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PREFACE

Under Contract No. DAJA37-75—C—0382, dated 31 July 1975, the U. S.

Army Engineer Wat erways Experiment Station (WES), Environmental Labora-

— 
tory (EL) commissioned a study entitled “Assessment of Certain European
Dredging Practices and Dredged Material Containment and Reclamation

Methods.” To accomplish the study, a group was formed, a-s follows:

Member Position and F~nployer

K. d’Angremond Head of the development department

V 
of Adriaan Volker Dredging Company

J .  Brakel Member of the research department
of Adriaan Volker Dredging Company

A. J. Hoekstra Director of Adriaan Volker Dredging
Company

W. C. H. Kleinbloesem Manager of maintenance dredging
harbor department of Rotterdam
Municipal Works

L. Nederlof Research coordinator of the harbor
department of Rotterdazn Municipal
Works

J. de Nekker Chief of the harbor department of
Rotterdnm Municipal Works

Special contributions to the report were made by:

A. J. de Groot Institute of Soil Fertility at Haren
J. R. Willet Advies Bureau Arnhem at Arnhem

The contracting party on behalf of the study group was Adriaan

Volker Dredging Company.

During the study a large number of Government Offices , port authori—

V ities, and institutes were visited. The kind cooperation of all con—

V cerned is highly appreciated.

The contract was conducted as part of the Dredged Material Research

Program (DMBP) Disposal Operations Project, Mr. C. C. Calhoun, Jr.,

Manager. Dr. Hoyt Lemons of the European Research Office was Contract-.

irig Officer.

Directors of WES during the study and preparation of this report
were COL G. H. Hilt, CE, and COL J. L. Cannon, CE. Technical Director

was Mr. F. H. Brown .
2
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ASSESSMENT OF CERTAIN EUROPEAN DREDGING PRACTICES AND DREDGED
-
~~~~~~ MATERIAL CONTAINMENT AND RECLAMATION METHODS

PART I: INTRODUCTION

Background

1. In March 1973, the U. S. Army Engineer Waterways Experiment

StaAon (WES ) was directed by the Office, Chief of Engineers, U. S. Army,

to conduct a research program on the disposal of dredged material. The

Dredged Material Research Program (DMRP) has as its objective to provide

more definitive information on the environmental aspects of dredging and

dredged material disposal operations and to develop technically feasible,

environmentally sound, and cost—effective dredging and disposal alterna-

tives, including consideration of dredged material as a manageable

resource.

2. The operational and engineering aspects of dredging and dredged

material disposal are being considered primarily within the Disposal

Operations Project (DOP) (one of the four projects comprising the DMRP).

The work conducted by the DOP has many facets and includes research into

containment area operations, dredged material densification, disposal

area reuse, treatment of contaminated material, turbidity prediction and

control, and basic dredging and related equipment.

3. It is recognized that the state of the art and the state of the

practice of many of the areas named in the preceding paragraph are con-

siderably more advanced in Europe than in the United States. It was

therefore decided to assess systematically pertinent European experience

and expertise in the expectation that such an assessment and the result-

ing report would serve as a valuable reference for the efficient and

economical planning and conducting of the DOP research tasks. This

report is the result of that decision.

Purpose

14. The purpose of th~~ s~udy was to investigate and report on the

6
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current dredging and disposal practices in Europe, with emphasis on

their relevance to the DMRP.

Sco~e

5. The study was a state—of—the—art analysis. It dealt only with

existing engineering and operational aspects of dredging an~1 disposal

practices. It entailed no research to develop new practices or data.

6. To collect information on dredging practices and reclamation

methods, it was decided to visit the authorities responsible for the

maintenance of major ports and waterways in Western Europe. Although

dredging operations are carried out for minor ports too, and even for

projects not related to navigation , it was felt that most of the syste—

ma-tic experience was obtainable from the deep water ports in western

Europe. More than twenty ports in six countries were visited by a dele-

gation from the study committee. The authorities consulted are listed

in Table 1. Contact was also established with other Governmental

Agencies and research institutes that were expected to be able to make

a valuable contribution to the study. These agencies and institutes are

also mentioned in Table 1.

7. Since a number of ports and/or dredging projects were visited ,

it was felt useful to present the main fact s and statistics connected

with those project s in some detail (Appendix A). In addition, the sta-

tistical facts relevant to dredging and disposal practices at each port

are summarized in Table 2. These findings are sometimes repeated and
discussed more extensively and s~ stematica1ly in the subsequent chapters

of this report dealing with the main subjects of the study. In Parts IV

and V on dredging equipment, mention also is made of certain equipment

and development in equipment originating outside Europe.

7
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Table 1

List of Port Authorities, Agencies, and

Institutes Visited

Country Name Address Remarks

Belgium Stad Antwerpen Kasi 63, Antwerp
Technische Dienbt Belgium
van het
Havenbedr ij f

France Port Autonome 152 , Quai de
de Bordeaux Bacalan, Bordeaux

France

Port Autonome de P. 0. Box 65314,
Dunkerque Dunkerque , France

Port Autonome P. 0. Box 1~4l3,
du Havre Le Havre, France

Port Autonome P. 0. Box 2
de Marseille Marseille, Fi .ace

Port Autonome 34, Blv de
de Rouen Boisguilbert Rouen,

France

W. Ge’inany Frei und Hansestadt Bussestrasse 27
Bremen Hansestadt Bremerhaven ,
Bremisches Mat W. Germany

Freie uiid Hanse— Dalmannstrasse 1—3
stadt Hamburg , Hamburg-ll
Behörde fUr Wirt- W. Germany
schaft und Verkehr
Strom urid Hafenbau

The Adviesbureau Arnhem Oeverstraat 20, Consultant
Netherlands Arnhem , The

Netherlands

Delft Hydraulics P. 0. Box 177
Laboratory Delft , The

Netherlands

Municipality of Wibautstraat 3,
Amsterdam, Dept. Amsterdam
of Public Work

Municipality of Veemarkt
Rotterdam , Harbor Rotterdam , The
Department Netherlands

(Continued)
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V 
Table 1 (Concluded)

Country Name Address Remarks

Nederlands Inst ituut Texel , The General
voor Onderzoek der Netherlands
Zee (NIOZ)

Rijksdienst voor de Smedinghuis,
IJsselmeerpolders Lelystad

Rijksinstituut voor Haringkade 1 Research on
Visserij Onderzoek IJmuiden Commercial
(RIVO) Fishery

Directie Spuiboulevard 3144
Benedenrivieren Dordrecht

Directie Noordzee Nijverheidsstraat 1
Rijswijk (Z.H.)

Deltadienst afd. Raadhuisstraat 9,
Milieuonderzoek ‘s Heer Arendskerke

Deltadienst afd. P. 0. Box 167 ,
Nieuwe Werken Oost Bergen op Zoom 

V

Studiedienst De Wetstraat 3,
IJmuiden IJmuiden

Rijkswegenbouw v. Mourik Broekum— Road Research
Laboratori um weg, Delft Laboratorium

Portugal Administraçao Junqueira 914
Geral do Porto Lisbon
De Lisboa

Di recçao Geral Doca de St Amaro
de Portos Lisbon

United British Transport Pierhead Building
Kingdom Docks Board Cardiff

British Transport P. 0. Box 1
Docks Board Hull

The Mersey Docks & Pierhead
Harbour Cy Liverpool

Port of London Thames House
Authority Gallions Entr.

London

9
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Tabl. 2
5,,~~~ary of Perti nest Pisdians at V.stern !uropean Port.

11)
1. Dredged Ar. Speciai

Type .f I~~t.ri.l D.w.t..ing
d e w , 1  Dredging . • Dr.dg.4 I~ t.r1 1 U.ed in iIcb.ique s 8t.t.e of

P0.-i ~~~~~ esanc. Capita’ J~~istesssc. Capi t il Dre4100. Egelrasat Recl...t ioo? ~~~ lo,ed? Cost~~ l~~ t ion

Ant wu-p 2 .500.000 Iuck.t • grab . land red s.. - Y.. So Not kn.wn
u . n  dredger . ba.-g..

lordeko. 12.000,000 t. 1.500 .000 t, SSnd . ~~d Sand . nod Variou s Tee Sad , yes; Sl ight costsai satlos
16.000 ,000 .000 .000 sand , no

Duabirk 2 .000.000 18.000.000 Sand , ~~ d Sand , .ud Trailing suction hopper T~. No Part of the .atcri.1
dredge. pius others dredged in s a m —

te,s~ Ce 1. polioted

1. h ay.-. 1.500 .000 Varie, widely Rod Sand , ..s.— 1.. 110 Not know,,
tie..
with
gravel

I~~rseilL. 0 11.000,000 —— 30% silt Nopper dredge. Ye. 5. Not polluted
(near F..) 30% sand

20%
gravel

hI.~.. 3.150 ,000 to 1 ,250 ,000 to Sand , Rod Sand , Boolet , tr ailing hopper . Yes Ye. SatorisI fro. sais t e—
1.500 ,500 1,500 .500 gr.v.l cutte r suction dredges nan ce dredging 15

believed to bc
polluted

res.rhav.n 1,600,000 Sand . nod Trailer suction hopper Yes So lot hnOt.n
harbor; dredge
1,000,000
e.tue.ry

ls.burg 2 .200 ,500 1,000 .000 to 651 .ud , Sand Sachet , gc-.b , reolsea- Ye. Rod , yes; Nelieved to be oon—
harbor; 3. 000 .000 35% sand t ion , and trailing sand , no t..is. ted with heavy
8.500.000 suction hopper dredges; s.t is and pe.ticid .e
dOvT&.tre.. barge.

5.tter,isa 18 ,000 ,000 Pine Trailing .uotios hopper . Ye. Yes
bucket , and reels..—
tO o, dredges , barge.

Lisbon 2 ,000,500 Mud Rocket and grsb dredges; So . but be ing — Ino reaning
F barg es considered

Card if f  1,000,000 0 Fine .and , Trailing .uctios hopper So — insignif icant
silt Inn grab dredge. conta .i nation

5.11 1,000 ,000 PSI,, sand . Grab and t r ailing .uc- So —— Prohably ~~~ polluted
nod tins hopper dredges

Liverpool 2 .000 ,000 Very fisC Trailer No — So.e nod is polluted
river; sand , nod
1,500.000
dock.

Losdon 100 ,000 500 ,000 Pine sand . Grab dredges , barges , Yes Ye. T,sigeif i c.nt
Rod , recls tios dredges costs.isation
gravel ,
silt with
sand

Por r onv en ieoce , ter.i noiogn not co~~~ n in the U. S. is l isted snd e.plaifled in the Glossar y (A ppvnd i. 1 ) .
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PART II: DESCRIPTION OF DREDGED MATERIAL

8. In this part of the report , a brief description is given of a

system for classifying soils for dredging purposes, and mention is made

of the factors used in characterizing dredged material. In addition,

the material encountered in maintenance dredging in Rotterdam Harbor is

described in some detail, while the maintenance dredging material in

areas outside the Rotterdam area is only generally described.

PIANC System

9. A classification system for soils to be dredged has been pro-

posed by the Permanent International Association of Navigation Con—

a gresses (PIANc) of which the United States is a member country. The

system is given in Appendix B. The physical properties of the soil

that supposedly influence the output of a dredge are listed, as well

as the laboratory tests needed to acquire the numerical values. Methods

to obtain samples of the different materials are mentioned as well as a

general outline of the kind of dredging equipmeht needed under different

soil conditions. The PIANC System reflects to a great extent the cur—

rent pract ice in Holland, although the information forwarded by the

cliet~t to the contractor is usually less elaborate than would result if

all the recommendations were followed. The use of the PIANC system by

the dredging industry is recommended for the following reasons:

a. It is specifically composed for the needs of the dredging
industry.

b. It is international.

Characterization of Mud, Sand,
and Clay Dredged Material

10. In maintenance dredging the materials to be dredged are mostly

mud and fine sand. Mud is defined in this report as clay or ~~1t or a

mixture of both, with or without sand, having a water content higher

than the liquid limit. The classification system does not list mud in

11
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a special category, although its rheological properties are extremely
- -

~~
‘ important from a dredging standpoint. Because of this, one feels that

soils with such a high water content should be mentioned separately. It

is recommended to classify mud by:

a. Specific weight (wet density).

b. Particle analysis.

c. Viscosity as determined from tests using equipment such
as a couette—type viscometer.~-

11, The following tests are commonly performed at present on soils

to be dredged :

Soil Test
Sand Particle—size analysis

Virgin clay Tor—vane measurement, penetrometer test,
or tr iaxial test to obtain a cohesion
strength; wet density measurement

Mud In situ density is sometimes determined

In the near future other properties of the soil to be dredged, such as

the in situ density and permeability of sand and the viscosity and

density of mud, will probably be measured to permit a better estimate

of the output of the dredges as related to different soil materials.

Material Encountered in the Rotterdam Harbor Area

12. Because in the following parts of the report much attention

is paid to dewatering of dredged material from Rotterdam Harbor , a

special effort is made to describe this material . In the harbor basins

of Rotterdam Harbor, one can generally distinguish three zones (shown

in Figure 1), as far as granular composition of the bottom material is

concerned:

a. Harbor mouth where the coarser particles settle (20 per—
cent is smaller than 50 ‘).

b, Transitional zone of mixed material.

1- c. Harbor proper where the smaller particles settle (80 per—
cent is smaller than 50 p).

12
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Figure 1. Sedimentation pattern in Rotterdam Harbor area

13. In the transitional zone, the bottom consists of a mixture of
sand and mud. This is reflected by a comparatively low output of the

trailing hopper dredges. As most of the material settles in the transi-

tional zone, the dredging activity is mainly centered in this zone. The

average grain—size composition of the material to be dredged is: 26 per—

cent < 2 ~i , 45 percent < 16 p, and 78 percent < 50 ~i. The sediment
typically contains about 8 percent organic matter and 15 percent calcium
carbonate (CaCO

3
) , and the pH value equals 8. The solid phase of the

mud can be described as a light clay or a slightly sandy clay. Because

13
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of the amount of organic matter and calcium carbonate in the dredged

material, it is extremely well suited for agriculture after it ripens.

14. The mineralogical composition of Rotterdain Harbor sediment

was determined in a 1967 study . Table 2 gives a summary of the invest i—

gation5 The values shown in Table 3 were consistent for the whole area

of Rotterdam Harbor. The average mineralogical composition is as

follows:

Table 3

Mineralogical Composition of Rotterdam Harbor Sediment

Mineral Percent

Quartz 15
Kaolinite 15

V 
Mica 38

Calcite 8
Illite ( swelling ) 214

The organic content varies from 3 to 16 percent and the calcium carbon-

ate from 7 to 18 percent. The harbor mud contains only a. very small

amount of nitrogen (0.4 percent).

15. The density of the grains from some mud samples was also

measured (Table 14). From these measurements, it can be seen that the

density varies from 2380 to 2570 kg/rn3.

Material Encountered at Locations Outside Rotterdain

16. In maintenance dredging areas, the siltation is caused by

material transported by rivers or sea currents. This means that the

materials encountered are in general similar to those found in the

Rotterdam Harbor area, although the composition may differ in detail.

The same sorting out processes take place, i.e., the coarser particles

settle nearer to the river , the finer particles in the basins. A great

deal of the transport is caused by density currents. Not much exact

14
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Table 14
Density of Harbor Mud (Grains)

Origin Density of Grains, kg/rn3

Europoort 2,41O 2,570

Botlek 2,455—2,535

le Petroleumhaven 2,380—2,570
2e Petroleuinhaven 2,390—2,1490

Waalhaven 2,1400—2,560

Maashaven 2,1430_2,1430

Rijnhaven 2,14140

Merwehaven 2,390—2,1420

Spoorweghaven 2,1420

. , Binnenhaven 2 ,380

information concerning the nature of the material to be dredged was

directly available in any of the harbors visited in connection with

the study; however, sometimes the grain size of’ some samples had been
— 

determined.

a
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PART III: INCREASING THE DENSITY OF DREDGED MATERIAL
- a)

17. In the dredging process, soil is necessarily mixed with water.

Economical dredging requires that the soil—water mixture contain as

much soil (and as little water) as practicable, consistent with effi-

ciency and economy, in the various dredging phases. In this part of

the report, the dredging process is described and discussions are pre-

sented on increasing in situ density, optimizing in—line solids concen-

tration , and densification during the dredging process.

The Dredging Process

18. The dredging process can be divided into two phases, pick—up
V (mixture formation) and transport. In the first phase the soil is

loosened and becomes mixed with water. In the second phase the mixture

is transported to the hopper* or barge or the disposal area. As far as

mixture formation is concerned, the bucket dredge is the best piece of

equipment for providing maximum solids content. If the thickness of the

layer to be removed is such that the buckets can be filled completely

and if this thickness persists along the whole cut, the average density

of the dredged material in the buckets can be almost the in situ density.

Thus, the barges alongside can be filled with a high percentage of

solids.

19. In hydraulic dredges such as hopper dredges and barge unload-

ing dredges, water has to be added to the dredged material to get a.

mixture that can be pumped by the centrifugal dredge pump. The construc-

tion of the draghead is of paramount Importance in a hopper dredge.

Good results have been achieved with modified California dragheads in

sand with a high void ratio and mud, while a draghead with knives seems

suitable for sands and clay (Figures 2 and 3). When pumping mud it is

important to be able to regulate the amount of water to get a viscosity

of the mixture that is not too high. To this end, valves have been

* Dredging equipment is described in Part IV.
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Figure 3. California draghead
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constructed in the suction tubes of mDst dredges , enabling the dredge

master to add the necessary amount of water. In some dredges the water

is not sucked directly from outside, but it is jetted by means of a pump

into the draghead or, in case of a barge unloading dredge, into the soil

in the barge to accelerate the mixture formation.

20. Whenever the density of the mixture in a hopper dredge is con-

sidered too low, the dredged material is not pumped into the hopper, but

it is pumped back into the waterway. This leads to a higher payload in

the hopper, but the turbidity c~f the waterway increases.

21. Once the mixture is formed, the pump must be able to propel it

to its destination, This means that ideally the pump should perform

well at densities of the mixture encountered under the ambient circum— V

stances. Disruption of the pumping activity can be caused by cavitation.

Cavitation occurs if the pressure of the liquid gets so low that vapor

bubbles are generated locally. It can cause the velocity to drop very 
V

suddenly and initiate effects like water hammer . To boost the pressure

in a pump or in the higher part of a siphon, one can lower the pump or

the siphon or add to the pressure (e.g., by means of a jet pump). Mov-

ing the pump to a lower position is often used nowadays (Figure 4).

Another cause of hampering the pumping action can be a gas content that

is too high. There are gas—removal systems in existence, the efficiency

of which has not been established. Blockage can occur as a consequence

of too low a flow velocity in the pipeline if the available head of the

V 
pump is not sufficient for the pumping distance and the specific

material.

Personnel

22. In addition to the mechanical factors, the human factor also

is very important. Without a well—trained and well—fed crew, successful

operation of a dredging fleet is not possible. To help the personnel to

perform their tasks, much attention has lately been given to instrumenta—

tion (Figure 5) and ergonomics. Because of wear and tear, instruments

often break down; accordingly, constant maintenance is needed. For

training crew members , a national dredging school was established in

The Netherlands at Delfzijl.

18
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Figure 5. Modern instrument panel

Instruments

23. As long as the instruments are only moderately reliable , auto-

mation of the dredges will be rather limited. The instruments used in

hydraulic dredges to monitor the dredging process are generally vacuum

gages and pressure gages , mostly pneumatic; lately, transducers also 
V

have been used. A velocity meter and a density meter , respectively ,

measure the velocity and the density of the mixture in the pipeline . In

hopper dredges more attention is given nowadays to the accuracy of the

20
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V positioning by using systems like Decca Hi—fix , Sea—fi x , Toran , or
a) Trisponder . The ultimate goal at this moment is to find a system that

enables one to measure the position of the suction head(s)  in three
coordinates. Other information is provided by measuring the draft of
the ship as a function of time and speed over the bottom . For other
types of dredges , other means of positioning, e.g. laser beams , are
also used , the choice depending on the circumstances.

Increasing the In Situ Density

Natural density

24. There is a tendency for the bulk density of silt and mud ,

which settle in the river and the harbor basins , to increase as a func-

tion of time . Assuming a continuity in the sedimentation process , it

is clear that the density will therefore gradually increase with depth , 
V

too . This stratification (which covers consistencies from water with a

high concentration of suspended material to more or less consolidated

material ) leads to difficulties regarding the definition of depth . When

an echo sounder is used , the measured depth is dependent upon the fre-

quency of the signal for a given stratification of the bottom material.

The lower frequencies show a greater depth than the higher frequencies 
V

(greater penetration). Ships can maneuver in mud with a low consistency.

This means that the depth measured with a high—frequency echo sounder
can give a too shallow picture of the allowable draft of ships in water-

ways with a muddy bottom. At present, investigations are c&rried out by

The Netherlands Ship Model Basin to determine the maneuverability of

large tankers as a function of density and viscosity of the lower layers

of a channel . To achieve an optimum result of the dredging operations ,
it is advisable to dredge in layers that have the same density as or a
higher density than the dredger can handle without additional water.
Therefore, much attention is given at present to studies regarding the

natural density of silt and mud . A research contract on this subject
V was recently awarded to the Soil Mechanics Laboratory at Deift .

Overdepth

25. As a result of the considerations given above , it could be

21 
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advantageous to perform a certain overdepth of dredg ing in sections

that regularly silt up with mud. Initially more work has to be done ,

but afterwards the maintenance dredging can probably be carried out

with greater time intervals between dredgings and in a more economic

way as a result of the greater density of the bottom material. At

present, the overdepth in Rotterdam Harbor is kept at approximately

0.5 to 1 m, but when the investigations mentioned before are completed ,

this figure may be changed.
26. The subjects of natural densification and dredging overdepth

are slightly controversial. During discussion of the maintenance dredg-

ing at the outer harbor of IJmuiden, it was suggested that the density

of the mud to be dredged varies with the temperature of the water. No

quantitative data to support this assumption were available. In many

harbors the authorities are opposed to dredging overdepth as, in their

opinion , it accelerates siltation. In harbors where the dredges are

owned by the authorities, the problem of dredging overdepth gets less

attention because the dredges work year-round anyway.

0p~imizing In—line Solids Concentration

27. For maintenance dredging the following kinds of dredging

equipment are used all over Europe:

a. Bucket dredges, barges.

b. Barge unloading dredges.

e. Trailing hopper dredges.

d. Grabs .

In capital dredging , stationary dredges and cutter suction dredges are

used in addition to the plant referred to above. In maintenance dredg—
ing, the dredged material (mainly mud with traces of fine sand) from

bucket dredges and grabs is transported to barge unloading dredges ;
trailing hoppers generally transport the dredged material to the sea.

28. Since the soil is transported over water for a distance of

several kilometres , a high amount of solids in the mixture is a prereq-

uisite for an economical process. This is easily achieved when the

dredged material consists of sand ; in that case the hopper or barge is

22
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filled gradually , while the effluent (with the finest fractions ) flows

back into the water’.iay . When filling with a highly concentrated sand-

a) water mixture, the quantity of effluent per cubic metre of soil is corn—

paratively small. If the bottom consists of mud, continued loading gen-

erally does not improve the density of the mixture in the hopper.1

Turbidity created by the dredging process is also increased.

29. In pipeline transport, the highest possible concentration

should also be achieved. The output per second is equal to c x

where

c = concentration by volume

Q = discharge

The loss of head per unit distance t~.H is a function of particle con-

centration and discharge. The amount of energy to transport a unit

quantity of soil over a unit distance is a linear function of

A H X Q _~~~ ~1~

The discharge Q and the concentration c have, therefore, to be

selected in such a way that ~H/c is at a minimum, It appears, from

tests, that when pumping a clay—water mixture as well as a sand—water

mixture, there exists a minimum in the power consumption for a certain

flow velocity and a certain concentration of the particles. For a fixed

discharge this is indicated in Figures 6 and 7. As the efficiency of

the pump decreases when the mixture density increases, the optimum den-

sity of the pump—pipeline system shifts to a value somewhat lower than

found from the minimum ~H/c indicated in Figure 7.
30. To ensure a safe operation of the pipeline and because of

imperfect technology and the human factor , the density of the mixture

in the pipeline will always be lower than the optimum density, while

the flow velocity will be higher than the optimum velocity. In the case

of the mud encountered in the Rotterdam Harbor area , the optimum mixture

* For convenience , symbols and unusual abbreviations are listed and de-
fined in the Notation (Appendix J).
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Figure 6. Head loss ver— Figure 7. Energy consump—
sus concentration tion versus concentration

density is around 1200 kg/rn3. For fine sands, the optimum mixture

density is found to be about 1600 kg/rn3.

Densification During the Dredging Process

31. Densification while dredging is at this moment only applied to V

sand—water mixtures. Tests performed on clay—water mixtures with the

aim to accelerate the fall velocity of the particles by addition of

polymers did not meet with much success (see Appendix C). Centrifuges

are not used to densify a clay—water mixture because of the high power V

consumption and mechanical difficulties in view of the quantity of mix-

ture to be treated per second. A sand—water mixture can be dewatered in

a settling basin by gravity or in a cyclone or centrifuge by centrifugal

force. Every hopper or barge functions as a settling basin while being

filled. It can be found fr om dimensional analysis that for small grains ,
the percentage of retention $ is as follows :

d~~gF 
~k ~~ f ( c )

w (2)

where
d = grain size , m

V 

g = accelerat ion of gravity, rn/sec2

F = surface area of the basin ,

~k 
= density of the grain , kg/m3

= density of water, kg/rn3

f(c) a decreasing function of c ; f C c)  = 1 for c = 0

v = dynamic viscosity, m2/sec

214
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32. As can be seen from the formula , the percentage of retention

increases when d , F , and 
~k increase and Q and v decrease.

The viscosity increases when many fines are present in the mixture . The

influence of the concentration c is not very well known . Measurements

show a decrease in the fall velocity and hence a decrease in the amount

of retention when the concentration increases (hindered sett l ing) .

33. Hydrocyclones have been used in an experimental way for dewater—

V 
ing a mixture, but they are not very extensively used in the dredg ing

industry because of the following reasons :

a. Bad performance if the concentration of the mixture gets
too high .

b. Power consumption is high .

c. Subject to abrasive action , especially if boulders are
present in the mixture.

V 
d. Sensitive to blockage because of restricted passages.

There are some advant ages :

a. Dewatering is good for sand only. The wet density of the
mixture from the underflow is then about 1900 kg/rn3.

b. The space needed is small, compared to the size of a
settling basin or disposal area.

Summary

314. Efficient and economical dredging requires proper dredges ,
V equiped with adequate instrumentation and operated by well—trained,

dedicated personnel . It requires that the dredge be able to handle the

V material to be dredged at the highest possible density consistent with

efficient , safe operation.

35. Although not universally accepted , overdredging for mainte-

nance purposes is considered worthwhile in many cases.

36. A balance between concentration of in—line solids and dis-

charge should be sought that will produce a minimum power requirement .

However , in practical dredging , the dredging mixture will always be

somewhat lower than the optimum , while the discharge will be somewhat

higher.
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V 
37. The densification of a clay—water mixture during the dredging

process is not technically feasible at the present time. Densification

of sands is readily achieved by gravity settling.

26
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PART IV: EXISTING DREDGING EQUIPMENT

a)
38. The type of equi~*nent used for dredging depends on the

following factors:

a. The quantities of material to be dredged.

b. The kind of material to be dredged.

c. The dredging depth.

d. The distance between dredging and disposal sites.

a. The accessibility of the dredging site.

1’. The nautical restrictions on the dredging site.

The dredges can be divided into three basic types:

a. Mechanical, such as bucket, dipper, and grab dredges.
V 

b. Hydrau1i’~, such as stationary suction and barge unloading
dredges.

c. Pneumatic, such as pneuma and airlift dredges.

Combination of the basic types (mechanical and hydraulic) occurs in the

cutter suction dredge and the trailing suction hopper dredge. The

dredges especially suited for maintenance dredging and for capital

dredging are discussed in the following paragraphs.

Equipment for Maintenance Dredging

39. Dredges used in Europe for maintenance dredging activities are,

in general :

a. Bucket dredges with barges that are unloaded either by
dumping or by barge unloading dredges pumping ashore.

b. Grab dredges with barges (for unloading, see above).

c. Trailing suction hopper dredges either dumping at sea or
pumping ashore.

Bucket dred&e
140. Most bucket dredges are of the pontoon type and are not self—

propelled (see Figure 8). The bucket dredge is a very popular type of V

dredge in Europe because of the need for an all—round dredge suited for

handling many kinds of material and for a dredge that can load barges V
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Figure 8. Bucket dredge

(since the dredged material usually must be transported over long dis-

tances to a disposal site). Disadvantages of a bucket dredge are the

complicated pattern of mooring lines, the dependence on tow boats for

movement, and the need to use barges for disposal. This awkward combina—

tion often forms an obstruction in the navigation routes. The various

types comprise dredges with buckets varying from 0.08 to 1 m3. The

normal maximum dredging depth is limited to about 20 m , although a few

dredges can reach a depth of 314 m .

Grab dredge

141. Most grab dredges are of the pontoon type, equipped with one

grab (Figure 9). Some, however, are equipped with more than one grab. V

In the United Kingdom the self—propelled grab hopper dredge is very

popular and generally equipped with from one to four cranes. More than

any other dredge, a grab dredge is suited to work along quays and in the

neighborhood of vulnerable structures.
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Figure 9. Grab dredge

Barge

142. The barges can be towed or self—propelled vessels. The towed

barges are normally pulled by tugboats, but there are more and more

barges being built as push barges, which are transported in tow by push

boats. Three types can be distinguished :

a. Elevator barges without bottom doors.

b. Hopper barges with bottom doors or valves.

c. Split barges.

The split barge is getting much attention nowadays because it can easily

unload difficult soils such as clay and because the control of leakage

is easier than in traditional dump barges.

Barge unloading dredge

143. In Europe the barge unloading dredge (Figure 10), also called

reclamation dredge, is used mainly to empty barges and to pump the

29

- 

-

—— ~~~~~~~~ - - ---



_____ V 
~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V - - _V 

- - 
V 

V

I

Figure 10. Barge unloading dredge

dredged material into reclamation areas. All of these dredges are

~quipped with water jet pumps, and the most powerful dredges can pump

dredged material over distances of 3,000 m and greater. Some of these

dredges are constructed in such a way that they can be converted into a

stationary suction dredge.

Trailing suction hopper dredge

144. The trailing suction hopper dredge , also called draghead

dredge (Figure 11), is used throughout Europe for maintenance in ports ,

port entrances, and port—approach channels. The advantage of this :ype

of dredge is that it is self—propelled and forms a minimum of hindrance

for shipping. The various dredges have a capacity from 800 to 18,000

metric tons. The smaller units have mostly one trailing pipe ; the 
V

bigger units are all equipped with two trailing pipes . Practically all

dredges are equipped with bottom doors or valves; some can also discharge

by pumping their load overboard either at sea or into a disposal area.

Equipment for Capital Dredging

145. The equipment used for maintenance dredging is also used for 
V
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Figure 11. Trailing suction hopper dredge

capital dredging. For the latter, some other types of dredges are also

used. 
V

Stationary suction dredge

146. The stationary suction dredge is equipped with a plain suction

pipe into which loose material from deep pits is sucked. The flow of

the material towards the suction pipe is often increased by the appli-

cation of jets. To achieve an optimum production , the dredging depth

is generally very great, up to 70 m. This results in the creation of

deep, isolated borrow pits. This type of dredge is capable of a larger

output than any other type of comparable power, provided it works in

noncohesive material. The dredged material is discharged either via a

(floating) pipeline or into barges hauled alongside. If operated care-

fully and at a reduced output, the turbidity created by this type of

dredge is in the same order of magnitude as for the Pneuma type (see

Part v).
Cutter suction dredge

147. The cutter suction dredge is equipped with a rotating cutter

31
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head at the end of the suction pipe. During the swinging motion of
the dredge , the cutterhead loosens the in situ material and transports

a) it towards the suction opening . This type of dredge is very popular
all over the world and is used in Europe mainly for capital dredging.
The advantages of this dredge are :

a. The dredge has a wide scope of possibilities with respect
to soil conditions.

b. The dredge can prepare a level bottom and can also finish
slopes.
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PART V: DEVELOPMENTS IN DR EDGING EQUIPMEI~T

Pneuma System

148. Some time ago Pneuma International S. A. developed a new sys-

tem of dredging and transporting. The following has been taken mainly

from the Pneuma International brochure. After lengthy investigations a

Pneuma system has been developed which , according to the manufacturers,
feat ures the following advantages:

a. Compactness.

b. Simplicity of operation .

c. Low operating costs.

d. Minimum maintenance costs.

a. No parts subject to wear and tear. 
V

f .  Unrestricted dredging depth.

£, High degree of flexibility.

h. Production of mixture with high density.

The Pneuma dredging system can be operated both from a land base and
V from the traditional barge and can also be used for long distance trans-

port of mud . 
V

Operating principle of the pump

49. The standard pump consists of three steel cylinders, usually

of the same section and height (Figure 12) . At the bottom of each

cylinder is an entrance pipe for the mixture, and at the top is a pipe

for the introduction and release of compressed air and a pipe for remov-

ing the mixture (this pipe extends almost to the bottom of the cylinder).

In every cylinder there is a valve above the entrance pipe that automat i-

cally closes when air is pumped into the cylinder. The mixture delivery

pipe widens just above the cylinder so that it can receive a spherical

nonreturn valve. When the pressure from the cylinder is decreased to

let in new mixture , the delivery pipe is shut off automatically so t hat

the mixture cannot flow back into the cylinder . The steel delivery

pipes are joined by a flange sleeve to which a flexible delivery pipe

is attached. The pump works as follows :
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Figure 12. Working of the Pneuma system

a. Mixture flows into the cylinder, while compressed air
escapes from the cylinder into the atmosphere.

b. When the cylinder is filled, the nonreturn valve in the
entrance pipe closes .

a. The air is pumped into the cylinder , thus expelling the
mixture from the cylinder to the delivery pipe.

With the combination of three cylinders operating in different phases of
the cycle, there is constant removal of mixture. The air supply to the

various cylinders is regulated by a distributor.

50. The following are areas of application of the Pneuma system:

a. Dredging layers of sediment . The pumps can take sand ,
gravel , cobbles , mud , silt , and clay . According to the
manufacturers, attachments can be f i t ted in order to break
up hard layers.

b. Fixed installations, where the mixture is delivered by
the pump . Specific applications are booster stations and
removal of industrial waste .

Dredging

51. Without attachments, the Pneuma method is suitable for mud and

cohesionless material such as sand and mixtures of sand and gravel. To

- 34
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start the dredging process , the pump is lowered until the three suction
a) pipes touch the bottom, By keeping the lifting winch of the pump a

little slack , the suction pipes will remain buried into the material to

be dredged. The system can thereafter be pulled through the sediment .

V 
Through hydrostatic pressure, as soon as the distribution lets the com-

pressed air out of a cylinder, it will immediately be refilled with ma-

terial from the suction pipe. The greater the depth, the great er will
be the difference in pressure.

52. Power specification example. As an example, the power speci-

fications of the Pneuma pump type 300/60 are explained below:

Component Symbol Specification

Content of cylinders 3 x 2.5
3Mixture output 325 m /hr

Delivery pipe C d ) 0 0.219 rn

Dredging depth (D) 10 m

Acceleration of gravity (g) 9.81 rn/sec
2

Density of the mixture (Qm ) 11400 kg/rn3

Density of water (Qw ) 1000 kg/rn 3

Velocity of mixture (v) 2.25 m/sec 
V

Pumping distance C L )  100 m

Coefficient of friction ( A )  0.015
Coefficient of loss ( f ) V

For the Pneuma pump type 300/60 head H

~~~~ + A
H static+Hdynamic =~~” 

d 2g Qw (3)

~~ 2g

where H = 19 mwc (metres, water column). The air pressure needed P
1

is 2.9 x lO~ N/rn2 . The net quantity of air needed is 9140 m3/hr or

0.26 rn 3/sec. The net power A is:

A = Q~,P1 in P1/P0 N rn/sec (4)
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where

= quantity of mixture per second (0.0903 m3/sec)

P1 = air pressure , N/rn2

P = atmospheric pressure (1 x lO~ N/rn2 )

The net power needed is 27 kw. According to the manufacturer 100 kw

is used. The efficiency of the Pneunia system in this case is 27/100 x

100 or 27 percent . The net amount of air needed is 2.9 x 325 or 9140

m3/hr . The actual amount of air needed is , according to specifications,
6900 gallons/mm or 1567 m3/hr . About 40 percent of the amount of air

supplied goes to compensate for losses in the system (e.g., air delivery
pipes). At greater dredging depths these losses will increase and the

output of the system will thus become smaller as the depth increases.

