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FOREWORD

This paper was presented at the Fifth Annual World Dredging Con-
ference in Hamburg , Germany , in June 1973 by Mr. R. L. Montgomery and
MM F. H. Griffis, Jr. This report sinnm~rizes the results of the first

two phases of the Dredged Material Research Program (DMRP) and describes

the technical structure, management, and implementation of the research

(Phase Iii). A large portion of this report is a summarization of U. S.

Army Engineer Waterways Experiment Station (WES) Technical Report H—72—8.

The DMRP is sponsored by the Office , Chief of Engineers (DAEN—CWO—M) ,

and was formally authorized by letter, “Study Program for Disposal of

Dreage Spoil,” dated 27 December 1971. The purpose of publishing this

report in this format is to provi~.e an introductory summary of the DMHP
to interested parties.

Members of the Office of Dredged Material Research, WES , who made
important contributions to this report were Dr. John Harrison , Chief,

Dr. R. T. Saucier, Assistant Chief , Mr. M. B. Boyd, Technical Consultant ,

Dr. J. W. Keeley, Project Manager , and Dr. C. J. Kirby, Project Manager.
This report was prepared by Mr. R. L. Montgomery , Project Manager, and

MAJ F. H. Griffis, Jr., Program Manager.

Directors of WES during the preparation and publication of the re-

port were BG E. D. Peixotto, CE , and COL G. H. Hilt, CE. Technical Di-

rector was Mr. F. R. Brown.
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CONVERSION FACTOR S , BRITISH TO METRIC UNITS OF MEASUREMENT

British units of measurement used in this report can be converted to

metric units as follows:

Multiply By To Obtain

cubic yards 0.7614555 cubic meters

miles (U. S. statute) 1.60931414 kilometers

tons (2000 pounds) 907.18147 kilograms
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SUMMARY

The Cor ps of Engineer s, in fulfilling its mission in the develop-
ment and maintenance of the navigable waters of the United States, is
responsible for the dredging of large volumes of sediment each year .
Annual quantities approach 1400 ,000 ,000 cu yd of dredged material each
year for both maintenance and new work dredging, with costs exceeding
$150 million . In recent years , conc ern has been expressed about these
operations fr om a number of viewpoints including fish and wildlife con-
siderations , effects on water quality , and land use impacts . Because of
these concerns , the necessity to establish regulatory criteria, and the
lack of definitive information on many important questions , the Corps
was authorized by Congress in the 1970 River and Harbor Act to initiate
a c xiprehensive study relating to the dispo.3a1 of dr edged material . The
study was divided into four phases: (1) problem identification and as-
sessment, (2) development of a research program, (3) accomplishment of
the needed research, and (14) field evaluation of new or improved dis—
posal practices.

This paper summarizes the results of Phases I and II, the problem
identification and assessment, and the development of the research pro-
gram. It describes specific conclusions reached in problem definition
relative to open water disposal, land disposal, and marsh disposal. It
alludes to possible changes in dredging equipment and techniques. In
addition , this paper discusses the technical structure of the developed
research program to include broad research areas and specific task ob-
jectives. The implementation of Phase III is discussed with the orga-
nization of the Office of Dredged Material Research. The technical
development and its associated unique management system are presented.
The basis for using a systems approach in the development of the techni-
cal and management structure and implementation of the research is dis-
cussed in detail.
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TIlE CORPS OF ENGINEERS DREDGED MATERIAL RESEARCH PROGRAM

PART I: INTRODUCTION

1. The U. S. Army Corps of Engineers has been concerned with the

development and maintenance of navigable waterways in the United States

since Congressional authorization was received in 18214 to remove sand

bars and snags from major navigable rivers.’ Presently , the Corps main-
tains over 19,000 miles* of waterways and 1,000 harbor projects. The im-

portance of these projects to economic growth of the U.S. is .~v~rienced

by record—breaking advances in vaterborne com merce during the 20—year

period from 1950 to 1970. An 85 percent increase resulted in a total
2tonnage transported in 1970 of over 1.5 billion tons. Future projec-’

tions indicate a continuing important role for waterborne commerce in

the nation’s economic development. In addition to enhancing waterborne

commerce expansion, the maintenance of waterways provides extensive rec-

reationaj. opportunities.

2. To accomplish the maintenance and development of the nation’s

waterways , the Corps is responsible for dredging large volumes of ma-

terials each year. The volume of maintenance dredging on authorized

projects has been a relatively stable figure of approximately

300,000,000 cu yd per year in recent years. The volume of new work

dredging depends upon approval of appropriated projects and has averaged

about 80,000,000 cu yd per year over the past 3 years. These volumes

exclude dredging performed by other agencies or private interests under
the permit program administered by the Corps. Figure 1 shows a geo-

graphical distribution of dredging equipment and average annual material

quantities of dredging operations by Corps Districts .

3. In the past, the Corps’ decisions concerning open water dis-

posa.l of dredged materials have been based primarily on economic consid—
erations . Disposal costs have been minimized by depositing the material

* A table of factors for converting British units of measurement to
a metric units is presented on page vii.
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removed by dredging activities at selected disposal sites near the dredg-

ing sites, but in locations which would have a minimum direct effect on

other important activities in the area (beach areas, water intakes,

commercial fishing areas, etc.). The maintenance dredging data shown in

Figure 2 provide an indication of the relative importance of the common

disposal methods (open water, confined, and unconfined disposal) in the

various geographical regions . The term “undifferentiated” has been used
to cover projects where both confined and open water disposal are prac-

ticed and no breakdown of the total quantity was available. It can be

easily seen from the data in Figure 2 that open water disposal is by far

the u~ st common disposal method , with about two—thirds of the material

dredged during maintenance operations being disposed of in this manner.

14. Future trends in dredging volumes and associated cost are dif-

ficult to predict . There are several significant factors or eventuali-

ties that could cause future trends to alter dramatically from previous

trends. Whereas some factors such as the need for channel enlargements

for deeper draft vessels and the need for new port and harbor develop-

ments are somewhat predictable and could form the basis for trends , they

could be completely negated by such factors as Congressional authoriza-

tion and funding rates for new projects , national defense considerations ,

offshore terminal development trends , and the development of new shipping

concepts. Perhaps the greatest potential for change in future cost and

volume trends relates to the magnitude and patterns of environmental i~m—
pact of dredging and disposal operations and developing national pollu-

tion control policy and legislation. These factors also are currently

considered to be the most difficult to predict as far as consequences to

future trends are concerned.

5. The dredging activities of individual districts vary from the

removal of a few thousand cubic yards of sediments deposited in a criti-

cal area of a harbor to the removal of millions of cubic yards over an

entire project. The cost of dredging is extremely variable from location

to location. It ranges from $0.20 to several dollars per cubic yard de—

pending upon a number of factors including type of material, type of

dredge, disposal practice, and distance to disposal site. A rough

3
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national average with an extremely high var iance is $o.140 per cu yd ,
thus requiring an annual Corps dredging budget of approximately

$150 million.

