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APPENDIX A 

DESCRIPTION OF THE PROJECT 

A.l INTRODUCTION 

The candidate SPR sites in the Texoma group of salt domes are 
located in the southwestern corner of Louisiana and the 
adjacent southeastern corner of Texas, within a 40 mile 
radius of Nederland, Texas (See Figure A.l-l) The Sun Oil 
Company terminal at Nederland would serve as the crude oil 
supply terminal for the designated SPR storage site. During 
subsequent strategic distribution, the SPR oil would be 
transported to inland refineries through the Texoma Pipeline, 
which initiates at the Sun Terminal, other inland pipelines, 
and also reloaded onto tankers for distribution to the East 
Coast or the Caribbean refineries. 

The West Hackberry salt dome is the proposed site for SPR 
development in the Texoma group of salt domes. It is located 
in north-central Cameron Parish of southwestern Louisiana, 
approximately 40 miles east of the Sun Terminal which is 
located at Nederland, Texas. The storage of 60 million 
barrels of oil in existing solution caverns at West Hackberry 
was evaluated as a candidate plan for the ESR program, and a 
final EIS (FES 76/77- 4) addressing the effects of the plan 
was published in January 1977, with a supplement addressing 
facility design changes following in April, 1977. The West 
Hackberry facility is currently being developed as part of 
the ESR, and a proposed SPR expansion of the site for an 
additional storage capacity of 150 million barrels is discussed 
in this document. 

Three alternative sites are also discussed in this document 
as proposed candidates for SPR development associated with 
the Texoma system. One or a combination of these three sites 
may be developed such that the total SPR storage capacity for 
the Texoma group of salt domes will be 150 million barrels. 
In this document, however, each candidate site is treated 
separately for organizational purposes. The Black Bayou dome 
is located in northwestern Cameron Parish of southwestern 
Louisiana about 30 miles east of the Nederland terminal. It 
could be developed to a capacity of 150 million barrels of 
oil storage. The Vinton dome is located in southwestern 
Calcasieu Parish of southwestern Louisiana, a distance 30 
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miles northeast of Nederland. Development here could provide 
50 million barrels of storage capacity. The Big Hill dome 
is located in southwestern Jefferson County, Texas, about 25 
miles southwest of the Texoma terminal at Nederland. It could 
be developed to a 100 million barrel storage capacity. 

All development of new storage capacity for these four salt 
domes in the Texoma group of SPR sites would require newly 
mined cavities. A system of wells would be constructed and 
the storage space in the salt would be created by a solution 
mining process. The concept of this method of oil storage 
development is discussed in Section A.2. 

The oil storage facilities are presently in the preliminary 
design stage. Engineering feasibility analyses have been 
prepared as the basis for evaluation of the socioeconomic 
and environmental impacts of the project. Future studies 
would provide detailed information on equipment design, con
struction methodology, and operational procedures. For the 
purpose of this E IS, project development is assumed to follow 
standard industry practice, consistent with good engineering 
principles and a concern for environmental values. Whenever 
reasonable doubt exists about the ultimate performance charac
teristics or environmental effects of any phase of the project, 
a worst-case analysis of potential impacts is provided. 

This document also includes a discussion of the impacts which 
would result from the construction and operation of the pro
posed raw water supply system for, the Sulphur Mines SPR site. 
Recent findings by DOE have shown that the supply of fresh
water from the location proposed in the Sulphur Mines FES 
might be inadequate to supply the needs of the Sulphur Mines 
site during drawdown, so a new intake location and associated 
pipeline corridors have been examined as a possible alternative 
to the water intake system proposed in the Sulphur Mines Final 
Environmental Impact Statement. The new intake location would 
be the same as that proposed for the West Hackberry SPR site 
development and was chosen as an environmentally desirable 
withdrawal point. The impacts relating to the Sulphur Mines 
intake location and pipeline corridors as discussed in this 
document are supplemental to information contained in the 
Sulphur Mines Final Environmental Impact Statement (DOE/ 
E IS-0010). 
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A.2 CONCEPT OF STORAGE IN SOLUTION MINED CAVERNS 
IN SALT DOMES 

The use of salt domes for petroleum storage is attractive 
because of both the relatively low cost of such bulk storage 
and the extreme geological stability of rock salt masses. 
In addition, oil storage deep underground provides security 
from natural catastrophes or sabotage. 

Salt domes are a major source of brine feedstock for chemical 
and salt industries in the Gulf region. Solution cavities 
are formed by dissolving the salt with circulating water and 
pumping out the resulting brine. The process requires a 
large volume of leach water (about 7 barrels fresh water or 
about 8 barrels seawater for every barrel of space created). 
Some of these cavities are currently used to store a number 
of petroleum products. In the U. S., the products stored 
are primarily LPG (Liquefied Petroleum Gas) products such as 
propane, ethylene, etc., as well as some fuel oil. Although 
crude oil storage in solution cavities does not present 
particular technical problems, it has been practiced princi
pally in other countries. 

In the Texoma group of salt domes, the West Hackberry dome 
contains existing cavities resulting from brining operations. 
These cavities, as well as other existing cavities in salt 
domes, have been selected and are being developed for use in 
the ESR program because they require less time to prepare 
for oil storage than creating new salt caverns. 

Approximately 900 cavities with a total capacity of 300 
million barrels are known to exist in salt domes and bedded 
salt formations in the United States. In some cases it is 
feasible to enlarge existing cavities or to leach additional 
cavities at selected sites. New cavity construction is 
planned for the SPR development at West Hackberry and other 
alternative sites. 
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A.3 GENERAL CAVERN CONSTRUCTION TECHNIQUES 

The development of oil storage capacity at the four proposed 
sites requires newly leached space. The drilling and cavern 
construction techniques associated with the facility develop
ment are discussed in detail in Appendix J. A brief summary 
follows. 

Wells would be drilled into the salt mass to the projected 
bottom of each cavern, using conventional "oil field" drilling 
technology. The wells would be from 3,600 to 3,800 feet 
deep. After all casings are cemented in place and the well 
is equipped with displacement tubings and wellhead, a sump 
would be leached under the planned cavern to accommodate the 
3 to 7 percent insolubles normally present in the salt. The 
fundamental technique of cavern development is to inject 
fresh water into the well, allow time for the water to dissolve 
the salt, and then replace the resulting brine from the well. 
As the salt dissolves, the borehole enlarges and eventually 
forms a cavern. 

There are generally two methods of cavern construction under 
consideration for use in the SPR program. They are being 
addressed in this document as co-proposals. 

A.3-l Separate Leach Then F ill Process 

The engineering system descriptions used in this document, 
including flow rates and development timetables, are based 
upon the separate leach then fill process of cavern develop
ment. In this process, the caverns would first be leached to 
full size by injecting only raw water and disposing of the 
resulting brine. Then the wellhead would be adapted for oil 
injection and brine withdrawal. The cavern would remain full 
of stored oil or brine at all times. To remove the oil would 
involve the injection of water into the bottom of the cavern 
which would displace the oil out the top. F igure A.3-l is a 
simplified diagram showing a developing cavern equipped with 
necessary displacement tubing and wellhead. 

A.3-2 Simultaneous Leach and F ill Process 

As a co-proposal, a newer simultaneous leach and fill process 
would be tried. Essentially, this process would allow for 
the early storage of oil as the cavern leaching progresses. 

A.3-l 
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The amount of oil which would be stored at the top of the 
cavern could be increased as the cavern is enlarged by 
leaching toward the bottom. When the cavern reaches full 
size, approximately 90 percent of the oil to be stored would 
be in place. This process is still an untried technology in 
this country, DOE plans to verify it through a test well 
before it is implemented for the general program. This 
technology is being used successfully in West Germany. 

oil injection rates and water supply rates for the simulta
neous leach and fill process would be somewhat less than 
those required for the separate leach then fill process. 
Brine disposal rates would essentially be the same during 
cavern leaching which presents higher brine rates than 
cavern filling. Therefore, the separate leach then fill 
process would present the worst-case for environmental 
impact consideration, and it is this more extreme case which 
is described in the following sections for environmental 
impact assessment. 
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A.4 PROPOSED STORAGE SITE - WEST HACKBERRY EXPANSION 

The West Hackberry facility as currently designed would 
satisfy a total of 210 million barrels of the SPR crude oil 
storage requirements in the Texoma/Lake Charles/Beaumont 
storage region. The development proposed herein would be a 
150 million barrel expansion of the ESR facility of 60 million 
barrels which is described in the Final Environmental Impact 
Statement for the West Hackberry Salt Dome Early Storage 
Reserve (FES 76/77-4, FEA 1977a) and the Supplement to FES 
76/77-4 (FEA 1977b). 

A.4.l Location 

The West Hackberry salt dome is located in north-central 
Cameron Parish of southwestern Louisiana (see Figure A.4-l). 
The proposed site is approximately 20 miles southwest of the 
city of Lake Charles, Louisiana, and 16 miles north of the 
Gulf of Mexico. Black Lake, a 3.4 square mile shallow body 
of water, lies just to the north and partly covers a portion 
of the area over the salt dome. Hackberry, the local unincor
porated town of 1,300 population, and the Calcasieu Ship 
Channel are approximately 4 miles east of the site. Sabine 
National Wildlife Refuge lies approximately 2 miles to the 
south. 

Portions of the dome were recently used by Olin Corporation 
for brine production and by Cities Services for hydrocarbon 
product storage. The dome area is extensively developed with 
hundreds of oil and gas wells located on its perimeter. 
Little or no mining from the cap rock has taken place on the 
dome, and no cavern development has taken place over the area 
of the salt dome proposed for SPR expansion of the site. 

About 220 acres of West Hackberry dome property formerly 
leased by Olin was acquired by FEA on April 18, 1977 for the 
ESR onsite developments. Cities Services occupies about 80 
acres on the middle portion of the dome. Amoco owns a consider
able amount of area, especially over the marsh areas on the 
northeastern half of the dome. The balance of the dome 
acreage not under water is under private ownership by various 
families. Approximately 250 acres within the -2000 ft salt 
contour are in this category. 

The salt dome exhibits two topographic expressions. The 
western portion of the dome is overlain by a definite mounded 
area from 2 to 21 feet above mean sea level. It is the 
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Figure A.4-1 Location Map - West Hackberry Dome 



highest point in Cameron Parish with an area of about 890 
acres elevated above 5 feet, (48.6% of the area above the 
-2,000 feet depth to salt contour). The eastern half of the 
dome area is covered by bayous and marsh. 

Road access to the dome from Lake Charles is via State 
Highway No. 27. Parish Road No. 390 provides access from 
Hackberry. A network of gravel and shell roads serves the 
brining and storage facilities on the western portion of the 
dome. The eastern portion of the dome is served by canals 
allowing barge access to most of the area. 

Barge access to Black Lake from the Intracoastal Waterway 
(ICW) is via Alkali Ditch, an 80 to 150 foot wide canal some 
3.8 miles long. This canal is presently navigable by 6 to 7 
foot draft barges. The site is favorably located with 
respect to ship terminals at Lake Charles (see Figure A.4-1). 

West Hackberry is near existing pipelines. The Sun Terminal, 
which is the initiating point for the 30-inch Texoma pipeline 
at Nederland, Texas, is located about 40 miles to the west. 
An oil distribution pipeline connecting West Hackberry with 
the Sun Terminal at Nederland is under construction for ESR 
development at West Hackberry, and would be used in the SPR 
development. 

Other than the proposed means of distribution, local refineries 
could be connected to the site by new and existing pipelines. 
The proposed facilities at West Hackberry are located within 
55 miles of eight major refineries. Table A.4-1 lists these 
refineries. 

A.4.2 Capacity 

The proposed expansion of the West Hackberry storage site 
would entail the development of 15 new solution caverns of 10 
million barrels (mmb) each, thus accommodating 150 mmb of new 
storage capacity. The ESR facility would have a capacity of 
60 mmb in five existing caverns, giving a total capacity of 
210 mmb for the combined ESR and SPR facilities. 

Crude oil storage at West Hackberry has been considered on 
the basis of the net volume of initial cavern capacity 
available rather than the gross cavern volume. In any salt 
storage cavern facility, allowances have to be made so that 
a cycling program can be conducted without repositioning the 
displacement casing. The net usable volume of cavern capa
city, in the case of fresh water displacement, would increase 
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Table A.4-l Beaumont/Port Arthur/Lake Charles Refineries 

Distance (Mi. ) 

Company and Location Capacity (BPD) from West Hackberry 

Cities Service - Lake Charles 268,000 14 

Conoco - Lake Charles 83,000 18 

American Petrofina - Port Arthur 26,000 45 

Gulf - Port Arthur 312,100 45 

Mobil - Beaumont 325,000 54 

Texaco - Port Arthur 406,000 45 

Texaco - Port Neches 47,000 44 

Union - Nederland 127,000 48 
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after each cycle. The West Hackberry facility has been designed 
for 5 fill and withdrawal cycles, which would create a gross 
volume enlargement of about 77 percent. There .. must also be 
sufficient volume allowed below the displacement casing to 
store the insoluble material which would fall out as the salt 
is dissolved. The present sizing of surface wellheads, piping 
and pumps, however, is premised on the design rate associated 
with 150-day oil withdrawal operations, considering the initial 
10 mmb per well capacity only. 

The West Hackberry salt dome is among the-largest in the Gulf 
Coast region with approximately 1,750 acres within the 
-2000 ft. depth to salt contour. About 900 acres of this 
lies under marshland. Of the dry land portion over the dome, 
the proposed ESR and SPR sites would occupy about 380 acres. 
The remaining dry land (470 acres), could accommodate approxi
mately 50 additional 10 million barrel storage wells at the 
600 ft. spacing. Thus, if all dry land on the dome were 
developed for crude storage, there is enough salt area for a 
total of 710 million barrels of storage capacity. 

A.4.3 General Systems Description 

The general systems components required for a crude oil 
storage facility in solution mined caverns in a salt dome 
include the storage wells, a central plant for all pumping 
and metering equipment, a raw water supply system, a brine 
disposal system, and a crude oil distribution system. 
A schematic diagram of a typical facility is shown in Figure 
A.4-2. 

The presently planned expansion of the West Hackberry site 
would involve the leaching of 15 new caverns on a site adjacent 
to the ESR site being developed on the dry land portion of 
the dome (see Figure A.4-3). To create the new caverns 
requires pumping fresh water through wells into the salt and 
displacing salt brine out through concentric well tubings 
(see Appendix J). 

The central plant location and raw water supply station would 
be the same as planned for the ESR facility. The central 
leach plant, including pumps, surge ponds, and surface tanks, 
would be located on the ESR site near the site of the former 
Olin wash plant (see Figure A. 4-3) . The raw water intake 
station would be located on the Intracoastal Waterway approxi
mately 4 miles north-northwest of the central plant. The 
major development required for the SPR expansion of the 
facili ty would be the construction of the 15 new wells with 
connecting roads and pipelines on a 160-acre tract immediately 
west of the ESR facility. 
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The proposed brine disposal system for the ESR facility is a 
deep well injection system being constructed south of West 
Hackberry dome. However, because of the increased volume of 
brine produced, the expanded SPR facility, would require a 
pipeline to be constructed to the Gulf of Mexico for direct 
disposal offshore. The proposed' route for this pipeline is 
discussed in section A. 4. 4. 1. 4. 

The crude oil supplies to fill the caverns would be piped 
from the Sun Terminal at Nederland, Texas through a 41. 5 mile 
pipeline which has been constructed for the ESR system (see 
Figure A. 4-4). The initial filling of the caverns is planned 
as a separate operational phase after the cavern leaching 
process has been completed for the 15 expansion wells. 

For withdrawal of the stored oil, the intake station on the 
Intracoastal Waterway ( ICW) would be designed to supply the 
water necessary to displace the 150 million barrels ( mmb ) of 
oil stored at the expansion site as well as the 60 mmb stored 
at the original ESR site. It would be sufficient to handle 
the 24 mmb to be stored at Sulphur Mines (see DOEjEIS 0010). 
The displaced oil would be transported by pipeline to the 
Sun Terminal for distribution by tanker as well as the inland 
pipeline network. 

A. 4. 4 site Development 

A. 4. 4. 1 Proposed Physical Facilities 

A. 4. 4. 1. 1 site Layout 

The 15 additional wells to be drilled for the expansion of 
the SPR facility at West Hackberry would be spaced at a minimum 
of 600 feet apart and would all be located on dry land (see 
Figure A. 4-S). New roadways would be required for access to 
the wells. Approximately 1. 8 miles would be needed. All 
roadways would be located on dry land, requiring a minimum 
of clearing and grading (see Figure A. 4-5) . Pipelines con
necting the wells and the central plant would be laid beside 
the access roadways. At this particular site, it has been 
assumed the various onsite pipeline connectors would be buried. 
This is an accepted method for plants located on high and 
dry land. A pipeline flow diagram for the SPR facility is 
shown in Figure A.4-6. 

A. 4. 4. 1. 2 Central Plant Facilities 

The central plant facilities constructed for the ESR plant 
would also serve the SPR expansion site. The plant as 
currently designed includes all pumps and pump structures, 
control buildings, surge ponds, surface tankage, metering, 
and transformers (see Figure A. 4-7). The plant would be 
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located on a 40-acre tract on the ESR site near the original 
Olin wash plant (see Figure A.4-5). 

Buildings would be required to house the main office, all 
electrical control equipment, a repair shop, and a chemical 
lab. At this lab, brine samples would be analyzed to cal
culate the rate of new leaching: Also, tests would be con
ducted on crude oil samples to determine their compatibility 
with other stored oils. Buildings would be of standard steel 
construction and would be built upon concrete slabs. In cases 
of insufficient soil bearing strength, reinforced concrete 
piles would support beams upon which the floor would be laid. 

The various pumps required for leaching, oil injection, brine 
disposal, and pipeline operation would be located in a main 
pump building or other appropriate sound attenuating struc
tures. A list of the required pumps is given in Table A.4-2. 
As shown, standby pumps are provided to insure steady operation. 
Power for the electric motor drives and equipment would be 
supplied by local utilities. 

Also indicated in Figure A.4-7 are tanks and ponds as needed 
for operation and construction (described in later sections). 
Retention dikes are planned for all oil tankage as required 
for oil spill containment (40 CFR 112.7). Dike enclosures 
are a standard engineering practice for compliance with these 
regulations. 

A.4.4.1.3 Raw Water System 

The raw water supply proposed for both the ESR and SPR expan
sion at West Hackberry would be located on the Intracoastal 
waterway, approximately 4 miles NNW of the central plant. 
The intake structure would consist of a platform (10 ft x 10 
ft) supported on pilings with multiple screens for minimizing 
impingement of trash and organisms. A sump would be dredged 
from the lew near the shore in the form of an inlet. The 
sump channel would be about 30 ft wide and taper from 8 ft 
deep at the line to 17 ft deep at the shore, requiring 
approximately 7000 cubic yards of dredge. The spoil would 
be deposited on adjacent dry land, covering 1 to 2 acres up 
to 5 feet deep. 

Water would be transferred to the West Hackberry and Sulphur 
Mines storage sites through a 42-inch diameter pipeline by 
4 pumps located at the intake station. Figure A.4-8 indicates 
the route of the raw water line from the Sulphur Mines site 
to the intake location. At West Hackberry the water would 
flow into a 175, OOO-barrel settling and surge pond at the 
central plant area (see Figure A.4-7). The booster pumps (7 
at 900 hp each), would supply the manifold side of the water 
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Pump Task 

Water Supply 

Water Boo ster 

B rine Di spo sal 
(Water Boo s ter 

during Disp1 . )  

Water I n jec tion 

Oil Tran s fer 

I n iection 

B l anket Oi l 

Oi l Trans fer 
at Terminal 

Tanker Load 

Tab le A. 4 - 2  Pump Requirements - Wes t  Hackb e rry 

Quantity 

4 
1 Stand-by 

7 
1 Stand-by 

7 (4 Stand-by) 
1 1  

11  
2 "Stand-by 

1 1  

1 ( 1 S tand-b y) 

1 

2 
1 
1 Stand-by 

2 

Horse 
power 

4 0 0 
4 0 0  

9 0 0  
9 0 0  

6 0 0  
6 0 0  

1 5 0 0  
1 5 0 0 

1 5 0 0  

1 5 0 0  

1 0 0  

9 0 0 
5 0 0  
5 0 0 

1 5 0 0  

Discharge 
P re s s ure 

(ps i )  

4 5  

2 5 5  

1 5 0  
2 6 0  

7 1 8  

7 6 5  

7 7 0  

1 0 0 0  

6 0 0  

1 0 0  

Total De s ign 
F low Rate 

(barre ls/day ) 

1 , 4 7 0 , 0 0 0  

1 , 4 7 0 , 0 0 0  

1 , 0 1 0 , 0 0 0 *  
1 , 4 7 0 , 0 0 0  

1 , 4 7 0 , 0 0 0  

1 , 4 0 0 , 0 0 0  

1 7 5 ,0 0 0  

3 , 5 0 0 *  

1 7 5 , 0 0 0  

8 4 0 , 0 0 0  
---- --- -�- ----- --- ---�---- -------J �----�.----

*Due to leaching SPR expans ion caverns . 
Other rates occu r dur ing s imultaneous ESR and SPR operation . 
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injection pumps (11 at 1500 hp each). The water would be 
injected into the caverns at a 718 psi head pressure. The 
3, 000 barrel water tank located on site would be used for 
start-up operations only. 

During the initial SPR leaching operations at West Hackberry, 
the design water flow rate would be 2,000 gpm (68,600 barrels/ 
day) per 10 mmb cavern. For the leaching of 150 million 
barrels capacity at this site, a total of 30,000 gpm (1.03 
million barrels/day for 38 months would be required. To leach 
one barrel of storage volume requires 7 to 8 barrels of raw 
water, depending upon the initial salinity of the water. At 
the proposed leach rate, new space would be created in each 
cavern at a rate of 255 gpm (8,750 barrels/day). 

For water supply during crude oil withdrawal operations at 
West Hackberry and Sulphur Mines, the water intake equipment 
would be designed to provide the 42,875 gpm (1.47 million 
barrels/day) necessary to displace 210 mmb in a period of 
150 days, since displacement requires 5 percent more water 
than the amount of oil displaced due to a slight compression 
of the fluids. Intake structures would be constructed to 
insure that the induced velocities would remain below 0.5 ft/ 
sec to minimize problems of organisms clogging the screens 
or being entrained. For withdrawal of the stored oil, the 
intake/pumping station on the Intracoastal Waterway (ICW) 
would be designed to supply the water necessary to displace 
the 150 million barrels ( mmb ) of oil stored at the expansion 
site as well as the 60 mmb stored at the original ESR site. 
Water pumps at the ICW would be electric powered and supplied 
with power via submarine power cables laid along the water 
intake pipeline corridor. The intake/pumping station would 
also be sufficient to handle the 24 mmb to be stored at Sulphur 
Mines (see DOE/EIS 0010). The displaced oil would be trans
ported by the same pipeline to the Sun Terminal for distribu
tion by tanker and inland pipelines. 

A.4.4.1.4 Brine Disposal System 

The brine disposal system planned for the SPR expansion at 
West Hackberry would consist of a 24.8 mile pipeline to a 
location in the Gulf of Mexico for direct disposal into the 
sea (see Figure A.4-8). The proposed route would parallel 
the Calcasieu Ship Channel to- the Gulf and extend offshore 
for approximately 7 miles to a diffuser located in 30 feet 
of water. 

The leaching process would produce a less-than-saturated brine 
at about 230 ppt (parts per thousand) concentration. During 
the initial leaching process, brine would leave the caverns 
at a combined rate of 29,450 gpm (1.01 million barrels/day), 
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somewhat less than the water injection rate, due to the space 
created by the enlarging cavern. Brine disposal at this rate 
would continue over a period of 38 months. 

The initial oil fill and subsequent oil refill cycles would 
produce a nearly saturated brine of about 265 ppt concentration 
Oil fill and refill is planned at an average rate of 175,000 
barrels/day (200,000 barrels/day maximum) for either the ESR 
or SPR facilities or both. The brine would be displaced at 
the same rate over a maximum period of 40 months. The brine 
leaving the caverns would empty into a 175,000 barrel brine 
settling and surge pond at the central plant area (see Figure 
A.4-7). The pond is sized to provide a 4 hour retention time 
during the maximum brine flow to allow for sufficient surge 
capacity, some settling, and also for observation of the system 
to detect any oil mixing with the brine. The brine pumps (7 
at 600 hp each) would lift the brine from the pond to transfer 
it at a pressure of 150 psi through the pipeline to the Gulf 
of Mexico. 

The proposed brine disposal pipeline route to the Gulf of 
Mexico would leave the central plant area and follow the 
temporary brine disposal pipeline due south across dry pasture 
land for 1. 7 miles to the ESR brine disposal field. The route 
would continue south into a flooded area for 0.25 miles before 
turning in a southeasterly direction for another 0.5 miles 
across the same flooded area. Continuing southeasterly, it 
would cross dry land to a shallow bayou, and then pass through 
marsh and a shallow flooded area for a total of 1.8 miles to 
Highway 27. On the other side of the highway, the route would 
cross 1 . 1  miles of marsh to a portion of Calcasieu Lake lying 
west of the Calcasieu Ship Channel. It would extend for 0.25 
miles into the lake and then turn due south to parallel the 
ship channel to the Gulf. 

Being situated at least 0.5 miles west of the ship channel, 
the proposed route would continue for another 0.25 miles 
through the lake and then pass through 2.85 miles of marsh
land, including 1.6 miles through an area of the Sabine 
National wildlike Refuge. It would then be routed 3. 6 miles 
across West Cove of Calcasieu Lake. Another 5 . 5  miles of 
marsh would be crossed, including a crossing of Highway 27, 
before reaching the coastline. 

The proposed pipeline would extend in a southwesterly direction 
for 7 miles along the ocean bottom to the diffuser which would 
be located in 30 feet of water at 93°281 vI 29°40IN. The total 
length of this pipeline route is 24.8 miles. See Table A.4-3 
for a comparison of the land required for the various land 
types to be crossed by the route . 

An alternate pipeline route is discussed in Section A.4 . 4.2.2. 
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Tab le A . 4 - 3  Land Re quirements for P ipe l ine Route s 

E XIS T . ROADS 

DRY LAND 

WOODED 

MARSH 

M* 
p-
C 

M 
P 
C 

M 
P 

M 
p-
C 

SPOIL BANKS M 

I NLAND WATER 

OFFSHORE 

TOTAL 

p-
C 

M 
p-
C 

M 
P 
C 

M 
P 
C 

* - d i stance in miles 

BRI NE DISPOSAL BRI NE DISPOSAL 
P ROPOSED ALTERNATE 

0 . 1  
0. 6 
0 . 9  

2 . 4  
1 4 . 5  
2 1.8 

5 . 8  
3 5 . 2  

1 0 5 . 5  

7 . 0  
4 2 . 5  
4 2 . 5  

2 4 . 8  miles  
1 5 0 . 4  acre s 
3 4 3 . 5  acre s 

1 . 0  
6 . 0  
9 . 0  

2 . 6 5 
16.:"0 

2 4 . 0  

0 . 2 5 
1 . 5  
4 . 5  

1 7 . 4  
1 0 5 . 5  
3 1 6 . 5  

7 . 0  
4 2 . 5  
4 2 . 5  

2 8 . 4  mil e s  
1 7 1 . 5  acr e s  
3 9 6 . 5  acres 

P - area required for permanent r i ght-o f-way in acres 
C area required for con s truct ion r ight-of-way in acre s 
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A . 4 .4 . l . 5  O i l  D i s tr ibution System 

The oi l d i s tr ibution pipe l ine between We s t  Hackberry and the 
Sun O i l  Company Terminal at Nederland , Texas , as being 
constructed for the permanent di stribution system for the 
ES R deve lopme nt at Wes t  Hackberr y, would a ls o  be used for 
the SPR expans ion of the s i te . 

Crude o i l  supply during f il l  operations and o i l  d i s tr ibuti on 
dur i ng s trategic withdrawa l operations would be handled by 
the Sun Terminal v ia thi s  4 1 . 5  mile pipel ine ( see Figure 
A . 4 -4). The pipel ine would be mani folded into the exi s ting 
sys tems at Sun Terminal ( s ee F ig ure A.4 �O ) , i ncluding oi l 
surge tanks and tanker loading systems . An addi tional doc k ,  
surge tank s , and pumpi ng s ta ti on ,  however , would b e  con
s tructed at the ter minal to ex ped i te the SPR o i l  d i s tribution 
requirements ( see Figure A.4 - 11). 

Dur i ng initial f i l l  opera tions for the expan s ion s ite , o il 
wou l d  be inj ected into the caver ns at a comb ined rate of  
175 , 00 0  barre ls/d ay for the 28  months required to fill  the 
1 5 0  nuub fac i l ity. 

Dur ing a national o i l  supply interrupt ion , SP R o i l  would be 
wi thd rawn over a period of not l e s s  than 15 0 day s . Thus the 
di s t ribution of the tota l 2 1 0  mi ll ion barr e l s  stored at We s t  
Hac kberry ( 6 0  lnmb from ESR and 1 5 0  mrr,b from S P R  expan s ion) , 
would result in a maximum daily del i very r ate of 1 . 4  mi ll ion 
barr els  to the Sun Terminal . The present p l an i s  to d i s t ribute 
approximately 6 0  percent of t hi s  oi l (8 4 0, 0 00 barre l s/day ) , 
by tan kers load i ng at S un Terminal to the Eas t Coa s t  and 
Cari bbean markets .  The remai nin g  4 0  percent ( 56 0.0 0 0  barr e l s/ 
da y), would be transported inland by avai l able p ipe l i nes , 
inc lud ing the Texoma P ipeline which initiates a t  the Sun 
Te rminal , and d i s t r ibuted to local  refineries . 

A to tal of  5 f i l l  and wi thdr awal cyc les are p lanned for the 
li fe of the f ac i l ity . During the 4 subs equent r e f i ll opera
tion s , a f i l l  rate of  175 ,0 0 0  barre l s /day over a per iod of 
40 months wou ld be req uired to regain t he combi ned ESR and 
SPR 210 mi l lion barr el capac ity . Al though the ava i l able 
sto ra ge space would i ncrease dur i ng each wi thdrawal cyc l e, 
it has bee n  a s s u.rne d t hat only the i n i tial s t.orage capac i ty 
wou ld be ref i l led eac h time . S �bsequent withdrawal cyc les  
wou ld be compl eted in 1 5 0  days a t  the same 1 . 4  mi l l ion 
barr e l s /day rate . 

A . 4 .4 . 1. 6  Sun Te rminal De s c ription 

The Sun Terminal ha s been in exi s tence for many year s . Sun 
rece i ve s  crude o il from tankers and barges on the neche s  
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Figure A.4-10 Aerial Pho to of Sun Terminal 
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River a s  we l l  a s  from other sma l l  p ipeline s . They regularly 
handle oil for the Mob i l , Union , Fina , Texaco , and Gul f  
refinerie s i n  the area . 

The Texoma P ipel ine sys tem which initiates at the Sun Terminal 
is a 3 0  inch pr ivate pipel ine transport ing c rude oil to the 
Cushing , Oklahoma area . The Texoma system has an initial 
throughput foreca s t  o f  3 0 0 , 0 0 0  barrel s  per day , approximately 
7 5  percent of  which is  expected to be suppl ied from foreign 
sourc e s . The antic ipated system throughput by 1 9 8 0  i s  
5 0 0 , 0 0 0  barre l s  per day o f  which 8 7  percent wou ld b e  foreign . 

The tanker and barge dock fac i l i t i e s  at Sun Terminal are 
be ing rapidly expanded . Sun has two tanker doc ks in operat ion . 
Both doc k s  are capable of  hand l ing up to 1 0 0 , 0 0 0  DWT ( dead
weight ton )  tankers a lthough current navigational r iver 
depth s are only 4 0  feet and tanker s  of this s i ze c annot be 
fully loaded . Two dock s  for handl ing barge s a l so exi st at 
the terminal with a third scheduled for construc tion . 
Barge s up to 5 0 , 0 0 0  barre l  capac ity c an be handled . Sun 
owns three mi l e s  of water front proper �y on the Neche s and 
ha s adequate space for add i tional tanker and barge dock s . 
Now under cons truction are two additional tanker dock s  
de s i gned for 1 3 0 , 0 0 0  DWT ( 9 1 0 , 0 0 0  bbl s )  tankers ( see F i gure 
A . 4 - 11). 

Although Sun Terminal has p lanned a fi fth tanker dock , it  i s  
probable that i t s  con s truct ion schedule could be accelerated 
if a commitment is made to transport o i l  from an expan s ion 
o f  the Texoma Group SPR system through the Neder land fac i l ity . 
Therefore , in order to pre sent a conservative analys i s  of  
tho se activities attr ibutable to the SPR program , an assess
men t  o f  a new tanker dock i s  inc luded in thi s document . The 
new dock would be s imi lar to doc k s  No s . 3 and 4 on the 
Neche s River Channe l ( see F igure A . 4 - 11). The required 
tanker s l ip wou ld be about 1 2 0 0  x 3 0 0  x 4 2  feet ( 6 0 0 ,0 0 0  
cubic yard s ) ,  para l l e l  to the r iver channe l . 

The spo i l  wou ld be depo s i ted in  exi sting designated spo i l  
areas o n  S unoco property . Sunoco has two areas , one of  2 0 0  
acre s and one o f  4 0 0  acres , de s i gnated for dredge spo i l  
( personal conver s ation , J .  P .  Clubb , Sunoco , March 1 9 7 7 ) . 

The area defined for di spo s a l  of  the dredge mater i a l  from 
the construction of  a fi fth tanker dock would be 1 3 0  acre s 
of previou s ly used spo i l  area on e i ther of  the Sunoco d i sposal 
areas , and near the transm i s s ion l ine cro s s ing shown on 
F igure A.  4 - 11. 
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At the Sun Terminal d i s tribution s i te , exi s ting crude o i l  
surge fac i l it i e s  and ba l l ast treatment fac i l i t i e s  would be 
ava i lable to expedi te the onloading and o ff loading of tanker s .  
Each tanker dock i s  capable o f  a 6 0 ,0 0 0  barre l s  per hour 
loading rate . Un loading rates average 15 , 0 0 0  to 2 0 , 0 0 0  
barr e l s  per hour with 4 0 , 0 0 0  bar re l s  per hour be ing the 
maximum experienced . Tanker berth time s are expec ted to 
range f rom approx imate ly 1 2  to 3 0  hour s for load ing and 1 6  
to 3 6  hour s for un loading . 

S un currently has 5.3 mi l l ion barre l s  o f  crude o i l  surge 
tankage with p l ans to add mo re .  They own 2 , 2 0 0  acres ( part 
unusable ) ,  and have space for a total of 15 mil l ion barrel s  
o f  t ankage . F ul l  ut ili zation o f  the ir tankage i s  expected 
as Texoma p ip e l ine rates inc rease . It is ant icipated that 
three 2 0 0 , 0 0 0  barrel o i l  surge tanks would be cons tructed 
for use in conjunct ion with the Texoma Group S P R  s i t es (see 
Fi gure A . 4 - 11) . The required tanks are p l an ned as f loating 
roo f s tructures ,  co mmonly us ed in the oil indus try for s urge 
or customs gaug ing in loading or unloading tankers . They 
wou ld be approximate ly 1 6 0  feet in diameter and 56 feet in 
height . All surge tanks at S un Terminal would be enc losed 
by retention dikes a s  required to comply with s tandard 
regu l ations ( 4 0  CF R 1 1 2 . 7 ). 

The bal la s t  treatmen t  fac i l ity would be avai lable as needed 
for treating bal la s t  water d i s placed during tanker loading , 
for t hose tankers without segregated bal l a s t  ho lds . The 
fac i l i ty con s i sts  of two 5 5 , 0 0 0  barrel b�l l a s t  water tanks 
and the as soc iated water c l e a nup sys tems capable of treat ing 
and d i s charging water at an average rate of  4 7 5  barre ls/hr 
with a maximu m o i l  concentration of  7 . 5  ppm . The treated 
water wo �ld be d i scharged into a sur face drainage ditch that 
drains directly i nto the Nech es River . As a s tandard com
ponent of a l l  o il d i s tr ibution termina l s , the capabi l i t i e s  
exi s t  for the treat ment o f  r a i n  run-o ff from the dock areas 
and o i ly surface waters taken from minor routine spi l l s  
around loading and unloading tankers .  The potentials for 
the se and ma j or spi l ls are discussed in Appendix C. 2 . 1 . 2 .  

The pre sent Neches River navigation channe l i s  4 0  feet deep 
and 4 0 0  feet wide . Ful ly loaded tankers are l imited to 
about 6 5 , 0 0 0  DWT ( 45 0 , 0 0 0  barrel s ) , and l i ght loaded tanke rs 
up to 1 2 2 , 0 0 0  DWT have been acco mmodated ( per sonal conversa
tion , H.  A.  Clubb ! March 1977). T he Corps of  Engineer s is  
now s tudying a p ropo sal to increase the channe l dimens ions 
to 50 feet deep and 5 0 0  feet wide . This work may be comp leted 
within about 5 year s , a l lowing ful l y  loaded tanker s of  up to 
1 3 0 , 0 0 0  DWT to serve the Sun Terminal .  For the purpose of  
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thi s  a s s e s sment , however , ba sed on the existing channel 
depth and the greater availabi l ity of  smal ler tanker s ,  the 
use of 4 5 , 0 0 0  DWT ( 3 2 0 , 0 0 0  ba rre l s )  ta nk ers wou ld be used 
for the SPR tanker d i s tribution . Also , l i ght loaded tanker s 
o f  larger s i z e s  may be u sed , but the same carrying capa city 
would be a s sumed . 

Due to the l imited s i z e  of  tanker s which can navigate the 
Neches River channel to the Su n Terminal , a " l ightering" 
operation may be employed for SPR o i l  suppl ies  coming into 
the terminal .  Lightering i s  a common o i l  transport prac t i ce 
by which VLCC tanker s  ( very large crude c arr iers - 2 0 0 , 0 0 0  
DWT and up ) , unload at sea onto sma l l er tankers which can 
navigate the harbor channel s .  For the purposes  o f  analy s i s , 
it i s  a s sumed that l ightering onto 4 5 , 0 0 0  DWT ta nkers would 
be u sed . The l ighter ing oper ations would occur from 5 0  to 
1 0 0  miles o f fshore i n  at lea s t  8 0  feet of  water . The smal ler 
tankers would dock along s ide the VLC e, and connect by 
f l exible tran s fer l ines . C ommon rende zvous t ime s would be 
1 2  to 2 4  hour s . The smal ler tanker s would tra nsport the o i l  
to the Sun Terminal for trans fer t o  the storage s i te v i a  the 
propo sed pipe l i ne .  

During o i l  f i l l  operation s ,  at a supply rate of 1 7 5 ,0 0 0  
barre l s  per day , the result ing tanker tra ff i c  wo uld be an 
ave rage of one tanker per 4 4  hour s . Dur ing emergency with
drawal , at a tanker d i s tr ibution rate of  8 4 0 , 0 0 0  barrel s/day 
( 60 %  of tota l) , the resulting tanker tra f f i c  into S u n  

Terminal would be a n  average of  2 to 3 tanker s p e r  2 4  hour 
day . 

For the trans fer of  the o i l  to the stor age s i te , the fol lowing 
pipel ine equipment would be instal led at the S un Terminal . 
The main pipel ine trans fer pump s would c on s i s t  of  one 5 0 0  hp 
pump and two 9 0 0  hp pumps which would del iver the required 
1 7 5 , 0 0 0  barre ls per day ( 5 1 0 0  gallons per minute ) to the 
man i fold s ide of the inject i o n  pumps at the storage s ite . 
There would be a second 5 0 0  hp pump on s tandby at a l l  
t ime s . 

For use during subs equent o i l  withdrawal �peration s ,  the 
fo l lowing pipel ine equipment would be instal led at the 
s torage s i te . P ipel ine boos ter pumps would be us ed at the 
s i te for o i l  tran s fer due to the length of the pipel ine and 
the withdrawal t ime per iod ( 1 5 0  day s ) . Pre s ently planned 
are eleven 1 5 0 0  hp pump s for o i l  trans fer during this 
operation . The se pump s are suffic ient to trans fer 2 1 0  
mi l l ion barre l s  o f  crude i n  1 5 0  days . Equ ipment included at 
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both s ites would be the neces sary meters , control valve s , 
and scraper l aunching/rece iving traps a s  shown in f igure 
A . 4 - 1 2 . 

Al so requ ired at the storage s ite would be a 2 0 , 0 0 0  barre l 
ut i l ity o i l  surge tank and a 3 , 0 0 0  barrel b lanket o i l  tank 
( f igure A . 4 - 7 ) . The l arger tank ( approximate ly 4 0  feet high 

and 6 0  feet in diameter ) is needed to divert o i l  from the 
pipel ine to prevent spi l l s  dur ing any inj ection system 
mal function . I t  would a l so be used to s tore o i l  which would 
be retrieved from a potent ial o i l  spi l l  at the s ite . The 
blanket o i l  tank wou ld be u sed duri ng the initi al leaching 
of the caverns to protect the cavern c e i l ings and he lp 
contro l cavern deve lopment by maintaining a high pres sure 
o i l  l ayer above the br ine ( a s  de scr ibed in Appendix J ) . The 
approximate d imens ions of thi s  tank would be 2 0  feet high 
and 3 2  feet i n  diameter . 

A . 4 . 4 . 1 . 7  O i l  Pipe l i ne Description 

The o i l  di str ibut ion pipe l ine between We st Hackberry and the 
Sun Terminal w ill  be constructed u s ing e ither a 4 2  inch 
diameter p ipe or a pair of  3 6  inch diameter p ipe s depending 
upon ava i l able stock . Con struction and u s e  of thi s  pipel ine 
to tran s port o i l  for the exi s ting caverns at West Hackberry 
were a s s e ss ed in the supplement to the Wes t  Hackberry E I S  
( FE S  7 6/ 7 7 - 4 ) . A brief descr iption of  the p ipe l ine i s  given 
below for informational purpo se s . 

The p ipel ine route ( F igure A . 4 - 4 ) , w i l l  traverse a total o f  
4 1 . 5 m i l e s  over var ied terrain . The fol lowing i s  a detai led 
description of  the propo sed course . The l i ne w i l l  leave 
the central p l ant area and proceed due wes t  approximately 
1 . 4  miles acro s s  the dome , p a s s ing through the expans ion 
s ite ( F igure A . 4 - 5 ) , to the southwe st end o f  B l ack Lake . 
The route then turns northwe s t  and cro s s  0 . 5 mi l e s  of  B l ack 
Lake . After leaving B lack Lake , the l ine will  continue in 
the s ame direction ( NW )  through mar shland for approximate ly 
5 . 2  miles to the southern spo i l  bank of I CW . The route 
then fol lows the southern spoi l bank of the I CW we s t  to the 
entrance of the ICW into the Sabine River . At the j unction 
of the I CW and S abine River , the route pipel ine proc eeds for 
2 . 1  miles  downr iver along the eastern bank of  the S abine 
River , cro s s ing into Cameron Par i sh in the proce s s . The 
route then cro s se s  the S abine River 1 . 1  r iver miles  north of  
the entrance of  Cow Bayou into the S abine River , and enters 
Orange County , Texa s . 

After cro s s ing the S abine River , perpendicular to the r iver , 
the route traver s e s  a marsh in a northwe s t  direction for 
approximate l y  1 mile and then cleared dry l and for 1 mi le in 
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the s ame direction . The route then swings westward , cro s s ing 
high marsh , marsh ,  dry prairie land , gum-oak-cypre s s  groves 
and a pine forest for approximately 11 . 2 5 miles . At thi s  
point the route turns s outhwe st,  cro s s ing wooded l and and 
marsh for 2 . 7 5 miles , and then south for 1 . 5  mi les  f thus 
reaching the Neches River bank . Then the p ipeline wi l l  cro s s  
the Neches River to reach the Sun Terminal . The overal l  length 
o f  the route i s  41 . 5  miles . The distribution p ipeline to 
the Sun Terminal wi l l  require a 5 0 - foot wide permanent right
o f-way , thus requiring a 242-acre right- o f-way . During con
struction, however ,  a 75 foot right-o f-way would be required 
on dry land and a 150 foot right-o f-way for marshl and . 

A . 4  . 4 .  1 . 8 Land Requirements 

About 2 2 0  acres of the ons ite fac i l i ties at West Hackberry 
and another 210 acres s outh of the s ite for brine dispos al 
have been acquired by FEA and are to be developed in the Early 
Storage Reserve Program . The raw water intake station and 
the central p l ant area would be located on thi s  trac t .  Another 
1 6 0  acres would be required for the SPR expans ion s ite and 
would inc lude only the additional storage wel l s , roadways , 
and pipel ine cOlli!ections . The proposed brine disposal p ipe
l ine to the Gul f  of Mexico would require a permanent right� 
o f-way totaling 1 5 0  acres . The pipel ine construction right
o f-way would require 343 acres . In addition to the 682 acres 
alre ady being deve loped for the ESR at We st Hackberry , new 
land requirements for the SPR expans ion would total 310 acres 
for ons ite expans i on and additional right-o f-way acqui s i tion . 
Thus , a total o f  992  acres would be permanently committed 
for the development o f  the comb ined We st Hackberry ESR and 
SPR fac i l i ties and pipel ine rights -o f-way . 

A . 4 . 4 . 2  Alternative Phys ical Fac i l ities 

The fe asib i l it_y of s everal alternative systems components 
were cons idered in the We st Hackberry SPR expans i on program . 

A . 4 . 4 . 2 . 1  Raw Water Supply 

Three p o s s ible alternative surface water sources were con
s idered in l i eu of the pl anned uti l ization of the raw water 
intake s tati on on the I ntracoas tal Waterway . S ince it i s  
pl anned to cons truct a brine disposal l ine to the Gul f ,  the 
op tion o f  bui lding a paral lel water supp ly l ine was sugges ted . 
This pipel ine would cost approximate ly $ 1 4  mi l l ion to con
struc t .  Al so requi red would be a remote pump ing station on 
an o ffshore p latform . Such p latforms typ ically cost about 
$ 1 . 6  mi l l ion .  An intake structure on the l ew and an ons ite 
supply pipel ine , on the other hand , wi l l  be comp leted for 
the ESR development at We s t  Hackberry for $ 7 , 0 9 7 , 0 00 , and would 
be adapted fo r SPR use at a fraction of the cost . Extens ive 
multiple s creening would be required at the offshore intake 
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to minimiz e entrainment o f  organi sms , and technical probl ems 
wi th biological foul ing o f  the pipel ine would exj. st for a 
very long pipel ine . 

An alternate water supply intake loc ation on Black Lake would 
be economically des i rable , but would pose a potenti al threat 
to the rich biological productivity o f  the l ake . The total 
cost of p l acement o f  the intake structure on Black Lake would 
be $ 1 , 5 6 6 , 000 , which is  s igni ficantly lower than other alter
natives . However ,  during the wi thdrawal of water from the 
l ake , changes in wate r depth , s al inities and increased leve ls  
o f  pollutants could adversely affect the high populati ons of  
shr imp and game fish which mature in the l ake . Entrainment o f  
immature shr imp and fish could p o s e  a serious problem during 
the less mob i l e  phas es o f  the ir l i fe cyc le . 

The other pos s ible s ource fo r water s upply would be the Calc a
s i eu Ship Channel ,  5 . 5  miles southe ast of the site . A pump 
s tation ( requiring 2 or 3 acres ) ,  would be constructed adj acent 
to the channe l on land bui l t  up from former spo i l  areas . 
P ower supp ly from local uti l ities would be available at the 
s i  te . Dredging o f  approximately 2 3 0 , 0 0 0  cubic yards o f  bottom 
material from the s ides o f  the ship channe l would be required 
for an intake sump . This  would allow water to be taken from 
the deeper more sal ine porti ons o f  the channe l ,  thus minimiz ing 
adverse biological impacts . A sal ine wedge , or a s trati fica
tion of the denser sal ine water from the sea under the lighter 
bracki sh surface water , is typ i c al o f  the Calcas ieu Ship 
Channel . Mos t  o f  the migratory organi sms whi ch use the channel 
would be found only ne ar the surfac e ,  and s ince the deeper 
parts of the channel are wel l  below the l i ght penetration 
depths , it is not l ike ly that there would be any s igni ficant 
l i fe forms advers ely affected by wi thdrawing water from the 
deeper portions o f  the channel . The connecting 5 . 5  mi le 
supply pipel ine to the s ite would fol low the same route as 
described for the proposed brine disposal p ipel ine route whi ch 
would paral lel the ship channe l to the Gul f  Coast ( see Figure 
A . 4-8 ) .  

The pos s ib i l ity o f  dril l ing a series o f  wel l s  into s aline 
aqui fers was also cons idered . Due to the size of the required 
yield ( approximately 42 , 0 0 0  gpm maximum ) ,  and based on an 
e s timated per we l l  yie l d  rate o f  1 0 0 0  gpm , the expanded west 
Hackberry fac i l ity would require a 42 -we l l  system . For pur
poses of comparison , the principal user of thi s s ource in 
the area is the town of Hackberry which has two we l l s  .providing 
a combined average o f  140 gallons per minute ( gpm ) . Als o  
the city o f  Sulphur , 1 5  mi les  away , u s e s  5 wel l s  which yield 
a combined average o f  560 gpm . Bas ed on a cost per we l l  of 
$ 1 5 0 , 0 00 for a total of  $ 6 . 3  mi l l ion , when compared to the 
cos t o f  adapting the ESR supply system , the cost o f  con
s trucing a deep aqui fer we l l  system at Wes t  Hackber�y would be 
prohibitive . 
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A . 4 . 4 . 2 . 2  Brine Di spo s a l  

A s  an a l ternat ive t o  the proposed brine di spo s a l  p ip e l i ne 
which para l l e l s  the Calca s ieu Ship Channel ,  t he pipe l i ne 
could be routed a long the we ster n - edge of  H ighway 2 7  to the 
Gul f  bf Mexico ( see F igure A . 4 - 9 ) . Thi s  route i s  3 . 6  mi l e s  
longer than the propo sed route . Whereas a ma j or ity o f  the 
proposed route wou ld be in open mar s h  and open water of  
Calcas ieu Lake , the a l ternate route would fo l low S tarks 
Canal a long the we s tern s ide of the highway for a ma j or i ty 
o f  the d i s tance , inc luding 9 . 6 m i l e s  through the S abine 
National Wi ldl i fe Refuge . The d i ffuser wou ld be located 7 . 0  
mi l e s  o f fs hore in  the s ame locat ion a s  p l anned for the 
propo sed route . 

From the s torage s ite are a , the f ir s t  4 . 2 5 mi l e s  south and 
then southeast to Highway 27 would fol low the s ame route a s  
d i scus sed for the propo sed p ipel ine route ( see Section 
A . 4 . 4 . 1 . 4 ) . Proceeding south a long the wes tern s ide o f  the 
h ighway , the route wou ld cro s s  1 . 0  mi l e  of dry land be fore 
enteri ng S tarks Cana l . After fol lowing S tarks Canal for 
1 5 . 9  mi l e s  through the Refuge and on past the we s tern margin 
of Mud Lake , a 0 . 2 5 mile segment at Hol ly Beach wou ld complete 
the route acro s s  the coast l i ne H ighway 8 2  to the Gul f .  

The p ipe l ine wou ld extend i n  a souther ly direction for 
another 7 . 0  m i l e s  a long the ocean bottom to the di ffuser 
location which l i e s  in  30 feet o f  water ( see F igure A . 4 - 9 ) . 
The total length of  this alternative p ipe l i ne route i s  2 8 . 4  
mi l e s .  See Table A . 4 - 3  for a compar i son of the l and required 
for the various l and type s cros sed by the two route s . 

As an a l ternat ive to a brine p ipeline to the Gul f  of  Mexico , 
a deep wel l  i n j ection system could be bu i l t . I nc luded in  
the engineeri ng des ign for the ESR deve lopment at We s t  
Hackberry i s  a n  l l -we l l  sys tem des igned t o  hand le 1 1 , 8 0 0  gpm 
for d i spo s a l . I t  wou ld require about 3 6  acre s o f  l and for 
i t s  con s truc t ion . An expanded system to accommodate a 
maximum f low rate o f  3 0 , 0 0 0  gpm dur ing add itional leaching 
for the SPR expan sion f ac i l ity would require about 19 extra 
wel l s , and about twice a s  much l and would be permanently 
committed . The total cost of  an expanded i n j ection system , 
however ,  would be less  than that o f  a pipel ine to the sea . 
Based on a cost of  $ 6 6 0 , 0 0 0  per wel l  and exc luding l and 
cost s , the expanded inj ect ion sys tem wou ld cost $ 1 2 . 5  
mi l l ion as oppo sed to $ 2 8  mi l l ion for the p ipe l i ne . 
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In  the pre l iminary analys i s  of the ESR inj ection sys tem ( FES 
7 6/7 7 - 4 , Jan . 1 9 7 7 ) , it wa s shown that after 5 cyc l e s  of 
brine inj ection , aqu i fer pre s sure would bui ld from 3 0 0 0  p s ig 
to 3 4 5 0  p s ig - we l l  under the e s t imated frac ture pres sure of  
4 5 0 0  p s ig . A n expanded sys tem at We st Hackberry , however ,  
would i n j ect brine at 3 t ime s the rate calculated for the 
E S R program . Consequently the aquifer would be sub j e cted to 
much greater pres sure s . I f  brine inj ection i s  to be seriou s l y  
cons idered for br ine d i spo s a l  for the expans ion program a t  
Wes t  Hackberry , then a complete pre s sure ana lys i s  wi l l  be 
conducted to determine the eng ineer ing feas ibil i ty of this 
plan and the l ikel ihood o f  the acquifer fracturing . 

A . 4 . 4 . 2 . 3  Di s tr ibution 

The d i stribution pipel ine to the Sun Terminal at Nederland , 
which i s  p lanned for con s truction under the ES R deve lopment 
at Wes t  Hackberry , would also be u s ed for the SPR development . 
S ever al o i l  d i s tr ibution alternatives were evaluated for the 
Wes t  Hackberry E S R  fac i l i ty ( FES 7 6/ 7 7 - 4 ) . The se alternatives 
were either d i smi s sed a s  be ing unsuitable or were shown to 
be inferior to the S un Terminal option because o f  environ
mental ,  economic , or d i s tributional cons iderations . S ince 
these a lternative s have been addres sed in the We s t  Hackberry 
f inal E I S  ( FES  7 6/ 7 7 -4 ) , they are not addre s s ed in this 
document . 

A . 4 . 5  Cons truction Techniques 

A . 4 . 5 . 1  Road Con struction and Other Grading 

The western half of  We s t  Hackberry dome is s i tuated on dry 
ground ranging in elevation from 2 to 21 feet . The propo sed 
S P R  expans ion area wou ld be located on the highe st portion 
o f  thi s  mound , south of  Black Lake ( see F igure A . 4 - 3 )  . 
Thus , road s , wel l s ,  and buildings would be s i tuated on 
higher ground . Approximate ly 1 . 8  mile s of  permanent acc e s s  
roadways would b e  needed . Cons truction wou ld require a 
minimum o f  c lear i ng or grading and would require only gravel 
or she l l  surfacing . 

Additional road con s truction for S P R  expansion o f  the s ite 
would be minimal and related pr imar i ly to the construction 
o f  the brine d i sposal pipeline . Temporary cons truction roads 
wou ld be required for certain Sections of  the proposed 
o f f s i te p ipeline ( see S ec t ion A . 4 . 5 . 2 ) . 
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No add itional grading or l and f i l l  areas would be required 
dur ing the cons truction o f  the ma in s torage s i te . Surge 
ponds and bu i lding s  would be completed in the ESR develop
ment at West Hackberry . The impact of  their construction i s  
asses sed in the Early S torage Reserve E I S  ( FE S  7 6/ 7 7 - 4 , 
January 1 9 7 7 ) . The raw water intake sump would a l so be 
compl eted for the ESR and would require approximately 7 0 0 0  
cubic yards o f  dredge from Black Lake . The spo i l  wou ld be 
depo s i ted on an adj acent dry l and area o f  the s i te .  

A . 4 . 5 . 2  P ipel ine Con struction Technique s 

Three basic methods of  construc tion may be u s ed during 
construction of the o f f s ite pipelines : ( 1 )  f lotation canal 
method , ( 2 )  push ditch method , and ( 3 )  conventional dry l and 
method . 

The f lotation cana l s  or barge-lay method of  construction i s  
requ ired i n  the mar sh portions of  a pipel ine route where the 
ground canno t support heavy con s truction equipment or in  
open water s and passes of Calca s i eu Lake . Therefore , the 
work mu st be done on construct ion barges operating in navi
gable water or a canal . Barge-lay technique s would be required 
for portions of  the proposed br ine pipe l i ne route along the 
Calca s i eu Ship Channel . Most of  th i s  a lternative route 
would pass through open waters and coves of the Calc a s i eu 
Lake ( see Tab le A . 4 - 3 ) . 

The push d i tch method of  con struction would be u sed in the 
boggy portions of the p ipeline route where the ground can 
support mar sh buggy mounted excavating and back f i l l ing 
equ ipment , but cannot support conventional dry land pipe l i ne 
construction equipment . Mos t  of  the mar shland pipel ines in  
thi s  area are construc ted us ing thi s  technique . 

Conventional con s truc tion wou ld be used through the dry land 
portions of  the route where heavy cons truct ion equ ipment c an 
be supported . A 2 . 5  mile segment of  the proposed brine 
pipel ine route would al low conventional dry land technique s 
( see Table A . 4 - 3 ) . Al l bur i ed portions of  the pipel ine s 

would be externally covered with an epoxy coating as a 
phys ical barrier between the pipe and environment . Brine 
pipelines wou ld a l so be epoxy l ined with thin f i lm fu s ion 
bonded epoxy . Sea led cas ings wou ld be requ ired at highway 
or rai lway cro s s ings . 
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A . 4 . 6  Development Timetable 

As currently planned , the deve l opment of  the ESR fac i l ity at 
West Hackberry and the SPR expans ion would be timed such 
that the phases for deve lopment of the two pro j ects wou ld 
run in s uc c e s s ion . The s i te deve lopment and fac i l i ty con
s truction for the expans ion would begin directly a fter the 
s i te preparation and fac i l ity cons truc tion of the E S R ,  while 
the ESR  caverns are being f i l led wi th o i l . According to 
present proposal s , cons truc tion o f  the s i te fac i l i ti es , 
pipel ines , and external fac i l i ties wou ld be accomp l i shed 
during the f i r s t  5 mon th of development . Three dr i l l  rigs  
working s imul taneous ly would dr i l l  the s torage we l l s  over a 
period o f  1 8  months .  After the f i r s t  group of  wel l s  are 
compl eted , however , they would be connec ted to the system 
(month 4 )  so that initial leaching could begi n .  After 3 8  

months o f  initial leaching , the f ir s t  of cavity wel l s  would 
be ava i l able to begin the oil fi l l  proce s s  ( see Tab le A . 4 - 4 ) . 
The initial o i l  f i l l  proc e s s  would take a total of  2 8  
months to f i l l  the 1 5 0  mmb expans ion fac i l i ty .  

A . 4 . 7  Operation 

The operating proc edures required for the SPR fac i l ities are 
discu s s ed in thi s  section . Mo s t  of the information would 
apply to e i ther the propo sed We st Hackberry expans ion s i te , 
or one o f  the al ternat ive storage s i te s . Dif ferences in the 
fol lowing are d i s cus sed in Sections A . 5 . 7 ,  A . 6 . 7 ,  and A . 7 . 7 .  

A . 4 . 7 . 1  S torage Phase 

When the s torage fac i l i ty has been completed and design 
capac ity i s  reached , there would be an interim period during 
which the only activities at the s i te would be security and 
ma intenance checks . However , readine s s  for activation 
during an emergency requires keeping operations personne l 
avai lable . 

I t  i s  po s s ible that certain national emergencies could occur 
be fore the planned total reserve capacity of the SPR is met . 
In order to prepare for such a contingency , the fac i l i ty 
des ign provides for o i l  return bypa s s  va lve s to a l low inter
mi ttent recovery of  al ready stored o i l . 

Dur ing this static s torage per iod , a l l  equipment would be 
s erviced and te s ted on a regular bas i s  to en sure proper 
working order . Pumps , pres sure valves , and safety equipment 
would be norma l ly lubricated and operated at lea s t  once a 
month . Per sonnel would be on duty on a 2 4 -hour bas i s . 
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Tab le A. 4 - 4  T imetable  for Con struction and F i l l  

Month F i l l  Rate 
Per iod ( ME/D)  

No . o f  
Months 

Cum . ' Storage Phase of Deve lopment 
( MMB )  

we st H ackberry - Early S torage Re serve 

0 - 3 . 5 o 

3 . 5- 6  8 0  

6 - 1 6  1 7 5  

7 - 1 2  o 

8 - 2 6  o 

1 2 - 5 0  o 

5 0 - 7 8  1 7 5  

3 . 5  o 

2 . 5  6 

1 0 . 0  6 0  

S ite preparation 

Interim f i l l  from 
Amoco Dock 

p ip e line to S un Ter
minal . Complete final  
f i l l . 

we s t  Hackberry - S P R  Expan s ion 

5 6 0  

1 8  6 0  

3 8  6 0  

2 8  2 1 0  

A . 4 - 3 4  

S ite preparation 

Dr i l l  and comp le te 
1 5  wel l s  

I ni tial  leaching 

I nitial f i l l  



A . 4 . 7 . 2  Extraction Phase 

The ESR and SPR program requirement s plan for an emergency 
wi thdrawal of  s tored o i l  over a period of  not l e s s  than 5 
mon ths . Thu s , the maximum del ivery rate for a 2 1 0  mi l l ion 
barrel fac i l i ty at we s t  Hackberry would be 1 . 4  mi l l ion 
barr e l s  per day . The fac i l i ty ' s  systems are des igned to 
handl e  thi s maximum capac ity . 

Crude o i l  s tored in each s a l t  cavity would be recovered by 
pumping raw water into the bottom o f  the cavity , thus d i s 
placing the o i l  through the concentric tubing a t  the top of  
the cavity . The o i l  would leave each we l l head at 1 5 0  p s i . 
Because of  the length of  pipel ine to the d i s tr ibution fac i l i ty 
( 4 1 . 5  miles ) , boos ter pumps wou ld be neces s ary for tran s fer 
to the terminal . 

The S un Terminal at Nederland , Texas would handle a l l  o f  the 
oil from the We st Hackberry SPR s i te . The present pl an i s  
that about 4 0  percent o f  the emergency supp l i e s  ( 5 6 0 , 0 0 0  
barrels/day ) would be trans ferred by inland pipel ines to 
local and reg ional refineries and to midwe s tern state s 
through the Texoma pipel ine system which orig inates here . 
The remainder would be reloaded onto tankers for shipment to 
the East Coa s t  and Car ibbean ref ineri e s . 

A . 4 . 7 . 3  Re f i l l  Phase 

After an oil  s upply interrupt ion has  ended , refi l l  of  the 
SPR s to rage f ac i l ity is planned . The rate of f i l l  would 
depend on the avai l ab i l i ty of  crude ; but i s  currently pl anned 
for f i l l  over a 4 0  month per iod at a rate of 1 7 5 , 0 0 0  barre l s/ 
day . 

The refi l l  proc e s s  i s  the reverse o f  the recovery proce s s . 
The crude o i l  i s  inj ected into the top o f  the s torage cavity , 
thus di splac ing the brine , whi ch in turn goes to the di sposal 
system . 

F ive f i l l  and withdrawal cyc l e s  are designed for the ES R and 
SPR . Although for leached cavity fac i l ities the cavern 
capac ity enlarg e s  dur ing each cyc le due to the i ntroduc tion 
of fresh water , only the original des ign capa c i ty for each 
cavity wou ld be re f i l led . The fact that a sma l ler percentage 
o f  f re sh water would be introduced into the cavern dur ing 
succ e s s ive f i l l  operations reduce s  somewhat the continued 
l eaching proce s s . The cavern s i z e  wou ld increase about 7 7  
percent a f ter 4 refi l l  cycl e s , leaving a minimum o f  2 0 0  feet 
o f  s a l t  separating the caverns .  Thus there is no i ndication 
that the integr i ty o f  the caverns would be adversely affected . 
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A . 4 . 8  Termination and Abandonment 

When the nation has developed suffi c ient independence from 
foreign o i l  suppl iers , the o i l  storage c ap ac ity at West Hack
berry would no longer be needed . DOE operations would be 
terminated and the fac i l ity disposed of or abandoned .  

At present ,  it i s  intended to put the fac i l ity to some bene fi
c i al use , rather than s eal it o ff with concrete . Bene fic ial 
uses might include dispo sal o f  dredge spoi l  or waste s  such 
as s lurried fly ash or other polluted or toxic materi als . 
Another po s s ib i l ity i s  to devel op a compres sed air storage 
fac i l ity for peak power us e .  The final se lection o f  a termina
tion p l an would l i ke ly depend on the e conomi c and environmental 
tradeo ffs and regul ations that are in effect at the time o f  
termination . 
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A . S ALTERNATIVE S TORAGE S I TE - BLACK BAYOU 

The deve lopment of B lack Bayou for the SPR program is cons id 
ered as an a lternative to the proposed expans ion of  the We st 
Hackberry ESR fac i l ity described in Section A . 4 .  As currently 
designed , the fac i l ity would sat i s fy l S O  mi l l ion barrels  of 
the SPR crude o i l  s torage requirements in the Texoma/Lake 
Charles/Beaumont s torage region . 

A . S . l  Locat�on 

B lack Bayou salt dome i s  located in northwes tern Cameron 
Par ish of southwes tern Lou i s iana , and is approximately 8 
mi les southeast of  Orange , Texa s , and 1 2  miles  south of  
Vinton , Loui s iana . The Gul f of  Mex ico i s  19  mi les  south of  
the dome and the I ntracoastal Waterway ( ICW) i s  two miles to 
the north . The s i te is 1 2  miles we st of the We s t  Hackberry 
dome ( see F igure A . S - l ) . 

There are no pr imary roads in the near vicinity s i nce the 
area is covered by mar s h . Vehicular acc e s s  to the dome i s  
from Vinton v i a  a paved road t o  the ICW , and acro s s  the ICW 
on a ferry to Cameron Farms , S miles ea s t  of  the s i te . 
Acces s from Cameron Farms i s  a long a s he l l  road which 
paral l e l s  Bancro ft Canal to the dome and a network o f  bui l t 
u p  service road s . 

The dome under l ie s  a mar s h  that i s  cr i s scro s s ed by a canal 
and bayou network . Black Bayou i s  a l arge bayou extending 
from S abine Lake and i s  connected to the ICW due north from 
the dome by Black Bayou Cuto ff Cana l . 

Al l the s ur face and mineral s  embraced by the dome l imits are 
owned by Amoco Product ion Company , as succes sor to S tano l ind 
Oil and Gas . There has been some activity by Freeport 
Sulphur Company . However , no lease or contract from Amoco 
and i t s  predece s sors has been recorded . The miner a l s  over 
the dome are referred to as the J .  B .  Watk ins tract , al though 
J .  B .  Watk ins is completely out of the c urrent t i t l e  as to 
both surface and mineral right s . However ,  there i s  no o i l  
o r  g a s  product ion o r  s torage activities over the top of  the 
dome in the area propo sed for the S P R  fac i l ity . 

The s ite i s  we l l  s ituated for d i s tr ibution of  o i l  by con
nection to the propo sed E S R  pipe l i ne from Wes t  H ackberry to 
the Texoma faci l i ti e s  at Neder land , Texas , some 2 0  miles 
we s t  of  Black Bayou dome . From the Neder l and fac i l i tie s , 
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the s tored o i l  can be moved to local and regional re f ineries 
via inland pipel ines inc luding the Texoma P ipel ine , or 
loaded onto tanker s  for del ivery to East Coast and Caribbean 
refiner i e s . 

Other than the propo sed means of distribution , local  re
finer ie s could be connected to the s i te by new and exis ting 
pipeline s . Black Bayou i s  located within about 5 0  miles of  
eight maj or area ref iner ies . Tab le A . 5 - 1  l i s ts these re
fineries . 

A . 5 . 2  Capac�ty 

Total s torage capac ity for the Black Bayou s i te is propo sed 
as 1 5 0  mil l ion barre l s . A total of  1 5  solution caverns 
would be cons tructed to accommodate this capac i ty . Indi
vidual cavern siz e  i s  set at 10  mill ion barre l s  initia l ly , 
wi th ultimate capacity of  about 2 0  mi l l ion barrels  after 
f ive cycl e s  of oil f i l l  and withdrawa l . 

Al l caverns ,  due to increased leaching caused by fresh water 
in j ected dur ing withdrawal cyc l e s , would increase in diameter 
from 2 7 5  ft in diameter to about 4 0 0  ft in diameter a fter 
f ive cyc le s . The 1 0 0 0  ft he ight of  each cavern would be 
mai ntained . This l arger ultimate cavern diame ter must be 
used to determine spacing in order that suffic ient wal l  
thicknes s  i s  maintained between caverns once the caverns have 
reached maximum s i ze . The wel l s  would be spaced on 6 0 0  foot 
cente rs and the peripheral wel l s  would be located at least 
4 0 0  feet from the dome edge to a s sure a 2 0 0  foot wal l  around 
every cavern . 

About 2 3 0  acre s of  sur face area would be required to contain 
the s e caverns at the ir ultimate capac itie s .  The area selected 
for construct ion wou ld be in the eastern portion of the dome 
s ince thi s  would min imi ze inter ference with the ex i s ting 
waterways and bayou s that over l i e  the dome . I f  it i s  
neces sary to increase Black Bayou storage beyond the 1 5 0  
mil l ion barre l point , salt extent wou ld not be a l imiting 
factor . The dome is fairly l arge , con s i st ing of  approximately 
8 0 0  acre s when mea sured at the - 2 , 5 0 0  foot salt contour , 
which i s  su f f ic ient to construct about 3 0  additional 1 0  
mi l l ion barr e l  caverns .  I f  a l l  the dome area was to be used , 
tota l  storage volume could reach 4 0 0  mil l ion barre l s . 

A . 5 . 3  General Systems Descr iption 

The presently propo sed deve lopment of Black Bayou as an 
al ternative s ite wou ld involve a relatively irregu lar p lace
ment o f  wel l s  on p l atforms over the mar s h  on the eas tern 
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Tab l e  A . 5 -1 B eaumont/Port Arthur/Lake Char les Re fi ner ie s 

Company - Locat ion 

Citie s  Service - Lake Char le s 

Conoco - Lake Char les 

American Petrofina - Port Arthur 

Gu l f  - Port Arthur 

Mob i l  - Beaumont 

Texaco - Port Ar thur 

Texaco - Port Ne che s 

Union - Ne derl and 

A . 5 - 4  

Capac i ty 
( BPD)  

2 6 8 , 0 0 0  

8 3 , 0 0 0  

2 6 , 0 0 0  

3 1 2 , 1 0 0  

3 2 5 , 0 0 0  

4 0 6 , 0 0 0  

4 7 , 0 0 0  

1 2 7 , 0 0 0 

Dis tance ( mi ) 
from Black Bayou 

2 2  

2 6  

2 4  

2 4  

3 5  

2 4  

1 8  

2 0  



hal f o f  the s alt dome . The wel l s  would be dri l led from barge 
mounted rigs us ing existing and new canals for acces s  ( see 
Figure A . S -2 ) .  To create the new caverns requi res pumping 
freshwater through the we l l s  into the s alt and di splacing 
the resulting brine out through concentric wel l  tub ings ( See 
Appendix J ) . 

The central p lant , including pump s , surge ponds , and surface 
tanks , would be located adj acent to the acce s s  road at the 
s outheast corner o f  the storage s i te ( s ee Figure A . S -2 ) .  An 
area o f  approximate ly 1 0  acres would be landfi l led so that 
the central plant and equipment yard could be located on dry 
l and . 

As currently proposed , the raw water intake station would be 
located on the Black Bayou channel ( see Figure A . S -2 ) . Brine 
di spos al would be by pipel ine to the Gul f  o f  Mexico for direct 
di sposal offshore . The proposed route for thi s  pipel ine i s  
di s cussed i n  section A . S . 4 . 1 . S .  

Oi l distribution to and from the s ite would be by construc
ting a short pipel ine connection along Black Bayou Cuto ff to 
the ESR p ipel ine being constructed between Wes t  Hackberry 
and the Sun Terminal at Nederland , Texas ( see Figure A . S -3 ) . 
The initial fill ing o f  the caverns is  pl anned as a s eparate 
operational phase after the cavern leaching proce s s  has been 
completed for the lS s torage wel l s . 

A . S . 4 site Deve lopment 

A . S . 4 . 1  Proposed Phys ical Fac i l ities 

A .  S .  4 . 1 . 1  s i te Layout 

The I S  storage wel l s  would be located on elevated pl atforms 
( 3 0 x 30 ft . ) spaced roughly on 6 0 0  ft . centers over the marsh 
on the eastern hal f of the s alt dome . New access canals would 
be required to construct and maintain the IS wel l s  as shown 
in Figure A . S -2 . Approximately 6400 x 6 S  x 8 ft . ( 12 S , O O O  
cubic yards ) of  spoil material would b e  dredged . A dredge 
spoi l  area of approximate ly IS acre s would be neede d .  The 
Corps o f  Engineers has des ignated spoil di spos al grounds in 
the Black Bayou area .  The U .  S .  Fisheries and Wil dl i fe Service , 
Field Supervis ion ,  also mus t  approve dredging permits for 
the s ite . Both departments have been contacted and would 
recommend to DOE suitable di spos al grounds for thi s  work . 
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Becaus e wel l s  must be acc e s s ed by barge , for construction 
and workover , a sma l l  equ ipment barge dock would be inc luded 
in the fac i l ity design . A timber dock with mooring p i l e s  
( see Figure A . 5 - 4 ) , would b e  cons tructed o n  the canal j us t  
south and acro s s  the road from the central plant area ( see 
Figure A . 5 - 2 ) . 

A barge s l ip ( 2 6 0  x 5 0  x 8 ft . ) would be requ ired para l l e l  
t o  the cana l . The dredge spo i l  would b e  depo s i ted o n  dryland 
ad j acent to the barge s l ip . 

No new roadways would be required . Vehicu l ar acce s s  wou ld 
be to the central plant fac i l i ty only . Pipel ine s connecting 
the wel l s  and the central plant would be bur i ed in the mar sh 
a long the acce s s  cana l s . A pipel ine f low di agram for the 
B lack Bayou fac i l i ty is shown in Figure A . 5 - 5 . 

A . 5 . 4 . 1 . 2  Centra l  Plant Fac i l i ties 

The central p lant as currently desi gned would include a l l  
pump s , pump struc tures , control bui ldings , of fice , surge 
ponds , sur face tankage , meter ing sys tems and trans formers 
( see Figure A . 5 - 6 ) . The plant s i te , about 10 acres , would be 
cons tructed upon l and f i l l . Al l bu i ldings and permanent 
s tructure s would be supported on concrete p i l e s  for s tabi l i ty . 

Also ad j acent to the central p l ant would be an equipment 
yard of several acres . A secur ity fence would enc lose the 
ent ire p lant s i te and equipment yard . 

Bui ldings would be required to hous e  the ma in o f fice , a l l  
electrical control equipment , a repair shop , and a chemical 
l ab . At thi s lab , br ine samples  would be analyzed to 
calcu l ate the rate o f  new leaching . Also , te sts would be 
conducted on crude o i l  s amples  to determine their compati
b i l ity wi th other stored oi l s . Bui ldings would be of  
standard steel con struc tion and would be bui l t  upon concrete 
s labs . Re in forced concrete p i l e s  would support be ams upon 
which the floor would be laid . 

The various pumps required for leaching , o i l  i n j ect ion , 
br i ne di sposa l , and pipel ine operation would be located in 
a pump bui lding or other appropr iate sound attenuating 
struc ture . A l i s t  of  the required pumps i s  given in Table 
A . 5 - 2 . As shown , standby pumps are provided to insure 
steady operation . Power for the e lectric pumps and equip
ment would be suppl i ed by local uti l i ties . 
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Tab le A . 5 - 2  Pump Requi rements - B l ack Bayou 

Quan t i ty 
Hor se
power 

4 4 0 0  1 Stand-by 

7 9 0 0  1 S tand-by 

7 ( 1  Stand-by) 6 0 0  
8 

8 
2 

8 
1 

1 

2 
1 
1 

2 
��-.-.. -

6 0 0  

1 5 0 0  
Stand-by 1 5 0 0  

15 0 0  
( 1  Stand-by) 1 5 0 0  

1 0 0  

9 0 0  
5 0 0  

Stand-by 5 0 0  

1 5 0 0  
- --�- � - �-- I 

Di s charge 
Pre s sure 

( ps i )  

4 5  

2 5 5  

1 5 0  
2 6 0  

7 1 8  

7 5 6 
8 0 0  

1 0 0 0  

6 0 0  

1 0 0  

Tota l De s i gn 
F l ow Rate 
( barre l s/day ) 

1 , 0 5 0 , 0 0 0  

1 , 0 5 0 , 0 0 0  

1 , 0 10 , 0 0 0  
1 , 0 5 0 , 0 0 0  

1 , 0 5 0 , 0 0 0  

1 , 0 0 0 , 0 0 0  
1 7 5 , 0 0 0  

3 , 5 0 0  

1 7 5 , 0 0 0  

6 0 0 , 0 0 0  



Al so indicated in F i gure A . S - 6  are tanks and ponds a s  needed 
for operation and cons truct ion ( de scr ibed in l ater sections ) .  
In  the case o f  a l l  o i l  tankage , retention dikes are planned 
as required for o i l  s p i l l  containment ( 4 0  CFR 1 1 2 . 7 ) . Dike 
enc lo sures are a s tandard engineer i ng practice for comp l i ance 
with the se regulations . 

The entire s i te area i s  ove r lain with low- lying marsh o f  
from 0 t o  l e s s  than 5 feet i n  e levation with the exception 
of service road s  and we l l  pads which have been cons tructed 
in the area . I n  order to raise the plant are a and equipment 
yard above the 1 0 0  year hurricane f lood leve l , approximately 
6 to 8 fee t of f i l l  would be required . Thus for 10 acres of 
l andf i l l , and accounting for the surge ponds and oil s p i l l  
containment areas , an e s timated 9 1 , 0 0 0  cubic yards o f  f i l l  
material mus t  b e  obtained . 

A . S . 4 . 1 . 3  Raw Water Sys tem 

A water intake s tation would be con s tructed on the eastern 
s ide of the Black Bayou channel ( see F igure A . S - 2 ) . The 
intake s tructure wou ld con s i s t  of a platform ( 1 0 ' x 1 0 ' )  
supported on p i l ings with multiple screens for minimi z ing 
impingement of  organisms . A sump wou ld be dredged from the 
s ide of the channel to minimize inflow restrict ion s and s and 
or mud entrainment . Approximately 1 5 0  cubic yard s would be 
dredged and then depo s i ted in the designated dispo s a l  area . 

A 3 6  inch pipel ine connec tion o f  about 3 , 5 0 0  feet would be 
laid paral le l  to other on s ite piping to the central plant 
and into the 1 7 5 , 0 0 0  barre l  raw water surge pond ( see Figure 
A . S - 6 ) . The boo ster pumps ( 7  at 9 0 0  hp each ) , would supply 
the mani fo ld s ide of  the water inj ection pumps ( 8  at 1 5 0 0  hp 
each ) . The water would be inj ected into the caverns at a 
7 1 8  p s i  head pre s sure . The 3 , 0 0 0  barre l water tank located 
on s i te wou ld be used for s tart-up operations only . 

Dur ing the initial leaching operations , the design water 
f low rate would be 2 , 0 0 0  gpm ( 6 8 , 6 0 0  barrel s/day ) per 10 mmb 
c avern . For the leaching of  1 5  caverns at this s i te ,  a total 
o f  3 0 , 0 0 0  gpm ( 1 . 0 3 mil l ion barrel s/day) would be required . 
To leach one barre l of  s torage volume requires 7 to 8 barre l s  
of raw water , depending upon the initial s a l ini ty of  the 
water . At the proposed leach rate , new space would be 
created in each cavern at a rate o f  2 5 5  gpm ( 8 , 7 5 0  barrel s/ 
day ) . Therefore , to leach 1 5 0  mi l l ion barr e l s  of  s torage 
capac i ty would require a leach period of  3 8  months . 
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For water supply dur ing crude o i l  wi thdrawal operations ,  the 
water intake equipment wou ld be designed to provide a 
maximum of  3 0 , 6 2 5  gpm ( 1 . 0 5 mi l l ion barrel s/day ) nece s s ary 
to di splace 1 5 0  mi l l ion barr e l s  in a period of  no l e s s  than 
1 5 0  days , S ince d isplacement requires 5 percent more water 
than the amount of  oil displac ed . The intake s truc ture wou ld 
be constructed to in sure that the induced intake velocities 
would remain be low 0 . 5  ft/sec to minimi z e  problems of  
organi sms c logging the screens or being entra ined . 

A . 5 . 4 . 1 . 4  B r ine Disposal Sys tem 

The sys tem des igned for brine d i s po s a l  at Black Bayou cal l s  
for a 2 7  mi le x 3 6  inch p ipe l ine into the Gul f of  Mexico for 
direct d i s po s a l  into the sea . The pipel ine route pre sently 
being cons idered would pas s  through mars h  for the entire 
d i s tance but would fol low an exi s ting Transcontinental Gas 
Pipeline Company ( TCGPL) right-of-way for 9 0  percent of  the 
d i s tance ( see F igure A . 5 - 7 ) . 

