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Final Report 

Enrico Feoli 

Deputy Coordinator 
International Institute for Earth, Environmental 

and Marine Sciences and Technologies - IlEM 

Introduction 

-·· -. -r-

This is the first of a series of International Courses on Coastal Management, 
which will be organized on a yearly basis by the International Centre for Science 

and High Technology. The purpose of these Courses will be to introduce 
scientists fro~ developing countries to various aspects on the management of 
coastal areas, both in economic, legislative and environmental points of view. -
These Courses will help coastal communities to plan sustained development of 

the coastal economy, reducing environmental risks and hazards. 

The International Course on Coastal Zone Management was held m Monselice 

where the International Centre for Hydrology is situated. The Centre is part of 

the University of Padua, with which the ICS has a sustained collaboration, in fact, 

a considerable support towards the Course was given by various professors and 

assistants from this University . 

The Course was divided into four different sections lasting 10 days for a total of 34 

lecturers giving about 2 lecture hours each. 

Coastal Environment 

The lectures were dealing with water movement in the sea and inlets. Particular 

attention was given to sea-level variations owing to global warming. Salinity and 
sedimentation were considered in con·nection with biological re-;ources, while 

coastal morphology and dynamics were considered in connection with coastal 

protection. Ecology of coastal waters was a topic developed in two lectures and a 
seminar discussion, examples of trophic nets under different pollution 

conditions had been illustrated. 
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Land and Wat.,- Uses 

Lectures of this section presented many case studies of heavy industrialized and 

urbanized coasts, and examples of engineering solutions for efficient 

management of coasral environment. Problem such as pollution and 
environmental hazards had been described under the perspective of reducing the 
risk of catastrophic events. The effects of agriculture, fisheries, acquaculture and 

recreation were illustrated and proposals for reducing the environmental impact 
were presented. Particularattention was paid to the problem of dredging and 

disposal of dredged material. Case studies were iilustrated from the Netherlands 
and the Venice lagoon. 

Management Tools 

The lectures dealt with Geographical Information Systems and the necessary 
integrati~n of Information for ctastal zone management. 
Several computer demonstrations on this topic and practical exercises on how to 
build an expert system have been also given. 

The principles on maritime law were discussed at the light of agenda 21 of the 
Rfo Conference. 

Impact Analyses 

Various procedures for drafting an environmental impact statement were 

illustrated in theoretical lectures, and studies of social impact of coastal zone 
projects were exemplified by discussing real case studies. 

A field trip to visit the river mouths along the venetian coast was hosted by the 

Consorzio Venezia Nuova, with a prior presentation of Dr. F. Bandarin on the 

subject. The itinerary consisted in a shott video introduction and subsequently 

on a long tour via motorboat around Venice to see the mouths. All participants 
attended enthusiastically. 

For this purpose specific cases were considered and info~mation methods were 
applied for supporting decisions (expert systems, geographic information systems, 

data banks, etc.). The students had the occasion to work directly on computers 

and tu test the effects of different choices in coastal management of their 
countries. 
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INTERNATIONAL CENTRE FOR SCIENCE AND HIGH TECHNOLOGY 

9:30 

9:40 

VENICE CENTRE FOR MARINE SOENCES AND TECHNOLOGIES 

International Course on Coastal 
Zone Management 

19-30October1992 
Villa Duodo, Monselice, Italy 

Programme 

Monday, 19 October 

Welcoming address 
Augusto Forti 
JCS Proj...--ct Leader 

Giampaolo Di Silvio 
Director, International Institute of Hydrology 

9:50 Enrico Feoli 

9:55 

10:00 

10:30 

HEM Local Coordinator 

Sergio Fattorelli 
Course Co-rnrector 

Coffee Break and Registration 

Opening Session 
Louis Mostertman 
Course Co-Director 

11:30 River-Ocean-Interaction: Salinity and Sedimentation 
Giampaolo Di Silvio 

12:30 Lunch Break 

14:30 Waves and Currents in the Coastal Zone 
Alberto Lamberti 

". 
16:00 Coastal Processes and Protection (Functional Asptcts) 

Gianfranco Liberatore 
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Tuesday, 20 October \ 
: I. - f . 
! . 

9:00 C045t11l Consuvation and Protection 
Van Dijk 

t 10:00 Coffee Break 
I 

! 
10-.30 Sm Uf!d Variations 

. ,, 
' f 

). Giampietro Puppi 

' ~ 11:30 CORStal Protection (Struchmd Asp«ts.> 
I 

Leopoldo Franco I 
12:30 Lunch Break 

14:30 Coastal Protection 
Leopoldo Franco 

15:30 Video on Coastal Managonmt iii The Ndhtrlands 
Van Dijk 

16:00 Presentation of the Use of Geographical Information Systmr (G.1.5.) with the 
Management of the Dutch Wadden Sea 
Van Dijk 

Wednesday, 21 October 
,. 

9:00 Some Aspects of the Lagoon Ecosyston 

' Oscar Ravera 

10-.30 Coffee Break 

.. ~ 11:00 Morphology and Dynamics of the Beaches and of the Littoral Zone 
Giorgio Tunis 

'~ ~ 
12:30 Lunch Break -~ 14:30 Plankton Production and Trophic Interactions 

Alenka Malej 

16:00 Discussion Group: Biological Aspects of the Lagoon Research 
Oscar Ravera 

Thursday, 22 October 

-~l 9:00 Tides 
Mostertman 

10-.30 Coffet: Break 

11:00 Recreation ~ Francesco Bandarin ~ 
( 

Lunch Break 12:30 ~ .. 14:30 Participants' presentation of their case studies 

~~ 
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10-.30 

11:00 

12.-00 

14:00 

15:00 

9:00 

10-.30 
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Friday, 23 Cktober field trip to Venice 

Saturday, 24 October 

Hydraulic Effects of Agricultural Practice 
Mario Lenzi 

Cofftt Break 

-- - - ---,-

The Rebztianship bdt«tn Capture Fisheries and tire Erwironmmt 
A.O. lnsull 

Lunch Breu 

The Rebztionship betwttn AqllllClllture and the Enmronmen! 
A.O. Insull 

Seminar: F»llow-up Actions by FAO to UNCEO, Agenda 21, Chapter 17, 
Programme Area A, Integrated management and sustainable development of 
coastal and marine areas, including exclusive economic zones. 
A.O. Insull 

Monday, 26 October 

Dredging 
Jan De Koning 

Coffee Breu 

11 :00 Dredging 

12:30 

14:30 

15:30 

9:00 

10-.30 

11:00 

12:30 

14:30 

16:00 

Jan De Koning 

Lunch Breu 

G.l.S. and Model Integration in Coastal Management 
Kurt Fcdra 

Disposal of Dredged Material 
Jan De Koning 

Tuesday, 27 October 

Reclamation of Industrial Sites 
Jan De Koning 

Coffee Break 

Principles of Maritime ·Law 
Adalberto Vallega 

Lunch Breu 

Principles of Maritime Law 
Adalberto Vallcga 

Discussion Group 
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Wednesday, 28 October 

Models, Gl.S. and E:xpat Systems for Environmmtal lrrrpcd Assessmmf 
Kurt Fedra 

Coffee Break 

Practical exucises with the aput system I Discussion group on Environmmtal 
lmpocf Assessment 
Kurt Fedra 

LunchBttak 

14:30 lnd11Stry and Urbanfaation 
Zanetto 

Thursday, 29 October 

9:00 Watu Management in Coastal Areas 
Louis Mostertman 

10-.30 Coffee Bre:ak 

11:00 Italian Legislation and its Enforcements 
Antonio Tamburrino 

12:30 Lunch Break 

14:30 Italian Legislation and its Enforcements 
Antonio Tamburrino 

16:00 

9:00 

10:00 

10:30 

11:30 

12:30 

14:30 

16:00 

Management of Tidal and Non-tidal Rivers 
Louis Mostertman 

Friday, 30 October 

Human Health and Safety Impact Assessment of Coastal Zone Management 
Eric Giroult 

Coffee Break 

Procedures for Drafting and Environmental Impact Statement 
Elliot Laniado 

Human Health and Safety Impact Assessment of Coastal Zone Management 
Eric Giroult 

Lunch Break 

Procedures for Drafting and Environmental Impact Statement 
Elliot l.aniado 

Concluding Remarks 
Louis Mostertman 
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International Course on Coastal Zone Management 

Francesco Bandarin 

Antonio Brambati 

Jan de Koning 

Giampietro di Sivlo 

Kurt Fedra 

Enrico Feoli 

Augusto Forti 

Leopoldo Franco 

LD • Local 0reanlzer 
CD • Coune Director 

19-30 October 1992 
Villa Duodo. Monsellcc. Italy 

LIST OF PARTICIPANTS 

Consorzio Venezia Nuova 
CL Palazzo Morosinl 

San Marro 2803 
30124 Venezia 

President 
CD Laboratorio di Biologia Marina 

Strada Costiera 336 
34100 Trieste 

Italy 

Italy 

Profe~sors of Soil Movements The Netherlands 

CL Delft Technological Unl~rslty 
Faculty of Mechanical Engencertng 
and Marine Technology 
P.O. BOX 5034 
2600 GA Delft 

Director Italy 

CD International Centre for Hydrology 
·mno Tonlnr 
University of Padova 
Vllla Duodo 
35043 Monsellce 

Project Leader Austria 

CL Advanced Computer Applications 
International Institute fro Applied Systems 
Analysis · I.I.AS.A. 
2361 Laxemburg 

Deputy Co- ordinator Italy 

ID International lnsutute for Earth. 
Environmental and Marine Sciences 
and Technologies 
Via Beirut 7 
341001i1este 

Project Leader Italy 

CD International Centre for Science 
and High Technology - ICS 
Via Grignano 9 
341001i1este 

Associated Professor In Coastal Engineering Italy 

CL Polytecnlc of Milano 
Faculty of Engineering 
Institute of Hldrology 
Milano 

CL • Courae Lecturer 10 • lnYlted Ouut 
CP • Courae Participant LO • Local Oreanlzer 
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\ - Erik Gtroult Envtronmental Health Scientist Switzerland -" 
CL World Health OrganlzaUon - WHO >. 

Envtronmcntal Health In Rural and Urban 
Develpment and Housing 
Division of Environmental Health 
1211 Geneva 

David lnsull Senior Fishery Planning Officer Italy ' CL Fishery Food and Agriculture Organlza.Uon 

t of the United NaUons - FAO 
·::: 

Viale dclle Termc di Caracalla 
OOlOORoma 

1 

Alberto Lamberti University of Bologna Italy 

CL Faculty of Engineering 
Institute of Hydrology 
Bologna ~ 

- Eliot Laniado Polytccnlc of Milano Italy 

CL Department of Electronics 
Mtlano 

Mario Lenzi Professor Italy 

CD University of Padova 
Dlpartlmento di Terrltorto e Slsteml 

,,. "" 
Agro-forestall 
Via Gradcnlgo 6 
35131 Padova 

' 
Glanfranco Liberatore University of Padova Italy .• 

CL Faculty of Engtnccrtng 
Institute of Hydrology 
Pad ova ...... ..,,. 

\\' 
'~ ~ 

Alcnka Malej University of Lubljana Slovenia 

CL Marine Biological Station 

~ .. Plrano 

~ 

Louis Mostcnnan Professor The Netherlands 

ID Delft Technological University 
Mekelweg2 
P.O. BOX 5034 ,Ill 

2600 CA Delft 
~ 
-~ 

.&. 

Giampietro Puppl Director Italy • 
"' 

CL Tecnorr.are 
3584 San Marco " Venezia • :· 

;> 

Oscar Ravera Professor or Ecology Italy 

CL University of Venezia 
Dlpartlmento di Sclcnze Amblcntall 
Calle Larga S. Marta 2137 
30123 Venezia 

ID • Local 0rianlzer CL· CourM Lerturcr IQ • ln•ltcd GuHt .) 

CD • Course Director CP • CourH P11rtlclpant LO • Local oriantzer ~~ 
t .... ,. 
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\ - t - Antonio Tamburrtno Largo dcltArtlde 20 Italy 

CL 00144 Roma 

Glorgto Tunis University of Tr1cste Italy 

CL Pazza1c Europa l 
Trteste ' ~_\ 

t -~ Adalberto Vallega University of Genova Italy 

CL Institute of Geographic Sciences 
Via Longoparco Gropallo 3 I 
16122 Genova 

R W. J. Van Dljk Pruvindal Board of Overtjsscl The Netherlands 
CL p/a Ar1cnsware 22 

8014 1E Zwolle 

Gabriele Zanetto University ofVenezia Italy 

CL Department of Environmental Sciences 
Dorsoduro 2137 
Santa Marta 
Venezia 

.· Abdel Moneim Badr Coastal Research Institute Egypt 

CP 15 El Pharaana Street 
El-Shalalat 
Alexandria 

'\ 

Gloria Bologninl Biology Department Italy 
CP Univt:rslty of Tr1cste 

Trieste _, 

\\.' 
'~ ~ 

Viorel Blendea National Institute of Metereology Romania 
CP and Hydrology 

~ ... Sos. Bucarestl-Plolcstl No.97 
Bucharest 

Caroline 0. L Dublin Green Nigerian Institute of Oceanography Nigeria ' 
CP Marine Research 

Federal Ministry of Science and Technology 
P.M.B. 12729 
Victoria Island 
Lagos 

Lale Hapoglu Middle East Technical University Turkey 
CP Ctvtl Engeneertng Department "'( 

Coastal and Harbour Engeneertng Laboratory 
06531 Ankara 

Fulvio Iadarola C.E.T.A.- International Centre for Italy 
CP Theoretical and Applied Ecology 

Cc-rtzla 

_) 

LD • Local Orpnlur CL • Couree Lecturer JG - lnTlted Oue•t 
CD • Coune Director CP • CourH Participant LO • Local Orpnlzer ~~ 
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! Mela.kc Kllpfemartam Addis Ababa University Ethiopia 
I . CP Faculty of Science 
l Department of Biology 

Addis Ababa 

Duong Xuan Nguyen National Center for Sctcntlft<: Research Vietnam 

' CP of Vietnam 
Centre for Sea and River Dynamics i 208DDotcan 
Hanoi 

I 

Albero Dl Filippo Engineer Italy 

CP ENELSpA 
Via Omato 90/14 
20162 Milano 

Giuseppe Oriolo University of Trieste Italy 

CP Department of Biology 
Trieste 

J. K. Patterson Centre of Advanced Study In Manne Biology India 

CP Paranglpettal - 60S 502 
Tamilnadu 

,. 

Fabio Raimo Area per la Rlcerca SclenUfka e Tecnologtca Italy 

CP di Trieste 

' Padrlclano 99 
Trieste 

\\.' 
Paola Rosada Untverslty of Padova Italy ., 

CP Dlpartlmento di Terrltorlo e Ststeml 

'~ Agroforestall 
~ Via Gradenlgo 6 

35131 Padova 

"" " ... 
Allla Uras Middle East Technical University Turkey 

CP Civic Engeneerlng Department 
Coastal and Harbour Engeenertng Laboratory '\ 

06531 Ankara 

Manlmegala ScHadural National Aquatic Resources Agency Sri Lanka 

CP Crow Island. Colombo 15 

Albena D. Velcheva Bulgarian Academy of Sciences Bulgaria 

CP Institute of Oceanology 
P.O. BOX 152 
9000Vama 

Janos Podanl Eotvos University Hungary 
CP Departm:nt of Plant Taxonomy and Ecology 

1083 Budapest 

! .. J 

U> • Local 0rianlur CL - CourM Lecturer 10 • lnYlted Gueat 
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Co-Manager 
CP Rlserva Naturale Marina dl Mtramare 

Viale Mlramare 349 
34014 Trieste 

Mlddle East Technical University 
CP CMI Engineering Department 

Coastal and Harbour Engineering Laboratory 
06531 Ankara 

Project - Manager 
CP SGS Ecologta 

Via Campo d"oro 35 
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Turkey 
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The cros~ sections shown in the fi3u\:'c have been reproduced on 
the model. 
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J. - Cal~bracion of ch~ ~ache:natical cocel 

The lo~est part of the Adige River bas a rat~er irregular morp~ology: its ~an 
depth ranges betlieen Z and 4 c. and its vidth be~~~en 100 and 300 ~- About 40 cross 
sections (:110re a~d ::iore closely distributed tovard c~e ::out~) have been used for a~ 
acc~race geooecrical descri?tion of a 26 k::i long reac~ >f the river (Fig. 2). 

A calibration has been possible by coc:paring t~e results of the lllOdel vit~avai 
lable level oscillation records and salinity :easure:ents [3] . 

The folloving experi~ental data ~ere used for calibration: 

i} Salinity ceasure~encs curing part of a tical cycle. recorded on ~..arch JO. 1971 • 

en sec:~ons 4. 6 and 7 (see Fig. 4). 

Fig. ~ Ter:ninal reach of the Adige River. Measurement sections 

During t~e test, inland discharge 
level oscillation was about + 0.3 
period of about 12 hours. 

3 
was constant·and equal to 185 m /s; the sea 
m vith respect to the mean sea level, with a 

Salinity ceasurements during part of a tidal cycle, recorded on December Zl , 

1971, on sections 6, 10, 11 (see Fig. 4) • • 
During the test, inland discharge was constant ~nd equal. to 50 m

3
/s (an excep• tionally \ov discharge for the Adige River); the sea level oscillation vas 

+ 0.2 with respect to tbe mean sea leve\, with a period of about 12 hours. 

iii) Level oscillation records during several tldal cycles, racorded on November. 
2nd and 3rd, 1972' at three locations along the river (see Fig. 2): Isola Bacu.s_ 
co (at the river mouth); Porto Fossone (3.2 km upstreain the mc\lth}; Cavanella 
(11 km upstreac1 the C10uth). During the test, the inland discharge vas practi

cally constant and equal co 104 m3/s. 

Three parameters have been tested for calibration: interfacial friction coef
ficient f , river bed friction coefficient f, and de .. ~imecric ratio becveen salt 
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tho model. 
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UNESCO -·INTERNATIONAL HYDROLOGICAL PROGRAMME 

Yorking group on changes in the salt-fre~h water balance in deltas, estuaries and 
coastal zones due to structural works and groundwater exploitation. 

A CA.SE STUDYt THE ADIGE RIVER 

Prepared by Prof. G. Di Silvio 
Institute of Hydraulics,University of Padua (Italy) 

1. - Introduction 

The Adige River is the second longest river (400 km) and has the third. larges~ 
hydrographic basin in Italy (12,000 km2). Most of the basin is contained in the al
pine region, with elevations up to 3~00 m above the sea level (Fig. 1). 

The Adige River and its tributaires flow across rather populated and urbanfaed 
areas, both in the alpine and plain region: 1.2 Millions of inhabitants presentlyli 
ve within the basin, and they are expected to become 1.6 millions before the year 
2015. 

A large amount of the Adige's water (800 • 10
6 

m3 per year) is already used for 
industrial, agricultural and municipal purposes, but an additional volume (500 • 106 
m3) should be derived from the river in order to meet the entire demand of the.terri. 
t~ry, above all the irrigation.requirements of the large alluvial plain down-stream 
the city of Veron~. 

Although the water volumes to be derived from the river are relatively small in 
comparison with the average annual runoff (7400. 106 m3), the situation appears to 
be more serious as far as the discharges are concerned. During the irrigation period, 
in fact, the maximum diversion from ~he river is at present of 190 m3/s. In this co~ 
ditions, the residual discharge at the mouth of the river is still larger then 110 
m3/s (duration along the irrigation period: 95%). However, if an additional discha.! 
ge is to be diverted from the river, the residual ".ow at the mouth is going to be 
substantially reduced, and an excessive intrusion of salt water from the sea could 
eventually take place. 

A study on the possible utilization of the Adige.River water resources has been 
done by a Government.Agency (Ente Nazionale per le Tre Venezie) operating in 
North East ltaly(l]. In this study, retention and storage of water by means of new 
reservoirs has been taken into.consideration, together with a reduction of the mini
mum residual flow let to get into the sea. 

In order to predict the effects of modifications of the hydrological regime .on 
the balance between fresh.and salt water in.the lower part of the Adige River (Fig. 
2), a mathematical model of the estuary was prepared simulating the salt intrusion 
hydrodynamics. 
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Fig. 1 - Hydrographic basin of the Adige River 
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Fig. 2 - Morphological characteristics of the lower part of the Ad~ge. 
The cross sections shown in the figure have been reproduced on 
the model. 
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2. - Salt intrusion u:atheoatical model 

Cl~ssification of salt.water intrusion.in_estuaries,.according to thedegree of 
stratification,.may be made.following a number of criteria taking into account dif
ferent morphological and hydraulic parameters. However, since the estuary morpholo
gy is related to the tidal.action.and to the fresh.water discharge, most of these 
criteria may he.brought back.to.the.simple.Pritchard.criterion. based on the ratio 
between the tidal.prism volume-and.the volume of inland water flowing toward the 
sea during one tidal.cycle •. 

Spring tide :Ln northern Adriatic Sea is about. l m from maximum to Dl.l.m.mum. As 
a consequence, even with the largest planned.reductions of residual inland dischar
ge, the above.mentioned.ratio.for.the Adige.River is nearly.always less then 1, so 
that intrusion. is. markedly. stratified .. (unsteady salt wedge). 

A mathematical.model.has been.prepared [2], consisting in the numerical inte -
gration of the.four one-dimensional equations.of.motion and continuity in two !ayers 

.having different density.(fresh.and.salt w~ter). 
Energy losses.in.the two.layers.have been.put.into account, according to the 

Darcy-Yeisbach.formula, by a.friction coefficient f on the river bed and by a 
friction coefficient fs on the interface. 

Since in stratified estuaries.the velocity of the.lower salt-water. layer is.u
sually small in comparison. with the velocity of the upper fresh - water· la~·er ,. ·the 
energy dissipation (for unit weight and unit length) within the two layers, iA and 
iB, has been assumed as depending only on the fresh water velocity: 

l 
f(P - P ) + f BB 

i QAI QAI 
A B s =--

A Sg 
(A - A )3 

A B 

l 
f BB 

iB QA I QAI 
s - Sg 2 

AB (AA - AB) 

where QA is the fresh.water.discharg2; A and AB the channel cross 
elevations y (fresh.water surface) and yA (salt water surface); B 

h • A • B p h A c annel wi.dths at.elevati.ons y and y ;.and PA ~nd B t e wetted 

sections.at 
and B the. 

. B 
peri.meters, 

• l • A B agai.n ate evati.ons y and. y •. + 

Salt-water.veloci~y.could.~lso.be.included.in.the.dissipation formula, 
substantial improvement is hardly to b~ expected, due to the uncertainty in quanti
fying the coefficient. f . (see.par •. 3)~ 

The four partial.differential.equations.of.motion.and.continuity have.been.sol-

but.a. 

.. 
ved by a finite-difference.technique, leading.to.an.implicit scheme for the . upper 
layer (fresh water) and.to.an.explicit scheme for.the lower layer (salt water). 

\ 

Appropriate boundary.conditions.are prescribed.at the sea-end and at the inland
end of the river, in order to take into consideration all the possible configuration! 
(Fig. 3). 
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In the inland-end (far enough from the mouth, so that tidal oscillations have 
no influence there) the time-depending inland discharge QA , entering the river, 

is prescribed. 
In the sea-end the.time-depending level y (varying according to the tide) is 

prescribed. When the intermediate situation tak~s place {Fig. 1 b), a further con
dition: is given at the sea-end boundary, i.e. the minimum energy compatible with 
discharge QA and the sea level yA. This condition leads to: 

where FR is the densimetric Froude number and 
ratio. 

... 
· .... -... -·. ·~ 

·" ... 
.. 
r.~ 

is the densimetric 

Fig. 3 a - Driven back intrusion (strong ebb-tide and high inland.discharge) 
Fig. 3 b - Deep salt in~rusion (intermediate situation) 
Fig. 3 c - Superficial salt intrusion (strong flood-tide and low inland discharge) 
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3. - Calibration of the mathematical model 

The lowest part of the Adige River has a rather irregular morphology: its mean 
depth ranges between 2 and 4 m, and its width between 100 and 300 m. About 40 cross 
sections (more and more closely distributed toward the mouth) have been used for an 
accurate geometrical description of a 26 km long reach of the river (Fig. 2). 

A calibration has been possible by comparing the results of the model withavai 
lable level oscillation records and salinity measurements [3] • 

The follo~-ing experimental data were used for calibration: 

i) Salinity measurements during part of a tidal cycle, recorded on March 30, 1971 , 
on sections 4, 6 and 7 (see Fig. 4). 

Fig. 4 - Terminal reach cf the Adige River. Measurement sections 

3 
During the test, inland discharge was constant·and equal to 185 m /s; the sea 
level oscillation was about + 0.3 m with respect to the mean sea level, with a 
period of about 12 hours. 

ii) Salinity measurements during part of a tidal cycle, recorded on December 21 , 
1971, on sections 6, 10, 11 (see Fig. 4). 

• • • 5 3! ( During the test, inland discharge was constant and equal. to 0 m s an excep-
tionally low discharge for the Adige Rlver); the sea level oscillation was 
.:!. 0.2 with respect to the mean.sea level, with a p~riod of about 12 hours. 

" iii) Level oscillation records during several tidal cycles, recorded on November 
2nd and 3rd, 1972 at three locations along the river (see Fig. 2): IsolaBacuc . -
co (at the river mouth); Porto Fossone (3.2 km up~tream the mouth); Cavanella 
(11 km upstream the mouth). During the test, the inland discharge was practi
cally constant and equal to 104° m3/s •. 

Three parameters have been tested for calibration: interfacial friction coef
ficient f , river bed friction coefficient f, and densimetric ratio between salt 

s 

• 

\ 

' 
t 
1 



.. ~·· .,. . . 

• . ~ -
r--

\ \ - l 
l-

i' 
1' 

;J 

' -

,. 

\ 

t 

_-----..:._ -·--- --

\ 
. -y-

,. 
- 7 -

p - p 

and fresh water, E 
B A 

"s 

Specification of the numerical values for these parameters is not an easy task, 
expecially as far as.the interfacial friction is concerned. Values of f obtained 
from several experiments in steady conditions, both in laboratory and insnature, are· 
scattered vi thin a couple:of o:cders. of magnitude [3] 

Although the coefficient. f is expected to be somehov depending on the flow 
characteristics, it has been.dec~ded to assume it as a.constant during each calibr.!_ 
tior.. test. In-this.vay,. the.friction coefficient f is reckoned as an overall ca
libration parameter alloving a satisfactory fittingsof the experimental results.The 
same has been done as far as.the river bed coefficient f and t~e densimetricratio 
£ are· concerned. 

An extensive 
The values of f 
0.20 up to 0.30. 

combination.of these coefficients has been tested on the model. 
and f ranged from 0.01 up to 0.20; the values of £ranged from 

s 

The sensitivity analysis.shovs that.a precise specification of the densimetric 
ratio is not much relevant, provided that a reasonable value corresponding :to the 
salt concentration in the sea is used. Much more important, as expected, is the in
fluence of the friction coefficient, both on the interface and on the river bed. 

The interfacial friction coefficient directly affects the salt-wedge profile in 
that the friction.forces.tend.to push the intrusion back to the sea. They are espe
cially important ~hen the.inland.discharge is large in comparison with the tidal o
scillation. 

The river bed frict~on.coefficient.is.important in so far as it influences the .. 
periodic variation of the fresh-water discharge at the mouth (the smaller the bed fri~ 
ti.;n is , the. larger is the. tidal prism volume). This is especially important ·for 
salt intrusion when the inland discharge is relatively small, since the discharge at 
the mouth may be strongly.reduced during the flood period (or even annuled as shown 
in Fig. 3 c). 

After different trials, the following constant (in space and time) values have 
been recognized to duplicate all.the available data with sufficient.accuracy; reas~ 
nable variations of these values, however, do.not markedly affect the salt intrusion~ 

River-bed resistance coefficient: f = 0.04 (corresponding to a value.of 45 m
112 

s-1 in the Chezy formula) 

Interfacial resistance coefficient: f a 0.05 (corresponding to a value of 
40 ml/2 s-1 in the Chezy formula) 

Densimetric ratio: £ = 0.03 (corresponding to the average salinity of the Adria 
•tic Sea). 

The tidal wave attenuation.along the river is.shovn in.Fig. 5, where a.compari
son is given between computation and level reo~rds of November 1972. 

In Figs. 6 and.7 a comparison is given between salt wedge configurations pro
vided by experiments an~ computations. During salinity measurements of ~ : ~rch 1971 
(Fig. 6), the maximum reduction of the.inland.discharge at the mouth was less than 
50%; in such a.case the salt.wedge intrusion.is mainly controlled by interfacial fri~ 
tion f • Duplication. is.fair, but the advancing of the salt wedge during the flood 
period :eems to be more sudden in nature than in the mathematical model. 
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During salinity measureoents of December 1971 (Fig. 7), the inland discharge 
vas so lov that a superficial intrusion of salt water during the flood period took 
place like in Fig. 3 c. As a m,.atter of fact, a salt concentration of almost 30 g/l 
has been measured on the surface of Sect. 10, even if, surprisingly, no saltwater 
has been detected.at the surface of Sect. 6, much more dovnstream. This strange o~ 
currence may perhaps be explained by the presence of a fresh-vater pocket trapped 
along the side of the river in proximity of Sect. 6. 

Although the mathematical oodel is not obviously able to reproduce this pecu
liar feature of.the phenocenon,.the simulation is rather good in Sect. 10 and 
11. Even in Sect. 6, on the other hand, the salt wedge regression begins (according 
to the ceasure:::ents) at about 11 o'clock, that is vhen the (computed) fresh vater 
discharge starts to flov again.tbourgh the mouth. 

More or less acceptable results, on the whole, can also be obtained withvalues 
of f and f ranging from 0.03 up to 0.10: the corresponding variations of· the 
interface lev:l are contained within l m, that Js vi thin the thickness of the experi_: 
mental mixing.layer. As fa• as.the maximum lenght.of intrusion.is concerned,themost 
important para:eter is definitely the bottom profile; for a certain condition of ti
de and inland discharge, in fact, the salt wedge displacement tends to be arrested 
by the same shoal along the river bed, even if the parameters f and fs are modi
fied. 

3. - Results of the investigation 

In order to evaluate.the consequences of.future.possible modifications of the A
dige River regice, a systematic investigation.has been carried out on the mathemati
cal model, calculating the salt wedge movement for a large number of different comb!_ 
nations of semidiurnal (sinusoidal) tides and.inland discharge. 

Subsequently, a statistical.analysis of tidal ranges in the Adriatic sea and ri 
ver discharges has.been made,.either in the actual situation or with different hypo
thesis of further derivation of water (both vith and vithout the effect of nev rcser 
voirs}. 

Beside3 the actual situation.(minimum.residual flow in the river of 110 m~/s.) 
six possible modifications of the.Adige river regime have been considered: 

Modified regime without reservoirs: fncreased.derivations from the river during.the -
irrigation period, with the constraint of allowing a minim~ residual flow of 70, 80 
and 90 m3/s respectively. ~ 

Modified regime with reservoirs: Retention and utilization of all the discharges ex
. I ceeding the minimum residual flow of 70, 80 \nd 90 m3/s respectively. 

.. , 

As the salt intrusion is.markedly stratified,. the most significant feature to be 
evaluated is the maximum.displacement.of th~ wedge•along the river. Then the.maximum 
displacement c..orresponding.to.any combinati~n of.tide and.discharge has been.marked 
by the joint probability.of.these two (indipende~t).events, !nd for.each.si~uationof 
the Adige River regime,.the.probability of max:imJm.intrusion lenght has been plotted 
versus the distance from.the· mouth (Fig. 8). 

The curves indicate,either the more frequent presence of the s;lt in a certain 

;!.oce,or thele::::~~ening of the salt incru:;~on for a certain probability o( occurance, 
if the pr~s~nt conditions ar~ 111odifi~d. · 

By a comparison of the curves, the folloving observations may be made • 
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Actual situation: with the present distribution of river discharges, the maximumin 
trusion is normally contained within 1 km from the mouth (90% of the events); o~ca
sionally (once in ten years) the salt wedge may reach Section 35 (village of Cavanel 
la). 

Modified situation (vithout reservoirs): With increased derivations, the maximum. in
trusion is normally (90% of the events) contained within 3-6 km from the_.:nouth,depen 
ding on the re.sidual discharge.allowed to flow into the sea (70, 80.or 90 m3/s). Se; 
tion 35 (village.of.Cavanella) is ~eached much more frequently than in.the actual si 
tuation. 

t -r-

Modified situation (with reservoirs): If a.complete regulation of the pre.sent runoff 
is assumed (with the.exception of a constant.residual discharge of 70, 80~or 90 m3/s), 
the salt-intrusion frequency only.depends.on the.frequency of the tides. In this.case 
the salt intrusion is largely. increased, and the wedge uormally reaches ·-s-e-ctfon - 35 -
(village of Cavanella) • 

The future.policy of water utilization should be decided also en the.basis.of the 
curves plotted in Fig. 8. In fact, a substantial lengthening of the salt intrusion a
long the river (as.well.as.an.unaccettable more frequent presence of the salt.wedge at 
a given location), implies removing all the actual derivation structures affected by 
these modifications •. 

It is to be noted.that.all.the.curves fall to negligible - frequencies somewhere 
in between Cavanella.(Section 35) and S. Pietro. (Section 38). As a matter of fact,u£_
stream this last section,.the river.is much more.shallow than in the lower reach, so 
that the salt wedge.advancement is definetely arrested here even with exceptional ti
des and very low discharges. 

A last remark.should be.made.about the mutual interference of river morphology 
and salt-wedge hydrodynamics. 

The salt-wedge movement, as.already observedr is very sensitive to any promine~ 
ce of the river bottom:.as.one can.see from Fig •. 8, the frequency of the.maximum in
trusion tends .. to accumulate in. correspondance with the shoals (for example, at Sections 
11 and 17, by.the two.groups.of islands). On.the other hand, these same ~shoals·-- are 
very likely produced by. the.local silting occurring where the wedge happens to be fr!_ 
quently arrested. 

As a consequence, a.possible migration.of the shoals may take place, if the in
land discharge...regime is modified. 
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TIFICATA ALLE FOCI. FLUVIALI SOGGETTE A MAREA. 
Dott. Ing. Giampaoto DI SILVIO - Iatitwto di Idrawtica, Padova 
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V•rona 

1. PREMESSE 

L'aspetto con cui si presentano le correnti d'acqua dolce 
e salata nel tratto terminale di un corso d'acqua sfociante 
in mare puO andare da quello di una dispersione completa del
le due correnti, tale da dar luoqo ad una concentrazione sali
na uniforme in ciascuna sezione del fiume e qradualmente de
crescente da valle verso monte, fine a quello di due corren~i 
omoqenee stratificate, l'inferiore delle quali (cuneo salato) 
s'insinua al di sotto dell'acqua dolce anche per decine di 

chilometri di diatanza dal mare • 

. un'assai marcata dispersione delle due correnti si determi

na tutte le volte che le escursioni di marea mettono in qioco 
volwni di flusso e riflusso notevoli rispetto a quelli d'ac
qua dolce convoqliati da monte, com'I ~l caso deqli ampi estua
ri atlantici. S'incontra, al contrario, una stratificazione 
molto netta delle due correnti quando il volume d'acqua dolce 
che si scarica durante la f ase di fluaso I relativamente impor
tant• rispetto al volume di marea, il che, ad esempio, 9ene
ralmente accade all• foci sottili del Mediterraneo, del Har 

del Giappone, del delta del Hississip1. 

In realtl, l'intrusione dell'acqua di mare alle foci flu
viali presenta sempre un aspetto intermedio fra i due casi e
stremi est\l'!linati, nel senso che, da un canto la salinitl non 
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t mai uniformemente dispersa nella sezione ma presenta comun
que un caratte~e pi~ o meno stratificato, con concentrazione 
crescente dall'alto verso il basso, d•ll'altro in nessun caso 
esiste una vera e propria superficie di separazione fra l'ac

qua dolce pi~ le99era e quella salata posta aotto. E' tutta
via necessario mantenere questa schematizzazione poicht il fe
nomeno puO venire indaqato numericamente solo ricorrendo al-

1 'una o all'altra ipotesi semplif1catr1ce. 

Sull'intrusione salina dispersa Tatcher e Harleman ~anno 

recentemente pubblicato un lavoro [1] nel quale si fail pun
to sullo stato delle conoscenzc in materia. In esso viene pro
posto un modello matematico a moto vario che tiene anche con
to, in maniera semiempirica, del grado di stratificazione del
l& corrente: numerose applicazioni ad estuari americani ed eu
ropei danno confronti molto soddisfacenti con 1 rilievi speri

mentali. 

Non molto numarosi nella letteratura sono i modelli mate
matici che descrivono l'intrusione salina sotto forma atrati
f!cata, in condizioni di moto vario. Fra quest! ricordiamo 
quello allestito da Boulot e Daubert (e da essi applicato alle 
foci del Rodano), consistente nella integrazione numerica del

le equazioni del moto per le due correnti sovrapposte [2]. 

Nel presente lavoro si propone un modello per certi versi 

analo~o a quello di Boulot e Daubert, ma che differisce da 
questo sia nel procedimento d'integrazione numeric& (implici
to invece cha esplicitc), sia in certi particolari accorgimen

ti adottati per introdurre le cond1z1on1 al contorno. Il mo
d~llo lft&tematico proposto t stato applicato alla foce del flu
me Adige, ponendo a confronto 1 risultati del calcolo coi r1-
spett1v1 r111ev1 sperimentali. C10 ha permesso di discutere 
il signif icato di alcuni coefficienti sperimentali che compaio

no nelle equazioni, mettendo in evidenza la necesaitl - comu
ne, del resto, al modelli f1s1c1 - di un'accurata taratura. 
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2, IL SISTEMA DI EQUAZIONI 

Le equazioni cha governano il moto vario di due correnti 

sovrapposte di different• densitl (acqua dole• e acqua 1ala-

ta), sono le se9uenti1 

2 
a 11 

A 
- (v + -J = a: A 2g 

J 
,:A- g 

au A 
it 

a QA av A avB 
a=- + BA 'it"" - BB 'it"" = 0 

2 

3 l YA II B1 1 - v + - rv - v J+ - = i. - -az B YB A B 2g B p 

aqB avB 
a=--~ BB at = 0 

311 B 
'it"" 

( 1) 

(2) 

(3) 

(4) 

in cui 1 aimboli (cfr. Fig.1) hanno il 1e9uente significato: 

z 

t 

VA 

"s. 
"A 

"s 

distanza lungo 11 corso d'acqua, niaurata da valle ver

so monte: 

tempo1 

livello del pelo libero in superficie, riapetto al l.m.m.: 

livello dello atrato di aeparazione, rispetto a~ l.m.m.1 

velocitl della corrente d'acqua dolce, poaitiva 1e di

retta verso monte1 

velocitl della corrente d'acqua salata, positiva se di-
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QA 

QB 

BA 

BB 

YA 

YB 

iA 

iB 

g 

per 
(2) 

-,. 0'•' ~ .... 

.. 
L 

, 
retta verso monte1 

portata d'acqua dolce1 

portata d'acqua salata1 

lar9hezza dello specchio liquido alla superficie; 

lar9hezza dello strato di separazione; 

peso specifico dell'acqua dolce1 

peso specifico dell'acqua salata1 

perdita d'enerqia per unitl di peso e per unitl di lun-
9hezza del corso d'acqua, relativa allo atrato d'acqua 

dolce1 

lo stesso per l'acqua salata; 

accelerazionc di qravitl. 

Le equazioni (1) e (3) esprimono il bilancic energetico 
le correnti d'acqua dolce e d'acqua salata; le equazioni 
e (4) la conservazione delle riapettive masse (volumil • 

Fig.1 - Nomenclatura 
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Elaborando opportunamente le equazioni (11 • (l) ai pervie
ne alle seguenti equa~ioni, nelle quali compaiono le portate1 

QA = VA (AA- AB) e QB = VB AB 

in luogo della velocitl VA a v8 1 

:J B avA QA A )+ 
- (1- J 
h: g(AA-AB) 

av 8 
"i".z-

Q! BB 

g(A -A )J A B 

3QA 
+ 'i7 

llQA 

g(AA-AB)l = 

= i.A-
g(AA-AB) 

av 8 (c
a.z 

Qll B 
~)+ 
gAB 

3QA 
'IT"" 

av A aQB 
'i7(1-c)+ 'i7 

ll QB -
-,~ -
gAB 

J 
i.8- gAB 

aQB 
a.z 

(, . ) 

(3') 

Nell'equazione (3') a atata indicata con c l'espreasione 
(l-yA/y

8
J. A propos~to dell'equa~ione (3') c't da osservare 

cha le variazioni dell• portata d'acqua salata nel tempo e nel
lo spazio sono sempre molto piccole, per cui risultano trascu
rabili rispetto aqli altri 11 terzo termine a primo membro e 

11 aecondo termine a 1econdo membro. 
Qa 8 Q2 B 

Le espreasioni A A 3 e A 8 
3 rapppresentano i nu-

g (A A-A BJ g(AA-AB) 
meri di Freud• al quadrato della corrent• d'acqua dolce, ri-
spettivamente riferiti all• larghezze BA e 88 , essi sono en
trambi molto piccoli rispetto all'unitl, il cha ci c~nsente 
di porre uquale a 1 l'espresaione dentro parentesi nel primo 
termine e di eliminare completamente il secondo termine della 
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ne dentro parentesi nel primo membro dell'equazione (J'). 

Per quanto ri9uarda le espressioni delle perdite d'ener-

9ia, analo9amente a quanto fatto nella tratta7.ione a moto per
manente, esse asswnono la forma 9enerale: 

i ;;: 
A 

i = B 

1 (pA-PBJ 
- 8g f 1114•l11A I (A -A ) 

A B 

1 B 
8g fa (vA-vBJlvA-vBI B 

1 PB 1 BB 
- 8g f,vBlvBIAB - 8g fa<v,-vAJ lvB-vAI AA • 

(5) 

(6) 

essendo f 11 coefficiente di resistenza sulle pareti dell'al
veo nella formula di Darcy-Weisbach: f il coef f iciente di re-. . 
si~tenza sullo strato di separ~zione: AA e AB l'area liquida 

rispettivamente ai livelli yA e yB; PA e PB 11 contorno ba9na-
to aqli stessi livelli. 

Poicht, perO, la velociti v~ della corrente d'acqua sala
ta t 9eneral.mente piccola in confronto alla velociti vA della 
corrente d'acqua dolce, le espressioni (5) e (6) si riducono 

a: 

i = A 

• is= 

- !u OAloAI 
f(PA-PB)+f,BB 

J (AA-AB) 

BB -
.!._ f QAIOAI A (A -A

8
J - Bg ' B A 

nelle quali si a introdotta la portata QA= VA (AA-AB). 

(5') 

(6') 

l I m · 

~
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3, RISOLUZIONE PER DIFFERENZE FINITE 

.E' possibile adesso rinolvere il aistema di equazioni dif
ferenziali con un procedimento per differenze finite. Val la 
pena di osservare, innanzitutto, che avendo eliminato QB dal
le equazioni (1') e (3'), tale sistema si riduce da quattro a 

tre equazioni • 

Si consideri un tratto di fiume, a partire dalla foce, ab

bastanza lun90 perchb nell' estremitl di monte non si risenta
no praticamente 9li effetti delle oacillazioni di marea1 i fe
nomeni che si determinano entro questo tratto di flume aono 
9overnati dalle due condizioni al contorno asseqnate, indipen
denti fra di loro: la portata d'acqua dolce che entra nella 
estremit& di monte (costante o eventualmente variabile nel tem
po) e l'oscillazione del livello che si stabilisce nella estre

mit& di valle (dipundente dalle viconde di marea) . 

Si suppon9a oru il canale diviso in (H-1) tronchi, ciascu

no di lun9hezza (A~)m (con m = 1,2 .••... ,H-1), lunqo 09nuno 
dei quali si assume una variazione line~re delle caratteristi
che idrauliche e 9eometriche1 richiamandoci alla F19.2, deno
teremo con l'indice m i parametri qeometrici e idraulici del
la sezione m. Conaideriamo pni tre succesaivi 1stanti di tem
po (t - At), t e (t + At): cantrasseqneremo con un doppio api
ce le qrandezze r.elative all'istante (t - At), con un apice 
quelle relative all'istante (t + At), mentre lasceremo senza 

alcun se9no le 9randezze relative all'istante t. 

.,,,.,.,,,~ .. , .. ,,..,. .,,,.m1.; tl'Nf• •• ,, • 

1r,.a,1 ,,,.a,1 ,,,,a,1 tr •. ,.a •. ,1 rr •. a.1 

I I I ---- I I •. 
,..., 1 1 M•I M 

1--1.a...11 -+-rAal1--i-- - - -· - - -f-- IA•/,,,~ 

Fi9.2 - Divisione in tronchi 
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La tradulliiOne delle equazioni llJ, \~I, ,_,., .1.11 •v••""' ~· 
differenllie finite, ••rl fatta in accordo col sequent• crite
rio. I rapport! differenlliiali spaziali, per le qrandezze llA e 
QA saranno riferiti all'istante (t +At), mentre quelli per 
y

8 
•aranno riferiti all'istante t. In conformitl a ciO, 1 rap

port! difterenziali ~emporali, saranno riferiti all'interval
lo di ~empo co111preso" fra t e (t + At) per le qrandezze llA e 
QA e all'intervallo di tempo fra (t - At) e t per quanto ri
quarda y

8
• Per quanto riquarda le qrandezze finite, infine, 

esse saranno qenerall'llente riferite all'istante t: le portate 
al quadrato che compaiono nei termini dissipativi, tuttavia, 
saranno espresse come prodotto QA QA il che permette di in
trodurre in forma lineare la portata al tempo (t + At). 

11 criterio esposto per 11 passaqqio alle differenze fi
nite, per1!18tte di risolvere con un procedimento esplicito la 
equazione (J'), comportando invece un procedimento implicito 

per la soluzione delle equazioni (1') e (2). 

La scelta di un procedimento 1mplicito, almeno per quanto 

riguarda la corrente d'acqua dolce, dl magqiori qaranzie di 
stabilitl per la soluzione numeric&, senza dover ricorrere a 
intervalli d'integrazione At troppo piccoli. Il procedimento 
esplicito per 11 calcolo del cuneo salato, d'altra parte, si 
rende necessario dal momento che l'ampiezza del cuneo stesso 
I continuamente variabile, per cul non I possibile individua

re a priori la condizione al contorno di monte. 

Passando alle differenze finite con il criterio sopra in
dicate, le equazioni differenziali (1'), (2), (J') si trasfor-

111&110 nelle seguenti equazioni algebriche: 

Bl2 - a 

\ ~\' 7 A 
~ 

~ 

"' ' 
t 

\ . --···· ..... 

