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EXECUTIVE SUMMARY 

The Department o f  Energy (DOE) has proposed t h a t  caverns i n  t h e  

C a p l i n e  Group of s a l t  domes, on t h e  Gul f  Coast o f  Lou is iana ,  be  used 

f o r  c rude  o i l  s t o rage  i n  i t s  S t r a t e g i c  Pe t ro leum Reserve (SPR) program. 

S o l u t i o n  m i n i n g  of cavern  r e f i l l s  i n  t h e  Weeks I s l a n d  area would r e q u i r e  

o f f s h o r e  b r i n e  d i s p o s a l - - w i t h  t h e  s a l i n i t y  of t h e  b r i n e  d i scha rge  r a n g i n g  

. f r o m  230 t o  264 p p t  and maximum temperatures a t  t h e  b r i n e  d i f f u s e r  

head f r om 115' t o  1 2 0 ' ~  (46' t o  4 9 ' ~ ) .  

T h i s  t e c h n i c a l  r e p o r t  was p repared  t o  a s s i s t  DOE i n  t h e  assessment 

o f  p o t e n t i a l  env i ronmenta l  impacts  assoc ia ted  w i t h  b r i n e  d i s p o s a l  and ' 

t o  suppor t  i t s  a p p l i c a t i o n  f o r  a  b r i n e  d i s p o s a l  p e r m i t  a t  one of two 

p o t e n t i a l  s i t e s  f o r  t h e  Weeks I s l a n d  s a l t  dome. Weeks I s l a n d  S i t e  A 

i s  l o c a t e d  about 9  n a u t i c a l  m i l e s  (10.4 s t a t u t e  m i l e s )  o f f s h o r e  t h e  

en t rance  t o  A t cha fa l aya  Bay, Lou is iana ,  i n  app rox ima te l y  21  f ee ' t  (6 .4  me- 

t e r s )  o f  wa te r .  Weeks I s l a n d  S i t e  B  i s  l o c a t e d  a lmost  20 n a u t i c a l  

m i l e s  t23 s t a t u t e  m i l e s )  f r om  t h e  en t rance  t o  A tcha fa laya  Bay. T h i s  

r e p o r t  i s  based on b o t h  h i s t o r i c a l  d a t a  and s i t e - s p e c i f i c  i n v e s t i g a t i o n s  

conducted a t  t h e  proposed s i t e s .  S i t e  A was surveyed f r om September 

t o  December 1977 and S i t e  0 was surveyed f r o m  February  t o  J u l y  1978. 

The c o n t i n e n t a l  s h e l f  i n  t h e  v i c i n i t y  o f  t h e  proposed d i f f u s e r  

s i t e s  i s  covered b y  sediments which va r y  f r om  s i l t y  sands t o  s i l t s  

o r  c l a y s  w i t h  some sand. Sediments a re  coarse  nearshore and becone 

f i n e r  w i t h  d i s t a n c e  f r om t h e  coas t .  Numerous shoa ls  a re  p r e s e n t  w i t h i n  

t h e  v i c i n i t y  o f  t h e  s i t e s ,  e s p e c i a l l y  w i t h i n  t h e  30- foot  (9 -mete r )  

i soba th .  The s l o p e  o f  t h e  s h e l f  o u t  t o  t h e  6 0 - f o o t  (18-meter )  con tour ,  

which i s  l o c a t e d  30 m i l e s  o f f s h o r e ,  i s  ve r y  sma l l  (0.03 p e r c e n t ) .  

Nearshore c i r c u l a t i o n  i n  t h e  G u l f  i s  p r i m a r i l y  d r i v e n  by  t h e  wind; 

t h e  n e t  d r i f t  i s  p a r a l l e l  t o  t h e  i soba ths  and n o r t h w e s t e r l y  th roughou t  

most  of t h e  year .  Du r i ng  J u l y  1978, a  s o u t h e a s t e r l y  d r i f t  was observed 

a t  a  dep th  o f  11 f e e t  (3.4 me te r s ) ,  w h i l e  t h e  wa te r  a t  17 f e e t  ( 5 . 2  me- 

t e r s )  f lowed northwestward. Cu r ren t  speeds g e n e r a l l y  ranged f r om 0.7 

t o  1.3 f l l s e c  (20 t o  40 cm/sec), ( S c c t i o n  2.2) .  

P r e d i c t i v e  mode l ing  f o r  t h e  proposed d i f f u s e r s  i n d i c a t e s  t h a t  

t h e  d ischarged  b r i n e  plume would remain near  t h e  bottom, thus  m i n i m i z i n g  



its effect on mid-depth and surface waters. Plume analyses were con- 

ducted using situ current meter data collected at the sites for 

a variety of ambient conditions. For the time-series of currents ob- 

served during the study period, the worst case indicates that an area 

of approximately 52 acres (21 hectares) would be exposed to a maximum 

excess salinity of 5 ppt. The average or base case condition predicted 

that an area of 100 to 150 acres (40 to 61 hectares) would be exposed 
to a maximum excess salinity between 2 to 3 ppt. 

A heat flow model was evaluated and analyzed to estimate the poten- 
tial for excess temperature at excess salinity profiles around the 

diffu8ei-s. This was aceompl i shed by assuming 90*r (3z0c) seawater 

temperatures (worst case summer maximum) and brine temperatures at 

the diffuser head varying from 90' to 150'~ (32' to 65'~). Considering 

a worst case condition (i.e., the maximum Vt expected) of 90°F Gulf 

waters and a brine discharge of 1 5 0 ~ ~ ~  the excess temperature at the 
-. 

3-ppt excess isohaline (about 40 acres (16 hectares)) would be 'less 

than 0.5'~ (0.3'~). When the ambient temperatures in these coastal 

waters are less than 90°F, the excess temperatures at any isohsline 

would be greater, but the maximum temperature would be less. 

The water chemistry (Section 2.3) in the vicinity of the proposed 

diffuser sites i s  seasonally dependent on the freshwater discharge 

' of the Mississippi and Atchafalaya Rivers. Hydrocarbons and trace 

metals, with the exception of mercury, are normally within the ranges 

expected for cozstal waters. Heavy metal concentrations are usually 

greater in the sediments and interstitial waters than in the overlying 

water column. Zooplankton contained significantly higher concentrations 

of trace metals than either the shrimp or the fish. Dissolved oxygen 

(DO) at the sites generally ranged from 3.8 to 11.4 rng/l; periodically 
the bottom waters became anoxic. Levels of inorganic nutrients, the 

major ions, organic carbon, and suspended matter at the sites are typic21 

of coastal estuarine areas. 

The major impact of the brine discharged into the Gulf would be 

the localized increased concentration of several chemical species, 

notably the major ions sodium and chloride, and the alteration of other a 

ion proportions in the immediate vicinity of the discharge .(Section 3.1). - 



Many of these constituents would be quickly diluted to near ambient 

levels within a small area around the diffuser. Upon discharge of 
the brine into the seawater, precipitation of various chemical species 

may occur; settling out of these particulates could impact the local 

benthic corrrnunity. The reduction of DO levels from ambient at the 

20-ppt excess isohaline, resulting primarily from mixing with nearly 

anoxic brine, would be approximately 0.6 mg/l. No modification in 

the pH is anticipated. During the operational phase, brine discharge 

would have an estimated hydrocarbon content of 6 ppm, an order of magni 

tude greater than ambient. Local mixing and dispersion mechanisms 

would rapidly reduce these concentrations to ambient levels. 

The biological assemblages at both sites are diverse and productive 

(Section 2.4). The phytoplankton community, strongly influenced by 

the mixing of oceanic and riverine discharges, was composed of fresh- 

water, neritic, and oceanic species. Diatoms were the predominant 

group in these waters. Biomass (cell density) was low in the fa1 1 

and winter at both sites, but increased substantially in the spring 

at Site B. 

Bioassay studies have indicated that plankton entrained in the 

brine plume at the diffuser would be subjected to severe physiological 

(mainly osmotic) and temperature stress and would thus undergo a tenipc- 

rary reduction in productivity and standing stock. Since residence 

time of plankton in the plume area would be in terms of only a few 

hours, it is expected that they would not suffer any long-term impacts. 

Since the plume will remain near the bottom, only those organisms asso- 

ciated with this lower portion of the water column would be affected. 

Ninety-five taxa of benthic invertebrates were collected at Weeks 

Island Site A and 183 taxa were collected at Site B. The species diver- 

sity at both sites was comparable, but Site B had a greater density. 
The mean density values at Site A remained fairly constant from Septezb~r 

to December, ranging from 530 to 604 organisms/m2, while at Site S 

mean density values increased from 958 organisms/m2 in February to 

12,478 organisms/m2 in Apri 1. The polychaetes general ly dominated 

the benthos, with molluscs and crustaceans also very common. 

Brine disposal into the Gulf of Mexico would have significant 

effects on the benthic community (Section 3.3), especially organisms 



in the immediate vicinity of the diffuser within the 4-ppt isohaline. 
Assuming total mortality in this area, a mean density of 2.1 x 10 6 

benthic invertebrates per acre would be killed at Site A and 27.4 x 10 6 

per acre would be killed at Site B. Based on worst-case current condi- 
tions for plume dispersion, an estimated 52 acres (21 hectares) would 
be covered by the 4-ppt excess isohaline at any one time. Impacts 
would be maximum in the spring when benthic community densities are 
at their maximum. Outside of this near-field area, there would be 

little or no significant impact on'benthic organisms. The younger 
developmental stages of many benthic invertebrates would be the most 

subject to impact. 

Major fisheries in the ~ouisiana coastal waters include shrimp, 

menhaden, oysters, and blue crabs. Shrimp ranked first i n  value ($80 
million) but second in weight (82 million pounds). Menhaden was the 

leading species by weight (1.1 billion pounds) and second in value 
($37 million). Thirty-six species of fish were collected at Site A, 
with bay anchovy, sand seatrout, star drum, Atlantic croaker, and sea 

catfish the most abundant species. At Site B, 26 species were collected, 
of which the bay anchovy, sand seatrout, Gulf butterfish, blackfin 
sea robin, and striped anchovy were most abundant. At Sites A and B, 

21 and 23 taxa of invertebrates were collected, respectively, but the 
number of invertebrates collected and their diversity were greater 
at Site A than at Site 8. 

Because of their mobility, the majority of the nekton would be 

expected to avoid areas of the brine plume where excess salinities 
and temperatures are antici,pated. Nekton entering this region would 

be temporarily subjected to osmotic and temperature stress. 8ioassay 
studies have indicated that brine concentrations of about 36.5 ppt 

are lethal to embryonic white shrimp, while sublethal effects may occur 

below this concentration. Larval fish forms may be slightly more toler- 
ant of high salinities than embryonic white shrimp. Gulf menhaden 
larvae are known to metamorphose at salinities approaching 40 ppt, 
while the larvae of spotted seatrout are reported to have a 2-hour 

LC50 (lethal dose to 50 percent of the test organisms) of about 41 ppt. 4 
The planktonic larvae and eggs of fish and shrimp entrained in the 



plume where tempera tu re  and s a l i n i t y  va lues  approach o r  exceed t h e i r  

upper t o l e r a n c e  l i m i t s  would  s u f f e r  l e t h a l  and s u b l e t h a l  impacts .  

Based on a n a l y s i s  o f  t h e  p h y s i c a l  oceanographic d a t a  and b r i n e  

plume model, i t  appears t h a t  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  plume 

a t  S i t e  A would n o t  be g r e a t l y  d i f f e r e n t  than  those  expected a t  S i t e  E .  

Based on t h e  b i o l o g i c a l  c h a r a c t e r i s t i c s  o f  t h e  two s i t e s ,  b r i n e  d i sposa l  

would  have s i m i l a r  impacts  on t h e  phy top lank ton  and zoop lank ton  popula-  

t i o n s  a t  e i t h e r  o f  t h e  s i t e s ,  b u t  t h e  b e n t h i c  community a t  S i t e  B would 

be s t r e s s e d  more than  t h a t  a t  S i t e  A because o f  t h e  h i g h e r  d e n s i t y  

n f  benthos and t h e  g r e a t e r  d i v e r s i t y  fnund  a t  S i t e  B. On t h e  o t h e r  

hand, a t  S i t e  A seve ra l  commercial spec ies,  e s p e c i a l l y  w h i t e  shr imp, 

a r e  p r e s e n t  i n  h i g h e r  numbers and f o r  a  l onge r  p e r i o d  o f  t i m e  than  

a t  S i t e  B; t h e r e f o r e ,  t h e  nek ton  would be a f f e c t e d  l e s s  i f  b r i n e  d i s p o s z l  

was conducted a t  S i t e  B. -%. 



TECHNICAL REPORT 

WEEKS ISLAND BRINE DIFFUSER SITE STUDY 

BASELINE CONDITIONS AND ENVIRONMENTAL ASSESSMENT 

SECTION 1 

I'NTRODUCTION 

1.1 Backqround 

This technical report presents the results of a study conducted 

at two alternative brine diffuser sites (A and B) proposed for the 

Weeks Island salt dome, together with an analysis of the potential 

physical, chemical, and biologieal effects uF brine dlsposai for this 

area of the Gulf of Mexico. Brine would result from either the leaching 

of salt domes to form or enlarge oil storage caverns, or the subsequent 

use of these caverns for crude oil storage in the Strategic Petroleum 

Reserve (SPR) program administered by the U.S. Department of Energy. 

Brine leached from the Weeks Island salt dome would be transported 

through a pipeline which would extend from the salt dome either 27 

nautical miles (32 statute miles) for Site A, or 41 nautical miles 

(47 statute miles) for Site B, into Gulf waters (Figure 1-1). The 
brine would be discharged at these sites through an offshore diffuser 

3 at a sustained peak rate of 39 ft /sec. 

The disposal of large quantities of brine in the Gulf could have 

a significant impact on the biology and water quality of the area and, 

as such, this disposal is one of the most critical issues identified 

in the programmatic Environmental Impact Statement (FES 76-2) developed 

for the SPR program. One of the objectives of this report, therefore, 

is to complement the Capline Group Final EIS (DOE/EIS-0024) with an 

assessment of the environmental effects of a brine disposal operation 

specific to the Weeks Island area (Figure 1-2). This assessment i s  
based on the results of field studies conducted at Sites A and B between 

September 1977 and July 1978. Another objective of this study is to 

provide DOE with information that can be used to help select an environ- 

mentally appropriate.location, configuration, .and size for a brine 

disposal diffuser system in the Louisiana offshore region. Such a 

location should be within a reasonable distance of the dome storage 



I I --____ PAOPOSED PIPE LINE ROUTES 

FIGURE 1-1 Coastal Louisiana showing proposed o f f s h o r e  b r i n e  d i f f u s e r  s i t e s .  



IFIGURE 1-2 Region o f  the proposed Weeks I s land  b r i n e  d i f f u s e r  s i t e s ,  inc luding sampling g r ids .  



sites under consideration. In addition, this information would be 

used to support an appl ication to the Environmental Protect ion Agency 
for brine disposal permits for the Weeks Island .salt dome. 

1.2 Operational Brine Disposal Requirements 

It has been proposed that the early storage phase capacity of 
the Capline Group (183 million barrels (MMB)) Strategic Petroleum Reserve 
(SPR) program be expanded by 117 MMB to a total storage volume of 300 
MMB. Expansion of the Weeks Island salt dome cavern (274 MMB total 
Capline Group capacity) would result in a 91 MMB increase in storage 
capacity. This additional capacity would be obtained by constructing 
new leached caverns. Each additional barrel created would require 
leaching by the introduction of seven barrels of water and the subsequent 
disposal of seven barrels of brine. It has been estimated that the 
new leached space and initial fill of the new capacity in the Capline 
Group would require the disposal of 640 to 1400 MMB of brine over a 
4- to 5-year period. This disposal period includes the construction 
of the caverns by leaching and the initial fill when crude oil is pumped 
into the newly formed caverns, displacing the remaining brine to the 
surface for disposal. 

After the initial fi 1 1  of new caverns, all of the storage caverns 

would be operated as a single system. Once the caverns are f i l l e d  

with oil, however, no further brine disposal or water supply will be 

required unless there is an interruption in foreign oil supply. Then, 
according to SPR program requirements, the oil will be withdrawn from 
the caverns within a 150-day period by displacement with raw water. 
Resumption of normal foreign oil supplies would then initiate a second 
cycle; that is, the caverns would be refilled with oil, and this oil 
would displace the saturated brine. The refill period and its associated 
brine disposal would require from 12'to 24 months. Subsequent crude 
oil withdrawals and refills of the Capline Group capacity could require 
disposal of an additional 91 to 200 MMB of brine to the Gulf (Gulf 
disposal would not be used for early storage capacity). 

The range of projected disposal rates, durations, and total brine 
disposal volumes for the Weeks Island expansion of the Capline Group 
is presented on Figure 1-3 and summarized in Table 1-1. The maximum 
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FIGUilE 1-3 Projected var ia t ion  i n  hrine disposal rates .  



values of discharge (570 to 600 thousand barrels per calendar day (MBCD)) 
8 

in this table represent leaching of the expansion capacity for about 
4 years. During oil refill periods, lesser amounts of brine would 
be discharged into the Gulf from the diffuser. Over the projected 
22-year life of the SPR, a maximum of five fill/withdrawals is planned, 
displacing up to 450 MMB of brine from Weeks Island. 

TABLE 1-1 Projected brine disposal data by modes. 

Disposal Br i ne Salt Mass 
Capacity Rate Dl~ration Volume (mil 1 ions ~f 

M ~ d a  , (WR) (MBCD)' [ m n t h A  -IMMB_L shbr5, tons 1 

Leach 9 1 570 - 600 50 - 60 640 34.5 
Initial fill 91 190 16 91 4.9 
Refills 91 190 16 9 1 4.9 

a MBCD = thousands of barrels per calendar day. 

1.3 Brine Diffuser Design Criteria and PlumeCharacteriftics 

Design criteria for the offshore brine diffusers were based on 
environmental considerations and operational requirements (U. S. Dept. of 
Comnerce, 1977a). The selection of Sites A and B as proposed diffuser 
sites was based on the criteria shown for each location on Figure 1-2 
and an the rationale that, as a result of the preliminary biological 
sampling, Site A appeared to have relatively high levels of productivity. 
The staff at Nicholls State University in Thibodaux, Louisiana, had 
conducted research in the region and was canthcted to help characterize 
the more productive areas of the shelf from a fisheries point of view. 

Prel iminary data indicated that the most productive fishery areas are 
located inshore of shoals. Site B was then selected in accordance 
with the following criteria: (1) locate the site offshore from the 
nearest shoal; (2) select a location that allows for a short pipeline 
route; (3) select a location that minimizes interference with other 
pipelines and avoids existing gas or oil platforms or feeder pipelines; 



and (4) select a location expected to have a sandy bottom, rather than 

a silt or clay bottom, since sandy sediments are usually less productive. 

The proposed pipeline and diffuser characteristics for Sites A and B 

are summarized in Table 1-2. 

TABLE 1-2. Summary of pipeline and diffuser characteristics. 
Site A Site B 

Latitude 

Longitude 

Offshore pipeline length 27.9nmi (32.11ni)~ 41.4nmi (47.6mi) 

Distance offshore 

Water depth 

Diffuser length 

10 nmi from entrance 22 nmi from entrance 
t 0  8tchafdldyd Bay t 0  Atehafalaya Bay 

21 feet Same as Site A 

2000 feet Same as Site A 

Orientation Normal to isobaths Same as Site A 
Number of ports 34 Same as Site A 

Orientation of port risers 90' to bottom ' Same as SiteA . . 

Height of risers above bottom 0 - 5 feet Same as Site A 

Port exit velocity 25 ft/sec Same as Site A 

a nmi = .nautical mile; 1 nautical mile = 1.151 statute miles. 

As discussed in Section 1.2, a brine plume would occur during 

two separate activities. The initial discharge would result from solu- 

tion mlning of the salt do~ne to form eaverns for oil storage. This 

discharge would occur over a period of 4 to 5 years, and the brine 

at the discharge ports would have a salinity of 230 to 260 ppt and 

a temperature near the ambient conditions found in the Gulf during 

the summer (86'~ (30'~) ) . The second discharge would occur when crude 

oil is pumped into the completed brine-filled caverns. The oil would 

displace the brine and this discharge would occur over a 2-year period. 

The brine will have a salinity of approximately 264 ppt, and a tempera- 
ture at the diffuser ports up to about 120'~ (49'~). 

An MIT transient plume model (U.S. Dept. of Commerce, 1977a) was 

P used to evaluate the characteristics of the brine plume. For this 
evaluation, the plume was considered to result from a worst case condi- 



tion which would occur during an 8-day slack period with a nontidal 

long-shore current component. The 8-day slack period is a conservative 
estimate of expected conditions since current data from the area indicate 

that the expected slack period would be only 2 days. To compare average 
and worst case conditions, Table 1-3 was derived from isopleths of 

bottom concentration versus bottom. area covered (U. S. Dept. of Commerce, 

1977a). 

TABLE 1-3 Brine plume characteristics for the Weeks Island area. 

I soha1 i ne 
(ppt above ambient) 

1 
2 

3 

4 

8-Day Slack 
(acres) 

2900 

400 

100 

30 

Average 
Conditions 

( acres) 

500 

250 

40 

Llnd~r a.vprage wind and current conditions, surf acc s ~ l  inities 
would be essenti a1 ly .unaffected because the diffuser would be located 

on the ocean bottom and high salinities would be limited to the bottom 

area immediately adjacent to the diffuser. During the 8-day slack 
period, when currents may fa1 1 as low as 0.02 knot (1 cm/sec), a broader 

area near the diffusers would experience excess salinities (that is, 
higher than ambient cond i t i ons )  . and surf ace s a l  init ies would be increased 

slightly (up to 1 ppt). 



1.4 Scope of Work for Baseline Characterization 

Physical and chemical measurements of the marine environment at 

Si'tes A and B were taken between September 1977 and July 1978 to cor- 
relate the existing. environmental conditions with the estimated physical 

extent of the brine discharge as predicted by the MIT model (U.S. Dept. 

of Commerce, 1977a). Measurements of wind, tide, waves, currents, 
and stratification (water column structure) were a1 so obtained since 
the diffusion and dispersion of the.brine plume are a function of the 

local circulation regime. 'These data were used to calculate both near- 

and far-field concentrations of brine, and may also be used in the 
. '  Jess'gr~ criteria for diffuser port configuration and verification of 

the p 1 ume model. 

Biological samples were taken to characterize the sites and to 

predict potential areas of impact with regard to the discharge. This 

sampling focused on benthic organisms and demersal fish, since these 

organisms remain affixed to or are in close association with the ocean 

sediments and will be exposed to the potential effects of brine waste 

disposal. Also, their spatial and temporal variability is somewhat 

less than that of the planktonic and other neritic organisms, and thus 

can be more easily defined. 

1.4.1 Geoaraphical Area Covered 

1.4.1.1 Cruises 

Eight major cruises were made at the Weeks Island sites between 

September 1977 and July 1978. During September and February, biota, 

water, and sediment were sampled for a chemical characterization. 

Other cruises were conducted for the retrieval of instrumentation datz 

tapes. 

1.4.1.2 Oceanographic Station Arrays 

In the experimental design for each sampling grid (Figures 1-4 

and 1-5), the locations of disposal site stations and reference stations 
were determined by consideration of the spatial extent of the brine 

f plume, as predicted by the MIT model, and regional data on coastal 

currents. Each grid was designed to extend beyond the area of predicted 

plume exposure for the near and far fields. Near-field stations would 
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be i n  d i r e c t  con tac t  w i t h  the b r i n e  e f f l u e n t  dur ing i n i t i a l  je . t  mix ing 

near the  d f f f u s e r  por ts .  F a r - f i e l d  s ta t i ons  were located w i t h i n  the 

reg ion  t h a t  would be affected, bu t  would ' lack the  in tense exposure 

t o  b r i n e  t h a t  may be c h a r a c t e r i s t i c  o f  the n e a r - f i e l d  s ta t ions .  Reference 

s t a t i o n s  were es tab l i shed  t o  de l inea te  ambient cond i t i ons  beyond the 

f a r  f i e l d .  

I n i  t i a1 1  y, a  small su r f  ace and subsurf ace buoy-pi nger system was 

used t o  i d e n t i f y  and reoccupy the wave/tide gauge and cur ren t  meter 

s t a t i o n s  (see Sections 1.4.2.2.1 and 1.4.2.2.2). However, because 

the.buoy and instrument systems were e i t h e r  l o s t  o r  damaged on several 

occasions, a  la rge  research buoy .system was subsequerrt;ly deployed off- 

shore t o  ensure dectifate pos i t i on ing  o f  the ship f o r  data r e t r i e v a l .  

Water and sediment chemistry sampling was conducted on ly  dur ing 

the  September and February cruises,  .and samples were taken a t  selected 

s t a t i o n s  (W-2, W-5, W-8, W-10, W-15, and WR-3 a t  S i t e  A and W-3, W-5, 

W-6, W-11, W-14, and WR-1 a t  S i t e  B) w i t h i n  each of the gr ids .  Current 

meters and wave and t i d e  gauges were deployed a t  the proposed d i f f u s e r  

s i t e ,  i d e n t i f i e d  as S ta t i on  W-5. Benthic sampling was conducted a t  

a l l  s t a t i o n s  on each cruise,  weather permi t t i ng .  Three t ransects  were 

es tab l i shed  f o r  each sampling reg ion  for  p lankton tows and f o r  demersal 

f i s h  and macroinvertebrate t raw ls  a  long and adjacent t o  the d i f fuser .  

1.4.2 Topical  Coverage 

1.4.2.1 Biolo- 

Major emphasis w i t h  regard t o  marine b io logy  was placed on determin- 

i n g  the  species composition, abundance, and d i v e r s i t y  o f  the benth ic  

co rnun i t y  a t  each d i f f u s e r  s i t e .  S im i la r  in format ion was sought f o r  

the p lankton and nekton comun l t l es ,  bu t  the& d a t a  weve o f  a q u a l i t a t i v e  

nature due t o  the c o m u n i t i e s l  l a rge  temporal and spa t i a l  v a r i a b i l i t y .  

I n  add i t ion,  adverse weather condi t ions a t  t imes necessi tated a  few 

changes i n  e i t h e r  sampling locat ion,  approach, equipment, o r  the number 

o f  samples recovered. 
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1.4.2.1.1 Benthic Sampling 

The benthos were sampled a t  each o f  the  19 s ta t i ons  occupied (F igure 

1-4), and rep1 i c a t e  samples were co l l ec ted  a t  a1 1 s ta t i ons  whenever 

possible. 

Benthic samples were taken by Peterson grab, which obtained a 
2 0.1-m sample. The organisms co l l ec ted  were separated from the  sediment 

by washing w i t h  a low-pressure, high-volume f l o w  o f  water through a 

500-micron mesh sieve. Organisms were preserved i n  the f i e l d  w i t h  

a 5-percent bu f fe red  fo rma l in  so lu t i on  and l a t e r  i d e n t i f i e d  i n  t he  

labora to ry  t o  the  lowest p r a c t i c a l  taxonomic l eve l .  These data were 

used t o  chdraceef f fe  opecles compasltlan, abundance, and density. 

Underwater photography t o  record epi faunal  d i s t r i b u t i o n s  and v i s i b l e  

cha rac te r i s t i c s  o f  the sediment surface was unsuccessful because of 

the h igh l y  t u r b i d  waters a t  the s i tes .  

To r e l a t e  the benthic communities a t  the  s i t e s  t o  t h e i r  character-  

i s t i c  substrate, one sample o f  sediment was taken from each benth ic  

grab and analyzed i n  t he  labora to ry  f o r  p a r t i c l e  s i z e  d i s t r i b u t i o n  

and percent organic matter  ( l oss  on i g n i t i o n ) .  

Bathymetric data a t  the s i t e s  consisted o f  record ing sample s t a t i o n  

depths w i t h  a p rec is ion  depth recorder (PDR) . The PDR was a1 so operated 

i n  t r a n s i t  between sampling s ta t i ons  t o  determine i f  there  were s i g n i f i -  

cant anomalies between observed and charted depths. 

1.4.2.1.2 Dernersal F ish  and Macroinvertebrates 

An o t t e r  t raw l  (0.5-inch mesh wings, 0.125-inch mesh cod end) 

was used t o  sample demersal f i s h  populat ions and epibenthic and nektonic 

macroinvertebrates a t  each d i f f u s e r  s i t e .  Three t r aw ls  were taken 

a t  S i t e  A (Figure 1-4); one t ransect  crossed the  d i f f use r ,  and the  

other two t raw ls  p a r a l l e l e d  the f i r s t .  Organisms taken by the o t t e r  

t r aw l  were sorted, i den t i f i ed ,  and counted, and a representat ive number 

o f  each species was measured. 

From the September and February cruises, t i s sue  from one shrimp 

species and one f i s h  species was co l l ec ted  a t  each s i t e  and assayed 

f o r  t race  metals ( i r o n  (Fe), manganese (Mn), z inc  (Zn), lead (Pb), 



nickel (Ni), copper (Cu), cadmium (Cd), chromium (Cr), and aluminum 

(A1 ) )  and high molecular weight hydrocarbons. 

Plankton 

Phytoplankton and zooplankton were sampled during each cruise. 
For phytoplankton, at the end of each otter trawl transect (Figures 
1-4 and 1-5), 20 water samples were collected from the surface and 
near the bottom with an 8-liter Alpha bottle and concentrated on a 
35-micron mesh screen (U.S. Screen No. 400). Samples were washed into 
glass containers and preserved with a 5-percent solution of buffered 
formal in. 

Zooplankton samples were collected during each trawl and consisted 
of a 3-minute surface tow using a 0.5-meter conical net with a 202- 
micron mesh. Samples were rinsed off the net and preserved in a solution 
of 5-percent buffered formalin. 

At the water-sediment chemistry stations, for each cruise, surface 
water samples were collected for chlorophyll - a and phaeophytin - a to 
be determined by fluorimetry. Planktonic organisms were identified 
to the lowest practical taxonomic unit, and the results were reported 
in terms of species composition, abundance, and distribution, and cor- 
related with the chlorophyll and nutrient indicators o f  production. 

Sufficient zooplankton biomass was reserved for chemical assay 
of trace metals as previously described for shrimp and fish; no hydro- 
carbon analyses were attempted. 

1.4.2.2 Physical Oceanography 

The physical oceanographic effort consisted primarily of monthly 
shipboard determinations of the salinity, temperature, and dissolved 
oxygen, and monthly data retrieval and instrument servicing for the 
wave and tide gauges and current meters. 

1.4.2.2.1 Waves and Tides 

Automatic-recording wave and tide gauges deployed at the disposal 
site required only periodic visits to retrieve data. C 

Comencing October 13, 1977, a wave gauge (Bass Engineering Model 

WG/100) and tide gauge (Bass Engineering Model STG/100) were deployed 
1-14 



and then attached to a platform designed to position the instruments 

approximately one foot above the bottom. The .platform consisted of a 
1/2-inch (1.3-cm) thick steel-plate shelf (3x3 feet (0.9 meters x 0.9 
meters)) with a 60-pound (27-kilogram) drilling bit welded to the under- 

side at each corner. A four-legged "A" frame of 1-1/2 inch (3.8 cm) pipe 
was welded to the topside of the shelf and served as a lifting point for 

the instrument pack. Upon deployment, a diver team unhooked the lowering 

cable and checked the platform for proper positioning. A Helle pinger 
was attached to the platform which would allow divers to relocate the 

instruments on subsequent trips. 

On March 17, 1978, Lke platform concept was abandoned in favor ot 

taut line mounted gauges that could easily be incorporated into the 

existing current meter array units. Endeco wave gauges (Model 817) and 
tide gauges (Model 820) were used. Initially these gauges were placed 
near the bottom of the taut line below the current meters. The wave 

gauge was attached to the taut line 21 feet (6.4 meters) below the sur- 

face and the tide gauge was placed at 23 feet (7.0 meters). Subsequent 
data analysis by Endeco revealed that wave and tide action in this area 

of the Gulf of Mexico was of insufficient amplitude to properly register 

on gauges near the bottom. On May 25, 1978, the wave gauge was reposi- 
tioned to a depth of 13.5 feet (4.1 meters) below the subsurface buoy. 

The tide gauge was removed due to malfunctions in the instrument and the 

gauge was not replaced. SCUBA divers were used throughout the project 
to retrieve and deploy the instruments during routine servicing. 

1.4.2.2.2 Currents 

Continuous, direct ~uleri an current measurements were obtained a t  

both sites A and B using -- in situ current. meters. Generally, two cur- 

rent meters were deployed at Station WS located at each of the proposed 

diffuser sites (Figures 1-4 and 1-5). All meters were deployed on a 

taut line mooring with a subsurface flotation buoy and surface marker 

buoy(s). An array consisted of a stainless steel cable connecting 

a large bottom weight (approximately 800 lbs (363 kilograms)) and a 

%foot (0.9-meter) diameter subsurf ace float which was approximately 

5 feet (1.5 meters) below MLW. The neutrally bouyant meter was designed 



to trail horizontally on a 5-foot (1.5-meter) tether from the mooring 

. line. The current meters were positioned approximately 4 feet (1.2 
meters) apart at a mid-depth and near-bottom position in the water 
column. 

Initi a1 ly (October-November 1977) two arrays, each consisting of 
two current meters located at depths of 11 and 14.5 feet (3.4 meters 
and 4.4 meters), were deployed at Site A. Current meters were desig- 
nated as I-A, I-B, 11-A, 11-8, and refer to the 11- and 14.5-foot 
meters on each array, respectively. After November '1977, only one 
array containing two current meters was deployed at Sites A and B. 
At Site 6 ,  meters were positioned at 12 and 21 feet (3.7 meters and 
6.4 meters) from January 7 through March 18, 1978, and at 17 and 21.5 
feet (5.2 meters and 6.6 meters) after March 18, 1978. 

Servicing of the current meters to replace film cassettes and bat- 
teries was usually performed every 2-4 weeks. Scuba divers retrieved 
the current meters and serviced the meters on-board ship. Following 
a servicing interval of approximately three hours, the current meters 
were reinstalled. Film cassettes were sent to the manufacturer for 
processing, but a11 interpretation and computer-plotted graphical illus- 
trations were performed by Dames & Moore. Additionally, the current 
data were provided to NOAA in a format directly compatible for use in 
computer runs of the plume model for impact analysis. 

1.4.2.2.3 Salinity, Temperature and DO Fields 

Local temperature, salinity, and dissolved oxygen fields were 
determined by -- in situ readings from the surface to the bottom at all 
stati ons. 

1.4.2.3 Chemical Oceanography 

Chemical oceanographic sampling was conducted during the September 
and February cruises. Chemical assays of the biota for hydrocarbons 
and trace metals are discussed under Biological Oceanography (Section 
2-4). The remaining chemical analyses were made on water and sediment 
samples from designated chemical stations. Chemical analyses for both 
shipboard and laboratory tests followed €PA-approved methods. 



1.4.2.3.1 Sediments 

Two sediment samples were collected for trace water and pore water 

analysis at each chemical station with push cores taken by divers. 

One sample was reserved for chemical analysis of bulk properties; the 

other was reserved for chemical analysis of pore water. Hydrocarbon 

content, sediment texture, and total organic carbon were analyzed in 

sediments taken with a Peterson grab sampler. No replicate measurements 

were made. 

Each pore water sample was analyzed for micro-nutrients, phosphate, 

reactive silicate, and nitrate and nitrite nitrogen; the six bulk ions, 

calcium (ca2+), magnesium ( M ~ ~ + ) ,  sodium (~a+), potassium (K+) , sulfate 
  SO^^-), and chlorine (Cl'); and the seven trace metals, Fe, Mn, Zn, 

Pb, Ni, Cu, and Cd. (Al, Cr, and Hg were additionally measured at 

Site B.) 

Each ,bulk properties sample was homogenized and divided into four 

subsamples for'the following tests: 

determination of particle size composition 

- analysis of total inorganic carbon, total organic carbon, and 
adenosine triphosphate (ATP) 

- analysis for biologically avai 1 able, acid-leachable fraction of 
metals (Al, Cd, Cr, Cu, Fe, Pb, Mn, and Ni, with Hg additionally 

measured at Site 8 )  

- solvent extraction-gas chromatographic determination of hydrocarbons.. 
1..4.2.3.2 Water 

Surface and bottom samples were taken at..each chemistry station. 

Samples were filtered through a 0.45-micron membrane filter. The sus- 
pended biologically avai 1 able particulate fraction (leachable) and 

the suspended refractory fraction were analyzed for Fe, Mn, Zn, Pb, 
. Ni, Cu, and Cd (and Cr at Site B), plus particulate organic carbon 

and total suspended matter. 

Filtered water was analyzed for the six bulk ions and the trace 

metals Cd, Cu, Pb, Ni, Hg, Zn, Fe, and Mn (and A1 and Cr at Site B ) ,  

plus dissolved organic carbon, dissolved hydrocarbons, and nutrients. 



Wi nd Speed and Direction 

Wind speed and direction was measured near the site by a Cl imatronics 

Wind Mark 111 recording instrument between June 1st and November of 1978. 

The instrument was mounted .on a Chevron Oi 1 Company drill ing platform 
located in Ship Shoal Block No. 108 at 28' 51' 29" N., 91' 06' 58" W. 

1.4.2.3.4 Data Manaqement 

All physical, chemical, geological, and biological data collected 

during the Weeks Island cruises, from September 1977 to July 1978, wer,e 

entered into the national archives of the National Oceanic and Atmospheric 

Administration' s (NOAA) ~ a t i  o'nal Oceanggraphic Data Center (NOOC) as part 
of the SPR Brine Disposal Analysis Program. This. program will enable any 

researcher studying the region to have access to baseline data and will 

contribute to the growing world-wide oceanographic information contained 

in this centralized data bank. 

After the samples had been collected and analyzed, species names 
were converted to the lo-digit NOOC taxonomic codes and all data were 

entered onto the appropriate NOAA data coding forms. The cruise numbers 
used to identify the data were CPLNOl (September 1977), CPLN02 (October), 

CPLN03 (November), CPLN04 (December) for Site A; and CPLNll (February 

1978), CPLN12 (early March), CPLN13 (late March), and CPLNl4 (April) for 

Site 8. The forms were then submitted to NODC for keypunching; they 
included "Benthic Macrof auna (002), " "Groundf i sh (023)," "Zooplankton 

(024) ," and "Phytoplankton Species (028)" for biological data; "Benthic 

Urganisms (032)' and "Sediment Characteristics, Grain Size Analysis 

(073)" for sediment s i z e  and composition; and "Primary Productivity 

(029) ," "Primary Productivity 2 (049) ," and "Water Chemistry and Physics 
(004)" for water quality data. Current data were submitted t o  NODC on 
magnetic tape; some water chemistry data were submitted in raw form due 

to a lack of appropriate coding sheets. 



SECTION 2 

BASELINE CHARACTERISTICS 

2.1 Climatology and Meteoroloqy 

2.1.1 Climate 

The area around Weeks Island Sites A and B. (Figure 1-1) has a 
marine climate largely influenced by the characteristically warm waters 
of the Gulf of Mexico. These waters temper the extremes of surnmer 
heat, shorten winter cold spells, and provide abundant moisture and 
rainfall to coastal Louisiana. 

The Bermuda high, an extensive, persistent high-pressure cell 
located in the southwestern part of the Atlantic Ocean, dominates the 
spring and summer weather conditions at the sites. The prevailing 
southeasterly winds bring moist air to the area, with the result that 
humidities are high and convective shower activity occurs almost daily. 
Coastal circulation is affected by sea breezes during the afternoon 
and evening hours. 

Although the sites are south of the mean winter continental storm 
track, occasional intrusions of polar air into the area can cause sudden 
drops in temperature and sometimes snowfall. The cold airmasses also 
tend to lower sea-surface temperatures and are important in the formation 
of advection-radiation fog which is prevalent along the coast, especially 
during winter and spring. 

2.1.2 Meteorological Data 

2.1.2.1 Air Temperature 

The average summer air temperature for the area is 85'~ (29'~); 
the average winter air temperature is 60'~ (16'~). 

Table 2-1 presents long-term monthly average and extreme air tempera- 
tures based on marine observations between 1952 and 1971. The annual 
mean air temperature is 74'~ (23'~). July and August are the warmest 
months, with a mean temperature of 84'~ (29'~); January and February, 

the coldest months, have a mean temperature of 63'~ (17'~). The highest 

and lowest recorded temperatures are 10d°F (38'~) and 30°F (-1°c), 

respectively. 



TABLE 2-1 Average monthly air temperatures for the Weeks Island area, 
1952-1971. 

Month 

January 

February 
March 
Apr i 1 

M ay 
June 
July 
August 
September 
October 
November 

December 

Minimum 
0 

Annual 74.3 30 100 

SUUKCE: U. S. Dept. .of Commerce, 1972. 
I 

2.1.2.2 Precipitation 

Table 2-2 summarizes long-term, mean monthly and extreme precipita- 
tion for New Orleans, Louisiana, The highest amnlrnt. of rainfall occurs 

dur4 rig the summer months in assnci a t  ion with either local thunderstorms 
or an occasional tropical storm. Winter precipitation generally results 

from frontal activity and falls as slow, steady rainfall; it may occur 

at any time of day and continue intermittently. for several days. 

The mean annual precipitation is 53.9 inches (137 centimeters). 
The maximum 24-hour precipitation was 14.01 inches (36 centimeters) 

in April 1927 (U.S. Dept. of Commerce, 1971). 

Frozen precipitation in the area is rare; over a 25-year period 

from 1946 to 1971, the mean annual snowfall was 0.2 inches (0.5 centi- 
meters). In February 1895, an unusual storm dumped 8.2 inches (21 
centimeters) of snow on New Orleans (U.S. Dept. of Commerce, 1971). 



TABLE 2-2 .Long-term mean month ly  p r e c i p i t a t i o n ,  New Orleans, Louis iana.  

Normal Maximum 

~ o t a l ~  Month ly  b 

Month ( i n . )  ( i n . )  yearC 

January 3.84 12.62 1966 

February 3.99 10.56 1959 

March 5.34 19.09 1948 

A p r i  1 4.55 8.78 1949 , 

June 

J u l y  

August 

September 

October 

November 

December 

Annual 
March 

19.09 1948 

a P e r i o d  o f  record :  1931-1960. 

P e r i o d  o f  record :  1946-1971. 

Year o f  occurrence. 

Minimum 

~ o n t h l ~ ~  
( i n . )  

Maximum 

~ a i  lyb 
yearC ( i n . )  Year C 

SOURCE: U.S. Dept. nf C m e r c e ,  1971. 



Wind Speed and D i rec t i on  

2.1.2.3.1 Surface Winds 

The mean annual wind speed a t  the d i f f u s e r  s i t e s  i s  11.5 knots 

(13.2 mph), (Table 2-3). I n  the spr ing and summer, the Bermuda h igh 

u s u a l l y  con t ro l s  surface winds. I n  autumn, there i s  a t r a n s i t i o n  from 

a t r o p i c a l  wind regime t o  a modi f ied con t inen ta l  wind regime. Accord- 

i ng l y ,  t he  winds s h i f t  t o  eas te r l y  and no r t he r l y  d i rec t ions,  and show 

the  highest  average wind speeds and greatest  frequency o f  occurrence 

f o r  the area. Winds i n  the  autumn can be i n  excess o f  33 knots (38 

mph). Surface wind i s  an important f a c t o r  i n  the mix ing and d i f f u s i o n  

c h a r a c t e r i s t i c s  o f  the  water column a t  the d i f f u s e r  s i tes .  

TABLE 2-3 Mean monthly wind speed and d i r e c t i o n  f o r  the Weeks Is land  
area, 1952-1971. 

Month - .  

January 

February 

March 

Apr i  1 

M ay 
June 

3u 1 y 

August 

September 

October 

November 

December 

Annual 

Wind Speed 
0 Di rec t i on  

SOURCE: U.S. Dept. o f  Commerce, 1972. 

2 -4 



2.1.2.3.2 Slack Wind and Persistence 

Due to the coupling effects of surface winds and currents, periods 
of slack winds (wind speed 5 5 knots (6 mph)) are also of importance 
to brine disposal at the Weeks Island sites. 

Figure 2-1 is a climatological record of wind persistence taken 
from a 15-year record (1948-1963) of'hourly wind data observed at Burr- 
wood, Louisiana, the closest primary coastal meteorological station. 
These data show that a period of slack wind is not likely to last longer 
than 12 hours. More than half of the observations have a slack wind 
period of less than 5 hours, indicating that these per iods can occur 
often, but in most cases they prevail for only a short time. 

A monthly percent frequency distribution of wind speed categories 
based on marine observations in the Bayou Lafourche area (Table 2-4) 

TABLE 2-4 Monthly percent frequency of wind speeds for the Bayou Lafourche 
area, 1952-1931. 

Wind Speed (kn) 
Month - 0- 3 4-10 11-21 22-33 34-37 38 - + - 

January 
February 
March 
Apr i 1 

May 
June 
Ju 1 y 
August 
September 
October 
November 

December 

a~~ = no data. 
SOURCE: U.S. Dept. of Commerce, 1972. 



4 0  ---.--- ~- -%MMCH I 
40 - I 1 'Nlt.'TEI I .  I 

ANAI v s ~ s  OF w. NO .Pr, !18; l ' ; lxC ANAI.VSI~ o i  WINO P f ~ I S * S ' f N C E  - - . . . . -. . - . - . - 35 - 
FCH BUHHVIUUO. L IJUIS I~ IJ I .  Il 28 5Y.N. 189"22'W 

- 35 - FOR BUPfi:V30D. LOUISIANA sL2B L3'N. k 8 9 ' 2 x W I  

- ..* C A L M  PCIIl0L.S I R l N O  ' 5 KNSI +... C L L A ~  PERIODS It'dINO '. S K N S I  
VI WE NOHIIII.;Sr r ~ u A b l ( A N l  .%NC*R IHEALT O J A O R A N r  I 

$ 3 0  
- - N'N & O R r H W f ? I  CUAUNANT ~ \ ' d . h i ; i l n U C S I  O U A O H A N r  I 

+ S ' N i s o u r n w t s r  WADRANT 
&A 

YI 
a 

S W - S O I H W E S I  OUAOR4NT , 

s f  -sourtit ASI O'JAOHANT 1 25 - SE-SCUlHEAST OUADRANT : 

: 2 0  
- 

u, 
m 

g 15 - - 
C 
4 

1 50 - 

F R E O U E N V O F O C C U R R E N C E  I R t O L l l  NCV OF OCCLollHCNCE 

i 
i 
I 
I 

1 

t 
I 

SOURCE: U . S .  Deot. o f  Comnerce, 1977a) 

FIGURE 2-1 Cl imatol ogy o f  wind persistence f o r  3urrwood. Louisiana. 1 
I 
I 



shows t h a t  winds w i t h  speeds o f  3  kno ts  ( 4  rnph) o r  l e s s  occur most 

f r e q u e n t l y  between May and September. Only 25 percent  o f  t h e  t o t a l  

observa t ions  i n  t h e  area had wind speeds o f  6  knots ( 7  mph) o r  l ess  

(Table 2-5). These pe r i ods  o f  s lack wind occurred most o f ten  between 

May and September. 

J o i n t  wind frequency d i s t r i b u t i o n  da ta  obta ined every 3  hours 

by t h e  U.S. Coast Guard Marine S t a t i o n  a t  Grand I s l e ,  f rom January 

t o  June 1978, revea l  t h a t  t h e  m a j o r i t y  o f  wind speeds are w i t h i n  t h e  

4- t o  10-knot (4.5- t o  11.5-mph) range (Tables 2-6 and 2-7), and t h e  

p r e v a i l i n g  d i r e c t i o n  i s  f rom t h e  n o r t h  (F igu re  2-2); t h i s  was p a r t i c -  

u l & r * l y  evide111 Jureirly Jdrluary and February. Wlnd speeds 5n the  11- 

t o  21-knot (12.5- t o  24-mph) range a l so  occurred more f r e q u e n t l y  du r i ng  

these months. Dur ing t h e  l a t e  spr ing,  t h e  d i r e c t i o n  was d i s t r i b u t e d  

f rom t h e  nor theas t  t o  t he  south, and wind speeds were most o f t e n  l e s s  

than 3  knots  (3.5 mph). 

Data were obta ined f rom an o n s i t e  meteoro log ica l  s t a t i o n  from -- 

June 1 t o  August 14, 1978. A wind rose  f o r  t h i s  p e r i o d  shows t h a t  

t h e  most p reva len t  wind d i r e c t i o n s  are f rom t h e  northwest,  west, and 

nor theas t  (F igu re  2-3).  I n  June, Ju ly ,  and August, t h e  p r e v a i l i n g  

wind d i r e c t i o n s  were f rom t h e  west, nor theas t ,  and south, respec t i ve l y .  

The m a j o r i t y  o f  wind speeds a t  t h i s  o n s i t e  s t a t i o n  were a l so  w i t h i n  

t h e  4- t o  10-knot (4.5- t o  11.5-mph) range (Table 2-7). The average 

wind speed f o r  t h i s  p e r i o d  was 7.9 knots  (9  mph)--with averages o f  

8.9, 7, and 7.7 knots  (10, 8, and 9  mph) f o r  June, Ju ly ,  and August, 

respec t  i ve l  y. 

2.1.2.3.3 Extreme Winds 

Table 2-8 summarizes t h e  " f a s t e s t  m i  l e u  (sus ta ined)  wind speeds 

i n  New Orleans f o r  a  12-year p e r i o d  (1960-1971). Offshore, winds i n  

excess o f  175 knots (201 mph) are est imated t o  have occurred du r i ng  

hur r i canes  (U.S. Dept. of Commerce, 1972). Est imated extreme winds 

f o r  r e t u r n  per iods  f rom 5  t o  50 years a re  l i s t e d  below: 

Mean recurrence i n t e r v a l  (years )  -- 5, 10, 2 5 ,  50 

Maximum susta ined wind (kno ts )  -- 85, 95, 110, 120. 



TABLE 2-5 Monthly cumulative frequency and wind speeds f o r  the Bayou Lafourche area. 

Frequency o f  
Occurrence Wind S~eed  f kn) 

Jan Feb Mar Ppr May - - - 
0 0 0 0 0 

3 4 2 2 1 

? 6 6 6 5 

. 1 2  12 11 11 9 

1g 18 17 '17 15 

28 28 27 25 21 

35 35 35 30 25 

Jun Jul Aug - - 
0 0 0 

1 1 1 
4 4 4 
8 7 7 

12 10 11 

20 19 19 

25 22 2 4 

Sep Oct Nov Dec - - - 
0 0 0 0 

1 1 1 4 

5 6 7 6 
9 11 12 12 

16 16 18 18 

25 24 28 28 

33 30 3 3 33 

Annual 

0 

1 
6 

9 

16 

25 

30 



Join 
U. S. 
June 

t wind speed frequency distribution measured a t  the 
Coast Guard Grand Isle Marine Station from January t o  
1978. 

