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ABSTRACT

An accurate assessment of wetland surface accretion processes
requires unique and innovative methodologies. Visible soil horizon
markers such as glitter, ground glass, and feldspar clay have
traditionally been utilized for determination of short-term (6 mo.- 2

210Pb have

yr.) accretion rates while radioisotopes such as 137Cs and
been relied upon for determination of long-term (10 yr.- 100

yr.) accretion rates. Stable tracers (rare earth elements) were
utilized as an alternate method for the assessment of accretion
processes over a period of 6 months to 2 years in the investigation
reported here. In contrast to visible horizon marker methodology, the
stable tracer methodology is suitable for an entirely quantitative
treatment, whereas the visible marker technique is at best
semiquantitative. Results from this study confirm that the first few
centimeters of the marsh surface is dynamic (in nature) and a gaussian
diffusion coefficient can be estimated which adequately accounts for
physical and biological mixing. Application of a single mixing-layer
model derived from the general diffusion-advection equation to the
observed data point to the complex nature of the surface accretion
process. Interpretation of results without due consideration of the
interaction between surface mixing and sedimentation components are
likely to yield biased estimates of short-term and, possibly,
long-term accretion rates. Site-specific influences (such as levees

and impoundments) may affect the observed stable tracer distribution

xii



in the vertical soil profile. Such distributions appear to be
characteristic of local regions and could possibly be utilized as a

site index predictor of marshland viability.
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CHAPTER 1

INTRODUCTION

The Louisiana coastal zone is of enormous importance as a state,
national, and international, renewable resource. It is estimated that
Louisiana coastal wetlands comprise 41% of the U.S. total of wetlands
(Craig et al., 1979). Currently, there are 50,000 square km of
marshland in the southern Louisiana coastal zone. This land is a
resource thch has been estimated to be worth between $20,000 and
$30,000 per hectare based on the marsh’s ability to filter pollutants
from water, fix carbon, and produce fish and fur (Turner, 1987). This
figure does not represent the value of the land to indigenous human
populations in terms of land and homes. Nearly 90% of commercially
harvested fish spend an obligate part of their life cycle in the marsh
and the estuarine and Gulf waters interact in such a way that a
delicate balance of salinity conducive to the formation and
continuance of 470,000 hectare of oyster reefs is maintained. The
Gulf of Mexico fishing industry is worth $500,000,000 annually. The
harvest of Gulf shrimp amounts to $400,000,000 comprising a total of
nearly $1,000,000,000 representing 28% of the national fisheries
harvest.

For the last few decades, it has become apparent that the
wetlands in southern Louisiana are rapidly deteriorating. Many

areas have become open water, and the coastline is shifting inland.



Land loss problem

For many thousands of years, the Mississippi River has forged and
followed its own course. Major course changes have occurred
approximately every 1,000 years, causing some areas of land to build
while others deteriorated (Coleman and Gagliano, 1964). After each
course change, the process of new delta lobe formation occurs. Net
coastal land gain in the Mississippi Deltaic Plain has historically
been between four and five square km per year. During the building
phase, the River forms a delta out into shallow shelf areas until its
course becomes long, tortuous, and hydrologically inefficient. The
increased inefficiency over time stems from the net decrease of
elevational change and greater resistance to outflow of the discharge
into the Gulf. Another major course change is then likely to occur so
that the River follows a steeper and more efficient route to the Gulf.
Consequently, there is a switching or changing of the location of the
delta. This process has led to a series of delta lobes in various
states of abandonment (Figure 1.1). The most recently abandoned
deltaic lobe, being no longer fed by riverine sediment supply, slowly
breaks up due to unopposed erosional forces and compaction and
subsidence of soft sediments.

This natural system has been drastically altered during the last
100 years by man’s successful attempts to control the course of the
Mississippi River. The result of this containment appears to be the
equivalent of a catastrophic natural event in terms of a geological
time scale. The consequence of flood control efforts is an

accelerated loss of southern Louisiana coastal wetlands, estimated to



Figure 1.1. Major delta lobes that have constructed the Holocene

Mississippi River deltaic plain. From Turner, 1987.
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Figure 1.2. Acceleration of land loss rates in the Mississippi

River deltaic plain. From Turner, 1985.
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be occurring at an annual rate of 100 square km or 40 square miles
(Gagliano et al., 1981). Figure 1.2 demonstrates graphically the
magnitude of the loss that is occurring in the Mississippi River
Deltaic Plain. The figure also shows that the rate of land loss is
accelerating. It is evident that unless emergency mitigational
activities are enacted, the major portion of the Louisiana wetlands
system will be lost, most likely beyond retrieval. Needless to say,
this will be devastating to the economy and well-being of not only
Louisiana, but also the Gulf states which share in the rich fisheries

harvest.

Outer Continental Shelf Qil and Gas Development Activities

At the beginning of this study, it was hypothesized that
activities connected with offshore drilling and petroleum transport
and egress through the marsh greatly aggravated landloss. More than
70% of the oil and 90% of the gas resulting from U.S. coastal
petroleum mining continue to come from offshore Louisiana, move
through it, and enter the industrial processing plants supplying the
entire country (Turner et al. 1986). However, a multidisciplinary
study which includes the work reported in this thesis, Causes of
Wetland Loss in the Coastal Central Gulf of Mexico (Turner et al.
1987), yielded mixed results. For the most part, the scientific
working group of the referenced study was unable to demonstrate
statistically significant effects caused by pipeline and navigational
canals directly connected with the Outer Continental Shelf

developmental activities. It appears that the major causal mechanism



for net land loss is the discontinuance of sediment supply related to
control of the Mississippi River and perhaps to the decrease of
Riverbed load since the 1950’s (Kesel, 1987). Therefore, it appears
that the question of the impact of man-made canals and pipelines on
the marsh is moot. Restorative efforts would probably best be spent
on immediate resumption of sediment supply to the sediment-poor areas
of southern Louisiana marshes. This thesis was done to develop a
novel technique to assess the supposed impact of Outer Continental
Shelf Oil and Gas Development activities on the sediment supply of

Louisiana coastal wetlands.

Criteria for marsh restoration efforts

Currently, very little is known about site specific assessment
which would allow one to gauge the status of marsh under study for
evidence of adverse anthropogenic impact. It seems likely that there
are three general categories that are applicable to the classification
of the majority of marsh types along Louisiana’s coastline:

1. Areas that are to some degree adaptive to erosional-subsidence
processes.

2. Sensitive areas that are marginally adaptive to erosional-
subsidence processes. Such areas would probably be detrimentally
affected by minor changes in coastal and marshland exploitation.

3. Areas that, because of either natural or anthropogenic impacts,
are beyond the help of current technologies or economic

priorities.



It appears that there are a number of complex local processes
which ultimately influence the status of a site as categorized above.
The most important of these processes are sedimentation, accretion,
aggradation, erosion, subsidence, submergence, accumulation, and
deposition.

These processes are interconnected and related in ways that make
their respective effects difficult to partition and delineate from one
another. The terms which are most relevant to the work developed in
this thesis are defined below for the sake of clarity and useful
reference. Often, many of these terms are used interchangebly and
without distinction by those working in this field, which results in
ambiguities for the uninitiated or casual reader. It is especially
important that a distinction be made between sedimentation and
accretion for the clarity and understanding of the concepts developed
in this thesis.

Sedimentation is defined here as the matter, both allochthonous
(originating from an outside source) and in siftu, both inorganic and
organic, which settles onto the surface of the marsh soil profile.
This particular matter may or may not be eventually incorporated into
the vertical soil profile. The medium for its transport is the
estuarine or freshwater system (Turner, 1987).

Accretion is defined here as the net positive building process
which occurs at the marsh soil-water interface regardless of the
incoming sediment supply (Turner, 1987). This does not imply that
sediment supply is not a component of the upward building process, but

it does imply that the biological component of the marsh system, both



[

plant and animal, contributes significantly to the upward building
process as defined here. Implicit in this definition is the
likelihood that the accreting surface of the marsh is composed of a
structural matrix which is different from that of the individual
sedimentary components settling onto the marsh surface. Possibly, a
helpful analogy is that of the difference between the structural
nature of water and ice. Both are composed of the same substance, but
the intrinsic molecular structuring of each is completely dissimilar
which resﬁlts in striking differences in macroscopic properties and
appearance. Likewise, the accreting surface is composed of sediment
components , but the structural matrix resulting from the mixture and
biological reworking of those sediment components is quite different
from that of the individual sediment components if considered
separately.

The attempts to build models of marsh accretion have usually
concentrated on mature marshes and assume that the marsh is in
equilibrium with its tidal innundation regime. Letzsh and Frey (1980)
noted that rates of accretion decrease with increased marsh maturity
and stability. However, these approaches are of little value when
applied to the Louisiana wetland system since the majority of the
system is not at equilibrium, but is rapidly deteriorating. In
addition, few studies of marsh accretion distinguish between
contributions of organic and inorganic sediment. Of these, Harrison
and Bloom (1977) identify their highest organic matter contents in
those marsh soils where total sedimentation rates are lowest, and much

lower organic contents are found in areas with higher total
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sedimentation. The relation between organic and inorganic
sedimentation, and its interplay with accretion processes is quite
complex.

Erosion is defined here as the process by which the particulate
matter and solutes is carried away from a given site by physical
forces such as wave action and water flux across the marsh surface.

Subsidence is defined here as the downward movement of the marsh
surface due to compaction of sediment and settling of deltaic plates,
and is irrespective of sea level changes due to tidal surges or
eustatic sea level rise. Subsidence occurs at a more or less constant
rate over time, and is affected by sedimentation and accretion
processes. The greater the load of accreted material, the greater the
subsidence (because of compaction) at a given site. However,
sedimentation and accretion amounts are not used to calculate
subsidence rates. Subsidence refers only to downward movement of
marshland.

Submergence as used here is as defined by Delaune and Patrick
(1978). This is the downward movement of marshland as determined by
tide gauges in a given area. Submergence is directly influenced by
subsidence and eustatic sea level changes. Thus, this empirical
observation is directly observable from tide gauges. It is noteworthy
that accretion does not influence tidal gauge altitude, and therefore,
accretion is not measurable using empirical observations gathered from
tide gauges.

The above defined terms are the major factors which influence the

status of the particular wetland system under consideration. The
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terms accumulation and deposition will not be used in this thesis
because of the ambiguity and misapplication associated with usage over
the years. The work developed in the following chapters was applied

to the measurement and quantification of the accretion process.

Methods available for accretion measurement

Currently, there are a number of methods to estmate accretion
rates. One of the most common is the visible marker technique. This
technique employs a material that is easily identified and delineated
in marsh soil. A number of materials has been used. Brick dust has
been successfully used as an artificial horizon marker in previous
sedimentation studies (Stearns and MacCreary, 1957; Richard, 1978).
Ground glass, glitter, and powdered metals have also been used
(Baumannn, 1980). More recently, white feldspar clay has been the
marker of choice because of its high visibility in contrast with marsh
soil. Other desirable characteristics are similar density as compared
to marsh soil (not subject to sinkage in highly inorganic salt marsh
soils), ease of preparation, uniform particle size, and low cost.
(Baumann, 1980; Cahoon, 1986). Two disadvantages of the white
feldspar marker are the inapplicability to freshwater systems because
of low density soil and high water velocities in freshwater marsh
systems (Baumann, 1980). Another possible disadvantage of this marker
is the fact that it is very unlikely to behave in a manner analogous
to that of the new-forming soil, and therefore, it may bias the
accretion or sedimentation estimates. The visible marker is usually

applicable only to short-term studies because of the small plot size,



and the difficulty of locating the plot site long after it is
established.

Another type of horizon is the "fortuitous"” marker. Often, a
catastropic event such as a forest fire (Davis, 1964), meteor impact
(Glass, 1969), or nuclear incident or accident such as weapons testing
(Delaune and Patrick, 1978) provides a layer of material in the soil
profile such as charcoal, microscopic glass shards, or radionuclides,
respectivgly. If the time of the event is known, an estimation of
accretion rate can be determined by dividing the dimension of the
layer of sediment accreted above the horizon by the time which has
elapsed since the event. The markers which are the result of natural
processes of a noncatastrophic nature are more common. Examples of

210Pb, and 4C.

this type are pollen horizons (Davis, 1964),
The most commonly used method for determination of 20-30 years
time averaged accretion rates is that developed by Delaune and Patrick

(1978). This entails the location and measurement of the fall-out

radiocactive 137Cs deposited in the soil profile during the years of
prolific atmospheric testing of nuclear weapons. Advantages of this
method are the widespread occurrence of the radionuclide and the

ability to measure long-term accretion rates (20 to 30 yr).

A disadvantage of 137Cs method is that the method is applicable only
for assessment of long-term accretion rates, which may have little
significance in terms of surface accretion processes. Another

187

disadvantage is the relatively short 30 year half-life of Cs. Ina

few decades, it probably will not be detectible.



Stable tracer

The thrust of this thesis is the use of stable, activable tracers
in the establishment of an artificial soil horizon. Advantages of
this technique are that the marker can be applied to large areas (100
of square meters), there is no introduction of radioactivity into the
environment (Knaus, 1976), the short-term and long-term accretion
rates can be measured, and the material transport of particulate
matter within the soil profile can be followed both vertically and,
possibly, laterally. Knuas and Van Gent (1987) have demonstrated the
feasibility of using the rare earth elements dysprosium (Dy) and
samarium (Sm) for determination of accretion rates over 6-month and
l-year periods. They were able to demonstrate that short-term
accretion rates can be measured in freshwater systems (Knaus, 1987).
Apparently, this is the first successful attempt recorded to date.

Disadvantages of the stable tracer technique are that the method
of analysis is relatively expensive (Appendix B), the researcher is
unable to locate the tracer in situ (Knaus, 1987), the tracer can
reach saturation levels in the soil matrix, and it is possible that
low pH and high salinity levels may influence the intrinsic mobility
and solubility of the tracer in situ.

Evidence indicates that the tracer is generally applicable to all
situations found in southern Louisiana wetland systems. The body of

this thesis supports the utility of this method.



CHAPTER 2
SURFACE DISTURBANCE PHENOMENA

Stirring and mixing of soil by biological organisms is of concern
and deserves consideration when an accurate assessment of short-term
accretion rates is attempted. It is quite possible that bioturbation
may affect the accuracy with which the exact position of the marker

in the soil profile can be determined.

Bioturbation

Bioturbation is the biogenic vertical or horizontal disturbance
of any medium, especially soil. This phenomenon is of concern
especially when an artificial soil horizon is relied upon for accurate
assessment of short-term and perhaps long-term accretion rates.
Relatively little is known about the nature of and extent to which
bioturbation affects the surface and shallow subsurface sediments of
saline, brackish, and freshwater marshes.

It is intuitively obvious that macrofauna, such as fishes,
snakes, alligators, birds, and mammals, are capable of stirring up
surface and subsurface sediments. However, it is not at all clear how
somewhat smaller more numerous, and less mobile macrofauna such as
crustaceans, molluscs, insects, and certain polychaetes affect the
wetland soil profile. Likewise, the meiofauna indigenous to Louisiana
marshes and swamps such as nematodes, smaller polychaetes,

oligochaetes and copepods are present in large population densities,
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ranging from 5,000 to 50,000 organisms per cm2 (Fleeger, 1985). Since
the literature is sparse concerning wetland bioturbation, it is
necessary to examine studies pertaining to biogenic surface
disturbance in marine and freshwater benthic systems.

