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Consolidation characteristics of polluted sea bottom sediments
Les caractéristiques de la consolidation des sédiments maritimes pollués
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SYNOPSI S The con tr ibu t ion  of po llu ted sea bottom sediments to environmental problems and inves­
t ig a t io n  of possible methods of disposal fo r  such sediments in shallow waters has become a major 
problem of concern in  many parts of the world. This paper ou t l ines the f ind ings of an inves t iga t io n  
carried out on Golden Horn bottom sediments. The organic content and the p u t r e s c ib i l i t y  index of the 
sludge samples studied are found to be higher than those encountered in s im i la r  places. The geotech- 
n ica l inves t iga t ions  have shown that these sediments consist of f ine  grained s o i ls  of very high 
water contents and upon consolidation in a s lu r ry  consolidometer, block s o i l  samples of medium con­
sistency with high com press ib i l i ty  could be obtained. Also, i t  has been experimentally observed that 
a marked decrease in p u t re s c ib i1 i t y  index of the samples took place during consolida tion.

I NTRODUCTI ON

The Golden Horn bay in  the c i t y  of Is tanbul is 
a long and narrow waterway d iv id ing  the c i t y ,  
and the area is  a s i te  of many h is to r ic  monuments 
as well as being a densely populated re s id e n t ia l  
and in d u s t r ia l  region. In past centuries (the 
days of Ottoman Sultans), the region used 
to be a recrea t iona l area with i t s  picturesque 
surrounding. Since the turn of the century, i t  
has been v ic t im  of over-population and 
uncontrolled in d u s t r ia l  development. Today, i t  
has long los t  i t s  b e a u t i fu l  image and is a 
typ ica l case of man's destruction  of i t s  
environment. I t  is  been la rge ly  f i l l e d  w ith 
eroded mater ia l from surrounding h i l l s  and 
disposal of waste, and i t  is h igh ly  po llu ted .

The area has unique s o i l  conditions and the 
associated geotechnical problems have been 
reported elsewhere (P eyn irc iog lu , 1961, 1965, 
1973; Togrol, 1975; Kumbasar e t . a l . ,  1976). The 
present inves t iga t io n  was carried out to study 
the con tr ibu t ion  of sea bottom sediments on the 
p o l lu t io n  problem and to study the methods of 
disposal fo r  these sediments. This paper 
p r im ar i ly  deals w ith the consolida tion behavior 
of these bottom sediments and associated changes 
in th e ir  geotechnical p ropert ies. Sea bottom 
sediments from various points along the Golden 
Horn have been tested in the laboratory and the 
resu lts  are presented herewith.

GEOLOGY

The geology of Golden Horn area has been the 
subject of many investigations (Ketin, 1953; Maden,
1975; Sayar, 1976). The southern shores Golden Horn are 
gently sloping to heights of 40-60 m, whereas the 
northern shores have steeper slopes reaching to 80-140 m 
heights. The oldest formations of the area consist of 
graywacks, clayey schists and limestones 
belonging to Upper Paleozoic. On th is  base, at

higher elevations sand, gravel, clay and marl 
series of Neogene age are encountered. The area 
has been affected by Hersinien and Alpine tectonic 
movements. Grayawacks and clayey sch ist have 
been subject to d i f fe re n t  degrees of weathering on 
the surface. A lu v ia l  deposits at the basins of 
Alibey and Kagithane streams flowing in to  the 
bay, and a lu v ia l  deposits of marine o r ig in  
encountered along the shores and basin of Golden 
Horn cons t i tu te  the youngest sediments of 
Quarternery age in  the area. Along the shores 
a f i l l  layer decreasing in thickness towards 
inlands covers the a lu v ia l  deposits.

Because the surrounding slopes are not 
protected, f ine  sand and s i l t  size p a r t ic le s  
from the weathered graywacks and schists are 
carr ied by erosion in to  the bay. In add it ion , 
large quan ti t ie s  of sewage, so l id  waste and 
in d u s t r ia l  po l lu tan ts  have been disposed in to  
the bay for a long period of time.

