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MOUNT ST. HELENS ERUFTION

Restoration of Columbia, Cowlitz and Toutle River Channels
for Navigation and Flood Control

by

J. F. Bech]yl

ABSTRACT
On 18 May 1980, Mount St. Helens, Washington experienced a major volcanlc
eruption. Resulting eruptive flows consisting mainly of a large portion
of the former mountain top were displaced into the upper reaches of the
Toutle River. Large volumes of these sands, gravels and silts resched the
Cowlitz and Columbia Rivers. At an estimated cost of $221 million, a massive
water and land fleet of dredging equipment was mobilized by the Portland
District, U.5. Army Corps of Engineers, to begin the restoratiop. Flood
controi work requires significant completion by late October 198(, and navi-

gation depths are being restored in increments to alleviate delays to vessel

traffic.

1 . . ct s ; .
Chief, Waterways Maintenance Branch, Navigation Division, Portland District,

U.S. Army Corps of Engineers.



1. General

In early April 1980, Mt. St. Helens in scuthwestern Washington State
began exhibiting earthquakes, minor steam and ash ejectlons and other

activities gignaling a new era of activity in recent times for this lengtime
inactive volcano. Minor eruptions continued, becoming larger and larger as
the weeks passed, resulting in a massive and explosive eruption on Sunday
morning, 18 May 1980. On that morning two magnitude 5 Richter secale earth-
quakes occurred at 8:32 and 8:34 Pacific Daylight Time. The upper north
flank of the mountain, which for a few days previously had bhulged outward
severzl hundred feet, gave way in an immense landslide, Iinstantaneously
releasing the pressure of a plug of gas-charpged wagma that had risen within

the crust below the voleano.

Shock waves created by the explosion were felt and heard in faraway places such as
Vancouver, B, U., eastern Washington and Oregen inte the Willamette Valley.
However, nearbv communities to the south and west of the mountain including
Vancouver, Washington, Portland, Oregon and lLongview and Kelso, YWashington,

did not feel or hear the blast, The gas cloud and blast zone imnacted by the
mountain ranged from 12 to 15 miles to. the north and west of the volecano,
Temperatures within the zone of devastation are estimated to have reached

more than 500 degrees centigrade.

The eruption and hlast removed an estimated 4 hillion cubic vards of material

from the top and center of the mountain, lowering its height by more than
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1200 feet and forming a huge crater more than a mile in diameter. It is
estimated approximately one quarter of the 4 billion cubic yards of material
emerging from the mountain was dispersed into the atmosphere in the form of
volcanic ash, which settled in varying thicknesses over hundreds of “square
miles to the northeast of the volcano. Thicknesses as deep as two and three
inches are recorded in some communities of eastern Washington, with thick-
nesses of a sixteenth to an eighth of an inch recorded in communities in ldaho,
Montana and Wyoming. As shown on Figure 1, the blast and resultant mud and
pyroclastic flows also impacted the river basins of the Toutle, Cowlitz and
Columbia rivers. It is estimated that approximately 3 billion cubic yards of
the material settled in the upper l4 miles of the north fork of the Toutle
River, with an additional 58 million cubic yards settling in the upper reaches
of the south fork of the Toutle. River. Mudflows in the following 24 hours,
buoyed by melting ice and waters displaced out of the upper river channels,
carried more than 50 million cubic vards into the 21 miles of the Cowlitz
River from the mouth of the Toutle downstream and deposited an additional

45 million cubic yards in the Columbia River, upstream and downstream, of the
mouth of the Cowlitz River. These flows and volumes occurred in less than

a 24-hour period after the blast. The Toutle and Cowlitz rivers experienced
three successive flood crests. The third crest occurred early on the 19th

of May at Castle Rock and equaled a 250-year frequency. This flow came

from less than one-fourth of the drainage area. Columbia River infill took
place between the hours of midnight and five A. M. on 19 May. It is difficult
to imagine these tremendous volumes of material moving into these river basins
and channels in so short a period of time. Flood profiles did not ewceed
previous record flood levels in the Cowlitz and Columbia rivers, although

they did approdch major flood levels in the Cowlitz River above Longvieﬁ and
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Kelso. Mudflows did not build up at any locations, but resulted in uniform
layers of sand and pravel and other debris being deposited throughout the
flondplain of the lower Toutle and the lower Cowlitz River vallevs; instead
of the normal-stained high-water marks such as experienced in rainfall
floods, almost everywhere the water flowed in the lower {owlitz znd Toutle

Rivers a hard dense layer of sand and gravel was left.

This event could be likened to a similar volume of material and consistency
of "pancake batter" flowing at.a high rate of speed along the floors of thesc
river valleys .and simply leveling ovut and settling as the flows continued
downstream. Irees were caked with up to several inches of material along
their trunks as well as everything within the flow zone on thesce rivers.
Tests on 19 May after the peak flows had passed still indicated %07 solids.
JTU levels in the Toutle ranged upward from 8000 and In the Cowlitz werc
recorded at 5600 on 19 May. Normal levels are 3 to 10 JTU's. ligures 2

and 3 show mechanical analysis results of samples for Cowlitz and Columbia
River channels: Densities in place range [rom 1801 gms/liter to 2086 gms/liter.
Normal Columbia River sand densities are about 1850 to 1900 pms/liter.

The infill material is very angular and tends to cling together, resulting

in considerably less daily capacities and distances. Wear of dredge

components were also found to be increased by up to 25%.

2. Flood Control Impact

Twenty—one miles of the Cowlitz River from the mouth of the Toutlde River

downstream were cssentially filled in, eliminating natural channel capacitiles.
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Figure 4 provides profiles of the Cowlitz River hefore and afrer trhe mudflows.
At the time of the eruption, Cowlitz River flows were in the neighborhood of

8 to 10,000 cfs and these flows after the resultant mudflows on 18 and 19 May
were essentially at bank-full capacity. In addition, because mudflow materials
remained in essentially all areas they inundated, valley storape capacities

for the normal floods were severely impaired. Communities of Lexington and
Castle Rock, as well as the large communitics of Kelso and Longview, were left
virtually without flood protection and would experience millions of dollars

in damage during the coming winter months if urgent measures were not undertaken
jmmediately. In the Columbia River, flood control impacts were mot nearly so
severe. It is estimated 45 million cubic yards of infill material would have
raised flood levels on the Celumbia River upstream of the Lengview area more
than a foot for several miles. However, there were no extensively developed
areas‘in this affect—impacted reach that would experience severes damages

because of the increased flood levels.

3. Navigation Impacts

Columbia River navigation channel is normally 40 x 600 feet Columhia River
low-water datum. This channel traverses the Columbia River from the pcean to
the Portland, Oregon metropolitan area. The Cowlitz River enters the
Columbia. River at the Columbia River Mile 68, and the mouth of the Willamette
River which serves the Portland harbor area at Mile 101, In additiom, there
is routinely maintained navigation channel in the lower four wmiles of the
Cowlitz River with dimensions of 10 by 150 feet. This latter channel served
primarily rug and barge traffic; whereas, the Columbila River navigation
channel serves tug and barge and deep draft vessel traffic and experiences

commerce in excess of 25 million tons per year in these reaches.

14
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As reported by the Columbia Rlver pilots, a deep draft vessel traversed the
Columbia River channel in the vieinity of River mile 68 in an upstream
direction without incident at 3 A, M. on 19 May. However, at 5 A. M. on 19
May another vessel progressing upstream ran hard aground ar River mile 68
adjacent to the mouth of the Cowlitz River -and had to be assisted off by tugs
later in the day.  Bydrographic surveys sccemplizhed late . on 19 May after
turbidity levels subsided sufficiently enough to allow penetration of elec~
tronic Fathometer signals, revealed navigarion depths in the Columbia River
had been reduced to 15 feei CRD and navigation deptha in the Cowlitz River
were virtually nonexistent. These depths essentially closed the Columbia
River channel from upstresm of Longview to deep draft-vessel traffic. .Thirty-
one deep draft vessels were ywvapped upstreaw of the area in the Portland-
Vancouver and Kalama harhor areas. In addition, 50 ships enrcute to the area
were forced to stand off the mouth of the Columiba River or seek other ports.
Tmpacts to the ports,. the communities, and industry mounted to millions of
dollars per day from the disruption of deep-draft-vessel traffic in the
Columbia River. The major portion of the Inf{ll material in the Columbia
River extended from River Mile 63 upstream to River Mile 72. Fipure 5 1illu-
strates the distribution of the material in compavison with normal chapnel
depths. Based on surveys, approximately .14 willion cublc vards of material

infilled the 40 by 600 fout nawiggarion chennel in vhis reach alone.

4.  Funding

After a survey of the dlmpacted area and consideration of available alter-
natives for restoring the filood control: snd navigativo channels of the
Columbia and Cowlitz vivers together withossasures necessary (o minimize
future impacts of winter flood and srosion of the huge mudfilis din the

Toutle River basin, a funding program was detesrndned and submitted to the

16
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Congress. This program resulted in $221 million being made available to
accomplish restorative measures for. the Corps of Engineers activities
resulting from the St. Helens eruption. $176 million of this money was in
Public Law 99 funds and the remaining $45 million in 0 & M funds for the
Columbia River chanmel, TFigure 6 illustrates a breakdown of funding

program for Fiscal Year 1980. It is estimated an excess of $55 million
additional funds may be required through Fiscal Year 1985 based on .current
conditions and reasonable estimates of future impacts from eruptive activities
already experienced. Further eruptions could alter our restoration program

and probable funding requirements.

5. FEnvironmental Impact Statement

In an unprecedented effort, Portland District staff embarked on prepara-
tion éf an FIS for the Mount St. Helens reocovery operations fo provide the
public, Federal and State agencies an opportunity to review the alternatives
considered and probable impacts to the envivomment of the actions underway
and proposed to be accomplished. The draft Environmental Tmpact Statement
was completed in preliminary form on 25 July 1980 and sent to interested
Federal, State and local agencies for review. The final draft Enviromnmental
Impact Statement was submitted to the Environmental Protection Agency

19 September 1980. The time frame for production of the initial draft

was only twenty days and many procedural steps were obviously abbreviated.
The time table did not permit detailed and in-depth review of each topic
discussed. However, it is slmply not possible to be complete due to the
unstable conditions and incomplete data available at the time. The FEIS

was written in the spirit of the NEPA and will be supplemented in the

future as updated information clarifies the many options or alternatives

that are considered as conditions develop.

18
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6. Restoration efforts.

Immediately after the eruption the blockage to the navigatrion channels

of the Columbia and lower Cowlitz Rivers was clearly evident. On 19 Mav
Distriect hopper dredge plant was ordered mobilized to the site and a

search began for contractor-owned dredging cyuipment. On 23 May a letrter
contract was awarded for movement of most of the larpge pipeline dredges

of the West Coast to the worksite. Tn the following days, seveval tributarv-
stream drainage channels completely blocked by the mudflow in the Cowlitz
River were the scene of activity by Corps of Ingineers emergency excavation
activities and minor improvements were made to existing levee systems to

provide minimum flood protection.

In following days and weeks as more data of the extent and impacts of the
S5t. Helens eruptions were made known, planning efforts for a variety of
alternatives to provide both mavigation in the Columbia River and tlood
control protection to the commupnities in the Cowlitz River basin were
developed. Additional dredges for restoration of the Cowlitz River
channel, debris retaining structures in the upper Toutle River basin, levee
construction for urban areas in the lower Cowlitz River and other alterma-
tives were conceived, considered and initiated as soon as their scope could
be firmed and invitations for bid processed. The following paragraphs
briefly outline the efforts involved in the wvarious alternatives for these
restoration activities.

a. Navigation on the Columbia River. Figure 7 illustrates the River

from Mile 63 to River Mile 72 together with the location of the mouth of the
Cowlitz River. As shown on Fipure 5, the major portion of the infill
occurred in this reach of the Columbia River. After preliminary survevs on
19 May three government hopper dredge plant vessels opervated by the Portland
District were ordered to this vicinity. In addition, the Port of Portland

20
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30-inch pipeline dredge OREGON, working under Corps of Engineers contract.
at another location in the lower Columbia River, was_ordered to proceed to
the area. As additional survey dara was accumulated over the next forty
days, contracters. on the West Coast and throughout the nation weres canvassed
by pheone to determine the amount of large pincline dredging plani that was
active and available to be mobilized to the area within a short mariod of
time. A contract was negetiated immediately with the largest-dvadzing
contractor on the West Coast. At the same time determination of the
location and extent of a large amount of dispusal area capacity necessary
was underway. This effort required maximum.cooperation between contractors,
local authorities, environmental interests, a large number of Federal,

State and local agencies. Because of the urgent nature of the restoration
activities, environmental requirements were relaxed if necessary, as long

as all reasonable efforts were made to raduce impucts from the activities.
Figure 8 illustrates the phased plan of excavation of the Columbia River
navigation channel that was conceived and asccomplished on a timely basis

to provide utilization of the channel by deepdraft vessels on a prioxity
basis. Columbia River pillots and the U.$. Ceast Guard cooperated complet-
ly in controlling the passage of deepdraft vessels through this area during
high-tide periocds and daylight hours only on a fully. coordinated basis to
provide for a maximum of vessel traffic passage with a minimum of disruption
and danger to the eguipment and dredgirig crews in the area. Table 9 provides
a summary of the dredges utilized to restore the Columbia River navigation
preject channel depths together with the listing of pertinent data. The

14 million cubic yards of infill in the federal project will be removed

by about 30 Novembey 1980.

24
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Upon determination thereof, nearly 45 million cubic yards of material had
infilled into this reach of the Columbia River channel, and it was evident
that more than restoration of the navigation project itself would have to be
accomplished in the near future. Otherwise, continued normal river flows
would erode the remaining infilled material and move significant amounts
downstream to cause disruptions to navigation channel depths for the fore-
geeable future. Socon after the magnitude of the problem was determined,

the services of a consultant were secured with the view towards determining
the extent of additional dredging outside federal project limits that should
be accomplished to minimize the impacts of future flows to navigation channel
depths in the Columbia River. Figures 10, 11 & 12 are maps illustrating the
results of the consultant efforts. Excavation to the limits shown on the maps
will result in an additional 8 milliom cubic yards of material being removed
from the Columbia channel. The removal of the additional 8 million cubic
yards is not as urgent and will be accomplished over the next years.

b. Lower Cowlitz, Within the first few days after the May 18 eruptiom

as surveys and field reconnalssance confirmed a massive infill into the
Cowlitz River channel, it became apparent that the lower 9 miles of the
river presented special problems as far as restoration of the flood control
and navigation channel. The navigation channel in the Cowlitz River existed
previously from River Mile 4 downstream. Upstream to River Mile 9, areas
adjacent to the river channel were heavily urbanized and disposal areas were
sparse and often times several hundred to several thousand feet from the
river channel. Upstream of River Mile 9, population densities dropped
drastically and areas adjacent to the river channel were primarily farmland

that had been inundated and infilled considerably as a result of the mudflows.

27
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Accomplishment of restoration of the channel reach from River Mile 9
downstream appeared to be most feasible by medium and large pipeline
dredge plant, It was also determined that nearly all of this type of
plant on the West Coast would have to be utilized for this restoration
operation. Therefore, normal competition by advertised bid to get the
equipment to the site quickly was not possible and letter contracts were
negotiated with the companies involved. This type of procurement enabled
West Coast dredging plant to be mobilized to the area quickly and work to
begin at an early date to provide maximum channel dimensions prior to the
Fall rainy season. Work on the lower Cowlitz River was targeted to be
accomplished to the maximum extent by 1 November 1980. 1In later weeks 1t
became apparent that more large pipeline dredge plant would be required to
accomplish channel excavation desired in the lower Cowlitz Riwver by 1
November. Invitation for bids were prepared for mobilization for plant
from other areas of the nation and two more dredges were secured by this
method., Table 13 summarizes dredges utilized in the lower Cowlitz River,

their capacities and other pertinent data.

One unique operation that took place as part of the mobilization of these
large dredges in the lower Cowlitz River included the overland haul of the
dredges ART RIEDEL and HERB ANDERSON from River Mile 1.5 to River Mile 6
to enable work to be accomplished quickly in the more critical area of the
river channel. The picture illustrates one of these dredges being moved

without being dismantled to save mere than a month's dredging time up-river.

As mentioned previously, disposal in the lower reaches of the Cowlitz

River were few and sometimes isolated from the river area. The photos
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BAL VIEW OF DISPOSAL AREAS PRIDE TO USE

(Mouth of Cowlitz River at right-Columbia River in background)

%3
=



e
= \i :
—

COTNERAL VTEW OF COWLITZ RIVER - TIILE

{Maost clear areas became <



i

T

P

e
o g‘{\“ ; ‘\

20" DRFEDGE AT WORK TN TOWER COWLITZ RIVER

36



i @\\‘\' % &
‘\‘f\g%?%}\‘s . }‘
i -zgx __: _ ‘

32

.

,,
f”"\vﬁ“%

.

}é S 3 2
S
a@%%@m

.
%%ﬁi‘%

H

i

SRR

%

RS

37



GEXNERAL VIEW OF UPPER-COUVLITZ RIVER SHOWTX

HIGHLINE OPTRATIONS
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{Jan Fardel Photo)

DRAGLINES TN LOWER COWLITZ RIVER
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jilus: e porsnnisl dispesal sites deteymined early in plenning efforis.
Most ¢t -he gresn undeveloped aregas in these-photos weve oonsidered and

material. A1l of the disposal arsas secured

eventusz !, smecure:d Soredred

for the -

upper and ' woer, were secured al no cost to the Guvermment.

¢c. Upp. » Sowlitz - since wesrly all of the medium and larye pipeline

wradd drncearly recovery effovts forowork ix

dredging plaus nad Teen

lower Cowlitz znd: Columbia Riwaevs, other methods for excavaticn of the
channel upstream of River iiile.9 and the Cowlitz River thruugh fiver Mile 21,
and in the Toutle River, had ro be considered. These reaches were divided
into several sections of two .and three miles each. and put oult oz an
invitation to bid basis with payment for the excavation being accemplished
by measurement of the disposal area. In these reaches, disposal areas
were large and located immediately adjacvent to the river channel which
lended channel excavation activities to be accomplished by a large variety
of equipment at the whim of the individual successful low bidcers. Figure
14 illustrates typical contract drawing as utilized for this channel.
excavation activity. The drawing and text are small but provide general
scope of invitation for bids and drawing prepared on an expedited basis.
Table 15 lists contracts, equipment utilized and other pertinent data.
Pictures show a variety of the type of dredging plant utilized by the
various contractors in this area.

d. Toutle River. In additon to the dredging contract irn the lower

one mile of the Toutle River, planning efforts determined several alterna-
tives to minimize impacts of erosion of the large mudflows in the Toutle
River Valley in future years. Figure l¢ shows a map of the Toutle River
drainage and major features, including sediment basins and detris rctaining
structures, determined necessary to retain as much of the mudfliow materials
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R. M. Contractor
g-113 Canonie

South Heron, MI
13-14 Winston

.General Const,

La Duke

Ross Island
14-16 Capital

Lacey, WN
16-18 Segale

Tukwila, WN
18-21.5 . Claterbos

Astoria,OR
Toutle Brusco

1 Mile + Longview, WA

UPPER COWLITZ RIVER

Dredging Contracts and Equipment

Approximate Contract
Quantities ~ Amount

$19,903,500
Rental 99,225
Rental 2,734,966
Rental 67,702
Rental 1,449,890
3,500,000cy 7,958,000
3,500,000cy 7,440,000
5,500,000cy 14,764,000
550¢,000cy 984,000

Figure 15

42

Description
of Equipment

24™, 18", 16", 14", & 12" pipeline
dredges (6); 6 & & cy draglines (2)

4 cy dragline, 4 ¢y highline
16" pipeline dredge

14" cy dragline

16" pipeline dredge

4 to 11 cy highline (15)
3 tn 8 c¢v dragline (8)
3 - 8" pipelines

2, 4, 5, & 8 cy draglines (7)

9 ¢y Sauerman

8 cy front loaders (2) 20 cy end
dumps, scrapper

4 to 10 cy backhoe (4)

3 to 8 cy dragline (8)

6 to 12 ey front end loaders (3)

8 belly dumps, 3 end dumps, Sauerman

2, 4, & 5 cy draglines (4}
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in this area as possible., Figure 17 is a contract drawing of the north fork
debris retaining structure. Pictures shown illustrate the progress at the

time of preparation of the paper on the north fork and the south fork debris
retaining structures. Table 18 illustrates contracts awarded and the pertinent
data for the sediment basins and debris retaining structures in the Youtle
River Valley. It is hoped those constructions will minimize the erosion and
displacement of the mudflow material from the Toutle River into the Cowlitz

and Columbia Rivers during winter storms in the next several years.

e. Levees. Final planning efforts were directed towards providing levee
protection or increased levee protection as necessary around developed urban
areas in the lower Cowlitz River, Figure 19 shows the location of the levees
planned to be constructed to protect those areas. Figure 20 is a typical
X section of. rhe levee construction. Table 21 provides a listing of contracts
advertised and pertinent data regarding levee improvements. Rights-of-way
for levee construction involved a large number of property owners, particularly
in the urban areas, and were difficult to obtain. Local authorities were
assigned by the Federal Government for attaining rights-of-way for the levee
preject, because of its urgency in nature and the massive amount of damages
that could occur if construction was delayed.

