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PREFACE

The 8th U. S./Japan Meeting on Management of Bo.tom Sediments Containing
Toxic Substances was held 8-10 November 1982 in Tokyo, Japan. 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 presentation.of papers
and in-depth discussions on dredging and disposal of coataminated sedimeﬁt.

© COL Maximilian Imhoff, Commander and Director of the Water Resources

Support Centerl(WRSC) at the time of the meeting, was the U. S. Chairman.
Mr. Yasuo Okada, Ministry of Transport, Tokyo, Japan, was the Japanese
Chairman. A

Coorqinator of the drganiza;ional activities and editor of this
report was Mr. Thomas R. Patin, program assistant, Dredging Operations
Technical Support Program (DOTS), U. 5. Army Engineer Waterways Experiment
station, Vicksburg, Miss. Mr. Charles C. Calhoun, Jr., was Program Manager,
DOTS. Atr the time of publicétion of this report, COL George R. Kleb was

Commander of WRSC.
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1000~1036

1030-11G0

'1100-1130

1130-1200

1200-1330

1330-1400

AGENDA

8th U.S./JAPAN EXPERTS MEETING ON MANAGEMENT
OF BOTTOM SEDIMENTS CONTAINING
TOXIC SUBSTANCES

Tokyo, Japan
8-10 November 1982
Cochairmen

Mr. Yasuo Okada

Director, Environmental Protection Division

Bureau of Ports and Harbours, Ministry of Transport

COL Maximilian Imhoff

. S. Army Corps of Engineers, Water Resources Support Center

Monday, November 8, 1982

Oﬁening session

Y. Okada, "Public Works Aiming at Improvement of Port and
Marine Environment in Japan," Ports and Harbours Bureau,
Ministry of Transport, Japan

S. Kasajima, "Removal of Bottom Sediments in Osaka Port by the
Pneuma Pump Dredge 'SHUNKAI,'" Port and Harbour Bureau, City
of Osaka, Japan

N. E. Parker, "Constructive Use of Dredged Sand," Coastal Engi-

neering Research Center, Corps of Engineers, USA
Luncheon
Y. Shiratori and K. Kato, "Reclamation with Soft Sea Bottom

Sediments,"” Port and Harbour Research Institute, Ministry of
Transport, Japan
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Break

T. Yoshida and T. Mimaki, "Boundary Conditions of Sediment.
Surfaces Viewed from DO Behavior," Japan Bottom Sediment
Management Association, Izumo Construction Work Bureau, Min-
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R. Peddicord, "Field Verification of Testing and Predictive

Methodologies for Evaluating Dredged Material Disposal Alter-

natives,"” Waterways Experiment Station, Corps of Engineers,
USA

M. Fujiki, J; Asada, and T. Shimizu, "Studies on Analytical
Method of Acrylamide Monomer and Accumulation intn Fish,"
Institute of Community Medicine, University of Tsukuba,
Japan '

W, Pequegnat, "“pecifications of a Model Ocean Disposal Site
for Dredged Material," TerEco Corporation, College Station,
Texes, UISA '

Reception for U. S. delegation

.Tuesday, November 9, 1982

Y. Baba, "Simulation of Estuarine Silt Transport According to
Storm Water Runoff,” Public Works Research Institute, Minis-
try of Corstruction, Japan '
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Estimating Nutrient Release from Lake Sediments,” National
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Bureau, Ministry of Transportation, Japan

J. O'Connor and J. Pizza, "Eco-Kinetic Model for the Accumu-
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JOINT COMMUNIQUE

The 8th U.S./Japan Experts Meeting on Management of Bottor Sediments
Containing Toxic Substances was held by the Lnited States t(Uslonel Maximilian
Imhoff, Commander/Director, Water Resources Support Center, :'.5. Armv Corps of
Engineers) ard the Japanese (Yasuo Okada, Director, Enviror~ental Frotection
Division, Ports and Harbours Bureaus, Ministry of Transport) Ueo-chafrmern
Nov, 8-10, 1982, at Tokyo, Japan. The purpose of the conferenca was tao
excharge information in beth regulatory and technica! sreas relevant to bettem
sediment management and to explore are:s where jofint efforts would be
fruitful, '

The United States and Japanese experts presented papers on several tech-
nical und managerial subjects, including: publfc works aiming it {mprovement
of port and marine environment in Japan; dredging works in Usaka Port,
l.ake Kasumigaura, Lake Suwa, and the James River: experiments and studfem for
physical and chemical characterintics of bottom sediment; studies on toxic.
materials accumulated in organisms; legal restrictions, present cond{tion, and
new methods for dredged material dispcesal: advances in aredging technology
including new equipment and coperaticnal techniques (Drag head, Clean-up,
Pneuma pump and Relresher); dredging technologies and methede for dredged
material disposal with due regard to the environmental {mpact; and emergency
responxe equipment to clean up hazardous cher{cal release.

The (nited States and Japanese attendees conafnted primerily of engi=
neers, hiologists, and chemixts from administrative agercier, univers{tles,
port authorities, and related associations of engineering companies, There
wi¥ xeneral agreement that this conference was highly wuccesstul {n meeting
its majoer goal: to exchange the most recent intormatioe on managerent tech-
niguee and the environmential effects of sedimenty containing taxics and other
pollutints, Consistent with the provisions o the memarandum o u der=
standing, the nevt meeting will he beld r the U'nited Htites and tie dates
will he decided jointly by the Co=chairmren,

Nirecter, Fnvironmental tommander/Directoar, wWater osaufyey
Protection Division, Support tenter, ', Armv o rpu
Porte<s and narboure Bureau, of Fugirvers
Mainistry of Trarspert
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PUBLIC WORKS AIMING AT IMPROVEMENT OF PORT AND
MARINE ENVIRONMENT IN JAPAN

Yasuo Okada
Director, Environmental Protection Division
Bureau of Ports and Harbors, Ministry of Transport

INTRODUCTION

Port and marine environment improvement works in Japan are carried out
as a part of port improvement works.

Port improvement works are systematically carried ocut by formulating a
Five-Year Plan tor Port Improvement under the Law for Emergency Measures of
Port Improvement. '

The current Five-Year Plan for Port Improvement is the sixth plan and
covers the period from fiscal 1981 to 1985 with a total investment of
¥4,260 billion. This plan lists "promotion of works aimed at the realization
of pleasant port and marine environment' as one of its important tasks. The
plan {3 thus intended to step up the improvement of port and marine environ-
ment bv allocating about 1/10 of the tutal investment to it,

These works include marine environment improvement works and studies for
naterialization of port works conducted by government di{rectly, works to pro-
vide facilitfies for preventing oil pollution of seawater, and port pollution
prevention works and port environment improvement works conducted by a port
manavement body with government subsidies Table 1 shows the trends of the
expenditure for port and marine enviroament improvement works.

MARINFE ENVIRONMENT IMPROVEMENT WORKS

lhese works are intended to prevent marine pollution and to conserve the
marine environment. In particular, accumulation work for floating r~fuse and
oil has been carried out in badly polluted waters outside port and fishing
port areas since 1974 as povernment-executed works,

Cleaning work for floating refuse and ofl {3 scheduled to be carried out
in 1982 as in the previous vear in three areas of Tokvo Bav, [se Bav, and the
Seto Inland Sea.

the fleet for marine environment improvement work now comprises 16 ships
with 4 newly constructed combined=use ship boch for refuse and ofl. The
svstem of ¢leaning retuse and oil floating in inland seas and bavs has now
been ragrhly completed (see Vable 2).

10
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STUDIES FOR MATERIALIZATTION OF PORT WORKS

These studies are conducted prior to the commencement of actual work
to ascertain tneir economic and technical feasibilities. During the current
fiscal vear, a bottom sediment clarification plan is scheduled tor Tokvo Bay,
Ise Bav, and the Seto Inland Sea. An interpretecture waste disposal site in
Tokvo Bay is also projected.

The former was explained at the 7th US/Japan meeting., [The latter is
desiuvned to construct a waste disposal site at sea because it has become
increasingly Jdifficult to provide inlund waste disposal sites in metropolitan
zones.,

In OUsakd Bav, the main bodvy of the bav for interpretecture waste disposal
FO8URd Bav interprefecture Coastal Area Environment Improvement Centeri was
cleared tnis Mareh for actual work.

MARTNE 0L POLLEY T TON PREVENTTON SORKS

:
Sese worns are intemded to present marine pollution caused by oil throush
Do troatient ol owaste oflosuch as ballast owater cenerated inoships at o regep-

Cion o cacilitces o Dand.  Sinee T, tne covernment mds been providine port

St Dodies with aubsidies tor the wdnte oil reception racilities,

Constraction ol the tacilities at major ports was complieted in 19720,
cable wWaste 0Ofl Reception Facilities
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PORT ENVIRONMENT IMPROVEMENT WORKS

Coastal waste disposal site

These sites are designed to receive all wastes including dredged mate-
rials, marine wastes resulting from cargo handling, urban wastes, and
industrial wastes.

It tas become increasinglv difficult to obtain sites in urban arceas
for final Jdisposal of wastes because of the progress in urbanization. There-
fore, the demand fur water areas for final disposal has increased in recent
years.

There are also strong demands for land to develop or renew port areas.

In response to such soulal needs, the government has been providing port
management bodies with subsidias for the construction of bulkheads of waste
disposal sites since 1973.

The list of wastes dumped in the disposal site is headed by surplus soil
produced by inlard construction works, followed by dredged material, general
wastes, and industrial wastes. Of the annual total of about 280 million tons
of -eneral wastes and industrial wastes produced in 1979, about 140 million
tons went to final disposal, of which 6.9 million tons or 4.9% were disposed
of in coastal disposal sites.

Construction of cleaning vessels

Ports are generally closed waters, preventing frequent ev:-hange of sea-
water. As a result, the refuse which flows in from rivers and chat produced
by port activities drifts in stagnant areas in ports, thus interfering with
navigation and marine activities. Morrover, the drifts often cause environ-
mental pollution through putrefactiou, foul smells, and deposition, resulting
in water pollution and sludge. Acccrdingly, prompt accumulation of this
refuse while still floating is desirable.

The government has been providing port management bodiec with subsidies
for the construction of cleaning vessels necessary for the accumulation of
oil and floating refuse since 1974, Sixteen cleaning vessels have thus been
constructed in 15 ports as of 1981.

Parks and open spaces

We are also creating a pleasant port environment by providing greens,
open spaces, rest houses, etc., 30 that the ports can serve the local
residents.

Accordingly, the government provides subsidies for those port management
bodies wihich undertake the improvement of port environment by providing
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greens, open spaces, etc., within their port areas. Those so far complatel
draw families on holidavs and serve as a place of relaxation whaere the citizens
can get familiar with a port. '

In 1980, greens were provided at 81 ports throughouz the country at a
total cost of ¥7.2 billion, accounting for 3.7% of the toral urban park
improvement cost of ¥194 billion.




REMOVAL OF BOTTOM SEDIMENTS IN 0SAKA PORT BY
I'HE PNEUMA PUMP DREDGE ''SHUNKAIL"

Shiro Kasajima

Manager of the Construction Division
Port and Harbour Bureau, City of Osaka

ABSTRACT

The Osaka Port, which is one of the representa-
tive ports in West Japan situated at the innermost
part of Usaka Bay, has been suffering from the sedi-
ment of mud polluted with organic substances on the
botrom of rivers such as Aji River, Shirinashi River,
and Kizu River due to wastewater from factories and
city sewage, which have caused deterioration of the
environment through pollution of water and generation
of a foul smell.

As a countermeasure, the Authority of Osaka City,
having noticed the excellent performance of the Pneuma
pump system, unlertook the first mud dredging experi-
ment in Japaa with that svstem (which was introduced
from an Italian firm S.I.R.S.I. in December 1971).
Through this experimental dredging, the suitability of
the Pneuma pump system to the dredging of polluted mud
was well proved.

As a part of the pollution control project of the
port and harbor, the Bureau completed the Pneuma pump
dredye "ShunKai" in July 1974, then organized a
dredging squadroo with hopper barges that had under-
gone the necessary modifications. The squadron has
engayed in dredging operations of polluted mud since
November 1974 until the present day.

This paper introdvces the Pneuma pump dredge
"ShunKai" and the results of the squadron operation.

INTRODUCTION

The Port and llarbor Bureau has developed a new dredging process, the
Pneuma pump system, which is capable of dredging a high solids concentra-
tion at any depth according to the coniizuration of the sea bottom without
Tear of secondary pollution. The Bureau uas also built a new dredge to
promote Japan's pollution control project. This svstem was built because:
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(1) unless care is taken when mud on the water bottom is dredged by |a conven-
tional grab dredge, the grab might penetrate the laver of muddy sediment and
dig into the comparatively hard soil of the sea bottom, and, when lifting the
grab, the adhering mud would cause contamination of adjaceni watersj and

(2) if dredging is performed by conventional suction dredges and. thd mud
transported to the dumping grounds on board box-shaped hopper barges, it
would not be economical due to a veryv low solid concentration.

OPERATIONAL PRINCIPLE OF THE PNEUMA PUMP

The Pneuma pump system consists of a pump body, a distributor, land a com=-
pressor. The pump body is composed of three cylindrical tanks that |are used
as one assembly. Each tank is fitted with an inlet port, an outlet |port, and
various valves. The distributor automatically controls charging of |compressed
air to each tank with a constant cycle and then discharging it to the atmo-
sphere. The compressor supplies the compressed air, the capacitv of which may
vary according to the required performances, but its pressure is nommally

7.5 atm.

When the pump body is lowered to the sea bottom with the distributor in
operation, the seawater comes into the tank lifting the inlet valve.| Then,
compressed air is delivered via the distributor, and the seawater in the tank
is displaced (by the action of air similar to that of piston). through the mud
discharge pipe. Then, the compressed air that filled the tank is discharged
through the distrioutor into the atmosphere and the air pressure within the
tank returns to atmospheric level. At this moment, the mud at the segabed is
forced into the tank due to the head difference between the surface and the
bottom and horizontal movement of the suction port. Thereafter, by Eepeating
the above-mentioned operations, the mud is discharged through the mud pipes.
As this operation is repeated within a tank and the three tanks workl continu-
ously with a constant interval, the mud is discharged continuously from the
mud pipe as shown Figure 1.

- Figure 1. Principle of Pneuma pump
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DREDGING TEST OF MUD WITH THE PNEUMA PUMP SYSTEM

One Pneuma pump 300/60 system and distributor were installed onboard ine
¢rane barge '"No. 1 Konuo' and one on the grab dredge "ShunKai." The dredging
tests were performed along the lower part of Kizu River, the innermost part of
Aji River Inner Port, Zone No. 1 Tnside Port, and in front of wharfs A and I
of South Port with the following results being obtained:

(1) When dredging at a constant speed of from 1-3 m/min, the mud can be
dredged with a very high net solid concentration by volume as shown in Tables 1
and 2. The quantity of discharge also can exceed the rated capacity of the
Prneuma pump 300/60. '

(2) The mud piled up on the guarding rubble mound in front of the wharf
can be removed without impairing the surface of the rubble mound.

(3) The trawling speed should be kept at the low level of 1-3 .m/min and
‘constant.

(4) Among the various tvpes of shovels tested, the three shovel type,
the big shovel type, and the leg shovel type, the three shovel type was effec~-
tive for both mud and soft clay. The shape of the shovels should be designed
to cope with the conditions of the site of dredging.

(5) Deposit of rubbish on the seabed or river bed caused little harm to
dredging. - '

(6) If the three shovel type is used, the blue-gray clay, the most com-
mon soil in Osaka Port, can also be dredged.

(7) Iron scraps and stones of small quantity can be dredged as they are.

(8) The degree of transparency of water near the surface at the dredging
site declines by about 15-20 cm.

(9) For mud having a very high solid concentration such as that dredged
by the Pneuma pump svstem, the application of pan-floc is not suitable.

CONSTRUCTION SPECIFICATIONS OF PNEUMA PUMP DREDGE ''SHUNKAI"

(1) Basic Design Requirements

<:> Soil to be dredged
Deposit of mud or soft clay in the duplication area of a river and
port and at the river mouths. ’ '

<:> Quantityv of soil to be dredged

Dredging, ,transportation, and discharge of about 1,000 m3 per day or
210,000 m~ per vear.

(E) Weather. sea, and geographical conditions
The sites of operation are within the calm water area in the Osaka
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Port where there is.little influence of wind and waves. The rivers
are tidal and the velocity of flow is low, 0.5-1.0 kt along the
mainstream of Aji River and 0.5 kt along Shirinashi and Kizu Rivers.
For the weather and sea condition at the time of operation, the
design should comply with the terms of '"Standard of Desiga for
Working Boats.

For the design of the hull, the maximum instantaneous wind velocity
shall be 16 m/sec during operation.

The velocity of tidal current of 3 kis shall be ciasidered during
operation.

The wave height during operation shall be 0.5 m (1/3 significant
waves). '

The dredging depth shall be 15 m below the surface.

Process of disposal of dredged material shall be trawl dredging
carried out by the dredge fitted with the Pneuma pump 450/80. The
dredged mud is placed onboard 500-m3 non-self-propelled hopper
barges. The barges are pushed to the disposal site in the North
Port, making three trips or more per day, where the mud is
discharged. .

Design Considerations

Electro~hydraulic winches of stepless variable speed enable the
vessel to travel at 1-5 m/min during dredging and 20 m/min maximum
speed on the return trip after dumping.

The centralized control station foi operation is provided as a
labor-saving device.

To prevent noise generated by the air compressors, each compressor
is confined in a separate soundproof enclosure with shock-absorbing
rubber inserted between the machines and the hull.

-~

Providing for the dredging along the narrow channels'in the upper
reach of rivers, fairleaders of christmas tree type are fitted at
the bow and the stern part of the vessel. '

The ladder system is used for lowering and lifting the Pneuma pump.

To maintain an agreeable working environment (including living zrea,
operating room, etc.), special silencers are used for exhaust noise.

A loader system with mud discharge pipes leading to the hopper
barges moored along both sides of the dredge is used for loading
the mud.

The specifications of the "ShunKai' and diagrams are shown in Table 3 and

Figure 2,

respectively.
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ORGANTZATION OF SQUADRON

"ShunKai" is required to dredge the narrow upper reaches of the rivers in

the ¢ity. The hopper barges of the existing pusher barge line system cannot

be turned at the narrow part of She waterway; therefore, two non-self-
propelled hopper barges of 350 m’ capacity were remodeled into the box~-shaped
mud barges with 500 n3 capacity able to be pushed either from bow or stern.

fhe squadron is organized with "ShunKai," a pusher tug, the two non-self-
propgllcd‘mud barves, and a chartered non-self-propelled bax-shaped mud barge
of 300 m’ capacity. .

In Aupgust 1977, a non-self-propelled mud unloading barge of sand pump
tvpe (displacement 288.545 tons) was created bv modifying the existing grab
dredecr "Seikai" and installing the sand pump (mud discharyging capacity
540 m3/hr) of DP 100 BL Type manufactured by Tovo Electric Co., Ltd. Thus,
the orvanization of the squadron of the total system from dredging, transport-
ing, and unloading to final discharging is complete.

IMPROVEMENT OF DREDCING EFFICTENCY AND WORKING ENVIRONMENT

In 1976, when the dredging at the planned depth D.L.* -6.0 m was carried
out, the operational efficiency was too low and the solid concentration of the

dredeed soil was much less than anticipated. Thus, improvement of the opera-

tiongl efficiencv of dredging at shallow depths has been required.

As a possible countermeasure, installaction of a vacuum pump at the exit
of the distributor was examined, but the idea was abandoned because there wis
little marvin both in the capacity of the generator and the space for instal-
lation, However, taking advantage of the sutrplus of compressed air wheu the
dredging depth is shallow, the dredging efficiency can be raised by installing
the breathrider (vacuum generator). '

Installatfon of the breathrider vacuum gained 0.20 m of water column and
allowed dreduing at a depth about 1 m less than possible before. 1t further
contributed to the improvement of dredging efficiency by remarkably reducing

_the chances of choking of the shovels with mud. This can be attributed to the

fact that due to the effect of vacuum, the resistance against lifting the
suction valves by the pressure of mud and the same in the air pipes between
the pump bodies and the distributor during the cycle of delivery and suction
of the compressed air (s substantially reduced.