The l eaching proce s s  would produce a l e s s -than- s a turated 
brine at about 2 3 0  ppt ( parts per thousand ) concentration . 
During the initial leaching proce s s , brine would leave the 
c averns at a combined r ate of 2 9 , 4 5 0  gpm ( 6 7 , 3 0 0  barrel s/day 
per cavern ) , somewhat l e s s  than the water inj ection rate due 
to the space created by the enlarging cavern . Brine di spo s a l  
at this rate would continue over a per iod of 3 8  month s . 

The initial o i l  f i l l  and subsequent o i l  r e f i l l  cyc l e s  would 
produce a nearly saturated brine of  about 2 6 5  ppt concentra
t ion . O i l  f i l l  and re f i l l  is p lanned at a rate of  1 7 5 , 0 0 0  
barre l s  per day for the 1 5 0  mi l l ion barre l fac i l i ty . The 
brine would be displaced at the s ame rate over a period of  
2 8  month s . 

The brine leaving the cavern s  would empty i nto a 1 7 5 , 0 0 0  
barre l brine settl ing and surge pond a t  the central plant 
area ( see Figure A . 5 - 6 ) . The pond is s i zed to provide a 4 
hour retention t ime for the maximum brine f low rate to al low 
for suffic ient surge capaci ty , some settl ing , and a l so for 
observation of  the sys tem to detect any o i l  mixing with the 
brine . The brine pumps ( 7  at 6 0 0  hp each ) would l i ft the 
brine from the pond to tran s fer it at a pre ssure of 1 5 0  p s i  
through the pipel ine to the Gul f  of  Mexico . 

The proposed brine di spo s a l  pipel ine route to the Gul f  of  
Mexico would leave the central p lant area acro s s  the s torage 
s i te for 0 . 3  mi l e s  following other onsite p ipe l ines ( see 
F igure A . 5 - 2 ) . The route would then turn southwes t  for 0 . 4  
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Figure A. 5 - 7  Brine Disposal Pipeline Route 
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mi l e s  a long B l ack Bayou and then 2 . 0  miles acro s s  mar sh 
unt i l  it intersects the TCGPL pipel i ne right-of-way ( see 
Figure A . 5 -7 ) . I t  wou ld fo l low thi s ex i s ti ng pipeway the 
rema ining d i s tance to the coas t . The entire route i s  in 
mar sh land . It a l s o  would pa s s  through the Sabine National 
Wildl i fe Refuge for 9 . 1  mi les  a long the exi sting pipe l i ne 
corr idor . The route would cro s s  Black Bayou again near the 
northern boundary of the Re fuge , and then the North Bayou 
near the southern boundary of the Re fuge . Old East Bayou 
and a coas tl ine highway would be cro s sed near Ocean View 
Beach . 

The propo sed pipe l i ne would then extend into the Gul f  of  
Mexico for 7 mi les  a long the ocean bottom to the d i f fuser 
location which l i e s  in 30 feet of  water . The tota l length 
of thi s pipe l ine route i s  2 7 . 0  mi le s .  See Table A . 5 - 3  for a 
compari son of the land required for the var ious l and types 
cros s ed by the route . 

A . S . 4 . l . 5  Di s tribution Sys tem 

As an a l ternative to the expan s ion of the ESR fac i l ity at 
Wes t  Hackberry , the B lack Bayou s i te i s  ideally located for 
tying into the West Hackberry d i s tr ibution system .  The ESR 
pipel ine p lanned between We s t  Hackberry and the Sun Terminal 
at Neder land , Texa s , would pas s  within 2 . 7  miles  of  the 
B l ack Bayou s torage s ite ( see Figure A . 5 - 3 ) . A 2 . 7  mile 
connection a long B lack Bayou Cuto ff to the We s t  Hackberry 
pipel ine on the I CW ( plus the required pumps and tanks ) ,  are 
the only deve lopments nec e s sary to complete the d i s tribution 
system for B lack Bayou . The system would be connected to 
the exi s ting d i s tribution ne twork at Sun Terminal . From 
there the s tored o i l  would be d i stributed inl and by pipel ine s  
o r  t o  the east coa s t  by tanker . For d i s cu s s ion of  the SPR 
fac i l it i e s  at the termi na l , see Section A . 4 . 4 . 1 . 6 .  

According to present propo s al s , the 4 2  inch pipeline con
nector would be buried a long one s ide of the B lack Bayou 
Cuto f f  channe l bottom ( see Figure A . 5 - 2 ) . A minimum of 5 
ft . o f  cover would be required to ma intain safe c learance 
for barge traffic . The tota l pipe l ine length from Black 
Bayou to Nederland i s  28  mi le s .  

During initial f i l l  operations , o i l  would be inj ec ted into 
the caverns at a combined rate of 1 7 5 , 0 0 0  barrel s/day for 2 8  
month s  required to f i l l  the 1 5 0  mmb fac i l ity . 
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Dur i ng a national o i l  supply i nterruption , SPR o i l  would be 
wi thdrawn over a per iod of  1 5 0  days . Thus the d i s tr ibution 
o f  1 5 0  mi l l ion barrel s  stored at Black Bayou would result in 
a de l ivery rate of 1 . 0  mi l l ion barr e l s /day to the Sun Termi
nal . The pre sent plan is to di stribute 60 percent of  th i s  
o i l  ( 6 0 0 , 0 0 0  barrel s/day) b y  tanker s loading at Sun Terminal 
to the East Coast and Car ibbean markets . The remaining 4 0  
percent ( 4 0 0 , 0 0 0  barrels/day ) would be transported inl and by 
pipe l ines , inc luding the Texoma Pipe l i ne which initiates at 
the Sun Termina l , and dis tributed to local ref iner ie s . 

A total of  5 fi l l  and withdrawal cyc l e s  are planned for the 
l i fe of the fac i l ity . Dur ing the 4 subs equent refi l l  opera
tion s , a f i l l  rate of  1 7 5 , 0 0 0  barrel s/day over a period of 
2 8  months would be required to regain the original I S O  
mil l ion barrel capac ity . Although the avai lable storage 
space would increase during each withdrawa l  cyc l e , it i s  
assumed that only the initial storage capac i ty would be 
re f i l led each time . Sub sequent withdrawal cyc les  would be 
comp leted in I S O  days at the s ame 1 . 0  mi l l ion barre l s /day 
rate . 

Dur ing o i l  withdrawa l  operation s ,  the o i l  would be displaced 
from each cavern and the pipe l i ne boo ster pumps (used for 
o i l  inj ection dur i ng f i l l  operation s )  would de l iver the o i l  
through the pipe l i ne t o  the Sun Terminal .  A 2 0 , 0 0 0  barrel 
ut i l i ty surge tank and a 3 , 0 0 0  barrel blanket oil tank 
( F igure 2 . S- 6 )  would be required at the s torage s i te . The 
l arger tank is needed to divert o i l  from the pipel ine to 
prevent spi l l s  dur ing any injection system mal function . I t  
would a l s o  b e  used t o  store oil  retrieved from a potential 
oil s pi l l  at the s i te . The blanket oil tank would be used 
dur ing the initial l eaching of  the cavern sumps be fore the 
concurrent l eaching and f i l l  operations begin . 

A . S . 4 . 1 . 6  Land Requirements 

About 2 3 0  acres would be needed at Black Bayou to develop 
the ons ite fac i l i t ie s . Thi s  area would inc lude 1 0  to 1 2  
acres for the central plant and I S  acres for dredge d ispos a l , 
in addition to the required storage we l l s ,  acc e s s  cana l s , 
and water intake station . 

The brine di spo s a l  pipeline to the Gul f  of Mex ico would 
require a permanent r ight-o f -way total ing 1 6 3 . 7  acres . A 
larger area ( 2 4 8  acre s )  would be affected dur ing the pipel ine 
construction ( see Table A . S - 3 ) . 
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TABLE A. 5 - 3  LAND REQUI REMENTS FOR P I PELINE S  

BRINE DISPOSAL OIL D I S TRIBUTI ON 
CONNECTION 

DRY LAND 

M* 0 . 3  
P 1 . 8 
C 2 . 7  

MARSH 
M 1 9 . 3 * *  Q.JL 
P 1 1 7 . 0  4 . 8  
C 3 5 1 . 0 1 4 . 4  

INLAND WATER 
M !h£ -L.2. 
P 3 . 6 1 1 . 5  
C 3 . 6  1 1 . 5  

OFFSHORE 
M .LJL 
P 4 2 . 5  
C 4 2 . 5  

TOTAL 
M 2 7 . 0  miles 2 . 7  miles 
P 1 6 3 . 7  acres  i6:O acres 
C 2 4 8 . 0  acre s 2 6 . 0  acr es  

*M - dis tanc e in miles 
P - area required for permanent right-of-way in acres 
C - area required for co nstruction right-of-way in acres 

* *  I nc ludes 1 7 . 3  miles a long existing TCGPL pipeline r ight-of-way . 
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The o i l  d i s tr ibution pipe l i ne connection would require a 
permanent r ight-of-way total ing 1 6  acre s . About 2 6  acres 
would be a f fected during its cons truc tion . 

Thus a total of  4 1 0 acres would be permanently committed for 
the deve lopment of the Black Bayou s ite and a s sociated 
o f f s ite pipeline r i ghts-o f -way . 

A . S . 4 . 2  Alternat ive Physical Fac i l i ti e s  

The feas ib i l ity o f  severa l  a lternative systems component s  
were cons ide red in the B l ack Bayou S P R  deve lopment program . 

A . S . 4 . 2 . 1  Raw Water Supp ly 

Three a lternative surface water source s were cons idered in 
l ieu of  the proposed water i ntake s tation on B lack Bayou . 
S i nce i t  i s  proposed to construct a brine dispo s a l  l i ne to 
the Gul f ,  the opt.ion of  bui lding a para l l e l  water supply 
l i ne was sugge sted . Thi s  pipel i ne would cost approximate ly 
$ 1 1  mill ion to cons truct . Al so requ ired would be a remote 
pumping s tation on an off shore p l at form . Such p latforms 
typically cost about $ 1 . 6  m i l l ion . An intake structure on 
B l ack Bayou and an onsite supply pipel ine , on the other 
hand , could be completed for $ 7 0 0 , 0 0 0 . In  add ition , a remote 
power supp ly would be needed for the pumps at the o f f shore 
s ite . Extens ive mul t ip le s creening would be required at 
the o f f s hore intake to minimi ze entrainment of  organ i sms , 
and technical problems wi th biological foul i ng of  the p ipe
l ine would exist for a very long pipel ine . 

Another pos s ible source for water supply would be the I CW 
about 3 miles north of  the s i te . The I CW has a cro s s  sectional 
area approximate ly 2 4  time s greater than that of  B lack 
Bayou , but as d i sc u s sed in Appendix C . 4 . 2 . 2 . 1 ,  the induced 
f low rates in the bayou , which would draw direc t ly from the 
I CW as an ultimate source , would be l e s s  than 0 . 1 3 4  ft/sec 
with i n signi ficant environmental consequences .  Thi s  alter
native would requ i re a longer water supp ly pipe line and the 
construction of an o f f s ite pumping s tation on the bank of  
the I CW . The required pipel ine would fo l low the s ame route 
2 . 7  miles a long Black Bayou Cuto f f  channe l as propo sed for 
the o i l  d i s tr ibution pipe l i ne connection . Thus no additional 
l and would be af fec ted for pipel ine construction . About one 
additional acre would be required , however ,  to loc ate an 
intake and pumping s tat ion on the south spo i l  bank area of 
the I CW .  The pumpi ng stat ion would inc lude a dredged sump of 
about the s ame s i ze as propo sed for B lack Bayou . It would 
a l so require a separate trans former area to provide power 
for the pump s . A secur ity fence would enclose the entire 
pumping s tat ion . 
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A third alternat ive source would be to construct an 1 1 . 0  
mile pipel ine to the northeas tern edge of  S abine Lake . The 
route would fo l low the same route as proposed for the brine 
di spo sal pipe l i ne ( see Section A . 5 . 4 . l . 4 ) for the f i r s t  3 . 7  
miles acro s s  the mar sh to the southwest of  the dome and then 
south a long the ex i s ting TCGPL pipel ine right-o f-way to 
B l ack Bayou near Right Prong . The route would then diverge 
in a southwe sterly direction acro s s  open marsh for 2 . 1  mi l e s  
t o  Green ' s  Bayou and then 5 . 2  m i l e s  acro s s  Pine Ridge to 
S abine Lake . P ine Ridge is a section of mo s tly dry l and 
bounded on the north and south by portions of S abine National 
wi ldl i fe Refuge . Natura l  dry lands within this extens ive 
marsh region are potential s ites of h i s torical and archaeolo
gical s ignif icance , and a careful survey would be conducted 
should this a lternative be chosen . The co s t  of con s tructing 
a p ipel ine over th i s  route would be approximately $ 4 . 4  
m il l ion in add ition to an expens ive remo te pumping s tat ion 
and intake struc ture required on S abine Lake . For a perma
nent r ight-o f-way beyond the point of divergence from the 
proposed br ine pipeline , 4 5  acres would be needed . More
over , approximate ly 9 2  acre s of marshland would be d i s turbed 
during construct ion for that segment of the p ipe l i ne . 

The po s s ib i l ity o f  dri l l ing a series of  wel l s  into s a line 
aqui fers wa s a l so cons idered . Due to the s i z e  o f  the required 
yield ( approximately 3 1 , 0 0 0  gpm maximum ) , and based on an 
e s t imated per wel l  yield rate of 1 0 0 0  gpm , the B l ack Bayou 
fac i l ity would require a 3 1 -wel l  system . Based on a co s t  
per we l l  o f  $ 1 5 0 , 0 0 0  for a total of $ 4 . 6  m i l l ion ( not 
inc luding l and costs ) when compared to $ 7 0 0 , 0 0 0  for a sur face 
water supp l y  sys tem , the co s t  of  constructing a deep aquifer 
wel l  sys tem at B l ack Bayou would be prohibitive . 

A . 5 . 4 . 2 . 2  Br ine D i spo sal 

As an alternative to a br ine pipeline to the Gul f  of Mexico 
a deep wel l  inj ection sys tem for br ine d i spo sal was con-
s idered for Black Bayou . For purposes  of comparison , the 
ESR deve lopment at West Hackberry would inc lude a deep we l l  
in j ection sys tem for brine inj ection . The sys tem at Wes t  
Hackberry i s  de signed for 1 1  we l l s  t o  handle 1 1 , 8 0 0  gpm and 
would require about 3 6  acres of l and for construction . An 
expanded system to accommodate a maximum flow rate of 3 0 , 0 0 0  gpm 
dur ing addit ional leaching for the SPR facil i ty at B l ack 
Bayou would require about 30  we l l s  spaced over a 5 . 9  mile 
long corridor which would require a permanent canal to be 
cut through the marsh or a permanent roadway on f i l l . At 
least 7 0  acres of mar sh l and would be permanently committed . 
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In the pre l iminary analy s i s  of the ESR inj ection system at 
Wes t  Hackberry ( PES 7 6/ 7 7 - 4 , January 1 9 7 7 ) , it was s hown 
that a fter 5 cycle s  of brine inj ec tion , aqui fer pre s sure 
would bui ld from 3 0 0 0  p s ig to 3 4 5 0  p s i g  - wel l  under the 
estimated fracture pre s sure of 4 5 0 0  psig . An expanded 
system at Black Bayou , however , would inj ect brine at 3 
times the rate calcu lated for the E S R  at Wes t  Hackberry , and 
would consequently sub j ect the aqui fers to much greater 
pre s sure s . I f  br ine i nj ection is to be s eriously cons idered 
for brine di spo s a l  for the expansion program at We st Hack
berry , then a comp lete pres sure analys i s  wi l l  be conduc ted 
to de termine the engineer ing feas ib i l i ty o f  thi s  p l an and 
the l ike l i hood of the aqui fer fractur ing . 

Al though the co s t  o f  deve loping a deep wel l  i n j ection system 
would not cost any more and would probably cost somewhat 
l e s s  than a pipe l i ne to the sea , and although such a sys tem 
could be technically feasible , the eco logical l o s s  due to 
the cons truction o f  a permanent 5 . 9  mile canal or roadway 
through productive mar shl and would be s igni ficantly greater 
than the temporary eco logical d i s ruption due to pipel ine 
construc tion . 

A . 5 . 4 . 2 . 3  D i s tribution 

The d i s tribution pipe l i ne to the Sun Terminal at Nederland , 
which i s  p lanned for cons truct ion under the ESR development 
at Wes t  Hackberry , would be used for the B l ack Bayou s i te . 
Another route ( e . g . , a direct route to Sun Terminal )  would 
require a longer pipeline over more sensi tive biological 
areas and areas o f  archeo logical value in the marshland s 
we st o f  Bl ack Bayou with subsequently more cost and greater 
environmental impacts . 

A . 5 . 5  Construc tion Techniques 

A . 5 . 5 . 1  Road Cons truction and Other Grading 

No new roads would be required at B l ack Bayou . Exi s ting 
acces s  roads would provide vehicular acces s to the central 
plant s i te . 

The central plant s i te and the equ ipment yard would require 
an estimated 9 1 , 0 0 0  cub ic yards o f  l andf i l l  to rai se the 
area above flood level . In some cases much of the dredge 
spoil could be used to bu ild up the se area s , but it o ften 
take s too long for the spo i l  to dry to a sui table f i rmne s s  
to al low construc tion o n  the f i l l . Thus it was as sumed for 
the s ake of a s s e s sment that the f i l l  wou ld be trucked in 
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The raw water pond , brine pond , and the o i l  containment area 
for the o i l  tanks would be created by landfi l l  around the 
de s ignated ba s ins  and then cons tructing dikes around the 
perimeter where needed . The 1 7 5 , 0 0 0  barrel br ine pond and 
raw water pond would be approximately 3 0 0  ft by 3 7 0  ft and 
would be a total of 1 5  feet deep . The pond s are s i zed to 
contain fluid to dep ths of 1 0  feet , a l lowing one-th ird of 
the ir total capac ities to serve as freeboard . The pond s 
would be constructed above the exis ting mar sh elevation but 
e s sentially be low the e levat ion of the l and f i l led central 
plant area . Although the main pond basins would be formed 
dur ing the land f i l l  operation , dikes approximately 7 feet 
tal l er than the e levat ion of the land f i l l  would be required 
to form the required freeboard for the pond s . The se dike s 
would b� cons tructed at the time of  the other earth moving . 
The amount of  additiona l material  required i s  approx imately 
9 , 0 0 0  cubic yard s . 

A . 5 . 5 . 2  P ipel ine Cons truct ion Techniques 

For the p ipel ine routes pre sently pl anned , three genera l  
pipe l ine cons truction technique s would b e  used a s  di s cu ssed 
in Section A . 4 . 5 . 2 .  The f lotation method would be requ ired 
for the ons ite l ine s connecting the var ious wel l heads and 
for l aying the d i s tr ibution line in B l ack Lake Cutoff to the 
lCW .  Push-ditch construction would be used for the brine 
di sposal l ine except for near the coa s t  where a short d i s tance 
may require conventional methods . 

A . 5 . 6  Development T ime tab le 

According to pre sent propo s al s , con s truction of the s i te 
fac i l it ie s , pipe l ine s , and external fac i l ities would be 
accomp l i shed dur ing the f i r s t  5 months of deve lopment . 
Three dr i l l  rigs  working s imul taneously would dr i l l  the 
s torage we l l s  over - a - per iocr of l 8 �months . Ai: ter the f i r st 
group o f  wel l s  are completed , however , they would be connected 
to the system (month 4 )  so that initial leaching could 
beg i n . After 3 8  months o f  initial leaching , the f i r s t  group 
of c avity we l l s  would be available to beg in the o i l  f i l l  
proc e s s  ( see Table A . 5 - 4 ) .  The initial o i l  f i l l  proce s s  
would take a total o f  2 8  months to f i l l  the 1 5 0  mmb capac i ty 
fac i l ity .  
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Table A. 5 -4 Timetable for Cons truction and F i l l  

Month F i l l  Rate No . o f  Cum . S torage 
Peri od ( MB/D)  Months ( MMB )  Phase o f  Deve lopment 

1 - 5  0 5 0 S ite preparation 

2 - 1 9  0 1 8  0 Dri l l  and complete 
1 5  we l l s  

4 - 4 2  0 3 8 0 I n i ti a l  leaching 

4 2- 7 0 17 5 2 8  1 5 0  Ini tial f i l l  
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A . S . 7  Operation and Hainten� 

The s e procedures wou ld be e s sentia l ly the s ame for the a l ter
nate SPR s i te as for the proposed SPR expans ion s i te at We s t  
Hackberry . The operati ng procedures and the prevent ive mainte
nance required are d i s cu ssed in Sec tion A . 4 . 7 .  

S i nce the B l ack Bayou fac i l i ty i s  pl anned for the same capac ity 
as the Wes t  Hackberry expans ion fac i l i ty , the d i s tribution f low 
rates for the extraction pha se and the re f i l l  phase would be as 
di scus sed i n  Section A . 4 . 7 .  
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A . 6 ALTERNATIVE STORAGE S ITE - VINTON SALT DOME 

The development o f  the Vinton dome for the SPR program i s  
cons idered a s  an al ternative to the proposed expan s ion o f  the 
We st Hackberry ESR facil i ty de scribed in Section A . 4 .  As 
currently de s igned , the fac i l i ty would satisfy 5 0  mi l l ion 
barre l s  of the SPR crude oil storage requi rements i n  the 
Texoma/Lake Charle s/Beaumont storage region . 

A . 6 . 1  Location 

Vinton salt dome is located in southwes tern Calcas ieu Parish 
o f  southwe s tern Lou i s i ana , approximate ly 8 mi les  east of 
Orange , Texa s , and 3 mi l e s  south o f  Vi nton , Lou i s i ana . The 
Gul f  I ntracoastal Waterway ( ICW) i s  5 . 5  mi les  to the south . 
The s i te i s  about 1 4  miles northwe s t  o f  the Wes t  Hackberry 
dome ( see F igure A . 6 - 1 )  . 

Vinton s a l t  dome l i e s  within the Gu l f  Coastal P lain physio
graphic province . Sur face e levation over lying the dome 
varies f rom f ive to over 3 0  feet above sea level , ref l ec ting 
both a topographic high and low within the - 2 , 0 0 0  foot depth 
of s a l t  contour . 

The dome i s  sma l l  and has a l arge l ake ( Ged Lake ) covering 
approximately one th ird o f  the area . The remaining surface 
area is mainly pasture . All the land above the dome is part 
of the J .  G .  Gray Es tate with leases held by Tribal O i l  
Company and Union oi l Company . Ged Lake , as reported b y  the 
Lou i s iana F i s h  and Game Commis s ion , i s  owned by Miti lda Gray 
S treen o f  New Orleans , Loui s i ana . There i s  an es tate hous e  
and other farm bu i ldings and dwe l l ings owned by the Gray 
fami ly loc ated wes t  of Ged Lake directly above the salt dome 
area . 

S i nce the f i r s t  commercial o i l  and gas producer at vinton i n  
1 9 1 0 , minor produc tion h a s  occurred a l l  around the dome . 
Greate s t  den s i ty o f  dri l l ing has been on the north and east 
edges o f  the salt dome . 

Louis iana S tate Department o f  Conservation records show that 
o i l  or gas are currently being produced from five zones whose 
upper l imits range from - 4 , 9 0 8  to  - 5 , 8 4 0  feet . No  oi l or gas  
s torage activi ties are being conducted over the top o f  the 
dome in the area propo sed for the s torage fac i l i ty . 
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Figure A . 6-1 Location Map - Vinton Dome 



Highway acc e s s  from Lake Charl e s  or from Beaumont i s  first via 
I nters tate 10 to Vinton , and then a 3 . 0  mile par i s h  road which 
l eads to the north edge of the dome . A network of improved 
gravel and she l l  roads services the per iphery of the s a l t  dome 
for the o i l  produc tion activities in the area . The s e  road s  
would b e  suitable for construc t io� equipment acce s s . 

Barge and r iver traf f ic acc e s s  may be po s s ible via the Vinton 
drainage canal , which l ie s  about 1 . 5  miles  east of the dome . I t  
i s  about 5 . 5  m i l e s  by water from a point l ateral with the dome 
on the Vinton drainage canal to the I CW .  from that po int on 
the I CW it is about 8 . 5  miles  to Orange , Texa s . 

The s ite i s  wel l  s i tuated for d i s tr ibut ion o f  o i l  via an 
additional 7 . 5  mile pipel ine connected to the propo sed ESR 
l ine from Wes t  Hackberry to the Texoma fac i l ities at Neder land , 
Texas , which i s  2 6  mi les  southwe s t  o f  the Vinton dome . From 
the Neder land fac i lities  the s tored o i l  would be moved to local 
and regional refineries via inl and pipel ines inc lud ing the 
Texoma p ipel ine , or loaded onto tanker s for del ivery to Eas tern 
and Caribbean ref ineries . Other than the proposed means o f  
d i s tr ibution , local ref iner ies could b e  connected t o  the s ite 
by new and existing pipe l i ne s . Vinton Dome l i e s  within 3 5  
miles o f  e ight maj or area ref iner ie s , which are l i s ted i n  Table 
A . 6 - l . 

A . 6 . 2  Capac i ty 

The capac i ty under cons ideration for thi s s i te i s  5 0  mi l l ion 
barrel s . I nitial p lans c a l l  for , f ive 1 0  mi l l ion barrel c avern s . 
However , based on the eng ineering feas ibi l i ty s tudy for the 
s ite , if in dri l l ing some of the wel l s , severe l o s t  c irculat ion 
zones are exper ienced nec e s s itating a reduct ion in cas ing 
s i ze s , the cavern would be reduced to 5 mil l ion barre l s  c apac i ty 
and additional caverns would be developed to make up the 5 0  
mi l l ion barrel tota l . Thu s 6 caverns are shown i n  F igure A . 6 - 2  
( four 1 0  mil l ion barre l s  and two 5 mil l ion caverns ) .  

The caverns are expected to enlarge up to 7 7  percent by volume 
as a resul t of f ive compl ete f i l l  and withdrawal cycl es . The 
l ayout i nd icated on F igure A . 6 - 2  places caverns on 8 0 0  foot 
centers and the caverns are loca ted a minimum o f  6 0 0  feet from 
the dome edge , thus providing a minimum salt wal l  o f  4 0 0  feet 
around every cavern . 

Due to i nc reased leach ing cau sed by fre s h  water inj ected duri ng 
withdrawal cycle s , the storage cave rns would increase from 2 7 5  
f t  i n  diameter to about 4 0 0  f t  i n  diameter for the 1 0  mmb 
caverns and 1 9 0  f t  to 2 5 0  f t  for the 5 mmb caverns a fter 5 
cycles . The 1 0 0 0  f t  height o f  each cavern would be mai ntained . 

A . 6 - 3  



Tab le A. 6 -1 Be aumont/Port Arthur/Lake Charle s Re f i ne r i e s  

Capaci ty D i s tance ( Mi l  
Company - Locat ion ( BPD)  from vi nton Dome 

Citie s S e rvi ce - Lake Charles 2 6 8 , 0 0 0  1 6  

Conoco - Lake Charles  8 3 , 0 0 0  2 0  

Amer ican Pe tro fina - Port Arthur 2 6 , 0 0 0  2 8  

Gul f - Port Arthur 3 1 2 , 1 0 0  2 8  

Mob i l  - Beaumo nt 3 2 5 , 0 0 0  3 4  

Texaco - Port Arthur 4 0 6 , 0 0 0  2 8  

Texaco - Port Neche s  4 7 , 0 0 0 2 2  

Union - Nederland 1 2 7 , 0 0 0  2 4  

A . 6 - 4  
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The Vinton dome i s  a sma l l  dome con s i sting o f  approximate ly 
2 4 0  acre s within the - 2 , 0 0 0  foot salt contour . Uti l i z ing a l l  
avai lable acreage , the dome h a s  a potential for approximately 
twelve 10  mi l l ion barrel cavern s .  The se f igure s inc lude an 
al lowance for growth of each cavern after five f i l l  and 
wi thdrawal cycle s .  

A . 6 . 3 General Systems De script�on 

The propo sed deve lopment o f  Vinton dome wou ld involve the 
leaching of 6 new caverns ( four 1 0  mmb and two 5 mmb ) a long the 
northern and we stern shore o f  Ged Lake ( F igure A . 6 - 2 ) . To 
create the new caverns requires pumping fre sh water through 
the wel lheads i nto the salt and displacing salt br ine out 
through annul ar we l l  tubing ( see Appendix J) . 

The central p lant , inc l uding pumps , surge ponds and surface 
tanks , would be located on dryland to the wes t  o f  Ged Lake . 

As currently propo sed the raw water intake would be located 
on the Vinton Drainage Cana l approximately 1 . 5  miles east o f  
the s ite . Dredging of an inlet at that point would be required 
to ensure cons tant water supply independent o f  waterway 
traf fic . 

Br ine created by con struction and operation o f  the solution 
mi ned s torage fac i l ity would be di spo sed o f  by inj ect ing it 
into sub surface s a l ine aqu i fers . A deep we l l  inj ection 
system with 1 0  we l l s  i s  proposed and would be located about 
2 . 0  mi les  south of the s i te ( F igure A . 6 - 3 ) . 

Crude o i l  suppl i e s  and d i s tr ibut ion would be handled through 
Sun Terminal fo l lowi ng the cons truct ion of a new p i pe l i ne 
( see F igure A . 6 - 3 )  connecting the vinton s i te with the ES R 

pipel ine be ing cons tructed between We st Hackberry and Sun 
Terminal ( F igure � . 6 - 4) . Crude oil supp ly would be from 
tankers exclus ive ly and d i s tr ibution operations would employ 
both tanker s and the inland pipelines , including Texoma . More 
deta i l  on each o f  the proposed system components i s  d i scus sed 
in the fol lowinCT ... · �bsections . 

A . 6 . 4  S i te Development 

A . 6 . 4 . 1  Propos ed Phys ical Fac i l i ties 

A . 6 . 4 . 1 . 1  S ite Layout 

The 6 s torage wel l s  at the Vinton dome fac i l i ty would be 
spaced 8 0 0 feet apart and would all be located on dryland a s  

A . 6 - 6  
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shown in F igure A . 6 - 2 . New roadways would be required for 
acc e s s  to the wel l s  and c entral plant fac i l i t ie s . Approxi 
matel y  1 . 0  mile o f  new road cons truction would b e  needed . 
All roadways would be located on dryl and , requiring a minimum 
o f  c learing and grad ing . The one wel l  located on the far 
north s ide of  the l ake would be connected by pipe l ines sup
ported on p i l ings acros s  the l ake . It has been as sumed that 
a l l  o ther on s i te l ines would be buried . Thi s  is an accepted 
method for p lants located on dryland . A tentative piping 
diagram for th is  s ite i s  g iven on F igure A . 6 - 5 .  

Due to the dryl and at thi s s i te , the well heads would not re
quire spec ial s tructure s such as p l atforms . The current 
we l lhead de s ign employs a system of  concentric tubing , a l lowing 
the f low of two separate f luids . Further de tail on the s e  
wel lheads c a n  b e  found in Appendix J .  

A . 6 . 4 . 1 . 2  Central P l ant Fac i l i ties 

Prel iminary de s igns indicate that o i l  inj ect ion pumps , brine 
in j ection pump s ,  and raw water inj ection pumps would be 
hous ed in a central pump bui lding or s imilar no i s e  dampening 
s tructure located in the central p l ant area ( see F i gure A . 6 - 6 )  . 
Elec tric pumps and equipment would be used wi th power being 
s uppl ied by local uti l ities . 

O i l  pumps are u sed for inj ection and wi thdrawal operations . 
P ipel ine trans fer pumps ( located at Sun Terminal ) are used 
for pumping o i l  to the s i te . F i l l  operations require o i l  
trans fer , o i l  inj ection , and brine di sposal pumps .  Withdrawal 
operations require o i l  displacement , water supply pumps and 
o i l  inj ec t ion pumps used for trans fer to the dock . Tentative 
pump requirements are g iven in Table A . 6 - 2 . 

A bui lding would be required to house the main o f f ice , a l l  
electrical contro l equipment , a repair shop , and a chemical 
laboratory . At this l ab , brine samp l e s  would be analyzed to 
calculate the rate o f  new leaching . Also , tests would be 
conducted on crude o i l  samples  to determine the ir compatibi
l i ty with other s tored oi l s .  

The bui ldings would be bui l t  upon concrete s labs . I n  cases  o f  
insuf ficient soil bearing s trength , reinforced concrete p i l e s  
would support beams upon which the f loor would b e  laid . 

Also shown in F igure A . 6 - 6  are tanks and ponds as needed for 
operation and con s truct ion ( de scr ibed in l ater s ections ) .  In 
the c ase o f  all surface oil tankage , retention dike s are 
planned a s  required by 40 CFR 1 1 2 . 7 .  Dike enclosure s are a 
s tandard eng ineering prac tice for compl iance with the se 
regulations .  

A . 6 - 9  
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Tab l e  A. 6 - 2  Pump Requirements - Vinton 

Quanti ty 

4 
1 (Stand-by) 

1 

5 
2 (Charge) 

3 

1 
1 ( Stand-by) 

3 

8 
2 ( Charge) 
1 (Stand-by) 

2 

Horse
power 

5 0 0  
5 0 0  

1 0 0  

1 1 5 0  
9 0  

4 5 0  

5 0 0  
5 0 0 

5 0 0  

1 5 0 0  
1 7 5  

1 5 0 0  

1 000 

Di scharge 
P re s sure 

( ps i )  

9 0 0  

1 0 0 0  

6 5 0  
5 0  

1 5 0  

1 5 0  

1 5 0  

1 3 0 0  
5 0  
5 0  

1 0 0  

Total De s ign 
Flow Rate 

( BID) 

5 8 , 3 0 0  

3 , 5 0 0  

3 5 0 , 0 0 0  

3 5 0 , 0 0 0  

5 8 , 3 0 0  

3 3 4 , 0 0 0  

3 3 6 , 0 0 0  

3 3 4 , 0 0 0  



The p l ant area wou ld be an e s timated 6 acres and would require 
a minimum of c learing and grading . Adj acent to the p lant 
area wou ld be an equipment yard of roughly 4 acres . A secur ity 
fence would enc lose bo th the p l a�t area and equ ipment yard . 

A . 6 . 4 . 1 . 3  Raw Water System 

For the leaching o f  new caverns and for the displacement o f  
s tored o i l , raw water would b e  supp l ied from the Vinton 
drai nage canal located about 1 . 5  mi les eas t of the dome 
( Figure 2 . 6 - 3 ) . Thi s waterway i s  about 1 0 0  feet wide by 1 5  
feet deep and i s  connec ted to the l ew 5 . 5  miles to the south . 

The pipe l i ne to this area would be a 3 6  inch l ine proceeding 
from the central p lant area due south acro s s  the dome for 0 . 4  
mi l e s . Then it would turn east for about 0 . 6  miles ( prairi e )  
and northea s t  a long a l ight duty road for 1 . 2 5 m i l e s  unt i l  i t  
intersects with the canal . The f inal l e g  i nc ludes 0 . 9  miles 
of prairie and 0 . 3 5 miles acro s s  wooded area ending at the 
wes tern spo i l  bank of the cana l . The pipel ine would be a 
to tal o f  2 . 2 5 mi l e s  in leng th . The i ntake s tation would be 
bui l t  on an inlet dredged off the Vinton drainage canal to 
avo id any interruption o f  water supply due to ship traf f ic . 

The intake s tructure de s ign would follow s tandard engineering 
procedure and pump s would be in compl iance with the Hydraul i c  
I nstitute S tandards .  I t  would cons i s t  o f  c a n  type pumps 
submerged to a mimimum depth o f  3 to 4 feet . The intake cans 
would be located i n  the dredged inlet as me ntioned above , and 
would be s i zed to create an intake velocity o f  0 . 5  feet per 
second or le s s . Thi s  would minimi ze entrainment of aquatic 
organi sms resu l t i ng in l e s s  environmental impact and bio
foul ing o f  the intake screening s tructures . 

Dur i ng initial leaching o f  the cavern , the de s ign water f low 
rate would be 2 0 0 0  gpm ( 6 8 , 6 0 0  barre l s /day ) per 1 0  mi l l ion 
barrel (mmb ) cavern . For leaching the equiva lent o f  five 10 
mmb caverns at thi s  s i te the total daily vo lume o f  water 
required wou ld be 3 4 3 , 0 0 0  barre l s . To leach one barrel o f  
s torage vo lume requires 7 to 8 barre l s  o f  raw water , depending 
on the i nitial s a l i n i ty o f  the supply water . The total amount 
of raw water required to leach ou t thi s 50 mi l l ion barrel 
fac i li ty would be about 3 9 1  mi l l ion barre l s  over a period of 
38  month s . 

For a tota l d i s p lacement o f  50  mi l l ion barre l s  o f  crude o i l  
over a 1 5 0  day period , the rate o f  raw water required i s  an 
average of 3 5 0 , 0 0 0  barrels  per day ( 1 0 , 2 0 0  gpm) , . s ince 
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disp lacement requires 5 percent more water than the amount o f  
o i l  disp laced . F i f ty-eight mi l l ion barre l s  wou ld b e  the 
average amount of water needed for each of f ive withdrawal 
cyc le s ,  taking cavern enlargement i nto account . Total water 
used over the l i fe time of thi s  s i te wou ld be 6 8 1  mil lion 
barre l s . 

Other components o f  thi s  sys tem i nc lude a raw water tank , 
pond , and pumps ( F igure A . 6 - 6 ) . Water taken from the canal 
wou ld be pumped at 1 5 0  psi to the s i te by three 4 5 0  hp pumps 
located at the intake station . The water wou ld be brie f ly 
maintained ons ite in a raw water pond so that large , un
d i s so lved impurities  could settle out before the water i s  
in j ected . The water di s placement pumps wou ld be f ive 1 1 5 0  hp 
units ( 6 5 0 p s i )  that would be pr imed by two 90 hp uni ts ( 5 0 
p s i )  with water suppl ied from a 3 0 0 0  barrel tank . 

The raw water ho lding pond wou ld be des igned to accommodate 
the l argest volume of water pumped dur ing any four hour 
period . The water would be held for thi s  amount of time for 
s ettl ing and surge purposes . Thi s  pond was s i zed according 
to the initial leaching f low rate ( 3 4 3 , 0 0 0  barre ls/day ) and 
was therefore de signed to ho ld 6 0 , 0 0 0  barre l s . Thi s  i s  a 
vo lume o f  1 2 , 5 0 0  cubic yards resulting in a pond with average 
dimensions of about 1 5 0  x 2 2 5  x 10 feet deep . The wa l l s  o f  
the pond wou ld be s loped at 4 5  degrees for structural i nteg
r i ty .  The material removed during construc tion o f  thi s  pond 
would be u sed for earthen dikes at the s i te ( see O i l  -
D i s tr ibution Sys tem ) , and for the construction o f  roads and 
bui lding foundations . 

A . 6 . 4 . 1 . 4  Brine Di sposal System 

The current des ig n  spec i f ie s  brine disposal i nto s al i ne 
aqu i fers 5 0 0 0  feet be low the surface . The brine would f low 
through a 2 4  i nch epoxy l i ned steel p ipe to the disposal 
we l l s  and i n j ec ted i nto the ground . The we l l s  are located 
approximately 2 miles  south of the s i te and cons i s t  of 1 0  
we l l s  i n  a l i near array with 1 0 0 0  foot interva l s . Approxi
mate ly e ight o f  the ten we l l s  would be i n  a marsh wi th acce s s  
by a new barge canal ( F igure A . 6 - 3 ) . These we l lheads would be 
constructed on 3 0  x 30 foot elevated p latforms and therefore , 
no land f i l l  would be required . The new barge canal , wh ich 
would be approximately 2 . 2  miles long by 80 feet wide by 7 
feet deep , traverses both mar sh and dry l and so that the 
dr i l l  rig barges would have easy acces s  to a l l  the we l l  
s ites . The total amount of mater ial  removed dur ing the 
dredg i ng of thi s canal wou ld be about 2 4 1 , 0 0 0  cubic yards . 
The d i sposal o f  thi s  dredged material along the banks o f  
these canal s  would cover approximately 3 5  acres o f  mar s h . 
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The pipe l i ne leading to the dispo s a l  we l l s  would be a tota l 
o f  2 . 7 5 miles i n  length . Beginning at the central p lant area 
it would head south acro s s  prairie for 0 . 5  miles cro s s ing a 
sma l l  road i n  the proce s s . The route would turn east for 
0 . 7 5 miles fol lowing the same route as the proposed water 
supply p ipe l ine , and then south for 1 . 5  miles , a l l  acro s s  
prairie . At thi s  point i t  would intersect with the we l l  
connecting p ip e l i ne s  a t  approximate ly midpoint o f  the di sposal 
f i e ld . 

The pipel i ne s  between the di spo s a l  we l l s  would be valved at a 
central location so that use o f  any spec i f i c  we l l  could be 
achieved . The br i ne f low would a l s o  be metered to monitor 
the pres sure bu ildup in the underground aqui fer so that i t s  
i ntegri ty wou ld no t b e  breached . 

Dur ing initial leaching o f  the six caverns the total brine 
f low rate would be equal to the water inj ection rate plus 8 5  
percent o f  the space created by the di s so lved s a l t , minus the 
new space which i s  occupi ed by br i ne which remains in the 
c avity space . Therefore , the br i ne disposal rate would be 
3 3 6 , 0 0 0  barr e l s/ day for the entire s i te . The total amount 
of brine d isposed dur ing thi s  initial leaching would be 3 8 3  
mi l l ion barrels  over a 3 8  month per iod . 

Bri ne would a l so be di sposed dur i ng o i l  f i l l  and re f i l l  
operations . The rate o f  thi s  di spo s a l  wou ld be equal to the 
o i l  inj ection rate , or 5 8 , 3 0 0  barre l s/day . The total amount 
of brine d i s posed during initial f i l l  and four ref i l l  cycles  
would be 2 5 0  mil l ion barre l s . 

Other components of the brine disposal sys tem are a brine 
surge pond and a bank o f  pumps ( F igure A . 6 - 6 ) . The pond , 
which would be a 6 0 , 0 0 0  barre l l ined open structure , would be 
de s igned wi th a four hour ho lding time ( during the highe s t  
brine f low rate experienced ) . The brine would be held to 
a l low for s ettling be fore it is pumped to the di spo s a l  f ie ld 
and inj ected i nto deep we l l s . The pond would a l s o  se rve a s  a 
surge point i n  the event o f  an inj ection wel l  back-up or 
sys tem rupture . The dimensions of thi s pond would be approxi 
mate ly 1 5 0  x 2 2 5  x 1 0  feet deep with the wal l s  s loped at 4 5  
degree s for structural integrity . About 1 2 , 5 0 0  cubic yards 
of earth would be removed dur ing construc tion of thi s  pond 
that would be used for dike s , roads or bui lding foundations 
on the s ite . 

The brine d i sposal and inj ection sys tem would employ eight 
1 5 0 0  hp pump s operating at about 1 3 0 0  p s i . For priming , 
charge pumps would be used ( Table A . 6 - 2 ) . 
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A . 6 . 4 . l . 5  O i l  Distribution Sys tem 

Crude o i l  would be pumped between the Vinton s i te and Sun 
Terminal in Neder land , Texas via a propo sed 3 1  mi le long pipe
l i ne . A new 7 . 5  mile x 4 2  inch p i pe l i ne would connect with the 
o i l  pipel ine being constructed from the Wes t  Hackberry ESR s ite 
to the Sun Terminal as shown on F igure A . 6 - 4 . Thus the 3 1  
mi l e s  from the Vinton s i te to Sun Terminal would ut i l i z e  2 3 . 5  
mi l es  o f  the propo sed ESR p i pe l ine . 

The route o f  thi s  pipel ine connection would proceed due we st 
from the s ite for 1 mile acros s  prairie , cro s s ing Gray Canal in 
the proce s s . At th i s  point the l i ne wou ld meet with an ex isting 
pipe l ine r ight-of -way ( TCGPL)  and follow it to the lCW .  The 
cour se o f  the exi s ting r ight-of-way from the point o f  inter
section trave l s  i n  a southwe st direc tion cover ing 1 . 2 5 miles of 
pr airie and 1 mile o f  mar s h . The route would then turn south 
covering 2 miles of pra irie and 0 . 2 5 miles of marsh , swinging 
southwe s t  for 1 mile , hal f pra irie and hal f mar s h . From this 
po int it would run due south to the lCW ,  cro s s ing 0 . 7 5  mi l e s  of 
pra irie , 0 . 5  mi les  o f  mar s h , and a d irt road . The pipel ine 
would then cro s s  the l CW and intersect wi th the ES R d i s tribution 
p i pe l ine between Wes t  Hackberry and Sun Terminal . S ee Section 
A . 4 . 4 . l for a description o f  thi s route to the Sun Termina l . 

Both o i l  s upp l i e s  for storage and then d i stribution o f  the 
s tored o i l  would be handled at Sun Terminal .  Dock capab i l ity 
i s  pre sently 7 0 , 0 0 0  DWT ( 4 1 0 , 0 0 0  barre l )  tankers , but future 
p l an s inc lude new docks with � ccommodations for up to 1 3 0 , 0 0 0  
DWT ( 9 1 0 , 0 0 0  barrel )  tanker s .  Further information about the 
S un Terminal can be found in S ect ion A . 4 . 4 . l . 6 .  

A 2 0 , 0 0 0  barrel o i l  tank would be located on s i te for surge 
purposes . This tank would be a cyl indrical steel structure 
approximately 4 0  feet high and 6 0  feet in diameter . The dike 
s urrounding the tank would be de s igned to contain the total 
vo lume o f  the tank in the event o f  a maj or leak . The dike 
would be an earth structure about 5 feet high and 1 0 0  x 2 2 5  
feet i n  s i z e . Cons idering 4 5  degree banked wal l s  on both sides 
for integr ity , the amount o f  earth needed for thi s dike wou ld 
be 2 0 , 8 0 0  cubic yard s . Also ins ide this dike area would be a 
3 0 0 0  barre l b lanket o i l  tank . The blanket o i l  i s  required 
dur ing l eaching operations to ma intain a high pres sure o i l  
l ayer above the brine ( as de scr ibed in Appendix J ) . The approxi 
mate dimensions o f  th i s  tank would be 2 0  feet high with a 3 2  
foot diameter . 

Crude o i l  f low rates dur ing the initial f i l l  and ref i l l  opera
tions wou ld be 5 8 , 3 0 0  barrel s/day . The total time per f i l l  or 
re f i l l  would be 2 8  months . 
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The d i s tr ibution p ipeline would be connected to the mani fold 
s ide of  the oil i n j ection pumps . These pumps would serve to 
inj ect o i l  duri ng f i l l  and trans fer o i l  to the terminal 
during withdrawal . The inj ection pumps wou ld be four 5 0 0  hp 
units operating at 9 0 0  psi , de s igned for 2 5 0 0  gpm f low rates 
at thi s  pres sure . When used as o i l  transfer pumps duri ng 
wi thdrawal ( s ite to termina l ) , the f low would be at 1 0 , 0 0 0  
gpm ( 3 3 4 , 0 0 0  barr e l s /day) a t  2 6 0  p s i , requir i ng only three o f  
the 5 0 0  h p  pumps . 

During f i l l  operations o i l  wou ld be transferred from the 
terminal to the s ite by pump s hou sed at Sun Terminal . The se 
pumps are desi gned for 2 5 0 0  gpm at 150  p s i , needing only one 
5 0 0  hp unit and sui table standby uni t . 

The pump used for the maintenanc e o f  blanket o i l  dur i ng 
initial leaching i s  de s i gned to operate at 1 0 0 0  p s i  with a 
low f low rate o f  about 1 0 0  gpm . A 1 0 0  hp pump would be re
quired for this task . 

A . 6 . 4 . 1 . 6  Land Requirements 

The centra l plant area would require 6 acres of land inc ludi ng 
ponds and tanks . An addi tiona l  4 acres wou ld be required 
adj acent to the central plant for the s torage of  equipment 
such as parts and machinery . Total land area at the s i te 
i nc luding central plant , we l lheads and acc e s s  roads , would 
amount to approximately 6 0  acres directly north and we s t  of 
Ged Lake . 

The land requi rements 
given in Tab l e  A . 6 - 3 . 
o f -way i s  required for 
constructio n ,  however , 
needed on dry land and 

for the proposed pipe l i ne route s are 
As noted , a 5 0  foot permane nt right
ma i ntenance of the pipe l i ne . During 
a temporary 7 5  foot right-of -way i s  
1 5 0  feet o n  wet land . 

The i ntake s tation on the Vinton drainage canal would require 
1 acre , inc ludi ng a dredged inlet . 

Total permanent land requirements for a l l  proposed pipe l i ne 
routes and phy s ical fac i l i ties as sociated with thi s  s i te 
would be approximately 1 5 0  acre s . 

A . 6 . 4 . 2  Al ternative Phys ical Fac i l i ties 

The feas i b i l i ty o f  s everal alternative sys tem components were 
considered for the vi nton SPR s i te . 

A . 6 - 1 7  



:x:-
. 

0'\ 
I 

i-' 
00 

Table A . 6 -3 Land Re quirements ( Acre s )  

Dry Land Marsh 

Oil P ipel ine A 3 4  1 2  
B 5 1  3 
C 3 6  

Water Supply A 1 2  - 0 -
P ipe l in e  B 1 7  

C - 0-

Brine pipel ine A 1 7  - 0 -
B 2 5  
C - 0 -

B r ine D i s posal  A 4 7 
F i e ld B 6 
(pipe line only ) C 2 2  

--

NOTE : A - Permanent right-of-way = 5 0  feet 
B - Dry l and con s truction ri ght- o f -way = 7 5  feet 
C - Wet land con struct ion righ t- o f -way = 150 feet 

Woodl and 

- 0 -
- 0 -

2 
3 

- 0 -
- 0 -

- 0 -
- 0 -

Roads 

. 3  

. 5  

. 5  

. 7 5 

. 3  

. 5  

- 0 -
- 0 -



A . 6 . 4 . 2 . 1  Raw Water Sys tem 

Three pos s ible alternative s were cons idered in l ieu of the 
propo sed use of Vi nton dra inage canal for raw water supply . 
S i nce i t  i s  propo sed to cons truct an o i l  pipel ine to the I CW ,  
the option o f  laying a para llel  wa ter supply l i ne a long the 
same right-of-way wa s sugge s ted . The I CW has a c ro s s  sectional 
area approximately 2 2  times greater than that of Vinton Cana l , 
but a s  d i s cus sed i n  Appendix C . 5 . 1 . 2 . 1 ,  the i nduced f low rate s 
in vinton Canal , which would draw directly from the I CW as an 
ul timate source , would be acceptable at the pre scribed water 
supply rate s . Moveover ,  thi s  pipe l i ne wou ld be 5 . 2 5 mi les  
longer than the proposed route , and at $ 3 2 0 , 0 0 0  per mile , would 
amount to an additional expense of  $ 1 , 6 8 0 , 0 0 0 . I t  would also 
increase the environmental impact on mar sh between the s i te and 
the I CW due to cons tructing two pipe l ine s  along the route , and 
would require more electrical power to pump the water a greater 
d i s tance . 

Ged Lake , wh ich l i e s  directly ad j acent to the s i te , was con
s idered as a po s s ible raw water source . I ni tial cost and pump 
power requirements for thi s  alternative would be le s s  than 
required for the propo sed sys tem . However , the lake is shal low 
( 3  fee t ) , and has a total volume of  approximately 2 mi l l ion 

barre l s . Duri ng initial leaching , a supply rate of  3 4 3 , 0 0 0  
barrel s /day for a period of  3 8  months i s  required . At thi s 
rate , Ged Lake would be drai ned in 6 days , thus maki ng i t  
ineffec tive a s  a sur face water reservoir . 

Subsurface aqui fers were a l s o  cons idered as po s s ible sources of  
leaching water . The se aquifers con s i s t  of  mas s ively bedded 
sands which extend from near the surface to deeper than - 1 , 0 0 0 
feet throughout the area . The se sands contain volume s o f  fresh 
and bracki sh-to-sal i ne water and are constantly recharged by an 
annual rainf a l l  of  5 2  i nche s . Due to the s i ze of  the required 
yield ( approximately 1 1 , 0 0 0  gpm maxi mum) , a nd based on an 
estimated yield rate of 1 0 0 0  gpm per wel l ,  the Vinton fac i l i ty 
would require an I I -we l l  sys tem . Based on a cost per we l l  o f  
$ 1 5 0 , 0 0 0  for a total of  $ 1 . 6  mi l l ion ( not inc luding l and costs ) , 
the construction of a deep aqui fer we l l  sys tem would cost 
near ly twice as much as the sur face water sys tem ( $ 9 8 0 . 0 0 0 ) . 

A . 6 . 4 . 2 . 2  Brine Dispo s a l  S��!em 

The only envi ronmental ly acceptable a l ternative to deep we l l  
brine inj ec tion would b e  di spo sal into the Gulf of  Mexico . An 
additional 3 5  miles of pipe l i ne would be required at a cost 
of about $ 3 4 mi l l ion as opposed to $6  mi l l ion for the entire 

A . 6 - 1 9  



brine field and pipe l ine s . There would also be more environ
me ntal impacts a s soc iated with the construction of the longer 
pipel ine , and the r i sk of brine spi l l  dur ing operation would be 
i ncreased . Thi s  option is therefore unreasonab le in l ight of  
environmenta l and economic cons ider ations .  

A . 6 . 4 . 2 . 3  O i l  D i s tribution System 

The d i s tribution pipel ine to Sun Terminal at Nederl and , wh ich 
is current ly p lanned for construc tion under the ESR deve lopment 
at We st Hackberry , would also be used for the vi nton s i te via 
a 7 . S  mile " p ipe l i ne connec tion . Any other d i s tribution method 
would requ ire a longer new pipe l i ne over s imi lar terrai n or 
more deve loped areas ( e . g . , a direct route to Sun Terminal ) and 
subs equently more cos t  with no fewer environmenta l impacts . 

A . 6 . S  Cons truc tion Techniques 

A . 6 . S . 1  Road Construction and Othe r Grading 

Road acce s s  to the s i te already ex i s t s , but new roads would be 
needed for we l l head acces s ( F igure A . 6 - 2 ) . Approximate ly one 
mile of improved dirt roads would be constructed within the 
fenc ed s i te area over dry prairie and would require only a 
minimal amount of grading and grave l i ng . Improved dirt roads 
a lready exi s t  between the dome area and the intake station area 
o n  the Vinton drainage cana l . 

The centra l p l ant area would require very l i ttle c l ear ing and 
no land f i l l . Earthen dike s would be bui l t  around a l l  surface 
o i l  tanks wi th the capabi li ty of containing the entire volume 
of the tank . The earth removed whi le construc ting the two 
6 0 , 0 0 0  b arre l ponds would be used for dike s a long the perimeters 
of the ponds and also for dikes around the surface tanks . 
Dikes would be five feet high and requ ire 2 0 , 8 0 0  cubic yards of  
earth at thi s s i te . The earth removed dur i ng the pond cons truc
tion would amount to 2 S , 0 0 0  cubic yards , about half of which 
wou ld be bui l t  up around the perimeter s i nce the water leve l 
would be above ground level . The remainder of the earth required 
for tank d ike s would be obtained from sur face grading near 
bu i lding s . 

A . 6 . S . 2  Pipe l i ne Cons truc tion Technique s 

For the pipel i ne routes proposed , three methods of pipe l i ne 
construction would be required a s  di scus sed in Section A . 4 . S . 2 .  
The f lotation method would be required for the pipe l i ne s  con
necting the brine disposal we l l s  ( 1 . 9  miles long ) wh ich are 
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located i n  mar s h . Push-ditch construc tion would be used for 
other o f f s i te pipe l i ne routes pa s s i ng through marsh ( 2 . 2 5 
mile s ) . Conventional dryland construction would be used for 
the o n s i te pipe l i ne s  between we l lheads and p lant faci l i tie s , a s  
wel l  as the raw water supply pipe l i ne ( 2 . 2 5 mile s ) . When 
c ro s s i ng any navigable body of  water , hydraul ic or bucket 
dredge s  are used to dig a channel in which to lay the pipe . 

A . 6 . 6  Deve lopment Time table 

Accordi ng to pre sent plans , cons truc tion o f  the s i te fac i l i 
ties , pipe l i ne s , and external fac i l i ties wou ld b e  accompli shed 
during th e f i r s t  5 months . Dr i l l ing the storage we l l s  and brine 
di spo s a l  wel l s  wou ld begin from month 1 .  After 4 months , 
leaching shou ld begin in the f i r s t  caverns ,  taking 3 8  months to 
complete . After leaching , the caverns could be f i l led at 
faster rates but the f i l l  proce s s  i s  now planned for a 2 8  month 
period ( see Table A . 6 - 4 ) . 

A . 6 . 7  Operation 

These procedure s have previously been di scussed in Section 
A . 4 . 7 .  Emergency wi thdrawal remains at 1 5 0  days and thu s re
quire s a wi thdrawal f low rate of  about 3 3 3 , 4 0 0  barrel s/day for 
thi s 5 0  mi l l ion barre l s i te . 

The ref i l l  f low rate would be a cons tant 5 8 , 3 0 0  barre l s /day 
requiring about 2 8  months of a cons tant o i l  supply .  
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Tab l e  A.. 6 - 4 Timetable for Construction and F i l l  

Month F i l l  Rate No . of  Cum . Storage 
Period ( MB/D) Months ( MMB )  Phase of  Development 

1 - 5 0 5 0 S i te preparation 

1 - 1 9  0 1 8  0 Dri l l  and complete 6 
we l l s  

2 - 1 6  0 1 5  0 Dri l l  1 0  di spo s a l  we l l s  

4 - 4 2  0 3 8  0 Initial leaching 

4 2- 7 0  5 8 . 3  2 8  5 0  I nitial f i l l  
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A . 7 ALTERNATIVE STORAGE S I TE - B IG H I LL SALT DOME 

The deve lopment o f  the Big H i l l  s a l t  dome for the SPR program 
i s  cons idered as an a l ternative to the propo sed expans ion of  
the Wes t  Hackberry ESR fac i l ity descr ibed in Section A . 4 .  
This fac i l ity , as planned , would contain 1 0 0  mi l l ion barr e l s  
of  s tored o i l  in the Texoma/Lake Char les/Beaumont storage 
region . 

A . 7 . 1  Location 

The Big H i l l  salt dome is located in southwes tern Jef ferson 
County ( see F igure A . 7 - 1 ) , approximate ly 26 mi les  southwe s t  
o f  Neder land , Texas and 7 0  m i l e s  e a s t  of  Hous ton . I t  i s  
pos i tioned n ine miles northwe s t  of  the Gul f  of  Mexico , 5 . 3  
mi les north o f  the Intracoastal Waterway ( ICW ) , 3 . 2  mi les 
north of the Spind letop Ditch (which i s  a barge canal connec
ting to the I CW ) , and immediately north of  an extens ive mar sh 
area s tretching to the coast . 

Thi s  s a l t  dome , which l i e s  within the Gul f  Coastal P lain 
phys iographic province , is a conspi cuous topographic feature 
of the local area . I t  r i s e s  more than 2 5  feet above the 
surround ing plain to a maximum e levation of 37 feet above sea 
leve l . The mound is almo s t  c ircular in shape � with a va l l ey 
inc i s ed on the northwes t  edge . Country surround ing the dome 
i s  typical Gul f  Coa s ta l  P lain , with a s lope toward the Gul f  
of  about one and a hal f  feet per mi le . 

Mo st of the land above the - 2 0 0 0  foot depth to s a l t  contour 
is owned by John P ipkin and the Pan Ameri can Petroleum Company 
with the North r im owned by the Pure O i l  Company . Hous ton 
Oil  Company holds leases on land in the southwe s t  quadrant 
where they have been producing o i l  s ince 1 9 2 3 . S ince then , 
production has been developed on a l l  but the east rim of  the 
dome . Pure Oil  Company has two so lution mined LPG s tor age 
caverns , with capacities of 3 2 6 , 0 0 0  and 3 1 4 , 0 0 0  barre l s , 
located a long the north f lank of the s a l t  dome . However , 
there i s  no o i l  or gas storage activities  over the top of  the 
dome in the area propo sed for the s tor age fac i l i ty .  

Road acce s s  to the dome from Port Arthur i s  po s s ible by 
trave l ing 2 0  mi les  southwe st along S tate H ighway 7 3 , then 
south for five miles a long Big H i l l  road (county road ) . 
Several roads already exist on the dome itsel f and would be 
used in the network for acce s s ing the we l lheads . 
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Figure A. 7-l Location Map - Big Hill Dome 
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The s i te i s  favor ab ly located wi th re spect to Sun Oil  Distri
bution Terminal 26  mi les away ( F igure A . 7 - l ) . Thi s termina l , 
the initiating point for the Texoma P ipel ine , a l so has 
exi s t ing capab i l i ties for 1 3 0 , 0 0 0  DWT ( 9 1 0 , 0 0 0  bbl )  tanker s .  
The Neches River Channe l present�y accommodate s ful ly loaded 
7 0 , 0 0 0  DWT tanker s ,  because of the existing 4 0  ft . channe l 
depth . 

Other than the propo sed means of  d i s tribution , local ref ineries 
could be connected to the s ite by new and exi s ting pipe l i nes . 
The propo sed fac i l ity at Big H i l l  i s  located within 3 0  mi les  
of  6 ma j or re finer i e s  as noted in Table A . 7 - l . 

A . 7 . 2  Capac i ty 

The capaci ty be i ng cons idered in the a s s e s sment of  thi s  s i te 
i s  1 0 0  mi l l ion barre l s . I ni tial  plans c a l l  for ten 1 0  mi l l ion 
barre l cavern s . However ,  based on the engineer ing fea s i b i l i ty 
study for the s i te , i f  in dri l l ing some of  the we l l s  severe 
lost c irculat ion zone s are experienced nece s s i tating a 
reduction in cas ing s i zes , the cavern would be reduced to 5 
mi l l ion barre l �  capacity and addi tional caverns would be 
deve loped to adhere to the 1 00 mi l lion barre l  des ign capac ity . 
The configuration of  the caverns as appear s on Figure A . 7 - 2  
includes e ight 1 0  mi l l ion barrel caverns and four 5 mi l lion 
barrel c averns .  Noteworthy is that the caverns are presently 
proposed in the center of  the dome ; this i s  due to the lack 
of  salt overhang data for the south , wes t , and east f lanks of 
the dome ( see Appendix B . 2 . l . 2 ) . 

The caverns are expected to enlarge up to 7 7  percent by 
volume a s  a result o f  f ive complete f i l l  and withdrawal 
cyc le s .  Due to increased leaching caused by fresh water 
inj ected during withdrawal cyc les , the storage caverns would 
increase from 2 7 5  ft in diameter to about 4 0 0  ft i n  diameter 
for the 1 0  mmb caverns and 1 9 0  ft to 2 5 0 ft for the 5 mmb 
caverns after 5 cycl e s . The 1 0 0 0  ft height o f  each cavern 
wou ld be main tained . The l ayout indicated on Figure A . 7 - 2  
places caverns o n  8 0 0  foot center s and the caverns are located 
a minimum of 6 0 0  feet from the dome edge , thus providing a 
4 0 0  foot wal l  around every cavern after 5 cycles . 

Cons idering that there are 6 0 0  acre s wi thin the - 3 0 0 0  foot 
depth to s a l t  contour , discounting areas of known salt over
hangs , the Big H i l l  dome has a potential for storing approxi 
mately 2 5 0  mill ion barrel s  o f  o i l  in 2 5  ten mi l l ion barrel 
caverns . Th is capaci ty a l so leaves room for an increase i n  
cavern volume as a result o f  f i l l  and withdrawal cyc l e s . 
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Tab le A. 7 -1 Beaumont/Port Arth ur Re fineries 

company - Loc ation 

Amer ican Petro f ina - Port Ar thur 

Gul f  - Por t Arth ur 

Mob i l  - Beaumont 

Texaco - Port Arthur 

Texaco - Port Ne ches 

Un ion - Ne de r l and 

A . 7 - 4  

Capaci ty 
(BPD)  

2 6 , 0 0 0  

3 1 2 , 0 0 0  

3 2 5 , 0 0 0 

4 0 6 , 0 0 0  

4 7 , 0 0 0 

1 2 7 , 0 0 0  

Dis tance 
( Mi )  

2 0  

2 0  

3 2  

2 0  

2 7  

2 6  
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A . 7 . 3  General Systems Description 

The presently p l anned SPR facil iti e s  invo lve the leaching o f  
1 0  to 12 new cavities . oi l suppl i e s  o f  1 0 0  mil li on barrel s  
o f  crude o i l  would b e  suppl ied from Sun Terminal i n  Nederland , 
Texas vi a a new proposed 2 7  mile o i l  pipel ine ( Number 1 on 
Figure A .  7 -3 ) .  

The crude o i l  suppl i e s  would be inj ected into the s alt caverns 
through the wel l  tub ings by pumps located in a central pump 
bui lding on the s torage s ite . The existing brine in the 
cavi ty would thus be disp l aced and di sposed o f .  The proposed 
p l an for brine di sposal is  to the Gul f  o f  Mexico through the 
13 . 2  mi le pipel ine numbered 2 on Figure A . 7 -3 . For the leaching 
of caviti e s  and withdrawal of the s tored o i l , water would be 
suppl ied from the I ew using the 5 . 5  mi l e  p ipel ine numbered 3 
on Figure A . 7 -3 . 

There would be three al ternatives to the above mentioned 
p ipel ines ( numbers 4 ,  5 and 6 on Figure A . 7 -3 ) .  Thes e  are 
di s cus sed in secti on A . 7 . 4 . 2 .  

The central plant , including pumps , surge pumps and surface 
tanks , would be located on dry l and approximately in the 
center o f  the dome . 

A . 7 . 4  s i te Deve lopment 

A . 7 . 4 . 1  Propo s ed Physical Faci l itie s  

A . 7 . 4 . 1 . 1  S i te Layout 

The twe lve proposed caverns ( ei ght 10 mmb and four 5 mmb )  
would be arranged in a 3 x 4 linear array as shown in Figure 
A .  7 - 2 . They are positioned in the center o f  the dome to 
avoi d  any confl icts with exi sting production around the rim 
of the dome . 

On s o l id dry ground , such as exists at the Big Hi l l  s i te ,  the 
wel lheads at the s torage wel l s  would not require spec i al 
s tructures ( e . g . , p l atforms ) .  Some l and has been cultivated 
on the high portions of the hi l l  over the dome , indicating 
that farming i s  being conducted in the area . I t  i s  as sumed 
the onsi te pipe l i ne connectors would be buried . A tentative 
p iping di agram for thi s  s ite can be seen in Figure A . 7-4 . 
Notice that the pipes are arranged in a paral l e l  configu
ration so that the wel l s  are independent of one another . 

A. 7 - 6  
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All the roadways on s ite for acc e s s  to we l l heads would be on 
dry l and , requiring a min imum of c l ear ing and grading . About 
1 . S  mi l e s  of new roadways would be needed . 

A . 7 . 4 . 1 .  2 Central P lant Fac i l i  ti;e s 

Prel iminary de s igns indicate that a l l  o i l  inj ec tion pumps , 
brine inj ection pumps , and raw water inj ect ion pumps would be 
hous ed in a central pump bui lding or other no i s e  dampen ing 
s tructure located in the plant area ( see Figure A . 7 - S ) . 

The current de s igns spec i fy that a l l  pumps and equipment 
would be e lectric wi th power being suppl i ed by local uti lities . 
Oi l pumps are used for inj ection and withdrawa l operations .  
P ipe l ine tran s fer pumps would be located at Sun Termina l for 
pumping o i l  to the s i te . F i l l  operation s require o i l  tran s fer , 
oi l inj ection , and brine di sposal pump s . Withdrawal operations 
require o i l , d isplacement , and water supply pumps . Tentative 
pump requirements ar e given on Table A . 7 - 2 . A man i fo ld 
sys tem in the plant area would be used to direct the flow and 
would not be housed in a bui lding . 

A bui lding would be required to house the main o ffice , a l l  
electrical contro l equipment , a repair s hop , and a chemical 
lab . A t thi s  l ab , br ine samples  would be ana lyzed to 
calcu late the rate of new leaching . Also , te sts  would be 
conducted on crude o i l  samples to determine their compati
b i l ity with other stored oi l s . 

Bui ldings required for hous ing pumps , contro l  equipment , 
l aboratory , and repair shops would be bui l t  upon concrete 
s labs . I n  cases o f  insuf f ic ient s o i l  bearing strength , 
reinforced concrete piles  would support beams upon which the 
f loor would be laid . 

Also shown in Figure A . 7 - S  are tanks and ponds as need ed for 
operation and con s truction ( de scr ibed in l ater sections ) .  In  
the c ase of  a l l  sur face o i l  tankage , retention dikes are 
planned as required ( 4 0  CFR 1 1 2 . 7 ) . Dike enc losures are a 
s tandard engineering practice for comp l i ance wi th thi s  
regulation . 

The central p lant would cover an e s timated 1 0  acre s , including 
an equipment yard , and would require a minimum of c lear ing 
and grading . A s ecur ity fence would enc lose both the p lant 
area and equipment yard . 

A . 7 - 9  
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Pump Task 

oi l In j ec tion 

Blanket Oi l 

Di splacement 

Water Supply 

o i l  Trans fer : 
Dock to S i te 

oi l Trans fe r : 
S i te to Dock 

B rine 
Dispos a l  

Tanker Load 

Tab le A . 7-2 Pump Requirements - Big H i l l  

Quantity 

4 1 (Stand-by) 

1 

1 0  
1 ( Charge ) 

4 
1 ( Stand-by) 

1 
1 (Stand-by) 

5 

6 
6 ( Charge ) 

2 

Horse
Powe r 

7 0 0  
7 0 0  

1 0 0  

1 1 5 0  
9 0  

7 0 0  
7 0 0  

5 0 0  
5 0 0  

5 0 0  

5 0 0 
5 0  

1 4 7 0  
-

Di scharge 
Pres sure 

( p s i )  

9 0 0 

1 0 0 0  

6 5 0  
5 0  

1 5 0  

1 5 0  

1 5 0 

1 5 0  
5 0  

1 0 0  
-_._-_ ... - I 

Total Des i gn 
Flow Rate 

( BID) 

1 1 7 , 0 0 0  

3 , 5 0 0  

7 0 0 , 0 0 0  

7 0 0 , 0 0 0  

1 1 7 , 0 0 0  

6 6 7 , 0 0 0  

6 7 2 , 0 0 0  

6 6 7 , 0 0 0  



A . 7 . 4 . 1 . 3  Raw Water System 

For the leachi ng of new caverns and for the displacement of 
s tored o i l , raw water wou ld be supp l i ed from the leW loc ated 
5 . 5  miles south of the dome . The pr imary pipeline route 
under cons ideration is l abe led as number 3 on Figure A . 7 - 3 . 
A 3 6- inch diameter pipe i s  p lanned for thi s route which 
extends in a southea s tern direction away from the dome , 
fol lowing an exi st ing pipel ine right-of-way for 1 . 5  miles 
over prairie and 4 mi les through marsh . I t  then intersec ts 
the leW at which point an inlet would be dredged for the 
i ntake s tructure . By positioning the in take ports off  of the 
waterway , any interruptions of a cons tant water supply due to 
barge tra f fic wou ld be avoided . 

The intake struc ture de s ign would fol low standard engineering 
procedure and pump s would be in compliance with the Hydraulic 
Institute S tandards . The intake ve loci ty would be at  0 . 5  
feet per second or le ss , thu s minim i z ing the environmental 
impact and bio-foul ing of the intake screens due to impinge
ment or entrainment of  aquatic organi sms . 

During initial leaching of  thi s  1 0 0  mi l l ion barrel s i te , the 
total daily water flow rate would be 6 8 6 , 0 0 0  barre ls/day . 
Over the 3 8  month per iod nec e s s ary to leach 1 0 0  mi l l ion 
barrel s  of storage space , about 7 8 2  mi l l ion barre l s  of  water 
wou ld be used . 

For a disp lacement of  1 0 0  mi l l ion barr e l s  of  o i l  over a l S O  
day period , the rate o f  raw water required would b e  a n  average 
7 0 0 , 0 0 0  barre l s/day , s i nce it requires 5 percent more water 
than o i l  for di spl acement . The five wi thdrawal cyc l e s  would 
require an average of 1 0 5  mi l l ion barrel s  of water per cyc le . 
Total amount of water used over the f ive cycles ( inc luding 
leaching ) , at thi s s ite would be 1 . 3 0 bi l l ion barre l s . 

Other compone nts of th i s  sys tem inc lude a raw water tank , 
pond , and pumps ( F igure A . 7 - 5 ) . Water taken from the leW 
would be pumped at 1 5 0  ps i to the site by four 7 0 0  hp uni t s  
located at the intake station . O n  s i te the water would be 
briefly maintained in a raw water pond so tha t l arge , undi s 
solved impurities  cou ld settle out before the water i s  
i n j ected . The water displacement pumps are ten 1 1 5 0  hp units 
( 6 5 0  p s i ) , that would be primed by one 90  hp uni t  ( 5 0 ps i ) , 

with water suppl i ed from a 3 0 0 0  barrel tank . 

A . 7 - 1 2  



The raw water pond would be des igned to acconunodate the 
l argest volume o f  water during any four hour period . The 
pond woul d therefore be 1 2 0 , 0 0 0  barrel s  in volume , with 
dimens i ons 2 5 0  x 2 7 5  x 1 0  feet deep . The wal l s  o f  the pond 
would be s loped at 4 5  degrees for s tructural integrity . The 
material removed during cons truction o f  this pond , 2 5 , 00 0  
cub i c  yards , would b e  used for earthen dikes at the s ite and 
for the construction o f  roads and bui lding foundations . 

A . 7 . 4 . 1 . 4  Brine D i sposal System 

The proposed method o f  brine dispos al i s  to the Gul f  o f  
Mexi co via p ipel ine No . 2 o n  Figure A .  7-3 . The brine displaced 
during leaching and crude oil fi l l  operations woul d be pumped 
through a 3 6 - inch diameter epoxy-l ined , s teel 'pipe for direct 
disposal into the Gul f .  

The pipeline route for brine di sposal would extend in a 
southeasterly direction from the dome , fol lowing an existing 
pipeline right-o f-way for 5 . 5  miles  until it inters ects with 
the l CW .  Thi s leg include s 1 . 5  miles o f  prairie , whi ch i s  
adj acent to the dome , and 4 miles  o f  marsh and i s  the s ame 
route as proposed for the raw water supply pipel ine . I t  
cro s s es Salt Bayou and a dirt road in the proces s .  The route 
would then cro s s  the l CW ( perpendicul arly ) ,  and proceed 0 . 5  
mi les  acro s s  marsh in the s ame general direction . Then , i t  
would cro s s  a branch o f  Star Lake and continue through marsh 
for about 3 mi les  to the Gul f  Coas t ,  cro s s ing a dirt road 
along the way . At the coas t ,  the p ipel ine would cro s s  state 
Road 8 7  and coas tal beach total ing 0 . 7  mi les . The entire 
route to the Gul f Coast would be about 9 . 2  miles . The brine 
diffuser ports would be located about 3 . 5  miles  offshore in a 
water depth o f  3 0  feet . The total brine p ipel ine length 
would be 1 3 . 2  miles . 

During initi al leaching o f  the caverns , the total brine flow 
rate would be 6 7 2 , 000  barre l s/day or a total o f  7 6 6  mil l ion 
barrels over the 3 8  month l each perio d .  

During the initial o i l  fil l  and subsequent refi l l  operations , 
brine would be ej ected from the caverns at a rate equal to 
the o i l  inj ection rate , 117 , 000  barrel s/day . The total 
amount o f  brine disposed during initial fi l l  and four re fi l l  
cycles would b e  5 0 0  mil l ion barrels . 

The total brine released into the Gul f  during the l i fe o f  the 
proj ect would there fore be 1 . 2 7 b i l l ion barre l s . 

A . 7- 1 3  



Other components of  the br ine disposal system are a br ine 
surge pond and a bank of  pumps ( Figure A . 7 - 5 ) . The pond 
wou ld be a 1 2 0 , 0 0 0  barrel l ined , open struc ture and wou ld be 
de s igned for a four hour ho lding time dur ing the highest 
brine f low rate experienced . Thi s pond serves for detecting 
and removing any o i l  that may be mixed with the brine , a s  
we l l  a s  a surge point in the event o f  a system mal func tion . 
The d imens ions of  thi s  pond �ould be approximate ly 2 5 0  x 2 7 5  
x 1 0  feet deep wi th wa l l s  s loped 4 5  degrees for structura l 
integr ity . About 2 5 , 0 0 0  cub ic yard s o f  earth would be 
removed during i t s  cons truct ion and go into dike s , road s or 
bui lding foundations on the s i te . 

The brine di spo s a l  sys tem would uti l i z e  six 5 0 0  hp pumps 
operating at 1 5 0  p s i . Charge pumps would be used for pr iming 
( see Table A . 7 - 2 ) . 

A . 7 . 4 . 1 . 5  O i l  D i s tribution System 

Crude o i l  would be transported between the Big H i l l  s i te and 
Sun Terminal in Neder land , Texas via a new propo sed 2 7  mile 
x 42 inch pipe l i ne . Sun Terminal i s  the initiating point of  
the Texoma pipe l i ne which would be used as part of  the 
inland d i s tribution of o i l  s tored at B ig H i l l . Supply wou ld 
be from tanker s exc lusive ly and d i s tribution ope ration s 
wou ld uti l i ze both tankers and in land o i l  pipe l ine s to local 
and regional refineries as wel l  a s  to Texoma . For o i l  
suppl i ed b y  tanke r s  and for d i s tr ibution by tankers ,  the 
terminal can pre sently accommodate 7 0 , 0 0 0  DWT ( 4 9 0 , 0 0 0  bbl s )  
tankers , but plans are be ing made for 1 3 0 , 0 0 0  DWT ( 9 1 0 , 0 0 0  
bbl s )  tanker capab i l i ty . Further information about the Sun 
Terminal fac i l ity can be found in Section A . 4 . 4 . 1 . 6 .  

A 2 0 , 0 0 0  barrel o i l  tank would be located ons i te at Big H i l l  
for surge purpo s e s . This tank would be a cyl indr ical s teel 
s tructure approximate ly 40 fee t high and 5 0  feet in diameter . 
A dike surrounding the tank would be de signed to contain 
the total volume of  the tank in the event of a ma j or leak . 
The d ike would be an earth structure about 5 feet high and 
1 0 0  x 2 2 5  feet in s i z e . Cons idering 4 5  degree banked wa l l s  
o n  both s ide s for integr i ty , the amount of  earth need for 
this dike would be 2 0 , 8 0 0  cubic yards . Al so , ins ide this 
d ike area would be a 3 0 0 0  barrel blanket oil tank . The 
blanke t o i l  is required dur ing leaching operation s to main
tain a high pres sure oil layer above the br ine ( as descr ibed 
in Append ix J ) . The approximate d imens ions of th i s  tank 
would be 2 0  feet high with a 3 2  foot diameter . 
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The proposed d i s tr ibution pipel ine al ignment for thi s  s i te i s  
shown a s  pipel i ne number 1 o n  F i gure A . 7 - 3 . I t  would begin 
i n  a northeast di rection away from the s i te and would proceed 
for approximate ly 3 . 5  miles along Big Hi l l  road . At thi s  
point i t  would leave the road and cro s s  prairie land for 
approximately 2 mile s . It then would fol low a med ium-duty 
road for 1 mile , conti nue along the road for 0 . 5  miles through 
wood land , cro s s  the South Fork Bayou , continue along the road 
through wood land for 0 . 5  miles be fore runni ng into prairie 
land . It would cro s s  over 0 . 7 5 miles of  prairie l and and run 
into woodland for 0 . 5  mi le s , cro s s  the North Fork Bayou and 
continue a long the road _ through mar sh land and woodland for 
0 . 5  mil e s . Continuing along the road for anothe r one mile , 
it would c ro s s  prairie land until i t  meets wi th an exi sting 
pipe l ine r ight-of-way . The route would run para l l e l  to the 
pipe l ine for approximately 1 1 . 5  mi les , cro s s i ng various roads 
and sma l l  streams in a northea s t  direction . The route wou ld 
fol low the course of the pipe l i ne for 3 . 1  mil e s  acro s s  pra irie 
land and then acro s s  Love ll  Lake . I t  would continue through 
marsh for approximate ly 0 . 5  mi les  before returning to prairie 
l and for 4 . 9  mile s . Then the route would head due east 
fol lowing a power transmi s s ion l i ne . The route would fol low 
thi s  l i ne approximately 0 . 7 5 mi l e s  eas t ,  cro s s ing the Southern 
Paci fic Rai lroad track and Wes t  Port Arthur Road , turn south
e a s t  with the power l ine for 0 . 5  mi le s , turn east for 1 . 5  
mile s , cro s s ing Highways 6 9 , 9 6 , 2 8 7 ,  and f ina l ly fol lowing 
the power transmi s s ion l i ne northeast for approx imately 0 . 5  
miles . I t  would then cro s s  the Port Arthur Fre sh Water Canal 
into the recreational area of  Central Gardens for approximately 
0 . 5  miles . After leaving Central Gardens the route wou ld 
continue a long the power l i ne for approximate ly 0 . 5  miles , 
leaving dry land and entering mar sh . The route would then 
fol low a southea s t  direction a long Smi th Bluff approximate ly 
1 . 5 0 miles through mar sh to the f inal destination at the Sun 
O i l  Terminal .  The to ta l length of thi s  4 2  inch diameter 
pipel ine would be 27 mi les . 

