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Abstract

To assess the role of forcing functions or respon-
dents in the operation of natural systems within the
Barataria Basin Management Unit assessment included:
descriptive physical aspects of tides and water
levels, based on continuous recording gauging
records; descriptive aspects of salinity, based on
a variety of recorded data; a synoptic climatic sys-
tem, based on dally synoptic weather maps and three-
hourly observational data at New Orleans; and wave
climate. A systematic description of long-term and
short-term patterns of water levels, tides, salinity,
temperature, and wave climate provide information on
the historic and present physical aspects of Bara-
taria Basin., Eight synoptic weather types provide
the framework for analysis of the basin's weather
by relating local climatic conditions to large-scale
circulation patterns. A water budget is also
utilized to estimate rates of evapotranspiration and
generation of surplus precipitation. Relationships
between pairs of parameters drawn from tides, water
levels, and salinity at various resolutions are
described. Relationships between climatic condi-
tions associated with each synoptic weather type and
changes in tidally filtered water levels, salinity,
and freshwater surpluses are shown. Also
included is the seasonability of waves that front
the basin.
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Part 1. Introduction

The hydrologic and climatologic characterization
of the Barataria Basin provides background informa-
tion on fimportant parameters of these categories in
the Louisiana coastal zone. 8Salinity and wave -char-
acteristics are included as fundamental parts. In
addition to providing an inventory of significant
paraneter information, procedures will be investi-
gated for integrating and synthesizing their inter-
actions and responses. Companion reports on the
basin provide information on the geoclogic and bio-
logle characterization, and a statewide report on
coastal currents completes baseline information
required for general understanding of how the
natural basin funections. An additional companiom
statewide report on oil and gas production activities
provides information, restricted to this category,
on human use of the area. Impacts associated with
this use activity that are known are included in
~ the report.

In Parts 1 and 2 of this study background in-
formation will be investigated concerning what is
nowm about the hydrologic aspects of the basin.
This includes collection of baseline information on:
datum determination in establishment of reference -
points for measuring water level changes; meteoro-
logical driving forces; behavior of tides and water
levels in respect to the shallow bar-mouth estuaries
fronting the basin; and marsh levels in reference to
water levels.

Tidal data will be collected and utilized from
both published reports and from analysis of raw
data. The primary focus from the data concermns
determining characteristics and variability for the

following tidal conditions (dependent upon avail-
ability, resolution, and distribution of information):
Long~term changes will provide insights inte his-
torical trends for evaluating amnual, seasonal, and
"spatial wvariations, and behavior of tidal flood and
ebb flow within the basin geometry.

Water-level data that are available will be
collected and analyzed for determination of surface
slopes within the basin and characteristics of
annual water level behavior. These determinations
will provide a framework of information for assess-
ing seasonal variations and monthly and annual
pulses in reference to the datum. The long-term
sea level rise trends will be brought into focus.

Salinity, water temperature, and precipitation
data will be collected from published information
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and as raw data. Analysis of salinity data will
include procedures for assessing long-term trends,
weekly, monthly, and annual averages.

Temperature datz will be amalyzed for deter-
mination of lomg-term trends and for weekly
averages.

Precipitation long-term trends will be deter-
mined along with monthly totals and monthly
total averages and amnual total precipitatiom.

Previously determined synoptic weather types
will be utilized for determination of possible
gross scale relationships between climate patterms
and macro-envircnments. This section includes a
discussion of weather types with property summaries,
water surplus calculations, and characterization
for the year 1971.

Analysis of environmental responses to the
synoptic weather types will be attempted. This
includes the hydrologic parameters of salinity and
water levels.

A summary discussion that integrates the findings
in the hydrology and c¢limarology studies is
included at the end of the main body of this report.

Part 5, wave action, constitutes a separate
report that is included at the end of the hydrology-
climatology parts to provide summary information on
wave characteristics that affect Barataria Basin's
Gulf front.



Pertinent Background Studies

"Jater lével” is used to indicate the mean ele-
vation of the water when averaged over a period of
time sufficiently long to eliminate high frequency
oscillations caused by surface gravity waves. The
expression water level is also referred to as the
still water level to indicate the elevation of the
water if all gravity waves were at rest (U.S. Coastal
Engineering Research Center [CERC] 1973). This
parameter with its variocus averages is the focal
point of this section.

If a tide gauge is accurately leveled into a
stable benchmark, then by using the standard datum
level that has been fixed to the land, a level can
be determined that corresponds to the average level
of the sea--"sea level." Determination of the datum
is the most critical step. Once this has been
performed, sea level can be determined by averaging
a time series of tidal heights. Mean sea level is
defined as the average height of the surface of the
" gea for all stages of tide over a 19-year-period,
usually determined from hourly height readings
(CERC 1973).

It has been customary to determine monthly and
annual mean sea levels to 0.001 ft or 1 mm accord-
ing to the units employed, but this can give a
false impression of accuracy. If the gauge record
can be read to an accuracy of 0.05 ft, random errors
in reading the charts will give standard deviations
for monthly and annual means of about 0.0019 and
0.0005 ft respectively. Larger errors easily can
be intrcduced, however, through inadequate mainte-
nance and calibration of the gauge. Unless the
most careful attention is paid to the maintenance
of tide gauges and the reduction of their records,
monthly and annual means can only be considered
accurate to about 0.01 ft and 0.003 ft respectively
(Rossiter 1962).

Mean Low Gulf (MLG) is a second datum that is
commonly used along the Gulf of Mexico. This is
defined as 0.78 ft below mean sea level.

Datum stability is a major concern. Apparent sea
level rose at several locations along the Loulsiana
and Texas coasts during the years 1959-70. Rates
ranged from 0.002 ft/year at Port Isabel, Tex., to
a maximum of 0.14 ft/year at South Pass, La. (Swan-
son and Thurlow 1973). Much of this rate 1is, pre-
sumably, because of subsidence. However, studies
along the East Coast of the United States show that
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sea level trends are parallel to and presumably
related to climatological changes (Donn and Shaw
1963). Hicks (1972) has investigated the features
of a series of water level records for the U.S.

East Coast and the Gulf of Mexi.o from 1939 to the
1970s. The most prominent features he found were
annual variabilicy and apparent secular {long term)
trends. He attributes annual variability to

changes in meteorological and oceanographic param-
eters, namely, wind, atmospheric pressure, river
discharge, currents, salinity and water temperature.
Apparent secular trends could be caused by glacial
melt, isostasy, tectonic activity, etc. Although many
phenomena induce variations in sea level, not all
are equally effective. Locally, one process may
dominate all others. Of all the factors governing
variations in sea level, errors in geodetic leveling
are perhaps the least considered, though they are
extremely important. In leveling surveys, errors
propagate at least at the one-half power of the
distance surveyed (NOAA 1974)., The importance of
this error has recently been pointed out by Sturges
(1974).

The ‘ominant process 'in controlling water levels,
particularly in the lower reaches of the basin, is
expected to be the astronomical tides (Appendix B).
Henderschott and Munk {1970) offer an excellent
review of the theory governing the response of the
oceans to the gravitational forcing of the celestial
bodies that has been understocd for many years. The
astronomical tides are generally classified accord-
ing to their period as diurnal, semidiurnal, and
long period. The diurnal tides are dominant in the
Gulf of Mexico but influenced by the semidiurmal. Long-
period tides that will influence our study regiocn
include, among others, fortnightly tides and the
18.6-year tide.

Although the deep-ocean astronomical tides are
moderately well understood, the modificatioms they
undergo in shallow water are hardly understood at
all. ‘These shallow-water effects on tidal dynamics
cause discrepancies in the tides observed at neigh-
boring stations. Therefore, care must be exerted
in selecting stations that are truly representative
for further analysis (Montgomery 1938).

Metecorological driving, wind and pressure, are
probably the next most important processes control-
ling water levels. In some regions, it is the
process that causes the greatest changes. The two
metecrological factors which have the greatest
effect are atmospheric pressure and wind stress.
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Sea level tends to respond atmospheric pressure
as an inverse barometer (Patullo et al. 19553) with a
theoretical response of 1.01 cm/mb. That is,

when atmospheric pressure increases/decreases by

1 mb, sea level drops/rises by L.01 cm. In reality,
there is a finite lag time necessary for the adjust-
ment to take place, and so, some tide records do

not show the complete barometric response. Further-
more, wind stress accompanying pressure systems

may swamp the effects of the pressure changes.

Hamon (1966) suggests that a greater than barometric
response may be hecause moving pressure systems
generate continental shelf waves.

In shallow waters such as we are dealing with in
the Louisiana coastal area, the effects of wind stress
will usually overpower the effects of the accompanying
pressure system., When water level changes because of
a pressure system, it is independent of depth; when
water level changes because of wind stress, it is
inversely proportional to depth (Groen and Groves 1963).
In our area of interest the most spectacular sea
level variations from wind stress are the storm
surges accompanying tropical storms and hurricanes
(Goudeau and Conner 1968). Lesser winds, though,
are also important. Chew (1964) suggests that the
annual cycle of local winds causes the annual varia-
tions in sea level along the Louisiana coast, a point
we will be discussing in a following section., But
Sturges (personal communication) suggests rather
that these variations are from fluctuations of the
wind field over the entire Gulf of Mexico, which
cause variations in the mean circulation pattern of
the Gulf, and that it is the fluctuation of this
circulation that in turn 1s related to the observed
sea level changes at the coast.

Wind systems also drive the surface waves on the
ocean. As these waves run into shallow water and
break, they may cause "set up,” a change in sea level
. at the coast (Longuet-Higgins 1963).

When a strong atmospheric system crosses an
enclosed or semienclosed body of water, seiches may
be set in motion. Seiches are oscillations of the
water at the natural peried of the basin, and
they are equivalent to the ringing of
an electronic filter when a signal is impulsively
applied. Natural periods of a basin can be computed
by numerous techniques. For the simplest basinms,
Merian's formula (Sverdrup et al. 1942) can be
applied. Seiches may grow to large amplitudes if
the forcing is resonant with the natural period of
the basin.



Coastal sea level may be affected by the net
addition or deletion of mass or by the replacement
of a constant mass of water with water of a dif-
ferent density. 1In the latter case, the low demsity
water occuples more volume to constitute & given
mass and thus sea level stands higher. Precipita-
tion and river runoff both add net water to the
coastal zone and, by adding fresh water, tend to
lower the average density of the coastal waters.
Meade and Emery (1971) estimate that river runoff
accounts for 21 percent of the water level varia-
tion along the U.S. Gulf Coast. Evaporation tends
to remove water from the coastal zome and increase
the salinity, consequently increasing the density
of the remaining water. Both effects tend to lower
water level. On the other hand, though, thermal
heating of the water causes expamnsion and an
increase in sea level (Patullo et al. 1955).

Glacial eustasy is a process that causes long-
term trends in sea level by the release or storage
- of water in glaciers. It has been estimated that
the trend for the Gulf of Mexico is a rise of 0.18

em(0.071 in) per vear (Meade and Emery 1971), but
this number is derived from only 38 years of data,
which is probably too short 2 series to be mesmming-
ful. Probably more important to the Louisiana coast is
the effect of subsidence because of the consclida-
tion and compaction of recent deltaic sediments.
Estimates of subsidence rates have been as high as
0.142 ft per year (Morgan 1973) at some locatioms.
Even if this is excessive or localized, the rates
for the Louisiana coast are far greater than
estimated rates because of eustatic changes or

rise in sea level. There is difficulty in separating
the effects of eustasy and subsidence, so the above-
mentioned rates should be comsidered only gross
estimates. Furthermore, since the records from
which they are estimated are extremely short om any
. geological time scale, the estimates may be erro-
neous. For instance, we may be seeing the effects

of long-term weather changes instead of subsidence
or eustasy.

The tides entering Barataria Bay are diurmal

(Appendix B) with a range that varies up to about

3 ft and, on an annual basis, averages about 1.03 ft.
Wiseman and others (1974) reported that tidal cur-
rents off the Barataria Bay-Caminada Bay complex are
characterized by clockwise rotation. Tidal currents
near the bottom are weaker than surface or mid-
depth currents, and, im additiom, tidal currents are
strongly affected by local complex density gradients.
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A representative tidal excursion (the distance a
water particle is displaced during 2 tidal peried
solely by tidal currents) for the offshore area is
approximately 1.62 nautical miles. This excursion
increases to 3.8 nautical miles - 3.4 nautical miles
in the region close to Southwest Pass of the Missis-
sippi River. Harmonic analysis of Harper's (1974)
data in the nearshore zone indicated strong diummal
components with currents ranging from 0.09 to .192
knot. However, the tidal currents become more sig-
nificant in Barataria Pass and Caminada Pass. The
current for Barataria Pass at maximum ebb was 1.16
lnots and for maximum flood was 0.89 knot. The mean
current was 0.011 knot. For Caminada Pass he
reports two sets of values, one for the outer pass
and one for the inner pass. The outer pass 1is
characterized by equal maximum flood and ebb currents
while the inner pass is characterized by maximum
flood currents of 1.2 knots and maximum ebb currents
of 1.7 knots.

Marmer (1948) reported currents for Barataria Fass
at maximum flood as being 1.26 knots and maximum ebb
as 0.82 knot. At all but one station in the area,
ebb currents dominated in both strength and duration.
Quatre Bayou Pass was the only pass that exhibited
flood domination in strength and duration. Marmer
computed a tidal excursion of 7.8 nautical miles in
the Barataria Bay region..

Kijerfve (1972, 1973) studied the circulation and
salinity distribution in Caminada Bay and investligated
the dynamics of the water slope for the same area.

He was able to calculate renewal times (time neces-
sary to exchange a specified percentage of the vol-
ume of a basin with new water) for the Airplane Lake,
Lake Palourde, and Lake Laurier system. His esti-
mates are based on the inclusion and exclusion of
wind stress.

Table 1.1. Renewal times in Barataria Basin
Management Unit.

Renewal Time ‘ 50% 99%
—diurmal cycles—
including wind stress 12 80
excluding wind stress 96 640




His study of water slope dynamics Indicates the pres-
ence of two tidal waves entering Caminada Bay, one
from Barataria Pass and one from Caminada Pass. He
reported a free oscillation period of 2.2 hours
longitudinally and 0.9 hours transversely in
Caminada Bay, and a 5.1 hour oscillation for the
longitudinal direction of Barataria and Caminada Bay
combined. His work emphasized that this estuarine
system is quite sensitive to changes in wind direc-
tion; northeast winds increase water level, with
water levels lagging winds by about 24 hours.
Preliminary investigations into complex wind/
water-level relationships in Barataria Bay were car-
ried out by Schneider (unpublished msnuscript). She
reports winds at Port Sulphur leading water levels
at Grand Isle by about 13«15 hours and at Barataria
by about 18 hours. Her report of tide levels at
Grand Isle leading tide levels at Barataria by 15.5
hours seems erroneous. The lead should be 8.5 hours.

SALINITY

Salinity studies in coastal areas are common
because of the variability and distribution of
salinity and its effects upon biota and flow regimes.
Studies of salinity permit flushing time estimation,
yield circulation patterns, and give ingight into
the effects of meteorological events on water bodies.
The conservative nature of salinity makes it an
ideal parameter to study in order to characterize
mixing in coastal areas.

Salinity can be reported as one of three dif~-
ferent but closely related parameters: salinity,
chlorinity, or conductance. These are easily inter-
convertible within certain limits of precision.
These parameters are defined in Appendix C.

Meade (1966) showed that salinity was useful in
monitoring the effects of winds on estuarine waters.
His work in the Connecticut River estuary indicates
that isohalines migrate as much as 1-1.5 nautical
miles depending on strength and directiom of wind.,

Gagliano et al. (1970) reported salinity
statisties for coastal Louisiana, but without
interpreting the data analysis that they obtained
from the U.S. Army Corps of Engineers, New Orleans
District, and Louisiana Wildlife and Fisheries
Commission. They also (1973) described salinity
regimes in Louisiana estuaries from avallable
data. Variability of isohaline position is well
documented in the Atlas that accompanies that
report.



The Louisiana Wildlife and Fisheries Commission
has been monitoring salinity in Louisiana coastal
waters for a considerable length of time. Barrett
{(1971) reports that salinities are seasonally
variable, fluctuating primarily with seasonal
changes in tide, rainfall, river discharge, and
evaporation rates. Rainfall was found to be most
influential in the upper estuaries. Salt wedges
and salinity stratification were found to be absent
in most of coastal Louisiana's estuaries.

Eggler et al. (1961) determined that the total
salinity of the water in a Terrebonne Parish marsh
is not the primary limiting factor in the bionics
of the bay. Within the marsh there may be con~
siderable spread in the conductivity versus
chlorinity relationship because of variable iomic
composition, Average errors for single day esci-~
mation of chlorinity from conductance were on
the order of 10 to 15 percent.

Ho (1971) studied salinity in John the Fool
Bayou water over a limited period during the year
and found values varied from 3 ppt in March to 12
prt in May. The highest salinity occurred during
the period April through Jume. In Airplapne Lake
and Lake Palourde the opposite appeared to be true;
salinity was lowest in May, April, and Jume, and
high during the other months. The range there was
16 ppt to 28 ppt. BSalinity fluctuations were
attributed to changes in rainfall and direction of
freshwater/saltwater interchange.

Ho and Barrett {(1975) studied the relationships
between salinity and nutrients in Barataria Bay,
Caminada Bay, and the offshore waters to delineate
the effects of the Mississippi River discharge on
Barataria Bay water. Barataria Bay and Caminada
Bay stations are characterized by lower nutrient
levels than the diluted waters of the offshore
stations. The differences between salinities and
other chemical comstituents indicate that Missis-~
sippi River influence on the bays was limited to
their lower regions during the study period.
Sources of freshwater and associated nutrients
introduced into the bays were largely runcff waters
from upper marshes via connecting waterways, bayous,
and canals.

Chabreck (1970, 1972) studied water salinity and
soll salinity, characterizing the entire Louisiana
coast according to salinity and vegetaticn type.
Water salinities averaged 18 ppt in the saline
vegetative type marsh, 3 ppt in the intermediate
vegetative type marsh, and 1 ppt in the fresh vege- -
tative type marsh. The ranges of salinities,



however, were not consistent between sections of
the same type of marsh. Free soil water {(inter=-
stitial water) salinity correlated closely with
vegetative types in some areas of study. Generally
the free soil water is more saline than surface
water on the marsh or water in adjacent bayous

and lakes.

Joanen (1964) determined that there was a rela-
tionship between surface water salinity in a
marsh and soil salinity. TIn all but the saline
type marsh, soil salinity was similar to free soil
water salinity. In the saline marsh of the Chenier
Plain, water salinity was double soil salinity and
in the inactive delta salt marsh, water salinities
were 70 percent greater than soll salinities.

There 1s little agreement concerning the effects
of salinity on marsh communities. Reed (1947) con-
cluded that salinity was responsible for species
distribution in a marsh in North Carolina. BHis
conclusions are not supported by Chapman (1940},
Adame (1963), and Lagna (19753). These researchers
found no consistent differences in salinities within
different plant communities. Salinity has also been
reported as having an influence on the height of
Spartina alterniflora (Taylor 1938). There have
beenr no studies on duration and frequency of inunda-
tion by salinity pulses on marsh productivity.

Gosselink et al. (1975) studied stress physiology
on marsh vegetation and found that high salinity is
a stress factor for several reasons: it has a pro-
nounced osmotic effect, and it alters absorptiomn of
nutrients and minerals, and the high concentration
of one ionie species may cause differential abscrp-
tion of another species., Marsh vegetatioan tolerates
salinity rather than requires it; thus, they may not
be true halophytes but facultative halophytes.

To date there has been no extensive work in
Louisiana's estuaries that delineates the relation-
ship between water level regimees and salinity
“regimes.
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Data Collection and Assimilation

Data accumulation was broken down into four
basic tasks:

1) Location of data-acquiring organizations via

literature search.

2) Survey of monitoring station locations.

3) Investigations into record duration sampling

frequency and data format.

4} Analysis of data reliability.

Physical parameters that were investigated were
water level, salinity, temperature, wind speed and
direction, barometric pressure, precipitation, water
surplus, and climatological categorization.

Several ather parameters were considered, but
they were deemed unsuitable for the analysis being
performed or were not first-order contributors to
the functioning processes of the basin. These param-
eters include dissolved oxygen, organic carbon, and
organic nitrogen content.

Organizations that served as sources of
physical data for this study are: The
Corps of Engineers (COE), Louisiana Wildlife and
Fisheries Commission (LWFC), National Oceanographic
and Atmospheric Administration (NOAA), United States
Coast and ‘Geodetic Survey (USC&GS), Freeport Sulfur
Corp., Shell Development Corp., Louisiana State
University Office of Sea Grant Development (LSU-SG),
and Louisiana Offshore 0il Port, (LOOP), Inec.

Long-term synoptic records were, in general,
sought and the 1968-74 period was particularly
appropriate.

Sampling consistency of the data was a problem.
The records obtained ranged from continuous strip
chart records to arbitrary weekly or monthly samples.
Reported averages had to be researched to the
original records. Ideally, a sampling period of
six hours 1s necessary to resolve semidiurnal
. (twelve -hour) events. Most of the data records
used in water level analysis were continuous strip
chart records, thus this sampling interval was
attainable. In cases where only daily or weekly
data were available all other data were manipulated
at that time increment.

A third consideration was data format. Much of
the data required reorganization prior to use. Some
data were received as computer printouts, magnetic
tapes (digital), strip chart records, punched paper
tapes, and electrostatic recordings; some were in
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less familiar forms. All data were initially
cataloged and some were reduced to three-hourly
samples. In all cases, reduced data were punched
onto 1BM cards or stored on magnetic tape (Appendix
A).

All data indicated are available through the
Coastal Information Program, Louisiana State Uni-
versity Center for Wetland Resources. The format
is that which is listed. Cited sources may have
more data than that listed in Table A.1l, Appendix A.
This table lists only data that were evaluated and
used during this study and are available. A com=
puter filing system is now being established to
allow rapld scanning and access to the entire data
base established during the project.

STATION LOCATIONS

The locations of the water level stations in
Barataria Bay are plotted on a chart {(Fig. 1l.1) and
listed with the surrounding environment in Table 1.2,
The complex interaction of stream flow and tidal
influx is readily apparent. At the head of this
closed basin, the Bayou Chevreuil station water
levels are dominated by fresh water fluctuations
(no tidal influence), while the water level at the
foot of the basin, Bayou Rigaud, is dominated by
influxes from the Gulf of Mexico. These two stations
represent end members in a spectrum of forcing regimes
from predominantly stream-influenced conditions to
predominantly tidal influences.

12
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Table 1.2.
Basin Management Unit.