TABLE 2-6 

Wind Speed Categories (knl 
W l  nd 
Sector - 

N 

Over 33 - 
0 

0 

Tota 1 - 
184 

15.5 

NNE 

ENE 

ESE 

SSE 

s 

SSW 

sw 

WSW 

W 

UMJ 

' ~ i r s t  1 ine shows number of occurrences. 
b~econd 1 i ne s haws percent of t o  t a  1 . 



TABLE 2-6 ( con t 'd ) .  

Wind Speed Categories (kn) 

Wind 
Sector  

Calm 

T o t a l  

4 - 10 - 11 - 21 22 - 33 Over 33 - Tota l  

31 14 1 0 46  

2.6 1 .2  0 .1  0 3.9 

2 1 43 2 0 67 
1.8 3.6 0.2 0 5.7 



f FIGURE 2-2 Wind frequency d i s t r i b u t i o n  a t  U.S.' Coast Guard Grand Isle Mar ine 
S t a t i o n  ( l a t .  29.15' N., long.  89'57' W . ) ,  January t o  June 1978. 



FIGURE 2-3 Wind f requency a t  Chevron p la t f o rm,  28'51 '29"N, 91°06 '58"~ ,  
June 1 t o  August 14, 1978. 

2-12 



TABLE 2-7 Wind speed f requency d i s t r i b u t i o n  measured i n  t h e  Weeks 
I s l a n d  area f rom January t o  August 14, 1978. 

Speed 
Loca t ion /Per iod  Cateqory (kn)  % Frequency 

January - June 1 9 7 8 ~  

June 1 - August 14, 1978 b 

Over 33 0.1 

22 - 33 

Over 33 

a ~ . ~ .  Coast Gaurd Grand I s l e  Mar ine S ta t i on .  

b ~ n s i t e  s t a t i o n  (Chevron P l a t f o r m  (28' 51 '  29" N, 91' 06 '  58" W. ) .  

2.1.2.4 Hurr icanes 

I n  t h e  Gu l f ,  t h e  season f o r  t r o p i c a l  cyc lones i s  f rom June t o  

October. Between t h e  years  o f  1899 and 1971, 45 t r o p i c a l  storms have 

pene t ra ted  t h e  Weeks I s l a n d  area, w i t h  an average nor thward movement 

o f  about 10 kno t s  (12 mph); 18 o f  these storms were o f  hu r r i cane  i n t e n -  

s i t y - - t h a t  i s  w i t h  winds g r e a t e r  than 64 kno ts  (74 mph), (U.S. Dept. 

o f  Commerce, 1972). 

The numbers o f  t r o p i c a l  cyc lones and hu r r i canes  recorded  i n  t h e  

area between 1899 and 1971, and t h e  average number o f  years  between 

occurrences, a re  l i s t e d  below: 

45 t r o p i c a l  cyc lones (winds > 34 kno t s  (39 mph)), w i t h  1.6 years  

between occurrences 

18 hu r r i canes  (winds > 64 kno t s  (74 mph)), w i t h  4.1 years  between 

occurrences ., 



I n  recen t  G u l f  h i s t o r y ,  Hurr icane Cami 1 l e  (August 1969), w i t h  est imated 

winds o f  175 kno ts  (201 mph), was t h e  most severe storm t o  impact t h e  

area. 

TABLE 2-8 Month ly  v a r i a t i o n  o f  " f a s t e s t  m i l e "  winds f o r  New Orleans, 
Louis iana,  1960-1971. 

Date 

January 1966 

February 1970 

March 1969 

A p r i l  1960 

May 1962 

June 1971 

J u l y  1969 

August 1969 

September 1965 

October 1964 

November 1363 

December 1969 

Speed 
0 

Annual (1365) 6 3 03 

a ~ i r e c t i o n  i n  terms o f  degrees f rom t r u e  nor th ;  i.e., east-09; south-18; 
west-27; north-36. 

SOURCE: U.S. Dept. o f  Conerce,  1971. 



2.2 Phys ica l  Oceanography 

2.2.1 Nearshore Features 

2.2.1.1 Regional  D e s c r i p t i o n  

The coas ta l  area o f  Lou i s i ana  i n  which t h e  Weeks I s l a n d  b r i n e  

d i f f u s e r  would be l oca ted  i s  c h a r a c t e r i z e d  by  numerous c o a s t a l  bays, 

es tua r i es ,  lakes, marsh1 ands, b a r r i e r  i s l ands ,  and chen ie rs  (s t randed 

beaches), (F i gu re  1-2). W i t h i n  t h i s  area, OtNei 11 (1949) and Morgan 

and Lar imore (1957) have de f i ned  two. d i s t i n c t  morpholog ica l  p rov inces- -  

pn ~ 3 s t ~ r - n  pnr t . inn  ~ x t ~ ~ n r l i n g  frnm Vermi 1 i n n  Ray t.n M i q q i  s s i p p i  Sn~rnd 

which c o n s i s t s  o f  a  d e l t a  p l a i n  cha rac te r i zed  by  a  h i g h l y  i r r e g u , l a r  shore- 

l i n e ,  and a  western p o r t i o n  which possesses a  more r e g u l a r  s h o r e l i n e  and 

rep resen ts  an area o f  marg ina l  d e l t a i c  sedimentat ion.  Along t h i s  l a t t e r  

sec t ion ,  mud f l a t s  which have been developed by t h e  westward longshore 

d r i f t  o f  p r e v i o u s l y  depos i ted  d e l t a i c  sediments a l t e r n a t e  w i t h  sand beaches. 

These areas and t h e i r  pe r i ods  o f  a l t e r n a t i o n  correspond t o  changes b rought  

about by t h e  f l o w  o f  t h e  M i s s i s s i p p i  R i v e r  and i t s  d i s t r i b u t a r i e s .  

Since t h e  e a r l y  1950ts ,  t h e  A tcha fa laya  R iver ,  w i t h  i t s  s h o r t e r  

p a t h  and steeper g rad ien t ,  has been s l o w l y  c a p t u r i n g  a  s i g n i f i c a n t  

p o r t i o n  o f  t h e  M i s s i s s i p p i  R i v e r  d ischarge  d u r i n g  h i g h  water  stages. 

Th i s  represen ts  a  c o n t i n u a t i o n  o f  t he  normal s h i f t i n g  p a t t e r n s  o f  t he  

lower r i v e r  channel and a l t e r n a t i o n  i n  t h e  growth and e ros ion  o f  va r i ous  

subde l ta  complexes, S ince 1953, f l o w  i n t o  t h e  A tcha fa laya  R i v e r  has 

been a r t i f i c i a l l y  r e g u l a t e d  by t h e  U.S. Army Corps o f  Engineers t o  

r e c e i v e  approx imate ly  30 percen t  o f  t h e  t o t a l  M i s s i s s i p p i  d ischarge,  

t oge the r  w i t h  t h e  t o t a l  f l o w  volume o f  t h e  Red R i ve r .  Consequently, 

t h e  A tcha fa laya  R i v e r  i s  a c t i v e l y  b u i l d i n g  a  new d e l t a  complex i n  t he  

G u l f  o f  Mexico west o f  t h e  M i s s i s s i p p i  R i v e r  D e l t a  area ( F i g u r e  2 -4 ) .  

An ex tens i ve  s tudy  o f  t h e  s h e l f  waters immediate ly  west o f  t h e  

M i s s i s s i p p i  R i v e r  D e l t a  was conducted i n  c o n j u n c t i o n  w i t h  t h e  Lou i s i ana  

Offshore O i l  P o r t  (LOOP) s tudy  program (LSU, 1975). A  hydrographic  

s tudy  o f  t h e  waters immediate ly  t o  t h e  west o f  t h e  LOOP s tudy  area 

and south o f  T i m b a l i e r  Bay has been sponsored by t h e  G u l f  U n i v e r s i t i e s  

Research Consort ium (GURC) and i s  descr ibed  by  Oetk ing  (1974a). 



FIGURE 2-4 Ant ic ipa ted  conf igu ra t ion  of t he  Atchafal aya Del t a  shore1 i ne by 
t he  year 2020. 



The dominant o f f s h o r e  ba thyme t r i c  f e a t u r e  i n  t h e  r e g i o n  i s  t h e  

G u l f  Coast geosyncl  i ne .  I t s  a x i s  genera l  l y  corresponds w i t h  t h e  t r e n d  

o f  t h e  p resen t  s h o r e l i n e  o f  t h e  G u l f  Coast s t a tes .  The s t r a t i g r a p h i c  

r e c o r d  i n d i c a t e s  t h a t  t h i s  geosync l ine  has been g r a d u a l l y  subs id i ng  

s i n c e  t h e  Cretaceous p e r i o d  because o f  t h e  voluminous d e l t a i c  sedimen- 

t a t i o n  and d e p o s i t i o n .  Cont inued subsidence o f  t h i s  area i s  i n d i c a t e d  

b y  t h e  s lope  o f  t h e  n a t u r a l  levees i n  t h e  r e g i o n  which t i l t  toward 

t h e  G u l f  o f  Mexico. 

The c o n t i n e n t a l  s h e l f  ad jacen t  t o  t h e  M i s s i s s i p p i  D e l t a  i s  ve r y  

narrow and, a t  t h e  d e l t a ,  i s  a imost nonex i s t en t  where t h e  r i v e r  has 

prograded across it. To t h e  eas t  o r  west o f  t h e  d e l t a ,  t h e  c o n t i n e n t a l  

s h e l f  o f f  Lou i s i ana  widens markedly  t o  more t han  124 m i l e s  (200 k i l o -  

me te r s )  o f f  t h e  coas ts  o f  F l o r i d a  and Texas. The c o n t i n e n t a l  s h e l f  

west o f  t h e  d e l t a  i s  noncarbonate i n  o r i g i n  and has many i so la&d 

s e a k n o l l s  and seamounts which a re  though t  by  some i n v e s t i g a t o r s  t o  be 

s u r f a c e  express ions o f  s a l t  domes (Shepard, 1937; Carsey, 1950; Moore 

and Curray,  1963; Ewing and Anto ine,  1966). 

2.2.1.2 D i f f u s e r  S i t e  

A t cha fa l aya  Bay and Marsh and P o i n t  Au Fer I s l a n d s  a re  t h e  dominant 

nearshore f e a t u r e s  a t  Weeks I s l a n d  S i t e s  A  and B  ( F i g u r e  1-2) .  The bay 

i s  approx imate ly  20 m i l e s  ( 32  k i l o m e t e r s )  l o n g  i n  an east-west d i r e c t i o n ,  

averages 7  m i l e s  ( 1 1  k i l o m e t e r s )  i n  w id th ,  and i s  g e n e r a l l y  l e s s  than  7  

f e e t  (2.1 mete rs )  deep. I t s  o u t e r  boundary i s  formed by P o i n t  Au Fer 

S h e l l  Reef, once an oys te r -p roduc ing  area. Oyster  p r o d u c t i v i t y  on t h e  

r e e f  has been dest royed by  i n c r e a s i n g  amounts o f  f r eshwa te r  and sediment 

f r om  t h e  A t cha fa l aya  R i v e r  bas in .  A submarine ex tens ion  o f  a d d i t i o n a l  

r e e f s  t r e n d s  nor thwestward f o r  14 m i l e s  (22 k i l o m e t e r s )  t o  Rabb i t  I s l a n d .  

Beyond these  ree fs ,  water  depths i nc rease  v e r y  g r a d u a l l y  such t h a t  t h e  

3- and 100-fathom con tour  l i n e s  l i e  10 and 115 m i l e s "  (16 and.185 k i l o -  

mete rs ) ,  r e s p e c t i v e l y ,  o f f  shore. 

Three l a r g e  shoals  l i e  o f f s h o r e  o f  A t cha fa l aya  Bay i n  t h e  v i c i n i t y  

o f  t h e  propnsad Weeks i s l a n d  d i f f u s e r  s i t e s .  Sh ip  Shoal l i e s  o f f s h o r e  

t o  t h e  eas t  o f  t h e  s tudy  area. Th i s  shoal  i s  about 7  m i l e s  ( 1 1  k i l o -  

mete rs )  long, t r e n d s  i n  an east -west  d i r e c t i o n ,  and has a  water  depth of 

9 t o  12 f e e t  (2.7 t o  3.6 mete rs ) .  Numerous o i l  r i g s  a re  p o s i t i o n e d  a long 



t h e  shoal.  S t rong  t i d a l  r i p s  have been r e p o r t e d  15 m i l e s  (24 k i l o m e t e r s )  

southwest o f  Sh ip  Shoal (U.S. Dept. o f  Comnerce, 1977a). 

T r i n i t y  Shoal i s  i n  t he  western s e c t i o n  o f  t h e  d i f f u s e r  area, 

about 20 m i l e s  (32  k i l o m e t e r s )  south o f  t h e  west end o f  Marsh I s l a n d  

( F i g u r e  1-2).  I t s  ma jo r  ax i s  i s  about 20 m i l e s  l ong  and t r ends  i n  a  

west-southwest and eas t -nor theas t  d i r e c t i o n ;  water  depth ranges f rom 

11 t o  18 f e e t  (3.3 t o  5.5 meters ) .  The shoal i s  f a i r l y  s teep on i t s  

sou th  s i de  where t h e  5- and 10-fathom curves a re  o n l y  about 5  m i l e s  

(8 k i l o m e t e r s )  apa r t .  I n  calm weather, T r i n i t y  Shoal i s  d i s c e r n i b l e  by 

h i g h  t u r b i d i t y  i n  t h e  area; i n  stormy weather, t h e  shoal i s  d i s c e r n i b l e  

by b reak ing  seas, b u t  because o f  i t s  g rea te r  depth, t h e  storm waves 

do n o t  break as h e a v i l y  here as they  do on Ship Shoal (U.S. Dept. o f  

Comnerce, 1977a). 

T i g e r  Shoal i s  l o c a t e d  j u s t  south of Marsh I s l a n d  b u t  i nsho re  o f  

T r i n i t y  Shoal and i s  b i s e c t e d  by t he  s h i p  s a f e t y  f a i r w a y  o f  Southwest 

Pass. Water depths on T i g e r  Shoal a re  g e n e r a l l y  l e s s  than 12 f e e t  

(3.6 meters ) .  

2.2.2 Sediments 

2.2.2.1 Regional  S t r a t i g r a p h y  - -- 

Recent nearshore sediments o f  c e n t r a l  coas ta l  Lou i s i ana  and ad jacen t  

t o  t h e  d i f f u s e r  s i t e s  c o n s i s t  o f  a  t h i c k  b l a n k e t  o f  t e r r i g e n o u s  s i l t  

and c l a y  (Uchupi and Emery, 1968). The c o n t i n e n t a l  s h e l f  west o f  t h e  

M i s s i s s i p p i  D e l t a  grades f rom sand i nsho re  t o  s i l t  and c l a y  o f f sho re .  

These sediments were d e r i v e d  f r om e i t h e r  a  d e l t a i c  environment depos i ted  

by  former  M i s s i s s i p p i  d i s t r i b u t a r i e s  o r  o f f s h o r e  sediments t r anspo r ted  

westward by  l i t t o r a l  c u r r e n t s  which formed chen ie rs  (s t randed beach 

r i d g e s )  behind a  zone o f  newly developed mudf l a t  marsh. 

The M i s s i s s i p p i  d e l t a i c  p l a i n  i s  a composite o f  va r i ous  a c t i v e  

and i n a c t i v e  d e l t a i c  complexes which s t r e t c h  180 m i l e s  (39fl k i l o m e t e r s )  

across southeastern Louis iana,  r e s u l t i n g  f r om t h e  m i g r a t i o n  o f  t h e  

main M i s s i s s i p p i  R i v e r  channel and i t s  d i s t r i b u t a r i e s .  Several  cyc les  

o f  sedimentat ion,  marsh development, and beach r i d g e  f o rma t i on  can 

be t r a c e d  i n  t h e  sha l l ow  subsur face o f  c e n t r a l  and western Lou i s i ana  

(Coleman and Smith, 1964). 



The Quate rnary  s t r a t i g r a p h y  o f  A tcha fa laya  Bay g e n e r a l l y  c o n s i s t s  

of t h r e e  d i s t i n c t  d e l t a i c  complexes. About 40 f e e t  (12.2 meters )  o f  

Maringouin-age p r o d e l t a i c  c l a y s  f o rm  t h e  base o f  t h e  d e l t a i c  sequence. 

These sediments a r e  o v e r l a i n  by about 20 f e e t  (6.1 meters )  o f  t h e  Bayou 

Sa le  l obe  o f  t h e  Teche d e l t a i c  complex. Near t h e  t o p  o f  t h i s  sequence 

i s  an anc ien t  s h e l l  r e e f  which i s  almost 5 m i l e s  ( 8  k i l o m e t e r s )  wide 

(F raz ie r ,  1967). Capping t h e  Teche sediments a re  Lafourche-age d e l t a i c  

depos i t s  which i nc rease  i n  t h i ckness  from a  few f e e t  near t h e  p resen t  

s h o r e l i n e  t o  about 10 f e e t  ( 3  meters )  under She1 1  Reef o f f  P o i n t  Au 

Fer. two t h i n  b u t  ex tens i ve  .shell-mud l a y e r s  have been found w i t h i n  

t h i s  u n i t .  

Comparison o f  a e r i a l  photographs o f  t h e  A tcha fa laya  Bay area taken 

i n  1952, 1968, and 1978 shows a  genera l  s h o r e l i n e  r e t r e a t ;  however, 

a c c r e t i o n  r e l a t e d  t o  t h e  growing d e l t a  has been n o t i c e d  60 m i l e s  (97 

k i l o m e t e r s )  t o  t h e  west, Acc re t i on  i s  occu r i ng  because c o l l o i d a l  c l a y s  

f r o m  t h e  A t cha fa laya  R i v e r  are c a r r i e d  i n t o  t h e  Gu l f ,  f l o c c u l a t e  ou t  

o f  suspension upon con tac t  w i t h  s a l i n e  waters,  and s e t t l e  t o  t h e  b o t t t o m  

as a  ge la t i nous  mass (Thompson, 1951). Du r i ng  storms t h e  c l a y s  a re  

resuspended and t r a n s p o r t e d  f u r t h e r  westward by t h e  longshore d r i f t  

and a re  subsequent ly redeposi ted.  As more coarse-gra ined sediments 

a re  depos i ted  i n  t h e  lower A tcha fa laya  Del ta ,  t h e  s h o r e l i n e  r e t r e a t  

should terminate,  r e s u l t i n g  i n  s i g n i f i c a n t  a c c r e t i o n  (Shlemon, 1972). 

I n  September 1977, bottom sediments a t  Weeks I s l a n d  S i t e  A  (Table 

2-9, F igure  2-5) cons i s ted  ma in l y  o f  s i l t y  c l a y  w i t h  a  t r a c e  o f  sand. 

Sediments a t  t h e  two S i t e  A  s t a t i o n s  l o c a t e d  f a r t h e s t  f rom shore (W-1, 

WR-1) and i n  t h e  deepest water (23 f e e t  ( 7  me te rs ) )  were predominant ly  

sand w i t h  some c l a y  and l i t t l e  s i l t .  Sediments c o l l e c t e d  f r om S i t e  A 

d u r i n g  October cons i s ted  of mos t l y  s i l t  w i t h  some c l a y  and sand; o f f s h o r e  

sediment composi t ion was s i m i l a r  t o  t h a t  c o l l e c t e d  i n  September. 

Bottom sediments f r om S i t e  B  (Tab le  2-10, F i gu re  2-5) d u r i n g  February 

and l a t e  March were dominated by  sand w i t h  l i t t l e  s i l t  and c l ay .  The 

average water depth a t  S i t e  B  was 23 f e e t  ( 7  meters) ,  w i t h  t h e  excep t ion  

o f  s t a t i o n s  W-10, WR-1, and WR-2, which were deeper. A t  s t a t i o n s  W-10 

and WR-2, sediments had a  h i gh  p r o p o r t i o n  o f  s i l t  and c l ay .  



TABLE 2-9 Particle s i ze  characteristics for Weeks Island Site A .  

Sta t i on  

September 1977 

W-1 

w- 2 

w-3 

W-4 

W-6 . 

W-7 

W-8 

W-9 

W-10 

W-11 

W-12 

W-13 

W-14 

N-15 

WR-1 

WR-2 

WR-3 

WR-4 

October 1977 

W-1 

W-2 

W-3 

W-4 

W-5 

W-6 

W-7 

U-8 

W-9 

W-10 

W-11 

W-12 

W-13, 

W-14 

W-15 

WR-1 

WR-3 

Water Depth 
( f t )  

Percent Sand 
(>0.06 mn) 

Percent S i l  t 
( ~ 0 . 0 6  mn, 
>0.002 mm) 

Percent C l  ay 
(<0.002 mn) 





TABLE 2-10 Particle size characteristics for Weeks '~sland Site B .  I 

Station 

February 1978 

W-3 
W-5 
W-6 
1-1 1 
W-14 

WR-1 

Late March 1978 
W - 1  
W-2 
Il-3 

Percent S i l t  
Water Depth Percent Sand ' (e0.06 m, Percent Cl ay 

(f t)  (>0.06 nun) >0.002 m) .(<0.002 m) 



Var i a t i on  i n  sediment content  a t  S i t es  A and B can be a t t r i b u t e d  

t o  the t ranspor t  o f  sediment by the  Atchafalaya River  system and by 

o f f shore  currents.  The coarsest f r a c t i o n  o f  the  sediment load genera l l y  

s e t t l e s  out  o f  suspension and i s  deposited f i r s t ,  w i t h  progress ive ly  

f i n e r  f r a c t i o n s  deposited away from shore. This d i s t r i b u t i o n  pa t t e rn  

i s  r e f l e c t e d  i n  the  sediment map prepared by Uchupi and Emery (1968). 

Prev ious ly  deposited d e l t a i c  sediments can be r e d i s t r i b u t e d  by water 

cur rents  o r  storm waves. 

S i t e  A probably der ives i t s  sediment cha rac te r i s t i c s  from the  

f ine-gra ined sediments t ranspor ted westward i n t o  the  s i t e  area from 

the  Atchafalaya Delta. Sediments a t  S i t e  B would a lso be expected 

t o  be f i n e  grained because o f  the s i t e ' s  d istance f rom shore. However, 

sediments a t  t h i s  s i t e  as we l l  as a t  the  two o f f shore  s t a t i ons  o f  S i t e  A 

are sand sized. This d i s t r i b u t i o n  may be due t o  "st rongg cu r ren ts  which 

cause the  s i l t  and c lay-s ized f r a c t i o n s  t o  remain i n  suspension a t  

S i t e  B wh i le  leav ing  the  sand-sized f r a c t i o n s  undisturbed. Th is  sus- 

pension i s  r e f l e c t e d  i n  the  h igh t u r b i d i t i e s  found i n  the water column. 

The depth contours i n  t h i s  reg ion  are evenly spaced, p a r a l l e l i n g  t he  

coas t l i ne  i n  a west-northwest t o  east-southeast d i r e c t i o n  and s lop ing  

t o  the  south-southwest, which suggests t h a t  the  cu r ren t  f o l l ows  these 

contours, Furthermore, the predominant westward d r i f t  of the  cur rents  

along t h i s  sect ion o f  the  Louis iana coast i s  no t  g r e a t l y  a f f ec ted  by 

nearshore shoals. 

2.2.3 Water Temperature and S a l i n i t y  

2.2.3.1 Regional 

Coastal Louis iana s a l i n i t y  d i s t r i b u t i o n s  are mainly i n f  1 uenced by 

freshwater i n f l o w  from the  M i ss i ss i pp i  and Atchafalaya Rivers (Gag1 iano 

e t  al., 1970b; Nowlin and McLellan, 1967). Geyer (1950) repor ted t h a t  -- 
s a l i n i t y  w i t h i n  5 t o  6 m i les  (8 t o  9.5 k i lometers)  o f  the  Louis iana 

coast ranges f rom 15 t o  35 pp t  as a r e s u l t  o f  seasonal va r i a t i ons  i n  

r i v e r i n e  discharges. 

I n  the reg ion o f  the proposed d i f f u s e r  s i tes ,  dur ing the summer 

P (Figure 2-6) t y p i c a l  s a l i n i t i e s  increase from a surface value o f  23 pp t  

t o  s l i g h t l y  over 36 pp t  i n  the  upper 50 fee t  (15.2 meters), w i t h  a 
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strong ha loc l i ne  a t  23 t o  26 f e e t  (7 t o  8  meters). Temperatures are  

near l y  isothermal, rang ing from 77' t o  7g°F (25' t o  26'~) .  . The dens i t y  

(sigma-t) p r o f i l e  i nd ica tes  s t rong s t r a t i f i c a t i o n  w i t h  a  pycnocl ine 

a t  23 t o  26 fee t .  The t y p i c a l  w in te r  p r o f i l e  (F igure  2-6) shows coo ler  

temperatures (61°to 6 6 ' ~  (16' t o  19 '~ ) )  and near l y  i soha l  i n e  cond i t ions;  

s a l i n i t i e s  range f rom 32 pp t  a t  the  surface t o  34 pp t  a t  49 f e e t  (15 

meters). S im i la r l y ,  t he  dens i t y  (sigma-t) shows v i r t u a l l y  no s t r a t i f  ica-  

t i o n  (U.S. Dept. o f  Comnerce, 1977a). 

Sumner.and w in te r  v e r t i c a l  cross sect ions o f  coasta l  Louis iana 

(Figures 2-7 and 2-8) show t h a t  dur ing both seasons, f resher,  less  

dense water appears a t  the  surface--probably f rom the  M iss iss ipp i  R iver  

system. The s t rong v e r t i c a l  dens i t y  grad ient  dur ing the  summer would 

tend t o  i n h i b i t  v e r t i c a l  s a l t  d i f f us i on ,  wh i le  the  s t rong hor i zon ta l  

s t r a t i f i c a t i o n  would lead t o  a  s t rong wester ly  b a r o c l i n i c  cu r ren t  t h a t  

would enhance 'advection. The reduct ion o f  ho r i zon ta l  and v e r t i c a l  

dens i t y  gradients dur ing the  w in te r  would tend t o  enhance v e r t i c a l  

d i f f u s i o n  and i n h i b i t  advection. 

2.2.3.2 D i f f use r  V i c i n i t i e s  

Bottom and surface water temperatures measured a t  Weeks I s l and  

S i t e  A dur ing September through December 1977 showed nea r l y  isothermal  

cond i t ions w i t h  temperatures progress ive ly  decreasing dur ing the  win ter  

months. Average monthly surface water temperature (Table 2-11) a t  

Weeks I s l and  ranged f rom 81°F (27 '~)  i n  September t o  5 5 ' ~  (13 '~)  i n  

December. Bottom water temperature c l o s e l y  p a r a l l e l e d  surface water 

temperature and ranged f rom 81°F (27'~)  i n  September t o  5 8 ' ~  (14 '~)  

i n  December. 

The increase i n  s a l i n i t y  values measured a t  S i t e  A  (Table 2-11) 

r e f l e c t e d  a  decrease i n  surface r u n o f f  from the  Atchafalaya and 

M iss iss ipp i  Rivers. I n  October a  d i s t i n c t  ha l oc l i ne  occurred between 

the  surface and bottom, but  i t  d iss ipa ted  by November. 

Bottom and surface water temperatures measured a t  S i t e  B (Table 

2-11) from February t o  A p r i l  1978 remained nea r l y  isothermal .  Average 

surface temperatures increased from 5 1 ' ~  (11 '~)  I n  February t o  7 2 ' ~  

(22 '~)  i n  A p r i l .  
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TABLE 2-11 Monthly temperature and s a l i n i t y  averages 
f o r  Weeks Island Sites A and B .  

S i t e  A 
September 1997 

October 

November 

December 

S i t e  B 
February. 1978 

Mid-March 

Late March 

Apri 1 

Temperature (OF) Sa l in i t y  (ppt)  

Surface Bottom Surf ace Bottom 



Surface salinities at Site B decreased to 17.5 ppt in late March 

(from 24.3 ppt measured in mid-March), but during April salinity averages 

increased to 20.6 ppt. Bottom salinity values increased from 20.6 ppt 

in February to 30 ppt in mid-March, and then decreased to 24.8 ppt in 

Apri 1. 

These fluctuations in surface salinity values are primarily attribut- 

ed to differences in surface runoff from the Mississippi and Atchafalaya 

Rivers, but localized heavy precipitation could also be a contributing 

factor. The significant decrease in salinity at the end of March (17 

ppt), a reversal of the earlier trend from February to mid-March (21.2 

to 24.3 ppt), is probably due to a combination of increased surface 

r~~nnff and local rainf a1 1. 

Bottom salinity values are not as sensitive to the influence from 

river runoff unless there is complete vertical mixing during storms. 

The progressive decrease in average bottom salinity values from mid-March 

(30 ppt) to April (24.8 ppt) reflects a period of increased river runoff 

and local storms. The dramatic increase in bottom salinity, however, 

as seen from February (20.6 ppt) to mid-March (30 ppt), probably reflects 

a wedge-1 ike intrusion of highly sal ine off shore water. 

2.2.4 Tides 

The tides of the Gulf of Mexico are predominantly diurnal in character; 

they are weakly developed with a usual range of less than 2.5 feet (0.7 

meter), (Durham and Reid, 1967). The diurnal tides of the Atlantic Ocean 

also influence the tides in the Gulf through the Yucatan Channel. A 

single oscillating system with a nodal line extending from western Haiti 

to Nicaragua is formed by the Gulf of Mexico and the Caribbean Sea. This 

causes the tides of the Gulf to be simultaneous. The Gulf and the Caribbean 

Sea are viewed as a single oscillating body with a period of nearly 24 hours 

(Grace, 1932). 

In 1908, C. Wegmann (Defant, 1961) considered the.resonance effect 

of the diurnal components of the Gulf tides and found the period of 

free oscillation for an east-west movement to be 24.8 hours. According 

to Grace (1932), the diurnal tide enters through the Florida Straits, 

progresses counterclockwise around the basin, is refracted by the northwestern 

and southern Gulf coasts, and egresses through the Yucatan Channel. 



When the moon is near its maximum declination, the tide is diurnal 

and has the greatest range. When the moon is over the equator, the 

tide has the least range, and there may be several days with two highs 

and two lows. Although tides in the Gulf have a small range, they 

are integral in the modification of currents and the acceleration of 

water movement through narrow passages. 

Since the tidal range is small, meteorological effects can some- 

times completely mask tidal fluctuations (U.S. Dept. of Comnerce, 1967); 

for example, an onshore wind can increase tides to a height of 4 feet 

(1.2 meters) above mean sea level. Maximum tidal ranges recur about 

every 2 weeks (Stone, 1972). Lowest and highest mean water levels 
occur from December through March and September through October, 

respectively. 

Tidal records from Weeks Island Site A indicate that the area 

has a mixed tide with variation in successive high and low levels. 

Site A has a tidal range from 0.1 to 3.6 feet (3 centimeters to 1.1 

meters) and averaged 1.6 feet (0.5 meters) for the period from October 

13 to November 16, 1977. 

Tidal currents apparently are strnngest in the deeper water areas 

off the Louisiana coast. The change in current speed with depth is 

pronounced and is related to the local water density gradients. The 
tidal currents have a distinct tendency to rotate clockwise. Near 
the Mississippi Delta tidal currents are strong (in excess of 0.8 ft/sec 

(25 cm/sec)), but near Atchafala-ya Bay they are r~lat.ively weak (less 

than 0.5 ft/sec (15 cm/sec)). Tidal current speed slackens inshore 

of the 30-foot (3-meter) isobath and the currents are oriented in the 

direction of the coastline. Bottom tidal currents are weaker than 

those at mid-depth or at the surface, but this aspect can be modified 

by the complex local density gradients. On the inner continental shelf 

west of the Mississippi Delta, tidal currents are a significant dynamical 

process and can markedly influence the motion of water in the area. 

The tidal excursion length (the path that a particle of water would 

follow if it were carried along by the tidal current alone) is on the 
order of 1.9 miles (3 kilometers). However, if this particle was under 



the influence of the natural tidal forces alone, its track would return 

to the starting point one tidal cycle later (LOOP, 1975). 

2.2.5 Waves 

Waves in the area are a combination of local wind-generated waves 

and swell entering from open water. Wave direction generally corresponds 

to wind direction and changes according to the season of the year. 

Between March and August, waves travel in a northwesterly direction, 

while in the fall and winter they shift more to the west. When strong 

northers are present, the waves can travel offshore. Wave heights 

range from 0 to 20.feet (6 meters), with the smallest waves occurring 

'in the summer. Data obtained at drilling platforms 15 miles offshore 

from Atchafalaya Bay indicate that 95 percent of the time waves do 

not exceed 4 feet (1.2 meters), (Horrer, 1951). 

Wind and wave data obtained from an offshore platform in the Weeks 

Island area during 1978 are presented in Appendix A. Monthly descrip- 

tions of these data appear in Section 2.2.6.2. 

Significant wave heights measured at Sabine Pass, Texas, and at 

Bayou Lafourche, Louisiana (U.S. Dept. of Commerce, 1972), have been 

used to estimate wave expectations for the diffuser sites. Significant 

wave heights (average of the highest one-third) are similar in both 

areas and are closely related to wind speed. On the average, a sign- 

ificant wave height of 42 to 43 feet (12 to 13 meters) will occur in 

deep water once every 50 years and a height of 30 to 31 feet (9 to 

9.5 meters) will occur every 5 years. During a storm, individual waves 

may be much greater than the significant wave height. 

2.2.6 Currents 

2.2.6.1 Regional Historical Data 

Current patterns within the area of Sites A and B are the most 
significant factor in determining dispersal of brine. The driving 

forces of wind stress, local runoff, and density stratification combine 

to shape the behavior of nearshore waters along the Louisiana coast. 

Wind-driven currents predominate in controlling nearshore circulation 

and beach drift, while density gradients and vertical mixing of brackish 

and fresh waters have a major effect on tidal passes and estuaries. 



Additionally, the Loop Current, a large clockwise current in the eastern 

Gulf, may occasionally extend into the coastal region of Louisiana and 

disrupt the normal local current patterns. 

The Loop Current is a continuation of the Yucatan Current which 

enters the Gulf of Mexico through the Straits of Yucatan. Although 

the current shows great annual and seasonal variability in magnitude 

and course, it generally penetrates some distance into the Gulf of 

Mexico, turns clockwise, and exits through the Straits of Florida. 

Its path appears to be directly influenced by the topography of the 

Gulf. 

Although it fluctuates widely, Leipper (1970) proposed that the 

Loop Current's degree of intrusion into the Gulf was annual ly cycl ical, 

based on 1965 to 1966 data. This was confirmed by Ichiye et al. (1973). -- 
In winter and early spring, the Loop Current penetrates a maximum of 

up to 27' N in the Gulf, though it is usually found at lower latitudes. 
Maximum penetration, at 29' N, occurs in the summer (Figure 2-9). 

Remnants of the Loop Current off the Louisiana coast are generally 

identified by their characteristic temperatures of about 71.6'~ (22'~), 

maximum salinity values of 36.7 ppt, and dissolved oxygen levels of 

5.7 mg/L at the surface and 3.6 mg/L at a 2625-foot (800-meter) depth. 

Large eddies frequently separate from the main current, drift into 

the western Gulf, and decay over a period of 3 to 6 months. Figure 2-9 

shows the northerly extent of the current parallel to the continental 

shelf off central Louisiana, Mississippi, A1 abama, and Florida, where an 

eddy is in the process of being formed on the western loop boundary; this 

eddy wi 1 1  eventually drift westward. The intensification of the loop can 

be seen as stream1 ines constrict, thus causing 'velocities to increase. 

The streamlines represent a certain volume passing through a plane per- 

pendicular to the contours at a given time; therefore, velocities must 

increase to maintain the volume flow as streamlines constrict. Figure 

2-10 represents a fully developed eddy with its associated streamlines. 

Gulf surface currents in the central Louisiana region have a wester- 

ly net annual flow, parallel to the shore, with speeds ranging from 0.2 

to 0.4 knots. Shallow water, wind-driven currents, and barotropic slope 
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FIGURE 2-1 0 Loop Current s treaml'i nes, June 1967. 



currents,  which bo th  p a r a l l e l  isobaths, c o n t r i b u t e  t o  t h e  genera l l y  west- 

ward c u r r e n t  (U.S. Dept. o f  Commerce, 1977a). Currents vary  seasonal l y  

and are c o n t r o l l e d  by reg iona l  wind cond i t ions .  An e a s t e r l y  sur face 

f low (0.4 knots )  i s  c h a r a c t e r i s t i c  i n  t h e  summer and a wes te r l y  sur face 

f l o w  (0.82 knots)  p e r s i s t s  du r ing  t h e  w i n t e r  and spr ing.  Bottom cu r ren ts  

were e a s t e r l y  onshore du r ing  t h e  summer, and wes te r l y  onshore and o f f s h o r e  

du r ing  t h e  w i n t e r  and e a r l y  spring, r e s p e c t i v e l y  (Oetking, 1974b). 

Superimposed on t h e  above cu r ren ts  i s  a r o t a r y  t i d a l  c u r r e n t  which 

seldom exceeds 0.3 knots. Genera l ly  t h e  t i d a l  he igh ts  i n  t h e  nearshore 

c e n t r a l  Lou is iana G u l f  range f rom 1.5 t o  2 f e e t  (0.5 t o  0.6 meters),  

and the  t i d e  wave moves f rom west t o  east. When t h e  moon i s  a t  i t s  

maximum dec l i na t i on ,  t h e  t i d e  i s  d i u r n a l  and o f  g rea tes t  range. When 

t h e  moon i s  over t h e  equator, t he  t i d a l  range i s  lowest  and t h e r e  may 

be several  days o f  semidiurnal  t i d e s  (U.S. Dept. o f  Commerce, 1977a). 

2.2.6.2 Observed Currents 

Current  da ta  a t  Weeks I s l a n d  S i t e  A (29°19.5' N, 91°48.2' W )  were 

obta ined f rom October through December 15, 1977. Current  da ta  a t  S i t e  

B were obta ined f rom January 7 through A p r i l  3, 1978, a t  a l o c a t i o n  

adjacent t o  an o f f s h o r e  p l a t f o r m  (29'4.95' N, 91'42.25' W), 2.3 m i l e s  

eas t  o f  t h e  proposed b r i n e  d i f f u s e r  l oca t ion .  From March 18 through 

J u l y  10, 1978, c u r r e n t  da ta  were c o l l e c t e d  a t  another l o c a t i o n  w i t h i n  

t h e  S i t e  B sampling area, 2.2 m i l e s  southwest o f  t h e  proposed b r i n e  

d i f f u s e r  l o c a t i o n  (29'3.1' N, 91°46.2' W). 

Current  da ta  were analyzed on a monthly bas i s  a-nd a speed his togram 

and d i r e c t i o n a l  records were developed t o  g r a p h i c a l l y  present  raw data. 

These data (F igures  2-11, 2-15, 2-19, 2-23, 2-27, 2-31, 2-35, 2-39, 

2-43, and 2-47) present  a vec tor  t ime  se r ies  o f  average v e l o c i t y  us ing  

a low pass f i l t e r  t o  suppress t h e  h i g h  f requencies;  f o r  c l a r i t y ,  o n l y  

every s i x t h  h o u r l y  vec to r  i s  p l o t t e d .  

The s c a t t e r  p l o t s  developed (F igures  2-13, 2-17, 2-21, 2-25, 2-29, 

2-33, 2-37, 2-41, 2-44, and 2-49) present  h a l f - h o u r l y  alongshore-onshore 

v e l o c i t i e s  and v i s u a l  l y  show an approximate p r i n c i p a l  a x i s  which corresponds 

t o  t h e  mean d i r e c t i o n  o f  c u r r e n t  f low.  The ex ten t  o f  s c a t t e r  i n  these 

diagrams represents d i f f e rences  i n  speed, and t h e  ex is tence o f  a "ho le"  



around the zero speed point suggests high measured speeds at low flow 
conditions--that is, high starting speeds or wave-induced contamination 

in the measurements (Beardsley - et . *  a1 9 1977). Likewise, the presence 

of an arc .in the diagrams without any speed and direction measurements 
could indicate a directional malfunction. These differences, along 
with other factors, will affect the orientation angle of the principal 

axis. 

Progressive vector diagrams (PVD ' s) (Figures 2-14, 2-18, 2-22, 
2-26, 2-30, 2-34, 2-38, 2-42, 2-46, and 2-50) were constructed by integra- 
ting with respect to time each half-hourly current velocity vector. 
PVD's best represent the mean direction of current. When a drift current 

is absent, tidal forces become a predominant factor, and the diagrams 
will show a flow pattern consisting of a series of overlapping loops, 
which indicate a condition of little or no net current displacement. 
As the strength of the drift current increases, the loops separate 
and will disappear entirely if the current drift velocity reaches a 

threshold value and prevents a tidal reversal. 

A summary of the net current displacement and virtual direction 

for each station measured is presented in Tables 2-12 and 2-13. The 

virtual current direction is the heading of a live connecting the begin- 
ning point on the diagram to the end point. The net displacement is 
the length of , th i s  lii~e, 

2.2.6.2.1 October (Weeks Island Site A) 

The speed histogram and directional plot developed, for the October 

13 to 31 data (Figure 2-11) showed that currents measured at a depth 

of 14.5 feet (4.4 meters) were slight'ly 'lower than the currents measured 

at 11 feet (3.4 meters). This difference suggests that a vertical 
shear exists between the surface and bottom waters. Current speeds 

were most often in the 0- to 1-ft/sec (0- to 30-cm/sec) range, h ~ t  

sometimes reached 1.6 ft/sec (50 cm/sec). This distance suggests that 
a small vertical shear existed between the surface and bottom waters. 
Rotary tidal circulation was apparent throughout most of the record 

but was most strongly reflected at the 11-foot (3.4-meter) depth. 
In addition, a strong northwesterly current was measured from October 
21 to 24. 



TABLE 2-12 Progressive vector  diagram summary f o r  Weeks I s l and  S i t e  A. 

Current 
Meter V i r t u a l  

Meter Depth (ft) D i rec t i on  ( 1 

Net 
Displacement Per iod o f  

( km) Record (days) 

a October 13 t o  31, 1977. 
December 15, 1977, t o  January 1978. 

TABLE 2-13 Progressive vector  diagram summary f o r  Weeks I s l and  S i t e  B'. 

Current Net 
Meter V i r t u a l  Displacement Per iod o f  

Date Depth ( f t )  D i r ec t i on  ( ) ( km) Record (days) 

January 7-31 

February 

March 

March 18-31 

A p r i l  

June 

J u l y  
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FIGURE 2-11 speed histograms and directional plots of currents measured a t  
Weeks Island Site A ,  October 13-31, 1977. 



TABLE 2-14 Offshore wind and wave data  c o l l e c t e d  a t  West Cameron Block 
No. 328, October 20-25, 1977. 

Wind 
S ~ e e d  

Wave - 
Peri  od 

Date - Time k n  D i r e c t i o n  - Height D i r e c t i o n  (sec- j 

Oct 20 0000 0 E 0 ,  E 
0400 10 E 1 E 4.3 
0800 15 E 1 E 4.3 
1200 15 SE 1 SE 4.5 
1600 20 SE 1 S E 4.7 
2000 25 SE 1 S E 4.4 

Oct 21 0000 27 .E 
0400 2 7 E 
0800 2 5 E 
1200 2 5 E 
1600 33 S E 
2000 33 S E 

Oct 22 0000 30 E 
0400 2 3 E 
0800 2 3 E 
1200 2 7 SE 
1600 15 SE 
2000 15 SE 

Oct 23 0000 30-35 ESE 5 ES E 5 
0400 43 SE 5 S E 4.5 
0800 40 SE 9 S E 4.6 
1200 13 SE 9 S E 6 
1600 13 S E 10 S E 6 
2000 13 SE 8 S E 6.1 

Oct. 24 0000 20-25 E 6 E 4.1 
0400 20 ES E 7 ES E 3.8 
0800 5-10 E 12 E 3.9 
1200 5- 10 SE 8 SE 3.1 
1600 5-10 NNE 7 NNE 4.8 
2000 5-10 N 6 N 6 

SOURCE: Transworld D r i l l i n g  Co., 1977. 



The October vector time-series data (Figure 2-12) show that average 

current velocities ranged from less than 0.15 ft/sec (5 cm/sec) to 
approximately 1.1 ftlsec (33 cmlsec) . These currents showed variable 
flow directions at similar depths between the two current meter arrays 

and at different depths within the same array. A pronounced northwest- 
ward drift from October 21 to 24, however, is reflected in all figures. 

Minor directional differences were observed between the currents 

measured at the two 14.5-foot (4.4-meter) depths, but a large directional 
variation was apparent between the 11- and 14.5-foot (3.4- and 4.4-meter) 

depths at Array No. 2 (Meters IIA and IIB, respectively), especially on 
October 21 and 30. At this time current direction differed by as much 
as 180'--suggesting that a two-layered flow system was operating. The 
broad ellipse ((Meters IA and IIA) Figure 2-13) plotted for the two meters 
at 11 feet (3.4 meters), shows that the measurements are similar, but 
the diagram for Meter I I B  e x h i b i t s  a vague low-speed hole. The data 
are insufficient to determine if this pattern was duplicated by Meter IA. 

Both diagrams, however, show close agreement with regard to the orienta- 
tion of the principal axis, which lies in an east-west direction. 

Current velocities measured at 14.5 feet (4.4 meters), (Meters IB 
and IIB) during October exhibited a broad ellipse; a distinct low speed 
hole was apparent at Meter IB. Overall, there was less scatter at 
this depth than at 11 feet (3.4 meters), possibly due to the decreased 
effect of changing wind direction and tides at deeper water levels. 

However, the most prominent difference between these two stations was 

the mean direction of current flow as shown by the variation in the 
orientation of the principal axis (Figure 2-13). The principal axis 
at Meter IB lies in an east-west direction, whereas that of Meter IIB 
1 ies northeast-southwest. It is be1 ieved that this variation could 
be caused by a nonhomogenous flow field at the site. 

Comparison of velocities at each array shows that for the first 
array (Meters IA and IB), there was a wider scatter in the plot at 
the surface. However, the principal axes are nearly identical and lie 
in an east-west direction. At the second array, the broader ellipse 
at the upper water level is much more evident. The difference in the 

orientation of the principal axes may be due to nonhomogeneity in the 







water  column, p o s s i b l y  induced by  v e r t i c a l  shear s t r esses  i n  t h e  two- 

l a y e r e d  f l o w  system. 

The P V D ' S  developed f r o m  t h e  October da ta  ( F i g u r e  2-14) show a  

l a r g e  d isc repancy  i n  t h e  n e t  c u r r e n t  d isp lacement  f o r  t h e  two meters  

a t  11 f e e t  (3.4 mete rs )  due t o  t h e  l i m i t e d  o p e r a t i o n a l  t i m e  o f  Meter 

I A .  D r i f t  d u r i n g  t h e  f i r s t  6 days, however, was n e a r l y  i d e n t i c a l .  

Meters  I A  and I I B  had a  c o n s i s t e n t  n e t  d isp lacement  o f  12 and 8.7 m i l e s  

(19.5 and 14 k i l o m e t e r s ) ,  b u t  v a r i e d  i n  d i r e c t i o n  f r om  305' t o  322O, 

r e s p e c t i v e l y .  Less d i r e c t i o n a l  v a r i a t i o n  i n  t h e  c u r r e n t s  was apparent 

when t h e  da ta  f r om  t h e  meters  i n  each a r r a y  were examined. The d i r e c -  

t i o n a l  un i f  ormi t.y t h r o ~ r g h n u t  t h e  w a t e r  column a t  each a r r a y  suggests 

t h a t  t h e  c u r r e n t s  a t  t h e  s i t e s  were d r i v e n  by  a  common mechanism; b u t  

d i f f e r e n c e s  between each a r r a y  cou ld  be caused by v a r i a t i o n s  i n  l o c a l  

topography o r  a  nonhomogenous f l o w  f i e l d .  These PVD's i l l u s t r a t e  t h a t  

a  t i de -domina ted  c i r c u l a t i o n  p a t t e r n  occur red  i n  t h e  area b e t w e e ~ 0 c t o b e r -  

13 and 23 and show t h a t  t i d a l  e f f e c t s  on bot tom waters  occur red  1' o r  

2  days a f t e r  t h e y  were apparent i n  t h e  su r f ace  waters.  A  pronounced 

nor thwes t  d r i f t  occur red  d u r i n g  t h e  nex t  2  t o  4  days, which was f o l l owed  

b y  an e a s t e r l y  d r i f t  f r om  October 29 t o  November 3. 

Wind and wave da ta  measured a t  an o f f s h o r e  p l a t f o r m  (Tab le  2-14) 

showed t h a t  e a s t e r l y  and s o u t h e a s t e r l y  winds p r e v a i l e d  d u r i n g  t h i s  t ime  ---- 

i n t e r v a l ,  w i t h  speeds rang ing  f r o m  5 t o  45 kno ts .  Wave h e i g h t s  were 

f r o m  4  t o  6 f e e t  (1.2 t o  1.8 mete rs )  and'wave d i r e c t i o n  corresponded 

t o  t h a t  o f  t h e  wind. 

2.2.6.2.2 December-January (Weeks I s l a n d  S i t e  A)  

Cu r ren t  speeds f r om December 15 t o  January 7, 1978 ( F i g u r e  2-15) 

ranged f r om 0.06 t o  2.7 f t / s e c  (2  t o  83 cm/sec and were s l i g h t l y  h i ghe r  

t han  those  f ~ u n d  d u r i n g  t h e  October i n t e r v a l .  A r o t a r y  c u r r e n t  was 

no ted  d u r i n g  t h e  f i r s t  4.5 days o f  t h e  record .  The e a s t e r l y - s o u t h e a s t e r l y  

f l o w  f r o m  December 20 t o  22 corresponds t o  t h e  p e r i o d  o f  maximum c u r r e n t  

speeds. Winds d u r i n g  t h i s  i n t e r v a l  (Tab le  2-15) g e n e r a l l y  were f r om 

t h e  nor thwes t  a t  speeds r a n g i n g  f r o m  5  t o  55 kno ts .  An 8-day p e r i o d  

o f  p redominan t l y  nor thward f l o w  (December 23 t o  30), f o r  which t h e r e  

a re  o n l y  p a r t i a l  m e t e o r o l o g i c a l  data,  was f o l l o w e d  b y  a  s l i g h t l y  i r r e g -  

u l a r  b u t  t i da l - dom ina ted  f l o w  p a t t e r n  f o r  t h e  remainder o f  t h e  c u r r e n t  

r e c o r d  (December 31 t o  January 7 ) .  

