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PREFACE

The 1lth U.S./Japan Experts Meeting on Management of Bottom Sediments
Containing Toxic Substances was held 4~6 November 1985 in Seattle, Washington.
The meeting is held annually through an agreement with the U.S. Army Corps of
Engineers and the Japan Ministry of Transport to provide a forum for presenta-
tion of papers and in-depth discussions on dredging and disposal of contami-
nated sediment.

COL George R. Kleb, Commander and Director of the Water Resources Support
Center, was the U.S. Chairman. Mr. Kenichi Fujimori, Ministry of Transport,
Tokyo, Japan, was the Japanese Chairman.

Coordinator of the organizational activities and editor of this report
was Mr. Thomas R. Patin, program assistant, Dredging Operations Technical Sup-
port Program (DOTS), U.S. Army Engineer Waterways Experiment Station (WES),
Vicksburg, Miss. Ms. Jamie W. Leach and Ms., Betty W, Watson, WES Information
Products Division, were instrumental in editing, coordinating, and preparing
the text. Dr. Robert M. Engler is the Manager of the DOTS Program.
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AGENDA

11th U.S./JAPAN EXPERTS MEETING ON MANAGEMENT
OF BOTTOM SEDIMENTS CONTAINING
TOXIC SUBSTANCES

Seattle, Washington
4-6 November 1985

Co-Chairmen

Mr. Kenichi Fujimori
Director, Environmental Protection Division
Ports and Harbours Bureau, Ministry of Transport

Colonel George R. Kleb
Commander/Director, Water Resources Support Center
U.S. Army Corps of Engineers

Monday, November 4, 1985
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Opening Remarks

Mr. Kenichi Fujimori, "Study on Improvement of the Marine
Environment"

Break

Dr. Spencer A. Peterson, 'Lake Restoration Methods: Some Work,
Some Don't"

Mr. Nobumasa Morii, "Sedimentation and Effluent Concentration of
Soft Clay on Reclamation Works"

Luncheon (Ticket Required)

Mr. James D. Krull, "Commencement Bay - A Remedial Investigation
of Contaminated Sediments in a Marine Environment"

Mr. Douglas A. Hotchkiss, ''Contaminant Mobility and Engineering

Design at a Nearshore Confined Disposal Site--Port of Seattle
Terminal 91 Short Fill"

Mr. Makoto Natori, '"Test Results of Sediment Removal in Ise Bay"

Break

Mr. Keith Phillips, "Evaluation of Dredging as a Remedial
Technology for the Commencement Bay Superfund Site"

Mr. Shinichi Kojima, "Effects of Sediment Removal in Tokyo Bav"
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Impoundment" RN
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in Regulatory Dredged Material: An Update" e
Break o
"
Mr. Shinzo Kimura, "Analytical Survey of Accumulations cf >
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JOINT COMMUNIQUE

The eleventh meeting of experts on bottom sediments containing toxic
substances pursuant to the Agreement Between the Government of the United
States of America and the Government of Japan on Cooperation in the Field of
Environmental Protection was co-chaired by Colonel George R. Kleb, Commander
and Director, Water Resources Support Center, U.S. Army Corps of Engineers,
and Mr. Kenichi Fujimori, Director, Environmental Protection Division, Ports
and Hartours Bureau, Ministry of Transport, Japan. The purpose of the meet-
ings conducted under this agreement is the exchange of information in regula-
tory, technical, and operational areas relevant to management of bottom sedi-
ments and exploration of areas where joint effort appears fruitful.

Experts from both countries presented technical papers on a varietv of
subjects including legal and research programs to evaluate and protect the
environment. More specifically, evaluating and predicting the behavior of
nutrients, organics, and contaminants in dredged sediments and identitfying and
evaluating the many alternatives to dredging and disposal of contaminated
sediments from: lakes, rivers, waterways, estuaries, and marine waters
associated with these sediments. Management practices with the most promising
long-term utility were emphasi-zed.

This eleventh meeting was highly successful and fruitful. The informa-
tion exchange was very effective. The conference generally agreed that the
dredging technology and sediment management programs of both countries will
significantly benefit. The Co-Chairmen agreed that the next meeting will be
in Japan in 1986 and that that date will be decided jointly.

/ézu/'a//w(. f/\llW

Commander/Director, Water Director, Environm al Dtection
Resources Support Center Division, Ports a bours Bureau
US Army Corps of Engineers Ministry of Transport

COLONEL GEORGE R. KLEB KENICHI FUJIMORI
November 6, 1985 November 6, 1985
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STUDY ON IMPROVEMENT OF THE MARINE ENVIRONMEN] BN
Kenichi Fujimori —a
| Director, Environmental Protection Division N

Ports and Harbours Bureau :uf;

Ministry of Transport ';;n

Kasumigaseki, Chivoda~-ku, Tokyo 100 RN

'l

s

ABSTRACT

Although the marine environment in Japan has
significantly improved, problems such as eutrophica-
tion in closed bays still remain. The Ports and
Harbours Bureau of the Ministry of Transport adminis-
ters improvement projects and has developed related
technologies. The success of these projects requires
the study of various technologies which promote the
self-cleaning functions of natural seawater and the
integration of relevant technologies into combinations
of the highest efficiency.

INTRODUCTION N

The Ministry of Transport (Department of Ports and Harbours) is desig-

nated to undertake "projects for the prevention and elimination of marine L
pollution."” For this purpose, the Ministrv of Transport has undertaken execu- jui{
tion and investigation with regard to improving the marine environment through ,fy"
direct control projects (undertaken by the Ministry of Transport) and subsi- -j:;
dized projects (undertaken by local public bodies with government subsidy). A
Special investigations are made on the prevention and elimination of organic .
pollution in closed bays. This paper describes future studies on improvement rjn;
of the marine environment with reference to changes in the marine environment ?Cu
and results obtained in investigations already conducted. ﬁ}{

CHANGES IN THE MARINE ENVIRONMENT h

Seawater

Health and living environmental standards concerning pollution of sea-
water were established in 1971 based on the Basic Law for Environmental

Pollution Control. ke

Health environmental standards apply to items such as cadmium, cvanide, ::hﬂ
organic phosphorus, lead, hexavalent chromium, arsenic, alkvl mercury, poly- ﬂ}}_
chlorinated bpiphenyls (PCB), and total mercury, which are harmful to human v
health. iiving environmental standards applv to organic pollution sources }ﬁi
which are hazardous to usable water, and are measured in units pH, such as A
dissolved ozvgen (DO), biochemical oxygen demand (BOD) or chemical oxvgen @
demand (cob), suspended solids (85), and a number of coliform groups. ;:,?
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regulations based on the Water Pollution Control Law were enforced the same
year. Since then, considerable improvement has been recognized in health
environments. Improvement of the living environment, however, has not been as