Tdentification of Water Level Data Stations in Barataria

Station Name Location Surrounding Environment
Humble 01l "A" 29° 10" N Gulf of Mexico
89° 54' W
Bayou Rigaud 29° 15' 5" N Saline Marsh
89° 58' ¢" W
Grand Terre 29° 16' 28" N Saline Marsh
89° 56' 32" W
Airplane Lake 29° 13' 20" N Saline Marsh
90° 06' 45" W
St. Mary's Point 29° 25' 30" N Saline Marsh
89° 56' 19" W
John the Fool Bayou 29° 28' 26" N Saline/Intermediate Marsh
g0° 09' 14" W
Bayou Barataria at Lafitte 29° 40" 06" N Intermedfate Marsh
90° 06' 36" W
Bayou Barataria at '
Barataria 29° 44" 29" XN Intermediate/Fresh Marsh
90° 07" 56" W
Bayou Des Allemands 29° 49' 26" N Fresh Marsh
90° 28' 56" W
Bayou Chevreuil 29° 54 42" N Forest Swamp
90° 43" 48" W
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Descriptive Hydrological Aspects

Tides

Tidal forcing is a primary flushing mechanism in
estuaries, and the study of tidal forcing is essen-—
tial to understanding the characteristics of tides
in the Barataria Basin Management Unit. This section
describes tides in the study area. Technical terms
are defined in Appendix B.

LONG-TERM TIDE CHANGES

The range of beth diurmal and semidiurnal tides
exhibits gradual change over a period of 18.6 years.
This long-term variability can be attributed to the
change in the inclination of the moon's orbit rela-
tive to the earth's equator. At maximum inclination
there is maximum diurmal tide range and minimum
semidiurnal tide range. Conversely, when the in-
clination is at a minimum, diurnal tide range is at
a minimum and semidiurnal tide range is at a maximum.
The percentage of change in the yearly range between
the two extremes, however, 1is not equal; diurnal
tides show a greater percentage change in yearly
range (Marmer 1954).

Twenty years of NOAA data from Bayou Rigaud were
analyzed to determine the mean annual tide range -
from 1951 to 1971 (Fig. 1.2}, The minimum mean
range of 0.88 ft occurred in 1960 while the maximum
mean range of 1.21 ft occurred in 1969, This 0.33
fr change represents a 31.4 percent overall devia-
tion. Marmer (1954) reported a 22 percent devia-
tion for Pensacela, Fla.; however, the harmonic
constituent ratio (see Appendix A) for Pensacola
(9.36) 1s less than the harmonic comstltuent ratie
for Bayou Rigaud (10.67). Thus the 9.4 percent dif-
ference may be attributable to the difference in
- this ratio. The larger the ratio, the greater the
diurnal component's influence. Since the 18.6-
vear cycle has a greater effect on the range of the
diurnal tide, Bayou Rigaud should experience a
greater percentage of change in range than Pensacecla.

This trend is not as apparent at other statioms
further inland from Bayou Rigaud. There 1s not as
much data available, and the astronomical tide 1s
not as important at these inland statioms.
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Table 1.3. Graphic moments of tide range
histograms in Barataria Basin Management Unict,.

STATION SKEWNESS KURTOSIS
Bayou Rigaud -.133 .81
slightly low skewed platykurtic
Lafitcte .166 1.024

slightly high skewed mesckurtic

Range histograms were constructed for the tide~
influenced stations of Bayou Rigaud and Bayou Bara-
taria at Lafitte, Some tides can be observed at
Bayou Barataria at Barataria, but the range is
generally smzl]l and in many cases indistinguishahle
as discrete tidal cycles.

The tide range was determined by taking the dif-
ference between a tide crest {the maximum elevation
of a rising tide) and the subsequent trough (the
minimum elevation of a falling tide). This differ-~
ence is the tide range for that day (since tides
are diurnal in Baratarla Bay), and the process was
repeated for the year (Figure 1.3).

These histeograms were constructed with a class
interval of 0.1 ft. The designatioe of each class
is located at the lower end of the class increment.
Graphic moments, skewness (a measure of the asymme-
try of the histogram), and kurtosis (a measure of
the peakedness of the histogram) of the tide-range
histograms were also computed for these two stations.
They are presented in Table 1,3. The tide-range
histogram from data taken at Bayou Rigaud 1s very
flattened, perhaps even bimodal in character, and
the histogram is slightly skewed toward the lower
values. The tide-range histogram of Bayou Barataria
“at Lafitte is mesokurtic (not peaked, not fiattemed)
and slightly skewed to the higher values.

These differences in the graphic moments empha-
size the differences in the tide regime at the two
stations. Bayou Rigaud admits a tide that has been
damped and deformed by a shallow, broad continental
shelf. Bayou Barataria admits a2 tide damped and
deformed by the same features, plus an additional
thirty miles of shallow energy-adsorptive shoal
water. In general, a tidal wave with an amplitude
of less than 0.5 ft at Bayou Rigaud would be nearly
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damped out by the time it reached Bayou Baratarla at
Lafitte and would be completely damped out before it
arrived at Bayou Barataria at Barataria.

TIDE RANGE VARIATIONS

The range histogram of Figure 1.3 shows a great
deal of variation in tide range for Bayou Rigaud
despite the NOAA (1974) mean tide range report of
1.0 ft. The range at Bayou Rigaud is caused by
tidal forcing, and varies at the normal tidal
periods. A 25-year-average of the mean monthly
range at Bayou Rigaud (1948-71) is plotted in Figure
1.4, The annual mean 1s 1.05 ft, and the monthly
variation about that mean is shown. The plot
exhibits semiannual periodicity. Minimums occur
from March to April and from September to October,
which coincide with the spring and autumn equinoxes.
The maximums appear in June and December to coincide
with summer and winter solstices. This variation in
the range of the diurmal tide is a response tc the
annual variation in the declination of the sun. It
should be noted that during the spring and autumm
minimums, the mean ramge of the tide at Bayou
Rigaud was 0.99 ft and 0.95 ft respectively. Sub-
stantially higher ranges during the summer and
winter maximums were 1.14 ft and 1.15 ft, respec-
tively. Although the 25-year mean moathly range
was never below 0.95 ft, this does not imply that
the range for any given month was never below this
value. These changes in range have an effect on the
hydrodynamic characteristics of this area. Ten-year
mean monthly tide ranges were computed for Bayou
Barataria at Lafitte and Bayou Barataria at Bara-
taria (Fig. l1.4). The mean monthly variation in
tide range at these two inland stations does not
parallel mean monthly tide range at Bayou Rigaud.

In March and April when tide range at Bayou Rigaud
is at a minimum, the tide range at the twe inland
stations is at a maximum. In June, when the tide

" range at Bayou Rigaud is at a maximum, the tide
range of the two inland stations show a weak maxi-
mum. In general the tide range at the inland
stations parallels tide range at Bayou Rigaud for
the rest of the annual cycle.

The primary maximum of the two inland stations
represents the effect of the tide entering Barataria
Bay during stands of relatively high water. The
tide is less attenusted during this time. In June,
although the tide range is high, absolute water
levels are low resulting in greater atrenuation of
the tide range at the inland stations. Thus the
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range at the inland stations is less than the range
during the spring momths. In September, tide range
again is at a minimum, but this is the time of high
absolute water levels. This tide range attenuation
is about the same as during spring. The tide range
at Bayou Rigaud at this time is at its lowest point,
about 0.04 ft below the spring minimum. The tide
range at Bayou Barataria has a corresponding decrease
relative to its spring value, Bayou Baratariz at
Barataria, a station of low tidal energy, is charac-
terized by a 0.03 ft change in tide range.

Both times of high-tide range at Bayou Rigaud
coincide with both times of extremely low water
levels. Thus despite a large tide range, there is
greater attenuation because of the shallow water,
which causes energy losses to frictiom.

The range of the tide also varies on a two-week
cycle related to the declination of the moom. When
the moon is over the Tropic of Cancer or Capricorn
the largest tide ranges result. When the moon is
over the equator, tide range is at a minimum. This
tidal phenomenon is relatively well understood.

The fluctuations of sea level may be considered as

a sum of sinusoidal fluctuations with different
periods, phases, and amplitudes (see Appendix B).
The dominant tidal components in the region imme-
diately west of the Mississippi River delta are the
K] and 01 with the My and possibly the S components
being of secondary importance. The two diurnal com-
ponents arise from the variation in declination of
the moon as it moves on its orbit. When these two
components constructively interfere, tropic tides
occur with amplitudes of greater than 1 ft. When
they destructively interfere, equatorial tides occur
with amplitudes on the order of 3 in or less. During
equatorial tides, the influence of the My component
is most promounced (Wiseman et al. 1974).

SPATIAL VARIATIONS IN TIDE RANGE
' To investigate the relationship between tide
ranges at consecutive statioms, the tide range at
Bayou Barataria at Lafitte was plotted as a fumection
of range at Bayou Rigaud (Fig. 1.5). Most of the
peoints represent multiple occurrences. A
strong positive correlation between the ranges at
the two stations is indicated. There is a larger
spread in range at Bayou Rigaud than at Bayou Bara-
taria at Lafitte, A similar figure (Fig. 1.6) was
constructed for Bayou Barataria at Barataria and
Bayou Barataria at Lafitte. Data shows that the
range at Bayou Barataria at Lafitte are spread more
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than at Bayou Barataria at Barataria. This was
expected since the Lafitte station lies more sea-
ward than the Barataria statiom.

In general, when tide range at Bayou Rigaud is
high, inland stations would also register higher
ranges. This tidal forcing is the major influence
at the Gulf end of the basin. As the distance in-
creases inland it becomes less important, There is
an obvious diminishing of mean range as one moves
from Bayou Rigaud towards Bayou Barataria at
Barataria. Inland of Bayou Barataria at Barataria
tidal influence is nearly zero, Figure 1.7 exhibits
a ysnoptic picture of tidal influence within Bara-
taria Basin, showing that tidal influence diminished
as distance inland increases and that there is mno
organized tide at either Bayou des Allemands or Bayou
Chevreuil. A co-range chart was constructed to
facilitate showing this attenuation (Fig. 1.8).
Co-range lines join locations of equal range. The
co~-range lines were constructed from tide data for
. 1971 from the stations in Barataria Basin. Two
assumptions were made: (1) there is one tidal wave
entering Barataria Bay through Barataria Pass; (2)
there is a linear attenuation of range betwesen con-
secutive stations. Neither of these assumptions 1s
completely valid, however, this will not affect
peneral trends. It should be noted that these data
are means for 1971 only and are intended to show
general trends rather than absolute values. They
chould be used with the full understanding of the
assumptions.

These data indicate that a progressive tide
enters Barataria Bay through Barataria Pass (In
reality a progressive tide enters at different times
through each of the other passes, but evaluation of
the influence of each of these is beyond the scope
of this study.). As distance from the Gulf increases
in the up basin direction, the tide range 1is atten-
"uated and generally cannot be seen at Bayou des
Allemands.

Attenuation coefficients were computed for mean
tide ranges between consecutive stations in Bara-
taria Bay (Table 1l.4). In addition attenuation
coefficients were relsted back to Bayou Rigaud
(Table 1.4).
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The high attenuation of the tidal range is indica-
tive of the energy absorbing properties of the
shallow marsh-bay environment. This attenuation
also iz indicative of the poor flushing character-
istics of the tide in the upper reaches of Bara-
taria Bay where the total water level change from
tide action is rarely greater than 0.5 ft and 1s
more likely to be between 0.2 ft and 0.3 ft under
normal conditions. In times of storms meteorclogical
tides can amplify these ranges.

TIDAL LAG TIME

The progression of the tide investigated using
tidal lags between consecutive stations. The time of
arrival at each station was determined from the
original strip chart. This could not be done in
all cases because, at times, water level fluctue-
tions from other factors mased the bulge created by
the tide (Table l.5).

From these were computed the mean observed lag
time between stations as well as the mean observed
lag time between Bayou Rigaud and each station within
the basin. :

A visual display of the behavior of the tidal
influences as well as a convenient way of comparing
the actuzl records with predicted tidal ianfluences
was needed. To accomplish this co-tide charts were
constructed. Co-tide lines comnect points where
high tide occurs simultaneously. Two plots of co-
tide lines were constructed, one from predicted
times of high water at the coast and the long wave
phase velocity, and the other from actual mean lag
times.

Table 1l.4. Attenuation Coefficients of Tide Range
in Barataria Basin Management Unit.

Total
Mean Attenu=- Attenu-
Station Tide Range  ation* ation**
Name {feet) 4 z
Bayou Rigaud 1.17 0.0 0.0
Bayou Barataria
at Lafitte 0.38 67.5 67.5
Bayou Barataria
at Barataria 0.23 39.5 80.4

*Re: previous station
*%Re: Bayou Rigaud

27



Table 1.5. Lag Times of Tides in the Barataria
Basin Management Unit.

Station No. Data Lag Time* Lag Time**
Name Points {hrs) {hrs)
Bayou Rigaud —— 0.0 0.0
Bavou Barataria
at Lafitte 136 6.06 6.06
Bayou Barataria
at Barataria 274 2.74 B.8

%Re: previous stariom
*%Re: Bayou Rigaud

The predicted co-tide line chart (Fig. 1.9) was
prepared as follows: The speed of the tidal wave
was computed from the standard shallow water wave
propagation equation

C = "gh (1)

where

C = speed of the shallow water wave form

g = gravity

h = water depth
g and h being readily available; T was computed then,

Cxd=T (2)
where

d = distance and
T = lag time.

This is considered a valid way to determine how
long it would take a tide to progress up a basin in

" the absence of friction.

Figure 1.10 shows actual co-tide lines starting
at Bayou Rigaud as the (0) reference and progressing
up the basin. Observed co~tide lines (Fig. 1.1l1)
are plotted at one hour intervals while the pre-
dicted co-tide lines are plotted at half hour incre-
ments. Predicted values only poorly describe the
observations. This discrepancy between theory and
reality emphasizes that Barataria Basin does not meet
all the idealized conditions of the theoretical shallow
water wave equation, and that other mechanisms are
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influencing the physics of the basin. The most
important factor that 1s not accounted for is the
energy absorbtion of the marsh environment. The
interactions with shallow waters, fine-grained sedi-
ments, and irregular marsh islands slows the tide
down to approximately ome-third of its normal speed.
Energy dissipation robs the tide of its flushing
powers and reduces it to a gentle small-scale
oscillation.

In the upper reaches of Barataria Bay there is a
gentle diurnal oscillation that is not caused by
tidal forcing from the Gulf of Mexico. Although it
is not well studied, it appears to be a sea breeze
driven oscillation, At Des Allemands this change
amounts to about 0.14 ft and at Bayou Chevreuil
during the summer months this change is about 0.05
ft (Butler 1975},

WATER LEVELS

Isolating the water exchange mechanisms is of primary
importance to an understanding of the functioning of
the study area. One mechanism for forcing water motion
in an estuary is through barotropic pressure gradients,
i.e., the stream profile from the head of the basin
and the slope of the sea surface at the seaward end
of the basin. Water level datums based on COE pub-
iished data (1975) and USC&GS unpublished data were
used for correcting data to MSL at Bayou Rigaud,
Bayou Barataria at Lafitte, Bayou Barataria at Bara-
taria, Bayou Des Allemands, and Bayou Chevreull gaging
stations and also to determine these slopes. Annual
mean water levels were obtained by two different
methods. The first method was the averaging of
three hourly readings at all stations in Barataria
Bay for the calendar year 1971, Another estimate was
obtained taking means of published daily (0800}
readings for the entire year for each station (COE
1965, 1968, 1969, 1970, 1971, 1972, 1973). The two
data sets for 1971 were compared using a Student-t
. statistical test commonly used to detect differences
in population means. The F value was low, indicating
that the two methods of averaging tend to produce the
same result. The absolute difference between the two
sets of means was 0.01 ft, which was an order of
magnitude less than the resolution of the three hourly
readings. Means derived from the 0800 readings were
used in the sea surface slope computations. The dif-
ference in mean water level was obtained between each
two consecutive stations progressing from the head of
the basin. The distance between stations, using stream
length, was measured, and the water slope between
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the stations was computed. Values computed for
1971 are listed in Table 1.6.

Table 1.6. Barataria Bay, Surface Water Slope,
1971.

Difference Shortest Slope
Interval in MWL (ft) Water Path (ft/mi)
{miles)
Bavou Stations
Chevreuil to
Des Allemands +0.19 19.0 +0.010
Des Allemands
to Barataria
at Barataria -0.13 25.5 =0 .005
Barataria at
Barataria to
Barataria
at Lafitte -0.05 6.5 -0.008
Barataria at
Lafitte to
Rigaud =0.35 21.0 =0.011

R /]  __ ——

Difficulty in interpreting these individual slopes
was due to inconsistency in slope direction. From Des
Allemands the slope is negative in both the seaward
direction and lapndward direction. Because this
seems to be physically unrealistic, a best fit linear
regression was performed on each set of yearly
means. They are presented in Table 1.7.

Table 1.7. Surface Water Slope, Barataria Basin,
1965-72.

Year slope ft/mile 33 Confidence Level
1965 .0062 58 .88

1968 0066 .59 .88

1969 .0054 .57 .87

1970 .0039 .38 .74

1971 .0033 .31 .66 i
1972 0037 .82 .97
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These best fit slopes were obtained for the years
1665 and 1968 inclusive through 1972. These are
plotted in Figure 1.1l to show that there is a
similarity of water slope among the years, and that
the slope is not a function of sbsolute water level.
The slopes themselves are very low and a test was
performed to verify that they are significantly
different from zero slope. In spite of the fact

that the r? values were low, these slopes are sig-
nificant at the listed confidence intervals. These
very low slopes indicate that stream action is not
dominant in Barataria Basin. Stream flow in

this basin is generated by water surpluses, since
there is no other source for headwaters. These
surpluses, in turn, are generated by excess
precipitation. It has been established that there
are modest currents from Bayou Chevreuil into Lac Des
Allemands of about 0.27 knot much of the year, but
that in midsummer during periods of low water these
currents become oscillatory with a diurmal period
(Butler 1973). There seems to be a discrepancy
between actual water slope and computed water slopes.
But Barataria Bay is a dynamic area: sediments are
unstable and subject to varying degrees of subsi-
dence., Survey work in this area is difficult because
of high water content and subsequent instability of
frequently inundated sediments. And so the COE
estimate of survey leveling precision of #0.25 ft is

reasonable. In view of the above, it seems impossible
at present to determine the importance of flow caused
by a fresh water pressure head.

Figure 1.12 was constructed to demonstrate how this
information could be displayed if the datums were
reliable. This figure, however, should not be used
for any other purpose.

Three water level statistics were used to help
describe the study area: monthly means for the
1968-73 period, histograms of water levels, and asso-
~ ciated moments. Tidal statisties are available only
from stations showing considerable tidal influ~
ence. Histeograms of water level frequency and tide
range frequency were computed for the year 1971.
Where appropriate, values were computed relative
to mean sea level using COE published correction
factors. :
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Monthly mean water levels were computed to show
seasonal trends in water height within the Barataria
Management Unit. These means were computed by two
methods: (1) by averaging three~hourly readings
during the month; (2) by averaging daily 0800
readings for the month. A t-test was used to com-
pare the two data sets each month; and since the
results indicated that there was not a significant
difference between the two sets each month, the 0800
daily readings were used to compute the monthly mean
water levels.

Figure 1.13 is an annual serles of mean monthly
water levels at the four inland stations in Bara-
taria Bay starting in 1968 and continuing through
1973. There is considerable variation among the
graphs there, but there are also similarities
worth noting.

For any given year all four stations exhibit the
same behavior: each year shows two maximums and two
minimums, one maximum in the spring and the other
in early fall. Despite this regularity, there is
no consistency concerning which is the primary
maximum, Some years the spring peak is minimal:
e.g., 1971 was a year of dry spring and wet fall;
1968 and 1969 were years of dry falls and dry
springs., The year 1970 had low water surpluses for
both spring and fall, however, this ie not imme~
diately evident because an apparent increase in
water levels throughout the basin is an important
effect. Another year (1973) had very high surpluses
in the spring and stream action appears to have had
a very important role in controlling water motioms
in the upper reaches of Barataria Basin. The only
other year in which stream action appears to have
a high contribution was in the spring of 1969 when
water levels at Bayou Chevreuil were high enough to
be of significance.

The seasonal cycles of water levels are important
for several reasons. The spring peak represents
excess precipitation rumoff. During the next three
months (approximately %0 -diurnal tidal cycles), this
water is flushed out of Barataria Bay. This
is essentially a flushing of the freshwater input.
After the minimum there is a three-month period of
reverse flushing. Water is being slowly pumped
back into Barataria Bay from the Gulf of Mexico.
This in turn is flushed out in about three months
time. There are unusual events that intensify the
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spring freshet and unusual events that create an
autumnal freshet., An example vear of an intense
spring freshet is 1973, and 1971 is an example year
of an intense autum freshet.

The most outstanding feature of this semiannual
cycle is the apparent slowness with which high
water levels are drained from the basin. There may
be factors that have not been considered here, e.g.,
global water budget, that greatly contribute to
this situation. In addition Sturges (1976) indi-
cates that wind stress over the Gulf of Mexico pro-
duces a current that strongly affects water levels
in coastal areas along the northern Gulf of Mexico.
During the summer and winter months, wind stress
produces an eastward-flowing current which lowers
water levels along the coast; the reduction in wind
stress during the fall and spring months, in addition
to thermal effects in the fall, produces higher
stands of water.

Because much water level variability is due to
astronomical effects and can be predicted, the pre-
dicted mean monthly water levels were subtracted
from observed mean monthly water levels at Bayou
Rigaud for the years 1968 inclusive through
1971 (Figure 1.14). January and December had
the lowest water levels, and September had
the highest. There is no indication of the semi-
annual cycle that appears characteristic of the
Baratariaz Region. The July minimum in the predicted
water levels is missing, but it is present in all
observed water level records. Theoretically, if
water levels for a given year were exactly as pre-
dicted, the actual minus the astronomical {or resid-
ual) would equal zero. Any deviation from this in-
dicates a surplus or deficit in water. 1In only one
case, 1968, was there a deficit or 2 negative
monthly residual. In almost every other case these
were positive. In all but one year there is a
spring surplus and a fall surplus. There is no con-
sistency as to the time of occurrence. Each year
during this period was a wet year, which accounts
for the relative excess of water.

Computer~drawm histograms of water levels were
constructed for stations in Barataria Basin from
three-hourly readings for the year 1971. All data
were adjusted to mean sea level using the COE pub-
lished correction factors. Water level histograms
are shown in Figure 1.15. All histograms were con-
structed with a class interval of 0.1 ft. The
designation cof each class is located at the lower
end of the class increment. ’
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The water level histograms are similar, but there
is a slight difference between the Bayou Chevreuil
histogram and the histograms from lower Barataria
Basin. Table 1.8 presents the graphic moments,
skewness, and kurtosis. There is no significant skew~-
ness to any of the water level histograms with the exception
of the Bayou Chevreuil histogram. Thils histogram
is skewed to the higher values. There is a slight
trend in skewness as distance inland from the coast

Table 1.8. Graphic Moments of Water Level
Histograms.