These losses can be reduced by placing the air distributor on the

cylinders at a great depth, so that losses from delivery pipes disappear.

53. Power needed for lifting 1 m3 sand at various dredging depths

with the Pneuma system. The mixture is brought up at a speed of 2.5

rn/sec. Head (metres, water column) needed is:

2
f (5 )

Qw 2~~Qw

The values calculated for the Pneuma system are set out in Table 5.

Table 5
V Power Requirement for the Pneuma System

Density Air Pressure Net Power PowerDredging Head 2 3 3Depth, m kg/rn muc N/rn 1w hr/rn mixture kw hr/rn sand

10 1,400 14.4 2.5 x ~~ 0.214 0.52

20 28.4 3.9 x ~~ 0.36 1.21
30 42. 14 5.3 x 0.60 2.02
40 56.4 6.7 x 1O~ 0.85 2.90
50 70.4 8.1 x 1.15 3.82

It can be seen that the amount of power needed to lift 1 m3 of sand

rises sharply as the dredging depth increases. The efficiency of the
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system is already very low (27 percent at 10 m dredging depth ) and at

greater depths the efficiency is even lower.

514. With a conventional suction dredge, the water pressure also

assists in lifting the mixture. With the Pneuma system this water

pressure is used only to fill the cylinders. Once the cylinders are

filled, the delivery pipe is closed under the influence of the air

being piped into the cylinders. For great depths this is a rather un-

economical system. There would seem to be possibilities for the system

in shallow water because the power needed there is not too great.

Another question ~~~~ whether foreign bodies that get into the cylinder

will come out. Oblong shapes, in particular, are unlikely to be

pressed out.

55. One advantage of the system is that there are no moving

mechanical parts in the pump. The three nonwearing rubber valves work

automatically under the influence of pressure changes, opening and V

closing one to three times a minute. The air distributor unit is a very

slow-moving , sturdy piece of equipment. The most vulnerable components

are the flexible air hoses between the distributor and the pump.

56. No data are available on the amount of turbidity induced. It

seems probable that the amount of turbidity is not much different from

that caused by the draghead of a trailing hopper suction dredge or a

plain suction dredge .

Split Hopper Suction Dredge

57. Split barges have been of proven value for a long time. The

advantage of a split barge is that the barge splits as a whole and no

bottom doors, sliding or otherwise, are needed for the material to be

dumped. Thus, there are less difficulties in discharging sticky mate-

rial. Also, because the large number of bottom doors or valves are re-

placed by one system, it is easier to control watertig~tness. This is

an advantage from an environmental point of view. Dumping can take

place in very shallow water with split barges. Even when they go

aground, they can discharge.
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58. In 1972 the Bos and Kalis Dredging Company built a self— P

propelled split hopper dredge called the MEERVAL , suitable for inland
‘a) waterways. The dredge is designed to work and maneuver on busy canals

and rivers , causes little inconvenience or risk to navigation, and has

all the characteristics of a split barge. Another development is the

W. D. MEDWAY, a two—screw trailing split hopper suction dredge with a

hopper capacity of 1500 m3. This a seagoing vessel. A disadvantage of

this type of equipment is its high cost of construction.

Amphibious Equipment

Amphibious bulldozers V

59. A bulldozer was introduced in 1969 by Komatsu Ltd. in Japan.

V 
It is basically a standard bulldozer that has been adapted for working

under water. It is designed as a watertight vehicle and is equipped

with a snorkel for disposing of burnt gases and for piping in fresh air.

The bulldozer can operat e in water up to 7 m and is guided by radio.

Since 1969 Kornatsu has produced 11 amphibious bulldozers. The use of

amphibious bulldozers can sometimes preclude the need for temporary

auxiliary construction such as sheet—piling. Their chief use is in

areas where the water is too shallow for floating dredges and too deep

for land equipment .
60. The output of the bulldozer in Omaezaki Harbor, Japan, includ-

ing breaking up hard clay with sludge, was about 120 m3/hr. When the

material was transported over a distance of about 100 in , the output was

39 rn3/hr. The water depth was about 2 rn. In the Sagami River 90,000 m
3

of sand was removed at an average rate of 80 to 100 m3/hr. Water depth

was about 1 in.
An~phibious diggers

61. In 1972 the Hitachi Construction Machinery Company in Japan

produced the first amphibious hydraulic digging machine, the UAO3.

This machine can operate in 3 m of water and can dig down to 6 rn below

the water level. The machine is equipped with a snorkel. The vehicle

is guided by radio and digging is completely automatic.
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62. In February 1973 the bed of the River Edo near the Sehiyado,

Japan, was deepened. Four trenches were dug 7 m wide, 1 rn deep, and

30 to 135 in long. Digging was completely automatic and the material

excavated was deposited alongside the trench. Output, including delays,

was 30 m3/hr.

Underwater bulldozers

63. In the last few years , two types of underwater bulldozers

have been developed. The first type is called the shallow—type under-

water bulldozer ; it can work in up to 5 m of water. The second type is

the so—called deep—type underwater bulldozer, which can work at depths

of 5 to 60 m.

64. Shallow water. The three main elements of this system are:

a. Unmanned underwater bulldozer.

b. Power unit installed on a self—propelled barge.

a. Connecting bar .

Two air tanks are fitted to the bulldozer so that it can be immersed

and lifted out of the water again. The movement of the bulldozer can be

watched by means of a mast mounted on the bulldozer. From this mast

the inclination, the depth , and the direction of operation of the bull-

dozer can be determined. The air and oil delivery pipes are attached
to the connecting bar of the barge and the bulldozer.

65. Deep water. This type of bulldozer system can work at depths’

of 5 to 60 m. The system consists of a power unit mounted on a pontoon ,
an underwater bulldozer, and connecting cables. The underwater bull-

dozer is driven by hydrostatic transmission. Two air tanks are mounted

on the bulldozer. Whenever these tanks are filled, the bulldozer rises

to the surface. The ground force can be adjusted from 0 to 214,000 kg

V 
by these tanks. The control system consists of a complete set of in-

struments enabling constant monitoring of the behavior of the bulldozer,

its position, the inclination at which it is working, and the direction.

There are two types of underwater bulldozers on the market (up to now

only in Japan, since these machines have not been given export licenses),

and they are made by Hitachi and Komatsu. Various new problems have

arisen :
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a . Visibility is very bad at 60 m depth. Mud and sediment
- V.. are stirred up, which further worsens visibility. The
a) position, angle, and direction of the bulldozer are very

difficult to determine.

b. The system is bulky and transport is difficult.

c. The hydrostatic pressure causes problems with sealing.

66. Output results. The underwater bulldozer has already been

put to various uses in Japan and various tests carried out. In Omaezaki

Harbor it operated in hard clay for 90 days at depths of between 5 and

10 m. When this material was loosened and piled up, the output averaged

80 m3/hr . The heaps of clay were then lifted to the surface by a grab.

Underwater dredging vehicles

67. Model by Komatsu and Sumitomo, Japan. This vehicle is an
V 

underwater suction dredge that creeps along the bottom at a maximum

depth of 7 m. The vehicle is operated by one man in a cabin that can
V move up and down a mast in order to keep its position about 1.5 m above

the water surface. The dredge is said to be able to work safely and
V efficiently in rough seas (waves of up to 1.5 m). It can be used for

various purposes, such as dredging harbors, dredging trenches to lay V

oil pipelines in shallow waters , nourishment of beaches, dredging close

to quays, etc. This equipment permits precision dredging because it

can travel along the bottom. The suction vehicle can be taken apart

and transported overland.

68. Model by Ocean Science and Engineering, Inc., U. S. The most

important components of this dredge are a ladder, cutter, cutter engine, V

suction pipe, operator ’s compartment , engine room, undercarriage, and

spud poles. The ladder consists of a framework construction, a cutter

head, and a cutter motor. The ladder, which can be moved up and down

with hydraulic cylinders, supports the suction pipe between the cutter

head and the dredging pump. The cutter drive consists of a hydraulic

engine and a transmission on the front of the ladder. The body of

the vehicle consists of two cylindrical steel chambers connnected by

a pipe with a length of 2.40 in. The dredge is accessible via a tower
V 

to a depth of 15 m. It can be equipped with a gate for entry by divers

or for escape purposes. The undercarriage is a Caterpillar D—9. The
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spuds are used to adjust the inclination of the vehicle or lift it when

a) repairs are necessary. The spuds can lift the machine 90 cm off the

ground. This equipment has worked in Fort Pierce, Florida, where it
V was used to improve a 2—rn—long eroded beach. The sand was dredged 1 m

off the coast and pumped to the beach through a 30—cm steel pipe . The

first prototype (built around 1970) has been rebuilt several times since

then , with continuously improving results.

69. Underwater dredge excavator. This new system was designed for

work in the Bay of Tokyo, where, for a variety of reasons, conventional

methods cannot be used. The movements of the apparatus are controlled

from a floating plat form. The dredge excavator unit consists of a
V cutter located in front of the suction pipe of the sand pump. This corn—

bination can handle anything from soft mud to dense sand. The cutter,

pump, and hydraulic power unit are mounted on a skid to which two air

tanks are attached to regulate the ground pressure and bring the machine

to the surface. Hydraulic cylinders are mounted on the skid for adjust-

ing the angle of the cutter. The depth of the cutter is continuously

monitored with a sonar device at the front of the machine . The mixture

dredged is pumped to a barg~. The dredge excavator is pulled along by

the auxiliary ship. It is not clear how the depth of this device can

be controlled. Tests results in the Bay of Tokyo showed that the output

of a unit was 60 m3/hr. The cutter speed was 26 rpm and the speed to

travel varied from 2 to 4.5 rn/mm . The solid material content of the

dredged mixture was between 26 and 30 percent.

Minidredging Equipment

70. A series of small dredging units have been added to the range

by IHC Holland. This equipment is chiefly developed by Konijn Machine-

bouw in Hoorn . The amphibious character of some of the IHC amphidredges

enables them to be transported to the most remote areas. The IHC series

consists of the equipment described in the following paragraphs.

Hydraulic scoop or
grab dred&e (H series)

71. The amphidredge H—series equipment is amphibious (Figure 13).
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Figure 13. Amphidredge series H

Each machine can move itself from land into water and vice versa. This

equipment can work on flat land , on hilly terrain , in swamps , and in

water. The models equiped with four legs can move over steep hills and

steep rivers or canal banks to reach the dredging or excavating site.

The models equipped with three legs are somewhat restricted in this

respect. Each machine consists of:

a. A main pontoon.

‘b. Three or four movable legs, hydraulically operated, per-
mitting displacement of the vehicle by crawling (like a
turtle), The equipment stands firmly on the legs during
excavating/dredging , which is why these machines have
such a remarkably high dredging capacity in relation to
their size.

a. A hydraulic excavator with backhoe, clamshell grab, or
moving bucket .

The principal characteristics of the machines are summarized in Table 6.

142 

- ____ J



- 

~V V V~V~5 V -SV-S V~~~~~~ V 
~~~~~~~ - ~~~~~~~~~~~~~~~~~~~ -

Table 6
a) Minidredges, Series H

Dredge Type
Characteristic H15O H400— 3 H400—14

Number of legs 3 3 4
Max, reach excavator, m 5.00 6.70 6.70

Max . dredging depth (with 2.40 4 .50 4.~o‘backhoe )

Engine , hp 37.5 714 hp 88 hp

Weight , kg 5,500 12,000 114,000

Content of standard backhoe , t 150 1400 400

M m .  canal width, m 1.60 2.60 2.60

M m .  waterdepth for 0.70 1.05 1.05 -
navigating, m

Mm .  waterdepth for nil nil nil
V operating, m

— Mechanical grab dredge (M series)

72. Each of the two M—series machines consists of:

a. A self—powered mobile grab dredge crane that can operate
from both land and water when installed in the floating
pontoon system. The crane is also used to place the
pontoon system and the auxiliary equipment in the water
and back on the trucks after completing the job.

b. A floating pontoon system to carry the grab dredge crane
when operating from the water.

The principal characteristics of these machines are summarized in

Table 7.
Milling cutter dredge (s series)

73. The S—series machines all employ a milling cutter suction
system developed in Holland especially for the maintenance dredging of

silt and organic sedimentation. This system uses the pumping principle

V rather than the excavating principle. The milling cutter suction sys-

tem consists of:

a. A milling cutter scoop for funneling the silt or other
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Table 7 
p

a) Minidredges, Series M

Dredge Type
Characteristic M350 M500

Length of standard boom 9.00 11.00

Engine, hp 31.5 31.5

Weight, kg 13.700 14,000

Content of standard grab , Z 350 500 V

M m .  waterdepth required , m 0.50 0.50

Mm .  canal width without 2.60 2.80
side pontoons, m

loose deposits towards the suction opening, thereby en-
hancing the solids/water ratio.

b. A milling cutter device for cutting vegetation, branches
( small), large hard soil lumps , etc . ,  and at the same
time mixing all these components into an evenly distri-
buted mixture, thereby enhancing the performance of the
pump.

a. A special pump with an impeller able to handle relatively
large pieces of debris such as food cans, shoes , bricks.
etc., thereby minimizing downtime due to clogging of the
pump.

V 74. The Amphidredges Sl70 and S200 can also be outfitted with

three or four legs so that they can turtle walk on their own power from

the transport vehicle over land into the water and, when onsite , around

small bridges and other obstacles. The principal characteristics of the

S—series machines are summarized in Table 8.

Airlift Dredge

75. The airlift principle, discovered in 1797 by C. J. Loscher,

consists of introducing compressed air into the bottom of a vertical

pipe immersed in water. The expanding air rises, creating currents that

carry up any solid material as well as water. The pressure required for

the air depends on the operating depth of the transport pipe. The
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Table 8
Minidredges, Series S

Dredge Type
Characteristic Sl70 S200

Max. dredging depth—forward , m 3.20 3.50

Max. dredging depth-backward , m 5.00 5.35

Production , m3/hr 50 to 80 100 to 1140

Diameter suction pipe, m 170 200

Engine, hp 110 165

greater the operating depth, the greater the air pressure must be. The

greater this pressure, the greater is the expansion and therefore the

transporting capacity. Since the air pressure depends on the operating

depth, a minimum operating depth is needed for economical dredging.

This is roughly between 7 and 10 in.
76. In air pressure suction dredges, the compressed air is de—

livered in a special transport head, which, at the same time loosens the

soil. The transport head is either rotated or vibrated, depending on

V 
the conditions. The air pressure is built up by compressors whose

V dimensions and capacities vary according to the solid material capacity

needed, the composition of the material, and the operating depth. The

ratio of solid/water averages 1:3 in compressed air dredging. Trans—

porting is continuous . The sand—water mixture runs into a tank and can

be taken directly from the tank to a dewatering unit or to a barge.
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PART VI: CONCEPTS FOR DISPOSAL
f.

77. The following points are the basis of any discussion of dis—

posal of dredged material. First, the dredged material must be disposed

of. This is clear if one realizes that after a long and democratically

controlled process of judging advantages and disadvantages it has been

decided to carry out a project that involves the transport and storage

elsewhere of sand and/or clay. The same applies to disposal of material

from maintenance dredging , which cannot be interrupted without considera—

able harm to the economy, possibly resulting in large—scale unemployment,
or without doing harm to the water management (and consequently the

environment) in certain areas.

78. Second, dredged material is either polluted or unpolluted. V

Sand and clay from capital dredging are generally unpolluted; however ,
silt from maintenance dredging may often be polluted to some degree.

79. Finally, the disposal of dredged material should be accom-

plished at the minimum social cost. This means that consideration must

be given to direct cost as well as advantages or disadvantages for land-

scape , environment, or society. This can be worked out into more con-

crete recommendations :

a. The disposal site must be located in the vicinity of the ,
dredging area in view of transport costs.

b. The dredged material should not be moved back into the
estuarine system by the prevailing natural conditions.

a. The disposal must be acceptable as to the environmental
aspects ( landscape , ecology).

d. The disposal must not (or only temporarily) cause trouble
to the surroundings and, if possible , it should ultimately
serve a useful purpose (e.g., soil improvement, recreation,
reclamation for industrial or residential settlements).

Inventory of Alternatives

80. The possible locatio’u. for disposal of dredged material are

schematically presented in Figure 114. They are:

a. Confined areas.
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5 Pits in rivers or harbor basins 

V

Figure 114 . Disposal of dredged material
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(1) On land.

a) (2) Along riverbanks and beaches .

b. tinconfined areas along banks and beaches.

a. Lakes and pits.

(1) In deep natural and artificial pits in rivers and
harbor basins .

(2)  Dredged material , depending on its characteristics,
can be deposited in lakes , unless the lakes are used
as reservoirs for drinking water. It should be men-
tioned that extremely deep lakes (although created
noise years ago by excavation as a source for sand
supply ) are nowadays considered as less desirable due
to the anaerobic conditions near the bottom.

d. Sea.

(1) Sand , silt , and clay can , if the depth permits, be
dumped at sea , or they can be used for the construc-
tion of beaches, wildlife habitats, and recreational
areas.

(2) Disadvantages of disposal at sea are (a) the contami-
nated materials are not removed from the marine eco-
system, and (b) the material dumped close to the
shore may be carried back to the borrow area and
settle again.

Confined Disposal Areas

81. The material excavated in maintenance dredging may be disposed

of as follows : V

a. Entrance channels are dredged with trailing suction hopper
dredges and the dredged material is dumped at sea.

b. The inner harbor basins are dredged with bucket dredges
or grab dredges. The dredged material is then transported
in barges to a barge unloading dredge and pumped to a dis-
posal site on land.

The following paragraphs shall discuss the reclamation of dredged mate-

rial in confined areas (b above).

82. Dikes are constructed prior to commencement of the reclamation.

Due attention is paid to the soil mechanics aspects of the dike construc-

tion, and stability is checked regularly during the reclamation process.

Excess water entering into the disposal area along with the dredged
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material is discharged through an outlet system. Depending on the

quality of the effluent (salinity), special measures may have to be

taken to avoid intrusion of brackish water into a freshwater system.
- After the filling of a fresh layer and the drainage of free water,

measures are taken for rapid dewatering of the dredged material. Gradu—

ally the ripening process is initiated wherein the mud is converted into -

ripened soil, which is accessible and useful for various purposes. The

dikes are then raised by making use of the reclaimed soil and another

layer is spouted. This process repeated several times brings the site

to grade.

83. The number of layers depends on several factors such as the

int ended height of the disposal area , the quantity of dredged material

to be stored , the time until the land is to be used for its ultimate

purpose , the grain size of the dredged material, etc.

Si ze and layout of the di sposal area

814. Size. The disposal area is divided into a number of smaller V

units. The size of each unit is to be kept within certain (upper and

lower ) limits. The composition of the dredged mat er ial ( especially the

percentage of fines) and the quantity of material to be stored in a

certain period play an important role in this respect .

85. For a given amount of dredged material to be stored during a

given period, small units have the following disadvantages:

a. Settlement of the finer particles is more difficult due
to the short stay of the mixture within the unit .

b. Higher construction costs per cubic metre of stored mate-
rial (more and/or higher embankments).

The application of larger sized units means:

a. Longer period of filling in each unit and , consequently ,
a longer cycle t ime .

b. More extensive damage in case of bund failures.

a. Problems with the planning of dredging operations and less
flexibility in switching over to other disposal units in
the event that the reclamation process is delayed as a
result of soil mechanics or other problems during the
construction of the disposal area or during the filling
operation.
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86. The average weekly output of dredged material from maintenance

dredging in Rotterdam is 60 ,000 is3 not including the water added by the V

barge unloading dredge for dilution purposes. The optimum size of dis-

posal area units is considered to be between 200 ,000 and 500 ,000 m2 .

Smaller units are also used and, as long as they are combined in a com-

plex together with larger units, they do not present a serious disadvan—

tage. In such a case it is possible, by simply opening and/or closing

valves, to extend the filling of such a small unit over a longer period

by alternatively filling a nearby larger unit.

8~. The total area X in square metres necessary for disposal of

the dredged material can be calculated as follows :

X = ~~~x T  (6)

where

Y = dredged quantity, m3/year
Z = thickness of a discharged layer , m

T = cycle time of the disposal area units (discharge , dewatering,
and heightening the embankments), years

88. Layout. Considering the geography and the optimum size of

units within the disposal area, the available area is divided into one

V or more units. If there is more than one unit, a discharge cha’~ iel

with a settling basin is created.

89. The excess water is discharged through the canal into a basin;

after settlement of the fine particles , the water is allowed to flow

into a second basin from where it is discharged to open water by pumping

or by gravity flow. In Rotterdam the water is generally pumped back

into the river. A schematic design of the typical layout of a disposal
V 

area is presented in Figure 15.

90. Attention is further drawn to the ditch around the disposal
area, in which seepage water is collected. In the past, a different
disposal area design also was used, i.e., one without a central dis-

charge channel. In this case, excess water was discharged across the

other units of the area towards the pumping station. This system was
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Figure 15. Typical layout of a disposal area

abandoned because it meant that the units were flooded during a long
period , a serious disadvantage for dewatering and ripening. V

91. The boundaries and shapes of these disposal areas were , for
a large part , determined by the following factors:

a. The existing infrastructure that has to be maintained
(canals, roads, railroads, pipelines, cables, etc.).

b. Existing buildings that cannot be removed.

c. Hydrological and hydrographical conditions (dikes , etc. ).

Usually a change in these factors is too costly to be considered . It is
more attractive, then, to construct the embankments of the disposal area

at such distance from existing objects that no alteration is caused.

For this purpose extensive soil mechanics calculations are required.

92. Apart from physical factors, legal considerations may also

influence the boundaries of the disposal area. For instance, the owner-

ship of the land to be used may play a role, and difficulties in

51

~ 

_ _ _



r 
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ : .~~~~~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -----~-- --.--—-- --- ----S —-S-V-V V - ~~~~~~ 

-

acquiring the land may lead to the decision to use only a part of the

proposed disposal area , at least in the beginning. The extension of

the area will be initiated along with the legal procedures for acquiring

the land . The time schedule for disposal operations should be in accor-

dance with these procedures. An actual layout of a disposal area is

shown in Figure 16.

I ‘. \:\: ‘c:Y
/ ~s
I

I

Settling
basin 

•.: -

Oto ® ~ it
Disposal area units

Figure 16. Actual layout of disposal area
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Retaining embankment s

93. Requirements. The retaining embankments that surround the
V units of a disposal area have to meet certain requirements in respect

V to soil stability, crest level , crest width , and cost.
V 914. The cross section of the bunds should be sufficient to ensure

against sliding of either the embankment proper or the subsoil. The

embankment should not subside and thus cause nearby upheavals. Finally,

the permeability should be so low that no loss of stability occurs due

to erosion.

95. The crest level of the embankment should be high enough above

the final planned elevation of the dredged material so that both water

and dredged material can be stored with enough freeboard to allow for

local irregularities and possible consequences of bad weather conditions .

The width of the crest should allow the passage of trucks and cranes

even when a delivery pipeline has been laid along the crest.

96. The level of the embankments is generally 0.5 is higher than the

level of the layer to be discharged. In Rotterdam , the optimum thick-

ness of consecutive layers is 1 to 1.5 m. This is a compromise between

the time required for dewatering and the cost of the disposal operation.

Thus, the embankments reach a height of 1.5 to 2 is. The width of the

crest is generally 3.0 m. The slopes of the bunds and the width of the

berms between the bun d and the borrow pit are determined after careful

soil mechanics considerations . The outer slopes are generally 1:3 and

V 
the inner slopes 1:1.5. The width of the berms varies between 5 and

20 m or even greater. The embankments between the units may have the

slopes of 1:1.5 on both sides if the fill rate on both sides is close

to equal .

97. From a soil mechanics point of view, the seepage ditches

around the disposal areas diminish the stability of the embankments.

Nevertheless, these ditches cannot be omitted due to conditions imposed

by the authorities responsible for the water management. To safeguard

the quality of the surrounding surface water , the level in the seepage

ditches must be maintained below that of the surface water.

98. Also, if the soil conditions are poor , it usually is feasible
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to construct embankment s than can resist the pressure of more than one

layer of dredged material. In this case, an adapted working method

a) should be applied. In Rotterdam ’s Oost—Abtpolder, for example, a layer

of sand was supplied. Underneath this sand layer, vertical sand piles

were installed to drain the groundwater. Thereafter the embankment was

constructed and covered with a layer of clay. The described method 
V

requires higher initial costs, which are only partly compensated by

savings in subsequent phases. Also, the time required for consolidation

of the subsoil is considerably longer . Again , the t ime lost in the

init ial phase is not regained later on. The intervals between two dis— V

charge operations , which are required anyhow for devatering and ripen-

ing , give ample time to raise the embankments. Therefore, it largely

depends on the local conditions whether this method of embankment con-

struction is justified.

99. Raising the embankment. When a unit of a disposal area has

to be prepared to receive the next layer of dredged material, the

ripened soil from the previous layer is used for raising the embank—

ments. This can only be done after the dredged material has ripened

to such an extent that it can be used as soil. The heightening of the

embankment is achieved in one or more layers, depending on the consis-

tency of the dredged material. The ripening process itself is acceler-

ated by the digging.

100. Figure 17 shows a typical cross section of an embankment

constructed in several phases. In this sketch, it has been assumed

that it is acceptable from a soil mechanics point of view to construct

a continuous outer slope of 1:3.

~ — — 5 .‘ - — — — — — —- — -b-- 
__

~~~~ — —300 ,_—_ _
. 4 4

Pold:r Seepage 
________________ _________

Retaining dike

Figure 17. Typical cross section of disposal area
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V 101. If a slope of 1:3 is too steep for the stability of the

embankment, one possible solution is the construction of the next

embankment at the inner side of the previous one(s) (Figure 18). The

disadvantages are the greater quantity of soil required, a more compli—

cated construction method , and a loss of storage area. An insight into

the soil mechanics stability calculations for dikes in The Netherlands

can be obtained from Tiederxnan and Reischman.2

Distance ,A ’ depends on 
_ _ _ _ _ _

soil mechanical conditions 
~~~~~~~~~~ 2 ~~~

~~~~~~~~~~~
1 ~~~/ / / // / / //~2////////// ’1~

L A J
Figure 18. Alternative cross section of disposal area

Discharge of effluent

102. The effluent water from the disposal area is discharged via

evacuation boxes (drop inlet sluice). These boxes consist of a riser

inside the disposal area and are connected by a number of steel pipes

through the bund of the area. Figure 19 shows an example of an evacua-

tion box as commonly used in Rotterdazn. The base is a rectangle; the

bottom and the two shorter (side) walls are fixed. The side walls

should be at least O.~ tc 1.0 is above the filling level of the disposal

area. The lower side of the back wall is connected to at least one dis-

charge pipe. The bottom , the back wall , and the two side walls can be

made of wood or z ’teèl . The fronl wall, consists of loose horizontal

planks ; the water level inside the disposal area can be controlled by

changing the number of planks . The effluent water flows over the upper—

most plank into the riser and is discharged via the steel pipe, gener—

ally into the central discharge channel. This type of evacuation box

is also used for the connection between the discharge channel and the

settling basin and pump basin. The silt particles that are present in
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Figure 19. Box outlet sluice

the discharged water should be deposited in the settling basin. In

this way , the effluent water contains only a negligible percentage of

suspended matter. This is generally a requirement imposed by the

authorities responsible for the quality of the surface water.

103. The effluent water may contain a high concentration of phos-

phates. To reduce the effect on the growth of algae, ferrosulphite is

V 
sometimes added to the effluent water.

Disposal operations

104 . The actual disposal of dredged material starts with the first

filling after the receiving disposal unit has been completed and the

embankment and the discharge system have been checked. After approxi-

mately 0.5 m of dredged material has been brought into the disposal

unit , some dredged material (mud ) is spread over the inner slope of the

embankments to reduce the permeability of the embankments , so that the

risk of softening is eliminated (cracks in the bunds are also repaired

in this way).  Until recently it was done by hand; nowadays it is done

with a small floating crane.
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V 105. The delivery pipeline is constructed along at least two sides

of the disposal unit. During the filling of the unit , the end of the
a) delivery pipeline is moved several times . In this way a more homogene-

ous fill is achieved. The coarsest particles of the mixture will settle

close to the orifice , whereas the finer particles are deposited at

greater distances. The number of times that the orifice is moved de-

pends on the size of the disposal unit and on the composition of the

dredged material. For the discharge of a second layer, it is often

advantageous to move the evacuation box to another part of the disposal

unit, preferably to the opposite side where the delivery pipe was pre—

viously located. By this procedure, the distribution of fine and coarse
particles will be the reverse of the distribution of the previous layer
and it leads to homogeneous soil consistency. In this respect it must

be mentioned that the subsidence of the reclaimed soil increases with

the amount of fines in the mixture. A homogeneous distribution of fine

V and coarse material over the disposal unit thus eventually leads to a
uniform level of the disposal area.

106. During the discharges attention should also be paid to ero—

V sion of the bottom by the force of the jet from the delivery pipeline.
This is mainly a point of concern for the discharge of the first layer

in a new disposal area where peat or soft clay is present near the sur-

face and it is possible that lumps of peat or clay will be eroded and

the dredged material will penetrat e layers far below the original ground

level. In a number of cases this has caused undermining of the embank-

ment of the disposal area. This erosion can be prevented either by the

application of a special type of orifice that is designed to dissipate

ener~ r (perforated pipe or special plate) or by the construction of a

revetment that prevents the scouring (reed mats covered with rubble).

Further , it can be mentioned that it is common practice in Botterdam to
V cut the grass on and along the bunds prior to the spouting in order to

V facilitate inspection .

Dewatering

107 . The dredged material in disposal areas has the character of

unripened soil , which is characterized by the following properties :
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a. Saturation with water , absence of air.

- - 
-~~~ b. Soft consistency, low bearing capacity.

c. Low density , high porosity.
V d. Very low permeability to water.

For such material to become suitable for use (planting, cultivating,

road building, etc.), it must go through a ripening process. The ripen-

ing process consists of removing the water, which causes the distance

between the grains to diminish and the overall volume to decrease

( subsidence) . Therefore , due to the denser structure, the bearing

capacity increases. Apart from vertical subsidence, the volume reduc—

tion also leads to cracking. The higher the clay content, the more

marked will be the shrinkage and the more intensive the cracking. A

discussion of the dehydration of clay minerals is given in Appendix D.

As a result of cracking , there is a sharp rise in permeability (from a

V tenth of a millimetre to several metres per day). Dewatering can be

considerably boosted by this. Cracking enables air to reach the sedi-

ment . The color changes from dark blue—grey to light brown—grey ( oxida-

tion of ferric sulphide compounds). Soil life begins , weeds begin to

grow , and animal and root passageways appear . In a word , the slushy

mud in time becomes solid soil , which can hardly be distinguished from

natural sediments. With advancing ripening, salt s are leached , encour-

aging root growth.

108. If no special action is taken , ripening is a very long, drawn

out process (many years) .  The water is removed mainly by evaporation .

Artificial means, however, can also be used (osmosis , electro—osmosis ,
vacuum drainage , vertical sand drains) ,  although such measures are very

costly and are less suitable for large expanses such as dredged material

disposal areas. An exception is the reclamation method used in Hamburg

where dewatering is considerably boosted by alternately spouting layers

of mud and sand (Figure 20). The successful experience with this sys-

tem is confirmed by recent experiences in Rotterdam (Europoort), where

a rapid dewatering was achieved by reclaiming mud over a sandy subsoil.

