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ABSTRACT

The Departmeng of Ehérgy'g Strategic Petroleﬁm'Reserve Program began
leaching tne.Bryén Mound séit déme and disénafging brine into the coas;al
Qaters offsho;é of Fféeport, Téxas on March 10, 1980. This report
describes the fin&ings.of a teaﬁ of Texas A&M University scientists and
engineers who haye conducted a study to evaluaﬁe’tne effects of the Bryan
Mound brine discharge on the marine environﬁent. The study addresses the
areas of physical oceanography, analysis of the discharge plume, water and
sediment qﬁélity, nekton, bénthos andAdata‘managemént. It focuses on the
period from Seétember 1982 through Augus£ 1983.

The ambient physical environmeﬁt and its temporal and spatial
variability were studiéd sy méans of”contingouslyvrecording in situ
current/conduct1vity/£emper$£ﬁrebmeters and twelvé, one-day sfnoptic‘
hydrographic cruises. Monthly mean alongshelf currents were downcoast
(soutnwest) in all months exCepﬁ July 1983 in the upper half of the water
column and June and July 1983 in the lower part. The summer upwelliﬂg.
condition was much weaker and less pérsistént than in previus years. Low
frequency’current flucfuations,up to about 0.2 cpd were strongly coherent
with the a;ongshélf component of wind stress at all depths; cross-shelf
currents were coherent with the alongshelf wind stress at these
frequencies only near the bottom. The persistence of a near bottom
current speed less than 6 cm/s, which resuits in a brine plume expansion,
was found to be typically only a feﬁAhoﬁrs and at most 27 hours, based on
8818 hours of data. Water temperatureAshowéd a large annual cycle with
small short period variability and small spatial Q;riability. The effect
of brine discn#rqe on the temperature of the bottom water was usually much
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- +1 o/co above ambient salinity contour was 7.4 km on January 11, 1983.

less than 1°C. Ambient salinity was highly variable both temporally and
spatially because of the large amount of river discharge in 1983. The

brine plume'increased the salinty of the bottom water by less than 4 o/oo,

‘typically, and absolute values were less than 40 o/oo.

The quérterly water and sediment qualityrdata snob;érsmali increase
in salinity, sodiﬁm and chloride ions oécurs inwﬁne bottom waieré and
sediment pore waters near the diffuser relative to those values measured
At stations farther away. Increases in the ion levels with time appears
to have stabilized at aboit 6% over ambient. In the sediments, lead
levels near the diffuser continued to increase sliqhti} feiétive to
ambient, and since lead was found to be higher in the brine than in

offshore waters, these increases could bé related to brine dischérge.*

Hydrocarbon levels in the offshore waters show no evidehce of CtUdé oil

hydrocarbons. However, sediment hydrocarbons in August were found to be
from a crude oil source. Gas cnromatography/hES§ spectra data éomﬁarison E
between sediment and brine pit hjdrocarboﬁs'étfbnqu suggest brine as -the
source. | a

Data from the brine plﬁme study for this répoféing’study snow-tﬁé
largest areal extent within the +1 0/00 abbve’émbfent'§ai£51t§'éoﬂ€6ur Qas
40.0 kmz which occufred-oﬁ~August 11, l§83. The 1onge§£ distaﬁc; eo the
The largest verticalAextené of the brine jets was 5.6 and 8.1 m when the
average exit Qelocity wés.7.3 and 12.6 m/s, reséeétiVeifp 'The ﬁighest
above ambient saliniéy contoﬁr'(+5 o/oé) was measd}ed“in55ept§hbef.1982
which was less than fhe +6 o/0o0 value meésured in ééevioﬁs sﬁﬁdiés. Plume
measurements indicate the higher brine.exit;QelécitylﬁésyincreASed the

areal and vertical extent and decreased the above ambient salinity vaiues.

N T
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. It appears that brine dispo;al at Bryan Mound has had neglible 1f,any
influence on tﬁé nekton community sﬁrrounding the diffuser. The respoiisés
of nekton to the plume have ﬁot béenvconstant,'prine conﬁrasts genefélif
have been non-éighificaﬁt and variability attributable .to among stations
or to brine effecté usﬁéll? small. Tﬁé lack of impact seems related té
several factors 1néludiﬁg the 1n£rinsic dynamism'of.snrimp‘and fisn,i
populatiohs, the negligibie area éo?ered b} the brine plume in. comparison
to the areas which stocks may range GQér, the rapidity with which the
brine plume dilutes'éhd dispetSes} ané the féct4£nat maximum.brine.,
elevations measured are weli Below those that avoke mortaiity or avoidance
in 1aborator§.tests.

The bentﬁicvquarterly dat# from 26 stations, including 7 ;ollectibns l
made after the diffuser bﬁtfioﬁ rate was increased to 1,000,000 |
barrels/day, show the ﬁétal numbers ofISpécies at the diffuser §ta£ioﬁ .
were higher than most other nearfield stations as well as many farfield
stations in poth the pre- and post-1,000,000 barrels/day brine flow
periods. In contrast, the total abundances at the diffuser station we;e'
depresseqd, althouéh not significaﬁtiy so, compared with intqrmediate and
farfield stat;ons. Stétiétiéalfanaiysis indicated that mean ébgndanCes
were siéhificéntly highé; at control stations in November and February,
and no differences were noted in kay or August. Spécies diversity around
the diffuser remained‘significéntlyﬁlower than at control stations
thrqughout the ;éér éxcepg iﬁ Novémbér; Hypoxia wés noted in the stqdy
area in August ghdfit seQéfeif impacted‘ihe Crustacea. Negative redox ..

were correlated with lower abundances.
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‘INTRODUCTION -

Brine digénarge began on March 1Q,A1980'from the éryan Mound sitg of
the Department of Energy;s Strategic Petroleum Reserve. The brine
discharge is the result of leaching large storage caverns in an
underground salt dome located near Freeport, Texas. 5ub§9qﬁent;y, these
caverns are being used for ;ne_s;o:age.of crud§,o;1. Prior to the
discharge, a team of scientists‘and engineers at Texas A&M University
conducted an environmental study of the coastal waters offshore of
Freeport, Texas from September 1577 through February lééo, and the results
were,presenteq in a report.edited by Haqn'and Randall (1980 and 198l1a).
This ﬁo-montn study providedhan'unﬁsually large baseline for comparison
with the postdisposal results. During March And Apfii 1980, an intensive
postdisposal study was conduéted.to evaluate the immediate effect of brine
disposal, and a final report (Hann,anq_ﬁangall, i981b) was submitted to
the Depértment of Energyf

Brine discharge has céptinge¢ on a near continuous basis to the
present time, and three reports have been’puﬁlisned‘yn;ch describe the
project teq@'s fin@ings. Thg.f;rgﬁ report, Hann and Randall'(lgalc), was
publisneq in July 1981, an¢ it discussgd the gesults.of the analysis of
the postdisposal data collected during the first 12 months of discharge.
In March 1982, the second.reporg 9dit9dvby aanﬁ and Raqdall'(1982) was
published which dgscribed’the results obtaineq\quring ;he first 18 months
of study after initiation of ﬁrine discharge. The third fgport, Hann andL 
Randall (1983), presented the results obtained during the period September
1981 through August 1982.

The purpose of this report is to describe éhe.findings of the project
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team 4quring the 12 months of postdisposai study conducted from September
1982 through August 1983. A composite of ;he samp;ing station location’s
for all components of the project team are iilustréteé.in fign;gAl;:fThe
areas of investigation are benthos, brine plume, data manaégmé;£g}ﬂgkt§;,
pnysical oceanography, and water and sediment quality. The specific
objectives of this report are: ' i

1) to describe the physical oceanographic and meteorologi;g;-
conditions which have béeq measured at the offshore diffuser site éﬁd‘iﬁ
the surrounding waters; | -

2) to describe the effect of brine discharge on the benthic
community in the diffuser site area;

3) to discuss the effect df the brine discharge on‘the quality of;
the water and sediment in the vicinity of the diffuser site;

4) to describe the measu;emeht of the areal-éna ;erticéfiexteag‘éf
the brine plume;

5) to cnaragterize the effect of brine discharge on the nekton
community in the vicinity of the diffuser.

The meteorological and physical oceanographic data are presented to
determine the degree to which the brine diécnarge aitered tﬁé aﬁbiést:
conditions and to provide basic physical oceanographic data to other
components of the study. Discussions are focused for the most part on the
data obtained from the in situ instruments at the diffuser site Ksite_é)
and the monthly hydrographlc data collected at the stations shown in |
Figure 1. A special presentation iskgiven for the current velocity,
temperature and salinity ﬁime series data from the near—boﬁfém iﬁstruméﬁt
on the days when.the brine plume was measured. B :

A measurement system used in tracking the brine plume and™tné " “ -
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procedures employed to evaluate the areai and vertical extent and above
ambient concentration of the brine plume located 25 cm above the bottom
are summarized. The results of monthly measurements of the areal and
vertical extent are described in detail. Brine plume exposure rosettes
which show the‘predicted percent time that specific bottom areas in the
vicinity of the diffuser were exposed to above ambiént salinity
concentrations during the study period are diséussed. These exposure
rosettes were obtained using empirical prediction techniques which were
developed from actual plume areal and Vertlcai extent measurements.

ine water aud sediment qualiey monitoring artivities conSiéted Qf
quarterly water and sediment sampling at the stations shown in Figure 1.
Water samples were analyzed for salinity, dissolved .oxXygen, nutrients,
major bulk ions, soluble heavy metals énd estimates of organic matter,
turbidity and productivity. The sediment sample§ were analyzed for Eh,
PH, oil and grease, selected pesticides and PCBs, high molecular weight
hydrocarbons, and the same heavy metals as for the water samples as wel;
as the major ions and total dissolved solids preseut'in the interstitial,
or pore, waters of the sediments. |

The nekton sampling cruises during this postdisposal study were
conducted quarterly during the da§ witn trawls made ét the stations shown
in Figure 1. Each of these cruises normally required three days of at-sea
work. The déta from these cruises were used to determine the abundance,
composition, and diversity of the nekton during the period. These resiilts
are compared with similar data collected during the predisposal and
postdisposal periods in order to evaluate the effect of brine discharge oﬁ
the nekton community.

The benthic sampling for this postdisposal study was conducted

xxxii

o Gatee . adhe TRASEARR L e D e ALl el



quar;erly'at/tne stations shown in Figﬁre l. .Areal and temporal
distributions of populations and species and cluster analyses are used to
evaluate the effect of the brine dis;nérge.

The brine from the Bryan Mound sitelis discharged through a 0.9 m
diameter pipeline which is buried beneath the sea floor from Bryan Mound
to a point ;0 km off the Freeport, Texas coast in 21.6 m of water (Figﬁre
1). The location of the end of the pipeline is latitude 28°44'00.4"N and -
longitude‘95°l4'26.0"w. The last 933 m of the pipeline is a diffuser
whiéh consists of 52 diffuser ports which extend vertically 1.2 m above
the bottom. These ports are 7.6 cm in diameter and are 18 m apart. The
brine is discharged through the multiport diffuser, and it is diluted
initially due to Jjet mixing.. Since the brine is more dense ﬁhan the
receiving wate;s, it -falls to the bottom'and spreads over the sea floor.
Finally, it is further dilgted and advected away by the natural ocean
bottom currents and turbulent diffusion.

Brine disénarge from Bryan Mound began on March 10, 1980, tnroﬁgn the
15 furthest offshore ports. During the first four months of operation,
the brine discharge was conpinuous for approximately 10 td 16 hours per
day. The nominal flowrate and brine pit salinity were 230,000 barrels/day
and 240 o/00 respectively. |

In mid-July 1980,A16 additional ports were opened for a total of 31
opgn diffuser ports. The discharge rate was inéreased to over 500,000
barrels/day with an ultimate goal of 680,000 barrels/day. New caverns were
being leached at this time wnich céused the salinity’to pe less than 160
o/oo, and continuous discharge was maintained for appréximately 20
hours/day. As the cavern size increased, the brine salinity increased and

was continually over 200 o/oco by the end of August,
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In November 1980, the brine discharge rate was consistently between
600,000 and 680,000 barrels/day; and by December the.brine pit salinity
was being maintained between 240 and 250 o/0o. In general, these
conditions were m;intained‘tnrougn August 19, 1981; except fof a few
batching and no opefation days. On August 20;>1981, the dischargé
operation was shut down fér pipeline‘maintenance, and three additional
ports were npened‘for a total of'34vdiffuser poréé. .fne brine discharge
was increased to near 750,000 barrels/day on August 23, 1981,.ana the
brine discharge was nearly continﬁous at tﬂis raté ﬁﬁrough Decembef 1981.
In January 1952, ghe'discharge was iricreased to neérly'i;ooo,ood |
barrels/day, and it has remained a£ this rate‘tnrouqh August 1985.

For the périod of this report from éeptembéf 1982 through August 1983
the total daily average brine discharge, hours of ‘operation, average brine
salinity, aﬂd éﬁeragé briné téﬁperaturenéfe illﬁsirated in:FLgure 2, and
these values are also tabulated in Appendi* Table'E-l.

The data for this postdisposél study, as well as previous predisposal
and postdisposal studies, were compiled on tape by the data management
group and submitted to the National Oceanic and Atmospheric
Administration's ﬁational anironmental,Satellite Data and Information
Service in WaShingtdu; b.cC.

The complexity of thé Strategic Petroleum Reserve Proqraﬁ'on brine
disposal evaluation has required a multidisciplinary research effort which
is coordinated by a management staff headed by Dr. Roy W. Hann, Jf.,
Program Manager, Dr. Charles P. Giammona‘gnd Dr. Robert E. Randall, veputy
Progfam Hénagers. The objectives of the management staff are to oversee
the fiscal aspgcts of the project, act as . liaison between principal

investigators -and .sponsor, to coordinat'e program output .such as :eport’s
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and data transmittal, and to coordinate field operations. A separate unit
of the management staff is the field organization located in Galveston,
Texas. The field personnel are responsible for coordinating the use of
the Texas Engineering Experiment Station's research vessels, the . o
EXCELLENCE II and the QUEST, and other contract vessels. In addition, the
field personnel assist the principal investigators in the collection of

field data. The contractural matters of the project are the

responsibility of the Texas A&M Research Foundatioh.

This report is divided into three volumes. Volume I contains the -

presentation and analysis of the data collected during the pariod from
September 1, 1982 through August 31, 1983, and it is divided into chapters
which correspond ﬁo the areas of responsibility of the principal
investigators. These chapters are entitled Physical Oceanography (Chapter
1), Brine Plume (Chapter 2), Water and Sediment Quality (Chapter 3),
Nekton (Chapter 4), Benthos (Chapter 5), and Data Management (Chapter 6).
Volume II. contains the supporting qata for the individual chapters of
Volume I and is divided into Appendices$ A through E. Volgme I1I contains
the Executive Summary of this report.

The principal investigator for Physical Oceanography is Mr. Francis
J. Kelly, who is a Research Associateé in the Environmental Enginccring
Division of the Civil Engineering Department and a doctoral studént in the
Department of Oceanography. Dr. Robert E. Randal; is the principal
investigator for the Brihe Plume Measurements and Hydrogfaph& (cTD/DO),
and he is associated with the Ocean and Hydraulic Engineering Division of
the Civil Engineering Depatrtment. He is also responsible for the
collection and descriptionAof the monthly hydrographic data discussed in

the Physical Oceanography chapter. The principal investigator for Water
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and Sediment Quality is Dr. J. Frank Slowey of the Environmentai
Engineering Division of thé Civil Engineering Department. Dré. Andfe
Landry and Mark E. Chittenden are the principal investigatdrs‘for the

" Nekton studies. Dr. Landry is the head of the Marine Biology Division at
Texas A&M University at Galveston, and Dr. Chittenden is associated with
the Wildlife and Fisheries Departmenﬁ in College Station. The principal.‘
investigators for the Benthos studies are Drs. Donald E. Harper and Larry
D. McKinney who are'associated with the Marine Biology Department at-
Texas A&M University at<Galveston. Dr. Gary A. Wolff is a Re§earcn
Associate in the Environmenﬁal Engineering Division of ‘the Civil
Engineering Department and he is the principal investigator for. Data

Management.
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CHAPTER 1
AN

PHYSICAL OCEANOGRAPHY

Francis J. Kelly
Joyce E. Schmitz
Environmental Engineering Division
Civil Engineering Department
Robert E. Randall
Ocean and Hydraulic Engineering Division
Civil Engineering Department
John D. Cochrane
Department of Oceanography .
;
1.1 Introduction e ;
. o . » [ .
In this chapter, the physical oceanoggaphy of the Bryan Mound site is
. . R . i . .
characterized, the magnitude of the brine plume is discussed and the
results of the in situ instfumentatidn and synoptic hydroéraphic cruises
are presented in a variety of ways for use?by the other investigators.
The focus is primarily on the period of September 1982 through August
1983. Section 1.2 describes the instruments and methods. The
observations are described in secﬁion l.3 from a time domain
point-of-view. Results of observations in the braihe plume layer and
characteristics of the near bottom curfents which affect the Dbrine
dispersion are noted throughout the discussions. .The wind and currents
ahd their reiationship are discussed from a frequency domain point-of-view
in section 1l.4. The persistence of weak flow conditions near the bottom
is analyzed in section 1.5. Several general topics of interest are
discussed in section l.6.

This report is the most recent in a servies of reports which have

described the results of physieal oceanographic studies begun in late 1977

1=1



in the region offshore of Freeport, Texas. For the results of the
previous studies, the reader is referred to Kelly and Randall (1980) and
Kelly et al. (1981; 1982, 1883a). The results of studies at the West
Hackberry brine disposal site off Calcasieu Pass, Louisiana and aﬁ the
planned Big Hill site have Dbeen described and comparea to those a£ Bryan
Mound in reports by Kelly et al. (1983b, 1984) and Randall and kelly H
(1983).

A complete set of vertical sections, monthly statistics, monthly wind
and current roses and monthly time series plots of meteorological and
oceanographic data have been placed in Appendix A. Tnevappendix also
contains other large groups of figures and tables such as spectral density
plots, the results of harmonic tidal analyses and expanded'plots of near
bottom current veloc;ty, salinity, and temperature for the days on which
the brine plume was mapped. (Results of brine Plume mapbing are described

in Chapter 2.)

1.2 Instrumentation and Methods

1.2.1 In situ Instrumentation

Figure 1-1 shows the location of the diffuser 8ite, various witness
buoys which mark the diffuser site, the NDBC meteorological instrument
site (42008), and the sites of the oceanographic instrument arrays. Two
oceanographic instrument sites, C and K, were operatiénal during the
pericd covered by this report.‘*Site C was located approximately 300 m
downcoast (southwesﬁ) from the end nf the diffuser. Site K was
established in June of 1983 about 1.8 km upcoast (northeast) of the
diffuser site to serve primarily as a control site to obtain salinity
measurements outside the area of strong brine plumg influence. It also
provided redundancy for measurements of bottom currents, Site K was at
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discharge area and in situ instrumentation.
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approximately the same location as hydrographic station 34B (see Section
1.2.3) .

Figure 1-2 schematically shows the configuration of the instrument‘
moorings at site C. There were three separate instrument moorings located
close to the elastically tensioned mooring of the witness buoy. Two of
the instrument moorings supported ENDECO Type 174 current meters (which
also had temperature and conductivity sensors). The third instrument
mooring supported an Applied Microsystem tide meter at the bottom. One of
the two current meter moorings supported three ENDECO meters which were
attached to the mooring line by the standard ENDECO method of a rope
tether (ENDECO, 1978; Salter, 1979). The meters were designated CT, CM
and CB and were located at 3.6 m below the surface, mid-depth and 1.6 m
above the bottom, respectively. The depth of water was 21.9 m. Two
current meters, designated CU and CZ, were attached without rope tethers
to the second mooring which was specially designed to permit the axis of
meter CZ to be only 46 cm above the obttom. Meter CU was located 1.6 m
above the bottom, the same height as meter CB.

The purpose of meter CU was to provide salinity measurements at a
fixed height above meter CZ. Since meter CB was attached to its mooring
by a rope tether three feet in length, it was sometimes above or below its
nominal position when the currents were slack and the meter was not
exactly neutrally buoyant. However, slack currents are not very
persistent in the study area (see Section 1.5), and since even weak
currents generate sufficient hydrodynamic drag to overcome small vertical
buoyancy forces on the meter, there appears to be little difference in the
salinity data recorded by the two meters. Because of the depth of the

meters it also appears that eliminating the rope tether, the purpose of
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which is to reduce the effect of surface gravity waves, did not adversely
affect the current measurements. A guantitative comparison of the data
from the two meters is being made and will be discussed in a later report.
In this report the data from meter CU were used as the primary source, and
gaps in the CU data set were filled with data from CB.

The two current meters at instrument site K were designated KU and K2
and were located at heights of 1.6 m and 46 cm above the bottom,
respectively. The water depth at this site was 21 m. They were moored in
the same manner as meters CU and CZ and were protected by a surface
witness buoy as in rigure l-2.

Figure 1-3 shows the periods (time-lines) during which meteorological
parameters and current velocity, temperature and salinity data were
successfully collected at each instrument location. No meteorological
data were recorded during September through November 1982 because of
problems in the NDBC instrument package. All oceanographic instruments
were removed on August 23, 1983 because the surface witness buoys were
lost during Hurricane Alicia. They were reinstalled on August 30 after
new witness buoys were deployed. Current meters were replaced about every
four weeks to minimize the potential for biofouling which is strong in
this area. Small tick marks on the time lines in Figure 1-3 indicate the
dates on which the instruments were replaced.

More detailed descriptions of the instruments' characteristics, data
quality assurance procedures and field procedures are given in the field

and laboratory procedures manual tor this project (kKelly et al., 1983c).

1.2.2 Data Processing Methods for Time Series

The time series of raw data (speed, direction, temperature, and
conductivity) for each deployment period were carefully edited to
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Figure 1-3. Time-lines showing the periods of time during which good data
were recorded for the following parameters: current velocity
(C), temperature (T), salinity (S), barometric pressire (P),
wind velocity (W) and air temperature (T).




eliminate spikes’or”déne; obviously bad data points. Cuften£.¢éiocity”
déta were then resolved intb'orthogdnal‘éémpoﬁents‘6riénteé parallel and
perpendicular to the local isobaths. Tne‘paballei direction was
approximately 055°T to 145°T. Temperature and conductivity data were used
to calculate salinity according to the equation of Daniel and Collias
(1971), ‘a 10w ‘order polynomial which is comphtatioﬁallyhefficient and
quite sufficient for the accuracies of the ihstrﬁménéi "

A two-hour, low-pass, symmetric'Lénczos filtér”waésthen"épblied to
each of the time series: alongshelf current, cross-shelf current,
temperature and salinity. The raw data were recorded at several different
sampling intervals, depending on a meter's 1ccation.: Meters cr'andzén had
a 3-minute sample'intéryal; meters CB,'CU'and KU had aﬂs-mihute intéfvalfﬁ
and meters CZ and K2 had a l0-minute interval. Two-houfulow-pass filters
were designed to produce identical téqunses for each of the different
sample intervals. The filters had a -6 db point at two hours and ; |
sharpness which resulted in 1.5 hour being lost from each end of the
record. 7Tne filtered series were then suﬁsampled aﬁ a h;lf-nour interval.

Tne'resulting half-hour series from each depioyment period were
joined end-to-end to form a single long series for each parameter. Short
gaps were filled by linear interpolation. Gaps qreatér ‘than about one day |
in duration were not filled and thus determinéd how 1oﬁg the joiﬁiﬁq .
process was carried on before a new series was bééun;

Table A-6 lists tne‘dates'for‘eaun‘deployﬁeht‘periOd'aloﬁq wiéh notes
about the data quality for. each period: |

The joined series were filtered with a three-hour low4§a§s filter and
subsampled at noUrlyAintervals} finéily fhe§ weré:fiigeréd with a 40—noﬁ£,

low-pass filter and subsampled at six-hour intervals. Both filters were
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symmetric Lanczos filters and had snarpnesses which resulted in a loss of .
eight hqurs and foﬁr days of data,‘reSPectively,-ffcm each end of tﬁe
record. The 40-hour, low-pass filtéf‘was designed to eliminate all
flﬁctuations of‘a daily naéure such as tides, inertial.oscillétions. etc.
The'subsequent analyéésito be discus;e@ utilize -the three-hour and |
40-hour, - low-pass filtered tiﬁe series. The aone time-series operationﬁ
were performed using theAFESTSA software package (Brooks, 1978).

The time series wére‘gnalyzed by a variety of methods. First, basic
statistics were computed fdr-ﬁontnly intervals for éach series, and the
results are listed in'tne gables in Section A.2. Next, joint frequency
qistributions‘of speed and direcgion were computed for wind &elocity and
for currentAvélocigy'ovef‘montnly intervals and rose diagraAS‘were
plotted. These results are shéwn in section A.3. Monthly plots of the
meteorological time series (section A.4) ahd the oceanograpnic.time series
(section A.s) were constructed. Fér vector timé series, the monthly plots
show both the three-hour and the 40-hour, low-pass filtered serie§ of each
orthogonal.componént-and a stick vector series reconstructed at six-hour
intervals from the 4Q-ndur, low-passed orthogonal compoﬁents. fcr scalar
time series, just the tn;ee-noﬁr low-passed data are plotted. Harmonic
analyses for 29;day intervalg were perfdrmed for the cu;rent;. A modified
version of the program by Dennis and Long_(197l) was used, and the
parameter; of the’tiAal current ellipse were also compute@ (Doodson and
Warburg, 1941). Tables of the results are given ig section A.sf ‘Section
A.7 shows time series ﬁlots of the sitg C, bottom data for éacn day on
which é plume*mapping'cruise was conducted. These plots are provided
primarily for reference purpdses in tné discussion in Chapter 2.

Autospectra, rotary spectra, phase and coherence squared were
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computed for various individual series and pairs of series of wind and
currents. The Fast Fourier Transform (FFT) method was used.

An introduction is provided for each section in Appendix A wh;ch
gives additional details about the method of analysis used to obtain the
results of that particular section and how to interpret the tables or
plots. In the discussions in this chapter, selected figures ‘from the
Appendix are used along with special summary plots to elucidate the main

points of interest.

1.2.3 CTD/DO Hydrographic Surveys

Conductivity, temperature, depth, and dissolved oxygen (CTD/DO) data
wefe collected at the étations listed in Table 1-1 and shown in Figure
1-4. These data were measured at the bottom, 1 m above the bottom, every
3 m, and 1 m below the surface. The hydrographic data were collected on
monthly cruises aboard the university researqn vessel, the R/V EXCELLENCE
II, using a Hydrolab 8000 system which measures conductivity, temperature,
depth and dissolved oxygen. The accuracy of the conductivity sensor (four
electrode type) is :9.5% of full scale, which is 200 mmho/cm at 25°C;
this corresponds to *1 mmho/cm or #0.7 o/oco. To improve the salinity
accuracy, the prdbe is calibrated with standard solutions using a Grundy
léboratory salinometer. It has an accuracy of % 0.003 o/ooc (Grundy,
1978), and the salinity accuracy after calibration is about *0.5 o/00.
The temperature, dissolved oxygen, and depth sensors have accuracies of #
0.2°C, #0.2 mg/1, and *1 m, respectively.

The conductivity data were converted to salinity using the equation
of Weyl (1964). The salinity data were then corrected as required by the
calibfation results after each cruise. The temperature data were used as
read from the instrument since calibration results have.#hown the
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Table 1-1. Latitude and longitude for conductivity, temperature, depth
and dissolved oxygen field measurement stations.

Station North Latitude West Longitude
12 28°51.96" 95°19.74"
14 28°49.50" 95°17.99"
16 28°47.33" 95°16.20"
33 28°42.30" 95°17.70"
34 28°44.45" 95°14.67'
34a 28°45.20" 95°12.70"
34B 28°44.70" 95°13.20"
34C 28°43.20" 95°13.90"
34D 28°42.40" 95°13.30"
34E 28°43.00' 95°16.40"
34F 28°43.60" 95°15.50"
34G 28°44.90" 95°15.10"
36 28°41.40" 95°11.45"
39 28°47.00' 95°10.40"
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temperature measurements to be Qithin the manufacturer's accuracy
specifications. A The depth measurements frequently required a correction.
'It was determinea by a surface (zero depth) measurement and a bottom
méasurement which was checked with the>éhip!s depth sounder or the marked
hincn line.

During the collection of the CTD/DO data, selected water samples were
callecied at the same location as:the sensor and were chemically fixed
aboard the researﬁh vessel. These water samples were returned to the
laboratory and analyzed using Winkler tiﬁration procedures. The field
d;;;;iv;d ;iygen data wére‘éorfected for sé}init§ and temﬁefature effects
ahauthen‘{urfﬁgf'cérrected using the results from the Winklér ahalysis.

The salinity, temperature, and depﬁn data for each station are used
to compute the density Of the water column. This is presented in the
customary oceanographic form of sigma-t. Sigma-t values are computed from
salinity, temperature, and depth data using the equation of LaFond (1951).
A detailed description of the instrumentation, calibration procedures and
field précedures is given in the Field and Laboratory Procedureé Manual
(Randall, 1983).

The hydrographic data for the period September 1882 through August
;983 are presented in the form of vertical cross~sections for transects
péfallel to the pipeline (crbss-shelf) and normal to'tne pipeline
(alongshelf) through the center of the diffuser (station 34). The
stations for the cross-shelf'transec£ are numbers 12, 14, 16, 34G, 34,
34C, 349, and 36, and for the alongshelf transect the station numbe;s are
39, 34a, 348,‘34, 34F, 34E, and 33, all of which are shown in Figure 1l-4.
The vertical sections clearly show the magnitude and extent of the effect

of the brine discharge at station 34 on the hydrography of the area and
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demonstrate the natural short-term and intra-annual variations which
result from fresh water runoff along the Texas-Louisiana cdaéﬁvas
previously describéd by Kelly and Randall (1980) and Kelly et al. (1983a).
Selected vertical sections are discussed in detail; a complete set of

monthly vertical sections is in Appendix A.

‘

1.3 Observationé

The data Af this report were divided iﬁto four seasons of three
months each beginning in Septémber 1982. For each ;eason, the temporal
variability is descriﬁedbusing the continuoﬁsly recorded data, and then
the spatial distributions of the hydrographic variables are described for
a single date each ﬁonthvusing thé resu;ts of the hydrographic surveys by
ship. The 40-nour; low-éassed time series are‘used for discussion and
comparison of the contihuously recorded data. Forty-hour, low-passed data
are similar to daily averages, i.e. flucéuations Qitn a period of a day or
shorter have been removed. Large fluctuations can and do occur within one
day, and the figures in Appendix a.5 sﬁow detailed monthly plots.which
include short period fluctuationsf A common scalé has been used for the
éeasonai plots of 46-nour, iow-passed data to facilitate<comparison. fhis
resulted in a féw cases in'which the rapge of'curfents exceeded the range
bf the plot, but the figures in Appendix A.5 can be referred to for the
full range.

The time series ofAcurrents are also presented in the form of
progreséive vectdr diagrams fbr each season. They were made from the
three~hour, low-passed data. A progressive vector diagram shows the
displacement a particle would have. if it had the velocity measured at the
-fixed position of the current meter at all timeés. For small displacements’
the prodress;ve vector diagram is an approximation to the particle
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trajecteory and is usefulﬁfor estimating a4vective length scales and the
relative displacements between different meter locations.

In ;ne‘discussionS‘of the éffect of the brine plume on salinity, it
is assumed.tnat theﬁsalinity at CU is ambient and that greéeater values at
CZ are a result of the brine. Based on the results of the salinity data
from the control site KU, this appears'to be a good assumption. The CU
meter often recorded snort-fluctuatioﬁs of 1 o/oo or less wniéh appear to
be brine related, but these disappear when the data are filtered or
averaged; the salinitiés aﬁ CU and KU then agree within 1ns£rument
' aécurécy. r i . o

| The principal séﬁrce of the fresher water obsérved in the §tudy area
‘is the nississippi-hténafalaya river system, although discharge from
smaller rivers énd/or bays and estuéries may significantly freshen the
Jinner coastal waters for brief periods of time. Figure 1-5 shows the
volume flow for 1982 and 1983 of the Mississippi éiver at Tarbert Landing,
the Atchafalaya River at Simmesport, and the sum of the‘two (U.S. Army
Corps of Engineers, personal communication). There was.clearly a much
greater volume of dischérge in 1983 than in 1982,.and peak discharge was
greater'by a factor of élmost two. Tne'peak in laté May;early June 1983
ﬁas partiy.the cause of'the low salinity vaiues iﬁ Juﬁe and Juiy._ Another
contributing factor was the lack of a persiétént reversal to upcoast
alongshelf wind and currents (see Section 1.3.4).

The nydrographic daté are presented in tne.form of‘verticél sections

~and vertical profiles.

1.3.1 Fall (September, Qctober, November)

Meteorclogical data were not recorded during this season because of
proplems in NDBC instrument package. Figures 1-6 and 1-7 summarize the
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fall currents. P:ogres%ive vector diagrams are shown in Figures 1-8 and
1-9. Thé“temperature and salinity data are suﬁmérized in Figures 1-10 and
1-11;

Alongshelf currents were downcoast through most of the fall except
for .a few short reversals to upcoast. The means fof CT decreased from -32
cm/s in September to -26 cm/s in November. At CN, theyzﬁere similar for
the three months at about =21 cm/s. For cﬁ, tné alongshelf means were
about -11 cm/s for thg first two months and then increased to about =15
Cm/s‘inlﬁovember. Vefy«close'to the bottom, at CZ, the alongshelf ﬁeans
were-sti;l relativelf high at -8 cm/s to f9 cm/s.

Cross-shelf means were almost zero at CT and CM during September and
October and then in November were onshofe at 4 and 1 cm/s respectively.
The ﬁottom metérs recorded relatively strong offshore flow. At CU, the
means were in‘tﬁe -3 to -4 cm/s range, and at CZ, they Qere about -6 cm/s.
The progressive vector diagfams show that the reasqh CZ had stronger
. offshore flow‘tnan CU was a countercockwise rotation in the direction of
the currents with depth. 1In terms of magnitude, CZ currents were not much
smaller than CU currénts.

Cut;ent roses for éT (see Appendix A.3) show that the most frequently
recorded speed range was 30 to 40 cm/s in all three months while SW was
the most frequently reqorded diréction sector. The predominance of
downcoast currents re;uited in the vector alongshelf means and the scalar
averages of speed héving about equal values in each month. At CM, the
roses show tna;vSw was. also the most fréquently recorded direction in all
months. Speeds, nowevef, were distributed broadly. Only in October did
any speed range exceed about 15%. Scalar mean speeds were again similar

to the vector alongshelf meains.
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The roses for CU indicate that SW was still the most frequent
direction sector. The progressive vector diagrams show ﬁhere was some
counterclockwise rotation of CU currents relative to CT and CM currents
but not enough to influence the low percentage of observations in the S
sector. Speeds wefe broadly diséributed between 5 and 25 cm/s. Scalar
mean speeds were about 17 cm)s in each month or several times the vector
means. At CZ, the additional counterclockwise rotation in the bottom
currents caused S to be the most frequent direction sector. The most
frequent speed range was 10 to 15 cm/s in all months. Mean scalar speeds
were high at about 12 cm/s.

Temperature (Figures 1-10 apd 1-11) decreased from a high of slightly
less than 31°C at the beginniné of fall to about 20°C at the end. After
mid-September, the bottom water was usually warmer than the -surface water.
Vertical differences were usually less than 1.5°C.

Salinity of the water column between ¢T and €U was fairly hpmogeneous
from September 1 to September 10, but decreased from about 36 to 33 o/o0o.
Between September 10 and October 20, a series of pulses of fresher water
were recorded. The salinity at CU varied slowly between 33 and 35 o/éo
while the salinity at CT dropped to 26 to 27 o/oo during the September 11
through September 19 and October 13 through October 17 periocds. At site
C, the fresher water was confined mostly to the upper half of the water
column. Smaller salinity decreases of about 4 o/00 occurred briefly a
number of other times. The one on October 5 penetrated below mid-depth.

Figure 1-11 shows the effect of brine on near bottom salinity.
Assuming that the salinity at CU is approximately an ambient measure; the
salinity at C2Z varied between ambient'and about 4 o/oc above ambient. The

larger above ambient values occurred with low current conditions such as
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during the'periods September 16 tprouéh September 20 and November 5
éhrough November 8. Plume)effects vanished during very stronglcurrents on
September 11 and November 26 and during periods when the curfent was
modefaté'but directéd so that site C was upstream of the diffuser, such as
on Octobef 16. Despite the fact that the avefage bottom currents were
strong, plume effects were quite evident. This may be related to tﬁe fact
that bottom currents during the fall were directed sucﬁ that siﬁe C lay
downstream from the diffuser much of the time.

zSpatial distributions of the hydroérapﬁic variables were mapped in
the fail of 1982 on September 7, October 5 and November 2. The results of
the September 7 cruise are shown by the vertical transects in Figurés A—Z
and A-3. On this date, the brine with a salinity of 252 o/o0 and a
Eemperature of 29°C was.being discharged at an average raté of'41,169
:barrels/hr. Currents were approximately downcoast at about 25 cm/s.

The émbiént environment of the region was relatively nomogéneous with
saliﬁity values near 35 o/00, temperature values near 29.8°C; sigma-t
values near 22, and dissolved oxyéen values near 5.6 mg/l. Salinity
increased slightly in the offshore ahd downcoast directions. The brine
plume was cleafly evident’near the bottom of sﬁation 34. The 36 o/o0
isohaline extendedAalmost to stations 34G and 34C in thé c;oés-shelf
direction, or a distance of about 1.6 kmAfrom the diffuéer. .In ﬁhe
.alongshelf direction, the plume extended froh mid&éy between §tati§ns 34
and 34B to midway between stations‘34E and 34F; the plume was clearly
directed downcoast and reached a distance of about 3 km from the diffuser.
:Tne highest bottom salinity was 37.9 o/oo at station 34 or about 2.9 é/oo
.above the ambient salinity at station 39.

On October 5, there were strong spatial'gradients in the ambient
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environment as Figures 1-12 ané 1-13 show. Brine was béing discharged at
an average rate of 40,850 barrels/hr with a salinity of 254 o/oo and a
temperature of 29°C. cCurrents were strongly sheared in the vertical
(Figures A-57, A-69, A-81, and A-93) and variable during the time of this
crﬁise. Near surface currents were downcoast and varied between 25 cm/s
and 65 cm/s ﬁnile boFtom currents varied between 20 cm/s upcoast and
onshﬁre and 25 cm/s downcoast and offshore.

Water temperature was near 27°C, and it increased slightly from
bottom to top and in an offshore direction. The plume did not change the
ambient temperatures near station 34. |

A wedge of fresher water with a double frontal structure lay inshore
of station 34D. Salinity values in this wedge ranged from 27 o/ooc to 34
o/ooc. Inshore of station 14, the water ‘column was vertically homogeneocus
but horizontally stratified because of a vertical front between stations
12 and 14. A stronger inclined front extended frofi insnore of station 18
to offshore of station 34G. The alongshelf transect through station 34
shows that the mass of fresher surface water was deeper downcoast from
station 34. However, this may be an artifact since the currents were
quite variable during the time of this cruise. The density distribution
is almost identical to the salinity distribution.

The presence of the brine plume is clearly shown by the closely
‘spaced convex isohalines extending to three meters above the bottom near
station 34. The ambient bottom salinity at station 39 was 34.8 ©6/6¢, 80
‘the 35 o/oo isohaline represents a 0.2 o/oo above ambient contour line.
The 35 o/oo isohaline extended from 34G to 34C in the cross-shelf
direction and from 34F to 34B in the alongshelf direction. The span of

the 35 o/oo0 contour was 3.7 km in both the alongshelf and cross-shelf
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directions. The highest salinity values measured at station 34 were 38.3
o/oo Aduring the'cross-snelf transect and’ 39 .2 o/oo during the alongshelf
transect. '

The dissolvedlonY§en data indicate tne water column was near 7 mg/l
at station 12 and near 6 mg/l in the remainder of the ‘water column in both
the cross-shelf and alongshelf- directions. Tnere was a slight decrease in
oxygen content'fron~tne»surface'towtne'bbttom; For example, at station
34, it decreased from 6.5 mq/l at ‘the’ surface to 5.7 mg/l at the bottom.

Data from the November 2, 1982 cruise are shown in Figures A-6 and
A-7. On this date, theé" brine was being discharged at an averaqe rate of
38,147 barrels/hr, and tne average brine salinity and temperature were 257
.0o/00 ana 31° c,,respectively. Currents were ‘'variable and vertically .
sheared during the day of this -cruise: but were directed downcoast at all
depths. Near surface .currents-varied- between 45 cm/s and 75 cm/s and near
bottom currents varied between about 10 cm/s and 25 cm/s (see Appendix A).

The temperature.increased~witn distance offshore rrom slightly less
than 22°C at station 12 to'sligntly'greater‘tnan 24°C at station 36. A
slight temperature increase1witn,deptn:nasfobServed in'tne alongshelf
direction with ualues,sligntly 1ess!tnan 23°C near the surface and near
24°C at the bottom,,. _ ...1‘i.ﬁsz:- TR s

The salinity and density data in ﬁovember generally?increased from
surface to bottom, from insnore to offshore and from northeast to
southwest. Tne salinity ranged ‘from 29 o/oo nearshore to 34 o/co
offshore. The brine plume is indicated by the convex isonalines of 35 and
36 o/oco near the bottom .in, the ViCinity of ‘station 34 in botn the

cross-shelf and’ alongshelf transects. Tne 35 o/oo isonaline spanned a

distance of about 8 km .4ll-the cross-shelf direction and 6 km in the
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alongshelf direction. The bottom salinity at station 39 was 34.6 o/oo so
the 35 o/ooc isohaline was approximately 0.4 o/oc above ambient. The
highest measured salinities were 37.7 ax';d 37.8 o/oo at the bottom of
station 34 (diffuser location) during the alongshelf and cross-shelf
transects, respectively.

Dissolved oxygen dgcreased with depth; values slightly greater than 7
mg/1l were observed i? the upper part of the water column and less than 7
mg/l in the lower part. At the diffuser site the dissolved oxygen
decreased from 7.9 mg/l at the surface to 6.8 mg/l1 at the bottom. The
data show no indication of a brine effect on the dissolved oxygen in the

bottom waters.

1.3.2 Winter (December, January, February)

There are no currents from the CZ location from December 26, 1982 to
March 22, 1983, and no currents from the CT location from December 30,
1982 to January 7, 1983. (The gaps in the 40-hour, low-pass filtered data
are longef because of the filtering operationh). Figures 1-14 and 1~15
summarize the wind and currents from the winter season. Figures 1-16 and
l-i7 show the progressive vector diagrams. The gap in CT currents was
filled with data from CM in order to plot the CT progressive vector line.
The CZ line is only for a short 26-day period. There weré no gaps in the
temperature data during the winter, but salinity at CT had a gap from
January 29 to February 19, 1983. Figures 1-18 and 1-1Y show the 4u-nour,
low-passed temperature and salinity data.

1Tne monthly mean wind components were downcoast and offshore in all.
three months (see Appendix A.3). The means increased in strength from
December to January. The most frequent direction sector was S in all
three months. The second most frequent éector changed from NW in December
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to SW in January and February reflecting tne increasing effects of winds
from the northeast associated with winter storm fronts (see Figures A-48
through A-50). Tne most frequent speed range was 4 to & m/s in the
winter, but there were significant percentages of observations in the
higher ranges. -

The'currents had a_muchmgreater number of occurrences’of upcoast flow-
in the winter than in tne“fail (Figure'l-l4). The periods.witn upcoast
flow“are associated, in most instances, with alongsnelf wind in-the
upcoast‘direction. The peaks in upcoast current lag the corresponding
wind peaks by.three-fourths of a<day; There are also some periods when
the currents appear to be unrelated.to the wind as on December 17 and
Februaru 2. A

Monthly mean‘alongsneif”currents decreased fron December to February.
At CT, they went from -30 to =-23 cm/s, at C¥ from -20 to -13 cm/s; and at -
Ccu from_-lo to -5 cm/s. It is 1nterest1ng tnat little change in mean
vertical snear was observed. Mean cross-shelf currents were onshore in
the upper part of the water column and offshore at CU.

Durlno tne first month of- tne wzn er perlod, the most frequent speed
range at CT and at CM was 30 to 40 cm/s. During the second and.third
montns;»tne CT speeds were somewhat~5i-modai in distrdbution, out the most
freduent*Speed range was 50 cm/s andfup.'vet.cu, however, the speeds feli
most frequently"in the 5 to 25 cm/svrange. Speeds at CU also fell mainly
in the 5 to 25 cm/s range with the upper side preferred in Decemoer,vthe
lower side in January. The most ;fe&ﬁene direction sector during wdnter
at CT, CX, and .CU was»swu~»Data were'only-collected during‘Decemoer“at cz.
Its current rose shows a hlgh percentage of currents fell in tne 10 to 15

cm/s range, and the currents were rotated more toward offshore resulting



in S being the most frequent direction sector.

Water temperature dropped during the winter from values near 20°C to -
a minimum of 13°C to 14°C in mid-February (Figure 1-18). The water
cdlumn at site C aliernated between being isothermal and being thermally
stratified with top to bottom differences of 2°C to 3°C. & comparison of
Figures 1-14 and 1-18 shows that in most cases, thermal stratification
increased when there was upcoast flow and vice versa. The upcoast
currents were usually associated with onshore bottom cufrents which
advected warmer, more saline offshore bottom water to site C.

Salinity was less variable than in the fall (Fiqure 1-18). Surface.
values fluctuated between about 29 and 35 o/oo at CT and CM and between
about 30 and 36 o/0o at CU. There was a decreasing trend, particularly in
February. The surface salinity fluctuations were apparently related to
cross-shei% frontal movement. The hydrographic data (Appendix A.l) show
that a mass of fresher water lay inshore of site C on the days of the
hydrographic surveys. Decreases in surface salinity during the winter-
were associated with upcoast and offshore currents which moved the
salinity front across site C.

Figure 1-19 shows the plume effects on salinity. Above ambient
values, C2Z minus CU, are typically 2 to 4 o/oo. The rises in CU salinity
on February 12 could be misinterpreted as due to a large plume with
sufficient thickness to affect the CU meter at 1.8 m above the bottom, and
therefore, the salinity at CU would not be a measure of ambient
conditions. However, the salinity increase at CU .was associated with
onshore current and warmer temperature, and it appears that the rise in
salinity at CU was due to the shoreward movement of warmer, more saline

shelf bottom water, a natural process.
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The spatial distributions of the n§drographic variables were measured
during the winter season on December 1, 1982 and Januafy 4 and February 3,
1983. During the cruise on December 1, 1982, the brine was being
discharged at an average rate of 41,613 barrels/hr with a salinity of 262
p/oo and a temperatu;e of 25°C. Currents on this day were weak and had
been.weak and variable for the preceding two days (see monthly time series
plot§ in Appendix A). The alongshelf component of current at the surface
and mid-depth decreased from about 25 cm/s to 0 cm/s during the day of
this cruise; at CU, it fluctuated about 15 cm/s, and at CZ, it was fairly
steady at 5 cm/s to 10 cm/s. The cross-shelf component was slightly
onshore at the surface and steadily offshore at the bottom at 5 cm/s.

The December salinity and sigma-t data show the salinity and density
increase with distance offshore and depth. The surface salinity increased
from near 29 o/oo at station 12 to slightly more than 34 o/oo at station
36,.Sigma—t units increased from 21 to 24. Thé alongshelf transect |
indicates surface salinity increased in the downcoast direction from near
31 o/oo at station 39 to 34 o/oo at station 34. Salini;y was nearly
constant at slightly greater than 34 o/oo in the lower hLalf of the water
column except at station 34. ihe presence of the bfine plume was clearly
evident at the bottom in the vicinity of station 34. The 35 o/co
isohaline represents a 0.7 o/00 above ambient condition based upon the
34.3 o/oo bottom salinity at station 39. :ne plume covered a distance of 8
xm from between stations 34G and 34 to station 36 in the cross-shelf
direction and 4.5 km from near station 34B to between 34E and 34F in the
alongshelf direction. The plume was elongated in the offshore direction
becaﬁse the cross-shelf component of bottom current was offﬁhore. The

highest salinity was measured as 37.5 o/oo0 at the bottom of station 34 on

1-39



tne;Crosseshelf transect,:wnicn was 3.2 o/oo above“the}ambientysalinity.
The dissolved oxygen_content decreased with depth fromjne;r:e mg/1 at
the surface the sligntlyhlessAthan‘e mg/l at the botton;T ngain} tnere was
no evidence of a brine discnarge'effect on the d;ssei;ed oxyqentin the
water column.: B ) o N

| on January 4, 1983. brine was being discharged at‘a daily average rate
of 42, 250 barrels/nr, with a salinity of .254. o/oo and\a temperature of
19°C. The cross-sections of nerégrapnic data collected on this date are
illustrated in Figures:l-Ze and 1-21. In the upper partJof tne water
column, the current varied between 15 cm/s and 40 cm/s and was directed
downward and onshore, wnile near'tne bottem it varied between slcm/s and
20 cm/s and was directeGVQOwncoast andjoffshore. On tnislday~qe61er
fresher water was ;onnqﬁfremwtne.eoast to_apputis;;;;ggws4§$sihé w;rmét
and saltier offshore water extended along the bottom to.about5stationci6.
The transition from 14°d; 29 o/oo water at station 12 to 16°C, 35 o/oe
water near station 34C was gradual. In the alongsnelf“transect‘water
cooler than 15°C was present in the upper layers in two pocketszwhich
straqdledlstation 34{‘wh11e near the bottom a pocket of 17:; yater lay
upcoast of statien 34; fne alonghself transect also snews that the water
upcoast of station 34A was slightly fresher than that downcoast of it.

R The isopycnals followed the same patterns as the isonalines with
values of 22 nearshore and 26 offshore. The brine plume is clearly
evident in the convex-shape of the isonalinesjnear the bottom in the
vicinity of the diffuser.’ Tne 36 o/oo isohaline started near station 34¢
and rose to a height of 3 m above the bottom at-’ station ‘34.7 Its h21qht

then started to decrease, but rose again as a result of hzgner ambient

salinity,waterroffsnore betwen stations_34D and 36. The "37 ‘6/00 isohaline
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‘extended to station 36, so the brine plume apparently was approximately
8.5 km wide in the cross-shelf direction. In the alongshelf direction, the
36 o/oo isohaline extended 5 km between station 34E and 34B and reached a
vertical height of 4.5 m above station 34. The highest salinity at
station 34 was 38.6 o/oo which was 3.8 o/co above the ambient salinity
measured at station'39.

The dissolved oxygen decreased with depth and distance offshore. The
highest isopleth of dissolved oxygén (9 mg/l) was‘observed near the
surface'between stations 12 and‘14. The 8 mg/l isopleth started at the
bottom of station 14 and rose to the 5-meter depth at station 16 and
remained between the 5>and 10 m depth out to station 36. In the
alongshelf transect the 8 mg/l isopleth was generally horizontal between
‘the 5 and 10 m depth over the entire transect. No variation was obsgrved
near the diffuser.

On Februéry 3, 1983, the hydrographic data were measured’wheﬁ brine
was being discharged at an average of 41,919 barrels/hr, a salinit§ of‘246
o/o0, and avtemperature of 19°C. The currents were directed upcoast angd’
onshore at all depths. Early in the day speeds were near 50 cms in the
upper layers and 25 cm/s’in the lower layer, but they had decreased to
half these values by the end of the day.

A mass of water with characteristics of 16°C and 34 to 35 o/oo lay
just below mid-depth and'extended from offshore to just inshore of station
34. wWater with salinity in the 32 to 34 o/oo range lay inshore and above
it. There was a sharp halocline at mid-depth beqinning iust inshore of
station 34 and extending éast sﬁation 36. Dissolveﬁ oxygen wa§ slightly
less than 6 mg/l in the warmer, saltier water mass and slightly greater in

the water surrounding it.



The brine plume was weak and of small extent on this day, probably
because of the vertical salinity stratification above station 34 and the
strong currents. There was no.indication of any plume effect in thé.

temperature and oxygen data.

1.3.3 Spring (March, April, May)

The wind and currents during March through May 1983 are summarized in
Figures 1-22 and 1-23. -Progressive vecﬁor diagrams for the CT, CM, and CU
currents are shown by Figures 1-24 and 1-25. The hiatus in CZ currents
ended on March 22; a progressive vector line is not shown for CZ. Fiéures
1-26 and 1-27 summarize the spring temperature and salinity data. Tnere;
is a gap in salinityzdata from April 12 to April 25.

Monthly means of the wind components dropped significantly in
maghitude in March and April and were directed weakly downcoast and
onshore. In May, they became strongly downcoast and onshore. The wind
roses, however, indicate that the wind speeds were not small in the
spring. The most frequent speéd ranges were 4 to 6 m/s in March and 6 to
8 m/s in Bpril and May. Scalar average speeds were 6 to 7 m/s. Figure
1-23 shows that during March and April the winds were not weak,'but they
alternated between periods of approximately equal magnitude but oppositely
directed flow thus yieiding small vector means. The 1argé standard
'deviations about the means in Table A-1 reflec;ltnis process.

The dominant wind direction was about equally distributed in the W
and NW sectors in March, while in April and May, the NW sector became
increaéingly dominant. |

The monthly mean alongshelf currents reflected the weak mean
alongshelf winds’in March and April and the increase in aléngsnélf Qind
strength in May. Mean alongshelf currents were weakly downcoést in March
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‘and'April and increased in downcoast strength at all depths ‘in May. Mean
cross-shelf currents, however, did not nave a consistent pattern. Like
the winds,'the currents exhibited large variability about their means
(Figure 1-23 and Table'A-Z); The current roses show that at CT and CHN,
the most frequent speed range was 30 to 40 cm/s during spring and average
scalar speéds‘were'generally in the 25 to 35 cm/s range. While SW was the
most frequent direction sectorifor CT and CM in March and April, the
secohd most frequenﬁ was NE, reflecting the alternating nature of the
currénts. In May, the cur?ents became more persistently downcoast and
onshofe (SW and W direction sectors).

-Currents at CU were broadly distributed among the S, SW, N, and NE
sectors in March and April and then became more pergistently downcoast and
offshore in May (SW and S sectors). Speeds at CU were also broadly
distriﬁuted in magnitude in March and April and then became more
concentrated around tnél;o to 15 cm/s range iﬁ Kay.

At C2Z, cqfrents were mostly in the S sector and the 5 to 10 cm/s
speed range in April and May.

A Water temperature warmed during the spring from about 15 to 16°C to
23 to 24°C. Bottom water was warmer than the surface water until the
latter half of April when the relationship reversed.. In ﬁay, a
tnérmpcline with a 3°C temperature difference developed;as the surface
water continued to warm, buﬁ the bottom water decreased in temperature
slightly.

Salinity was more'vafiable in the spring than in the. preceding
season. The variability was as .great near the bottom as at the surface,
apparently becausg'of-croés-shelf movement of salinity fronts. The~spring

values of salinity at CT ranged from 25.4 to 33.3 o/oe, and at CU from
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29.6 to 36.7 o/oo. The greater variability of the bottom can be seen by
comparing Figure 1-25 with the corresponding figures for fall and winter.
‘Plume effects in the spring were somewhat reduced in terms of persistence.

The first hydrographic data collected during the sprihg months of
1983 were measured on March 10, 1983 when the average brine discharge rate
was 40,750Abarrels/hr, the salinity was 231 o/oo, and the temperature was
19°C. cCurrents wefe relatively strong but variable on this &ay. The
alongshelf'coﬁponent was upcoast at all depths and varied between about 15
and 60 cm/s in upper layers'and between 15 and 40 cm/s in the lower
layers. The cross—-shelf c0mpodént.was onshore at the bottom with speeds
between lo'ﬁnd 20 cﬁ/s, but in ;né upper half 6f the water column it
oscillated between onshore at 20 cm/s and offshore at 20 cm/s.

The hydrographic data are illustfated in Pigures A-14 and A-15. The
temperature Qata in tne alongshelf transect shows there was a 16°C .
isotherm near the 10 m depth, and a 17°C isotherm southwest of tﬁe
diffuser. In the cross-shelf direction, the 17°C isotherm was present
offshore of sﬁation 34G at the l5-meter depth. Thueg, a weak posillve
temperature gradient was present, and again no thermal effect as a result
of the brine discharge was observed.

The salinity and sigma-t data show that fresher, lighter water was
located in the upper half of the water column, and a strong halocline and
pycnocline were present in the lower half of the water colufifi. The
movement of saltier water along the bottom in a anfeward direction and
the separation of the fresher water from the coast were caused by the
upwelling condit;on of the curren;s. In the cross-shelf direction, thé 29
through 32 o/oo isohalines were nearly horizontal-from stations 14 to 34D.

The 33 o/oo isohaline begins near the bottom at station 33, and the 34
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o/qq_isohalihé.begins-nga;;34Gm. The Dfine plume,:shown by the 35 o/oo
isonaline,'was small in the immediate vicinity of étation 34. 1In the
alongshelf transect the 28 through 33 o/oo isohalines and 21 through 24
isopycnals .were norizontal,and»loéated.be;ween the -8 and 15-meter depths.
_The‘brine pPlume is indicated b§ the 34.0/00 isohaline and the 25 isopycnal
around the -diffuser station. The highest salinities at station 34 were
36.0 and 34.9.0/00 for the cross-shelf -and alongshelf transects;_
respectively. The low-above ambient conditions and small. brine plume are-
mainly attributed to the combination of unusually-low brine salinity. of
231 0/99, vertical salinity stratification-and. strong currents.

Dissolved oxygen decreased-with depth except near the bottom at
stations 33, 34E, 34F and 34 in the -alongshelf transect. -The:8 mg/1
isopleth was present in the lower half of the water column from station 12
to 36 except'foq station 34C -in the cross-shelf transect. It was present
in the alongshelf transect near mid-depth and again near the bottom ‘except
for stations 34A and 39. These data again show no evidence .of the brine
diécharge affecting the dissolved oxygen content..

The spring of the year usually experiences a large freshwatér runoff
from the Mississippi/Atchafalaya River system which causes--strong salinity.
and density stratification :in the diffuser area, as well as along the
entire Texas and Louisiana- Gulf coast (Kelly and Randall,:-1980; Kelly et
alf, 1982 and 1983a).- The hydrographic data collected on April 11,.1983
is another good example of the beginning effects of .the spring runoff on
‘ the hydrography of the.coastal waters where the Bryan Mound diffuser is
loéated. On this date, the bfine was being discharged at an-average rate
of -41,560 barrels/hr, the average salinity was 254: 0/00;. and the average

brine temperature was 23°C. Currents were -again favorable to upwelling.
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In the upper layer they were upco%st and weakly offshore at 35 to 50 cm/s
and at the bottom they were upcoast and strongly onshore at isvto 25 cm/s.
The vertical cross-sections of the hydrographic data are shown in Figures
1-28 and 1-29.

The cross-shelf tempera;ure data énowed almost isothg;mal water of
about 17°C inshore of ﬁtation 34G. A tongue of slightiy cooler water
(S17°C) near mid-deﬁth and warmer watef near 18°C in the Soitom waters
existed offshore of statibn 546; The alongshelf daté also showed
essentiail? isothermal conditions. fhe bottém temperature data for both
transects showed no effect of the brine qzscharéé;

The effect of the spring rgnoff is clearly‘evident in the salinity
and sigma-t data. In the cross-shelf djrection (Figure 1-28) the
isohalines and‘isqpyénéls were nearly horizontal of-parallel to the
seafloor inshore of station 34G; offshore of station 34G, ﬁhey sloped
siigntly upward toward the surface. ‘At station 34 the salinity and
density increased slightly to 5 depth of 12 m. Between 12 and 15 m a
halocline and pycnocline were present with isohalines increasing from 31
to 34 ofoo in that depth fange. These isohalines were nearly horizontal
in the alonqsnelf direction. °The brine plume was indicated in the
¢ross-shelf trénsec£ by the convex 35 and 36 o/oo“isbnalines, but was
unexplainably absent in the alongshelf t?ansec£.4 The bottom salinity at
étation 34 was 36.9 o/oo Auring the cross-shelf transect which was 2.7
o/00 above the bottom salinity at station 35. Tne lower abovevambient
salinity is attributed to the stfétifi;ation and strong current
experienced on this date.

The dissolved.ox&gen valugs.varied generally from 9 to 7 mg/l in both

the cross-shelf and alongshelfitransects. The dissolved oxygen decreased
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Figure 1-28. Hydrography for the cross-shelf transect offshore Freeport,
Texas on April 11, 1983.
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with depth except for a tongue of slightly gfeater than 9 mg/l values
between statioﬁs 16 and 34 in the cross-shelf transect and between
stations 34F and 39 in the alongshelf transect. in the vicinity of the
brine plume as defined in the sélinity data, no apparent effects of the
brine discharge were detected in the dissolved oxygen data.

The May 5, 1983 nydrogrépnic data were collected when the brine was
being discﬁarged at an éverage réte of 42,175 barrels/hr, an #veragé
salinity of 256 o/oo, and an average temperéture-of 25°C. surface
currents were weakly upcoast with speeds less than 10 cm/s. ;At mid-depth
and below the currents were stronger, 10 to 20 cm/s and upcoast. Bottom
currents were weakly'onshore; The results of the hydrographic data ;re
illustrated in Figures A-18 and a-19. Temperétures less than 22°C were
found between stations 12 and 14 near the surface. Offshore, ﬁhe
temperature was near 21°C and decreased slightly with depth. A
relatively strong salinity front separated the inshore and offshore
waters. The isohalines and isopycnals were inclined to the surface and
sioped upward from the bottom inshore to the surface offsnoré. The
salinity increased from 26 ©o/00 near station 12 to” 32 o/co nearﬂstation‘
34. The brine plume was defined by the near bottom ischalines ranging from
33 to 34 o/o0 in the vicinit&.of station 34. The dissolved oxygen data
show values generally decreased with depth from slightly greater than 7
. mg/1 to near 6 mg/l at the bottom inshore of station 34 and to near 7 mg/l

offshore of station 34 in the cross—-shelf transect.

1.3.4 Summer (June, July and August)

Figﬁres 1-30 and 1-31 summarize the suﬁmef wihd and currénts.
Progreésive vector diagrams are shown for currents in Figures 1-32 and
1-33; température and salinity are summarized in Figures 1-34 and 1-35.
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Mean alongshelf winds were weakly downcoast in June, weakly upcoast
in July, and about zero in August. Mean cross-shelf. winds were strongly -
onshore. The most frequent speed ranges were 4 to 6.m/s and 6 tQA8~m/s_in
both June and July; they dropped to. 2 to 4 m/s and 4 to 6 m/s in August.
The most frequent difectiqn sectors went from NW in June to N in July and
then to both NW and N in August. Scalar average speedsvweré about 5 m/s.

The winds and currents during Hurricane Alicia can be seen in Figures .
1-30 and 1-31. The peaks are off of the scale in these figures. The
monthly time series plots in Appendix A show the full details. The
hurricane made landfall at the south end of Galveston Island about 0100.
hours CST on August 18. It first .reached hurricane strength at 1600 hours -
CST August 16, when it was located about 275 km southwest of the study
area. The maximum sustained wind speed recorded by Buoy 42008 was 29.9 .
m/s (66.9 mph), and the maximum gust speed was 40.2 m/s (20.4 mph). These
values are somewhat lower than one might have expected for several
reasons: the winds were measured only for two minutes each hour; the
sustained values were vector averaged over this period; -and the eye passed
to the east of the area, which put it on the weaker side.

Mean currents were weak in the summer. At CT and CM, they were
downcoast-onshore in June, and August and upcoast-offshore in July. At CU,
they were upcoast in- both June and July, but at CZ .only-in July.-  Figure.
1-20 shows that most of the upcoast flow occurred in the latter half of-
July. Currents Qere broadly distributed in direction and speed at all. -
depths but CZ which-is consistent with the low vector mean values. Scalar
average speéds, however, were in the 20 to 30 cm/s range at CT and CM.

. The effects of Hurricane Alicia on the currents in the study area

were strong but short-lived. Figures A-67, A=-79 and A-91 show that peak -
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currents were strondly dbﬁndeast and offshore et all deéths;' The peak
alongshelf components were 160 cm/s at CT, 125 cm/s at CM and 100 cm/s at
CuU. The‘peax currents occurred between 1800 hours and 2400 hours (CST) "on
Auguet l& when ene eye passed just east of site C. Current speeds'drbpped
to less than 25 cm/s at all deptns by the end of August 18 and became
quite weak for several days. .The strong currents probably caused
suesfantial scour, resuspeﬁsion and redistribution of the bottom
sediments.

water reﬁperature continﬁed to warm dquring the summer. The summer
thermocline is-cleerly evident in Figure 1-34. . The temperature'difference
between CT and CM was oftenlsmaller than that between CM and CU. Largest
vert;cel temperature differences, up to 7°C, occurred when the bottom
temperatures decreased during:hpwelling events such as on July 1 and July
29.

Strong vertical'salieity differences, up to 18 o/oo occurred between
June 20 and July 30 as_relatively fresh water, from a late spring runoff
(Figure 1-5), &as a&vected through the area. . The lowest salinity, 15.7
o/oo at the surface, was recorded on June 24. ' The summer ranges were 15.7
to 33.4 o/oo at CT, 19.8 to 34.5 o/oo at CM and 38.4 to 36.6 o/o0o.at CU.
Plume effects were much weaker during the period of strong salinity’
stratificat;én (Figure 1-35).