'C'
g
: As a regulating measure to fulfill environmental standards, the effluent
\
~
K

successful, especially in enclosed bays such as Tokyo Bay, Ise Bay, and Seto

'f Inland Sea (Figure 1). :
! K
': The locations of Tokyo Bay, Ise Bay, and Seto Inland Sea are shown in R

y Figure 2 and pertinent data given in Table 1. The seawater of these enclosed

bays is still, and the waters are not exchanged as well as in the open sea, -

» The bays are utilized for shipping and are surrounded by densely populated .
_3f urban area. Therefore, the use of these waters is very dense and, at the same -
i time, chronic organic pollution is created by the inflow of large amounts of 8
o industrial and household wastewater. )

Under these circumstances, the reduction of the total quantity of the -
pollution loads of Tokyo Bay, Ise Bay, and Seto Inland Sea has proceeded since o

s 1979. Due to the urgent need for environmental preservation in Seto Inland

e Sea, the Temporary Control Law for Preservation of Seto Inland Sea Environment .

o was enacted in 1973, and was revised to a Special Control Law in 1978. '
» Organic pollution of these areas is caused by direct inflows of pollutants and :
” .
~ (%) 3
:: 100 B 7
. ’
X v

o 0 82 81 >
- 80 Total sea area .
. ’*\ 81 81 I
o 20 /X/x Seto Inland X ,C
" -

e x—>"" o sea 61 61 g
- =1 \ Tokyo Bay o ’
Wl [- 4 60 - O—O—Q—-—O 2 A

w 9 is
; a st ;

L 50 b Ise Bay ’,
. 3 o—0 A :
v £ 40 | 41 ‘o
o « )
s v

30 ‘

- =, I
':: 20 b Number of water areas where environ- :
" Achi ¢ te = mental standards were achieved x 100 (%) P
- chievement Trat€ = Number of water areas where environ- " &~

v :- 10 p mental standards were applied
D
- 1 1 1 1 1 L 1 1 1
& .
o 0 1974 75 76 77 78 79 80 81 82 e
4 (Year) \
b < \.
A Figure 1. Changes in environmental standards :
s achievements in wide, closed water

areas (COD), Values from a survey -

:: by Environmental Agency. -
oy -
-:' 2 ‘._:
X

®

) =
4 e
b ) ".‘:?5¢.?'N‘“i o~ } ;\f&# Y r‘:‘w’:‘r f*f : " r -, : f'f}t}?i:}f'f}f&;:“¢f:‘r“::="':a“
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by organic matter generation (secondary pollution) such as phytoplankton prop-
agation caused by increased nitrogen and phosphorus (eutrophication). In re-
cent years eutrophication control of enclosed bays has been vigorously
investigated.

Preservation of the sea environment in the enclosed bays is intended to
protect fishing areas, prevent and eliminate red tides, and preserve
recreation areas. These situations are discussed below.

TABLE 1. TOKYO BAY, ISE BAY, AND SETO ISLAND SEA DATA

Tokyo Bay Ise Bay Seto Tsland Sea
Area, km? 1,200 1,700 21,800
Volume, km® 18 34 816
Average depth, m 15 20 37
3
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Regarding protection of fishing areas, excessively eutrophic waters are
unsuitable for the growth of marine animals. Marine resource exhaustion is
thought to be caused by deteriorated water quality such as generation of poor
oxvgen water mass from excessive oxygen consumption in water through increased
COD, and the decrease of benthos is thought to be caused by increased organic
pollution and bottom sludge.

DL

I%-

In the relationship between water quality and marine organisms, it should
he noted that the optimum water quality differs depending on the species of
fishes, and that objectives of fisheries vary according to the change in
tastes. But, fundamentally, water quality preservation is a prerequisite for
the preservation of fishing areas, and environmental control is now required
for effective utilization of fishing areas.
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Regarding the prevention and elimination of red tides, the causes of red
tides were specified after much investigation. Increased nitrogen and
phosphorus (eutrophication) is today regarded as the major cause. A red tide
is a sudden development of phytoplankton on a mass scale. The number of red
tide occurrences in Seto Inland Sea is shown in Figure 3. The frequency has
decreased since 1976, the peak year, but still remains at a comparatively high
level, Water quality has not sufficiently improved from the viewpoint of
prevention and elimination of red tides. Red tides force people in the fish-
ing industry to limit the quantity of fish cultures and to evacuate fish
cultures (to limit or evacuate cultured fish to avoid the damage by red tides)
which involves extra costs (which are not included in the damages shown in
tigure 3). Tvpes of damage by red tides are death of potential fish catch,
escape of fishery resources from the sea areas, development of poisonous
shellfish (poisonous matter accumulation in shellfish bodies), death of bottom
organisms due to low oxvgen levels, and adverse effects to recreation
facilities (closing of bathing resorts).
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Regarding the preservation of recreational areas, clean sea water is a
prime requisite. Bathing resort water quality standards established bv the
Fnvironment Agencv are set under ! ppm ot COD.,  The future demands for recrea-
tion in =ea areas will show a steadr increase, and to accommodate that in-

PSS

crease, it is deeirable to create comtortable <ea environments where people

can eniov various marine recreations. A roecent surves determined that the
level of bathing resort racilities is inadegnate, ard that seawater quality
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Figure 3. Total number of red tides and number of damaging red
tides in Seto Inland Sea (survey by Fishery Control
Office of Seto Inland Sea, Fisheries Agency).

700 million m3 of sludge with over 30 mg/g COD in Tokyo Bay and others. More-
over, changes in bottom substances with the passage of time show no improve-
ment, Table 2 shows the quantity of polluted bottom sediment in five bay

‘h -‘l-‘l-‘.".i 4y Ay "

areas. 7
A
" 3
~ )

TABLE 2. PRESENT QUANTITY OF POLLUTED BOTTOM SEDIMENT IN ?:

FIVE BAY AREAS (Over 30 mg/g COD) "

Tokyo Osaka Hiroshima Suo-Nada
Sediment Bay Bay Bay Sea Ise Bay N
Total Area, km? 1,200 1,529 946 3,100 510

Polluted Bottom Sediment

Area, km? 441 670 530 16.4 112
Thickness, cm 53 34 42 5 20
Quantity, million m? 235 226 221 0.8 22

NOTE: Osaka Bay, Hiroshima Bay, and Suo-Nada Sea are in Seto Inland Sea.
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CIRCULATION IN THE SEA

As previously stated, the present condition of the enclosed bays is
not satisfactory, and various efforts are under way to improve the sea
environment. Tite Ministry of Transport is also conducting bottom sediment
clarification projects as one sea environment cleaning measure. In such mea-
sures it is necessary to understand the balance of substances and the mecha-
nism of seawater pollution. A model of the circulation mechanism in the sea
is discussed in the following paragraphs.

