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ABSTRACT

Beach nourishment or replenishment (the addition of borrowed sediments
to beaohes) is fast becoming the preferred method for dealing with erosion
on sandy beaches. This process buries exlstlne beach infouna and creates
large turbidity plumes In the adjacent neorshore. Generally suspended
sedlaent loads associated with placement of the replenishment are three to
four orders of magnitude greater than background levels, but concoalttnt
lnoreases In trace element concentrations are not noticed. The duration
and extent of biological Impact due to sediment placement varies with
ethology of the species concerned. In turn, changes in biological communi
ty structure (and perhaps In comuerclolly Important species dependent upon
these communities) arc also dependent upon the species concerned. Thus
coBBunittes dominated by 1Ecierlta spp. Donox spp.) species recruited froa
pelagic larval stocks will recover rooldly If nourishment activity ceases
before spring larval recrultoent begins, and Bore slowly If nourishment
activity continues after recrultoent ends. However, coBsunltles dominated
by species that live their whole life histories within a given be»ch (e.g.
Haustorlus spp.) will be affected by nourishment for significantly longer
periods of tlBe. Densities of nearshore organises dependent upon beach
coaaunitles for biological energy will be dlalnished in nourished areas,
(these organisms any represent commercially important species), nourishment
activities will undoubtedly eridicatt existing lnfauna. but long-term
effects can be minimised by: proper selection of nourishment sia.tcriuls (to
nlniolze suspended sediment load); proper timing «f nourishment activities
(to avoid lnterferring with pelagic larval recruitment); and utilization of
a few smaller sized non-continuous projects rather than one large one (to
allow nearby 'seed' areas for organisms not recruited oy pelagic larvae).

INTRODUCTION

The national Shoreline inventory (U.S. Army Corps of Engineers. 1971)
recently revealed that over «,350 kilometers ol the nations shorelines are
•critically eroding". New developments are oftan forced to utilize core
erosion prone oroperty, because oost of the relatively stable shoreline has
already been developed. For these reasons the priority given to stabiliz
ing waterfront property and controlling beach erosion cjn be expected to
increase markedly during the next decade.

A variety of erosion control aethods have alreody been developed and
tested. Structural control aethods Including groins, seawalls and bulk
heads h;.ve frequently been found to be unsatisfactory due to hazards to
beach users, lack of aesthetic oppeil, and hlgn cost coupled with limited
effectiveness. Because of these limitations beocl: nourishment or .-eplen-
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lshment (the addition of borrowed sediments to the beach) is fast becoming
the preferred method for dealing with shoreline erosion. Major advantages
of beach nourishment have been summarized by Walton and Purpura (1977) •
Advantages Include emphasis upon nonstructural methods whloh approximate
the shape and visual aspect of a natural beaoh, fast results at a oost
competitive with other erosion control methods, and beneficial use of
dredged materials obtained from activities that are undertaken to maintain
navigation channels.

An Army Corps of Engineers publication summarizes the geological
effects of beach nourishment os follows: "It's hard to hurt an eroding
area by adding material to it", (Richardson, 1976). This generalization
may or may not apply to the sediment budget of an eroding beach and should
not be extended to include effects on the beach biota. Slnoe passage of
the National Environmental Policy Act of 1969 and the Federal Water
Pollution Control Act of 1972 it has beoome both a praotloal and a legal
necessity to evaluate the probable ecological Impact of proposed erosion
control projects.

Although the ecological consequences of dredge and fill projects are
well documented for estuaries (Ingle, 1952; Hellier and Kornlcker, 1962;
Sykes, 1971; Resenburg, 1977) and marshlands (Pooeroy, 1959; Odum, 1961;
Clark, 1967)', few studies have considered the ecological effects of beach
construction or nourishment. Host studies dealing with beach replenish
ments have dealt either with effects at the borrow site (Cronln, et al,
1971) or offshore effects (Holland, et al, 1972; Courtenay. et al, 1974).
We could locate only one previous study of shoreline nourishment that
actually deals with the ecological effect on the beach itself (Dolan, 1974;
tiayden and Dolan, 1974). This study described the response to beach nour
ishment of a group of mature mole crabs, Emerito talpolda (Say) occurring
in the center of the swash zone at Cape Hatteras National Seashore. Hoyden
and Dolan (1974) reported a redistribution of Emcrlta talpolda away from
the Impacted zone during nourishment rather than an increase in mortality.
The present study Is the first to evaluate the erfects of beach nourishment
on an Intertldal sandy beach macrofauno community. Specific objectives of
this study were:
(1) to determine the potential effects of beach nourishment using dredged

materials on the intertldal macrofauna community of a high energy
sandy beach; and

(2) to make recommendations concerning the Implementation and
environmental advisability of beach nourishment with dredged
materials.

