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INTRODUCTION

As State Coastal Zone Management Programs have begun to mature
during their first few years of implementation. Coastal Zone Managers
have been lifting their eyes seaward to focus increased attention on the
living resources contained in estuarine and coastal waters. Following
passage of the Federal Coastal Zone Management Act of 1972 (CZMA) and
early development of State programs, emphasis was concentrated largely
on shoreline issues. Projects centered around such topics as shoreline
development, critical areas, beach access, shore erosion, and floodplain
management. However, more recent efforts have expanded into the "wet side"
of the coastal zone and included issues related to fishery resources.

In 1978 the Federal Office of Coastal Zone Management (OCZM) saw a
need for State programs to increase their consideration of living aquatic
resources and coastal fisheries. In a guidance paper from Robert Knecht,
OCZM Administrator, to State Program Managers, suggestions for increasing
the specificity of State programs towards fisheries planning and management
were presented. This renewed emphasis of fish and shellfish resources was
intended to help States more completely address national concerns discussed
in the CZMA.

In order for states to develop balanced coastal zone management plans,
adequate consideration had to be given to coastal waters and their
resources as well as to shoreline activities. This was made clear by
Congress when it stated that one of its findings upon which it based the
need for CZMA was:

... the loss of living marine resources,
wildlife, nutrient-rich areas, permanent
and adverse changes to ecological systems

Chief of Division Technical Activities, Coastal Resources Division,
Maryland DNR, C-2 Tawes State Office Building, Annapolis, Maryland 211<01
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and the fact that:

"... fish, shellfish, and other living
marine resources ..• are ecologically
fragile and consequently extremely
vulnerable to destruction by man's
alterations. (Section 302, Coastal
Zone Management Act of 1972)

Congress also placed a strong emphasis on the aquatic part of coastal
areas in its definition of "coastal zone" in the CZMA and related the
inland boundary of this zone to the extent that land uses had a
"direct and significant impact on the coastal waters" (Section 30l»,
Coastal Zone Management Act of 1972).

In its guidelines for increasing consideration of fishery resources,
OCZM emphasized that this should be brought about through coastal zone
agencies cooperating more closely with existing state fisheries agencies
and not by developing a separate management approach. Improved
management would result from adapting comprehensive coastal management
planning to fisheries; increasing information exchange and eliminating
duplication of effort between the two agencies. Consequently the
National Marine Fisheries Service (HMFS) and OCZM have been attempting
to develop similar cooperation at the national level.

Managing fisheries resources can often become nearly as complex as
the estuarine system they depend upon. Competing user groups, shoreline
development, economic variability, pollution, and natural population
dynamics all combine to make comprehensive management planning a necessity.
Traditionally, fisheries management agencies have been confined primarily
to dealing with ecological concerns and harvestor regulations. They have
often been based in separate offices and administrations from State
coastal zone agencies. These limitations hinder the development of
cooperative projects and exchanges of information; producing less
efficient resource management.

State coastal zone agencies, on the other hand, have such
capabilities as land use planning, socioeconomics, and watershed
management, but may be limited in areas of fishery biology.
Developing close coordination between State coastal zone and fisheries
agencies can therefore improve the efforts of both. Coastal planning
for certain shoreline or watershed development activities may require
detailed fisheries data and information on stock dynamics.
Similarly, fisheries agencies can utilize economic and other planning
information from coastal zone agencies to develop more comprehensive
fisheries management plans.
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MARYLAND'S APPROACH

During the past two years since Maryland's Coastal Zone Management
Program (MCZ) received Federal approval, our State has made progress
in enhancing coastal zone and fisheries management in the manner I Just
described. Maryland initiated these activities in 1978 under OCZM's
Coastal Fisheries Assistance Program (Knecht, 1978). These activities
have been further assisted through administrative efforts which have
brought the agency in charge of Maryland's Coastal Zone Program and the
agency responsible for marine fisheries management under one Tidewater
Administration. These two agencies now compose Tidewater Administration's
Coastal Resources Division (CRD) and Tidal Fisheries Division (TFD) and
are physically located in the same offices, further enhancing
information exchange.