Figure 4 shows a conceptional diagram of circulation patterns. Fundamen-
tally, seawater pollution is caused by dilution and mixing by dispersion of
inflow pollutants. This model, however, includes a eutrophication process
which is a production of organic matters (COD) from inorganic phosphorus by
phytoplankton. Phytoplankton production requires light. The model has double
layers in a vertical direction in the seawater, one with light and the other
without. Seawater pollutants exchange with the bottom substances by sedimen-
tation and by redissolution of bottom substances back into the seawater.

The factors of each process in the model (production, decomposition,
sedimentation, dissolution, oxygen consumption) were obtained from in situ
experiments and laboratory experiments and represent the present state of pol-
lution by adding an inflow load. In the pollution mechanism, a significant
phytoplankton production effect is calculated and shows water pollution by
eutrophication. Biological activities other than phytoplankton production and
organic matter decomposition by bacteria (such as predation by higher ani-
mals), are excluded from this model.

Table 3 shows the balance of organic pollution substances of seawater

obtained from the above model. These results reveal that internal production
(COD production by the production activity of phytoplankton from nutritive
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Figure 4. Conceptional diagram of water circulation
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salt) has a very large COD load ratio in the sea, and that the dissolving load
trom the bottom sludge has a considerable ratio in the load of nutritive salt,
which is a major cause of internal production. Therefore, bottom sludge plays
a significant role in organic seawater pollution.

SELF-CLEANING ACTION OF THE SEA AND ITS ENHANCEMENT

As the previously mentioned circulation mechanism indicates (Figure 4),
nature is provided with a mechanism to clean inflow pollution load bv dilution
and mixing, sedimentation, or decomposition. Therefore, if the inflow pollu-
tion load is under the permissible level, the environment can be maintained bv
the sea's own self-cleaning action. Consequently, the concept of "environmen-
tal capacity" is proposed as maximum pollution load at permissible limits in a
definite area (e.g. enclosed bays).

Thus, nature's self-cleaning action can be taken into consideration when
environmental cleaning measures are ac ~ted. Specifically, the self-cleaning
action such as dilution and mixing in the above-mentioned substance circula-
tion mechanism can be promoted, or actions which have been excluded (e.g. pre-
dation by higher animals) can be promoted. Development and research in this
field are under way at various organizations. In the field of wastewater
treatment, soil infiltration systems of small-scale wastewater treatment (byv
the adsorption, filtration, and decomposition actions of soil) and the stabi-
lizing process of nitrogen and phosphorus with water plants (waterhvacinth,
etc.) are especially being developed.

The Ministry of Transport has studied methods to promote the sea's own

seif-cleaning action.

The main factors of the sea's self-cleaning actions are exchange of sea-
water, exposure to air, predation, and the seawater cleaning action of drv
beaches and sand beaches. These factors are discussed below.

Seawater exchange to prevent standing water in enclosed bavs can be pro-
moted by widening and deepening the mouths of the bavs, forced water convev-
ance with electric power, excavation of new waterways, and construction of
trenches (excavation of trenches in the sea bottom). Seawater exchange
promotion processes for wide bavs such as Tokyo Bav, Ise Bav, and Seto Inland
Sea are now being researched with model tests, and value simulations are under
way. It can be expected that seawater exchange can be promoted as an addi-
tional effect from excavation of new fairways at bav mouths. On the other
hand, in small areas such as inside harbor breakwaters, a process to promote
seawater exchange has been achieved in harbor improvement projects. In these
cases, one measure is to construct a raceway in one part of a breakwater which
will promote interchange with water from the open ocean. Figure 5 shows a
raceway in the Kikuma Harbor breakwater, Fhime Pretecture, constructed in
1984,

Exposure to air is a process which supplies oxvgen to seawater. This
exposure promotes organic pollutant (COD) decomposition, one ot the substance
circulation mechanisms (Figure 4). This process adopts a method bv which air
bubbles are blown into the seawater by using electric power; therefore pollut-
ant dilution by mixing with seawater is expected to result as an additional
effect. In this respect, the Ministry of Transport carried out verification
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Figure 5. Kikuma Harbor raceway project

tests at Shimizu Harbor in 1982, the outline of which is shown in Figure 6.
The result of the tests revealed that, in a definite sea area, exposure to air
shows layer breakdown and air dissolution effects.

The increase of DO and the decrease of phosphorus were especially signif-
icant. Though this system requires maintenance, spectacular effects can be
expected by using the system as an ornamental fountain., It is desirable to
utilize the system in a tutal waterside environment improvement project,

Regarding predation by higher animals, the activities of seaweeds, fish,
and shellfish to take in pollutants were observed in nature, and a concept to
pceserve the environment by controlling these activities was realized. Utili-
zation of living creatures and plants presents certain problems such as the
scale of effect, compared with total pollution load, and the maintenance of
living conditions for the creatures and plants. It is, however, possible to
use this method as a very reasonable environmental cleaning method bv utiliz-
ing recovered living creatures and plants as resources. It was determined
from laboratory tests that the maximum intake speed was 20 1g COD/piece/minute
with filter feeders (shellfish). Nitrogen and phosphorus stabilization using
large seaweeds has been studied by the Fisheries Agencv, and the Ministrv of
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-3
A Transport is conducting verification tests related to the use of a living fil- -:
. ter of reeds to treat excess organic sludge water at Ube Harbor, 1982-1984. -~
’ Figure 7 is a plan view of the site. o
- The main factors of the seawater cleaning action of dry beaches and sand 3{
) beaches are filter feeder predation, exposure to air by wave breakdown which 522
accelerates the decomposing action of bacteria in aerobic environments, and $\f
. absorption of pollutants by sand particles. It is calculated that these pro- i?-
. vide significantly high cleaning functions. Therefore, the preservation and &'
preparation of dry beaches and sand beaches are very effective sea environment
preservation measures together with utilization as recreation places. Further rl‘
studies are expected. i“,
‘I-
; FUTURE SEA CLEANING MEASURES %
‘ As stated, there are various processes to promote self-cleaning actions
) of the sea. In adoption of cleaning methods for wide enclosed bays such as o
Tokvo Bay, Ise Bay, and Seto Inland Sea, these processes can be combined or ::
arranged, but many problems still remain, for example, determining, the best S
arrangements for raceways, choice of air exposure equipment, construction of 1.‘
dry and sand beaches, adjusting living conditions for higher animals to main- hS
tain their predation activities, and arranging equipment for nitrogen and -
phiosphorus stabilization by seaweeds. ﬁi
. o
- However since 1979 the Ministry of Transport has carried out feasibility ?&:
studies related to bottom sediment clarification (removal of organic sludge .ﬁﬁ
. from the sea bottom) as part of a study concerning seawater cleaning measures R
in enclosed bays. The investigations were carried out on actual pollution
situations; the scope of the research was broad and included simulation of N
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Figure 7. Sludge water treatment facility at Ube Harbor
(a living filter)

seawater pollution and test engineering works. Dissolution of nutritive salts
from the surface layer of the sea bottom, biological production in the sea,
and other important data were obtained.

