used as ship's crossing zones. Channel bending - rađii wil be determined 
based ôn the ỉength (LOA) o f a 30,000 DWT ship. 

A.I.1.2.Gross underkeel-clearance (m) 

Based ôn the đeterministic calcuỉation (PTANC), the gross underkeel-

clearance has been evaluatcd for the two ships : 

a. 30,000 D W T lightered (đraught of 10,000 DWT-ship) : 
Table A . I T . l . 

b. 30,000 DWT-ship : Table A.I.T.2. 
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D c s i g i i S h i p 30,000 D W T ỉ i g h t e r e d 

( ± e q u i v a l e n t Eo 10,000 D \ V T w i t h T - 8.50 in ) 

Nam Trieu Num Trieu Tráp B á c h Dang 
Lách H U Ý C H Lách Huyên Ha Nam + C a m 
(Opcn sên) (Protcctcd (Camil) (Rivcr) 

water) 
K e e l - d e a r a n c e comoonents 

1, Alloxvance for statìc draught 0.10 0.10 0.10 0.10 
uncertainties 

2. Change in watcr đensity n A n u.uư 0.25 0.25 
D. O U U ĩ i L y L ỉ y l l u U H ^ li 1111 1 II0L7 u. /u n ìn 

U , J U 
n i n 

4. Wave response alỉo\vance 0.50 0.30 0.00 0.00 
5. Wind response a]lo\vance 0.10 0.10 0.20 0.10 
6. Netto Keel-Clearance 0.30 0.30 0.30 0.30 

G r o s s Underkeel-Clearance (m) 1.70 1.55 1.25 1.05 

TableA.Ĩ.T.}. 
~GrữSS"tintiữrlccct-cỉt;;ír;inCTrc(ffìH)utntiơrf"fnr «11'. t 

(í lruught ôi" 10,000 DWT-ship) 

D e s i g n S h i p 3 0 , 0 0 0 D \ V T 

( T = 11.30 m ) 

Nam Trieu Nam T r i c u Tráp B á c h Dang 
Lách Huyên Lách H u y ê n H a Nam -(-Cam 
(OpenSca) (Protcctcd 

ìvater) 
(Cíinal) (Rivcr) 

Keel -c learance components 

1. AlIowance for static draught 0.10 0.10 0.10 0,10 
uncertainties 

2. Change in water đensìty 0.00 0.35 0.35 0.35 ' 
3. Squat (dynamic trùn + list) 0.70 0.50 0.40 0.35 
4. Wave response allcnvance 0.45 0.20 0.00 0.00 
5. Winđ response alỉowance 0.05 0.05 0.10 0.05 
6. Nerto Keeỉ-Clearance 0.30 0.30 0.30 0.30 

G r o s s Underkee l -CIearance (m) 1.60 1.50 1.25 1.15 

Tablư A.Ị.T.2. 
Gross undcrkccỉ-clcarunce computi i í ion for a 30,000 DWT-Shi | í 
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Apart irom the underkeel-clearance, the botlom related factors have to be 
taken into account to caículaíe the channel dredge ievel. The following 
allowance has been taken into account : 

1. alìowance for bed leveỉ unceríainties : 0.10 m 
2a. ailowance for nautical bottom changes between 

two dredgings in Nam Trieu / Lách Huyên : 0.25 m 
2b. allowance for nauticaì bottom changes between 

two dredgings in the river sysíem : 0.05 ni 
3. dredging execution tolerance : 50% o f 0.30 m : 0.15 m 

Thus the total assumeđ aIlowance for bottom related keel-clearance factors 
varies between 0.30 ni (river system/canal) and 0.50 m (Nam Trieu / Lách 
Huyên). 

A.f.1.3.Tidaf level 

— — - The accessibiỉity to Hai Phong Port is liđẽ-bỡunđrAlÌ3ãr"^do^oFcyD7 
+ 2.50 m and a nautical depth of C.D. -7.30 m means. a tQíal time 
accessibility to Hai Phong for lìghtered 30,000 DWT-ship of 15 % of totai 
tiiiie which is quite poor (accessibility for fuil loaded 30,000 DWT-ships is 
0 % ) . 