, - 11' ) (llA111+1 _l!!._ + (Q'A111+l- Q'A111J 
6 z

111 

(TAm + TA 111 +l) _ 

= 

A .zlll 

(Q'A111+ Q'Am+l) 
z (TB 111 + TBm+l)-

1 1 Z (Q'A111+ Q'Am+l) - Z (QAm+ Q111+l) 
6t 

a -

(TC + TC111 + l) 
__!!!----; ( 1 ") 

2 

(QA111+1-QAmJ (BA111+ 8A111+1J 
+-~--...:::.:::.;~ 

A :e
111 

2 

1 l 
1<11Am+11Am+1J- i <11A111+ llA111+1J 

At 

(BB111+ 8Bm+1) 
a 

1( ) 1(11 11 ) a llsm+flB111+l - a II 8111+11 Bm+1 
At = O; 

'"sm+1- 11 8111) 
A :em 

- II J '"Am+1 Am (1 - tJ = 
c + 6 :em 

(TD
111

+ TDm+l) 
= • a 

(2") 

(3") 

Le espressioni TA, TB, TC, TD (introdotte per brevitl di 
scrittura nelle equazioni appena scritte) , ~ono funzionl della 

portata QA e dei livelli llA e 11 8 che si stabiliscono in cia

scuna sezione al tempo t: 

TA = zqA 

g(AA- AB)Z 
(7) 
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f (p - P ) + fa BB 1 IQAI A B 
J TB = J69 

(AA- AB) 

(8) 

1 
TC :: g (AA- AB) 

(9) 

fa BB 
TD :: 8 

1 
g IQ A I QA 2 

AB(AA- AB) 

(10) 

Introducendo i se9uenti parametri (dipendenti dalle con
dizioni che si stabiliscono al tempo t nelle sezioni 111 e 111+1 

e quindi caratteristici del tronco 111) : 

r,1? - 10 

(TA"'+ TBm+l) 
2 + Tl :: 

Ill 

+ Az
111 

(TB,,/ TB111 +l) 

2 

(TA + 'l'B +l) 
a = - "' "' + 
"' 2 

A: 
+ __.!!. 

2At 

+ Azllt 
('l'B"'+ 'l'B111+l) Az,,. 

- + 2At 

(TCm+ 'l'Cm+l) 

2 

(TC111+ TCm+l) 

2 

Az 
\I :: __!!!. 

"' At 

(QAm+ QAm+l) 

2 

(TCm+ TCm+l) 

2 

( 11) 

(12) 

( 13) 

' 
' ~ '· ~--=;.._-

"" 

.. 
..-.- -~ ... 

' , 
" 

' "~ ' 
·-·· ;-, 

, 

AZ 

- "' "m- m 
(BAm+ BAm+l) 

2 
( 14) 

_ Azm [ (BBm+ BBm+l) 
tm- A t -

'"sm+ 11sm+1)-(y"s,,,+ ll
11

sm+1 1 

2 + 

+ (BAm+ _8Am+1) (yA,,,+ :Am+1) ] ( 1 5) 

Le equazioni al9ebriche (1"), (2") assumono la aequente 

forma, ancora piQ compatta: 

ll'm+l- 11',,,+ "m Q'Am+l+ 8m Q'm= \Im 
( 1 '") 

"m(ll'm+l+ 11 ',,,J+ Q'm+1- Q',,,= tm ( 2 '") 

Tali espressioni mettono in relazione fra di loro i livel-

11 e le portate d'acqua dolce che si stabiliacono al tempo 
(t + At) in due sezioni successive. Tali livelli e portate 
(contrassegnati cori un apice) devono ritenersi incoqniti, men

tre sono da considerarsi noti i parametri "•' e, ~. v, t (non 
seqnati da apice), i quali dipendono dalle caratteristiche 
qeometriche del tronco compreso fra le due sezioni nonch& dal
le portate e livelli - sia d'acqua dolce sia d'acqua 1alata -

che si stabiliscono nelle stesse sezioni al tempo t. 

La risoluzione simultanea delle 2(H-1) equazioni come le 
(1") e (2") relative aqli (H-1) tronchi cha costituiscono il 
campo di moto, associate alle due condizioni al contorno che 
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s1 1mpongono alle estremitl, fornisce 11 r1chiesto andamento 
de1 11vell1 e delle portate IJA e QA l~ngo 11 f1wne, al tempo 
(t + AtJ. 

Tale soluzione puO essere ottenuta, attraverso l'elimina
zione delle incognite nelle sezioni intermedie, mettendo in 
diretta relazione le condizioni di livello e portata che si 
stablliscono nell'estremitl di valle del flume (in cui a as-

• 
segnato, in ciascun istante, il livello in mare yA), con quel-
le cha si stabiliscono nell'estremitl di monte (in cui a as
segnata, in ciascun istante, la portata in arrivo QA). 

Impiegando tale tecnica (particolarmente adatta al calco
lo automatico e gil ampiamente collaudata [3],[4]l1si ottiene 
il seguente gruppo di equazioni ricorrenti, equivalente al si
stema di equazioni (1"') e (2"'): 

1 
q111-l = ---+ 8 

lfl-1 Pai-1 
. ( 16) 

11
111-1 t - ---8 

111-1 - P111 _1+ 111-1 
(17) 

"111-1+ 11111-1 
- 8 8

111-1 - P111-1+ 111-1 
(18) 

0111-l = P111-l vm-1 + 1 ( 19) 

0
111

_
1 

t
111

_
1 

+ 1 

0 .. -1 qm-1 + v,,.-1 
(20) PM = 
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t,,.-1 + 0 m-1 •m-1 - vm-1 "m-1 
J' = 

"' 0 m-l qm-1 + vlfl-l 

ll
1
Am = - P,,. QAm + ""' 

Q'Am-1 = - qm-1 11 'AH - tm-1 Q'Am + •111-l 

( 2,) 

(22) 

(23) 

Per 111 = l (sezione iniziale, a mare) valgono le seguenti 

espressioni per p ed r: 

P1 = 0 (24) 

- IJ I "1 - Al 
(25) 

Alle equazioni precedentl, naturalmente va associata la 
(3"), la quale !ornisce subito il livello dell'acqua salata 

11
8 

che ai stabiliace nelle successive aezioni del fiur.ie, a 
partire dalla sezione a mare (m = 1), note cha siano le port~ 
te ed 1 livelli d'acqua dolce: 

IJ Bm+ l 

l-c Az,,. 
= llsm + -r- (IJAm- 11Am+1) + -C-

('10
111

+ TD 111+l) 

a 

4, CONDIZIONI INIZIALI E CONDIZICiNI -"L CONTORNO 

(26) 

Ld condizioni iniziali del f iume poasono dete::111inarsi a 
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partire da un ipotetico stato di moto permanente, invnaqinando 
che per tSO il livello in mare sia fisso e che la portata d'ac
qua dolce ~roveniente da monte sia costante. La risoluzione 
del problema in moto permanente si ottiene facilmente dal si
stema di equazioni (1"), (3"), nelle quali, ovviamente, va po-

sto: 

Q'Am+l = Q'Am = QAm+l = QA~ = Q 

y'Am+l = YAm+l; y'Am: YAm 

Asseqnata la portata costante Q, 11 sistema puO risolver

si per tentat1v1 rispetto alle due incoqnite YAm+l e Ysm+l; 
procedendo da valle verso monte e supponendo quindi gil noti 

i valori nelle sezioni precedent! YAm e Ysm' 

Naturalmente tale stato permanente non cor~isponde gene
ral•ente ad una s1tuaz1one reale, poicht tanto il mare, quan
to la portata in arrivo sono in generale sogqetti a continue 
escursioni. E' possibile constatare tuttavia, che gli effetti 
delle cond1z1oni inlziali si riflettono sulle condizioni suc
cessive del corso d'acqua solo per alcune ore; cosiccht 6 suf
ficiente iniziare il calcolo con alcune ore di anticipo r1-
spetto alla situazione da esaminare percht i risultati in que

st' ultimo intervallo di tempo siano corretti. 

Un'osservazione va fatta intorno alle condizioni al con

torno che si stabiliscono nella sezione d'estremitl a mare 
<• =,11 e nella sezione d'estremitl a monte (m = MJ. 

Nell'estremitl a monte (la quale a scelta, come s't detto, 
abbastanza lontana dalla foce, affincht non risenta qli effet
ti delle escursioni del mare e non sia mai raggiunta dal cu
neo sal!no), la sezione del fiume t sempre interamente occu
pata dall'acqua dolce, cosicchl la cond1~1one da imporre l 
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semplicemente ·quell• dell• portata QA in arrivo (questa sari 

perciO sempre neqativa, ciol diretta verso vall•l. 

· Nell'estremitl a mare, invece, si possono aver• tre condl

zioni al contorno diverse1 

al La sezione di sbocco (Fig.3) l interamente occupata dalla 
acqua dolce, ciol il cuneo salino l ricacciato in mare.Ta
le situazione si ha sempre durante le forti piene e puO a
vers! temporaneamente anche durante le morbide, nella fase 
di marea calante. In questo caso 11 fiume a interessato 
dalla sola corrente d'acqua dolce1 la condizione al contor
no l costituita dal livello WA alla foce (pari al livello 
del mare), e 11 moto l govbrnato dalle sole equazioni (1) 

e (2) • . ., 
- - a, 

Fig.3 - Cuneo ricacciato in mare 

bl La sezione di sbocco (Fiq.4) l intereasata auperiormente 
dall'acqua dole• attluente (portata sempre n,eqativa) e in-• 
feriormente dall'acqua salata (portata positiva, ciol di-
retta verso monte, se 11 cuneo salino sta risalendo, o n•-
9ativa, ciol diretta verso valle, se il cuneo salino sta 
ritirandosi) • In quest~ ca10 ~ possibile distin9uere due 
tratt1 del flume: quello piQ a valle, interessato dal cu
neo salino, in cui il moto delle due correnti, dole• e sa
lata, l qovernato da tutte e·quettro le equazioni (1),(2), 
(3), (4l e un tratto piQ a mont• in cui 11 moto ~ell• •ola 
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acqua dolce ii •JL · • .ato dallo sole equazioni (1 l, i2l. Si 
ricorda che nella rresente trattazione, avendoai trascura
to la velocitl della corrente d'acqua salata, le equazionl 
in qioco sono solo tre. Nella sezione di sbocca, in oqni 

.. M 

--- __ ... -
o. 

Fiq.4 - Intrusione del cuneo 

modo, la condizione al contorno per 11 livello d~ll'acqua 
dole~ vA A ancora 11 livollo del mare, montre per 11 livol
lo dell'acqua salata sarA da ~mporsi (vedi par.5) la condi
zione or~ttoa r•tottva, cioil,quel livello VB tale che sia: 

_ QA [ c BA+ (1-tJ B8 ] 

FR - J 
cg (AA- A8 J 

(27) 

c) La sezione di sbocco (Fiq.5) ii completamenle intere~sata 

dall'acqua salata, ciol il mare ha parzialmente invaso 
l'alveo tluviale. CiO si verifica, con bassft portate d'ac
qua dolce in arrivo, durante la !~•• di marea crescente. 
In questo caso la portata d'acqua dolce I neqativa (ciol 
d,iretta verso valle) nella parte piO 11 monte del f iume, ma 
11 annulla prima di ra9qiunqere la foce. E' possibile ~uin
di distinquera tra tratti del tiumo~ quello p10 a valle, 
interossato dalla sola corronte salata, qovernata a riqore 
dalle equazioni [3), (4) ma non considerata nolla pre~onte 
trattazione1 un tratto intermodio, interessato da una dop
pia correnta descritta da tutte a quattro le aquazioni (so-
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lo tre in quest• t1 

vernato dall• sol• 

~· 
·.· ~ 

Fi9 .5 · 

quest• situazione 
ranno poste nella 
acqua dclco. Con 
zioni saranno, si 
11 livello d'acqu 

mare. 

Se indichiamo co 
nel punto (bJ I nee•~ 

11 verificars1 dell• 
re le rispettive cor 
tunamente 11 procedl 

L'insor9ere del: 
(27): quando 11 cun• 
d ,

8 
che soddisfa 

Molto piO co111pl 
oopo di•1eirsi tentat 
al contorno QA= O c 
apparso convenient• 
so ~are quell• sull 
dove nel ~orso del 
va (ciol dir•tta v• 



,,_..:f' 
- . ,. 

t r. 
~ 
1 

"' 

.. 

" ' ~' 
~- J 

• I -::r 
~- '·-

~ lo 
"I~ , -

..... 

q 
I) 

-3\~ 
-

(.) 

" 
,::\q 

I 

' I 
I 

-11' ~ I 

' 

'· 

~ 
\ }' 

L. 
~·t 

17.= 

~t 

I 
!1 
r 

·~-.;:,.. 
~r 
~ 

\I~~·~~ \'- IJ . 
- (:\ 

~'"'• 

- . 

E 
~ 

! 
1-

-t 

CL. 
v 

"''" 

' 
~ --~ .. "' .... 

... ,...,., 1 

~ . ,1 

t. I 
I 

_,, I 
I 

,\ 

.., 
1 

,-

- ,. h,. ' 
0. " 

vo e1tramamanta piccolo (p. es. -0,001 m1/s) che corrisponda 
in pratica ad una portata nulla1 lo s~oaso aarA tatto in tut
te le 1ezioni piQ a valle. I r11pottivi livelli ll'A aaranno 1n

vece poati uquali al livollo in maro. 

5, Co~OIZIONl,CRITICHE RELATIVE 

Si 6 9il accennato nel para9rato precede~te alle condizio
ni or't~oh• r•lat,v• che si stabiliscono nolla aezione di sboc
co del tiume, • che costituiacono 1'1nd1apensabilo condizione 
al contorno del campo di moto nella sua estremitl verso mare . 

Lo stabilirsi dell• condizioni critiche alla Coco c~rri
sponde all'ipote11 ch• la corrente d'acqua dolce detlui~ca in 
mare a11umendo il contenuto e11er9etico minima, compatibilmen
te con 1'••••9nata portata in arrivo e con l'asaeqnato livel

lo del mare. 

Se si 1uppon• il cuneo salato, praticamente termo (reqime 
per1Mnente, oppure, contormemente alle ipoteai aaaunte, velo· 
citl molto piccola per la corrente 1alata) , l'ener9ia E8 del· 
lo atrato d'acqua 1alata & e1cluaivamente 1otto torm• d'enar

qia potanziale, ed a uquale al livello in mare ll'H' 

YA 
Ea= va+ Ya fvA- val = ll'H = oostant• (28) 

L'e"erqia EA della corrente d'acqua dolce, d'altra parte, 

6 sia potenziale sia cinetica, ciot: 

- II' + EA· A Jg 

Q! 
(AA- Aa)z 

129) 

oerivando l'espressione (29) rispetto ad A = (AA- A8J ed 

' ~ \"._''Sii!:. 
' 

A 

.. 

e9ua9liando a zero, •1 ott 

dE ~ _ 
dA -

Poicht d'altra parte: 

dA 

l'equazione (30) diventa: 

(J + I 

~ostituito nell'eaprei 
r~cavato derivando la (2!: 
(27), eaprimente lo cond1: 
awnere la corrante di acq1 

Giova 011arvare cha 11 

no non solo nalla sazione 
ener9ia richie1ta dalle ~ 
u9uale al valore min11DO d1 

car1i sempre all• Coce, ~ 
sempre infcriore a quel~• 
1tabilir1i anch• ~n 1ezio 
ta 11 pro1enta abbaatanza 
ta10 a1condent• dell• mar 
1ta n•l pro9rA1M1a di calc 
le condizloni critiche le 
dono in difetto. 
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Q, ORGAllll.Z/\ZIOllE ~EL PROf.Rl,f~l~A [JI C!•:..CJLC 

I di\ ti d' ingrol.lt:O clol progriur.ma ::ono: 

11) Configur11aiono goomctrica <l~l !i·imc: !or~a Ju!l~ nuccon~~

vc ~czioni a p~rtira <la v~llc ~~er!! c~'~c0l0 (l~ ~,r,; 

nonchh dintanza !r11 l'una o l'alcra :l:; m 

Ii) Condi~ioJ\d 111 co11torno a mc>ntc: M\d11r-.or.to r ... 1 t•·1·.p-~ .. ~,-: !.~ 

port11t11 in arrivo, QAM{t!. 

c.:) Conc.lizio110 .:il contoL·no 11 v11llc: 11nd.:ir.:l'.!nto :;,,l tt~::-.ro ,;,:~ •~

volli in mare, vA 1ttJ. 

d) Carattoristichc fiulcho c.lcllc <l~o corrl'.!ntl: '( J~" y !'' , " (' ' .. 

La cond~:t'.oni in~::i'1li t;ono rrlJVCnt:iVtU;if.!J~tr. t:~s:t;c::.~(; lJ 

rr.cmorizz.'ltc par Mezzo doll '<1ppo:1ito !IOl~topt·o,;::11:-:-.ina in ::c:ri~r:o 

parmanonto. Tnlo sottopro9r<11r.m.:i ynno•:il per t ::- ': •J11~ori •!~ 

ll,:m a llom (m .~ 1,:, ..... .lt). 

L~ a&~ccca~i~•1a Ji dUtco!n pra11itita p~~ 0~:1~ intct·1n::c1 
s~ccessivo di Lompo, conuiNtc nnl pcrcorrc:rc d~c v~:~Q :·~ntn

ra lunqhozza dcl corso d'acqua, la prima pa~aa~~o da ~na ~c

iiono All'altra n partirc dal ffiarc c procc~cnJc vu::~o terr~, 

la seconda riporcorronc.lo tutto lo sezioni c.la tcr~n vnr~o 1: 

mare. 09ni voltn si esoquono lo sequcnti opcrnziQni: 

51'/\ZZ/\'r,\ Of\ M/IPJ:: " TERl'U\ (m :; 1' z ....... N". 

al Calcolo o momorizza~ione di v
81 

nella sczlcnc iniiialc, u
ti~izundo l'equ.:iziona (::?7), 11ulla bnuc doi v11ll')ri y 111 r. 

QAJ calcolati ncll'i'tanto prccodonto. Sc llui ri~ulta in
ferioro al fanc.lo si9nifica cho 11 cunco saline ~ ricaccla· 

to. 

bl Calcolo dalla !unzione TD"'ll •·v,,,+ 1 (cq. 10). 
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COASTAL PROCESSES ARD COASTAL PROTECTION 

( By G.Liberatore, Universita di Padova) 

Outline 

1. COASTAL PROCESSES 

1.1 Generalities on hydraulic processes in the coastal zone 

1.2 Sediments and transport phenomena 

1.2.1 Coastal sediments 
1.2.2 Sediment transport 

1.2.2.1 Cross-shore transport 
1.2.2.2 Long-shore transport 

1.3 Coastal morphology . 

1.3.1 Coastal profiles 
1.3.2 Long term morphological developments 

2. COASTAL PROTECTIOR (functional aspects) 

2.1 Seawalls (long-shore parallel protections) 

2.2 Groins (cross-shore protections) 

2.3 Detached breakwaters (Long-shore detached protections) 

2.4 Artificial Beach Nourishments 
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1. COASTAL PROCESSES 

1.1 Generalities on hydraulic processes in the coastal zone 

mainly du~ to wind (dire~tly or indirectly) 

(wind is directly responsible for the transport of sand on the 

dry beach and for the generation of waves, currents and water-

level fluctuations). 

most intense transport in the near-shore zone: small depths, 

waves break, wave energy is dissi~ated (and converted mainly into 

turbulence) 

Phenomena 

Nwave setup• increase in the mean water level. 

run-up and run-down: 

During the up-rush, part of the water mass percolates and flows 

out again during the back-rush . 

Breaking waves cause transport of water towards the beach, com-

pensated by a seaward movement at a lower level, (the 

"undertow" ) . 

In plan, off shore water transport also occurs due to "rip cur-

rents". When waves approach the shore obliquely, also longshore 

currents are generated. 

The orbital velocities due to the waves, the currents and in 

particular the turbulence of the water in the breaker zone cause 

sediments to be picked up ~rom the bed and brought into suspen-

sion. 

The currents in the coastal zone will transport the sediment, 
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both in cross-shore and in along-shore direction. 

The undertow will cause seaward transport of suspended sediment, 

while shoreward transport of suspended sediment occurs in the 

crest layers of the waves. 

Shoreward transport also occurs near the bottom due to the asym-

metry of the wave orbital motion. 

Fig.l: sketch of hydraulic phenomena in the coastal zone 

The longshore transport in the ne4rshore zone is governed mainly 

by the wave induced coastal current. 

Because of their variability in height the waves break at differ-

ent depths, causing a smooth form of profile of longshore cur-

rents. 

This also applies for the cross-shore distribution of the long-

shore sediment transport 

Fig.2: currents generated by breaking waves (plan) 

Fig.3: profile of longshore currents and 1. transport 

shoreline changes : due to imbalance between sediment supply and 

transport capacity bathymetric will occur. 

the imbalance may be natural (alternating processes, such as bar 

and spit formations) or due to human interference. 

Examples of the latter: sediment trapping structures (groynes, 

harbour moles,etc., which cause the downdrift coast to erode). 

discriminate between short-term and long-term effects. 

(short term.fluctuations of the coastline may occur, because of 

the seasonal variations in the hydraulic conditions: they do not 

3 

- " 

• 

' 
~ 
f 



.. ~ .. .. ....,.. . 

~ . . 

i r 
... -

-

\ 

... 

--0 
.2 

\ 
1· 

1. 

CJ 

/ 

_., I ·a -·o _., .. : 
a. 1~ 

aS 
.·. c 
• •. &> .:. e 
.. ' 0 ;-, 5 

.c 
Clo ..... 
0 

~ 
&> 
·~. 

-~ ... 
aS 

e 
&> 
.c 
u 

ti) 

·I • 
.1. 

.... 

.. 



-
~ 

,. 

\ ~~· ..... 
~ -

r· 

-,-

\ 

,-0:.~ .. ' " 
\ 

/-'\.._ . . ,,..--
! .. . ...... . .. '. ·."· . . '·•' . .../ l. ' \ ./ \.,_" ~:·' ·"· .. ,.·:· '."' " .. tr-\ .... I/\ 

) Rip head . ) · .. <". '•., ~ /. . () 

\ I~ ~, . '. ··. . J ....-,, 
/ ;. / 1 •• • \; r / ..._ _ _... · '.· '·· · A I 

IZ 
I : • . · '· . I I .__ 

I . ··. /· . . : . .~ ... / I 
I • I . I I . \' . '· I •I I /N~ck . . .... · .. ·"::'/:?!l. ' 

I I lr1pl ! . ... .. . . : ... I II ..... .. .. 
.. / I Breakers I . I I ~ · . 1 

~/ ~~~~/?/ ~~ 
- ...... . - ·· 1 _,.. -.. ,·· . • . . 

. ~ / • Longsho~e ; / ..•• ·:' •.. - ·· · 
curre~ · · current • ~ -- .. -· .. ~.· .. 
..p ... _. : ~·" ... _.. 

W////////////////7/////////////////1//////////////////////M 
· Coos t .'.. / " . . 

currents generated by breaking waves (1che111at1cal). 
Rip current consists of' feeder .current.olus neck . 
~the rip current: proper) 'plus"r.ip heal!;.·' :1" · :1.n:-:····~·'. 

. ·• .' ,, . . .................................. : ....... " ~. 

- ............ - -

• .... 

. i 
! 
I 

t I '• " ",,;:'., ,. , " ,..,. , ,;;:r..., 
..... ~-... .......... _ __..i-.~'!;..._ ...... ./ 

" 

2.?. 
/ 

'A•• C ...... ~ 

_,, 

r 

l 

~ 
l· 
I 
I . 

J 

•, 

,__, 

{ 
,, 



-

L-. -

~ 
.... t~Y..C 

'\ ··~ -
\,_ 

' ' .. 

...... 
" 

C"' 
. ,.. .... 

~/ .. 
I 

: . . · ... · bczach .• , ....... . 
. • •• : • ~ .... • '\. •: \ ···: •. '·". 1 i • 1.-. ·~ . •.I.•,•. !• .•: '•"• : .... •. • l• 

, . 
.• i: :· 

.. ;·.·· 

~ : I " 

. ti 
c 
2 
L .. ~ 
ti 
Cf 
L. 
.Cl . 

. '· 

. ' 
•' ' ' 

' '· I "" " 
\ 

v 

) 
. ___ ....- .,- ,,. 

·y . 
Sche~atlc view of longshore current (v) and longshor~ t~ansport (S). .. I 

... - ...... -· ....................... _ .. _ - ·--··-·-··-···· ......... ···-······ ··-.. ·····--·· .. .. 

,.. 

'• t'~·-"f .. >· ,. _, 
( 

·-· . 

' • 

, - ~ 

2.1 

•'Al 

., . 

ll 

l 
I 

' I 

)' 
I 
\ 

.-" I 

. 

,I 

I~ 

1 
~.' 



.. ~-· r - ---

.. . 
' . 

i ·, 

-

' 

' 

t 

' ·-

,. 

- _ ______,L_- -'--- - -~ --

\ 
I 

- . ,--
necessarily imply a long-term variability. 

CFig.4) Short-term and long-term coastline variations. 

1.2 Sediments and transport phene>11ena 

1.2.1 Sediments 

variable dimensions, from clay ( a few µ in diameter) to 

gravel, cobble and boulder ( several centimetres). 

Most of beaches composed by sands with diameter D between 0.1 ·- 1 

nun. 

Classification 

Wentworth classification is mainly used by geologists. This 

is based on phi-units, where 

f = -logz D 

where D is in nun. 

(The inverse relation is D = 1/2; ) 

~ increases with decreasing diameters, thus allowing a better 

definition of smaller dimensions. 

- metric classifications, such as the Unified Soil Classification 

( diameters in nun: easier physical appreciation). 
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Classification of sands 

mm • 
fine sand 0.06 - 0.25 mm 2 - 4 

medium • 0.25 0.50 1 2 

coarse 0.50 - 2 -1 - +l 

Size distribution 

A given sand is represented by its size distribution. 

(the abscissas give the diameters or they logarithms, the' ordi-

nates the percentage (cumulative) in weight of material corre-

sponding to the various diameters). 

Synthetical parameters 

A given size distribution may be characterised synthetically by a 

representative diameter (a medium or median diameter) and by the 

way the coarser and finer than the typical size are distributed . 

The median diameter 0 50 is usually used as the central value, 

whereas sometimes also the standard deviation and the skewness 

are calculated. 

For most of engineering problems, 0 50 is by far the most impor-

tant parameter. 

Mean diameter 

standard dev. 

asymmetry 

M,= ('16+,50 +'a4)/J 

0 , = <~84 - '16 >1 2 

a~= (M,-Md')/o~ 
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1.2.2 sediment transport 

oarallel and transverse sediment transport to the shoreline. 

longshore transport (its gradients): 

normal)y considered responsible for the long-term changes in the 

coastline, 

cross-shore transport responsible for the short-term variations. 

(presence of longshore transport: can be detected from the varia
tions of shoreline and sea bed geometry near natural (river 
mouths,• headlands} and artificial barriers (groins, harbour 
moles}. 

(short term effects: can be detected from changes of breaker 
bars, erosion of the dunes etc.) 

-The net longshore trensport per metre width is usually much 

larger than the net cross-shore transport . 

the gross transports may be of the same order of magnitude. 
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Longshore transport 

CERC empirical formula 

:relates the longshore transport to longshore energy flux dae to 

breaking waves 

where: 
[S] = longshore transport due to breaking waves { m

3
/s ) 

A = constant 
Ho = deepwater wave height 
c0 = deepwater wave celerity 
Krb = refraction coefficient at the breaker line 
ab = breaker angle 

A=-0.025 {assuming Ho= significant wave height) 

Uncertainties related to: 

- inaccuracies in the data {for waves and for longshore trans-

port, on which the model is based); 

does not account for differences in grai~ size; 

- valid only for long and straight beaches 

- does not account for currents which are not generated by break-

ing waves (such as tidal currents) 

Bijker formula: 

calculates longshore transport from coastal currents (which may 

be evaluated theoretically by radiation stress concepts, using 

sediment transport formulas (for suspended and bottom load) 

Effects of other currents (tidal currents) may be included. 

Cross-shore.transport 
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Bakker (19E8} has proposed a model for the computation of the 

coastal evolution. He schematised the coast with to li~es. 

Recent sediment transport theories 

tvo kinds of models: 

1) models vhich describe vave induced water motion and from this 

the sediment motion via formulations of the interaction ~etween 

water and sand; 

2) models including formulations of energy dissipation due to 

breaki'ng vaves and relate· this dissipated energy to sediment 

movement, as much as possible through water movement. 
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1.3 Coastal aorphology 

General aspects 

- morphological evolutions are a direct consequence of changes in 

sediment transport 

when the sediment transport diminishes the bed will rise, and 

conversely an increase in sediment transport will cause erosion 

short term and long terra evolutions, though a clear distinction 

between these two types of evolution as far as time scale is 

concerned cannot be made: 

- •a number of years• in the case of long term evolution; 

for short ter.n evolution, the time scale may be quite variable 

(a single storm, but also yearly variations in the wave climate). 

for decisions regarding beach protection measures, long term 

developments are important, although the decision may be actuated 

by short term developments 

the cross-shore transport, and thus the variations in the coastal 

profile, is mainly responsible for the short-term fluctuations in 

the coastline, while the long-term evolution of the coastline is 

mainly governed by the gradients of longshore transport 
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form of the coastal profile and its variations are mainly gov-

erned by the cross-shore transport 

related to waves: 

wave conditions vary~ 

form of the coastal profile varies 

(particularly in the nearshore zone, where the transports are 

largest). 

- ~ and shape of the profile 

T'roe of coastal profile Cf,.~_ S ) 

a distinction is common between bar profiles and step profiles 

bar profiles: usually identified with eroded profiles; also 

called winter or storm profiles 

step profiles: summer, ordinary or berm profiles 

this means that bar profiles can be found during or shortly after 

storms with offshore transport, whereas step profiles are formed 

during periods with moderate wave conditions and onshore trans-

port. 

formation of bar or step profile is usually related to wave at-

tacks and beach material 

e.g. 

Dean's criterion (1973): 

wave steepness separating bar and step profiles depends on param
eter 
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where vf is the fall velocity of the median grain size 0 50 . 

According to Dean, C=0.85; 

SPM: C=l (C < 1: accretion; C>l erosion) 

Other criteria: Sunamura and Horikawa (1974) (including slope of 

the profiles) 

Fig.5 Definition of bar and step profiles 

Shape, of coastal profile 

various attempts have been made to describe the shape of the 

equilibrium profile 

Bruun p.954) 

h = Ay2/3 

where: 
h= water depth 
y= distance from the shoreline 
A= factor 

Dean (1977) 

where: 
A= shape factor, depending on the stability 
characteristics of the bed material 
m = value of exponent 

Substitution of Moore's result (1982) A - ol/3 gives, for m=0.67: 

h = B y2/3 0 1/3 
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where B is an unknown factor which is likely to be dependent on ~ 
several variables (wave climate, water level variations, coastal 
currents, etc.) 

Vellinga {1984) gives a general expression for the erosion pro
file in the nearshore zone. 

Remarks 

-in nature the form of a cp is determined by the average wave 

climate and by other factors, { water level oscillations, surf-

beats, tidal currents etc.); the application of steady conditions 

is too a drastic schematization to obtaj.n profiles similar to 

those in nature 

- in nature a coastal profile is continuously reshaped by vary

ing hydraulic conditions and an equilibrium profile will never be 

obtained 

: therefore it is difficult or even impossible to find accurate 

and reliable relations between the geometric features and wave 

conditions 

only rather rough descriptions of the average yearly profile are 

possible, such as those by Bruun and by Dean 

1.3.2 Long-term morphological developments 

For the planning and design of coastal works, (harbours, 

groynes, ... ) it is important to know the effects of these works 

on the behaviour of the coast. 

usually possible to obtain an insight into these effects on the 

basis of a study of the coastal processes in the area, 

- for guantif ication of the ~ffects it is possible to 

12 

I 

-......;:::-- :-

'f 

~ 
· .. ,, -



• ! . 

-~ 
~ --

• . 

-

' 

t 

,. 
\., 

·-
. \ 

' 

___ , - ------- ~ - ----. -- -- --- - ---

\ 
I 

, -

- carry out experiments on small scale models 

- apply mathematical modelling. 

One-line coastal models 

the simplest model: the coast is schematised into a single line 

we assume that the coastal profile does no change, so the profile 

translates horizontally over its full active height as a result 

of accretion or erosion 

Fig. 6: schematization of one-line model 

The equation of continuity can be derived from the figure: 

cSSX + h_§y = 0 
cSx cSt 

(1) 

where Sx = longshore transport 
h = height of schematised profile 
x = axis along the original coastline 
y = axis perpendicular to the original coastline 
t = time 

The equation of the motion can be written as : 

where: 

(2) 

s
0 

= longshore transport for the coast parallel to 
x-axis; 

= variation of longshore transport per radian s 
coastline rotation 

the 

By combining Eq. 1) and 2) and assuming s 0 and s constants, we 

obtain Pelnard- Considere equation: 

Qy = 
cSt 

(3) 
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(analytical solutions have been obtained). 

For the computation of the coastline evolution the values of s0 , 

s, ~, and h should be known. 

So: can be computed using the CERC formula; 

(in order to obtain the resulting annual transport, the contribu-

tions of the various wave conditions should be added, taking into 

account the frequencies of occurrence; results of the computa-

tions may be inaccurate, and, when possible, they should be 

checked by volumetric measurements of erosion volumes and accre-
' 

tion). 

Two-line coastal models 

also on-offshore transport.may be simulated in a simplified way 

using two lines 

Two-dimensional coastal models 

at present various researcher are attempting to develop two-

dimensional numerical models of the coastal morphology, such as 

the model by Boer et al.(1984) 

the model is a system of mathematical models for computing wave 

propagation, currents, sediment transport and resulting bottom 

changes 
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2. COASTAL PROTECTIOll 

rigid 
protections 

2.1 Seawalls (Longshore Parallel Protections) 

2.2 Groins (Cross-shore protections) 

\ 

2.3 Detached breakwaters (Longshore Detached Protecti 

soft 
protections 

12.4 Artificial'Beach Nourishments 

Fig. 7 schemes of rigid protections 
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2.1 Longshore Parallel Protections 

function: 

they are built 

- either to prevent the transverse transport of beach material 

from the beach toward deepwater 

- or simply to protect the hinterland from flooding from the sea. 

{seawalls, dikes or beach revetments: seawalls are massive struc-

tures; dikes are protected slopes) 

design paramet~rs: length, height and shape of the structure 

A very important aspect of seawall design is to predict the maxi-

mum depth of erosion at the seaside toe of the structure. 

Due to the much higher reflection coefficient of seawalls compared 

with sandy beaches, more turbulence in front of the seawall oc-

curs, causing erosion at the toe of the structure. 

The slope of the seawall has been found to be ap important parame

ter determining the toe erosion depth; generally the erosion depth 

in front of a vertical wall was found to be less than in front of 

a sloping wall. 

limitations: they only afford protection to the zone to be pro-

tected and none to the adjacent areas. 

When built on a receding shoreline, the recession will continue 

and may be accelerated on adjacent shores. 

Any tendency toward loss of beach material in front of the struc-

ture may be intensified. Where it is desired to maintain a beach 

in the vicinity of the structure, complementary works may be 

necessary. 

It is gener~lly not recommended to make use of this method to 

protect the shore. 
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2.2 Groins (cross-shore protections) 

function: they interrupt the longshore transport of sediments, 

causing s2ttlement at the updrif t side of the groin 

groins do little to prevent the transverse transport of sediments 

in the cross-shore direction; for this, other measures should be 

taken. 

usually systems of groins: 

Fig.8 : geometry of a groin systems 

Design parameters for g syste~ of groins: 

1 = length (distance between shoreline and tip of the groin) 

s = spacing (distance?) 

b = height 

length 1 depends on the fraction of littoral drift to be inter-

rupted; varies, d=2-3 m 

spacing s generally varies between (1.5-4) 1, more frequently (2-

3) 1, with wider spacing for beaches subject to nearly parallel 

approaching wave crests. 

height h : 

in the offshore (usually horizontal) section the minimum compati-

ble with economy and safety; in Italy (low tides) heights bt~~.reen 

1-1.5 m are usually adopted 

in the (horizontal) shore section: the minimum height is that of 

the berm (max high water+uprush) 

in the intermediate section: about parallel to the slope of the 

foreshore 

alignment: usually normal to the beach 

planirnetric shape better simple straight groins; 
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also curved, hooked, T- and L- heads 

Permeable groins : pile rows, causing reduction of littoral drift 

Order of construction: preferably, start from the most downdrift 

groin (unless cells are filled artificially) 

Limitations: the area protected by a groin system will usually 

accrete; however, downdrift of the last groin increased erosion 

will occur: the groins simply shift the erosion problems 

they may be useful in particular cases (when erosion of downdrift 

beaches is not a problem) 

Fig.9: Effect of a groin system on a beach 
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- ' ] 2.3 Detached breakwaters (Longshore Detached Protections) 

" 
' 

2.3.1 EMERGING BREAKWATERS 

l 

Definition: Detached breakwaters of the emerging type 

consist of single segments or, more frequently, of series of 

segments separated by gaps. 

Function 

-they act on incoming waves; 

waves' and associated currents decrease in the protected area; 

sediments settle 

-they may influence both long-shore and on-offshore transport of 

sediments 

- effective solution (for areas of small tidal oscillations) for 

beaches to be protected: 

' 
breakwater geometry (Fig.10: scheme) 

main parameters are: 

- breakwater length (B); 

- gap width between breakwaters (W); 
... - distance of breakwater(s) from the original shoreline (X). 

(In Italy typical lengths are about 100 m or below, with gaps of 

25-40 m). 

formation of tombolo& occurs for X/B < 1 and formation of sal~e~ts 

for X/B > 1, whereas breakwaters are considered ineffective for 

X/B >2 

Advantages 

detached breakwa~ers are in many cases an efficient method of 

shore protection. I . , 
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- -They of fer immediate protection to the beach to be defended 

-

\ 

... 

t 

(even before the trapping effect of sediments has widened the 

beach). 

-advantages 
compared to groins 

(which have little influence on wave attack before accretion 
of the beach has occurred) 

- compared to seawalls (which protect the land behind, but do 
not help in accreting the beach. 

drawbacks 

- downdrift shift of erosion phenomena ( necessity of protecting 

the downdrift beaches). 

environmental problems: 
degradation of the quality of sand and water in the pro

tected areas (particularly in the case of tombolos) 

irregularity of the emerged beach and depth contours, 
dangerous particularly for swimmers); 

degradation of the visual aspect of the beach 

- also on protected beaches results in some cases unsatisfactory, 
(insufficient sediment transport, subsidence, ... ) 

Fig.11: typical section of an emerging breakwater 

Example:_ 

very long uninterrupted sequences of detached breakwaters (up to 
20 km long between Rimini and Cesenatico) 

Fig.12: Detached breakwaters built between Rirnini and Cesenatico 
(Italy) 

2.3.2. SUBMERGED BREAKWATERS 

Description 

long, continu0us structures parallel to the shoreline 

(gaps are not necessary for water exchange; they may be provided 
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for other reasons, e.g., to allow the passage of boats). 

Advantages 

they are invisible; 

- influence on waves is more selective (larger waves being subject 

to stronger reduction; wave-induced water circulation is less 

affected during minor and moderate wave attacks); 

- a softer and more regular impact on the protected and downdrift 

beaches 

design parameters 

most important parameters 

-submergence of the crest ht 

-width b 

Fig.13. Scheme of a submerged barrier 

Fig.14. Scheme of a submerged barrier of sand-filled textile bags 

problems 

- still little is known about their effectiveness as shore-protec-

tion structures 

- scouring problems, particularly at the shore-side foot for low 

barriers 
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2.4 ARTIFICIAL BEACR NOURISHMENT . 

J. 

probably the simplest and most dependable means of maintaining an 

eroding beach: supply sand from other sources 

Design parameters 

l~ size of material 

the grain size should be equal to o larger than the native sand 

(to avoid a quick erosion of the new material) 

the difference should not be too large (unacceptable steep slopes) 

2 - amount of material 

closely related to the amount of sediment transport 

' 
longshore transport rate and the nourishment interval + the sand 

volume needed for the desired stabilised beach profile should 

determine the total volume 

3- sources of beach fill material 

the sand can be obtained 

- offshore (far from or near to the beach) 

- on land 

in sheltered waters 
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Selection of beach protection measures 

Fig.15 gives an example of a selection procedure, taken from Ko-

bayashi et al. (valid for a particular problem at Yokohama). 

In other cases different evaluations will be done. 

zero option: in many cases, the easiest and cheapest method to 

avoid problems is to do nothing and leave the area which has 

problems 

unfortunately, very often this is not acceptable to people for a 

number of reasons 

Concluding remarks 

- better, whenever possible, artificial nourishment 

- rigid structures to be used very carefully; 

may be very dangerous for the coast, and the problems they cause 

are of ten greater than their advantages 

- if they are used, preferable to fill the protected beach in 

order to minimise erosion of downdrift coast 
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SEA LEVEL VARIATIONS 

In the Hystory of the earth, sea level has changed on all 
temporal scales due to various causes. 

Local phenomena (short tem~oral scales) 

a) Tides and winds 
b) Subsidence or uplift of coastal areas 
c) Erosion and sand supply at the coast and other human 

activities 
d) Regional tectonic movements 

Global phenomena (long temporal scales) (Eustatic sea-level 
changes) due to phenomena like: 

i) Climatic variations 
ii) Plate tectonics 

We are going to discussing the consequences of climatic 
variations because there is tooay a great interest not only 
among scientists but also among politicians because for a 
possible increase of eustatic sea level can threaten coastal 
lowland human settlements. 

- What knowledge do we have of the relationship between climatic 
changes and sea level variations? 

- Most impressive example is related to the last glaciation on 
earth, initiated about 120.000 year a~o: sea level was 120 m. 
below today level, mean earth's temperature> 5° less than 
today, and latitudinal gradient of temperature much greater 
than today. ' 

For our purpose it is crucial. to discuss the so ca 11 ed 
"Greenhouse effect" due to the p~esence in the atmosphere of 
the so called "Greenhouse gases" like water vapour, C02, CHc, 
N20, CFC etc. in order of importance for the effect. 

- On short time scales, like the ones we are interestec 
(decennia or a century) for climatic changes, is just the 
variation of the "Greenhouse effect" the possible cause; and 
more precisely the increase in the importance of that effect 
due to continuous accumulation of "Greenhouse gases" as a 
consequence at human activities (example of C02). 
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Which are the basis for connecting: 
Increase of Greenhouse gas in the atmosphere; 
Increase of mean earth's temperature; 
Increase of eustatic sea level 

The observatio~ of a trend in the global mean temperature in 

the last century. 

- The theoretical results from climatological models of the 
consequences of an increasing content of -Greenhouse gases" in 

the atmosphere-. 

Which are the physical processes connecting the increase or 
decrease of earth's temperature with the increase or decrease 

of sea level? 
On the large_ scale (glaciations and deglaciations) are: 

Accumulation of snow and ice on the continents at high 
latitude and subsequent melting 

On the small scale (the case of increase): 
Thermal exp~nsion of the oceans. 
Water flow in the oceans by terrestrial sources. 
Partial melting of sea ice and polar cups. 
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Figure 15. Inscrumc:ntally recorded temperature variations compiled from a cime
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Table 31.L THE TEN COl-IWUJMEHTS FOR CO.\STAl PROTECTION 

1) Thou shalt love thy shore and beach. 

2) Thou shalt protect it gainst the evils of erosion. 

3) Thou shalt protect it wisely. yea. verily and work with 

nature. 

4) Thou shalt avoid that nature turns its full forte gainst ye. 

5) Thou shalt plan carefully in thy own interest and in the 

interest of thine neighbour. 

6) Thou shalt love thy neighbour's beach as thou lovest thine 

own beach. 

7) Thou shalt not steal thy neighbour's property. neither . 
shalt thou cause damage to his property by thine own 

protection. 

8) Thou ~halt do thy plann~ng in cooperation wit~ thy ~eich
bour and he shalt do it in cooperation with hi

1
s neighbour 

and thus fort.ti !n_d. th!l~.J.~rtt:i,_So. be_ H-

9) Thou shalt 111c1intain-what·thou-has butlt up • 

10) Thou shalt show:forgiveness for the sins of the past and 

cover them with sand. So help thee God. 

\ 
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WAVE 
ONOA 
HOULE 
WEUEN 
GOLF 

8£>.CH 
SPIAGGIA 
Pl.AGE: 
STRAND 
STRANO. 
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COASTAL ENGINEERING GLOSSARY 

* by Leopoldo Franco ( ) 

--r-

September 1992 

Il presente glossario riprende un'analoga versione a 4 lingue edita da 
V.V. Hassie della Delft University of Technology (NL) nel Gennaio 1986 
integrandola semplicemente con le -traduzioni in lingua italiana, senza 
aggiungere ulteriori termini. Il glossario a 5 lingue permette di tradurre 
in italiano, francese, tedesco ed olandese i principali termini di lingua 
inglese riportati in ordine alfabetico. 
Sono anche fornite alcune definizioni sintetiche (in inglese) dei vocaboli 
piu specifici dell'ingegneria marittima e costiera. 
Il glossario, pur senza pretesa di completezza, costituira un utile rapido 
riferimento per studenti ed ingegneri impegnati nel settore emergente 
della protezione delle coste in una visione moderna sempre piu "europea" • 
Si spera di poter presto integrare il glossario con altri vocaboli ed 
anche con le traduzioni in danese, greco, spagnolo e portoghese. 

Introduction 

The following glossary extends an existing 4-language version edited by 
V.V. Hassie of the Delft University of Technology in January 1986, by 
simply including the Italian translation, without adding nev terms. 
This glossary makes it possible to translate the terms presented between 
the five languages, English, Italian, French, German and Dutch. 
The table is arranged in alphabetical order in: the English language only. 
Short definitions (in English only) of some of· the more specific terms of 
coastal engineering have also been added. 
The glossary, despite the lack of completeness, can be a useful quick 
reference for students and engineers involved in the growing field of 
coastal protection in a modern "EUROPEAN" scenario. 
It is hoped to extend the glossary soon vith further definition and also 
with the translations in Danish, Greek, Spanish· and Portoguese. 