Charles Darwin (1881) was possibly the first scientist to realize
that the burrowing and feeding behavior of soil organisms
significantly affects geological processes such as sedimentation and
layering. Darwin noted that earthworms reworked and "stirred" the
vertical soil profile. Dapples (1942) observed that marine sediment
in areas with large benthic animal populations was ingested many
times before it is buried beneath the range of the organisms. He also
noted that this reworking reduced sediment grain size and consequently
increased the possibility of dissolution or mechanical removal of
sediment by water currents. Of greater relevance to artificial soil
horizon methodologies, he noted that bedding had probably been
destroyed by burrowing organisms if lamination was absent in
sediments. If bedding was observed under conditions where burrowing
organisms were numerous, the rate of sedimentation exceeded the rate
at which organisms worked the sediments. Moore and Scuton (1957),
from a study of sediment structures in 2000 cores taken off the
Mississippi Delta and the central Texas coast, found mottled and
irregular sediment lamination, presumably a result of benthic
organisms and possibly the filling of burrows by material different
from that of the proximal sediment. Subsequent tank experiments
tended to verify this hypothesis, and a generalized sequence

describing the effects on sediment structures by increased degrees of

16



mixing was formed. The researchers concluded that regularly layered
sediment would be transformed into irregularly layered sediment,
distinctly mottled sediment, indistinctly mottled sediment, and
finally, homogenous sediment as the duration and intensity of
biological activity increased. Davis (1967) noted that two horizons
of charcoal which were the result of severe fires around four lakes in
Maine were definitely mixed, and were actually found deeper in the
sedimen profiles with considerable mixing. The effects of
bioturbation on pollen horizons found in the same lakes was much less
noticeable presumably because the pollen phases into the lake sediment
continuously, whereas charcoal from a fire is essentially an
instantaneous input event or "pulse." Glass (1969) determined that the
observed distributions of microtektites, which are small glassy
objects between 20 um and 1 mm resulting from meteor impacts, found
off the Ivory Coast within the dispersal zone were related in a
general way to the amount of burrowing evident in the cores. Cullen

(1973), characterized the surface tracks of hermit crabs (Eupagurus)

as "lebensspuren" and observed that carefully protected lebensspuren
gradually disappeared when the aquarium tanks containing them were
left undisturbed. Under carefully controlled conditions, it was
determined that the erasure of lebensspuren was caused by meiofaunal
activity. This was indicative of extensive bioturbation on a
microscopic scale and demonstrated that very tiny organisms play a
significant role in disturbing surface sediments.

The same type of mixing phenomenon has been observed by those

working with radionuclides in sediment profiles. Eddington and

17
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210Pb and 137Cs

Robbins (1976) noted that in many cases, the
distributions in cores taken from the bathos of Lake Michigan showed
vertical mixing which they hypothesized was due to bioturbation and
microturbulence. This phenomenon had the effect of distributing the
radionuclides deeper into the vertical sediment profile than would be
expected in undisturbed sediments. Robbins et al. (1977) concluded
that regular-homogenous biogenic mixing of nuclides within lake bottom
sediments in the Great Lakes could be represented as a diffusional

process model and that an eddy diffusion coefficient adequately

accounted for observe distributions of 210Pb and 137

Cs in Lake Huron.
They also determined that in comparison with bioturbation, molecular
diffusion is of minor importance in the post-depositional mobility of

210Pb and 137Cs. Robbins (1982) concluded that bioturbation is an

important process influencing the observed radioactivity and heavy
metal profiles of recent sediments of the North American Great Lakes.
He produced a quantitative steady-state mixing model which accounted
for the observed distributions.

A review of the literature available describing bioturbation in
wetland systems yields few studies, and those which are available deal
with bioturbation qualitatively. Basan and Frey (1977) noted that
among studies of salt marshes, three areas of investigation have been
neglected: (1) substantive classification of marsh habitats, (2)
documentation of characteristic salt marsh traces ("fossil" burrows,
lebensspuren, etc.), and (3) discrimination between marsh
ichnocoenoses (biological process producing a characteristic pattern

of fossil traces). The investigators studied salt marshes near Sapelo
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Island, Georgia. Using a series of transects, they developed a
habitat classifcation which included creek banks, low-marsh

environments predominately vegetated by Spartina alterniflora (oyster

grass) which is the dominant marsh plant in most Louisiana salt
marshes, high-marsh environments which consist of mature stable marsh
which ultimately develops into chenier plains, transistional marshes
which are the gradational zones between low marshes and high marshes,
and barrens which are areas within the marsh that are devoid of

vegetation. Five salient points were brought out in their study:

1. Creek banks:

Bioerosion and mass-wasting are prominent. At or immediately
below the level of the creek bank vegetation, the substrate is riddled
by extensive burrow systems of fiddler crabs. A consequential
weakening and undermining of the upper slope of the creek bank results
in large clasts of mud which either slump or tumble down to the lower
slope of the creek bank. This mud is often incorporated into the
contemporaneous sediments of the lower slope of the creek bank which
produces a characteristic "chaotic bedding". Visible sedimentary
structures include distinct, contorted to planar, intercalated laminae

of clay, silt, and sand.

2. Low-marsh environments:

Active roots of S. alterniflora, which may penetrate the

substrate to depths of at least 1 m, together with abundant burrowing

fiddler crabs, derange or obliterate the depositional fabric (i.e.



20

destroy distinct layering of sediments). Ponded areas are common
locally, although all are intergradational biologically and are
similar sedimentologically. Mussels are widely distributed, removing
suspended sediment from the water during tidal inundation and
depositing much of the material as faecal pellets and pseudofaeces.
The mussels thus gradually construct low but conspicuous small mounds
of sediment, and their byssal threads help bind the deposits in place.
Crabs and burrowing polychaetes are especially abundant, but
bioturbation is less intense here than at the creek bank environment.

Uca pugnax, the most abundant of the fiddler crabs observed by the

investigators, was determined to be present at a density of 111 per

square meter,.

3. High-marsh environments:

High-marsh environments are divided by ecologists on the basis of
plant zonation. Sedimentologically, these areas are extremely
similar, typically consisting of slightly muddy to nearly pure sand.
Normal marine deposition ordinarily is limited to high spring-tide
level. This deposition is distinctive, and accounts for for the
extremely uniform elevation of high-marsh surfaces in general. Cores
reveal areas of discontinuous, thinly laminated sand and silt, much
less persistent and distinct than laminations in creek banks. Most
deposits are sparsely to intensely bioturbated by plant roots and

fiddler crabs.

4. Transistional marsh environments:



These areas represent the midpoint between lower, muddier, more
densely vegetated substrates and higher, sandier, less vegetated
zones. Ecologically, it is a minor ecotone, where the ranges of
low-marsh and high-marsh organisms overlap. This environment is

difficult to characterize because of the varying degrees of overlap.

5. Barrens:

Barrens are typically found near the terrestrial margins of
marshes. Sediment composition and physical sedimentary structures in
barrens are essentially the same as those in otherwise comparable
vegetated habitats; dessication cracks are abundant locally in mud
barrens. Biogenic structures are conspicuously different, however.
Root mottling is either relict or absent. Numerous crabs feed upon
the surface, thoroughly reworking the uppermost layer of sediments,

but do not as commonly burrow there.

The above observations may be applicable to Louisiana marshes,
particularly salt marshes, which are similar with but not identical to

salt marshes found in Goergia. For instance, Uca longisignalis is the

dominant fiddler crab found in coastal Louisiana marshes, and Georgia
marshes are fairly stable while Louisiana coastal marshes are rapidly
eroding and are not in equilibrium with their tidal inundation
regimen. Georgia marshes are composed of layers of different and
distinguishable sediment types, whereas Louisiana marshes are composed
of homogenous silt-like sediment which posses no distinguishing

characteristics. However, the descriptions of creek banks and

21
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low-marsh environments are generally compatible with the corresponding
habitats found in Louisiana coastal marshes.

It seems likely that there is enough information available to
justify an a priori qualitative scheme which may serve to facilitate
and explain anticipated marker-sediment discontinuities which may
arise during the course of this study. Therefore, the following

general classification scheme is presented here for the first time:

Class I disturbance

Description- Macroscopic disruption of marker-sediment continuity.
Spatial structure- Biogenic; trails, burrows, nests, tracks, footprints,
shells, rooting paths, etc.
Geophysical; erosion holes, trenasses, breaches, etc.
Spatial distribution- 2- or 3-dimensional, patchy, random, highly variable
occurrence. Depth may extend to over 1 m.

Observed direct effect- Sample core overlaps with disruption. Completely
unintelligible convolution of marker in sediment
profile.

Observed indirect effect- Sample core proximal to disruptional area.
Possible uniform marker-sediment discontinuity
resulting from dislodgement, and redistribution
of marker into sample area adjacent to disruption.
Significant interference with determination of
location of original marker layer not anticipated.

Critical period- Maker horizon will be subject to Class I disturbances for

several months to years. Crabs and plant rooting extend to
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vertical depths over 1 m.

Causative agents — Macroflora rooting, various marsh grasses and
plants. Macrofauna such as reptiles, burrowing
and nest building mammals, burrowing and feeding
crustaceans, foraging snails, birds, and possibly

Homo sapiens. Physical surface turbulance due to

storm and tidal surges, erosional processes.

Class II disturbance

Description- Microscopic disruption of marker-sediment continuity.
Spatial structure- Biogenic; shallow subsurface zone of mixing.
Geophysical; shallow subsurface zone of mixing
Spatial distribution- 2- or 3-dimensional uniform distribution. Intensity
may vary locally, with possible patchy areas of
high and low intensity disturbance correlated with
meoifauanl and microfaunal population densities.
Observed direct effect—- Uniform blurring and blending of marker horizon with
vertical sediment profile. Possibly quantifiable
uncertainty as to the location of the marker in
the vertical soil profile.

Observed indirect effect- Reworking of sediment and marker by indigenous
organisms may lead to resuspension and redeposi-
tion of marker material in soil profile above ori-
ginal marker layer. Original marker should be
discernible by virtue of greater quantity.

Critical period- Marker horizon will be subject to Class II disturbances

for a period of a few months to one year, depending
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upon the local sediment rate and depth of oxygenated
zone. The oxygenated zone drops off rapidly in coastal
marshes (Fleeger, 1985).

Causative agents- Various microfauna and meiofauna. Nematodes, polychaetes,
oligochaetes, and copepods are known to be present in
high population densities in Louisiana marshes (Fleeger,
1985).

Physical microturbulence such as vibration, non-laminar

surface water movement.

It does not seem likely that a quantitative treatment of Class I
disturbances would be possible because of the large-scale disruption
of the soil profile. Sample cores intersecting a Class I disturbance
area would not contain any useful information concerning accretion or
mixing rates. A random mixing of the marker with the sediment would
be evident and unrevealing. However, Class II disturbance would not
necessarily yield nonutilizable data. Since this type of disturbance
is homogenous in nature, it would presumably affect the soil profile
uniformily in any system containing micro- to meiofauna and flora.
Depending on the intensity of this type of bioturbation, the observed
marker distributions would range from minimal disturbance to possibly
severe disturbance. The greater the intensity of the disturbance, the
more uncertainty related to the original position of the horizon
marker.

Several researchers have attempted to quantify the type of mixing

described here as Class II. Goldberg and Koide (1962) introduced a
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mathematical mixing model with the assumption of steady state mixing
conditions to explain observed concentration profiles of thorium and
ionium in deep-sea sediments. They assumed a single mixing layer with
a constant or uniform rate of mixing and a consolidated non-mixing
layer boundary beneath the upper mixing layer (Figure 2.1). Using
this model, Goldberg and Koide concluded that mixing could explain the
observed distributions of ionium and thorium, but they did not attempt
to evaluate mixing rates or sedimentation rates. Berger and Heath
(1968) assumed complete mixing of a layer of depth L so that any input
of material would result in an entirely homogenous concentration of
the input-material with subsequent propagation of the input-material
into the non-mixing layer without disturbance. Others have reported
similar models with the primary assumption of complete and homogenous
mixing in the single mixing layer (Robbins and Edgington 1975, Robbins
1982, Christensen 1982).

Guinasso and Schink (1975) produced a model which is more general
and applicable to a wider variety of situations than the models which
assume homogenous mixing in the mixing-layer. Their model allows for
differential rates of mixing and sedimentation. The mixing assumed in
their model is gaussian in nature, meaning that the input-material
diffuses away from its original theoretical one-dimensional
distribution (which can be thought of as the mean) into a two
dimensional distribution which is exactly analogous to the normal or
gaussian distribution. The sedimentation rate is combined with the
gaussian diffusion coefficient to express the G parameter. The G

Parameter determines the shape of the distribution of input-material.



Figure 2.1. Single mixing-layer schematic. The mixing layer is
depicted at the top of the graph and the consolidated non-mixing layer
is the cross-hatched region beneath the mixing layer. An input
material must propagate vertically through the mixing layer before
passing into the consolidated layer. The hypothetical soil surface
is at an arbitrary depth of 10 and soil depth increase in the

downward direction.






This model is explained further in Chapter 4.
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CHAPTER 3

GEOGRAPHICAL LOCATIONS

Study regions

A portion of this study was a cooperative effort between the
Nuclear Science Center OF L.S.U and the Department of Wetland
Resources of Louisiana State University supported by a grant from the
Minerals Management Service (MMS, Contract No.14-12-0001-30252. OCS
Study/MMS 87-0119). Figure 3.1 differentiates the 3 MMS study sites
(Cameron, Lafourche at Leeville , and Terrebonne) from 4 additional
sites (Lac Des Allemands, Lafourche at Fourchon, Rockefeller Wildlife
Refuge, and Cocodrie ) which were established prior to the MMS study.
At the MMS site locations, two alternate techniques were employed in
conjuction with the stable tracer technique for assessment of
accumulation rates. One of these alternate techniques utilized

feldspar clay as a visible horizon marker. The other technique

utilized 37Cs deposited during the years of atmospheric testing as a
radiotracer horizon marker. The visible marker technique is somewhat
analogous to the stable tracer technique in that both methods are
applicable for measurements of short-term accumulation rates (6 months
to 1 year). The radiotracer method is more useful for evaluation of

long-term accumulation rates.

MMS study sites

29
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Figure 3.1. The Minerals Management Service study sites (shaded)
and feasibility study areas (circled). From left to right, the MMS
study areas are Cameron, Terrebonne, and Lafourche at Leeville. From
left to right, the feasibility study areas are Rockefeller Wildlife
Refuge, Cocodrie, Lac Des Allemands, and Lafourche at Fourchon.

Source: Cahoon et al., 1987.
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The experimental regions chosen for the application of the stable
tracer horizon marker technique were selected in wetlands which
typified a spectrum of habitats representative of southern Louisiana.
The criterion used for region selection was sedimentological province,
representing a recently abandoned delta, an older abandoned delata and
a relatively stable chenier plane environment. These study regions
were located in Lafourche, Terrebonne, and Cameron parishes,
repectively.

Sites of study were selected within the regions to test the
influence of outer continental shelf (OCS) pipeline canals (C), and
natural waterways (N) on accretion processes in fresh (F), brackish
(B), and saline (S) marshes (Terrebonne, Cameron, and Lafourche study

areas, respectively).

Geographical locations and experimental design of MMS sites

Two types of field plots were established in each region: (1)
sampling stations 50 m inland from the edge of the natural or
artificial levee; and, (2) transects running perpendicular to the
wéterway for 50 m inland (Figure 3.2). The distance of 50 m was
selected because Hatton et al. (1983) demonstrated that the lateral
influence of the streamside levee on vertical accumulation was less
than 50 m in Barataria Bay. Thus, it was ensured that the full effect
of the levee and its influence on the marsh behind it was encountered.

Both stable tracer and clay horizon marker plots were established
side-by-side at the Cameron and Lafourche study sites, but only the

stable tracer technique was utilized in the Terrebonne study sites

32
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Figure 3.2. Boardwalk design used in the Lafourche at Leeville
study area. Both rare earth and clay horizons were employed at these
sites. The distance of 0 m is placed where the marsh behind the levee
or spoil bank is not visibly distinguishable from the marsh at 50 m.