STATION SKEWNESS KURTOS IS
Bayou Rigaud 0213 0.98
nearly symmetrical mesokurtic
Lafitte 027 .92
nearly symmetrical mesokurtic
Barataria 0.072 0.92
nearly symmetrical mesokurtic
Des Allemands 0.082 1.06
nearly symmetrical mesokurtic
Bayou Chevreuil 0.239 1.08

slightly high skewed mesokurtic

is increased. Each successive station is a slight
bit more skewed toward the larger values. However,
there is no dramatic change in this parameter even
at the most extreme inland station. The Bayocu
Chevreuil water level histogram is only slightly
skewed to the higher values. This progression of
skewmess could be expected in an area that is at

- one end tidal with diurnal fluctuations, and that
is at the other end predominantly stream controlled
with higher values occurring several times a year
during the freshet.

The kurtosis of the five histograms is alsc given
in Table 1.8. There is no apparent trend, and all
histograms are mesokurtic. They do not exhibit bi-
modal characteristics nor are they excessively
peaked.
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EXTREME WATER LLEVELS

The highest and lowest water levels for cach month
were studied by comparing monthly extremes Lo mean
water level at each station in Barataria Bay (Tables
1.9 and 1.10) for the year of 1971, The high extremes
os high waters are generally found at all statioms
during the month of September except at Bayou Rigaud,
with high water extending through October, November,
and with December water levels being highest at Bayou
Rigaud. It should be noted that although water level
is high in September throughout the Bay, two Gulf
Tropical disturbances influenced the Louislana coast
during September 1971. The low extremes of high water
levels (Table 1.9) are found in June at all statioms
in Barataria Basin. June is a time of low absolute
water levels.

Table 1.9. Difference between annual mean water and wmonthly
extreme high water level, 1971.

Bayou

Rigsud
Jan. 1.68
Feb. 1.68
Mar. 1.48
Apr. 1.38
May 1.78
June 1.28%%
July 1.58
Aug. 1.58
Sept.  2.28
Oct. 1.98
Nov. 2.08
Dec. 2.58%

*Highest
k*Lowest

Bayou Bayou Bayou
Barataria Barataria Des Bayou
at Lafitte at Barataria Al lemands Chevreuil
0.90 0.67 0.27 0.23
0.80 0.77 0.42 0.33
0.70 0.97 0.24 0.23
0.65 0.67 0.42 0.23
0.70 0.87 0.52 0.51
0.30%* 0.17%% 0.07** 0.11+%%*
0.50 0.27 0.22 0.13
0.50 0.37 0.32 0.48
1.10%* 1.77% 1.37%* 1.53=%
0.90 0.82 0.90 1.13
0,70 0.67 0.60 0.53
© 0.80 0.87 0.92 0.93



Table 1.10. Difference between annual mean water
extreme low water level, 1971.

Bayou Bayou

Bayou Barataria Barataria

Rigaud at Lafitte at Barataria
Jan, 0.62 1.15 1,03%*
Feb. 0.92 .55 0.88
Mar. 1.32%% 1.05 0.93
Apr. 0.62 1.,25%%* 0.93
May 0.62 .70 0.78
June 1.12 .80 0.78
July 0.72 .55 0.58
Aug, 0.42 .30 0.63
Sept . -0.28% -0.38% -0.47%
Oct. -0.18 0.15 ~0.13
Nov. 0.32 0.35 0.38
Dec. 0.32 0.40 0.38
*Highest
**Lowest

and monthly

Bayou
Des

Allemands

0.93
0.68
0.90
1.03%%
0.56
¢.58
0.48
0.53
-0.12%*
-0.10
0.15

-0.02

Bayou

Chevreuil

0.95
0.57
0.90
1.08%*
0.62
0.87
0.92
0.52
-0.48%
-0.18
0.27

=0.43

43



The low extreme water levels did not behave as
regularly as the high extremes, Extreme lows occurred
during March at Bayou Rigaud, however, the low
extreme water levels occurred in January at Bayou
Barataria at Barataria and in April at the other
stations. The highest lows occur during September
and in both September and October the lowest monthly
values are larger than the local annual mean water
level. Lowest extreme lows occur in the spring and
are caused by strong frontal passages with assoclated
northerly winds.

The number of times per month that water levels
surpassed MHW and total hours when water levels were
in excess of local mean high water for 1971 were
prepared (Table 1.11 and 1.12). At Bayou Rigaud the
frequency is quite high as compared to other sta-
tions in Barataria Bay. In spite of this the total
hours per month for Bayou Rigaud is considerably
smaller than other stations in Barataria Bay. The
months with high monthly frequencies of water level
events exceeding mean high water for Bayou Rigaud
are September through December.

Table 1.11. Monthly Frequency of Water Levels
in Excess of Local MHW for 1971.

Bayou

Bayou Rigaud Bayou Baratarla Barataria

@ Lafitte @ Barataria
Jan. 9 1 1
Feb. 7 7 8
Mar. p 6 5
Apr. i2 8 3
May 7 5 9
June 4 2 3
July 7 3 8
© Aug. 17 8 14
Sept. 28 3 1
Oct. 26 13 5
Nov. 23 10 12
Dec. 20 13 6

*Note that all references to mean high water are
for 1971 and are referenced to MSL each station. In
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Table 1.12. Monthly Total Hours of Water Levels
in Excess of Local MHW, 1971,

Bayou

Bayou Rigaud Bayou Barataria  Barataria

@ Lafitte @ Barataria
Jan, 27 30 30
Feb. 35 123 136
Mar. 8 78 153
Apr. 35 156 306
May 123 78 246
June 8 12 12
July 24 36 90
Aug. 69 72 198
Sept. 243 549 720
Oct. 176 423 739
Nov. 141 216 309
Dec. 121 291 669

At this time there is approximately one event per
day. The fall and winter months are also times of
higher event frequencies for Bayou Barataria at
Lafitte. That is not the case for Bayou Barataria
at Barataria. At Bayou Barataria at Barataria mean
high water is 0.1 ft above mean sea level. August
and November at Bayou Barataria at Lafitte and at
Barataria have high frequencies of events, but these
values are not as h gh as the frequencies of events
at Bayou Rigaud. The total hours per month of water
levels in excess of mean high water (Table 1.12)
coupled with frequency of occurrence of water level
events above mean high water gives insight into
process differences between the stations. When

. frequencies of water level events in excess of mean
high water at Bayou Rigaud are low, total hours per
month of water levels in excess of mean high water
at Bayou Rigaud are low, When frequencies of events
are high, total hours are usually high. In general
the ratio of total hours to frequency of events on
a monthly basis ranges from 3 to 18 hours/event

with a mean of 6 hours/event for Bayou Rigaud. At
Bayou Barataria at Lafitte this ratio changes from

6 to 183 hours/events with a mean value of 30 hours/

the case of Bayou Rigaud mean high water is 0.6 ft
above mean sea level, At Bayou Barataria at
Lafitte, mean high water is 0.2 ft above mean sea
level.
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events. Finally, at Bayou Barataria at Barataria,
this ratio ranges from 1l to 720 hours/event with a
mean of 126 hours/event. Thus, proceeding from inland
toward the Gulf the effects of normal tidal processes
become progressively more obvious as being the con-~
trolling factor of water levels. In the most inland

. areas, local rainfall and runoff control water levels.
The tidal effect is slight,

SEASONAL AND ANNUAL FLUCTUATIONS
IN WATER LEVELS

The frequency of occurrence and total time water
levels occur in excess of mean water level was com-
piled for each station for the year 1971 (Figs. 1.16
and 1.17). Frequency and total time was computed for
each 0.1 ft increment above mean sea level. Conner
and others (1976) employed this information to esti-
mate effects of imwpoundment on water exchange. While
there have been quite a few estimates of the height
of the marsh above some datum, to date there
has been no extensive study with this objective in
mind. An arbitrary level has been suggested as
local mean high water and for the sake of coaven-
jence has been used here to illustrate how Tables
1.13 and 1.14 were constructed.

Since each station is related back to local mean
sea level and mean high water is 0.6 ft above mean
sea level at Bayou Rigaud, an intersection with the
curve indicates that there were 128 discrete periods
of inundation above this level and 12,05 percent of
the entire year was the total time of inundatiom.
Tables 1.11 and 1.12 show when the inundation
occurred. .

Table 1.13. Frequency of water levels exceeding
local MHW, 1971.

Bayou

Bayou Barataria Barataria

Bayou Rigaud @ Lafitte @ Barstaria
MHW 128 79 75
+0.1 104 61 66
0.2 87 47 55
0.3 71 40 40
0.4 47 25 22
0.5 29 19 21
0.6 18 8 24
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Table 1.13. Continued.
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Table 1.14. Percentage of time water levels exceed
local MHW for 1971,

Bayou
Bayou Barataria Barataria
Bayou Rigaud @ Lafitte @ Barataria
Local
MHW 12.05 23.66 41,33
+0.1 9.45 17.43 31.78
+0.2 7.12 12.26 22.80
+0.3 5.07 8.52 16.61
+.4 3.18 4.83 . 12.22
+1.5 2.02 2.32 8.97
+0.6 1.02 1.09 6.06
+0.7 D.075 0.44 2.97
+0.8 0.030 0.23 1.13
+0.9 0.017 0.13 0.4
+1.1 0.003 0.10 6.3
+1.3 0 0.03 0.13
C+l.4 0 0 0.1
+1.5 0 0 ¢.03
+1.6 0 0 0

Long-Term Water Level Changes

Sea level is defined as the average of hourly
water levels for a l9-year-period. However, this
value changes depending on which 19-year-period is
used. In a dynamic area, annual changes in mean
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water levels are of importance, especially If there
are water level trends that could possibly affect
geological, chemical, and biological aspects of the
environment, as well as other physical processes.
Geological processes produced by sea level increase

might inc¢lude inlet widening, coastal retreat,
sedimentation changes, marsh detericration, and
in turn, salinity intrusion (Adams et al. 1976).
These changes in turn can affect the type and abun-
dance of estuarine organisms, therefore influencing
the entire distribution of life throughout coastal
waters. This especlally affects endemic residential
species such as clams, oysters, marsh grasses, cypress
trees, and other vegetation (Van Sickle et al. 1976}.
Mean annual sea levels for Barataria Basin
Management Unit are presented in Fig. 1.18. Although
there is great deal of variation, there is an increas=-
ing water level trend at all stations for the entire
period of record at above the 0.95 confidence level.
The correlation coefficients are not high; however,
the slopes from linear regressions for all statiomns
are similar even with unequal periods of record
(Table 1.15).

Table 1.15. Annual water level increases in
Barataria Bay.

2 slope
Station Period of Record o (fr/yr)

Bayou Rigaud ) 1947 -~ 1971 .6l 0.028

Bayou Barataria

@ Lafitte 1962 - 1973 0.71 0.043

Bayou Barataria '

@ Barataria 1962 - 1973 0.69 0.048
" Bayou Des

Allemands 1965 - 1973 0.54 0.058

Bayou Chevreuil 1965 - 1973 0.35 0.052

Correlation coefficients were computed between palrs
of stations in an attempt to determine whether

causes of apparent sea level rise were similar. If
all stations exhibited parallel trends, one could
assume that the causes of sea level rise affected all

50



21~  Bayou Des Allemands
Bayou Chevrevil —-—-—
20~  Boyou Barotaric-Baratarig =wreeeemees
Bayou Barotoria - Lafitte ---—==

Bayou Rigoud

—

15

14 +—

1.3

12

-

Feet

1.0

0-9 - ’

"13 - | ,\ /

T\

02

o

0
MSI.]947 50 55 60 65 70

Fig. 1.18. Annual mean water levels for stations in Barataria Bay,
1947-1971.

51



stations within Barataria regardless of location.
This, however, is not the case. There was a general
parallelism between sea level changes during years
with concurrent records but were far from perfect,
suggesting that more than one long term process is
active or the response at different statioms is non-
linear (Table 1.16).

Table 1.16. Annual Water Level Correlation,
Barataria Bay.

Station Pairs

sea level comparison EE
Bayou Rigaud - Bayou Barataria @ Lafitte 0.80
Bayou Rigaud - Bayou Barataria @ Barataria 0.68
Bayou Rigaud - Bayou Des Allemands 0.48
Bayou Rigaud - Bayou Chevreuil 0.02

When the correlation is made from each station to
Bayou Rigaud there is a definite decrease in corre-
lation with distance increasing from Bayou Rigaud in
an up-basin directien. Thus, the forcing
at the Bayou Rigaud station has a lesser effect at
each successive station up the basin. The same
procedure was also performed using Bayou Chevreuil
as the independent variable (Table 1.17).

Table 1.17. Amnual Water Level Correlations in
Barataria Bay

Station Pairs 2

sea level comparison r
Bayou Chevreuil - Bayou Des Allemands 94
Bayou Chevreuil - Bayou Barataria @ Barataria .92
Bayou Chevreuil - Bayou Barataria @ Lafitte .88

Bayou Chevreuil - Bayou Rigaud .02
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Water level changes at Bayou Chevreuil, Bayou Des
Allemands, Bayou Barataria at Barataria appear
similar, however, Bayou Barataria at Barataria still
reflects some lower basin trends. This may be in-
dicative of differential subsidence. Adams et al.
(1976) report various land loss/gain figures as
being locally controlled. Although these station
areas were mot studied, the same conditions probably
hold as for the areas that were studied, that is,
land loss/gain is a function of local conditioms.

The apparent parallel rise in sea level at the
inland stations could also be because of precipita-
tion. There 1s not enough data to confirm or refute
this possibility absolutely. The inland-most stations
have been in operation since 1951, but the data for
1951 through 1963 are unavailable at this time. The
1963-present data were readily available. This peried
of time was a particularly wet one. On the basis of
this limited amount of data, a correlation coefficient
was obtained between the annual Bayou Chevreuil water
level and New Orleans Precipitation records. The
was 0.72. New Orleans weather data was the closest
record and even with the distance involved this
possible cause is not beyond reasom. With the inclu-
sion of more data from a period of normal and dry
years, this can be studied further because precipita-
tion seems an unlikely candidate for a 0.8 ft rise
over the period of record.
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Part 2. Salinity and Temperature -

Descriptive

Introduction

Salinity and temperature vary, to a large extent,
as the result of water exchange; they are indica-
tive of the distributions and habitats of various
biological species; and they are generally the most
abundant data sets available. For Barataria Basin
all known significant data sets were located and
documented. The data were carefully evaluated and
incorporated into the displays and analyses when
deemed meaningful. These data collection tech-
niques are reviewed in Appendix C.

Salinity and temperature data were obtained from
four stations in Barataria Basin: (1) Grand Terre,
(2) St. Mary's Point, (3) Bayou Barataria at
Lafitte, and (4) Bayou Barataria at Barataria. The
location of these stations is shown in Figure 2.1,
The frequency of sampling was continuous at Grand
. Terre and Bayou Barataria at Barataria, daily at

Bayou Barataria at Lafitte, and weekly at St. Mary's
Point. The period of record for each statiom is
included in a detailed description of the instru-
ments employed and treatment of the data in
Appendix C.

Long- term Trends — Salinity

Long-term salinity trends were qualitatively
analyzed by graphically examining averages of 14 to
19 years of data at three stations within the Basin.
Week~to-week changes were examined by plotting
averaged weekly means from Grand Terre (1961-74),
averaged weekly readings from St. Mary's Poiat
(1961-74), and averaged weekly means from Bayou
Barataria at Lafitte (1961-74), The methods for
obtaining these means are described in Appendix C.
Month-to-month changes were examined by plotting
averaged monthly means for these three stations for
the same time period (1961-74). Plots were con-
structed of annual averages of salinity at Grand
Terre (1961=74), St. Mary's Point (1956-74), and
Bayou Barataria at Lafitte (1956-74). Each of
these will be presented and described separately to
show long-term trends. The 1971 records are super-
imposed on the long-term weekly plots to illustrate
year=-to-yvear variability from the leong~term averages.
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WEEKLY AVERAGES

Grand Terre

Salinity has been recorded on a continuous basis
at Grand Terre by the Louisiana Wildlife and
Fisheries Commission since 1961. The average
weekly salinities for the 52 weeks of the year
were estimated by LWFC from 14 years of data (1961-
74), as described in Appendix C, p. 000. These
values were plotted to show the mean anmual cycle
(see Fig. 2.1). The 1971 weekly values were also
plotted to show that year's deviatiom from the l4-
year mean.

It can be seen that the highest long-term mean
values occur in late fall, around the end of
October (44th week); the lowest occur in April and
May (18th to 23d week). The drop from the end of
October to May is relatively uniform, whereas the
overall rise between May and October appears to
contain a local high/low cycle in July and early
. September. The 1971 record reflects the high
degree of deviation from the long-term trends
possible during any given year. Significant highs
are exhibited in May (20th week), Jume (26th week),
and December (48th week). The other major feature
is a pronounced low during September (38th week),
which extends throughout September and October and
then increases toward the December high. The
discrepancies are large, many, and obvious.

St. Mary's Point

Salinity data have been collected in the vicinity
of St. Mary's Point during various periods since
1945. The frequency of sampling, method of mea-
surement, and the agency collecting the samples
have varied during this time (see Appendix C.
However, we obtained all the data from the Louisiana
Wildlife and Fisheries Commission. The period of
- 1961-74 was chosen for averaging and graphical
display in order to make the period of record repre-
sented in the long-term means consistent at all
stations. The values obtained by the averaging
method described in Appendix C were plotted to
show the long-term means ({see Fig. 2.2). The 1971
weekly readings are also plotted to show that
particular year's deviation from the average. It
can be seen that the highest long-term mean values occur
in the late fall, around the end of October (44th
week), while the lowest values occur in the late
winter, around the end of January (5th week), The
pattermn of fluctuarion between these extreme points

56



_n ¥ g £ MO

.14

2o

1 '#0

t ideg

75 % :.mﬁ..~ L1 1. -:‘..-q .4- ,-4‘..4. W W OSE

[

=

LS

ST

’41,1

i
!
i
:
!
!
!
1

y
’.

"TL6T
wsaa wia3-3ucl) urog s,4L1el 15 I® LJTurTes Jo sBuppess A[y9em poBeisay 7'z 314

n...AE:z L L2 YN
ot Airr 2 hﬁ- 6 fow  Of dy [ vy or Q¥4 sL wor | ‘veor
ua‘iaﬁui;ﬁaEL.«.._._ﬂﬁ;:::.ﬂ._ifﬂfa
n

Y R —

[+dd) Apunes

37



i3 quite similar to that described above at Grand
Terre. This general pattern is not reflected in
the superimposed 1971 record, which shows a partic-
ularly high salinity in the spring-—around the

first of May— and a particularly low salinity in
the fall, around the first of October. The general
variability is extremely high. The range of data
extends from 2.5 ppt to 23.5 ppt in 1971 while the
long-term averaged data only range from 8.4 ppt to
20.0 ppt while exhibiting a smooth gradual change
with time. The extreme range of 1971 occurs within
a 3-week period, and the variability during January,
February, and March 1s very evident. It is expected
that much of the variation experienced is because
only weekly readings were available at St. Mary's
Point. Thus, since only one sample per week was takea,
this could easily have been taken at a time that

was not truly representative of the salinity during
the entire week. There is a more consistent period

during April, May, June, and some of July, which
suggests that when the local variation is less, the

weekly sampling interval more nearly gathers repre-
sentative values.

Bayou Barataria at Lafitte

Salinity data have been collected at Bayou
Barataria at Lafitte on a daily basis by the
U.S. Army Corps of Engineers since 1955. Long-term
mean weekly salinities (1961-74) are plotted in
Figure 2.3. The method for determining these values
is described in Appendix C. Weekly averages for
197 were calculated from daily readings and super-
imposed on the long-term mean plot to illustrate
the yearly variability. It can be seen that the
highest value occurs in the late fall, around the
end of October (44th week) while the lowest values
occur in the late winter, around the end of February
(8th week). The general trends seen at Grand Terre
and St. Mary's Point are less evident in the Lafitte
record because the absolute salinities are less,
which graphically suppresses visual variations. The
1971 data follow the long-term mean early in the
year but deviate with high May salinities
(18th to 234 week) and the extremely low values all
during the fall wmonths of September, October,
November, and December (36th to 52d week). The
overall variability appears much lower than
at Grand Terre and St. Mary's Point, but this is
because of the lower absolute levels at Lafitte.
The percentage variability of the yearly record is .
approximately the same at all three stations.
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LERGTH OF AVERAGED RECORD

The choice of the time period 1961-74 was dic~
tated primarily by the availability of useful data
rather than by scientific criteria related to the
physical enviroament. However, since daily values
of chlorinity for Bayou Barataria at Lafitte were
available back to 1956, we were able to calculate
the weekly averages of salinity for this entire
period (see App. C, Table C.4). A simple amnalysis
was therefore made to determine the effect of the
inclusion of these other five years on the overall
weekly means. Two curves were drawn, one including
1961-74 data and the other including 1956-74 data
(see Fig. 2.4). The net effect was a lowering of
the absolute salinities plotted, i.e. a downward displace-
ment of the curve. The separation between the two
curves increased as the absolute salinities increased.
Trends remained almost identical with no appreciable
discrepancies between the two records. While the
average salinities between 1956 and 1960 were
significantly lower than during later years at
Lafitte, the inclusion of these additional data do
not alter the trends already evident. It can
therefore be concluded that the 1961-74 records
suffice for the purpose of visually examining trends
in the weekly averaged salinity data.

SUMMARY

While the long~term mean salinities represented
by the 1961-74 data vary significantly between the
three stations (22.2, 13.3, and 2.7 ppt at Grand
Terre, St. Mary's Point, and Bayou Barataria at
Lafitte, respectively), the patterns for these
stations are similar. Relative highs and lows vary
somewhat in specific time of occurrence, but the
spring low/fall high sequence appears consistently.

It can be seen that the 1971 record does not
accurately reflect the long~term trends established
by the 1961-74 data. Correlation coefficients
between these two data sets of 0.384 at Gramd Terre,
0.014 at St. Mary's Point, and 0.035 at Bayou
Barataria at Lafitte support this cbservation.

MONTHLY AVERAGES

The long-term salinity trends were also evaluated
on a monthly basis. Averaged monthly means (1961~
74) at Grand Terre, St. Mary's Point, and Bayou
Barataria at Lafitte were plotted on a common graph
for easy comparison (see Fig. 2.5)}. The highest
value at Grand Terre occurred in November; the
lowest occurred in May. At St. Mary's Point, the
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highest value occurred in October and November; the
lowest value occurred in February. The highest

value at Bayou Barataria at Lafitte occurred in
September; the lowest value occurred in February.

The curves are smocother than when the data were

plotted on a weekly basis, the same fall high/spring

low trends are well defined. But the spring low at
Grand Terre lags that in the upper basin by three months.