£. TFlow Reductions. Two large power stordge reservoirs cxist on the

upper reaches of the Cowlitz River. Because it was uncertain that all
construction outlined briefly in the above paragraphs could be accomplished
in a timely manner to insure full protection against winter storms, partic-
ularly those accurring in late Qctober or early November, arrangements were
made to purchase flood storage in those reservoirs. As a result oI these
efforts, reservoirs are being drawn to provide for 360,000 acre feet of

additional flood control storage. It is anticipated construction measures
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VIEW OF NORTH FORK TOUTLE RIVER DEFERRIS RETATNING STRUCTURE UNDER CONSTRUCTLION

(Note St. Helens mudflow in background)
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VIFW OF SOUTH FORK TOUTLE RIVER DEBRIS RETAINING STRUCTURE
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SEULTLIE RIVER

Contracts

Sediment Basins, Main Stow C s BT EOn

Debris Centrel Suix L0 Slu, 058,500
North Fork

Debris Control Strusture, CMountain Engineer $1,656,000
South Fork ~and Cardee, Bozeman, MT

Diversion levee. and channel

stabilization to prgtest

Creen River Fish Hatcl.ers " " 8165, 600
{(just off N.F. Toutle R.)

Cleanout of Debris
Retaining Structure Musvaval Corp, $1,493,0600
on S.F. Toutle R. 1y W

Figure 18
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COWLITZ RIVER

Levee Improvements

Estimated
Deseription ~ Contractor Amount Completion Date
Lexington Peter Kiewit $5,730,000 10 Dec 80

Vancouver, WA
Castle Rock Kerco, Lakeview, OR $ 559,700 30 Nov 30
Longview Grady Const, Longview, WA § 582,446 15 Nev 80
Kelso Out for Bid $3,000,000+
FIGURE 21
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described above and their maintenance in the foreseeable future will preclude

further requirements for purchase of flood control storage in those reservoirs.

7. Future Impacts.

The Mt. St. Helens' eruption and subsequent mudflow impacts to the navi-
gation and flood control channels as mentioned occurred in May 1980. The
date of the eruption was fortunate in several respects. It prcvided
several months of time for large-scale operations by the Corps of Engineers
and other agencies to be initiated and completed to the extent pessible
before the winter flood season, which normally begins about 1 November and
extends through February of any given winter season. It also provided for
these recovery operations to be accomplished during the dry season when

construction activities are implemented most expeditiously and efficiently.

Even if massive restoration efforts underway are successful, there will be
literally millions of cubic yards of material remaining within the normal

flood zones of the Cowlitz and Toutle Rivers. Efforts underway now are to
minimize the impacts of the erosion of these materials into the river channels
which could result in filling and reducing the flood-carrying capacity of the
Cowlitz River channel. Funding targeted for future years will be directed towards
further minimizing these impacts, so that the economies and stabilities of

the areas can be preserved as much as possible.

8. Summary.
The above paragraphs briefly outline a massive. recovery effort undertaken
by the Corps of Engineers to provide restoration of the flood comtrol

and navigation channels in the Cowlitz and Columbia Rivers. As discussed,

the efforts appear to be logical, straightforward and easily accomplished.

However, a tremendous number of hours by more than 300 employees
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of the Portland District and North Pacific Division, together with encrgetic
assistance by many other povernment agencies, local apencies, local interests,
property owners, contractors, etc., have been required to get this large
program underway and on toward successful. completion. Many alternatives

were considered and considerable "midnight oil" was burned in an effort to

make the right decisions in a timely manner so that work could e accouplished
on an expedited basis. The short time frame involved in accomplishing the
assembly and preparation of the EIS draft is an example. Directions of

effort had to be altered many times as surveys, real estate requirements,
environmental problems, fiscal availability or channel excavation plant, etc.,

became known.

Approximately 40,000,000 cubic yards of material will have been excavated in
this effort from the Columbia and Cowlitz River navigatiom channels by

1 December 1980, The major portion of this material will have been removed
by ! November 1980. An additional 9 million cubie yards or more will be
removed during Fiscal Year 1981 and several million more yards will he
removed from the basins behind the debris-retaining structures on the Toutle
River. When one considers that most of this excavation was accomplished

from a standing start, in a six-month period of time by one government agency,

the magnitude of the effort involved in planning and implementing is apparent.

53



OPERATING CHARACTERISTICS OF CUTTERHEAD DREDGES

by

John B, Herbich]

ABSTRACT

A survey was made to evaluate the operating characteristics
of cutterhead dredges in this country and overseas. The survey
was made (1) to determine the physical characteristics of the
dredges: (2) to find out how many cutterhead dredges are equipped
with modern instrumentation; (3) to determine the average crew
size on the dredges; {4) to determine the estimated percentage of
maintenarce time required: (5) to find out whether cutterhead
dredges presently owned can operate in waves and swells; (5) to
determine the type of pipelines used; and ({7) to compare tne
dredging practice of the U.S. and Canada with those of Lurope and
Asia.

The results of the survey are presented in two sections, one
for U.S. and Canada, and the other for foreign cutterhead dredges.
It was discovered that relatively few dredges are able to operate
under wave conditions over five feet, and that few of the U.S. and
Canadian dredges have adequate instrumentation, but a majority of
foreign dredges have magnetic flow meters, density meters and total
production meters. Other findings deal with dredging pperation
methods, operating time, etc.

INTRODUCTION
There were several reasons for making a survey of the cutter-
head dredges operating characteristics, namely:
1. to determine the physical characteristics of the dredges,

2. to find out how many cutterhead dredges are equipped with
modern instrumentation,

1Director, Center for Dredging Studies, Texas A&M University, College
Station, Texas
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3. to find out the average crew size on the dredges,

4, to determine the estimated percentage of maintenance
time required, '

5. to find out whether cutterhead dredges presently owned

can operate in wind waves and swells,

to determine the type of pipelines used, and

to compare the dredging practices of the U.S. and Canada

with those of Europe and Asia.

Y By
"

RESULTS OF A SURVEY CONDUCTED BY THE CENTER FOR DREUGING STUDIES
TEXAS A&M UNIVERSITY

Ooerating Characteristics of Cutterhead Dredges - United States

1. Do you cperate cutterhead dredges?  Yes [X | ho [ |
If not, please return this guestionnaire unfilled.

2. What is the size of cutterhead dredges that you operate?
{circle size of dredges)

6" - 6 16" - 12 2 A
8" - 3 18" - 11 28" - 1
10" - 6 20" - 10 30" - 8
12" - 1% 22" - b 6" - 1
14 - 6 24" - 6 42" - 2
15" - 3
3, Do you have any self-propelled cutterhead dredges?

Yes - 1 No - 47

4. Do you have any dredges with a pump on the ladder to increase
dredging depth?

Yes ~ 5 Ho - 48

5§, Do you have any dredges equipped with a swell-compensating
device on the ladder?

Yes - O tic - 48
6. Do you have the following instrumentation instailed on your
dredges?
Magnetic flow meter Yes - 1 No - 45
Density meter Yes - 1 No - 44
Total production . meter Yes - 3 No - 45

If answer is yes to any of tnese questions piease specify the
size of dredge, size of meters and the make of the meters:

Ellicott: 36" - details of instruments unavailable.

7. Size of crew on an 8-hour shift. Give answers for short pipe-
line operation and for long pipeline operation:

Sunmary:
Average size of crew for short pipeline: 8.98
Range in crew size for short pipeline: 2-37
Average size of orew For Jong pipeline: 14,41
Range in crew size for-long pipeline: 2-55
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fstimate percentage maintemance time required nn your dredges

Summary:

Smaller size 12"-18": 14,45%

Medium size 200-27": 12.92%

Larger size over 28": 11.83%
Estimate the net operating time in calm waters and waves up
to 3 ft.

Summary:
{alm waters o hrs/day
Ave, ’1.5 17.9
Range 20-100 g-24
Waves
Ave, 57.94 i5.94
Range 4-80 4-24
Estimate average breakdown time for new and old equipment.
Summary:
New equipment % hrs /day
Ave, 5.89 2.03
Range 1-20 .25-4
0ld equipment
Ave. 12.5 2.8
Range 1-37 .48-8.88
Can you operate the dredge in
2-3 ft:
waves {swell) Yes - 25 No - 18
wind waves Yes - 31 No - B
3-4 ft:
waves {swell) Yes - 14 No - 26
wind waves Yes - 14 No - 21
aver 5 ft:
waves (swell) Yes - 4 No - 38
wind waves Yes - 4 Ko ~ 32
Can you operate a floating pipeline in
2-3 ft:
waves {swell) Yes - 31 No - 1]
wind waves Yes - 32 No - &
3-4 ft:
waves (swell) Yes - 12 No - 23
wind waves Yes - 14 ho - 18
over Y fi:
waves (swell) Yos - 4 No - 31
wind waves Yes - 4 No - 27
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13.

14,

5.

16.

17.

Do you operate with spuds? Yes - 45 No - 2
or on wires and anchors in exposed areas? Yes - 20 No - 11

Have you used a floating fuoyant pipeline (which floats with-
out supporting pontoans?? Yes - 5 No - 44

Successfully? Yes - 5 No - 7/
Have you generally used ball joints in floating plpelines?

Yes - 36 No - 13

Have you used rubber sleeves instead of ball joints in
floating pipelines? Yes - 32 No - 16

Any additional comments?
Listing of Comments:

In operating in swells of 2-3 ft, good pipeiines and
pontoons are reguived..

Operating time is pumping time,
We do marine work other than dredging.

Keep up the good work.

Maintenance time on our rig is high due to the fact that
we are doing a complete overhaul of our rig.

I doubt that too many generalization characteristics can
be determined because sizz of dredge, weather, and
material each have a bearing.on production, lost time,
etc.

Considering nperaticnal down time, debris, weather and
changing location of. 2 dradge on job site only about 50%
of time is spent actually dredging,

We have a "Thomas" jet assist on our 185' Jong ladder.

Qur dredges work exclusively on inland waterways and are
constructed for that type of work.

Breakdown time may be governed by type of wark, i.e.,
silt, ¢lay, sand, rock. Also, number of boosters required
for today's requirement for long lines.

Our dredge operates in a 30-4C acre pond and is not sub-
jected to swells or waves.over 1% ft. We have found that
rubber sleeves with clamps are very economical and fairly
easy to maintain.

We also operate 2 booster pumps mounting in barges
equipped with 18" discharge punps.

Can't have material any faster, cheaper, more accurate,
than hydraulic dredging. Even cleanest way for EPA people,
We do not operate channel dredge -- just shell dredge.

We pump sand and gravel for our cwnt use in protected man-
made lakes of up to 10 acres -- cur lines are short and
ice is about our only trounle {in wintertime}. Most all
dredges fn this arsa are used as ours is for sand and
gravel production. Most are in-the 8 x 10 size.
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percentagewise, few have cutterheads and waves are not
a probienm,

18. Average number of employees: from 2 to 10,000,
Average number of cutterhead dredges: from 1 to 6.

Operating Characteristics of Cutterhead Dredges - Overseas

1. Do you opevate cutterhead dredges? . Yes [X] No [ ]
1f not, please return this questionnaire unfilled.

2 wWhat is the size of cutterhead dredges that you cperate?
(circle size of dredges)

6" - 2 8" - 5 28" - 5
8" - 2 20" - 10 T - b
et - 3 22" - 2 32" - 10
2" - 11 24" - 13 KT
14" - 3 26" - 2 k" - 6
16" - 11 27 - 8 a" - 1

' 42" - 1

3. Do you have any self-propelled cutterhead dredges?

Yes - 6 No - 33

4. Do you have any dredges with a pump on the ladder to increadse
dredging depth?
Yes -~ 9 No - 30

5. Do you have any dredges equipped with a sweli-compensating
device on the ladder?

Yes ~ 3 No - 37
6. Do you have the following instrumentation instailed on your
dredges?
Magnetic flow reter Yes - 17 No - 22
Density meter Yes - 16 No - 23
Total production meter Yes - 15 No - 22

If answer is yes to any of these questions piease specify the
size of dredge, size of meters and the make of the meters:

Size of discharge pipe: .850 meters made by [HC-Holland,
the Netherlands.

Gredge 30"/Meters 28", Make: Altometer Sliedrecht, the
Netherlands.

30" discharge pipe x 3600 HP, EYlicott Machine Co., USA

28" and 32" dredges - 26" and 28" pipelines, respectively.
A1l meters by IHC-Holland, the Netheriands.

Oredge 32" -- size 28" -~ IHC-Holland, the Netherlands,

Diameter of suction pipe (mm): 700-850-1000/diameter of
meters {mn): 600-750-950/1HC-Holland, the Netherlands.
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Yes, on 30" dredges and larger, when soil conditions
permit the use; Make: fiow: Ailto - density/production -
IHC-Holland, the Netherlands,

20", 24", IHC-Holland, the Netherlands.
16" - Honeywell

Only with 34" size dredge. Standard meters, IHC-Holland,
the Nethertands.

28" dredge; Solids Optimizer, Ellicott
26" -~ 42" --

Two dredgers; each one with magnetic flow meter.
Hokushin Electric Works, Ltd.

24" suction dredge/28" Foxton Magnetic Flow Transmitter/24"
Ohmort Density Base.

22"-22* - Hokushin Electric Co., Ltd.; 28"-28% -
Hokushin Electric Co., Ltd.; 30"-30" - Toshiba Electric
Co., Ltd.

Size of crew on an 8-hr. shift. Give answers for short pipe-
line operation and for long pipeline operation:

Summary

Average size of crew for short pipelines: 9.6
Range in crew size for short pipelines: 1-35

Average size of crew for long pipelines: 10.8
Range in crew size for long pipelines: 2-40

Estimate percentage maintenance time required on your dredges.
Summary :

Smaller size 12" - 18" 15,00%
Medium size 20" - 27" 15.75%
lLarger size over 28" 17.34%

Estimate the net operating time in calm waters and waves up
to 3 ft.

Summary:
Calm waters g hrs/day
Ave. 72.34 17.74
Range 10-100 2.5-2.4
HWaves
Ave, 58.50 17.16
Range 50-70 12-24
Estimate average breakdown time for new and old equipment.
Summary :
New equipment ¥ hrs/day
Ave. 13 11.54
Range 1-80 2-24
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11.

i2.

13.

14,

15,

16.

17.

0ld equipment y hrs/day

Ave, 18.56 10.06
Range 1-50 1.1-24

Can you operate the dredge in
2-3 ft:

waves (swell) Yes - 22 No - B

wind waves Yes - 25 No - 5
3-4 ft:

waves (swell} Yes - 6 No - 26

wind waves Yes - 10 No - &)
over H ft:

waves (swell) Yes - O No - 26

wind waves Yes - ] No - 27
Can you operate a floating pipeline in
2-3 ft:

waves (swell) Yes - 23 No - 7

wind waves Yes - 22 No - ©
3-4 ft:

waves [(swell) Yes - 9 No - 24

wind waves Yes - @ No - 23
pver 5 ft:

waves (swell) Yes - 2 No - 22

wind waves Yes - 2 No - 28
Do you operate with spuds? Yes - 33 No - &

or on wires and anchors in exposed areas? Yes - 24 No - 10

ilave you used a floating buoyant pipeline {which floats
without supporting pontoons)? Yes - 10 No - 29

Successfully? Yes - 10 No - 7
Have you generally used ball joints in floating pipelines?
ves - 32 No - 1i

Have you used rubber sleeves instead of ball joints in
floating pipelines? Yes - 34 No - 15

Any additional comments?
Listing of Comments.*

Net operating time means dredging time and break time
means the time which is lost by difficuities.

Dredyers we use only work in rivers,

As we are working on river and canals, we do not work
in sweils over 2 feet.

"Answers were corrected for gramnatical errors only,
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18.

We operat@ two 24" dredges 1n enclosed ponds for recovery
of mineral sands; therefore, we do not encounter wave
conditions. We operate 24 hours per day, 7 days per week,

Answers are rough approximations. [n most cases it is
hard to answer with a simple yes or no. Much depends
upon soil and external conditions.

Both dredges employed on harbour maintenance work, 12"
uses booster pump beyond 3000 line. 10" uses booster
beyond 1,800 line. 12" cutter suction dredge "Thomas
Markinnon" operates on harbour maintenance in Port Whang
area. Pump “Warman™ 12714 driver by 450 BHP Dutz engine,
can dredge to 42 ft. Operates 12 hrs. per day, 5 days
per week. 10" cutter suction dredge 12-hrs. per day, 5
days per week. 10" cutter suction dredge "Te Kau" (Maori
work for 10) operates on shallow maintenance .and capital
works such as new yacht marinas and assoeciated con-
struction work. Pump “Gwynn" 10/32 driven by 150 BHP
Papman 4 rph engine can dredge to 21'. Both dredges use
spuds a- ail times.

It is surely not often that we get a questicnnaira such
as this one, and ! will be most interested to learn of
your findings in due course. Besides straight dredging
we do scem to require unusual jobs of our cutter suction
drecge (it's anm L.M.G.). For instance, we have devised
a diffuser to dischargs into & hopper bargs instead of
to a pipeiine, We then transport the -speil tc a hoiding
area and later repump it intc the reclamation. We also
have a device which enables us to dredge-around and in
between the piles in our wharves which are reinforcec
concrete piled structures, not solid quays which [ under-
stand is the more usual constyuction in your part of the
warld,

This dredge, at the present moment is used to maintain
the river for drainage purposes, It can only be operated
at high tide hours.

We work 12-hr, shifts, because in this way we operate
more efficiently instead of having 3 crews.

Ladder pump is scheduled to be installed later.
No experience with 5 foot sweiis in our area.
Answers as follows: 8000 HF dredgor.

Dredge pump is actually 20 x 24 but we use Z4-1inch
discharge line starting ciose to the pump.

Hull has only 12 inches to winch opening in front.