This study was based on observations of community dynamics on two
similar beaches located on Bogue Banks In Carteret County, North Carolina.
One beach, located at Fort Macon State park, received nourishment with
dredged materials from December, 1977 until June, 1978. The other, located
at Emerald Isle, received no nourishment. Both beaohes were sampled
repeatedly before, during and after nourishment.

RESULTS

Total Suspended Solids

Total suspended solids load in the nearshore water column wes many
times that of normal seawater (Table 1). Comparison of solids load from
the surf zone of Fort Kacon with that from the surf zone at Emerald Isle
revealed that on two occasions water from the nourishment beach held at
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least two orders of magnitude more suspended solids than water at the
unnourlshed coaporison beach. Heavy loadings of suspended solids have been
Implicated previously as a cause of larval death during dredging and dis
posal activities (Hilelkovsky, 1970) and were probably responsible ror much
of the adverse biological Impact of the beach nourishment at Fort Macon.

Table 1. Total suspended solids.

Sample Location Total Suspended

(g/1)
Solids

Sample Date 1 Sample Date 2

1.76 4.70

0.096 0.066

3".18 15.03

Fort Macon Surf Zone

(Nourished Beach)

Emerald Isle

(Comparison Beach)

Nourishment pipeline

Effluent

Trace Element Enrichment

Rosenberg 7l977>~ reported that one of the efrccts of dredging wf.s an
Increase in the concentration cf mercury, cadmium, copper, lead, nickel,
and zinc, both in the water column and in benthlc fauna. Three different
methods were employed in the present study to determine the increases of
cadmium, copper, iron, lead, and zinc In the nearshore environment attri
butable to the nourishment activities. Results showed that levels of these

metals never significantly exceeded the relevant background level for
seawater (Table 2). That our results did not parallel Rosenberg'3 (1977)
Is not surprising In that the drainage system that ultimately provided the
sediments for this nourishment project did not contain significant anthro
pogenic sources for any of these metals. Additionally, ue feel that while
reducing sediments do contain large amounts of free trace elements, when
these sediments are oxidized In the nearshore waters, iron and manganese
oxides and hydroxides are formed which complex many trace elements, thus
effectively leaching them and producing a situation In which trace elements
are actually below the background level.

Biological Impact
It was found that beach replenishment affected different organisms in

different ways dependent upon their reproductive cycle, spatial habitat and
temporal migration patterns. In order to determine the potential biologi
cal Impact of a beach nourishment project it Is Important to determine the
above mentioned parameters about any and all organisms which contribute
significantly to the blonass of the beach. be therefore selected several
examples of typical high energy sandy beach organisms to Illustrate how
they were affected by beach nourishment. Organisms selected Included:
Emerlta talpolda (an organism recruited from pelagic larval stocks to the
beach), Donax variabilis, (also a species recruited from pelagic larval
stocks), Huusto"rius"~spp. (an amphlpod not recruited froa palaglc larval
sources which spends its entire life on the beach), and Scolelepls squamata
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(a subtidal, deposit-feeding polychaete), a variety of migrating consumers
such as Ocypode quadrata, Arenaeus crlbrorlus. and Ovallpes ocellatus.

Table 2. Concentrations of cadmium, copper. Iron, lead,
and zinc In seawater using a Jarrell Ash Atom
Comp (Inductively Coupled Argon Plasma Emission
Spectrometer), Perkins Elmer Atomic Absorption
Spectrophotometer with background correction and
without.