<*> Associated Professor of Coastal Engineering 
Politecnico di Milano 
Piazza Leonardo da Vinci, 32 
20133 MILANO, ITALY 
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AFfERNOONPROGRAM 

1. video presentation about coastal management in The 
Netherlands with discussion after (stressing on a 
comparison with the Mediterranean situation) 

2. demonstration of geographical information system 
(GIS) in relation to the management of the Dutch 
Wadden sea 
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Geographical 

Information 

System 

{G.l.S.) 

some basics via 
demonstration 

_,_. 
• 

I . , . .......... _. -..... 

case: Wadden Sea (shallows 
I f0U.dflats with tide creeks 
barrier islands in Northern 
Netherlands) 
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G.l.S. 

integral approach for management and plan
ning 

questions for G.l.S. 

principle of G.l.S. 

present use in Holland 

monitoring vegetations 

steps in analyzing 

environmental protection 

technical information 

info-sour.ce in Holland 
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INTEGRAL APPROACH 
FOR MANAGEMENT 
AND PLANNING 

Recent policy and planning : 

more complex and multidisciplinary 

Requires: integral approach 

Basic need for availability, exchange and 
combination of information from many different 
sources and disciplines - > 

In this respect many possibilities given by G.l.S. 

The basic of G.l.S. is the exchange of geograp
hic information. 
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QLJESTIONS FOR G.l.S. 

General: 

questions which need a combjnatjoo of 
information from very different sources. 

Examples (recent cases in Holland): 

.,.... 

,~• ,, 

* where are underground pipe-lines, cables, 
petrol tanks ? 

- are there more accidents on roads without 
lights ? 

- are there fields amounting > 30 ha within the 
planning area ? 

* what is the trend in the coast line or in the 
bank of a river (erosion or accumulation) ? 

* where can be sand extraction in a shallow sea 
which does not influence shipping ways and 
nature areas ? 

- and many, many others 

( * concerns coastal management) 
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PRINCIPLE OF G.l.S. 

Integration of unidisciplinary registrations on 
basis of exchangeable geographic component. 

discipline object . k' d in of 
object 

water management canals lines 

II 
groundwater 
flows area 

II 
lakes area 

I I 
sources, wells point 

_,_. .. 
-.., , ,, 

~, 

~ 
(. 

I 

' 
_,, I 

I 

i 

housing houses points , I 

forestry forests area 

multidisciplinary integrated maps 

Integrated maps to be used in: 
- policy 
- planning 
- and/or management 
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PRESENT USE IN HOLLAND 

Traffic I transport 
traffic guiding 
road planning 
road maintainance 
road security 
fleet ma(lagement 

Integral management 
sea defence 
river management 
environmental management 

,~': 

Policy I planning - . ' .. 
.e!.anning 

water purification plants 
air pollution 
regional planning 
transboundary impacts 

Irend analysis 
coastal regression or transgression 
urbanization 
forestry 

ORGANISATIONS : 
State department of Planning (RPD) 
State department of water management and 
roads (RWS) - > origin of demonstration 
presented 
provincial boards (7 of 12) 

• 

.. 
..,~ 

' ' 
\ 
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MONITORING VEGETATIONS 

The State department of water management 
and roads (RWS) is applying GIS for monitoring 
the vegetation of: 

all coastal areas 

all areas along main ri11r.rs 

wetlands 

The fre.quency of mapping is dependent on the 
specific dynamics of the area. For example the 
northern barrier islands are being mapped once 
per year. 
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STEPS IN ANALYZING 

The RWS-monitoring of vegetations is a land
scape-guided vagetation mapping on basis of 
aerial photographs (false colour). 

Steps: 
1. systematic photo-interpretation 

2. sampling field data. Per character (d~rived 
from 1 .) 5 plots - > vegetation structure, 
plant species (abundance) 

3. classification of field data 

4. second photo-interpretation -> presentation 
of complexes of plant communities in maps 

5. digitalizing of vegetation maps 

6. translating into G.l.S.-data 

7. applying. in management and/or regional 
planning 
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ENVIRONMENTAL 
PROTECTION 

Input for G.l.S. can be: 

sources of emission 

monitoring results 

' 
~ 
I 

data about natural habitats, human life 
quality 

distribution models 

G.l.S. can be very important for environmental 
protection because of it's ability to combjne.Jmd. 
integrate above mentioned environmental and 
other (economic, social, ... ) data at niany levels. 
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TECHNICAL INFORMATION 

Present specifications of Dutch G.l.S.-systems 

Program ARC/INFO macrolanguage AML - ·· 

SUN/SPARC station 1 (memory 12 MB internal, 
600 MB e~ternal) 

color monitors S-VGA > 20 " 

plotters and laser printers 

SUNOS version 4.1 (UNIX) 

SUNVIEW 

ARC-INFO version 5.01 (January 1992) 

Provinces are using Digital VAX or HP 
workstations 

' " " . '~!'.. 
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INFO-SOURCE IN HOLLAND 

detailed information about Dutch G.l.S. 
applications can be obtained from: 

Rijkswaterstaat 

( = State department of water management and roads) 

Meetkundige Dienst I RWS 

P.O. box 5023 

2600 GA Delft 

Holland 

(address: Kanaalweg 3 b, Delft) 

phone no NL/15-691111 
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Oscar Ravera 

Universita di Venezia 

SOME ASPECTS OF THE VENICE LAGOON ECOSYSTEM 
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Son1e aspects of the Venice lagoon ecosystem 

Ecotone concept 

O.Ravera 
DipartJmento di Scienze Ambientali 

Universita di Venezia 
castello 2 7 3 7 /B 
30122 VENEZIA 

Since the beginning of this century the ecotone concept has evolved. 

aements { 1905) considered the ecotone as an area of tension \\r1lere the 

most important species of adjacent communities attained their boundaries. 

Leopold ( 1933) envisaged the ecotone as a transition zone \<lrith a high 

number of species. The a.biotic parameters were not considered by both 

these definitions. 

The successive studies on the ecosystem, considered as a unit 

separated from the adjacent by well defined boundaries, have neglected 

t.h~ boundaries constituting the ecotones. During the last 2 O years the 

great importance assumed by the ecotone concept was principally 

emphasized by the follo\\ring research lines. The studies on the' lake 

eutrophication and acidification, clearly show that the i.41fluence of these 

stre--:.SeS on the aquatic ecosystem depends on its "W"atershed. As a 

consequence, t.he ecotone between the terrestrial and aquatic ecosystem 

results •;er; important. 

~veral studies are carried out on the exchange of material and 

energy across heterogeneous landscapes. Consequently, the ecotone 

functioning, its resistance to the anthropogenic disturbance, its 

management and restoration are important subjects for base and applied 

ecological rese!lfch. 

Now ecotone is c.onsidered a transition zone with well defined 

characteristics, influenced by the adjace-nt ecosystems, which at their turn 

are more or less influenced by the ecotone (e.g. Holland, 1988). Estuaries, 

1 

\ 

.. 



·------------------- -- - -·- -

r .. "''!l'!i •. r-.... . 

• • . .. ~ 

r-

l ·. -

,. 

\ 

\ 
I 

.. --y-

nparian f.:;rnsts, littoral zone of the lakes, ground water - surf ace water 

areas, f r-:shW&W and brachish water marshes and lagoons are clear 

e~ples of .ecotones. 

The ecotones play an important role in regulating the mat.erial and 

energy ilm:~ across two or more ecosystems (Wiens et al. 1965). 

Lagoon concept 

Lagoon is a typical ecotone forming boundaries between the 

terrnstrial and marine ecosysrems. Its salinity is the result of the 

fr~hwater load from the land (e.g. rivers, streams, water table) and the sea 

warer load. The ratio between the precipitation and evaporation rate has a 

r~levant inilu.:nce particularly on the lagoons with a limited exchange with 

the sea. Lag·:>0n is generally characterized by a high diversity and 

produ·:tion. In saveral cases, OO<:ausa the lagoon is a frail syst.em it may 

rapidly attain a high eutrophication lev~l if the energy load (e.g. nutrient 

compounds) is relevant. As a consequence the diversity of the lagoon 

community decreasas and its production increases. The high production 

~r unit surface is the co~bined effect of the great nutrient load and the 

·:ontact of the primary production zone, that is the water layer, with the 

suriace sediment (nutrient regeneration zone). The comparatively few 

species adapted to the modified environmental conditions rapidly grow in 

number and biomass for the decreased competition with the less resistant 

species. These surviving species strongly influence the physical and 

chemical characteristics of the lagoon, which at their turn influence the 

community. 

The lagoon of· Venice 

Lagoon, on a geological scale, is a temporary ecotone which naturally 

evolves in a terrestrial or marine er..osystem. The Venice lagoon maintains 
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its identity because of the anthropogenic intervenction which from the XI 

century is finaliz~ to delay the silting of the lagoon towards a t.errestriat 

~nvironrnent The human influence on the wat.er exchange between t.he sea 

and t.he lag·:>0n, the use of t.he water table and the regulation of ll1e current 

~ters of the watershed have modified the hydrological characteristics of 

this lag·>jn and, cons~uently, its sediment distribution. 

The lagoon receives pollutants from various sources; domestic 

effluents from the Venice city and the human settlements on the lagoon 

borders, fertilizers and biocides from the agricultural land and toxic load 

fr·jm the industrial area (P.to Marghera). 

Except in the area directly influenced by the industrial effluents)lle 

alteration of t.he ecolc-gical characteristics of the lagoon is principally due to 

the domastic effluents and f ertilizer5 rich in nutrients to the algal growth 

(Sfriso et al. 19~o). 

In conclusion, the l·:>ad due to t.he man activities, t.hat from natural 

cause-s (e.g. leaching, solid material) and the increased hydrological renewal 

time enhan.:ad the growth of some species and ~reduced t.he fitness of 

others. 

Ulva rigida proliferation 

The modifiotion of the lagoon syst.em may explain the proliferation 

of the opportunistic macroalga (!Jva rigida, Agardh, 1922 (Chloropbyceae) 

·"1tlich during the last decades increased its distribution area to the greatest 

part of the lagoon reaching a biomass value until 15 kg (wet weight)/m2 

(Solazzi et al. 1991 ). This author estimated for 198 7 a mean value of 7 .84 

kg (ww) m2 and !or 1988, of 3.05 kg. This difference is probably due to 

the me~orotegical variations from one year to the other. 

(!Jya rigid.ti shows two biomass picks; the greatest one in Spring 

(April - May) and the other, smaller, in Autumn (October). During these 
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proliferation Ji€riods the oxygen production, as a photosynthetic by

pro:i-ju.:t, attains saturati·jn values until 3oo:c. Soon after these periods, the 

d~omposition rate of lilr-.. 7 increases releasing into the water the 

substan·:es incorporated during its span-life. The compounds more resistant 

t.o decomposition (e.g; polysaccarides) enrich the sediments of material 

us€-d by th~ organisms ·:>f the destritus food chain. The oxygen consumption 

by the aerobic decomposars is the main cause of the anoxic conditions 

occurring in large areas of the lagoon. 

In some zon-:s, during the day the oxygen produced by living l!J~,.a· 

is greater than that consumed by the respiration of l!Jv .. 7, heterotrophic 
ofU:r. 

bacteria andAorganisms of the community. During the night the same zone 

become ano:.dc bo?.cau~ of the o:.cy-gen consumption is not compensated by 

its production because the phot.osynthesis is abolished. The anoAic 

conditic.ns inhibita the activity of the aerobic bacteria and enhance that of 

the anaerobic ones. As a r~ults the organic substances compos..ng the dead 

(IJ;--..1 are decomposad and mineralized by ·aerobic as well as by anaerobic 

microorganisms. 

The fish and invertebrate mass mort.aHty observed in some years is 

due to the oxygen depletion and, probably, also to some decomposition 

products released by dead l/Jv .. 7. 

From the results of a research carried out in the frame of a contract 

tetwe-en UNESCO and University of Venice (Lagoon of Venice ecosystem) it 

was e·.11dent the progressive decrease of the population density of the 

macrot.enthos v.ith the increasing decomposition of lllv~7 . If the anoxic 

conditions negatively influence a great number of species, some one, such 

as C.hfr,w,,mus Sltlinariu~ seem to be not damaged by the oxygen 
. 

depletion. Indeed, this spedes can live at very low oxygen concentrations 

because of the haemoglobine present in its blood and, when the oxygen 

concentration in the water attains its minimum, C.hir,w,,mus has completed 
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its metamorphosis. This may oo the cause of the high population density of 

this midge at the end of the Summer. 

Sulphur cycle 

One of the most interesting aspects of the f!Jva metabolism is the 

great influence on the sulphur cycle in the Venice Lagoon. According t.o 

Show ( 19()5) the sulphur content of the macroalgae varies from 0.5 to 1% 

on the dry ~r.-eight and Brault and Briand ( 19&5) have calculated for lJJ;.·a 

4~ on the dry weight. A mean value of 5% has been calculated by us for 

ll'7a rigida from the Venice Lagoon. 

It is probable that a high percentage of the sulphur present in the 

l!Jva is tied to polysaccarides. During the l!Jva decomposition in aerobic 

medium the sulphur is released and oxygenated t.o sulphate. under 

anaerobic conditions the sulphat.es are reduced t.o sulphide and sulphur 

released as H2S. The latter is a toxic gas (Khan anf Trottier, 197a) that is 

partly transferred to the air. In some year, such as l 9a9- l 990 the H2S 
i 

concentration in the air of Venice was so high to disturb the inhabitants. If 

the amount of soluble metal compounds are proportional to the H2S 

concentration, they precipitates as sulphides. This precipitation eliminating 

the H2S from the "+later column decreases the toxicity hazard to planktonic 

and nect.on organisms and increases the metal sulphides in the surf ace 

sediments. The H2S toxicity is related also to the temperature and pH 

values. 

Conclusions 

During the last decades the human activities modified the Lagoon of 

Venice with· a consequent elimination or numerical reduction of some 

species (e.g. Zostera) and the proliferation of other opportunistic species 

(e.g. {!Jv.~. Cliir,w,,mus ~;aJJn.~riut!J . 
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Ulva, ior its huge biomass and well defined seasonal cycle, exerts a 

d*P influence on the environmental characteristics causing an alternation 

of p&rivds with high oxygen production and nutrients incorporation by 

living l/JFL'f and periods with great oxygen consumption and release of 

organic and mineral substances from the decomposing l/Jva. In conclusion. 

the lagoon of Venice seems t:> be a system rather stable because of its 

biol·:;gical diversity is generally low and the energy flow (e.g. nutrient 

sutstances) into the lagoon is great (Odum. 1975). According t:> Orians 

( 1975) this stability may be called ·cycliQI-. 

It is evident that the Ulva proliferation is one of the fundamental 

problems of the Venice lagoon, due t:> the modification of the ecotone by 

human activities. Consequently, during the last years various researches 

have been carried out on l/J7a to control its proliteration or, at least. t.o 

reduce the effects of its decomposition. Since up today f!O technique is 

available t:> reach these aims, a traction of the huge biomass is collected 

during the warm season; for example, in 1987, 10200 tons (wet weight) of 

(IJ;;-a have been collected and partly used as fertilizer. Some authors le .g. 
. . 

Ortandini, 19a8 and Missoni and Mazzagardi, 1985) illustrated the possible 

uses of this macroalga to practical aims. 

The research on l/Jvs ls important for two practical aims: a) to reduce 

damages produced by the proliferation but overall by the decomposition of 

this macroalga and b) to utilize a huge biomass which is renewed every 

ye"r. Th~ greatest part of the ecological studies carried out in the Lagoon 

vf Venice concern ot>c...ervations in field which aim to Jle evaluation of the 

seasonal variations of the l!JvLq biomass. These informations are the basis 

to estimate the quantitative importance of this macroalga but there is a 

need of more "tnowtedge on the environmental factors influencing the 

proliferation and the decomposition of UJvLq and the effects produced by 

thesa processes on the community and the water quality. 
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These lectures are concerned with phenomena in the coastal zone, this 
is the lar.d area a.long the coast and the lower reach of the rivers 
th:l t is directly influenced by the sea and the sea area close to the 
land. A fe~ more basic subjects like hydraulics, sedill!e~t 
transportation and geology are supposed to be known. 

Three coas~~l fornatiQns in the zone vr.ere sea and land meet are 
of special co~cern to us 

1. Ccast.:i.l lagoons 
2. Estuaries 
). Deltas 

The three basic phenomena that deteraine the for.a of these coast..11 
z.'or:r.a tions are 

1. littor~l drift by waves 
2. tides 
J. sedi~~nts from the river 

They dete:::-::iine to a ver/ large extent vhat t~ of coastal for:nation 
(lagoon, e~t.uar/, delta ) will be found. 

'i.'hv is stt:d•: of the ccastal zone i::mortant ? 

1. Many people are l:ving there. ~.fore than 20i: of th~ world population 
lives at a distance of less tru:tn 50 k~ from a coast line. 
2. The reason for this are the l!la..'lY ad.vantages that the coastal area.s 
!'-.ave co!'.!p.-u-ed to regions furr,b~r inl'lnd. Til.ere are also a number of 
disadv<>.ntat:'~s, howaver, which rt..-quire .'.l. carefcl management of land and 
water. 
]. Estua.r:.e~-;, anq even coastal lagoons, may be important sources of 
t,,"8.ter (for docestic and industrial purposes and for irrigation), 
and they are often used for navigation. 
4- Al:>o the grou.'1.Ciwater in many coastal areas is of gr13at economic 
significance. 
5- Lately 1 new phenomenon has co~e to our attention, namely the 
probable increase worldwide of the level of the oceans. This will 
have in the coming ccntur/ a considerable impact on most coastal 
areas. 

Advantages :mrl disadvantages of coast.'.'il re~ions 

Advant.3.ges 
1) The big~~st discharge of river wntcr mostly occurs nc~r the river 
mouth. 1'her~ arc however some exceptions (arid ~ones with a high 
e•m.poraticn and where much water ha3 already been taken out of th•? 
ri,1er for irdgation purposes). 
2) Soils ~re of recent sedimentary origin and are mostly fertile. 
3) River mouths are favourable for wnter transoort and embanlanent" 
along the river are good for land transport. · 
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Against t.11.ese advantages there are disadvantages : 
1) Pollutants from the whole river basin collect at the mouth, 
whe~ S3.lts intn..tding from the sea. join t.~em. 
2) Co<ist..11 regions are liable to floods both from the ri..,,..er and the 
sea. Exoensi •re flocd-orotection works vill be necessary. 
3) Utili::ation of coastal soils for agriculture requires elaborate 
ci.rair.."'lge 1.iorks. 
4) Traffic across the river mouths depends on costly ferries and/or 
bridges. 

Why should coastal hydrology i:e studied as a separate subject ? 

Coast.al hydrology has, compared 'Jith general hydrology, the follow-i_ng 
soecial fe~tures: 
1) The floY in the coastal rivers may reverse its direction due to 
the influence of the tides. 
2) S;ilt and fresh surfar.e ar..d ground waters are simultaneously 
involw;J. 
3) Sedimentation and sediment transportation are influenced by various 
factors not found in upland rivers, ~orFhological changes are as a 
consequence often more pronounced. 

2. COASTAL LAGOONS 

Wind-generated waves approachin~ the coast generate transport of sand 
along the coast (littoral drift/, the rate of this transport is a 
function of the angle between the incoming vaves and the coastline 
3.nd reaches a maximum value for an angla of 50-60°. 

Waves 

so. - 60° Littoral drift 

-------- - ------ -------- --·---------- --- --- - -------
--------- -- ---- - - --- ----- --- --- ---------- -- ---

Fig. 1. Littoral 1.irift due to wave action. 

If in one season the waves come from one direction and during the next 
season from another direction the effects on sediment transport.:~tion 
may partially neutrtlize each other considered over the whole year. 

TIJhere there is a discontinuity in the coast line the littoral drift 
will be locally interrupted and a sand spit may form. 
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Fig. 2. Development of a spit (sand bar). 

A spit vill be formed where there is a sufficient quantity of coastal 
sediments available and where the sediment transportation along the 
coast "!ainly occurs in one direction. 
By the f.:ir:z:ation of the spit an enclosed body of \o'2.ter !!'AY ap~ 
behind the coastal sand bar: t:U.s body of water is called a coastal 
lagoon. So~etimes the lagoon ...rt.11 be entirely separate froo the sea 
a.~d its waters may then become fresh, in other cases there 'Jill be 
one or more openings in the s.:ir.d bar and the water in the lagoon ...rt.11 
re;ri.ain salty. 

Sand bar 

-·---- ------------ ----- ------ - -------

River 

Fig. J. For::ation of a coastal lagoon. 

About 13~ of the coast lines of the whole world are occupied by 
lagoons, as for instance almost the whole coast of Western Africa, 
the cast coasts of the USA and Mexico, many coasts in Asia. 

If the bar is completely closed the water level in the lagoon will be 
not th.a same as the level of the sea. If there is an opening in the 
bar there is an open connection between the lagoon and the sea. The 
~~ter level in the lagoon 'Jill then follow that of the sea. In a large 
ln&oon tidal currents may occur generated by the tides of the sea. 
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Often rivers and irrigation outlets will discharge t.~eir waters into 
t!:e lagoon that may become fresh or brackish. In an enclosed. lagoon 
in an arid :!:one the wter can become mere saline than that of the 
sea due to e·1apora ti on . 

The sandbar (spit) separating the lagoon from the sea is not always 
stable. Increa~ed coastal currents or a reduction cf the quantities of 
sedi~ents discharged. by the rivers into the sea will lead to erosion. 
As a consequence an opening may appear Lrl. the bar, that scon vill 
vi.den due to the currents. An increase in the quantity of sar.d carried 
along by the littoral drift may increase the cross-section of the bar 
or l~ad to a natur:il closure of e:ri..sting openings. Sometimes such 
fluctmtions 'have a se:iscnal character. The sandbar may also be broken 
by storUI wa.Yes from the sea or by e.. flood from inland. 

A gap is formed in the bar 

Fig.4. Influence of a sto~ . 

The salinity and other water quality paraT.eters of the lagoon will 
depend on any connection 'With the sea, on the discharges coming from 
Lrtl.and and on possible human activities (e.g. settlements, industries 
or fishculture) along the shores of the lagoon. , 
I\:e to the littoral drift the position of the opening i.n the bar !D."l'J 

be gradually ~hifting in the downstream direction. 

Fig. 5. Shifting of the opening in the bar. 

This shifting will diminish possibilities for using the coastal bar 
for tourism, e.g. hotels, bungalows and sports facilities. Keeping the 
opening in place by engineering works is not an easy task and will 
mostly be ver/ expensive. 
Behind an opening in the bar the current will scour out, often deep, 
gi.Ulies in the lagoon. Coastal lagoons ill8.Y also become shallower and 
MY e•1en get partially filled tip by natural or man-made causes. 
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Cepo~ition of se-.D.~ents from rivers, 
Precipit:!.tion of silt particles due to saline or acid waters, 
Fix.aticn 0f sediments ~y pl~nts and a.l'limals, 
Grololth and dec~y of reeds, rushes and other water pla..~ts, 
sometimes followed by ~he fo:r:nation of peat. 
A::iong the :nan-made C3.uses for the reduction of the volume of a lagoon 
can be ~entioned: 
Recla1!!3.tion of areas for traffic (roads, ports, airports), housing or 
industry, 
The arranger.ient of beds for the culture of oysters and shrimp, and the 
building of fishponds and salt pans, 
Siltation due to the discharge of sewer •ater or of the effluent of 
~a.ste-~ater treat~ent plants. 

Some coastal lagoons have <>. typical form. An. example is the kind of 
lagoon th.1t is sometimes formed bet.reen an island or other object and 
the shore. Under certain circumstances a spit will develop connecting 
the island 'Ji.th the shore. ~"here two such spits develop a lagoon will 
be for!!:ed. This coastal form is called a tombola. 

Island 

Sand bar Sand bar 
lagoon 

Fig. 6. J.o'or:nation of a tombola with two sand bars. 

Til.ere are many, often conflicting, options for the management 
coastal lagoon. A carefu.l planning is therefore ~ssential. 
This is illustrated by the following examole · 

Thailaod 

of a 

The Tak Bai lagoon situated in 
Thailand, just north of the 
frontier •..rith ~!alaysia at the 
eastern coast.A river forms the 
boundar;. Its mouth is connected 
to the lagoon by a short channel. 
If the ear is in place the water 
L~ the lagocn becomes brackish by 
the inflow of river water. In the 
stcr:n season the bar is often 
breached and then it will rerr.ain 
so for a longer time until the 
littoral drift has brought enough 
s."ll'ld to close it again. With an 
open lagoon sea water enters 
freely and also fishe3 using the 
lagoon as a spawning ground. If 
the lagoon is closed its salt 
content gradually decreases and 
marine species of fish may die. 

Ha laysia 
Fig. 7 Lagoon of Tak Bai, Thailand. 
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At t.~~ hndside of the lagocn there are peatsoils, there arc plans to 
reclai:::l the::i for agriculture. This drainage ..,ater is acid, however. 
Discharging it into the lagoon will hnr:n fishlife. Obviously maintai
ning e..~ appropriate ~-ater quality will be the major concern for the 
management of the lagoon. 
~anag~~ent options are: a. Keep bar open so that there is a free 
contact bet~-een lagoon and sea and promote artisanal fisheries by 
the local population. In addition part of the lagoon can still be used 
then for the culture of fish (red snapper) and prawns. A good water 
quality ·..-ill require then that a boundary canal be made to discharge 
the dr.:lin.age water directly to the sea. b. Keep the bar closed and 
~fa~in the right '-'later quality in selected basins within the lagoon 
by puopi~g. Culture of fish and prawns on an industrial scale will be 
possible then, but the chances for the population for artisanal fish
eries will be unfavourable. 
How to keep the coastal bar stable and the entrance open? Buildi."lg 
brea..'!c'A<tters is ver-J expensive. Li this particul~ case purchasing a 
scall suction dredger that periodically keeps the opening in shape 
sto~ed t0 be the most economic solution. 

The Ta~-R~i c~se shows clearly that mar.aging a coastal area involves 
raany di~ferent considerations and not only hydrology or hydraulic 
engin~~ring. Objectives should first be defined and priorities set. 
Various options should be studied, also ta...lci.ng into account environ
ment:ll interests. 

J. DELTAS 

There are :nany deltas in the world. They ,belong to the most fertile 
are~s •..ri.th the biggest population density. 

How does a dcl~1 develop ? 
Consider the mouth of a river. Assume for the moment that the level 
of the se~ is constant. The s~diments caI;ried by the river will 
settle to the bottom as soon as the river enters the sea and the 
water velocity is reduced. Fine particles will in addition settle 
as soon as the river #a.ter mixes with the salt water of the sea. 

Sea 

Fig. 8. Ri•1er flows into the sea, depositing forebanks. 

The river deposits settling to the sea bottom form so-called forebanks. 
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7ltis ~aterial is in the beginning not yet veL'J Yell consolidated. 
There is now o. new bcundar/ between river and sea. The river is now as 
it were longer. As the sea level remains t.~e sarae, this Yi.11 result in 
a l.!ecrease of the slope of the river and more materials will settle to 
U:.e bettor!!. 

)
/~rmu bourrdary of rirer and sea. __ ---

...... 0 rig. , . 

------I ------
1 I ---
1 --r-
r --- - I 

former 

later 
) Boundary land 

OPd sea 

Shifting of the bour..dary between river mouth and sea. 

The cross-section over the river will get the folloYing shape: 

Hew} rive 
old lev. 

The river bed h;is risen due to the sedimentation after the river slope 
has decreased. Also the water level will have gone up. In periods that 
the ri vcr flm1s more than bankful, its levees will be flooded. Coarser 
sediments settle on the ba.."L~S close to the river and the levees grow 
in height. Finer m.1terials will settle in the areas behind the levees 
and for:n impermeable, so called basin soils. 
The are:is behind the levees are sw'C!.mps, which need to be drained 
first. L.~vees are good for horticulture and fruit trees but are 
also nice for d•..;elling and can also be used for traffic (roads). 
So ther~ is a potential conflict of interests. The basin soils, 
on the other hand require high invest~ents before they can be 
intensively used. Sometimes they serve as nature reserves. 
basin ~ails (clay} le-vee (coarser sand} 

-----~-

Fig. 10. For~~tion of natural levees and basin soils. 

The gradation (~orting out) of sediment also takes place along the 
rivcrbefl. The coarser materials settle more upstream and the finer 
sediments more do•.mstream. 
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Duri.rLg a flood a levee may break and the water may find a shorter route 
to the sea (fig. 11). The river may in this way branch-off repeatedly 
a delta will begin to be formed. 

break of levee 

''/:..new route 
..... ... 

........ ....... 

....... ...... 
....... ...... 

...... __ ...... ~ 

............. ............ -~-
....... ...... --' ' .--' ' ' ____ ,,_ 

------- ----~-~---- --
' ,,,,,,,,,..,,," ..... 

-~----- ---------- --:------- --- "'-natural levees 

becomes higher and hiqher 
Fig. 11. A shortcut forms to the seas and a delta begins to develop. 

predominantly\ . \ 

erosion ', 
(tributaries ··-.. .. 
dominate) '\----

equilibrium 
(main trunk
channel 
dominates) 

predominantly 
deposition 
(dis tributaries 
dominate) 

' ; 
\ 

sea 

In the river system three areas 
can be distinguished.: 

1. upstream, where the 
water is collected 

(collecting subsystem) 

2. transportation of water 
(transport subsystem) 

J. downstream, where the water 
is distributed over various 
branches to the sea 

(dispersal subsystem) 

Fig. 12. Idealized diagram showing the major parts of a river system. 

The boundaries between the three areas are not always clear. 

-8-

. 
' 

.. 



~ . . .. 

l 
' 

.. w1'!111. r--- -

r 

-

-

,. 

\ 

... 

----'-- -···-··· - .. 

\ 

Deltas occur in a big variety of shapes. Why ? 
This is due to differences in the relative importance of the three 
main factors determining coastal sedimentation, namely: river 
sediments, tides and littoral drift. One can classify deltas 
accordingly. 

It has been proposed to clarify the classification of deltas by 
representir.g the relative influences of these three factors in a 
ternary diagral!l (fig. 13). 

river 
sediments 

2 

tides 

waves 
(littoral drift} 

Fig. 13. Delta classification in a ternary diagram. 

This diagram only gives a general indication. 
A few deltas in the world are almost entirely shaped by the tides, 
these delta.s belong in the vertex of the triangle, examples are t~e 
Fly River in the South-West of Papua New Guine..-:.i and the Bramaputra river 
in Bangladesh ( 1). The banks in the mouth of the Fly River folloto• all 
the direction of the tides. 
In other deltas tides hardly play a role nor do the waves; the r~ver 
sediments are predo~inant, this type of delta belongs in the left 
bottom angle ( 2), e.g. the River Mississippi. 
A river mouth with a lagoon (spit), where the littoral drift is 
predominant belongs in the right bottom angle (J). 
Many deltas in the world belong close to the base of the triangle 
(between 2 and 3), here the tides do not play a major role but river 
sediments and littora2. drift are important (e.g. the deltas along the 
Mediterranean Sea). 
It is a very good exercise to try to locate a given delta into the 
diagram, because it giv~s an insight into the character of a delta. 

The level of a low-la.~d river with its embankments is above the 
surrounding area. 
The consequences are: 
1. Seepage through the natural levees, which consist of coarse 

material. 
2. The precipitation from the surrounding areas cannot drain away 

directly towards the river. 
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In l!l1lilY delta areas secondary river:> have developed parallel to the 
main stream which collect this seepage water and the drainage water 
from the surroundinE?s and drain this directly to the sea (Fig. 14) 

~ 
I 

I 
..... .._ I -- / ...,.__ ---------------

ri'l~r 

,,../'//,,..,..,.,-------------~ 

./ 
~·ig. 14. Seepage rivers parallel to the main river. 

A well-known example is the lower part of the River Mississippi and 
its parallel river the River Atalaya (Fig. 15). 

Mississippi 
Atala ya 

Fig. 15. Lower Mi.ssissippi river. and At.alaya seepage river. 

4. SEA-LEVEL VARIATIONS 

a. Average sea level 

--y-

Determining the mean sea level is not always an ~sy task. 
A longer period of observation will be required to get sufficient data 
to calculate the average sea level. There are in ma~y places still 
fluctuations with a period of up to 18.3 years. For most practical 
purposes an observatron period of six months will be satisfactory, 
however, to obtain the average long-term sea level. 

b. Short-term variations in sea level 

The friction of the prevailing winds moving over the surface of the 
sea causes a slope of this surface (Fig. 16) 
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Fig. 16. Wind friction on the sea surface. 

--

If the wind blows long enough into the same direction this so-called 
wind set-up becomes of importance. 

It can be calculated by the following for:nula: 
-J' w • 

z = J.6 x 10 - • L , in which: 
h 

z = wind set-up {in m) 

w = i.rind speed (in m . sec-1) measured at 6 m above sea level 
(= height of the bridge of a ship) 

h = water depth (in m) 

L = length over which wind blows effectively, the fetch (in m) 

This formula is only valid if z is much smaller than h. 
As h is in the denominator there will be only a small wind set-up 
where the water is deep. . ff.' 

h 

I 
I _;__ -----1 

Fig. 17. Velocity profile of wind blowing over the sea. 

In some instances this wind set-up can be very high, a classical 
example is the northern shore of the Gulf of Bengal, 
where z can reach up to 6 to 9 m. 

In some parts of the tropics winds occur with a very high speed, and 
consequently the wind set-up can become there quite important. 
Fortunately, in the tropics these heavy storms will as a rule not 
last very long. In the temperate zones maximum wind speeds are less, 
but they will last lor.ger. 
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c. Long-ten:i variations in sea-level : 

The level of the sea has constantly been changing with respect to the 
level of the la.11d during the history of our planet. In some eras the 
sea level incr€ased (or the land level went down), in other eras the 
sea level decreased (or the land level went up). 

The main causes are 
1. Changes in the proportion of the vorld's waters that are stored in 

the form of ice. Changes in the sun's radiation and the temperature 
of the atmosphere determine this. 

2. Tectonic movements, either : 
a. over large areas (plate tectonics), or 
b. core locally (land subsidence, to be discussed later). 

Since the latest glacial period (round 18.000 years ago) the temper
atll!"e of the atmosphere has been increasing very gradually (but not 
continuously), ice masses melted and the level of the oceans increased.. 
The p.atural systems of coasts and rivers continuously adapted to these 
gradual changes and also man could adapt his way of life to these 
cha'lges. The worldwide average rate of increase in sea level has been 
round 8 cm per century during the la.st 1000 years. 

d. Exr,ected increase in the rate of sea-level rise due to changing 
environment.11 conditions. 

Most probably this rate of the rise of sea level has increased over 
the last 100 years and it is likely that it will still further 
increase during the coming centUJ:Y. 
These ci1.."l....'lges are caused by the activities of man. 

The atmosphere of the earth consists of a mixture of gases, mainly 
nitrogen, oxygen, and argon. There are in addition a number of trace 
gases of which carbon dioxide has a special importance. In geological 
historf the quantities of these atm~spheric gases have not always 
been the same. Much of the originally available carbon dioxide has 
been bound in the earth's crust in the form of carbonate rocks or of 
fossile organic carbon (peat, brown-coal, oil, natural gas). Since 
1860 man is recovering this organic matter on an industrial scale in 
order to bu..rn it for power generation, locomotion (motorcars) and 
industrial processes. 
The consequence is that the amount of carbon dioxide in the atmosphere 
has increased considerably, from 275 ppm in 1870 to 350 ppm in 1989. 
(1 ppru = 1 part per million= 1 milliliter per cubic meter). 

The earth gets its energy from the sun in the form of radiation. 
Most of this radiation is reflected back into space. Thanks to the 
presence of carbon dioxide and some other gases part of this radiation 
remains in the atmosphere, without this phenomenon the surface of the 
earth would be a ver</ cold place. There exists consequently a heat 
equilibrium that keeps the earth irihabitable for man. 
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By the increase in the contents of carbon dioxide in the atmosphere and 
by the presence of other gases and particles introduced by man into 
the atmosphere, the reflection of the SWl 1 S radiation has gradually 
been decreasing and the earth is slightly, but constantly, warming up. 
This increase in temperature amounted in the past 100 years to round 
0.6° C. In the tropics this warming up is slightly less pronounced, 
closer to the poles it is bigger. 

Maintaining the level of welfare of the population of the earth and 
extending it to the less-pri r....leged nations 'Will require (with the 
present state of our technology) a continuing consumption of fossil 
fuels and a continuation of the industrial processes that have an 
impact on tha atmosphere. 
In the next 100 years the carbon dioxide contents of the atmosphere 
is therefore likely to double, and the temperature W'Ould be raised 
then by J0 

- 5° C. Even if the consumption of fossil fuels would stop 
now, these effects 'Will continue for a long time. 

This increase in the temperature of the atmosphere has in the 
following ways an impact on the level of the sea : 
a. Thermal expansion of sea water 
b. Melting of glaciers and of permafrost 
c. Changes at the poles. 

a. The expansion of seawater is not the same for all temperatures. 
A layer of 100 m of seawater of 25° C expands 3 cm per ° C. For 
a water temperature of 5° C this expansion is much smaller, about 
1 cm per ° C. In an ocean with a depth of 40C$J m, the waterlevel 
•.rill then go up by up to 1.2 m for each ° C warning up. 

Studies are being undertaken O!f the rate at which this is happening. 
The upper 200 m of the oceans are well-mixed by waves and changes in 
the air temperature will quickly be transferred to the water in this 
zone. Convection to deeper layers goes slower. Studies on mathematical 
models indicate that by the year 2050 the sea-level 'Nill have risen 
due to thermal expansion by ro\ffid 0.2 m. 

b. Melting of glaciers 
The retre:.lt of glaciers in Europe and North-America has been well 
studied in detail. On other regions, such as the Himalayas, China, 
the Andes, less is known, but the melting of glaciers seems to be a 
process that is occurring worldwide. 
Also the rocks around the glaciers are heated by the surrounding air 
and this heat adds to the melting of the glacier. 
Permafrost in Siberia and Alaska will also be reduced in extent. 
One estimates that the melting of glaciers and permafrost will result 
in a further increase of the sea level of 0.1 m till the year 2·J50. 

c. Changes at the poles 
The Arctic (North pole region) consists of a huge floating ice field. 

---.:-: 

'•. 

> .. _ 
;\ .. 

If floating ice melts the level of the water will not change ~ 
(Archimedes' law). l 
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The Antarctic (South pole region) consists mainly of a continent 
covered by a thick layer of land.ice. The ambient temperature is so 
low that a s:nal.l increase in air temperature will not ca.use an 
a~preciable melting of ice. 
The incrP..a.se in the temperature of the sea water combined with the 
increase in sea level presents a real danger for the equilibrium of 
the ice round Antarctica. 

·:_; '-.. ~ 
~. ! . 

;1 
i 
i 

: 

Fig. 18. Antarctica. 
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The tvo bortler seas of the Antarctic, the Ross Sea and the Weddell 
Se.:i. are covered by ice sheets that are fed b;r huge ice streams flowing 
from t.~e interior of the continent. The toes of these ice streams are 
supported by the ice sheets on these seas. (Fig. 18) 
These ice sheets are not fully floating as they are resting on natu..-al 
sills at t.~e entr-ance to each sea. A slight increase in temperature 
and level of the ocean ;;;ay lift these ice sheets somewhat and initiate 
their disintegration. '!'his would lead to a rapid sliding down of the 
ice masses from the interior. This ice would then drift into the 
ocean to :nelt t..~ere, causing a rapid sea-level rise of 1 m in 70 years 
or 4.5 m in i50 years. 

/er platr 

Fig. 19. Sills at entrance of Ross Sea and Weddell Sea. 

An increase in sea level of O.JO to 0.50 m by the year 2050 would 
cause important changes at our coastlines and would require important 
adaptations. An increase of 1.JO - 1.50 min this short time span, 
as can be expected after a break down of the ice masses in the 
Antarctic border seas, wouJ.d be catastrophic for low-lying areas. 

Coastal erosion ~ould L~crease. Especially many tropical areas would 
be seriously affected. The natural building-up of embankments by 
siltation wouJ.d no more keep pace with the increase in the level of 
the sea. Mangrove areas and coral reefs would no more be able to 
build themselves up. 

I 

In many places there will be a severe coast erosion. Land areas will 
be flooded. Dikes and weirs will have to be heightened. Drainage by 
gravity •.li.11 no _more he possible and pumping stations will have to be 
built • 

~angrove forests may partially adapt. Pollution might damage them, 
howaver, as well as ill-planned reclamation. The same is true for 
coral reefs. A well-planned coastal management is more essential than 
ever, taking a possible rise of sea level well ].nto account. 

A rapid rise of sea level will also have serious political consequences. 
The industrialized countries couJ.d only reach their actual state of 
prosperity by the use of fossil fuels. ~.any countries that suffer now 
from these consequences are living in a state of relative poverty. 
ShouJ.d these poorer countries pay the bill for coastal management 
works which are needed because the rich caused the sea level to rise ? 
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5. TIDES OF THE OCF.A?lS 

On the beach one can observe 
- Wind waves; 

/ 
--y-

I. 

- S•-ell ('Ji.th a length of a few hundred meters); 
- Tidal waves (vi th a period of round half a day). 

Tides are caused by the attraction by celestial bodies, specifically 
the sun and the moon. The attraction by the moon is the most impor
tant one; the L'lfluer.ce of the sun = 0.46 the influence of the moon. 

a. Influence of the mcon 

Farth Moon 

There is a mutual attracting force between the earth and the moon. 
They do not clinch together, because of centrifugal forces due to 
their rotation. There is an equilbrium between the gravitational and 
the centrifugal forces for the earth as a whole. These forces also 
act, however, on ea.ch individual particle of these bodies. Loose 
particles, lL~e water and air, can hence move independently with 
respect to the earth as a whole. 

a attraction force -- ----- b centrifugal force 

c resultant force 

The water tends to flow towards the side where the moon is located. 
1hls results in a tidal bulge : 

tidal bulge 

/ 
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On the other side of the earth the following happens: 

a attraction force 

b centrifugal force 

c resultant force 

Here there is a somewhat smaller attraction force from the moon 
(larger distance}, whereas the centrifugal acceleration is 
somewhat higher than for the earth as a whole. The water tends to 
flow now to the side opposite of the moon. 
So t.~ere are t"'° tidal bulges: one at each side of the earth. 

An observer at a fixed point on the shore of the ocean sees in a day: 
1. a zone of high water passing, 
2. a zone of low water passing, 
J ~ a zone of high water again, followed by 
4. a zone of low water. 
There is actually a ... -ater wave, the tidal wave. During the 24 hours 
of one earth rotation the moon has advanced to a new position. Our 
observer will meet the moon agai...~ after an additional 50.47 min. 
Therefore the exact time of recurrence of this phenomena is 24 hours 
and 50.47 minutes. Within this time our observer sees two successive 
waves passing, so the period of each tidal wave (due to the moon} 
is 12 hours 25.23 minutes. 

Now let us check whether this tidal wave is a long period '..la.Ve: 
(A long period wave is charact,erized by a wave length which is 
considerably longer than the water depth.) 
Take an ocean with a depth = 4000 m. 
Now the wave celerity: 

c = VY'fi = V 10 * 4000 = 200 m/sec 
The wave-length : 
L = c * T = 2CO * 12hr 25min = 200 m/sec * 45 000 sec = 9000 Ian 
As L is considerably longer than the waterdepth, this tidal wave 
can definitely be considered as a long wave ( 9000 km is about one 
quarter of the circumference .of the earth). . 
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2. Combined influence of JllOon and sun. 

The attracting force from the sun is about half of that from the moon. 
Their combination gives: 

Four basic positions of sun, earth and moon : 

Ne..,. moon 
0 

First quarter 
7 

spring tides n~ap tid~s 

Full moon 
14 

spring tidu 

Last quarter 
21 

nrap tidrs 

days 

sun 

earth 
moon 

envelope round 
tidal curves 

Spring tides occur on days O, 14 and 28, they are characterized by 
more pronounced water levels: 
- the high tides are extra high; 
- the low tides are extra low. 
On days 7 and 21 neap tides occur, high and low tide~ are less 
pronounced. 

3. Declination of the moon. 

The moon is not rotating in exactly the same plane as the earth. This 
phenomenon causes the declination of the moon.-

«arth 's 
rotation 

..... , 

moon 

drc/ination 

abs ~r,,rr 
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In one day the observer on earth still sees two times high water and 
two times lov w.te::- passing. But the waterlevels of the tw"O high 
tides are for him not equal. He observes one time a somewhat higher 
high tide and one time a somewhat lover high tide. So vit.'rin 
24 hr and 50 min there is the follc\li.ng pictu....-e. 

I , 12 h 2 5 min .f 
This phenomenon, due to the declination of the moon, is called the 
daily inequality. As the declination of the r.ioon varies between + 28° 
and - 28°, the daily inequality varies over a month. 

4. Height of the tides. 

The masses a.11d r~lative distances of sun, moon and earth are lmown. 
So the forces working on the water masses at the surface of the earth 
can be caL-:ulated and with that various tidal parameters, like the 
amplitude '>f the tide. The tidal height in the open ocean obtained 
in this 'W'aJ has an order of magnitude of only a few decimeters. 
Really observed tides are higher for most places in the oceans. 

The reason for these higher tides is the fol.Jiowing: 
The oceans south of the continents (South-America, Africa and 
Australia) form one continuous channel, wher~ a tidal wave can free
ly progress. The speed of a long wave µi this channel corresponds to 
the apparent speed of a point on the rotating earth under the moon, 
hence the tidal force moves over the surface of the earth W'ith the 
same veloci.ty a.s a long period wave; in this channel the tidal wave 
is in resonance with the tide-generating force. According to this 
theory the tides are mainly generated in this channel roWld the 
southern hemisphere. Tidal waves generated there enter the oceans 
(Indian, Pacific and' Atlantic), running north. 

5. Heights of the tides at specific locations. 

The tidal waves running in northern direction through the otc<tns 
meet obstacles (shores and shoals), which influence the heigh~ of 
the tidal wave. Reflection of a tidal wave results in a returrJ.ng 
wave with different height. A wave entering a funnel-shaped che...'"U\el 
may increase in height by concentration of the wave energy over a 
smaller width. 
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Friction in shallower wa i:.ers may, on 
the other ha:1d, reduce the height of 
the tide. 

-y--

In case tidal waves meet after having 
traveled by different routes ~und 
islands, their superposition may either 
result in higher or in lower tides 

depending on t.~e phase differences between these waves. Also the 
shape of the wave roay have changed then. 

In a few- places on earth ver:r high tides occur (as e.g. in a part of 
Fundy Bay, Canada (till 16 m), and at the vest coast of Korea). 