These data relative to suction cutter dredgers of 27
inches. P.S. Sending the results of your study would
be very much appreciated.

Number of employees in the Respondent's company: from 2 to
10,000

Number of cutterhead dredges in -the Respondent's company.
from 1 to 6
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SUMMARY AND CONCLUSIONS

Tables I and 1! summarize the most important points un-

covered in the survey,

1. There are more self-propelled dredges in use overseas,

2. Ladder-installed pumps are becoming more popular,
particulariy overseds.

3. Only about 1t percent of foreign dredyes are equ i ppot
with swell-compensating devices,

4. Overseas dredges are much more extensively instrumented
than U.S. and Canadian dredges.

5. U.S. and Canadian dredges can operate under slightly
higher swell and wind wave conditions.

6. A greater use is made of floating buoyant pipelines
overseas.

RECOMMENDATICONS

1. To install the necessary instrumentation and measuring
devices on U.S. and Canadian dredges to maximize pro-
duction and reduce fuel consumption.

2. To develop sea-going cutterhead dredges which can work
in 6-ft waves and which can withstand 12-ft waves.l*<*
The capital investment in cutterhead dredges is con-
siderably lower than hopper dredges, Most offshore
dredging must at present be performed with hopper dredges.

3. To develop methods employing submerged pipelines or a
combination of flexible floating and semi-rigid sub-
merged pipelines to eliminate damage caused by waves to
conventional pontoon-supported pipelines.

3
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DREDG ING WORK IN THE U.S. ARMY, CORPS OF ENCINEERS
by
Carl C. Cable1

ABSTRACT

The paper will document some oflthe experiences of the U.S. Army Corps
of Engineers Districts in performing their responsibilities invelving dredging.
With the impact of environmental laws, the major emphasis is being placed on
new and innovative ways to dispose of dredged material.

Several examples will be presented to illustrate the various methods used
to provide beneficial and acceptable disposal of dredged material. These
examples will serve to highlight the increased concern being given to dredging

and its disposal methods.

INTRODUCTION

bongress' concern over dredging activities in the United States, as
expressed in the Federal Water Pollution Contrcl Act Amendments of 1972
(PL 92-500) (FWPCA) has had a great impact on how we conduct our dredging
work in the Corps of Engineers. The FWPCA, which had as an cbjective
"to restore and maintain the chemical, physical, and biological iIntegrity
of the Nation's waters," in Section 404 established a program to regulate
the discharge of dredged or fill material into water. The Clean Water Act
of 1977 (PL 95-217) (CWA), updates. and continues the Section 404 review
and permit requirements with respect to the construction, operation, and
maintenance of water resources projects involving the discharge of dredged
or £111 material. Note the continued emphasis on the discharge or disposal
of dredged material. This emphasis has led our managers in the Corps of

Engineers to devise new and novel methods of disposing of dredged material

1Chief, Construction~Operations Division, U.S. Army, Corps of Engineers

North Central Division, Chicago, IL 606G5
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tc meet the demands of these and other laws. Some examples of these

methods are presented hevewith,

"CAPPING" OF DREDGED MATERIAL

The New England Divisicn, U.S. Army, Corps of Engineers conducted
maintenance dredging of Stamford and New Haven Harbor channels from

April 23, 1979 to May 1, 1980. 100,000 cubic yards cof fine grained

material was removed from Stamford, 230,000 cubic yards of lithologically
similar, but cleaner material from New Haven and 77,300 cubic vards of
cand from New Haven. Bucket dredges and scows were used for the fine
material and the Hopper Dredge ESSAYONS was used to deposit the sand
material.

The particular aspect of disposal with which the Corps of Engineers
has been concerned at Stamford and New Haven Harbors is the handling of
materials from highly industrialized harbors. ''Industrialized" has
become synonymous with "enriched" in the sense of potential contaminants
in dredged material. The more develcped harbors have the worst condition
and the greatest need for frequent dredging, usually. Hence, a do--
nothing is rarely acceptable, and a mitigation program is looked toward
as the only operative alternative.

Public perception of open water disposal is such that there is
little choice but to apply the most conservative management technigues
available. The plethora of laws and regulations issued during the
seventies has done little to advance the better understanding of cause-—
effect velationships in the area of dredged material management. The
Corps approach therefore has been to work within the rules as best they
can be defined, and to develop practical techniques for handling dredged
material in az manner which is environmentally conservative and still

maintains cost effectiveness.
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As background, Long Island Sound lies between the States ol New
York and Conpecticut and is defined as an estuary with two layered flow
and with a salinity gradient of five parts per thousand between eastern
and western extremities. Net drift in any location is affected Lv tidal
currents, wind-driven circulation, and river inflow and ¥fresh water influx.
The Connecticut shoreline is highly developed, having thrue deep-draft
(35 feet) and five medium-draft (about 15 feet) harbors which reccive
raw materials for manufacturing, with a predominance of petroleum
cargos. Long Tsland Sound has long been noted for its shellfish pro-
duction (oysters) and is the recreation area for a hugh concentration
of sporting wessels in the affluent New York-Connectilcut region.
Conflicts between the needs of commerce and fisheries/recreation are
a matter of history.

Long Island Sound has been used for disposal of dredged material
since early times, and as recently as 1972, there were 19 separate
disposal sites identified, most in close proximity to particular harhors
being serviced. The most heavily used site had been in the western <no
where New York and western Connecticut harbors had sent about 20 .million
cublc yards over a 40-year period. Since 1973, the pumber of sites in
active use has been limited to three, with the aforementioned western
end site having been restricted by public attention generated in a
political context. The site 1s now the most heavily fished for lobster:
of all regions in Long Island Sound.

The need to perform maintenance dredging in the 12 foot (MLW) East
Branch channel of Stamford Harbor had been the subject of much contention
since 1972. This narrow, poorly flushed estuary had received untreated
domestic and industrial wastes without benefit of dredging since 1440,
Bottom sediments, largely organic silt, exhibited high concentratious of

heavy metals as well as various forms of detritus associated with its
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industrial character. Land disposal or other means of treatment were

not available locally.

When a shealing condition was detected in the 35-foot channel of
New Haven Harbor in early 1979, the states and other agencies were
consulted on the possibility of linking the New Haven dredging needs
with those of Stamford in a demomstration of a ''capping" procedure. New
Haven materials ranged from organic silt-clay to silty fine sand, and
were in a moderate range from standpoint of background or enrichment.
Since the Stamford material has a higher concentration of heavy
metal contaminants than the New Haven material, the disposal plan used
was to cover the Stamford material with that dredged from New Haven.
Disposal of dredged material from both harbors was in the Central Long
Island Sound disposal area. A monitoring study was developed to address
the potential envirommental impacts resulting from disposal and to
evaluate the effectiveness of the capping operation. Surveys cf the
disposal site completed on June 22, 1979, indicated the capping operation
had been extremly successful. The precision disposal of Stamferd material
resulted in a small compact mound that was readily covered with New Haven
material. Apparently there is little difference in the ability of sand
or silt to accomplish the desired capping. 1In the case of sand, the
capping layer 1s not as thick, but the smooth, dense nature of the deposit
acts as a tough, impervious blanket over the capped sedliment. §ilt deposits
on the other hand, derive their capping ability from the cohesive nature
of the sedlment, developing a thicker deposit with rougher micro-topography.
Further monitoring of the disposal sites is planned to assess the
longer term effects of these capping procedures. However, the history
of disposal at the Central Long lsland Sound Site indicates that these
deposits will be stable and the capping will be effective. Should this
be the case, capping of undesirable spoils can be an important, beneficial

techrique for future disposal operations.
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Follow-on studies will yield important data relating to the health
of benthic communities which colonize the mounds, and, if possible, will
give an increase of differences, or lack thereof, of contaminants to the
surrounding atred.

The value of this "capping" procedure to dredgers lies in the
potential for dealing with varying quantities of materials which may
otherwise be unacceptable for disposal into the marine environment.
Through opportunistic scheduling and management, it may be pessible to
isolate objectionable materials at reasonable cost. It is conceivable

that an improvement in marine habitat can also result from such practice.

"FLOW LANE" DISPOSAL

Another technique used by the Corps of Engineers to optimize dredge
matefial disposal is "flow lane" disposal as practiced in the Columbia
and Lower Willamette Rivers project. The Portland District, U.S. Army,
Corps of Engineers, is responsible for providing adequate depth in this
navigation system.

This project encompasses the main deep-draft navigation channel of
the Columbia River from just ineide the entrance bar at its mouth of
River Mile 104 at Vancouver, Washington, and River Mile 8 in the
Willamett River at Portland Harbor, Oregon. The channel is forty feet
deep by six hundred feet wide, There are about twenty-six traditional
shoals that have to be maintained pariodically. Some of these shoals
are malntalned on an annual basis, others not for 3-5 year intervals.
Annually the Corps does maintenance dredging on approximately one dozen
of the shoals in the 100-mile plus reach. This involves pipeline dredging
plant and hopper dredging plant and average annual removal in recent

years is approximately 3,789,000 cubic yards at a cost to the United
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States of about $1,729,000. Hopper dredging accounts for another
2,385,000 cubic yards and an additional cost of $1,114,000.

Although the Corps has improved the hydraulic characteristics of
the channel since the early 1900's by the construction of several
hundred flow control structures (pile dikes) and strategic placement
of dredged material along shorelines, closing off or narrowing side
channels, etc., maintenance dredging as noted above still takes place
in substantial gquantities. Over the vears, disposal areas have become
a premium and recent environmental legislation and policy including
nonfilling of wetlands, etc., severely limited upland disposal potentials.
The Portland District has .developed, along with resource agency inputs
and cooperation, a method of what is called "flow lane" disposal. 1Im
this process, at many locatiocuns where upland or beach erosion area dis-
posal is not availalbe for a particular bar, the dredged material is
placed in water downstream oi the dredging site ususally alongside the
navigation channel. Placemenit is in at least 25 feet of water at areas
where the hydraulic characteristics would indicate gentle erosion of
the material and subsequent redeposition at downstream locations.
Ultimately, some rehandiing will be accomplished, but overall benefits
are greater than alternatives. The material is placed in a thin blanket
to minimize interference with fish drifts and natural flow characteristics.
This could be analogous to the "cut and fill" approach used in other
areas, but at this time, placement of the materials within the limits

cht

of the navigation channel downstream which would result in a true
and £i11" operations is avoided. The Corps does utilize stockpile or
other upland disposal sites uvear heavily populated areas as much as

ossible to take advantaze of the productive uses of clean, Columbia
P

River sands normally dredged.
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"WHEEL WASH" DISPOSAL

Another dredging practice used in the Portland District is a channel
flushing vessel to accomplish "wheel wash" dredging and disposal.

The Channel Flusher SANDWICK is a modified LCM-8 vessel thet is
utilized in the Portland District to accomplish an improved form of
"wheel wash" dredging and disposal. Modifications to the SANDWICK include
a 12-foot by 24—foot hydraulically operated door attached to the stern of
the vessel. When this door is lowered it deflects the prop wash of the
vessel in a dowaward direction,which significantly increases its capacity
to sweep isolated shoal areas clean at depths of 18 to 20 feet. The
SANDWICK is held in place by a four-point mooring system of which two
points operating from the stern of the vessel are utilized almost
exclusively. The Portland District experiences great difficulty in
mainfaining the entrance bars at six smaller projects. These projects
have entrance depths of from 22 to 10 feet M.L.L.W. because of wvinter
weather conditions maintenance is done through the months of May through
September. The Hopper Dredge PACIFIC is severely taxed in attempting
to maintain these projects and is the only conventional plece of plant
available that can operate safely and effectively on the bars. The
SANDWICK has been used at varlous locatiocns, but since the summer of
1979 it has been the Rogue River Bar Entrance Project, which is the
most difficult to maintain because of winter conditions experienced even
during the summer months. This freed the Dredge PACIFIC to conventrate
on other more commercially important coastal projects. The SANDWICK
accomplished this mission in keeping at least half channel widths so
that recreational and commercial fishing craft could utilize the entrance

during the normal summer season.
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BEACH NOURISHMENT DISPOSAL IN FLORIDA

The Jacksonville District, U.S. Army, Corps of Engineers, has
utilized dredged material for beach nourishment disposal for a number
of vears. A recent job at Fernandia Harbor, Florida, optimized the
harbor improvemeut project dredging by placing dredged material on a
badly eroded beach. The dredging involved the deepening of the
entrance ‘channel to 40 feet for the Naval Submarine Support Base, Kings
Bay, completed in June.1979.  bespening.of the exposed entrance channel
was performed by the Hopper Dredge McFARLAND with assistance from the
Hopper Dredge GOETHALS. Of a toval of approximately 2.3 million cubic
yards removed by both dredges in - the deepening project for the U.S5. Navy,
approximately 500,000 cubic-yards of rsuitable material was placed by
means of a direct pump-out systen on: the ovesn baach south of the
entrénce charnel at Farnandis, TFlorida. JFhe operational methods
employed were to ohtain a load of material in the hoppers and then tie
up to a mooring barge: locatsd just outside the channel near the south
jetty and pump the dredged material through submerged pipeline and
shoreline down the bheach approximstely 6,000 feet to the start of the
beach fill area. With the addition of two booster pumps in the line
at this point on the beach, the beach fill .area extended south another
7,000 feet for a total pumping distance.from the dredge of ‘approximately
13,000 feet. Due to the existing ivvegular shore alignment the width
of the beach fill area wvaried from 62 .t 600 feet so as to provide a
relatively continucus shore alignment with a berm elevation of +10 feet
M.L.W,

While the disposal of material from the channel deepening project

on the eroded bezch was move pastly ($6.68/c.v.) than disposal at sea
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(82.64/c.y.), alternative source of beach f£ill would now cost corsider=-
ably more ($5.08/c.y.). The management decision to use this method

of beach nourishment enable reuse of valuable sand as well as saving
$1.64/c.y.

Another vital beach nourishment dispcosal project being perfeormed
by the Jacksonville District is the Dade County erosion and hurricane
(tidal flooding) protection project. For this nourishment project, sand
was obtained from suitable sources offshore and pumped on the beesch at
Miami Beach.

The Dade County Beach erosion and hurricane (tidal flooding) pro-
tection project provides for an initial placement of 13.5 millior. cubic
yards of material to form a beach and protection dume for 9.3 miles of
shore between Covernment Cut and Bakers Haulover Inlet. It also provides
for béach erosion control by the initial placement of 0.7 million cubic
vards of material to form a protection and recreational beach along
1.2 miles of shore and Haulover Beach Park,

Between Bakers Haulover Inlet and Government Cut, the plan provides
for a dune 20 feet wide at an elevation of 11.5 feet above mean low
water. Seaward of the dume a berm at an elevation of 9.0 feet above
mean low water extends for 50 feet, thence a natural slope extends to
the water. The beach would be nourished periodically as needed to
compensate for erosion losses.

The present estimated project costs, Including a 10-year beach
nourishment, are about $56 million. The Federal share would be about
$31,000,000 and non-Federal at about $25,000,000.

The first contract which included Haulover Park and 96th Street
to 80th Street was completed November 17, 1978. Approximately 716,000

cubic yards were placed on Haulover Beach and about 2,424,000 cubic
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yards from 96th Street to 80th Street. The second contract from 80th
Street to 63rd Street was completed August 31, 1979. This stratch of
beach was nourished using approximately 1,271,000 cubic yards of material.
The third contract from 63rd Street to 4lst Street calls for disposal of
approximately 3,177,000 cubic yards. A fourth contract will cover from
4lst Street to Lincolo Road and a fifth contract from Linceln Road to
Government .Cut,

Material for these projects is from aveas 6 to 12 theousand feet
off shore, The praaeding.&md.prasemiwcoﬁtr&aturs-were.and are being done
by Hydraulic Fipeline Dvedges, rransporting the material through mostly
submerged pipeline.

The first vontract was performed by first the Hydraulic Cutter Head
Dredge'ILLI&QES.whiﬁh:waﬁ'1at¢rzxeplaced:by the Hydraulic Cutter Head
Dredge ALASKA. Both of the dredges are owned by Great Lakes ﬁredge and
Dock Company. . The dredges arve powered by 7200 HP on their pumps and
1660 HP wu their cutterheads. The-sustion is 34 inches and the pump
and discharge pive-is 27 inches .in diameter. The ILLINOIS moved material
through an average of 12,000 feet of pipe line, of which 9,700 feet was
submerged, The ALASKA used an average of 11,000 feet of which 7,900 feet
was submerged.

The second contract was performed by the electric powered Dredge
SENSIBAR SONS owned by Construction Aggregates Corporation. The dredge
is supplied 13,200 velrs from the shore to the transformer located on
the reel barge which is near the dredge. The transformer reduces the
current to 7,200 wvolts. . This voltage nrovides power for the 5000 HP
pump and the 1400 HP cutter head motor. The suction pipe is 34 inches

in diameter, the pump -and discharge is 30 dnches in diameter. Material



was moved through an average of 9,000 feet of pipeline, of which 6,650

feet was submerged.

DISPOSAL IN NEARSHORE ZONE

The Wilmington District, U.S. Army, Corps of Engineers, has converted
the CURRITUCK to provide dredging capability for use of the vessel in
beach nourishment disposal. Results of disposal material at New River
Inlet, N.C., in the offshore zone indicated a favorable impact on the
nourished beaches.

The "CURRITUCK" has been used in two phases of a research project
at New River Inlet, N.C., to study the feasibility of disposal of clean
sandy dredged material in the nearshore zone and having it move onshore
as a method of beach nourishment. During the first phase in the summer
of 1976, 34,775 cubic yards of dredged material was placed in 8 fzet of
water and the second phase involved placing 55,120 cubic yards of material
in 10 and 12 feet of water. The rationale for Phase IT was to datermine
the optimum and maximum pumping depths in terms of mechanical placement
and bypassing benefits. The shallower the placement depth the longer
1t takes the CURRITUCK to dump its load and return to refill. Thus, if
the same desired results are obtained by dumping in deeper water, costs
will be reduced.

Results show that material placed in the shallowest water (8 feet)
in both phases responded similarly, that is the waterial moved shoreward
into the higher energy inshore and beach zone and then alongshore in the
littoral transport system. Results also show that material placed in
deeper water in the second phase moved landward, but that transport
rates and amounts were much less than for shallow water. There was slow

shoreward movement of the deepwater bars until the onset oi winter wave
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conditions in January and February resulted in a flattening of the bars
by accretion on the outer flank of the mound. During the same time
period the beach and shoreface seemed to maintain their shape although
sand was eroded from the area just landward of the disposal bars and
assumed to move szaward. Although a geneval shoreward mavement. .of
material placed in depths of 10 - 12 feet looks promising, the sand
transport rates appear to be guite slow. This general interpretation
is tenuous and ecan ounly be substsntiated by additional offshore surveys.
In summary, even though the results of Phase T and II are fLavorable,
a careful assessment of all factors should be made before designing a

beach nourishment project using this method.

DTSPOSAL, AREA RETUSE

Numerous examples exist  around rne-11.5.4. of reuse of dispusal areas,
usually by removal of deposit materisl for otber peneficial uses.

The Detroit District, U.S5. Army, Corps of Engineers, has uzilized
this reuse principle at two diked disposal areas. The upstream reaches
of the Saginaw River, mainly the 27 foot depth project area which com-
mences within the city limits of Bay City, Michigan, and extends to
Saginaw, Michigan, a distance of about 13 miles, shoals ini an irregular
manner throughout. this entire length. An area to receive the maintenance
dredgings aleng this portion of the river was desirable without traveling
outside of these 13 miles of river, and as near the center of tais reach
as possible., The City of Bay City, Michigan, provided a site with dikes
at Skull Island in calendar year 1970. This site was utilized three
consecutive seasons and was more than satisfactory. However, the site
was not convenient to Bay City in regards to their reuse of the material.