The optimisation of the tidal window has been done by means of an 
accessibility graph represented in íìgure A . I . Ì. 

The accessibility (in % of total time) to Hai Phong is analysed for the 2 
differení ships and in íunction of the nautical depth. 
The relationship shows thát in order to improve the accessibility for a 
lightered 30,000 D W T ship from ]5 % to 65 % onỉy a slighí increase in 
nauticaỉ depth is necessary. 
Consequently, in order to increase the nautical accessibility to 65 % of the 
totai time, the tidal window can be deduced and is equal to C.D. + 1.70 m 
for a lightered 30,000 D W T ship. 
For a full-Ioaded 30,000 D W T ship, a tida! window o f C.D. + 1.85 m 
corresponds to an accessibility of 50 % o i total time. 
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Diíĩerence in magnitude o f speed - Peak í lood 
Alternative Ì : C.D. - 7.30 m channel 

Figure4.2.n.(a) Hai Phong 
Diíĩerence in magnitude o f speed - Peak ebb 
Alternative Ì : C.D. - l i . 5 m channel 

Figure 4.2.11 .(b) Hai Phong 
DiíTerence in magnitude o f speed - Peak f lood 
Alternative Ì : C.D. - 11.5 m channel 

Figure 4,2.12.(a) Hai Phong 
Diíĩerence in magnitude o f speed - Peak ebb 

— — -—Alternative 2 : C.D. - 9.0 m channeì — 

Figure 4.2.12.(b) Hai Phong 
DiiTerence in magniíuđe of speed - Peak flood 
Akernative 2 : C.D. - 9.0 m channel 

Figure 4.2.13.(a) Hai Phong 
Diíĩerence in magnitude o f speed - Peak ebb 
Alternative 3 : C.D. - 9.0 m channel 

Figure4.2.13.(b) Hai Phong 
DiíTerence in magnituđe of speed - Peak flood 
Alternaíive 3 : C.D. - 9.0 m channel 

Figure4.2.14.(a) Hai Phong 
Difference in magnitude o f speeđ - Peak ebb 
Alternative 4 : C.D. - 9.0 m channei 

Figure4.2.14.(b) Hai Phong 
Diữerence in magnitude o f speed - Peak í lood 
Aìternative 4 : C.D. - 9.0 m channel 

Figure 4.2.15.(a) Hai Phong 
Difference in magnitude of speed - Peak ebb 
Dinh Vu dam removed : C.D. ~2m channel 

Figure4.2.15.(b) Hai Phong 
Diíĩerence in magnitude o f speed - Peak ílood 
Dinh Vu dam removed : C.D. - 2 m channei 
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Figure 4.2.16.(a) Residual Current Vectors - Surtace layer 
VVet season neap tide 
Existing conditions 

F i íu re 4.2,16.(b) Residual Current Vectors - Bed layer 
Wet season neap tide 
Existing conditions 

Figure 4.2.17.(a) Residual Current Vecíors - Surface layer 
Wet season neàp tide 
Alternative Ì . C.D. - 9.0 m channel 

Figure 4.2.17.(b) Residual Current Vectors - Bed layer 
Wet season neap tide 
Alternative Ì ; C.D - 9.0 m channel 

Figure 4.2.18.(a) Resiđual Current Vectors - Surface layer 
Wet season neap tide 
Alternative ì : - 7.3 m 

Figttftr4r2; I8:(b)- Reskfaĩĩi Cui rem Yectors = Bed layer ~ : 
Wet season neap tide 
Alternative Ì ; - 7.3 m 

Figure 4.2.19.(a) Residua! Current Vectors - Surface Iayer 
Wet season neap tide 
Alternaí ive4 : C.D. - 9.0 m 

Figure 4.2, ỉ 9.(b) Residual Current Vecíors - Beđ layer 
Wet season neap tide 
Alternative 4 : C.D. - 9.0 m 

Figure 4.2.20.(a) Resiđual Current Vectors - Surface layer 
Wet season neap tide 
Dinh Vu Dam removed, existing channel 

Figure 4.2.20.(b) Residual Currení Vectors - Bed Iayer 
Weĩ season neap tide 
Dinh Vu Dam removed, existing channel 