Jarrell Ash Atom Comp
Micrograms per liter (parts per billion)

Nourishment Surf Zone Surf Zone

Pipeline Nourished Comparison
Metal Effluent Beach Beaoh

Cadmium <0.01 <0.01 <0.01
Copper <0.02 <0.02 <0.02
Iron 0.21 0.97 0.02
Lead <0.2 <0.2 <0.2
Zinc 0.03 0.06 <0.02

Perkins Elmer Atomic Absorption Spectrophotometer
with background correction

.0.02 .0.02

<0.02 <0.02

<0.5 <0.5

Perkins Elmer Atomic Absorption Spectrophotometer
without background correction

Cadmium 0.06 0.06 0.05
Copper 0.03 0.06 0.03
Iron 0.7 2.7 0.7
Lead 0.3 0.3 0.5
Zinc 0.04 • 0.1 0.04

Organisms Recruited from pelagic Larval Stocks
If the dominant beach organism is recruited from pelagic larval stocks

on a seasonal basis or from stocks of offshore over-wintering adults, then
timing of beach nourishment becomes all Important. If the beach nourish
ment project is not completed by the time the first pelagic stocks approach
the beach or by the time that adult migrators return, then their popula
tions will be diminished throughout the coming year. If beach nourishment
ceases before the pelagic larval stocks or adult populations approach the
beach, then harmful biological effects will be greatly diminished. The
following examples illustrate these points: Donax variabilis, the coqulna
clam is a bivalve nollusk. This clam spends tKe summer months In the swash
zone. During winter most adults move offshore and the population remaining
on the beach is proportionately diminished. In early spring juveniles

Cadmium <0.02

Copper -0.02
Iron <0.02

Lead <0.5
Zinc -
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approach the beach followed within one to two weeks by adults. During the
beach nourishment program at Fort Macon both adults and Juveniles
approached the beach while nourishment was In progress, population figures
(Figure 1) indicate that while populations of Donax variabilis at both
study sites diminished as winter approached, only populations of Donax
variabilis at the control site rose again to high levels starting in March
of 1978. No Donax variabilis increase occurred at the nourishment site.
No adult Donox variabilis were found on the nourishment beach even by the
end of the summer In 1978. Donax variabilis was apparently blocked from
approaching the beach because their approach occurred during the
nourishment period.

Emerlta talpolda the common mole crab is an organism which spends the
summer months as an adult filter feeding in the Intertldal or swash zone.
If nourishment occurs during this period all adults and larvae present are
killed. If nourishment occurs during the winter when these animals are
over-wintering offshore no harmful effect will ocour. Emerlta talpolda has
a slightly different behavioral pattern from Donax. Emerlta talpolda
adults are the first organisms to approach the shore followed later by
their pelagic larvae. Spring recruitment actually began in March or late
April at the control site. Recruitment on the nourishment site however was
delayed by up to two months (Figure 2). This delay is Important because it
represents the period when adults were approaching the beach. The actual
number of Emerlta talpolda on the nourishment beach, was greater than the
number at the control site (Figure 2). These figures are misleading
however, because we must take into account the faot that size olasses, or
age classes, at the nourishment site were predominantly composed of young
of the year individuals. The control site simultaneously had a very
complex age/size class structure (Figure 3). Absence of the larger size
classes at the nourished beach resulted in a drastic reduction In the
available blomass. In any event, the adult population of overwintering
Emerlta talpolda never returned to the boach at Fort Macon following
nourishment. They could have been:
(1) forced to move out of the nourished area due to the nourishment

activities;

(2) killed In their offshore overwintering grounds; or
(3) killed on the beach as they attempted to recolonlze In early spring

while nourishment was underway.
Hyden and Dolan (1974) suggested that Emerlta talpolda respond to the

beach nourishment by relocating in adjacent but unlmpacted areas until
nourishment Is over, and then returning to the nourished area. This seems
•n unlikely explanation for the failure of Emerlta talpoldo to repopulate
the Fort Macon beach because no increased densities were observed in areas

immediately adjacent to the nourishment area (Figure 4); and few adult
Emerlta talpolda ever returned to the beach. It Is also possible that
adult Emerlta talpolda were killed on the beach during the nourishment
process period. However, at any given time only a small fraction of the
total beach front was being nourished, and It seems likely that at least
some of the adult Emerlta talpolda would have survived.

The most likely explanation for failure of adult crabs to return to
the Fort Macon beach Is that they were killed in their offshore overwin
tering grounds. The probable cause of this mortality was increased
turbidity. The mole crab Is a unselectlve filter feeder (Efford, 1966) and
its stomach could easily have been clogged with undlgestlble Inorganic
matter from the turbid waters. Mortality of offshore aacrofauna by such a
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mechanism has been attributed to turbidity and slltatlon by Courtenay
(1971).