Thus, a new site at Middlegruound Island was utilized beginning in 1973.
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The site at Middelground Island has the capacity to hold only one season's
dredgings. Between dredging periods, the material is removed by Bay

City for various beneficial uses. Thus, the site is continuously avail-
able on a seasonal basis. Beneficial use of the material dredged placed
in the Middieground Island disposal area includes cover for the City's
nearby sanitary landfill operations. In addition, the material has been
effectively utilized for a mat and partial backfill in connection with

" the installation and maintenance of the City's sewer collection system.
This method of disposal and cooperation has been very beneficial to both
the Detroit District and the City of Bay City.

The Harsen's Island diked disposal site is a state-provided disposal
area which is located on a State of Michigan Wildlife Preserve. Unpolluted
St. Clair River sediments are stockpiled by a Corps. Hopper dredga for
use Hy the Michigan Department of Natural Resources (MDNR) in state
projects such as dike and road foundation repairs within the confinesg of
the wildlife reservation on Harsen's Island. The site has been used by
the Corps since 1977.

It is proposed to continue these types of programs whenever possible
and to improve upon them as experience is gained and local interssts
become more aware of potential benefits. It is anticipated that other
local interests will become interested as well, based on the excellent
response of those now working, cooperating, and benefiting from these
alternate disposal practices.

The Sacramento District, U.S. Army, Corps of Engineers provides yet
another example of disposal area reuse.

During a five year period, approximately from 1967 to 1972, the

Interstate Highway system was under construction in and near the City of
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Sacramento. Good road building materials were scarce in the Sacramento
Valley. However, the sand annually dredged as part of the Sacramento
River Shallow Draft Project proved to meet Interstate specifications.

As a result, a combination of maintenance dredging by the Corps and
dredging under Nepartment of the Army permit by the contractors for the
California Division of Highways supplied millions of cubic vards of
suitable material. Im many cases the material was pumped by cuzter-head
‘suction dredge divestly into the.roadway aligmwent.

In addition, an agreement was signed in 196/ between the Secretary
of Army and the Secretary of Tramsportation which provided for the
removal of some twelve million cubic yards of material from Government-
owned disposal asraas for use dn the Interstate. system. Through this
agreement, suvme disposal areas which had been filled were emptied and
once égain made available for years to come. Development continues
along the rivers making it prohibitive to locate and develop new disposal
areas. The benefits of reuse are real, as our mission of maintenance
dredging would be greatly complicated were we to lose the use of certain

critically located disposal aveas.

OPTIMUM DREDGING DEPTH - IMPACT ON DISPOSAL NEEDS

Another area wherein innovative procedures have been undertaken to
provide desired channel conditions with minimum impact on the environ-
ment (less disposal needed) is in the Upper Mississippl River. The 5t.
Paul Distriect, U.S. Army, Corps of Engineers, maintains 284.2 miles of
the 9-foot channel on the Mississippi, Minnesota, St. Creoix and Black
Rivers. Historically,dredging and.disposal requirements on the

Mississippi average 1.5 million cubic yards annually. Channel main-
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tenance has been accomplished with the 20 inch hydraulic dredge WM. A,
THOMPSON and four cubie yard clamshell Derrick Barge HAUSER.

Before 1974, dredging was normally programmed to a depth of 13 feet
below low control pool level; the two exceptions to this norm were the
Minnesota River 9-foot Channel Project and the Mississippi Hiwver emer-
gency dredging in 1965 and 1969. The original design of the Minnasota
River 9-foot Channel Project limited dredging to 11 feet in cousidera~
tion of riverbank stability. During 1965 and 196%, Mississippi River
9-foot Channel Project dredging depths were limited to 12 feet, and
channel widths were restricted to allow timely completion of dredging
for allowance of navigation. Full channel widths with a 13-foot dredging
depth were implemented the following years.,

The following are the channel widths maintained on tangeut {straight)

sections of the rivers:

River Location Widths
Mississippi River Pool 3-10 300 feet
Migsissippi River Lock and Dam 2 to head of

navigation, mile 837.6 200 feet
St. Croix River 300 feet
Black Riwver 300 feet
Minnesota River 100 feet

The channel width on river bends was increased up to 550 feet.
This width was determined through experience considering the bend radius,
river current conditions, and motor vessel operation comments.

Additional overwidth or advance dredging was accomplished as equip-
ment and funding capability allowed to increase the channel width
longevity. This practice was considered essential to insure adequate

channel width during the absence of the Dredge THOMPSON; it provided

capacity for future shoaling during high flow periods. Adwvance drazdging
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is very efficient with a large hydraulic dredge which, once mobilized
and set up at dredging locations, 1s able to dredge the additional
volume required with a relatively small increase in dredging time.

Channel condition surveys were conducted by ong hydrographic survey
crew; three additional crews provided assistance following the annual
spring runoff. Sonar surveys were utilized to establish areas of
shoaling, and manual detail surveys were conducted for detall channel

" condition. Channel condition surveys were conducted after open river
flow conditions passed and pools were reestablished. Channel main-
tenance dredging was scheduled when the channel depth shoaled to 1l feet
or less below low control pcol elevations.

Channel maintenance under the preceeding conditions has proven very
successful in providing a reliable navigation system. The unit cost of
dredéing was very low as the average resulting dredging face of approx-
imately 3 feet allowed efficient equipment operation, dredged material
placement sites adjacent to the channel were used and the workload was
adequate to provide excellent plant usage.

Enactment of the National Environmmental Policy Act in 1970 required
preparation of an Enviroumental Impact Statement (EI8) for the Upper
Misaissippi River 9~foot Channel System. The EIS found the historic
method of dredged material placement was having 2 aignificant adverse
impact on the environment. Additional selectivity in dredged materisl
placement was implemented in 1975 as concluded necessary in the EIB
Statement of Findings. The Water Pollution Control Act of 1972 required
full consideration of the materlial placement impact on water quality and
wetlands. The 1977 Clean Water Act required dredged material placement

to comply with State requirements as well as Federal. Disposal of 1.5
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million cubic yvards of dredged material annually places an excesasive
demand on available beneficial uses, rapidly depletes the capacity of
reasonable disposal sites and the volume makes alternate disposal sites
and methods very costly. In 1975, the St. Paul District joined 1a a
Federal-State effort under the Upper Mississippi River Basin Commission
to develop a total resource management plan for the Upperx Missisgsippil
River. This team effort was entitled GREAT (Great River Envivommental
Action Team). The Corps of Engineers headed a Work Group of GREAT, the
Dredging Requirement Work Group (DRWG), with the primary purpose. of
reducing channel maintenance dredging quantity. One of the parameters
designated for an intensive review was dredging depth and its resultant
impact on disposal needs.

The optimum dredging depth must take into consideration many inter-
relaﬁed factors., The guantity of dredging, of course, can be affected
by the cholce of depth - dredging to 13 feet resulted in an average
dredging face of 3 feet. Dredging to lesser depths will obviously
reduce the face and quantity dredged at that site. Since the depth of
dredging affects the storage capacity for future shoaling, reducing the
depth of dredging would affect the frequency of dredging. The depth of
dredging face has an impact on the type and size of equipment selected
for required dredging. Smaller dredging requirements at more frequent
locations could require deployment of an increased number of smaller
dredges to allow time and cost effectiveness. The bottom line in all of
this is channel reliability. If the dredging equipment capability is
not increased to meet an increase in dredging frequency, the channel

reliability could be reduced.
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The DRWG recognized the complex inter-relatiecunship of the factors
and the scope of work involved with 284 miles uof channel with 122
separate historic channel maintenance sites. Three basic methods of
attacking the investipations were identified: ,

a. VField Testing. The advantage of documented field tests is

that they have the best reliability; the disadvantages are that the test
conditions are limited by the hydrologic cycle experienced, variables
cannot be tested under: identical reocvcurring conditions, the study
period is short, and any failures pose a-risk to continuing coumerce.

b. Physical Modeling. This method has proven reliability to

predict the impact of parvametey wodification. It has an advantage over
field tests as -one can rapeat . tests with all parameters constant except
test parameter variation. . The primary disadvantages are cost, aerial
scopé, and time veguirvemnsants.

c. Mathemsticsl HModeling. A mathematical model is a com-

puterized program of-hydramlicwand:ﬁedimamt”txansport'mechanics equations
which attempt to describe:the rviver flow, including water and sediment,
and its interaction with the river bed. This methed is relatively new
and untested as only vecent development of computer capability allowed
initiation of a mathematical soiution. A math model has a great advantage
over a physical model: becsuvsz the model does not have to be built after
pach test. It is more time-and cost -effective than fiald testing or
physiCalﬂzmdeling.but.lacka-iulludaveiwgmeutwand reliability.

The Corps of.gnginegra~aacgmpli$had-raduued depth dredging (depth
of 11 to 12 feet below lww-control poel) at 35 of 49 sites dredged on

the Mississippi River during the pevied 1974-1978.
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During the GREAT program (1975-1978) 23 percent, 53 percent, and 24
percent of the dredging based on volume was accomplished at 13, 12 and
11 feet of depth, respectively. During the overall period of 1974-1978,
42 percent, 38 percent, and 20 percent of the dredging was accomplished
to 13, 12 and 11 feet, respectively. The GREAT program resulted in an
overall reduction of 940,350 cubic yards or 23.7 percent of the main
channel maintenance on the Mississippi River 9-fcot Channel Project,
based on initial dredging requirements at each site.

Analysis of the 1960-1973 period indicated that a reduction of
depth to 12 feet would have resulted in a 25 percent reduction in
individual dredging requirements without consideration of impact on
frequency of dredging.

The tests sites had an average annual dredging requirement of
402,4b0 cubic yards during the 1975-1978 period. The l956—19f4 histor-
ical average annual dredging requirement adjusted 12 percent for the 1975
low control pool level change was 629,300 cubic yards. This represents
a reduction of 36 percent in dredging quantity. This comparison 1is
considered optimistic as the base period imcluded record floods in 1965
and 1969.

Overall, during the GREAT period, 52 perceant of the sites subject
to reduce depth dredging were dredged in one year. For these same sites,
39 percent were dredged in an average year for the period 1956-1974,
with 13 foot dredging in all but two years. This is a 34.1 percent
increase in frequency of dredging. This would tend to illustrate that
the decrease in quantity was offset by a increase in frequency.

Existing dredging capability was utilized to accomplish the main-
tenance dredging. Additional plant was acquired to allow material

placement with longer transport distances. Increases in mobilization,
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setup time, disposal site shutdown requirements, and mechanical downtime
reduced the existing equipment capability. These reduction in capabil-
ity are not attributable tc the depth of dredging. However, it does
iilustrate that channel maintenance was feasible during 1974-1978 with
the reduced depth dredging preogram. Increased frequency of dredging at
the test sites did not exceed existing plant capability. However, due
to the short period of reccrd, this conclusiocn is tempered for long-term
or extreme flow conditions.

In summary, the field records of 1974-1978 do not indicate an
inerease of channel closures with reduced depth dredging. However, a
much greater risk of channel closure results particularly with ll-foot
versus 12- of 13-foot dredging for the following reasons. Field docu-
mentation has shown that channel closure can occur within a few days of
the cﬁannel reaching a depth of 10 feet. The 1974 closure at Feads
Landing demonstrated that the channel closed within 4 days with channel
deptits not less than 10 feet witheout any change in river stage. When
dredging is limited to 11 feet, the Corps of Engineers, St. Paul Distriet,
ig hesitant to initiate dredging when isolated depths at a site approach
10 feet. Many thousands of dollars of cost are required with the existing
equipment to improve the channel depth a few tenths of a foot. Channel
maintenance as exemplified by Reads Landing in late 1976 1s deferred
with increase site monitoring. This poses a definite Increased risk to
the channel yelibility. Develupment of equipment with high efficiency
in dredging extremely shallow face of material would improve the viabil-
ity of reduced depth dredging. In addition, development of capability
to predict whether the site will continue to shoal shallower oy sgour

deeper would be a significant tool to define dredging needs. This
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predictive and equipment capability would minimize dredging cost,
quantities dredged, and improve the channel rellability.

The past 5 years' performance of the Dredge WM. A. THOMPSON and
Derrick Barge HAUSER was analyzed to determine the impact of reduced
depth dredging. This cost can be aggravated if the frequency of
dredging increases. In both examinations, only actual dredging time was
considered to minimize the impact of placement site conditions on
overall productivity. Alternate equipment could not be evaluated as the
Dredge THOMPSON and Derrick Barge HAUSER accomplished all pilot effoerts.

{1} Dredge THOMPSON. The following tabulation illustrates

the Dredge THOMPSON without application of the Booster Barge MULLEN:

Average Production/Pumping Hour
Dredging Depth _Face ' Sq. Yds/Hr. Cu. ¥ds/Hr.
{Feet) (Feet)
il 1.32 1341 589
12 1,77 1347 794
13 2.90 982 384

This clearly indicates that the average Il foot project costs the
same as the average 12 foot project. Therefore, it is just as economical
to dredge to 12 as to 11 feet with the Dredge THOMPSON; an increase in
frequency increased the costs. The aerial production drops congiderably
with 13-foot dredging, and an increase in frequency is acceptable.
Assuming an average mobilization of 2 days with an average job require-
ment of 4 days with 13 foot dredging, the frequency of dredging at 12
feet could increase 22 percent without reducing the cost effectiveness
of the Dredge THOMPSON, Use of a 20 percent facror is recommendad as

the average face at 12 feet may increase. The production of the Dredge
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THOMPSON with the Booster Barge MULLEN was slightly higher, but signif-
icant mobilization and setup time is an overriding factor.

(2) Derrick Barge BAUSHR. A similar tabulation for the

Derrick Barge is as follows:

Average Production/Pumping Hour
Dredging Depth _Fage =~ Sq. Yds/Hr. Cu, Yds/Hr.
(Feet) {Feet)
11 1.81 288 174
12 2.50 230 192
13 3.67 166 202

Considering the aerial production data, an average job size of 9
days at 13 feet, 1 day of mobilizarion, and 10 percent stepping time,
the frequency of dredging could increzse 28 percent with 12-foot dredging
and 52 percent with ll=foot dradging without increasing the dredging
cost.

A trial effors was made-in.an effort to-improve the production of
the derrick barge in shallow face dredging. The derrick barge clamshell
will take up to a 2-foot face in & siugle psss. When the face is less
than 2 feet, the clsmshell in only partially loaded, but the cycle time
remains nearly uniform. Therefore, .a noncept of dredging a cut face I-
foot deep by dredging 2 feet desp hut skipping 50 percent of the area 1in
the checkerhoard pattern wes cousidered. This methodology was tested on
the outside cut of ‘Below the Head of Raft Chanusl, Pool 8 in 1976. The
dredge cut was- located on the inside .of a river bend. The derrick barge
production-increased, but unforiunately the dredged area did rot level
out. It remained uneven throughout the balance of the 1976 season. The
river flow was insufficient to level the . arsa, snd the motor vessel

propellor was not effective as it wss divected to the outside of the
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bend. Any future attempt should include trial applications of a drag

bar or beam to level the area.

SUMMARY

The examples presented herein tend to illustrate the emphasls being
placed on the disposal of dredged material. This 1s not to say that the
optimization of dredging techmiques is not recelving its share of
technical effort. It is increasingly evident that the total dredging
cycle needs to be addressed, with all elements being considered wery

carefully.
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"EFFECTS OF SEDIMENT PARTICLE SIZ& DISTRIBUTION AND RELATED FACTORS ON
SURVIVAL OF THREE -AQUATIC TNVERTEBHATES:

IMPLICATIONS FOR “THE- CONIUICT OF
DREDUED SELIMENT BIOASSAYS
by

VISTOR.Ay.MCFéﬁﬂﬁﬁDl

The influence of sediment pavticle size distribation on the survival of

three invertebrate sproiss was  lnvestigat pple nomdisruptive procedure
for combinating'ﬁﬂrufﬂl*uﬂﬁﬁntﬁmiaatwd_wedhﬁ@ntsguwhich.provided cortrol

sediments of predicted particle size distributivn. wvas developed. The

tubicolous: polychaete, Dicpatra cuprea snd the

rimp Palavmonetes puglo

survived equally well vn all.sediment bypes. U ing fyom 00 percent coarse-

textured to 100 percent fime-textured sedinent during the 12~day investigations.

Survival of the burvowing poivchaste, Nesnthes srenaceodentata declined

linearly as silt/clav content of the sediment dnors ged: however, this de-
creased survival was.not statistically significant at the a = 0.05 _evel. The

implications of the lack of . prior koowledge of the compatibility of test

=

organisms with the sediment Lype amley duvestigation dn a sediment hioassay

are discussed.

1
Physical scientist, U. S. Army -Corps of Enginsers Environmental Laboratory,
Waterways Experiment Station, Vicksburg, Mississippi 39180
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INTRODUCTION

1. The criteria governing ocean disposal of dredged material under
Section 103 of the Marine Protection, Research, and Sanctuaries Act of 1972
(Public Law 92-532) require that potential for environmental huom be assessed
by a three-phase bivassay (U. S. EPA, 1977). These bioassays musi.meusure the
toxicity of the liquid, suspended particulate, and solid phases of a dredged
sediment being considered for ocean disposal to "appropriate sensitive marine
organisms."

2. An implementation manual describing suggested procedures for
complying with these regulatory requirements was prepared by the Envirenmental
Protection Agency/Corps of Engineers Technical Committee on Criteria for
Dredged and Fill Materials (EPA/CE 1977), and 1s used routinely by coustal Corps
District and EPA Regional offices in regulatory evaluations of dredped material
proposed'for occean disposal. The liquid and suspended particulate phase tests
are conducted in the manner of the traditiomal 96-=hr aquaric binassay. The
solid phase test, however, is an innovation in which survival of the test
organisms 1s determined after 10-days' exposure to a deposited layar of the
dredged material at in situ sediment density. This is compared with survival
in identical systems containing deposited layers of reference or control
sediments.

3. Many benthic surveys have related the distribution of organisms to
sediment type (Driscoll 1975; Dexter 1978; Nichols 1970; Sanders 19583
Stickney and Stringer 19573 EPA 1975; Young and Rhoads 1971). Sanders (1958)
related the sediment nreference of many organisms to feeding type., In that
study, most epifauna ad filter-feeding infauna werve associated with sandy
sediments. Fine-grained sediments were characterized by deposit-feeding

infauna. Sanders (1958) found a sand bottom community characterized by
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Stickney and Stringer (1952) found -amphipods of this species ¢haracterized the
muddy central core of Greenwich Bay. = While it appears that at least in the

case of Ampelisca spinipes, the same organism may characterize either sandy or

middy bottoms, very few species show such an ubiquitous distribution in the
fleld. . Many factors such as larval settling preference, inter-specific compe-
tition, adult mobility, phototaxis, water currents, and variable respunses to
changes in temperature or salinity operate to affect the distribution of
juvenile and adult organisms in the field (Gray 1274). Since factors such as
these are controlled in laboratory testing, the occurrence of an organism in a
particular substrate in the figld does.not necessarily mean that species can
not survive acceptably in. the -laboratory in other sediment types for the dura-
tion of a biovassay.