2-43 



METER I-A 
DEPTH 11  FEET METER I-B 

DEPTH 14.5 FEET 

3 
'OG I 0  0 0  2 0  0 0  30 0 0  40  0 0  

dIcIRUTCQ5 

0 
S 

KILW*IC I CRS 

NORTH 

EAST 

METER It-A 
DEPTH 11  FEET 

i - . , . . a  

4 'i 
:I 

0' ID CC li. 0 0  30 DO i 0  DO 5 G  0 3  GO OG iO .00  0 0  GO 90 0 0  GO 0 0  110 0 0  I ~ O  0: 
UIiUWCiCQ5 

d3' FE';~'E~R 1iB5 FEET 

x 

AIcWCTEQS 

FIGURE 2-14 Progressive vector diagrams' f o r  Weeks Island Site!. A ,  October 
13-31, 1977 (numbers represent  days of the month). 



FIGURE 2-15 Speed his togram and d i r e c t i o n a l  p l o t ,  of  c u r r e n t s  measured a t  Weeks I s l a n d  S i t e  A ,  
December 15,  1977 t o  January  7 ,  1978. 



TABLE 2-15 Of fshore  wind and wave da ta  c o l l e c t e d  a t  Eugene I s l a n d  Block 
Nos. 350 and 361, December 20-25, 1977. 

Wind - Wave - 
Speed Pe r i od  

Date - Time - (kn) D i r e c t i o n  He igh t  D i r e c t i o n  (sec )  

Dec 20 0000 15-19 SSW 5 SSW 
0400 24-30 SSE 5- 7 SSE 
08 00 30- 35 N 7- 9 N 
1200 35-40 N 10-11 N 
1600 40-44 N 13- 15 N 
2000 40-44 N 15- 16 N 

Dec 21 0000 44- 50 NNW 16-17 NNW 
0400 40-45 NW 16-19 NW 
08 00 40545 IV W 18-19 PiW 
1200 40- 44 . NW 2 0 NW 
1600 48-55 NW 18 NW 
ZOO0 46-50 NW 19 NW 

Dec 22 0000 26-32 NW 
0400 16-22 N 
0800 15-20 N E 
1200 4- 10 S 
1600 4-10 S E 
2000 16-18 S 

Dec 24 0000 30-35 SE 
0400 30 S 
0000 30 5 
l ZUU 28- 30 S 
1600 30-40 SE 
2000 30-35 S E 

10 'NW 
6 N 
5 N E 
6 S 
6 SE 
6 S 

Dec 25 0000 14-22 SW 8-11 S W 
0400 28-30 W 9-11 W 
0800 18-22 N 7 N 
1200 2 1 NW 8 NW 
1600 3 0 NW 8 NW 
2000 38-42 NW 8- 10 NW 

SOURCE: Transwor ld  D r i l l i n g  Co., 1977. 



The vec to r  t ime -se r i es  shows t h a t  average c u r r e n t  v e l o c i t i e s  i n  

t h i s  December-January i n t e r v a l  ranged f r om l e s s  t han  0.15 f t / s e c  ( 5  

cm/sec) t o  1.7 f t / s e c  (53 cm/sec). Peak v e l o c i t i e s  occur red  from 

December 20 t o  22, when a  s t r o n g  e a s t e r l y - s o u t h e a s t e r l y  f l o w  was 

p resen t .  The dominant d i r e c t i o n  o f  c u r r e n t  d u r i n g  December, however, 

was t o  t h e  no r t h -no r t hwes t  ( F i g u r e  2-16).  

The s c a t t e r  diagram f o r  t h e  December- January data ( F i gu re  2-17) 

forms an i r r e g u l a r  e l l i p s e  which i s  broadened i n  t h e  w e s t e r l y  and n o r t h -  

w e s t e r l y  d i r e c t i o n .  The predominant p r i n c i p a l  a x i s  i s  i n  a  nor thwest -  

southeast  d i r e c t i o n  and a  h i g h  percentage o f  f l o w  w i t h  a  nor thward  

(onshorc)  componcnt i s  apparent. A s l i g h t  i ns t rument  m a l f u n c t i o n  i n  

d i r e c t i o n a l  s e n s i t i v i t y  i s  i n d i c a t e d  b y  t h e  two ho les  a t  18' and 346' 

( F i g u r e  2-17).  

Compared w i t h  t h e  October data, t h e  c u r r e n t s  i n  December-January 

show l e s s  coherence ( i  .e., g r e a t e r  s c a t t e r ) - - p a r t i c u l a r l y  i n  t h e  onshore 

d i r e c t i o n .  The o r i e n t a t i o n  o f  t h e  p r i n c i p a l  a x i s ,  has s h i f t e d  f r om  

an east -west  d i r e c t i o n  t o  t h e  southeast -nor thwest .  

Cu r ren t s  a t  t h e  beg inn ing  o f  t h e  December-January p e r i o d  ( F i g u r e  

2-18) were t i da l - dom ina ted  and l i t t l e  n e t  d r i f t  was present ;  t h i s  f l o w  

was f o l l o w e d  by 2.5 days o f  s t r o n g  eastward d r i f t  (December 20 t o  22) .  

Du r i ng  t h e  n e x t  8  days, t h e r e  was a  s t rong ,  n e a r l y  con t inuous  nor thward  

onshore d r i f t .  A r o t a r y  t i d a l  f l o w  was superimposed on a  n e t  nor thwes t -  

.ward c u r r e n t  d r i f t  i n  t h e  l a s t  p a r t  o f  t h e  s tudy  pe r i od .  

2.2.6.2.3 January (Weeks I s l a n d  S i t e  B 1  

I n  January, c u r r e n t  speeds a t  S i t e  B g e n e r a l l y  ranged f r om 0.3 

t o  1.3 f t / s e c  (10 t o  40 cm/sec), ( F i g u r e  2-19).  Maximum c u r r e n t  speeds 

occur red  on January 8 and 9 a t  1.5 t o  2.8 f t / s e c  (46 t o  86 cm/sec) 

and on January 25 and 26 a t  1.7 t o  4.6 f t l s e c  ( 5 4  t o  139 cmlsec) .  

Du r i ng  b o t h  episodes c u r r e n t  f l o w  was t o  t h e  southeast  and appeared 

to .  be wind-dr iven.  On January 8, wind f r o m  t h e  nor thwes t  exceeded 

50-mph, and t h e  accompanying wave h e i g h t s  were 24 f e e t  (7.3 mete rs ) .  

On January 25, n o r t h w e s t e r l y  winds v a r i e d  f r om 27 t o  70 mph, and 

wave h e i g h t s  ranged f r om 12 t o  15 f e e t  (3.7 t o  4.6 me te r s ) .  Cu r ren t s  
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a t  S i t e  B con t i nued  t o  f l o w  t o  t h e  southeast  on January 26, even though 

t h e  w ind  had changed t o  n o r t h e a s t e r l y  speeds o f  6  t o  20 mph. 

Because o f  t h e  s t r o n g  winds, l i t t l e  r o t a r y  t i d a l  c i r c u l a t i o n  was 

e v i d e n t  a t  t h e  s i t e  d u r i n g  January. Most o f  t h e  c u r r e n t  r e c o r d  was 

dominated by s h o r t  ( 1  t o  3 days) b u t  cont inuous episodes o f  n o r t h w e s t e r l y  

o r  s o u t h e a s t e r l y  f l o w .  T h i s  p e r i o d i c  f l u c t u a t i o n  o f  c u r r e n t  f l o w  i s  

i l l u s t r a t e d  i n  F i gu re  2-20. 

The alongshore-onshore v e l o c i t y  s c a t t e r  diagram ( F i g u r e  2-21) i s  

a  crescent -shaped e l l i p s e  w i t h  i t s  two p r i n c i p a l  a x i s  d i r e c t i o n s  t o  

t h e  n o r t h  and t o  t h e  sou theas t  and w i t h  a  "ho le "  around t h e  zero  speed 

p o i n t .  Th i s  h o l e  c o u l d  be induced b y  l a r g e  su r f ace  waves such as those  

observed on January 8 and 25 a t  S i t e  B. 

The c u r r e n t s  d u r i n g  January show a  ne t  d isp lacement  o f  54  m i l e s  
. . 

(87 k i l o m e t e r s )  t o  t h e  west ( F i g u r e  2-22), w i t h  a l t e r n a t i n g  perio&. 

o f  southeastward and nor thwestward d r i f t .  

2.2.6.2.4 February  (Weeks I s l a n d  S i t e  B )  

Du r i ng  February  c u r r e n t  speeds a t t a i n e d  a  maximum o f  2.4 f t / s e c  

(75  cm/sec), b u t  genera l  ly ranged between U.3 t o  1.3 f t / s e c  (10 t o  

40 cm/sec), ( F i g u r e  2-23).  Cu r ren t  p a t t e r n s  were dominated by  r o t a r y  

t i d a l  c i r c u l a t i o n .  Two s to rm events,  on February  6 t o  8  and on February 

21, r e s u l t e d  ir i  c u r r e n t  speeds 'ot  1 t o  1.1 and 1 t o  2.4 t t / s e c  (3U t o  

52 and 30 t o  75 cm/sec) w i t h  c u r r e n t  f l o w  t o  t h e  nor thwes t  and south- 

east ,  r e s p e c t i v e l y .  

Du r i ng  t h i s  same per iod ,  wind and wave da ta  c o l l e c t e d  on an o f f s h o r e  

p l a t f o r m  showed t h a t  6- t o  50-mph winds occur red  i n  t h i s  area and were 

p redominan t l y  f r o m  t h e  n o r t h  and east .  E a s t e r l y  winds a t  16 t o  50 mph 

s e t  up t h e  n o r t h w e s t e r l y  f l o w  on February  6  t o  8. Wave h e i g h t s  d u r i n g  

t h i s  s to rm inc reased  from 3  t o  16 f e e t  ( 1  t o  5  mete rs ) .  S i m i l a r l y ,  t h e  

s o u t h e a s t e r l y  f l o w  on February 21  c o i n c i d e d  w i t h  20- t o  50-mph winds f r om 

t h e  nor thwes t  and waves of 4  t o  17 f e e t  (1.2 t o  5.2 mete rs ) .  

The v e l o c i t y  v e c t o r  t i m e  s e r i e s  f o r  February ( F i g u r e  2-24) show 

a  p a t t e r n  s i m i l a r  t o  t h a t  f o r  January ( F i g u r e  2-20), w i t h  a l t e r n a t i n g  

n o r t h w e s t e r l y  and s o u t h e a s t e r l y  f l o w .  However, i n  February t h e  magnitude 

o f  t h e  vec to r s  i s  reduced. 





FIGURE 2-21 V e l o c i t y  s c a t t e r  p l o t  f o r  Weeks I s l a n d  S i t e  B, 
J a n u a r y  7-31 , 1978. ' '  
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The alongshore-onshore s c a t t e r  diagram f o r  February 1978 formed 

a  regu la r -shaped  e l l i p s e  w i t h  a  nor thwes t -sou theas t  t r e n d i n g  p r i n c i p a l  

a x i s  ( F i g u r e  2-25).  The s i z e  of t h e  e l l i p s e  was sma l l e r  t han  t h a t  f o r  

January due t o  a  r e d u c t i o n  i n  t h e  c u r r e n t  speeds. The h o l e  around t h e  

zero  speed p o i n t  i s  b e l i e v e d  t o  be caused by t h e  l a r g e  waves assoc ia ted  

w i t h  w i n t e r  storms. 

The PVD f o r  February  shows a  n e t  d r i f t  t o  t h e  west -nor thwest  ( F i g u r e  

2-26); t h e  n e t  d isp lacement  i s  6 1  mi l e s  (98 k i l o m e t e r s ) .  Superimposed 

on t h e  o v e r a l l  d r i f t  p a t t e r n  a re  t h e  t i da l - dom ina ted  p o r t i o n s  o f  t h e  

r e c o r d  w i t h  l i t t l e  o r  no n e t  d isp lacement  (February  2  t o  7, 10 t o  12, 

19 t o  20, and 25 t o  27) .  

2.2.6.2.5 March (Weeks I s l a n d  S i t e  B )  

Cu r ren t s  measured d u r i n g  March were s i m i l a r  t o  those measured 

i n  February. t h e  maximum measured speed was 2.9 f t / s e c  (89 cm/sec), 

b u t  c u r r e n t s  g e n e r a l l y  ranged f r om 0.3 t o  1.3 f t / s e c  (10  t o  40 cm/sec). 

Most o f  t h e  c i r c u l a t i o n  d u r i n g  March was t i da l - dom ina ted ,  b u t  one major  

s to rm event was recorded  on March 9  when t h e  c u r r e n t  a t t a i n e d  a  speed 

o f  2.9 f t / s e c  (89 cm/sec) and f l owed  t o  t h e  southeast  f o r  n e a r l y  2 

days ( F l  gure 2-2 7 ) .  

Nor thwes te r l y  winds w i t h  speeds o f  20 t o  40 mph occur red  on March 

8 and 9, and a re  b e l i e v e d  t o  be t h e  d r i v i n g  mechanism o f  t h e  s o u t h e a s t e r l y  

c u r r e n t  measured d u r i n g  t h i s  i n t e r v a l ;  accompanying wave h e i g h t s  ranged 

f r o m  4  t o  9  f e e t  (1.2 t o  2.7 mete rs ) .  Du r i ng  t h e  remainder o f  t h e  

month winds were v a r i a b l e  a t  10 t o  25 mph. 

The v e c t o r  t i m e - s e r i e s  f o r  March ( F i g u r e  2-28) show a  f u r t h e r  

r e d u c t i o n  i n  average c u r r e n t  v e l o c i t i e s  and a  predominant f l o w  d i r e c t i o n  

t o  t h e  nor thwes t .  Severa l  episodes o f  s o u t h e r l y  t o  s o u t h e a s t e r l y  f l o w  

a r e  ev iden t ;  t h e  most sus ta ined  occur red  on March 8  t o  10. The s c a t t e r  

d iagram f o r  March i s  a rounded e l l i p s e  w i t h  a nor thwes t -sou theas t  

p r i n c i p a l  a x i s  ( F i g u r e  2-29); i t  i s  sma l l e r  than  t h e  February e l l i p s e  

due t o  t h e  o v e r a l l  lower  c u r r e n t  speeds i n  t h e  e a r l y  sp r ing .  

The PVD developed f o r  t h e  March da ta  shows a  n e t  displacement o f  51  

mi l e s  (82 k i  l ome te r s )  t o  t h e  nor thwes t  ( F i gu re  2-30).  The predominant 4 



FIGURE 2-25 Velocity sca t te r  plot for  Weeks Island Si te  B ,  February 1978. 
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FIGURE 2-26 P r o g r e s s i v e  v e c t o r  d iagram f o r  Week: I s l a n d  S i t e  B, February  1978 (numbers r e p r e s e n t  days 
o f  the month). 







FIGURE 2-29 Velocity s c a t t e r  p lo t  f o r  Weeks Island S i t e  B, March 1978. 
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FIGURE 2-30 Progressive vector  diagram f o r  Weeks I s l a n d  S i t e  B ,  March 1978 
(numbers represent  days of.  the  month). 



rotary tidal circulation tends to obscure some of the fine detail of 

the record. 

Current data collected from March 18 to 31 showed a very homogenous 

flow field between the 17- and 21.5-foot (5.2- and 6.6-meter) water 
depths (Figure 2-31). Current speeds were generally less than 1.3 
ft/sec (40 cm/sec). The beginning of the record is dominated by alter- 

nating periods of generally southeasterly flow on March 19, 25, and 
26, and westerly flow from March 20 to 24. The latter portion of the 
month was dominated by rotary tidal circulation. 

. . Wind data obtained during late March showed that the southeasterly 
and westerly flow intervals discussed above coincided with sustained 

winds (10 to 30 mph) from the northwest and east, respectively. The 
vector time-series (Figure 2-32) show the southeasterly and northwesterly 

flow patterns during the month. There is a close correlation between 
the currents measured at the two depths--17 and 21.5 feet (5.2 and 6.6 
meters). The scatter diagrams for this portion of the month, however, 
are slightly different. The regular-shaped ellipse at the 17-foot 

I 

depth has a northwest-southeast trending principal axis; however,the 
.- 

broad rounded ellipse at the '21.5-foot depth has a principal axis that 
is not easily discernible (Figure 2-33). From this diagram, it appears 

.. that the westerly components of the currents at 21.5 feet were stronger 
than those at 17 feet. 

The PVD also indicates stronger westerly flow at 21.5 feet (6.6 
meters), though both records show a net drift to the west-southwest 
(Figure 2-34). The net displacement at 17 feet (5.2 meters) is only 
5.6 miles (9 kilometers); the net displacement at 21.5 feet is 18.6 
miles (30 kilometers). Examination of the record shows consistent 

current patterns until March 27. A stronger westerly drift superim- 
posed on the tidal circulation at 21.5 feet during the last 4 days of 
the month caused the greater net displacement. One possible explanation 
for this behavior would be the light (10 mph) variable winds measured 
from March 27 to 31. They could have reduced or reversed the surface 
currents while' the deeper waters continued to flow westward, initiating 
a short two-layer flow regime. 
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FIGURE 2-31 Speed histograms and d i r e c t i o n a l  p l o t s  o f  currents measured a t  Weeks I s l a n d  S i t e  B ,  
March 18-31 , 1978. 
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FIGURE 2-32 Averaged v e c t o r  t ime s e r i e s  f o r  Weeks I s l a n d  S i t e  B, 
March 18-31, 1978, 
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FIGURE 2-33 V e l o c i t y  s c a t t e r  p l o t s  f o r  Weeks I s l a n d  S i t e  B, March 18-31, 1978. 
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FIGURE 2-34 Progressive vector  diagrams f o r  Weeks I s l a n d  S i t e  B, March 18-31, 
1978 (numbers 'represent days o f  the  month). 



2.2.6.2.6 April (Weeks Island Site B l  

Relatively calm conditions existed during April. Current speeds 

attained a maximum of 2 ft/sec (60 cm/sec) on April 22, but generally 
ranged from 0.15 to 1.3 ft/sec (5 to 40 cm/sec), (Figure 2-35). Compar- 

ison of the two records shows slightly lower current speeds at 21.5 feet 
(6.6 meters) than at 17 feet (5.2 meters). Variations in current direc- 

tion are insignificant, suggesting that the flow field is homogenous and 

that the speed attenuation is due to shear stress and does not represent 
two-layered flow. . The majori.ty of the record shows northwesterly flow 
which is interrupted several times by rotary tidal circulation. The 

brief anomalous break in the record on April 21 represents a current 
meter servicing interval. Monthly wind data show predominantly southeast 

winds at an average speed of 10 to 20 mph. Therefore, the northwesterly 
drift appears to be wind-driven. 

The vector time-series for April (Figure 2-36) reflects the slightly 
lower current velocities at 21.5 feet (6.6 meters) and very good direc- 
tional correlation. The only major deviation in direction occurs on 

April 22, when the water is moving northwestward at 17 feet (5.2 meters) 
and west-northwestward at 21.5 feet. The Apri 1 scatter diagrams (Figure 
2-37) exhi bit broad rounded el 1 ipses, both with a greater concentrat ion 
o f  data points i n  the northwest quadrant--which also appears to b e  

the direction of the principal axis. An arc 33' to 35' wide, with 
very few data points, is discernible in the northerly direction. This 
could represent a magnetic disturbance affecting both meters or an 
instrument malfunction. It is not likely that it would represent actual 

current behavior. 

The two PVDts show a net displacement of 154 and 128 miles (248 
and 207 kilometers) to the northwest (Figure 2-38). There is a steady 
northwesterly drift during the first 18 days of the month. The direction 

reverses to the southeast from April 18 to 20, before continuing again 
to the northwest (April 21 to 25). From April 26 to 30, the drift 
direction varies slightly between the two water depths, but generally 

reverses to the southeast and again to the northwest. 
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FIGURE 2-35 Speed histograms and directional plots of currents measured a t  
Weeks Island S i t e  0 ,  April 1978. 
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FIGURE 2-36 Averaged v e c t o r  t ime  s e r i e s  for  Weeks I s l a n d  S i t e  B, 
A p r i l  1978. 
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FIGURE 2-37 Velocity scatter plots for Weeks Island Site B, April 1978. 
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FIGURE 2-38 Progressive vector diagrams for Weeks Island Site B, April 1978 
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2.2.6.2.7 May (Weeks I s land  S i t e  B) 

The r e l a t i v e l y  calm condi t ions t h a t  ex is ted  i n  A p r i l  continued 

throughout May. Current speeds genera l l y  ranged from 0.15 t o  1.3 f t/ 

sec (5  t o  40 cm/sec) w i t h  s l i g h t l y  h igher speeds a t  17 f e e t  (5.2 meters) 

than a t  21.5 f e e t  (6.6 meters), (F igure 2-39). The maximum recorded 

cu r ren t  speed was 2.03 f t /sec (62 cm/sec) on May 7. Two extended 

per iods of nor thwester ly  f low were measured a t  17 f e e t  (May 6  t o  13 

and 23 t o  31). The cur rent  a t  a  depth o f  21.5 f e e t  shows an ove ra l l  

nor thwester ly  flow, b u t  i s  no t  as cons is tent  as t he  record a t  17 f ee t - -  

poss ib l y  because o f  shear stresses w i t h i n  the water column. 

The general c i r c u l a t i o n  i n  May a lso appears t o  be wind-driven. 

Although there  was RO data f o r  the immediate s i t e  v i c i n i t y  f o r  the 

month o f  May, wind and wave data obtained f u r t h e r  west from the  s i t e  

showed t h a t  wind speeds ranged from 20 t o  30 mph and were cons i s t en t l y  

f rom the  southeast. Wind speeds a t  S i t e  B, however, may have d i f f e r e d  

s l i g h t l y .  H i s t o r i c a l  data f o r  the v i c i n i t y  showed a mean monthly wind 

speed o f  10.4 knots and wave he ights  which genera l l y  ranged from 2 

t o  12 f e e t  (0.6 t o  3.7 meters). 

The vector  t ime-series. (F igure  2-40.) i l l u s t r a t e s  the speed and 

d i r e c t i o n a l  d i f fe rences  a t  the  two water depths. There i s  a  s i g n i f i c a n t  

reduct ion i n  cu r ren t  speed a t  21.5 f e e t  (6.6 meters), bu t  the  d i r e c t i o n a l  

d i f fe rences  are minor. 

The two scatter-diagrams (Figure 2-41) e x h i b i t  regu la r  e l  1  ipses 

w i t h  a  northwest-southeast t rend ing p r i n c i p a l  axis. Two arcs 22' t o  

24' wide, w i t h  a  northeast  o r i e n t a t i o n  and few data po in ts ,  i nd i ca te  a 

poss ib le  mal funct ion.  The PVD's developed f o r  May (F igure  2-42) show 

ne t  displacements o f  186 and 122 m i les  (299 and 196 k i lometers)  t o  the 

northwest (Table 2-13). During the  month, there  were two episodes 

(May 4  t o  6  and 13 t o  17) o f  revers ing  d r i f t  d i r e c t i o n  t o  the east and 

southeast t h a t  are r e f l e c t e d  a t  both depths. 

2.2.6.2.8 June (Weeks I s land  S i t e  B) 

The cu r ren t  record dur ing the month o f  June shows a s i g n i f i c a n t  

reduct ion i n  cu r ren t  speeds, which were s l i g h t l y  h igher a t  17 f e e t  

D (5.2 meters) than a t  21.5 f e e t  (6.6 meters), bu t  genera l l y  ranged from 
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FIGURE 2-43 Speed histograms and  directional plots of currents measured a t  
Weeks Island Si te  B ,  June 1978. 



less than 0.15 to 1 ft/sec (5 to 30 cmlsec), (Figure 2-43). There 

are several differences in measured direction between the two water 

depths. On June 9 and 10, the record at 17 feet reflects rotary tidal 

circulation; the record at 21.5 feet, however, reflects southeasterly 
flow. The anomalous directional readings at 21.5 feet from June 24 

to 28 could be caused by a compass malfunction, or the extremely low 

current speeds (0 to 0.15 ftlsec (0 to 5 cmlsec)) recorded during this 

time interval may not have been sufficient to orientate the current 
meter into the direction of flow. On June 28, the current meters were 

serviced and replacement meters were installed. 

Wind speeds were generally less than 20 mph. Wind direction varied 

but most frequently was from the west. I'his ditters trom the normal 

monthly mean direction (southeast) as listed in Table 2-3. The most 

significant event during the month was very low current speeds < 0.3 

ft/sec ( <  10 cm/sec)) measured from June 24 to 29. Wind speed during 

this interval was usually less than 10 mph. Wind direction was variable, 

but did not coincide with current flow direction. Currents were largely 

influenced by tides. 

Although the range of current speeds was greater at 17 feet (5.2 

meters), the vector time-series (Figure 2-44) show uniformly higher 

average velocities at 21.5 feet (6.6 meters), particularly in the south- 

easterly direction (Figure 2-45). The comparative size of the two 

ellipses shows a small dense ellipse at the 17-foot level and a much 

broader ellipse at the 21.5-foot level. The orientation of the principal 

axSs o f  both ellipses trends norlhwesl-suutheasl. 

The P V D ' s  (Figure 2-46) for June show net displacements of 128 

and 98 miles (206 and 158 kilometers) to the northwest (Table 2-13). 

The reversal in drift direction to the southeast (June 10 to 16), as 

recorded by the current meter at the 21.5-foot (6.6 meter) depth, is 

much greater (due to the stronger currents as discussed above) than 

the easterly flow recorded by the meter at the 17-foot (5.2-meter) 

depth. 

2.2.6.2.9 July (Weeks Island Site B )  

The current monitoring program was terminated at Weeks Island 

on July 10. Current speeds during the previous 10 days rarely exceeded 
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0.6 f t / s e c  (20  cm/sec), ( F i g u r e  2-47).  S o u t h e a s t e r l y  f l o w  dominated t h e  

c u r r e n t  r e c o r d  f r o m  J u l y  4  t o  6  and f r o m  7 t o  8. 

Wind d a t a  c o l l e c t e d  a t  t h e  s i t e  i n d i c a t e  t h a t  l i g h t  winds, g e n e r a l l y  

l e s s  t h a n  10 mph p r e v a i l e d .  Wind d i r e c t i o n  was f r o m  t h e  n o r t h e a s t  u n t i l  

J u l y  6; t h e n  i t  s h i f t e d  t o  t h e  sou theas t  f o r  2  days and t o  t h e  wes t -no r th -  

west  f o r  2  days. There fo re ,  t h e  J u l y  c i r c u l a t i o n  does n o t  appear t o  be  

w i n d - d r i v e n .  

F o r  example, t h e  v e c t o r  t i m e - s e r i e s  ( F i g u r e  2-48) shows t h a t  t h e  c u r -  

r e n t s  had consonant  c u r r e n t  b e h a v i o r  a t  t h e  two depths ,  w i t h  a  predominant  

s o u t h e a s t e r l y  f l o w .  The magni tude of t h e  v e c t o r s  a t  21.5 f e e t  (6.6 m e t e r s ) ,  

however, was s l i g h t l y  l e s s  t h a n  t h a t  a t  17 f e e t  (5 .2  m e t e r s )  depth.  The 

two s c a t t e r  d iagrams f o r m  r e g u l  ar-shaped e l  1  i p s e s  ( F i g u r e  ,2-49). The 

p r i n c i p a l  a x i s  a t  t h e  1 7 - f o o t .  d e p t h  i s  o r i e n t e d  n o r t h - n o r t h w e s t / s o u t h -  

s o u t h e a s t ;  a t  t h e  21 .5 - foo t  depth, t h e  p r i n c i p a l  a x i s  t r e n d s  n o r t h w e s t -  

s o u t h e a s t .  F i g u r e  2-50 shows t h e  c u r r e n t s  had n,et d i sp lacements  o f  19 

and 14 m i l e s  (30  and 22 k i l o m e t e r s )  t o  t h e  sou theas t .  

There fo re ,  t h e  r e v e r s a l  i n  t h e  n e t  d r i f t  d i r e c t i o n  t o  t h e  s o u t h e a s t  

f r o m  t h e  n o r t h w e s t  i n  e a r l y  J u l y  may be due t o  a  detached eddy o f  t h e  

Loop C u r r e n t  wh ich  has m i g r a t e d  i n t o  t h e  s t u d y  area. I t  c o u l d  a l s o  

mark t h e  t r a n s i t i o n  t o  a  summertime e a s t e r l y  d r i f t  c u r r e n t  as r e p o r t e d  

by M u r r a y  ( 1 9 7 5 ) ,  

2.2.6.3 Droque Study 

A c u r s o r y  drogue s t u d y  was under taken  on November 16 and December 

2, 1377. The mean c u r r e n t  d i . , i f t  cjr l  Nuven,iber,, 16 wds c o r t s l s t e n t l y  west- 
n o r t h w e s t .  On December 2, t h e  d r i f t  d i r e c t i o n  v a r i e d  f r o m  southwest  t o  

wes t -no r thwes t .  N e i t h e r  o f  these  s t u d i e s  was of l o n g  enough d u r a t i o n  

t o  d i s t  ingu is ,h  acu te  t i d a l  i n f l u e n c e s  f r o m  l o n g - t e r m  d r i f t .  

A 10-month program (October  1977 t o  J u l y  1978) t o  measure wa te r  

c u r r e n t  v e l o c i t i e s  a t  Week I s l a n d  S i t e s  A and B l o c a t e d  on t h e  i n n e r  

c o n t i n e n t a l  s h e l f  of sou thwes te rn  L o u i s i a n a  has shown t h a t  a  p r e v a i l i n g  

n o r t h w e s t e r l y  d r i f t  o c c u r r e d  t h r o u g h o u t  most o f  t h e  y e a r .  Maximum 

c u r r e n t  speeds o f  2.6 t o  4.6 f t / s e c  (80 t o  140 cm/sec) were measured 

d u r i n g  w i n t e r  s torms.  Minimum c u r r e n t  speeds o f  0.0 t o  1.0 f t / s e c  ( 0  t o  



D FIGURE 2-48 Averaged vec tor  t ime  s e r i e s  f o r  Weeks Island S i t e  B ,  
July 1-10, 1978. 
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FIGURE 2-49 Velocity s c a t t e r  p lots  f o r  Weeks Island S i t e  B ,  July 1-10, 
1978. 
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30 cmlsec) were measured dur ing  June and e a r l y  Ju ly .  Current speeds dur- 

ng most o ther  t imes of t h e  year  ranged f rom 0.3 t o  1.3 f t l s e c  (10 t o  40 

cm/sec) . 
Although the re  was a  predominant nor thwester ly  d r i f t  throughout 

most of t he  year  t h e r e  were s i g n i f i c a n t  secondary t rends i n  t he  o v e r a l l  

c i r c u l a t i o n  pa t te rn .  Dur ing the  months o f  October, February, and March 

the  c i r c u l a t i o n  was t i d a l l y  dominated which may be due t o  the  decreased 

e f f e c t s  o f  t h e  Loop Current,  lower p r e c i p i t a t i o n  and r u n o f f ,  and lower 

wind speeds. B r i e f  per iods  of s tagnat ion  associated w i t h  low cu r ren t  

speeds and l i t t l e  o r  no ne t  d r i f t  were observed t o  occur du r ing  the  

months o f  May, June, and July.  Detached -eddies from the  Loop Current  

may b< p r i m a r i  l~ respons ib le  t o r  t h i s  type O f  behavior. Stagnant-type 

cond i t i ons  a l so  occurred f o l l o w i n g  the  passage o f  a  storm f r o n t  i n  

January. Storm a c t i v i t y  dur ing  the  study pe r iod  was l i m i t e d  t o  the  

months o f  December and January; however, t h i s  geographical area i s  u s u a l l y  

s u b j e c t  t o  hur r icanes and t r o p i c a l  storms from l a t e  summer through e a r l y  

f a l l .  

Local winds have a  major i n f l uence  on the nearshore c i r c u l a t i o n  

pa t te rn .  For example, e a s t e r l y  t o  southeaster ly  winds dur ing  most o f  

t h e  year cause a wester ly  t o  nor thwester ly  d r i f t  cur ren t .  Strong 

sou the r l y  winds along t h e  Texas coast dur ing  the  summer are be l ieved 

t o  i n i t i a t e  a  reve rsa l  i n  the n e t  d r i f t  d i r e c t i o n  from the  west t o  the 

east  (Murray, 1976). However, i t  i s  n o t  known i f  the  ne t  southeaster ly  

d r i f t  du r i ng  the  e a r l y  p a r t  o f  J u l y  marked the beginning o f  t h i s  t r a n s i -  

t i o n .  Other f a c t o r s  which cou ld  a f f e c t  the  c i r c u l a t i o n  p a t t e r n  are the  

Loop Current,  b a r o t r o p i c  slope cur ren ts ,  and the  t i d e .  

Current  speeds genera l l y  decrease w i t h  depth due t o  shear s t resses 

and may vary s l i g h t l y  i n  d i r e c t i o n .  Some instances o f  a  two-layered 

f l o w  regime were recorded a t  t h e  sSte but, were o f  sho r t  du ra t i on  and 

may have been induced by l o c a l  wind e f f e c t s .  

Temperature p r o f i l e s  r e f l e c t e d  n e a r l y  isothermal cond i t i ons  when 

measured du r ing  t h e  f a l l ,  winter ,  and e a r l y  spr ing.  S a l i n i t y  p r o f i l e s  

showed n e a r l y  i s o h a l i n e  cond i t i ons  dur ing  the  w in te r  months o f  November 

and February. Average s a l i n i t y  g rad ien ts  o f  4 t o  9 pp t  between the 

sur face and bottom waters are induced by r i v e r  runo f f ,  p r e c i p i t a t i o n ,  

and the  i n t r u s i o n  o f  o f f sho re  s a l i n e  water. 



2.3 Chemical Oceanography 

The c h a r a c t e r i s t i c s  o f  t h e  chemical  f a c t o r s  (such as oxygen, pH 

balance, n u t r i e n t s ,  o rgan ic  carbon, t r a c e  metals,  hydrocarbons, and 

suspended m a t t e r )  near t h e  d i f f u s e r  s i t e s  i n  t h e  nearshore Gulf of 

Mexico waters a re  h i g h l y  dependent on t h e  seasonal d ischarges o f  t h e  

M i s s i s s i p p i  and Atchafa laya R i ve rs  (F igu re  1-1) and t h e  i n t r u s i o n  o f  

deep mar ine waters.  I n  genera l ,  t h e  upper water l a y e r s  a re  h i g h l y  

in f luenced  by t h e  l e s s  sa l i ne ,  l e s s  dense r i v e r i n e  waters,  w h i l e  t he  

bot tom water l a y e r s  are a f f ec ted  by  t h e  more s a l i n e ,  denser G u l f  water.  

The seasonal changes i n  c l i m a t o l o g i c a l  cond i t i ons ,  however, markedly  

a f f e c t  t h e  n ~ i x i n g  a ~ ' ~ d  d i f f u s  i u r ~  c t~dr~ac  terq,l s t  l c s  o f  these  two water  
l aye rs .  

2.3.1 D isso lved  Oxygen and pH Balance 

The p r ima ry  sources o f  oxygen i n  coas ta l  waters  a re  t h e  a t a s p h e r e  

and t h e  pho tosyn the t i c  a c t i v i t y  of marine p l a n t s .  Sur face d i s s o l v e d  

oxygen (DO) va lues i n  t h e  n o r t h e r n  Gulf a re  g e n e r a l l y  h i g h  and average 

8  mg/ l .  Low DO values a re  found i n  bot tom waters, e s p e c i a l l y  d u r i n g  

t h e  warm summer months. Near Marsh I s l a n d  ( F i g u r e  1-2)  DO values averaged 

8.2 mg/l f rom A p r i l  1972 t o  March 1974 (Juneau, 1975); t h e  lowes t  concen- 

t r a t i o n  was 7.1 mg/l and t h e  h i ghes t  was 8.9 mg/l. There appeared 

t o  be no dep th - re l a ted  t rend .  DO l e v e l s  r e p o r t e d  f o r  t h e  inshore  areas 

and marshes o f  C a i l l o u  Bay (F igu re  1-2)  were h i g h e s t  i n  March (11.4 

mg/ l )  and lowest  i n  September (5.8 mg/ l ) ;  t h e  sample average was 8.6 

mg/ l  ( B a r r e t t ,  1971). 

DO measurements taken d u r i n g  1973 near t h e  Lou i s i ana  Of fshore  

O i l  P o r t  (LOOP) s tudy  area, eas t  of t h e  b r i n e  d i sposa l  s i t e s ,  showed 

t h a t  surface DO was un i f o rm ly  h igh,  w i t h  s t a t i o n  means f r om 7.3 t o  

8.1 mg/l. A t  mid-depths, va lues averaged 4.9 mg/l; a t  t h e  bottom, 

va lues averaged 1.1 t o  4.7 mg/l. Dur ing  December, 27 percen t  o f  t h e  

area was almost anoxic and had DO values of l e s s  t han  2  mg/l; i n  Ju ly ,  

93 percen t  o f  t h e  s tudy  area was anoxic.  Dur ing  June and J u l y  1973, 

t h e  t o t a l  anoxic area between t h e  Southwest Pass o f  t h e  M i s s i s s i p p i  

D e l t a  and Ship Shoal was es t imated  t o  cover 1000 square m i l e s  (F lowers 

e t  a1 1975). - -* 9 



At Weeks Island Sites A and B, between September 1977 and April 
1978, DO values ranged from 5.1 to 10.8 mg/l and from 3.8 to 11.4 mg/l, 

respectively (Figure 2-51). Variations in DO levels at stat ions occupied 

within each sampling array were usually small. During September and 

October, the surface water at Site A had a higher oxygen content than 

the bottom water. In November and December, as a result of mixing, 
DO levels in the two layers were similar. DO concentrations at Site B 
continued to remain high (>5 mg/l) in February, but by late March the 

bottom water decreased to a value of less than 4 mg/l. In April the 

bottom layer recovered and was measured at more than 5 mg/l. The low 

oxygen levels measured at Site B may have been part of a large anoxic 
layer which was found in the coastal Louisiana Gulf of Mexico during 

the 1 ate sprinq and early summer of 1978 (personal communication). 

The biochemical oxygen demand (BOD) of eastern Louisiana Gulf 

waters has been reported by Flowers -- et al. (1975) to be generally low 

(2 mg/l). Water with a BOD value of about 3 is considered to be of 

relatively good qua1 i ty. The average chemical oxygen demand (COD) 
was 170 mg/l and was within the range found in other similar coastal 

areas (LOOP, 1975). Because of its high organic load, the Mississippi 
Rivcr systcm has a major scasonal influcncc on thc BOD and COD valucs 

of the area. BOD decreases steadily from May through September; COD 
increases during summer (Flowers et al., 1975). 

2.3.2 Inorqanic Nutrients, Ions, and Orqanic Carbon 

The Mississippi and Atchafalaya Rivers have a tremendous influence 

on the amount of nutrients input to Louisiana coastal waters. Between 
the Mississippi River and west to Caminada Bay, inorganic nitrogen 

(nitrate and nitrite) values were reported by Ho and Barrett (1975) 
to be one to two orders of magnitude greater during periods of high 
rivcr disch~rgc than during normal flow periods. An inversc relationship 

was found between nitrate (NO3) and nitrite (NO2) and salinity levels-- 
nitrate and nitrite concentrations decreased seaward while salinity 

increased in value. Reactive si 1 icate (Si02) and orthophosphate ( Po4) 
showed a simi 1 ar but weaker re1 ationship to salinity levels. Concentra- 
tions of ammonia, organic phosphates, and organic nitrogen remained 

fairly constant in the coastal waters throughout various river flow 

periods. 
C 
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F I G U R E  2-51 Mean dissolved oxygen values a t  Weeks Island Sites A and B. 
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Assuming t h a t  t h e  Atchafa laya R i v e r  f l o w  i s  50 percen t  o f  t h e  

M i s s i s s i p p i  R i v e r  f l ow ,  b u t  t h a t  b o t h  c a r r y  p r o p o r t i o n a l l y  t h e  same 

n u t r i e n t  load, t h e  es t ima ted  amount o f  n u t r i e n t s  d ischarged i n t o  t h e  

Lou i s i ana  c o a s t a l  area between January and J u l y  1973 (Ho and B a r r e t t ,  

1975), d u r i n g  abnormal ly  h i g h  water f low, i s  shown i n  Table 2-16. 

TABLE 2-16 N u t r i e n t s  d ischarged i n t o  t he  Lou i s i ana  coas ta l  area, 
January t o  J u l y  1973 ( i n  b i l l  i ons  o f  pounds). 

D isso lved  
NO3 + NO2 P04 S i O2 Organic N Organic C 

M i s s  l s s ~ l p p i  1.96 0.08 Z.YU 1 .R? 21.70 
A tcha f  a1 aya 0.98 . 0.04 1.45 0.91 10.85 

I n  e a r l i e r  s t u d i e s  ( B a r r e t t ,  1971; Juneau, 1975), n i t r a t e  i nsho re  

o f  t h e  s i t e s  averaged 3.5 t o  8.4 microgram-atoms per  l i t e r  ( p g - a t / l ) ;  

n i t r i t e  averaged 0.6 p g - a t / l .  Average i no rgan i c  phosphate ranged f r om 

0.9 t o  2.5 p g - a t / l ,  and t o t a l  phosphate averaged 4  p g - a t / l .  Seasonal 

t r e n d s  were apparent b u t  v a r i e d  f rom s t a t i o n  t o  s t a t i o n  and year  t o  

year .  S u l f a t e  and ca l c i um peaked d u r i n g  October; annual averages were 

122 mg/l and, 73 mg/l , r e s p e c t i v e l y .  

The ma jo r  i o n  and n u t r i e n t  values measured a t  Weeks I s l a n d  a re  

c o n s i s t e n t  w i t h  r e s u l t s  f r om prev ious  s tud ies ,  though s e a s o n a l i t y  has 

an i n f l u e n c e  i n  t h e  comparison o f  t h e  September and February sampl ing. 

The water  column was s t r a t i f i e d  i n  September, as r e f l e c t e d  by temperature,  

s a l i n i t y ,  d i s s o l v e d  oxygen, ions,  and n u t r i e n t s .  T h i s  c o n d i t i o n  i s  

t y p i c a l  o f  e s t u a r i n e  and coas ta l  systems i n  l a t e  summer; l e s s  s a l i n e ,  

l and -de r i ved  water o v e r l i e s  t h e  more s a l i n e  and dense mar ine water 

on t h e  bottom. I n  February, t h e  system was homogenous. 

Based on t he  mean and range values o f  n u t r i e n t s  and t h e  major  

i o n s  (Tables 2-17 and 2-18), f reshwater  r u n o f f  appa ren t l y  had a  g r e a t e r  

e f f e c t  on t h e  more i nsho re  Weeks I s l a n d  S i t e  A i n  September than  on 

S i t e  I3 i n  February; concen t ra t i ons  o f  major  ions, and thus  s a l i n i t y ,  

were l e s s  a t  S i t e  A  t han  a t  S i t e  B. Th i s  may have been due t o  two 

f a c t o r s - - p r o x i m i t y  t o  t h e  shore and t h e  amount o f  seasonal r u n o f f .  
S i l i c a t e  and orthophosphate va lues were g rea te r  a t  t h e  more i nsho re  

S i t e  A, though n i t r a t e  l e v e l s  were s i m i l a r  a t  t h e  two s i t e s .  N i t r i t e  

C 



TABLE 2-17 Organic carbon and nu t r i en t s  i n  the  water column f o r  Weeks I s l and  
S i tes  A and B. 

Sediments 
( X  TOC) 

POC (mg C/1) 

s - B - Pore - 
Site A 
(Sept 19771 

Mean 1.02 1.49 1.30 0.72 0.72 1.20 1.34 0.52 

Range 0.72 - 1.37 0.75 - 2.30 1.20 - 1.36 ' 0.44 - '1.54 0.51 - 1.19 0.76-1.43 0.93-1.77 0.30-0.75 

S i t e  8 
(Feb 1978) 

Mea I 0.09 1.06 1.37 0.55 0.64 0.57 0.62 . 13.49 
. . 

Ran 3e 0.05 - 0.19 0.85-1.43 1.01-1.67 0.51- 0.94 ' 0.37-1.15 0.37 - 0.77 0.42' - 0.81 7.95 -21.3 

S l  te A 
(Sept 1977) 

Mean 12.2 10.3 

Rang? 4.6 - 20.3 3 - 19.9 

S104 (PM)  

s - B - - Pore 

Si te B 
(Feb 1978i 

Mean 10.11: 10.25 D.67 0.73 <0.38 q0.38 159 

Range 8.34 - 11.80 8.65 - 11.40 0.46 - 0.85 0.48 - 1.01 140 - 178 

a  S = surface; B = bottom. 



TABLE 2-18 Major i o n  concentrations (g/kg) f o r  Weeks Island S i t e s  A and B.  

S i t e  A 
JSept 1977) 

Mean 9.77 1-27 5.3 0.19 0.64 0.22 
Surface Rang. 1.52 - 15.95 0.12 - 2.19 0.7 - 8.9 0.03 - 0.32 0.08 - 1.08 0.06 - 0.34 

Mean 13.09 1.78 7.1 0.26 0.86 0.28 
Botton' Rang. 7.88-15.91 3.96 - 2.23 4.1 - 8.8 0.15 -0.22 0.5 - 1.07 0.19 - 0.34 

Mean 13.06 2.39 7.4 0.31 0.93 0.31 
'Ore Range 7.8 -15.91 1.42 - 2.74 4.6 - 8.9 0.2 - 0.25 0.5 - 1.11 0.18 - 0.37 

N 
I 

S i t e  B 
(Feb 1978) 

Mean Surface Range 16.8 
16.8 - 16.9 2.45 

Mean 17.0 .2.54 9.51 0 . 3 a  1.15 BO t tom Range. 
0.372 

16.6 - 17.3 2.48 - 2.62 9,.38 - 9.68 0.356 - 0.385 1.13 - 1.18 0.369 - 0.376 
Mean 13.9 2 .. 05 7.75 0.249 0.99 0.316 

'Ore Range 12.7 - 16.2 1.93 - 2.25 7.11 - 9.07 0.238 - 0.258 0.92 - 1.12 0.302 - 0.347 



was measured o n l y  a t  S i t e  B. These va lues a re  w i t h i n  t h e  ranges expected 

and found  i n  t h e  c o a s t a l  Lou i s i ana  G u l f  o f  Mexico, as i s  t h e  t r e n d  

o f  dec reas ing  n u t r i e n t s  w i t h  i n c r e a s i n g  s a l i n i t y .  

No s i g n i f i c a n t  t r ends  were e v i d e n t  f o r  n u t r i e n t  e lements measured 

i n  t h e  sediment po re  water samples. Pore water major  i o n  l e v e l s  a re  

l e s s  respons ive  t han  water column i o n  l e v e l s  t o  seasonal and d i s t ance -  

f rom-shore changes i n  s a l i n i t y .  As a  r e s u l t ,  po re  water  i o n  l e v e l s  

were s i m i l a r  a t  S i t e s  A  and B i n  September and February,  r e s p e c t i v e l y ,  

and b o t h  l e v e l s  approximated t h e  bot tom water l e v e l s  o f  S i t e  A d u r i n g  

September. Because o f  t h e  sha l low water depths a t  S i t e  A and B, these 

f i n d i n g s  a re  n o t  unexpected s i nce  t h e  sediments a t  t h e  s i t e s  should  

be q u i t e  t r a n s i t o r y .  Except f o r  t h e  q u i e t  summer months, t h e  s t r o n g  

wave a c t i v i t y  due t o  storms o r  bot tom c u r r e n t s  o f t e n  w i l l  r a p i d l y  r e d i s -  

t r i b u t e  t h e  sediments upward i n t o  t h e  water column. The pe rcen t  t o t a l  

o rgan i c  con ten t  (% TOC) i n  t h e  sediment a t  b o t h  s i t e s  was low due t o  

t h e  i n f l u x  o f  t e r r i g e n o u s  c l a s t i c  m a t e r i a l ,  which e f f e c t i v e l y  masked 

t h e  o rgan i c  carbon con ten t .  D i sso l ved  o rgan i c  carbon (DOC) and p a r t i c u -  

l a t e  o rgan i c  carbon (POC) l e v e l s  d i d  n o t  d i f f e r  between s i t e s  o r  w i t h  

depth. These va lues  are c l o s e  t o  those  r e p o r t e d  f o r  o t h e r  coas ta l  

areas. 

2.3.3 Trace Me ta l s  

The average va lues  o f  manganese i n  c o a s t a l  Gulf Waters (3.9 p g / l )  

a re  an o rde r  o f  magnitude h i ghe r  than  open G u l f  va lues  (0.31 p g / l ) ,  

(Slowey and Hood, 1971). The c o a s t a l  and open sea va lues f o r  copper 

a re  1.6 p g / l  and 1.3 p g / l ,  r e s p e c t i v e l y ,  and f o r  z inc--4.2 p g / l  and 

3.5 p g / l ,  r e s p e c t i v e l y .  H igh va lues  i n  t h e  open G u l f  were u s u a l l y  

found  a t  su r f ace  and i n t e r m e d i a t e  depths;  deep waters  had u n i f o r m l y  low 

values. High concen t ra t i ons  o f  me ta l s  a t  i n t e r m e d i a t e  depths seemed 

t o  have o r i g i n a t e d  o u t s i d e  t h e  G u l f  o f  Mexico and may have r e s u l t e d  

f r o m  t h e  r e l e a s e  o f  t r a c e  meta ls  d u r i n g  organism decomposi t ion.  The 

r i v e r i n e  i n p u t  o f  manganese i n t o  c o a s t a l  waters  was s i g n i f i c a n t ,  b u t  

t h e  i n p u t  o f  copper and z i n c  was n e g l i g i b l e .  

Except f o r  mercury, t h e  va lues f o r  d i s s o l v e d  me ta l s  c o l l e c t e d  

west o f  t h e  D e l t a  (Tab le  2-19) were w i t h i n  t h e  range o f  expected va lues 

f o r  c o a s t a l  mar ine  environments (F lowers  e t  a l . ,  1975).  The va lues 



TABLE 2-19 Dissolved metals (ppb) i n  surface and bottom waters i n  the LOOP study region. 