Maryland's administrative and technical advancements have resulted
in improved decision-making and more comprehensive approaches for
including fisheries concerns in coastal planning. Projects developed by
CRD have addressed the full spectrum of fisheries management ranging
from socioeconomics to population dynamics. This has directly assisted
Maryland's fisheries management activities in Chesapeake Bay and brought
a better understanding of the value of fisheries data to coastal area
management.

Among these different efforts I would like to present examples from
two important categories: (l) development of methodologies to utilize
existing fisheries data for decision-making and (2) collection and use
of new data for decision-making. Two main projects in the first category
include a computer effort to refine massive commercial catch files into
data sets for use by resource managers and an investigation of the
usefulness of harvestable yield models as planning tools for Chesapeake
Bay species. Within the second category two important studies have been
a survey of saltwater sportfishing in Maryland and an investigation of
declining shad stocks in Chesapeake Bay. In each discussion I will
explain the information transfers and linkages between the data collection
and analysis stage to their use for planning and policy development.
This will include a description of the types of management questions being
addressed, project methodology used, and then a discussion of benefits to
coastal and fisheries management.

USING EXISTIHC DATA

Maryland is similar to other states in the operation of its
commercial fisheries data collection system. Periodic reports are
mailed in to Tidewater Administration recording the daily catches by
each waterman. These reports are required under the State Licensing
Law and are reported daily for oysters and clams and monthly for finfish
and crabs. A variety of management information such as total catch,
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price per bushel, location, units of gear, and species caught is
included in the different reports. When one considers the number of
licensed watermen (over 3,500 finfish licenses, 23,000 crab licenses,
U.500 oyster licenses, and 2b0 clamming licenses), it can be seen that
immense amounts of data are obtained during any year. Data for each
license type are computerized onto one large file which can contain
more than 100,000 records.

In the past this valuable information on catch, effort, and price
could not be directly used by resource managers. Summary catch
statistics were produced through COBOL computer programs by the
Department of Natural Resources' Data Processing Division. These
generally consisted of summary catch means and totals sorted by area
and gear type, but more detailed quantitative analyses would require
managers to request the programmer to write a tailor-made program.
This resulted in a delay in obtaining the information, an extra burden
on Data Processing, and often presented difficulties in interpreting
what the manager desired into a program.

In order to improve staff capabilities for quantitative decision
making, CRD had previously obtained the computer software Statistical
Analysis System (SAS) (SAS Institute, Inc., 1979) for the State IBM 370
computer. SAS has the advantage of providing powerful statistical
procedures and programming, but not requiring previous computer
experience to use. It also has file management, plotting, and graphics
capabilities. We felt SAS could reduce the masses of fisheries data
into an efficient file which could then be used directly by fisheries
or coastal managers for whatever analyses were required.

Our approach for this project had two main objectives:
1. to train staff in the use of SAS and 2. to create SAS data sets
from the commercial data tapes. I developed a series of classes to
instruct staff users on different SAS procedures and how to store and
retrieve files on tape. At the same time TFD staff previously familar
with this software began working to develop SAS tape files of the
commercial catch records. While some of these efforts are still
continuing, Tidewater Administration decisions have already benefited.

Staff can now determine what fisheries information and analyses
are required and then rapidly receive results from the computer.
This has reduced the amount of staff time needed for a particular
analysis and improved overall technical quality. In general, permit
review activities are becoming more efficient and the use of quantitative
information in fisheries planning is expanding. Applications of SAS with
existing fisheries data are benefiting coastal zone and fisheries planning
in several areas: determining distribution of catch and effort
between gear types, season, and location; development of approaches for
managing our eel fishery; analyzing impacts for shoreline development
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permits; evaluation of declining shad stocks in upper Chesapeake Bay;
and determining potential impacts of dredging on oyster production.

Another effort making use of existing data has been a project
designed to determine the usefulness of mathematical yield equations
and models in managing Chesapeake Bay fish and shellfish stocks.
Our main objective in this project was not to estimate allowable yields
to harvestors, as has been done with oceanic stocks, but rather to use
models as planning tools to evaluate the relative impacts of different
variables on fish production and determine where data gaps existed.
This would help TFD and CRD understand where management could be
effective and help prioritize future data collection efforts.