The d i s tr ibution pipel ine would be connec ted to the mani fold 
s ide of the o i l  inj ec tion pump s . These pumps would serve to 
i n j e c t  o i l  during f i l l  and to transfer o i l  to the termi na l 
during withdrawa l . The inj ection pumps wou ld be four 7 0 0  hp 
units operating at 9 0 0  psi and designed for 3 5 0 0  gpm flow 
rate s at thi s pres sure . When used as o i l  trans fer pumps 
during withdrawal ( s i te to termi na l ) , the f low wou ld be 
2 0 , 0 0 0  gpm ( 6 6 7 , 0 0 0  barre l s/day ) at 2 6 0 psi , requiring a l l  
four 7 0 0  h p  pump s . 
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During f i l l  operations oi l wou ld be transferred from the 
termi nal to the s i te by pump s housed at Sun Terminal . These 
pumps are designed for 3 5 0 0  gpm at 150  p s i  needing only one 
5 0 0  hp unit and sui table s tandby uni t .  The pump s required 
for the maintenance of blanke t o i l  dur i ng initial leaching i s  
des igned t o  operate a t  1 0 0 0  p s i  with a low f low rate o f  about 
1 0 0  gpm . A 1 0 0  hp pump would be required for thi s  task . 

Crude o i l  would be supp l ied for initial f i l l  and subsequent 
refi l l  operations at a rate of 1 1 7 , 0 0 0  barrel s/day for 2 8  
months . 

Withdrawal operations are pre sently pl anned to cover a period 
of 1 5 0  days maximum . Thi s would require cons tant raw water 
d i splacement rate s and crude oi l trans fer rate s to the terminal 
averag i ng 6 6 7 , 0 0 0  barrel s/day . 

A . 7 . 4 . l . 6  Land Requirements 

The central plant area at thi s s i te would require about 1 0  
acres of  l and i nc ludi ng ponds , tank s and other s truc ture s .  
The total land encompas sed by the plant area and the twe lve 
( e ight 1 0  mmb and four 5 mmb ) we l lheads wou ld be approxi -

mate ly 2 3 0  acre s . 

The l and requirements 
given in Tab le A . 7 - 3 . 
of-way i s  required for 
cons truction ,  however , 
needed on dry l and and 

for the proposed pipe l i ne routes are 
As noted , a 50 foot permanent ri ght
maintenance of the pipe l i ne . Dur i ng 
a temporary 7 5  foot right-of-way i s  
1 5 0  feet i s  needed over wet land . 

The intake s tation o n the l ew would require about one acre of 
area on the spoi l bank . Th i s  inc lude s the dredged inlet and 
area for the i ntake s tructure s .  

Total permanent land requirements for a l l  proposed pipel ine 
route s as we l l  as phy s ical fac i l ities would be approximate ly 
7 1 5  acres . 

A . 7 . 4 . 2  Alternate Phys ical Fac i l ities 

The feasibi l i ty of  s evera l a l ternative pipe l i ne route s were 
cons idered for the Big H i l l  SPR s i te . The s e  route s are 
numbered 4 ,  5 and 6 on Figure A . 7 - 3 , which correspond to o i l  
d i s tribution , brine di sposal and water supply routes , respec
tively . The determi nation of  the mo s t  viab le routes would be 
based on economic feas ib i lity , ecological impact ,  l and owner
ship , and technical  feas ibi l i ty . 
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Tab le A. 7 -3 Land Requi rements ( Ac res ) 

Dry Land Marsh Woodl and 

P ipe l ine # 1  A 1 1 8  1 6  
B 1 7 8  
C 4 7  

P i pe l ine # 2  A 1 0  4 4  
B 1 5  
C 1 3 3  

P ipe line # 3  A 6 2 5  
B 9 
C 7 5  

Pipe line # 4  A 1 3 3  8 
B 1 9 9  
C 3 2  

P i pe l ine # 5  A 4 0 2 5  
B 6 1  
C 7 6  

Pi pe l ine # 6  A 3 4  8 
B 5 1  
C 2 5  

� 

NOTE : A - Pe rmanen t  ri ght- of-way = 5 0  fee t 
B - Dry land cons truc tion right-o f-way = 7 5  feet 
C - Wet land con s truc tion righ t-of-way = 15 0 fee t 

8 
1 3  

- 0-
- 0 -

- 0 -
- 0 -

1 
1 

- 0 -
-0 -

- 0 -
- 0 -

-

Roads 

2 
3 

1 
1 . 5  

- 0 -
- 0 -

1 . 6  
2 . 5  

1 
2 . 5  

- 0 -
- 0 -

-- .- --



A.7.4 . 2. 1  Brine Disposal System 

The alternative brine disposal route is 3. 3 miles longer than 
the proposed route , but traverses much less marshland (Table 
A.7-3) . The additional cost would be about $2.3 million. 
However , dry land would be disturbed as opposed to marshland 
for the primary route. 

This route (Number 5 on Figure A.7-3) , would proceed from the 
dome in a southeast direction along a light duty road for 
approximately 1 mile. It would then turn almost east 
fol lowing the course of the road for another mile crossing a 
small canal in the process. It then would leave the road and 
follow another unimproved dirt road for approximately 1.5 
miles and turn due south for 0.5 miles over prairie and then 
a marsh area for about 0.5 miles. The route would then turn 
in a slightly southeast direction along the dirt road through 
prairie , for about 1 mile , and turn due south over 1 mile of 
prai.rie along the dirt road , then it would angle in a south
east direction toward another unimproved dirt road 0.5 miles 
away , crossing marsh in the process. At this point the route 
would head due south along the unimproved dirt road for 
approximately 0.5 miles over prairie land. The route would 
then fol low the road through a marsh area for about 1 mile to 
the northern spoil bank at the ICW. After crossing the ICW 
and running east along the southern spoil bank for about 1 
mile , the route would turn due south , perpendicular to the 
ICW , across the Salt Bayou and through 2. 3 miles of marsh. 
Finally the route would cross State Route 87 and coastal 
beach (0.7 miles) before extending into the Gulf of Mexico. 
The length of this line would be 1 1.5 miles to the Gulf 
Coast , or a total of 1 6.5 miles including the 5 mile extension 
into the Gulf. 

A.7.4.2.2 Raw Water System 

The alternative supply pipeline for this system (Number 5 on 
Figure A. 7 -3) , is identical to the brine route described 
above but terminates at the ICW. This route would be 7.5 
miles in length , and although it is two miles longer than the 
proposed route , it traverses much less marsh (Table A.7-3). 

A.7.4.2.3 Oil Distribution System 

The alternative pipeline route for this system is about one 
mile shorter than the proposed route. This route (Number 4 
on Figure A.7-3) , would run northeast from the dome along Big 
Hil l  Road for about 3.5 miles and then north over prairie for 
1.5 miles , until it reaches the southern side of State 
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Highway 7 3 .  I t  would then turn east and fol low the shoulder 
of  the highway for 5 miles . The route would then turn due 
north for about one mile , fo llowing a med ium-duty road over 
prair ie land and then turn in a northea s t  direction over 
prairie land for approximately 0 . 7 5 mi les before running into 
mars h  area for 0 . 2 5 miles . The route wou ld then c ro s s  the 
Taylor Bayou and continue through marsh for approximately 
0 . 2 5 mi les  before cros s ing a narrow patch of  woodland . I t  
would then continue acros s  prairie land approximate ly 2 . 5  
mi les , cro s s  a smal l  canal and S tate Route 3 6 5 , and continue 
on prairie for one mi le . At thi s  point the route would cro s s  
the Hi l lebrant Bayou wi th mar sh on ei ther s ide . Out of  the 
marsh area , the route wou ld proceed acro s s  prairie land for 4 
mile s , run a long an o i l  tank field , cro s s  Wes t  Port Arthur 
Road and the Southern Pac i fic Rai l road track , and continue 2 
miles acro ss  pra i r ie land . I t  wou ld cro s s  S tate Route 6 9 , 9 6 ,  
2 8 7  and Port Arthur Fresh Wate r Canal . Then turning due 
north 0 . 5  miles over dry l and and proceeding in a northeas t 
direction , cro s s i ng S tate Route 3 4 7  and Kansas C i ty Southern 
Railroad track , it would also pas s through the res idential 
section of  Central Gardens . The route would continue for 
approximately 0 . 3  mi les  through McFadden res idential area and 
a narrow area of vegetation and marsh , then change to a 
southea s t  direc tion for approximately 0 . 3  miles before cro s s i ng 
between two manmad e water bodies . The route wou ld continue 
2 . 5  mi les through dry river bank , running par a l l e l  wi th the 
McFadden Bend Cuto f f , for approximate ly 1 . 7  miles and the 
Smith B luff Cuto f f  for the remaining 0 . 8  mi le s , ending at the 
Sun O i l  Terminal .  

The important factor i n  cons idering th i s  a l ternative , i s  that 
it traverses  more undeveloped land than the proposed route , 
whereas the proposed route tends to follow exi s ting roadways 
and exi sting pipel ines to a greater extent which usually 
results i n  fewer ecological impacts but may be more d i s ruptive 
to the pub lic dur i ng con s truction . 

A . 7 . 5  Construc tion Techniques 

A . 7 . 5 . 1  Road Cons truction and O ther Grading 

Big H i l l  dome is on high and dry l and , presenting l i ttle or 
no d i f f iculty in road cons truction . Roads to the s i te al ready 
exi st , and approximately 2 more miles of road would be 
needed for acc e s s  to we l l heads . 

Acce s s  to the water intake struc ture wou ld depend on which 
route is u sed ( see Section A . 7 . 4 ) . The dryland route would 
require a minimal amount of grading and grave l i ng . The 
i ntake s tation loc ated on the ICW would be acce s s ible by 
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cana l , requir ing only a dredged sump of 1 0 0  to 2 0 0  cubic 
yards . The spo i l  would be depos i ted on di sposal banks desig
nated for the l CW maintenance dredg ing . 

The central p lant area would requ ire very l ittle c learing and 
no land f i l l . Earth dikes wou ld be bui l t  around a l l  surface 
tanks with the capab i l i ty of containing the entire vo lume of 
the tank . The earth removed whi l e  cons truc ting the two 
1 2 0 , 0 0 0  barrel ponds would be used for dikes along the pond 
per ime ters , and also for dikes around the surface tanks . 
Dikes would be five feet high and require 2 0 , 8 0 0  cubic yards 
of earth at this s i te .  The ear th removed whi le constructing 
the ponds would amount to S O , O O O  cubic yards , abou t ha lf  of 
which would be bui lt up around the perime ter s ince the water 
leve l wou ld be above ground leve l . The remai nder of the 
earth required for tank dikes wou ld be obtained from surface 
grading near bu i ldings . 

A . 7 . S . 2  P ipel i ne Cons truc tion Technique s 

For the pipel ine route s presently p l anned , three methods of  
p ipel ine cons truction would be required a s  discussed in  
Section A . 4 . S . 2 .  Conventiona l  dry land me thods would be used 
i n  areas north of the dome . South of the dome , toward the 
gulf , a l l  three methods of cons truct ion wou ld be employed due 
to the mar s h  areas around the l CW .  When cro s s ing any navi
gable body of water , hydraul ic or bucket dredges are used to 
dig a channe l in whic h to lay the pipe . 

A . 7 . 6 Development Time tab le 

According to pre sent p lans , cons truction of  the s ite fac i l itie s , 
pipe l ines , and external fac i lities  wou ld be accomp l i s hed 
dur ing the f i r s t  S months . Dri l l i ng the s torage we l l s  and 
brine di sposal we l l s  would beg in from month 1 .  Af ter 4 
months , leaching should begin in the f i r st caverns , taking 3 8  
months to comp l ete . After leaching , the caverns could be 
f i l led at fas ter rate s but the f i l l  proce s s  is now pl anned 
for a 2 8  month per iod ( see Tab le A . 7 - 4 ) . 

A . 7 . 7  Operation 

These procedures have previously been di scussed in Section 
A . 4 . 7 .  Emergency withdrawa l rema ins at l S O  days , and thu s 
requires a wi thdrawa l flow rate of about 6 6 7 , 0 0 0  barre l s /day 
for this 1 0 0  mi l l ion barre l s i te . The re f i l l  rate would be a 
constant 1 1 7 , 0 0 0  barre l s/day requiring about 2 8  months to 
complete ly refi l l  the s i te . 
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Tab l e  A. 7 - 4  T imetab le for Con s truct ion and F i l l  

Mon th F i l l  Rate No . o f  Cum . S torage 
Per iod ( MB/D) Months ( MMB )  Pha se o f  Development 

1 - 5  0 5 0 S i te preparation 

2 - 1 9  0 1 8  0 Dr i l l  and complete 
1 2  wel l s  

4 - 4 2  0 3 8  0 Initial leaching 

4 2- 7 0  1 1 7 . 0  2 8 1 0 0  Ini tial f i l l  
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A . 8  SUMMARY 

The expans i on o f  the ESR faci l ities proposed at the We st 
Hackberry dome would provide 150 mi l l ion barrel s  of  additional 
storage cap acity . The s ame pipel ine to the Sun Terminal for 
o i l  dis tribution and the same raw water intake system the 
I CW would be used for the SPR expans ion fac i l i ty as pl anned 
for the ESR development . Brine di sposal for the expans ion 
facil ity would be by pipel ine to the Gul f  of Mexico . The 
additional storage wel l s  woul d be located on dry land . 

As an alternative s ite for deve lopment , the Black Bayou dome 
would provide 1 5 0  mill ion barrel s  o f  storage capac ity . The 
di stribution pipeline from West Hackberry to Sun Terminal , 
as being constructed for the ESR development at We st Hack
berry , woul d be used with a 2 . 7  mile pipel ine connection from 
the Blac k  Bayou s ite . Raw water supp lies would be avai l abl e 
on s i te from Bl ack Bayou channel .  A 2 0 -mi l e  brine di spo s al 
p ipel ine to the Gulf o f  Mex ico would be requi red . S ince the 
dome is  overlain by marsh ,  the storage wel l s  would be dri l led 
from barge mounted rigs with wellheads supported on permanent 
p latforms . 

The vinton Dome , which would provi de 5 0  mil l ion barre l s  o f  
s torage capacity , i s  another alternative s i te .  The di stribu
tion pipel ine from West Hackberry to Sun Terminal , as being 
constructed for the ESR development at We st Hackberry , would 
be used with a 7 . 5  mil e  p ipel ine connecti on from the vinton 
s i  te . Raw water would be supp l ied from the Vinton Drainage 
Canal vi a a 2 . 2 5 mi l e  p ipel ine . Brine di sposal woul d be by 
a deep we l l  inj ection system . The storage s ite would be 
loc ated on dry l and . 

Another alternative s ite , Big Hi l l  Dome , would provide 1 0 0  
mi l l i on barrel s  o f  storage capacity .  A new 2 7  mi l e  pipel ine 
would connect the site to the Sun Terminal for o i l  di stribu
tion . Raw water would be piped from the I ntracoastal Waterway 
5 . 5  mil e s  s outh o f  the s ite . A 13 . 2  mi l e  brine di spo s al pipe
l ine extending i nto the Gul f  of  Mexico would be required . 
The s torage wel l s  would be located on dry l and . 

A summary table of  the primary and alternative s ites and thei r  
proposed sys tems components i s  shown in Tab l e  A . 8 -1 . 
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Table A. 8�1 Primary and Alternative Sites - Summary Table 

LOCATION 

County or Parish 
Nearest town 

Population 
Dis tance to dome 
(miles) 

GFNERAL 

Area of salt ( acres , 
-2000 ft)  

Depth to salt ( feet) 
Thickness o f  caprock 

( feet) 
Terrain o f  storage 

site 
Present land use 

PROPOSED FACILITY 

Planned storage 
capacity (mmb ) 

Estimated storage 

WEST HACKBERRY 

Cameron , La . 
Hackberry , La . 

1 , 300 
4 

1 , 75 0  

1 , 960 
525 

high dry land 

grazing , brine produc
tion and produc t storage,  
peripheral oil field 

150 (210 total*)  

7 10 
capacity o f  dome (mmb)  

No . of wells planned. 15 ( for 150 mmb) 

S torage site land 160 ( for 150 mmb ) 
Req . ( acres) 

BLACK BAYOU 

Cameron , La . 
Vinton , La . 

3 , 000 
12 

800 

1 , 700 
500-700 

marsh 

peripheral oil 
fields 

150 

400 

15 

230 

* Includes 60 mmb of ESR capacity at West Hackb erry . 

VINTON 

Calcas ieu , La . 
Vinton , La . 

3 , 000 
3 

240 

1 , 030 
419 

dry land , lake 

B IG HILL 

Jefferson , Tex . 
Port Arthur , Tex . 

5 7 , 37 0  
20 

507  ( 382 usable) 

1 , 600 
1 , 400 

high dry land 

grazing , peri- product storage , 
pheral oil field peripheral oil 

field 

5 0  100 

120 250 

6 (4  @ 10 mmb , 12 ( 8  @ 10 mmb , 
2 @ 5 mmb ) 4 @ 5 mmb) 

60 230 



Tab l e  A . 8-1  ( Continued ) 
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LOCATI ON 

RAW WATER SYSTEM 

S ource 

Average design rate 
( gpm ) 

Length o f  pipel ine 
( mi les ) 

Permanent R . O . W .  
( acres ) 

w BRINE DI SPOSAL SYSTEM 

Method o f  di sposal 

Average design rate 
( gpm ) 

Length o f  pipel ine 
( mi l e s ) 

Permanent R . O . W .  
( acres ) 

NOTES : 

WEST HACKBERRY 

I ntracoastal 
Waterway 

3 0 , 0 0 0  

4 . 2 5 

2 5 . 6  
System part o f  ESR 

Gul f  of Mexico 

3 3 , 3 0 0  

1 7 . 8 * *  

1 0 8 * *  

Route cro s s e s  
Sabine wildl i fe 
Re fuge 

* *  Does not include 7 . 0  mil e s  into Gul f .  
* * *Does not include 4 . 0  mi les  into Gul f .  

BLACK BAYOU 

Black Bayou 

3 0 , 0 0 0  

0 . 7  

None ( Ons ite ) 

Gul f  of  Mexico 

33 , 3 0 0  

2 0 * *  

1 2 1 * *  

Route crosses 
Sabine wi ldl i fe 
Re fuge 

VINTON 

vinton drainage 

1 0 , 0 0 0  

2 . 2 5 

13 . 5  

1 0  inj ection 
wel l s  

1 1 , 1 0 0  

4 . 45 

2 7  

ROW inc ludes 
wel l  connecti ons 
and we l lheads 

B I G  H I LL 

I ntracoastal 

2 0 , 0 0 0  

5 . 5  

3 3  

Gul f  o f  Mexico 

2 2 , 2 0 0  

9 . 2 * * *  

5 7 * * *  
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Tab le A. 8- 1 (Cont inued ) 

WEST HACKBERRY 

LOCATION 

DISTRIBUTION SYSTEM 

Terminal Sun Termina1 /Texoma 

Average design rate 
(bb1s /day) 1 . 4  mil1ion* 

Pipeline system Same as ESR 

New pipeline cons t .  
(miles) 0 

Permanent R . O . W .  
(acres) 0 

NOTES : Pipeline cons tructed 
during ESR 

Total new land area 
(acres) 336 

Proj ected time for 
complet ion 50 mos .  

Proj ec ted cos t o f  
facility const . 
(mi llions o f  
dollars)  189 * * 

*Inc1udes 60  mmb o f  ESR capacity at West  Hackberry 

* *For 1 5 0  mmb of SPR expansion . 

BLACK BAYOU 

Sun Termina1 / 
Texoma 

1 . 0  million 

Connect to ESR 

2 . 6  

16 

Laid in bot tom 
Black Bayou 

410 

48 mos .  

207 

VINTON BIG HILL 

Sun Termina1/ Sun Termina1/ 
Texoma Texoma 

334 , 000 667 , 000 
Connect to New pipeline 
ESR construct ion 

7 . 5  2 7  

4 6  144 

Follows Follows exis ting 
exi s t ing ROW roads and pipeline 

ROW 

150 715  

48  mos .  48  mo s .  

86 . 3  130 



APPEND IX B 

DES CRIPT I ON OF THE ENVI RONMENT 

B . l INTRODUCT ION 

Thi s  chapter contains a des cripti on of  the regiona l envi ronment 
of the proposed s a l t  dome site , Wes t  Hackberry , and the environ
men t of the three a lternate sites - B lack Bayou , Vinton and Big 
H i l l . Regional geo logy , water envi ronment , c l imatology , air  
qual i ty , ecosystems , natur a l  and scenic re sources , archaeolog i cal 
and historica l  re source s , and socioe conomic characte r i s t i c s  are 
d i s cus sed . The envi ronmenta l setting of the s ites , the crude 
oi l distribut ion sys tems , brine d i sposal systems , and the dis
p l acement/ leachi ng water systems are also discussed . 

B . 2  REG IONAL ENVI RONMENT 

B . 2 . 1  Land Feature s 

B . 2 . 1 . 1  Evolution of S a l t  Dome s 

There are nearly 5 0 0  s a l t  dome s ( J irik and Weaver , 1 9 7 6 )  in 
the Gul f  Coast reg ion of the United S tate s and Mex ico . The 
s a l t  in these dome s was original ly depo s i ted in a broad 
shal low sea dur i ng Upper Trias s i c  to Lower Juras s i c  t ime 
( s ee Figure B . 2 - 1 , Geologic T ime Scale ) . 

S a l t  depo s i t ion genera l ly occurred in hori z ontal beds ; however ,  
often there were local topographic hi ghs due to irregu larities  
in the surface under the s a lt , to post-depo s i tional s a l t  f low ,  
or to d i f ferent ial rate s o f  s a lt depos ition i n  i s o l ated bays 
or l ake s . Eventual ly the s a l t  became buried bene ath thousands 
of feet of  f luvia l  and marine sediments . 

According to wide ly accepted theory s a lt dome growth i s  
in itiated and maintained by a process o f  i so s tatic adj u s tment 
( Ha lbouty , 1 9 6 7  and Kehle , 1 9 6 8 ) . This proces s  occurs when 
a mas s  of lower dens i ty r i s e s  to compensate for the s inking 
of a mas s  with greater den s i ty .  S a l t  ha s an average den s ity 
of 2 . 1 6 4  grams per cubi c  cent imeter , whereas , the average 
den s i ty of  the sediments before compaction overlying the 
s a l t  can range from 1 . 6  to 2 . 3  grams per cubic centimeter 
(K rumbein and S lo s s , 1 9 6 3 ) . Dickenson ( 1 9 5 3 )  indicates that 

approximate ly 4 , 0 0 0  feet of xompacted but unconsol i dated 
sediment is requi red to exceed the den s i ty of  s a lt . As 
additional sediments are deposited the average den s i ty of the 
sediment column increases because of compaction and overburden 
wei ght be low 1 0 , 0 0 0  feet to a maximum of approximate ly 2 . 4  
grams per cubic centimeter ( S ee Figure B . 2 - 2 ) . 

B . 2- 1  
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PE R I ODS or SYSTEMS 
Epochs/Series 

Recent 
12 000 * 

Quaternary Pleistocene 
600 000 

Pl iocene 
10 000 000 

Miocene 
25 000 000 

Tertiary Oligocene 
35 000 000 
Eocene 
55 000 000 
Paleocene 
65 000 000 

Cretaceous 
13 5 000 000 

Jurassic 
180 000000 

Tri assic 
230 000 000 

Perm i an 
280 000 000 

� Pennsylvanian t 
� 31 0 000 000 

c:: 
0 Mississippian .a .... '" 345 000 000 U 

Devon ian 
405 000 000 

S i lu r i a n  
4 2 5 000 000 

Ordovian 
500 000 000 

C ambrian 
600 000 000 

LATE 
2 2 00 000000 

EARLY 
4 500 000 000 

continued f luvial and deltaic 
sed imentation in the Mi s s i s s ippi 
Val ley and Gul f  of Mexico . 

buries  Louann 
salt dome 

sal t in Gu lf  

- -L-nuachita orogeny ( mountain bu i lding ) _J �orth of the pre sent Gul f salt dome 
ba s ins , invo lving Paleozoic sediments 

* (Number s indicate approximate year s 
s ince the beg inn ing of each per iod . )  

F i gu r e  B . � - l  Geolog i c  T i me S c a l e  

B . 2 - 2  



2.8 

2.4 
I � - - - - - - - - - - - - - ... - - - - - � - -

I 
I ------I----

f' 
2.3 

2.2 
2.1 
2.0 1/ > t: 1 .8 

rn 1.8 Z W I "" C 1.7 
1 .6 

1 .2 

1 .0 
2000 4000 6000 8000 10 000 

DEPT H ( feet ) 

F i g u r e  B . 2 - 2 Dens i ty of G u l f  C o a s t  Shales ve r su s  depth of  bu r i al 

SOURCE : Kehle , 1 9 6 8  ( after Dickenson , 1 9 5 3 ) . 

Rate of  compaction o f  sediments . 

________ Average dens ity of s ediment column 
due to compaction and overburden 
weight . 

B . 2 - 3  



The dens i ty difference between the s a lt and 4 , 0 0 0  feet of 
sediment overburden mu st be compensated for by the salt 
f l owing upward . S a l t  behave s as a vi s coelastic materi a l  
when under pres sure ; therefore , when a force i s  exe rted on 
the salt it wi l l  f low toward an area of least resi stance ; 
perhaps l atera l ly at f i rs t , but eventua l ly it wi l l  r i s e  
vertica l ly .  The ' hi ghs ' o n  the i rregular s a l t  surface were 
probab ly the areas of  initial vert i c a l  s a l t  movement because 
of the re l ative d i f ference in overburden wei ght compared to 
the deeper low areas . 

As the salt stock r i s e s  it begins to push over lying sediment s 
s light ly upward . Due to thei r  e lastic ity they at f i r s t  s t retch , 
but eventually faulting occur s and sediment b locks are either 
ti lted and pushed to the s ide or di sp laced vertical ly ahead 
of the salt dome piercement . Smith and Reeve ( 1 9 7 0 )  s tate 
that thi s piercement can occur contemporaneous ly w ith the 
deposition of sedimentary beds or po st-depo s i tional ly . 

As stated later in the di scus s ion of regional geology ( Sec tion 
B . 2 . 1 . 2 ) , s a lt dome growth is maintained by continuous 
depos ition of sediment . Another po s s ib le mechani sm for main
taining or reinitiating the movement o f  dome s that have 
arrived at a pos i tion of re l at ive equi librium with surrounding 
s ediment was propo sed by Halbouty and Hardin ( 1 9 5 6 ) . They 
theori z ed th at the mounded materi a l  displ aced vertica l ly by 
the r i s ing s a l t  was sub j ect to ero s ion ; the combined effect 
o f  reduced weight immedi ate ly above the dome and increased 
weight above the dome f lanks where the sediment was redepo s i ted 
was enough to maintain or reinitiate movement .  

The rate of s a lt dome growth throughout geolog i c  time i s  
open t o  speculat ion , and whether dome s are moving today i s  
sti l l  being investigated . A report by Nether land , Sewe l l , 
and As sociated ( 19 7 6 )  s tate s that for the last 5 0  mi l l ion 
years the rate of  s a lt dome movement for domes in the 
Northeast Texas s a l t  dome basin was approximate ly . 0 0 6  mm/year 
on the average . This r ate of movement i s  equivalent to four 
feet every 2 0 0 , 0 0 0  years . Rate s  during the t ime of most 
rapid movement , the Upper Jura ss i c , are pos tu lated to be a s  
h i gh as 0 . 1 5 3  mm and 0 . 2 0 mm p e r  year during Upper Cretaceous . 
I f  these rates are accurate even to within an order of magnitude , 
the imp l i c at ion to the strateg ic petro leum program i s  that 
salt dome movement is extreme ly s low and wou ld not threaten 
c avern integrity . 

Another important e lement of s a l t  dome evolution i s  the formation 
of cap rock . Cap rock i s  a mantle of  rock , usual ly we l l  
compacted by the weight o f  ove r lying sediments , which i s  
of variable thickne s s  and genera l ly lies di rect ly over 
a salt dome . Cap rock i s  the accumu lation of  inso luble 
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res idues of  the d i s so lution o f  s a lt as the dome rises through 
water saturated sediment s .  The cap rock gene ral ly bears no 
re lat ion to the s urrounding sediment s except for a relative ly 
thin l ayer of calcite or  pyr ite cemented sediment s  on it s 
margin . The calcite come s from the sediments and often replaces 
c ap rock minerals forming what is known a s  fal se cap rock . 

Kupfer ( 1 96 3 )  states that the average anhydr ite C0ntent of  
Gulf co ast dome s i s  l e s s  than 3 percent . Halbouty ( 1 9 6 7 )  
and T aylor ( 1 9 3 8 ) have indicated that anhydrite i s  by far the 
mo st common inso luble res idue of salt domes . I t  comprises 
about 9 9  percent of  the inso luble res idue s ( T aylor , 1 9 3 8 ) . 
Thi s indicates that the Gul f  Coa s t  s a l t  dome s are nearly pure 
salt ( NaC l ) . Other minerals inc lude : gypsum , dolomi te , 
pyrite , calcite , quartz , su lphur , i ron minera l s , celes tite , 
and bari te . 

The relative thicknes s of the mineral zones o f  cap rock found 
in Gulf Coast domes i s  not indicative of the percent compos ition 
o f  the inso luble res idue s of  the parent s a lt , because of extens ive 
rep lacement and a lte ration of the original cap rock minera l s . 
Calcite commonly replaces mo st mineral s except halite ( pure salt ) 
and anhydrite . However , anhydrite i s  altered to gypsum by ground 
water whi ch c irculate s through fractures in the cap rock . 

Cap rock can range from extreme ly dense to highly fractured . 
Fracture s can remain open al lowing free flow of water , or these 
f ractures can be f i l led by secondary miner a l  depo s i t ion and 
in f i ltration of surrounding sediments . Fractures in the cap 
rock form as the s a lt r i s e s . Thi s  proce s s  i s  s imi lar to the 
s tretching and fau lt ing of sediment s that character i z e  and 
accompany salt dome piercement . 

Cavities whi ch al low c irculat i on of  ground water are common i n  
cap rock and in some c a s e s  they contai n  o i l  and gas . S a l ine 
or hydrogen su lfide springs orig inating in the cap rock can 
indicate communi cation between cap rock and the surf ace . Taylor 
( 1 9 3 8 )  give s an account of surface s eepage of  grout in a rock 
quarry one quarter of a mi le away from where it was forced 
into a we l l  dri l l ed through the s a l t  anhyd rite cavity at 
Winnfie ld Dome , Louis i ana . Other account s of free f low through 
the cap rock are a l s o  given by Taylor ( 1 9 3 8 ) . 
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B . 2 . 1 . 2  Geology 

B . 2 . 1 . 2 . 1  Geo log ic H i story 

The Gulf Coast s a l t  dome basin of the uni ted S tate s and Mexico 
i s  among the mo st exten sive s a lt basins in the wor ld .  This 
maj or s a l t  basin under lies mos t  of the Gul f  o f  Mexico , Mi s s i s 
s ippi , Lou i s iana , Texas ; Southeas tern Veracruz and We stern 
T abasco , Mexico ; and Cuba . The basin in the southern Uni ted 
S tates and Mex ico is Tria s s i c  to Jura s s i c  in age , and in Cuba 
i t  i s  Cretaceous ( S ee Geo log i c  T ime Scale F igure B . 2 - 1 ) . The 
Uni ted S tate s Gulf Co ast basin has f ive sub-basins whi ch were 
areas of  maximum s a lt depo s it ion . These sub-basins inc lude : 

o The Eas t-Central Lou i s iana Mi s s i s s ippi I nterior B a s in 
o The Northern Louis iana Interior Bas i n  
o The E a s t  Texas I n terior Basin 
o The Texas-Loui siana Coastal Basin 
o The Rio Grand Bas in . 

Separating the se sub-bas ins are pos itive s tructural features 
inc luding : the L lano up l i f t , the San Marcos Arch , the S abine 
up l i ft , the Monroe up l i ft , and the Jackson Dome ( S ee F igure B . 2- 3 ) . 
Both the ba s i ns and the pos i t ive features pre-date s a l t  de
pos i tion ; therefore , when salt depos i tion began , the greate s t  
accumu lation occurred i n  the sub-basins . Only later wa s i t  
pos s ible for s a l t  depo s it ion t o  occur over the " highs . "  Present 
s a l t  thi ckne s s  over the highs is probab ly no t a good indicator 
o f  the original thicknes s  of  s alt depos i tion that occurred there , 
because of the pos s ib i lity that the s a l t  f lowed from these areas 
into the bas ins . Thi s i s  evidenced by the rather thin l ayer of 
salt ove r ly ing these positive feature s  and the great s a lt 
thi ckness  i n  the bas ins ( Ha lbouty , 1 9 6 7 ) . The f low of  s a l t  may 
a l s o  contr ibute to the irregu l ar i ty o f  the s a l t  surf ace which 
as i ndicated in the di scus s ion of  s a l t  dome evolution may be 
important in initiat ing i ndividual dome growth . 

Mos t  interior Gul f  Coa s t  s a l t  dome s are found in the three 
interior sub-basins . Although the s a lt in the sub-basins 
i s  contempo raneous with the salt i n  the coa s tal salt dome bas in , 
Hanna ( 19 5 9 )  and Andrews ( 1 9 6 0 )  postu lated that after burial  
the interior basin dome s developed before the coastal dome s . 
Andrews ( 1 9 6 0 )  a s s umed the existence of  a relative ly low 
re lief ridge separating the interior and coastal s a lt 
depos ition areas . Upper Jur a s s ic and lower Cretaceous sediments 
were depos i ted in a s hal low nearshore environment ove r lying 
the inter ior basins . S ubs idence occurred at approximate ly 
the same rate as sediment accumulated unt i l  near the end 
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F i g u re 8.2-3 Diagram mat i c  map out l i ne s  the major struct u ral feat u res of the U.S.  
Gul f  reg ion i n c l u d i n g  t h e  f ive salt  dome bas i n s  and t h e i r  relat ionsh i p  
t o  posit ive e l ements. Salt-contro l l ed struct u ral featu res are l ocated i n  
t h e  salt dome basins and are e n c l osed w i t h i n  dashed l i n es. The 
remai nder of the area shown i s  part of the evaporite bas i n  of depos i t ion 
but i n  these areas the salt source layer is less th ick and no salt structures 
are known to exist.  ( H a l bouty 1 967) 



o f  lower Cre taceous time when sediment was depos ited in what 
is now the coastal s a l t  dome reg ion . From then on , subs idence 
proceeded as sediment accumulated in both areas . The greater 
depth of  Me sozoic sediment in the i nterior bas in initiated 
s a lt dome g rowth long before sediment depths were suffic i ent 
to initiate dome growth in the co astal area . 

As the anc ient Mi s s i s s ippi River Delta grew farther south of 
the interior region , re latively more sediment was depo s ited 
in the coastal dome area than in the interior reg ion . With
out cont inued sedimentation act i ng as the driving force , the 
growth rate of  i nterior salt dome s decreased* whi le the 
coas tal domes continued to grow . A s imi l ar cyc le is now being 
comp l eted in the coas ta l dome are a .  Today the area of maximum 
sediment depos i tion i s  seaward of the coastal dome s of  Texas , 
Loui s iana , and Mis s i s s ippi . There fore , j us t  as the interior 
dome growth rate s decreased when the maximum sediment depo s i 
tion occurred south o f  the inter ior bas in , i t  i s  reasonab le 
to assume that s ince the maximum sediment depo s i t ion occurs 
s outh of  the coastal domes , then the growth rate of  coastal 
dome s i s  decreas ing or in  some cases  may have stopped . 

B . 2 . l . 2 . 2  Stratigraphy 

The stratigraphic column represents a nearly continuous record 
o f  sedimentation s ince the depos i tion o f  the Louann salt . 
S ediment s are genera l ly unconsolidated to poorly consolidated 
at depth . The a l ternating sequences of  g rave ls , s ands , s i lts , 
and clays correspond to the advance and the inland retreat 
of anc ient shore line s .  Shal low high energy environments are 
repres ented by grave ls  and sands depo s ited in nearshore 
env ironment s .  As the s horeline retreats , a lower energy environ
ment is conducive to depos i tion or sma l ler grained s i lts  and 
c lays . The sediments attain thickne s s e s  of approxima te ly 
2 0 , 0 0 0  feet in the i nterior bas i n s  and 3 5 , 0 0 0  feet in the 
coas tal basin ( Martine z , 1 9 7 6 , Hales et a l . ,  1 9 7 0 ) . 

Younger sediments dip on ly a few feet per mile to the south . 
However ,  o lder and deeper sediment s dip more , and o f f  the 
edge of the she l f  sediments dip as much as 6 0 0  feet per mile 
( Carsey , 1 9 5 0 ) . 

*Mart inez ( 1 9 7 6 )  sugge sts  that the Northeast Texas salt 
domes have reached a state of  quiescence . There i s  evidence 
from cores that there is a progre s s ive decrease in dip of  beds 
t i l ted by salt dome growth from the older to the younger 
Terti ary sediments above the interior ba s i n .  
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B . 2 . 1 . 2 . 3  Geo logic S truc ture 

The i nte r i o r  and coas tal salt dome bas i ns are a l i gned 
p a r a l l e l  to the a x i s  of th e G u l f  Coas t Geosync l i ne , which 
i s  o f f s h o r e  and parallel  to the s h o r e s  of  M i s s i s s i pp i , 
Lou i s iana and Texas . Cont inued subs idence and sediment 
depo s i t i o n are th e domi nant p r ocesses w h i ch are re spons ible 
for and cont inue to i n f l u ence p r e s ent s t r u c tu ral con f i g u r a t i on . 
S u bs idence occu r s  in  r e sponse to the depo s i t i on o f  sedi me nts 
de l i v e r ed to th e G u l f  by r i v e r s  and s t r eams , th e mo st 
no table be i ng th e M i s s i s s i pp i . The r a te of  subs idence is  
nea r ly equal to  the rate of  sed iment depo s i t i o n . 

Wh i l e  th e once h o r i z ontal sediments are dep r e s s ed in  th e 
G u l f  ba s i n ,  th e s ame sedi ments depos ited f u r th e r  in la nd are 
no t subs iding as rap idly . T h e r e f o r e , between th ese two po i nts 
th e r e  is a s tret ch ing of  th e sedi me nts w h i ch , in geolog i c  
t ime , h as often r e s u lted i n  normal fau l t i ng th roughout th e G u l f  
C o a s t  Reg i on .  The unconsol id ated natu re of  th e sedimen ts , 
h oweve r , i s  mo r e  subj ect to e l a s t i c  behav i o r  than br i t tle 
fai l u r e .  For th i s  reason , i n a non-geolog i c  time sense th e 
f r equency of s e i smic act i v i ty in  the G u l f  Coast area i s  low . 

A search of sei smic r e co rds r evealed only one ear thquak e 
i n  the G u l f  Coast salt dome bas i ns s i nce r eco r d  ke ep ing 
was star ted ( abo u t  1 5 0  yea r s  ago ) . I t  occ u r red on Octobe r  
1 9 , 1 9 3 0, w i th an ep i cen te r locat ed app r o x imately 4 m i les  
s outh east of Donaldsonv i l l e , Lou i s i ana . A R i ch te r  magni tude 
was not r eco rded , bu t on th e Mod i f ied M e r ca l l i  S c ale th e 
i nte ns ity of the Donalds onv i l le earthquake was reco rd ed as 
IV ( E a r thquake H i sto r y  of th e U . S . , 19 7 4 ; mod i f i ed Mercal l i  
scale appea r s  in  Append i x  C . )  

The S a n M a r c o s  A r ch in Texas and the s t r uctu r al featu r e s  
ident i f ied above predate th e depos i t i on o f  Lo uann s a l t  and 
ef fec t i vely co n f i ned mo st salt depos i t i on to separ ate 
bas i n s . Th ese featu r e s  are r emnants of Pale o z o i c  mo unt a i n
bui ld i ng in  th e Ouach i t a be lt of  Texas , O k l ahoma , and 
A r k ansas ( H albo u ty 1 9 6 7 ) . 

B . 2 . 1 . 2 . 4  Geomorpho logy 

The G u l f  Coast salt dome s l i e  under a br oad po r t ion of  
th e larger  Gulf  Coastal p l a i n  that extends f r om S ou th 
Car o l i na th r ough F l o r ida to Texas ' and up the M i s s i s s ippi 
Vall ey to Kentu c ky . In  Lou i s i ana and eastern Texas th e 
s u r face o f  th i s  pla in has a g u l fward s lope of  abo u t  5 feet 
pe r mi le ( C a r s ey ,  1 9 5 0 ) . S o u thwa rd the coastal p r a i r i e s 
g i ve way to ma r s h es  and eventu ally coas tal estuar i e s . The 
enti re area is d i s sected by a netwo r k  of  str eams , bayo u s  and 
r i ver s .  Th ere are  occas i onal f r e shwate r and bra ck i sh 
lak es  in  the hydr o l og i c  sys tem . 
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Two importan t topographic feature s of coastal Loui s i ana and 
Texa s are mounds rai sed above some s ha l low s a l t  domes and 
cheniers which are abandoned beach r i dges . The mounds are 
general ly 10 to 2 0  feet above mean, terrain and can cover 
s everal acres , but they are not found at a l l  s al t  domes . 
The cheniers are roughly paral le l  to the present Gul f  Coas t 
l ine and they are genera l ly 1 0  to 2 0  feet above mean terrain , 
1 5 0  to 1 , 5 0 0  feet wide and severa l tens o f  miles long . They 
are formed during success ive progradat ions of the s hore l ine . 

B . 2 . 2  Water Environment 

The Gul f coastal regi on of s outhwestern Lo ui s i ana and south
eas tern Texas i s  c haracter i z ed by a comple x sur face and sub
surface hydrogogic system . The surface water sys tem cons i s t s  
o f  a n  intricate network of  r ivers , bayous , waterways , and 
can a l s  l inking numerous l akes , ponds , and res ervoirs . These 
are interspersed with extens ive marsh and swamp areas . Rain
fa l l  is the maj or source of replenishment in the area and 
the U l t imate rec ipient of water draining out of the reg ion 
is t he Gul f of  Mexico . Through tida l  and atmospheric (weathe r )  
e f fects , the Gu l f  a l s o  exerc i s e s  cons i derable inf luence over 
the entire surface water sys tem . 

The subsurface ( geohydro log i c )  water sys tem cons i s t s  of a 
series of  aquifers * lying one atop another , and aquifers are 
interlaced w ith aquitards . * * The upper aqui fers genera l ly 
contain fre s h  wa ter , but with increas ing depth , and/or proxi 
mity t o  the Gul f , more s a line water is encountered . 

* 

* *  

A water-bearing stratum ,  norma l ly composed of s and . 

A geo logic formation of  a rather impervious and semi
confining nature whi ch tran smi ts water at a very s low 
rate compared to an aqui fe r .  Over a large area o f  
contact , however , it may permit pas sage of  large amounts 
o f  water between adj acent aqu i fers . 
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The surface and sub surface water systems with in the region are 
not total l y  isolated from one another , but the connections are 
s omewhat indirect and are genera l ly of secondary importance . 
I t  i s  significant to note , however ,  that in both systems a 
problem o f  primary concern i s  salt water intrus ion . 

B . 2 . 2 . l  Surface Water Sys tems 

As a lready noted , the sur f ace water system is quite comp lex . 
Certain bodies of  water , which are o f  primary importance , are 
shown in F igure B . 2 - 4 . In terms of s i z e  and i n f luence The Gul f  
o f  Mexico serve s a s  the dominant hydrologic uni t in the sy stem . 
Two s i z eab le r iver s ystems , the Calcasieu and the S abine-Neches , 
empty into the Gul f . The Calcas ieu system forms the eastern 
boundary of the region , whi l e  the S ab ine-Neches l i e s  between 
the three Loui s i ana s i te s  (We st Hackberry , Vinton , and B l ack 
Bayou)  and the Texas s i te ( B i g  H i l l ) , wh ich compri se the 
Texoma group . A ma j or lake i s  located near the mouth of each 
ri ver system . These two l ake s , the Cal casieu and the S abine , 
s erve as secondary re servoirs s i tuated be tween the r iver 
sys tems proper and the Gul f .  Numerous marshes and swamp s are 
located throughout the region . The mo st ex·tens ive marsh sys tem , 
s i tuated between the S ab ine and Calcas �eu Lakes , generally 
coincides wi th the S abine Nationa l Wi ldl i fe Re fuge . 

The primary manmade water body within the region i s  the 
Intracoastal Waterway ( ICW) . The I CW i s  located 5 to 2 0  
m il es  inland from the Gul f ,  running roughly par a l l e l  to the 
coa s t l i ne . The proposed s i te , Wes t  Hackberry and one 
a lternate s ite , B lack Bayou , are located s outh of the I CW ;  
whi le the other two a lternatives ,  Vinton and B i g  H i l l , are 
l o cated to the north of the waterway . 

Rainfal l  in the region i s  relative ly heavy . At Lake Charles 
an annual rate o f  5 5 . 4  inches/year was measured during the 
per iod from 1 9 6 7 - 1 9 6 9 , whi le at Port Arthur during the s ame 
period the average rate was 4 7 . 2  inches/year ( U . S .  Department 
o f  Commerce , 1 9 6 7 - 1 9 6 9 ) . For the entire reg ion the average 
rate was 5 2 . 7  inches/year . Rainfal l i s  not only heavy , but 
a l s o  inten s e . The inten s i ty o f  rainfal l ,  combined wi th the 
l evel of precipi tation , i s  normal ly expre s sed in terms of  
the rain f a l l  factor , R .  The value o f  thi s  factor for the 
region i s  3 5 0 , which repre sents the maximum value for rainf a l l  
wi thin the continental Uni ted State s  ( U . S .  De partment of  
Agr iculture , 1 9 7 5 ) . 

The sur face water system i s  extens ively used for a variety o f  
purpo ses  throughout the regi on . Heavy i ndustrial activi t i e s  
i n  the vicini ty o f  Lake Charle s ,  Orange , P o r t  Arthur , and 
Beaumont have re s u l ted in cons iderab le use of the sur face 
water for transportation . These same industries uti l i z e  a 
s i z eable amount o f  fre s h  surface water i n  the i r  operation s , 
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and a l s o  d i s charge l arge vo lume s of  was te water into the sys tem . 
Commerc ia l  f i shing represents a s igni ficant source o f  income 
i n  the region . Rice farming occurs to the north o f  the I CW .  
Some sur face wate r i s  used for consumption by l ive stock and 
for i rr igation o f  crops but l i ttle if any is used for human 
consumption . Many bod ies o f  water s erve as recreation s i te s  
f o r  boating , f i s hing , and swimming . In  addition to the pre
ceding types of  uti l i z ation by man , the sur fac e water sys tem 
s e rves as an important habi tat for wi ld l i fe , as d i scus sed in 
Section B . 2 . S .  

Water qua l i ty wi thin the region var ies cons iderably from s i te 
to s ite . Generally the sur face water i s  soft* with an i nter
mediate pH leve l . * * Brackish waters are genera l ly more 
common between the Gul f  and the I CW whi l e  fre sh waters 
occur further inl and beyond the I CW .  The tendency for 
salt water from the Gul f  to intrude into fres hwater areas 
during periods o f  low r iver flow ,  constitutes the s ingle 
mo s t  important water qua l i ty problem in the region . 
C lo se ly related to the salt water intrus ion problem i s  
the con sumption o f  surface water by industry and agriculture 
and sub sequent re lease o f  var ious contaminants by the s ame 
or related activitie s . Both the water and sediment o f  
portions o f  the Calcas ieu and Sabine-Neches River sys tems 
appear pol luted a s  a result of such release s . 

In  describing the exi s t ing water qual ity environment it i s  
us efu l t o  ident i fy any water qual ity parameter which appears , 
for some reason , to be too high or low . In  order to make such 
an ident i fication the ava i l able mea sured water qua l ity and 
sediment qual i ty data must be compared with appropriate 
s tandards and cr iter ia . Some con fu sion ex i s t s  concern ing the 
d i stinct ion between and the proper u s age of the terms 
s tandards and criteria . For purpo ses  of  organi z ation and 
c l arity in this document the term standard wil l  be used to 
refer to any enforceable water qua l ity regulation , such a s  
e stab l i s hed by a state . The term cr iterion wi l l  b e  used to 
re fer to any recommended l imit placed on a water or sediment 
qual ity parameter . As di scus sed in Appendix D ,  cr iteria are 

* The concept of  hardn e s s  or so ftnes s  come s from water s upply 
prac tice . I t  i s  measured by soap requirements for adequate 
lather formation and as an indicator of the rate of scale 
formation in hot water heater s and low pre s s ure boi lers . 

* *  The pH of  n atural waters i s  a measure of acid-base equi
l ibr ium achieved by the various di s s o lved components , salts 
and gases . 
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not enforceab l e .  I f  a measured water qua l i ty parameter f a l l s  
outs i de o f  t h e  pre scribed s t andard i t  wi l l  b e  described as 
vio lating the s tandard . When a measured parameter l i e s  out
s lde of an appll cable c riterion i t  wi l l  be referred to as 
exceedinq the criteria . In  certain c ases  becaus e of ( 1 ) 
detection o f  thresho ld l imitation s  f or the measured data , or 
( 2 )  the ab sence of appl i c ab le standards or cr i ter i a , or 
( 3 ) ambiquities in exis ting s tandards or cr iteri a ,  a prec i s e  
j udgment i s  n o t  pos s ible . In  such case s , i f  there i s  good 
reason based on the experience of the water qua l i ty ana ly s t  to 
expect some particular water or sediment quality prob lem the 
appropriate parameter w i l l  be de scribed as pos ing a po s s ib le 
prob lem . 

B . 2 . 2 . 2  Subsurface Water Systems 

In the coastal zone of s outheastern Lou i s i ana wi thin Calcas ieu 
and Cameron P ar ishes f re s h  ground water* occurs only in the 
upper 1 , 0 0 0  feet of the sedimentary sequence . S l i ghtly s a l ine 
wate r * *  is pre sent to a depth of more than 2 , 0 0 0  feet in 
northern Calcasieu Pari s h , but gene r a l ly o ccurs within 1 , 0 0 0  
feet o f  the surface in Cameron P ar i s h . 

In  order o f  increas ing depth and geolog i c  age , the Chicot , 
Evangel ine and Jasper aquifers  contain fre s h  water northward 
from centra l  Calcas ieu P ar i sh . South o f  thi s point , fre s h  and 
s lightly s a line water i s  l imited to the Chicot aquifer as s hown 
in Figur e B . 2- 5 . The Chi cot aquifer , like other sedimentary 
beds in the reg ion , was depo s i ted para l l e l  to the coas t as a 
gul fward-thickening wedge of s and , grave l , s i lt , and c l ay . The 
ind ividual sand beds compos ing the Chi cot aqui fer are genera l ly 
several feet thick and occur over several mi le s . Jones ( 19 5 6 )  
divided the Chicot aqui fer into three units de s i gnated by their 
depth of occurrence in the Lak e C harles areas as the " 2 0 0 - foot " , 
" 5 0 0- foot " , and " 7 0 0 - foot "  s ands . C l ays separating the se s ands 
are not continuous and a l low ground water to f low from one s and 
to another , depend i ng on the head d i f ferences within the aquifers 
(Harder et  a l . ,  1 9 6 7 ) . 

The c orre l at ion between the aqui fers in the eastern port ion of 
the Texas coastal p l ain and the aqui fers already de scr ibed in 
Lou i s iana i s  shown in Table B . 2 - l . In  southwe s tern Lou i s i ana 
t he middle s ands of t he Chi cot aquifer are the pr imary aqui fers . 
I n  Texas , the Upper Chicot i s  o f  primary importance due to the 
sha l lower occurrence of fresh water in this area of the Texas 
coas t .  

* Fresh g round water i s  defined here a s  having a d i s s o lved s o l ids 
content o f  0 - 1 0 0 0  mg/ l . 

* * S l ightly s a l ine water i s  de f ined here as having a d i s s o lved 
s o l i ds conten t of 1 0 0 0 - 3 0 0 0  mg/ l .  
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TABLE B . 2 - l  CORRELATION O F  LOUIS IANA AND TEXAS AQU IFERS 

SYS TEM SERIES AQU IFERS 

Lou i s iana Texas 

Quaternary Ho loc ene Upper Chicot 

Plei stocene Shal low Chicot Lowe r Chicot 
" 2 0 0  foot " 
" 5 0 0  foot " 
" 7 0 0  foot " 

Tertiary P l iocene Evange l ine Evange l ine 
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Fresh to s lightly sal ine g round water occurs as deep as 1 , 5 0 0  
feet in s ome areas of Je f fer son County , Texas , but at the coast 
the wedge of fresh water i s  reduced to les s than 1 0 0  feet thi ck . 
Fre s h  water in the Chambers-Jefferson County area i s  l imited to 
the upper Chicot aqui fer (We s se lman , 1 9 7 3 ) . This aqu i fer i s  
equiva lent to the shal low Chicot o f  southwe stern Loui s i ana 
( Harder , 1 9 6 0 ) . In the eastern and wes tern portions of  the two 

county area , the upper Chi cot i s  divided into two d i s tinct 
s ands by an i ntervening aqui tard . In the center of the area 
the upper Chicot behaves as a s ingle aqu i fer , part icularly where 
s a l t  dome s have pierced the Chicot , creating a vert i c a l  hydrologic 
connect ion between normal ly separated s ands . 

I n  1 9 6 5  ( the latest f igures avai lab l e )  the total daily ground
water production for Calcas ieu and Cameron Parishes of Loui s iana 
wa s 1 6 7  mi l l ion g a l lons per day ( Harder et a l . ,  1 9 6 7 ) . About 
5 0  percent of this water was produced in Calcas ieu Pari s h ,  and 
about 9 0  percent of the par i s h-wide production was d ivided nearly 
evenly between i rrigation and industrial uses . Municipal use 
accounted for about 7 percent of  the ground water use . The 
princ ipal center of ground water production is Lake Charles , 
where water leve l s  in the Chicot aqu i fer have dec l i ned more than 
1 3 0  feet s ince the early 1 9 0 0 ' s .  

I n  southeastern Texa s  the ma j or centers of  ground water pumping 
are the Baytown area , in extr eme we stern Chambers County ; the 
Winnie area , approximate ly 6 miles northwe st of B i g  Hi l l  dome ; 
and the Beaumont-Port Arthur area , in ext reme eastern Jefferson 
County . Important local centers of  ground water of ftake exi st 
at Big Hi l l  and High I s l and dome s (Wesse lman , 1 9 7 3 ) . In 
Je fferson County , ground water pumpage totaled 4 . 6  mil lion ga llons 
per day i n  1 9 6 5 .  O f  this tota l , 0 . 5  mgd was for irrigation , 
1 . 0  mgd was for municipal use ,  and 3 . 1  mgd was for indus tria l 
use .  
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Because o f  its l imited availab i l ity , fre sh ground water i s  
imported from Orange and Hardin Countie s for use i n  Beaumont 
and Port Arthur . Further importation of  fresh ground water 
from ne ighboring countie s is probable in the future (We s se l 
man , 1 9 7 3 ) . 

In the coastal aqui fers o f  southwe stern Lou i s iana the maxi
mum depth o f  fresh ground water dimini she s gul fward . The 
po s i t ion of the fre shwate r - saltwate r inter face i s  influenc ed 
by natural recharge and di scharge conditions and by art i f i 
c ial or "man-made " effec t s  ( L e . , ground-water pumping ) . As 
a result of pump ing at Lake Charl e s  the salt water interface 
is moving northward at rate s between 30 and 2 0 0  feet per year 
( Harder �t a l , 1 9 6 7 ) . 

In southea stern Texas mo s t  of  the ground water i n  Chambers 
and Je fferson Count ies is s l ight ly more s a l i ne . Al though 
sal ine water occur s  natur a l ly in the coastal aquifers it i s  
a l so introduced into the aqui fers by d i s solut ion o f  salt 
from s a l t  dome s . Abrupt change s in the depth o f  occurrence 
o f  fresh water at Barbers H i l l , Spindletop , and Fannett salt 
dome s is  attributable either to salt d i s solution by ground 
water or to vertical movement of deeper sal ine waters around 
the se dome s .  
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B . 2 . 3  C l imatology and Air Qua l ity 

B . 2 . 3 . 1  C l imatology* 

The regional c l imate o f  the SPR s ite area including West 
Hackberry expan s ion s ite , Black Bayou , Vinton , and Big Hil l , 
i s  c l a s s i f ied a s  " humid- subtropical with strong mar ine 
influence s . " Seasonal fluctuations are moderate . Winters 
are genera l l y  coo l and c lear with occ a s ional per iods of over
cast . I n  summer , the days are genera lly warm and humid with 
l ittle daily variation . Afternoon showers and thunde rshowers 
occur frequently . 

The average length of  the free z ing season at the Hackberry 
weather station ( approximately 6 miles south of the West 
Hackberry s ite on Calcas ieu Lake ) ,  extends from mid-December 
to  mid-February , with typical l y  4 to  S days having temperatures 
of or below 3 2 ° F  ( NOAA , 1 9 7 3 , 1 9 7 4 ) . In  Lake Char les  ( approxi
mate ly 22 miles northeast of  the West Hackberry s i te ) , December 
and January are the foggiest months , with S to 9 days per month 
of heavy fog re str icting v i s ib i l ity to l e s s  than a quarter mile 
( NOAA , 1 9 7 3 - 1 9 7 5 ) .  November through May are usua l l y  the 

windiest months , with mean wind speeds of 9 to 1 0  mph . The 
monthly percentage of ca lms (winds l e s s  than 2 miles per hour ) 
at Lake Charles  and Port Arthur are plotted in Figure 3 . 2 . 6  which 
indicates that such cond ition s occur most frequently dur ing summer 
and fal l . The November through March per iod i s  typic a l ly the 
coldest with temper atures averaging in the 5 0 0s .  The monthly pre
c ip itation average s around 4 inches throughout the ye ar with 
the exception of  the months of  July and August when the 
occurrence of summer shower activity reaches a maximum . The 
normal rainfall at Hackberry is plotted on a monthly bas i s  in 
Figure B . 2 - 7 . June , July , and August are usua l ly the hottest , 
wette st , and mo st humid months with temperature s in the low 
to mid S O ° ' s ,  as seen in Figure B . 2- S . Rainfall reaches a 
monthly maximum o f  6 . S 3 inche s in July at Hackberry , with 
the average daily humidity reaching 7 5  percent during thi s 
season . Thunder s torm act ivity in the area i s  greatest in July 
and August wi th an average of 14 th�nder s torm days per m�n�h 
( Trunkl ine LNG , Co . , 1 9 7 5 )  compared with the annual total of  7 0  
thunder s torm days ( Landsberg , 1 9 6 9 ) . The monthly d i s tr ibut ion o f  
thunderstorms for the Lake Charl e s  area i s  shown in F i gure 
B . 2 - 9 . The annual rainfa l l  in the area i s  approximately 5 4  

* The fol lowing data are not s i te spec i fic i n  that the nearest 
weather monitoring stat ions are 6 to 2 0  mi les away . Data 
pre s ented is from the neare s t  station to We st Hackberry . 

B . 2 - 1 9  



J F M A M J J A S O N D 

l10nth 

Figure B . 2-6 Monthly Percentage Calm at Lake Charles 
(Hind S p e ed � 2 mph ) 

7 . 00 

� 
(J) ,.g 6 . 0 0 u h 'M 

c o 'M 
+J 5 . 0 0 r.:J +J 'M n. 'r1 u CJ � 4 . 00 

3 . 00 

----� - 1\ l � =I () f---' -f..--f----

F -- - �  --- -/+-\�, -\= I 1\ l= J_� I \ r----
I r--- I \ I --L-I L- -' \ 1 ->----'L I .-'-----<,,--- ;?-Fe-- �)-<j \ I ¥= (' 
f------1 -: - \ ,) f--

f-� '---+--; t= \ 7 H.;Zt=� c-L *->---+--r-:"--, f------ r-- --I L_. 
J F 1-1 F, 1-1 J J 11. S O N D 

Eon th 

Figure B . 2- 7  Monthly �ormal Precipitation at Hackb erry (8 S SW) 

B . 2 - 2 0  



8 0  

� 
'" 
0 
� 

�) 70 
� 
::J 
.w 
rJ 
� 
() 0, r; u E-! 6 0  

5 0  

2 0  

1 8  

1 6  
(j) E 1 4  !., 
0 
.w 1 2  [j) 
� 
0 

1 0  
\..i 8 u 
.g 6 [: 
:J :::..: 

4 

2 

f-L-t-L+±=I ---F-f-I-t-J i � -l�r--<. --I J I -�I J_ l-( t-t�� 1- I I+-� L- i-Fl 1 
r-

-

I 

Lr-Il)�t=li�=FF � -- -d 1-- c Rtr- '---- 1-1- r-
- -I I r-- -1 � r-

�( 

+-- 1 t) I : )� -�++--t\ 
1 / I 1 /  F JL 

/rl -/ 1  
l 1 _ _ _  1=01 

I ' 1  L I I _\ �_I_- I \ 
) I /1 I 1 ! -, I r--r--. r;f I ! I . I 

J F r-l A l-1 J J A S O N  D 
1·1o nth 

Figure B .  2-8 t-:o nth 1 y  Norl\\a.1 T emp eratur e s  a t  Hackb�rry (8 S S yi l  
So urce : Slil71-::01Clc:.:i.ca 1 Di1 ta-Loui c; io.nil_, NOi\.i\ Vo l .  7 8 , r:o . 3 ,  

1 9 7 3  and Vo l .  7 9 , No . 1 3 , 1 9 7 "1 . 

I I I I .L .1 t-- I I I II I ! 1 · � i\ 1  I 
I - I I f-[-i-I- I j� I \ I � T-F-�I i : I�--� H=r-,-r-r -:::-c-i -\ , ? '---i ;� -'--1[---1 -r--I-I-J��I 

__ LL __ 

J F 1-1 i\ 1,1 J J s o 
t·:o n th 

Figure B .  2-9 i\ v e r Cl Cj e  �J umb e r  o f  T h l; r � C: e r s to r:71 s 

P e r  Mon t h  � t  Lak e  Cha r l e s  ( 1 9 6 7 - 1 9 7 4 )  
Source : 

B . 2 - 2 1  

D 



inches at Hackberry and the annual lake evaporation los ses  
are roughly 5 0  to 5 1  i nche s  ( NOAA , 1 9 6 8 ) . 

Within the pas t 2 0  year s , two s torms pas sed through the area 
wi th winds 1 0 0  mi les  per hour or greater . The se were 
Hurricane Audrey ( 2 5 - 2 9  June 1 9 5 7 ) , which passed we s t  of 
Lake Charles between Calcas ieu Lake and S ab i ne Lake , and 
Hurricane Edith ( 5 - 1 8  Sep tember 1 9 7 1 ) , which pas sed southeast 
of  the area ( 00 1 , 1 9 7 5 ) . Hurricane Bertha ( 8 - 1 2  August 1 9 5 7 ) 
was a l e s ser s torm ( recorded winds l e s s  than 1 0 0  miles per 
hour through its path , and pas sed on a sweep from southea s t  
of Hackberry to j us t  north of Port Arthur ( 00 1 , 1 9 7 5 ) . 

S evere s torm s ta t i s t i c s  for two 5 0  nautical mile s trips ( 5 7 . 6  
statute mile s trip s )  of  Lou i s iana coas tl ine adj acent to We st 
Hackberry reveal the se deta i l s  ( S impson ,  1 9 7 1 ) : 

Number o f  Tropical Cyc lone s Reaching the Mainland 1 8 8 6 - 1 9 7 0 *  

Al l Tropical Cyc lone s 
Al l Hurricanes 
Great Hurricanes 

We s t  

1 2  
7 
3 

East 

1 0  
5 
1 

Number o f  Years Between Tropical Cyc lone Occurr enc e s  
( Average for Period 1 8 8 6 - 1 9 7 0 )  

Al l Tropical Cyc lone s  
Al l Hurricane s 
Great Hurricanes 

Ri sk of Tropical Cyc lone s * *  

Al l Tropical Cy c lones 
Al l Hurr icanes 
Great Hurr icanes 

We s t  

7 
1 2  
2 8  

We s t  

1 4 %  
8 %  
4 %  

East 

8 
1 7  
8 5  

E a s t  

1 2 %  
6 %  
1 %  

*Dual numbers represen� s ta t i s t i c s  for the we stern 5 0  miles  
and the eastern 5 0  miles in seque nce o f  the Louis iana s hore
l i ne which are ad j acent to Wes t  Hackberry . 

De fin itions : 

Tropical Cyclone 
Hurricane 
Great Hurri cane 

3 9 - 7 3  mph . 
7 4 - 1 2 4  mph . 

> 1 2 5  mph . 

* * Risk equal s  the probab i l i ty ( % )  that a tropical s torm , 
hurricane or great hurricane w i l l  occur in any one year in 
a 5 0  nautical mile segment of  coa s t l ine . 
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The neare st wind rose data to the SPR s ite region are from 
Port Arthur and Lake Charles and are pre sented in F igure 
B . 2- 1 0 . Figure B . 2 - 1 1  g ive s a gener a l  pro f i le of the wind 
ros e patterns for the We stern Gul f  Coa s t .  The annual percent 
frequency of  wind s  by speed groups for Lake Charle s , Loui s i ana 
and Port Arthur , Texas show the se characteris t ic s : 

Lake Char les Port Arthur 

Wind Speed Groups (NOAA , 1 9 6 8 )  ( NWRC , 1 9 6 8 )  

0 . 3  mph 1 9 %  6 %  
4 - 7  mph 3 1 %  
8 - 1 2  mph 2 9 %  6 4 % 

1 3- 1 8  mph 1 7 %  
1 9 - 2 4  mph 4 %  2 9 %  
2 5- 3 1  mph 1 %  1 %  
3 2 - 4 6  mph 

Mean Speed 8 . 5  mph 1 0 . 1  mph 

Ei ghty percent o f  the winds i n  the Lake Charles area and 
s eventy percent in the Port Arthur area are l e s s  than 12 mph . 
Extreme winds at 3 0  feet above ground wi th a 5 0-year 
recurrence interval are around 9 5  mph , and with a 1 0 0 -year 
recurrence interval ,  around 1 0 0  mph ( Thorn , 1 9 6 8 ) . 

B . 2 . 3 . 2  C l imato logi cal Factors Affec ting Di spers ion 

Di spers ion c l imatology provides an evaluation of the capabi l i ty 
o f  the atmosphere to di sperse ai rborne e f f luents in a given 
geographical region . That capab i l i ty depends large ly on three 
critical c l imatological f actor s : ( 1 )  atmo spheric s tabi l i ty , 
( 2 )  mixing hei ght , and ( 3 ) the mean wind fie ld within the 

mixing l ayer . 

B . 2 . 3 . 2 . 1  Atmo spheric Stabi l i ty 

The d i spers ive potential o f  the atmo sphere can be categori zed 
into seven s tabi l i ty c l a s s e s  in accordance wi th a method 
proposed by Pasqui l l  ( 1 9 6 2 )  and modi fied by Markett ( 1 9 6 6 )  
and Gi fford ( 19 6 9 ) . 
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The s tab i l i ty c la s s e s  are as fol lows : 

A Extreme ly Uns table 
B Unstable 
C S l ightly Unstable 
D Neutral 
E S l ightly Stable 
F Stable 
G Extreme ly S table 

Table B . 2 - 2  summa r i z e s  the annual d i stribution of atmo spheric 
s tabil ity c la s s  in terms of  uns table , neutra l  and s table con
ditions for four weather s tations encompass ing the Texa s 
Loui siana Gul f  Coast region . 

The s tabi l i ty in the lowes t  part of  the atmosphere i s  
dependent primari ly upon net thermal radiation and wind speed . 
Without the inf luence o f  c louds , inso l at ion ( incoming 
radiation) during the day is dependent upon solar a l ti tude , 
which i s  a func t ion of  latitude , time of  day , and day o f  year . 
When c loud s exi s t , the i r  extent and thicknes s  decreases 
incoming and outgo ing rad iation . At night , e s t imates o f  out
go ing radiation are made by cons ide r ing c loud cover . The 
Pasqui l l  c la s s i f ication i s  based upon ground-level meteoro
logical observat ions ( surface wind speed , c loud cover , and c loud 
c e i l ing ) and solar elevation data . As a resul t , the increase 
in wind speeds with we s tward progres s ion a long the Gul f  Coa s t  
i s  ref lected in a n  a s sociated increase in the frequency o f  
wel l-mixed or neutral conditions . Uns table and stable con
dit ions , however ,  occur more frequently in the eas tern portions 
of the region . At each s tation , with the except ion of New 
Orleans , neutral cond itions dominate fol lowed by s table and 
unstable conditions in decreas ing frequency of occurrence . 
At New Orl eans , stable conditions occur more frequently . The 
West Hackberry expans ion s i te , B lack Bayou , Vinton and Big 
H i l l  are located suf ficiently far wes t  a long the Gul f coast line 
that neutra l  atmo spheric s tabi l i ty wi l l  occur mo re frequently 
than stable or unstable conditions . However ,  stabl e , l ight 
wind speed cond itions compri se an important portion of the 
annual d i s tr ibution . Such conditions tend to maximi ze the 
ground level impact of sur face , non-buoyant emi s s ions whi l e  
neutral condi tions tend t o  maximi ze the impact o f  source s  
with moderately high release height s . The actual meteoro lo
gical wor st-case scenario for each of  the SPR sources w i l l  
vary a s  a funct ion of  source exit characteri stic s . 
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TABLE B. 2-2 

R e gi o n a l  D i s t r ib u t i o n  o f  A t m o s p � e r i c  
S t ab i l i t y  C l as s  

A n nu al F r e q u Q D c y  ( % )  o f  

Lo c a t i o n  S t ab l e  U n s t ab l e  N e u t r a l  

C o n d i  t i o n s 1 Co n d i t i o n s 2 Co n d i  t i o n s  3 

G a l ve s t o n , 
1 6 . 0  6 1 . 4  2 2 . 6  

T e x a s  

Lake Ch a r l e s , 
1 9 . '1 I 1 0 . 9  3 9 . 7  

Lo u i s i a n a  

D ::;. t O D  TIo u g e , 
2 0 . 0  4 3 . 1  3 6 . 6  

L o t: i  s i ::;. n a  

:'; 8',',' O r l e an s , <1 4 . 2  2 6 . 0  2 9 . 8  
Lo u i s i ::;.n a 

-_.- - -

1 .  I n c l u d e s  P a s qu i l l  S t ab i l i t y  C l as s e s  A ,  B an d C .  

2 .  P a s q � i l l  S t ab i l i t y  C l a s s  D .  

_1 I I 

3 .  I n c l u d e s  P a s q u i l l  S t ab i l i t y  C l as s e s  E an d F ( G  not a v a i l ab l e  
f o r  ab o ve s i t e s ) . 

P a squi l l  ( 1 9 6 2 ) , modi fied by Marker ( 1 9 6 6 )  and Gifford ( 1 9 6 9 ) , has 
deve loped a c l a s s i f i c ation of atmosphe r i c  stab i l ity on a scale of 
A ( extreme ly unstab l e ) to G ( extremely s tab le ) . 



B . 2 . 3 . 2 . 2  Mixing He ight 

At certain times a s tab le layer can be found in the atmo sphere 
which increases in temper ature from lowe r to hi gher altitude s . 
The term " invers ion " i s  used to describe thi s � i tuation s ince air 
temperature normal ly decreases w i th increasing height . There are 
basic��ly two types of inver s ions . One is the radiation inve r s i on , 
which typic a l ly forms at night wheneve r there i s  l i ttle surface 
wind movement and the sky is c lear . It  deve lops a s  heat i s  
lo st from the earth ' s  sur face by radiation and the a i r  i n  
contact with the ground i s  cooled more rapidly than air further 
above the surface . A temperature invers ion is based at the 
earth ' s  surface and may vary in thickne s s  from a few to several 
hundred feet . Radiat ion invers ions norma l ly d i s s ipate short ly 
after sunr i s e  due to he ating o f  the surface . 

The other type o f  invers ion i s  known as a subs idence invers ion , 
and i s  a s soc iated with large - scale high-pre s sure areas ( anti
cyc lone s ) . Air moving in the c lockwi se c irculation at higher 
alt itudes in such a sys tem generally tends to s ink or subs ide . 
As the a ir sub s ides , it i s  heated by compre s s ion a s  i t  reache s 
l ower he ights ( higher atmospheric pre s sure ) forming a stable 
l ayer a loft . A subs idence inve r s ion layer is o ften found at 
he ights of several thousands of feet above the earth ' s  sur face . 

Inve r s ion s ,  in general , restrict the d i spers ive abi l ity o f  the 
atmo sphere , and an invers ion aloft acts  a s  a barr ier to vert i 
c al mixing . The layer of  air between the earth ' s  sur face and 
the invers ion a loft , within which po l l utants are mixed by 
turbulence and d i f fus ion , is cal led the mixing l ayer . The 
he ight or vertical extent of thi s  layer i s  de fined by the 
po s ition of a stable l ayer aloft . Thi s  e l evated inve r s ion 
l ayer , in which the temperature increases with he ight , derives 
largely from s low but sustained and wide spread subs idence , 
in which the air i s  heated adiabatica l ly . *  

Mixing heights typical ly go through a l arge diurnal variation . 
At n ight , in rural locations , the mixing he ight i s  u sual ly 
cons idered to be z ero because surface-based inve r s ions o ften 
form which inhibit ver tical mot ion . Sometime a f ter sunr i se , 
an unstabl e  layer wi l l  form at ground leve l and grow in verti 
c a l  extent i n  propor tion to the degree o f  insol at ion . In l ate 
a fternoon , thi s layer of vigorous mixing begins to recede . 
Seasonal ly ,  mixing heights tend to be the lowe s t  in fall  and 
winter and the highes t  in summer . 

* Occurring without loss  or gain of  heat by the substance 
concerned . 
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Figures B . 2 - 1 2  and B . 2 - 1 3  provide monthly values o f  mixing he ight 
during the morning and afternoon hour s , respectively , at four 
s tations along the wes tern Gul f Coast ; Brownsvi l l e , Texas 
( NWRC , 1 9 6 4a ) , San Antonio , Texas (NWRC , 1 9 6 4 b ) , Lake Charle s , 

Loui s iana ( NWCR ,  1 9 6 4c ) , and Burrwood , Loui s iana (NWCR ,  1 9 6 4 d ) . 
The data indicate the expec ted diurnal and seasonal trends . 
In  addition , Burrwood , Louis iana exper ienc e s  the highest mixing 
heights dur ing the morning hours with Lake Charl e s , Lou i s iana 
indicating the lowest he ights . Burrwood experienc e s  the 
greates t  morning mixing he ight s due to its location on the 
Gul f  o f  Mexico , whereby , the surround ing warm Gul f water s  in
hibit the development of  sur face invers ion s re sulting in the 
high average mixing heights dur ing the morning hour s . On the 
other hand , Lake Charle s ,  which i s  the mo st representative o f  
four S P R  s i te s , i s  suffic iently far inland t o  experience a 
higher frequency o f  nocturnal rad iational inve r s ions and con
sequently  lower morning mixing he ights . San Antonio and Browns 
v i l le , Texas experience approximately equivalent morn ing mixing 
heights with the actual value s lying between the extreme s noted 
for the two Lou i s iana stations . The four stations exper ience 
very s imilar morning mixing heights during winter with the 
greatest regional d i spar ity occurring during late summer and 
early fal l . 

Afternoon mixing height s  a s  pre sented in Figure B . 2 - 1 3  indic ate 
that San Anton io experiences the highest value s whi l e  Burrwood 
has the lowest reading s . Good agreement exi s t s  between the 
coastal s i t e s  at Lake Char l e s  and Brownsvi l le . Burrwood i s  
al so a coastal locat ion ; however , i t s  pos ition on a peninsula 
(Mis s i s s ippi Del t a )  in the Gul f of  Mexico has a moderating e f fect 

on mixing he ight due to the overbearing influence of the sur
rounding Gul f  water s .  Thi s  influence i s  reflected in the minor 
nature of the d iurnal change s in mixing he ight at thi s location . 
San Anton io experiences the highe st afternoon mixing heights 
due to the increased convec tive heating observed at an inl and 
location . Lake Charl e s  and Brownsvil le experience values of  
mixing he ight between the extreme s e stab l i shed at the other two 
s tation s . Minimum regional di sparity for this parameter occur s 
during l ate fall and early winter with a maximum occurring 
dur ing late summer . 

Hol zworth ( 1 9 7 2 ) , has summar ized the ava i lable temperature 
sounding data for the cont iguous United State s and deve loped 
seasonal and annual contour s of morning and afternoon mixing 
height . The data are presented for the four SPR s i t e s  in 
Table B. 2 - 3  which fol lows . 
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Tabl e  B .  2- 3 

S e a s o n a l  a n d  An nu a l  Va l u e  o f  

Mo r n i ng a n d  A f t e r n o o n  M i x i ng H e i g h t s  ( m )  

a t  t h e  S PR S i t e s  

vH n t e r  S p r i ng S u mme r  

Al'-1 P M  Am PM Am PH Ml 

3 7 5  8 5 0  4 8 0  1 1 5 0  5 7 5  1 4 0 0  3 9 0  

3 7 5  8 7 5  5 0 0  1 2 0 0  5 5 0  1 4 5 0  4 0 0  

F a l l  A n n u a l  

PM AH P;'; 
-

1 3 0 0  4 9 0  1 2 0 0  

1 3 0 0  4 7 5  1 2 0 0  



B . 2 . 3 . 2 . 3  Wind F ie lds Within Mixing Layer 

Wind speeds increase with e l evation above the ground as a 
func t ion of s urface roughne s s  character i s t i c s  and atmo spheric 
s tab i l i ty clas s . Wind direction wi l l  also change wi th he ight 
tend ing toward the geos trophic or friction l e s s  wind . Thi s  
pattern i s  observed as the wind veers ( c l ockwi se rotation ) 
with he ight as the e f fect of sur f ace roughne s s  dec reases . S ince 
the SPR s ites are located in areas of f lat terrain and the SPR 
sources are low leve l with l i ttle buoyancy , i t  i s  reasonab le 
to employ the mean wind speed within the mixing l aye r for the 
s tudy of  regiona l transport potential of  airborne e f f luents . 
Figure B . 2 - 1 4  and B . 2 - 1 5  present monthly average s of  d iurnal 
wind speed averaged through the me an mixing layer . The data 
i ndicate fai r ly good agreement between wind speeds at San 
Antonio , Lake Char les and Burrwood with wind speeds at Brown s 
vi l le being s ubstanti a l ly higher . Wind speeds are s li ghtly 
s lower than afternoon speeds . Lake Charles  exhibi t s  the lowe s t  
average wind speeds during both the morning and af ternoon hours . 

B . 2 . 3 . 2 . 4  Frequency of Limited Di spersion Conditions 

Hol zworth ( 1 9 7 4 )  has compi led the tota l number of forecast days 
o f  high meteoro logi cal potential for air pol lution i n  the 
contiguous United States . These forecasts are based upon a 
predict ion of  a low vent i lation facto r  ( produc t of  the mixing 
hei ght and the mean wind speed through the mixing layer [ H x U ] ) 
which would result in a regi ona l ac cummul ation of  airborne 
e f f luent . Figure B . 2 - 1 6  pre sents the h i s torical frequency of  
s uch " ep i sode s "  within the SPR s tudy region for a 5 -year per iod . 
The f igure i ndi cate s a frequency ranging from 0 at Big H i l l  to 
5 at Wes t  Hackberry , Black Bayou and Vinton s i te s . The mean 
pos i tion of the h igh pre s sure region typ i c a l ly found over the 
southeastern S tate s  is ref lected in the pattern of high potential 
for air po l lution and proj ect emi s s ions s hould tend to have a 
more s igni f i cant region a l  impact at these s i tes  located further 
east a long the coas t l i ne . 
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B . 2 . 3 . 3  Air Qual ity 

Thi s section provides a review of background air qua l i ty for 
the SPR s ite region . Exi s t ing ambient pol lutant leve ls  have 
been establ i shed based upon the ava i l ab le sources of represent
at ive air qua lity data . P ro j ected air qua l ity leve l s  are a l so 
p resented . The se proj ections are based on population and in
du s try growth considerations as we l l  as reasonab le propo sed 
contr o l s . 

B . 2 . 3 . 3 . 1  Exi s t i ng Air Qua l i ty 

F igure B . 2- 1 7  depicts th e source s o f  data avai lable for the 
ana lys i s  of exi sting a ir quality leve ls . The exi s t ing air 
qual i ty for the SPR s ite region i s  summari zed in Tab le B . 2 - 4 . 
As can be seen from thi s table , the sources of the data are 
somewhat l imi ted in extent , and emphas i s  is p laced on tho se 
s tation s  for which a ful l  year of  data i s  avai l ab le . The 
app l ic ab le s tandards are shown in Table C . 3 - 5  in Appendix C .  
The avai lable data indicate that the National standards for 
nonmethane hydroc arbon ( NMHC ) and photochemic a l  oxidants (0 ) 
were vio lated at a l l  of the monitoring locations i ndi cated an 
F i gure B . 2 - 1 7 , (NAAQS , 1 9 7 2 ) . Thi s reveals that leve ls  of  
these po l lutants are regional ly h igh . 