S t a t i o n  Grp 111 
19.4 - 2 0  km, 24.4 m 
June 1973 

Ju ly  3973 

Aug 1973 

Oc t 1973 

Jan 1974 

Ranye/Level (Su'rface) 

(Bottom) 

S t a t i o n  Grp J V  
& 27.4 - 36.6 ka 

33.5 - 42.6 In 

June 1973 

July  1973 

Aug 1973 

O c t  1973 

Jan 1974 

Range/Level (Surface)  

(Bottom) 

a S = surface; B = bottom. 

b~~ = n o t  detectable.  

SOURCE: Flowers e t  a1 . , 19?5. 



TABLE 2-20 Concentrations of t r a c e  metals  (ppb) i n  t h e  d isso lved and 
p a r t i c u l a t e  phases o f  the  water  c o l  urnn and i n  pore water  
from Weeks I s l a n d  S i t e s  A and B .  

Dissolved 

S i t e  A (September 1977)- S i t e  B (February 1978) 

Mean - Range Mean - Range 

S 0.04 0.03 - 0.06 0.22 0.17 - 0.32 

Cd B 0.05 0.03 - 0.07 0.27 0.22 - 0.31 

Pore 12.5 4.7 - 18 0.26 0.23 - 0.34 

S 

Cr B 
Pore 

S 1.4 0.9 - 1.8 0.6 0.4 - 0.7 

CU B 1.1 0.9 - 1.5 0.3 0.2 - 0.4 

Pore 5 5 32 - 83 2.9 1.5 - 4.1 

S < 2 2 2 <2 - 50 

Fe B <2 7 <2 - 15 

Pore 86 33 - 245 3297 29 - 8600 

S 0.06 0.02 - 0.09 <2 - 4.4 

Pb B 0.08 0.04 - 0.21 < 2 <2 - 2.3 

Pore 1.7 0.8 - 2.2 8.83 <2 - 26 

S 0.8 0.25 - 1.2 ~0.5 - 1.3 

Mn B 1.5 0.54 - 2.1 <0.5 

Pore 1610 1SU - 320 20250 19600 - 25500 
S 0.03 0.01 - 0.05 ~0.005 - 0.01 

Hg B 0.04 0.03 - 0.04 <O. 005 
Pore 6 0 

S 1.3 0.9 - 1.9 < 2 

Ni B 1.2 1 - 1.7 < 2 

Pore 5.7 1 . 9  - 7.3 6.7 

S <I2 1.6 

Zn B <I2 0.6 

Pore 65 22 - 120 14.1 

= surface; B = bottom. 

bpore = sediment pore w a t e r .  



TABLE 2-20 ( con t '  d )  . 

5 
A1 B 

Pore 

5 

Cd B 
Pore 

S 

Cr B 
Pore 

s 
Cu B 

Pore 

5 

Fe B 
Pore 

5 

Pb B 
Pore 

S 

Mn B 
Pore 

S 

H9 B 
Pore 

5 

N i  B 
Pore 

S 

Zn 
Pore 

P a r t i c u l a t e  

Sf t e  A (September 19771  S i t e  B (February 1978) 

Mean - Range - Mean Range 



f o r  mercury were high, bu t  may have been due t o  va r i a t i ons  i n  the  a n a l y t i -  

ca l  techniques used. 

Heavy metal concentrat ions a t  the  s i t e s  are g r e a t l y  in f luenced 

by sediment inpu t  f rom. the  Atchafalaya River. I n  an area w i t h  a h igh  

amount o f  suspended matter, i t  i s  expected t h a t  t h e  p a r t i c u l a t e  phase, 

onto which metals adhere i n  the  water column, would have a higher t r a c e  

metal content than the dissolved pha,se. Generally, t h i s  t rend  i s  observed 

a t  both s i t e s  (Table 2-20). S i t e  A i s  c l ose r  t o  the  r i v e r  and has 

higher l eve l s  o f  suspended matter  (Sect ion 2.3.5) and p a r t i c u l a t e  t r a c e  

metals than S i t e  B; however, these l eve l s  are low compared t o  those 

found i n  o ther  coastal  areas o f  the  Gu l f  o f  Mexico. Due t o  sediment 

resuspenslon, trace metal leve ls  i n  the  bottom water p a r t i c u f  a te  phase 

were higher than those measured i n  surface waters. 

A p o r t i o n  o f  the p a r t i c u l a t e  t r ace  metal phase i s  weakly attached 

t o  suspended matter  and may be ass imi la ted by organisms dur ing d iges t ion  

o f  p a r t i c u l a t e  matter. The percent leachable f r a c t i o n  i s  a measure 

o f  t h a t  p o r t i o n  o f  the  p a r t i c u l a t e  metal content which i s  so lub le  i n  

weak ac id  and may be b i o l o g i c a l l y  assimi lated.  The percent leachable 

f r a c t i o n  ranged from the  t y p i c a l l y  low i r o n  l e v e l  t o  several h i gh  values 

inc lud ing  manganese and cadmium (Table 2-21). Weeks Is land  S i t e  A, 

w i t h  i t s  h igh p a r t i c u l a t e  t race  metal content, a lso has a percent leach- 

able p a r t i c u l a t e  f r a c t i o n  higher than S i t e  B. 

TABLE 2-21 Percent leachable f r a c t i o n  o f  p a r t i c u l a t e  t r ace  metals 
fva11 Weeks I s land  S i t e s  A and B. 

S i t e  A 
(September 1977) 

Surf ace 29.3, 14.0 4.5 29.3 6 2 . 7  8.9 30.5 

Bottom 35.6 22.2 10.5 26.5 59.2 16,9 53.1 

S i t e  B 
(February 1978) 

Surf ace , 22.7 c1.0 8.3 6.0 29.7 46.0 6.7 26.3 



Concentrat ions o f  d isso lved heavy metals were higher i n  the sediment 

pore water than i n  the  ove r l y i ng  water column. This d i f fe rence  suggests 

t h a t  t he  metals may be d i f f u s i n g  from the  sediments i n t o  the i n t e r s t i t i a l  

water (Table 2-20). Generally, metals such as manganese' and cadmium--with 

a h igh  percent leachable f r ac t i on ,  and metals such as i r o n  and zinc--asso- 

c i a t e d  w i t h  the minera ls  i n  the sediment, were found i n  h igh l e v e l s  

i n  t he  pore water. The d isso lved heavy metal l eve l s  i n  the  water column 

are we l l  w i t h i n  t h e  range o f  those expected f o r  coastal  environments. 

Sediments a t  s i t e  A (Sect ion 2.2.2) are predominantly s i l t s  and 

c l ays  and are c h a r a c t e r i s t i c a l l y  f i n e r  than the  sands a t  S i t e  B. As 

a r e s u l t ,  S i t e  A sediments a lso  showed a s i g n i f i c a n t l y  h igher heavy 

metal concent ra t ion (Table 2-22). Because i ron,  which has p roper t ies  

s i m i l a r  t o  o ther  t r a c e  metals, i s  not  e a s i l y  a l t e red  by anthropogenic 

e f fec ts ,  i t  i s  a good i n d i c a t o r  o f  whether o ther  t r ace  metals have 

a na tu ra l  o r  man-induced o r i g i n .  Table 2-23 presents the sediment meta l / i ron  

r a t i o s  f o r  Weeks Island. Manganese, n icke l ,  and chromium are probably 

exposed t o  geochemical in f luences s i m i l a r  t o  those o f  i r o n  s ince t h e i r  

meta l - to - i ron  r a t i o s  are constant between the two s i tes .  Un l i ke  i ron,  

zinc, lead, and cadmium may be inf luenced by o ther  f ac to rs  s ince t h e i r  

l e v e l s  a t  the  two s i t e s  change a t  d i f f e r e n t  rates.  

Zooplankton samples, cons i s t i ng  most ly o f  chaetognaths, had s i g n i f i -  

c a n t l y  h igher l eve l s  o f  t r a c e  metals (except f o r  copper) than d i d  croaker 

o r  shrimp (Table 2-24). This d i f f e rence  may be due i n  p a r t  t o  the  

h igh  sur face area-to-mass r a t i o  f o r  zooplankton r e l a t i v e  t o  s i m i l a r  

r a t i o s  f o r  croaker and shrimp. The t r ace  metal values found i n  t h e  

zooplankton were s i m i l a r  t o  leve ls  repor ted i n  zooplankton co l l ec ted  

i n  the  northwest Gul f  o f  Mexico (Sims, 1975). Trace metal l eve l s  (except 

f o r  z inc,  n icke l ,  and cadmium) were comparably low i n  whi te shrimp 

c o l l e c t e d  from S i tes  A and B. During September, t r ace  metal l eve l s  

a t  S i t e  A (except f o r  i ron,  copper, and aluminum) were low i n  croakers. 

Anchovies co l l ec ted  a t  S i t e  B had t r ace  metal leve ls  higher than those 

i n  S i t e  A croakers. This increase was poss ib ly  due t o  t he  higher surface 

area-to-mass r a t i o s  o f  the  smaller anchovies. 

2.3.4 Hvdrocarbons 

O f  the  estimated 6 t o  12 m i l l i o n  met r i c  tons o f  hydrocarbons en te r ing  



TABLE 2-22 Concentrations o f  trace metals i n  sediments 
(ppm) from Weeks Island Sites A and B. 

Site A 
(September 1977) 

Mean - Range 

Site B 

( February 1 978) 

Mean - Range 



TABLE 2-23 Sedimznt metal/.iron r a t i o s  f o r  Weeks Is land Si tes  A and B.  

S i t e  A 
(September 1977) 

S i t e  B 
r\) 

(February 1978) 2.1 5.2 5.6 4.6 23.8 10.3 1 ..5 13.8 
I 

59 
-1 

0 
P 



TABLE 2-24 Heavy metal contents (ppm) o f  selected organisms from Weeks Is land 
S i  tes A and B. ; 

Sample Oescrlptiona 
ISpecies) /Site Stat ion Sample I 

S i t e  A (September 19771 

Croaker 
(5. ufiulatus), WT-3 

Whl t e  shrimp 
(P. set i ferus) ,  WT-3 

Zooplankton 
( ~ h a e t o ~ n a t h s ) ,  WI-3 

NW Gulf o f  Mexico zooplankton b 

Y1 

412 

S l  t e  0 (February 1978) 

Wht t e  shrimp 
(P. s e t i f e r a ) ' ,  WT-1, CIT-3 . . 

Bey anchovy 
(Anchoa ini t c l l l l  i ) ,  WT-1, WT-3 

asample 1 - 4 f i s h  pool, f l esh  only; Sample 2 - 5 shrimp pool, f l e s h  only; Sample 3 - whole 
sample, mostly chaetognaths; Sample 4 - n = 10, f l esh  only; Sample 5 - n = 10, f l e s h  only. 

b ~ ~ ~ ~ ~ ~ :  Sins, 1975. #I - Sample from nearshore o f f  Corpus Chr is t i ,  Texas. 
#2 - Sample from d i r e c t l y  offshore o f  the Atchafalaya, fur ther  from land 

than the Weeks Is land s i tes .  



the  oceans year ly ,  50 percent are bel ieved t o  r e s u l t  from organic decay, 

17 percent from t e r r e s t r i a l  runof f ,  8 percent from atmospheric f a l l o u t ,  

4 percent from na tu ra l  seepage, and 21 percent from o i l  product ion 

and shipping operat ions (Ahearn, 1974). Hydrocarbon concentrat ions 

i n  the open ocean are genera l ly  less than 10 ppb a t  the surface and 

much less i n  deep waters. I n  the Gul f  o f  Mexico, n-alkane l eve l s  were 

repor ted t o  be 0.2 ppb i n  East Bay, Louisiana; 0.1 ppb 15 mi les  from 

Corpus C h r i s t i ,  Texas; and 0.63 ppb near a burning o i l  r i g  15 mi les  

southwest of Po in t  Au Fer Island, i n  the reg ion o f  the Weeks Is land  

b r i n e  d i f f use r  s i t e s  (Parker e t  al., 1972, as c i t e d  i n  LOOP, 1975). 

N-paraff in l eve l s  o f  0.63 ppb were measured i n  water o f f  Louisiana 

(IDOE, 1972, as c i t e d  i n  Bishop e t  a1 ., 1975). The Gul f  Un i ve rs i t i es  

Research Consortium (1974) detected hydrocarbon leve ls  o f  0.5 t o  2.1 

ppb i n  a con t ro l  area, 0.8 t o  6.0 ppb near an operat ing r i g ,  and 3.7 - 
t o  11.0 ppb i n  Timbal ier  Bay. 

Hydrocarbons found i n  Gul f  waters are predominately saturated 

hydrocarbons; concentrat ions o f  aromatics are usual l y  1 .0~.  Nonvol a t i  l e  

hydrocarbons have a range f rom 1 t o  12 ppb and aromatics range from 

1 t o  3 ppb, bu t  many samples contain undetectable amounts. Levels 

o f  p a r a f f i n  compounds are high--wi th s ing le - r ing  naphthenes the most 

abundant species. I n  general, surface waters have a higher content 

than deeper waters (Brown - e t  -* a1 1973, as c i t e d  i.n Bishop - e t  -* a1 

1975). Flowers -- e t  al .  (1975) 'found t h a t  hydrocarbon l eve l s  ranged 

f rom 17 t o  64 ppb and make up 80 t o  90 percent o f  the surface water 

organic matter  i n  coastal  Louisiana. The predominant carbon t e t r ach lo r i de  

ex t rac tab le  component i n  samples was the l i p i d  f a t t y  ac id  f r a c t i o n  

which ranged from 16 t o  136 ppb. 

S i t e  A sediments ( i n  September) contained near ly  three times (14,013 

ppb) the hydrocarbon content measured a t  S i t e  B ( i n  February)--5115' 

ppb (Table 2-25). This dif ference may be l a r g e l y  due t o  S i t e  A 's  f in 'er  

g r a i n  t ex tu re  and greater organic carbon content. The same t rend was 

found i n  the water column, w i th  S i t e  A having a greater hydrocarbon 

concentrat ion than S i t e  B (10.6 vs 0.36 ppb f o r  surface samples and 

9.2 vs 0.24 ppb f o r  near-bottom samples). 

Gas chromatographic t races o f  sediments i nd i ca te  t h a t  S i t e  A (Figures 



S l t e  A 
JSepte~l~ber 19771 

Surface (Mean) 

( Range) 

Bottom (Hean) 

Sediment (Mean) 

TABLE 2-25 Gas chromatograph hydrocarbon concentrations (ppb) i n  water samples and 
sediments from Weeks Island Sites A and B.  . . 

Hexane Fraction 
Resolved - Unresolved 

Surface (Mean) 0.034 

botto~n (Wean) 0.018 

(F:ange) 0.004 - 0.037 

Sediment (Mean) 61 2 

(Range) 66 - 3 , 3 9 0  

Benzene Fraction 
Resolved Unresolved 

Total - 



2-52 and 2-53) hydrocarbons are predominantly derived from waxes of 

higher plants with some contribution from petrogenic sources, while 

the opposite is true at Site B (Figures 2-54 and 2-55). However, Site A 

had a much higher sediment hydrocarbon concentration and was sampled 
at a different time of year. 

Traces representative of water column hydrocarbons at Site A (Figures 

2-56 to 2-58) showed large concentrations of toxic high molecular weight 
aromatic compounds, but the anomalies in Figure 2-58 may represent 
contamination in the samples from the ship's bilge. Chromatographs 

of the water column for Site B (Figures 2-59 to 2-62) suggest that 
the hydrocarbons represented were of biological origin though the bottom 
waters contained petrogenic hydrocarbons originating on land. 

Gas chromatograph-mass spectrometry analyses (Appendix B) show 
that the sediment at Site A contained an abundance of sulfur and that 
petrogenic hydrocarbon content generally increased when grain size. 
decreased. Sediments at Site I3 contained - n-alkanes with no odd carbon 
preference or olefinic compounds. Surface water fractions at Site B 
contained - n-a1 kanes, branched a1 kanes, and biogenic olef ins. 

Hydrocarbon concentrat ions in whole white shrimp samples (Table 
2-26) were similar at Site A (15.98 ppm) and Site B (14.46 ppm). How- 

ever, hydrocarbon levels in anchovies (Table 2-26) from Site B were 
eight times higher (114.5 ppm) than levels in shrimp. Croaker sampled 
at Site A had a hexane fraction of 8 ppm (Table 2-26). 

Chromatographs of hydrocarbons in croakers (Figure 2-63) show 

a large petrogenic content for Site A, but anchovies at Site B contained 
hydrocarbons mostly of biological origin. White shrimp contained mainly 

petrogenic compounds including steranes and tri terpanes (Figures 2-64 

to 2-67). Traces for shrimp from Site A showed a large polyolef in 

peak near but shrimp from Site B had a prominent pristane peak. 
Mass spectrometric analyses of shrimp from both sites (Appendix B) 
show that the aromatic fraction contained a number of potentially toxic 
aromatic and chlorinated compounds. In particular, shrimp collected 

from Site B contained at least 13 chlorinated compounds--DDE was most 
prominent with a concentration of approximately 15 ppb. 



=IGURE 2-52 Gas chromatographic t races  o f  the  ( a )  hexane and ( b )  benzene f r a c t i o n s  o f  sediment from Weeks 
I s l a n d  S i t e  A ,  s t a t i o n  WR-3. 



Island Site  A ,  station 1-5. 





FIGURE 2-55 Gas chromatographic t r a c e  o f  the benzene f r a c t i o n  o f  sediment from Weeks I s l a n d  S i t e  B, 
s t a t i o n  W-11. 



FIGURE 2-56' Gas chromatographic t races of the ( a )  hexane and (b)  benzene f r a c t i o n s  - o f  water  c o l l e c t e d  a t  
mid-depth from Weeks I s l a n d  S i t e  A ,  s t a t i o n  WR-3. 





-1GURE 2-58 Gas chromatographlc t races o f  the ( a )  hexane and (b )  benzene f r a c t i o n s  o f  surface water  from 
Weeks I s l a n d  S i t e  A ,  s t a t i o n  W-5. 



. - -  

I s l a n d  Slte 8,  s t a t i o n  WR-1. 





FIGURE 2-63 Gas  chromatograph:^ traces a f  the texane and benzene f r a c t i o n s  o f  the ( a )  surface water  and 
(b )  bottom water f i l t r a t e s  from W~eks I s l a n d  S i t e  B, statfonl W-5. 



FIGURE 2-62 Gas chromatographic t races o f  the  hexane and benzene fracclons of the ( a )  surface water  and 
(b)  bottom water f i l t r a t e s  from Weeks I s l a n d  S i t e  B ,  s t a t i o n  W-14. 

P 
f 



S i t e  A 
JSeptember 1977) 

Shrimp t a l l s  

TABLE 2-26 Hydrocarbon concentra t i ons  (ppm) i n  organisms coll ected from Weeks I s l a n d  
S i  tes  A and B. 

Hexane Frac t ion  Benzene Frac t ion  

Resolved Unresolved -- Resolved Unresolved 

Whole shrinrp 0.276 12.628 0.245 2.832 

Croaker w/o gut  

4 S i t e  B 
0 (February 19781 

Who1 e anchovya 
Mean 

Fa t t y  ac id  methyl es te r  
contami nat ion  

Range 38.634 - 57.384 31.594 - 45.Q22 5.235 - 11.745 13.456 - 32.186 

Whole w h l  t e  rhrlmpb 
Mean 2.027 

Range 1.555 - 2.429 6.492 - 10.824 0.326 - 1.796 1,312 - 5.085 

Total  - 

a ~ e a n  of  s i x  pools of f i v e  to e igh t  f i s h  each. 

b ~ e a n  o f  f i v e  pools o f  f i v e  t o  e i g h t  sh r lnp  each. 









WT-1 transect .  





2.3.5 Suspended Mat ter  

The t u r b i d i t y  o f  t he  water a t  S i tes  A and B  i s  caused main ly  by 

the  presence o f  suspended matter  i n  the water column. T u r b i d i t y  has 

a  1  arge in f luence  on 1  i g h t  penet ra t ion (transparency) through the water 

column and a f f e c t s  the  r a t e  o f  photosynthesis and p r o d u c t i v i t y  of the 

area. The greatest  t u r b i d i t y  occurs i n  shal low, inshore, low-sal i n i  t y  

waters because o f  the  in f luence  of runoff from the Atchafalaya and 

M iss i ss i pp i  Rivers.  These e f fec ts  have been detected 15 t o  18 m i les  

offshore. Secchi d i s c  measurements ranged from 1.5 t o  21 f e e t  (0.5 

t o  6.5 meters), (Flowers e t  a1 ., 1975). Low transparency usua l l y  occurs 

i n  February, May, and June; h igh transparency occurs i n  September and 

March. Secchi d isck  readings o f f  the Atchafalaya ranged from 0.7 t o  

2  f e e t  (0.2 t o  0.6 meters), w i t h  the greatest  t u r b i d i t y  occur r ing i n  

June and t he  l e a s t  occur r ing  i n  August and November (Juneau, 1975; 

Ba r re t t ,  1971). 

The in f luence  o f  the Atchafalaya River  on suspended matter  a t  

the  b r i n e  d i f f use r  s i t e s  i s  evidenced by the greater  t o t a l  suspended 

mat ter  a t  the more inshore S i t e  A (Table 2 -27) - -pa r t i cu la r l y  s ince 

S i t e  A was sampled dur ing a  per iod  o f  normal ly  low t u r b i d i t y .  Analysis 

of the  suspended ma te r i a l  shows t h a t  p a r t i c u l a t e  organic carbon makes 

up on l y  a  small p ropor t ion  o f  the suspended matter  a t  S i t e  A, perhaps 

as a  r e s u l t  o f  masking by t he  la rge  quan t i t y  o f  te r r igenous mate r ia l  

found here. 

TABLE 2-27. P a r t i c u l a t e  mate r ia l  i n  the water column a t  Weeks I s l and  
S i t es  A and B. 

To ta l  Suspended P a r t i c u l a t e  Organic POC/TSM 
Mat ter  (mq/l ) Carbon (mq C/1) (%) 

S i t e  A 
(September 1977) 

Mean 24.0 0.72 3  
Sur f  ace 

Range 3.0 - 51.7 -0.44 - 1.54 

Mean 63.5 0.72 1.13 
~ o t t o m  

Range 18.5 - 165.4 0.51 . -  1.19 



S i t e  B 
(February 1978) 

Mean 
Surf ace 

Range 

Mean 
Bot tom 

Range 



2.4 Biological Oceanography 

2.4.1 Habitats 

North of the Weeks Island sites the Louisiana coastline is gener- 

ally irregular and is characterized by a series of estuaries, bays, and 

rivers. These highly productive areas support valuable sport and. com- 

mercial fisheries which include shrimp, crabs, oysters, and menhaden. 

These species constitute almost 98 percent of Louisiana's commercial 
fishery production. In addition, coastal areas' serve as important 
spawning and nursery grounds for many marine species. 

The salinity of the waters at Sites A and B fluctuates seasonally 
due to the large variations in freshwater runoff, precipitation, and 

evaporation. The most influential factors regulating salinity at the 

sites are the Gulf of Mexico and freshwater from the Mississippi and 

Atchafalaya Rivers (Louisiana Wildlife and Fisheries Commission, 1971). 

Surface salinity in this region varies from a few parts per thousand 

in the estuaries to 36.5 ppt in the open Gulf waters. 

Water temperatures varied seasonally from a low of about 43'~ 

(6'~) in December to a high of 96'~ (35.6'~) in July. Currents in 

the area show that the net long-term d r i f t  ranges from 0.25 to 0.75 

knots (15 to 49 cm/sec) to the west and parallel to the coast. 

Turbidity is highest in the estuaries and coastal regions and 

decreases seaward. Dissolved oxygen attains maximum values (11.2 ppm) 
during the winter months (December and January) and lowest values (below 
5 ppm) during the mid-sumner (July and August). Nutrient (nitrogen, 

phosphorus) levels vary along the coast. Highest nutrient levels are 

normally found where salinity values are lowest, indicating that the 

major source of nutrients is from freshwater discharge into the coastal 
waters. Nutrient conccntrations decrease with distance from the coast.  

The offshore bottom topography has a gentle slope and parallels 

the coast'. Within 20 nautical miles of the coast, the water depth 
varies from less than 3 feet (1 meter) to more than 60 feet (18 meters), 

a slope of about 0.05 percent. The sediments in the area are predomi- 
nantly composed of highly organic silts and clays with some fine- to 

medium-grained sands and she1 1 fragments (LOOP, 1975). 



2.4.2 Plankton 

Because of the effect of the Atchafalaya River on the Gulf of 

Mexico, the plankton community is both diverse and productive. The 

indigenous plankton populations tolerate wide fluctuations in temperature 

and salinity. Due to this mixing of freshwater with Gulf waters, marine, 

estuarine, and freshwater plankton species may sometimes be found in 

the vicinity of the Weeks Island sites. 

Phytoplankton 

Phytoplankton are unicellular algae that rely on water currents 

for movement. These plankton convert water and nutrients into organic 

compounds by photosynthesis and are considered "the grasses of the 

sea." It is through the process of photosynthesis that phytoplankton 

act as an abundant source of energy for the higher trophic levels in 

the aquatic food web. The majority of the primary production at Sites 

A and B is due to phytoplankton rather than seaweeds or grasses. 

Depending on the season, diatoms and dinoflagellates dominate 

the phytoplankton community. As listed in Table 2-28, 35 species and 

26 genera of phytoplankton have been identified in the area (LOOP, 

1975). During the late spring-summer, the dominant genera include 

Ceratium, Exuviaella, Goniaulax, Gymnodinium, Asterionella, Biddulphia, 

Coscinodiscus, Cyclotella, Lithodismium, Navieula, Skeletonema, and 

Thalassiasira. From September through December, Biddulphia, Navicula, 

Nitzschia, and - Rhizosolenia are predominant; dinoflagellates are absent. 

During winter, the diatoms Asterionella, Fragillaria, Guinardia, Porosiria, 

Rhizosolenia, Skeletonema, and Thalassiosira dominate. 

Phytoplankton biomass and productivity undergo large spatial and 

temporal fluctuations in the Louisiana coastal waters. Total phytoplank- 

ton density has been reported to range from 0 to 305,000 cellslliter 

(LOOP, 1975). Because of the high turbidities in the area, plankton 

biomass attains maximum values in the near-surface waters. Biomass 

reaches a maximum from June through August and a minimum from October. 
to March. Cell densities are highest in the coastal bays and neritic 

zone and decrease seaward, In the  neritic zone, phytoplankton diversity 
is greater than in either open Gulf waters or inland waters due to 

t h e  presence of both freshwater and marine species. Values for primary 

2-1 29 



TABLE 2-28 Listing of phytoplankton taxa observed from May 1973 to 
March 1974. 

Pyrrophyta Cyanop hyt a 
Osci llatoria sp. 

Chlorophyta 
Chiorella sp. 

Asterionel la japonica 
Bacillaria sp. 
Biddulphia alternans 
Chaetoceros compressurn 
C. peruv i anum - 
C. pelagicurn - 
Coscinodiscus excentricus 
Coscinodiscus sp. 

Cyclotella sp. 
Fragillaria sp. 
Guinardia flaccida 
Hemidiscus sp. 
Lithodesrniurn undulatum 
Navicula distans 
Navlctrla sp.  

. . . -, . . - .. 

Nitzschia sp. 
Pleurosiqma sp. 
Porosira stelliqer 
Rhizosolenia acuminata 
R. alata - -  
R. fraqi 1 issima - 
R. imbricata - 
Skeletonema costatum 
Stauroneis rnembranacea 
Thalassiosira aestival is 

Ceratium furca 
C. hircus - 
Ceratium sp. 
Exuviael la sp. 
Goniaulax sp. 
G. monilata - 
Gymnodinium splendens 
feridinSum sp. 

SOURCE: LOOP, 1975. 



production in the inshore surface and integrated euphotic zone (0.55 
3 2 mg C/m /hr and 7.04 mg C/m /hr, respectively) are higher 'than those 

3 for offshore waters (0.21 mg C/m /hr and 5.45 mg c/m2 hr, respectively), 

(El Sayed, 1972, as cited in U.S. Dept. of Interior, 1976). 

The phytoplankton community at the Weeks Island brine diffuser 

sites conforms to the plankton community characteristic of the coastal 

waters of Louisiana. As listed in Tables 2-29 and 2-30, 115 species 
and 60 genera were identified in these waters between September 1977 

and Apri 1 1978.   he classes and number of species identified in each 
class are as follows : Baci 1 lariophyceae (83), Dinophyceae (20), Chloro- 

phyceae (7) , Cyanophyceae (4) , and Chrysophyceae (1). The majority 

of the Chlorophyceae and Cyanophyceae and several of the Baci 1 1  ariophy- 

ceae were freshwater species, having been introduced into these coastal 
waters by riverine discharge. These species included Chlorella sp., 

Scenedesmus spp., Ankistrodesmus sp., Fragillaria sp., Actinastrum 

sp., and Navicula spp., and were most abundant at Site A in t h e m r f a c e  
waters in the fall and mid-winter and were generally absent at Site 8 

in the late winter and spring. Several diatom species observed in 
this area, including Biddulphia spp., Chaetoceros spp., Rhizosolen'ia 

spp., Thalassiosira spp., and Skeletonema sp., are neretic forms (Cupp, 

1943). Other species found in these waters in smaller numbers are 

mainly oceanic in distribution. Dinoflagellates were predominantly 
cosmopol itan and neret ic species; two estuar ine-neret ic species (Dinophysi s 

sp. and Peridinium sp.) were noted infrequently in surface and bottom 
waters. 

Cell densities (Table 2-29, Figure 2-68) for surface and bottom 

waters at Site A were consistently' low during the fall sampling period 

(September to December 1977). In contrast, chlorophyll - a concentrations 
3 (Table 2-31, Figure 2-69) attained a maximum value (240 mg ch1 &/m ) 

in September but fell to less than 30 mg chl - a/m3 in October and December. 
During the late winter and early spring, phytoplankton and chloro- 

phyll - a concentrations at Site B increased (Table 2-32, Figure 2-68). 
Cell .densities peaked in 1 ate winter-early spring (Figure - 2-68). A 

4 3 small peak (105 x 10 /m ) occurred in mid-March and an additional in- 
4 3 crease (214 x 10 /m ) was evident in Apri 1. Chlorophyll - a concentrations 

peaked in March and decl i ned in Apri 1. 



TABLE 2-29 
4 

Phytoplankton species and number of c e l l s  per cubic meter i X  10 ) co l lected i n  the v i c i n i t y  
of  Weeks Is land S i te  A. 

September October ~ovember December 

Surf ace Bottom Surf ace Bottom Surf ace Bottom Surf ace Bottom 

CHLOROPHYCEAE 

Actinastrum hantzschi i 

Ankistrodesmus fa lcatus 

Chlore l la  sp. 

Chodatella quadriseta 

Chlorococcum sp. 

S. armatus - 
S. b i juga - 
S. quadricauda - 

TOTAL 

CYANOPHYCEAE 

Agmenel lum thermale 

AnacystCs incer ta  

O s c i l l a t o r i a  spp. 

Schizothr ix ca lc ico la  

Spi ru l  ina subsalsa 

TOTAL 

BAC ILLAR IOPHYCEAE 

Actinoptychus undulatus 

Bacteriastrum delicatulum 

0. hyalinum - 



TABLE 2-29 (cant ' d) . 

September October November December 

Surf ace Bottom Surf ace Bottom Surf ace Bottom Surf ace Bottom 

B i d d u l ~ h i a  a u r i t a  

B. mobi l iensis - 
B. sinensis - 
B. obtusa - 
C. pelagica - 
Chaetoceros a f f i n i s  

C. brev is  - 
C. compressus - 
C. costatus - 
C. curvisetum - 
C. decipiens - 
C. didynum - 
C. lacinosum - 
Corethron criophylum 

C. cen t ra l i s  - 
C. g r a n i i  - 
C. l ineatus - 
C. ocu lus- i r id is  - 
C. rad iatus - 
Coscinodiscus sp. 

Cyc lo te l la  c f .  C. caspia - 
C. menegh i n i ana - 

' Eucampia sp. 



TABLE 2-29 (cont  I d ) .  

Guinard ia  f l a c c i d a  

Hemidiscus hardmani ana 

Hemiaulus h a u c k i l  

Lep tocy l i nd rus  danicus 

L. minimus - 
Lithodesmium undulatum 

M e l o s i r a  g ranu la ta  

Rh izoso len ia  a l a t a  

R. c a l c a r - a v i s  - 
R. imbr i ca ta  - 
R. s e t i g e r a  - 
R. s t01  t e r f o t h i  i - 
Skeletonema costatum 

Stephanopyxis palmeriana 

Streptotheca thamensis 

T h a l a s s i o s i r a  a e s t i v a l  i s  

T. e c c e n t r i c a  - 
T. r o t u l a  - 
Thal a s s i o s i r a  sp. 

TOTAL 

September October November December 

Surf ace Bottom Surf ace Bottom Surf ace Bottom Surf  ace Bottom 

5.1 9.4 

2.8 

4.4 



TABLE 2-29 (con t  'd). 

PENNALES 

Amphiprora a l a t a  

A s t e r i o n e l l a  c f .  - A. formosa 

A. j apon ica  - 
D i p l o n e i s  c r a b r o  

F r a g i l a r i a  c f .  - F. l ep tos tau ron  

Gyrosigma b a l t i c u m  

N. m u r a l i s  - 
- N i t z s c h i a  a c i c u l a r i s  

N. c a p i t a t a  - 
N. c l o s t e r i u m  - 
N. pungens - 
N. sigma - 
N i t z s c h i a  spp. 

Synedra u lna  

Thal assionema n i  t zsch io ides  

T h a l a s s i o t h r i x  splendens 

Tropodonei s sp. 

TOTAL 

September October November December 

Sur f  ace Bottom Surf ace Bottom Sur f  ace Bottom Sur f  ace Bottom 



TABLE 2-29 (cont Id ) .  

September Oct'ober November December 

Surf ace 6ot:om Surf ace Bottom Surf ace Bottom Surf ace Bottom 

DINOPHYCEAE 

C. h i rcus - 
Dinophysis caudata 

P. conicum - 
P. divergens - 
Peridinium sp. 

Prorocentrum compressum 

N Pyrophacus sp. 
1 

TOTAL 

CHRYSOPHYTA 

Dictyocha f i b u l a  

TOTAL 

SAMPLE TOTAL 



TABLE 2-30 Phytoplankton species and number o f  c e l l s  per cubic meter ( x  l o 4 )  co l l ec ted  i n  the  v i c i n i t y  o f  
Weeks Is land  S i t e  B. 

February M i  d-March Late March Apr i 1 
Surf ace Bottom Surf ace Bottom Surf ace Bottom Surf ace Bottom 

CHLOROPHYCEAE 

Scenedesmus abundans 

TOTAL 

BACILLAR IOPHYCEAE 

Biddulphia a u r i t a  

B. mobi l iens is  - 
B. s inensis 

N - 
I -- w Ceratu l ina bergon i i  
u 

Chaetoceros a f f  i n i s  

C. b rev is  - 
C. costatus - 
C. curvisetum - 
C. decipiens - 
C. didynum - 
C. danicus - 
C. g r a c i l i s  - 
C. lacinosum - 
C. s o c i a l i s  - 
C. s i m i l i s  - 
C. c f .  C. s u b t i l i s  - - 
Chaetoceros sp. 



TABLE 2-30 (cont  I d ) .  

C. c e n t r a l i s  - 
C. l i n e a t u s  - 
C. o c u l u s - i r i d i s  - 
C. r a d i a t u s  - 
Coscinodiscus sp. 

C. s t r i a t a  - 
C y c l o t e l  l a  sp'. 

D i t y lum b r i g h t w e l l i i  1117.1 75.3 

Hemiaulus h a u c k i i  40 5 523.2 
rU 

L H. membranacews 74.8 
W - 

H. s inens is  - 266 310.5 

,February Mi d-March La te  March Apr i 1 

Sur f  ace Bottom Sur f  ace Bottom Sur f  ace Bottom Sur f  ace Bottom 

18.4 20.5 441.5 228.8 
6 10.5 

13.5 

48.8 8.5 

538.4 452.8 

Lep tocy l i nd rus  danicus 107.1 118 . 

L. minimus - 26 33.3 

Lithodesmium undulatum 66.5 

Rh izoso len ia  a l a t a  

R. c a l c a r - a v i s  - 
R. f r a g i l  i ss ima - 
R. imbr i ca ta  - 
R. s e t i g e r a  - 
R. s t y l i f o r m i s  - 
Skeletonema costatum 

Stephanopyxis palmeriana 

Streptotheca thamensis 



TABLE 2-30 (cont Id) .  

T. decipiens - 
T. eccentrica 
a 

T. r o t u l a  - 
T. s u b t i l i s  - 
Thalassiosira sp. 

T. f rauen fe ld i i  - 

TOTAL 

PENNALES 

A. japonica - 
N 

Gyrosigma balt icum 
I - N. cloc,*terium 
W - 
w N. c f .  N. f rustulum - .- 

N. pungens - 
N. sigma - 
Thalassionema ni tzschioides 

Tropodonei s lepidoptera 

TOTAL 

DINOPHYCEAE 

Ceratium furca 

C. fusus - -  
C. h i rcus - 

February Mid-March 

Surf ace Bottom Surf ace Bottom 

248.3 7.6 

Late March Apr i 1 
Surf ace Bottom Surf ace Bottom 

3 2 28.3 

15.3 3.6 

17 



TABLE 2-30 (cont  d) . 

C. t r i p o s  - 
Cladopyxis sp. 

Dinophysis caudata 

Dinophysis sp. 

N o c t i l u c a  m i l i a r i s  

Exuv iae l l a  b a l t i c a  

Goniaulax p o l  y g r  amrna 

Per id in ium a c i c u l  i f e r u m  
N 
I 
-1 

P. d ivergens - 
P Per id in ium sp. 

P. micans - 
P. maximum - 
P. scute l lum - 
P. v o l z i i  . 
Pyrophacus sp. 

TOTAL 

SAMPLE TOTAL 

February Mi d-Marchl La te  March Apr i 1 

Surface Bottom 5 u r f  ace Bottom Sur f  ace Bottom Sur f  ace Bottom 

9.6 3.5 7.2 16.3 

5.3 7.6 4.3 



- 
3 TABLE 2-31 Ch lo rophy l l  a  concen t ra t i on  (mg/m ) a t  Weeks I s l a n d  S i t e  A. 

September October November December 

S t a t i o n  Sur f  ace s u r f  acea Su r f  ace Surf ace Bottom 

WR-1 0  23.5 36.3 

W -8 0 0 43.7 50.5 16.9 

W-10 263.2 0 25.1 0  0 

W-11 0 14.66 26 7.5 20.7 

W-14 0 22.32 25.1 13.2 33.8 

W - 15 206.8 0 27.9 . o  0 

AVERAGE 244.1 21.59 .33.64 25.14 34.55 

a ~ v e r a g e  o f  two s u r f  ace rep1 i cates.  



TABLE 2 - 3 2  

S t a t i o n  

WR-2 

WR-3 

WR-4 

W - 1 

W -3 

W-5 

W -6 

W-8 

W-11 

W-14 

AVERAGE 

a 
Chlorophyl l  - a concentrat ion (mg/mU) a t  Weeks I s l a n d  S i t e  €3. 

February M i  d-March Late  Mar.:h 
Surf ace flottorn Surf ace Bottom Sclrf ace 3ottom 

Apr i 1 
Surf ace Bottom 



FIGURE 2-68 Average p h y t o p l a n k t o n  d e n s i t y  a t  Weeks I s l a n d  S i t e s  A and E l .  
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Diatoms were t h e  major c o n t r i b u t o r  t o  these p lank ton  pulses through- 

ou t  t h e  8-month sampling p e r i o d  (Tables 2-33 and 2-34, F igure  2-70). 

I n  general, t h e  diatoms made up more than 71  percent  o f  t h e  plankton, 

w i t h  two except ions- - in  December, when the  percentage o f  Cyanophyceae 

i n  sur face  waters was h igh  (Table 2-33, F igure 2-71), and i n  March 

and A p r i l ,  when t h e  percentage o f  d i n o f l a g e l l a t e s  i n  bottom waters 

was h igh  (Table 2-34, F igure 2-72). The percentage c o n t r i b u t i o n  o f  

each o f  t h e  phytoplankton groups i s  summarized i n  Tables 2-33 and 2- 

34 and Figures 2-70 through 2-73. 

N u t r i e n t s  ( s i l i c a t e ,  phosphate, and inorgan ic  n i t r o g e n )  were consis-  

t e n t l y  h igher  a t  S i t e  A than a t  S i t e  D (Table 2-17). A t  S i t e  A, sur face  

n u t r i e n t  concent ra t ions  were gene ra l l y  h igher  i n  t he  sur face  waters 

than i n  bottom layers;  a t  S i t e  B, n u t r i e n t  concent ra t ions  i n  the  sur face  

and bottom waters were s i m i l a r .  There was l i t t l e  c o r r e l a t i o n  between . 

n u t r i e n t  l e v e l s  (Table 2-17) and phytoplankton d e n s i t i e s  (F igure  2-68).  

2.4.2.2 Zooplankton 

Zooplankton as a group have a 1 i m i t e d  abi 1  i t y  f o r  h o r i z o n t a l  moiement 

y e t  can undergo l a r g e  v e r t i c a l  m ig ra t i ons  w i t h i n  t h e  water column. 

Herbivorous zooplankton t r a n s f e r  energy f rom t h e  pr imary producers 

t o  h igher  l e v e l s  o f  t h e  food web. Zooplankters are a l so  composed o f  

eggs o r  l a r v a e  o f  f i s h ,  shrimp, crabs, oysters,  and o the r  organisms 

which spend a p o r t i o n  o f  t h e i r  l i f e  cyc les  as p lank ton  (meroplankton).  

Many o ther  species a re  p lank ton i c  f o r  t h e i r  e n t i r e  l i f e  c y c l e  (holoplank-  

t on ) .  Zooplankton tend t o  be omnivores though most species show a 

preference as herb ivores  o r  carn ivores,  and consume the  a l t e r n a t e  food 

source o r  d e t r i t u s  when t h e i r  major food i s  scarce. The copepods Aca r t i a ,  

Paracalanus, and Oithona, t h e  dominant zooplankton species a t  t h e  d i f f u s e r  

s i t e ,  are ma in l y  herb ivores  and thus t h e i r  seasonal popu la t i on  cyc les  

f o l l o w  those o f  t he  phytoplankton. These organisms are known t o  feed 

t o  a much l esse r  degree on d e t r i t u s  and o the r  animals. 

Zooplankton types c o l l e c t e d  east o f  t h e  M i s s i s s i p p i  D e l t a  (LOOP, 

1975) are l i s t e d  i n  Table 2-35. Copepods dominated du r i ng  a l l  sampl i n g  

months, composing 52 t o  97 percent  o f  t h e  monthly t o t a l  and averaging 

79 percent  over a l l  months. A c a r t i a  sp., t h e  predominant copepod genus, 

c o n s t i t u t e d  53 percent  of t he  t o t a l .  I n  t h e  coas ta l  waters of Louisiana, 



TABLE 2-33 4 3 Composition ( #  c e l l s  x 10 /m ) of major classes o f  phytoplankton, Weeks I s land  S i t e  A. 

CHLOROPHY CEAE 

CYANOPHYCEAE 

BACILLAR IOPHYCEAE 

Centrales 

Pennal es 

Tota l  

DINOPHYCEAE 

CHRYSOPHYCEAE 
r u  

1 
d 

P 
cn TOTAL 

September October November December 

S u r f  ace 'Eottom Surface Bottom Surface Bottom Surface Bottom 

6 5 41 15 7 20 

337 19 24 . .72 3 5 1,014 

CHLOROPHY C EAE ( x )  a 1.3 0.93 0.77 0.22 0.43 1.20 

CYANOPHYCEAE (%), 7.1 0.44 1.2 ' . 2.44 3.23 60.5 

BACILLAR IOPHYCEAE (%) 91.4 98.57 97.19 97.33 100 96.32 38.24 100 

D INOPHVCEAE (%) 0.008 0.009 

a These numbers represent the percentages of each of the four classes of phytoplankton i n  the surface and 
bottom samples. 



4 3 TABLE 2-34 Composit ion ( #  c e l l s  x 10 /m ) of major c lasses  o f  phytoplankton, Weeks I s l a n d  S i t e  B. 

February M i  d-March La te  March A p r i l  

Surface Bottom Surface Bottom Sur f  ace Bottom Sur f  ace Bottom 

CHLORDPHYCEAE 7 

CYANOPHYC EAE 

BACILLARIOPHYCEAE 

Cent ra les  4,244 6,769 15,772 18,500 1,656 747 78,197 185,662 

Pennales 954 86,847 21 132 6,090 28,611 

T o t a l  4,244 6,769 16,726 105,347 1,677 879 84,287 214,273 

DINOPHYCEAE 36 5 297 680 900 655 850 

CHRYSOPHYCEAE 

TOTAL 4,244 6,769 17,091 105,65 1 2,357 1,779 84,942 215,123 

CHLOROPHYCEAE (%) a 

CYANOPHYCEAE (%) 

BAC ILLARIOPHYCEAE (%) 100 100 97.86 99.61 71.01 49.38 99.22 99.6 

0 INOPHY CEAE (%) 2.13 0.28 28.84 50.61 0.77 0.39 

a These numbers represent  t h e  percentages of each of t h e  f o u r  c lasses of phytoplankton i n  t h e  sur face  and 
b o t t o n  samples. 











TABLE 2-35 L i s t i n g  o f  zoop lank ton  c o l l e c t e d  d u r i n g  t h e  LOOP (1975)  
s tudy .  

Phylum PROTOZOA: 

C lass  Sarcodina 

Phylum COELENTERATA 

C lass  Hydrozoa: medusae 

C lass  Scyphozoa: medusae 

Phylum CTENOPHORA 

Cld 'sb T e r i t & ~ u l a t a  

Phylum ASCHELMINTHES 

C lass  R o t i f e r a  

C lass  Nernatoda 

Phy l  um MOLLUSCA 

C lass  Pelecypoda: Lame l l i b ranch  l a r v a e  

C lass  Pteropoda: Larvae 

C lass  Cephalopoda: Squid l a r v a e  

Phylum ARTHROPOOA 

Class Crustacea 

halip 1 e 1 

Zoea 

Megalops 

Ostracoda 

C 1 adocera 

Copepoda 

A c a r t i a  sp. 

Centrnpages sp. 

Eucal  anus sp. 

Lab idocera  sp. 

Paracalanus sp. 

P o n t e l l a  sp. 

O i thona  sp. 

H e r p a c t i c o i d s  

Misc.  copepods 



TABLE 2-35 ( c o n t  ' d  ) . 

Amphi pods 

I sopods 

Mys idacea  

Cumacea 

Stomatopoda 1  arvae 

Decapoda 

L u c i f e r  f a x o n i  

Acetes americanus 

Penaeld p o s t l a r v a e  

Car idean p o s t l a r v a e  

U n i d e n t i f i e d  decapod p o s t  l a r v a e  

Phy l  urn CHAETOGNATHA 

S a q i t t a  sp. 

Phy l  urn CHORDATA 

Subphylum Tun i ca ta  

C 1  ass Larvacea 

O ikop leu ra  sp. 

C lass  Tha l i acea  

D o l i o l i d s  

Subphylum V e r t e r a t a  

F i s h  eggs 

F i s h  l a r v a e  

SOURCE: Ragan, 1975. 



G i l l e s p i e  (1971) r e p o r t e d  t h a t  A c a r t i a  sp. made up an average of 60 

pe rcen t  o f  t h e  t o t a l  p l a n k t o n  d e n s i t y , . w i t h  maximum d e n s i t i e s  i n  May 

and October. Du r i ng  t h e  LOOP study, Paracalanus sp. was t h e  second 

most abundant genera, composing 28 percen t  o f  t he  copepods. G i l l e s p i e  

r e p o r t e d  t h a t  t h i s  spec ies occur red  o n l y  i n  coas ta l  waters eas t  o f  

T i m b a l i e r  Bay, Lou is iana ,  i n  t he  e a r l y  s p r i n g  and was absent d u r i n g  

t h e  summer months. Other  copepods p e r i o d i c a l l y  p resen t  i n  q u a n t i t y  

were Centropaqes sp., Oi thona sp., Eucalanus sp., Labidocera sp., and 

Temora sp, 

A success iona l  p a t t e r n  i n , zoop lank ton  species occurs th roughout  

t h e  yea r  ( G i l  l e s p i e ,  1971); f o r  example, pteropods are abundant from 

J u l y  t o  November, w i t h  a  maximum abundance i n  October. I n  Ju ly ,  August, 

and February,  pe lecypod l a r v a e  are t h e  abundant species.  C i r r i p e d i a  

n a u p l i i  are p resen t  th roughout  t h e  year  b u t  have maxima i n  A p r i l  and 

October.  Decopod l a r v a e  a re  found f rom A p r i  1  t o  November, w i t h  t h e i r  

maximum i n  August. From A p r i l  th rough  November many f i s h  l a r v a e  a re  

p resen t ;  t h e i r  d e n s i t i e s  peak i n  June. 

3 Zooplankton peaks (1441 organisms/m ) g e n e r a l l y  occur  i n  May, 
3 w i t h  a low (740 organisms/m ) i n  March and f rom June th rough September. 

Dur ing  t he  LOOP study,  mean zooplankton d e n s i t i e s  ranged f r om 2000 
3 t o  120,000 organisms/m . D e n s i t i e s  a t  mid-depth were genera l  fy h i ghe r  

than  those a t  t h e  sur face .  Dur ing  t he  LOOP study, zooplankton maxima 

were recorded i n  May th rough June and i n  September and November. Minima 

have been no ted  f r om December th rough March and f r om June th rough September 

(LOOP, 1975; G i l l e s p i e ,  1971). The pe r i ods  o f  zooplankton minima and 

maxima c o r r e l a t e  c l o s e l y  w i t h  env i ronmenta l  parameters such as water  

temperature and s a l i n i t y ,  l o c a l  cu r ren t s ,  winds, phy top lank ton  d e n s i t y ,  

and p reda t i on ,  e s p e c i a l l y  by ctenophores. 

A t  t h e  Weeks I s l a n d  s i t e s ,  e i g h t  zooplankton phy la  were i d e n t i f i e d  

(Tables 2-36 and 2-37).  Copepods dominated a l l  of t h e  samples, b u t  

were g e n e r a l l y  most abundant a t  S i t e  A (September t o  December). Th is  

d i f f e r e n c e  between s i t e s  i s  p robab l y  due t o  t he  seasonal p l ank ton  minima 

which occurs i n  t h e  G u l f  waters f rom December t o  March. The copepod 

p o p u l a t i o n  a t  b o t h  s i t e s  made up 95 t o  99 percen t  o f  . the t o t a l  zooplankton 

community. A c a r t i a  tonsa, w h i l e  g e n e r a l l y  more abundant a t  S i t e  A, 



TABLE. 2-36 Average number o f  zooplankton pe r  cub i c  meter  c o l l e c t e d  a t  Weeks I s l a n d  S i t e  A. 