From Cahoon and Turner, 1987.
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because of the unsuitability of clay in freshwater marshes (Baumann,
1980). In all, 88 white-clay marker horizons were established in the
Lafourche study area, and 24 at the Cameron study area. Each of these
was 50%50 cm. The stable tracer was applied to nearly all of the same
sites over the entire plot area, often times covering an area greater
than 1 ha. The Lafourche plots were established during June and July,
1986, while the Cameron plots were established in November, 1986, and

January, 1987. The Terrebonne plots were established in June, 1986.

Additional sites

The additional site which were not part of the MMS study were
established at Lac Des Allemands, Lafourche at Fourchon, Rockefeller
Wildlife Refuge, and Cocodrie. All study areas including the MMS

study areas are described in the following paragraphs.

Cameron Parish sites

Three geographical locations in Cameron Parish included two sites
within the Rockefeller Wildlife Refuge (Figure 3.3) and a site near
Grand Bayou, Lake Calcasieu (Figures 3.4 and 3.5 ). The two sites
within the Rockefeller Wildlife Refuge (not part of the MMS study)
were treated with tracer in February 1984 (Ronald M. Knaus, 1987,
personal communication) and the control (natural) site at Grand Bayou
(MMS) , Lake Calcasieu, was treated in November 1987. The other sites
at Lake Calcasieu were treated in January 1987. The two-month

difference in treatment dates reflects navigational problems



Figure 3.3. Rockefeller Wildlife Refuge. Marker was applied at

Price Lake and Superior Canal.

wildlife and Fisheries.

Source:

Louisiana State Department of

36



Bk

w
3
re
w
o
w
L
B
=
x
14
w
-
-
w
L
§
@«

37



Figure 3.4. MMS control study site at Cameron. CBN 1 and CBN 2

were considered to be controls since they are situated on a natural
bayou. Both clay (A) and rare earth (O) horizons were established.

From Cahoon et al., 1987.
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Figure 3.5. MMS canal study site at Cameron.

are on natural waterways but flow is restricted.

on a pipeline canal. Clay (A), rare earth (0), an

horizons. Source: Cahoon et al., 1987.

CBNr 1 and CBNr 2

CBC 1 and CBC 2 are

d 37cs ()
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experienced in November when unexpectedly low water levels were
encountered.

The Price Lake location in Rockefeller Wildlife Refuge is
characterized by freshwater plants, although it is entirely surrounded
by canals containing salt to brackish water.

The superior canal site is about 15 km to the east of Price Lake
in a recently truncated canal just off Superior Canal. This defunct
drilling site was chosen for study since it had been closed off from
the salt water canal by an earthen barrier for the purposes of a water
management experiment in 1982. The Dy-Sm marker was in place in an
obviously freshwater habitat for about a year, when, in about February
1985, the comings and goings of an abundant alligator population
literally eroded a breach through the barrier. The artificial pond
rapidly became brackish, the freshwater flora died, and the alligators
abandoned the immediate area. Two cores were taken from the breached
artificial pond in March of 1985. Since that sampling, two cores were
taken from this site and three from the Price Lake site on the date 17

June 1986.

St. John The Baptist Parish sites

In the freshwater habitat of Lac Des Allemands a series of six
one-year cores were analysed prior to the work presented in this
thesis. (Figure 3.6). The cores taken during the current study in
1986 represent 2 year sampling data (Table 5.3). The Lac Des

Allemands study site is the northern-most area of Louisiana under



Figure 3.6. Lac Des Allemands feasibility study area.
;sites not shown. Source: U.S. Department of the Interior,
‘Mississippi Deltaic Plain Region Ecological Atlas, 1981.

FWS/0BS-81/16, Map AS8.

Study
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observation, and is a fresh water lake habitat.

Lafourche Parish sites

The Lafourche study area at Fourchon is located 5 km east of the
Fourchon Camp, the Louisiana Universities Marine Consortium (LUMCON)
(Figure 3.7). Three cores were taken prior to application of marker
on 20 February, 1986 to establish background levels of Dy and Sm in
the southern Louisiana environs. Three cores were taken on 21 June,
1986 4 months after the establishment of the artificial horizon marker
and represent 6 month samples. Three additional cores were taken on
13 May, 1987 and these represent one-year samples.

The Lafourche study area at Leeville is located about 7 km east
of Leeville, Louisiana and 7 km north of the Fourchon Camp (Figure
3.8). Seven cores were taken from this location on 12 December, 1987
and represent 6-month samples. Five cores were taken from this
location on 13 May, 1987 and two of these represent 6-month samples
while the other three represent 1 year samples. An additional 9 cores
were taken on 11 June, 1987 and 5 of these represent 6-month data
while the other 4 represent one year data. Once again, there is a
disparity between plot establishment dates and sample dates due to
logistical problems. Which are the dates of site establishment and
sample collection are summarized for the sake of clarity in Table 5.3.

The Cocodrie study site is located within 2 km of the Cocodrie
LUMOON station (Figure 3.9). This site consists of two plots, one of
which was vandalized and ruined before samples could be taken. Three

cores were taken from the remaining plot on 11 November, 1986 which



Figure 3.7. Lafourche at Fourchon feasibility study area.

r\l
Gail’s Bait Shop, Leeville, LA.

Source;
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Figure 3.8. Lafourche at Leeville study area.

canal (LSC) sites with c¢lay (A), rare earth (0), and

horizons. Source: Cahoon et al., 1987.

Natural (LSN) and

137Cs ()
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Figure 3.9. Cocodrie feasibility study area. Source:

LUMCON (Louisiana Universities Marine Consortium).

Cocodrie
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represent 6-month samples.

Terrebonne Parish sites

Clay soil horizon markers have not proved successful in
freshwater habitats (Baumann et al., 1984, and Baumann 1980).
Therefore, the sole method of determining 6 month and one year
accretion rates at the Terrebonne study site was the stable marker
technique (Figure 3.10). The Terrebonne study sites were established
in June, i986. Ten cores were taken from the Terrebonne study plots
on 14 February, 1987 which represent 6-month samples. Twelve cores

were taken on 24 June, 1987 which represent l-year data.

Experimental design

Since the stable tracer method is quite expensive, no replicates
during 6-month and l-year sampling were taken at plots established in
the MMS study areas. The effect that could be partitioned by
statistical testing was effects of manmade waterways versus natural
waterways within the same study areas. Testing for differences due to
waterway type between study areas would be biologically meaningles

because of geophysical and ecological disparities.



Figure 3.10. MMS Terrebonne study area. Natural (TFN), canal

(TFC), impounded (TFI), and impounded restricted flow (TFIr). Rare

earth (0) and 1370 (0) horizons. Source: Cahoon et al., 1987.
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CHAPTER 4

MATERIALS AND METHODS

Choice of marker

The stable tracer must be biologically nonessential, in a
relatively inert form, and inexpensive. A biological nonessential
material is unlikely to be scavenged by living organisms and will
therefore not be subject to mobility due to biogenic transport. A
chemically inert material will be unlikely to participate in redox
reactions or other chemical reactions which might increase the
material’s mobility. Additionally, inert materials are usually
nontoxic to biological organisms at low concentration levels. The
advantages of relative low cost are obvious. The lower the cost of
the material, the greater the area that can be treated and followed
experimentally.

Since neutron activation was the analytical method of choice for
the study presented in this thesis , certain nuclear properties were
necessary. The isotopic stable tracer must have a reasonably high
natural isotopic abundance and a high thermal neutron cross-section.
The amount of the stable tracer which can be converted to a detectible
radionuclide in a given amount of time in a neutron bombardment

chamber is directly related to natural isotopic abundance and thermal
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neutron cross—-section. The following relationship describes the
kinetics of the neutron bombardment reaction:

A= ¢No(1—e-At1)(e-At2

) (Eq. 4.1)

where A is the activity in disintegrations per second (dps) of the

neutron produced radionuclide in the sample, ¢ is the neutron flux in

neutrons cm_2osec—1, N is the number of atoms of the activable stable
isotope in the sample, o is the thermal neutron cross-section in
barns, A is the decay constant of the neutron produced radionuclide

per second, tl is the amount of time the sample is subjected to
neutron bombardment in seconds , and t2 is the time elapsed after the

end of bombardment (BEOB) in seconds. Increases in ¢, N, or o will
result in greater activity after a given time of neutron bombardment.
Large isotopic abundance results in large N. The thermal neutron
cross—section (o) can be thought of as the probability of a neutron
which passes through a sample actually interacting with ; nucleus of
the activable stable isotope and producing the activation product
radionuclide. Thermal neutron cross-section is an intrinsic nuclear
property that cannot be manipulated which necessitates the selection
of a stable activable isotope with a reasonably high cross-section.
The neutron-activated radionuclide must have an adequately intense and
energetic gamma ray emission for ease of quantitative detection as
well as possess a half-life sufficiently long for gamma ray analysis,
post neutron bombardment (Knaus and Curry, 1979). Certain rare earth
elements possess the above qualities and are ideal for large-scale

environmental studies involving field applications where radiotracers
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would be prohibited (Knaus and El-Fawaris, 1981). The rare earth
elements selected for this reserch were dysprosium (Dy) and samarium
(Sm) because they meet all of the criteria specified and they have

been successfully utilized in feasibility studies (Knaus, 1987).

Preparation of marker

Kilogram quantities of each rare earth element were obtained as
the soluble nitrate (95% purity) and as the insoluble oxide (89%
purity) from Research Chemicals, NUCOR Corporation, Phoenix, Arizona.
Because of their lower cost, the large-scale application necessary for
this study required the use of the oxides rather than nitrates. 1000

gn of each oxide was slowly added to 1500 ml of hot concentrated

nitric acid (119° centigrade) in a 3 liter beaker with a magnetic

stirrer. Extreme caution must be exercised during this procedure

because the dissolution of the oxides in acid is highly exothermic,
and the potential for an explosive reaction is high. The nitric acid

must be hot because the oxide will not dissolve in the acid until a

temperature over 80° centigrade is reached (If the oxide is heaped in
cold nitric acid and the mixture is heated, a spectacular explosion
will result). After dissolution of the oxide, the mixture was allowed
to cool and 500 ml was added. This entire procedure was repeated
several times so that and the resulting mixtures of each rare earth
were poured into a single container which resulted in a total of 22

liters of solution containing a concentration of each rare earth of
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approximate]y 0.15 gm per ml.

Application of marker

Measured amounts of the highly acidified Dy-Sm nitrate mixture
described above in the "Preparation of marker" section, were diluted
with marsh water present at the site of isotope application and

applied to the surface of the experimental plots by a 002 driven spray

apparatus typically used for herbicide and insecticide applications.
The diluted marker exits the four nozzels of the spray boom as a fine
mist which evenly covered the marsh surface. Marsh vegetation was
unavoidably sprayed during this procedure. Knowing the area covered

by the spray and the concentration of the mixture, a minimum of 100 ug

of each rare earth metal as the trivalent cation was applied per cm2

of marsh surface. The lower limit of sensitivity of the INAA

technique for Dy and Sm in environmental matrices has Seen determined

to be approximately 0.10 ug per sample. In most cases, the soil of the
plots was covered by a layer of water which is typically present during
the summer months because of prevailing conditions of atmospheric high
pressure over the Gulf of Mexico waters. Upon contact of the
water-diluted tracer spray with the surface waters of the marsh, an
increase in pH caused a milky white precipitate to form which extends
through the water column and settles onto the soil surface. It is
reasonable to assume that in the salt-water marshes, the form of the
marker in the soil is either sorbed ion or insoluble carbonate or
hydroxide precipitate. The pH of salt and brackish waters is between 8.0

and 8.5. The pH of fresh water marshes is usually more acidic in
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comparison to that found in saline and brackish marshes.

Sampling of marker

Recent sediment accumulations are often loose, flocculent
material that is nearly impossible to sample if the statigraphy of the
sample is to be preserved. In order to overcome this problem, a
cryogenic coring device has been developed (Knaus, 1986) that freezes
the core in situ (Figure 4.1). The frozen core was extracted from the
sediment, placed in an ice chest containing dry ice, and transported
back to the lab for sectioning. The sequence of procedures leading to
numerical results is a lengthy one (Figures 4.2 and 4.3). In the
laboratory, the frozen core was prepared for sectioning by scraping
off loose, angular debris projecting from the core in order to produce
a smooth verticle surface of frozen mud and organic detritus. This
scraping step assured that the samples to be taken from the core were
not contaminated by melt water that occassionally flows from the ice
above the water-sediment interface onto the outer surface of the core.

The core was sectioned with a razor blade serially beginning at
the water-sediment interface along its length. In this study, the
core was usually sectioned in 3-mm intervals (5-mm interval for
one-year Terrebonne Parish cores). The 3-mm sections seem to be the
smallest sizes that can be cut without an unreasonable increase in
time and cost. After the ten 3-mm sections were cut, a careful
Deasurement was made to assure that the sum of the ten sections was,

indeed, equal to a total of 30 mm. Because of the possibility of



Figure 4.1.

Cryogenic coring device.

From Knaus, 1986.
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contamination of the copper coring device, a further precaution was
taken by not collecting a 3-mm section close to the outer surface of
the copper probe (Figure 4.1). The observed marker concentrations in
each 3 mm cut segment were reported at the midpoint. For example, the
9- to 12-mm section datum is plotted at a depth of 10.5 mm (Figure
4.3).

For wet weights, the 3-mm serial sections were weighed in
pre-weighed 2/27th-dram (0.2 cc) polyethylene vials (polyvials). The

samples, typically 0.1 g (wet weight) were placed in a drying oven at

60° Centigrade overnight and reweighed to obtain dry weights. The dry

weight of a 3-mm section is about 0.01 g.

Sample preparation and neutron irradiation

The dried samples were heat-sealed in the polyvials and placed
within 2/5th-dram (1.5cc) polyvials. These, in turn, were heat-sealed
and two of these 2/5th-dram polyvials were encapsulated in one 2-dram
(7 cc) polyvial for neutron irradiation (Figure 4.2). Approximately
80% percent of the samples were irradiated at the Texas A & M
University Reactor Facility for instrumental neutron activation
analysis (INAA). Approximately 10% of the samples were irradiated at
to the Oregon State University Radiation Center TRIGA Reactor Facility
for INAA (Figure 4.4) and 10% of the samples were irradiated at Los
Alamos National Laboratory’s Omega West Reactor Facility in New Mexico
for INAA(Figure 4.5).

At each reactor site, samples and standards were irradiated with
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Figure 4.2. Sequence of procedures leading to detection of the
rare earth horizon markers in the vertical soil profile. Cryogenic
core is taken from marsh site to laboratory where it is sectioned
vertically by 3 mm increments. Each cut segment is placed in a 2/27
(0.2 ml) dram ploy vial, dried, and weighed. This vial is heat sealed
 and encapsulated in a 2/5 dram (7 ml) poly vial. Two of these vials
are placed in a 2 dram vial and transported to a reactor where they
are subjected to neutron bombardment. After neutron activation, the
2/27 dram‘vial is removed and placed in a clean 2/5 dram vial. The
vial is then placed in a GeLi detection system, and the gamma ray

spectrum is generated.
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Figure 4.3. Continuation of process shown in Figure 4.2. The
GeLi detector system generates the gamma ray spectra for both soil
samples and standards which are subsequently read into an electronic
spread sheet data base. The data base program performs a number of
data reductions which result in the observed marker distribution in

the vertical soil profile.
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a neutron flux of 10’3 neutronsecm 2esec”! for 2-3 min via a pneumatic
transfer system. The neutron bombardment reaction for both rare
earths is a neutron absorption and prompt gamma reaction to transmute

152 163

164Dy to 165Dy (Figure 4.6) and Sm to Sm (i.e., the (n,v)

reaction). The iotopic abundances of the stable naturally occurring

104 Dy and 152Sm are 28.1% and 26.7%, }espectively. Upon removal from
the reactor, the samples were allowed to radiocactively decay at least
2 hours before counting. The reason for this time delay is to allow
the sample to decrease to radiation levels low enough so that the
deadtime of the GeLi detector system is not greater than 10%.
Deadtime refers to the amount of time the detector system is unable to
detect an impinging radiation event because of the finite amount of
time required for electrons in the detector matrix excited by a
previous radiation interaction to return to ground state. As deadtime
increases, the efficiency of the detection system decreases (Wang,
Willis, and Loveland, 1975).