Sulfur dioxide ( S0 2 ) , n i trogen dioxide (N02 ) , carbon monoxide 
( CO ) , and hydrogen sul fide ( H 2 S )  concentrations are pres ently 
in comp l iance with a l l  app l i c ab le air qual ity standards , in
dic atinB a lack of  he avy regional concentrat ions of  combus t ion 
proce s s e s . The noted vio lations of  the NMHC and Ox s tandards 
ref lec t  the extens ive deve lopment of petrochemical and fue l  
handl ing faci lities  at Gul f Coast ports coupled with favorable 
conditions for the initiation of  photochemic a l  proce s s e s . 
E levated NMHC readings tend to occur throughout the year , whi le 
the photochemi cal reactions nece s s ary for the generat ion of 
higher ground level Ox concentrations occur large ly dur i ng the 
s ummer month s .  

B . 2 . 3 . 3 . 2  P ro j e cted Ai r Qual ity 

Pro j ections of annua l  s econd-high oxidant concentr ations in the 
metropo l itan areas of Hous ton-Galve s ton and Beaumont-Port Arthur , 
Texas , Lake Char les , New Or leans and Baton Rouge , Loui siana , 
i ndicate that the NAAQS wi l l  be exceeded beyond the year 1 9 8 5 , 
as suming the implementat ion of motor vehicle contro l s  and 
avai lable contro l techno logy ( EPA , 1 9 7 6 a ,  1 9 7 6b ) . Transportation 
sources and the petro leum industry are the primary oxidant con
tr ibutor s ,  and leve l s  are pro j e cted to increase with population 
and i ndu s try growth through the year 1 9 8 5 . Concentration pro
j ec t ions for the Houston-Galves ton and Beaumont-Port Arthur areas 
( EPA , 1 9 7 6 a )  are s hown in the following table . 
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TABLE B .  2 - 4  
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• The loc a t i o n  of the mo n l to r i n �  s t a t ions , t h e  r e r i o d  of record , a nd 
the pa.rnrn e t e r s  m e a s u r e d  a r e  l i s ted in f i � u r e B . 2-1 7 . Shaded boxes 
i n d i c a t e  v i o l a t i o n  or s t a n d a rd s .  

I Values � i v e n  a r e  the second h i � h c s t  l o r  t he u p o r o p r i H l o  t i me i n t e r v a l  
w I t h  t he excep t �o n  o r  a n n u a l  v a l u e s  a n d  t he h y d r o � p n  s u l r i d e  rcnd in�s , 

•. The HC 3 - hour v a l u o  is t h e  s�cond h i Ch� s t  6-9 n . m ,  rcad i n R . 
I Thf! a r i thme t ic mean is p rov l d'ed f o r  a l l l l", d a l ll w i t b  t h e excep t i o n  o f  

p a r t lcu l :l t (� mll t f. c r  t o r  wh �ch t h e  ��o m e t r l c nleall i s  l)l'Cse" t cd . 
The Te ", ,, ,,  H2S >; t n n d n r d  iA based on a 30-m i n u t e  nver a � i n l;  pe r i o d  and i s  
n o t  to b e  exceeded a t  a l l ,  
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Pro j ec ted Oxidant Concentrations * ( �g/m3 ) 

Year Hou s ton-Galves ton Be aumont-Port 

1 9 7 3 * *  
1 9 7 4 * *  
1 9 7 7  
1 9 8 0  
1 9 8 5  

* Yearly second-high 
* * Basel ine year 

4 6 8  
3 0 0  
3 0 6  
3 3 0  

6 5 0  

1 9 8  
1 9 8 
2 0 0  

S imilar pro j ections for Loui siana are no t ava i l able ; however ,  the 
relative constancy of the oxidant concentration pro j ections 
beyond 1 9 7 5  in Hous ton-Galve ston and Beaumont-Port Arthur may 
a l so be ind icative of l imits on the level of contro l believed 
to be achievab le in the Lou is iana metropo l itan areas . 

Nitrogen oxides , sul fur oxide s , carbon monoxide , and particulates 
are not expected to per s i s tently exceed s tandards in the fol lowing 
1 0  years , wi th the pos s ible exception of sul fur oxides s hould low 
sul fur fue l s  become scarce . Non-me thane hydrocarbon leve l s  are 
pro j ected to exceed the guidel ine concentration which r�sults in 
the pro j ec tions of oxidant leve l s  exceeding s tandards . 

B. 2 . 4  Background Ambient Sound Level s  

Background noise leve l s  i n  and around the region of  the S P R  
s ites are typical of  a secluded , e s senti a l ly f l a t  are a .  I n  
the winter and spring , the contributing noise sources are wind 
in the tree s , periodic bird cal l s  and the rustle of the gras ses  
and brush . The day-night wei ghted leve l s  are est imated at 4 8  
dBA . ( For definition o f  day-ni ght leve l s  see Appendix F ) . In  
the summer , due to the high humidity and warmth , the marshland 
noise is dominated by the buz z of mosqui toe s and other in sects , 
frog s , cr ickets , and bird cal l s , and the noise of  the foliage 
on the tre e s  and brush , as wind s b low through . On a normal 
summer evenin g , the noise leve ls can be as much a s  10 to 1 5  dBA 
higher than winter leve l s  because o f  activities of native 
creature s and insects . 

No ambient noise leve l measurements were taken at the propo sed 
expans ion s i te s ; however , measurement data from communi t ie s  
near Freeport , Texas to the we st and Cote Blanche to the east 
are be l ieved to be repre sentat ive o f  background no i se leve l s  
in and around the S P R  region , ( see F i gure B . 2 - 1 8 ) . 

The measurements taken near Freeport were in the area of  Jones 
Creek ( southwe st of  Freeport ) and were per formed for the pro
posed off shore superport , Seadock , Inc . The mea surements were 
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taken in ear ly March when insect population i s  relative ly low . 
No i s e  leve ls ranged from 4 0  dBA during the night to 4 8  dBA 
dur ing the day . 

The mea surement taken near Cote B l anche ( See Append ix F ) , showed 
leve l s  ranging from 3 9  dBA at night to 5 9  dBA dur i ng the day 
for undeve loped areas . 

These leve ls  are believed to be typ ical of  noi se at  the proposed 
SPR s ite . Actual no i s e  leve l s  would , of course , vary with the 
l and use and time of measurement . 

B . 2 . 5  Species and Ecosys tems 

B . 2 . 5 . l  Introduc tion 

The region in which the s torage fac i l i ties and the ir water 
supply , br ine di sposal , and o i l  dis tribution connections would 
be s i tuated is eco log ical ly varied , with a large number of 
habi tat type s .  For purposes  of  c lear reference , thi s  region 
is defined as  the Calcas ieu River and the l akes on i t  in 
Cameron and Calcas ieu Pari shes , Lou i s i ana ; the areas to the 
we s t  of these water bodi es  in th e s ame parishes ; Orange and 
Je fferson Count ies i n  Texas ; and the o f f shore areas i n  the 
Gu l f  of Mexico para l l e l i ng the foregoing continental areas . 
The width of th i s  off shore s trip extends s l ightly beyond the 
propo sed brine di ffus er locations , as far as the l imi t of 
potential influence from br ine release ( see Chapter 2 . 0 ) . 

The dominant natural vegetation types in the land area of the 
reg ion we re h i s toric a l ly prairie and marshland . Mos t  of  
the original prairie has  been pu t under cultivation or i s  u s ed 
as  pasture and range land . The mar shl and i s  s ti l l  l argely 
preserved and some is in federal and s tate re fuge sys tems . 
Fores ts are found along some water courses inland from the 
coastal swath of mar shes and in the northernmo s t , mo s t  inl and 
parts of the region . Deep channels dredged in the main rivers , 
the Calcas ieu , the S abine , and the Neches , have resulted i n  
s a l i ni ty i ntrusion many mi les  inland along these rivers and 
connected water cour ses . Cana l s  extend i nto the marsh and 
e l s ewhere which in many c ases  cut acro s s  the natural hydro
logic drai nage direction . The ICW at the nor th end of  the 
marshes has particul ar ly altered the former drainage . Large 
reservoirs are pres ent in and ad j acent to the mar shes in some 
locatio ns within the region . New habitats have been created 
and former ones reduced and mod i f ied by spo i l  di spos a l , levee 
construc tion , and sedimentation . O i l  and gas production i s  
prevalent . Many areas have been f i l led o r  drai ned . Many , i f  
not mos t , o f  the mar shl and and water bodies have a spec ies 
compos ition which i s  much dif ferent from what i t  would be in 
the absence of l arge- scale , human- sourced environment modi f i -
cations . 

B . 2 - 4 2 



We s tern Cameron Parish 

The we s tern part of  Cameron Par i s h , Loui s i ana , i n  the south
ea s tern part of the region , is mainly comprised of mar shland , 
part of  Sabine Lake and Calcas ieu Lake , and some smal ler areas 
o f  former prairie . Agricu l tural and urban/i ndustrial uses are 
qui te restricted and forests are not present . Calcas ieu Lake , 
connected waterway s and water bod ies , and the of fshore area in 
the Gul f  o f  Mexico func tion as highly produc tive f i s heries . 
Both commercial and sport harves ting are qui te important here . 
S abine Lake i s  no longer very commercial ly productive . Commer
cial harvesting of  furbear ing mammal s  is at a high level i n  the 
pari sh . Such harves ting is pe rmi tted within the extens ive 
S abine Nat ional wi ldl i fe Refuge . Thi s re fuge i s  one of the 
ma in overwi ntering areas for waterfowl us ing the Mis s i s s ippi 
flyway and al so receive s birds from the Central f lyway . 

We s tern Cal cas i eu Parish 

The wes tern part o f  Calcasieu Pari sh , Loui s i ana , in the north
eas tern part of the Texoma region , is mainly prai rie 
wh ich has been put to agricultur al us e .  This prairie expans e 
wa s e s sentially a gra s s land wi th tree s prevalent only along 
f lood plains on the marginal s lopes of  s treams . Swamp fore s t  
and bottomland hardwood communitie s  a r e  present in the extreme 
we s tern portion along the S abine River and north o f  Lake 
Charles ( the northernmo st l ake in a chain of lakes on the Cal
cas ieu River north of  Calcas ieu Lake ) along the Calca s i eu River 
flood plain . I n  between the se s trips of  forest along the Cal
cas ieu and S abine rivers in the northern part of  the pari sh are 
mainly flatwoods and , al ong and near the included water courses , 
a d i f ferent associ ation o f  bottomland hardwood s .  Mos t  of  th i s  
area h a s  been greatly a ltered by lumbering . Commerc ial ly
managed timber s tands are present in some locations whi l e  much 
of the res t o f  the area has s tump s and low brush and frequently 
i s  used fo r cattle forage l and . Swamp fore sts  along the S abine 
and Cal c a s i eu Rivers have been l i ttle di s turbed . Fingers of  
i ntermedi ate , bracki s h , and fresh marsh pro j ect into the southern 
part of wes tern Calcasieu P ar i s h , creating a comp lex wetlands 
environment . Oc cas ionally s a l inity i ntru s ion occurs in thi s  area 
above the l evel of S abine Lake on the S abine River sys tem and 
above the l evel of Lake Char les  in the Calcas ieu River sys tem . 
A sal t-water barr ier has been con structed above the level o f  Lake 
Char l e s  to reduce such intrus ion . 

Urban or industrial areas in wes tern Calcas ieu Parish inc lude 
We stlake , Maplewood , the Ho llywood i ndustr ial  park , Su lphur , 
and Vinton . These are arrayed a long Interstate 1 0 , which extend s 
to Orange , Texas , from the c ity of  Lake Char les , Louis iana . All 
but Vinton may be cons idered part o f  the Lake Charles  greater 
metropo l i tan vicinity . 
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Orange County 

Orange County , Texa s , to the wes t  of Calcas ieu Parish , 
Louis iana , contains urban areas , fores t ,  prairie , mar s h  areas , 
bayous , lakes , and creeks . I t  i s  bounded by the Neches River 
on the south and we s t  and S ab ine Lake and River on the eas t . 
The two largest c i tie s , Orange and Br idge City , l i e  i n  the 
southeas tern part of the county . Coastal prairie is extens ive ly 
represe nted in the county . Thi s  has a re latively f lat character . 
Along with wooded and mar s h-covered s tream courses  such as Cow 
Bayou , fore s ted belts tre nd i ng from the northwe s t  i nto the 
Orange vic ini ty and to the we s t  of Orange subdivide the coas tal 
prairie between the Neches and S abine Va l leys into numerous 
sma l l , commonly iso l ated prairies . Marshes are present in a 
di scontinuous band a long the margin of S abine Lake and cover 
mo s t  of the lower 1 5  miles of the Neches Val ley . These marshes 
range from brackish to fresh with a general decreasing s a l i n i ty 
gradient away from the channe l s  i n  the lake and river . Extens ive 
swamps extend up the Neches Va l ley for about another 15 miles 
beyond the marsh areas . Marsh i s  also common on the Sabine 
River for approximately 7 mi le s . Above thi s  i t  i s  l arge ly 
supp l anted by swamp , which is prevalent for severa l mi les up
s tream and more restricted fur the r along . Smal ler areas of 
marsh and swamp are present a long sma l ler water cour ses extending 
we s tward from the S ab ine River such as Cow Bayou . S ab i ne Lake 
is shal low ( le s s  than nine feet deep ) . The I CW i s  dredged through 
S abi ne Lake and a por tion of the Sab i ne River on Orange County ' s  
eas tern edge . 

The area s  wh ich were hi s torica l ly na tural prairie are now mo s tly 
cu l tivated in c�ops . Ranchi ng i s  common on higher marsh land , 
fallow crop lands , and with i n  wooded river va l leys . Orange i s  
a n  i ndu s trial  center . O i l  and qas fie lds are pre sent , but are not 
concentrated in one general locatio n .  S ab i ne Lake i s  not very 
produc tive of seafood , a lthough it was in the pas t .  

Jef ferson County 

Jefferson County l i e s  to the southwe s t  of  Orange County on the 
Gul f  Coa s t  a nd contains much of the we s tern part of S ab i ne Lake . 
The acreage of the county which was origina l ly prairie grass land 
(more than 6 0  perc ent)  is now mainly uti l i zed in crop produc tion 

and as pasture l and . This prairie gras s l and-f armland is pri
mar i ly located in the nor thern upland par t of the county . The 
greater po rtion of the remai ning land con s i s ts of s a l i ne to 
fresh mar s he s . The mar shes border the Gulf  of Mexico , Sab i ne 
Lake , the Neche s  River , and other waterways connected to the 
coas t .  Further inland along the bayou s are s tretc he s  o f  swamp 
fore s t . The low- lying mar sh areas wi th e levations generally l e s s  
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than 5 feet above s e a  level are commonly f looded by hurr icane 
tides or s torm tides and runoff . They primari ly support s a l t  
res i s tant gra s s e s  and their as soc iated fauna . Are as of pine 
and hardwood forest are located i n  the northern part of  the 
county and other forests are present in the wes t-central part 
( Lawhorn Woods ) and along branches of Tay lor Bayou to 
the eas t .  Many reservo i r s  have been cons truc ted o n  the land 
ward s ide of  the coas tal mar sh system , i nc luding i n  the J .  D .  
Mur fee S tate wildlife Management area southwe st o f  Port Arthur 
and wes t  of Sab i ne Lake . Natural l akes and ponds are present 
in the coas tal marshes to the southwe st of  Port Arthur also . 

Por t Arthur , Beaumont , Port Acre s , Port Nederland , and Nederland 
are c lu s tered in the nor theastern part of the county near the 
Neches River and S abine Lake . This i s  the main area of i n
dustrial and re s i dential -urban deve lopment . The l CW pas ses  
through the coastal mar s he s  from Port Arthur , pas s in g  through 
Je f ferson and Chambers Counties to l ink it to East Galve s ton 
Bay . Most l and con s tructed in mar shes in the Port Arthur area 
has been deve loped into indus trial and res idential tracts . 
Dredge spo i l  i s  prevalent a long the lCW , parts o f  the Sabine 
and Ne che s Rivers ,  and some waterways connected to the l atter . 

Rice i s  the ma j or c rop in Je ffer son County , Calcas ieu Parish 
and the prairie sections of Orange Coun ty . A complex irrigation 
and drainage network i s  employed i n  thi s  rice product ion which 
greatly a l te r s  the l and . Al though the f i she r i e s  productivi ty 
o f  S abine Lake has greatly dec l ined , the o f fshore Gul f areas 
in Je ffer son County remain highly productive for commercial 
f i shermen and attractive for sport f i shing . Deve lopment o f  o i l  
and gas fie lds i s  we l l  disper sed throughout Je ffer son County . 

Marsh Charac te r i s t i c s  and Value 

Whi l e  the value of agr icultural and fore s t  areas is apparent 
to mos t  peop le , the same may not be true of marshe s . A very 
good case may be made for their impo rtance . 

On the average , s a l t  marshe s produce a net quanti ty of  8 . 9  tons 
of dry organic material per acre per year . Only trop ical rain 
forests , coral ree fs , and some algal beds produce more abun
dantly . The best farmlands are only half as productive . Th i s  
high leve l of  productivity supports extens ive food chains within 
the marsh and i n  adj acent bay sys tems . Because of the high 
produc t iv i ty of marsh p lants , a tidal mar sh can as s imilate high 
leve l s  of muni c ipal and industrial was te s  and i ncorporate them 
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into its yield of  organic material . Tidal marshes serve as 
nursery areas for various e s tuarine specie s . A variety 
o f  furbearing anima l s , game fish , and waterfowl- - i nc luding 
s everal " endangered specie s " - -rely upon the tidal mar sh for 
habitat . Tida l marshe s  also aid in eros ion contro l by absorbing 
wave energy and s erve as temporary f loodwater buffers . 

Human uses supported by the marsh sys tem i nc lude : 

• water fowl management and hunt ing 
• l ive s tock gra z i ng 

• commercial and sport fishing 

• waterborne transportation 
• recreation and aesthetic enj oyment 

• mineral production 
• agricul ture 
• waterfront land devel opment for resorts , 

and sec ond homes . 

I t  i s  unl ike ly that a mar sh system could sustain a l l  of  the se 
uses at any one time in one locatio n ,  s ince a few uses l i s ted 
may prec lude some or a l l  of the others . However , marsh sys tems 
typically provide many va lue s simu l taneously . 

B . 2 . S . 2  Eco systems 

B. 2 . S . 2 . 1  Character i s ti c s  of Ec6sys tems in western Cameron 
Pari sh 

The most extensive area in we s tern Cameron Parish is part of the 
coa s tal Chenier P la i n . This cons i s ted , i n  i t s  primitive s tate , 
of marshland s c onta ining natural ridges extending i n  a general 
east-we s t  direction . The se r idges or cheniers are stranded 
former beach l ine s wh i ch play a large ro le in directing water 
f low through the mar shes . The cheniers typically support gras ses 
and frequently trees , espec i a l ly oaks . The development of oaks 
and o ther trees varies from j u st a few s crub spec imens to dense 
s tands . Man-made l evees and spo i l  have c hanqed the topoqraphic 
features i n  many parts of  the marshes . I n  many areas lakes , 
bayous , and cana l s  are concentrated so that the marsh may not 
seem to be a land mas s  at a l l  but rather a large region of sma l l  
i s lands . At the other extreme , mar s h  vegetation also grows i n  
unbroken s tands whi ch can cover large reache s . 
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Chabreck ( 1 9 7 0 ) , who based his  c l a s s i fication of  mar sh 
vegetation type s on one reported by Penfound and Hathaway 
( 1 9 3 8 ) subdiv ided the Lou i s iana coas tal marshes i nto four 

vegetation types , based primari l y  on the sal inity of the 
surface water . The four marsh types and their average s a l i 
n i t i e s  and ranges of  s a l i nities ( Chabreck , 1 9 7 0 ) , are a s  
fo l lows : 

Marsh Type 

Fresh 
I ntermediate Marsh 
Bracki s h  Marsh 
S a l ine Mar sh 

Sal ini ty 
Range ( pp t )  

o - 4 . 0  
2 . 0  - 6 . 0  
3 . 0  - 1 8 . 0  
6 . 0  - 2 9 . 0  

Avg . water 
Sal inity ( pp t )  

1 . 5  
3 . 3  
8 . 1  

1 5 . 9  

The soil and water c hemical character i s ti c s  accord i ng to 
Chabreck ( 1 9 7 2 )  for the four d i f ferent mar sh vegetation type s 
in Hydrologic Uni t I X , which i nc ludes the marsh areas i n  
Cameron Pari s h , are shown i n  Appendix K . l ,  Table K . l - l . Marshes 
cl osest to the coa st general ly have the highes t  salinities , 
wi th the salinity leve l s  decreas ing as one proceeds inl and . 
However , exceptions to thi s ru le are fairly numerous ,  e specially 
along drainage sy stems . Marsh s o i l  i s  noteworthy for its high 
content of organic matter . 

The s a l i ne mar shes have higher standing crop and lower species 
diver s i ty i n  c ompar i son with the other types . Chabreck ( 1 9 7 0 )  
l i sts  9 3  spec ies for the freshwater mar s h , making i t  the mo s t  
diverse . The spe c i e s  compo sitions for the marsh types are 
shown in Appendix K . l ,  Table K . 1 - 2 .  

I n  Hydrologic unit I X ,  s a l i ne marshes are dominated by Batis 
mar itima , maritime sal twor t ,  ( 2 0 %  o f  the plants present ) , 
Di stichl i s  spicata , s a l t  gras s , ( 5 5 % ) , and Spartina alterni flora , 
smooth cordgras s ,  ( 2 4 % ) . Bracki sh marshes are domi nated by 
Spartina patens , s a l t  marsh cordgrass ( 6 0 % ) , with Bacopa 
monnier i , Monnier ' s  hedge hys sop , D i s tichl i s  spicata , Paspalum 
v aginatum , and S c irpus o lneyi ,  O l ney bulrush , each compri s ing 
between 5 and 10 percent of  the to tal number of p l ants . I nter
mediate marshes are also dominated by Spartina patens ( 4 7 % )  
with Paspalum vaginatum ( 1 3 % )  next in importance ,  and a number 
o f  other speci e s , Phragmites communis ( common reed ) , Sagittaria 
falcata ( bu l l  tongue ) , S c i rpus c al i fornicus ( giant bulrush)  , 
and Scirpus olneyi , all  contributing between 4 and 7 %  o f  the 
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number of p l ants present . Intermediate marshes usua l ly occur 
as narrow bands between brack i s h  and fre s h  mar shes . Due to 
sa linity changes in the southwes tern Lou i s i ana area ( sa l t  
intrus ion)  re l ated t o  man ' s  ac tivities ( channel mod i f ications 
and ground water consumpt ion ) the intermedi ate marshes are 
shi fting inland . 

The fresh marshe s have Alternanthera phi loxeroides , a l l igator
weed ( 2 6 % )  and S agi ttaria falcata ( 2 3 % ) a s  co-dominants with 
secondary species ( 5- 1 0 % )  i nc l uding : Eleochar i s  sp . , spikerush , 
Paspalum vaginatum , S cirpus c a l i forn i cus , and Spartina patens . 

Inorganic nutrients are introduced into the marsh sys tems via 
fresh water and tidal inflows . Much of  thi s nutr ient inf lux is 
trapped on and in t he sediments where it become s avai lable to 
the marsh veqetation . Nutr ients are incorporated into p l ant 
material  whic h i s  eventua l ly decayed and recyc led by abundant 
micro-organi sms . A relative ly rapid dynamics , incorporation of  
inorganic nutr ients in p l ant substances ,  and reincorporat ion of  
the decompos ition s tages into sediments where it is  avai lable 
f o r subsequent u s e  by plants and animals i s  character i s ti c  of 
mar shes . 

S ome amount of s a l t  water i s  neces s ary to maintain mos t  tidal 
marshes . T he amount de termines the general type of marsh and 
as semb lage of p l ants and an imals  present . Higher leve ls  of  
s a linity reduce productivity and the rate at  which sedime nts 
take nutrients from the water . 

Large amounts of  organ ic material are pr oduced in mar she s that 
are u s ed both in the mar sh and ad j acent estuarine systems . As 
much as hal f of the organic material produced in mar shes may 
be carried to adj acent e stuaries where it i s  very important 
in food c hain s .  Within the mar sh itself , detr itu s , assoc i ated 
micro-organi sms , protect ive habitat , and other conditions make 
for pr ime nur sery areas for a var iety of economi c a l ly important 
and other an imal species . 

Cal c a s ieu Lake i s  the dominating open-water e s tuarine area 
inf luenced by the marshes in western Cameron Pari s h . S abine 
Lake i s  next in importance . Co l lect ions made in the e stuar ine 
areas of s outhwe stern Loui s i ana from Apr i l  1 9 6 8 , through March 
1 9 6 9 ,  indi cate that the mos t  common vertebrate spec i e s  are 
menhaden ( Brevoortia patronu s ) , bay anchovy ( Anchoa mitchi l l i )  , 
and Atlantic croaker (Micropogon undu latu s ) .  The mo st common 
invertebrates taken were b lue crabs ( Ca l l inectes s ap i dus ) and 
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white s hrimp ( Penaeus s et i ferus ) .  Trawl samp les  which were 
a l so taken as part of the s tudy showed that spot ( Leios tomus 
xanthuru s ) , Atlantic thread fin ( Po lydactylus oc tonemus ) ,  and 
brown s hr imp ( Penaeus a z tecus) were a l s o  common . Complete 
l i s tings o f  the s pec ies col lec ted are presented i n  Appendix K . 2 ,  
Table R . 2 - 1 .  

The dominant fi sh spec ies pre sent i n  the mars h  proper are Gul f  
k i l l if i sh , ( Fundu lus grandi s ) , longnose k i l l i f i sh ( F  s imi l i s ) ,  
variegated cypr i nodo n ( Cypr i nodon vari egatus ) , common mo squito
f i sh (Gambusia affinis ) ,  a nd s a i l f i n  mo l ly (Mo l l iene s i a  
letipinna ) . Mo s t  spec i e s  present i n  open waters of the es tuary 
are pre sent i n  the marsh or channe l s  i n  the marsh also . 

Benthic , epiphytic , and per iphytic algae characteristic o f  coa stal 
Louis i ana are pre sented in Appendix K Table K . 3 - 1 . These categGries  
are d i s cus sed be low . The soft mud , s i l t , and s and bottoms present 
throughout mo st of the o f f s hore coastal area do not generally 
favor benthic ( bottom) algae . Mos t  of  the algal informat ion pre
sented here are from a U .  S .  Corps of Engineers Report l i terature 
review pertaining to dredging in the ICW ( U .  S .  Army Corps of 
Engineers , 1 9 7 5 ) . 
Benthic algae are of ten found on the banks of s treams , l akes , 
and quiet poo l s  i n  the marshes . I n  brack i s h  water s , the mos t  
common genera are Enterarorpha , and Ectocarpus , large f i l amentous 
green and brown algae found primari ly during the wi nter month s 
from early November to mid-Apr i l  and early May with the i r  
peak production occurring i n  January . 

A number of  other f i lamentous algae have been found i n  the 
above s i tuations , mudf lats , rocks , and submerged p i l i ngs . 
Species of  Ulvella, Ulothrix , C ladophora , Spirogyra , R h i zoc lonium , 
a l l  green al gae , are o ften located away from the main tidal 
s treams i n  sma l l  channe l s  and ponds where water movement is 
restricted . However ,  Vaucher ia is o ften found on the banks of 
sma l l  t idal s treams . Some algal spec ies grow attached to the 
bo ttom at var ious depths , al though high turbidities are often 
l imiting . B lue-green algae ( Lyngbya ) and green algae ( C ladopho
rop s i s  and Rhi zoc lonium) are found at depths o f  5 to 1 0  feet i n  
some o f  the c le arer waters . 

B lue- green algae o ften grow on mudf lats and the edges of water 
bodies and form a lgal mats amo ng rooted vegetation . Princ ipal 
genera are O s c i l l atoria , Lyngbya , and Spiru l ina . Les s important 
genera are Chrooco ccus , Meri smopedia , and Microcy s t i s . 
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Benthic diatoms have not been extens ive ly s tudied . However ,  
s ome more common genera inc lude Amphora , Denticula , and 
Diplone i s . 

Epiphytic and periphytic al gae are those spec ies which grow on 
o ther p lant spec ies such as the higher vascular p l ants growing 
in the mar shes and along s treams and channe l s . The ma j or 
growth forms are s ingle-c e l l ed a lgae or algae with l i ttle 
c e l lular d i f ferentia tion and organi zation and larger more 
comp lex species  with a mul ticel lular , usually cy l i ndr ically 
arranged organ i z ation . The ma j or components of the le s s  
complex group are di atoms , with the ma j or genera be ing Amp hora , 
Me losira , Coccone i s , Denticula , and Nitz schia . Spatial 
d i f ferences in the d i s tribution o f  diatom genera occur , with 
N i t z schia dominating inl and vegetation in the s a l ine marsh , 
wh ile Amphora , Melos ira , and Coccone i s  occurs princ ipally on 
vegetation near the edges of sal ine mar shes . Seasonal peaks 
in populations take place during the year . Cocconei s has a 
peak production during early summer and again duri ng the f a l l  
and Amphora has a peak in l ate spring . The se rel atively 
s imple , encru s t ing algae form parts of  varyingly conspi cuous 
periphyton l ayers . 

The more complex spec ies  inc lude the , genera Enteromorpha , 
Ec tocarpus , Bos trychia , Polys iphoni a , and Grac i laria . The se 
ep iphytes are found in bracki s h  to s a l ine waters ;  however , 
Enteromorpha is a l so found in freshwater hab i tats . 

B lue-green algae may occur as maj or growths in freshwater habi
tats in inland , fresh , and brackish mar s h  regions . Ma j or 
genera found from these groups are Os c i l l atoria , Lyngbya , and 
Spiru l i na . 

Day , et  a l . ,  ci ted by the U .  S .  Army Corps of  Engineers ( 1 9 7 5 ) , 
found that there were sea sonal changes i n  dominant ep iphytic 
al gae . When water leve l s  and temperature are high in the 
summer , Bos trychia and Polys iphonia are domi nant ; however , 
when water temperatures and leve l s  drop dur i ng the winter , 
Enteromorpha and Ectocarpus dominate . 

She l l f i s h  are of  cons iderable economi c  importance to southern 
Lou i si ana . The l arge zone of  brackish water and mar sh with 
s a linity above approximately 5 ppt i s  extreme ly productive for 
oyster s , shrimp , and crabs . The Eas tern or Atlantic oys ter , 
Cras sostrea virginic a ,  i s  the only spec ies of  oys ter with 
commerc i al value in  Louis iana ( Pol l ard , 1 9 7 3 ) . I t  inhabits  
e s tuar ies with virtually a l l  degrees of s a l inity leve l s , but 
permanent communities f lourish between 10 and 3 0  ppt . 
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The brack i s h  water c lam , Rangia cuneata , forms the great 
bulk of shell accumulations in Louis i ana deposits ( Pol l ard , 
1 9 7 3 ) . Other l e s s  abundant genera found i n  the brackish 
marshes of  the area i nc lude Littorid i na , Mu l inia , Te l l i na , 
Vioscalba , and Tagelus ( Tarver and Dugas , 1 9 7 3 ) . 

One species of  c rab , the b lue crab ( Ca l l i nectes s apidus ) ,  i s  
o f  s igni fic ant economi c  importance in the area . B lue crab s  
s pawn i n  the Gul f  of  Mexico and lower bays near tidal inlets 
and large waves o f  larvae enter the estuaries from January 
through March . Among other common genera of  crabs found i n  
Louis iana e s tuari e s  and tidal areas are the hermit crab 
( Eupagurus spp . ) , ghost crab ( Ocypode spp . ) , fidd ler crab 
( Uc a  spp . ) · and Cal l i nectes donae a sma l l er relative of  the 

blue c rab . The horseshoe c rab ( Limulus polyphemu s ) , which 
i s  not actua l ly a true crab , is a l s o  common i n  the se areas . 

I n  the brack i s h  marsh areas other organi sms commonly found 
are nematodes , copepods , os tracods , and ro tifers . Nematodes 
represented 61 percent of  a total s ample ( Dames and Moore , 
1 9 7 5 ) . Minor components o f  the s amples were large proto zoans , 
Foraminifera , and cumaceans . Bracki s h  mar shes s eem to have 
the lowes t  diver s i ty of mol lusks , with greater divers ity 
occurri ng i n  both s a l ine and fresh areas ( Thomas , 1 9 7 5 ) . 

As marshes become more sal ine , the benthic invertebrate popu
lation may become dominated by nematodes , harpac ticoid copepods , 
amphipods ,  ostracods , chi ronomid larvae , and polychaetes . 
Tanidaceans and cumaceans are occas ionally numerous ( Dame s 
and Moore , 1 9 7 5 ) . Marsh per iwink le ( Littori na irrorata ) i s  
a common mol lusk i n  the s a l t  marsh region . Other mo l lusks 
include the oys ter dr i l l  ( Thais haemo s toma ) , the Atlantic 
moon snail ( Pol inices dup l ic atus ) ,  and the Atlantic ribbed 
mus s e l  ( Mo l i o lus demis sus ) . 

Diplolaimel loides brucei i s  the only nematode spec i fically 
identif ied from Louis iana mars he s  ( U .  S .  Army Corp s o f  Engineers , 
1 9 7 5 ) . The ma j or i ty of  benthic copepods are harpac ticoids , 
but several species are ones commonly found in the pl ankton . 
Among the more common harpac ticoids are Canuell a , Nitocra , 
Paralaophonte and Tachid ius ( U . S .  Army Corps o f  E ngineer s ,  
1 9 7 5 ) . Copepod s consume detritus and phytopl ankton . Amphipods 
are often the mos t  common orqani sms after nematodes and copepods . 

The two mo st common spec ies  of  amphipod s are Corophium lacus tre and 
Amp ilesc a sp . ( U .  S .  Army Corps of Engineers , 197 5 ) . Corophium 
is often as soc iated with submerged aquatic p l ant roots such as 
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salt marsh cordgra s s , whi le Amp i l e s c a  i s  mo s t  common in sub
merged sediments ad j acent to s hores . Po lychaete worms often 
occur in the sediments ( U .  S .  Army Corps of Engineers , 1 9 7 5 ) . 
They feed on detritus , algae , and sma l l  c rustaceans such as 
copepods and amphipods . Neanthes succinea i s  the mo st common 
polychaete i n  Lou i s i ana coa stal mar she s . 

Ar thropod s collected from sal ine mar shes i nc lude the manti s 
shrimp ( Squi l l a  sp . ) ,  Cymadusa compta , Grandidierela sp . ,  
Cerapus tabularus , Gammarus mucronatus , and Hya l e l l a  a z teca 
( Dames and Moore , 1 9 7 5 ) . Salt marsh decapods inc lude the s tone 
crab ( Menippe mercenaria ) and a mud crab ( P anopeus herb s ti i )  
( Thomas , 1 9 7 5 ) . 

I n  the fresh and s l i ghtly brackish water s in the inl and part 
of the mar shes , the benthic fauna is dominated by Diptera , 
o l igochaetes and amphipods ( U .  S .  Army Corps of  Engineers , 
1 9 7 5 ) . The Diptera cons i s t  primarily of the chi ro nomid genera 
Proc ladius , Cryptochironomus , Coelo tanypus , and Po lypedilum .  
The chi ronomids are commonly referred to as b loodworms because 
pigments in their respiratory mechani sm al low them to l ive i n  
water s with low d i s s o lved oxygen leve l s . They are often used 
as indicators of  s tress  on the aquatic envi ronment . Other 
Diptera i nc lude the phantom midge and B e z z i a . The o l i gochaetes 
are repres ented by the tub i ficids which are a l so known as the 
s ludgeworms . Commonly ob served genera inc lude Limnodri lus and 
P e losco lex whic h are o f ten domi nant in subs tra te s w i th thick 
organic sediments and low oxygen leve l s . Coroph ium i s  the 
dominant genus of amphipod that occurs in these water s . Other 
amphipod genera commonly found i nc l ude Acanthohaus torius , 
Monoculode s ,  Orche s tia , Hyale l l a , and Gammaru s .  

Other invertebr ates inhab iting fresh and s l ightly brackish 
sediments include isopods ( Cyathura , Edo the a)  trichopteran 
larvae ( Hydropsyche ) , leeches , mo llus k s , barnac les , proto zoans , 
and nematodes . The leeches are free- l iving scavengers and 
paras i tes . P lacobdel l a  often attaches to rept i l e s . Macro
bdel la i s  parasitic on vertebrate s as i s P i sc i cola on f i s h .  
Mol lusks are repres ented primarily b y  Littorina and Corbicu la . 

The benthic  i nvertebrates exi s t  on or in the subs trate . They 
feed on detritus , phytopl ankton , and bac terial material and 
are preyed upon by larger i nvertebrates ( crab s , shrimps ) and 
fish speci es . Many are relative ly immobi le organi sms . There
fore , the ir presence or absence in a particular area may pro
vide an i ndication of  the long-term environmental condi tions 
present in an area . 
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The number and variety of  benthi c  i nvertebrates i s  highe s t  
a t  the land-water interface a t  the edge of  marshes ( D .  S .  
Army Corps of  Engineer s ,  1 9 7 5 ) . Sediments in the middle of  
the mar sh vegetation are not as influenced by tidal f lushing 
and nutrient movement , whereas the s ediments near the shore 
are highly organi c and compo sed of  larger particles as a 
result of  the accumu lation of  detrital material washed in 
from the surrounding mars h .  Sed ime nts i n  the middle of water 
bodies are not as productive as near the shore . 

The ma j ority of  phytop lankton found in the s tand ing waters 
o f  the marshes , ponds , and lakes con s i s ts of green algae , 
blue-green algae , and diatoms . Among the common algae re
ported in s a l i nities from 0 . 0 to 7 . 2  ppt for four al gal groups 
are the following : green algae ( Scenedesmus bra s i l iens i s , 
Pedias trum spp . , S tauras trum spp . ) ,  blue-green algae (Anabaena 
spp . , Osc i l l atoria spp . , Spirulina sp . ,  Microcystis sp . ) ,  
diatoms ( Co s c i nod iscus spp . , Me los ira spp . , P leuros i gma sp . )  
ana flage l lates ( Trachelomonas spp . , Synura spp . , Pandorina 
sp . ,  Eudorina sp . ,  Chlamydomonas spp . , Euglena sp . ) ( D .  S .  
Army Corps of Eng ineer s ,  19 7 5 ) . Another a s s emb lage of  spec ies 
has been noted for sal inities of  5 to 2 0  ppt in the coastal 
waters influenced by the Mi s s i s s ipp i . The main spec ies in 
thi s  a s s emb lage inc luded Cyc lote l l a  compta , � meneghiniana , 
Melos ira dis toms , M .  granulata , Navicula grac ites , N .  rhynco-
cephala , and Nitz sChia c l o s terc ium . 

--

Diatoms are the mos t  abundant type of  phytopl ankton i n  the 
mar sh areas of Loui s iana where sal ine to brack i s h  conditions 
ex i s t  ( D .  S .  Army Corps of  Engi neers , 1 9 7 5 ) . Dino f l age l l ates 
are the second mo st common phytop lankton group in sal ine and 
brackish waters . Representative dino f l age l l ate genera are 
Ceratum , Glenod inium ,  and Phyrocystis . Green and blue-green 
al gae are minor consti tuents of  the phytopl ankto n communities . 

The zoopl ankton o f  the southwes tern Lou i s iana coas tal zone 
were surveyed f rom Apri l  1 ,  19 6 8 , through March 3 1 ,  1 9 6 9 . 
Re sults of  the survey are pre sented in App�nd ix K . 4 ,  Table 
K . 4 - 1 . The mos t  numerou s zooplankter reported was Acartia tonsa . 
Other commonly encountered zoopl ankton were coe lente rate s , 
c tenophore s ,  dec apod larvae , and other copepods . Many o f  the zoo
p l ankters taken from -C alcasieu Lake are eurytherma l and euryhal ine . 
This mean s the se organi sms have broad thermal and s a l in i ty tole rances . 

S a l inity appear s to be the chief contro l l ing fac tor in the 
number o f  spec ies present , whi l e  temperature , ecological com
petition , and predation also contro l  the number of spec ies 
present ( Gi l lespie , 1 9 7 1 ) . Zoop lankton bioma s s  appears to be  
h i ghest i n  Apr i l  and S eptemb er and lowes t  i n  mid-summer and 
mid-winter . 
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Larval decapods of importance inc lude the netc l i nger ( Acetus 
americanus ) ,  mud crab ( Rhi thropanopeus harr i s i i ) ,  and Leander 
tenuicornis . Other group s pre sent inc lude polychaete larvae , 
arrow worms , tunicate s , and ro tifer s .  

Zooplankton leve l s  in Calcasieu Lake deriving from inward 
movement of Gu lf  water mu st be j udged low based on samp l i ng 
at Calcas ieu Pass  and nearby areas such as Sabine Pass  and 
the mouth of the Merme ntau River . The se areas are deficient 
as compared to other Lou i s i ana coastal areas that were samp led 
( Gi l le spie , 1 9 7 1 ) . 

There i s  evidence for higher local zoopl ankton production in 
Calcas ieu Lake . A rotifer survey of the general area in 
1 9 6 6 - 6 7  revealed maximum quanti tie s of  ma i n  spec ies  of  over 
2 , 0 0 0  individuals per l iter . More recently , Dr . S ti ckele of 
the Lou i s iana S tate Unive r s i ty Zoology Depa rtment , who has 
been directing a survey in the e s tuary , has recorded a re la
tively high numbe r o f  c opepods , f i sh , and benthic inver tebrate s 
( total we l l  over 10 0 spec i e s ; copepods approximate ly 3 0  specie s )  
( S ticke le , 1 9 7 6 ) . The zooplankton community i n  Lou i s iana 
coastal mar she s of a l l  s a l i nity is es timated to average 2 5  
grams o f  organic material/m2 /yr . 

The Gu l f  o f f shore area ad j acent to southwe stern Louis iana 
extends over the cont inental she l f  to a distance of more than 
1 0 0  miles ( S tone and Robb ins , 1 9 7 3 ) . It  i s  important to 
c omme rc i a l ly important f i sh and inverteb rates such as me nhaden , 
Atlantic c roaker , mu l let , and brown and wh ite shrimp , e speci a l ly 
during winter spawni ng . Other specie s  are give n in App endix B . 5 ,  
Table B . 5 - 1 . Wide ranging f i sh such as ocean sun f i sh , oarfish , 
and king mackeral and sea mammal s  such as seals and wha les are 
a l so pre sent . Demersal f i s h  are abundant in d i f ferent areas 
on a seasonal ba s i s .  

Little benthic vegetation i s  pre s ent . Food webs are based 
large ly on phytoplankton . Ma j or spec ies  reported from higher 
sa l inities o f f shore in the Gul f  in the ge neral region of the 
Mi s s i s s ippi River discharge included : Nitz schia ser iata , 
Thalass iothrix frauenfeldii , Tha l a s s ionema ni t z s chioide s , 
Skeletonema costatrim , Asterione l l a  j aponica , c hattoceros 
affinis  and C .  diversus . Many burrowing f i l ter feeding 
anima l s  are found o n  the bottom . Such anima l s  as phoronids , 
pelecypods , and polychaetes are typ ica l .  
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There i s  a charac teri stic as soci ation of sedimentary in
ve rtebrates in the white shrimp ( Penaeus s e t i ferus ) ground s 
on muddy bottoms ( Hedgpeth , 1 9 5 4 ) . These extend to a 1 0  to 
1 5  fathom depth o f f shore . Included are the sea pansy , 
Ren i l la muleri ; Leptogorgia setacea , a gorgonian ; tube 
building worms of  the fami ly Onuphidae ; crabs of the genera 
Hepatus , Cal appa , and Persephone ; the anemone , Paranthus 
rapi formi s ;  and gastropod s such as Busycon , Murex , Do l ium , 
and Fasciolaria . The red hermi t crab inhab its the she l l s  of 
these s nai l s  commens a l ly with the porcel lan crab , Porc e l l ana 
sayana . The sea pansy seems to l i terally cover the bottom i n  
some locations . I n  add ition t o  the species c i ted above , the 
s tomatopod , Squ i l l a  empusa , i s  common , but it tends to occur 
in irregular coloni e s . Bottom communi ties in brown shrimp 
( Penaeus a z tecus ) areas di ffer espec ial ly in that Ren i l la 
i s  no longer prominant ; the Starfish As tropecten i s  abundant ,  and 
the bivalves , Pitaria cordata and Chione clenchi , are much more 
abundant far ther ot t snore tnan In wnl te snr lmp areas . 

The sand beach zone has a rich f loral and faunal community 
adapted to periodic expos ure to the atmosphere ( S tone and 
Robbins , 1 9 7 3 ) . Organi sms are pre sent in the inte r -
s t i tial spaces between sand grains . Many mol lusks , anne l ids , 
and crus taceans that bur row are pres ent i n  thi s  zone and it 
i s  critical to such fish as j uven i l e  pompano , gulf kingfish , 
banded drum , longno se ki l l i f i s h , and rough s i lver s ides . 
Amphipods ( e . g . , Orches tia grillus , o .  p l atens i s , and Talor
chestia longicornia ) are as sociated wi th windrows of  algae 
( S argassum in spring and various reds in wi nter ) ( Hedgepeth , 
1 9 5 4 ) . The gho st crab , Ocypode a lbicans make s burrows above 
the high tide l i ne s . Bottom organi sms i nclude Dinas which 
occurs in large beds and moves up and down with the tides . 
Off shore there are large populations of such bivalves as 
Di nocardium robus tum , Arca and Anadara ; predaceous gas tropod s 
such as Dos i nia and TeIIIna ; and echi noderms such as Me l l ita 
and Astropecten . 

Extens ive drained areas are present near the coast in western 
Calcasieu Pari sh . One section i s  near Ocean View Beach toward 
Sabine Lake and there is a sma l l er area bounded by the coast 
on the south and the Calcasieu Ship Channel on the east . 
These areas are used for cattle gra z i ng . 

Today the prairie areas are mainly agr icultural areas and 
improved pasture land . Natural prairie vegeta tion i s  predomi 
nantly switch gra s s  ( Panicum virgatum) , big blue s tem ( Andropogon 
spp . ) ,  I ndian gra s s  ( Sorghas trum avenaceum) , and prai rie 
wi ldgra s s  Sphenophol i s  ob tus ata ) .  Typical pasture species 
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are s ignal gra s s  ( Brachi ar i a  platyphy l l a  and goatweed ( Croton 
cap i tatu s ) . Tree s are found i n  sca ttered areas and around 
res idence s .  These trees are a mixture of oaks , ash , Amer i can 
elm ,  and s1Neetgum . F i ngers of pra i r i e  pro j ect down i nto the 
eastern part of wes tern Cameron Par i sh along Calcas i eu Lake 
and i nto the central and we s tern parts as wel l . 

D i scu s s i o n  of land vertebrates (b irds , mammal s ,  amph i b i ans 
and repti l es i s  def erred to Section B . 2 . 5 .  2, Terrestr i a l  
vertebrate s of  the Texoma Reg i on ) . Water fowl and aquat i c  
and sem i-aqua t i c  mamma l s , repti les , and amphib ians are 
covered by thi s  d i scus s io n .  Other sec t i ons dea l w i th com
mer c i a l ly important pl ants ( B . 2 . 5 . 3 . l ) and anima l s  ( B . 2 . 5 . 3 . 2 )  
and recreat i onally important anima l s  ( B . 2 . 5 . 5 ) . 

B . 2 . 5 . 2 . 2 Character i s t i c s  of Ecosys tems i n  Western 
Calcas i eu Par i sh 

The larger part of the vegetati on of  we s tern Calcas i eu Par i sh 
i s  compo sed of spec i e s  present i n  crop lands and pasture tracts 
der i ved from coastal pr a i r i e . Rice and soybeans are the mai n  
crops a l though some other crops also are cultivated . 

Pasture gras ses  genera l ly i nc lude s ignal grass and goatweed . 
Where natural pr a i r i e  gra sses  rema i n ,  swi tch gra s s  ( Panicum 
virgatum) , b i g  blues tem ( Andropogon spp . ) ,  Ind ian gra s s  
( Sorghas trum avenaceum) , and prairie w i ldgrass ( Sphenopho l i s  

obtusata)  are characteri s t i c ally prevalent . Many dabbl ing 
ducks and geese feed in the prairie and rice f i e lds . The 
Fulvous Tree Duck , a long-l egged goo se-l ike bird , commonly 
breeds in rice f ields . Birds , mammal s ,  repti les and amphibi ans 
of the coastal prairie communi ties are d i scussed further under 
section B. 2 . 5 . l  ( Terre s trial vertebrates of the Texoma Region) . 

A var iety of forest types are represented in wes tern Calcasieu 
Par i sh .  The bottom land forests fall  into es sentia l ly three 
categories : loblolly pine-oak bo ttomland s tands , cottonwood
sycamore-wi l low bottomland hardwoods , and cypre s s  swamp forests . 
Character i s tic spec ies in the loblol ly-oak as soc iation inc lude 
water oak , cherry bark oak , and hawthorns along the we s t  Fork 
Calcasieu River in northeas tern western Calca s i eu Parish and 
a north-south tr ibutary of the Hous ton River ( B ear Head Creek ) 
in northwe stern western Calcas i eu Parish . Both the Hous ton 
and Wes t  Fork Calcasieu River are tribut aries of the Ca lcasieu 
River . Other types of  trees which may be pres ent inc lude other 
oaks ( Nuttal l ,  cow , overcup , Shumard , l ive ) Hackberry , honey 
locus t ,  elms ( Amer ican and winged ) , magno l ias , hi ckory , and 
beech . 
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Along the Sabine River and the Calcas ieu River flood plain 
above Lake Charles , there are active sedimentati on zones where 
species in the cottonwood- sycamore-wil low as sociation are 
found . The main types o f  pl ants in these situations are : 
cottonwood,  American sycamore , red gum ( sweet gum ) , black 
willow and sandbar wi llow ,  blackberry , s and prive t ,  honey 
l ocust ,  and water locus t .  The wi l lows are dominant . 

Swamp fore st i s  found in the general area o f  the sedimentati on 
zones c ited above but where there are more s table conditi ons . 
Representative p l ants include bald cypres s , tupelo gum , swamp 
red maple , swamp oak ,  water ash ,  pumpkin ash ,  Virginia wil low , 
and button bush . 

Swampy , poorly-drained areas along the northern parts o f  
western Calcasieu Par i shes away from watercourses support 
fl atwood vegetation where undisturbed . certain oaks ( Southern 
red , post , black-j ack and wi l low ) general ly begin the fores t  
succes s i on after clearing or burning . Disturbed areas are 
frequently used as pasture . Natural vegetation includes : 
l ongleaf pine with wiregras s and palmetto , s lash pine , cyp re s s ,  
swamp b l ack gum , magnoli a ,  water oak ,  swamp red maple , green 
ash , red gum , honeysuckle , huckleberry , and azalea . 

Longleaf pine i s  managed for timber production in some sections 
of the fl atwoods area . However ,  timber production i s  qui te 
l imited . Calcas i eu Pari sh i s  one o f  the are as in the state 
which i s  not p art o f  a fores try ( Newton , 1 972). 

Dredged s ediments trans ferred to waterway banks or used as 
fi l l  have created new habitats . Main examples of the creation 
o f  such new habitats in western Calcas i eu Parish include the 
spo i l  banks al ong the Intracoastal waterway and the Calcas ieu 
Ship Channel . A l arge i s l and ( Choupi que I sland ) north o f  
Calcas i eu Lake and adj acent to the Ship Channel has al s o  been 
built up by fil l ing with dredged material . 

The spoil banks along the l CW in western Calcas i eu Pari sh 
have not been disturbed by addi tion o f  new spo i l  within at 
least the past 30 years . The total area o f  the se di spo s al 
areas i s  2,892 acres . Dredged material was placed on both 
s ides o f  the waterway and is  bordered by cleare d ,  generally 
cuI tivate d ,  l and ; brackish marsh; intermediate marsh,  and 
fresh marsh . Width of the spoi l  areas varies from about 
100 feet to 1/4 mi le . The spo i l  i s  not continuous along the 
waterway . 
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The vegetation on the banks of the I CW i s  dependent on 
several factors , i nc lud ing time s ince d i s turbance , drainage 
( a s  inf luenced by s o i l  character i s ti c s  and elevation) and 

characteri stics of the ad j acent landscape , espec ially the 
salinity of the water . S i nce l i ttle dis turbance has oc curred 
for at least 3 0  years , suc c e s s ion has proceeded to a near 
c l imax s i tuation , except on maintai ned rights-of-way which 
are periodically mowed . From 1 0 0 0  feet wes t  of Black Bayou 
Cutoff to the Texas border , right-o f-way i s  maintained by 
the Co lonial Pipe l i ne Company . In the s e  areas , vegetation 
is kept in an early s tate of  succe s s ion by periodi c mowing 
to maintain acc e s s ibi l i ty to the i r  p ipeline . 

Dredged material areas support a wide range of spec i e s , 
parti cularly pioneer spec ies which i nvade dis turbed s i tes . 
Tal ler vegetation i n  these areas inc ludes eastern bac char i s  
o r  s e a  myrtle ( Bacchar i s  halimi f o l ia ) , marsh elder ( Iva 
frute scens ) ,  wax myrtle ( Myric a cerifera ) , black wi l low 
( S alix nigra ) , ro s eau ( Phragmi tes communi s ) , rattlebox 
( Daubentonia texana ) , sweet acac ia ( Acacia angu s ti s s ima ) , 

and bush palmetto ( S abal minor ) . S hrubs mo s t  frequently 
obs erved along I CW dispo s a l  areas are eas tern bacchari s ,  
marsh elder , and e lderberry ( S ambucus canadens i s ) . Common 
ground cover spec ies a long the I CW are blackberry ( Rubus 
dup lari s ) , roseau , ironweed ( S ida rhombifol i a ) , broomsedge 
( Andropogon virginicus ) ,  g i ant ragweed ( Ambros i a  tri f ida)  , 
common ragweed ( Ambro s i a ar temi s i i folia) , and camphorweed 
( P luchea c amphorata ) .  Low- lying d i sposal areas bordering 

marsh lands often support th ick c arpe ts of  a l l igatorweed 
( Al ternanthera phi loxeroides ) wi th typical marsh spec ies 
inter spersed . 

Old dredge material embankments bordering brackish to inter 
mediate marsh supports vegetation d i f f erent from the mar s h  
itsel f ,  inc luding sweet acacia , sedge ( Cyperus articulatus ) ,  
rattlebox , roseau , brooms edge , rushes ( Juncus spp . ) ,  mar sh 
elder , sea myrtle ( Bacchari s  halimi fo l ia ) , peppergra s s  
( Lepidium virgi nicum , and vervain ( Verbena bras i l iens i s ) . 
The mos t  common spec ies on disposal s i tes  i n  brack ish areas 
inc lude mars h  elder , eas tern bacchari s ,  wiregras s  ( Sparti na 
patens ) , Bermuda grass ( Cynodon dac tylon ) , blackberry and 
roseau , whi le s imi lar s i tes in the intermed iate marsh are 
cane ( S partina cynos uroides )  with ro seau and soft rush ( Juncus 
effusus ) sometimes a s s umi ng dominant s tatu s . 

Giant cutgras s  ( Z i zaniop s i s  mi l i acea ) , elephant ' s  ear ( Coloc a s i a  
antiquorum) , and b lack wi llow often domi nate the fresh mar sh/ 
canal i nterface along the I CW ,  with wi l low invas ion common in 
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some areas wher e water leve l s  are decreas ing . Although 
black w i l l ow domi nates most ICW di sposal areas in fresh 
mar sh s i tuations , tallow tree ( S apium sebi ferum ) . o f ten 
dominates some of the better-drained d i spo s al areas . 

Some dredged material disposal areas along the ICW are 
currently be ing managed for improved �as ture with vegetation 
be ing s imi lar to other managed coas ta l  pastures , i nc ludi ng 
such spec ies  as Be rmuda gras s ,  S t . Augus tine gras s  ( Steno
taphrum secundatum ) , white c lover ( Tr i f o l �um repens ) , re
versed c lover ( Tr i fol ium resup inatum) and various weedy 
annua l s . 

Dredging a long the Cal casieu Ship Channe l north as far as 
the salt water barrier , which spans Calcasieu River above 
Lake Charles , occurs on a var iable bas i s . Spo i l  banks i n  
var ious stages o f  revegetation are present a long nearly the 
entire extent of thi s  channel in western Calcas i eu Parish in  
cl ose proximi ty to the l ake s ( Mo s s  Lake , P rien Lake , Lake 
Charles ) along i t .  Revegetation results i n  generally the 
s ame plant types as those pres ent on spo i l  banks along the 
ICW .  P lant populations usually deve lop within 1 2  to 1 8  months 
fol lowi ng depo s i t ion of new sediment . 

A number o f  cana l s  have' been dredged i n  approximately the 
southern two-thirds of wes tern Calcas ieu Pari sh . The levees 
produced as a result suppor t vege ta tion s imi l ar to that of 
natural levees ( U . S .  Army Corps of  Engi neers , 1 9 7 5 ) , if they 
are not mowed . Thi s genera l l y  can include loblo lly p ine , 
water o ak , cherry , bark oak , overcup oak , red gum , pers immon , 
hackberry , and butter pecan and o ther trees ( Newton , 1 9 7 2 ) . 

As mentioned , brack i sh , fresh , and intermediate marsh types 
are present along the I ntracoas tal wa terway . They a l so extend 
away from the Calcas ieu River and the l akes on i t  in  Calcas i eu 
Par i sh and away to a l imi ted d i s tance inland from the channe l s  
o f  other water cour se s  connec ted to the river and lakes . The 
biota of these mars h  types has been di scussed in the regional 
environmental description pertaining to wes tern Cameron Parish 
( Section B . 2 . 5 . 2 . 1  and Appendix K . l ,  Table K . 1 - 2 , vertebrates of 
the Texoma region except fish ( S ection B . 2 . 5 . 2 . 5 ,  commerc i a l ly 
important anima l s  ( S ection B. 2 . 5 . 4 . 2 ) , and recreationally 
important spec ies  ( S ec tion B. 2 . 5 . 5 ) . 

The Calcasieu River ; l akes on i t ;  tributary bayous and canal s ;  
the tributaries , the Hous ton River and the west Fork Calcas ieu 
River ; and branches o f  tr ibutaries are the main bodies  of  
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water in western Calcas i eu Pari sh . A few small natural lakes 
and impoundments are also present . Most of the runo ff in 
western Calcas ieu Pari sh is toward the Calcas i eu estuary , 
rather than that o f  the S ab ine . 

The C alcas i eu River within the pari sh i s  general ly bracki sh 
from the southern boundary north to Lake Charles , although 
the s al inity fluctuates greatly . S al ini ty intrus ion above 
thi s  level i s  less  frequent and i s  presently control l ed during 
the rice growing season by clos ing the gates in a salt water 
barrier near the town o f  Westlake . The S abine River i s  also 
sometime s bracki sh for some di stance north past the s outhern 
boundary o f  Calcas i eu Pari sh . 

Depending on s al inity and other conditions , estuarine
dependent , somewhat sal inity-tolerant fre shwater , and s al inity
into lerant freshwater bi ota are present in the water bodies .  
E s tuarine-dependent or characteristic fish and invertebrate s 
are general ly present northward into Lake Charles on the 
Calcas ieu River . The s e  estuarine forms have been described 
in the s ection on western Cameron Parish ( B .  2 . 5 . 2 . 1 )  and 
Appendix K . 2 ,  Tab l e  K . 2 - 1 . 

Many o f  the freshwater fish whi ch are expected to be present 
are l i s ted along the types o f  habi tats with whi ch they are 
associated wi thin Appendix K .  5 ,  Tab l e  K . 5 - 1 . Maj or forms 
include blue and channel catfi sh ( I ctalurus furcatus and I .  
punctatus ) ,  largemouth bass (Micropterus s almoides ) ,  sunfish 
( Le�omis spp . ) ,  gar ( Lepi s o s teus spp . ) ,  mo s quito fish (Gambus i a  
affl.nis ) ,  Fundulus spp . , freshwater drum (Aplodinotus 
grunniens ) and buffalo ( I ctiobus spp . ) .  

Sunfish have their development l imited by about 5% s al inity 
and adults found at thi s  s al inity and above generally are 
stunted . C atfish can sp awn at up to 2 ppt succes s fully but 
generally are reproductive at mostly lower s al inity leve l s . 
The s e  fi sh become more to lerant o f  s al inity as their develop
ment proceeds . Largemouth bass  cannot reproduce at s al inities 
above 5 ppt and usually spawn in locations where s al initie s  
are 3 ppt or less . The other main species l is ted also 
gen�rally spawn in low s a l ini ty ,  if not fresh water . However 
the alligator gar i s  more to lerant . 

A partial l i st o f  fish col lected from the S ab ine River i s  
presented in the s ection o n  Impo rtant Recreational species 
in the Region ( B . 2 . 5 . 5 ) . Calcas i eu Parish and Orange County 
share the S ab ine River as a common border . A dis cus s ion 
appears in the des cription of Orange County Ecosystems 
( S ection B . 2 . 5 . 2 . 3 ) .  Data on S ab ine River pl ankton 
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and benthic fauna are a l s o  pres ented in the Orange County 
d i s cu s s ion . Brackish water benthic plants and anima l s  have 
been di scussed in the wes tern Cameron Parish eco sytem 
de scription ( S ection B . 2 . 5 . 2 . 1 ) . 

Benthic invertebrates c o l l ec ted near the generally brack i sh lCW 
in wes tern Calcasieu P ari sh inc luded the mo l lusk P s eudocyrena 
f loridana ; the o l i gochaetes , Limnodr i lus sp . and P e loscolex 
sp . ;  the polychaetes , Loandal ia fauve l i  and S abe l lides oculata ; 
the amphipod , Gammarus sp . ;  and the d ipteran , Chironomus sp . 
( U .  S .  Army Corp s of Engineers , 1 9 7 5 ) . The l CW i s  near the 
southern boundary of the pari s h . Dipterans ( f l i es , mo squitos , 
midges , and gnats ) are among the mo s t  important aquatic insects . 
Many larval midge species are benthic ,  but mo squitos are found 
in the water column ne ar the surface . The phantom midge 
migrates between the bottom and other parts of the water column . 
The ma j or i ty of f ly and gnat species  are terre s trial during 
a l l  l i fe s tages . Common midges inc lude : Pentaneura , Tendipe s ,  
Proc ladius , Cryptochironomus , Coelotanypus and Polypedi lum . 
Other benthic l arval insects inc lude dragonf l i e s  ( e . g . , 
Cannac ria , Erythemi s ,  Pachydip lex , and Perithemi s ) , dams e l f l i e s  
( E nal lagma and l schnura ) , may f l i es ( Rphemoptera ) ,  c addi s  f l i e s  
( Trichoptera ) ,  and dobson f l ies  ( Megaloptera ) . Mature i nsects , 

mos t  of which are not benthic inc lude such forms a s  giant 
water bugs ( fami ly Belos tomatidae ) ,  water scorpions ( fami ly 
Nepidae ) , back swimmers ( fami ly Notonectidae ) , water s triders 
( fami ly Gerridae ) , water boatmen ( fami ly Corixidae ) , and ripple 

bugs ( family Ve lidae ) . Thi s information on insects was a s s emb led 
by the U .  S .  Army Corp s o f  Engineers ( 1 9 7 5 ) . 

The insects are s igni f icant compone nts of freshwater food webs . 
The benthic one s are genera l ly scavengers , but many of the 
others are predators . Othe r benthic anima l s  important in 
freshwater hab i tats inc lude crayfish ( Procambarus c lark i i ; P .  
b landingi ; spe c i e s  in the genera Orconectes , Camb arus ,  and-
Cambare l lus ) . The crayfish feed on a variety of organic 
materials inc luding decompos ing material i n  detr i tus . They are 
used as food by f i sh , turtles , snakes , rac coons , mink , man , 
and other vertebrates ( U .  S .  Army Corp s of  Engineers , 1 9 7 5 ) . 

Other important freshwater benthic group s inc lude ol igochaetes 
( e . g . , tub i f i c id s  or s ludgeworms ) ,  i s opods ( Cyathura and 
Edotea ) , amphipods ( Corophium , Ac anthohau s torius , Monocu lodes ,  
Orchestia , Hyale l la , Gammaru s ) , leeches e . g . , ( P lacobde l l a , 
Macrobdel la , and P i s cICOlaI ,- and mo l lusks ( Li ttorina and 
Corbicula ) . These benthic animal s  feed mai nly on de tritus 
and bac teria and algae except for the leeches which paras i ti ze 
vertebrates ( Corps of  Engineers , 1 9 7 5 ) ) .  
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Regional vertebrates except f i sh , are d i s cu s s ed separately 
i n  Section B . 2 . 5 . 2 . 5 ( Terre s trial Vertebrates of the Texoma 
Reg ion ) . The d iscus s ion i s  by the hab i tat types with which 
these vertebrates are as soc iated . Commerc i a l ly important 
spe c ies  are di scu s s ed in Sec tion B . 2 . 5 . 4 . 2 and recreationally 
important spec ies are d i s cu s sed in  Section B . 2 . 5 . 5 .  

Phytoplank ton col lected from the I ntracoa stal waterway inc lude 
diatoms , blue-green algae , green algae , and yel low-green algae . 
The diatoms inc luded : Navi cula spp . , Cyc lote l la sp . ,  Me los ira 
granulata , sma l l  unknown pennates , Nitz schia seri ata , Me lo s i ra 
varians , and Synedra ulna . The b lue-greens included Anabaena 
sp . •  Chroococcus sp . , and Nos toc sp . The green alga was 
Shroederia seti gera and the ye l low-green ( Chrysophyceae ) was 
D i nobryon sp . Phytoplank ton data are not avai lable for mo s t  
o f  the fresh water bodies of  wes tern Cal c a s i eu P ar i sh . D iatoms 
and blue-green , and green algae have been reported from the 
S ab ine River , as di scus sed in Section B . 2 . 5 . 2 . 3 ( character i s t i c s  
of ecosys tems in  Orange County ) . 

The mo st common phytop lankters i n  s tanding and s lowly moving 
water identi fied in  a study i n  e astern Lou i s iana included the 
diatoms , Mel o s i ra spp . , Coscinodi scus spp . , and P l euro s igma 
spp . ; the green algae , Sc enede smus spp . , Pedias trum spp . and 
S tauras trum spp . ; and the blue-green algae , Anabaena spp . and 
O s c i l latoria spp . ( U .  S .  Army Corps of  Engineers , 1 9 7 5 ) . Other 
genera wh i ch may be present inc l ude the diatoms , Asterionel l a ,  
Tabe l l ar i a , and Fragi lari a ; Chrysophyc eae such as Di nobryon 
and Uroglena ; colonial green algae such as Vo lvox , Pandorina , 
and Eudorina ; d ino f l ag e l l ate s such as Ceratium and Peridi nium ;  
and other s ( Hutchinson , 1 9 6 7 ) . 

For the mos t  part the se a lgae may a l so be present in somewhat 
brac k i sh to brac k i sh water . The phytoplankton of  these higher 
sal inities have been discu ssed in S ection B. 2 . 5 . 2 . 1  ( Charac ter
is t i c s  of Ecosys tems in  We s tern Cameron Pari sh)  . 

Zooplankton c ollec ted from the I ntracoastal Waterway included 
copepods , c ladocera , roti fers , os tracods , and mi s c e l l aneous 
forms . The copepods i nc luded th e calano ids , Eurytemora 
affini s , a D i aptomus spec ies , and copepodids ; the cyc lopoids , 
Eucyc lops agi l i s  and unidenti fied copepodids ; and unidenti f ied 
naupl i i . The C l adocera included Bosmina coregoni ,  Daphnia 
pulex , Chydorus sphaer icus , Alona monacantha , Eurycercus 
lamellatus , and three unidenti fied spec i e s . The roti fers in
c l uded Brachionus bidentata , Kerate l l a  cochlear i s , Asplanchna 
sp . ,  Lecane luna , and an unidenti fied specie s . Other p lankters 
no ted inc luded an os tracod species  and mi s c e l l aneous unidenti fied 
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forms . These groups are a fre shwater a s s emb l age and pro
bably representative of  the freshwater zoop lankton throughout 
mo s t  of western Calcas ieu Parish . Brackish to mar i ne zoo
p l ankton are discus sed in Section B . 2 . S . I . 1  ( Characteri s ti c s  
o f  Ecosys tems in Wes tern Cameron Pari s h )  and mos t  a r e  l i s ted 
i n  Appendix K . 4 ,  Table K . 4 - 1 . 

B . 2 . S . 2 . 3 Charac ter i s tics of  Ecosys tems in Orange County 

Meanderbe l t  sand depo s i ts together with barrier- strand-plain 
s ediments form the bas i s  for tree-covered belts extending 
northward from a southern s trip of  marshlands which border 
Sabine and Neches Rivers and an acre of prairie to the nor th 
of the marshlands . The meanderbel t  sand has developed into 
mature , permeabl e ,  wel l -drained soi l s  whi ch support pine-hardwood 
fore s t . The barr ier-s trandplain depo s i ts in the north-central 
part of  the county support extens ive oak cover . 

Prairie areas in the county are found on mud-ba s ed soi l s . 
Local inland s tretches of  prairie with gra s s es and scattered 
tree s are the c l imax above floodplain mud sediments which were 
depos i ted between the meanderbelt s and so i l s  di s c u s s ed above . 
De l taic interd i s tributary mud and c l ay repres ent the origin 
for the large s t  amount of prai rie s o i l  i n  the county . This 
origin for prai rie i s  typical for the eas tern part of the 
county whi le prairie s temming meanderbelt from f loodp lains 
i s  mainly in the wes tern ha lf . I nterd i s tributary pr airie so i l s  
are dark , fert i l e , and highly productive when employed a s  crop
land . The abandoned d i s tributary channe ls  are f i l led in wi th 
mud for the mo s t  part . P ine s and hardwoods grow i n  the s and 
and s i l t  s o i l s  formed from those parts of the ancient d i s tri
butary channe l s  which are s t i l l expo sed . Otherwi s e , the na tural 
vegetation o f  the fi lled i n  c hanne l s  i s  prairie conti nuous 
with adj acent i nterd i s tr ibutary prairie . 

The trees i n  the forest sys tems and the grasses of  the prai rie 
sys tems in the county are e s s ential ly the same as tho se l i s ted 
for s imi lar systems in we s tern Calcas ieu Pari sh ( Section 
B . 2 . S . 2 . 2 ) .  The general fore s t  type s and representative 

organi sms in the forest types are given in Figure B . 2 - 1 9 . Mar sh 
and prairie areas are a l so shown on the same figure . 

De lta mud compac tion and subs idence has occurred i n  the marsh 
areas along the Sabine and Neche s Rivers i n  the southern par t 
o f  the county . The mud and restric ted to local area s , sand 
parent materia l s  have been greatly a l tered by accumulations 
o f  organic material from the marsh vegetation . Thi s marsh area 
is greatly a l tered along the Sabine and Neches River banks and 
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the banks of Cow and Adams Bayou by dredged spo i l  disposal 
banks i n  various s tages of  succe s sion . A plant spec ies com
posi tion is present in such areas which is s imi l ar to the 
s pec ies mentioned as present on dredqe di sposal areas i n  
we s tern Calca s i eu Pari sh ( Section B . 2 . 5 . 2 . 2 ) . The organi sms 
charac ter i s tic of the dif ferent marsh type s have been d i s 
cu s sed in relation t o  wes tern Cameron Par i sh except for a 
d i s tinc tive vegetation a s s emb lage c a l led high mar sh pre sent 
on higher elevations within the general marsh area . Th i s  
a s s emb l age i nc ludes ferns , gra s s es , trees and weeds and weed
l ike spec ies . These are l i s ted in Table K. 6 - 1 , Appendix K. 6 .  
Vertebrates apart from fish are di scus sed i n  section B . 2 . 5 . 1 . 5  
( Terrestrial Vertebrates of the Texoma Region ) . 

Typical recreational Iv important fish from the S abine River are 
l i s ted in Sect ion B . 2 . 5 . 4 . 2 .  These col lections were made up
s tream of  Orange County below the To ledo Bend Reservoir . Other 
f i sh recorded from the same location inc lude : the spottai l 
shiner , bul lhead mi nnow , gi z z ard shad , che s tnut lamprey ( attached 
to smal lmouth buf falo ) , threadfin shad , Hybognathus sp . , 
s peckled chub , golden shi ner , emerald shiner , ghost shiner , 
red shiner , Sabine shiner , redfin shiner , blacktai l shiner , 
mimic shiner , pugnose mi nnow , suckermouth minnow , mo squ i to f i sh , 
blacks tripe topminnow , blackspotted topminnow , western sand 
darter , scaly s and darter , and the r iver darter ( Lantz , 1 9 7 0 ) . 
Salinity-tolerant or e s tuarine f i sh which might be present in  
watercourses and nonfresh marshes i n  the southern part of the 
county have been largely di scus s ed in connec tion with wes tern 
Calcasieu ( Section B . 2 . 5 . 2 . 2 ) , and we s tern Cameron Parish 
( S ection B . 2 . 5 . 2 . 1 ) . 

Lantz ( 1 9 7 0 ) , surveyed p l ankto n  and benthos in the S abine River 
as wel l  as fish . The fol lowing resu l ts of the survey are from 
a s tation approx imately 1 8  air mi les north of the j unction of  
the I ntracoastal Waterway with S ab i ne Lake . 

Net plankton counts and net and nannop lankton * concen trations 
( gm/m3 ) are given in Table B. 2 - 5  and Figure B. 2 - 2 0  re spectively , 
for thi s location . Net p lankton counts and weights ( a  no . 2 5  
net was u sed ) , were lowe s t  dur i ng late f a l l  and winter of each 
year with productivi ty increa s i ng by February of  each year . 
However , dur i ng the warm month s  produc tivity i s  variable , with 
counts and weights showing sporad ic pulses with no predic table 
trend toward summer maximum productivi ty . S imi l ar trends were 
seen for nanno pl ankton weights . Mean s tudy gravimetric resu lts  
showed . 1 2 4  gms/m3 for net plankton as  oppo sed to 3 . 4 9 6  gms/m3 
for nanno p l ank ton . Ro ti fers , e spec ially the genu s  Kerate l l a , 
dominated the zooplankton duri ng peak occurrence of  zooplankton . 

*n annopl ankton - P lankton wh ich pas s through a # 2 5  bo lting c loth 
Wi scon s in style p l ankton net . Ne t p l ankton are retained by thi s 
s i z e  net . 
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Chrysophyta ( ye l low-green a l gae ) , was the dominant algal group , 
with high counts of  Pennal e s  sp . and le s ser numbers of Synura 
sp . dur ing phytoplankton pulses . Other algal groups re
pre sented were Chlorophyta ( Green algae ) and Cyanophyta ( b lue
green algae ) , with the former present dur i ng three to four 
months of the year and represe nted by spec ies of Spirul ina and 
Chroococcus . 

Table B . 2-6 represents pigment analys i s  for the lowes t  s tat ion 
of  Lantz ' s  s tudy ( Lantz , 1 9 7 0 )  and indicate s plankton pulses 
in the S ab i ne River vary i ng from month to month , with the 
lack of an extended per iod of plankton p roductivity duri ng the 
spring and summer of each year probably assoc iated with s tream 
d i scharges of turbid water s during per iods of h igh flow .  

Data are al so presented on the bottom fauna i n  Table 
The ma j or groups repre s ented were the Tub ific idae ( a  
Ol igochaete worms ) , and Chironomidae (midge l arvae ) . 
were no t adequate to de termine productivi ty . 
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B . 2 . 5 . 2 . 4 Character i s t i c s  of  Eco sys tems in Je fferson County 

Je f ferson County i s  located in southeast Texas on the Texas
Loui s iana border . The county is bounded on the south by the 
Gu l f  of Mexico . 

�co sys tems d i s tribut ion in the county i s  partially determined 
by elevation and proximi ty to the Gul f . Ecosys tems extend in 
a trans it ion from lowland salt and brackish water marshes near 
the coast , through bracki sh-to- fre sh water marsh systems whi ch 
occur further inl and , to prairie gra s s land sys tems of  central 
Je fferson County , and final l y  into the mixed pine and hardwood 
forests  of the upland areas of northern Je f ferson County . The 
d i s tribution of the se ecoys tems are shown in Figure B . 2 - 2 1 . 
A genera l textual di scus s ion of  each eco system type i s  pres ented 
l ater in thi s sect ion . Total acreage for each ecosys tem as 
we l l  as the domin ant plant species are l i s ted in Appendix K . 7 . 
Tab le K . 7 - 1 . Terre s trial vertebrate s are discussed in Sec tion 
B . 2 . 5 . � . 5 . 

S everal aquatic ecosys tems occur within Je fferson County or in 
the o f fshore areas through which br ine d i sposal p ipe l i ne s  would 
be p l aced . The floral and faunal compos i tion of  the se aquatic 
ecosys tems is related to the sal inity regimes present . The se 
water bod ies are both natural and cons truc ted . 

The natural water sys tems inc l ude three zones in the Gu l f  of  
Mexico ; S abine Lake ( 1 0  to  20  ppt average salinity ) ; and fresh
to-brack ish water bod ies wh ich inc lude lakes , ponds and s loughs 
o f  abandoned c hanne l s . Many o f  the fresh-to-brackish water 
ponds and l akes occur in the coas tal lowlands between the 
lCW and the Gul f  in the southern portion of Je fferson Coun ty . 
The s e lakes and ponds are land locked but they ac cumulate s a l t  
water fol lowing high tides and storms . 

The princ ipal fresh water s treams o f  the area are the Neche s 
River , wh ich mark s the eas tern border of  Je fferson County , 
Taylor Bayou , and the H i l lebrant Bayou . They are influenced 
by tides in their lower reache s and are c l a s s i f ied as e s tuarine 
in these are a s . 

Arti f ic ial water bodie s include cana l s  and re servoirs , whi ch 
genera l ly contain fresh water , and the l CW ,  which i s  brack i s h . 
Much of  the county ' s  area which i s  covered by reservo i r s  i s  in 
the J .  D .  Murfee S tate Wi ldl i fe Management Area . 
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Table K . 7 - 2  in Appendix K . 7 , l i s t s  the dominant f l oral and 
faunal spec ies for the aquati c  ecosystems in or directly o ff
shore of  Je fferson County . The se and the other ecosys tems of 
the c ounty are de scribed in detai l  in the following section s . 

Prairie Gras s lands 

Of the 9 5 1 square mi les  ( 6 0 8 , 7 0 4  acre s )  in Je f ferson County , 
5 7 7  square mi les  were prairie gra s s l and i n  the i r  natural s tate . 
Mo st of  thi s prai rie l and has been converted to c ropl and and 
pasture land . 

Prairie vegetat i on i s  dominated by tall gr a s s e s , but trees and 
brush ar e found in scattered areas on higher ground and around 
res i dences . Dominant speci es  of mamma l s  inc lude rabbits and 
rodents ,  and dome stic l ivestock which graze on the prair i e  
gras ses . Bi rds in thi s area inc lude several spec i e s  of upl and 
game b i rd s and numerous sparrows and bl ack birds . Soi l s  on 
this terrain are c l ayey in texture , with high water holding 
capaci ty and poo r drainage characteri s t i c s . 

Crop land 

Fi fty- four percent of the l and in Je fferson County is farmland , 
mos t  of  which has been deve loped in the prairie gra s s land areas 
o f  the county ( F i sher , et  al . ,  1 9 7 3 ) . Crops incl ude rice , 
soybeans and hay . The fauna tends to i nc l ude spec ies immigrating 
f rom surrounding ecosystems and is s imi lar to that of  the 
prairie g ra s s lands . Ri ce fie lds are favorite feeding grounds 
for gee se and ducks in winter months and the se areas are often 
used for hunting ac t iviti e s . 

Pasture land s 

Much o f  Je f ferson County i s  used for beef cattle graz ing . These 
cattle are primari ly mixed-breed Brahmans which are hearty 
enough to r e s i s t  insect and humi di ty problems ( Ke l ly , 1 9 7 7 ) . 

Much cattle graz ing occur s in the prairie grass l and systems , but 
cattle are a l s o  g ra z ed on cordgras s  and other components of the 
low lying mar sh ecosystems along the coas t .  The marsh systems 
h ave low p roductivity in terms of c attle graz ing wi th as much 
as 20  acres requi red to sustain one steer ( Kel ly , 1 9 7 7 ) . 

Wooded As semblage s 

Three ecosys tems in wh ich the vegetation i s  dominated by trees 
are found in Je ffer son County ( See F igure B . 2 - 2 1 ) . The s e  
habi tats are swamps , f luv i al wood l ands , and the mixed pine
hardwood a s soc iation . Swamp s ,  which extend inland from fresh
water marshes , have developed in poorly dra ined , high water 
table are a s  adj acent to maj or streams . F luvi a l  woodlands 
are usua l l y  found s lightly upl and to or further away 
from a water body than swamp s .  They contain water- tolerant , 
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as opposed to water-dependent p lants . The third wooded ecosys tem 
occur s primari ly in the upland regions of  northern Je f ferson 
Coun ty and con s i s t s  of  mixed pine and hardwood a s sociation s , as 
oppo sed to water dependen t p l ants . 