6. The materials dredged from some harbors and channels have

become polluted mainly as a result of continued rapid industrialization

and population growth in such areas. As early as 1966, the Corps real-

ized that polluted dredged materials might have adverse effects on water

quality and aquatic organisms and began investigating the feasibility of

alternative dredged material disposal methods at selected harbors in the

Great Lakes. It was obvious from earlier Corps studies assessing the en-

vironmental impact of dredged material disposal that realistic assess-

ments were difficult and that a comprehensive program of research was

necessary to provide more definitive information on the environmental

impact of both open water and land disposal as well as to develop new or

improved dredged material disposal methods . The Corps of Engineers

Dredged Material Research Program was authorized on 31 December 1970 by

Section 123(i) of the River and Harbor Act of 1970 (Public Law 91—611).

Under this authorization , the Chief of Engineers initiated a comprehen-

sive nationwide research program concerned with study and experimenta-

tion relating to dredging and dredged material disposal. The U. S. Army

Engineer Waterways Experiment Station (WES) was assigned responsibility

for the first two phases of the study, which included problem identifica-

tion and assessment and the development of a comprehensive research

4 program. The results of this effort are reported in WES Technical Re-

port H—72—8 , dated November 1972. The Office of Management and Budget

approved the proposed research program on 9 February 1973, and the WES

was assigned the responsibility for the actual research accomplishment

and implementation by the Office, Chief of Engineers .
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PART II : PROBLEN DEFINITION AND ASSESSMENT

Dredged Material Composition
and Characteristics

7. Dredged material in the simplest sense is comprised of solids

and liqu~ds. The complicating factor is that the solids and liquids con—

sist of a wide range of constituents , many of which are possibly harmful

to the environment. Because of the magnitude of the Corps ’ dredging

operations and the fact that much of the sediment throughout the U.S.

reflects the cultural pollution of the nation ’s waters, the U. S. Envi—

ronmental Protection Agency (EPA) established guidelines governing the

d sposal of dredged material considered polluted in the open water.

Figure 3 presents a rough estimate of the pollution status of ~iaterial

generated in maintenance operations based on information available in

1971. The Corps fully appreciates the responsibility of the EPA and is

in agreement that criteria are needed. However , the pollutional proper-

ties of dredged materials and their effects on water quality and aquatic

organisms are poorly understood. In view of the high costs of alterna-

tives to open water disposal, research is justified to provide defini-

tive information regarding the harmful characteristics of dredged mate-

riel and to establish and implement meaningful criteria for dredged

material disposal.

8. Ideally, the Corps envisions criteria that serve as a vehicle

to generate information for at least the following purposes:

a. Provide a basis for quantitative evaluation of water qual-
ity , aquatic organisms, etc., in terms of various use
requirements.

I. Provide information that would ~id resource managers in
viewing dredged material as a resource.

c. Provide base—line conditions of value to the scientific
community , thereby hopefully reducing costs of future
research investigations.

d. Provide a basis for policy decision making.

There are insufficient data available on sampling ancl analysis to de—

velop and implement criteria that provide the above information . Uniform

6
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guidelines, methods, and procedures are needed for sampling sediments,

dredged materials, and biota associated with dredging operations. Simi-

larly, no comprehensive analytical chemistry guidelines exist fer detail-

ing sample preparation techniques and for the examination of sediments.

There is a need to evaluat e , modify , and where necessary, develop chemi-
cal techniques that can be used routinely in standard testing laborato-

ries. The state—of—the—art needs to be advanced to the point where the

sampling and analyses required to satisfy pollution criteria will pro-

vide adequate data to identify potential cause—effect relationships

prior to the dredging operations.

Open Water Disposal

9. In recent years, the Corps has dredged an annual average of

380,000,000 cu yd of sediments, 65 percent of which is disposed of in
open water. It has been estimated that dredged materials account for

80 percent by weight of all materials disposed of in coastal waters.3

It is further estimated that about 314 percent of this material is con-

sidered polluted based on current pollution criteria. Major questions

concerning the environmental consequences of the ocean dumping of dredge

materials have arisen. Of particular concern are the questions regard-

ing the effects of open water disposal on water quality and the subse-

quent effects of subaqueous spoil sites on benthic communities. Because

of these concerns , various disposal alternatives have been proposed.

There exists little information by which these alternative procedures

can be compared and evaluated in all the U.S. coastal waters.

10. One of the primary concerns regarding open water disposal is

the chemical effect of resuspending bottom sediments known to contain

chemical constituents such as toxins and biostimulants. While it is gen-

erally agreed that chemical constituents attached to sediment particles

are not as readily available to the food chain as dissolved materials,

ther e is little understanding as to what extent the constituent—to—

sediment attachment mechanisms are altered by the dredging or disposal

process, thereby causing the possible release of these constituents to

4 8 
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the water and, subsequently , increasing their availability to the food

chain.

11. Another concern over the Corps’ open water disposal opera-

tions is directed toward the resulting effects on biological communities.

The most common short—term effects that have been reported are turbidity,

sediment buildup, and oxygen depletion. Although these effects have

been detected , little is known on their magnitude , duration, and ecolog-

ical significance in various environments.

Land Disposal

12. Land disposal as discussed herein includes spoil that is

placed in either a confined (naturally or artificially) or an unconfined

state on both upland areas and palucial environments , i.e., marshes and

other wetlands. However , in view of the rather unique problems associ—

ated with spoil disposal on marshlands , they are discussed in the fol-

lowing section .

13. Historically, the Corps has depended upon open water disposal

as its princ ipal mode of dredge spoil disposal. However, during the

last decade or so, much open water disposal has been phased out in favor

of confined land disposal because of known, suspected , or alleged ad-

verse environmental effects.

114. Mostly because of the relative newness of land disposal and

4 the consequent lack of experience and research , the Corps increasingly

finds itself unable to answer questions regarding the potential environ-

mental effects of this type of disposal. In fact , the state—of—the—art

is such that not only can questions of the nature and extent of sus-

pected adverse effects not be answered, but it is felt that certain

types of environmental consequences have not, yet even been identified.

Marshland Disposal

15. Marshlands (wetlands) are among the most biologically produc-

tive areas on earth. Although the structure and function of marsh and

9
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wetland systems are only partially understood , it is recognized that they
serve a major role as nurseries , breeding areas , and zones of biological

production for many of the U.S. coastal and inland waters. Accordingly,

it has been recommended that disposal of dredge materials in these areas

be discontinued in all possible cases.
14 

Yet, there are wetlands where

for varied reasons disposal of dredged materials appears to be the only

viable alternative.

16. The Corps annually disposes of approximately 90,000,000 cu yd

of maintenance dredged materials within the marine marsh environment.

Most of this material is placed on marshlands within the estuarine zone.

Additional volumes of dredged mater~a1s are placed within freshwater

swamps and backwater areas.