Means for each month of each year were also
plotted on a common graph (1961-74 at Grand Terre,
1960-74 at St. Mary's Point, and 1960-74 at Bayou
Barataria at Lafitte). This was performed by
computer because of the large amount of data
handled; curves were drawn directly by the computer-
controlled Varian plotter., As anticipated, a high
degree of variability over the entire period of
record was observed.

In order to establish whether or not there was
any correlation between the salinities at these
three stations, correlation coefficients were
computed for monthly mean salinities between (1)
Grand Terre and St. Mary's Point and (2) between
St. Mary's Point and Bayou Barataria at Lafitte
(see Table 2.1). These figures show a very low
correlation between data sets 1 and 2.

These calculations support the comrclusions drawn
from the long-term weekly averages, that even
though a spring low/fall high appears consistently
at all three stations, the specific times of occur-
rence and the duration of these high and low periods
vary somewhat from station to station.

Table 2.1. Correlation Coefficlents between
Monthly Mean Salinitiles

Year Grand Terre - SMP SMP - Lafitte

1960 * 75
1961 * .57
1962 .48 .79
1963 .09 .64
1964 .31 .65
1965 .23 .32
1966 .81 .36
1967 .14 .57
1968 .19 .22
1969 .65 .81
1970 .02 .03 h
1971 17 : 46
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Table 2.1. Ceontinued.

1972 .62 -83
1973 .41 .24
1974 .82 .63
ENTIRE .38 .53
RECORD

ANNUAIL AVERAGES

The final compilation of salinity records to
show long-term trends was the calculation and pre-
sentation of yearly averages. Records from Grand
Terre (1961-74), St. Mary's Point (1956-74), and
Bayou Barataria at Lafitte (1956-74) were used to
obtain the data for the three curves shown in Figure
2.6. It should be noted that data gaps at St.
Mary's Point in 1965 and 1966 resulted in the calcu-
lation of incorrect yearly values for 1965 and 1966
based upon the sparce data available. Values
plotted in Figure 2.6 for St. Mary's Point represent
interpolated data for the years 1965 and 1966. The
curves presented in Figure 2.6 substantiate the
conclusion mentioned above that the salinities were
particularly low during the 1956 to 1960 period.
Starting with the abrupt rise between 1961 and
1962, the three records follow each other very
closely. The highest salinity common to all sta-,
tions was in 1963, while the lowest was in 1961.

It is interesting to note that the lowest year was
followed directly by two of the highest years of
the period. This in turn was followed by an abrupt
decrease to another low salinity year. This
pattern does not repeat itself within the time
frame studied. The high salinity year of 1972
appears dramatically on all three records. The
return to low salinity values in 1973 eliminates
the tendency to draw any conclusion from these
curves that a steady long-term significant increase
is occurring.

However, the observation that for the period
1961-74 the salinity of every long-term averaged
weekly mean for Bayou Barataria at Lafitte was
higher than the corresponding values for the period
1956-74 prompted an investigation into the signif-
icance of this occurrence. As previously discussed,
the period 1956-60 had been arbitrarily included inm
these long-term averages., In searching for some
possible explanation and a more logical breaking
point, we looked into the difference in salinity
before and after the dredging of the Barataria
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Waterway, which began around the middle of 1962.

A t-test was run on the annual averages of salinity
for two different data sets: (1-A) 1956-62 versus

(1-B) 1963-74 and (2-A) 1956-61 versus (2-B) 1962-

74.

The t-value obtained from comparing part A
versus part B of data set 1 was 2.30, with 17 de-
grees of freedom. This indicates a significant
probability (at the 95 percent level) that the
increase in salinity from the perind 1856~62 to the
period 1963-74 would not have been by chance alone.
The t-vzlue obtained from comparing part A versus
part B of data set 2 was 3.25, with 17 degrees of
freedom. This also indicates a significant
probability (at the 95 percent level) that the
increase in salinity from the period 1956-61 to the
period 1962~74 would not have been by chance alone.

It should be emphasized that a number of factors
may be involved in this increase in salinity at
Lafitte; and because of this, no one factor can be
isolated as the cause. Land loss by natural pro-
cesses in lower Barataria Basin may well be one
factor involved In this increase with other possible
factors including rainfall, Mississippi River dis-
charge, and storm surges, as well as man-induced
changes other than the dredging of the Barataria
Waterway. One other possibility may be a correla-
tion with the 18.6~year tide range cycle. Unfor-
tunately, the period of record for salinity is
insufficient to establish this possible correlatiom.
The time periods before and after the dredging of
the Barataria Waterway were chosen simply because
the occurrence of this event at this time was well
documented,

Long-term Trends — Water Temperature

WEEKLY AVERAGES

_ Temperature data were examined for three statioms.
Weekly averages were obtained from data reduced from
the continuous chart recordings at Grand Terre (1958~
75); weekly readings were cobtained from the records
at St. Mary's Point (1968-75); and daily readings
were used to obtain weekly averages for Bayou
Barataria at Lafitte (1970-73). All data were col-
lected in degrees centigrade or converted from
fahrenheit to centigrade for comnsistency. Both
scales are indicated on the following plots. Weekly
averages or readings for 1971 are superimposed on

the composite plots to compare yearly variabillty to
the long-term averages.
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Grand Terre

The 17-year averaged weekly meams obtained from
the Grand Terre continuous records and the 1971
weekly averages are plotted in Figure 2.7. The
averaged data are extremely smooth because of the
long record length. There is a gradual seasonal
rise starting at a winter low of 12.4°C in January
(2d week), peaking at 30°C the first week of August
(32d week), and dropping abruptly through October
and November back to the winter low. A l5-week
summer plateau (¢ 1.0°C) was maintained from the
end of May (23d week) to the middle of September
(38th week). The 1971 record varies considerably
around the long-term curve but follows its trend.
The largest discrepancy in 1971 was a warm 3-week
peried in December, where the 1971 temperature rose
an average of 5.6°C above the averaged weekly means.

St. Mary's Point

The averages of 7 years of weekly temperature
readings from St. Mary's Point and the 1971 weekly
readings are plotted in Figure 2.8. The averaged
data are not as smooth as those at Grand Terre
because of the smaller number of samples averaged.
Gradual seasonal warming from a winter low of 11.4°C
in January (24 week), to a peak of 30.3°C near the
end of July (30th week), and subsequent cooling in
October and November are observed. A l6-week summer
plateau (+ 1,0°C) was maintained from the end of May
(23d week) to the middle of September (39th week).
The 1971 record varies considerably around the long-
term curve but follows its trend closely. The
longest discrepancy in 1971 was a slightly warmer
3-week period in December, where the 1971 tempera-
ture rose an average of 5.8°C above the averaged
weekly means. The overall variability is consider~
ably greater at this stationm than at Grand Terre,
which is undoubtedly accounted for by the fact that
the weekly averages used at Grand Terre have
inherent smoothing because they are averages, while
the weekly readings at 5t. Mary's Point have no
smoothing at all, This can be seenr by comparing
Figures 2.7 and 2.8. The variabllity present in
both curves is fairly consistent throughout the
whole year.

Bayou Barataria at Lafitte

The 4-year averages of weekly means obtained from
the Lafitte daily records and the 1971 weekly
averages are plotted in Figure 2.9. It can be seen
that the averaged data at this station are less
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smooth than that at either of the other two loca-
tions. 4 similar seasonal warming from 14.7°C in
January (2d week) to 28.6°C near the end of July
(30th week), and back to the winter low is observed.
A l7-week summer plateau (* 1.0°C) was maintained
from the end of May (22d week) to the middle of
September (39th week). The 1971 record varies con-
siderably around the long-term curve but again
follows its trend closely. The warmer trend in
December is not as prominent, rising only an
average of 3.8°C above the averaged weekly means.
The coverall variability of the weekly means is
considerable at Lafitte mainly because of the short
record (only 4 years). The 1971 variability is
approximately the same as at the other stations
where weekly means are available and is fairly
consistent throughout the year.

SUMMARY

The long~term mean water temperatures represented
by the available data are very similar at all three
stations: 22.3°C at Grand Terre (1958-75); 21.8°C
at St. Mary's Point (1968-75); and 22.8°C at Bayou
Barataria at Lafitte (1970-73)., These three sta-
tions also demonstrate similar trends. They are
consistent even to individual weeks. In each case
the annual water temperature curve is strongly
asymmetrical with the warming trend 30-38 weeks in
length and the cooling trend about 14 weeks. '

‘Although the temperature records from all three
stations exhibit the same general trends, there are
differences that, although subtle, are significant.
Grand Terre records show less of a change than
St. Mary's Point, a later time arrival of maximum tempera-
ture, and 2 shorter period of the high temperature
plateau. These three differences are thought to be
related to thermal inertia (resistance to thermal
change) brought about by the proximity of Grand
Terre to the Gulf of Mexico. Temperature changes
are moderated by the presence of such a large body
of water. St. Mary's Point, on the other hand, is
in a shallow estuarine area, which responds quickly
to thermal inputs.

There would be a higher resistance to salinity
change at Grand Terre if salinity were not dras-
tically affected by Mississippi River discharge in
the area offshore from Grand Terre. .
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Poor predictability of any given year from the
~long-term means is shown by a high depgree of
variation between the long-term means and 1971,
although temperature data are considerably less
variable than those of salinity. '

Comparison of the long-term averaged weekly
salinity means and long-term weekly temperature
means at Crand Terre show that the forces that
drive temperature changes act independently of the
forces that drive salinity changes. During the
spring, temperature is rising while salinity is
falling. From late May through August salinity is
rising and temperature is either steady or rising.
In September and October, temperature is falling
and salinity is rising. In November and December
salinity has peaked and is falling.

Long-term Trends — Precipitation

Gulf waters enter the basin through tidal inlets.
Freshwater input to Barataria Basin is provided.
primarily from precipitation, agricultural run-
off and some through the Algiers lock or New Orleans
into the Intracoastal Waterway. An order of magni-
tude estimate of precipitation over the Basin was
gained by investigating the long-term precipitatiom
dats collected and reported by the National Climatic
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Center (NOAA), from New Orleams Intermational Air-
port. These data were plotted in three different
formats to show long-term trends:
® Monthly total precipitation for 1960-74
(New Orleams)
® Monthly total averaged precipitation for
1961-74 and 1971 (New Orleans)
® Annual total precipitation for 1956-74
(New Orleans)

MONTHLY TOTAL PRECIPITATION
TOR 1960-74 (NEW ORLEANS)

Data were used directly from the listed precipi-
tation in the Local Climatoclogical Data-—Annual
Summary with Comparative Data--1974, New Orleams,
La., as published by the National Climatic Center
in Ashville, N.C. These monthly total preciplta-
tions were plotted each month from 1960 to 1974
(see Fig. 2.10). The most prominent feature of the
plot is the complete lack of a patterm from month
to month. A month with particularly high precipi-
tation may be preceded or followed by a month with
relatively low precipitation. Conversely, a month
with particularly high precipitation may be pre-
ceded or followed by another month with relatively
high precipitation. The years with several high
monthly totals were 1961, 1966, and 1973. Although
these years do not necessarily contain the highest
rainfall of the l4-year record, they do seem to be
indicative of exceptionally wet years. On the
other hand, this criterion is not the only indica-
tion of exceptionally wet years.

Also, a record rainfall may occur during a
particular month of a year that does not have an
exceptionally high total., A good example of this
is September 1971, during which there was a total
rainfall of 16.74 inches, even though the entire
year of 1971 did not have an exceptionally high
. total. Most (15.43 in) of the September 1971 rain-
fall occurred during two Gulf tropical disturbances.

A very poor correlation was found between monthly
total precipitation at New Orleans (1960-74) and
monthly average salinities at Grand Terre (1961-74),
St. Mary's Point (1960-74), and Bayou Barataria at
Lafitte (1960-74). Correlation coefficients of
0.021, 0.024, and 0.044 between precipitation at
New Orleans and salinity at Grand Terre, St. Mary's
Point, and Bayou Barataria at Lafitte, respectively,
demonstrate that these two parameters do not cor=-
relate with each other on a monthly basis. As dis-
cussed below in Part 4, many factors other than
precipitation alone control salinity fluctuations,
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MONTHLY TOTAL AVERAGED FRECTIPITATION
FOR l96l—7€ AND 1971 (NEW ORLEANS)

The monthly total precipitation, as described
.above, was averaged over the 1961-74 time period
to seek seasonal trends. The overaged totals were
plotted (Fig. 2.11), and the 1971 totals were
superimposed for comparison, The averazged curve
is drastically smoothed, making it very difficult
to recognize any significant monthly variation.

A slight low (1.34 in below the 1961-74 annual
average) is evident in April; highs are seen during
July, September, and December, with an extreme low
in October,

Even though there is not a great deal of visually
apparent difference between seasons on a long-term
averaged basis, calculated values show that the
Jowest 3-month average is for the period October to
December (4.15 in), which is 15 percent (0.74 in)
below the 1961-74 monthly average for the entire
yvear (4.89 in). This fall-low precipitation cor-
responds with the fall-high salinities observed at
all three stations in the long~term averaged data.
For this 3-month period (Oct. - Dec.), the salinity
at Grand Terre (26.0 ppt) 1is 17 percent (3.8 ppt)
above the amnual average (22.2 ppt); the salinity
at St. Mary's Point (16.2 ppt) is 22 percent (2.9
ppt) above the annual average (13.3 ppt); and at
Bayou Barataria at Lafitte the salinity (3.5 ppt)
is 30 percent (0.8 ppt) above the annual average
(2.7 ppt). The data failed to support a similar
correlation between the highest 3-month value of
long-term average precipitation, which occurred
during the period July to September (5.93 in), and
the lowest 3-month values of long~term average
salinity. The lowest average salinity at Grand
Terre was for the period April to June (18.3 ppt);
at St. Mary's Point the lowest was for the period
January to March (10.0 ppt); and at Bayvou Barataria
at Lafitte the lowest was for the period January to

March (1.4 ppt). The latter may be due to the
secondary precipitation peak in January through
March, but the former is related to Mississippi
River outflow.

As illustrated in Figure 2.11, rainfall during
the year 1971 as opposed to the long-term averages
exhibited exceptionally low values during April and
May and an exceptionally high walue in Seprember.
This unusual monthly pattern probably explains the
lack in September.

74



ANNUAL TOTAL PRECIPITATION
FOR 1956-74 (NEW ORLEANS)

The data as referred to above was again plotted
to show the annual total precipitation per year for
the 1956-74 period (see Fig. 2.12). It differen-
tiates between wet and dry years; 1961 and 1973
were exceptionally wet years while 1962 and 1968
were particularly dry years. Other extremes can be
seen in the curve, but no obvious tremd or cyclic
pattern is present, The variability from year to
year is very large and provides no assistance in
characterizing the system dynamics as the result of
repeatable processes,

SUMMARY

These precipitation data from New Orleans provide
an insight into another source of water input to the
Barataria Basin. A more detailed analysis of water
surplus is presented in Part 3. These records are
included here to show the general trends and severe
limitations of these data when studying the dynamics
of an environmental system.

Salinity Variability

The variability of the salinity data prompted a
detailed analysis of the standard statistical prop-
erties of the salinity for the long-term period,
1956-74. Annual averages and the means for each
corresponding week based on this 19-year data record
were obtained. The standard Statistical Analysis
System (SAS) analysis package was implemented, and
& plgt was constructed showing the long-term
weekly mean of salinity at Bayou Barataria at
Lafirte, the calculated standard deviation, and the
coefficlient of variation (see Fig. 2.13). The
analysis shows a close correspondence between the
three parameters., Salinity peaks can be seen
_ during weeks 10, 15, 18, 22, 29, 38, 43, and 49,
The standard deviation follows the high salinity
values but not perfectly. The correlation co-
efficient is 0,69 for the annual cycle. The cor-
relation between these two parameters is 0.85 for
the first 26 weeks but is 0.61 for the last 26
weeks. Thus the pattern of salinity variation
increasing with an increase in mean salinity is
more likely to be found during the spring than
during the summer and fall wmonths. The relation
between the coefficient of variation and either of
the other two parameters 1s not so clear.
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Part 3. Synoptic Weather Types as
Indexes of Forcing Functions for

Environmental Systems

INTRODUCTION

Physical parameters (air ternperature, relative
humidity, wind, etec.) derived from meteorclogical
observations make up what is generally thought of
as weather, and, in the longer term, climare.

Since weather events exert such a strong influence
over environmental processes and responses, an
understanding of frequencies and extremes of
weather properties in a region can provide valu-
able insight into the functions of that region as
a natural system. Analysis of these weather prop-
erties and consequent environmental interactions
forms the basis of climatological interpretatiem.

Conventional climatological analysis often relies
on statistical generalizations of means, extremes,
and frequencies of meteorological data for lomg
time periods. It is now recognized that these
elementary climatic data are inadequate in much bio-
climatological work (Barry and Perry 1973, p. 427);
year-to-year variation of global circulation regimes
precludes precise specification of a region's cli-
mate and environmental interactions in these terms.

Climatic data need to be organized so theilr
variations can be related directly to variations in
selected environmentsl parameters, thereby provid-
ing a means of assessing climate's contribution in
causing a natural system to function. For this
purpose it is useful to group climatic data into
synoptic classes rather than treating the whole
frequency distribution together. Organizing
regional climate into a synoptic framework combines
selected parameters into weather types and cha-
racterizes selected weather properties assoclated
with each type.

The daily weather can be organized on the basis
~ of atmospheric¢ circulation into relatively few
types, which provide an environmental baseline
inventory. This synoptic approach is from a local
perspective, and the subcontinental atmospheric
circulations are categorized in terms of weather.

WEATHER TYPES

From the perspective of New Orleans, a first-
order weather station of the National Weather
Service, the synoptic weather situation at 0600
hours CST on the daily weather map of the National
Weather Service has been classified into one of
eight all-inclusive types for each day from 1971
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through 1974 (Muller 1976). Brief comments about
each synoptic type follow:

Pacific High.--Pacific High circulation usually
brings mild and relatively dry air following a cold
front across southern Louisianz. Most often the
center of the surface high is.over the eastern
Pacific Ocean or west of the Rocky Mountains.

Continental High,—The Continental High anti-
cyclone center is usually east of the Rocky Moun-
tains, and the associated surface air flow is from
Canadian or Arctic regilons. This weather type is
restricted to falr weather associated with the core
of the anticyclone.

Frontal Overrunning.—The frontal overrunning
synoptic type occurs frequently when the polar front
is more or less stationary along the Gulf Coast or
over the northern Gulf. Frequently waves develop
along the front over the western Gulf and then
sweep northeastward bringing heavy clouds and pre-
cipitation to southem Louisiana. Generally either
polar or Arctic air is associated with this weather
type.

Coastal Return.--When the crest of an anticyclome
ridge drifts to the east of Louisiana, surface winds
over New Orleans veer from northeast to east to
southeast. During winter and spring the surface air
usually represents continental polar air modified
by short passages over the Atlantic and Gulf during
clockwise circulation near the Gulf Coast. During
summer and autum, in contrast, the coastal retum
also includes the Bermuda High situation, when &
ridge of tropical air extends westward from the
Atlantic over the southeastern states, and the air
flow over New Orleans is again from easterly com-
ponents. ]

Gulf Return.--When the anticyclonic ridge drifts
- further eastward, the isobar configuration usually
results in a strong return flow of maritime tropical
air from the Caribbean and Gulf on the westernm mar~
gin of the ridge. A similar flow occurs when
developing low pressure over the Texas panhandle
begins to sweep northeastward. In both of these
situations, the coastal return flow of modified
continental air is graduglly replaced by moist
tropical air as surface winds continue to veer from
the east to southeast to south.

Frontal Gulf Return.--When the return flow is
affected by convergence or lifting along an approach-
ing front, the resultant weather deserves special
designation as a separate weather type. Arbitrarily,
frontal Gulf return includes periods when a cold
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front from the west or north is located within a
zone extending out about 300 miles from New Orleans.
This type also includes periods after a northeast-—
ward-moving warm front has crossed over New Orleans,
but only until the front has progressed 100 or

more miles to the northeast. Hence, frontal Gulf
return is restricted to warm-sector periods when
fronte are affecting the weather over New Orleans,
and Gulf return includes the same air flow with
distant fromts.

Gulf Tropical Disturbances.--During summer and
fall, southern Louisiana is occasionally influenced
by tropical systems that usuazlly drift from east to
west across the northern Gulf, These disturbances
range from relatively weak easterly waves to rare
but severe hurricanes such as Camille in 1969. Gulf
tropical disturbances are associated with insta~-
bility through deep moist layers, and copilus pre-
cipitation is often produced.

Gulf High.—~Especially during summer there are
periods when the western extemsion of the Bermuda
High is displaced southward over the Gulf of Mexico,
and the weak local circulation is from the south-
west. This flow consists usually of maritime
tropical air, but occasionally somewhat drier con-
tinental tropical air from western Texas will reach
New Orleans. Infrequently during winter and spring
a flat high pressure cell over the Gulf will also
draw warm, dry air from Texas or Mexico over
Louisiana.

Cataloging the weather into types imnvolves the
formulation of synoptic weather type calendars based
on occurrence and duration of each weather type.
The procedure involves studying daily surface
weather maps and classifying the weather at New
Orleans into one of the eight types. Each month
is then structured into a calendar by fitting the
observational data, published for every third hour,

to the weather map amalysis of synoptic types.

PROPERTY SUMMARIES

The calendars and monthly summaries of meteoro-
logical properties by synoptic weather types pro-
vide a climatic baseline from which inferences
sbout environmental interactioms may be drawmn.
Table 3.1 summarizes the properties of weather
types for four Januaries (1971-74) and illustrates
the contrasts among weather types. At 0600 hours
in January, for example, Table 3.1 shows the orderly
sequence of mean temperature in degrees fahrenheit
running from CH as the coldest to FGR as the warmest’
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0600 CST
No. Cases

Alr
Temperature

Dew Poin}
Temperature

Relative
Humidity

Wind Directien
Wind Speed

Cloud Cover

1500 CST
No. Cases

Air
Temperature

Dew Point
Temperature

Relative
. Bumidiry

Wind Direction
Wind Speed

Cloud Cover

Mean Properties Synoptic Weather Types

49

47

92

34

66

48

53

32

TABLE 3.1

New Orleans January 1971-1974

CH

17

38

3l

78

04

19

54

32

45

36

FOR

37

47

41

81
01

10

33

53

45

76
01
10

10

CR

8

48

45

89

12

61

48

64
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GR

30

62

60

93

14

30
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70
16

11

FGR

18

67

64
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17

20

73

65

76

19

10
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GH

49

45

65

35
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41

48
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Both the dewpoint temperature and relative humidity
follow a relatively similar progression. There
is also a logical progression of mean wind direc-
tions given in azimuths from 01 through 36 to
represent 10° through 360°. Mean wind speeds are
in knots, and the stronger winds associated with'
frontal actlivity are obvioug in the table. Cloud
cover is relatively high, except for the CH type.
Precipitation and evaporation are closely
related to the weather types. Table 3.2 shows
which weather types produce precipitation. It is
important to note that 45 percent and 17 percent of
the total precipitation during the four-year period
was assoclated with the FGR and FOR types respec-
tively: hence frontal activity accounted for about
two-thirds of the rainfall. These two weather
types were present only 27 percent of the time.
Reference tc Table 3.1 illustrates that rates
of evaporation change with each weather type. When
it is cloudy and the air is moist (as in FGR},
evaporation will be much less than when it is clear
and the air is drier (as in CH). Solar energy input
and vapor pressure gradient are conducive to evapo-
ration in the latter case.