As a countermeasure for the of fensive odor of hydrogen sulfide, an
absorption tower (which simultaneously works as a silencer and a solid remover)
was also installed. Within the tower the bad-srelling exhaust air {s washed
by a seawater shower, dehvdrated and well diluted, and then released to the
atmosphere after boinyg led to the level of the topping mast.  Thus, the
ottensive odor s successfully reduced. The flow dlagram of the system is
illustrated on the next page. '

# D.L. = mean low water.
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RESULT OF OPERATION BY "SHUNKAI' SQUADRON

Procedure of Operation

(1) Prior to operation, the geological survey of the dredging area is
ruiiducted and the thickness of mud to be dredged, ratio of water content, loss
n ignition, specific gravity, etc., are determined.

(2) The trawling dredge is used and the dredged mud is loaded onto the
mud barges of closed type. The volume of the muddy water is surveyed and
sampled.

(3) The mud barges are pushed to the disposal site by the tug. The mud
i{s discharged into the enclosed disposal site area surrounded by banks.

(4) The quantity of the dredged soil is estimated from the ratio of
water content and the apparent specific gravity of the sample and the volume

of muddy water.

(5) For guidance, the dredg.1 sea bottom is surveved by the echo sounder
and confirmed.

Manner cf Operation

By August 1977, the operations were carried out in the following manner:
Dredging e . by the Pneuma pump vessel 'ShunKai"

Transportation ...... by a pusher tug and three mud barges of box type
(one of which was chartered)

These operations were conducted by the Bureau. The prevention of secondary
pollution is assigned to contractors. The disposal of surplus water is
assigned to Osaka Industrial Wastes Management Public Cooperation.

Upon completion of the mud unloading vessel "SeiKai' (September 1977),

the contracted operation of the barge unloader has been converted to direct
operation by the Bureau. Other operations remain the same.
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Results of Operation

Upon completion of "ShunKai," a series of tests was carried out to cope
with the various operational conditions. :

Whether or not the centralized control system would work satisfactorily
was confirmed first and then the rate of mud discharge of each shovel, the
air pressure and air volume in the pump bodies, the quantity of air con-
sumed, etc., were investigated.

Noise was also measured 3t every noise and vibration preventive structure
and was compared with -he design value. Whether or not the anchours would
have sufficient holdir; power to endure the load of trawling operation and
whether the winches ir <talled for the trawling operation would operate at the
required speed for forward and astern travel were also invéstigated.

This operation bezan in November 1974 and by tne end of March 1982
dredging of polluted mud and disposal had been carried out at the locations
along Aji River, Shirinashi River, and Kizu River as shown in Figure 3.
Table 4 gives the operation results, and Figure 4 shows the results of the
echo sounding. '

The annual summaries are also listed in Table 5 with respect to the
dredged area and the quantity of dredged soil. The total dredged -area and the

_quantity of . dredged soil as of the end of March 1982 were 532,000 m2 and

1,460,600 m,, respectively, and the total quantity of soil removed was
2,551,700 m” with an overall average solid concentration of about 57%.

The annual record of operation of ''ShunKai" is shown in Table 6. In the
operational nours of "ShunKai," time required for shifting both ways between
her moorings and the site of dredging and the same necessary for taking the
bearings in order to fix the position of operation, about 400 hours per year
total, and another 100 hours for cleaning, during which the rubbish from the
muddy sediment is removed from the screen of the pump shovels, and time for
waiting, meals, and cleaning of the vessel at her moorings are included.

Solid Concentration of Dredged Soil

The solid concentration of the dredged soil is supposed'to be influenced
by the grain size, thickness of the soil to be dredged, and the technique of
operation, but the correlation among these is not clear. However, .in the case
of dredging by the Pneuma pump system, the deeper the water at the location of
dredging, the stronger the thrust due to hydrostatic pressure. Consequently,
a trend that the solid concentration increases proportionally to the water
depth can be observed, although there is some dispersion in the relation
between the water depth and the average solid concentration (see Figure 5).
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"Table 5. Dredged Area and Quantity of Soil
Dredged for Every Fiscal Year

‘ Quantity of
Fiscal year Area dredged soil dredged
1974 23,500 m? 109,800 w"
1975 90, 300 222,900
1976 50,500 162,800
1977 43,500 © 170,000
1978 71,500 180,600
1979 75,000 190,000
1980 106,700 208,100
1981 71,000 216,400
Total 532,000 1,460,600

Table 6. Summary of Operation of '"ShunKai'

Fiscal. No. of days No. of days out No. of days Hours Hours of
vear on _operation of operaticn on_service on_service operation
1974 98 15 113 1,018.20 782.40
1975 207 55 262 2,117.15  1,552.10
1976 200 | 69 269 1,965.00 1,408.15
1977 214 30 244 2,109.00 1,589.00
1978 222 33 255 2,093.30 '1,501.40
1979 220 37 257 2,044.15 1,453.25
1980 212 42 254 . 1,958.30 1,387.45
1981 245 20 265 2,430.15 1,569.50
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COMPARATIVE INVESTIGATION OF TURBIDITY AT WATER SURFACE ADJACENT
TO DREDGING SITE

On March 9 and 27, 1979, turbidity of the water surface adjacent to the
dredging site was investigated. According to the results, the Pneuma pump
dredge makes the water at the lower layer turbid to a certain extent up to
50 m away, because the pumps are dipped in the bottom mud; however, practi-
cally no turbidity is observed in the upper and middle water layers.

The grab dredge with the clo. 1 bucket often operates with the bucket
not completely closed after a g: . due to the rubbish found scattered in the
mud. Therefore, the turbidity 50 m away from the dredge occurs throughout
all layers, surface to bottom, and tends to increase as the dredging comtinues.

As a typical example, the location of operation in Figure 6, the record
of transparency and turbidity 5 hrs after the beginning of dredging in
.Table 7 and the comparison of the record of measured turbiditv in Figure 7 are
presented. )

MEASURES FOR PREVENTION OF SECONDARY POLLUTION

The dredging operation by the Pneuma pump dredge causes the release of
an offensive odor unique to the polluted mud, and an oily material mixed with
light organic dust emerges forming films on the surfac: of muddy water dis-
charged into the hopper barges. The smell and oily material must be properly
disposed of and the dispersion of mud particles and suspended oily material
must be prevented as well.

Mcasures Against Foul Smell

The polluted mud sediment at sea bottom is in a state of anaerobic
fermentation and causes an offensive odor due to the gases generated such
hydrogen sulfide, methacabutane, and thio-glycolic acid.

To handle the foul. smell from the distributor, the release gas is thor-
oughly washed and diluted through the shower in the absorption tower and is
then discharged into the atmosphere from a high position. For prevention of
foul smell from the mud discharged, ore bagful of deodorant agent (20 kg) is.

. spread over one bargeful of mud. The deodorant is composed of 95% bentonite,
47 phvroligneous acid, and 1% papain enzyme and eliminates foul smells through
the catalytic action and absorptive power of the ingredients.

Measures for Disposal of Oily Suspensions

When the polluted muddy sediment is pumped into the hopper barge, oily
substances mix with minute organic substances and float on the surface, form-
ing foamy scums. In order to dispose of these oily substances, a half can
(18 litre) of neutralizer is first sprayed over a bargeful of mud. Then,
after discharging the mud, the same quantity of neutralizer is sprayed along
the boundary of the o0il fences. These o1l fences have curtains underneath
that are stretched around the discharge nozzle of the mud pipe. (The curtain
has a peripheral length of 300 m). The spraying is done by a pump and

32




Figure 6. Turbidity survey in the vicinity of Aji River Dolphin’

the neutralizer, diluted to about 207% solution, is ejected from the hose
nozzle. . ’ '

Prevention of Dispersion
of Discharged Soil and
Countermeasures for Surplus Water

Prevention of dispersion and outflow of the mud, and quality control of
surplus water, both require a great amount of care. The disposal site, as is
its nature, has to accept an enormous quantity of muddy water in addition to
ordinary dredged soil, etc. Therefore, a facility for disposal of the surplus
water is attached to the disposal site.

At the North Port disposal site, the result of the bottom soil test and
the elution test is checked prior to disposal to ensure compliance with the
standard two drainage canals, four precipitant mixing stations, and a monitor-
ing facility for turbidity automatically measure, record, and watch the
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4
. A
Table 7. :Result of Survey on Transparency and ek
Turbidity of Aji River -
_ . March 27, 1979 S
Weather: Fine, Temperature: 16°C During dredging operation at rising tide. :;
Turbidity ' e
Point of Time of Depth of Upper Middle Lower
measurement measurement water Transparency layer layer layer Remarks -
Pneuma pump dredge Sequence of ' s
No. 1 13:53 11.0 0.5 13.0 11.0 8.0 "easurement 4 .
2 10.5 0.6 3.0  11.0 4.0 2 L
3 13:53 10.0 0.6 13.0  10.0 4.0 1 o
4 11.3 0.5 12.0  10.0 6.0 4 A
5 10.0 0.6 12.0 11.0 5.0 5 -"'
6 10.7 0.5 14.0 10.0 10.0 8 <
7 10.7 0.5 4.0 9.0 9.0 7 -
8 11.5 0.6 14.0 9.0 7.0 6 P
9 9.0 0.5 12.0  10.0 6.0 9 o
i
10 14:03 9.0 0.6 13.0  11.0 6.0 10. A
Grab dredg= of closed bucket type
No. 11 5.0 0.4 20.0  38.0 40.0 3

12 ' 5.4 0.6 13.0 12.0 9.0 2 -
13 14:06 5.0 0.6 13.0 12.0 12.0 1 '
14 5.0 0.5 16.0 35.0 80.0 8
15 14:16 9.0 0.6 15.0  14.0 7.0 9 e
16 5.8 0.5 15.0  14.0  30.0 5 o
17 6.0 0.6 14.0  18.0 25.0 6 e

18 6.2 0.6 14.0  13.0 25.0 7 e
19 4.0 0.4 23.0 / 13.0 L 4 e
Upper layer: 0.5 m below surface Middle layer: 2 m below surface '—i
Lower layer: 2 m above water bottom :’;.’:
_e
o
[~'~
.
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quantity of suépended substance and values of COD and pH so that the quality
of surplus water can be controlled.

The device for discharging through slits at the end nozzle of the pipe
line and the oil fence effectively prevent the primary dispersion of soil
particles and promote their precipitatiom.

Trar.sparency tests of the water samples taken from the surface, middle,
and bottom layers outside the oil fence show that turbidity disappears 400~
500 m outside the oil fence.

FUTURE PROGRAM OF DISPOSAL OF POLLUTED MUD SEDIMENT

At present, the operations for 1982 of the Five Year Plan of Prevention
of Pollution Project of Osaka Port (1981 -~ 1985 fiscal year) are under way.
The following quantity of disposal is planned for each river in and after
1982:

Aji River 278,900 m3
Shirinashi River 141,300 m
Kizu River 157,900 m

Total 578,100 m°

For guidance, the total dredged soil accepted by the site of disposal in
North Port was 11,887,000 m3 by fiscal year 1981, Although the polluted mud
sediment of 1,461,000 m3 dredged, transported, and discharged by the "Shunkai"
squadron is included in the above, this quantity accounts for only 122 of the
total dredged soil.

In 1984, acceptar ;1 the dredged soil in the Northern Area will be
termin ted. In and ufler 1984, acceptance and disposal of general dredged
soll and the poll:ut: i mud will be made at the Southern Area (capacity of
acceptance 46,00 400 m3).

The Burc.it intends to convert both disposal sites, the Northern and
Southern area of North Port, into newly reclaimed land through intensive
application of various soft ground methods of improvement, Then these new
lands can contribute to the future development of Osaka Port,

POSTSCRIPT
The author i3 conflident that the very emergence of "ShunKal' has opened
a new way to the dredging of polluted mud. He also earnestly hopes to attain

more complete mud dredging techniques through further application of new
technologies in the future,
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CONSTRUCTIVE USE OF DREDGED SAND

N.E. Parker, P.E.

Coastal Engineering Research Center
Kingman Building

Fort Belvoir, Virginia 22060

ABSTRACT

Two obvious opportunities for constructive use of large
volumes of dredged sand are beach preservation and offshore
bar construction. To date, research has focused on beach
preservation. Technology to place dredged sand directly on
the beach has been developed and is now routinely used.
Technology to place material offshore for distribution on the
beach by natural forces has not yet matured. Considerable re-
search designed to define the limiting depths within which
natural distribution will occur has been undertaken both in
the laboratory and in the field. Some of the most compre-
hensive work was done by the Corps of Engineers Coastal Engi-
neering Research Center in 1976 and 1978 using a split-hull
barge and a split-hull hopper dredge for sand transport and
placement. 'In the 1976 experiment, 27,000 m> of sand was
placed in a single mound between -2 and -3 foot contours. In
the 1978 experiment, almost 34,000 m3 was placed at three
different depths averaging 2.7, 3.6, and 4.7 meters. These
experiments generally confirmed the feasibility of beach nou-
rishment by placement of dredged sand in relatively shallow
water. To date, little research aimed at the development
of technology to construct offshore bars in depths adequate
for the operatioc.a of medium and large hopper dredges has been
undertaken. Little information is available about the stability
of such bars, their effect on the shoreline, or their effect on
wave climatology.

INTRODUCTION

Background

The construction and maintenance of coastal harbors and navigation channels
has always involved dredging of large volumes of material - much of it sand.
Over time, the amount of material dredged has steadily increased as the depth
demands of shipping have increased. In the United States, sand has long been
in abundant supply and readily available from conventional upland sources at
a modest cost. Consequently, sand as a natural resource has been taken for
granted. For a variety of reasons, sand from conventional sources has become
increasingly more expensive and less readily available in recent years. As a
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consequence of the decreasing availability from conventiomal sources and the
increasing volume of dredged sand, recognition of the importance of dredged
sand as a natural resource has been growing during the past 2 or 3 decades.
At the same time, concern about the ultimate consequences of wasting this re-
source at sea has mounted. Considerable attention has been given - and con-
timies to be given - to constructive use of dredged sand. In the marine en-
vironment, the two obvious opportunities for the constructive use of large
volumes of dredged sand are beach preservation and construction of offshore
bars. Most research and development has focused on techmology for beach
preservation. Little effort has been made to develop technology for bar con-
struction.

Beach Preservation

Eroded besches are usually restored by an initial placement of sand to
return the beach to a selected pre-existing dimension. The restored beach
often contimues to erode, necessitating periodic placement of additional
sand to nourish the restored beach. The Corps of Engineers is actively
engaged in a program of beach restoration and beach nourishment in the United
States. Beach restoration is usually accomplished by direct placement of
sand on the beach proper. Beach nourishment is usually accomplished by simi-
lar placement or by placement of sand to form a feeder beach from which natural
forces will distribute sand along the beach to be nourished. For both activi-
ties, sand is often mined from offshore deposits by dredges. Beach preserva-
tion can be - and sometimes is - combined with harbor or channel dredging to
permit constructive use of the dredged sand. Technology to place sand so
dredged or mined directly on beaches or feeder beaches is quite well devel-
ored. Both hopper and pipeline dredges are routinely used. Direct place-
ment is effective and is a constructive use of the dredged sand resource but
economic and other advantages may be realized from offshore placement of
nourishment sand. Waves and wave-induced currents active in nearshore waters
are a natural transport system that will distribute sand along a shore. Much
investigative attention has been devoted to definition and understanding of
this littoral process but definition and understanding are still quantitatively
imprecise. Effective utilization of the littoral process in beach nourishment
actions involving offshore feeder sources requires definition of the seaward

‘1limit of the zone within which natural transport success is predictable.

Efforts to that end have been made and are contimuing. Summarization of the
results of those efforts is the primary purpose of this paper.

Offshore Bar Construction

Recent dialogue about constructive use of the dredged sand resource has in-
cluded offshore bar construction. Although large volumes of sand can be used
to nourish and restore beaches, a number of economic and other considerations
combine to more or less limit this use to instances where pipeline or small,
shallow-draft hopper dredges are used. Medium and large hopper dredges cannot
operate within the effective littoral transport zone unless a pump-out terminal
with proper approach channel is established. This option is quite often not
available and is always relatively costly. Additionally, there are practical
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limits to the volumes of dredged sand that can be used to nourish beaches
near harbors and channels. There seem to be no practical limits to the
volumes of sand that can be used to construct offshore bars in water
depths in which medium and large hopper dredges can operate. Such bars
would most certainly interact with the physical environment in which they

-were sited. Precise interactive effects are not readily predictable

from present knowledge and understandings but present knowledge and under-
standings do permit general predictions with considerable confidence.
Interactive effects will be subtly rather than boldly expressed and subtlety
will increase with increasing depth of water over the bar. Some shoreward
movement of sand from the bar may occur but the volumetric rate of movement
will be quite low and will be an inverse function of increasing depth. At
the depths suited to large hopper dredge operation, losses of sand from the

"bar are apt to be quite slow or negligible and consequently any changes in

configuration will be very gradual. The presence of the bar may alter the
wave climate somewhat. 1In depths suited to operation of large hopper dredges,
the amplitude of all but extreme event waves is not likely to be affected

but the period of long period waves may be reduced. This and the physical
barrier effect of the bar may combine to restrict seaward movement of material
eroded from the beach area. - Little investigative attention has been given to
these and other interactions. '

‘ Pertinent Beach Nourishment Research

Several experiments have been conducted to examine the efficiency of beach
nourishment from offshore feeder sources. Two beach nourishment projects have
been completed. in which the nourishment sand was placed offshore.

A two-dimensional laboratory study which simulated small and large storm
conditions of the Great Lakes wave climate was reported by Kamphuis and Bridge-
man in 1975. This showed that, under the controlled laboratory conditions,
sand properly located on the profile and placed at the proper time in the
season would move shoreward and accrete to the beach.

Three field experiments were conducted prior to the 1976 and 1978 experi-
ments described later in this paper. Sand placed offshore in the experiments
at Long Branch, NJ (Hall and Herron, 1950; Harris, 1954), Atlantic City, NJ
(Hall and Watts, 1975), and Santa Barbara, CA (Wiegel, 1964), were not fully
successful or conclusive. At Long Branch, 460,000 m3 of sand placed in 10- to
12-meter water depths either did not move or moved "haphazardly.” At Santa
Barbara, 153,000 m” of sand placed in 2 1.5-meter-high mound in 6.7 meters of
water showed no significant change in configuration 9 years later. At Atlantic
City, sand was placed in 4.5 to 6.1 meters of water but postplacement observa-
tions did not develop enough information to evaluate its behavior.

Beaches at Copacabana, Brazil (Vera Cruz, 1972), and Limjford Barriers, Den-

mark (Mikkelsen, 1977), were successfully mourished from feeder sources placed
in water depth of 4 to 6 meters.
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In 1976 and 1978, field experiments were conducted by the Corps of Engineers
Coastal Engineering Research Center at New River, NC. These are the most com-
prehensive investigations undertaken to date. The remainder of this paper sum-
marizes those experiments. Detailed reports are in Technical Paper 80-1,
Coastal Engineering Research Center, by Robert K. Schwartz and Frank R.
Musialowski, and a Technical Paper to be published, Coastal Engineering Re-
search Center, same authors.

1976 EXPERIMENT

Puzggse

The experiment was designed to test and evaluate the hypothesis that sand
dredged from a coastal inlet and placed seaward of the surf|zerne will effectively
nourish the downdrift beach. The means for doing this became available when
the self-propelled split-hull barge, "Currituck,"” was placed in service in 1975.
The "Currituck” is shallow draft and can dump in 2 meters of watcr. Fully loaded,
its capacity is between 200 and 300 m3. It was loaded by a side-cast dredge.

The location for the experiment was New River, NC, which is;about 60 km north-
east of Wilmington, NC. The beach southwest of the New Rlver In'2t (West
Onslow Beach) was the nourishment target. The beach is about 60 m wide,
backed by a vegetated foredune, and only slightly developed

Definitions !
' l

The offshore zone extends from the surf zone to the seaéard edge of the
Continental Shelf. The nearshore zone extends seaward fromlthe shoreline well
beyond the surf zone and defines the area of nearshore currents Nearshore cur-
rents comprise the current system caused primarily by wave dction in and near
the surf zone. The surf zone extends from the limit of wave uprush to the
outermost breaker. Nearshore and offshore zones overlap and lack a distinct
boundary. The seaward limit of this experiment is within the overlap. In this

paper, offshore refers to any point seaward of the surf zone.