The effects of various bottom sediment clarification processes were con-
firmed through tests and follow-up studies in the sea areas. Dredging, sand
covering, and trench digging were tested, and the results of follow-up studies
were reported. Some are as discussed below.

Sand covering work was carried out in Hiroshima Bay in Seto Inland Sea.
In November 1979, sand covering (1.92 ha) was done to a 50-cm thickness, and
sand covering (4.48 ha) to a 30-cm thickness was done in August 1980,

Figure 8 shows the results of follow-up studies of dissolution control-
ling effects. It was determined that pollutant dissolution (COD, T-P, and
T-N) from the sea bottom was decreased by covering the bottom sludge with
sand, and that the effects of the covering lasted. Dissolution of T-P was
remarkably decreased by sand covering. It is assumed that the chemical ad-
sorption of phosphorus by sand particles in the aerobic environmment at the sea
bottom in addition to physical restriction by covering served to decrease
pollution in the bay.
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Dredging and sand covering were carried out in Ise Bay. In June 1980, W

X dredging 60 cm in depth (1 ha), and in June 1981 dredging (1 ha) of 30 cm in o,

‘ depth was conducted. In June 1983, sand covering (5 m by 5 m each) was Ky

! applied to a 10-cm and 30-cm thickness. Figure 9 shows the results of follow- .
X up studies of benthic organism recovery. The average number of benthic orga- o
X nism species and the actual organism population increased. The increase of :~
. benthic organisms in cases of sand covering was especially remarkable. o

Improvements in the sea environment are expected to result from bottom :
sediment clarification work such as dredging and sand covering. Further in-

y vestigations and research will be continued to undertake bottom sediment clar- 4
t ification projects. It should be noted that, as stated, the selection of f}f
~ suitable cleaning methods should be made carefully because the sea's substance T
: circulation is extremely complicated. -

Therefore, overall sea environment cleaning measures will be established ).

; by combining bottom sediment clarification works and various self-cleaning v

: promoting methods. Details of the processes will be established in the :f

) future. It is important to review closely the most suitable process combina- :}
» tions to preserve the environment of enclosed bays. iy

" -

CONCLUSIONS »
. e
N Tokyo Bay, Ise Bay, and Seto Inland Sea will become more important as i:
;: valuable spaces and their resources will become more important with the prog- .
8~ ress of the development of the sea. Under these circumstances, the Ministry s

N of Transport will continue in its efforts to establish total cleaning measures 2
! for the environment of the sea around Japan. Adequate cleaning projects will .

. be carried out in accordance with changes in seawater quality and bottom sub- Iy
# stances, and with the demands of the time, ::‘
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LAKE RESTORATION METHODS: SOME WORK, SOME DON'T

Spencer A, Peterson
Chief, Hazardous Waste and Water Branch
US Environmental Protection Agency
Corvallis Environmental Research Laboratory
200 S.W. 35th Street
Corvallis, Oregon 97333

ABSTRACT

l.ake restoration has grown out of pilot and full-
scale lake manipulation studies of the late 1960s and
early 1970s. Some procedures have proven to be suc-
cessful, and some have failed. This paper broadly
divides the techniques into those that have proven to
be successful, those that require more research, and
combinations of treatments that are desirable together
and those that should be avoided together. The pro-
cedures are divided further into those that reduce
nutrient concentrations, and those that control algae
and macrophyte biomasses directly. Both successes and
failures are addressed with assessment of the reasons
for either response. The procedures are summarized
with assessment of the reaons for either response.
The procedures are summarized briefly from the major
reference on this topic: Lake and Reservoir
Restoration (1986) by G. D, Cooke, E. B. we .h, S. A.
Peterson, and P. R. Newroth, Butterworth Press.
Boston, Massachusetts.

INTRODUCTION

Cultural eutrophication ol lakes was thought for many years to be an
irreversible process. Fven those lakes which had wastewater discharges
diverted from them showed little if any signs of recovery. This latter fact
attests to the very slow process of lake recovery if the lakes are left to
their own devices. However, a blooming of research in the late 1960s and
early 1970s began to reveal some aspects of the trophic dynamics of lakes
previously not understood. For example, in 1966, Sakamoto published his now
famous paper depicting the relationship between total phosphorus concentra-
tions in the water and algal biomass. Vollenweider (1975) began to publish
papers in 1975 describing the relationships between phosphorus loading rates

to lakes and their hydraulic residence times. The phosphorus discharge rates

and internal loss rates were gradually refined throughout the earlv 1970s,
thus producing the basis for lake restoration design criteria. The object of
lake restoration became either phosphorus reduction in the water column or

direct control of algae or macrophyte biomass. Many methods were developed to

accomplish these goals. Some of the methods have proved successful and secme
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have not. The purpose of this paper is to provide a brief summary on the
success and failure of several different lake restoration procedures. The
information in this paper is from a forthcoming book by Cooke et al. (1986).

SUCCESSFUL TECHNIQUES

Procedures to Reduce
Nutrient Concentrations

Nutrient Diversion

Diversion of nutrient income is widely recognized as a highly necessary
and usually essential first step to obtaining improvement in lake trophic
state. Uttormark and Hutchins (1980) examined the responses of 23 lakes to
diversion and found that while concentration of nutrients (P in this case) may
have declined, only 30 percent of the lakes showed improvement to a lower
trophic state. This may have been because diversion was insufficient to lower
concentration to the level that would change the lakes from eutrophic to meso-
trophic. Despite this problem, a reasonable reduction in algal biomass, ab-
sence of blue-green algal scums, and a reduction of fecal coliform counts to
an acceptable range will make diversion a success.

Another reason diversion might fail to significantly improve trophic
state is continued release of nutrients from sediments into the water column.
This factor, along with morphometric and hydrologic features such as mean
depth and flushing rate, is important in determining how much change in con-
centration will occur after diversion and how long it will take for the lake
to reach a new, lower concentration equilibrium. Ultimately, internal P re-
lease should decline as older, richer sediments are depleted of nutrients and
are covered with those of lower nutrient content, thus producing lower nutri-
ent levels in the water column.