6. Diurnal, semi-diurnal and mixed tides. 

A semi-diurnal tide occurs ti.rice a day, a diurnal tide only once. 
Variations in shape may occur locally. Mixed tides are during pa.rt of 
the month diurnal, part of the month semi-diurnal. 

ll h 50 min 

1...-~~.--~-+~~-/-~~t-~--'r-~-+~~-r--~---i Semi-diurnal 
tide 

7. Age of the tide. 

Diurnal tide 

Variant from 
regular shape 

Superposition of the waves due to sun and moon gives per (moon)month 
(28 days) two spring tides and two neap tides. Spring tides occur 
some time after new and full moon; neap tides occur some time after 
the first and last quarters. 
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agr of lh« tidt 

-i 

0 moon 

full lasl quartrr new first quorl«r 

These ti$e lags can be explained by the time necessar1 for the tidal 
wave to travel from the channel round the southern hemisphere to the 
place under consideration. This so-c.alled age of the tide for a. given 
location makes it possible to predict the times of high and low waters 
at a certain hour on a certain date. 

8. Prediction of the tides. 

One can predict the height of the tide at a certain place and time 
from tables published periodically by agencies concerned. If no tide 
table exists for a certain location and there is a port nearby one can 
consult the tide table for that port and possibly extrapolate. Other
wise one can mea.sure the tides at a certain location during s. period 
of a few months and analyse these data in order to obtain a set of 
parameters. These tide parameters together with astronomical tables 
make it possible to calculate the tides for that location at a given 
date. Computer programmes exist to execute this calculation. 

Monsoon '.dnds or storm surges wil:t cause the water levels to differ 
from predicted tides. In general wind effects must be superimposed 
on the astronomical tides. 

I 

9. Tsunami 

/ 
/ 

/ 
I 

-/ 

After an underseas eruption or land slide, vecy long wves may occur, 
which possess much energy and can be vecy destructive. Although for 
these·so-ca.lled tsunamis sometimes the term "tidal waves" is used, 
they are not related to the astronomical tides. 
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6. TIDES IN COASTAL INLETS AND P.IVm NJOTHS 

1. A tidal wave enters an inlet. 

Sea 

A 

* 

Land 

Assume the area of the lagoon is small. Then the water inside the 
lagoon rises/falls over this whole surface area at the same time. 
If there is a narrow opening, there is a head loss z, 

v~ 

proportional to ~ . 
2g 

Due to this head loss there is during emptying/filling of the lagoon a 
difference z in the waterleve).s between points A and B. This leads to 
a time lag between the tidal waves in the sea and the inlet. 

When the sea is at its lowest level, the lagoon is still being emptied 
until both levels are equal. So the inlet is following the sea with 
a time lag and: · 
- the high water levels inside are somewhat lower than those at sea; 
- the low water levels inside are somewhat higher than those at sea. 

'fhe curves for the water levels inside and outside show: 
1. Rising water at sea: the level inside is lower than that at sea; 
2. When the level of the sea is at its maximum and starts louering 

the level inside is still increasing due to the ongoing filling 
of the inlet; 

3. When the levels of the sea and in the lagoon are equal the filling 
stops and the current starts to reverse; 

4. The water levels of the lagoon go down nou, etc. 
Now the time variation for the current in the opening is: 
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emptying tilling 

For the current in the opening the following terms are used: 
Ebb: Emptying current 
Flood: Filling current 
Slack water: Transition between ebb and flood (no current). 

Over a longer period the total ebb flow volume equals the total 
flood flow volUl!le • 

2. Assume now that a riYer flows into the inlet. 

Sea 

A 

* 

Land 

r--~---4'- --- Q 

Now there is an additional river flow with discharge Q. The tidal 
currents can now be superimposed on the river flow. 
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~bb flow flood flow 

r,~J ~t ~ 
7 .f ~11111~ 1 

Q 

JJTIIBl 11 !IlIJJJIDrrrm I JI I mnrrrrml r 
JiffiJIIIll 111 Dilnrnnrn~ ~ Q 

1 • Q is smaller than the maximum flood flow: . 
The flood volume becomes smaller; the ebb volume becomes bigger 
and the duration of the ebb gets longer. There are two points 
of zero velocity (slack water) per cycle. 

2. Q bigger than the maximum flood flow: 
The influence of ebb and flood flow is still there, but the flow 
goes always out. Now there are no more slack water periods. 

3. Q is equal to the marimum flood flow: 
The flow •..rill stop for a very short time, resultL11g in one point 
of slack water only. 

--r-

Every ti.pal river has such a point where slack water is occurrin~ only 
once during the tidal cycle. J.Jpstream of this point situation (2) 
prevails; downstream situation (1). 

3~ Estuaries 

There is a large difference between a river and an estuary. Rivers 
transport the water, originating from precipitation, in one direction. 
In an estuary the water may flow in two opposite directions and the 
water level in the estu.a.ry is influenced by the tides of the sea. 

In a normal river the discharge is determined by precipitation on 
the intake area or by seepage coming from the sides. The flow in 
an estuary will, additionally, be determined by the shape and 
dimensions of the estuary itsel.f. 

The morphology of an estu.a.ry with a loose bed will also be 
determined by the strength and character of the tides. 
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A tidal wave in an estuary may have a considerable length as shown 
in the following example. An approximation of the velocity of a 
tidal wave in an estuary with a depth of 2 m gives 

c = Vg * d = V10 * 2 = 4.43 m/sec. 

Length of this tidal wave : 
L = c * T = 4-43 * 12 hrs:25 min (44712 sec.) 

= 198 074 m or round 200 km. 

In longer rivers one would thus expect that more than one tidal wave 
is running at the same time. The energy in the wave may quickly dis
sipate inside a rough estuary, resulting in reduction of its height. 
Reduction of the wave height may be caused by : 
1. friction 
2. overflow of the riverbanks to neighboring areas {swamps, 

mangrcve forests, lateral spillways, dike breaks, etc.). 

"-____,_\_\L._\l,.__'.l._..'.l..----

/7711/ 
( 

Q 

Fig. J7. Overland spilling gives reduction of the height of tidal wave. 

However, in some cases the height of the tidal wave may also increase, 
due to reflection against obstacles/obstructions in the riverbed. 

4. Deformation of tidal wave. 

The crest of the tidal wave will travel somewhat faster than the lower 
parts of the wave, because its velocity of propagation depends on the 
water height • 

Wave crest 

Fig. J8. Velocities in a tidal wave. 
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As a consequence the wave is deformed and becomes steeper. The longer 
the distance, over vhich the wave progresses the steeper its front 
vill become. At the back-side of the wave the reverse happens, the 
slope of the tidal wave becomes flatter and flatter there. 

flat steep 

Fig. J9. Deformed tidal wave. 

The result of this deformation is that the time during vhich the tide 
rises is shorter, whereas the falling of the ·water takes a longer time. 
Due to this deformation the tidal wave has become asymmetrical. 
The bottom friction will further contribute to the deformation of the 
·..rave, so that in exceptional cases the front of the wave becomes very 
steep (a discontinuity has developed). The wave front gets now the 
shape of a roller, this phenomenon is called "tidal bore". 

D 
D c c 

B 
A 

time 

'--r I= ~---+-a~~+c------!Dr 

Fig. 40. The propagation of a tidal wave in an estuary. 

For each location along the river the maximum flood level and the 
minimum ebb level can be drawn. The tidal waves are bounded by these 
lines of highest and lowest waterlevels. These two lines can easily be 
obtained by observation at a number of points along the estuary. 
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H.W. 

M.S.L. 

L.W. 

\ 

locus of highest water levels 

__ __.L-.- - --

. tidal wave 

.// --./ 
locus of lowest water levels 

/ 

Fig. 41. Lines of maximum and minimum water levels along the estuary. 

?lotting the discharge against time for various locations yields: 

river discharge 

2 

3 

0 stock - wat«r 

~ points 

... 

t 

Fig. 42. Graph of discharge against time for various locations along 
the river. 
1. Upstream - not influenced by tides; 
2. Water levels influenced by tides; 
J. Flow always towards the sea, sometimes reduced to zero; 
4. Flow in both directions due to tides. 
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Observations for a nurober of locations along the river of the water 
levels at which the flow reverses its direction yield two lines, 
the locus of the slack-va.ter levels on the flood and the locus of 
the slack-water levels on the ebb. One will find in this way the 
location of point B, the limit between full tidal river and tidal-
influenced river. 

H.W. 

M.S.L. 

L.W. -x-x-x slack water on flood 
-0-0-0 slack water on ebb 

Fig. 43. Lines of slack water. 

The volume between the two slack water lines upstream of a certain 
location yields a good approximation of the total flood voluroe up
stream of that location (Error may be up to 15%). 

As a complete measuring campaign of the flow along a tidal river 
requires much time and money, this approximative approach may be 
very useful L'l practice, where an estimate of tidal discharge is 
needed. 

Remarks 

- . -y-

a. The flow does not change its direction at the sa~e moment over the 
complete cross-section during the turning of the tide. Near the 
bottom the flow will still

1
continue in its original direction, 

whereas near the surf ace the current has already reversed. The 
same holds true for the width of the river. First the flow direc
tion reverses in the middle of the channel, later near the banks. 

v v - - v .. v 
- t • 

.. v .. 

Fig. 44. Vertical velocity profiles, transition at various times. 
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b. The trdllsition point B is not necessarily the same for all dis
discharges. The bigger the discharge Q, the more downstream 'Will be 
the location of point B. 

salinity 

I 
wat~r lrvds 

I ___),.,._ ______ non - tidal 

dischargr 

1 
---- s~a 0 distancr along r.v,r 

Fig. 45. Position of tran~ition points at VJ.rious river discharges. 

If there is a control structure, such as a weir, this graph is of 
course not valid as the tide will not penetrate beyond such a 
structure. 

The following chapters of these notes will deal with: 

7. Salt penetration into an estuary. 
8. Tidal now over sand banks and mud flats. 
9. Hydrology of tidal rivers without embankments. 

10. Hydrology of embanked low-land rivers. 
11. Land subsidence in coastal areas. 
12. Water supply in the coastal area. 
13. Salinity in coastal reservoirs. 
14. Design aspects of coastal reservoirs. 
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Introduction 

These notes are provided in the anticipation that they will 
assist Course participants to understand, in some degree, the 
background to the subject, and help to stimulate discussion 
within the limited time available. 

They begin by looking at a definition of sustainability, and 
its implications for development practice. Some of the main 
considerations which have to be taken into account in planning 
development in coastal areas are then looked at, followed by a 
consideration of the unique features of capture fisheries which 
bear on fishery sectoral planning. The main part of the notes 
are taken up with a consideration of the issues within and 
threats to, the sustainability of capture f~sheries. Fishery 
sectoral planning has to deal with these threats and issues. 
Some of the factors which may worsen the threats to 
sustainability are then listed, before describing some of the 
general principles which should guide sectoral planners. There 
then follows a short section on an approach to ICAM within 
sectoral planning. 

The final part of the lecture notes provides some general 
guidance on fishery sector planning initiatives which might be 
taken. It will be appreciated that these are general in 
character and the planning process will vary greatly from one 
situation to another . 

These lecture notes represent the views of the presenter and are 
not necessarily those of. FAO. 
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Sustainability 

The Definition Adopted by FAO 

"Sustainable development is the management and conservation 
of the natural resource base, and the orientation of 
technological and institutional change in such a manner as to 
ensure the attainment and continuous satisfaction of human needs 
for present and future generations. Such sustainable development 
(in the agricultural, forestry and fishery sectors) conserves 
land, water, plant and animal genetic resources, is 
environmentally non-degrading, technically appropriate, 
economically and socially acceptable." (Definition adopted by the 
FAO Council, November, 1988). 

It can be said, therefore, that sustainable development and 
environmental issues cut across most of the activities of the 
agricultural, forestry and fishery sectors. 

Some Implications of Adopting sustainable Development 

improvement in material and non-material wellbeing; 

intergenerational equity; 

intragenerational equity; 

maintenance of ecological systems and biodiversity; 

global ramifications, including international trade 
and international cooperation; and 

dealing cautiously with risk, 
irreversibility. 

uncertainty and 

Environmental Considerations in Marine and Coastal Areas 

they are the ultimate recipients for environmental 
degradation and pollutants released to the air, land, 
and water, which are usually carried by water into the 
coastal areas, including coastal seas; 

almost all activities in coastal areas affect other 
uses of the resources; 

in many countries, and in most developing countries, 
the coastal areas are of critical economic importance. 

Unique F~atures of capture Fisheries 

fishing is primarily a "hunting" activity, which, ~,· 
among other things, tends to generate certain lt 
attitudes among fishermen and, importantly, raises the 1; 
question of property rights; 4 
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fish are difficult to observe in their habitats, so 
knowledge of fish resources is poorer than that of 
land-based resources; 

the linkages within aquatic systems can lead to 
unforseen "downstream" effects from "outside" a 
fishery. 

Issues and Threats to Sustainability 

internal factors; 

external factors; 

impact of fishing on the environment. 

Internal Factors 

poor information; 

risk and uncertainty; 

excess fishing capacity;· 

access and/or property rights. 

External Factors 

habitat degradation, e.g., 

from increased urbanisation, including tourism 
development, and infrastructure derelopment, 
resulting in pollution from runoff and sewage 
disposal, and siltation and water turbidity which 
may destroy fish breeding and nursery areas; 

from development of wetlands, for urban 
development and/or agriculture and/or 
aquaculture, destroying f i~h breeding and nursery 
areas; 

poor land clearing and irrigation practice which 
increase levels of salinity, suspended sediment, 
nutrients and water turbidity, which may lead to 
loss of habitats, such as coral reefs and 
seagrass beds; 

from offshore minerals and petroleum exploitation 
which may increase siltation, so reducing the 
p~oductivity of a habitat; 

from sand mining which will produce turbidity and 
siltation , and coral mining which destroys fish 
habitats. 

'. 
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direct toxic effects, e.g., 

pollutants from industry and urban areas 
producing fish kills; 

discharge of organic wastes leading to lowered 
dissolved oxygen levels (e.g. from industry, 
agriculture, aquaculture); 

fish kills by heavy metals; 

production of contaminant levels in economic species 
making them unsaleable, e.g., 

agricultural an.:i i-:idustrial runoff producing "red 
tide" which may seriously threaten fish, 
particulary molluscs; 

contamination from heavy metals, organochlorines, 
etc. 

Impact of Fishing on the Environment 

On the physical structure, e.g., 

trawling and dredging; 

use of explosives, especially on coral reefs. 

On water quality, e.g., 

use of poisons; 

On by-catch and wildlife, e.g., 

by-catch of trawling operations; 

capture of non-target species by gill nets and pelagic 
driftnets; 

albatross kills from long-lining (there is also an 
economic cost to the long-liner fishermen). 

On genetic diversity, e.g., 

overfishing rnay threaten particular stocks which may 
result in a reduction of their genetic diversity, so 
reducing the fitness of those resources. 

Aeeelerat~nq Factors 

high rate of population increase; ~ 
•• 

poverty, worsened through decreasing access to l 
resources; 4 

( 
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unregulated activities; 

insufficient awareness or 
sustainability of resources; 

inappropriate legal systems; 

knowledge 

inability to enforce laws and regulations. 

Some General Principles 

of the 

the orientation of development to i~proving the living 
conditions of the poorer sectors of society; 

develop awareness 
development within 
framework; 

of the need for 
an ecologically 

develop institutional mechanisms 
management of the resources. 

for 

integrated 
sustainable 

effective 

A Cross-sectoral Approach to Fisheries Development Planninq 

Sectoral planning, and programme and project design and 
implementation are responsibilities of line ministries. In very 
few cases is effective !CAM planning possible - for example, by 
a cross-sectoral planning agency for !CAM - outside the line 
agencies. In other words, ICAM should be part of the planning 
process within the traditional line agencies, with a coordinating 
agency having certain specific functions, Among the most 
important of these will, in most cases, be some form of 
arbitration function for inter-sectoral differences over resource 
allocation. 

Some Possible Actions in the Fishery Sector 

Information Requirements 

Description of the sector 

Description of the capture fishery and marine 
aquaculture sector, including its location, size, 
structure, species of commercial importance, existing 
management measures, legislation framework. 

Environmental information 

(i) Use of available information to: 

(a) assess whether there are any endangered or 
threatened species; 

(b) assess impact of fishing and marine 
aquaculture on the ecosystem and physical damage 
to the benthos; and 

J .. 
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{c) assess impact on the ecosystem from external 
causes of pollution and/or habitat degradation. 

{ii) information on marine parks 
conservation areas. 

and other 

{iii) information on productivity {growth and 
mortality) and biomass {need to establish sustainable 
yields). 

{iv) establishment of key criteria to monitor any 
overfishing. 

{v) identification of research requirements. 

Economic and social information 

(i) Economic and social significance {e.g. earnings, 
employment, food supplies, net foreign exchange 
benefits). 

{ii) need to establish any foregone (or potentially 
foregone), resulting from any impact on the sector, 
profits, incomes, supplies of fish to markets, and any 
damage (or potential damage) to social relationships 
within communities, by using historical and actual 
information on vessels' costs and earnings, 
distribution of earnings between participants in the 
fishery, economic and social li~kages, fish 
distribution chain margins, margins of input 
suppliers, and alternative employment opportunities. 

(iii) identification of research requirements. 

Institutional and organizational information 

{i) Need to establish any overlapping and/or gaps in 
institutional responsibilities; interactions between 
fisheries institutions and other government agencies 
responsible for land use planning and management, and 
coastal development policy; institutional technical 
capacitates; research and training institutions and 
capabilities; 

(ii) need to identify institutions performing, or 
which might perform, a management function. 

Administra~ive and Institutional Arrangements 

Role of public sector management arrangements 

(i) to address those areas where fisheries resources 
management might be improved; 

---
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(ii) to assess cross sectoral impacts on fisheries in 
biological and economic terms. 

Institutional options 

Selection of appropriate institutional mechanisms for 
(a) fisheries management planning and (b) cross
sectoral and intra-sectoral conflict resolution. 
Importance of decentralisation. Role of public 
partici~ation and/or consultation. 

Planning for Sustainable Development 

Management strategy formulation 

Description of long-term objectives (recognition of 
risk-averse decisions and precautionary approach to 
management) and means of achieving them (institutional 
changes, need for appropriate legislative framework, 
information systems and research); timeframe; 
recognition of commercial and sport fisheries, and 
subsistence fisheries within a broader cost-benefit 
framework of the coastal ecosystem; need for public 
input; need for assessment of new capture fishery and 
aquaculture developments 

Interim fisheries management plans 

Possible need. Content. 

Formal fisheries management plans 

Description of the elements of fisheries management 
plans, e.g. : 

aims and policies; 

fishing capacity; 

access rights; 

integration of sport fishing into the overall 
management of the fishery resource; 

integration of subsistence fishing into the 
overall management of the fishery resource; 

regulations, legislation; 

other policy instruments (research, information 
systems, training, public education, etc.); 

performance criteria; 

monitoring and enforcement of regulations; 

-... --
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impact assessment (biological and economic); 

conflict resolution (intra- and inter- sectoral); 

impact of plans on the ecosystem; 

impact of plans on all concerned; 

manpower and financial resources required, 
sources of funding, timeframe. 

A.O. Insull, Fishery Policy and Planning Division, FAO, Rome, 
Italy, 19 October 1992 
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AQUACULTURE IN THE COASTAL ENVIRONMENT' 2 

1. INTRODUCTION 

-..C Aquaculture interacts with the environment. It utilizes resources and causes environmental 
changes. Most interactions have beneficial effects. There have been st:bstantial socio-economic 
benefits arising from the expansion of aquaculture. These benefits include increase<i income. 
employment, foreign exchange earnings and improved nutrition. Unfortunately, some coastal 
aquacultl•re practices have resulted in adverse effects on ecosystems. 

There is concern about the potential environmental implications of coastal aquaculture 
development. comprising the adverse effects of aquaculture operations on the environment as well 
as the consequences of increasing aquatic pollution affecting feasibility and sustainable 
development of aquaculture. Environmental problems have resulted from conversion of wetland 
habitats. nutrient and organic waste discharges. introduction of exotic species, chemical usage, 
as well as from deterioration of water quality and decreasing availability of suitable sites for 
aquaculture. 

These notes are intended to 1 l summarize existing and potential environmental interactions 
of aquaculture in coastal areas and 2) to highlight possible measures to achieve environmentally
acceptable and sustainable development of coastal aquaculture. 

2. ENVIRONMENTAL INTERACTIONS OF COASTAL AQUACULTURE 

2.1 Degradation of Coastal Environments and Potential Effects on Coastal Aquaculture 

In many coastal areas, pollution and habitat modification stemming from human activities 
other than aquaculture are increasingly affecting resource use productivity of aquaculture as well 
as limiting success and development possibilities of the aquaculture industry. 

High organic and microbial loading in sewage discharged from densely populated urban and 
resort areas can contaminate cultured shellfish theret ' rendering this aquaculture produce 
unsuitatle for humans, particularly if consumed raw or partially cooked. 

Heavy metals found in industrial effluents may be found in the animals cultured in the 
receiving waters. Potentially hazardous substances include mercury, cadmium, lead, copper and 
arsenic. 

Serious oil spills can cause large-scale fish kills, and obvious effects on aquaculture include 
the contamination of farming structures and tainting of farmed organisms. 

High levels of pesticides stemming from agricultural run-off, can be lethal to cultured 
organisms, while lower doses are believed to produce sublethal effects such as pathological 
changes in various organs. 

1~~.1. Guidelines for the Promotion of Enviro~mental Management of 
Coastal Aquaculture Development. FAO Fisheries Technical Paper, No. 328. Rome, 
FAO. (in press) 

z 
Note: These notes represent a brief summary of parts of above 

publication. They represent the views of the author and are not necessari.ly 
those of FAO. 
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The release of inorganic and organic nutrients ii1tO marine ecosystems can cause 
hypernutrification. and possibly iJhytoplankton blooms. Culture;:i fish can be killrd by algal blooms 
through sudden water quali:: deterioration (suffocation due to gill damage and/or oxygeil depletion) 
after collapse and decomposition of a bloom. In particular. bivalve culture is facing serious problems 
associated with the increasing occurrence of toxic phytoplankton blooms caused by a relatively 
small number of algal species producing a range of toxins. the effects of which include mortalitv 
of cultured stocks. as well as human illness and even death after consumption of contaminated 
bivalves 

2.2 Potential Adverse Ecological Effects of Coastal Aquaculture 

al Nutrient and organic enrichment 

Many aquaculture operations invariably result in the release of metabolic waste products 
(faeces. pseudv-faeces and excreta) and uneaten food into the aquatic environment. 

The release of soluble inorganic nutrients (nitrogen and phosphorus) has the potential to 
cause nutrient enrichment (hypernutrificationl possibly followed by eutrophication (increase of 
primary production) of a waterbody. Related change~ in phytoplankton ecology rnay result in algal 
blooms. which can be harmful to wild and farmed organisms. 

The largest proportion of solid wastes released, which is predominantly organic carbon and 
nitrogen, settles to the seabed in the immediate vicinity of the farm. Organic enrichment of the 
benthic ecosystem may result in increased oxygen consumption by the sediment and fo~mation of 
anoxic sediments. with. in extreme cases, outgassing of carbon dioxide, methane and hydrogen 
sulphide; enhanced remineralization of organic nitrogen and reduction in macrofauna biomass, 
abundance and species composition. 

There is evidence of very localized effects of reduced concentrations of dissolved oxygen 
in bottom and surface waters close to farm sites which are due to the considerable biochemical 
oxygen demand of released organic wastes and the respiratory demands of the cultured stock. 

bl Degradation of wetland habitats 

Coastal wetlands such as mangrove swamps are amongst thd most productive ecosystems 
sustaining the ecological integrity and productivity of adjacent coastal waters, and are important 
breeding and nursery grounds for many commercially exploited fish and shellfish species. Several 
tropical countries have lost extensive mangrove areas due to clearing and conversion to fish and 
shrimp ponds, often accompanied by salinization and acidification of soils and aquifers. 

cl Use of chemicals 

A variety of chemicals are used in coastal aquaculture. These include: therapeutants, 
disinfectants, anaesthetics. biocides, hormones and growth promoters to control predators, prevent 
and control diseases and parasites and to alter sex, productive viability and growth of cultured 
organisms. Current concerns centre on: the longevity of bioactive com:lounds in animal tissues, the 
fate and effect of these compounds or their residues in the aquatic environment (e.g., toxicity to 
non-target organisms) and the stimulation of antib:otic resistance in microbial communities. 

QL.filQ.logical int~ractions 

The introduction and transfer of species and breeds for aquaculture purposes may alter or 
impoverish the biodiversity and genetic resources of the marine ecosystem through interbreeding, 
predation, competition; habitat destruction and, possibly, through the transmission of parasites and 
diseases. 

'\ 
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Large-scale cultivation of bivalves in coastal embayments can interact with the marine food 
web by substantial removal of phytoplankton and organic detritus. as well as by competing with 
oth<?r planktonic herbivores_ 

Diseases may occur since many aquaculture practices and conditions around aquaculture 
operations can be stressful to the farmed stock_ Stress increases susceptibility and predisposition 
to infectious diseasPs. Certain water quality conditions enhance virulence of potential pathcgens. 

J In the presence of stress and the appropriate pathogen, disease outbreaks can ensue. 

2.3 Self-Pollution in Coastal Aquaculture 

It is often coastal aquaculture itself which is affected by ecological changes deriving from 
farming practices. For example, water currents may be reduced significantly due to farm structures 
(cages. pens. rafts. etc.), which may leao to increased deposition and accumulation of organic 
wastes underneath or around the farming ,;nit, increase in siltation and water quality deterioration 
(e.g., increase in turbidity due to high content of suspended matter). In addition, oxygen s1•pply 
may be reduced. and outgassing of hydrogen sulphide and methane from bottom sediments may 
occur which will further affect growth performance and increase susceptibility to disease. 

Pond culture which relies on tidal flow or pumping for water exchange may also face a 
steady increase of water quality deterioration. For example, total water excnange requirements of 
intensive shrimp pond systems will often exceed the flow rate )t the tidal creek that serves as the 
supply canal and drainage ditch. The net result is that instead OI: replacing waste vvith clean water, 
these farms are very often recycling waste water. Extensive cl'lture systems relying on the natural 
productivity of waters used may reduce or deviate water flow through farming structures and 
heavy siltation. thereby reducing the availability of food and nutrients. 

Chemi:::als used may also present a potential risk to cultured organisms and may result in 
contamination of aquaculture products which reduces product quality and consumer acceptance. 
The dPvelopment of drug-rtsistant pathogens. resident (and possibly dormant) both within and 
around the farming unit, may have serious negative feedback effects on farm productivity. The 
over-use o; chemicals in hatcheries may result in reduced fitness. poor growth and decreased 
survival rates during the grow-out phase. Pond soils may be rendered less suitable by excessive 
chemical treatment. 

The magnitude of negative ecological feedback effects of coastal aquaculture practices may 
increase with expansion and/or intensification. An increase in the acreage and/or number of farming 
units (ponds. racks. rafts, cages. etc.) and farms may be followed by deterioration of required 
environmental quality within and beyond the aquaculture area. 

As a result of expansion of farming systems relying on naturally available food and 
nutrients. the natural productivity of waterbodies in coastal areas mJy be exhau:;ted. Large-scale 
coverage and degradation of tidal habitats, including mangrove areas, may also affect wild seed 
supply. Al]gregations of farms will exhibit cumulative effects of waste release and increased 
oxygen demand. Negative feedback effects of siltation, turbidity, build-up of organic-rich 
sediments, hypoxic or anoxic bottom waters, toxic outgassing, spread of diseases, etc., may then 
affect all farms in the area, particularly when located in sheltered and shalltJw coastal embayments 
with low water exchange rates. Land·based farming systems have faced similar problems, in 
particular when farms are clustered on suitable sites which resulted in very serious self-pollution 
problems. 

2.4 Social Implications of Coastal Aquaculture Developments 

The environmental impacts of and on coastal aquaculture may have serious adverse socio
economic anc1 human health implications. 

... 
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Large-scale mangrove conversion for shrimp and fish farming in Latin American and Asian 
countries in scme cases tias affected rural communities which traditionally depended on mangrove 
resources for their livelihood. The expansion of shrimp mariculture into mangrove habitat in some 
cases involved the transformation of a multi-use/multi-user coastal resource into a privately owned 
single-purpose resource. The costs of coastal ecosystem disruption for society included coastal 
erosion, saltwater intrusion into groundwater and agricultural fields. and a reduction in supply of 
a wide range of valuable goods and services produced from the resources available in mangrove 
forests or other coastal wetlands. 

Some large-scale aquaculture enterprises displaced small-scale fishermen and 
aquaculturists. Competition for land and water resources also resulted in use conflicts sometimes 
with ensuing violence. 

Several economic disasters due to significant aquaculture production losses have been 
attributed to self-pollution as well as to increasing coastal water pollution which fueled disease 
outbreaks and harmful phytoplankton blooms. 

Consumption of raw and partially cooked shellfish grown in coastal waters receiving high 
organic and microbial loadings from urban sewage effluents can result in severe consequences for 
human health, including gastro-intestinal disorders, gastro-enteritis, infectious hepatitis, cholera and 
typhoid fever. Heavy metal pollution originating mainly from industrial discharges carries the risk 
of seafood contamination and human poisoning. Various forms of shellfish poisoning in hl!mans 
such as PSP (paralytic shellfish poisoning), NSP (neurotoxic shellfish poisoning), DSP (diarrhoeic 
shellfish poisoning, ASP (amnesic shellfish poisoning) are occurring worldwide due to consumption 
of shellfish which accumulated phycotoxins stemming from toxic algal blooms. Effects of poisoning 
include gastro-intestinal disorders. respiratory paralysis, memory loss and death. 

In summarizing, the potential negative implications of ecological degradation affecting 
directly or indirectly the socio-economic conditions within the environment of coastal aquaculture 
would include the following: 

decline in quality and quantitv of food fish both cultured and captured, 
increased human health risks and reduced nutritional status. 
reduced consumer confidence and decreasing fish marketability within local, national and 
international environments, 
increasing resource-user conflicts and growing competition for markets and credits. 
decline and failures (collapse) of aquaculture enterprises and/or other fishery practices (e.g., 
artisanal fisheries) including the post-harvest sector, and 
social disruption within the rural environment following: 

displacement of traditional community-based activities in agriculture, forestry and 
fisheries; 
decreasing employment opportunities; shift towards unskilled and seasonal labour; 
marginalization of resident resource-users and non-resource users due to increasing 
income distribution changes; 
migration towards urban centres. 

3. PLANNING AND MANAGEMENT MEASURES FOR ENVIRONMENTALLY-ACCEPTABLE 
COAST AL AOUACUL TURE DEVELOPMENT 

There is variety of activities which 'can be undertaken to promote environmental 
management of coastal aquaculture and to achieve its succesful development. Some general 
principles and policid-are presented which may guide coastal aquaculture development planners 
in the ;.,,plementation of possible management measures. 
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3.1 Some general principles and policies 

General Principles 

Policies 

3.2 

Coastal aquacultu .1as the potential to produce food and generate income contributing to 
social and economic well-being. 

Planned and properly managed aquaculture development is l productive use of coastal 
areas which should be undertaken within the broader framework of integrated coastal area 
management plan5, according to national economic objectives and national goals for 
sustainable development. 

The likely adverse consequences of aquaculture and other coastal developments on the 
social and ecological environment must be predicted and evaluated, and measures 
formulated in order to contain these consequences within acceptable, pre-determined limits. 

Aquaculture and other activities in coastal areas should be adequately regulated and 
monitored to ensure that adverse effects remain within pre-determined limits and to detect 
when contingency and other plans need to be brought into effect to reverse any trends 
which could lead toward unacceptable environmental consequences. 

The sound utilization of the ecological capacity of the coastal area to produce aquatic 
products and generate income . 

The development of policy and management mechanisms to reduce conflict with other 
coastal activities. 

The prevention or reduction 01 tne adverse environmental impacts of coastal aquaculture 
and other coastal activities. 

The management and coordination of aquaculture activities to ensure that their adverse 
impacts remain within acceptable limits. 

The reduction of health risks fro:n the consumption of aquaculture products. 

Possible actions to enhance understanding of the interactions between coastal aquaculture 
development and the environment 

Benefits 

Emphasize the socio-economic and ecological benefits of coastal aquaculture. Col'ect and 
provide information on opportunities ar.d achievements in coastal aquaculture development. 

Adverse effects 

Enhance awareness and u01derstanding of the potential adverse environmental effects of 
coastal aquaculture. Address both the bio·physical and socio-economic aspects of 
environmental interactions associated with coastal aquaculture activities. 

Distinguish between the species cultured, the farming methods applied and the prevailing 
ecological characteristics of the aquaculture site. Encourage research on ecological 
interactions of coastal tropical aquaculture. 

Emphasize the risks of self-pollution and other negative feedback effects. In particular, 
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address the self-pollution risks of increasing aggregation of aquafarms in coastal 
embayments. 

Consider aquaculture as one of many activities in coastal areas. Multiple resource use in 
coastal areas in many cases results in serious pollution of coastal waters. Highlight possible 
threats to aquaculture due to increasing pollution in coastal areas. 

Address potential negative social implications of aquaculture and other developments. in 
particular human health risks, resource use conflicts and possible marginalization of low
income groups. 

Determine the factors affecting environmental compatibilitv of coastal aquaculture in your 
project or country. Specify causes of environmental mismanagement and constraints to 
sustainable development of coastal aquaculture. 

3.3 Possible actions to properly assess environmental hazards and impacts of coastal 
aquaculture 

General 

Assess the capacity of the coastal ecosystem to sustain aquaculture development with 
minimal ecological change. 

Pollution assessment I monitoring methods 

Promote understanding of the enviro~mental capacity concept. Encourage application of 
coastal pollution assessment methodologies such as the hazard assessment approach and 
adequate monitoring schemes. 

Apply, where possible, pollution assessment methods which are specific to aquaculture. 
Ensure their appropriate use based on proper understanding of their applicability and 
limitations. Encourage further development of assessment methods suitable to aquaculture 
practices and ecological conditions in tropical environments. 

Integrate aquaculture-specific monitoring schemes into existing coastal water pollution 
assessment activities. Select appropriate monitoring parameters and suitable sampling 
stations. 

Employ remote sensing techniques and geographical information systems (GISI to assess 
large-scale spatial and temporal environmental changes due to aquaculture and other 
developments in coastal areas. 

Implementation of EIA 

Enhance awareness on advantages and limitations associated with the implementation of 
environmental impact assessment (EIAI procedures. 

Consider that assessnient studies on the social and economic impact of development 
activities may be carried out separately or as an integral part of an EIA. Both types of 
impact assessments are essential when formulating coastal aquaculture programmes and 
projects.·. 

Select an appropriate EIA sequence according to prevalent environmental and development 
requirements and according to the availability of information and implementation capacities. 

____ .. -
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Apply the EIA process to all major aquaculture development proposals. Provide information 
to applicants/developers on options for mitigatory and adaptive measures to be included 

in project proposals. 

Incorporate EIA into integrated coastal area management strategies. 

Possible actions to improve environmental management of coastal aquaculture development 

General 

Select and implement environmental management options which suit the specific 
requirements for environmentally-acceptable development of aquaculture and other 

activities in coastal areas. 

Environmental protection 

Improve/develop, where required. planning and management processes for protection of 

coastal environments. 

Integrated coastal area management (ICAM} 

Participate in the form•;lation and implementation of integrated coastal area management 
(ICAMJ plans. Provide aquaculture-specific information required for ICAM. Indicate goals 
and set priorities for coastal aquaculture development. Identify coastal resource use 
conflicts between aquafarmers and other coastal resource users. 

Participate in ICAM zoning activities leading to the designation of coastal resources and 
sp::ice. Indicate coastal areas suitable for aquaculture development possibly based on 
aquaculture-specific site selection surveys. 

Encourage broad participation and consultation of all coastal resource users and stakeholder 
in formulation and implementation of ICAM plans. 

Improve cross-sectoral communication and cooperation, possibly by establishing an 
institutionalized coordination office or cooperation network. 

Help to ensure long-term funding for ICAM. through durable commitment of parties involved 
in aquaculture and their enforcement of aquaculture-specific regulations adopted. 

Environmental legislation 

Promote flexible and specific legislation in support of aquaculture development. 

Environmental legislation should ensure accessibility and environmental protection of areas 
and resources required for coastal aquaculture development. Consideration of the variety 
of aquaculture practices and diversity of environmental settings is essential. 

Help to formulate constructive environmental regulations for coastal aquaculture. where 
necessary, such as requirements for EIA. waste discharge limits and waste treatment 
specifications. Apply incentives and deterrents to reduce environmental hazards due to 

aquaculture activities. · 

Adopt and apply the·EIFAC/ICES codes of practice on introductions and transfers of marine 
and freshwater organisms. Movement of species from and to aquaculture sites should be 
controlled through inspection and certification. 
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Coastal aquaculture products should conform with safety standards for seafood before they 
are offered for human consumption. Establish quality control measures for aquaculture 
products. Control the use of aquaculture chemicals such as antibiotics and pesticides. 

Planning and management of coastal aquaculture development 

Formulate/improve coastal aquaculture development and management plans. 

Strengthen sectoral capacities for adequate coordination of coastal aquaculture 
development efforts. Help to ensure continuous and well-targeted support to coastal 
aquaculture development. 

Co-operate with national development planners to ensure proper integration of coastal 
aquaculture development objectives and plans into national programmes for economic and 
agricultural development as well as environmental protection. 

Environmental farm management 

General 

Promote environmental management at farm or project level. Consult with aquafarmers on 
specific environmental problems and mitigatory measures adopted. Provide opportunities 
for exchange of related experiences. Provide information and training to aquafarmers on 
options for improved environmental farm management. 

Help to improve current aquaculture practices in terms of adeQuate site selection, efficiency 
in farm operation and maintenance, and continuous monitoring of biological and hygienic 
conditions on the farm. Avoid over-stocking. 

Improve formdation and appraisal of coastal aquaculture development projects . 

a) Use of mangrove wetland 

Discourage, where possible, the use of pristine mangrove wetland for aquaculture. Provide 
instructions governing the use of mangrove wetlands. 

b) Use of feeds and fertilizers 

Improve on-farm feed management. Improve fertilization and feeding strategies. Avoid over
use of fertilizers and feeds. Adapt feeding practices to specific feeding habits and behaviour 
of the species cultured with due consideration of water quality and water movements in 
the farming unit. Monitoring of feed application and, where possible, feeding response of 
cultured stock is essential. 

Contin:.ie research efforts on pond metabolism. Encourage development of diets and feeding 
methods adapted to requirements of semi-intensive farming systems in developing 
countries. 

Continue efforts to improve physical and nutritional properties of manufactured feeds for 
use in both warmwater and coldwater aquaculture. Special emphasis should be given to 
applied research on dietary nutrient requirements of warmwater fish and shrimp species. 

cl Waste management 

Develop low-cost waste treatment technology for use in intensive land-based coastal 
aquaculture in d13veloping countries. 

\ 
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Promote integrated polyculture practices to reduce waste loadings. 

Explore ecological and economic feasibility of site rotation. 

di Chemical usage 

Avoid usage of hazardous chemical substances. Emphasize measures to prevent water
quality deterioration, disease outbr~aks and pests. Detailed on-farm record keeping on 

chemical usage is essential. 

Discourage prophylactic use of antibictics. Reduce environmental risks through minimal and 

alternating application of drugs. 

Establish, where needed. aquaculture health management services to cover requirements 
for quarantine. diagnosis, treatment, monitoring and product quality control. 

Control market availability of potentially hazardous chemicals through registration and 
licensing. Aquafarmers must be provided with comprehensive information on environmental 

risks and appropriate use of chemicals. 

el Contamination of aquaculture products 

Promote further development of economically viable methods for depuration/sanitation of 
contaminated shellfish products. Monitor contaminant levels in shellfish grown in areas 
subject to pollution and blooms of toxic algae. 

Prepare contingency plans for aquaculture areas threatened by events of harmful algal 
blooms. and advise aquafarmers on possible countermeasures to reduce risks of damage 

to cultured stock. 

Promote aquaculture production in unpolluteo waters and low (<;k areas. Increase public 
awareness of the safety aspects of consuming seafood. Ap~:y, where unavoidable, 
temporary bans on harvesting or marketing of contaminated shellfish. 

U.C. Barg 
Fishery Resources and Environment Division 
Fisheries Department 
FAO, Rome, Italy 

21 October 1992 
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This systematic classification of dred~ing 

activities has bee~ crystallized from my 
experience in lecturing for the International 

Courses in Hydraulic Engineering in Delft 

during the years 1964 - 1984 and at the 
Delft University of Techno1ogy from 1978 to 1984. 
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assistance of ir. K.Oterdoom, Chief Scientific 

Officer in the Faculty of Civil Engineering of 

the Delft University of Technology, who read the 

manuscript and advised on the translation of the 

dredging terminology into English. 
I should also like to thank ir. J.op den Velde, 

who contributed ~Jme proposals for improvements 

to the 5th reprint . 

Prof.ir. J. OE KONING 

DELFT, april 1984. 
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I. DEFINITION 

Dredging is earth-moving carried out under water 
and/or earth-moving carried out by floating e~uipment. 
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II. TYPES OF DREDGING 

I I - l Dredging in cut 
The required work is the cut (harbour basins, 
canals etc.) 
The resulting spoil has to be carried off. 

II-2 Dredging in fill 

I I - 3 

il-4 

The required work is the fill (dike, road-bed, 
reclamation etc.) 
The soil needed has to be ~arrowed fro~ 
somewhere and brought to the site . 

Combination of cut and fill 
The required work is a combination of cut and 
fill (e.g. harbour-basin with reclaimed 
building site around). 
The soil from the cut is used for the fill. 

Maintenance - Dredging 
The required work is the removal of soil 
deposited in an earth-construction in cut 
after the construction has been made by 
nature or by dredging. 
Tne resulting spoil has to be carried off. 

11-5 Mining 
The required work is the removal of overburden 
and the dredging of the mineral rich formation. 
Concentration of ore can take place on board 
or/and ashore. 
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I I i . ANALYSIS OF A DREDGING CYCLE 

I I I - 1 

III-2 

III-3 

III-4 

I I I - 5 

I I I -6 

III-7 

III-8 

I I I - 9 

III-10 

III-11 

III-12 

III-13 

III-14 

Disintegration of the soil 

Digging 

Reaction-forces counteracting the dredging forces 
(anchorage etc.) 

Vertical transport 

Loading into the m~ans of transport 

Acceptance by the means of transport 

Spillage of spoil 

Classifyins improvement of the quality of the spoil 
or the slurry 

Horizontal transport 

Discharge into the dump-area (under~ater) 

Discharging in the fill 

Compacting and shaping 

Protection against external forces 

Return of discharge-water 
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I I I - i 

III-1.l 

III-1.2 

III-1.3 

III-1.4 

\ 

OISINTEGRATION OF THE SOIL 

Chemically= blasting with explosives 
(rocks or rocky soil) 

Hechanically =cutting, chipping, ripping 

cutting edge, chisel, ripper {highly co~pact 
soil, e.g. heavy clay) 

Hydraulic erosion = washing off 

draghead of a trailing hopper suction dredger, 
water-jet (e.g. sand, soft clay, silt) 

Disturbance of equilibrium (Under-cutting) = 

earth slide5 - flow slides, plastic flow 
(a 11 types of soi 1 except hard clay and r(lck) 

By means of mechanical digging, hydraulic erosive 
undermining, vibration or shaking, and 3urcharge. 

I I I -2 DIGGING 

III-2.1 Mechanically: 

III-2.2 

I II-3 

III-3.1 

III-3.2 

III-4 

!II-4.1 

dipper, bucket, grab, blade 

Hydraulically : 

suction head of a suction pipe by me~ns of the 
thrust of the fluid. 

REACTION FORCE AS OPPOSED TO CUTTING AND DIGGING FORCES, 
NAUTICAL ANO WEATHER FORCES 

Hodzontally: 

anchors, cables, winches, spuds, thrust of ship 
propellors. 

Vertically: 

wires - chains - ladder winch ~ buoyancy of the ship -
lifting wire - lifting winch - weight of digging 
device (grab) - wei~ht of the ladder. 

VERTICAL TRANSPORT 

Mechanically: 

... grab 
dipper 
bucket 
Archimede~n screw 
Jacob's ladder 
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III-4.2 

I I I -5 

llI-5.l 

III-5.la 

III-5.lb 

III-5.2 

III-5.2a 

III-5.2b 

III-6 

III-6.1 

III-6.2 

I I I - 7 

III-7.1 

III-7.2 

\ 
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Hydra u l i ca 1 l y: 

suction pipe 
(thrust of the liquid} 

LOADING INTO THE MEANS OF TRANSPORT 

For floating transport 

~e2i!_~i!~-~is~-~2~~~~!~~!i2~ 
d . tl dipper 

1 rec y b gra 
via chute bucket 

~e2i!_~i!~_!2~-~2~~~~!r~!!2~ 
lander of a hopper suction dredger 
spreader barge loading suction dredger 

For continuous transport 

~e2il.~i!~-~ig~-~2~~~~!r~!i2~ 
belt-conveyor - trough with dewatering equipment 
chute - feeder 
vibrating chute - feeder with dewatering equipment 

~e2i!_~i!~_!2~-~2~~~~!r~!i2~ 
floating pipeline - shoreline 
side boom 
submerged pipeline - shoreline 

ACCEPTANCE BY THE MEANS OF TRANSPORT 

by means of a 
dredgepump 

With mechanical supply (dipper, bucket, grab} 

- no special problems in the case of barges 
or l.oppers 

- feeders and dewatering mechanism in the case 
of conveyor belts. 

With hydraulic supply of spoil 

- for holds of barges or hoppers, special devices 
to help settling of the particles and to limit 
overflow losses 

- for pipeline transport, no special measures. 

SPILLAGE OF SPOIL 

5 

Owing to the breaki.ng-~own of the grain-tension or 
the cohesion of the soil (suction cutter dredger, 
st>ction dredger, bucket dredger, dipper dredger· etc.); 
slides of the bank 

Owing to the discharging of the means of dredging 
(bucket, dipper, grab) 
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III-7.3 

III-i.4 

II I-8 

III-8. 1 

IIJ-8.2 

III-9 

IIJ-9.1 

III-9.2 

III-9.3 

\ 

O~ing to the orerflo~ of the barges or hoppers 
(cverflo~ lossesl 

6 

o~ing to the return flo~ of the polluted dred~e
\\"ater. 