Approximate ly 3 , 8 4 0  acre s o f l and' in Jefferson County are 
c overed by swamps ( F i sher , et al . ,  1 9 7 3 ) . They occur primari ly 
a long the upland reache s of  the Neche s  River and Taylor Bayou . 
The frequency and duration o f  inundati on by water o f  the se 
areas are maj or factors in determining speci e s  compos ition . 
Spe c i e s  are l i sted in Tab le K . 7 - 1 ,  Appendix K .  A d i s t inction 
should be made between deep swamp s , which are perpetually in
undated , and whi ch are dominated by bald cypre s s , water tupelo 
and water weeds ; and shal low swamps , in which soi l s  are better 
drained and the duration of  i nundat ion i s  shorter . Spec ies 
which dominate the s e  swamp s inc lude swamp tupelo , oak s , hickori e s , 
wi l low , and pecan s . 

F luvi a l  woodl ands are found on the better-drained bottomland 
s ites , whi c h  include tran s i tion areas from f lats to ridges . 
Approximately 3 . 5  percent of  Je fferson County i s  covered by 
thi s  wooded ecosys tem ( F i sher , et al . ,  1 9 7 3 ) . Maj or p l ant 
specie s ,  which are l i sted in Table K . 7 - 1 ,  Appendix K are adapted 
to l e s s  soi l moi s ture than species found in the swamp systems . 

More than 8 percent o f  the l and in Jeffe rson County i s  p i ne and 
hardwood forest ( F i sher , 1 9 7 3 ) , ( See F igure B . 2 - 2 1 ) . The 
dominant p l ant species many of  which are important commerc i a l ly , 
are l i sted i n  Tab le K . 7 - 1 , Appendix K . 7 .  The vegetation type s 
con s i s t  of  mixed p ine and hardwood as sociation , and are found 
primarily in the upland north and northe ast portions of the 
county . This a s s o c i ation i s  broken period i c a l ly by sma l l  
prairies whi ch s upport the gras s  as soc iations o f  the prairie 
gra s s land ecosystems . Extens ive s tands of  oak are pre sent in 
Lawhorn Woods , whi ch i s  located in the wes t- centra l part of 
the county . 

Marshlands 

Je f fe rson County include s approximately 1 2 8 , 0 0 0  acres of mar s h
lands . Four di stinct mars h  types , based p r ima r i ly on the vegeta
tion within the areas , have been designated as ( 1 )  fresh mar sh , 
( 2 )  intermed i ate mar s h , ( 3 ) brack i s h  marsh , and ( 4 )  s a l t  mar s h  
( Chabreck , 1 9 7 2 ) . Spec i e s  in these marsh types are presented 
in Table K . 1 - 2 , Appendix K .  Intermedi ate mar s h  is the mo st 
extensive marsh type for Jef ferson County , followed by brac k i s h  
marsh , f r e s h  marsh , and s a l ine marsh . 

B . 2 - 7 4  



Salt mar she s contain few plant specie s ,  but with inland succe s s ion 
from salt to fresh water mar she s , spec ies diver s i ty and as soci ated 
habitat complexi ty increa ses  s i gn i f i cant ly . Chabreck noted a 
five - fold increase in the number of p lant spec i e s  betwe en salt 
and fre s h  water mars h  systems in Lou i s iana ( Chabreck , 1 9 7 2 ) . 

Many aquatic an imal spe c i e s  use the marshes a s  nur sery areas . 
Fi shing , c rabbing , shrimping and s he l l fi shing operations in the 
area are indirectly dependent on the se marshes because mar shes provide 
sui table habi tat for the young of commercial spe c i e s  which later 
move into open water areas of  the e s tuari e s  and o f fshore . 

The se marsh areas provide winter ing grounds for several mi l l ion 
ducks and geese , and provide permanent habi tat for muskrat , deer , 
nutria , mink , racoons ( So i l  Conservation Service , 1 9 6 5 ) . Mos t  
waterfowl food plants are confined t o  fresh and brack ish water 
marshes and to other fresh water bodies and there fore the salt 
mar shes are used only to a l imited extent by migratory water fowl . 

Detritus from the mar shes furni shes the main bas i s  o f  the food 
web .  Phytoplankton may sometime s be loc ally abundant , but are 
never domi nating as on o f f shore area s . In general , the ir numbers 
and spe c i e s  diver s i ty are low . 

Zoopl ankton feed either on detritus , phytoplankton , or on each 
other and are fed upon in turn by the larger members of  the mar sh 
food web . 

Insects are also important members o f  the food web . Many 
commercial and sport f ishes , sma l l  mammal s , b irds , rept i l e s  and 
amphibians depend on them as a maj o r  food source . Such insects 
are largely  re s tr ic ted to terrestrial forms which feed on 
vegetat ion above the water l ine in areas where the water i s  
apprec iably sal ine . 

Salt mar sh occurs along the extreme coastal are a s  o f  Je ffer son 
County and a l so along the lower reache s of  the Neches River 
where it flows into Sab ine Lake . The speci e s  present inc l ude 
sa ltgra s s , wiregra s s , and saltwort . In  spite of the fact that 
the number of s pe c i e s  in salt marshes is low , the se mar shes 
are cons idered to be h igh ly productive areas and are an integral 
component of the food web s  of the Gul f-es tuarine comp lex . 
Dominant s pe c i e s  are l i sted in Appendix K , Table K . 1 - 2 . 

Brackish marsh covers approximately 6 percent o f  the land in 
Je fferson County ( F i sher , 1 9 7 3 ) . These mar shes have a wide 
s a l inity range of approximately 3 to 18 ppt with an average at 
about 8 . 1  ppt . Wiregras s  is generally cons idered to be the 
dominant spe c ie s . Other species inc l ude rushes and gras se s . 
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P lant spe c i e s  found in brack ish mar shes are indicated in 
Appendix K , Table K . 1 - 2 . Bracki sh marshes have secondary 
production which is equal to or greater than that of sa l ine 
marshe s ,  and may be espec ially important as a nursery area for 
shrimp and fish . Tidal influences are l e s s  s i gni ficant and 
water depths are usua l ly greater in brackish marshes than in 
sal ine mar she s . In general , the flora o f  the bracki sh 
marsh i s  more diverse than that of  the saline marsh . 

Intermediate marsh i s  the mo st predominant marsh type in 
Je f ferson County , covering 1 2 . 5  percent of  the total acreage , 
( F i sher et al . ,  1 9 7 3 ) . The se marshes contain wiregra s s , dee rpea , 
wi ld mi l l et , bullwhip , and sawgra s s . A more compl ete spec ies  
l i st i s  pre sented in Appendix K , Table K . 1 - 2 . The areas are 
characte r i z ed by a plant community with greater dive r s i ty than 
that of salt or brac k i s h  marshes and rel ative ly lowe r s a l initie s . 

Fre sh marshes cover approximately 9 . 5  thousand acres of land in 
Je f fer son County ( F i sher et al . ,  1 9 7 3 ) . Fre s h  water marshes 
border on cypre s s  swamps , with occas ional baldcypr e s s  tree s 
extending into the marsh area . Herbaceous plants characteri z ing 
this marsh type inc lude cattai l ,  roseau , arrowhead , p ickerelweed , 
softstem bulru s h ,  water hyac inth , marsh elder , and pa lme tto . 
Wil low thickets are common in some o f  the marshes . Some o f  the 
other s pe c i e s  pre sent are l i sted in Appendix K ,  Tab le K . 1 - 2 . 

waterway Banks and Dredge Spo i l  Are as 

A one to two hundred- foot wide spo i l  bank o f  dredge material 
forms the banks o f  the ICW . The se banks have an e levation which 
is greater than that of  the surrounding marshland . Dredge 
material i s  a l s o  found ad j o ining the spo i l  banks and on some 
areas average s 4 0 - 6 0  acres per mile . The width of  the se dredge 
material di sposal areas in the vic inity of the propo sed Big 
H i l l  pipe l i ne c ro s s ing i s  approximately 1 , 5 0 0  feet . 

The vegetation on the banks of  the ICW i s  dependent on several 
factors , i nc luding time s ince dis turbance , . drainage ( a s influenced 
by s o i l  character i st i c s  and elevati on ) , and characte r i s t i c s  o f  
the ad j acent land scape , e spec ial ly the sal inity of  the water . 
The dredge spo i l  embankments border ing the ICW are relatively 
barren areas . They are used locally for fi shing , and provide 
rest ing areas for water fowl . Where suc c e s s ion ha s occurred , 
the vegetation i s  di f ferent than that of  the surrounding brackish 
and intermediate mar sh . 

B . 2 - 7 6  



Dredge mate rial di sposal areas support a wide range o f  species , 
particularly pioneer spec i e s  which invade disturbed s i tes . 
Low lying di spo sal areas wh ich border the marshlands o ften 
support thick carpets of  a l l i gator weed with typical marsh 
spec i e s  intersper sed . 

Ocean Ecosystems 

Three fairly di stinct open-water oc ean ecosystems are as soc iated 
with the B i g  H i l l  fa c i l i ty . They are : upper shoreface , shore
face , and shel f .  Spec ies are l i s ted in Table K . 7 - 2 , Appendix K .  

The upper shore face i s  character i z ed by a sandy bottom , strong 
wave action , a surf z one , and shifting sands . The principal 
benth ic animal s inc lude : c lams , snai l s , urchins , star fish , and 
mud shrimps . This area extends to a depth o f  about 1 5  feet . 

The shoreface i s  an undi f ferentiated zone , ad j acent to the ebb 
tidal delta . The bottom type is predominately mud with a spar se 
amount of  sand and she l l  debri s .  The benth ic assemb lage is a 
compos ite o f  unvegetated coastal mudflats which inc lude s c l ams , 
Anach i s  snai l s , marine worms , crustaceans , and inner she l f  
fauna . The depth in this area ranges from low tide to about 
3 0  feet . 

The inner s he l f  has a depth greater than 3 0  feet with a mottled
mud bottom and a diver se  faunal a s semb lage . The principal genera 
inc lude c l ams , sna i l s ,  star f i s h , and urchins . 

Fresh to Brackish Water Lake s and Ponds 

Jef fer son County has approx imately 2 9  square miles of fresh- to 
bracki sh-water bod i e s  which include land locked ponds and lakes ; 
the ma j ority o f  which are loc ated in the coastal bracki sh-water 
marsh zone . These water bodies are shal low and increase in 
s a l inity fol lowing high tides and storms . The ponds have vegeta
t ional charac te r i s t i c s  s imi l ar to marshes of corre sponding 
s a l initi e s . The many fre sh and bracki sh water lakes , ponds , 
canal s ,  and bayou s sustain fish , a l l i gators , turtles , insec ts , 
and crayfi sh ( So i l  Con servation Service , 1 9 6 5 ) . 

E s tuar i e s  

Sabine Lake is the principal brackish-water body in the pro j ect 
area . The lake covers 100  square mi l e s , l e s s  than 50  percent 
o f  which is located in Je fferson County . I t  i s  c l a s s i f ied a s  
bay or es tuary with a salinity content ranging from 1 6 - 2 0  ppt 
at Sabine Pass  to near a ppt at the northern end of the lake , 
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ne ar the mouths o f  the Sabine and Neches Rivers . variations 
in s al inity are due to tidal and aeol ian ( borne or deposited 
by the wind ) factors , as wel l  as the fluvi al hydrologic regime 
o f  the drainage bas ins of the s abine and Neches Rivers . 
Species compos i tion i s  affected by the s e  s al inity characteri s 
tics . Unlike most estuarie s it does not have a l arge di ver
s i ty of envirorunents . Oyster reefs are not present in S abine 
Lake . 

The bottom substrate o f  S abine Lake has been changing in recent 
years from predominantly s and and she l l  wi th a scattering o f  
mud t o  mostly mud , espec i al ly i n  the wes tern portion o f  the 
l ake . This  is  due to a large extent to spoil  depos ition with 
sub sequent eros ion , and runo ff from dredged materials which 
were not properly leveed . Other caus al agents invo lve the 
fai lure o f  the levees surrounding dispos al areas and the 
altered ci rcul ation patterns resulting from i l l - advised p l ace
ment of spo i l . The high turb idity resulting from these 
activities has caused a rather severe reduction in the number 
o f  benthic organi sms in the Sabine-Neches Water area . 

S ince 1 9 6 6 , there has been a precipitous decline in the annual 
whi te shrimp harvest from S abine Lake . In  1 9 7 3 , no white 
shrimp were recorded as being harves ted from Sabine Lake . 
The l ake i s , however ,  the third largest producer o f  crabs in 
Texas ( 1 , 3 5 8 , 2 0 0  pounds annually ) .  

Reasons for the l o s s  in the shrimp harve st include the l o s s  
o f  shal low water nurs ery grounds ( marshe s ) , increas e s  i n  
pol lution , and dis ruption o f  benthic habitat . The estuarine s 
in thi s area ar� potentially highly productive eco systems . 
They receive nutrients from upl ands via maj or river systems 
wi th he avy amounts during spr ing flooding and the nutrient 
wash-out from tidal flushing o f  the salt marsh . Thi s is at 
an e special ly high leve l in mi d-winter when the marsh grass 
of the previous season is  decomp o s ing .  Another factor which 
has been linked to the dec l ine in shrimp harvests i s  a change 
in s al inity conditions resulting from the operation o f  Toledo 
Bend Dam . Re lease o f  water during the late spr ing and summer 
lowers s al inities in the lake when the natural p attern was 
for them to increas e .  

Estuaries have a role o f  importance linked to that o f  the 
coastal marshes . Many commerc i al ly important spec ies are 
dependent upon these systems for al l or part o f  the ir l i fe 
cycles . Five categories o f  fish uti lizing estuaries are : 

1 .  Freshwater fish vis iting brachi sh waters . 
2 .  Fish who se enti re l i fe cyc l e  is  spent within 

the estuary . 
3 .  Anadromous fish . 
4 .  Marine fi sh uti liz ing the estuarie s  as feeding 

or nursery areas . 
5 .  Occas ional vis itors . 
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Many spe c i e s  of  commerc ially important fi sh are as soc iated with 
Southea st Texas estuaries . The se fish general ly are marine 
forms which use the estuar ies as feeding or nurs ery areas . A 
number of  smal l f i sh ( k i l l i f i s h , gobies , toad f i sh , and s l eepers ) 
spend the i r  enti re l i fe cyc le in the e s tuary . Anadromous 
spec ie s , such a s  shad , are common in the se waters , whi l e  some 
ma rine f i sh , such as sharks and rays only vi s i t  the estuaries 
occas iona l l y . 

The blue c rab , brown and white shrimp , s ergestid shr imp , mys ids , 
bivalve mo l l u s c s , and polychaete worms are abundant in the 
es tuarie s . Amph ipod s ,  xanthid c rabs , sponges , bryo zoans , and 
gastropod mo l l u s c s  are a l so pre sent . S everal spec ies of  large 
invertebrates are impo rtant to the economy of the study area . 
Bl ue crabs , brown and wh ite shrimp , and oysters a l l  u s e  the 
brack i s h  waters as a nursery . Other invertebrates l ive in the 
marsh gra s s  or on the mud f lats , where they are s u b j ect to 
tidal flooding . S uch anima l s , include fiddler crabs , mud c rabs , 
hermit c rabs , marsh periwinkle s ,  ol ive nerites , ribbed mus sel s , 
and the cof fee me l ampus . Dominant plant o f  the e s tuarine eco
sys tems are l i s ted in Tab le K . 7 - 2 , Appendix K .  

Fresh Water River s  and S treams 

The maj or fre sh-water bod ies within the study area are the upper 
Neches River and the uppe r portions of Tay lor Bayou . In add i 
tion Je f ferson County has about 4 square miles o f  e longate 
s loughs formed from abandoned loops and channe l s  of  older streams . 
There are al so several e l l iptical  oxbow lakes in the Neche s 
River Val ley formed from abandoned river channe l s . 

Repre sentative spec ies o f  organi sms identi fied from the Sabine 
River drainage area or from other fre sh-water bodi e s  s imi lar 
to tho s e  in Je f ferson County are l i sted in Table K . 7 - 2 , Append ix 
K .  The kind s  o f  organi sms pre sent inc l ude c l ams , benthic 
crustacean s , immature insects ( larvae and naiads ) ,  phyto - and 
zoopl ankton , hi gher pl ant s and f i sh . P l ankton production i s  
ma inly initiated in stand ing or s low moving water . 
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B . 2 . S . 2 . S  Ecosys tems - Terre s trial Vertebrates 

Mammal s  

A number of species of mammals  inhabit the Texoma study area . 
Mu skrats ( Ondatra z ibethicu s )  are abundant i n  the rice fields 
and marshes throughout the area , with brack ish marsh the pre
ferred type . Nutria ( My ocaster coypus ) ,  are mo s t  abundant 
in the fresh and intermedi ate coas tal mar shes of  Jefferson 
County and where it feeds on marsh vegetat ion . Both muskrats 
and nutria are also common along l ake s , s treams and cana l s , 
making use of  the dredged material banks as refuges when water 
l eve ls  are high . Their burrowing o f ten causes damage to the 
levee/bank sys tem . Mink ( Mustela vison) , are mo s t  common in 
the cypres s - tupelo swamps along the Sabine and Neches Rivers , 
but also occur in marshes where some high ground i s  avai lab le 
for refuge . The raccoon ( P rocyon lotor ) , occurs in brack ish 
and fresh marshes , swamps , and bottomland fores ts , a l so uti
l i z ing di spo s a l  areas seasonally for feed ing and re fuge from 
high water s .  River otters ( Lutra canadens i s ) , which are not 
common in the area , seek permanent open water areas with i nter
mi ttent high ground . They occur in a vari ety of  aquatic habi
tats bu t prefer fresh to brackish marsh . Whi te- tai led deer 
prefer the bottomland fore s t , e spec ially where an ecotone 
with c l eared l and is avai l able , but they are a l so found in 
the marshes where they seek high ground during periods of  
high water . H i ghe st population s of  the deer are found in 
Calcasieu Par ish . 

Two species of rabbi ts are common i n  the Texoma area . The 
eas tern co ttonta i l  ( Sy lvi lagus floridanu s ) , is found ma i nly 
on wel l -drai ned woodlots , al ong fence rows , and in old f i e lds . 
The swamp rabb i t  ( Sylvi l agus aquaticus ) ,  i s  genera l ly found 
in wet wood lands and ma rsh ridges and i s  more common in the 
southern par t of the s tudy area . Two common species of squirre l s , 
the eas tern gray squirrel ( Sc iurus caro l i nens i s ) , and eas tern 
f lying squirrel ( G laucomy s vQlans ) ,  are typical of woodlands , 
with the gray squirrel preferring the dens e bo ttomland hardwood 
and swamp forests  and the flying squirrel found in drier , l e s s  
dense woodland . Skunks ( Sp i logale putorius and Meph itis  
mephi ti s ) , opo s sum ( D idelph i s  virginiana ) , the nine-banded 
armadillo ( D asypus novemc inctus , cotton mouse ( Peromyscus 
go s sypi nu s ) , and hispid co tton rat ( S igmodon hispidus ) ,  are 
a l so found in the bo ttomland forests . Ma j or predators in these 
bo ttomland and swamp fores ts  i nc lude the bobcat ( Lynx rufus ) , 
wi th the red and gray foxes ( Vulpes fulva and Urocyon 
Ci nereoargenteus ) ,  present but not common .  The coyote ( Canis 
latrans ) i s  the main mammal ian predato r in the prairie type 
vegetation , feeding on rodents such a s  the co tton rat and 
plains pocket gopher ( Geomy s bur sariu s )  . 
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Rodents typical o f  deve loped are�s  such as Beaumont and 
Orange , Texas i nc lude the house mouse ( Mu s  
musculus ) ,  roof r a t  ( Rattus rattus ) ,  and Norway r a t  ( kattus 
norvegicus ) . Table K . S - l , Appendix K . S  i s  a more complete l i s t  
o f  the mamma l s  characteri stic of  the Texoma s tudy area , with 
no tations on local abundance . 

Birds 

The vas t  mar shlands of  the Gu l f  Coa s t  provide an array o f  
habitats suitab le for u s e  b y  a wide var iety of  res ident and 
transient species of birds . Th i s  area i s  e spec i a l ly important as a 
winter ing area for many spec i e s  o f  water fowl . Commo n dabb ler 
ducks of the area inc lude the Ma l lard ( Anas platyrhynchos ) , 
Gadwal l  ( Anas s trepera ) , Amer ican Wigeon ( Anas americana ) , 
Green-winged Teal ( Anas crecca ) , Blue-wi nged Teal ( Anas:di scors ) , 
Shoveler ( Anas c lypeata ) , P i ntail  ( Anas acuta ) , and Mottled 
Ducks ( Anas fulvigula ) . The pre ferred habitat o f  the se ducks 
is fresh mar sh and rice f ields , but they are generally found in 
al l mar sh types within the propo sed s tudy area . D iver ducks 
common to the l arger water bod i e s  of  the area such as S abine 
Lake include the Canvasback ( Aythya val i s ineria ) , Le s ser Scaup 
( Aythya af f inis ) ,  and Red-breas ted Merganser ( Mergus serrator ) . 
Ducks seldom make use o f  the dredged mate rial s i tes  in the se 
marsh areas . The Wood Duck ( Aix spons a ) , i s  the only common 
species of  duck that has es tab l i shed permanent popu lations in 
the region . Thi s  duck i s  rarely seen in the marshes , s i nce i t  
pre fers swamp and bottomland fore s t s  l ike tho se found i n  C a l 
c a s i eu Pari s h . Al l common migratory ducks are winter res idents . 
S everal spec ies o f  geese a l so uti l i ze the area wintering grounds , 
with the highes t  popu lations being found on the Sab ine National 
wild l i fe Refuge . The Canadian Goose ( Branta canadens i s ) , i s  
found mainly in rice f i e ld s  and marshes , and the S now Goo se 
( Chen caerulescens ) ,  prefers brackish marsh , rice fields , and 
pas tures . The other common species , the White-f ronted Goo se 
( Anser albifrons ) ,  f avors rice f i e lds . The American Coot 
( Fu lica amer icana) is a l so common in fresh water lakes and 

marshes . 

Other common winter res idents o f  the marsh and lake shore s 
include the Common S nipe ( Cape l l a  gal li nago ) , Mar sh Hawk ( Circus 
cyaneus ) ,  Gu l l -b i l led Tern ( Ge loche lidon ni lo tica ) , Tree Swallow 
( Iridoproc ne bico lor ) , Mar sh Wren ( Telmatodytes palu s tr i s ) , 
and the Greater and Le s ser Yel lowlegs ( Tr i nga me lanoleuca and 
!. f l avipes . 

Common res idents o f  the area include the King and Cl apper Rai l s  
( Rallus e legans and R. long iro s ts i s ) , and Purple and Common 

Gal linules ( Porphyrula martinica and Gal l inula chloropus ) ,  with 
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the rai l birds found along the mar shes and the gal l i nules 
i n  shal low-fresh water ponds . Al l are shore birds . Other 
permanent res idents o f  the marshes inc lude numerous wading 
birds , i nc lud ing the Wil let ( Catoptrophorus semipalmatus ) , 
Great B lue Heron ( Ardea herodias � , Lou i s iana Heron ( Hydrana s s a  
tr icolor ) ,  Black-crowned Night Heron ( Nycticorax nycticorax , 
Yel low-crowned Night Heron ( Nyctana s s a  violacea ) , the Great 
Egret ( Ca smerodius albus ) , Snowy Egret ( Egretta thu la ) , the 
Least Bi ttern ( Ixobrychus exi l i s ) , and American Bi ttern 
( Botaurus lentiginosus ) . Other permanent res idents o f  the 

marshes i nc lude the Red-winged B l ackbird ( Age laius phoeniceus ) ,  
Marsh Wren ( Te lmatodytes palu s tr i s )  and Seas ide Sparrow 
( Ammospi z a  mar i tima ) . 

Common inhabitants o f  the farmlands , old f i e lds and other early 
succe s s ion habi tats i nc lude the Bobwhi te ( Co l i nus virginianu s ) , 
s evera l  species  o f  dove s ( Columba livia and Zenaida spp . ) , 
the K i l ldeer ( Charadrius voci ferus ) ,  Crow ( Corvus brachyrhyncho s )  , 
European s tarling ( S turnus vul gari s ) , and Savannah ( Pa s s erculus 
sandwichenis ) , and Fie ld Sparrows ( S p i z e l la pus i l la )  . 

Many forest songbirds cro s s  the s tudy area in the spring o f  the 
year as they migrate from Mex ico to the ir breedi ng grounds . 
During periods o f  bad weather , these species wi l l  temporari ly 
res ide in the s cattered woodlands loca ted on the cheniers o f  
Jef ferson County and Cameron Parish . These are the f i r s t  pro
tec ted areas encountered a f ter the birds ' trans-Gu l f  migration . 
After res ting here a short time , many species  cont inue the ir 
f l ight nor thward . 

Fore st res idents in th e area i nc l ude the Mourning Dove ( Z enaida 
macroura) ,  Common Snipe ( Cape l la ga l l inago , and several spec ie s 
o f  owl s , woodpe ckers and warbler s .  Bobwhi te occur in open woods . 

Top predators inc lude the Red- ta i led Hawk ( Buteo j amaic ens i s ) , 
Ma rsh Hawk , and the American Kes trel ( Falco sparveriu s ) . The 
Red-tai led Hawk ne sts  in wood lands and feeds in open f i e lds . 
Marsh Hawks inhabi t  gra s s lands and ma rshes and are common in 
Cameron Pari s h ,  wh ile the Amer ican Kes trel prefers open and 
s emi -open terrestrial s i tes . An important scavenger , the 
Turkey Vul ture ( Cathartes aura ) , u t i l i z e s  fields to a ma j or 
extent . Table K . 8 -2 , Appendix K . 8 i s  an annotated l i s t  o f  the bir 
in the Texoma s tudy area wi th no tations on their local abundance . 
The l i s t  inc ludes marine species  occurring along the Texas and 
Louis ia na Coas t  as we l l  a s  more i nland species . 
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Amphibians and Reptiles 

Among the common amphibians and repti les  in the s tudy area , 
one o f  the most widespread in the f looded river bottoms , 
swamps and brackish to fresh mar shes i s  the American a l l i gator 
( A l l igator mis s i s s ipiensi s )  Tur tles common to the s tudy area 
inc lude the common and a l l igator snapping turtles ( Che lydra 
s erpentina and Macrocemys temmincki ) , the mid land smooth and 
pal l id spiny s o f tshe l l  turtles ( Triony� muticus and T .  
spini ferus ) ,  and the Texas Diamondb ack Terrapin ( Malac l emys 
terrapi n ) . The latter species i nhabits brack ish and salt 
marshes o f  Jef f erson County and Cameron Par i sh , whi l e  snapping 
turtles pre fer freshwater rivers , swamps , l akes and ponds 
of Calcas ieu Par i s h . Softshell turtles  are fo und mainly 
in open water s .  Bud and musk turtles ( Kinos ternon subrubrum 
and S ternothaerus spp . ) , are mainly aquatic , inhab i ting 
a wide variety of hab i tats including mar shes , r ivers , an� 
lakes in the s tudy area . 

Mo s t o f  the toads ( Bufo spp . ) ,  in the area i nhabit f i e lds 
bordering on water . One exception i s  Hurter ' s  spade foot toad 
( S caphiopus hur teri ) ,  which is found ma inly in woodlands . The 
squirre l and southern gray tree frog s ( Hyla squire l l a  and H .  
vers icolor chryso s ce l i s ) , are loc ated in mo i s t  fo res ted areas , 
along with the northern spring peeper and upland chorus frog 
( P s eudoacri tri s eriata feriarum) . The green tree frog ( Hyla 

c inera cinera) , i s  an exception , pr e ferring areas with perma
nent bod ies of s tanding water . Other spe cies preferr ing a 
s imilar habi tat include several species  o f  sa lamanders ,  the 
central newt ( D iemi c tylus viridescens louis ianens i s ) , bul l frog 
( Rana catesbeiana ) , and southern leopard frog ( Rana pipi ens 
sphenocephala) . The sma l l -mouthed and marbled salamanders 
(Ambystoma texanum and Amby s toma opacum) , breed in the open 

water and l ive underground in wood lands in the no rthern part o f  
the Texo.rra area much o f  the ir l ive s . 

Of the common l i z ards , the wes tern s lender g l a s s  l i zard 
( Ophisaurus �ttenuatus ) , s i x - l ined race runner ( Cnemidophorus 
s ex i ineatus ) ,  and the Texas horned l i zard ( Phryno soma cornutum) , 
frequent dry f i e ld s , gra s s lands , and dry open woods such as i s  
found i n  Orange County . The eas tern fence l i zard ( S ce loporus 
undulatus ) ,  simi larly prefers dry s i tes , being e spec ially 
partial to open pine woods with rotti ng logs and s tumps . I n  
contra s t , several common species pre fer wetter s i tes . The se 
inc l ude the ground ski nk ( Lygosoma laterale ) ,  an inhab i tant o f  
woodland f loors , the f ive- l i ned skink ( Eumeces fasciatus ) ,  
which prefers damp cutover woodland s  with rock p i les and rotting 
s tumps , and the broad-headed skink ( Eumeces laticeps ) ,  the mo s t  
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arborea l of  the skink s , whose cho ice hab itat i s  swamp 
forests  where i t  u t i l i z e s  hol low trees and ho les  in trees 
for cover . However , several o f  the above mentioned spec ies 
a l so adapt to urban and res idential habi tats frequenting 
the wa l l s  and foundations of bu i ldings as we l l  as vac ant 
urban lots . The s e  include the ground skink and espec i a l ly 
the green ano le ( Ano l i s  caro l i nensis ) .  

Various water s nakes are found in low- lying swamp s and bottom
lands with permanent bodie s  of water nearby throughout the 
Texoma s tudy area . Al l the po i s onous species [ the we s tern 
cottonmouth ( Agki s trodon p i s civorus leucos toma ) , wes tern 
pygmy rattles nake ( Sistrurus mil iarius s trecter i ) , canebrake 
rattle s nake ( Crotalus horridus atricaudatu s ) , southern copper
head ( Agk i s trodon contortrix contortr ix , and Texas cora l 
s nake ( Micrurus fu lV1US tenere ) ] ,  are creatures of  these 
wetter habitats , a lthough the l atter spec ies i s  of ten in 
we l l-drained upl and areas . Moi s t  woodl ands are a l so pre
ferred by the Wes tern r ibbon s nake ( Thamnophis  sauritus ) ,  
and western mud s nake ( Faranc ia abacura reinwardti ) .  

Drier woodlands areas usual ly are i nhab i tated by the eas tern 
hogno se snake ( Heterodon platyrhinos ) and Mi s s i s s ipp i ring neck 
snake ( Diadophi s  punc tatus s t ietogenys ) .  Earth snakes ( Ha ��era 
£PP� J are usua l ly found in f i e ld s . The brown s n nk p  
(Storeria dekayi ) , garter snake ( Thamnoph i s  Spp . ) ,  eas tern 

coachwhip ( Ma s ticoph i s  f l age l lum f l agel lum) , rough green s nake 
( Opheodrys aestivus ) ,  rat s nakes ( E l aphe obso leta ) , and k i ng
snakes ( Lampropeltis spp . ) , are found i n  a wide variety of  
habitats in the area . Table K . 8 - 3 , Appendix K . 8 ,  i s  an 
annotated l i st of the rept i l e s  and amphibian s  known to 
frequent the Texoma study area . 

B . 2 . 5 . 3  Rare or E ndangered Species o f  the Region 

B . 2 . 5 . 3 . 1  P lants 

At the present time , no plant species have been o f fic i a l ly 
des ignated a s  Endangered or Threatened Spec ies pur suant to 
Section 4 of the Endangered Spec ies Act o f  1 9 7 3  ( Pub lic Law 
9 3 - 2 0 5 ) . Two propos ed l i s ted l i s tings have been pub l i shed 
in the Federa l  Reg is ter ( U . S .  Fish and Wi ldlife Service , 1 9 7 5 ;  
1 9 7 6 ) . The plants l i s ted in these publications are currently 
being s tudied by the Fish and wi ld l i fe Service for deter
minat ion as Threatened or Endanqered Species purs uant to 
procedural steps set forth i n  the Federal Regi ster of 
June 7 ,  19 7 6  ( 4 1  FR 2 2 9 1 5 - 2 2 9 2 2 ) . 
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P l ants l i sted in the earlier publ ication ( U . S .  F i sh and Wildlife 
Service , 1 9 7 5 )  inc lude 3 , 1 0 0  vascular plants which the Smi thsonian 
In s titution has propo sed a s  candidate spec i e s  for l i sting as 
endan gered , threatened or extinct ( Smi thsonian I n stitution 1 9 7 5 ) . 

P lants l i sted in the 1 9 7 6  endangered species l i s t  are those 
p l ant s which the F i sh and Wi ldl i fe S ervice has  o f f i c i a l ly 
proposed to be Endangered Spec i e s  only . 

At the present time , both l i stings should be used a s  gu ide
l i nes for identi fy i ng whi ch sp ecies wi l l  potential ly be 
de signated as Endangered or Threatened pur suant to the 
Endangered Spec ies Act o f  1 9 7 3 . 

Lou i s iana 

None of the p l ant speci e s  wh ich have been propo sed for Endan 
gered or Threatened statu s for the state o f  Lou i s iana have been 
c i ted in Calcas ieu or Cameron Pari she s  ( Robertson , 1 9 7 7 ) . 

Texas 

Ei ght species for east Texas were propo s ed as Endangered in 
the Re gi ster l i sting for June 1 6 , 19 7 6 . They are : 

Machaeranthera aurea 

Coreops i s  intermedia ( tick s eed ) 

Bartonia texana 

Brazor i a  pulcherrima 

Hibi scus basycalyx 

Leavenworthia aurea 

Phlox niva l i s  subsp . texens i s  

Schoeno l i r ion texana 

Sp iranthes park s i i  

According to the records of  the herbar iums a t  the Univers i ty 
of Texas at Au stin and Southern Method i s t  Univer s i ty , Dallas , 
none of  the se eight species have been c i ted in  Jef fer son or 
Or ange Count ies ( Lott , 1 9 7 7 ) . 

S everal species , wh ich appeared in the July 1 9 7 6  l i s ting , 
have no t been reported for Jef ferson or Orange Cou nty ' s  but 
oc cur in nei ghbor ing counties . Neo l loyd ia gauti i ,  a cactus , 
which i s  l i s ted as Endangered ( U . S .  F i s h  and wi ldl i f e  Service , 
1 9 7 6 ) , has been si ted around Sour Lake , Hardin County . Ph lox 
niva l i s  subsp . texens i s  is a l s o  l i sted as Endangered and ha s been 
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s i ted from Hardin and Polk Counti e s  ( Lott , 1 9 7 7 ) . P .  niva l i s  
i s  a sma l l  shrub wh ich i s  found in open grassy p ineland 
throughout east Texas . 

The Rare P l ant s tudy Center at the Unive r s i ty of Texas at 
Au s t i n  has identi fied several spec i e s  as rare and endangered 
in Je fferson and Orange Countie s ( Rare P l ant S tudy Center , 
1 9 7 4 ) . They are : 

Je fferson County 

Aureo laria d i s persa ( Beaumont Aureol ar i a )  

Care x albolutescens ( Ye l low-Whi te Sedge ) 

Carex grac i l e scens ( S lender Sedge ) 

Carex physorhyncha ( H idalgo Sedge ) 

Carex tribuloides ( S and Sedge ) 

Carya myr i s ticaeformis ( Nutmeg Hickory ) 

Thelypter i s  palustris var . hal eana ( Southern 
Marsh Fern ) 

Orange County 

Cony z a  bonar iens i s  ( Buenos Aires Cony z a )  

I lex verti c i l lata ( B lack alder ) 

Rue l l i a p i ne torum ( P i nebarren rue l l i a )  

At the current time the Rare P l ant S tudy Center i s  cons idering 
only two of these s pecies for submi s s ion to the Office of 
Endangered Spe c ies , F i sh and W i l d l i f e  Service . Rue l l ia 
pinetorum , a member o f  the Acanthus fami ly , occurs i n  low 
p ine barrens of  the co a s tal plain . Aureo laria di spersa i s  
found i n  s andy thickets and oak lands and h a s  been known 
to occur along s treams in the long - leaf p i ne belt ( Pennel l ,  
1 9 3 5 )  . 
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B . 2 . S . 3 . 2 Animal s  

Wi thin the Texoma study area there are two terre strial and 
four marine mammal s ,  e ight birds , and four repti les which 
are c l as s i fied as either endangered or threatened ,  as de fined 
by the Endangered Speci es Act of 1 9 7 3 . 

One o f  the two endangered terrestrial mammal s ,  the gray wol f  
( Canis lupus ) ,  i s  occas ional ly encountered in the Trans -Pecos 
region of west Texas and is only of hi storical interest in 
southe ast Texas . The other endangered terrestri al mammal , 
the red wol f  ( Cani s ru ffus ) ,  i s  now re stricted to the Gul f  
Coast counties and i s now on the verge o f  extinction . There 
are currently l e s s  than 1 00 red wo lve s l e ft in Jeffers on, 
Chambers , and s outhern Liberty Counties in Texas and Cameron 
and Cal cas ieu Pari shes in Loui s i ana . The U .  S .  Fish and wi ld
l i fe Service i s  currently trapp ing wolve s in thi s area in 
order to breed and later introduce individuals to areas outs ide 
Texas and Loui s i ana ( Wagner , 1 9 7 6 ) .  They are not being re
introduced back into the se states because cros s -breeding with 
coyotes in the area i s  eradicating the wo l f  as a pure species . 
I n  additi on, human di sturb ance in co astal areas i s  reduc ing 
the amount o f  sui table habitat currently avai lable to the 
animal s .  

There are four endangered marine mammal s  in the study are a ,  
the blue whale ( Bal aenoptera musculus ) ,  the common finb ack 
whal e ( Bal aenoptera phys alus ) ,  the b l ack right whale ( Eub al aena 
galc i alis ) ,  and the sperm whale ( Physeter catodon ) .  Records 
o f  the occurrence of  the se species are sp arce as indic ated 
below ( Davi s , 1 9 74 ) : 

blue whal e :  

common finb ack 
whal e :  

b l ack right 
whale :  

sperm whale : 

Rare al ong the Texas Coast with two 
records of  s ingle individual s stranded 
onshore in the 1 9 3 0 ' s .  

Rare along Texas Coast - One record 
of a young individual stranded onshore 
in 1 9 5 1 . 

Usually found in open oceans . One 
record o f  a s ingle spec imen be ached 
in 1 9 7 2 . 

Mo stly tropical in distributi on - One 
record o f  an old individual beached 
ne ar Sabine in 1 9 1 0 . 

B irds on the federal l i s t  o f  endangered species in the area 
are the Brown Pelican ( Pe lecanus erythrorhynchos ) ,  Bald Eagl e 
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(Hali aeetu s  l eucocephalus ) ,  Peregr ine Falcon (Falco peregrinus ) ,  
Atwater ' s  Greater Prairie Chi c ken ( Tympanuchus cup i do ) ,  
Whopp ing Crane ( Grus americana ) ,  Red- cockded Woodpecker 
( Dendrocopus boreaIIS ) , and Ivory-b i l led Woodpecker 
( Campephi lus princ ipal i s ) .  I n  the 1 9 5 0 ' s  and 1 9 6 0 ' s  the Brown 
P e l i can popul ation dec l ined dramatical l y  and is only now s l owly 
re covering . The dec l ine was due to a comb ination o f  factors , 
the mo s t  important o f  whi ch was an increase in chlorinated 
hydroc arbons in the food chain . Thi s  s ame decl ine in numbers 
has been ob s erved in the past with the Bald Eagl e ; with 
chemical contaminants a l s o  be ing responsible for much o f  the 
decl ine . An o ffici al o f  the U .  S .  Fish and wi ldl i fe Service 
s tates that the Bald Eagl e has been s i ghted on numerous 
occ a s i ons al ong the S abine River , south of Orange , Texas 
( Aycoc k ,  1 9 7 6 ) .  The s e  b i rds are mo s tly immature individuals 
and no o ffi cial s i ghtings o f  nes ting bi rds have been recorded 
for the area . The last confirmed ne sts o f  thi s spec ies al ong 
the S ab ine River were s i ghted in the e arly 1 9 5 0 ' s .  

The Whopping Crane , Ivory-b i l led Woodpecker , and Atwater ' s  
Greater Prai rie Chi cken are important in the Texoma s tudy 
area primarily from a hi s torical viewpo int . The l a s t  Whopp ing 
Crane s een in Lou i s iana were in 1 9 4 9 , whi l e  the l a s t  Ivory-b i l l  
was recorded in 1 9 43 ( Lowery , 1 9 74 ) . The Prai rie Chi cken , 
l as t  recorded in the are a in 1 9 1 9 , i s  now found only on the 
coastal p l ains o f  the central Gul f Coast o f  Texas ( Oberho l s er , 
1 9 7 4 ) . 

The Peregrine Falcon and Red- cockaded Woodpecker are very 
in frequent v i s i tors to the s tudy area . The woodpecker , for 
examp l e , is known to ne s t  in i s o l ated group s in mature p ine 
forest , however , none o f  the s e  b i rds have been found to be 
within the Texoma are a . 

I n formation on uncommon s i ghtings o f  b i rds in the coastal 
marsh are as was provided by an o ffi c i a l  of the Nati onal 
Audubon Soci ety ( Read ,  1 9 7 6 ) .  The s e  s i ghtings inc lude 
records o f  the Great Kiskadee ( p i  tangus sulphuratus ) ,  and 
Whi te-winged Dove ( Zenaida a s i atia ) ,  spec i e s  whi ch are more 
common in Mexico . The Bl ack Francolon ( Francol inus 
francol inus ) ,  a phe as ant- l i ke bird , has al s o  been s i ghte d in 
the area . I t  is not native to the U .  S . , but has establ i shed 
a breeding popul ation in the hi gher ground in Gum Cover , 
5 mi les northe ast o f  Black Bayou . Ano ther b i rd , Audubon ' s  
Caracara (Caracara cheriwan ) ,  has been ob served for a 
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number o f  years in the vi cinity o f  the Intracoas ta l Wate rway 
south o f  Toomey , Lou i s i ana . Indications are that there are 
a pair of Caracara and they wou ld repre sent the northernmost 
occurrence of  thi s species in  the U . S .  as permanent res idents . 
The waterway s in this  area have a l so become a de s i rab le hab i
tat for the F i sh Crow ( Corrus oss i fraqus ) ,  and Ol ivaceous 
Cormorant ( Phalacrocorax olivaceus ) .  They are ve ry abundant 
around S ab ine River and Sabine Lake all winter and are 
unc ommon for many mi les to the east and we st . 

The six reptiles  on the federal l i st o f  endangered species 
are the Hawksb i l l  turt le ( Ere tmoche lys imbricata ) ,  Atlantic 
rid ley turtle ( Lepidoche lys kempii) , Leathe rback turtle 
( De rmoc he lys cor iacea) , Atl antic green turtle ( Che lonia mydas ) , 

At lantic loggerhead turt l e  (Caretta caretta) , and th e 
American a l l i gator (All igator mi s s i s s ippi ens i s ) . Nati onwi de , 
the populat ion s o f  the Atlantic green turtle and the Atlantic 
loggerhead are not threatened with extinc tion , but because 
of a " s imi larity o f  appearance " to othe r endangered spe c i e s  
o f  turtle s , the green turtle and loggerhead have been 
c l a s s i f ied as " endangered . " Th i s  wa s done in order to k eep 
individua l s  of truly " endange red " species f rom be ing inad
vertently ki lled becau se they looked l ik e  another s pecies 
wh ich could , i n  the pas t , be k i lled lega l ly for food . Al l 
o f  the turtles on the federal l i st  are mar ine and 
uncommon o f f  the coast of Je f fe rson County and Cameron Pari sh . 

The status o f  the Amer i can all igator i s  un ique in Cameron , 
Ve rmi l ion , and Cal casieu Parishes i n  Louis iana . I n  other areas 
o f  the Un ited S tate s , the a l l i gator i s  e i ther c l as s i f i ed as 
threatened or end angered , but because o f  its abundance in 
the abovementioned pari s hes , they are not given protec tion 
unde r the Endangered Spec ies  Act . In  add i tion , the s tatus 
o f  the a l l i gator in Texas has re cently been changed from 
"endange red " to the less  restric tive " threatened " c l a s s i f ication . 
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B . 2 . S . 4  Important Commercial Spe c ie s  of  the Region 

B . 2 . S . 4 . 1  P lants 

Agriculture i s  carrie d  out on a re l ative ly sma l l  s c a le i n  
wes tern Cameron Par i s h  a lthough i t  i s  a prominant source 
of i ncome in re lation to the number of inhab i tants . Quanti ties 
o f  the principal crops i n  the par is h ,  rice , s oybe ans , and 
corn , are pres ented in Tab le B . 2 - 8 . The val ues i n  Table B . 2 - 8 
are con s ide rab ly greater than the production i n  wes tern 
Cameron Pari s h  s ince the large eastern part of the pari sh , 
which contains much o f  the arab le l and , i s  included . S ome 
h ay ( U . S . Bureau of  the Cen sus , 19 7 0 )  i s  also grown in the 
pari sh . Mo s t  o f  western Cameron Pari s h  i s  marshland . No 
comme rc i a l  t imbe r  i s  harves ted . The mar sh vegetation has 
economic , a lthough not comme rc ia l , importance . 

Four o f  the thirteen agri cultural regions o f  Loui s i an a  are 
included within Calcasieu Pari sh ; however ,  on ly three o f  
these are i n  the we stern part ( Newton , 1 9 7 2 ) . The se are the 
lon g leaf p ine f l ats ( to the nort,h ) , the sea mars h  ( to the 
s outh ) , and the gray s i l t  prairie (between the other two 
regions ) . The pr in c ipal cash crop s ( Tab le B . 2- 8 ) in Calcasieu 
Par i s h  are rice , soybeans , and cor n . Minor amounts o f  whe a t , 
sorgham ,  and h ay also are produced . Much o f  the agricultural 
production is in the eas tern part o f  the p ar i sh where 
calcareous prairie s o i l s  are pre sent . There is some timber 
production in Cal c a s ieu Parish , wi th pine s aw t imbe r  
con s t i tuting the l ion ' s  share . In 1 9 7 0 - 7 1  a survey by the 
Loui s i an a  Fore stry Commi s s ion indicated that tree p lan tati ons 
i n  the par i sh covered 3 3 , 3 8 7  acres ( Bobo and Char l ton , 19 7 4 ) . 
Fore s t  s tatistics for Calc a s ieu Pari sh are pre sented in 
Tab le B .  2- 9 . 
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Rice 

Soybeans 

Corn 

Table B . 2 - 8  P r i ncipal Cash Crops i n  Cameron and Calcasieu Pari shes 

Came ron Parish Calcas ieu Pari s h  

Quanti ty Area Quantity Area 

4 8 0 , 0 0 0 , 0 0 0  Ibs 1 2 , 5 5 0  acres 2 , 2 5 7 , 9 0 0 , 0 0 0  Ibs 6 7 , 4 0 0  acre s 

2 8 0 , 0 0 0  bu 1 0 , 0 0 0  acres 8 7 5 , 0 0 0  bu 3 5 , 0 0 0  acres 

2 , 7 0 0  bu 1 0 0  acre s 7 , 0 0 0  bu 2 0 0  acres 

S ource : Lou i s iana S ta te Unive r s ity Agricul tural Experiment S t ation , 1 9 7 6 , 
Louis iana c rop s ta ti s t ic s , by pari she s : D . A . E . Research Report No . 4 3 6 . 
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Tab le B . 2 - 9  

Cypres s  

Oak 

Ash 

P ine 

Gum 

Unspeci f ied 
Hardwoods 

Timber Severed in Calcasieu Par i s h  
i n  1 9 7 0  

Pu lpwood S aw Timber 
( board feet)  ( board feet)  

9 , 4 5 7  

1 , 0 57 , 9 0 1  

3 5 4  

4 1 , 4 9 4  5 , 0 9 4 , 8 3 3  

6 1 2 , 4 2 0  

2 , 5 0 7  1 , 21 3 , 5 1 9  

S ource : Bobo , J . R .  and Charlton , J . M . , Jr . ( ed s . ) , 19 7 4 , 
S tati s tical  ab stract o f  Lou i s i ana : Co l lege o f  
Busine s s  Admini s tration , Un iver s i ty o f  New Orl e ans , 
New Orleans , Loui s iana . 
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Mos t  of the extens ive rice production within the Texas part 
o f  the Texoma reg ion i s  found in Jef fer son County , to the 
s outhJest of Orange County . Loca l ly , sma l l  former prairie 
areas within the wood land t imber belt , wh ich occurs from 
approximately the town of Orange northward , are cultivated 
in variou s crops inc luding rice . Such are as are a l s o  used 
a s  range land and pasture . Hay and grain crop s are used 
mai n ly in support of  beef production . Timber i s  a natural 
product in the country . However ,  the main u s e  for timber 
and wood lands i s  as wi ldli fe habitat ( Fi s her , et al . , 1 9 7 3 ) . 

Some 4 9 . 5  s quare miles o f  Orange County are devoted to 
agriculture . This f igure inc ludes c ropland , orchards , 
fores t  nurseries , s i l age crops for graz ing , and s igni fi cant 
acreage p re s ently out of  cultivation but in rotation or 
l ikely to be used for crops in the future based on previous 
u s e . Rice ( Ory z a  s ativa ) was grown on approximate ly 2 , 7 7 7  
acres i n  the county i n  1 9 7 0 .  The average U .  S .  yield per 
acre was 4 , 3 8 1  pounds in 1 9 6 9  ( USDA ,  1 9 7 3 ) . 

The commercial timber in Orange Coun ty i s  ma i n ly mixed pines 
and bottomland hardwoods . The commercial growing stock i s  
e s t imated a t  6 5 . 1 mil lion cubic feet o f  pine softwoods ,  3 8 . 6  
mi l l ion cubic feet of  pine hardwoods , 2 3 . 3  mi l l ion cubic feet 
o f  dec iduous bo ttomland hardwoods ,  and 8 . 9  mi l l ion cubic feet 
of dec iduous bottomland softwoods ( Ear les , 1 9 7 6 ) . The fore s t  
indus try owns more than half  of  t h i s  timber ,  and the rest i s  
under misce l l aneous private owner shi p . The pr incipal fore st 
types and thei r  e stimated acreages are : oak-hickory ( 3 4 , 8 0 0  
acre s ) , oak-gum- cypres s  ( 3 4 , 8 0 0  acres ) ,  o ak-pine ( 2 9 , 0 0 0  acre s ) , 
loblol ly- s hortleaf pine ( 2 3 , 2 0 0  acre s ) , and longleaf- s lash pine 
( 1 1 , 6 0 0  acres ) . 

The commerc i a l ly important p lan ts found within Jef ferson County 
can be divided into two categorie s . The f i r s t  group inc lude s 
the speci es  which are o f  direct economi c s i gni ficance ; thos e  
which are gath ered or harves ted for food products or industrial 
us e .  The second group inc ludes p l ants o f  s econdary importance ; 
those that provide food and s he lter for commerci a l ly important 
anima ls  species  of  the region . 

Figures for f armland production and income for Je f ferson 
County are l i s ted in Tab le B . 2 - 1 0 . These f i gures inc lude 
harves ted crop ; r ice , hay and soybeans ; and pastureland , 
upon which beef catt le graz e . 

B . 2 - 9 3  



Tab le B . 2 . l0 
1 

Farmland - Jeffer son County Texas 

Total Farmland
2 

( includes farm buildings ) 

Cropland 

( includes fallow land 

and pas tureland ) 

Harvested Cropland 

Rice 

Hay 

Soyb eans 

Pas tureland 

O ther ( fallow f i elds , e tc . )  

( 1 )  All f igures for 1 9 7 4  

1 
Acres 

3 2 8 , 7 26 

1 5 0 , 955 

89 , 602 

7 9 , 994 

4 , 335 

3 , 900 

36 , 841 

24 , 512 

3 
Income 1 9 7 6  

$ 23 , 29 2 , 000 

18 , 000 , 000 

800 , 000 

2 , 000 , 000 (beef ca t t le )  

( 2 )  S ource : Bureau o f  Census , Department o f  Commerce ,  1 9 7 4 , Census 

of Agricultur e  Prel iminary Report for Jefferson County , Texas . 

( 3 )  Weaver , E .  M. , 19 7 7 ,  personal communication,  County Agricultural 

Agent Jeff erson County , Texas . 
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Ri ce and other crops have been p l anted on what was original ly 
prairie gras s lands ( see Section B . 2 . 5 . 2 . 4 ) . The rice i s  
p l anted o n  terraces which are f looded during the growing 
season . Because of  the high water ho lding capacity o f  
prairie gra s s l and soi l , the area has exce l lent rice production 
harve s ts . 

Pasture l and has been di scus sed in Section B . 2 . 5 . 2 . 4 .  Land 
that wa s o rigina l ly prairie gras s land has been p l anted with 
commerci a l  gras ses fo r gra z i ng purpo se s .  These p l anted 
species  include ryegra s s , a lyceclove r ,  white c lover , and 
dal l i sgra s s . 

The primary use o f  marshlands i s  for cattle graz ing . Although 
p roductivity i s  low ( a s low as one stee r per 2 0  acre s ) , 
farmers turn catt le out to gra ze on the natural vegetation o f  
the fresh and b racki sh water marshes . 

Timber i s  another source of  income for the people of  Je ffer son 
County . Al though the amoun t of  commerc ial fore st l and * decreased 
by 4 percent in east Texas between 1 9 6 5  and 1 9 7 5  ( Earle s , 1 9 7 6 ) , 
the growing stock volume * *  of  a l l  spec ies incre a sed by 1 2  percent . 
F i gure s for timber production for Je ffe rson County are l i s ted in 
Table B . 2 - 1 1 . 

Softwood trees include longlea f , s lash ,  shortlea f , and lob
l o l ly p i ne and totaled 3 8 4 , 0 0 0  cord s  i n  19 7 5 .  The maj ority 
o f  these trees were harve sted from the mixed p ine and hard
wood fo re s t  as sociation of up land Jeffer son County ( s ee 
S ection B . 2 . 5 . 2 . 4 ) . Principal hardwoods which were harves ted 
for commercial purpo s e s  we re o ak s  ( 2 6 9 , 0 0 0  cord s )  and sweetgum 
( 2 8 7 cords ) ( Earle s , 1 9 7 6 ) . The se trees  were harve s ted from 
the swamp and f luvia l  woodl and assoc iations of  central Jefferson 
County . 

* Commerci a l  for e s t  l and - Fore s t  l and producing or c apab le o f  
producing c rops of  indus trial wood and not wi thdr awn from 
t imber uti l i z ation . 

* *Grow i ng s tock volume - Net volume in cub i c  feet o f  growing 
s tock trees at least 5 . 0 inches in d i ameter at breast 
he ight , from a l - foot s tump to a minimum 4 . 0 - inch top 
diameter outs ide bark of  the central stem , or to the point 
where the centr a l  s tem break s into l imb s . 
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Table B . 2-11 C omme r c i al T imbe r P r o d u c t io n , 

J e f f e r s o n  C o u n ty ,  T e x a s  1 9 7 5  

T o t a l  C omme r c i al F o r e s t  

F o r e s t  Type 

Lo b l o l ly - S h o r t l e a f  P i ne 

O a k  - P i ne 

O a k  - H i c k o r y  

O a k  - G u m  - C yp r e s s  

P hy s i og r aph i c  S i t e 

P i ne 

B o t t o m l a n d  - H a r dwo o d  

Ac r e s  

5 0 , 4 0 0  

6 , 3 0 0  

6 , 3 0 0  

6 , 3 0 0  

3 1 , 5 0 0  

1 8 , 9 0 0  

3 1 , 5 0 0  

S o u r c e : E a r l e s , J .  M . , 1 9 7 6 ,  F o r e s t  S t a t i s t i c s  

f o r  S o u th e a s t T e x a s  C o u nt i e s , u . S .  D ep t . 

o f  Ag r i c u l tu r e  F o r e s t  S e r v i c e  Re s o u r c e  

B u l l e t i n  5 0 -- 5 8 : F o r e s t  S e r v i c e , u . S .  

D ep t .  o f  Ag r i c u l tu r e .  
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The marsh vegetat ion of  coastal s outheast Texas and Lou i s i ana 
provide a valuable s ource of detritus which is the bas i s  
for the highly productive food web o f  the coas tal zone . Many 
marine organ i sms are dependent , for at lea st part of their 
li fe cyc le , on thi s food source . The annual primary pro
ductivi ty o f  the marsh sys tem o f  J e f f e rson County is therefore 
of value to the f in f i s h  and she l l f i s h  industries of the Gul f  
Coast reg ion . 

B . 2 . 5 . 4 . 2  Animal s 

S ome cattle product ion i s  based in  western Cameron Par ish . 
Thi s i s  restric ted to near the coa s t  and the f ingers o f  
former prairie whi ch extend into the we stern part of  the 
p ar i sh f rom the no rth . 

Other important animal s ,  however ,  are furbear ing an ima ls which 
live in the marshes , and e s tuar ine and mar ine f i sh and 
i nvertebrate s .  The nutr i a , muskrat , mink , otter , and raccoon ; 
are sources o f  the fur indus try in Loui s i ana . Fre sh and inter
med i ate marsh types are more valuable for nutria harvest , whi le 
brack ish vegetat ive types are important for muskrat production . 
In  1 9 7 5  and 1 9 7 6 , there were limited ( s tate contro l led ) 
harvests of  the Ameri can a l l igator for its  hide in parts of  
Cameron , Calcas ieu , and Ve rmi l ion Parishes . 

The S abine Nat ional Wi ld li fe Re f uge i s  located wi thin the 
s tudy area , and is d ivided into three lease areas for 
trapping : Back Ridge , Gate Camp , and We st Cove . Table B . 2 - l 2  
i s  a breakdown o f  harve st for each o f  these areas . These 
data should be ind i c ative of  the marshlands within the study 
area due to the enormous s i z e  of the refuge . 

The Lou i s i ana Coa s tal zone is  an exceedingly productive 
f i sheries and wildli fe resource , as it contains an extens ive 
amount of estuarine habi tat . Loui s i ana lead s a l l  states in 
vo lume of catch of  commerc i a l  f i sheries produc ts . The lakes 
and bayous of  wes tern Cameron Par i s h , especially Calcas ieu 
Lake , are extremel y  important as a nur s ery area . 

As shown in Table B . 2 - l 3 , the mos t  important commercial species 
in we s tern Came ron Pari sh , as wel l  as throughout Loui s i ana , 
are menhaden ( Brevoorita spp . ) ,  shr imp , and Atl anti c  Croaker 
(Mic ropogon undu l atus ) .  However , the croaker ha s dec l ined in 

wes tern Loui s i ana in recent years (Allen , 1 9 7 5 a ,  1 9 7 5b , 1 9 7 6 ) . 
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Tab le B . 2-l2 Furbearer Harvest in Sabine National Wi ld life Re fuge 

Value 

for 1 9 7 5 - 1 9 76 

Muskrat Harves t  ( do l lar s )  

1 9 7 2 - 19 7 3  19 7 3- 1 9 7 4  19 7 4- 1 9 7 5  19 7 5 - 1 9 7 6  

B ack Ridge 39 1 5 1  8 4  2 0 2  8 4 4 . 80 

Gate Camp 0 0 0 1 6  6 7 . 0 0 

West Cove 1 5 9  1 8  2 3  3 3  1 3 1 .  7 5  

Mink 

Back Ri dg e 4 0  6 9  3 3  1 8  8 8 . 5 0  

Gate Car.l.p 2 2 5 2 5  1 2 8 . 90 

We st Cove 5 0  2 8  2 1  1 4  5 6 . 8 0 

ott e r  
---

Back Ridge 6 6 6 5 10 3 . 10 

Gate Camp 4 1 4 2 36 . 0 0 

West Cove 4 5 4 3 6 8 . 5 0  

N utria 

Back Ridge 4 , 9 1 5 3 , 4 0 0 2 , 7 6 7  2 , 4 8 9  1 1 , 1 1 6 . 00 

Gate Camp 1 , 3 4 7  6 9 3  5 9 7 1 , 0 6 8  4 , 8 0 5 . 7 6 

We s t  Cove 2 , 9 4 6  1 , 8 8 6  2 , 0 1 3  1 , 0 7 3  4 , 7 5 6 . 0 0 

Rac coon 

B ack Ri dg e  8 8  10 7 1 1 8  4 4  1 6 4 . 0 0 

Gate Camp 0 3 3  5 3  4 0  1 4 9 . 9 0  

We st Cove 9 9  9 0  5 1  89 3 7 6 . 2 5 
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Table B . 2- 1 3  Average annual harvest and value o f m a j o r  comme r c i a l  f i s h e s  

an d  s h e l l f i s h  for Loui s iana dur ing pe riod 1963-6 7 .  

S p e c i e s  

Menhaden 
P roduction 1 
Value 2 

Shrimp 
P roduct ion 
Value 

Croaker 
Produc tion 
Value 

Oys ter 
Produc t i on 
Value 

Blue C r ab 
Produc t ion 
Value 

Spot 
P roduction 
Value 

Catf i s h  an d  Bullheads 
Produc tion 
Value 

Sea trout 
Production 
Value 

Red Drum 
Prodt::c tion 
Value 

Total 

Production 1 
Value 2 
E s tuarine water 

Production , 
pounds/acre 

Value 
do l la r s/acre 

3 

1 Mi llions o f  pounds 
2 Mi llions of dollars 

Eas tern 
Cameron 

Par i s h  

12 . 40 
0 . 18 

0 . 50 
0 . 19 

0 . 30 
0 . 0 1 

0 . 00 
0 . 00 

0 . 0 4 
0 . 00 4  

0 . 11 
0 . 00 2  

0 . 2 2 
0 . 04 

0 . 08 
0 . 00 3  

0 . 00 
0 . 00 

1 3 . 6 5 
0 . 4 3  

13  

1 , 0 50 . 0  
33 . 1  

3 Thousands o f  acres 
Source : Li nda ll e t . a l . , 1972 
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We s tern 
Carneron 

P a r i s h  

41 . 10 
0 . 5 8 

2 . 90 
1 .  05  

2 . 11 
0 . 04 

0 . 29 
0 . 1 3 

O . U  
0 . 0 5 

0 . 5 3 
0 . 0 1 

0 . 0 0 3  
0 . 00 1  

0 . 42 
0 . 0 2 

0 . 0 2 
0 . 003  

4 7 . 99 
1 .  88  

134  

358 . 1  
14 . 0  

Loui s i ana 

7 13 . 06 
10 . 12 

7 3 . 5 1 
26 . 68 

2 3 . 71 
0 . 42 

9 . 97 
4 . 39 

8 . 2 7 
0 . 73 

4 . 6 2 
0 . 0 8 

4 . 59 
0 . 78 

4 . 11 
0 . 19 

0 . 5 3 
0 . 09 

842 . 3 7 
4 3 . 48 

3 , 2 83  

2 56 . 6  
1 3 . 2  



The mos t  important s eafood c ategories in  Cameron Parish as  o f  
1 9 7 5 ,  are menhaden , s hrimp , blue crabs , spotted sea trout , 
red drum , f lounder , red snapper , and cat f i sh . We ights and 
do l l ar va lues for thes e and other categor ies are g iven in 
T able B . 2 - 1 4 . Whi te and brown shrimp ( Penaeus seti f erus and 
P .  az tecu s )  production within C ameron P ar i sh is extens ive . 
During pe ak harvest periods as  much a s  1 0 0 , 0 0 0  pounds have 
been col lec ted in a s i ngle night ( White , 1 9 7 6 ) . Calcas ieu 
Lake contains the maj or s hrimp f i s hing grounds o f  we s tern 
Loui s i ana , with over 1 , 0 0 0  ve s s e l s  f i s hing dai ly during the 
ins ide spring shrimp season ( Gaidry and White , 1 9 7 3 ) . Many 
of the brown shrimp in Calcas ieu Lake are l arger j uveni les 
which may have mi grated from nurs ery areas in Rocke f e l ler 
Wi ldl i fe Ref uge to the eas t .  Ca lc a s i eu Lake i s  a f i n a l  
s taging area before retu rn migration t o  the Gul f , maturation , 
and spawning . B l ack Lake i s  reported rich in shr imp and f i sh 
( Whi te and Rocca ,  1 9 7 6 ) . 

Mos t  ( 9 7 . 5  percent) o f  the commerc i a l  f i sh c atch o f  the Gul f 
s tate s i s  made up o f  estuarine dependent spec ies . I n  mo st 
cases , thi s  means the estuary i s  a maturation area i nto which 
they come as  eggs or l arvae , and leave as subadu lts  or adults 
( Dunham , 1 9 7 2 ) . The estuar i e s  of  the Gul f have been estimated 

to produce an average of 2 3 0  pounds per acre in commerci a l  
catches of  f i sh and s he l l f i s h  ( es t imated for 1 9 6 0 )  ( Dunham , 1 9 7 2 ) . 

Oyster production in Calcasieu Lake was h i s torical ly good . 
Wate r c ondi tions are more conduc ive to oys ter produc tivi ty 
in the s ourthwe s tern part of the l ake . The productivity of  
the north ern and eastern port ions of  the l ake has  dec lined 
in recent years , pos s ib ly from an a ltered circulation pattern 
as a result of channel levees created from the di spo s a l  of 
dredged mater i a l . I n  an ef fort to re-es tab l i sh oy ster 
population in these are as , the Corp s of Engineers and the 
Lo ui s i ana wi ldlife and Fi sher ies Commi s s i on have mod i f ied the 
levees and worked to improve the oyster h abitat within the 
reg ion . These e fforts were reported to h ave met with moder ate 
success  (Wh i te and Perret , 1 9 7 4 ) . The commerc i a l  catch for 
Cameron Pari sh in  1 9 7 1  was 4 3 8  mi l l ion pounds va lued at $ 1 1 . 0  
mi l l ion , whi le in 1 9 7 3  the catch was 3 3 9  mi l lion pounds va lued 
at $ 19 . 2  mi l l ion . However , there has been no commercial 
h arvest taken from western Loui s i ana since 1 9 7 3  based on 
examination of Loui s iana landing annu a l  s tati s tics  ( A l len , 1 9 7 5 a ,  
1 9 7 5b , 1 9 7 6 ) . 
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Tab l e B . 2- 14 Land i ngs for Came ron and C a l cas i e u Par i s h* 

1973 1974 1975 

V a l ue V a l ue Val ue 

P o u n d s  ( Do l l ar s )  P o u nds ( D o l l ars ) Pou nds ( Do l l a r s )  

B u f fa l o f i s h  900 123 9 , 800 1 , 369 

Carp 200 3 

Cat f i s h  F . W . 16 , 500 4 , 50 2  49 , 100 14 , 408 4 , 000 1 , 456 

C a r f i s h  500 49 2 , 200 314 400 82 

Cas p e rgou 100 2 1  1 , 400 221 

B l ac k  Drum 100 6 2 , 600 417 

OJ Red D rum 1 , 900 668 1 , 600 499 22 , 300 6 , 314 
N 
I F l o u nder 20 , 600 4 , 842 200 72 15 , 400 5 , 159 

0 
Ki ng Wh i t i ng 1 , 100 168 

Me nhade n 329 , 575 , 100 13 , 532 , 472 398 , 195 , 800 14 , 785 , 206 387 , 117 , 400 11 , 564 , 331 

Sea Cat f i s h  600 62 

Spotted Sea Trout 287 , 000 116 , 103 108 , 500 36 , 049 253 , 600 97 , 444 

W h i te Trout 400 57 

Sheeps head 400 57 700 66 

Red S napp e r  13 , 700 4 , 084 700 393 7 , 900 4 , 167 

C rab , Hard 157 , 900 17 , 5 50 327 , 300 48 , 598 2 , 124 , 100 329 , 083 

S h r i mp ,  S . W. 6 , 602 , 100 5 , 490 , 794 6 , 625 , 000 4 , 029 , 220 5 , 217 , 800 4 , 242 , 938 

Oys ter 31 , 400 17 , 827 

*The c o n tr i b u t i on from Cal cas i e u  P a r i s h  i s  mi n i ma l . 
S o u rce : P l a i s ance , O . A . , Nat i o n a l  Ma r i n e  F i s he r i e s  Serv i ce ,  NOAA , 

New O r l eans , Lo u i s i an a .  



Tabl e B . 2 - 1 5  presents a detai l ed breakdown of  the commercial 
fi shery r e s ources in Loui s i ana inshore and o f fshore waters , 
as we l l  as in Calcas ieu Lake . I t  i s  evident that the shell
fi sh harve s t  ( pounds ) far �xceeds , the f infi sh harvest for 
Calcasieu Lak e , whi l e  the oppos i te is true for off shore and 
oth er inshore water s .  

The most important commercial wi ldlife species of  Cal casieu 
P ar i sh are the furbearer s :  nutri a ,  mus krat , mink , otter , 
and raccoon . Almos t  a l l  the trapping i s  confined to the swamp 
and mar s h  areas near waterways .  

The coast a l  marsh trapper i s  truely a commercial operator . 
Trapping leases average 1 0 0  - 3 0 0  acres in s i z e , with the 
trapper running 1 5 0  - 4 0 0 traps for nutri a depending on 
mar sh condi tions . Who le fami lies are involved in the trapping 
operation , whi ch some t imes constitute the main income o f  the 
f ami ly . Genera l ly , though , the number of peop le involved in 
trapping has decreased . There were 2 0 , 1 4 9  l i cen s ed trapper s  
i n  the 1 9 2 4 - 2 5  season compared with 4 , 3 2 7  trappe rs recorded 
each year since 1 9 7 0  ( O ' Ne i l  and Linscornbe , no date ) . 

Approximately 3 7  square mi les of  Orange County i s  rated as 
p redominatly range and pasture l and ( F i s her , et a l . , 1 9 7 3 ) , 
al though , some cattle ar e a l s o  pres ent in the estimated 1 8 4  
square mi l e s  o f  predominatly woodland timber and 2 0  s quare 
mi l e s  of swamp timber . At 1 to l� cow-calf  un its * per acre 
e s t imated beef production ( Knox and Oakes , 1 9 7 6 ) , the total 
for 2 7  s quare mi les  i s  2 3 , 8 0 0  to 3 5 , 5 2 0  cow-c a l f  un i ts . 

Commerc i al trapping of  furbearers and harve s t  o f  f i sh and 
she l l f i sh are very low compred to the level of the s e  
activi ties in Jeffer s on Coun ty o r  Cameron Pari s h . 

The brack i s h  and fresh water marshes a long coastal east 
Texas s upport large popu lations o f  furbear ing anima l s , 
man y  of  whi ch are c ommerc i a l ly important . These i nc lude 
the nutr i a , mink , and muskrat . Muskrats feed primari ly on 
the o lney and saltmarsh bulrushes found in s a l t  and bracki s h  
wate r marshe s . 

* A cow- c a l f  un it i s  a brood cow and her calf . 
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Table B . 2- 1S Average annual fisheries harvest from Louis iana coastal waters , 
( 1966-1 9 7 0) 

Calca.s ieu In shore Of f shore O f fs hor e -
Lake Wa t ers Waters Inshore 

TOTALS 

lb s  lbs lbs lbs 

Arberj ack 1 4 , 4 6 6  1 4 , 4 6 6  

Blue f i sh 2 , 86 7  8 , 0 3 3  10 , 9 00 
Bluerunner 1 0 0  1 0 0  

Buffalo 5 1 , 600 5 1 , 6 0 0  

Cob i a  8 , 1 6 7  8 , 169 

Carp 2 , 5 3 3  2 , 5 3 3  

Catfis h & Bullhe ads 9 5 9 , 6 0 1  9 5 9 , 6 0 1  

Croaker 1 10 , 400 1 , 7 1 6 , 7 6 7  1 , 8 2 7 , 1 6 7  
Drum, Black 5 3 3  4 0 5 , 7 3 2  7 5 , 1 0 0  4 8 0 , 8 3 2  
Drum, Red 3 , 4 3 3  7 2 6 , 5 6 6  1 3 6 , 1 6 7  8 6 2 , 7 33 

Flolmders 12 , 5 6 7  84 , 8 3 2  4 3 3 , 2 3 3 5 1 8 , 06 5  
Gu- 1 , 63 3 3 6 2 , 6 62 3 6 2 , 66 2  

Groupers 2 6 3 , 1 3 3  3 6 2 , 1 3 3  
Jewfish 5 , 6 6 6  5 , 6 6 6 

K..il''lg Whi ting (King fish) 9 3 , 4 3 2  5 5 4 , 80 0  6 � 8 , 2 3 2  

Menhaden 1 30 , 5 40 , 5 3 3  79 7 , 4 5 7 , 06 7  9 2 7 , 9 9 7 , 6 0 0  

Mullet 1 1 6 , 76 6  10 , 5 6 7  1 2 7 , 3 3 3  

Pocpano 200 3 2 , 9 00 3 3 , 100 

Sawfish 800 1 , 4 6 7  2 , 2 6 7  

S cup  16 , 2 0 1  16 , 2 0 1  

�a Catfish 3 6 , 40 1  100 , 9 3 3  1 3 7 , 3 3 4  

Seatrout , Spotted 1 , 0 3 4  79 3 , 7 3 5  1 2 2 , 1 66 9 1 5 , 9 0 1  

Se atrout , S an d  9 0 , 6 3 2  2 7 1 , 16 6  3 6 1 , 7 3 8  

Sharks 4 3 3  3 , 8 0 1  4 , 2 3 4  

Sheepshead , F re s hwater 2 1 , 8 3 3  2 1 , 8 3 3  

(FW Dr=) 
Shee?shead 2 4 0 , 0 6 4  7 4 , 3 6 6  3 1 4 , 4 3 0  

Snapper, Mangrove 3 , 2 0 0  3 , 2 0 0  

Snapper , Red 5 3 3  2 , 9 1 4 , 9 3 3  2 , 9 1 5 , 4 6 6  
Snappe r ,  Ver::li lion 3 6 , 5 6 6  3 6 , 5 6 6  

Snappe r ,  Ye
'
l lowt ai l  6 7  6 7  

Spanish Mac.'<ere 1 3 , 7 3 3  5 4 , 8 6 6  5 8 , 5 9 9  

Spot 4 , 2 3 3 2 3 , 5 66 2 7 , 7 9 9  

Swordfish 6 , 0 6 7  6 , 0 6 7  

Trigge rfish 6 , 5 9 9  6 , 5 9 9  
Triplet a i l  4 3 3  5 , 4 0 0  5 , 8 3 3  

Warsaw 3 5 , 7 3 4  3 5 , 7 3 4  

Un clas s i f i e d  Food F i s h  8 , 3 6 6  8 , 3 6 6  

Un clas s i f i ed Indus t r i al F i sh 3 7 , 74 2 , 4 3 3  3 7 , 7 4 2 , 4 3 3  

Total F infish 19 , 2 0 0  1 34 , 6 5 0 , 6 5 4  8 4 2 , 14 3 , 9 6 5  9 7 6 , 79 4 , 6 1 9  

Crab s  5 7 7 , 86 6  9 , 802 , 9 3 0  3 60 , 2 3 1  1 0 , 16 3 , 1 6 1  
Crawf ish 66 , 6 6 6  66 , 6 6 6  

Shr imp 1 , 3 6 1 , 5 6 7  4 1 , 3 5 9 , 3 30 4 6 , 7 3 2 , 7 6 5  88 , 09 2 , 09 5  

Oysters 4 1 , 66 7  1 0 , 8 5 6 , 4 6 2  10 , 8 5 6 , 4 62 
Total Shellfish 1 , 981 , 1 0 0  6 2 , 0 18 , 7 2 2  4 7 , 1 5 9 , 6 6 2  1 09 , 1 7 8 , 3 8 4  

Squid 1 , 9 9 8 1 , 99 8  

Te =apin 800 33 8 3 3  
Turtle s ,  Baby 133 1 3 3  
Turtles , G reen 1 , 4 6 5  1 , 4 6 5  
Turtles , Snaoo e r  7 6 7  7 6 7  
Tota l ,  Non- F in f i s h  1 , 9 81 , 1 0 0  6 2 , 0 : 0 , 4 2 2  4 7 , 1 6 3 , 1 5 8  1 0 9 , 1 9 3 , 5 5 0  
To tal, H ar v e s t  2 , 000 , 3 00 1 9 6 , 6 7 1 , 0 7 6  8 8 9 , 3 0 7 , 1 2 3  1 , 0 8 5 , 9 7 8 , 1 9 9  

Source : U. S .  ArMY Corp s of Eng � u ee rs ,  Lo�er Mi s s i s s �ppi Val ley Divi s ion , 
1 9 7 3  
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Huntin g  o f  duck and gee se in the mar sh lands o f  Je f ferson 
Co unty in winter provides income to the county through 
hunt ing lease sales and assoc iated hunting expenditure s .  
Many specie s o f  gees e  and ducks a re incl uded in the mi l l ions 
of water fowl whi ch winter in Je f ferson County from October 
through Mar ch ( So i l  Survey , 19 6 5 ) . Duck s feed on olney and 
s al tmarsh bulrushes and intensive ly in ricefie lds . Farmers 
e s t imate that 1 to  3 barre l s  o f  ri ce pe r acre are lo s t  to 
the waterfowl . In addi tion to dome s t ic r ice , ducks also 
feed on troub l e some plants wh ich invade r i ce fields ( j ungle
rice , b arnyard gras s ,  red rice ) . I n  thi s  way , they are 
economical ly bene f i c i a l  to the farming commun ity . 

Gee se wi nter in the mar s h  areas whe re they graze on roots , 
tubers ,  and sprouts . 

The whi te-ta il ed deer ( Odocoi leus virginianus ) ,  the mos t  
important Texas game animal , has been succ e s s ful ly trans
p l anted to eastern Texas and could be a valuable commerc ial 
spe c ie s  in Je f fe rson County in the future . 

Es tuarine waters , river mouth s , and pas s e s  along the Gul f  
Co ast p rovide excel lent nurse ries for j uven i l e  shrimp and 
f is h . Jef ferson County has a very large estuary system 
which includes S ab ine Lake , the Gu l f  I ntracoastal Waterway , 
and the Neches Rive r ,  yet none o f  the maj or Gul f  commercial 
fi s hing centers are located in this county . The S abine 
Di s tr i ct , however , wh ich i nc lude s Je f ferson County , had a 
total commercial catch o f  over 1 . 5  mi l l ion pounds for the 
period January-Augus t 1 9 7 6  ( NOAA , 19 7 6 ) . 

Commerc i a l  f ishing i s  a mu ltimi ll ion do l lar bus in e s s  along 
the Texas coas t . Land ings for 1 9 7 1  totaled 1 6 7 . 1  mi l l ion 
pounds for a value of  6 9 . 8  mi l l ion do l l ars . The 1 9 7 2  l andings 
were sma l l e r  at 1 1 5 . 2  mi l l ion pounds , but are s ti l l  impre s s i ve 
on a nat ional bas i s . Table B . 2 - 1 6 presents data on f i n fi s h  and 
she l l f i s h  l and ings for Je f ferson County from 1 9 7 3 - 1 9 7 5  
( Farley , 19 7 7 ) . 

The maj or commercial species  on the Texas Gul f  Coa s t  are 
shrimp , oys te r , menhaden , b lue crab , and several common sport 
f i sh . The bays and e s tuarie s ar e b io logically very impor
tant areas s ince the marshes se rve as the nur sery grounds for 
mos t  of the commerc i al ly important species on the Texas 
coas t .  I n  almost a l l  case s , specimen s  collected from mar s h  
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Table B . 2-16 Finfish and Shellfish Landings for Jef ferson County from 197 3-1 9 7 5  

1 9 7 3  1 9 7 4  1 9 7 5  

SPECIES POUNDS DOLLARS POUNDS DOLLARS POUNDS DOLLARS 

Croaker 2 , 300 225 

Black drum 6 , 000 7 9 3  9 , 600 1 , 5 2 1  

Red drum 10 , 700 3 , 854 12 , 400 4 , 349 

Flounders 16 , 800 5 , 806 2 2 , 900 7 , 088 16 , 100 6 , 181 

Groupers 8 , 600 1 , 2 22 2 , 700 395 

to King whi t ing 9 , 000 926  12 , 900 1 , 2 14 11 , 400 1 , 402 

N S ea cat f ish 500 53 I 
f--' 
0 
lJ1 Spot ted sea trout 19 , 000 6 , 461 15 , 400 6 , 028 

White sea trout 600 90 

S altwater sheep shead 9 , 7 00 1 , 119 14 , 200 1 , 618 7 , 800 1 , 112 

Red snapper 89 , 000 2 3 , 000 14 , 35 2  

Unc1 for food 900 88 

Hard crabs 1 , 451 , 2 00 167 , 387 560 , 800 77 , 090 6 2 2 , 300 9 6 , 906 

Shrimp 4 , 192 , 600 3 , 305 , 765  3 , 906 , 700 2 , 5 2 1 , 389 2 , 7 71 , 300 2 , 26 7 , 436 

S ource :  Farley , O .  H. ( Supervisory Fishery Report ing Specialist , NOAA) , 1977 , Personal communicat ion . 



areas were j uven i les . The se immature and j uveni le stage s are 
more susceptible to morta l ity than their adult forms . Mortal ity 
can be caused by a var i ety of  reasons , inc l uding change s in 
s a lin i ty or temperature , or increa ses  i n  pol lutants . Brie f 
l i f e  hi story de sc rip tions are inc luded for the ma j or commercial 
species o f  Je f f er s on Coun ty . 