4, A related coucern 1s the natuve of a sultable control sediment,
The particle size distribution of the dredged material in a particular channel
is beyond the-vontrol of the investigator, The.particle size distribution of
the reference material can he geslected only within the vange avallable near
the dump site :and a cholce-ds ofren limited, However, a control sediment of
any desired particle sise distributlon can be seleoted by the investigator,
and can be made intermediate. berween size distributions of the dredged and
reference sediments:  The location -and collection:of-a demonstrably nontoxic
sediment of a particular particle size distribotion can be time—consuming and
logistically difficult. This paper degeribes g method whereby a very natural
control sediment of . eny desired pavticle size distribution can be easiiy
‘prepared in the laboratory, and describes the effact on survival of three

organisms of varicus size distributions of sediments so prepared,

CMATERIALBCARD R

U Bediments

b A A A

5. The sud psed in this study was taken with a Peterson grab from the
deepest part of East Bay, Fessaccla, Florlds, an.dred with no apparent nearby

sources of pollution. .1i was transported to the laboratory in filberglass ice
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chests and stored at QOC. Before use in the experiments, It was strained
through a 1.0 mm polyethylene screen without the addition.of water and was
mixed thoroughly with a large wooden paddle. Particle size distribution
analysis was performed using the modified hydrometer method of Patrick (1958).
A quartz sand was obtained from an area of Santa Rosa Sound, Florida, well
removel from apparent sources of pollution. In the laboratory this sand was
sieved, air-dried, and sized using U. S. Standard sieves.

6. The mud and sand were mixed by incorporation of the. sand in the wet
mud using stainless stesl spatulas and a plastic covered slab, This procedure
involved spatulating a small, workable-size mass {(500-700 g) of - iha mud on the
slab into a thin laver. A proportionate amount of sand was added to this
mass and worked into 1t until the sand was evenly distributed in.the mud. Two
spatulas were used, one to do the mixing and moving and the other to c¢lean the
first. When the components were well mixed, the mass was set aside and g second
batch prepared in the same way. This was mixed with the first hateh and the
procedure was repeated until all the sand had been mized with all the wmud,

The small mixed batches were then combined and mixed thoroughly in an ice chest

using a wooden paddle. No water was added at any point in the process.

Chemical Analyses

7. Standard procedures were used for chemicul analyses petformed on
the mud sediment used in this study (US-EPA, 1969; US-EPA, 1979a and 1979b;
Rand, M. C. et al. 1975; Mills,_gg_gl.,l972). Parameters included heavy
metals, polynuclear aromatic hydrocarbons, polychlorinated biphenyls,
chlorinated hydrocarbon pesticides, nutrients, o1l and grease, and
miscellancous sediment characteristics.

8, With the exception of Hg, metals were digested in concentrated
nitric acid. Metals other than Pb that were present in concentrations greater
than S50 ppb werc analyzed by argon plasma emissivn spectroscopy using a

Spectrametrics multielement -system, Spectrospan Model TTII. Lead and all
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metals In concentrations below S0 ppb were. analyzed on a Perkin-Elmer Model
5000 atomlc absorpticn spectremeter using a heated graphite atomizer system.
Mercury was analyzed by the cold vapor method, wherein the sample is digested
and reduced to the elemental form and the vapor is passed through a chamber
mounted on a Perkin-Elmer atomic absorption spectrometer, Model 305.

9, Samples for PCR .zuslysis weve extracted in hexane/acetone, cleaned
on FlorisilTM, and concentrated wsing a Kuderna-Danish system. Analysis was
completed on a Hewlett=Packard Model 5840 gas chromotograph equipped with an
electron capturs detecior:

10. Polynuclear sromatic hydrocarbons were extracted with the PCB's and
cleaned on Florisil . Analysis -was by flame ionization using a Perkin-Elmer
Model 990 gas chromatograph.

il. colerimetric methods were. used for the analysis of CN, TKN, TP, and
COD using a Technicon Autcanalyzer, Model AATT for the first three parameters
and a Hitashi Spectrophotomstey, Model 100~60 foxr the COD, TOC was analyzed
on an Oceanegrashic Inzernaticnal IR detscior following persulfate digestion.
011 and grease, TVS, and TS were snalyzed by gravimetric procedures. 1In the
case of oil and presse, .the sediment was extracted using hexane., For TVS, the
sediment was azhed in a mﬂffie.fgrn&aa:atuﬁﬁémc;f”NijN'was analyzed by
distillation- imte awid, adiustment of the pH to 10.5 and back-titration.

¢

SExperimental Orvganilsms

12. Three spscies were used -in the investigation. The tubicolous

polychaete, Diopaira cupres was collectad by divers on the Texas coast, The

worms were found living . in a sandy substrate, and when brought to the labora-

tory they were. placed in large fiberglass. tanks containing 10 cm of sand with
artificlal ssawstrer .adivsted to 33 QK@Q salinity, and maintained at an amblent
temperature of 20 i'EOC. The acelimation perind was three weeks and the worms

were fed during this. period . gp s diet of dried, ground Thallasia Sp.
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13. Another polychaete species which builds a burrow or inhabits

crevices and is a different feeding type, Neanthes arenaceodentata, was

cultured in our laboratory from a strain originally obtained from D. Reishz.
This worm was cultured in flat plastic trays in artificial seawater at 25 ®/oo
salinity and a temperature maintained at 20 + 2%. A‘thin layer of sand in
the trays allowed .the worms to form burrows. The water was aerated, chocked
daily for increased salinity, and partially replaced every 2 weeks. The food
was dried alfalfa.

l4. The third species tested was the estuarine grass shrimp, Palaeuonetws

~puglo. These shrimp vere collected by dip net in Thallasia beds at Shoreline
Park in Escambia Bay, Fleorida. In the laboratory, they were maintained in glass
aquaria equipped with subgravel/airlift filters. Salinity was maintained at

the collection level of 25 O/oo and temperature was controlled at 20 + 2%.

The shrimp were fed daily on 48-hr nauplii of Artemia salina.

Experimental Design

15. Experimentation with polychaetes was conducted in 190 x 100 mm
acid-washed crystallizing dishes. Tountainers for the grass shrimp were 5.7¢
battery jars. Treatments consisted of clear water with no sediment added,

100 percent sand, 50 percent sand/50 percent mud, 20 percent sand/80 percent
mud, and 100 percent mud. All containers were randomly assigned a position in
the same temperature—contrclled water bath.

16. Two procedures were followed for addition of the sediment to the
aquaria. Procedure A, which was nondisruptive of the sediment, ceonsisted of
placing the sediment to a depth of 30 mm in each empty contaimer and slowly
siphoning water into a petri dish placed on the surface. Water flowed over

the sides of the dish onto the sediment and filled the containers without

Donald J. Reish, California State College at Tong Beach, Long Peach,
California 90804



suspending the sediment. In Procedure B, the sediment was slurried in water,
poured into containers partially filled with water, and allowed to settle for
1 hr. About 75 percent of the water was siphoned off after this settling
period and replaced with clear water using the petri dish to avoid additional
disturbance. Sufficient slurry was added to produce a sediment depth of

15 mm. Once temperature had stabilized at 20°C, 10 organisms were added to
each container. Aeration was provided by bubbling filtered compressed air
into each dish through a small bore glass pipet. After 24 hrs, water was
again changed in containers representative of the second procedure, aud after
an additional 24 hrs, part of the water in each container was removed and
sufficient additional slurried sediment was added to bring the settled
sediment depth to 30 mm. Water was agaln changed after a 1-hr settling period
and at 48-hr intervals thereafter. The experiment was terminated after 12
days and surviving organisms in all aquaria were counted and the results
analyzed by two-way analysis of variance, Duncan's multiple range test for

variable survival, and linear regression analysis.
RESULTLS AND DISCUSSTION

17. Results of the chemical analyses of the East Bay mid-channel
sediment are given in Table 1. The earth's average crustal abundances of the
metals analyzed in this sediment are shown in parentheses. Concentrations in
the sediment were generally near or below the earth's crustal averages. Most
of the miscellaneocus sediment characteristics which are generally related to
sediment toxicity and to adsorption-desorption of lipophilic pollutants are
low. Total volatile solids is an exception. All the organic contaminants
measured which would tend to be associated with organic or volatile solids,
however, were below analytical detection limits or present in very low
concentrations. Particle size analysis showed the mud contained 2 percent
sand, 78 percent silt, and 20 percent clay. The sand was not analyzed
chemically. The sand contained less than 0,01 percent by weight of particles
smaller than 63 um. Two-thirds of the particles fell between 63 um and 300 um

and one-third were between 300 pm and 1.0 um,
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18. On the basis of these determinations the mid-channel sediment and
the sand ware considered to be nonpolluted and physically suitable for mixing
to form “control” substrates in which the survival of organisms exposed would
not likely be affected by chemical toxicity.

19. For none of the three species were there any statistically signifi-
cant differences in survival due to the procedure by which sediment was added
to a test container (Table 2), Treatment x procedure Interactions were also
insignificant, and for these reasons data from both procedures werc pooled in
calculating treatment effects. Survival of the three gpecies investigated is
shown in Figure 1.

20. Palaemonetes puglo survived equally well regardless of the presence

or nature of sediment. Survival was 90 percent or better in all treatments
where sediment was present and slightly less than 90 percent in clear water
without sediment.

21. The survival of D, cuprea was higher in all sediment treatments
than that of the other two organisms. Survival of this organism approached

100 percent on sediments, but was reduced to 65 percent in the absence of a

sediment.

22, The survival of N. arenaceodentata decreased linearly from a high
of 95 percent in 100 percent sand to a low of 77.5 percent in 100 percent mud
(r2 = 0.95) in the treatments where sediment was present. However, the
difference between the survivals in any treatment in which a sediment was
present were not statistically significant at the 0.05 level. The 40 percent
survival in clear water without the presence of sediment was statistically
lower than in the presence of any sediment and was lower for thie animal than
for either of the others.

23, In this study, P. pugio and D. cuprea survived equally well in the
presence of a pure mud substrate as when pure sand was present. Thesz two
organisms appear to be acceptable for use in bioassays in which reference and
test sediments are of widely differing particle size distribution. While the

differences are not statistically significant, N. arenaceodentata showed

decreasing survival with increasing mud content. This suggests a poasible
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sensitivity of this animal to some toxic property of the test mud. More
likely, however, in view of the uncontaminated nature of the mud, is a general
decrease in physical compatibility with muddy sediments. This would limit the
species usefulness in bioassays Involving high mud content sediments. The two
polychaetes clearly require a sediment substrate. Thelr poor survival In sedi-
ment-free water is highly significant when compared to survival in the presence
of a sediment of any particle size distribution. The grass shrimp, however,
survives as well without a sediment as it does when any sediment is present.

24. In regulatory dredged sediment bioassays, the reference sediment 1s
intended to represent conditions at the proposed disposal site had dumping never
taken place there, and is collected near the disposal site in an area not affected
by previous disposal operations. For purposes of regulatory evaluations, survival
in the dredged material being tested 1is comﬁared_to survival in the reference
material to assess whether disposal is likely to degrade sediment conditions
beyond those presently existing in the vicinity of the disposal site. The control
sediment is intended to be similar in sedimentological characteristics to the
dredged sediment and to the reference sediment and must be demonstrably nontoxic.
Its sole purpose is to provide quality assurance regarding the conduct of the
bicassays. In the case in which the refervence gsediment is pristine and physically
similar to the dredged material, it can also serve as the control sediment.

25, Problems may arise when the physical nature of the dredged material
is markedly different than that of the sediment in the vicinity of the dump
site, and therefore, different from the reference sediment. Frequently, the
matetial to be dredged from a ship chanmnel is predominately silt-clayv, while
the sediments in and around a dump site are sand, or vice versa. 3ince the
intent of the tests is to determine dredged material toxicity as distinct from
physical effects, ome qualification of an appropriate test organism clearly
must be the ability to survive equally well in sediments of different particle
size digtributions. Otherwise, physical incompatibility with the sediments

can make the determination of toxicity impossible. This is critical since the
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decision whether to grant a permit to dump is strongly influenced by the
predicted toxicity of the dredged sediments.

26, All factors other than toxicity of the test sediment which may
influence the cutcome of the test must be the same for the control, reference,
and test organisms. Therefore, a species which would.not survive equally well
in a variety of sediment types would be unsuitable for use in a bicassay in
which the reference and trest sediments were of widely different particle size
distributions. The present study describes a simple method for derermining
the suitability of potential test species for use in laboratory biocassays in
which the reference and test sediments have different particle size distri-
butions.

27. Tests of this type are not difficult to perform and can provide a
data base which can aid in choosing the most suitable organisms for use in
sediment bioassays. Such information should be of use both to the contractor
who performs the blcassays, and, as quality assurance, to the contracting
officers who must select a contractor and must make regulatory decisions on
the bicassay results provided them., Once the physical compatibility of
potential test species with particle sizes of the test and reference sediments
has been verified, the technique described here can be used to prepare a non-
toxic control sediment with natural texture and any desired particle size

distribution.
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Table 1
Chemical Analysis of East Bay, Pensacola, Florida, Mid-Channel Sediment.

All Values are mg/kg, Dry-Weight Unless Otherwise Indicated.

Values in Parentheses are Farth's Average

Crustal Abundances of Metals.?

Parameter Concentration Parameter Concentration
cd 2.36 ( 0.2) QNapthalene 0.073
Cr 118.0 { 200.0) l-me~-Napthlene - <(.010
Cu 19.8 ( 70.0) 2-me-Napthlene <0.010
As 6.83 ({ 5.0) Aroclor 1242 <0.010
Pb 21.8 ( 16.0) 1248 <0.010
Mn 57.8 (1000.0) 1254 <0.010
Ni 32,2 ( 100.0) 1260 <0.010
Zn 88.8 { 80.0) a=BHC <0.001
Hg <(,0021 Heptaclor 0.002
TP '504,0 Heptaclor epoxide 0,001
NHB—N 15.0 Lindane <0.001
TOC 6630.0 Aldrin 0.001
CN <{.5 Dieldrin <0.001
TKN 2890.0 Endrin <0.001
coD 3.69% p, pl-DDE 0.005
0il & Grease  500.0 Py pl—DDD <0.0G1
18 21.4% p, p -DDT <0.001
TVS 24 .87 o, pl—DDT <0.,001
8 35.0

3 After V., M, Goldschmidt, Courtesy A. Muir, editor, and Clarendon
Press, Oxford, Publishers of "Geochemistry."
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Table 2

Analysis of Variance Results for Each Species Tested Cowparing

Effect on Survival of Procedure, Treatment, and

Procedure ~ Treatment Interaction

_Source DF Anova S5 F P>F
Palaemonetes pugio
Procedure 1 5 0.03 0.8610
Treatment 4 70 0.11 0.49751
Procedure  Treatment 4 270 0.44 0.7803

Diopatra cuprea

Procedure 1 45 1.29 0.2833
Treatment 4 3370 24,70 0.0001
Procedure Treatment 4 130 0.93 0,4853

_Neantheé arenaceodentata
Procedure 1 20 0,13 0,7226
Treatment 4 7570 12.62 0.0006
Procedure  Treatment 4 730 1.22 0.3631
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PERCENT SURVIVAL
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Figure 1, Survival after twelve days exposure
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DREDGING AND THE NATIONAL WATERWAYS STUDY

by
David F. Bastianl

ABSTRACT

The National Waterways Study was authorized by Congress directing
the Corps of Engineers to make a comprehensive study and report on the
system of waterway improvements. The study shall include a review of
the existing system and its capability for meeting the national needs,
including emergency and defense requirements and an appraisal of additional
improvements necessary to optimize the system and its intermodal charac-
teristics through the year 2003, This study has been assigned to the

Institute of Water Resources.

The first task of the National Waterways Study has been to develop
an inventorv of the existing system and the commodities which move on
the waterways, and to prepare a description of that system. The develop-
ment of future scenarios precedes the second group of major activities
which include projecting commodity flows and assessing the capability of
the existing system to meet these flows. This is followed by assessment
under the future conditions. Development and evaluation of alternative
strategies follow the identification of constrained segments of the nation's

system,

Part of the National Waterways Study has been devoted to the history
of dredging, present status of dredging technology, and a projection of

future technology and fleet utilization.

1Civil Engineer, Naticnal Waterways Study, Dept. of the Army, Water Resources
Support Center, Corps of Engineers, Vicksburg, MS.
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INTRODUCTION

There has been speculation about what is to beccme of America's waterways,
much of it focused on the socio-econamic, institutional and envirommental
impacts of using waterways and water-related resources to provide
transportation benefits for the American people. In addition, the growing
canplexity of water resources management has tended to obscure the attention
given to any single function, such as transportation, for which water is
used. In evaluating the current and potentiél role of waterways in the
national transportation scheme, it is necessary to congider a number of
factors which have an impact——directly or indirectly--upon the maintenance and
development of the network in meeting a level of waterborne transportation
needs. One of the more critical functions in the operation of our waterway
system is dredging. What shape America's waterways will take in the future is
going to be influenced significantly by decisions made today concerning the

dredging activities to be performed in this system.

z.\decision-making basis as to what the waterways could and should became
in the overall context of our national transportation system is beirg
developed in the National Waterways Study. The United States Congress, acting
in Section 158 of the Water Resources Development Act of 1976, directed the
U.S. Armmy Corps of Engineers to undertake a navigation—oriented study. The
overall NWS objective is to identify and analyze alternative strateqgies for

providing a navigation system to serve the nation’'s current and projected
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transportation needs. In achieving this objective, one function of the study
is to assess the capability of the existing waterway system to meet both
current and projected national transportation needs. The study is examining
the capability of the current navigation system to handle present and future
traffic., System level constraints are being identified. Suciﬁ constraints may
be specific in nature, such as capacity problems at Lock & Dam 26 on the
Mississippi, or they may be more general, such as reduced levels of
maintenance or new work dredging system-wide, This latter potential
constraint to waterborne cammerce is gaining increasing attention as the

National Waterways Study proceeds apace.

The preliminary findings to date highlight the continued and growing
importance of the waterway network in the national transportation scheme, and
lend credence to expressions of concern over potentially serious constraints
to this role, such as the long-term impacts of reduced levels of dredging,
Although continuing pressures for national and regional growth spur on moves
to expand transportation capabilities, it seems apparent that the mission of
institutions involved in water transportation is focusing more on improved
operations and maintenance--modernization of existing waterways and
replacement of outmoded facilities--not on major system development and
expansion. There are also questions about the safety of navigation facilities
and the reliability of the system in sustained use. Many improvements were

installed decades ago, and breakdowns at sensitive points are another concern.
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THE WATERWAY SYSTEM TODAY

In assessing the significance of a potential constraint to waterborne
cammerce, such as reduced dredging volumes, it is important to understand the
magnitude of the waterway network and associated facllities. One of the first
tasks of the National Waterways Study was to perfom an inventory of the
canponent parts and functions of the existing waterway system in order to

develop this characterization of the system as a basis for further study.

Currently, nearly 26,000 miles of coamrercially navigable waterways are in
use, in addition to the shipping lanes of the Great Lakes and the coastal
trade routes, Ninety-five percent of the Unites States population lives in
states served by this system. These waterways are served by more than 230
camercial harbolrs and ports operated by private industry or by local or state

goverments,

Navigation improvements alorng the waterways include locks at 265 sites,
charnnel aligrnments, bank stabilization, cut-offs, dredging, and clearing and
snagging operations. The Corps of Engineers operates most of the locks,
maintains most of the improved waterways and is also responsible for a portion

of the dredge fleet capacity required for maintaining the channels and ports.

Since 1824 the Federal governmert has invested about $10 billion in the
development and maintenance of the inland and intracoastal waterways and in
the Great Lakes and coastal harbors. Present annual maintenance costs for

these facilities range fram $350 to $400 million.