CLASSIFYI~G- V-IPRO\"DtE.\T OF THE QUALITY OF THE SPOIL 
OR THE SLu~RY 

Hvdraul ical 1 \' 
Overflo~ing of bar&e or hopper- desilting 
Settlement in settling tank or ~ith hydro-cyclones 
(r~duction of overflo~-loss) 
De~atering systems-

Mechanicallv 
Vibrating screens (e.g. de~atering screens) 
Shaking screens (gravel reclamation) 
Crushers 

HOR I ZO.\T -U TR.~.\SPuRT 

Sailing 
Suction barge (dumb o~ self propelled) 
Bot:tc.::? door dump barge " " " " 
High door dump barge " " " " 
Suction dump barge " " " " 
Split dump barge " " " " 
Tip barge " " " " 
Deck ba :rge " " " " 
Sea-going hopper barge (self propelledl 
Hopper grab dredger (self prop~1led) 
Hopper su~rion dredger {self propelled) 
Trailer (trailing hopper suctio~ dredger) 

hlechanicall~ (direcr or after possible discharge 

of the bar&e br an elevator) 

Bel t-con\·eyor 
Rope 'h'ay 
Railway 
Road transport 

Hydrauli:allv (pipeline- t~6-phase flo~) 

Barge unloading dredger (Rehandler) 
Reclamation dredger (suction dredger with floating 
pipeline and.shoreline) 
Cutter suction. dredger {~ith floating pipeline and 
shoreline) 
Hopper suction dredger { self unloadin~ ) 
Trailing hopper suction dredger ( via pipeline ) 

---~·-
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III-10 DISCHARGE INTO THE DUHP AREA-{UNDER~!ATER} 

III-10.1 Bottom dischar9e 

III-10.2 

III-lu.3 

III-11 

III-11.l 

III-11.2 

With auxiliary equipment (dump-barge, high door 
dump-barge, split dump-

By own means 

Mechanically 

By grab crane 
By scraper installation 

barge} 
(hopper grab dredger, 
hopper suction dredger, 
trailer) 

Hydraulically (by dredge pump via pipeline) 
Self-unloading trailer or hopper suction dred3er 
Suction dredger with floating pipeline and shoreline 
(Reclamation dredger) 
Cutter suction dr~dger with floating pipeline and 
shoreline 
uustpan dredger 
Side boom dredger (trailer hopper suction dredger 

with suspended discharge pipe) 

DISCHARGING IN THE FILL 

Mechanically (dry dumping) 

Bulldozer 
Oragline 
Frontloader 
Wheel-loader 
Scraper 
Lorry 
Scraper installation 
Shift conveyor belt - distribution belts 

Hydraulically (wet dumping) 
Various pipelines via Y-valves 
Periodical lengthening of the pipelines 
Embankment of dumping area by mean~ of bunds 
Regulation of the mixture-flow and ~aintenance 
of bunds by bulldozers, draglines. wheel-loaders etc. 
Discharge of dredge water via weir-boxes, gates, 
pumping stations and syphons. 
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III-12 

III-12.1 

III-12.2 

III-13 

III-13.l 

111-13.2 

III-13.3 

III-13.4 
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COMPACTING ANO TRIMMING. SHAPING OF THE RAISED AREA 

Hydraulically 

The result is strongly dependent on type of soil. 
Well graded sand gives the best possible 
compaction on a hydraulic reclamation area. 
Hydraulic contouring is possible on wide even 
dumping areas. 
Slopes and detailed dressing are done mechanically. 

Mechanically 
Dry, high and narrow hydraulic dumping sites are 
trimmed and compacted by bulldozers and/or 
draglines. 
Other compaction equipment: 

- rollers 
- lorries 
- vibrators. 

PROiECTION OF EARTH WORKS AGAINST EXTERNAL INFLUENCES 

Currents, wave action, ship's waves, propeller 
splash 
Fascine mattresses, fascine collars, sheet piles, 
retaining walls, enrockments, stone lining, 
grassing, asphalt lining, filters, air vents etc. 
For temporary work, sand may sometimes be kept in 
place by well points. 

Wind erosion 
Bundles of straw stuck in the soil to prevent 
blowing away, straw mattresses, top soil, grassing, 
turfing, spraying (chemical products). 

Traffic influences 
Side walks, road surfaces, runways, road-durface 
constructions. 

Rainwater 
Camber, slopes, side drains, drainage . 

\ 
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IV-21 
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CC~OITIONS INFLUtNCING THE CHOICE Of WORKING METHOD AND 
EQUIPMENT 

Scope of the work as regards quantities and transport 
distance. 

The capacity required in relation to available time and 
funds and the economical aspects of the work to be made_ 

Accessib~lity of the site for the equipment. 

Vegetation or cultivation to be preserved or removed. 

Type of soil to oe removed or handled. 

The availability and q~ality·of borrow areas for 

9 

reclamation material and/or dum~ areas for disposal of spoil. 

The possibilities for the discharge of diluting water. 

Water and weather conditions. 

Soil transport on bottom and silting-u~. 

Di~ensions: length - width - height - depth. 

Horizontal and vertical tolerances required. 

The stability of the completed work and its immediate 
su;roundings. 

Horizontal and vertical transport distances. 

Transport tracks and transport possibilities over water 
and over land. 

Possibilities for and problems o~ anchorage. 

Hindrance by and to shipping. 

Danger or hindrance to surroundings. 

?ollution of the surroundings area. 

Availability of equipment. 

Feasibility of and time required for mobilisation and 
demobilisation of equipment. 

Method of quantity surve~ (in cut; in fill; in means of 
transport) . 
Energy supply. 
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EXPLANATION OF CONDITrONS ME~TIONED 

IV-! SCO?E OF THE WORK AS REGARDS QUANTITIES AND TRA~S?0~7 

DIST A~iC E 

The scope of the work is a very important factor for 
defining the capacities of the equipment required. 
~onsideration of the proportion of the cost of 
mobilisation and demobilisotion against the cost per 
cubic metre to be handled is often determinant. 

IV-2 THE CAPACITY REQUIRED IN RELATION TO AVAILASLE FUNDS 

AND THE ECONOMICAL ASPECTS OF THE WORK TO BE MADE 
Limitation of periodically available funds may cause 
restricted production and consequently m2y have an 
unfavo~raDle effect on the price. On the other hand it 
is possible that in the even: of a forced production 
the price per ~3 may work ou~ higher but at the sa~e 
ti~e would be justified by completion of the work 
ahead of schedule. 

IV-3 ACCESSIBILITY OF THE SITE FOR THE EQUIPMENT 

IV-4 

IV-5 

It is natural that, for example, in the case of a large 
work situatec along a major waterway completely different 
machinery would be required than for a similar work 
which could only be reached via minor waterways or 
even exclusively over land. 
As a result of this proble~ the use of dredging equipment 
which can be transported by boat or train has increased 
considerably. 

VEGETATION OR CULTIVATION TO BE ?RESERVED OR REMOVED 
Vegetation may strongly influence the type of equipment 
to be used. If, for instance, one has to dredge in a 
swampy mangrove area, a suction cutter dred~er er bucket 
dredger cannot immediately be put into operation . 
First the trees and their roots would have to be 
removed from the soil. The time needed for this 
determines the time required for the actual dredging etc. 
that is to follow. 
Preservation of the vegetation or cultivation may also 
influence the sailing or pumping distances. 

TYPE OF SOIL TO BE REMOVED OR HANDLED 

This is the most important factor for determining the 
working methoa and the equ1pment to be used. 
It strongly influences the production of 311 equipment 
and, in most cases, a variation in production rate of 
the ratio l : 10 is possible if one compares the most 
difficult conditions with the easiest ones. 

•.In chapter III the dredging cycle has been analysed 
into 13 items. 
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IV-5.2 
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Each of these 13 ite~s is strongly influenced ~Y the 

ty;:>e of soil to be !'iandled. 
In particular, the following points are very important 
as regards the production which raay be achieved: 

11 

II1-i Breaking of the struct~re of the soil (degree of 
hardness and cohesion, internai friction and oxygen 
content). 

III-2 Exca~ation 

IIr-4 Vertical transport 
I!!-6 Intake by transport means - overflow-losses during 

the loading. dependent upon grain size. 
rr:-7 Spillage of spoil in rela:ion to cohesion, adhesion 

and grain size 
III-9 Horizontai transport. depending on degree of 

disintegration in the cutter head and in the sand 
pump of clay, grain size of sand and gravel, volume 
weishts and specific gravities. 

uredged so11 can genera11y be classified as follows: 

Rock format i ans 

Cohesive s 0 i l 

Non-cohesive soil 

Old constructions 
and "di rt" 

- rock 
- coral 

- clay 
- peat 
- s i l t 
- mud 
- sand 
- gravel 

- debris 
- stone facing 
- fascine mattresses 
- light rubble stones 
- heavy rubble stones 

concrete blocks 
- ship:;' wrecks 
- wooden and concrete pile~ 
- various articles such as beds, 

bicycles and wheels etc. 
- explosives 

For dredging purposes a more specified classification of 
rock and soil varieties has been published by the 
"International Association of Dredging Companies",P.I.A.N.C., 
(Stockholm 1972). ,._ 
From the foregoing it is evident how important it is to 
prepare a dredging schedule in order to carry out an 
accurati·test-boring programme in combination with a a 
laDoratory study of the soil samples. I 
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7he cha~ce of :he jorrc~ Ji: is ~e:er~ined ~ain1y 
by :he qLi.=1~::.' 0~ t~-: s;c:i {~cs~i:1 sar.d f~r 
re:la~a:ion a~j bc~~~er ciay for b~nds and ~rote::icn:. 

~~==r:!n: . Sin~~ i)Ju: :~~0 ~:has bee~ a ncr~ai 
~rac:ic~ i~ =~~ \e:~er!a~~s. when buildin; roa1i Jr 

ex:endi~; :owns. :o cno~s~ san~ p~ts haif~ay the 
roaj-s:re::~es c?0se to :he :ans:ructi0~ si:e. Af:er 
cu::ir.; !~!y th~ up~er layer wi:h a de~J~~:aj!e c~::er 
s~c:~on dre;;er the sand is drect;ed from t~e pit ~ith 
a ~e~c~n:a ie s~ction dre~~er and ~~~pej to the si:e 
via a f1ca:ir.g ~ischarge 1~ne connected to a shore 
p1~·-=::nt:. 

!f excav~:ion of local pi:s is not feasible er 
desira~ie. t~e ~ost ira~ortan: factors ~oul~ be t~e 
access t~ the pit fer floa:ing equip~ent and :~e 
distance b~:ween the pi: and t~e si:e. ~he:her or no: 
the co~s:r~cticn cf a shiplock is economically 
jJs:ified de~e~c5 o~ the si:e of :he ~it anc its maxi~u~ 
ca~~:ity. Th~ ecorJ~~cal sailing dis~ar.ce de~ends ~ainly 
on the size of the waterway and the quantity to be 
trans~or:e~ weekly. 
For the past few years the administration in the 
western part of the Netherlands has change~ her policy 
regarding borrow pits and has :oncentrated on a nu~ber 
of very large "natural" sources from which sand can be 
obtained for years to come, either under private or 
government management. The most i~portant of these 
sane-sources are: 

W i t h h ·J r i za n t a 1 t r a r. s p o r t b y b a r s. e s : 

In the southern part of the Netherlands: 

the Zeeland estuary (Rotteraam) 

In North-Holland: 

S~iegelpolder, Wijde Slik, IJsselmeer (~msterdam) 

Wi:h horizontal transport throuqh lono pipelines: 

In ~Orth-Holland: 

Vinkeveense Plassen (Amsterdam) 
IJsselmeer (~msterdam) 

The most recent development in this field is borrowing 
of sand on a large-scale from the North-Sea approx. 
20 km off-s~ore. (~otterda~. Amsterdam). 

\ 
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:·1·!c:~r 1.:~2..;:i 1n so~e cJs~s t~~ sh~pcin~ a:sta~ces 
are s:~i~ c:·~i:~r!~:~ ;:~i~er:ee wcr~s: ~oui~erc1a~ 
:· 1 : --: ~ .! r ,... ~.. ; ~ ~ 1 : .:: "" .:: , .. ~-- s : c 1 .:! y - p : : n e ; r ~ u ::: a n s C o ~- ~ ; 
7~e je~~::;-e~: of l~~~n~ di~ei ar.~ dJss with asch!l: 
~lS ~e~rel:~~ t~e te~l~: for ~c~l:er cl!y and cll;-~i:s 

- ""'- ··~ .-.:i. _; 
I,_~ ' - ...... -

s::-i-:1 f~Q~ a 
~r-a:.i:?=::S ~nj 

~redging w~r~ 
car. de:er-~ir.e 

cf tr. e 

. ' 
:'"':o: a·:.::1~::::1~ 'ft1~;1~r. ~r. t:cor.o:.:~i:1:l".J· j~s:ifiei .:iis:~r..:~. 
i:: i:3 :-:-:-:~-~~~J:-/ _-: !.lS·e: ::!·..;i::Q si"C>~S :shJre. 

s:orl:e r~ser~oirs. 

-~ :- ~ .: : - : :- -~ ~: a r. :: : : ._; ~ e : w r. ~ :1 ..,: J :· ~~ i n c_; a t s ·'"}, ~ 5 tJ 

~e:er~in~ ~:~ r~r a~~. ~~~~in; should :a~e place in 
J r C: 2 r- l. :: •.:': :-: s : ... r- ~ : ~ .:: : : ~: ~: ~~ '"1 t ~ ~· i a 1 ~ 1 l 1 n o L f I o ·.·i b ~ . .: ~ 

of S 1 I t 1 r. ·~ 

.. , ............. 
..,.:-.. ; :.:"'. 

··--------- ------ - ----------· - ------------------

i : 
d r; ~ p i n ~ :! r .; ..! .. 

.; ·~ ........ 
i. • ' - "..J 

:ake sea. In th:i: 
o f t h r .) •..: r: h a 

1· > 

SDil~a~~ 0~ s:11; or 3 1 _ into th2 dewaterin; channe'. 
ir. ~h;~h :n° ~ater is dischar~e1 ar2 nor~al prcb1ems an1 
a~ji:ionai ~r21~in~ ~::j b~ necessary, ~or instance to 
~~in:1in th~ j2~:h o~ :h~ water~~y . 

. . 
1 n ~ J 

n ~icw of the neces~ :; 
: v ',: ~ p : :·. ·2 ;: ~ :; i ;::i :'.~ ~ n : ~ 1) r the c i :; i n: ,: '.] r a ti on o f tr. e 
soi and :h0 ~131in~ ~~~ns in c0ntac: ~ith the bott0~ 
~ u c n ,1 :;_ ·:'. ; ;; ::· e .- :, , ) r:: ~ 3 , c 'J t ':. "'. r s , s u c t i ·) n p i p ;:: s , 
t r ~ i l n .; \ .'. ~ ,; ~- : . 
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The Da:::~~~r3bili:y (strong side wind and heaYy curre~: 
:_:i:e:r_i::;_.:<: _a_spe(:ific ~r:gl~, etc.) 'h"hic:-, is i:::?0rta::: • 
:or t::~ ~re=;ing to gra=e t~e cut. 

T '.1 e . :.: >: i l ~:.] l_ e . · . ..- ;:; r;: i ;:: ; . t i ::: e . ·~ i t ~ reg a r-i t o n. c c r i n .; a n c 
st.1~: .l:y ar oarges i1:::gs:ce in the e~e::t of c~rren:s 
an~/cr ~:;~~in~ velcci:ies and ~a~es. 

In·.~ .,.,·-:.11-:.i...,,. :'l ,·nr-: . .;ng ~~-.;:.-. :n res~,~--~ cf ~:1£' 
' ~- • - -: : •• ~· .~ t.: •' - • !\. ._ l ':' L ~ ••• - .l.. • • !;-' - ~ :. • 

o: t::e c:scnarge equ1?:::e~:. sucn as rlo.:<:1~; 
a::~ c:n~~yor bel:s. 

s:a:.ili::-· 
F:;:elin~-5 

0: ~·::rre:

b.:;.:·,:c:-;;; 3;:.:: ::.1:::p1:--,::; suc:1:;:: pipes o: hop;;~::- s:.:c;:i.:::-i 
c.~~...:.;·~~5. 

It ~s ~~~f::ul~ :c ~:~e ~efinite r1;~res b~;: t::e 
lo~in; ~~n be consiJered as a general indi~3tion 
~Z:.:(i:·:....:.;:~ \~-.:1\:r:- :1ei:;~~i:: 

Shor: wa','~S 
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l~r~c ~q~ip~c~t ~!~chargin~ into barges 
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F o r "' .J r >: s i ~ . . 1 1 -----------------
a. ~er:icai tJl~rance 

~ainly ~epe"cs on tne set:ling pro:er:ies of the 
spoi~ and t~e subsoii. The final ievellin; is 
usua11; carried ou: by bu11do:ers. 

D. Horizon:al and slope toler!nces 
\.:hen r·eclair::inc an area the hydra'.11ic fill in.; 
is generally cirrjed out in passes. For this 
reason :~e slo~es ~re :ri~~ed afterwards ~ith 
" d r '/ '' cc; :J i ; ~ e n t ( T: ~ i n 1 y d :- ~ g 1 i n e s ) s o ~ h a : o n -2 

can use t~e rele~ant tolerances. 
In t~is case a c~o~le~ reiatin~ to quantity 
harc1; exis:s for lo~ sloJes. For technic~l 
re~suns t:te s1o~~ is shap:::·::: ·.-Jith "C:r-:1" eqJip~i::~~ 
(JS•Ja11J cr·a~lines) anc in cases o~ slope heisr::s 
of u~ ta 2 ~ i: is ~u1te e!Sf to s~e w~ether 
there 1s too ~ucn ar tOJ li::le san~. 
A hi~n sl0ae i~ a co~plete1y different thin:. 
It of:en ha~~ens that sand has later :o be 
removed or added. 

In relation to aesthe:ica 1 o~ :ecnn~cal re~u~re~en:s 

F o r ~~· o r ~: s i n c 'J : ----- ·----------

a. Horizon:al ~olerance 
H~re ver; s:rjct require~eits exjst for narrow 
c '1 .~ n n e 1 s o r c a n a 1 s . ;: o r v e :·; '"' i d e c h a n n e l s , f o :· 
instance, J lar;e nauticl~ :clerance is requirec 
so tha: the specifications for the dredging 
tolerances can also be easier. Fairly strict 

from the 
retaining 
basins and 

t ·J l e r a n c e r e q u i r e m e n t s ::.. i s h t ; e s 'J 1 t 
technical necessities of a straignt 
wall, que:y-v1all or slope in harbour 
cana1s. 
In cases of narrow trenches for caissons 
pipelines etc. the sides of these constr~ctions 
r.iust natun11; s:ay clear of the fc;':. of the 
s 1 0 p.::. 

b. Vertical t0leranc~ 
De~-:.h toler·ance o•f ·..iat::r· .. 1;;s to ~n:•1ent 
diffic,Jiti.,;s for the sr.ip;iir.r; traffic resulting 
fro::i the dep~h of the cr.Jnnel. Genenl ly this 
require:cent is stricter fer sr::a11er inland 
·,;ater .. ,.;a;1s :han fJr large ;hipping ch<:nnels whe··e 
tide, be·::lo,;d, spr;ii tnn~port, silting and 
~a:init; ~1.a; an i;;i~0nan: ~art. For these 
wa:erwa;s :~~ chrice of ~i~0 for maintenance is 
cfte~ ~ore i~por:an: thar1 :ne dredging tolerance 

-

i~:>clf. ;:'or :ho:: cGns:.r-uc:ion of crn.::1; or 
e x c a ·1 a t i o n .,, o r ~: s ( c . •J . \. :1 n n c l s ) 
are deman1e1 in connect1r;n with 

strict tol2ranc~; 
tr..-: s:;ndfi 11 in 

between tn~ ~n12r;id~ of :~0 tunnel and the bes 
on wnic~ tne t~nn~l is fc;n~ed. 

-- . -
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5:0:2~ _re -~02r Jr a:~~e :ne ~a:2r le~e;. ~~ 
: -J 1 ~ ~- ~ , .. : f ~- '2 ~ ;... : r- ~ -:: ;:: :1 : s 2 n :: G ~ ;~ ~ ~ E 5 e c .: s e s .; ~- ·~ 

re~-.::~: :..i~:-::~·.-.:;:-:::r s1o:'e, s:,;Jility an: n~~~i.:~: 
r -2 ~ ~ : r- -=- -: ~ r~ : :; ,; ~- .._: .: c :,: ~ S ~ '.' €: • 

us in·; 

J , .. -? ': C i "-: :: , , I ~ \ •= ,; '.: .; : ~ •J ~ 
-------- ------------

D!"~:i.jir.: "'~ : .., ... -' \,. '/ J ~- i J ·~ s 
~ 2 ·: ~ i n :: :; i :; :.~ ·: c ,- J : o ~~ ;:· ; e :r.. ~ ~- J :) 1 e :-: C) .;; c .:: u s ~ c f : :i ~: 

arge n~7:er of ~ariajl~s. 

tn2 :;~e an~ s~:e of the equi:~ent 
:ne :;:e an~ properties of :he ;oil (har~ness, 
cJ~pac:icn. ce~en:aticn, co~2si~n etc.) 

c 
d) the prev1il~n3 tide 
e) the cre1]in~ ~eptn in relation to the opti~a 

po:;i:ion of tr.e iaJ-:er· 
f 
'] 
h 

the e~:er~ence of :ne personnel 
th~ ins:rum~nt~tion on boar~ the dred~er 
t h e :~ e : :: c ,j o 7- ~ ·J s i ;: i o n - f i rt d i n ·~ 
the ·'":~;re-:: of J'JtO~~tior. of th~~ dre•:,;~r 

J t ~ ~ ;·: : .; _: 1 i : '/ o ~ s !J 1 · ": e v - a n j s o !j n .-; i n ; ·,.; CJ r ;: a n .j t ·"; e 
equi~~~~: use~ therefJr0. 

t o 1 e r a n ::: ·:: > 

; 1 . " :n taol·" 
c 0 ;;i~ i 1.;, ::i~ rel2~1n: infor~ation n a sch(~~-

: :1 i s i n f J r ::: 1 : i 0 n i s o f s 'J c h i ;:i :i o r t 3 n c e ~ ' Hr.•,..; e ,, ~ r 
c 1 i e 11 t 
us t? f IJ 1 

,1 3 ,, ~ 1 1 a : t .; t h .; c c n ': r a c :: o r- t h .) ::. i t •,.; o ·J i \~ 
t • . ) ~~De.in"_ a s tu S / c 0 nm i s s i Jn 1r'I ho co 1; 1 d ,Jr,:;\·: 

lJ p .] n rj :; • \ :· ~ 5 ;J c, n : 1 ~) 1 ":~ f \; r :.; 'J c h a ·; ': h t~ ;r~ t~ • ~·! i 5 ; n tj ~~ ~- s t a n i,j -

i n 1J ::. a ~ ·.: ! ;. ~ ::· u ~- €: ::. .,, t) .~ 1 1 ~ .: .~ 1 n ~ s n i ~- J 'J c n .; -; 1: n e ::: ~: ·11 d ~ 

a './ 11 i 1 an i ~2 1 r~ .~ ,~ ~ t. h •:: s :; ... ~? : i :-:1 1: i ..... ~ ~ s n t. h d ·1 •: a 
; : i m IJ 1 1 : i ~~ ·; ~:: ~- f ·~ r: : Q n 1 ~~ :; r 0 '/ l n ·J : ~~ ·~· +j r ~.: •: '] i t I : C '·~ 'J i P ·~ ·? ri : • 

,~ '.j 0 0 1 ·"- • ~ ... ~ 1 ,! C ; 1 r '.? : ~ n : ~ r·~ Ci r" ,; ·; • ~ ... , ~: n ~.. : ". r· .-. 
-J ~ ;.; 1 l .: J ". ~ j ~i .. , I • ~ ~- ") - c 8 ;-:; ;· :: -, ; ~ ~ o n r~ '.J ~ ~ ~: ~· ~ 'J : ~ i G r~1 

1 r:: j ·--: ·: r -. 
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~.:::EL IV-11.3.2 ROUGH TOLERANCE DATA FOR NORMAL PRODUCING DREDGERS 

Si:::e of the 

dredger 

Rock tfot cohesive soil 

. -,- --__, - ~. 

Type of 

dri:J_;u 
Bl;: st al We.-itheri::.l Gou I de rs Gr;:·:i!l r.~ud 

ruck rock and softer 

stone cobbles 

r 
i 
I I . i Bt:ci-: .. : 

: c.i:cd~·~;s 

I 
I 
I 
I 

I 
I 

50 - 2li0 li:r.! 

200 -- ~00 

500 - eo.1 

N.J\. 
150 
N.A. 

Volurr:·~ of :-:u·:~:et I 

N.A. N.A. N.A. 
:o l(ft] 20 

N.A. N.A. I N.A. 

I 

'. ::'.11 Oipp•!r ~-.5---2-rn_3____ J 1;:) I 30 

: , ~ . .-_: .. i I t~~:c> ·-~ I ·) .2s -_ \ r.3 ~ ~'.~ I ~~ ! c0 I so I 
______ _:..:_!_:_:__: , -~~.:_:-----------i---1~~1· ----1--,_o_~_ I 

100 30 
1 :;o 

? 
? 

i 
I 
I · •.. ·:.!} 
i 

? 
? 

l5 
: 50 

7S 

JOO 
50 

r· .. 
~~'.·;~;-~:3 ·2~_!'_ 1 r~1 

1

1 ~o I 100 1· 50 7 I ' 15 : 5? 100 II ~~1-
2 - 4 - :zco I 75 200 75 ? I ? 1~[) I :J7:J ' ~~ ;5 

~-'--..:rr.·J~-!'_~ --+---4 _____ ,_-_______ 

1 

_2_::_u __ i. -1 oo-- --2-sn _ _.__'_o_o _ __,, __ ? __ l~-- ._='_;u __ j_ _ ___ \ ___ ...._t_l_ .. -\. 

I 
CtJt7~r 6 j 

. } '1 

·;·I · ·:.; Cutter 0-.7-5-~.~0 NA N.A. NA 150 jQ 200 40 1~0 
i 50 20 N .A. /2:i 75 250 5lJ /.{~J 

I 

i 
' 
! ~' 
t : J 

l ~·~ 
i 

, ~w::io.1 1,50 - 2,50 
drl•jsp~ 2.50 - 3,50 

N.A. 
75 

h:<J 

tL'\. 
25 
30 

75 2_s _____ N_.A __ · --;--::.00 ______ 1_00_-1-_3_00 ___ [ 60 ___ 2s.J _[ _ 
,---- ------+------------- ___ ,~ _______ __...___ ·-

' .. : 

'/ r; s~ai:;o in(J 

horr,·r· 
dr~.,J~i.:r~ 

!'iW ··· :?..OCO 
2.0CJ ·· 5.CW 

N.J\. 
N.?· .• 

N.A. 
NA 

' I 
I 

I 
! 150 
2~0 

I 

1500 
2UOO 

f,OJ M.1\, 

/50 N./,. 

I I l I I r-- ____ , ______ ,. _____________ .__ _______ : -----------1-------4---· --·- -----. ------··-- --
I Horrcr r.;ip.1<'.i1y 1 

in-;;;r;~~-t·0;1~ -· I 
I 

• • •; '.J ) Tr.1i'.'1vi 5CO ··· 3.0CO !on r-l.A. N.J\. N.A. lOG<J i 1000 2:.i tr<J1/ 
. . h.:ip~-..,r i 
,., . 3.001 -· 6.WJ •on N.A. r-l.1\. N.~\. 1!:00 , J 1~r.() !10 l!:!J<J 

:~ I "''''?.'.;, •;WJ .. 11:.<Y.~ :•rn Nk f!J\. NA 15(,) I 1500 ·;; ICC•) 

... --- _____ .._ _______________ __. _____ __..._ ________ __.. ___ · __ · _ __. ___ !. __ __._ ___ . _____ _ 
' .. T 

I : 

i :. ' 
'"1 

hc>rizonr;il tole:.mc.ri in c:.n 

• V(:f'tic;il :ol~r.1nr,r, in cm 

Slopes: Wh·~11 th!? actu.1! an'.)ll? of tlrn slq.lC is st~pcr thant!) c.(_:Tv. 'h•: horizont,11 tolerJr:cr: wdi t;a ru:ir;.J 

TH 

... 
·: 

1 ~ ,.. ' not appiicJ~d1! Thi: 11~tir,1I l1Jlr.rar.r.11 i~ ruiin'J when th'.1 ilrl<Jll? of thr, ~!or1".I is morn ·~·n!!I? than !rJ d.., "Iv 

<" r r r 1 n ~' 1 



., 
. •) 

,, 

•.) 

Y) 

.d ' 

---~-: . 

\ 

Cohesi1;e soil Org:in:c soil Additio::i for Addition 
tide per m' for cross-

Ac'diti·m fJr 
heavy 

diffe, :!nc·~ in 
wa<e:he!ght 

C"Jrrent wa ... '!-attacx 
Hard c!ay Peat ~ t,Sm/~. 

--~ TH I Tv I TH f T v TH I T v TH I ·1-v TH I T v I T v TH I T i-1 I 
-~~l--ir-:a--~1~30~--r--7-5._.,l~t-5--+--so-.~~l-t-0~-+--7-~-,--.-,-ts~-~.-~-75--' ~~5--cm-.~+-5-0_.;..__25~_._, -1-5-~ 

: i:::ri I :.o 125 1 25 7-.5 15 125 ! 2s tcu s 7"', so I 2s 
i ::'C·J SU 150 30 100 ;L1J 150 ! 30 125 !J iO) 15 j 35 

! I , 1 I 

'v 

_J}! 1,~~ __ :;:;, 1-~~-- I~~ _

1 

_~L 1 !~ I ~~--_i~ I ~L~HJ --.-. ..... ~~-~--1--~-~-'-~ 
15 

i I I I i 1 

I j ! I i I I 
: ~'Y) i ~·' r~.A. I MA ~!A rJA so I ::fl 7'l I ~o I :. 2:5 I 25 

,, ' ;~~ I ;~ ~;: i ;:',;: ;;::: ;:~: ;~~ 1,.~g ;:~ ,;; I ~ ;~ i ~~ I 

i f l I ! I ' I ! 
------:,, ~.00-

1
1 .·.o 1 -.-·---·---n--~---1·--------· -----l ------1 

:;:; • I 1!:0 :-:.0 75 15 lCQ 25 lM ;.D 5 5() 25 I l5 

::~,~ 1' ~~ 1· ~~ ~~~ : ~~ ~~ ~: ~~ ~~~ I ~ I ~ t~ I ~~ i ~~ 
I ' ! I I 

--1--·-----1(· --- ; l'---1---,-----1--1--~ 
· n l t5m !:IJ1 MA r-L\. ri.t-.. N.t.. N.ft.. ~'..A. r1.A. r-!.,\. _ _ _ 1 __ 

: ·_.i 2coo 1so NJ,. I rL\. .'!.A. r1.A. N.A. 11.A. ~L\. 1u,. -- --

1 

- i ·-

__ J I 1----i---_L __ f.__ __ ---1--,----: ------------------1----
NJ\. Ii ;-JA 5 250 lr:.0 I 0 

rU\. 7'i rJ.;\. NA. 5 51,Q t::o I o 
I 50 N.A N.1\. t5oo 1.xi ~1,,. I ru,. :.; !:;:JO 

I I ----~·---J.. ___ ,__ __ ___..___ __ .... _____ '-··--------- ____________ ...... _ __;_ ___ _L__ 

lOCO 

:.r1 
rl.A. N.A. 100'.l I 5\J 

1!.:00 15Ci1 

lWJ 0 1500 ·,:; ,' ., _,_ 

__ J 
i •:· •· : ::,:rizc;n\.d toler,1r:<:'! will t;o ruiin~J 

rt!'-~·:·'.'·! :!').m !IJ ;'( 1 !'y__ 
·,·II 

-
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~his ;Jir.: p;!ys a verJ i~;cr:a~: role i~ tole~an:e 
re~~ire~e~:s e•is: ~ec!~se of t~e ~ua~:i:1 of soii 
tu b-? cred::£::. 
In case5 of ·i'ie11-j~fined ~·J1erances, the q~cn:~::: t:J 
be ch a,.;; e-:: w i 1 i c e c .- ease bu: the pr i c e per c :.i ::i i c ::: et~- e 
will incre!se. E.;;.: dredsir.9 cf :he sio~es 1-ii:h a 
s~a1: b~c~e: dre1cer :o oj:afn the correct 
i !'l c 1 i n ~ - ; ~ r i c ~. :. ~ " .._,,.. ,..., ~ - 1 ., 0 x. ... - 'l 1-

1 0 r i\. 
. ~ ... • • • ~ .. - • ~· "' Jj - .J ..... • ... • .... •• • • 

The ques:~c~ a~ :a :~e ~os: e:Jnc~ic solution 
~ust re~!in co~s:an:i; un~er o~serva:ion. 

.. -::: . ' - ·····-~· ·--!. .··.·;:. ~ ;. - . :. 

c. 3ec~us~ o~ :Jo ste~; a slope 

techniq~e fcrces to under~ine a high ba~k. 
A u :' i 1 i .:: r i d ,,.. a .; 1 i n e 1·1 o r k o r 1·1 o r k .,,, i t h a ma c :. i n e 
es~eciall; e~ui~~ed for sue~ a job could b~co~2 
necess~ry i~ the ~robie~s become too difficul:. 

b. Bec!~se of erosion cause~ by a curren: whicn 
under~in~s :he s1oce. ine remecy is the use of 
fascine ~at~resses. The actual technique is 
ou:~ide :r.e scone of dredging. 

c. When p~~~~ng sand with a suc:ion dredger it is 
necessar; tJ re~ain a sufficient distance frJ~ 
U:e ::;ua:·s and bui1cings etc. which are to be 
saved. Of course, this depends on the depth Jf 
dredging. For the nor~al dredging depth of 30 ~. 
the miniGu~ dis:ance is 150 m. 
7hus the total width of a reclamation pit beco~es 
im~or:ant. For instance, a pit 400 m wide is very 
prac:ic31, whilst 300 rn would be the minimu~ 
width. Should this width not be available, :~en 
the u;e cf a cutter suction dred]er would ~e:c~e 
ne-:es:;a;·1. 

In the e':~nt of a .-10r'·: in fi11 
sites havins 
side effects 

a poor :;:.;b-soi I 
is su::,-soil 

~hen pu~ping spoil onto 
one of the ~os: awkw3rd 
failure. 
it can hap~en that the founda~ions of houses locateJ 
more than a iOO rn fro~ the durnping site become 
d 3 r:i a 'j -:: t1 d ~J e : o t h e s e f ,3 i 1 u r e s . R e c 1 a rn a t. i o n w i : h d r· :1 
sand o; lorries is a rerneoy. 1ne consequences o: a 
fall in s.rnc 1e·1els in the fill area can be costly, 
"'men it i:; not e::onor;iical to retract the pip.::line to 
the suo~ided are3. T~e rnissin~ sanrl must then be 
D r o u g n ~- i n b y 1 o r r· i e ; o r b u 1 1 d o z. e r s . 

\ 
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T~e as~e:: ~f eAc!va:~o~ ~e;:~ has bee~ ~isc~sse: 
uG~er :J.3. :~e cc~secuen:es ~i:h regard :a :~e 
ver:ic!1 :r!~s;:r: are bes: a~!lysea witn t~e aj~ 
of c~a~:e· !I:-~. 

Far the craj ant :~e ~jJper the dre~ging de;:, ~j11 
infl~enc~ arod~~tj~n !S re;ar:s the ti~e nee~ej 

de::~. ~j:~ :~e j~:;er dred;er a area:er de::~ 
coulc je acnie~e: ~!using a s~alfer bucket ~i:i a 

l~~ 1~:-:i~:.::.:i.:!:t ori pr~:J.::i·Jn t~-=n do~~les; .:: s~~l~t:t 
bu:~e: a~c ~ore :j~e per cycle. 
For :he bJ:ke~ jre~1er one wcu~i reduce the n~~~er 
of buc~ets and re;lace the= jy links. 
~arious bucke: dred;ers have been reconstruc:ed :2 
~a~e t~e~ suitable for deea dre1;ing in tu~nel pi:s. 

r u !. .-j r e d g e ?. s ~-; i ~ :i h :-' d r . .: ~ 1 i c v e ~ t i c .= 1 t ; a n s p a r : , : ""1 :: 

su::io~ deJ:~ nor~allj 1i~ited :o 3J ~can je 
incr·~as::C, 'nhiist ii1ain~3ininc ~he sa:tte ou:;-J~, u,. 

pu::jns the ~redge-au~~ on a-ladder under water or 
b; placing an ejec:or in :he SJction pipe. 

Ho:·izon:al trans~or:: 

In cases of excavation as well as reclamation, the 
distances and condi:ions of transport are very 
i;;;oortant. 
The means cf transport are mentioned in III-9. 

~qci~Q~~~l-~=~~~~2c~-2~~~-~-~~c~-~~QC~-~i~~~~~~ 
~nis is prJc:ise~ in ~ c~ses: 

a. If ~redging is carried out in fast flowin3 wa:er 
(river or sea-ar~). 
In this case the dredger can dump the spoil 
sideways overboard into the riv~r. 

b. ln cases 0f ~echanical excavation jy a bucke: 
dredger through a so-c!lled flow-chute which 
can have a leng:n of 30 to SJ m. The spoil ls 
pushed through the chu~e with water. 

c. In ca~es of excavation by a suction dredger or 
c 11 t t e r s ;; c t i on c red g er th r o u '] h a sh o rt tr an:; ·1 er:; e 
floatins ;:iipelin12. 

d. i~ cases of excavation Dy a trailer tnr0ugh a 
trJnsverse pioeline aa0ve the water (so-cal le~ 
" : i ,J e ::; o ·1 '" r1 r e 1 :; e r " ) ( f i ; . 'I - I :) . 1 ) '" h i c n c ~ ri :; e 
:J-1: ':i 1-Jn'j. 

\ 
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:n :r:e C:!S~ ~a~ 
t ~ E r- i ·,; i? ~- . '. ': : 5 s wr:1_. ::~ss 
f~ne seci~e~:s 1~e 5an~, s ::. When ~iggi~; or 
~~ir.:~~nira; a can~i, ~ b~:~e: dredger wi:h ~~~ 
ajove ~e~:ic~ed f:ah-Ch~:~ can du~~ directly on:J 
tn= ban~ ~ras~c~ e~r:~:~ :u:.ds ~~~1~ along t~e ca~c1 
e5pec~ali; for this :~r~cse. 
During t~e l!st :: ye!rs :~i5 sys:e~ has ~ee~ 
renlacej DJ s~ali c~::er s~~:i:n dredgers ~i:h 
fl~!tin; a~~ shJre ~i~e:~nes. 

More an~ ~ore c~t:er suc:ic~ ~red;er~ are bein; 
u5ed f~r t~1is .. -icr~, e.5.:e·.:1~11:: 1rt :~-:: C:!5'2' cf~ 
CJ:"i'!jine: ~·:or~ (c~: a~d fi11;. T~e nor-w.=1 :; 1;:-::~1~; 

~ist!nce :s !500 :a 2~00 ~ fer ordinary san= 
(2~:'0 . ..! - ! -;~ 

~he~ ~~~~in; ~il: er ~~c :his jis:ance c0~l: :e 
t ·..: i ,: e ~ :; ~ '...! c :. , w ,, i 1 -:: 7 J r ·: r = ·1 e 1 i t i 5 1 1 ~:i i : 2 ·: t J 

a ; :: !"" c ~( . ~ (; .J ~ . ( : ~ = i 1 c ~ 5 ~ 5 pr;:::~ i n 9 ;:1 r ~ s 5 u ~ .. e i s 
aoprox. 6 a::'.);. 
under~ater du~J area i5 availajle a: a s~or: dis:an:e 
( 2 to 3 ~ ~ ) y th c :: ~ J u c ;.: ~ : C: r" e ::! g e r· c a:.: j i ~ ~ .:: v: i !. ri 
du~~ ~!r~es c!n je ~se~ eccnc~icall1, partic~i!ri; 
when han~ling sof: clay and silt. 
When sue~ a du~~ area is a long distance away 
(e.·:. l:J k~} ~tis so~etir:-:-:?5 1.101-t! eccno~~cjl to ~ir..: 

a shore-site close by and ::J use hooper bar]eS wi:~ 
the 0~~~2: ~red;er and p~~~ the spoil ashore b; means 
of a jarge-~nloacins dred~er (rehan~;er). 
For carr1ing gravel over lon; cistance, it is jes: 
to dred~e ~ecr.anica11y (;rab) and to transport by 
floating equip8e~t and floating and shore conveyor 
belts. Hydraulic transpor: of gravel is gener·ai~:.; 
uneccnoiili ca 1. 

!c~~~2~r;_g~~c-~_!Q~s-~!~~~~s~_{~_;9_~-~?l 
This concerns o~r:icularly t~e field of flaa:ing 
transport. :ne ~ost impor:an: secondary shi~s in 
this field ar-? d~~ic:ed ir. ;-1gs. V-13~1; ,i-14.l; 'i-15.l; 
V-16.l; V-17.l and V-18.l. 
The longer the h~ul tne r.10re ju5tii1e~ it 1:; to ~;i~k~ 
the ships seif-propelle-:. In case; of long hauls 
(> 20 ~ra) san~ transport by boat is beln; consi~ered 
mo re a n d mo re ,l n d the u s e o f hop p €: r b a rs e s on 'd h i c ii 
tne ~~ipper, hi:; far:oily and a dee>: hanc can live 
i s v e r; m 1; r: '1 on the i n crease . 0 n a r· r i v a 1 a t; h •: r 
dcstina::io~ the ship is unlcade1 c; a barge unloadin~ 
d r e d g e r 1-1 i 1 ; .: h p um p s t r. e s a :i d t :i ,. c 'J ·: h a p i p e 1 i n e o n t o 
t'ie site. ror the transport of ver; large quantit:ies 
of sand o~er a route which rarel; change5, on~ rna; 
consiaer tra:isport ~!mean~ of a long pipeline havin~ 

·.a nLirn:>er of oooster $ta:ions. 

' 
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and :~~re is ne~ther a ~ana ~or! rca~ fit for lorr~es, 
then :ie folicwin; ~e:ho:s d~11 ha~e to be co~~area: 

a. Recla~a:ia~ ~J a suc:ion dre1~er - dryin~ u~ of 
san:, loaj~n; into lorries. transport by lorry. 
Per~anent i~ves:~ent: cons:ruc:ion of a road of 

-,.. -'-·•C" 

b. Re::a~a:icn ~~a suc:~an dre~;er - floating pipe1ine, 
sh~r-e ;:-~;Je1ine · ... ith :'J b'Jcs:er sta~ions. 
Per~a~e~: in~es:~ent: ce~rec1a:~an on pi~eline and 
lJ :Jos:er s:a:ions. 

~an; pJssi~~li:~es ca~ je consijere~ .. ~1s exa~~le, 
howe~er, ~akes i: clear tha: sucn a cc~~arison is 
essen:iai :~p :~e choice of :he co~rec: eq~i~~ent. 

Se~ f~;;;r~s .. j; J . ..:.-; ·,·-~.il; ~i-3.2.i; ·-~-3.3. 
l/ - 5 . ; . : ; ':· - ~ . 3 . 2 ; \. - 5 . 3 . 3 ; \' - '5 . 2 ; ': - 3 . Z a n .j '•' - 9 . ~ . 
~ith ~n=~= figures an a::e~o: has been ~aje :o shew 
ha,,, t:: r:: c '.l::: n; 11 a c ·.; u :-i and d i g ·; i n ~ fur~ e 5 a r: e ~\..ii l i J :· J : -:: .: 

by mea~s of anchcrs and ~ires er cnains, spud poles an: 

If the Jnc~cra~e is pear, it ~l! ha;pen tha: tr!S~ins 
resul:5, ~~icn ~i:~t cause a se~ere loss in pro~~c:~on. 
'n r~~ :•~]~ -: -~-~-,-1·"~ -~ ·.·~_\·.' ~~~,·pl.O"'l m,,,c_~s·•·.-~~ 
.o. ..,:•- : IC;.; \,.'t :l••'-•l\J "''; ~,...,_; ..... ' '- ~ v .._..,, 

are i)OS>i~le. 

a. us~ng ancncr barges to incre1se the wire len1:h, so 
that :ne a=s0r~:ion of the forces ~ill be easier. 

b. ir.ser:ing or a~~ing, sa; iJJ ~ cf heavy cnain oet~Een 
ancnor and wire ro?e. 

c. aoo11ca:ion of ancnors with lar~e fli..i:.:.es, so-ca11e.:: 
Danfor~, anchors or polar anchors . 

d. use cf double anchors 
' 

i . e. t ·,;o anchors 1 n series 
..... i -;--.. J 1 er.g:n 0 f chain in bet·,:een. 

e. use of ·1e r; 1 on g ..., ~ r., ~ - " to the sh0re r I x e.: on to 

f . v1 h e ~ :; J u d s s 1 i ~ , a r. c h o r w i r e s m a y b e p 1 a c e d o n s t ~ r ~ c ~ r· :! 
anct por~ to provide increased holding stren;:t 

g. special anchor ins:allations. 

In the :asc of a c~tter suction dredger the forwara 
side w~res cln je re-positioned ~ore frequently, so tha: 
there is less chance of them pull inc the shin b~ckwarcs. 
~hen, for instance, on co~~encin1 a'new job ~here is 
too ~ucn wa:er for the sp~d~oles of a cutter suction 
dred;er or tner·,:; is too much S•1ell, a so-called "X;cas tree" 
is use:;, i.e. a cross of three cables (2 for·dard and 
1 b a c k .,, a r· j ) "' h i c h r e D 1 a c e s t h e s ;:> u .j s . 

-- --'---·~---~-~~ 
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Tr!~:ers ~o ~J: e~:J~n:er :~ese ~ro~ie~s ~~Cl~se the 1 

O•·•e :~e~~- re~::icri fu .... ces tJ ~he thr:Js: vf t~e p!-~~~i1E-·-s. 
Fer o~I ex:1arltic~ an ex:larJ:or; ~esse~ is ke~: in olacE 
~/ ~ ei~·::ronica11::-con~ro11c·j '/oi':h-Sc~nt:ider p:""c~e11e!-s. 
Gener!ii; ancnora;e prJ~le~s are very ti~e-cons~rain; anj 
~a1 cause serious produc:icn losses. 

Es~ecia1;y wnen drej;ing for ~ain:e~ance p~r~oses, sni::~n~ 
tra=fic w1]] ai~JS: aiwa;s je a pra~iE~- So~eti~eS this is 
a1so :.~~ c,;se ·~her,.; c~~it.'.il-·.-.2!-~ 1s 7.a·.:!: .. 
~ver; jre~;er 1s a hindran~e :o sn1~~1n~. ~~: :~is cln Je 
re~t.;·.:~·: by: 

a) ~ee~in; t~e n~~~er of dredgers as lJw as possible, 
t:: • 1_ • 'j s €: :; :- u ri : : 5 ,-~ i t n ~ r. J p : i ~ ~ 1 ~ ,... 0 c u c ~ 1 0 n -

b) 1 i~i:i~g ancnoras~ hindrance as m~c~ as cossible by 
using ai man; s~uj poles as feasijle (i.e. b~r-~ 
unlcl:ins Jred;er or sraj crane). 

r \ 
~I usins l floating device (trailer). 