WATER SURPLUS CALCULATIONS

Rainfall, which can be measured directly (if not
accurately), is not the best indicator of environ-
mental stress within a natural system. The differ-
ence in incoming precipitation and potential
evapotranspiration (energy demand on the environment
for water) is a much better indicator. A water-
budget framework in conjunction with the symoptic
weather types provides useful estimates of moilsture
transport and exchange and of water surplus genera-—
tion within a basin.

Freshwater input into 2 basin can be estimated
by use of a daily climatic water budget developed
by Thornthwaite (1948). Figure 3.1 can be used to
discuss the basic water budget components summed on
a monthly basis as they apply to Baton Rouge for
the period 1960 through 1967 (Muller and Larimore
1975). Potential evapotranspiration (PE) is re-
presented by the upper continuous curve. Potential
evapotranspiration may be defined as the maximum
amount of evapotranspiration that would take place
with a continuous vegetation cover and no shortage
of soil moisture to the vegetation over a large
area. Potential evapotranspiration is based on
energy supplied principally by solar radiation.
Thornthwaite based his estimates of PE upon mean
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TABLE 3.2

Mean Monthly Precipitation by Syneptic Weather Types
New Orleans 1971-1%74

In Inches
F M A M J J A S o N D YR

PH 0.1 0 0.2 0 0 0 0 0 0 0 0 0.3
CH 0.1 0 W) 0 0.4 0.3 0 0} ) 0 0 0.8
FOR 1.5 1.6 1.2 0,2 0.1 0.4 0.1 0.6 0.5 2.6 1.5 11.8
CR 0 0 - 0 0 0 0.2 1.1 0.4 0.2 0 0 1.9
GR 0.2 0.1 0.5 0.4 1.9 2.0 1.1 0.1 0.8 0.1 0 8.0
FGR 3.8 5.4 2.9 4.2 0.4 0.1 0.7 1.0 1.6 2.% 5.5 30.6
GTD 0 0 0 0.8 4] 0.2 0.7 7.5 0 0 0 9.2
GH 0 0 0 0 2.4 1.9 1.4 0.1 0 0 0 5.8
All B

Types 5.7 7.1 4.8 5.6 5.2 5.1 5.1 9.7 3.1 5.2 7.0 68.4
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monthly temperatures and day-length factors. In a
daily water budget, mean daily temperatures are
utilized instead.

The horizontally ruled areas in Figure 3.1
represent actual evapotranspiration (AE). Since
declining soil moisture inhibits actual evapo-
transpiration, AE is often less than PE. This is
especially true in the summer and autumn in Baton
Rouge. When AE is less than PE, a deficit (D)
occurs and plants begin to suffer from the decreased
soll moisture and lower tramspiration rates.

Of more immediate concern in this study is the
surplus (S). Surplus is the '"excess precipitation”
after accounting for losses to evapotranspiration
and soil-molsture storage. Surplus is molsture
available for streamflow or groundwater recharge.
Figure 3.1 1llustrates that surpluses are greatest
in winter and early spring when precipitation is
high and PE is low.

Figure 3.2 illustrates how surplus is calculated
for vegetated surfaces. Precipitation (P) that
falls on the vegetative surface is subjected to PE.
1f P-PE is negative or zero, all of the precipita-
tion is evaporated and no moisture is left for
surplus. If P-PE is positive, some moisture
infiltrates into the soil and the remaining moisture
becomes surplus (groundwater recharge, streamflow,
etc.). The amount of positive P-PE entering the
soil can be no greater than soil moisture storage
deficiency prior to precipitation.

A computer program of the Thornthwaite dally
climatic water budget prepared by Yoshioka (1971)
was modified for application to Barataria Basin.
The four primary modifications were: (1) potential
evapotranspiration, (2) soil moisture storage,

(3) precipitation intensity, and (4) marsh and
open-water surplus. Indirect evidence from stream—
flow data and evaporation pans suggests that the
Thornthwaite PE estimates for Louisiana are a
little low in winter and a little high in summer,
with overall annual estimates probably less than

10 percent below '"real-world” PE (Muller and
Larimore 1975). As a result, 12 monthly coeffi-
cients were inserted to convert Thornthwaite PE to
the equivalent of pan evaporation.

A two-layer soil moisture storage replaced a
single-layer storage in the original Thornthwaite
model, This, together with a precipitaticn inten-
sity factor, allows for moisture exchanges to
operate easily within the upper soil moisture zone
and for a more gradual exchange to occur with depth.
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Open-water and marsh areas were treated dif-
ferently than well-drained vegetated areas (Muller
1975). Since water is nearly always near the
surface in the marsh and always at the surface in
the open-water areas, no soil roisture storage
factor was used. Surplus (§) then becomes the
positive P-PE term (Fig. 3.3; see Fig. 3.2 for
comparison with well-drained areas).

Water surplus for Barstaria Basin is computed
as follows:

1) land surface: SL = (P - PEL) — ASTL, where
SL is the surplus over a well-drained, vegetated
surface (land); P;, is the precipitation over land;
PE is the potential evapotranspiration over lamd;
(P, - PEy) is positive; and ASTy, is the change in
s0il moisture storage.

2) open water surface: Sw = Pw - PEw, where 5w
is the surplus over cpen—water or marsh areas; Fw
is the precipitation over open-water; PEw is the
potential evapotranspiration over open-water; and
(Pw — PEw) 1is positive.

3) basin surplus: 5 = (5 + CwSw, where S 1is
the basin surplus, and C;, and Cw are fractions of
the basin ares occupied by land and open water,
respectively.

Table 3.3 illustrates the two weighting tech-
niques that were applied to the climatic starioms
and the different land (or water) surfaces. Column
4 lists the coefficients, as previously discussed,
given each station during the analysis while
columns 5 and 6 show those given to surfaces based
upon percentage of marsh. It can be seen in
Figure 3.4 that sub-basin I approximates the
drainage area of Bayou Chevreuil at Chegby, and
sub-basins I through V sum to the drainage area of
Bayou Des Allemands at Des Allemands. Sub-basins
I through VI represent the area of Barataria Basin
above Lafitte, and sub-basins I through VII equal

the entire area of Barataria Basin.
' The climate of Barataria Basin has been
organized in terms of the eight synoptic weather
types to establish the relationships between cli-
mate, surplus precipitation, water levels, and
galinity. All the weather events and assoclated
properties that occurred in the basin during 1971
have been put into one of the eight types. Though
other processes such as oceanographic forcing
functions are recognized as important within the
system, synoptic organization allows a closer look
at climatological aspects of emergy transfers,
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¥ig. 3.3. Surplus calculation for open water and
marsh surfaces.
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TABLE 3.3

Climatic Stations, "Station Weights, and Marsh vs
Non-Marsh Areas for Sub-Basins of Baratarliaz Basin

SUB~BASIN  AREA (mi?)
Col 1 Col 2
1 268.3
11 113.0
11T 39.0
v 157.7
v 29.4
VI 394 .2
ViI 1013.7
2015.3

CLIMATIC
STATION
Col 3

Donaldsonville

Reserve
Schriever

Paradis
Schriever

Paradis

N.CG. Audubon
Paradis
Reserve

N.0. Audubon
Paradis
Schriever

Paradls
N.0. Audubon

Galliano
Diamond

STATION % 4
WEIGHT NON-MARSH MARSH
Col 4 Col 5 Col 6

60 38 62
10

30

20 27 73
80
100 02 98
10 33 67
30

60

40 0 100
40

20

50 13 87
30

40 0 100
60
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atmospheric moisture content and transport, and
environment-atmospheric moisture exchange.

The synoptic climatological baseline has been
produced with New Orleans data, but the same
sequences and weather type durction and properties
are assumed over the entire basin. A time lag
factor is acknowledged, but lack of synoptic
climatological data over the basin necessitates
utilization of the New Orleans baseline for
assessment of climatic driving functioms within
Barataria Basin.

CHARACTERIZATION OF 1971

A characterization of 1971 in terms of the
weather types is presented here to illustrate the
usefulness of synoptic climatology in the Barataria
Basin study. Table 3.4 shows the percent of time
each weather type occurred. Weather conditions
associated with each type were present the actual
amount of time shown in the table. ¥For instance,
CH type was present 21 percent of 1971, GR 17
percent, and GID only 6 percent. The continental
polar (cP) index is an indicator of the occurrence
of drier, cooler continental air over the basin
(33 percent of the year), whereas the maritime
tropical (mT) index indicates the amount of time
moist, warm air was present (49 percent of the
year). More important than the annual totals,
though, are the percent of time the synoptic wea-
ther types were present in each month and their
segsonal progression of occurrence. Storminess,
as indicated by the storminess index, diminishes
in the summer, pointing out the seasonal retreat of
frontal activity from the region.

Mean properties of each weather type have been
formulated for January, April, July, and October,
providing an assessment of the impact of weather
through the year when related to occurrence and
duration of each synoptic weather type (Tables 3.5,
3.6, 3.7, 3.8). A comparison of Table 3.5 with
Table 3.1 shows how January 1971 weather compared
to the four-year average January weather. Annual
regimes of mean weather type properties for CH and
GR (the most dominant weather types in terms of
duration) are shown in Tables 3.9 and 3.10. The
0600 CST means represent minimum values, whereas
1500 CST means represent maximum values for each of
the parameters. ’

Table 3.11 shows the percent of time precipita-
tion occurred within each weather type, given in
terms of percent rainy hours (defined as any hour

91



TABLE 3.4
SYNOPTIC WEATHER TYPES
Percent of Hours
New Orleans, 1971

J F M A M J J A S 0 N D Year

Pacific High 4 13 15 5 7 0 o 0 0 15 5 6 6
Continental High 18 21 21 22 30 3 4 27 22 26 42 17 21
Frontal

Overrunning 21 16 15 14 14 0 8 6 7 3 15 27 12
Coastal Return 12 1% 11 10 5 5 0 8 17 40 22 2 12
Gulf Return 29 11 16 20 17 38 37 8 8 8 8 g 17
Frontal Gulf :
Return 14 24 23 29 27 0 6 0 4 6 8 38 15
Gulf Tropical

Pisturbance 0 0 O 0 0 0 13 11 43 0 0 0 6
Gulf High 2 0 0 0 D 55 32 40 0 2 0 0 11
Frontal Index

(FOR & FGR) 35 40 38 43 41 0 14 6 1l g9 23 65 27
cP Index

(FOR & CH) 39 37 36 36 44 3 12 33 29 29 27 44 33
mT Index :

(GR, FGR,GH,GID) 45 35 39 49 44 93 88 59 55 16 16 47 49

Storminess Index )
{FOR, FGR, GTD) 35 40 38 43 41 o 27 17 54 g 23 65 33
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TABLE 3.5 Mean Properties of Synoptic Weather Types, New Orleans,
January 1971.

0600 CST
No. Cases

Alr
Temperature

Dew Point
Temperature

Relarive
Humidity

Wind Direction
Wind Speed

Cloud Cover

1500 CST
No. Cases

Alr
Temperature

Dew Point
Temperature

Relative
Bumidity

Wind Direction
Wind Speed

Cloud Cover

PH

2

42

38

86

06

54

40

59
21

CE

40

32

73

03

57

33

42

ol

FOR

41

33

76
36

10

51

38

67
34
11
10

CR

43

41

g2

14

57

49

76

07

GR

62

60

92
15

10

72

59

66
17

10

FGR

65

63

93

22

10

75

63

65
22

10

93

GH

54

53

26

10

64

61

90

29

10



TAELE 3.6 Mean Properties of Synoptic Weather Types, New Orleans, April 1971.

PH CH FOR CR GR FGR GTD
0600 CST
No. Cases 1l 7 5 2 6 9 0
Air
Temperature 61 44 57 44 64 72 -
Dew Point
Temperature 53 38 52 41 60 67 -
Relative
Humidity 75 80 83 91 a7 86 -
Wind Direction 0l 35 32 05 11 19 -
Wind Speed 5 6 8 2 5 6 -
Cloud Cover 0 0 10 5 8 9 -
1500 CS8T
No. Cases 2 6 4 4 5 9 0_
Adlr
Temperature 81 68 75 75 78 82 -
Dew Point
Temperature 62 36 57 46 63 67 -
Relative Humidity 53 iz 55 37 62 62 -
Wind Direction 7 33 04 12 16 20 -
Wind Speed 9 10 10 10 9 9 -
Cloud Cover 3 2 9 3 6 8 -
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TABLE 3.7 Mean Properties of Synoptic Weather Types, New Orleans, July 1971

0600 CST

No. Cases

Air
Temperature

Dew Point
Temperature

Relative
Humidity

Wind Direction
Wind Speed

Cloud Cover

1500 CST
No. Cases

Alr
Temperature

Dew Point
Temperature

Relative Humidity

Wind Direction
Wind Speed

Cloud Cover

PH

t

cH

72

70

93

10

89

70
54
03

FOR

73

70

89

28

10

82

74
77

31

GR

11

76

72

87

09

11

84

74
88
16

FGR

75

71

89

30

80

71
75

30

10

GTD

77

73

88
06

82

72
71
11

10

95

GH

11

75

71

89
25

10

89

73
61

29



TABLE 3.8

0600 CST
No. Cases

Alr
Temperature

Dew Point
Temperature

Relative
Humid ity

Wind Direction
Wind Speed

Cloud Cover

1500 CST
No. Cases

Ailr
Temperature

Dew Point
Temperature

Relative Humidity
Wind Direction
Wind Speed

Cloud Cover

60

58

94
30

69

60

77

3l1..

CH

59

55

89

02

78

35
46

36

FOR

73

71

93

35

81

71
72

36

10

CR

13

65

63

92

05

12

80

65
59
06

GR

67

97

85

71
63

12

PGR

72

69

g0

‘85

72

65

07

Mean Properties of Synoptic Weather Types, New Orleans, October

GTD

96

1971

GH

63

6l

93



TABLE 3.9 Annual Regime Mean Weather Type Properties, New Orleans, 1971
Continental High

No. ' Wind Wind Cloud
Cases Ta Td RH Dir. Speed Cover Fog
0600 CST
Jan 5 40 iz 73 03 8 1 0
Feb 7 38 32 82 O 6 1 0
Mar 7 41 31 69 33 8 1 0
Apr 7 44 38 80 35 6 0 0
May 10 61 55 81 G4 6 2 0
Jun 1 72 69 30 0 0 4 1]
Jul 1 72 70 83 0 10 1
Aug 9 73 70 89 35 3 1 0
Sep 7 69 66 90 01 4 2 0
Oct 8 59 55 89 02 5 1 0
Nov 13 50 44 81 02 8 2 0
Dec 6 55 50 86 04 6 2 1
1500 CST

Jan 8 57 33 42 01 9 1 0
Feb 5 52 32 45 34 11 0 0
Mar 7 56 29 37 33 10 1 0
Apr 6 68 36 32 33 10 2 0
May 10 82 57 43 34 6 3 0]
Jun 1 86 70 59 20 6 8 0]
Jul 1 89 70 54 03 5 2 0
Aug 8 30 70 53 0L 6 3 0
Sep 6 85 65 52 36 7 3 0
Oct 8 78 55 46 36 6 3 0
Nov 11 66 43 44 o1 8 1 0
6 5 0

Dec S 65 L3 63 04
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TABLE 3,10 Annual Regime Mean Weather Type Properties, New Orleans, 1971

0600 CST

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov

Dec

1500 CST

Jan
Feb
Mar
Apr
May
Jun
Jul,
Aug
Sep

Nov

Deac

Gulf Return

No.
Cases

l:l-—*
NN RN W Moo oW W

10

12 .

11

W N oW W e

Ta

62
33
62
64
69
72
76
73
78

67
62

72
73
72
78
84
83
84
85
85
85
81
77

Td

60
52

60

68
72
70
74
67
65
62

39
56

63
63
69
74
71
72
71
70
66

92
96
as
87
84
89
37
91
88
97
93
99

66
36
63
62
30
65
88
63
67
63
70

Wind
Dir,

15
09
13
11
10
14
09

12

10
13

17
12
16
1s6
16
19
16
15
12
12
13
16

Wind
Speed

Lo T = Y N PUR i W R - W TN - - T R

10

¥

14

L= B Y - B A Y. ]

10
12

Cloud
Cover

tn b M W v 000 N W

$H v n 0 0 ® O oo B
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TABLE 3.11 Percent Rainy Hours By Synoptic Weather Types, New Orleans, 1971

PH

CH

FOR

CR

FGR

GTD

GH

11

23

17

19

27

22
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TABLE 3.12 Monthly Precipitation by Synoptic Weather Types, New Orleans,
1971 in Inches

J F M A M I 3 A s o ¥ D YR %
PH o 0o o0 0 0 ~ - = - o 0 0 0 0
cH o o ©0 0 o0 ©o .1 0 0 0o 0 O 1 0
FOR 4 1.0 5 0 .5 -~ .7 .3 0 0 1.7 3.2 8.3 15
CR 0o o o0 o0 0 0 - .8 g 6 .2 0 1.6 3
GR 4 0 .3 15 0 3.9 24 1 .1 0 .1 0 88 15
FGR 339 29 0 .9 - 0 - 1.2 0 .7 3.4 133 23
GID - - - 4 - -« .7 1.31%5 - =~ = 17.5 30
GH 8 - = = = 41 .6 3.2 - 0 - - 7.9 14

TOTAL 1.1 4.9 3.7 1.5 1.3 8.0 4.5 5.7 16.8 .6 2,7 6.6 57.5 100



during which at least 0.0l1" of precipitation was
recorded). Precipitation measured in 1971 is
summed by synoptic weather types in Table 3.12.

The direct relation of synoptic weather type occur=
rence to precipitation is easily seen by reference
to Figure 3.5. Three weather types (FOR, FGR, GTD)
account for 68 percent of the total precipitation,
yet they were pregsent only 33 percent of the hours
in the year. The intensity of rainfall associated
with GTD 1is evident when it is considered that it
oceurred only 6 percent of the total hours in 1971,
22 percent of which were rainy hours, yet the
weather type produced 30 percent of year's precipi-
tation. A comparison of Table 3,12 and 3.2 shows
how the precipitation regime in 1971 compares with
the four-year annual average.

The properties and temporal sequence of synoptic
weagther types suggest eavironmental responses. In
the case of the particular objective, for instance,
variations in precipitation and wind direction (and
speed) affect water level and salinity. Occurrence
of precipitation-producing weather types over the

basin governs generation of surplus water and runoff;

a direct relationship with basin hydrology exists.
Other environmental impacts may not be so obvious.
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/% Hours of Weather Type

10+ /

% Total Hours
\\\
N

NS

i 4o % Hours Raining

FOR FGR G

All
Others

FOR - Frontal Over Running
FGR - Frontal Gulf Return

GTD - Gulf Tropical Disturbance

% Total Precipitation

Fig. 3.5. Relatiounship between syncptic weather types and total annual precipi-
tation, 1971.
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Part 4. Analyses of Environmental
Responses

Anatyses of RelationshipsBetween Synoptic Weather Types
and Environmental Parameters

INTRODUCTION :

Solar radiation is often thought of as the ulti-
mate driving force for most environmental systems,
either directly, as sunlight and photosynthesis, or
indirectly, through the atmospheric circulation and
associated weather. Some very important environ-
mental parameters can also be treated as responses
to meteorological inputs. Water levels in marshes
and estuaries are affected by wind direction and
speed, the fetch and duration of the wind, atmo-
pheric pressure, rainfall and evapotranspiration,
and, of course, astronomical tides. Wind direction
tends to be especially significant because northerly
winds drive Gulf waters away from the coast, lower-
ing water levels across the coastal wetlands; and
southerly winds drive Gulf waters up against the
coastline, raising water levels across the wetlands.
Salinity levels are similarly affected, especially
by wind and precipitation-evaporation ratios.

Although rigorous relationships between wind
speed and stress on water surfaces are komown, the
lack of standard meteorological data across the
coastal wetland inhibits application of these rela-
tionships to environmental management objectives.
There is a need for more comprehensive relationships
between weather and environmental parameters that
can be applied over broad areas of the coastal
wetland for resource management. The synoptic
weather types, discussed in the previous section,
can be utilized for this resource objective. Speci-
fically, the sequences of weather through time, in
terms of the synoptic weather type calendars for
Moisant Aiyport, New Orleans, can be compared to

water level and salinity changes in Barataria Basin,
" in order to ascertain the degree of response between
weather and environmental parameters.

SYNOPTIC WEATHER TYPES AND
WATER LEVEL AND SALINITY CHANGES
AT 4-HOUR INTERVALS

Figure 4.1 shows changes of water levels at Bayou
Rigaud and salinity at Grand Terre at 4-hour inter-
vals for October 1971, a period selected as reason-
ably representative of a broad range .0f synoptic
weather types and environmental responses. The
time serlies shows both measured water levels and
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adjusted (or filtered) water levels with the semi-
diurnal and diurmal tidal forcing function
eliminated by a 39-hour Doodsen filter (Groves 1949);
this assumes that the variabllity of filtered water
levels is a response to only meceorological inputs.
The synoptic weather types at New Orleans are also
displayed as an environmental baseline, which
supposedly forces water level and salinity changes
in the basin. The graphs also show the generation
of surplus precipitation by daily precipitation
from a number of climatological stations around the
margins of the basin minus evapotranspiration from
the water-balance model; surpluses should increase
water levels and decrease salinity theoretically.
Table 4.1 shows selected mean properties of symop-
tic weather types at New Orleans averaged over the
4~year period between 1971 and 1974,

S

Table 4.1. Selected Maan Properties of Synoptic
Weather Types at New Orleans*

Wind 2 Mean
Direction/ Cloud Annual
Speed Cover Precipi-
Jan July Jan July tation
Gulf High (GH) 33/6 26/6 4 6 8
Pacific High (PH) 33/6 - 3 - 0
Continental High (CH) 02/8 02/6 1 6 1
Frontal Over-
running (FOR) 01/10 31/7 10 10 17
Coastal Retura (CR) 10/7 09/9 7 6 3
Gulf Return (GR) 15/9 15/6 8 7 12
Frontal Gulf
~ Return (FGR) 18/9 24/5 10 9 45
Gulf Tropical
Disturbance (GID) - 10/7 - 6 13.

*#ind direction in ten degrees of azimuth from 01
(10°=NNE) through 18 (180°wsouth) to 36 (360°=
north). Wind speed in kmots. Cloud cover on a
gcale of 0 (clear) through 10 (cloudy).