Prior to Hurricane Alicia, on August 16, the water at site C was
strongly stratified; A thick layer of fresher, warmer water (30 to 32
o/o00 "and 29 to BO;C) overlay'a thinner bottom layer of saltier, cooler
water (35 o/oo and 25°C). The 40-hour, low-passed filtered time series
in Figure 1-34 suggest that the water column became homogeneous during the

hurricane. The three-nour, low-passed filtered records in Figures A-67,

1-65



A-79 and A-91 provide additional details, however, which show that the
changes during the hurricane were very ﬁransient and suggest that
advection and the movement of fronts separaﬁing water masses may have been
partly responsible for the rapidity of the observed chaﬁges. At CT the
salinity decreased from about 30 o/ooc on August 16 to about 28 o/oo on
August 22 except for a transient 4 o/oo rise early on August 17 which was
preceded by a strong onshore pulse of current. At CM and CU the
salinities dropped rapidly on August 17 to values of about 28 o/oco and
rose even more rapidly on August 18 to close to pre-hurricane values.
Thus on August 19 salinity stratification had returned and the difference
between CT and CU was greater than 5 o/oo. The data are consistent with
advection along the coast, caused by the strong downcoast flow, of a mass
of fresher water, the offshore edge of which was at times offshore and at
times inshore of site C. The relative importance of mixing versus water
mass movement in explaining the observed changes is not known, but it ié
Clear that large scale homogenization of the coastal waters did not occur.

The June 9, 1983 hydrographic data are illustrated in Figure A-20 to
show the cross-shelf variation and in Figure A-21 to show the alongshelf
variation. This example of early summer conditions shows the existence of
strong vertical gradients of temperature, salinity, density, and dissolved
oxygen. On this date, the brine discharge was continuing at an average
rate of 33,384 barrels/hr, a salinity of 251 o/co, and a temperature of
27°C. Currents were weak on this day. Surface currents were downcoast at
less than 20 cm/s while the deeper currents'oscillated between upcoast and
downcoast flow with speeds less than 15 cm/s.

The cross—-shelf isotherms were nearly horizontal and decreased from

27 to 24°C between the depths of 3 and 15 m. This same negative
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temperature gradient without the 27°C isotherm was present in the
alongshelf transect and the isotherms were als§ nearly horizontal in this
transect. The negative temperature gradient is expected for the summer.
There is no apparent affect of the brine discharge on the temperature
distribution.

The salinity and sigma-t data show the isohalines and isop?cnals
sloped upward from inshore near the bottom toward the surface offshore.
The salinity values inérea;ed with depth and di#tance offshore. For
example, the isohalines and isopycnals ranged from 24 o/oo and 14 sigma-t
units inshore to 34 o/00 and 24 sigma-t units offshore. Evidence of the
brine plume is given by the 35, 36, 37 and 38 o/co isohalines in the
cross-shelf transect. The bottom salinity at station 34 was 38.9 o/oo
which was 4.9 o/oo above the ambient bottom salinity at station 39.

A strong negative dissolved oxygen gradient was present. An 8 mg/l
isoplgth was present between the 5 and 10 m depth from stations 12 to 34G
where it sloped upward tolthe surface at station 34C. In the lower half of
the wa;er colummn isopleths of 7 through'B mg/l were present inshore of
station 34, and offshore, all but the 3 mg/l isopleths were present. A
pocket of less than 2 mg/l isopleth was detected at the bottom of station
14. In the alongshelf transect, only the surface value at station 34
indicated a value greater than 8 mg/1l, and the isopleths of 7 tnreugn 3
mg/l were present in the lower half of the water column.

The July 22, 1983 hydrographic data are illustrated in Figures 1-36
and 1-37 for the crossfshelf and alongshelf transects, respectively. The
brine was being discharged at an average rate of_44,264 barrels/nr,
salinity of 244 o/oo and temperature of 28°C. This was one of the

highest discharge rates during the study period. Currents were weak on
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this day. Surface currents were less than 15 cm/s and changed from upcoast
to downcoast during the day while bottom currents were less than 5 cm/s.
Strong upwelling currents had occurred, however, during the preceding two
days.

The cross-shelf temperature data indicate the presence of a 29°c
isotherm near the 5-meter depth; the 28 and 27°c_isotnerms were generally
located in the lower half of the water column over theAentire transect.
Temperatures of 25 to 26°C were found in the bottom waters just inshore
and offshore of station 34, respectively. The élongshelf data indicate
horizontal isotherms with the 29°C isotherm near the surface and the 28,
27 and 26°C isotherms in the lower half of the water column.

The salinity and sigma-t data illustrate the intense stratification

;,over the entire water column, which was probably caused by the upwelling

currents during the preceding two days. Isohalines between 18 and 24 o/00

-+ Were located near the surface from stations 12 to 34. Isohalines between

-25 and 31 o/oo covered the entire transect. At station 34 the isohalines

’

sranged from 24 to 37 6/66. . The brine plume was defined by the 35 to 37

o/00 isohalines which were located between stations 34G and 34C.
Isohalines from 25 to 36 o/oo were present in the alongshelf t.ransect.

The presence of the brine plume is indicated by the 35 to 37 o/o0
isohalines. However, larger above ambient salinity conditions were
expected under the low current conditions. The smaller above ambient
salinity conditions are'attributednto the higher exit velocities which
produce better dilution, to the Qalinity gradient in the receiving waters
providing fresher water for dilutién than the surrounding bottom water and
to the lower brine salinity. The brine jets are predicted to reach the

l4~-meter depth for the discharge conditions present during the
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hydrographic cruise.

A large dissolved oxygen gradient was found in both transects. The 8
mg/l isopleth was near the surface between stations 12 and ﬁ4 in the
cross—-shelf direction énd between 33 and 34E 1nAtne alongshelf direction.
The 7 through 4 mg/l isopleths were present over the entire transéct in
both the alongshelf and cross-shelf directions.. A 3 mg/l isopleth was
present in the cross—-shelf transect near the bottom between §tations 12
and 16. In the alongshelf transect the 4 mg/l dissolved oxygen isoéleth
is discontinuous at station 34. .This is attributed to the brine discharge
which brings higher oxygenated water to the bottom as the brine sinks to
the bottom. |

The August 12, 1983 hydrographic data were collected when the brine
was being discharged at a daily average rate 31,558 bérrels/hr, a salinity
of 246 o/oo and a temperature of 29°¢c. Curtenté were upwelling favorably
on this day. Surface currents were upcoast and offshore between 20 and 35
- cm/s while bottom currents were upcoast and onshore between 10 and 25
cm/s. The results are graphically presented in Figures A-24 and A-25.

The temperature data show the temperature gradient had weakened.
Isotherms of 29, 28 and 27°C were present in both transects with the 29°¢
isotherm near mid-depth followed by the other two in deeper water.

The salinity and density data also show the stratification had
weakened. In the cross-shelf transect, the isohalines of 30 through 34
o/00 were nearly horizontal over the entire transect. The 36 o/oc0
ischaline indicated the presence of the brine plume and extended from
station 34G to between stations 34D and 36 (8 km) in'the.cross-snelf
direction. 1In the alongshelf direction it reached from station 34F to 343

(5.5 km). The bottom salinity at station 34 was 39.5 on the cross-shelf
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transect which was the highest ‘measured salinity during thé?ﬁydfogtaphic o
cruises and 4.9.0/00 above the bottom salinity at station‘ag.‘Tne'sféma-t
data.show the isopycnals ranged from 17. to 25 in tle cross-shelf data and °
19 to 24 in the alongshore data.

The dissolved oxygen data indicate. surface values were 6 to 7 mg/l -~
while the bottom waters were,nypoxiéAwitn'ValheS'lessﬁthaﬁ 2'mg/l. The 2
ma/l isopleth covered the entire cross-shelf transect and all‘but the area
in the immediate vicinity of the diffuser-was hypoxic at the bottom. The
break in the 2 mg/l isopleth is-attributed to the brine jets énfféiniﬁg
higher oxygenated water ﬁuring'tne jet mixing process. A Simyiar nypokic
event was observed in. June of 1982 (Kelly et al., 1983a):" Hypoxic
Coﬁditions.of the bottom water at Bryan Mound were reported also during"‘
the summer of 1979 prior to brine .disposal by Harper and McKinney (1980)
and Slowey (198Q). Similar hypoxic conditions occur on ‘a-near annual
frequency at the West Hackberry site as discussed by Kelly et al. (1983b).
Thus,. there is considerable evidence that the brine disposal is not °

causing the hypoxic conditions. : A

1.4 Spectral Analyses

1l.4.1 Wind and Currents

Autospectra, rotary spectra,; phase and coherence squared were
computed for the wind -and current time series. - The Fast Fourier Transform
method was used. The inean and lineaf trend werc removed as a first step.:
A 10% cosine taper was then applied to the time series. The spectrum was
smoothed by repeated passes with a Hanning filter. The resulting degfees':
of freedom are stated in each plot and confidence limits are indicated for
the spectra. The algorithms used follow a formula given by Bendat and
Piersol (1971). Rotary spectra were computed from the sfandard'spectral
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quantit;es of two time series as described by Gonella (1972).

Tne tnree-hour, low-passed series. of alongshelf and cross—-shelf wind
ano currents were used (see Sectzon 1.2). They were divided into periods
of 90 days to cofresoond to each season. There were no cind data in the
fall and no Cz cucrenes in che winter. The figures from tnese analyses
have been grouped tocether in Appendix A.8. Figures A-122 through A-125
show the component autospectra of wind and currents and Figures-A-126 .
through A-129 show the ;otary spectra. The spectral densities have units
of (m)s)?/cod for wind and (cm/s)z/cod.for currents, and tnerefore, are -
proportional-to kineticAenergy density.- The autospectra and rotary .
spectré ere prov}ded for reference and are not discussed. The coherence
between. the cross-shelf wind and currents was found to be low in previous
studies of this area and wastnot compntedvfor»tn;s report. The phase and
conerence,squarec between the alongsnelf}component.of.wind and each of the
current_componenﬁs are snoWn ianigd:e A-lBO‘ﬁhronén A-132. These show
that low frequency current . fluctuatlons up to about 0.2 cpd were strongly
coherent with the alongshelf component of wind at .all depths; cross-shelf
currents were coherent with the alongsnelf wind at these frequencies only

near the bottom.

1.4.2 Harmonic Tidal Analyses of currents

~ Records.of half-hourly current,velocityAfoc periods of 29 days each
were analjzed ueing a.modified version of the harmonic tigdal analyses
program of Dennis and Long (1871). It is a computerized version of the
method described by Schureman. (1840) which determines the amplitude and
_ 1’ T2t T2
N,), harmonics (x,, Mg Mgs S, ss)' and about’ 14 smaller. tidal

constituents. In-addition, the parameters of the tidal current ellipse

local epoch for each of“five major'tidal constituents (Kl, o,, M., S
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are determined (Doocdson and Warburg, 1941) including the amplitudes of the
semi-major and semi-minor axes, the orientation of the axes in degrees in
a clopkwise direction from north, the sense of rotation, and the
eccentricity of the elliése (distance between the foci divided by the
length of the major axis). The reéults are shown in Appendix A.6. Only

.tné results for the K., 0., M

1 1 2 and S, constituents are shown.

» Ny 2

1.5 Persistence Analysis of Bottom Currents

The persistence of currents less than various levels of speed was
studied for the CU record from August 20, 1982 through August 23, 1983.
This type of analysis is of interest because the size, shape, and
"strength" of the brine plume are strongly affected by the near bottom .
currents. Model studies (Randall and Kelly, 1982) have assumed a current
of at least 3 cm/s and have shown that periods with currents less than
about 6 cm/s result in large plumes.

The results of the last section indicate that cur}ents during this
study were not less than 3 cm/s for any appreciable length of time Dbecause
of the magnitude of the tidal/inertial components of the current. For
example, monthly vector mean speeds were larger than 2 cm/s in all months
but March and April; the current roses for CU (Appendix A.3) show thaé the
average scalar speeds were large and the most frequent speed range was at
least 5 to 10 cm/s; speeds in the 2 to 5 cm/s range were recorded less
than B% of the time, and thus, speeds of 6 cm/s occurred frequently. The
following analysis quantifies the persistence of the currents;

Current speed was computed from the three-hour, low-pass filtered
orthogonal componentsAof current velocity recorded at meter CU. The
persistence of the speed records were then studied in a straightforward
manner. For each given threshold, the record was searched for periods of
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time when the speed fell_be;ow the threshold. (Such a period is called a
"run".) The start time and duration of each run were récordéd and then
the statistics of the ensemble of runs for each threshold were studied.
Table 1-2 shows the distribution of the run durations for each
threshold. The entries in the table are the number of runs which had a
duration between the given limits, i.e., for the 12 cm/s threshold in
Table 1-2, there were 8 runs with a duration between 24 and 32 hours.
summing. over adjacent "duration bands® can broaden the duration limits,
i.e., for the 12 cm/s threshold there were 33 runs with a duration between
16 and 40 hours. Table 1-3 shows the basic statistics for each threshold,
i.e., the number of runs, the maximum duration, the mean duration, and the
standard deviation about the mean. The stétistic; of run duration (Table‘
1-3). show that during the 368 days of the record, there were 10l runs with
speed 1eés than or equal to 3 cm/s but noﬁe exceeded 13 hours in duration.
The mean duration was only 2.4 hours. Thus, the model assumption (Randall
and Kelly, 1982) of speeds of at least 3 cm/s seems valid. For the 6 cm/s
tnrésnold, the maximum duration was 27 hours and the mean duration Qas 3.6
hours. It is concluded that stagﬁation of the bottom waters does not
occur and that the persistence of'speeds less than 6 cm/s, a condition
which results 1n.an increase in plume size, is typically only a few hours

and lesé than two days at most. “

;;g Diécussion

An overview of tge results can be gained from the monthly mean values
of wind and currents listed in Appendix A.2 aua plotted in Figure 1-38.
Foricomparison, the results from the last annual period are reproduced in
Figure 1-39 (Kelly et al., 1983a). As found previously, the mean
alongsnelf Eomponent of wind was well correlated with alongshelf and
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Table 1-2. .Distribution of the number of occurrences of runs of current
speed with a duration between the indicated lengths of time.
Results are based on a time series of 8818 hourly values of
current speed computed from the three-hour, low-passed
filtered orthogonal components of current velocity from meter
CU for the period August 20, 1982 through August 23, 1983.

SITE C, METER CU (08/20/82-08/23/83)

DURATION (WR) 0 8 16 24 32 ko 48 56 6k 72 ToTAl
SPD. THRESHOLD | T T T T T T
3 CH/$ 11 L{ o 0 0 0 0 0 0 108
6 CM/S 213 {17 1 1ol ojo]lof o] 232
9 CM/S 270 | 48| 9| 1 { 1| 1 lo)o}] o 330
12 CM/S 250 { 83{24 | 8 | 1] 3| o] 2] o 37
RCAAN L2 A L N LN IR N N N )
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Table 1-3.. Basic statistics for the duration of runs from Table 1-2.

SITE C, METER CU (08/20/82-08/23/83)

crcaaares

P T Y

MAX | MUM
DURAT I ON
(HR)

MEAN
DURATION
(HR)

STD.DEV.
ABOUT MEAN
(HR)
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Monthly mean cross-shelf and alongshelf components of currents
for the top, middle and bottom current meters at site C
together with the monthly mean' alongshelf component of wind for

September 1981 through August 1982.

An open circle indicates a

month with more ‘than 10% data missing.

1-79



cross—-shelf components of mean current. When the mean alongshelf wind was
downcoast the alongshelf currents were downcoast at all depths.
Cross-shelf cufrents were onshore at CT and CM and offshore at CU. When
the wind switched to upcoast in July tng‘alongshelf currents followed suit
while the cross-snélf'éurrenté reQersedbéﬁéir vertical reiaiioﬁ; The
‘present anhual period was significantly different from the previoﬁé er,_
however, in several;:espeéts. During the fall of this period the currghts
wefe substantially stropger-tnan during the previéus‘falll Also, from
December through April of'this annual period tne‘currents decreased in
strengtn, but duriné the §revious annual period previduély.they‘had
increased from Decemper through April. Thus, seasonal changes in tﬁe
currents.followed tne'alongshelf compenent of wind, as in previous yeafé,
but the pattern was s'igriificantly different compared to previous years.

-A major step 1nj&nderstandihg the circulation on the Texas-Louisiana
Shelf, has been achieved in finding that the circulation indicated by
monthly mean geopotentials (integrated along the bottom to a common
reference pressure) f;ts toyether, at least qualitatively, the known facts
about the circulation. (The flow parallel to the coast is néarly
geostrophic flow, that is, flow in which there is a balance between
pressure gradient and Coriolis force.) The theoretical basis for usinq-
éeopotentials is provi&ed by Csanady (1979). 1In mdﬁtns.other than June,
July and August, an elongated region of low geopotentigl dominates the
shelf, as Figure 1-40 illustrate;.‘ Ai.tnat time, downcoast flow prevails
on the inner shelf in agreeﬁent'with'the‘downcéast wind component along
much of the coast and there is a counterflow (eastward or northeastward)
along the shelf break. During tﬂe éuﬁmef months, as Figure-l-41

illustrates, there is upcoast flow along much of the inner shelf up to
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about 92.5°W while a high in geopotential lies off the Louisiana coast;
although there is a'suggestion of eastward or northeastward flow along the
shelf break, it is quite weak, very different from the situation during
the rest of the year whén there is a distinct "low" in geopotential over
the.buter‘snelf. The upcoast flow agrees with the prevalence at that time
of an upcoast wind component along the coast. The situation is described
in detail in the ahnual report for September 1981 through August 1982
(Kelly et al., 1§83a).

The inshore.currents implied by the geopotential explain the
sea-surface salinity encountered in the GUS III cruises. The patterns
reéult largely from Hississippi River discharge being advected downcoast
and diffusing. The geopotentials also are in agreement with the direct
measurements of current'in the Bryan Mound and West Hackberry brine
disposal regions, and to the extent‘allowed by brief periods of
measurement or obsérvation with the current measurements reported by Smith
(1975, 1978, 1979, 1980) and drifter observations.

The low or cyclonic circulation in Figure 1-40 nas a limited
downcoast extent. According to the geopotential, the coastal currents
weaken and outer portibn; of the flow turn offshore off the Texas coast

-near 97°W. This is in.agreement with a convergence along the coast
implied by the alongshofe coméonents of the prevailing wind. Sea-surface
salinity pattefns obgerved from GUS III and by Smith (1979) indicate such
offsﬁore turning.

The geOpotential ind;ca;es that the cyclonic turn away from the coast
continues and tnét on the outer shelf, or over the inner continental
slope, it meets a current approximately along the isobaths there flowing

_counter to the coastal current. Independent evidence of that flow has
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been rather tenuous: the low surface salinity observed in some GUS III
cruises waé its only confirmatiofi. During.the past year, npweVer, current
measurements on tne Flower Garden ﬁank andAon Bakers Bank Qere brought to .
our attention by Dr. Day;d McGrail of Texas A&M University. These .
indicate that the prevailing current at the outer edge of the shelf does
run counter to the downcoast flow. along the coast and so 15 in agfeement
with the pattern implied by the geopotential. (The Bakers Bank daté were
made available to Dr. McGrail by Continental Shelf Associates and Conoco.)

puring the past year we have begun to feel that the couptercurrent &t‘
the outer‘edge of’tne,snelf is analogous to the countercurrents which
bgcut farther offsnore ahd usually deeper tnanlcoastal flows which
accompany wina inducea upﬁelling (Huyer et al., 1974). Such.a
countercurrent appear to be compatible with Pedlosky's (1974) model for a
éountercurrent accompanying ﬁpwelling. A major consideration in adopting
such a view of the countercurrent on the outer shelf is the .fact that the
low in geopotential over the shelf is, according'to GUS I1I data., reppears
in September (Figure 1-42)‘very soon after the change in the prevailing
longshore wind component.

In view of the success of the geopotential picture in exélaining
qualitatively the observed flow, it is desirable to test the geostrophic
relationship (on which interpretation of the geopotential depends)
quantitatively. This is done by comparing the alongshore velocity

- components measured at site C with vertical velocity change implied by the
- density at surrounding hydrographic stations. The change in geostrophic

velocity (V) from one pressure surface to another is given by .
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1
v-v, = fLv(Aqu A¢A),
where f = 2Q sin ¢ the Coriolis parameter, L is the distance between two
hydrographic stations, A and B, and A¢A and A¢B are the geopotential

anomalies for the two stations between the .pressures for V_ and V.

o]
Because flow below the middle current meter (11 m deep) at s;te C is in.
the bottom layer of frictional influence, as will be discussed below, the
change in veloc;ty betweenAthe middle and top current meter is considered.
For non-summer months in the period from September 1579 to September 1982,
the mean increase in alongshore speed from the middle to the top current
meter is 7.8 cm/s. The geosﬁrophic velocity shear V - VO for the same
layer based on mean hydrographic data for stations 16 and 36 is 8.7 cm/s.
The agreement is not bad and, as might be expected, the actual velocity
increase is less than that implied.by the geostrophic relationship which
does not take friction inﬁo account.

In view of the reasonable agreement between,measu;ed and geovstrophic
current, it seems wofthwhile to estimate the alongshore geostrophic
trahsport on the inper shelf. This transport is the total alongshore
volume flow above the bottom implied by the geostrophic relationship.
Using tne mean geopotential baseq oh QUS III data for the three lines
running offshore betwegn the offing of Cameron, Louisiana and Pass
Cavallo, Texas, we find a meanxgeqs§ropnic traqqurt]for fion-summer months‘
in the coastal limb of the low inlgeopotential_af 105 m3/s. This is one
half the mean winter baroclinic transport found by Bishop (1980) for the
U.S. Middle Atlantic Shelf (off the U.S. east coast). The mean

4 m3/s or about one fifth

Mississippi-Atchafalaya River discharge is 2 x 10
of the inshore transport on the Texas-Louisiana Shelf. That much of the
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latter transport is within aAnearshore jet is suggested by the geostrophic’
transport between stations 16 and 36 fot‘Hay«wnicn is 4 xlo4 m3/s or
nearly half of the transport within é very small nearshore region. One
would expect the jet described hére to lie inshore of the salinity front.
Its outcrop at the sea surface is not very weil known, but probébly is
usually found within 35 km'of the éoast of Freeport.

Although geostrophic balance pfo&ides a fairly'good approximation for
mean conditions in the cross-shelf direction (alongénore veloc1£y is of
course involved in the balance), frictional fbftes must certainly be taken |
into account in looking at the alongshore (y) equation of motion. The

latter may be*written with reasonable abproximation for steady conditions

as

where the first term is essentigily the alohgsnore slope of the sea
surface, rg tné kinematic stress due to wind at the sea surface, and r,
the bottom frictional parameter introduced by Csanady (1976). To evaluate
r for the Bryan Mound disposal region, the wind stress based on the NDBC
anemometer (Budyl42008, see Figure 1-1) and the currents measﬁre 2 m above
the bottom at site C have beeﬁ ﬁsed. On the assumption that the
alongshore slope is zero, the mean value of r based on eleven one- to
three-day periods'of fairly uniform wind ffom Septemﬁer 1981 to August
1982jwas found to be 0.026 cm/s. The'éalueé for thé individual period'
scatter fatnef wideiy'about a regression line and so no satisfactory
estimate of the alongshore stress was fossibie. Since, as Winant and

Beardsley (1979) point out, the effect of langshare slope and
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‘synoptic-scale fluctuations in the Coriolis term can not be ruled out, tpe
value of r may be overestimated. Beardsley and Haidvogel (1981) using a
numerical model found that about 50% of the surface wind stress may be
balanced by terms other than bottom stress. An appropriate value of r may
therefore be ﬁearer 0.01 cm/s, that is, half of the above noted value.

Another estimate of the value of r may be obtained by noting that at
the top of the bottom logarithmic frictien layer, r = pCDqV. The value of
ris pCDq where g is the RMS fluctuation of velocity. If the fluctuation
is dominated by tidal motion as Csanady (1976) suggests, the values of r
on the assumption that C_. = 1.5 X 10'3 is 0.008 cm/s. For the latter

D

evaluation q was taken as the RMS tidal velocity based on K., O ., M N

1’ "1 2" T2

and S2 tidal constituents determined from 29 days of measurement at site C
in May 1982 (Kelly et al., 1983a).

A very striking feature of‘the progressive vector diagrams for the
current meters at site C (Figures 1-8, 1-16, 1-24 and 1-32) is the veering
between the bottom meter CU (0.5 m abdve the bottom) and the middle
éﬁrrent meter CM (11 m deep and above the bottom). The veering is
counterclocxwise with dep£n and for the season except summer, its mean
angle is more than 40°. The veering appears to be Ekman veering.
Accgfding to theories of Csanady (1974) and Weatherly and Martin (1978)
such strong veering results undér conditions of fairly lérge stat;é
stabhility. The influence of stability on veering is under investigation on
the basis of thé current data from site C in July and August 1983 when
current meters wére deployed at six levels on site C.

A perplexing feature of the progressive vector diagramé for the

downwelling (non-summer) period is the fact that the middle progressive

vector is offset slightly clockwise from that of the top meter (at 4 m
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below the sea sufface). " Ekman veering due to the prevailing-wind with-a
downcoast component for those seasons would be in the opposite direction.
Since it is difficult to believe th#t the witness buoy may influence the
currents measured at site C or that pécularities of local topography might
result in such paradoxical veering, we speculate that the shoreward
transport due to wind farther offshore than the brackish wedge along the
coast tends to sink along the salinity front bounding the wedge and that
continuity nofmal‘to the coast is maintained by offshore flow in the

surface layer as well as near the bottom.

;.6.1 Temperature-Sa;inity Relation at Stations 34 and 39

The relationship of temperature and salinity at the diffﬁser site
(station 34) and of the upcoast ambient station 39 for the period
September 1, 1982 through August 31, 1983 are illustrated in Figure 1-43.
The‘upper half of Figure 1-43 shows the relationship for data collected 1
m below £he surface. The lower half of Figure 1-43 shqws the relationship
for data which were measured with the CTD/DO instrument on the sea floor.'

Station 34 is the location of the center of the diffuser, and station
39 is located on nearly the same isobath as station 34 but 7.4 km
northeast (upcoast) 6f it. Sta;ion 39 is not impacted by the brine, and
consequently, it serves as an ambient station. It is used here to
illustrate the effect of the brine discharge on the temperature-salinity
relationship at the diffuser station. |

In September 1982, the surface temperature was ét its maximum value
of 29.9 and 29.8°C at stations 34 and‘39, respectively. The salinity was
35.1 o/oo at both siations, In October, the surface waters at station 34
cooled and freshened, and a similar trend occurred at station 38. The'
deérease in temperature was the start of the annual temperature decrease,
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and the freshening trend was the result of fresher water from the upper
Texas and Louisiana -coasts entering the afea as a result of the shift from
northeast to southwest in the prevailing surface current, which is an
annual event. The November data show that the temperature at both stations
continued to decrease to a minimum value in February 1983 of 14.4°C at
both stations. However, the salinity data show a general increase from
Novémber through January with the salinity reaching values of.33.6 o/oo at
station 34 and 32.6 o/éo at station 39. 1In March, the temperature at both.
stations increased to values near 16°C. The salinity at station 34 |
freshened to 27.4 o/oo while it increased similarly at station 39 to 27.9
o/oo. The surface waters continued to warm in April and became more
saline with values of 3Q.$ and 30.1 o/oo at station 34 and 39,
respectively. The annual freshening of the coastél waters in the spring
and early summer as a result of increased fresh water outflow from Texas
and Louisiana rivers, principally from the Mississippi/Atchafalaya River
system, has been described in previous reports (Kelly and Randall, 1980;
Kelly et al., 1982 and 1983a). This event is again evident in Figure
1-43. 1In May and June, the surface Qaters continued to warm and reached a
temperature near 26°C in June. At the saﬁe time these Qaters were

~ freshening to vaiues of 24.8 o/oco at station 34 and 25.5 o/oo at station
39. The salinity continued to decrease at station 39 to 21.9 o/oco in July
wnile it increased slightly to 25.4 o/oo at station 34. 2a geheral
increase in salinity occurred in August at both stations with values of
30.0 o/oo. This is unusually fresh fqr August in- comparison to.the near
36>o/oo value réported in August 1982 (Kelly et al., 1983a). The summer
températurermaximum was reached in July and August whén the surface .

temperatures reached 29.5°C at station 34 in July and 29.1°C at station
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39 iﬁ both July'and August.. The sufface,teméeratufe—salinity relat;bnsn#p.
at stations.34 and_39 were very similar éxcept‘for the f;esher water ét
station 39 in July. Thus,; it is conc;udéq that thé'btine diécnarqg‘diq
not affect the surface waters.

The temperature-salinity relationship for the bottqm.Waters'at'
stations 34 and 39 are discussed next. It'shouid'be kept in .mind that the
brine is discharged at station .34, and station 39 is coﬁsideteq a# ambient
séationjnot affected by the brine plumé.  Theréfore,'the'effect of. the |
brine piume is expected to be illustrateﬁ'bywdifferences in tne'salinity
and temperature at the two stations.

‘The bottom data (Figure 1-43) show the September temperature and
salinity were 29.8°C and 35.l:o/oo.at station 39 and 29.9°C and 37.9 o/éo
at station 34. The salinity measured:at'tne diffuser site was 2.8 o/oo
higher than that at station 39. This ihcrease in salinity is attributed :'V
to the brine being discharged at a rate Of‘4l,189 barrels/nr, a salinity
of 252 o/oo, and a temperature of-zs?c. The témperature wa§ 0.1°% higher
at station 34, but the brine temperature was nearly 5§°C less than the
ambient temperature, so no apparent temperature effect was observed.

The October salinity data clearly show the effect of the brine’
discharge as evidenced by the salinity at station 34 being 4.8 o/oo above
the 34.4 o/o6 salinity measured at station 39. lBrine was béinq discharged
at'a rate of 40,850~.bar..'i'e1s/hrf a salinity-of'254 o/op, and a temperature
of 29°c. 1In November and December tne;bottomlwgter temperﬁture continued
to decrease and the ambient bottom salinity was 34.7 and 34.1 o/oo when
the bottom salinitg at station 34 was ' 37.7 énd 37.1 o/00, respectively,
which was 3.0 o/do above -the ambient conditions..-

The January and February 1983 data .at station 39 show the' same trend
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of decreasing temperature;*and the bottom salinity was 34.8 and 34.4 o/o0o,
respectively. However, the.bottom salinity at station 34 was 38.6 o/co,
3.8 o/o0:above the ambient salinity which agéin snows"the effect of the
brine discharge. The February data were collected when tne brine
discharge was at-an. average rate of 41,919 :barrels/hr and a salinity of
246 o/oo. The lower brine salinity contributed to the low 2.5 0/00 above
ambient salinity at station 34. The temperature reached -a minimum value

of 16.2°C which was only 0.4°C above the value at station 39.which

indicated aga;n’tnat.nowsignificant-tnermal'1ncrease exists as a result of :.

the brine discharge.

DuriﬁgztheAsprihg months of Marcn,'April and May, the hydrographic
data at station 39 show . that the temperature began its annual increase ahd
that the. bottom water freshenéd:in'uarch,;became slightly more'saliné in

April,. and freshened again in May. The brine éali‘nity was only 231 o/oo

on the day of the March hydrographic cruise, and the data show the station

. 34 salinity was only 0.4 o/oo above that measured at station 39. In
April, the station. .34 salinity was only 0.5 q/oo abéve the ambient
salinity when the brine salinity was 254 o/oo.. It is not clear why the
above ambient salinity was so low. The station 34 salinity was 3.2 o/00
above tne.sgation 39 salinity in May when the brine salinity was 256 o/oo’
which indicates the usual above ambient condition.’ The bottom

temperatures on.these dates were within 0.6°C of each other and thus no

thermal -effect was. observed. -The brine discharge rate in March,-Aprilﬂand

May was about 41,000 barrels/hr.
on June 9, 1983, the brine was being discharged at a rate of 33,384
barrels/hr, a salinity of 251 o/oo, and a .temperature of 27°C. The

nydrographic.data at station 39.show the ‘bottom temperatﬁre én& salinity
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«‘were 23.3°C and 34.0 o/oo, respectively. At station 34, the bottom
§alinity was 38.9 o/00 and the temperature was 26.2°C.' Thus, the
salinity was 4.9 o/oo above the ambient and the temperature was 0.9°
above that at station 39. The Jﬁly data show the station 34 salinity was
only 1.4 o/oo above the 34.7 o/oo value at station 39. This low above
ambient condiﬁioﬁ is attributed to the strong halocline present in the
bottom water. The August ambient temperagure reached a maximum value of
27.1°C and the salinity was 34.5 6/06 While the temperature and salifity
at the diffuser site was 27.2°C and 38.2 o/oc, respectively.

The temperature-salinity relationships during this study period at
station 39 and at station 34 aré similar to those previously reported
prior to brine disposal (Kelly and Randall, 1980)_and aftgr brine disposal
began (Kelly et al., 1982 and 1983a). The data show the coastal waters in
the vicinity of the diffuser had salinity and temperature maxima (near 35.
-of/00 and 36°c) in the iate'summer which was followed by a freshening
trend or salinity minimum (near 31 o/o00) in the fall in conjunction with a
temperature decrease. During the winter, the salinity reached another
maximum near 35 o/oo while the temperatures fell toc a minimum near 14°c.
In the spring and early summer, the tempefature raéidly increases. The
salinity decreased to a minimum near 25 o/00 in June and July before
approaching the summer temperature and salinity maximums again. The
saiinity minimum in July was later than observed in ﬁrevious years. The
_'effect of the brine discharge on the temperature-salinity relationship was
limited to near béttom depths, and at the bottom of station 34, the
salinity rénged from 0.4 to 4.9 o/oo above that measured at station 39.
The temperature data show no significant temperature change (less than

1°C) between the diffuser and ambient stations.
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l.6.2 Temporal Variation of the Hydrographic Datakgg the Diffuser

site — -

The puréose of this section is to discuss the temporal variation of
the temperature, salin;ty, sigma-t, and dissolved oxygen data at the
diffuser site (station 34) to illustrate the seasonal trends, annual
rvariaéioﬁ, and maximum and minimum values for the périod Seétember 1991
through August 1982. Thé_ﬁontniy hydrographic data ana the saiinity data
from the in éitu meters are used. In addition, fne temporal vériation of
the hydrographic data at station 34 is compared with the tempérai
variation of the hydrographic data measured at upcoast (séation 39) and
downcoast (station 33) conﬁrol stations to illustrate the effect or
noneffect of the brine discharge. Tne'data are presented in severai
different formaté t; make'interpretation easier.

The temporal variation of ﬁne diffuser site (site C) monthly mean
temperature data is illustrated in Figure 1-44. The temporal variation of
the monthly tempefature data measured at station 34 is shown in the top
part of Figures 1-45 and 1-46. The monthly surface and bottom |
temperatures in September were both 29.9°C The monthly mean temperature
data (Figure 1-44) indicate a surface aﬁd bottom value of 29.3 and
29.0°C, respectively. The temperaturés at both deétns decreased to 26.3
and 27.2°C on October 5. There was a monthly mean of 25.9 (surface) and

° (pottom) in October. This decreasing trend continued through

25.0
February 1982. In November, December, and January the difference between
surface and bottom temperature was between‘0.3 énd 1.6°C. The difference
between the monthly mean bottom and surface températures was about lb In
February, a minimum temperature of 14.4°C at surfaée and 16.2°C at tné

bottom was reached. The February monthly mean surface and bottom
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temperatures were 15.6 and 14.9°C, respectively. The temperature began
an annﬁal upward tfend in March 1983 and the surface and bottom
‘temperatutes were very nearly the same through May. The annual summer
thermocline was evident in the June, July, and Augﬁst monthly data with
the largest surface to boﬁtom variation of 3.1°C occurring in June while
the monthly mean data indicated the maximgm variation was 3.7°C in July.
The annual summer maximum temperature was approached in July with surface
and bottom values of 29.5 and 27.2°C. These data show the maximum
surface and bottom temperatures, both 29.9°C, occurred in September, and
‘the minimum temperatures of 14.4 and 16.2°CAwere measured in February.
The largest vertical temperature variation occurred in June 1982 when the
surface water was found to be 3.1°C higher than the bottom water, and the
largest mean vertical variation was 3.7°C in July 1982. 1In general, the
surfﬁce waters were wafmer thaq the bottom waters during the spring and
summetvmonths and the reverse was true Quring the fail and winter months.
The s;liniiy Qariation is shéwh in the middle pért of Figures 1-45
a@d‘1-46. The monﬁhly mean variation is illustrated in Figure 1-44. The
sigma-t variation is sndwn in”tne bdttoﬁ part of Figure 1;45 and 1-46.
These figures show the bottonm sﬁlinity,and density at the diffuser site
were always significantly higher than at'tne~surface. The hydrographic
surface salinity maximum-and minimum values were 35.1 and 24.8 o/o00 as
comparéd to 39;2.and 34.1 o/do at the bbttom. The monthly mean of the in
Extu data indicate é minimum surface sal;nit& of.24.5 o/oo in May 1982 and
a maximum surface'salgn;ty of 34.0 o/o0 in November 1982. Thése data show
the ﬁinimum mean bottomvgalinity was 32.? o/oc in February and May, and.
the maximum was 34.8 o/oco 1ﬁ September, ‘November and December. The bottom

salinities above 36.8 o/o0o are attributed to the brine discharge because
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predisposal data showed maximum bottom salinities 4id not exceed 36.8 0o/00
(Kelly and Randall, 1980; Randall and Kelly, 198l1). The salinity data
show the annual salinity cycle had a freshening trend in the early fall
which was followed by increasing salinity with a maximum occurring in the
late fall to early wiﬁter. This was followed by a freshening trend
through February. The salinity of the water column remains relatively
stable from March through May 1983. A strong freshening event occurréd in
June and July in the middle and upper part of gne water column while the
bottom waters Showed a mile increﬁse in salinity. Similar trends were
observed in the density (sigma-t) data as shown in Figures 1-45 and 1-46.

| The temporal variation o0f the monthly hydrographic data measured at
the bottom of station 34 are compared with the bottom data measured at
upcoast (station 39) and downcoast (station 33) control statious tu
illustrate the effect or noneffect of the brine discharge. The control
stations 33 and 39 are located 7.4 km downcoast and upcoast of the
diffuser station respectively and at nearlyAtne same isobath.

The bottom temperature data measured at control stations 33 and 39
are compared to the diffuser station data in Figure 1-47. . These results
_ show bottom temperature at the diffuser site was within 1°C of the
control statibns during the entire reporting period. Therefore, ﬁhese data
show the thermal effect of the prine discharqe is negligible with the
largest temperature difference being 0.7°C in July 1983.

The results of tne comparison of salifnity @aea are illustrated in
Figure 1-48. The salinity data show an obvious increase in the bottom
salinity at station 34 over that which was measured at both stations 33
and 39 in all months except March and Apfil. In general; the saiinity at

stations 33 and 39 were within 1 o/0o of each other. Brine was being
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diécharqed at a low 231 o/oco during the March cruise. The April
alongshelf daté unexplainably did not show the effect of the brine
discharge which was probablY\a measurement error. Therefore, the results
from the cross-shelf data were used. Excluding the March data, the
salinity varied between 1.0 and 4.9 o/op above either station 33 or 39.
Thus, an increase in the bottom salinity of as much as 4.9 o/00 is
attfibuted to ﬁne brine discharge. The extent of the areal coverage of
the above ambient salinity is further discussed iﬁ Chapter 2.

A similar comparison of the dissolved oxygen data is illustrated in
Figure 1-49. These results show the dissolved oxygen values at station 34
and 33 were nearly the same throughout the study period. At station 39
the dissolved oxygen was.l mg/l loﬁer than stations 33 and 34 in June, but’
other than that all stations were very nearly the same. Consequently, no
apparent effect of the brine discharge on the dissolved oxygen was
observed in this data.

Figures 1-50 and 1-51 show a time depth plot of the temperature,
saliniéy and sigma-t at station 14, an inshore station. These can be
compared to Figures 1-45 and 1-46 to show the variafion in hydrography
which occurs in the waters inshore of station 34. A comparison of the two
also may indicated magnitude of cross-shelf gradient and the presence of

frpntal zZones.

1.6.3 History of Annual Hydrographic Data Ranges Determined for the

Bryall Mound Liffuser Site

Hydrographic data have been measured at the Bryan Mound diffuser site
(station 34) since February 1978. A history of the range of temperature,
salinity, sigma-t, and dissolved oxygeh data for each annual period from
September thfougn Bugqust is tabulated in Table 1-4. These results show
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hydrographic station 14 during January

Figure 1-51.



. Bottom

Table 1l-4. History of- the annual range of hydrographic data at the Eryan
Mound d@iffuser site.
Period Depth Max Sal. Date Temp Date Sigma~-t Date D.0. Date
or .
Min (o/qo) (°c) (mg/1)
2/78-8/78  Surface  Max 35.7 07/26/18 30.1 07/20/78 27.9 02/03/78
Surface Min. 25.6 06/22/78 10.2 02/03/78 14.9 06/22/78
Bottom Max 36.8° 02/25/78 30.0 08/30/78 27.8 02/25/78
Bottom Min 32.1 06/21/78 10.3 02/03/78 20.5 08/31/78
9/78-8/79 Surface Max 34.3 10/20/78 30.3 08/15/79 24.3 02/12/79
Surface Min 19.0 06/21/79 9.7 02/21/179 10.5 06/21/79
Bottom Max 35.8  06/21/79 30.0 09/01/78 27.3 02/12/79
Bottom Min 32.5 09/25/78 10.7 02/12/79 20.6 09/25/178
9/79-8/80 Surface Max 36.3 07/09/80 29.7 08/27/80 23.2 07/09/80
Surface Min 25.4 02/22/80 14.1 02/22/80 15.3 09/06/79
Bottom Max 36.7 04/18/80 29.7 08/27/80 . 26.5 04/18/80
Bottom Min 30.7 11/14/79 15.0 02/22/80 20.9 09/06/79
<'9/80-8/81 Surface Max 35.2 03/31/81 30.7 08/20/81 25.6 02/09/81
Surface  Min 26.6 09/11/81 12.7 02/09/81 15.8 09/11/80
Bottom Max 38.9 07/08/81 29.8  07/28/81 27.5 03/31/81
Bottom Min 33.8 06/19/81 12.9 02/09/81 21.3 07/28/81
9/81-8/82 Surface Max 36.5 07/08/82 29.6 09/03/81 26.3 02/19/82 9.0 04/14/82
.Surface ' Min 25.3 04/14/82 13.7 02/19/82 15.7 06/01/82 5.9 08/03/82
Bottom Max 39.9 07/08/82 29.4 09/03/81 28.8 02/19/82 7.9 02/19/82
Bottom Min 34.2 12/02/81 13.0  02/19/82 23.1 09/03/81 2.8 06/01/82
:9/82-8/83 Surface Max 5.1 09/07/82 29.9 09/07/82 25.1 01/04/83 8.9 04/11/83
- Surface Min 23.8  07/22/83 14.4 02/03/83 13.6 07/22/83 5.7 09/07/82
Bottom Max - 39.5 08/12/83 29.9 09/07/82 28.4 01/04/83 8.6 03/10/83
Min 34.1 03/10/83 16.2 02/03/83 23.6 2.3

08/12/83
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the maximum surface temperature range of 20.6°C occurred in the yearly A
period September 1978 through August 1979, and the minimum range was
15.5°C which occurred in the present yearly period September 1982 through
August 1983. The maximum surface temperature was 30.7°C on August 20,
1981, and the minimum surface temperature was 9.7°C on February 12, 1979.
The maximum bottom temperature range was 19.7°C in the yearly period
September 1977 to August 1978 and the minimum range was 13.7°C in the
September 1982 to August 1983 period. The maximum Dottom temperature was
30.0°C on August 30, 1978 and the minimum value was 10.3°C on February 3,:
1978.

'ne salinity data show the maximum surface salinity range was 15.3
o/0c in the September 1978 through august 1979 year, ana the minimum range
was 8.6 o/§o in the September 1980 through August 1981 ycar. The boteom
salinity data show the period Septémber 1979 through August 1980
experienced the maximum bottom salinity range of 6.0 o/cc which was the
first year of brine discharge. During this reporting period, the suffaﬁe
and bottom salinity range was 12.3 and 5.4 o/00, respectively. The
minimum salinity range was 3.3 o/o0 in September 1978 through Auguét 1979
period. The maximum bottom salinity was 39.9 o/60 on June 1, 1982 and
July 8, 1982, which was due to the brine discharge, and the minimﬁm boitoh'
value was 130.7 o/o0 6n November 14, 1979, wﬁich was‘before ﬁfine discnatge
Legan. » | ‘

The Adissolved oxygen data has only been ¢ollected aﬁ the DBryan Mound
CTD/DO station 1ocations since'September 1981. These data show tne'
surface dissolved oxygen ranqé was 3.1 and'3.2 mg/llin the Septemﬁer 1981
through August 1902 and Septefber 1982 through August 1983 ;tudyvperiods,

repsectively. At the bottom, the range was 5.1 and 6.3 mg/l for the
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September 1981 through August 1982 and September 1982 through August 1983
study periods,’ respectively.

' The history of the vertical variations of the hydrographic data is
illustrated in Table 1-5. These results show the maximum vertical
.variations'of salinity, temperature, and sigma-t all occur;ed'in June 1979
when values. of 16.8 o/oo, 6.5°C, and 14.0 sigma-t units were measured.
The brine discharge has increased the vertical salinity variation at the
diffuser site, but the maximum variation occurred prior to brine
discharge. The cause of thé'strong vertical variation in June 1979 was
the high fresh water discharge from the Mississippi/Atchafalaya river

system which experienced a flood year (Kelly et al., 1982).

1.7 Summary and Conclusions
A new in situ instrument site, designated "K," was established one
nautical mile upcoast (northeast) from the diffuser in mid-June 1983. It

¥

A;r‘has a surface witness buoy and a very near bottom current meter mooring

i :
~8ystem (see Figure 1-3) with two meters. One is & VNB meter at a height

above the'bottom of 0.43 m and the other is at a height of 1.8 m above the
bottom. The purpose of this site was to‘serve as an ambient station for
comparisc;n with site C. |

'ﬁhring ﬁhe f&ll of 1982, the in situ site C current data indicate the.
most frequently fecorded surface current (CT) speed range was 30 to 40
cm/s and southwest was the mpst freqﬁently recorded direction. At
mid-depth the speeds were distributed broadly, and the southwest was again
the most frequently fecorded direction. At the bottom (CU) and very near
bottom (CZ) the épeeds were broadly distributed between 5 and 25 cm/s, and
south wés the most frequent direction. Temperature decreased from a high
of slightly less than 31°C at the beginning of the period to about 20°¢
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Table 1-5. History of the maximum vertical variation of the hydrographic
data fcr the Bryan Mound diffuser site.

Salinity

Period Temperature Sigma-t Dissolved Oxygen
LSal. Date AT Date Act Date AD.O. " Date

2/78-8/78 7.6 :-96/25./78 3.5 03/23/78 6.8  06/22/78

9/78-8/79 .1'6.8 06/21/79 -6.5 06/28/7-9 14.0 06/21/78 -

9/79-8/80 8.6 i0/05/79 -5.3 07/17/80 6.3  02/22/80

9/80-8/81 . 8.1 09/11/Ei0 -2.9 05/10/81 6.6 07/08/81

9/81-8/82 14.0 ‘04/1_4/82 —4.2 06/01/82 11.8 06/01/82 -4.9  06/01/82
06/01/82 : :

9/82-8/83 13.8 07/22/83 -4.5 06/09/83 11.6 -06/09/83 4.2 08/12/83 .




at the end. Vertical differences were usually less th;n 1.5°C and tne'
bottom water was usually warmer. Despite the fact that tﬁé average bottom
currents were strong, plume effects were quite evident. Assuming that the
salihity at tﬁe bottom meter (1.8 m above the bottoﬁ) is approximately an
ambient value, the salinity at the very near botﬁom metef'(0.4 m above the
bottom) salinity varied between ambieﬁt-and 4 o/oco above ambient.

The fall 1982 hydrogfaphiq data showed relatively 159tnerma1
temperéture struéture and moderate cross-shelf and vertical salinity
stratification. The plumé effect‘on salihity at. station 34 was most
evident in the October 5, 1982 data when bottom saliniﬁies of up to 39.2
o/oo were recorded when the ambient salinity at station 39 was 34.8 o/oco.
; Dissolved oxygen ranged betwgen 5 and -8 mg/l in the surface layers and
'ﬁetween 5 and 7 mg/l at the bottom at station 34.

During the first montn‘ofAthe winter~period the most frequent speed
_range at CT and CM was 30 to 40 cm/s. buring January and February the CT
’ speeds were somewhat bi-modal in distribution, but the most frequent speed
--range was 50 cm/s and up. At CM, however, the speeds fell most frequently
in the 5 to 25 cm/s range. Speeds at CU were also.mainly in the S to 25
cm/s range with the upper side preferred in December and the lower side in-
January. The most frequent direction ;ectqr duriﬁg the winter at CT, CHM
and CU was southwest. Data Qere'énly collected dufing Décember at cz.

Its current rose shows a:nign percentage of currents fell in the 10 to 15
ém/s range and the currents were rotaﬁed more toward the souéhL |

Water temperature dropped during the winter from values near 20°C to
a minimum of 13 to 14°C in mid-Febraury. The waﬁer column at site C
alternéted between being isothermal and being thermally sératified with

top to bottom temperatures of 2 to 3°%. Salinity was less variable than
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in the fall. . Surface and mid~-depth values fluctuated between 29 and 35
o/po,whiie they varied between 30 and 36 o/oo at the bottom. Plume effects
were again evident with.CZ salinity values being 2 to 4 o/oo greater than'.’
those measured at.CU. .. -

Winter 1982-1983 hydrographic data showed weak vertical
stratification.in temperature and salinity in December 1982 and January
1983 switching .to horizontal stratification in February 1983. Dissolved
oxygen was relatively homogenecus in all months. Plume effects were
generally the same magnitude as in the fall.

The current data show that at CT and CM the: most frequent speeéd range
was 30 to 40 cm/s Quring the spring. While southwest was the most
frequent direction sector for CT and CM in March and April, the second
most frequent was northeast. reflecting thc alternating nature of the
currents. In May the currents became more persistent in the southwest and
west direction.

Currents at CU were broadly distributed among the S, SW, N and NE
sectors in March and April, and then became moré persistently SW and 8 in
May. Speeds at CU were.also broadly distributed in magnitude in March and
April, -and then became more concentrated around the 10 to 15 cm/s‘;ange in
May. At CZ currents were mostly in the south direction and in the 5 to 10
cm/s speéd range in April and May. Water temperaturesvwarmeq from abhout
15 to 24°C. Bottom water was warmer than the surface watér until.the
latter half of April when the relationship rcverssd. In May, a
thermocline with a 3°cC temperature difference developed as the surface
water continued to warm, but the bottom water decreased in temperature
slightly.

Salinity was more variable in the spring than in the preceeding
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season. The variability was és great near the bottom as at the surface,
apparently because of cross-shelf movement.of salinity fronts.’ The’spring
values of salinity at CT ranged from 25.4 to 33.3 o/o0 and at- CU from 29.6
to 36.7 o/oo. Plume effects in the spring~weré somewhat reduded in terms
of persistence.

The spring of 1983 hydrographic data wﬁs dominated by the arrival of
the fresher water from river dischargé.' The temperature field was
relatively isothermal. Vertical stratification was present in all months
with a strong halocline and pycnocline just below mid-depth in March and
April. Stratification was still present in May, but the isohalines and
isopycnals sloped from the bottom inshore to the surface offshore. Plume
effects were evident in all tnreelmonths but smaller than those ;n the
fall and winter. Dissolved oxygen was relatively homogeneous in March and
May and weakly stratified in April.

Mean cﬁrrents wére weak in the summer. At CT and Cﬁ they were
southwest and west in June and August and northeast and south in July. At
CU they were noftneast in both June and July, but at CZ only ih July.
Currents were broadly distributed in direction and speed at all depths but
CZ2, which is consistent with the low vector mean values. Scalar average
speeds, however, were in the 20 to 30 om/s range at QT and cﬁ.

Water temperature continued to warm during the summer with a summer
thermocline clearly present. The largest vertical temperature difference
was up to 7°C which occurred during upwelling events.

Strong vertical salnity differences, up to 18 o/oo, occurred in June
and July as relativély fresh water'from a late spring runoff was advected
tnrodgh the area. The-iowest salinity, 15.7 o/oo at the surface, was

redorded on June 24. The summer ranges were 15.7 to 33.4 o/co at CT, 19.8
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"to 34.5 o/oo at CN and 28.4 to 36.6 o/oo at CU. Plume effects were much
-weaker during the period of strong salinity stratification. |

The summer hydrographic data indicated=tne'months of June and July
expérienced strong vertical strétification. fhis was caused by the o
.contihued influx of fresher w;tef at the same time aé currents switched to
upcoast flow and upwelling condition;r A thermocline of 24 to 27°C 1nA
AJune_and 25 to 29°C in July was present. A halocliné, 24 to 35'o/oo,.also
lay between the surface and bottom. A normal plume increase of-about 3 to
5 o/00 above ambient occurred at the bottom of station 34. Dissolved |
_ongen was strongly straﬁified,.ranging from 8 mg/l at the surface at
station 34 to'less than 2 mg/l. Hypoxic conditions.were détected over the
entire sea_fibor covered by the transects on the August hydrographic
cruise.

The monthly meéﬁ values of wind and currents indicété that as found
previously, the mean alongshelf component of wind was well cofrélated with
Alohigshelf and cross-shelf components of mean current. When the meaﬁ
alongshelf wind was.downcoast thd alongahelf currents were dowihcoast at
all depths. Cross-shelf currents were onshore at the top and middle and
offshore at the bottom. When the wind switched to updoast in July 1983 |
the alongshelf currents féllowed éuit while the cross-shelf currents
reversed their.yertical felafion; The current period was significantly
different from the previous period, however, in several respects. Durihg
'tne fall of this period the currents were substantially etronger than the
previous period. From Decembér through April the currents decreased in
strength; previously they had increased during December through April.
Thus, seasonal changes in theAcur:ents were relateﬁ to the alongshelf

component of wind, as in previous years, ,but'the pattern ﬁas significantly'
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'different compared to previous years;

Low frequency current fluctuations up to about 0.2 cpd were stongly
coherent witn the alongsnelf component of wind at all depths; cross—-shelf
currents nere coherent with the alongshelf wind at these frequencies only
near tne‘bottom. | A

A najor step in understanding tne“circuiation on tne'Texas—Louieiana
Shelf, has been achieved'in finding that the circulation indicated by
monthly mean geopotentials fits together, at least qualitatively, the
known facts aboutvtne circulation. In view of the success of the
geopotential picture in explaining the observed flow qualitatively at
least, it is desirable to test the geostrophic relatxonship (on wnicn
interpretation of the geopotential depends) quantitatively.. This was done
~‘by comparing the alongshore velocity components measured at site C with
verticai;velocity cnanée imélied by the density at surrounding
hydrographic stations. Because flow below the middle current meter are ‘in
the bottom layer of frictional influence, the cnange in velocity between
the'niddle and top. current meter isAconsidered.‘ For non-summer months in
the pericd from September 1979 to September 198?, the mean increase in
alongenore speed from the middle to the top current meter 4is ﬁ.e'cm/s._Tne
"geostrophic velocity’shear‘fot the same leyer based on mean hydroérapnic‘
data for stations 16 and 36 is 8.7 cm/s. The agreement is not bad and, as
miqnt be expected, tne actual velocity 1ncrease is less than that ‘implied
_by the geosttopnic relationsnip.wnicn does'not take friction into account.

;In-view of .the reasonable approximation afforded'b§ geostrophic
calculetions, the'traneport of the current alongshore can be estimated.l
The mean total downcoest transport for non-summer montns is found on the

basis of,GUS'iII data to be 105 m3/s. Of this nearly half flows between
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stations 16 and 36 according to geostfophic calculations. This results -
points up how strong the coastal jét is: much of the lower-frequency water
movement off Freeport occurs within about 30 km of the coast.

The persistence of bottom current speed was studied. Speeds belcw‘3
cm/s werg found to ﬁe not very persistent. Duriﬁg the 368 days of the
record, there were 101 runs with speeds less than or equal to 3 cm/s, but
none exceeded 13 hours duration: .Tne mean duration was only 2.4 hours.

At a 6 cm/s threshold the maximum duration found was 6nly 27 hours and the
mean duration for this threshold was only 3.6 hours. It is concluded, as
in the previous annual report, that true sﬁagnation does not occur anad
that persisténce of currents iess than abhout 6 cm/s for long periods, i.e.
several days, would be a most unusual condition and vne that nas not been
recorded.

The temperature¥salinity relationships during this study period at
station 39 and at station 34 are similar to those previously reported
prior to brine disposal (Kelly and Randall, 1980) and after brine disposal
began (Kelly et al., 1982 and 1983a). The data show the coastal waters in
the vicinity of the diffuser had salinity and temperature maxima (near 35
o/0o and 30°C) in the late summer which was followed by a freshening
trend or salinity minimum (near 31 o/o0) in the fall in conjunction with a
temperature decrease. buring the winter, the salinity reached another
maximum near 3§ o/bo while the temperatures fell te a minimum near 14°cC.
In the spring and early summer, the temperature rapidly increases. The
salinity decreased to a minimum near .25 o/oco in June and July before
approaching the summer temperature and salinity maximums again. The
salinity minimum in July was later than observed in previous years. The

effect of the brine disCharqe.on the temperature-salinity relationship was
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limited to near: bottom depths, and at the bottom of station 34, the
galinity ranged from 0.4 to 4.9 .0/00 above that measured at station 39.
The temperature data show no significant temperature change (less than-
1°C) between the diffuser and ambient: stations.

,fhe temporal variation of temperature, salinity and d;ssolved oxygen .
at.the diffuser site was studied and compared to cther control sites. The
bottom temperature data at the diffuser site were within 1°C of the
control stations, and thus, the thermal effect of the brine discharge was
considered neglible. Both the hydrographic data and the data.from the in-.
situ very near bottom meters show that the plume induced salinity
increases - are normally limited to less than 5 o/o0 above ambient and
absqlute salinity values are usually below 40 o/oo. The dissolved oxygen
data show the values at the diffuser and control stations were within 1
mg/1l of each other, and consequently no apparent effect of.the brine
discharge on the dissolved oxygen was observed in these. data.

A history of the vertical variation and annual range of hydrographic
parameters at the diffuser site since February 1978 was discussed. The
maximum surface temperature range of 20.6°C occurred in the period
September 1978 through August 1979, and the minimum range was 15.5°C
which oeccurred in the present.period September 1982 through August 1983.
The maximum surface temperature-was,30.7°c on -August 20, 1981, and the.
minimum surface temperature was 9.7°C on February 12, 1979.  The maximum
bottom temperature range was 19.7°C in the period September 1977 to
August 1978, and the minimum range was,13.7°c in the September 1582 to
August - 1983 period. The maximum bottom temperéture was 30.0°C on ‘August
30, 1978 and the minimum value was 10.3°C on February 3, 1978.

-The maxifum surface salinity range was 15.3:0/00 in the September
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1978 through August 1979 vear, and-the minimum fange was 8.6 o/oco in the
September 1980 through August 1981 year. The period September_1979 through
August-1980 experienced the maéimum bottom salinity range of 6.0 o/od
which was the first year of brine discharge. During this reporting
period, the surface and bottop saliniﬁy range ﬁas 12.3 éﬁd 5.4 o/oo0,
respectively. The minimum boftom saiinity'range'was 3.3 o/oo for the
September 1978 tnrough.August 1979 period. The ﬁaximum Dotgom.salinity
was 39.9 o/co on June 1, 1982 aﬁd July 8, 1982, which was caused by ﬁhe
brine discharge, and the minimum bottom‘valﬁe was 30.7 o/oo on November
14, 1979, prior to brine discharge. | |

The dissolved oxygen data has only been cbllectéd at- the Eryan Mound
‘CTD/DO station locations -since September 1981. These data'show the
surface dissolved oxygen raﬁqe was 3.1 and 5w2 mg/l° in the September 1981
through August 1982 and Septémber 1982 through August 1985 study periods,
repsectively. At the pottom, the range was 5.1 and 6.3 mg/l1 for the
September 1981 through August 1982 and Septémher 1962 through August 1983
study periods, respectively.

The history of the vertical variatibns of the hydrographic data show:
the maximum vertical vatiations of salinity, temperature, and sigma-t all
occurred in June 1979 when values of 16.8 o/oco, 6.5°C, and 14.0 sigma-t
units were measured. The brine discharge has increased the vertical
salinity variation at the diffuser site; hut the maximum variation
occurred prior to brine discharge, ahd it was caused by high fresh water!
discharge from the Mississippi/Atchéfaléya river system which experienced

a flood year (Kelly et al., 1982).
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CHAPTER 2

BRINE PLUME
Robert E. Randall . - -
Philip W. Price

Ocean and Hydraulic Engineering Division
Civil Engineering Department

2.1 Introduction

- The Department of. Energy began discharging brine through the Bryan
Mound multiport Aiffuser in uércn 1980. The Bryan Mound diffuser is
located 20 km offshore of Freeport, Texas in a water depth of 21.6 m, and
near monthly brine plume measurements have been conducted in the viéinity~
of the diffuser since the initiation of discharge. The ﬁurpose of this
chapter is to describe the results of the plume measurements for the
period from September 1982 through Augﬁst’1983. Prior to this report, five
additional publications were published concerning the results of the plume
measurements. The first two, Randall (198la and 1981c), describe the |
immediate postdisposal plume measurements which were.conducted 4during the
first two mohtns of discharge, March and April 1980. The third report,
Randall (1981b), describes the results obtained during the first 12
months, the fourth report (Randall.A1982)_discusseszthe,results of the
initial 18 months of discharge from March 1980 through August 1981, and
the fifth report (Randall and McLellan, 1983) describes. the results from
September 1981 through August 1982.

The brine discharge is the result of a leaching of filling process at
the Bryan Mound site of the Strategic Petroleum Reserve near Freeport,

Texas. The leaching process is used to create storage caverns in the
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~ underground salt dome located at Bryan Mound, and the filling process
consists of‘filliag the storage caverﬁs witn 0il. The resulting brine is
first pumped to a brine pit for temporary storage and ;ettling before
being pumped to the Gulf of Mexico via a bu:ied Pipeline as illustrated in
Figure 2-1. The lést 933 m of the pipeline is a multiport diffuser which
has 52 diffﬁser ports extending vertically from the pipeline 1.2 m above
the bottom. These ports have an inside diameter of 7.6 cm and are sptead
18.3 m apart. As the brine exits from the diffuser ports, it is diluted
iniéiaiiy due to jet mixing, and then it falls to the bottom as a result
of ite groater density and simultaneously spreads laterally. The plume is
then dispgrsed by advectidn due to currents and diffusion due to
tu;bglénce.

Thg behavio; of the brine plume is characterized as a nggatively
buoyant plume which can be divided into three areas (NOAA, 1977) as shown
in Figure 2<2. These three areas dependAuéon the pﬂysical processes by
which the plume is being dispersed. The first area is c;lled the near
field area where the effluen; dilution is affected by turbulent jet mixing
which is a function of the ambient cu;rent'veloc;ty, diffuser design, and
water depth. This area isvdefined as the distance downstream where the
individual plumes from each diffuser port merge to form a continuous
Plume. This distance has been estimated to be on the order of 30 m for
the Bryan Hound’diffuser.v In the intermediate field area, tne‘plume
experiences buoyant lateral spreading'and vertical collapse, and the outer
boundary of this area is estimated to be on the order of 305 m from the
daiffuser. The final plume area is called the far field which is the
largestlarea and is affected most by the physical processes of advection

and diffusion.
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An initial brine discharge rate of approximately 250,000 barrels/day
was begun on Kafch 10, 1980 through the 15 ports which were open at the |
' offshore end of tﬁe diffuser.. The diffuser was operated with 15 open
porﬁs'ftom March iO until July 10, 1980. At that time, 16 additional
_pcrts inshore of the original 15 were opened'fqr-a total of 31 open ports.
fﬁe target discharge rate during that period was 680,000 barrels/day. A
‘little over a year later, three additional ports were opened on August 24,
.1981 which resulted in the present total of 34 open ports and the target
discharge rate of 750,000 barrels/day. On January 22, 1982 the brine
discharge was increased to its present target rate of one millien
‘barrels/day. . Thus, the brine dischargé rate has been near the one million
.barrels/day rate for .the entire reporting period.

The akove ambient brine concentrafion (salinity) in the far field has
been ptedicted uging the MIT transient plume model developed by Adams et
‘al (1975). Predictive results from this model for the Bryan Mound |
diffuser in several design configurations are described by NOAA (1977).
-The results of these studies showed that stfbng'émbient currents produced
long narr;w plumes and during periods of near slack currents, the plume
expandeq in all directioné and stayed close to the diffusér. The
goncéntrations near the diffuser werg generally higher during slack
.currents, and avbuildup of concentration was also predicted duriné slack
periods.

The plume-meaéurements which were made from March through October 22,
1980 were compared to the‘predictioné of the MIT transient plume model by
NOAA (;981). This report concluded that_the transient plumé model
underestimates excess salinity in the near and intermediate field and

overestimates the excess salinity in the far field. An increase in the
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model horizontal diffusion coefficients was suggested to improve agreement
between model and measured plumes.’ | |

Gaboury and Stolzenbach (1979) discuss tnefdeveldpnent‘of'a
non-dimensional- formulation of the MIT transient plume’ model. Tnis’
formulation is used to evaluate alternate levels of acceptable impact
based on the terms of organism mortality as a function of concentration
and exposure time. Tong and Stolzenbach (1979) repcrted on an anaiytica;
and experimental study of the discharge.of a negatively buoyant :1&14.
These experiments were dairected toward'tne investigation of near freld
dilution and vertical height of tne discharge from a single aiffuser port
with varying discharge rates and cross rlow. Laboratory empiricalj
equations were developed for estimating tne near field dilution and
vertical height of the brine jet. The vertical height of negatively
buoyant jets has also been inveetigated using laboratory experiments as
reported by Vergara and James (1979), Turner (1966), Abraham (1967), Fan
and Brooks (1968), and Ze:l.toun et a1l (1970).