The delayed gammas characteristic of the activated rare-earths
were detected by means of a GeLi detector interfaced with a

multichannel analyzer. Analysis for the 0.0947 MeV gamma ray of the

2.33-h 165Dy was performed within 5 h, post neutron bombardment.

Analysis of the same sample for the 0.1032 MeV gamma ray of the 46.7-h

153Sm was performed 48 to 100 h, post bombardment. The combination of
the two tracers is an internal verification of the data an also

165

overcomes the possible interference with Dy detection of the 15-h



Figure 4.4. The pneumatic transfer system at Oregon State

‘University showing the tube in which the rabbits travel and the air
blowing mechanics. Rabbit is ejected under pressure from

|
Radio-chemistry Laboratory to reactor core where it is subjected to a

peutron flux of approximately 1013 neutrons-cln'-zosec-1 for 2-3

minutes.
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Figure 4.5. Schematic showing the automated pneumatic system at

Los Alamos National Laboratory.
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Figure 4.6. The neutron activation scheme is shown for the rare
~ earth tracer, dysprosium (DY). A thermal neutron (top drawing) is

1

absorbed by the 64Dy nucleus creating an unstable (radioactive) atom,

165Dy Beta decay results in the emission of a 94.7 keV gamma photon

5

bottom drawing) and a transmutation of 165Dy to stable 16 Ho.
(
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24Na in samples high in sodium content. If the Compton continuum of

the 2.754 and 1.369 MeV 24Na peaks masks the short-lived gamma ray

153

peak of 165Dy, the gamma ray peak of the long-lived Sm will grow

relative to the 24Na peak after multiple half-lives of 24Na pass.
Each batch of irradiated marsh samples was accompanied by standards of

known Sm, Dy, and Na content.

Standard preparation

Standard preparation and interpretation is an integral part of
core processing. A primary standard was prepared from nitrate salts
of the rare earths, Dy(N0O3)3.5H20 (Stock #-Nucor Corp.-Dy-N-3-010) and
Sm(NO3)3.6H20 (Stock #-Nucor Corp.-Sm-N-026). Each of these salts in
the crystalline form was ground with a mortar and pestle to a uniform
particle size. Quantities of this preparation were placed in a CaCl2
desiccator and the system was allowed to come to equilibrium for seven
days. The water which forms an integral part of the molecular or
crystal structure of a solid is classed as essential water. An
equilibrium always exists between hydrated solid and anhydrous solid
under a given set of conditions which include humidity, vapor
pressure, and temperature. Therefore, it is not technically correct
to assume that all of the crystalline material is hydrated under any
given set of conditions. The purpose of placing the crstalline
material in a desiccator is to allow the system to move to a stable
equilibrium point so that the material will be homogeneous with repect

to distribution of hydrated and anhydrous forms (Skoog and West 1969) .
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After 7 days, it was assumed that stable equilibrium conditions
exist. At this point, 0.2699 g of the Dy salt and 0.2956 g of the Sm
salt were weighed and placed in the same 1000-ml volumetric flask.
Five ml of technical grade 16N HC1 was added and the flask was brought
up to volume with tap water. The acidic environment overcomes the
tendency of the Dy and Sm to form hydroxide and carbonate precipitates
Tap water was used instead of distilled water for the reason that the
resulting standard would be more similar to the matrice found in
environmenial samples. The resulting mixed primary standard was 100
ppm Dy and Sm, 4+10%. At the time of preparation, four samples of 1.5
g of each of the Dy and Sm salts were placed in crucibles for ignition
and subsequent gravimetric analysis. The primary standard was used
throughout the study. In this way, every separate data set is
comparable to all others. Therefore, even though exact values of the
standards may not be determined, the relative comparison of data sets
is precise.

For the preparation of the secondary standards for INAA, 1-, 2-,
10-, an 20-ml aliquots of the primary standard were placed in 100-ml
volumetric flasks. The secondary standards were brought up to volume
with tap water after adding 1 ml of 16N HC1. An aliquot of 0.1 ml of
each of the four secondary standards was pipetted into four
2/27th-dram (0.2m1) polyvials to make 0.1, 0.2, 1.0, and 2.0 ug
standards. A reagent blank was prepared along with the standards in
the same manner. Standards and reagent blanks were dried along with
core samples and encapsulated for neutron irradiation as described in

the "Sample preparation and neutron irradiation" section of this



chapter :

pata reduction

Spectral data are received from the reactor facility on a
computer printout. There are two separate printouts for each sample
vial representing gamma ray emissions detected from Dy-165 and Sm-153.
By visual inspection two separate 10- to 12- channel portions of the
4000 channel spectrum are partitioned for analysis for the Dy and Sm
photopeaks. These sections of the data represent the characteristic
photopeaks of the tracers, which are usually Gaussian in nature
(Figure 5.1).

Once the photopeak has been chosen, the data is loaded on a Lotus
1-2-3 spreadsheet (Table 5.1). The data base is then subjected to a
number of calculations in which the net photopeak area for both Dy
and Sm is determined (Covell, 1959), decay corrected, and reported as
net cpm. This process is applied to both standards and samples. Once
the cpm per ug of Dy and Sm in the series of standards has been
determined, a least squares regression analysis is carried out, with
ug Dy or Sm as the independent variable and net cpm as the as the
dependednt variable. The regression analysis on the standards
includes a linear, logarithmic, exponential, and power curve fit. In
nearly every case, the power curve gives the best correlation
coefficient, and the best goodness of fit. The power curve fit is in

the form Y = BoXBl, where Y is cpm and X is ug of Dy and Sm. In this

generalized form, if B1 approaches 1, then the relationship between ug

marker and cpm is a linear one. If B1 departs significantly from 1,
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then a nonlinear relationship is implied (Steel and Torrie, 1980) .
Usually, the relationship is significantly nonlinear. From this
regression equation, cpm per sample is converted to ug of Dy or Sm,
and this value is ultimately converted to ppm of Dy and Sm in the soil
sample.

A 99% confidence interval for background levels of Dy and Sm in
parsh soil samples has previously been determined using a Student’s
(-distribution (Steel and Torrie, 1980, p. 65). This background
interval is subtracted from all values determined by the method
described in this section of the thesis. This provides a method

whereby random noise can effectively be partitioned from real signal.

Core data analysis: Scheme I (Modal analysis)

The types of distributions of the stable tracer horizon markers
varies greatly among and within the experimental sites. Two
classification schemes for the various types of distribution of marker
have been developed for this study.

The first classification scheme is depicted in Figure 4.7 and
observed marker distributions which are representative of this
classification are shown in Figure 4.8. A Type I distribution is the
ideal finding, where the marker is located unequivocally in a single
3-mm section of the core. Therefore, the mode and mean are identical
and it is the center of the 3-mm section containing the marker that is
reported for the depth. Eighteen percent of the cores sampled in this
study are categorized as a Type I class.

A Type II distribution is divided into two subclasses: Type II A



Yow

Figure 4.7. Idealized classification scheme applied to observed

marker distributions.
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Figure 4.8A-F. Observed marker distributions which demonstrate
the utility of the classification scheme. Figure 4.8A shows a Type I
discrete marker distrbution, Figure 4.8B shows a Type IIA
regular-continuous distribution, Figure 4.8C shows a Type IIB
irregular-continuous distribution, Figure 4.8D shows a Type III
bimodal distribution, Figure 4.8E shows a Type IV uninterpretable
distribution above background levels, and Figure 4.8F shows a core
which contains no marker above background levels. A negative ppm
value indicates how far below the upper limit of the 99% confidence

interval for background levels of Dy and Sm the datum is.
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and Type 11 B. Type II A approximates a Gaussian distribution and the
data can be fitted to an idealized binomial with the mean reported as
the depth of the marker. Type II A distributions account for 42% of
the cores sampled. Type II B is like Type II A, but has one or two
points that do not easily fit the binomial. The depths of type II B
cores are reported as the idealized binomial means of the
distributions unless visual inspection leads one to believe that the
mathematically determined mean is biased from the actual mean. Type
II1 B distributions account for 9% of the cores. Type III accounts for
15% of the cores sampled, depicting two distinct peaks where two or
more data points between the peaks register at or near background
levels for the stable tracers. Type IV accounts for 8% of the cores
and depicts a random distribution of the tracer above background
levels, indicating either macro scale mixing, or uneven marsh surface
topography where the sample was taken. Type V is like type IV, but
levels of the tracer are within the expected background range,
indicating a "miss" (unable to accurately relocate plot) or the
washing away of marked sediments. Twenty percent of the cores are
Type V.

All of the above core data are subjected to three separate
reductions reported in Table 5.2. The first analysis is a binomial
best fit model (Steel and Torrie, 1980, p. 524) A binomial
distribution is fitted to the individual data points using a computer
program which iterates to a best fit using a chi-squared goodness of
fit criterion. The mean depth is calculated from the idealized

binomial curve generated from the data points. If the distribution is

82



Type 111, the binomial is fit to each distribution separately, and the
pean of the peak with the greatest depth is reported.

The second data reduction technique is a visual inspection and
selection of the depth at which the "apparent mode” occurs. The
apparent mode is that point on the graph (tracer abundance vs. depth
of tracer) which would probably be the data point with the greatest
concentration if no "marker wash-in" occurred. Marker wash-in is a

phenomenon which has been observed by others working with trace

substances in the soil profile, particularly 137Cs (Miller and Heit,
1986). It seems plausible that excess marker unavoidably sorbed to
marsh vegetation during the application process may wash onto the
surface of the treated experimental plots well after the original
treament or that annual vegetative dieback contributes sorbed marker
to the marsh surface. In 85% of the cores analyzed , the apparent
mode and the real mode are one and the same.

The third reduction is visual inspection and selection of the
"break-point." The break-point is the depth at which the sharpest
drop-off of marker occurs (the greatest negative change in slope).
There is reason to believe that the break-point is biologically
meaningful in at least some of the cores sampled and represents the
depth at which biological mixing ceases to be a significant factor in
tracer pulse distortion. This is based on the model presented in the
next section of this thesis. In 50% of the cores analyzed, the depth

at which the apparent mode and the breakpoint occur is identical.
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Core data analysis: Scheme II (Dynamic analysis)

A mathematical model first developed by Guinasso and Schink
(1975) is adapted as the framework for the second classification
scheme. In general, the model describes the behavior of a
nconservative” tracer pulse as it propagates through a biological
mixing layer into more stable layers of sediment below. A
conservative tracer is used here in the sense that it is
non-radioactive, chemically stable, and biologically inert. The
analytical form of the model is derived from the general

diffusion-advection equation:

2
%:D-ﬁ—%—v% (Eq. 4.2)
X

where: c(x,t) is the concentration of tracer(dimensionless), D is the

eddy diffusion coefficient (cmzoyr-l), v is the sedimentation rate, x

is depth from the surface increasing downward (cm) and ¢ is time (yr).

The paper by Guinasso and Schink (1975) gives an excellent treatment
of the derivation of the analytical solution (Eq. 4.3) from Eq. 4.2.
The reader is referred to that paper for further detail which is
beyond the scope of this thesis. The rigorous form of the analytical

solution is as follows:

c(x*,1*) = exp(ﬁ_ﬁ)
2G ~ 4G

©
1 » 1
o L EZ—— (cos ax +geo

sin anx*) . exp(—Gazt*)) (Eq. 4.3)
n=1 n n n
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2
wyhere: @ - (1/(467) - (@ /G) cot a =0 (Eq. 4.4)

1 1
B =1/2 + +
n 8G2a:

) (Eq. 4.5)
2Ga

* *
In the above equation, x 1is a dimensionless relative depth unit, t

ijs a dimensionless relative time unit, and G is a dimensionless mixing
parameter defined by the following variables:

D
G=iT (Eq. 4.6)

where D is the eddy diffusion coefficient (cmzoyr-l) and represents

the gaussian mixing analog, L is the depth of the mixing layer (cm),

and V is the sedimentation velocity (cmoyr_l). The above model is
derived in detail from first principle partial differential equations
in the paper by Guinasso and Schink (1975) and an excellent
explanation given of the concepts involved in detail. It is not
possible to give an in-depth treatment of the model here because of
time and space limitations, and it is really beyond the scope of this
thesis. However, a practical application without undue complexities
is presented in the following paragraphs.

The model (Eq. 4.3) is largely dependent on the magnitude of the
G parameter. As the G parameter increases in magnitude, both o (the
standard deviation) and the kurtosis (skewness) of the original marker
pulse will also increase in magnitude with depth and time. The degree
of kurtosis is of primary importance in this model since it implies
deviation of the visible mode from the actual depth of deposition.

Rurtosis does not begin to occur until the mode of the original tracer
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pulse passes through the biological mixing layer (Fig. 4.9A-B). It is
jmportant to note that even though D may be large (representing a high
rate of biological mixing), little distortion will be seen if the
sedimentation velocity is high (Eq. 4.6). Conversely, even if D is
small (representing a low rate of biological mixing), large distortion
will be seen if sedimentation velocity is also relatively low.

The above model (Eq. 4.3)implies that there is complete ambiguity
in the interpretation of a given distribution of tracer with depth.
For instance, if one does not have estimates for D and L, V cannot be
ascertained. As the model is thus far presented, it seems to suggest
intractable problems in determination of sedimentation rates.

However, it can be mathematically demonstrated that the weighted mean
depth is always equal to VoT,.or the weighted mean depth is where we
would expect to find the initial impulse concentration if no mixing
took place (Guinasso and Schink, 1975). This value represents the
actual sedimentation.

A series of figures (Fig. 4.9A-F and 4.10A-F) demonstrate the
behavior of the original marker pulse with time under two different
mixing conditions, G = 0.10 and G = 0.30. The biological mixing in
the 4.9A-F figures is 3 times less than that in the 4.10A-F figures.
As time progresses, one can see that the system with the largest
mixing parameter tends to spread more, and in the final graphs of the
series (Fig. 4.9F and Fig. 4.10F) , it can be seen that the two modes
are markedly displaced from one another, even though there is
identical sedimentation velocity, mixing depth, and time. What is

actually occurring in terms of the model is that as G approaches 10,



Figure 4.9A-F and 4.10A-F. A computer model generated series of
parker distributions. The 4.9A-F series shows a marker pulse moving
through a soil profile with nominal mixing (G=0.1). The 4.10A-F
geries corresponds directly with the 4.9A-F series except that the
parker pulse is moving through a soil profile with moderate mixing
(G=0.30). Note the greater distortion of the marker distribution and
greater bias away from the actual sedimentation (time is equivalent to
sedimentation) in the 4.10A-F series. Relative depth units are on the
x-axis ané relative concentration units are on the y-axis. The area
under the curve of concentration vs. depth of each tracer at any time

after t=0.0 is unity (1.0).
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the marker distribution becomes less and less gaussian in nature and
pore and more exponential in nature with increasing time. When G is
greater than 10, the tracer pulse essentially loses its gaussian
nature and becomes purely exponential. When this is the case,
complete homogeneity of the tracer in the mixing layer occurs.