17. There are major unanswered questions regarding the environ-

mental impact on marshlands due to the disposal of dredged materials.

Research is needed to provide guidance to the Corps Distri cts and Divi-

sions so that dredged materials can , where necessary , be placed in marsh-

lands with minimal adverse effects. Operational guidelines are needed

that detail optimum methods of disposal for varying types of marshlands

and the amount, chemical quality , and physical type of dredged material.

In addition, information is needed on the rate of recovery of various

types of marshlands subsequent to deposition of dredged materials.

Dredging Equipment and Techniques

18. Since the amounts of pollutants and their, potentially more

toxic effects on marine and aquatic life are increasing , far more con-

sideration will have to be given to both the direct environmental im-

pacts of dredging and disposal operations and the long—term fate (and

effects) of the dredged material . There is a need for the employment of

new equipment and techniques that minimize the adverse direct and indi-

rect effects on the environment .

19. The types of dredging equipment used, both by the Corps and

private contractors , and the average annual amount of Corps maintenance

dredging associated with each type are shown in Figure 1. The dredging

10
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methods employed by the Corps vary considerably throughout the U.S. - 1

Principal types of dredges include pipeline ( dustpan and cutterhead),

hopper , sidecaster , dipper , clamshell , and bucket . However , there are
basically only three mechanisms by which dredging is actually

accomplished.

a. Suction dredging——removal of loose materials by dustpans,
hoppers , and sidecasters; usually for maintenance dredg-
ing projects .

b . Mechanical dredging——removal of loose or hard compacted
materials by clamshell , bucket , dipper , or ladder dredges;
either maintenance or new work projects.

C .  ~tl (-tion/mechanical dredging——removal of loose or hard
compacted materials by cutterheads; either maintenance or
new work projects.

:u. 0t t,li~- three types of dredging mechanisms , suction dredging

appears to be the le~i~ t likely to cause significant direct or indirect

biological effects. This 1:; primarily because suction th- ed~~ing is usu-

ally used to remove l i g h t  m a t e r i a l s  from previously dredged areas .

i~i. boca i~~e rno~~hun I cal dredg ing is used in both maintenance and

new work construction activities , some possibility exists for both di-

r-oct and indirect adverse effects OR the biological commu~.ities. How-

ever, because of t h e  ma:,ro’r in which these dredges operate, most of the

effects would be confined to those resulting from alterations in bottom

geometry .

~~ Cutterhead (suction/mechanical ) dredging appears to be the

type of operation with the most potential for creating adverse direct

and indirect effects on the biological communities. This is primarily

because of the extensive use of cutterhead dredges in both new work and

maintenance projects. Also, because of the manner in which these 4

dredges operate , turbidity clouds can be generated in the vicinity of

the cutterhead. There is also the greater possibility of causing the

sediments to release any biostimulants or toxins contained therein.

What the significance of any such release would be depends on the magni—

tude and duration of the dredging operation as well as the sensitivity

of the local ecosystem .

23. Many concerns are now directed toward the effects of dredging

11
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operations . Both the dredging and disposal aspects of the operations

are involved in these concerns , but as au ght be suspected , disposal op-
erations are responsible for the greatest amount of concern . In order

to assess the effects of disposal , it is necessary to know , as a minimum ,
how much of what kinds of material s is being disposed of in what kind
of aquatic , marine , marsh , and uplan d ecosystems . Yet , the types of ma-
terials , amounts , rates , and methods of disposal vary tremendously from

time to time and location to location .
2 14. The magnitude and duration of the effects of dredged material

disposal can vary significantly depending on the amounts and types of

materials involved and the disposal techniques. Generally speaking, hop-

per dredges and barges practicing dump disposal minimize the extent of

dredged material water contact . Therefore , the intensity of the short—

term effects might be high , but the duration and range , relatively small.

This is particularly true for stationary dumping as opposed to the

slowly moving type of dumping . On the other hand , sediment buildup is
usually intensified by this type of disposal.

25. The short—term effects associated with pipeline arid side—
caster disposal are much more difficult to assess , primarily because of

the extent and diversity of these operations . In many cases , these
types of disposal operations maximize the extent of the dredged mate-
rial and water contact as shown in Figure 4. This is particularly true
in the channel maintenance operations in inland rivers where the mat e-
rials are “cast ” out of the navigation channel back into the mainstream
flow.

26. In other instances , where pipeline dredges discharge continu-

ously over a period of time into the same location , as in many new work
projects, any or all of the short—term effects may be detected. This is
especially true where the materials are being discharged Into shallow
waters , causing significant dredged material and water contact as well
as sediment buildup (Figure 5) .

27. In other areas where pipeline dredges have been used , elbows

are placed in the ends of the discharge pipes, directing the flow down—

ward. These devices often minimize surface turbidity and oxygen

12
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depletion , but the bottom changes due to sediment buildup can still oc-

cur, depending on bottom geometry .

28. host of the current objections to the Corps’ dredging activi—

ties are related to turbidity and sediment buildup. These two objec-

tions both fall into the “direct biological effects” category . Figure 6

-p

Figure ~~ . Turbidity from clamshell li-edge

shows t urb id i ty  generated from ci:sru liell dredging, ar~d Figure 7 m di—

cate~ turbidity t hat can be gera-cat ed from pipeline disposal operations.

29. The above discussion is mainly devoted to open water disposal.

This is not t i  say that land disposal techr l i lu .4 5  are withou t prc~ lems.

The basic purposes of’ conf in ing  dredged material (preventing its direct

return to the water) are to prevent the spread of pollutants into the

environment , reduce the level of biologically harmful or aesthetically

unpleasant constituents in the effluent, and decrease the unrestricted

spread of dredge materials into the adjacer t environment . It is essen-

tial that this be done as economically as practical while maintaining a

t t i s tl i ( -t or y  level of safety . It must be ~one in such a manner that the
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Figure 7. Turbidity from pipeline dredge
disposal operations

confined facility itself does not create or aggravate local environmen—

tal problems. An examination of existing land disposal techniques and

facilities has shown that the intents of confinement have not been met

in all cases, as illustrated in Figure 8. In some instances , failures

have occurred in the containment facilities, thereby releasing the

dredged materials into the adjacent environment. The environmental and
- 

I 
economic consequences of such failures have not been assessed.

15
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PAR T III : THE DREDGED MATERIAL RESEARCH PROGRAM

The Technical Structure

30. During the problem assessment phase of this research program,

many aspects of dredging and material disposal were identified as areas

where additional and more definitive information would help in properly
assessing and alleviating current problems. It is obvious that many of

the restrictions placed on the disposal of dredged material result from

a lack of knowledge of the true consequences of the disposal practices.