Empirical procedures based upon actual fielad measurements have been
developed for predicting the brine plume areal extent. brine jet vertical
extent and for estimating the percent time selected bottom areas are
exposed to above ambient brine concentrations. The empirical procedures
and results are discussed by Randall (1981b, 1982), Randall and HcLellan
(1993), and MeLellan (1983). They were used to cotimase the areal and
vertical extent of the brine plume emanating from the proposed Big Hill
diffnser (Randall and kelly, 1982). | |

This report briefly‘describes the instrumentation used in tracking
the brine plume and the procedures employed to attain the isohaline

contonrs which describe the areal coverage of the plume 25 cm above the
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.bottom. The results of the plume tracks are described which define the
areal extent and the above ambient brine concentrations. Vertical
‘salinity Profiles which.permit the evaluation of the plume vertical extent
are discussed and compared with empirical predictions. The data from the
plume tracks.measured during the two and a half years of discharge were
used to further develop procedures. for empirically predicting brine.plume
contours, and these empirical procedures.and tnetrAresults are also

‘discussed.. .

2.2 Plume Tracking System and Procedures

A complete description of the current plume trackino.prooedures and
system are described in the Field and Laboratory Procedures Manual by |
Randall (1983a). Tne plume tracking instrumentation consists of a
condﬁorivity;~teoperature, and depth (CTD) probe mounted 1n a sled whioh
1s towed on the sea floor‘by a research vessel, as shown in figure 2-3.
The length of the sled is 1.8 n. The sled's croee section is an .
equilateral triangle with the probe located at its centroid. Thus, the
probe is always 25 cm above the bottom no matter which set of runners is
in contact with the sea floor. Since the sled is towed on the sea floor,
the possibility of snagging is always present. Therefare, weak links were
designed for reledsing ene sled and probe from the tow cable and cohdoctor
cable respeotiveiy. When all the weak links nave released, the sled is
completely free from the towing vessel and marked with a surface buoy
which is attached at all times during the tracking operation. In order to
recover the sled, the research vessel first recovers the surface buoy, and
then the buoy line is used to winch the sled to the surface.

The conductivity, temperarore and depth (CTD) system manufactured by
the Hydrolab Corporation, H&drolab“(léaoj, 1elused in the plume tracking
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system which is illustrated in Figure 2-4. TnemCTD,syste@ has three
components: the data transmitting unit (probe), the conductor cable, and
the data control unit (readout). The probe is capable of measuring .
conductivity (0 to 200 mmho/cm), depth (0 to 200 m), -and temperature (-5
to +45°C). The conductor cable.is 150 m long: and 1 cm-in diameter. The
CTD system is interfaced with a Hewlett Packard 85 compﬁter for data
logging and presentation. A CRT display on the computer provides a
continuous upddte of the CTD data measured by the underwater ptoba, Tﬁis,“
display allows the operator to continually observe the salinity data wh;cn
determings when the sensor is iﬂ and out-of the plume and alerts the

_ operator when probleﬁsvarise. The comguter is preogrammed such that it
automatically records the data at a predetermined interval on cassette
tape and prints it oh a:thermal paper output.

The accuracy of the salinity data is +0.5 o/0o after calibrating
with standard solutions using a Grundy laboratory salinometer which has an
accuracy of +0,003 o/o0o, Grundy (1978). The temperature and depth
sensors have an #ccuracy of $£0.2°C and *1 m. The CTD system is .
calibrated in the*laboratofy before and after each plume measurement.
Prior to each plume: measurement, the research vessel naadslfor.tne three
control stétions (statioﬁs‘39A, 39 and 39B) located 7.4 km up the coast
from the diffuser. Station 39 is on the same depth contour as the
diffuser and stations 39A and J9B are ‘located 3.7 ki lnshore and offonéte
of station 39, respectively. A continuous vertical profile-of
conductivity, salihity, temperature,-and depth are recorded at. each
station. These data are used to determine the expected ambient conditiqns
for the sea water in the vicinity of the Aaiffuser.  Next, the veséel

anchors near buoy C at the diffuser site, and the current at the top,
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middle, and bottom depths are measured witn a remote reading Endeco Type.
923 current meter. The bottom current measurements provide an indication
of the expected direction of the plume.

The plume.track starting point is normally located 1nsﬁqre and on the
upstream side of the'diffuser as snown.in %1gure 2-5. At this éoint, the
towing sled is deployed and the CTD systemjis activated. The towing cable
and the conductor cable are let out simultaneously until ;07 m are in the
water. This”is thé optimum length of cable for towing at a normal speed
of 5.6 km/hr while the sled remﬁins on the bottom.

| The ship steers a constant LORAN C line course which is neérly
pafa;lél to the diffuser and'aﬁ'a distancegof approximately 122 m away as
illustrated in Figure 2—5. This course 1; maintained while the sensbg
shows the salinity 1ncrea§ing'as the sled enters the plume and until the
salinityzdecreases_tb a value indicating the 1 0/0o above .ambient contour
.is reached. At this point, the ship reverses course and follows a
constant'LORANlc line approximately 1 km away from the diffuser. This
course is maintained as the ship re-enters the plume and until the 1 o/qo
above ahbient contour is again reached. ‘Tnis zig zag pattern is continued
until one complete‘leg is outside the.l o/oo above ambient area. When the
1 o/oo above ambient contour is defined on one side of the diffuser, the
same procedure 1s‘repeated‘on the opposite side of.tne diffuser. These
plume trackihg procedures normally take six to eight hours to complete.

purinq the tracking procedure, the conductivity, teﬁperature, and

depth are reéprded'eve:y'minute on cagsette tape'and ;nermal_paper by the.
’automatic'data logger. ‘Along with conductivity readings, the ship's

location in terms of LORAN C coordinates is recorded in a log book every

minute; " Watches with sweep hands are synchronized at the start to insure
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simultaneous recording of -data. The depth data indicate whether the slea
is staying on the bottom{_and the temperature data are used to determine
the presence of any thermal plume resulting from the brine discharge.

The isohaline contours are determihed‘by plotting tng location of the
sled every minute during the plume tracking period. The conductivity is
converted to salinity and the corresponding'salinity values are recorded
along side the location of the sled. Once this is completed for the entire
pPlume tracx, linear 1hterpalation is used to locate the isohaline
contours.

After the plume tracking is completed, the ship returns to the.
diffuser area to measure the vertical salinity profiles, which permit the
evaluation of the vertical extent of the plume. These profiles are
obtéihed'by 1oﬁer1ng the CTD probe to the bottom and back to the surface
while the conductivity; temperature and depth érevsimultaneously recorded
on cassette tape by ‘an autom;tic data'logégr. The vertical profile’
stations are located along a transect corresponding with the measuread
bottom curtent,difectiop.and~passing through the-cenfét of the diffuser.
The goal is t§ obtain déta direct;y over the diffuser and at several
stations upstream and downstream of the diffuser.

The LORAN C navigaﬁion system and a specially constructed LORAN C
_Chart are used for all plume tracking operations. The two secondary
transmitting stations used are the X (25600) and the Y (46000) LORAN C
stations.. The lines for station X (25000) run approximately parallel to
the pipeline, and the lines for sta£ion Y (46000) run normal to the
pipeline. . The chart is used to pPlot the ship's track during the plume
track andlto plot tne'snip‘s location a@d corresponding salinity readings

from which the salinity contours are determined.
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The LORAN C receiver displays the LORAN C coordinates to the nearest
0.1 of a microsecond (us). For the X (25000) the accuracy is estimated to
be #15.5 m and 184.1 m for the two stations used. The LORAN C
coordinates of the BRIMS buoy are recorded from the LORAN C receiver
before each plume track and compared with those on the chért in order to
determine correction factors. These corrections are applied to all data
in order to obtain the most accurate ship position.

The ambient bottom salinity is very hard to determine exactly. Kelly
and Randall (1980) and Randall and Kelly (1981) described the variation of
bottom salinity at £he d1ffuser site over a two-year period prior to brine
discharge. Daily salinity variations of up to 3 o/oo were reported.
Salinity fronts in the vicinity of the diffuser were described which
tended to move inshore and offshore depending on environmental conditions.
It was shown that :ne largest salinity variation occurred in the cross
shelf directioﬁ. The alongshore salinity variation was observed to be
approximately 1 o/co over 7.4 km. In previous reports, the bottom
salinity measured at station 39 which is 7.4 km up the coast and at the
same depth contouf as the diffuser was compared td ﬁne measurements taken
just outside the measured plume area in order to determine the ambient
condition. The salinity measurement at station 39 was used as the ambient
bottom salinity unless the vertic#l profile measurements just outside the
plume area indicated there was a significant difference. 1In this case,
the smallest upstream bottom salinity was selected as the ambient vaiue.A

it became appérent that the cross shelf salinity variation was
some;imes large enough to affect the above ambient contours. The c¢ross
shelf salinity variation effect on the above ambient salinity éoﬁtours was

also observed at the West Hackberry diffuser site during similar
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measdrements‘by Randall (1983b). Consequently, two additional ambient
stations, 39A and 39B, were located 3.7 km inshore and offshore,
respectively, of station“39. "The bottom salinity at these three stations
were used as the ambient conditions with linear interpolation between
stations uriless the transects measured outside the plume Auring the plume
tracking procedure indicated-the salinity variation was different from
stations 39A, 39 and 39B, and then the salinity data for the transect were
used as the ambient values:for determining the above ambient isohaline

contours.

2.3 Description of Selected Brine Plume Areal and Vertical Extent

Measurements

» ?.3.1 Septepber 16, 1982

On September lqr 1982, the brine was being diecharged through 34
ports at an average rate of 41,046 barrels/nour, a eélinity of 255 o/00,’
and a temperature.of 29°c. .The‘average bottom current was 12 cm/s in the
direction of 040°T, aﬁd the ambient sottom salinity at Stction 39 was
34.7 o/co. The are;l extent of the brine plume located 25 cm above the
sea floor is defined Dby the closed isohaline contours in Figure 2-6 and
the above ambient salinity contours in Figure 2-7. |

The area inside the 39. 38, 37, 36 and 35 o/oo isonaline contours was
0.1, 3.5, 14.4, 26.0 and 41.0 kmz, respectively while the area inside the
+5, +4, +3, +2 and +i o)oo anove ambient salihity coﬁtours wes 0.1, 0.2,
6.3, 17.7 and 29.3 kmz, respectively. The +1 o/oo contour extended 13.5
km upcoast (055 T) and 2.6 km downcoast (235° T) from the center of the
diffuser. In the offshore (145 T) and inshore (325°T) directions, the +1
o/oo contour reacned distances of 2.6 and 2 5 km, respectively. The
farthest distance from the center of the diffuser to tne +1 o/oo contour
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Figure 2-6.
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Brine plume isohaline contours for September 16, 1982. The
average brine discharge rate, salinity, temperature, and the
ambient bottom salinity at station 39 were 41,046 barrels/hr,

.255 o/oo, 29°c, and 34.7 o/oo. The average bottom current was

12 cm/s in the direction of 40°T as indicated by the arrow.



Figure 2-7.
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Brine plume above ambient salinity contours for September 16,
1982. The average brine discharge rate, salinity, temperature,
and the ambient bottom salinity at station 35S were 41,046
barrels/nr, 255 o/co, 29°C, and 34.7 o/oo. The average bottom
current was 12 cm/s in the direction of 40°T as indicated by
the arrow.



Ml

was 4.3 km in the direction of 081°T which was just.east of the average
botttom current direction of 042 T. The +5\o/oo contour. on tnis date was
tne highest and the only +5 o/co above_ambient contour méasured during
this reporting period. The average bottom current was determined .from the
in situ current meter data oollected near buoy C at:a depth of 19:6‘m.
Hourly stick‘vectors'of the current meter data for this plume track are
shown in Appendix A. The salinity data points forftnis pPlume traok*were
collected over a 7.5 hour periocd from 1030 to leoovnours. |

Temperature data were measured simultaneouclyfwith calinity during

the plume track. The data show the bottom temperature varied between 28.7

"and 29. 0 C which indicates the water temperature was nearly constant over

the entire plume area. No evidence of a tnermal plume was detected.

The vertical salinity profiles measured immediately following the
areal measurements are illustrated in Figure 2-8. The ambient salinity
profile was measured at station 39 which is located 7{4 km northeast of
the diffuser, and it‘shows the salinitilincreased from 27.7 o/oo at the
surface to 31.8 o/oc at the 3.5 m deptn. The salinit; continued'to
increase slightly to a value of'34.3 o/oo at a deptn of 15.1 nm, and it
remained  isohaline to the bottom (21.5>m). Similar results were obtained
at station 8 which was outside the +l'o/oo contour.and upstream or tnei
diffuser. Stations 1, 2, 3 and 4 were located downstream of the diffuser
as shown on the last page of Figure 2-8. ‘Theeewprofiles indioateithe
existence-of the brine:plume at the bottom' where the 'sdlinity increases
sharply in comparison to the ambient profiles near the 20 m depth mark.
The . highest measured salinity of 40;6 o/o0c was observed on the profile
measured directly over tne'diffuser (station 5)7 Also, a ealinity of 63.3

o/0o0 was measured at a depth of 18.3.m, and this was the result of the
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sensor passing through a brine jet. This profile also indicated the
maximum verticelvextent of the brine plume was 4.5 m above the natural sea
floor depth of 21.6 m. Stations 6 and 7 were measured on the upstream -
(soﬁthwest) side of the diffdser;. These profiles show a similar salinity
structure as was measured on the downstream side, and the brine plume was
evident near the 20 m depth where the selinity increased sharply from the
_ ambient condition. In summary, these profiles show the bottom salinity at
stations 1 through 8 was 36.9, 37.3, 38.0, 38. 8, 40.4, 39.0, 38.8, and
34.3 o/oo0, respectively. Thus, the bottom salinity was maximum at the

diffuser and decreased with distance away from the diffuser in both the

‘upstream and downstream directions.

2.3.2 January ll, 1983

The January 11, 1983 plume measurements were conducted when the brine
was being discharged at an average rate of 42,208 barrels/hour, a salinity
of 249 o/oco, and a‘temperature of 20°C. The bottom salinity at station
39 was - 34.6 0/06. The average bottom current cf 16 cm/s was flowing 4in
the direction of 037°T during the period of the plume measurements which
began at 0930 hours and ended at 1900 hours for a total period of S.5
hours.

The isohaline and the above ambient salinity contours are illustrated
inMFigures 2-9 and 2-10. The data show tnree closed isohaline contou;s of
36, .37 and 3 o/nn which enclosed areas of 33.8, 3.4 and 0:7 knZ,
respectively. ~The salinity-data_indicated there was a cross shelf
salinity variation which prevented the use of the station 39 bottom
salinity as the ambient salinity for determininq the above ambient
contours. Therefore, an ambient salinity scale based upon the furthest

upstream leg of the plume measurements was used. The ambient salinity
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Figure 2-9. Brine plume isohaline contours for January 11, 1983. The
average brine discharge rate, salinity, temperature, and the
ambient bottom salinity at station 39 were 42,208 barrels/hr,
249 o/oo, 20°C, and 34.6 o/co. The average bottom current was
16 cm/s in the direction of 37°T as indicated by the arrow.
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Figure 2-10. Brine plume above ambient salinity contours for January 1l1,
1§83. The average brine discharge rate, salinity, temperature,
and the ambient bottom salinity at station 39 were 42,208
parrels/hr, 249 o/oo, 20°C, and 34.6 o/00. The average hottom
current was 16 cm/s in the direction of 37°T as indicated by
the arrow.
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scale is shown at the right hand margin of Figure 2-9. Using this seale,'
tﬁekeuouevambieut saifmitguceutours of‘+i,w+2 ana:+3'¢/5§ were determineq
as shown in Figure 2-10 anq.enciosed areas of 33.3, 15.9 and 2.0 kmz,
respectively. The longest'distance to tue +1 o/oo contour was. 7.4 km in
tue direction of 041°T which is very close to the average bottom current
direction. ’Tne'distence to the +1 o/pe contour in the upcoast, downcoast,
offshore and inshore directions was'é.z, 1.2, 1;3'and 2.9 knm,
respectively. fne highestlselinity, 38.2 o/o0, was 3.8 o/oo above the
ambient salinity. |

- The temperature data collected during the areal measurements show the
bottom temperature varied between 16.7 and 18.4°C while the average brine
temperature was 20°C. The bottom temperature increased from inshore to
o;fsnore, but the temperature data did,not show increases near the
diffuser followed by decreases away from the diffuser. Thus, no
indication of a thermal plume was observed.

Figure 2-11 shows the results of the plume vertical extent
measurements. The ambient profile at statiou 39 shows the salinity at the
surface was 26.1 o/oo0,~and it increased to 34.5 o/oo at 15.9 m. The
salinity then increased slightly to 34.6 o/oo at the bottom. The presence
of the brine plume is indicated at stations 1 and 2 on the downstream side
of tne dlffuser where tne bottem sallnity was 36.6 and 36.7 o/o0,
respectively. The vertical‘profi;e measured directly over the diffuser,
station 3, shows the maximum bottom salinity was 37.7 o/oo aﬁd the
vertical extent was 2.6 m. On the upstream side, stations 4, 5 and 6 show
the bottom salinity was 37.4, 36.5 and 34.8 o/oo, respectively. The
vertical height of the plume is based upon the depth at which the profiles
deviate from the ambient profile, and for stations 1 through 6, it was
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2.2, 3.0, 2.6, 3.0, 3.0 and 3.0 m, respectively.

2.3.3 May 4, 1983

On May 4, 1983, the brine was being discharged at an average rate of
41,813 parrels/hour, a brine salinity.of 258 o/oo and a temperature of
24°C was measured.. Two addition;l ambient stationﬁ were added to
evaluate the cross shelf salinity variation. Stations 392 and 39B are
located 3.7 km inshore and‘offsnore of station 39.. The bottom.salinigg at
stations‘39A, 39 and 39B was 31.0, 31.5 aqd 32.5 o/oc0, respectively. ?he
average bottom current was 6 cm/s in the direction of 015°T.

The areal extent of the May 4, 1983 brine plﬁme is illustrated by the
closed isohaline contours in Figure 2-12 and the abﬁve ambient salinity
contours in Figure 2-13. The area inside the 35, 34, 33 and 32 o/oco
ischaline contours was 0.7, 3.2, 6.7 and 11.9 kmz respectively. Stations
39a, 39 and 39B indicated there was a strong cross shelf salinity
.gradient, and therefore an ambient salinity scale was used in the
evaluation of -the above ambient isohaline contours. The plume track_
transect farthest away from the diffuser on the southweé; side was |
selectéd as the ambient sélinity scale. The area inside the +1, +2, +3
and +4 o/od contours was 9.9, 5.4, 1.7 and 0.1 kmz. These areas are
smaller than expected for the low hottom current condi€ion encountered on
this date. The ambient bottom salinity Qas near its léwes; annuél:value
and the bottom currents were shifting direction during the day. Areal
extents for the +1 o/00 contour were expected to be near 32.5 kmz basged
upon empirical predictions discussed later in this chapter. The extent qf
ine brine plume as defined by the +1 o/00 above ambient salinity contour
was 1.8 km ﬁpcoast, 2.2 km downcoast, 1.3 km inshore and 1.5 km offshore

of the diffuser center. The farthest distance from the diffuser.center to
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Figure 2-12.
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Brine plume isohaline contours for May 4, 1983. The average
brine discharge rate, salinity, temperature, and the ambient
bottom salinity at station 39 were 41,813 barrels/hr, 258 o/co,
24%c, and 31.5 o/oo. The average bottom current was 6 cm/s in
the direction of 15°T as indicated by the arrow.
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Figure 2-13, Brine plume above ambjent salinity contours for May 4, 1983.
The average brine discharge rate, salinity, temperature, and
the ambient bottom salinity at station 39 were 41,813
barrels/hr, 258 o/oco, 24°C, and 31.5 o/oo. The average bottom
current was 6 cm/s in the direction of 15°T as indicatead by
the arrow.
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the +1 o/oo contour was 2.5 km in the direction of 087°T. The highest
salinity was 35.6 o/oo which was 4.0 o/oo above the ambient 'sgunity'.

| The salinity data were collected over a period of 6 hours from 1030
to 1630 hours. The bottom temperaﬁure data collected at the same time dé
the saiinity data show the bottéh temperature varied bétﬁeen 19.5 énd
19.8°C ana aid not 1ndica£e.tne existencé of a thermal plume.

| ~The vertical salinity profiles measureé on‘tnis daté and their
locﬁtion are iiiustrated_in Figure 2-14. Statién 39 shows the salinity
increased ;rom a surface value of.27:§ o/oo to 31.7 o/o§ at 18.8 m and
remained isohaline to the b&ttop; Station .1 is located 0.9 km north
ﬁortneast of the Aifquer, and it shows the salinity increased from 28.74
o/oo at the Surface to 31.4 o/oo ﬁt 20.2 m and then increased sharply to.
34.3 o/oo at the boﬁﬁom 1nd1cq€in§ a plume vertical extent of 1.0 m.
Station 2, 3 and 4 were very close to the diffuser with station 3 being ‘
directly over the Aiffuser. The bottom salinities at these statioﬁs were
35.2, 35.6 and 35.5 o/oo, respectively, and the”vertical extent was 2.0 m
at each station. Stations 5, 6 and 7 were located south southwest of thei
diffuser where the bottom salinity was 34.8, 32.5 and 32.0 o/o0, and the
plume vertical height was 2.6, 2.0 and 1.0 m, respectively.’ These data |
gnow the bottoﬁ sélinity and, with the exceptién of sgation 6, the plume

vertical height Qecrgaég¢‘w1tn‘q;s;anceufromctne aiffuser.

2.3.4 July 21, 1883

The &gly 21, 1§83np1ume measureheﬁts wére conducteé when the brine
was being discharged at a daily average discharge rate of.44,é37
barrels/hr, a brine salinity of 241 o/oo, and a brine temperature of
28°Cc. The average bottom current of 18 cm/s was in the direction of
020°T. The ambient stations 39a, 39, and 39B show a strong halocline was.
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Figure 2-14. Vertical salinity profiles for i&ay 4, 1983. The dashed line
indicates the depth (21.6 m) of the natural sea floor.
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present between depths of 15 and 20 m, and the bottom salinities increased
- from 33.8 ‘o/oo at 392 to 34.3 o/oo at 39B.

The areal e#tent of'the plume méasured on July 21, 1983 was very
unusual in that no closed contours around the diffuser were obtained as
illustrated in Figure 2-15. The 34 o/00 isohaline is shown to be
distorted such that it pagses aloﬁg the east side of the diffuser, around
the inshore end of the diffuser, and alongvthe west side of thé'diffuser.
It did not close on the offshore end. During the plume measureﬁents, a
second transect was made extremely close to the diffuser becaﬁse‘the
normal distanée away did not show the presence of the plume. Oﬁ this
transect'sevefal da;a points near the center of the‘diffusgr were-optained
which indicated the 34 o/oo isohaline looped around the diffuser as shown.
The veéﬁical profile measured directly over and at the center of the
diffuser, station 4, also indicated a bottom ;alinity of 34.1 o/oo.

The brine was being dischatged continuousl§ during the plume track at
an average salinity of 241 o/oo. Empirical predictions indicated that the
above ambient salinity should have been +3.4 o/00 and the areal extent of
the +1, +2, and +3 above ambient salinity contours should have enclosed an
area of 13.5, 4.9, and 2.8 kmz, respéctlvely. The discrepancy is
attributed to the ambient salinitg structure of the water column
encountered on this date. The vertical profile'at sﬁation 39, Figure
2-16, shows that thé water column was isohaline (23.5 o/oco) from the
surface to a depth of 9.2 m. The salinity increased to 34.0 o/00 at the
19.6 m depth, and it wa; iéoh%line fébmmﬁhat depth to the bottom. The
other vertical profiles show a similar strong halocline in the bottom
waters. The vertical extent of the brine jet was predicted to be 7.3 m

above the bottom using the vertical extent equation developed in a
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Figure 2-15.
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Brine plume isohaline contours for July 21, 1983. The averade.
brine discharge rate, salinity, temperature, and the ambient

bottom salinity at station 39 wére 44,237 barrels/hr, 241 o/oo,

28°C, and 34.0 o/oo. The average bottom current was 18 cm/s
in the direction of 20°T as indicated by the arrow.
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previous report, Randall and McLellan (1983). As a result, the brine jets
éhould have reached a depth of 14.3 m where the salinity was 28.0 o/oo0 at
station 39 and an average value of 29.7 o/oo at the vertical profilé
stations. 'Therefote, the brinq jets were discharging brine into water
which was as much as 4.4 o/oo less than the bottom salinity. The
empirical equations assume the ambient water is isochaline. .It is
concluded'that the cause of the inability to measure closed isohaline
contours on this date was the unusually. strong halocline in the bottom
receiving waters.

The.vertical salinity ptofiles 111ust;ated in Figure 2-16 show tne
bottom salinity at all stations was near 34.0 o/oo. Station 1 was used as
the ambient profilé, and only stationsA4 and 5 showed slight incfeases in
salinity in the bottom water. Thus, the vertical extent was very
difficult to deﬁermine, and the values at stations 4 and 5 were 4.8 and

3.0 m, respectively.

2-3.5 August l1ll, 1983

Oon August 11, 1983, the brine was being discharged at an average rate
of 38,306 barrels/ﬁr, a brine salinity of 251'o/oo, and a temperature of
29°¢c. ‘The average bottom current was 8 cm/s in the direction of 086°T.
The bottom salinity at stations 39A, 39, and 39B was 34.2, 34.0, and 34.1
o/qo,‘agd therefore, an ambient salinity of 34.1 o/oo was selected.

The areal extent of the plume measured on August 11, 1883 was the
largest measured during the périod»af this annual report. The isohaline
" contours areAshown in figure 2515, and the above ambient salinity contours
are illustrated in Figure 2-18. The area inside the 35, 36, 37, and 38

0/00 isohaline contours was 44.4, 23.2, 2.2, and 0.6 km°, respectively.
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Figure 2-16. Vertical salinity profiies for July 21, 1983.' . The dashed line
indicates the depth (21.6 m) of the natural sea floor. ‘
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Figure 2-17. Brine plume isohaline contours for August 11, 1983. The
average brine discharge rate, salinity, temperature, and the
ambient bottom salinity at station 39 were 38,306 barrels/hr,
251 o/oo, 29°C, and 34.0 o/co.  The average bottom current was
8 cm/s in the direction of 86°T as indicated by the arrow.
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inside the +1, +2, +3, and +4 above ambient salinity contours, the areas
were 40.0, 20.9, 1.9, and 0.5 kmz, respectively. The +1 o/oo.contour‘i
extended 1.6 km upcoast (055°T) and 3.4 km downcoast (235°T)tfr0m.tne.
aiffuser center. In the offshore (145°T) and inshore (325°T) directions,
the +1 o/oco contour reacned'distances of 2.1 and 5.4 km, respectively.-
The maximum distance>to the +1 o/oco contour ﬁas’s.S km in the direction ,1}
086°T which was the same as the average current direction. The large
areal extent was caused by a combination of low bottom current, near
isohaline structure of the lower third of tne waterfcolumn in all
directions, and the low brine exit velocity. ’ C "ik;

The‘salinity data were collected over a period'of 12 hours from 1030
to 2230 hours. .Tne bottom temperature data varied between‘és.s to 26.9°C
and again did not show an indication of a thermal plumet |

The vertical salinity profiles measured on August ll, 1983 are .
illustrated in Figure 2-19. Tne vertical profiles at station 39A, 39, and
598 wWere very similar. At station 39, the' surface salinity was 29.4 o/oo
which was nearly isohaline down to a depth of 7.2 m. Salinity increased
to 34.0'o/oo at 18.6 m and was isohaline from tnat depth to the bottom.
Station 1 was located 1.2 km west of the diffuser center, and the presence’
Tof the brine plume is indicated by. tne 37 1 o/oo bottom salinity. The
vertical extent was determined by comparison with the station 39 orofile,
and this showed the vertical extent was 5. 3 m. Stations 2 ~3, and 4 were
in the immediate vicinity of the diffnser, and the bottom sa;;nitv and
vertical extent ‘were 38.5, 37.5, and 38.0 o/oo and 5.2, 5.6,jand 5.6 m,
respectively. Station 5 was 1 km east of the diffuser, and tne'bottom
salinity and vertical extent was 37.3 o/oo and 5.6 m, respectively. The

vertical extents were the highest measured for this annual report period.
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Figure 2-18. Brine plume above ambient salinity contours for August 11,
- 1983. The average brine discharge rate, salinity, temperature,
and the ambient bottom salinity at station 39 were 38,306
parrels/nr, 251 o/oo, 29°C, and 34.0 o/0co. The average bottom
current was 8 cm/s in the direction of 86°" as indicated by
the arrow. ‘
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2.4 History of the Brine Plume Areal and Vertical Extent Measurements

A history of the areal extent data determined from the plume
measurements conducted during the 42 monﬁﬁs of brine discharge are
tabulated in Table 2-1. Tnis table shows the average bottom current speed
and direction for the plume tracking period, the daily average brine
salinity, the average brine discnarge rate and the hottom -salinity at
station 39 which is 7.4 km northeast of the Aiffuser and on -the same depth
contour, and the area witnin the isohaline and above ambient salinity
contours. : . |

Table 2-1 shows the:iaroese areaiaexteﬁt~ﬁi£pia the +1, +2, +3, +4,

+5, and +6 o/00 above ambient saiinty contours was 50.4 kmz on 1/24/82,

24.5 kn° on 1/24/82, 9.3 km? on 1/24/82, 5.6 km> on 2/25/81, 1.2 kn®> on

2 on ll/5/81‘fé§pebtive1y.“The highest measured above

2/25/81, and 0.1 km
ambient salinity contour was 41.6 o/oo which was +6 o/oo above the ambient
salinity of 35.6 o/co on April 20, 1981. During the 42 months of
discharge, a +6 o/oo abqve ambient contour was found on only two occasions
(April 20 znd November 5,'1981), and +5 o/oo anove‘ahbient contours were

| found on eleven occasioﬁs:wnicn were 6/i3/80, 10/1/80, 12/29/80, 2/25/81,
3/30/81, 4/20/81, 6/25/81, 10/9/81, 11/5/81, 4/25/82, and S/16/82. The
largest areal extent within the +1, +2, +3, +4, an d +5 o/0o0 above ambient

contour during the present reporting period was 40.0 kmz on August 11,

1983, 20.9 kn® on August 11, 1983, 6.3 km® oni ‘September 16, 1983, 0.5 km

on August 11, 1983, and 0.1 km2 on September 16, 1982. It should be noted
that the +5 o/00 above ambient salinity contour was measured only once
during this reporting period, and this 1is mainly attributed to the high

exit velocities at the diffuser ports.
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Table z-1. History .of brine plume -areal extent data.

8y-2

Date Average Bottom Average Discharce  Station 39 Areal Extent
current Brine Pit. Rate Bottom
Salinity Salinity Selinity Area Above Amb. Area
Speed Direction : Cor:tours 5 Sal. Cntrs. 2
cm/s oTrue o/oo - Barrels/hr o/oo o/00 km o/o0o km
3/22/80 14 200 : 225 8,125 33.2 35 0.7 +2 0.6
_ 36 0.4 +3 0.3
3/26/80 17 216 226 9,840 31.9 No Closed Contours
3/30/80 25 026 229 8,647 32.7 34 0.7 +1 1.1
35 0.3 +2 a.3
+3 0.1
3/31/80 . 16 102 237 8,436 32.8 34 . 0;5 +1 0.6
o 35 0.1 +2 0.2
4/9/80 3 102 247 12,004 34.1 36 5.8 +2 5.3
37 0.8 +3 0.6
38 0.1
4/10/80 13 041 247 12,015 33.3 35 7.4 +2 5.6
36 2.0 +3 1.0
37 0.1 +4 0.1
38 0.02
5/22/80 9 004 215 12,183 32.0 33 2.7 +1 2.7
34 Q.9 +2 0.9
35 c.3 +3 0.3
6/13/80 3 160 242 11, 3€6 32.8 34 4.3 +1 4.8
35 2.1 +2 2.3
36 1.2 +3 1.3
37 0.7 +4 0.9
38 0.2 +5 0.2
7/21/80 11 252 147 18,455 35.0 36 5.6 +1 5.6
7/30/80 13 042 131 21,790 35.8 37 0.3 +1 0.8
8/1/80 4 - 017 129 27,436 35.5 37 2.6 +1 6.0
_ +2 0.4
g8/2/80 13 023 163 25.520 35.5 37 7.4 +1 13.1
. ' 38 0.4 +2 3.2
+3 0.02




Table 2-1. Continued.

6v-¢

Date Average Bottom Average Discharge Station 39 Areal Extent
Current Brine Pit Rate Bottom .
Salinity Salinity Salinity Area Above Amb. Area
Speed Direction Contours 2 Sal. Cntrs. 2
cm/s °True o/00 Barrels/hr o/oo o/oo km o/oo km

8/26/80 27 206 216 26,370 34.4 35 6.4 +1 3.5
36 1.6 +2 0.7
37 0.4 +3 0.2
9/10/80 13 027 218 21,282 33.7 35 2.3 +1 2.6
36 0.4 +2 0.8
37 0.1 +3 0.2
10/1/80 . 8 029 228 20,415 33.5 35 9.2 +1 10.9
' 36 6.7 +2 6.9
37 3.3 +3 4.4
38 1.7 +4 2.3
+5 0.9
10/22/80 ~ 15 051 205 28,047 33.2 34 9.2 +1 5.3
. 35 2.5 +2 1.4
36 0.2 +3 0.1

11/6/80 20 025 221 27,738 34.5 36 17.6 +1
_ 37 5.5 +2 11.9
38 0.8 +3 2.3
12/29/80 14 239 250 26,124 - 34.5 36 12.9 +1 17.9
. 37 9.8 +2 10.1
38 3.0 +3 " 5.5
39 1.3 +4 1.9
40 0.3 +5 0.7
1/28/81 8 227 247 22,320 34.6 36 14.5 +1 - 17.5
’ . . 37 . 8.1 +2 - 9.3
38 2.4 +3 4.4
39 0.6 +4 1.5
2/25/81 7 023 252 28,188 36.2 37 16.2 +1 15.4
38 11.7 +2 - 10.8
39 8.0 +3 7.7
40 6.1 +4 5.6
41 1.6 +5 1.2
3/30/81 15 233 256 27,792 35.1 36 11.6 +1 11.0
37 5.9 +2 5.4
38 1.4 +3 1.1
39 0.4 +4 0.3
40 0.04 +5 0.0




Table 2-1. Continued.

05-2,.

Date Average Bottom: Average Discharge Station 39 : Areal Extent
o Current ‘Brine Pit Rate Bottom .
Salinity Salinity Salinity Area Above Amb. Area
Speed Directicn Contours 2 Sal. Cntrs. 2
cm/s °oTrue o/oo Barrels/hr o/oo ofco - kmf o/o0 km
4/20/81 18 017 258 28,260 35.6 36 17.0 +1 9.4
N 37 7.3 +2 4.6
38 3.4 +3 1.2
39 1.1 +4 0.5
40 0.3 +5 ‘0.3
4] 0.2 +6 0.0
R 42 0.05
5/27/81 36 002 No Data No Data 35.2 36 14.3 +1 12.5
: . : ’ 37 8.6 +2 7.1
38 3.7 +3 3.2 -
39 1.1 +4 0.5
6/25/81 9 202 249 25,283 35.6 36 19.1 +1 11.6
) 37 9.4 +2 6.6
' 38 5.8 +3 2.4
39 0.7 +4 0.2
40 0.04 +5 0.03
41 0.02 - Lo
8/3/81 15 018 269 26,730 36.2 37. . 9.9 +1 8.6
. ) g 38 5.8 +2 5.0
39 1.5 +3 0.9.
40 0.4 +4. 0.2
8/27/81 21 205 257 . 25,986 33.2 34 4.9 +1 3.9.
g . o - - 35 1.4 +2 1.1
36 0.3 +3 0.2,
9/15/81 22 003" 25€ 27,315 35.2 36 4.9 +1 3.7
: 37 2.3 +2 1.8.
38 0.2. +3. 0.1
10/9/81 18, 047 2613 26,544 34.4 35 17.1 +1 13.2
’ 36 9.6 +2 7.8
37. 5.1 +3: 4.0
38. 3.3 +4 2.0
) ) 239 - - 1.1 - ‘45 0.7 .
11/5/81 20 240 - . 258 - 29,976 - 34.2 .. 35 6.8 -+l 4.6
- - . 36 2.1 42 1.8
37 0.6 +3 0.4
38 0.3 +4 0.3
39 .0.2 +5 .. 0.1
40 0.1 +6 0.1
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Table 2-1. Continued.
Date Average Bottom Average Discharge Station 39 Areal Extent
Current Brine Pit Rate Bottom . ‘ . .
Salinity : Salinity Salinity Area Above Amb. Area
Speed Direction , C Contours > sal. Cntrs. 2
' cm/s oTrue o/oo Barrels/hr o/oo o/oco o/oo. . km
"1/2/82 13 218 245 >27.404 34.5 35 26.2 +1 - 14.2
o 36 5.1 +2 2.2
’ ' 37 1.4 “+3. 0.7
.1/24/82 16 204 263 38,851 - 35.0 36 0.4 +1. - 50.4
S : 37 4.5 +2 24.5
38 9.3 +3 9.3
2/22/82 3 162 203 38,182 "35.9' 37 20.5 +1 22.9
o o _ L - 38 - 3.2 +2 3.8
3/31/82 23 239 241 41,590 32.2 33 11.0 - +1 9.2
: 34 4.0 +2 2.8
'35 0.7 +3 0.4
4/25/82 b 244 256 34,401 33.8 35 2.5 +1 14.3
. : 36 6.8 +2 7.8
37 2.4 +3 1.9
38 0.9 +4 1.0
_ 39 0.2 +5 0.3
5/i0/82 13 156 255° 41,863 32.8 35 0.9 e 7.1
. : +2 1.3
6/8/82 13 016 257 .36,142 36.3 37 40.3 +I 34.7
S 38 19.1 +2 - 15.0
39 2.8 +3 1.1
7/15/82 17 233 240 41,883 . 36.0 37 8.6 +1 8.6
. - . 38 0.4 +2 0.4
8/23/82 11 035 256 41,289 35.6 37 29.9 +1 36.1
38 11.4 +2 16.9
39 5.7 +3 7.8
40 1.0 +4 2.9 .
9/16/32 12 040 255 41,046 34.7 35 41.0 +1 29.3
36 26.0 . +2 17.7
37 14.4 +3 6.3
38 3.5 +4 0.2
39 0.1
10/14/82 238 255 40,683 33.3 34 13.7 +1 '11.5
35 5.0 +2 2.8
36 1.2 +3 0.7




." Table 2-1. Continued.

Date Average Bottcm Average - ~ Discharge Station 39 Areal Extent

current Brine Pit Rate Bottom
Salinity ' Salinity Salinity Area Above Amb. Area
Speed Direction Contours . 2 Sal. Cntrs. 2
cm/s ‘oTrue o/o0 Barrels/hr o/oo o/oo km o/oo km
11/1/82 11 209 254 41,555 34.9 36 5.1 +1 5.1
. A 37 1.6 42 2.0
] ‘ ‘ 38 0.6 +3 0.7
12/4/82 13 212 . 261 41 .600 34.3 35 12.7 +1 10.2
36 6.3 +2 1.3
37 0.3 +3 0.1
1/11/83 16 037 249 42,208 34.6 36 22.8 +1 33.3
37 3.4 +2 15.9
) 38 0.7 +3 2.0
2/17/83 13 035 232 25,742 32.8 34 6.8 +1 19.5
) . 35 2.9 +2 6.3
36 0.2 43 2.6
. 37 0.1 +4 0.1
N .

& 3/9/83 14 023 225 41,871 34.0 35 0.3 +1 0.3
N - 36 0.1 +2 0.1
4/10/83 19 022 254 41,023 33.4 35 0.1 +1 5.0
5/4/83 6 015 258 41,813 31.5 32 11.9 +1 3.9
33 6.7 +2 5.4
34 3.2 +3 1.7
35 0.7 +4 0.1
6/8/83 4 7 177 251 34,161 34.2 ' 35 19.2 +1 14.8
36 9.1 +2 5.8
: 37 1.2 43 0.8

7/21/83 L8 020 241 44,237 34.0 No Closed Contours
8/11/83 '8 086 251 38,306 34.0 35 44.4 +1 40.0
. : 36 23.2 +2 20.9
37 2.2 +3 1.9
38 0.6 - +4 0.5




The distribution of the measured areal extent within the +1, +2, +3
and +4 o/oo above ambiegt salinity cdntours for the entire postdisposal
period i3 shown in Figure 2-20. The data for the +1 o)oo contour shows
the most frequent areal extent was between 5 and 6 kmz. There were four
6bservation5a1n this range out of a total of 44 observations which
corresponds to 9.1% relative frequency. In the range of 5 to 20 km2, a
total of 26 measured areas were observed for a relﬁtive frequency of
59;i¥. The méan areal extent of the +1 o/oco contours is 12.8 km?. It
must be noted tnét these statistics consider all the data and that the
brine discharée rates have changed during the period of these
observations. The increases in the discharge rate have tended to increase
the areal'exﬁent during the last two years. Thus, the mean values are
expected to be lower than those obtained using data only after the
discharge rate was near one million barrels/day.

The +2 o/oo above ambient salinity contour data show the largest
number of obser§ations Qere for areas in the range of 0.0 to 0.5 kmz. In
tnié range, there were fivé observations out of a total of 45 for a
relative frequency of 1ll%. Between 0.0 and 8.0 kmz,'a total of 35
observations occurred for a relative frequency of 77.8%. The mean areal
extent was 5.9,km2.

Thevmean areal extgnt for the +3 and +4 o/oo0 above ambient contours
waslz.o and 1.3 kmz, respectively. There were a total of 39 and 16
observations for the‘+3'and +4 ofco contours. Figure 2-20 shows the
A largest number of observations, 12, in the range of 0.0 to 0.5 kmz for a
- 31% relative frequency for the +3 o/co contour, aﬁd in the case of the +4

o/do‘contour, there were 5 observations in the range of 0.2 to 0.4 kmz

for a relative frequency of 31%. The area range of 0.0 to 4.0 xm>
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Figure 2-20. Distribution of measured areal extent within above ambient
salinity contours for the entire postdisposal period (March
1980 through August 1983). NO is the number of observations

and & is the percent relative frequency.



accounted for 31 observations for a relative frequency of 79% in the case
of the +3 o/oo contour. For the +4 o/oo contour, the range of 0.0 to 2.0
kmz accounted for 12 observations for a relative frequency of 75%.

Table 2-2 shows a summary of the maximﬁm measufed distances from the
center of the diffuser to the above ambient salinitf-contours which were
measured during the entire postdisposal period. It shows the longést
distances .inshore, offshore, upcoast, downcoast, and:the magnitude and
direcﬁion of the longest distance. The longest distance to the +1 o/oco
above ambient contour was 10.5 km from the diffuser'in the direction of
159°T or southsoutheast of the diffuser. The longes£ distance to the +2,
+3, +4, +5, and +6 o/oo contours was 7.3, 4.2, 2.9, 1.2, and 0.3 km, |
regéectively. The longest inshore and offshore distance to the +1 o/oo
above ambient contour was 3.0 and 10.1 km. In tﬁéﬂupcoast and déwncoast
direction, the longest distance to the +1 o/co0 above ambient contour was
6.2 and 3.9 km, respectively. Measurements during thi; reporting period
' -resulted in the longest upcoast distance to the +1, +2 and +3 contours.

A summary of the measured vertical extent of the brine plume and
predicted vertical height of the brine jets is tabuiated‘in Table 2-3.
_These data were compiled from the vertical salinity profiles measured as
neér.directly over the diffuser és possible during ﬁhe plume tracks for
the entire postdisposal period. For the entiré postdisposal period, the
measured plume vertical extent ranged between 1.6 and 7.6 m, and the
average was 5.8 m. During the period of this annual report, the measured
brine vertical exteﬁ;‘ranged between 2.0 and 5.6 m with an avérage of 3.4
m. The profiles measured from March 1980 through August 1982 are
illustrated in Randall (1982), Randall and McLellan (1983), and in

)

Appendix B of this report for the period September 1982 through August
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Table 2-2. History of the maximum measured distances from the center of the diffuser to the above ambient

salinity contours and the largest measured areas inside the above ambient contours.

Longest Dist. -Longest Dist. Longest Dist. Longest Dist. ‘Lonqest Distance Maximum
Inshore ipcoast Of fshore Downcoast Majnitude Direction Area
Contour (325¢) (0550) (1450) (2350) 2
: km . km km km kn o7 km
+1 3.0 : 6.2 10.1 3.9 0.5 50.4
159
(6/8/82) (1/11/83) (1/24/82) (2/22/82) 1,/24/82) {1/24/82)
+2 2.4 3.5 7.1° 3.0 7.3 24.5
58/23/82 ) 154
(8/3/81) (¢/16/82) (1/24/82) 1/24/82 (1/24/82) (1/24/82)
+3 2.1 2.9 4.1 1.5 4.2 9.3
: . 137
(8/23/82) (9/16/82) (1/24/82) (12/29/80) (1/24/82) (1/24/82)
+4 1.0 1.8 2.8 0.7 z.9 . 5.6
' . , _$1/:4/82) 154 .
(2/25/81) (2/25/81) .(1/724/82) (12/29/80) 12¢29/80) 178 ~(2/25/81)
+5 0.4 1.1 0.6 0.3 _ 1.2 1.2
11115/81) ’ . ) 60
12/29/80) (10/1/80) (12/29/80) (10/9/81) (10./:/80) . (2/25/81)
+6 0.3 ' 0.1 0.3 .
{4/20/81 [4/20/81 4/20/81 4/20/81 4/23/81; 325 4/20/81
(11/5/81 11/5/81 11/5/81 11/5/81) 11/3/81 11/5/81
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Table 2-3. History of the measured vertical extent of the brine plume and the predicted vertical extent
of the brine jets.

Date Measured Predicted Vertical ’ Average Average Average
Plume Vertical Extent of Brine Jet Brine Discharge Brine Exit Ambient Bottom
Extent Velocity current
Equation 2-1 Rate Salinity
, C = 2.2 C =1.7

Month/Day/Year m . m m Barrels/hr o/oo m/s cm/s
3/22/80 " No data 3.9 3.3 8125 225 5.3 14
3/26/80 - No data 4.4 . 3.7 9480 226 6.4 17
3/30/80 . 3.6 4.0 3.4 8647 . 229 5:6 25
3/31/80 3.6 3.9 3.3 8436 237 5.5 16
4/09/80 2.6 5.0 4.1 12004 247 7.8 3

4/10/80 4.6 5.0 4.1 12015 247 7.8 13
5/22/80 4.3 5.0 4.1 12183 - 245 7.9 9
6/13/80 3.6 4.8 4.0 11386 242 7.4 3
7/21/80 2.6 5.0 4.2 18455 147 5.8 11
7/30/80 6.1 -+ 5.0 21790 131 6.8 13
8/01/80 1.6 7.4 6.0 27436 129 9.8 4
8/02/80 5.6 6.2 5.1 25520 163 8.0 13
8/26/80 7.6 5.5 4.5 - 26370 216 8.2 27
9/10/80 5.6 4.6 3.9 21282 218 " 6.7 13
10/01/80 3.6 4.4 3.7 20415 228 6.4 8
10/22/80 5.6 5.9 4.8 28047 205 8.8 15

11/06/80 5.6 5.7 4.1 27738 221 8.7 20 .
12/29/80 3.6 5.1 4.2 26124 250 8.2 14
1/28/81 5.6 4.6 3.8 22320 2417 7.0 8
2/25/81 5.6 5.4 4.5 28188 252 8.8 7
3/30/81 4.8 5.3 4.4 27792 256 8.7 15
4/20/81 3.6 5.4 4.4 28260 258 8.8 18
5/27/81 4.0 . No Data ‘ 36
6/25/81 7.2 5.0 4.1 25283 249 7.9 9
8/03/81 5.4 5.2 4.3 26780 254 8.4 15

8/27/81 5.2 4.7 3.9 25986 257 7.4

21




-~ . L2

Table 2-3. Continued:

8s-¢

Date M=2asured Predicted!Vertical Average . Average Average
Plure Vertical Extent of Brine Jet Brine Discharge Brine Exit Ambient Bottom
IXtent Yelocity current
Equation 2-1 Rate Salinity .
cC=2.2 C=1.7

Month/Day/Year m m - m - Barrels/ar o/o00 m/s cm/s
9/15/81 3.0 4.9 4.0 27315 258 7.8 22
10/09/81 1.8 4.7 3.9 26544 263 7.6 18
11/05/81 2.3 5.2 4.3 29976 258 B.S 20
1/02/82 2.3 5.0 4.2 27404 245 7.8 13
1/24/82 2.6 6.4 5.2 38851 263 11.1 16
2/22/82 3.0 7.2 5.8 38182 203 10.9 - 3
3/31/82 3.5 7.0 5.7 41590 243 11.8 23
4/25/82 2.4 5.8 4.8 34401 256 9.8 6
5/10/82 3.8 6.8 5.6 41863 255 11.9 13
6/08/82 3.0 6.1 5.0 36142 257 10.3 13
1/15/82 1.7 7.1 5.7 41882 240 11.9 17
8/23/82 4.0 6.7 - 5.5 41288 256 11.8 11
9/16/82 4.5 6.7 5.5 41046 255 11.7 12
10/14/82 3.5 6.7 5.4 40683 255 1L.6 9
11/01/82 2.4 6.8 5.5 41555 254 11.8 11
12/04/82 2.5 6.7 5.5. 41600 261 . 11.8 13
1/11/83 2.6 7.0 5.7 42208 249 12.0 16
2/17/83 3.1 4.9 4.1 25742 232 7.3 13
3/09/83 4.4 7.3 5.9 . 4187 225 11.9 14
4/10/83 3.4 6.8 5.5 41023 254 11.7 19
5/04/83 2.0 6.8 5.5 . 41813 258 11.9 6
6/08/83 2.3 5.8 4.8 34161 251 9.7 7
7/21/83 4.8 7.3 6.0 44237 241 12.6 18
8/11/83 5.6 6.4 5.2 38306 251 10.9 8




1983.
An empirical equation was used to predict the maximum vertical extent
of the brine jets:

Zm =C Vv (DgAp/pa)l/2 (2-1)
where Zm is the maximum vertical extent, D is the exit port diameter, V is
the exit velocity, pa is the ambient sea water density, g is the local
acceleration of gravity, and Ap is the difference between the brine
density and the sea water density. Laboratory experiments by Tong and
Stolzenbach (1979) showed the constant C is 1.7, and field data reported
by Randall and McLellan (1983) indicate the value of C is 2.2. These
equations were used to estimate the brine jet vertical extent, and the
results are also tabulated in Table 2-3. The predicted jet vertical extent
using a value of 2.2 for C ranged from 3.8 to 7.4 m and the average was
5.7 m for the entire postdisposal period. During the present reporting
period, the predicted jet height ranged between 4.9 and 7.3 m with an
average of 6.6 m.

2.5 Acoustical Measurements of the Brine Jets

A Smith Industries Model HE 32 depth sounder aboard the research
vessel, EXCELLENCE II was used to measure the vertical height of the Brine
jets. The vessel passed directly over the diffuser and recorded the brine
jets while proceeding on a course parallel to the diffuser. The results on
July 15, 1982 from a previous year's report, Randall and McLellan (1983),
are shown in Figure 2-2l1. On this date the average brine discharge rate
was 41,882 barrels/hr with an average brine salnity of 240 o/oco. The
average vertical extent above the sea floor was 7.6 m.

During the period September 1882 through August 1983, the depth

sounder was used to measure the brine jets during plume tracks and
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Figure 2-21. Acoustical measurements of brine jets on July 15, 1982
(Randall and McLellan, 1983).
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hydrography cruises as time permitted. The brine jet measurements on
November 1, 1982 and February 17, 1983 are illustrated in Figure 2-22.
The average brine discharge rate on November 1, 1982 was 41,555 barrels/nr
and the brine salinity was 254 o/oo. The average vertical height of the
jets above the bottom was determined to be 7.6 m while the predicted
height was 6.8 m using Equation 2-1 with the coefficient C equaling 2.2.
On February 17, 1983 the average brine discharge rate was considerably
lower than usual with a rate of 25,742 barrels/hr. The brine jet
measurements indicate that the average vertical height was reduced to 5.6
m, and Equation 2-1 predicts a vertical height of 4.9 m. This reduction
was expected, and it shows the acoustic measurements can detect the
reduced vertical extent resulting from the lower discharge rate.

The brine jet measurements on May 4, 1983 and July 22, 1983 are shown
in Figure 2-23. The May 4 measurements were taken when the brine was
being discharged at an average rate of 41,813 barrels/hr with a salinity
of 258 o/oco. The average measured vertical extent was 7.6 m which was the
same as that measured on November 1, 1982 when the discharge and salinity
conditions were nearly the same. On July 22, 1983 the average brine
discharge rate was 44,264 barrels/nhr which was one of the highest rates
during the reporting period and the brine salinity was 244 o/oo. The
average of vertical height measurements show the jets extended an average
of 8.1 m above the sea floor as compared to the 7.3 m predicted value.
These results show the acoustical measurements did detect the effect of
the increased discharge rate although part of the increased height was due
to the less saline, less dense, brine discharge.

These acoustical measurements demonstrate their utility in evaluating

the performance of the brine diffuser. A high frequency (greater than 200
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Figure 2-22. Acoustical measurement of brine jets on November 1, 1982 and
February 17, 1983.
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Figure 2-23. Acoustical measurements of brine jets on May 4 and July 22,
1983.



khz) depth sounder and subbottom profiler can easily evaluate the vertical
extent of the brine jets and detect changes in the jet height resulting
from changes in the discharge characteristics provided the ship can

navigate directly over the diffuser.

2.6 Empirical Prediction of Plumes for the Bryan Mound Diffuser

2.6.1 Summary of Plume Prediction Procedures

A method for predicting the areal extent and the above ambient
concentration, or dilution, of the brine plume emanating from the Bryan
Mound diffuser was needed during periods when the plume was not measured.
Such a method would aid investigators interested in predicting the areal
extent and dilution of the brine plume during their sampling cruises.
Experimental results of Tong and Stolzenbach (1979), the numerical model
of Adams et al (1975), and field measurements indicated there were certain
parameters which were important in describing the plume behavior. These
parameters were: bottom current speed (Vc) and direction, brine salinity
(Sb), ambient bottom salinity (Sa)' brine exit velocity (Ve), and the
brine discharge rate (Q). Therefore, empirical equations using
dimensionless groupings of the above parameters were developed to estimate
the areal extent, the general dimensions and the above ambient
concentrations of the brine plume.

The measured plumes indicate that an ellipse is a reasonable estimate
of the above ambient contours. Therefore, empirical equations were
determined which related the upstream length (Ui)' downstream length (Di)'
and maximum width (wi) of the plume to the dimensionless groups of
physical parameters affecting the plume formation. The two lengths and
the width define the axes of an ellipse as illustrated in Figure 2-24.

The upstream length (Ui) is measured from the center of the diffuser
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Figure 2-24. Schematic of the ellipse
‘brine plume.
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upstream in the opposite direction of the average bottom current to the
desired above ambient salinity contour and is one of the ellipse axes.

- The downstream length (D,) is the distance measured in the direction of
the bottom current from the center of the diffuser to the desired above
ambient contbur. The width (wi) is measured normal to the direction of
the bottom current and is bisected by the line extending through the
center of the diffuser in the direction of the bottom current. Plume
measurements indicate that the maximum width of the plume is usually
located approximately 1/3 of the distance downstream of the diffuser, and ‘
therefore, the width is displaced a distance D,/3 from the diffﬁser |
center. The ends of the lines U, D,, and W, are then connected with arcs

of an ellipse which define the estimated above ambient brine contour.

The empirical relationship which fits the data best is:

1/2
U, =M (V)

Wt

(sb/sa)° + B (2-2)

where Q, vc' S, and sa are the brine discharge rate (m3/s), average

bl
bottom current (m/s), brine salinity and ambient salinity (o/00),

respectively. An empirical equation of similar form,
e
A, =X Q/vc (sb/sa) + B (2-3)

vas found to be tﬁe best fit for predicting the areal extent. The units
of the plume dimensions (D1, Ui, and wi) are meters and square kilometers
for the area (Ai). The measured brire plume data from the Bryan Mound
site, the diffuser site C bottom current meter data, and the brine

discharge siteé-operating data for the period March 1980 through August
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1982 were used to determine the coefficients (M, e, and B) for Equations
2=2 and.2-3. The resulting coefficients are tabulated in Table 2-4.

In addition to the pluﬁe dimensions and areal extent, the number of
above ambient centoﬁfs needed to be determined. The above ambient bottom
salinity 15 a function of tne'brine salinity, ambient bottom salinity,
bottom current, port exit velocity, port diameter, brine density, and
ambient bottom water density.' Laboratory exberiments conducted by Tong
and Stolzenbach (1979)‘showed the above ambient bottom salinity could be

estimated by

AS = 0.5 AS_ v_ (F2)70-67 (2-4)
. m r : .
where
As = bottom salinity ~ ambient salinity o/o00

ASm = brine salinity - ambient salinity o/oo

Vr = VC/Ve A
Vc = bottom current (m/s)
ve = jet exit velocity (m/s)

- ‘ 1/2
r=v/[ate, - 0,70 0]%

.g = 9.81 m/s

Py, = brine density (gm/cm3)

ambient sea water density (gm/cm3)

Pa

D = port inside diameter (m)
This equation shows the above ambient salinity in the immediate vicinity
of the diffuser is determined py the exit velocity, bottom current, -
density ratio, salinity difference, and poft d}emete:.
The brine plume, brine discharge, and physical oceanog;aphy current
meter‘date cellectedffrom the Bryan Mound and West Hackberfy brine
disposal operation have been used to determine an empirical relationship
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Table 2-4. Coefficients for brine plume prediction equations.

Equation Correlation
Type Coefficient Coefficient
M e B ) r
Area
Ai 0.2134E-1 1.8 5.48 0.41
A2 0.1308E-1 1.8 0.00 0.35
A3 0.8072E-2 1.8 -0.23 0.41
A4 0.5682E=2 1.8 -0.63 0.51
As 0.1210E-2 1.8 0.00 0.32
As 0.1815E-3 1.8 0.00 0.34
wiath
wl 75.5 1.14 1250.0 0.61
wz 62.8 1.14 397.0 0.41
w3 52.2 l.14 0.00 0.49
w4 40.5 1.14 0.00 0.36
ws 23.9 1.14 0.00 ——
ws 18.8 1.14 0.00 0.27
Downstream
Length
D, 110.0 0.5 1436.0 0.29
D2 96.8 0.5 790.0 . 0.28
D3 75.4 0.5 162.0 0.23
D4 56.6 0.5 88.0 0.21
D5 29.5 0.5 0.0 0.39
D6 12.1 0.5 0.0 - 0.08
Upstream
Length
U] 36.3 1.0 117.0 0.43
Ué 30.7 1.0 -68.0 0.49
U3 17.4 1.0 0.0 0.41
U4 11.9 1.0 0.0 s
U5 9.08 1.0 0.0 0.25
Us 4.27 1.0 0.0 0.15

Note: The subscripts indicate thé above ambient salinity contour.
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similar po Equation 2-4 using linear regression techniques (Randall and

McLellan, 1983). The result is

2,-0.533-

8s = .444 8 V_ (F?) (2-5)
and the courrelation coefficient is 0.89. Thus, Equation 2-5 is used to
estimate tﬁe above ambient bottom salinity, and this value is rounded to
the.nearest part per thousand in order to determine the number of above
ambient salinity contours for the plume prediction.

In summary, the plume prediction procedﬁres require the knowledge of
physical data such as bottom currents, brine discharge characteristics
(salinity, temperature, flow rate), brine diffuser characteristics (number
of open ports, port giameter) and an estimate of the ambient salinity and
temperature. The prediction of the plume is for an eight-hour period
since this is the approximate time required to measure the plumes.‘ A
codputer program has been developed which will input the necessary
physical data and use these data to compute the plume physical dimensions,

areal extent, and above ambient salinity contours for each eight-hour -

pericd for which these data are known.

2.6.2 Comparison of Predicted and Measured Plume Contours and Areal
Extent

2.6.2.1 Area Extent Comparison

" A comparison of the predicted and measured areas within the above
ambiené salinity contours is illustrated in Figure 2-25. These data show
considerable scatter, and thus the empirical equations are only good
estimates of tné.actual areal éxtent. The'data points for this reporting
period are idéntified with a check mark (v¥). Some of the reasons for the

scatter are the bottom current variability, the brine discharge
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Measured.

Figure 2-25.

Number of Open Ports .?
®15 R ] 50.4
A3l
m 34

. _ .
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B34

0. 2 4 6 '8 .10 12 14 - 16 18 '20.:-22° 24 26
' Predicted ’

Comparison of. measured and preditted areal extent inside above
ambient salinity contours. Thé check marks (v) indicate data
for the period September 1982 through August 1983. '
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Measured

. Figure 2-25%. Continued.
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" variability, brine salinity variability, difficulty in determination of
ambient salinity and its variability, and the period needed to complete
the plume track. "The scatter may also indicate that the best

dimensionless i:araméters have not been obtained.

2.6.2.2 Plume COntou; Comparison

A comparison of the measured and predicted plume contours is
discussed in order to demonstrate the agreement between measured and -
predicted results for the period September 1982 through August .1983. The
first comparison is for dctober 14, 1982, as shown in Figure 2-26. The
" measured above ambient contours are shown as solid lines, and the dashed
lines are used to illustrate the predicted plume contours. The October
14, 1982 results show the prediction procedure estimated the number of
above ambient salinity contours correctly. The agreement beiween the
measﬁred'and predicted dimensions fdr the +1 o/oo0 contour was very good.
For exémple, the predicted width, downstream length and upstream 1engtnA
was 4.6} 2.8 and 1.3 km,.és ccmpa;ed to the measured values of 4.2, 2.8
and 1.0 km, respectively. However, the predictions overestimated the
dimensions of the +2 and +3 o/oo contours. The plume direction followed
the averége boﬁtom current except for the +3 o/do contour.

Fiéure 2-27 8hows a comparison for the May 4, 1983 plume track. The
prediction of the number of above ambient salinity contours was one less
than the measured data. In general, predicted plume dimensions and areal
extent overestimated the measured results on this date. In the case of
the +1 o/o0 contour, the predicted area, downstream length, upstream

length and width was 32.5 km 2, 3.1, 1.7 and 5.7 km as compared to

‘measured values of 9.9 kmz, 2.0, 1.3 and 3.5 km, respectively. Similar
overestimates were obtained for the +2 and +3 o/oo contours.
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Figure 2-26. Comparison of predicted and measured plume contours for
October 14, 1982.

2=73



488 976 S
1 l464m
i

I

&

Figure 2-27. Comparison of predicted and measured plume contours for May 4,
" 1983. : ' ’ '
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|
The resulﬁs of thesé comparisons and t@bse in a previous report

(Randall and McLélléh, 1983)'show the prédiétion methods give an excellent
est;mate of the number of above émbient sélinity contours. The estimates
of the plume dimensions are not as acéurate as desired, but are considered
to be reasonablé éstihates §f the plume behavior. The agfeément between
the average bottom cﬁrfené’diréction‘and the abparent plume direction was
good. Better agreement between the measure& ana predicted plume
dimensions may be obtained by re-exémining gne parameters affecting brine

dilution and dispersion and then determining new dimensionless paraméters

and new émpirical eqdations that correlate ﬁetter with the measured data.

'2.6.3 Estimation of Area Exposure Time to Above Ambient Brine °

Concentrations

The objective of tnis»;ection is to présent results which estimate
. the percent of time a specific area in the Vicinity of the dAiffuser was
- exposed tomabove amb;ent_salinity concentrations. .In addition, the

. maximum distances to the above ambient salinity contoﬁrs_are predicted.

. The empirical eqﬁations describéd in Section 2.6.1 are neceséary for
making these estimates as well as the bottom current.meﬁgr.data at site C
in the diffuser area (Appendix A) and ﬁhe brine discharge operating data
'(Appendix E). These data were compiled for the period September 1982
through August 1983, and the percent area expdsure time for the +1, +2,
+3, +4, +5, and +6 o/oo above ambient salinity concentrations was
computed.

A polar cco:dinate éystém with'its origin at the céntef of the
daiffuser was selectéd. and the diffuser ﬁrea“wés dividéd into annular area
sectors as shown in figurelz—zé.‘ Concentric circles were drawn at
intez;vals of 0.25, 0.75, 1.25, 1.75, 2.25, 3.25,_4‘.25', 5.25, and 7.25 knm,
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and each angular sector represents a total of 22.5°. The center of each
sector lay on-a compass direcﬁion of North, North Northeast, Northeast,
etc.

The next step was to compute the predicted plume contours with the
€,udtions described in Section 2.6.1. The above ambient plume contours
were computed for each eight-hour period of the day for which brine
discharge data and bottom cutfent déta were available. The predicted
downstream length, upstream length and width were used as the axes of'an
ellipse. The mathematical expression for the ellipse was used to evaluate
the distance to the ellipse ﬁoundary. Theﬁ, the area bounded by the
ellipse contour'as shown by the §rpss hatched area in Figure 2-28 was
computed. This area was compared with the annular area of the sector. If
the cross hatched area was larger tnan'nalf the annular sector area, then
the entire sector area was considered to be within the above ambient
ellipse contour. This procedure was completed for the entire ellipse
boundary for each above ambignt contour.

A computer program was written which computes (;) the eight-hour
average current speed and direction; (2) the upstream length, downstream
length, ana widtn‘of the predicted plume; (3) the annular sector areas
whicn are inside the predicted plume contour; (4) the maximum above
ambient salinity concéntration{land (5) the Qertical height of the brine
jeﬁ. The program mékes these computations for each eight-hour period and
keeps a record of the areas which were impacted by the plume. After all
the availab;e data have béen analyzed, the results are presented in the
form of a rosette diagram and'summary table, a table of maximum distances
and a table of the maximum above ambient salinity concentrations. The

rosette. diagram and summary table were obtained by altering the physical
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oceanography (Chapter 1) computer proétams which produced the current
rosettes and joint frequency distribution tabie of the current meter data.