It seems counterintuitive that the mode of the tracer can move
away from from its original "position" in the soil profile. The
single mixing-layer model has serious implications if it has a basis
in reality where wetland accretion processes are concerned.

The model as represented above was applied to the actual data
gathered during this study. Marker distributions were reclassified on
the basis of the "G" parameter as determined by visual goodness of fit
application of the model(Fig. 5.15). Furthermore, depths of accretion
were determined using the weighted mean depth criterion mentioned
above. The depths as determined by the two techniques (modal analysis
vs. weighted depth) were contrasted and compared (Table 5.4 and Figure

5.16).



CHAPTER 5
RESULTS

Initial data processing

The following results are examples taken from the large body of
samples collected during this study. It is impractical to present and
discuss each of the 71 cores collected and analysed. A graphic
representation of each core can be found in Appendix A. Table 5.1 is
a copy of a representative spreadsheet which shows how data for an
individual core are processed. The core which is represented in table
5.1 comes from a sampling at Leeville, LA on 15 Dec. 1986 In this

core, 12-3 mm segments were sectioned, dried and weighed. The depth

for each sample was considered to be intermediate in each 3 mm
section, so that the first 3 mm segment represents a depth of 1.5 mm.
Only the dysprosium spectral data are shown. The energy window which
was selected for the detection of the gamma photon of interest is
90.40kev to 98.39 kev with the centroid occurring at 94.7 kev. Figure
5.1 shows the spectral peaks of the first 4-3 mm segments. The
spreadsheet program calculates the Compton continuum level, subtracts
it from the photopeak area, yielding net photopeak area. This area is
corrected for decay back to the end of neutron activation. The
corrected cpm is converted to ug of Dy after a least squares
regression analysis is run on the standards which are usually 0.1,

0.2, 1.0, and 2.0 ug of Dy. The value in ug Dy is then divided by the
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Table 5.1- Data exactly as it is tabulated on the Lotgs
123 Sprcadshcet program uscd for spectral data recduction.

LEEB86-12/15/86

TAMU PORTION OF LEEVILLE 12/15/86
s~ ASTERISK MEANS A VALUE MUST BE ENTERED INTO RESPECTIVE CELL

SAMPLE NAME® CORES SITE-3E.// LSN 2(50-M)
SAMPLE NUMBER® 5-1 5-2 5-3 5-4 5-5
WT. EMPTY VIAL (GM)* 0.2912 0.2912 0.2989 0.2984 0.3004
WT VIAL + SAMPLE (GM)* 0.3057 0.3038 0.3208 0.3227 0.33
NET SAMPLE WEIGHT (GM) 0.0245 0.0126 0.0219 0.0243 0.0296
DEPTH (MM)* 1.5 4.5 7.5 10.5 13.5
1 S=1 5-2 5-3 S-4 5-5
1RST CHAN. DY (COUNTS)e* 544 399 828 954 1839
LAST CHAN. DY (COUNTS)® 572 398 799 949 2327
COUNT TIME DY (MIN)® 3 3 3 3 3
ELAPSED TIME DY (MIN)® 372 378 325 332 321
1 5-1 5-2 5-3 5-4 5-5
1RST CHAN.'SM (COUNTS)* 474 450 3n4 1571 555
LAST CHAN. SM (COUNTS)* 406 393 649 3850 467
COUNT TIME SM (MIN)e® 5 H s s s
ELAPSED TIME SM (MIN)+* 8492 7244 3199 4546 7228
] 5-1 5-2 5-3 5-4 5-5
4 CHAN. DY 16 16 16 16 16
4 CHAN. SM 14 14 14 14 14

INTEGRAL DY (TOTAL COUNTS) 13901 10808 22126 25363 . 63934
INTEGRAL SM (TOTAL COUNTS) 22650 24114 16025 96034 2808S

DECAY CORR. DY (CPM) 10496.61 9615.134 15207.85 17523.24 8142.185
DECAY CORR. SM (CPM) 26939.28 21852.33 3879.937 35760.20 25014.26
CALCULATED ug DY 7.587469 6.880536 11.47183 13.43560 5.716146
CALCULATED ug SM 8.329563 6.932084 1.520952 10.68002 7.804889
PPM DY 523.27317 546.0743 523.8279 552.9054 193.1130
PP SM 574.4526 550.1654 69.44990 439.5071 263.6787
BACKGND CORR. PPM DY 518.8737 S541.6743 519.4279 548.5054 188.7130
BACKGND“CORR. PPM SM 567.2526 542.9654 62.24990 432.3071 256.4787
Dysprosium counts 5-1 5-2 5=3 S-4 5=5
Arbitrary chan. § 1 544 399 828 954 1839
2 " 533 418 842 973 2061
] $82 420 903 978 2421
4 677 486 947 1176 3003
S 754 583 1228 1458 3768
6 951 674 1574 1816 $140
7 1292 1009 2119 2312 6677
8 1545 1244 2449 = 2846 7733
9 1511 1265 2607 2921 7642
10 1352 1117 2228 2534 6159
11 1061 853 1603 1906 4489
12 778 594 1313 1457 3486
13 648 510 1024 1178 2648
14 546 437 863 988 2388
15 556 k31 789 897 2153

16 571 398 799 949 2327




Table 5.1 continued

LEEB86~12/15/86

TAMU PORTION OF LEEVILLE 12/15/86
*~ ASTERISK MEANS A VALUE MUST DE ENTERED INTO RESPECTIVE CELL

SAMPLE NAMEe

SAMPLE NUMBER® 56 5=7 5=-8 5=9 5-10
WI. EMPTY VIAL (GM)+ 0.2989 0.2939 0.3004 0.2904 0.294
WT VIAL + SAMPLE (GM)+ 0.4078 0.3887 0.405 0.3626 0.3156
NET SAMPLE WEIGHT (GN) 0.1089 0.0948 0.1046 0.0722 0.0216
DEPTH (MM)e 16.5 19.5 22.5 25.5 28.5
] 5=-6 5=-7 5~8 5-9 5-10
1RST CHAN. DY (COUNTS)* 1390 1164 1094 4100 819
"\LAST CHAN. DY (COUNTS) 1337 1222 1158 3979 88
COUNT TIME DY (MIN)@ 3 3 J J 3
ELAPSED TIME DY (MIN)e 329 J71 376 233 287
[} 5-6 5=7 5-8 5-9 5-10
1RST CHAN. SM (COUNTS)«* 554 392 286 189 129
LAST CHAN. SM (COUNTS)» 450 328 211 196 123
COUNT TIME SM (MIN)e 5 5 S S S
ELAPSED TIME SM (MIN)®* 7219 8609 8576 7157 7170
) 5-6 5-7 5~8 5-9 5-10
§ CHAN. DY 16 16 16 16 16
§ CHAN. SM 14 14 14 14 14
INTEGRAL DY (TOTAL COUNTS) 27894 23215 20682 84592 19989
INTEGRAL SM (TOTAL COUNTS) 24711 18608 11054 7696 5098
DECAY CORR. DY (CPM) 10349.55 8653,.948 5730.653 1954.065 1513.375
DECAY CORR. SM (CPM) 21085.65 22816.46 12634.86 5872.572 3927.656
. CALCULATED ug DY 7.469037 6.118163 3.863890 1.164191 0.875523
CALCULATED ug SM 6.718192 7.199764 4.286200 2.188148 1.5373s5
PPX DY 68.58620 64.53758 36.93967 16.12453 40.53350
PPM SM 61.69118 75.94687 40.97705 30.30676 71.17388
BACKGND CORR. PPM DY 64.18620 60.13758 32.53967 11.72453 36.13350
MCK?ND CORR. PPM SM 54.49138 68.74687 33.77705 23.10676 63.97388
Dy-groliun counts 5-6 5=7 5-8 5-9 5-10
Arblitrary chan. ¢ 1 1390 1164 1094 4100 819
2 +1381 1158 1099 4352 810
3 1442 1170 1100 4912 861
4 1519 1291 1206 5651 1068
L] 1664 1451 1239 6394 1212
6 1960 1519 1337 7183 1516
? 2291 1869 1523 7394 1776
8 2490 2002 16126 7201 2066
9 2465 1963 1627 . ° 6533 2089
10 2231 1854 1472 5706 1692
11 1881 1589 1404 4942 1418
12 1677 1380 1376 4399 1104
13 1403 1286 1171 4016 1028
14 1454 1151 1133 3958 848
15 1309 1146 1128 3872 844

16 1337 1222 1158 3979 838




Table 5.1 continued

LEEBB6-12/15/86

TAMU PORTION OF LEEVILLE 12/15/86

#= ASTERISK MEANS A VALUE MUST BE ENTERED INTO RESPECTIVE CELL

SAMPLE NUMBER®
WT. EXPTY VIAL (GM)®
WT VIAL + SAMPLE (GM)*
NET SANPLE WEIGHT (GM)
D!?D'l (r01) ®

1RST CHAN. DY (COUNTS)*
* LAST CHAN. DY (COUNTS)®

COUNT TIME DY (MIN)*

ELAPSED TIME DY (MIN)*

]
IRST CHAN. SK (COUNTS)#
LAST CHAN. SM (COUNTS)#
COUNT TIME SM (MIN)»®
ELAPSED TIME SH (MIN)*

1
{ auN. DY
1 GAN. sM

INTEGRAL DY (TOTAL COUNTS)
INTEGRAL SM (TOTAL COUNTS)

DECAY CORR. DY (CPM)
DECAY CORR. SM (CPM)
CALCULATED ug DY
CALCULATED ug SM

PPM DY

PPM SM

BACKGND CORR. PPM DY
BACKGND CORR. PPM SM

Dy:irodu.l counts
Arbitrary chan. §

VONOMALNK

5=11
0.3001
0.3094
0.0093
J1.5

5-11
1231
137

3

367
5-11

34

a3

H]

7136
5-11

16

14

2265

951

248.7447

$563.0707

0.116921

0.279579

12.57216

30.06227

8.172167

22.86227

5-12
0.2993
0.3161
0.0168
4.5

5=-12
232

0.177371
0.204526
10.55783
12.17422
6.157839
4.974222

BL.
0.2975
0.2978
0.0003

J
5~13

50
29

64.44297
ERR
0.041725
ERR
139.0834

=-4.4
131.8824

5-13

98



Figure 5.1. Typical gamma ray spectral data from 4 segments of a
core. This data is adjusted for Compton continuum and converted to
counts per minute (cpm), decay corrected back to the end of

activation, compared to reference standards, and reported as ppm Dy

present at the particular depth in the soil profile.

99



COUNTS
(Thousands;

26
24
22

18 -

08

0.6

04

SPECTRAL DATA DY

LEEB8BG 12/15/8

6

7 8 9

CHANNEL §
[+

T
10

5-3

1"



101

dry weight of the sample segment to determine ppm Dy. The 99%
confidence interval for background levels of Dy is automatically
subtracted from this value which is then graphed on the y-axis against
increasing depth on the x-axis (Figure 5.2). The entire process
pentioned above is also carried out for analysis and determination of

Sm levels in the soil sample.

Modal analysis

The summary of the extensive core analysis is shown in Table 5.2.
The soil graphs which were used for this summary appear in Appendix A
in the same order they appear in Table 5.2. The binomial depth is the
mathematically determined mean depth and the mode is that point or
depth in the core where the highest concentration of marker occurs
(See Materials and Methods, Core data; modal analysis). The mode is
the depth on the soil graph which corresponds to the greatest
magnitude in ppm Dy or Sm. The breakpoint is that point at which the
greatest negative slope occurs in the marker distribution. It was
often difficult to determine this point with accuracy and it is
therefore somewhat subjective and open to interpretation. It should
be noted that the breakpoint did not appear to be of any biological or
physical significance and is included here for reference only. The
class refers to the classification scheme presented in Chapter 4 of
this thesis in the Modal analysis section. The average modes is an
average of the two modes represented by Dy and Sm. Occasionally, the
mode of the observed distribution of Dy was different than that of the

observed Sm distribution.
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Figure 5.2. The final result of spectral data reduction is the

:marker distribution graph. Increasing depth is shown on the x-axis

and marker concentration (Dy and Sm) on the y-axis.
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Table 5.2- Results from 6-month and 1-yr cores for MMS study sites and
t variable times for other sites. The text contains an explana-
. tion of the headings used below.

e

MINERALS MANAGEMENT SERVICE STUDY

i BINOM.
SITE DEPTH(MM) MODE BREAEK PT. CLASS AVG.MODES
DY DY DY DY DY & SM
SM SM SM SM (mm/yr)
CAMERON
7/8/87 (mm/6 mo.)
8-M0 CBN 1 11.8 7.5 7.5 IIA 5.6
11.2 7.5 7.5 IIA
8-M0 CBN-2-S 10.0 13.5 13.5 I1IA 10.1
9.7 13.5 13.5 11A
6-MO CBNT 1 7.3 7.5 7.5 1 7.5
7.3 7.5 7.5 I
6-MO CBNr 2 9.0 1.5 1.5 I1IA 1.5
8.7 1.5 1.5 1IA
6-M0 CBC 1 9.1 1.5 1.5 I11A 1.5
8.9 1.5 1.5 IIA
6-M0 CBC 2 10.1 4.5 4.5 I 4.5
: 9.8 4.5 4.5 1
LEEVILLE (mm/6 mo.)
: 12/15/86
6-MO -LSC TRANS. (0-M) N/A 1.5 1.5 I 1.5
N/A 1.5 1.5 I
6-MO LSC TRAN(BRG)15M - - - A -
- - - Vv
6-MO LSC TRAN(STRM)35 - - - v -
- - - Vv
6-MO ISN 1 5.7 7.5 7.5 I 7.5
6.2 7.5 7.5 1
6-MO LSN 2 8.5 10.5 10.5 I1IA 10.5
8.6 10.5 10.5 1IB
6-MO LSN 3 8.2 4.5 13.5 IIA 4.5
8.6 4.5 4.5 11IA
6-MO 1LSCd 2 11.0 7.5 10.5 1IA 7.5
11.3 7.5 7.5 I11IA
5/13/87 & 6/11/87
6-MO LSN TRAN (0-M)JU 9.1 7.5 10.5 1IA 7.5
9.1 7.5 10.5 IIA
6-MO LSN TRAN(10-M)JU 10.7 13.5 10.5 IIA 13.5
10.7 13.5 10.5 I1IA
6-MO LSN TRAN(30-M)JU 9.2 7.5 7.5 1IA 6.0
10.3 4.5 4.5 1IB
6-MO LSN TRAN(50-M)JU 10.6 7.5 7.5 1IA 7.5
7.0 7.5 7.5 I1IA
6-MO LSCd 3 (50-M) JU 9.8 7.5 10.5 IIA 7.5
9.8 7.5 10.5 I11A
6-M0 LSC 2 WEST MAY 7.5 7.5 - IIA 7.5
7.5 7.5 - I1IA
6-M0 LSC 2 EAST MAY 4.6 4.5 4.5 I 4.5
6.2 4.5 4.5 IIA
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able 5.2 continued