Procedures

Placement of sand in the test area began 19 July 1976 and continued for
26 days. The "Currituck' placed a total of 26,750 m3 along 'a 210-meter reach
between the 1.8- and 4.0-m contours. The tidal range was about 1 m. Monitoring
began 7 days before the start of placement and continued 71‘days after comple-

tion of placement (12 July to 19 October).
|

i'rofiles extending across the beach and nearshore zone were measured at
30~m intervals in a 270- x 300-m area. The shore normal dimension (500 m) ex-
tended from the base of the foredune some 240 to 270 m beyond MLW to an approxi-
mate water depth of 4.5 m below MLW. The beach leg of each profxle was measured
using standard rod and tape surveying techniques. The seaward leg was measured
using a towed, bottom-riding sea sled with mounted stad’a board (Musialowski
. |
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and Schwartz, 1979). The sled was towed seaward to the outer station on the
profile line and then pulled landward by a shore-based winch. Position and
elevation data were obtained as it was pulled shoreward. The profile data
were used to calculate volumes between adjacent profiles.

Sediment samples were collected from the upper 2 cm of the seabed at 7.6-m
intervals along a profile line near the middle of the study area. Current
velocity and direction, breaker height and period, angle of wave approach, and
wind velocity and direction were measured from 14 July to 16 September using
Littoral Enviromment Observation (LEO) techniques (Bruno and Hippaka, 1973).
Aerial photographs were used to document beach and offshore feeder pile con-
figuration and to examine nearshore circulation in the placement area. Several
current msetar measurements were made to document current distribution.

Physical Environment

Before the experiment, the beach was fronted by a shore-parallel, semi-
continuous bar located in the outermost part of the surf zone. The beach
and nearshore sands were fine grained (0.14 mm) and well sorted. The tidal
range predicted for the study period had a mean of 1.0 m and a spring of 1.1 m:

" Breaker heights ranged from about 0.1 m to about 1.6 m and averaged 0.55 m
with a standard deviation of 0.26 m. Breaker periods ranged from about 1
second to about 1. seconds and dveraged 7.3 seconds with a standard deviation

of 1.8 seconds. During the placement period, summer oceanographic conditions

prevailed. Breaker heights were usually less than 0.6 m and breaker periods
were usually shorter than 6 seconds. Waves generally came from the southerly
direction. During the latter part of the experiment, winter oceanographic
conditions dominated. Breaker heights were commonly greater than 0.6 m and
breaker periods were typically longer than 7 seconds. Winter currents were
typically southwest at 23 m per minute whereas summer currents were northeast
at 18 m per minute. Currents were wave induced throughout the experiment;
the test area was outside the influence of inlect-associated tidal currents.

Results

The mechanics and volumetric rate of placement more or less dictated the
creation of separated but very closely spaced rectangular piles of sand
arrayed shore parallel with long axes normal to the shore. The individual
piles were about 9 x 25 x 1.5 m. Collectively, these piles formed a local
shoal which caused waves to deform and break. The more.seaward parts of the
shoal were subjected to less wave breaking than were the more landward parts
because the water therc was deeper over the shoal. In the short term; the
wave and current reworring of the shoal coalesced the individual piles into a
gencrally shore parallal bar seaward of the naturally occurring surf zone bar.
The bar thus formed migrated shoreward but never reached the surf zone bar.
The migration rate was sporadic and reflected the degree of wave activity. As
the bar neared the surf zone bar, it was either eliminated or became rounded and
much reduced in relief. During the last month of the experiment when storm
conditions prevailed, the profiles in the placement area accreted in the offshore
zone. Accretion was also evident on profiles outside the placement area indicating
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that this accretion was a redistribution of sediments independent of the experi-
ment. The surf zone bar landward of the placement area 2roded or was displaced
landward. At the same time, the surf zone trough filled and became an exten-
sion of the foreshore. Adjacent to the placement area, the surf zone trough

.also filled but the surf zone bar remained stationary.

During the first month after placement was completed, a large decrease in
volume in the offshore zone was noted. About 75 percent of the placed sand
was apparently removed during this. period. Adjacent to the updrift side of
the placement area, a slight increase in volume was measured. Adjacent to
the downdrift side of the placement area a substantially larger volume gain
was measured. Volume changes in the inshore zone were similar but of lesser

magnitude.

" 1978 EXPERIMENT

Purpose

In the 1976 experiment, placement was essentially in a single mound at a
single depth. It showed that the sand so placed was distributed by littoral
processes. The 1978 experiment was designed to test and evaluate the effects
of increased placement depth on postplacement transport. To do this, place-
ment in several mounds and at different depths was planned. The 1978 experi-
ment differed from the 1976 experiment in 3 important aspects other than
placement patterns. The 1978 experiment was designed to continue for at
least 12 months. The "Currituck' was modified by the addition of drag heads
and pumps and became a small hopper dredge instead of a self-propelled barge.
The Coastal Research Amphibious Buggy (CRAB) replaced the less versatile sea
sled as a surveying vehicle. The 1978 experiment, like the 1976 experiment,
was conducted at New River, NC. West Onslow Beach remained the nourishment

target.
Definitions

The terms used in discussing the 1978 experiment have the same meanings as
for the 1976 experiment. .

‘Procedures

Sand was placed in three different water depth locations during July and
August. The average water depths at these locations were 2.7 m, 3.6 m, and
4.7 m. A total of 33,900 m3 was placed in 35 days. Monitoring began in June.

Data collection devices were mounted on the CRABR which carried a horizontal

'positioning system interfaced with a shore~-based minicomputer. Elevations were

measured by a shore-based level and the CRAB stadia board. Both position and
elevation data were recorded on tape. This semi-automated data collection
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system provided significant in-field data reduction, allowed Teal time tracking
of the vehicle, and permitted real time analysis of profile shape. The quality
of data benefited accordingly.

Profiles were measured in the same pattern as in the earlier experiment in a
490-m x 450-m area.

Vibracores were taken along selected shore normal transets using a CRAB-
mounted portable vibracoring system (Lanesky, Logan, Brown, and Hine, 1979).
Divers collected sediment samples from the upper 20 cm of the seabed along
3 profile lines. ,

Physical Environment

Tne physical environment was essentially the same as for the 1976 experi-
ment .

Results
As in the 1976 experiment, sand was placed in rectangular piles about

9mx 25mx 1.5m. At shallow water locations, the piles were grouped as
in 1976 and in short term coalesced to form pseudo bars. At deeper water

- locations, piles were placed on top of one another as well as side by side.

This placement produced 2.5-m-high mounds with water cover of about 0.6 m.
Wave and current reworking of all three bars occurred as in 1976 and with
similar results. The early volumetric loss rate measured from inshore

was very comparable to that measured in 1976. The loss rate decreased with
time but movement out of the placement area was still evident a year after
placement. The bar formed by placement in the intermediate depth area also
migrated landward and underwent relief reduction. Both were at somewhat lower
rates than the shallow depth bar and both decreased with time. The bar re-
mained a distinct identifiable feature for a longer time period than did the
inshore bar. The bar created by placement in the greatest water depth area
migrated landward at a slower rate than either of t“e two inshore of it and
the volumetric loss rate from it was markedly less than for the other two.
No lateral movement of this bar was discernible during the first five months
after placement.

In the test area as a whole, the bars formed by sand placement migrated
landward and laterally albeit at different rates. This migration was most
evident during the first 6 months of the experiment. At the same time, the
volume of sand contained in the bars diminished. No seaward displacement
occurred. These observations were confirmed by textural changes in bottom sedi-
ments in the area. The rate at which the bars were modified was greatest for
the most landward bar and lowest for the most seaward bar. The highest initial
volume changes were at locations in or near the breaker zone.
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CONCLYUS IONS

Shallow draft, split-hull hopper dredges can place dredged sand just sea-
ward of the surf zone so that it will move onto and along the beach. Such
dredges can also maintain shallow-draft navigation channels including entrance
channels through tidal inlets. Shallow-draft, split-hull hopper dredges are
therefore quite competent for sand bypassing at tidal inlets and for the con-
structive use of dredged sand in beach preservation activities. No further
laboratory or field experiments seem warranted but large-scale demonstration

. projects should be planned. Such demonstration projects should be monitored

until the technology is judged mature.

Demonstration of the effectiveness of shallow water placement of dredged
sand for constructive purposes is a partial answer to concern about wasting

"an important natural resource. The larger question about constructive use of

sand dredged by medium and large hopper dredges remains. Offshore bar con-
struction should now be addressed by a large-scale demonstration. That demon-
stration should be designed to determine whether the sand remains where placed,
whether the bar modifies the wave and current climate, and whether the bar
modifies shore normal sediment transport patterns. '

47




REFERENCES

AMERICAN GEOLOGICAL INSTITUTE, Glossary of Geology, R.L. Bates and J.A. Jackson
(editors), Falls Church, VA, 1980.

BALSILLIE, J.H., Analysis and Interpretation of Littoral Environment Observation
(LEOQ) and Profile Data albng the Western Panhandle Coast of Florida. Tech.
Memo. 49, U.S. Army, Corps of Engineers, Coastal Engxneerlng Research Center,
Fort Belvoir, VA, 1975. i

BRUNO, R.O. and L.W. HIPPAKA, Littoral Environment Observation Program in the
Littoral Zone, Proceedings of the 16th Conference on Great Lakes Research,
International Associationjof Great Lakes Research, pp. 492-507, 1973.

CLIFTON, H.E., and R.E. HUNTER and R.L. PHILLIPS, Depositional Structures and
Processes in the Non-barred, High-energy Nearshore. Journal Sed. Petrol.,
Vol. 41, p. 651-670, 1971.

| .
DAVIDSON-ARNOTT, R.G.D. and| B. GREENWOOD, Bedforms and Structures Associated with

Bar Topography in the Shallow Water Wave Environment, Kouchibouguac Bay,
New Brunswick, Canada. l. Sed. Petrol., Vol. 44, p. 698-704, 1974.

'

DAVIDSON-ARNOTT, R.G.D. andi B. GREENWOOD, Facies Relationships on a Barred Coast,

Kouchibouguac Bay, New Brunswick, Canada. In: Beach and Nearshore Sedimenta-
tion (Ed. by R.A. Davis, Jr. and R. L. Ethington), p. 149-168. Spec. Publ.
Soc. Econ. Paleont. and Mineralogist, Vol. 24, 1976.
|
DUANE, D.B., Sedimentation and Ocean Engineering: Placer Mineral Resources,
Marine Sediment Thanmsport and Envircnmental Management, D.J. Stai. ey and
D.J.P. Swift, eds., John Wiley & Sons, Inc., New York, 1976, p. 554.

[HALL, J.V., and HERRON, W, JJ, Test of Nourishment of the Shore by Offshore
Deposition of Sand, T™M-17, U.S. Army Corps of Engineers, Beach Erosion Board,
Washington, D.C., May 1950

HALL, J.V. and WATTS, G.M.,.Beach Rehabilitation by Fill and Nourishment,
Thansactions of the American Society of Clvdil Engineering, Vol. 122, 1975,
pp. 159-160.

HALLERMETER, R.J., Calculating a Yearly Limit Depth to the Active Beach Profile.
Tech. Pap. 77-9, U.S. Army, Corps of Engineers, Coastal Engineering Research
Center, Fort Belvoir, VA., 1977, 28 p.

1
, Uses for a Calculated Limit Depth to Beach Erosion. Proc.
Coastal Eng. Conf., 16th, Hamburg, Germany, p. 1493-1512, 1978.

, Sand Motion Initiation by Water Waves: Twc Asymptotes.
ASCE J. Waterway Port Coastal Ocean Div., 106 (WW3}, p. 299-318, 1981 a.

ki 1




, A Profile Zonation for Seasonal Sand Beaches lrom Wave Climate.

Coastal Engineering, V. 4, p. 253-277, 1981 b.

HARRIS, R.L., Restudy of Test-Shore Nourishment by Offshore Deposition of Sand,
Long Branch, New Jersey, TM-62, U.S. Army Corps of Engineers, Beach Erosion
Board, Washington, D.C., Nov. 1954.

HILL, E.W. and R.E. HUNTER, Interaction of Biological and Geological Processes
in the Beach and Nearshore, Northern Padre Island, Texas. In: Beach and

Nearshore Sedimentation (ed. by R.A. Davis, Jr. and R.L. Ethington), p. 169-187.

Spec.Pub. Soc. Econ. Paleont. and Mineralogist, v. 24, 1976.

HOBSON, R.D., Dredging-Induced Modification to Sediment Texture and Their Influ-
ence on Beach Fill Requirements, Proceedings. of the Second International Sym-
posium on Dredging Technology, Texas A&M University, 1977a.

HOBSON, R.D., Sediment Handling and Beach Fill Design, Proceedings of the Sympo-
sium on Coastal Sediments and Structures, American Society of Civil Engineers,
1977%b.

HOBSON, R.D., R.K. SCHWARTZ, and F.R. MUSIALOWSKI, 1980, Recent Geologic. History
of a Barrier Island: Proceedings Coastal Zone '80, Eighth Symposium of the
Waterway, Port, Coastal and Ocean Division of Am. Soc. Civil Eng., 13p.

HOWARD, J.D., The Sedimentological Significance of Trace Fossils. In: The Study
of Trace Fossils (ed. by R.W. Frey), p. 131-146, Springer-Verlag, New York,
1975.

HOWARD, J.D., and H.E. REINECK, Physical and Biogenic Sedimentary Structures of
the Nearshore Shelf. Senchenberg, Maritima, V. 4, p. 217-223, 1972.

HOWARD, J.D. and H.E. Reineck, Comparison of Physical and Biogenic Sedimentary
Structures of a Marine High Energy and a Marine 'Zero Energy' Coast. IXth
Internatl. Cong. of Sedimentology, Nice, France, p. 73-77, 1975.

HOWARD, J.D. and H.E. REINECK, Depositional Facies of High-Energy Beach-to-Off-
shore Sequence: Comparison with Low-energy Sequence. Am. Assoc. Petroleum
Geol. Bull., v. 65, p. 807-830, May 1981.

INMAN, D.L., Measurements for Describing the Size Distribution of Sediments,
Journal of Sedimentary Petrology, Vol. 22, 1952, pp. 125-145.

INMAN, D.L. and G.A. RUSNAK, Changes in Sand Level on the Beach and Shelf
at La Jolla, California, TM-82, U.S. Army, Corps of Engineers, Ceach Erosion,
Board, Washington, D.C., July 1956.

KAMPHUIS, J.W. and S.G. BRIDGEMAN, Placing ' :rtificial Beach Nourishment,
Proceeaings of Civil Engineering in the Oceans, American Society of Civil
Engineers, Vol. 1, pp 197-216, 1975.

KING, C.A.M., Beaches and Coasts, 2d ed., St. Martin's Press, New York, 1972.

49

...........

044

FUE It ol B N 'S

- e |
B IR I L
ettt T



) A
L Y

oY

Lo s ma an ae w24

Chats

KING, C.A.M., and WILLIAMS, W.W., The Formation and Movement of Sand Bars by
Wave Action, Geographical Journaf, Vel. 113, 1949, pp. 70-85.

KOMAR, P.D., Beach Processes and Sedimentation, Prentice-Hall, Inc., Englewood
Cliffs, N.J., 1976.

LANESKY, O.E., LOGAN, B.W., BROWN, R.G., and HINE, A.C., A New Approach to
-Portable Vibracoring Underwater and on Land, Jour. Sed. Pet., Vol. 49, 1979,
pp. 654-657. '

MIKKELSEN, S.C., The Effects of Groins on Beach Erosion and Channel Stability at
the Limfjord Barriers, Denmark, Proceedings o4 the F{§th Sympcsium on Coasial
Sediments '77, American Society of Civil Engineers, 1977, pp. 17-32.

MUSTALOWSKI, F.R. and SCHWARTZ, R.K., The Coastal Research Amphibious Buggy (CRAB),
A Survey System for the Nearshore Zone, Joing Proc. of the Am. Soc. Photogram-
metry, Am. Congress of Surveying and Mapping, 1979, Fall Tech. Mecting, p. 267-273.

NORUSTROM, C.E., and INMAN, D.L., Sand Level Changes on Torrey Pines Beach,
California, MP 11-75, U.S. Army, Corps of Engineers, Coastal Ffngincering Resecarch
Center, Fort Belvoir, VA., Dec. 1975.

RECTOR, R.L., Laboratory Study of the Equilibrium Profiles of Beaches, T™-al,
U.S. Armmy, Corps of Engineers, Beach Erosion Board, Washington, D.C., Aug. 1954.

REINECK, H.E., and I.B. SINGH, Decpositional Sedimentary Environments - Nxth
Reference to Terrigenous Clastics, Springer-Veriag, 1980.

RHOADS, D.C., The Paleoecological and knvironmental Significance of Trace Fossils.
In: The Study of Trace Fossils (Ed. by R.W. Frey), p. 147-160, Springer-
Verlag, New York, 1975. .

SCHWARTZ, R K., Differential Sediment Transport in the Medium to High-Fnergy
Beach-Nearshore Zonc, Geologdcal Sociefu of America NE-SE Sectdion Meeting
Abstracts with Pwgrams, Vol. 8, No. 2, 1976, p. 262. ‘

SCHWARTZ, R.K., Nearshore Sand-Tracer Movement Related to Red Form, Toxture,
and Dynamic IZone, Allegheny College, Meadville, PA (in preparation).

SCHWARTZ, R.K., R.D. HOBSON and F.R., MUSTALOWSKI, Subsurface Facics of a Modern
Barrier Island Shoreface and Relationship to the Active Nearshore Profile, Sorth-
eastern Geology, Vol. 3, n. 3 and 4, p. 283-196, 1981,

© SCHWARTZ, R.K. and MUSTALOWSKI, F,R., Nearshore Di=posal: Onshore Sediment Trans-

port, Proceedings o4 the F(ﬁ‘n Sympcscum on Ceastal Sediments '77, American
Socicty of Civil FEnginecrs, 1977, pp. 85-i01 (also Reprint “R-6, U.S Army,
Corps of Engineers, Coastal Engineering Research Center, Fort Pelvorr, VA,
NTIS AOSY 575).




SCHWARTZ, R.K.and MUSIALOWSKI, F.R., Transport of Dredged Sediment Placed in the
Nearshore “one-CURRITUCK sand-Bypass Study (Phase 1), Tech. Paper No. 80-1,
U.S. Army Corps of Engincers, Coastal Engineering Research Center, Fort Belvoir,
VA, 1980, 45 p. ‘

SCOTT, T., Sand Movement by Waves, T™-48, U.S. Army, Corps of Engineers, Bgach
Erosion Board, Washington, D.C., Aug. 1954.

SHEPARD, F.P., Beach Cyles in Southern California, ™-20, U.S. Army Corps of Engi-
neers, Beach Erosion Board, Washington, D.C., July '1950. oo

SUSAMURA, T., and HORIKAWA, K., Two-Dimensional Beach Transformation Due to
Waves, Proceedings o3 the 14¢h Coastal Engineesding Congerence, American
Society of Civil Engineers, 1974, pp. 920-928.

SWIFT, D.J.P., Coastal Sedimentation, In: Marine Sediment Transport and Environ-

e

mental Management, Jokn Wilecy & Sons, New York, 1964.

U.S. ARMY COASTAL ENGINEERING RESEARCH CENTER, Shore Protection Mamual, 3d Edition,
U.S. Army Corps of FEngineers, Coastal Engineering Research Center, Fort Belvoir,
VA, 1977. '

VERA-CRUZ, D., Avtificial Nourishment of Copacabana Beach, Proceedings 0§ the 13th
Coastal Engineexing Conference, American Society of Civil Enginzers, Vol. II,
1972, pp. 1451-1463.