Evaluating the suitability of different model types Involved a
process in which detailed life history characteristics of Chesapeake Bay
species were compared to each model's biological assumptions.
This determined which general mathematical approaches might be applicable
for Maryland. At the same time the adequacy of our existing fisheries
data was compared to data requirements of the models. Where data were
lacking for variables impacting yield, recommendations were developed
for prioritizing future data collection efforts.

This work was primarily conducted by Martin Marietta Environmental
Center in cooperation with Tidewater Administration staff and is
contained in a report entitled A Review and Evaluation of Fisheries
Stock Management Models (Richkus et al., 1980), available from our agency.
Time will not permit a full discussion of project results, but I would
like to present general benefits to management derived from this study.

Comparing life histories of selected fish and shellfish species
with mathematical assumptions in the models improved our understanding
of stock-recruitment relationships and defining unit stocks.
Twenty species, ranging from oysters to menhaden, were evaluated with
respect to four types of models: 1. statistical 2. surplus production
3. yield per recruit and 1*. simulation. Stock recruitment relationships
helped to refine management approaches depending upon whether a species
exhibited density-dependent or density-independent recruitment
(Richkus et al., 1980). For species with higher degrees of density-
dependent recruitment such as American shad, management could focus
more on controlling harvest pressure, while environmental management
could be more effective for less density-dependent stocks such as
oysters or blue crabs (Richkus et al., 1980).

Defining the geographical boundaries of species' unit stocks
determined the extent to which Maryland regulations could affect
fishery yields. In the case of migratory stocks Maryland regulations
might only affect one stage in a species' life cycle. These resjdts
have helped better define areas where Maryland and Virginia can
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cooperatively manage Chesapeake Bay stocks which move between the two
States.

One of the most important results of this project was a
determination of where deficiencies existed in Maryland's present
fisheries data collection system. It was found that presently no
information is collected in commercial catch reports concerning age class
distribution or length and weight data (with the exception of striped bass)
This infox-mation is essential for knowing what segment of a stock is
being most exploited. The need to redefine variables used for
determining effort was ulso noted. Recommendations for changing these
data collection methods and a detailed discussion of preliminary
applications of management models to data for four species: white perch,
softshell clams, striped bass, and shad are further discussed in a
report Just released by CRD entitled Applicability of Fisheries Stock
Models in Management (Kichkus et al., I960).

COLLECTION AHD USE OF NEW DATA

Although extensive data are regularly collected for Maryland's
commercial fisheries, information on saltwater sportfishing has been
obtained aperiodically. A survey of sportfishing for the entire
Maryland Chespeake 3ay had rot been conducted since the early 1950's
prior to Maryland's present sportfishing survey. This information is
vital to both fisheries and coastal zone management due to effects of
harvest pressure on fish stocks and impacts of sportfishing on the
economy of coastal communities.

Realizing the need for current sportfishing statistics, our
coastal zone and fisheries staff began planning a sportfishing survey
for Maryland Chesapeake Bay and Ocean City areas. Since the University
of Maryland and IIMFS were also planning surveys for Maryland, we decided
to combine our efforts and avoid duplication. In developing a cooperative
survey we reduced overall State costs by subcontracting with Human
Sciences Research, Inc. (HSR), the company conducting the National
Sportfishing Survey under David Deuel of IIMFS. We have further reduced
our costs by using HSR for data collection only and are conducting our
own analyses using SAS.

We have optimized the HSR sampling methodology for Maryland by
using site specific information from an earlier sportfishing survey
(Speir et al., 1977)- The present study actually consists of two
simultaneous surveys. An intercept survey interviews fishermen at
numerous sites throughout the 3ay and Ocean City as they complete their
fishing trips. A telephone survey contacts households in all Maryland
coastal counties and adjoining states to determine total participation.
Combining the two surveys produces total biological and economic impacts
of sportfishing as well as detailed county and site specific information
on sportfishing activity in Maryland. Further economic information is
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being collected by a supplemental questionnaire developed by
Dr. Ivar Strand at University of Maryland.