For instance, dredge material is termed polluted if it contains certain

traces of specific chemicals. This polluted status places severe re-

strictions on its disposal . However, the question becomes readily ap-

parent, from a water—quality point of view, how much of the trace chemi-

cals are transmittcd from the dredged material to the water? Many

problem areas can be directly addressed by research , and most others will
benefit from research directed toward other specific problems. In this

regard, the problem of site acquisition for land disposal is considered

a major problem by virtually every Corps District. It can be enhanced

indirectly from research to find new uses for dredged material and
dredged material disposal areas and development of techniques which per-

mit reuse of sites and make disposal areas more environmentally and aes-

thetically acceptable.

31. It is obvious from the diversity of environmental situations

encountered in the U.S. dredging program that no one dredging or disposal

procedure will be satisfactory everywhere. Consequently , this research

program is to be directed toward the development of the widest possible

choice of technically satisfactory , environmentally compatible , and

economically feasible dredging disposal procedures. These procedures

will be developed to the point of working systems rather than left to

the level of plausible ideas. Results of field evaluations will be made

available to Corps District operating officials and other interested

agencies on a worldwide basis. These are the people who make the

17
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day—to—day decisions concerning appropriate procedures to use in accom—

pu shing their dredging objectives.

32. The research program is developed under seven major research

areas with each major area subdivided into several research tasks. An

outline of the research program is shown in Table 1. The program out-

line includes the seven major research areas with their more specific

research tasks. These specific research needs are continually being ex-

tended to cover the entire 5—year program . In order to plan and accom-

plish the specific research effectively , a dynamic planning effort must

be superimposed on the program . Only through timely dynamic planning

can the research effort accomplish a progt’arn of this magnitude and corn—

plexity . Figure 9 shows the second—order network logic for the Dredged

Material Research Program .

Environmental impacts and
aspects of open water disposal

33. Coastal disposal sites will be evaluated to determine the

magnitude and extent of effects of disposal sites on organisms and the

quality of surrounding water , arid the rate , diversity , and extent of re-

colonization of such sites by benthic flora and fauna. Studies will be

made to identify and determine the significance of those physical , chem—

ical , arid biological factors that govern the rate , extent , and diversity

of colonization of subaqueous dredged material banks by benthic organ-

isms. All currently available information pertinent to the coastal

dumping of dredged materials will be consolidated , and monitoring stud-

ies will be designed and implemented .

34. Techniques will be developed for determining the spatial and

temporal distribution of dredged materials discharged into various hy-

draulic regimes. Several dispersion equations designed to predict the

physical fate of various materials disposed of in open waters are in

existence . Initial efforts will be directed toward assessing presently

available dispersion models. Their applicability to varying types of

dredged material disposal as well as to varying types of aquatic envi-

ronments will be included . In addition , long—term research efforts will

be directed toward the development of techniques for predicting sediment
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resuspension and transport . E~nphasis will be placed on determining

those factors controlling or related to resuspension , such as shear

stress—initial grain motion relationships , grain—size distribution , and
water and organic matter content.

35. Studies will be made to determine on a regional basis the di-

rect and indirect effects on aquatic organisms due to dredging and dis-

posal operations . Both field pilot studies and laboratory studies will

be utilized. Particular emphasis will be placed on the spatial and tein—

poral variations of turbidity resulting from dredg ing and disposal opera-

tions as they affect aquatic organisms.

36. Techniques will be developed for determining the pollution

properties of various dredged material types on a regional basis. A num-

ber of manuals will be developed to provide guidelines for sampling and

testing dredged material to provide meani ngful  information on its physi-

cal and chemical nature . Studies will deterinili? on a regional basis the
short— and long—term effects on water quality due to dredging and dis-
charging bottom sediments containing pollutants. Field pilot studies

will be used extensi.~eiy to evaluate the effects on w~4ter quality due to

dredged material disposal in varying aquatic environments and to iden-

tify, whenever possible , control mechanisms.

En~’ironmcntaJ. impacts
and aspect3 of land disposal

37. The upsurge in lan d disposal during the last several year-s

is directly related to the current concern over the effe~t-s of pollutants

in dredged material on water quality. Land disposal as discussed here

includes all types of disposal areas and pa.ludal environments, i.e.,

marshes and other wetlands. Studies addressing the environmental impact

of land disposal have been subdivided into three major research tasks:

(a) environmental impact studies , (b) marsh disposal research , and

(c) containment area operation research. The environmental impact stud-

ies will be concerned with Lroad and basic relationships between the

disposal site and all aspects of the adjacent environment. Marsh dis—

posal research will be directed toward the biologicad , ecological, water—

quality, and related problems peculiar to confined and unconfined
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disposal on marsh or other wetlands. In addition to determining a.~

completely as possible the overall environmental impact of marshland

dispo sal , the studies will be designed to provide operational guidance

to the Corps for subsequent use .

38. Containment area operation research will involve the devel—

oprnent of new or improved methods for the opc i’:it ion and management 01’

confined disposal areas and ass oci :t tc d  l’ac.ilities . Results from this

research should provide a co:itCLinms$:It . facility that is efficient and en-

vironmentally acceptable. i’ki& ’se el ’l’o rt  5 sia)ul 1 promote greater public

acc tarice of  l a r i i disposal ; ~‘iarita sd effort s in fur ther ing public accep—
tancc through landscapinC :si5i related e f fo r t . s will be addre sed under

I
other recears --h  tR 5 r~.52C .

:~~w .u’es-i~ ed mate-
r ial  disposal concepts

39 Research is aimed at developing completely new disposal con-

cepts or improving and expanding existing disposal practices to reduce

the adverse ecolog ical consequences of dredged material . Research task

objectives include : (a) investigation of environmental and economic

factors involved in deepwater (oceanic) disposal , disposal in subaque-

ous borrow pits , and related possibilities; (b) evaluat.ion of new dis—

posal poss ibilit ies such ti: ; u t il i sing abandon ed pits and mines and in-

vest igat ion of systems involving long—distance transport of dredged

material to large inland disposal facilities; and (c) investigation of

methods of expan iing dredged material use in direct and indirect beach

nourishment and development of marsh erosion and subsidence control

concepts. The apparent attractiveness of the deep ocean basins for

solid waste disposal, including dredged material , has drawn much atten-

tion and comment in the U.S., but very little definitive research or in-

vestigation . Differences in cpinion as to the environmental impact of

deepwater disposal are widespread and reach the proportions of major

controversy when polluted and/or toxic substances are involved.

Productive uses
of dredged material

140.- Research is directed at productive uses for dredged material

22
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such as creation of ar t i f ic ial  wildlife habitat , habitat enhancement ,
land improvement , and useful products. It should be pointed out that

using dredged material for productive uses, developed for environmen-

tally compatible disposal , will in most cases result in increased ini-

tial cost , and the benefits will not always be tangible. Thus, this
research is aimed at providing the most economical construction methods

possible without sacrificing environmental compatibility. It is a dream

of most engineers responsible for dredging and disposal operations that

someone someday will find a need which can be fulfilled using dredged

material.