SOI L  PROFI LE AND THE GEOTECHNI CAL  PROPERTI ES

In the v i c i n i t y  of Golden Horn, the ground 
surface is covered with a f i l l  layer of varying 
thickness composed of sands, s i l t s ,  clays, 
gravels and boulders, bricks as well as organic 
m ateria ls . Underneath the f i l l  layer, a brown 
h igh ly  p la s t ic  residual s i l t y  clay layer whose 
thickness decreases from end to the mouth of the 
bay is  encountered. Below th is  formation, the 
most typ ica l  s o i l  formation of the area, the 
Golden Horn c lay, a gray s i l t y  clay of marine 
o r ig in  w ith shells and a large organic content 
is  found. The thickness of th is  formation varies 
from 0-6 m at the end to 35-40 m towards the 
mouth of the bay. The base rock in  the v i c in i t y  
of Golden Horn consist of clayey schists and 
graywacks, the upper elevations of which are 
weathered and have surface slopes varying 
between 20° -  60°. Figure 1 i l lu s t r a te s  a 
ty p ic a l  s o i l  p r o f i le  across the Golden Horn.
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WL (%) Wp (7.) w ( t ) CU (kPa) mv (kPa) - 1  Cv (m2 /.s)

Brown Residual Clay 50 27 34 50 3.0x10  ̂ 4x10 ®
Soft Gray Clay 70 35 60 25 6.5x10-4 7x l0 "y

TABLE I

Average Geotechnical Properties of Soil Layers

Table I  summarizes the average geotechnical 
properties of s o i l  formations.

In the bottom of the bay i t s e l f ,  a very th ick  
accumulation of f ine s i l t s  and clays due to 
erosion from the surrounding slopes and two 
small streams that used to flow in to  bay (a 
recently  b u i l t  earth dam now contro ls th e ir  
f low ),  plus discharge of sewage l ines ,  so l id  and 
in d u s t r ia l  wastes constitu tes a s lu r ry  l ik e  
sediment which has very high organic content and 
r ich  in  p o l lu tan ts .  From the end of the bay up 
to about one th i rd  of i t s  length the thickness 
of the bottom sediments reach to less than 1 m 
from the water surface and i t  decreases towards 
the mouth of the bay. Golden Horn bottom 
sediments are in the consistency of a s lu r ry  to 
very large depths, increasing in  density and 
consistency gradua lly , and w ith  th e i r  high 
contents of organic materia ls  and po llu tan ts  
they not only hinder navigation but also pose 
grave environmental problems.

POLLUTI ON CHARACTERI STI CS OF SEA BOTTOM 

SEDI MENTS

Several inves t iga to rs  studied the environmental 
aspects of Golden Horn sea bottom sediments 
(Karpuzcu and San, 1975; Baykurt, 1976; Orhon, 
e t . a l . ,  1978). Measurements of samples from 
these sediments ind ica te  very high concentrations 
of organic materia ls (between 10% - 30%) and 
heavy metals (Cu: 40-50 ppm, Zn: 150-200 ppm, 
Hg: 10-20 ppm, Pb : 60-70 ppm, Cr: 70-80 ppm).
In th is  in ve s t ig a t io n ,  p r im a r i ly  the e f fe c t  of 
bottom sediments on p o l lu t io n  of the sea water 
and sediment-water in te rac t ions  were studied.
In th is  respect, p a r t ic u la r  a tten t ion  was paid 
to determination of soluble phosphorus and 
nitrogen transport and organic matter 
concentrations as we ll as benthic oxygen demand 
p o te n t ia l .  Table I I  summarizes the p o l lu t io n

TABLE I I

P o l lu t ion  Characte r is t ics  of Bottom Sediments

Solids Ratio (%) 31-66
Organic Content (%) 9-32
P u t re s c ib i l i t y  Index (mg 0 2 /g dry w t.)  13-94
P u tre sc ib i1i t y  Index A fte r  Consolidation 7-13 
(mg 0 2 /g dry w t.)
PO4 -P (mg/g dry w t.)  0.10-0.40
NH3-N (mg/g dry w t.)  0.30-7.50

cha rac te r is t ics  of bottom sediments. Also, 
laboratory model tes t were carr ied out to study 
the p o l lu t io n  p o ten t ia l  of these sediments on 
the water above them. In these experiments, the 
va r ia t ions  in concentrations of suspended solids 
in water, free oxygen and p u tre s c ib i ty  index 
have been measured fo r  a period of 6 months 
under laboratory tes t ing  condit ions. The 
analysis of the resu lts  of these experiments are 
beyond the scope of th is  paper, but i t  can be 
safe ly  concluded that the p o l lu t io n  po ten t ia l  
of these sediments (with respect to sediment- 
water in te ra c t io n )  is  markedly decreased with 
consolida tion pressure and time.