Figure 2-29 shows the results for the 1 o/co abéve ambienﬁ area
exposuré time. The rosette illustrates the percent time of exposure to at
least +1 o/00 above ambient salinity in sixteen compass directions. The
actual percent exposuré time in each annular sector cén be determined by
the length of the rosette arrow. For eiample, in the northeast direction
the sector which is closest to the diffusér (0.00 to 0.25 km) indicates
the +1 o/oo above ambient co@tour included this sector 100% of the ﬁime.
The annular sector which is 0.75 to 1;25 kmuffom the diffuser wﬁs inside
the +1 o/oo contour 66% of the time.ﬁnich is determined by the fact that
the cross hatch rectangle is only 66& of the length of the value on the
séaled arrow belowltne rosette. Tne rosette picture is most gseful in
getting #Iquick picture-of‘the prefétred d;:ect;ons of‘;he bfine Plume.
In the case of the +1 o/oo contour, the percent time»ﬁf exposure is shown
to be pretty evenly distributed in all directions yitn a slight reduction
in percent exposure in the directions E, ENE, NE, NNE and N. )

- The table below the rosette diagram has the most information. - It
gives the values of percen£ exposure time in each annular secto: area.
For example, the annular sectdr northeast of the diffuser and bounded by
the disgancevof 1.25 to 1.75 km is shown to have an expésurg time of 45%
for the +1 o/po contour.

The +1 o/oo ab&ve ambient exposure time distribution table shows the
longest distance for the +1 o/oco above ambient contour 15>4.25 km.fromvthe
diffuser. It shows that the +1 o/oo cbntpur continually enveloped all the
aréa out to 0.75 km from the diffuser. For the distancerf 6;75 to 1.25,

km the highest percent exposufe time was 99% 1n.tne‘WNW direction, and the .
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vthrough August 1983 pércent exposure time

_rosette and distribution table fo" the +1 o/o0o above ambient
sal;nlty contour.
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lowest was 66% in the NE direction. At a distance of 1.25 to 1.75 km, the
highest exposure time was 77% in the W direction and the lowest was 44% in '
the NNE direction. The SW and SSW directions showed the highest percent
exposure time (56‘) for the distance of 1.75 to 2.25 km and the lowest was
22% in the ESE direction. The maximum percenf exposute time for the
distance 2.25 to 2.75 km from the diffuser reduced to 22% in the Qdirection
SW, and the minimum was 9%, SE and ESE of the diffuser. At the distance
2.75 to 3.25 xm, the maximum'percent exposure was 6% in the directions of
NW, WNW, W and WSW, and the minimum was 3% in the E, ESE, SE and SSE
direct;ons. The only exposure for the distance 3.25 to 4.25 km was 1% of
the time in the E, ESE, N, NNW and W directions. Thué, the distribution-
table for the +1 o/co contour shows the exposure time was generally the
‘least in the SSE to NNE directions and the maximum Qas sp;ead more
generally around from the SSW to NW directions.

The percent exposure time for the +2 o/o0 above ambient salinity
kgontout is shown in Figure 2-30. The rosette shows‘nearly equal
'.;"“Et'iistribntion in all directions. The distribution table shows the area -
within 0.25 km of the diffuser center was continually +2 o/oo above the
ambient salinity. For the distance of 0.25 to 0.75 km, the highest
 percent expésure time was 100% in the NW and WNW direétions, and the
lowest was 86% in the NNE direction. The E, ENE, NE, NNE and N direétiops
showed the lowest éercent exéosure time between 0.75 and 1.25 km with a
value of 46%, and the highest was in the WSW direction wiﬁh a value of
76%. At a distance of 1.25 to 1.75 km from the diffuser, the highest
exposure time was 46% in the SSW direction, and the lowest -was 17% in the
SE and ESE directions. ‘At the dis;ances of 1.75 to 2.25 km the maximum

percent exposure tiﬁe was 9% in the WNW and WSW directions, and the SE,
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Figure 2-30. September 1982 through August 1983 percent exposure time

rosette and aistribution table for the +2 o/00 above ambient
salinity contour.
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ESE, E and ENE directions had the minimum value of 5%. The percent
exposure time was nearly the same for all directions for the distance 2.25
to 2.75 km with values of approximately 3 to 1s. Thus, the predicted
extent of the +2 o/0 above ambient contour was 2.75 km in all directions.

The prediction of the percent exposure time for the +3 o/co above
ambient salinity contour is shown in Figure 2-3l1. The rosette diagram
indicates the +3 o/o0o contour was generally the same in all directions
with a slight decrease in the NNW, N, NNE.VNE and ENE directions. The
distribution table shows that the area within 0.25 km of the diffuser
cenler was within the +3 o/oo above.émgient concentration 99% of the time.
The percent exposure time decreased for.the distance 0.25 to 0.75 km with
a range of 88 to 50%. The maximum value of 88% was in the WNW and W
directions. The percent exposure‘time for the 0.75 to 1.25 distance range
was between 33% in tne.wNH direction apc lst in the SE dairection. The
extent of the +3 o/oco.contour was 1.75 km and  the percent exposure time
for the distance of 1.25 to 1.75 km was 2 to 5% in a1l directions."

~The percent exposure ‘times for the +4 and +5 o/o0 above ambient
salinity contours are‘illustrated'iu:Figures 2732‘andi2f3§, respectively.
A +6 o/oo above ambient,contour was not‘predicted‘durihg the'perioc rrom
September l. 1982 tnrouqh‘hugust‘31, 1983;: ThefrosettewdiagraﬁS'iudicate
;tne exposure time for these contours was the same in all directions.

Figure 2-32 shows the percent exposure time for the +4 o/oo above ambient

; concentration was 10 to 11% in the 0 to O. 25 km range, 5 to 8% in the 0.25
. to 0.75 xm range,vand 1l to 2% in tne 0 75 to 1 25 xm range; ”fof tne +5

‘ o/oo above ambient concentration. Figure 2-33 snows tne percent exposure
time was 1% within 0.25 km of tne diffuser in all directions, and O 25 km

was the maximum extent of this contour.
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Figure 2-31. September 1982 through August 1983 percent
) rosette and distribution table for the +3 o/0o0 above ambient
salinily contour.
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Figure 2-32.

September 1882 through

A August 1983 percent
.rosette and distribution table for the +4.0/00 above ambient
salinity contour.
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2-33.

September 1982 through August 1983 percent exposure

time

rosctte and distribution tahle far the +5 0o/00 above ambient
salinity contour.
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During the September 1982 through August 1983 postdisposal period,
the percent exposure time to above ambient salinity was p;edic?ed on
335.33 days,‘and 29.67 da&s wefe not evaluated because eitﬁér brine
discharge or bottom current data were unavailable. In summary, the
results indicate that the percent exposure time Qas almost evepl§
distribuéed in all directiéns with a slight increase in the W toos
direction. A summary of the maximum ﬁredicted areas within and distances
from the diffuser center to the above ambient salinity contours are
tabulated in Taﬁle 2-5. It is shown that the @aximum predicted diétances
upcoast, downcéast,.inohore and uffshore for the +1; +2, +3, +4, and +5
o/oo above ambient salinity contours were nearly the same in each .
direétion with values of 4.0, 3.0, 2.1, 1.6 and 0.7 km. The maXimum
predicted area inside the same cbntours was 62.6, 35.0, 21.4, 14.6 and 2.0
kmz, respectively. Equation 2-5 was used to predict the above ambient
salinities, and Table 2-6 is a summary of the maximum values. The highest
predicted above ambient salinities were 5.2, 5.1 anéd 4.8 o/oo‘on June 1,
1983; 4.6 o/00 on August 23, August 22 and February 17, 1983; 4.5 o/dq on
April 19 and March 17, 1983; and 4.4 o/o0o on March 17, February 17 and
June 13, 1983. The main reason for the high above ambient salinities was a
low discharge rate between 25,742 and 31,168 barrels/hr <n these dates,

respectively.

2.6.4 Temporal Variation and Frequency Distribution of Predicted

Areal Extent Data

The plume prediction data for evaluating the exposure to above
ambient bottom salinity discussed in the previous section is used to
illustrate the temporal variation and distribution‘of'the predicted areal
extent data from September 1982 through August 1983. The temporal
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Table 2-5. Summary of the maximum areas and predicted distances from the

center of the Bryan Mound diffuser to the above ambient
salinity contours for the period September 1982 through August’
.1983 (29.67 days were not evaluated because of no brine
discharge or bottom current data). :

, ’ ’xaximum- . Above Ambient Bottom Salinity Contours (o/oo)
" Predicted :

Values i +1 +2 +3 +4 +5

ADoﬁncéast (km) 11/29/82 11/29/82 05/06/83 05/06/83 08/22/83

- 235°T7 4.1 3.0 2.3 1.8 0.8
‘Uﬁqoastv(km) 01/22/83 01/22/83 07/22/83 12/06/83 06/11/83
055°T 3.9 2.9 . 2.0 © 1.5 0.6
Inshore (km) 11/28/82 11/28/82 01/22/83 09/17/82 06/01/83
325°T 4.0 3.0 2. 1.5 0.7
" Offshore (km) 11/29/82 11/29/82 09/26/82 09/26/82 06/01/83
145°r 4.0 3.0 24 1.6 - 0.8
~:Area=(xm2) : 05/06/83 05/06/83 05/06/83 05/06/83 06/01/83
S ' 62.6 35.0 21.4  14.6 2.0




s

Table 2-6. Summary -of the maximum predicted above ambient salinity
: computed from Equation 2-5 for the Bryan Mound diffuser for
the period September 1982 through August 1983 (29.67 days were
not evaluated because there was no brine discharge or bottom
current data). B

Maximum Predicted ' Date
Above Ambient Salinity '
from Equation 2-§

(o/o0)
5.2 6/01/83
5.1 .~ 6/01/83
4.8 6/01/83
4.6 e/za/as
8/22/83
- 2/17/83
4.5 4/19/83
, 3/17/83
4.4 . 3/171/83
2/17/83
6/13/83
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variation of. tne areal extent 1nside the respective above ambient salinity
contours is illustrated in Figure 2-34." ‘This figure shows large -
fluctuations in areal extent with values for the +1 o/oco contour greater
than 50 kmz occurring in September and November 1982 and 1n‘Januefy,
February, April, May, Jene, July ane Auguetllsej.‘ These large areal
extents were of~ehort duration (-8 heuiS);. The maximum predicted area was
62.6 km2 in May 1983. The results. show that above ambient conteurs of
+l, +2 and +3 o/00 were genefall} alweée ptesent and that +4 o/c0 contours
were occaeionally preSentc_ Very few instances of;+5 o/00 contours were
predicted, and they occurred in February, June and August 1983. The
existence of tnese-centours is attributed.to low brine discharge rates
mentioned previously. Tpe‘elimination of the highet (+5 and +6 o/00)
above ambient contoufe foilows.the trend reported in the previous report
(Randall and McLellan, 1983) which was observed after the brine discharge
rate was increasead to near: ‘one million barrels/day and the resulting jet
exit velocities reacned values near 12 m/s.

The dist;ibut;on of the predieted areeleextent data is plotted as a
histogram in Figure 2-35. The ordinate is the number of observations and
percent relative frequency, and the abscissa shows the areal extent. The
areal extent increments are 1.0, 0.5; 0.5-and 0.2 kmz fo; the +1, +2, +3
and +4 o/oo contours, respectively. The data for the +1 o/oo contour show
the highest number of opservatione'(llp) was between 11 and 12 kmz, There
were a total of 1003 observations and 720 observations (71.8% relative

frequency) were ereas between 10 and 20 km?. The mean predicted areal

extent was 17.3 km2 and the standard deviation was 8.7 kmz.

For the +2 o/00 contour, the hiqnest number  of observations in one
0.5 km2 area increment was 96 observationeefo: the area between 3.5 and 4
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Figure 2-34.

Temporal varlat:.on of predicted areal extent for above ambient
salinity contours. :
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Figure 2-35.

Distribution of predicted areal extent within above ambient
salinity contours for the period September 1982 through August
1983. NO is the rumber of observations and % is the percent
r=lative freguency. :



. ka, The +2 o/oo areal extent between 2 and 10 xm% account for 816 out of

1003 observations which is a relative frequenconf 8l.4%. The mean

predicted areal extent inside the +2 o/oo contour was 7.3 kmz and the

standard deviétion was 5.3 kmz.

For the case of.the +3 o/oo above ambient salinity contours, the area
exten£ increment between 2.0 and 2.5 kmz'had the greatest'number of
observations (152) which was a percent relative frequency of.15.4%.‘The
total number of observations was 988 which is lower .than the 1003 value
for the +1 and +2 o/00 contours because a +3 o/00 -contour ‘was not always
predictedf The 1ncremént between 1.0 and 5.o‘km2 accounted for 734
observations for a percent relative frequency of 74.3%. The mean
predicted areal coverage inside the +3 o/oco contour was 4.3 km2 with a
standard deviation of 3.3 kmz.

Figure 2~35 also shows the predicted Qistribution of the +4 o/oo
areal coverage. There was a total of 104 obsgrvations with a +4 o/oc
contour; The area increments of 0.0 to o.zikm? and 0.8 to 1.0 km2 had the
iargest number of observations with 6 each. The area increment between

. 0.0 and 6.0 kmz acéounted for 75 observations for a percent relative
frequency of 71.7%. The mean predicted areal coverage inside the +4 o/oo

contour was 4.2 km2 with a standard deviation of 3.6 km2

2.7 Summary of Results

A gonductiQity,4temperature, and depth (CTD) sensor was toﬁed on a
predetermined search course through the expected brine plume area. The
sensor continuéusly meaéh;ed con&uctivity, which was convertéd'fé
salinity, at a distance of 25 cm above the sea floor. These data were
used to construct isohaline and above ambient salinity contour pléts which
indicate the areal coveraqé‘bf the plume and the magnitude of the excess
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salinity concentratioh. "In addirion, vertical salinity profiles were
measured in the vicinity of thg diffuser to evaluate the vertical extent
or the brine plume, aud acoustical measurements were made to evaluate the
vertical extent of the brine jets.

Brine p;ume measurements were conducted once a month‘during the stuady
period. During the élume tracks in September, October, and November 1982,
the brine discuargévrate was 41,046{ 40,683; and 41,555 barrels/hr while
the brine salinity was 255, 255 and 254 o/oo, respectively. The largest
aréal extent for the +1 o/oo above ambient contour was 29.3 kn® on
September 16. The highest above ambient contour measured during these
threa months was +5 0/0co on September 16, and it encompassed an area of
0.1 kmz. _The maximum salinity was 40.6 o/00 which was tne hignest
measured salinity on the plume tracks during the present study period.
This vaiue was 5.9.o/oo-higher tnan the largest ambient salihity.of 34.7
o/o0. This was the second highest measured bottom salinity since brine
disposal began. The nighest value was 42.5 o/oq on Aprii 20, 1981.

The daily average brine discharge rate during the December 1982,
January 1983, and February 1983 plume measurements was 41,600; 42,208 and
25,742 barrels/nr, and,the brine salinity was 261, 249 and 232 o/oo0, .
respectively. The largest measured areal extent occurred on January 1l
when the +1 o/oo cpntéur coverad an area of 33.3 kmz. The highest above
lambient contour measured duriné these three months was +4 o/oco on February
17, and this contour enclosed an area of 0.1 kmzd The highest salinity
'OCCUrrad'on the January 11 plumé track when'a value.of 38.2 o/co, which
was 3.8 o/oo above_;ne ambianu sal;uity} was measuredq.

The March, April, and xay plume tracks were conducted when the brine

~discharge rate was 41, 871, 41 023 and 4], 813 barrels/hr, and the brine
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salinity was:225, 254 and 258 o/co, respéctively. The area measured
insideAiné +1 o/oo above ambient sa11n1t§ contour was 0.3, 5.0 and 9.9
kmz, fespéctiVely. The highest ﬁbove ambient contour was +4 o/0o0 which
. enclosed an area of 0.l kmz aréund the diffuser. The very small area on
‘uarCh 9, 1983 was mainly attributeq to the low brine salinity.

The 1983 June and August plume measurements were conducted when thé '
discharge fate'ahd brine salinity ﬁere 34,161 barrels/nr at 251 o/o0 and
38,306 barrels/nr at 251 o/co, respectively. The areal extént of the
+lo/00 abo#e;amﬁient contouf was 14.8 and_40.9 kmz. The August 1l areal
extént vas the largest measured during the reporting pefiod and the second
largestléince brine disposal began. The large areal extent is attributed
to a combination of low bottom cdrrent,'isohaline:conditioh of the
receiving waters, and the low brine. exit §eloc1ty. The largest areal
. extent was 50.4 kmz on Jannary‘24, 1982 dqfinq a previous'reporting :
periocd. The highest aone ambient contours were +3 o/00 on June 8 and +4
o/oo on August 11 within which the areal exténtiw&s 0.8 and 0.5 kmz,
respectiveiy.' A salinity of 38.5 o/oo was measired near the diffuser on
August 1ll.  The July 21, 1983 plume measurements provided nobblosed
contours. This was caused by the strong halocline in the bottom waters,
the strong bottom currents (18 cm/s) and the low brine salinity (241
o/oq).A

All of the plume tracks conducted since the beginning of discharge on
uarén 10, 1980 were considered in order to:evaluate'tne maximum distance
to the ébove ambient contours.. The longest measured di;tahcé“to the +1
o/o0 abové ambient contour was Qtill 10.5 km souﬁn southeast of the

diffuser which was measured on January 24, 1982 during the previous

reporting period. The longest measured distance to the +2, +3, +4, +5,
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and +6 o/oo contours remained unchanged at 7.3, 4.2, 2.9, 1.2, and 0.3 km,
respectively.r The highest measured inshore, offshore, upcoast, and
downcoast distance;lfor the +1 o/co contour were 3.0, 10.1, 6.2, and 3.9
km, respectively. Only the upcoast value of 6.2 km incteaseQ from the
previous studies. |

The distribution of the measured areal extent data for the entire
postdisposal period indicate the areal gxtent within the +1 o/OO-contour

was between 5.0 and 20.0 kmz fof 59.1% of the measurements and for ihe +2.

‘0/oco contour it was between 0.0 and 8.0 kmz for 77.8% .of the measurements.

The +3 o/co areal extent was between 0.0 and 4.0 km? for 79% of the time
when a +3 o/oo contour was measured. For the +4 o/oo contour, the range of
0.0 to 2.0 km2 accounted for 75% of the time'when.thg +4 o/co contour was
measured. The mean megsutediaréal,extent fqr the entire,ppstdisposal
period was 12;8.l5.9..2.0, 1.3, 0.4 and 0.1 km® for the +1, +2, +3, +4, +5
and +6 o/oo contours, respectively.: These.mean values were computed using
data when some of the discharge rates were lower than the present one
million bgtreis/day raté.

During this study as well as the previous studies (Randall, 1982;
Randall and MclLellan, 1983),,tne‘bottom tempgrature data collec;ed‘during‘
the plume tfacxs 4414 not indicate that a significant thermal plume was
present. The bottom temperatures ;n.the Plume area var;ed less than 1°cC
from ambient conditions.

The vertical extent of the brine pluﬁe_wastdetermineq by measuring
vertical sal;n;tg.prpf;leg directly over and in the immediate vicinity of
the diffuser. During the period from September 1981 through January 21,
'1982, 34 ports were open, and the average port exit velocity during the

pPlume tracks was 7.8 m/s. The highest measured vert;cal extent was 3.0 m
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on Septemhef 15, 1981, and the average measured vertical extent was 2.4 m.
The average measured values were approximately 60% of the calculated
values for the height of the brine jet. The port exit velocity was
increased for the period January 22; 1982 through August 31, 1983. The
average exit velocity for the plume tracks during this period was 11.2
n/s. At the higher exit velocity, the highest measured vertical extents
were 4.8 m on July 24, 1983 and 5.6 m on Augﬁst'll, 1983, ahd the average
measured vertical extent was 3.3 m. The vertical profile measurements
during this period were about 50% of the predicted jet neignt'values.
Vertical profile measurements were also taken in the immediate and far
field as wéll as the near field, and these showed the bottom salinity and
usually the vertical extent decreased with distance from the diffuser.

Acoustic measurements using a 200 khz depth sounder show the average
vertical extent of the brine jets variéd between 5.6 and 8.1 m above the
natural sea floor. The 5.6 m value occurred when the aischarge was
reduced to 25,742 barrels/hr on February 17, 1983. The 8.1 m vertical
extent occurred when the discharge rate was 44,264 barréls/nr which was
one of the highest values during_tnis reporting périod. TheAacoustical
measurements demonstrate their utility in evaluating the performance of
the brine diffuser.

The plume prediction techniques developed in previous reports were
used to estimate the percent of time a specific area in the vicinity of
the diffuser was exposed to above ambient salinity conditions during the
September 1982 tnrougn'Augusg 1983 study period. The emp1r1¢$1 equations
for evaluating the width, upstream length, and downstream length of the
brine plume, the bottom current meter data in the diffuser area, and the

brine discharge data were used for this computation. The recsults show
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that the percent exposure time was almost evenly distributed in all
directions. There was a slight favoring of the west to south directions,
and the least percent of exposure time was usually in the east to north
direction. The maximum predicted distance of the +1, +2, +3, +4 and +5
o/oo contours was 4.1, 3.0, 2.3, 1.8 and 0.8 km from the center of the
diffuser. The maximum predicted areal extent was 62.6, 35.0, 21.4, 14.6,
2.0 and 2.0 kn° for the +1, +2, +3, +4, and +5 0/00 above ambient salinity
contours. The maximum predicted above ambient salinity was 5.2 o/oé.

The empirical prediction techniques for this reporting period
1n§1c;ted there were no +6 o/oo contours and only a few instances of the
+5 o/o0 contour. The +4 o/0c0 was occasionally present, and the +1, +2 and
+3 o/oo contours were generally always present. The mean values of the
predicted areal extents were 17.3, 7.3, 4.3 and 4.2 kmz for the +1, +2,
+3 and +4 o/co above ambient éalinity contours. The area frequency
aistribution shows the +1 o/co areal extent was between 10 ana 20 xm?
71.8% of the time, the +2 0/00 areal extent was between 2 and 10 Kkm2 8l.4%

of the time, the +3 o/00 areal extent was between 1.0 and 5.0 km2 74.3% of

the time, and the +4 0/0o0 areal extent was between 0.0 and 6.0 kmZ 71.7%

of the time this contour was present.

2.8 Qonclusiéns and Recommendations

The plume trackiﬁg system consist1n§ of a towing sled and underwater
CTD sensor, and a microcomputer data logger continues to be an excellent
system for measuring the excess salinity concentration and the areal
extent of the near bottom brine plume.

During the period from September 1982 through August 1983, the
highest bottom salinity measured during plume tracks was 40.6 o/oco which
was measured in the immediate vicinity of the diffuser on September 16,
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1982 when the ambient bottom salinity was 34.7 o/oo. The highest above
ambient salinity contour measured during the year was +5 o/oc which
occurfed on September 16, 1982. The +4 o/oo contour was found on.
September 16, 1982, February 17, 1983, May 4, 1983 and August 11, 1983.
The largest argal'extent within the +1 o/oo contour was 40.0_km2 which
occurred- on August 11, 1983. The maximum measured. horizontal extent of
the brine plume based upon the distance from the diffuser center to the +1
o/oo above ambient salinity contour was 7.4 km northeast of the diffuser
on January 11, 1983.

The bottom temperatures measured in the plume area varied less than
1°C from ambient conditions, and thus 1; was concluded that no
significant thermal plume was present during plume tracks.

The maximum vertical extent of the brine plume was measured on August
11, 1983 as 5.6 m above the sea floor directly over the diffuser. The
averége plume vertical extent during the study period was 3.0 m when the
average exit velocity was 11.2 m/s. These results were approximately 50%
of the predicted vertical extent of the brine jets. Acoustic measurements
of the brine jets indicated the average jet vertical height varied between
5.6 and 8.1 m when the average exit velocity was 7.3 and 12.6 m/s,
respectively. Vertical profile measurements in the intermediate and far
field indicate that bottom salinity, and usualiy'the piume vertiéal '
extent, aecfeased with incfeasiﬁg distance up ahd downétream of the
diffuser.' . |

The empifical prediction of plume. contours was.used in conjunction
with physical oceanographic data at the diffuser site and ?hé prine’

discharge data to evaluate the percent time -a particular ann'ular sector of

the sea floor was exposed to above ambient salinity condit;ons. The
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results show the percent exposure time was almost evenly distributed in
all directions. The west and south directions were slightly favored and
the east to north directions were least favored. The maximum predicted
extent of the +1, +2, +$, +4 and +5 o/oo contours was 4.1, 3.0, 2.3, 1.8
and 0.8 km from the diffuser, respectively. The mean predicted areal
extent for the +1, +2, +3 and +4 o/o0o contours was 17.3, 7.3, 4.3 and 4.2
kmz, respectively;

The number of above ambient salinity contours which were +5 o/oco
above ambient have remained significantly reduced since the exit velocity
was increased to near 12 m/s. Thus, the increased exit velocity has
.increased the dilutign efficiency of the diffuser.

The areal extent of the +1,o/oo above ambient contour has increased
with fep;esentative valﬁes of 40.0, 33.3 and 29.3 km2 since the exit
velocity, has remained near 12 m/é. In comparison, representative large
areas at the lower exit velocity (8 m/s) were 17.9, 17.5, and 15.4 kmz.

The brine plume measurement data indicate the brine diffuser in 1t§
present configuration and discharge rate is diluting the brine from near
263 o/o0 to near 5 o/qo above the ambient salinity, and the plume salinity
is further reduced to 1 o/oco above ambient within 11 km of the diffuser by
advection and diffusion.

It is recommended that subbottom profiler and side scan sonar
measurements of the Bryan Mound diffuser be conducted on a one-time basis
to evaluate their capability of-evaiuatiﬁg the brine- jet operating
characteristics.

It is recommended that the empirical prqdiction technique be

reevaluated to obtain better agreement between predicted and measured

data. Salinity stratification and exit velocity should be considered as
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additional ﬁarameters.

Monthly plume measurements are recommended in order to continue
collection of data at varioué environmental conditions which have not’been
observed to date. More measurements at low currents (<6 cm/s) and for
stratified conditions are needed. New information has been obtained each
Year. For example, this reporting periocd revealed the effects of a strong

halocline in the pottom waters.
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CHAPTER 3

WATER AND SEDIMENT QUALITY

J. Frank Slowey - A
Environmental Engineering Division
Civil Engineering Department
and
Lela M. Jeffrey-
Department of Oceanography

3.1 Introduction

A

Prior to commencement of brine discharge ftbm the Bryan Mound site of
the Strategic Petroleum Reserve on March 10, 1980, a number of concerns
were raised about the epvironmental impact of brine disposal in coéstal
waters upon water and sediment quality. Ambngrgnese were the effect of
the brine discnarge upon bottom’water salinities, temperatures, dissolved
oxygen and major ion balance. In addition, there was concern that toxic
substances, such as heavy metals énd synthetic organic compounds,
contained in the Brazos River leach water or the salt doﬁe could lead to
changes in their concentrations in water, biota and sediments near the
.brine diffuscr with adverse effects.

Previous monitoring studies conducted at the Bryan Mound diffuser
site by Texas AsM University have provided answers to most of these
concerns (Slowey and Jeffrey, 1981, 1982 and 1983). However, several
concerns still remained. Among these were whether several metals as well
as nyd;ocarbons associated with the briné or.stored 0il were being
transported ;o.tne offshore dAiffuser area sufficiently to impac; upon this
area. Also of concern was the question as to what extent the brine
influenaéd ionic imbalance, especiaily in sediment pore waters.



This report contains results of the past year's monitoring carried
out between September 1, 1982 and August 31, 1983 in an attempt to answer
these concerns. Toward this end, water samples were.collected quarterly
at fourteen (14) stations shown in Figure 3-1. Twelve (12) stations were
located offshore in the vicinity of the diffuser and the remaining two (2)
stations were located onshore at the brine pond (BP) and the Brazos River
(BR) Raw Water Intake Structure. Station designators and coordinates are
given in Table 3-1. Water samples for routine analyses were collected at
'ﬁnree depths (surface, middepth, and bottom) at the 12 offshore stations
and at one depth at the 2 onshore stations. Samples were collected during
November 1982, February 1983, May 1983, and August 1983. Parameters
- measured in these samples included: salinity, temperature, pH, oil and
grease, dissolved heavy metals (Cd, Cr, Cu, Hg, Zn, Pb, Al, Fe, Ni), and
aissolved bulk ions (ca’", Mg, Na', k', c1”, so, ).

Quarterly sediment samples were colleéted at the 12 offshore stations
during the same months as for the water samples. Parameters measured in

these samples included: oil and-grease,.En/pH, heavy metals (ca, Cr; Cu,

++ + -
Hg, Zn, Pb, Al, Fe, Ni), pore water (ca'', Mg ', Na*, k', c1”, so0,

, and
_total dissolved solids), and percent sand, silt ana clay.

In addition to the routine water and sediment sampling and analyses,
a special semi-annual high molecular hydroéarbon sampling and analysis
program was carried out. éamples for the determination of high molecular
weight hydrocarbons '(x.mwn)' were collected in the months of February 1983
and August 1983 from the water column at the brine pond (BP) and the

Brazos River (BR), and from the surface and bottom of the water column and

the sediments at offshore station Dl4.
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Figure 3-1, Water and Sediment quality stations at Bryan Mound.
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Table 3-1. Station designators and coordinates for.the water and sediment
quality stations at Bryan Mound.

I
ol

Station North Latitude» West Longitude
33 28°42'18" 95°17'42"™
36 28°%411'24" 95%11'27"

- 39 28°47'00" :.95%10v24"
D10 28°44'04" 95°%14+34"
D11 28%34'07" 95°14'37" -
D12 28944117 95°14 140"

© D13 28°44'06" :95°1430"
D14 28%44'10" 95°14'33"
D15 28%44'13" - 98%14'35" -
D16 28%4'08" 95°14'25"
D17 28%4412% 95°14'28" -
D18 28°%44'16" 95°14'31"




3.2 Sampling and-Analytical Methods

Sample collection and analytical procedures uged in theée sﬁhdies are
presented.in detail in the Field and Laboratory Proceduresvuanual (Hann,
Giammona and Randali, 19é3){ Analytical methods used were based upon
those contained 1n:tné American Public Health Association's Standarad

Methods for the Examination of Water and Wastewater, l4th edition, 1975,

or in the Environmental Protection Agency's Methods for chemical Analysis

of Water and Wastes,,EPA-600/4-79-020 of March 1979 where possible.
Laboratory quality assurance was based upon procedures contained in the

Handbook for Analytical Quality Control in Water and Wastewater

Laboratories (EPA, 1979).

3.2.1 Field Sampling.

Water ;amples were collected at alé stations using S5-liter Niskin
water samplérs suspended on séainless steel wire. Also at each station,
the following~pa;ametérs were'measured‘in situ using a Hydrolab 8600 probe
system:‘conductivity, temperature, pH, depth and dissolved oxygen. The
probe system was calibrated according to manufacturer's instructions prior
to each cruise.

At each station and depth, water samples colléctéd in the Niskin
samplers were split. into appropriate‘fractions énd transferred to other
containers for preservation, storage and transfer to the laboratory for
subsequent analysis. Samples for heavy metal, major ion, and oil and
grease‘analyses were preserved for shipment back to the laboratory by .
plaéing tneﬁ in the dark at 4°C.

.Sédiment samples weré'coilected at each stati&n'using a preéleaned
stainless stee1'25]x'25 cﬁ'box corer. The uppér 5 cm of sedimeht w&s
#ampled thtougn the top Qﬁening_of‘the sampler. Sémples used for géneral'

3-5



sediment quality and heavy metal analysesnwere téken from the center -
surface ares using an acid-cleaned plastic spétula and placed into clean
cbnveptional polyethylene freezer cartons. These cartons were filled to
the top, sealed, and immediately cooled using blue ice packs anq kept cold
until they arrived in the laboratory.

For quality control and aid‘in data interpretation, a minimum of 10%
of all water samples were collected and analyzed in duplicate. All
" sediment samples were collected and analyzed in duplicate.

Hydrocarbon water samples were collected biannually using either a
special precleaned PVC pump and tubing system or a bfecleaned 30-1liter BVC
Niskin bottle. Samples were stored in precleaned 20-liter glass carboys
for return to the laboratory. Sediment samples for hydrocarbon analyses
were collected using a precleaned stainless steel box corer. These
samples were stored in specially cleaned glass jars with teflon-lined caps

and frozen until analysis.

3.2.2 Laboratory and Analytical Procedures

Upon return to the laboratory, all water and sediment samples
reqditinq refrigeration are stored at 4°C until time of analyses. Water
'samples for metal analyses were preserved by addition of 5 ml of trace
metal grade nitric acid per liter sample after filtration through 0.45 um
pore size membrane filters. |

Analyses of general water and pcfe water yuallty paArametcres were made'
in?accordénCé wWith the fulluwlng methedos. Chloride (1) was determined by
the mercuric nitr#te titration method while sulfates (804) were determined
by the barium sulfate turbidimetric method, both after appropriaté_
dilution.

Those organic compounds lumped together and referfed to under the
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general term "oil and grease" were measured using the.freon extraction,
infrared spectrophotometric method.

Samples collected for salinity measurements were analyzed in the
laboratory by conductance using a Grundy Model 6230N benchtop salinometer
according to manufacturer's instructions. The salinometer was
standardized against standard I1.A.P.S.O. seawater.

All heavy metals in ine water column'énd major cations in both the
water column and pore waters were measured by atomic absorption
spectrophotometry (AAS). The major cations (sodium, potassium, calcium,
and magnesium) were .determined by direct flame aspiration after
appropriate dilution and treatment. Mercury (Hg) was analyzed using the
cold method of AAS. The remaining heavy metals were determined.by.
chelation and extraction into methyl isobutyl ketone. The metals.
contained in the extract were then measured by direct AAS.

Water samples fof'nigp'molecular weight hydrocapbqn were extracted
directly from the large glass carboys using methylene chloride. The
extracts were combinéd, reduced in volume and fractionated using silica
gel chromatography into four fractions. Each fraction was'analyzed by gas
chromatography. |

Immediately upon return to the laboratory, pﬁ and oxidation-reduction
potentiai (En) of sediment samples were made using a standard laboratory
mv/pH meter. Sediment samples were then divided into appropriate
fractions for anaiyses required. Pore waters were obtained and used for
major cation and anion analyses.

Heavy metal analyses were also performed on 1N Hﬁo3 extracts obtained
from the sediments.

For. high molecular weight hydrocarbon analysis, sediment samples were
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thawed, mixed, transferred to a Soxhlet apparatus and extracted with a
series of solvents. These extracts were then fractionated by silica gel

chromotography into four fractions and analyzed by gas chromatography. -

3.3 Results

3.3.1 General Water gnalitf

The genetal water quality parameters measured on a quarter;y basis
included salinity, temperature, pH, and oil and grease. Results of these
analyses for the four quarterly sampling periods, November 16, 1982,
February 22, 1963, May 23, 1983 and Auyust 29, 1983 are presented in
Appendix Tables C-1 through C-4. More intensive or monthly analyses for
salinity, temperature, and dissoived oxygen wére conducted as part of the
CTD/DO studies and are presented as part of Chapter 1.

Of the rgmaining two parameters, only oil and'gteasé appears of
interest. 0il and grease levels were below the detection limit of 0.5’
mg/l except for the February 22 sampling period.v Values ét ﬁnat time
ranged fom 0.5 mg/l to 16 mg/l. ‘Elevated levels were found at both the
daiffuser stations and control sﬁapions. The mean value for diffuser
stations was 7.3 mg/l and for control stations, 7.5 mg/l. Levels of oil
and greasé near 10 mg/1 have been observed over the area in‘some of the 'ﬂ
previous years during early spring and appear associated‘with‘éitner
runoff or plankton blooms that occur at this time of year. The‘elevated
levels in February 1982 similarly appear related to processes'qutéide the

diffuser area.

3.3.2 Major Ions in Water Coluiu

Results of major ion analyses for the quarterly sampling periods are

presented in Appendix Tables C-1 tnrouéh c-4.
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Any change in major.ions as a result of brine discharge should be
detected in the bottom waters. For evaluation purposes, mean values of
the major:ions in the bottom waters were calculated for the downcoast
intermediate diffuser stations (D10, D1l and Dl2--set 1 in the tabulated
data), the near field diffuser stations (D13, D14 and Dls-—set 2), tne
upcoast intermediate diffuser stations (D16, D17 ‘and Dle--set 3) ana the
control or ambient stations (33, 36 and 39--set 4). A comparison of tnese
mean values Plus standard deviations and range of values for the quarterly
sample dates are presented in Table 3-2. |

According to Bauer (1971), when comparing chemical data with limited
degrees of freedom tne two-tailed new test is used to compare tne
difference between tuo.averages botn of whicn have a degree of
uncertainty. This approacn was used to establish whether any of the three
diffuser area sets individually were significantly different from the
controls at the 95% confidence level.' During the first tnree quarters,
the only major ion tnat was significantly different at the diffuser area
stations was calcium which was nigner at two of the diffuser sets in
November 1982. In November, salinity was also higher significantly at the
intermediate uocoast diffuser stations (set 3). In February and Hay,
salinity was significantly higner at all diffuser station sets relative to
ambient. ‘

More interesting were the results for the last quarter samples
collected'on nugu;t.és;'1983,:about one and a half veeks after.Hurricane
Alicia. On that date, a number of ions were significantly lower’in the
area of the diffuser than at the controls. -We have no explanation for.

this observation at this time.. It is possible that low salinity bottom

water was moving through the area at the time of sampling and that two of
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Table 3-2. Mean major ion values for bottom waters at the diffuger,
intermediate field 4diffuser and control stations.

SET1=(D10,011,0%2) SET2=(013.014,015) SETI=(D16,D17.018) SET4=(33,36.39)

VARIABLE N MEAN STANDARD MINIMUM MAX TMUM

DEVIATION VALUE VALUE
------------ eeccecacoenmconcs DATE®16 NOV 82 SET®! ---cocccosecmcneccnnacarncne
SAL 3 34.867 0.808 34.000 39.600
NA 3 10.400 0.500 9.900 10.900
3 3 0.39% 0.006 0.389 0.399
ca 3 0.407 0.006 0.400 0.410
NG 3 1.237 0.035 1. 200 1.270
cL 3 19.900 0.458 19400 20.300
S04 3 2.333 0.126 2.200 2.4%0
eeecemcstccsccecccccccaceacs DATES16 NOV 82  SET#2 +---cc-cecomrreccecnnacaccans
SAL 3 34.767 Q.79 34.000 3% SO0
NA 3 10.300 0.458 9.800 10.700
K 3 0.397 0.001 0.396 0.398
ca 3 0.410 0.000 0.430 0.410
MG 3 1.210 0.026 1.190 1.240
[]8 3 19.467 0.3086 19.200 19.800
S04 3 2.417 0.104 2.300 2.500
------ wmeeecmscoccccscccconce DATE®16 NOV 82  SET#3 --voc-ceecececcccomcnannace
SaL 3 34.5%67 0.289 34.400 34.900
NA 3 10.367 0.0%8 10.300 10. 400
K 3 0.297 0.004 0.394 0.402
ca 3 0.410 0.010 0.400 0.420
MG : ] 1.240 0.020 1.220 1.280
L 3 19.933 0.252 19.300 19.800
sS04 3 2.410 0.066 2.330 2.480
P emmmmeee we-<ec- DATE®1G NOV 82 SET®4 -=ev--ceoceccvoccencnnna D
SAL 3 34.033 0.115 33.900 34,100
NA 3 10.323 0.493 10.000 10.900
[ k) 0.389 0.008 0.380 0.394
ca 3 0.393 0.0086 0.3%80 0.400
MG 3 1.282 0.110 1.210 1.410
cL 3 19.633 0.404 19.200 20.000
S04 3 2.3%0 0. 180 2.180 2.500
meeenes “emvencdecrnsconon -~ DATE®22 FEB 83 SETs| -----co-----ccc-cor-eorox=a-
SAL 3 34.100 0.498 34.200 38. 100
NA 3 9.467 0.153 9.300 9.600
K 3 0.374 0.009 0.364 0.382
fa a 0.1 2.000 4.300 0:.000
MG a 1.207 0.042 1.160 1.240
cL 2 18.267 8.115 18,200 18 oD
S04 3 1.787 0.172 1.620 1.950
B P R P L T OATE®22 FEB 83 SET®2 ~e---ceme-c-eccomocecacanans
SAL 3 34,967 0.1%3 34.800 38100
NA 3 9.733 0.306 9.400 10.000
K 3 0.368 0.004 0.364 0.371
CA 3 0.387 Q.006 0.380 - 0.390
MG 3 1.167 0.012 1.160 1.180
cL 3 18.733 0.473 18.200 19. 100
-1 3 1.040 0.009 1,030 2.020
B L L e, 'ee-- DATE®22 FEB 83 SET=3 --v---ee-- weeremcceccrocraan
saL 3 34.100 0.200 33.900 34.300
NA 3 9.800 0.263 9.600 10. 100
X 3 0.368 0.000 0.368 0.368
CA 3 0.283 0.006 0.380 0.39%0
[} k) 1.173 0.012 1.160 1.180
cL 3 19.000 0.520 1R 4NN ta ann
104 3 2.0 v.vw 1.980 2.020
-------------- dememcevomvcae DATE®22 FEB 83 SET®d -e-cicocmceccoeos-ccossnocns
AL 3 32.433 V. 282 32. 20 42,10
NA 3 9.400 0.200 9.200 9.600
K 3 0.369 0.004 0.364 0.371
ca 3 0.390 0.000 0.390 0,380
MG k) 1.170 0.026 1.180 1.200
cL 3 18.367 0.351. " 18.000 18.700
504 3 1.987 0.040 1.920 2.000
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Table 3-2. . Continued.

SET1=2(D10.D011.012) SET2+(D13.014.018) SETI=(D16.017,018) SET4+(33.38.39)

VARTABLE N MEAN
............. secmcmescss-ees DATE=2T
SAL 3 3%.200
NA 3 10.367
[3 3 0.360
cA 3 .0.400
MG E] 1.343
CcL J 18.867
S04 E] 2.473
cessramcemmeaneccsacacna ===== OATE=2)
saL k] 36.833
NA 3 10.267
K 3 0.370
ca 3 0.407
NG 3 1,227
cL 3 19.432
so04 3 2.713
------------ emcccemacaanneee DATE=23
SAL 3 38.733
NA 3 10.300
[ 3 0.366
ca 3 0.400
MG 3 1,223
cL 3 18.833
S04 E] 2.510
cesmcsennrvze-ccvevsmaanca== DATE®23]
saL 3 32.900
NA k] 9.667
3 3 0.264
ca 3 0.407
MG E] 1.243
cL k] 18.333
S04 3 2.623
N L X L T T TR === DATE=29
‘SAL 3 30.000
Na 3 8.867
X 3 0.336
ca ] 0.343
NG 3 1.023
cL 3 16.%33
S04 3 2.287
--------- eemmeeeececccacceos DATE#29
SaL 3 30.067
NA 3 8.633
K 3 0.331
ca 3 0.337
MG k] t.010
cL E] 16.200
504 F] 2.410
........... 4meveccnaccccccae DATE=29
SAL 3 29.633
NA 3 8.%00
K 3 0.329
cA 3 0.243
MG 3 1.030
cL 3 16.222
S04 E] 2.387
------------ “ecececceceecee. DATE®29
SAL 3 32.133
NA 3 9.467
4 k] Q.260
ca E] 0.370
MG k] 1.103
cL 3 18.300
S04 3 2.687

MAY

MAY

MAY

mAY

AUG

AUG

AauG

auG
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STANDARD MINTMUM MAXTMUM
DEVIATION VALUE VALUE
83 SETe) -cccececcnnnnann bt
0.173 3%.000 3%.300
0.%03 9.900 10.900
0.012 0.346 0.367
0.017 0.380 0.410
0.0%8 t.310 1.410
0.183 18.700 19.000
0.040 2.4%0 2.520
83 SET®2 -c-cicerccccccscnscncacanoas
0.503 36.000 37.000
0.379 10.000 10.700
0.002 0.367 Q.37
0.006 0.400 0.410
0.029 1.210 1.260
0.638 18.700 19.800
0.210 2.%00 2.920
83 SETs] --co--- eveseececccecsecnann -
0.709 38. 100 36.500
0.608 9.600 10. 700
0.002 0.363 0.367
0.000 0.400 0.400
0.084 1.180 1.260
1.363 17.900 20.400
0. 188 2.3%0 2.660
83 SET#4 -ecccceccccareccescscsnconan
0.884 32.000 33.700
0.1208 9.%500 9.900
0.009 0.3%4 0.371
0.006 0.400 0.410
0.0%8 1.210 1.310
0.404 17.900 18. 700
0.07% 2.950 2.700
83 SET®) -cccccceccmccccccaccccana .-
0.4%8 29.600 30.%00
0.19%3 8.700 9.000
0.001 0.33% 0.337
0.006 0.340 0.3%0
0.006 1.020 1.030
0.289 16.200 16.700
0.038 2.220 2.320
83  SET®2 ~ee-e--- A ——
0.666 29.300 30.800
0.252 8.400 8.300
0.008 0.326 0.336
0.006 0.330 0.340
0.017 '1.000 1.030
0.4%8 18.800 16.700
n.038 2.380 2.4%
83 SET®) =ece-ccccccccacacan - .-
0.289 29.300 29.800
0. 100 8.400 8.600
0.003 0.326 0.331
0.006 0.340 0.3%0
0.017 1.010 1.040
0.133 16.100 16.400
0.012 2.380 2.400
83 SET®4 c-c-mcceccccccicaacecennaan
1.498 30.900 33.800
0.473 9. 100 10.000
0.016 0.348 . 0.379
0.017 0.360 0.330
0.08t 1.060 1.160
0.693 17.500 18.700
0.129 2.58%0 ’ 2.800



the control stations were outside of tnis type water thereby biasing

3 o g . N reatls L
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results for tne controls at that time. One problem witn quarterl§ sampling
is that short-term events may be missed or only partially -observed.
Secondly, it is difficult to determine meaningful standard deviations for
a_spec1£LC_sample_period,s;npehen;x_tnree 8§ati°n9.a;edméasursquO:“each,““
station set. This latter problem accounts for the fact tnat some diffuser
station sets nad nigner means but were not significantly different
statistically from ambient compared to otner station sets tnat may nave
nad lower means but were statistically ‘asfferent.

As previously stated, concern was raised early in the SPR project
about the potential adverse effects of .ionic imbalance.or.changes.in the
ratios of one major ion to another. 'Such imbalance wis -expected.since the
relative proportions of the major ions in seawater and .the salt dome brine’
are different. The ratios for some of these ions in typical seawater (35
o/o00) ares: - T A HER T N

Na/K = 27.8 o
Ca/Mg = 0.324\
e i SO,/CL = 0.140

R P P R

Based upon major ion analyses of the Bryan Mound brine for tne past year
as presented in Table 3-3, these same ratios for the brine were.

LERRES CE IR - NAURNCR SIS S )

Na/K = 170

Ca/Mg = 4.04 Chall T

so,/cl = 0.011
From these two sets of ratios, it can be seen that differences between the
two salt waters are an order of magnitude. The Na/K and Ca/Mg ratios in
the receiving waters would tend to increase and so4/c1 decrease as a

result of brine discharge. Ion ratios for all samples are presented in

3-12 -



Table 3-3. Hajor 1cns in Brazos River water and Bryan Mound brine.

COncentrations are 1n g/1.

Major 11/17/82. ' 2/21/83 . 5/24/83. 8/30/83
Ion BR B®. - BR BP  BR  BP BR BP

Na* 3.5 . .108.7 0.8  100.0 0.34  104.0 . 1.7 106.0
' 0.14 , - 0.66  0.03 0.61 .. 0.02 . . .0.54  0.06 0.66
#g'™*  0.37 . 0.23 o0.08 0.2  0.04 . 0.2  0.15 0.22
c1” 5.5 - 175.4 1.22 161.5 . 0.54 . 166.2 2.7 170.0
so,”  0.84 1.99  0.19 1.83  0.09 1.70  0.38. 2.05
S o/oo = 9 265 2 244 1 252 4 256

BR - Brazos River Intaxelv

BP - Brine Pond Discharge

*» From POSSI data
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Appendix Table C~5 while a compariSon of the‘mean ion ratios for the
bottom waters is presented in Table 3-4. Based upon the two-tailed "t"
test, significant differences at the 95% confidence level were found only
twice during the year for any of the ratios. The SO4/C1 ratio at daiffuser
set 1 on May 23 was lower than ambient and the Na/K ratio at diffuser éet
2 on August 29 was lower than ambient.

Overall, during this report period brine discharge had little if any

effect upon major ion levels or ions ratios in the water column.

3.3.3 Heavy Metals in Water Column

Heavy metal analyses of water samples for the past year are presented ‘

in Appendix Tables C-1 through C-4. Througnput the year, metal levels
were generally low and at levels expected based upon predischarge and
previous postdischarge data. A few high values were observed for a single
' sample only, although not necessarily the same sample for any given metal.
Several metals (Hg, Ni, Cr, Cd) were usually below detection limits and
exceeded the detection limit for only a few samples. Lead (Pb) was also
usually below the detection limit of 1 ug/l. However, Pb levels near the
diffuser on November 16, 1982 ranged from <1 to 6 ug/l. Highest values
were observed at the downcoast intermediate diffuser stations (D10, D1l
and D12). Physical oceanographic observations for the period sampled
1nd1éate currents were in that direction and suggests the Pb could nave
come from the diffuser. Results of metal analyses of brine taken at the
brine pond, presented in Table 3-5, indicate elevated Pb levels occurred
in the brine relative to the Brazos River leach water on November 17.

This suggests the potential existed for Pb in the brine to impact on
waters near the diffuser. It should, however, be pointed out that
elevated Pb levels existed in the brine at all four sample détes and Pb
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Table 3~4. Mean major ratios for bottom waters at Bryan Mound diffuser
and control stations.

SET1=010,D11,012 SET2=D13,D014,D15

VARIABLE N

RNAK 3
RCAMG 3
RSO4CL : 3

L T ey T TIPS (Y

RNAK 3
RCAMG 3
RSO4CL 3

RNAK 3
RCAMG 3
RSD4CL - 3

RNAK 3
RCAMG 3
RS04CL 3

RNAK o 3
RCAMG ' 3
RSO4CL 3

RNAK -3
RCAMG 3
RS0O4CL 3

RNAK 3
RCAMG 3
RSO4CL 3

. RNAK . 3.
RCAMG 3
RSO4CL 3

MEAN

DATE=16

26.301
0.329
0.117

DATE= 16
25.921
0.339
0.124
DATE= 16
26.093
0.331
0.123
DATE=16
26.588

0.308
0.120

- DATE=22

25.338
0.323
0.096

DATE=22
26.4719
0.331
0.104
DATE=22
26.630
0.327
0.109
DATE=22
25.496

0.333
0.107

NOV

NOV

NOV

NOV

FEB

FEB

FEB

FEB

SET3=016,017,D18 SET4=33,36,39

STANDARD MINIMUM MAX I MUM
DEVIATION VALUE VALUE
82 SETS] ==--e-mecccccccccmccccmo———-
0.990 25.450 27.387
0.013 0.315 0.342
0.006 0.110 0.121
82 SET=2 ---mecmmmmme—memmmeem oo
1.084 24.747 26.884
0.007 0.331 0.345
0.005 Q.119 0.128
82 SET23 ---wcmmmemmccccccc e eac—aan
0.414 25.622 26.396
0.013 0.317 0.344
0.004 0.121 0.128
82 SET=4 =--ee-ememmmmecccecmccemmnaooo
1.822 25.381 . 28.684
0.028 0.277 0.331
0.011 0.109 0.130
83 SET=1 ===m-em e
0.209 25. 131 25,549
0.011 0.315 0.336
0.010 0.089 0.107
83 SETZ2 =---mmmemcmemmemmmcm—eemeo o
0.677 25.824 27.174
0.004 0.328 0.336
0.006 0.097 0.107
83 SET23 --mec-memmcecccccmeccmmmcao
0.719 26.087 27.446
0.004 0.322 0.331
0.002 0.104 0.108
83 SET=Z4 ---ececcmmmcecccecmmcemeeeen
0.331 25,275 25.876
0.007 0.325 0.339
0.002 0. 104 0.109




Table 3-4.

Continued.

SET1=010,011,012 SET2=D13,D14,D15

VARIABLE

RNAK
RCAMG
RS04CL

- - > - - - —————— e - - -

RNAK
RCAMG
RS04CL

RNAK
RCAMG
RS04CL

RNAK
RCAMG
RSO4CL

RNAK
RCAMG
RSO4CL

L R L T T N

RNAK
RCAMG
RSO4CL

RNAK
RCAMG
RS04CL

[ANAEA)

WWww

- -

MEAN

DATE=23

28 .848
0.298
0.131

DATE=23
27.772
0.332
0. 140
DATE=23
28.161

0.928
0. 134

DATE=29

26.388
0.336
0.138

UATE=23
26.053
0.333
0.149
PATR=29
25.837
0.332
0.147
DATE=29
26.269

Q.335
Q.145

MAY

MAY

MAY

MAY

AUG

AUQ

AlG

AUG

3-16

SET3=016,D017,018 SET4=233,36.39

STANDARD
DEVIATION

83

83

83

83

83

83

MINIMUM MAX IMUM
VALUE VALUE
26.875 31.503

0.270 0.313
0.129 0.135
26.954 28.831
0.325 0.339
0.134 0.147
26.446 29. 155
0.317 0.348
0.115% n. 149
25.876 27.966
0.305% 0.339
0.140 0.147
25.970 26.786
0.330 0.343
0.137 0.139
25.767 26.488
0.330 0.340
0.143 0.152
25.378 26.074
0.327 0.337
0.145 0.148
26.149 26.388
0.330 0.340
0.140 0. 180



Table 3-5. Metal content of Brazos-River water and Bryan Mound brine.
Concentrations are in ug/l.

Metal . 11/17/82

2/21/83 5/24/83 8/30/83
Content BR BP - BR BP BR BP . BR BP
Al <1 <5 10 8 - - - -
ca  <0.5 0.8 <0.5 <0.5 <0.5 1.1 <o0.5 0.9
cr 4 5 4 3 23 5 3 4
cu 2 2 3 1 <0.5 <0.5 0.5 0.5
Fe 600 215 2200 30 © 2300 3200 s 990
Hg <0.2 <0.2 <0.2 <0.2 <0.1 sb.z 0.3 <0.2
NN T 21 "7 21 7 <1 2 <1
Pb f' 2 27 3 9 ‘1.4 25 <0.5 26
Zn 57 .98 48 64 32 39 12 45

BR - Brazos River Intake

BP - Brine Pond Discharge
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was not detected in waters near the diffuser on three of the four sampling
periods suggesting adequate dilution occurred. In addition, tneAniqhest
Pb levels observed in offgnore waters on November 16 were located at the
surfﬁce. It is not possible to explain this observation if the diffuser

- were the only source of the Pb. 'Le;d 1ntroﬁu€ed from the diffuser should‘
have remained 1n4tne.bottom waters.

Offsnofe, highest levels for.irbn (Fe) were observed in November 1982
and for copper (Cu), zinc (2n) and nickel (Ni) in August 1983. Tné latter
were observed after the passage of Hurricane Alicia. All three metals
were highest at the downcoast intermediate diffuser statioﬁé ahq at the
downcoast control station (33). Since Cu and Ni were Ver§ ioﬁ in the
brine at that time, as indicated in Table 3-5, it woulﬁ Apéear that
1ncreased'1evels«6f tnese“metais were not due to brine discharge although
currents in the area were downcoast. Results of the metal analyses for the
past year have been summarized as ranges and are presented in Table 3-6
along with previously observed ranges and EPA recommended criteria for
marine agquatic life (EPA, 1980). From tnis’tap;e. it can be seen that
metal levels at the diffuser area were aﬁout the séme as for control
stations and were essentially no higher than previously observed levels
including those Qufing the prgdischarge period. Also, levels were below
the EPA criteria levels for the-past'year with the‘éxception of nickel for
one sample and copper for.four samples which exceeded the 24-hour criteria
and theipossible‘ekception of Hg whose detection limit was'above the
24-hour average value allowed. Mercury (Hg) as well ;5 the other metals
did not exceed ﬁhe maximum value limit during this report period.
Furthermore, since éamples‘used in tnis:study are grab sémples rather than

24-hour composites, the 24-hour criteriallavei does not appear to be
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Table 3-6. Range of soluble petal values observed in waters at Bryan Mound diffuser and control stations

(in xg/1).

Present Period

Previous Results

EPA Criteria for
‘'Marine Aquatic Life

<1-29(87)r <«

Diffuser Diffuser Max. 24-Hour

) Area Controls Area ' Controls . Allowed - Ave.
Al <0.5 - 5 <©0.5-1 Al  <0.3 - 23.5 '~ <0.3 -16.7 A - -
ca  <0.1- 1.8 <0.1-1.4 €A <0.5-3.5 .  <0.5-2.4 ca ~59° ‘4.5
cr < Q cr A-4(Ds - <-5 cr 1260 - 18"
Cu 0.5 - 9.1(12.3)* 0.5 -~ 6.5 Cu 0.5 - 11.6 " 0.5 - 9.5 Cu 23 4
Fe . 1-30 1-1s Fe. <2 - 58 o1 -21 'Fe - e
Hg  <0.1 <0.1 Hg'  <0.1 - 0.7 (4)* <0.1 - 0.4- Hg 3.7 0.025
N . 1-11 1-5 Ni <5 -6 <5 - 11 Ni "140 7.1
Pb <l -6 <l - Pb <1-5 - a-11 PD Gosa -~
Zn 1~ 42 1 - 34 Zn - 173 Zn 170 58

( )= Represents a single value above listed range.

«» No criteria listed, old proposed EPA value (1973).



applicable.

3.3.4 General Sediment Quality

General sediment quality parameters that were measured during the
past year included pH, Eh, and oil and greaée. Results of the individual
analyses are contained iﬂAAppandix Tables C-6 through C-9. As discussed
later under major ion results, for the purpose of evaluating brine
discharge effects upon sediments, stations D10 through D18 are considered
as the Aaiffuser and stations 33, 36 and 39 as the controls.

As indicated in Figure 3-2, oil and grease concentrations in the
sediments continued at the lower levels obsaerved in mid 1992 Tne highast
value, 170 mg/kg, was observed in late August 1983 at station Dl4 located
in the middle of the diffuser. However, the second niqnes£ of 159 mg/kg
was located at control station 36, also in August. Mean oil and grease
levels at the aiffuser were essentially the same as observed for ambient
during the preceding two years. Highest mean'oil and gtease values durin§
the past year were in.November 1982. Natural variability of oil and
grease in the sediments is considerable and it is difficult to ascertain
effects of the brine discnarge on this parameter on 'a quartetly basis.

Most notable in sediment quality during tne past year was the fact
that after steadily declining for over two yeara, the redox potential (Eh)
increased to a positive value at all stations in Hay 1983 (aee Figure B
3-3). This was the first indication of sufficient oxygenation of
sedimenls since late 1980. Unfdrtunately,'thé Eh values returiieéd to
negative values again in late August following Hurricane Alicia in
mid-August and hypoXic conditions in early summer, Although reasons for
the sudden increase and subsequent decrease in Eh are not known at tnis'
time, there appears to be a significant relationship between the En and
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benthic organisms. This is discussed in more detail in Chapter 5 of this
report.
Mean pH values since the start of the monitoring program have

remained essentially the same (Figure 3-4).

3.3.5 Major Ions in Sediment Pore Water

Results of major ion analyses of sediment pore waters are also
presented in Appendix Tables C-6 through C-9, The mean values for the
major ions and total dissolved solids (TDS) in pore water from sediment
samples taken from the near field (aiffuser) and downcoast and upcoast
intermediate diffuser fields are compared to those from ambient stations
in Table 3-7. These indicate that elevated TDS, Na+ and Cl~ levels
compared to ambient occurred at both tne‘near and 1pterﬁed1ate diffuser
stations (sets 1, 2 and 3). The similarity of values observed for the
near and intermediate diffuser stations suggest that the effects of btine
discharge upon major ions in the sediment extends to at lcast the
intermediate stations located 152 m from the diffuser itself and that, for
all pfactical purposes, all nine diffuser area statioﬁs can be considered
together in evaluating the effects at the diffﬁser. Therefore, stations
D10 through D18 are considered as being at the diffuser in qrapnicai
pfesentations of sediment data.

The mean total dissolved solids in pore waters located at all
diffuaer area stations and at the ambient or control stations for the past
year are combined with those of previous réport periods and gre shown in
Figure 3-5. During the past year, mean values at the diffuser area ranged
from 2.1 to 2.5 g/1 over ambient. The highest single value was 40.5 g/1.
Since salinity (o/oo) is equal to 0.9012 TDS, this;représented a salinity
of 36.5 o/oo, considerably lower than the 56.1 o/00 observed in May of
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Table 3-7. Mean major ion values for sediment pore waters at Bryan Mound
diffuser and control stations.

SET1+(D10,011.012) SET2°(D13,014,015) SET3I=(016,017,018) SET4#(33,36,39)

VARIABLE ' N MEAN STANDARD MINIMUM MAX I MUM
s DEVIATION VALUE VALUE

....... weeeesccomacacaceaaas DATE®16 NOV 82 SET®! ~ecccccoceccacecemoancastonn

3 38.233 0.381 37.900 38.

NA J 10.700 0.200 10. 400 11,%
K 3 0.3%0 0.000 0.3%0 0.3%0
ca 3 0.400 0.000 0.400 0.400
NG 3 1.300 0.03% 1.280 1.340
cL 3 20.367 0.903 19.900 " 20.900
sS04 3 2.%07 0.042

. . 2.460 2.940
cememecacaaa cmmseecmcacnn. *« DATE=16 NOV 82 SET®2 =c-eccececana- R T
108 3 36.633 1.518 35.000 38.000
NA 3 10. 307 Q.308 1n 1nn 10.?83
K 3 0.343 0.006 0.340 0.3%0
ca 3 0.383 0.012 0.370 0.390
uG 3 1.210 0.020 1.190 1.230
cL k) 19.733 0.666 19.000 20.300
S04 3 2.1a3 0.040 2. 140 2.220
sescvemmmmemcsanccacaae wasa= DATE®16 NOV @2 SET®] -vevcocvecoccccaa meececasena
TDS 3 9. 0 0.436 I8, 700 39.300
NA 3 10.800 0.000 | 10.800 15.800
K 3 Q.240 0.017 0.320 0.3%0
ca 3 0.400 0.010 0.330 0.410
wG 2 1 2710 0.046 1.220 1.310
cL 3 20.432 0.239 30. 300 30,70
S04 3 2.140 0.038 2.120 2.180
B LA L LTSy samaa- ceee-ec- DATE®16 NOV 82 SET24 -omceccccmc-cs L
T0S 3 38.867 0.379 39.600 36.300
NA k] 9.967 0.183 9.800 10. 100
3 3 0.360 0.010 0.3%0 0.370
ca 2 0.393 0.008 0.3%0 0.400
[ 3 1.280 0.044 1.230 1.310
cL k) 18.933 0.306 18.600 19.200
S04 3 2.240 0.017 2.220 2.2%
ECLEXTER TS sescomcmonan e=ev- DATE®=22 FEB 83 SET#®{ --c-ovecvccccconnon e LR -
TS 3 39.433 0.153 39.300 39.600
NA 3 10.867 0.3%2 10.600 11,100
K 3 0.347 0.006 0.340 0.330
ca k) Q.380 0.010 0.370 0.390
MG k] 1.227 0.019 t.300 1.250
cL 2 20.100 0.200 19,000 20.300
S04 3 2.287 0.129 1.150 2.400
--------- eeesecssmmcnoccncoe DATE=22 FEB 83  SET=2 -~--ew-e-co---cocsccsocccans
T0$ 3 39.800 0.857 39.200 40.300
NA 3 10.800 0,498 10,300 11.200
K 3 0.370 0.026 0.33%0 ©.400
CA : 3 0.390 0.010 0.380 0.400
“a 3 1.363 - n.a9 1.160 1.330
oL’ 3 19.900 , 0.829 i9.300 20.300
$0a 3 '2.347 0.090 2.290 2.4%0
------ meescesccsmccenciecaas DATE=22 FEB B3 SET®3 -----c-c--fimesescan-uc-moee
™S 3 39.733 0.666- 39.300 40.500
Na 3 10.967 0.118 10.900 1100
K : 3 0.387 0.022 Q.340 0.380
GA 3 0.380 0.000 0.390 0.390
MG 3 1.227 0.049 1.170 1.260
cL 3 20.233 0:231 20:100 20.%00
S04 3 2,313 c.Q90 2.220 2.400
----------- wmmecmamscccccncs JATER22 FEB B8] SET0 ememweeccccccccciecsdacceoaa
T0€ a 37.100 0.800. 36.300 37.300
NA. 3 10. 167 U. 183 18.00Q 1n ann
X 3 0.380 0.010 0.370 0.1390
ca 3 0.383 0.006 0.380 0.39%0
] 3 1.247 0.0 1.220 1.280
L 2 18.800 0.4%8 18.400 . 19.300
S04 3 2.2083 0.183 2.1%0 2.480
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T S .-

- " " Table 3=7.  Continued. S

SET1=(010.019.012) $SET2e(D13,D014.013) SETI=(D16.017.018) SET4=(33,36,39)

VARTABLE . N

T0S
NA
L3
CA
L)
CL
S04

rreerrenry

\

TOS . 3,
NA
L3

CA
»a
cL
S04

e

T0S
NA
X
Ca
L.
cL
sS04

VUWWVLULW

ceccnesreccsnsncccssmcnsncan

T0S

Ca

cL
S04

PRLLBLL

O
$
WBRWLOLLUWLL

T L L TP Y L

TO0S

NA -

.3

CA.

L] C
cL - "
S04

VERLVLLW

cscacccrtsccccecaccanencanan

TDS *
NA

K
cA

MG
cL: -
sS04

WV EWW

™ms
NA.