Disposal area reuse
and multiple utilization

141. The potential for reuse and multiple utilization of confined

disposal areas is widely recognized but unfortunately still largely un-

tested and unapplied . Reasons for this are sometimes technical , some-

times political, and , more often than not , economic. Multiple utiliza-

tion of disposal sites will be investigated in light of improving the

dredged material quality by drainage and subsequently developing the

disposal site for recreation—oriented and other public or private land

use concepts. Research is aimed at improving the traditional bad image

of dredged material disposal sites to encourage public and private in-

terests to use more dredged material in their community development

C projects. Considerable research will be devoted to develop new and

adapt existing methods for the effective improvement of dredged material.

Studies will be undertaken for development and testing of wildlife— and

fisheries—oriented multiple—utilization concepts for confined disposal

areas.

5 142. Disposal area reuse research will investigate dredged mate-

rial improvement and rehand.ling procedures aimed at permitting the re—

moval of materials from containment areas for landfill or other uses

elsewhere. This appears to be an attractive concept for increasing

the life expectancy of disposal areas in the estuarmne zone. This re—
* search task will concern itself with (a) dredged material separation ,

improvement, and rehandi.ing facilities and procedures , particularly

23I
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large—capacity systems ; (b) attainment of materials of certain specifi-

cation through mixing or blending ; and (c) investigations of factors

influencing the potential implementation of dredged material concepts.

Dredged material treat-
ment techniques and equipment

b3 . Dredged material treatment and equipment research is subdi-

vided into (a) dredged material dewatering and related research, (b) pol-

lutant constituent ren~val research, and (c) turbidity control research.

This research is aimed at developing equipment and treatment procedures

which would permit more environmentally compatible dredg ing and disposal

operations . This may be accomplished through physical , chemical , and/o r

biological treatment of dredged material . The nature of the problem of

turbidity associated with both dredging and disposal operations will be

investigated and physical or chemical control methods will be developed .

Research will be aimed at developing techniques for densifying the

dredged slurries in hopper dredge bins and pipelines prior to discharge

into le .d disposal areas. Research will be devoted to concept develop-

ment of appurtenant equipment for densifying and dewatering dredged ma-

terials at the dredge plant and at the land disposal site. Evaluat ions

will be made of concepts developed through first—year research to deter-

mine their feasibility prior to their further development and field

implementation.

Dredging/disposal
equipment and techniques

1~14• Research is aimed at developing specialized accessory equip-

ment designed to deal with the special engineering, economic , and envi-

ronmental problems of a given area. This approach is taken rather than

the develolznent of radically new dredges. However , the established im-
port ance of dredging plus the need for new and sophisticated environ—

mentally compatible dredging techniques requires that dredging be estab—

lished as a scientific and engineering discipline within the U .S., with

new emphasis placed on the formal training of dredging engineers and

technicians .

I~5. Research is subdivided as follows : (a) dredge plant related

21
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studies, (b) accessory equipment research, and (c) dredged material

transport concept research. Specific research will be concerned with

the development and application of dredging and disposal operations—
related equipment for the control of turbidity and related problems.

Investigations will be made of the dredged material transport equipment

and dumping practices with the objective of identifying causes of tur-

bidity which can be effectively reduced or eliminated through the use of

new or accessory equipment. Investigations will be made of dredging

equipment modifications and improvements and operational improvements

applicable to environmental impact reduction and dredged material volume

control. Also, the technical and economic applicability of pipeline and

vehicle transport concepts will be assessed, particularly in regard to

new disposal concepts.

1~6. It is felt that numerous engineering—related steps can be

taken, often at no,ainal cost, to improve (in an environmental sense)

dredging operations. As stated previously , radically new dredges appear

to be of doubtful immediate value, but specialized equipment looks prom-

ising. Nontechnical measures are more difficult to deal with since they

touch upon social, economic , and e.ven national policy aspects. Even so ,
some steps will lead to more environmentally compatible dredging activi-

ties. A change in the method of payment based on care and accuracy

rather than pr imarily quantity criteria , coupled with closer inspection ,.
will help. Such a step ( coupled with inspection and enforcement ) can be
expected to greatly modify present practice on many projects. Also, a

closer look at contracting procedures is desirable and the use of im-

proved techniques and modern equipment should be encouraged.

The Manag~uent Structure

147 . A soun d management structure to conduct a program of such
technical complexity and magnitude as this research program is crucial .
To manage the Dredged Material Research Program , WES has organized the
Office of Dredged Material Research ( ODMB ) as shown in Figure 10. A
management structure was designed using every element of systems theory .
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Inherent in the requirements of this system is the necessity for dynamic

planning and absolute control . Dynamic planning is essential because of
the interdependencies of the individual packages of work. Since an

abundance of the work is to be accomplished by contract , absolute con-

trol is necessary to prevent agencies from pursuing a side issue and

losing primary direction to the objective of the program. The system

provides ease of all management functions and establishes a framework

within which optimum and effective decisions can be made.

48. The organizational structure uses the project manager concept.

This type of organization is used for many major Governmental programs
such as hardware procurement, the Safeguard System , and the research for

the Polaris submarine development. In addition, many U.S. industries

use this concept, especially the aircraft industry. This type of organi—

zation provides for central direction of projects within the program and

efficient utilization of resources. Each project manager can draw upon

the resources in the various functional elements, and their assignment
is based upon the priorities of the work packages established by the

program manager . The schematic of the ODMR is shown in Figure 11.
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Figure 11. ODMB organization
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149. The basis for the dynamic planning and technical guidance of

the program is the Research Planning Group ( RPG). The RPG is the tech-
nical thermostat of the closed system. It i s compos ed of the Chief ,
Assistant Chief, a technical consultant, the project managers , and the

program manager and is chaired by the program manager. The basis for

the ; la n n i n g  is a PERT—deci s ion  network , a:; example 0f which is shown in

Figure l~2. The smallest d iv i s ion  of research is the w~-rk un i t .  The

network logic of the PERT—decis i on network cons is ts  of the work un i t s .

Whereas the  p roj ect  is an artificial division of the technical  plan f ~~IV

control purpose~~, the work ui.~~ts  w i t h  t he i r  t echn ica l  in terdependen c-ien

are grouped within their te& -hnical r’e s e a rC ’h areas for pl anning ~
C 11r! Ua.S ; ; .