Information gained from this survey will be used in formulating
State policies to provide accurate consideration of sportfishing in
allocating limited fishery resources and in establishing size limits
for individual fish. These data will also be used in coastal zone
planning for recreational access programs, permit review, coastal
energy impact assessments, and county economic planning. We have
conducted our survey for two consecutive years to compare year to year
trends and encourage other states to participate in the NMFS national
survey.

Another example of obtaining new data to improve fisheries and
coastal zone management has centered around the decline of American
shad in upper Chesapeake Bay. Commercial shad landings in the area
below the mouth of the Susquehanna River declined from a yearly average
of about 200,000 pounds between 1962 and 1973 to about 18,000 pounds
between 197b and 1979 (Weinrich, personal communication). Since this
decline is likely due to a complex of factors including pollution,
fishing pressure, and Conowingo Dam operations, reversing this trend
is a formidable task. However, TFD and CRD have been cooperating to
conduct investigations aimed at reducing further shad declines and
restoring the population.

In 1979, studies were initiated to determine reproductive success
for Susquehanna River shad and the abundance of Juveniles in the
adjacent estuary (Weinrich, 1979). Based upon these results and
continued low commercial landings, a ban on shad fishing was placed into
effect for the 1980 spring spawning run. It was hoped more adult shad
could then survive and spawn. At the same time Fisheries staff initiated
several studies to evaluate the success of this fishing ban.

Results of these studies showed a noticeable increase in adult shad
reaching the base of Conowingo Dam to spawn, but no increased numbers of
young of the year fish as a consequence of this spawning. Based upon
these results, Tidewater Administration is seeking to continue a ban on
shad fishing to enhance spawning and' also address possible water quality
and quantity problems in Susquehanna River and other tributaries.

Maryland Department of Health and Mental Hygiene is considering
limiting chlorine inputs (harmful to Juvenile fish) into upper
Chesapeake Bay tributaries as part of this program. Another big effort
is concerned with operations of Conowingo Dam on Susquehanna River and
its relicensing. CRD and TFD have been involved with other Department
of Natural Resources agencies in overseeing environmental impact studies
of the dam'8 water releases and we are combining this information with
results of the shad studies to address relicensing requirements.
Our efforts are seeking to require adequate water flows for fisheries
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habitat and improved fish passage facilities for shad and other
anadromous species to reach spawning areas upriver.

CONCLUSION

We have been pleased with improvements in overall coastal zone and
fisheries management resulting from the programs I have described.
Since the geographical regions which both agencies are concerned with
overlap as well as their resources, the efforts of both are enhanced
when close cooperation is developed. Planning information resulting
from full use of existing data and collection of pertinent new data
permits more accurate management decisions to be made.
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NATURALLY OCCURRING TEMPORAL VARIATIONS OF SALINITY

IN AN AREA OF BRINE DISPOSAL OFF FREEPORT, TEXAS COAST

Robert E. Randall and Francis J. Kelly

Civil Engineering Department
Texas ASM University

College Station, Texas 77843

INTRODUCTION

Salinity data have been collected twice monthly since February 1978
at.the 8ryan Mound diffuser location 20 kilometers off the Freeport,
Texas coast and augmented by nearby continuously recording in situ in
struments. These data were collected as part of a comprehensive inter
disciplinary study for the Department of Energy's Strategic Petroleum
Reserve Program, and they were used by Kelly and Randall (1980) to char
acterize the hydrography of the Freeport coastal waters prior to brine
discharge which was initiated in March 1980. The brine solution is the
result of solution mining of underground salt domes to create large stor
age caverns for the storage of petroleum. The objective of this paper is
to describe the significant salinity variations which occur on several
time scales and demonstrate the difficulty in predicting the ambient
salinity In the area of brine disposal.

The variation of salinity in the waters over the continental shelf
of the northwestern Gulf of Mexico has been reported by several investi
gators (Geyer, 1950; Jones et al., 1965; Harrington, 1966; Angelovic,
1976; Smith, 1980). Jones et al. (1965) conducted a year long hydro-
graphic study of a transect extending 45 kilometers offshore of Port
Aransas, Texas which is approximately 210 kilometers southwest of the
brine disposal area. For the same distance offshore (20 kilometers) as
the brine disposal area, they showed strong vertical gradients existed in
January through March 1965 and more homogeneous conditions were present
during the other months. The annual salinity range was 30.0 to 36.5"/0<>
at the surface and 34.5 to 36.5°/oo at the bottom.