_VERNON, J.W., Shelf Sediment Transport System, Report No. 65-2, liniveristy of

Southern California, los Angeles, CA, 1965,

WIFGEL, R.L., (reancgraphical Engineering, Prentice-Hall, Inc., Englewood Cliffs,
NJLo1u6d,

sl



¥

P o e

.r'.*dr_»

———

DS -

——y r,vo-"-v

v

A N\ i

fa

TNt v o
- -

Latas Sl Sl Be

BRI LI

vy

RECLAMATION WITH SOFT SEA BOTTOM SEDIMENTS

Yasuo Shiratori
Hideo Kato
Sludge Treatment Laboratory
Machinery Division, Port and Harbour Research Instiitute
Ministry of Transport

ABSTRACT

When dredging soft sea bottom sediments, it is
important to uvstimate the suspended solids (SS) con-
centration in the effluent from the overflow weir. In
some cases, special effluent treatment methods must be
adopted to meet the S35 concentratlon level and environ-
mental quality standard. One effective means for reduc-
ing the SS concentration level of the effluent is to
employ the SS removal ability of the diked containment
area through the hydraulically appropriate layout of
inlet/outlet or baffle walls in the containment area.

To estimate the effluent SS concentration and to evalu-

ate the sedimentation promotion, model tests were pertormed
on the influence of the SS concentration in the influent
and on the effect of inlet/outlet layouts and installation
of baffle walls in the containment area.

In model tests on the influence of the SS influent
concentration on that of the effluent, fly ash and Kibushi
clay were used as testing materials in 20 cases where the
influent SS concentration was varied 0.2 - 100 g/? and the
number of steps of overflow rate was 2. The $S runoff
rate tends to decrease with the increase of influent SS
concentration, and an experimental equation of SS runoff
rate was obtained. Effluent SS concentration had the
peak value at around 10 g/¢ of influent SS concentracion.

In the model tests on the sedimentation promotion
effect of the inlet/outlet lavouts, fly ash was used as
testing material in 30 cases where the concentration
was. 10 g/! and the number of types of lavout and struc-
ture was tl. The four steps of overflow rate covered
0.139 = 1072 to 1.39 x 1072 m/sec. The lavout types
were divided into two groups according to their
characteristics. Une group showed the value of SS con-
centration smaller than ¢_, calculated from the formula
of ideal settling basin; the other group showed a value
larger than cg. Good sedimentation promotion effect
was obtained even in the simple types,

In the model tests on the sedimentation promo-

tion effect of baffle walls installation in the con-
tainment area, fly ash was used as testing material,
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at a concentration of 10 g/f, in 30 cases. The number
of types of baffle walls installation was 10, and
overflow rate was as before. In the small overflow
rate range, SS concentration of effluent in any

baffle wall installiation type was approximately

equal to that of the ideal settling basin. However,
in the large overflow rate range, a high sedimenta-
tion promotion effect was observed in the submerged
cross dike.

' INTRODUCTION

When pump dredyed sediments are disposed into the diked containment area,
water pollution will not occur around the containment area by the effluent if
dredged sediments are good quality sand. However, attention must be paid when
the dredeed material is small in particle size like silt and clay and polluted
by organics or toxic matters. When an adverse impact on fishery may be
expected, the selection of dredging period, restriction on the operation of
pump dredge, or effluent treatment must be considered. 1In all cases it is
important to know the relationships between effluent quality and dredged
material, reclamation area, and operating condition. Ir this report, the
authors tried to investigate $S that did not settle in the containment area
and ran-off with the effluent. The SS concentration correlates not only with
turbidity, but also with quantity of toxic matters in the reclamation of °
bottom sediments containing toxic mactters. Therefore, SS concentration is a
basic and useful measure of water quality. '

In the field of water works and sewage treatment, SS removal in the
settling basin has buen studied and many references are available
(1 - 3, 8, 9).. These basins, however, are fairly different from the diked
contdinment areas for reclamation with dredged materiai, so only the basic
ideas of the literature can be useful, but this {s not sufficient. For this
reason, as for soil particle settling in the containment area, more studies
from a different viewpoint than water works and sewage settling basin are
needed (4 - 6). :

The main features of containment areas are as follows:
a. Various shape, area, depth of containment' areas.

b. High SS concentration of influent.

¢. Inlet (intluent loading pipe) and outlet (effluent weir) are
generally small and can be considered as peoints.

d. Water depth of‘the pond i{s small relative to the water area.

e. QQalicy and quéntity'of influent are not uniform.

f. Water depth and water‘area decrease with the process =i reclamation.

g. In many cases influent loading rate (overflow rate) is small compared
with other water treatment, but influent fuantity is large.
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Some of these features appear strong or weak in each reclamation work, so the
phenomena are generally complicated and difficult to explain. In other words,
there may be cases in which the phenomena appear in one work, but not in
another, or the same SS treatment method is effective in one work, but not
effective or detrimental to another work.

The authors of this paper are studying the estimation of the effluent SS
concentration and the promotion of the removal effect of soil particles in the
containment area. This report introduces model tests conducted to explain the
relationships between influent SS concentration and that of effluent, SS
removal effect promot.on by inlet/outlet layout types and structures (11, 12),
and S$S removal effect promotion by the installation of baffle walls in the
containment area (7, 10). These relationships are compared with the effluent
SS conceuntration. This study is now under way, and the analysis may not be
sufficient and che model test method may need further consideration, but
qualitative results were obtained and are presented herein.

MODEL TESTS

Similarity of Model

Model test results are siynificant and easy to transform if the similarity
law between real and model is clear. In model tests that treated fluids like
water, tests where there was no free water surface (a pipeline) were conducted
based mainly on Reynolds law, and tests where there were effects of free water
surface (ports and harbors) were based on Froude's law. But, in model tests
of containment areas neither of these similarity laws is suitable. Water
surface gradient by gravity cannot be simulated using the similarity law of
Reynolds, and flow pattern like swirl caused by viscosity cannot be simulated
when using the similarity law of Froude. In addition to these hydromechanical
problems, the modeling of satrzling particles is one of the difficulties
encountered in medel tests of settling basins. In some model tests on ports
and harbors, settling particles of modified specific gravity can be used to
suit the similarity law of Froudz. On the cother hand, there is the method
where the real settling particles are used for simplification of testing. 1In
the latter case, settling phenomena will be distorted based on Reynolds' or
Froude's laws if the model settling basin is geometrically similar to the real
one, For this reason, the concept of an ideal settling basin perpendicular in
two dimensions is introduced, where the model settling phenomenon is similar
to the real one. This is called "similarity of overflow rate'" and is used
widely in the water treatment field. In this, the hydromechanical aspect
decreases because the settling phenomenon is treated as ideal, but the
velocity term in the model is equal to that in the real. It is smaller than
that by Revnolds' luaw and larger than that by Froude's law, so the value of
the velocity term by the law of overflow rate lies between the two laws,
Models in this paper are not the model of a particular real containment areua.
Comparisons amonyg many test cases are shown, where model specification was
determined mainly by similarity of overflow rate.

bxperimental Equipment

The model containment area is 6.8 » 2.5 x 1.0 m (Figure 1). Water depth
was usually 0.1 m in the model tests. The velocity of influent at the inlet
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Figure 1. Model containment area

pipe of the real Vin' (noted ' in case of real) was assumed to be 3 m/sec.
The basic shape of inlet pipe was a rovnd tube, and the outlet was a rectan-
gular weir. The inlet velocity of th: model Vin was determined by the similar-
ity law of Froude; D was determined according to the overflow rate of each

test case; and the static head of the overflow weir H was also determined
according to the overflow rate. The model basin is shown in Figure 1, and

the plan layout of experimental apparatus is shown in Figure 2. When the

model scale ratio is assumed to be 1/100, the main dimensions of the real

containment area are shown in Table 1.

o

@lm
®

@t

. LEGEND
1 MIXING TANK 6. INFLUENT LOADING PiPE
2. STORE TANK 7. EFFLUENT WEIR
3. CIRCULATION PUMP 8 CONTAINMENT AREA
4 SLURRY PUMP 9. AUTOMATIC WATER
5 PIPE LINE SAMPLER
Fisure 2, Experimental apparatus
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Slurry was made in the mixing tank (0.6 m3) by adding testing material
and fresh water, and pumped to the store tank. Slurry in the store tank
(0.6 m3) with a stirrer was discharged into the containment area at a speci—
fied loading rate and velocity. The containment area was initially conditioned
by filling with fresh water up to the top level of the effluent weir and allow-
ing to stand.

Testing Material

In model tests on particle settling, materials with a different specific
gravity from that of the real ones may be 'used. -But modeling of the particles
is difficult, especially in cases where the particle size or the settling
velocity has a range of distribution; in these cases, real patticles were:
used in the model tests. These experiments used no particular type of real
soil particle; in cases where the settling velocity of the particles is dis-
tributed, fly ash and Kibushi clay, which are easy to handle in model tests,
were used as testing materials. -

The specific gravity of a fly ash particle is 2.1 and in it different
colored particles can be observed. Kibushi clay particles are 2.6 in specific
gravity and homogeunecus in color. Figure 3 shows the cumulative particle~size
distribution of both testing materials by Coulter Counter method. Volume per
unit weight of each material in water differs by the quantity of the sample.
Figure 4 shows the results of the column tests in which 100 g of testing
materials was added to water to make a 1-% mixture. After 24 hours of line
settling, the volume per unit weight of testing material was 1.23 mi/g for
fly ash and 2.43 mi/g for Kibushi clay.

100
3 50— —
0
01 1 10 100

De (um)

Figure 3. Cumulative particle size distribution
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Figure 4. Results of the column tests
Particle settling velocity is affected by the concentration of the par-

ticles and decreases with the increase of the concentraticn of the parti-
cles (13). Settling tests were conducted to investigate the settling charac-

.teristics of the testing materials using a settling column 30 cm in diameter

and 100 cm in height. ‘After stirring the mixture, the water was sampled at
certain time intervals at a fixed point. Figure 5 shows a plan of the settling
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Figuré 5. Settling ~olumn

58




s el

1

column. Initial sampling depth is 30 cm, and sampling quantity is 0.5 - 1 £
at a time, so the sampling depth S gradually decreases.

Figures 6 and 7 show the solids concentration in the sample water in
relation to the initial concentration of slurry. For fly ash with an initial
concentration Cy of 0.1 and 1 g/%, the concentration of the sample C decreases
gradually with the lapse of tiwme. Plus, C is higher for 1 g/¢ C, than for
0.1 g/ C,. However 10 g/2 C, represents line settling and C becomes lower
than that for 1 g/& C, after a certain amount of time. This tendency is
observed more clearly for 100 g/% C,, and C becomes lower in the clear water
above the boundary line than that for 1 and 10 g/f C, and is about the same
value as 0.1 g/¢ Co- A similar tendency was observed for Kibushi clay, but
the line settling velocity was smaller compared with fly ash.

Figures 8 and 9 summarize these results in the form of cumulative settling
velocity distribution. In case of fly ash, it represents line settling at the
initial concentration more than 10 g/%, and when initial concentration is less
than 1 g/i, where the settling mechanism is discrete settling, it makes no
difference in settling velocity distribution.
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Figure 6. Solids concentration in the sample
wac2r, fly ash
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Figure 9. Cumulative settling velocity distribution,

Kibushi clay

Kibushi clay (Figure 9) shows almost the same characteristics at a C, of
0.1 and 1 g/%, but the settling velocity seems to become larger at 10 g/t
Cg. For 100 g/4 Co» however, the cumulative distribution curve varies sharply
at line settling velocity so the weight percentage of the particles whose
velocity is larger than line settling velocity becomes smaller and also the
weight percentage of the particles whose velocity 'is smaller than line

settling velocity also becomes smaller.

Based on the cumulative settling velocity distribution shown in Figures 8
and 9, SS runoff rate in an ideal quiescent settling basin was calculated
using the formula of Hazen and Camp (1), and that in completely mixing
settling basin was calculated using the formula of Hazen and Molina (3).

These results are shown in Figures 10-15.

Here, SS runoff rate
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Figure 10. Fly ash, Co = 0.1,1 g/2
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Figure 15. Kibushi clay, C0 = 100 g/t

ratio of the effluent councentration C and the influent concentration C , and
the relation to removel ratio r {8 as follows:

c = ES—. c=]l-r 1)
)

The runoff rate cq (ideal quiescent) and c, (completely mixing) can be
obtained by following equations:

1 vo
¢ = - f F(v )dv (2)
q Vo 0 vs s

l - . '
¢ 'V’"f Fv )« e s ode (1)

where

Vo = gverflow rate, m/sec
Vg T settling velocity nf particle, m/sec

F(Vg) = cumulative settling velocity distribution

ba




For fly ash, SS runoff rate decreases as the influent concentration increases
as shown in Figures 10-12. For Kibushi clay, the same tendency as fly ash
can be seen for cq, but a <, of 100 g/¢ Co is larger than cthat of 1GC g/t Cu'

Experimental Parameters and Variables

In these tests, the authors intended to investigate the effect of the
concentration in the slurry influent on that in the effluent, and to compire
the effect of sedimentation promotion among tne difierent lavout types of
inlets/outlets, and the effect of sedimentation promotion by the installation
of baffle walls in the containment area. For this reason, only one type of
containment area was used. The influent loading time of duration was 7 hours

continuously.

In tests to investigate the relation between the influent concentration
and the effluent concentration, influent concentration was varied from 0.2 to
100 y/v, where overflow rate and solid nuaterial were parameters. The number
of steps of overflow rate was two; soil materials were fly ash and Kibushi

clay. In other tests {nfluent concentration Co was 10 g/fi.

Water depth of the containment area h did not affect effluent concentra-
tion in the {deal basin under the conditioms that the overflow rates were the
¢ same amony cases and that resuspension of sedimented particle did not oecur.
However, in preliminary model tests on tvpe A lavout (see Figure 21), the effect
of water Jepth was observed. When the water depth ranged from 5 to 20 cm,
there was no remarkable difference among -the solids concentration in the efflu-
ent, but in the range of 50 tu 80 ¢m, a decrease {n concentration was clear.
" For this reason and for convenience of testing, h was set at 10 cm.

Lae B oo

"‘*v v

Influent velocity at the end of the influent loading pipe (' was 3
to 5 m/sec in general. In these tests, it was assumed to be 3} m/sec. From
the manavement of water quality point of view, {t i{s reasonable to make
intluent velocity smaller for reclamation of soft bottom materials. Thourh
it is not vet clear theoreticallv how to scale ., in model tests, scaling
wias selected using the similarity law of Froude, taking into account descend-
ing particles and slurry stream from inlet pipe and density current around
the inlet. As a result of preliminary tests, SS runoff rate decreased about

i~ il

152 at 5 cm/sec and {ncreased about 10%7 at 1 m/sec . comparedi with
JO ¢m/sec o, . in B in
_ in

-
— In the model tests, 48 the intluent flowed into the containment area,
L which was already full of fresth water, auantity and concentration of the
b« v luent varied as shown in Fiyure 1o, The representative value of $35 con-
L contration in etfluent was g mean value after the appeariance of steadv-state
; S Lhe et luaent,
". TEST ORESULGS

Perect of Intluent toncentration

There were some cases in which the eft luent concentration incteased
sradaally throushout the testing period <hwer iatleent coneentration as rel -

‘ tavesls low, or Cine ettt lagent congentr.c i tngreased praduaarliv oafter o coas o oo
steadi=state, Plogres 17=20 surmaricse 0o relationshis Horveon of 7L e
centration and intlaert concentration cos-b an the valuse a* e ont 0t L
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Figure 17. Effluent concentration and
runoff rate, fly ash Q5

~
500 &
:400 -
. ]
£
~300¢t
© 200}
100
0 - . - = N s . 0
0 . 60 120 180 240 300 360
Time (min)
Figure 14, Example of test data
10 . : 500
0 ‘ c sot1-) Flyash Q5
008 /C°=OO76€210 . _400:
| o
3 0.06 pac, i 4300 €
t ~ ) S
S
0.04 kcq % {200
0.02t+ c 4100
0 : 0
01 1 10 100



0.2 s T = 1000
Fly ash Q10 :
013r %o et10 ™ | | aooé
S 5 1600E
S o1 =
, 1400©°
0.05
200
0 ; : 0
01 1 10 100
Co (9/1)
Figure i8. Effluent concentration and -
runof f rate, fly ash Ql0O
0.20 , o r - 500
- K.clay Q@5
‘ o . . |
0.15 ' ‘ AOOA
. ~3oo§ .
QD
\0-10 A
) 4200
(&
0.05 . oo
0 ' . L 3* 0
a1 1 10 100

Co (g/l)

'Figure 19. .Effluorit concentration and
runoff rate, Kibushi clay Q5

67




0.3 T

. i r K.clay Q10
| ?
%.=0.262610 " ~
0.2 1800
3 €
< {600=
Q
. (&
0.1 {400
1200
0 1 : 0
0.1 1 10 100

Co (9/1)

Figure 20. Effluent concentfation and runoff
rate, Kibushi clay Ql0

in the former case, and the zs-an steadv-state value in the latter case. From
these results, solids runof! .ste C/CU decreases as the influent concentra-
tion CO increases, and it cu. be represented as follows:

o -h -
c/c =a e 10 bl - ) (4)

where a and b are coefficients that depend on soil materials and overflow rate;
¢ is void ratio and is defined as follows

vV -V
[ v
V . 4
s Us’f
| C = w [V
I o] S
£ 1 - CO/YS . (5)
.. where
4
E Vv = volume of influent slurry
t Vo= solume of solid particle
N o
\ 2 = teight of solid particle
| ﬁ o s zh o p cl
‘ ]
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= weight of solid particles per unit volume

Y
Co = solids concentration in influent

On the other hand, effluent concentration C ils expressed by the following

formula from Equation 4:

—b(l - €) (6)

Equation 6 has a peak value, and the value of| C increases until a certain
point ¢’ Cy and then decreases with the increase of C, as shown in Figures 17-
20. Test results showed a larger value of C than the value from Equation 6

in the range of C, larger than the value at which C showed peak value, but

those values are less than or equal to the peak C value.

|
For fly ash, the value of coefficient a &s 0.076 and 0.124 at influent
loading rate Q5 and Ql0, respectively, and coéfficient b is 80 in both (ases.
Equation 6 follows well the values of C obtained by tests in the range of C4
less than 20 g/i, but after that it gives less value than the value of tests.
I'his is especially true for Ql10, where the water path varied greatly with the
progress of reclamation; therefore, solids concentration in the effluent

varied greatly.

For Kibushi clav, the value of coefficiefir a is 0.143 and 0.262, respec-
tively, and b is 160 in both cases. Model tchr bhecame unstable from the view-
point of reappearance and the test resr ‘it '=xred from Equations 4 and 6
when Cp was approxinately 2 g/, i f ( obtained by the tests was
wreater than the value from Equation 6 in thefrz 3¢ of greater Cg,, as in the
case of fly ash, but the Jifference was smalibi ..an chat for fly ash and it
decreased with the prouress of reclamation.

Uron comparing these results with the SS|runoff rate calculated {rom the
settling vel.,city distribution Ly settling columm tests, several items became
clear. For flv ash, 35S councentration in -f!luent of model tests is near the
value of c¢¢ in the ruwwe or &, less than | g/k (but the value i3 greater than
c¢ in the range of L, greater than LU g/i). For Kibushi clay, almost
tite same tendency can He seen, but only for 100 g/i C, is the calculated
value of cy very larye and recomes larger than the test resuluis,

|
Comparison Among Inlet/Uutlet lLavout !vpes i

|
Sedimentation promotion eftect by inlet/@uclet lavoutr and those structure
types were compared LY 55 runotfi rate in the e€ffluent. Each laveut tipe is

shwown in Figure 2] und their structure is shown in Figure 2., TImpractical
ones can be seen amonyg these types, but tihev #erv adopted far purposes oo com-
parison. As for the inlet, tvpe J is one in %hich the pipe s closed it the
end and cut at the pper pars.  [n tvpe L, the pipe is set Jduwnward and :ne
influent is converted ¢o radial direction bv b bat¥1lue plare Lrcated under 2he
pipe. In type ¥, the inleo pipe i3 supporced;at the bottom of rhe Pasic, ¢
other types the inletl pipe 5 supported at ' water surf.ce. A5 for @ne
eflluent welr, H is the cross-diked weir amd (o others ate rectangiilor wei .
Test results are shewn in Urenres 202 ang U4, |

HY
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In type A, the inlet and outlet aligns in longitudinal direction, and the
tested value of ¢ is a little higher than ¢, at Ql0, nearly equal to cq at Q5
and Q2, and at Ql ¢ is almost the same as c at Q2. In type B, the inlet
and outlet are set parallel but so close that effluent SS concentration is
high and near to the value of Cp- Type C also has parallel layout but the
distance between inlet and outlet is so long that the effluent SS concentra-
tion is generally near to Cq- Type D has a longitudinally aligned layout, but
as the sidewall behaves as a training dike because the inlet is close to t'.:
wall, effluent SS concentration is higher than that of A. Type E has .ateral
confrontation layout so SS runoff rate is the highest in all test c#-~5 and a
significant difference can be recognized between Ql and Q2 as in c'.e case of
type B. Type F is one of the popular layouts, but test results -aowed it to
be less effective than type A. Type G has a longitudinal baciward layout of
inlet and outlet, which is easy to adopt when a floater inlet pipe is used.
This type is classified in the least SS runoff rate group. Type H has a
cross-diked weir and is more effective than type A, and its runoff rate is a
little less than ¢,. Types J and L have modified inlect pipes and almost the
same results were obtained for both types. The SS runoff rates were slightly
less than c,, and the difference between rate of iafluent Ql and Q2 was little.
Type K has an inlet pipe located at the bottom of the containment area.