Figure 4.1 also shows an overall temporal relation-
ship between the sequence of synoptic weather types
and filtered water levels and salinity. Filtered
water levels tended to drop during the extended
periods of the Continental High (CH) and Pacific
High (PH) types, when Table 4.1 indicates westerly
to northerly winds can be expected. Filtered water
levels increased, on the cother hand, during the two
extended periods of the Coastal Return type (CR),
when easterly winds are expected to increase water
levels. During much of the early portion of
October, filtered water levels did not respond so
closely to the sequence of synoptic weather types,
although there are examples such as 6 and 8 October
when water levels responded as anticipated by means
of the synoptic weather type calendar. During the
early part of the month, the types may have changed
too rapidly to result in significant responses.

There are several reasons for the association
between synoptic weather types and environmental
responses, such as water levels, being imperfect.
Cne 1s the geographical distance between the loca-—
tion of the synoptic weather type calendar at New
Orleans and Bayou Rigaud/Grand Terre, located near
the lower end- of Barataria Basin, adjacent to the
Gulf, almost 60 miles to the south. Stationary
weather fronts often persist for several days over
this region, with the Frontal Overrunning (FOR) or
Continental High (CH) types to the north at New
Orleans, and the Frontal Gulf Return type (FGR)
to the south along the coast. In this situatiom,
water levels normally continue to ingrease in lower
Barataria Bay, but the baseline data at New Orleans
indicate water-lavel decreases should be espected.
During October 1971, these stationary fromts did not
persist over the basin, but a few adjustments to the
synoptic baseline data had to be made several times
over the entire year 1971 to be representative of
. lower Barataria Basin conditions. These adjustments
were based on asynoptic weather maps.

The synoptic types are inclusive of all situa-—-
tions, so there are also a number of marginal or
very weak situations when winds were weak or
ineffective In changing water levels significantly.
Similarly, wind directions in these marginal situa-
tions did not always remain consistent with the
means shown in Table 4.1.

Figure 4.1 alsoc shows the time series of salinity
data at Grand Terre. Similarly, salinity levels
tended to decrease during the extended periods-of
the Continental (CH) and Pacific High (PH) types
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Salinity (ppt} - Grand Terre
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{New Orleans)

Water level/salinity variations, water surplus, and synoptic weather

types plotted in four-hour intervals for October 1971,

Fig. 4.1.



and to increase during the two extended periods of
the Coastal Return type (CR)}., During the early
part of the month there are short-term changes of
szlinity that cannot possibly be explained by the
synoptic weather type calendar.

SYNOPTIC WEATHER TYPES AND
WATER LEVEL AND SALINITY CHANGES
ON A DATLY BASIS

Figure 4.2 shows filtered water levels and
salinity plotted on a 24~hour basis at 8 a.m,
during October 1971; the symoptic weather
type calendar for New Orleans and surpluses for the
entire Barataria Basin are also shown. This figure
shows that the same general relationships between
changes in filtered water levels and salinity and
the synoptic weather type calendar (seen in Fig.
4.1) are preserved, and the further analysis of
these relationships was carried out using changes of
water level and salinity on a 24-hour basis. The
synoptic weather type calendars and the regimes of
filtered water levels and salinities for wetland sites
are not commonly available for inspection or study.
Therefore, monthly time-series graphs of the weather
types and associated filtered water level and salinity
data on a daily basis for 1971 for Bayou Rigaud/Grand
Terre are included as Figure
Appendix D. Inspectlon of these figures also shows
that water level and salinity changes tended to
follow the calendars of the synoptic weather types
at New Orleans.

ANALYSES OF RELATIONSHIPS BETWEEN
SYNOPTIC WEATHER TYPES,
WATER LEVELS, AND SALINITY
The synoptic weather types have been grouped into
combinations that are thought to produce similar
responses of water levels and salinity over the
Barataria Basin, The table below lists the synoptic
" weather type combinations that are utilized in these
analyses:
Combination 1 CR, GR, or FGR chaanging to
FOR, PH, CH, OR GH (cold front)
Combination 2 PH and GH
Combination 3 CH and FOR
Combination 4 GH, PH, CH, or FOR changing

to CR
Combination 5 CR
Combination 6 GR and FGR
Comb{nation 7 GH, PH, CH, FOR, or CR changing

to GR or FGR (warm fromt)
Combination 8 GTD
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Combination 1, representing a colf front passage,
should be expected to decrease water levels and
galinity, as should combinations 2 and 3 since they
are assoclated with west to northeast winds.
Combination 4 1Is assoclated witl, winds shifting
gradually from northwest to east or southeast, so
water levels and salinities should increase, Com-
binaticng 5 and 6 tend to produce rising water
levels and salinities since they are associated with
winds from east through south-southwest. Coembina-
tion 7 represents a sequence of weather type
changes through the 24-hour perioed that can best be
described as passage of a warm fromt over the basin;
it should be understood that it is only necessary
for one or more of the five synoptic weather types
to occur before passage of the warm front. Both
water levels and salinity should tend to increase
during combination 7. There are no preferred wind
directions associated with combination 8 because
tropical disturbances can approach the basin from
all directions except northwest through northeast.

The analysis of relationships between the symop-
tic weather types and environmental response was
performed by summing daily changes in water levels
and salinity (0800-0800) that occurred during each
of the weather type combinaticns., Water level data
measured at Bayou Rigaud in the lower basin and
Bayou Chevreuil in the upper basin were analyzed.
Salinity data measured at Grand Terre were amnalyzed.

Water level data used in the analysis of Bayou
Rigaud had tidal effects filtered out by use of a
39-hour Doodsen filter, leaving water level varia-
tions that resulted from only climatological
foreing functions. Days having a 24~hour change in
water level of less than 0.2 ft were omitted from
the analysis. Some 112 days were used, and days
with surplus (excess precipitation) were separated
from days with no surplus,.

The relationships established at Bayou Rigaud
" are displayed in Figure 4.3. For example, filtered
water levels rose a totzl of 3.1 ft and fell a total
of 0.6 ft over the year during days that were clas-
sified as combination 6 with no surplus. Hence the
predicted responses were not obgerved in every case,
but expected relationships are firmly established.
For example on days with no surplus, typically fair
weather days, combinations 2 and 3 drove water levels
down, and 5 and 6 drove water levels up. Warm fromt
passages (7) and cold front passages (1) demonstratad
no departures from the expected relationships.
Ratios of increments up to increments down are shown
in the figure.
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Results for Bayou Chevreuil are shown in Figure
4.4. On nonsurplus days there, the same strong
relationships between weather types and water level
response were observed. Actual megsured water
level data were used there since tidal influence in
this part of the basin is nonexistent. Every day
of the year was used in the analysis.

The effect of surplus on the relatiomships is
seen in both Figures 4.3 and 4.4. It was expected
that decreases in water levels would be lessened
by surplus precipitation and that water levels
increasing as a result of the weather types would
be augmented by surpluses,

At Bayou Chevreuil this relatienship is strongly
established. For example, combination 2 causes
decreases in water levels on nonsurplus days 19
times greater than increases, whereas on days with a
surplus, decreases are only 2 times greater than
increases, Combination 3 causes water level
decreases 5 times greater tham increases on non-
surplus days, but only 2 times greater on surplus
days. The ratios for combination 6 are 4 to 1
increases on nonsurplus days and 7 to 1 increases
on surplus days.

At Bayou Rigaud the relationships associated with
surplus days are not as firm. Ratios for combina-
tion 3 are 4 to 1 decreases on nonsurplus days and
16 to 1 decreases ou surplus days. Combination 6
shows 5 to 1 increases on nonsurplus days but only
1 to 1 increases on surplus days. It is reasonable
to expect that surpluses would have a significant
effect on water levels in the upper basin but
little or no effect on water levels in the lower
basin adjacent to the Gulf.

The analysis of salinity did not produce such
strong evidence for the expected relationships
(Figure 4.5)., Only days with 1 ppt change or
greater were used, a total of 124 days for the year.
Expected trends on nonsurplus days are confirmed
~ only for combinations 1, 4, 5, and 7. The frontal
passage combinations show the strongest relation-
ships, with warm front passages increasing salin-
jties at a ratio of 6§ to 1 and cold front passages
decreasing salinities at a ratio of 1 to 0 on days
with no surplus.

Availability of surplus increases the
occurrence of the expected relationship, especially
in the frontal passage categories. Warm froants
with surplus increase salinities at a diminished
ratio of 5 to 1, and cold fronts with surplus
decrease salinities at an augmented ratio of 15 to 1.
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This analysis of relationships among combina-
tions of synoptic weather types, water levels, and
salinity illustrates that water levels respond
strongly to meteorological inputs assoclated with
the synoptic weather types. Fovr the single
salinity station at Grand Terre, the relationships
between salinity regimes and synoptic weather types
are less well established. Other environmental
inputs such as Mississippl River discharge may not
be well indexed by the combinations of synoptic
weather types utilized for this analysis. 1t is
likely that salinity regimes are more closely
related to the weather types in the middle regions
of the basin,
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Part 5. Wave Action Offshore of
Barataria Basin

Wave actibn is always an important consideration
in defining a coastal environment because waves are
generally the main source of energy for mixing water
masses and transporting sediments., Wave action is
the combination of waves of various heights, peri-
ods, and directions occurring at any one time at a
given place. The day-to-day changes in these
values can be thought of as wave weather. The
average or statistical occurrences of various wave
values, determined over several years of observa-
tion, is wave climate. Wave weather, like its
meteorological counterpart, is much less predictable
than wave climate, What will be presented here is
a brief review of wave climate in a region offshore
of Barataria Basin.

There is considerable experience with wave actiom
in the northern Gulf owing to the high concentra-
tion of exploration and production of oil in the
delta area. This experience takes the form of raw
data, analyzed data, wave weather prediction models,
wave climate, data, and monitoring programs. These
activities, however, are conducted by industry or
consulting firms and the results are not generally
available to the public. Thus the actual informa-
ticn that can be openly reviewed is only a small
part of what is in existence.

The wave action in Barataria Basin and offshore
results from the effect of wind in the water surface.
Wind systems (weather systems)—e.g., fronts,
squalls, and hurricanes--—produce characteristic
sets or combinations of waves. These waves can be
described in two ways. First, the waves resulting
from each weather system can be given as they
change their height, period, and directiom over
time. The gsecond technique is to give the percent-
age of occurrence of waves in a certain range of
heights, or perioeds occurring, during, say, a
- month, from whatever wind system. Both methods
have relative advantages, the statistics being im-
portant for total effects (i.e., engineering
fatigue, erosion of beaches), while the wind system
approach is good for prediction of wave weather or
the temporal or sequential change in wave actiom.

Although there are several wind systems of
importance in the northern Gulf, including squalls,
sea breeze, fronts, high—pressure cells, gradient
winds, hurricanes, and tropical storms, only the
winds assoclated with winter frontal passages or
hurricanes produce the really sustained or large

By J. N. Suhayda, Louisiana State University Center for

Eecland Resources, Coastal Studies Institute, Baton Rouge
a. o
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waves occurring offshore. Squalls and the sea
breeze can be the cause of a significant chop
within Barataria Bay for short periods of time.

The seasonal occurrence of the various wind
systems produce a wave climate offshore of
Barataria Basin that also shows a large seasonal
variability. The occurrence of large waves is
an indicator of this seasonal trend. Figure 5.1
exhibits the percentage of time during each
month that waves over 8 ft in height of all
periods occur. During the winter period the
percentage is maximum at about 30 percent, which
generally decreases during the spring, reaching a
low of about 2 percent during July. There is a
sharp rise in percentage in September and them a
gradual increase to the January maximum.

Thig seasonability also produces significant
change in the distribution of wave heights and
their direction during the year. Figure 5.2 shows
the percentage occurrence of waves in 7 ft height
ranges for April, July, September, and December.
Most of the wave heights during the 3 months of
September, December, and April occur in the range
of 4-6 ft, while in July the range most frequently
occurring is 2-4 ft, During December the wave
heights above 15 ft occur some 3 percent as fre-
quently as during September, even though waves
during December in the ranges 8-10 and 10-13 ft
are more frequent. The direction of the approach
of the waves toward Barataria Bay also shows sea-
sonal changes. Figure 3 shows the frequency of
occurrence of waves in three directions classes
centered at southwest, south, and scutheast.
Generally waves predominate from the southeaat
during September, December, and April and from the
southwest during July. The period of the waves is
generally associated with wave heights, so that the
smallest waves have the shortest period, as shown

in Table 5.1.
‘ The most extreme wave actilon occurring in the
northern Gulf is because of hurricane winds. These
wind systems occur generally through the summer and
early fall months at an annual frequency of about
one per vear. The wave field of a single hurricane
can contain more emergy than is expended in total
for the rest of the year. An example of this is
the great hurricane Camille of 17 August 1969. The
hurricane was considered to be a 1 in 100-year
hurricane having peak winds over 200 mph. The
maximum observed wave heights were 74 ft. The
extent of hurricane-induced waves across coastal
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Louisiana is indicated in Figure 5.4 the maximum
waves are indicated at 80 ft, and the wave height
is greater than 20 ft all across Louisiana. Wave
periods during the hurricane averaged about 10
seconds; however, waves as long as 16 seconds
ware observed.

The intensity of wave action to be expected
over the future is difficult to predict. Experts
in the field have predicted different values for
what the 20-year and 50-year storms should be,
However, taking an average of these predictioms,
we can make general egtimates as to future extremes
in wave action. Figure 5.5 shows maxirum

Table 5.1 Wave height/period relationship.

Wave Height (ft.) Wave period (sec.)

0-2 0-4
2=4 4=5
4-6 5-7
6-8 7-8

8-10-0 8-10
10-15 9-10
15+ 9-12

height and water level rise expected in about 100
ft of water offshore of Barataria Basin over retumm
periods between 2 and 200 years. It indicates that
even every 2 yvears maximum wave heights of 35 ft
and water level rises of 2 ft can be expected.

The effect of the offshore wave action on Bara=-
taria Basin coastline is a function of the shallow
water wave processes occurring near the shoreline.
Thegse processes distribute and modify incoming waves
" ineluding primarily wave refraction and attenua-
tion. Shoreline wave heights can vary by a factor
of 2 or more even for a uniform offshore wave field
because of nearshore wave processes. Some of these
processes critically depend upon the bathymetry of
nearshore waters; modifications to this region can
result in larger scale changes in the coastal wave
action affecting Barataria Basin.
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Summary

The foregoing discussion and the subsequent
appendixes comprise the pilot study of hydrology
and climatology physical processes and Interactions
active within Barataria Basin. This work consisted
of data collection, reduction, and manipulation.

In the course of the present work, numerous aspects

of the temporal and spatial behavior of various

physical parameters of the basin were determined.

Some results are new while others represent perti-

nent information culled from many pre—existing

sources. This information is summarized below, 1in

a qualitative fashion, without distinction as to

whether the results are novel or previously known.

Quantitative discusgions may be sought in the main

text and appendixes. The following information is

predominantly concerned with long-term, annual, and
seasonal trends.

1) The tides within the basin are predominantly
diurnal, with the tidal range varying in a fort-
nightly period and decreasing as distance from
the coast increases. The tide is 67 percent
attenuated by the time it arrives at Bayou
Barataria at Lafitte (6.06 hours after arrival
at Bayou Rigaud); 2.74 hours later the tide
arrives 80.4 percent attenuated at Bayou Bara-
taria at Barataria six miles north of Lafitte.
The arrival and recognition of the tide 1s
dependent upon absolute water levels: low ab-
solute wvater levels cause attenuation of the
tide form.

Tides are critical in successful transport
of pelagic larvae forms of commercial shrimp
from offshore spawning to inshore nursery grounds.
Strong tidal influx promotes good shrimp larvae
recruitment from offshore spawning grounds to
inshore nursery grounds. This occurs in
February through April for Brown shrimp and
corresponds with the period when tide ramge is
highest in the inland parts of the basin. This
same pattern is repeated during the critical
period for white shrimp emigrationsduring the
months of June through September but less
intensely.

2) Water level has risen since 1954 with an appar-
ent increase in rate occurring around 1960, Much of
this appareant rise, though, may be because of subsi-
dence of the tide gauge site., Both water
level and tide range vary with an 18.6-year-
period, and they exhibit a significant semi-
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3)

annual periodicity. Water levels are highest in
September with a secondary maximum in the spring,
while tidal range has maxima in June and December
and minima in March and September. High water
levels in February through April are normally
associated with successful Brown shrimp years
with the condition that salinity and temperature
are also high. This is believed to increase the
areal extent of the nursery grounds by flooding
the marsh. Shorter variations in level and

range also occur in response to astronomical
forcing and weather patterns. ‘

An example of biological response to meteoro-
logical forcing is the recruitment of Brown
shrimp to the estuaries in February through
April. A system that lowers water levels in
estuary (strong north winds) followed by a
system that brings a return of water from the
Gulf (strong southerly winds) is beliewved to be
responsible for successful recruitment. This
series of systems occurs in a typical Loulsiana
spring. Heavy rainfalls during this time lower
salinity and limit the available nursery groumnd,
thus inhibiting succesaful growth of Brown
shrimp.

Annual mean water level slopes change are
3 to 5 x 10~3 ft/mile and are independent of
absolute water level. Extreme high waters occur
in September; extreme low waters occur during
January, February, March, and April. The
highest frequency of water level oscillations
above MHW occur ia September inclusive through
December., This is also the time of highest
total hours of water levels in excess of
MHW . ,

While precipitation records show no noticeable
long-term trends, there i{s a measurable drop in
precipitation from high July/August/September
values to low August/September values. It is
also apparent that precipitation is associated
primarily with the Frontal Overrunniag, Gulf
Return, Frontal Gulf Return, and Gulf Tropical
Disturbance climatic types. Relative to their
duration of occurrence, Gulf Tropical Dis-
turbances account for a disproportionate amount
of precipitation., Surplus water, associated
with maximum precipitation and minimum evapora-
tion {i.e. Frontal Overrunning, Frontal Gulf
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4)

3)

6)

7}

Return, and Gulf Tropical Disturbance climatic
types) is a maximum in late winter and spring
and a minimum in autum.

The high water surpluses and low salinity
from January to April are associated with low
Brown shrimp catches in May and June.

The salinity regime at Lafitte appears to have
undergone a change around 1962, but no other
long-term record exists for comparison. The
Barataria Waterway was constructed at about this
time, but there is no documentation to specifi-
cally tie the change to the waterway. There is
also a trend at St, Mary's Point toward in-
creasing salinities, but quantification remains
problematic, Oyster-leasa distribution has
moved northward well into Little Lake during the
past two dacades. On a seasonal basis, Grand
Terre salinities have a maximum in October-
November and a May minimum, while further up the
basin the minimum occurs in February-March.
Salinities decrease significantly landward even
though the Barataria Basin catchment area is
severely restricted. High temperature and
salinities in the upper estuary provide an
extended nursery ground for Brown shrimp in
spring.

Water temperature increases from a mid-January
low to a plateau of warm temperatures from May
thru mid-September, and the rate of this tempera-
ture increase is critical for growth of Browm
shrimp. The drastic temperature changes asso-
ciated with cold fronts October through December
are triggering factors for the emigration of
White shrimp from inshore to offshore fisheries.
The synoptic weather types occur for duratioms

.of a few hours to half a month. Weather types

characterized by southerly winds (Coastal
Return, Gulf Return, and Frontal Gulf Return)
occur primarily in summer, while northerly wind
types (Pacific High, Continental High, and
Frontal Gulf Return) occur primarily in winter.
The Gulf High type, with northerly winds, though,
alsc occurs mostly in summer. Gulf tropical
disturbances are most frequent in July, August,
and September.

Wave attack along the Barataria Basin coast and
pulgses of water associated with tides and storms
in and out of the basin provide the mechanisms
for coastal ervsion and land loss within the
basin, Water pulses that exceed MHW ccecurred
128 times during 1971. On an average of once
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every three days raised water occurs above MHW.
The seasonal high-watar period that extends from
September through December coincides with part
of the high wave season. Low water levels for
the months of September and October are actually
higher than the annual mean value. Although
seasonal coastal erosion and land loss has not
been documented, the variable wave =nd water
level conditions are suspect in being periods
when destructive processes are active.
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Appendix A. Value of theData

An important objective of the study of the hydro-
logical and climatological processes of Barataria
Basin was to be able to compare absolute water
levels at @ach measurement station and to correlate
these levels with some marsh level datum. This was
seriously hampered by the imprecise vertical cali-
bration of instruments’' gauge zero with respect to
any established first order benchmark. General pro-
cedure has been to calibrate gauge zero through a
network of temporary benchmarks (TBM) and a first
order permanent benchmark (PBM) to Mean Sea Level
(MSL). Errors inherent within this procedure are
compounded by the use of different sea level datums
(1918, 1929, and 1939) for different measurement
stations. All vertical controls were originally
surveyed from United States Coast and Geodetic
Service (USC&GS) first-order benchmarks, assuring
an accuracy of * 0.1 ft. The zeroing of the U.S.
Army Corps of Engineers (COE) gauging stations was
accomplished by surveying to temporary benchmarks,
which were in turn surveyed into USC&GS permamnent
benchmarks, but only using third-order standards.
Communications with the New Orleans District COE
survey section indicate that the vertical control
of these water level gauges is within 3 in. Although
this presents definite shortcomings when relative
water levels are compared, it 1s the best data '
available.

Bayou Rigaud. The latest survey data for Bayou
Rigaud is unavailable because of loss of the per-
manent benchmark in 1973. An unacceptable survey
was conducted by the USCAGS just prior to the
disappearance of the benchmark. The gauge at Bayou
Rigaud will be resurveyed into an alternate first-
order benchmark in the near future. The preseat
reference of the gauge to MSL was established by a
survey in 1947, to 1929 sea level.

Bayou Barataria at Lafitte. The gauge at
Lafitte was surveyed to MSL using 1939 datum using
third-crder levels.

Bayou Barataria at Barataira.. There is no
detailed information avallable concerning the sur-
veying of the gauge at Barataria, A publigshed cor-
rection constant is used, but a more accurate tie-in
to MSL cannot be accomplished withour an extensive
effort on the part of the COE to locate the original
survey records.

Bayou Des Allemands. The gauge at Bayou Des
Allemands was surveyed to MSL using 1918 datum by the
USC&CGS using first-order levels.
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Bayou Chevreuil. The gauge at Bayou Chevreuil
was surveyed to MSL using 1929 datum by the USC&GS
using third-order levels. The original Bayou
Chevreuil station benchmark was destroyed, and the
gauge was resurveyed, resulting in a 1.2 ft dis~
crepancy from the ogirinal survey. The origin of
the error is not clear because COE water level pub-
lications indicate a -0.6 ft correction while the
gauge worksheets erroneously report a + 0.6 ft cor-
rection. The result is that a ~0.6 ft factor coxr-
rects the readings to a 1929 third-order MSL.