An analysis of existing historical physical oceanographic data from
the Texas continental shelf was conducted by Angelovic (1976). This
study showed that the range of surface salinity measured at a coastal
tide station at Galveston varied from 5°/oo in 1972 to 16e/oo in 1975.
The main source of the low salinity water was attributed to the Mississippi/
Atchafalaya river system.
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A recent study of the hydrography of the central Texas coast was con
ducted in 1976 and 1977 and Is described by Smith (1980). Data from
monthly cruises show that the salinity minimum 1n the late spring is the
dominating event of the annual salinity cycle, and the cause of this event
is attributed to the Mississippi River. A secondary salinity minimum was
also observed to occur in the late summer.

INSTRUMENTATION AND SAMPLING METHODOLOGY

Monthly conductivity, temperature, and depth data were collected
using a Hydrolab TC-2 conductivity and temperature meter from February
1978 through March 1979 and a Hydrolab 8000 CTD system beginning in April
1979. The conductivity (C) data were converted to salinity (S) using an
empirical equation developed by Weyl (1964). A Grunde laboratory sail no-
meter, collected water samples, and standard solutions were used to obtain
correction curves which were applied to the field data, Kelly and Randall
(1980). The resulting accuracy of the salinity and temperature measure
ments were determined to be ±0.5°/oo and ±0.5°C for the TC-2 meter and
±0.28/oo and ±0.2°C for the 8000 system. The resolution of the TC-2 is
0.2°/oo and 0.2°C and 8000 system is 0.08°/oo and 0.1°C. The continuous
measurements of salinity and temperature were obtained with an Endeco Type
174 current meter system which also houses conductivity and temperature
sensors which have an accuracy of ±0.5°/.. and ±0.2'C and a resolution of
0.08°/oo and 0.1eC.

Conductivity, temperature and depth data have been collected at the
surface (2 m below surface), mid depth, and bottom (2 m above bottom) at
the diffuser location using a CTD instrument which was lowered over the
side of Texas A&M University's research vessel R/V EXCELLENCE on a weighted
line. Initially, the depth was determined by the length of the cable payed
out which was marked every 1.5 meters, and beginning In April 1979 the
depth sensor on the new CTD system was used.

VARIATION OF SALINITY IN BRINE DISPOSAL AREA

Annual Salinity Variation

Salinity data have been collected at the diffuser location shown in
Figure la 1n order to assess the magnitude of the naturally occurring
variations In the brine disposal area. The annual variation of salinity
is Illustrated In Figure lb which shows the variation of salinity at the
brine diffuser site from February 1978 through December 1979 as a salinity
versus time plot. In 1978 the maximum annual range of salinity for the
surface, mid depth, and bottom measurements was 11.6°/oo» 6.60/00, and
4.6°/oo, respectively. The surface waters experienced a salinity minima
in April, June, and September with the minimum value of 24.1°/0, occurring
1n April. The maximum salinity (36.8°/..) occurred 1n February and July.

In 1979 data show a more extreme variation of salinity, and the maxi
mum annual range of salinity for the surface, mid depth, and bottom measure
ments was 14.47.o» 10.5%>., and 5.17o., respectively. Surface salinity
minima occurred In May, June, September, and October with the minimum
salinity being 19.0%>o 1n June. Except for the first two weeks in August,
the salinity of the surface waters remained less than 30°/oo between mid
April and mid October.

The range of bottom salinity was only 0.5°/o<> greater than that found
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Figure 1. Brine Disposal Area and the Temporal Variation of Salinity at the Diffuser Location.



in 1978. The bottom salinity was greater than 35"/oo in February, March,
June, and August with the maximum value being 3S.87e<> in June which 1s
17oo less than the maximum value In 1978. The minimum bottom salinity
was 30.77oo which occurred 1n November, which is 1.57<>o lower than the
minimum value of 32.2c/oe observed in June 1978.