[ L

cL
S04

WWLUWLLWLW

MEAN . STANDARD
DEVIATION
DATE=23 MAY 83  SET»1
38.667 1.0%0
10.867 0.1%3
0.373 0.006
0.39) 0.012
1.217 0.021
19.300 0.700
2.4%0 0.100
DATE=23 MAY 83  SET=2
39.200 0.721
10.633 0.208
0.367 0.012
0.380 0.017
1.180 0.036
19.800 0.000
2.460 0. 181
DATE=23 MAY 83  SET=3
38.300 . © 0.866
10.733 0.231
0.3%7 0.0086
0.377 0.01%
1.233 0.012
19.867 . 0.208
2.470 0.081
DATE»23 MAY 83  SET=4
36.400 0.872
9.800 0.173
0.383 0.029
0.370 0.026
1.223 0.029
18.633 0.2%2
2.967 0.0%8
DATE»29 AUG 83  SETe1
38.6687 1.0%0
10.033 0.208
0.353 0.012
0.407 0.012
1.160 0.010
18.0867 0.586
2.617° 0.076
DATE#29 AUG 83  SETs2
39.5¢7 1.069
10.367 0.058
0.377 G.012
0.430 0.026
i.170 0.017
18.267 0.%13
2.780 0.132
DATE=29 AUG 83  SETe)
38.300 0.866
10. 167 0.3%1
0Q.3%3 0.012
Q.397 0.006
1.183 0.018
18.733 0.493
2.760 Q.069
OATE=29 AUG 83 SET=4
36.400 0.9872
9.333 0.404 .
0.337 0.028%
0.407 0.012
1.177 0.028
17.787 0.569
2.800 0.000

3=25 -

MINIMUM MAX TMUM
vAaLUE VALUE
37.600 39.700
10.700 11.000

0.370 0.380
0.380 0.400
1.200 1.240
18.5%00 19.800
2.3%0 2.9%0

. 38.400 39.800

) 10.400 10.800

. 0.360 0.380

0.360 0.2380
1.180 t.200
19.800 19.800
2.300 2.600
37.800 39.300
10.600 11.000
0.:3%0 0. 360
0.360 0.390 -
1.220 1.240
19.700 20.100 -
2.400 2.%510
3%.800 37.400
9.600 9.900
9.220 0.370
0.340 0.390
1.190 1.240
18.400 t8.500
2.500 2.600
37.600 39.700
9.800 10.200
0.340 0.360
0.400 0.420
1.150 1.170"
18.200 19.300
2.%%0 2.700
38.400 40.%00
10.300 10.400
0:370 0.39%0
0.400 0.330
1,186 1.180 |
18.700 19.700
2.600 2.8%0
37.800 39.300
9.800 10.500
0.340 0.360
0.390 0.400
1.140 1.170
18.400 19.300
2.680 2.800
39%.800 37 400
9.100 9.800
0.310 0.360
0.400 0.420
1.180 1.200
17.300 18,400
2.800 2.6800
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1982. Based upon "t" test results, total dissolvéd solids were
significantly higher -at most diffuser stations'during the year.
Comparison of mean Na and Cl values for the diffuser area and
controls since 1979 are presented in Figures 3-6 and 3-7. These indicate
the levels to which Na and Cl ions have been increased as a result of
bfine di#charge. It should be noted that since briné discharge has
stébilized, the eariier trend toward 1ﬁéreased Na+ #ﬁd Cl' with time at
the'diffuser relative‘to ambient has ceased and that ﬁne differential
between values for diffusér and ambient has reﬁained constant over the

past year.

»

' ++ ++ ++
Comparison of mean values for the other major ions (K , Ca , Mg

4
3-8, 3-9, 3-10 and 3-~11. These indicate little difference in values for

and SO. ") between diffuser and control stations are presented in Figures

Athese ;ons betwéen diffuser and ambient sediment pore watérs.

Table 3-8 gives the mean ion ratios (Na/K, Ca/Ng and so4/c1) for the
sediment pore waters. -These indicate that the elevated Na and Cl observed
at the diffuser versus ambient have produced significant increases in the
Na/K ratio and decreases in.the 804/c1.at the diffuser during part of the
year. Differences in.the Ca/Mg ratio .were not significant at any time
during the year. | '

During June 1985, a speéial-expanded twenty-séatibn grid was sampled
to‘determine‘the éxtént of elévatedfpore water sél;niéiéé. At that time,
pore water salinities of more than 2 o/oo ‘over ambient extended two
ﬁautical miles from the diffﬁ#éf, In June 1983, nineteen of these stations
were resampled. Results, presented in Figure 3-12, show pore water
salinity elevations were much less extensive than the preceding year.

This suggests major -ion changes have probably been restricted to the

'3-27
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Table 3-8. Mean ion ratios Na/K, Ca/Mg,
pore waters at Bryan Mound.

SET1=010,011,012 SET2=013,D14,D15

VARIABLE . N

B e R e

RNAK 3
RCAMG 3
. RsSO4CL 3

RNAK 3
RCAMG 3
RSO4CL 3

- - - - - - = -

RNAK 3
RCAMG 3
RSO4CL 3

- - - - -

RNAK 3
RCAMG 3
RSO4CL 3

- - - - -

RNAK 3
RCAMG 3
RSO4CL 3

- - - - -

. RNAK 3
RCAMG 3
RSO4CL 3

- - - n - - > n -

RNAK 3
RCAMG a
RSO4CL 3

- - -

RNAK 3
RCAMG 3
RS04CL ke

MEAN

DATE=16

30.571
0.308
0.123

DATE=16
30.202
0.317
o.11¢
DATE=16
31.821
0.315
0. 105
DATE=16
27.694
0.307
0.118
DATE=22
31.345
0.310
0.112
DATE=22
29.251
0.310
0.118
DATE=22
29.985
0.318
0.114
DATE=22
26.765

0.308
0.122

NOV

NOQV

NOV

NOV

FEB

FEB

FEB

FEB

3-31

and so4/c1 in waters and sediment

SET3=D16,D17,D018 SET4=33,36,39

STANDARD MINIMUM MAX IMUM
DEVIATION VALUE VALUE
82 SET@] mcomcceccmcccmccecccaodmaoa-
0.857 29.714 31.429
0.008 0.299 0.313
0.00S 0.118 0.127
82 SETR2 ==-w--cmcccmmeemcmmmemmeeoaas
1.108 29.429 31.471
0.006 0.311 0.322
0.004 0.108 0.115
82 SETa3 ~-coccrmcccrccmrcr s ncw
1.670 30.857 33.750
0.004 0.313 0.320
0.003 0.102 0.107
82 SET®G ~-==--comeomomeecmeceeeanos
0.578 ,27.027 28.056
0.010 0.298 0.317
0.001 0.117 0.119
B3  SET®{ —==-c-ccmecmeceecmmmemcmeeean
0.321 31.143 31.714
0.007 0.304 0.317
0.007 0.107 0.121
83 SET®2 -=--meocvccsccemcmmmecceoeeo-
1.666 28.000 31.143
0.017 0.293 0.328
0.004 0.113 0.122
83 SET=23 -=-coecmmcmccecmcececemmen-
1.816 28.684 32.059
0.013 0.310 0.333
0.003 0.110 0.117
83 SET®4 ~=-==c--mmcmommmcemcaccaoaaon
0.697 26.316 27.568
0.004 0.305 0.311
0.010 0.111 0

. 131



Table 3-8. Continued.

'SET1s010,011,012 SET2=D13,D14,018 SETI=D16,017,018 SET4=33,36,39

VARIABLE _ N . MEAN STANDARD MINIMUM . MAXIMUM
: , DEVIATION VALUE " VALUE

S “memmececececooo- DATE=23 MAY 83 SET®] -==m----eccccceeao- B
RNAK 3 29. 114 0.849 26.684 29.730
RCAMG 3 0.323 0.010 ~ - -0.314 - 0.333
RSO4CL 3 0:127 . 0.003 0.124 0.130
------------- ammeiecoceu-c-l DATES22 MAY 83 SET®2 =-mm-iccdmmamicoccceoonoo—--
RNAK 3 129.011 - 0.659 28.421 - 29.722
RCAMG 3 0.322 0.020 0.300 0.339
RSO4CL 3 0. 124 0.008 0.116 0. 134
S, cacmmana emcmc=e- DATE®23 MAY 83 §ET®J =-memmmmemmme—ioamccccmconens
RNAK ‘ ‘3 30.106 ° = 1.146 29.444 - - 31.429
RCAMG 3 0.308 0.013 0.290 0.318
RSO4CL 3. . 0.124 0,008 .- 0.118 ... 0.127
R DATE=23 MAY 83 SET®4 =-=--ememeccen- “mmemccmcm——e
RNAK 3 27.880 2.679 | 28.946 30,938
RCAMG 3 0.302. 0.018 0.286 0.315%
RSO4CL 3. 0.138 - 0.008 . - 0.132°. . 0.1a%
---------- ‘--l------‘-f--—-'-'-,- DATE=29 AUG 83  SET=f "'f?”'»’"»‘.'?".“"'?»“f“;'
RNAK 3 28.404 0.389 28.056 28.824
RCAMA 2 0.381 . ¢ Q.U07.' - 0.945 - . . 0.3%8 .
RSO4CL 3 0.139 0.002 0.136 0. 140
semmmmeeecceeeecaccceoooo-li- DATER29 AUG 83 © SET®2 -m=-n--- cedememeaicscanacaas
RNAK o 27.842 . 0.980 26.410 28, 108
RCAMG 3 0.367 0.017 0.348 0.381
RSO4CL 3 0.143 _0.004 ' 0.139 0. 147
cm———- S - DATE®29 AUG 83 SET=3 ==cem-mececcoccoona- SR
RNAK 3 28.778 - 0.419 28,333 29. 167
RCAMG 3 0.344 0.003 - 0.342 0.348
RSDACL 2 0.147 0.000 - ‘0.145 0. 181
—————- S —— —eesmmaan -~ DATE®29 AUG 83 SET®4 -=-=-c-cmecoccccamceccaann -~
RNAK 3 27.781 ‘ 1.382 26.765 29.385
RCAMG 3 0.346 0.006 0.339 0.380
RSO4CL 3 0.188 - . 0.008 . 0.182 0.162
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Figure 3-12. Mean salinity values in sediment pore waters for the
diffuser area and control stations (June 1983).
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immediate diffuser area for the past year.

3.3.6 Heavy Metals in Sediments

In addition to the major ions, heavy metal analyses of 1 H HNO3
leachate from quarterly sediment samples were carried out along with
determination of the total mercury in the sediments. The complete results
are given in Appendix}Tables C-6 through C-9. Although some differences
occur from statién to station with time, they do not. appear important in
terms of diffuser stations versus control stations.and indicate no effects
of brine discharge oOn sediment metals at tnis tifeé With the possible
exception of lead. The reason for differences in leachable metals at a
given station from one sample period to another lies in the nature of the
sediments in this area. Sediments in the area are primarily sand to
cléyey sand with patches of sandy clay or silty sand. - As indicated in
Figure 3j}3,-size distribution shifts occur at many of the stations from
one sample date to another. Since leachability of the hetals is related
to surface area and therefore particle size, these shifts in particle size
lead to the different metal concentrations in leachate for a given |
station.

Mean levels of each metal at the diffuser area stations and at
ambient or control stations during the part yeaf are presented in Table
3-9." Although mean lead values for the diffuser exceeded control values
only twice during the year, the overall trend with time has 5een toward a
greater increase with time at the diffuser relative to ambient. This can
be seen inlfiguré 3-14 where the slope for diffuser stations is greater (=
ZX).ghan for control stations. Since lead levels in the brine have
consisténtly been elevated relative to the Brazos River leach water (see
Table 3-5) there remains a good possibiiity that.the lead increase is
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" Figure 3-13. Shepard diagrams showing % sa_lpd,;.silt and clay for Bryan
Mound area sediments. ' :



Table 3-9. Mean sediment metal levels. Concentrations are in xg/l.

Metal - 11/16/82 2/22/83 5/23/83 . 8/29/83
Content Dif. = Comt..  Dif. cont. . Dif. Cont. :ﬁ;f.  Cont.
Al Bi1  Esv 957 888 1338 1307 1083 1193

ca 0.01 0.02:  0.02 5io.oxf3, 0.02 0.02 ’ 0.02 0.04
cu 2.9 3.9 :° 2.9 26 1.3 2.0 71-.i.7 4.5
cr 1.1 1.4 1.9 i 1.9 22 2.2 2.5 2.8
Fe 1846 2188 2779 ?,Slzsf 4016 4q945fﬁ 3856 3965

Ni 1.3 2.1 2.3 2.3 3.8 3.3 . 2.8 2.8
Pb 8.1 8.8 9.5 7.9 7.7 6.3 8.3 8.5
Zn lo.s  13.6  15.9  16.8  18.6  20.4  18.3  18.8
Hg 0.039  0.037  0.042  0.039  0.027  0.02¢ . 0.028  0.025

Dif. = Diffuser. ... ..

Cont. = Controls
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related to bfine discharge. This should not be unexpected since many lead
compounds are relatively insoluble and would accumulate in the sediments
rather than migrate away from the diffuser via the water column. Although
~ metal accumulation can occur near the diffuser as a result of brine
discharge, results for nickel shown in Figure 3-15 suggest that once the
source is removed, Ene levels may return to normal. It was during the
first year of brine discharge (1980 to 1981) that the greatest elevation
of nickel in the brine was observed. Once the discharge-levels
diminished, nickel concentration in diffuser area sediments also
decreased. Whether eievated nickel levels at.the diffuser actually
resulted from brine discharge could never be established since levels at
control stations during early periods of monitoring were both higher and
more variable than ever encountered at the diffuser.

Results for the remaining metals being monitored are presented in
Figures 3-16 through 3-22. These indicate tnét natural concentrations and
variability of the metals are as great at control stations as at the
diffuser. |

The tendency for diffuser area sediments to be lower in metals
initially and to increase in metals toward ambient levels with time
results from the fact that activities associated with trenching and
burying of the diffuser pipe caused the finer grained sedimenta;y material
to be suspended and carried away from the diffuser area relative to the
coarse grain sands. This is reflected in the lower initial levels for
some metals. With time,.it appears that more fiﬂe grain matérial has
returned to the area and metal levels near the diffuser have approached,
if not exceeded, ambient. This pattern is especially evident for Al

(Figure 3-18), Cr (Fiéure 3-18), Fe (Figure 3-20) and 2n (Figure 3-22).
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The effect of changing sediment grain size was especially .evident for
results obtained after Hurricane Alicia. Sediment samples collected on
August 29, after the hurricane, showed considerable change in particle
size (see Figure 3-13). As a result, increased metal levels were obgerved
downcoast from the diffuser as finer grained material settled there.

Concern during previous years that cadmium levels around the diffuser
might be increasing relative to ambient were not borne out by results for
the past year. Mean cadmium levels were highest at the control stations
during August and essentially tﬁe same for all stations the remainder of
the year. As pointed out in Chapter 5, sediment cadmium concentrations
have not reached biologically adverse 1e§els at any time during this

study.

3.3.7 High Molecular Weight Hydrocarbons

Large water samples (38 to 76 liters) were collected from the Brazos
River input, the Bryan Mound brine pit and sea water near the surface and
near the bottom at station D14 on February 22, 1983 and August 29, 1983
for heavy hydrocarbon analysis. At the same times, duplicate sediment
samples at station D14 were also collected for the same purpose. These
samples were extracted with suitable solvents, fractionated on silica gel
into classes of hydrocarbons and further analyzed by gas chromatography
and the aromatic and aliphatic fractions by mass spectrometry. Gas
chromatography derived concentrations of heavy hydrocarbons for the
fractions of the water and sediment samples are summarized in Table 3-10.
It should be noted here that in some cases, duplicates of water and |
sediment samples do not agree as well as might be expected. This is
particularly evident for the brine pit water and the sediment. For the
brine pit, the reason may be that wg use unfiltered water and a portion of
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Table 3-10.. Gas chromatography .derived concentrations (ug/l for water .and ..
ug/g9 Ary weight of sediments) of resolved hydrocarbons for
water and sediment samples collected. in .February and August

1983.
Sample -. +.Frac' 1 . Frac 2 . Frac 3 - Total - O/E: ! :Pr/Phy: . %:> C23 -
... . .February 1983 - -
River 1 1.144 0.036  0.202 1.382 1.159  0.97 81.58
River 2 1.440 0.020  0.180 1.640 1.010  1.122 75.57
Brine 1 ' 10.519 0.224  0.170  10.913 1.092  0.761 35.60
Brine 2 . 6.188. .0.132 . 0.100- -. 6.420..5-1.105 . .0.735 33.39
Surface SW(D14)  0.720.-.0.082 :- 0.150 . 0.950 . .2.412 ~19.696 . 53,53.
Deep SW(D1l4) 0.082 0.005 0.038 0.124 1.717 no phy. 61.85
D14 Sediment 1 0.378 0.020  0.086 0.484 2.562 n.d.  76.61
Auguét 1983v
River 1 0.778 0.359  0.563 1.700 1.318  1.361 69.29
River 2 0.832 0.126  0.470 1.428 1.163 - .1.214 61.02 "
Brine 1 . . 10.638 .0.146 - ..2.029. , 12.813 -0.973 0.995 34.46 -
Brine 2 6.846 0.207  1.424 8.477 0.987  0.928 39.62
Surface SW(D14)  0.414 0.011  0.956  1.381 1.592 1.52  52.16
Deep SW(Dl14). . 0.088 . 0.014° 0.468 - 0570 0.919. .0.749 .-18.31
D14 Sediment 1 . 7.233 .0.407 .1.169, - 8.809: 1.056 . .0.691 ~45.41 '

D14 Sediment 2 15.158 0.978 1.888 18.024 1.002  0.763 51.44

Aliphatic (hexane) fraction

Frac 1 =
Frac 2 = Aromatic .(40% benzene/hexane):fraction -
Frac 3 =

Polar (benzene) fraction

O/E = odd/even alkanes
Pr/Phy = pristane/phytane. ratio
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- the nydrocarbons may- be in. collodidal or particulate form and the duplicate
samples are not uniform. -This .lack of agreement on nydrocarbon
concentrations in the brine pit water happens more frequently than in
river.water;'<Tne lacx~of'agreementlin sediment:hydrocarbons is that we
make- ho effort.to nomogenize~tne sediments before extraction and the
sediment is usually4a silty sand and:simply is not homogeneous. In the
following discussion, averages of;tne duplicates, when available, will bev
used.- '

Heayy nydrocarpon concentrations of surface,and deep sea water and
the D14 sediment for February were normal. For surface sea .water the
nydrocarbon concentration was 0. 95 4g/1 and the deep water was 0.124 ug/l.
Sediment. nydrocarbon concentration was 0.48 ug/g dry sediment. The
hydrocarbon compositionﬂas indicated by gas chromatography. and mass
spectrometry indicated that tne nydrocarbons present in both. sea water and
sediment were of natural‘origin. ‘There were no detectable aromatics of
petroleum origin by mass spectrometry.3

Average hydrocarbon concentrations of'Brazos~River water for February
were low, i;e., 1.52 ug/l. There were no detectable aromatics of
petroleum_origin in the river water. .All:tne river uater‘nydrocarbons
were of natural origins. As usual, analysis of tne brine pit nydrocarbons
in February 1983, showed that most of the nydrocarbons in tne brine pit
were of petroleum origin. ' The average concentration in brine pit water
was 8.50 ug/1, and gas chromatography and gasLCnromatograpnyémass
spectrometry of the alipnatic and aromatic fractions indicated that orude
oil‘wasftne{sourcelof‘brine.pit hydrocarbons;.not'tne river.,'See Table
3-10. | | | |

Analyses of theuaugust 1983 water and sediment samples showed that .
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river water hydrocarbons were about the same as they were in February at
1.57 ug/l, and these hydrocarbons were of natural origin. The brine pit
hydrocarbon concentration was 10.64 ug/l, somewhat higher than it was in
February. The brine pit hydrocarbons were predominantly of petroleum
origin, because of the distribution of the alkanes, and odd/even ratio of
0.98 and the presence of methylated phenanthrenes and dibenzothiophenes in
the aromatic fraction. See Table 3-10 and Figure 3-23.

Hydrocarbon concentrations of surfaoe sea water at staéion D14 in
August was 1.38 ug/l, and near bottom sea water hydrocarbon concentration
was 0.574ug/1, both higher tnan7in February. However no petroleum
contamination was detectable. .

The hydrocarbon concentration of the D14 sediment sampled in August
was unusually high, w1£n an average of 13 ug/g dry sediment. gydrocarbbns
at this station traditionally have been under 1 ug/g. From the
distribution of the alkanes in the gas chfomatogram, it was noted that the
bulk of the alkanes had carbon numbers less than C=-23 (see Table 3-11) and
that the odd/even ratio was 1.025. Both these observations indicated a
petroleum source for the hydrocarbons. Examination of the mass spectra of
the compounds in the aromatic fraction indicated that methylated
phenanthrenes and methylated dibenzothiophenes were present, nighlf
similar to the brine pit hydroéarbons. See Table 3-1l1 and Figure 3-23.

It thus seems reasonably certain that the oil in the sediments is from the
brine pit.

A sediment from station 39, a control station, that had been
collected for grain size analyses at the same time that the hydrocarbon
samples were collected, was also extracted and analyZed in the same way

that D14 was. Gas chromatography and mass spectral data indicated that it
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Figure 3-23. Bryan.Mound .brine .pit aromatics and sediment (station D14)
aromatics for August 1983.
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Table 3-11. Evidence for petroleum ceontamination of D14 sediment and of
brine pit water.

D14 SEDIMENT
Odd/even ratio of alkanes = 1.025
% alkanes > C,_ = 48.42

23

Methylated phenanthrenes and dibenzothiophenes in aromatic -
fraction

BRINE PIT WATER

0dd/even ratio of alkanes = 0.98
% a;kanes > c23 u'37.04

Methylated phenanthrenes and dibenzothiophenes in aromatic
fraction )

3-48



was not petréleum contaminated. Also, a sediment saﬁble from D14
collected in Ngvember 1983 for other analyses was extracted and analyzed.
This latter analysis indicated that most of the oil contamination was
gone.

The routine SPR discharge monitoring results before, during and after

August 29, 1983 were obtained from POSSI and examined,.and no unusual oil

and grease content Og the discharged brine was observed.

3.4 ConclusionsAand Recommendations

During the past year, brine discharge has lead to small increases in

salinity, sodium and chloride in bottom waters and sediment pore waters

. near the diffuser relative to those further away. The increase has been

higher in sediment pore waters (6 to 7%) than in the bottom watgrs; With
a more uniform brine discharge rate, concentrations of éore water TDS,
sodium and chloride at the -diffuser are no longer increasing rélative to
ambient but appear to have stabilized at levels of about 6% over the
ambient. In addition, values at ali(nine diffuser area statioﬁs were
similar indicating this effect extended over the entire 305 m X 305 m
grid. It snouldlbe pointed out that the nigh salin;ty‘eveng observed at
the diffuser and extending several thousand meters out in June 1982 did
not occur 4uring the June 1983 sampling period but conditions leading to
this event may occur again in the future. The present sampling grid is
insufficient to properly evaluate such an event should it reoccur.

Major ion ratios in the sediment pore waters over the past yearA
reflect the levels observed for TDS and suggest that ion migrations into
the sediment have not led to ion exchange differences and ionic imbalance.
The range'of soluble heavy metals observed in the vicinity of the daiffuser
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was similar to that for the control. stations. Furthermore, levels of the
metals during the past year never exceeded the maximﬁm allowed EPA
criteria level for marine aquatic life. 1In the sedimenﬁs,»;ead levels
near the daiffuser continued to increase .slightly relative to those at
control stations. . Since lead was found to be higher in the brine than in
offshore waters, increases in sediment levels could be related to brine
discharge. It should be pointed out that, at present,'any'increases in
sediment metals at the diffuser relative to controls ape smallland that
similar natural variations have been observed during previous years.

Hydru¢arbun tontent of Brazos Rivér water was- essentially the same
for both sample periods, being 1.5 to 1.6 ug/l. - The ri?er hydrocarbons
appear to be from natural sources. The hydrocarbon concentrations in the
brine ranged from 8.5 to. 10.6 wg/l and were'predominantly of a paraffinic
crude o0il nature. Levels . in the offshore waters were 0.12 to 1.38 ug/1
with no evidence of crude il hydrocarhons. However, sediment
hydrocarbons were 0.48 ug/g in February and 13 ug/g in August. Hydrocarbon -
distribution indicates the latter to be from a crude oil source.. Gas
chromatography analyses coupled with mass spectra.data for both the August
sediment and brine pit samples strongly suggest the brine pit has the
source of the sediment hydrocarbons.

Based upon results of the past year, a number of changes in the Bryan
Mound water aﬁd sediment quality monitoring appear warranted. At present,

the nine diffuserﬂarea stations are. sufficiently close .together that pore

water salinities and several other parameters appear to he the sameé. at all

nine stations much of the time. Moving four of these stations farether out
would not affect our evaluation of what occurs at the‘diffuser proper but

could be beneficial in determining the extent of quality changes when they
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extend beyond the 152-meter (500-foot) range of the present stations. It
is recommended that thé sampling station ;bcations be modified as follows:

.a. For all parameters, 'four of the immediate diffuser stations (D10,

n12,~p15,~ana-nle) be'eliminated'gﬁd replaced by four stations
located farther out (800 m or one-half mile) from the diffuser to
determine if chémical parameters are affected farther from the
diffuser than-is possible with the present grid. These stations
should be sampled on a quarterly basis as presently done.

b. For pore water salinity (or TDS), an additional seven sediment
sampling stations be added to the above recommended stations to
evaluate the extent of elevatedAporelwater gsalinities. These
stations should also be sampled on a quarterly basis and at the.
same time as the other water and sediment stations. These seven
stations are located at some of our present CTD. stations. Figure
3-24 shows all of the stations at which samples should be
collected for pore water salinity measurements.

Should negative redox potential in the sediments continue, the
potential for increased metal solubilization exists. The present 1 N acid
extraction method might not detect subtle changes in metals that could
affect benthic organisms. It is.recommended that trace metal analyses in
the sediments be expanded to include soluble ﬁetals in the pore waters.

Differences in the major ion -levels' at ‘the diffuser and at ambient
staiions in the water‘columh have begn minimalﬂ The brine discharge has
nptAsiénificantly affeéﬁed the major ions or their ratios in Fhe water
column .at the diffuser. The small changes tnat have occurred can be
predicted from salinity aifferences betweeﬂ1sta£ions.‘ It is therefore

recommended that major ion analysis in the water column be discontinued.
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CHAPTER 4
' NEKTON

- John S. Pavela and Mark E. Chittenden
Department of Wildlife and Fisheries Sciences

4.1 Introduction

Coastal waters of the Gulf of Mexico off Freeport, Texas have become the
receiving site for brine discharge from an underground salt dome being
ieecned to provide storage for crude oii as part of the Strategic Petroleum
Reserve Program of the U.S. Department of Energy. Earlier environmental
assessments prior to and after discharge have provided a background against
which effects of recent brine disposal can be examined. The present report
anai&zes‘effects of brine disposal in e one-year postdisposal period from
September 1982 tnrcugh Aucust 1983 based on among-staticn patterns within a
given cruise. These data are integrated with those from the predisposal
study (Chittenden et al,‘lgela), March 1980 through August 1981
" eighteen-month pcstdisposal study (cnittendenuet al, 1981b, 1982) and
September 1981 through August 1982 postdisposal study (Pavela and
cnittenden, 1983) in discussing the impact/non-impact of brine disposal.

This’ cnapter describes the nekton community in the diffuser area off
Freeport during tne September 1982 through August 1983 postdisposal period.
Field activity, experimental cbjectives, design, and analytical procedures¢
are described in Section 4.2. Sectiens 4.3.- 4.5 provide background>data
for the diffuser area. Section-4.3 delineates affinities and. differences
among diffuser stations using cluster analysis; overall snrimp fauna and
ichthyofauna compOSitions are described in Section 4.4, and individual
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station shrimp fauna and ichthyofauna compositions are described in Section
4.5. Thereafter, Sections 4.6 - 4.14 detail the effects of brine discharge
on nekton including an analysis and discussion of field observations of the
effects of brine on nekton (4.6), analysis of variance evaluations and
individual degree of freedom comparisons of among-station and quarterly
trends for total shrimp abundance (4.7), total fisﬁ abundahée (4.8), total
nekton biomass (4.9), and ichthyofauna diversity (4.10), comments on the
occurrence of red drum and black drum (4.11), and an analysis of
among-station size compositions of important nekton (4.12). Section 4.13
summarizes the overall effects of brine disposal on nekﬁon and the final

Section (4.14) presents basic conclusions.

4.2 Materials and Methods

Field and laboratory methods and procedures used in the collection and
validation of biological and hydrographic déta.during the September 1982
through August 1983 postdisposal period were the same as those employed in
previous postdisposal studies. A detailed description of‘these may by found
in Pavela et al, 1983. The following sections summarize field activity
during the present study and describe objecfives of field collections,

experimental design, and analytical procedures.

4.2.1 Field Activity

Four daytime cruises were completed aboard the R/V Excellence II at the
Bryan Mound disposal site off Freeport during the September 1982 througﬁ
Aﬁgust 1983 monitoring period. Cruises were made at three=month intervals
dquring November 1982, and February, May and September 1583 to make
collections at an array of 18 stations surrounding ﬁne diffuser.

Collections made in September were to have been made in August, but were

4-2



delayed becausq-of Hurricane Alicia. Table 4-1 summarizes cruise and
!

station collectioh dates. Station coordinates are listed in Table 4-2.

Figure 4-1 illustrates their locations in relation to ﬁne diffuser.

4.2.2 Opjectives; Experiﬁental Design and Analytical Procedures

The objectives of field cperations were to acquire data to describe the
near-diffuser‘nekton Eommunity to include: 1) voverall total shrimp and
total fish abundance, total biomass and ichthyofauna diversity; 2)
among-stations patterns in total shrimp and total fish abundance, total
biomass and ichthyofauna diversity; and 3) specific evaluations of among
stations effects of brineAdisposal. Among-station patterns at a given time
(variation among stations, within a cruise) were the principal background
against which the effects of brine disposal were evaluated (Chittenden et
al, 1981b, 1982)-

The experimental design and data analysis for the present period
followed those of the predisposal and previous postdisposal studies
(Chittenden et al, 198la, 1981b, 1982; Pavela and Chittenden, 1983) and was
preplanned iﬁ terms of its stations vs. cruises = months factorial nature.

Mean catch per trawl tow (C/f) for total fish abundance, total shrimp
abundance, total biomass (snrimp and. fish), and ichthyofauna diversity near
the diffusér were evaluated by analysis of variance procedures using a
two-way factorial experiment in a completely randomized design as calculated
by the.SAS program ?roc GLM (Helwig and Council, 1979) with LOGe
transformation of data; Ekéeétions to tnis were that total biomass was not
transformed and 1cntny6fauna diversity w&s calculated as Shannon-Weiner's H'
using base 2 logs fdlloﬁing Krebs (1972). ?actprs Qere stations and
cruises. Individual dégree of freedom comparisons (Steele‘gﬁd Torrie, 1980)
were made to evaluate tﬁe éffectslof brine disposal usiﬁé tne‘following

4-3



Table 4~1. Nekton cruise and station collection dates.during the September
1982 through August 1983 postdisposal period.

Station 8-10 November 8-~9 February 19-22 May 1-2 September

1982 1983 1983 1983
9 10 - e . 22 o 2
20 10. 9 20 2
21 10 .9 .20 : -2
22 10 - 9 20 - 2
B 9 8 19 1
14 9 8 .1y 1
c ) 8 19 1
18 8 8 .19 1
15 8 8 19 1
16 g 8 19 | 1
19 8 8 19 1
D 8 8 19 : 2
17 8 8 19 2
E 8 a 19 2
23 9 8 22 2
24 9 9 22 2
28 9 9 22 2
26 9 9 22 2
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Table 4-2. Latitude and "longitude, LORAN C coordinates, and compass
bearings for Bryan- Mound nekton trawl stations.

Station Latitude Longitude .LORAN C Coordinates Tow Bearing

%A 28°54.78'N 95°15.93'W 11056.1  25276.5 237°

9B 28°54.78'N 95°15.93'W 11056.2 25270.5 57°
4R 28%43.20'N 95°16.12'W 11058.8 25248.1 147°
148 28°43.20'N 95°16.12'W . 11059.4 25248.6 327°
1SA '28°44.08'N 95°14.55'W 11058.4 25266.5 147°
158 28°44.08'N 95°14.55'W 11059.1 25266.9 327°
162 28°44.19'N 95°14.41'W  11058.4 25262.8 . 327°
168 28°44.19'N 95°14.41'W 11058.1 25263..0 147°
17A 28°45.04°N 95°12.89°'W 11058.1 25289.0 147°
178 206°43.04'N 95°12.89'W 11058.7 25289.4 327°
168A 28°44.02°N 95°15.17'W -11058.5  25263.1 147°
188 28°45.02'N 95°15.17'W 11059.1 25263.4 327°
19 28°44.59'N 95°14.21'W  11058.4 25272.3 147°
198 28°44.59'N - 95°14.21'W 11059.1 25272.8 327°
20A 26°44.08'N 95°15.68'W 11058.2 25261.0 237°
208 28°44.08°'N 95 '15.68'W  11058.3 25255.0 57°
21A 28°44.55'Y '95°14.85'W 11056.0 25267.0 237°
218 28°44.55'N  95°14.85'W 110s8.1 25261.0. . 57°
22A 28°44.99'N 95°14.05'W 11057.9 25281.6 - 227
22B | 28°¢4.99'N 95°14.05'W 11058.0 25275.5 57
23 28°63.23'N 95°15.01'W 11059.5 25261.9 237°
238 26°43.23'N 95°15.01'W 11055.6 25255,9 57°
24A 28°43.78'N 95°14.22'W 11059.3 25272.3 237°
248 . 28°43.78'N 95°14.22'W 11059.4 25266.3 57°
285A 28°44.14'N 95°13.40°'W 11059.2 25282.5 237°
258 28°44.14'N 95°13.40'W 11059.3 25276.5 57°
' . 267 28°41.11'N 95°13.42'W '11062.8 25259.0 237°
268 20°41.11°N 95°13.42'W 11062.6 25262.7 *57°
BA 26°41.53'N 95°19.47'W 11059.5 25208.6 147°
BB 28°41.53'N 95°19.47'W 11061.1 25208.8 327°
CA 28°43.57'N 95%15.47'W 11058.7 25256.7 147°
cB 28°43.57'N 95°15.47'W 11059.3 25257.0 327°
DA~ 28°44.58'N 95°313.50'W 110%8.2 25280.8 147°
DB 26°44.58'N 95°13.50°W 11058.8 25281.0 327°
EA 28°46.70'N- 95°09.65'W 11057.4 28322.9 147°
EB '29°46.70'N 95°09.65'W 11058.0  25332.2 327°
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contrasts:

1) stations within the brine plume vs. stations outside the brine

plunme,

2) linear regression effects of Sriné_Canentrations above ambient, and

3) quadratic regression effects of brine concentrations above ambient.
Individual trawl tows made at each station were.treated separately and not
pooled. This was done to perm;t calculation of an errér mean square for the
factorial experiment; this then was used as the.denominator in individual
degreg of freedom F tests. Comparisons wére made within individual cruises
and for all cruises pooled statiéns X qru1;e§ i&terﬁctibh when significant.

Trawl stations were assigned brine elevations using bottom salinity
i'measured at each station'during each cruisef /Brine elevations were
determined relative to ambient salinity which wﬁs defined as the arithmetic
mean of bottom salinities at sééﬁions B éhd:E. These stations are located
~at the same depth and parailel to the diffuser} 4.5 nautical miles upqoast
'w:and doﬁncoast, and are always pey@nd £h§ spread of tne‘bfine plume according
to exposure rosettes (Randall énd McLellan, 1983). Ambient salinity was
measured daily to ensure that any natural variations in salinity, which
‘mignt occur over the course of a éfuise and coﬁceal brine effects, would be
recognized. Brine elevations at individual stations were coded 0 o/oo for
salinities below ambient and between 0.0 - 0.4 o/oc above ambient, 1 0/00
for salinities 0.5 - 1.4 o/oo above ambient, 2.o/oo for salinities 1.5 - 2.4
o/00 aone ambient, 3 o/oo for salinitiésAz;é - 5.4 o/oo above ambient, and
4 o/co for salinities 3.5 - 4.4 apove ampient (Table 4-3). To emphasize
possible effects of brine in the first contrast cited above, stations at
ambient (0 o/oco0) were compared against sgéiidﬁs ;1tn brine elevations in

excess of 1 o/oo; stations at 1 o/co above ambient were excluded.
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Table 4-3. Bottom ambient salinities (o/00), observed surface and bottom °
water salinities, and assigned brine elevations measured at each
station during the September 1982 through August 1983
postdisposal period. See Section 4.2.3 for procedures used to.
define ambient salinity and assign brine elevations. No surface
salinity data was collected on 8-10 November 1982.

Elevation

: Defined = Above Assigned
' Surface Bottom Ambient Ambient Brine
Cruise Station Salinity Salinity Salinity Salinity Elevation

8-10 November 9 — 31.6 32.6 -1.0 0
1982 20 -- 32.0 32.6 -0.6 0
21 - 31.9 3.6 =047 f
22 . - 31.9 . 32.6 -0.7 0
B -- 32.5 32.6 -0.1 0
14 - 32.6 32.7 -0.1 0
c - 33.3 32.7 +0.6 1
18 - 32.6 32.7 -0.1 0
18 - 34.6 32.7 +1.9 2
16 - 34.6 32.7 +1.9 2
19 - 33.8 °  32.7 +1.1 1
D -- 32.7 32.7 0.0 0
17 - 33.4 32.7 +0.7 1
E == 32.9 32.7 +0.2 0
a3 - 33.2 32.6 +1.0 1
24 - 32.5 32.6 -0.1 0
25 - 32.2 32.6 -0.4 0
26 - 32.3 32.6 -0.3 0
8-9 February 9 25.7 27.5 28.3 -0.8 0
1983 20 26.9 29.0 28.3 +0.7 1
21 27.0 27.9 - 28.3 =0.4 0
22 26.9 27.9 28.3 -0.4 0
B 27.2 - 28.8 28.4 +0.4 0
14 27.1 28.0 28.4 -0.4 0
c 27.3 28.5 28.4 +0.1 0
18 - 27.3 30.5 28.4 +2.1 2
15 27.2 31.1 28.4 +2.7 3
16 27.1 30.0 '28.4 +1.6 2
19 27.0 - 29.0 28.4 +0.6 1
D 27.0 - 27.9 2R.4 =0.5 0
17 26.9 27.5 28.4 -0.9 0
E 26.8 28.0 28.4 -0.4 0
23 27.1 30.0 28.3 - +1.7 2
24 o 27.1 32.2° 28.3 +3.9 4
25 27.0 30.5 28.3 +2.2 2
26 27.3 27.9 28.3 ~0.4 0
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Table 4-3. Continued.

} Elevation
Defined Above Assigned
Surface Bottom Ambient  Ambient = Brine
Cruise Station Salinity Salinity Salinity Salinity Elevation

19-22 May 9 28.0 - 31.2 °  31.0 °  +0.2 0
1983 20 28.2 31.2 . ° 31.0 +0.2 (o]

21 28.4 31.8 31.0 +0.8 1.
22 28.4 30.2 31.0 -0.8 0

B 28.5 - 31.3. 31.6 -0.3 0

14 28.4 31.0 - 31.6 -0.6 0
c . 28.4 . 32.0. 31.6 +0.4 (o]
18 28.5 .- 32.0 31.6 +0.4 0
15 28.4 34.1 31.6 +2.5 3
16 28.4 34.8 31.6 +3.2 -3
19 28.6 32.9 31.6 +1.3 1
D 28.5 31.8 31.6 +0.2 0
17 28.3 °  31.8 31.6 +0. 0
E . 28.0 - 31.9 31.6 +0.3 0
23 28.5 31.3 31.0 +0. o}
24 28.5 . 31.9 31.0- +0.9 1
25 28.6 31.5 31.0 +0.5 1
26 28.9 31.2 31.0 +0.2 o]
1-2 September 9 23.8 30.2 30.7 -0.5 0
1983 - 20 25.0 31.9 30.7 +1.2 1
21 25.0 - 31.0 30.7 +0.3 0
22 25.1 31.0 30.7 +0.3 0
B . 24.9 31.1 30.7 +0.4 0
14 24.8. ' 30.9 30.7 - +0.2 (o]
c 25.0 31.7 30.7 +1.0 1
18 25.0 31.2 30.7 +0.5 1
15 25.0 32.0 - 30.7 +1.3 1
16 25.0 33.0 30.7 +2.3 2
19 25.2 33.0 . 30.7 +2.3 2
D 25.0 31.7 - 30.7 +1.0 1l
17 24.8 - 30.5 30.7 -0.2 0
E 25.0 30.5 .- 30.7 -0.2 0
23 . 25.1 31.0 30.7. +0.3: o)
24 25.0 32.0 30.7 +1.3 1
25, 25.0 32.1 - 30.7 -- +*1.4 1
2

26 25.0 32.5 30.7 +1.8




A

Nekton patterns described for the diffuser area are based on stations
14~-25, B, C, D, and E. Pfevious analyses of by-statioﬁ nekton compositions
(Chittenden et al, lQéla, 1981b, 1952) indicated valid exclusion of stations
9 and 26 from the diffuser station set because of subtle compositional
changes associated with differences in depth and distance from sﬁore. This
precedent has been continued to.facilitate inter-report cohparisons.
Diffuser statioh groupings were delineated by cluster analysis using the
Bray-Curtis coefficient of similarity and flexible sorting.(c1ifford and
Stephenson, 1975) which determines similarity/dissimilarity among stations

and station sets based on relative species abundance.

4.3 Results and Discussion 2£ Cluster Analysis

Cluster analysis produced a dendogram consisting of one major,
relatively homogeneous station group comprised of all stations but station
26 (Figure 4-2). Station 26, located furthest offshore and in deeper water
than all other stations, separated at the 0.48 Bray-Curtis value. The major
gréup,'similar at the 0.36 Bray-Curtis value, was made up of two minor
station sets. The larger of these minor sets included 11 diffuser area
stations which clustered into two subsets of neighboring stations. One
subset consisted of stations furthest offshore (23, 24, 25) and upcoast (17,
D, E) of the diffuser (0.30 Bray-Curtis); the other was made up of stations
(15, 16, 18, 19, C) which immediately straddle the diffuser on either side
(0.22 Bray-Curtis). The second minor station set, similar at the 0.26
Bray-Ciirtis valiie and situated inshore and farthest downcoast of the
diffuser, was formed Sy six stations (9, an inshore station and historically
not considered a diffuser area station; 14, 26, 21, 22, B).

The small d;fferences in major station group Bray-Curtis values continue
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Figure 4-2. Cluster analysis dendogram of nekton (shrimps and fishes) from
18-station quarterly data during the September 1982 through
August 1983 postdisposal period.
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- to indicate the diffuser area formsfa basicall§ homogeneous nekton
community. Results of predisposal and earlier 'pcstdisposal cluster analyse‘s.
indicate the nektcn.community has become sligntly nore:dissimilar since the
cemmencement of brine disposai, but observed predispcSal/postdisposai
differences show no constant trend tcward increasing ecological'
heterogeneity. During the predisposal period (cnittenden et al., 1981a),
major station groups differed by no more than 0. 08 Bray-Curtis. Respective
differences among major station groups increased to.0.12 and 0.30
Bray-Curtis during the xarch 1980 through February 1981 (cnittenden et al.,
1981b) and March through August 1981 (Chittenden et al., 1982) postdisposal
periods, but decreased to 0.22 Bray-Curtis during the preceding study
(Pavela and Chittenden, 1983) and were no greater than 0.14 Bray-durtis_in‘

the present study.

v

4.4 Results and Discussion.gg Overall Nekton Compositions in the. Diffuser

Area
‘A total of 2,176 shrimps and 54,206 fishes of 83 species were captured
- in 128 trawl tows made in the diffuser‘area (stations 14 through 25'and B

i through E) during the September 1982 through August 1983 period (Tables'4-4
and 4-5). Data on snrimp and fish compositions at'stations 9 and 26,
located inshore and orfshere of the diffuser areabat'different depths, are
presented in Tables D-1 through D-8. |

Penaeus aztecus (64.2%) and. P; setiferus (27.8%) dominated the shrinp

catch in the diffuser area and togetner made up 91.9% of the total (Table

4-4). Penaeus duorarum (8.1%) was much 1ess abundant.

' Only elight species of fish eacn made up greater than 2% of tne total
fisn catch and comprised 86.0% of the diffuser area catcn (Table 4-5). Tne
remaining 13. 9% was distributed among 75 less abundant species. Stenotomus
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Table 4-4. Overall composition of dominant and non-dominant species of
- shrimp in the AQiffuser area (stations 14 through 25 and B through

E) during September.1982 through August 1983 postdisposal period.

Total Mean
Catch - Catch % CUM %
Dominant Species'(a)
PENAEUS AZTECUS - 13986 10.91 64.15 64.15
PENAEUS SETIFERUS 604 4.72 '27.76 Sl1.91
8.09 100.00

PENAEUS DUORARUM 176

¢

Non-Dominant Species (0)

1.38

Number of tows = 128
. Total = 2176
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Table 4-5. Overall composition of dominant and non-dominant species of fish
in the aiffuser area (stations 14 through 25 and B through E)
dauring September 1982 through August 1983 postdisposal period.

Total Mean
Catch Catch % CUM %
Dominant Species  (8)
STENOTOMUS CAPRINUS 14023 109.55 25.87 25.87
CYNOSCION NOTHUS , 11461 89.54 21.14 47.01
SYACIUM GUNTERI 5705 44.57 10.52 57.54
ANCHOA HEPSETUS 5449 42.57 10.05 67.59
CHLOROSCOMBRUS CHRYSURUS 4851 37.90 8.95 76.54
PEPRILUS BURTI 2181 17.04 4.02 80.56
TRACHURUS LATHAMI 1592 12.44 2.94 83.50
PEPRILUS PARU 1371 10.71 2.53 86.03
Non-Dominant Species  (75)

* SELENE SETAPINNIS 687 5.37 1.27 87.30
POLYDACTYLUS OCTONEMUS 644 5.03 1.19 88.48
ANCHOA MITCHILLI 601 4.70 1.11 89.59
TRICHIURUS LEPTURUS 524 4.09 0.97 90.56
SPHOEROIDES PARVUS 489 3.82 0.90 91.46
DIPLECTRUM BIVITTATUM 448 3.50 0.83 92.29
PRIONOTUS RUBIO 437 3.41 0.81 93.09
ARIOPSIS FELIS - 424 3.31 0.78 93.88
SYNODUS FOETENS . 382 2.98 0.70° 94.58
ETROPUS CROSSOTUS 373 2.91 0.68 95.27
LARIMUS FASCIATUS 272 2.13 - 0.50 85.77
CITHARICHTHYS SPILOPTERUS 211 1.68 0.39 96.16
LEPOPHIDIUM GRAELLSI - 201 1.57 0.37 96.53
PORICHTHYS PLECTRODON 185 1.45 0.34 96.87
CYNOSCION ARENARIUS 165 1.29 0.30 97.18
MICROPOGONIAS UNDULATUS 160 1.25 0.30 S7.47
SYMPHURUS CIVITATUS 142 1.11 0.26 97.73
CENTROPRISTIS PHILADELPHICA 133 1.04 0.25 97.98
S8ELAR CRUMENOPHTHALMUS 108 0.84 0.20 98.18
OGCOCEPHALUS'DECLIVIROSTRIS 108 0.84 0.20 98.38
SAURIDA BRASILIENSIS ; 100 0.78 0.18 98.56
UPENEUS PARVUS 92 10.72 0.17 98.73
LEIOSTOMUS XANTHURU3 . 82 0.64 0.15 90.88
BREVOORTIA PATRONUS 62 0.48 0.11 99.00
HALIEUTICHTHYS ACULEATUS 60 0.47 0.11 99.11
UROPHYCIS FLORIDANUS ) .44 0.34 0.08 99.19
MENTICIRRHUS AMERICANUS 42 0.33 0.08 99.27
LAGODON RHOMBOIDES 36 0.28 0.07 99.33
BOLLMANNIA COMMUNIS 33 0.26 0.06 99.39
 PARALICHTHYS LETHOSTIGMA 30 0.23 0.06 99.45
CYCLOPSETTA CHITTENDENI - 30 0.23 0.06 99.51
PRIONOTUS TRIBULUS : 24 0.19 0.04 99.55

CARANX CRYSOS 22 0.17 0.04 99.59
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Table 4-5. Continued.

Total Mean .
Catch Catch % CUM &
ORTHOPRISTIS CHRYSOPTERA 22 0.17 0.04 99.63

LUTJANUS CAMPECHANUS 20 0.16 0.04 99.67
HARENGULA JAGUANA 19 0.15 0.04 99.70
SCORPAENA CALCARATA 14 0.11 0.03 99.73
PRIONOTUS SALMONICOLOR 12 0.08 0.02 99.75
RHIZOPRIONODON TERRAENOVAE 12 0.09 0.02 99.77
GYMNACHIRUS TEXAE 11 0.08 " 0.02 99.79
BAGRE MARINUS 11 0.08 0.02 99.81

0.08 0.02 99.83
0.07 0.02 99.85
0.06 0.01 99.86
0.05 0.01 99.88
0.04 0.01 99.89
0.04 0.01 99.89
0.03  0.01 99.90
0.03 0.01 99.91
0.02 0.01 99.91
0.02 0.01 99.92
0.02 0.01 99.93
0.02 0.01 99.93
0.02 0.01 99.94
0.02 0.01 99.94
0.02 0.01 99.95
0.02 0.00 99.95
0.02 0.00 99.96
0.02 0.00 99.96
0.02 0.00 99.96
0.02 0.00 99.97
0.02 0.00 99.97
0.02 0.00 99.97
0.02 0.00 99.98
0.02 0.00 99.98
0.01 0.00 99.98
0.01° 0.00 99.98
0.01 0.00 99.99
0.01 0.00 99.99
0.01 0.00 99.99
0.01 0.00 99.99
0.01 0.00 99.99
0.01 0.00 100.00
0.01 0.00 100.00
0.01 0.00 100.00

OPISTHONEMA OGLINUM
OPHIDION WELSHI

PRIONOTUS OPHRYAS
OGCOCEPHALUS PANTOSTICTUS
RAJA TEXANA

LAGOCEPHALUS LAEVIGATUS
LUTJANUS SYNAGRIS
SCOMBEROMORUS CAVALLA
ANCYLOPSETTA QUADROCELLATA
ANCHOA LYOLEPIS

BROTULA BARBATA
EUCINOSTOMUS GULA
POGONIAS CROMIS
STEPHANOLEPIS SETIFER
SARDINELLA AURITA
GYMNOTHORAX NIGROMARGINATUS
SYMPHURUS PLAGIUSA '
GOBIONELLUS HASTATUS
SYNGNATHUS LOUISIANAE
PARALICHTHYS ALBIGUTTA
SPHYRAENA GUACHANCHO
BALISTES CAPRISCUS
EUCINOSTOMUS ARGENTEUS
BELLATOR MILITARIS
EUCINOSTOMUS MELANOPTERUS
CHILOMYCTERUS SCHOEPFI
ACANTHOSTRACION QUADRICORNIS
DECAPTERUS PUNCTATUS
DASYATIS AMERICANUS
SPHYRNA TIBURO

SELENE VOMER

ALECTIS CILIARIS

ETRUMEUS TERES
HEMICARANX AMBLYRHYNCHUS

[
HEFPHEFPEPPRPFFEFRERAFNNDNDNNMNNNMNWWWWWWWLELOMIOWO

128
54206

Number of tows
Total

4-15



cagrinus was the most numerous species, accounting for 25 9% of the total.

Other dominants were cynoscion nothus (21 1%), §xacium gunteri (10 5%),

Anchoa hepsetus (10.1%), Chloroscombrus chrysurus (9.0%), Peprilus burti

Ve e

(4.0%), Trachurus 1athami (2 9%), d Pegrilus paru (2 5%)

W

Diffuser area biomass compositions of principal shrimps and fishes were

generally similar to those by abundance. Penaeus aztecus (54 sg) and p,"w"

setiferus (41 7%) togetner formed 96.3% of total snrimp biomass (Table 4-6 )

Penaeus duorarum (3 7!) maae up a ‘minor portion of the oatch by weignt, -
Ten species eac¢h made up greater than 2% of tne totaquisn biomass and
accounted for 84 4% of the total fish biomass in the diffuser area (Table
'4-7). The remaining 15.5% was distributed among 73 less abundanb_speciesr
The numerical dominants (Table 4-~5) were generally amongftﬁe-principal )
species when ranked by weight also. Stenotomus caprinus, the most numerous
species, also formed the greatest portion of total biomass (19.0%). Other
numerical dominants that were alsv dominants by woight were: C. nothus
(15.7%), C. chrysurus (14.2%), S. gunteri (8.9%), A. hepsetus (7.4%),
P.burti (4.7%), and T. lathami (3.9%). Several species which were minor

numerically, were dominants by weight because of their large relative sizes.

These included Ariopsis felis (6.3%), Rhizoprionodon terraenovae (2.3%) and

Pogonias cromis (2.1%).

Relative abundance-rankings of shrimps in the present study were similar
to those on day-cruises in analogous months during ptredisposal and
eighteen-month postdisposal studies (cnittenden et al, 198l1a, 1981b and
1982), but rankings for both abundance and biomass in the present study
reversed from those in the preceding postdisposal period (Pavela and
Chittenden, 1983). In the former studies (Chittenden et al, 158la, 1981b

and 1982) P. aztecus (72.9 % number) dominated diffuser area catches as in
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Table 4-6. Overall_biomasé compositions of dominant ahd non-dominant shrimp
in the diffuser area.(Stations 14 through 25 and B through E)
during September 1982. through August 1982 postdisposal pericd.

!

i
|
1

Species:- . Total Biomass Mean Catch % ~ CUM %
(kg.) '
Dominant Species (3)°
PENAEUS AZTECUS. 25.3 0.198 54.64 '54-54 h
PENAEUS SETIFERUS ) 19.3 0.151 41.68 . 96.32
: 1.7 0.038 '

PENAEUS DUORARUNM

-Non-Dominant Species (b)

3.67 ' 100.00

Number of tows = 128
Total Biomass = 46.3
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Table 4-7. Biomass compositions of dominant and non-dominant fishes in the
diffuser area (Stations 14 through 25 and B through E) during the
September 1982 through August 1583 postaisposal period.

Total Mean _

Species Biomass Catch % CUM %

(kg.)

Dominant Species (10) ' A
STENOTOMUS CAPRINUS : 196.3 1.533 19.04 19.04
CYNOSCION NOTHUS 161.5 1.262 15.67 34.71
CHLOROSCOMBRUS CHRYSURUS 145.9 1.139 14.15 48.86
SYACTIM GUNTERI- 91.5 0.715 8.88 57.74
ANCHOA HEPSETUS 76.4 0.597 . 7,41 65.15
ARIOPSIS FELIS 64.8 0.506 6.29 71.44
PEPRILUS BURTI 48.1 0.376 0 4,87 76.11
TRACHURUS LATHAMI 40.2 0.314 3.90 80.01
RHIZOPRIONODON TERRAENOVAE 24.0 0.188 2.33 82.34
POGONIAS CROMIS 21.5 0.168 ' 2.09 84.43

Non-dominant Species (73)

- SYNODUS FOETENS 18.0 0.141 1.78% 86.18
CYNOSCGION ARENARIUS 16.0 0.131 1.63 07.81
PEPRILUS PARU 16.4 0.128 1.59 89.40
SELENE SETAPINNIS 12.1 0.095 1.17 90.57
PARALICHTHYS LETHOSTIGMA 11.3 0.088 1.10 91.67
MENTICIRRHUS AMERICANUS 10.3 0.081 1.00 92.67
TRICHIURUS LEPTURUS 9.8 0.076 0.95 93.62
MICROPOGONIAS UNDULATUS 7.4 0.058 0.72 94.34
BREVOORTIA PATRONUS 5.8 0.045 0.56 94.90
PRIONOTUS RUBIO 5.7 0.045 0.55 95.45
LEPOPHIDIUM GRAELLSI 5.0 0.039 0.49 95.94
POLYDACTYLUS UCTUNEMUS 5.9 0.019 0.49 96.4)
LEIOSTOMUS XANTHURUS 4.7 0.037 0.46 96.89
DIPLECTRUM BIVITTATUM 3.2 0.025 0.31 97.20
BAGRE MARINUS 2.9 0.023 0.28 97.48
RAJA TEXANA 2.8 0.022 0.27 97.7%
PORICHTHYS PLECTRODON 2.4 0.019 0.23 97.98
LARIMUS FASCIATUS 2.2 0.017 0.21 98.19
UPENEUS PARVUS 1.8 0.014 Q.17 98.36
SELAR CRUMENOPHTHALMUS 1.7 0.013 0.16 98.52
ETROPUS CROSSOTUS 1.6 0.013 . 0.16 . 98.68
CENTROPRISTIS PHILADELPHICA 1.4 0.011 0.14 98.82
OPISTHONEMA OGLINUM 1.3 0.010 0.13 98.95
DASYATIS AMERICANA 1.1 0.009 0.11 99.06
UROPHYCIS FLORIDANUS 1.1 0.0098 0.1 - 99.17
ANCHOA MITCHILLI 1.0 0.008 0.10 99.27
PARALICHTHYS ALBIGUTTA 0.8

0.006 0.08 99.35
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Table 4-7. Continued.

Total Ma2an
Species . Biomass Catch % CUM %
' C " (kg.)
CARANX CRYSOS 0.7 0.006 0.07 99.42
CITHARICHTHYS SPILOPTERUS 0.7 0.006 0.07 99.49
HARENGULA JAGUANA : 0.7 0.006 0.07 99.56
GYMNOTHORAX NIGROMARGINATUS 0.6 0.005 0.06 99.62
SYMPHURUS CIVITATUS 0.6 0.005 0.06 99.68
LUTJANUS CAMPECHANUS 0.6 0.005 0.06 99.74
PRIONOTUS TRIBULUS 0.5 0.004 0.05 99.79
BALISTES CAPRISCUS 0.4 0.003 0.04 99.83
SPHYINA TRIBURO - 0.4 0.003 0.04 99.87
OPHIDION WELSHI 0.4 0.003 0.04 99.91
CHILOMYCTERUS SCHOEPFI 0.3 0.002 0.03 99.94
ANCYLOPSETTA QUADROCELLATA 0.2 0.002 0.02 99.96
LAGODON RHOMBOIDES 0.2 0.002 0.02 99.98
ALECTIS CILIARIS 0.1 0.001 0.01 99.99
OGCOCEPHALUS PANTOSTICTUS 0.1 '0.001 " 0.01 100.00
EUCINOSTOMUS GULA 0.1 0.001 0.01 100.00
ACANTHOSTRACION QUADRICORNIS 0.1 0.001 + 0.01 100.00
PRIOCANTHUS ARENATUS 0.1 0.001 0.0l 100.00
PRIONOTUS SALMONICOLOR 0.1 0.001 . 0.01 100.00
SPHOEROIDES PARVUS 0.1 0.001 0.01 - 100.00
CYCLOPSETTA CHITTENDENI 0.1 0.001 0.01 - 100.00
Other Species (25) <0.1 <0.001 <0.01 . 100.00

Number of tows = 128
Total Biomass = 1,030.9
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the present study (91.9% number; 96.3% weight), but P. setiferus (62.71%
~number; 78.5% weight) was the principal shrimp found by Pavela and

Chittenden, 1983. Penaeus duorarum continued to be the least important

commercial penaeid captured, though its abundance (8.1%) was greatef than in
earlier studies when it generally constituted less than 2% of the catches.
Diffuser area 1cntnyofauna compositions continue to be dominated by
relatively few species. The same species tend to apﬁear year after year
though rélative abundance of individual species generally fluctuate greatly.
84.4% weight) made up 74.9% and 70.1% of ichthyofauna by number and weight
during the September 1981 through August 1982 study period. Tnougn these
pércentaqes are comparable, those of some componenﬁ Spec;es are not. Four
species showed large increases in relative abundance including S. caprinus
(25.9% vs. <0.1%), A. hepsetus (10.lx vs. 3.8%), T. 1a£nami (2.9% vs. 0.1%),
and P. paru (2.5% vs. <0.1%) while two others, C. nothus (21.1% vs. 40.9%)
and §. gunteri (10.5% vs. 17.4%), showed large decreases 1h'relative
abundance between the present and preceding study period (Pavela‘and
Chittenden, 1983). Similarly, several non-dominant species, notably Selene

setapinnis, Polydactylus oc;onemus, Anchoa mitchelli, Sphoeroides parvus,

Diplectrum bivittatum and Prionotus rubio were more abundant in the present

study, while Upeneus parvus, Trichiurus lepturus, Cynoscion arenarius,

Synodus foetens, Paralichthys lethostigma, Menticirhus americanus and
Lutjanu§ campechanus were less abundant in the present'study. Such great
fluétuations in species compositions have been previously reported and have
been observed tnrougnout,tne Bryan Houndxstudy (Chittenden et al, 1981la,
1981b, and 1982). They likely reflect annual changes in.abungance and
biomass related to seasonal movements, short life Spans and extremely high
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mortality rates described for some of tnese species (w1111ams, 1955,
Perez—Farfante, 1969, Cnittenden and McEachran, 1976, White and cnittenden,
1977; uurphy, 1981, snlossman and cnittenden, 1981, Devries and Chittenden,

1982; Geognegan and cnittenden, 1982, Standard and cnittenden, in press)

4.5 - Results and Discussion g{ Compositions. by Station of- Shrimps .and

Ichthyofauna in- the Diffuser. Area ' -

Percentage compositions of shrimps and fishes varied: greatly among -
stations, but this variation did not appear to reflect. station location
relative to the diffuser. -

.. Compositions -of the principal shrimp,:P. aztecus rangedAfrom'éﬁ.3t at
station=E~to”86.5§ at: station 21 ‘(Table 4;8)} statibnsfigfrequently‘impacted
(0 to 24% exposure time) by the defined (2 o/00) brine plume (See Chapter 2;
Figures 2-28 through:2-33). Compositions also varied greatly from 33.3% at
stationA15,to’73§;at_stat;dn 16, stations nearly always. and most influenced .
by brine (90 tq;loog.exposq:e time). Compositions . of -P. setiferus showed -
similar great.station to. station fluctuations, ranging :from 1l1l.4% at station
B to 57.9% at station D, -stations rarely: (0 to-6% exposure time) -impacted: by
the é;pme._~COmpositionS'wete both high (57.1%) and low (24.7%) at’ stitions
15 and 16-which.are often influenced by brine. . -~ = . ..

Total :percentage compositions of the more abundant ichthyofauna:were. '
very homogeneous in the diffuser area. - Nineteen species made up- 90.6 to -
98.0% of-thd'qatcnj(Tab1g¢4-8).” Lowest,total.compOsi;ibns*occurred.at
statipn‘24'whichyis‘frequentlydinfluenced~(68% exposure time) by the plime;’
highest totals occurred at-station 19 which.is influenced by brine less
often- (46% exposure time): . Total compositions at stations 15°-(96.2%) and 16
(95.8%) ,~which .are. most exposed to brine; .wére intermediate in-value and
about.tneusame‘as;tnode~at:stations such :as stations 14, °17; B-and'E which -
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Table 4-8. Percentage compc

by station during the September 1982 tkrough August 1983 postdisposal period.

26 are included for comparison.

sitions of shrimps and more abundant ichthycfauna (>0.5% of the total catch)
Stations 9 and

Stations

Species 9 20 21 22 B 14 .C ;8 15 16
PENAEUS AZTECUS 64.22 73.63 86.51 77.09 80.68 64.S) 62.69 52.63 33.33 72.94
PENAEUS SETIFERUS 30.28 26.37 12.56 14.98 11.36 22.E} 32.84 44.21 57.14 24.71
PENAEUS DUQRARUM 5.50 0.00 0.93 7.93 7.95 12.2€ 4.48 3.16 9.52 2.35
STENOTOMUS CAPRINUS 14.28 20.15 17.63 13.50 7.51 20.4& - 34.06 33.71 28.10 37.73
CYNOSCION NOTHUS 43.99 26.93 30.55 32.76 29.30 23.12 8.72 11.11 9.20 4.80
SYACIUM GUNTERI 6.59 5.33 4.96 12.74 12.50 9.€7 10.01 10.18 20.33 22.91
ANCHOA HEPSETUS 6.44 14.17 25.01 14.03 8.51 11.€é& 10.32 18.59 12.79 5.01
CHLOROSCOMBRUS CHRYSERUS 4.26 8.21 4.17 9.05% 11.47 9.1} 16.78 8.85 8.38 4.24
PEPRILUS BURTI 5.74 4.40 2.71 4.19 11.53 3.¢€2 5.89 "1.74 1.32 2.26
TRACHURUS LATHAMI 0.45 1.13 1.14 0.23 0.25 0.42 0.44 1.52 1.29 5.01
PEPRILUS PARU 0.39 1.73 0.85 0.33 3.40 7.G3 0.69 0.68 1.73 3.78
SELENE SETAPINNIS 0.57 5.80 2.97 0.50 "1.68 2.€7 0.69 0.43 0.51 0.64
POLYDACTYLUS OCTONEMUS 4.06 1.43 0.50 1.96 0.53 0.7% 1.32 0.68 0.68 0.60
ANCHOA MITCHILLI 4.76 0.60 0.27 0.57 0.37 .3 0.80 0.65 4.78 0.39
TRICHIURUS LEPTURUS 0.53 1.31 0.48 0.33 1.12 1.78 1.21 1.52 0.58 0.39
SPHOEROIDES PARVUS 0.87 0.48 0.29 0.40 2.87 0.€7 0.61 0.65 1.59 0.95
DIPLECTRUM BIVITTATUN 0.20 0.60 0.66 0.67. 1.47 0.42 0.88 1.80 1.09 0.88
PRIONOTUS RUBIO 1.15 0.60 0.29 0.67 2.12 1.7 0.36 0.96 0.58 2.12
ARIOPSIS FELIS 1.04 1.37 1.22 0.90 0.09 0.€3 1.62 0.22 0.03 1.87
SYNODUS FOETENS 0.03 0.03 0.03 0.20 0.37 0.33 0.94 1.27 1.97 1.38
ETROPUS CROSSOTUS 0.14 0.48 0.27 0.67 0.37 1.C€ 0.77 0.81 1.19 0.85
LARIMUS FASCIATUS 0.95 1.37 1.67 1.06 0.25 0.36 0.22 0.03 0.10 0.00
TOTALS 96.64 96.12 95.67 94.76 95.91 96.€1 96.33 95.40 96.24 95.81



£2-%

Table 4-8. Continued.