Further , in Rotterdam , a horizontal pipe—drainage system was introduced

after trials in 1972 and 1973. This system is, however , not yet ‘~
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Figure 20. Layered disposal area (Hamburg) 
V

economically feasible in all circumstances. There is extensive litera-

ture on this type drainage.3

109. Natural evaporation can be strongly encouraged by removing

the surface water as quickly as possible. The best way of doing this

is by furrowing . But technical execution only becomes possible through

the introduction of two types of devices: the Amphirol (for the first

stages of furrowing) and the disc wheel ( for later stages). The func—
tion of furrows is essentially as follows. Furrowing increases the

surface area of the mud, increasing evaporation. So long as no crack-

ing occurs, rainwater can collect in the furrows (catchment ) and run off
( drainage ) without the surface of the mud becoming waterlogged. The
effective ripening time per year is thus considerably lengthened. It

is estimated that ripening takes place only during 3 months in an unfur—
rowed disposal site in The Netherlands. By furrowing, the ripening
time can be extended up to about 10 months per year.

110. As stated, for the purposes of storing dredged material and
for rapid use of the reclamation area, it is important to dewater

dredged material quickly . Three systems are used:

a. Furrowing with the Ainphirol .

b. Furrowing with disc wheels .

e. Horizontal drainage .

The Amphirol and disc wheels have been used in Rotterdam for the last
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10 years , after a period of experimenting with various forms of

V V
~~~~~~ equipment .

111. The Amphirol. The Amphirol (see Figure 21) is an amphibious

vehicle designed and built by J. J. de Bakker in Hulst (The Netherlands). 
V

The Amphirol is supported by two cylinders , to each of which a spiral

blade is attached. The cylinders rotate about their axes in opposite

directions so that the vehicle can travel forwards or backwards (lateral

movement is also possible by revolving the cylinders in the same direc-

tion). The cylinders are about 5 is long with a diameter of about 1 m;
they are 2 is apart. The Amphirol wei ghs 4000 kg and is driven by a
115—hp engine.

~~ A - S j L j  

~~~~~~~
_ _ _  

- 
_ _ _ _ _

~~~~~1J~~ T~~~~ - V

Figure 21. Aznphirol

112. Disc wheels. Disc wheels of various sizes are used (see
Figures 22 and 23). Twin wheels with a maximum diameter of about 2.50 is
are used. These wheels are towed behind the Amphirol or they may be
pulled to and fro by a cable between two tractors with winches operating

- from the bund. A single disc wheel about 3.50 is in hei ght (maximum
V diameter ) can also be used . On both sides of the axis of this wheel ,

there are cylindrical wheels (diameter 2.30 m and width 1.80 m) to pre-
vent the single disc overturning. This large wheel, designed and used

by Konijn Baggerwerken B.V., is also moved across the ground by cable.

The whole construct ion, wheels and large disc , is about 9 is wide. All

6o
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Figure 22. Twin disc wheel

A _

Discus wheel 0 3500 mm
Stabilising wheel 0 2300 mm.
Total weight dry 9000 kg.
Total weight with water 12000 kg
Trench depth up to . 1000 mm Adjustable with the

stabilizing wheels

_

A

~~

A

Discus wheet 0 2300 mm.
Total weight dry 4000 kg.
Tot al weight with water 7000 kg.
Trench depth up to 400 mm

Figure 23. Large— and small-size
disc wheels
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the disc wheels in use can be made heavier as required by partly filling

a) them with water.

113. The method of applying the furrowing equipment is as follows

(the time between the various furrowing operations will vary according

to factors such as time of year , influence of the seasons, thickness of

layers , and composition of the dredged material):

a. About 2 months after the material has been deposited ,
the first set of tracks is made with the Ainphirol cylin—
ders in the still very soft mud . In this way , parallel
depressions 5 to 10 cm deep are formed. To determine
the direction of the furrow on the site , attention must V

be paid to the (slight ) downward inclination of the mud
surface in the direction of the weir. Surface water
must be drained off in this direction. Along the edges
of the site, a cross furrow links up the parallel ones.
With each run of the Amphirol, two tracks are made 2 m
apart (distance between the cylinders). After every run,
the vehicle shifts 5 is. This creates a furrow pattern
with widths alternating between 2 and 3 m (avg 2.5 m).

b. In many cases, a second round of Amphirol furrows is V

made 3 to 14 months after the dredged material has been
deposited . The same tracks are followed. If necessary ,
the Amphirol is loaded with ballast to deepen the
furrows.

c. Five to six months after disposal , the small disc wheels
2.5 in high are used. With these , all the tracks made
with the Amphirol are further deepened to about 30 cm.
At this stage , great care has to be taken to ensure that
the furrows are properly linked with the perpendicular
furrows along the edges of the site. If necessary , fur—
rows must be joined up manually to ensure their proper
functioning (drainage).

d. About 8 months after disposal operations, the furrows can
be deepened with the large disc wheel. One in four of
the existing furrows is deepened in such a way that the
center—to—center spacing between the furrows of the large
disc wheel is 10 is. A maximum furrow depth of 60 cm can
be obtained. Furrowing with the large wheel is always
performed on the last layer of mud fed into a site. If
one or more layers are st ill to follow , the large wheel
is not always used. In particular, when the layer de-
posited is thin (1 is or less of fresh mud) and when other
circumstances (the season) are favorable, furrowing with
the large wheel is generally omitted. This is chiefly
the case when more mud is soon to be brought to the site.
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e. When the layer to be dewatered is the highest layer of V

the disposal area , the procedure mentioned in a above is
combined with seeding of grass.

1114. A special subject is the accessibility of a disposal area

after the disposal operation . This subject is of paramount importance

if the disposal area is narrow and the operation advances rapidly, such

as in the construction of road foundations. A method for the assessment V

of the accessibility is given in Nieuwenhuis14 and is presented in an
abbreviated form in Appendix E.

Unconfined Disposal Areas

115. In Europe, material from maintenance dredging is not disposed

in unconfined areas for the following reasons :

a. Disposal areas are so extremely difficult to obtain that
use solely for unconfined disposal is uneconomical .

b. The saline dredged material will disturb the salt balance
of the surrounding arable lands .

Material from capital dredging , when not disposed at sea , is also usu-
ally disposed in confined areas; however, occasionally, when there is

no danger of salt intrusion into surrounding arable land, it is disposed

in unconfined areas . Examples of such unconfined disposal near Rotter—
dam are:

a. Construction of a sand dam as part of the breakwater
near Hook of Holland.

b. Reclamation of the Maasvlakte.

c. Beach nourishment near Hook of Holland.

These are discussed in the following paragraphs.

Construction of a sand dam

116. The opt imum layout of the harbor entrance to Rotterdam

Europoort was determined on the basis of hydraulics investigations.

This layout consisted of a straight northern breakwater and a curved

southern breakwater. The latter allowed for the reclamation of the
Maasvlakte , an industrial and harbor area that is still in a stage of
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development . It soon became apparent that it was not necessary to con—

struct the southern breakwater as a rubble mound over its full length;

a) since the southernmost connection with the mainland would be almost

completely protected , it was decided to construct a beach type of sea

defense. This part of the breakwater , constructed prior to the comple-

tion of the rubble mound l’reakwaters , had the character of a sand dam

deposited into the sea (Figures 214, 25, and 26).

117. Although in this case the dredged material was not a by-

product of a dredging cycle, the project is so interesting that a few

highlights are ~ientioned here. A more complete lescription is given in

Dixhoorn et al.5 The main conclusion after the operation was that,

although tidal currents were running parallel to the coast, the sand

losses over the whole project were not more than 15 to 20 percent. This

may, at least to some extent, be the result of natural deposition along

the dam.

118. The material used for the construction of the sand dam was

ftredged from deep pits in the Brielse Gat . The bottom material mainly
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Figure 24 . Sand dam in Europoort
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Figure 25. Aerial view of sand dam in Europoort

consisted of sand with a diameter from 150 to 250 p . This resulted in

underwater slopes of the dam in the order of 1:10 to 1:60, depending
upon grain size (Figure 27)- Later on the slopes flattened out to 1:50.

The sind was dredged by means of plain suct ion dredges from a depth of

ur to 140 m below sea level. The work was carried out by two suction

dredi-es with a combined output of approximately 3000 m3 of sand per

L~ ur (i~~~~
4 hours per week ) and a mixture density on the order of 1250

¶I~ie total amount of sand in the dam amounts to approximately

35 ni~ i ion m 3. At, Ir~’ ..;ent , the outer slope is used as a recreational
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Figure 26. Cross section of sand dam in Europoort
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beach . Protection against wind erosion is similar to the method men—
a) tioned under beach nourishment at the Hook of Holland.

Reclamation of Maasvlakte

119. Along with the construction of the sand dam , but slightly
behind the dam , reclamation of the Maasvlakte had to be started to dis-

pose of dredged material from harbor basins under construction. In this

case the reclamation was really a by—product of the dredging operation.

Here also the principle of unconfined disposal was applied, although

the dump was more or less protected by the sand dam.

Beach nourishment
at the Hook of Holland

120. After completion of the Maasvlakte reclamation , there still

was an excess of dredged material originating from new harbor basins

and the final harbor entrance. Because morphological changes north of

the new breakwaters were foreseen as a result of the interruption of
the r e t  northward littoral transport , it was decided to use at least a

part of the excess material to reinforce the dune coast at the Hook of

Holland over a length of 3500 m (Fi gure 28).

121. Approximately 15 million m3 of material was pumped from

Europoort to the disposal area via three pipelines of 700 mm diameter
submerged under the Nieuwe Waterweg at a depth of NAP —22 m’~ (Figure 29).
Material was dredged by trailing suction hopper dredges and other equip-

ment and dumped in front of plain suction dredges, which pumped the 
V

material into the work. Occasionally other types of dredges were used.

122 . Since the material originated from different locations in

the harbor area and the approach channel , its quality varied consider-

ably. The disposal program was adapted in such a way that clean sand

supplied by trailing hopper dredges from the new harbor entrance was

used for the outer parts of the beach , whereas silty sands and even

small amounts of clay were used to construct 1456,000 is
2 of artificial

dunes . The working program was such that the public ’s use of the

* NAP is a survey datum that approximately coincides with mean sea
level (msl).
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Figure 28. Beach nourishment at 
V

the Hook of Holland
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Figure 29. Construction of a pipeline
through Rotterdain Waterway

recreational facilities was uninterrupted (Figures 30 and 31). Sand

losses amounted to approximately 20 percent . Slopes were in the order

of 1:20 and 1:30 during the spouting (Figure 32). As this is steeper

than the natural slopes of the foreshore , approximately 2 million m3 of

additional sand was dumped with shallow draft trailing hopper dredges

(Figure 33) at a depth of approximately —3 to —4 m msl.6

123. To counteract wind erosion , the newly built dunes arid slopes

V were immediately planted with marram (1Ammophila), four plants/m2. The

horizontal areas were protected by straw (0.5 kg/m2) and seeded with

the so—called Europoort grass mixture (0.01 kg/rn2 ) .

1214. The interesting aspect of this work is that a most valuable
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recreation area has been constructed that fits extremely well in the

natural landscape .

Sand losses

125. It is evident that the sand losses experienced during the

above projects were due to a large extent to the local hydrographic and
hydraulic conditions. Thus , dat a obtained from these experiences cannot

be used directly for the design of other proj ects , without further anal-

ysis. If , however , a further analysis is made , it should be realized

that the losses during construction of the sand dam or similar works

are also a function of the capacity of the sand supply .
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Disposal in Lakes and Pits

a)
Lakes

126. As a result of the dredging of sand for construction purposes,

in many places a number of deep lakes have been created or existing

lakes have been deepened considerably. Such lakes may reach depths of

30 to 40 m. In the deeper parts of these lakes, anaerobic conditions

may develop due to temperature—induced stratification, and , in autumn,

temperature inversions may bring the anaerobic water to the surface

causing objectionable odors. These problems particularly arise in a

condition of eutrophy, due to the presence of phosphates.

127 . Although the situation can be improved by relatively simple

techniques , e .g. ,  artificial aeration , it is widely considered more

practical to reduce the water depth by dumping debris or other material

into the lakes. Along these lines , the Harbor Department of the Munici-

pality of Rotterdam is considering the use of dredged material for this

purpose. At present such a project is being studied for the Oostvoornse

Meer and special precautions are envisaged to prevent the silt from

polluting the lake and thus restricting existing recreation activities.

128. The use of dredged material for filling the deeper parts of
such lakes has three advantages:

a. The dredged material is permanently extracted from the
hydrological system and can ~e stored safely .

b. The problem of stratification and inversions is solved.

e. Recreation is promoted by the absence of extremely cold
undercurrents with a reduction of the risks to swimmers.

129 . In this respect , a preliminary idea has been developed to

discharge silt into an enclosed area and then pump the dilut ing water
out of this area . Further , the disposed material can be covered by sand V

layers. Contamination of the water due to the disposal of dredged mate-

rial, heavy metals, pesticides, oil, etc., must remain within acceptable

V 
limits from a chemical and hydrobiological point of view. Before

such a project is undertaken, however, it is proposed to carry out
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V investigations under conditions similar to the natural circumstances
- a. (also see paragraphs 180—183).

Pits

130 . The disposal of dredged material into pits can be considered

as a special type of unconfined disposal. For the purpose of the pre—

sent study , pits are defined as isolated deeper sections of rivers and

harbor basins . The advantages and disadvantages of using these pits

for disposal purposes are basically the same as those mentioned for

unconfined disposal and disposal at sea. A special use of such pits

is made when they are used to allow the dredged material to consolidate

and to function as borrow pits for land—based disposal afterwards .

Disposal at Sea

131. There are numerous possibilities for the selection of a

dump site at sea. The following factors play a role:

- 
a. There is a risk that the dredged material dumped at sea

will return into circulation as a result of the pattern
- of the current . The result would be that the same mate-

rial is dredged more than once. This problem is closely
related to local circumstances and will have to be con—

V sidered in connection with a study of site—specific

- 
natural conditions .

b. The transport costs must be considered. To reduce the
transport costs , nearshore disposal should be considered
if even a certain percentage of recirculation may be
acceptable.

c. Last , but not least , the environmental conditions are of
importance. The disposal of some components of contami—

- nated dredged material is subject to rigorous interna—
tional restrictions or is even completely prohibited.
The environmental aspects will be discussed elsewhere
in this report.

Cost Aspects

132 . It is very difficult , if not impossible, to give an accurate
and generally applicable assessment of the cost of dredging and disposal
area operations. In the first place the cost can differ considerably
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from place to place, depending on local conditions. Secondly, the out—

a) put in different areas will vary to a large extent ; and , thirdly, if

costs are given, the figures may soon lose their significance as a re-

sult of inflation and variations in rates of exchange between different V

currencies. Therefore, in this report only remarks of a general nature

will be made on the cost aspects.

Dredging operations

133. The costs of dredg ing operations are generally divided into

mobilization and demobilization charges and operating costs. These

costs can be subdivided into a large number of smaller items such as

rent , insurance, maintenance and repairs , wages , fuel , harbor dues ,

management , etc. Over and above these different costs , risks , profits ,

and taxes are added .
1314 . In order to assess the weekly charges for rent , maintenance ,

and repair , the dredging equipment in The Netherlands is classified and

a standard value is determined by applying certain criteria. On the

basis of this standard value , the cost of rent , repair , and maintenance

can be calculated.7 Especially in case of long—term contracts, special

agreements on the prices are negotiated.

135. To arrive at the unit cost of dredging operations , the out—
put has to be estimated. Again , presentation of concrete figures does

not seem to be very useful because the output of one and the same dredge

may vary considerably from one place to another. Factors that play an

important role are properties of the sediment to be dredged , depth ,
thickness and width of the cut , debris and obstacles ( ropes , cargo ,
e t c .) ,  and anticipated delays (shipping, tides, etc.).
Disposal area operations

136. The distinction between the cost of dredging and the cost of
disposal of dredged material is not well defined as it is difficult  to
indicat e where the dredging operation ends and where the disposal opera-
tion starts. Further , it should be mentioned that the dredging and the

V disposal operations are continuously influencing one another. The cost

of transport (barge transport versus pipeline transport), the suitabil-

ity of a certain dredge for a certain method or place of disposal, the
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availability of (and distance to) reclamation sites , and the cost of

rehandling are together determinative for the optimum dredging and

disposal methods. The allocation of cost to certain parts of the dredg-

ing and disposal system is a complicated matter that cannot be solved

with mathematical accuracy. To give an indication of the relative cost

levels, it is generally accepted that barge transport is cheaper than 
V

pipeline transport (including the cost of rehandling) for distances in

excess of approximately 3 km.

137. Regarding disposal area operations, it is nevertheless pos—

sible to mention a number of cost items that clearly belong to this V

part of the entire dredging process. The cost of disposal area opera— V

tions starts with the acquisition of land.

138. The price of buying or renting land for disposal areas de-

pends on the land use. In general , intensively used areas are too

expensive. This is caused by the direct cost of the land as well as

by the presence of a costly infrastructure that would have to be re-

moved. Much of the land around cities, villages, and harbor areas is

to be acquired by the authorities anyhow in order to make it suitable

for extension of residential , industrial , or harbor facilities. After-

wards , it is sold again or hired at a cost that Vbasically covers the

relevant expenses.

139 . Whatever the method or the goal of the land acquisition may

be , it is in the best economic interest that the disposal areas be used
again as soon as possible and that the largest possible quantity of

dredged material be stored. Therefore, the special measures to improve

dewatering, ripening, and consolidation are justified. Their costs,

however , belong clearly to the disposal operation .

714



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
V

PART VII: PRODUCTIVE USES OF DREDGED MATERIAL
-

-a.

a)
140. The disposal areas in western Europe are used for productive

purposes , without exception. The most common location of disposal
areas is in association with harbor or industrial improvements. The

relatively low bearing capacity is no problem as in most cases pile

foundations for buildings and structures would be required anyhow.

Other productive associations of disposal areas are agriculture and/or V -

recreation sites. Except for the investigations in Rotterdam , which

are reported in Part IX , no other scientific analysis of the influence

of contaminants on plants seems to have been carried out in Europe. H.

In Rouen trees were planted on an experimental basis , but results have

not been related to contamination of the fill material .
1141. Locally , dredged material is sometimes sold from disposal

areas, but this is generally restricted to small quantities of sand.

It has not been the practice to use the same disposal area for deposi-

tion of dredged material on a cont inuing basis by removing and selling

the material. Around Rotterdam, former disposal areas are used for :

~~. Residential areas ( Figure 314). V

b. Recreational areas (Figure 35). 
V

e. Industrial areas (Figure 36).
d. Soil improvement for agricultural use (Figure 37).

~~~ . Soil delivery for layout and maint enance of parks and
public gardens and for covering new sand—filled areas .

Agricultural Aspects

Forestation of harbor mud

142. The Municipality of Rotterdam initiated in 1969 an investi-

gation by the “koninklijke Nederlandse Heide Maatschappij”* into the

possibilities of planting trees on land recently raised using material

* Koninklijke Nederlandse Heide Maatschappij is an organization spe-
cializing in agricultural engineering.
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Figure 314. Residential area on former disposal area
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a

Figure 35. Recreation area on former disposal area
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V Figure 37. Agriculture on former disposal area
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from maintenance dredging. To this end, a testing site was prepared in

Broekpolder . A comparison is made between the growth of pioneer and

nonpioneer species. Pioneer species are those that can be planted in

V areas without other (high ) vegetation . They can grow on a poorly de—
V veloped soil profile (partly ripened). The pioneer species grow fast

and can be cut down a few years after planting. Nonpioneer species are

generally planted after some vegetation has been developed. They grow

slowly and require a well—developed soil profile. Two ways being com-

pared to treat the soil are (a )  an early planting without preparation

of the soil , except for dewatering , and (b )  planting after 1 year of

intermittent mechanical mixing of the upper layer.

Study group investigations

1143. It was considered interesting to investigate whether or not

the gain in t ime by early planting is being balanced by the better growth

under a different condition of the soil ( better ripening , br .~aking up of

horizontal layers). A study group (Studiegroep Beplantingsproef Broek—

polder) was formed to monitor the investigations. The following para-

graphs summarize reports by Stuurman and Peeters, members of this
V 8,9group.

11414. The history of the site. The site was constructed in several

lifts. The subsidence of the original surface, the total layer depth ,
and the total subsidence were measured. The following data give a pre-

sumable representative overall view of the conditions of the testing

site:

Year Layer Depth (unconsolidated)

V 1960 1.10 m

1961/1962 1.60 m 
7.00 m

1965 2.30 m

1966/1967 2.00 m

The subsidence of the original surface is 60 cm. In July 1970 the
total original layer depth of 7 in had been reduced to 5.3 m by ripening.
The new surface had an elevation of 2. 14 m above mean sea level , i .e . ,
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14.7 m higher than the original level . After the last lift , the sit e

was furrowed by means of the disc wheel . In December 1969 the soil was

investigated to determine its composition and ripening depth. The soil

is, except for some very thin silty layers, rather homogeneous. The

composition in percent of dry matter is as follows :

a. Organic matter , 10 to 114 percent .

b. Lutum, 20 to 26 percent . 
V

c.  Lime , 11 to 15 percent .

145. Test procedur e, planting, and soil treatment. The testing

site consists of two parts, A and B , each 100 in square. The site is

for the greater part encircled by a ditch of 1.1 in depth . Dewatering

on a smaller scale is being taken care of by furrows having a depth of

60 cm. The western part (A)  was planted in March 1970 after a slight 
V

bottom treatment . The plant composition was one third principal tree

species , one third black alders , and one third shrubs (12 species). V

The planting grid was 1.3 x 1.3 m. Each principal tree such as ash , V

maple , and oak (nonpioneer ) and elm and poplar (pioneer) covered an

area of 20 x 100 in. The age of the different trees vaired from 1 to

3 years. In 1970 the eastern part (B) was overgrown with weeds . In

March 1971 this site was planted after the soil had been tilled twice

to a depth of 0.70 m. The planting was the same as in A.
1146. Development of the soil. Since 1969 soil samples have been

taken periodically to examine the degree of ripening and salinity. Ex— V

cept for the first test, samples were taken from a depth of 0.3, 0.6 ,
and 0.9 in.

a. Ripening. The degree of ripening can be ascertained by
calculating the n number .

A— (l o o — L — H )  Vn =  
~L+b)H

where

A = water content as a percentage of the dry weight

p = percentage of water combined with noncolloid
material ( i . e . ,  dry matter minus lutum and
organic matter) V
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L = lutuin percentage

~P 
H = organic matter percentage

— b = capacity of organic matter to combine with
water divided by capacity of the same weight
of lutum

The constants b and p depend on the composition of the
sediment .10 In this particular case b = 3 and p = 0.3
seem a good combinat ion . Ripening of section A and B as
a function of depth and time is shown in Figure 38.

time of
planting V

V n-number section A sect ion B

h a g

1.6 ....
~ 

_
~~ ,~

1.8 .._ _ _ _ —
~
‘:

~:
-V -V

,~
0

2D

time
1970 1971 1972 1973 1974

sampling depth 30 cm 60 cm. 90 c m.
section A

......
~~
._.. — -o-- — ~~~~~~~~ section 8

Figure 38. Ripening as a function of depth and time

b. Ripening versus n . The following columns show the re—
lationship between qualitative ripening stage and the
n number.

Ripening Stage n Number

Ripened < 0.5

Nearly ripened > 0.5 < 0.9
Half ripened > 0.9 < 1.4

Nearly unripened > 1.14 < 2.0
Unripened > 2.0
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a c. Depth of ripening at the time of the planting. In the
- a) spring of 1970, the depth of ripening had reached 40 cm.

The weeds and the tillage on section B added another 20
and 10 cm, respectively, before B was planted in 1971.
At that time the ripening depth in section A was still
only 140 cm , as the young trees did not boost evapotran—
spiration very much.

V 

d. The pace of the ripeninK. Sections A and B are clearly
V two different areas . In section B the ripening depth

is up to 60 to 70 cm , notwithstanding a somewhat higher
groundwater table than in section A. In section A the
roots of the trees increased the depth by 20 cm, from
4o to 60 cm. The measured values of n for several 

V

years can be found in Figure 38. The degree of ripening
has generally increased throughout the years. In October
1971, because of tillage, the values of n for a depth
of 30 and 60 cm were almost equal in section B.

1147. Salt. The silting of a harbor occurs in a salty or brackish

environment . Consequently , a certain amount of salt can always be

found in the dredged material arid later in the disposal area . The salt

is leached out by rainwater. The salt content can be defined using a
C—number (weight percentage of NaC1 in the groundwater). This has a

V 
drawback as the value changes with changing moisture content . In this

investigation the conductivity of a saturated sample has been used to

indicate salt content. Because of its solubility , salt is very mobile
( downwards with drained rainwater , upwards with water to replenish water

evaporated from the upper layer). Figure 39 shows conductivity values

for sections A and B for several years. On the whole the conductivity,

or indication of the salt content , diminished with time . In a dry

summer it can increase because of replenishment of the evaporation sur-

plus by water from deeper (more salty) layers . The test in spring 1973,
performed because of the high salt content in the end of 1972 , showed a

considerable decrease in salt content during the winter .

1148. Micrornorphological investigation. Some interesting phenom-

ena partially connected with the ripening were observed in thin slices

of the soil. During the process of ripening , iron compounds were formed

along the cracks by oxidation and precipitation of iron compounds in

solution. At several spots one could also observe gypsum crystals.

More important for the growth of the trees, i.e., for the possibilities

-
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Figure 39. Conductivity as a function of
depth and time

of the developnent of roots , is the locally decreased compactness caused

by tillage. Compact layers prevent critical penetration by root s and

normal tree growth. A more intensive tillage breaks up the compact

layers and permits normal root growth.

1149. Preliminary evaluation of the development of the soil. The

rat e of growth showed that delaying the planting until the soil was

tilled did not yield better results than planting in an early stage

without tillage. This might be dependent upon the fact that the dredged

material contained a high percentage of clay minerals. The sand layers

were thin , and the shrinkage cracks dissected the sand layers . The

roots could use the cracks when the sand layers were too much of a

barrier. This could be the reason for the small difference in growth

between sections A and B. In soils of thi s composition , tillage is not

necessary. Whenever the soil of the disposal area contains more sandy

material , tillage is probably a necessity. No damage because of salt
V was observed. At the end of 1972 , the root depth was such that no nega-

tive influence on growth was expected. One can surmise a certain amount
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of damage in a very dry year , keeping in mind the increase of the root

depth and the fact that the salt content at a depth of 0.9 m was still
a) 

the same as in the beginning.

150. Development of plants and trees. Every year the state of

the leaves and the vitality of the trees on the testing site are deter-

mined. The growth is measured and during the first years the develop-

ment of the vegetation was closely followed. This will be elaborated

in paragraphs to follow. In comparing the growth in A and B , one must

pay attention to the following characteristics mentioned in Table 9.

Table 9

Characterization of Planted Areas

Section A Section B

Planted March 1970 March 1971
Ash Age 2 years Age 14 years

height 60 cm height 200 cm

Deep tillage None Up to 70 cm

Influence of wind More Less

151. Evaluation during the first year. The percentage of healthy,
withering , and dead principal trees is shown in Table 10. After the

Table 10
Percentage of Healthy ( H) ,  Withering (w), and Dead (D )

Principal Trees After 1 Year of Growth

Section A Section B
Species H W D H W D

Ash 85 8 7 96 4 a

Maple 97 3 0 88 9 3
Indigenious Oak 69 12 19 69 9 22

79 0 21 95.5 14 0.5
Poplar “Robusta” 914 0 6 95 2.5 2.5
Poplar “Darskamp” 149 1 50 not planted
Black Alder 35 11 514 77 13 10
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first year some shrubs were evaluated as follows in both sections :

a) Rating Shrub

Good Hawthorn, rowan tree , bird cherry , red cornel
V Moderate Sweet briar , hazel

Poor Sweet chestnut

Some of the shrubs were largely damaged by rabbits eating the bark .

152. Development during the first 3 years. Judged by the state

of the leaves , the development of the different trees is summarized as

follows:

a. Principal trees. Section A: ash, maple, oak, and elm
had a slow start . The development in the second year was
good , and in the third year it was very good. Poplar had
reached a good stage of development earlier. All species
suffered when exposed to the westerly winds. Section B:
maple , oak , and elm had a good first year. The following
2 years were good as well, although elm and maple suf-
fered some leaf damage. Ash, because of its age, did not
grow at first. Even in the third year , the growth was
only moderate. Poplar did very well. Wind had little
influence.

b. Supplementary species. Development of black alder , as
far as state of leaf and growth are concerned , was
moderate to poor both in sections A and B. The growth
in height was acceptable.

c. Shrubs. Ignoring damage by animals , the species in A
and B were rated as follows:

Rating Shrub

Good-very good Hawthorn , rowan tree

Good Hazel , bird cherry , red cornel

Moderate—good Sweet chestnut

Moderate Sweet briar

Note: The specimens of ash , oak , and alder
showed quite some differences in A as
well as in B. Neither the healthy nor
the bad specimens appeared in concen-
trated locations; they were found next to
each other. An analysis of the leaves
did not explain the cause. A deficiency
of manganese can possibly be blamed. The
differences became less apparent in later
years.
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,~ 153. Preliminary evaluation and summary. The percentage of fail—

a) ure was low in both sections A and B. The development of all principal

V species was good after some initial difficulties (especially in A).

The species of A suffered more damage from wind because of the more ex-
posed location. Some species like sweet chestnut, red cornel, hazel,
and oak benefited from shelter. The better conditions for growth in
B (tilled, more ripened , less exposed ) were especially noticeable in

the first year (Figur e 39), yet the average heights of trees and shrubs

in B were still less than in A. Prevention of weeds by mechanical

means (shallow plowing) or by herbicides proved superior to prevention

V by mowing. Maple and elm reacted in a very positive way , oak being the
only exception. On well—drained clayey soils , planting early yielded

good results. The same planting a year later on a soil tilled at

great depth did not show better overall development. Because of

luxurious growth of weeds on this kind of land, weed prevention during

the first 2 years is considered necessary to healthy development of

shrubs.

Conversion of Dredged Material

Production of topsoil

1514. Kralingen. Every year the Municipality of Rotterdam needs

100 ,000 in3 of soil to lay out and maintain parks , gardens , etc . After

a couple of years, ripened dredged harbor mud is mined for this purpose

and transported to the green zones in and around Rotterdam . Part of
- the filled site at Kralingen disposal area is used as long as the site

is not required for another purpose. This is a cheap way compared

with the normal way. If the area of the site is sufficient, a continu-
ous supply of soil is available . The different lots are alternately

tilled with dredged material , dewatered , and dug out . The greater part

of the site at Kralingen needs to be made suitable for building as

soon as possible. Because of this, only 150,000 m
2 
is left to produce

clay. This area is too small for a continuous delivery of 100 ,000 in3

of soil per year . Laboratory tests on the soil to be dug at Kralingen
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showed that the soil is perfectly suitable for horticulture. (This was

already known from past practice.) Results from the analysis are :
V 

a. pH - KCL 7.3
V b. CaCO

3 
13.5

c. Organic matter (humus) 8 to 10 percent

d. Lutum 25 to 30 percent

The state of fertility of the soil was :

a. CaCO
3 

high

b. Magnesium high

- 
c. pH high

V d. Potassium good

The soil is only suitable for use in horticulture if it is ripened to

a sufficient depth. This has been checked by hand borings (Figure 140) .

From the results it was found that the soil was immediately suitable to
V 

a depth of 0.5 in. By accelerating the drainage along the boundaries of

the disposal area and by the removal of the upper layers, the ripening
V 

process was accelerated in such a way that approximately 1 in of soil

could be removed 1—1/2 to 2 years after disposal.
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Figure 140. Depth of ripening at Kralingen

155. Maasvlakte. The industrial area Maasvlakte was reclaimed

from the sea by disposal of sand. For the completion of the area,
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topsoil will be required to cover sand flat s for levees and for green
zones . To provide the required topsoil , the Municipality of Rotterdam

constructed a disposal area, subdivided in four sections of 14 ha each.

Dredged material from Europoort is discharged into this disposal area.

The material is dredged by a trailing hopper suction dredge and dumped
V in a nearby pit in one of the harbor basins. After filling of this

pit , the material is reclaimed by a stationary suction dredge. At

present , two of the four sections have been filled. Ripening in this

case is very fast because of the following reasons :

a. Extremely thin lifts (0.75 m).

b. Permeable subsoil (reclaimed sand) .

c. Application of dewatering techniques as mentioned in
paragraphs 107—114 .

Fabrication of bricks
V 

156. On an experimental basis , bricks were fabricated from
ripened dredged material from the Rotterdam harbors . If the experiment
proved successful, a certain quantity of harbor mud could possibly find

V 

a new useful application. Before the experiment, it was already clear
that the production of bricks would require only a very small percentage
of the annual siltation. The total annual amount of dredged material
for Rotterdam is enough to supply the whole brick industry in The

V Netherlands with raw material. At the same time, it also was clear

that the distance between the dredged material and the existing brick

factories was economically prohibitive and that the construction of a
new factory , closer to the source , was not presently feasible for

political and economic reasons.

157. The first phase of the investigation was to perform a basic

experiment in a laboratory. The experiment was monitored by the
“Stichting Technisch Centrum voor de Grofkerainische Industrie” (Techni-

cal Centre for the Kerami c Industry ) at Arnhem . The results were
rather good. Thereafter, in the summer of 1975, about 6000 bricks were

made in a factory . For this purpose ripened harbor mud was used from

the disposal area Kralingen taken from the top of a layer . The results

of the test are described as follows:
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a. Rather large differences were found in the dimensions of
the bricks ; this can be improved probably by a better
mixing of the soil.

a) 
b. The strength of the bricks was reasonable.

c. The bricks showed a wide variation in color . V

d. The sulphate content was rather high.