Table A.7 summarizes the previous discussion and
shows the station, the correction factor to MSL, the
year last surveyed, and the level of survey accuracy
for each water level station within the pilot study
area.

Other factors that effect data reliability are
instrumentation and record continuity. Water-level
instruments such as the Bristol gas purged pressure
gauge {Model 1G3X628-15) used at the USCG station
at Grand Isle are typical of those used to convert
water level informatiom to analog strip chart
recordings. These instruments require periodic
maintenance, paper changing and calibration. It is
evident from the actual records that the calibra-
tions drift so that the specified 0.01 ft resolution
is attainable only under ideal conditions, and the
accuracy should not be reported any closer than 0.0l
ft.

Record gaps occur from damaged equipment, equip-
ment failure, paper outage, etc., presenting a
serious problem when time series analysis is performed.

Time intervals .with maximum synoptic data were
selected for detailed analysis. Short data gaps
can be filled by linear interpolation, but longer
gaps represent unretrievable data and make the sur-
rounding record of questionable value. Many major
gaps occur from storm damage, which is unfortunate
since storms are times of high interest. Data gaps
' cannot be satisfactorily reconstructed because of
the large excursions of the parameter values during
these extreme events. The year 1971 was an excel-
lent data year as there were very few gaps and
record continuity was maintained through hurricanes
Edith and Fern (September 1971)}.
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fable A.1. Barataria Bay Pilot Study Data Handling

C = Catalogued = identified, located, and exdistence verified
R = Reduced = interpreted and listed at three hours Intervals
P = Punched = punched on IBM cards and/or shared on magnetic tape

WATER LEVEL

Sta. Year and Staus

Ident. Name 1968 1969 1970 1971 1972 1973
(Number) CRP CRP CRP CRP CRP CRP
USC&GS Bayou Rigaud XX XX XXX XXX XXX XX Xl
(88400)
LWFC Grand Terre X X X XXX X X
LSU Airplane Lake x? XXX |XxX |X X
Sea Grant
15U John the Fool Iz XXX X
Sea Grant Bayou
COE Bayou Barataria XXX [XX X2
(82875) at Lafitte
COE Bayou Barataria XXX [XXX [ XX Xz XXX
(82750) at Barataria
COE Bayou Des X X XXIX|XXX | XXX|X
(82700) Allemands '
COE Bayou X X xxx|xxx | xx2x
(82525) Chevreuil
COE Bayou Lafourche XX
(82350)
Humb le Humble 0il tx | xx | xxt
011 Placform "A"

lJanuary only

ZSubstantial data missing
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Table A.2. Salinity.

Sta. Year and Status

Ident. Name 1956-1961 1962-1970 1971 1972-1574 1975
(Number) CRP CRP CRP CRP CRPE
LWFC Grand Terre Xz XXX x? X2
(3015)

LWFC St. Mary's Xl X4 XX X4 X4 XA
(3017) Point

COE Bayou Barataria xl X; XX x; Xl xl
{82875) at Lafitcte

COE Bayou Barataria x3 X3 XXX X
(82750) at Barataria
lna 2 3 4

ily readings Weekly averages Spotty Weekly readings

Table A.3. Temperature.

Sta. Year and Status

Ident. Name 1956-1961 1962-1970 | 1971 1972-1974 1975
(Number) CRP CRP CRP CRP CRP
IWFC Grand Terre X2 Xz XX XZ x2 Xg
(3015) -

LWFC St. Mary's X xxx X3 x>
(3017) .Point

COE Bayou Barataria Xl XX xl Xl
(82875) at Lafitte

COE Bayou Barataria Xé X4
(82750) at Barataria

1Daily readings

zwéekly averages

3Weekly readings
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Table A.4. Wind Speed and Direction
Sta. Year and Status
Ident. Name 1969-1970 1971 1972 1973 1974 1975
(Number) CPR CPR |CPR{ CPR {(CPR| CPR
Beothville
Freeport Por
Sulfur Port Sulfur X XXX (X X
Table A.5. Metecorological - Synoptic Weather Typesl
S Sta. ‘ Year and Status
Ident. Name 197Q 1971 1972 1973 1974 1975
(Number) CRP CRP CRP| CRP CRP CRP
New Orleans X XX XX XX XX X Xz
Moisgant
Intl
Airport
Boothville X X X
Grand Isle X XX

lData compiled to produce weather types consist of Air Temperature, Dew Point
Temperature, Relatfve Humidity, Cloud Cover, Precipitation, Wind Speed and
Wind Direction.

2Daca avallable through June 1975.
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Table A.6, Meteorological - Hydroclimatological1

Sta. Year and Statusg

Ident. Name 1888-1950 { 1950~-1969 | 197u | 1971 1972 [1973-1975

(Number) CREP CRP?P CRPHCR CRP CRP
DonaldsonvillJ .X TXX|XXX|X XXX
Reserve X XXX XXXJX XXX
Nest Orleansz X X XXX{XXX| X XXX
Moissant
Paradis X XXX|XXX|X XXX
Schriever X XXXJiXXXI|X XXX
Houma X XXX |XXX]X XXX
Thihodaux Xz XB
Diamonid Xs XXX1XXX|X XXX
Galimmo XXX |XXX[X XXX
Grand Isle X6 XXX[XXX|X XX

lTemperacure and precipitation at all stations unless otherwise indicated.

zFirst order station ~ all meteorological parameter

3

4

SData available from 1960 to preseat.

6Data available from 1969 to preseat.

Some 1974 to Jan. 75.

All data stored on special tape.
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Table A-7

Barataria Bay Water Level Gauge Calibration Data

Order

Station Corr Corr Laat of MSL
Name factor to Survey g 1 Datum
urvey
Bayou Rigaud ~5.63 MSL 1947 ——— 1929
Grand Terre 0.0 MSL 1967 firat 1939
Airplane Lake -14.19 MSL - e —-—
Bayou Barataria 0.0 MSL 1939 third 1939
at Lafitte
Bayou Barataria =0.78 MSL 1941 third
at Barataria
Bayou 0.0 MSL 1918 firat 1918
Des Allemands
T wyou -0.6 MSL 1929 third 1929
_aevreuil

lThere are three levels of vertical comtrol.

First Order =

Second Order =

Third Order =

4 mm JK = .0131 ft JH :

6 mm JK =
8 muJK =

12 mVyK =

L0197 £t VM
L0263 ft JM

.0395 ft ¥M

Class I & IT

Class I
Class LI

Class I & II

where K = distance of run in kilometers
M = distance of run in miles
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Appendix B. Tides

Tide is defined as the periodic rising and fall-
ing of water level that results from effects of
gravitational attraction of the moon, sun, and other
astronomical bodies acting upon a rotating earth.
Although the accompanying horizomtal movements of
the water resulting from the same cause are also
sometimes called the tide, it is preferable to
designate the latter as tidal currents, reserving
the same tide for vertical movements (CERC 1973).

A tidal day is defined as the time of the rota-
tion of the earth with respect to the moon or the
interval between two successive upper transits of
the moon over a specific meridian, 24.84 solar
hours (24 hours and 50 minutes) (CERC 1973). A
tidal period is the interval of time between two
consecutive occurrences of the same phase of the
tide (CERC 1973). '

within each tidal period there is one high water
and one low water. High water is the maximum ele=-
vation reached by each rising tide (CERC 1973) and
is frequently called the crest. Low water is the
minimum height reached by each falling tide (CERC
1973) and 1is frequently called the trough. The
height of the tide is generally measured from some
arbitrary datum that has been accurately leveled to
some benchmark. Thus over a 19-year period the
average height of the high waters and the average
height of the low waters can be determined. These
by definition are mean high water (MHW) and mean low
water (MLW). If the type of tide is either semi-
diumal or mixed, all high waters and all low waters
are used in the averaging procedure. If the type
of the tide is diurnal only, the higher high waters
are included in the averaging procedure. There is
no rationale for fixing what the higher high waters
are.

The range of the tide is the diffarence in height

' between a crest and the following trough. The mean
range 1s the l19-year average of all ranges.

The mean tide level is half the difference
between mean high water and mean low water (CERC
1973). It should be noted that this level 1is not
always equivalent to mean sea level.

There are other terms used in the study of tides
that describe hypothetical situations. Such terms
are co—tide, co-range, and co-height charts. These
types of charts are effectively used to show temporal
or vertical distributions of the tide over a large
area. For example, co-tidal lines are indications
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of a coincidence in the time of high tide. Thus
the lines join places at which high water occurs
simultaneously (Russell 1968, Doodson and Warburg
1941).

In a similar manner co-range lines join places
that have equal ranges, and co-height charts join
places that have equal water heights relative to
a common datum.

The tide-producing forces can be computed with
great accuracy, but the response of the oceans to
these forces is extremely complicated and determina-
tions of response for predictive purposes have been
avoided. What has been done is to assume that the
tide i3 the sum of a series of harmonic oscilla-
tions or partial tides having the period of the
tide-producing forces. In addition, annual and
semiannual terms that are not related to astronomical
forces but that are the result of prevailing winds
or changes in sea level from heating and cooling
must be added at each locality. These terms are
called the meteorological tides. In areas where the
- tidal wave form is deformed by friction, particu-
larly in shallow bays, it may be necessary to intro-
duce harmonics of the forcing frequencies to
adequately describe the tide. Each of these terms
is weighed proportionally to its empirical, rather
than theoretical, importance in each particular
locality.

+  The most important tide-producing forces are
those of nearly semidiurnal and nearly diurmal periecd.
These drive semidiurnal, diurnal, and mixed tides.

A semidiurnal tide is one that has two high waters
and two low waters in a tidal day with comparatively
little diumal inequality (CERC 1973). A diumal
tide is one that has one high water and one low
water In a tidal day (CERC 1973). A mixed tide is
one in which the presence of a diumal wave is con-
splicuous by the large inequality in either the high
or low water heights with two high waters and two

. low waters usually occurring each tidal day. Imn
strictness, all tides are mixed, but the name is
usually applied without definite limits to the tide
intermediate to those predominantly semidiurnal and
those predominantly diurnal (CERC 1973).

There are two main semidiurnal tide producing
forces; one with a period of 12.42 hours and one
with a period of 12.0 hours. The interaction of
these two compconents produces a temporal variation
in tidal amplitude. The semidiurnal tide will be
great when these two partial tides coincide and
small when they counteract each other. The larger .
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of these tides is called spring tides and the smaller
is called neap tides. In localities that have domi-
aant semidiurnal components, spring and neap tides
come at intervals of about 14 days.

There 1s also a fortnightly variation of the
diurnal tide. This is because the distributiom of
the moon's tide-producing force over the earth varies
with the declination of the moon. The tides that
display the greatest diurnal range are called tropic
tides since they occur when the moon is at its
maximum angle relative to the equater, over the
Tropic of Camncer or Capricorn. The tides that dis-
play the smallest range are called equitorial
because the moon's angle relative to the equator is
ac a minimum.

Tide predictions published by NOAA give the false
impression that tidal effects in coastal regions are
well understood. This impression 1s especially
false concerning tides in the Gulf of Mexico.

The tide in the Gulf of Mexico is diurnal and
mixed; the semidiumal tide is conspicuously absent.
The type of tide present at a location can be des-
cribved from a ratio of harmonic constants. The
harmonic constants are:

Name Designation Period
Principal lumar Mé 12.42 hr
semidiurnal '
Prineipal solar S2 12.00 hr
semidiurmal
Luni solar diurnal K1 23.93 hr
Lunar diurnal 01 25.82 hr

The ratio of these components is

(Kl + 01)
M, +8,)
and the designationa are
Designation (K1 + 01)/(}{2 t 52) ratio
Semidiurnal 0 -0.,25
Mixed Semidiurmal 0.25 - 1.50
Mixed Diumnal 1.50 - 3.00
Diurnal > 3.00
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The ratio's of harmonie constants for Louisiana's
stations are:

Staticn EFl + 01)

G, + 5,
New Orleans, Lake Pontchartrain 9.00
Pass Manchac 15.00
New Orleans, Miss. River 12.75
Port Eads, Miss. River 7.80
Bayou Rigaud 10.67
Weeks Bay 2.95
Eugene Island 2.43
Calcasieu Light 1.26

There is no place in the Gulf that has a ratio
below 0.5, so in the Gulf of Mexico the semidiurnal
type 1s not represented. To date, there are
several hypotheses that explain the diurmal nature
of the tides in the Gulf of Mexico, e.g. Harris
(1907), Grace (1932, 1933), Marmer (1954), but nome
are conclusive. Platzman (1972) estimated the free
period of oscillation of the Gulf of Mexico to be
21.2 hours which lends support to the traditional
opinion that the tidal regime is affected by basin
resonance.
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Appendix C. Salinity and Temperature

The formal definition of salinity is ''the weight
in grammes of the dissolved inorganic matter in 1
kg of sea water, after all bromide and iodide have
been replaced by the equivalent amount of chloride,
and all carbonate converted to oxide' (Cox 1965).
Until about 1900 this slow and difficult method was
used with good reproducibility. Because of its
difficulty, however, other methods of determining
salinity came under scrutiny--among them, conduc-
tance, density, and chloride content. The Stockhelm
Convention of 1899 found a close correlation between
the chloride content of seawater and the salinity.
This new parameter called chlorinity (Cl) was
defined as the '"halide concentration in parts per
mille by weight, measured by reaction with silver
nitrate, and computed on the assumption that all
the halide is chloride™ (Cox 1965).

The Convention then put forth the mathematical
expression:

S ppt = 1.805CLl ppt + 0.030

This relation has been used almost exclusively
for years, but with advancing technology and more
stringent demands on accuracy this relationship has
been challenged and the form

S ppt = 1.80655Cl ppt
has been suggested (Cox et al. 1967, p. 213).
Usually salinity is then rounded to two decimal
places. .

The elimination of the 0.030 constant, which was
inserted to allow for the diluting effect of fresh .
water from Baltic rivers, does not appreclably
affect salinities within the range of 30 to 40 ppt.
Near the land~sea interface of estuarine waters,
where salinities are below this range, the great
variability between samples minimizes errors intro-
duced by simplification of the above relationship.
Tt should alsoc be borne in mind that the ion com-
position of estuarine waters may be very different
from that of pure oceanic seawater. Sea-land
boundary waters typically contain a higher propor-
tion of carbonate and sulfate to chloride with an
accompanying increase in the proportion of calcium
to sodium (Collier 1970, p. 67).
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During the past 25 years the direct chemical
methods have been replaced in many instances by the
measurement of related parameters. An example is
the measurement of electrical conductivity followed
by the mathematical comversiom to salinity. These
techniques provide a simple, rapid, inexpensive
measurement process while allowing continuous in
situ salinity records to be obtained. Much care,
however, must be taken in the interpretation of
such records because not only is conductivity
sensitive to temperature variations, but in
estuarine areas, ionic composition, which influences
the electrical conductivity of the water sample,
may vary from that of seawater, for which the
salinity-conductivity relation was determined.
Conversion has been achieved using tabulated con-
version factors (U.S. Naval Oceanographic Office
1966). It should be emphasized that combinatiom of
data measured by different methods and reliance
values measured by different methods and reliance
on spatially and temporally separated data must be
carefully approached. Such problems are difficult
to avoid in many cases because of the limited data
base, but care must be taken in interpreting the
data. Ssalinity measurements taken within the
Barataria Basin range from the weekly gathering of
water samples for later chemical titration teo the
chart recording of continuous in situ measurements
using a modern induction salinometer.

One important factor in the overall usefulness
of salinity and temperature data 1s thelr compati-
bility with other data sets. The general criterion
imposed upon Barataria Basin data was that three-
hour sampling be maintained for adequate resolution
of tidal forcing. This has been followed wherever
possible., There are, however, many areas where
data were not collected that frequently. Most of
" the salinity data at St. Mary's Point, for instance,
was collected on a weekly basis; thus, the specifi-
cation of a 3-hour sampling period was not possible.
When continuous recordings were available, however,
values were read off at intervals of 3 hours. It
is, thus, important to note that the temporal reso-
lution is dictated almost entirely by the availla-
bility of data rarther than by sclentific criteria.
Equally as important, the spatial resolution of the
data is restricted; the Barataria Basin is well
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monitored relative to other parts of the Louisiana
Coastal Zonme but still leaves large gaps in the
"optimally" conceived data network. The statiomns
chosen for investigation, in seaward to landward
order, were Grand Terre, St. Mary's Foint, Bayou
Barataria at Lafitte, and Bayou Barataria at
Barataria. The follewing is a detailed descrip-
tion of these four stations, including locations,
data obtained, instrumentation, and treatment of
the data.

MEASUREMENT STATIONS

Grand Terre

The most seaward station investigated, Grand
Terre, is located at a boat slip on the north side
of Crand Terre, which is at the south end of
Barataria Bay (see Fig. 1.1). This station is
designated by the Louisiana Wildlife and Fisheries
Commission (LWFC) as Area III, Statiom 15 (3015),
and it has a latitude of 29° 16' 28" and a longi-
tude of 89° 56' 32" (Barrett 1971, p. 42). Con-
ductivity has been measured on a continuous basis
by the LWFC Division of Oysters, Water Bottoms, and
Seafoods at this station since 1961. The first
instrument used was a Beckman RQ conductivity
recorder, which was installed 16 May 1961. This
instrument recorded conductivity on 10-in diameter
charts in micromhos/ecm at 25°C. Hourly values were
read from these charts by LWFC and converted to
salinity in parts per thousand (ppt) with the use
of a table prepared from a conversion graph provided
by Beckman Instruments, Inc. The accuracy given in
the specifications for this instrument is * 2% of
the conductivity reading. From August 1967 to July
1975 a Beckman RSQ electrodeless induction salinom-
eter, which is equipped with automatic temperature
compensation, wes used for measuring conductivity.
Conductivity is internally converted to salinity in
ppt and, again, recorded on 10-in diameter charts.
The specifications for this instrument give the
accuracy as * 0.5 ppt salinity. The total depth
of water at this point is approximately 3 ft;
the sensor of the salinometer is located
approximately 1 ft above the bottom.

For the entire year, 1971, we received copies of
the original disc recordings of salinity in ppt,
reduced data at various intervals, memipulated it a
number of ways, and stored it in various forms.

For the period May 1961 to March 1975 we obtained
computer printouts from LWFC of dally and weekly
maximum, minimum, and mean salinities of all years
combined plus monthly, seasonal, and annual maximum,
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minimum, and mean salinities of all years combined.
These means for all years combined were calculated
by averaging the mean salinities for corresponding
intervals (weeks, months, seasons, or years)
throughout these 14 years. The method used by LWFC
was to code the number of hours per day that the
galinity was within a given range to the nearest ppt
and then compute a welghted average to the nearest
0.1 ppt. We also obtained a printout of 1971 with
the total number of hours per day at each salinity
reading and a printout of 1974 with the same informa-
tion plus the daily mean averaged to 0.l ppt and

the weekly, monthly, and seasonal averages.

In order to test the validity of the averaging
technique, we made daily calculations of the values
from 14 August 1971 to 2 November 1971 by two
methods: (1) by the method described above and
(2) by estimating the salinity to the nearest 0.l
ppt at hourly intervals on the continuous discs and
averaging these values to the nearest 0.1 ppt.
Results obtained from the two methods agreed to a
surprising degree. The maximum difference was 0.6
ppt, which occurred only once. In most cases the
results were within ome or two tenths of a ppt of
each other (well within instrumental accuracy).
Once the reliability of the first method was as-
certained, it was the method chosen to calculate
weekly averages for 1971 (see Table C.l). This
table also includes the 1961-74 averages.

Salinity data at hourly intervals were coded
and punched to the nearest 0.1 ppt from continuous
discs for the period 14 August 1971 to 17 November
1971 and at 3-hour intervals to the nearest 0.5 ppt
from 19 January 1971 to 14 December 1971. For this
period of time, 8:00 a.m. values were also read from
these charts to the nearest 0.l ppt and tabulated
(see Table C.2).

Table C.1., Weekly Average Salinity at
Grand Terre :

Week Salinity (ppt) Week Salinity (ppt)
No. 1961=-74 1971 No. 1961-74 1971
1 23.1 * 27 2G.3 25.2
2 23.2 * 28 21.9 26.0
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Table C.1. Continued.

3 23.4
4 20.6
5 20.2
6 21.9
7 23.9
8 22.3
9 21.2
10 21.7
11 21.8
12 21.1
13 20.9
14 20.1
15 19.1
16 17.9
17 17.4
18 17.0
19 19.0
20 18.0
21 17.8
22 17.3
23 17.3
24 17.6
25 18.2
26 20.8

22.9
22.7
24.9
24.7
24.7
24.4
24.2
24,7
19.5
19.2
18.6
1%.4
22.8
16.5
19.2
22.1
23.4
24,3
22.1
20.9
16.9
22.6
24.6
27.7

23.5
23.0
21.7
21.0
22.0
21.8
21.9
21.4
23.2
23.0
23.9
24.4
25.5
25.4
26.6
27.9
27.7
27.2
27.5
27.1
26.5
25.0
24.8
24.1

- L] -

* w
WO~

ey eg S r e v

[(CN XN N

* POV ¥ % %O o B
L[] L Y L]
~t N =

* = no data.
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Table C.2. Daily 8:00 a.m. Salinity (ppt) at Grand Terre, 1971.

Date Salinity Date Salinity Date Salinity

Jan. 1, 1971 -_— Feb, 12 27.0 Mar. 26 1.0
2 - 13 25.5 27 18.2
3 - 14 20.8 28 19.2
4 - 15 20.0 29 19.1
5 — 16 22.0 30 -
6 - 17 21.0 31 17.5
7 — 18 24.7
8 - 19 24,5 apr. 1 18.5
9 - 20 24,0 2 18.0

10 — 21 23.2 3 17.0
11 - 22 22.0 4 20.7
12 - 23 21.5 5 20.5
13 - 24 25.5 6 —
14 — 25 27.0 7 20.5
15 —_ 26 26.5 8 16.5
16 — 27 23.5 9 26.5
17 — 28 23.0 1d 25.0
18 - 11 24.3
19 20.5 Mar. 1 24.0 12 23.5
20 20.2 2 25.0 13 26.5
21 24.0 3 22.5 14 -
22 26.0 4 - 15 —
23 25.5 5 26.5 16 —
24 25.0 6 26.5 17 —
25 21.2 7 24.3 - 18 -—
26 20.5 8 21.0 19 -
27 20.5 9 25.0 20 17.5
28 22.0 10 25.5 21 16.5
29 22.5 11 24,8 22 17.0
30 24.3 12 23.5 23 18.0
31 26.8 13 21.2 24 17.2
14 19.0 25 18.0

Feb. 1 25.2 15 15.5 26 -
2 24.0 16 — 27 20.5
3 26.0 17 - 28 20.0
4 26.5 18 _— 29 21.0
5 26.3 19 — 30 22.0
6 26.2 20 -—

7 26.0 21 — May 1 20.6
8 26.0 22 - 2 17.5
9 24.5 23 21.5 3 -
10 19.6 24 16.4 4 23.5
11 25.2 25 19.0 5 24.5
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May

June

Sal.