!n :his res~e:t trailers (fig. ~-9.l) have a considera~le . , 
advan:age in har~our basins. ~owever, this does no: 
tha: the; w~:l not C!use any hindrance at all. 
When ctred5ing tney can bloc~ up the other traffic 
beca~se of :nelr slow opera:ion s;::ieed. 
~Jreover, d~rins dred5ins they are less manceuvrajle 
than crcinary snips. 
And when turninc. of course, th~y transverse the 
nor~al sailing ~ourse . 

g~~9~C 

1 I.:~ ! 'j 

Suosidence cf exi;:ing worKS as a result of under~ining . 

By su:isoii failure, ca,.;sing soil disturbances in 
neighbouring areas. 

L e a f. a s e i n p i p e 1 i n e s a 1 o n g ;::i u ~ 1 i c r o a d s , p a r t i c u 1 a t· 1 y 
during sub-zero temoeratures when this can ~e ex:re~ely 
dangercus to motor traffic. 

Anchor wires stretched across a public are~ may destroy 
anytning ne~rby if they break, snap or ju~;::i, 

Dama;e to cables and underwater-mains . 

T r a n s ;::i o r : v e s s e 1 s c o 1 1 i 1 i n '] w i t h o t 11 e r b o a t s a n d I o r· 
civil engir.eerin1 works (fenders etc.) 

J 
·' 
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~hen usins explosives: vioration an: oostruc:ion :o 
roaj anJ ~a:er traffic, da~a;e :o buildin;s, da~a;e to fis~. 

Jredgin; of e~~losives. 

Hind~ance 

Deviat~on of c~t orr roads and ~aterways when, for 
instance, a dredger is co~~encing a new job. 

Extra passages throuc;h mo·1eable brid;es anc sluices. 

In dee~er water, influence on waves and fish stock, 
due to stratification. 

Increase~ water seepage, so~etirnes intrc~ucing 
bra.c~isri ·.-~att?r. 

Noise, e3~ecia11y from the squeaking of a bucket dredger. 

Te~porary passase required over pipelines ana fill areas. 

Passage of pipelines over fields and properties. 

These points may cause a review of an initial plan which 
had seemed technica11; to be ideal fro~ the dredging aspect 
and somet1~es ~ay even require the use of special equip~ent. 

Sand drifts on fill areas. 

Srne11 caused by burning of vegetation, or the spoil 
in tiie fi11. 

r ·: - 1 7 . 1 9 B 1 o c k i n g p a r t o f t h e c a n a 1 

IV-17.20 Sailing of spoil barges. 

1 '/ - 1-3 P 0 LL UT I 0 ri 

i'/-13.2 

I'/-13.3 

!'/-18.4 

i ''/ - 18. s 

!V-13.6 

Silting-up of private and oublic w~ter~ays due to the 
return of de1uting 'r1ater. ("dredge-water"). 

Leaks fro~ pressur~ pi~e1ines. 

Sand blown away by the wind from fi11 areas. 

Roads ·dill beco:ne dirty by topsoil needed for covering. 

Floatini; peat "islands" and tree trunk:; in cases of 
dredgin~ work in cut. 

Spiilage from "dry" earth moving equipment. 

-
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S ;Ji 1 1 3 s e fro::; ::i a r g es i n p:..::: 1 i c w a : e rw a y s . 

S~l:ir.g-u~ in adjoining areas 0f du~p-pits. 

The water be(omes ~uddy when using a trailer wh~ch 
re;~1ariy ~ischarges considera~ie !racunts of o~erf1o~
slurry in:o t~e wJter. 

Fo11u:ion of the wa:er fro~ bar;es overflowing ~hi le 
loajed bj sandwinn~ng dredgers. 

Pollution of t~e waterways arounj a jarge Jnloa~~n; 
dre:;er. 

Design and construction of a non-standard dredger ta~es 
1 to 2.C years. :: is c1ear that in the case of a 
tender for a dredging work, calculations w~ll be jased 
on the existing equipment, as the ti~e for special 
manufacture is lacking whilst it is norraally not 
possible ta buy frora stJck. 
Availabilit:_. of ready-::ia·de units froi.l stoc~ for s..-:aller 
projects i::i;:ircves this situation. 

For lar~e orojects the special manufacture of equ~~~ent 
is onlf possiole for prolonged contracts. 
The entHe cora;::;lexity of the Jvailabi1ity of equip~ent 
can be the cause of considerable differences of ten~er
prices and also of variations in the ideal plan of 

execution. 

POSSI3ILITY A~D TIME FOR MOSILIZATIO~ AND DEM09ILIZATI01 

Or TH~ EOU!PMEi:i 

Particularly when worK1ng in a remote location the 
problem of mobilizatiJn and demobilization is ver; 
im~ortant. The towing of dredging equipment re~uires 
a considerable time and the cost and insurance premiu~s 
are very high. In cases of small~r jobs this is of 
particular imoortance. rt may therefore be important 
to lengthen tne required completion time in such a way 
that it would become possible for a portable, 
demountaJle machine whicn can be mobilized by a 
seaship to carry out the work. 
Time saved on mobilization can be used for production. 
Often considerable amounts of money can be saved by 
efficient mooilization and demobilization. 
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!n ;rinci~le one can ~easure the Guantity: 

in the 

in t '; e : .; ., " 
t I ~ l 

in the ~~~n~ of tr~ns~or: . 

~~~~-~~~~~c~~~-!~_;t~-s~;-~c~~-i~~ss~c~s~~~-QSS~~ 
because .Jf: 

'.'-1 

the sou1:i~; ~e1g1: n~• na~;:ng cer~end~c~lar ~~e 
to cur-:---er,: s·,.,ee-p 

false e::.-.os 

sand no~e~ent an~ si1:a:ion 

~~~~-:~~~~c!~s_!~-~~~-f!!l_~~~c~-~!g~;-~~-!~~ss~c~s!~~-
o e c a 1; s e o f : 

sinki~g. sliJeS and shrin~aJe of the suj-soi1 

trans~crt of fine sand :hro~;h the wd:er disc~ar;e 
<;a :.es 
loss of sand by wind ~rosion 

washing away of s~nd or gravel when dumping 1n 

f10»1in·; ·;1ater-

loss by wave-wash and currents 

the accuracy of rneasurinJ as such 

the accurac; of the measurement 

the bulking (or swelling) 

----

\ 

In many cases neas~r-ing in the means of transport is 
preferred hecau~.e it is the ..:os: re1iable calculation 
of the wor~ don~ b; the contractor. 
However, in prac:ice this can onl; be done with sufficien: 
accuracy in a trans;:iort vessel or, for instance, 
in a 1orr;. 
Up to now, ~easur~n~ in a pi;:ieline has not proved to 
be sufficiently accurate, though ex;:i~rimental se:-up: 
n~ve been tested. 
Sometimes bar~es are use~ in the process to make the 
meilsuremr:nt ;:iossiol~. 1n•: ::;e':.lio'.! of r.ieasuring defines 
t he ;;i e : ho ,:; o f e / e-:: 'J ': i o n o f t n e ·.·1 c ,. .. a n d t !1 e e q ·.; 1 ;:: ~ e :i : 

r c: q u i re~~ in f" 'r;,. 
._•I ' .-
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,~--. J>:~.:~~-1 i r;~: rtJ:7::}'2!- 1e.:r.s cr.e se:. of ara 1
.·:: r.cs ~Er- p::.;e. :-:.::·!-: 

t:--:=~ c:-:~ ~ i ·;~r2 an .: p.:·;c i s1'1.ilca t-::d ~i tn braces ;1 

',' - ~ 
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'J - : . = 
'' ~ .... ~ 

v- : . ..: 

~ r - : ...... 

" ? -. - - . : 

If "":. , . - ~ . .;... 

'1-2."; 

II ? -
~ - - . : 

V-3 

"' - ~ , , - ... 

"l-3.~.l 

V-3.2 

V-3.2.: 

'I - 3 . 3 

',' - .l . 1 

Ge~eral 1ay-out: 5ide elevation - plan - frJnt 
ele .. ·ation 

Ji;~ing tecnni~ue, bucket - cut 

E ·~ J i 1 i : : i u :-:; J f f a r· ;: e s : i r. : h e -. e r : i c a 1 p 1 a n e 
in t~e narizontal ~lane 

General la;-out: side eleva:ion - plan - fron: 
elevation 

General la;-cur.: side ele:ation - plan - frant 
elevation 

Me:~cd cf excavation: dipper-bank 

::~'"~~i::ir·iu~1 of fcr·cc.s: in the horizontal plane 
in the vertical plane 

:·1 e ': :1 o d o f ~· r o IJ re s s i n s a 1 o n g th e c u t 
P 1 an 
Side elevation 

Hydraulic backhoe dredi;er 

GRAS D~EDGER 

GraJ dreacer with SJud ooles 
-----------------------~----
General lay-out: side elevation - plan - front 

ele•1ation 
Equilibriu~ of forces in the vertical plane 

(see fi~. 1J-3.3) 

0c~~-9c~19~C-~~-~ggci~s~-
Genera1 lay-out: side elevation - plan - front 

ele'1,3tion 
EquiliJriurn of forces: in the vertical plan - si~e 

elevation - front elevation 

Excavation technique: grab - cut 

G ·~ r. e ·· 1 1 1 a ·: - o u t : s ~ c ·~ e 1 e ·1 a t i o n 

-

;"Jl;in - fr0n: 
'? 1 ·~ ·: .l : ~ ·) ~. 

i, 

•· . ; 
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v-:.2.2 

,, - .. 
'; - :; . ~ 

v - j.: 

'I - 5 . l . : 

'/ - 6 . l . 2 

'/ -s . l . 3 

'/ - 6. 2 

'I - 6 . 2 

'I - / 

1/-7.1 

., _ 7 . 2 

\ 

;:;Ian front 
ele·1a:ion 

~~::er Suc:~o~ drej;er ftith s~ud carriage and 
sub~er~ed dredge ru~~ 

Exca~;:ion technique: side eleva:ion of ladde~ 
head with cutter 

~i:r cutter turninc anticlockwise, port swins 
soft soil 

~j:h c:.itter turnin; anticlockwise, starboard s~ing. 

hard clay and JC~ 

Cu::~r turning clo:k~ise, s:arboarj swin~ 

E~uilibri~~ of forces in the horizontal ~lane 

Method of advancing along the cut with the use of 
fixed spl;dpoles 

~·~ e thoj of ad·.'::.nc i n ·~ a 1 on:; th~ cut u 5 i n9 a 5 p u ci 
Cl rr i ase 

;-ie th~ d of ad 1Jar.ci ng a 1 on tJ the c :J t 
' 

ar.chor-
pos 

---------
Suction dred-~r with floating pipeline 
General la;-·~Jt: side elevation - plan 

; ._ i on i 

Suction dredaer with barae-loadina facilities 
General lay-;ut: side el~vation -·plan 

ng 

Dee~ dredger with barge-loading facilities 
General lay-out: side elevation - plan - front 

elevation 

Equilibriu~ of forces: ir. the horizorital plane 
in the ver:ical plane 

Method of progressing in the horizontal plane 

Gent:nl lay-out 
Side elevation ·"ith details of suction mouth 
P 1 an 
Cross section at location of dredg~ pump 
Front elevation witn A-fra~es for the ladder and 
the hydraulic spuds 

Me~h~d of advancinJ along the cut in the horizontal 
p 1 -3 n e 
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v-s HOPPE~ SUCTION DREDGER 

v-s. 1 

V-8.:?. 

Generc.l !av-out 
Side ele~aiion ~it~ cut 
Plan 
Front ele~at:on ~ith cut 

Equilibrium of for~es wh1lst dredging; in the hor1:on

ta! plan:: 

V-9 TRAILER Ltra1l1ag hopper suction dredger) 

V-9. 1 

\" -9.::: 

'·'_a .1 
~ - .. ....,. 

V-10 

v- 10. 1 

General arranse~e~t of the dredging installations 
Side e!e\at1cn ~i:h cut 
Pian 
Front elevation with cut 

General arrange2e~: of t~e hopper installation 
Side elevat10n - plan - front elevation 

Technique o: s·.:.:Junn:; by suctioa through dr2ghcaci 
Long1tud1n~l section o~ suction head and bank 

Equilibrium of forces: in the vertical plane 
in the horizontal plane 

Ger~ral ldy-out: s~de elevation - plan - front 
e J ~ ·._. ~' t i c r1 

V-11 B;,RGE U>:i.u.:·.Dl'.,J~ RECL\~·L-\TIO::· DP.EDGER (rehandler) 

V-11.1 Generd L::.j-Cl!t 
Si<le eleiat1on 
P!dn ~ith snore.oioeli~e 

V-1:?. 

v-1:.1 

V-13 

V-13.1 

Front elevation ~iih share pipeline 

FLOATl~;G BOOSL'ER sr~uro:: 

Gt:neral lay-out 
Side cl~·:ation 
Plan ~ith connected 01~el1nes 
Front elevation Kith. c~nnected pipelines 

SEA-COI\G HOPPER BARGE -----
Gf:r..?ral lay-ou-:. 
Sid~ elevatiun - plan - front elevation 

.. -
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V-14 

V-14. 

V-15 

V-15. 

V-16 

V-16. 

V-17 

V-17. 

V-18 

V-18. 

V-19 

V-19. 

DUMP BARGE (with bottom doors) 

General lay-out 
Side elevation - pion - front elevation 

DUMP BARGE (with raised bottom doors) - HIGH DOOR DUMP BARGE 

General lay-out 
Side elevation - pion - front elevation 

'.>PLIT BARGE 

General lay-out 
Side elevation 
Plan 
Cross section - closed 
Cross section - open 
Cross section - showing hydraulic cylinder 

SELF-PROPELLED BARGE 

General lay-out 
Side elevation - pion - front elevation 

34 

SELF-PROPELLED CANAL VESSEL WITH HOPPER AND LIVING QUARTERS 

Side elevation - plan - front elevation 

ELEVATOR 

General lay-out, side elevation, front elevation 
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V-1 BUCKETDREDGER 

fig. V-1. 1 General lay-out - elevations - cross section 

1. Main driving wheel with pinnion 

2. Pentagonal top tumbler on short with spur gear wheel(s) 

3. Bucket chain 

4. Ladder 
• 

5. ' Hexagonal bottom tumbler 

6. Pivots for ladder suspension on main frame; the highest position is shown 

60. Ladder pivot (lower position) 

7. Main frame 

8. Fixed part of side shutes 

Bo, Hinged port of side shut es 

9. ladder hoist winch 

l 0. Ladder hoist wire (purchase wire) 

l l. Headline winch 

12. Forward sideline winches 

13. Sternline winch 

14. Aft sideline winch 

15. U nderwoter fa irleads 

16. Change- over door (clapper door) 

17. Hulk 

18. Bucketing crane 

19. Forward gantry 

20. Borge 

21. Well end 

·~~ ... ~qt- .. .,,~. ~·I\ ~~· 

P. S. On main frame: 

··~: 

auxiliary ladder not shown 

On main deck: 

Winches for hinged part of shutes 
and mooring of barges not shown. 

"TI 

G) 

~ 

·' 

.... ~ .···*' '"' 

' 

"'ft ' • 

w 
CTI 

•• . 
if 

_, 

~ 

' I 

' 
' 



.... 

.!.. ..i••--r .. -- . 

FIG. V.1.3. 

'-.....,. < 

• l ~, . : 
-?-

equilibrium 

of forces 

~_.,,,.· 

......... )/, ~ 

/ 

,/;4 II 

/ , 

r 

/ 
I 

/ 

,;;,_~ ,. 
•. .. 

' 

BUCKET DREDGER 

'} ~} --7 
/ 

\ 
---~~-. ..... -.---~~ 

ff 
30- /1 

---- - -- 5·1-vV}*-

~ 
1 

r 

.. '31 

.. %V 

? 
r_r;~l~/ S3 

~'"/ 

~~.,/,,/ r ,, ,,.,. -· ., ,, "":. ·~ ... 
5~ 

t 

FIG. V. 1. 2. 

- .fo 

/ 

I 

I 

I 

.. , 

2f 

excavation technique 
(.,) 

·-J 

... t t ; . \/\•hi . ,\, I.", . 

' ".\ 
• ., 1.' -· 

•• ,, 
,I 

'1~ 

~ 

_ _, 

~ 

.; 



' 

r 
-~ .0 ... ;' 

~ 

I 

V-1 OUCKETDREDGER 

fig. V-1.3 Equilibrium of forces 

~~-i~-!~~-~~ri~Q~!~!-~!~~~ 

21i-h Resultant of curring and digging forces in 
horizontal plane 

25 . Pulling force in port forward side wire 

2. 6 - h Pulling force in head \vire (resultant i n 
horizontal p 1 a ne) 

n Resultant of 25 and 26h 

28 Pulling force of port aft side wire 
2 ') Resultant of all anchoring forces 

~~-!~-!~~-Y~~!!~~!-~!~~~ 

2~-v Resultant of cutting and digging forces 
in the vertical plane 

30 Resultant of buoyancy forces and weight 
of the vessel 

26-v Resultant of head wire and side wire 
forces in the vertical plane 

3 1 Resultant wire forces, own weight and 
buoyancy forces in the vertical plane 

·-~~~:,~;;::,~L~!:i:.~ .:.~::::. ::: .. .; 
I 

.'; \ 

. 
\ I 

fig. V-1.2 Method of excavation 

fJuckcl chain 
Ladder 

---------·-----

3. 

11 • 

5. Dottom tumbler (hexagonal) 

10. Ladder hoist v1ire 

21. Hei9ht of cul 
22. Heaving distance (length of a 

forward step) 

' 

23. Angle between centre 1 ines of dred9er 
and axis of the channel (necessary 
to prevent the bucket chain from 
slipping off the bottom tumbler) 

51. Design slope 

53. Box-cut 
5~. T (vertical tolerance) 

v 
55. T11 (horizontal tolerance) 
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V-1 BUCKET DREDGER 
fig. V-1.4 Method of traversing along the cut 

1 7 • 
32. 
3 3. • 
3 :l . 
35. 
36. 
3 7. 
38. 
39. 
40. 

Plan of the bucket dredger 
Head anchor 
Anchor barge 
Forward side anchor, port side 
Forward ~ide anchor, starboard 
Aft side Jnchor, port side 
Aft side anchor, starboard 
Aft main anchor 
Swing to port 
Swing to starboard 

•, 

\ 

4 1. 
42. 

Path of bottom tumbler during swing to starboard 
Path of bottom tumbler during heaving of head wire over port side limit of swing 
Path of bottom tumbler during heaving over starboard 4 3. 

~ :l . 
45. 
46. 

Path of bottom tumbler duriny swing to port side 
Limit of the cut for the swing to starboard 
Limit of the cut for the swing to port 

Cross section -------------
47. Excavation to water level, by dragline or similar 
48. Spoil from 47 
4 9 . I~ a t e r l e v e l 
50. Designed bottom depth 
51. Designed slope 
46a to c Port side limits of subsequent dredged cuts ("box cuts") 
52. Top of slope to be excavated 
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V-1 BUCKET DREDGER 

fig. V-1.5 Dredging depth 

3. Bucket chain 

3 ~·· Sag i n the bucket ch a i n 
4. Ladder 
5. Bottom tumbler (hexagonal) 

21. Height of cut 
56. Angle to be kept as much near o0 as possible. 
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V-2 DIPPER DREDGER 

fig. v- 2. 1 General lay-out 

1 . Pontoon 

' 
., Crane-· cab 

3. Slew ring and mounting 
4. Luffing drum 
5. Digging hoist winch 
6. Stick hoist winch 
7. Doom 
8. Dipper arm 
9. Saddle & roller 
1 0. Bucket or dipper 
11. Bucket Joor (hinged bucket bottom) 
1 2. Teeth on bucket 
l 3. Dipper arm wire 
1 4 . Duck0t wire 
1 5. Bo'Jm wire 
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I 

1: 

16. A-frame 

17-s Forward spuds 
17-p 

18-s Spu<l control wires 
18-p 

'19-s Forward spud winches 
19-p 

20. Aft spud winch 

21. J\ftspudwirc 

22. Trailing spud 

Barge 

t 

2 3. 

4 0. Backing wire (to pull the bucket backwards) 
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fig. 

1. 
'.> ... -
3. 

I ..t. 

5. 
~ 

I• 

Ba. 
8b. 

l Oa. 

lOb. 

1 1 • 

, 2. 

H-

1 5. 

, 6. 

17. 

18. 

1 g. 

20. 

21. 

22. 

23. 

24. 
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BACKllOt DREDGER 

V-2.2 General lav-out 

Pontoon 

Crane cab 
Slew ring and mounting 

Luffing_. drum 

Digging hoist 

Boom 

Bucket arm 
Bucket arm for turnable bucket 

Dredge~· bucket 

Turnable bucket 

Bucket door· 

Cutting edge 

Digging wire 

Boom wire 

A-fra:ne 

Spud 

Spud control wire 

r 
~~ . , ,, '· 

~ 

p a Port 
s ~ Starboard 

Spud winch, with double barrels, two-way Jrivc and clutches and brakes 

Aft spud winch 

Aft spud wir~ 

Trailing spud 

Barge 

Hydraulic ram for manipulating the bucket 
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V-2 DTPPER'llltEDGER 
fig. V-2.4 · EquiiibTium -of- forces 
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26. 
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2 8. 

29. 
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31. 

32. 

33. 
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35. 

Pontoon 
no om 
Dippep arm 
Resultant of diggirtg and cutting·ftirces 
in the vertical plane 

lloriz:ontal bottom-reaction force 
Vertical bottom-reaction· force 
Resultant of 27 and 28 
Resultant of weight· of·ves~cl and 
buoyancy forces 
Rcsul tant of reaction· forces· in the 
vertical plane 
Resultant of digging··and-~uttirrg forces 
in the horizontal plane 
Horizontal reaction force in starboard 
spuclpole 
Horizontal reaction force in poTt' side 
spuclpole 

Resultant of reaction forces in th~horizon
tal plane 
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fig. V.2.3 Metho~ of ·excnyation 
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V-2 Df PPER DREDGER 
--~--------- -

fig. V-2.5 
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39. 
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luffing drum 
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Stick hoist winch 
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Bucket 
Dipper arm wire 
Bucket wire 
luffing wire 
Spud pole in 1 up 1 position 
Spud control wire 
Trailing-spud winch 
Trailing spud wire 
Trailing-spud 
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As 36 
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Side limit of the cut 
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\'-2 HYDRAULIC Bl\CKHOF.: !JR[i)GEH 

fig. V-2.6 P._en~_!~~yo~ p = Port 
s = StJrboilrd 

1. Pontoon 
2 . C r a r~ e c a b 

3. Slew ring and mounting 

•l • B o o m h y d r a u l i c r a r.i . 
5 . B u ·c k e t - a r m h y d r il u l i c r a m 

6. Bucket hydrJulic ram 

7. Boom 
8. Bucket arm 

10. Dredger bucket 
12. Cutting edge with teeth 
13. Bucket working upwards (undercutting) 

14. Bucket working downwards (overcutting) 

17. Spud 
18. Spud control wire 
19. Spud winch with double barrels, two-way drive and clutches and brakes 

~J. Aft spud winch 
21. Aft spud wire 

22. Aft spud 

23. Barge 
24. Hydraulic ram for manipulating the spud-carrier with aft spud. 
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V-3 FLOATING GRAD 
fig. V-3. 1 Grab dredgc·r wi t:"h sputlpoJ e~ 
General plan·nnd c1evntions 
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lloist and hold drums 
Tagline drum 

Crane boom (jib) 

Grab (clamshell) 
Tag line 

lloist·and hold wire 

Luffing wire 
'A'-frame 
Forward spuds 
Spud control wires 
ForwarJ spud winches 

16. Walking spud winch 
17. Walking spud wire 
1S.18a Walking spud 
19. Hydraulic ram for walking· spud 
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V-3 FLOATTNIT GRAB 

\'-3.2 Grab dredger at rnoori~~ 

Plan and· elevation 

1. 
, -. 
3. 

.t. 

5. 

6. 
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I • 

s. 
9. 

1 0. 

11. 

1 2 • 

1 3. 

l .1 • 

1 s . 
16. 

17. 

1 8. 

19. 

20. 

Pontoon 

Crane cab 

Slew ri~g and mounting 

Luffing drum 

!loist and hold <lru~s 

Taglinc drum 

Boom 

Grab (clamshell) 

Tagline 
Hoist and hold wire 
Luffing wire 
1 A1 -framc 
Port aft side winch 
Por~ forwarJ side winch 

Aft main winch 

Forward main winch 

Starboard forward side winch 

Starboard aft side winch 

Port aft side wire 

Port forward side wire 

.-'l~ ~ I ,. 

I 

------- ·--· . 
< ~ :---"'~: ... ;;.'.';, ·'·····;·c·'~·;;:::,c.:_;:~;-·. ·" ..... . I•••••• 

~ 

2 1 • Aft mnin \vi.re 

2 2. !lead main wire 

2 3. 'St-nrboa rd fon~nrd side wire 
2 ·1 . S t ;1 r b o i.l r cl aft s i J (; 1v l re 

' 2 5. Barge 
4 1 ' Un d c n1 n tu r fairlcads 

26. Range of grab i n horizontal plane 
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V-3 Fl.OATlNC. GRAB 

(;rah dredger at moor:i. n~ 

fig. \'-3.2.1 Equilibrium of forcc·s fn the.vertical plane 

1 • Pontoon 
2. Crane cab . 
3. Slew ring and mounting 
., Boom ; . 
8. Grab 
9. Tag line 
1 0. lloist and hold wires 
! 1. Luffing wire 
1 2. 'A'-frame 
41. Underwater fairletl<ls 
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40. 
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\Veir.:ht of· the contcnn· of the grab 

Rc'Su'ltant of all ·weights (nr. 40 excepted) 
(1n length d1rect1or of the pontoon) 

Resultant of all buoyancy forces (in length 
direction of the pontoon) 
Resultant of 42 an<l 43 

r; ro n t ~ e 1 c v 1 t j on ---------- .. ..__. __ 
4 0. Weight· of 

ii 5. Hesultant 
(in cross 

4 (> ~ Hesultunt 
direction 

4 7. l~c:;ul tant 

th~·contents of the grab 
ot all..wc1ghts_.(nr. 40 excepted) 
direction of the pontoon) 
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V-3 FLOATING GRAB 
fig. V-3. t. l Gt"ah dredg_cr on ·spuclpole5 

Equilibrium of forces 

., 
' . Boom 

13. Spudpple 

;~ 
~: ........ ,,, - / 

.. 

3•\. Resultant of totai weight ancl· buo)'ancy·forccs 

35. Reaction of bottom· on spu<lpolc 

36. Weight of fill~d r,rab and d]:,<·np,agint· for ... cs 

fig. V-3.3 _g_rab 

Excavation technique 

8. Grab 

27. Cutting edges on grab bucket 
28. Connecting rod top sheave assemhly·to grab 

bucket 

29. Lifting eye 
30. Sheaves of th~ closing tackle 

3 t. Hinge of bucket· halves 

32. Hold wj-;f' 

33. l!oist wire 
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t -, ii 

forces: 
A - total stra1n· in till· closing L1ckle 

B - rods 

c . h •J r 1 i on I. ,1 1 red...::t10n between bucket halves 

D - rcsu It.int (I t 
, ,\ ~ind c J 

r: - res u t. tan t of n .:ind G _, 
I; - resultant ot R antl BI equal but opposite to E 

G - we i g h t o !; h a 1 f: e rn b 

II - T"eaction for,c 11f soil on cutting edge 
I< - t o t a I r c a c r t on f u r r_ r~ •J i' s 1n I. on ha 1 f bu c ~ c t 

1\1 - h (: l d ~ n g :n r c ; i o r :: .:: ,; ,rn n o i. c x .: c c d we i g h t o f 
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V-4 SEAGO[NG' GR!l.R' llOPT>f:R"'DREnm:R 

fig. V-4.1 General l:tv-out 

1. Ship 
2. rropeller 
3. Ru<lde i:· 
4 • Stern side winches 

s. Forward side winches 

6. !lopper doors 
7. Hydraulic rams 
8. Hopper 
9. Stern side moorings 
1 0. Forward side· moorings 
11. Doot hoisting bars 
1 2. Hopper door chains 
1 3. Crane cab 
1 4. Crane boom (jib) 
1 s . Grab bucket 
16. lloist and hold wire 
1 7. lloist and hold drum 
1S. l.uf f ing drum 
19. Luffing wire 
20. Slew ring and-mounting 
21. Thw~rtship Reelson 
2 s. Ce r: t re k e e l s on 
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V-5 CUTTER SUCTION DREDGER 

f i g . V - S • 1 ~~~~'=-~ l_l a_y_~l_!_t_ 

l. Pontoon 
2. Cutter ladder 
J. Well with ladder trunnions 
4. Cutter motor and gearbox 
5. Cutter shaft 
G. Cutter 
7. Suction mouth 
8. Suction tube 
9 . R. e i n f o r c e d r u u be 1· s u c t i o n h o s e 

[suction sleeve (Am.)] 
!0. Suction pipe in ship 
11. Dredge pump 

-'~-~ .. 

12. Discharge pipe - [discharge outlet (Am.)) 
13. Swivel elbo\v connection [Goose neck (Am.)) 
14. Floating pipeline 
15. Ball joints 
16. Floa~s 
17. Spudpole 
18. Spud wire 
19. Spudpole hoist 
20. Ladder hoist 
21. Ladder wire 
22. Ladder gantry 

.. " -~· .!.; _,. :: \ " :;.: ~:_:_:~;~~~~~~i.; ·;' ;; ·~:.:::: ·-~ ' . ...•. ..;,. ___ ,_ ··- ~-·· 

\\\ . 

23. Spudpole keerer 
2 4 . I~ i n c h t u r fl o 1· t s i d c w i r c 
25. l~inch for starboard side wire 
26. Port side wire 
27. Starboard side wire 
28. Swingsheave for 26 
29. Swingsheave for 27 
30. Port anchor boom 
31. Starboard anchor boom 
32. Port anchor hoist 
33. Starboard anchor hoist 
34. Stern anchor winch, used for dredging 

1vithout spuds. (X-111.:is tret~) 
35. Port anchor 1vi re 
36. Starboard anchor l'lirc 
60. Spud gantry 

p ::: port 
s ::: starboard 
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v~s CUTTER SUCTTO~"DREDGE~ WITH SPUD CARRIAGE AND SUBMERGED DREDGE PUMP. 
fig. v-s·.1ar.cncr:i1 ·lay-out 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

1 0. 

11 . 

1 2 • 

13. 

Pontoon 
Cutter ladder 

Well with laddeT trunnions 

Cuttpr motor and gearbox 

Cutter shaft 

Cutter 

Suction mouth 

Suctior. tube 

Reinforced rubbeT suction hose· I sue.don: sleeve 
(Arn.)) 

Submerged dredge pump on ladder 
Dredge pump 

Discharge pipe '- [ dischargc·-outiet· (Am. )I 

S\.iivel elbow connect]on·~noosf: nc-ck (Am.)] 

1~. Floatihg pipeline 
15. Ball joints 
16. Floats 

17. Spudpole (step) 
18. Spud wire 

19. Spudpole hoist ram cylinder 
20. Ladder hoist 

21. Ladder wire 

2 2. Ladder gantry 

23. Spu<lpolc keeper 

24. Winch for port side wire 

25. Winc'h"for starboanl side wire 

26. PoTt side wire 

27. Stnrbourd-s1Je wire 

28. S\-iingshcave for 26 

29. Swingsheave for 27 
30. Port·anchor boom 
31. 

. 3 ~; 

33. 

34. 

35. 

Starboard· anchor boom 

Port anchc ~ hoist 

S t a r b on r cl n JH' ho r ho i s t 

Spud-carrier and ram cylinder 

Pon. anchur pendent wire 
36. StarboLird anchor pendent wire 
60. Spud-carrier well 

p "' port 
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V-5 CUTTER' lJREDGER 
fig. V-5.2.1 Method bf excavation 

Cutter turning anti clockwise 

Working swing to port -sidc,-in -soft··clny,·pcnt·:ind non-cohc!'ivc soils 

2. 

s. 
6. 

7. 

s. 
62. 

63. 

Ladder 

Cutter shaft 

Cutter 

Suction pipe· orifice 

Suction pipe 

Cutter backing ring 

Cutter blades 

64. llub of the cutter 
65. front of the ladder 

66. "Cutt lass" bearing (Rubber crtd bearing fer cutter 
shaft, lubricated by water) 

67. Height of cut 
63. Line of cut 
b9. Width of cut 

70. Direction of rotation of cutter 

71. Direction of travel of the cutter 

72. Angle of rake of cutter blade 

73. Clearance angle of cutter blade 
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cutter turning anti clockvvise (LOOKING rnoM W11[£LilOUS£ :1 CUTTER DREDGER 
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swing to starboard 

working swing to starboard, 
.. ' . : . 

\n rock, conglomerates· and very hard clay. 
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V-5 CUTTER"DREDGER 

fig. V-5.2~2 r.fethod··o-f excavation 

Cutter rotates· anti c'lockwisc 
Working swing· to stnrhcrard~ :i1r rt>ck, cong-lomcratcs <mLI very· hanl clay 

2. Ladder 

S. CutteI shaft 

6. Cutter 

7. Suction pipe orifice 

8: Suction pipe 

62. Cutter backing ring 
63. Cutter blades;·fittcd·with· r·m::k·poi.:1u··(not·shown) 

64. llub of the cutter 

65. Front assembly of the ladder 
66. "Cuttlass" bearing (Rubber cnd··bcaring--for··cuttcr·slr::ift, 'lubric::ited by water) 

67. lleight of the cut 

68. Line of cut 

69. Width of cut 

70. Direction of rotation of the cutter 

71. Direction of travel of the cutter 

72 ~ Angle of rake·· of· the· cutter blade 

73. Clearance angle of the cutter·blaJe 
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equilibrium of cutting and digging forces, 

with ship- and spud reactions in the 

vertical plane. 
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svv1ng 1:0 por1:, cutter turning clockwise. 
· · ·. '· . · ,.• ,, !.·' .' ' ~ . ·. :', · : 'I' i·:' r, • • . .' I) ' 

. ,~.--,..,. )I,~- .. :" . .f \ , 

CUTTER 

FIG. V. 5.3.1. 

?.8 

-~?---·-] ~ 

., 3'3 ,, 
38 L 11~' _ 

----·- --

•• 

... 

,,-' 

:;j 
~ 

DREDGER 
....., 

.~ .~ 

,.. 



... 

• 

~·-

r 
-~ _/fi ?' 

, - -

V-5 CUTIER DREDGER 

fig. V-5.3. l Equilibrium of forces in the vertical plane 

Swing to port, cutter rotates clockwise 

l. Pontoon 

2. Ladd~r 

6. Cutter 

17. Spudpole 

22. Ladder gantry 

37. Reaction force on tip of spudpole 

38. Resultant of total weight and buoyancy forces 

.. 

39. Compo~ent of the soil forces on the cutter in the vertical plane 

40. Resultant of 'J7 and 38 

'-

P.S. Of oil forces .:rnly the compotent in the vertical plane is deolt with. 
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equilibrium of cutting and di99in9 forces, 

with ship- and spud reactions in the 

vertical plane.· 
s~~rboard svvil"'a.cutter turning clockV\/ise. 
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V-5 CUTTER DREDGER 

fig. V-5.3.2 Equilibrium of forces in the vertical plane 

Swing to starboard, cutter rotates clockwise 

1. Pontoon 

2. Ladder.• 

6. Cutter 

17. Spudpole 

22. Ladder gantry 

41. Reaction force on tip of spudpole 

42. Resultant of total weight and bouyancy forces 

43. Resultant of .41 and 42 

44. Forces on the cutter in the vertical plane 

• . .. 

P.S. Of oil forces only the component in the vertical plane is dealt with. 
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V-5 CUTTER DREDGER 

fig. V-5.3.3 Equilibrium of forces in the horizontal plane 

Swing lo starboard, cutter rotates clockwise 

1. Pontoon 

2. Cutter ladder 

6. Cutter 

17. Spudpo le 

45. Soi I force on the cutter 

46. Reaction force on the tip of the spudpole 

47. Force in the starboard swing wire 

48. Resultant. of 46 and 47 

'· ... 

P.S. Of all forces shown, only the component in the horizontal plane is dealt with. 
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V-5 CUTTER DREDGER 

fig. V-5.11 Method of advancing along the cut, using fixed spudpoles 

1. Pontoon 

6. Cutter 
26. Port side wire . 
2 7 . s· t a r b o a r d s i d e w i re 
49. Path of the "working" spudpoll• - "working line" 

50. Path of the "stepping" spudpole - "steppin9 line" 
51. Centre line of dredger, when parallel to centre ·1ine canal, or "stake out line" 

52. Centre line of dredger 
53. Connecting line of cutter- workin~ spudpole 

55. Maximum swingangle during cutting 

56. Angle whilst stepping 
57. Contours of successive cuts 
58. Path of the cutter during stepping 
59. Distance between working line and stake out line (equals half the distance between 

/spudpoles) 

60. Angle of correction between 52 and 55 
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V-S CUTTER DREDGER 

flg. V-5.5 Method of advancing along the cut, using a spud carriaac 

1. Pontoon 

6. Cutter 
17w. "Working" spudpole in spud-carrier pushin9 the dredger forword when in centreline 

17s. "Stepping" spudpole used when spud-carrier has pushed the dredger to its maximum 
/position ar>d has to be brought forward 

49. Path of the "working" spudpole - "working line" 

50. Path of the "stepping" spudpole - "stepping line" 

51. Centre line of dredger, when parallel to centre line canal, 0r "stake oul line" 

52. Centre line of dredger 

55. Maximum swingangle during cutting 

57. Contours of successive cuts 
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V-5 CUTTER DREDGER 

fig. V-5.6 Method of advancing along the cut, anchor positioning. 

1. Pontoon 

6. Cutter 

2 6. Port side wire 

27. Starboard ~ide wire 

49. Path of the "working" spudpole - "working line" 

s l. Centre line of dredger, whe., parallel to centre line canal, or "stake out line" 

52. Centre line of dredger 

5 3. Connecting line of cutter - working spudpole 

55. Maximum swingangle during cutting 
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V-6 SUCTION DREDGER 

fig. V-E.l General layout with floating pipeline. 

l. 
? 
L • 

3. 

4 

5. 

6. 

7. 

8. 

9. 

1Jontoon 
Suction pipe 
Water jet pipe 
Suction pipe ladder 

'A' - frame 

Suction hoist wire 
S u c t i o n ;i o i s t 

Suction orifice 

Suction hose (suction sleeve) 

10. Suction pipe io the vessel 

11. Dredge pump 
12. Discha~~e pipe (Discharge outlet (Am)) 
13. Swivel elbow("Goose neck" (Am) ) 
14. Floatin9 pipeline 

15. Ball joints 
16. Floats 

\l -·-. 
~ ~.\ . 

I .. 

18. Port forward side wire 
19. Head main line 
20. Starboard forward side wire 
21. Aft main 1int! 

22. Starboard aft side wire 

23. Port aft side wire 

24. Port forward side winch 

25: Starboard forward side winch 

26. Head main winch 

27. Aft main winch 

28. Starboard aft side winch 
29. Port aft side winch 

30. Waterpump 
31. Filter box in suction entrance for 

waterpump (sea chest) 
32. Height of face 
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J-6 SUCTION DREDGER 

'· .. 
I ...... 

fig. V-6.l.2 General layout \vith facilities for loading barges 

1. 

2. 

3. 

4. 

s. 
6. 

7. 

8. 

Pontoon 
Suction pipe 
l~ater jet pipe 

S~&tion pipe ladder 

'A'-frame 

Suction hoist wire 

Suction hoist winch 
Suction orifice 

9. Suction hose (suction sleeve (Am) 

10. Suction pipe inside the vessel 

11. Dredge pumµ 
17. Under water fairleads 

18. Port forward side wire 

19. Head main line 
20. Starboard forward side wire 
21. Starboard aft side wire 
22. Aft main line 

" 
.. ,,.. .. -. .. -~· -·-

~ 

23. Port aft side wire 
24. Port forward side winch 

25. Starboard forward side winch 

26. Head main winch 

27. Aft main winch 

28. Starboard aft sirle winch 

29. Port aft side winch 

30. Waterpump 
31. Filter for water pump (sea chest) 

32. Height of face 

33. Height of spillage 
34. Starboard loading pipe; "spreader" 

35. Port spreader 
36. Hydraulic rams for manipulating 

spreaders 

3 7. As 36 

38. Barge 
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V-6 DEEP DREDGER 

• -?A 
~-7 . " 

.. 

fig. V-6. l .3 General lay-out; with facilities for loading barges 

l . 

2. 

3. 

Pon loon 

Suction pipe 

Water jet pipe 

6. Suctio 1 hoist wire . 
7. S~ction hoist winch 

8. Suction orifice 

9. Suction hose (Suction sleeve(Am) 

10. Suction pipe inside the ship 

l l . Dredge pump 

17. Underwater foirleods 

18. Port forward side wire 

19. Head main line 

20. Starboard forward side wire 

21. Starboard aft side wire 

22. Aft main wire 

23. Port aft side wire 

24. Port forward side winch 

25. Starboard forward side winch 

26. He~d main winch 

27. Aft main winch 

2B. Starboard oft side winch 

29. Port side aft winch 

30. Pump for water jet 

~ ..... , ... ....-....~. 

'· 

31. 

34. 

35. 

Sea chest 

Starboard spreader 

Port spreader 

36, Hydraulic ram for manipulating spreader 

37. As 36 

38. Borge 

39. Universal joint in suction pipe 

40. Under-water pump 

41. Electric motor and gear box for under-water 
pump 

,, ... 

42. 

43. 

Discharge pipe leading from under-water pump 

Hoist for under-water pump assembly 
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V-6 SLCTION DREDGER 

rig. V-6. 2 Equilibrium of forces. 

17. 

18. 

19. 

20. 

21. 

Under-·>YOter foirleads 

Port forward side wire 

Head main line 

Starbodrd forward side wire 

Starboard aft sicle wire 

22. Aft main wire 

23. Port aft side wire 

r 

-0~ . " 

50. Resultant of weight of vessel and displacement force~ 

51. Resultant, in the vertical plane, of forces in wires 

49v. Resultant of· 50 and 51 

52v. Resultant, in the vertical plane, of the digging forces 

.. 

53. Resultant, in the horizontal plane. of all forces in wires on bow section 

54. Resultant, in the horizontal plane, of all forces in wires on the stern section 

49h. Resultant of 53 and 54 

52h. Resultant; in the horizontal plane of the digging forces 
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V-6 SUCTIO~ DREDGER 

fig. V-6.3 Method of progressing in relation to the shape of the f:lce 

1. Dredger 
18. Port forward side wire . 19. Read main line; the anchor to be placed in such a way, that the wire runs clear 

/ of the suction pipe; also when the pipe is raised '. 

20. Starboard forward side wire 
21. Starboard aft side wire 

22. Aft main line 
23. Port aft side wire 
qq, Centre line of cut d. 

45. Centre line of cut b. 
46. Centre line of cut c. 
~7. Momentary boundary of the face 
48. Outline of the face after some time. (say: after one week) 
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V-7 DUSTPAN OREDGER 

fig. V-7. 1 Pion and elevations 

Ship 

Suction tube 

l. 

2. 

3. Two separate dustpan heads, parallel connected 
to the suction tube 

Mon_\fold for the clean-water-jets 

Jets 

._.. 

4. 

5. 

6. Opening of the dus!pan head, oppr. 40 cm high, 
a few meters w1 de. 

7. 

8. 

Suction hose 

Suction pipe inside the ship 

9. Dredge pump 

10. Discharge pipe from dregde pump 

11 . Swivel elbow (Goose neck) 

12. Ball joint 

13. Suspended pipe section 

14. Floating pipe section 

15. Pump for clean water for the iets nr. 5 

16. Suction pipe for nr. 15 

17. Filter for nr. 15 ( sea chest) 

18. Suction pipe wire 

19. $uc ti on pipe gantry 

20. Suction pipe hoist 

21 . Head line 

\ ~ ·--. ·-··-· 

.. 

p = port 

22. Head winch 

23. Low drtiught of the vessel (1,50 m) in view 
of shat low bars 

24. 'A'- frame for holding and plodng of the jet
poles 

25. Jet-pole (jetted in the river bed, for use as 
anchorage 

26. Ships propeller 

27. Rudder· 

28. Jet shaped point of the anchor pole 

35. Floch for the floating pipe line 

s = starboard 
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V-7 DUSTPAN DREDGER 

fig. V-7,2 N\ethod of progressing 

1. Ship 

12. Ball joint 

l3. Fl?ating pipe line 

21. Head lines 

22. Head winches 

25. Anchor poles, jetted into the river bed 

26. Propeller 

27. Rudder 

29. Prevoi ling direction of current 

30. River embankment 

3l . Boundary of the cut 

0~ . / 

.. 

32. Boundary of the cut, after the dredger hos made some progress 

Bottom widK. of the cut 

p= port 
s= starboard 

33. 

34. 

P.S. 

Length of the shallow area to be dredged 
After the dredger hos completed the cut as shown on ti,is sketch, the improved currents are 

supposed to scour out the rest of the bar. (Korea -effect) 

This type of dredger is used practically only in the United Stoles of America, on the Mississippi 

river. 
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V-8 SEAGOING STATIONARY HOPPER SUCTION DREDGER ------ -------------·----
fig. V-8. 1 c~nerol pion. 

Ship 

Propeller 

R"dders 

AfJ anchor winches 

Forward anchor winches 

Hopper doors 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

\0. 

11. 

Hydraulic rams for operating the hopper doors 

Hopper 

Aft anchor wire 

forward anchor wire 

Horizontal door hoisting bar on rollers, 
operating nr$ 12. 

12. Hopper door chains 

13. Suction tube 

14. Suction orifice 

15. Suction pipe trunnion & slide 

16. Pipeline in ship, connecting the suction pipe 
and the dredge pump 

17. P:peline in the ship, connecting the hopper 
and the dredge pump 

18. Valve in suction from hopfier 

\ 9. Dredge pump 

20. Overboard discharge pipe 

21. \Olve in 20 

·- ·~119 ..... ..., •."' ~ 

22. Valve in pipe from pomp to hopper 

23. Lander (Discharge distribution pipe or chute) 

24. Fishtail (end of lander) 

25. Riser (Discharge pipe on dredge pump) 

26. Suction orifir.e hoist wire 

27. Gontry for no 26 

?.R • 

29. 

30. 

31 

32. 

33. 