SL URRY CONSOL I DATI ON OF SEA BOTTOM SEDI MENTS

Taking in to  account the p o s s ib i l i t y  that the sea 
bottom sediments may be dredged and deposited 
behind dikes on shores, the consolidation 
behavior of bottom sediments from Golden Horn 
and the associated changes in th e i r  engineering 
properties have been investigated. The bottom 
sediments are f i r s t  consolidated in  a s lu r ry  
consolidometer. The settlement-time and void 
ra t io -p ressure  re la t ionsh ips  are experimentally 
determined. Then the block s o i l  samples obtained

F ig . l  - A Typical Cross-Section Across the Golden Horn (Maden, 1975)
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after slurry consolidation are subjected to 

testing to determine their shear strength and 

compression behavior.

Figure 2 illustrates the void ratio-consolida- 

tion pressure variations observed in slurry 

consolidation tests. I t  is observed from the

F ig .2 The Void Ratio-Consolidation Pressure 
Varia t ions Observed in  S lurry 
Consolidation Tests

resu lts  of these tests that under 100 kPa 
consolidation pressure the average values of 
c o e f f ic ie n t  of volume change, mv is about 
2xl0“ 3 (kPa)“ 1 and c o e f f ic ie n t  of consolidation, 
cv is  about 5x10“ ® ra^/s. An in te re s t in g  (may be 
peculiar) observation from the resu lts  of these 
tests has been the change in  degree of saturation 
during conso lida tion. In contrast to what would 
be expected, the degree of sa tura tion  has 
decreased during the s lu r ry  consolidation of 
these sediments ra ther than increasing. This is  
a t t r ib u te d  to high organic content of these 
sediments and the release of gases by decay of 
organic m ateria l as w e ll  as the oxygen uptake 
of the mud from the water in  the s lu r ry  during 
the consolidation period (about 2 months). I t  
has been experimentally determined that a marked

0 10 20 30

ORGANIC CONTENT ( */.}

F ig .3 - The Decrease in  Degree of Saturation 
During Slurry Consolidation

decrease in p u t r e s c ib i l i t y  index oi the 
specimens took place during consolida tion. 
Figure 3 i l l u s t r a te s  the decrease in degree of 
sa tu ra tion  during consolida tion w ith  respect to 
organic content.

The block s o i l  samples obtained from the s lu rry  
consolida tion of bottom sediments have been 
tested to determine th e i r  shear strength and 
compression propert ies. Due to the l im ited  
number of specimens that could be prepared from 
these samples, th e i r  shear strength were 
determined only by unconfined compression and 
vane tes ts . Even though there is some scatter 
in data due to presence of fiberous materia ls 
in the specimens tested, the undrained shear 
streng th /conso lida t ion  pressure (cu/p) ra t io  
seems to vary l in e a r ly  w ith  the p la s t i c i t y  
index, the average value being about 0.23. The 
s lu r ry  consolidated samples were also tested in 
the oedometer device to inves tiga te  th e i r  
compression behavior. Figure 4 i l lu s t r a te s  void 
ra t io -co n so l id a t io n  pressure re la t ionsh ips 
obtained in  these experiments. From the resu lts  
of oedometer tes ts ,  i t  is  observed that the 
average compression index fo r  these s lu r ry  
consolidated so i ls  is  around 1.0. Var ia t ion  
of average values of c o e f f ic ie n t  of consolida­
t ion  and c o e f f ic ie n t  of volume change with 
consolida tion pressure during recompression of 
s lu r ry  consolidation are shown in F ig .5.

CONCL USI ONS

Sea bottom samples taken from representative 
sections of Golden Horn are studied for th e ir  
p o l lu t io n a l  and geotechnical p ropert ies . The 
organic content and p u t r e s c ib i l i t y  index of 
these sediments are found to be considerably 
higher than those commonly encountered in 
s im i la r  places. Also, the high magnitude of 
soluble phosphorus and nitrogen transported to the 
main body of water from the sediments is  found 
to c lose ly depend upon the hydraulic regime of 
the medium. Experimentally determined 
geotechnical properties ind ica te  that these 
sediments generally consist of f ine  grained
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CONSOLIDATION PRESSURE _ P I kPo )

F ig .4 - The Void Ratio -  Consolidation Pressure 
Varia t ions During Recompression of 
S lurry  Consolidated Samples

F ig .5 -  Var ia t ion  of Average Values of cv and 
mv With Consolidation Pressure p

soils. Their consolidation behavior studied by 
slurry consolidation have shown that, under 
suitable drainage conditions relatively thick 
layers of these bottom sediments can be 
consolidated in reasonable periods of time. 
Experimental results indicate that upon 
consolidation under final pressures of between 
200-300 kPa, soil layers of medium consistency 

with high compressibility can be obtained if the 
dredgings of these sediments are stored behind 
dikes on shore.
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