: Stations Diffuser Station
Species 19 D 17 E 23 24 25 26 Percentage Range
PENAEUS AZTECUS 53.85 34.58 40.82 27.27 57.81 39.20 45.76 78.33 27.3 - 86.5
PENAEUS SETIFERUS 43.96 57.94 25.51 59.74 34.38 56.00 34.75 20.00 11.4 - 59.7
PENAEUS DUORARUM 2.20 7.48 33.67 12.99 7.81 4.80 19.49 1.67 0.0 - 33.7
STENOTOMUS CAPRINUS 23.13 19.43 25.75 36.23 43.72 18.47 27.75 0.43 7.51 - 43.7
CYNOSCION NOTHUS 13.66 35.2¢ 29.23 24.86 9.68 23.32 29.19 11.77 4.8 - 35.2
SYACIUM GUNTERI 10.27 10.39 12.43 10.79 7.80 7.85 6.61 10.22 5.0 - 22.9
ANCHOA HEPSETUS 10.08 5.46 1.98 0.03 5.58 8.71 7.22 2.72 <0.1 - 25.0
CHLOROSCOMBRUS CHRYSURUS 4.97 7.35 8.36 11.46 10.10 9.73 9.82 41.40 4.2 - 16.8
PEPRILUS BURTI 5.19 5.23 6.30 4.21 1.61 3.35% 2.08 3.02 1.3 - 11.1
TRACHURUS LATHANI 1.92 2.78 1.65 1.83 10.92 7.78 5.19 6.84 0.2 - 10.9
PEPRILUS PARU 18.46 0.89 0.12 0.00 0.06 0.00 0.05 0.00 0.0 - 18.5
SELENE SETAPINNIS 0.56 0.26 0.33 0.12 0.81 1.13 0.46 0.38 0.1 - 5.8
POLYDACTYLUS OCTONEFEUS "1.03 1.75 3.25 0.78 0.86 1.40 2.05 0.46 0.5 - 3.3
ANCHOA MITCHILLE 0.69 0.52 1.19 1.41 1.98 1.95 1.37 0.05% 0.3 - 4.8
TRICHIURUS LEPTUORUS 0.69 1.44 0.54 0.39 0.98 1.88 0.68 4.98 0.3 - 1.9
SPHOEROIDES PARVUS 1.00 0.63 0.62 0.57 0.43 1.71 1.37 4.80 0.3 - 2.9
DIPLECTRUM BIVITTATUM 0.47 0.75% 0.91 0.93 0.84 0.68 0.43 1.80 0.4 - 1.8
PRIONOTUS RUBIO 0.75 0.57 0.82 0.54 0.53 0.38 0.38' 0.99 0.3 - 2.1
ARIOPSIS FELIS 2.718 0.06 0.08 0.09 0.53 0.61 0.08 0.61 <0.1 - 2.8
SYNODUS FOETENS 1.50 1.15 1.19 0.84 0.14 0.38 0.23 2.13 <0.1 - 2.0
ETROPUS CROSSOTUS 0.81 0.78 0.41 0.36 0.41 - 0.85 1.04 0.41 0.3 - 1.2
LARIMUS FASCIATUS 0.06 0.66 1.19 0.36 0.06 0.44 0.41 0.05 0.0 - 1.7
TOTALS 98.02 95.36 96.35 97.04 90.62 96.41 93.06 90.6 - 98.0
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are beyond the influence of the brine plume'i0%~btine exposure) . -

Station to station percentage compositions of individual ichthyofauna
varied more than overall compositions. However, as with shrimp, no pattern
among the abundant species suggested. a relationship between compositions and '
brine exposure. Stenotomus caprinus, an offshore species which was the -
principal fish, accounted for 28.1% and 37.7% of the catches-at the most’
often impacted stations 15 and 16, respectively (Table-4=-8) . ‘The range of - -
these percentages is very similar to that for all other diffuser stations. -
where compositions ranged from 18 to 44%, ignoring the very low 7.5% value
at station B. Syacium gunteri, an offshore.species which ranked third
numerically, in contrast was much more abundant at stations 15 and 16- (20.3 '
to 22.9%) compared to its compositions elsewhere (5.0 to 12.7%). Cynoscion N
nothus, the second most abundant species, made up only 5 and 9% of the
catches at stations 15 and 16, but its compositions were also very low (8 to
10%) at stations C and 23 where brine exposures are much lower (8 to 28%).
Similarly, compositions of C. chrysurus (8.4%, 4.2%, respectively) .and P.
burti (1.3%, 2.3%, respectively) were low at stations 15 and 16, but similar
low values also occurred at stations 17, 19, 20, 21, D, 18, 23 and 25 wnicn
are much less often impatcted by the plume.

‘ The generally similar of overall oompositions of abundant nekton among
diffuser area stations suggest no relationsnip existed between station
location and, in the present study, brine exposure. Individual species
compositions were botn hign and low at stations most ftequently exposed‘to
brine. Similar patterns in compositions among stations have been noted in L
previous postdisposal studies (Chittenden et al, 1981a, 1981b, and 1982,

Pavela and Chittenden, 1983).
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4.6 Tield Observations of the Efrects of 5;15e495 Nekton

o Fiela obserrations indicated no4dranatic letnai-effects or extraordinary
hfdrograpnic events at’ any station during any’ of the four cruises in the
_September 1982 through August 1983 postdisposal pericd. Data>recorded on
special observation forms-at ne time or at any station suggested any unusual
behavior. of the.nekton in the catch or dead or dying.nekton in the: water.
Onboard observations of total biomass and species abundance 4aid not show
obvious sharp reductions in the catch in relation to the brine plume or ‘
station proximity to the diffuser. 'This continueddabsence of dramatic
lethal effects is similar to observations made during all preceding
postdisposal periods (Chittenden et al, 1s81a, 1981b, 1982; Pavela and
Chittenden, 1933).

Hignest brine eievations were never greater than 4 O/oo and rarely

exceeded“BIo/oo (Table 4-9). Bottom D.O. values usuaily exceeded 6.0 mg/1
(Table 459) and were at least 4.0 mg/l except for one measurement of 3.1

mg/l at station B on 1l-2 September 1983.

4.7 Total Shrimp Abundance Analyses

4.7.1 Results gg-Significance Tests and General Overview of

Among~Cruises and Among-Stations Trends in Total shrimp Abundance

Analjsis‘of bariance on total shrimp abundance found nighly aignificant
differences existéd among cruises, among stations and for stations X cruises
interaction'during the.September'1982 througnlAugust'1§83 postdisposal 4
period (Taole d-id) - Significant differences among day-cruises nave been
found throughout the Bryan nound study (Chittenden et al, 198la, 1981b, and
1982; Pavela and Chittenden. 1983). Among-station effects and interaction
have also always been significant except during the March 1980 througn
Febtuary 1981 poatdiaposal period (cnittenden et al,: 1981b)
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Observed surface (s) and bottom (B) water dissolved oxygen

Table 4-9.

levels {mg/1) at each station during cruises in the September . -

1982 through August 1983 postdisposal periods.

was collected on 8-10 November 1982.

No surface data

Cruise

8-9 February

1-2 September

19-22 May

8-10 November

Station

1983

1983

1983

1982

~
L]
Te}

6.5

6.0

6.2 7.2 7.0 7.0

onN
L I ]
< @

O v
o v

6.5
6.5

7.1
7.2

7-0
7.0

——— 6'4
- 6.5

20
21

7.4 7.0

6.5

22

7.0

7.1
7.3

7.4 7.1
7.1

7.2

6.4
6.5

4.0

7.0

-

14

6.5

7.0

7.2
7.2
7.3

7.0
7.1
7.3

7.2
7.2
7.2

6.6

6.8

4.0
4.2
4.5

6.6
6.6

6.5
6.4

18
15

7.0

7.0

7.4
7‘3
7.4

7.4 7.1

7.3

7.0
6.7
6.7

16
19

7.6
7'0

7.0
7.0

6'5

7:1

6.5 4.7

6.5
6.5

6.7
7.1
7.4

7.3
7.3
7.3

7.2 7.1
7.1
7.1

i7.2
7.2

6.5

17

< m
n

23

<L A®
¢ & 9
0w <

6.6

7.1
6.9
7.0

7.2
7.3
7.4

7.0
7.0
7.1

7.1
7.0
7‘2

6.7

6.7

24
25

—— 6.7

26
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Table 4-10. Summary of two-way analysis of variance for total shrimp
abundance during the September 1982 through August 1983
postdisposal periocd. An asterisk (*) .after an F-value indicates
significance at « = 0.05.

Source of

variation af ss Ms F Pr>F r?
Corrected 127  116.48 - - - 1.0000
Total
Cruises 3 8.96 2.99  15.11*  0.0001 0.0769
Stations 15  19.31 1.29 6.51*  0.0001 0.1658
Interaction 45  75.56 1.68 8.50+  0.0001 0.6487
Error 64 12.65 0.20 - - 0.1086
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Interaction was the largest source of overall model variation (r2 =
64.9%) . Variation associated with amon§¥stations (r2 = 16.6%) and'
among-cruises (r2 = 7.7%) effects, and random variation (r'2 = 10.9%) were
much less important. |

Shrimp abundance was significantly different among cruises in the
present study (Tabie 4-10). Catches in May, September and November were
similar in magnitude, C/f values being 12.2 to 13.8 (Figure 445). February
catches were much lower, averaging less than 6.9 shrimp. November, February
and May catches were both higher and iower, September catches much greater
than those observed in analogous day-cruises during the predispbsal and
earlier postdisposal studies (Chittenden et al, 198la, igeln and 1982;
Pavéla and Chittenden, 1983). |

Among-station effects and stations X truises interaction were
significant for total shrimp abundance during the present period (Table
4-10). Significant interaction implies station to station patterns of
abundance were not consistent and varied from cruise to cruise.

Overall shrimp abundance 4id not exhibit any apparent Pattern relative
to station location apout the diffuser (Figure 4-4). Catches were abdﬁt
equal upcoast and downcoast of the diffuser and slightly greater inshore
than offshore. Catches were low at stations 15 and 16 (C/f = 6.5 and 8.1,
re;pectively), stations impacted by brine elevations of 2 o/oo more than 90%
of the time according to exposure rqset;es‘(Seelcnapter 2; Figures 2-28
thfough 2-33). However, catches were as low or lower ‘at stations 23 and C
(c/f = 6.6 anﬁ 6.9, respectively), located farther afield and impacted by
the brine plume less frequently (8 to 28% exposure time).

Folloying the procedure of Chittenden et al (1981b) no multiple range

tests within station x cruise cells were examined to explore the nature of
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among-station variation because: 1) similar large fluctuations in catches
were observed during the predisposal and preceding postdisposal studies, and
2) direct within-cruise individual degree of freedom brine vs. no brine

-contrasts are by far the most important objectives.

4.7.2 Individual Degree of FreedomkEvalﬁations of Brine Disposal on
Total Shrimp Abundance - |

Significant interaction (Table 4-10) implies station to station catch
batterns were not consistent from cruisg to cruise.and that within-cruise
individual degree of freedom contrasts are the most appropriate analyses to
determine ;f brine disposal affectedq abundance.-

Brine Ys. no brine contrasts showed no signifiéant differences in shrimp
catches for the cruises of 8-9 February, 19-22 May, and l1-2 September (Table
4-11)} and regression relations for these cruises were also non-significant.
Bfiné vs. no brine and 1inear and qdadratic contrasts were significant for
’ the‘e-lovﬁovember ctuise.' éhrimp abundance was significantly lower in‘the
~plume than at ambient salinity on. the 8~10 Novembef cruise (Figure 4-5).

‘ Patterns of shrimp ahund;nce in the brine Plume were not'constant.
"changing from cruise to cruise. Catcﬁés were bogh significantly lower in the
brine plumé on 8-10 November, aboﬁt egqual ifi and outside the plume on 8-9
‘February and 19-20 uﬁy, and higher in thebplume'on 1-2 September (Table

4-11; Figure .4-5).

s

4.7.3 Section Summary and Discussion

Brine disﬁosal appeared to have had iittle effect on total shrinmp
abundance during the September 1982 throughAAugust-19é3 postdisposal pericd.
This is the saﬁe basic conclusion that Qa; drawn dﬁring each preceding

postdisposal monitoring period (Chittenden et al, 198la, 1981lb and 1982;
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Table 4-11.

Summary of individual degree of freedom contrasts orf the effects of brine disposal on total
shrimp abundance during the September 1982 through August 1983 postdisposal period. An
asterisk (=) after an F-value indicates significance at « = 0.05.
Mean Shrimp Abundance r?
Cruise Date Contrast. 2 - 4 o/oo Ambient F (%) Comments
‘8-10 Nov brine vs. no brine " 2.50 42.30 196,28 23.98 Significantly
1982 - ’ . . lower
brime linear " 56.41» 14.05 abundance in
- brine quadratic 8.062 2.01 brine plume
: random variation 59.96
8-9 Feb brime vs. no brine .8.75 7.25 2.36 3.98 Slightly
. 1983 - o greater
brimse linear 0.86 1.46 abundance in
brime quadratic 0.57 0.97 brine plume
random variation 93.59
19-22 May brine vs. no brine 13.69 16.23 0.76 1.90 Slightly
1983 - - lower
- brine linear . 0.65 1.63 abundance in
‘ brine quadratic 0.00 0.00 brine plume
. random variation 96.47
1-2 Sept brine vs. no brine 22.50 15.21 2.96 6.82 . Greater
;1983 . : weo : abundance in
: - brine linear 3.78 8.71 brine plume
brine quadratic 0.65 1.49
. randoa variation 82.98
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Pavela and cnittendeh, 1983).

Historically, among=-cruises effects (r2 = 61 to 70%) have been
significant and the principal source of variation in shrimp catches at Bryan
Mound, reflecting distinct annuél trends in abundance (Chittenden et al,
198la, 1981b and 1982). Among cruise effects have been less important since
September 1981 (r2 = 7 to 28%), possibly refléctiﬁq decreased sambling
periodicity after that date. Stations X cruises interaction was the
Principal source of variation (r’ = 65%) in the present study as in the
preceding postdisposal study (r2 = 40%) (Pavela and Chittenden, 1983).

Anong-stations shrimp abundance varied significantly. It was low at the
two stations nearest the diffuser, but catches were lower at several
stations farther afield. There was no overall progression of 1néreasing or
decreasing catches upcoast or downcoast of the diffuser. The lack of brine
related effects is illustrated by the fact that wiﬁhin cruise individual
degree of freedom contrasts were not significant in three of four cruises.
The.one significan£ contrast indicated depreSsed_gbundance in the plume.
There was however, no constant response of abundance to . brine as the
significant interaction indicates. Catches reQersed between higher and lower
brine abundances from cruise to cruise. The pattern of few significant brine .
contrasts and inconsistent abundance trends has been noted during
day-cruises in past postdisposél studies which show: li only three instances
of significance among 17 within day cruise brine vs. no brine contrasts, and

2) abundance greater in the plume on nine cruises, lower on ten.
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4.8 Total Fish Abundance Analyses

4.8.1 ‘Results of Significance Tests and General Overview of

Among~Cruises and Among-Stations Trends in Total Fish Abundance

Analysis of ‘variance on total fish abundance found highly significanf
differences among cruises, among stations, and a stations x cruises
interaction dufing the. September 1952 though August 1983 postdisposal pefiod
(Table 4-12). These results concur with two-way ANOVA analyses on total .
fish abundance for day-cruises<duriﬁg all earlier studies (Chittenden et al,
198la, 1981b, 1982; Pavela and Chittenden, 1983).

Among-cruises effects (r2 = 63.1%) Qas the most important source of
overall model vari#tion (Table 4-12).ARandom variation (r2 = 31.5%) and
interaction (rz = 24.1%) were also substantial sources of variation.
Among-stations effects (r2 = 5.4%) accounted for only a small portion of the
total variation in fish catches.

Fish abundance was significantly different between cruises‘(Taﬁle 4-12).
Abundance declined from November to February, when catches were low (C/f =
347 and 182, respectively), and ihcreased thereafter through ﬁéy (c/£ = 308)
and September (C/f = 865), when catches were greatest (Figure 4-6). Catches
in each cruise in the present study were similar to those in analogous
day-cruises during most earlier studies (Chittenden et al, 198la, 1981b and
1982) . However, catches 1n.November and February during the September 1981
through August 1982 postdisposal period (Pavela and Chittenden, 1983) were
much larger than catches in the present and other studies cited.

Among-stations effects and station X cruises interaction were
significant for total fish abundance (Tabie 4-12). significant interaction
however, implies station.to station patterns varied from cruise to cruise.

As for shrimp, and for similar reasons (see Section 4.7.1), multiple range
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Table 4-12. Summary of two-~way analysis of variance for total fish
abundance during the'September 1982 through August 1983
postdisposal period.. An asterisk (=) after an F-value indicates

. significance at = = 0.0S. .

Source of 4 B
. Variation - af Ss MS F Pr>F r
Corrected 127 68.49 - - - 1.0000
Cruises 3 43.2¢  14.41 183.51* 0.0001 0.6313
Stations 15  3.69  0.25  3.14* 0.0008: 0.0539
Interaction 45  16.53  0.37  4.68+ 0.0001' 0.2413
Error 64  5.03  0.08 == --  0.315L
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tests.were not,emoloyed to examine the nature of inconsistent variation
although overall station patterns are described below.

-..0vera11, among-station fish abundance cisplayed no apparent pattern.
However, catches were lowest at stations 15 and 16 (C/f = 253.3 and 225.6,
respectively; Figure 4~-7), which are situated nearest the.diffuser and under
the influence of 2 o/0o brine elevations more than 90% of the time (See .
Chapter 2; Figures 2-28 through 2-33). Fish catcnes at other stations,
whether upcoast or downcoast, inshore or offshore, did not appear related to
their location about the diffuser. For example, catches at station 17 (C/f
= 276.4) which is never impacted by the defined brine plume (0% exposure
time), were lower than those those at stations 18 tnrougn 25 and C and D
(C/f = 294.2 to 433.85 wnicn are more impacted by brine (6 to 71% exposure
time). Therefore, only stations very near the diffuser might exhibit

decreased abundance related to brine.

4.8.2 Individual Degree of Freedom Evaluations of Brine Disposal on

Total Fish Abundance

Significant interaction implies that station to stations patterns of
total fish abundance were inconsistent from cruise to criise (Table 4-12),
and that within-cruise individual degree of freedom‘contrasts are most
appropriate to determine if brine.affected total fish abundance.

| Two of four within-cruise brine vs. no brine contrasts and iinear
regression contrasts (8-9 February and 19-22 nay) were significant (Table
4-13). Brine quadratic regression contrasts were significant for 8-9
February and 8-10 November. Fish abundance was significantly less in the
brine plume than at ambient salinity on tne 8—9 February and 19—22 May
cruises (Figure 4-8). However, this trend waS'not constant for all cruises.
Catcnes vere greater in tne Plume on 8-10 ﬁovember and 1-2 September though
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Table 4-13. Summary of individual degree of freedom contrasts ¢f the effects of brine disposal on total
fish abundance during the September 1982 through August 1983 postdisposal period. An
asterisk (=) after an F-value indicates signiflcance at « = 0.05.
Mean Fish Abundance r2
Cruise Date Contrast 2 - 4 ofo0 Ambient F (%) Comments
8-10 Nov brine vs. no brine 394.25 362.75 0.18 0.39 Slightly
1982 : greater .
brine linear : 0.76 1.63 abundance in
brine quadratic 5.41¢x 11.62 brine plume
‘random variation 86.36
8-9 Feb brine vs. no brine 161.75 '199.19 11.76+ 9.97 Significantly
1983 . . g lower
brine linear 4,65+ 3.94 abundance in
brine quadratic 8.232 6.98 brine plume
random variation 79.11 :
19-22 May brine vs. no brine 165.25 343.19 26.10» 27.06 Significantly
1983 lower
brime linear . 30.20» 31.31 abundance in
brime quadratic 1.16 1.20 brine plume
random variation 40.43
1-2 Sept . brine vs. no brine 991.00 B865.36 1.05 1.73 Slightly.
1983 . greater
’ brine linear 1.87 3.08 abundance in
brine quadratic 0.78 1.28 brine plume
random variation 93.91 ‘
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differences were not significant.

4.8.3 Summary and Discussion

1

The impact of brine disposal on total fish abundance, if any, was small
durihg the September 1982 through August 1983 study period. Similar
conclusions were reached during all preceding studies (Chittenden et al,
lgaia, 1981b and 1982; Pavela and Chittenden, 1983).

Results of two~way ANOVA analysis generally agree with thosé of all past
day-cruise analyses. Among-cruises effects have always been significant and
usually the major soiirce of overall model variation (kz = 49 to 86%) except
in the September 1981 through August 1982 study period when interaction (r2
= 39%) was the primary source of variation (Chittenden et al, 1981b ana
1982; Pavela and Chittenden, 1983). Significant among-cruises variation
probably reflects trends in ichthyofauna abundance related to life history
patterhs (Chittenden et al, 198l1a, 1981b and 1982). Among-stations effecﬁs
and interaction have always been significant in the past with the former
usually begin a minor squrce and the latter usually being a substantial
source of overall model variation. Overall abundance patterns continue to
indicate abundance is independent of station location relative to the
diffuser, except possibly at stations 15 and 16, where abundance was lowest
and potential brine exposure highest. The significant interaction implies
that patterns between stations were not constant from cruise to cruise,
however.

Results of within cruisé brine vs. no brine total fish abundance
contrasts appear to present a dileﬁma in interpretation because comparisons
were evenly divided between significantly reduced plume fish abundance and
non-s;gnificant increased plume fish abundance. This, however, is not the
case when considering the totality of analyses. Valid conclusions regarding
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whether there has or has not been a distinct impact can only be made if: 1)
among stations effects are significant and a primary or a very substantial
source of variation (high r2 value); 2) results of within cruise brine vs.
no brine contrasts a;e significant in the majority of comparisons (three of
four contrasts at presént); 3) all instances of significant within cruise
brine contrast abundance trends are in agreement; and 4) all non-significant
within cruise brine contrast abundance trends agree with significant brine
contrast abundance trends. In satisfying the above criteria, it would be
apparentvtnat brine discharge distinctly influenced the nekton parameter in
question. Total fish abundance analyses only fulfilled the third criterion
and the first one partially. Significant brine contrast abundance trends
were in agreement and among station effects significant; however, station to
station differences were not a major source of overall model variation. .
Further, results of significant within cruise brine contrasts were not
preponderant for indicating some impact had occurred nor was there agreement
between significant and non-significant brine contrast abundance trends.
Therefore, the only valid conclusion that can be drawn is that brine
discharge had no more than a minor impact, and certainly not a distinct
impact, on total fish abundance. This finding is corroborated by those made
in all earlier postdisposal studies (Chittenden et al., 1981b, 1982; Pavela
and Chittenden, i983). Only four significant within cruise brine contrasts
have been observed in 17 prior day cruise comparisons -- three of which were
significant for increased abundance at ambient salinity, the other for
increased abundance in the plume. Among ﬁon-Significant contrasts,
abundance has been greater at ambient on ten cruises and greater in the
piume on £htee cruises. Additionally, random Qariation has been and

continues to be a much more important source of variation in fish catches
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than among stations or brine effects.

4.9 Total Nekton Biomass Analyses

4.9.1 Results of Significance Tests and General Overview of

Among-Cruises and Among-Stations Trends in Total Nekton Biomass

Analysis of variance on total nekton (shrimps and fishes) biomass found
highly significant diffefencés.among cruises; améng stations, and aAstations
X cruises interaction durihg‘the September 1982 through August 1983
postdisposal period (Table 4-14). These results agreé with those found 1h.
the preceding study (Pavela and Chittenden, 1983) wneh biomass analyses were
first initiated at Bryan Mound. .

Aﬁong-éruises‘éffects (}2 = sb.O%) Qas the principal source of overall
model variation (Table 4-14), and interaction (r2 = 23.5%) was'ﬁexi most
important. Random variation (r2 = 10.7%) and among-stations efchts (r2A=
5.7%) wege-tne least importan£ sources of variation.

Total nekton biomass was significantly different between cruises during
the present study (Table 4-14). Temporal patterns and ﬁiffurenceé in' the
magnitude of biomass (Figure 4-9) were identical to those for fish abundance
(Figure 4-6), something expected because fishes make up nearly all the
nekton biomass (Tables 4-6 and 4-7). Overall, biomass declined from November
(c/f = 7.8 kg) to February (C/f = 3.4 kg) when catches were lowest, and
increased thereafter through May (C/f = 7.3 kg) and Sepégmber (c/f = 16.8
kg), when catches were greatest. Nekton biomass in rebruary and Hay‘was only
half that in these months in 1982, November catches were about-identical,
énd September catches were twice as large as those in Augus€ 1982 (Pavela
and cniitenden, 1983).

Among-stations effects and stations X cruises interaction were
significant for total nekton bicmass (Table 4-14). SignificantlinteractiQn,
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Table 4-14. Summary of two-way analysis of variance for total biomass .
(fishes and shrimps) during the September 1982 through August
1983 postdisposal periocd. An asterisk (x) after an F-value
indicates significance at «.= 0.05.

Source of

variation .. afF ss  MS. F . Pr>F 2
Corrected 127 5165.63  -= - -~ 1.0000
Total , . , 4
Cruises -~ . ... 3 3100.68 1033.56 119.28% 0.0001 0.6003
_Stations. . 15 296.62  19.77  2.28+ 0.0118 0.0574
Interaction 45 1213.78  26.97 3.11s . 0.0001 0.2350
Error ' 64 554.56 - 8.66  -- e=  0.1074
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however, implies station to station patterns varied from cruise to cruise.
As for shrimp and fish abundance analyses, and for similar reasons (see
Section 4.7.1), multiple range tests were not used to determine the nature
of inconsistent variation although overall station patterns are described
below.

Overall, among station nekton biomass displayed no apparent pattern in
relation to the diffuser. Biomass was low at stations 15 and 16 (C/f = 6.9'
and 7.8 kg, respectively; Figure 4-10), which straddle the diffuser on
either side and are impacted by 2 o/po brine elevations more than 90% of the
time (See Chapter 2; Figures 2-28 through 2-33). However, catches at
station 15 and 16 were as large or larger than those at several stations
(17, 20, and 22; ¢c/f = 6.3, 6.9 and 7.4 kg, respectively) exposed to the

.plume much less often (0 to 24% exposure time).

4.9.2 1Individual Degree of Freedom Evaluations of Brine Disposal on

Total Nekton Biomass

Significant interaction (Table 4-14) implies that station to station
biomass patterns were inconsistant between cruises and that within-cruise
individual degree of freedom contrasts are most appropriate to assess if
brine affected nekton biomass. |

Two of four within-cruise (8-10 November, 8-9 February) brine vs. no
brine and linear and quadratic regression contrasts were not significant
(Table 4-15). In contrast, significant brine vs. no brine‘and/or regression
contrasts occurred on 19-22 May and 1-2 September; However, the response of
biomass to brine concentration was not consistent whether significant or not
significant. In the instances of non-significant differences, catches in
the brine plume on 8-10 Novembef and 8-9 February were about equal in
magnitude to those at ambient salinity (Figure 4-11) even though catches
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Table 4-15. Summary of individual degree‘of freedom contrasts of the effects of brine disposal on total
. biomass (shrimps and fishes)} during the Septemher 1982 through August 1983 postdisposal

period. An asterisk (x) after an F-value indicates significance at « = 0.05.
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random variation.

88.23

: . Mean Biomass Abundance . r-2 ‘
. Cruise Date Contrast - 2 - 4 o/oo Ambient : F (%) Comments
B8-10 Nov ' brine vs. no brine - 8.18 7.56 0.34 0.70 Catches
1982. . - slightly
brine linear 0.15 0.30 greater in
brine quadratic 0.08 0.16 brine plume
-random variation : 98.84 )
8-9 Feb - brirne vs. no brine ©2.58 4.15 1.77 7.66 - Catches
.1983 ' lower in -
brine linear 0.38 1.63 brine plume
brine quadratic SR . 0.84- -3 .64
random variation . 87.07
19-22 May brine vs. no brine 3.75 8.25 8.75» 28.69 . Catches
1983 . : . significantly
. brine linear 7.95= 25.95 lower in
brine quadratic 0.00 0.00 brine plume
random variation 45.36
1-2 Sept brine vs. no brine 20.93 16.33 3.64 2.69 Catches-
1983 - slightly
brine linear 7.59» 3.55 greater in
brine quadratic 4.832 3.53 brine plume
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were higher in the plume on one date (8-10 November) and lower on the other
(8-9 February). In the instances of significant differences, catches wére
lower in the brine plume on 19-22 May but slightly greater in the brine

plume than at ambient salinity on l1-2 September (Figure 4-11).

4.9.3 Summary and Discussion

Brine disposal appears to have had iittle or no influence on total
nekton biomass in the September 1982 through August 1983 period, a
conclusion similar to that for the preceding study (Pavel; and Chittenden,
1983) . |

ANQVA analyses agree that main effects and interaction were significant
in both fnis and the preceding study (Pavela and Chittenden, 1983).
Variation due to among-cruisés effeéts (rg = 60%); however, were much
greater in the present study than in the last study (r2 = 27%). Variation
among stationé (r2 =‘6%)\wa§ much less in the present study than in the
preceding stddy (r2 = 25%), and overalllpatterns of biomass continue to be
inconsistent and independent of station location relative to the diffuser.

To date, whether the differences are significant or not, biomass has
been greater in the plume on two cruises and less in the plume on three.
Random variation has always been a more important soufce of variation than

among stations 9!' brine effect-related variations.

4.10 Ichthyofauna Diversity Analyses

4.10.1 Results of Significance Test and General Overview of

Among-Cruises and Among-Stations Trends in Total Fish Abundance

Analysis of variance on ichthyofauna diversity found highly significant
differences among cruises, among stations, and a stations x cruises

interaction during the September 1982 through August 1983 postdisposal
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period (Table 4-15), These results agree with analyses oﬁ day-cruise
'diversity dauring all eariier stﬁdies (Chittenden et al, 198la, 1981b, and
1982; Pavela and Chittenden, 1983).

Interaction (r2 = 39.2%) was the principal‘éource of total model
variation. Among-cruises effects (r2 = 27.4%) and random variation (r2 =
21.0%) also accounted for much variation. Among-station effects (r2;=
12.5%) were least important.

Ichthyofauna diversity diffe;ed significantly betwgen cruises 4Qquring the
present study périod (fable 4-16) though no cruise to cruise trend was
apparent. Diversity was greatest and essentially equal in November (2.49)
and May (2.48). Diversit§ was lowest in February (1.8;) with the September
(2.06) value intermediate between the extremes (Figure 4-12).

Ichthyofauna diversity differed significantly'among stations during the
present sgudy (Table 4-16).~ Significant 1nteréction, however, implies
station to station paﬁtefns varied from Gruise to ¢ruise. KOr reasons
similar.to those cited in Section 4.7.1, multiple range teéts were not
employed to examine the nature of inconsistent variation although overall
patterns are described below.’

| No pattern of ichthyofauna diversity was evident among stations in
relation to the diffuser (Fiéure 4-13). Stations 15 and 16, which are hearly
always affected (>90% exposure time) by the defined brine plume (2 o/c0 and
greater), exhibited diversifies (2.15 and 2;31, respectively) higher than at
stations 17, 21, 22, 23, 25, D and £ (1.74 to 2.13) which -are less
frequently (0 to 46% exposure time) in the plume (See Chapter 2; Figures
2-28 through 2-33). However, diversity at stations 15 and 16 was also less
than those at stations 14, 18, 19, 24 and C (2.33 to 2.56) which are less

influenced by brine (0 to 71% exposure time).

4-52



Table 4-16. Summary of two-way analysis of variance for icnthyofauna_
- diversity during the September 1982 through August 1983 °
postdisposal period.

An asterisk (=) after an F-value

indicates significance at « 0.05.
Source of ‘ ’ - 2
variation af - ‘ss MS P Pr>F r
Corrected 127 38.25 -- - - .1.0000
Total ' '
Cruises “3° -~ 10.77 3.59  -27.92%  0.0001 0.2743
Stations 15 4.89 0.33 2.54* ' 0.0052 ' 0.1245
Interaction 45 15.37  0.34 2.66*° 0.0002 0.3915
Error 64 -—— - 0.2097

8.23
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MEAN ICHTHYOFAUMA DIVERSITY (SHANNOHR-WEINER'S H')

Figure 4-12.
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Mean ichthyofauna diversity (Shannon-Wiener's H') per trawl
tow in the diffuser area by cruise during September 1982
through August 1983 postdisposal period.

4-54



Se-v

NAUTICAL MILES

NW

X | | /

Y 4
1.0
1.00
0.5- ._%L_r—é——ﬁ ,___-91_4
0.0- 2-231 12-40 l I ] [.34 13 2121 1.74
L @ @ 6

0.6 208 ,_256 zoo

| e "o T e
1.0-
R . T TR

SE NAUTICAL MILES

Figure 4-13. Mean ichthyofauna diversity (Shannon-Wiener's H') at stations
in the diffuser area for all cruises during September 1982
through August 1983 postdisposal period.



{0

4.10.2 Individual Degree of Freedom Evaluations of Brine Disposal on
Ichthyofauna Diversity

Significant interaction implies ﬁnat station to station patterns in
icnthyofauna diversity were not constant from cruise to cruise, and that
within-cruise individual degree of freedom contrasis‘are most appropriate to
assess the effects of brine on diversity.
| Two of four within-cruise (19;22 May, 1-2 Seétember) brine vs. no brihé”
and/or regression contrast sets were not significant (Table 4-17).‘A1n
contrast, significant brine vs. no brine and/ér regréssi&n contfasts
occurréd on 8-10 November and 8-9 February. Even when significant, however,
the response of diversity to brine concentration was not consisﬁent (Figur;
4-14). Diversity in the plume equaled or was greater than at ambient
salinity on 8-9 February; in cdntrast, diversity‘in ihe plume equaled or &aé‘

less than that at ambient salinity on 8-10 November.

4.10.3 Summary and Discussion

Brine disposal appedrs to have had no effect oﬁ divefsity dﬁrinq the -
September 1982 through August 1983 study period, a finding that agrees with'
those made in all earlier postdisposal studies (Chittenden et al., 1981a, -
1981b and 1982; Pavela and Chittenden, 1983). :

Among-cruises and amopg-stationg effects and stations x cruises
interaction were all significant.  These results are similar to those of
day-cruise ANOVA analyses,énrougnéut.tne entire Bryan Mounﬁ sﬁudy e#cept for
one instance of non—éignificance (p = 0.08) in a predisposal analysis
(Chittenden et al, 198la). The amount of variation attributable to 'each
model effect in the present study agteeq’with values for fhe predisposal and

March 1980 through August 1981 postdisposal studies (Chittenden et al,
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Table 4-17.

Sumpary of indivicdual degree of freedom contrasts of the effects of brine disposal on
ichthyofauna diversity during the September 1982 through August 1983 postdisposal period. An
_asterisk (=) after an F—value indicates significance at « = 0.05.

Cruise Date

Contrast

8~10 Nov
1982

8-9 Feb
1983

19-22 May
-1983

1-2 Sept
1983

brine vs. no brine

-brine linear

krine quadratic -
random variation

krine vs. no brine
brine linear

brine quadratic
random variation

brine vs. no brine.

brine linear
brine quadratic
random variation -

brine vs. no brine

brine linear -
brine quadratic
random variation °

Mean Ichthyofauna Abundance .

2 - 4 o/oo

Ambient

1.9420
2.0180
2.7740

2.2423

2.5321

1.6906

'2.4501

2.0500

2.83
9.03»

6.982

7.71»

5.70%
0.33

0.86 .
2.76
1069 )
0.30

0.89

0.94

4.27
13.37
10.34
72.02
12.27

9.07

0.52°

78.14

1.75 -

5.64
3.45

89.16
0.71 -

2.12
2.23
94.94

Comments

Diversity
lower
in

. brine plume

Diversity

-greater in

brine plume

Diversity
greater -
in

brine plume

Diversity
greater in
brine plume
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198la, 1981b and 1982), but differed from Pavela and Chittenden (1983) who
found values much greater for among-cruises variation (75% for September
19811tnrougn August 1982 and 27% for the present study) and much less for
ihtéfaction (£2 = 12% and 39%, respectively).

Results 6f within-cruise individual degree of freedom contrasts
generally agree with past postdisposal studies and sugéest brine has little
or no.effect 6n ichthyofauna divé;sity, and does not have a consistent
pattern even if significant. Two of four within-cruise brine contrasts, or
regression relation sets, were significant in the.present studies, but
diversity was both higher and lower in the plume. Only one (9-11 August
1982) of 17 within day cruise brine vs. no brine cbmparisons has been
significant (cnitténden et al, 198la, 1981b and 1982; Pavela and Chittenden,
1983). However, again response of diversity to brine has not been uniform
in tneApést, being both higher (11 cruises to date) and lower (six cruises
to date) in ﬁhe brine plume. Moreover, random variation has always been a
more important source of variation than among station or brine-relatéd

effects .

4.11 cComments on the Occurrence of Red Drum and Black Drum

This section continues the practice of previous reports and describes

captures of red drum (Sciaenops ocellatus), and black drum (Pogonias cromis)

because these species support important recreational, and until recently,
commercial fisheries along the Texas coast. Both species reside'in.
estuaries dquring the warm months, but enter and apparently spawn in the Gulf
from autumn until spring (Pearson, 1929; Simmons and Breuer, 1962). Both
species weré captured(during‘tne predisposal and earlier postdisposal
studies; but not in large numbers because tﬁey are large -active fishes that
can easily avoid nets towed slowly over snort distances.
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Three black drum but no red drum were captured during the Seﬁtember 1982
through August 1983 period. -These three fish were collected on the 8-9
February cruise at stations B, D and E and measured 708, 722 and 843 mm TL.
Occurrence of black drum in the diffuser area in the present study coincided
with its November through April periodicity reported in previous studies

(Chittenden et al, 198la, 1981b, and 1982; Pavela and Chittenden, 1983).

4.12 Resulits and Discussion of Comparative by Station Size COmpositions of

Selected NektOn near the Diffuser Area

.The abundance of a fisheries sto;k is determined by a balance in'wn;chl
some ﬁrocesses--recruitment and immigration--increase abundance and other
processes--mortality and emigration--decrease abundance. Stock abund&nce
decreases if mortality increases in comparison to recruitment. Unless brine
effects are marked, decreased abundance may be difficult to detect because
of contagion or pecéuse immigration may be comparati?ely more importané,

Stock size of age composition also is sensitive to éhénge in.morﬁality
rates (Ricker, 1975). As mortality :anieases, a stock berames juvenesced, a
pnenomenon ifi which composition changes from a stock with many older and |
larger individuals to one with relativély many younger, smaller individuéls.
Juvenescence is a classic symétom in'exploited fisheries stocks because é'
fishery increases mo;tality ré£es, particularly a large fishery. Local
stock juvenescence may also appear in polluted areas because pollution might
increase local mortality rates, Sucn changes would he mast apparent. in
sedentary species not 1nf1uenced greatlj by immigration or emigrat;gn;
Dissimilar size éompositions might also occur as a result of size dependent
avoidance or attraction to thé brine plume Aue to size dependent differenceé
in salinity tolerance and avoidance-attraction responses.

Target species selected for analysis of size compositions and reasons
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fot selection include: 1) Penaeus aztecus and P, setiferus because they are

commercially important shrimp that regularly occur in the diffuser area, 2)

Syacium gunteri, Prionotus rubio and Squilla empusa because they often: are

common in the dAiffuser area, exhibit adaptations for a strict demersal or
benthic existence, such as burrowing, and may be fairly sedentary, 3)

Cynoscion nothus because it is the most common sciaenid species in the

diffuser area year round, and 4) Chloroscombrus'cngxsurus, egrilus burti,

and Anchoa hepsetus because tney are pelagic fishes that are seasonally very
abundant in the diffuser area. Length frequency compositions of the target
nekton at steoions 14 througn 25 and B througn E inclusive were visually
compafed witnin crpises to detect differences in size ranges and central
tendenCies;

" There appeared to be no station to station variation in size

compositions of any target species within any cruise during the September

1982 through August 1983 period. This is illustrated in Figures 4~15 to

4-23 which present size compositions of target nekton during the May 1983
cruise. These show central tendencies and.size ranges were similar at all
diffuseé stetions. There was no obvious shift in tnese‘parameters at
stations 15 and 16, where brine salinities sre generali§ highest ano
exposufe most pervasive, compared to stations less affected by the plume.
Size compositions for other cruises in this period ‘(Figures D-1 to D-27)
show tne same homogeneity in size compositions. Similar observations were
made on all cruises during earlier postdisposal studies (Chittenden et al,
1981a, 1981b and 1982; Pavela ana cnittenden, 1983) Hence, brine disposal
nas causedvno apoarent stock juvenescence or size dependent avoidance or

atﬁraction‘throughout the entire postdisposal period.
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4.13 Summagz

OVerall'compositions and rankings of shrimps in the diffuser area
contrast with tnosa of the preceding year, but agree with day-cruises in all
other studies. These studies show P. aztecus has been the principal species,
except during Septemner.19el through August 1982 study period when P.
setiferus was the principal species.

Following the pattern of earlier studies, overall diffuser area
ichthyofauna was dominated by very few species whése year to year abundance
continue to fluctuate widely. Stenotomus caprinus was the most numerous
species, comprising a.mnch gréater percentage of catcnes than it had to
date. .Cynoscion nothus and Chloroscombrus chrysurus, dominants on
- day-cruises in prior studies, were less abundant; though still principal
species. Other fishes that have been consistently abunAant and usually
principal species in inter-report comparisons 1nc1nded Syacium gunteri,

Ancnoa‘nepsetus and Pegrilns burti. . Temporal changes in relative species

abundance have persisted ﬁnroughaut the Bryan Mound study and are not
unusual. During the predisposal and eighteen-month postdisposal studies,
increases and decreases in compositions in the diffuser area were consistent
with those wnich occurred over a wide gross-shalf transect, far beyond the
spread of the brine plume. Therefore, differing 6ompositions observed during
the present study probably resulted from neal annual changes in species
abundance and are not related to brine disposal.

Cluster analysis and among-stations species compositions provide no
evidence to suggest brine disposal adversely affects the internal integrity
of the diffuser area nekton community. Dissimilarities in among-stations
relative species abundances illustrated by cluster analysis continued to be

minor; relat;ve abundances at near field and far - fiold diffuser stations
o
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were comparable. This indicates diffuser stations still form an essentially
homogeneous set. Similarly, differences in compositions of individual
species were inconsistent among stations. Observed trends showed
compositions of some species were higher at near-field diffuser stations
while others were lower.

Field observations made during the September 1982 through August 1983
period showed no dramatic lethal effects at any station during any cruise.
These findings correspond with those made since brine disposal began at
Bryan Mound.

There were no indications that brine disposal had much, if any influence.
on total shrimp abundance. OQverall station to station patterns in total
fish abundance and within cruise size compositions of the principal shrimps
were uniform from station to station regardless of location and possible-
exposure to brine. Brine abundance trends were contradictory from cruise to
cruise and ohly one within-cruise brine vs. no brine contrast was
significant. Furthermore, among-stations and brine related effects accounted
for a relatively small portion of overall model variation.

Any impact of brine disposal might have had on total fish abundance was
small. Though two of four within-cruise brine contrasts indicated
significant reductions in abundance in the brine plume, this response.was
not constant and reversed in the two non-significant contrasts. Variation
attributable to among-station and brine effects was very small compared td
among-cruise main effects and random variation. Overall station trends in
total fish abundance and within cruise size cbmpositions of target -
ichthyofauna were relatively homogeneous among stations despiteAstation'
location and brine impact.

The effects of brine disposal on total nekton biomass, if any, were
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minor. Overall station biomass patterns: were independent of station’
locations and potential brine impact. Three of four brine vs. no brine
contrasts indicated biémass was not significantly different inside or
outside the plume. Brine catch trends reversed from cruise to cruise.-
Also, variation due to among-stations and brine effects were less important
than among-cruise main effects and random variation.

Patterns in ichthyofauna diversity suggest it was not 1nf1uenced by
brine disposal. There was no overall diversity pattern based on probable
brine ekposure; stations within the plume had essentially the same diversity
as those outside the plume. Only one cruise was significant for the brine
vs. no‘brine contrast, exhibiting reduced brine diversity, but the opposite
trend was observed in two non—significént contrasts. Moreover, random
variation and among-cruise main effects were more important sources of

variation than among-station or brine effects.

4.14 Conclusions

Ié aépeats'fnat btine dispos;l at Bryan Mound has had neglible if any
influence on the nekton community surrounding the diffuser -- or even could
have had a greéter effect. The responses of nekton to ;hé plume have not
been const;n;, brine contracts generally have.been ncn—siqnifigant and
variabiiity attributable to among stations or to bfine effects usuallf_
small. The lack of impact seems related to several factor§';pcluding4tpe
intriqsic dynamism of shrimp and fisn populatipns,ythe negligible area .
covered Sy the prine Plume in comparison to areas stocks may range over, the
rapidity'ﬁitnkwnich the brine plume.dilutes anq‘disperses, and the fact that.
maximum brine elevations measured ére well below those that evpke mortality
or avoidance in laboratory tests.' |

Abundant ﬁekﬁon inhabiting the inner continental shelf (0 to 40 m) of
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the northwestern Gulf of Mexico have evolved against a background of great
natural environmental variation. This is reflected in a life history'
pattern common to most species and best adapted to great natural flux. This
pattern stresses rapid turnover of biomass and is characterized by small
s;zes, short life spans (generally 1 £o 2 years), high mortality rates
(usually > 90%) and rapid maturity (before or by age one year) (Chittenden
and McEachran, 1976; Chittenden, 1977; White and Cnittenden, 1977; Murphy,
1981; Shlossman and Chittenden, 1981; DeVries and Chittenden, 1982; Gebhegan
and Chittenden, 1982; Standard and Chittenden, in press).

Brine plume measurements indicate brine exiting the diffuser at
salinities generally greater than 250 o/oo dilutes to salinities of no more
than 5 to 6 o/oo above ambient in the very near field and lower salinities
within a very restricted area. To date greatest areal extént of the defined

(2 o/00) brine plume has been 24.5 km2 2

, but usually it is less than 10.0 km
(Randall and McLellan, 1983; Chapter 2, Section 2.4). The maximum'limits of
higher observed brine elevations (3 to 6 o/oo) are much smaller (0.1 to 9.3
kmz). Therefore, areas impacted by the defined brine plume are nedlible in
comparison to areas occupied by populations which may range across large
portions of the inner northwestern Gulf shelf between the Mississippi and
Rio Grande Rivers (34,900 kmz, planimeter estimation), or even in comparison
to possible local stocks which might inhhabit only the shelf (4050 kmz)"
between the region's twp moét important estuaries (East) Matagorda and
(West) Galveston Bays. Moreover, the highest measured brine elevationsg are
well below levels that evoke avoidance respofi$és or increased mortalities in
postlarvae and adults of some common shrimps (Howe, 1981) and fishes (Perez,

1969; Neff et al, 1981; Owens et al, 1981). Because brine salinities have

been low and the area of the plume has been limited, any possible increased
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mortalities, atttactiop/avoidance,'etc., must be restricted to a very sm#ll
area, most likely to the very near diffuser field within 600 ft (180 m) of
the diffuser because nekton trawling éannot be done closer to the diffuser,
and our studies over several years have shown no consistent brine effects.
Any increased mortality within this restticted area must be very small in
comparison to natural or fishing mortalities suffered by local stocks and
much less in comparison to more broadly ranging Gulf populations.

Though there is little evidencé to suggest brine disposal has had any
direct impact on the nektoﬁ community about the diffuser, it 4is éossible
brine may affect them indi;ectly through its influence on benthic organisms
which are important foods for some species. Though few dietary analyses

have been cbnducted on nekton which inhapit the diffuser area, several

shrimps and fishes including: Penaeus aztecus, P. setiferus, Anchoa

mitchilli, Cynoscidn arenarius, C. nothus, Diplectrum bivittatum, Leiostomus

Xanthurus, Menticirrhus americanus, Micropogonias undulatus, Paralichthys

iethostiqma,'Stenotomus caprinus, and Urophycis floridanus; are known to
feed on various benthos; especially crustaceans, during part or all of their
life histories (Darnell, 1958; Sikora et al., 1972; Diener et al., 1974;
Harwood et al., 1978f Sheridan, 1978; Overstreet and Heard, 1978, 1982;
Bortone et al., 1981; Hodson et al., 198l1). These nekters all exhibit a
polyphagous diet; none feeds exclusively on any single organism. Therefore,
it would likely take major disruptions of the total benthic community around
the diffuser (not isolated individual species populatidns as nited 1n.
Chapter 5), before there mignt'be any more than minor impacts on local

nekton stocks/populations.
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CHAPTER 5
BENTHOS

Donald E. Harper, Jr.
Texas A&M Marine Laboratory
Galveston, Texas

and
Larry D. McKinney and James M. Nance-

Texas Engineering Experiment Station
: Galveston, Texas .

5.1 Introduction

The Bryan Mound salt diapir, located neﬁr Freeport, Texas, was chosen
by the U.S. Department of Energy to be used for oil storage as part of the
Strategic Petroleum Reserve Program. Large caverns are being created
within this salt dome by solution mining. Fresh water is pumped into the
diapir, dissolving the salt, and the resultant brine (usually 230 to 250
o/co) is pumped through a buried pipeline to a disposal site in 2l-meter
deptn, 18 km offshore in the Gulf'of Mexico. At the disposal site, brine
is ejected through a series of vertical ports (the diffuser system) at a
velocity of 12 m/sec. This disposal method reduces the salinity of the
brine to near-ambient by turbulent m;xing, but a plume of above ambient

saline water still falls to the bottom and is carried away from the
diffuser area by prevailing‘currants. During the first six months of
operation, beginning in March 1980, maximum volumes of disposed brine were
less than 200,000 barrels/day. Beginning in September 1980 discharge
volumes increased to 500,000 barrels of brine per day and the rate was
increased again to about 1,000,000 barrels/day in January 1981.

The data presented herein represent the results of six years of field
research on the benthic communities off Freeport, Texas. Monthly sampling
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Figure 5-1. Chart of the area off Freeport showing locations of the
offshore and nearshore study area. .
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was conducted at two sites (Figure 5-1) for 4.5 years. The nearshore s;te
was dropped at the end of February 1982 and will not be discussed in this
report. At ‘the offshore site, approXximately 2.3 yearstéf predispésal data
were gathered prior to diffﬁser startup (Harper and McKinney, 1980;
Harper, chinney, Salzer and Case, 1981). |

Benthic macroinvertebrates make ideal subjects for studying acute and
chronic effects associated with discharge of organi; and toxic pollutants
into the marine environment. The benthos are primarily non-motile or slow
moving, small organisms that cannot easily escape an environmental stress;
those that cannot tolerate the stress perish. If stress is caused by an
organic'substénce, i.e. sewage, one tolerant, opporthnistic'species may
successfully 1nvadé the habitat and completely dominate the assemblage.
If the sgress is caused by a toxic substance, both numbers of species
(diversity) and individuals are usually greatly reduced compared with
non-impaqted control areas (Filice, 1959). We consider brine to be

included in the latter category, because it contains no organic material.

5.2 Historical Review

Soft bottom benthic assemblages off the upper Texas coast have been
little studied compared with many other 'areas of the Uniﬁéd‘States. Prior
to 1973, most benthic surveys‘were»conducted using non-quantitative
collecting gear (trawls, dredges), with no seasonal repgtition of
sampling. Soft bodied invertebrates were often ignored in favor of
‘ mollusks, whose shells are ipportant to petroleum companies as indicators
6f geological strata (Ladd, 1951; Hedgpeth, 1953, 1954; Hildebrand, 1954;
Hulings, 1955; Ladd, Hedgpeth and Post, 1957; Parker, 1960; Harper, 1970).
Tﬁe first attempt to gather seasonal data was made during tpe SEAQOCK
environmental impact study condﬁcted by the Environmental Eﬁgineering
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Department, Texas A&M University‘(ﬂarﬁer and Case 1975). ‘The present '
study areas were inqluded in the SEADOCK study area and limited baseline
data are available from the latter study. Three recent qualitative
studies of benthic assemblages have been conducted off the upper Texas
coast in the general- vicinity éf Freeport; off Galveston (Henry, 1976;
Harper, 1977a). and in the Buccaneer Field area 50 km south of Gaivgston
(Harper,‘1977b;-Harpér.et~a1., 1981). Of these, only Henry collected -
monehly samples..

Historical data indicated that abundances of benthi¢ organisms began
to incCrease in early winter, attained maximum densities in spting,“ihen
declined through.the summer, reaching lowest numbers in September or
October; occasionally a small summer bloom occurred. However, ‘relatively

little was known of the seasonal -changes or annual variability in

. b

composition of benthic communities off the upper Texas coast. The present

study is unique. .Monthly samples were collected for 4.5 years from two -
different habitats, .a.sandy bottom and a muddy bottom, allowing ine
investigators to study the changes in abiotic factors and community
composition of the sites from year to year instead of trying to
extrapolate data from relatively brief studies in several different study

areas.. In addition, sampling has continued on a quarterly basis for 1.5

years at the offshore site, increasing the data base on natural changes 1n"

population densities and species. composition in the benthie assembiages. -

There are virtually no-data on the effects of pure brine on
biological communities. - Johnson (1974, 1977) conducted studies in two:
areas, Cedar Bayou (upper Galveston Bay) and the San-Bernard River, where
brine was being d;scharged, -In both areas, water moved slowly and the

- dense brine formed a'persistent'stratifiéd bottom layer that was
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occasionally displaced during high freshwater discharge. The San Bernard ‘
River site had maximum recorded bottom sal%nities of 18.9 o/co, but the
salinity was not det;imental to fish or.inéertebrates because more
specimens were collected at the affected station than at a station 9 km
downstream where the bottom salinity was much lower. The Cedar Bayou
site, which received brine from salt dome cavern leaching, experienced
bottom salinities as high as 118 o/0o0, and the brine apparently limited
penetration of f£ish and nektonic invertebrates into the affected area.’
Most studies concerned with brine discharge have 1nv§stigated~the
impact of oil field produced water or "bleedwater" brine, i.e. brine that
is éisénarged into the environment after separating from the oil with
which it was mixed when pumped to the surface. Separation is not 100%
complete and some quantity of oil is also Adischarged. If the Bryan Mound -
salt dome is refiiléd with oil a second or third time, the .disposed brine
will probably, like bleedwater, contain oil. 1In shallow bodies of water,
bleedwater 0il becomes 1ndorpqrated in the%sediments,,as was found in
Louisiana (Mackin and Hopkins, 1962) and Texas (uacﬁin, 1971; Armstrong et
al., 1979); oily bottoms contained depressed populations of benthic
organisms. Such an effect has~notlyet been clearly demonstrated in
dffshore waters. The greater-potential‘for mixing because of deeper water - -
reduces the probability of oil being incorporated in the sediments. 1In '
Louisiana, studies comparing a production platform with a control area
produced mixed results. Waller (1974) reported that oil field statidns
were less p:oductivé'tnan cqptrol areas. However, Kritzle; (1974),
Farrell (1974) and Fish et al. (1974) found no differences in benthic
fauna between production and control areas. ﬁaker et al. (1981) conducted’

a 3 "season" (spring, summer, winter) study of the benthic .biota
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associated with producing platforms off the Louisiana coast. Their data
indicated that sublethal chronic exposure to hydrocarbons and trace metals
was limited to within 500 m of a plétform. They also emphasized that
stress from abiotic variables, viz: hypoxia, Mississippi River outflow and
tropical storms, caused benthic community instability and tended to mask
effects due to platfofm production. Fitzhugh (1983) reanalyzed the
polychaete data collected on the above study and determined that
polychaete distribution was primarily influencéd by depth and that
platforms did not affect distribution. Harper et al. (1976) found oil in
the sediments adjacent to one platform in Buccaneer Field, 50 km south of
Galveston, that probably resulted from an accidental spill. The benthic
assemblage at this site was quite depressed compared with nearby
uncontaminated areas. In a subsequent study at the same location,
depressed assemblages were found all around both platforms, but it was not
clear whether the depression was caused by differences in the substrate or
to discharges from the platforms (Harper, 1977b; Harper et al., 198l).

In the present study, the benthic assemblages displayed considerablé
seasonal abundance variability prior to diffuser start-up. The most
extreme change occurred in May through July 1979 whén the occurrence of
hypoxic, hydrogen sulfide laden béttom water drastically reduced or
eliminated the populations of many species (Harper and McKinney, 1980;
Harper, McKinney, Salzer and Case, 198l1). This extrehe environmental
perturbation created data analysis problems because seasonal signals
'tended to mask any effect due to brine disposal which ﬁegan nine months
later.

The 4iffuser began operaﬁing pn March 10, 1980. An inténsive study

was conducted in March and April 1980. Discharge was intermittent during
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this time. Volumes were about 200,000 barrels/day, and no effecgs were
detected (Harper and McKinney,.lsela). However, six months after the
discharge raée was 1nc;eased to 500,000 barrels/day, changes occurred in
benthic abundances.: Prior to Septeﬁber the nearfield abundances were
significantly higher tnan,fgrfield; but after September there were no
significant differences. Furthermore, results of Duncan's multiple range
test indicated a slight decrease in mean abundance in the nearfield area
(Harper and McKinney, 1581b). 1In the following year, the nearfield
stations again had significantly higher abundances than farfield stations

(Harper and McKinney, 1982).

5.3 Materials and Methods

5.2.1 Study Area

The offshore site; where brine disposal occurs, was first sampled on
December 2, 1977. lThe original sampling pattern consisted of 15 stations
loca£ed on transects parallel with the shoreline, but also arranged in
"concentric circles centered around the presumptive discharge location
(Figure 5-2). The diffuser was completed in September 1977. At that time
it was determinéd that the éenter of the pattern was about 600 m seaward
- of the diffuser} and in October 1977 ﬁne entire-gtation array was
relocated so it centered on the diffuser.

" At the same time four additional stations were added to the station
pattern (Figure 5-3). The 19 stations were sampled monthly until February
24, 1982. In November a new sampling scheme was implemented. Seven new
stations were added to the periphery of the study area, bringing the total
number of stations to 26 (Figure 5-4). This station array was sampled
quartefly (November, February, May and August in 1981 through 1883. Thus,
there was a two-month overlap between the 19~ and 26~station sampling; the
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26-station cruise in November 1981 was followed by 19-station collections
in December 1981 and January 1982 before the new quarterly sampling method
was used exclusively. Coordinates of sampling locations are contained in

Table 5-1..

5.3.2 Field Methods

Eacn.station was sampled in triplicate by divers using Ekman grabs
(232 cm2 X 15 cm deep). The grabs were spaced at 1.5~metér intervals
along a line having alsmall anchor at'one end and a buoy at the other.
When the vessel was on station, it was reversed and backed slowly as the
samblers and divers descended to the bottom. This maneuver usually caused
the‘grabs to spread apart when they landed; The line and buoy were cast
‘loose from the vessel wnicn then maintained station nearby until the
dive;s surfaced. On the bottom each grab was carefully moved to an
undisthrbed location, pushed into the bottom and tfiggered. The divers
manually closéd the aaws, if necessary, and secured the ven£ flaps with an
elastic band. Water samples were at first collected in a hand-carried
plastic jar. Later,‘a Van Dorn water sampler attached to the diver's
SCUBA tank was used to collect water samélesrimmediately above the
substrate. Divers élso collected a sediment sample in a plastic jar and
vispally inspected ﬁhe watér and suﬁstrate, when possible; for unusual
occurrences, evidence of brine, presence of organisms, etc.

When the.divers surfaced, they.and the samples were picked up by the
V vessel. The Ekman contents were placed.in plastic conﬁainers and the
sediment temperature was‘recorded. A description of the sediments, based
on visual and textural examination,'was recorded. Each sample was then
washed separatély on a 0.5¥miliimeter mesh sieve to remove sediments,: and
ﬁnen the matérial femﬁining on thé sieve -was fixed in 5% seawater -
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Table 5-1. Coordinates of benthic.sampling stations of the offshore and
nearshore study area.

3 +

Offshore e . ! {
Pre-Oct. 1979 Post-Oct. 1979
Station Latitude (¥) Longitude (W) .  Latitude (N) Lomgitude (W) ", -~
Al 28°42'32" 95°16'29" 28°42'42" 93°16' 38"
a2 28°43°12" ©  93°15'12" . 28°43'21" 95°18'32" ' -
A3 28°43°30" 95°14'49" 28°43'46" 95°18'03"
M 28°43'38" 95°14' 30" 28°43'38" 95°14'48" N
AS 28%43'54" . 95°14'18" 28°44'08" © 98°14'28" -+
AS 28°44'10" 95°13'51" 28°44 128" 93°14'04"
A7 28°44°26" 95°13'09" 28°44 08" Q371308
p1 28°43°'24" 95°15'30" 28°44°03" 93°15°'47"
02 28°63'51"  95°14'32" 28°64'33" 95°14°' 87"
03 28%44' 12" 9813ty - 28°43'06" 95°13'18"
il . 28%3'02" . 95°14'42" 28°43°09" 9s°18'19" . .
22 28%410 a7 P8°13°$7" ' 38%43'L1" © 93°14°10°
z3 28°44'09" 95°13's7" 28°44'12" 95°13'18"
n 28°44 122" 95°15'40" 28°44'59" 95°15'19"
¢l 28°43'06" 95°13'00" 28°43°17"  © 95°13'aT"
A8 28°64'05" . 95°14'31"
. A9 . : : 28%4118" -95°14' 18"
81 28°44'20" 95°14° 48"
cl 28°53°53" 95°14'23"
ALO - 28°41'39" 9s*18"17"
All 28°42'07" 95%17'32"
Al2 , . 28°48°31" 95°12'43"
Al3 _ 28%46°17" 95°11'48"
Alé 28°48'06" 93°11'00"
i1 28°55's5" 95°15'30"
n 28°52' %" 95°12°54"
:Nearshore
Station Latitude (N) Longituds (W)
Al 28°43'00" 95°19'38"
a2 . 28%8'3" 9%°1R%40" -
A3 - 28°48"' 38" 95°18'03"
M 28%48'46" 98°17745"
AS . 28°48'58". 9s°17'32" - S
A6 28%49'11" 95°16'33"
A7 28°49'22" 95°16'18"
bt 28°48°47" 95°18' 58"
D2 28%49720" | 95°18°09" . )
- D3 28°49°36" - 95%16'11"
.31 8%48'16"% . 95°18'15" .
e . g2 T 28%68'44" 95°17'17"
£3 28°49'09" 95°16'47"
n " 28%49'42" 95°18" 39"
6l 28°48°28". 9s°16'48" . .. <0
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formalin; The sediment sample was placed in a-container.’

Tne temperature and salinity of the bottom water sanole wereirecorded
as soon as tne divers returned to the vessel. The temperature and
salinity of a surface water‘sample were also recorded. Since October the
dissolved oxygen (D o. ) content of at least ‘the bottom water was measured.
Prior to January 1979, temperature was measured with a Celsius
thermometer, salinity witn‘a refractometer.and D.0. with a Hach kit.

Since then a YSI Model 33 Tenoerature-Salinity-Conductivity meter,
verified with a thermometer and refractometer, was'used to determine
termperature and salinity. D.O. was measured using a,!SI Model .57
pissolved OxXygen meter.. ” | B |

Pore water salinity was measured at the offshore‘site after the
diffuser began operating (since March 10, 1980). Sediment samples were
allowed to settle briefly after collection and the supernatant fluid was

poured off to ensure the pore water would not be mixed with bottom water.

5.3.3 Laboratory Methods

Samples returned to the laboratory were allowed to fix at least 12
hours in seawater-formalin. Samples were then washed with fresh water on
a 0.6-millimeter mesgh oievc‘to renove formalin and‘renaining sediments.
The material retained on the sieve was preserved in470§ rose bengal
stained ethanol for at 1east‘é4 nours; Organisms were tnen.removed,
identified to lowest possible tagon and counted. |

Sediment samples stood overnight ailowing tnelsediments to settle and -
the pore water to collect as a supernatant fluid,‘ Pore water salinities
were then determined by refractometerr.,Sediments were then refrigerated
“at 4°C if not spread out to begin drying immediately. A portion_of the
dried sample was analyzed for grain size using methods of Folk (1980),
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including sieve analysis for the sand fraction and pipette analysis for

silts and clays.

5.3.4 Data Analysis

Temperafure, salinity and D.0O. data collected from water and
sediments were averaged for each cruise and each station. Sediment
characteristics are presentéd in monthly Shepard diagrams. The discussion
of abiotic factors will principally concern the sediment temperature,
bottom and pore water salinity, bottom water D.0O. and sediment
characteristics because these are the factors directly affecting the
benthos. »

‘Biological data were analyzed in two ways. The first was
descriptive, comparing total species and total abundances (per station or
per cruise as appropriate, without extrapolation to numbers per mz) and
comparing the areal and seasonal distributions of total species and
individuals within each site. The second method involved the use of
cluster analysis (Bray-Curtis dissimilarit& measure, flexible sorting,
elimination of infrequently occurring species (those species comprising
95% of all individuals collected were retained)) following the methods of .
Clifford and Stephenson (1975), principal components aﬁalysis (PCA) using
the same species as in cluster analysis and pooled data from each station
at each site (see Clifford and Stephenson, 1875), discriminant analysis
comparing abundances with abiotic variables, and AﬁOVA followed by
Duncan's Multiple Range Test (MRT) to establish the hierarchy of means.
The graphic output for cluster analysis included station group and species
group dendrograms and two-way tables‘comparing co-occurrence of stations
and species (only the former are illustrated). PCA displays were plots of
each station location in space relative to the first three principal axes.
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Duncan's MRT results displays were lists of stations ranked by mean

diversity. ' .