Silt income control may be very significant in preventing the rapid
development of shallow water and the spread of nuisance matrophytes An
extensive littoral area from long-term deposition might require sediwment
removal or other procedures before macrophyte growth is controlled. Control

of sediment income from the watershed is thus again an essential first step to
improvement in trophic state.

Dilution/Flushing

Dilution reduces the concentration of nutrients in the water column by
adding nutrient-poor water. Flushing reduces algal biomass by increasing the
loss rate of cells. Both effects will occur if large amounts of low nutrient
water are added.

Dilution has been very effective in Moses lLake and CGreen Lake, Washington
(Oglesby 1969). Welch (1981) concluded that the best plan is to have a con-
tinuous low-rate input of low-nutrient water, coupled with nutrient diversion.
While this procedure will bring about lake improvement, its applicability is

limited by availability of nutrient-poor waters for diversion into eutrophic
lakes.
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Phosphorus Inactivation/Precipitation

The purpose of this technique is to lower the concentration of P in the
water column by either precipitating it or preventing its release from sedi-
ments (inactivation). Phosphorus in the water column is sorbed to salts of
aluminum (aluminum sulfate or sodium aluminate) as they are added to the lake
surface or to the hypolimnion. With inactivation, sufficient aluminum is
added to create a barrier to P release at the sediment/water interface.

Phosphorus inactivation/precipitation has the potential to create alumi-
num toxicity in lakes. This situation could occur through excessive applica-
tion of soluble aluminum (Al IIl) or through a decrease in pH following appli-
cation of appropriate amounts of aluminum. Kennedy and Cooke (1981, 1982)
have described a method for determining the maximum safe dose of aluminum
sulfate for a lake, based on lake water alkalinity and toxicity of dissolved
aluminum to trout. An alternative dose procedure for softwater lakes has been
described by Dominic (1980). Following these procedures ensures maximum P
inactivation while minimizing the potential for creating toxicity problems.

The P inactivation technique is particularly effective in long-term
control of P concentration in the water column (Cooke and Kennedy 198la,
1981b). The longest period of P control to date is 12 years (Garrison and
Knauer 1984). Failures have been due to insufficient dose, polymixis, and
insufficient nutrient diversion.

Sediment Removal

Sediment removal is one of the most commonly prescribed techniques for
long-term lake improvement. Lake deepening and the removal of toxic mate-
rials, macrophytes, and nutrient-rich sediments are its main purposes. Until
recently (Peterson 1979, 1981, 1982), little published documentation about its
effectiveness, environmental impact, and costs was available.

lL.ake deepening projects are generally successful except in instances
where sediment income remains high. Similarly, control of nutrient release
from sediments can be achieved by removal, although it is often less costly to
do so through P inactivation. There is little documentation of macrophyte
control by dredging. The success or failure of macrophvte control appears to
be associated with dredging beyond the light compensation depth,.

There is widespread concern about the negative environmental impacts of
dredging, but most negative effects (algal blooms, high turbidity) are of
short duration. One common problem is inadequate sizing of disposal area.
Diking in upland areas is the most frequently used means of containing the
dredged material since the filling of wetland areas is strictly controlled.
Fill permits are required for anv areas in excess of 10 ha.

Dredging costs range from $0.25 to $14,00/m®. Removal of contaminated

material may exceed $25.00/m>. One way of lowering costs is to sell uncon-
taminated dredged material for topsoil dressing.
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Procedures to Control
Algal and Macrophyte Biomass

Drawdown

Lake level drawdown is used successfully to control the growth of certain
macrophyte species, to consolidate flocculent lake sediments, to provide an
opportunity to repalr docks and dams, to remove sediment or to install sedi-
ment covers, and to manage fish (Cooke 1980a).

Not all aquatic plants are susceptible to the freezing or high tempera-
ture conditions of a winter or summer drawdown. Alligatorweed (Altermanthera
philoxeroides) and brittle naiad (Najas flexilis) have been reported to in-
crease in density after a drawdown. Waterlily (Nuphar sp.), waterhyacinth
(Eichhornia crassipes), and musk grass (Chara vulgaris) usually decrease. For
most macrophytes, the published data are too sparse to generalize. A danger

- may be that susceptible species will be replaced by tolerant ones, leading

.»\;Nz_

some investigators to suggest that the best control will be achieved by 2 to
3 years of drawdown, followed by 2 years of stable water levels (Lantz et al.
1964; Lantz 1974). Most drawdowns are done during the winter since this does
not interfere with most recreational uses and there is no invasion by terres-

trial plants. Also, there is greater assurance of refill during spring melt
and rainfall.

Drawdown has been effective in fish management. In Louisiana reservoirs,
populations of shad and sunfish are removed by winter drawdown, and their
spawning is prevented by summer drawdown (Lantz et al. 1964). In reservoirs
with 5 or more consecutive years of drawdown, game fish standing crops and
reproductive rates have increased.

Negative effects of water level drawdown include algal blooms upon
refilling. Fish kills have occurred in isolated pools of water during draw-
down, and great changes have taken place in the macroinvertebrate communities.

This management technique can be effective in macrophtyte control and can
be beneficial in the sense that it provides management personnel with access
to the lake for the purpose of enacting other techniques.

Sediment Covers

Several sheeting materials have been tested for their effectiveness in
preventing macrophyte growth (Cooke 1980b). Impermeable materials such as
polyethylene have been found to be effective but troublesome because they
accumulate gases underneath and balloon to the surface. One way to prevent
"ballooning" is to cover the plastic with gravel and silt, but this practice
provides new substrate for plant growth, thus defeating the purpose of the
plastic cover. Burlap has been shown to be effective for one growing season,
but the material usually decomposes and must be replaced annually.

Fiberglass screen coated with polyvinyl chloride (PVC) has been very
effective in preventing macrophyte growth. It is easy to install and does not
"balloon," but is very expensive ($140 to $170/ft?; $2.15/m?). Perkins,
Boston, and Curren (1980) suggested that control with screening was achieved
by physical restriction of plant growth through the screen. In most
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instances, the screens must be repositioned annually to remove accumulated
silt. Due to its cost, this material appears to be best suited for small
areas around docks and bathing beaches.

TECHNIQUES REQUIRING MORE RESEARCH AND DEMONSTRATION

Procedures to Reduce
Nutrient Concentration

Hypolimnetic Withdrawal

The object of this technique is to siphon or pump nutrient-rich hypo-
limnetic water from the lake. This technique removes nutrients from the lake
and should reduce the impact of vertical entrainment of nutrients on the
epilimnion. The siphon is sometimes called an "Olszewski tube' after its
originator (Olszewski 1961).

Experiences with this device in small European lakes have been described
by Bjork (1974) and Gachter (1976). Total P and internal P release decreased,
transparency increased, and fewer blue-green algae were present.