Mixing of the ripened dredged material with other clays would improve

the properties of the brick~3. In view of their mechanical properties ,
the bricks fr om the test c4~u1d be used for the construction of inner
walls and in some cases for use in ornamental masonry . V

Polders

158. It has been mentioned before that for centuries polders
V have been developed in Holland , made possible by specific geological

and hydrological conditions. The elevation of these polders is not
V lower than 6 m below sea level ; horizontal semi—impervious layers pre-

vent seepage to a considerable extent . The top layers of the bottom
of the lakes often consist of unconsolidated layers of mud. As soon
as the polders are dry, the process of ripening starts. The process is

exactly the same whether it concerns a new polder or a confined dis-

posal area filled with mud from maintenance dredging. Much information

is available, mostly of an agricultural nature, on the construction and

installation of these polders since a lot of research has been done by
V a government agency , De Rijksdienst voor de IJsselmeerpolders.

159 . A discussion was held with Ir. H. Smits and Ir. B. .1.
Glopper~~ of the “wetenschappelijke afdeling” (scientific department )

of the aforementioned agency. The gist of this conversation was that

V it is possible to forecast whether mud found at the bottom of a water-

way will be suitable for vegetation once it is brought to a site. Some

factors considered in such a forecast include :

a. The drying process must be irreversible so that once
cracks are formed , they do not close again. This is in-
fluenced by the kind of clay mineral.

b. In the presence of sulphur compounds, there is a danger
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that the soil might turn acid if the quant ity of lime is
insufficient.

c. The amount of lutuin and humus is of great importance as
far as crack formation is concerned. V

d. The climate.

e. The hydrological regime.

160. Once a polder is dry , it lies fallow for some years until

the upper layer has strengthened enough to support the vehicles that

make the furrows. This time span can be diminished by the sowing of

seed. The evapotranspiration caused by this and other plants is an

important factor in drying the upper layer . Anything that furthers V

dewatering, such as a well—controlled drainage system and pervious V

sublayers , is beneficial in accelerating the development of the top

layer and in preventing unfavorable side effects. Thus, mosquitos

and foul smells persist only as long as the top layers are still very

wet . No measures other than a rapid dewatering have been taken in the

Dutch polders to prevent the breeding of insects.

161. The scientific findings have for the greater part been pub-

lished in “Van Zee tot Land” (From Sea into Land), mostly in the Dutch

language. Issue No. 50 on subsidence is written in the English lan-

guage .11 A summary of an article from the No. 32 issue12 on ripening

is added as Appendix F. Most findings in developing polders or dis—

posal areas are comparable , but the time consumption allowed in the

development of disposal areas is mostly shorter . This can be under-

stood from the fact that the demand for land is greatest in the densely
populated industrialized zones around harbors.
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PART VIII: CONTAMINATION OF DREDGED MATERIAL

a)
General V

162. In this part of the report , the sources of cont amination will

be discussed , as well as the degree of cont amination they cause. Until 
V

V 
1970 salt intrusion was the only environmental effect taken into consid—

V eration in Europe. About 1970 several European countries started dis-

cussions about the environmental effects of the contamination of the sea

by substances that are liable to create hazards to human health or to

harm living resources and marine life. These discussions led to re—

gional conventions for the North Sea and the northeast Atlantic. About V

1972 some harbor authorities initiated surveys to determine the pres-

ence of contaminants in the dredged material. Of special interest was V

V the contamination of oil , heavy metals , and pesticides. Contamination V

by these agents, as well as by salt , is discussed in detail in this
section . In addition , pertinent European legislature is discussed.

163. From discussions with government agencies concerned , it
appeared that no criteria are yet available from which the quality of

the dredged material can be evaluated.

Contamination in Europe
1614. From Table 11 a general impression can be obtained of the de-

gree of contamination of dredged material in several European ports.

Contamination in Rotterdam Harbor

165 . Special attention is pai d to the pollution in the Rotterdain V

Harbor area because the degree of pollution there is the highest in

Europe . Situated in the estuary of the Rhine River , the Rotterdam har-

bor is the ultimate dumping ground for contaminated sediment from the

German and French industrial areas. In 1972, the Harbor Department of

the City Public Works Administration initiated a survey into the pres-

ence of contaminants in the dredged material from the Rotterdam port

area. After the initial survey the Harbor Department decided to con-

tinue the investigations by issuing a number of research contracts.

166 . The samples used for the analysis of dredged material in
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Rotterdam were collected from the river and the harbor basins before

a) commencement of the actual dredging. For the sampling, a small—size

grab was used that had a capacity of about 1.5 £. In total, 1140 samples
V were collected , 120 for the analysis of heavy metals and 20 for the anal-

ysis of oil and pesticides. Detailed data on contamination in Rotterdam

are presented in subsequent paragraphs.

Contamination by Oil

167. The contamination of dredged material by oil is becoming a

serious worldwide problem. Some aspects of oil contamination are dis-

cussed below.

Sources and causes

168. The present economy could not exist without the large quanti-

ties of hydrocarbons mined , transported, refined , and used. Losses

during these processes are virtually unavoidable. Estimates of losses

vary between 0.1 and 0.5 percent . This small percentage , however , may

be sufficient to cause very severe cases of pollution. The sources and

causes of oil pollution are identified in Table 12. The main sources

V 
of oil in the dredged material in harbors are wastewater and leakage

from refineries , leakage from ships, and discharge by the rivers.

Table 12

Sources and Causes of Oil Pollution

Source Cause

Mining Accidents , leakage

Harbors Accidents, leakage

Refineries Wastewater, leakage

Ships Collisions , tank cleaning, leakage etc.

Pipelines Burst, leakage

Trucks, trains Accidents, leakage

Tanks Corrosion , burst, overfilling

Industrial wastewater Leakage, imperfect treatment

Used oil Dumpings (illegal)
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Chemical composition

169. Oil consists mainly of a mixture of a large number of hydro-

carbons, but other chemical combinations also are present. Knowledge of

the chemical composition of oil is required in connection with the pos-

sible effects of the components in polluted dredged material. If oil

is analyzed, attention should be paid to the following components and

additives:

a. Hydrocarbons

(1) Aliphatic

(2) Cyclic Aliphatic

(3) Aromatic (lower and polycyclic)

(14) Olefins

(5) Alkynes
b. Naphta acids (emulgating)

c. Phenols (taste)

d. Thiophenols ~1 smell
e. Mercaptans ;

f. Sulfones~
Sulfur ~ aggressive

h. Cyanides

1. Lead and lead combinations

~~~. Polychiorinated biphenyls (PCB,s)4
S toxic

Measuring methods

170. For the measurement of oil pollution, attention is often
focused on the hydrocarbon fraction or subfractions . Sometimes other

fract ions are analyzed as well, especially if toxic components are ex-

pected or if the source of the oil has to be determined. For this type

of analysis, special methods are available. Because of the complex

composition of oil, a sample from a given spill can be “fingerprinted,”

i.e., identified precisely and assigned to the ship from which it was

spilled. For the analysis, both manual and automatic methods are used.

The manual methods can indicate the kind, source, and quant ity on an

occasional basis; whereas the automatic methods are generally used to

monitor continuously t}~e quality of wastewater, surface water , and
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r
drinking water. Based on the experience gained so far in The Nether—

lands, dredged material is preferably analyzed by means of the infrared

spectral analysis.

Oil content of dredged mate-
rial from the Rotterdam Harbor

171. Table 13 gives the results of the analysis of dredged mate-

rial sampled in 1972 and 19714. It is evident that the contamination was

considerably less in 19714.

Table 13

Oil Contents of Rotterdam Harbor Sediments in 1972 and 1974

Oil Content , mg/kg (Dry Weight)
Maximum _Average Minimum

Location 1972 1974 1972 19714 1972 1974

Waalhaven 330 35 275 35 220 35
Eemhaven 320 20 285 20 250 20

2e Petroleumhaven 5140 795 485 295 390 30
le Petro].eunihaven 1850 685 1275 360 740 45
3e Petroleumhaven 510 75 265 35 110 10

Botlek 230 10 165 10 100 10

Calandkanaal 50 10 50 10 50 10

Beerkanaal 50 10 50 10 50 10

Contamination by Heavy Metals

172. This part of the report will give details of the origin of

the heavy metals found in the harbor mud in Rotterd.ain. Results of

measuring programs in 1972 and 1974 are presented. Research on the

behavior of heavy metals is concentrated at the Institute of Soil

Fertility at Haaren and the Delft Hydraulics Laboratory.

Heavy metals in the Rhine River

173. The Rhine River is often described as the sewer pipe of

Europe because of the enormous quantit ies of In dustrial wastes discharged
into It. Heavy metals form an important part of these waters. The
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larger part of the discharge of heavy metals is bound to the silt load
of the river. A 1970 study of silt movement in the southern part of the

North Sea used heavy metal content as an indicator of the origin of the

sediment . It was found that the heavy metal content of the sediments
from several rivers varied considerably (Table 14). The differences in

heavy metal content in the rivers cannot be attributed only to indus-

trial activities in the respective catchment areas; the geochemical

characteristics of the catchment areas are also different. The heavy

metal discharge of the Rhine is not constant, as shown by several mea-

surements not presented herein.

Table 14

Comparison of Heavy Metals Contents in Sediments of

Four Important Rivers in Western Europe

Heavy Metal Content, ppm (Dry Weight)*
Element Rhine Meuse Scheldt Eems

Zinc 2900 2500 800 1100

Chromium 1240 620 380 180

Copper 600 3140 140 160

Nickel 100 83 53 79
Lead 800 600 —— ——
Cadmium 145 45 —— ——
Mercury 23 -— -- --
Arsenic 220 — —— ——
Antimony 18 —- -- --

* Extrapolated to 100 percent of the fraction <16 p.

174. The heavy metal contents presented in Table 114 are standard-

ized to the fraction of the sediment that is less than 16 p in size

because of the strong relationship between the heavy metal content and
the grain—size distribution of the sediment . Apparently the finer par—
tid es show a greater adhering capacity as a result of the larger speci—
fic area . A linear relationship has been shown between the percentage
of fines ( <16 p )  in the sediment and the content of heavy metals , valid
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for a given location in the river basin. The table gives the contents

upstream of the tidal zone , except for the Scheldt River.

175. In the nontidal zone of a river basin, many of’ the metals are

bound to the suspended silt. Although the average concentration of silt

in the Rhine water is as loV as 55 ppm, 1.8 x 106 kg of lead is dis-

charged annually attached to the silt and only 0.7 x 10 kg in solution .

Distribution of heavy
metals in the Dutch delta region

176 . Heavy metals appear in considerably lower concentrations in

harbor mud than in Rhine mud . Moreover , the mud contains decreasing

amounts of heavy metals as it approaches the sea. From studies of de

Groot and others ,l3~
lS it appears that after passing the freshwater

tidal zone , a number of metals are mobilized and go into solution as

metal—organic compounds . One of the causes of this process is the dis-

integration of the organic components in the tidal area between the

freshwater tidal zone and the sea. If there is no tidal movement , this
process does not occur . This is clearly illustrated in Figure 51 (taken

from the studies of de Groot), which gives the qualitative content s of

various metal s in sedimented silt in the Rhine delt a and the Scheldt and

Eems Rivers. On the righthand side , the original cont amination upstream

is shown and on the lefthand side , the much lower concentration in the

seaward part of the delta. When reading Figure 51 it should be realized

that a small part of the discharge of the Rhine drains into the IJssel

Lake , where tidal movement has been eliminated since 1932 (Ketelmeer) .

Further , there is an open connection from the Rhine to the North Sea

through the Rotterdam Harbor. In thi s area the silt is subject to the

same tidal phenomena as elsewhere in the estuary . As such , the decrease

of the heavy metal content from east to west in the harbor area is quite

normal . From the latest investigations de Groot and his colleagues

concluded that the low content of heavy metals in the western part of

the harbor area is not only due to mobilization, but also partly due to

an influx of clean silt from the North Sea. A special contribution by

de Groot on the subject of heavy metal contamination is added as
Appendix G.
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Heavy metals in Rotterdam Harbor

177 . The content of heavy metals in the bottom sediments varies

considerably for the harbor basins . The content s measured in 1972 have

been compared with similar measurements of the Rhine sediment from 1970;
the results are shown in Table 15. Groups A , B , and C refer to high ,

Table 15

Content of Heavy Metals in Rotterdam Harbor Mud

Related to Rhine Sediment Contamination

Heavy Metal Content , % of Rhine
Sediment Cont amination

Group Location Zinc Copper Chromium Lead Cadmium

A Rijnhaven 75 77 73 614 95

Maashaven 57 64 53 56 63
WaaThayen 614 61 61 63
Average 65 67 62 61 71

B Eemhaven 35 30 29 32 29
2e Petroleum_haven 51 52 37 42 44

le Petroleumhaven 55 44 36 37 46

3e Petroleumhaven 37 33 31 33 40

Botlek 42 44 32 36 314
Average 43 39 33 36 39

C Europoort 15 11 17 15 10
Calandkanaal 10 9 13 10 5
Beerkanaal 9 6 12 10 14

Benelwchaven 15 13 16 16 9
Average 11 9 14 12 6

moderate, and low percentages , respectively. In 1974 a measuring cam—

paign similar to the one in 1972 was organized. A comparison of the

data from 1974 and 1972 shows a great similarity in content of zinc ,
copper , chromium, and lead; the cathniii.un content s were higher in 1974
than in 1972. A short survey of the composition of the Rhine sediment s
further upstream also showed that the content of cadmium had increased
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more than for any other important element. The detailed results of the

analysis of harbor mud in 1972 and 1974 are given in Appendix H.

Contamination by Pesticides and Biocides

178. Measurement of contamination of dredged material by pesti-

cides was required for environmental investigations. The effects of

pesticides on disposal areas are under special study now; the results

are not available. In 1972 and 1975 the bottom material of the Rotter—

dam Harbor was sampled and analyzed; the results are given in this

section.

Specification

179. The common abbreviations and full names of pesticides and

biocides measured are listed below:

a. HCB = hexachlorbenzeen.

b. BHC = benzeenhexachloride.

e. HEPO = heptachloorepoxyde.

d. Diel = dieldrin.

e. DDD = dichloordiphenyldichloorethane.

f. DDE = dichloordiphenyldichloorethane.

£• DDT = dichloordiphenyltrichloorethane.

h. DDE and DDD are metabolites of the insecticide DDT. The
contents of  the insect icides heptachloor , aidrin, endrin,
and DDT were lower than the detection limit (<0.01 ppm).
Also the total amount of organic chlorides, which gives
an indication of the total chemical contamination, was
measured.

Degree of’ pollution
180. Table 16 gives the results of the analyses of dredged mate-

rial sampled in 1972.

181. The results of the analysis of the dredged material sampled

in 1974 are given in Table 17.

Summary
182. The total amount of organic chlorides, which gives an indica-

tion of the total chemical contamination of the Rotterdam harbor, is

comparable with the contents found in the Rhine River. An exception is
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Table 17

Quantity of Pesticides and Total Amount of Organic Chlorides

ii,~ Dredged Material in Rotterdam Harbor (19114)

Quantity 
— 

Pesticides, ppm
Dry TDE Total Amount

Material p,p ’ (p,p ’ of Organic
Place !ercent DDE DDD) Dieldrin HCB Chlorides

Waalhaven 52 * * 0.02 -— 2.0

Eemhaven 57 0.02 0.04 2.1

2e Petroleumhaven 32 0.02 0.22 14.3
35 0.02 0.06 35.8
25 0.02 0.20 32.4
25 0.02 0.314 51.1

le Petroleumhaven 29 0.56 0.14 15.14
37 0.95 0.38 52.9
52 0.02 0.12 36.1
30 0.02 1.14 318.0
25 0.02 1.10 669.0

3e Petroleumhaven 47 0.04 0.04 13.9
34 0.09 0.96 10.5
37 0.05 0.08 9.2

Botlek 28 0.02 0.07 2.0
32 0.06 0.06 12.2

Calandkanaal 24 0.03 0.02 2.0
52 0.02 0.02 2.0

Beerkaxiaal 75 0.02 0.02 2.0

River KMR 1010 33 0.09 0.18 114.7
38 0.02 0.09 11.8
45 0.02 0.07 6.2

River near Botlek 67 0.03 0.02 2.0
52 0.02 0.08 2.3
58 0.02 0.02 2•2

River KMR 1021 6~ 0.02 0.02 2.0
60 0.02 0.02 2.0
71 0.02 0.03 2.0

River near 33 0.02 0.03 2.0
Europoort 37 0.02 0.02 2.0

Sea (harbour 79 0.02 0.02 2.0
disposal)

Sea (river 70 0.02 0.02 2.0
disposal)

...• .

* The amounts are lower than the detection limit .



the mud in the le Petrole umh aven, which must be a local contamination.
183. Pesticides and biocides form only a small part of the organic

chlorides. They occur in quantities that could be expected from the

contamination in Rhine water. In the seaward area (Europoort), however,

concentrations are very low, due to the fact that in this harbor the

siltation is of marine origin.

Contamination by Salt

Salt intrusion

184. Only in Holland was salt intrusion found to be a major cause

of concern in disposal operations. This must be attributed to the fact

that the farmlands are in the western part of the country situated at an

elevation below mean sea level.

185. The dredging process in the Rotterdam Harbor creates an in-

creased salt intrusion into the agricultural lands in two ways. In the

first place, deepening of the Nieuwe Waterweg in the past has certainly

contributed to a further intrusion of the salt wedge into the river. In

this way inlets, which could be used in the past to replenish or flush

pold~r waters , cannot be used at present. In the second place, disposal

of dredged material along with brackish water in land—based disposal

areas creates ~he risk of a gradual seepage of this brackish water into

the surrounding ground or surface waters. This is the main reason that

no unconfined disposal areas are used. There is a third possibility of

salt intrusion along with dredged material. Because sand is getting

scarce for const ruct ion mater ial, projects have been developed to dredge
sand at sea for the building industry and to sell it on a commercial

basis. This sand also contains water with a high salinity.

Salinity limits

186. Acceptable salinity of the inland waters is determined by

considering the production loss in the agricultural sector and the taste

limits in connection with the production of drinking water. In general,

a salt content of 300 mg/.~ Cl is considered to be a maximum limit for

the inland waters. Insofar as the intrusion of the salt wedge in the
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Nieuwe Waterweg is concerned, it has been decided to reduce the depth of
certain sections to create obstructions to the wedge. A reduction of the

depth is possible from a nautical point of view because the deep—draft

vessels are generally handled in the western part of the harbor area.

Salt intrusion due to the operation of disposal areas is limited as a

result of the intensive precautions taken by the authorities concerned.

Salt intrusion by the importation of so—called sea—sands is also con-

trolled by strict regulations. Since the sand delivery projects take

place on a more or less industrial scale, the measures for desaliniza-

tion are discussed in Part IX.

Existing European Legislation

187. The following International Conventions are of importance

regarding the environmental effects of dredging and disposal of dredged

material :

~~~. The Oslo Convention , 1972.
b. The London Convention, 1972.

• The Paris Convention, 1975.

d. The Helsinki Convention, 1975 .
The character of the Conventions usually was regional, as mentioned

below.

The Oslo Convention

188. The Convention for the Prevention of Marine Pollution by

Dumping from Ships and Aircraft was held in Oslo, Norway, in February
1972. The Convention is regional for the North Sea and northeast

Atlantic. The Contracting Parties pledged themselves to take all possi-

ble steps to prevent the pollution of the sea by substances liable to

create hazards to human health, to harm living resources and marine life,
to damage amenities, or to interfere with other legitimate uses of the

sea. A Commission of the Contracting Parties was established to super-

vise implementation of the Convention.

189. Dumping of organohalogen and organosilicon compounds that may

form such substances in the marine environment is prohibited; excluded
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are those compounds that are nontoxic , or that are rapidly converted in

the sea into biologically harmless substances. Wastes containing signif-

icant quantities of the following substances require a specific permit

to dump: arsenic, lead, copper, zinc , and their compounds; and cyanides

and pesticides, and their by—products. No quantitative standards are

available.

The London Convention

190. The Convention for the Prevention of Marine Pollution by

Dumping of Wastes and Other Matter was held i’~i London, England, in

November 1972. The Convention affects all oceans and seas. The Con—

tra.cting Parties agreed individually and collectively to promote the

effective control of all sources of pollution of the marine environment

and take effective measures individually , according to their scientific ,

technical, and economic capabilities, and co’’ectively to prevent marine
pollution caused by dumping.

19i. Dumping of the following substances is prohibited:

a. Organohalogeri compounds.

b. Mercury and its compounds.

c. Cadmi um and its compounds.

d.. Persistent plastics and other persistent synthetic mate-
rials that may float or remain in suspension so as to
interfere materially with fishing, navigation, or other
legitimate uses of the sea.

e. Crude oil, fuel oil, heavy diesel oil, lubricating oil,
hydraulic fluid, or any mixtures of these.

f. High—level radioactive wastes or other high—level radio-
active matter defined as unsuitable for dumping at sea.

The prohibition does not apply to wastes or other materials containing

the materials mentioned above as trace contaminants. Prior special

permits are required for dumping significant amounts of waste containing

arsenic , lead, copper, zinc , orgariosilicon compounds, cyanides, fluo-
rides, pesticides, or their by—products not covered by the prohibition

list. No quantitative standards are available.

The Paris Convention

192. The Convention for the Prevention of Marine Pollution from
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Land—Based Sources was held in Paris, France, in February 1974. This

Convention is a regional one affecting a maritime area that embraces the

North Sea, the English Channel, the Irish Sea, and a considerable part

of the Atlantic and Arctic Oceans, as well as inland waters extending

to the freshwater limit. Pollution from land—based sources is defined

as the pollution of the maritime area by material from the coast includ—

ing submarine channels and other channels ari d by material from artifi—

cial structures. A commission of representatives of the Contracting

Parties is to be set up to oversee the workings of the Convention

generally, monitor the environment in the maritime zone, arid receive and

disseminate information.

193. The aim of the Convention is the elimination of organohalogen

compounds arid those that could give rise to such compounds in the marine

environment , but excluded those compounds biologically harmless or that

rapidly break down in the sea into harmless biological substances. Mer-

cury and its compounds, cadmium and its compounds, persistent synthetic

materials and oils, arid persistent hydrocarbons also are mentioned as

prohibited for dumping. Strict limitation is given to organic compounds

of phosphorus silicon , tin , and those materials that could give rise to

such compounds in the marine environment ; excluded are those that are

biologically harmless, or rapidly become so, phosphorus, nonpersistent

oils, petroleum products , arsenic , chromium , copper , lead, nickel, zinc ,

and their compounds.

The Helsinki Convention

195. The Convention for the Protection of the Marine Environment

of the Baltic Sea Area was held at Helsinki, Finland, in March 1975. It

applies to the Baltic Sea proper, the Gulf of Bothnia, the Gulf of

Finland, and the entrance to the Baltic Sea. The Contracting Parties

will individually or jointly take all appropriate legislative, adminis-

trative, or other relevant measures, in order to prevent and abate pollu-

tion and to protect and. enhance the marine environment of the Baltic

Sea area.

195. The aim of the Convention is to counteract the introduction

of hazardous substances such as DDT (and its derivatives, DDE and DDD)
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and PCB’s. Substances and materials strictly to be limited and not in-

troduced into the Baltic Sea without prior special permit are mercury,

cadmium, ant imony , arsenic , beryllium, chromium, copper, lead, molybde-
num, nickel, selenium, tin, vanadium, zinc, and their compounds , elemen-

tal phosphorus, phenols and derivatives, phthalic acid and derivatives,

cyanides, persistent halogenated hydrocarbons, polycyclic aromatic hydro-

carbons and derivatives, persistent toxic organosiliconic compounds,

persistent pesticides, herbicides, timber and hides preservatives,

radioactive materials, acids, alkalies, surface active agent s in high

concentrations, oil and petrochemical wastes, substances having adverse

effects on taste and/or smell, and materials that may interf ere with any

legitimate use of the sea. Annex V of the Convention states that the

prohibition of dumping shall not apply to the disposal at sea of dredged

material provided that it does not contain significant quantities and

concentrations of the prohibited substances.

Ratifying countries

196. Table 18 gives the European countries that ratified the most

important conventions.

National legislation

197. Most European countries are preparing or adapting their

nat ional legislation on surface and seawater pollution in accordance

with the Oslo, London , and Paris Conventions. The quantitative standards

related to this legislation are the subject of an intensive discussion

among scientists from various disciplines, ranging from public health

expert s to economists. It is premature to mention any of the proposed

figures in this report because the figures change very considerably

from day to day.
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Table 18

Ratifying Countries for Conventions

Conventions
Oslo London Paris Helsinki

Countries ]~972 1972 1974 1974

Belgium X X
Denmark X X X X
Federal Republic of Germany X X X

Finland X X

France X X
German Democratic Republic X
Iceland X X
Ireland X X

— Luxembourg X

Netherlands X X

Norway X X X

Poland X

Portugal X X

Spain X X X

Sweden X X X X

United Kingdom X X X

USSR X X
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PART IX: ENVIRONMENTAL EFFECTS

Thrbidity

198. Thrbidity is often increased by dredging operations due to

the fact that soil particles are stirred up and come into suspension.

The coarser particles will settle rapidly , but the finer particles re—
main in suspension for a longer time. These finer particles may be

transported over long distances as a result of their small fall veloc—

ity in comparison to the prevailing current velocities. Because the

fall velocity is of decisive importance, it seems worthwhile to make

two observations:

a. The fall velocity of clay and silt particles is strongly
influenced by the salinity of the surrounding water. As
a result of higher salinity, the apparent grain size in-
creases due to coagulation, which leads to a greater
fall velocity.

b. In a number of cases, the dredging process leads to the
discharge of a mixture of relatively high solids concen-
tration. In general, the settling velocity of the mix-
ture follows the character of density currents rather
then that of individually falling particles. The fall
velocity of a density current is greater than the one
calculated on the basis of individual particles. This
effect is responsible for disappointing results of agi-
tation dredging.

Effects of turbidity

199. The effects of an increased amount of suspended material on

the environment can-be placed into two categories:

a. Reduction of light penetration, which is actually
turbidity.

b. Covering of certain areas with a layer of dredged
material.

These two effects are signif icant only when the natural clarity of the
water is great and when the covered areas have rich flora and fauna.

Neither case applies to the Rotterdam area because the natural turbidity

is high and, as a reuslt of the large masses of bottom material trans—

ported by the tidal and river currents, there is hardly any flora
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available. As to the fauna, only those species are present that can

survive deposition of the large natural sand transport. The geological

setting is such that recent sediments are prevalent to a great depth

in the country and in the southern part of the North Sea. Therefore,

there is a great similarity between the dredged material disposed of

and the natural sand transported as a result of tidal and river cur-

rents. This also reduces adverse effects of dredge—induced turbidity.

200. Research on these aspects is being performed by two research

institutes in The Netherlands, The Netherlands Institute of Sea Research

at Texel and The Netherlands Institute of Fisheries Research (RIVO) at

IJmuiden. The investigations of both institutes reveal the impossibil-

ity of making generally applicable statements on the effect of dredging

and turbidity. It appears that the effect of any dredging or disposal

operation depends on both the local conditions and the kind of opera-

tion. In this respect, the southern part of the North Sea is considered

to be typical due to a high natural turbidity and a great mobility of

bottom material and bottom fauna. Most of the work of RIVO is done in

consultation with the International Council for the Exploration of the

Sea ( ICES), in which many research institutes from Europe have joined

their forces. For the purposes of the present report, the reader is

referred to ICES Publication No. 46, which deals with the effect of
dredging operations on fishing.15

201. Lately, additional effects of suspended dredged material

have attracted attention. These effects are due to the fact that the

finer sediments are often the carriers of contamination. So far,

little is known about the effects of suspending contaminated material,
and the following points have the character of quest ions:

a. Is it more harmful to leave contaminated silt on the
bottom of a river or sea or to dredge and transport this
silt to a confined disposal area?

b. What happens to the contaminants if contaminated m ate—
rial, once settled, is resuspended? (This may also
happen as a result of natural conditions.) If, as a
result of the resuspension, the contaminants are
mobilized and get into solut ion, is this worse than a
continued adhesion to the sediments?
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It is clear that answering these questions will take long research.

Probably this research program will be sponsored by Rijkswaterstaat ,
Directie Noordzee.

Bubble screens

202. In the Rotterdam Harbor area no measures are taken to control

or curb dredge—induced turbidity. Another but similar problem, the
reduction of silt penetration into harbor basins , has been tackled on
an experimental basis by applying a pneumatic ( bubble ) screen . Such a

screen prevents the exchange of river water and its suspended solids

content with the stagnant water in the harbor basin. In the absence of

strong currents, the method could possibly also be applied to control
the dispersion of dredge—induced turbidity.

Background turbidity
203. Since 1963, the sediment content of the water in the Rotter—

dam Harbor has been measured at regular intervals. The sediment content

in milligrams per litre is determined as a function of the depth of the

sample and of the phase of the tide. Figure 42 shows six examples of

the variation of sediment content with depth. The specimens were taken

at the same place in the center of the river near the Botlek at differ-.

ent phases (unspecified) of the tide. It is apparent from these graphs

that both the average sediment content and the distribution over depth

differ considerably-. This variation may partly be attributable to in-

accuracies in sampling and analysis, but it is mainly caused by the

natural behavior of sediments in a turbulent flow. In Figure 43 the

average sediment content over a vertical in the center of the river is

presented as a function of the phases of the tide. The vertical distri-

bution of sediment content is scattered. It is clear, however, that
the sediment content generally increases with depth and increases
rapidly near the bottom. By averaging a large number of observations,

the random variations could be eliminated to a certair~ extent.