Members of the croaker fami ly ( including the sea trout , drum , 
and Atlantic croaker ) are the most numerous f i s hes  col lected 
in Texas coa s tal waters . Thes e  migrant species move i nto the 
s a line waters of the Gulf from October through December ( F igure 
B . 2 - 2 2 ) . Mo s t  f i shes then return to the bays from February to 
Apr i l  ( Gunter , 1 9 7 6 ) . In  the S abine District , approximately 
5 , 0 0 0  pound s o f  croaker-type f i sh were caught for the period 
January-August 1 9 7 6 . The dol lar va lue of this catch exceeds 
$ 1 0 0 , 0 0 0  NOAA , 1 9 7 6 ) . Other important comme rcial f i shes 
whos e  migratory behavior bring s  the young into estuarine waters 
i nc lude menhaden ( Brevoortia spp . ) and Mullet (Mug i l  spp . ) .  

Shrimp are the s ing l e  mo st val l1 ab l e  mar ine product in Texas . 
Shrimp landings in the state amounted to 9 2  percent o f  the 
total do l l ar va lue of f inf i sh and shel l f i s h  in 1 9 7 0  and 1 9 7 1  
( Boyk in , 1 9 7 2 ) . From 1 9 6 6  to 1 9 7 1 ,  Texas landings have 
accounted to 3 7  percent of the Gul f state shrimp catches . Brown 
s hrimp are the mo st abundant shrimp in Texas waters and tend 
to be concentrated in the intermediate zone from Galveston to 
Rio Gr ande ( F i gure B . 2 - 2 3 ) . Whi te shrimp are relative ly more 
abundant in the coa s ta l  area of Je f ferson County (F igure B . 2 - 2 4 )  . 
P ink shrimp are a l so caught commercial ly i n  this region . I n  
the Sabine D i s trict , the total shrimp catch was over 1 . 1  m i l l ion 
pounds for the period January-August 1 9 7 6 . White shrimp made up 
approximat e ly 8 0  percent of the catch (NOAA , 1 9 7 6 ) . 

F igure B . 2 - 2 5  depicts the l i f e  cyc les o f  a l l  three shrimp s in 
Texas waters . As with the finfi shes , spawning occurs o f f shore , 
and the larvae must migrate through the p a s s e s  into the 
es tuarine nursery grounds . Again , the time at which migrat ion 
occurs is important . Thi s may vary daily . Wickham and 
Minkler ( 19 7 5 )  have demon strated con s iderable daily vari ations 
in locomotory behavior for penaeid shrimp change accordingly . 
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'" 
( SPAWNING AT ........ 

VARIOUS TIMES ) 

SOURC E : Smi th , A .  L . , 1 9 7 1 , Au t ec o log i c al S tudy o f  the M a r s h  

Gr ass ( S co l ochloa f e s tu c ac e a ) , Wi l l i e  L i nk , Ph . D . 

D i s s e r t a tion , Depar tment Range S c i enc e ,  Texas A&M 

Un i ve r si ty ,  Col l eg e  S t a t i o n , Texas . 

F igure B . 2 - 2 2  Idea l i z ed Li f e  Cyc l e  D i ag r am o f  

Typ i cal Gu l f  F i shes 
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T EXA S  

Unite d  
States 

LOU I S I ANA 

����;;.. ---- . .. -
_ . . .  - '  

_ - - - - _ J -'  "'-.l 

BROWN SHRI MP 

CATCH PER U N I T  

( thousands of pounds ) 

LESS THAN 1 80 
360 - 4000 

I!� .": : .... . " '  .3 

GREATE R THAN 4000 ,=;·.···4 

Source: ' Osborn , K. W . , B .  W. Maghan, and Shelby B .  Drummond , 
19 69 . Gulf o f  Mexico Shrimp Atlas . Bureau o f  Commercial 
Fisheries , Dep t .  of Commerce . 

F i gure B . 2 - 2 3  Lo c a t i o n  o f  B r own S h r i mp G r o u n d s 

o f f  t h e  T e x a s  C o a s t  
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U n i ted 
S ta te s  

TEXA S 

LO u i S IANA 

WH ITE SH R I M P  

CATCH PER U N I T  
(thousa nds o f  pounds) 

LESS THAN 77 1:-: ; � ... ··� ····I 
1 6 0  - 1 5 00 IVZm 
GR EATER T HAN 1 50 0  , ......... , 

S ourc e :  Osborn , K. W . ,  B .  W. Maghan , and Shelby B .  Drummond , 
196 9 .  Gulf of Mexico Shrimp Atlas . Bureau of 
Commercial Fisheries , Dep t .  of Commerce . 

Figure B . 2 - 2 4  L o c a t i o n  o f  Wh i t e S h r i mp G r o u n d s 

o f f  t h e  T e x a s  C o a s t  
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M a r i n e  R e s o u r c e s  I n fo r m a t i on , C e n t e r  f o r  Ma r i ne R e s o u r c e s , T e x a s  A & M  
U n i v e r s i t¥ I  C o l l e g e  S t a t i o n , T e x a s , Sep t embe r .  

F igure B . 2 - 2 5  Th e L i f e C y c l e s  o �  Th r e e  P a n a e i d  S h r i mp i n  T e x a s  Gu l f  W a t e r s  



Although many species of  crabs are present in Texas coastal 
waters , the b lue crab ( Ca l l inectes s ap idus ) is the only 
crab e xtens ively exploited by man . I n  contrast to th e shrimp , 
adul t  b lue crab popu lations are harve s ted in ne ar s hore bay s  
a s  we l l  as on the inner s he l f  o f  Qpen Gul f  waters . Dis tr ibu
t ion of total crab catch in Texas in 1 9 7 1  is shown in F igure 
B . 2-26 .  S ab ine Lake and s imi lar bay sy stems are respon s ib l e  
for 7 0 %  o f  the total Gul f  b lue crab catch . The S abine 
Di stri c t  alone was re spon s ible for approximately 3 6 0  thousand 
pounds of b lue crab s , va lued at 2 . 1  mi l l ion dollars for the 
pe r iod January-Augus t 1 9 7 6 ( NOAA , 1 9 7 6 ) . 

Darne ll  ( 1 9 5 9 ) , Dougherty ( 19 5 2 ) , Gunte r ( 19 5 0 ) , and H i lde-
brand ( 1 9 5 4 )  are primarily re spon s ib l e  for inves tigating and 
document ing the l i fe his tory of the b lue crab on the Texas 
co as t .  Gener a l ly ,  the l i fe span var i e s  from two to three 
years . Fema l e s  may spawn more than once , produc ing from one to 
three mi l l ion eggs per spawn ing . Fert i l i z ation o f  the eggs take s 
p lace in the pas se s  and es tuarie s .  Afte r mat ing , the female 
carries the eggs to deeper , more s a l ine Gul f wate rs for 
depo s i ti on . Adu l t  ma les rema in in the l andward waters , 
where they may mate with maturing female s .  During exception
a l l y  dry ye ars , many of  the ferti l i z ed female s  may rema in 
in the more s a l ine e s tuar i e s  and l agoons . The eggs deve lop 
and hatch in about 15 day s in the Gul f  water s .  Afte r 
hatching , larval crab s  c a l led " zoeae " migrate via the 
c urrents though the coastal pas ses  to the e s tuari es and 
l agoons , whe re they feed and grow to matur ity . During the 
second s ummer , at the age o f  1 2  to 1 4  month s , the crabs 
mature and mate . Critical s urvival periods occur dur ing the 
in l and migration o f  the larva in the winte r  and spring . 

The Amer ican oyster ( Cras sostrea virgin ica)  occurs in estuar i e s  
w ith s a l inities range s from 1 0  t o  3 0  ppt . The comme rc ial 
h arve s t  d i s tr ibution i s  centered around Galve s ton Bay , S ab i ne 
Lake , and Trinity Bays ( s ee Figure B. 2-27 ) .  Oys ter catche s 
have dec l i ned  over the l a s t  three ye ar s from 4 . 6  mi l l ion 
pounds to less than 4 . 0  mi l l ion in 1 9 7 2 . 

Maturation o f  gonads i n  the oy s ter occurs in the early spring , 
usual ly February and March . As the gonads enlarge and 
deve lop , the oyster ass umes a "mi lky " appearance . As the 
water temperatures reach 2 40C ( 7 50F) , usua l ly from Apri l  to 
October , spawning i s  triggered . Spawni ng by one oyste r  
s timu l ates others t o  spawn . The re fore , the ma j or i ty o f  
oy s te r s  o n  a n  area may b e  spawn ing a t  the s ame time . 
The sperm and eggs are expe l led out into the water , where 
ferti l i zation occurs . After fer t i l i z atio n , tne eggs undergo 
divi s ion and many-cel led embryos , capable of free swimming , 
are formed . A " shel l "  begins forming and the miniature oys ter 
larvae , known as a " spat" , sett l e s  to the bottom in search o f  
clean , f i rm subs trate on which t o  c eme nt i t s e l f .  Unl e s s  a 
s uitab le attachment s ite i s  found , the s pat wi l l  die . One 
attached , it remains for l i fe . As adul ts , oysters get fat i n  
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Figure B . 2 - 2 6  Di s t r i b u t i on o f  To tal C r ab C a t ch e s  i n  T e x as , 1 9 7 1 
(Boyk i n ,  1 9 7 2 ) . 

F igure B . 2 - 2 7  Di s t r i bu t i on o f  To tal Oy s t e r  H a r ve s t  i n  T e x a s , 1 9 7 1 
(Boyk i n ,  1 9 7 2 ) . 
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the winter and l ean in the summer and f a l l  a fter they have 
spawned . I t  appears that the f atne s s  of  the oysters corre sponds 
to the peak bl oom of plankton org ani sms , whi ch occurs during 
the winte r  and spring ( Gunter , 1 9 6 7 ) . Two critical periods 
ex i s t  for oys ters : ( 1 )  the winter- spring , when highest quality 
i s  attained from plankton bl ooms , and ( 2 )  immediately after 
s pawning , when the larvae may exhibit vert i c a l  migration in 
the water column before settl ing as a s pat . 

B . 2 . 5 . 5  Importan t Recreational Spec ies o f  the Region 

Cameron P ar i s h  

The main g ame mammal s  in marsh areas in west ern Cameron Parish 
are whi le t ai led deer ( Odocoi l eus virginianus ) and rabbits . 
Squi rrel hunting is more important i n  t imbered areas in Ca lcas ieu 
Parish to the north . Mos t  o f  the deer popu l ation in the coastal 
marshe s is free from hunting pres sure , s ince marsh conditions 
are not conducive to hunting ( U .  S .  Army Corps o f  Engineers , 
1 9 7 5 ) . During 1 9 7 3 - 1 9 7 4 , 2 6 6  deer were k i l led by hunters in 
the p ari s h . Hydrophytic forbs * and woody p l ants compri s e  much 
of the diet of such marsh deer ( Lowe ry , 1 9 7 4 ) . They may be 
stre s s ed by prolonged periods of high water during wh ich they 
are found to move to n atura l  r i dges and e l evated dredge disposal 
areas . Many of  the deer may starve if high water pers i s ts long 
enough for the food s upply to be depleted ( U . S .  Army Corps o f  
Engineers , 1 9 7 5 ) . The mar shes support approximately one deer 
per 82 acres ( Lowery , 1 9 7 4 ) . 

The two speci e s  o f  rabbits in coas tal  Lou i s i ana , both hunted , 
are the eastern cottontai l ( Sy lvi l agus aquat icu s ) . Cottontai ls  
are f ound mainl y  in d ryer areas ( e . g . , old f i e lds , fence rows , 
and we l l  drained woodlot s ) .  Swamp rabb i t s  f requent wet wood
l ands , marsh r idges and dredge di spos a l  areas . The di spos al  
areas commonly s upport large rabbit popu l ations ( U .  S .  Army 
Corp s of Engineer s , 1 9 7 5 ) . Both species o f  rabbits f eed upon 
a wide variety of vegetat ion , espec i a l ly gras s e s  and legumes . 

Ducks , geese , and othe r water fowl are the main b i rds present 
in the Loui s iana co astal z one , inc luding we stern Cameron P ar i s h . 
They are import ant with respect to hunting and bird watching . 
Coas tal Loui s i ana , bordering swamp areas , and the rice reg ion 
o f  s outhwes t  Loui s i ana col l ect ively make up the l arg e s t  water
f owl wintering area in the United States ( U .  S .  Army Corps of 
Engineers , 1 9 7 5 ) . 

Some several mi l l ion ducks arrive in winter from northern 
breeding g rounds . Additional m i l l ion s stop over in the area 
to feed and re st before cont inuing acros s the Gul f of Mexico to 
wintering areas in S outh and Central America . On ly f ive spec ies 
o f  the 31  recorded from Louis iana are known to have breeding 
popu lat ion s in the state , but on ly one , the Mott led Duck , probably 
breeds in wes tern Cameron P ar i sh . 

* fo rbs - herbaceous p l ants other than gras ses . 
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Near ly al l ducks i n  the area are winter res idents or tran s ients 
on their way s outh . The Fulvous Tree Duc k , which i s  uncommon 
in the are a , i s  recorded for summer ; and some other species 
are also occas iona l ly represe nted there . The numbers of  
ducks a long the coast are presented in Tab le B . 2 - 1 7 . The ducks 
and gee se present in S ab ine National Wi l d l i f e  Re f uge , and their 
gene ral occurrence from season to season , are presented in 
Tabl e B . 2 - 1 8 . The se are r�g arded ' as repre sentat ive of the wes tern 
part of the p ari sh . 

Ducks may be broadly c las s i f ie d  as dabb lers or diver s . Dabb lers 
inc lude : Mal lards , P intai l s , Blue-winged and Green-winged Tea l , 
G adwal l , W igeon , Shoveler s , and other ducks that feed in shal low 
water by tipp ing and dabb l ing . These ducks rarely dive except 
to escape danger . They r i s e  vertical ly when taking f l ight from 
l and or water . Their diet i s  mos t ly vegetable , and inc ludes 
wi ld mi llet , red r ice , paspalum , smartweed , and s ignal gras s . 
Divers include : Sc aup , Ringnecked duck , Redheads , Canvasback s 
and other ducks that dive for food . These ducks may be found 
f eeding in in l and water bodies or in Gul f  waters . Diet cons i s ts 
o f  s ubmerged aquatic vegetation and sma l l  aquatic f auna , with 
an ima l  matter gene r a l ly compr i s i ng more o f  the food intake 
than vegetable matter . Dabb lers are generally of  gre ater impor
tance to waterfowl hunters . This is becaus e the high veget.ab le 
content o f  their d iet renders them mor e palatab le than ducks 
consuming l arge amount s of animal matter . Redheads and Canvas
backs are an except i on however , for they are divers whi ch feed 
primari ly on vegetation . S ubmerged p l ants whi ch they ing e s t  
include : pondweeds , musk gras s , s edges , wi ld rice , and wi ld 
ce lery . 

Fresh mar sh i s  the pre ferred mar sh habitat o f  dabb ler s . Thi s 
marsh type annual ly supported 3 6  percent o f  the seasonal 
dabbler popu lation in one study . Intermedi ate , bracki sh , and 
s a line mar sh supported approximate ly 2 8  percent , 2 7  percent: 
and 2 percent of  the dabbler popu l at ion , respe ctive ly ( U . S .  
Army Corp s  of  Engineers , 1 9 7 5 ) . Wintering ducks compri sed the 
f o l lowing average pe rcentage of the annua l duck k i l l  in the 
s tate during the 1 9 7 2 - 7 4  season s : Green-winged Tea l , 17 percent ; 
Mal lard , 1 5  percent ; Blue-winged Teal , 1 4  percent ; Gadwal l ,  8 
percent ; Amer ican Wigeon , 6 percent ; and Shove ler , 4 percent 
( Loui s iana Wi l d l i f e  and Fi sheries Commi s s ion , 1 9 7 2 - 7 4  in U .  S .  

Army Corps o f  Engineers , 19 7 5 ) . A l l  other seasonal species 
comprised less than 1 percent each . 
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Table B . 2-l7 E s t ima tes of waterfowl in southwe st and southeast  Louis iana 
marshe s* during December , 19 7 2 . ( informat ion courtesy H .  
Bat eman , Louis iana Wildlife and Fish . Comm . ) .  

3PECIES * *  

�all ard 

Gad-.... a l 1  

Baldpate 

Green Tti . T e a l  

B lue W .  T e a l  

Shove l e r 

P J..n t a i l  

:1ott led Due:.: 

TOTAL DABBLE RS  

Re Ch e a d  

Can vasb ack 

Scaup 

Ringn e ck e d  

Ruddy 

Hooded 
Mergan s e r  

T OT  A.L DIVERS 

TOTAL DUO<.S 

Coots 

2 2 4 ,  C OO 

5 2 1 , 0 00 

29 6 , 00 0  

4 5 5 , 000 

6 6 , 0 0 0  

1 1 8 , 00 0  

2 1 2 , 0 0 0  

3 2 , 0 0 0  

1 , 9 2 4 , 0 0 0  

NO 
ESTI�A_r..TE 

�O 

E S TI)L�TE 
( 1 5 0 , 0 0 0  o f fs ho r e )  

4 , 0 00 

3 1 , 0 00 

TAACE 

4 , 00 0  

1 8 9 , 0 0 0  

2 , 11 3 , 0 0 0  

5 9 9 , 0 00 

* B e low U . S .  Hwj . 9 0  

S OU THEAST 

1 1 '; , 0 0 0  

5 8 2 , 0 0 0  

3 4 1 , 0 0 0 

2 5 3 , 0 00 

9 4 , 00 0  

8 1 , C O O  

2 4 6 , 0 0 0  

2 6 , 0 00 

1 , 7 4 0 , 0 0 0  

NO 
E ST n1ATE 

NO 
EST I':-11I.TE 

( 5 0 0 , 0 0 0  o f fshore ) 

4 , 00 0  

1 1 , 0 0 0  

TRACE 

6 , 0 00 

5 2 1 , 0 0 0  

2 , 2 6 1 , 00 0  

1 , 0 1 7 , 0 0 0  

TOTALS 

3 4 1 , 0 00 

1 , 1 0 3 , 0 00 

63 7 , 0 0 0  

7 0 8 , 0 0 0  

1 6 0 , 0 0 0  

1 9 9 , 0 0 0  

4 5 8 , 0 0 0 

5 8 , 0 0 0  

3 , 66 4 , 00 0  

( pa rt i a l  e s t ir.� t e  

6 5 8 , 0 0 0  

4 2 , 0 0 0  

T RACE 

1 0 , 0 00 

7 1 0 , 0 0 0  

4 , 3 7 4 , 0 00 

1 , 6 1 6 , 0 0 0  

* *  Wood duck s ��d g e e s e  not cen s u s e d  and b l ack ducks are includ e d  wit� 

�ott1e d duc.'.( s . 
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Table B . 2-18 

OCCURRENCE OF DUCK AND GEESE 
I N  SAB INE NAT I ONAL W I LDL IFE REFUGE 

Spec ie s 

Canada Goo se 
White - fronted Goo se 
Snow Goose--Whi te Morph . 
S now Goose--B lue Morph . 
Ros s '  Goose 
Fulvous Tree-Duck 
Mal lard 
B lack Duck 
Mottled Duc k *  
Gadwal l  
Northern P inta i l  
Gree n-w inged Teal 
B lue-winged Te al * 
Cinnamon Teal 
Northern S hove ler 
American Wigeon ( Widgeon ) 
Wood Duck 
Re dhead 
Ring-necked Duck 
Canvasback 
Le s ser Sc aup 
Common Go ldeneye 
Ru f flehe ad 
Ruddy Duck 
Hooded Merganser 
Common Me rganser 
Red-breas ted Mer ganser 

S --March - May 
S l --June - Augus t  
F--S eptember - November 
W- - De c ember - Feb ruary 

S 

o 
c 
c 

c 
u 
c 
c 
c 
c 
c 
r 
c 
c 

u 

c 

u 

r 

*Ne s ts on re fuge . 

o 
o 
c 
c 

u u 
c 
u 

c c 
c 
c 
c 

o a 
r 

o c 
c 

r u 
u 

o c 
o 

o 
o 

a--abundant , a common spe c i e s  which i s  very nume rou s . 
c--common , certain to be seen in sui table hab itat . 
u- -uncommon , present , but not certain to be s een . 
o--occasion a l , seen only a few t ime s dur ing a season . 
r--rare , seen a

,
t interva l s  of  2 to 5 year s . 

W 

u 
u 
a 
a 
r 

a 
c 
a 
a 
a 
a 
a 
r 
a 
a 
u 
u 
u 
u 
c 
o 
u 
u 
u 
r 
u 

S ource : U . S . F i sh and Wi ldl i fe Service , Uni ted S tates Depart
ment of  the Inter i or , 1 9 7 4  ( Apri l ) , Bi rds of  S ab ine 
Nationa l W i ld l i fe Re fuge : RF 4 3 5 8 2 0 0 - 2 . 
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season , an e s t imated 7 2 0 , 0 0 0 man-days were spent hunting 
ducks ( Loui s i ana W i l d l i fe and Fi she r ie s  Commi s s i on , 1 9 7 4 , 
in u . s .  Army Corps o f  Engi nee rs , 1 9 7 5 ) . Management prac tices 
used to improve coas tal duck habi tat center mai nly around 
manipulation of water leve l s . Fre s h  to s li gh tly brack i sh 
water one to s ix inches deep produce pre ferred food p l ants 
and ide al feeding conditions . Spri ng drawdown s f avor the 
production o f  annual grass es , and tho se are as can be re f looded 
afte r  the seeds mature . S uch management practices may incre ase 
duck us age of an area b y e i gh tfold ( U . S .  Army Corps of 
Engineer s ,  19 7 5 ) . The re are thre e f re shwater impoundments 
in the S ab i ne National wi ldli fe Re fuge . 

Rice may compri se 8 0  percent o f  the diet o f  mal lards and 
pinta i l s , and even fallow rice f i e l d s  provide exce l lent food 
i f  managed p rope r ly . Ri ce irri gation reservoirs  provide 
ad� i tional winte r i ng habi tat and may be drawn down in s umner 
to f avor the product ion o f  annua l s . Dre dged mate rial 
d i s pos a l  levees are not used s i gn i ficantly by wate rfowl 
( U . S . Army Corps of Engineers ,  19 7 5 ) . 

Th ree speci e s  o f  gee s e  winter in coastal Loui s ian a : the 
Canada Goos e ,  the s now Goose (wh ich inc l ude s the Bl ue Goo se ) , 
and white - fronted G oose . Can ada goo se popu lations wintering 
in Loui s i an a  have been greatly reduced in number because 
of the deve lopme nt of good winte r i ng areas in s tates f arther 
north . S now Ge ese are commonly found in brack i sh marshe s , 
rice f ie lds , and pas tures . They are primari ly grubbers , 
and i n  the marshes feed upon the rhi zomes o f  thre e- cornered 
s edge , wire grass , and delta duck potato . The cons i derab le 
grit requ i red for dige s ting this type of food is ob tained 
from scattered s and bank s . In agricultural areas , S now 
G �e se consume the unharves ted waste grain o f  rice , s oybeans , 
and sorghum , a s  we l l  as w i ld seeds o f  s prangletop and wild 
mil l e t .  The Wh ite- fronted G oo se feeds predoninan t ly in 
grain fie lds and pastures , some t ime s also us ing fresh 
mar s he s . Mar sh burning is a maj or managemer.t too l . P roper 
burning provide s acce s s  to the p l ant roots w i th l ater growth 
o f  new gras s ava i l ab le for gra z in g . Gnburne d stands o f  
three-cornered s edge may b e  used b y  feedi ng f locks o f  geese . 
Mature w ire gra s s  i s  too r ank and tough , and consequently 
only the young s hoots which have been stimul ated by b urning 
are palatab le . B urning i n  proper management invo lve s a b urn 
two to three days prior to use . The rap i d  rate o f  revege tation 
along the Gul f Co ast rende rs a marsh burn unattracti ve to 
feeding geese afte r  about a week or 10 day s  even during the 
wi nter . Thus , a series o f  control led burns i s  b e s t  for 
providing food for s us ta i ned periods ( U . S . Army Corps of 
Enginee rs , 1 9 7 5 ) . 
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The Ame rican Coot ( Fuli ca ameri can a) , a sma l l  duc k - l i ke 
b i rd whi ch ne s ts i n�r eshwa ter lak e s  and marshes , nests in 
S ab ine Nat ional wi ldli fe Re fuge . It is common in  every 
seas on but summe r . Th ese b i rds feed main ly on aquatic 
vegetation and frequently mi ngle wi th dabb l i ng ducks .  Mo re 
of them ( 4 5 7 , 0 0 0 )  than the mos t commonly taken duck ( the 
Green-winged Teal with 3 5 3 , 0 0 0 ) have been taken ( 1 9 7 3- 7 4 ;  
U . S .  Army Corps o f  Engineer s , 1 9 75 ) . 

Other game b i rds inc lude the King Rai l ,  Clappe r Ra i l , Vi rginia 
Rai l ,  Sora , Purp le Gal l inule , Common Gal linule , Common S n ioe , 
and American Woodcock . Th ese are a l l  found in S ab ine 
National Wi ldl i fe Re fuge . 'l'he Ki ng Rai l ,  C lappe r Rai l ,  
and g a l l inules a l o s  nest there ( U . S . Fi sh and Wi ld l i fe 
Servi ce , 1 9 7 4 ) . The se b irds are found in  aqua tic hab itats 
wi th the woodc ock and snipe a s s oc i a ted wi th marshe s , we t 
me adows , and swamps ; the rails  a s soci ate d  w i th mar she s and 
the gal linules as soc iated w i th shal low ,  fresh ponds . In 
19 7 2 -7 3 , there were 4 1 , 0 0 0 woodc ock hunte rs , 2 0 , 0 0 0  sni pe 
hunters , 1 3 , 0 0 0  rai l hunters , and S , O O O  gal l inule hunte rs 
( U . S . Army Corps of Engineer s , 19 7 5 ) . 

Such s port f i s h  spe c i e s  a s  buf f a lo , freshwater drum , whi te , 
yel low , and l argemouth b a s s  are found in the fre shwate r 
or ne arby freshwater channe l s .  In backwate rs , pond s , and 
impoundments such recreationa l s pe c i e s  are pre sent as : 
bowfin , chain p ickera l , green sunfi sh ,  warmouth , b lueg i l l , 
longear sun f i sh , redear s un f i sh , largemouth bas s ,  and 
wh i te and black crapp ies are characte r i s tic ( U . S . Army 
Corps o f  Engi neers , 19 7 6 ) . Other sport spec ies which may be 
pre sent inc lude blue and channel cat f i s h  ( U . S . Army Crops 
of Engineers ,  1 9 7 5 ) . Sport species o f  more sal ine waters 
i nc lude spot , red drum , sea trou t ,  b l ack drum , southern 
f lounder , and sheep shead ( U . S .  Army , Corp s  o f  Eng ineers , 
1 9 7 5 and 1 9 7 6 ) . Mo st o f  these sport f i s h  found in higher 
s a l in ity water are also commer c i a l ly important and are 
d i scus sed under S ec tion B . 2 . 5 . 3  ( Important Commercial S pec ies  
o f  the Region ) . There i s  a l so a descript ion o f  f i shes in 
re lation to the ir reg iona l habi tats in Section B . 2 . 5 . l  
( Ecosys tems ) . 

S hr imp , crab s , arld oysters are taken by individual s  in the area 
for the ir personal u se . Oy ster col lecting is r e s tricted to 
tonging and i s  on ly permi tted in We s t  Cove and the lower part o f  
Ca lcas ieu Lake i n  the Calcas ieu system . The Lou i s i ana Wi ld l i fe 
and F i s heries Commi s s i on i s sued 3 0 7  l icenses for oyster co l l ect
ing in thi s area for 1 9 7 5 and e s t imated that 4 4 0 , 0 0 0  sacks were 
ava ilable for harve st in 1 9 7 6  ( U . S .  Army Corps of Engineer s , 1 9 7 6 ) .  
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Calcas ieu Parish 

Calcasieu Parish is typi c a l  o f  mos t  o f  the Texoma s tudy area in 
i t s  sui tabi l i ty for game birds , a lthough i t  probab ly ranks a f ter 
Cameron Parish and Jef ferson County in impor tance in waterfowl 
hunting . The Mottled Duck and Blue-winged Teal are the important 
res ident b irds in the marsh area a long with the C lapper Ra i l , the 
King Rai l ,  and the Wood Duck . Up land res ident game b ird s found 
on s econd-growth l and are the Bobwhi te and Mourning Dove . 

S everal important migratory game bi rds uti l i z e  the par ish marsh
land s : the Snipe , Woodcock , Mourn ing Dove , Mal lard , Pi nta i l , 
Green-winged Teal , Gadwal l ,  Fulvous Tree Duck , Canvasback , Red
head , Greater and Les ser S caup , s everal species o f  goose , 
S hoveler and Wi geon . I t  ha s been e stimated that 2 0 %  o f  North 
American water fowl winters in the mar shes of  Loui s i ana . Because 
of the numbers of bi rds and the interest in waterfowl hunts , 
Loui s i ana i s  abl e to draw a s i z able revenue from the sale o f  hunt
ing permits compared with other s tates wi th lower water fowl 
potentia l .  

Trapping wa s men tioned in Section B . 2 . 4 . 3 ( Important Commercial 
Species  o f  Region ) as being very important commerc i a l l y  in the 
mar sh area o f  C a l ca s ieu Par i sh . However , 5 0 %  o f  the l icen s ed 
trapper s  of the pari s h  are f rom outs ide the mar sh and are " free 
lance " operator s ,  trapping on upland areas ( O ' Ne i l  and Linscombe , 
no date ) . Upland trappers set trap l i ne s  along logging roads and 
creek bottoms . Catches are made up mainly of raccoon ; however ,  
red fox and coyote ar e taken , as wel l  as bobcat and nutria when 
they are avai lab le . 

Orange County 

Mo s t  of the water fowl whi ch vi s i t  Orange County are transients on 
their way to or which wi l l  return to mar sh and as soc iated areas 
to the south in Je f ferson County or e l sewhere . The se spec ies are 
generally the same as thos e  l i sted for we stern Cameron Pari sh . 

The main game mammal s  in the county probab ly inc l ude whi teta i l ed 
deer , squi rre l s  ( gray , S c iur us caro l inen s i s  and fox , S c iurus 
n iger ) , and eastern cottontai l rabb i t s . The game bi rds , Bob
whi te and Doves , prob ab l y  are a l so hunted in the area . 

F i shing i s  popular on Cow and Adams Bayous ( F i sher , et al . ,  1 9 7 3 )  
and on the Sab ine River and ponds , lake s , and other water bodies 
in the inter ior of the county . 

Food and game f i sh recorded from the S abine Rive r are regarded as 
typical species  in the area . They inc l ude : largemouth bas s , 
spotted ba s s , white crappie , b lack crappie , bluegi l l , longear 
sunfi sh , orange- spotted s unf i sh , spot ted sunf i sh , carp , r iver 
carps ucker , spotted s ucker , blue sucker , s triped mul let , channel 
catfish , f l athead catfi sh , b l ue catf i sh , yel low bul lhead , and 
the spotted gar ( Lant z , 1 9 7 0 ) . 
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J ef fer son County 

Texas ranks among the leading s tates in the sports of hunt ing 
and f i shing . I n  the fede ral f i scal year of  1 9 7 4 , 1 , 1 0 5 , 9 0 5  
and 1 , 5 9 8 , 2 3 6  hunting and f i shing licenses were held , respec
t ive ly . The se sports con s ti tute a maj or p art of  the state ' s  
$ 4 . 8  b i l lion touri sm and rec reation industry . 

Whi te- tailed deer i s  the s ingle mo st important game animal 
in Texas , and deer leases are a s igni f icant source of income 
for many l andowners . Wi ld turkey , quai l , dove s , duck s , and 
geese are the other primary game in the s tate . The coastal 
are a  o f  Jefferson County , particu lar ly around Port Arthur , 
which i s  an excel lent hunting ground for both duck s  and geese . 

During 1 9 7 5 , an estimated 3 m i l l ion f i shermen had spent more 
than 6 4  &± l l ion days f is hing on 2 . 8  m i l l ion acres of  Texas 
inland waters ( e stimated by Texas P arks and Wildl i f e ) . Im
portant recreationa l freshwater species  include : sun f i s h  
( l argemouth bas s , Micropterus s a lmoides ; and crappie , Pomoxis 
s p . ) ;  bass ( s triped b a s s , Morone s axata l i s , and wh ite bas s , 
Roc cus chrysops ) ;  catfish ( channel , I c talurus p unctatus ; and 
blue , I .  f urcatu s ) . Je f f erson County ' s  recreational freshwater 
f i s hery con s i s t s  primar i ly of the speci e s  mentioned above . 

The s a l twater sport f i sh ing i s  prominent in both the inshore 
waters as we l l  a s  o f fs hore in th e Gul f  of Mexico . Presently , 
s tudi e s  are being initiated to census thi s activity , but little 
i s  known at this time . The more popular s a l twater f i sh include : 
croaker s ,  sea trout , f lounder , redf i sh ,  sheep shead , and drum . 
Jefferson County ' s  sa ltwater f i shery centers around the Sabine 
Lake where the prevalent spec ies are : speck led trout ( Cynoscion 
nebulosus ) ,  red f i sh ( Sc iaenop s oce l l ata) , black drum ( Pogonias 
cromi s ) , Atl antic croaker (Micropogon undulatus ) ,  gaftop cat f i sh 
( Bagre marina ) , southern f lounder ( Para l i chthys lethostigmus ) ,  
and sheepshe ad ( Archos argus probatocephalus ) . 

Crabb ing for b lue crab s  ( Ca l l inectes sapidus ) i s  a l s o  a 
popu lar recreational activity in both the state and in 
Jeff ers on County . 
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B . 2 . 6  Natural and S c enic Resourc es 

B . 2 . 6 . 1  Wildl i fe Refuges 

Sabine National W ildl ife Re fuge south of  the I CW is the l arge s t  
water fowl re fuge on the Gul f  Coa s t  covering 1 4 2 , 8 4 6  acre s . 
Figure B. 2-28 ind ic ate s the l ocation of  the re fuge relative to 
Texoma s i tes  and fac i l itie s . The original intent in estab
l i shing the re fuge was to provide protection to mar sh hab i tat 
impor tant to wintering s now geese and duck s . Coas tal marshes 
in sou thwes t  Loui s i ana were forma l ly one of  the mo st famous 
fur producing areas o f  the country . But acc e s s  canal s  dug 
through this area have changed the ecological and hydro logic 
s i tuation cons iderably by blocking the drainage of fresh 
water and al lowing the intrus ion o f  salt water . One of  the 
manageme nt goa l s  of Sabine Refuge i s  the re-e stab l i shment of 
a high qua l i ty mar sh hab i tat over a large area throuqh proper 
manipulation of water leve l s  ( U .  S .  Department of I nterior , 
1 9 7 4 )  . 

During the Chr i s tmas sea son each year , birdwatcher s cooperate 
with th e National Audubon Society in making " Chr i s tmas counts " 
of birdl ife in numerous areas acros s  the uni ted St ates . The 
Sabine National Wildlife Refuge - Cameron Count has been made 
1 8  time s s i nce 1 9 5 0 . I n  1 9 5 9 , the census recorded 1 6 3  spec ies , 
which i s  the large s t  number of speci e s  ever observed in Louis iana 
for a winter day ( Lowery , 1 9 7 4 ) . This number is exc'ep tiona l ly 
l arge even when compar i sons are made with s imi lar counts in 
other areas of the Uni ted S tates . Part of  the reason for thi s  
high count i s  that the I S -mile d i ameter o f  S abine Refuge -
Cameron census area includes a var iety of  di fferent hab i tats 
such as Gu l f  beaches , heavily wooded upl and forests , and pine 
savannahs . The se habitats in turn have dis tinc tly di fferent 
var ieties and number s of b irds . 

Sydney I s l and , i s  a private wi ld l i f e  refuge managed by the 
National Audubon Soc iety , ( F igure B . 2 -2 8 ) . It i s  
loca ted a t  the northern end o f  the Sabine Lake . The is land 
has been in ex i s tenc e s ince 1 9 1 5 , when i t  wa s created as a 
spo il i s l and from s and and s i l t  dredged from the ad j acent 
waterway . Al though only 1 2 6  acres in s i z e , i t  has an 
extremel y  large concentra tion of ne sting birds , ma inly egrets , 
herons , night-herons , and ibis . In  add i tion , i t  has one of  
the l arge s t  colonies  of  Ro seate Spoonb i l l s  in the Uni ted 
S tates , wi th 6 0 0  ne s ts counted in 1 9 7 5  ( Bailey , 1 9 7 6 ) . 
S imi lar i s lands on Sabine Lake lack s i zable bi rd population 
due to the d i s turbing e f fects o f  human hab i tation and the 
pre sence of cattle and hogs . 
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B . 2 . 6 . 2  s tate and Nati onal Recre ati onal P arks 

Northwes t  o f  Beaumont , Texas is the newly created 8 4 , 5 0 0  acre 
Big Thi cket Nati onal Preserve covering p arts of s even counties . 
Managed in di s j unct uni ts with stream corridors , the preserve 
was create d  to s ave exce l l ent examp l e s  o f  s outhern swamp and 
up l and forest habitat , known l oc a l l y  as I f  the Big Thi cket . I f 
Thi s  area i s  uni que ecol ogi cally in that p l ant and anima l 
l i fe from wide l y  different areas l ive together here natural l y . 
P l ant l i fe in the Thi cket s uch as I f raindeer mo s s lf from the 
arctic has been found c l o s e  to s ubtrop ical palmetto commonly 
found in Florida . The Ro adrunner a l s o  shares the s ame terrain 
with forest inhab i ting b i rds l i ke the Eastern Wood Thrush .  

The only o ffici a l l y  des i gnated p ark areas in the vicinity 
are Nib letts Bluff state P ark and S e a  Rim State P ark , about 
12 mi l e s  west o f  S abine P a s s . Nibl etts Bluff s tate Park i s  
located near the S abine River approx imatel y  1 0  miles northe ast 
of Orange , Texas . Acti vi ties s uch as picnicing , boating , 
fi shing , and c amp ing c an be purs ued there . S e a  Rim s tate 
P ark has marsh and beach areas and provi de s c amping and picnic ing 
fac i l i ties . I n  addi ti on , two mi l e s  wes t  o f  Nibl etts Bluff 
i s  the S abine Wi l dl i fe Management area ( s ee Figure B . 2 -2 8 ) .  
Covering approx imatel y  9 , 0 0 0  acre s , the area i s  managed 
primar i l y  for waterfowl hunts . J .  D .  Murphree Wi l dl i fe Manage 
ment Area i s  located on the north s i de o f  the I CW c l o s e  to 
S ab ine Lake . I t  i s  a l s o  managed for water fowl . 

B . 2 . 7  Archaeological , Hi s torical , and Cultural Resources 

Coastal Lou i s i ana and Texas are rich in archaeo l ogical s i te s ; 
there are more than 7 0 0  known s i te s  in coasta l  Louis i ana a lone . 
Prior to the imp l ementati on o f  the National Envi ronmental 
Pol icy Act of 1 9 6 9 , the s e  s i te s  received l i ttle protection 
and many were des troyed e i ther by acc i dent or purposely by 
amateur c o l l ectors . Today the atti tude o f  s tate and federal 
archaeological o ffi c e s  i s  that the s e  s i te s  should be pres erved 
intact ,  except in s uch cases where human we l fare would be 
imp roved as a result of s ome act ( i . e . , construction ) that 
would a l ter a s i te . In the l atter ins tance , a comprehens ive 
inves tigation o f  the s i te could be recommended prior to di s tur
b ance of the s i te . 

A l arge number o f  the known archaeological s i te s  are in the 
form o f  she l l  mi ddens , which are comp o s ed o f  re fuse di s c arded 
by I ndi ans who l ived in the area . The middens are composed 
mo stly o f  she l l s  o f  the brackish-water c l am Rangi a cuneata , 
but al s o  o ften contain she l l s  o f  Cra s s o s trea sp . and Unio 
sp . Among the she l l s  c an be found pottery fragments , ash , 
bone s o f  various anima l s , arrowheads , and impl ements indi c ating 
the l i fe s tyle o f  the inhabitants o f  the regi on . Mo s t  o f  
the early s ite s c an b e  dated at between 3 0 0  and 4 0 0  A . D .  
The o ldes t  s i te s  known in the area are thought to be from 
the Archaic Period around 1 5 0 0  B . C .  and the mo s t  recent was 
in the Hi s toric Period around 1 5 0 0  A . D .  ( Bo l l i ch , 1 9 7 6 ) .  
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Al though few archaeo logical inve s tigations have been made o f  
the s a l t  dome areas o f  Cameron and Calcas ieu Parishes and 
Jef ferson and Orange Counties , it i s  suspected that they 
would yield valuable inf ormation once surveys are undertaken . 
Because of  their genera lly higher topography , they are thought 
to be used from very early time s as hunting or v i l lage s i tes . 
Avery I s land , a s a l t  dome " i s land " in south-central Lou i s i ana , 
has yie lded evidence of mans ' ear l i e s t  occurrence in  the 
de l ta region . A large so lution pond on the sur face of the 
Avery I s land s a l t  dome contained the remains of extinct 
P le i s tocene vertebrate s ,  various stone too l s , wooden arti
facts , and pro j ectile points . Radiocarbon dating i ndic ated 
the age of some of the arti facts at grea ter than 1 1 , 5 0 0  year s 
old ( Ga g l i ano , 1 9 6 7 ) . 

The Pre-Columb ian native inhabi tants of  the Texoma area were 
Atak apa Indi ans , who occupied a number of locations in Lou i s iana 
on Vermi l ion Bayou , a long the Mermentau River , on lakes near 
the mouth of the Calcas ieu River , and presumably a long the lower 
S abine River ( Swanton 1 9 1 1 ) . These groups , toge ther with the 
Akoki s a  of Texas and the Bidias and Deadose , make up what 
Newcomb ( 1 9 6 1 )  cal l s  the " provinc ial  Atakapa . " The ir name , given 
them by the French , is a Choctaw word meaning "man-eater , " and i s  
derived from the ominous reports o f  canniba l i sm among the s e  
peop le . Although the Bidias and the Deadose were a f f i l i ated 
lingui s t i c al ly and cultural ly with the Atakapa of  Loui s i ana , they 
were often con s i dered di stinct Indian groups . The Akoki s a  of  
Texas , however , are b e l ieved to have been a wes tern extens ion 
of the Atakapa proper of Loui s i ana ( Swanton , 1 9 4 6 ) . The avai l ab le 
ethnographic and h i s toric information on the Atakapa of Loui s i ana 
and Texas i s  not exte ns ive , but , from the reports that do exi s t , 
the Indians are f e lt to be among the mos t  primi tive in North 
Amer ica . 

The ear l i e s t  detai ls of Atakapa culture come from the memo irs of 
S imars de Be l l e - I s le , a French ensign who was ens laved by the 
Texas Akok i s a  a f ter being set ashore and abandoned by his 
captain (Margry 1 8 7 7 - 8 6 ) .  De Be l le- I s le ' s  memoirs extend over 
the ent i re period of his  c aptivi ty , from 1 7 1 9 - 9 2 , during whi ch 
time he had amp le opportunity to obs erve the Akok i s a  and learn 
their culture . Fol lowing the Lou i s iana purchase of  1 8 0 3 , a 
s eries of land c l aims which part icu lari z e  bus ine s s  proceeding s  
between the coloni sts  and the Atakapa provides addi tional in
format ion on the aboriginal culture . Later , in 1 8 1 7 - 19 , J . O .  
Dyer wrote on the Lake Char les Atakapa ( the last remaining 
vestige of the C a l ca s i eu ban d )  based on ob servations and con
versations with informants ( Dyer , 19 1 7 ) . The s e  few s cattered 
report s represent the primary sources on the culture of  the 
Atakapa . 

B . 2 - 1 2 4  



When viewed from the per spect ive of the Lower Mi s s i s s ippi 
Va l ley , the Atakapa culture area i s  of ten re ferred to as a 
" cultural s i nk , "  or as Gibson ( 1 9 7 6 )  state s , " an area that 
progres s  seemi ng ly forgot . " Though i s o lated for some time 
from E uropean sett lement , there are reports of some incidence 
of trade among the Atakapa with pottery ves s e l s  and stones 
for l ithic manufacture obtained from inland tribe s and g lobu lar 
oi l j ug s  from the Karankawa ( Dyer , 1 9 1 7 ; Gibson , 1 9 7 6 ) . In 
exchan ge for these i tems , the Atakapa off ered sal ted f i sh and 
cane baskets . The indians f inally entered into fur , horse , and 
tal low bartering when the wes tern expans ion of Europeans 
brought wh ite traders and settlers into the area . 

Al though the i r  l ingui stic a f f i l i ate , the Bidias , and other 
inland tribes were said to be horticultural i s ts , the Texas 
Akoki s a  and the Lou i s i ana Atak apa e i ther did not practice 
horticulture or it was not vital to sub s i s tence ( Newcomb , 1 9 6 1 )  
Semi-nomadic i n  the ir sett lement , the Atakapa engaged i n  hunt ing , 
gathering , and fi shing . Fibson quote s Newcomb ( 1 9 6 1 )  as saylng 
that dur ing the spr ing and s ummer month s ,  these Indians 
divided themse lve s into smal l  fami ly groups concentrated a long 
the coast , gather ing s he l lfi sh , including Rangia and oysters , 
bird egg s , wate r lotus rhi zome s and seed s , and f i s hing . In  
fal l and winter , the Atakapa reported ly moved inland to j o in 
other fam i l i e s  in semi-permanent settl ement s .  A ques tion should 
be rai sed regarding the reasons why the Atakapa broke into 
sma l l  fami ly group s  in the coas tal zone s where a ma j or food 
source , Rangia cun eata , is abundant , and doe s  not vary in quantity 
from s eason to s ea son ( Tarver , 1 9 7 2 ) . I t  i s  more o ften cus tomary , 
e . g . , in the Great Basin for peop le to corne together at times 
and in p l aces where the food supp ly is the mo s t  p lentiful and 
re liab le . Addit iona l ly , Newcomb was speaking spec i f i ca l ly of  
the Texas Akok i s a ; whe ther th i s  mi grat ion pattern was followed 
by the Loui s iana Atakapa is not known . 

The Atakapa survived by exploit ing the ir ecolog i c a l  n i che to 
the fu l l es t .  Hunting a l l i gator , deer , bear , sma l l  anima l s , 
and , it  i s  rumored , human s , they deve loped their techno logy to 
obtain food from the k i l l  of moving anima l s . Among the Atakapa 
weaponry f igured the bow and arrow , bone and antler tipped 
spears , two k inds of fi sh darts , harpoons , brushwood and cane 
traps , and oys ter rake s ( Newcomb 1 9 6 1 ; Dyer 1 9 1 7 ) . Their 
technology also inc luded the manufac ture of can e baskets ( used 
in trade ) , wooden bow l s  and skin containers , d igg ing sticks , 
and dugout paddle s .  

Among the Lake Charles  Atakapa , houses were con i c a l  and made of 
bent-po les interlaced with vines , and presumably thatched with 
holes  for smoke release ( Dyer , 1 9 1 7 ) . To the north o f  the 
Atakapa proper , the B i d i a s  used tents during the winter month s ,  
but i t  is  not known the extent to wh i ch ( i f at al l )  ten ts  were 
used among the Loui s i ana Atakapa . 
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Beyond the technology and mater ial culture , l i tt le i s  known o f  
the relig ious and s o c i a l  systems of the Atakapa . The i nformation 
ava i l ab le points to a band organi z ation , strong natural divi s ion 
o f  labor (based on age and sex ) , leadership l imited to advice 
and movement coordinat ion , and a ,lack of forma l relig ious 
organ i z ation . Hi s tori cal data s upport the s uggestion that shamans 
probably occupied an elevated posi tion in the social s tructure , 
because they were reported to have estab l iE;;:hed the i r  lodges and 
huts atop s he l l  mound s (Newcomb , 1 9 6 1 ) . 

Unti l the mid- 1 7 0 0 s , the Atakapa culture remained virtua l ly 
undis tu rbed . Po s s ib ly owing to their s in i s ter reputat ion as 
canniba l s , the Atakapa did not experience an early intrus ion 
of European settlers as did thei r  neighbors to the east and 
further inland . 

Arc haeo log i c a l  records of the Texas H i stor i c a l  Commi s s ion i n  
Austin were checked f o r  a l l  known s ites within one mile on 
e i ther s ide of the propo sed pipe line routes and in the vicinity 
o f  the Big H i l l  s a l t  dome . Twenty- five sties  we re found to 
occur within this area . From the f i les  of  the Louis iana 
Archaeo log ical S urvey and Antiquities Commi ss ion in  Baton Rouge , 
twe lve archaeological sites we re found to occur within one mile 
of the sites  and proposed pipe line routes i n  Loui s iana . 

Areas off i c i a l ly des ignated by the government a s  having 
historic value are l i s ted in the Nat ional Reg i s ter of H i s
tor ic P laces . A search o f  the Nat iona l Regi ster for the 
counties of Je f ferson and Orange , and the par i s hes of Cameron 
and C alcas ieu , J .i sts the fol lowing areas of historical impor
tance ( National Park S ervi c e , 19 7 7 ) . 

Jef ferson County 

( a )  The Lucas Gusher , Spindle top Oi l Field , three mi les 
south of  B eaumont .  

( b )  French Home Trading Post a t  2 9 9 5  French Ro ad , Beaumont . 

( c )  McFadd in House Comp les at 1 9 0 6  McFaddin S treet , Beaumont .  

( d )  Pompe i i an Vi l la a t  1 9 5 3  Lakshore Dr ive , Port Arthur . 
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Orange County 

W .  H .  S tark House , 6 1 1  W .  Green Avenue , Orange . 

I n  Cameron and Calcasieu Par i shes , Loui siana , there are no 
locations l i sted in the Nat ional Reg i s ter . However ,  there 
is a she ll  midden in Cameron Pari sh , 1 - 1 / 2  mile s from the 
propo sed pipeline route which is being considered for nomina
tion to the Nat ional Reg i s ter . Thi s  i s  the Gi l l  Smi th 
Archaeo logical S i te . The s ite i s  approximate ly 2 ac res in s i z e  
and repre sents a perfect examp le of  h igh qua l ity coas tal she l l  
midden (Gibbens , 1 9 7 7 ) . 

There are many h i s torica l  p laces which are l i s ted only on 
state regi sters and are given protect ion by various state 
laws . S tate h i s torical o f f i ces in Texas and Loui s i ana 
provided inf ormation on the locations o f  the s e  s i tes  in the 
f our parish/county s tudy area . Lou i s i ana wa s found to have 
three h i s tori c marker locat ions in Calcasieu Pari sh , and 
none in Cameron Par i sh ( Munson , 1 9 7 6 ) . I n  Texa s , 3 3  h i s toric 
markers are located i n  Jef ferson County , and four in Orange 
County ( Texas His torical Commi s s ion ,  1 9 7 5 ) . 

A cul tural Re source S urvey has recently been comp leted for 
B lack Bayou , Vinton , and Big Hi l l  s torage s i t� s and the i r  
assoc iated pipe l ine routes . The We st Hackberry brine pipel i ne s  
were a l s o  s urveyed for this s ame pro j ect . However , the We s t  
Hackberry s torage fac i l i ty and o i l  pip�l ine route are being 
eva luated by a separate s urvey whi ch is being conducted within 
the Federal Energy Admini s tration ' s  E S R  Program . Thi s  program 
i s  de s cribed in the FES 7 6 / 7 7 - 4  (FEA , 1 9 7 7 ) . 

The purpose o f  the Texoma cultural re source survey was to 
evaluate , us ing a s tati s tical ly valid s amp l ing procedure , the 
probab i l ity of  encountering va luab le archaeological or h i s torical 
s ites around any o f  the storage f ac i l i ties or pipeline s . In  
th i s  way potential s torage areas could be eva l uated and compared 
to determine wh i ch par t i cular area would be least a f fected by 
the propos ed action . Once the s i te wh ich would func tion as the 
S P R  f ac i l i ty i s  cho s en , a more intens ive cul tural resource s urvey 
wou ld be undertaken . Thi s  s econd s urvey wou ld s upply i n formation 
nece s s ary for comp l i ance with th e Nat iona l H i s tori cal P re s e rvation 
Ac t of 1 9 6 6  and Federal Executive Order 1 1 5 9 3 .  The National 
H i s torical Pres ervat ion Act requires that Federal agenc ies should 
determ ine the e f fect of any action of their department on a 
National Reg i s ter property and a l low the Advis ory Coun c i l  on 
H i s toric Pres e rvation an opportunity to comment on the propos ed 
proj ect . Executive Order 1 1 5 9 3 ,  i ss ued i n  1 9 7 1 ,  exp anded further 
the role Fede ra l agenice s were to play i n  hi storic preservation . 
I t  dire c t s  heads o f  Federal agencies to locate , inventory , and 
nominate al l s i tes , bui lding s , districts , and obj ects under their 
j ur i sdiction that appear to qua lify for l i s t ing in the Nationa l 
Reg i s ter o f  Hi s toric P lace s . In  addition , both Fede ral direc tive s 
s tate that the Fede ral agency s hould consult with the appropriate 
S tate H i s tor ic Pres e rvat ion O f fi cer in order to coordinate the i r  
respon sibi l i t i e s  regarding cu ltura l preservation . 
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B . 2 . 8  Socioeconomic Characteri stics  

The region encomp a s s ing the Texoma group of candidate petro le� 
s torage s ites an d r elated pipelines , inc ludes Cameron and 
Calcas ieu Parishes in Loui s i ana , and Jefferson and Orange 
Counties in Texas . S i nce one of the c andidate s i tes  l i e s  
within 7 mi les of  the border of Chambers County , th i s  county 
has a l so been included as part of the s tudy reg ion . Al l 
the salt domes under cons iderat ion are located in r ural areas , 
and the l abor fo rce requi red by the proposed proj ect would be 
der ived primar i ly from urban areas within th i s  region . 

B . 2 . 8 . l  H i s tory and Cul tura l  Patterns 

The coas t a l  area of  the border region between Lou i s i ana and 
Texas was once inhabi ted by the Atakapa tribe s , who were 
farmers and fishermen . S he l l  mi ddens left by these I ndians 
are found a long the r ivers and on the i s lands o f  the marshe s . 

Both Spain and France c l a imed l and in thi s region duri ng the 
1 6 th Centruy . Spani sh rule bec ame e s tab l i shed in Texas and , 
in 1 7 6 2  Spain was granted mos t  of Loui s i ana eastward to the 
Mi s s i s s ippi River , During the fo l lowing years , the French 
and Acadian popu lat ion of  thi s eas tern portion of Spani sh 
territory grew rap idly . I n  1 8 0 0  Napo leon ob ta ined the return 
o f  land we st of  the Mi s s i s s i ppi to a river which , by i t s  
de scription , could have been e i ther the S abine River o r  the 
Calcas ieu River . Both Spain and France c laimed the land be
tween the se rivers , so it was estab l i s hed as neutral ground . 
This area became a haven for out l aws , pirate s ,  and smugglers . 
French Loui s i ana was sold to the Uni ted S tate s and became a 
S tate in 1 8 1 2 . Spain ceded i t s  c laim to the l and eas t of  the 
S abine River in 1 8 1 9 .  Three years later , Me xico won indepen
dence from Spain . The Texas por tion o f  the Mexican land , however ,  
was sett led by an increas ing number of  Anglo-Americans who , in 
turn , won their independence from Mexico in 1 8 3 6  and were 
admi tted as a S tate in 1 8 4 5 .  The region retains many of  the 
unique cultural aspects of t he people who sett led i t . Fami ly 
names , p l ace names , and the loca l cui s ine indi cate its I ndian , 
French , and Spanish heritage . 

The natural resources of  the reg ion have had a strong inf luence 
on its p attern of  deve lopment . Oi l was dis covered in Ca lcas i eu 
Parish in 1 8 8 6 , and at Sp indletop in Texas in 19 0 1 .  A per i od 
of rapid i ndustrial i z ation fol lowed the di s covery of  oi l ,  and 
many refineries and pe trochemi cal p lants were bui lt around the 
ma j or port citie s . The extens ive coas tal mar sh lands of the 
reg ion are sparcely popu l ated , and provide l arge areas for 
hunt ing , f i shing , and trapping . 
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B . 2 . 8 . 2  Popul a t i on 

Popul a t i on Den s i ty and D i s t r i bu t i on . O f  the f ive par i she s 
and co un t i es  in the s tudy r eg i on , J e f f e r son County has the 
h ighe s t  populat ion , d u e  p r imar i ly to the h i gh p r opor t ion o f  
u r ban deve lopmen t .  Reg i onal popul at ion , in gene r a l , i s  co n
cent r ated in  the inl and areas , away f r om the coas t .  Came r o n 
P a r i sh and Chambe r s  Co unty l i e  along the coas t and have no 
commun i t ies  w i t h populat i ons in e x c e s s  of 2 , 5 0 0 . S i mi lar ly , 
the coas tal s u bd i v i s i on of  J e f f e r s on Cou nty i s  ent i r ely 
r u r a l ,  and has a oopulat i o n of  only 1 , 4 8 6  (C en s u s , 1 9 7 0 ) . 
Table B . 2 - 1 9  shows the popul ation d i str ibution of the f ive 
p ar i shes and co unt i es i n  the re g i on ,  and the bal ance between 
u r ban and r u r al se c t o r s .  

Maj o r  Towns and C i t i e s . The r e  are  f o u r  maj o r  c i t i es  i n  the 
reg i on , as shown in F igure B . 2 - 2 9 .  Inc luded are : Lake Char les 
L o u i s iana ; and Beaumont , Po r t  A r thu r , and O r ange , Texas . 
M o s t  o f  the labor f o r c e r e q u i red f o r  the p r o j e ct  w o u l d  commute 
f r om th ese c i t ies , and mate r i a l s  cons umed by p r o j e ct cons t r uc
t i on would be manufac t u r ed in  o r  s h i pped t h r o ugh the se s i t i es . 

Lake Char l e s . The popu lat i on of  Lake Ch a r l e s  was abo u t  
7 8 , 0 0 0 i n  1 9 7 0  and d r opped to abo u t  7 4 , 0 0 0  i n  1 9 7 5  ( L ake 
Char les Ame r i can P r es s , 1 9 7 6 ) . B e f o r e  the d i s cove r y  o f  o i l  
i n  Calc as ieu  P a r i s h ,  Lak e  Charles was p r i ma r i ly a lumbe r 
p o r t .  I t  i s  now a maj o r  manufac t u r ing cen t e r , par t i cular ly 
f o r  the chem i cal s ind u s t ry . Lake Cha r l es  i s  the par i sh 
s e at o f  Ca lc a s i eu P ar i sh ,  and the home of  McNeese U n i ve r s i ty 
( e n r o l lment : 5 , 7 0 0  s t udents ) .  Al tho ugh the c i ty ' s  early 
popu lat ion was p r edomi nantly of  S c o t t i sh-I r i sh he r i tage , 
a later i n f l ux o f  F r ench and Ac ad i an descendents f r om the 
s o u th-ce n t r a l  par t of Lou i s i ana has r e s u l t ed in the c i ty 
hav i ng an almo s t  equal m i x t u r e  of  Ang l o -S a xon and F r ench 
c u l tu ral inf luence . 

Beaumont . Beaumont i s  one o f  the three Texas c i t i es 
that form a la rge u r ban t r i ang le in  the re g i on . The 
p op u lat i on o f  the c i ty was j u s t  ove r 1 1 5 , 9 0 0  in 1 9 7 0 , and 
i s  e s t imated to have r eached 1 1 9 , 6 0 0  by 1 9 7 5 . I t  
o r i g inated in  the ear ly 1 8 0 0 s  as a t r ad i ng p o s t  f o r  F r ench 
and S pan i sh f u r  t r appe r s . When o i l  was d i scove r ed at the 
S p i nd l e top O i l  F i e ld in 1 9 0 1 , Beaumont be came a boom town . 
S e ve r a l  r e f i ne r i es are lo cated i n  and ar ound Beaumont , as 
wel l  as a numbe r o f  chemical plan ts , me tals  ind u s t r i es , and 
mach ine r y  manu factu re r s ,  and i t  i s  a maj o r  po r t  c i ty .  
L ama r U n i ve r s i ty i s  loc ated here , and has an e n r o l lment 
wh i ch excee d s  1 0 , 0 0 0 . 
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Tabl e  B . 2 - 1 9 . Popu l a t i o n  D e n s i ty o f  t h e  T e xoma Reg i o n  

1 1 2 3 
C a l c a s i e u  C ame r o n  O r a n� J e f f e r s o n  C h ambe r s  

T o t a l  P o pu l a t i on 1 4 5 , 4 1 5 8 , 1 9 4  7 1 , 2 2 6  2 4 4 , 7 7 3  1 2 , 1 8 7  

Popu l a t i o n  D e ns i ty 1 3 1 . 6 5 . 7  1 9 8 . 2  2 5 7 . 4  1 9 . 8  
( p e r  squ a r e  m i l e )  

U r ba n  P opu l a t i o n  1 0 8 , 7 1 3  0 4 7 , 2 5 0  2 3 2 , 3 9 3  

% U r ba n  7 4 . 8  6 6 . 3  9 4 . 9  

% Change f r om 1 9 6 0 1 . 1 7 1 7 . 7  - 1 . 3  

R u r al P opu l a t i o n  3 6 , 7 0 2  8 , 1 9 4  2 3 , 9 7 6 1 2 , 3 8 0  1 2 , 1 8 7  

F a r m 1 , 1 7 1  8 9 4  3 1 1  NA NA 
N o n f a r m  3 5 , 8 1 6  7 , 3 0 0  2 3 , 6 6 5  NA N A  
% R u r a l  2 5 . 2  1 0 0  3 3 . 7  5 . 1  1 0 0  

% Change f r om 1 9 6 0  - 3 . 4 6 1 8 . 4  2 2 . 4  1 7 . 4  

1 P u bl i c  A f f a i r s  R e s e a r ch C o u n c i l  o f  L o u i s i a na , I n c . , S t a t i s t i c a l  P r o f i l e s  b a s e d  o n  
u . s .  C e n s u s  o f  Popu l a t i on , 1 9 7 0 . 

2 S o u th e as t T e x a s  Reg i on a l  P l a nn i ng Comm i s s i o n  

3 U .  S .  C e n s u s  o f  P o pu l a t i o n , 1 9 7 0 . 
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Po r t  A r thu r . Po r t  A r th u r  i s  located o n  the w e s t e r n  sho r e  
o f  Sab i ne L a k e , and i s  abo u t  1 6  m i l e s  f r om B e aumo n t . I n  
1 9 7 0 i t s  popu lat i o n was abo u t  5 7 , 4 0 0 , and was e s t imated 
t o  r i s e  to abo u t  5 8 , 9 0 0  by 1 9 7 5 .  The s i t e o f  the town was 
f i r s t  s e t t l e d  in the 1 8 3 0 s  and be came k now n as "Au r o r a . "  
I n  1 8 9 5 ,  A r th u r  S t i lw e l l , p r e s ident o f  the Kansas C i ty 
r a i l r oad , began a p r o j e c t  to conne ct h i s  r a i l r o ad l i ne to 
a s h i pp i ng po r t  on the G u l f . The po r t  fac i l i t i e s  we r e  
bu i l t a t  th i s  s i t e  wh ich th e n  became " Po r t  Ar thu r , "  and 
a canal was d ug to al low ocean sh i p s  to come i nt o  the 
po r t . Pe t r o l e um p r od u c t s , chemi cal s ,  and fabr icated me tal 
goods are  the maj o r  i nd u s t r i e s . 

O r ange . O r ange i s  on the we s t  bank of  the S a b i ne R i ve r ,  
4 2  m i le s  no r th o f  the G u l f  of  Me x i co . I t  l i e s  2 4  m i l e s  f r om 
B e aumont and 2 2  m i l e s  f r om Po r t  A r thur . The populat i o n  was 
r e co r ded as 2 4 , 5 0 0  in 1 9 7 0 ,  and i s  e s t i mated to have g r ow n  
t o  a total o f  abo u t  2 8 , 7 0 0  by 1 9 7 5 .  T h e  c i ty w a s  f i r s t  
e s t abl i shed i n  the 1 8 3 0 s , and was named " O r ange " i n  1 8 5 8 
bec ause at that t i me the r e  w e r e  large g r o ve s o f  o r ange t r e e s  
i n  the v i c i n i ty .  I n  i t s  ea r ly yea r s , O r ange was an impo r t ant 
p o r t  for sh i pp i ng co tton and l umbe r .  D u r i ng Wo r ld War I I , 
the c i t y popu lat i on i nc r e as e d  ne a r ly t e n f o l d  when wo r k e r s  
w e r e  r e c r u i t e d  t o  bu i ld s h i p s  f o r  the war  e f f o r t .  I t  i s  now 
a maj o r  pe t r oche m i c al manu fact u r i ng c i ty .  

Populat i o n  P r o j e c t i o n s . Popul at i o n  g r ow th and p r o j e c t ions 
for  the r e g i on are  shown on Table B . 2 -2 0 .  After a period of rapid 
gr ow th be twe e n  1 9 5 0  and 19 6 0 , C a lcas i e u  P a r i s h e xpe r i e nced 
a de cade o f  ma r g i nal popu lat i o n  decl i ne . D u r i ng that de cade , 
how eve r ,  the C i ty o f  Lake C h a r l e s  co n t i nued t o  g r ow ,  and 
ach i e ved a 2 3  pe r ce nt i ncr e a s e  i n  populat i o n . The o u twa r d  
m i gr a t i o n  w a s  p r i ma r i ly f r om the r u r al a r e as of  the par i sh .  
O v e r  the pas t 5 year s ,  the popul at i on o f  Lake Char l e s  has 
begu n  to de c l i ne , but r e s i de n t ial commu n i t i e s  a r o u nd the 
pe r iphery of the c i ty co n t i nue  to g r ow .  

B e aumont , Po r t  Ar th u r , and O r ange e xpe r i e nce d a decl i ne 
i n  c i ty popu lat i on d u r i ng the pe r i od f r om 1 9 6 0  to 1 9 7 0 ,  
r ang i ng i n  magni t ude f r om 2 . 7  pe r cent to 1 4  pe rcent . The 
t re nd appe a r s  to have be e n  a m i g r a t i o n  i nt o  the s u r r o u nd i ng 
s u burban a r e as , how eve r ,  s i nce the s e  smal l e r  towns (Nede r l and , 
Po r t  Neche s , B r i dge C i ty ,  and P i ne Fo r e s t )  g r ew at a r a te that 
mo r e  than comp e n s at ed for the de c l i ne in the u r ban ce nte r s .  
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Table B .  2 - 2 0 P o pu l a t i o n a nd P o pu l a t i o n P r o j e c t i on s  

1 1 2 2 
C a l c a s i e u  C am e r o n  O r ang e J e f f e r s o n  

1 9 5 0  
Popu l a t i o n  8 9 , 6 3 5  6 , 2 4 4  4 0 , 5 6 7  1 9 5 , 0 8 3  

1 9 6 0  
Popu l a t i o n  1 4 5 , 4 7 5  6 , 9 0 9 6 0 , 3 5 7  2 4 5 , 6 5 9 
% Ch ang e 6 2 . 3  1 0 . 7  4 8 . 8  2 5 . 9  

1 9 7 0 
Popu l a t i o n  1 4 5 , 4 1 5  8 , 1 9 4  7 1 , 2 0 3  2 4 6 , 4 0 2  
% C h a n g e  - 0 . 0 4 1 8 . 6  1 8 . 0  0 . 3  

1 9 8 0  
Popu l a t i o n  1 6 3 , 3 8 2  9 , 3 0 4  9 1 , 9 0 0  2 5 6 , 8 0 0 
% C h a n g e  1 2 . 4  1 3 . 5  2 9 . 1  4 . 2  

1 9 9 0  
Popu l a t i o n  1 8 1 , 6 4 7  1 0 , 6 1 7  1 1 0 , 0 0 0  2 8 0 , 0 0 0  
% C h ange 1 1 . 2 1 4 . 1  1 9 . 7  9 . 0  

1 Popu l a t i o n  P r o j e c t i o n s  by the Lou i s i a n a  S t a t e  U n i ve r s i ty ,  D i v i s i on o f  B u s i ne s s  
and E co n om i c  R e s e a r ch , 1 9 7 4 S t a t i s t i c a l  A b s t r a c t  o f  L o u i s i ana , 5 th E d i t i o n . 

2 Popu l a t i o n  P r o j e c t i on s  by the S o u th E a s t  T e x a s  Reg i o n a l  P l a n n i ng C omm i s s i on , 1 9 7 2 .  



B . 2 . 8 . 3  Land U s e  P a t t e r n s  and Plans 

P r es ent Land-U se  

The land u se pat t e r n s  for  the r eg i on a r e  shown in  F i g u r e  B . 2 -3 0 .  
A dominant featu r e  o f  c u r r e n t  la nd u s e  i s  the lack of deve l opment 
along the co as t of the G u l f  of M e x i co . M o s t  of the la nd along 
the co a s t  i s  par t of an e ¥ t e ns ive sal t and brac k i sh marsh that 
is uns u i table for ag r i c u l tu r al u s e . Lack of  f r e sh wa t e r  
s o u r ce s  and the s e asonal th r eat of  hu r r i canes mak e the coas tal 
a r e a  l e s s  de s i r able for u r ban d eve lopme nt than i n land areas . 
The l arge area o f  pub l i c land shown in the f igure i s  the 
Sabine Nationa l Wildlife Re fuge , and i s  part of the mar sh 
area . 

D e s p i t e  the lack of coas tal deve lopment ,  the maj o r  u r ban 
cen t e r s  of the r eg i on a r e  po r t  c i t i e s . L a k e  Char les  on the 
C a lca s i e u  Rive r , O r ang e and P o r t  Ar thu r on the S a bine Rive r 
and L ak e ,  and B e aumont on the N e ches Rive r all have large 
p or t fa c i l i t i e s  fo r  hand l i ng cargo f r om o cean ve s s e l s  and 
f rom ba r g e s  tha t move al ong the I nt r acoas tal Wate rway . 
The sh ipp ing chann e l s  to thes e  i n land po r t s  mu s t  all be 
d r edged pe r i od i call y be cau s e  the r i ve r s  lead i ng to the 
G u l f  are too shal low for navigat i on by ocean ve s s e l s . 

Th e  land s ad j acent to the u r ban cent e r s  and in land f r om the 
m ar shes ar e r i ch farmland s . R i c e  is the dom inant c r op 
g r own in  the r eg i on . The r i ce t e r r a c e s  m u s t  be leve l to 
p rovide for pr ope r i r r ig a t i on and d r a i nage , and s i nce the 
l and is ve ry fl at , it i s  e spec i ally cond uc ive to r i ce  
f arming . T h e r e  is  an abundance of  r a i n fall wh ich a i d s  th e 
the g r owing o f  r i ce bu t a l s o  nece s s i t ates the co n s t r u c
t i on and maintenance o f  d r a inage canals th ro ugho u t  the 
farm ing a r e a .  I n  the bo r d e r  a r e a  be tween r i ce f i e l d s  and 
b r ack i sh mar shes , th e la nd i s  u s e d  for  g r a z ing ca t t le . 

F u r the r i n land bey ond the farming a r ea a r e  the fo r e s t s . 
Mo s t  of the fo r e s t  la nd s a r e  p r ivate ly owne d and a r e  
p e r i od i cally harve s ted f o r  l umbe r .  

o i l  and gas f i e l d s  are scat t e r e d  th r o ugh o u t  the r e g i on .  
T h e  h i ghe s t  leve l s  o f  p r oduc t i on ,  howeve r ,  t end t o  be f r om 
th e f i e l d s  in  the coas tal we tland s and o f f shor e .  O i l  and 
gas p r od u c t i on i s  clas s i f i ed as an i nd u s t r i a l  u s e  o f  
t h e  land . Of ten , howeve r ,  product ion occu r s  concu r r en t ly 
w i th the u se of the la nd f o r  g r a z ing catt le . 

B . 2 - l 34 



Re sidential IllIIlIl 
Commerc ial D 

West Hackberry 
Indu s t r i a l  illIlIl 

Black Bayou Mar sh (SJ 
Vinton "'orest m Scale : Mi l e s  
B i g  H i l i  

Ac::r i cul tural lZ� 0 5 

Pub l i c  Re s e rve W 

Figure 82·30 C U RRENT LAN D USE IN TH E REGION 



F u t u r e  L a nd U s e  

L a nd u s e p a t te r n s  an t i c i p a t e d  t o  p r ev a i l  i n  1 9 9 0  a r e  s how n 
in F igure B . 2 - 3 l . Ma j or c h an�e s t h a t  wi l l  o ccur r e l a te t o  
t h e  e xp an s i on o f  the u r ba n  c e n t e r s . P r e s e n t  ag r i c u l t u r a l 
a r e a s  a r e  i n  the p r o ce s s  o f  be i ng d e ve l oped i n t o  r e s i de n t i a l 
a nd c omme r c i al z o ne s . L and a l o n g  the r i ve r s  a nd ad j ace n t  
to t h e  c i t i e s  i s  e xp e c t e d  t o  b e  u s ed b y  i n d u s t r y . I n  
s e v e r a l c a s e s  ( a t L a k e  C h a r l e s  and a t  B e a umo n t ) , l ow ly i ng 
po r t i o n s  o f  ma r s h  a l ong t h e  r i ve r s  w i l l  b e  f i l l e d  i n  o r d e r  
t o  mak e them s u i t ab l e  f o r  b u i l d i ng p u r po s e s . 

L and u s e  p l ann i ng i n  the r e g i o n  i s  be i ng d e ve l oped by 
two s ep a r a t e  a g e n c i e s . The L o u i s i an a  po r t i o n  l i e s  w i th i n  
a g r o u p  o f  f i v e  p a r i sh e s  f o r  wh i ch p l a n s  a r e  be i ng 
c ompi l e d  by the I mpe r i a l C a l c a s i e u  Reg i on a l  P l an n i ng a nd 
D e v e l o pm e n t  Comm i s s i o n . T h e  two T e x a s  co u n t i e s  compr i s e  
a r e g i on f o r  wh i ch w o r k i s  be i ng d o n e  b y  t h e  S o u th E as t  
T e x a s  Re g i on a l  P l an n i ng C o mm i s s i o n . N e i th e r  o f  th e s e  
a g e n c i e s  h as au tho r i ty t o  l i m i t  c e r t a i n  p a t t e r n s  o f  
d e v e l opme n t  th a t  may app e a r  t o  b e  u nd e s i r ab l e . C a l c a s i e u 
P a r i s h i s  the o n l y  g o v e r n i ng age ncy t h a t  h as a u tho r i ty 
t o  pl a c e  z o n i ng r e s t r i c t i o n s  o n  l and s o u t s i d e  o f  c i ty 
l i m i t s . 

B . 2 . 8 . 4  T r an s po r t a t i o n  S y s tems 

H i ghway s . The r eg i on i s  c r o s s e d  f r om w e s t to e a s t by 
I n t e r s t a t e  1 0  a nd U .  S .  9 0  w h i ch c o n n e c t  the ma j o r  c i t i e s  to 
H o u s to n , B a to n  R o u g e , and N ew O r l e an s . T e x a s  S t a t e  H i ghw ay 
7 3  c r o s s e s  J e f f e r s o n  C o u n ty , con ne c t i ng P o r t A r t h u r  t o  
I n t e r s t a t e  1 0 , a n d  d i v i d e s  the popu l o u s  n o r t h e r n  p a r t o f  t h e  
c o u n ty f r om the r u r a l  c o a s t a l  a r e a . T e x a s  S t at e  H i g hway 8 7  
a nd L o u i s i an a  S t a t e  H i ghway 8 2  l i e a l o ng t h e  s h o r e  o f  t h e  
G u l f  o f  M e x i c o  and a r e  s o me t ime s i nu nd a t e d  d u r i ng s e ve r e  
s to r ms . T e x a s  and L ou i s i ana a r e  d i v i d e d  by t h e  S ab i ne R i ve r  
wh i ch i s  c r o s s ed by two b r i dge s w i th i n  t h i s  r e g i o n : t h e  
I n t e r s t a t e  10 b r i d g e  a t  O r ange , a n d  a t o l l  b r i dg e  o n  
L o u i s i an a  8 2  a t  t h e  S ab i ne P a s s . T h e  " R a i n bow B r i d g e " o n  
T e x a s  8 7  c r o s s e s  t h e  N e ch e s  R i ve r  be tw e e n  P o r t  A r t h u r  and 
O r ange . I t  is one o f  t h e  t a l l e s t  b r i dg e s  in t h e  S o u th ,  and 
r i s e s  1 7 7 f e e t  above the w a t e r  l e ve l , a l low i ng f r e i gh te r s  
a nd t an k  s h i p s  t o  n av i g a t e  u p  and down t h e  r i ve r . L o u i s i an a  
H i ghway 2 7  i s  t h e  no r th- s o u th a r te r y  be tw e e n  C a l c a s i e u  and 
C ame r o n P a r i s h e s . I t  is the h u r r i c ane e v a c u at i on r o u te f o r  
t ow ns a l o ng the L o u i s i an a  G u l f  C o a s t  i n  C ame r o n  P a r i sh .  
T h e r e  a r e  f ew r o a d s  i n  the co a s t a l  a r e a s  w h e r e  much o f  the 
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l and i s  ma r s h and t h i n l y  popu l at e d . M a j o r  h i g hw ay sy s tems 
o f  the a r e a  are s h own in F i g u r e  B . 2 - 3 2 . 

Rai lr o a d s .  The ma j or c it i e s  i n  the Texas por t i o n  o f  the r e g i o n  
ha v e  s ev e ra l r a i l ro a d  l i n e s  c omi n g  i n to them . Amon g  the s e  a r e : 
the S outhern P a c i f i c , the Kan s a s  C i ty S outhe r n , a n d  the Mi s s ouri 
Paci f i c . The S o uther n  P a c i f i c  Ra i l ro a d  c r o s s e s  the S a b i n e  Riv e r  
a n d  g o e s  i nt o  Lake Char l e s , Loui s i a n a . That c i ty i s  a l s o  s e rv i c e d  
b y  the Kan s a s  C i ty S o uthern route whi ch e x te n d s  s outhward f r om 
S hr e vepor t .  

W at e r w ays . The maj o r  r i ve r s  o f  the r e g i on a r e  a l s o s h i pp ing 
l an e s  t h a t  l i n k  the c i t i e s  o f  the r e g i o n  t o  o th e r  p o r t s  th r ou gh
o u t  th e c o un t r y and the w o r l d . The s e  r i ve r s  -- t h e  N e ch e s , the 
S ab i ne and t he C a l c a s i e u  - - a r e  s im i l a r  in s e v e r a l  a s p e c t s .  
B e f o r e  t h ey r e a c h  th e d e ep w a t e r s  o f  the G u l f  o f  Me x i co , they 
p a s s  th r ou g h  s h a l low co a s t a l  l a k e s . Much o f  the s e d i me n t  c a r r i e d  
by t h e  r i ve r s  d u r i ng s e a s o n a l  r a i n s  i s  d e po s i t e d  i n  the s e  l a k e s .  
A s  a r e s u l t ,  i n  o r de r  to open the i n l and po r t s  to o c e an ve s s e l s , 
th e s e  r i ve r s  m u s t  be pe r i od i c a l ly d r ed g e d  t o  ma i n t a i n  the 
s h i pp i ng c h a nn e l s . T h e  channe l s  along t h e  N e ch e s  and C a l c a s i e u  
R i ve r s  w e r e  c u t  t h r o ug h  t h e  l a nd , abandon i ng t h e  n a t u r a l  c o u r s e 
o f  the r i ve r s ,  to m a k e  t h e  s h ipp i ng r o u t e s  s ho r t e r .  

T h e  I n t r a co a s t a l  W a t e r w ay c r o s s e s  th r ough th i s  r eg i o n  e a s t  t o  
we s t  f r om G a l v e s t o n  B ay th r o ug h  C hambe r s  C o u n ty a n d  t h e  s o u the r n  
p a r t  o f  J e f f e r s o n  C o u nty . I t  conve r g e s w i th the P o r t A r t h u r C an a l  
and r u n s n o r th and s o u t h  al o ng t h e  w e s t e r n  s ho r e  o f  S a b i ne L a k e ,  
th e n  up t h e  S a b i ne R i v e r  t o  O r a nge . The w a t e r w ay br a n c h e s  o f f  
f r om th e S a b i ne R i ve r  j u s t  n o r th o f  the C a l c a s i e u-C ame r o n  P a r i sh 
bo r d e r and c o n t i nu e s  e a s tw a r d  a c r o s s  the C a l c a s i e u  R i ve r . T h e  
co n t r o l l i ng d e p t h  o f  t h e  w a t e rway i s  1 0  f e e t  i n  t h e  s e c t i o n  f r om 
G a l ve s t o n  B ay to the S a b i ne R i ve r , l im i t i ng the u s e  of th i s  p o r 
t i o n  o f  t h e  w a t e r w ay t o  b a r g e s  and sma l l  b o a t s .  T h e  s e c t i o n  
f r om t h e  S a b i ne R i v e r  t o  t h e  C a l c a s i e u R i ve r  h a s  a c o n t r o l l i ng 
d ep th o f  3 0  f e e t , a l l ow i ng f o r  t h e  p as s ag e  o f  l a r g e r ve s s e l s  
( W a t e r bo r ne C omme r ce , 1 9 7 5 ) . 