Figure 2 indicates there are some indlvlduola present during the whole
of the nourishment program. These are actually Individuals not found in
the area of nourishment. In that part of the beach at Fort Macon that was
actually being nourished or had been nourished, no Individuals were found
after nourishment began (Figure 4). However. In that area of the Fort
Macon beach (represented by the dotted lines), where nourishment had not
yet occurred, some adult Individuals were found. These are the Individuals
represented In Figure 2. This population more closely follows the
population data determined for the control beach (pictured by the solid
line).
Organisms That Remain on the Beach Throughout Their Life History

If the dominant species Is one whose whole life cycle is lived within
the beach system, then the effects of beach nourishment ore likely to
become more Important. Hsustorlus spp. and other species of amphlpods ore
often Important members of beech communities. These organisms are somewhat
alike in their behavioral patterns in that they have a very small number or
young which they brood in a aarsuplum. There is no distribution as pelagic
larvae and populations are generally endemic. Houstorius spp. are poor
swimmers but are good burrowers. The significance of these characteristics
was evident In the slow recovery displayed by these species or the
nourished beach (Figure 5). Following replenishment no amphlpods were
found on the nourished portion of the beach until very late In the summer
and these were adults probably recruited from neighboring beaches. The
probable Impact of beach nourishment upon this cm phipod population was that
all adults living on the beach were burled by the material emplacement and
thus were killed. Recovery of these populations Is probably dependent
upon recruitment from nearby locations. Thus If these organisms represent
a significant part of the blomass of any given beach the Impact of a very
lorge nourishment project will probably be long-lived since recruitment Is
dependent upon longshore or littoral drift.

If the organism Is an endemic species but is not located .directly on
the beach or the exact site where the placement of the materials occur,
then there Is a chance that this organism will be spared.

Scolelepis squamata Is an Indirect selective deposit feeding splonld
worn. It has widespread distribution (HcDermott, personal communication)
and was found to be Important In the lower swash zone (Malta, 1977).
Although Scolelepis squanats had a very erratic appearance at the beach it
did not seem to be affected by beach nourishment (Figure 6). This organism
lives Just offshore and probably was able to avoid the replenishment of the
sediments. Polychaete worms generally are unaffected by turbidity In the
water column.

Migrating Consumers
The effect of beach replenishment upon migrating consumers Is evident,

however the mechanism of this Impact is not otvlous. Migrating decapods
found In the surf zone included: the speckled crab, Arenaeus crlbrorlus;
the lady crab, Ovalipes ocellatus; the ghost crab, Ocypode quadrata; and
the blue crab, Calllnectes saaidus. Regardless of what factors normally
oontrol the densities of these four species of surf zone consumers, the
nourishment at Fort Hscon severely reduced their abundance. Collections
during nourishment were more difficult due to Increased turbidity and
greater beach slope which could have prevented detection of some crabs.
However, we don't believe poor collecting conditions fully explain the low
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numbers observed because, even after nourishment had ceased and collection
conditions had Improved, the density of crobs present remained markedly low
compared to densities recorded prior to nourishment (Figure 7).

Several explanations for the reduced numbers of crabs In the surf zone
are possible. They Include:
(1) resident populations of the crabs In the nearshore or on the beach

could have been burled or forced to leave the area in rcspones to
greater turbidity assoclted with the nourishment procedure;

(2) changes in the offshore bar system and beach slope could make approach
to the beach intertldbl xone physically difficult or hazardous due to
increased exposure to preditors;

(3) reductions In the availability of prey organisms may have caused the
crabs to move elsewhere in search of food.
If the resident populations of these large highly mobile crabs were

destroyed or forced to move as a result of beach nourishment, recruits from
nearby beaches or from pelagic larval stocks would be expected to recolo-
nlze soon after nourishment ended. In fact recruitment did not occur.

Population estimates for oil crabs remained low even two months after
nourishment had ceased. Thus, although resident populations of crabs were
lost os a result of beach nourishment, some factor other than the direct
effects of nourishment prevented rapid recovery.

The beach slope became much steeper after nourishment, and the plunge
zone for the waves was often directly adjacent to the swash tone, thus
making crabs feeding In the swash zone easier prey for nearshore predators.
Also, the high concentration of large shells and shell hash In this zone
oould have made burrowing by the larger crabs difficult. These physical
changes In the surf zone environment would have produced conditions
generally unfavorable to crabs and may have caused them to move elsewhere
in search of better habitat. The moat likely explanation for the low
density of crobs In the surf zones after the ceasation of nourishment Is
that there was no reason for them to come back since their principle food
source, (i.e. Emerlta tel.polda and Donax spp.) had also been severely
depleted.