An attempt is made to continually c X N - n d  this network . A ne~werk path

ends i n this ne~ wo rk wi th  two types of : a C d t ’s. A sink node imp lies that

the rest~- trch path is completed axi~i ready t’cr imp lementation. The deci-

sion node is a st ~ I C ’ha,~t i c  nodal po in t  implying that the RPG must r:5ake a

decision concerning the hi5t C ’tlOU to be taken along the path. In the

advance planning , :- ubjective pr lbabilities using the Delphi technique

can be attached to the various alternatives emanating from the deci;~ion

nodes , and a new path with -w s o c i a t e C l  p robab i l i t i e s  of success can be

calculated by means of new~ y developed c~~I : np ut e r  software. Technical

guidance operates on a feedback system C Cj  con~ ro1 ~o the Rid . ~irice

each project  manager is a member of the  R }G , he inf  r n ;  the hFd of th e

act ivi t ies  in  his project  ws ;s ’k l y .  In a d C l i t . 1 : , in t e r i m  rep- rt  s , f i n a l

reports , and fi el i informat ion  are reported to thI I S p  i - l r i n g  the

weekly meeting . The Program - 0 : t r C 1  Grou p ( J C( .d ) ~ C f ’ ~~~~5’j J - - .- reports and

updated charts to allow the RPG to maintain ccC~~ni  ih’ t of the f i s c a l

and time performance of the work p ; L C ’kag e~;. Fi~~ur I ’  13 shows the informa—

t ion flow of the inpu t—proce ss—o utpu t — fee Clbu ck  sy s t e m .

50. The fiscal and time performance control unit of the system is

the PCG. The PCG coordinates direc t ly  with the W’F~d Management Informa—

tion System (ML ) to provide time and money stat s- for the project man—
C agers . They provide the detail programming and budgeting in the system

and advise the program manager of necessary actions in the areas of C

resources allocation and emphasis necessary to maintain projected

4 
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Figure 13. Information flow of input—process—
output-feedback system

schedule completion dates. They provide the project managers with

monthly updated Systems Management Matrices as shown in Fi gure 14.

52.. The Technical Communications Group (TCG) provides all external

communications for the ODMR . This group ensures that all technical re—

por ts are published and disseminated to all interested agencies. It

publishes an approximately bimonthly news—type letter providing Corps

personnel and others with information of the program , preliminary re—

suits from interim reports, and news of criteria and general interest.

In addition , the TCG requests input to the program from all field agen—

cies and presents this information to the RPG for consideration of in—

corporation into the program . The TCG coordinates with other Federal

agencies on criteria preparation and implementation .
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Fi gure 114. Example of Systems Management Matrix

Impl ementation of the Research

5~ . The ac tuad  enplementation of the research program is accom—

plished i n — h C j ; ;e by WEf- laboratories , contract sources , and interagency
agreements. WES has consid erable exper tise in most engineering and
sc ien t i f i c  f ie lds . It conducts some $30 million of research yearly in

the areas of soils and pavements , hydraulics , weapons effects, mobility

and environmental aspects of engineering , and concrete technology . It

has to a lesser degree capabilities in the chemical and biological

fields. Because of the large volume of commitments in these areas, WES
will probably accomplish only 20 to 35 percent of the research in—house.

53. There is considerable contractural expertise in the areas of

enviro nmental engineering available in the U.S. These firms may be

categLirisud as consulting firms, not—for—profit research firms, and uni-

versities. The majority of research is expected to be accomplished by
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these types of agencies. The procedure for contracting in general is to

outline the specific objective and broadly the method of accomplishment

as agreed upon by the RPG in a published request for proposal . The con-

tractor with the most satisfactory proposal, evaluated according to con-

cept and methodology, expertise, form for portrayal of results , and , to

a lesser extent, price , is awarded the contract.  Each contract is super-

vised closely by a team made up of the necessary scientific disciplines

representing the respective project managers.

514. Numerous Government agencies have considerable expertise as-

sociated with the disposal of dredged material . Such agencies will be

involved with the planning and accomplishment of research to take advan—

tage of their specific capabilities.
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PAR T IV : SUNMAR Y AND CONCLUSIONS

55. The preceding material has summarized the results of the

phases of the Dredged Material Research Program which consist of identi-

fying and assessing problems associated with the Corps dredging and
I

C disposal operations , and the development of a broad—based research pro-

gram with seven major research areas . Within these research areas , re-
search tasks were defined as far as possible to answer specific problems

identified.

56. The following conclusions are warranted based on the work ac-

complished in the early phases of the Dredged Material Research Program :

4 a. The importance of our navigable waterways as . harbors to
the nation ’s economic growth dictates that large volumes
of material will continue to be dredged eac h year .

I. Th~ nation ’ s increasing concern over the environmental
imp~ ct of man ’ s act ivi t ies  will result in significant
controls over methods used to dredge and dispose of this
dredged material .

c. The research program must be a broad—based program which
will develop the widest possible choice of technically
satisfactory , environmentally compatible , and economi-
cally feasible dredging and disposal practices .

d. Because of the highly variable environmental s i tuat ions
in which dredging and dredged material must be accom-
plished, there is no universally acceptable method for
doing these tasks.

e. Alternative methods designed to make th3 dredging and dis-
• posal operations more environmentally compatible will in

most cases result in increased direct init ial  costs.
1’. There will be constrai nts on the type of material which

can be disposed of in open water . For the foreseeable
future , the constraints will probably refer  to the poflu—
tion status of the dredged mat.eo’ial .

.&• There are strong reservations within the scientific com-
munity over the current guidelines which rely upon the
chemical composition of dredged material as the sole in—
dicator of pollution status , and thus as the basis for
deciding the acceptability of the dredged material for
disposal in open water.

h .  There will be more land disposal of dredged material  in
future years . let the past, decisions concerning land
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disposal or open water disposal have been based primarily
on economic ccosiderations. More recently , land disposal
has been recommended by many as the preferred disposal
method for polluted dredged material . Until more defini-
tive answers can be provided for questions concerning the
environmental impact of open water and land disposal , it
is virtually certain that the percentage of land disposal
will increase.

I. At least four basic problem areas associated with land
disposal can be identified . These are: the environmen-
tal impact of land disposal, problems related to obli ga—
t ions of local sponsors of a project , problems related
to si te ava ilab il i ty , and technical problems related to
design , construction , operation , and ut i l izat ion of land
disposal s i t es .

~~~. substantial improvements arc necessary in conta inment
area dike desi gn and ccustt’uction to prevent expensive
a’s: enviror imcr i t . i i iy  danaging failures. This is part icu—
iat’l~’t r  ue where Ike 5- a,r ’ r -  the responsibi l i ty  of the local
5 5-otiS~c~’S .  Contract  spec i t ’lcat io ts ;  regarding dikes are
:r e-~~uct.tly inadequate and c -rd 1 i  benefi t  from major  rev i—
~-i -a . , uhsu s’ t t c r -  i : 5 v r - .t l u n S  are 1- ,;1’catlai to ade—

C di  kr . S r I  igr as is the  i 3  ica~ i 05 1 ’ ‘a.. 1st l ag  501 i
mech:tr.i1’ s ~-r I ta ’ i p~ es

k .  sash cspo sai 5 l t t .- . - u t I o S L~ in ev e ry - -~~. it-l e sass: be se—
ted and Jeveloic-u so 5’ :, :’~ ar ea ,‘an be .~~‘S

s-sac bcar~f i ci a l  p.sr: -St  (commercial  develo;I :’ s-: ~~ , rec rea-
tion it’ca , w i  I -~~~ I ~c sri  - tat ) -ic ’ or it has br:un f i l led .
it  is s - - 1a 1.- -: ‘ 5-t t  accor ,;-1i : r : t- :. ’ of t h i s  -b ,~s - c t i ve
w i l t  r’e- . j . ~ iI ’ e- add i ti o n s i  rP 1~i S r I a i  I _ ,t~’~td’ ar5 11 C
w i t h  ~1t -at e a r d  local ~‘r -

1. :~~- o st - i r I l I s h e l :  1m3 - “‘ass, 1 ’’ - -i~~it~~’ p1:: f_he need f i r
new and sophist  i - ‘at - s ~‘r , v  i t ’ .a’- : . ’ - -:‘ .t -