Figure 4.2.21. Hai Phong approaches mođel positions 

Figure 4.2.22.(a) Diíỉerence in magnitude of speed 
Comparison o f existing conditions and alternative Ì 
Drỵ season - Peak ebb 

Figure 4.2.22.(b) Diíĩerence in magnitude of speed 
Comparison of existing conditions and alternative Ì 
Dry season - Peak fìood 
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Figure 4.2.23. Monitoring of Nam Trieu Channel Sedimentalion (June -

Aimust '95) 

Figure 4.2.24. Locaíion o f Channel Sections for existing channel 
(aiternative 1) 

Figure 4.2.25. Sedìmentation/erosion Auxes calculated for the existìng 
channeỉ (dry season ; spring tide ; no waves) 

Figure 4.2.26. EfFect of wave action ôn seđimentation 
(Nam Trieu Channel ; section C4000, C6500, D2500, 
D5000, DS000 anđ Lách Huyên channel; section D3000, 
E2000, F6250, F12500) 

Pigure 4.2.27. Sedimentation/erosion íluxes calcuiated for the existing 
channel under wet season (neap t ide ; He (Aval) — 
1,60 m) " ": 

Fieure 4.2.2S. Sedimentation/erosion Auxes in the channel alternative Ì 
(C.D. - 9.0 m) for dry seaắon, spring tide ( H s = Ì .60 m) 

Figure 4.2.29.(a) Sedimentation/erosion fluxes in the channel alternative Ì 
(C.D. - 9.0 m) for wet season, neap tide ( H s = 1.60 m) 

Pigure 4.2.29.(b) Sedimentation/erosion íluxes in the channel alternative Ì 
(C.D. - 9.0 m) for wet season, neap tide (Typhoon storm 
waves) 

Figure 4.2.30. Sedimentaíion/erosion íluxes in the channel alternative 2 
(C.D. - 9.0 in) for dry season, spring tide ( H s = 1.60 m) 

Figure 4.2.31. Locations o f cross-sections for channel 3 alignment 

Figure 4.2.32. Seđimentation/erosion íluxes in the channel alternative 3 
(C.D. - 9.0 m) for dry season, spring tide, severe storm 
waves 

Figure 4.2.33. Locations o f cross-sections for channel 4 alignment 

Figure 4.2.34 (à) Seđimentation/erosion íluxes in the channel alternative 4 
(C.D. - 9.0 in) for wet season, neap tide, severe storm 
waves ( H s = Ì .60 m) 

Pigure 4.2.34.(b) Sedimeníation/erosion íluxes in the channel alternative 4 
(C.D. - 9.0 in) for wet season, neap tide, typhoon storm 
waves 
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A.III.3.2.2. Interpretation 

The results are shown ôn maps 09.70.004 to 09,70,009, only the most 
reỉevant fractions being incỉuded in this report. Both the mud íractions and 
sand ữactions show a íining to the w s w , resulting in the above mentioned 
WSW-transporí đirections (par. 3. ì) . 

ít appears thát the sediments of the W-part o f the Bay is enriched with ; 
a. finesand(135 - 180 ị\) , 
b. f m e s i ỉ t ( 2 - 10 í_i). 

The sedíments of the E-part of the Bay are enriched with : 
a. rnedium sand (180 - 250 Ị.i) ; 
b. coarse silt (> 20 Ịi). 

A.ill.4. CONCLUSIONS 

The Sediment Trend Analysis (STA) study conducted ôn 85 seabed 
samples taken in Hai Phong Bay in the weĩ season o f 1995 leads to the 
following conciusions/interpretations : 

a. sediment regime is mainly governed by a redistribution of the sedìment 
stock avaiiable in the shoals and bar system ; 

b. residual sediment transporí is mainỉy oriented from ENE to w s w and 
probably dominateđ by wave actions (typhoons, storus, ;..) ; tidal or 
discharge action is ỉess important for sediment distribution ; 

c. in the shelíered parts o f Bách Dang and Lách Huyên, mud is transported 
in upstream directions ; 

d. mud supply Tròm offshore, probably by wave action, is occurring. 

H A E C O N , 10-01-96 
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