5.4 Results

5.4.1 Abjotic Characteristics of the Study Areas

5.4.1.1 Temperature

The water column at the offshore site was usually isothermal or
nearly so (Table 5~-2). During the spring warming period (March through
May), bottom water warmed slower, and was usually 1 to 2°C cooler, than
the surface. Stratification often kept bottom waters 1 to 2°C cooler
‘during the summér (June through August). On occasion, usually following
passage of a norther, the water was slightly warmer at the bottom than at
the surface.

Sediment temperature changed more slowly than the bottom water
indicating sediments act as a buffer against thermal shock from rapidly
changing temperatures (Table 5-2). Sediment temperatures were up to s°c
cooler than surface waters during spring wérming.

Seasonal sediment temperature changes were relatiQely similar between
years (Figure 5-5). The coolest water temperatures were recorded in
January and February, and the warmest in August through September.
Temperatures increased gradually in the spring and decreased rapidly in
the fall. The principal difference between years was the relatively mild
winter of 1979 and 1980. No changes in the pattern occurred in 1982
through 1983.

Average bottom water temperatures since. the diffuser began operating
(March 1980 through August 1983) have been nearly uniform (Table 5-3;
Harper and McKinney, 1982, 1583). There has been no'indication of a
temperature increase in the vicinity of the diffuser.
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Table 5-2. Comparison of the average monthly temperature, salinity and
dissolved oxygen of the water column, and the sediment
temperature and pore water salinity (= sed.) at the offshore
site. Data from stations A4, A5, A6, A8, A9, Bl, Cl and E2 were
deleted from salinity calculations after diffusion began.

Tesparacure Salinicy Dissolved Oxvgen

Date Surface Bottom Sed. Surface 8ottom Sad. Surface Botcom
1977
2 Dec 19.5 21,0 21.5 23.8  30.1
1978
4 Jan 16.2 14,5 15.0 33.5 33,9
24 Peb 10.9 11.8 12,9 - -
17 Mar 4.0 14,0 14,0 32.3  35.7
15 Apr 2.2 19.9  17.9 28.6 3.4
26 May 6.6 2.8 133 0.2 1.9
20 Jun 28.6 27.7 26.0 30.0 3.9
17 Jul 30.7  27.0 25.4 3.1 5.1
2l Aug 30.1  28.0 26.9 3.5  35.6
27 Sep 28.1 28,6 27.4 31,5 32,0 . .
30 Oet 26,8 25.3 2.} 33.7  35.0 - 5.4
30 Nov 1.6 22,9 2.6 3t 33,5 7.0 6.7
1979
17 Jan 6.7 6.6 6.1 3%.6  35.7 - -
. 28 Jan 13.0 13.0 13.1 32.5 327 7.0 6.7
26 Feb 13.64  13.7  13.5 28,4 33.1 7.8 6.6
2§ Mar , 182 172 17,1 6.4 8.2 6.0 3.8
2% Apr 23,0 21.3  19.0 0.1 3.9 1. 5.3
24 May 6.3 23.0 22.4 25.3 3.8 3.7 3.3
25 Jun 30.0 25.0 25.0 19.4  32.8 6.2 1.9
30 Jul 28.0 26.2 26,2 28.5  32.3 5.4 1.6
21 Aug 28.7  26.9 26.8 30.6  32.0 5.3 2.9
24 Sep 2.5 25.5 25.5 6.7 28.7 6.6 4.8
18 Oet 25.1 2.7 25.0 30.3  31.6 5.6 5.5
15 Nov 19.9 20.5 20.7 30.0  30.5 6.1 6.1
16 Dec 4.2 14.5 16.0 29.0  30.2 7.0 6.8
1980
18 Jan 5.3 15.2 16.5 28.8  30.5 6.9 6.7
L3 Fab 13.7 141 el 0.7 3.3 7.4 1.5
10 Mar 16.0 16.0 15.9 26.7  31.3 7.6 1.1
20 Mar 16.3 16,1 16.0 30.5 3.9 8.0 1.9
3 Apr 18.6 18.0 18.0 26.3  29.4° 32.0 8.1 7.2
21 apr 2.1 19.3 19,0 W05 .0 W7 C 8.0 1.9
22 May | 2.3 233 2. 27.0  30.3 2.1 6.8 6.4
30 Jun 28,0 2.6 23.3 %8 5.1 35.) 6.8 4.1
24 Jul 28.6 28.5 28.0 35.7  35.6  36.4 6.6 6.4 -
25 Aug 30.2  29.3  29.1 .7 32,9 .7 6.1 4.7
4 Sep 9.4 29.4  29.4 29.1  31.6 33.0 6.2 5.9
29 Sep 28.8 28.9 29.0 28.7  32.9 32.1 1.1 6.0 -
23 Occ 23.9 25.2  25.0 30.5 33,7 331 7.2 6.4
S5 Dec 6.4 16.6 17.0 32.3 32,7 W4 1.5 7.3
. 1981
15 Jan 13.6 16.2 14.2 32.1  33.7  36.5 8.4 7.9
16 Teb 8.2 12.7 12.1 M9 3.2 sl 10:2 10.1
14 Mar 16.5 16.2 5.7 32,1 3.4 .S 7.6 7.1
17 apr 25.6 23.5 21.8 0.4 32,9 %.7 7.1 6.9
6 Hay 5.7 251 23:2 3.4 M. wwu 8.4 8.0
18 Jun 28.6 28.0 28.1 6.2 31,5 12.8 8.2 A7
13 Jul 29.6 28.3 8.7 0.0 335 134 5.6 3.1
13 Aug 29.6  29.2  30.0 31.9 2.0 32,5 5.5 4.3
21 Sep 27.3  28.0 28.1 9.2 30.8 3.5 6.9 5.8
. 27 Oct 23.4  25.0 25.2 29.3 32,6 .6 59 4.8
. . 2) uaw .40 2.1 224 2.0 3.1 3N 8.0 5.9
. 9 Dec 19.5 200 20.7 0.4 31.5  12.9 1.2 6.7
1982
1T Jjan L3.6 15.0 15,0 . 31.8 32.8 13.8 8.2 8.0
L7 Fab 15.0 14,5 .4 30.0 3.7 3a.2 9.4 7.9
28 May 26.9  26.2  24.8 21,7 36.4  32.1 9.1 4.8
31 Aug 29.9  29.8 30.0 32.7 333 3.l 6.1 5.8
20 Yow 0.1 20.0 21.1 32.2 357 13.8 1.4 6.9
1983
28 Feb 16.2  16.0 15.9 33.1 1e 327 7.6 73
25 May 5.1 23.6  23.7 C27.5 0 33,9 2.6 7.0 5.4
26 Aug 29.3  28.1 21.0 8.2 3L 331 7.0 47
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Table 5-3.

Comparison of average bottom water temperature and salinity
and pore water salinity at each. station (quarterly data)
during 600,000 barrels/day lower flow rate (December 1980
through November 1981) and 1,000,000 barrels/day higher flow
rate (February 1982 through August 1983).

Station

a4
AS
A8
A9
Bl
c1

A3
A6
D2
E2

A7
Dl
D3
El
E3
Fl
Gl

Al
Al2
Hl
Jl

All
Al3

AlO
Al4

Bottom Temp.
Lower Higher

21.3
21.3
21.3
20.9
21.1
21.3

21.3
20.9

21.1

21.1

21.3
20.8
21.2

21.2

20.9
21.4
21.1
21.0

21.2

22.3
22.4
22.4
22.4

. 22.2
22.1

22.3
22.2
22.1
22.4
22.2
22.4

22.2
22.4
22.4
22.4

Bottom Sal..

Lower Higher - Lower

Sed. Sal.

Higher

500~-m ring of stations. .

33.0
34.5
33.6
34.1
33.8
33.7

1000-m ring of

s
33.5
33.1
33.6

35.1
34.6
34.2
35.2

2000-m ring of

32.5
32.4
32.9
32.9
32.9
32.7
37.8
32.5

34.9

34.4

34.5
34.2
3.0
35.1
34.0
35.2

4000-m ring of

33.0°

3501 T

36.2
35.3
35.4
35.0

35.4

stétions

stations .

33.9
33.4
33.4
34.0
33.6
33.2

33.4

34.5
stations

33.2

-gtations

stations

33.9
32.9
32.7
32.8
35.5 .
33.5
33.4
33.3

" Diss. Oxy;

Lower - Higher - -
7.4 6.0
7.4 6.2
7.4 6.3
7.4 6.4
7.2 6.1
7.3 6-1
7.3 6.0
7.1 6.3
7.4 6.0
7.3 5.8
7.5 - 6.1
7.4 6.1
7.4 6.1
7.2 6.1
7.3 6.4
7.2 5.9

7.4 6.0
7.2 5.9
7.4 6.3

6.2
6.3
6.2
6.4
6.2
6.2
6.2



5 4 1.2 Salinity

Bottom water salinities at tné offshore site were usually oceanic or
subfoceanic'(3o'to 36 o/oo); the -lowest average salinity<rec9rdgd was 28.7
o/00f(rable 5=2). Surfaré sélinities were~usuaily deérésééd.at some time
during the spring or summer (April through July) by 1oca1 runoff or
Hississippi River discharge (Kelly et al., 1982, 1983).  Annual salinit}
trends were fairly similar 1n 1978, and 1980 tnrougn 1983 (Fiqure 5-5),
with maximum salinity. gradients ‘of about 5 o/oo in those years (Table
‘ 5-2). In 1979, however, extremely high séring rundff rates depressed
surface salinities to 19 to 20 o/bo, causing étrong stratification (12 to
13 o/ooc gradient) #nd contributed to the occurrence of h&poxia (Harper and
HcKiﬁney, l98la; Harpér;‘ncxinney,'Salzer and Case, 198i). In the 1982
through 1983 bottom water salinities (peripneral stations) remained
between 30 and 35 o/oco... Salinityvgradients.were about 3.0 o/oo in
November and February, but increased to 4 to 5 o/oc in May and August as
freshwater dischérge reduced'surf;ce salinities to 27 to 28 o/oo.

Prior to diffuserﬁoperatioh, average bottom water sélinities were
uniform at the offsnore site, but after dAiffusion began, there was an
»increase 1n nearfield salinities (Harper and McKinney, 1982) The averége
nearfield salinities continued to be elevated during the most recent year
of study (Table 5-3). .fhé'areal exten£ of elevated bottom water
salinitieg pefore.énd after the fIOW'rate'wés‘increased to 1,000,000
barrels/day is compared .in Figures 5-6, 5-7 and Table 5-3. Discharge was
>600,000‘barrels/dai'from November 1980 through December 1981 (5
quarterlf cruises) and almost'l;obo,ooo barrels/day sincelJanuary 1982 (7
quarﬁerly cruises);-:Brine saiinity was 240 ﬁo 260 o/o00 duriﬁg mos£ of
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Figure 5-6. Areal distribution of average bottom water salinities during ..
lower (~600,000 barrels/day) flow rate, December 1980 through
November 1981. ' ‘ L
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Figure S5-7. Areal distribution'of average bottom water salinities during
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this time. The average densest part of the brine plume coverage appears
to have trended toward the northeast through southeast, i.e. offshore.
During the 1owér flow rate period, average ambient salinity was about 32.5
o/oo. Both the +1.0 and +0.5 o/oo isohalines were well inside the
2000-meter ring of stations (Figure 5-6). During the higher flow rate
period, average ambient salinities were about 34.0 o/00. The +1.0
isohaline extended beyond the 2000-meter ring of stations while the +0.5
o/0o0 isochaline appeared to extend a considerable distance southeast to
southwest (Figure 5-7). Also, during the higher flow rate -period, we
recorded evidence that pools of higher density water separate from the
plume. On November 20, 1982, the highest recorded bottom water salinity
was 38 o/oo at station Hl, the closest inshore. Salinities were 35 to 36
o/oo over most of the remainder of the study area. _1f .brine is capable of
being carried up a depth gradient toward shore, it is probable that all
stations in the offshore study area arF affected periodically, and that
there are no true control areas available for comparison.

During prior studies pore water salinities have nearly always been
higher than bottom water (Harper and McKinney, 1981b, 1982). However
since the flow rate increased to 1,000,000 barrels/day, a feversalﬂin
salinity doncentratidn has'apparently occurred.n During the lower flow
rate period, pore water salinities were 1.5 £0'3.0 o/00 higher than bottom
water salinities, on the éverage. During the higher flow rate period,
poré water salinities were 0.2 to 2.0 u/ov lower than bottom water, and'
were also, in some cases, slightly lower than equivalent pore water
salinities during the lower flow rate<peri§d (Table 5-3). Slowey's data
(1982; this volume: Ch. 3, Append. C) appear to agree with our

observations. He recorded elevated pore water salinities from the latter
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half of 1980 through May éf'1982. From August 1982 qnwérd the pore water
salinities decreased and wére'usually lower than, or very near, the bottom
water salinities. | |

Areal extent of elevated-pore water salinities appéars to trend in
the same directions, i.e. north and sputn, during both lower and higher
flow rate per;ods (Figures 5-8 and 5-9);' During the lower flow rate .
period, the +0.5'6/oouisohaline appears to have éxtended to the south to
some unknown distancg, while éxtending north to.a little beyond the
2000-meter station (D3). The +2.0 o/oo0 ischaline was confined to witnin':
the 1000-meter ring of stations. During the higher flow rate period,‘tne
+0.5 o/oo isohaline shifted slightly, to the northeast, but covered
approximately the same area, and appeafed to extend toward the south. Thé
+2.0 o/oo isohaline waé confined to the 500-meter ring--a~sméller areal

coverage than during the prior period.

5.4.1.3 Dissolved 0xyggﬁ

Highest offshore D.O. Qalues were recorded during winter months and
lower values were recorded in summer when the water was warmer (Table
5-2). D.O. trends were'siﬁilar annually (Figure 5-5). Lowest D.O. values
were recorded in June and July 1979 concomitant with and following
pronounged stratification due to low surface salinites (see above). The
low b.o., combined with hydrogen sulfide product;on, caused extensive
mortalities among the benthos (Harper et al., 1981).

Average D.O. values Qere similar at all offshore stations and there
is no evidence that the diffq#er«altered the D.O. content of ﬁhe bottom
watér at anf staﬁion (Table 5-3).

Hypoxia was noted by_the hydrcgraphicltask grﬁup in the summer of
1983. The timingxof benthic crpiséé, however, was such that ﬁay samplés
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Figure 5-8. Areal distribution of average pore water salinities during
lower (~600,000 barrels/day) flow rate, December 1980 through
November 1981. '
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Figure 5=9. " Areal distribution of ‘average pore water s_alin:‘,tiéé' during
higher (1,000,000 barrels/day) flow rater, January 1982 through
August 1983. :
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were taken before and August samples were taken after the hypoxic

occurrence.

5.4.1.4 Sediments

The average mean grain size was stable for much of the etud§.period,
ranging from 4.5 ¢ to 5.5 ¢ (Figure 5—10) : nn apparent decrease}occurred
in March 1980, and an apparent shift into the 6.5 to 7.0 ¢ range occurred
in 1981, which continued through 1982} Seavconditions were relatively
calm dQuring most of 1981 and 1982 and it possible that accretion of fine
sediments occurred. Grain size increased to 5. 5 to 5. 8 ¢ between November
1982 and Hay:1983. There was a sharp decrease to 7. 9 ¢ in November 1983
possibly due to fine sediments stirred'up4by'ﬁnrricane Alicia in Auguet
settling to the bottom. | |

Shepard diagrams indicate that sediment characteristice varied from
month to month at any given scation (Harper anc.HcKinney,VIQBZ; Figure
5-11). The variability was also evident to the,civers who eften reéorced
that the thickness of the fine surficial silt layer varied at any given
station. The shift in grain size toward silt-clay composition is evident
in the August diagram compared witn-previous quarterly collection data.
In particular} note the ‘shift in'grain size from eanc or muddy sand
(November 1982 through May 1983) to silt-clay in August 1983 for stations

Al, A10, All and Dl.

5.4.2 Biological Characteristics of the Study Areas

5.4.2.1 Seasonal Trends Of Diversity.

Diversity trerds (l5-station data) followed.a somewhat rhythmic
pattern offshore (Figure 5-12); increased numbers of species occnrred in

spring (February through May) and fall (July through September) .. The
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largest numbers of species were collected during spring 1980, just prior
to start-up of the diffuser. A decreasing trend, temporarily reversed in
April, occurred after start-up. Neither the fall 1980 nor epring ;981
peaks were as high as corresponding peaks before the diffﬁser began
operating. Following the increase in brine flow to 1,000,000 barrels/day,
a gradual increase in numbers of species collected occurred, followed by
an increase to 95 species in May 1983. This was the second highest number
collected since the project began. Diversity then decreased through

November 1983.

5.4.2.2 Seasonal Trends of Densities

Abundances of offshore benthic individuals fluctuated seasonally
during 1977 through 1980, though density peaks 'did not always cofrespond
exactly with diversity peaks (Figure 5~12). The lowes£ numbers of
individuals were collected during and after hypoxia in 1979. 1In 1980, the
spring peak density occurred just after the diffuser began operating. As
with the numbers of species, a decreasing trend, temporarily reversedAin
april, occurred after the diffuser began operating. A sharp decrease
occurred between August and Septemper 1980 after brine output was
increased. Neither the expected fall nor spring blooms occurred in 1980
and 1981. In fact, the abundance of benthos was quite depressed between
September 1980 and December 1981. Total numbers of individuals collected
during this period were always less than 2000 individuals, compared with
the 4500 to 5000 individuals collected during spring blooms in prior
years.

An abundance peak occurred in January 1952, corresponding with an
increase in diversity. This peak was-followed by a continual decline
through November 1982. A spring bloom occurred in May 1983, in part
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resulting from a large population of ampeliScid amphipods. Following the
May bloom, total abundances of benthos decreased to about 1000
individuals. Apparently the abundance pattern became more like the
"expected" seasonal pattern in 1983, but still, the decreases in the
fall-winter periods of 1982 and 1983 were greater than those in 1977 and
1978, prior to hypoxia and diffuser start-up.

5.4.2.3 Redox vs. Abundance Trends

The term oxidation is applied to the process in which oxygen is added
to a substance. Conversely the loss of oxygen is termed reduction. The
extent to whicuh a substance can undergo oxidation - reduction processes
depends upon the concentration of other oxidizing - reducing systems and
their production in the area. Within a’given area of the marine
ecosystem, the proportion of oxidized to reduced components of particular
system in reiation to other systems constitutes the oxidation - reduction
potential, or redox potential.

Redox pptentials are measured in volts or millivolts (1 mv = 0.001
v). This gives a measure of the intensity of the electromotive force (Eh)
and can either be positive or negative. A positive‘Eh value results from
a state tending towards oxidation and a negative E, value indicates a
system causing reduction.

Oxygen in marine ecosystems produces a redox éotential which is
influenced considerably by temperature and the hydrogen ion concentration

(pH). To adjust for these effects all E_ values giVen are standardized at

h
a temperature of 25°C and pH 7.

The Eh of mud exposed to oxygenated water varies near +500 mv.
Depending on the oxygen level at the water-sediment interface, this

oxidized microzone may extend for several millimeters into the sediments

5-31



or be cﬁmpletely absent.' ;f the oxidized m;crolayer i§ absent the En
values will approach zero or less. The less oxygen available in the
sediments‘the lower the Eh value. Anaerébic bacteria.exist where the Eh
valué is below -400 nmv. Oxygen dependent animals are generally exclﬁded
from such a zone and are found where the En is no lower than =200 mv.
Under extremely reduced conditions, hydrogen sulfide, a poison to aerobic
organiéms, is produced, and can rise above the substrate into the water
column.

There appears to be a correlation between the abundances of benthic
organisms and redox potential of the sediments. 1In Figure 5-13 the trends
of mgan En trends ofAdiffuser area sediments}(Slowey, this volume) are
compared with mean abundances of benthos (15 sté;;on data). From August
1979 through mi&-lQBO abundances and E ' were both high. As densities of

h

benthic organisms decreased in the latter part of 1980, the E_ became

h
negative (reducing conditions). Both rémained low through AuédSt 1983
with the exception of the positive spike in May 1983. These data wefe

subjected to a regression analysis using E, as the dependent variable

h
(Figure 5-~14). The correlatign resulting from this analysis was 0.5924
with an F of 0.009. This moderately good cof¥elation may bé_a result of
the non-synoptic nature of the data. Better correlations were obtained
when fewer data were used, (see section 5.4.2.8.2).

It is quite probable that sediment E_ is dependent on the burrowing

h
act;vities of infaunal benthos. Deep burrowers draw watet'into their
burrows, bringing 1nvfdod and/or oxygen. ‘This- oxygenates .the. sediments
around the burrows. Shallower burrowing direct deposit.feeders eat their

way through the sediment, and, combined with the burrowing activities of

surface deposit and filter feéders, -Cause sediment overturn, or .
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bioturbation. These activities oxygenate the upper few centimeters of
sediment and cause a typical brownish color of newly collected sediments.
‘It follows, then, that when organismal densities arevhign,

bioturbational activity is more intense and E. remains positive.

h
Reduction of benthic abundances (as occurred in 1980-1981) reduces

bioturbation, anaerobic bacterial activity increases (also a result of

fewer bacterial being eaten by deposit feeders), and E _becomes negative.

h

5.4.2.4 Areal Distr;bﬁtion of Diversity

In ghe 5 cruise lower flow rate period, the distribution of total
numbers of species appeérs to have been féirly nomogeneous (Figure 5-15).
Most sﬁations had 30 to 40 species during this time. Only the Aiffuser
statioh (A5) had noticably more species--50.

In thg 7 cruise higher flow rate period there were patches of
stationé, all but one, 2000 m or more from the diffuser with >60 species
(Figure 5-16). The single exception was the diffuser station. Remaining
stations had 40 to 50 species.

The distribution of average ﬁumbers of species per A transect station
is shown in Figurg 5f17. Dufinq.botn lower and higher flow rate periods,
there was a péak at station A5 and depressed numbers Of &pecies

‘immediately downcoast from the diffuser.A Note the higher numbers of

individuals toward the periphery of the study area.

5.4.2.5 Areal Distribution of Abundances

Areal abundance distribution-data collected during the lower flow
rate period (5 cruises) suggest three groups of stations, those with <300
total individuals, 300 to 500 individuals and >500 individuals (Figure

5-18). Greatest abundances were northeast (stations A9, A6 and A7) and
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Figure 5-=15.:. .Areal -di'stribution of total number of- spedies during the
o lower flow. rate (~500,000 barrels/day). December 1980
through November 1981.
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Figure' 5-16. Areal distribution of total number of species during the -

higher flow rate (1,000,000 barrels/day), February 1982
through August 1983.
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Figure 5-18. Areal distribution of total number of individuals during the
lower flow rate (~600,000 barrels/day) , December 1980
through November 1981.
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southwest (A4) of the diffuser. A hook-shaped area of lower abuﬁdance lay
toward the southern - western perimeter of the study area. Station A5,
with 564 individuals, was included in the intermediate range of
abﬁndances.

The'pattern was changed considerably during the nighef flow rate
period (Figure 5-19). Again,Atnree somewhat arbitrary groups ofAstétions
could be established--those with <700 individuals, 700 to 1000
indiQiduals and >1000 individuals. Gréétest abundances were found in a
crescent northeast -~ south of the diffuser in close proximity to the
diffuser, and two isolated patches (All and Hl). Stations with lower
abundance did not occur tégether as they did duringﬂthe lower flow rate
period, but 1ﬁstead, éccurred as 1 or 2 station patches. Station A5 had
the second lowest number of individuals during the latter period.

' Average numbers of individuals éef A transect station clearly
illustrate the depression in the vicinity of the diffuser, as well as the
upcoast abundance peak (Figure 5-15). Note that during the lower flow
rate period (which corresponds with the period of generally lower benthos
’abundances), two downcoést farfield stations had lower abundances than AS,
whereas A5 had the lowest abundance duripg tné higher flow rate period.

It is also interesting to note that only station AS hadAidentiéal average

abundances during the two periods.

5.4.2.6 Multivariate Analyses

c1uster'anélysis of quarterly data was performed on lower and higher
flow rate datavusing 19 stations and on higher floﬁ rage data using 26
stations (Figure 5-20). The lower flow rate (which coiﬁcided with low
abundances) dendrogram Shows nearfield and farfield stations intefmixed
with one another, with no apparent ten&enéj for groups £o form according
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Figure 5-19. Areal distribution of total numbers of individuals during

the higher flow rate - (1, 000, ,000 barrels/day), February 1982
tnrough August 1983.
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-to proximity to the diffuser. Bptn higher flow rate dendroqrams afev
similar. Nearfield stations A5, Bl and A8, and A9 and Cl clustered
together, but were associated with intermediate and farfield stations.
Also, all stations were fairly uniform in terms of similarity, suggesting
that cluster analysis did»not detec£ any effects due to brine.

‘Principal components analysis plots of lower (Figure 5-21) and higher
(Figure 5-22) flow rate periods agreed with cluster analysis results.
There was no tendency for nearfield spations td group out separately from
the remainder of stations in the study area.

Discriminant analyses were performed on 16we; and higher flow rate
abundance data (19-station data) using the following five abiotic
variables: sediment temperature, salinity and mean grain size, and bottdm
water salinity and D.O. 1In both analyses, the first axis accounted for
two-tnirds of. the variance in the system (Table 5-4). The most 1mport§nt
abiotic variable was, however, different in the two analyses. During the
lower flow rate period, sediment temperature accounted for 87%~of the
variance in axis 1, and thus a;counted for a large,propoftion of the total
variance in the system. Dissolved oxygen was important in axes 2 and 3,
but only slightly more so than béttom salinity (axis 2) and mean grain
size (axis 3). Overall, salinity_appears to have been relativeiy
unimportant.

During the higher flow rate period ﬁhe primary variable in axis 1 was
mean grain size (almost 55% of»the variance) and the ;eéondary variable
was sediment‘tempetature. -Tnus the most important variable'in this system
was much less dominant than'tne-cotresponding variable ih the lower flow
rate period. Pore Qater’salin;ty appears to have been more important than

in the previous period, accountinquor about 51% of the variance in the
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Table 5-4. Comparison of discriminant analyses results from lower and
higher flow rate periods. The heavy bar indicates the
variable accounting for the largest amount of variance in that
axis; the light bar indicates the variable accounting for the
second largest amount of variance.

Percentage of variance in each axis

Axis % Axis L

b WN M-

vVariable 1l 2 3 4 S

Sed temp za.g 5.0 6.6 2.9 2.5
D.o. 2.0 alal  ddud 1.8 10.7
Pore sal 1.1 4.4 10.3 a8.8 32.8
Bott sal 0.4 33.9 9.3 2228 4.3
4 Grain 2.4 17.9 36.5 16.0 4.8

Percentage of variance/variable/axis - higher flow rate

variable 1 2 3 4 5
. 4 Grain 27.9 2.5 12.1 1.6
Sed temp 23:6 8.8 £2.4 3.6 5.7
Pore sal 3.2 §0.§ 1.1 11.9 28.8
Bott sal 7.5 0.4 4.3 70.3 13.7
D.O. 4.8 12.3 27.9 2.0 52.3
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second axis. D.0O. appears to have been the least important factor in the
higher flow rate perind.

Discriminﬁnt analysis ;uggests that, as in pre&ious analyses,
seasonal abiotic changes are tending to overshadow abundance changes
caused by brine outflow. During the lower flow rate periocd, salinity was
the important variable in axes 4 and 5 which accounted for relatively
little (4.5% and 3.2%, respectively) of the variance in the system.
During the higher flow rate period, salinity was somewhat more important,
being the dominant variable in axis 2 (16.7% of the axis variance) and

axes 4 and 5 (3.1% and 1.7%, respectively).

5.4.2.7 Statistical Analysis of Community Parameters

Previous statistical analyses of the various physical parameters
affecting the benthos naQe indicated that changes in temperature,
dissolved oxygen and, to some extent, salinity are strongly influenced by
seasonal progression. These tfends have tended to confuse analysis of
brine effects within the study area. To minimize seasonality a number of
approaches were used to separate seasonal from possible brine effects.

Quarterly data (November, February, May and August) from May 1980
forward were separated into control (D1, D3, A2, A7, Gl, A6, and A3) and
brine (AS, A4, AB, R9, Bl, Cl, and E2) stations. Choice of these station
combinations was based on the results of past studies (Harper and
- McKinney, 1981b). These studies indicated that brine stations regularly
feil wiﬁhin the brine plume and would therefore be more likely to reflect
brine impact. Control stations were chosen because of their p;edisposdl
biologic and abiotic similarities to brine stations, proximity to their
counterparts, and to have analyses based on equal numbers of stations
’(i.e. equivalent areal coverage, etc.). These data were then used to plot
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average numbers of individuals per meter squared ovér each of the
quarterly periods (Figure 5-23). Using 95% confidence limits to define
the range of variability it will be noted that although the brine me;ns
wefe always less than control means their range of variance overlapped in
all cases. February and August were quarterly periods wiﬁh_widest
intervals. May and November periods had considérably reduced ranges, and
differences in controls and brines approached significanéé. To reduce the
effects of this variance, particularly within the nmore va:iable quarters,
a number of analytical techniques were used which reduced the effects of
seasonality. Two aspects of commhniﬁ& structure were emphasizéa for
analysis: abundénce and species diversity (H'). These two parameters are
‘mostireadily comparable in analysis of the physical paramééers'affected by

brine.

5.4.2.7.1 Salinity and Temperature Influences on

Adbundance

Regression models, using temperature and salinity obsérvat;ons, were
run for several combinations of abiotic factors vs. bioclogic data. These
models use recorded data tp extrapolate to predicted values. Thus,
maximum temperature and salinity values are above and below recorded
values in all such figures. The data are presented as contour plots
showing observed and predicted bioclogic data as functions of abiotic
vafiables. The contour plots of benthic abundances relative to sediment
temperature and salinity (Figure 5-24) indicate that the greatést numbers
of individuals are found in a rather narrow salinity range (20 to 22 o/00)
but over a broad temperature range (8 to 36°C). Smallest abundances
occurred in the highest salinity range. Bottom water data (Figure 5-25),
conversely, 1ndicat§d greater abundances over a broader salinity fange (20
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Figure 5-23.
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Contour plot of mean ahbundances over the range of sediment
temperatures and salinities for the period of November 1982 to
August 1983. The ten (10) delimits those temperatures and
salinities in which mean abundances were the greatest. All
rankings of contours are in.descending order.
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Figure 5-25. Contour plot of mean abundances over the range of bottom
' o i:emperatures and salinities for the period of November 1982 to
August 1983. The ten (10) delimits those temperatures and
salinities in which mean abundances were the greatest. All
rankings of contours are in descending order.
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to 34 o/00) and a more narrow temperature range (18 to 35°C). These
trends were indicative of the relative stability of sediméntary salinities
| over time. Temperature appeared more seasonally responsive and less
subject to fluctuation. Botﬁom salinity ranges appeared wider than that
of sediment salinities due in part to brine plume influence, i.e. relative
plume size, concentration, direction of flow, etc. Sediment salinities
take longer to change because they respond more to the composition of the
- waters above the sediment than to rapid current shifts'(ﬂarper and.

McKinney, 1982).

5.4.2.7.2 Salinity and gggpetatufe Influences on

Species Diveroity

As with abundance data Shannon diversity indices (H') were plotted

4

against salinity and temperature étadients using a regression analysis
médel to produce a contour plot. Tﬁe plot of all crﬁise-daga ‘(November
1982 to August 1983) shows a rather limited range of~nign index
concentrations (Figure 5-26). By plotting individual quarters, the
influence of summer operative parameters becomes‘apparant. Hypoxic
conditions developed in the study area during August. The effects were
similar to tnose.teported.for the last hypoxic event: strat;fication of
the water column, hypoxic bottom waters, dramatic'decreases in bentnoé and
nekton, etc..(Harper and McKinney, 1981b). Figure 5-27 contours, |
influenced by ﬁypoﬁi&, wer; similéf‘ioAand avﬁa;or 1hfiuence §n ﬁneN
overall contours (Figure 5-26). Contours of the other quarterly plots
(Figures 5-28, 5-29 and 5-30) indicate a more seasonallf influenced
distribution. AS temperatures increased with the season the highest
levels éf diversity moved with tﬁem over the éntife range of saiinities.A‘
There were overfi@igg\seasenal influences on both abunqancés and
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Figure 5~26. Contour plot of diversity indices over the range of bottom
: temperatures and salinities for the period of November 1982 to
August 1983. The ten (10) delimits those temperatures and
salinities in which diversity indices were greatest. All
rankings of contours are in descending order.
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Diversity contours for August 1982. Numbers indicate the
ranking of a particular contour as to range of diversity. Ten
(10) delimits those temperature and salinity ranges in which
the highest diversities (i.e. within stations) occurred. All
rankings of contours are in descending order.
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Figure 3-29. Diversity contours for February 1982. Numbers indicate the

ranking of a particular contour as to range of diversity. Ten
(10) delimits those temperature and salinity ranges in which
the highest diversities (i.e. within stations) occurred. All
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diversities when analyzed over time periods long -enough for .these_patt;e"rn‘s; .
to develop. Analysis based on ShOl‘tel‘.‘ time periods or based on physical . -

parameters would therefore be more likely to show brine effects.

5.4.2}7.3 'Salinity vVS. Abundance(Diversitx

Salinity data from each stafion and cruise were used to establiish a

range of salinity points against which abundance data could be analeed.
The resultant data were subjected to ANOVA procedurés aﬂd'Duﬁcaﬁ's MRT.
When all months (November 1982 to August 1963) wefe combined no“
significant differences in the abundance means wore‘nnted‘(PR >F = 0;57
at ¢ = 0.05). However, those stations with the greatest number of
individuals were in the nigner salinity ranges (37.to'3eto/oé)l No
significant differences were noted in analysié of individual quarters (PR
> F = 0.29 in November, 0.91 in February, 0.4l in May and 0.41 in August
at a = 0.05). A

Shannon diversity indices were calculateﬁ fér sﬁation/cruise. These
data were also compared with salinity ranges by ANOVA méthods. When'a11>
monéhs (November 1982 to August 1983) were combined no significant
differences in abundances were noted (PR >'f - o.éi ;t a = 0.05). ﬁo
significant differences were noted whéh aﬁélyzed by quarﬁers (Pr > F =

0.92 in November, 0.98 in February, 0.79 in May and 0.97 in August).

5.4.2.7.4 Distance vs. Abundance/Diversity
As previously. described, the brine concentrations férm-a_g;adient
(i.e. plume) from the diffuser. The plume extent and movement is
controlled by currents and thus tends to sweep. around-the diffuser.
Inclusion of benthic stations within this plume is dependeﬁt on current .

conditions, distharge rate, etc. Stations closer to the diffuser are more
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reqularly and consistently impacted by brine than stations further away
(Que to plume movement andidilution). Benthic Etations were therefore
divided into aiseties of rings of increasing distance ffom the diffuser.
Stations A4, AS, A8, A9, Bl ana C1 were designated diétance 1 (within 500
m). Stations A3, A6, Dé and E2 we;e_designaﬁed distance 2 (1000-meter
ring). sﬁations A2, A7, D1, D3, El, E3, Fl1 and Gl were designated
aistance 5 (2000-meter ring).. S;ations Al, Al2, Hl and Ji were designated
.distaﬁce 4 (4ooo-pete; ring). Stations All and Al3 were designated
distance 5 (6000-meter ring), and stations AlO, Al4 were at distance 6
(8000-meter ring).

The 1n1t1ai analyses by ANOVA and Duncan;s MRT's which combined all
data indicated no significant differences in mean abundances from distance
1 (500 and less) to distance 6 (8006 ﬁ). At the g = 0.05 level Pr > F =
0.74 (Figure 5-31). The 4000-meter ring (distance 4) had the greatest
‘means followed by the 2000-meter, 1000-meter and 500-meter rings (none
. signiﬁcantly different).

Analys#s of individugl quarters indicated that an effect associated
with dis?ance approached gignifigancenin the first hglf of the study year
(Figure 5-31). In November of 1982, mean abundance‘at‘qistances 6 (8000
m) and 4 (4060 m) were not significantly d;fferent from each other but
vere not truiy significantlyAdifferent from the other distances because of
the overlap at distance 4. In February distances 4 and 5 were
significantly different frém each other, but again group overlap prevented
establishment of aistinctly significantly groups. In both November and
February, diffuser stations were intermediate in mean abundances. ANOVA's
for May and August, however, indicated no significant differences

agsociated with distances.
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November February - May August All
[ 6 r 4 v'-r 3 er | T*
TE4 1 3 2 2 3
-5 2 4 3 2
1 1 1 4 1
2 lg 5 6 6
l 3 L s | ls ls

Pr) F=0.01 Pr) F-=0.10 Pry F=0.19 Pr) F=0.80 Prd F = 0.74

Figure 5-31. Results of Duncan's MRT's with abundance data. Numbers
represent distances: 1 = 500 m or less, 2 = 1000,; 3 = 2000
m, 4 = 4000'm, 5 = 6000 m and 6 = 8000 m. ='s enclose those ' -
means which do not vary significantly (a = 0.05).
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If brine was adversely affecting benthic population levels in the
immediate diffuser area,_the inner rings should have had the lowest mean
abundances. .In actuality the farthest rings had ;owest méan abundances in
three of the four quarters. This may be a real low abundance or an
aréifact of both fings 5 and 6 having only two stations each. Tne only
quafter in which these two rings were not at the bottom of the abundance
hierarchy was November, the month with lowest overall abundances. The
distance rénkings are apparently not a functioﬁ of sediment differences.
Duﬁcan's MRT comparing mean grain size vs. distance indicated there was no
significant difference betﬁeen distances.

In February and May quarters, months with greatest overall
abundances, the inner ring of stations had the iowest mean abundance of
the rings with at least four sgations. The high abundances récorded in
May were mostly due to large‘pdpulations oé the amphipod crusﬁaceéns; |
Ampelisca spp;, a group noted for their sensitivity to pollution.

In Augus£,;1t is probable that several factors caused an apparent
reversal in the hierarchy, resulting in the inner riﬁg distances having -’
‘the greatest mean abundances.. First, hypoxic or near-hypoxic D.O. values
were detected:by other investigators early in August. Based on past data

(Harper and McKinney, 1980) this may have reduced the the benthic

denéities overall (and in fact, August total abundances were second lowest.

after November), reducing differences between distances. Also
complicating the August data analysis was the passage of Hurricane Aliciaf
on August 17, 1983. Because of the hurricane, diffuser operations were
shut down for four days from August 17-20 and had not returned to
pre-hurricane discharge rages when the sampling cruise occurred on 26

.Anqus£; This reducﬁicn in -output, coupled with a very evident shift in
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grain size to silt-clay at most stations, may have made the near-diffuser-

bottoms more hospitable for benthic species, at least temporarily.

i
Shannon diversity index (H') was also compared with distance using

the same procedures as with abundance data (Figure 5-32). No significant
differences were noted in November (PR > F = 0.17). Distance 1
(near-diffuser) stations, however, had the lowest average H' values.
Distance 6 stations (8000 m) and distance 4 stations (4000 m) had the
highest average indices. Within thé remaining tlireéee quarters, means at
the various distances approached significance, with truly significant
groups being ruled out by group overlap. Distance 1 stations had the
lowest H' in all analyses. The greatest H' usually occurred at the
4000-meter or 6000-meter stations.

ANOVA's of abundances andAdiversity over a range of salinities and
distancés indicated that H' may be the better indicator of brine impact if
other analytical techniques ,i.é. &luster analysis, ordinatiun, elLc.
indicate little differenceé in species composition between stations; and
if sediments are relatively uniform. Diversity indices were depressed in
the immediate area of the diffuser over the period of November 1982
through August 1983. A more detailed analysis of this community parameter

would thereféré pe warranted.

5.4.2.7.5 Species Diversity and Taxonomic

Composition
Species diversity, as expressed by the Shannon index, relates species
richness as a function of occurrence, the resultant relationship being
expressed as a single number. Some brine effect was detected in the
diffuser stations which indicated an‘alteration in those relationships.
Table 5-5 breaks the species composition 6f the ninety percentile group
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November February May August . All

16 I 4 -8 T4 T4
4 [ 3 4 6 6
5 ( 2 J 5 5 5
2 6 r 3 2 3
3 2 ] 2 l 3 2
11 11 j' 1 1 11

Pr F=0.17 Pr F=.001 Pr F=.0000 Pr F=.00L Pr F = .31

Figure 5-32. Results of Duncan's MRT's with Shannon's diversity indices.
Numbers represent distances: 1 = 500 m or less, 2 = 1000 m,
3 =2000m, 4 =4000m 5 =6000mand 6 =8000m. ='s
enclose those means which are not significantly different (a
= 0.05). ‘ ‘
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Table £-5. Summary of taxonomic composition, 90 percentile roup.

Station Total Taxa Polychaeta Crustacea Mollusca Other
Dec 1977 - Feb 1980 _
Predisposal Period All 3L 24 5 1 1
Contrcl 238 : 21 4 1 2
Brine 25 17 5 1 1
May 1980 - Aug 1983
Postdisposal Period All 31 .21 6 1 3
’ Contrcl 31 20 -7 1 3
Brine 25 16 6 1 2
Feb 1981 - Nov 1982
Low Abundance Period All 2b 17 5 1 3
Control 20 15 3 1 1
Brine 27 18 5 1 3
Feb 1982 - Aug 1983
High Brine Flow Period all 44 . 25 9 6 4
. Control 30 19 9 0 2
Brine . 18 13 2 1 2
Nov 1982 - Aug 1983
Current Report Period All 41 28 7 3 3
Control 28 21 3 (0] 4
3 (o} 2

Brine . 18 .13




inte major taxonomic units of Polychaeta, Crustacea and Mollusca. The
ninety percentile group réfers to.those species whose occﬁrrence accounts
for 90% of those individuals collected in a specific period.

Species diversity based on these data were analyzed within various
time periods using all stations, brine stations and control stations as
subgroups. During the predisposal period (December 1977 to February 1980)
brine and control stations were roughly equivalent in diversity: The 90%
group for brine stations naq 26 species and the control stations had 28
species. When all data were combined, 31 species comprised the 96% group;
The combined postdisposal period (May 1980 to August 1983) showed little i
difference (from predisposal) in species diversity, i.e. 31 species in the
combined 90% group. Control station species were somewhat greatef (31
species) than brine stations (25 species). '

When the postdisposal period was divided into sequences which
reflected unusual seasonal trends and/or discharge activity, brine effects
became more distinct. During February to Novgmber 1981 very low
abundances occurred throughout the study area. During this period brine
station had more species {27) 4in the S0% group than was recorded for
control stations (20 species). This was the only.period in which brine
stationé showed a higher diversity than controls.. The February 1982 to
August 1983 period, for example, was one in which control stations had 30
species and brine stations had only 18 species in the 90% group. This
.period a1§9 coincided with tne increas¢ of brine flow to the million
barrel/day rate. Data from Nqbember 1982 to August 1983 (tﬁq current
report period) also indicated the H' was reduced in the vicinity of the
diffuser. | .

Changes in diversity are indicative of different species responses to
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cnanggng_ppnd;;ionsl(bigtic or_pnysica;“parqﬁeters),.iAn.examination of
thé,maié;ﬁ;axg éb@pt@é}ﬁg %ﬁgISQGperéen;iig]g}oﬁg ;;Vdéﬁonstrétive of this
point. Table 5-6 lists those pol§éhaete sﬁéciééféﬁi¢h'dccﬁtréd in the 90%
group over the duration of the‘study. The top 15 species (P. pinnata
gnrqugn §; amer;can#) have occurred with grea£ regularity tnrougﬁout the
project. T};é'ﬁgjbrity of these species are surfaé:e"and subsurface deposit
féegers. Many of the less frequently occurring species (within the 90%
gtoué) were“émqéypres or-barnivores,‘ xheée speciésfﬁére cnieflyfi‘
respoﬁsiblelfof.tﬁe incfease in species“diver51§YTg§féontrol stations .

(?ablg 5-5) . .Examples of these species ifh¢luge Pseudeurythoe ambigua, .

Sthenelais limicola, Diqpatfa cuprea,"aﬁd Lumbfine:is ernesti. A greater

numper of p?edators could be expected a$ é respsnse to greétetlﬁumbefs of
prey. Aas 1ndiqted by the distance anglysis (of abundances) those stations
with signifiéﬁhtlg greatef mean abundancéé wéréjoutside the diffpse: ring
of stétions; ¥ven within Lhe overall anééysis of Ajstance (NQVembéf 1982
to August 1983) distances)z, 3 énd 4 of. (1000 to 4000 m) had the greatest
meaﬁ number;}of.ind1v1dua;s. Suen a larger base population would sﬁéport
a 1érger number 6; prédaceous_spec;és. - This appeared to be the casé in
the study area and would explain an increasingly diverse community .
struciure outsiée the 1mmedia£e dif%uéer area.

Within the Crustacea (Table 5-7) some increase in species divets;h&
could also be noted but gheir contribution to diversity analysis by ANQVA
proceduresiéppears limited. There have, however, been some species éhifts‘
within simi_iax_‘ nabitats. The Ampelisca species were a primary 'éxgxﬁ'p?le.»

Ampelisca abdita, common through 1981, was replaced by Ampelisca agaésizi

in 1982. The general lack of Crustacea from August 1981 to February 1982

(hmgelisca included) coincided with the generally low abundance period.
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Table 5-6.

Commonly occurring. polychaetes. The presence of a polychaete

‘'species in the 90 percentile (based on total species) during a
quarterly sampling period as indicated by an X. F < February,

M - May, A - RAugust, N - November.

1979 1980 - 1981 1982

Species  FMAN FMAN FMAN FMAN

P.
N.
M.
A.
L.

TENTACULATA

CIRRIFERA
‘BREVIPALPA

PINNATA
MICROMMA
PHYLLISAE
MACULATA
VERRILLI

54 b B¢ b M
5 B¢

B¢ B DS B B¢
T )
54 B¢ Ba e M
L R Y
D4 e D¢ B M
BB De ¢ M
54 B¢ ba be M
5 b e

L R
R ERY
E VY
B4 De B¢ B &
B B¢ ¢ e

]
-4

DELTA

CRISTATA
FINITIMA (cf)
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CALIFORNIENSIS

R R
- .

o

> ¢

B 54 ¢ B¢ ¢

B¢ b4 ¢ B¢ ¢

B %4 %

B 54 ¢ B¢ ¢

M M XM
™

-

o

>

M M
MMM M &
e

NIGRIPES
INCISA

]

L ]
e 5 b

™

o

OCULATA - X
AMERICANA X

MNP MM
]
]
>

4
»
E]
»

MARIONI
PYGMAER
FRAGILIS
LIMICOLA
TAYLORI

5% M M
YR
M

SIMPLEX
ERNESTI XXX XXX
LAMELLOSA } X . X
CUPREA X X X X
LATERICEUS ' : X

E
>
b

CINCTA : - XX
AMBIGUA

R R

GRACILIS

DAUERI
TORQUATA
JONESI =
SOLITARIA

D M

5=67

]
> X

]
MM DD MMM

1983
FMA

L R -
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Taple 5-7. Commonly occurring crustaceans. The presence of a crustacean.:
species in the 90 percentile (based on total species) during a
quarterly sampling period as indicated. by ‘an x. F - February, )
M - May, A - August, N - November.

1978 1980 1981 - 1982 - 1983

Species FMAN FEAN FMAN FMAN FMA

A. ABDITA X X X XXXX XX X X

A. AGASSIZI XX X A XX XXX X XX

A. VERRILLI X X X XX X

P. MACRDMANUS X X

PINNTIXA B X

P. SAYANA X X X

S. LOBATUS X XX XX

A. EVERMANNI X XX X X X X

PINNIXA (BUL ROS) X X

M. EDWARDSI X

T. SIMILIS X XX X

A. FLORIDANUS X X

C. ACHERUSICUM X

L. SERRATORBITA X
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Details of this period are discussed in other benthos sections and in
previous reports (H.arpef and nel(mne&, 1983). Ampelisca will be discussed
in detaii iﬁ later sections.

The 90% group of Mollusca and Nemertinéa are listed in Table 5-8.
Nemertean.species, which are major infaunal predators, responded to
population levels much asAdid the predécéous polychaetes, i.e. cyclic with
segsonal changes and differing concentrations'of prey. nollusca.'with
la;gé numbers of planktonic larvaé generally appeared in the 90% group if,
and when, a large number of them settled within the sampling area.

Examination of all three tables listing 90% occurrences shows a
steadily increasing number of species within these classif;cations. It is8
important to note that the November 1982 column, in all tables, was
responsible for the addition of many species not seen before or since that
- quarter. Unusually low numbers of individuals wereAalso noted during that
period. The dominant species, while present, were greatly reduced in
overall abundance. Some marginally numerous species (i.e; generally
outside the 90% group) were included as a result. Nonetheless, an
analysis of Control and Brine stations, as given previously in Table 5-5
shows that foliowing brine discharge there has been a general and

significant decrease in species diversity around the diffuser.

General responses of the major taxa within the study area (i.e.
Polychaeta, Crustacea, and Mollusca) have been discussed in previous
reports as well as preceding gections. The polychaetes and other
vermiform organisms appear to be more resistant to pollution and/or
environmental extremes than other groups (Harper and McKinney, 1981b).
Individual species responses may differ as some can be adversely affected
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Table 5-8. Commonly occurring nemertean and mollusks. The presence of
nemerteans and mollusks species in the 90 percentile (based on
total species) during a quarterly sampling period as indicated
by an X. F - February, M - May, A - August, N - November.

1979 1980 1981 1982 1983
NEMERTEAN SPP. FMAN FMAN FMAN FEXAN FM2

C. LACTEUS XX
NEMERTEA (Y.B.) X
NEMERTEA (W.)

R ]
LR
>
LR R
LR
LR
LR
L

MOLLUSK SPP.

C. OPERCULATA
C. BARRATTIANA
A. AEQUALIS

T. VERSICOLOR
N. CONCENTRICA

LR ]
>

o
b

N. PUSILLA XX X X

T. PROTEXTA X
N. ACUTA ~
V. HELICOIDEA .

NUDIBRANCH (B.S.)

BIVALVE (UNID.)
L. PELLUCIDA

M X b MMM
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while. others respond positlvely (i e.- dramatic population increases ;T
blooms) and nave beenflabelled as indlcator species. ,¥°;l“5k larvae
appear respond to l;oreased salinity. The use of salinity gradients as a
settling cue is well known among the.Mollusca. This may be their chief-
response to briﬁe in the'stuoy-area jHerper and MoKinney, 1980). The
Crustacea are oeperally aoversely affected‘by pollution and environmental
extremes. Tney,‘as with some’polychaetes, have been used as Pollutibnf;_ N

e d

indicators in numerous situations.

5.4.2.7.7 Crustacean Responses to Environmental

Extremes
Although most of the crustacean populations within the Study#aree“.
appear to fluctuate withbseasonal and environmental stress, the"kmphipodd,
Ampelisca specifically, respond more readily than do other taxa (Maokihi‘.
1971; Harper and McKinney 1880).

The Ampelisca within the study area were composed of a mixture of

three species, A. abdita, A. agassizi, and A. verrilli, tnrouéh lsgom. .
Following the low abundance year of 1981 A. agassizi became the dominant
Ampelisca. These shifts were due more to competition between these
species than any other factor. All are colonial tube-dwellers which can
form mats of tremendous‘area (hundreds of square meters). Competition for
‘ space is therefore keen and once a colony becomes established it tends to
spread outward absorbing smaller adjacent colonies regardless of species.
Samples can thus contain almost any combination of species although one
would most likely dominate a specific area.

Because they are colonial and lack planktonic larvae, they tend to
exhibit tremendous spring populationlincreases (i.e. reproductive
response) which provide adults for emigration to new areas, replacement of
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the overwintering population (tne;r progenitors) and adults for a fall
reproductive period. Such a population peak was first noted in the spring
of 1979. Hypoxia during the summer of that year all but eliminated the
Ampelisca. Recovery was prolonged because environmental factors (other,
though minor, hypoxic events) as well as biotic factors (general
population depression of 198l1) in following years adversely affected these
sensitive organisms.

Another population peak, similar in size to that of 1979, developed
in the spring of 1883. The peak apparently occurred prior to the May
quarterly sampling as populations appeared. widely distributed and well
established by May. The distribution of Ampelisca species for May is
presented in Figures 5-33 and 5~34. The Ampelisca appeared concentréted
in the ring of sﬁations just outside of the diffuser area. Diffuser
sﬁations generally had population levels of an order of magnitude less
than the immediate outer rings. Levels also dropped off with increasing
distance from the diffuser (i.e., the more distant rings) but were not as
low as at diffuser stations (Figure 5-35).

One factor considered contributory to such a distfibution (otnef‘th;n
brine influence) would be sediment preference. The Ampelisca appear:to |
prefer the larger grain sizes\(i.e. sand) over smaller more compact :
sediments., ANOVA and Duncan's MRT analysis of §ediment/abundancé data
reflécted the distributional battern'(?igure 5;36). Fdliéwing a mild
winter the seasonal increase in the benthos became apparent. In February,
greatest numbers of individuals were found in the 6 to 8 ¢ silt stations

polychaetes were the dominant taxon, sﬁbsurface deposit feeders and
predatory species in particular. These organisms prefer silty-type

sediments in geheral. Ampelisca agassizi was also qQuite numerous. By Ha&,
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Figure 5-33. Total numbers of Ampelisca per square meter along the
transect perpendicular to the shoreline.
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Figure 5-34. Total number of Ampelisca per square meter along the A
transect for May 1983. The A transect is otherwise termed
the longshore transect.
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Figure‘5-35.

Graphic representation of Ampelisca abundances around the
diffusar. Rings around the diffuser approximate the +3 and +4
bottom salinity contours.



Novambar Fehruary May August @ll

1 T 4 3 T4 1-4
2 | 1 4 | 3 | 3
3 3 | 1 2 1
4 o i, 2 ‘ 1, ( 1,

Pr F=0.11 Pr F=0.646 Pr F=0.00 Pr F=0.94 Pr F=0.22

Figure 5-36. Results of Duncan's MRT's with mean grain sizes and
' abundances. Numbers represent phi size ranges: 1 = less
than 4 (sand), 2 = 4 to 6 (silt), 3 = 6 to 8 (silt) and 4 =
greater than 8 (clay).

5~-76



greatest abundances were'foundvin éandy éediments, concomitant with large
numbers of A. agassizi (and to a lesser gx£ent A. abdita) were the
dominant species within the stuﬁy area. Their large numbers as well as
their preferen;e for a morg sandy segiment accounted fér significantly

- greater abundénces in these sediments, 4 & or iess (Figure 5-36).

Sediment preferences did not appear to overwhelm probable brine
effects; however, as brine and dontrol stations were similar in their mix
of sediment types. Distance from the diffuser still showed significant
impact on Ampeligca populations in the terms of é‘ting-like effect (Figure
5-35).

Unfortunately the persistence of such a pattern could not be followed
throughout the summer bécause a major hypoxic event eradicated the
amphipeds prior to August sampling. When population levels are low brine
effects are aifficult to detect. However as population levels increase
some depression in abundances of particular species can-be noted. Such
effects were obvious for the Ampelisca as wéll as an overall depression of

species diversity'atound the diffuser.

5.4.2.8 sEécial Aspects of Communitz and Physical ?aramefers

ongoing studies by other tasks have provided valuable data and
1hfotmation which have assisted in the analysis of-brine effects on the
benthos. These same data have also posed a number of questions concerning<i
the effects of changing physical characteristics on community structure.
Résults of water and sediment quality studies have indicated that redox
values have fluctuated greatly within the study area and two heavy metals,.
lead and cadmium, were present in greater concentrations around the |
diffuser thah.at control sites. Special cruiéesiin summer 1983 by the
hydfographic task group reported the reéuétende of ﬁidespread hypoxic

§-77



BT A

conditions in the Freeport, Texas area. All of these coﬁditions have or
could-adversely affect the benthos ﬁitniﬁ the study area. Some (i.e.
heavy metal deposition) may have resulted from diffuser acfivity-whilé
others occurred as a result of naturaliprocesses (i.e. redox flux,
hypoxia). Detection of problems resulting from diffusion of brine are, of
course, a primary interest. Naturally 6ccurring~pnenomena which stress
the benthos are also important in the study of brine pollution effects.
Any condition which regularly, or as a.sinqle event, stresses a community
can vastly reduce its (the community) ability to successfully respond to
pollution.  The synergistic effects of natural stress and pollution can,
in such cases, overwhelm a community which was, up to that time, handling
either situation within the limits of normal fluctuation of abundance and
species diversity. Acute sources of stress such as hypoxia may be
relatively short in duration but long in recovery. Other stresses, such
as heavy metal poliution, may be low in observable stress_but’chronic in
long term effect. Each of the special topics will be addressed

separately.

5.4.2.8.1 Hypoxia

As noted previously, the hydrographic task group found hypoxic
conditions in the summer of 1983. Although no hypoxic D.O. readings were
noted during the August benthos cruise the réduction';n‘abundances were
indicative of its effect. This hypoxic event was not as extensive' as in
1979 (Harper and McKinney, 1980) but effects were similar. Crustacea, in
particular, which were returning to pre-1979 levels, were virtually

eliminated from thei study area.



5.4.2.8.2 Redox Potential vs. Abundance

Correlations between redox potentials and abundances of organisms
should be highly positive.. This is certainly the case at the Bryan Mound
site. Apundance of qrgqnismstat the control stations (A2, A3, A6, A7, D1,
D3, Gl), the brine stations (A4, AS, E2, A8, A9, Bl, Cl) and overall (26
stations{,_seem to fluqtuate directly with the redox potenéial (Figures
$-37, 5-38 and 5f39). Abundances for all species, Amphipoda, and all
species less the Amphipoda were plotted in éhese figures to negate any
effect of the unusually large peak of Amphipoda during May. Redox
correlations remained ‘high regardless of species exclusions.

4c6rre1ation values between abundances of orgahisms and redox
potentials were calculated and &re'presented in Table 5-8S. A correlation
value of +1l indicates a perfect positive correlation between the two
factors. - All correlation values between various abundance values were
highly positively correlated with redox values. No significant
differences were seen between correlations at brine>stations and control
stations. Fluctuatinq redox appears to be a factor at all stations

regardless of other influences.

5.4.2.8.3 Lead Effects on Benthic Community

Structure

- The concentrations.of lead (Pb) in marine sediments and‘their
overlying waters have been monitored more carefully since the dangers of
heavy metgl inqestion by maﬁ were publicized in the early_1950's.
Research has shown that all organ;sms tested to date are adversely
affected by various.concentrations of lead in the environment. Studies on
a variety of marine taxa have been conducted to determine tolerance levels
to lead and other heavy metals.
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. ABUKDANCE DATA

Figure 5-37.
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the Bryan Mound site. ~Abundance totals are given with and
without Amphipoda which were the dominant species in May.
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Figure 5-39.
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May.

5-82



Table 5-9. Correlation values between redox potential (E ) and total
abundances of various taxa.
E2, A8, A9, Bl, and Cl.

A7, D1, D3, and Gl.

-stations.

Brine stations include:

A4, A5,

Control stations include A2, A3, A6,

All stations include all quarterly

Taxa

“Total Abundance
-TotalAAmpellsca

Total Aﬁppipgas -

Tota; Abundance-Ampelisca

‘Total Abundance-aAmphipod .

Corr.
Slope
Inter

Corr.
Slope

Control

Inter .

.Corr..
" Slope

Inter

.. COrr.

Slope
inter

Corr. -

Slope
Inter

0.95
0.135
=-190.87

.0.89

- 0.34 -

-182.41

0.81
0.29
-130.46

0.77
0.237
-229.54

0.77
 0.249
-233.96

Brine

0.95
0.192
~239.06

0.96
0.527
-1540 03

0.99
0.45
-112.44

0.90
0.277
-269.43

0.90
1 0.277
-267.89

All Stations

0.81
0.061
-249.59

0.77
0.094
-179.58

0.80
0.099
-140.50

0.81 "

0.145
-402.01

0.80

0.152
-415.06
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All taxa do not share similar abilities to tolerate lead (Table
5-10). For example, the shrimp Pandéiué montagﬁi was able to tolerate
lead at a concentration 10060 X greater than the amphipod Niphargoides .
ﬁaeticus. The two polychaetes listed differ by an order of magnitude,
whereas the two mollusks are quite similar. Therefore, no one taxonomib
c;ass can be used to monitor environmental lead levels. Taxa at the
generic or'species level must be utilized in such monitoring programs.

Lead level build up in the sediments can occur in a number of ways.
In soluble form in marine waters, lead can préciﬁitate, be adsorbed on
suspended sediment particles, or be absorbed and modifie& by fmarine
organisms. ‘Lead can also diffuse directly into or out of sediments as a
direct result of concentration éradients betwéen pore anq bottom waters.

Both the Bryan Mound dAiffuser and control sites have shown an
increase in lead concentrations in the sediments and in the'oveflying
water (Slowey, 1982). Table 5-11 shows the lead concentration ranges and
averages for theAstudy site over a five year period.l The values shown are
quite low for sediment lead levels whén compared to the delta region of
the Mississippi River. Sedimentary cores from the delta region yielded'
values of 25 to 44 ppm (Windom and Duce, 1976), whilé Bryan Mound
sediments ranged froi 0.07 €0 13.6 ppm.

No obvious effects on abundance or diversity have been observed on
the benthic community at the Bryan Mound site to date, although levels are
at the point where some organisms could be affected. If lead levels
continue to increase a significant impact could be expected at some point

An the future.
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Table 5-10.

Lc5 for various exposure times and concentrations of Pb on
adugt marine organisms.

Group Organism

Concentration

Author

Crustacea  PANDALUS MONTAGUI
NIPHARGOIDES MAETICUS

0.03-0.062

Portmann (1978)

 Patin et al. (1978)

Mollusca  CRASSOSTREA VIRGINICA
CARDIUM EDULE

48h
48h

~Bryan (1976)

Calabrese et al.
(1973)

Polychaeta OPHRYOTROCHA LABRONICA

: - NEREIS DIVERSICOLOR

T

48h
192h

Patin (1982) ..
Bryan (1976) '

%concentration given for biological indicator of toxicity (changes in

survival, abundance, fecundity, growth rates).



_Table 5-11. Ranges and averages for Pb (ppm) at the diffuser study area
(from Slowey 1981, 1982, 1983). # - lowest observed value
to date; » -~ highest observed value to date.

Date Range Average
(all stations)
August 1979 1.5 - 10.0 4.60
February 1980 - #0.07 - 12.2 3.31
April 1880 1.6 - 9,8 4.40
June 195U 1.2 - 8.0 4.29
August 1980 2.9 - 8.6 5.25
October 1980 1.9 - 10.6 4.30
January 1980 1.2 - 12.3 6.92
"March 1981 3.0 -.11,9 £.34
July 1981 2.0 - 9.8 - 6.02
November 1981 4.2 - 8.3 6.16
May 1982 5.8 = 12.2 7.43
August 1982 8.2 = 11.9 7.21
November 1982 5.2 - 10.6 8.28
February 1983 . 6.0 - 11.6 8.98
May 1983 6.0 - 10.4 7.33
August 1983 2.9 = 13.6+ 8.32
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5.4.2.8.4 Cadmium vs. Abundance

The effects of C4 on the benthos have been studied by many
researchers resulting iﬂ data onAassimila£ion, acute toxicity, and
‘organism tolerance. ﬁanf animals have been tested under various
concentrations of tempe;aturés»and salinities to monitor the effects of
.éd. Table 5-12 éives a summéfy of some of this research. ASs one can
. ébserve from the data, cadmium is highly toxic and requires little
concentraﬁion to cause death to the organism.

The presence of cadmium (C4) as a marine pollutant became noticeable
in the 1960's with the advent of human cadmium poisoning in Japan. A
heavy metal such as Cd, with its low solubility and pign toxicity, can be
particularly dangerous to the marine benthos. Cadmium entering the'water :
column does eventually reach the marine sediments. Precipitation,
adsorption on suspended particles, and absorption by organisms account for
the mévement of C4 to the sediments. Ambient levels of C4 in marine
éediments are usually very low, with average oceanic waters containing
0.05 ppdb (Windom and Duce, 1976). Accumulation in sediments is evident

though, as levels of 1.5 to 2.4 ppm are found in Mississippi River Delta
sediments (Tréfry'and Presley, 1976).

The concentrations found at the Bryan Mound site are very. low,
ranging from 0.008 to 0.07 ppm. ’These concentrations are listed in Table
5~13. These cadmium levels represent lower levels than most researchers

uﬁilize even in the long term LC 0 studies and are 21 times lower than the

8
lowest level detected in the Mississippi Delta sediment samples.

No observed effect from cadmium has been noted at the Bryan Mound
study site. Levels are still below the toxic range of most organisms.

7

The situation does require monitoring as a r:ontinued increase in
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88-9

Table 5-12. Lethal toxicity of c4 (Bryan, 1976).

Minimum- ' : .
LCg (ppm) . Observed LC50 Conditions o
Group " Species - pH oC Form Author
24-hr 48-hr 96-hr LCSO- Time
(hr)
Molluscs . MYTILUS ECULIS >200 165 2.% - - S 0/00=20 20 Chloride Eisler (1971)i
Bivalves - MYA ARENARIA >200 50 2.2 - - S 0/00=20 20 ‘Chloride Eisler (1971)
v CARDIUM EDULE = 10-33 3.3 - T - - 15 Chloride Portman and Wilson
. : (1971) :
Crustaceans CRANGON CRINGON - 3.3-10 1.0 - - - 15 ‘Chloride PortTén‘a?d Wilson - |
: 1971
Shrimp - CRANGON 2.% 0.5 0.32 - . - S ofo0=20 20 Chloride Eisler (1971)
SEPTEMSPINOSA - :
Crabs PAGURUS 200 3.7 0.32 - - s o/oo=20' 20 Chloride Eisler (1971)
LONGICARPUS : :
CARCINUS 100 16.6 4.1 - - S of/o0=20 20 Chloride Eisler (1971)
MAENAS . J ,
Echinoderm ASTERIAS . 12 1 0.82 - - S 0/00=20 20 Chioride Eisler (1971)
FORBESI _ ~ : . -
Annelids  NEREIS VIVENS 25 25 11 - - S 0/00=20 20 - Chloride Eisler (1971)
' . N. DIVERSICOLOR - - - . 1D 816 50% = SW 13 “Sulphate Brow? & ??sanullah
) P : o P s 197 . -
* . OPHRYOTROCHA - - 8 i 410 - - 20 Sulphate Brown & Ahsanullah

LABRONICA - S (19mn)




Table 5-13. Ranges and averages of Cd (ppm) at the diffuser study area
(from Slowey 1981, 1982, 1983). # - lowest observed value
to date; » -~ highest observed value to date.»