~~~ L I e  dredging
tech:iir iur .~s r o g u i :’ t ’.; tho ar ’~gh .g ect’5h11 . a ’- as - r
sc1:r~ti~~c and er5~ is t~~ s~’ ~i I ~~~ . — - - - — - -r,
311 tcCd on the 1 ot T S r_  tr’a isi :.- -

~~
‘ :r ’- t i t ~a~’ r,,’jn .5’r-r ’~

- ‘i~
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t echn ic ians .

a. A si gn i f i can t  “educ t lea i f  a lver:c “r1 ’i it ’ am’ ‘ - :t ~ - - ‘

appears feasible by the caref~ . - u s :  -~ s’r- ’~ e1 ~- r - r ’i sr :
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~ie:i1 with slier 5 i i ’ ic  d i g  Ins ‘or’ i r ig  or env i ro.~mentnd problems
n OdS look ~r r . L l n t i s i f l g . incremental improvements from both
production and environmental viewpoints also appear 1 0:;-
s i h i  c throug h various I l r n r Ir o:;ed r ’U t. t e r l i e a d  mo~ i fications

51. To adhere to the go idol ira-:; :;et forth early in the program ,
a ttsut :agcrrr ”  at system has been devised to l u r . r vide the best possible means

by which t~ coat  inue tire dyt;:u:;lr’ plarinitig nr .- r ’r-ssary whi r e maintaining

the s t r i c t e s t  SOnt  i’ r r t  n ’V Ot’  the Ii re’~’t i 4 i r i  n t ’ the program . The organiza—
In ti  of the I n ’  t ’:un ut ii i so:; t i re  ir ~~ ‘Sn ’ niati:ige r concept , and every ele—

meat of the systems thr -ot’y has been :unlnl t’ r s s c d  to provide r~ simple frame—

work within Wh L riui opt .  i r ucu l d151’iSior is  c ar t  ire made. This effort places the

i n i t ia t ion  01’ actual resc:trcli on a so l id  foundat ion , and consequently

t h e  solution ot ’ set’ious dredging problems w i l l  be in~ninent  in the not

too - r i - s t a n  t . fu t  err - .

35

14 - - -
~~~~~~

-
~~

: -
~~
“-

~~~~
- 

- 

-~~~

— 
—

~~~ 
-— —  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~ ~~~~ -
~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—_-5--5-

~~~~~~~~~~~~~

LITERATURE CITED

1. U.  S. Army , Office , Chief of Engineers , “1968 Annual Report of the
Chief of Engineers on Civil Works Activities ,” Washington , D. C.

2. Department of the Army , Corps of Engineers , “Waterborne Commerce of
the United States, Calendar Year 1970; Part 5, National Summaries,”
Washington , D . C.

3. “Ocean Dump ing , A National Policy ,” report to the President by the
Council on Elavironmental Quality, Oct 1970, Washington , D. C.

i~. Boyd , M. B. t’t ad., “Disposal of Dredge Spoil , JIruLe,::; Iuontification
and Assessment and Res€arch Program Development,” Techr;ical he-
port H—72—8, Nov 1972, U. S. Army Engineer Watr-r’wa~

,
~; Experiment

Station , CE , Vicksburg , Miss.

I ’

36

4 T~~~~ . 

-

—~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5 --  - —- ~~~~~~~~~~~~~~ 
- 

—-5-



— - - -5-- -—--- --— - - - 5 — _ , - -5-~~----— 5- ---,---—--5- -- —- --- - -- 5-—_ _--—-5 -

SPIlint y C Ia sssf , ca t ,on

DOCUMENT CONTROL DATA . R & D
S.nnn, , lao,, hc.!,on a! I,)). budy of •boI,SCt.,.d ind. .ing anno tati on mu.! b. .nI.,rd .ph.n Rh. onT.U P.porV I. ci...iU.d,,

OH” I I N G T I N G A c y l y n  y r  ~Ca,p,,, ai, Stab.,) 4•. R E PO R T  S E C U R I T Y  C L A S S I P I C A T I O S

n r . .  i i 5- , f S I l t I ~ r W n n y  Ii b:x} ne r i m r - h ’ .  St -a’. r~- Unclassi V ci
‘, n _ - c I ; i-Irr &’. . M n . i

~~ i ;- i 06 GROUP

o RE P O R T  T I T L E

THE ,‘_ln ii’. i_rF :-.:, : to. ;- - : ~ en n;e -OTt- hi Al in V i ~5)t Ct n i-t tSO~At,t 0~~~~
’5-

~

4 D E S C R I P T I V E  N O T E S  (flpa of ,.pot I and innla.iv. dat..)

• A U T H O R I SI (Fir. ! name . midSt. EnliSt, Rae! nAme)

hin~ rr I i~ . S :- i - m y  

r t : i s , Jr .

• R E P O R T  D A T E  TA . T O T A L  NO OF P A G E S  [Tb. PlO O F R EPS

- -r  1-17 1 -.1
S.. C O N T R A C T  OR G R A N T  NO G.. O R I G I N A T O R ’ S  R E P O R T  NUI~~~ ERIS)

Ill ~~h t i_ I  ~_l t
S. PR O J E C T  NO

C. Sb . O T H E R  R E P O R T  NO(S) (Any 0th. , n. ib.,. that stay S. ..eleed
(hi. report)

S

ID O I S TR I E U T I O N  S T A T E M E N T

;S V r r  -ve l S. r 1-i1b,~~ ’ r I ~ t r - n I n- I , ; n n n t r n b i n ’ .  n u n  iii.

I I  S U P P L E M $ N T A• Y  N O T ES 14 S P O N S O R I N G  M I L I T A R Y  A C T I V I T Y

•~~, P C? 