The knowledge of this natural salinity variation is important for
assessing the effect of brine disposal on the affected coastal waters.
Since the brine solution is highly saline (=250°/o„) and negatively buoy
ant, it will sink to the bottom and elevate the salinity of the bottom
waters in the vicinity of the diffuser. These data show the highest
natural bottom salinity Is approximately 377oo which occurs 1n the summer
and mid winter. Therefore the highest salinity concentrations are ex
pected to occur at these times and coincident stagnant current conditions
would further elevate the salinity values.

Monthly Salinity Variation

The monthly salinity variation at the diffuser site from February
1978 through December 1979 is illustrated in a depth versus time plot of
contoured salinity values, Figure 2. The range of salinity at a monthly
time scale was determined by evaluating the maximum and minimum values of
salinity occurring during each month at the surface, mid depth, and bottom.
In 1978 the maximum range at the surface, mid depth, and bottom was 7°/oo
(Jul), 3°/oo (Jul), and 2°/oo (Aug, Sept) respectively, and in 1979 it was
77oo (Oct, Jul), 57oc (May), and 17oo (Mar, Jun, Oct, Nov, Dec). Thus,
the monthly variation was significantly less than the observed annual
variation, and the largest and smallest variations occurred in the surface
and bottom waters respectively.

Vertical salinity gradients shown in Figure 2 are quite pronounced
during much of the year. The salinity stratification was weakest in late
July, August and November of 1978 and in late October and November 1979.
The strongest vertical salinity gradient occurred in June 1979 when the
surface water was almost 177oo less than the bottom water. In 1978 the
largest gradient was almost 127o« which occurred in April. The strong
salinity stratification was more transient 1n 1978 but less intense than
in 1979 which Is attributed to the large volume of low salinity water
moving down the coast from the Mississippi/Atchafalaya river system.

The large volume of low salinity water in 1979 appears to represent
an extreme condition corresponding to a flood year in Mississippi runoff.
Thus, the conditions of 1978 may be closer to the average; but since there
is a large year to year variance in runoff totals, It may be that it is
unusual for average conditions to actually occur and that only trends in
ambient salinity values for the brine disposal area can be forecast.

Daily Salinity Variation

In September 1979 new Endeco current meters were installed at site A
(Figure la) to continuously measure the conductivity and temperature in
addition to current speed and direction. The location of these meters
was 4 m below the surface, mid depth, and 2 m above the bottom. Site A
is located 8.9 km northwest of the diffuser location where the water depth
1s 18 m.

An example of the data collected which shows some of the stronger
variations observed to date is shown in Figure 3. In the early part of
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Figure 2. Time-Depth Plot of Salinity at the Brine Diffuser Location Durinq 1978 and
1979. Tick Harks Indicate the Dates of Cruises.
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March the surface salinity was nearly constant at 297oo» but the bottom
salinity changed from 347.. to 317.. on March 6. The period from March
10 to 15 shows the bottom salinity was a constant 337.. while the mid
depth salinity cycled between 297oo and 317oo. The surface salinity
remained nearly constant at approximately 297.. until March 13 when It
Increased to 317.. over a two-day period. The remainder of the month
was characterized by a variation of 17.. to 27.. over a one-day period.
Thus, the data record Indicates that the maximum observed dally variation
was 37.. and that a 17.. to 27.. daily variation was frequently ob
served.

The dally variation of salinity 1s believed to be caused by the move
ment of salinity fronts back and forth through the study area. These
salinity fronts are formed by closely packed Isohallnes which make an angle
of approximately 45° with the horizontal and slope from Inshore at the
bottom to offshore at the surface. These salinity fronts have been ob
served in the brine disposal area frequently during the two-year study,
Kelly and Randall (1980).

Temperature-Salinity Plots

The 1978 and 1979 surface, mid depth, and bottom temperature and
salinity data at the diffuser location have been plotted on a T-S plot
as shown In Figure 4. The 1978 T-S plot shows the annual salinity cycle
begins with highly saline water in February with values of 36.87.. (bot
tom and mid depth) and 36.47.. (surface). A general freshening trend
occurs from March through June with minimum values of 32.17«o in June at
the bottom, 30.17.. 1n June at mid depth, and 24.17.. in April at the
surface. The salinity Increases rapidly In the early sunnier with maximum
salinity values of 36.77.. (bottom), 36.67.. (mid depth), and 35.77..
(surface) occurring in late July. This Increase Is attributed to the
change 1n the predominant surface current from the southwest to the
northeast which normally occurs in late June, Kelly and Randall (1980).
In late September the salinity reaches another minima of 32.57.. (bottom),
31.77.. (mid depth), and 28.17.. (surface) which Is associated with the
reversal of the predominant surface current back to the southwest bringing
fresher water back to the area from the Mlssisslppi/Atchafalaya river sys
tem. The water column becomes more saline during the early fall months,
freshens again 1n the late fall, and then increases in salinity to a maxi
mum In mid winter.