September October November December 

< 1  HYDROZOA 

Hydromedusae 

TOTAL 

CTENOPHORA 

Beroe sp. - 

TOTAL 

ANNEL IDA 

Polychaeta 

TOTAL 

N 
I - ARTHROPODA 
ul 
~n Crustacea 

C d r r i p e d i  a 

Naupl i i 

TOTAL 

Capepoda 

Naupl i i 

Acar t  i a tonsa  

Cal i g u s  sp. 

Labidocera sp. 

Long iped ia  sp. 

Oi thona b s e v i c o r n i s  

O i thona  c o l c a r v a  

Paracalanus c r a s s i r o s t r i s  



Table 2-36 (cont  ' d )  . 

Pseudodiatomus coronatws 

Temora t u b i n a t a  

TOTAL 

I sopoda 

Aegatha ocula ta  

TOIAL 

Mys i dacea 

Mysidopsis sp. 

TOTAL 

DECAPODA 

C a l l  inectus sapidus 

C l i b i n a r u s  v i t t a t u s  

Luc i f e r  f axonii 

. Ocypodidae 

Palaemonetes sp. 

Penaeopsis sp. 

Penaeus s e t i f e r u s  

P e t r o l  i s t h e s  armatus 

P i n n i x i a  sp. zoea 

Rithropanopeus h a r r i s s i i  

Xanthid metalops 

TOTAL 

October November December 



Table 2-36 (con t 'd ) . .  

BRY OZOA 

Larvae 

TOTAL 

CHORDATA 

Larvacea 

Anchoa m i t c h e l l i  

Gobidae Larva? 

TOTAL 
N 
I 
--.I 

cn CHAETOGNATHA 
Sagi t t a  enf 1 aka 

TOTAL 

SAMPLE TOTAL 

Copepod/TOTAL ( X )  

A c a r t i  a tonsa/lQTAL ( X )  

September October November December 



TABLE 2-37 Average number of zoopl'ankton per  cubic meter c o l l e c t e d  a t  We2ks I s l a n d  S i t e  0. 

February Mid-March Late March Apr i  1 

HY DROZOA 

Hydromedusae 

TOTAL 

CTENOPHORA 

Beroe sp. 

TOTAL 

ANNELIDA 

Polychaet a 

Larvae 

TOTAL 
IU 
I 
A 

U1 
ARTHROPODA 

03 Crustacea 

Naupl i i 

Cypr is  la rvae 

TOTAL 

Copepoda 

Naupl i i 

A c a r t i a  tonsa 

Centropaqes sp. 

Corycaeus sublatus 

Lab idocera sp. 

Oithona b rev i cosn is  

Oithona colcarva 



Table 2-37 (cont  'cj) . 

Oncaea sp, 

Paracalanus c r a s s i r o s t r i s  

Sapharel l  a sp. 

Temora t u b i n a t a  

TOTAL 

Mysidacea 

Mysidopsis sp. 

Mysid sp. 

N TOTAL 
I 
-1 

VI 
a DECAPODA 

Acetes americanus 

C a l l i n e c t u s  sapidus 

C l i b i n a r u s  v i t t a t u s  

Luci fer  faxoni  

P i n n i x i a  sp. zoea 

Penaeus sp. l a r v a e  

TOTAL 

Larvacea 
Brevor t ia  . sp. - 
Syngnathus :ouisianae 

U n i d e n t i f i e d  la rvae  

TOTAL 

February Mid-March . Late   arch Apri  1 

< 1 < 1 
< 1 < 1 < 1 
< 1 
< 1 < 1 

< 1 52 6 



Table 2-37 ( c o n t ' d ) .  

February Mid-March 

CHAETOGNATHA 

S a g i t t a  e n f l a t a  

TOTAL 

SAMPLE TOTAL 

Acar t  i a tonsa/TOTAL ( X )  

Late  March Apr i 1 



c o n t r i b u t e d  o n l y  25 t o  51 percen t  o f  t h e  t o t a l  zooplankton biomass. 

A t  S i t e  B, - -  A. tonsa c o n t r i b u t e d  69 t o  95 percen t  o f  t h e  t o t a l  (Tab le  

2-38). Copepod n a u p l i i  were codominant a t  S i t e  A f r om September th rough 

November and were cons ide rab l y  l e s s  abundant f r om February th rough 

A p r i l  a t  S i t e  B. Paracalanus c rassos t rea  was more abundant a t  S i t e  

A. Two species abundant a t  S i t e  A b u t  absent a t  S i t e  B were Labidocera 

sp. and Oi thona b r e v i c o r n i s  (Tab le  2-38). 

A t  S i t e  A, average zooplankton d e n s i t i e s  ranged f r om a minimum 

of 8 1  organisms/m3 i n  October t o  almost 661 organisms/m3 i n  November 

( F i g u r c  2-.7(1) I n  con t ras t ,  a d i s t i n c t  . se r ies  o r  I I I ~ I I  ~IIIUIII C U U ~ I L S  were 
found a t  S i t e  B f r om February t o  A p r i l .  The f a l l  maximum and s p r i n g  

minimum correspond c l o s e l y  w i t h  p l ank ton  d e n s i t i e s  sampled west o f  

t h e  D e l t a  (LOOP, 1975; G i l l e s p i e ,  1971). 

Trace metal  analyses performed on se lec ted  b i o l o g i c a l  samples 

c o l l e c t e d  a t  t h e  d i f f u s e r  s i t e  a re  presented i n  Appendix B. Zooplankton 

con ta ined  h ighe r  concen t ra t i ons  o f  a l l  meta ls  (except  copper) t han  

d i d  f i s h  o r  shrimp. Th i s  d i f f e r e n c e  i s  due, i n  p a r t ,  t o  t h e  concent ra t -  

i n g  ab i  1  i t y  o f  these secondary producers (mos t l y  chaetognaths) and 

a l s o  t o  t h e  d i f f e r e n c e  o f  t h e  ex t reme ly  h i g h  su r f ace  area-to-mass r a t i o  

of t h e  zooplankton r e l a t i v e  t o  t h e  o the r  macrofauna. Compared t o  two 

o t h e r  zoopl ankton samples taken  f r om t h e  nor thwest  G u l f  o f  Mexico (Appendix 

B ) ,  manganese (Mn), z i n c  (Zn),  and n i c k e l  ( N i )  con ten ts  were h i ghe r  

i n  t h e  Weeks I s l a n d  samples, w h i l e  l ead  (Pb) con ten t  was cons ide rab l y  

less .  Concent ra t ions  o f  i r o n  (Fe),  copper (Cu), cadmium (Cd), and 

aluminum ( A l ) ,  were w i t h i n  t h e  range o f  va lues measured i n  nor thwes t  

G u l f  samples. 



TABLE 2-38 Percentage composi t ion of t h e  f o u r  most abundant zooplankton species c o l l  ected du r ing  
each sampl i n g  p2r iod.  

A c a r t i  a tansa 

Copepod naup 1 i i 

S i t e  A S i t e  B 

Septmber  October November December February Mid-March La te  March A p r i l  

46.2 45.7 50.9 25 - 7  69.1 92.1 95.5 71.4 

Centropages sp. 

Labidocera sp. 2.5 

O i  thona b r e v i c o r n i s  7.1 6.5 35.5 

Oithona ca lca rva  10.7 14 :5 

Paracal  anus c rassost rea 10.8 19.4 12.6 33.4 5.7 

S a g i t t a  e n f l a t a  

N 
C y p r i  s 1 arvae 

I 
-I 

O, Larvaceae 
N 





2.4.3 Benth ic  I n v e r t e b r a t e s  

Ben th i c  i n v e r t e b r a t e s  r e p r e s e n t i n g  many p h y l a  and t r o p h i c  l e v e l s  are 

f o u n d . a t  t h e  Weeks I s l a n d  s i t e s  and a r e  impor tan t  c o n t r i b u t o r s  t o  t h e  

t r o p h i c  s t r u c t u r e .  Some ben th i c  organisms feed  on d e t r i t u s  and 

phy top lank ton  and conve r t  t h i s  energy i n t o  a  fo rm n o t  o therw ise  a v a i l a b l e  

t o  h i ghe r  t r o p h i c  organisms. Other ben th i c  forms a re  ca rn i vo res  o r  a re  

preyed upon b y  h i ghe r  carn ivores ;  some o f  t h e  t o p  ben th i c  ca rn i vo res  a r e  

c o m n e r c i a l l y  impo r tan t  spec ies such as shrimp, b l u e  crab, croaker ,  and r e d  

drum. 

I n  t h i s  study, shrimp, crabs, a n d ' f i s h  that. spend a t  l ~ a ~ t ,  pa r t  nf t h e  

t i m e  on t h e  bot tom were cons idered as nekton s i nce  t hey  a re  h i g h l y  m o t i l e  

and a re  most o f t e n  caught w i t h  bottom t r a w l s .  The American o y s t e r  

(Crassos t rea  v i r g i n i c a ) ,  a  ben th i c  organism o f  s i g n i f i c a n t  commercial 

importance i n  t h e  reg ion ,  does n o t  i n h a b i t  t he  p r o j e c t  area though some 

r e l i c  o y s t e r  r e e f s  a re  l o c a t e d  o f f  P o i n t  Au Fer I s l a n d  ( F i g u r e  1-2) .  

Ben th ic  i n v e r t e b r a t e  d i s t r i b u t i o n  and abundance i s  g r e a t l y  a f f e c t e d  

by env i ronmenta l  f a c t o r s  such as sediment type, water depth, DO, s a l i n i t y ,  

and temperature,  The sediments i n  t h e  area c o n s i s t  ma in l y  o f  s i l t  and f i n e  

' sand which a r e  depos i ted  f rom t h e  M i s s i s s i p p i  and A tcha fa laya  R ivers .  The 

DO i n  bottom water i s  o f t e n  low d u r i n g  s u m e r  months. I n  waters west o f  t he  

M i s s i s s i p p i  R iver ,  t h e r e  i s  a  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  between DO 

and t o t a l  number o f  i n v e r t e b r a t e s  and polychaetes. However, a  s t a t i s t i -  

c a l l y  s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n  i s  found between s a l i n i t y  and t o t a l  

po lychaetes,  t o t a l  i n v e r t e b r a t e s ,  and phoronids.  It i s  r e p o r t e d  t h a t  

between t h e  25- and 140- foo t  (8- and 43-meter) depth contours,  t h e r e  i s  a  

genera l  decrease i n  t h e  d e n s i t y  o f  b e n t h i c  macro inver tebra tes ;  however, 

t h e i r  d e n s i t i e s  a r e  u s u a l l y  h i ghe r  a t  s t a t i o n s  i n  49 t o  62 f e e t  (15 t o  19 

meters )  o f  water than  a t  those i n  25 t o  30 f e e t  ( 8  t o  9  meters) ,  (Ragan, 

1975).  

Ragan (1975) r e p o r t s  t he  presence of 24 t a x a  o f  b e n t h i c  macro inver te -  

b r a t e s  (Tab le  2-39). Polychaetes a re  most abundant, averaging 69 percen t  

o f  t h e  t o t a l  number of organisms. Phoronids and pelecypods a re  t h e  second 

and t h i r d  most abundant organisms, r e s p e c t i v e l y .  These t h r e e  groups make 

up 94 pe rcen t  o f  t h e  samples. The mean d e n s i t y  f o r  t o t a l  i n v e r t e b r a t e s  i s  

860 organisms/m2, w i t h  t h e  range a t  i n d i v i d u a l  s t a t i o n s  f rom 180 t o  2700 



W TABLE 2-39 Listing of benthic infauna collected by ponar grab sampler 
in Louisiana coastal waters during the LOOP study. 

Scyphozoa: Medusae (jellyfish) 

Anthozoa: Sea anemones 

Nemertinea: Ribbon worms 

Nematoda: Roundworms 

Polychaeta: Sandworms 

Gastropoda: Snai 1 s 

Cancel laria ret iculata 

Oliva sayana 

Polinices duplicatus 

Other gastropods 

Pelecypoda: 
1 

Mulinia sp. 

Other Pelecypods 

Isopoda: Isopods 

Amphipoda: Amphipods 

Clibanarius vittatus: hermit crab 

Other hermit crabs 

Spider crabs 

Cra.ngon sp. : Snapping shrimp 

Xiphopenaeus sp.: Sea bobs 

Unidentified shrimp 

Phoron i da 

Chaetognatha: Arrow worms 

Sagitta sp.: Arrow worm 

Echinodermata: Ophiuroidea - Brittle star 
 hep phi achcrdata : Lancelets 

b 

Salpa sp. 

I Source: ' Ragan, 1975. 



2 organisms/m . Seasonal d e n s i t y  v a r i e s  w i t h  depth; a t  sha l low s t a t i o n s  (25 

t o  62 f e e t  ( 8  t o  19 m e t e r s ) )  peaks occur i n  January and March, w h i l e  a t  

deeper s t a t i o n s  ( 70  t o  140 f e e t  ( 2 1  t o  43 m e t e r s ) )  t h e  h i g h e s t  d e n s i t i e s  

occur  i n  September and December. Furthermore, these  t r ends  may depend on 

seasonal f l u c t u a t i o n s  i n  bot tom s a l i n i t y  and DO r a t h e r  than  on l i g h t  and 

temperature.  Ragan (1975)  concludes t h a t  t h e  r e g i o n ' s  b e n t h i c  i nve r te -  

b r a t e s  a re  n o t  " e x c e p t i o n a l l y  p roduc t i ve , "  though t h e y  a r e  s i g n i f i c a n t l y  

more p r o d u c t i v e  i n  onshore areas than  i n  o f f s h o r e  areas. 

I n  c o n t r a s t  t o  t h e  LOOP study, 95 t a x a  o f  b e n t h i c  i n v e r t e b r a t e s  were 

c o l l e c t e d  a t  Weeks I s l a n d  S i t e  A f r om September th rough  December 1977 and 

183 t a x a  were c o l l e c t e d  a t  S i t e  B f r om  February th rough  A p r i l  1978 (Tab le  

2-40).  

Species d i v e r s i t y ,  as measured by Shannon's d e n s i t y  index, was 

c a l c u l a t e d  f o r  each s i t e  d u r i n g  t h e  sampl ing program. The i n d e w a n  be 

used t o  measure t h e  q u a l i t y  o f  t h e  environment and t h e  e f f e c t  o f  s t r e s s  on 

t h e  s t r u c t u r e  o f  a macrobenth ic  community. Communities w i t h  l a r g e  numbers 

o f  species--none p resen t  i n  overwhelming abundance--have h i g h  d i v e r s i t y  

index  values. S t r e s s  tends  t o  reduce d i v e r s i t y  by  making t h e  environment 

u n s u i t a b l e  t o  some spec ies o r  by g i v i n g  o t h e r  spec ies a c o m p e t i t i v e  

advantage. Thus, t h i s  index  can be used t o  compare, on a r e l a t i v e  bas is ,  

t h e  h e a l t h i n e s s  o f  v a r i o u s  organism assemblages. The c a l c u l a t e d  spec ies 

d i v e r s i t i e s  a t  S i t e s  A and B a re  s i m i l a r ,  b u t  S i t e  B had a g r e a t e r  range 

(Tab le  2-40).  I n d i v i d u a l  s t a t i o n  va lues range f r om 0.48 (WR-3, September) 

t o  2.5 (W-1, November) a t  S i t e  A and from 0.73 (W-2, A p r i l )  t o  3.11 (WR-2, 

mid-March) a t  S i t e  B. Low d i v e r s i t y  va lues a re  a r e s u l t  o f  c e r t a l n  

po lychae te  spec ies  which dominated many samples a t  b o t h  s i t e s  and t h e  

b i v a l v e  M u l i n i a  which dominated t h e  A p r i l  sample a t  S i t e  B. 

The d e n s i t y  o f  b e n t h i c  organisms was much g r e a t e r  a t  S i t e  0 than  a t  

S i t e  A (Tables 2-41 and 2-42); va lues a t  S i t e  A remained f a i r l y  cons tan t  
2 f r o m  September t o  December, r a n g i n g  from 530 t o  604 i n d i v i d u a l s / m  , 

S t a t i o n  d e n s i t i e s  ranged f rom 165/m2 (WR-3, December) t o  1410 
ri 

i nd i v i dua l s /mL  (WR-1, October) .  A t  S i t e  B, d e n s i t y  va lues  inc reased  from 
2 2 958/m i n  February  t o  12,478 i n d i v i d u a l s l m  i n  A p r i l .  S t a t i o n  d e n s i t i e s  

2 2 ranged f rom 701111 (W-4, February)  t o  45,360 i n d i v i d u a l  s/m (W-5, A p r i  1 ) , 
(Tab les  2-40, and C - 1  t o  C-8). D e n s i t i e s  a t  S i t e  A were s i m i l a r  t o  those 



TABLE 2-40 summary comparison o f  benthic macroinvertebrate infauna co l l ec ted  a t  
Weeks I s l and  S i tes  A and B.a 

T o t a l  number o f  taxa 

2 Mean month ly  d e n s i t y  range ( t n d l v l d u a l  s/m ) 

Mean month ly  d i v e r s i t y  (H') range 

Number o f  po lychaete taxa 

Number o f  crustacean taxa 

N Number o f  mo l lusk  taxa 
I 
A 

m Number o f  mlscel laneous taxa 
u 

Percentage o f  polychaetes (monthly range) 

Percentage o f  crustaceans (monthly range) 

Percentage o f  mol lusks (monthly range) 

Percentage o f  miscel laneous groups (monthly range) 

S l t e  A 
(Sept - Dec 1977) 

S l t e  0 
(Feb - Apr 1978) 

a Based on data i n  Appendix C. 



TABLE 2-41 Sumnary of benthic mac oinvertebrate collections at 
Weeks Island Site A a a *  6 

Collection Date 
Oc t - Nov - 

R 

Sept 

R 

A 

Dec - 
UC 

A 

ANTHOZOA 

RHYNCHOCELA 

CHAETOGNATHA 

Sagitta sp. 

GASTR~PO~A 

Anachis obesa 
Anachis sp. 
Nassarlus acutus 
Tectonatica pussilla 
Polinices duplicatus 
Epi toniurn rubicola 
Epi tonium sp. 
Prunum apicinum 
Prunurn sp. 

Tere_bra m t e x a  
Terebra sp. 
Neritina sp. 
Olivella dealbata 
T~~rhonil la sp. 
Cantharus cancelarius 

Dental i um texasianum 
-. -- 

PELECYPODA 

Mulinia . ... ..=-- lateralis 
Nuculana concentrica 
Anadara oval i s  

Chione sp. 



TABLE 2-41 (cont 'd) . 

Collection Date 

Oc t - Nov - Sept 

R 

. R 

R 

Dec - 
Noetidae 
Semel e prof i cua 
Semele be1 lastri tta 

Pandora trilineata 
Lucina multilineata 

Lucia arniantus 
Tellina sp. 
Abra aequalis - 
Gems sp. 
Mactra sp. 

Solen viridis 
Macoma constricta 

Macorna sp. 

Spiophanes bornbyx 
Streblospio benedicti 

Cossura longocirrata 
Sigambra sp. 
Lumbrineris sp. 

Lepidasthenia varia 
Pseudeurythoe ambi gua 

Malmgrenia c f .  lunulata 

Glycera sp. 
Lepidonotus sp. 

Gyptis brevipalpa 

Clymenel la torquata 

'Chaetopterus variopedatus 
Onuphis opalina 

Onuphis sp. 
Diopatra cuprea 
Megel ona rosea 



TABLE 2-41 (cont 'd) . 

Collection Date 

Sep t Oc t - - Nov 

Cirratulus sp. 
Amphictes qunneri 
Chone infundibuliformis 

Glycinde sol i taria 
Paraonis fulqens 

Neanthes succinea 
Aglaophamus verrilli 

Syl 1 i dae 

Stenolepis sp. 
Scolupus cf. elongatus 
Ancistrosyllis spp. 

OLIGOCHAETA 

CRUSTACEA 

Monoculodes intermedius 
Corophium sp. 
Ogyrides limicola 

Campylaspis rubicunda 

Oxyurostylis smithi 
Edotea montosa 
Paracaprell a pus1 1 1  a 

Calidus sp. 
Mysidopsis bigelowi 

Lucifer faxmi 

Acetes arnericanus cardinea 
Harseria rapax 

Xi phipeneus kroyeri 
Penaeus seti ferus 
Upobeqia affinis 

Callianassa latispina 
Pol vonvx j i  bbes i 



TABLE 2-41 (cont'd). 

~uceramus prael onqus 

Pagurus bull i si 

Hepatus pudibundus 

Panopeus turgi dus 

Panopeus herbstii 

Portunus sayi 

Pinnixa chaetopterana 

ECHINODERMATA 

Amphipholis sp. 

Ptychodera bahamensis 

CEPHALOCHORDATA 

Collection Date 

Sept Oc t - Nov - Dec - 

R 

Branchistoma sp. U C R UC 

Total Taxa 6 1 55 49 42 

2 Density (/m ) 540 604 533 530 

Diversity ( H ' ) ~  1.76 1.78 1.72 1.76 

a ~ a t a  from Appendix C, Tables C-1 through C-4, based on 32 samples in 
September and October and 38 in November and December. 

b~ = abundant (1 00 or more collected) ; C = common (20 to 99 collected) ; 
UC = uncommon (5 to 19 collected); R = rare (less than 5 collected). 

C~iversity calculated using Shannon's diversity index, H' = -r  ni/N In ni/N. 



TABLE 2-42 Sumary of benthic macroinvertebrate col lections at Weeks 
Island Site ~ . ~ s ~  

CNI DARIA 

Anthozoa 

Actiniaria 

Paranthus sp. 
Anemones (uni denti f ied) 

RYNCHOCOELA 

Nemerteans (unidentified) 
ECTOPROCTA 

Bryozoans (unidentified) 
PHORON I DA 

Phoronids ,('unidentified) 
MOLLUSCA 

Gas tropoda 

Vitrinellidae 
Cyclostremiscus pentaqonus 
Vitrinella floridana 

Epi t o n i  idae 

Epitonium multistriatum 

Me1 anel 1 idae 
Eul ima (=Strombiforrnis) bil ineatus 

Naticidae 
Natica pusilla 

Natica canrena 

Pol inices dupl icatus 

Co1 umbel 1 i dae 

Anachis obesa 
Bucci n i  dae 

Cantharus cancellaria 
Nassari idae 

Nassarius acutus 

Feb - 
Collection Date 

Mid-Mar Late Mar Apr 



TABLE 2-42 (cont ' d) . 

Collection Date 
Feb Mid-Mar Late Mar Apr - 

01 ividae 
Oliva sayana 

Olivella minuta 
Terebridae 

Terebra protexta R UC R R 

Turridae 

Kurtzieila cf. rubella ".- -. - ,, ..*. ....- R R 
Pyramidel 1 idae 
Turbonilla portoricana R 

Odostomia gibbosa 
Odostomia seminuda R 

Odostomia sp. (near teres) 
Acteonidae 

Acteon (=Rictaxi s )  punctostriatus 
Atyidae 
Haminoea succinea 

Retusidae 
Vol vulel la' texasiana 

Aplysia 

Aplysiidae 

Aplysia sp. 
Pel ecypoda 

Solenidae 
Solen viridis R U C R U C 

Arcidae 
Anadara transversa R 

Luci ni dae 

Linga (=Lucina) amiantus U C UC R R 

Parvilucina (=Lucina) mu1 ti1 ineata R 
Cardi idae 

Trachycardi um muri catum UC 



TABLE 2-42 (cont ' d) . 

Collection Date 

Feb Mid-Mar Late Mar Apr - 
Tell inidae 

Tell ina squami fera 
Tellina iris 

Tell i na vers i col or 
Tellina sp. 
Mactridae 
Mulinia lateralis 

Scmcl i dac 

Abra aequalis - 
Vener i dae 
Dosi ni a el egans 
Mercenaria campechiensi s 

Corbulidae 
Corbul a cf. contracta 
Peri pl omatidae 

P ~ r i p !  oma margari taceum 

Pelecypoda sp. A 
Pelecypoda sp. B 
Ventricolaria rugati na 

Polychaeta 

Polynoidae 
Lepidasthenia macul ata 
Lepidasthenia sp. 
Harmothoe sp. 

Gattyana nutti 

Eulepethidae 
Grubeulepis c f .  mexicana 
Sigalionidae 

Sthenelais boa 
Sigalion arenicola 

Sigal ionids (unidentified) 



TABLE 2-42 (cont'd) . 

Collection Date 

Feb Mid-Mar Late Mar Apr - 
Amphinomidae 

Pseudeurythoe arnbigua 

Phyl 1 odoci dae 
Eteone lactea 

Eteone heteropoda 
Eulalia bilineata 

Par-ariai t ' i ~  prslyr~u i deb  

Phyllodoce mucosa 

Phyl 1 odoce fragi 1 is 
Phyl lodocidae (juvenile) 

Pilargiidae 
Sigarnbra tentacul ata 
Litocorsa strerruna 

Ancistrosyllis jonesi 
Ancistrosyllis groenlandica 
Hesionidae 

Gyptis vittata 

Nerei dae 
Nereis succinea 

Nere id  sp. A 
Nereid sp. B 
Nereids (juvenile) 

Nephtyidae 

Nephtys picta 
Aglaopharnus verrilli 

Nephtyids (juvenile) 

Glyceri dae 
Glycera arnericana 

Glycera di branchf ata 

Glycera sp. (juvenile) 



TABLE 2-42 (cont ' d) . 

Collection Date 
Feb Mid-Mar Late Mar Apr - 

Goniadidae 
Goniada littorea . . 

Glycinde nordrnanni 

Onuphidae 
Onuphis eremita 
Onuphis nebulosa 
D i o p ~ t r ~  cuppea 

Onuphids (juvenile) 
Lumbri neri dae 
Lurnbrineris a1 bidentata 

Lurnbrineris tenuis 
Lumbri neris parvapedata 
Ninoe nigripes 

Dorvilleidae 
Schistomeri ngos rudol phi 

Spi onidae 
Pol ydora 1 i gni 

- 

Polydora sp. (near caul leryi) 
Minuspio cirrifera 
Paraprionospio pi nnata 

Appoprionospio pyqmaea 

Prionospio cristata 
Spiophanes bombyx 
Spiophanes wig1 eyf 

Scolelepis texana 

Dispio uncinata 

Spionids (unidentified) 
Magelbnidae 
Maqelona papillicornis 

Magelona phyllisae 
Maqel ona rosea 
Magelona sp. (unidentified) 



TABLE 2-42 (cont 'd) . 

Col lection Date 

Feb Mid-Mar Late Mar Apr - 

R 

R 

Poeci 1 ochaetidae 
Poecilochaetus johnsoni 

Chaetopteridae 

Spiochaetopterus costarum 

Chaetopterids (unidentified) 
Cirratul idae 
Tharyx marioni 
Caulleriella sp. 
Chaetozone sp. (near gayheadia) R 

Cirriformia grandi s 
Cirratul id (unidentified) 

Cossuridae 
Cossura delta 
Orbiniidae 

Hapl oscol opl os fol iosus 
Hapl oscolopl os fraqi 1 is 
Hapl oscol opl as sp. 

Scoloplos capensis 
Scol o ~ l  os rubra 

Orbinia americana --.-. - -  - 
Paraonidae 
Paraonis gracilis R 
Paraonides Jyra R 

Aricidea cf. fragilis R 
Aricidea sp. (near jeffreysii) R 

Aedi ci ra be1 gi cae R 

Paraonids (unidentified) 

Opheliidae 
Armandia agilis . 

Armandia maculata 
*- 



TABLE 2-42 (cont ' d) . 

Capitellidae 
Mediomastus californiensis 

hotomastus latericeus 
Notomastus cf. latericeus 

Notomastus lobatus 
Capitellids (unidentified) 

Ma1 dani dae 
Asychis elonqata 
Asychis sp. 

Llymenel 1 a torquata 
Maldanids (unidentified) 

Oweni i dae 
Owenia fusiformis 

Galathowenia sp. 
Flabelligeridae 
Piromis , ..... &.- sp. 

Pectinariidae 
Pectinaria gouldii 

Ampharetidae 
Ampharete americana 

Ampharetids (unidentified) 
Terebell idae- 

toimia medusa 
Amaeana trilobata 

Pista palmata 
Sabellidae 
Chone americana 

Sabell id (unidentified) 
SIPUNCULA 

Collection Date 
Feb Mid-Mar Late Mar Apr - 

R 

A A A A 

Phascolion sp. 
Golfinqia sp. 



TABLE 2-42 (cont ' d )  . 

Collection Date 
Feb Mid-Mar LateMar @ - 

ARTHROPODA 

Crus tacea 

Ostracoda 

Myodocopa 

Sars ie l la  gett lesoni 

Sars ie l la  sp. 
Asteropteron o c u l i t r i s t i s  

Ostracods (unidentified) 
Ma1 acos traca 

Mysi dacea 

Mysidopsis biqelowi 
. Mys idopsi s sp. 

Cumacea 
Cyclaspis varians 
Cyclaspis sp. 
0xyuro.s tyl  i s  sp. 

Isopoda 
Munni dae 
Munna sp. 
Sphaeromati dae 
Ancinus depressus 

Idoteidae 
Edotea montosa 

Amph i poda 
Arnpel i sc i  dae 

- 

Arnpelisca v e r r i l l i  

Arnpelisca agassizi  
Ampel i sca sp. A 

.. . 
Ampelisca sp. B 
~ r g i s s i d a e  : 

Argissa hamatipes 



TABLE 2-42 (cont ' d) . 

Oedi cerotidae 
Synchelidium cf. americanum 
Monoculodes nyei 

Corophiidae 
Erichthonius brasiliensis 
torophlum fi~j~sianum 
Microprotopus raneyi 

Microprotopus sp. 
Synopiidae 
firon tropakis - 
Li 1 jeborgi idae 
Listriel la barnardi 

Phoxocephalidae 
Paraphoxus cf. epistomus .--- 

Haustoriidae 
Platyischnopus sp. 

Acanth~ha~.tori us sp. 
Protohaustorius bousfiel di 
Stenothoidae 
Parametopella tcxcnsis 

Bateidae 
Batea catharinensis - 
Ischypoceridae 
Jasss faleata - 

Decapoda 
Natantia 
Penaei dae 
Trachypenaeus similis 

Trachypenaeus constrictus 

Xiphopenaeus kroyeri 

Serges t i dae 
Acetes americana 

Collection Date 
Feb Mid-Mar Late Mar & - 



TABLE 2-42 (cont ' dl-. 

Col 1 ecti,on Date 

- - Feb Mid-Mar Late Mar ' Aprp 

Pasiphaeidae 

Leptochela serratorbita 

Rl p he i dae. 
Automate rectifrons 

Hi ppol ytidae 
Latreutes parvulus 

Ogyrididae 

Oqyrides 1 imicol a 
Reptantia 

Call ianassidae 

Callianassa acanthochirus 

Porcellanidae 

Euceramus prael onqus 

Diogenidae 

~sochel es wurdemann i 
Paguridae R 
Paqurus bonairensis U C U C 
A1 buneidae 
A1 bunea paretti U C 
Cal appidae. 

Hepatus ephel ltf cus R 

Persephona mediterranea 

Ma j idae 

Majid (unidentified). 

Portunidae 

O ~ a l  ipes fl oridanus 

Callinectes similis 

Call inectes sp. (juvenile) 

Portunid (juveni 1 el 

Xanthidae 

Hexapanopeus angusti frons 



TABLE 2-42 (cont  ' d )  . 

Co l l ec t i on  Date 

Feb Mid-Mar Late Mar Apr - 
Gonepl a c i  dae 

Speocarci nus 1  obatus 

Pinnother idae 

Pinn ixa sayana 

Pinn ixa chacei 

P inn ixa sp. ( j u v e n i l e )  

P innother ids  ( j u v e n i l e )  

ECH I NODERMATA 

Lu id idae  

L u i d i a  c l a t h r a t a  

Ophi uroidea 

Amphi u r idae  

Mic ropho l i s  - a t r a  

Ophiactidae 

Hemipholis elongata 

Ophiuroids ( j uven i l es )  

Hol o thu ro i  dea 
- .- . . - Holothuroids (un iden t i f i ed )  

CHORDATA 

Hemi chorda t a  

Branchi.ostoma c a r i  bbaeum 

To ta l  Taxa 
2 Densi ty ( /m ) 

D i v e r s i t y  (HI)' 

a ~ a t a  from Appendix C, Tables C-5 through C-8, based on 18 samples i n  
February and mid-March and 19 i n  l a t e  March and Apr i  1 . 

b~ = abundant (100 o r  more co l l ec ted )  ; C = comnon (20 t o  90 co l l ec ted )  ; 
UC = uncomnon ( 5  t o  19 co l  l ec ted )  ; R = r a r e  (1  ess than 5 col  l ec ted )  . 

C ~ i v e r s i  ty ca lcu la ted  us ing Shannon's d i v e r s i t y  index, H '  = -Z ni/N I n  ni/N. 



repor ted by Ragan (1975) f o r  coasta l  Louisiana, wh i le  those f rom S i t e  B, as 

a whole, were s l i g h t l y  lower than values repor ted a t  s i m i l a r  depths o f f  t he  
2 Texas coast  (1673 t o  5008 ind iv idua ls /m ), (U.S. Dept. o f  Energy, 1978). 

These s i m i l a r i t i e s  i n  dens i t y  may be due t o  the  s i m i l a r  g ra i n  s izes o f  the  

respect ive  groupings. 

The benthic macroinvertebrate assemblages a t  both S i t es  A and B were 

dominated by polychaetes. Th is  phylum made up 64 t o  73 percent o f  t he  

i n d i v i d u a l s  co l l ec ted  from each c ru i se  a t  S i t e  A and 27 t o  86 percent  o f  

the  i nd i v i dua l s  co l l ec ted  from each c ru i se  a t  S i t e  B (Table 2-40). The 

polychaete Spiophanes was usua l l y  the  most dominant benth ic  organism a t  

both  s i t e s  throughout the sampling period. Mollusks and crustaceans were 

abundant a t  both s i tes ,  p a r t i c u l a r l y  the  b iva lves Nuculana and M u l i n i a  

(Tables 2-41, 2-42, and C - 1  t o  C-8). 

Although phylum percentages were s i m i l a r  a t  t he  two s i tes ,  the re  were 

d i f fe rences  i n  densi ty ,  as described e a r l i e r ,  and i n  d i s t r i b u t i o n  a t  the 

species leve l .  The polychaetes St reb losp io  and Cossura were found mainly 

a t  S i t e  A, wh i le  the  polychaetes Mediomastus, Paraprionospio, Magelona,and 

Owenia were predominant a t  S i t e  B. Mu1 i n i a  and anenomes were i n  abundance 

a t  S i t e  8; nemerteans and 01 igochaetes were found i n  greater  dens i t i e s  a t  

S i t e  A. 

These d i f fe rences i n  d i s t r i b u t i o n  may have resu l t ed  from seasonal 

1 i f e  cylces, feeding preference, g ra i n  s i ze  preference, o r  water qua1 i t y  

parameters. Although sediment was s i l t y  a t  S i t e  A and.sandy a t  S i t e  B, 

water q u a l i t y  a t  the  two s i t e s  was s im i l a r .  Species d i s t r i b u t i o n  may have 

va r ied  between t he  s i t e s  because they were sampled a t  d i f f e r e n t  seasons. 

For example, Mu l i n i a  was most abundant a t  S i t e  A du r i ng . t he  September 

sampling per iod but  dens i ty  decreased i n  subsequent months. A t  S i t e  B, few 

Mu l i n i a  were co l l ec ted  i n  February, bu t  the number increased i n  March and 

reached extremely h igh l eve l s  i n  A p r i l .  This t rend  seems t o  i n d i c a t e  a 

d i s t r i b u t i o n  based on the  organism's seasonal l i f e  s t y l e  r a the r  than sedi- 

ment g ra i n  size. Anenomes and the  polychaetes Paraprionospio, Magelona, 

and Owenia were found i n  greater  numbers a t  S i t e  B and t h e i r  abundance 

increased w i t h  the onset o f  spring--perhaps due t o  both seasonal and sedi- 

ment s i ze  fac tors .  



A seasonal trend which has been reported along the Texas Gulf coast 

(SEADOCK, 1975) is evident when combining data from the two sites. 

Recruitment of the young begins during the winter, with peak populations 

occurring from February through April. The benthic population is at a 

reduced level in the autumn, after sumer predation and mortality. 

The SEADOCK (1975) study, conducted off the central Texas coast, 
found similar species dominating the nearshore coastal areas--particularly 

Spiophanes, Mediomastus, and Streblospio, and to a lesser extent, Cossura 
and Mulinia. Magelona and Owenia were found farther offshore. As with 

this study of the Weeks Island area, greater abundances were associated 
with sandier grain size. Organism composition was similar to that of the 

LOOP study site except that phoronids were the second most dominant group 
in the LOOP study, but were rare in the Weeks Island area. 

2.4.4 Nekton 

2.4.4.1 Regional and Site Specific Characterization 

Coastal Louisiana provides an extremely suitable habitat for one of 
the major fisheries areas in the United States. Its high level of produc- 
tivity is largely due to the interaction of the Mississippi River Delta 
system with the Gulf of Mexico. Some of the major fisheries include 

shrimp, menhaden, oysters, and blue crabs. Average annual harvests in the 
d w d ,  frurn 1963 to 1967, are presented 1n Table 2-43. Many of these 
species depend on the bays and estuaries for spawning, feeding, and growth, 
and as a nursery area (Table 2-44). 

Commercial landings in coastal and inland Louisiana during 1976 were 
1.2 billion pounds, valued at $138 million. Menhaden was the leading 

species in weight (1.1 billion pounds) and was second in value ($37 
- 

million). Shrimp was second in weight (82 million pounds) but first in 
value ($80 million). The blue crab ranked third in weight (15.2 million 
pounds) and fourth in value ($3.1 million). Oysters were third in value 
($9 million). Louisiana led all states in volume and was third in value 

(U .S .  Dept. of Commerce, 1977b). 

Sportfishing in the Louisiana coastal area is extremely popular and 
provides for a large industry. The bays and nearshore regions yield 
At1 antic croaker, spot, red drum, seatrout, black drum, southern flounder, 



I 

TABLE 2-43 Average annual harvest of major commercial fish and 
she1 lfish in Louisiana (1963-1967). 

Weight Val'ue 
Species (mi 1 1  ions of pounds Jmillions of dollars) 

Menhaden 713.06 10.12 

Shrimp 73.51 26.68 

Croaker 

Oyster 

Blue crab 

Spot 

Catfish and bull heads 

S'eatrout 

Red drum 

TOTAL 842.37 43.48 

SOURCE: U. S. Army Corps of Engineers, 1973. 



TABLE 2-44 Mig ra to r y  behavior o f  coasta l  organisms. a  

Movement i n t o  Estuar ies  
Month (o r  nearshore zone) Movement Out of Estuar ies  

Jan Southern hake, Red drum 
( peak 

Menhaden, Spadefish 

Feb S t r ing ray ,  Brown shrimp post- 
larvae,  Menhaden, Spadefish 

Mar Gu l f  k i l l i f i s h ,  Spot, Cut- Blue ca t f i sh ,  Sheepshead 
l a s s f i s h ,  Hogchoker, Bu t t e r -  minnow, Longnose k i l l i -  
f i s h ,  Rough s i l ve r s i de ,  f i s h  
Flounder, Tonguef i sh 

&. 

GaPYtopsai I c a t f i s h ,  Sea Bighead searobin 
ca t f i sh ,  B lue f i sh ,  Bumper, 
Sand seatrout ,  Southern 
k i n g f i s h ,  Shipjack h e r r i n g  
( i n  and ou t  same month), 
Adu l t  croaker, Back drum 
(peak), P in f i sh ,  A t l a n t i c  
t h read f i n ,  Toadfish, Mid- 
s  h  i pman 

May S t r i ped  anchovy, L i za rd f i sh ,  
Sardine, Spanish mackerel, 
White shrimp post larvae 

June Needlef ish, Pompano, Cre= 
val l c  jack, Leather jacket ,  
A t l an t i r ;  s o ~ i ~ f  is11 

Ju ly  Lady f i  sh, Lookdown 

Sept 

Oct Menhaden, S.heepshead 
minnow, Bighead searobin 

Menhaden, Southern 
hake 

B u t t e r f i s h  

Ladyfish, A t l a n t i e  
threadf  i n 

Adu l t  croaker, Rough 
s i  l v e r s i d e  

Sardine, B luef ish,  
Leather jacket ,  A t l a n t i c  
moonfish, Sand seatrout ,  
Cut lassf ish ,  Spanish 
mackerel 



' TABLE 2-44 (cont  'd) .  

Month - 
Nov 

Dec 

Movement i n t o  Estuar ies  
(o r  nears hore zone) Movement from Estuar ies  

Blue c a t f i s h ,  Juveni l e  S t r iped  anchovy, 
croaker Gaf f topsa i l ,  Sea 

c a t f i s h ,  
Needlef ish, Pompano, 
Creval 1e jack,  Bumper, 
Lookdown, P in f ish ,  
Tonguefish, Toadfish, 
Midshipmanj White 
shrimp j uven i l es  

Longnose k i l l i f i s h  St r ingray,  L i z a r d f  ish,  
Gulf k i l l i f i s h ,  Spot, 
Southern k i ng f i sh ,  
Fl  ounder , Hogchoker ' 

. . 

, a ~ r o m  data contained i n  cooperat ive Gul f  o f  Mexico Estuar ine Inventory  
and Study, Louisiana, Phase I V ,  B io logy.  Perret ,  - e t  -* a1 1971. 

SOURCE: U.S. Dept. o f  Comnerce, 1977a. 



sheepshead, and spadef ish.  O i  1  r i g s  provide a r e e f  1  i ke environment w i t h  

assemblages o f  cobia, c reva l  l e  jack, greater amberjack, sheepshead, great  

barracuda, k i n g  mackerel, b l ue  runner, and A t l a n t i c  spadefish. 

Recent s tud ies o f  c e n t r a l  coasta l  Louis iana (Perret ,  1971; Ragan and 

Harr is ,  1975) charac te r i ze  t he  reg ion  as having more than 42 species o f  

inver tebra tes  (Table C-9). Some o f  the  more abundant inver tebrates found 0 \r\ 

i n  these s tud ies are seabob, b r i e f  squid, whi te  shrimp, brown shrimp, and 

b lue  crab. 

Based on t r a w l  data f rom S i t e  A (September t o  December 1977), the  

dominant inver tebra tes  co l l ec ted  were t he  whi te  shrimp, seabob, b lue  crabs 

( i n c l u d i n g  juven i les ) ,  and b r i e f  squid (Table 2-45). The dominant 

inver tebra tes  c o l l e c t e d  i n  t r a w l s  a t  S i t e  B (February t o  A p r i l  1978) were 

t he  seabob, b r i e f  squid, and white, sugar, and broken-neck shrimp (Table 2- 

46). A t  l e a s t  21 and 23 taxa o f  inver tebrates were co l l ec ted  a t  S i tes  A 

and B, respec t i ve ly .  The number o f  inver tebrates co l  lected, t h e i r  

d i v e r s i t y ,  and the  number o f  co l l ec t i ons  i n  which they were present were 

greater  a t  S i t e  A (Tables 2-45, 2-46, and C-10 t o  C-18). The sparseness of 

benth ic  organisms c o l l e c t e d  i n  the  S i t e  B t r aw l  dur ing A p r i l  may have been 

due t o  low d isso lved oxygen l eve l s  found a t  c e r t a i n  s ta t i ons  a t  t h a t  time. 

This anoxic layer  became we l l  developed a t  t he  s i t e s  dur ing the  summer (see 

Section 2.3.1) and was q u i t e  extensive i n  the nor thern Gul f  o f  Mexicu, 

Drawn shrimp were not  very abundant i n  t r aw l  c o l l e c t i o n s  a.t e i t h e r  

s i t e .  This was expected s ince these shrimp are usua l l y  located f a r t he r  

offshore and have t h e i r  peak abundances between June and l a t e  October. The 

commercially important  inver tebrates- - inc lud ing whi te and brown shrimp, 

seabob, and blue crab--were Inure abundant dur ing autumn and e a r l y  w in te r  a t  

S i t e  A than dur ing  l a t e  w in te r  and e a r l y  spr ing a t  S i t e  B. During the  

October survey, a t  l eas t  23 t raw le rs  were observed w i t h i n  a  5-mile rad ius 

n f  S i t e  A. 

F ish  tended t o  dominate t raw l  samples, outnumbering inver tebrates i n  

both number o f  species and t o t a l  i nd i v i dua l s  and weight. The reg ional  

ichthyofauna are comprised o f  a t  l e a s t  105 f i s h  species (Table C-20), 

(Perret ,  1971; Ragan and Harr is,  1975; Dunham, 1972; Juneau, 1975). Many 

other  f i s h  which are scarce o r  e lus ive  are a lso l i k e l y  t o  i nhab i t  the  area, 

s ince more than 600 species o f  f i s h  are known t o  occur i n  coastal  Gu l f  

water off Texas (U.S. Dept. o f  Energy, 1978). 



TABLE 2-45 S m a r y  o f  t raw l  catches o f  inver tebra tes  and f i s h  co l  l ec ted  
a t  Weeks I s l and  S i t e  A.a,b 

somnon Name Scient i f ic  N a m ~  Col lec t ion Date 
Invertebrates Septm - Nov - Dec 

Hydroid co1on.y Hydrozoa P P 

Sea ne t t l e  Chrysaora quinquecirrha UC 

Cabbagehead Stomolophus meleagri s C 

Sea anemone Cal l  fac t  i s  t r i c o l o r  R 

Sea anemone (unident i f ied) Anthozoa UC 

Bryozoan 

Moon snai l  

Arc she l l  (clam) 

B r i e f  squid 

Mantis shrimp 

White shrimp 

Brown shrimp 

Penaeid shrimp 

Rock shrimp 

Seabob 
A Striped hermit crab 

Hem4 t crab 

Purse crab 

Spider crab 

Blue crab 
Swiming crab 

Fish - 
Shrimp eel 

Gulf menhaden 

Bay anchovy 

Striped anchovy 

.Sea ca t f i sh  

Gafftopsail  ca t f i sh  

A t lan t i c  midshipman 

Bryozoa 

Pol in ices dupl icatus 

Arcidae 

Lo1 1 i guncul a brev i  s . .~ .- 

Squi 11 a empusa 

Penaeus set i ferus . 
Penaeus aztecus 

Penaeidae ( juveni le)  

Sicyonia dorsal i s  

Xiphopenaeus kroyer i  

C l  ibanarius v i  t t a  tus 
Paqurus po l  1 i c a r i  s 

Persephona aqui 1 onari s 

L ib in ia  sp. 

Call  inectes sapidus 

Portunidae ( juveni  1 e) 

Ophichthus gomesi 

Breroor t i a  patronus 

Anchoa mi t c h i  11 i - 
Anchoa hepsetus - 
Arius f e l i s  -- 
Baqre marinus 

Porichthys porosissimus 



TABLE 2-45 ( con t  ' d)  . 

Comnon Name 
.Ff sh - 

Skilletfish 
Crested cusk-eel 
Chain pipefish 
Atlantic moqnfish 
Lookdown 
Atlantic bumper 
Bluntnose jack 
Creval le  jack 
Southern kingfi sh 
Atlantic croaker 
Sand seatrout 
Spot 
Star drum 
Banded croaker 
Silver perch 
Spadef i sh 
Atlantic threadfin 
Southern stargazer 
Fat sl eeper 
Atlantic. cutlassfish 
Gulf butterfish 
Bighead sea robin 
Blackfin sea robin 
Fringed flounder 
Bay whiff 
Lined sole 
Hogcho ker 
81 ackcheek tonguef i sh 
Least puffer 

Scientf ff c .Name 

Gobiesox stivrnosus 
Ophidion welshi 

- Syngnathus louisianae 
Vomer setapinnis - 
Selene vomer -- 
Chloroscombrus chrysurus 
Hernicaranx amblyrhynchus 
Caranx hippos - 
Mentici rrhus americanus 
Micropogon undulatus 
Cynoscion arenarius 
Leiostomus xanthurus 
Stel 1 i fer lanceolatus 
Larimus fasciatus 
Bairdiella chrysura 
Chaetodipterus faber 
Polydactylus octonemus 
Astroscopus y-qraecum 
Dormi tator maculatus 
Trichiurus 1 e~ tu ru s  

b u r t l  

Prionotus t r i  bulus 
Prionotus rubio 
Etropus crossotus 
C i  tharichthys spilopterus 
Achirus lineatus 
Trinectes macul atus 
Symphurus plagiusa 
Sphoeroides parvus - 

a ~ a t a  from Appendix C, Tables C-10 through C-13. 

Collection Date 
Oc t - Nov - Dec - 

R 

R 

R 
A 

UC 

A 

R 
R 

R 

UC 

R 

R 7 

UC 

UC 

R 

b~ = abundant (more than 50 c o l  1 ected) ; C = comnon (21 t o  50 co l  1 ected) ; 
UC = uncommon (5  t o  20 co l  l ec ted) ;  R = r a r e  ( l ess  than 5 co l l ec ted )  ; 
P = present. 



TABLE 2-46 Summary of t rawl  catches f invertebrates and f i s h  co l lec ted  
a t  Weeks Island. S i t e  B e a s  ! 

' Comnon Name S c i e n t i f i c  Name 

Invertebrates 

Anenome Anthozoa 

Bryozoan Bryozoa 
Gastropods Gastropoda 

(un iden t i f i ed )  

Razor clam 

B r i e f  squid 

Mantis shrimp 

Paras i t i c  i sopod 

White shirmp 

Broken-neck shrimp 

Sugar shrimp 

Rock shrimp 

Sergestid shrimp 

Seabob 

Hermit crab 

Porcel 1 i n  crab 

Nole crab 

Lady crab 

Portuni  d crab 

S t a r f i s h  

Seastar 

Ensis sp. - 
L o l l  iguncu l a  b rev i s  

S q u i l l a  sp. 
Leptochcl i d  serra Lurb l ta  

Aegathoa oculata 

Penaeus set i fe rus  

Trachypenaeus cons t r i c tus  

Parapenaeus l o n g i r o s t r i s  

Sicyonia dorsal i s  

Acetes americanus 

X i  phopenaeus k roye r i  

Ogyrides 1 imico la  

Paqurus p o l  1 i c a r i s  

Porce l l  ana sayana 

A1 bunea p a r e t i i  

Lepidopa websteri  

Oval i pes sp. 