24.7
24,8
24.5
24.2

23.0
23.0
20.7
24.0
23.7
23.8
25.2
25.6
25.8
23.0
22.5
22.7
22.5
22.6
22.5
20.8
20.8
20.6
20.5
20.3
20.3

22.3
19.6
18.2
16.0
16.0
16.5
17.5
17.5
17.5
18.2
18.5
18.3
19.8
22.8
24.8
30.8
30.0
26.0
23.0
22.0

2i.5-

22.2

Date

June 24

July

Aug.

26
27
28
29
30

Do =g Ohn &

[
[ V. 3 JON . ST R LR L

26.5

L I ] L]
DR WOoODOoOOoWm

RN NN

LI )

>
o
*

o

Sept.

sal.

22.3
19.0
26.0
29.6
26.4
25.6
24,0
25.0
25.5
25.6
25.0
23.5
22.4

144



Date Sal. Date Sal.
Oct. 1 15.5 Nov. 19 —_
pi 16.7 20 —_
3 13.6 21 —_—
A 15.5 22 —
5 15,2% 23 —
6 15.5 24 —_
7 14.7 25 —_—
8 13.8 26 —-—
9 16.3 27 ——
10 16.2 28 —_—
11 16.2 29 -
12 13.0% 3Q 28.0
13 13.0
14 12.9 Dec. 1 27.0
15 13.0 2 26.8
16 17.0 3 27.2
17 19.0 4 21.0
18 19.2 5 22,5
19 19.3 6 24.8
20 18.1 7 26.0
21 17.8 8 25.5
22 17.0 9 28.0
23 17.0 10 28.0
24 16.8 11 25.0
25 16.8 12 24.2
26 10.8 13 23.0
27 17.2 14 23.8
28 18.2
29 17.6
30 17.7
31 19.0
Nov. 1 19.0
2 21.0
3 -_—
A —
5 —_
6 —
7 -—
8 —
[ -—
10 —_
11 ——
12
13 -
14 -
15 -
16 —_
17 -—
18 -
— no data

* interpolated
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Alr and water temperatures have been measured
and recorded continuously by LWF{ st Grand Terre
since January 1958 with a Taylor temperature recorder
(mercury=-filled capillary system). The model
originally used is unknown; arcund 1963 a Tayler
76JM was installed. The apecifications for this
instrument give the temperature range as ~10°C to
50°C and the accuracy as + 0,5°C. It is calibrated
every week against a scientific glass thermometer
and readjusted when necessary to assure readings
to within 0.5 degrees. Weekly maximum, minimum,
and mean values of water temperature (°C) for all
these years combined (through September 1975) were
obtained from the Division of Oysters, Water
Bottoms, and Seafoods. Monthly and amnual maximum,
minimum, and mean values for each year plus all
years combined were also obtained. Temperature
data at this station were treated and reported in
the same manner by LWFC as were salinity data, 1.e.,
the number of hours per day that the temperature
was within a given range was coded to the nearest
degree and then averaged to the nearest 0.1 degree.
Therefore, any single reading was reported to the
nearest degree, and any mean was reported to the
nearest 0.1 degree.

As with salinity, for 1971 we received weekly
averages of water temperature and copies of the
original continuous disc recordings of both air
temperature and water temperature. The values for
water temperature were coded and put on computer
cards to the nearest 0.1 degree at 3-hour intervals
from 14 August to 27 November 1971.

St. Mary's Point
The next landward station investigated is curw

rently located at St. Mary's Point, approximately
10 miles NNW of Grand Terre at a latitude of 29°
25" 30" and a longitude of 89° 56' 19" (see Figure

1.1). At the present time salinity and temperature
" are monitored at this station by LWFC, which desig-
nates it as Area IIT, Station 17 (3017). The total
depth of the water at this location is some 6 to
8 ft. Measurements of salinity and water tempera-
ture near the surface and near the bottom indicate
a high degree of mixing in this area so that either
set of values reliably may be used for comparison
with values at other locations. Surface readings
were chosen because of the extensiveness of this
data as opposed to that of bottom sampling.
Actually, readings designated as surface values
include samples taken at mid-depth.
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We obtained salinity measurements made in the
vicinity of St. Mary's Point during various periods
from 1945 to the present. The frequency of
sampling, method of measurement, and agency col-
lecting the samples have varied during this time.
However, we obtained all the data from LWFC.

The earliest data collected in this area that
we used consisted of only a2 few samples taken
between 13 July 1945 and 23 February 1947 at a
location described as Station 14, 500 yards SE of
St. Mary's Point in upper Barataria Bay and 800
yards NW of Saturday Island. These salinity data
‘were determined by titration procedure employing
a silver nitrate solution which had been standard-
ized with 'Standard Sea Water' samples obtained
from Woods Hole Oceanographic Institution”

(Hewatt 1951, p. 14).

The data between 11 April 1947 and 31 August
1949 were obtained from dally sampling at a loca-
tion designated by Hewatt as Station 47, which is
"Slightly n.w. about 1500 ft from the western point
of St. Mary's Point. It is over Bozo Zibilich's
oyster lease No. 10876" (Hewatt 1951, p. 16). The
sampling was performed by a method worthy of the
following detailed description given by Hewatt
(1951, p. 17):

During the early spring of 1947, under the
direction of Mr. W. B, James and Mr. L. M. Hubby
of the Texas Company Geophysical Laboratory,
Houston, Texas, a "Salinity Recording Instrument"
was developed. The first instrument was mounted
on a speed-boat and was employed in a study of
the dispersal of bleedwarer in the canal system
of The Texas Company's Lafitte 011 Field. The
resistivity apparatus was found to be very
accurate in its early tests at which time it was
checked regularly by titration procedure ....

On April 11, 1947, a '"salinity boat", equipped

with a recording apparatus, began making a daily

run on the waters of the Barataria Bay area.

Beginning on that date an ischaline chart was

constructed each day through February 7, 1948,

to show the salinity distribution in those waters.

Daily sampling at Station 47 occurred during the
course of daily runs made for about 20 months aloug
a north-to-south transect across Barataria Bay.
These daily values were recorded and tabulated in
salinity to the nearest 0.l ppt.

Noe salinity data were received between September
1949 and May 1956. Begilnning in June 1956, sampling
in this area was conducted by the U.S. Army Corps of
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Engineers at Manila Village. The statiom,
originally designated B-2Z and later given the
number 82903, was located at a latitude of 29° 25°'
00" and 2 longitude of 89° 58' 15". The sounded
depth of the water here 1s givea as 5 ft; daily
chlorinity of mid-depth samples was determined by
the Mohr titration method (U.S. Army Corps of
Engineers 1963). The data we obtained from LWFC
include these values converted to salinity to the
nearest 0.1 ppt during the period June 1956 to
December 1961.

The Loulsiana Wildlife and Fisheries Commission
began sampling at St. Mary's Point (latitude 29°
25' 30"; longitude 89° 56' 19") in January 1962.
From this time to April 1966, a Beckman RQ con-
ductivity recorder such as was used at Grand Terre
was employed for weekly measurements of conductivity
in micromhos/cm, which were converted to salinity
with the use of the conversion chart provided by
Beckman Instruments, Inc.

This instrument was replaced with a Beckman RS5
in situ induction salinometer in April 1966, which
was used for weekly measurements wmtil June 1975,
The RS5 measureg conductivity and temperature and
computes salinity from these measurements. The
specifications for this instrument state the accu-
racy as + 0.3 ppt salinity whem the conversion from
conductivity to salinity is done internally.

We obtained computer printouts from the Division
of Oysters, Water Bottoms, and Seafoods of the
salinity data described above in the wvicinity of
St. Mary's Point from 1945 to 1975 that give the
daily, weekly, monthly, seasonal, and annual
averages for each year plus all years combined.
Weekly readings to the nearest 0.1 ppt were coded
and put on computer cards by date for the period
7 January 1871 to 28 December 1971,

Even though the salinity data we obtained from
LWFC date from as early as 1945, most of the data
" analyzed were those taken since 1961. Daily
measurements were made during 1961 but since then
only weekly samples have been taken. It should be
noted in observing the use of weekly values at
St. Mary's Point that weekly averages calculated
from daily readings at Manila Village during 1961
are included in the 1961-74 long-tern weekly values
{see Table C.3). These values were obtained by
averaging salinities for corresponding weeks
throughout this period. Thus, each data poiat
represents an average of 14 values.
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Table C.3. Weekly Average Salinity at St. Mary's

Point
Week Salinity (ppt) Week Salinity (ppt)
.No. 1961-74 1971% No. 1961~74 1971*
1 13.0 4.8 27 iz2.8 17.7
2 10.6 — 28 12.8 17.6
3 9.7 9.1 29 13.5 17.1
4 8.6 17.8 30 13.8 13.5
5 8.4 13.5 31 12.4 13.9
6 8.6 5.9 32 12.7 5.9
7 8.8 5.7 33 15.1 17.8
8 11.2 10.0 34 14.7 18.9
9 9.3 12.9 35 15.2 23.5
10 8.9 5.1 36 15.3 15.8
11 10.3 12.2 37 17.4 13.6
12 12.4 .18.6 a8 15.8 2.5
13 9.8 6.9 39 17.8 11.1
14 10.1 2.7 40 15.2 3.5
15 12.9 17.5 41 18.0 8.4
16 12.4 16.5 42 18.8 11.6
17 12.0 18.5 43 17.4 13.3
138 13.4 19.7 44 20.0 -
19 14.3 23.0 45 18.3 13.4
20 12.0 19.2 46 15.0 18.7
21 12.0 21.4 47 18.6 22.7
22 12.3 19.6 48 15.3 20.0
23 12.9 19.3 49 13.8 20.2
24 12.5 19.4 50 15.5 20,2
25 11.9 -— 31 12.2 14.8
26 11.8 18.6 52 13,1 19.7

*Yeekly readings.

Even though it was necessary to use weekly
readings at this station, the values were coded,
punched, graphed, and plotted according to the
actual days on which the measurements were taken in
order to achieve as much uniformity as possible for
comparison with other data.

Water temperature has been measured weekly at
St. Mary's Point by LWFC since 1968 with the Beck~
man RS5 described above. The specifications for
this instrument give the temperature range as 0-40°C
+ 0,5°C. A printout was cbtained of weekly,
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monthly, seasonal, and annual averages for each
year plus all years combined from 1968 through the
first half of 1975. Weekly readings In degrees
centigrade to the nearest 0.1 degree were coded
and put on computer cards by date for the period

7 January to 28 Deceumber 1971.

Bayou Barataria at Lafitte

The next landward station studied is Bayou
Barataria at Lafitte, approximately 20 miles inland
from St. Mary's Point and approximately 30 miles
NNW of Grand Terre, 29° 40' 06" lat. and 90° 06'
36" long. (see Fig. 1.1). This station is main-
tained by the New Orleans District of the U.S.

Ammy Corps of Engineers and currently is numbered
82875; through 1961 it was designated B-1.

The chloride ion content has been measured daily
by the Mohr titration method at this location since
October 1955. The depth of the water 1s approxi-
mately 13 ft MLG (Mean Low Gulf). From 1935 to
1961 chlorinity was measured from samples taken at
various depths (usually 1, 5, and 7 ft below the
surface). Since July 1961 sampling has been mostly
at mid-depth (approximately S ft below the surface).

We obtained Storage and Retrieval (STORET)
printouts from the New Orleans District Corps of
Engineers through the facilities of the Environ-
mental Protection Agency (EPA) of daily measure-
ments of chlorinity from October 1955 to December
1974, These computer printouts included monthly
and annual averages of mid-depth measurements for
each year and all years combined.

Weekly averages of chlorinity were caleulated
from daily 5 ft values and then converted to
salinity by the following equation suggested by
Cox et al. (1967, p. 213)

S ppt = 1.80655 C1 ppt (c.1l)

These calculations and conversions were performed
for each week of each year from 1956 through 1974.

' Averages were then caleulated on a weekly basis

for the following groups of years: 1956~1960;
1961-1965; 1966=1970; 1971-1974; 1956-1974; and
1961-1974 (see Table C.4). Long-term values ob-
tained from the 1961-74 data were plotted in Figure
2.3 in order to maintain consistency with other
graphs.

Daily mid-depth chlorinity measurements for
1968-73 were converted to salinity with the stan-
dard equation, C.l, and then converted to specific
conductance at 25°C according to the method suggested
by the U.S. Naval Oceanographic Office (1966). In
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salinity range of 0.00 to 9.99 ppt (salinity
rounded to two decimal places) and at a tempera-
ture of 25°C, this formula is:

Specific Conductance (millimhos/cm) =

[(s ppt) (0.001658) + 0.0004] X 1000 (C.2)

The daily salinity values to the nearest 0.1 ppt
were coded and put on computer cards for the period
1 January 1971 to 31 December 1971. The salinity
exceeded 9.99 ppt only once, with a value of 10.03
ppt. Equation C.2 produced a specific conductance
of 17.02 willimhos/cm. A corrected version for a
salinity range of 10.00 to 19.99 ppt gave a specific
conductance of 17.05 millimhos/cm.

Daily mid-depth measurements of water tempera-
ture at Bayou Barataria at Lafitte were received
from the New Orleans District Corps of Engineers for
the period 11 August 1969 to 31 December 1973.
Through 1972 temperature was measured in degrees
fahrenhelt and recorded to the nearest degree.
Measurements were taken in degrees centigrade and
recorded to the nearest degree beginning in 1973.

Daily water temperature values in degrees fahren-
heit were coded and put on computer cards for the
period 1 January 1971 to 31 December 1971. Even
though measurements were recorded only to the
nearest degree at this station, the values were
treated as if they were to the nearest 0.1 degree,
and this tenth was assumed to be zero. Weekly ]
averages were calculated from the daily values in
degrees fahrenheit for 1970, 1971, and 1972 and
then averaged for the entire period of 1970-72. The
1970-72 averages were converted to degrees centigrade
by the following standard equation:

°¢ = —g- (°F-32) ©.3)

Weekly averages were calculated for the year 1973 in

degrees centigrade. In order to arrive at weekly
averages for the entire period 1970-73, the 1970~

' 72 averages to the nearest 0.l degree in degrees

centigrade were multiplied by three, added to the

1973 values, and the totals divided by four.

Weekly averages in degrees fahrenheit were also

converted to degrees centigrade for the year 1971

{see Table C.5).

Bayou Barataria at Barataria

The farthest inland station investigated was
Bayou Barataria at Barataria, approximately 5 miles
from Bayou Barataria at Lafitte and approximately
35 miles NNW of Grand Terre, the most seaward
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1v Average Salinitv {ppt) at Bayou Barataria at Lafitte.
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Table C,5.

Week
No. 1969

10

13

14

16
17
18
19
20
21
22
23
24
25

26

Weekly Average Water Temperature at Bayou Sarataria at Lafitte

Aver.
FC

1970 1971 1972 1970-72
64. 166.0 51. 160 ~4
64.6 65. 758.6 63. 0
73 7674 566 659
75.3 70.9 60.3 68.8
71. 1711 55. 7 66. 0
74. 364. 0 54. 0 64. 1
73. 158. 9549 62. 3
77.0 73. 757. 4 69. 4
82. 673. 7615 72. 6
81. 1720 65. 172 7
80.3 77. 767.1 75.0
81. 972 6 63. 172. 5
66 7714 67 7686
69. 6 74. 671. 1720
72. 777. 175. 775.2
78. 6 79. 772. 0 76. 8
80. 778. 9 75. 178. 2
76 775 775 175 8
79.1 77. 175. 177.1
776 72 3743 747
74.2 78. 978.0 77.0
75. 481. 480.0 78. 9
76. 4 83. 180. 079. 8
756 82. 3 80. 979. 6
80. 3 80. 9 84. 681.9
76. 481. 7 84, 6 80.9

Aver.

1970-72

15. 8
17. 2
18. 8
20. 4
18. 9
17. 8
16. 8
20. 8
22. 6
22. 6
23 ~9
22,5

20. 3
22. 2
24. 0
24. 9
25. 7
24. 3
25. 1
23. 7
25.0

26. 1
26. 6
26. 4
27. 7

27. 2

197
'C
11.
7.2
11.
9.8
14.
12.
10-
12.
15.
17.
16.
17-9
14.
14.
20.
23.
22.8
22.
21.
23.
27.
28.
28.
28.
28.

30.

3

3

6

1

8 22.

8 25.
4 26.

Aver.

'C

1970-73

14. 7
14. 7
17. 0
17. 8
17. 7
16. 5
15. 3
18. 8
20. 7

21. 3

21. 4
19. 0
20. 4
23. 1
24. 7
25.0

23. 9
24. 3

23. 7

27. 0
27. 0
27. 9

28. 0

1971

18. 9
18. 7
19 ~7
21. 6
21. 7
17. 8
14. 9
23. 2
23. 2
22.2
25. 4
22.6
21.9
23. 7
25. 1
26. 5
26.1
24. 3
25. 1
22.4
26.1
27.4
28. 4
27. 9
27.2

27.6



Table

Week

No.
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

C.5. Continued.
1969 1970 1971 1972
79. 7 81. 7 84. 381.
80.4 84.9 83.4
80. 1823 82. 681.
80. 7834 84. 382.
82. 381.0 84.9
80.0 80.3 86.6
83. 4 80. 9 80. 384. 3
83. 7 80. 7 83. 1 88. 3
84. 481.0 80. 6 85. 1
85. 781. 777. 788.3
80. 9 80. 378. 9 85. 7
83. 4 80. 3 80- 6 84. 9
81. 078. 3 81. 777. 4
83 3723 746 783
83. 6 69. 972 681.4
83. 072. 374. 9 80. 6
76. 0 70. 7 76. 381 7
75. 060. 375. 7 80. 9
76. 358. 6 64.0 76. 0
71. 053. 9 65. 172 0
71. 752. 162. 0 65. 0
689 623 540 67 7
69. 158. 6 56. 372 9
73. 360. 0 68. 369. 7
73 467 469 153 4
70. 563. 3 65. 7 55. 8
F-32!

Aver.
'F

1970-72

9 27.
82.9

7

828.2
82. 7
82. 3
81l. 8
84. 0
82. 2
82. 6
81. 6
81l. 9
79. 1
751
74. 6
75.9
76.2
72. 3
66.2
63. 7
59. 7
61. 3
62. 6
66.0
63. 3

61. 6

Aver.
'C
1970-72

28. 3

27. 6

28. 2
27. 9
27. 7
28.9

27.9

28. 1
27. 6
27. 7
26.2

23. 9
23. 7
24. 4
24. 6

22. 4

17. 6
15. 4
16. 3
17. 0
18. 9
17. 4

16.4

Aver.

9 73 'C

'C 1970-73
30. 228. 3
29.9 28. 7
30. 928. 4
29.6 28.6
28.9 28. 4
28. 7 28. 1
28.3 27.9
27. 7286
27.9 27.9
25.9 27.6
27. 827.6
26.5 27. 4
26. 926 ~4
26 ~8 24. 6
26. 224. 3
23. 224. 1
22.2 24.0
20.4 21.9
20.2 19.3
18. 317. 8
21. 316.9
19. 717.2
15. 016.5
13. 617. 6

8. 9153
13. 615. 7
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1971
'C
27. 6
29. 4
27. 9
28. 6
27. 2

26.8

26. 8
28. 4
27.0

25. 4
26. 1
27. 0
27. 6
23. 7
22. 6
23. 8
24. 6
24. 3
17. 8
18. 4
16. 7
12. 2
13. 5
20. 2
20. 6

18. 7



station  investigated see Fig. I. 1L Bayou Bara-
taria at Barataria is located at 29" 44" 29" |lat.
and 90° 07' 56" long, This  station no. 82750! is
maintained by the New Orleans District Corps of
Engineers  and originally was designated as B-3.5.
The depth of the water at this location is approxi-
mately 13 ft below MLG. Until 1971 chlorinity was
measured by the Mohr method of titration of
samples taken at various  depths. In 1973. a Beckman
RQ-2 conductivity recorder, which has the same
specifications as the RQ that was used at Grand
Terre, was installed with  the probe at adepth of
3ft below MLG approximately 4 feet  below the
surface!

Hourly readings, digitized from 10-inch diameter
continuous charts, and daily maximum, minimum, and
mean values af conductivity were obtained from the
Corps of Engineers from 12 Aprii 1971 to 31 December
1973. The hourly  conductivity values were coded to
the nearest 0.1 millimho and put on computer cards
for the period 14 August 1971 to 27 November 1971.
Conductivity values at 3hour intervals were coded
to the nearest 0.1 millimho and put on computer
cards for the period 12 Aprii 1971 to 3'l December
1971. Computer cards for this period were also
produced with the values converted to sa3.inity to
the nearest 0.1 ppt according to the following equa-

S ppt 0.0004 C.4!

0.001658

This equation, which is wvalid up to 16.9634 millimhos,
is areversal of the equation suggested by the U.S.
Naval Oceanographic Of fice 966! for converting

salinity to specific conductance.

Chilorinity values of samples taken at various
depths and at various time intervals between 9 June
1957 and 20 June 1971 a total of 374 values! were
obtained from the Corps of Engineers; but these data
were not reduced because of the lack of uniformity
in depth and time interval and because the salinity
at this station is so similar to that at Bayou
Barataria at Lafitte, where the data were much more
uniform  and covered a longer period of time.

Monthly water temperatures at various depths from
2 March 1969 to 20 June 1971 were obtained from the
Corps of Engineers and catalogued but were not re-
duced because the sampling was infrequent.
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As a matter of convenience to the reader, a list
giving the dates included in each week has been
provided see Table C.6!. Week9 always includes
February 26 to March 4, whether February has 28 or
29 days in agiven year; week number 52 always has
8 days.

Table C.6. Week Numbers and Corresponding Dates.
Week Week
No. Dates No. Dates
2 3 17 27 July 28
8-14 28 9-15
1 29 16-22
28 30 23»29
eb. 4 31 30-Aug. 5
Feb 11 32 Augw 6-12
12-18 33. 13-19
19-25 34 20-26
9 26-Mar. 4 35 27-Sept. 2
10 Mar. 5-11 36 Sept. 3-9
11 12-18 37 10-16
12 19-25 38 17-2 3
13 26-Apr. 1 39 24-30
14 Apr. 2-8 40 Oct. 1-7
15 9-15 41 8-14
16 16-22 42 15-21
17 23-29 43 22-28
18 30~ 6 44 29-Nov. 4
19 7-13 45 Nov. 5-11
20 14-20 46 12-18
2 21-27 47 19-25
22 28-June 3 48 26-Dec. 2
23 4-10 49 Dec. 3-9
24 II-17 50 10-3.6
25 18-24 51 17-23
26 25Muly 1 52 24-31
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Appendix D. Water Level/Salinity
Variations, Water Surplus, and Synoptic
Weather, Types

A Calendar for 1971
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