Though some difficulties may appear in practical application, this is one of
the most effective types and the runoff rate of this type is less than cq.

Summarizing the above, types G, J, K, and L can'be said to have high SS

- removal effect; types B, D, E, and F have low SS removal effect; and types 4,

C, and H exist between the above two groups. GCenerally, the type in which the
velocity around the inlet is low or ithe flow path is wide has high SS removal
effect and the type in which the Adistance between inlet and outlet is short
has low SS removal effect. As the layout of inlet and outlet is often
restricted in the field, type C and G are the ideal cases. Type K is not
suitable for bottom material containing sand and graval. Type J is simple in
structure and is one of the most applicable types in the field.

Comparison Among Installation of Baffle Walls

The removal effect of the settling basin which has baffle walls or a
submerged cross dike is compared in this section. Figures 25 and 26 show
lavout and structure of these types. is g_lateral cross submerged dike,

is a baffle wall of steel sheetpile, and <;5 is a floating curtain with a
lenzth half the water depth. Figures 27 and 28 show'the test results.
Tvpe b has one submerged cross dike <:>. The SS runoff rate of this
type was lower than c, at hizh overflow rate of Q10 and 15, and this tvpe was
one of the most effective. But at Ql and Q2, SS runoff rate was close to ¢
and a remarkable difference between tvpe A was not observed. Type ¢ has
double submerzed cross dikes and 2 lictle better S5 removal effect than

tvpe b. [vpe d has five baffle walls of in a line. The result of this
tvpe Is nedr to oq in the whole ranve of overflow rate and .better than tvpe A
ar overtlow rate 110, Tvpe e has douple lines of baffle walls of the d type.

The S5 removal vffect of it was lower than cq and better than type d.
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Type f has baffle walls like type d but the walls' location is close to the
inlet pipe. 'This type was more effective than type d and as effective as
type e. Type g has one row of baffle walls at the front of the effluent weir
and one row as in type f. When compared with type f, type g does not have a
significant difference. Type h has only one baffle wall of in front of
the inlet pipe. The SS runoff rate of h at Ql0 and Q5 was lower than Cq»

and therefore more effective than type A. Type h has higher SS removal
ability than type d, which has a row of five baffle walls of , and was as
effective as types e, f, and g. 7Type i has an added cross weif of added
to type h, and it was a litgtle more effective than type h. Type k has

three rows of curtains of , -and SS runoff rate is lower than q at Ql0 and
Q5 and more effective than type A.

In this series, there were many types which were effective in SS removal. .
The types which have submerged cross dikes (b and c¢) are effective especially
when overflow rate is large. Among the simple types in structure, type h, f,
and k are effective.

In summary, the types where the flow of influent was decreased or the
velocity of flow was averaged had a better SS removal effect in large over-
flow rates. .There were several types which are more effective than the
types in the former series, but among them there was not much significant
difference in removal effect in the low range of overflow rate like Ql and
Q2. On the other hand, it was remarkable that the less effective types of
B and E in the preceding series had a clear difference in the removal effect
owing to the overflow rate, even for small overflow rates.

CONCLUSIONS

Model tests were conducted on the influence of the SS concentration in
the influent on that in the effluent; on the sedimentation promotion effect of
inlet/outlet layout types; and on the sedimentation promotion effect of instal-
lation of baffle walls in the diked containment area. Tests were carried out
using fly ash and Kibushi clay as testing materials. Test data were obtained
on =20 cases in the first series, =30 cases in the second series, and =30 cases
in the third series. These data were analyzed mainly by comparing them with
an ideal settling basin. The following conclusions were obtained.

Influence of Influent SS Concentration

Quiescent Settling Characteristics of Testing Materials

Both testing materials showed line settling in the slurry with more than
10 ¢/{ solids concentration. The SS concentration of the clear water above
the boundaryv increased with the increase of the initial solids cecncentration
in the slurry less than 10 g/?, whereas it decreased with the increase of
initial solids concentration more than 10 g/?.

As for the settling velocity distribution, the initial solids concen-
tratio. of less than 1 g/¢ did not affect the cumulative settling velocity
distribution. For fly ash, settling velocity became higher apparently in
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the range of slurry concentration which represents line settling. For
Kibushi clay, a similar tendency can be observed, but at 100 g/f slurry
concentration, line settling velocity became low.

SS Concentration in Effluent

The SS runoff rate decreased with the increase of influent SS concentra-
tion in both testing materials, and an experimental equation, which was a func-
tion of void ratio, was obtained. Effluent SS concentration is given by the
product of SS runoff rate and influent SS concentration, and becomes maximum
at around 10 g/ slurry SS concentration. In the range higher than 10 g/%,
the experimental value of effluent SS concentration tends to be higher than the
value calculated from the experimental equation, but the value is less than the
maximum value of the experimental equation.

Inlet/Outlet Lavouts

‘ Types G, J, K, and L have a high SS removal effect; types B, D, E, and F
have a low SS removal effect; and types A, C, and H are between the two

groups. The type in which the velocity around the inlet pipe is low or the flow
path is wide has a high SS removal effect and the type in which the distance
between inlet and outlet is short has a low SS removal effect. Though the lay-
out of.inlet and outlet is often restricted in the field, type J is simple in
structure and is one of the most applicable types in the field.

Installation of taffle Walls

There are many types which are effective in SS removal. Types b and c,
which have submerged dikes, are effective when overflow rate is large.. Tvpes h,
f, and k are simple in structure and effective. These types are effective in
the range of large overflow rate. It can be said that such types where the
flow of influent is decreased around the inlet or the velocity of the flow in
the containment area is averaged have a high SS removal effect.

COMMENTS

It was verified that, if the distance between inlet aud outlet is short,
particle removal effect is detrimental, not only in the range of large overflow
rate, but also in the range of small overflow rate. On the other hand, the
difference of removal effect is large among the types that are effective in
the range of large overflocw rate; for example, the cross dike is one of the
most effective types. But these types do not have significant differences
from each other and are not as effective in the small overflow rates. For
this reason, it is important to consider the overflow rate in reclamation
works, and the decision should be made considering cost performance and
reclamation area utilization if solids removal promotion is needed.

From now on, the relationship between settling characteristics in the
test column and 85 runoff rate, and the influence of the process of reclama-
tion on particle sedimentation, will be investigated and the collection of
field data and the study of mathematical simulation will be conducted.
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CAPPING OF DREDGED MATERIAL DISPOSAL MANAGEMENT
FOR NEW YORK HARBOR

J. M. Mansky

U. S. Army Engi. eer District, New York
Regulatory Branch
26 Federal Plaza
New York, NY 10278

ABSTRALT

The results of monitoring studies conducted on a
capped mound of dredged material in the New York
Bight are presented. Studies consisted of: a
coemparisoa of the physical and chemical charac-
teristics of the sediment dredged from each
project, an evaluation of the short- and
long-term stability of the cap, and an inves-
tigation to quantify contaminant release through
the cap using biological monitors. Study re-
sults indicate that capping of contaminated
sediments is a feasible mitigation measure. In
addition, informaticn is presented on a proposed
study to investigate the use of depressions in
the bottom of the harbor formed by sand mining
for the disposal of dredged material with sub-
sequent capping.

INTRODUCTION

Two previnus papers (1,2) presented at the Sixth and Seventh Joint U.S./
Japan Experts Mecting on the Disposal of Toxic Tediments have explained the
background of the sediment contam.nation problem which was identified in New
York Harbor in 1979, and the subsequent capping of this dredged material in
the Atlantic Ocean. A series of investigations were initiated to determine
the effectiveness of the capping operation. Two major concerns were addressed
by the investigations: first, the physical stability of the capped mound and,
second, the effectiveness of the cap to seal off the contaminated material
from the overlying marine ecosystem. It is the purpose of the first section
of this paper to present information 7n the res lts of monitoring experiments
conducted at the capping site. The second section of this paper concerns
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investigation of the use of subaqueous borrow pits for the disposal of dredged
material.

CHEMICAL SIGNATURE

The capping experiment at the Mud Dump Site involved the disposal of
sediment from ten dredgiag projects (Table 1) conducted throughout New York
Harbor (Figure 1). In order .o evaluate chemical and physical differecces
between each project's sediment and the chemical effectiveness of capping that
material, the Chemical Signature Study was initiated. This study was funded
by the New York District (Corps of Engineers) and conducted by the Institute
ot Environmental Medicine of the New York University Medical Center; Dr. Joseph

M. O'Connor was project manager.

To obtain representative samples of the sediment from each project,
individual samples were taken from barges filled with dredged material frow

" each project. In this way, samples were obtained which represented both the

horizontal and vertical variation of the area dredged. Due to the difference
in the volume of the material removed from each project, the number of samples
obtained for each dredged area varied greatly. For projects with large numbers
ot samples, up to 15 were selected to represent the entire project.

Sediment cores were taken on two occasions at the Mud Dump Site after
capping was completed 1n November 1980. On 11 December 1980, gravity cores
were taken throughout the Mud Dump Site. Coring conducted on 22 August 1981
ronsisted of vibracores taken in the southeast quadrant of the Mud Dump Site
on and adjacent to the capped mound. ' :

Representative sediment samples from the barges and the cores were
analyzed for their physical properties, including: water content; grain size;

. organic carbon and radionuclides; metals including cadmium, copper, lead, zinc,

and mercury; chemical oxygen demand; and organics including PCB, pesticides,
PAH, and alaiphatics (3). ‘ ‘

Interproject comparison of the barge samples revealed Lhat the sediment
from Ambrose Channel was unique in that all other projects had less sand, more
silt and clay, mare water, and more organic matter. - Intercomparison of the
other projects. revealed that, for individual parameters, groupings of projects
could be made that had similar values. Only one project, Jackson Engineering,
could be identified as "unique’” due to its extremely high levels uf copper,
zine, and lead. Generally, intragroject variation was great enocugh to obscure
chemical or physical differences between projects..

Chemical and physical analysis of the core samples indicated distinct
sediment layers in some cases. At the capping site, sand was found in varying
thicknesses in the top layer. X-radiographic data of the cores taken in
August 1981 indicated that the sediments possessed a surface layet of sand
ranging from 0.24 to 1.58 meters in thickness (Bokuniewicz, unpublished data).
The average thickness of the sand layer was 1.08 meters.

Inclusion of the dredged material from the Bronx River and Westchester
Creek as part of the cap complicated the discrimination of that material.
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Location of dredging projects involved in capping experiment
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Although bioassay and bioaccumulation testing (1) indicated that these two
projects were not toxic and showed no unacceptable bicaccumulation potential,
chemical analysis of the sediment indicated that, for the parameters evaluated,
no significant difference existed when compared to the dredged material which
was capped. :

The biggest problem encountered in evaluating samples from the material
capped was that in addition to there being a great deal of intraproject varia-
tion, many of the projects were disposed at the same location concurrently.
This reduced the possibiliiy of detecting distinct sediment layers for each
project. However, chemical analysis of a portion of a core aobtained in
December 1980 did reveal an area which exhibited the chemistry of the material
dredged from Jackson Engineering.

~'Connur (3) concluded that, for dredged material contaminated with metals,
PCR, F\H, and/or other organic contaminants, the placement of a sand cap is a
reason ble micigation measure. A permanent sand barrier would increase the
dist; e between the overlaying seawater and the contaminated fine-grained
sedi .ent and reduce the potential for resuspension of this material.

SEDIMENT TRANSPORT

One of the assumptions made prior to conducting the capping experiment at
the Mud Dump was that the sand cap would remain in place. Previous research
has been conducted with a mound of dredged material in the northwest corner of
the Mud Dump to ascertain the quantity of sediment movement from the site.
Freeland and Merrill (4) and Freeland et al. (5) examined dredged material
disposal volumes for the period 1936.to 1973. They determined that 87% of the
volume disposed was accounted for at the Mud Dump. Utilizing the same data,
Dayal et al. (6) calculated the dry mass of material disposed, assuming an
average dry density. They determined that, on a dry mass basis, 82% of the
dredged material could be accounted for. However, using disposal records for
the period 1973 to 1978 for which the data are more accurate, the dry mass
of material disposed which can be accounted for approaches 98%.

To verify this observation for the capped mound, the Atlantic Oceano-
graphic and Meterological Latnratories of the National Oceanic and Atmospheric
Admin.stration (AOML/NOAA) with funding support from the New York District
conducted the Sediment Transport Study. This study was undertaken to determine:
(a) changes to the cap as a result of bottom currents and sediment transport
~over the winter of 1980-1981; (b) the bottom current velocities necessary to
initiate erosion of the cap; and (c¢) the long-term probability of erosion by
wind-generated waves.

Two cruises were conducted, November 1980 and June 1981, to collect field
data at the Mud NDump. Sidescan scnar (sonographs) of the bottom microtopog-
raphy and surficial sediment samples were obtained. In addition, the New
York District conducted bathymetric surveys of the capping area upon completion
of capping, and six months and one year postcapping.

Analysis of these data by AOML/NOAA (7) indicated that the cap showed




only a slight decrease in grain size. Microtopography data indicated that
sediment transport had resulted in smoothing out the bottom roughness which
will tend to inhibit further erosion. It is likely that some of the sand cap
was eroded and replaced by fine-grained sediment from elsewhere in the Mud
Dump. This intermixing of grain sizes results in poorer sorting and a reduc-
tion of mean size which tends to extend cap life. The slight amount of erosion
indicated by comparison of bathymetric surveys was less than the margin of
survey error. Inherent in this comparison calculation is the determination of
accurate figures for quantity of dredged material in-place at the disposal
site upon completion of capping. Tavolaro (8), using a dry mass balance
approach, determined a sediment budget in order to identify and juantify
"losses" of dredged material from the time it is dredged to the time it is in
place at the disposal site. Tavolaro concluded that approximately 2.0% of

the dry mass measured in-place at the dredging site is unaccounted for in the
barges and was assumed to have been "lost" during dredging. Approximately
3.7% of the dry mass measured in the barges was unaccounted for at the Mud
Dump and was assumed to have been "lost" during disposal. -

Field experimeats to determine the threshold current velocity needed to
initiate resuspension of the cap were accomplished utilizing a seagoing flume
(Seaflume). The Seaflume photographically recorded bottom sediment response
to 3 systematic increase in flow velocity generated by a self-contained sub-
mersible pump and motor assembly. The Seaflume was deployed in 12 locations
on the capping area. Freeland et al. (7) found that threshold shear veloci-
ties at the seabed interface ranged between 0.6 to 1.4 cm/sec, with erosional
current velocities 100 cm above the seabed from 14 to 31 cm/sec. To determine
the frequency of events which would generate sufficient shear velocity to
erode the cap, two investigations were conducted. During the November 1980
cruise two concentration-velocity (CV) probes were deployed on the capping
area to measure currents and suspended sediment concentrations. The CV probes
remained on the bottom, recording data vuntil June 1981. The CV probes con-
sisted of microprocessor controlled electromagnetic current meters coupled
with an optical transmissometer for turbidity measurements, mounted together
on a tripod (7). Calculations of suspended matter concentrations were compli-
cated by continued dredged material disposal 1.5 kilometers to the: north and
sewage sludge disposal 10 kilometers to the east. Freeland et al. (7) found
that the mean currents 100 cm above the bottom were generally on the order of
6 to 7 cm/sec, with a net direction to the south.

Freeland et al. (7) used wave hindcasting involving the wave spectral

- model and the wave parametric model to calculate the hydraulic climate at the
Mud Dump. The first model was based on the integration of the wave energy
balance equation while the second assumed an approximate invariance (9) of the
normalized wave spectral shape with fetch.

Freeland et al. (7) extrapolated existing wind and wave data from the
area around the New York Bight Apex to the Mud Dump. By comparing these data
with that obtained from the CV probes, they determined that the measure of
wave energy shows a strong correlation with turbidity. However, the wave
period does not correlate with the wave energy or bottom current velocity.
The depth of the capping site dampens the energy of surface waves and only
the larger waves propagate to the bottom. 'In conclusion, Freeland =t al. (7)
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determined that wave hindcasting adequately outlines the impact of surface
wa 'e climate on bottom sediments but it also shows that not all bottom wave
energy is generated locally. Freeland et al. (7) suggested that under long-
term averaged waves and curreats, little change in cap thickness would occur
after 100 moderately energetic transport events. Swell waves generated by
hurricanes are capable of producing wave heights reaching 13.5 meters (7).
However, storms of this magnitude are not numerous enough to warrant proba-
bility analyses.

BICACCUMULATION MONITORING

A basic premise of the capping of contaminated dredged material is that,
to be effective, the cap must seal off the contamination present from the
surrounding environment. To determine the success of the cap placed in the
Mud Dump, it was decided to utilize a biological monitor to quantify contami-
nant release. The blue mussel, Mytilus edulis, is recognized as a suitable
organism for monitoring coastal pollution in the International Mussel Watch
(10) and has been previously used by the New England Division of the Corps of
Engineers to monitor contaminant release from a capping experiment in Long
Island Scund (11). Under contract to the New York District, investigators
representing the New Jersey Marine Sciences Consortium conducted a one year
biomonitoring study of adult blue mussels transplanted to selected stations
within the New York Bight Apex. Reference stations were selected to quantify
contaminant impacts to the capping area originating from outside sources such
as the Hudson River and sewage sludge disposal. Control statipns were estab-
lished outside known sources of pollution, first along the southern coast of
Long Island and later along the east coast of New Jersey. To determine the
biological impact of disposed dredged material, one station was placed on an
uncapped mound of dredged material in the Mud Dump Site formed since 1914.
Another station was established on the capping site upon completion of dis-
posal of the cap.

The mussels were deployed in twelve mesh bags (100 per bag) suspended
1 meter above the bottom from platforms (Figure 2). Initial deployment was
made in August 1980. Premature loss of mussel platforms occurred at three of
the six August deployment stations. The destroyed control station was relo-
cated and 4 new platform was deployed at the same time the station was estab-
lished on the capping site, January 1981. One bag of mussels from each plat-
form was collected weekly for the first month and thereafter bimonthly.
Mussels were checked for survival rate and biocaccumulation of mercury, cad-
mium, lead, PCB, DDT, and petroleum hydrocarbons (as represented by No. 2 fuel
oil) (12). Mortality data for the experiment were invalidated due to an
unexplained survival of only 54% of Lhe mussels after one week at the control
site. A bag retrieved later at the same control site did, however, have a
survival rate of 90%.

Prior to the deployment of the platforms, tissue analyses were conducted
on a representative subsample of the mussel stock to ensure that the mussels
were not contaminated. A slight elevation of lead (0.83 ppm) was the only
contamination noted.
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Bicaccumulation of metals was very erratic for the first 5 to 7 weeks.
By the tenth week, differences between stations could be noted and generally
the plateau level had been reached. Regression analysis of the data indicated
that, in all case:, the highest value was found at the uncapped mound of sedi-
ment existing in the northwest corner of the Mud Dump (Mean values in ppm;
Hg 0.242, Cd 0.081, and Pb 1.13). The next highest mean values were found
at refereuce stations 1 to 2 kilometers from the Mud Dump. Mean biocaccumula-
tion values for metals at the capping site were quite low for mercury and
cadmium (0.030 and 0.041, respectively) while lead was not statistically dif-
ferent than the uncapped mound value at 1.04 ppm.