This technique deserves further study since it is simple, dependable, and
inexpensive. The high P, low dissolved oxygen content of the hypolimnion
water could pose a threat to receiving waters. Other possible problems might
include disruption of the thermocline, excessive water loss from the lake, and

the requirement that the discharge end of the siphon be below the surface
level of the lake.

Sediment Oxidation

Ripl (1976) described a procedure (discussed below) for oxidizing the top
15 to 20 cm of anaerobic lake sediment to reduce internal nutrient release.

There are few published data regarding the success of this new procedure and
its cost.

Fe(ClB) is added first if Fe is naturally insufficient. Ferric hydroxide
formation binds P and the sulfur in FeS is lost as HZS' Calcium hydroxide is
added next to increase pH to the optimum for denitrification. Finally, cal-
cium nitrate is added to the sediments, oxidizing reduced carbon and acting as
an alternative electron receptor. Reduction of iron (III) does not occur
until the nitrate is exhausted. The chemicals are added using a harrow
device. A positive result (lower pH, NH4 decrease, 02 demand lowered) was

found in Lake Lillesjon, Sweden (Ripl and Lindmark 1978), but costs of chemi-

cals and equipment were high. Further laboratory and field evaluations of
this technique are needed.

Procedures to Control
Algae and Macrophyte Biomass

Biological Controls

Biological control methods may be the most promising because they offer
the possibility of exerting control of nuisance plants without eradication and
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without the use of expensive machinery or toxic chemicals. Among the most Cﬁ
! controversial of the proposed biclogical control methods is the introduction o
N of grass carp, or white amur (Ctenopharyngodon idella Val.), a voracious con- N
sumer of macrophvtes. Successful introductions have been reported by Mitzner
{ (1978) and by Shireman and Maceina (1981). The US Army Corps of Engineers and :{~
p others are conducting large-scale feasibility studies in Florida. While new i
: data are now being accumulated, there remains no certainty with regard to the :*N
{ effects of these animals on other species, their role in nutrient recycl!ing, NN
whether they transmit fish diseases, and whether or not they will reproduce ;’,
and infest nontarget waters. Currently the fish is widespread in the southern
Mississippi River system. It will be fortunate indeed if this animal proves ST
to be useful for plant control. Many releases were made before many of the o
. bl
( above questions were addressed. N
] N -
b S
b A plant pathogen (Cercospora rodmanii) appears to be effective in control A
of waterhyacinth (£Zchhornia crassipes) and is now being prepared for a large- .
scale operations test by the US Army Engineer Waterways Experiment Station N
N e
(Freeman et al. 1981). A
-':.J'
Since LaMarra (1975) reported the nutrient recycling ability of the com- A
mon carp, others have further demonstrated eutrophying characteristics of ben- hAS,

thivorous fish (Anderson et al, 1978; Keen and Gagliardi 1981). The word
"biomanipulation" has been used to include lake improvement activities in

] which fish such as bullheads (Ichtalurids) are removed, or in which the pe-
lagic food web is altered to decrease predation on the large herbivorous zoo-
plankton (Shapiro, LaMarra, and Lynch, 1975; Shapiro 1979). These and other
procedures deserve considerable further support and attention. These methods
may, for example, be one way to improve lakes where significant nutrient

diversion cannot be achieved. 5}:

i :. :f\
) Artificial Circulation N
1 AR
The purpose of this procedure is to prevent thermal stratification or to 'ﬁ*ﬁ

destratify the lake. The most effective and least expensive technique is to
introduce compressed air at maximum depth, increasing a curtain of bubble and AL
intensive mixing. An airflow rate of 9.4 m3/min/km? should be adequate .
(Lorenzen and Fast 1977).
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Artificial circulation is included as a '"technique requiring more re- =)
search" because the expected results often are not realized. The reason for

this is not readily explained. However, Pastorak, Ginn, and lorenzen (1931) fvz.

found that in only 20 percent of the cases reviewed was the flow rate of RS

9.4 m3/min/km? achieved, a factor that might account for some of the reported ﬂ::

failures of the technique. The principal improvement is increased aeration of h,&

the water column and expanded fish habitat. Theoretically, aeration and cir- O
culation should inhibit P release from sediments, limit algal productivity by -

increasing cell residence time in dark waters, decrease pH, and perhaps shift ::f

: the competitive balance from blue-green algae to greens and diatoms, limit the ca

survival of blue-green pseudovacuoles (buoyancy), and favor the survival of S

herbivorous zooplankton. Phytoplantkon decreased in about half the cases ex- :;:3

amined by Pastorak, Lorenzen, and Ginn (1982). Transparency decreased more e
often than it increased. Circulation may introduce nutrients to the water .
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column, and in nutrient-limited lakes an increase in biomass may occur. This
technique might be most effective in lakes where nutrients are not limiting.
However, additional research is needed.

Hypolimnetic Aeration

This is a technique to aerate the hypolimnion without achieving destrati-
fication (Pastorak, Lorenzen, and Ginn 1982). It is accomplished by an "air-
lift" in which water is lifted up a cylinder by compressed air to the lake
surface, aerated, and then returned to the hypolimnion.

Successful oxygenation is usually achieved, although metalimnetic oxygen
minima may occur with an undersized aerator. Phosphorus concentration may be
reduced following the introduction of oxygen; however, hypolimnetic levels
tend to remain high. There are few data on biological effects, including
those on phytoplankton, zooplankton, and fish (Pastorak, Lorenzen, and Ginn

1982). More documentation about the responses of lakes to this treatment is
needed.

Harvesting

Harvesting is one of the more controversial procedures, in part because
there is little scientific evidence to demonstrate long-term effectiveness.
The technique has been incorrectly categorized with herbicides as a cosmetic
treatment. Unlike the introduction of toxic materials to lakes, nutrients and
oxygen-consuming biomass are removed during a harvest, thus protecting the lake
from acute oxvgen depletion as occurs with herbicides. There is some evidence
that longer term control of macrophytes can be achieved by employing a proper
cutting frequency and cutting technique. Since harvesting is usually less
costly than herbicides, and because removal of nuisance plant biomass can have
a protective effect for the lake, the use of this procedure deserves more
careful attention and additional experimental work.