Portunus qibbesi  i 

Astropect in sp. 

Luida c la th ra ta  - 
Fish - 

. Feb - Mid-Mar Late Mar Ear ly  Apr Apr 

R 

P 

UC - 

American eel  Angui 11 a r o s t r a t a  UC 
Bay anchovy Anchoa mi t c h i  11 i A A 

St r iped anchovy Anchoa hepsetus R 
L i  za rd f i sh  Synodus sp. A 
Sea c a t f i s h  Ar ius f e l  i s  R R UC -- 
Gulf  hake Urophysis c i r r a t u s  R 



TABLE 2-46 (cont ' d )  . 

Comnon Name Scientific Name 
Fish - 

Southern hake Urophysis floridanus 
Crested cusk eel Ophidion we1 shi 

Chain pipefish Syngnathus louisianae 
Sheepshead Archosargus probatocephal us 
Kf ng whiting Mentf cf rrhus saxa ti 1 i s  

Gulf kingfish Menticirrhus 1 i ttoral i s  

Sand seatrout Cynoscion arenari us 
Red drum Sciaenops ocel 1 ata 

Spot Leiostomus xanthurus 
Star drum Stell i fer  lanceolatus 
Banded croaker Larimus fasciatus 
Silver perch Bairdiel la chrysura 
At1 antic cutlassfish Trichiurus lepturus 
Gulf butterfish Pepri 1 us burti 
Bighead searobin Prionotus t r i  bul us 

Blackfin searobin Pri onotus rubi o 
Fringed f1 ounder Etropus crossotus 
Bay whiff Ci tharichthys spi lopterus 
Blackcheek tonguefish Symphurus $1 agi.usa - 

Least puffer Sphoeroides parvus 

Collection Date 

Feb Mid-Mar Late Mar Early Apr & - 
UR 

R 

UC 
R 

UC 
R 

A A 
R 

UC 

UC 

A 
R 

UC' 

R 
R R 

a ~ a t a  from Appendix C ,  Tables C-14 through C-18. 
b~ = abundant (more than 50 collected); C = common (21 t o  50 collected) ; 

UC = uncormn ( 5  to 20 collected);  R = rare ( less  than 5 collected);  
P = present. 



Some o f  t h e  more abundant f i s h  o f  t h e  reg ion  inc lude  t h e  bay anchovy, 

A t l a n t i c  croaker, sea c a t f i s h ,  rock  seabass, G u l f  menhaden, A t l a n t i c  

c u t l a s s f i s h ,  f r i n g e d  f lounder ,  spot, sand seatrout ,  G u l f  b u t t e r f i s h ,  

A t l a n t i c  bumper, b l u e  spot ted  sea rob in ,  and A t l a n t i c  th read f in .  Depth, 

d is tance of fshore,  and DO have been shown t o  have a  h i g h l y  p o s i t i v e  

c o r r e l a t i o n  w i t h  nekton abundance i n  t h i s  nearshore coas ta l  region.  

Seasonal d i f f e rences  may a l so  af fect  species abundance (Ragan and Har r i s ,  

1975). 

The bay anchovy, sand seat rout ,  and s t a r  drum were t h e  most abundant 

f i s h  c o l l e c t e d  f rom t r a w l s  a t  S i t e  A, though t h e  A t l a n t i c  croaker and sea 

c a t f i s h  were a lso  common (Tables 2-45, and C-10 t o  C-13). S t r i p e d  

anchovies were p l e n t i f u l  i n  September, and A t l a n t i c  croaker, banded 

croaker, and s i l v e r  seat rout  were abundant i n  December. 

A t  S i t e  B d u r i n g  February and mid-March, t h e  bay anchovy and sand 

sea t rou t  were most abundant; a t  t he  end o f  March, t h e  Gu l f  b u t t e r f i s h  and 

b l a c k f i n  sea r o b i n  were dominant. S t r i p e d  anchovies appeared a t  t h e  end of 

March and became abundant w i t h i n  the  next  week (Tables 2-46, and C-14 t o  C- 

18).  No f i s h  were caught du r ing  Apr i l - -perhaps because o f  t h e  anoxic l a y e r  

which was fo rming i n  the  bottom waters a t  t h a t  t ime (Sect ion  2.3.1). 

I n  summary, 36 species o f  f i s h  were c o l l e c t e d  a t  S i t e  A (September t o  

December 1977) and 26 species were c o l l e c t e d  a t  S i t e  B (February t o  A p r i l  

1978). The number o f  f i s h ,  t h e i r  d i v e r s i t y ,  and t h e  number o f  c o l l e c t i o n s  

i n  which they  were present  were a lso  much h igher  a t  S i t e  A. 

The low number o f  Gu l f  menhaden and t h e  absence of s t ingrays ,  which 

are u s u a l l y  abundant i n  t h i s  p a r t  o f  t h e  Gul f ,  were probab ly  due t o  t h e i r  

movement o f f s h o r e  du r ing  t h e  seasons sampled. Ladyf ish,  b l u e f i s h ,  Spanish 

mackerel, pompano, and c r e v a l l e  jack, wh ich .are  l i k e l y  t o  be present  i n  t h e  

v i c i n i t y  o f  t h e  s i t e s ,  were n o t  c o l l e c t e d  (except f o r  one c r e v a l l e  j ack )  
, . 

du r ing  the  t r a w l  surveys due t o  t h e i r  r e l a t i v e l y  h i g h  swimming speeds. 

There was no evidence of commercial f i n f i s h  opera t ions  i n  t h e  

v i c i n i t y  o f  e i t h e r  s i t e  du r ing  t h e  t r a w l  surveys, though several  com- 

merci a1 species were present, i n c l u d i n g  croaker, sea c a t f i s h ,  menhaden, 

and f lounder .  Likewise, no s p o r t f i s h i n g  was observed, bu t  t h i s  area may 

prov ide a  more p roduc t i ve  s p o r t f i s h e r y  a t  o the r  t imes o f  t h e  year. Sport -  

f i s h i n g  species found inc luded the  c r e v a l l e  jack  and sand seat rout .  



There were no threatened or endangered species found during the site 

surveys (see Section 2.4.5). 

2.4.4.2 Life Histories of Major Nektonic Species 

2.4.4.2.1 Shrimp 

The life histories of brown and white shrimp are fairly similar. 

Mating and spawning take place offshore. During mating, the male transfers 
a sperm capsule or spermatophore to the female. Upon spawning, the female 

releases 500,000 to 1,000,000 eggs, simultaneously fertilizing them with 
the stored sperm. The timing of this event with white shrimp seems to 
depend on water temperature and occurs in 26- to 102-foot (8- to 31-meter) 
depths from March to October, with peaks in June or July. Brown shrimp 
spawn throughout the year at depths of 151 feet (46 meters) or more and 
from spring to early winter in shallower water. Spawning activity of the 
brown shrimp does not occur in waters of less than 46-foot (14-meter) 
depth. The eggs of both species are pelagic and hatch within 24 hours 

(Gaidry and White, 1973; Christmas and Etzold, 1977; Lindner and Cook, 
1970). 

Larval shrimp go through five nauplii, three protozoeal, and th ree 

mysid stages. During this time (2 to 3 weeks), they are planktonic, 
drifting with the currents toward the bays and estuaries. Brown shrimp 
postlarvae enter the 'estuaries on flood tides in winter and spring; white 
shrimp postlarvae enter from June to September (Christmas and Etzold, 
1977). These shrimp concentrate in the shallow, vegetated, fresh waters of 

the estuary, In warm waters, they grow rapidly, settling to the bottom and 

feeding omnivorously. As the shrimp grow to the juvenile stage in the 
estuary, they move to more saline water during ebb tides. Whi.te shrimp 
have a greater tolerance for lower salinities'than do brown shrimp; during 
periods of rapid growth, the optimum salinity for the former is 0.5 to 10 
ppt, and for the latter, 19 ppt. However, both species can withstand a 
wide range of salinites (Barrett and Gil lespie, 1973; 1975). 

After being in the estuaries for a few months, depending on environ- 

mental conditions, the young shrimp move offshore during ebb tides; white 
shrimp remain in the estuary longer and migrate at a larger size than do 

brown shrimp. White shrimp spawned late in the summer may overwinter in 

the estuaries and migrate the following spring. 
3 
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As an annual crop, shrimp are capable of reaching maturity and spawn- 

ing within a year. Brown shrimp are found from Cape Cod to Yucatan, but 

are absent on the west coast of Florida. White shrimp are distributed from 

Long Island to Yucatan, but are absent in western and southeastern Florida. 

Highest densities are in depths of 89 to 180 feet (27 to 55 meters) and up 

to 115 feet (35 meters), respectively (Christmas and Etzold, 1977). 

The seabob is of minor importance in the commercial shrimp fishery and 

is exploited primari.1~ in the fall and winter months when the brown and 

white shrimp have moved offshore. Approximately 90 percent of the Gulf 

seabob catch occurs in Louisiana. They are primarily caught in shallow 

'water, of 6.5- to 13-foot (2- to 4-meter) depth, and tend to concentrate 
along the beach after a cold front. They are found from Cape Hatteras 

through the Gulf of Mexico and Caribbean Sea to Brazil. It appears that 

this shrimp completes its life cycle in a narrow zone of the coastline, out 

to the 43-foot (13-meter) depth contour, and rarely, if ever, enters bays 

or estuaries either in the juvenile or adult stages. The female is gravid 

during the spring, summer, and fall. ~ a b o r a t o r ~  studies indicate that the 

seabob larvae go through five naupliar stages and one protozoeal stage. 

However, there are limited data on the presence of larval, postlarval, and 

juvenile stages (Christmas and Etzold, 1977; Juneau, 1977). 

2.4.4.2.2 Blue Crab 

The blue crab (Callinectes sapidus) ranges from Nova Scotia to 

Uruguay and is found mainly in estuaries and shallow oceanic waters. 

Females tend to be in more saline waters than males, but both can tolerate 

waters of from 0.7 to 88 ppt. Mating occurs from late winter to early fall 

while the female is in the soft-shell stage of molt; the male passes the 

spermatozoa into the female for storage of up to 1 year. The female then 

moves to more saline waters where spawning occurs. As the 700,000 to 

2,000,000 eggs are released, they become fertilized by the stored sperm. 

Ttie ei~~lrr-yus become attached to the female's abdomen unti 1 hatching, a 

process of 9 to 15 days. Only one or two of these eggs will survive to 

adulthood (Jaworski, 1972). 

The larval toea1 stage lasts from 30 to 39 days, with the organism 

undergoing from four to eight molts. Optimum salinities for survival and 

growth of the larvae are 15 to 45 ppt. The zoea then metamorphose into 



megalops, a  stage l a s t i n g  6  t o  20 days. The megalops i s  c r a b l i k e  i n  

appearance and i s  able t o  swim o r  walk on the bottom. Optimum s a l i n i t i e s  

f o r  t h i s  stage are greater  than 15 ppt. The f i n a l  metamorphosis leads t o  

the j uven i l e  crab, an ac t i ve  predator t h a t  migrates from one p a r t  o f  the 

estuary  t o  another i n  search o f  food. As i t s  grows, t he  exoskeleton i s  

repeatedly shed i n  mol t ing.  Growth t o  ma tu r i t y  requ i res  12 t o  18 months; 

the l i f espan  i s  2  t o  4 years, though many are caught upon reaching commer- 

c i a l  size, 12 t o  18 months a f t e r  hatching ( Jaworski, 1972). 

The blue crab i s  omnivorous and, as such, plays an important r o l e  i n  

the  coastal  ecosystem. Rangia clams, mussels, xanthid crabs, sna i ls ,  

f i s h ,  plants, and insec t  larvae have been reported i n  the d i e t  o f  the b lue 

crab, as wel l  as scavenged mater ia l .  I n  turn,  the species, espec ia l l y  

smal ler  members, are f ed  upon by spot ted seatrout, red  drum, A t l a n t i c  

croaker, b lack drum, and sheepshead. Blue crab larvae and eggs are a lso 

found i n  the d i e t  o f  many f i s h  (Adkins, 1972). 

2.4.4.2.3 Gulf  Menhaden 

The Gul f  menhaden, found mainly i n  the Gul f  o f  Mexico, make up a  

m a j o r i t y  o f  the  U.S. menhaden f i she ry .  Adul t  menhaden overwinter  from 40 

t o  62 mi les  (65 t o  100 k i lometers)  o f fshore i n  waters o f  295-foot (90- 

meter) depth. There they spawn from l a t e  f a l l  through the win ter .  The 

la rvae  move i n t o  the estuar ine nurser ies  from September through A p r i l .  

They remain i n  the low s a l i n i t y  waters, metamorphose i n t o  juveni les,  and 

r e t u r n  t o  the open Gul f  from October through February. Menhaden have a 

r e l a t i v e l y  shor t  l i fespan, r e tu rn i ng  t o  the spawning areas a f te r  1 year. 

Most o f  the f i s h e r i e s  catch consists o f  1- and 2-year o l d  f i s h .  I n  

general, menhaden are found i n  a  wide range o f  s a l i n i t i e s ,  from 0 t o  60 ppt  

(U.S. Dept. o f  Commerce, 1977a). 

2.4.4.2.4 Anchovy 

Two species, bay and str iped,  are abundant o f f  the Louis iana coast. 

The s t r i ped  anchovy p re fe rs  more sal ine,  c learer  water and i s  thus found 

fa r ther  o f fshore than the bay anchovy, which i s  genera l ly  r e s t r i c t e d  t o  

bays and nearshore areas. Both species are found i n  schools and have 

s i m i l a r  l i f e  h i s t o r i es .  D i e t  consists mainly o f  mysids and copepods 
(Hi 1  debrand and Schroeder, 1972). Spawning occurs i n  the spring, summer 

and f a l l ,  and' the pe lag ic  eggs hatch w i t h i n  a  day. Increasing numbers o f  
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bay anchovy eggs and larvae enter  the  es tuar ies  from January through June 

and i n  September and November. The la rvae  and.young j uven i l es  tend t o  

res ide  i n  low s a l i n i t y  areas and move t o  h igher s a l i n i t y  waters as they 

grow (Dunham, 1972). 

Sciaenid Fishes 

The A t l a n t i c  croaker i s  one o f  the  most abundant' f i s h  i n  the  Louis iana 

coastal  area. Spawning occurs from October t o  May i n  the shallow, open 

sea. As w i t h  the  o ther  estuarine-dependent species, the  la rvae  move i n t o  

the estuary where they feed and grow. They remain i n  the  estuary u n t i l  t h e  

onset o f  co l d  weather and then move of fshore.  They are bottom feeders, 

consuming main ly  annel ids, mol lusks, and ascidians.   ti ant i c  croaker are  

d i s t r i b u t e d  f rom Massachusetts t o  Texas and are found i n  s a l i n i t i e s  rang- 

i n g  from 0 t o  75 pp t  (Hi ldebrand and Schroeder, 1972; U.S. Dept o f  

Comnerce, 1977a). 

Various types o f  seatrou't, i n c l ud i ng  the spot ted seat rout  and weak- 

f i s h ,  are found i n  the  Gul f  o f  Mexico. The sand seatrout, t he  most 

abundant coastal  species, i s  conf ined t o  the  Gu l f  o f  Mexico and i s  found i n  

waters o f  from 1.3 t o  32.5 ppt. Spawning occurs i n  the sp r ing  and summer, 

near passes and i n l e t s .  The adu'lts and la rvae  move i .n to  t h e  bays dur ing 

the  summer, then o f f shore  w i t h  the  onset o f  c o l d  weather (U.S. Dept. o f  

Comnerce, 1977a). 

Red drum or  r e d f i s h  are found from Massachusetts t o  nor thern  Mexico, 

cormonly i n  t he  5- t o  30-ppt range, though they have been taken i n  waters 

o f  between 0 t o  50 ppt. The adu l ts  under 3 years genera l ly  remain i n  the 

bays and, dur ing the  f a l l ,  spawn i n  the shal lower waters o f . t h e  Gu l f  near 

passes. Older adu l ts  make spawning runs along the  coast i n  the  l a t e  summer 

and w in te r  (U.S. Dept o f  Commerce, 1977a). Juveni les tend t o  remain i n  the  

bays u n t i l  f a l l  when some migrate t o  the Gulf.  Red drum are known t o  l i v e  

a t  l e a s t  8 years. 

2.4.5 Threatened o r  Endangered Species 

Several threatened o r  endangered (U.S. Dept o f  I n t e r i o r ,  1977a) 

species of marine r e p t i l e s  have been repor ted i n  the nor thern  Gu l f  o f  Mexico 

(Table 2-47). The At1 a n t i c  ~ i d l ' e ~  t u r t l e  popu la t ion has undergone severe 

reduct ions s ince the 1940's when they numbered almost 40,000. In 1976, 



TABLE 2-47 Endangered r e p t i l e s  andl ma~~u~~a l s  reported i n  the northern Gul f  o f  Mexico. 

Conwon Name S c i e n t i f i c  Name Dis t r ibu!L ion Food Source 

Rept, i les  - 

A t l a n t i c  R id ley  t u r t l e  Lepi dochelys ke~npi i Trop ica l  and temperate Por tun id  crabs 
seas 

Hawksbi 11 t u r t l e  Eretmochelys i n b r i c a t a  Trop ica l  seas 

Leatherback t u r t l e  Dernochelys c o r i a c ~ a  Trop ica l  and temperate . J e l l y f i s h  
seas 

Mama 1 s 

R) 
I -. Sperm whale 
cD 
w 

Physeter catadcn Rare i n  of fshore Louisiana, 
M iss iss ipp i ,  and Alabama 

Squid, shark, 
bonyfishes 

Black r i g h t  whale Eubalaena g l a c i d i s  Extre;nely r a r e  throughout Zooplankton, 
Gul f  o f  Mexico copepods 

Humpback whale. 

Se i whale 

F in  whale 

.B lue whale 

Meqaptera novaeangliae Rare i n  Gul f  o f  Mexico; 
one s i t i n g  o f f  n o r i d a  

Bai aenoptera boreal i s Offshare Louis iana 

Balaenoptera p h y s a l ~ s  Offshore Texas 
and Lbuisiana 

Bala3noptera ~ U S C ~ U S  Offshore Texas 

SOUIICE: U.S. Dept. o f  the  In t t? r io? ,  1977a; 1977b. 

Krill, schooling 
f i sh ,  copepods 

K r i l l ,  squid, 
s m a l l . f i s h  

Euphausids 



there were only 400 to 500 nesting females. The Atlantic Ridley nests in 

abundance only in Tamaulipas, Mexico. Its primary foraging area is in the 

northern Gulf of Mexico coastal area, especially off Louisiana where it 

feeds heavily on portunid crabs (Cal linectes sp.). Leatherback turtles 

have been caught by shrimp trawlers off the coast of Louisiana. This 

species nests in tropical waters, but ranges throughout the Gulf and 

Western North Atlantic to Nova Scotia. The Leatherback turtle has been 

associated with large concentrations of jellyfish on which it feeds (U.S. 

Dept. of Interior, 1977b). The Hawksbill turtle has been reported to range 

the warmer coastal waters of the Atlantic Ocean between New England and 

Brazi 1 (Conant, 1958). 

Six species of endangered. (U. S. Dept. of Interior, 1977a) marine 

whales (Table 2-47) have been sighted in the northern Gulf of Mexico. Most 

were fortuitous sightings (U.S. Dept. of Interior, 1976) and do not indi- 

cate indigenous populations. 

2.4.6 Unique or Important Habitats 

In the continental shelf region where sand and silt bottoms prevail, 

shipwrecks often serve as artificial reefs for a variety of pelagic nekton 

and fouling comnunities. Shipwrecks provide a hard, stable substrate for 

the attachment of foul ing organi sms (e. g., bryozoans, barnacles, urchins, 

amphipods, green algae, and sponges) and a protective cover for small fish. 

Fish trophically associated with these reefs include the spadefish, 

sheepshead, greater amberjack, crested blenny, and high hat (Fotheringham, 

1976). Bait fish use shipwrecks to avoid predators (Wickham et a1 ., 1973). 
Several shipwrecks are located in the vicinity of Weeks Island Sites A 

and B. One wreck is located about 7 miles to the west of Site A, and five 

are located in the shoal area to the north 'and northeast of Site B (Figure 
2-75). These wrecks may provide a hard, stable substrate for the attach- 

ment of benthos .and a protective cover for juvenile fish. 





SECTION 3 

IMPACTS OF BRINE DISPOSAL ON THE MARINE ENVIRONMENT 

3.1 Impacts on the Physical Environment 

3.1.1 Introduction 

Offshore disposal of brine from the Capline Group in the Gulf of 

Mexico would be a large-scale operation over the short term, but over the 

life of the project it would occur only infrequently. Initially, expansion 

of crude oil storage capacity by leaching new caverns would involve dis- 

charge of brine over a period of 50 to 60 months. Subsequent filling of 

new caverns would require disposal of additional brine over 24 months. 

For study purposes, the larger disposal rate was selected to maximize 

projected impacts. 

A mathematical simulation model, developed by the Ralph Parsons 

Laboratory at the Massachusetts Institute of Technology (MIT), was used to 

determine the most efficient design and location for the diffuser system. 

The model runs were used by the National Oceanic and Atmospheric Administra- 

tion (NOAA) in a study undertaken at the request of DOE to determine 

the effects of brine disposal connected with the SPR program (U.S. 

Dept. of Commerce, 1977a). The MIT model is a time-dependent model 

which simulates the transient plume conditions at the diffuser site 

when wind-driven current speeds and direction are input to a computer 

for analysis. The analysis uses results from diffuser performance 

studies conducted by the U.S. Army Corps of Engineers Waterways Experiment 

Station to determine the mathematical dilution factors in the near 

and intermediate fields (up to 1000 feet (305 meters) from the diffuser). 

Salinity concentrations in the far-field region were calculated using 

the MIT transient plume model, which has been calibrated through thermal 

discharge studies (see Section 1.3). 

The regions o f  analysis for the MIT model are shown in Figure 

3-1. In the near-field region, dilution is affected by turbulent jet 

mixing and is a function of diffuser design, ambient current velocity, 

and water depth (which in shallow water would limit plume rise). The 

f trajectory and the lateral spreading of each plume after it falls to 

the bottom are strongly affected by the (negative) buoyancy flux of 
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SOURCE: U.S. Dept. of Commerce, 1977 a .  
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FiGURE 3-1 Regions o f  a n a l y s i s  f o r  the MIT model. 



- the discharge. The near-field region is assumed to extend downstream 
until the plumes from adjacent nozzles merge to form a continuous plume, 

a distance of about 100 feet (30.5 meters). 

The intermediate field is characterized primarily by buoyant lateral 

spreading and vertical col 1 apse of the plume. Normal advective diffusion 

causes further dilution of the plume. The intermediate field is assumed 

to end (and the far field to begin) at about 1000 feet (305 meters), 

corresponding to the point at which vertical collapse of the plume 

due to buoyancy is comparable with vertical growth due.to diffusion. 

The far field is the largest of the three regi'ons and is character- 

ized by the ambient processes of advection and diffusion. These processes 

are essentially independent of diffuser design and ultimately control 

any accumulation of effluents. 

3.1.2 Brine Plume Salinity Analysis 

3.1.2.1 Estimated Baseline Conditions 

Using historical current data, a plume analysis was initially 

conducted (U.S. Dept. of Comnerce, 1977a) to determine the excess salinity 

values at the bottom, mid-depth, and surface for various combinations 

of current speed, direction, and'duration (including stagnant conditions). 

Computations were made for five combinations of water depths, 

estimated current sequences, and diffusion coefficients, as shown in 

Table 3-1. The base case analysis (Run No. 5) assumes a 2000-foot 

(610-meter) bottom diffuser length, a water depth of 20 feet (6 meters), 

a flow rate of 650,000 BPD (42 ft3/sec), and a 4-day wind-driven current 

cycle. Additional analyses consider the effect of stagnant flow condi- 

tions (Run No. 14) and reduced values of horizontal and vertical diffu- 

sion coefficients (Run Nos. 15, 16, and 17). 

Current sequences in the model were a combination of tidal components 

and wind-driven components (for the alongshore component only) assumed 

as: 

u = UT ( i nshore component) 

v = VT + vW (a1 ongshore component). 



Var iab.les 

Condit ion 

Run - Tested 

18 Base 
case 

19 Stagnant 
f low 

20 Reduced 
ve r t  ica, l  
d i f f u s i v i t y  

W 2 1 Reduced 
1 .  horizon,tal 
P d i f f u s i v i t y  

22 Reduced 
v e r t i c a l  & 
hor i z o ~ l ~ t a l  
d i f  f u s i v i  t y  

TABLE 3-1 Summary of parameters used in brjne discharge calculations 
(for a bottom diffuser). 

Discharge 
Parameters D i f fuser  Parameters . Current Parameters 

I I L 1 A - B 
(ft) (ft) N (hr) ( f t /sec)  I f  Ll'sec) 

Qo : brine discharge rate (total) 

Aco: brine concentration at port 

H: water depth 

11: diffuser length 

N: number of diffuser ports 

I: period 

Calcu la t ion  
D i f f us ion  Parameters Times 

0.0003 0.0030~ 309,333 
( l o 0  357,381 
c e i l i n g )  

0.0003 0.0010~ 309,333 
( l o 0  357,381 
c e i l i n g )  

A: upcoast current 

B: downcoast current 

K,: vertical diffusion coefficient 

Kh: horizontal diffusion coefficient 

: calculated time interval 

SOURCE: U.S. Dept. of Comnerce, 1977a. 



Rotary tidal components were specified in the form: 
27 

UT = 0.3 COS (z t) 

where t is in hours and uT and vT are. in feet per second. The wind- 

driven current was assumed to fit the schematic cycle described in 

Figure 3-2. Although idealized, this sequence reproduces the observed 

phenomena of wind reversals following the passage of a front, coupled 

with periods of stagnation. A 4-day wind-driven cycle was selected 
to simulate conditions of moderate wind and current. A 16-day wind- 

driven cycle was selected to simulate the buildup of salinity concentra- 

tjons with time during an 8-day period of stagnation. 

3.1.2.2 Results and Conclusions (Estimated Currents) 

For each.run, excess concentrations were calculated four times 

within the current sequence and at three depths (bottom, mid-depth, 

and surf ace). Isoconcentration plots for those depths and times (Table 

3-I), at which predicted excess concentrations exceeded 0.1 ppt, are 

presented in "Analysis of Brine Disposal in the Gulf of Mexico, Capline 

Sector" (U.S. Dept. of Comnerce, 1977a). 

Conclusions drawn from the model outputs may be summarized as 

follows: 

(1) The current sequence has only a moderate effect on the maximum 

predicted concentration (-2 to 5 ppt) in the far field, but 
it substantially influences the shape of the predicted plume. 

Periods of strong ambient currents produce long narrow plumes 

wlth salinity concentrations near the diffuser remaining 

relatively low. During periods of weak ambient currents, 

the plumes tend to remain close to the diffuser. 

( 2 )  Salinity concentrations in the vicinity of the diffuser are 

generally higher for cases of strong ambient currents within 
a current cycle. The time T1 for each cycle represents a 
time when the current is instantaneously high, but the effects 

of prior stagnation or a reverse current duration can be 

seen. 



MODE:L OUTPUT TIMES 

1. END 0F.PERIOD OF UPCOAST CURRENT 
2. END OF PERIOD OF DOWNCOAST CURRENT 
3. MIDDLE OF SLACK PERIOD .. 

4. END OF SLACK PERIOD 

FIGURE 3-2 Idealized nontidal current  cycle. 



( 3 )  Extended s tagnat ion per iods s i g n i f i c a n t l y  increase background 

s a l i n i t y  concentrat ions.  An 8-day s tagnat ion per iod  r e s u l t e d  

i n  an increase o f  o n l y  1 pp t  compared t o  a 1- o r  2-day s tagnat ion 

period. 

( 4 )  Reduction o f  the  ho r i zon ta l  and v e r t i c a l  t u r b u l e n t  d i f f u s i o n  

c o e f f i c i e n t s  has no s i g n i f i c a n t  e f f e c t  on the  maximum p red i c ted  

s a l i n i t y  concent ra t ion i n  the  f a r  f i e l d .  I f  the  v e r t i c a l  

d i f f u s i o n  c o e f f i c i e n t  i s  reduced ( f o r  example, by a f a c t o r  

of 3.3), bottom concentrat ions over the  e n t i r e  plume are 

increased o n l y  s l i g h t l y  (0.5 pp t ) .  This e f f e c t  i s  g rea tes t  

c l oses t  t o  the  d i f f u s e r .  At  increased distances f r om, the  

d i f f u s e r ,  mere mix ing takes place, and the  predicted cancentra- 

t i o n s  approach those o f  the  base case analysis.  I f  the  ho r i zon ta l  

d i f f u s i o n  c o e f f i c i e n t  i s  reduced by a f a c t o r  o f  3, f o r  example, 

the l a t e r a l  spreading o f  the  plume i s  reduced, which increases -. .,-* 
the p red ic ted  bottom concentrat ions along the  c e n t e r l i n e  

o f  the  plume. 

(5) P l o t s  o f  a f f ec ted  bottom areas versus excess s a l i n i t y  f o r  

var ious runs are shown i n  Figures 3-3 through 3-5. The base 

case ca l cu la t i ons  i n d i c a t e  t h a t  an increase o f  l ess  than 

5 pp t  above ambient may be expected w i t h i n  a boundary of 

1 m i l l  i o n  square f e e t  (23 acres (9.3 hectares) ) .  F igure 

3-5 i l l u s t r a t e s  f o u r  t ime per iods f o r  Run No. 14 w i t h  extended 

stagnation. An o v e r a l l  increase i n  background s a l i n i t i e s  

of approximately 1 pp t  occurs between the T1 curve ( a f t e r  

4 days o f  upcoast cu r ren t )  and the  T4 curve ( a f t e r  8 days 

of s tagnat ion) .  A p l o t  a t  the  end o f  a s lack water pe r i od  

(T4), w i t h  reduced ho r i zon ta l  and v e r t i c a l  d i f f u s i o n  (Run 

No. 17), shows t h a t  s a l i n i t y  concentrat ions i n  the  near f i e l d  

remain s im i l a r ,  and t h a t  the  area w i t h i n  isoconcent ra t ion 

l i n e s  i s  increased by a f a c t o r  o f  4 o r  5 over the  base case 

condi t ion.  

The e f f e c t  on bottom areas by reducing on ly  t he  v e r t i c a l  d i f f u s i o n  

(Run No. 15)  i s  greater  than by reducing o n l y  the  ho r i zon ta l  d i f f u s i o n  

(Run No. 16) because the  former process moves excess sal  i n i  t y  concentra- 
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FIGURE 3-3 Excess sal i n i  t y  concentration versus bottom area for various runs, 
ou tpu t .  time 4 (see Figure 3-21, 
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FIGURE 3-4 Excess s a l i n i t y  c o n c e n t r a t i o n  versus bot tom area f o r  base case 
c a l c u l a t i o n s  w i t h  a  4-day c y c l e  ( r u n  no. 5 ) ,  o u t p u t  t imes 1, 2, 
3, and 4  (see F igu re  3 - 2 ) .  
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FIGURE 3-5 Excess s a l i n i t y  concentra t ion versus bottom area  f o r  ca lcu la t ions  
with a 76-day cycle  (run no. 14) ,  output  times 1 ,  2 ,  3 ,  and 4 
(see  Figure 3 - 2 ) .  



tions away from the bottom, while. the latter merely redistributes the 

saline mass along the bottom. 
.- 

3.1.2.3 Observed Base1 i ne Conditions, Results and Conc.lusions 
- 

Additional plume analyses were conducted using -- in situ current 

data collected at Site A from October 1977 through January 1978 and 
at Site B from January through July 1978. 

Outputs from the MIT transient plume model were selected to provide 

salinity contours of the far field under a variety of ambient current 
conditions. The outputs were reviewed to determine the best, worst, 

and base case conditions. Whenever appl i cab1 e, a stagnated condition 

(low current velocity during tidal-dominated circulation) has a1 so 

been presented. 

The Figures represent an instant time analysis of the plume as 
it would dynamically change in response to changes in the tidal and 

wind-driven currents found in the proposed diffuser area. In the cases 

where current 'data were collected at two water depths (11 and 14.5 

feet (3.4 and 4.4 meters), 17 and 21.5 feet (5.2 and 6.6 meters)), 

the deeper current data were used for input to the model. 

The isopleths of salinity in the figures are plotted where the 

predicted excess sal ini ty contours exceed 0.1 ppt above an assumed 

ambient sal inity of 30 ppt. Sal inity concentrations near the diffuser 

head are. relatively high due to the positive dependence of the near- 
field dilutions on current speed. 

Sal i nity concentrations are calculated by the model on a 1500- 

foot-square (457-meter-square) grid. Areal calculations of the 5-, 

4-, 30, 20, 1.5, I-, 0.5- and 0.1-ppt contours are determined, where 

appl icabl e, by cumulatively counting the number of sal ini ty nodal points 
6 and multiplying by 2.25 x 10 square feet (52 acres). One salinity 

value o f  4.25 ppt, for example, would extend over an area of 2.25 x 
6 10 square feet. Three additional nodal points with salinity values 

ranging from 3 to 3.99 ppt would then have an areal calculation of 

4 x 2.25 x lo6 or 9 x lo6 square feet (207 acres). This represents 

the minimum excess salinity value that would be expected within the 

calculated area--in this case, 3 ppt. 



3~1.2.3.1 S i t e  A ,  October 1977 

Figure 3-6 i l l u s t r a t e s  the current veloci ty  vectors a t  11 and 14.5 
f e e t  (3.4 and 4.4 meters) ,  measured on October 28. Figures 3-7 through 
3-10 depict  contours of the f a r - f i e ld  s a l i n i t y  pat terns  emanating from the 
proposed d i f fuser  a t  3-hour intervals  during a t i da l  cycle. About 13 days 
of data on observed currents  were input to the model to  obtain the s a l i n i t y  
contours shown. 

Currents a t  S i t e  A on October 28 were generally flowing to  the east .  
a t  speeds less  than 0.7 f t / s e c  (20 cm/sec) . The plumes r e f l e c t  an eastward 
d r i f t  with the highest excess s a l i n i t y  of 4 ppt occurring a f t e r  a slack 
water peri od. 

The October -- in s i t u  current data indicate tha t  the currents a t  the 
s i t e  are  weaker than those previously estimated using h is tor ica l  current  
data  (U.S. Dept. of Comnerce, 1977a). The expected di lut ion e f f e c t  of 
the  currents  would therefore be less ,  causing an increase in t he  observed 
excess sal  i ni t y  and temperature values. 

3.1.2.3.2 S i t e  A,  December 1977 - January 1978 

Figures 3-11 and 3-12 show contours of the f a r - f i e ld  s a l i n i t y  pat- 
te rns  during best and worst case conditions,  respectively.  About 13 
days of observed current data were input t o  the model. The current 
veloci ty  vectors a t  12 f e e t  (3.7 meters) correspond to  the time of the 
plume model outputs and are shown in Figure 3-13. The best case analysis 
occurs during a period of high-current velocity usually associated with 
a passing storm. The predicted plume indicates a corresponding minimum 
area affected by excess s a l i n i t y  values. Fram Decanber 27 t o  29, current  
ve loc i t i e s  a t ta ined a maximum speed of 2.4 f t / s e c  (72 cm/sec) ; the direc-  
t i o n  of flow was consis tent ly  to  the northwest. A plot  of affected area 
versus excess s a l i n i t y  indicates tha t  an increase of 3 p p t  above ambient 

6 may be expected w i t h i n  a boundary of 2.25 x 10 square f e e t  (52 acres) ,  
(Figure 3-14). The worst case analysis occurred during stagnated condi- 
t ions with reduced current velocity and l i t t l e  net d r i f t .  Figure 3-14 
indicates  tha t  an increase of 5 p p t  above ambient may be expected within 
a boundary o f  2.25 x lo6 square fee t .  



FIGURE 3-6 Weeks I s land  S i t e  A current  v e l o c i t y  vectors corresponding t o  the snapshot times for  the plume 
model output ,  October 28, 1977 (see Fi.gures 3-7 through 3-10). 
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FIGURE 3-7 Contours o f  excess s a l i n i t y  concentration (ppt)  a t  various distances ( fee t )  from the proposed 
d i f f use r  f o r  Weeks Is land S i te  A [using observed currents a t  T = 0 hours on October 28, 1977). 



FIGURE 3-8 Contours of excess salinity concentration ( p p t )  a t  various 
distances (feet)  from the proposed diffuser for Weeks Island 
Site A (using observed currents a t  T = 3 hours on October 28, 
1977).  
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FIGURE 3-9 Contours o f  exc2E;s s a l i n i  t$ concen t ra t i on  (ppt )  a t  var ious  d is tances ( fee t )  f rom t h e  proposed 
d i f f u s e r  f o r  Wezks I s l a n d  C i  ae A (us ing  observed cu r ren ts  a t  T = 9 hours on October 28, 1977). 



FIGURE 3-10 Contours o f  excess sal i n f  ty  concentration (ppt)  a t  var l  ous distances ( f e e t )  from the proposed 
d i f fuser  f o r  Weeks Island S i t e  A (using observed currents a t  T = 18 hours on October 28, 1977). 
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FIGURE 3-1 1 Weeks Is1 and S i te  A current velocity vectors corresponding t o  
the snapshot times for the plume model output, December 29, 1977 
and January 3, 1978 (see Figures 3-12 and 3-13). 
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FIGURE 3-12 Contours o f  excess s a l i n i t y  concentrat ion ( p p t )  a t  various distances ( f e e t )  from t h e  proposed 
d i f f u s e r  for  Weeks I s l a n d  S i t e  A (using observed currents a t  12 f e e t  on December 29, 1977).  
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FIGURE 3-1 3 Contours o f  excess sa l  i n 1  ty ccpncenzration ( p p t )  a t  va r ious  d is tances ( f e e t )  f rom the proposed 
d i f f u s e r  f o r  Weeks I s l a n d  S i t e  A (us ing  observed cu r ren ts  a t  12 feet; on January 3, 1978). 



S i  t e  A ,  December 29, 1977 and January 3, 1978. 



3.1.2.3.3 Site B, January - March 1978 
Input to the model began on January 7. Snapshot outputs of salinity 

patterns are shown for January 25, February 5, and March 1 (Figures 3-15, 

3-16, and 3-17); these plumes regresent best, worst, and base cases, 

respectively. The velocity vectors corresponding to the times the plume 

model outputs were taken are shown in Figure 3-18. A plot of affected 

bottom area versus excess salinity conceqtration for the three cases 
is presented in Figure 3-19. During the passage of a storm on January 25, 
the plume would be diluted by high current velocities to such an extent 
that an.increase of only 0.5 ppt above ambient would be expected within. 

7 a boundary of 1 .I25 x 10 square feet (258 acres). According to the 
tidal circulation documented on February 5, an increase of 3 ppt above 
ambient may be expected within a boundary of 2.25 x lo6 square feet 
(52 acres). An extended run (1283 hours) with approximately 2 months 

of current data input to the model was used to derive a base case condition, 

which predicts an increase of 2 ppt above ambient within a boundary 
6 of 4.5 x 10 square feet (103 acres). 

3.1.2.3.4 Site 8, March - April 1978 
Figure 3-20 illustrates the current velocity vectors at 17 and 

21.5 feet (5.2 and 6.6 meters), measur~rl on April 10 and 27. Input 
to the model began on March 18. Figures 3-21 and 3-22 represent snapshot 
ou'tputs of sal ini ty patterns for Apri 1 10 (worst' case) and 27 (best  
case), respectively. Under the worst case conditions ( low current 

velocity and tidal -dominated circulation), an increase of 5 ppt above 
6 ambient may be expected within a boundary of 2.25 x 10 square feet 

(52 acres), (Figure 3-23). The lowest increase above ambient sal ini ty 

(2 ppt) occurred under conditions of strong off shore currents. 

3.1.2.3.5 Site 8, May 1978 
' Figure 3-24 illustrates the current velocity vectors at 17 and 

21.5 feet (5.2 and 6.6 metws), measured on May 12 and 22. Input to 
the model began on March 18. 

Model outputs were selected to obtain two extreme conditions during 

the late spring. From May 6 through 12, there was a westerly drift 
current associated with the highest current speeds recorded during 

the month. Although the instantaneous velocity profile at 21.5 feet 
(6.6 meters) 

3-22 
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FIGURE 3-15 Weeks Is land S i t e  B current  ve loc i ty  vectors corresponding t o  the snapshot times for  
the  plume model output,  January 25, February 5,  and March 1, 1978 (see Figures 3-16 
through 3-18). 
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FIGURE 3-16 Contours o f  excess sal i n i  ty concentration (ppt )  a t  various distances ( fee t )  from the proposed 
d i f f u s e r  f o r  Weeks Is land S l  t e  B (using observed currents a t  12 f e e t  on January 25, 1978). 



FIGURE 3-1 7 Contours o f  excess s a l i n i t y  concentration (ppt)  a t  various distances ( f e e t )  from the proposed 
d i f fuser  f o r  Weeks Island S i t e  B (using observed currents a t  12 f e e t  on February 5,  1978). 



FIGURE 3-18 Contours of excess. sal  i n i  t j  concentration (ppt )  a t  various distances ( f e e t )  from the proposed 
d i f f u s e r  f o r  Weeks Island S i t e  B (using observed currents a t  12 f e e t  on March 1 ,  1978). 
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FIGURE 3-1 9 Excess sal ini ty concentration versus bottom area for Weeks Island 
~j t e  8,  January 25, February 5 ,  and March 1 ,  1978. 





TIME = 1500 
ELPPSED TIME = 550 HR 



TlME = O  

ELA.?SED TIME = 944 H A  

FIGURE 3-22 Contours o f  excess sal i n i  ty concent~a t ion  (ppt). a t  various distances ( f e e t )  from 
the proposed d i f fuser  f o r  Weeks Island S i t e  B (using observea currents a t  17 and 
21.5 f e e t  on A p r i l  27, 3978). . 



FIGURE 3-23 Excess s a l i n i t y  concentrat ion versus bottom area f o r  Weeks I s l a n d  
S i t e  B,  A p r i l  10 and 27, 1978. 

T i  = 550 HR (APRIL 10,1978) 

T2 = 944 HA (APRIL 27.19781 
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TIME = 21c0 
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21.5 ft .  19.5 cmlsec 

TIME = 0300 
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FIGURE 3-24 Weeks Is land S i  t e  B current  veloci.ty vectors correspondi,ngl ";o the snapshot times 
for  the plur~le model output,  May 12 and 22,  1978 (see' Figures 3-25 and 3-26). 



shows a nor theas te r l y  f l o w  on May 12 (Figure 3-24), the plume fo l lows the 

cu r ren t  d i r e c t i o n  and d r i f t s  westward (Figure 3-25). The shape o f  the 

plume i s  long and narrow w i t h  reduced s a l i n i t y  concentrat ions near the  

d i f f u s e r  (<2 p p t  above ambient). From May 19 t o  25, there  was l i t t l e  net  

d r i f t  w i t h  t i d a l  c i r c u l a t i o n  predominating. Under these condi t ions,  the 

plume remains c lose t o  the d i f f u s e r  w i t h  s a l i n i t y  concentrat ions 

increasing t o  4  pp t  above ambient (F igure  3-26). 

F igure  3-27 shows a p l o t  o f  excess s a l i n i t y  concent ra t ion versus 

a f fec ted  bottom area. The best  case (May 12) p red i c t s  t h a t  an area of 
6  2.25 x  10 square f e e t  would be subjected t o  s a l i n i t i e s  of 2  pp t  above 

ambient. The worst case (May 22) p red i c t s  t h a t  an area of 3.375 x  10 6 

square f e e t  would be subjected t o  excess s a l i n i t i e s  o f  4  p p t  above ambient. 

3.1.2.3.6 S i t e  B, May - J u l y  1978 

F igure 3-28 shows the cu r ren t  v e l o c i t y  vectors a t  17 and 21.5 f e e t  

(5.2 and 6.6 meters), measured on May 29, June 7, 25, 28, and J u l y  8. Inpu t  

t o  the model began on March 18, w i t h  snapshots of the plume taken on each 

o f  the 5  days. These outputs were selected t o  examine plume behavior under 

a  v a r i e t y  o f  summer cu r ren t  condi t ions.  

From May 25 t o  31, cu r ren t  speeds a t ta ined  a  maximum speed of 

1.4 f t / sec  (43 cm/sec); ne t  d r i f t  d i r e c t i o n  was t o  the northwest. 

The long narrow plume on May 29 represents a  best  case w i t h  very d i l u t e d  

s a l i n i t i e s  i n  the  v i c i n i t y  o f  the d i f f use r  (F igure  3-29). The o r i e n t a t i o n  

o f  the plume a lso r e f l e c t s  the nor thwester ly  d r i f t  d i r ec t i on .  During 

the e a r l y  p a r t  o f  June, cur rent  speed and d i r e c t i o n  were var iable,  

but  the  net  d r i f t  d i r e c t i o n  was t o  the nnrthwest and cu r ren t  speeds 

were genera l ly  less than 0.7 f t / sec  (20 cm/sec). The plume on June 7  

represents a  worst case ana lys is  w i t h  h igh s a l i n i t y  values near the 

d i f f u s e r  (F igure  3-30). F igure  3-30 shows t h a t  an increase o f  4  pp t  
6  may be expected w i t h i n  a  boundary o f  2.25 x  10 square fee t .  

The two plumes on June 25 (F igure  3-31) and 28 (F igure  3-32) show 

the bu i ldup .of excess s a l i n i t y  concentrat ion w i t h  t ime dur ing a  stagnat ion 

per iod ( low cu r ren t  speed). Fo l lowing several days o f  h igh  cu r ren t  speeds 

(maximum 1.4 f t / s e c  (42 cm/sec)), there  was a  5-day pe r i od  (June 24 t o  29) 

when cu r ren t  speeds were genera l ly  less than 0.3 f t / s e c  (10 crn/sec). The 
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FIGURE 3-25 Contours o f  excess s a l  i n i ' t y  concen t ra t i on  ( p p t ) ~  a t  var ious  d is tances ( f e e t )  from 
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21.5 f e e t  on May 12, 1978). * 
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I I G U R E  3-26 Contours o f  excess sa l  i n i  ty  concentrat ion (ppt )  a t  various distances ( f e e t )  from 
the  proposed d i f fuser  for  Weeks I s l a n d  S i t e  B (using observed currents a t  17 and 
21 .5 f e e t  on May 22, 1978).  



FIGURE 3-27 , Excess s a l  i n i  t y  c o n c e n t r a t i o n  versus bot tom area f o r  'rleeks 
l s l a n d  S i t e  0 ,  Hay 12 and 22, 1978. 
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FIGURE 3-28 Weeks I s l a n d  S i t e  B current  v e l o c i t y  vectors corresponding t o  the snapshot times f o r  the  plume 
model output,  May 29, June 7, 25, 28, and J u l y  8 ,  1978 (see Figures 3-29 through 3-33). 
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d i f f u s e r  fo r  Weeks I s land  S i t e  B (using observed cur rents  a t  17 and 21.5 f e e t  on June 7, 1978). 





TIME = 0600 
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e l o n g a t e d  plume o f  June 25 i s  p a r t i a l l y  r e p r e s e n t a t i v e  o f  t h e  h i g h  speed 

c u r r e n t s  seve ra l  days e a r l i e r  ( F i g u r e  3-31).  The s a l  i n i  t y  c o n c e n t r a t i o n ,  

however, does n o t  exceed 2  p p t  above ambient.  On June 28, t h e  plume was 

c l o s e l y  cen te red  around t h e  d i f f u s e r  w i t h  a  maximum excess s a l i n i t y  

c o n c e n t r a t i o n  o f  3  p p t  ( F i g u r e  3-32) as a  r e s u l t  o f  t h e  s t a g n a t i o n  e f f e c t .  
7 On June 25, an area of 1.125 x  10 square f e e t  (258 ac res )  shows an 

i n c r e a s e  i n  s a l i n i t y  o f  1.15 pp t .  By June 28, t h e  expected s a l i n i t y  

c o n c e n t r a t i o n  i nc reased  t o  3 p p t  over  t h e  same area. 

An extended r u n  o f  2689 hours  was made u s i n g  a l l  t h e  c u r r e n t  meter  

d a t a  c o l l e c t e d  a t  S i t e  B s i n c e  March 18. C u r r e n t  speeds i n  e a r l y  J~rne wPrP 

g e n e r a l l y  l e s s  t h a n  0.7 . f t / s e c  (20  cm/sec) w i t h  t h e  predominant d r i f t  

d i r e c t i o n  t o  t h e  sou theas t .  The model o u t p u t  on J u l y  8  ( F i g u r e  3-33) shows 

an e a s t e r l y  t r e n d i n g  plume w i t h  a  maximum excess s a l i n i t y  c o n c e n t r a t i o n  o f  

3 p p t .  An i nc rease  o f  3  p p t  would be expected w i t h i n  a  boundary o f  
6  2.25 x  10 square f e e t  (52 ac res ) ,  ( F i g u r e  3-34).  

3.1.2.4 Comparison o f  S i t e s  A and B 

When t h e  r e s u l t a n t  plumes o f  Weeks I s l a n d  S i t e s  A and B a re  compared 

f o r  s i m i l a r  p e r i o d s  of low c u r r e n t  f l o w  ( b u t  based on t h e  l i m i t e d  d a t a  

a v a i l a b l e  f r om  S i t e  A ) ,  t h e  low c u r r e n t  v e l o c i t i e s  o f  0.4 t o  0.6 f t / s e c  (12  

t o  18 crn/sec) o f  January 3  a t  S i t e  A and A p r i l  10 a t  S i t e  3 produced s i m i l a r  

plumes ( f i g u r e s  3-13 and 3 -21 ) .  A  naximum excess s a l i n i t y  o f  5  p p t  was 

c h a r a c t e r i s t i c  o f  b o t h  plumes, w i t h  t h e  h i g h  s a l i n i t y  water  r ema in i ng  

c l o s e  t o  t h e  d i f f u s e r s .  The t o t a l  bo t tom area a f f e c t e d  f o r  each plume (52  

ac res  ( 2 1  h e c t a r e s ) )  was n e a r l y  i d e n t i c a l  ( F i g u r e s  3-14 and 3-23).  