Young adult fish and fry were encountered in high numbers in the surf
zono throughout the study period. The following fish were encountered:
sllversldes, Henldla menldla: whiting, Hentlclrrhus spp., summer flounder,
Parollchthys denatus; pompano, Trachlnotus carollnus; croaker, Hicropogsn
undulotus; spot, Leloatomoa xanthurus; and cravelle- Jack, Coranx hlopos.
The Importance of fish as carnivores In the surf zone has been firmly
established (Anderson, et al, 1977). The scope of this project did not
permit the actual enumeration of these fish, however no fish were
encountered during tho nourishment period or after the nourishment period.
Thus the Important secondary effect of beach nourishment may be the failure
of certain highly mobile migrating consumers to return to an area after
nourishment. The effects of such a drastic reduction in fish stocks might
result in decreases In local commercial fishery hauls and reduced local
sport fishing success. Thus beach nourishment projects adjacent to fishing
piers could result in financial damage to their proprietors.
Changes in Community Structure

Thus far we have examined probable changes In Independent populations
of organisms due to a beach nourishment project. There is however, the
larger aspect of community dynamics to be considered. The harsh abiotic
ecofactors associated with high-energy sandy beaches (Hartwlg et al. 1977)
generally enforce Sanders, (I960) Idea of a "physically controlled"
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environment. Diversities are traditionally low (Rellly and Bellls, 1978;
Leber 1977; Pearse et al, 1942), and the control site and the pre-nourlshed
beach were no exception (Figure 3). However species diversity in the
nourished zone was undefined because no organisms were found. Statistical
manipulations of Shannon-Weaver Species Diversity Indices are not theo
retically sound in as much as they represent ratio data. Additionally when
apcoles number Is very low (I.e. 7 or 8 species) the loss of one species
(even though the blomass Importance of this species Is low) great fluctu
ations of diversity Indices result (Rellly and Bellls, 1978). Nonetheless
where the nourished beach (Fort Macon) traditionally had higher diversities
(due to higher species number) than the control beach (Emerald Isle) prior
to nourishment (Rellly and Bellls, 1978), the adjacent, pre-nourlshed beach
had lower diversities and the nourished beach had undefined species
diversity (Figure 8).

Following the cessation of nourishment activities diversity indices
remained zero (complete dominance by Emerlta talpolda) until very late in
the growing season, and substantially lower until the advent of the next
growing season.

SUMMARY

The Effects of Beach Nourishment

Beach nourishment was found to affect organism density and community
structure both during and after nourishment. Organisms on the beach at the
time of nourishment were killed; however, the effects of nourishment were
not limited solely to the beach or to the nourishment area. Other effects
included: failure of adult intertldal organisms to return from their near
offshore overwintering refuges; reduction In organism density on adjacent
unnourished beaches; and inhibition of pelagic larval recruitment efforts.
The nourishment beach recovered slowly and secondary productivity remained
low while measures of community structure Indicated low diversity. Low
secondary productivity resulted In reduced utilization of the nourished
beach by migrating consumers of commercial and sport interest. -

Recommendations

Larval recruitment appeared to be inhibited by greater water turbidity
associated with the nourishment operations. Futher study Is needed to
determine the mechanism of larval Inhibition by suspended materials and
threshold levels at which turbidity becomes harmful. In the interim,
materials utilized in beach nourishment should be selected to minimize
turbidity and nourishment should be carried out prior to the onset of
larval recruitment and the return of adult individuals in the spring.

Beach nourishment virtually destroys existing intertldal nacrofauna;
however, recovery is rapid once the pumping operations cease. In most
cases, recovery should occur within one or two seasons following the
project. Harmful consequences to the intertldal nacrofauna and subsequent
reduction in surf feeding fish populations can be reduced or avoided by
carrying out nourishment operations during the winter after adult popula
tions of seasonal migratory organisms leave and by completing operations
before their return in the spring. Small nourishment projects, of one-half
mile or less, should recover faster than larger projects since the speed of
recovery is dependent, in part, upon recruitment from nearby beaches. A
succession of small projects carried in nonsequential order should have a
less long-term impact than a single grand scale nourishment project.