Suction t ube hoist 

Trunnion hoisting wire 

Gontry for no 29 

Hoisting winch for no 29 

Lander discharge, equipped with regulating 

Overrlow (adjustable} of the hopper 

34. Center keelson 

valve 

35. Rubber hose in suction pipe, built in a univel'\al 
joint with no 15 

42. Main suction valve 

p = port 

s ·;.: startboarJ 
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V - 8 SEAGOING STATIONARY HOPPER SUCTION DREDGER 

fig. v-e.2 fouilibrium of forces during dredging operations 

1. Ship 

4. Aft anchor winches 

5. Forward anchor winches 

8. Hopper" 

9. Aft anchor wire 

10. Forward ancror wire 

13. Suction pipe 

35. Suction hose 

36. Horizontal component of forces on suction mouth 

37. Re~ultant of· current- and wind forces 

3B. Resultant of 36 and 37 

39. Reaction force in aft anchor wire 

40. Reaction force in forward anchor wire 

41. Resultant of 39 and 40 

p = port . 

s = starboard 

.~ 

·_ ': : _ ......... . 

--~ 

_.. .. . .. 
' 

'· 

if 

,-.J 

-n 
G') 

~ 
:n 
:-...J 

-g _.J 

·-·~--~ ... 

·> 



,.. -

1. -

• 

\~ 
'-"4.r~ .-1...-..!..a-. 

" ._.. 

I 
11·1 I 

\ 

I 

<>>JO S wt •><>>J<t 

I 

6~(~ 
I 

I 
I , .... 

r 

. .. 
fl·o' 
I 
, 11 

. ,, . 
. ,., 

._,_. ----'-:i':zJ'T'Sa:;::~·:....:. ",;,l· !.:._· _7 
''"t· 

.·, ... ,'•,'-
. '. ~ 

~ ..... "J ., 
... ~ . .... '•'• ..... 

,;_;,~ , / 

-\,'-. 

.. 

©···· 

....::~) 

·'"1 ... 

FIG. V.9.1 . 

'·'" 

i' •, 

....... 

TRAILING HOPPER 

SUCTION DREDGER 

geoeral arrangement of 

dredging installations 
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V-9 TRAILING HOPPER SUCTION DREDGER (TRAILER) 

fig. V-9. 1 General plan of the dredging facilities 

1. Ship 
., 
3. 

4. 

Sections of the trailing s•Jction t•Jbe 

Self adjl•S ting trailing head (Drag) 

Pirot joint in suction tube to eliminate the 
effect of the roll of the ship and uneven 
bottom . 

5 

6. 

7 

9. 

Universal joint, with built in suction hose 

Hinged joint with built in suction hose 

Trunnion bend and slide 

Trunnion hoist winch 

10 Trunnion hoist gantry 

l 1. Trunnion hoist wire 

12. Intermediate gantry winch 

13. Intermediate gantry 

14. Intermediate hoist wire 

15. Drag winch 

16. Swell compensator sheave 

17. Sheave 

18. Drag gantry 

\ 9. Drag wire 

20. Swell compensator ram 

21. Swell compensator pressure vessels, filled 
with oil and air 

22. Manifo Id between pressure vessels . Each vesse I 
con be connected separately 

.... ._. ...... t"' 
i' ... 

.. 

23. 

24. 

Ships propellers 

Rudders 

25. Bow thrust unit 

_.. ... 

25s/25p Suction pipe from troiling pipe to dredge 
pu mp 

26. Hopper suction valves 

27. 

28. 

29. 

30. 

Hopper suction pipes. 

Dredge pumps 

Overboard - waste discharge pipe 

Valve in no 29 

31 . Lander discharge valves 

32. Lander (discharge distribution pipe or chute 
equipped with valves to establish an even 

fill of the hopper) 

33. Fishtail 

34. Forward windlass 

•• . 

-- (~ 

.-' 

35. Risers on dredge pumps (pump discharge pipes) 

49. Main suction va'lves. 
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V-9 TRAILING HOPPER SUCTION DREDGE~ 

fig. V-9.2 General pion of the hopper facilities 

1. Ship 

2. Trailing iuction tube 

23. Propeller 

24. Rvdder 

32. Lander 

33. Lander discharges with valves 

34. Forward windlass 

36. Hopper 

37. Hopper doors 

38. Hopper doorchoin s 

40. Cross keelsons 

41. Center keelson 

42. Adjustable hopper overflow weirs 

p -= port 

s = starboard 
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technique of scouring 

by suction through 

drag head 
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V-9 TRAILING HOPPER SUCTION DREDGER 

fig. V-9.4 Equilibrium of forces in the 
vertical and horizontal plane 

t. Ship 

2. Trailing suction tube 
• 

3. Drag 

11. Elbow trunnion & slide hoist wire 

14. Intermediate hoist wire 

19. Drag hoist wire 

23. Propellers 

24 Rudden 

25. Bow thrust unit 

36. Hopper 

'a . ~--~· ....;;;<< ~" .. . -- . 
\ ".\ . 

·- --· ,.::.;·-: - _:;:__: 

.,,... 

/.,;;~ . . ,, .. 

.... T ·-

fig. V-9.3 Technique of the disintegration of the soil and 
intake of the spoil 

2. Trai I ing sue.I ion tube 

3. Drag (Trolling suction orifice) 

42, Self adjusting visor of drag 

43. Heel of the drag 

44. Adjustable water opening underneath the visor 
(suction ilit) 
( Height to adjust according to the type of soil 

to be dredged) 

45. Height of the cut eroded by the water flow 

46. Total height of cut 

47. Stream line 

48. Vortex guidlng the stream of the slurry 
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V-10 SIDE BOOM DREDGER 

fig. V-10. l General plan - elevation - cross section 

l. 

2. 

3. 

Ship 

Trailing suction tube 

Drag (Trailing suction head) 

4. Pivot joint in suction tube 

5. Su·~tion hose in universal joint 

6. Suction hose in vertical hing joint 

7. Elbow trunnion & slide 

10. Elbow trunnion & slide gantry 

11. Elbow trunnion & ilide hoist wire 

13. lntermf'diote gantry 

14. lntermt-diate hoist wire 

18. Drag gantry (oft gantry) 

19. Drag hoist wire, via swell com')ensator 

23. Propellers 

24. Rudders 

25. Suction pipe aboard ship 

26. Suction pipe to hopper 

27. Valve in no 26 

28. Dredge pump 

29. Overboard waste dischaqe pipe 

30. Valve to no. 29 

.. ~ .. -.-~ .. ~ 

. . 
..... 

-.... :... .. '*" 

3 1. Valves in discharge pipes to hopper 

32. Landers 

33. Fishtails (ends of landers) 

34. 

35. 

49. 

50. 

51. 

52. 

53. 

54. 

55, 

Forward windlass 

Risers on dredge pump. 

Valve in suction pipeline 

Turnable support for side boom discharg" pipe 

Valve in discharge through side boom 

Connection pipe 'o side boom 

Revolving joint in discharge pipe 

Side boom pipe line 

Bow thrusll':r 

p ·.· port 

s -= starboard 
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V·ll BARGE UNLOADING DP.EDGER (RECLAMATION DREDGER) ( REHA!'!DL£R (J\!!}JJ 

fig. V ·I I.I General plan · elevation · cross section 

1. 
2. 
3. 
4 

5. 
6. 
7 

B 

9. 

10. 
11 . 

12. 

Pontoon 
Suction orifice 
Suction tube 
Revolving joint in the suction tube 

Dr9dge pump 
Riser on the dredge pump 

Ball joint 
Shore delivery pipe 
Scaffolding for pipe support 
Shore pipe line 
Air inlet to prevent under-pressure 
Gantry for hoisting the pipe no. B 

13. Anchoring spudpole 
13a. Spud keeper 
14. Filter for no. 16 (sea chest) 
15. Clean water suction pipe 
16. Clean water pump 
17. Pipe line for no. 16 
18. Switch valve system, inter-connected and hydraulically 

operated 
19. Short-cut between nos. 5 and I 6 to maintain supply to 

dredge pump 

.. ~ ,__...,. __ ·--.... 

20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

31. 

Revolvinu joint in clcun water pipe 
Pressure hose in hinged section of clean water pipe 

Jetting nozzle 
Spoil barge 
Bottom of the canal 
Embankment of the canal 
Boom for susrension suction pipe 

Suction pipe hoist 
Suction pipe wire 
Barge shifting winch 
Bilrgc shifting winch 
BollaaJs for mooring and shifting 
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V-12 FLOATING BOOSTER STA TlON 

fig V-12. 1 General lay-out 

I. 

2 

3 

~ 

Pontoon 

P.'O\ler dredge pump 

Co•mf"ction of Floating pipE" . 
Co~"'.".' •on .-.r floatin~_1 pipe 

line - \uc.lioin side 

Ii ne dl\charge \ide 

. .. 

5 S11o:l•·'n !10"" tl1111•ec.1ion (111\lcod of lwlljoinl to prevent po\\ible air leakage) 

6 Bell join! CC'l:-lllf"Cl•OI· 

7 F k'n'- for I hP pipe I 1 nP. 

8 )r ... d poles hr onchorogt" 

9 Spurl l.c·i,per 
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V · 13 SEAGOING HOPPER BARGE 

fig. V · 13. 1 Gen\!ral lay-out 

1. 

2. 

3. 

4. 

Ship 

Propeller 

Rudder 

Hopper 

5. Center keelson 
• 

6. Hopper doors 

7. Hydraulic rams fN door suspension 

8. Forward windlass 

9. Stern windlass 

10. Ballards for mooring 

. ,r 

:-0~ , ,. 

~ 

11. Horizontal door hoisting bars, connected to no 7 

12. Door chains, connected to no 11 
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V-14 DUMP BARGE WITH BOTTOM DISCHARGE DOORS ----
fig. V-14.l General lay-out 

1. Ship 

' 2 Hopper 

3. Hop~r d.:>ors 

4 Chains for door suspension 

5. Horizontal door hoisting bar, connected to no 6 

6 Hydraulic rom --· 
7 Rudder 

8 Cabin 

9 Anchor winch 

1 0. Bo llords 

11. Towing bollard 

12 Deck of gangway (forward and oft decks ore raised) ..,.., 
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V - 16 DUMP BARGE WITH RAISED HOPPER C?.QORS 

fig. V-15. l General pion 

1. 

2. 

3 . 

4. 

4o. 

5. 

6. 

7. 

8 

9. 

10. 

11 . 

12. 

13. 

14. 

15. 

Ship 

Hopper 

Hopper doon 

~r chains 

Bridle chain for suspension of d uble doors 

Balancer 

/\Aoin chain 

Winding shaft for main chains 

Beori ngs for no . 7 

Gear wheels for driving the winding shaft 

Bo I lards 

Towing bollard 

Rudder 

Cabin 

Cross beams suspending the winding shaft 

Anchor winch 

.. 

16. Raised hinges for the doors; opened cloorr. do not project below the ship 
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V - 16 SPLIT BARGE 

fig V-16. I General lay-oul 

Shir· 

2 Hopper 

Rudder 3 

4 Hinge$ (c.onnec.ling both ship-halves) 
.• 

5 Cabin lbr idgel 

6 Anchor winch 

, -?A 
,y, 7 . , ,, 

._.. 

.. 

7 H~d•nul1c ram ro• c.lo\ing ond opening the iwo $h•)' holvt-~ 

0 Slil"•"'•I of the bridge on 1ollcr~ 

9 V•·· • 'ol guidr for •hi:- b• 1rlge 

10 Bol!n•ds 

.. _,_. ., . 

I 
lo.· 

·1 

'.:t 

.-' 

11 Add.t•onol $uppo.i fo, rf'!duc•ng 1he om· hh·p~ bending rnon•E-"'\ in tlw ~h·p-halve~ "' th1 

ho1 • zonto I p lo .. -

12 CompotlmPnl fo: hydrouhc •om 

13 Towing bollard 

I.ii. Deck of gangway lfo1wo•d and oft deck\ ortt roi$ed1 
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SELF PROPELLED 

BARGE 

for use with barge 

unloading dredger 

or an elevator. 

Cshown with 'Schottel' 

propulsion unit) 
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V-17 SELF PROPELLED BARGE WITH SCHOTTEL NAVIGATOR - .. 
fig. V-17. l General lay-out 

1. . Ship 

2. Hopper 

3. Self contained motor unit 
• . 

4. Three-point Foundation to the deck 

5. Position of the propeller, when fully loaded 

6. Position of the propeller, when empty 

7 Water surface - loaded 

8 Water surfoce - empty 

9. Cabin (bridge); united to no. 3 

10 8o I lards 

11. Anchor winch 
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V-1 P SELF PROPELUD CANAL BARGE WITH LIVING QUARl'ERS 

fig 

2 

3 

4 

5. 

V-18 1 General lay-out 

Ship 

~pper 

Rudder 

Propeller 

Engine 1oom 

6 Living quarten captair,·~ family 

7 Bi idgc 

B D.;-c.khond s family quarlP.n 

9 Anchor winch 

10 Bollardi 

11 Deck of gangway {forward and aft dee.ks are raised) 
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V-19 ELEVATOR 

fig. V-19. l Ge,..,eral lay-out 

l. tV.oin driving wheel 

2. Ladder 

3. Elevator buckets 

4. 

5. 

Receiving hopper 

Be It conveyor 

(. Twin hul Is 

7. Super structure 

fl. Ladder hoist wire 

9. Winch for shifting barges 

10. Shifting wire 

r 

11. Borge of the elevator type 

12. Sand truck 

13. Ladder hoisting winch 
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~.:\lilGATION 

OVERFUGllT 

FISlllNG 

SOENTlflC RESEARCH 

LAYING SUBMARINE 
CABLES 

MINING 

IMPOSmON OF 
ESVJRONMENT/,L 
LEGISLATION 

-• 

coi-..11::-:ESTAL SHELF 

Alicr.s 1-.s.-c full nowi.21io:; 
risnis pro .. iein' t!-~t they 
obscl"-c i.:fcty :or.u c!csi':-~rcd 
by the co.uul state arou::d 
snificUI isb:ic:s. inst2lt.1ioa.s 
a."Uf 11n..·cn:ru (SO).. 

Alic:is 1-~\"C full onrni,!u 
ri,hu. 

Aliens tun ri,hu 10 f11h :n the 
w11cr column; they uc 
prohibited from nrcl<ins 
1cdcn1>ry 1pc-cin (77.4 and iii). 

Rcscuch ao be coaduacd ia 
the ,.,,., column, ""'1 comcm 
of 1bc COHtal 1mc would be 
required for rcsurcb; oa 1bc 
aabcd (246 2ad 2S7): 

The Cl:llUUI IUIC lwl C"Ompktc 
1u1bori17 10 lcsia1'1c (Cir cbc 
protcciioa of IJlc seabed 
cnTiroamnM (194.l &Ad' lOJ) 
proW!inl audl rcplinioaa do 
nae uoj ... 1if.ably io1crfac ..;Lb 
1hc rii!i11 and duties of aiicm 
(194.4).' 
AliCGI luvc tisbil 10 .coadua 
acico1ific rnc:arcb in tboK 
&tCU or lbc abd(, ;aofC

0 

dwa 
200 a.m from tbc buc1iaC, 
wb.idl bnc not bcca · . 
dcaipMllcd by lhc COUW llllC 

u uaa widii.is wb.idl 
aplora1ioo ot aploic.nioo will 
OC'C\lt ia 1 rc:uooablc lime 
(246.6). . . 
W&nhipt uc acmpe bca..ac 
Ibey poucu Nl\'Ucip 
inlrnuniry (136). · 
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OV(RFL!GllT 

FISl!ISG 

co:-."TtGl.:OUS zo~E 

Alic:1s h>Y'C full n»;,.,ic,. 
rii;h.ts provic!in& they !u« not 
infrin,cd rcgu!.nions rebticg 
to the territ;irial sa (H}. · 

Aliens lu•-.:: r.:n on:rfiii;ht 
rii;hts. · 

Aliens would possen rii;?:u 10 

fish if no fohinc z.onc or 
cxdusi ;-.:: economic xc<1c h>.S 
been procl:imcd u1c<1dinc 
bcyoiid the ~ .... ud limit of 1hc 
territori.l sa. Sc<!cnt•ry 
species could not bC oucht 

(i7-"l- -

SCtENTIFiC RESEARCH::··.':.::;,,:,:.- ... :.:..: .... ,;:• 
="Aliens -0..ld possess rights ta 
· conduct rcsiarcb in the w•tcr 
'·column if ao fishing :enc or 

ac!usin: cconoatic zone ~d 
~ · . bcca procbim..-d atc:idiog 

. beyond die sc:awud lic>it or the 
:~ 'tctritorUl ac:a.. Ho'""u, oo 

rcsarcb could be ca.->ductcd oa 
=-~-.~..,~sbclf '· .· 

wadal)iac dle<mM~ -;..a.:C--..(246).. -:,:, •.· .. : .:;;_ .·,.·.: t!' . .:. 

~~_,.~,--~ 

• 

LAYING SUBMAIU~'E 
CABliS . 

MINING 

IMPOSITION OF 
ENVIRONMENTAL 
UGISLATION 

- •·'",':"' - . 

:.•rf·~- ._..:: -.~.:~~ 1'. :~:::: 
AJicm haft DO ricllu 

• -~-- _ .. ;-:s::" .-:~.= -.;:;;:;;:,:~ ~ r 
The coaital atate ..-Id 11.aTC 
authority only if the'•';, · 
con1iguous ioac ~ ., •. 

·· ·. ovcrbppcd by us csclwiYC 
·.• ecoliomic zone or widcrlaiA by 

· · --: 1hc co111ille11uJ thc!C. la the 
1 fmt CIC !he llalC would II.aft 

avdloriry ""' 1bc tcabcd 1od 
: · die 'ftlU col\llllD9 iA t.hc 

tceODd aK t.hc IUIC cou14 
.• '. wJ:y lcp.laic!o(dlc llQbcd. 
· Soda rcpbUc»a ~ baw 10 

be COGWtc=t •ilh rig11.u of 
11ic1111 ia W. JOllC. Wanb.ips 
IR CSUllP' bcaUSC lbcJ' . 
pDl-fCU JOYCRica Lawuairy 
(236). •· 
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SA'lilGATIO!'< 

OVERFUGllT 

l'lSlllNG 

• 

SClE."'fTIFlC RESEARCH 

LA YING SUBMAltJNE 
CABLES 

MINING 

IMPOSITION OF 
ENVIRONMENT AL 
LfGISLATION 

EXCLUSIVE 
ECOSO.MlC ~OSE 

Alicas ha•-c: rutl ru•i,•:ion 
ri,h1s pro.-idin;: 1!:cy c..-..C::vc 
ufcty.zoncs c!csi,:utcd by t!-.c 
cout•I SUIC arouad .:.:ficial 
islands. instalb:;...-u ~ 
nnzcturcs lSS :i>d 6'>.6). 

Alicas ha•-c: full c•-.:rfii,hl 
ri,hu. 

Alicr-.s cuy hue acccn 10 1hc 
aurplus .11c·nblc atch, 
c!ctcrmincd by the c~stal amc, 
throu'h ''rccmcnta or 011'.cr 
arrar.,ce>cnu· witll the "'""t•I 
sntc, .. -tiich s!'_.11 i:lr.c into 
1caiuc1 the need to minimi1c 
economic disloation ta •!ices 
.-ho bYC t..!:i>tu>llr fished 
1hcsc .. ~:en (6~ · 
Under~ Qma::>SU<ICCS. 
olicm o(~cd stJ.lcS aod 
or sates .Uh spcOal 
'cainpbial ch>nacriuia 
have the ri'hl 10 panicipatc on 
an equitable bzsis. in the 
cstiloiution of 1n apptopriatc 
pan of 1bc surplus liYinC 
rcsourccs in 1hc EEZ or oar· 
by coastd states (69 and 70). 

Research c:za oaly be 
cooduacd witb thc conKftl of 
.lhc COUUI ~IC (246). 

. AlicAI pooscsa rip11 (SS). 

The cou11l 11•1c b.aa C'QOSpkic 
audlorirJ (S6.b.iiI), pr~il!J 

· thc r\c!llS of a1icAI an: "°' 
adnndy aJTccicd (SJ.2). 
ltqlabtioaa dalin' witb 
poUvUoo 6vm ...aocla ahould 
~ dfca 10 scnuwlly 
acwplcd iac..-t-- nild 
ud ~ (lll.5). . 
PrvNioa W.u (« impoti.nS 
•Pccw """1-lioal lllcaliA' witb 
poUuUon rrom YGICla aftu 
caaniUUoO with die 
C'DGlpacal i.ntcnu!ioa&I. 
"°°"'7('.lll.6). Wu'11ips ll'C 

OClllF' bca..SC chef ~ 
11"..,.op immvaity (l"6). 
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SILVIA: A DECISION SUPPORT SYSTEM 
FOR ENVIRONMENTAL IMPACT ASSESSMENT 
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and Department of Electronics 
Milan Polytechnic 
Via Ponzio 34 
I - 20131 Milan 
Italy 

ABSTRACT. A software package has been developed, containing a methodological framework and a 
decision support system for environmental impact assessment (EIA) problems. The package is named 
SILVIA (the acronym, in Italian, stands for ln:eractive Software for Environmental l~act Assessment) 
and includes three parts, concerning, respectively, the preliminary phase, the analysis phase and the 
decisional phase of an EIA procedure. The first part - which is named SERENA - is a data base 
contair.ing information about Italian environmental legislation, check lists, existing data, available models 
and methods, previous case studies and bibliographic references. It is being developed at present and is 
not described here. The second part - which is named GAIA - is based upon spread sheet techniques, 
and makes it possible to create trees and matrices at different aggregations levels, to coordinate both the 
results of prediction models and the qualitative estimates and to represent the single steps of the 
analysis phase. The third part • which is named VISPA • is based upon multi-attribute analysis 
techniques, including: (a) elimination of dominated alternatives by the Pareto criterion, (b) preference 
analysis, (c) concordance and discordance analysis, (d) sensitivity analysis. The package has been 
developed on an IBM-PC and is user-friendly. The interactive procedure all over the steps makes it 
possible to raally involve both the decision rnaker and the interested groups, in order to clarify the actual 
entity of conflicts and to provide information aiming and some more rationality and transparency in 
decision making. 

1. INTRODUCTION 

Environmental Impact Assessment (EIA) problems are generally characterized by several 
alternatives, by decision criteria that are not always easy to quantify and by the presence of 
interest groups with conflicting objectives. These problems thus require interdisciplinary work 
and great attention to the real development of the decision process [1]. 

It should be noted, however, that many of the environmental impact "assessments" 
performed in recent years consist in onerous collections of dala, followed by the use of more or 
less sophisticated methods aiming at predicting some of the effects of a project on the natural, 
social and economic environment; they were, in fact, more "surveys· than assessments. 
More<.>_.:er. such ·surveys· were performed acc..ording to different points of view, with no 
reference to a common standard: this makes comparison of different studies diffiC'Jlt and, even 
worse, means that it is often impossible for a public authority to really check ttie adequacy of 
the imp~ct study. So. the final decision is often the product of intuition and the per:::on:il ability of 
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the decision maker rather than the result of a decision process characterized by transparency 
and the participation of the groups involved. 

In a complete environmental impact assessment one can distinguish, from a methodological 
point of view. three main phases. 

The first is a preparatory phase, in which the problem must be correctly forrrulated: this 
implies, among other things, an analysis of the environmental standards, of the information 
available (data, cartography, but also the decision structure, the social groups involved, ... ) and 
of similar previous cases. 

The second is an analysis phase, which consists of the following steps: definition of the 
significant project alternatives and identification of the elementary activities associated with 
each of them; identification of the environmental sectors which could be affected by any of the 
alternatives and selection of a set of indicators for each of them: collection of data and, where 
possible, use of simulation models in order to obtain qualitative or quantitative estimates of the 
impact of elementary activities on the environmental indicators; aggregation of single estimates 
in order to forecast the impact of each alternative as a whole on each of the indicators. 

Finally, there is an evaluation phase: its crucial aspects are the study of conflicts and the 
definition of the decision criteria. 

The three phases, which do not necessarily follow in this order and can partially overlap, can 
be repeated several times, with successive levels of refinement. 

The SILVIA project (SILVIA is the Italian acronym of Interactive Software for EIA) includes 
three software packages: SERENA, an expert system which is useful in the orientation and 
setting up phase of an environmental impact study: GAIA, the aim of which is to organize and 
represent the logic path and the set of operations necessary to coordinate the analysis and 
prediction phase; and VISPA, a decic;ion support system based on multi-attribute analysis 
techniques. GAIA and VISPA can be used independently. 

The programmes, which are user friendly, aim at making the technical phases of an EIA 
study transparent and repeatable. Transparency is obtained through continuous documentation 
and by saving all the elementary operations step by step; repeatability is guaranteed by the fact 
that it is possible to change some of the estimates and/or operations and to run the whole study 
rapidly. Transparency and repeatability are necessary ceinditions for real control by public 
authorities and for an effective participation of social groups in the decision process. From the 
point of view of both the decision maker and the designer, the proposed mcth<Xf is a tool for a 
logical organization of an EIA study, aiming at red• ;ing time and cost and creating a common 
language. Here, we briefly present the characteristics of GAIA (Guide to Environmental Impact 
Analysis) and VISPA (Integrated Evaluation for the Choice between Alternative Projects). 

2. GAIA (Guide to Environmental Impact Analysis) 

2.1. The Basic Tools for the Analysis 

In the analysis phase of an EIA one must in general study and represent sequences of cause
condition·effect relationships (2): as an example, the ground level concentration of an 
atmospheric pollutant (effect) is the result of one or more emissions (cause) in a particular 
atmospheric situation (condition). For this phase, we propose an integrated use of three basic 
tools: check lists, trees and matrices. 

2.1.1. Check lists. Check lists are normally used for the definition of the elements 
characterising each project alternative and/or the environment. For this purpose a series of 
disaggregations is performed: in order to describe a project alternative, it is necessary to 
identity a set of time steps and, for each of them, a set of elementary activities; in order to 
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describe an environment, it is necessary to identify its different components and 
subcomponents (e.g., the component "atmosphere· can be further subdivided into 
·meteoclimatology· and ·quality·, •quality. into ·micro· and ·macropollutants", and so on). The 
lists so obta!ned nave a hierarchical strudure, i.e. an organization of the items at various levels. 
Check lists are nol exhaustive and cannot be defined once and for aA: as an example, the 
project adivities depend on technology (and thus change with technological innovation) and the 
environmental components depend on the cultural and territorial characteristics of the area 
under examination. 

2.1.2. Trees. Check lists can be represented by special graphs rtrees·). composed of nodes 
and arcs: the initial node (the only one without predecessors) is called the root and the terminal 
nodes (with no successors) are called the leaves; to describe the relationships existing between 
the nodes of a tree, we will use a genealogical terminology: if we are in a particular node, the 
node from which it originates is its father, the nodes with the same father are its brothers and 
the noees which originate from it are its sons. A tree representing a check list can be enriched 
with further nodes in order to describe a te"l>Ofal or spatial division or to take into account the 
possibility of different situations, such as atmospheric conditions or alternative scenarios. 

2.1.3. Matrices. The use of matrices makes it possible to represent cause/effect relationships 
by crossing the nodes of two trees: a column tree, whose nodes indicate the "causes· and a 
row tree, whose nodes indicate the ·effects·. Each cell of a matrix thus relates a cause node 
with an effect node and may contain two pieces of information: a synthetic one, i.e. a number or 
a symbol, which represents the estimate (qualitative or quantitative) of the effect of the column 
node on the row node, and a descriptive one, i.e. a documentation of how the estimate was 
obtained and of its meaning. 

2.1.4. The combined use of check lists, trees and matrices. The combined use of trees 
(enriched check lists taking into account various possible contexts and conditions) and matrices 
allows us to describe the typical cause/condition/effect relationships of the environmental 
impact analysis. As an example, the cause nJ<fe ·emission of so2· could be disaggregated so 

as to give rise to several sons associated to different atmospheric conditions (south wind, north 
wind, ... ): similarly, for the effect node "ground level concentration of S02w. one could have a 

geographical disaggregation (in district A, in district B, ... ). In this example the matrix cells at 
the most disaggregated level could contain the estimates of the ground level conce'ltration of 
so2 in each district and for each of the atmospheric conditions assumed. 

A matrix relates all the nodes of one tree with all those of the other, independently of the 
hierarchical level in which they are found. Often, however, it is useful to choose, display (as 
rows or columns of the matrix) and make available for processing, only a subset of the nodes of 
a tree. The matrix on which one works is therefore generally a submatrix, representing the 
intersections between the selected subsets of the nodes of the row and the column trees: this 
allows working on the same matrix at various depth levels, i.e. selecting different submatrices. 

2.2. Operations on Trees and Matrices 

The main operations which can be performed on a pair of trees and the related matrix are the 
following. 

2.2.1. Construction, modification _and documentation of a tree. It is possible to insert, 
move and cancel both single nodes and subtrees; tt is possible to save trees and subtrees so 
that they can be called again when necessary. One or more documentation screens can be 
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associated with each node. 

2.2.2. Selection of rows and columns to display in the matrix. It is possible to ·switch on· 
or ·switch off" both single nodes and subtrees of the row and column trees: onJy the cells 
concerning the pairs of nodes switched on are displayed in the matrix: the swfiched off nodes 
are ignored, but any information contained in non~isplayed cells is kept in the memory and is 
available when required. 

2.2.3. Insertion, modification •nd documentation of estimates. The matrix cells can 
contain both symbols or words (qualitative estimates) and oombers (quantitative estimates}. It 
is possible to insert. modify or cancel the content of any ceU at any time. One or more 
documentation screens can be associated with each cell containing an estimate. 

2.2.4. Conversion of qualitative estimates to numerical values. The pro'.Jlem of 
performing (and documenting) a transformation of qualitative estimates into numbers is tackled 
by defining one or more ·vocabularies·. A vocabulary is a conversion table (from sy~ and 
words to numbers) which can be created and assigned to one or more rows of the matrix. The 
conversion takes place by applying the related vocabulary to each row; it is a reversible 
operation, in the sense that one can restore the initial symbols or words at any time. 
Vocabularies (and relative assignments to rows) can be created, modified, cancelled, 
documented and saved so that they can be called again end applied when r.ecessary. 

2.2.5. Aggregations. Often the estimates obtained by the use of prediction models (qualitative 
or quantitative) a~e at a disaggregated level. Let us consider a submatrix whose columns and 
rows are the elementary activities of the construction phase of an alternative pro~ (cause) 
and the environmental indicators (effects) respectively: in this case the matrix cells contain the 
estimates of the effects of each of the single activities on each of the environmental indicators. 
In order to estimate the overall effect of the set of the construction phase activities on each of 
th~ environmental indicators, it is necessary to perform an aggregation, i.e. to replace the 
columns representing single activities by a unique column representing the whole construction 
phase. The cells of this column contain, row by row. an estimate obtained by the application of 
a particular aggregation rule (minimum, sum, mean, weighted mean, ... ). In the GAIA packagP. 
it is possible to assign an aggregation rule to each row (in order to aggregate columns, as in the 
example cited) or to the columns (in order to aggregate rows); furthermore, it is possible to 
change, save and call again when necessary any set of aggregation rules (and the relative 
assignments) . 

2.3. The Architecture of GAIA 

GAIA (3] is organized by projects: each project is defined by one or more alternatives, these in 
turn can be formed by a combination of constitutive elements. 

2.3.1. Project alternatives. The presence of several feasible alternatives makes the 
decision process significant. As a minimum, there are two alternatives (e.g. to carry out a plan 
or not); in general, there can be strategic alternatives (e.g. a main road or a railway), which are 
investigated at the beginning of the decision process; intermediate alternatives (about location, 
technology, size). which are considered during the design process; minor alternatives (variants 
or mitigation actions) in the last phase cf the decision process, concerning the executive 
project Both the analysis phase, by means of the GAIA package, and the evaluation and 
choice phase, by means of VISPA, can be repeated at different depth levels and at different 
times .• 
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2.3.2. Constitutive elements. A constitutive element is defined as a component of cne or 
more ahematives. which can be studied, at least in part, autonomously. The subdivision of a 
main road into segments is a typical example of ttte use of constitutive elements: some of the 
impacts (those which do not depend on the project as a whole but only on whether a particular 
portion of territaty is crossed or not) can be studied separately. If a segment is common to 
several route alternatives. the impacts estimated for it are vafid for an the ahematives involved. 
A constitutive element is however not necessanly a ·physicar component of an ahemative: it is 
possible to separate, for instance, the operating phase actions from the construction ones. or 
the environmental indicators from the terri!orial, social or economic ones. In any case. the 
utility lies in dividing a large analysis into a number of homogeneous sections which are easier 
to handle. 

2.3.3. Matrix sequences. An alternative or a constitutive element is represented in the 
GAIA package by a sequence of matrices. which follow. phase by phase. the logical path of the 
analysis. A matrix sequence may describe, for instance, a chain of cause/effect relationships: 
in this case the same tree can be a column tree (causes) or a row tree (effects) in successive 
matrices. As an exarr.ple. a chain of cause/effect relationships is that defined by the following 
pairs of trees: project activity (causes) vs. environmental indicators: environmental indicators 
vs. environmental indicators (to take into account indirect effects); environmental indicators vs. 
human activities influenced. 

Let us consider now a pair of trees and the related matrix representing a set of cause/effect 
relationships: it is possible to perform a series of operations on it (enrichment of the trees, 
selection of nodes, insertion of estimates, conversions, aggregations, ... ). The results of each 
operation can in tum be memorised 1n a further sequence of matrices, whose rows and 
columns always have the same meaning. In this case each matrix represents a particular 
processing phase of the same set of cause/effect relationships. 

2.3.4. Generation of alternatives. A matrix representing a complete alternative can be 
ge:ierated at any time by selecting a suitable set of constitutive elements. The programme 
compares the trees of the single constitutive element matrices and automatically composes the 
resulting complete alternative matrix, assigning a position in the general frame to each 
constitutive element with the following rule: if two constitutive elements have the same row tree, 
the programme places them side by side; if two constitutive elements have the same column 
tree, the programme forms them into a column. So, the row and column trees of the resulting 
matrix are the union of the rows and the columns present in at least one of the constitutive 
elements, respectively. Finally, the programme transfers the estimates contained in the cells of 
the single constitutive elements matrices into the corresponding cells of the resulting matrix. 

2.3.5. The impact matrix. At the end of the analysis of an alternative it is possible to obtain a 
final vector, i.e. a single column representative of the complete alternative. In this case the 
column tree has just one node; if the nodes of the row tree are environmental indicators, the 
matrix cells contain an estimate of the effect of the complete alternative on them. 

To compare the alternatives, the programme automatically constructs an ·impact matrix·, 
which contains a column for each final vector and a set of rows corresponding to the union of an 
the nodes present in at least one of the final vectors. The construction of the impact matrix 
poses a problem: in general the rows of different alternatives are not necessarily coincident. As 
an example, s~ing alternatives imply effects in distinct territorial areas; technolllQical 
alternatives may have effects on different indicators. The cells of the impact matrix will thus be 
empty whenever an alternative (column) has no specific effect on an indicator (row): the correct 
content of any empty cell should be the estimate of the effect of the ·oo-nothing· alternative on 
the row indicator. for this reason the do-nothing (or •zero·) alternative must always be present 
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in the impact matrix and its ·effects• must be estimated for an the rows. If the column 
representing the ,. 'lathing alternative is full, the programme autMlatically assigns, row by 
row. its estimates .v the empty cells of the impact matrix. 

2.3.6. The connection with the VISPA package. A.'l impact matrix created by means of the 
GAIA package can be used as an input to the VISPA package, which organizes the evaluation 
phase. in which the alternatives are to be compared. For this purpose the only condition is that 
the matrix must be a numerical one; qualitative estimates must be previously converted into 
numbers, possibly by means of vocabularies, as already descri>ed. 

3. VISPA (Choice among Project Alternatives) 

The VISPA package (4) is illustrated here by a description of its main logical steps. 

3.1. Processing of the Initial Data 

The impact matrix is the input data set on which the VISPA package works. It can be obtained 
from outside (e.g. by means of GAIA) or created autonomously inside VISPA and memorised. It 
is also possible to memorize and call again an impact matrix on which some operations have 
already been performed (such as normalization, aggregation and the application of value 
functions, which will be described below). 

3.1.1. Normalization. In an impact matrix the indicators are generally measured in completely 
different units: the matrix may contain, as an example, social and economic indicators (such as 
the unemployment rate or the project cost) and environmental indicators (such as suspended 
particulate per cubic metre or the variety of animal species in an area) [5}. The first operation 
proposed is thus normalization, i.e. transforming the matrix elements into non-dimensional 
units, for instance numbers between 0 and 100. 

Normalization is a linear transformation, which is carried out row by row. The most usual 
method is to divide all the cells of a row (i.e., the row indicator values corresponding to the 
different alternatives) by a suitable normalization value (usually the maximum value). This 
operation, although essentially technical, should be checked carefully. The numbers obtained 
depend in fact on the normalization value assumed, which in tum can depend on the 
alternatives considered. So, the numbers in the normalized matrix could be varied by 
deliberately introducing some alternative that is not really significant in the decision process, but 
which can influence the ncrmalization values. 

For this reason, in VISPA normalization is an optional operation, which can be performed in 
various ways, e.g. by introducing normalization values from outside or by defining a reference 
alternative. 

3.2. Transformation of Indicators into Objectives 

A crucial step in VISPA is the transformation of indicators into objectives, which can be 
performed by combining the following two operations: application of value functions and 
aggregation. 

3.2.1. Value functions. The value function (61 of an indicator is defined in VISPA as the 
relationship between the values that the indicator ~self can assume and a non-dimensional 
measure of the corresponding ·satisfaction· or • beneftt", expressed in numbers between 0 and 
1. So, the application of a value function to a row of an impact matrix yields a set of numbers 
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between 0 and 1, where 1 indicates a maximum ·satisfadion. and 0 a minimum ·satisfaction· 
for the effect of a column alternative on the row indicator considered. 

In general, the value function may assume any form. In the VISPA package, the user can 
define a suitable value function for each indicator. As an example, Fig. 1 shows a "belr 
function, whose parameters can be fixed by the user interactively with the programme. 

3.2-2. Aggregation. It is not always possible to define a vak.Je function corresponding to a 
single indicator. Moreover, complex problems (in which several interests and groups are 
involved in the decision) are necessarily charaderized by a large number of indicators. 
because. in general, each sector (atmospheric pollution, water pollution, social services, ... ) is 
described by several indicators. 

In these cases. a partial aggregation of indicators can be performed, in order to obtain a 
smaller number of rows which are representative of the various sectors (sector indices). As an 
example. concerning atmospheric pollution, S02. NOx, suspended particulate and so on may 
all form a single global air quality index, which contains the information about the overall effect 
of the set of indicators considered. In general, the soctor index is a non-linear function of the 
indicators. charaderized by the presence of synergies. 

Aggregation can also be used to reduce the number of objectives, obtaining an aggregated 
objective from a set of single ones. 

3.3. Ranking the Alternatives: the Weighted Sum 

In order to rank the decision alternatives, even if partially, it is necessary to estimate the relative 
importance of the objectives (rows) and thus indirectly of the sectors and interests that they 
represent. For this purpose, the following steps are made available in VISPA. 

3.3.1. Elimination of dominated alternatives. The Pareto criterion makes it possible to 
eliminate inefficient alternatives. i.e. alternatives that are dominated by some other one: an 
alternative A is dominated by an alternative B if, for all the objectives considered, the 
performance of A is not better than that of B and for at least one of the objectives o:>nsidered 
the performance A is worse than that of B. 

As an example, Fig. 2 considers the performance of five alternatives in relation to two 
objedives to maximize. It can easily be seen that, as alternatives 1 and 4 are dominated by 2 
and 5 respectively, the set of efficient alternatives comprises oniy alternatives 2, 3 and 5. 

Once the programme has determined the dominated alternatives, the user can eliminate 
them: elimination is optional. 

3.3.2. Attribution of weights. To suggest one {or more) vectors of relative weights of the 
objectives, the technical analyst, the decision maker, thE: sector experts and the social groups 
involved require an i1~teractive support. 

It has been noted that, even for a smell number of objectives (less than 10). it is difficult for 
anybody to express a vector of relative weights directly. It is easiar to perform a series of direct 
comparisons between pairs of objectives, answering a series of questions such as: how 
important is objective i compared with objective j ? 

However, a technical ~roblem arises: it is possible to obtain a vector of relative weights, 
equivalent to the set of pair comparisons, only if the answers obtained are "mathematically 
consistent" (7). In particular, if the importance of objedive i with respect to objective j is aij. the 

two properties of reciprocity { aij .. 1 I aji ) and consistency ( aik • aij • ajk ) must hold. In real 
cases it is difficult for the property of consistency to hold, especially if there are many 
objectives. It is however always possible, by using mathematical methods, to calculate a vector 
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of relative weights, which is an interpretation or the inconsistent answers obtained. 
In the VISPA package the user can express the weight vector either directly or by pairwise 

comparisons. Once a relative weight has been anriluted lo each row (i.e., to each objective). 
the VISPA package calculates for each ook.lmn(alternative) its weighted sum, a number 
representing the overall behaviour of the alternative ilseH. So, it could be possi>le to evaluate al 
the alternatives under examination, to rank them and possibly to choose the best one. But the 
result is strcngly dependent on t!'le vector of assigned weights, i.e. on a subjective, uncertain 
and conflictual operation. 

3.3.3. Sensitivity analysis. Expressing the weight vector is an uncertain and subiedive 
e>p'?fation, as it reflects somebody's preferences; it is a conflictual operation, as different 
decision makers or social groups may give different answers. Therefore, there is little sense i1 
looking for ·the optimum solution·. Aiming at clarifyirvJ the real significance of existing conflicts, 
it may prove more useful to identify, for each objective, a critical weight interval, outside of 
which the ranking of alternatives and consequently the final choice would really change, as a 
function of the weight vector. 

Keeping all the weights constant apart from one. VISPA computes the maximum variations 
(increase and decrease) of this weight that would not alter the ranking and thus not change the 
5nal choice. As an example. if the initial ranking among three alternatives were < A, B, C >, 
corresponding to the attribution of a weight Wj = 0.15 to objective j, a possible result of the 

sensitivity analysis might be: 

0.06 < Wj < 0.30 • final choice: A, 

wr = 0.06 , final choice: C, 

Wj = 0.30 , final choice: B. 

This is a real support to the decision maker, since the programme identifies the objectives 
such that a reasonable variation of iheir weight causes changes in the final choice, suggesting 
that further attention should be concentrated on them and on the really conflicting alternatives. 

3.4. Other Ranking Methods and Elimination Phase 

A controversial aspect of decision methods is the attempt to determine directly the final choice 
among a number of feasible but conflicting alternatives. It might prove more realistic to invert 
such a logic and, instead of looking for the best alternative directly, to eliminate gradually the 
worst ones. or at least those which are not satisfactory. 

For this purpose, one idea is to calculate different rankings of the alternatives according to ... 
methods based on different logics (for instance, weighted sum and risk minimization): such a 
procedure makes it possible to identify the less significant alternatives (the ones placed in the 
last ·positions according to any possible ranking) and to eliminate them. Of course, after each • 
elimination, the procedure (and thus the calculation of the various rankings) must be repeated 
lo allow the necessary reconsideration of alternatives whose effects might have been ·masked'" 
by others now eliminated. 

Let us now consider some of the ranking methods different from the weighted sum that are 
available in VISPA. 

3.4.1. Concordance and discordance matrices. Some of the rankings created by VISPA • · 
are t>ased on the calculation of the concordance and discordance matrices (8), whose generic 
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elements chk and dhk are a measure of ·satisfadion. in choosing the alternative h instead of k 

and of ·regret• in giving up alternative k due to h, respectively. Fig. 3 shows, as an example, an 
impad matrix composed of 3 alternatives and 4 objectives, together with a vector containing 
the weights attriluted to the objectives. In order to compute the concordance and the 
discordance matrices, the programme compares the alternatives by pairs. 

The concordance index Ctik of alternative h with respect to alternative k is obtained by 
summing the weights of the objectives for which h is preferred or indifferent to k. Fig. 4a shows 

the concordance matrix of the example of Fig. 3. 
The disc:>rdance matrix can be constructed in a similar way. To calculate the discordance 

index dhk of alternative h with respect to alternative k, the programme identifies the two rows 

(objectives) such that the product of the weight of the objective for the performance difference 
of the alternatives h and k is maximum, among the objeclives for which k is preferred to h and 
among all the objectives respectively. The discordance index dhk is the ratio between the two 

values thus obtained. The discordance matrix of the example of Fig. 3 is shown in Fig. 4b. 
Using the information contained in the two matrices, the programme assigns to each 

alternative two numbers, the concordance and discordance absolute indices [9], which are 
computed according to the following definitions: 

ih(c) = L j Chj - Li cih 

ih<dl = l: i dhi - l: i dih . 

The concordance absolute index of alternative h is a measure of how much it prevails over 
all the others: the higher its value, the more satisfadory alternative his. The discordance index 
is a measure of overall regret in the case where the final choice is alternative h: the lower its 
value, the more satisfadory h is. Thus two further rankings of the alternatives. based on the 
absolute index of COOC<'rdance and the absolute index of discordance respectively, are made 

available. 

3.4.2. Weak dominance. Let us consider two thresholds, of concordance (Sc) and 

discordance (Sd). respectively: an alternative h can eliminate an alternative k if the two 

conditions 

hold simultaneously. 
Note that if Sc = 1 ::1nd Sd .. O the two conditions above correspond to the classical Pareto 

dominance criterion; by decreasing Sc and increasing Sd this criterion is gradually relaxed: 

substantially a concept of absolute dominance (Pareto) is replaced by a concept of "weak· 
dominance. It is obvious that the result depends greatly on the threshold values Sc and Sd. 

In VISPA the weak dominance concept is used in two ways. In the first, the user fixes the 
threshold values Sc and Sd and the programme shows the weakly dominated alternatives and, 

if required, eliminates them. In the second, the programme calculates, for each alternative h, 
the set of concordance and discordance threshold values such that h is weakly dominated by 
at least one other alternative. The results of this analysis are shown in Fig. 5. It is obvious that 
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the larger tt>e area in the Sc-Sd plane in which alternative h (h-- 1, 2, 3, 4) is weakly c'.ominated, 

the less satisfactory the alternative is. So. a further ranking rweak dominance ranking1 is 
obtained. 

3.4.3. Other ranking methods. Besides those illlstrated up to now, the VISPA package 
creates a ranking based on a partial weighted sum: the user CC!n select a subset of objectives, 
for which the programme calculates the weighted sums of the alternative performances arw:i 
stiOWS the corresponding ranking. 

Furthermore, the programme computes two rankings based on the max-min logic: in these 
rankings, the alternatives such that the "best worst case· and the "best weighted worst case·, 
respectively. ocrupy the highest positions. 