204. Certain locations in the river can thus be characterized.

For example, data are presented in Table 19 for km 1005, 1015, and 1031
(see Figure 44 for locations) for both high and low water conditions.
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Table 19
-
~~~~~~ Sediment Contents at Various Locations in the Rotterdam Waterway

Sample Location & Condition—Test Value*
km 1005 km 1015 km 1031

High Low High Low High Low
Paramet er Water Water Water Water Water Water

Water depth, m 15.6 13.0 16.0 i4.5 17.9 16.3

Actual sediment

Content , mg/L :

O to —6.5 m 50 32 97 50 70 70

—6.5 m to bottom 60 53 165 70 115 107

* Sample locations are shown in Figure 44.

205. Studies are being done to relate the changes of sediment con-

tent to river discharge and to meteorological conditions at sea. In

this report , no further attention will be paid to this subject.

Environmental Effects of Disposal Operations

206. When considering the environmental effects of the disposal

of dredged material, attention should primarily be paid to the fine

fraction of the dredged material. The contaminants do not coagulate

with sand, and the problem is thus restricted to contamination of the

pore water of fine materials. At present, research into the various

aspects of the disposal of fines is ongoing.

207. In the following sections, the environmental aspects (as far

as they are known ) will be discussed with special reference to disposal

of dredged material in:

a. Confined areas .

b. Unconfined areas.

c. Pits in rivers and harbors.

d. Lakes.

e. Sea.

Confined areas

208. Rotterdam study. The disposal of dredged material
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~~~ contaminated with salt , oil, chlorinated hydrocarbons , and heavy metals

may affect the quality of groundwater and surface water in the vicinity

of a disposal area. With regard to the Rotterdam Harbor area a number

of inst itutes are conduct ing or have conducted the f ollowing studies:
a. An assessment of the influence of groundwater and surface

water in the vicinity of a disposal area intended for
recreational purposes (see paragraph 209).

b. A study into the absorption of heavy metals by crops ;
this study has led to provisional recommendat ions f o r
the use of dredged material for agricultural purposes
(see paragraph 210-214).

c. In progress are studies of the absorption of chlorinated
carbons (e.g., pesticides) by crops and of the influence
of contaminants on groundwater and surface water.

209. In the Rotterdam Harbor area, a first rough survey has re-
sulted in the data presented in Tables 20 and 21. The study was

Table 20

Contaminants in Soil Samples from Confined Disposal Areas

Contaminant Content , ppm
Contaminant Samp~e Depth 0—30 cm Sample Depth 30—120 cm

Oil ~6o 6io 530 120 310 250

Organically bound
chloride 74 2.6 26 1.7 1.1 1

Heavy metal s :
Zinc 1080 1510 1250 710 955 925

Copper 110 163 135 83 103 107
Mercury 9 10 6 3 6 5
Cobalt 19 25 22 17 19 19

Boron 7 7 6 8 11 9

directed to the quality of groundwater and surface water in a disposal

area for recreational purposes. Analysis of the data in Tables 20 and

21 shows that different conclusions can be drawn on the behavior of

different contaminants.

210. The soil samples clearly contained oil . This oil can be
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considered as only slightly mobile because the most soluble and volatile

components have disappeared by natural disintegration processes. It is

not surprising that traces of oil could not be detected in the ground-

water or in the surface water (see Table 21; detection limit is approxi-

mately 0.01 ppm).

211. All soil samples showed a contamination with organically

bound chloride. Almost all water samples showed at least some contami-

nation. Some of the chlorinated hydrocarbons were pesticides , which

are generally strongly bound to the soil. As they are not easily solu-

ble in water, their mobility is restricted. In 1970 Edwards
l6 

calcu—

lated the half—life of a number of insecticides and did not find any

longer than 4 years. The half—life is determined on the one hand by

the chemical stability of the compounds and on the other hand by the

characteristics of the bottom sediments such as grain—size distribu—

tions, content of organic matter, moisture content, and microbiotic

activities.

212. Further research of chlorinated hydrocarbons is required to

assess:

a. The influence of soil fauna (it is thought that the
development of the earthworm Allobophora longa is ham-
pered by high concentration).

b. The absorption by plants.

Direct damage to the flora is not expected. As long as the plants con-

cerned are not important links in the food chain , Edwards estimates

hardly any adverse effects on human and animal life.16

213. The concentration of heavy metals in disposal areas was

higher than usual in clayey soils in The Netherlands. It is remarkable

that the groundwater and surface water were contaminated to a low ex-

tent only , indicating a low mobility. The last column of Table 21 shows

the standards for irrigation and drinking water as given by the U. S.

Public Health Service.’7 The heavy metal content of the water is below

these and other standards that are applied in The Netherlands.

214. It is not expected that heavy metals will cause severe

damage in the form of deficiency or toxic symptoms for plants or
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animals. Two possible effects should nevertheless be mentioned : copper

poisoning of sheep and manganese deficiency for vegetation. The latter

effect can be adjusted by using fertilizers. For the time being, it can

be concluded that the dredged material, in spite of its high content of

heavy metals, can be used to reclaim areas meant for recreation, resi-

dential, and industrial purposes. The reclamation of areas for agricul-

tural purposes, however, should be considered with the utmost care.

Further results of research on the absorption of heavy metals by plants

are given in paragraphs 220—225.

215. The biological oxygen demand (BOD
5
) and the chemical oxygen

demand (COD) indicate a measure for the oxygen demand of biologically

disintegrating compounds and a complete oxidation of organic compounds,

respectively. It appears that all of the water samples were slightly

contaminated. Further, the nitrogen content of the groundwater was con-

siderably higher than that of the surface water. Nevertheless, the COD

values are no point of concern. Although the nitrogen content of the

groundwater is higher than the content of the water in the ditches, the

latter is of the same order of magnitude as in the polder water at a

greater distance from the disposal area.

216. The salt content in the upper layers is gradually reduced by

precipitation. The concentrations found in the disposal areas had an

adverse and sometimes even fatal effect on earthworms.

217. Finally, it was found that confined disposal areas require a

suitable system of water management, including the possibility of

draining excess water and precipitation into the adjacent water bodies,

from whence the fill material was dredged. -

218. It was concluded that the physical properties of ripened

dredged material are extremely good for vegetation. As to the chemical

fertility, dredged material can even be classified among the best soils.

In an experimental plantation of trees, very few died and growth and

vitality were good after initial problems in the first year. Distur-

bances (i.e., loss of leaf color and retarded growth) were observed

only in isolated locations. After a check of the heavy metal content

of the leaves , there appeared to be no significant difference between
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the leaves of affected and unaffected plants. Consequently , there is no

reason to believe that the growth disturbances were caused by defi—

ciencies or overdoses of certain elements.

219. The results of this first survey presented no alarming

picture of the environmental effects of contaminated dredged material.

It must be noted that the elements cadmium and lead, which are toxic

to humans , were not taken into account .

220. Absorption of heavy metals by crops. Special investigations

were done by the Institute for Soil Fertility to study the absorption

of heavy metals by crops. The purpose of these investigations was to

study the influence of the content of heavy metals of dredged material

on the growth of plants and the degree of absorption of metals by crops.

Research was conducted through tests on crops grown in pots. Investi—

gation of eight different types of dredged material and two natural

(rive -ine) clays as a reference comprised the test program. The

following crops were used:

a. Bulbous, tuberous, or rootlike plants:

(1) Potatoes.

(2) Carrots.

( 3 )  Radishs.

(4) Onions.
b. Leafy plants:

(1) Lettuce.

(2) Darnel.

c. Seed plants:

(1) Wheat.

(2) Dwarf beans.

221. It appeared that the yields were equal for crops from dredged

material and from natural clay. An exception was wheat, which produced

a smaller crop and. suffered manganese deficiency when grown on dredged

material.

222. The crops grown on dredged material showed a higher content

of cadmium , chromium, zinc , lead, nickel, and iron and a lower content

of manganese as compared to the crops grown on natural clays. For
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ratios between the contents of the test crops and the reference crops,

see Table 22. Fertilizing with manganese significantly reduced the

Table 22

Ratios of Heavy Metals in Crops

Ratio of Content of Test Crop
to Content of Control Crop

Element Low High Average

Cadmium 2.03 io.85 4.79
Chromium 0.98 15.90 3.85
Zinc 1.53 16.11 3.57

Copper 1.13 6.56 2.11

Lead 0.80 3.92 1.92

Nickel 0.33 2.85 1.35

Iron 0.94 1.41 1.21

Manganese 0.21 i.i6 0.53

contents of heavy metals in the crops. A systematic relationship be-

tween the concentrations in the soil and in the crop could only be

established for zinc and cadmium (Figures 145 and 56). For the other

metals only incidental relationships could be found (e.g., copper, lead,

and nickel in radish and grass). The results of the tests of crops

grown in pots were confirmed by field surveys.

223. The high copper concentration could endanger the breeding of

sheep fed with vegetation grown on such dredged material, although
cattle breeding would not be affected. These effects are, however, not

only encountered on disposal areas of dredged material, but similarly

in the outer marshe s of the Rhine, which are covered from time to time
by riverine sediments with high copper concentrations.

225. The results of the investigations and the advice of the

In stitute of Soil Fert ility have led the city council of  Rotterdam to
the following pr eliminary conclus ions and recommendat ions f o r  the use
of dredged material:

a. Generally the amount of heavy metals in the crops is
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Figure 45. Relationship between the amount of total zinc
in the dredged material and the amount of zinc in the

crops cultivated on it

higher than usual, but not to such an extent that the
health of human consumers is threatened. An exception
to this is the element cadmium.

b. Dredged material disposal areas can be used for the
following purposes:

(1) Residential and industrial areas .
(2)  Recreation and industry .
(3) Forestry.

(4) Pastures (excluding sheep pastures).
(5 )  Cultivation of potatoes.
(6) Cultivation of crops like rape seed and sugar beets.
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e. Cultivation of vegetables should not be allowed. There
are too many leafy crops absorbing cadmium to a high
concentration.

d. Further investigations are necessary in the concentra-
tion of cadmium in potatoes and feed for cattle (beets,
maize, leaves of sugar beets, etc.).

225. Investigations are in progress on the absorption of pesti-

cides by crops and the concentration of heavy metals and pesticides in

groundwater and surface water of confined disposal areas. The absorp-

tion of heavy metals by plants can be reduced by deposition of a cover

layer consisting of clean dredged material.
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Unconfined areas

226. Disposal of dredged material in unconfined areas will gener—

ally be made in and along those parts of the rivers and the sea where

a reduction of the water depth does not hamper navigation, fisheries,
or recreation. A disadvantage of unconfined disposal is the fact that

the dredged material can return into circulation due to high river

discharge , storms , etc .

227. The environmental effects of the resuspended contaminated

dredged material, however, need not be very serious. When the disposal

area is situated along open water in the vicinity of the dredging site,
it must be considered that all material in suspension is contaminated ,

so that the additional presence of the resuspended material causes only

a slight increase in the existing overall contamination. After settle-

ment of the dredged material, processes may develop in the anaerobic

layers by which the contaminants are mobilized and enter into the pore

water. During the consolidation period, the contaminants may eventually
reach the surface water. The concentration of contaminants by this

process is very low in open waters as compared to the basic load so

that no adverse effects would be expected.

228. When the dredged material is discharged along the banks to a

level above NAP, dikes are generally required. Basically, the consid-

erations mentioned under confined disposal areas apply in that case.

The water management, however, will be less complicat ed because all

water can be drained directly into the river.

229. The objections to this method of disposal are generally of

an aesthetic nature since the natural flora and fauna are disturbed.

Nevertheless, in The Netherlands, vast areas have been reclaimed, on

the one hand to increase the width and height of the dikes and thus

to safeguard the low—lying hinterland and on the other hand to make

areas of dubious value in the landscape accessible and suitable for

recreation. When these elements are designed with care and fitted into

the landscape, the diversification of the landscape and the facilities
for recreation may be greatly enriched.
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Pits

230. The storage of dredged material in deep pits within harbor

basins or rivers is not considered to cause special problems, as long
as the pits are located in an area where material similar to the

dredged material circulates. Along natural waterways the silt would

eventually settle in the pits and the effect would be the same . It

should be borne in mind that by disposing of contaminated silt into a

flowing river, the material is not taken out of circulation permanently

and may even come into circulation again soon after high river dis-

charges or storms.

Lakes

231. When material is discharged into pits or lakes where no con—

taminated sediments are present, the problems mentioned in the following

paragraphs will be encountered.

232. Before a decision is made to discharge dredged material into

a lake, a number of environmental conditions have to be met regarding

recreation, water quality, and water management. These conditions are

described in the following paragraphs.

233. Recreation. The disposal operation should be planned to

prevent interference with recreational activities in most of the lake.

No floating debris or oil should be apparent on the water surface.

Several preventive measures are available to avoid such contamination.

a. Discharge within screens. Either a short oil screen
or a deeper screen could be used with excessive transport
water pumped back into the harbor. Applying the second
solution, it is possible to minimize the mixing of
transport water with water of the lake.

b. Discharge over the lake bottom under permeable or
nonpermeable horizontal screens.

c. Remove oil and debris by mechanical means, such as boats
equipped to suck oil and debris from the water surface.

234. Turbidity should be minimized. This can be done either by

discharging over the lake bottom or by maintaining a high concentration

of solids in the discharge. The dredge plant equipment should be con-

cealed from view. A submerged pipeline with the nozzle suspended from

a pontoon could be used for transport of the dredged material. If
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properly equipped, the pontoon could be used for mooring yachts. If

the nozzle at the end of the delivery pipe is submerged and the dredge

itself is located elsewhere, no objectionable noise will occur.

235. Water quality. Contamination of the water with heavy metals,

pesticides, oil, and phosphates should be limited so that the biological

and chemical quality of the water is acceptable. Measures should be

taken to prevent contamination of surface water or groundwater.

a. Short—term measures. If heavy metals or pesticides o n —
ginally attached to silt particles were to be released
in the water column during the disposal operation , the
concentration of such elements in the surface water might
exceed water quality standards. This can be avoided by
discharging within screens and flushing the lake regu-
larly. Measures against contamination by oil were dis—
cussed earlier.

b. Long—term measures. Layers of dredged material can be
covered with sand, uncontaminated silt , or plastic. The
water of the lake could be flushed at certain intervals.

236. Water management. Changes in salinity due to dredged mate—

rial disposal should be avoided in order to protect existing biological

life. Also, in The Netherlands, all inland waters are used intensively

for various purposes ranging from the production of drinking water to

irrigation and recreation. Certain waters have to be kept fresh and

others kept saline to maintain existing flora and fauna. When disposing

of dredged material into a lake, the quality of water added for pipeline

transport must be kept under control.

237. To prepare for the possible use of lakes (especially the
O0stvoornse Meer) for disposal operations, a number of investigations

have been started or are proposed. Silt and water samples have been

collected. They will be analyzed by a project group specially appointed

to judge the feasibility of the disposal operations. The silt samples

were collected from all harbor basins . The water samples were taken in

the lake and from the location where water for pipeline transport is

obtained.

238. All samples were analyzed for the following characteristics:

a. Heavy metals.

b. Pesticides.
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c. Oil.

d. Grain size.

e. Phosphates and sulphates.

f. Lithium, beryllium, and vanadium.

On a preliminary basis, the reaction of fish to a mixture of dredged

material and water from the lake was investigated. The results are

being studied at present.

239. A more extensive research program has been proposed to inves—

tigate the biological consequences of disposal in the lake. On the

Maasvlakte , some fish ponds will be constructed (Figure 57). The bottom

_____ ~ 

2
rr1 

16m. 12m. 16m 

T
2m

T

f
ged Mater ial

Figure 57. Fish ponds

of the ponds will consist of dredged material from several locations in

the port either covered or not covered with other material. When the

silt has settled, plankton from the lake will be added to feed trout,

stickleback , and gudgeon, which will be placed in the ponds.

240. The Delft Hydraulics Laboratory and the Institute of Soil

Fertility have been consulted about hydraulic and physicochemical prob-

lems that could occur if a lake were filled with harbor mud. An assess-

ment was made of the processes that possibly play a role in judging the

extent to which the tests in the fish ponds are representative of the

prototype conditions.

251. The main subjects of the proposed research program are:

a. Elaboration and quantification of’ data and processes
that will influence the research program.

b. Investigation of the composition of pore water in the mud
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that has settled in the various harbor basins .

~~ c. Investigation of the behavior of heavy metals in the
sediment , the groundwater , and the water of the fish pond.

d. Laboratory tests of the behav~.or of heavy metals that
migrate from the groundwater into the surface water.

242. In addition to the biological investigations, a number of

technological investigations are proposed such as the increase of the

concentration of dredged material in slurry mixtures, the spreading of

disposed silt, the water balance, etc. A decision has to be made to

determine whether the biological research program will be affected by

the technological investigations.

Sea

253. The effects of disposal of dredged material at sea can be

divided into three aspects: contaminants, turbidity, and morphological

changes.

244. The material to be dredged often comes from anaerobic layers.

The process of mobilization of contaminants in general and of heavy

metals in particular is influenced considerably by bringing the silt

into aerobic conditions. A similar development is encountered when

dredged material is dumped at sea and increased concentrations of heavy

metals may occur in the seawater. Soluble heavy metals are a potential

source of pollution of the marine environment.

245. In The Netherlands an extensive research program has recently

been commissioned by Rijkswaterstaat to study what influence the dLs—

posal of dredged material at sea will have on the quality of the sea-

water. These investigations concern the effects on organisms of absorp-

tion or accumulation of contaminants present either in seawater or in

suspended or settled silt. At the same time an indication must be

obtained on the extent of the area influenced by this contaminated sea-

water and/or suspended silt.

256. The large quantities of dredged material that are discharged

at a dump site and that consist partly of fine sand and partly of silt

lose the largest part of their fines during the disposal operations.

The silt remains in suspension and causes a temporary high degree of
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turbidity around the dump site. The high turbidity in turn causes a

reduction of the light penetration . Although no special attention has

been paid to this aspect , it need not be considered harmful because the

photosynthetic processes in the eutrophic seawater are retarded, and the

chances of an excessive plankton production are reduced. Further , it

can be mentioned again that the presence of suspended silt near the

mouths of the Rhine River is by no means an unnatural phenomenon. This

vi.~t is supported by the harbor authorities of Le Havre, Rouen, Bordeaux,

and Marseille.

257. It is not yet possible to give a definite answer to the

question of whether and to what extent the disposal of silt at sea

affects the recreational use of the beaches and coastal waters. This

aspect is currently being analyzed.

258. Another possibly very negative effect of the discharging of

dredged material is the supposition that silt from the disposal site

contributes considerably to the periodical heavy siltation of the harbor

entrances. The validity of this supposition will be tested further with

the aid of field surveys, mathematical calculations, and silt balance

studies.

Disposal of sand

259. The above considerations are all based on the fact that most

of the dredged material from maintenance dredging is silty material.

However, sandy soils also are frequently dredged from approach channels

and from the deepening of harbor basins. This material is given a use-

ful purpose, either for raising the level of areas for industry, town

extensions, and road foundations or for strengthening the shore.

250. The environmental consequences of the use of sand for beach

nourishment purposes are negligible because natural material is used.

For the other purposes , only the salt content of the material may play a

role. Countermeasures are discussed in relevant sections of this report.

Limits for Soil Pollution by Heavy Metals

251. The lower limit of soil pollution by heavy metals can be
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considered to be the natural concentrations of the metals occurring in

the soil. The upper limit of the metals content will depend on the

effects of increasing the concentrations on:

a. Biological life in the soil.

b. Plant growth.

c. Resulting concentrations in plants for human and animal
consumption.

d. The concentrations in groundwater and open water courses.

At the moment there are no legal standards in force in any European

country for soil pollution by heavy metals because scientific investiga-

tions designed to identify the upper limits are still in full progress.

The present state of affairs with regard to the possibility of setting

limits will be discussed in the following paragraphs.

Lower limit

252. The natural content of the clay soils of southern Holland can

be taken as the lower limit. In the absence of any data on this, the

figures of comparable soils can be given. Table 23 shows the metal

content of river clays in the Maas and Waal area.

Table 23

Heavy Metal Content of River

Clays in the Maas and Waal

River Area

Metal Content, ppm

Cadmium 3

Mercury 0.2

Lead 140

Copper So
Zinc 1140

Nickel 30

Chromi um 90

Upper limit

253. In regard to the use of waste substances in agriculture such
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as compost and sewage sludge that have high heavy metal contents, agri—

cultural bodies need scientifically based standards for the metal concen-

trations that can be tolerated in soil. Although preliminary investiga-

tions on this have not yet been completed, provisional standards have

been set up. Table 24 gives the limits in the soil as laid down by the

West German Ministry of Public Health. It must be assumed that these

levels are geared to the most sensitive type of soil, low humus sandy

Table 24

Limits of Metals in Soil for

Agricultural Use

Element Limit, mg/kg

Beryllium 10

Chromium 100

Nickel 100

Cobalt 50

Copper 100

Zinc 200

Cadmium 5
Mercury 5

Lead 100

soil. These standards also pay no attention to the difference in types

of soil, i.e., the amount of CaCO
3 
and clay minerals that are the chief

factors in determining the amount of metals reaching the plant. The

toxic limit for zinc on arable land would then be 250 to 300 mg/kg.

A further point is that the limits for acid soils will be different. As

regards copper , Henkens
l8 

gives a Cu—HNO
3 
figure of 50 for arable land

and 80 for pasture land. The total copper content may thus be a little

higher. Since the limits apply to the most sensitive crops on low humus

sandy soils and not for confined disposal areas, the whole matter is

under discussion at the moment.

254. In order to find out what possibilities there are of forest—

ing soils that have been creat ed with dredged mater ial , exper imental
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plantations have been cultivated in a number of places. Although high

concentrations of certain metals were found in the leaves of some

species of trees, they did not give rise to any cases of poisoning. So

far, no studies have been made of the metal content in soil where toxic

phenomena will become apparent in certain kinds of trees. Thus, no

limits for metals in soil can be given at this time with regard to tree

planting either. It must be concluded from the above—mentioned experi-

mentation with plantations on disposal sites that the level of heavy

metals contained does not inhibit the growth of the types of trees

tested. In this case, therefore, the maximum level must be determined

in connection with possible contamination of’ groundwater and open water

courses.

255. The upper limit in soil used for recreation grounds, housing

developments, and industry is determined by the quantities of metals

that may be allowed to affect the groundwater and open water courses.

The investigation being conducted at the moment indicates that the mobil-

ity of the metals in the soil can vary considerably from metal to metal.

This is also influenced by soil factors such as CaCO
3 
content , organic

matter content, cation exchange, and phosphate content. Findings so far

show that the quantities of metal that reappear in the ground and sur-

face water every year for a given degree of soil pollution can only be

established by taking soil measurements. Limits can thus only be laid

down after closer examination has been made of the soil actually

polluted by metals.

Treatment Methods for Desalinization of Sand

256. During dredging and disposal operations, a number of measures

can or even should be taken to prevent unacceptable environmental

effects. 
- 
Some of these measures have been indicated in other parts of

the report. Only desalinization of sand will be discussed in the

following paragraphs.

257. If sand from a saline environment is brought ashore, a siz-

able amount of salt comes with it, as every cubic metre of sand contains
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about 400 1 of water, and every litre of water contains 19,000 mg of Cl ,

under conditions prevailing in Holland. The sand has to be desalted ,

especially if a great quantity of sand is to be placed where salt intru—

sion is unacceptable and if no effective measures can be taken to pre-

vent it from happening.

258. Two desalting methods are commonly used ; in both cases fresh

water is used to replace the saltwater. The first method consists of

the continuous vertical mixing of a saltwater—sand mixture with a

countercurrent of fresh water (Figure 148). The sand continues its

downward path, while the now brackish water flows from the overflow.

The principal drawback of the system is the danger of a nonmixing con-

dition , where there is a downward motion of the saltwater—sand mixture

in one part of the cylinder and an upward motion of fresh water in a

different part. Therefore, a large quantity of fresh water is needed;

the system does not seem to be very attractive unless an extensive

supply of fresh water is available.

259. The second method depends on the permeability of the sand.

A column of sand is desalted by flushing with fresh water (Figure S9).

The amount of fresh water needed is less than in the vertical mixing

method, and the sand can be dewatered (retained moisture content 15 per-

cent by volume). The flushing takes some hours, depending upon the per-

meability of the sand and the height of the column . The permeability

and hence the necessary time is very sensitive to clay particles , and

the filter is susceptible to chokage. The container has to be emptied

by a grab, which can take quite some time. In the Rotterdam area, this

system is to be applied shortly on a contract where a maximum amount of

salt (300 mg Cl /I) has been set.

260. As a last possibility, under certain favorable conditions ,

one can let nature do the work by dumping the sand somewhere else and

letting the rain leach the salt water. After some time the sand can be

transported to its final destination.
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PART X : REV IEW AND EVALUATION

261. When reviewing the results of the assessment of European

dredging practices and dredged material containment and reclamation

methods, two approaches are possible. In the first approach, one can

compare practices and methods of the different countries of Europe;

in the second approach, one can try to compare generalized European

methods with those in the United States.

262. Starting along the lines of the first approach, it is re-

markable that the differences within Europe are not of great importance.

Technically speaking there is a general tendency to balance quantities

to be excavated and to be filled for each project. Acquiring land for

disposal purposes on the basis of long—term planning (zoning) is

attempted in all countries visited. Concerning dredged material

dewatering problems, the method developed in Rotterdam providing a

proper drainage of precipitation is widely accepted. Dewatering is

further accelerated by the horizontal drainage of groundwater through

sand layers (Hamburg) or through drain pipes (experimental system in

Rotterdam). The dewatering techniques applied in Europe have proved

to be so efficient that fine sediments can economically be used to

reclaim lo-~i—lying lands for purposes varying from recreation to in-

dustrial zones.

263. Comparing the technical developments in Europe with those

in the United States, some differences can be noted. One of the most

surprising facts is the complete absence of’ bucket dredges in the

United States, while this type of equipment is considered a very suit-

able one for maintenance dredging in Europe. This is mainly because a

relatively high solids concentration can be achieved in soft fine sedi-

ments with the bucket dredge. There is of course a direct relation

between the density of a mixture dredged and the subsequent dewatering

problems of such a mixture. Common in the United States and in Ei~rope

is the concern about the contamination of dredged material with heavy

metals, pesticides, and other pollutants. It is regretted that the

dredging industry is often blamed for creating pollution when, in fact,
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such is not the case. It is clear, however, that due to dredging opera-

tions polluted material is stirred up, mobilized, and transported. So

far, however , there is not sufficient insight in the ecological system

to decide which is the least objectionable approach to contaminated

sediments: disposal on land or dumping at sea. Leaving the sediments

where they are and accepting the social and economic consequences of

shoaling harbors has not been considered in Europe until recently;

the tendency is to continue dredging carefully until more information

is obtained. Insofar as disposal on land is concerned, the only con—

crete information available at this moment is the fact that care is

recommended with respect to human consumption of products grown on

contaminated material in disposal areas . Although it cannot be stated

in general that these products are unsuitable for consumption , it is

strongly advised not to consume such products daily in large quantities

and that an intensive control on the quality of these products be main-

tained. In The Netherlands it is particularly recommended not to grow

leafy vegetables on disposal areas ; some other food crops are also

suspect.

264. It can be concluded that reclamation and dewatering tech-

niques for dredged material as encountered in western Europe are

readily available. In other circumstances, however, these techniques

may possibly have to be adapted or replaced by others. It is further

strongly recommended that research efforts into the behavior of con—

taminated dredged material be intensified and that the research efforts

both in the United States and in Europe be coordinated wherever

possible.
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— APPENDIX A: PORTS CONSIDER ED

1Iø~
1. Dredging activities were thoroughly investigated at major ports

in the following countries: Belgium, France, West Germany, The Nether—

lands, Portugal, and the United Kingdom. Results of these investiga-

tions are described in detail in this appendix. A brief summary of

statistics relevant to dredging and disposal practices at each port is

contained in Table 2 of the main text of this report.

Antwerp, Belgium

2. The port of Antwerp is situated on the right bank of the

Scheldt River, about 33 km from the North Sea (Figures Al and A2). The

river is navigable by vessels up to 13 m draft. The port consists of

two parts: quays along the river front and a large dock system con-

nected to the river by five locks.

3. The Port Authority is responsible for the dredging in the port

proper, i.e., excluding the channels in the estuary and at sea. Mainte-

nance dredging in the port part amounts to 2.5 million m3 annually and

is carried out by the Port Authority with its own equipment (bucket

dredges, grab dredges, barges, and reclamation dredges). The dredged

material from the port area is deposited on land in disposal areas.

The pipe transport system covers a distance of about 2300 m. There is

no special method of reclamation; only one lift 5 to 6 m thick is used.
Dewatering is said to be no problem. The transport water is pumped

back to the dock area. The major part of the disposal areas has an

industrial designation. In the entrances to the locks, agitation

dredging is carried out with a steel beam pulled by tugs . Downstream

of Antwerp, maintenance dredging in the Scheldt River is carried out
with hopper dredges by contractors under supervision of the National

Authorities. The dredged material is dumped in deeper parts of the

estuary.

4. Until now there have been no environmental restrictions. A

few analyses of heavy metal content of the dredged material are

Al
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available; these show the heavy metal content not to be dangerous and

to be only a fraction of that encountered in the port of Rotterdain.

There are insufficient data, however, to conclude whether or not the
dredged material is polluted (see Part VIII of this report).

France

Bordeaux

5. The city of Bordeaux is situated in southwest France along the

Gironde River, at a distance of approximately 100 1cm from the Atlantic

Ocean (Figures Al and A3). The administrative area of Bordeaux port

includes the auxiliary installat ions at Bassens, Bec d’Ambes , Blaye,
Pauillac , le Verdon, the Garonne, and the Gironde Rivers from the up—
stream boundary to the sea ( excluding the small ports and the bank of

the Gharente—Maritime), Dordogne, Bec d’Ambes to the 40—km sign, and
the outer harbor of Verdon. Entrance to the port in the Gironde is

A3
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(17.5 m t hi . . ‘ i 1~ ) .

The J r r -  1~- :~~ u~~-~~r ’ t!  1- ~~~~1rr ‘ -  r rm.--d ~tr’ ~v t . : -  - r t — o w n t ~-d

e ~ui~ mcr.t ‘t~~~i .~~. by r i v~~ ely ~ 
- - J  e- ~u~~; rnr — r . . The ty~-i: of equip-

ment u . r . :  j r ! t ~r~ I. - r .  a ~~~ I~ t !~~tJ’~r t t r  S -
~~ . as:

~~~ Local ~on-I ~~ i ~~~ (channel wi i~~~ t . ,  structur ~- .~ i r .  the v i c i n i t y ,
etc.).

~~~. t~c~ t :~ t~~ t )r.- ~~ ~~ ,r tire ~~~~~~~

c. :~i~ posa.~ •

d. Desired durat 1: . of t~~~~
- w r k .  —

e. Cost.

The material dredged 1ur i r.~ mai:. r~~~. ’ t y i ~~ r -  dredgirw is slightly contami-

nated. Samples were anaiy:c~ ir~ 1~ , 1-Y( , and 1974. The results are

summarized in Part VIII of the main t~~x t .

7. The annual quantit:.— dredged is between 15 and 20 million in3 ,

80 to 90 percent in maintenance work , the remainder new work. The

materials encountered during the dredging operations are sand and mud

and are characterized by grain—size distribution and cohesion tests.

Sand found in the entrance has a grain size (d
50
) of about 250 i.

Locally the sand is mixed with finer material and/or shells. The mud

predominates in the estuary upstream of Le Verdon.

8. The material dredged during maintenance operations is generally

dumped in deeper parts of the estuary. In the vicinity of Le Verdon,

however, maintenance material is pumped ashore to create new industrial

areas. As far as sand is concerned, dewatering is no problem. For the

mud, consolidation takes 3 to 4 years. It is planned to make use of the

Amphirol* and disc wheel* if this period is not acceptable. Reclaimed

land is always used for productive purposes, ranging from the establish-

ment of harbor and industrial installations to agriculture, the latter

only on mud deposits.

* See paragraphs 111 and 112 of the main text.

A6 

.11111 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .-



-S.

Dunkirk

9. The port of Dunkirk is situated in the extreme northwest of

France along the coast of the English Channel (Figures Al and A 14) at

the southernmost part of the North Sea. The port is presently divided

in two separate systems. The old port, situated in the east, consists

of the east outer harbor and an inner harbor basin accessible through

three locks. The latest extension of the port, consisting of the west

outer harbor and a tidal basin, is still under development and not yet

connected with the old harbor. In the east outer harbor, the Exutoire

Canal discharges polluted water from the hinterland.

10. Average annual capital dredging amounts to 18 million in3,

maintenance dredging to approximately 2 million in3. The types of soil

encountered are sand with d
50 

equal to 200 ~i and mud. The materials

are characterized by granulometry and density tests, respectively , to

judge their dredgeability. A part of the material resulting from main-

tenance dredging is polluted. The material has been recently analyzed;

data are presented in Part VIII of the main text. The pollution is

attributed to the influence of the above—mentioned Exutoire Canal.

11. Most of the dredging work is carried out by contractors under

supervision of the Port Autonome de Dunkerque (Port Authority). The

dredging equipment used depends on the eventual use of the dredged mate-

rial. Mud from maintenance dredging and material from capital works

that are unsuitable as fill material are dumped at sea by trailing suc-

tion hopper dredges. Sandy material with a silt content of less than

4 to 5 percent is used for reclamation and handled in general by cutter
suction or plain suction dredges. Disposal areas are reclaimed for the

purpose of industrialization. Since sands with a high silt content are

rejected as fill material, dewatering causes no special problems. The

disposal site at sea (2 miles (3.2 1cm) offshore ) is selected on the

basis of technical reasons (recirculation). Environmental impacts have

not been studied. Turbidity due to dredging or to dumping is not con-

sidered to be a problem in comparison to the natural turbidity. The

disposal site was so popular among fishermen that fishing had to be

restricted in the interest of safety of navigation.

A7
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Le Havre 
- 

- -

12. Le Havre is situat ed at the mouth of the estuary of the Seine

River (Figure Al). The port consists of an outer harbor, a tidal basin ,

and a number of dock basins . Along the bank of the Seine , an industrial

area is being reclaimed by making use of material dredged from channels

and harbor basins (Figure A5). Twenty kilometres north of Le Havre

proper, at Cap d’Antifer , a separate deepwat.er port has been constructed.

13. Maintenance dredging is mainly carried out by the port itself,

often supported by the ports of Rouen and Bordeaux; capital dredging is

often carried out by contractor-s. Maintenance dredging amounts to

approximately 1.5 million m3 annually, whereas the quantity of capital

dredging varies considerably from year to year. The material resulting

from maintenance dredging is mud; material from capital dredging is

mainly fine sand sometimes mixed with gravel or pebbles. The mud is

not used for reclamation and is dumped in the sea at a distance of about

12 km. Sand dredged from channels and inner harbor basins is used to

raise land by about 2 m to make it suitable for the construction of

harbor installations or industrial buildings. Dewatering of the sand

(d
50 

of about 120 p) in layers of 2 in does not cause any problems. The

disposal area is accessible after about 2 weeks and is released to

future users about 3 months after the disposal operations . There is

little or no information regarding the environmental effects of the

dredging process as such. Local fishermen seem to fear a negative

influence from the morphological changes in the estuary.

Marseille

14. The Port Autonome de Marseille includes a number of harbors

of various importance such as Carente, Etang de Berre, Fos , Lavera,

Port de Bouc , etc. The tidal range of the Mediterranean Sea at

Marseille is virtually nil and great natural depths extend close to

the shore. The old harbor at Marseille proper has a depth of approxi-

mately 12.5 in. A new deepwater port developed west of Marseille near

Fos is in the delta of the Rhone River (Figures Al and A6).

15. Dredging activities concentrated in the area around Fos are

restricted to capital dredging and the average annual dredging, amounts

A9
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to 14 million m3. The types of soil encountered differ from place to

place, but, on the average, 30 percent is silt, 50 percent is sand, and

20 percent is gravel (the latter sometimes cemented). Probably as a

result of the complexity of the soil properties, a wide variety of tests

are performed to characterize the material. For sand it is the grain—

size distribution; for silt (mud), sedimentology, plasticity index,

cohesion, and interstitial pressure are measured. Drilling characteris-

tics of the shell auger method in gravel are also analyzed. The results

of these analyses are made available to the contractors along with the

specifications.

16. Since all the dredged material is virginal, it is not polluted.
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Depending on the suitability as fill material, dredged material is used

for reclamation or rejected. Rejected material (clay and silt) is

either transported by hopper dredges and dumped at sea or pumped into

the Rhone River. Reclaimed disposal areas are used for future urbaniza-

tion and industrialization. As unsuitable fill material has been re-

jected up to now, no problems of dewatering have occurred. However , it

is becoming clear that the near future will show a shortage of fill

material, and, therefore, it will be necessary to retain material that

once was rejected and to apply dewatering techniques similar to those

used in Rotterdain.

Rouen

17. Rouen is situated along the Seine River, approximately 220 kin

downstream of Paris and 120 km from the sea (Figure AT). The drafts of

ships admitted in the access channel depend on the tide. The Port Au-

thority is responsible for the maintenance of the channel from the

mouth of the river up to the city of Rouen.

18. In total, 5 to 6 million m3 is dredged annually, of which

75 percent is maintenance dredging and 25 percent is capital dredging.

The material encountered in the estuary is mainly sand with a grain

size (d ) of about 120 ~ (4  to 5 million m3). From the river another
50

1 million m of mud is dredged annually , whereas in new work a small

amount of gravel and pebbles is also dredged. The material is mainly

characterized by its grain size. Material from maintenance dredging is

believed to be polluted, but no concrete data are available for confir-

mation. Dredging is carried out by the Port Authority, which operates

a number of bucket dredges, trailing hopper dredges, and cutter suction

dredges.

19. The locations of disposal areas for the dredged material de-

pend on the dredging locations. Maintenance dredging in the estuary is

mainly performed with trailing suction hopper dredges. The discharge

material is dumped near the river mouth , not too far from Le Havre. In

the upstream reaches of the river dredging is performed with bucket

dredges. In view of the distance to sea, the dredged material is dis-

posed on land or in channels of the river thrt are to be closed off to

P.12
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improve the flow regime. In the near future, a trailing hopper dredge
discharging ashore will also be applied in the upstream sections.

20. The disposal areas are, in general , diked areas along the
river. The dikes are designed, on the basis of experience, with slopes
of 1:1—1/2 and a crest width of 3 to ~ in, irrespective of the material.

The disposal areas are divided into sections of about 5 ha each. In

total , disposal areas are raised 6 in in lifts of 1.5 to 2 in. Dewatering

is improved by the following procedures:
a. Eight weeks after lift: trenching by Amphirol with

trenches in the direction of the natural slope.

P.13
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b. Sixteen weeks after lift: trenching by disc wheel drawn
by Amphirol.

c. Twenty—four weeks after lift: repeated trenching by disc
wheel.

d. Thirty weeks after lift: disposal area ready to receive
next lift or planting.

Without these measures a similar degree of dewatering is achieved only

after 2—1/2 to 3 years. Completed disposal areas are used for agricul-

tural purposes or, more often, as harbor industrial sites. Further, it

is worthwhile to mention the successful experience with planting of

trees. In an arboretum, 28 different species were planted with a loss

of only 3 to 4 percent of the total number of trees planted.
21. In general , no attention is paid to dredge—induced turbidity.

The only environmental concern regarding dredging and disposal opera—
— tions is expressed by fishermen who feel that the morphological changes

in the estuary might influence their catches.

West Germany

Breinerhaven

22. The port of Bremerhaven is situated on the right bank of the

Weser River, about 60 km from the river mouth . The harbor basins are

separated from the river by locks (Figure A8).

23. Maintenance dredging in the harbor and the river stretches

amounts to 1.6 million in3 annually, of which 0.3 million in3 is sand and

1.3 million in3 is mud . The characteristic grain size (d
50
) of the sand

is 200 Ii; the mud contains 60 to 70 percent material of a grain size

less than 50 ji . There is no information on the contaminat ion status of

the dredged material. The maintenance dredging is carried out by port—

owned bucket and reclamation dredges . The dredged material is reclaimed

on land. Disposal areas were used for agriculture and industrialization.

The finest and most fertile material is used for areas zoned for agri-

cultural purposes; sand and mixtures of sand and mud are used for future

industrial areas. No measures are taken to accelerate the dewatering

process. To allow for improved evaporation, mud is reclaimed in layers
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up to 1.5 in thick; mixtures of sand and mud are reclaimed in lifts up

to T.~~~ in. No attention is paid to dredge—induced turbidity. In the

entrance to the harbor basins , agitation dredging is performed.

24. In the estuary, maintenance dredging is carried out by a

trailing suction hopper dredge. The annual quantity dredged is approxi-

mately 7 million in3 of sand. This material is disposed in the estuary

or at sea.

Hamburg
25. The port of Hamburg is situated along the Elbe River , about

110 km from the open sea. The tidal fluctuations at Hamburg are about

2.5 m. The harbor basins along the river are in open connection with

the tidal river (Figures Al and A9).

26. The Port Authority is responsible for the dredging in the port

proper, i.e., excluding the channels in the estuary and at se Mainte-

nance dredging in the riverine part of the port amounts to 2.2 mil-

lion in3 annually, capital dredging varies between 1 and 3 million in
3.

Material dredged during maintenance operations consists of 65 percent
mud and 35 percent sand with a median grain size (d50

) between 200 and

600 ~~~ The mud is a mixture of clay (30 percent), silt (60 percent),

and sand (10 percent) particles. Material resulting from capital

dredging is mainly sand. The dredged material is believed to be con-

taminated with heavy metals and pesticides; no firm data are available,

however. Maintenance dredging is carried out by the Port Authority

with its own equipment (bucket dredges , grab dredges , barges , and recla-

mation dredges). Capital dredging is generally carried out by

contractors.

27. Downstream of Hamburg proper , maintenance dredging is carried

out with trailing suction hopper dredges and bucket dredges (8.5 mil-

lion m3).

28. The dredged material from the port area is disposed on land in

disposal areas. The maximum distance for hydraulic transport is 2 km.

The method of reclamation depends on the character of the dredged mate-

rial and on the designation of the disposal area. Sand is disposed in

areas meant for industrial purposes. Areas are reclaimed in one lift,

P.16
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4 to 5 m thick. Dewatering is no problem. Mud is disposed in diked
areas in lifts of 1.5 to 2 in. If the disposal area is meant for agri-

cultural purposes, four lifts are applied with a ripening time between

lifts of about 15 months. If the area is meant for industrial purposes,

the reclamation procedure is different :
a. Initially sand is spouted along the dikes of the disposal

area. It is spread over the subsoil in a layer 30 to
50 cm thick.

b. Then a layer of 1.5 m mud is spouted. This layer is
allowed to dry out for 12 months. The eventual thickness
of the mud layer is then about 0.8 in ( see paragraph 108
of the main text).

e. After 12 months the process is repeated so that alternate
sand and mud layers are deposited. The sand layers are
drained through drainpipes into surrounding ditches to
allow the water to escape .

The disposal areas are divided into units of 10 to 12 ha each.

The Netherlands

29. The western part of Holland consists of alluvial layers de-

posited by the Rhine and Meuse Rivers. In the eastern part older geo—

logical formations can be found nearer to the surface (Figure A1O). The

western and northern part of the country have been the scene of many

incursions during glaciation. This is reflected in the composition of

the subsoil where one can find alternate layers of clay , peat , and sand
(Figure All). Until this day, material is transported by the above—

mentioned rivers and causes siltation problems at different locations in

Holland, sometimes even via the North Sea.

Locations with mainte-
nance dredging activities

30. The primary maintenance dredging activities take place in
Rotterdam, which is discussed separately , but there are other places in

Holland where maintenance dredging is necessary as well . The second

most important maintenance dredging act ivit ies take place in Amsterdam
(IJmuiden). Amsterdam, the capital and second most important harbor of

A.18
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Holland, is linked to the North Sea by a 30—km canal . The entrance of
the canal (IJmuiden) is protected by two breakwaters and siltation (2

million in
3 per year) takes place. Other harbors along the coast where

maintenance dredging takes place occasionally are (Figure Al2):

Terneuzen, Vlissingen, Scheveningen, Den Helder , Harlingen , and Delfzijl.
The quantities involved and the disposal techniques used do not justify

a separate discussion. The same applies to harbors along the main rivers,

where the dredged material is mainly sand.

Locations with
capital dredging activities

31. At several locat ions in The Netherlands , capital dredging has

P.1 9
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Figure All. Typical result of boring in the western part of Holland

been and still is performed. As far as possible a productive use is

made of the dredged material for reclamation , dike construction , etc.,
within one and the same project. In the past no sophisticated techniques

have been used to improve the dewatering of clayey soils. Even in

recently completed projects , the subject of dewatering has been given a
very limited attention. An example of a recently completed project is

A20
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the construction of a canal, connecting the Rhine and. Scheldt Rivers

(Figure A13) . Here , 35 million in
3 was dredged and disposed of, mainly

in confined disposal areas. There are no concrete plans for productive

use of the disposal areas . Measurements on dewatering have been per-

formed merely to assess the capacity of disposal areas, but the results

have not yet been evaluated. Part of the disposal took place in an un—

confined area (former suction pit) in the Eastern Scheldt near the

vicinity of mussel beds. The mussels were not affected by the increased

turbidity. (Note: the material (clayey silt and find sands ) was not

contaminated.)

Polders

32. The geological development of Holland created a lot of shallow

lakes. Because of semi—impervious subsurface clay layers, it appeared

possible to pump the lakes dry and thus enlarge the area of arable land.

The construction of these polders started in the early Middle Ages

(around 1300 A.D.) and has been a way of life for the Dutch until today.

Many problems encountered in the disposal of dredged material from main-

tenance dredging are similar in nature to those encountered in newly

constructed polders where often the top layers consist of clayey soils

with a very high water content . The experience gained in polder con-

struction was treated in Part VII of the main text .

Rotterdam

33. The Rotterdam Harbor area consists of a complex of harbors

along the Nieuwe Maas, Scheur , and Nieuwe Waterweg and a recently estab-
lished complex of deepwater ports with a separate entrance (Europoort).

The area is shown in Figure P.14. The Oude Maas and Nieuwe Maas are a

part of the extensive delta of the Rhine River and, as such , part of the
discharge of the Rhine flows through the Rotterdain Harbor. The river

and all harbor basins are in open connection with the North Sea so that
saline seawater also has free access to the harbors . The water dis—
charged by the Rhine carries down fine sediments contaminated with in—
dustrial wastes. The density of this water is considerably lower , how—
ever , than the density of the water from the North Sea , which is rel—
atively uncontaminated.
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314. The complex hydrological and morphological processes in the

estuary have been studied in detail, making use of both prototype obser—

vations and model studies.19’20*

35. The recently constructed harbor basins of Europoort and Botlek

are maintained at depths of NAP —22 and —15 m , respectively (NAP is the

survey datum that approximately coincides with mean sea level). These

depths allow ships with drafts up to 21 and 114 m , respectively, to enter

into the harbor basins. The other older harbors all have smaller depths ,

and, as a consequence of the smaller size of the entering ships, the

widths of these harbor basins are also smaller.

36. The dredging operations in the harbor area since World War II

fall into two types: maintenance dredging and capital dredging (new

work). All dredging operations on the river and in the approach channel

at sea are carried out under the responsibility of the central govern-

ment (Rijkswaterstaat), whereas the municipality of Rotterdam is respon—

sible for maintaining the required depths in the harbor basins and di-

rectly in front of the quaywalls along the river. Loading and unloading

of cargo is generally performed by the private companies that rent their

harbor area from the municipality. The depths in front of these private

harbor areas are maintained by the municipality at a depth that is

quaranteed by lease contract.

37. Insofar as capital dredging is concerned, the design of new

extens ions has always been such that the bulk of the dredged material

could be used for reclamation of low—lying lands along the river, which

were converted in this way into industrial or harbor areas (“making work

with work”) .** It should be realized that this procedure was feasible

as a result of three facts:

a. The low—lying polders along the river had to be reclaimed
anyhow to oecome suitable as harbor or industrial area.

b. Because of their low elevation, the polders had large
storage capacity.

* See References at the end of the main text.
** See Glossary (Appendix I).
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c. The material that was to be removed was usually suitable
as 11 material.

38. Insofr.-~ as maintenance dredging is concerned, the disposal of

the dredged material was and is more complicated, mainly because the

material dredged during maintenance dredging is relatively fine. Never-

theless, techniques have been developed to use this material for recla-

mation and to accelerate the process of dewatering and consolidation.

The quantities of maintenance dredging in Rotterdam amount to approxi-

mately 8 million m3 per year for the municipality and 10 million in3 per

year for the Rijkswaterstaat.

39. In the harbor basins of Europoort and Botlek and in a part of

the access channels, the required water depth is maintained with the aid

of trailing suction hopper dredges. These dredges load the dredged mate-

rial in their hoppers and transport it to a disposal area at sea (5 km
offshore) or to a pit in the Europoort areas. In the remaining part of

the Rotterdam Harbor area, maintenance dredging is mainly done by bucket

dredges. This part of the harbor is shallower than Europoort and Botlek ,
the basins are narrower, and the traffic is much denser (although the

size of the ships is smaller). Trailing hopper dredges would find dif-

ficulty in maneuvering due to the restricted width of the basins; more-

over , the great distance to the disposal site is almost prohibitive for

trailing hopper dredges. Material dredged by the bucket dredges is

transported by barges to barge unloading or reclamation dredges, which

pump the dredged material into disposal areas situated along the river

and around Rotterdam (Figure Al14).

Portugal

40. The Port of Lisbon is situated on the Tagus River estuary,

which is 25 km long and between 2 and 15 km wide (Figure Al5). The

tidal range is about 14 m. The port ’s activities are concentrated on

the north bank of the estuary , where about 12 km of wharves is available.

hi. Maintenance dredging activities are encountered in the same

areas. The annual quantity of maintenance dredging is about 2 million in
3
.
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Figure AlS. Har1~or of Lisbon

Maintenance dredging is carried out with the port’s own equipment, con-

sisting of a bucket dredge and two grab dredges. Dredged material is

mainly mud and is transported by barges and dumped in deeper parts of

the estuary. About 20 percent of this material is believed to recircu-

late into the harbor area, a procedure that is accepted because of the

higher cost of alternative solutions. In view of the increasing contami-

nation of the estuary, land disposal of dredged material is being con—
sidered. Both the water quality and the contamination of bottom material

21
are being studied with the aid of a mathematical model.

United Kingdom

142. The United Kingdom has many harbors situated along the lower

regions of rivers. Because of the great tidal range (about 10 in) in

many harbors , docks that could be impounded with the aid of lock gates
were constructed along the rivers . As many of these docks can only be
entered during high tide, the usage is not very flexible. In spite of

the higher elevat ion as compared to the average water level in the river
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or estuary, many docks silt up considerably , and dredging in the con-

-~~~ fined space is costly. Most of the dredged material is dumped at sea

or in the estuaries. A part of the material from the Thames at London

is pumped ashore. Research has been mainly focused on the movement of

the material in the different rivers and tidal waters. Rarely are pol—

lution measurements conducted in association with dredged material.

Turbidity prediction and control do not receive much attention .

143. Some major ports are under the responsibility of a local port

authority ; the British Transport Docks Board (BTDB) is responsible for

the upkeep of several other harbors, of which the harbors along the

Humber River and in South Wales are the most important. Special atten-

tion will be given to Hull and Cardiff in South Wales. The BTDB has its

own research station. Hydraulic model studies as well as prototype

measurements are performed, sometimes in connection with dredging activ-

ities. The research station has developed a siltmeter, which , by measur-

ing the light transmission, indicates the amount of fine material in

suspension in the water. The instrument is used together with current

• velocity meters to measure the suspended transport. Not much attention

has been given by port authorities to pollution because this problem is

not yet so serious in the United Kingdom as in some other industrialized

countries and because such pollution is mostly considered by other

agencies such as:

a. The Institute of Oceanographic Sciences, Taunton.

b. The Council of the Estuarine and Brackish Water Associa-
t ion , Imperial College of Science and Technology, London.

c. Fisheries Laboratory, Lowestoft.

Cardiff

1414 . The Port of Cardiff is situated in Wales along the Bristol

Channel . It is under the jurisdiction of the BTDB (Figure P.16). The

tidal range is between 8 and 12 m. The port mainly consists of two non—

tidal docks with a total quaywall length of about 5 km. In addition to

the Port of Cardiff , the local office of BTDB is responsible for four

other ports in South Wales, i.e., Newport , Barry, Port Talbot , and

Swansea.
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45. The annual quantity of maintenance dredging is approximately

14 million m 3. No capital dredging has been carried out in the past few

years. The material dredged is mainly fine sand and silt; 90 percent of

the material is within the limits of ho and 60 ~.i. The remaining 10 per-
cent is coarser than 60 ~ and occasionally even gravel is present in the

bottom material. Soil properties are determined by wet and dry sieving.

Dredging is carried out by the port’s own equipment: trailing suction

hopper dredges are used in the access channel, grab dredges in the har-

bor basins. All dredged material is dumped at sea in the Bristol Chan-

nel. For this dumping a license is issued annually. In connection

therewith, the contamination of the dredged material is checked every

3 months. The license is issued with the consent of three ministries:

a. Department of Trade (interest of navigation).

b. Department of the Environment.

c. Department of Agriculture and Fisheries.

There is no important pollution. Dredge—induced turbidity is no problem

in view of the natural silt content of the Bristol Channel, where strong
tidal currents bring a lot of material into suspension.
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Hull

— 
46. Hull is situated on the northern bank of the Humber River , in

the mideastern part of England (Figures Al and All). Harbor facilities

along the Humber are concentrated in Hull , Iinmingham, and Grimsby. The

impounded docks need to be dredged annually (approximately 14 million in3) .

The material ranges from fine sand to mud and is dredged with grab

dredges . In the lower part of the estuary a shipping channel has to be

maintained. Here, about 0.8 million in3 of sediment is dredged annually

by a trailing suction hopper dredge. All dredged material is dumped in

the estuary as model tests have shown that the dumped material is dis-

persed immediately by the strong tidal currents. The natural silt con-

tent ranges from 300 to 1900 mg/AL. The dredged material is probably

not polluted , but not many samples have been investigated to corroborate

this.

Liverpool
47. Liverpool, in the midwestern part of Great Britain is situated

along the Mersey River (Figure P.18). It is the second largest port of

the United Kingdom. The tidal range varies from 4.5 to 8 m. The dredg-

ing can be divided into dredging in the river proper (trailer dredges

dredging very fine sand, 3 x 10
6 
hopper tons per year or 2 million in3

per year ) and in the docks (grab dredges dredging mud, 2 x io6 hopper
tons or 1.5 million m3 per year). The transport distance is several

kilometres because all the dredged material is dumped at sea. The tidal

range and associated current ~re1ocities are high. Some of the mud is

polluted and some samples have been measured for contaminants (see Part

VIII of the main text). The dumping at sea is subject to permission

granted by the Ministry of Agriculture, Fisheries and Food, Fisheries
Division, Marine Pollution Branch. Scientific investigations were con-

cerned with the best location for the disposal site, which was deter-

mined by current measurement and tracers. Work has been done by the

University of Liverpool and Wallingford Hydraulics Research Station.

Since the Mersey River has a high background turbidity (water velocities

up to 14 m/sec), no attention is given to turbidity. The dumping site is

surveyed regularly and no accretion has been found.
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London

148. The Port of London comprises the 60 km of tidal Thames River

and three enclosed dock systems (Figure P.19). The port is under the

jurisdiction of the Port of London Authority. Maintenance dredging is

concentrated in the entrances of the docks and amounts to 100 ,000 m3 per

year. New work averages 500,000 m3 annually. Most of the maintenance

dredging is carried out by the Port Authority. The dredged material

from maintenance dredging operations is mainly fine sand with an average

grain size (d
50
) of 100 i , but also contains mud and gravel. With the

exception of local oil spills , there is no significant pollution in the

Thames estuary. Dredged material is pumped ashore into a disposal area

near Rainham . Material is dredged with grab dredges, transported in

barges to a reclamation area, and pumped ashore by a reclamation dredge

over a distance of about 2.5 kin. The disposal area covers 1140 ha and is

divided in units of about 20 ha. For details on the disposal operations,
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one is referred to the following notes, made available by the Port of

London Authority.

Prior to 1961 all dredgings from the Port of London
whether docks or river were transported to the Black
Deep dumping ground in the outer Thames Estuary, a

• distance of 12 miles below London Bridge. Apart
from the high cost, analysis of radio—active tracer
and other surveys “provided strong evidence that
dredgings dumped at Black Deep return to the Estuary,
because at both places they indicate a marked land-
ward draft of water and solids at all depths” (C. C.
Inglis and F. H. Allen, “The Regimen of the Thames
Estuary Affected by Currents, Salinities, and River
Flow,” M m .  Proc . Inst. Civ. Eng., Vol. 7, August
1957). It was therefore decided both on the grounds
of economy and for the long term benefit to the
regime of the river, to adopt a policy of pumping
all suitable dredgings ashore.

Accordingly , a 200—acre site on marshland at Rainham
in Essex was developed to receive dredgings and a
floating pumping unit was built and moored offshore
to handle material from the barges. After 6—1/2
years of use this area was filled to capacity and a
new 263—acre site immediately inshore of it was
leased to allow the policy of pumping to be continued.

Experience in operating the first site suggested that
higher operating efficiency could be achieved by a
considerably altered layout and method of operation.
The fundamental considerations underlying the design
are:

(1) The lagoons must encourage maximum settle-.
ment of solids with a consequent minimum
return of material to the River.

(2) The deposited material must be capable of
drainage and consolidation to acceptable
standards.

(3) The deposited material should be evenly
distributed over the whole area of the
lagoons.

(4) Material for the bund walls must be ob—
tam ed from within the site. Imported
material will reduce its ultimate
capacity.

The first of these principles requires that the pump—
ings shall be retained in the lagoons for a maximum
period to allow settlement of the finest fractions and

P.35
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it is consequently desirable to place the discharge
pipe and overflow weirs as far apart as possible .
Flow velocities must be kept to a minimum to encourage
settlement and prevent “pickup” and “stream—lining”
must therefore be avoided. Long, narrow lagoons with
a central discharge meet these criteria and offer the
greatest prospect of uniform velocities over the whole
cross section. “Stream—lining” towards the outlet
weirs can only be completely avoided by weirs extend-
ing the full width of the lagoons, but their high cost
led to a compromise solution of a narrow hard—crested
weir comprising moveable boards at each end of each
lagoon. When pumping commences, the level builds up
slowly behind these weirs to give a depth of water
over the mud of approximately 2 ft. In practice , this
system gives an effluent whose solid content can be as
low as 35 p.p.m., appreciably better than the river
water used for dilution.

With the shape of the lagoons determined by considera-
tions of velocities and deposition, their number i
determined by the requirement for adequate drainage
and consolidation of the deposited material. Experi-
ence has shown that effective treatment cannot be
carried out on thicknesses in excess of 3 ft and that
.~ period of approximately two years is the order of
time required to achieve satisfactory results. It is
consequently necessary to devise a cycle of operations
which will allow a deposit of dredgings whose thick-
ness is not greater than 3 ft and which will provide
a rest period between successive pumpings on the same
lagoon of at least 2 years.

Effective drainage and consolidation depends on a
number of factors, the most important of which are:

(1) Grain size.

(2) Distribution of material.

(3) Relative positions within the lagoons of
inlet and outlets.

( 14 )  Disposal of surface run—off.

(5) Methods used to accelerate drainage.

The type of material deposited is only size—controlled
• by the capability of the pump and is mostly fine silt

with some sand and a small proportion of ballast. As
might be expected, the heavier materials deposit close
to the inlet, whilst finer silts accumulate nearer the
weirs. In addition , the surface levels tend to be
higher nearer the inlet and with this central to the
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lagoons, good natural drainage towards the weirs is
created. Even distribution over the lagoons can be
encouraged if necessary by closing alternately the
weirs at each end and directing the flow towards the
closed weir.

The marshland site for the disposal area has a limited
thickness of soft clay overlying peat. Only this sur-
face clay is considered suitable for constructing the
bund walls and in view of the restricted quantity avail-
able and to avoid the high cost of importing material,
it was decided to raise the bunds in stages using de-
posited material for each lift after the initial one.
It is consequently essential to ensure maximum drainage
so that earth moving plant can operate on the filled
areas . The side slopes of the bund walls were fixed at
1:2—1/2 to cater for the low stability of both the clay
and dredged materials.

The pumping is carried out by 2 Gwynnes dredge pumps
powered by 935 hp British Polar 2—stroke engines.
Diluting pumps are Gwynnes powered by 320 hp Crossley
engines and are capable of delivering 16,000 gpm.
Delivery to the lagoons is by 27 ins, internal diameter
steel pipeline whose ultimate length will be the order
of 8,000 ft. For pumping to the original lagoons and
during the early stages of the present site , the pumps
have been used singly, but it is intended to use them
in series as the pipeline is extended. A minimum
clearance of 15 ft. 6 in. was required where the pipe—
line crossed the road bordering the site and it was
decided to continue the pipeline at this level to avoid
subsequent raising as the lagoons are filled. To carry
the pipe part of the way the most easterly bund was
constructed to its full height at the outset. Where
the pipe crosses the lagoons, to provide a central dis-
charge, it is carried on trestles.

The original marsh level was approximately 1.5 in ODN*
( 5  ft approximately) and the final level of dredgings
deposited in the first two lagoons (A and B) is approxi-
mately 6.2 m ODN (18.9 ft approximately). The maximum
height of the bunds and deposited dredgings in lagoons
1 to 7 is restricted to 6.2 m ODN (18.9 ft approximately)
and it is anticipated there is sufficient capacity left
in these seven lagoons to accept P.L.A. dredgings until
1980 at the present rate of pumping.

* 0DM Ordinance Datum.
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There is a contract in operation between the P.L.A.
and a G.L.C. Refuse Disposal Contractor whereby
unprocessed London refuse, hauled down by river to

~~ Coidharbour Point, is being deposited in lagoon B,
the final height of which deposit will be approxi—
mately 8.8 m ODN (29 ft approx.).
When the present P.L.A. operations in lagoon A near
the river are complete, the intention is that the
refuse disposal contract will be extended to incorpo-
rate lagoon A to the same levels of deposition . This
refuse disposal contract incorporates a Clause for
finishing off at the 8.8 m 0DM level with approxi-
mately 0.6 m of earth to provide adequate cover of
the refuse from erosion and pollution nuisance, as
well as allowing normal vegetation to develop quickly.

Lagoons 1 to 7 on the Ministr~ of Defence land, leased
to the P.L.A. at present, will be finished off with a
grassed levelled surface.

Due to large settlement that will continue in the areas
on both sets of lagoons, the only possible ‘after—use ’
will be as grazing land or recreational land.
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APPENDIX B: CLASSIFICATION OF SOILS FOR DREDGING PIJRPOSES*
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Table 83. in Situ and Laboratory Testin g Procedures of Soils
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T~~1e 88. General (~ aracteristics of Soils and Rocks for r*’edgin~ Purposes

(Rocks i.kpbeather’ed* and Unbiasted )
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APPENDIX C : THE USE OF POLYMERS

1. A biocolloid polymer (1 percent) was added to different clay—

water mixtures. The settlement of the mud column was accelerated about

100 times because of flocculation (see Figure Cl). It was found,

however, that with increasing concentration the acceleration effect

diminished. If the specific weight of the mud was over 1.10, the influ-

ence of the polymer was negligible.

2. Small—scale tests were performed on filling a hopper with a

clay—water mixt ure with a polymer additive. The dimensions of the sur-

face of the hopper were 1.2 x 0.6 m. The discharge varied from 4 x

to 3 x lO ’
~ m

3/sec. The specific weight of the mud varied from 1.02

to 1.16. There was no evidence of a systematic higher density in the

hopper than in the overflow.

3. The use of a cyclone did not improve matters. The poor result

is attributed to the destruction of the flocs because of the turbulence

in the system and/or the shearing forces in the hydrocyclone.

~~~1,O68 k 9/m
3 

_____________ __________________________

1 1. Addition of polymers
~~~~s5._

%

~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— 

~~~~~

of polymers

10,000 1000 100 10
Time in minutes

Figure Cl. Effect of polymer addition
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APPENDIX D: DEHYDRATI ON OF CLAY MINERALS
p.

- 
~~

lp by J R .  VIIL .t Adviesbur .au Arnh s by .

1. Clay atnerals their origin and oo~~oaition

Clay •inerals ar. slt.r~tlon product , of othar .in.ral,. it. so called
wmath.ring products.
They say orininat . in sit. through chemical and physica l changes, or
so..wh.r . .1.. and far away through eroded or dilut .d products. Th t ar—
ger part of soil part icles smaller than 2 •icrosater (th. so—catted clay
fras tion ) consists of clay minerals.

Fro. a chemical point of v iew clay •in.rals are rater- and COSt)— holding

alumin ium silicat.s.

Five groups ar, generally distinguished : four have a laminated and th.

fifth an a.phiboltc (band-lute) structure

1. kandite—grou p :ktolinite , halloysit .. and othars.

2. Illite—group : hydromica , illite , gtaucon~te . a.o.

3. S ectite—group: .ont.orillonit., beidellit.. so.

4. v .r.icuAtte— group :ver.iculit.

5. palygorskite—group . sepiolite , palygorskit.

The .in.ralogical structur , of kaolinit. and mootsarillanit. is illustra-
ted in figure Dl.

~~~~~~~~~~~ so

rt “r~~~~~~~~~~~~~ 40°50.4

::;~+.~ ~~~‘a’~~
-
~~ o”6. o 6014

5.51.a,l.