There are two types of biological association found on sandy beachea.
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There are beaches dominated by organisms recruited from pelagic larval
stocks, and there are beaches where the entire life history of the dominant
organism is within the beach system. Results of this study Indicate that
on beaches where the major organisms are recruited from pelagic lorvol
stock (os Is the case with Emerlta talpolda and Donax spp. In North
Carolina) the Impact of beach nourishment will be drastic but ephemeral,
recovering within one or two growing seasons. However, on beaches where
the doalnant organism Is one whose entire life history Is within the beach
system (as Is the case with Haustorlus spp., the doalnant species on
northern beaches) recovery of secondary production bloaass will be very
slow, thus local sport and commercial fishing may also be affected.
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FIELD TURBULENCE MEASUREMENTS IN COASTAL LOUISIANA.

by

C. Grlmwood, M.ASCE,1 and 0. F. Griffith2

OBJECTIVE

The objective of this investigation was to quantify the
turbulence levels that exist under normal conditions in the
tidal passes of Lake Pontchartraln, La., and compare them to
turbulence developed across man-made structures under similar
tidal Influence. This comparison of turbulence regimes pro
vides an additional Input to the engineering management
decision making process governing the construction of new
structures.

BACKGROUND

The current concern over the environmental effects of
building structures in the path of natural waterways has
brought into focus the need to evaluate projected increases
in turbulence levels as a result of planned construction*.
The concern is sometimes caused by the suspected effect of
increased turbulence upon the organisms normally transported
by tidal currents through natural channels. Fundamental to
the evaluation of the effects of projected changes is the
collection of baseline data to provide a basis for comparison.
The literature on the measurement of turbulence centers upon
laboratory measurements of artificially Induced turbulence in
laboratory flumes. The measuring equipment described is
either not portable and requires delicate alignment (1) or the
sensors are etched by abrasives carried 1n the sediment load
and easily contaminated (2). Some laboratory experiments have
used electromagnetic sensors (3), but the technique has
apparently not been extended to field measurements in open
channels. A field evaluation of the modified electromagnetic
current meter used in this investigation has been conducted
by the authors (4).

This paper presents field turbulence data collected in
natural passes and a man-made structure connecting estuarine

Associate Professor of Civil Engineering, Tulane Univer
sity, New Orleans, La.

2
Assistant Professor of Physics, University of New Orleans,
New Orleans, La.
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waters in South Louisiana to water bodies openly connected
to the Gulf of Mexico. A map of the study area is shown in
Figure 1. Lake Pontchartrain is a shallow landlocked tidal
basin located in southeastern Louisiana. It 1s connected to
the Gulf of Mexico through the Rigolets and Chef Menteur
Passes, Lake Borgne, and the Mississippi and Chandeleur
Sounds. The Lake Pontchartrain and Vicinity Hurricane Pro
tection Project of the U. S. Army Corps of Engineers is
designed to protect the City of New Orleans from elevated
stages in Lake Pontchartrain as a result of hurricane forces.
It consists of a combination of levees, floodwalls and flood
control structures along the shores of Lakes Pontchartrain and
Borgne and along the banks of adjacent waterways. The details
of the project are shown in Figure 1. Barrier complexes are
planned at the Rigolets and Chef Menteur Passes and at the
Seabrook complex which are the tidal connections between Lake
Pontchartrain and the Gulf of Mexico. These structures will
be normally open and closed only in advance of a hurricane to
limit the entry of hurricane generated tides into Lake
Pontchartrain.

One environmental consideration that has emerged as a
possible effect of the construction of these barriers is an
anticipated increase in turbulence levels and its effect on
biota normally exchanged between Lake Pontchartrain and waters
open to the Gulf of Mexico. This investigation was conducted
to quantify the existing turbulence levels in these passes and
in the man-made structure at Seabrook for comparison

Turbulence levels are normally described in terms of the
dimensionless ratio «i -«•

j = _ . j = turbulence intensity

index; yu = root mean square of velocity fluctuations;

U = average value of velocity fluctuations.

The root mean square Is a measure of the violence of the
velocity fluctuations and its departure from the average
velocity is defined as turbulence intensity.