H igh  c u r r e n t  v e l o c i t i e s  (0.8 t o  1.5 f t / s e c  (23 t o  46 cm/sec))  on 

December 29 a t  S i t e  A  and on May 29 a t  S i t e  B produced e l onga ted  plumes, 

b u t  t hese  plumes had s i g n i f i c a n t l y  reduced s a l i n i t y  concen t ra t i ons .  The 

c o r e  o f  h i g h  s a l i n i t y  wa te r  ( 2  t o  3  p p t )  i n  t h e  December 29 plume p r o b a b l y  

r e p r e s e n t s  t h e  remnants o f  a  p e r i o d  o f  p r i o r  s t agna t i on .  The h i g h  c u r r e n t  

v e l o c i t i e s  i n  December were o f  s h o r t  d u r a t i o n ,  whereas t h e  c u r r e n t s . i n  May 

were s m a l l e r  i n  magni tude b u t  p e r s i s t e d  over  a  l onge r  p e r i o d  b e f o r e  t h e  

plume "snapshot"  was taken.  

Based on t hese  d a t a  i t  does n o t  appear t h a t  t h e r e  would be s i g n i f i c a n t  

d i f f e r e n c e  i n  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  o f  b r i n e  d i s p o s a l  a t  S i t e  A o r  B. 
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FIGUI'IE 3-34 Excess s a l  i n i  t y  c o n c e n t r a t i o n  versus bot tom area f o r  !Jeeks 
I s l a n d  S i t e  8, ;lay 29, June 7, 25, 28, and J u l y  8, 1978. 



3.1.2.5 Conclusions 

The total area which could be potentially influenced by the brine 

discharge is illustrated in Figure 3-35. This envelope was determined by 

measuring the maximum extent of the +0.5-ppt isohaline from all predicted 

.plumes under low current conditions. The MIT transient plume model limits 

the area of the grid to 30,000 feet (9144 meters) from the center of the 

diffuser. The shape of the envelope from the April 25 sample plume is 

skewed to the west due to the predominant westerly drift at the sites 
throughout the year. 

The expected plume patterns, using the observed current data, closely 

para1 lel the patterns predicted by inputting estimated current data (U.S. 
Dept. of Comnerce, 1977a). Conclusions drawn from the model outputs may be 

summarized as follows: 

The current sequence throughout a 24-hour tidal cycle has only a 

moderate'effect on the maximum predicted concentration in the 

far field, but has a substantial effect on the shape of the 

plume. strong ambient currents produce long, narrow plumes with 

relatively low salinity concentrations near the diffuser. 

During periods of weak ambient currents, the plume tends to 

remain close to the diffuser due to concentration-build-up and 

poor near-field dilution. 

( 2 )  Salinity cnncentrations in the vicinity o f  t h e  diffuser are not 

necessarily more dilute during strong ambient currents within a 

current cycle. Even though the instantaneous current speed may 

be high, the effects of prior stagnation or reverse current 

direction may be detected. 

(3) A review of all the best and worst cases reflects similar trends 

within each group. In the best cases, ambient current speeds 

are generally 1.3 ftlsec (40 cm/sec) with a steady net drift; 

however, the actual direction may vary. In the worst cases, 

ambient current speeds are generally less than 0.8 ft/sec (25 
cmlsec), with a rotary tide circulation and littie net drift. 

(4) There is no discernible seasonal pattern of salinity concentra- 

tion. Although the greatest amount of dilution was predicted 

3-45 
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d u r i n g  a  w i n t e r  storm i n  January ( F i g u r e  3-15), t h e  h i g h e s t  

s a l  i n i  t y  concen t ra t  i o n  was a1 so p r e d i c t e d  i n  January ( F i gu re  

3-12).  

( 5 )  The p l o t s  o f  a f f e c t e d  bot tom area versus excess s a l i n i t y  con- 

c e n t r a t i o n  f o r  a l l  t h e  wo rs t  cases show an expected i nc rease  
6 o f  3 t o  5 p p t  over  an area o f  2.25 x  10 square f e e t  ( 5 2  ac res ) .  

Du r i ng  a  3-day s t a g n a t i o n  p e r i o d  t h e r e  was a  1.5-ppt i nc rease  i n  

background s a l i n i t y  c o n c e n t r a t i o n  over  an area o f  1.125 x  10 7 

... square f e e t  (260 acres) ,  ( F i g u r e  3-34). 

( 6 )  Based on a  l i m i t e d  amount o f  plume da ta  a v a i l a b l e  f r om  S i t e  A, 

comparison o f  plume model ou tpu t s  a t  t imes  o f  comparable c u r r e n t  

v e l o c i t y  r evea led  no s i g n i f i c a n t  d i f f e r e n c e s  between S i t e s  A 

and B. 



3.1.3 B r i n e  Plume Thermal A n a l y s i s  

The b r i n e  t o  be d i scha rgsd  f r o m  S i t e s  A  and B  ( F i g u r e  3-36) would 

o r i g i n a t e  e i t h e r  f r o m  t h e  i n i t i a l  l e a c h i n g  o f  caverns o r  f r o m  wate r  

d i sp l acemen t  o f  s t o r e d  o i l  d u r i n g  a  cavern f i l l  pe r i od .  Because o f  

t h e  e a r t h ' s  t he rma l  i n f l u e n c e  i n  t hese  deep caverns,  t h e  e f f l u e n t  b r i n e  

wou ld  be s u b j e c t  t o  tempera tu re  e l e v a t i o n s  dependent on t h e  dep th  o f  

t h e  leached caverns  i n  t h e  e a r t h ,  t h e  r es i dence  t i m e  i n  t h e  caverns,  
' 

t h e  tempera tu re  o f  t h e  d i s p l a c e d  o i l ,  t h e  r e t e n t i o n  t i m e  o f  t h e  b r i n e  

i n  t h e  h o l d i n g  p i t s ,  and any hea t  l o s s  o r  g a i n  i n  t h e  p i p e l i n e  ' t o  o f f s h o r e .  

A l t hough  i t  has been c o n s e r v a t i v e l y  es t ima ted  t h a t  t h e  tempera tu re  o f  t h e  

b r i n e  w i l l  be  1 3 0 ' ~  (54Oc), obse rva t i ons  made f o r  v a r i o u s  f l o w  r a t e s  

a t  seve ra l  o p e r a t i o n a l  s a l t  domes (Tab le  3-2) show t h a t  t h e  tempera tu re  

b e f o r e  i n j e c t i o n  i n t o  a  b r i n e  h o l d i n g  p i t  i s  l i k e l y  t o  be l e s s  t han  

120°F ( 4 9 ' ~ ) .  

TABLE 3-2 .Observed tempera tu re  and f l o w  r a t e s  f o r  b r i n e  a t  t h r e e  
G u l f  Coast s a l t  domes. 

B r i n e  Teomperature O i  1  Temgerature Flow Rate We1 1  
S a l t  Dome ( F) ( F) (BPH) Number 

Bayou Choctaw 80 - 90 8 0  1 2 5 0 ~  15  

'Aest Hackber ry  80 - 90 

a~il l a t  Bayou Choctaw i s  i n t e r m i t t e n t ;  t h e  average i s  1250 BPH, b u t  
t h e  a c t u a l  i n j e c t i o n  r a t e  i s  2200 BPH. 

seat t r a n s f e r  p r o p e r t i e s  i n  t he  proposed b r i n e  d i s p o s a l  p i p e l i n e  

were analyzed t o  de te rmine  t h e  expected hea t  l o s s  when t h e  b r i n e  i s  

pumped f r o m  t h e  b r i n e  p i t  t o  t h e  d i f f u s e r  head ( F i g u r e  3-36).  T h i s  

a n a l y s i s  was c a r r i e d  o u t  f o r  c o n d i t i o n s  where t h e  tempera tu re  o f  t h e  

b r i n e  a t  t h e  i n l e t  ranged f r o m  70' t o  1 4 0 ' ~  (21' t o  60°c), and ambient 

ground temperatures ranged f r om 50' t o  70°F (10' t o  2 1 ' ~ ) .  As shown 

i n  Tab le  3-3, t h e  maximum tempera tu re  d i f f e r e n t i a l  ( A T )  betxeen t h e  

i n l e t  and t h e  o u t l e t  ( i . e . ,  t he  d i f f u s e r  p o r t s )  would occur  when t h e  





inlet temperature was 140'~ (60'~) and the ground temperature was 50°F 

(loOc), but this difference would only amount to 3.2'~ (-16'~) due 

to the insulating effect of the pipe coatings of tar wrap and concrete. 

Therefore, the temperature of the brine at the diffuser head considered 

below should conservatively remain within the range of 115O to 120'~ 

(46' to 49'~). 

TABLE 3-3 Brine temperature (OF) at the proposed diffuser port as 
a function of ground temperature and brine temperature 
at the pipeline inlet. 

Brine Inleto 
Temperature ( T )  

Ground Temperature (OF) 
5 0 6 0 1 U 

3.1.. 3.1 General Approach 

A simplistic heat flow model (Figure 3-37) was used to estimate the 

impacts Prom excess temperatures which miqht result from d ischarge  of 

brine to the Gulf of Mexico through a Capline Group diffuser. A correla- 
tion was made between excess temperature and excess salinity profiles, 

assuming 90'~ (32%) seawater (probable maximum) and brine temperatures 

varying from 90' to 150'~ (32' to 66'~). The brine dispersion model, as 

discussed in Section 3.1.1, provided a basis for applying this correlation 

to expected mixing conditions at the diffuser site area in the Gulf of 

>lexica. The simplified analysis presented here does not account for 

buoyancy effects in the water column due to elevated brine temperatures. 

The analysis should be reasonably accurate within the mixing zone which is 

located close to the brine diffuser. 

Since the temperature of the brine within the salt dome is not 

accurately known and will vary with residence time and the other factors 

described above, a parametric analysis was used to compare the difference 

between the brine (Tb) and ambient rater (TS) temperatures (ATl), (Figure 
3-38). 
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en t ra ined i n  CS 
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Ts M i  x i  ng Envelope 

- Qm Mix ing  envelope corresponds t o  the  
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B r i n e  
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* C ~ b  
i s o p l e t h s  o f  s a l i n i t y  
i n  B r ine  Plume model 

*Tb (U.S. Dent. o f  Commerce, 1977a) 

M i  x i  ng Envelope 

3 
where: Q = f l ow  r a t e  ( f t  fsec) 

C = s a l i n i t y  concentrat ion ( p p t )  
C P = s p e c i f i c  heat (BTU0lbm -1 ,oF-1 ) 

T = temperature ( O F )  

F I X R E  3-37 'thematic model o f  m ix ing  zone re la t i onsh ips  f o r  b r i n e  plume temperature ana lys is .  
.* I 



3.1.3.2 Salinity Dilution Calculation 

The basic analysis for the salinity dilution effects corresponds 

to the area at the diffuser site defined by the MIT model (Section 

3.1.1); in this analysis salt is conserved throughout mixing zones 

such that: 

where 

Qm = ~b Qb + pS Qs 

and is the specific gravity of the corresponding fluid, Therefore, 
P 

Define: 

- Pb Qb (Cb - Cs) - P b  Qb (Atl) Solve for Qs: Qs - Ps 

Define: C b  - Cs = = constant. 



Then: 

3.1.3.3 Heat D i l u t i o n  C a l c u l a t i o n  

Assume conserva t ion  o f  energy i n  m i x i n g  zone: 

Pm Qm 'pm Trn = Pb Qb Cp6 Tb + P~ ',s 's 

where P, 9, ' Pb Qb + PS Qs 

and w i t h i n  most o f  m i x i n g  zone, 

'pm 'ps ( i  .e., s u b s t a n t i a l  d i l u t i o n ) .  

Also, assume t h a t  heat  c a p a c i t y  per u n i t  volume i s  n e a r l y  independent 

o f  s a l i n i t y ,  

Then: 

Def ine :  

Using Equat ion ( 1 ) :  AT = - 

Using Equat ions (1) and ( 2 )  and s i t e - s p e c i f i c  d a t a  f n r  Qb, C b ,  

C,, ps,  pb, and TS, we can so l ve  f o r  Qs and AT, as a  f u n c t i o n  o f  Tb 

and, P C l .  



3.1.3.4 Application to Capline Group Diffusers 

The following data have been applied to the diffuser at Weeks 
Island: 

PCw 
= 240 ppt; Cb = 270 ppt; CS = 30 ppt 

Then, from Equation (1): 

and from Equation (2): 

Therefore, using the sal inity change profiles (AC1), as calculated 

in Section 3.1.3.2, Q, can be calculated,and for various assumed brine 
temperatures, Tb, AT can be correlated with AC1 

iigure 3-38 plots correlations calculated between 3Cl and AT, 

for a range of Tb from 150' to 90'~ (66' to 32%) and for an assumed 
T~ = 90°i. 

To apply these results, the profiles of excess salinity which 

appear in Section 3.1 can be replotted for excess temperature profiles. 
iiithin the range of iC1 as plotted, AT will be less than 1°i ( 3 . 6 ?  C )  , 
which inaicats that a very small ar2a will be affected by elevated 

 brine temperatures. Concentration profiles of salinity excess ;~ould 



FIGURE 3- 38 Temperature ri se (AT) vs excess sa l i ni ty (AC) correl a tj on. 



I 
be needed in the near field to show the'area of possible thermal impact. 
Therefore, under worst case conditions it is expected that at the boundary 

of the 25-acre mixing zone, an increase of less than 1'~ (0.6'~) would 

occur during summer temperature maxima. 

The presence of a strong thermocline or halocline at the diffuser 

site might inhibit the vertical movement of the plume discharge water 

and thus increase the area affected by elevated temperatures. The 

condition would most 1 ikely occur in the .spring when freshwater inflow 
is at a maximum due to high river flow and when the surface waters 
are beginning to warm. 



3.2 Impacts on Water Q u a l i t y  

Impacts on water q u a l i t y  i n  t h e  G u l f  o f  Mexico d u r i n g  b r i n e  d ischarge  

cou ld  i n c l u d e  inc reased  s a l i n i t y ,  hydrocarbon, and t r a c e  meta l  l e v e l s ,  

d i s r u p t i o n  o f  seawater i o n  p ropo r t i ons ,  and a l t e r a t i o n s  i n  chemical  con- 

s t i t u e n t  s o l u b i l i t i e s .  Cons t ruc t i on  and ope ra t i on  impacts would d i f f e r  

i n  t h a t ,  d u r i n g  opera t ion ,  water  used f o r  o i l  d isp lacement  would be i n  

c o n t a c t  w i t h  o i l  and would be i n  t h e  cavern  f o r  a  l onge r  pe r i od .  As a  

r e s u l t ,  d isp lacement  water would be warmer and more s a l i n e  and would a l so  

c o n t a i n  pe t ro leum hydrocarbons. 

The a rea l  e x t e n t  o f  t h e  b r - i r ~ e  plume has becn p r c d i c t e d  u s i n g  a 

mathemat ica l  model and c u r r e n t  p a t t e r n s  observed a t  t h e  Weeks I s l a n d  

d i sposa l  s i t e s  ( S e c t i o n  3.1). Excess s a l i n i t y  con tours  o f  t h e  p r e d i c t e d  

plumes a re  assumed t o  be t r a c e r s  r e f l e c t i n g  t h e  d i s t r i b u t i o n  o f  o t h e r  

components t h a t  may be d ischarged d u r i n g  b r i n e  d i f f u s i o n .  

Lou i s i ana  has e s t a b l i s h e d  s p e c i f i c  water q u a l i t y  c r i t e r i a  which may 

be a p p l i c a b l e  a t  t h e  proposed b r i n e  d i f f u s e r  l o c a t i o n .  The Gulf o f  Mexico, 

i d e n t i f i e d  as segment 12 i n  Tab le  3-4, i s  t h e  area d i r e c t l y  a f f e c t e d ,  b u t  

o t h e r  segments may be i n d i r e c t l y  a f fec ted .  The U.S. Env i ronmenta l  Protec-  

t i o n  Agency (EPA) has a l s o  proposed numer ica l  water  q u a l i t y  c r i t e r i a  t h a t  

i s  l i s t e d  i n  Table  3-5. 

3.2.1 B r i n e  Chemist rx  

F i ve  hundred s a l t  domes a re  l o c a t e d  i n  t h e  G u l f  o f  Mexico coas ta l  

bas in .  These domes o r i g i n a t e d  f r om t h e  Louann s a l t  l a y e r  o f  t h e  

T r i a s s i c - J u r a s s i c  Age, which u n d e r l i e s  v i r t u a l l y  t h e  e n t i r e  G u l f  Coast 

bas in .  Because o f  t h e i r  common o r i g i n ,  t h e  chemical  compos i t i on  o f  t h e  

s a l t  domes, except  as noted f o r  Bayou Choctaw, i s  s i m i l a r  (Tab le  3-6).  

Approx imate ly  99 percen t  o f  s a l t  dome b r i n e  c o n s i s t s  of sodium 

c h l o r i d e ;  most o f  t h e  rema in ing  1 percen t  i s  ca l c i um  s u l f a t e .  B r i n e  i n  

e x i s t i n g  caverns i s  a  sa tu ra ted  s o l u t i o n  o f  water  and s a l t  (317 g / l  o r  263 

p p t )  w i t h  r espec t  t o  sodium c h l o r i d e ;  f o r  new caverns t h i s  s a t u r a t i o n  l e v e l  

i s  expected t o  occur  o n l y  d u r i n g  t h e  o p e r a t i o n  phase. Du r i ng  t h e  i n i t i a l  

s o l u t i o n  m in i ng  process f o r  new caverns, r es i dence  t i m e  f o r  t h e  b r i n e  would 

be r e l a t i v e l y  shor t ;  t h e r e f o r e ,  t h e  l e v e l s  o f  t o t a l  d i s s o l v e d  s o l i d s  (270 



TABLE 3-4 Sta te  o f  Louis iana s p a c i f  i c water  qua1 i ty c r i t e r i a .  

Mazer Uses C r l  t e r l a  

S Z Y -  h - K U $ t, P r %u 01  %u er 22 O- -- 3-= r 

3 
' C  Cy.  - -  0.- 3 - u  - u  

- Y  - P  6 ~ $ 3  
S p:; 85 .2 , G  a "  a "  a e -- a 

0 w l n  m P'd 0.. * I h  Z Q  23 2: 2 n m o  
g:. %' E P U U  

n 
.-u 0 . 3  %% P~ 5 %  5 %  z 5 1 25% 

$ 2  a 4  n u r  m t r  n t- I-Y)Z 

Agency 
Number - 

1. ATCllAFALAYA BASIN 
010010 Atchafal aya .River - dea&a:ers X X X X 65 70 5 6.5 - 8.5 2134 

I Barbre Landing) t o  M i l e  1 3  
1.2 m i les  below mouth ot 

0ayou Boeuf). ( includes Srand 
Lake and S i r  M i l e  Lake) 

West Atchafalaya Borrow Plc 
Canal ( S t .  Landry and St. 
Mar t i n  Parishes) 

Atchafalaya River  - H l l e  1'8 
t o  Atchzfalaya Bay ( t i d a l )  

l n t racoas ta l  Uateruay 
(north-south) - Bayou So-re1 
t o  Morgan C l t y  

COO 

500 l n t racoas ta l  Waterway 
(east-nest) - Bayou Boeu: 
Locks t o  Wax Lake Out le t  

X ' X  150 75 i. 6 - 8.5 1000 

Wax Lake Out le t  ( t i d a l )  X X 1 6.5 - 9 1000 

Atchafalay? Bay ( t i d a l )  X X 5 6.5 - 9 70 

2. BARIITARIII BASIN 
Bayou Vere t t  ( includes Baym I000 500 5 6 - 8 . 5  ZOO 
Chevereui I. Bayou ~l tamon- and 
Grand Bayou, etc .  ) 

4. MEREENTAU - VERMILION - TECHE BASIN 
~ e n n m % 1 v e r  - Or ig in  t c  In t racoas ta l  1 X X 230 36 5 6 - 8.5 200 
Ma ternay 

Vera l l i on  River  - ln t raccas ta l  Vaterway X X 
t o  Venni l ion Bay ( t l d a l )  

Bayou Tlgre - Or ig in  t o  'dern l l ion Bay X X A 6.5 - 9 1000 
( t i d a l )  

Lake Pelgneur ( t i d a l )  X X 4 6 - 8.5 

Bayou T e d ~ e  - lleadwaters to Keystone X X X X 43 32 5. 6 - 8.5 200- 
Locks an-1 Dam 



TABLE 3-4 (cont'd). 

Water Uses Cr fer ia  

Agency I 0  
Numher 

040200 Spanlsh Lake X X X 250 75 5 6 - 8 . 5  200 32 500 

040210 Bayou Teche - Keystone Locks and Dam X K X X 80 50 5 6 - 8 . 5  200 32 350 
to  Charenton Canal 

040213 l e t e  Bayou X X X X 80 50 5 6 - 8 . 5  200 32 350 

040214 Loreauvl l le  Canal X' X X X RO 50 5 6 - 8 . 5  200 32 350 

040215 Lake Fausse Polnt  ( i nc lud lnq  Oauterlve X X X X 80 50 5 6 - 8 . 5  200 32 3 50 
Lake) 

040216 Charenton Canal - Lake Fausse Po ln t  t o  X X X X 32 35n 80 50 - 5  6 - 8 . 5  200 
Bayou Teche 

040220 Bayou Teche - Charenton Canal t o  War Lake X X X X 125 68 5 6 - 8.5 200 32 500 

040225 Charenton Canal - Bayou Teche t o  
l n t r a c ~ a s t a l  Waterway 

040226 Charcnton Canal - ln t racoasta l  
Waterwy to  West Cote B l a n c k  Bay 
( t l d a l )  

Vermll lnn Bay ( t i d a l )  

West Cote Blanche Bay ( t l da l l )  

East Cote Blanche Bay Watetnay 
( t l d a t )  

ln t racoasta l  Waterway (cast-west) - 
Vennl l Ion Lock 

5. MISSISSIPPI BASIN 
~l rsKssTr ; i iT  River lrom Old Rlver  Control 
St ructure t o  ll~rey P. Long Brldge above 
New Orleans 

11. TCRRLBORNE BASIN 
lake  &?Pi--- 



TABLE 3-4 ( c o n t ' d ) .  

Uate r  Uses C r l  L e d 8  

Lake Palourde X X X X 

Ua:fotr Bocu l  - Lake Ralourde t o  
no-gan C l t y  

I n : ra roas tb l  U a t e t u y .  (east -west )  - Mcrgan X X X 
CI :y  t o  Larose 

Ilavou Olack - I n t r s c o r s t a l  U a t e n a y  t c  x X X X 
ll0ullll 

Dayc~u lerrebonne - l h l bodaux  t o  Buurg I X X 

8 a . o ~  Cl~octau - I l e d w r l e r r  t o  I n t r a -  
coasta l  Waternay 

Raynu CI.OSSC l e t e  - llcadwaters to I n t r s -  X I 
rods t a l  U a t e n a y  

Oarnu Placluealne - I l e~dwa te rs  t o  I n t r a -  X X 
coas ta l  Matelnay 

II1)per Cranrl I l l v e r  aud Lower F l a t  R l ve r  - X X 
Ile;dwnters Lo I n l r a r o d s t a l  Wate~nay 

In l racc jas ta l  Ualerw3y (no r t t t - sou t t~ )  - X X 
P o r t  A l l e n  t o  Uayou Smrrel  

I.orer Grr l td R l ve r  a7d B e l l  I l l v r r  - 
Oafou So r re l  t o  Lak? ba lourde ( I n -  
c l v ~ l e s  Uayou G o u h  3nd Grand Oayou) 

Bahou du Large - lloll~u t o  t h y  Junop X X X 
( t l d a l )  

LaCe 1I~cl1e. Lake OeSac'e. Los t  Lake. X X 
anc Four-Ledgue Uay (I l d a l )  

Oayou Pc~~c:Itant and Labe I ' c ~ ~ c l ~ a n t  - X X X 
Mor,ynn C l l y  t o  Lake OfCade (Scenlc 
R luer ) .  (tidal) 
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TABLE 3-5 Proposed EPA numerical c r i t e r i a  fo r  water qual i ty .  
,Marine Water 

Public Water Constitutents Freshwater 
Supply Intake (Aquatic Life),  Aquatic Life 

Parameter (ug/ l)  (ug/l la  (us/l lb 

Arsenic 50 50 

Cadmi um 

Chromi um 

30 (hardness >I00 ug/l ) 
4 (hardness <I00 gg/l) 

50 
Copper 

Lead 

Mercury 
Nickel 

,Zinc 

Cyanides 
Aldrin 

DOT 

Dieldrin 
Chlorodane 

Endri n 
Heptachl o r  

Heptacnlor egoxide 

Lindane 

Phenols 

Oil and grease 

PH 
m o n  i a 

Hydrogen sulfide 

Sul f ides 

Dissol vcd oxygen 

Phosphorous 
Diazinon 

Parathion 

Suspended and 
set t leable sol ids 

Turbidity and 1 ight 
penetration 

10% change in compensation p i  

10% change in c3mpensqti~n p i  

0.1 0.01 

a ( a )  = ?lot d e t ~ c t a b l e  as a  v i s ib l e  f i lm,  as sheen discoloration of the surface,  
o r  by odor; does not cause ta in t ing  of f i s h  or  invertebrates o r  damage t o  
b io ta ;  does not form an  o i l  d e ~ o s i  t o n  the shores or bottom of the receiving 
body of water. 

b ( b )  = Hone v i s ib l e  on surface;  1000 3g/kg hexane extractable  substances in 
sediments; 1/20 LC 50. 

SOURCE:  U . S .  Envi ronmental Protection Agency, 1973. 



TABLE 3-6 Prel iminary ana lys i s  of br ine  i n  various s a l t  domes of the G u l f  coas t .  

Brine samplea Weeks 
Sea Is land 

BC-6  - - BC-17 BC-19 - BM-5 SK-10 - SU- 2 - WH- I 1  Water ~i t e  A' 

Weeks 
Islandd 
S i t e  B 



TAULE 3-6 ( co t i t ' d ) .  

a ~ a ~ ~ ~ l ~  l e  code (cavern nu i~~ber  fo l l ows  the rlanle code) : BC = Bayou Choctaw, BM = B r y a i  Mound, 
SK = Starks, SU = Su l f u r  Mines, WIi = West i lackberry. 

'sea water ar~dlyses : Sverdrup, Johnson, an11 F l  enii ng , 194 2. 

' ~ v e r a ~ e  o f  lllean surface and bottoni s a ~ ~ i p l  e concentra t i ans  dur ing Septen~ber 1977. 

d ~ v e r a g e  o f  niean surface and bottom sa~lipl e concentrat ions dur ing February 1978. 

e ~ n i  t s :  b r i n e  s a ~ ~ p l e s  i n  mg/l , seawater sa~nples i n  r~g/kg. 

f ~ r a c e  elenlent uni  t s  : b r i n e  sall~ples i n  pg/ l ,  seawater san~ples i n  pg/kg. 

 or b r i ne  sanples, values i n  parentheses were obtained by emission spectography; those no t  i n  
parentheses. were obtained by a t o ~ ~ i i c  absorpt ion.  



g / l  o r  230 p p t )  would be l e s s  t han  t h e  l e v e l s  d ischarged d u r i n g  o i l  s to rage  

opera t ions .  

Compared t o  normal seawater (Tab le  3-6),  t h e  concen t ra t i ons  o f  sodium 

and c h l o r i d e  i n  t h e  b r i n e  s o l u t i o n  a re  an o rde r  o f  magnitude h igher ,  b u t  

magnesium i s  two o rde rs  o f  magnitude lower .  Calc ium and s u l f a t e  concent ra-  

t i o n s  a re  s i m i l a r  t o  those i n  seawater, w h i l e  potass ium i s  s l i g h t l y  lower.  

Of t h e  t r a c e  meta ls  analyzed i n  b r i ne ,  manganese and z i n c  l e v e l s  are 

h i ghe r  than  i n  seawater (Tab le  3-6).  However, i n  most cases, t h e  heavy 

meta l  concen t ra t i ons  i n  b r i n e  a re  w i t h i n  t h e  accep tab le  EPA standards 

(Tab le  3-5).  

The water chem is t r y  o f  t h e  I n t r a c o a s t a l  Waterway (ICW) must a l s o  be 

cons idered  s i n c e  i t  i s  t he  proposed source f o r  raw s o l u t i o n  water  a t  t h e  

s t o rage  s i t e s ,  and t hus  i t s  chemical  c o n s t i t u e n t s  would a l s o  be e v e n t u a l l y  

d ischarged  a t  t h e  d i f f u s e r .  The G u l f  o f  Mexico i s  an a l t e r n a t i v e  t o  t h e  

I C W ;  however, water  q u a l i t y  l e v e l s  f r om  sampl ing s t a t i o n s  i n  t h e  Cap l ine  

r e g i o n  (Tab le  3-7) a re  we1 1 w i t h i n  EPA recommended guide1 i nes  and should  

n o t  r e s t r i c t  t h e  use o f  e i t h e r  t h e  proposed o r  t h e  a l t e r n a t i v e  water  

sources. 

3.2.2 Impacts 

A major  impact of b r i n e  d ischarged i n  t o  t h e  G u l f  o f  Mexico would be 

t h e  inc reased  s a l i n i t y  l e v e l s  w i t h i n  t h e  plume ( S e c t i o n  3.1.2). Assoc ia ted  

w i t h  t h i s  i nc rease  would a l s o  be an a l t e r a t i o n  i n  t h e  cons tan t  compos i t i on  

of seawater; i n  p a r t i c u l a r ,  t h e  calcium/magnesium r a t i o ,  which i s  n o r m a l l y  

about 0.3 f o r  seawater. T h i s  r a t i o  would be a t  l e a s t  two o rde rs  o f  

magnitude g r e a t e r  i n  t h e  b r i n e ,  

, Water q u a l i t y  impacts a t  S i t e s  A and B shou ld  be s i m i l a r  s i n c e  t h e  

main chemical  e f f e c t s  o f  b r i n e  d i sposa l  would be o f  a  much g r e a t e r  

magnitude than  any ambient water q u a l i t y  d i f f e r e n c e s  between t h e  two 

s i t e s .  

A model used t o  p r e d i c t  t h e  c o n c e n t r a t i o n  o f  chemical  components a t  

va r i ous  excess s a l i n i t y  con tours  i n  t h e  Texoma Group (FEA, 1977b), (Tab le  

3-8)  f o r e c a s t s  t h a t  many o f  t h e  f r e e  chemical  components would assume near 

normal l e v e l s  w i t h i n  t h e  10-ppt  excess s a l i n i t y  contour .  A t  Weeks I s l a n d ,  

a t  any one t ime,  an area o f  52 acres ( 2 1  hec ta res )  would be encompassed i n  f- 

3-65 
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TABLE 3-7 ( c o n t ' d ) .  

As 

Dlssolved As 

Total Cd 

Dlssolved Cd 

Total Cr 

Heravalent Cr 

Total Cu 

Dissol ved Cu 

Total Pb 

Dissolved Pb 

Total Hg 

Suspended tlg 

Dlssolved Hg 

Total Ni 

Dissolved N i  

Total In 

Dissolved Zn 

- - - 

Max fi Max Mln 5 M& ! 4 i ~  - - - 

0.6 0.4 0.9 1.1 

0.5 0.8 0.8 0.9 . 

0.3 0.3 0.2 0.5 

24 3 13 4 15 10 5 

2 2 7 6 

130 20 90 10 80 lo iio 10 

30 2 0 20 50 



Component 

TABLE 3-8 Free  component concentrat ions a t  t h e  var ious excess s a l i n i t y  contours as 
predictedi by model ing .  

Barium 

Cadml um 

Calclum . 
Chloride 

Chromlum 

Copper (I I) 

Iron (111) 

Lead 

Magnesium 

Manganese ( 1  I) 
Mercury 

Nickel 

Potassium 

Silver 

- Sodium 

Sulfate 

Tln (11) 

Zinc 

0.8 vgfl 
N 

0.2 ug/B 
505.5 mgfl 

3.1 vg11 
N 

1.2 11g11 

371.8 mg/l 

N 
10.51 g/l 

1.095.1 mgll 
N 

1.4 ugll 

Excess Sallnlty (ppt) 

10 - 30 - 

1.6 ug/1 ' 
0~005 vg/l 

376.8 mg/l 

26.63 gll 

N 
01.8 pg/1 

N 
0.3 11gIl 

538 mg/1 

112.1 ugll 

N 

1.7 ug11 
t02.7 mgll 

N 
15.24 gll 

(120.2 mgll 
N 

'4.8 pg11 

a N specSf i e s  zero o r  e s s e n t i a l  ly  zero-free concentra t ion .  

4 s ,)  

3.1 vg/l 

0.0007 pgll 

448.9 mgll 

64.52 gll 

N 
0.8 ug/1 

N 

0.1 ugll 
488.5 mgll 

212.6 vg/l 
N 

3.5 vgll 

567 mgll 
N 

40.23 gll 

480.3 mg/l 

N 
4.8 ~911 

6.6 lrg/l 

0.0001 ugll 
400.8 mg/'l 

118.06 911 

N 
0.8 vgI1 

N 
0.004 ugll 

432.6 mg/l 

148.9 ugI1 

N 
4.6 ugll 

797.6 mgll 
N 

75.41 gll 

226.7 mg/l 

N 
3.2 ugI1 



t h e  3-ppt excess s a l i n i t y  con tour  d u r i n g  bes t  and wors t  case c o n d i t i o n s ,  

as p r e d i c t e d  by t h e  MIT model ( S e c t i o n  3.1.1). Over a  l o n g  pe r i od ,  w i t h  

c u r r e n t s  s h i f t i n g  t h e  plume, an area o f  3600 acres (1457 hec ta res )  would 

be  touched by t h e  3-ppt  excess i s o h a l i n e .  Furthermore, changes i n  t h e  

calcium-to-magnesium f r e e  c o n c e n t r a t i o n  r a t i o s  a re  p r e d i c t e d  t o  be sma l l .  

Leve l s  o f  t r a c e  meta ls  i n  t h e  d ischarge  would be r e l a t e d  more t o  the  

leachwater  source than t o  t h e  s a l t  o f  t h e  dome. As shown i n  Tab le  3-7, t h e  

q u a l i t y  of t h e  s o l v e n t  water i s  w e l l  w i t h i n  recommended c r i t e r i a .  Du r i ng  

f l o o d  o r  low- f low per iods ,  heavy meta l  concen t ra t i ons  i n  t h e  i n t a k e  water 

c o u l d  increase,  p o s s i b l y  exceeding EPA recommended d ischarge  l e v e l s ,  and 

r e s u l t i n g  i n  b r i n e  heavy meta l  l e v e l s  which cou ld  exceed t h e  ambient l e v e l s  

found a t  t h e  d i f f u s e r  s i t e  (Tab les  2-20 and 2-22). However, a  p o r t i o n  o f  

t h e  p a r t i c u l a t e  heavy meta ls  would s e t t l e  ou t  i n  t h e  s a l t  cavern,  the reby  

decreas ing  t h e  meta l  l e v e l s  i n  t h e  b r i n e .  Once discharged, t h e  Texoma 
* 

model p r e d i c t s  t h a t  f r e e  concen t ra t i ons  of heavy meta ls  would g e w a l l y  be 

l e s s  a t  e l eva ted  s a l i n i t i e s  due t o  f o rma t i on  o f  g r e a t e r  amounts o f  heavy 

m e t a l - c h l o r o  complexes and o t h e r  s o l u b l e  species.  A t  low excess s a l i n -  

i t i e s ,  concen t ra t i ons  o f  f r e e  heavy meta ls  would be h igh;  however, because 

o f  expected o v e r a l l  low l e v e l s  i n  t h e  s o l v e n t  water,  l i t t l e  impact may be 

a n t i c i p a t e d  f rom t r a c e  meta ls  d ischarged i n  t h e  b r i n e .  

The number o f  p r e c i p i t a t e  t ypes  would be t h e  same th roughou t  t h e  b r i n e  

plume, b u t  t h e  concen t ra t i ons  o f  most p r e c i p i t a t e s  would decrease w i t h  a  

decrease i n  t h e  b r i n e  s a l i n i t y  o f  t h e  plume. The h i g h  l e v e l s  o f  d i s s o l v e d  

and p r e c i p i t a t e d  s o l i d s  would t end  t o  have an a f f i n i t y  f o r  t h e  su r f ace  o f  

e x i s t i n g  p a r t i c u l a t e s  ( i  .e. adso rp t i on ) .  The f o r m a t i o n  and t h e  s e t t l  i n g  

o f  these  p a r t i c u l a t e s  cou ld  i n f l u e n c e  t h e  s e s s i l e  mar ine l i f e  i n  t h e  

d i sposa l  a rea  (FEA, 1977b). 

The e l eva ted  s a l i n i t y  and temperature l e v e l s  o f  t h e  b r i n e  water  would 

r e s u l t  i n  low l e v e l s  o f  d i s s o l v e d  oxygen i n  t h e  d ischarged  water .  Anoxic 

waters  a re  known t o  occur  i n  t h i s  area, e s p e c i a l l y  d u r i n g  t h e  s p r i n g  and 

sumner ( S e c t i o n  2.3.1). However, j e t  d i l u t i o n  a t  t h e  d i f f u s e r  s i t e  would 

h e l p  t o  produce a  r a p i d  i nc rease  i n  oxygen t o  near ambient l e v e l s .  There 

i s  l i t t l e  BOD o r  COD assoc ia ted  w i t h  t h e  b r i n e .  P r e d i c t i o n s  f r om  o t h e r  

b r i n e  d i sposa l  s t u d i e s  have es t imated  r e d u c t i o n s , o f  oxygen l e v e l s  f r om  

ambient b y  0.6 mg/ l  w i t h i n  t h e  20-ppt excess s a l i n i t y  contour ,  0.1 t o  0.2 



m g / l  w i t h i n  t h e  4 -pp t  excess s a l i n i t y  con tour ,  and 0.06 mg/ l  w i t h i n  t h e  2- 
p p t  excess s a l i n i t y  c o n t o u r  (FEA, 1977a; U.S. Dept. o f  Energy, 1978). 

Wind m i x i n g  i n  t h e  s h a l l o w  waters  o f  S i t e s  A  and B would a l s o  a i d  i n  r e -  

oxygenat ion .  ' Impac ts  f r o m  low DO va lues  would occur o n l y  i n  t h e  immediate 

v i c i n i t y  o f  t h e  d i f f u s e r .  None o f  t h e  b r i n e  c o n s t i t u e n t s  should a f f e c t  pH 

l e v e l s  i n  t h e  r e c u r r i n g  wate r  column. 

B r i n e  d i scha rge  r a t e s  d u r i n g  l e a c h i n g  a t  Weeks I s l a n d  would be 

app rox ima te l y  600 MBCD ove r  4  years;  d ischarge  r a t e s  d u r i n g  o i l  f i l l  would 

be 190 MBCD ove r  1.5 yea rs .  A l though s a l i n i t i e s  i n  t h e  leachwater  would be 

about  15 'percent lower ,  impacts  d u r i n g  t h i s  phase would be g r e a t e r  than  

d u r i n g  o p e r a t i o n  because o f  h i ghe r  r a t e s  o f  b r i n e  d ischarge  over  l onge r  

p e r i o d s .  - 

Du r i ng  t h e  o p e r a t i o n a l  phase, pe t ro leum hydrocarbons d i s s o l v e d  i n  t h e  

b r i n e  would be d ischarged .  The e q u i l i b r i u m  c o n c e n t r a t i o n  o f  crude o i l s  

i n  b r i n e  i s  3 1  ppm, b u t  t h e r e  would be i n s u f f i c i e n t  t ime,  tu rbu lence ,  

and c i r c u l a t i o n  t o  a l l o w  t h e  o i l  t o  reach  t h i s  concen t ra t i on .  Model ing 

s t u d i e s  (FEA, 1977a) i n d i c a t e  t h a t  t h e  hydrocarbon c o n c e n t r a t i o n  i n  b r i n e  

d i scha rged  t o  t h e  s u r f a c e  c o n t r o l  f a c i l i t y  would average 16 ppm f o r  t h e  

l a t e r  s tages o f  t h e  i n i t i a l  o i l  f i l l ;  a  c o n c e n t r a t i o n  g r a d i e n t  o f  0  t o  31.4 

ppm would e x i s t  i n  t h e  cavern, w i t h  t h e  t o p  50 f e e t  (15  meters )  o f  b r i n e  

becoming s a t u r a t e d  w i t h  o i l .  Du r i ng  subsequent o i l  r e f i l l s ,  a  dense 

r e t r a c t o r y  l aye r  would have t i m e  t o  torm, r e d u c i n g  d i f f u s i o n  and d i s s o l u -  

t i o n  o f  o i l  i n t o  t h e  b r i n e .  The b r i n e  t r a n s f e r r e d  t o  t h e  su r f ace  c o n t r o l  

f a c i l i t y  d u r i n g  subsequent r e f i l l s  would c o n t a i n  an average hydrocarbon 

c o n t e n t  o f  6  ppm. Depending on cavern geometry, t h e  o i l  c o n c e n t r a t i o n  

would v a r y  f rom 4  t o  15 ppm. However, v a p o r i z a t i o n  o f  l i g h t  hydrocarbons 

d u r i n g  b r i n e  d i scha rge  would reduce o i l  c o n c e n t r a t i o n  t o  approx imate ly  

6 ppm. 

H i s t o r i c a l  d a t a  on t h e  con ten t  o f  hydrocarbons d ischarged  f r om 

s i a i l a r  b r i n e  cavern o i l  s t o rage  ope ra t i ons  i n  Nanosque, France, show t h a t  

d i scha rged  o i l - i n - b r i n e  l e v e l s  were 4.6 ppm (range. 0  t o  13.8 ppm) i n  

o p e r a t i o n a l  caverns and 3.3 ppm (range, 0  t o  10 pprn) i n  t h e  s o l u t i o n  m in ing  

o f  new caverns. I n  E t z e l ,  Germany, t h e  hydrocarbon c o n c e n t r a t i o n  o f  t he  

b r i n e  d ischarge  was l e s s  than  1 ppm (FEA, 1977a). 



The predicted hydrocarbon discharge level is an order.of magnitude 

greater than ambient hydrocarbon concentrations measured at Sites A and B. 

If hydrocarbons are diluted as rapidly as ionic components, however, 

elevated oil levels would occur only in the immediate vicinity of the 

diffuser site. It is expected that local mixing and dispersal mechanisms 

would have a moderating effect. 

Many of the chemical constituents of the brine discharge have been' 

predicted to be diluted rapidly to near-ambient levels within a small area 

surrounding the diffuser. Outside of this area, no one chemical component 

should be in concentrations high enough to be toxic, but a number of com- 
pounds could act synergistically. Seasonal factors such as temperature 

and river input may also act synergistically with the brine plume. These 

impacts would mostly affect the biology and ecology of the site area 

(Section 3.3). 



Impacts  on t h e  B i o l o g i c a l  Environment 

3.3.1 Impact  of Chanqes i n  S a l i n i t y  and Temperature on Aqua t i c  Organisms 

The t empe ra tu re  and s a l i n i t y  reg imes o f  t h e  mar ine  env i ronment  e x e r t  

a  ma jo r  i n f l u e n c e  on t h e  d i s t r i b u t i o n  o f  mar ine  organisms. Water tempera- 

t u r e  c o n t r o l s  t h e  l i v e s  o f  most a q u a t i c  an imals  s i n c e  t h e y  a re  p o i k i l o -  

therms w i t h  t h e i r  body tempera tu res  a t  o r  near  t h e  tempera tu re  o f  t h e  wa te r  

env i ronment .  I n  t h e  G u l f  o f  Mexico, t h e  average summer maximum s u r f a c e  

wate r  tempera tu re  r a r e l y  exceeds 8 5 ' ~  ( 2 9 ' ~ ) .  I n  t h e  w i n t e r ,  c o a s t a l  wa te r  

tempera tu res  average about  1 3 ' ~ .  A t  a  dep th  o f  1000 f e e t  (305 me te r s )  t h e  

wa te r  tempera tu re  remains f a i r l y  cons tan t  a t  abou t  4 1 ' ~  ( 5 ' ~ ) .  Sal i n i  t y  

va lues  i n  t h e  s t u d y  a rea  d u r i n g  t h e  year  can range  f r o m  15 t o  35 p p t .  

Aqua t i c  organisms a r e  b e s t  su i t ed ,  p h y s i o l o g i c a l l y ,  t o  an optimum 

s a l i n i t y  range. Fauna and f l o r a  w i t h  a  l i m i t e d  range i n  s a l i n i t y  t o l e r a n c e  

a re  termed s t e n ~ h a l  i ne; those  w i t h  wide sal i n i  t y  t o l e r a n c e  a r e  termed 

e u r y h a l i n e .  A l t hough  t hese  organisins e x h i b i t  optimum s a l i n i t y  ranges, 

t h e y  o f t e n  can l i v e  i n  wa te rs  o u t s i d e  these  ranges. W i t h i n  t h e  e s t u a r i n e  

and n e r i t i c  ecosystems, a q u a t i c  organisms encounter  a  v a r i e t y  o f  s a l i n i t y  

reg imes.  E s t u a r i e s  and o t h e r  c o a s t a l  wa te r  bodies,  where seawater i s  

measurab ly  d i  1 u t e d  w i t h  f r e s h w a t e r  and seasona l l y  undergoes w ide  s a l  i n i t y  

v a r i a t i o n s ,  a r e  u s u a l l y  i n h a b i t e d  by  e u r y h a l i n e  organisms, w h i l e  open 

ocean areas a r e  genera l  1  y occupied by s tenoha l  i ne organisms. 

An o rgan i sm ' s  response t o  s a l i n i t y  s t r e s s  w i l l  v a r y  d u r i n g  p a r t i c u l a r  

s tages  o f  i t s  l i f e  c y c l e .  Narrow s a l i n i t y  ranges a re  r e q u i r e d  f o r  spawning 

and r e a r i n g  o f  l a r vae ,  b u t  organisms i n  a d u l t  s tages a re  more adap tab le .  

Hence, a  spec ies  may change f r om s t e n o h a l i n e  t o  e u r y h a l i n e  d u r i n g  i t s  l i f e  

c y c l e ,  and even w i t h i n  a  c e r t a i n  l i f e  s tage  may t o l e r a t e  d i f f e r e n t  and 

o f t e n  nonoptimum s a l i n i t y  ranges. T h i s  i s  e x e m p l i f i e d  by t h e  l i f e  c y c l e  o f  

many G u l f  o f  : l cx i co  ma r i nc  spcc ies  which l i v e  i n  t h e  c o a s t a l  r e g i o n s  and 

a1 t e r n a t e  between env i ronments  o f  low and h i g h  s a l i n i t y .  Much o f  t h e  

spawning a c t i v i t y  occurs  i n  t h e  G u l f ,  w h i l e  t h e  nearshore and e s t u a r i n e  

h a b i t a t s  w i t h  lower  s a l i n i t i e s  a re  used as n u r s e r y  areas. 

Env i ronmenta l  tempera tu re  changes have pronounced e f f e c t s  on an 

o rgan i sm ' s  response t o  v a r i a t i o n s  i n  s a l i n i t y .  Aqua t i c  organisms e x h i b i t  

maximum t o l e r a n c e  t o  s a l i n i t y  v a r i a t i o n s  when t h e  tempera tu re  o f  t h e i r  

env i ronment  i s  w i t h i n  t h e i r  optimum p h y s i o l o g i c a l  tempera tu re  range. 



W i t h i n  t h e  G u l f  c o a s t a l  waters  and e s t u a r i e s ,  seasonal v a r i a t i o n s  i n  water 

temperatures may be extreme, p a r t i c u l a r l y  i n  t h e  summer and w i n t e r  months 

and t h e r e f o r e  s l i g h t  v a r i a t i o n s  i n  s a l i n i t y  d u r i n g  these seasons may cause 

excess ive  p h y s i o l o g i c a l  s t r e s s  on these organisms. 

As determined from the  computer model r uns  (Sec t i on  3.1.2.3), Table  

3-9 l i s t s  approximate acreage f o r  areas w i t h i n  above-ambient i s o h a l i n e s  

a t  S i t e s  A  and B d u r i n g  nons lack and 8-day s l a c k  pe r i ods ,  bes t /wo rs t  

c o n d i t i o n s  f o r  those cases examined, and s t a g n a t i o n  per iods ,  and w i t h i n  

i s o h a l i n e  envelopes. The i s o h a l i n e  envelope i s  based on 9 months o f  

c u r r e n t  da ta  ob ta ined  a t  t h e  s i t e s  f r om  October 1977 t o  J u l y  1978 and 

rep resen t s  t h e  area around t h e  d i f f u s e r  w i t h i n  which t h e  r e s p e c t i v e  

i s o h a l i n e s  remain. The worst  case cond i t i ons ,  which show t h e  maximum 

acreage a f f e c t e d  b y  low cu r ren t s ,  occur p redominan t l y  d u r i n g  t h e  l a t e  

s p r i n g  t o  e a r l y  summer (May t o  June) a t  S i t e  B. I t  i s  d u r i n g  t h i s  p e r i o d  

of s t a g n a t i o n  t h a t  g i ven  i s o h a l i n e s  g e n e r a l l y  occupy t h e  maximum area--an 

excep t i on  was noted f o r  an 8-day s l ack  i n  t h e  n o n t i d a l  longshore c u r r e n t s  

when t h e  i s o h a l i n e s  covered a  r a t h e r  l a r g e  area (2900 and 400 acres (1174 

and 162 hec ta res )  f o r  t h e  1- and 2-ppt  i soha l i nes ,  r e s p e c t i v e l y ) .  

For t h e  purposes o f  t h i s  r e p o r t ,  t h e  area w i t h i n  t h e  4-ppt  i s o h a l i n e  

has been cons idered as t he  h igh- impact  zone, where s a l i n i t i e s  would range 

up t o  264 p p t  and l e t h a l  and s u b l e t h a l  impacts t o  t h e  b i o t a  would p robab l y  

occur.  A t  any one t ime, t h i s  area would encompass t h e  wors t  case cond i -  

t i o n s  of May 22, almost 60 acres (24 hec ta res ) ,  w h i l e  t h e  envelope 

sur round ing  t h e  d i f f u s e r  w i t h i n  t h i s  i s o h a l i n e  would cover  about 440 

acres (178 hec ta res ) .  I t  i s  a l s o  w i t h i n  t h i s  area t h a t  b r i n e  temperatures 

w i  11 approach 120°F ( 4 9 ' ~ ) .  