~~~~~ .0. . ~
p .0 so

f” r 
f~~~~r 

-

4 0 • l G 4

.~~
.*‘ *: ;*‘:* ~40 .7014

~~~~~~ 4~~ 4$.
tb - 0 bTi o so

Figure Dl. Schematic representation of the
structure of a].wninosilicate minerals

( a f t e r  itittii 1 1~~7l , p. 19 , tig.tS)
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In $011 studies we have often to do with bite following clay minerals:

kao lin tte. specific for red and yelLow soils of the torrid rone

hat loysi te . specific for weathering products of calcareou s rocks 1~ the

torrid zone.

illite :speclf Ic for most. clays in the temperate zone.

mont .orillontte • specific for black and gray soils in the torrid zone .

Nohr and van Baron (1954) made a review of weathe ring theories , explaining

the origin of various clay •inerals.

Some factors see. to have an eff ct namely

1. the .otI~er roc k

2. the chemical conditions of soil solution (pH , kind and concen t ra-

tion of ca t ions Si02/Al203— ratio) .

3.the c l ima te

4.the topography and the drainage conditions.

It is widely sd.itted (though still discussed) that soils of the kaolinite

type (latosoils or lateritic soils) case into being under the influence

of a so—called ‘eluvia t ic” weathering ,.ations and 9i02 ar, washed out

(good drainage) causing both a drop in pit and a low St32/.i1203a1:1. In

this case the fina l weathering stage will be : oxides of aluminium and
iron (bauxite l a t er i t e ) .

In foot—hills and relatively low areas an ‘i l luvial weathering occurs

resulting in an enrichment of cations and a rise of pit and 9102. The mont-

mor ill on ite type is formed Si02/Al203 • 2:1,.

The relation with the mother rock is illustrated by Brinkuan (1976),

who characterizes var ious sedimental areas ~n the Guyanas with the

help of clay minerals.

2. Che.icO phystcal pro perties.

General l y  speaki ng the more Si02 is present in the clay •ineral , the sore

act-tv. it will he regard ing adsorption of later , ~~d cat ions , swellin g
and shrinkage etc.

A limited number of properties of special importance to dehydration will

be discussed now.

D2
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Cation adsorpt ion by clay minerals has been studied so well that we

start with this subjec t .

Grim (1962) sad, the following table:

Tsbte Dl

Cation exchange capacity (C.E.C ,) of clay minerals (me. per 100 g clay t

(a f t e r  Grim , 1962 p.30.)

kaolinite 3 — 15

halloysite 2 1120 5 — 10

halloysite 4 1120 10 — 40

montmor iiloni te 80 - 150

IL tite 10 — 40

vermiculite 100 — 150

chlorit • 10 — 40

sepiolite—attapulgite 20 — 30

The chemico—physical mechanism of cation adsorpt ion is explained by

many au thors.

The following is a citation from Hillil (1971, p 20 and 21).

“The attraction of a cation to a negatively charged clay •tcelle gene-

ral ly increases with inc reasing valency of the cation . Thus, monovalenl

ca tions are replaced more easily than divalent or trivalent cations.

Highly hydrated cattons, wich tend to be farthe r fro. the surface , are
also more easily replaced than less hydrated onea. The order of prefe—

rence of ca tiona in exchange reactions is generally as fol lows (Jenny,
1932, 1938): ~~3+ Ca2 ~~2+ ~~ Ha~ Li~

When confined clays are allowed to sorb wat•r, swelling pressures
deve lop, which are related to the osmotic pressure difference between

the double layer and th • external solution (A yl.ore and Quirk , 1959)

Depending upon their state of hydration and the composition of their

exchangeable cations, clay pericles may either flocculate or disperse

(Jenny and Ieite.eier ,1935). Dispersion generally occurs with monova-

lent and highly hydrated cation s (e.g. sodbum). Conversely, flocculation

occurs at high solute concentrations and/or in the presenc. of divatent

and trivalent cation. (e.g., Ca2
~ . Al 3’ ) when the double layer is com-

pressed so that its repulsive effect is lessened and any two micelles can

approach each other sore closely.
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Thus , the short—ran ge a t t rac t i ve  forces (know n as the London— van der
W aals forces) can come into play and join the individ ual atcelles into

f loes.

When a dispersed clay is dehydrated , it forms a dense and hard mass , or

c rust. On the other hand , when flocculated clay La dehydrated , if  forms

a cru.bly and loose assemblage of smelt aggregates. Under rainfall sction

in the field , the dispersed clay wi l l  tend to become muddy, less per—

vious. son more highly credible than flocculated one.”

2.2 W ’teraorhtt on

The difference in water sorbtion , due to the 4ifferenc. in “activity ’ of

clay minerals had beat be itlusatra ted by the Atterberg—values.

table D2 (after Grim 1962. page 218, table 5—1).

~~ 
,, plasticity index liquid limit—plasticity li.itac .‘ y % 4 2  micro aster - 

% ~~2 micrometer

ont mor illonit e 0,5 — ?

st t. pulgite 0,57 — 1, 23

i llit e 0, 23 — 0.58

kao lin ite 0,01 — 0.41

halloysite 0,02 — 0, 16

Apart fro, the clay mineral itself the adsorbed cations h*ve a ~arked

effec t on the water sorbt ion .

145+ and LL couse th. highest “activity ” values , followed by 14114+ Ca
4

and I~~
4+ , and then by A 1++ ,H+ . Fe~~~ and ~~~~~~~

Gillo tt(1968) made an interesting figure of the clay micro—structure as

influenced by various che micro —physica l condi tions. (fig. 2)

.
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The entire matter ot waLer sorbtion in relation to other chemico-

physical and •icro—structural aspects is of great importance to t h e  beha

viou r of spouted mud and its dehydration.

The permeability of the soil mass is an important factor in connn.cthofl
with dehydration.

Grim (1962) has given interesting data , which vs recalculated from cm/sin

to the more convenient meld.

table 03 (after Grim. 1962, p.240. table 5—8~ .

Quartz sand 14,0

mica = 9:1 6,6 me/d

V 7 3  6,0

= 1:1 8,4

= 0:1 7,0

kaolin. = 9:1 1.04

= 7:3 0,10

= j .j  0,04

= 0:1 0,04

:Ca—Mon tm . = 9:1 0,06

“ “ : “ = 7~3 0,03

‘‘ “ : “ = 1: 1 0,008

° ° : “ = 0:1 0,003

° “ :t4a—Mont m =  9:1 0,002

= 7:3 0,0004

= 1:1 isp.

= 0:1 tSp.
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The infor.ation through literature is large and inter.ating. We selected

a few items which seem to have a special influence on dehydration.
Warkentin and Yang (1962) faand a marked difference in shear stre ngLh
and void ratio between montmorillonite and kaolinite clays with diffe-
rent pore water solutions.

The flocculated samples showed a higher strength than the disper-

sed ones in the whole. Kaoiinzte appeared to be stronger than mont.o-

ru Ion ite.

Emerson (1964) found a marked difference M swelling of il li te  and kao

u nite flakes, the first being 2—10 times larger than the second

depending on other factors, such as moisture pressure and soil solution.

Grim (1962) inthcates that .ont.orillonite swells the most, followed

by illite, and then by kaoltnite. The strong swelling and shrinkage

of montmorillonite clays is a very well—known fact in pedology (ver-

tisols).Considerable earth shifts and even changes in the surface topo-

graphy (sometimes causing damage to constructions) are often found .

3. Dehydration and clay minerals

In this preli.inary study decisive data,giving direct answers to the

question of dehydration related to clay minerals, could not be found.

Therefore, we confine ourselves to some preliminary remarks based on lite-

rature references and scattered experiencens.

In doing so, it should be always , kept in mind , that there are ot her

factors of the same importance to the dehydration ‘of spouted mud, such
as

1. granulometry

2. soil solution (salt composition and concentration, pH etc)

3. cation—adsorption of clay •inerais

4. organic matter (content, nature, and adsorption of cations and anions)

5. vegetation (evapo—transpiration )

6. Method of spouting and water removal (artificial drainage)

7. drainage conditions (geo—hydrology, topography)

8. climate

D6
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This renders predictions about dehydration, based on clay minerals only,

useless.

Never theless, it is a generally found that the Si02—rich clay minerals

(such as ontmortllontte, and to a smaller extent , illite) can sorb more

water than those with a low Si02—content , such as kaol in ite.

This means that more water must be removed and Under a higher tension

for drying out mont.orillonite , than is the case for kaolinite cLays,

while for UtiLe this ~itl lie between the two other clays.

However, once the soil mass begins to crack, the permeability and the

evaporation surface increase enormously, which will occur particularly

in montmorillonite clays.

Therefore, the general tendency is for the following to happen.

Kaolinite clays will settle rapidly into a .rather high density and will

dehydrate reasonably, after removal of the surface water. The shrinkage

will be slight , and for this reason dehydration will proceed only slowly

in the second phase.

IlLite wilL dehydrate somewhat slower at the start, bu t once cracks and

fissures occur dehydration will proceed quickly.

Montmorillonite clays will dry out slowly showing large shrinkage ratios;

they will finally show wide cracks. In the latter stage — dehydration

may be excessive.

If wetted again, the cracks will close through swelling, Consequently

drainage will be very poor (as was frequently noticed in practice).

Table 04 illustrates the foregoing: the effect of other factors (granu—

lometry, soil solution etc), has been included.

table 04 (preliminary dehydration test)

dehydration in 15 days

soil type clay mineral % clay S moisture shrinkage El.cond.
loss S ms/c.

silt loam Iraq kao lin ite 21, 3 20 , 5 26 6,4

silt loam R o t t .
port. illite 19,2 81,4 53 8,5

silt , Limbourg illite 12,9 17,5 15 1,4

clay Ethiopy montmorillo— 70,4 33,6 56 4 ,9
nite
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Apart f rom the marked influence of the clay mineral, the effect of sslinity

of the soil solution is noticeable especially for the harbour—mud from

the Rotterda. port, influenced by a high Na’— content (viz .par.2.2).

Due to the complexity of matters, definite predictions about dehydra t ion

of a certain sa.pte cannot be mdc at the moment ,

A more detailed study will be necessary.

4. Climate

No literature references were found sbout the specific influence of cli-

matic conditions on dehydration of spouted mud. One can say however,
that , in general, the drier and the hotter the climate, the faster the

drying. On the other hand , when dryi ng proceeds too fast , an air dry

crust wil l  soon cover the underlying mud , hampering cap illary rise and

eraporstion of soil moisture. In many cases salt cristals will .~be formed

on the surface, helping to check evaporation and preventing development

of vegetation.

It is well—known that weeds stimulat, strongly the evapo— transpiration

of soil masses and consequently the dehydration (Pons— and Zonneveld

1965, Willet 1972),

It depends, therefore, on many factors whether a dry and hot climate is

favourable or not and whit measures will be helpful to stimulate dehy—

drat ion.

5. Conclusions and suggestions for further studies

A conclusion drmwn from the foregoing is , that there ire a few , very

broad tendencies to be distinguished as regards dehydration of the

various clay minerals.

The more “active” they are (montmorillonite) the more they sorb wat er ,
the more they need energy for drying and the stronger their shrinkage.

The opposite can be said of the less “active” type (kaolinit.) , while

illite is again in the •iddLe. Dry and hot climates can be favourable

to dehydration, as long as a crust is not formed . Such (salty) crusts

severely hamper dehydration .

However the entire matter is very complicated because there are many

factors that have an effect Especially the cation adsorption of the

clay mineral is Influential.

- C
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For a more detailed insight into th. proble. activities could be under—

.
~~
. taken, namely four:

I. to collect pr*tical infor.atton fro. dredging works systematically,

including sota sample analyses.

2. to proceed wAth literature investigations.

3. to carry out large scale laboratory experiments with various natural

and art ifiCial soils.

4. to make Meld experiments i .e .  taki ng various measure s col lec-

ting the numerical results.

These four ac t icities are given in sequenc e of urgency, although the

first  two can srat a l the same time.

F On completion of the first and second activity, it should be possible

to define a preliminary base for the practical job planning.
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APPENDIX E: DEVELOPMENT OF BEARING CAPACITY OF
• HYDRAULICALLY TRANSPORTED SAND5

1. The stability of the sand sur face , expressed in the CBR ,’5 is

found to depend on the density and on the degree of saturation . In

Figure El the relation between the CBR and the degree of saturation is

given for silty sand.

2. The degree of saturation of 025 05
100

the sand surface of a hydraulic fill 9C — - - -
— .  - -

depends on the groundwater level and 70
60

• on the moisture retention of the sand. _____ ____

~
.

40The latter can be determined from a _____ ____

diagram expressing the moisture suc— _____

tion relation or pF curve (Fig— 30 0
grer~ s~ze d,Slr,buhOfl

ure E2) .  In Figure E3 the ordinates 25 \
represent not the imposed suction 20 

~~9~~.spd

pressure , but the height above the

free groundwater table. The agree—
s p d  SlIndan3 proctor dv’S~ty

ment between suction pressure and

• height above water table is satis— 5 94’i . Sp d

factory for Dutch sands .
40 50 60 70 60 90 100

3. The groundwater level in a d.gree of saturator, ,’!,

disposal area is determined by the Figure El. Relation between
geometry of the area , by the water degree of saturation and CBR

permeability coefficient , and by the for a uniform fine sand

time . The change in groundwater level with t ime can be calculated ana-

lytically if certain assumptions are made :

a. The subsoil is impermeable.

b. Drainage occurs horizontally.

c. The sand deposited as fill is homogeneous .

d. The degree of saturation above the capillary saturated zone
is constant ( approximation indicated in Figure E2).

* By J. D. Nieuwenhius.
i” CBR = California Bearing Ratio.
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Figure E3. Relation
between mean ground
level h and a di-
mension]Iss variable
T (Equation E3)
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e. No seepage occurs.

f. The disposal area has vertical sides and the verge ditches
~iP are directly adjacent to them (Figure E3).

14, The drainage problem is governed by the following linearized

differential equation:

tS2 h _ n(l — s) óh (El— 

kh 6t

where

h(x,t) = groundwater level

x = horizontal coordinate

n = porosity

S = mean degree of saturation

k = permeability coefficient

ii = mean groundwater level in position and time

t = t ime

Equation El corresponds to the one—dimensional heat and the one—

dimensional consolidation equation so that solutions deduced from heat

and consolidation theory can be for the boundary conditions.

O < x < L : h(t 0) h

(E2)

x L :  h = o

the solution as given , for example , by Taylor (l9148)~ may be adopted :

h(x,t) = 
~ 2 h ~ 

sin (~~~ )e - M2T

(E3)
m 0

* Taylor , D. W., Fundamentals of Soil Mechanics, John Wiley and Sons,
New York, 19148.
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where M = ~~~ (mm~~~l) and T = k h t / n (1 — s) L
2

Taylor gives h(x,t) for T = 0.05 . Since here more particularly the

initial drainage is of importance, Equation E3 has been tabulated for

0 < T < 0.05 . The mean groundwater level h (T) can be calculated

with the aid of Equation E3; h is given in Figure E3.

5. In principle, the road designer can, with the aid of analysis

described above, estimate the stability development of his fill with

the passage of time, provided that he has at his disposal a reasonably

good correlation between the CBR values in the laboratory and traffic—

ability by bulldozers on the site. The determination of the ratio be-

tween CBR and time is presented in Figure El!.

C B h~ , ‘I.

-~ sat ,’!,
40 50 60 70 80 90 100

tIm d ,m
i o ç

20

09 
~ I os

0 8 \ +
02

07 01

06

$ 
T

05 . .s —, , p. sat . 1.
0 005 010 015 40 50 60 70 80 90 100

Figure El!. Relation between minimum CBR and T
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APPENDIX F: THE PHYSICAL , CHEMICAL , AND MICROBIOLOGICAL RIPENING
• a OF ThE SOILS IN ThE IJSSEL-LAKE POLDERS

Reprint from : Smit s, H et al.
Physica l r ipening.
The physical ripening of the soil mainly consist~i of three processes: —
a. the decrease in the water-content;
b. the formation of a macro-structure as the cffect of crack-form~~j on and

disintegration into small, cubic or prismatic elements ;
a. shrinkage.

The water content of the soil before the pokier has fallen dry depends upon
the clay content , the humus content and the water factor , according to the
formula : A = 20 + n (L + 314). This equation reads: A = water content in
grams of water per 100 grams of dry matter; L = clay content in grams per
100 grains of dry matter ; H = humus content in panas per 100 grams of dry
matter: a = water factor.

The water factor of submerged Zuiderzee deposits is from 2.0—2.2. Fig. 1
gives a graphic representation of the relationship described above.

Sediments of an extremely recent date m a y  have water factors varying from
2.5 to 3.5. Such sediments are very soft, and only a light wrightinç (for instance,
as caused by a progressive sedimentation) will already bring about a certain
displacement of water (fig. 2~.
Recent sediments are loosely structured ; they have a capacious soil aikeleton

with a good water-carrying capacity. In addition to these properties they
invariably have extremely narrow pores, which will materially resis’ the
displacement of water. As a result, the consistency of these soils will be relati-
vely great. Ripened soils have sraaUer pore spaces, and so they have a smaller
water-carrying capacity. In the larger spaces in the ground thcre is little resis-
tance against the movement of water; however, if the larger spaces are filled
with water, this will act as a lubricant, so that. in that event, the soil will have
a consistency much smaller than that of an equally heavy unnpermed soil
having the same water content.

As shown in figs. 3 and 4, the water content of the uppermost layer of the soil
(0—20 cia) will soon be going down at a very fast rate. The deeper layers will
follow next, and the decrease in the volume of water lost is much smaller here.
It will now be realised that the dry ing out of the soil is brought about almost
exclusively by evaporation and that the gravitational loss of water only takes
place in exceptional cases.

This drying-out process of the soil is irreversible to a considerable extent
(figs. 3, 4 and 5). This is of great im ortance. If the reverse were the case, the
soil, naturally, at the end of eacn winter would be just as wet, soft , and im-
permeable as it was immediately after the water had been drained off.

The drying out of the soil — more in particular as regards the deeper layers —
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is strongly affected by thc presence of vegetation (fig. 3; table 1). During the
first few years other important factors are the weather conditions and the
prolonged presence of pools. Of lasting effect is the presence or absence of
seepage, and to what amount it occurs (table 2). And , finall y, it is the water
content of the soil in the initial stage which is the deciding factor as to whether
much or little water will be lost by the irreversible drying-out process (11g. 1).
This drying-out process can be very well illustrated with the aid of the

decrease of the specific volumina of the soil as time goes by (fI g. 6). Specific
volume is the volume represented by 1 gram of dry earth in its natural position..
At the outset specific volumes are high; they will go down as a result of the
drying.out process, so that the dry ing process can be illustrated by means of the
rate of degression of the specific ~olumina. It will be seen that the deeper
layers are affected at a later date and have a higher end-value than those of the
overLying layers.

The drying out of the soil will cause the formation of cracks. The formation
of these cracks will considerably improve the permeability of the soil (fi g. 7).

Crack-forming is controlled by the same factors as those that cause the soil
to dry out They are : the presence of vegetation , if any, the drainage conditions
(table 3), seepage (table 4) and the clay content of the soil (fi g. 7).

The efiect of seepage is very considerable as regards th~ deeper layers, because
the annual amplitude of the water content of these layers is only a small one
(table 5).

In case seepage is absent, the drying process of the soil is generally restricted
to a depth varying from 1.25 to 1.50 m below surface level (table 6). Even low
seepage values will already reduce this depth to a consirlerable extent.

On an estimate the water-storage capacity of a soil with a clay content of
20 % will be about 25 mm alter 3 years, about 50 mm after 6yea.rs, and 100 mm
after 12 years.

Furthermore, the drying-out process is attended with shrinkage of the soil.
The rate of shrinkage of the several layers can be illustrated with the aid of the
dcgression rate of the specific volumnina (fi g. 6). Another illustration of this
effect is given in fi g. 8. As is the case with the drying-ou t effect , the deeper
layers will be affec ted at a later date than those at the top, nor will these deeper
layers be affected by the soil-ripening process as much as those at the top.

Chemical ripening.
The ~Vicringermeer Pokier was reclaimed from salt water. The desalinization

of the soil by the excess of rainfall occurring as a regular feature of the Dutch
climate , was one of the early soil-ripening processes and forming the introduction
to other chemical transformations.

As was the case in the later reclaimed Yssel-Lake polders. however, the salt
had alrcady virtually disappeared from the soil by diffusion into the fresh water
of the \~‘s~scl- Lake. The last remaining traces of saLt are leached out soon after the
water has receded from the scabottom (table i).

The bluish-black colour of the virgin sediment is due to the presence of ferrous
monosulphide ~FeS). After drainage it will oxidize into iron sul phate (FcS~),
which, with the carbonate of lime in the soil (CaCO3), is transformed into
gypsum (CaSOJ . This conversion is attended with a change of colour of the
soil from black to grevish-brown . This oxidation is a fast-acting process as
regards the upper layers, but penetrates into the deeper ~ap~rs at a much slower
rate (table 2) . in fully matured soils the depth of the completely aerated zone
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is approximately I ~ in: in the North Eastern l’older , however, this depth has
not yet beer, reached even after 15 years.

The a’:ratior. process is a result of thc dry ing-out of t h e  soil and reacts to the
same factors (s ’e Ch. 1).

Besides iron-monosui phi de, the soil contains also iron-bisul pl&ide (pyrite)
(FeS1). This material is accountable for the black colour of the soil to only a
small extent; the best it can do is impa rting a grey tint. The monosulphidc tends
to be converted into bisulpliide in course of time, and that is why the deeper
layers are grey ish rather thasi black.

Also pyritc oxidizes into iron’sulphatc and is subsequently transform ed into
gypsum by the interaction with calcium carbonate. Table 4 illustra tes the course
of development of this conversion. At the start the process develops at a fast
rate: later on it slows down considerably. The latter phenomenon is caused by-
the presence of pyrite in different forms, some of which will readily oxidize,
whereas other forms again will not.

The gypsum li.rmcd is partly transformed by interaction with the Mg and
Na catious of the a ls9rptive complex into magnesium sulphate and sodium
sulphate (MgSO4 and Na5SO1). Part of the gypsum remains intact , however,
which has a favourable effect on the initiall y somewhat unstable structure of
these young soils.

So much gypsum is formed as to cause the soil moisture to become saturated
with it for a number of years to come; ever, solid gypsum is often found in a
finel y crystallized form. However, the gypsum still remainin g will gradually
leach out.

In soils which are in equilibrium with sea-water, about 40 % of the exchange-
able cations is represented by sodium. As a result of the fact that the water
in the southern part of the former Zuiclerzec was only brackish , this percentage
was only some 20 % before the water of the Yssel-Lake turned fresh. The
reduction in salt content of the moisture in the soil before the sea-bottom fell
dry (table I) was aL-ead~’ accompanied by a cor.sidcrable drop in the percentage
of exchangeable sodium ~tabIe 5). The further fall in this percentage is to be
accounted for by the formation of gypsum alread y referred to abo~e, of which
the Ca-ions are exchanged against ~ a-ions, thus causing the transform ation of
Na-clay into Ca-clay. Tat exchange of magnesium is a slower-acting vocess
than that of sodium.

Soils in equilibrium with sea-water have a high potassium content as well.
This is partly dissolved in water, partly fixed in exchangeable form to the
adsorptive complex. The desalinization of the Yssel-Lake water already men-
tioned before meant a considerable Loss in potassium content. However, by the
time the w ater has been drained off the sea-bottom, the potassium content is
still considerably higher than that of a comparable ripened soil. When crops
are grown after the pold~r has been reclaimed, without applying potassium as a
fertilizer , which can be done with impunity for a certain length of time, the
potassium content is bound to be reduced (see table 6).

Phosphate is not tirescnt iii the soil in the solute state. As a result , the reducti-
on in the phosphate content after reclamation will depend entirel y on the extent
of its deprivatian Irom the soil by the crops grown , and on the quantity of
phosphate fertilizer applied (table 7).

The recently formed soils in the iJssel-Lake polders have a calcium-carbonate
content of about 10 %. As a resuLt of the Dutch climate with its surp lus rainfalt ,
this content will be graduall y reduced at a very slow rate. in point of fact this
reduction in content goes on at such a slow rate that icr centuries to come no
detrimental effects are expected to result to agriculture.
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Microbiakgicai rip ening.
In the trial polder at Andijk as well as in the Wieringermeer Polder and the

~ ort h Eastern Pokier the development of the total number of bacteria and of a.
number of physiological groups were investigated from the moment that the
water bad been pumped out , or the soils were still covered with water. In most
cases the numbers were determined in the topsoil by the plate-method and in
sonic cases by the dilution.method. This stud y had been made by HAnMSas
from 1927 to May 1947 and continued afterwards by the present writer.

The development of the micro-organisms in the trial pokier and the Wieringer-
meer Pokier stagnated so long as the salt had not washed away and the soils had
not been drained. Drainage, causing a better aeration, resulted in a large in-
crease of the number of micro-organisms up to a level, however, that was dist-
inctly lower than that of corresponding old arab ic soils. In the heavy drained
soils of the trial puldcr the numbers reached a higher level sooner than in the
drained clay loam soils of the \~‘iuringermcer Pokier due to the fac t that young
mud deposits were present in the tr ial pokier. while the heavy soils in the WI.-.
ringermeer PoLder contained mainly resistant humus. in both polders ploughing
under of grain stubbles and other organic matter caused a further increase in the
number of micro-organisms being noticeable for a long period so that in the
following year higher numbers of bact.z-ia and fungi were also found . in soils of
the triaL polder which had been provided with fresh organic matter normal
numbers were already found three to five years after the removal of the water.
On most cultivated soils in the Wicrmgermeer Polder however, normal numbem
were found only alter 5 to S years.

The most rapid development was obtained alter incorporation of fresh
organic matter in the form of green manures. Although the soils in the Wieringer-
meer Polde~ were not really poor in humus, the humus originally present was not
easily decomposable. Therefore, a normal development of micro-organisms was
not possible without the presence of fresh organic matter. In accordance with
this fact the soils of the Wicringcrnieer Polder showed a strong need of nitio-
genous fertilizers in contrast with the soils of the trial pokier.

In the North Eastern Poldcr a normal number of micro-organisms was
reached more quickly than in the ~Vieringermeer Polder because of the absence
of large amounts of salt. In most case’, normal numbers were found within
5 years on the reclaimed sandy and heavy soils. j ust as in the \Vicringermecs’
Polder the numbers increased consistently after drainage, cultivation and
incorporation of fresh organic matter.

The ripening of the subsoil in these polders developed more slowly, as might
be expected ; after a few years, however, it too showed a steady progress.

The susceptible and exigent organisms, as the nitri fying organisms and
Awlobactcy chroococcwn , showed a good development only after an improvement
of the aeration and when enough fresh orizanic matter was available for the
Azotobacters. in the trial polder enough rhizob,a were present so that inocu-
lation of legumes was not necessary. tn the Wieringermeer Polder and North
Eastern Polder, however, these bacteria were scarcely present or practically
absent , especially R iizobiuin rnel ilott and if .  lupini. :t proved to be necessary,
therefore, to inoculate legumes to a large extent.

The chemical cha.ngcs in th~ young soils are brought about for an important
part by the activity- cd micro.urganisms.

So long as the nitrif ying organisms had not yet developed sufficiently, most
of the available mineral nitrogen was present in the ammoniacal form.
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~u. The transformation of Na-clay into Ca-clay in the trial pokier and ~ ‘ieringer-
nicer i’ohler was stimulated by sulphur .uxkLizing bacteria, which in the drained
soils oxidized the sulphides present in the soil, resulting in the formation of
sulphuric acid , iron sulphate and iron (lisul phatc. ~1o~.t of t h e  soils in the IJsseL-
Like i’olders are rich in CaCO~. In combination with sulphuric acid, formed by
t he  sulphur- ’xidizing bacteria large amounts of gypsum were formed, Lw which
Na-clay was changed into Ca-clay. For this reason no great didiculties have been
encountered in connection with the structure of these suil~.

Sulphur-oxidizing bacteria , however. were’ also responsiblc for the formation
of the so-called .,Latteklci” (cat-clay) in soil devoid of CaCO,. especially in the
Wieringermcer Polder. In the North Eastern Polder cat-clay was found on a
much smaller scale. Cat-clay has a highl y acid reaction (pH 1.5 to 2) and a very
bad structure on which plant growth is hampered or impuscible.

In the fi rst years especiall y the sul phur-oxidizing bacteria are responsible
for losses of calcium by the formation of CaSO1. In Iatm years losses of calcium
as soluble Ca(l-1C03)5 are brought about by all kinds of micro-organisms due
to the production of COT. The formation of nitra tes by the nitri fying organisms
aLso facilitates losses of lime. By the displacement of calcium other bases are
exchanged from the adsorptive complex and replaced for an important part by
calcium. ~fagnesium and potassium, which are released by the activity of micro-
organisms from organic and inorganic compounds and transtormcd into soluble
comp. unds, may be added partly to the adsorptive complex.

Micro-organisms play also an important role in the transformation of phos-
phatc compounds. Phosphates may be mobilized by micro-organisms from
minerals, salts and organic materials and transformed into assimilable com-
pounds. For this reason losses via crops are facilitated by micro-organisms.
Organic phosphate compounds put into circulation by micro-organisms are of
importance because these are not fixed by aluminium and iron. On the other
hand phosphate may be fixed directly by microbes, while the sol’ibility may
be reduced indirectly by microbiologica l processes by which alkaline compounds,
or soluble iron and manganese compounds are formed .

iron compounds being made soluble by bacteriological reduction processes
may be displaced with the ground water and transformed in other places into
an insoluble form by chemical and bacteriological oxidation processes. Some-
times this may lead to clogging of tile drains.

Micro-organisms are indispensable for the mineralization of organic matter
and for the production of humus. Alterations in the content and composition
of the humus are therefore brought about by micro-organisms. In some cases
an improvement has been noted in the content and composition (higher N-
content) of the humus in soils in the North Eastern Pokier.

The reIaNons.~s tp betwecu Me ripening pr ocesr and Me cultivatio n o/ arabic crops.
The intensity of the drainage applied was the factor determining the rate of

ripening of the soil.
During the period the ripening process of the top soil was still proceeding, it

appeared when the land was being brought under cultivation, that with shallow
ploughing the sod had better properties favouring the growth of crops than
with deep ploiigliing, more in particular , as regards some highl y sensitive plants.

In conformity with experience previously gained , it was found ia the saline
polders (the trial polder near Andij k. and the ~Vieringern-~eer Polder), that there
was some variation in the susceptibility of crops grown in a saline environment.
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investigations made in the North Eastern Polder and in Eastern Flevoland
revealed the fact that , during the ripening process, the practically desalted,
virgin soil tcmporarilv possessed some properties retarding the growth of only
a few highly susceptible crops. However, after the land had been under culti-
vation for a certain period of time, but also it, before cultivating it, the land
had been left lying covered by spontaneously formed vegetation, these properties
were generally modified to an extent that would cause such sensitive crops to
show no longer any appreciable deviations in growth. It was found that during
the fi rst few years alter the water had receded soil conditions were extremely
favourable for the occurrence of whiteheads (O/Miobolus G~’asninis Sacc.).

The virgin soil proved to be deficient in nodule-bacteria. As a result, during
the first few ~‘ears alter the land bad faflcn dry, leguminous crops could develop
normally only when each crop was enabled to form adequate numbers of root-
nodules by inoculation with the strain of bactes ia spéëil~cahly needed by each
crop individually. In course of time the need for inoculation began to fall oe,
be it at a considerably faster rate for some of the legumes grown than for others.

In addition to this requirement, in quite an early stage of the soil-ripening
process in the North Eastern Polder and in Eastern Flevoland , some o~ the crops
proved to have a prdportionately great need for read ily assimilable phosphates.

~ee• . S •
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TA.LI. 1. Waterfactoren van giondlagcn op vers chihlende diepten op ten begroside
en op ten ónbcgroeidc pick op bet kkidepot Hct Spijk (3 j uU 1957)

Lnag (in cm) Bcgroeido pIck Onbegrocide pick

0— S 0.07 0.09
5—. 10 0.22 0.51
10— 15 0.35 0.86
15— 20 0.54 1.15
20— 30 0.69 1.49
30— SO 0.92 1.61
30— 75 1.47 2.13
75—100 1.56 1.79

lOO—128 1.31 1.42

Depth 0/ layer (it. cut) I PlaazS.grows. spat Naked-soil spot

Waterfactor in uitgangstoestand (jan. 1956) ~~~ 2.4

R’ale, f actor at the start (J an. 7956) ~ 2.4

TAILI 1. Waler factors of soil iayevs at various dsp:ks o/ a pMuS.growis spat and 4
a naked .soil spot in thø clay-depot HeS Spij k (3rd J uly 1937)

Tiw. 2. Waterfactoren van grond1~gca op verschillende diepten op drie plekken
met uiteenlopende kweIsterkten op kavel 1’ 113 is. do Noordocctpolder
(voorjaar l9S6~

- 

Pick
L~ ag (in cm)

______________ 
2

0— 10 0.5 0.6 0.5
10— 20 0.5 0.6 0.6
20— 30 0.7 0.6 0.8
30— 40 0.7 0.7 1.0
40— Si) 0.8 1.2 1.4
50.— 60 1.0 1.0 1.6
60— 70 1.1 1.4 1.9
70— 80 1.4 1.9 2.1
80— 90 1.4 2.3 —

90—100 L7 2.5 —

100—lb 2.0 — —
Xwel in mm/ctrn. 0 - 0.04 0.41

in mm/U hrs. I 
_____________ _____________

1 2 3
Depth o/ aysr (in cm)

• Spot

TAILZ 2. hi sSer facto rs 0/ soil My.rs at various deptas of litres sp ots having divergent
seepage val ess in parces T 773 in the North Eastern P oJd.r (Spring 1956)
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Scbcurwijdte (in mm) Aanta.l icbeure~
W~dSA a, cracks (its tieS.) Numbe, of cracks

Pick 1 Plek 2 Plek 3

Spoi l Spos 2 Spot S

~ en j  3 (40) * 6 (30) 8 (74)

I tjm 3 1 (30) 8 (113) 15 (248)
1 to 3 intl.
4 f/sn 6 1 (15) 4 (107) S (129)
isol incl .
7t/so lO 1 (30) 2(37) 0
7 to 70 intl.

> 10  0 1 (9) 0

Waterfactor 1.2 0.7 0.3
Vobledig geabreerd’ 0—16 0—30 0.—84
Completely aera ted
Onvoiledig gea6reeed ’ *6— 43 30—91 84—> 120
Incompletely aerated
Zomergr nd~~ terstand 100 187 > 250
Su mmer gr.nusd-watir level

TAPIR 3. Data showing state o/ ripening p ioceu of the soil-lay.r lying 20—50 cm below
surfa ce level in three spots with different dra inage conditions in the Quarlos
Poider (A udumn 1955)

1 (40) — totale scbeurlengte in cm.
total length of crack ste cm.

~ c~n ondex raaaweld.
cm below surface level.

lndzogüsg

Totanl Ge,rnddeld
(in mm) in mm/etm.

Gehele bodemproSel 145 0.97
Total soil ~~~~~
BodemproSel beneden 20 cm dlepte 100 0.67
Soil profi le below 20 en. depth
Bodemprofici beneden 40 cm diepte 60 0.40
Soil profil e below 40 nu depth
Bodeinprofiel beneden 60 cm diept. 30 0.20
Soil profile betow 60 cr,, depth -

Bodernproñei beneden 80 cm diepte 10 0.07
Soil profile below 80 cm ie~th
Bodemprofiel beneden 100 cm diepte 0 0.00
Soil profile below 700 ens depth

Total Average

Depth (in ~nm) Sue mm/24 Are.

Drying-out rate

TAPI R 8. Tb. dr~’ing-onS rate of yow.sg n,arnse-clay soils undep cereal crops during the
pe riod of growth (150 days)
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sag in cm Waterfactor

75—100 0.66
• 100—125 0.34

125—150 1.00
I50— I 75 1.32
175—200 1.46
200-225 1.44

Depth its cm Water /actor

T*~z.z 6. Water factors at various depths in three Dollard p oWers average ag. of podiwn
being ± 115 years

Voorjaas eta droogvallen
• (in cns) 1 1 2 1 3 1 4 5 1 8 1 7 1 8 1 1 0 1 15

A*rati.
Aeration

0—20 4 5 5 5 5 5 5 5 5 1 5
20— 40 2 3 4 ~ ~ ~ ~ ~
40— 60 0 1 2 21 3* 4 5 5 s s
60— 80 0 0 0 1 1 2 21 3 $ s
80—100 0 0 0 0 0 0 ~ 1 21 4

Gescheui dbeid
Crack-f or ’nat ion

0— 20 4 5 • S 5 5 $ 5 $ 5 5
20— 40 21 3 31 4 4 4 4* 4* 5 5
40— 60 0 1 2 3 31 31 4 4 4 4
60— 80 0 0 0 I 1 2 21 3 3 3
80—100 0 0 0 0 0 0 1  ~ 1 2 2

Dip ih or 1 1 2 1 3  ~~~ 6 1 7  8 10 15
layer
(in c,n) Spring fo llowing drainage

TAPIR 7. The ripening of a loam-B soil-type (just over 20% clay of the North Lasteow
- Folder (aera tion and crach-/o.-matioss are shown graded into 5 types)

Betekenes van de cijfers :
Rating o/ ntunbers:
A6ratie: Gescbeurdhesd:
Aeration: Cr a ck-f o,mation:
0 — geheel ongealreerd 0 —completely unosroled no cracking
I — 20 % gea8reerd I — scheurafstand m eer dan 25 cm

aera ted distance between cra cks 25 cm phes
2 — 40 % geaereezd 2 — sche~aralstand 10—25 cm

aerated distance between cracks 7O—25 cm
3 — 60 % geaereerd 3 — scheurafetand 5—lO cm

aerated distance between crach~ .6—70 cm
4 — 80 % gcaëreeed 4 — grove ve;brokkcling (diameter sneeraerated dan 1 cm~lump- / ormation. wars, (diameter more

than 1 cm)
5 — gehee! geshr.erd S lime verbrokkeling (diameter miMer

completely aerated dan 1 cm)
lump- / ermalion. fins (diameter less Mats
1 cm). 

~~~~1~~ A



APPENDIX C : HEAVY METALS IN THE DUTCH DELTA , AN
- 

... INTEGRATED PROGRAM FOR RESEARC H

F~’ Pr .  I \ .J .  c~e Groot (P el~~t F’~’c~r a ul i cs  La~ o rat o r~~/ In st ~~t ut e
• . for Soil Fertility)• I. Introduction

• With the large rivers considerable quantit ies of heavy metals
and othe r pollutan ts , among which phosphates and chlorinated hydro-
carbons, are transported into the direction of the Dutch coastal
area. A great deal of these substances is adsorbed on the suspended

• matter of the rivers. By nature as well as in consequence of activ-
ities of civil engineering (enclosure of river outlets and dredging

• of harbours), la rge quant i t ies  of the suspended matter , together
with the attached pollutants , are retained within the delta.

Within this short coulnunication a survey will be given on our
research on the hydrodynamical and chemical behaviour of heavy• meta l s , adsorbed by sediments , in our aquatic environment. These
investiga t ions have been ca r r ied ou t in a close cooperat ion between
the Ins t i tu te  for Soil Fert i l i ty  (Haren , Groningen) and the Debi t
Hydraulics Laboratory (Dell t ) .

A more detailed treatise will be given on tl’~ upt ake of heavy
metals by agricultural and hort icul tural  crops which are cultivated
on dredge spoils used for land f il l ing . The same will  be done for
the translocation of heavy metals in the food—chain soil—grass—catt le

• for our large area of river flood plains, which are subjected to
heavy metal contamination as a consequence of high river rloods

• during the winter and early spring.
The main work during the past concerned the study of fresh’ y

deposited sediments. Meanwhile, however, the program of research
is devoted to a more complete examination of the aquacic ecosystem.
Attention is paid in this respect to the several reservoirs (e.g.
interstitial water and suspended matter) which can contain heavy
metals. In cooperation with the Biological Department of the
Netherlands Organisation for App lied Scientific Research (TNO) the
biological aquatic ieservoirs have been incorporated in these
investigations . A short evaluation of this integrated program will
be given at the end of this connnunication.

II. Transportation and geochemical studies
The ori g inal studies on origin and transportation of f ine

grained sediments (to which the pollutants are mainly attached)
concerned the use of Mn as a natural trace r (for West--European
rivers the contents of Mn in their sediments vary considerably,
comp. Ref. I). In a later stage these examinations were perfected
by the use of the methods of the isotope geochemistry. In a number

Gi



of estuaries mixing processes of terrestrial and marine material were
studied on the basis of differences in C12/C13 and 016/01 8”ratios

• • (Ref. 2 and 3). It  was poss ible in th is respect to f ol low the f low
path of clay minerals , organic matter and carbonates separately in
the estuarine regions.

Attempts are made to raise the number of useful natural tracers
by the use of activation analysis (multicomponentanalysis). The
impact of several rivers on the sedimentcirculation in the North Sea
is now studied in this way.