PCB bioaccumulation showed wide fluctuations throughout the study. No
conclusions could be drawn from the results as to the source of PCB or the
reason for the fluctuations in values. PCB bioaccumulation in this study
could not be correlated with mussel lipids, in deference to the propensity of
data indicating a positive correlation.

Bicaccumulation values for DDT were generally below detection for mussels
from all stations. This finding corresponds to the lack of statistically
significant bioaccumulation of DDT for any sediment proposed for ocean dis-
posal within the New York Harbor Area.

Results of No. 2 fuel bioaccumulation over time indicatel that after a
minimal accumulation in the first four weeks of exposure, no further change
was detected until there was a dramatic increase in late spring. The pattern
of mean values of No. 2 fuel oil concentration was generally the inverse of
the pattern shown for metals contcentration. Mean fuel oil concentration at
the capping site (0.667 ppm) was greater than that for the uncapped mound
(0.20 ppm) and all other reference stations.

Koepp et al. (12) concluded from this study that: (a) mussel survival
and lipid content did not statistically correlate with bioaccumulation of any
contaminant for any given station; and (b) the absence of ancillary contaminant
data for sediment, water, and mussel food restricted the extent to which the
observed contaminant accumulations can be more specifically related to dredged
material disposal. : ‘

SUBAQUEOUS BORROW PITS

Subaqueous borrow pits are irregularly shaped depressions on the sea
floor caused by sand and gravel mining, typically for coastruction material
and beach replenishment. 1In an area within 160 kilometers of New York City,
the demand for this material has been predicted to be about 10 million cubic
meters per vear (13). Most sand mining in the New York Harbor area is con-
fined to the Lower Bay which is composed primarily of sand and gravel (14).

The volume of existing borrow pits in the Lower Bay is about 23 million
cubic meters (15). The idea of using borrow pits as containment sites for
dredged material is not new. It was suggested as early as 1973 by Carpenter
(16). Technology is available to carry out a disposal operation over a
borrow pit. Volume I of the Mitre Report (17) identified the use of subaqueous
borrow pits as feasible for large volumes of dredgzed material and a possible
option for disposal of contezminated dredged material.
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The filling of borrow pits is an environmentally beneficial dredged
material disposal option since borrow pits are known to be subject to a high
rate of fine-grained organic sediment deposition, with attendant adverse
environmental impacts (18, 19, 20). When disposal of fine-grained dredged
material is combined with the placement of a layer of sand as a cap, the area
can be restored to its original condition and productivity of the area should
increase. The filling of borrow pits with fine-grained dredged material does
have the unavoidable consequence of removing that immediate area from any
future sand mining operation. ' '

In order to evaluate subaqueous borrow pits as a dredged material disposal
option, the New York District initiated a contract with the Marine Science
Research Center at the State University of New York at Stcny Brook (MSRC).

MSRC had previously spent several years investigating the environmental effects
of sand mining and filling of the borrow pits within the Lower Bay. Model
studies were conducted and the results evaluated. It was determined that a
demonstration project was required to obtain further information on the
feasibility of combining the two operations.

Site selection consisted of an evaluation of the following factors:
1. Site must be accessible to barges for the disposal operation.

2. Site must be such that the pit is deep and large enough to con-
tain the spread of the dredged material when it encouaters the bottom.

3. Site must be outside areas susceptible to high wave and current
energies.

4. Site must not be an area of high biological productivity.
5. Site must not be an area of current sand mining operation.
Evaluation of the above criteria revealed that no currently existing

gbrrow pit was totally acceptable. Investigation was made of the idea of
creating a borrow pit of ideal dimensions in an ideal location. This idea

‘was dismissed because of the high cost and the disruption of an undisturbed

area. It was determined that the best option available was to modify an
existing borrow pit.

A borrow pit located in the center of the Lower Bay was chosen as the
site for the Demonstration Project (Figure 3). The purpose of the Demonstra-
tion Project was to assess the physical stability and technical feasibility
of capping dredged material within a subaqueous borrow pit. This borrow pit
was originally dredged in the early 1970's to a depth of 28 meters below mean
low water. Since that time, approximately 3.8 million cubic meters of dredged
material has been disposed there, in an effort to alleviate the anoxic condi-
tion present in the bottom of the pit. Schwartz and Brinkhuis (21) have
documented that a high rate of natural sediment deposition, low dissolved
oxygen, and impoverished benthic fauna exist at this borrow pit. The sedimen-
tation rate in the pit (on the order of 10 centimeters/year) was reported to
be 100 times that of natural sedimentation rates in other estuaries, while no
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sediment was found to be accumulating on the shallower sandy bottom surrounding
the pit. Due to the organic fraction of the sediment which exerts a high bio-
logical oxygen demand and has certain contaminants chemically bound to it, the
borrow pit supports a benthic community of about 137 organisms per square meter
while the surrounding area supports about 1100 organisms per square meter (15).

Because the remaining capacity of the borrow pit, 3.8 million cubic meters,
was determined to be too large, it was decided to conduct the project in three
phases. As proposed, phase I (Figure 4) of the Demonstration Project would in-
volve the disposal of approximately 153,000 cubic meters of sand. The disposal
of this material would accomplish two objectives. First, it would be used to
determine the energy of the surge of the dredged material once it hits the pat
bottom. Second, the material would be disposed so that it would form a three-
meter~high berm across the southern portion of the borrow pit to create an
isolated pocket consisting of 10 to 15 percent of the volume of the entire
pit.

Phase 11 of the project would consist of the disposal of approximately
300,000 cubic meters of fine-graianed sediment. This material would be non-
toxic and uncontaminated sediment as demonstrated by biocassay and bioaccumu-
lation testing. The phase Il sediment would be placed behiud the berm.

Phase 111 'wculd involve the disposal of 230,000 cubic meters to cap the
phase 1] material. This dredged sediment would be non-toxic and have no
unacceptable biocaccumulation potential, and at least the top 0.3 meters would
consist of clean sand the same grain size as the surrounding bottom. Upon
completion of phase II1, a monitoring program would be initiated to determine
physical and chemical changes to the borrow pit and surrounding area.

During the month of December 1981, 167,000 cubic meters of sand was
dredged {rom the Federal Navigation Project at Ambrose Channel for construction
of the berm. Disposal was accomplished utilizing the Corps of Engineers hopper
dredge Goethals. This created an isolated area with the dimensions 200 meters
wide by 200 meters long with . maximum depth of 14 meters below mean low water.

Prior to the initiation of phase I1I, the Water Quality Certification
issued by the New York State Department of Environmental Conservation authoriz-
ing the project was challenged in state court by a private environmental
organization. It was the allegation of the environmental organization that
the borrow pit proposed for the Demonstration Project was an area of high
biological productivity and, as such, an Environmental Impact Statement should
have been prepared. At this time, the lawsuit has not been resolved. In the
interim, the New York District Corps of Engineers has been funding two studies
to further evaluate the biological productivity of the borrow pit and determine
its relative importance compared to the rest of the harbor. Analysis of the
results of these two studies is anticipated to be completed by the end of

1982.

CONCLUSIONS

In 1980, the New York District conducted a capping experiment to resolve
an urgent need by several permit applicants to dredge sediment which exhibited
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a statistically significant Dicaccumulation of PCB. The capping exercise was
based upon two premises: (1) that the capped mound would be physically stable,
and (2) that the cap would seal off the contaminated material. from the mari. e
environment. Results of studies presented in this paper indicate that these
premises have been fulfilled.

Currently the New York District is utilizing capping to allow some con-
taminated dredged material, for which no other disposal option exists, to be
capped in the ocean. In addition, as part of a dredged material disposal
management program, all ocean disposed dredzed material is dumped at a taut-
moored buoy in the Mud Dump Site. In this way, sediment in need of capping
receives a covering of additional uncontaminated dredged material to further
isolate the contaminated material.

The ultimate snlution to the problem of dredged material disposal is to

‘have a sound management strategy which can clearly predict the most environ-

mentally sound and economically feasible disposal option. A successful inves-
tigation of the subaqueous borrow pits would increase the options available for
contaminated dredged material containment. With a variety of disposal options
available, dredging projects can be planned and carried out in a timely fashion
thereby maintaining‘economic integrity of the Port of New York and New Jersey
while at the same time p-otecting environmental resources. :
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RESTORATICN STUDY OF DREDGING
IN LAKE KASUMIGAURA

Fumio Kodama . .
Director of Kasumigaura Work Office
Ministry of Construction, Japan

Tamiya Fukushima
Head of Investigation Section
Kasumigaura Work Office
Ministry of Construction, Japan

INTRODUCTION

Lake Kasumigaura is the second largest lake in Japan and is eutrophic.
The sediment has adverse effects upon water quality and has a thickness of
about 40 - 50 cm,

In order to remove sediment as a link in the chain of restoration,
dredging 1s now partly under way, However, problems remain as to how the
secondary impacts by dredging can be abated and how to manage the dredged
material. An outline of past and future studies of these problems is pre-
sented herein. ‘

BACKGROUND

Lake Kasumigaura (Figure 1) 1is situated in the southeast of Ibarayi
Prefecture, which {8 located nearly in the center of the esst coast of the
Nippon Islands. It connects to the lower part of the Tone River through
Hitachi Tone River and has the second largest area in our country with
S6 inflowing rivers, ‘

-Basin data are presented below:

~Basin area , 2169 kmz

Towns and villages By (23 environs of the lake)
Average annual rainfall depth 1350 mm

Average annual rainfall quantities 2.82 x 109m3

Average annual runoff discharge 1.39 x 109m3

Average annual runoff rates< 492

Population 720,000

As the above data show, the basin area of Kasumigaura i{s 2169 kmz

and occupies about 357 of the total area of lbaragi Prefecture,
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Kasumigaura Basin

Figure 1.
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The average annual rainfa%leepth is about 1350 mm and the total quantity
of inflowing water is 1.4 x 10'm~ and lake water volume is replaced

1.7 times/year.

Most parts of basin have a stretch of hills wich a height of 20 - 30 m,
or flat land (like rice fields) around the lake, except for several mountains
like Tukuba (876 m) and Kanami (709 m).

There are 56 inflowing rivers such as Onogawa, Sakuragawa, Koisegawa,
Sonobegawa, and Tomoegawa and only one outflowing river, Hitachi Tone,

Hitachi Tone River has a small bed inclination and complicated hvdrologic
conditions because of the brackishness of the water and the influence of the
water level in the Tone River.

The basin has 47 towns and villages extending over the two Prefectures of
Ibaragi and Chiba and a population of 720,000. Industries in the basin are
mainly primary industries. Among them, two are prominent: hog raising and
carp farming. ‘ :

The morphometry of the lake is as follows:

Water level Y.P.* + 1.0 m average sea level + 0,16 m
Lake area 220 km2

Coastal line 252 km

Max depth 7 m

Mean depth 4m

To meet an increasing water demand in the capital city and its environs,
an integrated Kasumigaura development project (Figure 2) is now moving

Planned High Level

- , Y-P.+2.85m
ST M . L VIVo for Ipprovenent
B NS S S LT
e e Y.P. + 1.30m 1110°'m'  Ket Redervoir Water Vol.
. - » w4 3 g bl Y '
e T '/fé\i.imétmlﬁevel in o pol. torp. T7xlGm .
- P me iz-
S A e ¥ oo dhctan” Total Reservoir W.V.
P . Rl k} ~ *
e A\ Lower Limit Level 2.780x 10°m’l 12.53x10"m?
o CNTYLPL # Om 1 |
;/ p Dead i
’/ - ]udtx‘r v
o A F. 36 x qO‘m’
/)L - b ey
s . P L
Figure 2. Volume a'lotment in Kasuwigaura

* Y,P. = datum plan. elevation of Tonc Pirver wsorks,
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forward in terms of water imgrgvement and utilization. It aims to develop
water quantities f 280 x 10 m~, which correspond to the volume between

Y.P. + 1.3 m and Y.P. + 0 m by the project completion year cf 1985.

Furthermore, big projects developing the Kashima seaside industrial area
and the Tsukuba research and education zone are proamoted along with this water
resources development.

The lake water is now maintained as fresh water bv use of a backward flow
protecting floodgate, which was built in 1963 for river improvement at the
lower part of the Hitachi Tone River. in this way, fasumigaura has become a
large artificial water reservoir. Therefers, close attention must be paid to

protect its water quality.

OUTLINE OF WATER AND SEDIMENT QUALITIES

The water quality in Kasumigaura has deteriorated in such a way that

chemical oxygen demand (COD) concentraticns, which were about & ppm in 1955,

have increased to 7 - 8 ppm in the latter half of 1965 ard to 10 ppm after
1978. :

, The environmental standard for COD {cor Kasumigaura was desighnted in 1972
as 3 ppm considering the water purposes. But as Figure 3 shows, water quality
has become remarkably worse since 1970 a~d, at the present state, greatly ‘
exceeds the guideline. '
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Figure 3. Change in 00 c¢oncentrarions

As countermeasures for this wate: deterioration, the reguldation of
ettluents was strengthened and sewage sver »ms wer: conselidated. However,
even with these measures, the present -~tute of water quality still tends to
hecome worse.,

in summer a eutrophication phenomorn - oconrs in that pitvtoplanstons o

by nitrogen and phesphate breed in hieb warer temperatu-os,  As the -~ itev o
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velocity is low in stagnated water areas such as lakes, most suspended solids
settle to the lake bottom and result in pollution of the sediment.

Polluted sediment adversely impacts upon water quality through the nutri-
ent materials that are released from sediment and eluded from the resuspended
solids. This is an internal lake pollution load.

In eutrophic. lakes like Kasumigaura, phytoplankton are produced by nutri-
ent inputs. Dead matter settles to the lake bottom where it decomposes, and
nutrients are released from sediment, spread up the water body, and help
regenerate plankton.

Since release phenomena are vigorous in high water temperatures, the lake
experiences blue-green algae blooms in summer. In this way, sediment in
Kasumigaura is degraded similar to water., It spreads in the whole lake accum=~
ulating from several centimeters to scores of centimeters in thickness.

WATER QUALITY IMPROVEMENT PROJECT IN KASUMIGAURA

Domestic drainage, factory effluents, and rural drainage are considered
as pollution sources, The internal load by released material from sediment is
also presumed to be a cause of polluticn.

To meet these problems, dredging commenced in 1975 as a restoration mea-
sure (supervised by direct national administration for implementing river
environmental improvements).

The quantities of sediment toBbe removed in Kasumigaura reservoir area
project have been set at 300,000 m~ by 1981. Dredging is now continuing at
heavily polluted offshore estuarine areas such as Sakuragawa (Tsuchiura City)
and Koisegawa. Table 1 shows the dredging results.

Table 1
Dredged Volume

Year Dredged Volume, m3 Accumulated Volume, m3
1975 4,000 4,000
1976 18,000 22,000
1977 13,000 35,000
1978 34,000 69,009
1979 40,000 ' 109,000
1980 85,000 194,000
1981 106,000 300,000

In Kasumigaura the dredge KASUMI (with negative pressure suction) was
developed to prevent secondary impacts from turbidity. An improved dredge
KORYU was put into operation in 1978. Most of the dredged material is o
dewatered at management ponds by normal densification methods or by progres-
sive trencning and then used for banking embankments in city public spaces.

In addition to the dredges, a special boat for gathering phytoplankton
was developed and operates during the summer,
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The local government (Ib.ragi Pref.) issued "the regulations to prevent
eutrophication in Kasumigaura" and enacted the following countermeasures
beginning in September 1982:

(1) Consolidation of sewage systems for domestic draimage and prohibition
of the sale of cleaning agents containing phosphorus.

(2) Strict observation of effluent regulation standards and strengthened
regulation of effluents.

(3) Guidance for correct fertilization to control rural drainage.

(4) Consolidation of domestic animal excreta control facilities for stock
effluents.

(5) Rationalization of carp farming method and change in fish species.v
(6) Dredging of inflowing rivers and control of aquatic plants.
VACUUM SUCTION AND PNEUMATIC DISCHARGE DREDGING SYSTEM

A dredge with a vacuum suction and pneumatic discharge system was builc
in 1978. It has the following features:

(1) Minimal turbidity can be expected.

(2) A swing method is maintained for dredging to increase operational
efficiency. :

(3) A liquid pressure pump (max pressure 40 kg/cmz) is maintained for
discharging dredged material.

(4) It is equipped with devices for inspecting the excavation and
measuring the sediment volume.

The main data of the dredge are as follows:

Max dfedging depth 7m
Cunveying distance 2000 m
Dreldging capacity Over 100 m3/hr (water content
of 2000%)
Diameter of delivery pipe 150 mm
Capacity of suction pump 2 x 0.85 m3
Vacuum pump 720 m3/hr, -500 mm Hg
Screw type air compressor 1 x 1200 m3/hr, 7 kg/cm2
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Working Principle of Vacuum
Suction and Pneumatic Discharge Pump

The suction head, which consists of two sediment hoppers and a suction
mouth, exhibits suction and discharge actions alternatively by valves such as
suction switch valves, suction valves, and ball valves (Figure 4).

Delivegz f=$=

Vacuum Pump
{ : Compressor

Ball Valve |

Hopper é '
EEQUARY
. Suction Valve
~. . e Padhhutuuh el
Suction Switch Valve
g (
. V4 7, s !
Sediment 7 /:;','i/.v ¥ 77/
: | SR

Suction Mouth

'

Figure 4. Working princible of pump

The vacuum pump acts at a vacuum of -500 mm Hg; when the required quanti-
ties of dredged materia. are filled into one hopper, the suction process is
stopped bv the working of the level switches. Then compressed air (7 kg/cm”)
is automatically supplied to the hopper by the air switch-cver valves to push
out the sediment with the help of the ball valves. When the remainder reaches
the lower limit level, exhausting of sediment is stopped by the working of the
level switches. By repeating these processes through alternative use of the
two hoppers, continuous and smocth dredging is achieved (Figure 5).
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Figure 5. Diagram of dredging acticn using alternate hoppers

100




. Y .

The Digger and Its Performance

. As Figure 6 shows, the digger has an open suction mouth, which is shaped
s0 as to be able to suck ‘'sediment continuously by using a swing system.

!

5|8 A

il Y
80 ] Suction Mouth
450 - 1100 wn—

Figure 6. Shape of digger

It is known that the share of the suction mouth has a large effect upon
dredging performance regarding sediment disturbances from dredge impact.

When removing upper sediment layers, it is necessary to minimize the
intake of water in the sediment surface for etficient removal. This requires
not only a good shape of the suction mouth, but also consideratiom of various
sediment properties anrd dredging conditions such as dredging depth and swing
speed. Tests on two kinds of suction mouth shapes were performed concerning
this proilem.

The relationship between digging height and water content is shown in
Figure 7, using zero height for the contact face of the digger bottom and
sediment.

Ssdi 30 * .
| °

400l;:

- &0 § .

> iz ©
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1000 &

O Measured

Calculated

i) 0.5 1.0
Digging Height (m)

Figure 7. Relaticnship between digging heights and water content
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At that time swing speed was left to the judgment of the operaror to
maintain smooth dredging. These tests emphasized sediment content over
removal efficiency and the finishing accuracy of the dredged surfaces.

From these data it can be said that:

(1) The sediment content of the surface of the dredged material is about
14%. - This value slightly exceeds 10 - 13% normal in hydraulic dredging.

(2) The deeper the digging depth, the higher the sediment content. For a
digging depth of 0.5 m, sediment content amounts to about 24%.

(3) The finished surface after dredging is rugged and uneven.

(4) A digger with a suction shape is not suitable for superficial sedi-
ment removal.

In the next stage an improved digger form was developed as shown in
Figure 8.

AT —
Eﬁ%égsu Z|

/. H 1 Y

. 4ﬂ"4 v Suction Mouth

~— 580 — 1080 mpm ——

Figure 8. Improved digger

The test results demonstrate a good applicability for thin layer
dredging, having the following points: .

(1) Sediment cortent increases according to swing speed, but converges at
some final value. This may result from the fact that some sediment moves away

from the side of the digger (Figure 9).

(2) Removal efficiency decreases according to swing speed. For higher

“removal efficiencies, a lower swing speed is desirable. However, doing so

increases water content and lowers removal efficiency (Figure 10).-

(3) For an open edge type digger, some water enfolding is unavoidable in
a swing system.

(4) Digger forms have their own performances with variances according to
sediment properties such as viscosity, specific gravity, and so?l strength.