e——

MINERALS MANAGEMENT SERVICE STUDY

7R BINOM.
SITE DEPTH(MM) MODE BREAK PT. CLASS AVG.MODES
DY DY DY DY DY & SM
SM SM SM SM (mm/yr)
(mm/yr)
1-YR LSC TR(0-M)M CAN N/A 16.5 16.5 111 16.5
N/A 16.5 16.5 111
1-YR LSC TRAN(20-M)JU 9.9 16.5 10.5 1IA 16.5
9.9 16.5 10.5 I11IA
1-YR LSC TRAN(30-M)JU 9.2 16.5 7.5 1IB 15.0
9.2 13.5 7.5 IIB
1-YR LSC TRAN(50-M)JU 10.3 16.5 10.5 I 16.5
10.3 16.5 10.5 1
1-YR LSN 1 MAY 11.0 13.5 7.5 11A 13.5
10.4 13.5 7.5 IIA
1-YR LSN 2 MAY 5.9 7.5 7.5 I1IA 7.5
5.7 7.5 4.0 1IA
1-YR LSN 3 MAY 7.8 4.5 4.5 I1IA 4.5
7.9 4.5 4.5 IIA
TERREBONNE - (mm/6 mo.)
2/14/87
6-MO TFN TRANS (0-M)C 18.4 19.5 19.5 I1IB 18.0
16.5 16.5 16.5 I1IA
6-MO TFN TRANS (25-M) - - - v -
- - - A
6-MO TFN TRANS (50-M) 20.7 19.5 23.5 1IA 19.5
- - - A
6-M0 TFC TRANS (0-M) 14.5 13.5 13.5 I 13.5
17.2 13.5 13.5 1
6-M0 TFC TRANS (25-M) 5.9 4.5 4.5 1 4.5
- - - A
6-MO TFC TRANS (50-M) 11.1 10.5 17.5 1 9.0
7.0 7.5 10.5 I1IB
6-M0 TFN-2-50M WEST 15.9 25.5 25.5 1IA 25.5
15.9 25.5 25.5 IIA
6-MO TFN-1-50M EAST 11.5 13.5 13.5 1IA 13.5
11.6 13.5 13.5 1IA
6-MO TFN-1-50M EST CO - - - N/A -
- - - N/A
6-M0 TFIr-1-50M TYPHA - 19.5 - 111 19.5
- - - v
(mm/yr)
6/24/817
1-YR TFN TRANS (0-M) N/A 42.5 7.5 III 42.5
N/A 42.5 7.5 111
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‘Table 5.2 continued

cm————

MINERALS MANAGEMENT SERVICE STUDY

3 BINOM.
SITE DEPTH(MM) MODE BREAK PT. CLASS AVG.MODES
DY DY DY DY DY & SM
SM SM SM SM (mm/yr)
1-YR TFN TRANS (25-M) - - - \' 32.5
32.5 32.5 - IIA
1-YR TFN TRANS (50-M) N/A 417.5 37.5 1 417.5
N/A 47.5 22.5 111
1-YR TFC TRANS (0-M) 23.4 22.5 22.5 IIA 19.2
15.1 N/A 2.5 IIA
1-YR TFC TRANS (25-M) - - - \'s 32.5
; N/A 32.5 - 111
1-YR TFC TRANS (50-M) 27.2 27.5 27.5 IT1A 24.1
21.0 - - IV
1-YR TFN-1-50M EAST N/A 32.5 22.5 I 35.0
N/A 37.5 37.5 111
1-YR  TFN-2-50M WEST 24.9 27.5 27.5 1 25.5
: 26.5 N/A - IV
TERREBONNE
6/24/87
1-YR -TFI-1-50M 22.3 17.5 IV - 22.1

7.5
22.0 22.5 22.5 Iv
1-YR  TFI-2-50M - - - - -

27.5 ITA 20.0

1-YR  TFC~-1-50M 21.1 7.5
19.6 7.5 27.5 IIA

1-YR TFIr-1-50M TYPHA 27.8 12.5 12.5 IIA 26.0
24.4 42.5 37.5 IIB
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Table 5.2 continued

BINOM.
SITE DEPTH(MM) MODE BREAK PT. CLASS AVG.MODES
DY DY DY DY DY & SM
SM SM SM SM (mm/yr)
COCODRIE
11/8/86
COC1 (PLNK-7) 12.1 10.5 10.5 IIA 10.5
11.7 4.5 4.5 IIA
COC2(NEXT PLNK-7 14.6 13.5 16.5 IIA 10.5
14.2 10.5 10.5 IIA
CO3ELBPLK-BY-PLK 15.5 7.5 19.5 11A 7.5
15.8 4.5 13.5 1IA
FOURCHON
2/20/86
FOU REP1(BKGD) - - - \
- - - A
FOU REP2(BKGD) - - - v
- - - v
FOU REP3(BKGD) - - - v
- - - A
6/21/86
FOU1(SAM 1) - - - 1v -
- - - 18
FOU2(SAM 2) 20.0 16.5 16.5 11A 7.5
13.1 7.5 7.5 1IA
FOU3(SAM 3) 16.4 1.5 13.5 I1IA 7.5
12.8 7.5 1.5 I1IA
5/13/87
FOUSTEDG COL~2 13.7 10.5 13.5 I1A 9.0
15.8 7.5 7.5 11A
FOU87H20 DEEP PR 15.3 7.5 7.5 1IA 7.5
12.8 7.5 7.5 1IA
FOU87 ST.PROBE - - - \'f
- - - Vv
LAC DES ALLEMANDS
8/8/86
LAC1 S-3(LS-1) - - - I11 32.5
27.3 32.5 32.5 111
LAC1B S-3(LS-1) - - - 111
60.1 52.5 72.5 111
LAC N/F S-3(LS-2 - - - v 57.5
- 57.5 57.5 IIB
LAC2 S-2(1) 22.3 17.5 17.5 111 62.5
22.3 17.5 17.5 111
LAC2B S-2(1) 56.7 62.5 62.5
56.7 62.5 62.5
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Table 5.2 cont inued

BINOM.

SITE DEPTH(MM) MODE BREAK PT. CLASS AVG.MODES
; DY DY DY DY DY & SM
% SM SM SM SM (mm/yr)
. LAC3A S-2(2) 28.7 37.5 37.5 111 57.5

28.7 37.5 37.5 I11
’ LAC3B S-2(2) 50.4 52.5 52.5
50.4 62.5 62.5
LAC4A S-3(3)RS. 26.5 32.5 32.5 111 42.5
26.5 - - Iv
LAC4B S-3(RS) 49.1 32.5 32.5 111
49.1 - - Iv
- ROCKEFELLER
6/17/86
ROC1 SU.CANAL S- 28.5 22.5 22.5 11A 22.5
24.8 2.5 37.5 IV
ROC2 SU.CANAL S- 17.1 12.5 12.5 IIA 12.5
27.8 - - IV
ROC3 PRICE LAK S 30.1 - - v 22.5
: 22.6 22.5 22.5 I1IA
ROC4 PRICE LAK S 16.9 2.5 2.5 111 17.5
20.7 17.5 17.5 11A
‘ROC5 PRICE LAK S 10.1 12.5 12.5 11 12.5
26.8 12.5 12.5 1IB




pouad uoljejnwnooe yjuow-g o} paier-oid 319m nokeqg puess) Wosj SaNeA Yluow-g om} :nokeg Wnjd Wwosj S3jdwes Yiuow-g o4 o
SalIs { 1S1) 8yl ueY) Sals JuaJajjip

/ WOJJ 313M YDIYM ‘£ 8/9 P3128)|02 sa|dwes / pue 98/2) Paloajjod ‘sajdwes p jo pasudwiod a1am ysued 8yoinoje wolj pazhjeue sajdwes yjuow-g ayj p

sseakz Aq wa (' Buipiaip Aq pauielqo S| uolaI00e JBBA-| 3y) WO QG SEM UONEBIMWNOR JA-Z By 4

686} Asieruqa ‘salem Jjes o} payoeaiq 13\ueq uayuey q

(6261 “"|E 13 UIp1EMO)) 8dA) UOKE|abaA JueuIWOP UO Paseq adA} YSiey e

109

(10'4-95°0) (62°0) (). o(L8/L-L8/11)
(s¢'0-51°0) (8€0) (v) o(L8/5-L8/41)
S6°'1-€°0 v8'0 ot 10°L-G1°0 IS0 9 18/1 ysnjoeig ysued uoiawen
SL'p-G6°L L6°C L 9'¢-Sv°0 A" 8 98/9 ysai4 ysued suuoqana)
(S€'1-5¥°0) (£L°0) (2) _ plL8/9-98721)
(S0°4-S¥°0) (s¢ o) (v) p(98/21-98/9)
2L 1-090 621 L GE'L-Sv'0 9.0 g 98/9 Ies a|i1nea (q
ecL’0-090 990 4 2L} Ll 2 98/2 ues uoyono4 (e
ysued ayoinoje]
S0'L-SL°0 660 € 98/y Yes 9upo20Y
(08'2-Sv'1) oles2) (s) (98/9-¥8/5)
(0L v-02'1)  (82) (9) (58/€-v8/S)
0L'v-02°) 192 Lt — - - v8/5 ysaldq Spuewsjly saqg oe
96'0-¥S°'0 S.°0 2 - - — b8/e ysnoeiq o} ysal4 gleued Jouadns (q
96°0-¥S0 S0 € — - - v8/2 Wes aaoqe payssad 'ysas4 aye aoud(e
abnjay ajIpIIM J8jiajexooy
Taig) )] 0] ) Tuny T (7A7owy ([EAT31UT UOTPS|[03] UOTEIT JIqaeInoasy
abue uoljainoe  sajdwes abuey uoyasoe  sadwes  Juawaoed eliues
Apeap Auea Ayeaa ow-g ow-9 ow-9 Jaxep 'ajeg Jalep

) *(L861) sneuy woIj ‘*Apnis SWW 3yl
‘uostaedwod I0J papnidur ale aTIp0I0)

Wwox3j ade 9]1[IAS3T SA0(GE UMEBIP SUT] a9yl MOo[aq ele(
7 il : i % *STISA[BUEB UOTIBATIOE

PU®R ‘uUOYdINO4 3I04d ‘SpPuBWAIY SaQ de ‘93njyay I9[T1933)d0Y woaj eBilEq

U0IINaU JEBIUSWNIISUT PUB SIAIYIBW UOZTJIOY [TIOS Ylied aIel Aq pauUTWIIISPp SEB BUBISINO] UT
(P2QanNasSIp pue [einjeu) SIeITqERY PUBTYSIBW JOF S93IBI UOTISIDOE JUIWTIPAS JUII3I pPUB UOTIEBI0T ¢°S II[qEL




Lafourche Parish study site

Six-month accretion was measured at four distances along a
poardwalk system at the Lafourche salt-water transect, which is
perpendicular to a natural waterway (see Fig. 3.2). The distances
into the marsh were 0.0, 10.0, 30.0, and 50.0 meters. The marker
distributions found at each of these distances are shown in figures
5.3A-D. Note that each of these distributions can be classified as
falling into the general category of Type II (See Materials and
Methods, Core data analysis).

Figure 5.3A has a binomial depth of 10.7mm for both the Dy and Sm
distribution. The mode occurs at a depth of 7.5mm for both Dy and Sm.
The breakpoint occurs at.10.5mm for both Dy and Sm.

Figure 5.3B yields a binomial depth of 10.7mm for both Dy and Sm,
and a mode of 13.5mm for both Dy and Sm. The Sm mode is an apparent
mode. The breakpoint for both markers occurs at a depth of 7.5mm.

Figure 5.3C has a binomial depth of 7.5mm for Dy and 10.3mm for
Sm. The mode for Dy occurs at 7.5mm and the mode for Sm occurs at
4.5mm. The breakpoint for Dy is at 7.5mm and that for Sm occurs at
4.5om.

The data in Figure 5.3D yield a binomial depth of 10.6mm and
7.0mm for Dy and Sm respectively. The mode for both markers occurs at

7.5mm. The breakpoint occurs at 7.5mm.
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Figure 5.3A-D. Marker distributions found at the Lafourche at
Leeville natural transect distances into the marsh from the waterway
of 0 m (Fig. 5.3A), 10 m (Fig. 5.3B), 30 m (Fig. 5.3C), and 50 m

(Fig. 5.3D).
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Faterway analysis

Figure 5.4A is a bar graph summary of the average depth for each
of the above cores. The average depth is determined as the most
probable position of the marker in the sampled core (See Materials and
Methods, Core data analysis). Figure 5.4B is the bar graph summary of
the average depth which was determined for cores taken from the canal
¢ransect site at Lafourche. The graphs of marker distributions from
which these values were determined are found in Appendix A and the
gunmary data are in Table 5.2. In both cases, it is notable that
there appears to be no observable trend of accretion with distance
into the marsh. This cannot be demonstrated statistically since
replicate samples at each of the distances were not taken because of
the time and expense involved. However, if it is assumed that there
is no difference with distance into the marsh, it is possible to
estimate a mean and variance in the particular plot
(within-plot-variance). It was demonstrated by co-workers using the
visible marker technique at the same sites and times (Cahoon and
Turner, 1987) that there was no statistically significant trend with
distance into the marsh at any of the transects. Thus, the data in
Figure 5.4A yield a mean and standard deviation of 8.6 mm + 3.3 mm per
6-months.

Similarly, the data in Figure 5.4B show the 1-year accretion
rates at the canal transect site. If no difference of accretion with
distance into the marsh is assumed, a mean with a standard deviation
in that plot of 16.1 mm + 0.75 mm per year is obtained. Since 6-month

accretion was obtained at the natural site and one-year accretion at
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Figure 5.4A-B. Accretion depth as determined by modal analysis
at the Lafourche (Leeville) natural and canal distance transects (LSN
and LSC) at 6 months and 1 year, respectively. The bars
representaverage values of the modes for the highest concentrations of

the rare earth markers with depth.
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the canal sites, it is not possible to make a meaningful comparison
petween the two different treatments (Canal vs. Natural).

The data in Figure 5.5A show 6-month accretion rates at 4
different sites, each located 50 m into the marsh. These are not
transect data. Three of the sites were off natural waterways, while
the fourth site was off a canal. No replicates were made at any of
these sites. Combining the 3 natural 50 m sites yields a mean value
and standard deviation of 7.5 mm £ 2.5 mm during the 6-month June to
December interval.

The data in Figure 5.5B show the 6-month accretion at 4 different
sites located 50 m into the marsh. Three of the sites were adjacent
to canal waterways, while the fourth site was adjacent to a natural
waterway. No replicate cores were taken at any of the sites.
Combining the 3 canal 50 m sites yields a mean and standard deviation
of 6.7 mm £ 1.5 mm during the 6-month December to June interval. Note
that the LSN 50 m transect datum from Figure 5.4A is also recorded in
Figure 5.5B for comparison. The data from Figures 5.5A and 5.5B
cannot be compared directly because their respective 6-month accretion
time-frames are different. It is interesting to note that there
appear to be no visible differences among these sites and no
differences between treatments and dates.

If the assumption is made that there is no difference of
accretion with distance into the marsh, the data in Figures 5.4A and
5.5B (cores were collected at the same time) can be tested using an
unpaired r-test. Testing for a significant difference between the

natural treatment (n=4) of Figure 5.4A and the canal treatment of
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Figure 5.5A-B

Figure 5.5A. Accretion depth as determined by modal analysis for
Lafourche (Leeville) at 4 different plots 50 m into the marsh,
perpendicular to salt-water waterways. The bars represent average
values of the modes for the highest concentration of the rare earth
parkers with depth. The 6-month accretion period was from June 1986

to December 1986.

Figure 5.5B. Accretion depth as determined by modal analysis for
Lafourche (Leeville) at four different locations, 50 m into the marsh,
perpendicular to salt-water waterways. The bars represent average
values of the modes for the highest concentration of the rare earth
markers with depth. The 6-month accretion period was from December

1986 to June 1987.
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Figure 5.5B (n=3) reveals that there is no significant difference
petween these treatments at 6 months (P > 0.41). This test should be
viewed with caution since the natural treatment cores were all taken
from the same plot (natural transect site), whereas the canal
treatment cores were each taken at different plots. The argument in
favor of this procedure is that the effect being tested here is the
difference between canal and natural sites, and a site specific
jdiosyncracy is assumed to be unimportant or irrelevant.