INVESTIGATIONAL PROCEDURE

The instrument used to measure the turbulence intensity
levels was a Marsh-McBirney Model 511 electromagnetic flow
meter with a modified time constant circuit to enable it to
detect current velocity fluctuations of high enough frequen
cies to quantify turbulence levels. The recording device was
a Gould (Brush 222) two-channel oscillograph recorder. Verti
cal profiles of turbulence intensity levels were recorded at
the surface (2 foot depth), mid-depth and bottom, where possi
ble, at the locations shown in figures 2 and 5. The length of
the cable was 30 feet. The sampling locations at the Rigolets
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Pass of Lake Pontchartrain are shown in Figure 2. The
stations of Figure 5 were located in the Seabrook Lock, a
structure connecting Lake Pontchartrain to the Inner Harbor
Navigation Canal, a man-made channel subject to tidal influ
ence as it is directly connected to the Gulf of Mexico.

The oscillograph records were converted to computer
format by an electronic digitizer and used to compute the
parameters required to quantify turbulence Intensity, to
carry out statistical analyses, Including frequency exceed-
ance curves, of the velocity fluctuations and to conduct a
Fourier analysis of these fluctuations.

RESULTS

The turbulence Intensity levels and average velocities
observed at the two locations In the Rigolets Pass are shown
In Figures 3 and 4. At the cross section of Figure 3, where
construction of the structure is planned, the channel is
shallow and wide. The greatest turbulence was observed at
the sampling points closest to the bottom boundary, except
for the point at the east bank where the channel is very
shallow. A high turbulence was also observed at the surface
at the location where the channel Is deepest. The average
velocities observed showed no correlation with turbulence
intensity levels.

At the cross section of the Rigolets Pass where it
connects to Lake Pontchartraln, the channel Is considerably
deeper and narrower, as shown 1n Figure 4. The length of
the probe (30 feet) which was selected with the shallower
cross sections in mind, did not permit measurements near the
bottom. Measurements near the boundary at the banks.however,
were obtained, and the highest turbulence Intensity level of
0.612 recorded during this Investigation was at a point very
close to the west bank. The average velocity at this point
was 1.98 ft/sec which Is well below the maximum velocity of
3.92 ft/sec recorded at the center of the channel. Again,
there Is no correlation between turbulence intensity levels
and average velocity.

The measurements obtained at the Seabrook structure are
shown in Figure 5. The turbulence intensity was greatest
at the outlet, on the east bank and lowest at the center of
the inlet. The depth of this structure 1s approximately
30 feet, so bottom boundary layer measurements were obtained.

Frequency exceedence curves of the velocity fluctua
tions for the locations at which the maximum and minimum
range of the velocity fluctuations were observed at the
Rigolets and Seabrook are shown in Figure 6. The shapes of
these curves show that the normal distribution assumed by
other investigators (5) for mathematical predictions of
turbulence in open channel flow 1s justified. The maximum
range of the magnitude of the fluctuations observed at the
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Seabrook structure was considerably higher than the maxi
mum range observed at the Rigolets in spite of the fact that
the turbulence intensity Index was higher at the Rigolets
station. This may be Interpreted as indicating that for the
purposes of evaluating the effects of turbulent flow on
fragile organisms, the magnitude of the velocity fluctuations
may be more meaningful than the turbulence Intensity index.

Spectral plots of the relative concentration of turbu
lent Intensity energy for the same stations are shown in
Figure 7. These plots show that the energy is concentrated
below one hertz at three of the four locations. This type
of distribution was observed In practically all the records
analyzed. The frequency spectrum of the station at the
north bank of the Rigolets shows an evenly distributed energy
up to approximately 6 Hz which is very unusual.

CONCLUSIONS

From the results of this Investigation it 1s concluded that
turbulence levels caused by hydrologic processes In natural
channels and those developed through man-made structures
can be quantified and presented in meaningful terms that
enable them to be Incorporated Into the engineering manage
ment decision making process. For example, from the data
obtained during this Investigation, the degree by which
the turbulence levels at the outlet of the Seabrook structure
exceed those at Its Inlet have been quantified and the
locations at which turbulence levels are highest and lowest
have been Identified. Similarly, at the Rigolets Pass, the
Increase in turbulence levels at the constricted entrance
Into Lake Pontchartraln over the levels existing at the
considerably wider cross section of the proposed structure
site have been quantified. With additional data collection
and evaluation, a reasonable projection of the effect of the
proposed structure on the degree of turbulence levels in the
Rigolets Pass can be carried out.
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