Dredging Operations

During dredging, the dredge advances with one cut of 1.1 m, striking the
main and auxiliary spuds so that no upper sediment layers remain (Figure 11).
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Sediment Content (%)

Figure 9.

Removal Efficiency (%)

Figure 10.
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Figure 11. Dredging operation

Two swing speeds are possible, one for d:gging and cne for cleaning, to
avoid excess water, As ashown in Figure 12, t .e results monitored by sonad
waves indicate a relatively smooth surface with this method.
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Figure 12. sedimeat surface mentrored by . sound wave
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Relation Between Sediment Volume and Discharged Water Quantitcies

Accosding to our dredging experiment the relationship between sediment volume
and discharged water quantity is described by the following formula:
Q=2¢ &, Sh(1+a)
where
Q = discharged water quantities, u3
%, = surplus vater efficiency (sucked water eff.), 1.8 - 2.1

%, = removal efficiency, 0.8 - 0.9

ectual dredged quantities
planned quantities

S = dredged area, -2
h = dredged height, =
a = excess sediment

HANAGEHENf OF DREDGING WORK

Present State of Sediment Pollution
and Its Removal as a Restoration Measure

Dredging is thought to reduce the relesse ot loeds thrau‘h sediment
removal, which may contribute to improved water quality.

As Figure 13 shows, sediment in Xasumigaura is polluced to & large extant
in f{ts upper layers with little pollution occurring in lover ones., An
exponential relationship seems to exist between nutrient concentrations and
release rates. Therefore, if sedimert removal from H. to H, is conducted, the
pollutants in the sediment decresse from Co to C1 and rtlenéc rates decrease

from LO to Ll'

Figure 14 shows the vertical distribution of total phosphorus (T-P) in
sed{ment against sediment depth, From this ve can say that, for an effective
improvement of water quality, {t {s desirable to dredge the widest pomaible
area even {f only a small thickness is removed, : '

Purpose and Subject cf Dredging

Dredging curreatly under way {s aimed at {mproving water quality. It
differs from maintenance dredging for water depth, or protecting biockades {n
estuaries,
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Figure 14, Vertical distribution of T-P in sediment
Water quality dredging differs {n the foiloving vays:

(1) A small thickness of sediment may have to be dredged according to
sediment conditions, Water depth (s also small.

(2) It is difficule to estimate the sediment volume dredged because
sed{ment volumes are lergely a function of working conditions,

Results of Dredging

The dredged quantities of sediment to uate are as follows:

1975 4,000 m>
1976 18,000 m°>
1977 13,000 m°
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Problems on Work Confirmation

Problems with work are as follows:

(1) Due to the shaliow water depth, the guidelines on "sediment quanti-
ties”" defined by "civil work common specifica.!{ons” cannot be applied.

(2) As the water content of sediment is high and the sediment volume by

working conditions varies greatly, it is di{fficult to estimate the sediment
volume dredged.
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(3) Sediment removal in the upper layers must be controlled.

(4) The guidelines for work confirmation are not always clearly defined.

(5) Sedimeni content changes largely according to dredging operations.

There are four ways to check sediment volume., Measure the discharged
quantities of the delivery pump, estimate planned values, measure the manage-
ment ponds, and measure transported quantities. These four methods give very
different results. To solve these problems, the investigations discussed in

the following section were conducted,

Checking Dredged Sediment Volume

Dredged sediment volume changes greatly according to water content (Fig-
ure 16). In checking this volume, the following conditions should be

considered:

(1) Sediment is at the lake bottom in a state consolidated by natural
accumulation.

(2) In hydraulic dredging, water content becomes high and discharged
liquid quantities large because water is sucked along with sediment.

(3) The water content and sediment volume in dredged material settled in
the management pond var; with rainfall and evaporation,

Three calculations of sediment volume are conventionally conducted:

Sediment Dredged Material
- Water Change by
Sockdd™ ~ Rainfall and
j ake Evaporation
kneq
apepih
Pore
pater]
V)7 ' 7
55 75 B ZL%
__._baA f o ,33 .
—— ~—= in Pond -
Dredging

Fiéure 16, Solid and liquid content of sediment

M =V 100Cs

1 1 X Too + GaW )
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where

M. =V x 100Gs

2 2 100 + Gst

" 100Gs

100 + GsU3

H3 = V3 x

sediment volume at the bottom, n3
discﬁarged water volume, 53

sediment volume in management pond, u3

dry wveight of sediment at thz bottom, tons

dry weight of diécharged'watet quantities, toﬁs
dry weight of sediment settled in the pond, tons
vate; content at the bottom, 2

water content of dyeaged liqyid.lz

water content in management pond, 2

specific weight of sediment solid.'tons/m3
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The advantages and disadvantages of these calculations are indicated in

utilized for other
purposes

Table 1.
Table 1
Merits and Demerits of Sediment Volume Checking
Merits Demerits
Vl (1) Sediment volume is removed (1) Survey errors are large
from the lake bottom
‘ (2) Sediment volume cannct be
(2) Dredging is conducted estimated before work
generally on the basis of completion
sediment volume at the
bottom (3) It cannot be checked for
progress
(4) In future dredging of sedi-
ment with high water contents,
sediment in the already
dredged area may collapse
V2 (1) It can be taken for sedi- (1) Adjustment with a flowmeter
ment volume, which has is necessary
passed through the delivery
pump (2) Adjustment by measuring
. the sediment content is
(2) It is easy to control by necessary
digital displays
(3) Troubles with flowmeters
(3) Control results can be may occur
directly reflected in the
progress
(4) Net working hours are con-~
trolled by charts
(5) Sediment contents are con-
trollable by charts
v (1) It is easy to measure (1) Sediment volume changes
3
every day by rainfall
(2) Management ponds can be
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The data which were obtained by measuring these volumes from 1978 to 1981 are
listed in Table 2. .

Table 2
Counted Values by Three Checking Methods

Sediment Volume (m3)' Sediment Dry Weight (t)
Discharge Quantities Discharge Quintities
Sediment Water Settled Sediment Water © Settled
Removed Quantities in Pond Removed Quantities ° in Pond
(m3) (m3) (m3) (tons) (tons) (tons)
1978 17,227 35,615 29,960 9,027 9,545 9,248
1979 . 23,418 39,009 33,278 11,592 11,586 10,574
1980 47,270 81,073 78,810 26,090 26,757 25,287
1981 38,500 86,800 77,300 14,660 15,400 14,580
Counted by Counted by Measured Counted by Counted by Measured
soil sur- measuring in pond soil sur- measuring in pond
vey before apparatus - vey before apparatus
_ and after in dredge and after in dredge
i . Remarks dredging dredging ‘
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BOUNDARY CONDITIONS OF SEDIMENT SURFACES
VIEWED FROM DO BEHAVIOR

~ T. Yoshida
Chairman of Technical Committee
Japan Bottom Sediment Management Association

T. Mimaki
Head of Water Quality Conservation Section
Izumo Construction Work Bureau
Ministry of Construction, Japan

ABSTRACT

In measurement of dissolved oxygen (DO) stratifi-
cations, the lowest pcint is chosen usually at a
depth of 0.5 m above the sediment surface. DO
concentrations in the overlying water just above
the sediment are rarely measured. Therefore, the
DO behavior in the sediment-~water interface is
not well known. In order to investigate DO
behavior, column tests on DO were performed by
use of special test apparatus. This paper deals
with these test results and discusses the
boundary conditions of sediment-water interface
on DO behavior.

OUTLINE OF TESTS

The test column consists of two parts: the upper and lower sections.
The latter is.the column sampler itself, which has been used for sampling
undisturbed sediment. Both tubes are connected by a ring coupling in the
laboratory (Figures 1 and 2).

The connected test column is then provided with water jackets at its
circumference and erected in an isothermal tank. 1In order to emerge from a
thermal stratification in summer lake water, the overlying water column is
heated by three isothermal tanks with different temperatures. Since we had
to measure DO concentrations of very thin layers, we have paid close attention
to water sampling and analysis.
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The sampling tube (Figure 3) has a diameter of 6 mm, a horizontal length
of 170 mm, and 8 holes of 0.5 mm¢. 1In the 1980 tests, 4 tubes were inserted
at heights of 1, 10, 40, and 70 cm above sediment, and in che 1981 tests,
6 tubes at heights of 1, 4, 7, 10, 40, and 70 cm, respectively. The 15-ml
water samples were taken gently so that the Reynolds' numbers did not exceed
100. Samples were put into the special DO meter, which was designed for this
test (Figure 4). This meter has a small Stirrer for medical use and is capable
of measuring very small quantities of watger.

The sediment samples were taken from Lake Nakanoumi and onme of its in-

flowing rivers. ?
: |
THERMAL STRATIFICATION

Quantities of heat flowing into and out of a segment of the water column
may be expressed as shown in Figure 5.
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Figure 2. Photo of apparatus
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Figure 3. Sampling tube

As équilibrium equation for the heat quantities is represented as follows:

. 2 ‘
%% = %5' 2;% - wT %g-— QW‘%E - (1)
where
T = water tempefature °C
t = time after incubation of tests, days
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Cp = specific heat of water, cal/°C/cm3

k = thermal conductivity, cal/cm/sec/°C
. 3
o = water density, g/cm

height of water column

1}

rA

The solution of Equation 1 is obtained in the following series function:

2
T-1+520 - gt 2
o 4D
115
s N - * ) ™~ "?“'- -~ - .

descending flow velrcity due to water temperature difference, cm/sec

(2)
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T = water temperature at z = 0
= water density at 20°C
P =Py (1 - aT) is assumed
aoZOCp
k
. . 2
D = thermal diffusivity, cm /sec

Here we calculate

ap,, Cp =4 -
g 20 2557 100 x 0,998 K1y 5934 19 4 e
* °C cm

The observed water temperatures are distributed as shown in Figure 6.
These are represented in Figure 7 in terms of the ratio of'T/To.

(=
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Figure 6. Water temperature distribution
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Putting the test results T/T_ = 1.092 at z = 40 cm (1981) into Equation 2,
we can calculate the values of w:

N

2 3
1.092 = 1 + % 3%— - 5% (1.793 x 107%) x w3 x 2:.73

x 407

(=]

w2 -5 3
0.092 = 400 - 1.0995 x 10 ~ w

D

Neglecting the second term in the right side, we get

v’ | 0.092 4

—==Z = 2,3 x 10
52 400

= 1.517 x 1072 em !

o€

Similarly for T/T0 = 1.1085 at z = 30 cm (1980)

% = 2,195 x 10°% cm !

11

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




Taking D = 1.5 x 10”3 cmzlsec, we get

From
velocity
and a hal
of w is p
ence, thel

3

W= 1.517 x 1074 < 1.5 x 1073 = 2.276 x 10> cm/zec (1981)

2 3

W= 2.195 x 10°° x 1.5 x 1072 « 3.287 x 107> cm/sec (1980)

the water temperature profiles it is found that the descending

(w) due to temperature differences at greater differences is about one
f times as large as at lower differences., (This means that the value

roportional to temperature difference. The larger temperature differ-
bigger w.)

VARIANCE OF DO AGAINST TIME

As indicated earlier, sediment samples were taken from Lake Nakanoumi and
one of itis inflowing rivers. Tap water was used as overlying water.

The

relationships between DO concentration profiles and time transfer are

shown in Figures 8 and 9.

cm
ao_l..\kc Water DO= 7+ 8 mg/t 1980
0+ <
50 F

50

Column Height
&

30

20+

days atcer
initiation

Figure 8. DO stratification
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Figure 9, DO stratificarion

As the figures show, the initial DO profi{le is a nearly vertical line,
located almost entirely in the portion overlying the sediment 10 cm above the
interface. DO concentrations decrease rapidly and approach within 10 c¢m above
the interface. We can see c¢learlv that DO concentrations decrease gradually
acecording to time and reach a final distribution shifted to the left in these
figures, Their reduction is strong at the lower lavers asnd weak in the upper
layers (Figure 10),

DO STRATIFICATION

From our tust results, we have learned that we should consider D strati-
fication in two parts., The tirst part {3 the distribution due to thermal
stratification occurring {n the portion of the water column above the water
laver immediately overlying the sediment. The second part is the distribution
due to sediment oxyyen demand and occurring in the laver immediately overlving
the sediment.
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Figure 10. Change of DO against time

DO DISTRIBUTION DUE TO THERMAL STRATIFICATION

equilibrium equation of disolved oxygen is represented as follows:
ac ac’ azc1
— W — - K (3)
3t Z 37,2

= DO concentration, mg/i

= descending velocify due to thermal stratification, cm/sec

= diffusion coefricient of dissolved oxygen in the vertical direction,
cmz/sec

= length of water column, cm

= time, sec

We assume that the solution of Fquation 3 is a separate function of
temperature (7) at time (t) and z as follows:
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¢, = T(t) S(z) (6)
Then putting
2
Wi, 28
T'(e) | 227 _ _ 2
T S(2)
We get
T' = -n’T | !
325 3s 2
x—z—w—+ns-0 : (8)
3z ‘
9z .
From Equation 7
2
T=ce™t ‘ (9)

Equation 8 i3 rewritten as follows:

825 _Wwas + gi s =0 : (10)
3:2 K 3z K

W
m -2—21

[}
I::

2

~

W _a?
AKZ K ,
1+ /1 - &nZK
W

S(z) = Cpe™* + cpe™®

Thereupon
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Finally
2 m,z m,Z
- 1 2
cl = @ nt (Cle + Cze ) (11’)

At the water surface (2 = H where H = total length of water column), the
following condition is composed of

3C '

o2 [ mH m,H \ o2t m,H m,H
LA Cye + Coe . } - Ke | Cym,e + Cym,e =0

myH myH
w+ mK e C; + \ W+ mK e Cr =0

+ K - H
W+ m, e(m] mz) .

Cz = W + m,K 1

Then we get

(13)

. —nzt c m,z w + le Gnl_mZ).H + mzz
c 1 e 1 e W——+ m 5 'K" e

This 1s an equation on DO variance in an unsteady flow.
In a steady flow, the following solution is obtained from the equation:

2
ac1 ] ¢,

v 3z K 322 =0
e (14)

The curve of Equation 13 or 14 ic connected to the curve of the
deoxygenating zone, which {s dealt with in the next section. Consequently,
the arbitrary constant C; 1is determined by 1it. Then, -
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(15)

K
iy e = Co sin a
.4 hd ’
- ¥ gn sin(j;h+a) (16)
1 0K € sin a

DISTRIBUTION DUE TO THE DEOXYGENATION OF SEDIMENT

The test results showed that the water temperature in the water just above
the sediment (z < 10 cm) is constant (Figure 11). This means that there is no
descending velocity due to thermal stratification. The variance of DO concen-
trations at this portion is represented as follows:

4 hvd

Q

Figure 11. DO distribution in deoxygenating

zone, ¢ = DO distribution due to thermal

stratification, ¢, = L0 distribution due to
sediment 0, demand

‘32c
2
aCZ =z K - e (17)
—— 2 2
3t 3Z

where

¢, = DO concentration, mg/e

=
]

diffusion coefficient of dissolved oxygen, cmzlsec

A = deoxygenating rate, sec
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The solution of Equation 18 is obtained as follows:

2 2
2t ’*'; z -1 ,A .
= e C,e + Cje (18)

<2
2
=e ™% Asin A-n z+a
K
since C = Cj at =~ = 0, z = 0, we get
. Co
= sin a
Equation 18 becomes
2
-nzt sin( A-; z + a) :
€2 =Coe sin a ' (19)

This is an equation of DO variance at the deoxygenating zone in an un-
steady flow. In a steady flow, it becomes as follows:

sin ()fé.z + a)
C1 = C0 (20)

sin a

5 -1 (21).

11.5 - 0.2 = 3,73 x 10 7 sec

11.5 x 3 x 24 x 3600

A=

Putting the data together:
z =70 cm; C; = 8.8 mg/e (¢ = Q)
z=10cm; C; = 7.6 mg/2 (t = 0)

We get

W
X 0.00244
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Since w is already known (page 7), then we obtain

2

K = 1.345 x 1072 cn’/sec

From the observed data,

t =0, C, = 11.5 mg/%, and t = 3 days; C, = 0.2 mg/%,

\[2\1;’ 0.0527 cm/sec

ay = 0.025 rad

we get

Co = 1.22 mg/2

Figure 12 shows the DO profile in the deoxygenating zone.
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Figure 12. DO profile in deoxygenating zone
BOUNDARY CONDITIONS ON DO AT SEDIMENT SURFACE

4 As the test results show, we could reemerge DO stratifications in the
laboratory. These behaviors were analyzed theoretically in the preceding

chapter.
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Owing to the DO stratification, the diffusion of dissolved oxygen travels
from the upper layers to the lower ones, that is, from higher concentrations
to lower ones. The quantities which reach from the top to the sediment sur-

Jac . . . .
face are -K 3z per unit area and per unit time. On the other side, some quan-

tities of oxygen are consumed by sediment during deoxygenation, as far as it is
polluted.

‘ These two quantities should be in equilibrium (Figure 13). Then we get
the equation if we represent sediment oxygen demand (SOD) as O :

2
Z
A | C
—t>
-1 ode T
——— K ‘5; l
0 )
7777777 777777 777777777
o—Deoxygenacion
;- Figure 13. Equilibrium at sediment surface
-" M g
k{ O2 —lK 35 =0 “(22)
Ei z=0
. : 2
T 2 . 2 (;os A-n z + é)
e 0, =K|e ™t |2 K
— 2 o K sin a
- z =0
o 2 -
L = CO K (l - n“) cot a - e 1 t (23)
q
' This is a fundamental equation of SOD. From this, we can say that SOD
behaves exponentially against time (Figure 14).
e
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Figure 14. Sediment oxygen demand
behavior against time

The total consumption of oxygen (Figure 15) is obtained by a planimeter.
If we represent it mathematically, it becomes

- N Colunn Height

L

Figure 15. Total consumption of oxygen

1 H H
Q = A [{c(t = o) dz - fc(t) dz]

[o}

‘ In Table 1, the measured and calculated values of SOD in one sample are
indicated. The calculated values are obtained from the assumption that

n2 = 0.11.

Table 1. Measured and calculated values of SOD

SOD 02/02(0)

t ﬁlg/mz/d Measured Calculated
0 400 1.0 1.0

2 320 0.8 0.803

4 250 0.625 0.644

6 210 0.525 0.517

8 150 0.375 . 0.375
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computed values of SOD

We can see from Figure 16 that there is a good agreement between observed
and calculated values of SOD.

CONCLUSIONS

The DO stratifications that are often observed in lakes and other water
areas are well known to pollution investigators. However, there are very few
data regarding DO behavior on.the sediment surface:. From our test result ., we
can say that the sediment surface is always subject to an anoxic conditi.~~
owing to its oxygen demand.

From our tests, we have learned that any DO stratification consists of
two parts, that is, one due to thermal stratification and one due to the
oxygen demand of the sediment. It was also found that the latter has a small
height (z < 10 em).

In winter, no thermal stratification occurs. Consequently, the DO profile
becomes a vertical straight line in most of the water columa. In this case, it
can incorrectly be counsidered to extend to the sediment surface.

- The line bends at a large angle at the junction with the deoxygenating
zone (Figure 17).

DO stratification generated in summer reveals an exponential profile

represented by cy = ¢,
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Figure 17. DO profile

This curve is pulled to lower concentrations ‘to the left in the figure)
at its lower end by the curve of the deoxygensiing zomne.

In our tests, we studied SOD behavior from both observation and theoreti-
cal considerations. We found that such DO behavior on the boundary layer of
the sediment has a great effect upon the release mechanism of nutrients. How-~
ever, this problem was not within the scope of this paper.
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FIELD VERIFICATION OF TESTING AND PREDICTIVE METHODOLOGIES FOR
EVALUATING DREDGED MATERIAL DISPOSAL ALTERNATIVES
A

Dr. R. K. Peddicord
U.S. Army Engineer Waterways
Experiment Station
PO Box 631
Vicksburg, Mississippi 39180
USA

ABSTRACT

This paper describes the research approach being
used in the Interagency Field Verification of Testing
and Predictive Methodologies for Evaluating Dredged
Material Disposal Alternatives Program (Field Verifi-
cation Program - FVP). Evaluative techniques are
being conducted on sediment samples collected from
the channel prior to dredging. The same parameters
will be measured in the field after disposal takes
place. The accuracy of the laboratory predictions
will be determined, and the ecological importance of
the parameters measured will be assessed. This
information will help shape the implementation of
the environmental reg 'ations governing dredging
and disposal.