COMBINATIONS OF LAKE RESTORATION TECHNIQUES

For the most part, each lake or reservoir restoration or improvement
technique has been addressed separately, as if the use of one precludes the
simultaneous use of another. However, "integrated control methods," similar
to those used in agriculture, may be far more effective and less costly than
use of any single technique,

Some procedures, when used together, could counter each other or produce
a negative effect. Some of these situations are summarized below.

e Flushing. Do not use with hypolimnetic withdrawal because the prob-
ability of destratification is greatly enhanced and would negate the effec-
tiveness of withdrawal if it occurred. It is not compatible with dilutien
unless the water used for flushing is very low in nutrients, thus making the
effects of the two essentially identical. [If used with phosphorus inactiva-
tion or sediment oxidation, there is a risk that chemicals added to the sedi-
ments might be removed. Flushing in conjunction with sediment removal would
have to be used with care since turbidity and nutrients generated by the
dredge would quickly be transperted through the lake. If thev are used
simultaneously, then silt curtains around the dredge site would be useful.
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Flushing and lake level drawdown should not be used in the same season. The
introduction of phytophagous fish must be done only where the fish cannot
escape to downstream ecosystems.

e Phosphorus Inactivation. Flushing is not compatible with this pro-
cedure, as described earlier. Aluminum salts and the reagents used in sedi-
ment oxidation might be incompatible, especially if pH is affected and deni-
trification is impeded. Artificial circulation and hypolimnetic aeration
could interfere with the effectiveness of phosphorus inactivation by mixing
the treated sediments with overlying water.

e Sediment Oxidation. As noted above, there could be problems with the
combined use of sediment oxidation and flushing or phosphorus inactivation.

e Biological Controls. Phytophagous fish should be introduced only where
they cannot escape downstream. Hypolimnetic withdrawal, dilution, and flush-
ing together with fish stocking would require barriers to prevent the fish
from escaping.

Very little information has been published on the application of two or
more techniques in the same lake or reservoir. This is due in part to high
costs and also to the desire to learn about one procedure without the con-
founding effect of additional manipulations. The next major advances in lake
restoration technology might well be in the area of combinations of lake
restoration techniques.

The compatibility of some procedures is obvious. An example is lake
drawdown with sediment removal and the application of sediment covers. It is

also used in fish management, where it might result in production of larger
sport fish. Harvesting can enhance the effectiveness of 2,4-D applications by
allowing access of the chemical to root systems, and plants damaged by a har-
vester may be more susceptible to plant pathogens. Diversion of nutrient
loading 1s obviously compatible, if not necessary, with every technique.

The entire area of integrated control of nuisance aquatic vegetation is
in its infancy. Documentation of lake management via combined methods is
strongly urged. Effectiveness of the techniques as well as a cost analysis is
needed.

CONCLUSIONS

The goal here 1is to briefly review and analyze the current state of knowl-
edge of the procedure to protect, improve, and restore eutrophic lakes and
reservoirs. An obvious finding, while not always explicitly stated, is the
small amount of actual knowledge about protection, management, and restoration
of freshwater resources. At present, solutions seem to be based almost exclu-
sively on the application of chemicals or the introduction of machinerv. In
many cases these approaches are effective, but they are also expensive. The
developing interest in biological control may greatly add to the arsenal of
effective and inexpensive techniques. This avenue may become extremelv impor-
tant in the near future as the demand for clean water increases.
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There . re ample reasons to believe that surface water resources of both
developed and developing nations will continue to deteriorate with the rising
demands of agriculture and the inability of governmental units to provide
adequate sewage treatment as urban populations increase. There is a need to
greatly increase our knowledge of freshwater ecosystems and of the methods to
manage, protect, and restore them. This is vital, not only for recreational
purposes, but for consideration of human health and economic development.

Several of the above procedures rely on chemical manipulations of the
sediments., Far more knowledge is needed about this practice, including stud-
ies on the significance of internal loading. We have very little information
about the long-term effectiveness and impacts of these restoration and im-
provement methods and, finally, we know next to nothing about the efficacy of
combined uses of these procedures. An in-depth coverage of the above lake
restoration practices is contained in the book entitled Lake and Reservoir
Restoration by G. D. Cooke, E. B. Welch, S. A. Peterson, and P. R. Newroth.
It is scheduled for publication by Ann Arbor Science, Butterworth Press,
Boston, Massachusetts, in February 1986.
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SEDIMENTATION AND EFFLUENT CONCENTRATION
OF SOFT CLAY ON RECLAMATION WORKS

Yoshiharu Watari, Noriyoshi Aritomi, Nobumasa Morii
Japan Bottom Sediments Management Association

ABSTRACT

This paper establishes a basic design standard
for the disposal of effluents in a containment area.
Field investigations and model tests were conducted to
clarify the flow patterns and settlements of the dis-
charged material. By considering the results obtained
by these investigations, we discuss the method of es-
timation for effluent suspended solids (SS) concentra-
tion during dredging and reclamation works.

The basin in front of a spillway is an ideal sed-
imentation basin. The settling tests that introduced
the idea of overflow rate in an ideal sedimentation
basin gave a good correlation between overflow rate
and SS residual ratio. If settling tests of the bot-
tom sediments are carried out in advance, from which
correlation ccefficients are obtained, an approximate
estimation of effluent concentration can be determined
by the regression equation corresponding to the
reclamation progress.

INTRODUCTION

Dredging sea bottom sediment and placing it into diked containment areas,
thus preventing water pollution, 1s important for the preservation of the en-
vironment. Recently in Japan, it has been very common to dredge soft clay
that contains a large amount of o0il or organic substances. A very important
problem is management of the effluent SS concentration--this management must
be incorporated in the design and execution of dredging and reclamation work.
This paper describes the behavior of effluents with the progress of sedimen-
tation at the pump dredging and reclamation site, based on field investiga-
tions and the model tests of the containment area.

This paper also describes a simplified method of estimating the effluent
concentration in the containment area by applying a settling test using a cyl-
inder. Because settlement and sedimentation change in the containment area in
a very complicated fashion with the progress of reclamation, there is a limit
in accuracy of estimation from laboratory tests involving a number of assump-
tions. However, the method to estimate the approximate effluent SS concentra-
tion derives its utility from its simplicity and speed of test execution,
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FIELD INVESTIGATION
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Outline of the Project

AW

The project for the investigation is the dredging and reclamation works N ¢

of about 400,000 m® in dredged volume by a cutter suction pump dredger of \:
4,000 ps in horsepower. The site is located in Imari Port in Kyushu, Japan. :’
Figure 1 shows the site location of the dredging and reclamation area and ::
Table 1 gives the specifications of the project. N

.
«
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Figure 1. Plan of the dredging and reclamation area

R

Method of Investigation

ele e s :

o

To determine the soil characteristics, the sea bottom sediments around
the dredging area were sampled by penetration of an acrylic tube, 75 mm in
diameter and 850 mm in length. The sediments were also sampled at the outlet
of the conduit pipe to determine wet density and unit weight. Turbidity in
the containment area was measured by three submersible turbidimeters.
Measurement points were 50 cm below the water surface and 1 m above the N
bottom. Effluents at the spillway were sampled three times a day throughout
the construction period and brought into the laboratory for suspended solids

test. Flow pattern in the containment area was surveyed by tracing the locus D
of a buoy. *:
- d
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TABLE 1. PROJECT SPECIFICATIONS

Item Specification
Dredged volume 389,000 m?
Area of containment 272,000 m?
Design thickness of 3.25 m
reclamation (+3.20 m from water level)
Area of sedimentation 16,960 m?
basin (160 m x 106 m)
Volume of sedimenta- 61,000 m3

tion basin

Investigation Results

A field survey was carried out in the middle and latter periods of con-
struction. The reclamation progress ratio was 30 to 40 percent at the middle
period and 80 to 90 percent at the latter period. Physical properties of the
dredged material are shown in Table 2.