Finally, the VISPA package shows the user all the rankings created in the various steps of 
the evaluation phase. 

3.4.4. Elimination of alternatives. On the basis of information obtained during the various 
steps, the user can eliminate the unsatisfactory alternatives andfor the less conflicting 
objectives to concentrate further resources on a more thorough assessment of a reduced matrix 
(possibly by repeating the preceding steps with suitable variations). 

4. CONCLUSIONS 

An EIA study implies both technical aspects and subjective criteria. For this reason formalized 
models and software packages must be flexible, interactive and user friendly; moreover they 
must favour an integrated processir.g of qualitative and quantitative estimates. 

The SILVIA package organizes an environmental impact study along a precise logical path. 
The analysis phase is made transparent, thanks to the possibility of documenting and 
memorizing all the steps, and repeatable, thanks to the possibility of calling the matrices again 
and rapidly repeating all the processing, modifying some estin.~tes and operations if necessary. 
As for the evaluation phase, a set of different rankings is proposed, which are obtained 
according to the fundamental logics of maximizing an aggregate objective function or minimizing 
some measure of risk or inequality. The programme continuously interacts with the? user, 
especially during the crucial steps of transfonning the indicators into objectives and of 
attributing weights. Finally, the programme performs a sensitivity analysis and makes it possi>le 
to iterate the procedure by successive eliminations of the least satisfactory alternatives. 

The methodology and the software packages which form the SILVIA project aim at 
introducing some rationalization and transparency into the decision process. by means of the 
experimentation of methods that imply a fonnalization of the procedures and an effective 
interdisciplinarity from the technical viewpoint and require an active participation of the groups 
involved from the social viewpoint. In this sense we hope that SILVIA can become a 
coordinatiilQ tool between different technical disciplines and an instrument of communication 
between the technical and the social worlds. 
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AGURE CAPTIONS (Coiomi and Laniado) 

Figure 1. An example of a value function. 

Fegure 2. The Pareto criterion (see text for explanation). 

Figure 3. An i~ ma:~i..Y (a) and a weight vector (b). 

Fegure 4. ConcordallC€ . 1) and discordanCe (b) matrices corresponding to the 
inpact matrix of figure 3. 

Figure 5. Weak dominance: the weak dominance area of an alternative is the 
upper right area. In the figure, the weak dominance of allernative 4 is sketched. 
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alt.A alt.B 

obj .1 1.0 0.6 

obj.2 0.7 0.5 

- obj.3 0.8 1.0 

obj.4 0.8 1.0 
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alt.A alt.B alt.C 

alt.A - 0.7 0.6 
... 

alt.B 0.3 - 0.6 

alt.C 0.6 0.4 -
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Natural Marine Reserve of Miramare (Trieste) 

THE NATURAL MARINE RESERVE OF MIRAMARE: 
TOURISM AND ENVIRONMENTAL EDUCATION 
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The Natural Marine ReserYe of Miramare (Trieste, 
Italy): Tourism and Environmental Education 

Maurizio Spoto & Carlo Franzosini 

Natural Marine Reserve of Miramare, Viale Miramare 349, 3-Wl4 Trieste, Italy 

(Receivci 9 November 1990; accepted 25 January 1991) 

ABSTRACT 

During 1989, the management of the marine reserve of Miramare 
started with the activities that were planned in a programme of 
environmental education (project 'Scuolambiente'); and introduced 
activities on behalf of a large tourist public (project 'Seawatchitig'). 
These included a visit centre, an information office, a centre for 
environmental education, and promotional materials presenting the 
various services that are on offer. Visitors in that year numbered 16 730, 
300 .)f which participated in guided marine visits, and 4430 of which 
were school visitors interested in the programmes of environmental 

education. 

INTRODUCTION 

The designation of protected marine areas in Italy is a recent 
development. Jn 1982, the government passed a law which embodied a 
general project for the protection.of national seas; but it was not until 
1986 that the law beg;m to operate by the decrees for the institution of 
the firsc two marine reserves in Italy: the island of Ustica, near Sicily, 
and the area of Miramare in the Gulf of Trieste. 

The natural reserve of Miramare is a protected coastal area, situated 
in the Gulf of Trieste (in the northern Adriatic Sea), 8 km north-west of 
the town of Trieste. 

The area of the reserve is some 30 hectares. The coast comprises 
53 

Ocean &: Shoreline Management 0951-8.312/91 /$03·50 © 1991 Elsevier Science Publishers 
Ltd, England. Printed in Northern Ireland 

\ 

' 
~ 
f 



• • . 
r 

l 

.. -... 
< ... -: . ·. • .. ~. ;..·~ 

.. • ... ··J 
! 

,\fauri:io Sporo. Carlo Fran:osini 

karst limestone, a characteristic rock of the 'Carso' of which the 
Miramare promontory is a small par:. The white castle of Miramare 
overlooks the promontory; built in 1860, for Maximilian of Habsbourg, 
and at present it is a renowned tourist destination. 

The bottom of the reserve appears rocky, pebbly and sandy out to 
depths of 6-8 m; further out, it becomes muddy. The maximum depth 
is 18 m. The marine reserve embodies the majority of the sea-weed 
associations of the Gulf of Trieste; and the prohibitions currently in 
force favour the presence of many characteristic fish species. 

The management of the marine reserve has been entrusted to the 
Italian Association for the Worldwide Fund for Nature, on the basis of 
a special convention stipulated in 1987 by the Ministries of Environ
ment and the Mercantile Marine. 

In 1987-1988, the first government financial support became avail
able to help set up the marine reserve. With effect from 1990, annual 
financing will cover the normal outlay for personnel and the over-all 
management expenses. The operational managc::ment of the reserve is 
handled by a cooperative of biologists, naturalists, scuba-divers, tech
nicians, nature and scuba guides. At the present time, four people are 
employed full-time, while several others are employed part-time or are 
voluntary workers; three are conscripts in the civil service. 

Research and education are the main purposes of the rl ;erve, and 
these are carried out in cooperation with the Laboratory of Marine 
Biology of Aurisina (Trieste). Also, in order to increase the public 
awareness of the activities of the marine reserve, and the preserv.ation 
of marine environments, there is a visit centre, an information office and 
such facilities as a terrestrial 'nature pathway'. These were equipped in 
1989 to serve tourists visiting the reserve, the castle and the park of 
Miramare. · 

MANAGEMENT PURPOSES AND METHODS 

The activities programmed for the Miramare marine reserve concern 
the conservation, research and cultural objectives required by the law 
passed in 1982. The management plan is based on various sub-projects: 
educational-interpretation, scientific, and adequate reserve protection. 

The sub-project relating to environmental education and inter
pretation, including some general visitinb activities, was the first to be 
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set out- With this programme. it was possible to achieve the following 
management purposes: 

(a) to improve knowledge of a protected marine environment for 
the local people. including a clear understanding of the prohibi
tions relating to conservation; 

(b) education of young people. using adequate didactic programmes 
for schools of various levels; 

(c) promotion of new forms of exploitation of the natural environ
ment for educational tourism; 

(d) creation of new jobs in connection with the reserve, or with 
certain external activities also concerning the reserve; 

(e) to involve the public administration services in long-term 
projects in environmental education; 

(f) a proposal to enlarge the protected marine and coastal areas in 
the Gulf of Trieste, based on the Miramare reserve model. 

In the programme of environmental education and interpretation. the 
following systems have been used: 

(a) terrestrial guided and self-guided visits along the coastal nature 
paths; 

(b) marine scuba and snorkelling visits, always under guidance. 
along underwater nature paths; 

(c) facilities for visits and visitors' reception. such as the informa-
t!on office and visit centre; 

--y--

(d) classroom and laboratory for marine environmental education; 
(e) programme of didactic activities for the schools; 
(f) promotional and divulgative material. presenting the various 

services offered by the reserve to the visitors. 

• 

ORGANIZATION OF VISIT ACTIVITIES 

(a) Guided and self-guided visits along· the coastal nature
path. The promontory of Miramare encloses a botanical gar
den which contains exotic and also autochthon species. charac
teristic of the Carso, of which Miramare is a protrusion in the 
Gulf of Trieste. The nature trail takes account of these botanic 
features and also offer panoramic views of the landscape 
surrounding the protected area. The terrestrial visit can be led 
by one staff member of the reserve (fee-paying), or self-guided 
using a leaflet. 

. ... --·-------------
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(b) Guid~d marine visits with aqualung or by snorkelling. Although 
the protected area is limited to 30 hectares, it has been possible, 
thanks to a rational zoning, lo develop an underwater path for 
scuba-divers and for visitors who wish instead to snorkeL These 
visits are always guided, are carried out on certain days of the 
week and in specific periods of the year, and are numerically 
limited, in order to reduce the impact within the protected 
environment. A talk with slides precedes the marine circuits. 
The walks pass through different habitats of the reserve, 
offering to the visitor a direct contact with the protected flora 
and fauna characteristic of the Gulf of Trieste; and giving the 
visitor the opportunity to adjudge the effectiveness of the 
environmental protection effort. Visits involve payments (an 
entrance charge) for the reimbursment of the guides and other 
expenses sustained by the reserve. 

(c) Visit centre and information office. Even the non-swimming 
visitors could appreciate some of the forms of marine life 
present in the protected area. In the visit centre, situated in an 
historical building, there is an aquarium hall, and a hall with 
panels illustrating the hydrological and geclogical features of 
the Gulf of Trieste. By mid-1991, some TV monitors connected 
with underwater cameras will show the life on the bottom of the 
reserve. The camera system replaces the use of boats with 
transparent hulls, which are unsuitable for such a small area 
and are periodically affected by a high degree of water 
turbidity. The information office provides details on the guided 

{d) 
and self-guided visits in the park. 
Centre for environmental education. In the course of the 
academic year, activities involving the schools of the town of 
Trieste, and the whole region of Fruili-Venezia Giulia, are 
vigorousiy pursued. The reserve offers complete didactic pro
grammes which include half-day or one day guided excursions 
along the coasts of the gulf (marine, karstic-coastal and lagoon 
environments), practical didactic work in the field, or in the 
educational laboratory. 

One important activity in the centre for environmental 
education was a project supported by the rr.unicipal administra
tion of the town of Trieste, called 'Scl' 1lambiente' (school
environmcnt). This project, which began in April 1989, includes 
practical and theoretical activities concerning the local marine 
environment. In this way, the reserve was able to influence the 
public administratio'l as to problems regarding the protection of 
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the marine environment; and through the students, to inform 
the local population as to the diversity of activities organized by 
the reserve. In fact, some of the private visitors coming to visit 
the centre during the week-end are those same students, along 
with parents. 

(e) The programme of didactic activities in the reserve. The didactic 
activities organized in the centre of environmental education are 
addressed to schools of all kinds with programmes set at 
different levels. They include: 

-half-day or one day excursions; 
-practical work in the field, for instance the observation of the 

tidal environment, where the students learn to ide-ntify the 
major organisms living in this extreme environment; 

-didactic cruises which include measurements of sea-water and 
climatic parameters and the collection of plankton samples; 

-laboratory observations of the organisms collected in the 
field. 

All of the activities of the didactic programme can be carried 
out in a study week for schools a long distance away, making 
use of a youth hostel near Miramare marine reserve. 

(f) Promotional and divu/gative material. Each activity and service 
organized by the reserve, especially the didactic ones, are 
presented in information leaflets. Particular attention was dir
ected at a series of handbooks written for the observation of 
underwater environment. In these handbooks, the simple tech
niques of snorkelling are 'described. With the aid of a wa
terproof handbook the identification of the major marine 
species is possible. 

TYPOLOGY OF THE VJSIT ACTIVITIES 

During 1989, several types of visits were organized and coordinated 
among the component sections. Based on a general evaluation, and 
considering the services requested, it is possible to divide the visitors 
into the following categories: 

• 

(a) Scuba visitors: These are usually members of scuba-diver 
associations. Numerically, they are not an important category, 
but a demanding one, since they always require a guided 
service; for this reason, the reserve is provided with guides 

, .. 



r 
r 

.. • . . '. ~ .. · ... 

• 

58 

--y 

.\lauri=io Spoto, C.lrlo Fran=osini 

trained in a course held by the National Association of Scuba 
Divers Instructors, who arc trained to accompany groups or 
scuba-divers and in first aid. 

The number or visits with aqualung is limited to 25 in the 
period from April to October, for one group or ten scuba divers 
per week. Scuba visitors during 1989 numbered 250. 

(b) Visicors interesced in guided lours: In this category, there are 
visitors who arc interested in problems regarding the sea and 
want more information than those using the visit centre; for this 
kind of visitor, special slide presentations and seawatching 
activity have been organized. 'Seawatchit.g' is a snorkelling 
tour, but led by a nature guide inside a protected marine area 
(both govemmenr.al ones, such as Miramare, and privately
owned ones, such as the si.~ 'Oasi blu' managed by the WFN 
along the Italian coasts), ,.,.;th explanatory aids such as slide 
material and a wate:proor illustrated handbook. Visitors on 
guided tours, during 1989, numbered about 50. 

This new activity, designed for the public at large, was 
inaugurated at Miramare in July 1989, and the data refer to the 
period up to the end of 1989. At the moment, the practice of 
'scawatching' is open to groups of no more than eight persons, 
twice per week, in the period June-September. 

(c) School visitors: This category is the most important for certain 
periods of the year; and requires the service of a. nature guide. 
It also involves a self-guided visit in the exhibition halls of the 
reserve and via the nature paths. These visitors arc always 
organized into school classes, and in 1989 numbered 4430. 

{d) Private visitors: This is numerically the most important and 
heterogeneous category considering age, culture, and environ
mental sensitivity. These visitors profit only from the self
guided services in the visit centre and on the outer nature paths; 
they request reception and information assistance services for 
the self-guided visit. The presence of one member of staff in the 
exhibition halls, for the distribution of informative material and 
for giving explanations, has proved important. For this category 
of visitors, short walks at the visit centre, including a videofilm 
and a slide projection, have proved popular. In 1989, the 
number of private visitors totalled some 12000. The overall total 
of visitors to Miramare marine reserve was some 16730. 

CONCLUSIONS 
The tounst1c and environmental education projects, such as 'Sea
watching' and 'Scuolambiente', promoted by the marine reserve of 
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Miramare in collaboration with the management of WFN-haly. are 
aimed to affect a large nurnbcr of people. Only through the knowledge 
of the divcrsio:y of marine forms of life. and of the complex equilibriums 
they arc involved in can people understand the necessity to regulate, 
and to control certain human activities. The institution of sever.ii 
protected marine areas is pa.rt of these regulations. 

Continuous updating of the programmes of environmental education. 
and careful surveys of the impact of the marine visits. will be c.~ntiaL 
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TABLE 1. A Checklist for Planning and Implementing 

a Protected Areas Programme · 

Preliminary Planning 
1. Interpret policy and legislation 
2.. OrgaRse lhe planning agenda 
3. Identify lhe planning teams 
4. Define programme objectives 
5. Define identification and selection criteria 

. -r 

Result: a planning team with a policy and legal h"anMllforlc to guide and supporl the 
developing programme 

Systems Planning 
1. Conect and map basic species and habitat informalion at the national 5e'Jel 
2. Classify marine and coastal envirorvnents and habitats 
3. Identify candidate sites 
4. Oefme protection categories 
5. Apply selection criteria 
6. Select sites 
Result: protected areas selected for the national system 

Site Management Planning 
1. Survey site in detail 
2. Identify areas with greatest value for different uses 
3. Prepare zoning plan 
·4_ Identify infrastructural, equipment, financial, and management needs 
5. Prepare management plan 
6. Initiate process of legal declaration of proto.?ded an;a 
Result: a comprehensive site implementation programme 

Site Admiristration and Management 
1. BUld facilities, purchase equipment, and hire persomel on-a scale consistent Y.ith 

available funds 
2.. Implement management prescriptions 
fl. Begin inlerpretation programmes 
4. Begin surveillance and enforcement 
5. Concb::t monitoring studies and encourage rese •di 
6. Review and if necessary revise management plar1 
Rautt: an operational protected area site 

3. Sysum plannirit looks broadly at programme 
goals and objmivcs and provides !he criteria 
(or identirfing aid selecting sires (sec below). 

4. Site 'plannint provides lhe initi;ll site design, 
including use zoning, and the management 
plan for each protected area.in !he system, 
and for furun: rCYisions as needed (see Sec
tion 4). 

.S4 _,,,.,-.. ,., . 

• 

"· .... · .. ·. 
~- . i~ tmd manafOllDii di:Yci~.: 

all • ·nu ..... ,e~ and impn;;e -~ ~~ 
~a.a sile (su Section 4). : ·: · 

u-.. ~ CMdirions, preli~ ;u · ? t 
is ~ fk'1I. followed by sjSfcM aM• 1 g 
and. f..,,, Slile management pl~~ How· 
ewr. s:a;t. lgigic::al progression seldom ocnn in 
the real '"""'9. Oflen, areas will be Pr'Of«fCd 

\ 



• 

\ 

~ 

~ 
~ 

I 

~ 
~\ 

: I 

. ~'~ 

~ ~ 
I 

I. 

t· 
d; .. 
HI 
; :i 
~ ! i 
I 'I 
i :i 

' I 
I 0 
I 
I 
I 0 I 
I 

~-

-• 



""' 

\ " ~---. 

,. 

I 

. 
-~ ~ ...... ., ~ 

.. 

MON FALCONE 

foci 
Tlmno 

d1 II' honzo 

PARCO MARINO DEL 

GOLFO DI TRIESTE 

A AREE DI INDAQINE DA POR11E SOTTO 

TUTELA NEL PARCO MARINO DEL 

GOLFO DI TRIESTE (LEGGE 97QtB2) 

\ 

Co1ti111 di S.Croc1 1 di 

Aurl1ln1·,l lltrl 

, 

rlnrva marina di 

TRIESTE 

r"'-v 

. •' .... ~ ........... 

' 
...... 

.. 
! · .. ~~ ' 
~r / 

t ~ -~. 

1,. i.,. 

l 

•,. 

·'· 
''' I 

·.· ' 

. '• 

,. 1, 

'·::·,i. 
! '. •:\.! ~.-~ 
•,I'.'~·':;~ 

I :1\ ·f'' .• t,· 1• 

~ . 1\; .• •. ' 
. ';i. ,' I .. ., ,. . "I" . I' , 
1.. i .~. 
j•, I ' ~':' I'! 

·. · . .' .. , ... : . 
-. .1 " 

."·I : 

;1 . 
'.· . . . , 

~; ' 
··:. ,,, ·. 

,. I··' .. . . . .. 
•· .4,' ) 
' •j ·' " •' .; :1 1 \ ... 
, .. f, .jot 

I': I I :.· ' .... 

Io.!~' . . .'.:· :~, 
~I' ; ' ':.• 

" 1: 

" 

•• . 

"' 

j'.:f 

,,,. .. 

~ 

,· 
' 



• 

, 
' ., 

.... 

.. ,. 

,._ J •••• 
• ·a.:•· .. ' .... , ... 
'' .: .. . •f' .J·I .• • • 
ift¥. ~ .. ,.. . 
'. • •¥ 

• •• • .. , .... 11 

' \: 

.. 
f.: 

.. ,~ .-_!L· 

:;::>--
~ . 

~- . 
L-. , .. : . 

. ~ . 
.... ~ 

"" .. ',41•··') ,-;\ )' .. I 

:. :· 
, . , 

. '. 

" 

(. 
"· 

·' 

c 

-:..,....· .. 

.. 
r 

'.·;-~ 

I 

l'AllCO llllANICO 'fEAIU:tTAI 

I 

\1-~J,.'~ ~~ ~. "~' ~- -: - ~· - . ·rr1~'~l· ~~~,1 ·r~ a l· 
I . .. 

1111, 
0 

ZONA CORE- ·~11 
~ . 

Rt 

l' 
I nllllllff[ ·11 

BUFFER A 

I 
i.,. 

I~ ----~A 
~f\m':'lt 

I, 

er·, 

•' 

;\ 
\ 

\ 
\ 

'~. 

LEGENDA PRIMA ZONIZZAZIONE RISERVA MARINA Cl MIRAMAR& "'' 

Vt whlu ''" "'''"''hetut 
V1 ,1.11, i.. n•·•uc~l•t 
RI .... tll ll•tll• ••II• ~ ... 1 ... 111111•1•11 

R1 o. t11 •· ouno ~1 .. 10"1 t11111 .. ~~I• 

RJ -.1111uu11I• 111 '"'"• ... ,,,.~'''' 
'111111111i11 ...... ··~"· 

R4 •• tll •• tll ..... ,1. l•lt1lltl1I• 

Rt •• tll .. 1wU1 1it1cu1MI ul1lll• 

Al •. tll .. .......... ,., ........ '"' 
R1 •. tll .. ... tt•l•tl•• '""' ...... 

llllch tll oc11ll111 

c • ....... 41 ,,,,,. 

A\ ulo ~1• 

Co IUlll tll ttlllU leH 1!1'1M"IOlt MlllH 

Iii .... tll ......... 1. 
1,,. ona otlw111ln ••II '"'-loon tll ,,.1111 

Ir •· 1. 1ull1 ••••• l•1t111111111 

BCD .. ,1 .. 1t11 t11 n11llu - ,.,111111 
1 ... 1 ... 1 

• 1111 ............ , .. . 

c •. •. .. . 
Dr. ,, 11• .... ,., .......... ~ .. ~ ... 
- 1111111111 ....... 11.1111 .. k .. ~· .. ... .. ... ..,, . ....,. 
IUF,lft 1 .. 11u111 .. 111 1111re11 

. ·'" 
,..;:. 

t~ .... 

'' 

.. , 

..... ,., .. "' 

··-· 'f 

- '.;I 

__ , 

II 

~ , .. 

~ 



• .. . 
f 

-

_, 

1 . 

5£. L"~ PCfS..:ILTA 1° C.C"5'qµ .,:fa."f~ O£u.z. !b~l.\IE. ~ pt~~":'i. ~ :.!C"MI 
.........___ t." NfC5,~ ~:...~:i.:.c: \:tr;" tit.;.,&.G.:14 ~a...u\.T1<A. (DtJM.c""°''A... ' 

~"-°'~'~ fll!IG t""r:l!:~~ 
n .. -.:au f't'lUI ~ ""-"'"'------

s.£11.•% O'.,l ~'U ~ r~ F~ 

!>UL ~Pt <"LSTIOoll'. -.L ... 

_ __, 
-..:__ .......__.----

Ull~ CAA IA ,._ .... IXL "= lsr.;'..r:'IVO 
~UA ~llZA 1U PUS£ .. "CAZJO~ 'CIE:&.

0 "'°""'ill ,.,....,._,$:'... 0:.11)5£11\~ .•• 

.lbfS'° ( ._ IVClt!O KUA f~ ~ COi· 
"'JIZIOPll TIL\ ~ (o(Sft)U ML14 IUS""4., IL 
~ ll(u" A~f~ f ~uo lJeUA owz1""' 
~.in ,.,.,,_'lo,)fJt In-· --

"I 

LA r.t11'\1. c:J\A ~ F....:.!, !." "-"'OC..-~1 •(£.)So 
t~ l,QCA&.a C>P:~.u~.,., :-- tree.~ . --

J Pot ~C'\'t. :..... ~~\.l..C... ~ f't.;!"l\J P-... W :>t 
G.Lr.'tC~. ::.>ii .i.&..4:..~"S.1 ~ s.;-..~!.S.1 :c1 :.i..~r 

fl 1\.To ~ AOIC•E £Y:£:::E ... l'l"a:...-~ 
~.&.:.A cat~ :«:1 CctJTJ -·· 

>---~--- ----~-~ 

C~ IL 1'~!1. ..... ~"If !;lt:l "'•-":'O 
~C.:H:"~:<1(.ca..'"T\ ... 

-----~--< 

--\,•. r f.,;- -------(·"::\- . ,...") 
·--~. 
/,; \ .. 

-·-·-. 

. .. \ .. 
~-1-': I .. / 

\ 



I 

• I ... 

• . 
--~ r·-------

' 

r, 

l 
! 
I 

\ 

t 

. 
' 
' 



• . 
I • 

41 

":. 
·~1 
';3 
l'l' ,1 
~i 
~I 
o! 

~\ 

'~ 

-... ... .. 

, ./ . ··/ /, -· .·.·.-~ . // . r-

6.). 
}[ 

) 
\ 

\ 

~ 

. 

t 
lo 

j 

~ 
_ . ., 



-~ 
---

r----

\ • 
--r·- ---- -

. 
• r-
\ \ 

I 
__ .. ' ... ., 

_.r:. 

~ LLJ ... 
I \ 

I I . ... 
~ 

I-
0 

.. 
0 

J 
• 
j 

.. 

" .. . ~ 

l' 

i t ., 
. li :s 
~ .,. 
!! 1. 
·~ ~ ' 

~ >( 
0 < 

"' ,. 
~ 
0 -:: 

·;i _, 
~ '=' 

~ 

• • ~ 



• \ . . .. 
r 

, 

' 

~\ 

'~ 

~ 

_, 
~ 
·~ 

' .. 
" "' .; 
... 

+.:: .. 
·5 

~ 

.. 

.:;; 
e 
i 

0 
t. 

+j 
'V 

l 

' 

------



..... 

'\ 

~ \H . .;, , , l .. . 

,. 
~~ 

. -0-:"' - ,. 
.. 

•I 
4_f'l i~1~?.iont di ""~tatio\"112 co~tara ide!l1ifiQUant cltlla favl'la 

i11~'1t;11alc svlla s~a~a 

"' ' .:i-i 
_;;), .. 

,rr 

\(( 
/ 

'" ~--~_. 

\fr 

~ =-

I 
I 

. ,,. 
,.,.,_ . 

I ;,i.,Mo"°"• Oi sf""< 
dell'a~eiil't di matea ----

.. - -k -·- - - ~-- ~.......__ -

•, 

..... .. ' , 

L ,,..., 't 

c11.oe1n.e: OC&A~GltAFICH~ P!rt Lt sc:uoi.£ 

~7 

~ ,_, 
~a'timetna 

\ 
teMperaTuv& ,.., I / COY\'C4\ll 

kl ~ _,.....-----p1.1nto nave 

--~ ± . . ~~ 1: -· ...... - -- __!. 

_..... -

~ 
, . 

/ .!,. 

• ....... ~ ...... -11'J 

--- ----



\ .. __ _ 
\ 



... 
I· -

J .. ' . ..... "'i .. ' j!'" .: 

• 

-. '\ 

------- " ~ 

,.. 
~;.~ , ,. .. 

· 'Possib'1lita di visiTa a\\a Riserva 
. l'ossibili aifiuita- da s11ol~e1c. c~ unitcni~, vilite t(.rtutri e. svb.) 
· Corsi di e.colo~ia rnari~a 
---. 

e~tr.te ·us.cite , 

contabilita Riser11a 

vfficio prenotaz.ioni vi site., 

il"lfOfl'l'al.io~i varie. 

L. 

$!.C?f e te-r i a 

~tntf&le. 

................ ~,,.~ ~"' 

.,,... 

.. ..., 

.. 
•• 

N l 

,-' 

~ 



..... 

1 

'a 1\ 

,.. t 

o~~~ .. 

~ 

?g c 
c::J 

ft'.::======!:1'1=~=~=~=:=1:=~:i;;:;r~:~~~~~;,;~:,~ H HH 8 
CEAM 

ITINERARI DI UNA 0 MEZZA GIDRNATA 

~ 
ACOUARI DIDATTICI 

con pr1nclpQl1 

ho.b11:0.1: delta r1servQ 

. i L _ _] 
s1s'tel'll di prolezlone 

dlo.poro.MI video 

f'llMa 1:1 reglstro. ti 
ed In dlretta 

i5J ~ 
pannellr espllc:o. tlvl 

sul GolF'o di Trl11t1 

dispense dldatt1c:he · 
e sc:hede per" le usc:lt• 
suss1d1 1rc:luc:o. tM ell vo.rlo 
t1po 

Mostro. Foto;ro.F~o. 

[J] [J] 
I ==ll ==I 

ec:og1oc:h1 dlcfa tt1c:1 o.l c:ol'lputtr 

.•t.-.. , ............ ~ 

- ... 
. - ..., if 

_, 

...( 

,. 
\ 
' 



• 
I -

f 

' 

\ 

~ P. Isat:hmDm 
Ialxintory tar o::eatal ~ 

1113 I.rrat Hall 
univarsity ct MaJ:ylanl 
OJllege Plllie, MD 20742 

rnternatiaial c:l'\!fl!L'SUOI 00 Cli.?mte am Man 
TUrin, Italy 

Je.TAJl!JrY 1989 

-- -- . 

t 

l 

f. 

l 
r. 
l 



-~.a r---

• . -
r-
' l 

~ 

l 
l, 

\ 

~\ 
,~ ... 
\\ 

\ 

2 

~ct 

A signi!icant portioo of the world's i:q:W.aticn lives within the coastal 

zone, with JWJY b.lild.in:Js ani tacilities located at elevaticns less than 3 

ceters 8l:xJVe mean soa level. 'ttlese structures are presently subject to 

damage durirg r.ajor stontll, arrl this t-.azam has grown in::::reasi.n11Y serio.is 

as sea levels have r~ dUri.rq the twentieth centurY. Greenho..ise-i.rduoed 

war.nirg is expect.ad to raise ... -at.er levels at historically unpreoe&mted 

rates, resul:tin:;J in in=reased beach erosion arrl loss of CX)BSta.l ,.tlends. 

'lbera are thn39 socic:s::xn:r:d.c :respcriSeB to aooeleratEd sea-level rise in 

tenns of human OOOJpaticn: !ortify th4 ~. retreat f:rtm the coast, a.rd --
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111rol:ghalt geolcqic histo:::-1 SQa level has nuctuated. greatly. Dlrirq 

the last Ice Jlqe {cq:proxi.~tcly 16,000 yee_"'"'S ago}, sea level was as !tlJCh as 

100 rete.."'"S belcw presar.t levels. 'lhe aart.""l at t..'tl.s thre was 800.It tive 

degrees celsius colder than tf::l:2y. OJ.rin; wr.n .interglacial periods, sea 

level has been at ti..r.e; several :::neters higher t!".ar. present. Because ct the 

historic t'Slations.'U.p bet'...;een clL':late arrl sea level p:xsitial, it is expec6-...ad 

tr.4t ant.~'1ic (hl.!Ir.an-.in:luced} gldlal wa.r-.dn;J could cause a significant 

rise in sea level. ti~~ tenpe._"'1!.ture:s o::uld expe1rl cx::aan w-aters, melt 

glaciGrS, arxi eve.r:tual.ly cause tr.a d..isintsgraticn o! tile West Antarctic ioe 

sheet. 

Clmate ~ effect sea level pceition cy heatirq ard thantby expan:ling 

(or caiver&QJ.y cnclirq arrl cxmt..--actirq) su_"'face sea ... -at.er. 1his process can 

oa::ur CNer relatively short. periods o! time. At present the Ir.id-lati~ 

I:CJUntain glacier.:i C!-"I! still retreatirq. 1'.lthcu:Jtl 1lOSt or '.the glaciers haw 
j 

mBlt.a:i sirxla tr.e last Ice ~e, there is cr...111 encu;h water in polar glaciers 
' 

to raise sea level by rore than 70 mete.rs. CNer l~ pb.ricx!s of time, 
I 

significant rises in sea level o:uld be caUSErl by d.!s.inte;p:ation of the West 

~ic iaJ &heet, which is marine-based ard subject to· tsrperature 

In the ~ century, surface te.rl'pm!tures have shown a qradual irx:rease 

based on Hatiooal Weather Service data, an:i tide gauges have 1«X1rded about 

a 30 centimeter rise al.orq the U. s. ~tlantic c:oMt (HicKs et al, 1983) • 

Sana of th.is relative rise in sea level (relative to the lard surface) can be 

explained by the natural oa:paction and sul:'8i~ of Ul"KXln90lidatEd CXJaStal 

sediments. Hc:MMlr, part of this rise (at l~t 12 c:n) can be attril:uted to 

,.,. 
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~--::all axp..tnsio.'1 of sl.X'f.loa ocean t,."ate..""S arrl glacie= recessicn, result!...""q 

!:a:! tt.e c:bAe-"'Vcd -.-ar.:U..rq of O. 40 C chldrq the l~ oentury. Figure 1 ahor.."S 

the ~--"'U&~ correlation bet .. "een glcbal ter.;:ieratu..""B ard. sea-level rise. 

C::.."Ce-'11 ~ a ?=>SS!b!.e acccleraticn in the ~ta or se.!1-level rise 

place. 

u:n:::a_rtain'cy exists rega.....rd.irg tl'.e aaamt o~ -.ancing; it is genen.lly agreed 

th.at a Co.!blin:J of the groe.~ gases will raise: the earth's ~ 
' I 

s;..L..rface t.e::'""~ture tr/ ~ 1° C i! n:Jth.lng else Changed. It ~rs that 

::t:)Bt o{ the clb.!.tic factorn will azrplify the dires::::t -a!!ects, b.It satl0 nega

tive feedbacks (s..;ch as 1.n::reased clcu:\ cover to off&«t part of tt\e w-a."11tln;) 

canr~ be rcled. oot. Ueve..rtr.e.le:ss, two panels of the Natiooal ~ of! 

Scien::e:s (W.S) t-.ave o:xncltrla:i that a doubling of greierinise gases will 

eve.nt:ual l y !rrluca a warm.in; between L s0 an:.1 4 • s° C. 

Sa.sOO m current trerds, · RaVe.lle (NFC, 198:3) estimato:i that sea l~ . 

could ris.e by 70 c:n (JO en due to thaanal expensiai, the bale.nc:Jil attrib.lted 

to glacial =el ti..ng) 'o'f the next century. 'IDere have bMn a ran;re of 
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esti.."'iates made by NAS, EPA, arid vario..JS scientific investigators. 'Iha 

recent NAS EOlar Research Board Report (1985) placed the total rise at 

beh.9en 50 ani 200 c:i by the year 2100. 'Ihis rarqa lies within t.lie same 

values derived i.Irlepenjent.ly by EPA (Hoffman et al, 1986). 'Ihe estimated 

magnitude ard tiinirq ot in::reased sea-level rise are illustrated by Figure 2. 

Ettects o! Seo-t#{el Rise 

n-.e principal ef!ects of sea-level rise are in::rease:i flcxxlirq ard 

'«"ave-in:!ucad erosion. salt-Vc!l.ter intrusion can also be a prd>lem in sane 

areas, particularly a!fect.in:J zsurtace waters. 

1. Floo:lirp on::l SUQgam R 

A ris. in sea level :represents a raisin;J ot water ba8e level. 'Ihere

fore, storm waves an:1 surges can reach higher ard !Urther inlard. 'Ibis can 

result in acc;elentad beadl e.rosicn as explai.Md later, arx1 mjor tlocxiln; 

will ~men:. ot'tan. For exaz:ple, "100-year'' storms can cx:nir in the 

fUture en a 15-20 year~ basis by virtue ot: higher base levels wher1 
• I 

considerin; ftequen::y~t:i.ne ralatia1Shl~ ot coasW flocxlinq 

(I.aathennan, 1983). 

'Ibe na;t signi!icant il!p?lct o! higher sea levels will be the~ 

of coastal wet.lards. Intertidal salt marshes can adapt only to relatively 

modP..rate rates of sea level rise1 rapid in::rea.ses in see. l8Y9.l can lite...-ally 

c:iroli.n these watle.rds, oawertirq t:heln to shallew bodies of qlen we.ter. It 

is W10rtil ootinq that tna present u. s. tidal marshes poctdate the previous 

l!laXimJm rats of sea level rise duriJ'r;J the Holocene (sinoe the last Ice kJe), 

when sea level rc:se a~Wy one mater per oentury (1 an/year)• 

·-- ·-. 
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M&.lch or the La.iisiana coastal. zone is ~ieociN;J a rapid relati'V13 

rise in soa level (up to ::.. c::;year) la_-rgely due to h~irrluced subsidenoQ. 

With::ut ~te suwlies Of sedi.....-ent to :raise tl'.e elevatioo of the marsh 

surface, these wetlarrl plar.t.s beC::m? ~tcr-lc:ggai aN1 eventually die. 

Presently, I..wisiana is 10&i.ng four acres of 'i:118r".::ah per day, an:i entire 

parishes {cn:nties) will be urrler wtEr within the next 100 years (NRC, 

1987). OJrin;J pario.ts of cnly qradUal ~-level rise, plant-generated 

(o:qanic) sedi..~t ard L"l0rga."1ic '!Mterials fran rivers, l.:pla.rxis, ard the sea 

oculd mai..rt'"..ain the mars."l surface plain relative to sP_a level positicns. 

However, the r..o.:.isiana ::arsh.es ~tica.lly illustrate the problmt of npid 

water level chan;es, an1 czl:1 se.."'Ve as use!Ul-analogs o! ... ttat will happen -

elsewhere al.cn:J the world's CX)aS't.l!.ne with accelerated sea-level rise •. 

A ~ rise in sea level catld drown na;t o! the coastal wet.lards 

without necessarily creating new salt trarshes inlan:i. Even in natu4a1 areas, 

i:ranhes will ot'te:l o:ntract bQcause of the s~c:pin1 nature of the lam ab:JVe 

the marsh plain ~Figure 3) • Where marshes are backed by urbanized areas, 

such as alaJg l!llG'h of the Ial;J Isla.rd, New 'i'Prk ooaat for eJo0ItPl•, these. 

habitats will be squeeza:i cut of axi.sten:::e With !\.ltlln! sea-level rise. 

2. QMt.A1 Er:oeion 
Sea l.w.l is aie o! the principal deterr.\..i.nan of shoreline positicn. 

'lbBre are llEIY8l1ll reasais wny sea-level rise ~d i.rduce beach erosicn or 

acoelarats Cll-90in3' shore retreat: (1) waves can get closer to snore before 

dissipating their enerqf by t>reakin;J, (2) deepP.r water c:1ecrMSeS wave 

retrzscticn an:! thUs i.ncreaSeS the capaci t:-1 for lon:;shore transp:>rt, an:! 

• 

\ 
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(J) ...-it.'1 a hic;her ._-;:it.er level, the 1..~ve a:rl OJrrer.t erosion processes a..~ 

ac-...irq further cp the beach prot'ile, causfrq a readjustment: of t.'iat profile. 

M::lst sarrly &-.ore.lines are p~y ~on a worldwide basis (Bi.rd, 

1985). Historical records irrlicate t..>-te prevalerO! of shore retreat durirq at 

least t..'1e past c.entu.ry. 'I!'.e Na tiona.l Shoreline st:u::ty by the u. s. Ar.tr{ a::n:ps 

'?( ErqL~rs (1971.) was the .Cirst overall a;:pra.is.ll or e...>xJre eroskn prcl:>le:ns 

in the continer.+-....tl United States. 'll'.is st:u:fy s.~ that 43 percent of the 

shorelirn is urx!ergo.i..n;J significant erosico, exclu:ilrq Alas.~. In fact, 

this report L-rlicat.es t.""..at ~ ctll or the U.S. ocean shoreline is ~irq 

areas w'here locally exa?SS se:liment is ~lie:i by river ~ or ... 'here 

the la.rod is beirq alevate.:i by tectonic (~ err glacial rebourrl) 

activity. 

'rhe...'"'9 are several d.H!'erent ~&.es that om be uso::i to project new 

.shore.lines. Sl~ is the c::ntrclli.rq variable, such t.~t gently-slqJirq 

shores will urde..~o a It1.ldl brooder area of inurrlaticn for a given S&a-l~el 

rise c:xrpared to stoop-slq:>ed areas. nus is the preCe.rrad nethcdolo;w to 

awl y to inm:.:Oile (rocky or a..""!tOred) ~...s or for shel te.red roasts, such as 

5m:!.ll bays ard ~ies. 

The ot.l;er awroaches that have been erploye:i to data are l~y ba9Erl 

on the erosional potential or sea··leve.l rise (I.eathenran, 1986a): (l) 

extrapolatioo of historical tren:l, ( 2) Bruun Me, ( J) serlime.nt 1:uiget 

analysis, ard ( 4) t.'h.e dynamic equilibrium m:rlal. 'n1esa inet:hcxk>la3ie:s, 

inclu:iing applications arrl limitations, are discussed in a ~ Natiaial: 

~ o! sciences (l9S7) rep;:irt. case stu:iles alooq the u.s. coast yie.l.de'.i • .. 

a cx:r:parabie I°iID3e of rates o! shore retreat as predictoi by the dlUerent 
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A s;e<.:ere lir.dt.at!on to o.:r forecest.lrq l\..-b.lre erosicn rates is 

lac.l( of gcxxi quantitative data en historical rates o! shcre retreat for 111.lCil 

J of the \WOrld •a cx:imitlina. 

fer q;>en cx::ean sardy beacbes, at least a dooblirq ard perhaps a five-

fold L~ i:1 erooioo rat.es all1 be forecast, deperdin;J upon the realized 

rat.es of acx:::eleratsi sea-level rise. Manj" urbanized beaches a_re already 

critically narra.1 an:i ccntinuirq to ercxie, an:i ao:::eleratad sea-level rise 

will exacethate an a1J:laady sericcs p::tiJla:1 (Leatherman, 1986b). Preserttl.Y 

:Mr.'1 u.s. recreational ooad-.es are beirq ~i.sh9d (e.g., M.im:U. Eeadl, 

Florida, 1980s, $65 million) er will be n:::m-lshed in the near tuture (e.g., 

o:e.an city, Mar/la.n:l, 1987, $JO rnilliai, first cost) • More beaches will 

have to t:.e replenished in the ft.-tura arx111Dre oftM in order to maintain 

their recroatiQ'lltl q.Wity arrl provide st.arm protection tar the i~

nankin; coutal developiM'It· 

I A daninant an:i ~ proportioo of the wrld's p:pU.aticn, facilities 

an:i dlirllel.c:pimxt are lcx::ated en coa$t.s in sensi ti va bala?-.:e with lo:.al sea 

levwls. EVen the la.tar eatir.at.es o! accelerat-1 sea--leval rise will place 

rr.arrt of the world 1 s coastal cities in j~ L'1 the o::Jl\.in; deD"deS· 'llle 

l~ly.in;J coastal tringe is subject to catastrcPUc .vents of flocd.irg. For 

exmxple, the 1970 cyclooic no:xiirq that killed CNer 300,000 peq>le in 

Ban;Jladesh will becxm'" a mre !requent oa;:urrence in the tut.ure as sea 

levels rise an:i the third world pcp.ll.atiai cx:ritiruea to explcde. 

An aocelerate4 riBe in relative sea level will torca people wo live on 

the coasts to~ a n.,mb!r o! ir.p:>rt.Mlt d:eeisiaw. '!be d"loic:e o! a response 

• 
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Tilere a.re ~~ly ~-ee p:llSG~.ble ~: (l) fortify the shoN, 

(2) retre.at fran t.~ c:o:i.st, arrl {J} ro.iris.'1 t."".e beech. Arrod.llj the s."x>re 

l. n-.ere ~ to l::e a ~...r6n::t co-:::'Slatlor.sh.ip ~ .ea.rth .... 'z:..~ e.rd 

sea-level risa. cur in:; ~.a ~ CIM&O.try, sea leval has risen ol::Olt ooe 
I 

foot po en) er -...'hi4~ ~1t. ~f ca.., be attri.b.lta:i to gl~ cau.GeS, 

~with W?!-'"1\:.irq or the oorth ·~ surl~Cl! r:1f 0.4° c. 'Il1e dtlef 

unc:e:-+-....ainty lies in ~ rapidly t.~ p:Jlar glaciers r:ay r.ielt. 

2. SeVeral ~ have projected a.M_:.level riM, notably the Nationel 

~ of scierces (NASi an:1 tt4 Env~ PrOteeticn ~ (EPA) • 

'I"...Q ~s of HAS have c.en ~ a.rd cco:ltrltild that sea level will 

increaSe 'uj 70 c:n b<J 2100 (1983 Revsll• I'E9='rt) with the tr06t res::er.t .. 

esti..-riates by t."'le !'00 Polar p.eeeard1 eoaro (1985) ran;Jin:J tran. 50 to 200 
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C'J. ~ ra.'ljcs are cn.-pa.rable to t.h.o ':'XGt recent (1986} EPA projec-

tic:r1B o~ 57-368 an. 

3. Wet:..!.Mrle w-ill ba !!l.1dl a~fecte:l by ao.:Qlerat.ed sea-level risa, ~tirq 

in sign.1.fi~t lOriSCS. WGtlMrls can ~..it't blard, but the.!..'t" area will 

~le . .,ill be vi11.:.--q to abardcn urbanized areas to allow !or ~tla.res 

~caly 70% o! t.l;e ~rld' s sa..>-rly coastlir.e$ are ero:il..-ig, aro 

Rates of s.'1ore e.rceirn vill prc:Oably at least Co..!ble ard rray ~ 

five-fold J:e.94d a. the na.lized rate of water level d'larqeS. As a :rule 
i 

o! thurrb, a :30 c::i. rise in SM. lcyel will result in Jo+ maters of erosion 

ala-q the U.S. Atlantic ccast awlyin;' the &uu., Me. 'Di.is medn3 that 

:rost recreational. beaches ~d be lost since so many a...-e already 

critically r.arru..r. .l\rt!.ficial. na..irish:De."'lt is tei.n; use::i to restoN saM' 

u.s. baiache:s, k:ut the ccsts are high. ..1>.CCele.rat.ed sea-level rise. will 

ID:::reasc the quar.tity ard ~ o! b9ac."1 restoration projects. 

5, It is certain that tl)8Se potentW prd:>lesr.s ,..in only worsen in the near 

~. WithL'1 the nraxe <.0-50 years, sea level will prob!!blY hava risen 

'r:tf ~ 30 cci, result.in; in major ilrpact.$ to coastal e,nviJ;omlant.5. 

Rather than f:f1~ing dramatic dl.an:;Je, sea-level rise will pr.:rcvte 

qrajual e.rooioo arrl invarbbly i.ncrea£,e the vu.1.rerability of ~ 
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ds\/Qlqnent as well as rulr.J.nate in significant loeses of ~ollllds. 

'1l1BS8 bpcts arc pert.aps !!Ont insidials than the short-live:l, dr.matic 

rrtcr.ir-!.nb::ed aamagea to c:oas'tal areas. 

6. niere are three general resparses to acce.lerated sea-level rise: 

fortity, retreat, or nairish. 'Ihe prq:ar i:espaise 'llill be based on 

site-specific inforl!8tim on envi....~ a.-d scx:ioeccn::mic o.::n:litiO'lS 

an a oall!Ulity or coastal sector basis. In errf case, the laq-tenn 

costs are likely to be hi¢ alo:-q the ....arld's lc:w-lyi."l;f and s:ed.ilnentar/ 

(ercxlibla) cx:ests. 
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