The data in Figure 5.6 show one-year accretion at 50 m into the
marsh at 4 seperate sites. Visual inspection suggests that there
might be a difference between the one canal site and the three natural
sites , but this cannot be stated definitely when there is no estimate
of variance at each individual site. Note that the LSC 50 m transect
datum from Figure 5.4B is also recorde in Figure 5.6 for comparison.
By compairing the one-year accretion data in Figures 5.4B and 5.6, an
unpaired t-test can be applied testing only for significant
differences between the canal treatment (n=4) of Figure 5.4B and the
natural treatment (n=3) of Figure 5.6. The canal treatment showed
significantly higher accretion versus the natural stream treatment at
1 year (P < 0.02). Again, this test should be viewed with caution
because of the problem of within-plot-samples being compared with
physically seperated plots.

The grand mean and standard deviation at the Lafourche study site
for all 6-month data (11 cores, Table 5.3) is 7.6 mm £ 2.6 mm with a
range of 4.5-1.3 mm. The grand mean and standard deviation for all

l-year data (seven cores, Table 5.3) is 12.9 mm + 4.9 mm. with a
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Figure 5.6. Accretion depth as determined by modal analysis at

Lafourche (Leeville) at four different locations, 50 m into the marsh,

perpendicular to salt-water waterways. The bars represent average

values of the modes for the highest concentrations of the rare earth

parkers with depth.
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range of 4.5 mm-16.5 mm. These means are probably representative of

the entire Lafourhe study area.

Terrebonne study site

The 6-month accretion was measured at three distances of 0.0 m,
25 m, and 50 m at both the natural and canal transect sites. Figures
5.7A-C are the marker distributions found at each distance (0 m, 25 m,
and 50 m) within the natural transect plot, while Figures 5.8A-C show
the marker distributions found at each distance within the canal
transect plot. Note that the distribution in Figures 5.7A was
obtained using a beer can coring technique used to sample visible clay
marker by Cahoon and Turner (1987). The cryogenic core at that
distance missed the plot, so the can core is accepted as a
representative sample at the 0 m transect distance.

Figure 5.7A has a binomial depth of 18.4 mm and 16.5 mm for the
Dy and Sm distribution, respectively. The mode for the Dy
distribution occurs at 19.5 mm and at 16.5 mm for the Sm distribution.
The breakpoint occurs at 19.5 mm and 16.5 mm for the Dy and Sm
distribution, respectively. The distributions observed in this core
fall within the general classification scheme as a type II.

Figure 5.7B represents the data obtained at 25 m into the marsh
at the natural transect. Note that no marker was observed above the
99% confidence interval. This is indicative of a "miss", meaning that
either the plot was not accurately relocated or that the marker has

been washed away. A "miss" does not imply that the accretion rate at

12
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Figure 5.7A-C. Marker distributions found at the Terrebonne
natural transect distances into the marsh of 0 m (Fig. 5.7A), 25 m

(Fig. 5.7B), and 50 m (Fig. 5.7C).
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that site is zero. The distribution observed in this core is classed
as type V, below background.

In Figure 5.7C, the Dy marker distribution is well above
background, whereas the Sm marker distribution is not detectible. The
binomial depth for Dy is 20.7 mm. The mode occurs at 19.5 mm and the
breakpoint occurs at 23.5 mm. The Dy marker is in a class II
distribution, whereas the Sm marker is in a class V distribution.

In Figure 5.8A, a very discrete distribution of both markers is
found. This sort of distribution is classified as type I. This was
often seen at the levee or stream bank sites during the entire study
in both fresh and brackish marshes. A binomial depth of 14.5 mm and
17.2 mm is obtained for the Dy and Sm marker distributions,
respectively. The mode occurs at 13.5 mm for both markers. The
breakpoint for both markers occurs at 13.5 mm.

Figure 5.8B evidences only Dy as being above background, whereas
the Sm is not above background. The binomial depth for Dy is at 5.9
mm, the mode is at 4.5 mm, and the breakpoint is at 4.5 mm. The Dy
marker distribution is a type I, and the Sm marker distribution is a
type V.

Figure 5.8C yields a binomial depth of 11.1 mm and 7.0mm for the
Dy and Sm marker distributions, respectively. The mode for the Dy
marker occurs at 10.5 mm, while the mode for Sm occurs at 7.5 mm. The
Dy marker distribution is a class I while the Sm distribution is a
class IIB. All of the above distributions are summarized in Table

5.2, as well as those which are not shown in the Results section of
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Figure 5.8A-C. Marker distributions found at the Terrebonne
pipeline canal transect distances into the marsh of 0 m (Fig. 5.8A),

95 m (Fig. 5.8B), and 50 m (Fig. 5.8C).

1]

Y »

Erres sy rrpsy |




127

J8°S

"dtd

GAYUT #-0B VUL D4l (aVVAL

NS %® AQ 40 NOILNBIYLSIq

e ONV AQ dd

R
]
rﬂ

48°9

.7
- o
ln.
o
- o
INI
- -

*31d

ol
r C
- ¢
- .
- §
=9

/T 850 SNV D4 ol

WS % AQ 40 NOILN8I¥LSId

O UT 00 SNL D4 il

WS ® AQ 40 NOILNAIYLSIO

WS NV AGQ RS

S UNV AC YLkt



128

this thesis.

Waterway analysis

The 6-month accretion at the natural and canal sites are reported
in Figure 5.9 for ease of comparison. Because no replicate cryogenic
cores were taken at any of the transect distances, it is not possible
to determine any significant accretion trend with distance into the
marsh. No value is reported for the 25 m natural transect core (TFN
25 m); this finding does not imply zero accretion but, rather, that
neither marker was found. Figure 5.9 as well as Figure 5.10 reveal no
visual trends of accretion with distance into the marsh after a
6-month and a 1-year interval for both the canal and natural sites.

It is likely that there is no trend of accretion with distance into
the marsh within the 6-month time frame of these data.

The natural and canal transect sites were established and sampled
at the same times, but because the TFN 50 m datum is missing, a 2-site
statistical comparison cannot be done for detection of differences
between natural and canal effects. However, a visual inspection
suggests that slightly more accretion is occurring at the natural
transect site. This suggestion is given more credence when one
observes that the 0 m and 50 m natural site data both increased by 60%
during the second six-month interval. Taking 40% of the l-year
accretion value of TFN 25 m (32.5 mm from Figure 3.16) yields a
hypothetical 6-month accretion value of 13.5 mm.

The data in Figure 5.10 show l1-year accretion at the natural and
canal transects. Because no replicate cores were taken at any of the

distances into the marsh, it is not possible to determine any



Figure 5.9. Six-month accretion (mm) as determined by modal
analysis measure at three distances (m) along two transects in
freshwater habitats at the Terrebonne study area. One transect was
located perpendicular to a natural waterway (left-hand diagonal bars),
and the other perpendicular to a canal waterway (right-hand crosshatch
bars). No marker was found in the 25 m core at the natural transect

location.
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Figure 5.10. One-year accretion (mm) measured at three distances

(m) at the same Terrebonne natural and canal transect sites as

depicted in Fig. 5.9.
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significant trend of accretion with distance from the bank into the
marsh. A visual inspection of Figure 5.10 reveals little difference
in accretion with distance into the marsh. It is likely that there is
no trend of accretion at either of the sites within the l-year time
frame of this study. Because the natural and canal one-year transect
sites were established and sampled at the same time, they can be
compared as replicates for the two habitats. The overall accretion
rate of the three combined natural transect sites is significantly
higher (P < 0.01) than the three combined canal transect sites; the
average being 40.8 mm per year at the natural transect, versus 25.3 mm
per year at the canal transect.

The data in Figure 5.11 show the 6-month and the l-year accretion
at 8 locations at natural bayous and canal sites, 50 m into the marsh.
The data from TFC and TFN 50 m transect sites (for both 6 months and 1
year) are taken from Figures 5.9 and 5.10. No significant trend is
found among sites or amon natural , canal, and impoundmnet-influenced
sites. The marker at the impoundment—influenced.site, TFI-2,
one-year, was not found in the core, and the lack of a value reported
in Figure 5.11 does not imply a zero accretion rate. No six-month
cores were taken at the TFC-1 and TFI-2 sites.

A statistical comparison of the 50 m data at six months and the
50 m data at one year shown in Figure 5.11 can be made. An unpaired
t-test (six-month cores, n=5; l-year cores, n=7) demonstrated a
significantly higher accretion level at 1 year versus 6 months (P <
0.05). This result was expected. A r-test was also performed to

determine whether 1-year accretion rates were greater than 6-month
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Figure 5.11. Six-month (left-hand diagonal bars) and one-year
(right-hand cross-hatch bars) accretion (mm) measured at eight
different locations, 50 m into the marsh, perpendicular to freshwater
waterways at the Terrebonne study area. The six-month and one-year
values for the natural transect (TFN-Nat Tran) and canal transect
(TFC-Canal Tran) at 50 m were taken from Figures 5.9 and 5.10,

respectively, for comparison.
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adjusted to 1l-year accretion rates. There was no significant
difference (P > 0.35). This result implies that accretion during the
first 6-month period was the same for the second 6-month period.

The overall accretion rates of the combined 50-m data show an
average accretion of 18.0 mm for 6 months and an average rate of 28.6
mn for 1 year (excluding the TFI-2). The difference in the average
value of 18.0 and 28.6 mm accretion rates calculated from the data in
Figure 5.11 and in the accretion values reported in Table 5.3 (14.2
and 29.7)‘results from the inclusion of the 0 and 25 m cores in the
calculations of values for Table 3.2.

The grand mean and standard deviation at the Terrebonne study
site (Table 5.3) for all the 6-month data (eight cores) is 15.3 mm %
6.6 mm with a range of 4.5-26.0 mm. The grand mean and standard
deviation for all the 1-year data (eleven cores) is 29.7 mm 9.2 mm
with a range of 19.5-47.5 mm. These means are probably representative

of the Terrebonne study area.

Cameron study site

Distance transects were not utilized in the Cameron study area.
All plots are 50 m from the waterway into the marsh. Figures 5.12A-B
represent marker distributions found at the control sites (CBN-1 and
CBN-2). These two sites are depicted in Figure 3.4 of Chapter 3 of
this thesis.

The marker distribution in Figure 5.12A has a binomial depth of

11.8 mm and 11.2 mm for the Dy and Sm distributions, respectively.

136



137

Figure 5.12A-B. Marker distributions found at the Cameron

patural sites. These sites are 50 m into the marsh perpendicular to

the adjacent brackishwater waterways.
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The mode occurs at 7.5 mm for both of the marker distributions. The
breakpoint for the Dy distribution occurs at 7.5 mm for both markers.
Figure 5.12B has a binomial depth of 10.0 mm for the Dy distribution
and 9.7 for the Sm distribution. The mode occurs at 13.5 mm for both
marker distributions. The breakpoint occurs 13.5 mm for both marker
distributions. Both Figures represent marker distributions in Class

ITIA. It should be noted that the core represented in Figure 3.19 was

taken by the can borring method used by Cahoon and Turner (1987). The
cryogenic coring device was not used at the CBN-2 site because of
adverse weather conditions. All other cores taken at the Cameron
study site were taken by the cryogenic coring device and the core data
analysis results are listed in table 5.2.

Figure 5§.13 is a graphical representation of the depth found at
all Cameron plots. Two of the sites (CBN 1 and CBN 2) were marked
with rare earths 8 months prior to sampling. The data in Table 5.2
has been pro-rated to 6-months for the sake of camparison with the
four 6-month sites (CBNr-1 and -2, and CBC 1 and 2). The mean value
for the 6 cores is 5.1 mm accretion per six months. If the 6 cores
are divided into two general collection area data (shown in
parentheses in Table 5.2), the two cores taken near the unchanneled
Grand Bayou (CBN 1 and CBN 2) show an accretion rate of 7.9 mm per 6
months, while the 4 cores, taken 5 km north of Grand Bayou in a
recently leveed area along the eastern shore of Calcasieu Lake, show
3.8 mm accretion in six months. This may be indicative of a
restriction of the source of sediment to the marsh as a result of the

construction of the levee system 2 years prior to sampling. This
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Figure 5.13. Six-month accretion (mm) measured at six different

locations, 50 m into the marsh, perpendicular to brackish waterways at

the Cameron study area. The bars represent modes for the highest

concentrations of the rare earth markers with depth.
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result cannot be demonstrated statistically because of the low sample
number and because of the slightly differing time frames of

application of marker.

Other study sites

Additional study sites are those that were not officially
included in the MMS study. Dates of sampling and results of modal
analysis dre included in Table 5.2 as well as study area summary data
in Table 5.3. These sites are Cocodrie, Fourchon camp, Lac Des
Allemands, and Rockefeller Wildlife Refuge. It is noteworthy that
samples taken from the Lac Des Allemands study site showed a distinct
bimodal distribution of marker (Figure 5.14). The mode of the
distribution which is deepest in the soil profile is used for the
depth determination. In the case of Figure 3.21, this mode is found
at 62.5 mm. The binomial depth occurs at 56.7 mm for both the Dy and
Sm distribution. Possible explanations for this type of marker
distribution (Type III) are found in the discussion chapter of this

thesis.

Dynamic Analysis

The dynamic analysis of the data is based on the model developed
by Guinasso and Schink (1975) which is discussed in Chapter 4 of this
thesis and is applied below. A semi—quantitative application
of the model is presented here as a basis for future work. A more

rigorous treatment of the data is not possible at this time because of
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Figure 5.14. A bimodal marker distribution from the Lac Des

Allemands study area which seems to characteristic of that area.
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the complicated nature of developing a mathematically sound basis for
pest fit of observed data to theoretical predictions of the model
(This problem is currently being addressed, but will not be ready for
application by thesis deadline). Therefore, the G parameter, weighted
pean depth, and mixing layer thickness have been estimated by visual
inspection of appropriate marker distributions. Appropriate marker
distributions are those which visually fit the model very well. A
summation of this data as well as an estimate of the coefficient of
mixing (D) appear in Table 5.4. The coefficient of mixing is obtained

from the relationship:

where G is the mixing parameter, D is the gaussian mixing coefficient
analog, V is the sedimentation velocity, or in this case, accretion
rate, and L is the mixing depth. This model is developed in Chapter 4
of this thesis in the section Dynamic analysis. |

Visual fit to the optimum G parameter is accomplished by
comparing observed marker distributions with computer model generated
distributions. Figure 5.15A-B represents an example of the visual
evaluation of best fit. The observed marker distribution appears in
Figure 5.14A. The model generated distribution of G=2.0 and time=0.5
(6 months) appears in Figure 5.15B. The "shoulder” effect is apparent
in both figures. The shoulder is biologically meaningful in that the
point at which it branches off is probably the zone of bioturbation.

This bioturbation can be represented by a gaussian mixing coefficient
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able 5.4- Dynamic anlysis parameters.