INTRODUCTION

Environmental regulations in the United States require that proposed
dredged material discharges be evaluated, found acceptable, and a permit
issued before the dredging operation can begin. The U.S. Army Corps of Engi-
neers (Corps) is the regulatory agency which issues these permits after
evaluating the discharge according to guidelines and criteria established by
the U.S. Environmental Protection Agency (EPA). Section 404 of the Clean
Water Act (Public Law 92-500) and Section 103 of the Marine Protection,
Research and Sanctuaries Act (Public Law 92-532) require that environmental
evaluations of dredged material discharges include the effects of disposal
on pollutant '"concentration through biological processes" (bicaccumulation);
"transfer through biological processes' (biomagnification); "effects on fish,
shellfish, wildlife, shores, and beaches;'" "transfer through physical
processes' (sediment transport); ''species and community population changes;"
and "other locations and methods of disposal including land-based alterna-
tives.' At present, some of these evaluations are made using first-
generation techniques which have not been field verified and therefore
generate data whose interpretation is subject to disagreement. Other of
these evaluations, such as effect on wildlife, shores, and beaches; transfer
through biological processes; species changes; and alternative disposal
methods, are ad.dressed only in a rather cursory and subjective manner
because no objective evaluative procedures have been documented or verified.
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In order to uphold legal responsibilities, it is necessary to provide Corps
and EPA field offices with documented and verified procedures for all the
requirec evaluations. These must Le accompanied by interpretive guidance
based on documented evidence in order to satisfactorily meet field needs.

The Corps, and to a lesser extent the EPA, have couducted and will con-
tinue to conduct the essential first steps of research and development of
theoretically sound and practical evaluative techniques. For those tech-
niques that have been developed, it is essential for their acceptance by other
regulatory and resource agencies to document and verify under field condi-~
tions both the accuracy of the techniques and the oveiall environmental
consequences of the predicted changes. The Field Verification Program (FVP}
meets this critical need. The program is a cooperative effort between the
Corps and EPA and will be completed within a 5-year period. The program is
designed to provide the field with verified procedures and interpretive
guidance for use in assessing the environmental consequences of dredged mate-
rial disposal under aquatic, wetland, and upland conditions. The Waterways
Experiment Station (WES), Vicksburg, Mississippi, is the Corps laboratory
responsible for the program and will conduct the wetland and upland portions
of the program. EPA's Environmental Research Laboratory at Narragansett,
Rhode Island (ERLN), is the responsible EPA laboratory and will conduct
the majority of work for the aquatic portion of the program.

PROGRAM OVERVIEW

The purpose of the program is to document and verify existing predictive
techniques for use by the field in evaluating the long-term effects of dredged
material disposal. This will be accomplished by achieving three primary
objectives. One is to demonstrate the adaptability of a variety of existing
predictive techniques to dredged material, and to determine the reproducibil-
ity of those techniques in the laboratory. The second objective is to
utilize field studies to verify the accuracy of the laboratory predictions.
The third majur objective is to utilize the laboratory and field data to com-—
pare disposal in upland, wetland, and aquatic environments in terms of over-
all impact. To accomplish the program objectives, evaluation techniques
previously developed by both the Corps and EPA will be applied to the routine
maintenance dredging of Black Rock Harbor, Bridgeport, Connecticut. Portions
of the relatively homogeneous dredged material from this project will be
placed in an aquatic dispcsal site, used to create a wetland, and placed in
an upland confined disposal site. This will provide the unusual opportunity
to verify evaluative techniques for predicting impacts in all three types of
disposal environments and allow a direct comparison of the environmental
consequences of the same material under different disposal conditions.

For management purposes, the program has been divided into Aquatic,
Upland, and Wetland areas of investigation. Work units that address spe-
cific topics were developed within each wajor area of investigation. Each
work unit includes both the laboratory documentation of the applicability,
reproducibility, and precision of the technique(s), and the field verifica-—
tion of its accuracy in predicting the environmental consequences.
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The results of the Aquatic, Upland, and Wetland areas of investigation
will be published throughout the program in scientific journal articles and
a comprehensive series of Technical Reports, as listed in Table 1. he
information generated in all areas of investigation will be used to develop
a program synthesis report. This report will delineate the usability of
techniques along with interpretive procedures for accurately predicting
environmentally important consequences from the disposal of dredged material
under aquatic, wetland, and upland conditions.

The FVP was authorized and funded in February 1982. 1In April, wiih the
cooperation of the New England Division of the Corps, predredging se?iments
were collected for physical and chemical characterization and for use in
laboratory predictive testing. A technical agreement between the WES and
ERLN was developed and signed. This agreement delineates the respon%ibili-
ties of the respective laboratories for the ajuatic portion of the piogram.
ERLN has initiated the aquatic biological studies while the WES has initiated
the upland and wetland plant and animal bioassay laboratory studies.| In
addition, the design for the confined disposal site and predictive tésting
for effluent quality have been completed. Baseline data surveys of the
aquatic disposal site were conducted by ERLN during the summer. The}FVP has
been presented to Federal and state resource agencies and the public through
public meetings, workshops, and briefings. , «

The confined disposal site will be constructed during the winteé of
1982. Disposal operations at the confined disposal and aguatie siteé will
b2 conducted during the spring and summer of 1983, Laboratory documéntation
of testing procedures for bioaccumulation and consequences of bioaccdmula-
tion in aquatic organisms will continue through 1983. Results of thjse
laboratory studies will be reported in 1984 and 1985, through Technical
Reports, Newsletters, and scientific journal articles. Field verifidation
of the laboratory results at the aquatic disposal site will start in!1983 and
continue into 1985, with results of the field studies reported in 1986.
During dredged material disposal at the confined disposal site, wate& quality
will be monitosed for use in verifying laboratory predictions. After dis-
posal, surface runoff and groundwater will be monitored for determining
potential contaminant movement., Laboratory bioassay testing wi*h upﬂand and
wetland plants and animals will continue through 1983, with field verifica-
tion studies commencing in 1983 and continuing into 1985, Results oﬁ the
upland and wetland laboratory and fleld studies wil) be reported in 1984-85.
Calibraticn and verification of a three-dimensional (3-D) sediment transport
model will be completed and a User Guidance Manual will be avaflable /in
1983. A workshop on uses of the sediment transport model wi{ll be heid in
late 1983, i

The major effort for 1YB86, the last year of the program, will be the
technical transfer of the program results. User-otiented products, ﬁrimarily
in the forms of Technical Reports and Engineering Manuals, will be dewveloped.
These documents will provide the field with documented and verified tech-
niques and interpretive guidence for complying with regulatory recuirements
for evaluating dredged material. The scientific documeutation-nocvssbry to
demonstrate the appropriateness of the recommendations will be establiish~d by
publication of findings in the scientifi{c literature.

|
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The Corps and EPA share responsibility for the regulatory program for
dredged material. Experience has proven that cooperation at the field work-
ing level s greatly enhanced when scientists of both agencies jointly
recommend the same evaiuative procedures. The FVP should produce similar
increased cooperation at higher levels by uniting the ageacies in purpose
and funding at the Laboratory-Division-Region level. This will add to the
credibility of the program among critics and reduce any perceptions of bias.

PROGRAM IMPLEMENTATION-AQUATIC

The Aquatic area of investigation includes four work units. The work
unit entitled "Bioaccumulation of Contaminants by Aquatic Animals" will
document the laboratory reproducibility and precision of available bio—
accumulation predictive procedures, and verify the accuracy of the predictions
under field conditions. The second work unit, entitled "“Consequences of
' Bioaccumulation in Aquatic Animals," will evaluate selected physiclogical
response parameters as indicators of the biological consequences of bioac-
cumulation and verify these procedures under field conditions. These
piiameLers have been developed by EPA for evaluating effects on fish and shell-
fish for nondredged materials. Included in these parameters are: scope for
growth (metabolic potential for growth and reproduction), genetic toxicology
(sister chromatid exchange), histopathology (deformities, abnormalities, and
diseases), and changes in adenylate energy charge. Also iacluded in the
work unit is the incorporation of these and other measurements into a haz-
ard assessment protocol for overall impact prediction and assessment. The
third work unit, entitled "Effects of Aquatic Disposal on Community Structure,”
will determine potential impacts of contaminated dredged material on popula-
tions and community structure and function i{n the laboratory and evaluate
the effects of open water disposal on populations and communities in the field.
The fourth work unft, entitled '"Dredged Materfal Movement,” involves the
completion of calibratfon and verification of a 3~D mathematical model for
simulating the dispersion of dredged material from aquatic disposal sites.

Bloaccumulation of Contaminants by Aquatic Animals
Problem

National legislation and international treatv require an assessment of
bioaccumulation. The reproducibility of test resuits and precision of biocac-
cumulation predictions made using the current regulatory procedure have
never been determined, nor has the accuracy of the procedyre in predi-ting
actual field conditions been assessed. This {nformation {s essential in
order to properly Iinterpret test results in a regulatory context and to deter-
mine whether alternate or modified procedures evaluated in other work units
are more uscful, '

Objective

The objective of this work unit is to document the laboratrry reproduci-
bility and precision of avallable bioaccumulation predic’ .ve precedures, and
to verify the accuracy of the predictions under field conditions,
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Approach

Existing evaluative techniques will be refined as necessary and their
predictive value verified by applying them to this specific dredging project.
Levels of bioaccumulation of selected contaminants over time, the biological
and physical factors afrecting bioaccumulation, and the variability in bicac-
cumulation predictions will be documented in the laboratory. Bioaccumulation
wil: then be determined under field conditions and compared with laboratory
predictions to verify the accuracy of the prediction methodologies.

Initial characterization of Black Rock Harbor sediments has been
completed. Baseline body vurdens in organisms collected at the aquatic
disposal site were determined prinr to disposal operations. Cioaccumulation
of contaminants present in the sediment by a number of indigenous aquatic
species has been documented in the laboratory. Species examined include the
mussel Mytilus edulis, the polychaete worm Nephtys incisa, and the crustacean
Mysidopsis bahia. ‘

Laboratory documentation of bicaccumulation will be expanded to include
additional exposure conditions and species such as the winter flounder Pseudo~
pleuronectes americanus and the polychaete worm Neanthes arenaceodentata.

Work will be initiated to field verify the bioaccumulation procedures at the
disposal site receiving contaminated dredged material. Chemical analysis of
contaminants associated with suspended sediments will be carried out, Empha-
sis will be on the comprehensive field verification of bioaccumulation
procedures. Bioaccumulation from suspend:d sediments will be compared with
that frcm consolidated sediments. Chemical analysis of dredged material
after disposal will be carried out.

Consequences of Bioaccumulation in Aquatic Animals
Problem

Dredging operations may result in the accumulation of toxic substances
by aquatic organisms. There is presently no means of assessing the biological
siynificance of these observed body burdens. This capability is required by
Corps and EPA field personnel to evaluate the impact of dredging operations
on aauatic organisms as mandated by national legislation and international
treaty, '

Objective

This work unit objective {3 to evaluate selected physiological response
parameters as Indfcators of the bfological consequences of bioaccumulation
and to verify these procedures uynder field conditions.

Approach

Several physiolowical indices of biological health will be determined
in orvanisms which have accumulated environmental contaminants from dredyed
materjal. These indices will include: scope for growth, sister chromatid
exchange, adenvlate energy charge, and histopathological parameters. These
responses will first be determined in the laboratory te establish feasibility
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of use with dredged material and correlation with bioaccumulation. They will
then be verified in aquatic organisms exposed to contaminated sediments in the
field. In addition, there will be an overview of the consequences of bioac-
cumulation by integrating the results of all investigations within the program
on the effects of open water disposal. This synthesis will qualitatively

and quantitatively evaluate the methodologies used to assess the consequences
of bioaccumulation at the three levels of biological organization (i.e. popu-
lotion/communities, individual organisms, and biochemical) and to relate

these methodologies with observed levels of tissue contamination.

Baseline data on scope for growth, sister chromatid exchange, adenylate
energy charge, and histopathology were collected prior to disposal operations.
Animal studies include the mussel Mytilus edulis, the polychaete Nephyts
incisa, and the amphipod Amplisca abdita. Laboratory documentation of physio~
logical indices of biological stress will be expanded to include the worm
Neanthes arenaceodentata and the crustacean Mysidopsis bahia. The response
of the indices will be documented in animals exposed to suspended as well as
consolidated sediments. Work will be initiated to evaluate the use of these
physiological responses as indicators of biological health following actual
disposal operations in the field. Emphasis will be on field verification of
potentially useful bilological responses. Fileld verification of laboratory
observed physiological indices of health will be conducted. Physioclogical
response will be correlated with con:aminant body burdens for regulatory

use .

Effects of Aquatic Disposal on Community Structure

Problem

Comprehensive evaluation of aquatic disposal impacts requires that, in
addition to studies using selected key species, communities also be evaluated.
This work unit will evaluate the usefulness of existing procedures for pre-
dicting effects on communities, and determine the actual effects occurring
in the field. 1t is expected that this work will provide a quantitative
basis for addressing the requirements under the Ocean Dumping Act and Clean
Water Act to assess the effects of disposal on changes in ecosystem diversity,
productivity, stability, and species and community population changes.

Objective

The objective of this work unit is to determine potential impacts of
contaminated dredged material on populations and community structure and
function in the laboratory and to evaluate the effects of open water disposal
on populations and communities in the field.

Approach

The effects of contaminated dredged material disposal on community struc~
ture will be determined by measuring species diversity, biomass distributions,
mortality, reproduction, and the intrinsic rate of growth in selected popula-

- tions within aquatic communities.' These population assessments will be
documented in the laboratory and verified by monitoring population and com-
munity changes in field environments impacted by contaminated dredged material.
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Baseline studies have been carried out to characterize the benthic com-
munity and populations in the aquatic disposal area prior to dredging opera-
tions. Laboratory studies have been initiated to determine the effects of
contaminated dredged material on the population dynamics of the crustacean
Mysidopsis bahia. Assessment of the effects of aquatic disposal on com-
munity structure will begin after dredging operations have been completed.
Species diversity and biomass distribution in space and time will be deter-
mined at the aquatic disposal site. Laboratory documentation of the popula-
tion dynamics of Mysidopsis bahia will ~ontinue over two years. Initial popu—
lation densities and cohort frequencies of mysids at the disposal site and
the effects of aquatic disposal on benthic community structure and succession
will be determined. An attempt will be made to correlate changes in popula-
tion dynamics observed in the laboratory with changes in community structure

. observed in the field.

Dredged Material Movement

Problem

Funding to begin the development of a three-dimensional mathematical.
hydrodynamic model was provided by the Corps during 1980-82, Basic model
development has been completed and the model applied to a coastal environ-
ment. Field data have been collected in conjunction with this effort, but
model calibration and verification have not been completed. This research
is needed to provide an accurate, reliable, and economical model to simulate
3-D long-wave phenomena and associated transport of dredged material and
environmental constituents., Comprehensive models for describing dredged mate-
rial movements in a coastal environment do not presently exist. Such a
model is necessary to assess the potential impact of ocean dredged material
disposal by delineating the area of possible impact. It will also allow
optimum design of monitoring efforts by indicating the most appropriate
sampling locationms.

Objective

Completion of calibratinn and verification of a 3-~D mathematical model

for simulating the dispersion of dredged material from aquatic disposal sites

is the objective of this work unit,

Approach

Calibration and verification of the 3-D dredged material transport model
will be accomplished using previously gathered field data and model runs.
This will provide a documented, user-ready model which will respond to wind
and tide, surface heat and salt flux, river flow, salinity, and temperature
and surface elevation specified at open inflow boundaries. Based on the
results of the verification, a decision will be made whether further dredged
material transport modeling work is required.

At present the 3-D model of sediment transport in aquatic disposal sites
has been developed and efforts to calibrate the model using existing field
data have been initiated. +valihration and verification of the sediment
transport model through repeated model runs will be continued. The limits
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and applicability of the model will be established and documented in a User
Guidance Manual. A workshop/seminar on the uses of the model will be
conducted. Simplified techniques for the applicatiou of the sediment trans-
port model to regulatofy evaluation will be developed.

PROGRAM IMPLEMENTATION-UPLAND AND WETLAND

The Upland and Wetland areas of investigation include four work units.
The first, entitled "Effects of Upland Disposal on Water Quality," will
document and verify techniques for prediction of water quality effects of
confined dredged material disposal. The second work unit, entitled "Biocac-
cumulation of Contaminants in Upland and Wetlaud Plants,” will document and
verify plant bioassay procedures to predict movement of contaminants into
upland and wetland plants. The third work unit, entitled '"Bioaccumulation
of Contaminants in Upland Animals," will document and verify existing
terrestrial animal bioassay procedures to predict bioaccumulation of contami-
nants in upland animals. The last work unit, entitled "Biocaccumulation of
Contaminants in Wetland Animals,"” will document and verify existing wetland
animal bioassay procedures to predict bioaccumulation of contaminants in
. wetland animals.

Effects of Upland Disposal on Water Quality

Problem

‘Section 404 of the Clean Water Act requires evaluation of containment
area effluent water quality. Techniques to. predict effluent quality have
been and are continuing to be developed in laboratory studies. However,
before use of the techniques by regulatory agencies, field verification under
controlled conditions is required. This field study will provide informa-
tion on the behavior of contaminants entering, moving through, and discharged
from confined disposal areas as effluent or surface runoff, and will deter-
mine potential for leaching of contaminants into groundwater. Integration
of these field results with related research efforts will result in verified
techniques for evaluating water quality effects of confined disposal. These
verified procedures will improve impact assessment, reduce constraints imposed
on confined disposal, and allow meaningful comparison of all available dis-
posal options, resulting in monetary and manpower savings.

Objective

This work unit's objective is to document and verify tecﬁniques for
prediction of water quality effects of confined dredged material disposal..

Approach

Appropriate laboratory predictive tests will be conducted on contaminated
sediments prior to placement in the confined disposal area. Laboratory
predictions will be verified by field sampling during the filling operation
and surface water and groundwater sampling following the disposal operation.

137




REASAE A |

e o oo 2 4

Ll am i

ey

The confined disposal site has been designed and will he constructed,
operated, and managed to ensure adequate sedimentation and optimum fill con-
figuration. Samples from Black Rock Harbor were collected and a variety
of laboratory tests conducted to determine settling rates, consolidation
rates, and drying rates, and to predict water quality of effluent discharged
during the filling operation. In addition, sediment was placed in a soil
bed in a controlled environmental building and the drying process monitored.
At different soil moisture contents, a simulated rainfall event was applied
to the soil bed and the quality of the surface runoff determined. Monitoring
wells for determining potential contaminant movement into groundwater were
installed at the site, and water samples were analyzed to determine back-
ground conditions prior to filling.

Construction of the confinement structure is planned for early FY 83.
The confined site will be filled using a small cutterhead dredge. Laboratory
predictions of effluent quality will be verified by field sampling at the
confined site during the filling operation. Water quality parameters will
be monitored extensively in the influent, effluent, and at selected staticms

. within the disposal area. The disposal area will be managed to provide

both upland and wetland substrate. Following disposal, the quality of sur-
face water runoff will be determined by controlled simulation of rainfall

and collection of surface water samples. Soil erosion control by vegetation
will be evaluated. The potential for groundwater contamination will be deter-
mined by monitoring wells around and within the disposal area and cullection
and analysis of groundwater samples taken before and after filling. Surface
water quality will continue to be monitored as the sediment is dewatered

in the upland porticn of the confined site.

Bicaccumulation of Contaminants in Upland and Wetland Plants

Problem

Current legislation under the Clean Water Act, National Environmental
Policy Act (NEPA), and Resource Conservation and Recovery Act (RCRA)
requires evaluations at or beyond the present state of knowledge and con-
sequently has led to great difficulty, confusion, and ostly project delays
for Corps Districts and EPA Regions to properly assess the impact of wetland
and upland disposal of contaminated dredged material. An urgent need exists
to document and verify existing test procedures for predicting contaminant
mobility and bioaccumulation of contaminants in plants under wetland and
upland disposal environmen