A i r po r t s . T h e  f o u r  maj o r  a i r po r t s  o f  t h e  r e g i o n  a r e  the 
B e aumo n t  M u n i c i p a l , J e f f e r s on C o u n ty , O r ange C o unty , and 
L a k e  C h a r l e s  M u n i c i p a l  a i r p o r t s .  I n  add i t i o n , th e r e  a r e  
s e ve r a l  s ma l l  c r a f t  l a nd i ng f i e l d s  a l ong t h e  bo r de r  a r e a  
b e tw e e n  C h ambe r s  C o un ty and t h e  s o u th e r n  p o r t i on o f  
J e f f e r s o n  C o unty , and one a t  C ame r o n , L o u i s i ana . 
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P ipe l ine s  

A huge network o f  pipel ines i s  s trung al ong the coastal area 
of Texas and Lou i s i ana . There are three main types of pipe
l ines , distingui s hed by what they c arry . The s e  are the crude 
oi l p ip e l ine s , natural gas pipe l i ne s , and re fined hydroc arbon 
product p ipel ine s . 

A portion o f  the crude o i l  pipel ine sys tem i s  shown i n  Figure 
B . 2 - 3 3 . Hou s ton is a maj or center in the crude o i l  pipel ine 
gr i d ,  as we l l  as Sour Lake , which i s  ne ar Beaumont , and the 
Nederl and , Port Neche s , and Port Arthur are a .  P ipel ines 
connect the re fineries and o i l  ports in thes e  areas to o ther 
re fineri e s , p etrochemical centers , and o i l  fields in We s t  
Texas , Okl ahoma , and Kans a s . The Texoma p ipel i ne c arri e s  
o i l  t o  Okl ahoma . Five maj or pipel ines branch away from the 
Okl ahoma c enter , bringing oi l northe as tward to P atoka , 
I l l inoi s ; Chicago ; and Tol edo , Ohio . The figure doe s  not 
show al l the pipeline s , s ince thi s region is one of the three 
maj or cluster are as of crude oil pipel ine s . 

The gas pipel ine network i s  shown in Figure B . 2 -34 . Lou i s i ana 
is a maj or gas col lection s tate , as evidenced by the pipel ine 
sys tem that goe s  o f fshore . There are far more gas pipel i ne s  
i n  the nation than crude o i l  pipe l ine s . Many o f  the gas l ine s 
shown in the fi gure trave l up the Mi s s i s s ippi River Val ley 
c arrying the fue l  to indu s tries in the Midwe s t ,  the s teel 
pl ants in Southwe s tern Pennsylvani a ,  and the East Coa s t , as 
wel l  as branching into communities to bring gas to private 
homes . The Transcontinental Gas p ipel ine c an be s een on the 
figure , running north and s outh ne ar the Texa s - Loui s i ana 
border . The right- o f-way of thi s pipel ine would be used i f  
the vinton or B l ack Bayou s i te were u s ed for the o i l  s torage 
progr am. .  A new pipel ine cal led " Topz i  II  i s  be ing p l anned for 
cons truction , and would run north and s outh p ar a l l e l  to the 
Trans continental Gas p ipel i ne and j us t  e a s t  of i t . As with 
the crude o i l  pipel i ne fi gure , not a l l  gas pipel ines in the 
region appear on thi s map . 

The hydrocarbon product p ipel ines have a network s imi l ar to 
that for crude o i l . The dens e s t  concentration o f  product 
p ip e l ines l i e s  from east to wes t  between Hou s ton and the 
Beaumont-Port Arthur area where about 1 2  pipelines run roughly 
p aral l e l  to e ach o the r ,  through thi s region . 
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B . 2 . 8 . 5  Housing and Pub lic S ervices 

The number of  year-round hous ing un i t s , occupancy , and per
cen tage of  units vacant f or sale or rent in the region , are 
shown in Table B . 2 - 2 1 . The total number of  hous i ng un its 
avai lable probably inc ludes some wh ich do not have a l l  the 
s tandard plumbing f ac i l i ti e s , and it can be assumed that 
the vacanc y rate s in these count ies and pari shes would be 
reduced i f  vacant hou s ing un its with s ubs tandard p lumbing 
were subtracted f rom the total number of vacant units . 

The med ian va lue o f  owner-occupied units in Cameron Parish 
i s  substantia l ly below that of  the state : $ 8 , 8 0 0  compared 
to $ 1 4 , 6 0 0 . *  A compari son of the percentages of increase 
in hous ing value between 1 9 6 0  and 1 9 7 0 , shows that values 
are r i s ing s lightly f a ster in Cameron Parish than i n  the 
state . Also , the growth in the number of year-round hous ing 
units in Cameron Par i sh i s  3 5 . 4  percent in that same time 
period , and i s  comparab le to the 3 6 . 4  percent growth rate 
for the state . 

The hous i ng s i tuation in Calcas ieu Parish has ref lected its 
population growth pattern . The number of year -round hous ing 
units increased by 6 2 . 5  percent between 1 9 5 0  and 1 9 6 0 , but 
increased by only 4 . 6  percent be tween 1 9 6 0  and 19 7 0 .  The 
median value of hous ing in Calcasieu Parish is $ 1 2 , 9 0 0 which 
is 8 8  percent of  the med ian value of hous i ng throughout the S tate . 

Whi l e  the number of  housing uni t s  avai lable for s a le or rent 
in the counties and parishes is typ i c a l ly 3 to 5 percent , 
an exami nation of  the avai lab i l i ty of  hous i ng in the maj or 
c i t i e s  of the region indicates that whi le the oppo rtuni ties 
f or purchasing a home are limi ted ( homeowner vacancy rate 
is from 0 . 8  to 2 . 2 ) , the c i t i e s  would be able to accommodate 
some population expans ion in rental units ( see Tab le B . 2 - 2 2 ) . 

School s  and Pup i l  Enrol lment . 

Within the reg ion there are 2 2 8  e l ementary and high s chool s ,  
with a total enrol lment o f  about 1 0 8 , 0 0 0  pupi l s . Je f ferson 
County has the large st school system , accounting for about 4 6  
percent o f  the regional enrol lment , Calcas ieu Par i s h  i s  second 
wi th 36 percent , Orange County has 16 percent , and Cameron Pari sh 
has 2 percent . Church a f f i l iated school s  contr ibute to the 
educational f ac i l i t i e s  o f  the region . About 7 percent of the 
pup i l s  in elementary and high schoo l s  in Jefferson County are 
enrol led in church s choo l s , and about 6 percent in Calcas ieu 
Pari s h .  

*Based o n  one- f ami ly hou ses  o n  l e s s  than 1 0  acres and 
exc luding mobi le homes . 
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Table B . 2 -2 1 .  H o u s ing Characte r i s t i c s  of the Re g i on ,  by C ounty and P a r i s h 

1 1 2 2 
Ca lcas i e u  Came r on O r ange J e f f e r son Chambe r s  

Year - r ou nd H o u s ing u n i t s  4 5 , 4 6 1  3 , 0 9 8  2 2 , 1 9 7  8 2 , 0 9 2  4 , 2 4 9  

O c c u p i e d  Dwel l i ng u n i t s  4 2 , 0 6 5  2 , 3 1 0 2 0 , 9 4 4 7 6 , 4 8 7  3 , 8 3 8 

Owne r -o c c up i ed 2 9 , 9 2 2  1 , 7 7 4  1 4 , 8 2 4  5 2 , 9 5 4 2 , 9 6 2  
Rente r -o cc u p i e d  1 2 , 1 4 3  5 3 6  6 , 1 2 0  2 3 , 5 3 3  8 7 6 

Lack ing S ome o r  All 
Pl umb ing F ac i l i t i e s  2 , 8 6 5  4 7 6  7 6 7  2 , 9 7 4  6 1 8  
% Lack ing Plumbing 6 . 3  1 5 . 3  3 . 5  3 . 6  1 4 . 5  

Vacant for S a l e  o r  Rent 2 , 0 0 7  1 2 1  8 7 2  3 , 9 0 6 1 3 6  
% Vacant for  S a le o r  Rent 4 . 4  4 . 0 3 . 9  4 . 8 3 . 2  

1 Publ i c  A f f a i r s  R e s e a r ch Counc i l  of Lou i s i ana , Inc . , S t at i s t i c al P r o f i l e s  Based on 
u .  S .  C e n s u s  of  H o u s i ng , 1 9 7 0 . 

2 S o u rce : U . S .  C e n s u s  of H o u s ing , 1 9 7 0 . 
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T a b l e B . 2 - 2 2 . H o u s i ng C h a r a c t e r i s t i c s  o f  M a j o r  C i t i e s  o f  the Re g i on 

L a k e  C h a r l e s  B e a umo n t  P o r t  A r t h u r  O r a n g e  

Y e a r - r o u n d  H o u s i n g  U n i t s  2 4 , 8 9 3  4 0 , 1 0 3  2 0 , 0 7 8  8 , 1 8 3  

O c c u p i e d  Dwe l l i ng U n i t s  2 3 , 0 7 3  3 7 , 0 2 7 1 8 , 4 5 5  7 , 5 2 9  

to % Owne r -o c c u p i ed 6 4 . 5  6 3 . 1  6 8 . 2  5 3 . 4  
. % Re n te r -o c c u p i ed 3 5 . 5  3 6 . 9  3 1 . 8 4 6 . 6  
N , 
t-' % L a c k i ng S ome o r  A l l  "'" 
Vl P l um b i ng F ac i l i t i e s  4 . 0  5 . 3  3 . 7  3 . 4  

V aca ncy R a t e  
H omeow ne r 2 . 2  1 . 6  1 . 9  1 . 4  
R e n t a l  1 1 . 0  1 1 . 7 1 2 . 9  1 1 . 4  

M e d i a n  V a l u e  ( owne r )  $ 1 3 , 8 0 0  $ 1 1 , 6 0 0  $ 9 , 6 0 0  $ 1 1 , 6 0 0  
Me d i an C o n t r a c t  ( r e n te r )  $ 6 2  $ 6 4  $ 5 5  $ 6 0  

S o u r ce : U .  S .  C e n s u s  o f  H o u s i ng , 1 9 7 0 . 



H e a l t h  C a r e  F ac i l i t i e s . T h e  two p a r i s h e s  i n  t h e  L o u i s i ana 
s i de of t h e  r e g i o n  are p a r t  o f  the Lake C h a r l e s  H e a l th S e r v i ce 
P l an n i ng R e g i on , wh i c h  i n c l ud e s  B e a u r e g a r d  and J e f f e r s o n  D av i s  
P a r i s h e s  a s  w e l l  a s  C ame r o n  and C a l c as i e u . Med i c a l  s e r v i c e s  
f o r  t h e  p l ann i ng r eg i o n  a r e  c o n c e n t r a t e d  i n  t h e  L a k e  C h a r l e s  
me t r op o l i t an a r e a . 

T h e r e  a r e  t h r e e  h o sp i t a l s  i n  L a k e  C h a r l e s : L a k e  C h a r l e s  
C h a r i ty H o sp i t a l  w i th 1 1 0  be d s ; L a k e  C h a r l e s  Memo r i a l  H o sp i t al 
w i th 2 2 7  b ed s ; and S t .  P a t r i c k  H o sp i t a l  o f  L a k e  C h a r l e s  
w i th 2 4 6  b e d s  ( Ame r i c an H o s p i t a l  A s s oc i a t i o n , 1 9 7 5 ) . A n  
i nd ep e n d e n t ly-owned ambu l a n c e  s e r v i c e op e r a t e s  o u t  o f  
L a k e  C h a r l e s . 

The We s t  C a l c a s i eu-Cameron Ho s p i t a l , l o c a ted i n  the 
c i ty o f  S u l phur , has 1 1 1  beds and a 2 6 2 -membe r  s t a f f . 
An amb u l a n c e  s e rv i c e  i s  a f f i l i ated with thi s  
hospita l . 

A sma l l  h o sp i t a l  i s  av a i l ab l e  i n  t h e  t ow n  o f  C ame r o n . 
T h i s  i s  t h e  S o u th C ame r o n  Memo r i a l H o s p i t a l  wh i c h h a s  2 7  
be d s  and a s t a f f  o f  4 9  p e r s o n ne l . 

T h e  T e x as p o r t i o n  o f  the r eg i o n  h as mo r e  n ume r o u s  med i c a l  
f ac i l i t i e s . T h e r e  a r e  t h r e e  g e ne r a l  med i c a l  a n d  s u r g i c a l  
h o sp i t a l s  i n  B e aumo n t  ( i n add i t i on t o  t h r e e  spe c i al i z e d  
n e u r o l o g i c a l  h o s p i t a l s ) .  T h e s e  i nc l ud e  t h e  B ap t i s t  
H o sp i t a l  o f  S o u th e a s t  T e x a s  w i th 3 7 3  b e d s , the D o u g l as 
H o s p i t a l  C l i n i c  w i th 1 5  b ed s , and t h e  S t .  E l i z ab e t h  
H o sp i t a l  w i th 4 0 6 be d s . 

I n  add i t i on , th e r e  a r e  two h o sp i t a l s  i n  P o r t A r t h u r , 
th e P a r k  P l ac e  H o sp i t a l  ( 1 8 0  bed s ) , and t h e  s t .  M a r y  
H o sp i t a l  ( 2 2 9  b e d s ) . T h e  O r ange Memo r i al H o sp i t a l  h as 
2 0 5  b e d s , and s e r v i c e s  O r ange C o u n ty .  T h e  M i d -J e f f e r s o n  
C o u n ty H o sp i t a l  a t  N ed e r l a nd h as a 1 , 2 0 0 - bed c ap ac i ty ,  
and th e sma l l  Med i c a l  C e n t e r  a t  W i nn i e  i n  C h ambe r s  C o u n ty 
h a s  6 0  b e d s . 

H e l i c o p t e r  ambu l ance s e r v i c e s  ope r a t i ng o u t  o f  L a f ay e t t e , 
L o u i s i a na and H o u s ton , T e x a s  p r ov i de eme r g e ncy r e s c u e  
s e r v i ce s  t o  i s o l a t ed p a r t s  o f  t h e  C o a s t a l  r e g i o n a s  w e l l  
a s  to o f f sh o r e  o i l  and g a s  d r i l l i ng ope r a t i o n s . 

B . 2- 1 4 6 



B . 2 . 8 . 6  Economy 

The reg ion l i e s  pr incipa l ly within two BEA areas * .  Ca lcas i eu 
and Cameron Parishes l i e  within the Lake Char les area , whi le 
Orange and Jef ferson Counti es are inc luded in the Beaumont-
Port Arthur-Orange BEA . A BEA area is def ined as a f unctiona l 
labor market ,  meaning , there i s  a minimum of  commuting acro s s  
are a boundari es  t o  p lace of  work . S ince the BEA area i s  a 
mU lti- county un it , the parishes and counti es unde r consideration 
form only part of  a l arger area . Economic and employment data 
for the se areas are g iven in Table B . 2 - 2 3 . 

Even though th e two areas are adj acent , a care ful examination 
o f  the tab le reveals s everal di f ference s in  the respect ive 
economies . F i r s t ,  for the Lake Char les area , both actual and 
pro j ected sources o f  income are di stributed fairly even ly 
over industry categories , with government providing the large s t  
amount . But thi s i s  n o t  the c a s e  f o r  the Beaumont area , s ince 
manuf actur ing accounted for approximately 4 2 %  of total earn ings 
in 1 9 7 0  and is pro j ected to maintain this dominating pos i tion 
over the decade . The two occupations account ing for most o f  
the manufacturing earnings in  the Beaumont area in 1 9 7 0 , were 
petro leum r e f ining and chemi cals and a l lied produc ts , generating 
approximately 4 0 %  and 2 3 % , respective ly , of  the total e arning s 
from this sector . I n  the Lake Char l e s  area , petroleum ref ining 
ac count s for 2 8 % o f  manufacturing earning s , whi le the comparable 
f i gure for chemi cals and a l l ied products i s  2 3 % . The dependence 
upon petroleum and petrochemi cals is great in both reg ions , but 
the Beaumont area economy would s how the greates t  e f fects o f  
any c hanges in these industries . 

Texas - Jef ferson and Oran ge Counties 

The Big Hi l l  s i te for a potential SPR f aci l i ty lies  within 
Je f fer son Coun ty ; the potential pipe l ine route from Sun 
Terminal to various s ites in Loui s iana ,  pas s es  through Orange 
Coun ty . I n  Table B . 2 -2 4 ,  the total payrol l and sources o f  
income are pre s ented for each county , with the patterns i n  
each coun ty simi lar t o  those ob s erved by the BEA area , i . e . , a 
maj or s ource o f  tot a l  payro l l  i s  the manuf acturing se ctor . 

* Areas estab l i s hed by the Bureau of  Economic Analy s i s , 
U .  S .  Dep artment o f  Commerce . 
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T a b l e B. 2 - 2 3 . E M P LO Y M E N T  AND I N COME O F  T H E  R E G I ONAL B E A  AREAS 

p o pu l a t i o n , m i d y e a r 
P e r c ap i t a i n c ome 

r e l a t i v e  U . S .  
E m p l o ym e n t/ P o p u l a t i o n 

r a t i o  

1 9 7 0  

7 5 0 , 6 3 2  

Lo u i s i a n a  

. 7 1 

. 3 3 

1 9 8 0  

6 9 5 , 8 0 0  

. 7 2 

. 3 6 

T e x a s  
1 9 7 0  

3 9 6 , 7 2 3 

. 8 9 

. 3 5 

E a r n i n g s  p e r  w o r k e r  
r e l a t i v e U . S .  . 8 2  . 8 4  1 .  0 1  

I n  t h o u s a n d s o f  1 9 6 9  d o l l a r s  

T o t a l  p e r s o n a l  i n c o m e  1 , 8 4 9 , 0 2 9  2 , 4 0 7 , 0 0 0  1 , 2 3 1 , 9 4 5  

T o t a l  e a r n i n g s  1 , 4 2 6 , 2 4 7  1 , 8 3 4 , 1 0 0  1 , 0 0 6 , 1 3 2  

S o u r c e s  o f  I n c om e *  

A g r i c u l t u r e , f o r e s t r i e s , 
f i s h e r i e s  1 1 9 , 2 0 0  ( 8 . 4 ) 1 4 1 , 3 0 0  ( 7 . 7 )  

M i n i n g 1 4 1 , 0 4 9  ( 9 . 9 )  1 7 1 , 2 0 0  ( 9 . 3 ) 
C o n t r a c t  C o n s t r u c t i o n 1 1 3 , 9 5 0 ( 8 . 0 )  1 2 9 , 9 0 0  ( 7 . 1  ) 8 4 , 6 0 2  

t>1 a n u f a c t u r i ng 1 9 9 , 5 5 2  ( 1 3 . 2 ) 2 9 5 , 9 0 0 ( 1 6 . 1  ) 4 2 4 , 6 5 7  

T r a n s . , c oru m . , p u b l i c  
u t i l i t i e s  9 9 , 9 7 6  ( 7 . 0 )  1 3 4 , 6 0 0  ( 7 . 3 ) 8 7 , 9 4 2  

W h o l e s a l e  , R e t a i l  t r a d e  2 1 1 , 6 5 7  ( 1 4 . 8 )  2 6 6 , 0 0 0  ( 1 4 . 5 ) 1 3 3 , 0 4 0  

F i n .  , I n s .  , R e a l  E s t a t e  3 3 , 5 9 2  ( 2 . 4 ) 5 1 , 0 0 0  ( 2 . 8 ) 3 0 , 0 7 3  

S e r v i c e s  1 5 9 , 3 5 5  ( 1 1 .  2 )  2 3 8 , 9 0 0 ( 1 3 . 0 )  1 2 1 , 1 4 3  

G o v e r n me n t  3 4 7 , 9 1 9 ( 2 4 . 4 )  4 0 4 , 9 0 0  ( 2 2 . 1  ) 1 0 5 , 3 1 4  

S o u r c e : O b e r s  P r o j e c t i o n s  d o n e  f o r  t h e  w a t e r R e s o u r c e C o u n c i l . 
* N u m b e r s  i n  p a r e n t h e s i s  a r e  p e r c e n t  o f  t o t a l  e a r n i ng s . 

2 

( 2 . 0 ) , 

( 8 . 4 ) 
( 4 2 . 2 )  

( 8 . 7 )  

( 1 3 . 2 ) 
( 3 . 0 ) 
( 1 2 . 0 )  

( 1 0 . 5 ) 

1 9 8 0  

4 3 2 , 8 0 0 

. 8 9 

. 3 9 

1 .  0 1 

1 , 8 3 2 , 8 0 0  

1 , 4 7 9 , 7 0 0  

5 , 5 0 0  ( 0 . 4 ) 
1 0 , 5 0 0  ( 0 . 7 ) 

1 0 2 , 2 0 0  ( 6 . 9 )  

6 2 5 , 8 0 0  ( 4 2 . 3 ) 

1 1 5 , 2 0 0  ( 7 . 8 ) 
1 9 2 , 0 0 0  ( 1 3 . 0 )  

5 3 , 7 0 0  ( 3 . 6 ) 
2 1 1 , 0 0 0  ( 1 4 . 3 ) 
1 6 3 , 4 0 0  ( 1 1 . 0 )  



B . 2 - 2 4 Payro l l  and Sour c e s  o f  Ear n ing s  for Tex a s Coun t i e s  

To t a l  Payrol l ( l O O O )  

Agricu l ture , fo re s trie s ,  
f i she r ie s  

Hin i ng 
Co ntrac t Cons truc tion 
I/lan u f  a c tur ing 
Tran s . ,  comm . , and 

pub l i c  u t i l i t i e s  
Wh ole s a l e  and Re tai l 

Trade 
F i nance , ins . , a nd 

re a l  e state 
S e rvic e s  

Je f fe r son 

* 
7 7 7 , 8 9 4  

S ource s o f  Ear n i n gs 

* *  
8 1 4 ( 0 . 1 ) 

7 , 0 5 3 ( 0 . 9 )  
6 8 , 5 6 4 ( 8 . 8 ) 

3 8 9 , 4 7 9 ( 5 0 . 1 ) 

6 7 , 0 4 1 ( 8 . 6 }  

1 3 6 , 3 9 5 ( 1 7 . 5 )  

2 3 , 2 2 0 ( 3 . 0 ) 
8 0 , 8 9 1 ( 1 0 . 4 ) 

*To ta l  i nc l ude s non - c las s i f i ab le e s t ab l i s hme n t s  

* * Pe r c e n t  o f  to tal payro l l  

Orange 

* 
1 5 8 , 7 4 4  

8 8 ( 0 . 0 6 )  
8 8 9 ( 0 . 6 ) 

1 1 , 6 7 3  ( 7 . 4 ) 
1 0 9 , 9 1 8 ( 6 9 . 2 )  

4 , 9 6 8 ( 3 . 1 )  

1 7 , 3 3 8 ( 1 0 . 9 )  

3 , 4 3 7 ( 2 . 2 ) 
9 , 7 4 3 ( 6 . 1 ) 

Sourc e :  U . S .  Department o f  Commerc e ,  County Bu s i n e s s P a tterns , 1 9 7 4 . 
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I n  Je f fe r s o n  County , c he mi c a l s  and a l l ied produc t s  and 
pe t r o l e um and c o a l  p r od u c t s  ac c o u n t e d  for the l a r g e s t  p o r 
t i on s  o f  t h e  t o t a l  manu f a c t u r i ng p ay r o l l , 2 2 %  a n d  5 2 % , r e s 
p e c t i ve ly .  An e x am i na t i on o f  t h e  manu f a c t u r i ng s e c t o r  i n  
O r ange C o u nty shows pay r o l l s  f r om chem i c a l s  and a l l i e d  p r o
d u c t s  acco u n t i ng f o r  5 8 %  o f  to t al p ay r o l l s  i n  t h i s  s e c t o r , 
wh i l e  p ay r o l l s  a s s o c i a t e d  w i th pe t r o l e u m  p r od u c t s  a r e  n o t  
l i s t ed . Th e s e  numbe r s  i nd i c a t e  t h e  r e l a t i v e  impo r t an c e  o f  
r e f i n i ng op e r a t i o n s  i n  J e f f e r s o n  C o u nty and p e t r o chem i c a l s  
i n  O r ange C o u nty . O th e r  man u f a c t u r i ng i n  t h e  r e g i o n  i n
c l u d e s  syn th e t i c  r u bbe r , p l a s t i c s , p ap e r  and s awm i l l s , sh ip 
b a r g e  a n d  o f f s h o r e  d r i l l i ng r i g c o n s t r u c t i o n . V a r i o u s  ag
r i c u l t u r a l p r o d u c t s  in the r eg i o n  i n c l ud e  r i ce ,  soybe a n s  
and t imbe r .  C o n s t r u c t i on a c t i v i ty h a s  be e n  s uppo r t e d  by 
t h e  loc a l  depo s i t s  o f  s and , g r a ve l , and s h e l l  ( S o u th E a s t  
T e xas Reg i on a l  P l an n i ng C omm i s s i o n ) . 

I n  1 9 7 0 ,  the total c ivi l i an l abor force ( 1 6 y e a r s  and 
o ld e r )  for J e f f e r s o n  and O r ange C o u n t i e s  was 9 3 , 9 1 4 a nd 
2 5 , 6 6 7 , r e s p e c t i ve l y . U nempl oyme n t  f o r  J e f f e r s o n  C o u n ty 
w as a bo u t  4 %  a nd a bo u t  5 %  i n  O r a nge ( U . S .  C omme r c e ,  1 9 7 2 ) . 
E s t im a t e s  o f  t h e  l a bo r f o r c e  and a n n u a l  ave r ag e  u nemp l oy-
ment r a t e s  f o r  1 9 7 5  are a s  f o l l ow s :  ( 1 )  J e f f e r s o n  -
9 8 , 9 7 6  w i th 7 . 1 %  u nemp l oyme n t , and ( 2 )  O r ange - 2 9 , 9 5 5 
w i th 7 . 9 %  u nempl oyme n t  ( Te x as Employme n t  C omm i s s i o n , 19 7 7 ) . 
Tab l e  B . 2� 2 5  s h ows o c c up a t i o n a l  breakdown s b y  total emp l oymen t .  

E s t imate s for 1 9 7 4  s h ow med i an h ouse h o l d  e f fe c t ive 

b uy i ng powe r to be $ 1 1 , 5 0 0  i n  J e f f e r s on C o u nty and $ 1 3 , 6 3 2  
i n  O r ange ; the p e r c e n t ag e  o f  h o u s e ho l d s  w i th e f f e c t i v e  
b uy i ng powe r e x c e e d i ng $ 1 5 , 0 0 0  i n  t h e  s ame y e a r  w a s  3 2 . 3 % 
a n d  4 2 . 4 % ,  r e spe c t i v e l y  ( S al e s  M an ag em e n t ,  The M a r k e t i ng 
M ag a z i ne , 1 9 7 5 ) . 

The tota l n umbe r  o f  f a rms de c re a sed from 1 9 6 4 - 1 9 6 9  
i n  bo th c o u n t i e s , by 8 . 1 %  i n  J e f f e r s o n  and 1 5 %  i n  O r a ng e ,  
a l ong w i th t o t al a c r e ag e  i n  f a r m  p r od u c t i o n . I n  1 9 7 0 , 
t h e  f a r m  popu l a t i on t o t a l e d  7 9 5  people - l e s s  t h an 1 %  o f  
the t o t al popu l a t i o n  o f  the c o u nty - r ep r e s e n t i ng a 1 . 1 % 
d e c l i ne f r om 1 9 6 0 . I n  1 9 6 9 , f a r m s  i n  J e f f e r son C o u n ty 
u n d e r  1 0  a c r e s  numbe r e d 3 8  wh i l e t h o s e  e x c e e d i ng 1 , 0 0 0  
a c r e s  numbe r 8 4 . I n  1 9 6 9  a b o u t  4 7 %  o f  the f a r m  l a bo r 
f o r ce w o r k e d  mo r e  t h a n  1 0 0  d ay s  o f f  the f a r m .  I n  O r ange 
C o u nty , the f a r m  popu l a t i on in 1 9 7 0  t o t a l e d  3 1 1 , a d r op 
o f  3 1 . 8 %  f r om 1 9 6 0  and app r o x i m a t e l y  0 . 4 %  o f  t h e  1 9 7 0  
popu l a t i o n o f  the cou nty . F a r ms u nde r 1 0  a c r e s  and t h o s e  
e x c e e d i ng 1 , 0 0 0  i n  1 9 6 9  we r e  a lmo s t  eq u i v a l e n t , 1 9  and 1 8 , 
r e sp e c t i v e l y . I n  the s ame y e a r , 6 3 . 4 % o f  t h e  f a r m  popu l a 
t i on w a s  wo r k i ng 1 0 0  o r  mo r e  d ay s  o f f  t h e  f a r m .  I n  
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Table B . 2 - 2 S  Labor Force D i s tribu t ion in Tex a s  Count i e s  

Agr i c u l ture , fore s tri es , 
fi s he r ie s  

Min ing 
Con trac t  Cons truc tion 
Man u facturin g  
Trans . ,  comm . , pub l i c  

uti l i t i e s  
�vhol e s al e  & Re tai l trade 
Fin . , Ins . , Re a l  E s tate 
Services 

Je f fe r s on 

0 . 2 
0 . 7 
0 . 8  

3 5 . 2  

8 . 0 
2 7 . 1  

3 . 9  
1 6 . 5  

O range 

0 . 1  
0 . 6  
7 . 1  

5 2 . 3  

4 . 0  
2 0 . 3  

3 . 2  
1 1 . 5  

S ource : u . S . Department o f  Commerc e ,  Coun ty B u si n e s s 
Patte rn s , 19 7 4 . 
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Jefferson County the mean va lue o f  a farm on a per acre bas i s  
was $ 2 5 3  in  1 9 6 9 , whi le the comp arable f igure for Orange County 
was $ 3 9 0  ( U . S .  Commerce , 1 9 7 2 ) . 

Total bank depo s i t s  in Jef ferson County for Apri l 1 9 7 5  were 
$ 7 6 7 , 8 10 , 4 7 8 ,  representing approximate ly a 1 2 %  increase over 
the year from Ap r i l  1 9 7 4 . The loan- to-depo s i t  ratio for 
Jefferson County bank s was 5 6 % . In Orange County , total 
depo s i t s  were $ 1 0 6 , 7 7 8 , 4 2 7  in Apri l 1 9 7 5 , an 1 1% increase on 
the year . The loan-to-dep o s i t  ratio in Orang e County was 4 9 %  
( South East Texas Regional P lanning Commi s s ion )  . 

Tabl e B . 2 - 2 6  presents information on county government 
f inances for Jefferson and Orange Counti es . In  both case s , 
th e maj or sources o f  revenue for the count ies are property 
taxes . An examination of  county expend itures shows both 
counti es heav i ly invo lved in the county s chool systesm , wi th 
other expenditure categories f ar down the l i s t  in importance . 

Lou i s i ana - Calcas ieu and Cameron Pari shes 

The poten t i a l  s i tes for the SP R f ac i l i ty of Black Bayou and 
We s t Hackberry are in Cameron Pari sh , whi le the Vi nton s i te 
i s  located in Calcas ieu Pari sh . Tab le B . 2 - 2 7  presents the 
quarter ly taxable p ayro l l s  for these two counties for 1 9 7 3 .  
For Ca lca s i eu Pari sh , the numbers indicate a fairly d iver s i
f i ed economy with the manufactur ing s ector accounting for 4 0 % 
o f  the taxable p ayro l l , about equiva lent to the relative 
position of the manufacturing sector found in the BEA are a .  
On the other hand , Cameron Parish i s  heav i ly dependent upon 
o i l  and gas extraction ( l is ted under mining in Table B . 2 - 2 7 ) . 
In  the f ir s t  quarter of  1 9 7 3 , crude o i l  and natural gas 
accounted for 8 . 7 % of  the taxable payro l l s  for this sector , 
whi le natur a l  gas l iquids and oi l and gas f i e ld serv i ces  
accounted for 1 2 . 1 % and 7 9 . 2 % ,  respective ly . Th i s  s hows mo s t  
o f  the taxab le payro l ls in the community ( 5 5 . 6 %  o f  the tota l )  
are der ived from worke r ' s s ervicing o r  in s t a l l ing o i l  and gas 
equipment . Also , approximat e ly 5 0 %  of  the labor force report 
taxab le incomes in 1 9 7 3  work in thi s  occupat ion . The 
p rincipal crops in  the area are ri ce and soybeans , with other 
p roducts inc luding so rghum , wheat , and hay . 

In  1 9 7 0 ,  the total c iv i l i an labor force ( 16 years and 
o lder ) was 2 , 7 3 4  in Cameron Par i sh , and 5 0 . 5 4 5  in 
C a lcas ieu , with unemp loyment rates of 4 . 9 % and 5 . 7 % 
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Tab le B . 2 - 2 6  Tex a s  County Government F i n a nc e s , 1 9 7 1 - 1 9 7 2  

General Revenue , 
exc lud i n g interloc a l  
( 10 0 0 )  

I n tergove rnmental 
S tate 

Loc a l  S o urce s 
Tax e s  

Property 
O th e r  

Charges t o  mi s c . 

Di re c t  Ge ne ral 
Expendi ture 

Education 
H ighways 
Po l i ce P ro te ction 
I n tere s t  on Gene ral 

Debt 

* Perc ent o f  total revenue s .  

Je f f erson 

9 4 , 0 1 0  

* 
2 4 , 6 1 8 ( 2 6 . 2 ) 
2 0 , 9 8 7 

* 
6 9 , 3 9 2  ( 7 3 . 8 ) H -
5 3 , 5 0 5 ( 7 7 . 1 ) * * 
4 8 , 1 15 ( 6 9 . 3 ) 

5 , 3 8 9  
1 5 , 8 8 8  

9 1 , 7 5 1  

4 6 , 6 9 3 ( 5 0 . 9 )  
5 , 3 6 2 ( 5 . 8 ) 
5 , 5 6 6 ( 6 . 1 ) 

5 , 0 1 9 ( 5 . 5 ) 

* * *  

* * Perc ent o f  revenue from l oc a l  source s .  

Oranqe 

2 4 , 12 0  

* 
8 , 0 8 6 ( 3 3 . 5 ) 
7 , 7 2 4  

* 
1 6 , 0 3 3 ( 6 6 . 5 )  * * 
1 2  , 7 1 8  ( 79 . 3 ) * 7-
1 1 , 6 1 8 ( 7 2 . 5 )  

1 , 1 0 0  
3 , 3 1 6 

2 2 , 5 4 3 

1 5 , 15 0 ( 6 7 . 2 ) 
1 , 0 1 6 ( 4 . 5 ) 

8 5 9 ( 3 . 8 ) 

1 , 4 6 0 ( 6 . 5 ) 

'j( . J\ 

* * * P ercent o f  total expend i tu r e s  ( p er c entage s wil l  not sum to 
one s ince o� l y  the mo s t  importan t  a re l i sted ) .  

Sour c e : U . S .  Department o f  Commerce , Cen suS of  Governments 
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Table B . 2 - 2 7  Payro l l  and Sourc e s  o f  Enr n i ng s for Lou i s i ana P a r i s h e s  

To tal Payro l l ( l O O O )  

Agr ic u lture , f o re s tr i e s , 
f i s he ri e s  

Mi n i ng 
Contract Cons truction 
Manuf ac turing 
Trans . ,  corom . , and 

pub l ic uti l i ti e s  
Hho l e s a le a n d  Re tail  

T rade 
F inance , i ns . , and 

r e a l  e s ta te 
S e rvi ce s  

* 

C a l c a s ieu 

* 
6 6 , 8 5 6  

S ource s o f  Earnings 

* *  
1 0 5 ( 0 . 2 ) 

3 , 3 4 3 ( 5 . 0 )  
8 , 9 1 3 ( 1 3 . 3 )  

2 6 , 7 4 6 ( 4 0 . 0 ) 

2 , 5 5 6 ( 3 . 8 ) 

9 , 8 5 2 ( 1 4 . 7 ) 

2 , 9 2 9 ( 4 . 4 ) 
6 , 6 19 ( 9 . 9 )  

Total i n c l ude s non- c l as s i f i ab le e s tab l i shment s  

* *  
Pe r cent o f  total payro l l  

Cnme ron 

* 
5 , 0 7 9  

6 2 ( 1 . 2 ) 
* *  

3 , 5 7 0 ( 7 0 . 3 } 
1 1 ( 0 . 2 ) 

4 8 6 ( 9 . 6 ) 

3 9 4 ( 7 . 8 ) 

2 2 7 ( 4 . 5 ) 

5 4 ( 1 . 1 ) 
2 6 1 ( 5 . 1 ) 

Sourc e : u . S .  Depar tment o f  Commer ce , County B u s i ne s s  Pattern s , 1 9 7 3 . 
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re spec tively , ( U . S .  Commerce , 1 9 7 2 ) . Tab l e  B . 2 - 2 8 shows the 
percentage of total workers in each occupa tional category during 
the mid-March pay period in 1 9 7 3 .  Pro j ec tions obtained from the 
Imperial Calcas ieu Re giona l P lanning Comm i s s ion show an unemploy
ment rate in 1 9 7 5  of 8 . 8 % in Cameron Parish and 6 . 1 % in Calcas ieu . 

E s t imate s o f  e f fec tive buyinq income in 19 7 2  were $ 4 8 6 , 6 8 4 , 0 0 0  in 
Calcas ieu P ar i sh and $ 2 6 , 5 1 6 , 0 0 0  in Cameron ( Loui siana Statistical 
Ab s trac t ,  1 9 7 4 ) . The perc entage Qf hous eholds with income exc e
eding $ 1 5 , 0 0 0  were 1 5 . 5 % and 9 . 7 % in Calcas ieu and Cameron 
Parishes , respectively . 

I n  1 9 6 9 , there were 7 3 9 f arms in CalcaSleu Parish with an average 
s i z e  of 5 4 6  acre s . Wi thin the pari sh , 5 7 %  of the land is used 
for agriculture . For the s ame year , the comparable f igure s for 
Cameron P ar i sh are 4 2 3  farms , 6 7 9  acres average s i ze , and 3 1 %  of 
the land used ( Loui s i ana S tati s tical Abs tract , 1 9 7 4 ) . 

The f arm population for Calcas ieu P ar i s h  in 1 9 7 0  totaled 1 , 1 7 1 ,  
a 3 6 %  decrease from 1 9 6 0  and l e s s  than 1 %  o f  the total par i sh 
popul ation . Farms greater than 1 , 0 0 0 acres were tw ice tho s e  
under 10 acres in 1 9 6 9 , 8 2  and 4 0 , re spec t ively . For thi s  same 
year about 5 1 %  o f  the tota l farm popu lation worked more than 1 0 0  
days o f f  the farm . I n  Cameron P ar i s h  the f arm population in 1 9 7 0  
was 8 9 4 , about 1 1 %  o f  the tota l popul ation , wi th the farm popu
lation f i gure representing a 3 5 %  incre ase from 1 9 6 0 .  The numb er 
of farms l e s s  than 10 acre s numbered 4 5 . Dur ing the year 1 9 6 9  
about 5 0 %  o f  the tota l f arm popul ation worked 1 0 0  days or more 
o f f  the farm ( U . S .  Commerce , 19 7 2 ) . 

B . 2 . 8 . 7  Government 

Certai n j ur i sdi ct ional concerns of local governments in the 
region would have a bearing on the proposed oi l storage pro j ect . 
The state responsib i l ities  inc lude : control of  air emi ss ions , 
d i s charges into surface and ground water s , pres ervation of  
h i s torical and cultural resources , and construction on s tate-owned 
land s . 

Local pari sh and county gove rnments also have j uri sdictional 
i n terests in the proposed work .  Use of  the rights-of-way of 
p arish and c ounty roads for p i pe l i nes , and the provi s i on of 
bui lding permits , are two examples 9 f  thi s local invo lvement 
that are common to a l l  the af fected parishes and counties . 
In  addition , Cameron Parish , wh ich lies in a hurri cane-prone 
area , has gener a l  authority to permit or wi thhold permi s s i on 
for con struc tion on f l ood p l ains and in f lood haz ard are as . 

The par i shes and counti e s  of thi s region are further divided 
into drainage d i s tr i cts . The se d i s trict commi s s ioner s have 
re sponsibi l i ty for the maintenance of the drainage channel 
systems that protect agricultur a l  and urban lands , and would 
have a j uri sdictiona l intere s t  in any p i pe l ines p l anned to 
cro s s  under these channe l s . 
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Table 8 . 2 - 2 8  Labo r Force D i stribu t ion i n  Lou i s i ana Pa r i s he s  

Total Empl oyment 

Ag r i c u l tu r a l  S e rv i c e s , 
Fore s tr i e s , F i s h e r i e s  

Min i ng 
Contract Con s truc t i on 
Manu factu r i ng 
Trans . ,  Comm . , Pub l ic 

Uti l i ti e s  
Who l e s a l e  & Re tai l Trade 
F in . , Ins . ,  Rea l  E state 
S e rvices 

* * Pe rcent of  tot a l  employmen t .  

Cameron 

2 , 6 3 6 

2 8  ( 1 . 1 ) * *  
1 , 5 9 9  ( 6 0 . 7 ) 

1 8  ( 0 . 7 ) 
3 0 8  ( 1 1 .  7 )  

1 9 0  ( 7 . 2 ) 
2 0 6  ( 7 . 8 ) 

4 2  ( 1 . 6 ) 
2 1 2  ( 8 . 0 ) 

C a 1 c a s i e u  

3 5 , 2 4 6  

7 8  ( 0 . 2 ) * *  
1 , 3 8 6  ( 3 . 9 )  
3 , 9 0 7  ( 1 1 . 1 ) 
9 , 9 0 8  ( 2 8 . 1 ) 

2 , 5 5 6 ( 7 . 3 ) 
9 , 8 5 3  ( 2 8 . 0 )  
1 , 7 6 3  ( 5 . 0 ) 
5 , 6 3 9  ( 1 6 . 0 )  

S o urce : u . s .  Departme n t  o f  Comme rc e , County Bus i n e s s  Pattern s , 
1 9 7 3 . 
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B . 3 S I TE SPEC I F IC ENVI RONMENT 

B . 3 . 1  We st Hackberry Salt Dome 

B . 3 . 1 . 1  Land Features 

B . 3 . 1 . 1 . 1  Geomorpho logy 

The We st Hackberry Salt Dome i s  located in north central Cameron 
Par i s h , Louis iana , 2 0  miles southwe st of Lake Char les C ity , 1 6  
mi les  north o f  the Gu l f  o f  Mexico and four mi les  south o f  the I CW .  

We st Hackberry l i e s  near the we s tern end o f  the Hackberry 
Ridge . Thi s  ridge extends 7 mile s from the wes tern s hore o f  
Calcasieu Lake to Vincent I s land . The Hackberry Ridge was 
probably formed as a result of vertic al di splacement of  
sediments b y the r i s ing salt . Black Lake l ie s  northwest o f  
the dome and the r idge . Black Lake Bayou meanders along the 
northern boundary of the ridge and flows into Calcas ieu 
Lake . Extens ive mar sh with a Gu l fward s lope of only 1 to 3 
feet per mile surround s the dome and ridge to the north , 
west , and south . Alka l i  Ditch extends from near the center 
of  the dome northeas t  to the I CW .  It  is 4 . 2  miles long and 
wa s constructed to accommodate barges wi th 9 foot draft . 

The highe s t  po int of  the Hackberry Ridge ove r l i e s  the center 
of the Wes t  Hackberry dome , where the elevation is 2 3 . 5  
feet above sea level . 

The s treams which cross the Hackberry ridge do not appear to 
be genetically related to the pre sent marsh dra inage system ,  
rathe r they are l arge enough that they may be ancient 
distributaries of the S abine or Mi s s i s s ipp i P l e i s tocene 
river deltas ( Howe , et  al . ,  1 9 3 8 ) . 

The surface area within the 2 , 0 0 0  foot depth contour 
of the salt stock i s  about 1 , 7 5 0  acres whi le the area 
enc lo sed by the 3 , 0 0 0  foot salt depth contour is 2 , 6 0 0  
acre s . O f  the 1 , 7 5 0  acre s ins ide the 2 , 0 0 0  foot contour 
approximately 8 5 0  acre s are above water . 

B . 3 . 1 . 1 . 2  Geo logic S tructure 

In plan view the Wes t  Hackberry s a l t  dome is an e l l iptical 
piercement structure , having a broad nearly flat top at an 
average depth o f  2 , 0 0 0  feet be low sea l evel . The s lope o f  
the s ides o f  the dome are from s l ightly l e s s  than 6 00 to 
steeper than 7 50 on the north s ide . On the southeast 
perimeter of  the salt there i s  a s i gn i f icant re-entrant 
feature , o ften re ferred to as an overhang . The dome is part 
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o f  a l arger salt mas s  which includes the East Hackberry salt 
dome ( s ee Figure B . 3 - l ) . The overall length o f  th is s a l t  ma s s  
i s  more than 9 mi le s , with i t s  width exceeding 2 mile s . The 
long axis o f  the salt ma s s  trends K 7 3 0E .  

No detai led inf ormation on the di stributi ori and conf igurat ion 
of sub surf ace f ault ing was found . Howeve r ,  this dome appears 
to be typical of mo st Gulf Coast piercement dome s (Halbouty , 
1 9 6 7 ) ; thus the character i s t i c  norma l ,  radial , and concentric 
faults probably exi s t  in the sediments around the dome . The 
d i s pl acement a long these faults genera l ly incre ases with 
depth . 

An analys i s  o f  the records o f  more than 4 0  dr i l l  ho les shows 
that a cap rock cove r s  the entire s a l t  mas s  above the 3 , 0 0 0  
foot depth contour . The cap rock reache s a maximum thi ckne s s  
o f  5 2 5  feet in the southwest quarter of  Section 2 1  ( Figure B . 3 - l )  
and gradually thins i n  a l l  directions . A contour struc tural 
map and an isopach map of the cap rock appear as Figures B . 3 - 2  
and B . 3 - 3 . Cap rock depth range s  from l e s s  than 1 , 5 0 0  feet in 
the southwe s t  quarter o f  the sec tion to over 4 , 0 0 0  feet on 
the north and south perime ter . Geo logic cro s s  section A-A ' 
and B -B ' ,  cons tructed from e lectric log data , ( F igure s B . 3 - 4 
and B . 3 - 5 ) , show the l ateral extent o f  the cap rock , the local 
sedimentary sequenc e s  and the rel ationship of the s e  sediments 
to the salt struc ture . 

The c ap rock i s  intensely fractured , fau lted , and b recc iated 
due to the upward pre s sures exerted by the r i s i ng salt stock . 
During per iod s  when the salt i s  s table or not r i s i ng a s  fast 
as the d i s so lut ion of the s a l t  is occurring , the cap rock 
may be partially unsupported and fa l l  with ad j ustments 
occurring a long new or preex i s t i ng fault planes . Thi s  
me c han i sm may b e  the cause of  the s l ight topograph ic low 
above the e a s t  s i de o f  the We st Hackberry dome . The fault ing 
and f ractur ing in the cap rock re sults in high permeab i l i ty ,  
but thi s i s  o f  no consequence with respect to the integrity 
of the proposed oil storage caverns . 

B . 3 . l . l . 3  Stratigraphy 

De tai led s trat igraphic data for the immediate vic inity of the 
Hackberry dome was not found . However ,  the sequence o f  the 
formations depo sited in the coastal basin i s  general ly con s i s tent 
throughout , there fore , the de scription of format ions at Vinton 
Salt Dome can apply to the Hackberry s tratigraphy except for 
thicknes s  vari ations and local e f fects of vertical d i s p l acement 
by the r i s ing s a l t  ( see Section B . 3 . 3 . l . 3 ) . Brie f ly however , 
the s equence o f  sediments at We st Hackberry i s  from the sur face 
down : Beaumont , Clay , Laf ayette Grave l , Fleming Clay , O l igiocene 
Fo rmation ( s and s and sand shale s )  and Jackson S hale ; 
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B . 3 . 1 . 1 . 4  Soil Characteristics 

The s o i l s  at the We s t  Hackberry s ite ( Figure B . 3 - 6 )  are nearly 
l eve l s i lty so i l s  wi th c l ayey and s i l ty subso i l s . They are 
re ferred to as the Crowley-Ivlorey-Mowata As soc iation . 

The poorly to somewhat poorly dra ined Crowl ey 
so i l s  on the low r idges make up about 4 5  percent 
of  the as soc iation . They have a very dark 
grayish-brown s i l t  loam surface and a gray s i l ty 
clay subsoil mottled with red and brown . The 
poorly drained Morey s o i l s  at the low elevations 
make up about 2 5  percent of  the a s sociation . 
They have a very dark s i l t  loam surface and a 
gray s i l ty c l ay loam subsoil mottled with brown . 
The poorly drained Mowata so i l s  at the low 
elevations make up about 2 0  percent of  the 
as sociat ion . They have a dark gray s i lt loam 
surface and a gray heavy s i lty c lay loam sub
s oil  mottled with brown . Beaumont so i l s  make 
up mo st of the remaining 1 0  percent of the 
a s sociat ion , ( USDA , 1 9 7 1 ) . 

Harri s  soi ls , moderately sal ine phase , at the 
highest e l evations and ad j acent to ridges 
make up about 5 0  percent of  the a s sociation . 
They have a very dark gray c lay surface and a 
f i rm gray clay subso i l . Salt water mar sh at 
the lowest e l evations make up about 45 percent 
of  the a s soc iat ion . They have a soft organic 
and mineral mud surface layer 18 to 5 0  inches 
thick and a gray c lay subso i l . Ridges o f  
Harri s ,  Chen iere Var iant and Harri s ,  sandy 
substratum variant so i l s , and spo i l  banks 
make up mo st o f  the rema ining 5 percent o f  
the as soc i ation , ( USDA ,  1 9 7 1 ) . 

The brine d i s posal pipel ine route cro s s e s  areas of 
Harr i s  so i l  but in addition cro s s e s  Morey-Beaumont so i l s  
and borders Harr i s  Chenier Variant - Palm Beach Assoc iation . 

The Morey so i l s  at the higher elevations make 
up about 7 0  percent of the assoc i ation . They 
have a very dark gray s i l t  loam surface and a 
gray s i l ty c l ay loam subso i l  mottled with 
brown . The Beaumont so i l s  at the s l ightly 
lower elevat ions make up about 15 percent o f  
the a s soc iation . They have a dary gray c lay 
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surface and a gray c l ay sub so i l  mott led 
with brown . Crowley , Mowata , and Harr i s  
s o i l s  make up mo st o f  the rema ining 1 5  
percent o f  the a s soc ia tion , ( USDA ,  1 9 7 1 ) . 

The poorly drained Harr i s , cheniere phase 
so i l s  at low elevations make up about 6 0  
percent o f  the a s soc iation . They have a 
very dark gray sur face and a gray sandy or 
c l ayey subso i l . The exces s ively drained 
Palm Beach s o i l s  at the higher elevations 
make up about 2 0  percent of the as soc iat ion . 
They have a dark brown sandy surface and a 
brown sandy sub soil that genera l ly contains 
many fragments o f  sea shel l .  Made Land , 
Harr i s , sandy sub so i l  phase , and Harr i s , 
s a l ine phase so i l s  make up mos t  o f  the 
remaining 2 0  percent of the as soc iation , 
( U SDA , 1 9 7 1 ) . 

The east end o f  the Hackberry Ridge on the shore o f  Lake 
Calcas ieu forms a 1 0  foot c l i f f . Old , we l l -deve loped soi l , 
subso i l , and rock are expo sed . The sub s o i l  contains iron and 
manganese nodules ( Howe et al . ,  1 9 3 8 )  wh ich due to eros ion o f  
the r idge are forming a beach a t  the toe . Howe et al . ,  ( 1 9 3 8 )  
s tate that the s o i l - s ub so i l  pro f ile i s  P l e i stocene deltaic 
ma terial and is  o lder than the surface o f  the surrounding 
marsh . 

B . 3 . 1 . 1 . S Mineral Resources 

Oil in the We st Hackberry salt dome area wa s dis covered by sur
face seeps of o i l  and gas in  1 9 0 2 . O i l  wa s f irst commerc i al ly 
produced from the dome area in 1 9 2 8  by the Cameron O i l  Company . 
Initial product ion i s  reported to have been from Cameron Oil 
Company ' s  Duhon No . 2 we l l  in 1 9 2 8 . Lou i s iana State Conserva
t ion Department record s show that o i l  or gas i s , or  has been 
produced from at least 15  d i f ferent hori zons as shal low as 
3 , 9 2 0  feet and as deep as 9 , 8 1 3  feet . Oil bearing produc tion 
zone s are found comp letely around the perimeter of the dome . 
Interpretat ion o f  the salt structure ind icates that the o i l  
product ion occurs prima r i ly from Miocene age sand format ions 
f aulted or pinched out against the s ides of the salt stock . 
No known o i l  or gas product ion is  loc ated ove r the top o f  the 
dome in the area propo sed for the so lution mined storage cavern 
f ac i l ity . 

The first at tempt at mineral mining of  the dome was a s u l fur 
exp loration program conducted by the Freeport Sulphur Company 
in the late 1 9 2 0 s . Several ho les  were d r i l led into the cap rock 
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and salt to exp lore the potential for s u l fur minin g . No in for
mat ion regarding the resu l t s  of  this dri l ling program i s  avai l
ab le , and it appear s that the dome was never mined for sulfur . 

O l in Chemical Company i s  u s ing po�t i ons of  the Wes t  Hackberry 
salt dome f or brine production and Cities Service O i l  Company 
is us ing several caverns for subsurface storage of l iquid pet
roleum gas . These operations repre sent only a partial  deve lop
ment of t he dome . The total acreage of the dome contro l led by 
the O l in operation is 5 0 0  acres . Cities Service Oi l Company 
has deve loped a tot a l  of n ine caverns on 8 0  acre s . F ive of  
the se n ine caverns have been selected for use by the S trateg ic 
Petroleum Reserve Program . A des cription of  these caverns and 
a di scus s ion of c avern s tabi lity appe ars in Append i ce s  H and I 
re spect ive ly o f  the Final Envi ronmental Impact S tatement for 
We s t  Hackberry S a lt Dome , FES 7 6 / 7 7 - 4  ( FEA , 19 7 7 a ) . 
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B . 3 . 1 . 2  Water Environment 

The We st Hackberry salt dome is located in Hydro logic Un it 9 
o f  southwe stern Loui s i ana within the e stuarine part of  the 
Calcasieu River Basin ( Perret et aI , 1 9 7 1 ) . The location of  
Hydrologic Un it 9 i s  indicated in  Figure B . 3 - 7  whi l e  the 
Calcas ieu River basin is pre sented in Figure B . 3 - S . The 
northwe s tern rim of the dome lies beneath B l ack Lake , with 
the rema ining portion covered by dry pasture l and . To the 
south and wes t  are mar shes . Surface water in the general 
area is brackish with a salinity of  5 to 1 0  ppt , due to salt 
water intrusion (a  ma j or probl em in thi s section of  Louisiana ) . 
Sur face leve l s  in the region are underlaid by c lays which are 
nearly impervious to water pas sage ( Chabreck ,  1 9 7 2 ) . Whi l e  
the annual rainfa l l  appears plent i ful , the area general ly 
exper iences a moi s ture shortage for �egetation dur ing the 
growing season ( from February through November ) . 

The sur face water system ,  which i s  described in Section B . 3 . 1 . 2 . 1 ,  
repre sents the propo sed source of  l eaching/di splacement water 
a s  wel l  a s  the primary s i te for br ine disposal . The subsur-
face water sys tem , which i s  di scus sed in Section B . 3 . 1 . 2 . 2 ,  
constitutes an al ternative source for water . 

B . 3 . 1 . 2 . 1  Sur face Water Systems 

Hydro logic Uni t  9 cons i s t s  large ly of ponds , lakes , and marshes . 
As indicated in Table B . 3 - 1 , l e s s  than 1 0  percent of  the entire 
area i s  dryl and ( Chabreck , 1 9 6 5 ) . The southwes tern Louis iana 
mar shes are part of the Chenier P lain , which is characteri z ed 
by natural barriers to north- south dra inage . In addition , man
made levee s  are pre sent in numerous locations . 

The surface water sys tem in the vic inity of  the We st Hackberry 
dome cons i sts  of a brackish marsh interlaced by a ne twork of 
bayous and cana l s  which connect with Black Lake , Calcas ieu Lake , 
Calcas ieu River , Calcas ieu Ship Channe l ,  and the I CW .  Pertinent 
c haracte r i s t i c s  of  the surface water bodies neares t  
the dome are tabul ated i n  Table B . 3 - 2 , and the general arrangement 
of the se water bodie s i s  depi cted in F igure B . 3 - 9 . Water qual ity 
data from these water bodi e s , including recent pre l iminary samp l
i ng s  as p art of DOE basel ine samp l ing program , are given in 
Appendix D .  

When constructed , the ES R oi l pipeline route associated wi th the 
We s t  Hackberry fac i l i ty wi l l  extend from the western fringe of 
the Calcasieu River Basin , through the S abine River B a s in to the 
Neche s RiVer Basi n .  As shown in Figure B . 3 - 1 0  the pipeline cros ses  
B l ack Lake , two rivers ( S abine and Neches ) ,  and two ma j or bayous 
( B l ack and Cow) . For more than 1 2  miles the pipeline would be laid 
a long the s outhern bank of the ICW . 
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F igure B .  3-7  Hydrologic units o f  the Lou i s i ana Coastal Mar shes 

( Chabre c k , 197 2 )  
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Table B . 3- l  
* 

Acreag e s  in Water for Hydrolog i c  uni t  9 in S outhwe s t  

* 

Loui s iana Coastal Area 

( Chabreck , 1 9 6 8 )  

S ur f a c e  F e a t u r e  

Mar s h e s  

N a t u r a l  l-la r s h e s  

D e-Wa t e r e d  Marshe s 

wa ter Bod i e s  

P ond s and L a k e s  

Bays and S o u n d s  

B ayou s a n d  R i v e r s  

Cana l s  and D i tche s 

Dry Land * 

TOTALS 

A c r e a g e  

2 1 2 , 3 6 2  

3 9 , 8 5 8  

2 2 8 , 5 5 2  

2 , 3 6 3  

3 , 8 5 5  

5 1 , 7 4 6  

5 3 9 , 6 3 5  

I nclud e s  ac t iv e  b e a c h e s ,  c h e n i er s , spo i l s  d epos i t s , r idg e s , 

e l ev a ted bayou s ,  and l a � e  ban k s . 
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Table B . 3 - 2  Sur f ac e  Water Bod i e s  i n  the Vi c i ni ty o f  W e s t  Hackb e r ry Dome ( B arrett , 1 9 7 0 )  

N ame 

B l ack Lake 

Black Lake B ayou 

B rowns Lake 

C a l c a s i e u Lake 

* 
Cal c a s ieu River * 
C a l cas i eu S h ip Channel 

F i r s t  B ayou 

Hog I s l and Gu l l y  * 
I ntracoastal Waterway 

Long Po int Lake 

Mud Lak e 

S e cond Bayou 

S tarks Canal 

S tarks �orth Canal 

West C ove 

We st C ove Canal 

Ive s t  Fork 

* 

Location 

D i s tance ( m i ) D ir e c t ion 

0 . 6  
0 . 5  
3 . 9  
4 . 7  

7 . 0  
4 . 0  

1 5 . 0  
6 . 0  
4 . 1  
6 . 0  
6 . 5  

1 2 . 5  
2 . 8  
2 . 6  
8 . 0  

6 . 3  
1 2 . 0  

NW 

NE 

SW 

E 

NE 

E 

SSIV 

S 
N 

SE 

NE 

S 

SE 
SW 

S 

S 

S 

I nc lud e s  only por ti o n s  within Hydro l o g i c  Area 9 .  

L ength 

( m i l e s ) 

6 . 4  

2 4 . 9  
2 6 . 0  

2 . 5  
4 . 9  

1 04 . 5  

2 . 0  
2 1 . 6 
1 8 . 2  

2 . 6  

Width 

( f t )  

1 0 0  

8 5 0  
2 5 0  

5 0  
6 0  

3 0 0  

3 0  
4 0  
4 0  

4 0  
2 0 0  

Depth 

( f t )  

4 . 0  
4 . 0  
3 . 0  
1 . 5  
4 . 5  
7 . 5  

1 0 . 5  
2 2 . 0  
3 5 . 0  

1 . 5  
1 . 5  
8 . 0  
2 . 5  
1 . 5  
4 . 5  
7 . 5  

1 0 . 5  
1 3 . 5  
2 0 . 0  

1 . 5  
2 . 5  
2 . 5  
1 . 5  
4 . 5  
1 . 5  
4 . 0  

Area 

( sq .  m i l e s )  

3 . 4 0  
0 . 1 2 
0 . 3 6 

1 1 . 3 0  
3 4 . 9 0 
2 0 . 6 0 

0 . 0 3 
6 . 1 0 
1 .  2 0  
0 . 0 2 
0 . 0 6 
5 . 9 0 
0 . 2 0 
0 . 5 8 
0 . 2 9 
0 . 0 7 
0 . 0 6 
0 . 0 6 
0 . 1 0 
0 . 0 1 
0 . 1 6 
0 . 1 4 
9 . 8 0 
6 . 0 0 
0 . 0 2 
0 . 1 0 
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As indicated in F igure B . 3 - 1 0 ,  two brine pipel ine route s to 
the Gul f  from Wes t  Hackberry are under cons ideration . The 
propo sed route would run e s s entially para l l el to the Calcasieu 
Ship Channe l ,  pass ing through the We st Cove of  Calcas ieu Lake , 
and cro s s ing S tate Hi ghway 2 7 / 8 2 before entering the Gulf of  
o f  Mexico . The al ternate route would avo id any s i zable water 
body , cro s s ing only Starks Canal , Hog I s land Gul l y ,  Second 
Bayou , and First Bayou before reaching the Gu l f .  

As already noted , prec ipitation in the area i s  fairly heavy , 
amounting to 5 5  inches per year ( Chabreck , 1 9 6 8 ) . The average 
prec ipitation surplus for winter-spr ing and summer-fa l l  amounts 
to 14 and 4 inches respectively ( Gagl iano , 1 9 7 0 ) . However , 
during the growing season ( from February through November ) an 
average seasonal deficit o f  about 6 inche s of prec ipitation 
i s  encountered in the vic inity of We s t  Hackberry dome ( see 
Appendix D ) . The water balanc e in the area has been descr ibed 
as one o f  " feast or famine " ( Gagl iano , 1 9 7 0 ) . 

Coupled with the seasonal de f i c i t  o f  prec ip itat ion , s a l twater 
intrus ion is a s ignif icant environmental problem in the region 
surround ing the We st Hackberry dome . In the immediate vic inity 
o f  the dome , saltwater intrus ion has produced brackish surface 
waters with s a l inities between 5 . 0 and 1 0 . 0  ppt as indicated 
in Figure B . 3 - 1 1  ( Chabreck , 1 9 7 2 ) . 

Subsequent portions of  this subsection deal with various bodies 
o f  water in the fol lowing order : 

• B l ack Lake , Black Lake Bayou and Al kal i Ditch 

• Calcas ieu Lake , Calcas ieu River and Calcas ieu 
Ship Channel 

• Gu l f  I ntracoastal Waterway 

• Sabine River 

• Cow Bayou 

• Neche s River 

• Marshes and misc e l l aneous water bodies 

• Gu l f  o f  Mexico 

Fo r each body of water , where ava i l abl e ,  pert inent hydrologic 
data are d i s cus sed a long with app licable water qual ity standards 
and criter ia . 

B . 3 - 2 0  
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Blac k Lake , B l ack Lak e  Bayou and Alkali Di tch 

As ind icated in Table B . 3 - 2  and F igure B . 3 -9 , Black Lake i s  a 
sma l l  shal low body o f  water approximately 3 . 4  square mi les in 
area located on the northwe stern f ringe of the dome . The water 
in the lake is s a l ine , with the s a l i n i ty increas ing in recent 
year s . Current s a l i n i ty values are dependent on tides and 
current s and vary from a to 1 2  ppt . The average sal inity i s  on 
the order of  5 to 6 ppt ( Rocca , 1 9 7 6 ) . Rec ent preliminary 
samp l ings taken for the purpo s es of  thi s statement revealed 
4 . 8- 5 . 6  ppt in B l ack Lake and 6 . 5  ppt in B lack Lake Bayou ( see 
Appendix D . 2 6 ) . Water in the vicini ty may be subj ect to con
taminat ion f rom ex i s t ing br ine holding f ac i l i ties  ( E l ias , 1 9 7 6 ) . 
Con tamination by brine as a concomi tant of o i l  produ ction i s  
a l so quite common in  the area ( Jones , 1 9 5 6 ) . B l ack Lake has 
been increas ing in  surface area , probably as a consequence of 
erosion . Wooden bridges , dredged channe l s , and o i l  we l l s  are 
pres ent in  the lake and subsidi ary canals connect the l ake with 
the surrounding o i l  f ields . The lake is  natura l ly connected to 
Calc a s i eu Ship Channel via Black Lake Bayou , ( 4  feet deep , 1 0 0  
feet wi de ) and i s  a l so l inked to the lCW by means o f  Alka l i  Ditch 
( 6  feet deep , 1 0 0  feet wide ) as shown in Figure B . 3 - 9 . Thus , water 

qua l i ty in Black Lake is related to water qu al ity in  both the lCW 
and C a lcas i eu Ship Channel . 

Calcas ieu Lake , Calcas ieu River and Calcas ieu S h ip Channel 

The dominant bodies  of  water i n  the dome area are Calcas ieu 
Lake and the Calcas ieu River which feeds the lake . Mud Lake , �  
Long Point Lake and We st Cove are extens ions of Calcas ieu 
Lake . The Calcas ieu Ship Channe l extends northward from the 
Gul f  in the v i c i n i ty of the or i gina l  Calcas ieu River bed and 
passes along the wes tern s ide of the l ake as shown in Figure 
B . 3-9 . Further ups tream , above the lCW , the ship channel and 
the r iver bed e s s e ntial ly coincide . The lower portion of  
th i s  channe l provide s direc t connection be tween the Gul f and 
Calcas ieu Lake and i s  largely respons ib le for the s a l twater 
intru s ion problem wh ich extend s  up the Calcasieu River to 
the vic inity of Lake Char les . 

Volumetric flow data for the Calcas ieu River are presented i n  
Appendix D .  A s  i ndicated in thi s  appendix , as o f  1 9 7 6 ,  the 
average f low rate for 3 6  years at K inder was 2 , 5 7 3  c f s . This 
station, however ,  is cons iderably ups tream of  the point at 
which the river empties i nto Cal cas ieu Lake . The f low at 
the latter point is s i gni ficantly greater because of  tr ibuta
ries which feed i nto the river between K inder and Calcas ieu 

*The Mud Lake referred to i s  located at the northern end 
o f  the Calcas ieu Lake . 
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Lake . During the period from Oc tober 1 9 4 7  to Oc tober 1 9 5 1 
the flow rate o f  the entire river basin averaged 4 , 9 0 0  c f s  
( Jones e t  aI , 1 9 5 6 ) . Seasonal variation i n  the river ' s  
f low rate i s  quite pronounced ; measurements taken at Kinder 
from Oc tober 1 9 7 5  through Sep tember 1 9 7 6  var ied from 3 , 9 3 7  
c f s  i n  March to 3 8 9  c f s  i n  September .  The variation i n  
f low rate in the r iver i s  c lo sely l i nked wi th the variations 
i n  prec ipi tation for thi s part o f  Lou i s i ana . 

Currents i n  both Ca lca s ieu Lake and the lower portions o f  
Calcas ieu River are s trong ly inf luenced b y  tidal cond itions . 
The d iurnal range o f  tides in both the river and the lake i s  
0 . 5  f e e t  or l e s s  (National Oc eanic and Atmospheric Admini s 
tration , 1 9 7 5 ) . Winds frequently augment the tides i n  creating 
currents toward B l ack Lake . Duri ng wi nter , s trong norther ly 
winds tend to oppo se i ncoming tides , sometime s depre s s i ng 
them 2 feet . with strong souther ly winds , incoming tides 
can be i ncreased as  much as one foot above the norma l tidal 
f luctuations . Prolonged per iods o f  such winds may f lood the 
marshes . S imilar f lood ing can result from s trong trop ical 
s torms and hurricanes which push sal ine water far inland 
( Chabrec k ,  1 9 7 2 ) . 

Due to the pres ence o f  the ship channel , the Calcasieu River 
is navigable for drafts up to 4 0  feet from the Gul f to s l ightly 
north of  Lake Char l e s . The r iver and surrounding surface 
water s in the area are used for transportation , comme rical 
f i shing , occas iona l indu s trial water supp l y , rice farming , 
and d i lution o f  i ndus trial and domestic was te s . To prevent 
further f low of s a l twa ter up s tream ,  the Calcas ieu River S a l t  
Water Barr ier wa s cons tructed at We s tlake , j u s t  above Lake 
Char les . 

I ndus try a long the Cal cas ieu River B as i n  i ncludes chemical , 
pe tro leum , natural gas , salt , f i sh o i l ,  and seafood proce s s i ng . 
Thes e indus tries and the muni c ipal sewage treatment fac i l itie s  
o f  the area dis charge cons iderable wa s tes  i nto the bas i n ,  but 
only l imi ted d ischarge data are avai lable ( provided i n  
Appendix D ) . 

The use o f  sur face waters for transportation , agricul ture and 
i ndustrial deve lopment has c l early taken its to l l  on the water 
qual i ty in thi s  area . The mos t  s ignificant water qua l i ty 
probl ems are as soc iated with : ( 1 )  s a l twater i ntru s ion into 
the freshwater mar shes , lakes , r iver s , and waterways ; ( 2 )  con
tamination by agr icultural ferti l i z ers and pes ticides ; ( 3 )  
indu s trial and munic ipal di scharges ; and ( 4 )  exten s ive eng i 
neeri ng mod i f ication o f  surface water flow patterns . 
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The salinity o f  Cal cas ieu River and Calcas ieu Lake i s  strong ly 
af fected by the f low rate in the river . Sal inity increases 
have been empirically corre lated wi th increases in river f low 
rate s ( Hershman , 1 9 7 3 ) . 

The pertinent state water qual ity standard s and fede ral water 
quality criteria for the Calc asieu River , Ship Channe l and 
Lake are provided in Appendix D .  The resu lts  o f  a comparison 
o f  these standard s and criteria with water qua l i ty data 
c o l l ected at 2 3  sampl ing stations in the area are summar i z ed 
in Table B . 3 - l 3 . As noted in Table B . 3 - 3 , water in the river 
genera l l y  exceeds the EPA cri ter ia for marine aquatic l i fe 
( EPA , 1 9 7 6 )  for mercury , phosphorus , and pheno l s . In  addition , 
there i s  one in stance where the level o f  d i s so lved oxygen and 
the pH o f  the water were in violation o f  the Louis iana state 
standards . 

A l imited amount o f  standard e lutr iate tes t *  data i s  avai lable 
for the Calcas ieu Ship Channel and i s  tabu l ated in Appendix D .  
A compar i son of  the se data with the appropriate state water 
qual ity s tandard s and federal water qual ity cr iteria is pre
sented in Table B . 3 - 4 . The tabu lated results indicate that the 
level o f  merc ury and phenols in the elutriate were in exces s  
o f  the EPA cr iteria for mar ine aquatic l i f e  ( EPA , 1 9 7 6 )  in 5 0 %  
o f  the sample s . 

In addition to water qual ity and e lutriate test data , some sed i 
ment qual ity data are a l s o  avai lable and are included i n  Appendix 
D .  The results of a comparison of  the se data with recommended 
criteria , * * inc l uded in Append ix D are summar i z ed in Table B . 3 - 5 . 
As indic ated in the table , the leve l o f  z inc , mercury , COD , and 
TKN in the sediment generally exc eeded the uno f f ic i al criteria 
for s ed iment presented in Append ix D . 3 .  

* The standard el utriate test is des igned to predict the re lease 
o f  sediment pol lutants into the water . Both sediment and water 
s amp l e s  mus t  be from the same locat ion . The test con s i sts o f  
vigorous l y  shaking one part bottom sed iment with four parts 
water , on a vol ume bas i s ,  for 30 minutes , fol lowed by a one-hour 
settl ing t ime and appropriate centr i fugation and . 4 5 um 
f i l tration . The concentration of  var ious components suspended 
and d i s solved in the water are then me asured . Result ing con
centrat ions are compared with the water qua l ity standards and 
cr iteria appl icable to the water at the samp le s ite . 

* * Ne i ther state water qua l ity standards or federal wat er 
qua l i ty cr iteria are directly appl icable to sediment qual ity . 
For purposes  o f  compari son certain uno f f icial criteria are 
recommended ( O ' Neal  and Sc erva , 1 9 7 1 ;  S lotta and W i l l iamson , 
1 9 7 4 ) . 
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· T ab l e  B . 3 - 3  Summary o f  Wat e r  Qu a l i t y  An a l y s i s  

Body o f  Wat e r  
S amp l e  + 
S t at i on / 
M i l e# 

C a l c a s i e u  R i v e r  1 5 . 0  

to 
w 

I 
N 
V1 

I I  

I I  

I I  

I I  

I I  

I I  

I I  

I I  

I I  

I I  

I I  

I I  

I I  

I I  

I I  

1 5 . 0 

S t a . 8 A  

S t a . 8 A  

S t a .  9 

14 . 5  

1 3 . 4  

1 3 . 0  

1 3 . 0  

1 2 . 6  

1 9 . 0 

S t a .  1 1  

1 7 . 7  

1 7 . 7  

1 7 . 6  

1 7 . 5  

S t a . 7 

Dat e 

0 6 - 2 9 - 7 6  

0 6 - 3 0-76 

04 - 04 - 7 5  

04 - 0 6 - 7 5  

1 9 7 5  

02 - 1 1 -76 

0 1 - 1 5 - 7 6  

0 6 - 2 9 - 7 6  

0 6 - 3 0 - 7 6 

0 1 - 1 5 - 7 6  

0 3 - 04 - 7 6  

1 9 7 5  

0 6 - 2 9 - 7 6  

0 6 - 3 0 - 76 

0 3 - 3 1 - 7 6  

02 - 1 8 - 76 

04 - 04 - 7 5  

V i o l a t e s  
S t a t e  S t an d ards 

Low D i s so l ve d  
Ox y gen , p H  

* 
Exceeds EPA 
Nume r i c a l  C r i t e r i a  

M e r c u r y , P h o s p hor u s  

Phosphorus 

P h en o l s  

Mercury , P h e n o l s  

Mercury , Pho sphoru s , 
p H  

Phosphoru s , P h en o l s  

Phosphorus 

Phosphorus 

P ho sp horus 

Mercury , Phosphorus 

P h o sp h o r u s  

M e r c u r y , Phosphorus 

M e r c u r y , P h en o l s  

P h o s p h o r u s  

P h o s p h o r u s  

P h o s p h o ru s , P h e n o l s  

P h e n o l s  

P o s e s  a 
Po s s i b l e  Prob l em 

Low D i s s o l v ed 
Oxygen 

O i l  & G r e a s e  

O i l  & G r e a s e  

L o w  D i s s o l ve d  
Oxygen 

Low D i s s o l ve d  
Oxygen 

O i l  & Grease 



to 
w 
I 

IV 
0'\ 

Table B . 3 - 3  S umm a r y  o f  W a t e r  Qu a l i t y A n a l y s i s  ( Co n c l uded ) 

Bo d y  o f  W a t e r 
S amp I e  +/ 
S t at i o n  
�[ i l e = 

C a l c a s i e u R i v e r  
S t a .  7 

" 1 6 . 5  

" S t a .  1 0  

" 1 2 . 1  

" 1 1 . 5 

" S t a .  8 

" 1 1 . 3 

" 1 0 . 0  

C a l c as i eu Lake At Rabb i t  
( We s t  Cove ) I s l and 

" " 

C a l c a s i eu R i ve r  1 . 0  

" 1 . 0  

V i o l a t 0 s  
D a t e S t a t e  S t an d a r d s  

04 - 06 - 7 5  

0 2 - 04 - 7 6  

1 9 7 5 

0 6 - 2 9 - 7 6  

0 2 - 0 6 - 7 6  

1 97 5  

02 - 1 1 - 7 6  

04 - 0 7 - 7 6  

06 - 2 9 - 7 6  

06 - 3 0- 7 6  

0 6 - 2 9 - 7 6  

0 6 - 3 0 - 7 6  

* 
E x c e Q d s  E P A  

N u me r i c a l C r i t e r i a 

Mercury 

P ho sp horus , P h e n o l s  

Mercur y , Pho sp ho r u i> 

Mercury 

P h o sp horus , P h e n o l s  

M e r cu r y , Phosphorus 

P ho sp horus , Pheno l s  

Phosp horu s , P h e n o l s  

P ho sp horus 

P ho sp horus , P h e n o l s  

Mercur y , Pho s p horus 

Mercury , Pho sp horu s 

+The l o c a t i on o f  al l samp l e  st at ions are s hown i n  F i gu r e  D . 4 - 1 . 

* 
Ma r i n e  Wat e r  Con s t i t u en t s , p ro v ided in App e n d i x  D . 3 .  

P o s c �; a 
p () S s i 11 l l: P r o  LJ 1 e r:1 

O i l  & Grease 

O i l  IS.: Gr e a s e  

O i l  & Gr e a s e  
L o w  D i s s o l ved 
Ox ygen 

Low D i s so l ve d  
Oxygen 



Table B .  3 - 4 Summary o f  E l u t r i at e  An a l y s i s  

* 
Samp l e  

+ 
Exceeds EPA Po ses a 

Bo dy o f  Wat e r  Stat i on Dat e Numer i cal Cr i t e r i a  Poss i b l e  Prob l em 

Ca l c a s i eu 
Ship Chann e l  1 1  06 - 1 0- 7 5  Mercury 

" 7 0 4 - 0 4 - 7 5  Phen o l s  

" 7 04 - 0 6 - 75 Phen o l s  

" 1 0  0 6 - 1 0 - 75 Mercury 

" 8A 04 - 04 - 75 Phen o l s  

" 8A 04 - 0 6 -7 5  Pheno l s  

" 9 06 - 1 0 - 75 Merc ury to 
w " 8 0 6 - 1 0 - 7 5  Mercury 
I N -..J 

+
The l o c at i on o f  a l l s amp l e  s t a t i o n s  are shown in F i gur e D . 4 - 1 . 

*
Mar i n e  wat e r  c o n s t it uen t s . provided in App e n d i x  D . 3 .  



Tab l e  B . 3 - 5  Summary o f  Sed iment Ana l y s i s  

Body o f  Wat er 

Cal c a s i eu 
Ship Chan n e l  

" 

" 

1 1  

" 

" 

Samp l e  + 
S t at i on 

7 

7 

1 0  

S A  

S A  

9 

Dat e 

04-04 - 7 5  

04 - 0 6 - 7 5  

06 - 1 0 - 7 5  

04-04 - 7 5  

04 - 0 6 - 7 5  

0 6 - 1 0 - 7 5  

Exceeds Unof f i c i a l  
Cr i t e r i a * 

Z i n c , COD and TKN 

Z i n c , COD , TKN and 

Mercury 

Zinc and TKN 

Z i n c , COD and TKN 

Mercury 

+The l o c at ion of al l samp l e  s t at ions are shown i n  F i gure D . 4 - 1 . 

*
I n c l uded in Appendix D . 3 .  
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Gulf I ntr acoastal Waterway ( Loui s iana Segment )  

The I CW l i e s  4 . 1  m i l e s  north o f  the We st Hackberry Dome . I t  
has a width o f  3 0 0  feet with a dredged depth of  4 0  feet in 
thi s reg ion . Currents in the waterway aLe variable and are 
pr imar i ly the re sult of tidal and wind e f fects . A l imi ted 
amount of  water qua l i ty data has been col lected on the waterway 
1 2 . 5  mi les  we st o f  Calcas i eu Lake ( S tation 1 3 ) and i s  i nc luded 
in Appendix D .  Th e locat ion of thi s station is indic ated in 
Figure D . 4 - 1 . A compari son o f  the avai lable data with app licable 
s tate water qual i ty standards and federal water qua l i ty criteria 
i s  p rovided in Tab le B . 3 - 6 . Recent pr e l iminary s amp l ing s , taken 
for the purposes  of thi s s tatement , were taken from a point 
3 mi les  east of S tation 13 in Apr i l  1 9 7 7 . In thi s s amp le the I CW 
appeared to be qui te fresh ( O . O S ppt s a l inity ) and the leve l of  
me rcury equaled , but did not exceed EPA recommended criteria 
( see Appendix 0 . 2 6 )  . 

Sabine River 

The Sabine River forms the boundary between southwe stern 
Lou i s iana and southeastern Texas . The pipe l i ne would cros s the 
river approximate ly 3 mil e s  downs tream o f  the j unction o f  the 
ICW with the river . This portion o f  the river coinc ide s with 
the S abine River Ship Channel which i s  mainta ined at a dredged 
depth of 3 0  feet . The r iver width i s  approximate ly 1 0 0 0  feet . 
Practical ly no periodic tides occur in thi s reach o f  the r i ver . 
The r i se and fall  o f  the water depend upon the meteoro logical 
conditions .  Current s in the river are about 4 . 2  ft/sec during 
high stage s ( National Oc eanic and Administration , 1 9 7 6 ) . 
Approximately 2 1  mi l e s  up stream near Rul i ff , Texas , hydrologic 
data are available ( U . S . G . S . , Texas , 1 9 7 5 ) . A portion o f  th i s  
data i s  presented in Append ix O .  The vo l umetric f low o f  the 
r i ver dur ing the per iod Oc tober 1 9 7 4  through September 1 9 7 5  
varied from a minimum o f  7 7 4  c f s  (on October 1 4 ) to a maxi 
mum o f  4 0 , 7 0 0  c f s  ( on May 1 4 ) . The mean f low rate was 
1 4 , 2 1 0  c f s . It s hould be noted that the r i ver flow i s  regu
lated by releases from To ledo Bend Re servoir . 