-  i i - --: h r  Irr 1.-i ni1~~rrn in .  r h -  h I m  . “ i t  and m a i n t en a n c e  - ‘ .‘ t hI- - ni IUn , ’ .nlfl’-
-
~ n I - - n -f t I n C  I .  - - n i  - - - . , i s  rC I n ; -  n i l - i I ’ t ~~- l t ~~n n - r r - , - t ~’in~ - t i n n ~’ - volume s of Ii ,S’ .i nn ’ m~ nm t I  yr- ar ,
l:n :. nrnl . I I I ’ n ’ . : s - I nnl- i r .- n , - n n   ~~~~~~~~~~~ i n n  n t  ~~~~~~~ uI ’_ n-Ij ,Il - - S I n  y r - i n n -  t’nn i t t .  r,n nS I I  and - . -~~

-n rn - t e’u-a • vi t I n  . - I, ’ ‘s n:~~ 50 u . n  I i  n - r n - Ii, el - I r S  l i e , concern i n ni n i  I - i  m m n n n i C  .1 h r  I n ’ .  I
- ~ C ’ . i i ’ h.  rI a : n , u n i - m - r  - f v t W) u t :  n m - 1 - ~. m n , _~t t i n l i t  I L I  W I  - -~ . -c ’nr , r i-je,-st ‘ I I _ I , c O m -   wnI t - - r

- 
-- , and - Iflfl in :- - : 4  t t _ ~ t in ie n t t t i e & ,  C5 sin , the nt - n e s s  i t ;- I _r t  ai - I I n n - - , - n n i t  - i - n  - - I - i t t —h - n i t

mim i t ia’ lack - V  i . - f t r i i ’ . n v n  I . ’. - n - u n ’ n . - , . many Lu , r t  t . n , the i_t s r - I s  ~- l - r h l n t l n  m i n t - i l ,ti - I I_ n _ - I-

1I~ tinli iii’ S Hiv e r  and Har bo r A - ’ .  i n n ’ iste a - : . n  - - r - , :Ii- - - . n y- m m  - nt ’ I t . ,r tO I n , - i n .  .nn m ;
S rn ’_ e r n , C  . The - n i;- - n . - - . I n n  i - l ’ n i n : ’. . I t ~~ ) i I .  m n :  ( 1) r 4 I - u  n i c r  1 5 1 1 ’.  n i - t n  nO n i l  n t s s C - s n r m e r n t , i — - )

a resear ch I - . - - u- . I it - . I n i _ n - r i ’ .  - - t m , - rn , - - t i  n - I - n m - - n m - - r i , and I I) f i l l  -va - ~n ’ . , t  n c r  - i
Sr i n t l - r i -nI- I _ t n  _i1 - -n.  -1 1(5 I - u I , , I t n S I-ni tn —h- n--slum -nun- : :n- i i  I r , - r m-I . - I t t  -t ~ i I n n t n u - n -- I and I T  • the problem

r - i e n t l t n  il ’ ron - n n I  1 - . - i . .~ I . . , 1r~ 1 t h~ n - t i n - r i ’ .  -I t i n , -  research i- ’ ~ rnsr n , I t  a~— j In (- n I i n - n  I n c  - - - r n —

‘- -n t - I S - n  In p r rn b iem d e t n r . I ’  I - I n  ‘,e ’ ’it n . , a - ;- ‘ -n W I  : i i n n p n . -S l ul , land m l .  n nh , - Irn marsh . i n  -

t rid n i I ’ . _ n , t j s i ih i  1b5 - n I r , l , ’- i  l i  in - I, ’ 1 rn , ’. Fn O r i n : ’_ and Ii~lni_ I - ~~
. i  n n . ~ - In  add i I . .  0 1 .  pape r : - - - n .  - n

‘hr ‘ n ( n  I t h I n ” n m f  I I i  em - I - no- - t I  l i - i t . . i l  i’ hr . -,, . ar eas Sill] ill- I-
H - - ~i n - n : r I - l’n ’ ..-rn t I ’ . n . -n i  n n i t n n n I I ! - - r n - n . n , - i  W I l  I : -  or g a x n l n - n , t i : V th e - i t S -c 

n - I t t ’  - - t a d R er I d a n - -t n .  OIc~ ¶ s  III .1 I v , - - ;ovI - n n ’ and i t  n i n i : ’ -  i - n ’ -
~ i t  n i t  ma rn a gemen n n - _\ I ’ STi lirt 

I i i , ,  i-a - IS t s r  , t n i h l _ i  a I i y i t I . -niI I i  n c - I  l i _S n~~— l n  I S t~ - - - c l  t ’ . i i I ’. ’  — n ‘ t r n . t I- i n t r ~ - m 5’-- ’ .n - r . ’

1 r~~~~o . :  1 ll’meh nt .nt t n - : 1 f ’ I n ’ - : - - I .  is .1 i i n n I n . n , -  I n h  -i t ’ ’ . i i i .

I’  f t .., H i l l  \( ( S  ( ( ( I  I )Ift~~ 14 S I 15N 54 . au th II
I N I t  5) i i ( 4 5 m  I I I  I I I ((14 , l~K’ ,l I ~t~i - -

S.cont,n Ct.si ~fIcstI oa

- 

~~~~~~~~~~~~ 
; - - 5 , 

- -
I 

-

~~~~

- —  - . -- -——-5- 

~~~~~~ ~~~~~~~~ r’T,r ’~~~~ ~~~~~~~~~~~~~~~- — —5-- — - — ‘ — -~~~~ - 
~~~~~~~~~~~~~~~~~~~ - -_ _ _ _ _



Umu- nnss i  V i e d
Secu r it y Cl ass i f ic at t o n

I A  L IP ) )  A L I N K  S L I N5
R E Y * O R OI  —

R O L E  W Y  R O L E  W I  R O L E  W T

Urenl€e nnp ~ I L

Environ ment a,l ~.‘ f fm l ~~t S

Sedi men ts

4

— — — — — —

n n I n I  i _ I n  t i n ~ 1
Security CIsasIlies t ion

- ~~~~~~~~~~~ - 
~~~~~~~~~~~~~~~~~~~~~~



- - -- ~~~~~~~- -----~~~-—- - 

U

- -1

In accordance with ~~ 70-2-3, paragraph 6c(l)(b),
dated 15 February 1973, a facsimile catalog card
in Library of Congre ss format 15 reproduced below .

~.bntgosiery, Ra~wnd LThe Corps of P~igineers Dredged ~~terta1 Research Pr~~ rani ,
by R. L. ?.bntgomery cand~ F. H. Griffis , Jr. Vicksburg,
U. S. Arn~r &~gineer Waterways Experiment Station, 1973.

ix, 36 p. ilius. 27 cm. (u. S. Waterways Experiment
Station. Miscellaneous paper D-73-8)

Literature cited : p. 36.

1. Dredge spoil. 2. Exvtronmental effects. 3. Sediments.
I. Griffis, fletcher H., joint author. (Series: U. S.
Waterways Experiment Station, Vicksburg, Miss. t’ttsceUan-
eous paper D-73-8)
TA7.W’311.m no.D-T3-8

,,tti ~~~~~ •. .
e, ,  

~~~~~~~~~~~ 
‘
~1

I. - . . r.’,
~~

- r,~~~~jTsVr - - : m  
_____  _____  

—

5-
. -