The data for 1979 show a more extreme variation of salinity which was
the result of the extremely wet conditions during 1979, Kelly and Randall
(1980). For example the minimum surface salinity was 197.. 1n June as
compared to 247.. 1n April 1978. At mid depth the 1979 minimum was 247..
In June and it was 307.. in June 1978. The bottom waters show salinity
mlnlmums In April of 33.47... June of 33.67... September of 33.4 /..,
and in November of 30.67... There were fewer salinity mlnlmums 1n 1978
and the values were approximately 17.. less than those in 1979. 'This in
dicates the very fresh water in 1979 did not mix to the bottom during a
majority of the year except for November.

EFFECT OF STREAMFLOW ON THE SALINITY VARIATION IN STUDY AREA

The most extensive, long running synoptic data set collected from the
Texas-Louisiana continental shelf is that collected by the National Marine
Fisheries Service from 1963 through 1965. Surface salinity maps were
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constructed from these data for 1964 and 1965 by Kelly and Randall (1980).
These two years are of Interest because the streamflow during this period
appears to have been similar in pattern and magnitude to the period of
1978-1979 based upon the streamflow analyses of Hall (1969) and Kelly and
Randall (1980). In general, the trend during both of these periods was
from low streamflow In 1964 and 1978 to a flood year In 1965 and 1979,
Gunter (1979).

Several studies (Angelovic, 1976; Smith, 1979; and others) have In
dicated that the major rivers contributing to the streamflow which affects
the Texas-Louisiana shelf waters are the Mississippi and Atchafalaya
Rivers. This fact was further demonstrated by Kelly and Randall (1980)
where dally average streamflow data from the water years 1977 and 1978
were used to show that the Mississippi and Atchafalaya Rivers outflow was
greater than the sum of all rivers from the San Bernard in Texas to the
Mississippi in Louisiana. The effect of this streamflow on the coastal
waters off Freeport. Texas where a concentrated brine solution Is being
disposed is conveniently shown by surface salinity maps.

The surface salinity maps for 1964 are believed to be similar to
those which would have been present during 1978. These maps showed that
from January through mid March 1964 the surface salinity Isohallnes were
located parallel to the coast and the cross-shelf gradient was relatively
weak. During the period April through June 1964 the effect of sprina run
off was quite dramatic, and intense cross-shelf gradients developed in
April along the entire Texas-Louisiana coast as shown In Figure 5. During
May and June lower salinity water persisted along the Louisiana and north
east Texas coast, but southwest of Freeport the lower salinity water began
to move offshore and retreat to the northeast. This Is probably related
to the shift 1n the long shore component of wind to the northeast which
historically begins about this time along the lower Texas coast. High
salinity water of the middle shelf displaced the low salinity water 1n
July as shown 1n Figure 5 and salinities off Freeport rose to 367...

During the summer, a region of low salinity water persisted from the
Mississippi delta along the Louisiana coast and is shown to be transported
rapidly down the coast in September when the winds historically shift back
to the northeast. There was a slight rise in salinity along the entire
coast in October 1964. In November and December salinities decreased to
about 307.. along the entire coast, and the cross-shelf gradient intensi
fied. Thus, the surface salinity map for 1964 Indicate that the low
salinity water encountered off Freeport is predominately a result of the
outflow of the Misslssippi/Atchafalaya river system.

SUMMARY AND CONCLUSIONS

The variations of the observed salinity data are summarized 1n Table
1. The annual range of variation at the location of brine disposal
was greatest at the surface with values of 11.67.. in 1978 and 14.47.,
in 1979. The mid depth salinity varied by 6.67.. and 9.57.. in
1978 and 1979, respectively, and at the bottom the salinity varied by
4.67.. in 1978 and 5.17.. in 1979. Thus, the annual salinity variation
was very large at the surface and decreased with depth to a value of ap
proximately 40% of the surface value.