Approximately 1.9 billion tons of freight move along the waterways and
through the ports each year. The foreign trade camponent is nearly equal to

the damestic flow and is growing at an accelerating rate, Both foreign and
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danestic canmerce each approached one billion tons in 1977. The waterway
system provides effective transportation for movement of crude and refined
petroleum, coal, grains and fertilizers, industrial chemicals, iron ore, iron
and steel products as well as other bulk cammodities. Energy camodities,
petroleum and its products and coal, daninate foreign and damestic waterborne
trade and accounted for 61 percent of all waterborne commerce in 1977. Most
of the movement is of foreign origin, The next largest danestic commodity

girroup movirg by water-—grains-—is predominately for export.

In the three decades between 1947 to 1977, the volume of waterborne
camerce increased from 700 million tons to 1.9 billion tons. Domestic
canmerce has shown consistent growth, beginning with the movement of 579
million tons in 1947 and leveling off within a range of 970 to 990 million
tons between 1973 and 1977. Foreign commerce has grown at a much more rapid
pace, from 188 millicn tons in 1947 to 935 million tons in 1977, Foreign. trade
represented about 25 percent of total waterborne commerce in 1947, but it

currently accounts for about 50 percent of the total,

In addition to characterizing the existing waterway system, its facilities
and traffic patterns, a major function of the National Waterways Study is to
project future cammodity flow volumes and patterns on this system through
2003, among the most significant growth commodities foreseen are coal and
grain, with waterborne movement potentially increasing nearly three-fold and
two-fold, respectively, over the time frame. Such projections illustrate the
growing importance of  the waterway system in moving vital commodities; they
also illustrate its growing vulnerability to disruptions of this traffic
flow, Important constraints to the realization of projected traffic growth

are beirg identified in the National Waterways Study. Reduced levels of
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dredging in channels and ports has surfaced as one of a number of potential
constraints on the system. The United States has not attempted to develop a
deepwater port capability that would be campetitive with Buropean
facilities. Moreover, a variety of factors have resulted in reduced volumes
of dredging nationwide, with the result that certain locations are not

effectively maintaining existing depths, much less improving them.

THE PLIGHT OF DREDGING
prior to 1978, the dredging program of the Corps of Engineers was
accamplished under the provisions of 33 U.S. Code (U3C) 622 and 33 USC 624.
These laws required that the Federal dredging workload be performed in the
most econanical or advantageous manner by use of either Corps dredging plant

or industry plant.

Through the end of World War TI, the Nation experienced a contiruous
development of the waterway systam to meet expanding comnercial, recreational
and national defense requirements. 1In order to meet the growing needs for
maint_.aining and improving the waterway system, the Corps acquired the dredges
necessary to assure that this work was accamplished in a timely manner and at

a reasohable cost.

since World War II however, there have been few inatances in which the
channels of the Nation's ports and inland waterways have been widened and
deepened to any significant extent. During the past 16 years alone, the
overall annual dredging workload in the United States has decreased 413 from
480 million cubic yards in 1963 to 282 million cubic yards in 1979 (Table 1).
Although there has been a slight net increase (8%) in the maintenance dredging

workload during this time period, the new work or improvement dredging
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workload has experienced a dramatic 82% reduction fram 263 million cubic yards

in 1963 to 48 million cubic yards in 1979.

This reduction in workload is directly related to three factors.
Foremost amorng these is the sudden and intense public interest and concern
with envirommental protection and preservation, which is reflected by the
enactment of a series of envirormentally-oriented statutes; e.g., National
Enviromental Policy Act, Federal Water Pollution Control Act, the Marine

Protection, Research and Santuaries Act, and Clean Water Act,

TABLE 1: RECENT CHANGES IN THE NATTONAL DREDGING WORKLOAOD

wWorkload
Dredgirg Cubic Yards Percent
progran Millions Change
| 1963 1979
Improvement 263 48 -82
Maintenance 217 234 + 8
TOTAL 480 282 -41

One of the major constraints to dredging in this age of environmental
awareness is the disposal of dredged material, Prior to 1966 open water
disposal was acceptable in most cases. Now it is increasingly more difficult
to use as a method of disposal, This has resulted in stopping some dredging
projects and severely limiting others. The problems assoclated with the
obtaining suitable disposal areas have significantly delayed dredging projects
because of:

a. The time required to perfom an EIS.

b. The time amd funds required to design, build, and procure disposal

areas,

103



Ernvirommental constraints and stringent new disposal practices have made
obsolete much of the dredging fleet which was already cut-dated and marginal
in perfomance. Some of the dredging fleet could be modified, but with the
cut back in dredging, industry is reluctant to make the capital investments

for a shrinking and wncertain work leoad,

Another blow to dredging has come with the rigid enforcement of the
"Seagoing Barge Act." The majority of the cutterhead dredges were designed
and constructed for use in interior waterways and would require extensive
modifications to meet the requirements of the "Seagoing Barge Act" prior to
their working in exposed coastal waters. In many cases, these modifications
would be = extensive that rehabilitation will not be eoonanically feasible.
Recently, the Coast Guard has been given increased latitude in interpreting
this Act. The impact this will have upon the dredging industry remains to be

Seen.,

a third factor contributing to diminution of the 11.S. dredging fleet is
the fact that U.S. channel depths have not kept up with those of the rest of
the world, Outdated port dimensions will increasingly play a role in our
balance of trade because the country is currently not able to efficiently

export coal in deepdraft vessels.

The above three factors are predaminantly responsible for the significant
decrease in the annual dredging workload in the United States. The Federal
dredge fleet has mirrored this fact by a significant decrease in size., Worse
yet, the 82% reduction in the annual improvement dredging yardage had a
substantial adverse impact on the industry, because the industry had
traditionally performed about 85% of this type of work. While there have been

a large number of deep draft channels and harbors constructed for large
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supertankers and bulk cargo ships in many parts of the world, there have been
no such facilities constructed in the United States since World War II. That
coupled with the large dectease in the total workload since 1963, have

deteriorated the financial condition of many of the dredging campanies,

As the volume of the workload available to the industry decreased, the
industry, through its national organization, the National Association of
Dredging Contractors, approached the Corngress and the Corps of Fngineers with
a proposal that all of the dredging workload be performed with industry
plant. This was not possible under the provisions of 33 USC 622 and 33 USC
624, nor was it in the public interest due to the large capital investment in
the existing Federal dredges., Nevertheless, in recognition of the industry's
plight, Comgress decided that a comprehensive review of the national dredging

program was rneeded. This decision led to a series of corgressional actions.

In 1967, Corgress directed the Corps of Engineers to defer acquisition of
new dredgirng equipment and to advertise through canpetitive bidding same of
the work performed by Corps hopper dredges. In 1972, Congress placed a
moratoriun on all plans for the replacement or modification of Corps dredges
pending carpletion of a comprehensive study of the national dredging
program. The purpose of the study was to determine the procedures for
accamplishing the Corps' dredging requirements in the most efficient,
econamical and timely manner. The study, which is known as the "National
Dredging Study,” was conducted by a managament/engineering fim and was

canpleted in August 1974,

The National Dredging Study concluded that the industry's dredging fleet
was generally obsoclete and that there was little prospect of the industry

improving its productivity without the introduction of new equipment and
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technology., Although industry has constructed one new dustpan dredge and
three new pipeline and three new split hull dredges, in part in response to
the ongoing Industry Capability Program, there had been little overall

improvement to its dredging productivity.

Following a review of the National Dredging Study, the moratorium on the
addition to, modification of, or replacement of the Corps of Engineers dredge
fleet was lifted by the Congress in fiscal year 1976 but funds were only
appropriated for the construction of three new Corps of Engineers hopper
dredges. However, the majority of the Corps of Engineers' existing non-hopper
dredges are antiquated and must be retired in the near future., But,
considering the present status of industry's nom-hopper fleet, the retirement
of the out-dated Corps dredges must be carefully considered until it is clear
that the industry dredges, which average 25 years in age, are capable of

extended timely, econamical and efficient performance,

Presently, the industry non-hopper fleet includes 293 cutterhead dredges,
174 clamshell dredges, 13 dipper dredges, and one dustpan dredge. The Corps
of Engineers' existing fleet of active dredges consists of 13 hopper dredges,
two large class cutterhead dredges, five dustpan dredges, one dipperr dredge,
three sidecasting dredges, three bucket dredges and one special purpose split-
hull dredge, Several small hydraulic dredges with discharge diameters 12-
inches ard less are too small for use on major navigation projects or for
emergency and national defense purposes. These small dredges are operated by
the Corps for maintenance of breakwaters at hydroelectric or flood control
project reservoirs, in remote locations, in areas in which the volume of work

ig limited, and in areas where industry equipment is not available.
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DREDGING TRENDS

The National Waterways Study first undertook the task of providing an
imventory of the national waterway system fram which much of the previous
statistics were presented, The field offices provided to a central data base
various catagories of data including the dimensions of navigable waterways
along with dredging costs and corresponding volumes, both applied and
deferred, Further surveys provided information on the coammercial dredging
fleet, This information helps provide a baseline to both define the

relationship of dredging to the waterway system and serve as a barumeter.

Over the pericd of 1963 to 1979 the total volume of dredged material
decreased fram 480 to 282 million yards with a corresponding cost increase
fram $166 million to $324, Table 2 below shows that the unit cost did not
advance_dllramatically until 1971 when envirommental constraints and escalating
fuel prices began being applied, Not only have envirormental constraints
resulted in reduced dredging but they have affected the disposal of dredged

material.
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TABLE 2
DREDGING COST TRENDS
1963 TO 1979

CORPS AND INDUSTRY

Total Cost Total Average
Fiscal Dollars Cubic Yards Unit Cost
Year (millions) {millions) (cents/cu.yds)
1963 166 480 34,6
1964 142 409 34.7
1965 148 416 35.6
1966 137 3906. 35.1
1967 110 327 33.86
1968 112 338 33.1
1969 115 342 | 33.6
1970 128 392 32,7
1971 141 357 39.5
1972 ‘ 141 315 44 .8
1973 157 312 50.3
1974 176 386 45.6
19?5- 207 332 62,3
1976 240 287 83.6
1977 237 298 79.5
1978 307 280 109.6
1979 324 282 114.9

Tables 3 and 4 below give some indication of types of dredging performed
and the methods of disposal. Open water disposal appears to have been
reduced, which would be a logical result of envirommental constraints, while
the decrease in confined disposal would represent the unavailability of (a)
funds, (b) space and/or (c¢) judiciary approval.
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TARLE 3

MATNTENANCE DREDGING VOLUME BY ‘TYPE OF EQUIPMENT

Method 1966 - 1979} | 1973 — 19772
Dredged Million Cu., ¥ds, % ‘Million Cu, ¥ds, %
Hopper 70.7 23.7 88.2 30.4
Sidecast 0.3 0.1 0.3 0.1
Pipeline 205.9 69.0 154.0 53,1
Bucket 3.6 1.2 6.4 2.2
Dipper _ 0.7 0.2 1.7 0.6
Mixed 17.2 5.8 39.4 13.6
TOTAL 298.4 100 290.0 100.0

1. Average annual maintenance dredging total developed in June 1971 incuded
only those projects requiring maintenance at least once each five years fram
WES TR H-72-8, pages 4,6,
2. Average maintenance dredging volume over 3-5 years, 1973-1977, fram
National Waterways Inventory.

TABLE 4

MAINTENANCE DREDGING VOLUME BY TYPE OF DISPOSAL

Method 1966 — 19791 1973 - 1977°
Disposed ‘Million Cu, Yds, % Million Cu, ¥ds, %
Confined 67.1 22,5 50.1 17.3
Open 182.1 61.1 169.7 58.5
Undifferentiated 49.2 16.4 70.2 24.2

TOTAL 298.4 100 290 100.0
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1. Average annual maintenance dredging total developed in June 1971 included
only those projects requiring maintenance at least once each five years fram
WES TR B-72-8, pages 4,6,

2., Average maintenance dredging volume over 3-5 years, 1973-1977, fram

National Waterway Inventory.

The real impact of envirommental and econamic ‘constraints is, of course,
not only the lack of waterway development but also a deterioration of the
existing system. During the period 1973-1977 about 28.9 million cubic vards
or 10% of the total maintenance dredging was deferred for either insufficient
funding or erwirommental reasons. Fram a cost point of view the deferred
dredging represented 27.6% of the dredging costs. Mr. Herbert Haar, chairman
of the American Association of Port Authorities Ad Hoc Cammittee on dredging
further emphasizes the lack of maintenance by recently reporting that "The
U.S. Corps of Engineers had a need for dredging in the amount of $47& million
in Fiscal Year 1980 whereas the budget provided only $284 million. The
shortfall in funds will continue in Fiscal Year 1981 where requirements are
$452 million and the proposed budget provides only $307 million.® This

implies the need for non-partial allocation of funding.

For the reader to pursue that thought trend, the summary of Corps wide
dredging activities covering the period 1973 - 1977 is presented below. The
data in Tables 5 and 6 account for the total reported “"average annual"
dredging of 290,016,500 cubic yards ranked by percentage showing that the

greatest amount of dredging is performed in the Lower Mississippi River,
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TABLE 5

DISTRIBUTION OF DREDGING VOLUME BY REGION

Percent

Regions Volume
Miss. River & Trib. 38.0
Gulf 28.5
Atlantic 16.4
Pacific 14.6
Great Lakes 2.3

TABLE 6

DISTRIBUTION OF DREDGING VOLUME BY CORPS DIVISION

Corps Percent

Division Volume
Lower Mississippl Valley 44.4
South Atlantic 16.0
Southwestern 13,1
North Pacific 9.0
North Atlantic 6.2
South Pacific 5.5
North Central 2.8
Missouri River l.6
Ohio River .9
New England .3

Pacific Ocean o1
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lending itself more to analysis is Table 7 which shows by waterway
segment, the (a) average cost per mile of dredging, (b} average dredging
volume per mile and (¢) the average cost per cubic yard of dredging. While
the Lower Mississippi River from New Orleans to the Gulf requires by far the
most dredging, 16% by volume, on a unit cost it is one of the least
expensive, Further scrutiny shows that the most expensive dredging projects
are, logically, those requiring confined disposal.

The National Waterways Stu@)\r is concerned with the role that dredging
plays in the development and ma‘;':\tenance of the waterway system, Over the
past 30 years waterborne cammerce has risen 175% and current projections to
the year 2000 for unconstrained waterways are 2.4 billion tons, These
projections will be hard to realize if constraints are not eliminated and
parts of the system improved. Dredging will play an integral part in the

development and maintenance of the nation's waterways.

With shrinking resources allocated to the waterway system, the system will
have to be approached as a whole. Data above will have to be considered along
with data on cammerce to help plan for future maintenance or development. The

National Waterways Study is presently addressing this problem.
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TABLE 7

Lecont'd)

‘Summary of Dredging by Analytical Segment

Type of Dredging

_or

Dredge (COE)

NInhHYTONCEHO
i

Dragline
Dipper
Ladder
Dustpan
Clamshell
Orange Peel
Hopper

Plain Suction
Cutterhead
Side Casting
Other

Type of Dredge (Private)

D -
B -

Dredge
Barge

123

Type of Disposal

- Agitation

- Beach Nourishment
- Confined

Marsh

- Open Water

- Ocean

- Other

NTO X0 W
1

Type of Waterway

C - Channelized

F - Free Flowing River

$ - Seaway (Doep Draft)
CA -~ Canal

I - Intracocastal Waterway
L - Lake



HICH SPEED HYDROGRAPHIC SURVEYING
by

Adam Heinemanl and Jack Bechly2

Abstract

Increasing budget limitations, rising fuel costs, envirommental concerns
for wetlands, together with continually changing shoaling pattermns are
some of the motivating parameters toward the goal of increasing the
coverage and frequency of hydrogrpahic surveys. The Portland District,
U.S. Army Corps of Engineers, has in recent years procured e_ectronic
and floating plant equipment that is within the present "state of the
art," so that goals can be realized within the mission assignment of
thelr river and harbor channel maintenance program.

Introduction

As shown on Figure 1, Portland District encompasses most of the State
of Oregon and that part of the State of Washington which incliudes the
drainage of the Lower Columbia River. Poxtland District, Navigation
Division, 1s responsible for maintenance of over 700 river miles of
Federal navigation project channels. These miles represent a large
variety of navigation projects ranging from entrance channels for
small boat basins to the large vessel channels, such as the Columbia
River 40' x 600" channel which is coupled with an entrance bar of
forty—eight feet by one-half mile. To meet the needs for producing
adequate information for chamnel users and for monitoring our dredg-
ing operations, "state of the art' equipment improvements to enhance
the efficiency of producing surveys has been underway for several
years.

1Chief, Navigation Division, Portland District, U,S. Army Corps of

Engineers.

2Chief, Waterways Maintenance Branch, Navigation Division, Portland
District, U.S. Army Corps of Engineers.
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Figure 1. District Map

Hydro-Survey Needs

Emphasis on minimizing expenditures for all Federal civii worhs
programs and mazimizing the efficiencies of our operations has
resulted in increased significance of our.hydrowsurvay:-aﬁ*iwities.
To insure that only the most critical shoals are. scheduled fux
maintenance, Surveys mest necessarily be increased in moope - and
frequency to provide planning personnel with timely and accurate
information.

Environmental concerns in recent years have also modified the
direction of our disposal operations in many aspects and have agaln
placed increasing loads on our hydrographic survey staff. Addi-
tional information needed to increase inwater disposal vperations,
and thus reduce impacts to the environment by avoiding filling wet-
lands bordering our tidal areas is needed by many interests. Rapidly
accelerating fuel costs for dredging plant have also impacted to a
general extent the increased importance of expanding hydregraphic
gurveying efforts.
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As the surveying increases, consideration must be given to measures
which will improve our daily survey miles produced and fuel efficien-
cies for the large number of surveying vessels in operatiom. In-
creased hydrographic needs in many cases also means increased use of
our vessels near marine structures and equipment such as marinas,
boat house moorages, public beaches, etc. Minimizing the wake and
wave actions while maintaining the maximum speed possible becomes
increasingly important.

Because of the number of river miles the Portland District is
required to monitor, in most cases several times a year, we have
long utilized a survey method whereby most sounding lines are run
parallel with the channel direction. This method permits our dis-
placement hull survey vessels to operate at full speed for more than
half of the survey miles required. General categories of hydrogra-
phic surveying in Portland District are: 1. Condition surveys,
which are run for large sections of each project on a frequent basis
depending on shoaling patterns (parallel lines). 2. Cross line
surveys are run on a less frequent basis from bank to bank, including
those areas outside the limits of the Federal projects, to provide
information on adjacent shoals and shoaling patterns together with
information required for location of "flowlane" or other types of
inwater disposal sites. 3. Pre- and post-dredge surveys, which are
run similar to condition surveys but only for selected reaches,
provide extra lines both within and outside the channel limits to
enable accurate computation of yardage quantities.

For condition surveys,normally a ''five line" type of survey is
utilized. That is, lines are run along the channel centerline, along
the channel quarterlines, and along the channel sidecut lines to
provide a quick reference for the location of shoaling areas for our
Navigation Division planning staff and channel users, Pre- and post-
dredge surveys are run in a similar manner with additional survey
lines provided in- and out-side the channel for those areas that are
planned to be dredged or have been maintained. Examples of the three
types of surveys are shown in Figures 2, 3, and 4.

Oyr Present Approach

Portland District currently operates six hydrographlc survey crews.
Those crews range from a field crew which primarily establishes and
maintains shore-based control points throughout the District's

project areas, to the remaining five crews which conduct hydrogra-
phic surveys at varying locations. One crew is based in Salem,
Oregon, south of Portland.. This crew travels threpughout the

entire District conducting the smaller scope surveys such as marine
entrance channels, etc. There are two crews with trailerized 26'
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boats that work on the next level of small and shallow projects and
there are two large boat crews, one of which operates rhe 65-foot
HICKSON and the other, the recently delivered 48-foct, high-speed
survey boat RODOLF {(Surface Effect Vessel).