For sediment transportation studies on short distances, a broad
laboratory investigation has been done on the use of activable tracers
(Ref. 4 and 5). The application of Ta is a promising method in this
respect.

• In close connection with the sediment transportation studies, re—
search is carried out on the occurrence and behaviour of heavy metals.
At this moment 9 metals are considered in the Dutch delta: Zn, Cu, Cr,
Ni, Pb, Cd, Hg, As and Sb. The investigations have led to a detailed
picture of the distribution of the heavy metals over the deposits
in rivers, estuaries and coastal areas (Ref. 6, 7 and 8). During
these studies also information was obtained about the development of
heavy metal pollution during the past 15 years . Alarming in this respect
are the large increases of the Cd and Hg contents in our aquatic
environment during this period.

The actual contents of S heavy metals in aquatic sediments from
che Duch delta have been g iven schematically in Fig. I .  Besides metals ,
also the contents for P are given in this diagram. All contents of

• elements are expressed here as percentages of the relevant contents in
the sediments of the Rhine river (upstream , as the river enters our
delta).

For a better understanding of Fig. I we mention that the
contents of heavy metals in sediments depend on the grain size compo-
sition. Linear relationships are found in this respect between metal
contents and percentages of the fraction < 16 Mm. In Table I the
heavy metal— and P—contents of Rhine sediments are given , as values
obtained by extrapolat ion of the above mentioned relationships to
100% of the fraction <16 ~m.

Table I. Metal— and F— contents, expressed in ppm,
in sediments from the Rhine (extrapolated to 100%
of the fraction < 16 Mm. )
Zn 2900
Cu 600
Cr 1240
Ni 100
Pb 800
Cd 45
Hg 25
As 220
Sb 17
P

G2
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On the basis of Fig. I we will now focus our attention on the
• following regional problems , which are caused by a c t i v i t i e s  of c i v i l —

engineering (excepted the heavy metal pollution on river flood plains).

~~ I. Ketelmeer. Before 1932 the distributary Yssel carried 11% of the
Rhine water  (and of the suspended matter of this river) to the
Zuider Sea, the latter being directl y connected with the North Sea.
In 1932 the tidal effects were withdrawn from this area by means of
an enclosure dike , thus creating the fresh—water Lake Yssel.

As a consequence of the absence of t idal  action , nowadays sus-
pended matter of the river Yssel is settling in its mouthing area
(Ketelmeer) in full possession of the heavy metals of sediments from
the Rhine river. The impact of this phenomenon on the whole Lake Yssel
is now subject of an intensive investigation.

Fu rthermore , apart  f rom a direct  transport of contaminated Rhine
mate r ia l  to Lake Yssel , adsorption of heavy metals  from the water
to the suspended matter can take place, as a consequence of the long
residence time of the Rhine water in Lake Yssel.

2. hollands Diep — Haringvliet. The Haringvliet was originally one of
the two main Rhine—estuaries (the other one is the sea way via the
Rotterdam harbour). In 1970 the tidal effects were withdrawn from this
estuary by means of an enclosure dam (as part of the well—known Delta
Plan). A similar operation was carried out somewhat later in the
Grevelingen area , south of the Haringvliet.

If we compare the amounts of the heavy metals in deposits from
the inner side of the Haringvliet dam (as compared with those of the
Europoort), we find a similar effect as has been found in the Ketel—
meeL area. The increase in the heavy metal pollution of the Haring—

~‘liet , within a relative short period of time, gives rise to severe
concern with respect to the environmental management of this fresh-
water area.

3. Oosterschelde. The Oosterschelde , at this moment still in open
connection wi th the sea is up till now a relatively unpolluted area.
In the very near future a decision will be made on the way in which
this river outlet will be enclosed . The most probable solution will
be a dam of such a construction , which still gives rise to a reduced
tidal action in this area. It is a complex problam in how far such a
construction affects the amount of pollution in the area.

4. Waalhaven — Europoort. The Rotterdam harbour region is now the main
deposition area of contaminated Rhine material. The dredge spoils of
the harbour basins are the more polluted , the more these basins are
located to the east. As an example of a highly polluted area the
Yaalhaven is represented in Fig. I. The Europoort , which is more
directly exposed to the sea, contains sediments with heavy metal
contents which are close to the material from the marine regions.

The consequences of disposal of the contaminated dredge spoils
on land will be discussed in the next chapter. Especially the use of
dredged material for agricultural and horticultural purposes will be
treated more deeply. The set up of limitation criteria for heavy metals
in arable soils may restrict the application of dredge spoils in this
respect.
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5. River flood plains. During the winter and early spring large areas
along our main rivers are subject to flooding. The deposited material

-~~~~ has a close relationship to the dredge spoils from the eastern har—
bouts in Rot terda m , as well  from a view—point of general chemical and
mineralogical  cha rac te r i s t i c s  as from a view—point  of heavy metal
con tamina t ion .  In the next chapter we will discuss the agricultural
problems of these contaminated river flood plains subsequently to
those of the dredge spoils.

III. Agricultural use of dredge spoils and river flood plains

A more profound treatise will now be given on dredge spoils and
flood plains. The Institute for Soil Fertility has performed extensive
studies on the heavy metal contamination of these types of soil that
are in agricultural use, and on the consequences of this contamination
for heavy metal levels in plants and animals.

I. Dredge spoils. Part of the dredge spoils from the Rotterdam har—
bours, which have been dumped on land , may have an agricultural
destination. The basic substance is a fertile young river clay that
allows, after ripening, the cultivation of various crops. The fertility
is in many cases adequate for cultivation of crops without amendment
of P and K fertilizers.

The dredge spoils , however , are seriously contaminated with heavy
metal s and various persistent organic compounds, such as pesticide—resi-
dues and PCB ’s. In Tabbe 2 the mineral composition of various dredge
spoil derived soils is compared with the mean composition of Dutch
river clay soils. As the metals are fixed predominantly to the f ine —
gra ined f r a c t ions , their concentration is correlated with the clay—
content (pa r t ic le  size- fract ion < 1 6Mm ) of the relevant soil.
The heavy metal levels of dredge spoils from harbours s i tuated east
of Rotterdam are cons iderabl y ‘~igher than the levels from the harboursnearer to the North Sea . The composition of the agricultural  soils
derived from these dredge spoils depend on the origin of the upper
layers of the deposits.
2. Effects of heavy metals on agricultural crops cultivated on dredge
spo i ls .  The study of the e f f e c t  of the contaminated dred ge spo i ls on
the growth and composition of crops is performed in two ways:
— comparison of heavy metal levels in crops on dredge spoils with

those of crops on uncontamined clay soils
— the same in pot experiments under more comparable growth conditions.
The advantages of pot experiments are the uniform growth conditions;
as a d isadvantage may be considered the d i f f i c u l t y  to t ranslate  the
results of pot experiments to field conditions. Combination of the
resul ts  of both approaches can give more convincing conclusions.
Pot experiment 1: Eight different crops (potato, radish , carrots , onion,

• l e t tuce , grass , French beans and sumer wheat) have been cultivated iz~
j a r s  witt .  dredge spoils of d i f ferent  composition , age and origin. As
a reference two uncontaminated clay soils were included . The heavy
metal contents of the consumable and of the vegetat ive p ar ts .  tave
been estimated , and the ratio contcninated/uncontaminated (“accumu-

• l a t ionfact or ”) has been calculated . The mern values of t h t  aecumula-
t i on fac to r s  cf the consun al le  pa r t s  of the crops on the investigated
eight different dredge spoils are specified in Table 3.
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Table 3 Accumulation factors ’ of food s cu l t ivated on dredge materi al

Foodcrop Mn Zn Cu Cr Ni Pb Cd Hg As

Potato 1 .1  1. 8 2.4 2 .7  3.4 4,3 2.2  2 .7  3. 1
Car rot 0.8 2.4 2.0 16.3 1.8 4.3 7.5 3.0 2.8
Radish 0.7 2.6 1.9 3.2 1.2 4 .1 4.4 6.3 3.6
Onion 0.6 2.5 1.4 1.4 2 .2 1.0 11.9  3.4 2.3
Lettuce 0.4 2.5 1.8 18.8 1.1 1.1 4.9 2.5 4.7
Grass 0.4 5.2 2.8 4.8 2.0 1.5 5.1 1.3 2.4
Wheat 0.2 5.1 2.7 2.2 3.0 1.1 8.9 1.7 2.8
French bean 06 1.6 1.1 2.1 0.4 5.6 3,3 1.6 2.3

‘Mean concentration in crop cultivated on dredge spoil soil
Mean concentration in crop cultivated on reference soil

Two eff ects have been observed:
— an increase of most heavy metal content3 (Cu, Zn, Cr, Ni , Pb, Cd,
Hg, As) and

— a distinct decrease of the manganese content .
In most crops symptoms of manganese deficiency are visible. This
manganese deficiency is caused by the excess of zinc in the soil
plant system.
Pot experi ment 2: In order to study the behaviour of the heavy metal
absorption by the plant with and without induced manganese def i—
ciency an experiment has been performed with wheat and oats as exper-
imental crops on the same 8 + 2 soil species of the first trial.
Manganese deficiency was treated in one half of the plants by
spraying them with mamganous sulphate. The symptoms disappeared, and
the yield of the treated plants was significantly improved. From
the preliminary analytical data it appears that the manganese treat-
ment results in a decrease of Fe— , Zn— and Cu—content, both of straw
and grain.
Pot experiment 3: An experiment is started in which is studied in
how far the much less contaminated dredge spoils from the most
western harbours of Rotterdam (Europoort) can be used to cover the
more contaminated sediments. Five crops (wheat, carrot, lettuce,
potato and grass) are cultivated on three dredge spoils (one
less, two more contaminated) and two reference river clay soils.
The Europoort dredge spoils have been rinsed untill free from
excess of saline. The harvested crops will be analysed for heavy me-
tals in order to check if the contents are within acceptable limits.
Pot experiment 4: Besides the heavy metals, the organochlorine
compounds may form a risk for the agricultural crops. In a preliminary
experiment two heavily contaminated sediments and one reference soil ,
without detectable organochlorine compounds, are involved.
Experimental plants are corn (Zea Inais), potato, radish, lettuce and
grass. The harvest products will be investigated on all relevant
pesticide residues,
Field obeervationa: Several older dredge spoil deposits are in use
for the cultivation of agricultural crops as: Brussels sprouts,
barley, cole seed, grass seed, potato, sugar beet and suulner wheat.
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• Samples of various crops have been analysed and compared with the
• results of pot experiments. The agreement between both is good .

• 3. Consequences for human health. There are no legal regulations
available about the tolerable heavy metal levels in vegetable food.
The World Health Organisation has given an evaluation about this

• subject, in which is concluded that in the daily diet in Western
• Europe the levels of Cd, Pb, and to a less extent Hg and As are

• near to the threshold value and should not be enhanced in any
product. Several crops, grown on dredge spoil deposits, show alarming
high cadmium and lead concentrations, and their cultivatron should
be restricted. In agricultural products used for animal nutrition
(grass, wheat, beat leaves) some metal concentrations also exceed
the tolerance levels. The composition of grass is relatively less
contaminated , as will be illustrated in the next paragraphs.

4. River flood plains. In the Netherland s about 40,000 ha of grassland
• is subject to flooding by the river water in winter and early

spring. The composition of the sediments d i f f e r s  from the material
that is transported at normal river f luxes.  At high river water
discharges more soil— and bed—erosion products dilute the more contami-
nated orig inal river sediments . The level of che heavy metals in
the river flood plain soil is equal to the mean level of the dredge
spoil soils, and lower than the concentrations of the sediments
deposited at normal river fluxes in the fresh water tidal area . (Table 4 ) .

Table 4 Heavy metal contents, expressed im ppm, of Rhine flood plain
soil.

• Zn Cu Cr Ni Pb Cd Hg As

1000 160 300 60 210 10 5 50

5. Ef fec ts  on the heavy metal contents of the grass. The grass
growing on the river flood p lains can be contaminated by absorption
of heavy metals from the soil, and moreover externally by adhering
soil particles. For animal nutrition both sources have to be taken
into account.

The mean heavy metal composition of flood plain grass is
estimated by averaging the results of seven monthly samplings in the
grazing season at several farms during three years. In a represen-
tative part of each sample the external contamination was removed
by rinsing the grass with a dilute detergent solution and with
demineralized water. In this way the external contamination can be
distinguished .

The resutis have been compared with those of grass samples from
farms situated on uncontaminated r iver clay soilsXable 5 shows that
the elements As , Cd , Cu , Hg, Sb and Zn are enhanced in concentration.
The plant availability of metals in this calcarous soils is relativ-
ely poor, thus the increase in the grass contents is much less than
the differences in soil composition.
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6. E f f e c t s  of contaminated grass on animal health. The ca t t l e  in the
flood plain pastures is subjected to three forms of heavy metal con—
tamination : grass; soil particles adhering to the grass; and soil
ingested direct ly .  Only a small part of the metals is absorbed in
the digestive tract. The availablitity (digestibility) depends on
diverse factors as: the chemical form, the solubility, and the
conditions in the rumen of the cattle.

The overall effect can be studied by analyzing the organs of the
animal in which metals accumulate. To this end liver, kidney and
meat samples have been analyzed of IS cattle from three far-ma ,

• situated entirely in the flood plain area, and from 7 cattle from
a reference farm. Because of the large biological variation between
the cattle , as caused by different ratios, health and age , on ly

-• large differences in heavy metals can be distinguished .
The result was in so far surprisingly, that no significant dif-

ferences could be found between the cattle organs fro. the conta-
minated and from the uncontaminated pastures (Ref. 9). Apparently
the cattle is well protected against these toxic components in their
diet. For Hg it could be proven that this element occurs in soil
and plant material in an inorganic form. Pro. aethylated Hg a rap id
accumulation can be expec ted ; the inorganic mercury is made insoluble
in the rumen by the suiphides present in this organ .

• Sheep, in contrast , are extremely sensitive for Cu excess. They die
from chronic Cu—toxicity if the total ration of grass and soil
contains more than 15—20 ppm Cu.

7. Criteria for heavy metals in soils. The heavy metal concentrations
that can be tolerated in soils depend on the biological processes
which are in consideration. Soil microbes are relatively unsensit ive ,
the microbes active in root nodule formation of legumes, however, are
very sensitive for excess of copper. The difference in sensitivity
for Cu between cattle and sheep has been already mentioned.

There are no reliable soil tests to determine the plant available
fraction of a metal in various soil types. In many institutes in the
world fundamental work is performed on this sub j ect.  Important fac —
tors as pH, clay and humus content are studied in our institute. Kloke
(see Table 6) has suggested a list of tolerable concentrations of

• Table 6. Tolerance levels, expressed in ppm,
• in soils (According to Kioke, 1974)

Zn 300
Cu 100
Cr P00
Ni 100
Pb 100
Cd 5
Hg 5
As 50

A. Kioke: Personal conununication at the Nato
Science Comeittee Conference on Eco—toxicolo—
gy, Mont Gabriel , Quebec , 1974.
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toxic elements in soils ,mainly on the basis of l i terature observations .
Others have calculated the maxima l tolerable g i f t  of metal—containing
waste products which gives no rise to decreases in productivity or

pP qual i ty .  These dr-af t  tolerance levels all are specified for the most
susceptible soil: the acid , sandy soil with low humus— and clay—con-
tents. The dredge spoils , however , are very rich in humus, clay and
calcium carbonate, and will be much less sensitive for heavy metal
excess than the acid sandy soil on which the tolerance levels are
based. Nevertheless , our pot experiments and invest,.gations of crops in
the field have demonstrated that several metals accumulate in the
crops cultiva ted on that type of soil.

IV. Evaluation of the examinations
In the preceding chapters special attention has been given to the

heavy metal compositior. of deposited mud. The distribution of heavy
metals in deposited mud has been demonstrated in Fig . I. This insight
is insufficient , however , if conclusions have to be drawn on the
biological consequences of heavy metal pollution in an estuary or in
a fresh—water basin. Another problem is how to predict the cot~sequences
of civil—engineering activities for the behaviour of heavy meta’s.  In
this type of research , which deals with cause and effec t relations ,
an integrated hydrodynamical—geochemical—biological approach is
necessary . In this connection the Institute for Soil Ferti l i ty and the
Deift Hydraulics Laboratory are now co—operating with the Biological
Department of the Netherlands Organization for Applied Scientific
Research (TNO) .

This integrated approach of the problem of heavy metals in the
aquatic environment has been given schematically in Fig. 2.

The abiotic part of the system , which is demonstrated in Fig. 2 ,
consists of 4 reservoirs with heavy metals. A river transports heavy
metals in both soluble and solid forms (the latter indicated as sus-
pended mud). Between these two forms a dynamic equilibrium can exist.
Dependent on the hydrodynamical circumstances (reduced current velo-
cities) and chemical processes (e.g. flocculation) a partial sedimen-
tation of the suspended matter takes place , After sedimentation a
large number of reactions occur , which result into a delivery of
heavy metals to the interstitial water (mobilization). As a consequence
of this mobilization the concentrations of certain metals in the
interst i t ial  water can d i f f e r  considerably from those of the surface
water . In consequence of a number of processes the heavy metals in
the interstitial water can influence the composition of the surface
water. It is the object of our present research to study these processes
quantitatively. A first field research in this respect has already
been carried out in the Oosterschelde area and in the estuary of the
river Ems. In the laboratory we examine the adsorption— , desorption—
and fixation—processes with the help of radiochemical techniques.

The relative contribution of the 4 abiotic reservoirs to the heavy
metal burden of an organism will depend on the way of living of such
an organism and on the ability of adequate physiolog ical regulation
mechanism. .
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In Fig. 2 a rough classification has been made in organisms
living in the water—phase , like plankton and filter -feeders , and in

“
~ organisms living in the deposited mud , such as the meiofauna , worms

and certain shell—fishes . For the marine environment the biologistst
in our working—group use for field—studies on specific and selected
locations at this moment the following organisms:

a. For the water—phase: the shell—fish ?4tiiua edulia and the
weed Fzscua v.raiouioeie. b. Associated with the sediment: the
shel l—fish Macome baithica and the worm Arenicola marina.

With these organisms a rather intensive research program, in close
co—operation with hydrodynamical and geochemical examinations ,has
meanwhile been carried out in the area of the Oosterschelde . The organisms
v.~e collected in an unpolluted area in the Irish Sea and
eubaequently exposed to the environtment of the Oosterschelde . After
i,xed periods of exposition in the field the amounts of Hg, methyl—Hg ,
Cu and Zn have been measured in the organisms. In order to be able to
interprete the field—data in a proper way, the field experiments were
preceded by intensive toxicological laboratory research.

The results of the above mentioned biological examinations have
been published in a confidential report to the Dutch Government ,
written in Dutch. At this moment we are not able to give further
information on this subject.
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APPENDIX H: COMPOSITION OF HEAVY METALS IN ROTTERDAI4 HARBOR MUD
IN 1972 AND 19Th
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Table H5
Chemical Composi tion of Rotter .dam ~~~~~~ m u d  in 1972

Organic % Fraction <16/i

Sampling CaCO 3 matter Total Sample Heavy Metal  Content . Pp&~
Location % X Sample minus  CaCO 3 Zn Cu Cr Pb Cd

Rijnhaven 5.8 1.2 3.6 3.9 211 20 67 36 2.5
14.1 15.3 47.9 67.8 2070 808 989 863 39.1
13.3  17.2 51.0 73 .8  229 11 859 1059 893 81.0
18.2 18.8 48.7 68.2 1770 355 783 *27 38.4
18.0 16.6 58.5 78.5 2261 883 975 877 39.8
15.8 14.7 55.9 80.0 1861 383 735 805 38.1
15.5 15.5 58.1 78.4 1885 363 736 397 35.8
15.4 15.7 55.0 79.8 1885 358 730 390 36.4
14.2 15.8 39.0 84 .3 1996 391 698 899 34.0
13.3 21.3 58.0 88.7 2028 386 768 451 33.3

Maaahaven 2.7 0.2 0.5 0.5 37 0 11 9 0~89.3 8.7 38.6 82.2 1083 207 858 296 18.1
12.6 11.2 83.0 56.8 1579 287 633 3*8 27.7
9.5 6.8 17.6 21.0 680 111 286 228 9.0

14.2 15.9 60.2 86.1 1995 414 845 *21 37.8
15.5 18.8 67.8  97 .3  1880 346 718 406 30.6
15.0 14.3 67.2 95.1 1710 335 708 800 28.7
14 .3 15.7 65.2 93.1 2980 368 729 839 30.0
19.6 4.7 38.9 46.1 297 86 131 85 2.9
13.0 13.0 42.6 57.6 1671 285 513 829 16.0

Waalhaven 19.7 4 .3 39.8 52.8 187 22 101 28 1.5
18.7 9.8 38.3 85.8 1239 209 555 269 18.6
18.0 16.1 58.0 83.0 2190 430 975 481 33.5
114.1 15.7 60.1 85.6 2102 817 969 853 38.1
18 .1 18.6 60.1 84 ,8  1589 362 808 422 30 .3
13.5 10.7 52.3 69.0 1316 215 ~l89 295 17.8
7.0 5.7 18.9 21.7 644 178 143 182 3.8

18.7 10.0 53 .3  70.8 911 185 332 235 12.0
18.1 13.8 48.3 67.0 2628 260 1027 481 20.8
12.3 13.8 57.4 ‘.7 15111 239 598 800 14 .8

Eemhaven 11.9 5.2 23.3 28.1 539 81 203 117 7.2
13.7 7.8 27.8 35.2 717 111 250 153 9.1
18.3 9. 8 8 1 .7  54 ,7 981 164 357 206 12.8
17.8 7.6 51.2 68.3 412 65 183 89 11.6
11.8 12.8 55.3 73.3 363 58 141 88 2.3
14.8 9.2 38.7 50.7 721 103 229 146 8.1
13.4 13.6 63.7 87.2 1347 219 1115 340 15.5
11.5 14.0 47.6 63.9 2201 166 372 277 11.1
12.0 11.8 34.1 44 .8 661 81 191 141 6 .3
18.6 4.6 31.8 81.5 59 1 65 12 0 .1

2e Petroleum — 15.6 3.0 16.2 20.2 851 51 154 81 3.0
haven 15.9 12.0 46.6 611 . 13)2 218 476 266 18.6

16.8 9.7 42.3 57.8 931 135 301 190 12.6
16.8 10.9 85.8 63. 1020 150 317 218 13.7
16.8 13.2 57.5 82. 1252 190 384 264 17.4
16.5 14.2 56.5 81. 1274 206 393 277 17.8
111.5 18.6 42.2 59. 1213 189 311 324 11.2
15.7 12.7 47.8 66. 1104 175 3511 236 18.3
15.2 18.6 56.7 83. 1388 230 410 303 17.0
111.9 22.5 53.8 85, 1429 233 352 304 14.6

Ic Petroleum — 12.2 3.7 18.8 15.2 Iii8 37 146 77 6.3
haven 15,4 9.3 34.2 83,4 2)2 1119 337 188 13.4

15.9 10.3 34.2 86.4 898 145 317 176 12.7
17.9 13.1 84.0 63.7 953 1611 308 204 12.8
16.1 16.1 49.2 72.6 1186 225 402 239 17.0
14. 11 17.1 81.2 60.1 1002 213 366 223 111.2
16.9 18.1 86.0 66. 1095 198 374 237 1(.5
20.3 18.2 50.8 77. 1022 179 332 225 18.8
20.0 13.9 85.3 68. 950 172 313 210 13.2
19.8 11.1 42.3 61. 613 106 137 130 6.7

5Percent sges refer to dry weight ( 105 °C)
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Table NI c~ ntinu .~d

0rg~ n i e  I ‘ra~~~~ .r (~~ fr ~
CaCO 3 Mat ter  Tota l  Samp1~ •~ a v ~, Metal  Cont e nt , p~ m

Sampling v . - . —

Iocat ior . I .amph - •~ . , u ~ CaCO
3 

Zn Cu Cr P4 ‘i

3e Petroleum— 11.7 2.2 8.1 9. 303 32 102 33 3.5
haven 12.8 3.8 12.1 14. 394 145 138 69 14 .9

10.9 2.2 8.6 9. 220 27 72 38 2.1
l~l .~4 5.3 18.4 22. 514 5 72 192 106 7.1
17.0 8.0 34 .7 4 6 .  757 110 273 157 10.0
17.1 9.3 45.5 61.9 803 121 280 182 10.6
17.9 11.1 51.8 73.0 914 142 353 206 12 .6
17.4 12.9 57.4 82.4 1068 166 385 235 15.3
17.2 11 .7 53.1 744 .7 1037 153 378 234 13.8
17.9 1. .4 57.9 83.1 1032 157 376 229 15.6

Botlek 18.7 6.8 22.7 28.9 670 95 257 129 9.8
12.6 8.6 17.9 21.6 420 51 140 69 II . )
16.7 7.5 31.6 41.7 636 95 237 136 8.5
14.3 5.7 26.6 33.3 551 71 168 112 5.3
17.1 11.2 51.2 71. 44 1050 175 392 232 15.5
13.8 8.8 43.0 57.0 929 128 283 178 11.0
13.8 9.5 45.6 61.1 1200 174 303 24 1 11.1
17. 14 11.8 56.9 90. 11 1033 165 361 235 13. 14
17.1 11.3 60.2 B l e .j  1003 172 353 289 11.5
25.9 3.8 23.1 36.7 343 298 137 103 3.8

Europoort— 19.8 6.0 42.’l 57.1 386 38 143 79 1.8Entrance 20.7 6.5 48.3 66.3 333 442 162 91 2. 44
21.2 7.0 49. 11 68.8 3118 112 167 97 2.3
19.4 6.1 *4.1 59.2 3i6 36 147 81 2.5
11.1 1.4 10.7 12.2 38 5 50 13 0 .4
17.9 5.2 35.0 44 5.5 224 31 118 55 1.8
19.5 6.3 110.6 511.8 320 113 155 89 2.7
18.8 7.1 45.0 60.8 3115 48 171 88 3.5
15.0 6.n 45.2 61.0 363 50 169 85 3.4
20.2 7.1 47.8 63.7 369 33 164 118 3.2

Europoort- 20.0 7.2 31.2 70.3 4436 65 189 120 3.6Calan dkanaal 18.2 6.5 87.3 62.8 353 52 172 91 3.2
17.5 6.2 Il I4~~Q 57.7 329 52 165 79 2.6
17.6 3.6 116.3 60.3 304 89 143 76 2.0
18.14 7.5 52.7 11.1 1422 69 176 111 3.4
17.0 11.5 38.9 49.6 1116 22 101 344 0 .8
16.11 3.0 4 1.5 52.8 195 32 122 45 1.6
16.2 5. 11 48.7 62.1 215 38 127 63 1.6
16.4 4.5 35.6 113.0 164 29 lOll 38 0.9
14.7 3.2 38. 11 47 .9  2 3 2  46 129 61 0.8
13.8 2.8 22.6 27.3 92 17 79 22 0 .4
16.3 4.2 39.3 49.7 133 19 98 32 0.6
13.8 2.9 28.7 35.3 99 14 73 21 0.3
14.3 3.2 25.3 30.7 111 111 70 21 0.8
18.6 11.8 46.0 60.0 1311 18 88 23 0(11
4.6 0.3 1.8 1.9 28 0 12 5 0

16.1 11.5 145.7 57.5 122 18 89 26 0.9

Europoort— 18.9 5.6 39.9 52.0 227 28 122 63 1.7
Beerkanaal 19.2 6.2 83.2 57.9 288 35 131 79 2.0

18.3 5.3 38.8 50.8 237 30 151 65 1.6
19.4 6.1 44.8 60.2 248 32 125 72 1.9
17.8 4.5 36.1 416.5 170 23 98 48 1.0
9.2 0.4 3.1 3.4 14 0 24 8 0.1
12.8 2.2 111.9 17.4 86 7 53 21 0.5
10.5 0.8 6.0 6.9 35 2 30 9 0.1
12.2 2.0 12.7 14.8 74 4 85 17 0.3
12.3 2.5 17.7 20.0 87 7 33 22 0.5

~urop x” - 17.9 f . 7  4 5.4 60.2 386 51 153 86 3.5
V e n e l u x h a v m n 18.3 E . 5  86.9 62.3 356 51 154 91 3.3

11.6 ~.4 17.1 19.9 165 22 76 40 1.3

XPercentages rerer to dry weight (105°C)
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TableN2

__________________ che mical Composition of Rotterd am Harbor mud in 19714

- -
~
. Crganic % ~~~~~~~~~~~~ ( i~

Sampling 
CaCO

3 ‘atter Total Sample heavy Metal Conteiit 1 pps.a~
• Location Sample Mi nu.s CaCO~ Zn Cu Cp Pb Cd Ni

Waal haven 18.8 12.6 84.8 61.8 721 381 668 387 36.9 70.9
12.9 ,14.3 49.5 68.0 122 806 710 484 82.5 82.2
18.3 8.4 34.2 48.2 775 160 151 210 6.7 3~ .2
18.0 11.7 89.8 66.5 489 298 502 382 28.8 59.1
8.9 15.1 45.0 55.2 569 258 426 313 18.9 68.4

Botlek 16.5 5.9 25.3 32.6 621 97 229 153 11.5 3C.0
17.9 9.9 85.5 63.0 1028 168 357 231 19.0 46.5
16.1 10.7 50.4 68.9 1011 175 343 222 18.? 89.8
17.6 9,4 81.8 57.3 1002 171 353 235 18.9 83.6
17.9 10.9 53.6 75.3 1097 191 339 282 19.2 52.3

River 404 1010 15.9 9.1 3.1 41.5 1126 198 386 282 21.1 86.8
35.6 7.7 27.0 35.2 932 158 311 209 17.3 59.0
14.9 6.8 22.11 29.0 783 123 226 173 13.8 50.5
14.3 5.2 18.2 22.6 622 ne 22~~ 183 11.1 27.7
12.9 6.5 28.0 38.7 832 185 287 193 15.8 37.5

River near Botlek 11.1 1.7 7.0 8.0 208 27 87 43 3.3 12.6
11.8 1.7 6.2 7.2 208 24 88 39 2.9 15.5
13.3 3.0 13.6 16.2 366 58 144 85 6.4 18.5
12.5 8.3 13.6 16.3 396 58 152 82 6.2 25.5
9.6 1.6 7.0 7.9 206 27 88 61 3.2 10.5

River 101 1021 11.2 1.7 7.7 8.8 200 24 83 80 2.7 10.3
10.6 1,2 5.2 5.9 137 20 75 28 1.8 7.2
11.6 2.0 8.0 9.3 182 24 84 39 2.5 11.2
11.3 1.9 9.3 10.7 196 29 107 88 2.8 15.0
9.9 0.6 3.6 4,0 98 12 60 20 1.2 6.7

• River near 22.1 6.5 87.8 66.4 328 58 166 118 3.2 30.3
Europoort 21.9 6,1 88.8 62.2 294 46 154 108 2.9 27.7

21.3 5.3 39.1 53.3 270 38 185 96 2.5 24.9
19.7 4.9 33.3 88.2 289 36 132 86 2.6 22.7
20.5 5.1 34.6 46.5 250 35 124 88 2.7 22.7

SEA 7.2 0.2 1.6 1.7 28 3 32 7 0.3 4.6
Disposal harbor— 6.6 0.3 4.2 4.5 28 7 28 6 0.3 6.1
aat~rial 9.6 0.9 27.1 30.3 56 9 52 13 0.2 21.1

6.0 0.2 1.8 1.5 20 3 24 6 0.1 3.3
6.2 0,1 1.2 1.3 24 8 24 5 0.2 3.6

SEA 12,2 1.6 9.0 10.4 95 12 60 26 1.1 10.8
Disposal river— 9.9 1.0 5.0 5.6 101 7 48 21 1.1 8.6
material 11.6 1.5 8.5 9.8 83 10 60 26 1.0 9.7

12.5 1.6 10.4 12.1 102 14 72 30 1.2 11.1
16.2 2.8 18.8 21.2 152 24 88 50 1.5 15.2

Xpercentages refer of dry weight (105 0C)
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APPENDIX I: GLOSSARY
1)

Used in Report U. S. Equivalent or Definition

Bucket dredge Ladder dredge

Bund Dike or embankment
Capital dredging New work

“Eem” deposit Geological formation in The Netherlands

• Grab dredge Bucket or grab dredge

Granulometry Grain—size distribution

Lutuin Clay particles (<2 1.4)

Make work with work Working method aimed at a balance between quantities
to be excavated and filled

Mud Clay or silt or a mixture of bot h , with or without
• sand, having a water content higher than the

li quid limit

pH—KC1 Acidity of soil, determined with the aid of KC1

Polder Low—lying area where drainage is achieved by artifi—
• cial means

Quaywall Bulkhead

Rijksvaterstaat The Netherlands equivalent of the Corps of Engineers

Ripening A physical, chemical , and biological process which
converts sludge (harbor mud) into soil

Spoil Dredged material

Spouting Process of filling an area (confined, unconfined, or
submerged) with a mixture of dredged material and
water from a pipeline

Suction pit Pit from which a dredge is sucking material

Trunk Junction of jetty or breakwater with shore

Ii



APPENDIX J: NOTATION

A Water content as a percentage of the dry weight , and net power

b Capacity of organic matter to combine with water divided by
• capacity of the same weight of lutum

c Concentrat ion by volume
d Grain size, rn , and delivery pipe

D Dredging depth

f Coefficient of loss

f (c)  A decreasing funct ion of c
F Surface area of the basin, 152

g Acceleration of gravity, rn/sec
2

H Organic matter percentage

L L Lutum percentage , and pumping distance

n Number

p Percentage of water combined with noncolloid material

P
1 

Air pressure needed

P Atmospheric pressure
Q Discharge, m3/sec

Q~ Quantity of mixture per second

Qin Density of the mixture

Qw Density of water
T Cycle time of the disposal area units, years

v Velocity of mixture

X Total area necessary for disposal of the dredged material , m

Y Dredged quantity, m3/year

Z Thickness of a discharged layer, m

~H Loss of head per unit distance

A Coefficient of friction

V Dynamic viscosity, m2/sec

~k 
Density of the grain , kg/rn3

~
1
w Density of water , kg/rn3

• Percentage of retention

Jl
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