Date . Range . : . Average
- : ‘(all stations)

August 1979 "0.02 - 0.05 . 0.028
February 1980 . 0.01 - 0.04 0.022.
April 1980 0.01 - 0.03 0.013
June 1580 0.01 = 0.04 0.019
August 1980 . ’ 0.01 - 0.04 '0.023.
.October 1980 ) #0.008 -~ 0.057 “0.033
January 1981 0.0l - 0.05 0.031"
March 1981 0.02 - 0.06 0.030
July 1981 : ' 0.02° - 0.06 0.028
November 1981 - 0.01 = 0.03 0.022
May 1982 . . 0.01 -~ 0.07 0.050
August 1982 ‘ 0.02 - 0.04 0.022
November 1982 ’ : 0.01 - 0.02 0.016
February 1983 0.01 -~ 0.03 0.018
May 1983 - " 0.01 -~ 0.05 0.018
August 1983 ‘ "0.01 - 0.08% 0.025
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concentration could.eventually result in chronic effects.

5.5 Conclusions

The benthic study now has two years of quarterly data from 26

stations, including 7 coliections made after the diffuser outflow rate was

increased to 1,000,000 barrels/day. &analysis of the benthic data has

shown:

1.

The increased flow rate had no effect on either the near-bottom
water temperature or dissolved oxygen concentrations. Nearfield
station values of these cﬁarécteristics Qere similar or
identical to farfield values.

Both the bottom water and pore waﬁer salinities (averaged data)
continued to be elevated about 2.0 o/oo in the nearfield region.
We have consistently reported that pore water salinities were
higher than bottom water, which we attributed to a slow rgte of
exchange between pore water and bottom water once a salinity
build-up occurred in the sediments. Since the increase in brine
output occurred, this pattern has reversed. Most stations had
average pore water salinities of 0.2 to 2.0 o/oo lower than the
overlying water. We also detected a tendency for the average |
increased salinity to be toward the southwest and/or o£fsnore as
indicated by the +0.5 o/oco isohaline.

Both the total numbers of speciéé anha inaiviguals collected have

returned to more "normal® levels in the study -area as a whole.

‘A spring peak, enhanced by large populations of ampeliscid

amphipods, occurred in May, but population densities in November
1982 and February 1983 were -still much lower than in years prior

5-90



to the occurrence of hypoxia (1979).

Total numbers of species at station AS (diffuser) were higher
than most other_nearfield stations (and many farfield stations)
in both the pre-~ and post-1,000,000 barrels/day -brine flow

periods. 1In contrast, the total abundances at station A5 were

‘quite depressed (although not significantly so) compared with

intermediate and farfield stations.

Cluster analysis and principal components analysis did not

- indicate any brine effect. Discriminant'analysis indicated that

sediment temperature and mean grain size accounted for most of
the variance in.the systems of pre- and post-increased flow

rate, respectively.

‘Quarterly abundances over the entire project varied greatly at
‘both control and brine stations. May and November showed the
. least variance.

;Statistica; analysis indicaﬁed that nearfield stations were

intermediate in mean abundance compared with intérmédiate and
E;rfield stations in November 1982:tnrough May 1983. In August
1983, the greatestAabundancg occurred at nearfield stations.
August. Species diversity around the Aiffuser rémained lower

than at control stations throughout the year (November

-excepted).

In general, the index of diversity has increased at control
stations through the extent of the project. Brine stations,
however remained unchanged for much of that time. H' was

significantly réduced at brine stations following the increase

in brine outflow.
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10.

11.

12.

' Hypoxia was noted in the study area and itfseverely impacted the

Crustacea.

Redox values and population levels were highly correlated:
positive redox = increased abundances, negative rédox = lower
abundances. |

Lead and cadmium have naﬁ no detectable impact as yet. The
effects of increased concentrations or chronic exﬁésure h#;~not
been determined. -

NI

Reduced species Aiversity in-the benthos could determine the

presence or absence of bottom feeding nektonic ofganisms. If the

afealiextent of tﬂis depressed spéc;es dive:sity 1s‘suff1c1ént.
reduced levels éf commercially}imporiant speciés could result.
Such an evenﬁ‘would depend on several factors; .1) extent of
impact ; 2)‘féedin§ preférences of nekton (if any or if species
specific)s and 3) duration of impact. PreSenﬁ impacts appear

limited to the immediate diffuser area.
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CHAPTER 6

DATA MANAGEMENT
Gary A. Wolff

Environmental .Engineering Division .
Department of Civil Engineering

g;i Intfoduc£1on

The principal ;esp;nsibilities of tﬂe data managemént.éeétion:are the
maintenance of a centralized data stérage and retrievai.s§§teh, tﬁe
.protection cf'tﬁe dat;VEQQtem. thé transmigsion 6f validated data to the
National Envirbnmenéii'sétellité Data and Information Service (NESDIS) in
Wasningtbn, D.c.yaandﬂ§f6§ramﬁing support fof projectvscieﬂtists and
engineérs;‘ In orde;ng meet théée requirements the data managemeht
section mus£ monitor ahd accurateiy 60cumehtktne flow of aata from the
initial sampling, thrOuép.yalidatiop to'its‘final traﬁsﬁiséion and

]

storage.

6.2 Facilities ‘

The SPR Project AAS_at itS‘disﬁpsal the facilities of Texas AsM
University's Data Prbtes#iﬁg Center (DPC). It is equipped with an Amdanl
470 V/6-11 and Qn Amdahl 470 V/8. The Amdahl pProcessors are each
configurednwith 16 dgta channels and a total of 20 meéabytes of monolithic
memory. The memofy for each processor is prefixed with a high»speed,caché-
memory that is uged to provide fast‘acqess to frequently used data
1n§tructions. The V/6 cache memory size is 32 kilobytes, and the V/8 size
is 64 kilobytes.

Both Amdahl processors and all peripherals are combinéd 1n£o a

loosely coupled, multiple processor complex that is connected to shared
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disks and tapes and is controlled by the IBM operating system MVS/JES3
(Multiple Virtual Storage/Job Entry Subsystem 3). The oper;ting system
controls the scheduling of all resources required for a job and provides
tye comﬁﬁter system operator with status informatiqn on the utilization
and availability of these resources.
The following pefipneral equipment is conﬁected to the Amdahl
 processors:
52 STC 8650 Disk Drives (634 megabytes eacn)
1 CALCOMP 9-track Tape Drive (800/1600 bpi)
1 CALCOMP 7-track Tape Drive (200/556/800 bpi_).
8 STC 3670 S~-track Tape Drive (1600/6250 bpi)
1 DatagraphiX AutoCOM II Microfiche Printer
3 Versatec Plotters
1 Houst§n Instruments CP2-15/6 Four-Pen Drum Plotter
2 Xerox 9700 Eiectronic.Printing Systens
WYLBUR, a text manipulation system developed at Stanford University,
provides the major portion of the interaction between the computer systems
and the data management section. It offers an on-line interactive

¢capability for preparing and submitting jobs for execution.

6.3 Data Processing

Data are received ffém all components of the project (physical
oceanography, biological océanograpny, water chemistry, sediment
chemistry, grain size, sea state) on formatted data sheets or on-line data
files (e.g., physical oceanography). The data are stored as one or more
data sels fur each component of the project. 1In some cases, the raw data
are processed by programs which arrange the data into a format compatible

with existing files and programs.



iAftef entering thé'déta on-line, a cycle of validation is initiatgd
through ihe appropriate principal investigator and the data management
seétion‘to check: for efrors. With each cycle, the data are corrected by
data management until they are error free. The data are then available for
forwarding to NESDIS, statistical analyses and report generation (see
Figure 6-1). The status of the data from each of the project's components
is shown in. Table 6-1.

Validated data are protectgd by an Access Control Facility (ACF2).
The Asz protection system gﬁables access to project data files to be
specifically contreolled by data managemént and personnel with project
accounts. Flexibility in controlling the type of access permitted
(reading from files or editing files) and the degree of access permitted
(limited from a specific portion of a file to the entire contents of the
adcount) enables the authorized use of project data to be selectively
controlled. This system is particularly useful with large qomputer
accounts in which numerous subaccounts (princiﬁal investigators and
support personnel) are interactively maintained, as in the SPR project.

. The data files are protected from inadvertent loss through a series’
of programs which copy the data to magnetic fape on a monthly basis. Two
copies of the project's complete data files are maintained in a fire-proof
vault. Documentation of the contents of the backup is kept by the data
management section so that any data file which is 1os§ (e.g., hérdware

failure, operator error) can be restored to on-line use. -

6.4 Data Sto:age

| Direct access storage of data is convenient for processing needs, but
can lead to ratnef large disk'storage requirements, particularly for data
which is continuocusly collected (e.g., pnysicél oteanography). The qaté
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Table 6-1. Cumulative status of project data sets as of November 10, 1983.

DATA SET: BENTHOS (5-MILE)

DATA SET NAME CRUISE CODED VALIDATED TRANSMITTED
BEN5.CRUO1 - 22 SEP 77 X X X
BEN5.CRUO2 14 OCT 77 T X. X X
BENS5.CRUO3 11 NOV 77 X X X
BENS5.CRUO4 15 DEC 77 X X X
BEN5.CRUOS _ 20 FEB 78 X X X
BENS.CRUOG 15 MAR 78 X X X
BEN5.CRUO7 14 APR 78 X X X
BENS5.CRUOS 22 MAY 78 X X X
BEN5.CRUOS 16 JUN 78 X X X
BEN5.CRU10 13 JUL 78 X X X
BEN5.CRU11 31 AUG 78 X X X
BEN5.CRU12 28 SEP 78 X X X
- BEN5.CRU13 25 OCT 78 X X X
' BEN5.CRU14 1 DEC 78 X X N b {
BEN5.CRU15 13 FEB 79 X X X
BEN5.CRU16 5 APR 79 X - D ¢ X
BEN5.CRU17 26 APR 79 X X X
BEN5.CRU18 ’ 1 JUN 79 X X X
BEN5.CRU1S 28 JUN 79 X X X
BEN5.CRU20 2 aUG 79 X X X
BEN5.CRU21 23 AUG 79 X X X
BEN5.CRU22 26 SEP 79 X X X
BEN5.CRU23 29 OCT 79 X X X
BEN5.CRU24 . 19 NOV 79 X X X
BEN5.CRU25 19 DEC 79 X X X
BEN5.CRU26 28 JAN 80 X X X
'BEN5.CRU27 28 FEB 80 X X X
BEN5.CRU28 31 MAR 80 X X X
BEN5.CRU29 23 APR 80 X X X
BEN5.CRU30 28 MAY 80O X X X
BEN5.CRU31 2 JUL 80 X X X
BEN5.CRU32 . 24 JUL 80 X X X
BEN5.CRU33 27 AUG 80 X X X
BEN5.CRU34 8 OCT 80 X X X
BEN5.CRU35 4 NOV 80 X X X
BEN5.CRU36 12 DEC 80 X X X
BEN5.CRU37 21 JAN 81 X X X
BEN5.CRU38 18 FEB 81 X X X
BEN5.CRU39 17 MAR 81 X X X
BENS5.CRU40 27 APR 81 X X X
BEN5.CRU41 27 MAY 81 X X X
BEN5.CRU42 22 JUN 81 X X X
BEN5.CRU43 20 JUL 81 X X X
BEN5.CRU44 20 AUG 81 X X X
X X X

BEN5.CRU45 22 SEP 81



Table 6-1. Continued.

BEN5.CRU46. 28 OCT 81

"X X X
BEN5.CRU47 23 NOV 81 X X X
BENS.CRU48 . 10 DEC 81 X X X
BENS.CRU49 24 FEB 82 X X X
DATA SET: BENTHOS (10-MILE)

DATA SET NAME CRUISE CODED VALIDATED TRANSMITTED
BEN10.CRUO1 2 DEC 77 X CX X
BEN10.CRUO2 4 JAN 78 X X X
BEN10.CRUO3 24 FEB 78 X X X
BEN10.CRUO4 17 MAR 78 X X X
BEN10.CRUOS 15 APR 78 X X . X
BEN10.CRUO6 24 MAY 78 X X X
BEN10.CRUO7 20 JUN 78 X X X
BEN10.CRUO8 17 JUL 78 X X X
BEN10.CRUO9 21 AUG 78 X X X
BEN10.CRU10 27 SEP 78 X X X
BEN10.CRU11 30 OCT 78 X X X
BEN10.CRU12 30 NOV 78 X X X
BEN10.CRU13 28 JAN 79 X X X
BEN10.CRU14 26 FEB 79 X X X
‘BEN10.CRU15 25 MAR 79 B ¢ X X
BEN10.CRU16 - 24 APR 79 X X X
BEN10.CRU17 24 MAY 79 X X X
BEN10.CRU18 25 JUN 79 X X X
BEN10.CRU19 30 JuL 79 X X X
BEN10.CRU20 21 AUG 79 X X X
BEN10.CRU21 24 SEP 79 X X X
BEN1OA.CRU22 18 OCT 79 X X X
. BEN1OA.CRUZ23 15 NOV 78 X X X
BEN1OA.CRU24 . 16 DEC 79 X X X
BEN10OA.CRU25 18 JAN 80 X X . X
BEN1OA.CRU26 13 FEB 80 X X X
BEN1OA.CRU27 10 MAR 80 X X X
BEN10A.CRU28 20 MAR 80 X X X
BEN10OA.CRU29 3 APR 80 X X X
BEN10A.CRU30 21 APR 80 X X X
BEN10A.CRU31 22 MAY 80 X X X
BEN10A.CRU32 ' 30 JUN 8O X X X
BEN10A.CRU33 . 24 JUL.80O X X X
BEN1OA.CRU34 25 AUG.80 X X X
BEN1OA.CRU35  ° 4 SEP- 80 X X X
BEN10OA.CRU38 29 SEP 80 X X X
BEN10OA.CRU37 22 OCT 80 X X X
BEN10A.CRU38 5 DEC 80 X X X
BEN10OA.CRU39 . 15 JAN 81 X X X
BEN10OA.CRU40 14 FEB 81 X X X



Table 6-1. Continued.

BEN10A.CRU41 _ ‘14 MAR 81 X - X X
BEN1OA.CRU42 - -17 APR 81 X X X
BEN10A.CRU43 26 MAY Bl X X X
BEN10OA.CRU44 18 JUN 81 X X X
BEN10OA.CRU4S 13 JUL 81 X X X
BEN10OA.CRU46 13 AUG 81 X X X
BEN10A.CRU47 .21 SEP 81 X X X
BEN10OA.CRU48 . 27 OCT 81 X X X
BEN10B.CRU4S 21 NOV 81 X - X X
BEN10A.CRU50 © . 9 DEC 81 X X X
- BEN1OA.CRUS1 . 27 JAN &2 X X X
BEN10B.CRU52 ‘17 FEB 82 X X X
BEN10OB.CRUS3 28 MAY 82 X X X
.BEN10OB.CRUS54 31 AUG 82 X D X
BEN10B.CRUS5 20 NOV 82 X X X
BEN10B.CRUS56 18 FEB 83 X X X
BEN10OB.CRUS7 25 MAY 83 X X X

" BEN10B.CRU58 26 AUG 83 X X 1 11/83

DATA SET: BENTHIC SEDIMENT ANALYSIS. (10-MILE)
DATA SET NANME CRUISE ' CODED VALIDATED TRANSMITTED

BEN10.PHIO1 .28 JAN 79 - X X X
' 26 FEB 79 X X X
25 MAR 79 X X X
24 APR 79 X X X
24 MAY 79 X X X
'25 JUN 79 X X X
30 JUL 79 X X X
21 AUG 79 . ¢ X X
24 SEP 79 X X X
‘18 OCT 79 X X X
22 MAY 80 X X X

15 NOV 80 X X X
16 DEC 80 X X X
18 JAN 80 . X X X
10 MAR 80 B X X
20 MAR 80 X X X
.3 APR 80 D X "X
21 APR 80 X X X
BEN10.PHIO2 . 22 MAY 80 X X X
:30. JUN 80 X X X
24 JUL 80 X, X X
25 AUG. 80 X X X
-4 SEP 80 X X X
29 SEP 80 X X X
X b X

23 oCT 80



Table 6-1. Continued.

5 DEC 80

X X X
15 JAN 81 X X X
14 FEB 81 X X X
BEN10.PHIO3 14 MAR 81 X X X
17 APR B1 X X X
26 MAY 81 X X X
18 JUN 81 X X X
13 JUL 81 X X X
: 13 AUG 81 b X X
BEN10.PHIO4 21 SEP 81 X X :
27 OCT 81 X X
21 NOV 81 X X
17 FEB 82 X X
28 MAY 82 X X
20 AUG B2 % X
DATA SET: NEKTON
DATA SET NAME CRUISE CODED VALIDATED TRANSMITTED
NEK.CRUO1 1 oCT 77 X X %
NEK.CRUO2 4 Nov 77 p X X
NEK.CRUO3 3 DEC 77 X . X X
NEK.CRUO4 20 FEB 78 X X X
NEK.CRUOS ~ - - ‘21 MAR 78 X X X
NEK.CRUO6 14 APR 78 X X X
NEK.CRUO7 8 MAY 78 X X X
NEK.CRUOS 14 JUN 78 X X X
NEK.CRUOS 15 JuL 78 X X X
NEK.CRU10 - 15 SEP 78 b X X
NEK.CRU11 11 ocT 78 X X X
NEK.CRU12 13 OCT 78 X X X
NEK.CRU13 : 1 DEC 78 X X X
NEK.CRU14 13 DEC 78 X X X
NEK.CRULS - . 24 FEB 78 X X X
NEK.CRU16 12 MAR 79 X X X
NEK.CRU17 5 APR 79 X X X
NEK.CRU18 20 APR 79 X X X
NEK.CRU19 14 MAY 79 X X X
NEK.CRU20 6~10 JUN 79 X X X
NEK.CRU21 21-24 JUN 79 X X X
NEK.CRU22 5-9 JUL 79 X X X
NEK.CRU23 -  19-22 JUL 79 X X X
NEK.CRU24 22~25 AUG 79 X X X
NEK.CRU2S 22-25 SEP 79 X X X
NEK .CRU26 2-6 OCT 79 X X X
NEK.CRU27 16~19 OCT 79 X X X
NEK.CRU28 3=-6 NOV 79 X X X
NEK.CRU29 15-18 NOV 79 b4 X X

6-8



Table 6-1. Continued.

NEK.CRU30 1-4 DEC 79 X X X
NEK.CRU31 . 14-19 DEC 79 X X X
NEK.CRU32 . 3-6 JAN B0 X X X
NEK.CRU33 16-20 JAN 80 X X X
NEK.CRU34 4-11 FEB 80 X X X
NEK.CRU35 15-20 FEB 80 X X X
NEK.CRU36 5-8 MAR 80 X X X
NEK.CRU37 19-23 MAR 80 X X X
NEK.CRU38 '24-25 MAR 80 X X X
NEK.CRU39 27-28 MAR 80 X X X
NEK.CRU40 1-5 APR 80 X X X
. NEK.CRU41 8-9 APR 80 X X X
NEK.CRU42 14-15 APR 80 X X X
NEK.CRU43 16-20 APR 80 X X X
NEK.CRU44 5-10 MAY 80 X X X
NEK.CRU45 " 19-22 MAY 80 X X X
NEK.CRU46 2-6 JUN 80 X X X
NEK.CRU47 19-24 JUN 80 X X X
" NEK.CRU4S 7-11 JUL 80 X X X
NEK.CRU49 21-24 JUL 80 X X X
NEK.CRUS50 5-15 AUG 80 X X X
" DATA SET: NEKTON '
DATA SET NAME CRUISE . CODED VALIDATED TRANSXITTED
NEK.CRU51 16 AUG 80 X X X
NEK.CRU52 26-29 AUG 80 X X X
NEK.CRUS3 7-11 SEP 80 X X X
NEK.CRU54 22-25 SEP B0 X X X
NEK.CRUSS 6-9 OCT 80 X X X
NEK.CRUS56 20-31 OCT 80 X . X
NEK.CRUS? 3-5 NOV BO X S X
NEK.CRUSS8 18-21 NOV 80 X X X
NEK.CRUS59 : 1-4 DEC 80 X X X
NEK.CRU60 15-19 DEC 80 X X X
NEK.CRU61 - 6-13 JAN 81 X X X
NEK.CRU62 21-24 JAN 81 . X X X
NEK.CRU63 2-8 FEB 81 X X X
NEK.CRU64 16-19 FEB 81 X X X
NEK.CRUE5 2-6 MAR 81 X X X
NEK.CRU66 16-19 MAR 81 X X X
NEK.CRU67 7-10 APR 81 X X X
NEK.CRU68 20-23 APR Bl X X X
NEK.CRU69 4-8 MAY 81 X X X
NEK.CRU70 19-27 MAY 81 X X X
NEK.CRU71 2-9 JUN 81 X X X
NEK.CRU72 15-19 JUN 81 X X X



Table 6-1. Continued.

NEK.CRU73 1-8 JUL B1 X X X
NEK.CRU74 20-24 JUL 81 X X X
NEK.CRU75 3-9 AUG 81 X X X
NEK.CRU76 16-20 AUG 81 X X X
NEK.CRU77 11~13 NOV 81 X X X
NEK.CRU78 11-13 FEB 82 X X X
NEK.CRU79 17-19 MAY 82 X X X
NEK.CRUBO ‘ 9-11 AUG 82 X X X
NEK.CRUS1 8-10 NOV B2 X X X
NEK.CRUS2 8-9 FEB 83 X X X
NEK.CRUB3 19-22 MAY 83 X X X

" NEK.CRUB4 . 01-02 SEP 83 X X 11/83

DATA SET: NEKTON WEIGHT ,

- DATA SET NAME CRUISE .~ CODED VALIDATED TRANSMITTED
NEK.WEIGHT?77 11-13 NOv 81 X X X
NEK.WEIGHT78 11-13 FEB 82 .« X X X
NEK.WEIGHT7S 17-19 MAY 82 X X X
NEK.WEIGHTS80 6-11 AUG 82 - X X X
NEK .WEIGHTS81 8-10 NOV 82 , X X X

. NEK.WEIGHTB2 ~ B8-9 FEB 83 X . X X
NEK .WEIGHT83 19-Z2 MAY 83 X X X
NEK.WEIGHT84 01-02 SEP 83 X X 11/83

DATA SET: OVER-THE-SIDE~MEASUREMENTS
DATA SET NAME CRUISE CODED VALIDATED TRANSMITTED

OTS.CRUO1 15 SEP 77 X X X
20 OCT 77 X X X
17 NOV 77 X X X

18 DEC 77 X X X -
2 FEB 78 X X X
25 FEB 78 X X X
23 MAR 78 X X X
19 APR 78 X X X
25 MAY 78 X X X
20 JUN 78 X X X
18 .TUL 78 X X X
30 AUG 78 X X X
17 SEP 78 X X X
16 OCT 78 X X X
17 NOV 78 X X X
18 DEC 78 X X X
12 FEB 79 X X X
11 MAR 79 X X X
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Table 6-1. Continued.

13 APR 79 X X X

25 MAY 79 X X X

1 JUN 79 X X X

14 AUG 79 X X X

6 SEP 79 X X X

5 OCT 79 X X X

14 NOV 79 X X X

OTS.CRUO2 ‘ 4 DEC 79 X X X
7 DEC 79 X X X

6 JAN 80 X X X

26 JAN 80 X X X

6 FEB 80 X X X

. 22 FEB 80 X X X

OTS.CRUO3 25 MAR 80 X X X
18 APR 80 X X X

9 MAY 80 X X X

11 JUN 80 X X X

27 JUN 80 X X X

9 JUL 80 X X X

14 RUG 80 X X X

27 AUG 80 X X X

11 SEP 80 X X X

OTS.CRUO4 ‘9 OCT 80 X X X
31 OCT 80 X X X

20 NOV 80 X X X

6 DEC 80 X X b4

16 DEC 80 X X X

8 JAN 81 X X X

OTS.CRUOS 26 JAN 81 X. X X
9 FEB Bl X X X

24 FEB 81 X X X

16 MAR 81 X X X

31 MAR B1 X X X

DATA SET: OVER-THE-SIDE-MEASUREMENTS

DATA SET NAME CRUISE CODED VALIDATED TRANSMITTED

OTS.CRUO6 13 APR 81 X X X
29 APR 81 X X X
26 MAY 81 X X X
10 JUN 81 X X X
19 JUN 81 b4 X X
8 JUL 81 X X X
28 JUL 81 X X X
7 AUG 81 X X X
20 AUG 81 X X X
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Table 6-1.

OTS.CRUO7

OTS.CRUOS

DTS .CRUOY

OTS.CRU1O

AT106239
AT107169
AT108029
AT60929S
ATE10178
AT611059
AT111309
AT612019
AT612159
AT601150
AT603100
AT605260
AT606260
AT607160
AT608180
. AT609180
AT610230
ATE12120
ATE601221
AT70220)

Continued.

TYP

105
105
105
174
174
174
105
174

174
174.
‘174

174
174
174
174
174
174
174
174
174

23
16

29
17

30

15
15
10
26
26
16
18
18
23
12
22
20

[
OHWDOWOWUIDWIW

[l

DATA SET: ENDECO - BRYAN MOUND RUTHERFORD AT

JUN
JUL
AUG
SEP
ocT
NOV
NOV
DEC
DEC
JAN
MAR
MRY
JUN
JUL
AUG
SEP
ocT
DEC
JAN
FEB

o
WULHOWDHFNO QW

SEP
ocT
NOV
DEC
JAN
FEB

APR
MAY
JUN
JUL
AUG
SEP
oCT
NOV
-DEC
JRN
FEB

APR
MAY
JUN

PERIO

79 -
79 -
79.-
79 -
79 -
7 -
79 -
9 -
79 -
80 -
80 -
80 -
80 -
80 -
80 -
80 ~
80 -
80 -
8l -
81 ~

81
81
8l
81
82
82
82
82
82
82
82
82
82

82
82
83
83
83
83
83
83

D

16
2
17
17
5
30
1l
15
15
10
24
26
16
”
18
23
12
22
20
7

JuL
AUG
AUG
ocT
NOV
NOV

DEC

DEC
JAN

APR
JUN
JUL
AUG
SEP
oCcT
DEC
JAN
FEB

78
79
9
79
79
78
79
79
80
80
80
80
80
80
80
80
80
81
81
81

6-12

uxxxxxxxxxxxxxxxxbcxxxx

COLL

B¢ D¢ Be e be B B4 b B BE D B4 BE Be B B BE B¢ I

INIT
PROC

-

PR R R

» D DE w.DE B DE B DE B B

Be bt D¢ Be Ba b B¢ B B¢ B¢ 3¢ Ba.bd B¢ B BB B B Be b

. VAL

B 5E 54 DA Dd B D4 BE D ba D DE B4 DG B D NN X

Be b2 ba be ba ba bd be be be B bd De D4 BE Be B Be B¢ B B

TRANS

MM MMMMNMXD

5 D¢ D¢ N MWW



Table 6-1. Continued.

'~ AT603201
AT604211
AT705121
AT606291
AT607291
ATE08251
AT608231
AT610291

174
2174

174

.174

174

174

174
174

20
21
12
28
28
25
23
28

MAR 81 - 21 APR 81
APR 81 - 12 MAY 81
MAY 81 - 10 JUN 81
JUN 81 - 29 JUL 81
JUL 81 - 17 AUG 81
AUG 81 - 23 SEP 81
SEP 81 - 29 OCT 81
OCT 81 ~ 03 DEC 81

METER SITE DISCONTINUED

AM107169
AM10817S
ANB09258
AME10199
AM611059
AM611309
AME1215S
AM601150
AME03100

AM605260 ;-

AM606260
. AM607160
AM108070
AM608180
2AM609180
AM610230
AM612170
AM601221
AM602201
AM603201
AM604211

AME05121

AM606291
AME07291

TYP

1105

105
174
174

174 .

174

174
174

174

174

174
174
105
174
174
174
174
174
174
174
174
174
174

-174

DATA SET: ENDECO - BRYAN MOUND RUTHﬁRFORD AM

16
17
29
19

5
30
15
15
10
26
26
16

7
18
18
23
17
22
20
20
21
12
29
29

"PERIOD

JUL 79 - 2 AUG 79
AUG 79 - 29 SEP 79
SEP 79 - 19 OCT 79
OCT 79 - 5 NOV 79
NOV 79 - 30 NOV 79
NOV 79 - 15 DEC 79
DEC 79 - 15 JAN 80

JAN 80 - 10 MAR BO -

MAR 80 - 24 APR 80
MAY.BO - 26 JUN 80
JUN 80 - 16 JUL 80
JUL 80 -~ 7 AUG 80
AUG 80 - 18 AUG 80
AUG 80 - 18 SEP 80
SEP 80 - 23 OCT 80
OCT 80 - 12 DEC 80
DEC 80 - 22 JAN 81
JAN 81 = 20 FEB 81
FEB 81 - 20 MAR 81
MAR 81 - 21 APR 81
MAR Bl - 12 MAY 81
MAY 81 - 10 JUN 81
JUN 81 - 29 JUL 81
JUL 81 - 25 AUG Bl

'METER SITE DISCONTINUED

':’6?13

54 B¢ 5a be B DE B DE B4 DE DE BE DO B D B B¢ D B¢ B B¢ 4 B¢ B

B D De Bd DM

COLL

"INIT
PROC

BB ® BEBE » DB w DO B D¢ Be DE D4 Ba D4 B4 Be D B B¢ MM

»

L

2/82
2/82
2/82
2/82

VAL  TRANS

4 ?!&ébdbtb@bd#%&!% L N AR R R B

L]

-
(o]

w:u:n;;acu:x o
o

12/80

2/82 .

2/82
2/82 -
2/82
2/82

" 2/82



Table 6-1.

AB106239
AB107169
'AB108029
AB608179
ABG09289
AB610179
AB611089
AB611309
AB612159
ADG01150
AB603100
AB605260
_ AB606260
 ABBO7160
~ AB708070

AB6081BO

" AB609180
AB610230
AB612120
AB601221

< AB602201

" AB603201

"~ AB604211

" AB705121
ABE06251
AB607291
ABE082351
AB609231
AB610291

Continued.

TYP

105

105
105

174

174
174
174
174
174
174
174
174
174

174

174

174

174
174

174

174
174
174
174
174
174

174

174
174
174

23
16

2
17
29
17

8
30
15
15
10
26
26
16

7
is
is

23

12
22
20
20
21
12
29
28
25
23
28

DATA SET: ENDECO - BRYAN MOUND RUTHERFORD AB

JUN
JUL
AUG
AUG
SEP
oCT
NOV
NOV
DEC
JAN

MAY
JUN
JUL
AUG
AUG
SEP

cT
DEC
JAN
FEB
MAR
APR
MAY
JUN
JuL
AUG
SEP
oCcT

PERIOD

79 - 16
79 - 2
79 - 17
79 - 29
79 - 17
79 - 8
79 - 30
79 - 15
79 - 15
80 - 10
80 - 24
80 - 26
BO - 16
80 -~ 7
80 - 11
80 - 18
80 - 23
80 ~ 12
80 ~ 22
81 ~ 20
81 ~ 20
8l - 21
81 ~ 12
81 - 10
81 - 29
81 - 17
81 - 23
81 - 29
81 - 03

METER SITE DISCONTINUED

BT106239
BT107169
BT108029

BT108189"

BT109109
BT609299
BT610179

TYP

105
105
105
105
105
174
174

23
16

18
10
29
17

DATA SET: ENDECO - BRYAN MOUND RUTHERFORD BT

JUN
JUL
AUG
AUG
SEP
SEP
oCT

' PERIOD
79 - 16
79 2
79 - 18
79 - 10
79 - 29
79 - 17
79 8

JUL
AUG
AUG
SEP
OoCT
NOV
Nov
DEC
JAN
MAR
APK
JUN
JuL
AUG
AUG
SEP
ocT
DEC

JAN

FEB

APR
MAY
JUN
JUL
AUG
SEP

DEC

JUL
AUG
AUG
SEP
SEP
ocT
NOV

79
79
79
79

19

79
79
79
80
80
80
80
80
80
80
80
80
80
81
8l
81
81
81
8l
81
81
81
8l
81

79
79
79
79
79
79
78

6-14

COLL

B B D D DE D D DE D BE DA D B D B DE D b B DE D BEDE M DM MM

COLL

Tobe Bd b e e

INIT
PROC

LRI

»
»
»

¢ B BB

DA BE BHd DD ow Bd b BB DD DD MM

IRIT
PROC

DD o D4 D M

’ »
NNNNNN%N%N:

VAL

LR

» D4 o2 D D4 DM DM NN

»

VAL

M M MNRN

TRANS

EE

| 2add
N
~
- RS

la]

6/81
6/81
2/82
2/82
2/82
2/82
2/82
2/82
2/82
2/82

TRANS.

b b4 B¢ e

D>



Table 6-1. Continued.

BT611089
BT612019
BT612159
BT601240
BT603100
. BT604190
BT605260
BT607080
BT609030
- BT610020
- BT611030

' BT612120

BT601141
BT602201
BT603201
BT604211
BT605061
BT606091
BT606281
BT607291

174

174
174
174
174
174
174
174
174

‘174

174
174
174
174
174
174
174
174
174
174

12
14
20
20

21

6
9
29
29

NOV
DEC
DEC
JAN
MAR
APR
MAY
JUL
SEP

"OCT

DEC
DEC
JAN
FEB
MAR
MAR
MAY
JUN
JUN
JUL

79
79
78
80
80
80
80
80
80
80
80
80
81
81
8l
8l
8l
8l
8l
8l

METER SITE DISCONTINUED

. BMB09109

BM609299
BM610179
BM611089
BM&12019
BM612159
BM601240
BM603100
"BM604190
BM605260
BM607080
BM609030
BM610020

- BM611030°

BM612120
BM601141
BM602201
BM603201
BM604211
BME05061

TYP

174
174
174
174
174
174
174
174
174

174

174
174
174

174

174
174
174

174
- 174
174

SEP
SEP

‘OoCT

NOV
DEC
DEC
JAN
MAR
MAY
JUN
JUL
SEP
ocT
NOV
DEC
JAN

- 15
- 24
- 10

- 19

- 26

- 18

- 12
- 14
- 20
- 20
- 21

- 29
- 28
- 26

PERIOD

79
78
79
79
79
79
80
80
80
‘80
80
80
80
80
80
81
81
81
81
- 81

- 29
- 17
- 8
-1
- 15
- 24
- 10
- 18

- 26

- 8
- 19

- 2
- 3
- 12

- 14
- 20

- 6

- 21
- 6
-9

DEC
DEC
JAN
MAR
APR
MAY
JUL
JUL
ocT
NOV
DEC
JAN
FEB

APR
MaY
JUN
JUN
JUL
AUG

SEP
oCcT
NOV
DEC
DEC
JAN

APR

‘JUN

JUL
JUL
ocT
NOV
DEC
JAN
FEB

APR
MAY
JUN

79
78
80
80
80
80
80
80
80
80
80
8l
8l
81
81
81
81
81
81
81

"DATA SET: ENDECO -

79
79
79
79
79
80
80
80
80
80
80
80
80
80
81
81
81
8l
81
81

D4 Dd DI DA DA DE DD DA BE DD DS DE D B

D B¢ B b e BE BB b e B¢ B b b X4 X B¢ B¢ 5

DE BE B e B B Be BE B Bd Ba B e B BE B B B B

BRYAN - MOUND RUTHERFORD BM

6-15

COLL

LI B R T )

INIT
PROC

3 DA D4 DA DI D DADE DD DD D DE DD BB e

VAL

.
»
»

DI DI DA 3 DD e DD BN DD B D

»

LR

54 B4 b4 Be ba b be b B b B

1/82
1/82

- 1/82

1/82
1/82

TRANS

B DE DO DA Dd M M X

L]

1/82
1/82
1/82



Table 6-1.

Continued.

BME060S1 174 9-JUN 81 ~.29 JUN 81
BM60629S1 174 25 JUN 81 - 29 JUL 81
BM607291 174 29 JUL 81 - 26 AUG 81

METER SITE DISCONTINUED

BB106239
BB107189
BB108029
BBE108189
BB609109
BB609299
BB610179
BB611089
BB612019
BB612159
BB601240
BBE03100
BB604190
BB605260
BB607080

BBG09030
BB610020
BB611030-

BB612120
BB601141
BB602201
BB603201
BB604211
BB605061
BB606091
BB606291
BB607291

METER SITE DISCONTINUEﬁ

TYP

105
105
105
105
174
174

174

174
174
174
174
174
174
174
174

174

174
174
174
171
174
174
174
174
174
174
174

12
14
20
20
21

6

6
28
29

79
79
79
79
79
78
79
79
79
80
80
80
80

80
‘80

80
80
80
81
81
81
81
81
8l
81

‘81

DATA SET: ENDECO -
PERIOD
JUN 79 - 16 JUL
JUL 79 = 2 AUG
AUG 79 - 18 AUG
AUG 79 - 10 SEP
SEP 79 - 29 SEP
SEP 78 - 17 OCT
OCT 79 = 8 NOV
NOV 178 1 DEC
DEC 79 - 15 DEC
DEC 79 - 24 JAN
JAN 80 - 10 MAR
MAR 80 - 19 APR
APR 80 - 26 JUN
MAY 80 8 JUL
JUL 80 - 19 JUL
SEP 80 2 OCT
OCT 80 - 3 NOV
NOV 80 - 12 DEC
DEC 80 - 14 JAN
JAN 81 - 20 FEB
FEB 81 - 20 MAR
MAR 81 - 21 APR
APR 81 6 MAY
MAY 81 9 JUN
'JUN 81 - 29 JUN
JUN 81 - 29 JUL
JUL 81 - 26 AUG

81

BRYAN MOUND RUTHERFORD BB

6-16

LI

COLL

xxxxxuxuuxx.xxxxxxxxx:xxuuu'u

D D2 e Bd B BE DS @ DG BB

L 5e B¢

INIT

PROC

De .56 54 DE e M

'%N'E%‘NM

»
»

e Db e BaBd BB M

M M M

VAL

R

5 be 5 DA.DE B DS D e B¢ B¢

1/82
1/82
1/32

>4 B4 M bt B MM MK g
. w1

5 BE b M

- 1/82

1/82
1/82
1/82
1/82
1/82
1/82



Table 6-1. Continued.

DATA SET: ENDECO - BRYAN: MOUND DIFFUSER CT

TYP PERIOD - COLL INIT VAL  TRANS
' PROC

CT108179 105 17 AUG 79 - 10 SEP 79 X X X X
CT109108 105 10 SEP 79 - 26 SEP 79 X X X X
CT609268 174 26 SEP 79 - 19 OCT 79 X X X X
CT610199 174 19 OCT 79 - 5 NOV 79 X * -
CTE11059 174 5 NOV 79 - 30 NOV 79 X X X X
CT111309 105 30 NOV 79 - 15 DEC 79 X X X X
CT612159 174 15 DEC 79 - 24 JAN 80 X xaw
CT601240 174 24 JAN 80 - 3 MAR 80 X xan
CT603030 174 3 MAR 80 - 9 APR 80 X X X X
CT604090 174 9 APR 80 - 6 MAY 80 X X X
CTE05060 174 6 MAY 80 - 5 JUN 80 X X X R
CT606050 174 5 JUN 80 - 1 JUL 80 X X X R
CT707010 174 1 JUL 80 - 8 JUL 80 X *n 3 R
CT607250 174 25 JUL 80 - 7 AUG 80 X X X R
CTE0B180 174 18 AUG 80 - 12 SEP 80 X X X R
CT60S120 174 12 SEP 80 - 7 OCT 80 X X X R
CTE10070 174 7 OCT 80 - 10 NOV 80 X X X X
CT611100 174 10 NOV 80 - 13 DEC 80 X . " X
CT612170 174 17 DEC 80 - 14 JAN 81 X X X X
CT601141 174 14 JAN 81 - 17 FEB 81 X X X X
CTE602171 174 17 FEB 81 -~ 14 MAR 81 X X X X
CT603141 174 14 MAR 81 - 21 APR 81 "
CT604211 174 21 APR 81 - 6 MAY 81 X X X X
CT605121 174 12 MAY 81 - 1 JUN 81 X X X X
CT706011 174 1 JUN 81 - 26 JUN 81 X X X X
CTB0O6011 174 27 JUN 81 - 8 JUL Bl X X X X
CT607081 174 8 JUN 81 - 29 JUL 81 X X X X
CT607291 174 29 JUL 81 - 25 AUG Bl X X X X
CT608251 174 25 AUG 81 - 23 SEP 81 X X X X
CT608231 174 23 SEP 81 - 20 OCT 81 X X X X
CT610201 174 20 OCT 81 ~ 16 NOV 81 X X X X
CT611161 174 16 NOV 81 - 16 DEC 81 X X X X
CTE12161 174 16 DEC 81 - 27 JAN 82 X X X X
CTE01272 174 27 JAN 82 - 17 FEB 82 X X X X
CTE02232 174 23 FEB 82 - .24 MAR 82 X X ane
CT603242 174 24 MAR 82 - 26 APR 82 X X X X
CT604282 174 28 APR 82 - 24 MAY 82 X X X X
CTE05242 174 24 MAY 82 - 14 JUN 82 X X X X
CTE06142 174 14 JUN 82 - 12 JUL 82 X X X X
CT607122 174 12 JUL 82 - 20 AUG B2 wen
CT608202 174 20 AUG 82 - 15 SEP 82 X X X X
CT609152 174 15 SEP 82 - 18 OCT 82 X X X X
CT610182 174 18 OCT 82 - 21 NOV 82 X X X X
CT611212 174 21 NOV 82 - 14 DEC 82 X X X X
CT612142 174 14 DEC 82 -~ 13 JAN 83 X X X X
CT601133 174 13 JAN 83 - 19 FEB 83 X X X X

6-17 .



Table 6-1. Continued.

CT602193 174 19 FEB 83 - 22 MAR 83
CT603223 174 22 MAR 83 - 25 APR 83
CT604253 174 25 APR B3 - 24 MAY 82
CT605243 174 24 MAY 83 - 15 JUN 83
CT606153 174 15 JUN 83 - 19 JUL 83
CT607193 174 19 JUL 83 - 10 AUG 83

54 B4 D¢ B bE B¢
B34 B D4 b B¢
B B¢ B B M B
SR VIV R

DATA SET: ENDECO -~ BRYAN MOUND DIFFUSER CM

TYP PERIOD COLL INIT VAL TRANS
: PROC

CM609109 174 10 SEP 78 ~ 26 SEP 78 X X X X
CM609268 174 26 SEP 79 - 19 OCT 79 X X X X
CM610199 174 19 OCT 79 - 5 NOV 79 X X X X
CM611059 174 5 NOV 79 - 30 NOV 79 X X X X
CM611309 174 30 NOV 79 - 15 DEC 79 X X X X
CM612159 174 15 DEC 79 - 24 JAN 80 X X X X
CM601240 174 24 JAN BO - 3 MAR 80 X xxn

CM603030 174 3 MAR BO - 8 APR 80 X X X R
CM604090 174 9 APR B0 - 6 MAY 80 X X X R
CM605060 174 6 MAY 80 - 5 JUN 80 X X X R
CM606050 174 5 JUN 80 -~ 1 JUL 80 X X X R
CM607010 174 1 JUL 80 - 25 JUL 80 X X X R
CM607250 174 25 JUL 80 - 7 AUG 80 X X X R
CM608180 174 18 AUG 80 - 12 SEP 80 X X X R
CM609120 174 12 SEP 80 - 7 OCT 80 X X X R
CM610070 174 7 OCT 80 - 10 NOV B0 X X X X
CM611100 174 10 NOV 80 - 13 DEC 80 X X X X
CM612130 174 13 DEC B0 - 14 JAN 81 X b4 X X
CM601141 174 14 JAN Bl - 17 FEB 81 X X " X
CM602171 174 17 FEB 81 - 14 MAR 81 X X’ X X
CM603141 174 14 MAR 81 - 21 APR 81 X xR

CM604211 174 21 APR Bl - 6 MAY 81 X s X X
CM605121 174 12 MAY 81 - 1 JUN 81 X X X X
CM706011 174 1 JUN 81 - 26 JUN 81 X X X X
CMB0O6011 174 27 JUN 81 - 8 JUL 81 X X X X
CM607081 174 8 JUN 81 - 28 JUL 81 X X X X
GME07291 174 29 JUL 81 - 25 AUG 81 X X X X
CM608251 174 25 AUG 81 - 23 SEP 81 / X X X X
CME09231 174 23 SEP 81 - 20 OCT 81 X X X X
CME610201 174 20 OCT 81 -~ 16 KOV 81 X X X b4
CM611161 174 16 NOV 81 - 16 DEC 81 X X X X
CM612161 174 16 DEC 81 - 27 JAN 82 X X X X
CM601272 174 27 JAN 82 - 18 FEB 82 X X X X
.CM602232 174 23 FEB 82 - 24 MAR B2 X X X X
CM603242 174 24 MAR 82 - 26 APR 82 X "X Kan :
CM604282 174 28 APR B2 - 24 MaY 82 X X X X
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Table 6-1. Continued.

CM605242 174 24 MAY 82 - 14 JUN 82
CM606142 174 14 JUN 82 - 12 JUL 82
CM707122 174 12 JUL B2 - 20 AUG 82
CM608202 174 20 AUG 82 - 15 SEP 82
CM609152 174 15 SEP 82 - 18 OCT 82
CM610182 174 18 OCT 82 - 21 NOV 82
CM611212 174 21 NOV 82 - 14 DEC 82
CM612142 174 14 DEC 82 - 13 JAN 83
CM601133 174 13 JAN 83 - 19 FEB 83
CM602193 174 19 FEB 83 - 22 MAR 83
CM603223 174 22 MAR 83 - 25 APR 83
CM604253 174 25 APR 83 - 24 MAY 82
CM605243 174 24 MAY 83 - 15 JUN 83
CM606153 174 15 JUN 83 - 19 JUL 83
CM607193 174 19 JUL 83 - 10 AUG 83

xxxxxgxxwxxxxxbc
xacxxxxbcx:’cxgxxxx
9 DA DA DA D B D D D DD N NN X
N%NNN!’C&NM%&%N%Q

bATA SET: ENDECO - BRYAN MOUND DIFFUSER CB

TYP PERIOD. COLL INIT VAL  TRANS
PROC

CB608179 174 17 AUG 79 - 10 SEP 79
CB60S109 174 10 SEP 79 - 26 SEP 79
CB609269 174 26 SEP 79 - 19 OCT 79
CB61019S 174 19'OCT 79 - 5 NOV 79
CB611059 174 5 NOV 79 - 30 NOV 79
CB611309 174 30 NOV 79 - 15 DEC 79
CB612159 174 15 DEC 79 - 24 JAN 80
CB601240 174 24 JAN 80 - 3 MAR 80
CB603030 174 3 MAR 80 - -9 APR 80
CB6040S0 174 9 APR 80 ~ 6 MAY 80
CB605060 174 6 MAY 80 - 5 JUN 80
3 Ui
5
7

R ]
M XX
LR

> ™
M M
E] ]

b

CB606050 174 6 JUN BO - 1 JUL 80
CB607010 174 1 JUL 80 - 25 JUL 80
CB607250 174 25 JUL 80 - 7 AUG 80
CB608180 174 18 AUG 80 - 12 SEP 80
CB609120 174 12 SEP. 80 - 7 OCT 80
‘CB610070 174 7 OCT 80 - 10 NOV 80
CB611100 174 10 NOV 80 - 13 DEC 80
CB612130 174 13 DEC 80 - 14 JAN Bl
CB601141 174 14 JAN 81 - 17 FEB 81
CB602171 174 17 FEB 81 - 14 MAR 81
CB603141 174 14 MAR 81 - 21 APR 81
CB604211 174 21 APR 81 - 6 MAY 81
CB605121 174 12 MAY 81 - 1 JUN 81
CB706011 174 1 JUN 81 - 26 JUN 81
CBB06011 174 27 JUN 81 - 8 JUL 81
CB607081 174 8 JUL 81 - 29 JUL 81
CBE07291 174 29 JUL 81 - 25 AUG 81

»

54 B¢ b4 Be be B ba-De b
PR
SRR )

LB BE e Dd B DE DE D¢ »

DB D DA DA D B DA DE B B D B B DE DE D B D B DE DS B Be B¢ B¢ e e

VR VEVEVEVEVEVRY
VR VEVEVE VIR VRVEe:
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Table 6-1. Continued.

CB608251 174 25 AUG 81 - 23 SEP 81 X X X X
CB609231 174 23 SEP 81 - 20 OCT 81 X X X X
CB610201 174 20 OCT 81 - 16 NOV 81 X X X X
CB611161 174 16 NOV 81 - 16 DEC 81 X X. X X
CB612161 174 16 DEC 81 - 27 JAN 82 X X X X
CB601272 174 27 JAN 82 - METER LOST rxx
CB602232 174 23 FEB 82 - 24 MAR 82 *x X X X
CB603242 174 24 MAR 82 - 26 APR 82 X X X X
CB604272 174 28 APR 82 - 24 MAY 82 X X X X
CBB05242 174 24 MAY 82 - 14 JUN 82 X X X X
CB606142 174 14 JUN 82 - 12 JUL B2 X X X X
CB607122 174 12 JUL 82 - 20 AUG 82 xnn ‘
CB608202 174 20 AUG 82 - 15 SEP 82 X X X X
CB609152 174 15 SEP 82 - 18 OCT 82 xe X X X
CB6101B2 174 18 OCT 82 - 21 NOV 82 X X X X
CB611212 174 21 NOV 82 - 14 DEC 82 X X X X
CB612142 174 14 DEC 82 - 13 JAN 83 X X X X
CB601133 174 13 JAN 83 - 19 FEB 83 arn ‘
CB602193 174 19 FEB 83 « 22 MAR 83 X X X X
CB603223 174 22 MAR 83 - 25 APR 83 X X X X
CB604253 174 25 APR 83 - 24 MAY 82 X X X X
DATA SET: ENDECO - BRYAN MOUND DIFFUSER CX
TYP PERIOD - 'COLL INIT VAL TRANS
~ PROC
CX607141 174 14 JUL 81 - 29 JUL 81 X X X X
CX608071 174 7 AUG 81 - 25 AUG 81 X X X X
CX608251 174 25 AUG 81 - 23 SEP .81 X X X X
CX609231 174 23 SEP 81 - 20 OCT 81 X X X X
CX610201 174 20 OCT 81 - METER LOST xwn )
CX611161 174 16 NOV 81 - 26 NOV 81 xx X X X
CX602182 174 18 FEB 82 - 24 MAR 82 X X X X
CX603242 174 24 MAR 82 - 28 APR 82 X X X X
X X X

CX604282 174 28 APR 82 - 24 MAY 82 X

METER SITE DISCONTINUED
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Table 6-1. Continued.

DATA SET: ENDECO - BRYAN MOUND‘bIFFUSER cY-

TYP PERIOD COLL ~ INIT VAL - TRANS

PROC
CYE08261 174 26 AUG Bl - 23 SEP 81 X X X X
.CY609231 174 23 SEP 81 - 20 OCT 81 XX X - X
CY610201 174 20 OCT 81 - 16 NOV 81 S X X X X
CYE11161 174 16 NOV 81 : BT S
METER SITE DISCONTINUED
DATA SET: ENDECO - BRYAN MOUND DIFFUSER CZ -
TYP PERIOD - COLL =~ INIT VAL - TRANS
- PROC o '
C2609241 174 24 SEP 81 - 20 OCT 81 X X X X -
C2610201 174 20 OCT 81 - 16 NOV 81 X X X X
C2611161 174 16 NOV 81 - 07 DEC 81 xn X X X
CZ612071 174 07 DEC 81 - 09 DEC 81 X X X X
C2601272 174 27 JAN 82 - 12 FEB 82 X X X X
CZ603022 174 02 FEB 82 - 24 MAR B2 X X X X
C2603242 174 24 MAR 82 - 26 APR 82 "n X > S
C2604272 - 174 27 APR 82 - 24 MAY 82 X X X X
C2605242 174 24 MAY 82 ~ 14 JUN 82 X X X X
C2606142 174 14 JUL 82 - 12 JUL 82 X X X X
C2707122 174 12 JUL 82 - 10 AUG 82 X X X X
C2608202 174 20 AUG B2 - 15 SEP 82 "X X ‘X x
C2609152 174 15 SEP 82 - 18 OCT B2 X X' X X
C2610182 174 18 OCT 82 - 21 NOV 82 X X CX X
C2611212 174 21 NOV B2 - 14 DEC 82 - X > S ¢
C2612142 174 14 DEC 82 - 13 JAN B3 x X X X
C2601133 174 13 JAN 83 - 19 FEB 83 e X XX
C2602193 174 19 FEB 83 -~ 22 MAR 83 % X X X
C2603223 174 22 MAR 83 - 25 AFR 83 X X X X
C2604253 174 25 APR 83 - 24 MAY 82 X X X X
C2605243 174 24 MAY 83 - 15 JUN 83 X X Tx x
C2706153 174 15 JUN 83 - 19 JUL 83 X X X X
C2607193 174 19 JUL 83 - 10 AUG 83 X X X X
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Table 6-1. Continued.

CuU604282
Cu605242
Cue06142
Cu707122
Cu608202
Cu608152

cuelolsz -

cu611212
cu6el2142
Cu601133
CU602193
cue03223
CuUB04253
CU605243
CuUs06153
CU607193

CvV607183

CW607193

KU606153
KU607193

DATA SET: ENDECO - BRYAN MOUND DIFFUSER CU

TYP

174
174
174
174
174
174
174
174
174
174
174
174
174

174

174
174

TYP

174

TYP

174

28
24
i4
12
20
15
18
21
14
13
is
22
25
24
15
19

19

19

TYP

174
174

15

19

APR
MAY
JUN
JUL
AUG
SEP

‘OCT

NOV
DEC
JAN
FEB

APR
MAY

JUN
JUL

JUL

JUL

JUN
JUL

PERIOD

82 - 24
82 - 14
82 - 12
82 - 01
82 - 15
82 - 18
g2 - 21
82 - 14
82 - 13
83 - 19
83 - 22
83 - 25
83 - 24
83 - 15
83 - 19
83 - 10
DATA
PERIOD
83 - 10
DATR
PERIOD
83 - 10
DATA
'PERIOD
83 - 19
83 - 10

MAY 82
JUN 82
JUL 82
AUG 82
SEP 82
OCT 82
NOV 82
DEC 82
JAN 83
FEB 83
MAR H3
APR 83
MAY 82
JUN 83
JUL 83
AUG 83

COLL

ER

- B

INIT
PROC

R

e be B¢ B B¢ B¢

VAL TRANS

- B
BB BB D4 MMM

B B B M
-

SET: ENDECO - BRYAN MOUND DIFFUSER CV

AUG 83

COLL

X

INIT
PROC
X

VAL  TRANS

X X

SET: ENDECO - BRYAN MOUND DIFFUSER CW

AUG 83

CoLL

X

INIT
PROC
X

VAL  TRANS

X X

SET: ENDECO - BRYAN MOUND CONTROL - KU

JuL 83
AUG 83

~ coLL
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. Table 6-1. Continued.

DATA SET: ENDECO -~ BRYAN MOUND CONTROL -~ K2

"TYP PERIOD » COLL INIT VAL TRANS
: PROC
KZ606153 174 15 JUN 83 -~ 19 JUL 83 X X X P
- KZ607193 174 19 JUL 83 - 10 AUG 83 X X X X

NOTES: BRYAN MOUND

Loc .LAT LONG ‘Depth of Meter Depth of water
"RAT 28 47' 04.4" 895 18' 44.8" 3.6 ¥ (12 FT) 18.8 (62 FT)
RANM o" " 9.4 (31) "

RAB " A : 17.0 (56) "

RBT 28 41' 57.5" 95 25' 42.4" 3.6 (12) 18.8 (62 FT)
RBM " o " 9.4 (31) . "

RBB " " 17.0 (56) "

DCT 28 43' 53.9" T 95. 14! 34L3? 3.6 (12) 21.9 (72 fT)
DCM . " " _ 10.9 (36)

DCB ’ " . ooo" 20.1 (66) ‘

BCX 28 43' 59.5" 95 14' 25.0" 21.5 M (70.5 FT) 21.9 (72 FT)
DCY 28 43' 27.0" 95 1l4' 25.8" 21.2 ¥ (69.5 FT) 21.6 (71 FT)
DC2Z 28 43* 53.9" 95 14" 34.3" 21.5 ¥ (70.5 FT) 21.6 (72 FT)
DCu 28 43 53.9" 95 14' 34.3" 20.1 ¥ (66 FT) 21.9 (72 FT)
Dcv " ‘ " 17.0 ¥ (56 FT) "

DCW " " 20.6 ¥ (68 FT) "

CKU 28 44' 48.0" 95 13' 36.0" 19.2 ¥ (63 FT) 21.0 (69 FT)
CKZ 28 44' 48.0" 95 13' 36.0" 20.6 ¥ (67.5 FT) 21.0 (69 FT)

BUOY COORDINATES:

LAT LONG
CX = BUOY B 28 43' 58.48" N 95 14' 25.0 " W
CY = BUOY E 28 44' 26.95" N 95 14' 25.80" W
CZ = BUOY C 28 -43' 53.91" N 95 14' 34.30" ¥
CU = BUOY C 28 43' 53.91" N = 95 14' 34.30" W
KZ = .BUOY K 28 43' 48.0 "N 95 13' 36.0 " W
KU = BUOY K 28 43' 48.0 "N 95 13' 36.0 " W

TYP: 105 means a Type 105 current meter (speed and direction).
174 means a Type 174 current meter (speed, direction, conductivity, and
temperature) .
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Table 641. Continued.

COLLECTED: For 105 meters the film éartridge has been'fétrieved.
For 174 meters the magnetic tape cassette has been retrieved

INITIAL PROCESSING: For 105 meters the film cartridge has been sent to
Endeco for processing, returned, and entered into the Aaatabase. For
174 meters the data on the cassette has been entered into the
database directly.

VALIDATED; Data has been checked for &namolous or queétibnable values an
flagged where appropriate, calibration constants have been applied, and .
instrument has been cChecked for accuracy and drift.

+ - meter damaged, data guestionable

== - meter damaged, some data loss
=xx - meter damaged, total data loss A

DATA SET: WATER QUALITY
MONTHLY CRUISES

DATA SET NAME CRUISE CODED VALIDATED TRANSMITTED |

WQ.CRUO1 20 Feb 79 X X X
wQ.CRUD2 27 Feb 79 X X X
wQ.CRUOQS 28 Mar 79 X X X
WQ.CRUO4 24 Apr 79 X X X
WO .CRUODS 24 May 79 X X X
wQ.CRUOGE 29 Jun 79 X X X
wWo.CRUO7 30 Jul 79 X X X
WQ.CRUOS 30 Aug 79 X X X
WQ.CRUOS 22 Sep 79 X - X X
WQ.CRU10 26 Oct 79 X X X
WQ.CRU11 30 Nov 79 X X X
WQ-CRU12 20 Dec 79 X X X
WQ.CRU13 25 Jan 80 X X X
WO .CRU14 29 FEB B8O X X X
WQ.CRU1S ' 25 MAR 80 X X X
WQ.CRU16 7 APR 80 X X X
We.CRUL? 28 APR 80 X X X
WQ.CRU18 27 MAY 80 X X X
WQ.CRU19 30 JUN 80 X X X
WQ.CRU20 20 AUG BO X X X
WQ.CRU21 18 SEP 80 X X X
WQ.CRU22 14 OCT 80 X X X
WR.CRU23 11 NOV 80O X X X
WQ.CRU24 23 DEC 80 X X X
WQ.CRU25 15 JAN 81 X X X
WQ.CRU26 18 FEB 81 X X X
WQ.CRU27 24 MAR 81 X X X
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Table 6-1. Continued.

WQ.CRU28 12 APR 81

_ { X . X X
WO.CRU29 5 MAY 81 X X X
WQ.CRU30 " 17 JUN 81 X X X
WQ.CRU31 9 JUL 81 X X X
WQ.CRU32 ‘ 18 AUG 81 X X X

DATA SET: QUARTERLY SEDIMENT DATA CRUISES .

DATA SET NAME 'CRUISE. | CODED VALIDATED: . TRANSKITTED

WQ.QSCRUO1 30 AUG 79 b X X
WQ.QSCRUO2 30 NOV 79 X X, X
WQ.QSCRUO3 29 FEB 80 X, X X
WQ.QSCRUO4 . 25 MAR 80 X X X
WQ.QSCRUOS 7 APR 80 X X X
W0 .DSCRUO6 30 JUN 80 X X X
WQ.QSCRUO7 - 20 AUG 80 X . X . X
WQ.QSCRUOS 14 OCT 80 . X X X
WQ.QSCRUOS - 15 JaN 81 X X X
WQ.QSCRUIO : 24 MAR 81 X X X
WQ.QSCRU11 | A 08 JUL 81 X . B X
WQ.QSCRU12" : 17 Nov 81 X X X
WQ.QSCRU13 08 FEB 82 X X X
WQ.QSCRU14 - 12 MAY 82 X - X X
WQ.QSCRULS 16 AUG 82 X X X
WQ.OSCRU16 16 NOV 82 X X 11/83
WQ.QSCRU17 22 FEB 83 X X 11/83

DATA SET: QUARTERLY WATER COLUMN DATA CRUISES

DATA SET NRME : CRUISE - CODED VALIDATED TRANSMITTED
WQ.QWCRUO1 ‘ 30 AUG 79 X X X
WO .QWCRUO2 - 30 NOV 79 X X X
© WQ.OWCRUO3 - . 29 FEB 80 X X X
W0.OWCRUO4 25 MAR 80 X X X
WQ.OWCRUOS 7 APR 80 X X X
WD .OWCRUO6 30 JUN 80 X X X
WQ.OWCRUO7 20 AUG 80 X X X
W0 .OWCRUOB 14 OCT 80 X X X
W0.OWCRU09 15 JAN 81 X X X
WQ.OWCRU10 - " . 24 MAR Bl X X X
WQ.QWCRU11 - 09 JUL 81 X X X
WQ.QWCRU12 17 NOV 8} X X X
WQ.QWCRU13 ‘ 08 FEB 82 X X X
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Table 6-1.

WQ.QWCRU14
WQ.OWCRU15
WQ.QWCRU16
WQ.QWCRU17

Continued.

12 MAY 82
16 AUG 82
16 NOV 82
22 FEB 83

MM MM

Mo M

X
X
11/83
11/83

DATA SET: ADDITIONAL QUARTERLY WATER COLUMN DATA CRUISES

DATA SET NAME

WO .QWADD12
WO.QWADD13
WO .QWADD14
WQ.OWADD15
WO.QWADD16
WO .OWADD17

CRUISE

17.

08
12
A6
16
22

NOV
FEB
MAY
AUG
NOV
FEB

81
82
82
82
82
83

CODED  VALIDATED TRANSMITTED
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management section has developed a data file management and inventory
systémenich substantially reduces the storage space requirements, and
consequently the expense, of direct access data storage.

Used in conjunction with the data file management and inventory'
system is a software package acquired by the DPC. The Tape Management
System (TMS) catalogs direct access files onto tape and maintains a record
of_its location and characteristies. Direct access files written to a TMS
tape can be incorporated into the series of programming commands by a user
with no prior knowledge of various utility programs previously required to
accompiish these tasks. As the project's data files continue to expang,
direct access storage costs can be controlled with this system.

The data management section has developed programs that convert raw
data into suitable format for use in commercial statistical packages such
as SAé (statistical Analysis System). Data management has also acquired
and developed programs and statistical packages that can significantly -
enhance a principal investigator's capabilities for data reduction and
analysis (e.g., EAP, Ecological Analysis Package). This software provides

graphic as well as table generation.

6.5 Data Documentation and Transmittal

One of the primary responsibilities of the data management section is )
the monthly transmittal of validated data to NESDIS. The following
section deécribes the process, forms and documentation involved.

Newly validated on-line data is copied to magnetic tape aﬁd forwarded
to tné data manager at NESDIS. 1Included with the tapes are the |

l. Letter of Transmittal - a form which briefly states the contents

'of the tapes which is signed by NESDIS staff personnel and
returned to the data management section as verification that the
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tapes have been ‘received.

2. Cover 1e£te¥ and copy of Letter of Transmittal - this is sent
separate}y and simply informs NESDIS that a tape is en route.

3. Tape dump - a hard copy of ‘the actual contents of the data
contained on the tape.

4. Data Documentation/Data Format - a form which gives specific
information on the sampling parameters (location, type of vessel,
etc.) and deécribes the Qata's format and variables.

5., File List - identifies the sequential location of a specific file
contained on the tape.

Copies of these forms are‘kept by the data ménagement section as well
as the project manager for every data transmittal. The tapes are sent by
certified mail in clearly marked mailing cartons which describe the
contents. The eertified mail receipt serves as verification that tapes
were sent to NESDIS and the returned certified postcard, as well as the
letter of transmittal, verifies that NESDIS received the tapes. A
continuous monitoring of the data from validated data copied onto magnetic
tapes to their arrival at NESDIS is thus established.

Two ad@itional documentation forms are used in the summary of project
data collection and analysis. A Report of Observations/Samples COllected
by Oceanographic Programs (ROSCOP), which describes the data variables and

_collection parameters in an encodable form for the data base at NESDIS, is
sent at the conclusion of each sampling cruise. The data management
section also éenerates and updates monthly an inventory listing of the
status of each project investigator's data files‘(seé Table 6-1). This
file contains information on the current status of each sectioﬂ's data and

is used as a cross-reference between the data management section and
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3

NESDIS to insure the project's data is comﬁlétely transmitted and
accurately'idenﬁified. All of the pféjeét's validated data from the Bryan

Mound site has been transmitted to NESDIS for the current report period.
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