The integrated electronics age for the Portland District began 1in
the early 1970's with the purchase of one of the first of the
original versions of the DECCA AURO-CARTA systems. Since that time
the small survey vessels have been equipped with electronic posi-
tioning components and the HICKSON and. RODCLF with updated and
expanded versions of the most recent AUTO-CARTA systems. Scme of
the features in these later integrated systems are unique and

exist only in the HIUKSON. and RODOLF equipment. The RODOLF is
considered the final item of hardware reguired to develop the most
cfficient and economical survey system available.

Columbia and Lower Willamette (C&IW) Project and the RODOLF

The Columbia and Lower Willamette Rivers project consists of a 40°
deep by 600' wide deep-draft navigation channel that covers 104
miles of the Columbia River from its meuth to Vancouver, Washington
and eight miles up the Willamette River to the Portland Harkor.
There are about twenty-six arecas in the 104-mile C&LW project that
experience periodic shoaling. Some of the shoals require mein-
tenance annually while others only have to be. dredged every three
or four years.  Maintenanue dredging in recent years on this
project has required removal of about 5,000,000 cubic yards of
material. This quantity, coupled with the approximate 4,500,000
to 5,000,000 vards. removed from the mouth of the Columbia River
entrance bar, comprise about 30% of the total channel maintenance
dredging quantities for.the Portland District.

Maintenance of the C&LW project is accomplished using Corps of
Engineers hopper dredges BARDING and BIDDLE, the 30" pipeline
dredge OREGON owned by the Port of TPortland, and by contractor-
owned pipeline dredges. Generally, hopper dredges are utilized to
maintain the entrance bar, lower estuary bars and “'spot' shoals.
Dredging of the shoals in the lower estuary is performed when
weather conditions preclude work on the entrance bar. Pipeline
dredge plant is used to maintain those shoals that are more sub-
stantial in nature.

Efficient maintenance of the Columbia River project requires fre-

quent hydrographic surveys of all three types to ensure timely

shoal removal, removal of the minimum ameunt of material necessary

to provide a clear project, enough "picturcs” of the river hottom

area to provide insight into traditional shoaling patterns and
information for .the Corps. This is done in order to selecl a

number of inwater or '"flowlane' disposal areas necessary to supplement
land disposal operztions with the assistance of concerned ernvirommental
agencies. 1In the early 1970's, it was apparent that improvements in both
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the electronice data acquisition and vessel performance would

have to be accomplished to cope with continuing manpower and

budget restrictions. Planning began in 1975 to research the current
"state of the art” for both surveying systems and surveying plat-
forms. Current versions of the Decca Auto-Carta systems aboard

the HICKSON and aboard the RODOLF were procured in late 1976 and

in 1979. Efforts at that time were initlated for the acquisition
of an alrcushion-assisted catamaran survey vessel to provide the
speed and wake characteristics desired to increase our hydrographic
surveying capabilities. The system acquired for the planmed high-
speed survey vessel was placed aboard our 52-foot NORMAN BRAY

in 1979. The BRAY was recently placed in a standby status after
delivery of the survey beat RODOLF. The remainder of this paper
describes the electronics utilized for the RODOLF, the capabilities
of the RODOLF itself, and the outputs realized from the successful
mating of system and vessel.

Survey charts normally utilized for the Columbia River channel are
at a scale of 1¢5,000. Charts have a standard sheet size

of 28 % 54 inches in length. Therefore, approximately 32 charts
are utilized to cover the Federal navigation channel from the mouth
of the Columbia River to the Portland and Vancouver harbor areas.

A Lambert projection and coordinate system 1s utilized. A general
view of the system as previously mounted in the vessel NORMAN BRAY
is shown in Figure 5. Components for the data acquisition system
‘are discussed in the following subparagraphs.

1. Positioning. Electronic positioning is provided by a Del
Norte Trisponder Model 202A. It provides a one second update on
position based on a 100 sum of average interrogations from each of
several shore remote trisponders. It can be utilized on a time-
sharing mode with another base unit on another vessel.

2. Depth Sounder. A Ross Fineline Model 200 provides ten
digitized soundings per second together with an analog trace. This
depth sounder also writes a preselected number series of fix marks
on the analog trace during the data acquisition process.- The
numbering system on the fix marks matches the fix mark numbering
system utilized on the track plotter.

3, Plotter. A Houston Instrument model DP-3 plotter with a

twenty-two inch wide movable feed fixed bed provides on-board
survey plots.

4. Keyboard Printer. A Digital Equipment Corporation model
LA-36 keyboard printer is provided for operator control of program
routines to be discussed later and provide for operator input of
time, location of shore remotes, and other parameters required to
initiate and continue with data acquisition process.

5. Keyboard Display. A keyboard/digital display unit, provid-
ing for secondary access of programmed routines and to provide

131



ey

SuvE

vETO

4
H

sgrated &

te

In

132



register call-ups, is inciuded with the system. The keyboard dis-
play is a Digital Equipment Corporation RT model OZ.

6. Left/right Console. Two identical left/right comsoles are

utilized. One is for the boat operator and one for the survey system

operator. Each console has needle indication of left/right dis-
tances from a preselected course in units of feet on a scale
graduated from 0-%0 feet in both directions. It has a switch to
enable the operator to switch the scale to a multiple of ten with
an indicator light to show the latter mode when the 90-foot

scale is exceeded. The conscle also displays the on-course speed
of knots updated at least every two seconds .and provides a digital
display of the various register call-ups demanded by the survey
system operator. These call-ups include, but are nob limited to,
distance from the end of the course, distance form the begirming

of the course, etc. A switch is provided on the left/right console
to manually change needle orientation if required when survey
courses are run in both directions in series. Figure 6 1lllustrates
the left/right console.

7. Tape Units. Two magnetic tape drives and the paper tape
drive are included with the system. Magnetic tape drives are
utilized to input data acquisition and data editing routines and
to provide the output tape to be sent to the District office for
production of the survey charts. Paper tape drive is utilized teo
input parameters for cach particular survey chart such as chart
orientation, chart skew, locatiovn of point of beginning, channel
limits, etc. that are peculiar and preprogrammed for each area to

‘be surveyed.

8, Hand-held control unit. A hand held contrel unit is also
provided to facilitate the final chart-editing process. This unit
can be seen resting on the left/right conscle in Figure 6.

9, Central Processing Unit. All of the above-mentioned
hardware components are interfaced into a Digital Equipment Corpor-
ation PDP 11-34 computer to complete the survey system electronics.

Cenerally the system utilized a "two-pass'' technique. Data
accurulation and track pleotting are accomplished in an on-line
mode, and data outputs, including chart plotting, quantity
computations, etc., are provided in the "off-1ine' mode. The
system has two basic and separate capabilities. First, it can
acquire data and output an edited sounding chart, as illustrated
on Figures 2, 3, and 4. secondly, when utilized 1n a cross—line
type survey, the ofi-line routine can utilize the data acquired
to plet cross-sections based on every digitized sounding (10 per
second) and compute volumes and show them on the plotted cross-—
gections on an accumulated basis on board the vessel. An example

of this is shown in Figure 7.

The system is currently utilized almost exclusively for data
acquisition for hydrographic survey spunding plots. Data

acquired during the on-lino provess is stored on tape and, at

the end of the day's yun, tilde soundings are read into the computer
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and the off-line programming. routine is inserted via

magnetic tape to provide an edited scunding plot. During this
last process, the surveyor on board scrutinizes the plot and
reviews it for suspicious loocking soundings. 1If some areas have
been left blank due to momentary interruptions of the positioning
system, the surveyor can interrupt the process and by examiunstion
of the analog trace, iwsert the soundings on an individual basis
and/or delete erroneous soundings to provide for a final output
tape to be sent to the District office.

Other features of the system to provide for uniform operation and
for a complete and accurate sounding plet, include a smoothing
routine on the right~left indicator by which the computer reviews
the several previous distance measurements and applies a ''proration”
value to each so that the needle operates in a smooth and continuous
manner without erratic movements that would be caused by util:zing
only the one-second updates for each position.

For the digitized imputs form the fathometer, a routine is supplied
that divides the digitized soundings in blocks of 1 to 20

seconds on 1 second intervals at the request of the surveyor.
Normally we use blocks of from one to four seconds in length
depending on the surface conditions of the water (swell lengths,
etc.). These blocks are evaluated by the computer and then mean
averaged to provide actual printed soundings cleosely and uniformly
spaced. Sounding figures themselves are 7 millimeters in height.
At the operator's selection, these soundings can he written cnr an
orientation along the line cor at right angles to the line being
plotted. The system also includes a feature based on surveyor's
selection to plot the mean depths where applicable but also to
plot the least depths at the shoalest sounding in thelr correct
location on the pletter output. In this case, the least depths
take prioritv and adjacent soundings are displaced slightly to
make room for the least depth shoal sounding in it actual
position. This capability enables -accurate location of the sand
waves experienced routinely in the Columbia River project and
_enhances the ability for the reviewer in the District offive teo
hand contour the sheets on an accurate basis and, also, insurves
more accurate quantity computation capabilities. An enlarged
portion of a typical condition survey sheet showing the least
depths plotted in their respective positions is shown in Figure 8.

During the on-line tract plot data acgulgition prooess, the vessels's
track is shown continuously on the track pletter. Numbered fix
marks normally at approximately 2,5000-foot intervals are shown

on both the plotter and analog trace, as previously mentioned.

Qur current methed is to have these fix marks represent the time,
in 4-digit numbers, for each of those preselected intervals.
During the data acquisition process, the surveyor can use the
keyboard register to call up various dindicators, such as on-course
distances, distances from the end of course, distance from the
beginning of the course, distance to the right or left of the
course, offset numbher or other information to facilitate both his
and the vessel operator's performance during the data acquisition.
These readouts, when left on reglster, are updated every 2 seconds
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‘automatically until terminated or another register is called up.
All of these readouts are produced by the system from a set of pre-
determined call-up numbers two digits in length. The sounding plot
of the system has the capability to include tenths of foot as sub-
seripts. These are normally not utilized in our Columbia River
type surveys. Figure 9 is an example of a typical track plot

(note fix marks} and Figure 10 is an example of a survey plot
printed on the vessel.

10. Survey Vessel RODOLF, As menticned previously, search for
a "state of the art" high-speed vessel was begun in late 1975 to
provide a platform to use the capabilities of the "state of the art
electronics. After analyzing various types of high-speed craft
together with the desired requirements of the Columbia River project
and also be capable of transit along the Oregon Coast, an air-
cushion-assisted catamaran was.selected as a type of vessel that
would provide our optimum performance capabilities. A two-part
procurement proposal was initiated, and through the results of the
proposal process, Bell-Halter, Inc., of New Orleans, Louisiana, won
the contract for providing the Portland District vessel. Bell-
Halter is a joint venture of Bell Aerospace and Halter Marine
Services Inc: The RODOLE. is 48 feet in length, has a beam of 24
feet, and a maximum draft (off cushion) of 5 feet 10 inches.
Mlearance of the wet deck (off cushion) from the water surface
is 1 fo~t., Clearsuw. of the wet deck {(on cushion) is 2.3 feet.
The boat's displacement under full load is 55,000 pounds, The
vessel has a continuous top speed of 35 miles an hour with a pay-
load consisting of fuel for 6 hours operation at that speed, 7 per-—
sons, 50 percent water, all stores and electronic surveying svstem.
The vessel has fuel tankage sufficient for a cruise at 25 miles per
hour for 40 hours, without refueling, with the same crew and equip-
ment loads. This fuel capability is to provide accomplishment of
a normal week's data acquisition requirements without refueling.
0ff-cushion, the vessel has a continuous speed of 15 miles per hour
with the same payload. Propulsion 1s provided by two 8V-92N
Detroit Diesel marine engines, 350 shaft horsepower each. Propel-
lers are 24-inch diameter, 4-bladed stainless steel protected by
skegs. The 1ift fan engine is a 4-53N Detroit Diesel marine
engine, 105 shaft horsepower. It has two Onan 7.5 kw auxiliary
generators. Figure 11 shows the RODOLF under constructionm.
Figure 12 is the vessel underway.

11

Special problems attendant with the use of the air-cushion-
assisted vessel for hydrographic surveying, include determination
of the location of transducers in the hull to provide for contin-
vous data acquisition at speeds in excess of 25 miles an hour, and
determination of the depth of the transducer helew the water
surface at varying speeds taking into: account the impact of the
captive air bubble between the hull of the vessel. Before the
procurement  for the vessel was initiated, tests of transducers
located at several pesitions on a privately owned vessel with
similar performance characteristics were accomplished., It was
found that a transducer located nearly at midship provided
continuous data acquisition in excess of 35 miles an hour. Preld-
minary tests with the RODOLF confirm this performance. Transducers
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located forward and aft of that position experienced some inter-
ference from air bubbles because of the surface effects of the
vessel. Wake experienced with the vessel is very small as illus-
trated in Figure 13. This enables us to perform hydrographic
surveys at speeds of 25 miles an hour routinely alongside marinas,
boathouse moorages or other locations where previous surveys had
to be accomplished at speeds of less than 5 miles an hour with
displacement hull-type vessels., Fuel requirements of the RODOLF
are about 25% below that of a similar size displacement hull vessel.
The capabilities of the RODOLF to mobilize to the job site at
speeds of 35 miles an hour also has greatly enhanced the produc—
tivity of the hydrographic survey crew and system.

Figure 13. "RODULF Wake

l1l. Office Processing. Magnetic tape sent to the District
office {from the RODOLF is processed through the District computer
to split it into a magnetic tape to be utilized for the District's
large CALCOMP 72" flarbed pletter for the final surveying sheets
on reproducible material and to a disc . for use for office personnel
in combinaticn with prepared template information for quanticy
computations. Figures 2, 3, and 4 are examples of the final
output of the overall system.

12. TFuture. We have assembled a sophisticated and complex
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hydrographic surveying in our District. Experience has shown that
the remaining time loss to be eliminated is attributed to the

type of positioning system utilized with the system. The present
positioning system requires the survey crew to place several remote
units at locations alomg. the shore or on structures in the water at
the beginning of each day's survey and to retrieve these units at the
end of the day. Up teo two hours lost time, out of a tvpical l0-hour
surveying day can be attributed to this process.

The Corps of Engineers Waterways Experiment Station, in cooperation
with a private company, has for several years participated in
development of a passive radar reflector type positioning system,
that will provide the accuracy desired Tor the hydrographic-gurveying
process. This system is in the final stages of development and it
is anticipated that it will be available to Corps of Engineers'
districts for use for hydrographic surveying crews, hopper dredge
and other marine plant within 18 months to 2 years. Completion of
system develcpment and the . installation of required radar reflectors
at permanent key points along the navigation projects will eliminate
the time delays exparienced now for setting up a shore-based line of
sight positioning systems. Also eliminated will be the continuous
maintenance cof the reguired battery systems. We look forward to a
productive future with the svstems described.
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SIZING OF CONTAINMENT AREAS FOR DREDGED MATERIAL

by

1
Suzanne Lacasse

ABSTRACT

The paper presents a method for sizing containment areas
filled with dredged material. The technique aims at
improving the bulking factor sizing method by taking into
account (a) the properties of the channel sediment, (b} the
behaviour of the dredged material in the disposal area, ana
(c) the components of the dredyging operation that affect the
volume of sediment entering the disposal area. The void
ratio of the dredged material in the containment area
represents the major unknown in the method. Laboratory
sedimentation tests on channel sediment can lead to a
prediction of void ratio versus depth and time in dredged
material. Field investigations, including measurements of
water content, rate of settling, excess pore pressura in the
dredged material, and spatial distribution of solids in the
containment area provide additional information on the
material behaviour. The predicted void ratio versus depth
distribution of dredged material compared well with

measured values. The performance predicted at several
containment areas. agreed well with the field records

available,

1

Civil engineer, Norwegian Geotechnical Institute, Oslc Norway.
Formerly lecturer, Massachusetts Institute of Technology,
Cambridge, Massachusetts.
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I. INTRODUCTION

The increasing scarcity and cost of land-based disposal
areas for dredged material and restrictions on open-watern
disposal create the need for efficient use of existing and
future disposal sites. Whereas densification cof the dredged
material and design of containment areas to maximize
settling effectiveness appear as possible means to reduce
required containment volumes, the first priority remains the
assessment of the volume actually occupied by a given volume

of material dredged.

Two important variables set stringent conditions on land-
based disposal projects: volume of channel sediment dredged
and available containment volume. The empirical nature of
existing sizing methods and the complex gecotechnical aspects
of channei sediment (before dredging) and dredged material
(after disposal) render reliable assessment of performance

of a containment area very difficult.

Bulking factors have been commonly used to estimate recguired
volume capacity (Johnson, 1976, Huston , 1870). They
generally vary with types of sediments and location.
Lacasse et al. {1977a) presented a review of sizing practice
based on interviews of a number of dredging specialiste, in
short the methods amount to refined but still empirical
bulking factor ftechnigues where sizing depends on a factor
defined in terms of the type (i.e., sand, silt or clay) of
the sediment. Containment area designers need however g
rational sizing method that includes in a systematic manner
all the parameters that aftect the volume of dredged

material in a disposal area.
The paper presents a method that predicts the volume

occupied by a given quantity of channel sediment dredgecd.

The method integrates varicus components cf the dredging
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operation through a material balance equation and defines an
equilibrium void ratio in the dredged material for excesz
pore pressures hear complete dissipation. The techniqgue
provides specific and simple procedures that lead to more
reliable results than the bulking factor approach. The
following paragraphs also describe the behaviour of channel
sediment and dredged material and apply the prediction
methodology to five containment areas. 1In three instances,
the predicted required containment volumes are compared to

actual field performance.

I1. CONTAINMENT AREA SIZING METHODOLOGY

2.1 METHODOLOGY

The sizing method quantifies the interrelationship among the
components of a dredging project that affect volume predic-
tions. The methodology proceeds in five steps (see also
Diagram 1):

a. Determination of volume of solids effectively
retained in the area through a material balance

equation.

b. Prediction of state of dredged material in area

(void ratio).

c. Prediction of reguired containment volume for

dredged material.
d. Computation of settlement of foundation.

e. Computation of containment area dimensions.
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Determine the Volume ¢f Channel
Sediment Dredged

Estimate In Situ Void
Retio of Sediment

Determine Volume of Solids Retained in
Area with Material Balance Equation

Select Void Ratio of Dredged
Material at Time of Interest

Compute Required Rat10_0f Qredged
i o Material is
Containment Volume

: | Compatible with
at Time of Interest ' Predicted Height

of Material

) _ } Check that Voio
|

o

Obtain Containment Dimensions |

to Satisfy Required Disposal |

Volume and Local Criteria |
o

Calculate Settlement of
! Foundation under Containment

' Dikes and Dredged Material !

i

Adjust Design Height to Satisfy
Containment, Freeboard, and
Settlement Conditions

Diagram 1 Procedure for sizing containment areas.
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The design volume of channel sediment to be dredged is

determined by
channel depth
sediment void

correlations,

field investigations, past yearly records, and

requirements. An assessment of the in situ

ratio, ey, from field investigations and/or

yields the design volume of solids to be

dredged:
Vi .
k¥ = JR— l\
P 1+ eq (L)
where VP = design velume of solids to be dredged;,
Ve = design volume of bottom sediment to be
dredged,
eq = void ratio of channel sediment.
A material balance equaticon ties in all the components of
the dredging process that affect volume. The relationshir
states that the volume ©¢f solids in the containment arsea:.
equals the velume of solids removed from the bottom minus
logses:
Ve = Vp (14 Fg) Fg FF, (2

where \Y =

volume of solids retained in containment

area,

‘design volume of solids dredged,
overdredging factor,

efficiency of dredge removal action;
efficiency of transpost system,

efficiency of containment system.