3.3.2 Impact on P lank ton  

Because o f  t h e  h i g h  d e n s i t y  o f  t h e  b r i n e  plume and t h e  l i m i t e d  mob i l -  

i t y  o f  p lank ton ,  o n l y  p l a n k t e r s  i n  t h e  lower  h a l f  o f  t h e  water  column w i l l  

be s u b j e c t  t o  such ent ra inment .  The d u r a t i o n  o f  exposure o r  " res idence  

t ime "  o f  p l ank ton  i n  t h e  plume d u r i n g  nons lack p e r i o d s  i s  n o t  l i k e l y  t o  

exceed severa l  hours. Only  a  ve ry  smal l  p o r t i o n  o f  t h i s  t i m e  would be 

spent i n  t h e  sec to r  o f  t h e  plume near  t h e  d i f f u s e r ,  where extreme s a l i n i t y  

l e v e l s  (up t o  230 p p t  above ambient)  and temperatures (up t o  120°F ( 4 9 ' ~ )  

above ambient)  would occur. P lank ton  e n t r a i n e d  d u r i n g  a  wo rs t  case o r  



TABLE 3-9 Approxi~aate acreage f o r  the areas w i t h i n  excess i sohalines a t  Weeks I s l a n d  
Si tes A and B dur ing nonslack, 8-day s l a c k ,  best /worst ,  and s tagnat ion  per iods .  

S f t e  A S i t e  B A l l  S i t e s  

Isoha l  l n e  
Above Nons lack 8-Day Jan .5 .Feh 25 Apr 10 Pgr 27 May 12 May 22 Mqy 29 ~ u n e ' 7  June 25 June 2 8  

Arllbient Per iod  Slack Per lod Oct 28 Dcc 29 Jan 3 (Uest l  (Worst) (Worst) (Best) JBest) (Worst) (Best) (Worst) (Stagn.) (Stagn.) Envelope 



s tagna t i on  per iod ,  due t o  ve ry  low (-  1 cmlsec) c u r r e n t  v e l o c i t i e s ,  cou ld  

remain i n  t h e  plume f o r  up t o  1 week. I t  i s  assumed t h a t  r ecove ry  f rom 

s a l i n i t y  o r  temperature shock would comnence when t h e  p l ank ton  a re  c a r r i e d  

ou t  of t h e  immediate area o f  t h e  plume. It i s  p o s s i b l e  t h a t  d u r i n g  t h e  

c o o l e r  seasons, temperatures w i t h i n  sec to r s  o f  t h e  plume cou ld  t e m p o r a r i l y  

s t i m u l a t e  p l ank ton  l i f e  processes (e.g., photosynthes is ,  feeding, 

metabol ism) . 
As d iscussed i n  Sec t ion  3.3.1, a t  any one t ime, t h e  h i g h  impact area 

w i l l  be w i t h i n  t h e  4-ppt  i s o h a l i n e  and under wors t  cond i t i ons ,  cover  about 

60 acres (24  hectares) ,  w h i l e  t h e  e n t i r e  envelope around t h e  d i f f u s e r  w i l l  

encompass about 440 acres (178 hec ta res )  (Tab le  3-9) .  I t  i s  w i t h i n  t h e  

h i g h  impact area t h a t  p l ank ton  w i l l  be sub jec ted  t o  t he  g r e a t e s t  impact.  

The h i g h  s a l i n i t y - t e m p e r a t u r e  sec to r  o f  t h e  plume w i l l  be cons ide rab l y  

l a r g e r  d u r i n g  t h e  worst-case 8-day s l ack  p e r i o d  o r  s t agna t i on  per iods ,  

b u t  w i l l  remain f o r  s h o r t e r  per iods .  Assuming a d ischarge temperature of 

1 2 0 ~ ~  (4g°C), i t  has been es t imated  t h a t  t h e  temperature a t  t h e  4 -pp t  

i s o h a l i n e  would be l e s s  than  1 ' ~  ( 0 . 6 ' ~ )  above ambient. The p l a n k t o n  

biomass e n t r a i n e d  i n  t h i s  sec to r  of t h e  plume d u r i n g  a s tagna t i on  p e r i o d  

(- 1 cm/sec) would be compara t i ve ly  sma l l .  

S a l i n i t y  t o l e rances  o f  severa l  p l ank ton  spec ies common t o  t h e  

d i f f u s e r  s i t e  a re  shown i n  F i g u r e  3-39. W i t h i n  g iven  t o l e r a n c e  ranges, 

these  species have p h y s i o l o g i c a l l y  optimum s a l i n i t y  ranges. Above and 

below these  ranges, l i f e  processes may be adverse ly  mod i f ied .  

Bioassay analyses (U.S. Dept, of Cnmmerce, 1978a) were conducted t o  

assess t h e  impact o f  va r i ous  b r i n e  concen t ra t i ons  a t  se lec ted  temperatures 

( 7 2 ' ~  ( 2 2 ' ~ )  and 8 6 ' ~  ( 3 0 ' ~ ) )  on severa l  p l ank ton  and nekton spec ies 

over  a 9-day per iod .  O f  t h e  t h r e e  phy top lank ton  spec ies s tud ied ,  o n l y  

Skeletonema costatum was comnon t o  t h e  d i f f u s e r  s i t e s .  The conc lus ions  

drawn f r om these b ioassay s t u d i e s  were: ( 1 )  t h a t  each a l g a l  spec ies 

e x h i b i t e d  c h a r a c t e r i s t i c  responses t o  concent . ra t ions o f  b r i n e ,  w i t h  

Te t rase lm is  c h u i i  t h e  most t o l e r a n t ,  Hymenomonas c a r t e r a e  t o l e r a n t ,  and 

Skeletonema costatum t h e  most s e n s i t i v e ;  ( 2 )  t h a t  no growth occur red  i n  a  

40 pe rcen t  (143 p p t )  b r i n e  s o l u t i o n  f o r  any species,  and concen t ra t i ons  o f  

20 pe rcen t  (94 ppt.) and 10 pe rcen t  (64 p p t )  were i n h i b i t i n g  t o  v a r y i n g  

degrees (Tab le  3-10); ( 3 )  t h a t  a  5 pe rcen t  b r i n e  c o n c e n t r a t i o n  i s  t h e  
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'IGUKE 3-39 S a l  i n i  t y  to lerances o f  s e v e r a l  or*qanis~ns which luay be e n c o u ~ t e r e d  a t  Weeks I s l a n d  S i t e s  



h ighes t  amount o f  b r i n e  a t  which phytoplankton may reasonably be expected 

t o  surv ive;  and (4 )  t h a t  an i n c r e a s e  i n .  temperature ( f rom 72' t o  8 6 ' ~  (22' 

t o  3 0 ' ~ ) )  had no s i g n i f i c a n t  e f f e c t  on t h e  growth o f  any o f  t h e  algae 

t e s t e d  f o r  b r i n e  concent ra t ions  o f  up t o  5 percent .  

TABLE 3-10 

% B r i ne  

0.0 

0.1 

0.2 

0.5 

1.0 

2.0 

5.0 

10.0 

20.0 

40.0 

Response o f  photoplankton species t o . v a r i o u s  b r i n e  * 
concentrat ions.  

S a l i n i t y  ( p p t )  - H. ca r te rae  - S. costatum - -  T. c h u i i  

30.0 ( a )  (a )  ( a )  

31.0 ( a >  (b )  ( a )  

31.5 ( a )  (a )  ( a )  

32.0 ( a )  (a )  ( a )  
34.0 (a )  (a )  ( a )  
39.0 ( a )  ( c )  ( c )  

46.0 (a )  ( c )  ( c )  
64.0 ( d l  ( d )  ( C  
94.0 (.d ( d l  ( d l  

143.0 ( d l  ( d  ( d l  

* 
( a )  = s i m i l a r  t o  c o n t r o l ;  (b ) .  = b e t t e r  than c o n t r o l ;  ( c )  = l ess  than 

c o n t r o l ;  ( d )  = no growth. 

Impact assessment o f  b r i n e  d isposal  on t h e  marine phytoplankton i n  

t h e  s tudy areas i n d i c a t e s  t h a t  (1 )  a l l  phytoplankton i n  t h e  plume where 

concent ra t ions  are g rea te r  than 46 p p t  would be k i l l e d ,  (2 )  because o f  
6 

t h e  r e 1  a t i v e l y  small s i z e  o f  t h e  (bot tom-f  low ing)  plumes under considera-  

t i o n ,  a  p r o p o r t i o n a t e l y  smal l  percentage o f  t he  t o t a l  phytoplankton 

biomass i n  t h e  coas ta l  s h e l f  waters would be en t ra ined  and thus impacted. 

( 3 )  t h e  res idence t ime  o f  phytoplankton en t ra ined  i n  t he  plume produced 
-. dur ing  per iods  of normal c u r r e n t  and t i d a l  f l o w  would be b r i e f  and amount 

t o  no more than a  few hours. 

F igu re  3-40 presents a 2-year s a l i n i t y  reco rd  (1963-1964) o f  

Lou is iana coas ta l  waters (Gagliano, 1973) i n  t h e  v i c i n i t y  o f  S i t e s  A and B. 

The maximum s a l i n i t y  va lue recorded du r i ng  t h i s  p e r i o d  was approx imate ly  
I 33.5 p p t  i n  December 1963. I n  general, maximum values were noted i n  t h e  





w i n t e r  and e a r l y  s p r i n g  months. Based on s a l i n i t y  t o l e rances  ob ta i ned  f r om 

bioassays, as no ted  above, t h e  s a l i n i t y  l e v e l  a t  which growth was r e t a r d e d  

f o r  Skeletonema costatum and Te t rase lm i s  c h u i i  was a p p r o x i m a t e l y  39 pp t .  

Based on t h i s ,  t h e  b r i n e  d ischarge  area t h a t  c o u l d  p o t e n t i a l l y  k i l l  o r  

r e t a r d  t h e  growth of these  phy top lank ton  would be w i t h i n  t h e  5.5-ppt excess 

i s o h a l i n e  d u r i n g  months when s a l i n i t i e s  approached maximum va lues.  When 

ambient s a l i n i t i e s  a re  lower, t h i s  h i g h  s t r e s s  zone would be s u b s t a n t i a l l y  

sma l le r .  I f  an 8-day s l a c k  i n  t h e  n o n t i d a l  longshore c u r r e n t s  shou ld  

occur,  t h i s  area would become cons ide rab l y  l a r g e r ,  bu t  t h e  p r o b a b i l i t y  of 

such an occurrence i s  low ( S e c t i o n  2.1). 

Assuming t h a t  t h e  p l ank ton  e n t r a i n e d  i n  t h e  plume would be k i l l e d  due 

t o  t h e  t r a n s i t o r y  e f f e c t s  o f  h i g h  s a l i n i t y  (up t o  264 p p t )  and h i g h  water 

temperature (up t o  1 3 0 ' ~  ( 5 4 ' ~ ) ) ,  and us i ng  t h e  average phy top lank ton  c e l l  

d e n s i t i e s  i n  t h e  bot tom samples taken  f r om t h e  Weeks I s l a n d  area, t h e  

f o l l o w i n g  es t imates  were made. A t  S i t e  A (September t o  December 1977), 
4  2547 x  10 phy top lank ton  c e l l s  and 349 zooplankton would be des t royed  per  

c u b i c  meter o f  water e n t r a i n e d  i n  t h e  plume. A t  S i t e  B  (February  t o  A p r i l  
4  1978), 82,330 x  10 phy top lank ton  c e l l s  and 15 zooplankton would be 

des t royed  per cub i c  meter o f  water e n t r a i n e d  i n  t h e  plume. These va lues 

would va r y  th roughou t  t h e  year  and would p robab l y  be g r e a t e r  d u r i n g  t h e  

w i n t e r  o r  e a r l y  s p r i n g  months when p l ank ton  biomass g e n e r a l l y  a t t a i n s  

maximum va lues  (Green, 1978). I n  t h e  f a r - f i e l d  s e c t o r  o f  t h e  plume where 

s a l i n i t y  and temperature values a re  near ambient c o n d i t i o n s ,  p l a n k t o n  

p r o d u c t i v i t y  may be t e m p o r a r i l y  reduced. 

F i gu re  3-41 i l l u s t r a t e s  a  Langrangian model ou tpu t  based on c u r r e n t s  

cons idered  c h a r a c t e r i s t i c  o f  t h e  proposed Seaway b r i n e  d i f f u s e r  s i t e  o f f  

Freepor t ,  Texas (U.S. Dept. o f  Cormnerce, 1978). T h i s  ou tpu t  was used t o  

approximate t h e  amount o f  t i m e  t h e  p l a n k t o n  would be e n t r a i n e d  i n  t h e  

i n t e r m e d i a t e  f i e l d  o f  t h e  p lume- -w i th in  a  r e g i o n  o f  300 t o  400 f e e t  ( 9 1  t o  

122 mete rs )  f r om  t h e  d i f f u s e r .  I n  t h e  Langrangian p resen ta t i on ,  phy to -  

p lank ton ,  f i s h  la rvae ,  eggs, and o t h e r  zooplankton were assumed t o  be 

c a r r i e d  w i t h  t h e  ambient waters  and e n t r a i n e d  i n  t h e  d i f f u s i n g  b r i n e  

e f f l u e n t  plume. These organisms would be exposed t o  excess s a l i n i t y  as a  

f u n c t i o n  o f  t h e i r  l o c a t i o n  i n  t h e  plume and t h e  p r e v a i l i n g  d i f f u s i o n  r a t e  

o f  excess b r i n e .  The excess s a l i n i t y  (>30 p p t )  c a l c u l a t i o n s  a re  shown 

w i t h  average and maximum exposure d u r a t i o n s .  As i l l u s t r a t e d ,  t h e  maximum 
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exposure t o  more than a 1-ppt excess i s  about 10 hours. The bioassay 

r e s u l t s  and plume model suggest t h a t  on ly  e levated s a l i n i t y  l eve l s  

w i t h i n  the nea r - f i e l d  reg ion  of the plume are expected t o  s i g n i f i c a n t l y  

r e t a r d  growth o f  phytoplankton (U.S. Dept. o f  Commerce, 1978). 

I n  add i t i on  t o  b r i n e  impacts, other chemical impacts would be 

expected as a r e s u l t  o f  b r ine  discharge i n t o  the  Gul f  o f  Mexico (Sect ion 

3.2.2). For example, i o n  r a t i o s  i n  the discharge plume would a lso be 

expected t o  be a1 tered, especi a1 l y  the calcium/magnesiurn r a t i o .  These 

changes could be expected t o  induce phys io log ica l  st ress on the plankton 

community entra ined i n  the plume. The concentrat ions of several heavy 

metals (Pb, Hg, Zn, and Mn) i n  the plume may exceed EPA recommended d i s -  

charge leve ls .  Plankton entrained i n  the  plume may arisorh o r  absorb these 

metals, thus p rov id ing  an accessible source o f  heavy metals t o  o ther  

components of the food web. If t u r b i d i t y  i s  increased as a r e s u l t  o f  b r i ne  

discharge, 1 i g h t  penet ra t ion would be reduced, thus temporari l y  reducing 

primary p roduc t i v i t y .  I n  addi t ion,  DO concentrat ions may decrease i n  the 

v i c i n i t y  o f  the d i f f use r ,  leading t o  a f u r t h e r  temporary reduct ion i n  

primary p roduc t i v i t y .  

It has been estimated (Sect ion 3.2.2) t h a t  6 ppm o f  o i l  would be 

contained i n  the br ine.discharge.  Plankton are threatened p r i m a r i l y  by a 

f l o a t i n g  s l i c k  o r  water-soluble hydrocarbons w i t h i n  the plume. Bioassays 

undertaken t o  assess the sublethal  e f f e c t s  o f  petroleum products on marine 

organisms (Hyland and Schneider, 1976) have ind ica ted  t h a t  phytoplankton, 

when exposed t o  various hydrocarbons i n  concentrat ions o f  t o  38 ppm, 

i l l u s t r a t e  a depression i n  growth r a t e  o r  a reduct ion i n  photosynthesis. 

When exposed t o  a range of crude and f u e l  o i l s  i n  concentrat ions o f  1 t o  

200 ppm, mixed phytoplankton populat ions o f  Monochrysis l u t h e r i ,  

Phaeodactylum tr icornutum, Skeletonema costatum, and Ch lo re l l a  x., among 

others, showed a reduct ion i n  growth r a t e  and photosynthesis. Venezuel an 

crude o i l  i n  concentrat ions o f  10 t o  30 pg/L induced a s t imu la t ion  i n  

photosynthesis. The copepod Calanus helgolandicus, when exposed t o  

suspended o i l  d rop le ts  a t  concentrat ions o f  10 ppm, showed a decrease i n  

feeding and metabol ic a c t i v i t i e s .  Plankton entrained i n  the b r i n e  d i s -  

charge conta in ing o i l  concentrat ions o f  6 ppm therefore could experience 

a short-term reduct ion i n  t h e i r  metabol ic a c t i v i t y  (e.g., metabolism, 

photosynthesis). Major changes i n  the plankton comnunity due t o  o i  1 



contamination have not been reported in the literature (Hyland and 
Schneider, 1976). 

Because of their low discharge concentrations no single chemical 
constituent should be present in concentrations toxic to marine life out- 
side the high sal ini ty-temperature sector of the plume. However, these 

chemicals may act synergistically to induce adverse impacts on the biolog- 
ical comunity, but the degree of this impact is unknown. 

For the worst case 8-day slack period in longshore currents, the area 
within the 4-ppt excess isohaline would extend to about 30 acres (12 
hectares) and thus would enclose a high salinity-temperature area causing 
severe physiological stress on the plankton. 

3.3.3 Impact on Be-nthos 

Brine disposal in the Gulf of Mexico would have a significant effect 
on certain components of the benthic invertebrate community especially 
nonmotile forms. The area of greatest stress would be within the 4-ppt 
isohaline and many of the sessile (nonmotile) organisms 1 iving within the 
range of this contour would be killed (U.S. Dept. of Commerce, 1977a). 
Mortality would occur particularly in areas near the diffuser where salin- 
ities may approach values of up to 264 ppt and excess temperatures would 
be as high 'as 120'~ ( 4 9 ' ~ )  above ambient. 

Assuming total mortality in this immediate area of the diffuser, 
6 2.1 x 10 benthic invertebrates per acre would be killed at Site A and 
6 27.4 x 10 per acre would be killed at Site B. These estimates are based 

on mean density values measured at the five stations sampled nearest the 
proposed diffuser for each site (Appendix C). Based on worst-case current 
conditions for plume dispersion, almost 60 acres (24 hectares) would be 
covered by the 4-ppt excess isohaline at any one time (Section 3.3.1). 
Using 9 months of field data, (October 1977 to July 1978) the 4-ppt excess 
isohaline has been predicted by the plume model to affect a maximum 440 
acres (178 hectares) when the plume oscillates back and forth in response 
to the local changes in currents. 

The brine plume would have the greatest impact on the benthos at both 
sites during the spring when faunal densities are at their highest. Poly- 
chaetes, in particular, Streblospio and Cossura at Site A; Mediomostus, 



Paraprionospio, and Magelona at Site B; and Spiophanes at both sites-- 

would be the benthic organisms most affected by the plume, but this 

impact would be moderated since these organisms have a high tolerance 

to environmental perturbations. Mol lusks and crustaceans would also be 

impacted to a high degree by the plume. During late spring and summer 

natural mortality, predation, and the effect of the anoxic layer will 

also reduce the number of organisms in the benthic populations. In the 

far field areas (less than 4 ppt) the salinity increase is unlikely to 

have a significant adverse impact on the benthic community near the site. 

~ i o ~ c c u m u l  at ion of several heavy metal precipitates (copper hydrox- 

ide,  iron hydroxide, strontium sulphate, and aluminum hydroxide) may 

occur in the food web as a result of ingestion of the metals directly 

or indirectly by detritivores and filter-feeding benthic organisms. 

Ingestion of these metals by benthic organisms could disturb their 
metabo1.i~ processes. Discharged hydrocarbons may a1 so accumulate in the 

benthos, altering metabolic processes and tainting tissue of shrimps or 

crabs. Neanthes can acclimate to relatively high concentrations of 

petroleum hydrocarbons; though there ,is a reduction in fecundity, it is 

parti a1 ly compensated for by increases in oocyte maturation and decreases 

in brood mortality. Ingestion of these organisms by carnivorous food fish 

may result in tainting of their tissue and reduce their acceptability as .,- 

sea food. 

Physiologically, benthic organisms adapt to salinity changes in a 

variety of ways. Most polychaetes and mollusks are osmoconformers, which 

means the ionic concentration of their body fluids change with alterations 
in ambient salinities and thus they are able to compensate for ionic 

changes with complex metoblic adaptions. Crustaceans, on the other hand, 

are often physiologically adapted to osmoregulate. Benthic organisms also 
react to environmental extremes by avoidance, she1 1 closure, and burrow- 

ing. These mechanisms are successful up to a point, since benthic 

organisms have been reported to survive salinity levels from 24 to 82 ppt 

(Table 3-11), but chronic salinity conditions would stress the adaptive 

abilities of the organism, especially among eggs, larval, and juvenile 
stages, and the weakly motile species. Invertebrates, particularly 

polychaetes, are capable of quick recovery, even after large communities 

are killed off by adverse salinity changes (Gunter, - et -* a1 9 1974). 



TABLE 3-11 Salinity ranges for benthic invertebrates i n  the northwestern 
Gulf of Nexico (1.4 t h  a recorded occurrence in sal i n i  t ies  above 
45 P P ~ )  

Orcani sm 

POLY CFAETE ('AORMS) 

F4erei s pel asica 

P j l  ydora 1 i gni 

CIRRIPEDIA (3ARFIACLES) 

3al anus eburneus 

3al anus amohi tri t 2  

d4!4PHIPOOA' (SCUDS) 

Gamma rus mucronatus 

Grandi d i  srcll  a bonneroi des 

Hulinia in t t ra l i s  

Anomalocardia cuneirneris 

Sat i n i  t y  (cot)  

SOURCE: Yedgpeth, 1967 



Bioassay studies (Neff,  1978) have revealed t h a t  the adu l t  benthic 

polychaete Neanthes arenaceodentata has median 96-hour to lerance l i m i t s  t o  

b r i n e  o f  46.9 t o  51.9 pp t  a t  6 8 ' ~  (20'~)  and o f  40.0 t o  47.4 pp t  a t  8 6 ' ~  

(30°c), depending on organism size. These adu l t  worms were a lso b e t t e r  

able t o  surv ive i n  seawater w i t h  s a l i n i t y  comparable t o  t h a t  o f  b r i ne  a t  

6 8 ' ~  (20°c), i n d i c a t i n g  t h a t  a l t e red  ion  composition may have a detrimen- 

t a l  e f f ec t .  However, t h i s  t rend was not  apparent a t  8 6 ' ~  (30 '~) .  When 

subjected t o  br ine,  the immature stages of t h i s  species had a higher 

su rv i va l  r a t e  than the adults, though t h e i r  growth was s l i g h t l y  inh ib i ted .  

A t  6 8 ' ~  (20°c), the younger l i f e  stages were more apt t o  surv ive i n  b r i n e  

than i n  na tu ra l  seawater o f  comparable s a l i n i t y .  A t  6 8 ' ~  (20°c), Nereis 

l imbata had a 96-hour LC50 ( t heconcen t ra t i on  l e t h a l  t o  50 percent o f  the 

organisms tes ted over a 96-hour exposure) o f  44.2 and 51.5 pp t  f o r  b r i n e  

and a r t i f  i c i  a1 seawater, respect ive ly .  

Assuming t h a t  the r e s u l t s  o f  these bioassays are representat ive  o f  

other benthic infauna, i t  may be concluded t h a t  b r i n e  w i l l  have a greater  ' 

impact dur ing the summer when the water i s  warm, and on the younger l i f e  

stages. .It may also be concluded t h a t  m o r t a l i t i e s  are a r e s u l t  o f  a l t e red  

ion  composition as we l l  as increased s a l i n i t y .  Also, the s a l i n i t i e s  l e t h a l  

t o  these organisms would on ly  be encountered i n  the immediate area surround- 

i ng  the  d i f f use r .  Due t o  the t r ans ien t  nature o f  the b r i ne  plume, a 

Euler ian approach has been used w i t h  the MIT model and t y p i c a l  cu r ren ts  

(0 t o  1.5 knots)  t o  determine how long a benthic organism would be exposed 

t o  a p a r t i c u l a r  excess i soha l ine  (Figures 3-42 and 3-43). Generally, the 

higher the excess isohal ine,  the shor ter  the durat ion of exposure. The 

degree o f  t h i s  impact depends on distance and d i r e c t i o n  from the  plume. 

Although many o f  the benthic inver tebrates are o f  l i t t l e  o r  no d i r e c t  

economic value, they occupy an important p o s i t i o n  i n  the t r oph i c  s t r uc tu re  

o f  the marine f o s s i l  web. The infauna depend on plankton as a food source 

and may be i n d i r e c t l y  impacted i f  the  plankton are destroyed by the br ine.  

Furthermore, s ince the  benthos are preyed upon by many comnercia l ly  

important f i n f i s h  and she l l f i sh ,  any p o l l u t a n t  bioaccumulation o r  reduc- 

t i o n  i n  benthic p r o d u c t i v i t y  would also be r e f l e c t e d  i n  these higher 

t r oph i c  levels.  It i s  estimated t h a t  a reduct ion i n  benthic p r o d u c t i v i t y  

would be minimal i n  a l l  areas except i n  the  immediate area o f  the dif fuser. 

No threatened o r  endangered benthic species (Sect ion 2.4.3) o r  unique 
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communities are located within the excess 4-ppt isohaline. On a regional 

basis the environmental loss of the benthic community within this brine 
plume is not expected to be significant. 

3.3.4 Impact on Nekton 

The impacts of the brine discharge on nekton depend on various factors 
including the season, the life stage of the organism, and its life history. 
Generally, the impacts of brine on the adult stages of the nekton are 
estimated to be minimal since these organisms are active swimmers and most 
nekton, because of their salinity preference levels, would avoid the 
plume's area of high impact. However, the adults of certain species, such 
as shrimp and crab, depend on the bottom for burrowing, food, cover, and 

breeding and would be impacted to a greater extent than fish. Many of the 
nekton in the Louisiana coastal region are an economically important 
species and include the brown and white shrimp, blue crab, menhaden, and 
the Atlantic croaker. A major impact on these commercial species would 
result in a severe blow to the area's economy. 

The planktonic eggs and larvae of nektonic organisms would be 
entrained in the plume and tend to be more sensitive to environmental 
perturbations than adults. The impacts on these early li'fe stages would be 
greatest during the spring and summer when spawning is at a maximum and 
eggs and larvae are at their greatest abundance. Sudden chan,ges in salin- 
ity which impede migration or do not permit normal osmoregulatory 
processes to function can kill adult eu.ryhaline fishes. 

Similar to the plankton and benthos, the greatest impact of brine 
discharge on nekton would be due to the effects of increased salinity'and 
temperature, although increased turbulence, particulates, and hydrocarbon 
concentrations, decreased DO 1 eve1 s, and an a1 tered calcium/magnesi um 
ratio also would produce additional environmental stress. The area of 
greatest stress would be within the 4-ppt above-ambient isohaline where 
high salinity and temperature values would occur. Most of the nekton would 
tend to avoid these areas. Based on conservative estimates, about 60 acres 
(24 hectares) would be covered at any one time during a worst-case condi- 
tion, whereas a total of 440 acres (178 hectares) would be covered over a 
period of time by the 4-ppt envelope as the plume oscillates due to changes 
in the current direction. Normal (nonslack) conditions would have a much 



smaller area enclosed by the 4-ppt isohaline. The far-field area will have 

a temperature which is expected to approach ambient levels; however, an 

excess salinity gradient of about 1 ppt may extend several miles from the 
diffuser, but no significant impact to the nekton would be anticipated in 

this area. 

Ninety-eight percent of the comnercial species in the Gulf of Mexico 

inhabit both the estuaries and offshore coastal waters. Spawning typi- 
cally occurs in the high salinity waters of the Gulf coast during some 

part of each species life cycle. The young migrate to the estuaries to 

grow and nurture and subsequently the juveniles return to the open waters 

of the Gulf to complete the cycle. Because of these migrations, the 

variation in total biomass is quite pronounced for a given area and 

marked seasonal changes in species composition or size and age composition 

are comon. Therefore, a brine discharge which could affectively block 

the migration route of these fishes during their life cycle would have a 

significant impact on the nekton community and in turn adversely effect 

any commercial fishing at the discharge sites (See Section 3.3.4.1). 

Hydrocarbons, which would be released only during the oi 1 ref i 1 1  

phase of the project, are expected to average 6 ppm. Bioassay data for a 
variety of marine organisms show the lethal level for soluble petroleum 

fractions to range from 1- to 100-ppm soluble for adult stages and to 

range from 0.1 to 1 ppm for larval and juvenile life stages. Adverse 

sublethal physiological impacts have been found to occur for petroleum 

concentrations from 1 to 10 ppb (Hyland and Schneider, 1976). 

Jet dilution at the discharge site is expected to reduce hydro- 

carbon levels rapidly; however, nekton which have not avoided or rapidly 

traversed the region may be subjected to physiological dysfunction, such 
as disruption of normal feeding and reproducti.ve patterns possibly due to 

an, imbalance in chemotactic sensing. Low-level hydrocarbon pollution has 

been found to result in decreased growth, delayed hatching, and abnormal 

behavior and development in f i sh and macroi nvertebrate eggs and 1 arvae 
( Hyl and and Schnei der, 1976). Incorporation of petroleum hydrocarbons in 

marine organisms may result in tainting of edible species, and would be a 

significant adverse impact for this high-yield commercial fisheries area. 



Nektonic populations affected by water-sol uble hydrocarbons could 
recover relatively quickly by recruitment of larval and adult immigrants 

from outlying areas. Nektonic organisms dependent on the benthos as a 
food source would be affected to a greater extent because, in sediments, 
hydrocarbons could accumulate to higher levels and persist for a longer 
period of time than hydrocarbons in the water column. 

An increase in turbidity due to increased amounts of dissolved and 
precipitated solids could indirectly affect the nekton by causing a 
decrease in productivity, thus decreasing available food sources in the 
near-field area. Settling of the particulates could affect benthic organ- 
isms by .direct toxicity, burial, and bioaccumulation, thus reducing their 
availability as a food source for nekton. Low 00 leve?r would affect 
sessile organisms and produce a local decrease in food for nekton, but 
nektonic organisms would tend to avoid these low oxygen areas. 

The calciurn/magnesium ratio, which is normally 1:3 in seawater, is 
at least two orders of magnitude greater in brine. When discharged, the 
alteration of ion balance in the water column may affect muscular activity 
and nerve transmission in nektonic organisms. 

The exit velocity of water from the diffuser ports has been designed 
for 25 ft/sec (7.6 m/sec) to facilitate jet mixing. This turbulence could 
produce mortality in fish and macroinvertebrate eggs or larvae entrained 
in the jet. 

3.3.4.1 Shrimp 

Bioassays performed on three life stages of white shrimp--eggs, 
nauplii, and early protozoeal--show that the brine concentration between 
2.45 and 3.2 percent volume (36.5 to 38 ppt) at 82'~ (28'~) was lethal to 
the embryonic shrimp (Wilson - et -* a1 9 1978). These studies also indicated 
that the 24-hour LD5- (lethal dose to 50 percent of the test organisms) of 
postlarvae was between 6.3 and 6.5 percent brine (49 ppt). At increased 
temperatures of 87.a0, 89.6O, and 91.4'~ (31°, 32O, and 33'~) the 24-hour 
LDSo1s decreased to 5.9, 4.75, and 4.4 percent brine, respectively 
(approximately 48, 43, and 42 ppt). Thus, it appears that salt dome brine 
is less toxic to nauplii than to embryos or early postlarvae, but the 
affect of brine increases as temperature increases. Although the nauplii 
survive, they may not metamorphose to the first protozoeal stage after 



exposure to concentrations under 3 percent brine (39 ppt). Furthermore, 

if exposed from the time of egg cleavage to protozoeal stage, development 

may be inhibited at brine concentrations under 3 percent. 

In other studies (FEA, 1977a), the salinity preference of postlarval 
brown and white shrimp (Table 3-12) has been examined in gradient tanks 

with salinity ranges from 0 to 70 ppt and 0 to 50 ppt, respectively. 

The results indicate that the shrimp preferred lower salinity levels 

than those that would be normally expected in the open Gulf. It was 
hypothesized that the shrimp key in on salinity gradients to navigate 

during their migration to the less saline inshore nursery grounds. 

Statistical analysis of the data revealed that a seasonal variation 

in sal ini ty preference by the post larvae was being expressed, especi a1 ly 
by the brown shrimp, which preferred highest salinities in the spring. 

White shrimp postlarva showed a seasonal preference only when exposed 

to low salinities. 

At temperatures of 73' to 78'~ (23' to 26O~), postlarvae of brown 

shrimp grew equally well at salinities of 2 to 40 ppt. Postlarvae 
of white shrimp produced twice as much tissue at intermediate salinities 

(10 to 15 ppt) compared to conditions at 20 and 35 ppt and temperatures 

above 77'~ (25.5'~). Postlarvae of brown shrimp produced the most 

tissue at sal inities of 30 ppt and 90'~ (32Oc), (FEA, 1977a). These 

data indicate that postlarvae penaeid shrimp are tolerant of both salinity 

and temperature variations. 

Several studies have indicated that adult white shrimp generally 

are less tolerant of high sallnlty than adult brown shrimp, but other 

studies have shown no differences in salinity preference. For example, 

adult white shrimp have been collected under conditions where salinities 

ranged from 0.2 ppt to more than 47 ppt; and brown shrimp have been 

taken in areas'where salinities ranged from 0.1 to 69 ppt. This wide 

range of salinity indlcates that these two penheid shrimp are of the 
euryhal ine species (FEA, 1977a). The' preferred temperature range (based 

on catch data) for adult white and brown shrimp is 68' to 86'~ (20' 
to 30'~) and 68' to 95'~ (20' to 35OC), respectively (Copeland and 

Bechtel ,. 1974). 



TABLE 3-12 S a l i n i t y  preference (pp-t) of postlarvae o f  brohn and .whi t e  s h r i ~ ~ ~ p .  

pfia - P25 -. P50 - P75 - P95 P75-P25 P95-P5 

Su~l~~ner 

Brown, 41.4 213.9 20.6 13.13 7.2 15 34.2 

White 43.5 34.5 28 21.8 11.1 13.4 32.3 

Brown, 47.3: 3 6 27.4 

White 4 1 28.5 21.1 

Spring 

Brown, 49.1 38.1 29.9 

a ~ 5  represents the  s a l i n i t y  ual ue a t  o r  above which the top 5 percent o f  the 
. ~nenlbers 1110st t o le ran t  t o  s a l i n i t y  are found. P50 would be tne median value 

where 50 percent 07 the meabers are above and 50 percent are below the i n -  
dica tedi s a l i n i t y  values. 

SOURCE: Keiser and Aldr ich, 1976. 



Experiments on the suscepti bi 1 ity of white shrimp to oi lf ield 

brine showed that, for one case, a1 1 shrimp died within 2 hours after 
exposure to a brine concentration of 42 ppt; white shrimp survived 

indefinitely when similarly exposed to evaporated bay water with salin- 

ities of 45 ppt. The conclusion was that the ionic composition of 

the brine may exert a greater influence on organisms than brine concen- 

trations (FEA, 1977a). 

There is limited information on how ionic composition affects 

shrimp. Exposure of penaeid shrimp to toxic pollutants may reduce 

their capacity to resist salinity stress, and concentrations not toxic 

at normal sal inities might become harmful as salinities decrease. 

Cadmium in the br-ir~e discharge can be bioaccumulated by shrimp through 

their food source or directly from the water. The 96-hour LC50 for 

pink shrimp is 3.5 mg Cd/l.  For white shrimp, the toxicity of mercury 

is 17 mg/l for a 96-hour LC50; the toxic effects do not vary with shrimp 

size (7 to 35 mi 1 1  imeters) . Exposure to mercury for 60 days at concen- 

trations of less than 1 mg/l did not affect respiration, growth, or 

molting rates of postlarval shrimp (Green et g., 1976). There is 

no direct evidence of lead toxicity or bioaccumulation by penaeid shrimp. 

Raw chitin has been shown to adsorb lead over a range of salinities 

(Yoshinari and Subramanian, 1976). If the chitin of shrimp acts similarly, 

accumulation of lead might constitute a human health hazard. 

Toxicity studies undertaken to assess the impact of hydrocarbons 

on marine organisms show that polar compounds in petroleum are the 

most soluble in water and are the most toxic. The metabolites of poly- 

nuclear aromatic hydrocarbons may be much more toxic than the original 

parental compounds. In addition, low concentrations of petroleum prod- 

ucts can affect feeding and reproduction in crustaceans. 

Since temperature and salinity are expected to approach 130'~ 

(54'~) and 264 ppt, respectively, within the high impact area of the 

brine plume (60 acres (24 hectares)), about 4.55 shrimp could be impacted 

for each acre of substrate entrained in the plume--assuming that the 

shrimp do not show an avoidance reaction to this sector of the plume. 

Outside of this area, the brine would probably not have significant 

adverse impact on adult shrimp (Figure 3-44). In contrast, the planktonic 



stages of shrimp temporarily entrained in the near-field sector of 

the plume could be adversely impacted. Due to their greater sensitivity, 

planktonic shrimp could also be harmed outside of the near-field plume 

area (Figure 3-44). 

3.3.4.2 Blue Crabs and Oysters 

Adult blue crabs have a wide range of salinity tolerance (0.7 

to 88 ppt) but prefer to spawn in waters with relatively high salinities 

(Jaworski, 1972). In contrast, the blue crab egg yolk was destroyed 

in a 5 percent (44 ppt) brine at 82'~ (28'~)~ (Johnson and Will lams, 

1978). Blue crab larvae migrating to the estuaries may be temporarily 
damaged if they become entrained in the high temperature/sal ini ty sector 

of the brine plume. 

Oysters, another comerci a1 ly important species in coastal Louisiana, 

develop and grow in low sal inity waters (under 15 ppt). This species 

will not be impacted by the plume since they are not found in the region 

of the proposed diffuser sites. 

3.3.4.3 - Fish 

Adult fish wo111t-i he s~rhject to minimal impact from brine disposal 

at either Sites A or B since they tend to avoid areas with adverse 
salinity concentrations. Although salinity tolerances for marine fish 

vary, it is usually the younger developmental stages that would be 
expected to be least tolerant. However, some marine teleost eggs can 

tolerate wide ranges of salinity. Atlantic herring eggs have hatched 
under laboratory conditions in salinities up to 90 ppt, and the eggs 
of the sheepshead minnow have hatched in salinities of 110 ppt in situ. -- 
Yolk sac larvae of the Atlantic herring surviv.e and remain active for 

at least 24 hours at salinities of 60 to 65 ppt. The larvae of Gulf 

menhaden have metamorphosed in the laboratory at salinities of 25 to 

40 ppt (FEA, 1977a). 

Bioassays conducted on spotted seatrout eggs and 1arvae.when exposed 

to salt dome brine for 48 hours at 80.6'~ (27'~) resulted in significantly 

increased morta1iti.e~ at a concentration equivalent to 40 ppt. These 
mortalities did not differ from those of comparable salinities using 

artificial seawater, indicating that the differences in ionic composition 
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of brine may not have an additional effect (Johnson and Williams, 1978). 

The planktonic life stages entrained in the plume would be exposed 

to excess salinities for only a few hours. Planktonic organisms within 

a region 300 to 400 feet (91 to 122 meters) from the diffuser would 

be exposed to a salinity excess of 1 ppt and would be entrained for 

less than 12 hours (U.S. Dept. of Commerce, 1978a.). 

Brine bioassays of larval spotted seatrout were performed for 

exposure periods of 1 and 2 hours (Table 3-13). The 48-hour LDS0 of 

a 1-hour exposure to the brine was about 48 ppt (6.2 percent by volume) ; 

for a 2-hour exposure it was about 41 ppt (3.5 percent by volume). 

When entrained under the conditions depicted in Figure 3-45, the brine 

discharge exposures are expected to be lethal to less than 10 percent 

of spotted seatrout larvae. 

Supranormal salinities may cause changes in growth rates and energy 

expenditure, leading to gi 1 1  tissue damage and asphyxiation, and they 

may affect metabolic rate, activity, and neuromuscular functions. 

Since the DO level decreases as' sal ini ty increases, the physiological 

effects may be indirect. This is revealed by growth rate experiments 

involving desert pupf i sh (FEA, 1977a). As sa1 ini ty increased, develop- 

ment was progressively retarded. These results were attributed to 

low oxygen levels in the water. 

The expenditure of energy in marine organisms may r e ~ u l  t from 
both direct and indirect effects of salinity. It has been shown that 

within a certain optimum salinity range, a minimum amount of energy 

needs to be expended to maintain osmotic gradients; large amounts of 

energy can then be directed toward growth. Above the optimum salinity 

range, an increase in metabolic process is generally accompanied by 

an increase in uptake of oxygen. Above 34 ppt,. the oxygen uptake' rate 

in the starry flounder increased 15 percent. Additional energy is 

expended to sustain osmotic and ionic regulation at above-optimal salin- 

ity regimes (FEA, 1977a). 

The majority of the fish expected in the vicinity of Sites A and 
3 are euryhaline, and hence have a high tolerance to wide salinity 

ranges (from 5 to 37 ppt), (Table 3-14). The maximum -- in situ salinity 

at the s i t s  was .33.6 ppt (Figure 3-44). Assuming that ambient salinities 



z 

I 
k 
Q 
0 4 -  
(3 

SEE CAPTION NOTE 

1 0% 

> 
e 
5 0 

I I I I I 

12 24 36 48 60 

s 
DURATION OF EXPOSURE (hr) 

SOURCE: U. S.  Dept. of Commerce, 1978a. J 
- -- 

---+------ MAXIMUM DURATION 

FIGURE 3-45 Excess s a l i n i t y  versus d u r a t i o n  o f  exposure f o r  d r i f t i n g  
p lank ton ic  species en t ra ined  i n  the  b r i n e  plume. ' (Area above 
the  10 percent  1  i n e  denotes environmental condi t i o n s  l e t h a l  
t o  a t  l e a s t  10 percent  o f  l abo ra to ry - tes ted  l a r v a l  spot ted  sea- 
t r o u t  specimens. ) 

3-97 



TABLE 3-13 Average mortality of 1-hour posthatch larval spotted seatrout 
from short-term exposure to salt dome brine (based on four 
rep1 i ca tes ) . - - -- ._ _ 

Exposure Total Tes t  Exposure Total Test 
Percentage Time T i m  ~ o r t a l i t ~  Time Time l ~ o r t a l i t ~ ~  
~~olume/~olume)~ (hr) ( X )  (hr) (hr) (hr) (2)  

a (  ) = measured salinity i n  ppt. 

b (  ) = one standard deviation. 
S O U R C E :  Johnson and Williams, 1978. 



TABLE 3-14 Salinity tolerances of some comnon coastal LouOsiana fishes. 

Sal ln l t y  (ppt) 

Greatest Highest Recorded. , 

Abundance Sal l  n l  t y  Tolerance ~eference' . Comnen t s  Range 

75 Gunter, 1967 Die a t  100 pp t  

5 - 24.9 LWLLFC, 1971 
Relntjes and P~checo, 1966 Die a t  80 ppt  

Ladyflsh 

Gulf menhaden 0 - 30 
a1 - a60 

Striped anchovy ~29 .9  LWLLFC, 1971 
75 Gunter, 1967 Die a t  100 ppt  

Gizzard sbad 

Sea ca t f i sh  0 - *30 
2 - 36.7 

60 Copeland and Maseley, 1967 Brine dominated s y s t q  

LWLQFC, 1971 
Gunter, 1945 

75 Gunter, 1967 Dle a t  100 ppt  Sheepshead mlnnow 
60 Copeland and Moseley, 1967 Brine domlnated system 

142.4 simpson and Gulter, 1956 

55.1 - 58.6 Renfro, 1969 
75 Gunter, '1967 Ole a t  100 ppt 

75 Gunter, 1967 Dle a t  100 ppt  

Gulf k i l l  l f l s h  

Longnose t l l l l f l s h  

Tidewater s l l ve rs lde  
55.1 - 58.6 Renfro, 1960 

LWLLFC, 1971 . 

75 Gunter, 1967 Die a t  100 ppt  
Rock seabass >5 - ~ 3 0  

Corps, 1976 

LWLLFC, 1971 . 

75 Gunter, 1967 Ole a t  100 ppt  

15 - 35 77 Tabb, 1966 

Sand seatrout 0.2 - s30 

Spotted seatrout 

15 - 4!ib' 

Banded drum 5 - ~ 3 0  

Spot 0.2 >30 

0 - 33.9 

Southern k lng f l sh  2 - 3 ~ 3 0  

A t lan t i c  croaker 0 - *30 

Corps, 1976 

LWLLFC, 1971 

LWLLFC, 1971 

Nelson 1969 

LWLLFC, 1971 

Ole a t  100 ppt  ~ u n t e r ,  1967 

Corps, 1967 



TABLE 3-14 (contld) 

Crud ~ e :  t 11Ygl1us t llecorcled a 
Ilangc A~IIII\~~IICB $H!!! t y  T ~ l ~ r d ! l ~ ( !  ne fu re f i ~x  

15 - 4 ~ '  

St r l ycd  w l  lct 0 - a 3 0  

LWLLFC, 1311 . 

Gurrter, 1367 D l e  a t  160 pp t  

S 111u11ons and Ureuer, 1962 Eycs are glazed 

CUI.OS, 1967 

LWLLFC, 1911 

Kl l l ly ,  1955 

S lunorrs a!;d Ureuer, 1362 

Ctr~-(rs , 1976 

LUl.Al'C, 1911 

Collulqnd acid Hosely, I367 Ur ine domlsa ted  sys tern 

Cuntcr, 1967 D le  a t  100 ppt 

I lu~r f 1.0, 1969 

Curlrs, 1976 

LIILLFC , 1971 

LWLIFC, 1371 

1.I.II.LFC , 191 1 

LLll.6lC, I 3 1  I 

LWLLfC, 1971 

Curps, 1976 

Carps, 1976 

LWI.&l~C, 1911 

Gunler, 1945 

and F i  s l i e r i es  Cor~u~riss i o ~ l ;  Corps = U .  S ,  A r ! l ~  Corps o f  Engineers. 



are at this level during brine discharge, the upper salinity range 

for euryhal ine species could be found at the 3.4-ppt above-ambient 

isohaline within the brine plume discharge. Outside this isohaline, 

impact to the adults should be minimal ; within the isohal ine, where 

salinities can approach 264 ppt at the diffuser port, adults may be 

temporarily impacted. Egg and larval stages are most likely to be 

adversely affected if they are entrained in the plume. 

Commercial fishing activities, particularly for white shrimp, 

would not be affected by the exposed diffuser ports because a "nonsnag" 

feature would be incorporated into their design. Sportfishing would 

be affected by brine disposal only in the immediate area around the 

diffuser but little fishing a c t i v i t y  has been observed in this area. 

3 .3 .5  Impact on Threatened or Endangered Species 

It is not expected that threatened or endangered species 1 isted 

for the northern Gulf of Mexico (Section 2.4.5) would be significantly 

affected by brine discharge. Although data on salinity and temperature 

tolerances of these creatures are sparse, these creatures are highly 

mobile and they should avoid any region of the plume they find undesir- 

able. Those species swimming through the plume would experience only 

a temporary sal inity-temperature stress and would move quickly to more 

favorable areas in the water column either above or to the side of 

the plume. Because of the short duration of this stress, recovery 

would commence soon after they encounter their preferred, ambient tem- 

perature-salinity regimes. 

3.3.6 Impact on Unique or Important Habitats 

Shipwrecks (Section 2.4.6) located within several miles of Sites 

A and B, with their associated fouling and nektonic reef communities, 

are considered to be unique and important habitats. Five wrecks are 
located within 6 miles of Site B and one wreck is about 8 miles north- 

west of Site A. There is 1 ittle information on these specific wreck-reef 

communities, but they are probably both eurythermal and euryhal ine 

since they inhabit shallow coastal shelf waters. 



Analysis of the brine plume characteristics and the distance of 

the shipwrecks from the diffusers suggests that the wreck-reef communi- 

ties at Site B may be periodically entrained in the 0.5-ppt excess 

isohaline. This periodic and small increase in salinity would not 

be expected to severely impact euryhaline organisms in a region where 

there are marked natural variations in salinity and temperature. 

3.3.7 Conclusions 

Based on the baseline biological data collected at Sites A and 8 

(Section 2) and the assessment of impacts of brine disposal (Section 3), 

it appears that a discharge at Site B would have less potential for 

impact on the biological community, mainly because of the greater abun- 

dance of commercially important nekton observed at Site A. 

The phytoplankton community attained minimum densities at Site 

A during the fall and winter months and maximum densities at Site B 
during the early spring months. Phytoplankton concentrations during 

this sampling period are generally comparable to those found during 

other studies undertaken in this region and the northwest Gulf area 

(LOOP, 1975; USDI, 1978). These studies have shown that phytoplankton 

densities are highest in the nearshore waters and decrease seaward. 

This information suggests that less impact would occur to the phytoplank- 

ton community as the offshore distance of the brine discharge increased. 

The zooplankton comunity attained maximum densities during the 

fall months at Site A and minimum densities during the winter and early 

spring at Site B. Species composition is quite similar at both sites. 

The fall maximum and spring minimum generally correspond with the natural 

, seasonal variations found for zooplankton densities west of the Mississippi 

Delta. Since Sites A and B are in the same general area, it is not 

expected that impacts on the plankton would vary significantly between 

the two sites. 

Benthic faunal diversity and density appear to be less at Site 

A than at Site 8, possibly due to the differences between the sites 
in sediment characteristics and water quality. Although the sites 

were sampled at different times of the year, this trend was still ap- 
parent when samples from the two sites were compared for the same sea- 

son--Site A during December 1977 and Site B during February 1978. 



Furthermore, when Weeks Island Site A was compared to the proposed 
Chacahoula brine diffuser site (DOE/EIS-0024), a site which was sampled 

at the same time as Site A yet was close to and has characteristics 
similar to Site 8, a similar conclusion could be reached--benthic diver- 
sity and density appear to be less at Site A. Based on these findings, 

it is estimated that possibly twice as many benthic organisms would 
be affected by brine disposal at Site 8. 

Comparison of nekton diversity and abundance at Weeks Island Site 

A with that of Site B and the proposed Chacahoula site during the same 
sampling periods reveals a greater diversity and abundance at Site 

A. This difference is more pronounced when specific species are consid- 

ered. For example, at Site A, certain commercial species, particularly 

white shrimp, are present in greater numbers and over a longer period 
of time than at Site B. Thus, it is concluded that brine disposal 
at Site B would have less of a potential for adverse biological effects 
on nekton when compared to Site A. 
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