SITE WEIGHTED  MODAL G v L D
DEPTH(CM) DEPTH(CM) (CM/YR) (CM)  (CM2/YR)
CAMERON
7/8/87
g-MO  CBN-S-2 1.50 2.03 2.00 1.50 1.05 3.18
6-MO CBC 2 0.90 0.90 0.10 0.90 0.75 0.68
LEEVILLE
12/15/86
6-MO LSN 2 1.60 2.05 3.00 1.60 1.10 5.28
6-MO LSN 3 0.90 0.90 0.10 0.90 1.00 0.09
6-MO  LSCd 2 0.80 1.50 3.00 0.80 1.00 2.40

5/13/87 & 6/11/87
6-MO LSN 0-M 1.20 1.50 1.00 1.20 1.60 1.92

6-MO LSN 10-M 2.14 2.70 2.00 2.14 1.05 4.49

6-MO LSN 30-M 1.20 1.20 0.70 1.20 1.05 0.88

1-YR LSC 40-M 1.03 1.50 4.00 1.03 1.65 6.80
1-YR ISN 1 1.04 1.35 0.70 1.04 1.05 1.09
1-YR LSN 2 0.59 0.75 2.00 0.59 0.75 0.88
1-YR LSN 3 0.45 0.45 0.30 0.45 1.05 0.14
TERREBONNE
2/14/87
6-MO TFN 0-M 2.40 2.60 0.30 2.40 2.00 2.04
6-MO TFN 50-M 4.14 3.90 0.70 4.14 1.60 9.28

6-MO TFC 0-M 2.70 2.70 0.01 2.70 1.05 0.03
6~-MO TFN-1-50M 2.30 2.70 0.30 2.30 1.06 0.72

6/24/87
1-YR  TFN-2-50M 2.49 2.55 1.00 2.49 2.25 5.60




147

Figure 5.15A-B. A representative example of the visual
comparison technique utilized to pair observed marker distributions
with theoretical distributions generated from the single mixing layer
model of Guinasso and Schink,1975. Fig. 5.15A depicts the observed

marker distribution, and Fig. 5.15B depicts the computer generated

best match (G=2.0).
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if the bioturbation is Class II in nature (see Chapter 2, this thesis)
which it appears to be in Figure 5.15A. Thus, visual inspection of
Figure 5.14A reveals that the mixing layer depth (L) is approximately
1.05 cm, the weighted depth (the imaginary line which divides the
marker inventory 50/50) occurs at 1.01 cm which when prorated to 12
ponths is 1.50 cm which is also the sedimentation velocity (V). Since

G, V, and L are known, one can solve for D which in this case equals a

diffusion coefficient of 3.18 cmzoyr-l. These values are shown in the
first row of Table 5.4.

The 6-month samples are adjusted to yearly accretion rates for
both the modal depth and the weighted depth. The G parameter, which

is dimensionless, ranges from 0.01 to 4.00. The weighted mean depth

ranges from 0.45 cmoyear_1 to 4.14 cmoyr_l. The thickness of the
mixing layer ranges from 0.75 cm to 2.25 cm. In the salt marshes, the

thickness varies little from 1.0 cm. The coefficient of mixing varies

from 0.03 cmzoyr-1 to 9.28 cm2oyr—1.

Figure 5.16 is a scattergram of the weigted depth vs. the modal
depth as found in Table 5.4. Correlation analysis yields a linear
correlation eqaution of:

y = (.92)x + 0.36 ; 12 = .96

The y-intercept departs significantly from 0.0 (p < 0.01). This
suggests that there is a bias between the two methods of accretion

determination, the modal depth consistently yielding higher values.



Figure 5.16. A scattergram of weighted depth (c¢m) on the x-axis
plotted against modal depth (c¢m) on the y-axis. The y-intercept
departs significantly from 0.0 (p < 0.05) suggesting that the bias
associated with accretion determination by modal analysis is high on

the average by 0.36 cm (the y-intercept).
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Table 5.5- Average sediment rates as determined by feldspar (AVG. CLAY).

MINERALS MANAGEMENT SERVICE STUDY

BINOM.
SITE DEPTH(MM) MODE BREARK PT. CLASS AVG.MODE AVG CLAY
DY DY DY DY DY & SM (mm)
SM SM SM SM (mm/yr)
CAMERON
7/8/87 (mm/6 mo.)
8-M0 CBN 1 11.8 7.5 7.5 I1IA 5.6 2.6
11.2 7.5 7.5 1IA
8-MO CBN-2-S 10.0 13.5 13.5 I1IA 10.1 0.7
9.7 13.5 13.5 1IA
6-M0 CBNr 1 7.3 7.5 7.5 1 7.5 2.6
7.3 7.5 7.5 I
6-MO CBNr 2 9.0 1.5 1.5 IIA 1.5 0.0
8.7 1.5 1.5 IIA
6-MO CBC 1 9.1 1.5 1.5 1IA 1.5 0.0
8.9 1.5 1.5 1IA
6-MO CBC 2 10.1 4.5 4.5 1 4.5 0.0
9.8 4.5 4.5 I
LEEVILLE - (mm/6 mo.)
12/15/86 ,
6-MO LSC TRANS. (0-M) N/A 1.5 1.5 I 1.5
N/A 1.5 1.5 1
6-MO LSC TRAN(BRG)15M - - - v -
- - - \Y
6-MO LSC TRAN(STRM)35 - - - v -
- - - Vv
6-MO ISN 1 5.7 7.5 7.5 1 7.5 4.7
6.2 7.5 7.5 1
6-MO LSN 2 8.5 10.5 10.5 11IA 10.5 5.1
8.6 10.5 10.5 IIB
6-MO LSN 3 8.2 4.5 13.5 I1IA 4.5 8.4
8.6 4.5 4.5 11A
6-MO LSCd 2 11.0 7.5 10.5 1IA 7.5 8.8
11.3 7.5 7.5 IIA
5/13/87 & 6/11/87
6-MO LSN TRAN (0-M)JU 9.1 7.5 10.5 I1IA 7.5 8.5
9.1 7.5 10.5 11A
6-MO LSN TRAN(10-M)JU 10.7 13.5 10.5 IIA 13.5 2.1
10.7 13.5 10.5 I1IA
6-MO LSN TRAN(30-M)JU 9.2 7.5 7.5 11A 6.0 3.7
10.3 4.5 4.5 1IB
6-MO LSN TRAN(50-M)JU 10.6 7.5 7.5 1A 7.5 1.4
7.0 7.5 7.5 11IA
6-MO LSCd 3 (50-M) JU 9.8 7.5 10.5 I11A 7.5
9.8 7.5 10.5 1IA
6-MO LSC 2 WEST MAY 7.5 7.5 - 1IA 7.5 5.7
7.5 7.5 - IIA
6-MO LSC 2 EAST MAY 4.6 4.5 4.5 1 4.5
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Table 5.5- Cont inued

—

MINERALS MANAGEMENT SERVICE STUDY

——

BINOM.
SITE DEPTH(MM) MODE BREAK PT. CLASS AVG.MODE AVG CLAY
DY DY DY DY DY & SM (mm)
SM SM SM SM (mm/yr)
1-YR LSC TR(0-M)M CAN N/A 16.5 16.5 I11 16.5 9.0
N/A 16.5 16.5 III
1-YR LSC TRAN(20-M)JU 9.9 16.5 10.5 IIA 16.5 13.4
9.9 16.5 10.5 1IA
1-YR LSC TRAN(30-M)JU 9.2 16.5 7.5 I11B 15.0 17.3
9.2 13.5 7.5 1IB
1-YR LSC TRAN(50-M)JU 10.3 16.5 10.5 1 16.5 11.7
10.3 16.5 10.5 I
1-YR ISN 1 MAY 11.0 13.5 7.5 I11A 13.5 5.8
10.4 13.5 7.5 1IA
1-YR LSN 2 MAY 5.9 7.5 7.5 I1A 7.5 9.8
5.7 7.5 4.0 I11IA
1-YR LSN 3 MAY 7.8 4.5 4.5 I1A 4.5 11.5
7.9 4.5 4.5 1IA




Comparison of INAA and clay marker methodology

Table 5.5 is a tabulation of accretion values as determined by
the INAA technique (modal analysis) compared to accretion values as
determined by the visible horizon methodology (clay). These are cases
where samples were taken by both MMS working groups (Knaus and Van
Gent; Cahoon and Turner) side-by-side at precisely the same times in
plots that were established simultaneously. Figure 5.17A is a
scattergram which depicts these data. The data appear to cluster in
three distinct populations corresponding to sample site and sample
date. Note that the 6-month Cameron data evidences the greatest bias
between the two methodologies, the 6-month Leeville samples less, and
the 1-year Leeville samples little if any. The INAA technique appears
to yield larger accretion values as compared to the clay marker
technique. Three unpaired r-tests were carried out to test the
hypothesis that the 3 mean accretion values for Cameron 6-month data,
Leeville 6-month data, and Leeville 1-year data as determined by the
INAA technique are significantly greater than the three mean accretion
values as determined by the clay marker technique (one-tailed test).
The assumptions of equal variance, equal n, and independent samples

were applied:

1. Cameron 6-month data- the INAA technique yielded a significantly

higher mean accretion value than the clay marker technique (p < 0.01).
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Figure 5.17A-B. Figure 5.16A depicts twenty-two accretion values
as estimated by rare earth horizons using modal analysis (INAA)
plotted against accretion values as estimated by the clay horizon
method on the x-axis and y-axis, respectively. Figure 5.17B depicts
the identical data as is shown in Figure 5.17A. The ratio of the
individual accretion value determined by clay methodology and the
individual accretion value determined by rare earth methodology
(y-axis) is plotted against the individual accretion value determined
by clay methodology (x-axis). Three of the data points in Figure

5.17B are at the origin (Cameron samples).
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2. Leeville 6-month data- the INAA technique yielded a significantly

higher mean accretion value than the clay marker technique (p <0.05).

3. Leeville 1-year data— the INAA technique did not yield a
significantly higher mean value than the clay marker technique (p >

0.24)

Figure 5.17B depicts the same data represented in Figure 5.17A
with the exception that the individual values on the y-axis are
determined by taking the ratio of the accretion values as determined
by both methods. The value as determined by the clay method was
divided by the value as determined by the INAA method and then plotted
against the clay value on the x-axis. This manipulation appears to
indicate that the clay technique is the source of the bias between the
two methods and that the magnitude of the bias is inversely
proportional to the amount of sediment which has accumulated above the
clay marker. There are a number of possible explanations for this

observation which are discussed in Chapter 6 of this thesis.




CHAPTER 6
DISCUSSION

The Results section of this thesis (Chapter 5) presented the
results of two possible interpretations applied to the problem of
ascertaining the depth of accreted material as referenced against the
observed rare-earth marker distributions found in the cryogenic cores.
The first was modal analysis which is applied to the data with the
primary assumption being that the point at which the highest
concentration of marker occurs in the soil profile is indicative of
the original position of the rare-earth marker and that point is the
reference horizon from which accretion depth is measured.

The other possible interpretation was dynamic analysis with the
primary assumption being that the weighted mean depth is the point at
which the reference horizon is found. Because of the complexities
involved in this type of analysis, it was applied only to data which
closely matched the computer generated theoretical distributions.

Since the modal analysis scheme of data analysis was originally
hypothesized to be the best method for accretion determination, all
statistical analyses concerning effects of waterways on the wetland
systems under observation during this study were carried out using
values as determined by modal analysis. The results of dynamic

analysis were presented for comparison and as a basis for future work.
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Lafourche at Leeville

The grand mean of accretion for 6-month samples in the Lafourche
at Leeville study area was 7.6 mm with a standard deviation of 2.6 mm
and range of 4.5-13.5 mm. The grand mean for all l-year data was 12.9
mm with a range of 4.5-16.5 mm. These means are inclusive of all
waterway types, both natural and man made, and are probably
representative of the Lafourche at Leeville study area. Testing for a
significant difference between the natural treatment and the canal
treatment revealed that there was no significant difference (p > 0.41)
after 6 months had elapsed since plot establishment.

A test for a significant difference between waterway types after
1 year had elapsed revealed that the canal treatment showed
significantly higher accretion (p < 0.02) as compared to the natural
waterway treatment. This result was unexpected and should be viewed
with caution since the major premise at the beginning of this study
was that natural waterways should evidence the greatest accretion
rates because of the increased resistance offered by natural waterways
to the flow of sediment-laden water and the consequential greater
sedimentation rates. If this statistical test is trustworthy, it may
be possible that this effect traces to increased erosion and

redeposition of eroded materials in canal waterways.

Terrebonne

The grand mean of accretion at the Terrebonne study area for all

6-month data was 15.3 mm with a standard deviation of 6.6 mm and a
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range of 4.5-26.0 mm. The grand mean for all 1-year data is 29.7 mm
with a standard deviation of of 9.2 mm and a range of 19.5-47.5 mm.
These means are probably representative of the Terrebonne study area.
A test for a significant difference between waterways (natural
and canal distance transects) revealed significantly greater accretion
(p < 0.01) at the natural transect after 1-year. This result was
expected but should also be viewed with caution because of small
sample size and the novelty of this technique in application to
freshwater wetland systems. No other tests involving effects of

waterways on accretion were possible.

Cameron

The grand mean of accretion at the Cameron study area for 6-month
samples is 5.1 mm with a standard deviation of 3.4 mm and a range of
1.5-10.1 mm. 1-year samples were not taken in time for inclusion in
this thesis. No statistical tests were attempted because of small

sample size.

Other study areas

The study areas that were not included in the MMS study are
mentioned here for purposes of reference and future study. Since no
experimental design was applied to these areas, it is not possible to
test for effects due to waterway type.

Cocodrie 6-month samples yielded a mean value of 9.5 mm with a
standard deviation of 1.7 mm and a range of 7.5-10.5 mm.

Lafourche at Fourchon 6-month samples yielded a mean of 7.5 mm
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with a standard deviation of 0.0 mm and no range. 1-year samples
yielded a mean of 8.3 mm with a standard deviation of 1.1 mm and a
range of 7.5 mm to 9.0 mm.

Lac Des Allemands 2-year samples yielded a mean of 50.5 mm with a
standard deviation of 12.5 mm and a range of 32.5-62.5 mm.

Rockefeller Wildlife Refuge 2.5-year samples yielded a mean
accretion of 17.5 mm with a standard deviation of 7.1 mm and a range
of 12.5-22.5 mm at the Superior Canal location and a mean accretion of
17.5 mm with a standard deviation of 5.0 mm and a range of 12.5-22.5

mm at the Price Lake location.

Statistical resolving power

The results of this study have yielded estimates of the variance
associated with accretion measurement by rare-earth horizon technique
in saline and freshwater marshes. Consequently, it is possible to
estimate the number of samples (cores) which must be taken in order to
detect a given disparity in accretion between natural and canal
waterways. Table 6-1 shows the results of the application of the
following relationship to some of the data collected during this

study:

2 2
n = 1—5—23 (Eq. 6-1)

where n is the total number of cores required to detect a difference
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Table 6.1- Total number of cores (n) required to detect a difference

(d) of accretion between natural and canal waterways with 95% confidence.

Resolving power of INAA methodology

6-mo Leeville 1-yr Leeville 1-yr Terrebonne
d (mm) n d (mm) n d (om) n

1 103.6454 1 115.0477 1 783.5161

2 25.91136 2 28.76194 2 195.8790

3 11.51616 3 12.78308 3 87.05735

4 6.477840 4 7.190485 4 48.96976

S 4.1458117 S 4.601910 5 31.34064

6 2.879040 6 3.195771 6 21.76433

7 2.115213 7 2.347913 i 15.99012

8 1.619460 8 1.797621 8 12.24244

9 1.279573 9 1.420342 9 9.673039

10 1.036454 10 1.150477 10 7.835161




of magnitude d (mm) with 95% confidence, s2 is the estimated pooled
variance of both natural and canal waterways, and ¢ is the Student’s-¢
value for the required confidence level (95%) and available degrees of
freedom (Steel and Torrie, 1980). The Lafourche at Leeville 6-month
and 1-year samples were utilized for estimation of required sample
size for saline marshes, and the l1-year Terrebonne data was used for
estimation of required sample size for freshwater marshes. The
6-month and 1-year Leeville data yielded essentially identical results
(Table 6.1). In order to detect a difference (d) of accretion of 3 mm
between natural and canal waterways, approximately 6 cores must be
taken from 6 separate natural plots, and 6 cores from 6 separate canal
plots. It is apparent that in the Terrebonne freshwater marsh system,
a more realistic statistically significant resolution would be 7 mm,
which would require 8 cores each from natural and canal waterways, for
a total of approximately 16 cores. It is implicit that each core must
yield useful information. If the success rate is not 100%, the number

of cores must be increased accordingly.