The maximum monthly range of salinity was observed to be approximately
77.. at the surface 1n both years. The mid depth water experienced a
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Figure 5. Maps of GUS III Surface Salinity Data for the Texas-
Louisiana Shelf for April, July,.and September 1964,
from Data Collected by R/V GUS III (NHFS).
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Table 1. Simuiary of Observed Salinity Ranges at the Diffuser Location 1n the Coastal Waters Off Freeport, Texas
Prior to Brine Disposal

Depth

1978 1979
Observed Salinity
Variation (7..) Ranqe Difference Range Difference

Annual

Surface (1.8 m)
Mid Depth (10.4 m)
Bottom (18.9 m)

35.7(Jul) - 24.1(Apr)
36.6(jul) - 30.0(Jun)

36.8(Feb,Ju1) - 32.2(Jun)

11.6
6.6
4.6

33.4(0ct) - 19.0(Jun)
34.0(Feb) - 24.5(Jun)
35.8(Jun) - 30.7(Nov)

14.4
9.5
5.1

Maximum Monthly

Surface

Mid Depth

Bottom

35 - 28 (Jul)

36 - 33 (Jul)

36 - 34 (Aug)
35 - 33 (Sep)

7

3

2
2

33 - 26 (Oct)
30 - 23 (Jul)

32 - 27 (May)

35-34 (Mar)
34 - 33 (Jun.Oct]
32 - 31 (Nov)
33 - 32 (Dec)

7
7

5

1
1
1
1

Maximum Vertical 36.4 - 24.1(Apr) 12.3 35.8 • 19.0(Jun) 16.8

Surface

Mid Depth

Bottom

1980

Maximum
Observed
Daily

31 - 28 (Mar 14) 3
32 - 29 (Mar 29) 3

33 - 30 (Mar 31) 3

34-31 (Mar 7) 3
32.5 - 29.5 (Mar 15) 3



maximum monthly range of 37.. in 1978 and 57.. In 1979. The bottom
water variation was 27.. and 17.. in 1978 and 1979 respectively. These
data Indicate the monthly range of salinity is significantly less than
the annual range. The maximum observed range of dally variation was 37
at all depths. The maximum vertical salinity gradients observed In the
brine disposal area were 12.37.. In 1978 and 16.87.. in 1979.

The major cause of the high variability of the salinity 1n the brine
disposal area Is the Influx of fresher water resulting from spring runoff
of Mlsslsslppl/Atchafalaya river system which results In the lowest sa
linities (<207..) occurring In April through June. Secondary salinity
minima occurring in September and November are also attributed to this
river system. The dally variation Is believed to be caused by the move
ment of salinity fronts through the disposal area.

The large volume of low salinity water in 1979 appears to represent
an extreme condition corresponding to a flood year In Mississippi runoff.
The conditions of 1978 appear to be closer to the average, but the large year
to year variance in runoff make it appear that it is unusual for an average
condition to actually occur. Therefore, it is concluded that ambient
salinity conditions must be measured and only trends can be obtained from
baseline measurements.

The annual salinity cycle in the study area shows the water column 1s
highly saline In mid winter and freshens by an amount in excess of 107..
In the spring months as a result of river runoff. In the summer the waters
reach a maximum salinity as a result of the predominant southwest current
shifting to the northeast bringing higher salinity water Into the area.
Near the end of the summer this current shifts back to the southwest re
turning fresher water to the area. During the fall the salinity tends to
become saltier with freshening trends associated with increased runoff.
As winter begins the salinity Increases and reaches the maximum again in
mid winter.

A brine discharge is negatively buoyant and consequently it will
mostly affect the bottom salinity and the marine organisms Inhabiting
the sea floor. It Is concluded that the highest natural bottom salinity
expected for the brine disposal area 1s approximately 377... and this
salinity usually occurs in the mid winter and summer. Therefore, the
discharge of brine during the summer and winter months Is more likely to
cause salinities to exceed the maximum natural salinity values.
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