The total volume of in situ solids removed includes possible

overdredging by the contractor and is related to the design

volume of solids to be removed, Vp, by the factor (1 +F,).
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Efficiencies in Equations 1 and 2 express the ratio of
volume of sclids delivered by each component to volume of
solids input to that compuonent. For example, Fg includes
losses of material upon removal of sediment *, and Fp
possible losses of material through the containment system

and over the effluent weir.

The state of the dredged material in the disposal area
represents another variable required toc estimate the
containment volume. The sizing methodology predicts the
void ratio versus depth distribution of the dredged material
as a function of time (see next section). The required

containment wolume at a given time can then be expressed as:

Vca Ve (1 +egye) {3}

where  Vep required containment volume;

Bqye = average void ratio of dredged material.

Substituting Eqguations 1 and 2 in Eguation 3, the required

containment volume becomes:
Ve (L+1,) Fg FpFe (1 +eaye)

cA 1t e

In the case of thick deposits of dredged material, settle-

ment of the underlying foundation might ococur and alter the
disposal site capacity. In some cases,. foundation settle-

ments can be so small that neglecting them in the computa-

tions would not have appreciably impaired the predictions.

Moreover, if erection of the containment dikes is recert,

the dikes themselves may settle,

* Pertaing to all types of dredging actions {mechanical, suction, or
combinad) .
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2.2

PARAMETERS

Tabhle I indexes the physical components considered irn the

sizing methodology

and lists the significant parameters and

the means available teo assign values to these parameter.

Table I Index to Sizing Methodology Parameters
Physical - . Related
Component Parameter Determination parameters
Past experience Grain size
Dredged Average void ratio,| Best estimates Plasticity
Mategial eave (vs depth and | Laboratory tests Sedimentation/
vs time) Field measurements consolidation
Correlations rate
. . . Experience
Sediment é” situ void ratio, Channel sampling —
° Cerrelations |
Volume of material Channel surveys Retated to F E
dredaed . V Yearly averages and Fo 0
ged, ¥t Physical requirements P {
Overdredging, Fg i
Removal efficiency,] Experience
. Fe Past case studies
gggggl?gn Transport Best estimates -
efficiency, Fp Field measurements
Containment and control
efficiency, F¢
One=-D settliement
. analysis Use
Egg?gi;;ﬁge Settlement Stress increase due conventional
to dredged material techniques
surcharge i

Containment areas are either filled in ¢ne centinuous opera-
tion or designed for multiple-year usage. The assessment of

the state of the dredged material necessitates, in each case,
knowledge of the behaviour of the dredged material with

time.
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In summary, the prediction methodology establishes an inter-
relationship between measurable soil characteristics and
dredging operation parameters. A material balance equaiinn
determines the effective volume of solids entering the

containment area and yields the required containment volume.

III. BEHAVIQUR OF CHANNEL SEDIMENT AND DREDGED MATERIAL

Very little data have been published on geotechnical proper-—
ties of dredged material. Corps of Engineers (1969), Salem
and Krizek {1976), Bartos {(1976), Krizek et al. (1977) and
MIT (1975) presented index properties and simplified
behavioural patterns. Lacasse et al. [1977 a) and b)]
described in depth the behaviour of dredged material
placed in a containment area. They considered rate of
settling, excess pore pressures, and veoid ratio versus depth
and time, as measured in the laboratory and at several fieic
sites through the U.S.A. They alsoc presented detailec
investigations of index properties and potential particle

segregation in the containment area.

3.1 LABORATORY TEEZIS

Laboratory sedimentation-conscolidation tests on dredged
slurry at an initial solids concentration of 15% by waight
enable prediction of ftield void ratio distribution of
dredged material. Measurements with time of change in
elevation of settling suspension, solids concentration
versus depth and pore pressures in stillwater sedimentation
cylinders defined void ratio-log effective stress reletion-
ships for low stress levels. Samples cut from the sedi-

mented materials were then consolidated to higher effective
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stresses in a constant rate of straln consolidation

apparatus.

Laboratory settling rates of channel sediment were initially
very rapid for all materials (50 percent reduction in slurry
height in less than a day). For annual deposits of dredged
material of the order of less than 3 m thick, the time for
dissipation of excess pore pressures is relatively.short; it
can be safely stated that self-weight consclidation will be
well under way before the start of the next dredging-season.
One~dimensional compressibility curves for various draaued
materials indicate that the compression-index is very .ow at
effective stresses eguivaient to 1 to 5 m of dredged over-
burden and the change in void ratio during dissipation of
the remaining pore pressures as well as that induced by
additional loading will be small. For sizing purposas,
consideration of the volume occupied by the material aftay
sedimentation and self-weight consolidation is thus

sufficient.

i

With respect to coefficient of counsclidation data, Lavasge

h)

et al, (1977 a) summarized previocus parametvic studies aone
for dredged materials and slimes and presented coeificients

measured from constant rate of consolidation tests.

3.2 PREDICTION-GF IN SITU VUOID RATIC OF DREEDGED MATERIAL

The void ratio-effective stress curves ({(also called
compressibillity curves) enable prediction of the void ratio
distribution versus depth in the fleld. The procedure
consists of the following steps:

1. Divide depth of dredged material into several layers.

2. Assume an average volid ratio for each layer.
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3. With this void rvatig caloulate wotal and effective

vertical stress in each layev.

4, Obtain new void ratio for each laver using
calculated stresses and data from experimental

compressibility curves.

5. Iterate through Steps 3 and 4 until void ratio
versus depth remains constant after iteration (one

or two iterations are generally sufficient).

This procedure was applied to four sites. Figures 1 to 4
illustrate the predicted void ratios. -Measurement and
compilation of field void ratios took place only after
completion of the predictions and therefore did not in-
fluence the predictions. Computation of field void ratios
considered water contents and total unit weights to take
into account any incomplete saturation. In Browns Lake {iow-
ever, where field densities were not measured, the calcula-

tions used 8§ = 100%.

Typically, void ratios below 50 com remained constant with
depth. In Branford darbor, the predicued void ratio below 2
depth of 25 cm agreed well with the fieid wvoid ratics meas
sured ten years after disposal. In the one-year old James
River—-Windmill Point site, sampling difficulties impaired
the reliability of the field:measurements. Void ratios
based on water contents averaged..i.30. Howsver, during re-
covery, the cores underwent a.volumebtylo comprossion of
approximately 50%. Measured water contents ware correviad
to account for this. wvolume change, leading to an estimated
field. void ratic of 2.5. Tne.predicted void ratlo aversgso
3.0 below a depth . of 60 cm. Two sites in Cleveland Harviboo,

one four year old, the.other six months. old, provided m

surements of field void raltios wery close to the predicted

void ratio of 2.30. For Browns Lake,  samples used for
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laboratory sedimentation-consolidation tests came from near
the exit weir location. The data in the figure illustrate
progression of the field settling. Void ratios will perhaps
decrease further with time and agree more closely with pre-
dicted behaviour.

3.3 MEASURED IN SITU VOID RATIO OF CHANNEL SEDIMENT AND
DREDGED MATERIAL

The wvoid ratioc* of the fine-grained channel sediment, the
settling rate, total unit weight, and void ratio of the
dredged material can be related to (1) ambient water
environment, (2} grain size, and (3) plasticity of the
material. Figure 5 plots measured field void ratios of
channel sediment and dredged material versus plasticity
index. Figure 6 compares these results with the sea bec ano
tidal flat deposits relationships proposed by Skempton
(1970) for inorganic silts and clays.

Void ratios of channel. gsediment showed considerable scatics
and should be determined preferably through fixed- giston
sampling or as a minimum with disturbed sampling. Howsver,
Fig. 1 indicates higher void ratios for higher plasticity
indices. Voild ratlos also increase with higher psrusntaage
of fines. The void ratio in the d<spvsal qrea {after
sedimentation and self-weight consolidation) also increased

with salinity and plasticity.

* Measurements cof water content enable determination of the in situ
vold ratio by the equation:
Ggw = S e

Gg = specific gravity of sollds

w = walter content

8§ = degree of saturation {see Lacasse et al., 1977 a, b!
e = wvoid ratio
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The examples presented indicate that the prediction method

for void ratic versus depth distribution of dredged material
yields acceptable results for fine-grained scoils. The data
show that void ratios of channel sediment and dredged mater-
ial are related to ambient water environment, plasticity and

grain size of the material.

Section VI presents guildelines for selection of the veid
ratios of channel sediment and dredged material for use in

the sizing methodology.

IV. DREDGING OPERATION PARAMETERS

Four parameters of the dredging operation affect volume pre-
dictions: the overdredging factor, F,, and the removal,
transport, and containment efficiencies, Fg, Fp, and F..
Determination of these parameters can be based on experience,
"best estimates", past case studies, and field measurements.
Control of the dredging and/or containment operation can
also provide values for these variables, especially with

respect to losses of material.

Overdredging depends on:

a. The type of sediment: Fg can vary with stiffness of
the sediment. Maintenance and new dredged material

are likely to have different Fy values.

b. Control of the dredge position: 'The ability of a

dredge operator becomes important.

¢. Instability of sidé_slopes and other possible local
characteristics.
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Figure 7 illustrates a possible definition of overdredged
volume. It is a highly variable parameter. In Mobile
Alabama, overdredging factors backfigured from four dredging

jobs varied from 31 to 78%.

}/,VVufer surfoce

box cut = e

N required dredging
‘.._ shoal surface
project depth

FIGURE 7. OVERDREDGING IN CHANNEL CROSS-SECTION

The dredging operation efficiency depends on a variety of

factors.

For dredging currently done in the U.S.A., not all solids
from the in situ sediment enter the mouth of the dredge,
losses due to agitation or suspension of soil particles
occur during removal. Values for the removal efficiercy
factor, Fe, depend on the type of sediment, the type of
removal, the pumping rate, the rate of advance of the
cutting tool, socil density, and tidal velocity. Specific

values of Fp are generally determined from experience.
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Solids can also be lost during transport from the dredge to
the disposal area as a result of leaks or breaks in the
pipeline. Values of the transport efficiency factor, Fp,
depend on the amount of control exercised over the dredging
contractor and the type of sediment. For large well-run
operations, Fp will likely approach 1.0, Reguirements for
Fp equal to 1.0 could be established in dredging contracts.

The efficiency of the containment system, F., depends on the
amount of solids lost from the containment structure and the
amount of solids discharged through the effluent weir.
Considerable material may be lost if dike freeboard is not
designed to prevent breaching. Choice of adequate welir cut-
flow and slurry inflow rates as a function of containment

size and settling of solids should help keep Fs high.

Table II summarizes a review of current practice, based on
interviews of selected dredging specialists. The average
"hest estimates" offered by all the specialists indicate
that overdredging varies between 20 and 30% and that overall
losses (during removal and transport and from the contain-
ment system) were less than 5% (F, = 97%, Fp = 100%,

Fo. = 98%). Table 1T also summarizes the average and best
estimate of each dredging operation parameter and lists the

variables affecting each of them.

The selection of an overdredging factor should be based on
local experience along a particular channel reach to be
dredged. Use of an overdredging factor between 0 and 30%,
with the value decreasing with increasing sediment consis-
tency is recommended. For smaller jobs, slightly larger Fg
values may be appropriate. Very strong winds or tides
during dredging can decrease the removal efficiency, Pg, by
5 or 10%. Otherwise, Fg should remain near 100%. Values of
Fe = 95%, Fp = 100%, and Fo = 100% are recommended for use

in the gizing methecdolegy unless local conditions indicate
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different values. The volume of sediment to be dredged
should consider expected overdepths paid. to the contractor

since these are not included in the overdredging factor.

In the sizing equation (eq. 4), the components of the
dredging operation, (1 +Fgy) FoFp Fe, would then account for

a factor between 0.95 and 1.24.

V. APPLICATION OF THE PREDICTION METHODOLOGY

This section applies the prediction methodology to four

disposal. sites:

a. Cleveland Harbor combined disposal site nos. 1 and 2

{Michigan) .

b. Cleveland Harbor disposal site no. 12 (Michigan),

designed for multi-year usage.
¢. Brandford Harbor (Connecticut).

d. Anacortes (Washington).

The information necessary for the solution of the gizing
equation at each disposal site was not always available. 1In
such cases, engineering judgment and experience with other
dredged materials were used. Lacasse et al. (1977 a) de-
scribed the layout and investigations at each disposal site.
Table III summarizes the parameters and the results of each

analysis.

In the use of the prediction method, available data are
often scarce, but correlations with other dredged material
can provide estimates for the missing data. Tn the three

instances where predicted and measured volumes were compared,
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Application of Sizing Methodology

Table III
Cleveland Harbor
) Branford | Anacortes*
Parameter Areas nos. Area no. | Area no. 12 Harbor Site
1 and 2 |12 (1975) (Future)
Volume to be 2,102,450 + 12%500 +
Dredged, V¢ 2,172,030 | 742,910 | 5% allowed allowed 383,755
(m*) overdepth overdepth
SM = 0.90
In Situ Void ML = 1.80
Ratﬁo, eo 2.05 2-05 2.05 2-50 ‘WE_H_.E‘_M_ZM:“M?MSM
Avg = 1.54
Overdredqging,
o 0 0 20 30 15
Fo (%)
Efficiency, 0.95 0.95 0.95 0.90%*+x | 0.97
Average Void aT - 2'38
Ratio of Dredged 2.30** 2.30%* 2,30 3.20 CH ~ 3’00
Material, eaye AG§WEW§L§§
Predicted ok
Containment 2,232,560 | 763,615 | 2,722,915 117,060 512,530
Volume, (m°)
Measured
Containment 2,039,400 | 725,590 — — 535,170
Volume, {(m°)
Relative Error
cn Predicted + 9 +5 - - -4
Volume, (%)

* Channel sediment included three soil types in the following

proportions:

*k

¥k

SM =
ML
CH

nn

silty sand  (5%)
silt (55%)
plastic clay (40%)

Void ratio measured in field = predicted void ratic.
Given planar area of site, one can determine required height of

dikes (after consideration of the potential settlements).

#xk* | ogses are expected, based on past experience,
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the results were generally satisfactory. The procedure
reduced the uncertainty generally asscclated with contain-
ment volumes determined from traditional sizing techniques.
Comparison of measured versus predicted volumes in Cleveland
Harbor disposal sites agreed amazingly well. 1In the case of
planning of future areas, one must also provide for

sufficient freeboard on the retaining dikes.

VI. GUIDELINES FOR SELECTION OF SIZING PARAMETERS

6.1 CHANNEL SEDIMENT

Three approaches enable one to estimate the void ratio of
channel sediment eg: (1) obtain undisturbed samples and
measure water contents, and total unit weights (to compute
void ratioc and degree of saturation), (2) obtain disturbed
samples and measure water contents (assuming a degree of
saturation), (3) use existing correlations. Figure §&
presents recommended values of void ratio for channel sedi-
ment as a function of plasticity index and liquid limit.
The plot distinguishes between saltwater and freshwater
deposits. One should note that limited data underlile the
recommendations. Additional field measurements would
greatly help refine selection of void ratio for channel

sediment.

Determination of the void ratio of channel sediment by

correlations should be done in three steps:

1. Find void ratio as a function of plasticity index
and water salinity.

2. Find void ratio as a function of liguid limit and

water salinity.
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3. Compare values of void ratio and select best value
(from experience, local conditions, special soil

characteristics, etc.).

€.2 DREDGED MATERIAL

The measured void ratio of dredged material exhibited much
less scatter than the void ratio of the channel sediment.
Predicted values from laboratory sedimentation-consclidation
tests have agreed amazingly well with field measurements.
For sizing containment areas designed for multiple-year
usage, it is recommended to consider the void ratio attained
after sedimentation and self-weight consolidation, since
dissipation of most excess pore pressures occurs during and
between dredging seasons. Means of assessing the void ratio
of dredged material include (1) laboratory sedimentaticn-
consolidation tests and (2) correlations with plasticity
index and/or liguid limit. TIf laboratory test results are
not'available, Fig. 9 provides an alternate way of obtaining

void ratio.

The void ratios shown in Figs. 9 and 10 allow cone to
calculate the volume increase of the channel sediment after
dredging, transport, and disposal. The volume increase is
defined as *'~2¥E._ | 00 . Figure 10 shows the volume in-
crease as a function of Ip for freshwater and saltwater
deposits. A volume increase facteor of 1.00 indicates no
volume change. Volume increases computed from the field
data presented appear as data points in the figure. For
slightly plastic to non-plastic, fine-grained, freshwater
materials (Ip < 20%), the volume increase due to dredging
and disposal (after sedimentation and self-weight consolida-
tion}) remains less than 10%, whereas for highly plastic,

saltwater material (Ip » 50%), the volume increase can reach
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30%. The scatter emphasizes the need for additional field

measurements.

VII. CONCLUSIONS

The containment area sizing technigue presented aims at
improving the bulking factor sizing method and takes intoc
account (1)} the properties of the channel sediment, (2}
the behaviour of the dredged material in the disposal site,
and (3) the components of the dredging operation that
affect volume of sediment dredyged. Void ratios of both
channel sediment and dredged material are the major unknowns

in the sizing technigue.

173



The author proposes a technigue to predict the void ratio of
dredged material from laboratory column sedimentation-
consolidation tests on channel sediment. Void ratios pre-
dicted at several disposal sites agreed well with measured

values. In summary, the data indicate the followings:

a. For slightly plastic to non-plastic fine-grained
freshwater material (Ip < 20}, the volume increase
after dredging and disposal remains less than 10

percent.

b. For highly plastic saltwater material (Ip - 5L, the
volume increase after dredging and disposal can

reach 30 percent.

Limited data underlie these relationships. Additional field
measurements would greatly help refine selection of void

ratics of sediment and dredged material.

An investigaticn of the dredginy operation Compongnisg

indicates that the overdredging factor, Fo. 15 the moest

significant, since the loss of solids duriny tha operataion

was observed (or is required) as very low.

Application of the sizing method tc several actual field
cases proved satisfactory. In two instances, . the volume was
overpredicted by less than 10 percent and in a thixzgd
disposal site, the predictiocon was unsafe by 5 percent. To
improve the reliability of the prediction method, one nesus

to:

a. Refine sampling procedures to obtain more reliable

measurements of sediment vold ratlioc.
b. Document further comparison of predicted versus

field void ratios of bhoth channel sediment and

dredged material.
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¢. Investigate possible means of limiting uncertainty

on the overdredging factor.

When selecting the parameters necessary to solve the sizing
equation, the author recommends the following lnvestigations:

a. Sampling of the sediment along length of channel.

b. Estimate of approximate consistency of sediment

(penetration tests, for example).

c. Measurement of grain size and plasticity of

sediment.

During the dredging operation, it is recommended to:
a. Observe dredging operaticon. and any excessive losses.

b. After each dredging season (in a multi-year usage
disposal area), verify the effective volume of

dredged material and required containment volume.

In containment areas designed for multi-year usage, 1t iz
recommended to apply the sizing methodology at the end of
each dredging year. This procedure will not only establish
a bank of data for each methodology parameter and thus help
reduce thelr uncertainty, but also enable one to reexamilne
volume predictions and, if necessary, modify either contain-

ment velume or volume to be dredged.
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