Figure 2 shows the contour lines of the sedimentation and the flow pat-
tern of disposed material during the first observation (reclamation progress
ratio about 40 percent). The thick lines in Figure 2 are the depths at which
the turbidimeter (Tb) indicated more than 500 ppm (the limit of detection) and
the dotted lines are the depths measured by use of a lead. The difference
between the two lines, calculated to be about 1 to 2 m, is considered to be
the height of unconsolidated sedimentation of the dredged material. Water
content of this layer was about 150 to 230 percent. The dredged mixture
flowed toward both sides due to the higher sedimentation in front of the
outlet. The extremes of the oblique lines in Figure 2 indicate dead zones
where flow was very low.

Figure 3 shows the depth measured by a ruler, during the second observa-
tion (reclamation progress ratio about 90 percent). The sedimentation pro-
gresses through almost the entire region and shows a leveled configuration.
Water content at 50 cm below the sedimentation surface was 200 to 450 percent.
From Figure 2, it can be seen that the inclination of the sedimentation sur-
face varies from 1 in 250 to | in 200 in the most steeply inclined regions.

On the other hand, in Figure 3, the inclination in the latter period of the
reclamation becomes less than 1 in 1,000. It is presumed that the sedimenta-
tion liquefied in the containment area due to the high water content and, as a
necessary consequence, the inciination became less steep. Actually, it was
observed that the sedimentation surface in the detention area located farthest
from the outlet ascended slowly with the progress of reclamation.
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TABLE 2. PHYSICAL PROPERTIES OF THE DREDGED MATERIAL

Natural Ignition
Specific Water Content Grain-Size Distribution, 7 Loss
Cravity A Sand Silt Clay 7
2.620 97 3 -5 48 - 57 40 - 47 10
1 2 3 4 S 6 7 8
. 50m__75m
i N\

first observation R

&l
Z Qutlet ”\\\Dx
+ \ s N R

: Depth of Tb > S00

¥
spillway

v Sedimentation basin
E 4> Luoys

————— : Depth measured by lead

Figure 2. Contour lines and flow patterns in the containment area

Figure 4 shows the result of continuous turbidity measurements at 50 cm
below the water surface. Dredging was performed between about 7:00 to 17:00.
Therefore the turbidity of 10 to 20 ppm during the first stage is the effluent
concentration after about 13 hr of settlement. Turbidity at points A, B, and
C in Figure 4 shows marked increases after 15, 45, and 80 min from the begin-
ning of the measurement. These are presumed to be the times that the disposed
material reached three points. The propagation velocities of turbidity are
calculated to be 23 cm/sec from the outlet to point A, 6 cm/sec from point A
to point B, and 3 cm/sec from point B to point C.

Figure 5 shows the plane distribution of turbidity at 50 cm below the
water surface; contour lines are also included. Equivalent turbidity lines
spread at right angles with the discharge direction, indicating the effluent
flowed easily toward both sides as compared with the discharge direction, due
to the sedimentation in front of the outlet.
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Figure 5. Plane distribution of turbidity at 50 cm below ::f
the water surface; contour lines are also o
included (February 17, a.m.) t{{
Continuous turbiditv measurements at points A to C in Figure 6 show a -
quite different tendency. In Figure 6, though the turbidity at point A, which VRN
is almost centrally located, increases with time, the turbidity at point B and ?:'
C remains constant. Ijv’
:-r-_\_vl'
Figure 7 shows the plane distribution of turbidity and the contour lines AL

measured during the afternoon of the same day. Dredged mixtures on that day
spread in a radial dispersion as was shown in Figure 2; therefore, it is con- A
cluded that propagation of the dredged mixture increased the turbidity at R
point A, but not directly to the points B or C.

Although the dredging work began on February 7, it was Februarv 15 when o,
the effluent began to overflow at the spillway. Variations of the effluent's
SS concentration with time show a sawtooth tendencv as shown in Figure 8. The e
control limit of SS concentration at point Y In Figure 8 was 50 mg/L to pre- o
vent water pollution. High molecular coagulants were added to the effluents
to satisfy the standard since Februarv !5, Some 10,050 kg of high molecular

coagulants were used. Average dosage was 26 g/cum of dredged material. .
MODEL TEST OF THE CONTAINMENT AREA .
e
As the flow patterns and sedimentations in the containment area are con- :;_
sidered to be a complicated phenomenon in which many parameters interact with o
each other, a simplified model test was carried out to predict the phenomena. D
o
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Test Equipment

During the latter period of the reclamation, should the depth become
shallow, the dredged mixture spreads radially and sedimentation progresses in
a three-dimensional mode. However, during the early or middle period, at
rather high depths, the sedimentation can be considered as a two—-dimensional
phenomenon, in the longitudinal and vertical directions. Thus a two-

dimensional model test using water tanks was conducted. The test equipment is
illustrated in Figure 9.

The prescribed concentrated slurry with the sea bottom sediments and
artificial seawater, as described later, were poured from one side of the
water tank keeping a constant water head by the siphon principle. On the
other side of the water tank an effluent weir is established. Samples of the
sedimentation were taken during the experiment at points BC, DE, and GH, shown
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in Figure 9, to measure the concentrations. The samples were taken at six
points vertically using a sampling device as illustrated in Figure 10. After
pouring the slurry, water content and grain-size analysis were performed at
points A through H in Figure 9. Table 3 shows the test conditions.
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Figure 9. Outline of test equipment (all units in centimeters)

Results of Test

We attempted to clarify the effect of kinds of water on the settling
velocity of particles. Figure 11 shows the decrease of the clarified water SS
concentration with time using several different solutions. The variation of
the clarified water SS concentration of artificial seawater (commercially
called "Aquamarine'" in Japan) shows a similar tendency to that of natural sea-
water. In saline solutions, the SS concentrations are larger than the other
cases; the SS concentrations in fresh water are the largest. This means that
the settling velocity of particles in seawater is greater than in fresh water

due to flocculation of negatively charged sediment particles int