Near the vicinity whe re the crude oi l pipeline would cross the 
river , both water qua l ity and sediment qual ity data are avai l able 
for three samp ling stations ( U . S .  Army Corps o f  Engineers , 
Galve ston , 1 9 7 5 ) . The locations of these s tations are indi cated 
in F i gure D . 5- 1  of Append ix 0 and the mea sured data are inc luded 
in the same append i x . Recent pre l iminary s ampl ings taken for 
the purposes of  thi s  statement are given in Appendi x D . 2 6 .  The 
results of a compar ison of the avai l able water qual i ty data with 
pertinent s tate standards and federal criteria are summar i z ed in 
Table B . 3- 7 . 

The ava i l able sed iment qual ity data are compared with the re
commended criteria for certain sediment parameters in Tabl e 
B . 3 - S . 
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Body o f  Wat er 

I n t r a co a s t a l  
Wat e rway 

to 
w I 
w 
o 

T ab l e  B . 3 - 6  

S amp l e  
S t at i on + 

1 3  

S umma r y  o f  Wat er Qua l i t y  An a l y s i s  

V i o l at e s 
Dat e St a t e  S t andards 

03 - 2 3 - 75 

Exceeds EPA * 
Nume r i c a l  C r i t er i a  

Phospho r u s , Ar s e n i c , 

Mer c ur y , To xaphen e ,  

L i n d an e , Hep t ac h l o r , 

A l d r i n , C h l ordan e , 

D i e l dr i n , E n d r i n , 

O , P ' -DDT 

+
The l o c at i o n  o f  samp l e  s t at ion 1 3  is s hown in F i gure D . 4 - 1 . 

*
Mar i n e  wat er con st i t ue n t s ,  p r o v i d e d  i n  Appen d i x  D . 3 .  

P o s e s  a 
Po s s i b l e  Prob l em 

O i l  & Grease 

Hept a c h l o r  

Epo x i de , Met hoxy

c h l o r  '
. 

P , P ' -DDT 

O , P ' -DDE 

P , P ' -DDE 

O , P ' -DDD 

P , P ' -DDD 



Table B . 3 - 7 S ummary o f  Wat e r  qual i t y  An a l y s i s  

S amp l e  V i o l a t e s  Exceeds EPA 
Body of Wat e r  S t at i on + Dat e S t a t e  S t an d ards Nume r i c a l  C r i t e r i �  

S ab i n e  R i ver SN- l 5  09-25-74 C adm i um ,  Mercury , Copper Lead 

" SN- l 6  09-2 5 - 74 C adm i um , M e r c u r y , Copp e r , Lead 

" SN- l 7  09-2 5-74 Cadm i um , M e r c u r y , Copp e r , Lead 

Cow Bayou CB-3 09-25-74 No St a t e  S t andard Cadm i um , M e r c ur y , Copp er , Lead 

" CB-4 09-25-74 No S t a t e  S t andard C adm i um , M e r c u r y , Copp e r , Lead 

to Neches R i ver NR - 2  09-25-74 Cadm i um , M e r c u r y , Coppe r , Lead 

w " NR-3 09-2 5 - 74 C adm i um , Mercu r y , Copp e r , Lead 
I w I--' " Cadm i um , Mercury , Copp e r , Lead 

NR-4 0 9 - 2 5 - 74 

+
The l o c at i o n  o f  a l l  s amp l i n g  s t a t i o n s  are s hown i n  F i gure D . 5 - l . 

* 
Mar i n e  wat e r  con s t i t uen t s , p r o v i ded i n  Ap p e n d i x  D . 3 .  



Tab l e  B . 3 - 8  Summary o f  Se dimen t Qua l it y  An a l y s i s  

S amp l e  Exceeds 
Body of Wat e r  S t at ion + Dat e Re commended Cr i t e r i a* 

S ab ine River SN- 1 5  0 9 - 2 5 -74 TKN , COD , O i l  and Grease , Z i nc 

" SN- 1 7  0 9 - 2 5 -74 TKN , COD , O i l  and Gre a se , Z in c  

Cow Bayou CB- 3 09 - 2 5 -74 TKN , COD , O i l  and Greas e ,  Z i n c , Lead 

" CB-4 09-25-74 TKN , COD , O i l  and Grease , Z i n c , Lead 

Nec he s River NR-2 0 9 - 2 5 - 7 4  TKN , COD , O i l  and Greas e , Z i nc , Lead 

" NR- 3 0 9 - 2 5 -74 TKN , COD , O i l  and Grease , Z i n c , Lead tJj 
w " NR-4 09-2 5-74 TKN , COD , O i l  and Grease , Z i n c , Lead 
w N 

+
The l o c at ion o f  a l l  samp l i n g  st at ions are shown i n  F i gu r e  D . 5 - 1 . 

* 
I n c l uded i n  Appendix D . 3 .  



Cow Bayou 

As indicated in F igure B . 3 - 1 0 ,  the pipel ine would cro s s  Cow 
Bayou at a point approximately 6 mi les  ups tream of the j unction 
o f  the bayou with the Sab ine River . The bayou at thi s point 
i s  approximately 2 8 0  feet wide with a dredged depth of 1 0  
feet ( National Oc eanic and Atmospheric Admin i s tration , 1 9 7 5 ) . 
Vo lumetric flow rates for the bayou are avai lable near Maurice
vi l le , Texas , approximately 1 1  mi les upstream o f  the cro s s ing 
po int ( USGS , Texa s , 1 9 7 5 ) . The se data are included in Append ix 
D . 5 .  During the per iod from October 1 9 7 4  through September 1 9 7 5  
the flow rate varied from a maximum o f  2 0 6 0  ft3/ s ec i n  June to 
a minimum o f  . 0 5 ft3 /sec in October . Because of the many con
nec tion s j oining Cow Bayou and other bayous and cana l s  in the 
region with the gauging station and the pipe l ine cro s s ing , i t  
i s  not certain i f  these f low rates are truly repre sentative 
o f  the portion o f  the Cow Bayou . 

No spec i f ic water qua l ity standards for Cow Bayou have been pub
l i shed by the S tate of Texa s . For thi s reason the water uses 
for which thi s  stream i s  intended are unknown . The mo st appro
priate* federal cri teria would be the cr iteria for mar ine water 
const ituents ( aquatic l i f e )  which are included in Appendix D .  

Water and sediment qual ity data are avai lable for two sampl ing 
stations on the bayous as indicated in F i gure D . 5 - 1  of Appendix 
D . 5 ( U .  S .  Army Corp s of Engineers , Galve s ton , 1 9 7 5 ) . One o f  
the se stations ( CB- 4 ) i s  immediately downstream o f  the pi pel ine 
cro s s ing point whi l e  the other (CB- 3 ) is located approximately 
1 . 5 mile s downstream . The water and sed iment qua l ity are in
c l uded in Appendix D .  

Examination o f  the water qual ity data reveal that with the 
exception o f  lower leve l s  o f  chloride s ,  the water in Cow Bayou 
is general ly s imilar to that in the Sabine River . The re sult s 
o f  an analys i s  o f  the water quality data are summari zed in 
Table B . 3 - 7 , whi le sed iment data i s  presented in Appendix D .  

*Cow Bayou l ie s  between the Sabine and Neches Rivers . The 
lower reache s o f  both r ivers are cla s s i f ied as t idal and the 
lower reach o f  Cow Bayou should a l so be tidal . For tidal 
s treams the EPA cr iteria for marine water const ituent s 
( aquatic l i f e ) are appropriate . 
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Neches River 

The c rude o i l  p ipe l i ne would cro s s  the Neches River , as ind i
dated in Figure B . 3 - 1 0  approximately 8 mile s upstream o f  the 
po int where the r iver emptie s into Sabine Lake . The river in 
th i s  area has a width of approximately 8 0 0 feet wi th a dredged 
channel depth of 4 0  feet ( U .  S .  Army Corps of Engineers , 
Galve s ton , 1 9 7 5 ) . Periodic tides are weak in the river wi th 
the rise and fall  of the water depending upon meteoro logical 
conditions ( National Oceanic and Atmo spheric Adminis tration , 
1 9 7 6 ) . The neare st gauging stat ion on the rive r i s  located 
at Evadal e ,  Texas approximately 31 miles ups tream of the 
c ro s s ing point ( USGS -Texas , 1 9 7 5 ) . Vo lumetric f low data 
col lected at this stat ion during the per iod of October 1 9 7 4  
through September 1 9 7 5  are inc luded in Appendix D .  During 
this period the f low rate ranged from a maximum of  1 9 , 8 0 0  
ft � / sec ( January 2 6 - 2 7 ) to a minimum o f  1 , 7 8 0  ft 3 / s ec ( Septem
ber 1 9 ) , with a mean f low rate of 9 . 9 0 5  ft 3 / s ec . 

Water qual i ty and sediment qua l ity data for three stations 
a long the r iver in the vic inity of the pipel ine cro s s ing are 
included in Append ix D ( U .  S .  Army Corps of Engineers ,  Ga lve s ton , 
1 9 7 5 ) . The locations o f  the se samp ling stations are ind icated 
in Figure D . 5 - 1 . An anal y s i s  of water and sediment qual i ty was 
made and the results are shown in Table B . 3 - 7 and B . 3 - 8  re spec -
tively . 

Ma rshes and Mi scellaneous Water Bod ies 

The oil pipe l ine along mo st of  its route would be located in or 
near marshland . The propo sed brine di sposal route from We s t  
Hackberry t o  the Gul f  along Lou i s iana Highway 2 7  passes through 
mar shes . Between Sabine and Calcas ieu Lake s these mar shes 
represent a por tion of the large wetlands area within which the 
Sabine National Wi ld l i fe Re fuge i s  located . Fresh , intermed iate , 
and brackish marshes are inc luded . Sal inity measurements in 
this area d i s play a wide range of values ( 0 . 4 0 to 1 4 . 8 5 ppt )  
from month t o  month ( S abine National Wild l i fe Re fuge , 1 9 7 3 -7 6 ) . 
The water i s  generally turbid and shal low , wi th a depth of  one 
to two feet . Seasona l prec ipitation , as wel l  as tidal e f fects , 
have a s trong e f fect on the depth o f  the water . 

S i tuated in the marshe s  are a number of  sma ll  bayous , canal s ,  
and gul l ie s  which may be cros sed by the o i l  or brine pipe l ine s . 
These inc l ude Starks Cana l , Hog I s l and Gul ly , Second Bayou , 
and First Bayou . The phy s ical dimens ions of  the se water bodies  
are included in Tab le B . 3 - 2 . 
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I n  Texas , between the S abine and Neche s Rivers on e i ther 
s i de of Cow Bayou , marshe s s imil ar to tho s e  found in Loui s i ana 
are al s o  encountered . 

Coas tal Waters o f  the Gul f  o f  Mex ico Near Wes t  Hackberry 

The shal l l ow coastal waters o f  the Gul f  o f  Mexico s outh o f  We s t  
Hackberry cons titute the primary brine disposal s i te . T o  attain 
the des i red 3 0 - foot depth for dispos al , a s i te would be a mi ni
mum o f  5 miles o ffshore . The bottom comp o s i tion in thi s  area 
is cl ayey s and s outh of Calcas i eu Pass , but changes to s i lt 
s outh o f  Ho lly Be ach ( Bureau o f  Land Management , 1 9 7 5 ) .  

Al ong that portion o f  the Calc a s i eu Ship Channel extending 
from the coastl ine out into the Gul f  s ome water and sediment 
qua l i ty data have been collected and are inc luded in Appendix D .  
The re sults o f  a comp ari s on o f  thes e  data with appropri ate 
criteria are summarized in Table B . 3 - 9 . 

The s a l inity o f  the Gu l f  in the potential di sposal are a i s  
a ffected by the di s charge o f  rivers al ong the Lou i s i ana coas t ,  
tide s , precip i tati on , and other factors . The average s al inity 
in Calcas i eu Pass ( approximate ly 5 miles north o f  di spo s al 
s i te ) during the period Apr i l  1 9 6 8  to March 1 9 6 9  was 1 8 . 5  ppt 
( Barrett , 1 9 7 1 ) .  Surface s a l inities at the Wes t  Hackberry 
di spo sal s i te ,  as measured from S eptember to Decemb er 1 9 7 7 , 
ranged from 2 2  to 2 8  ppt . 

Because o f  the high turb idity o f  the Calcasieu River the 
Gul f  waters in the are a are l i kewi s e  s omewhat turb i d .  The 
concentrati on o f  trace metal s such as cadmium , lead , chromium , 
z inc , and magnane s e  i s  on the order o f  1 0  times the concentra
tions typ i c al ly* ob served in open ocean waters ( Corcoran , 1 9 7 2 ) .  

Sur face currents in the area are vari able , being s trongly 
a ffected by winds , ti de s , and other condi tions . Mean sur face 
currents 12 mi l e s  s outh of the potential dis charge area are 
i l lustrated by the current rose in Figure B . 3 - 1 2 . As indicated 
in thi s  fi gure , the mo s t  l i kely current s ets to the we s t  
( 2 7 0 ° ) wi th a dri ft o f  1 . 0  knot ( Bureau o f  Land Mgrnt . , 1 9 7 5 d ) . 
I n  the vicinity o f  Calcas i eu Pas s , the maximum dri ft i s  2 . 3 knots 
( National Oceanic and Atmospheric Admini s trati on , 1 9 7 5 d ) . 
The diurnal range o f  the tide here i s  2 feet ( National Oceani c 
and Atmo spheric Admini s tration , 1 9 7 5b ) .  Figure B . 3 - 1 2  provide s 
s ome indi cation o f  preva i l ing winds as shown on the wind 
rose for the are a . The mo s t  l i kely wind i s  from the southe ast 
( 1 3 5 ° ) at 1 1 . 6  knots . Additional detai led oceanographic 
data are provi ded in a rel ated report ( NOAA , 1 9 7 7 ) .  Final ly , 
a deta i l ed description o f  s ite speci fic phys ical oce anography 
determined during a fi eld s tudy for thi s  E I S , is pres ented 
in Appendi x U . 2 .  

*Typical trace e l ement concentrations in open ocean waters are : 
c admium - 0 . 0 0 0 3  ppm ; lead - 0 . 0 04 ppm ; copper - 0 . 0 0 1  ppm ; 
chromium - 0 . 0 0 1  ppm ; z inc - 0 . 0 0 9  ppm ; and magnane s e  - 0 . 0 0 1  ppm 
( Levine , 1 9 6 8 ) .  
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Tab l e  B . 3 - 9  S umma r y  o f  Wat e r  Qu a l i t y  A n a l y s i s  

B o d y  o f  W a t e r  

Gu l f  o f  Mex i c o  

" 

" 

" 

to " 

w I " 
w 
0'\ 

" 

" 

" 

" 

S amp l e  + 
S t a t i on 

M i l e  ( - 5 . 6 )  
3 00 yrds West 
of C a l c a s i eu 
S hip Chan n e l  

M i l e  ( - 2 . 9 ) 
3 00 yrds West 
of C a l c a s i eu 
S hip Chann e l  

" 

" 

" 

M i l e  ( - 2 . 9 ) 
2 0 0  yrds East 
of Calcas ieu 
S hip Chann e l  

H i l e  ( -- 2 . 9 ) 
Cal c a s i eu 
S h ip Chan n e l  

" 

M i l e  ( - 0 . 4 )  
3 00 yrds We st 
of Calcas ieu 
Ship Chan n e l  

M i l e  ( - 0 . 4 )  
3 00 yrds East 
o f  C a l c as i eu 
S h ip Chan n e l  

V i o l a t e s  
Dat e S t a t e  S t a n d a r d s  

0 9 - 0 7 - 7 6  N o  S t a t e  
St andard 

0 9 - 0 8 - 7 6  " 

0 6 - 2 9 - 7 6  " 

0 6 - 3 0 - 7 6  " 

0 9 - 0 8 - 7 6  " 

09-08 -76 " 

0 6 - 2 9 - 7 6  " 

06- 30-76 

0 9 - 0 8 - 7 6  " 

0 9 - 0 8 - 7 6  " 

* 
E x c e e d s  EPA 
Num e r i c a l  Cr i t e r i a  

Pho sphorus 

P hosphorus , Pheno l s  

Phospho rus , Mercury 

Pho spho rus 

P hosphorus , Phen o l s  

Pho sphorus , Phen o l s  

Phosphorus 

Pho sphorus 

P ho sphorus , Pheno l s  

P hosp ho rus , Phen o l s  

+The Loc at i on o f  a l l  samp l i n g  s t a t ions are shown in F i gure D . 4 - 1 . 
provi ded i n  Appendix D . 3 .  con st i t uent s ,  

P o s e s  a 

P o s s i b l e  P r o b l e m 

PCB ' s  in bot t om 
sedimen t 

O i l  & Grea se , 
PCI? ' s  i n  b o t t om 
sediment 
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B . 3 . 1 . 2 . 2  Subsur face Water Systems 

Southwestern Louis iana contains three shal low aquifers in the 
area of intere s t . Chicot aqui fer l i e s  c losest to the sur face 
and contains mostly fresh water north of Cameron Parish and 
a l l  s al ine water in the coastal region . Evange l ine aqu i fer 
lies under the Chicot aqui fer ; i t  contains fresh water north 
of Calcasieu Par i sh , and sal ine water from southern Calcas ieu 
Parish to the coas t .  Jasper aqu i fer l i e s  under the Evange line 
aqu i fer and contains saline water from the midd le o f  Beauregard 
Par is h  south to the coast ( Harder et al . ,  1 9 6 7 ) . 

The Chicot aqui fer contains beds o f  c lay , s i l t , sand , and 
grave l of P lei stocene age . The aqu i fer dips toward the south 
and southeas t . I t  increases in thickne s s  from l e s s  than 1 0 0  
feet i n  Beauregard Parish to more than 7 , 0 0 0  feet under the Gu l f  
o f  Mexico ( Andrews , 1 9 6 1 ) . Near the We s t  Hackberry s i te , the 
gul fward s lope of the base is 1 8  feet per mile , al though the s lope 
may be distorted in the immediate vic inity o f  the dome . As shown 
in Figure B . 2 - 5  ( Sec tion B . 2 . 2 . 2 ) a we l l  log approximately 1 0  
miles from We st Hackberry ( samp l ing station 2 3 )  indicates that 
the aqu i fer extends e s s entia l ly from the sur face to 1 , 1 2 0  feet . 
Th i s  figure a l so shows 6 thin sand layers between 1 0 0  and 5 0 0  
feet and 5 sand layers between 5 0 0  and 1 , 3 5 0  feet deep with 
thickne s s  from 1 0 0  to 2 5 0  feet . Individual s and beds o ften 
have f ine sand at the top , changing to coarse sand and grave l 
at the bottom . The coe ffic ient o f  permeab i l i ty var ies from 
9 0 0  to 2 , 0 0 0  g a l lons per day per square foot , averaging 1 , 5 0 0  
ga l lons per day per s quare foot . Coe f fic ients o f  transmi s s ib i l ity 
for ind ividual sand beds range from 7 5 , 0 0 0  to 1 , 0 0 0 , 0 0 0  gal lons 
per day per foot ( Jone s and Turcan , 1 9 5 4 ) . 

Of spec ial s ign i f icance i s  the location o f  the interface be tween 
fresh and salt water . The dotted l ine r i s ing ve rtic a l ly hetween 
we l l s  2 3  and 2 4  of Figure B . 3 . 5  indicates the . 2 5 ppt sal in ity 
l ine , south of which no fresh water is found in the aqui fer . 
Be fore large scale water pumping s tar ted , the general direction 
of water flow in the aqui fer was southward . He avy water use in 
the Lake Charles area for municipa l i t ie s , industry , and agricul
ture has lowered the water level and reversed aqu i fer f low near 

B . 3 - 3 8  



We s t  Hackberry as shown in the piezometr ic map * pre sented in 
F i gure B . 3 -1 3 . 

Because o f  rever sed aqu i fer f low , 1 9 6 7  data s howed that the . 2 5 
ppt sal inity l i ne i s  moving northward at an e stimated rate o f  
3 0  to 2 0 0  feet per year . This  rate may have increased s i gn i f i 
cantly in the l a s t  few year s due t o  dredging in the area . In 
addition , because the aqui fer sands are inter connected vert i 
c al ly a s  we l l  a s  hor i z ontal ly , the lowering of  the water tab le 
may cause sal ine water to r i se and contaminate l e s s  sal ine 
layer s . 

For thi s rea son , 1 9 6 7  data showed that the . 2 5 ppt s a l i nity 
l ine i s  moving no rthward at an estimated rate o f  3 0  to 2 0 0 
feet per year . Thi s  rate may have increased s ign i f ic antly 
in the last few year s due to dredging in the area . In 
add i t ion , because the aquifer sands are interconnected ve rti
cally a s  we l l  a s  hori zontally , the lower ing of  the water table 
may cause sal ine water to rise and contaminate l e s s  sal ine 
l ayers . 

The maj or recharge for the Chictot aqu i f er occur s at the outcrop , 
more than 3 0  miles north o f  West Hackberry done ( Jones and 
Turcan , 1 9 5 4 ) ( See Appendix D ) . The Chicot aqu i fer is not 
recharged from the sur f ace in the Wes t  Hackberry area . Where 
pump ing tests were per formed , the Chicot re sponded as a con f ined 
aqu i fer , i . e . , separate from sur fac e recharged source s . Hun
dreds o f  feet of impermeable c l ay ove r l ie the Chi cot near 
We st Hackberry (Andrews , 1 9 6 1 ) . 

* P i e z ometr ic maps are water - leve l contour maps that show the 
di str ibution o f  pre s sure head in the aqui fer , where the water 
i s  corning from , where it is going , and the route it i s  
fol lowing . Also , the rate o f  ground water flow can be deter 
mined i f  the permeab il ity and thic knes s  of  the aquifer are 
known . The d i f ference in head in the aqui fer between 2 given 
po int s i s  gener ally expre s sed in feet of water , and the s lope 
o f  the prof ile of  head change between them is called the 
hydraul ic gradient , generally expres sed in feet per mile . 
The pre s sure gradient in an aqu i fer i s  determined by measuring 
the water leve l ( in feet above or below a common datum ) in 
we l l s  tapp ing the aqui fer . Contour s ( l ines j o ining points of 
equal altitute on the potential sur face of  water in a g iven 
aquifer ) enable a three-d imens ional analys i s  of head d i s tribu
tion . 
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Data on the quanti ty o f  d i s solved solid s a s  a function o f  depth 
over thi s general area are given in Appendix D .  The leve l s  o f  
d i s solved solids corresponding to 1 , 0 0 0 , 3 , 0 0 0 ,  and 1 0 , 0 0 0  mg/l 
occur about 5 0 0 , 8 5 0 , and 1 , 1 0 0  feet re spec tively below mean 
sea l evel at the We s t  Hackberry s i te . Chemical and physical  
parameters for nearby we l l s  in Cameron Par i sh at  depths in the 
interval of intere st are a l so presented in Appendix D .  

Es timates o f  the yie ld from we l l s  in the shal low subsurface 
aqui fers are based on a drawdown of  1 0 0  feet after one day o f  
pumping and do not a l low for the inter ference e f fects o f  pumping 
from other we l l s .  The e stimated potential yield for an in
dividual wel l  is both the s l ightly s a l ine ( 1 , 0 0 0  to 3 , 0 0 0  mg/l ) 
zones i s  in the 2 , 0 0 0  to 5 , 0 0 0  gallons per minute range . 

In the immediate vic inity o f  the We st Hackberry s i te , the prin
c ipal user of  shal low subsurface water is the town o f  Hackberry . 
Currentl y ,  the town ' s  water supply cons i s ts o f  two we ll s .  We l l  
# 1  h a s  a tota l depth o f  5 3 0  feet wh ile wel l  # 2  has a total 
depth of 6 5 3  feet . The combined yield of the two we l l s  i s  
2 0 0 , 0 0 0  gallons per day ( Bushby , 1 9 7 6 ) . 

The c ity o f  Sulphur , about 1 5  mi l e s  north o f  the s i te draws 
its water from 5 we l l s  in the depth interva l from 5 4 0  to 5 6 0  
feet . The volumetric fl ow rate i s  about 4 x 1 0 6 gallons per 
minute ( Guidry , 1 9 7 6 ) . Approx imate l y  19 mil e s  to the north
east , the city of Lake Char l e s  a l so ut i l i z e s  the shal low sub
sur face aqui fer s for i t s  munic ipal water supply source . The 
water wel l  depths range from 5 0 0  to 7 0 0  feet . The total yield 
i s  about 9 x 1 0 6 gal lons per minute ( Lyles , 1 9 7 6 ) . 

B . 3 . 1 . 3  Air Qua l ity 

B . 3 . 1 . 3 . 1  Exis ting Air Qual ity 

S ince onsite monitoring has not been conducted at any of  the 
SPR s i te location s , existing air qual i ty leve l s  at the se s i tes 
c.n only be estab l i s hed based on extrapol at ion s  o f  available 
regional air qua l i ty data pres en ted in Section B . 2 . 3 . 3 .  The 
monitor ing stat ion s at Nederland , Texa s ; We st Orange , Texa s ; 
and Lake Charle s , Lou i s iana would be the c losest to the SPR sites 
and there fore , probably are the most representative data sources 
ava i l able for describing the s ite spec i fic air qual ity . The 
data from the se stations ( Table B . 2 - 4 ) indicate that the standards 
for NMHC and oxidant ( Ox ) were violated at each of the monitoring 
locations . 

Particulate , sul fur d ioxide ( S02 ) , nitrogen dioxide ( N02 ) 
carbon monoxide ( CO ) , and hydrogen sul f ide ( H2 S )  concentration s 
for the SPR site area are pre s ently in compl iance with a l l  
appl icable federal and state a i r  qual ity standards . 
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Data on the quanti ty of d i s solved s o l ids as  a func tion of depth 
over thi s general area are given in Appendix D .  The leve ls  of 
di s so lved so l id s  corresponding to 1 , 0 0 0 ,  3 , 0 0 0 ,  and 1 0 , 0 0 0  mq/ l  
occur about 5 0 0 , 8 5 0 , and 1 , 1 0 0  f e e t  respectively be low mean 
sea l eve l at  the wes t  Hackberry s i te . Chemic al and phys ical 
parameters for nearby we l l s  in Cameron Par ish at depths in the 
interval of interest are also presented in Appendix D .  

Es timates of the y i e ld from we l l s  in the shal low sub s ur face 
aqu ifers are based on a drawdown o f  1 0 0 feet after 1 day of 
pump ing and do not al low for the interference e f fects of pumpi ng 
from other we l l s . The estimated potential yield for an i n
d ividua l we l l  in both the s l ightly sal ine ( 1 , 0 0 0  to 3 , 0 0 0  mq/ l )  
zones i s  i n  the 2 , 0 0 0  to 5 , 0 0 0  ga l lons per minute range . 

In  the immed iate vic inity of  the We s t  Hackberry s i te , the prin
c ipal user of  sha l low sub surface water i s  the town of  Hackberry . 
Currently , the town ' s  water supp ly cons i s ts of two we l l s . We l l  
# 1  has a total depth o f  5 3 0  feet wh i le wel l  # 2  has a total 
depth of  6 5 3  fee t . The combined yield of the two we l l s  i s  
2 0 0 , 0 0 0  gallons per day ( Bushby , 1 9 7 6 ) . 

The c i ty o f  Sulphur , about 1 5  miles north of the s i te draws 
its water from 5 wel l s  in the depth interval from 5 4 0  to 5 6 0  
feet . The volumetric flow rate i s  about 4 x 1 0 6 gal lons per 
mi nute ( Guidry , 1 9 7 6 ) . Approx imate ly 1 9  mi l e s  to the north
eas t ,  the c i ty of Lake Charles also uti l i ze s  the shal low sub 
surface aquifers for its muni cipal water supply source . The 
water we l l  depths range from 5 0 0  to 7 0 0  fee t . The tota l y ield 
i s  about 9 x 1 0 6 gal lons per minute ( Lyles , 1 9 7 6 ) . 

B . 3 . l . 3  Air Qua l i ty 

B . 3 . l . 3 . l  Existing Air Qua l i ty 

S i nce ons i te monitoring ha s not been conduc ted at  any of  the 
SPR s i te locations , exi s ting air qua l i ty leve l s  at these 
s i tes can only be e s tab li shed based on extrapo lations of 
ava i l ab l e  regional air qual i ty data pres ented in S ec tion B . 2 . 3 ; 3 .  
The mon i toring s tations a t  Neder land , Texas ; We st Orange , Texas ; 
and Lake Char l e s , Lou i s iana would be the c lo se st to the SPR s ite s 
and there fore , probably are the mo s t  repre sentative data sourc e s  
ava i lable for describ ing the site spec ific a i r  qual ity . The data 
from the s e  stat ion s ( Tab le B . 2 · � ) indicate that the s tandard s for 
NMHC and ox idant ( Ox ) were viol ated at each of  the mon itoring 
location s . 

Particul ate , sulfur dioxide ( S02 ) ,  ni trogen dioxide ( N02 ) ,  
carbon monoxide ( CO ) , and hydrogen sul fide ( H 2 S )  concentrations 
for the SPR s i te area are pres ently in comp l i ance with a l l  
app l icab l e  federal and s tate air qual i ty s tandards . 
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B . 3 . 1 . 3 . 2  Proj ected Air Qua l i ty 

Based on proj ected regional air qual i ty ,  concentrations o f  
nitrogen oxide s , carbon monoxide , and particulate s  for the 
SPR s ite are a are not expected to exceed s tandards in the 
next 1 0  ye ars . However , sul fur oxi des and nonmethane hydro
c arbon l eve l s  are pro j ected to exceed the guidel ine concen
tration whi ch results i n  the pro j ections o f  oxidant l eve l 
exceeding s tandards . 

B . 3 . 1 . 4 Background Ambient S ound Leve l s  

Background no i s e  l eve l s  i n  and around the al ternati ve SPR 
s ite at we s t  Hackberry expans ion are typ ical of a secluded 
e s s entially flat area . The area is s imi l ar in geography and 
surrounding l and use to that de s cribed for the SPR region . 
No i se asses sment o f  ambient l eve l s  for the region are 
contained in s ection B . 2 . 4 .  

B . 3 . 1 . S  Species and Ecosys tems 

The proposed leach water and water supp l y  p l ant , water l ine , 
and water intake woul d  be identi cal to that for the ESR 
fac i l i  ty . The only near-surface engineering changes would 
be pipel ine s to the new oil s torage caverns to be developed 
immediate l y  to the we s t  of the caverns proposed for ESR 
s torage . The immedi ate b iotic environment adj acent to thi s 
system includes es tuarine organi sms in Bl ack Lake , and in 
the marsh north of Bl ack Lake , organi sms on the dry l and 
are as south o f  the l CW and biota in the I CW .  

A propo sed and an alternative brine disposal l ine pass ing to 
the Gul f o f  Mexico are discussed below . The settings o f  the 
route s inc lude dry l and , s hip channe l ,  marsh , and the floor 
and water of the continental she l f  in the Gul f of Mexico . 

The immedi ate s torage s i te its e l f  i s  dry l and wi th pasture 
and natural gras s e s  and tres s .  I t  is bordered by Bl ack Lake 
and marshl and . 

The o i l  di s tribution l ines would run in para l l e l  acros s  agricul
tural l and , marshe s , rivers , bayous and canal s ,  and along 
spo i l  banks and the I ntraco astal waterway . 

The engineering systems associ ated with the fac i l i ty would 
l i e  within Cameron Pari s h ,  Loui s i ana ; i ts o ffshore area in 
the Gul f o f  Mexico : Calcas ieu Pari s h ,  Loui s i ana ; Orange 
County , Texas ; and Je fferson County , Texas . 
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B . 3 . l . S . l  Envi ronmental S etting o f  the D i sp l acement/Le aching 
Water Sys tem 

The demers al nekton , based on a b r i e f  reconnai s ance s tudy , i s  
characteris tic o f  e s tu arine Lou i s i ana waterways . At the time 
o f  the s tudy the dominant sp ecies included the Atl antic croaker , 
the b lue crab , and brown shrimp , a l l  o f  whi ch are o f  economic 
importance . Thes e  organi sms were in at least recre ational ly 
harves tab l e  quanti ties at the time of the s tudy , but local 
s ources sugge s t  that thi s  is atyp ical . I f  thes e  local 
obs ervati ons are correct i t  mus t  be a rare occas i on on whi ch 
one could obtain the high catche s which were s een . 

The z oop l ankton communi ty was who l l y  dominated by calano id 
copepods , a s ituation comp arable to o ffshore coas tal water s . 
Numbers o f  smal l fish specie s ,  mys ids , o s tracods , and mayfl i e s  
were a l s o  taken . Thi s  i s  di s s im i l ar t o  o ffshore comp o s i ti ons 
and refl ects the more inland location of the waterway . 

B . 3 . l . S . 2 Envi ronmental Setting o f  the Brine D i sposal System 

Propo sed Brine P ipel ine Route 

The p roposed route fo r the brine di spo s al pipel ine i s  shown in 
F i gure 2 . 4- 8 . After leaving the storage s ite the p ipel ine 
woul d  be buried al ong its entire extent . It would pas s to the 
south from the central p l ant al ong the temporary brine di s 
p o s al p ipel ine r i ght- o f-way to the E S R  brine inj ection fiel d .  
Thi s  s egment would c ro s s  dry pasture l and excep t for one area 
where a swale s everal hundred feet wide mus t  be cro s s ed . 
Swal e s  in thi s  area act a s  dra inage di tches and are mos t  
o ften wet and he avi ly vegetated with s cattered brush and marsh 
gras s e s . Fence rows overgrown in trees and shrub s border mos t  
o f  the eastern s i de o f  thi s  s ection o f  the right- o f-way . S uch 
vegetated fence rows o ffer habitat for many birds and smal l 
ro dents . 

At the ESR inj ection field , the route woul d  enter a flooded 
area and make a turn toward the s outheast . The fl ooded area 
i s  a mixture of marsh and shal low open water . Thi s open water 
extends s outh with connections to Calcasieu Lake and northwest 
w i  th connections to B l ack Lake . The l i fe forms in thi s  wet
l ands sys tem would be s imi l ar to tho s e  des cribed for Black 
Lake . B iological area s of the se type s are d i scus sed in deta i l  
in the desc ription of regi ona l ecosys tems ( Section B . 2 . 5 . 2 . l ,  
Characte r i s t i c s  of Ecosystems in  We s te rn Came ron Parish ) . 

Conti nuing in a s outhe as tern di rection , the route would c ro s s  
dry l and typ i cal o f  p a s ture with s c attered shrub vegetation , 
and then p a s s  into a sha l l ow l agoon and wetl and area con
nected with , and s imi l ar to , the wetl and system de s cribed 
e arl ier . The route would then inters ect and p a s s  under 
Hi ghway 2 7  and S tarks Canal , which borders on the eastern 
s i de of the hi ghway at thi s  location , and then enter an 
extens ive marsh area which l i e s  between the highway 
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and Calcas ieu Lake to the east . The canal and ad j acent mar sh areas 
are r i ch in bi ota s imi lar to tho s e  described for B l ack Lake in 
connect ion wi t h  the water supply sys tem . 

The route would enter a portion of  Ca lcasieu Lake which l i es we st 
o f  Calca s i eu Ship Channe l  and north of  Long Point Lake , and then 
it would turn south and par a l l e l  the ship channe l ,  at a d i s tance 
approximately 0 . 5  m i l e s  we st of  the ship channe l ,  to the Gul f .  An 
extensive area of marsh in the vi cinity of Lon g Point Lake would 
be cro s sed , inc luding a portion of the Sabine Nationa l wi ldl i fe 
Refuge . Thi s marsh i s  connected by b ayou s and cana l s  to the 
Calca s i eu Ship Channe l  and po rtions of We st Cove o f  Calcasieu Lake . 
Wind driven currents sometime rapid ly tran sport wa ter into the 
bayous and adj acen t mar sh areas . Fi shing and crabbing are rec
reat ional activi t i e s  conduc ted along the water bodies within the 
refuge and surround ing we tland s , and the area i s  an important 
protected waterfowl habitat . The mar s h  contains near ly a l l , i f  
not a l l , bracki s h  water with typi cal attributes o f  the salt marsh . 
The s e  are d i s cussed in detai l in the regional descr iption ( Section 
B . 2 . 5 . 1 . 1 ,  Character i s t i c s  of Ecosystems in Western Cameron Parish 
and B . 2 . 5 . 2 . 5 , Terrestr i a l  Vertebrates of the Texoma Region ) . 

The route would a l so pass through the open waters of We st Cove . 
Thi s cove (wes tern Ca lcasieu Lake ) i s  s eparated from the l ake 
proper by the Calcas i eu Ship Channel , which has spoi l banks on 
e i ther s ide . However , nume rous breaks in the spoi l banks 
provide Interconnect ion and cro s �  f low to the main portion of  the 
lake . Calcasieu Lak e is an extreme ly productive f i s hery with many 
s imi lariti e s  to Black Lake . However , Calcas ieu Lake conta ins 
important numbers of  brown shr imp and Ameri can oys ters in add ition 
to mo st of the spec ies  pre sent in B lack Lake . Some forms which 
are typical o f  the open Gul f , such as shark s and dolphins , may 
venture into the lower Calca s ieu and Calcas ieu Lake . Thi s area 
i s  a l s o  a haven for waterfowl , as di scus sed in Sec tion A . 3 . 5 . 2 . 5 ,  
Terre strial Vertebrate s of the Texoma Region . 

South o f  West Cove the route would cro s s  a broad marshl and area , 
inc luding S t . John s I s l and and We st Fork Bayou , and would cro s s  
a t  l east four road s with associated canals and borrow pits before 
reaching Highway 2 7/ 8 2  wh ich runs al ong the coas t .  The marshl and 
ar ea traversed by th i s  section of  the route includes some s crub 
tr ees and areas whi ch have become flooded behind levee s  which 
were con stru cted in the are a .  On the l evee banks along wh ich the 
route wou ld pass and in the other disturbed ar eas along the route , 
a var i ety of shrubs , trees , gra s s e s , weeds , sedge s , and other 
p l ants , particularly  pioneer p l ants characteristic for disturbed 
s i tuation s , wi l l  predominate ( U . S .  Army Corps o f  Engineers , 1 9 7 6 ) . 
The main tree s and shrub s in the se s i tuat ions have been discu s s ed 
under Section B . 2 . 5 . 2 . 1 ,  Character i s t i c s  o f  Ecosystems in 
Wes tern Cameron Pari sh . 
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The section of b each between the highway and the Gul f  s hore where 
the pipeline route would pass is a mixture of s andy beach and 
saline marsh . Burrowing and p s ammon * organi sms are pre sent and 
beach-dependent f i s h  are located o f f s hore , as di scussed in Section 
B . 2 . S . 2 . 1 , Character i s ti c s  of Ecosys tems in We stern Cameron Pari sh . 

O f f s hore biota include a wide variety of  phytop lankton and z oo
p lankton , nekton , benth i c  mo l lusk s , worms , arthropods , and star
f is h , as d i s cu s sed in S ection B . 2 . S . 2 . 1 . The marine food web s  
contain food chains based mainly o n  phytoplankton , rather than 
detri tus as in the mar she s .  

Alternate Brine Pipe l ine Route 

An a lternative brine dispo s a l  route to the Gu lf  would fol low the 
propo sed route to the f i rst inters ection with Highway 2 7  south of 
Hackberry . The p ip e l ine route would then fol low Highway 27 into 
Sabine Nat iona l Wildlife Ref uge for approximate ly 11 mi le s . The 
route a lon9 the we stern s ide of the highway wou ld pas s along a 
narrow band of  dry land before enter ing the marsh in the re fuge 
and then the pipe line would pas s  into the bottom of S tarks Canal 
which para l l e l s  the hi ghway on the we st through the refuge . The 
can a l  and adj acent mar s h  areas are rich in b iota s imi lar to tho s e  
descr ibed f o r  B lack Lake in connect ion with the water supply 
system . Water b irds are con spi cuous in the mar sh bo rdering the 
cana l . The pipe l ine would continue in the can a l  to i t s  southern
mo st point , very near the Gul f  of Mexico , at wh ich point i t  would 
pa s s  out of the canal , acro s s  the in tervening mar sh and shore , 
and continue into the Gulf of Mexico . S tarks Can al and Hi ghway 
2 7  pass southwestward around the wes tern shore of We st Cove before 
pa s s ing out of  the refuge to the south . Th is s egment of the 
c anal rece ive s cros s cana l s  conne ct ing it to Calcasieu Lake , and 
wi nd driven currents sometime s rapid ly transport water into the 
S tarks Canal and ad j acent marsh areas . F i s hing and crabbing are 
recreat iona l  activities  conducted along the canal within the 
re fuge . The s ame gene ra l biota as are prominent in B l ack Lake 
are a l so prevalent h ere . Af te r the can a l  pa s s e s  south out of the 
re fuge , it pas s e s  by the we st s ide of Mud Lake before pas s ing 
to its southernmost point near Holly Beach . The S tarks Can a l  
contains brack ish water and the mar s h  a long i t  i s  nearly a l l  
brack i s h  mar s h . The attributes of this marsh type are d i scus sed 
in deta i l  in the reg ion al de scription ( Section B . 2 . S . 1 . 1 ,  Charac
teri s t i c s  of Ecosystems in Wes te rn Cameron Parish and B . 2 . S . 2 . S ,  
Terre s tr i a l  Vertebrates of the Texoma Re gion ) . 

* p s ammon - Sma l l  organi sms which live in the interstitial spaces 
among the sand grains . 

B . 3 - 4 6  



Ho l l y  Be ach i s  a s andy be ach at the inters ection o f  coastl ine 
Hi ghway 8 2  and Hi ghway 2 7 . A small s ettlement has been e s tab
l i shed at Ho l ly Beach and the deve l oped area l i es immedi ate ly 
to the east o f  where the pipel ine would cro s s  into the Gul f 
o f  Mexico . 

B . 3 . 1 . S . 3  Envi ronmental S etting o f  the S i te 

The central p l ant at the s torage s i te ,  whi ch i s  i dentical to 
that for the ESR proj ect at We s t  Hackberry salt dome , would 
be located to the s outhwe s t  o f  the Olin p l ant bui l dings on 
the east s i de o f  the exp ans i on s torage location and s outh o f  
the E S R  program s torage c avern we l lheads . Thi s central pl ant 
wou l d  occupy 3 2  acres o f  pasture l and bordered on the east by 
a north- south- extending tree l ine . S ome trees are al s o  pres ent 
in a l ine along the wes tern boundary o f  the rectangular p l ant 
area . I t  i s  a s s umed that o i l  and brine l ine s to the s torage 
c averns would be buri ed . They would be l a i d  in what pres ently 
i s  mos tly gras s l and , but whi ch contains s ome smal l s c attered 
trees and shrubs . Thes e  trees and s hrubs are espec a i l l y  
p reval ent along the north s i de o f  the eas t-we s t  road segment 
whi ch pas s e s  through the exp ans i on s torage cavern fi e l d  and 
a l s o  along the s outhwe s tern boundary o f  the exp ans i on s torage 
c avern fi eld . The eas t-we s t  road connects at i ts wes tern 
end with the Amoco pump ing s tati on o f  the s outhwe s t  shore o f  
B l ack Lake . 

B . 3 . 1 . S . 4  Envi ronmental setting o f  the o i l  D i s tribution 
Sys tem 

The ESR crude o i l  distribution l ine , whi ch woul d  a l s o  be 
u s ed for SPR expans i on at e i ther We s t  Hackberry , Black Bayou , 
or Vinton , wi l l  be cons tructed through p arts o f  Cameron and 
Calcas i eu Parishe s , Loui s i ana , and Orange and Je f ferson 
Counties in Texas . The 4 2 - inch di ameter s teel pipel ine would 
pass northwe s t  to the edge of the I ntracoastal Waterway from 
the dome , continue we s tward al ong the I CW to the S abine River , 
and p a s s  s outhward into Cameron Pari sh al ong the river . I t  
then cro s s es the river into Orange County north o f  Cow Bayou 
and continue s to the Neches River . Cro s s ing the river , the 
p ipel ine then connects with the s torage fac i l i ties at the 
S un o i l  Company terminal . The s e  p ipel ines , the ir envi ronmental 
s etting, and imp acts associ ated wi th thei r  construction and 
operation are de s cribed in deta i l  in the Pipel ine De s i gn 
Change Supplement , Final Environmental I mp act S tatement for 
We s t  Hac kberry S a l t  Dome , FES 7 6/ 7 7 - 4  ( FEA , 1 9 7 7b ) . The 
p ipel ine s etting i s  s ummari zed below . 

The route leave s the central pl ant area and p a s s e s  due north 
for O .  S miles acro s s  the dome to the shore l ine o f  Black 
Lake ( prairie communi ty type ) .  I t  then cro s s e s  Black Lake 
in a no rth-northwe s terly di recti on for 1 . 9  miles . On -the 
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north s ide of the l ake , the route enters marshl and for 1 . 1  m i l e s  
t o  the s outh l evee o f  a dry l and management are a . After 
cro s s ing the l evee , the route continues 0 . 9  m i l e s  through a 
p a s ture communi ty type to the spo i l  b ank on the s outh shore 
of the I CW .  Marine organi sms in Bl ack Lake have alre ady 
b een discus s ed in s ection B . 3 . 1 . 5 . 1  ( Envi ronmental Setting 
of the D i sp l acement/Le aching Water System ) . Brackish and 
intermedi ate marsh are discus s ed in the regional des cr iption 
( S ection B . 2 . 5 . 1 . 1 ,  Characteristics o f  Ecosys tems in We s tern 
C ameron P ari sh ) . 

The p ipel ine route continues we s t , p aral l e l ing the spo i l  
banks on the s outh shore o f  the I CW .  Mo s t  o f  the route to 
its inters ection with the Gum Cove Ferry road i s  in cul tivated 
or c l e ared l and , maintained for c attl e . I n  the vicini ty o f  
Bl ack Bayou , the right-o f-way i s  i n  freshwater marsh and 
i ntermedi ate marsh . Bl ack Bayou i s  acro s s  from the vinton 
Drainage Canal on the other s ide of the I CW .  The Bl ack Bayou 
Cuto ff i s  encountered at approximately 3/4 o f  a mi l e  farther 
we s t , where there i s  an interrup tion in the spo i l  b anks . 
The s e  waterways contain the typical aquati c  b iota de s cribed 
for the I CW and adj acent bodies of water in s ection B . 2 . 5 . 1 . 2 
( Characteri s tics o f  Ecosystems in We s tern Calcas i eu Pari sh ) . 
The route once again p aral l e l s  the spo i l  banks beginning 
ab out 1/4 mi l e  we s t  o f  Black Bayou Cuto ff .  

The route continues from the spo i l  on dry l and to intermedi ate 
and then bracki sh marsh as the S ab i ne River is appro ache d .  
The p ipel ine would l e ave the vicinity o f  the spo i l  b anks 
ne ar where the I CW j unct ions with the S ab ine River . I t  runs 
south ne ar the east b ank o f  the river for a short di s tance , 
cro s s ing a c anal acro s s  from Adams Bayou , and then cro s s es 
the r iver to the we s t  1 . 1  miles north o f  Cow Bayou . The 
segment al ong the eastern S ab ine River general ly runs al ong 
dry l and and brackish marsh . Some s c attered clump s o f  trees 
are pres ent al ong thi s  segment . After cro s s ing the S ab ine 
River the route traverses a marsh in a no rthwes t  di rection 
for approximate ly 1 mi l e  and then c l e ared dry l and for 1 mile . 
The p ipe then swings wes tward cro s s ing high marsh , marsh ,  
dry prairie l and , Cow Bayou , gum-oak-cypres s grove s and a 
p ine fore s t  for approximate ly 1 1 . 2 5 miles . At thi s  po int 
the route turns s outhwe s t  cro s s ing wooded l and and mar sh for 
2 . 7 5 mi l e s  and then s outh for 1 . 5  miles to the Neche s River 
b ank . 

The b iota in the S ab ine and Neche s Rivers and in other eco
sys tems al ong the pipel ine route we s t  of the S ab ine River 
are di scus s e d  in detail in s ection B . 2 . 5 . 2 . 3  ( Characteristics 
of Eco sys tems in Orange County ) . The vegetation character
i s ti c s  of the spo i l  banks al ong the I CW through whi ch the 
o i l  p ipel ines woul d  pas s are di s cu s s e d  in S ection B . 2 . 5 . 2 . 2 
( Characteri s tics o f  Ecosystems in We s tern Calcas i eu P ar i sh ) . 
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B . 3 . 1 . 8  soc ioeconomic Character i s t i c s  

B . 3 . 1 . 8 . 1  H i s tory and Cul t ural Patterns 

Indians once lived on the cheniers of  the Gul f coas tal  we t l and s , 
as evidenced by s he l l  mi ddens and art i facts that have been 
excavated . The se tr ibe s van i s hed at about the t ime that Lou i
s i ana was first  being explored by the Fr ench and Spanish . The 
fir s t  maj o r group of s e t t l ers in the vicini ty of the Sabine and 
Calcas ieu Lake s were o f  Scotch - I r i s h  descent . The se were people 
who had bought land gran t s  after the War of  l B 1 2  and s e t t led 
near the Gul f .  La ter , French and Ac ad ian fami l i e s  moved here 
from the eastern and central coastal par i shes of  Lou i s i ana . 

When t he f i r s t  towns in Cameron Par ish we re s e t t led , the schoo l s  
we re taught in French . A s  t h e  s e t tlement s  grew and developed 
commercial t i e s  with o ther par t s  of the region , Engl ish became 
the dominant language . Howeve r ,  in the rural sec t ions French 
name s and cultural inf luence are perpetuated and con s t i tute a 
uni fying force that t i e s  the commun i t i e s  toge ther . 

Coas tal town s we re decimated by Harric ane Audrey in 1 9 5 7 .  Many 
l ive s we re lo s t  and many home s and bu s ine s s e s  we re de s t royed . 
S i nce then , the towns have been rebui l t ,  giving an appearance 
of new wea l th to areas whe re industrial  deve lopment is l imited 
by the threat of  recurrence of  such deva s t a t ing s torms . 

B . 3 . 1 . B . 2  Pre sent Populat ion of the Area 

The propo sed site for pe tro leum s torage is loc ated in Cameron 
Pari s h ,  the large s t  parish in the s tate and the l e a s t  populous . 
The site i s  in a rural area composed o f  mar she s and pas ture 
land s . There are three sma l l  communi t i e s  near the s i te : 
Hackberry , located j us t  e a s t  o f  t he s i te ; town of  Cameron , near 
one of the propos ed route s  for the pipel ine ca rrying brine to 
the Gul f  of  Mexico ; and Ho l ly Beach near the route of  the 
al ternate br ine p ipe l ine ( see Figure B . 3 - 1 4 ) . 

Hackberry is an unincorporated community of about 1 , 3 0 0  people 
( Imperial Calcas ieu Regional P l anning and Deve lopment Commi s s ion , 
1 9 7 5 ) , l iving in a 1 0  square mile area , including a pos t of fice , 
school , about 5 grocery s tore s ,  3 f i sh pac king house s ,  and several 
other commercial buildings tha t  service re sident s and oil com
panie s in the area . The local economy i s  based on fi shing and 
f i sh proce s s ing , rai sing cattl e , and producing o i l  and gas . 

The populat ion of  Cameron , l ike that of  Hackberry , was not 
coun ted as a town in the 1 9 7 0  census . However , the number o f  
c i t i z ens  i n  and around Cameron i s  e s timated t o  b e  approximately 
3 , 2 0 0  ( Imperial Calca s ieu Regional Pl anning and Deve lopmen t  
Commi s s ion , 1 9 7 5 ) . Cameron is the pari sh seat for Came ron 
Parish and i s  a ma in port for fi shing in the Gu l f  of Me xico . 
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Ho l ly Beach i s  a sma l l  resort vil l age on the Gul f  of  Mex ico , 
where lodges and gue st house s outnumber the s ingle fami ly 
home s . It is an un incorporated communi ty o f  less than 1 , 0 0 0  
re s idents . ( U . S .  Census , 1 9 7 0 ) . 

The s e three communitie s are too sma l l  to contr ibute substantial 
numbers of worker s  for the con struction of  the s torage fac i lity 
and its rel ated pipe l ine s . The cities of  Calcas ieu Par i sh wou ld 
probably supply the ma j or i ty of workers at the salt dome . 

Sulphur i s  about 2 0  miles north of the We st Hackberry s ite . 
I t  has a rapidly growing population . The cen sus o f  1 9 7 0  
reg i s tered 1 5 , 2 4 7  people , and a local cen sus i n  1 9 7 2  re corded 
a population of 1 8 , 0 0 7 . It derived its name from the sul phur 
mining that was conducted from the 1 8 9 0 ' s  unt i l  1 9 2 4  on a s i te 
j us t outs ide the town . Many peopl e  who now l ive in S ll l nhur , 
work in the industries of Lake Char le� . 

Wes tlake i s  a town s i tuated , as its n ame sugge s t s , on the we st 
s ide o f  the water body cal led Lake Char le s . I ts population i s  
over 4 , 0 0 0  and , t o  a greater degree than i t s  ne ighboring city 
o f  Sulphur , i t  depends on j obs provided by the metropo l i tan 
area of Lake Charl e s . 

The cons truction o f  the o i l  di stribution p i pe l ine to Nederl and 
would draw its l abor supply from the maj or cities of Oran ge 
and Jefferson Coun t ie s . The se include Beaumont , Port Ar thur , 
and Orange , which were examined in the de s cription of  the 
region . The se three ma j or cltie s , together wi th the ir sub
urban area s , have a total population of over 3 0 0 , 0 0 0 . Neder l and , 
i t se l f , has a popul ation o f  1 6 , 8 0 0 , and i s  pr imar i ly a re s i 
dential commun ity . The Sun O i l  Terminal l i e s  i n  the c i ty ' s 
extraterr i torial area ad j acent to the city l imits . Many of  the 
workers l iving in Neder land commute to j obs in Port Arthur and 
Be aumont .  

Population Pro j ections 

The popul ation o f  Cameron Par ish grew by 1 0 . 7  percent between 
1 9 5 0  and 1 9 6 0 , and by 1 8 . 6  percen t from 1 9 6 0  to 1 9 7 0 .  Popu
lation pro j ections formulated by the Loui s i ana S tate Univers ity 
Div i s ion of  Bus ine s s  and Economic Re search indicate a growth 
rate of 1 3 . 5  percent for the decade of 1 9 7 0  to 1 9 8 0 ,  br inging 
the popul ation to a to tal of about 9 , 3 0 0 . As suming a constant 
growth o f f se t  by migration out o f  the par i sh , the popul ation 
growth rate is expected to then r i se to 1 4 . 1  percent be tween 
1 9 8 0  and 1 9 9 0 , bringing the populat ion to a total of  about 
1 0 , 6 2 0 .  

B . 3 - 5 1  



The population pro j ections for Cameron Parish formulated by 
the Loui s i ana S tate Unive r s i ty team are s l ightly lower ( le s s  
than 2 % )  than those formulated by the Impe rial  Calcasieu 
Regional P l anning and Deve lopment Commi s s ion . Thi s  commi s s ion , 
however ,  has pro j ected population growth for individual urban 
areas within the par ish as fol lows : 

Hackberry 
Cameron 

1 9 7 0  

1 , 3 3 5  
3 , 2 0 5  

1 9 8 0  

1 , 4 9 0  
3 , 6 9 0  

1 9 9 0  

1 , 6 4 0  
4 , 1 7 0  

In thi s  case , the " urban are a "  o f  Cameron in c l ude s the community 
o f  Creo l e , 1 4  mile s east of Cameron , and the population expan s ion 
along the highway that connec t s  the two commun i t ie s . 

The populations o f  Lake Char le s , Sulphur , and We s t l ake combined 
are expected to reach a tota l of 1 1 8 , 6 0 0  by 1 9 8 0 ,  and 1 4 0 , 3 0 0  
by 1 9 9 0 . This represents a growth rate o f  2 2  percent i n  the 
present decade and of 1 8  percent in the next one . 

The Beaumont-Port Arthur-Orange metropol itan area in Texas i s  
expected t o  increase b y  1 0  percent in the present decade , and 
1 2  percent in the next , reaching a total population of 3 4 8 , 8 0 0  
by 1 9 8 n  and 3 9 0 , 0 0 0 by 1 9 9 0 . 

B . 3 . 1 . 8 . 3  Land Use Patterns 

Land use p l an s  for th i s  area of Lou i s i ana have been deve loped 
by the Imper i a l  Calcasieu Regional P l anning and Deve lopment 
Commi s s ion in con j unction wi th the Lou i s ian a  S tate P l anning 
o f f ice . Present land-use de s i gnations for Cameron Par i sh 
reflect the fact that i t  i s  located in a coastal marsh . The 
d i s tribution o f  tota l area in the par i sh i s  as follows : 

undeve lopable wet lands 5 6 7 , 3 2 9  acres 5 3 . 3 1 %  

pub l ic/semi-pub l ic l ands * 2 2 9 , 2 3 5 acre s 2 1 . 5 4 %  

water bodie s 1 7 1 , 1 4 4  acres 1 6 . 0 8 %  

agr icultural lands 8 5 , 7 1 0  acre s 8 . 0 6 %  

res idential , commerc ial , 1 0 , 7 1 3  acre s 1 .  0 1 %  
and indu s tr i a l  areas 

TOTAL 1 , 0 6 4 , 1 3 1  acres 1 0 0 . 0 0 %  

* Inc lude s the Sabine National Wildl i f e  Re fuge , the Lacas s ine 
Migratory Water fowl Re fuge , and the Rocke fel ler Wildl i fe 
Re fuge and Game Preserve . 
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Hackberry i t se l f  i s  an un incorporated commun ity , and neither 
i t  nor Cameron Pari sh ha s e stabl i shed zoning regu lation s 
to govern areas a f fe cted by the propo sed pro j ect . 

The land use plans for Hackberry in 1 9 9 0 , deve loped by the 
Imperial Cal casieu Regional P l anning and Deve lopment Commi s s ion , 
are based on existing land use and proj ected population figure s . 
They take into con s iderat ion the influenc e s  of  industr ial i z ation 
patte rns , flood prone areas , soil qual ity , and ma j o r  highway 
arteri es . The se fac tors are particularly important in pro j ecting 
the deve lopment of  Hackberry because it is s i tuated on a l imited 
area of  dry land bounded by wet land s on the north and south , 
B lack Lake on the we st , and Calcas ieu Lake on the eas t . Total 
d ry  land area at Hackberry i s  approxima te ly 10  square mi le s . 

The formula used to determine future land requirements has 
been based on the proportion of  present popu lation to land 
usage , and as sume s a re lative ly con stant growth pattern . The 
resulting del ineation of various addi tional urban land require
ments in 1 9 9 0  is shown on Tabl e  B . 3 - 1 0 . The total additional 
acreage , 1 9 9 0  urban acreage , and percen t increase should be 
con s idered as max imum f igures s ince the increase in population 
i s  only 2 2  percent . Also , i t  should be noted that the 
p ro j e cted deve lopment of the community is dependent on the 
continued rap id expans ion of industry in the area . 

Due to the l imited dry land area , a substantial part o f  future 
deve lopment i s  an ticipated to occur in a s trip along Highway 
2 7  south of the pre sent commercia l  area . The areas of land 
affected by the growth are shown in F i gure F i qure B . 3- 1 .  

B . 3 . 1 . 8 . 4  Transportation 

The re are few ma j or roads in the vicinity of Hackberry because 
of the extens ive mar s he s  and spar se population . Highway 27  is  
d ivided into two branches which run north and south a long both 
s ide s  of Calcasieu Lak e ,  and connect the coastal towns of Cameron 
Pari sh . The wes t  br anch of the highway , which goes through the 
cen ter of Hackberry , i s  the on ly roadway l i nk between Hackberry 
and i t s  ne ighbor ing town s and cities . There i s  more traff i c  
between Hackberry and the cities  north o f  i t  ( primarily Sulphur , 
We s tl ake and Lak e Char le s )  than between Hackberry and the coa s ta l  
communitie s . A 19 7 5  tra f f ic survey indicated a dai ly average o f  
2 , 0 7 0  vehi cles  u s ing the highway north of Hackberry , a n d  only 8 1 0  
using i t  f arther south near its j unction with coas tal H i ghway 8 2 . 

Highway 2 7  passes  within 4 mi le s of the o i l  s torage s i te . Access  
to  the s i te is provided by Route 3 9 0  and a pari sh road . Route 
3 9 0  leads from Hackberry we s tward , and ends shortly after i t s  
j unction with the par i sh road that g o e s  t o  the storage s i te . 
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Waterways con sti tute a maj or tran spor tation sys tem in Cameron 
P ar i s h .  The interior portions o f  the pari sh can be reached 
on l y  by the var ious canals and streams that form a network acro s s  
the we tland s . The I ntracoasta l  Waterway l i e s  j u st north of the 
par i sh border ,  and i s  about four mi les  from the o i l  s torage s ite . 
The s ite i s  located on the edge of B l ack Lak e wh ich i s  connec ted 
to Calcasieu Lake by B l ack Lake Bayou . Thi s bayou is l inked to 
the I ntracoa stal Waterway by Alkali  Ditch . The re lative pos itions 
o f  these wate rways are shown in F i gure B . 3 - 1 5 . Materials  and 
equipmen t could be brought to the s ite via the I ntracoas ta l  
Waterway and Alkali Ditc h .  

The rai lway and ma j or airport s ervices nearest Hackberry are 1 5  
to 2 0  miles away i n  S ulphur and Lake Char les . 

S i nce the s a l t  dome l i e s  in an area productive of 
there are pipelines that lie around the rim of  the 
are mainly smal l  ones , 4 and 6 inche s i n  diameter . 
l i ne s  that cro s s  the top of the s a l t  dome are those 
been u sed for the product ion of br ine from the dome 
the manufacture of chemicals . 

B . 3 . 1 . 8 . 5  Hous ing and Pub l ic Services 

oi l and gas , 
dome . These 

The pipe
which have 
for use in 

Due to the rural character o f  Cameron par i sh , much of  the 
impact of the proj ect would be experienced in the urbani zed 
areas of  Calcas ieu Par i sh . Whi le the health and protective 
services o f  Cameron Par i sh commun i tie s may be impac ted by the 
use of the s i te and pipeline rights-of-way , it i s  Calcas ieu 
Parish that wou ld be pr imar ily cal led upon to supp ly re si
dent ial servic e s  to workers and the ir fami l ie s . 

Due to the l imited avai lab i l ity o f  hou s ing in Cameron Par i sh , 
worker s and their fami l i e s  who might migrate to the region 
to work on the pro j e ct at We st Hackberry wou ld probab ly settle 
in Lake Charle s ,  which i s  on l y  about 3 0  mi les  from the s i te , 
and in Sulphur , which i s  2 1  miles from i t .  The avai labi l i ty 
o f  housing in Lake Charles  i s  shown on Table B. 3 - 1 0  o f  the reg ional 
description . The 1 9 7 0  census reg i s tered a total of  4 , 1 6 5  
hous ing un i t s  i n  Su lphur wi th a homeowner vacancy rate o f  1 . 2  
and a rental vacancy rate o f  1 2 . 3. 
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Table B .  3 - 1 0 1 9 9 0  Pro j ected Addi tional Urban Acreage o f  
Hackbe rry 

Re s idential 

Commercial-services 

I ndustrial 

Transportation-Commun i 
cat ion-Ut i l itie s 

I n s t i tutional 

Tota l Add itional Urban Acre age 

Total Ex i s t ing Urban Acreage 

Total 1 9 9 0  Urban Acreage 

% Increase 1 9 7 0 - 1 9 9 0  

Acres 

1 7 . 1  

2 . 1  

4 9 . 7  

1 8 . 7  

1 6 . 9  

1 0 4 . 5  

1 6 9 . 0  

2 7 3 . 5 

6 1 .  8 

S ource : Adapted from materials pub l i shed by the Imperial 
Calca s ieu Regional P lann ing and Deve lopment 
Commi s s ion . 
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Figure B. 3-1S . Land Use Area at West Hackberry Site . 
B . 3 - 5 6  



There i s  one schoo l in Hackberry with 1 2  grades and a pupil  
enrol lment of  approximate ly 3 6 0 ( Hackberry High School , 1 9 7 6 ) . 
In contras t ,  there are 4 4  public schoo l s  and 8 parochial schoo l s  
in Lake Char l e s  wh ich together have a total enrol lment of  
2 4 , 6 9 2  pup i l s . Sulphur ha s 1 0  publ ic schoo l s , 2 parochial 
schoo l s , and 6 , 9 4 0  pup i l s  ( Calcas ieu Par i sh School Board , 
1 9 7 7 )  . 

While there i s  a doctor at Hackberry , the c losest medical 
fac i l ities to the site are at Sulphur . The hospita l s  at Lake 
Char l e s  and Su lphur could be used by workers and their fami l ie s  
who might migrate into the reg ion for j obs at the propo sed 
pro j ect . 

Cameron Parish ha s a sher i f f ' s  department with a sta f f  of  
deputie s  that ho ld fu l l -time j obs in addi tion to the ir law 
en forceme nt dut ie s . Three deput ies and one special inve st igator 
l ive in the Hackbe rry area . Fire protection wou ld be 
prov ided at the s i te for bu ild ings and equipment . Aux i l iary 
fire - f ight ing a s s i stance would be avai lable from the f i re stat ion 
at Hackberry . 

B . 3 . 1 . 8 . 6  Economy 

The local economy of Hackbe rry i s  dependent upon f i sh ing and 
proce s s ing the f i sh caught in Ca lcasieu Lake , production act ivi
ties as soc iated with oil and gas , and rais ing cat tle . 

S i nce Cameron l i e s  along the shore s o f  the Gu l f  of  Mexico , 
f i shing i s  an e spec i a l ly important industry for its people . 
Cameron ranked second among the nat ion ' s  port s in terms o f  the 
vo lume of comme rcial f i sh land ings in 1 9 7 5 . Over 3 9 0  mi l l ion 
pound s o f  f i sh we re harve sted , for a total value of $ 1 7 , 9 4 5 , 0 0 0  
( NOAA , 1 9 7 6 ) . The large catch o f  menhaden accounts for the high 

volume and relative ly low value of  the f i sh . Mo st of  the 
menhaden is proces sed into f i sh me al , f i sh o i l , and fish solubl e s ; 
the re st i s  used , for ba it . The menhaden are caught in pur se 
se ine nets which do not require many people to use them re lative 
to the vo lume of  f i s h  caught . 

Lake Char l e s  i s  the large st community within commuting di stance 
o f  the We st Hackberry salt dome . In  1 9 7 0 , the labor force of 
the Lake Charle s commun ity wa s e s t imated at 2 6 , 4 4 2 , approxi
mately 2 . 3  percent of  the total  labor force in the state . 
Who l es al e  and retail trade and manufacturing for approximately 
4 0  percent of the work force . At pre s ent , there are twe lve 
bus ine s s  e stab l i s hments employing more than 3 0 0  employees in the 
Greater Lake Char l e s  area . The median income of a l l  fami l i e s  
wa s $ 8 , 2 9 7 in 1 9 7 0 , 1 0 . 2  percent above the leve l for the st ate . 
About 4 5  percent o f  the househo lds in  Lake Char l e s  had income 
l eve l s  between $ 7 , 0 0 0  and $ 1 5 , 0 0 0 .  In the f i scal year of  1 9 6 9 -
1 9 7 0 , about 5 4  percent of  the c ity tax revenue was from property 
taxe s and 3 6  percent from sales taxes ( Commerce , 1 9 7 2 ) . 
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B . 3 . l . 8 . 7 Government 

S ince Hackberry is an unincorporated communi ty , the bas ic pub lic 
services for i t s  citi zens are administered on the Pari sh leve l . 
The par ish i s  divided into d i s tricts  which are s eparately taxed 
for the prov i s ion of such pub l ic serv i ces . Therefore , whi le 
there i s  no municipal tax , there are taxe s a s s e s sed for the 
Hackberry Water Di strict , the Hackberry F i re D i str ict , the 
Hackberry Garbage D i s trict , and the Hackberry Recreation D i s tr ict . 
In  addition , taxes are lev ied separ ate ly for schoo l d istricts  
and drainage d i s t r i cts , resulting in somewhat independent sections 
of the Par i sh .  That portion of  taxes for the roadways and 
g enera l admi n i s trative servi ce s i s  levied uni formly throughout 
the Par i s h . 

The to tal a s s e s sed value of Cameron Parish i n  1 9 7 3  wa s $ 4 0 , 6 4 8 , 6 9 0 .  
Of thi s , the value of real e s tate contr ibuted 1 3  percent , 
pe rsonal property : 5 3  percent , and pub l ic service corporation s :  
3 4  percent . The proportionate va lue of  real es tate i n  the Par i sh 
i s  low compared to the state average , i n  which real e s tate 
accounts for 4 8  percent of the total a s s e s s ed value . 

The Cameron Parish P o l ice Jury has j ur i sdiction over any con
s truc tion within the Pari sh . Permi ts must be i s s ued by the 
Par i sh prior to the erect ion or mod i f i c at ion of bui ldings in f lood 
ha z ard areas . They are also required for pipel ine cro s s ings of - -
pub l i c  road s and waterway s . The Pol ice Jury i s  composed of 
members from the various d i s tricts  of  the P ar i sh , and meets once 
a month . 
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B . 3 . 2  Alternat ive S i te - Black Bayou 

B . 3 . 2 . 1  Land Features 

B . 3 . 2 . 1 . 1  Geomorphology 

Bl ack Bayou salt dome i s  located in the northwe st corner of  
Cameron Parish , Louis iana , eight mi les southeast of  Orange , 
Texas and 1 2  mi les  south of  Vinton , Lou is iana . The dome i s  
1 8 . 5  mi les  north o f  the Gu l f  o f  Mexico and two miles south 
of  the Intracoastal Waterway . 

Black Bayou dome l i e s  within the Gu l f  Coastal P l a in Physio
graphic province . There is no topographic expr e s s ion of  the 
s al t stock . The entire dome s i te is covered by marsh and a 
network o f  bayous and barge cana l s , the latter being constructed 
dur ing o i l  exp loration activities . These cana l s  are arranged in 
radial and concentric pattern and are connected to the ICW by 
B l ack Bayou and the Black Bayou cuto ff canal . 

There are several wooded pimp le mound s to the east and southeast 
o f  the s ite . 

B . 3 . 2 . 1 . 2  Geologic Structure 

Black Bayou dome is a shal low pierceme nt structure with steep , 
near ly vertical side s , circular hor i zontal cro s s  section , and 
relative ly f l at top . The top of the salt is at 1 , 7 5 0  feet below 
sea level ( F igures B . 3 - 1 6  and B . 3 - 1 7 ) . 

During the geologic history of  Black Bayou dome the format ions 
over lying the dome we re stretched and faulted . The b locks o f  
sediment were tilted and pushed up and a s ide b y  the r i s ing salt 
core and then sub j e ct to ero s ion . This  ero s ion decreased the 
we ight of the sedime nt column above the dome which a l lowed 
e a s ier movement o f  salt up through the sediment s .  Additional 
sed ime nt then bur ied the faults and beds truncated by erosion . 
Th i s  mode l o f  the piercement proce s s  was proposed by Parker 
and McDowe l l  ( 1 9 5 5 ) . 
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F aul t i ng w i th i n  the M i ocene and ove r l y i ng Pl i o cene i s  
e x te ns i v e  and compl e x . A stru ctu r a l geo logy map , contou r e d  
o n  a M i o cene ma r k e r  bed , shows th r e e mal o r  easte r ly t r e nd i ng 
f aults w i th i n  the a r e a  ( see Fiqure B . 3 -1 8 ) . It  i s  i n terpreted 
that th e s e  faults d i v i d e  i nto s ev e r a l  b r anches to the ea s t .  
Add i t i onally , a s e r i e s o f  r ad i al faults a r e  i nt e r p r eted on 
th e ea st s i d e  o f  the dome * . 

B . 3 . 2 . 1 . 3 S trati g�aphy 

Due to the p i e r  cement p r oc e s s  th e s t rat i g r aph i c  s eque nce 
i s  mo r e  compl icated than in ar eas wh e r e  no salt s t r uctu r e s  
e x i s t .  Smit h and R e e v e  ( 1 9 7 0 )  i n  th e i r pap e r  on salt p i e r c e 
m e nt p r oc e s s es c ite a n  unpub l i shed cr o s s - s ec t i on o f  Bl ack 
Bayou p r e p a r e d  by E .  F .  M i ddl eton ( s e e  F i gure B . 3 - 1 9 ) . Middl eton 
theo r i z ed that th e e r o s i onal sur fac e  of th e t i l ted s ed i me ntary 
bl oc k s  was O l i g o cene age whe r eas th e s ed i me nts that bur i ed 
th i s  sur face w e r e  Mi ocene . Th i s  uncon f o r m i ty occu r s  at 
a depth o f  5 , 0 0 0  to 6 , 0 0 0  feet on the f l a n k s  of  th e dome . 
S equences o f  poor ly co n s o l i da ted to unco n s o l i dated ma r i ne ,  
d e l tai c and fluv i al cl ays , shales and s and s comp r i s e  the 
s t r a t i g r aph i c  s ect i on .  Due to th e p r o x i m i ty o f  Black Bayou 
to V i nto n Dome th e st r a t i g r aph i c  s equence d e s c r i bed f o r  V i nton 
could apply to Black Bayou except for th i c k n e s s e s  va r i at i on s  
and th e l o c a l  e f f ects of  v e r t i cal d i splacement by th e 
r i s i ng s al t .  

The shal lowe st k nown s alt occur g at 1 , 0 3 5  feet in 
F r e epo r t ' s  No . 7 i n  th e south hal f of  S ec t i o n  8 ;  th e 
d eepest k nown salt top i s  at 8 , 5 5 3  feet o n  th e nor thwest 
p e r i phery o f  th e dome in Shell ' s  No . 4 8 , J .  B .  Watk i ns 
i n  the s o utheas t qu a r t e r  of  Sec t i on 6 .  

App r o x i mate ly 7 2 3 ac r e s  a r e  enclos ed w i th i n  th e 2 , 0 0 0  foot 
depth to s alt co ntour and about 8 1 3  acr e s  a r e  i n  th e a r e a  
e nc l o s ed by- the 3 , 0 0 0  foot depth co ntour . The eas t-wes t 
a x i s  o f  the dome above th e 2 , 0 0 0  foot salt d epth contour i s  
s l ightly o v e r  6 , 0 0 0  feet long wh i l e th e nor th-s ou th a x i s  
i s  j u st o v e r  5 , 6 0 0  f ee t .  

B a s ed upon data d e r i ved f r om s even e xp l o r ato r y  ho l e s  d r i l l e d  by 
F r eeport Su lphu r Company , cap r oc k  at Black Bayou i s  
compo sed o f  an av e r age ( f r om top to bo ttom ) o f  7 6 . 3  feet o f  
ca l c i t e  ( CaC03 ) , 6 6  feet o f  gypsum ( CaS0 4 . 2 H 20 ) and an 
e s ti mated 8 0 0  f eet of anhyd r i te (CaSO ) . No  s ed i me nts 
f rom th e sur r o und i ng fo rmat i ons we r e  � i scov e r ed w i th i n  th e 
cap r oc k . 

*The s e  faults do not ext�nd into the s a l t . 
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F i g u r e  B . 3 - 1 9  Geo log ic Cro s s-Section of  Black Bayou Dome 
betwe en showing t he angu lar unconformity 

Ol igocene and Miocene sediment s on the f lank 
of the dome ( Lower r ight hand corne r ) . 
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Cap rock depth range s from 8 8 1  feet at Freeport No . 6 ,  in 
the southeast quarter of Sec tion 6 ( see Figure B . 3 - 1 8  
section locations ) ,  to a maximum depth o f  1 , 3 6 9  feet at 
the s outhwest periphery of the dome . Cap rock apparently doe s 
no t cover the ent ire dome inasmuch as a borehole hear the 
center of the dome reported only the top of the salt with no 
cap rock ; however , th i s  may be an error in recording log 
data . 

From the s truc tur e map it appears that the cap rock extends 
ou tward to cover the area underlain by the 2 , 0 0 0  foot s a l t  
contour , but ho les  dril led outs ide thi s  contour area d o  not 
reveal any overlying cap rock . 

B . 3 . 2 . 1 . 4  Soil  Characteristics 

The soi l s  at Black Bayou are known as the Harri s Salt Water 
Marsh As sociation , ( Figure B . 3 - 2 0 ) . 

Harr i s  soils , moderate ly sal ine phase , at the 
highest elevations and ad j acent to ridge s 
make up about 5 0  perc ent o f  the as sociat ion . 
They have a very dark gray clay sur face and 
a firm gray clay subso i l . Salt water marsh 
at the lowe st elevat ions make up about 4 5  
percent of  the as sociation . They have a soft 
organic and mineral mud sur face layer 1 8  to 
5 0  inches thick and a gray clay subso i l . 
Ridge s o f  Harri s , chenier variant and Harri s ,  
sandy subs tratum vari ant soi l s , and spoil 
banks make up mos t  o f  the remaining 5 percent 
of the as sociation , ( USDA ,  1 9 7 1 ) . 

B . 3 . 2 . 1 . 5  Mineral Resources 

Oil and gas production ha s occurred all  around the dome . First 
o i l  produc tion wa s from She l l ' s  No . 9 Watkins in 1 9 2 9 . S ince 
that t ime , the greatest dens ity of  dr i l l ing has been on the 
southeast and nor thwe st flank s . Interpretation of  the salt 
s truc ture map and geo logic cro s s  sections ( see Figure B . 3 - 2 1 , 
B . 2 - 1 6  and B . 3 - 1 7 ) sugge sts that o i l  and gas occur on the 
flanks of the dome in Miocene or earl ier sediments that are 
faul ted or pinched out against the s ide s of the dome . Loui s i 
ana S tate Department of  Con servation records reveal that 
o i l  or ga s production occurs in numerous zone s as shallow 

B . 3 - 6 5 
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Figure B.3·20 SOI L DISTRI BUTIO N MAP FO R WESTERN CAM ERO N 
PARISH, LOU ISIANA I N  THE VICI N ITY OF BLACK BAYOU 

1 Morey Beaumont Association . nearly level clayey and silty soils. 
2 Crowley.Morey·Morwata Association · nearly level silty soils with clayey and 

silty subsoils. 
3 H arris, Cheniere Variant · Palm Beach Association · clayey and sandy soils on 

low narrow ridges. 
5 Harris · Salt Water Marsh Association · mineral and organic salt water marshland. 
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as 4 , 3 8 0  feet in She l l ' s  No . 1 3 6  Watkins in Section 1 8  and a s  
deep a s  1 0 , 6 9 0  feet i n  She l l ' s  E- 2 Watkins in Section 3 6  ( see  
Tabl e  B . 3 -l l ) . No o i l  or gas i s  known to have been produced 
over the top of  the dome in the area propos ed for the s torage 
fac i l ity . 

No record of sul fur mining wa s found , but it i s  known that 
Freeport Sulphur Company dr i l l ed several exploratory ho l e s  
into the cap rock . 

No known salt mining of  any kind ha s occurred at B l ack Bayou . 
There fore , there are no exi s t ing caverns suitable for s torage 
of crude o i l . 

B . 3 - 6 8 



Tab l e  E. 3 - l l  Hydroc arbon Produc ing Interva l s  

1 .  F r i o  S and , Re servior A 7 , 8 7 2  f e e t  t o  8 , 1 9 0  f e e t  i n  
She l l  # 1 7 5  Watkins Sec . 7 ,  T1 2 S , R1 2 W .  

2 .  Marginulina " S "  S and 7 , 3 5 0  feet to 7 , 7 7 5 feet in She ll  
# 8 5  Watkins Sec . 8 ,  T 1 2 S , R1 2W . 

3 .  Frio " I " Sand 7 , 9 1 5  feet to 8 . 3 5 0  feet in She l l  # 8 5  
Watkins Sec . 8 ,  T 12 S , R1 2 W .  

4 .  T z Sand , Re servior B 7 , 0 0 0  to 7 , 3 0 0  feet in S he l l  # 6 4  
Watkins Sec . 8 ,  T1 2 S , R1 2W . 

5 .  T l  S and , Res ervoir B 6 , 9 0 9  feet to 6 , 9 4 4  feet in She l l  
# 1 7 2  Watkins S ec . 1 7 , T 1 2S , R1 2 W .  

6 .  " 0 "  Sand , Re servo ir A 5 , 5 4 8  feet to 5 , 6 2 6  feet in S he l l  
# 1 3 7  Watkins S ec . 8 ,  T1 2 S , R1 2W . 

7 • " M "  Sand , Re servo i r  C 4 , 9 5 0  feet to 5 , 0 5 0  feet in Shell 
# 1 2 7  Watkins Sec . 1 8 , T 1 2 S , R1 2W . 

8 .  " .� n  Sand , Re servior B 4 , 3 8 0  Feet to 4 , 4 9 8  feet in S he l l  
# 1 3 6  Watkin s  SEc . 1 8 , T1 2 S , R1 2W . 

9 .  " M "  S and , Re servoir A 4 , 7 2 0  feet to 4 , 9 4 0  feet in She l l  
# 9 1 Watkins S ec . 1 8 , T 1 2 S , R1 2W . 

1 0 .  Marginul ina Sand 7 , 9 4 2  feet to 7 , 9 6 9  feet in J .  W .  
Mecorn ' s  # 1  Lea Sec . T1 2 S , R1 2 W .  

9 
1 1 . 7 , 5 0 0  Foot Sand 7 , 3 8 5  feet to 7 , 5 4 5  feet in She l l  # 4 5  

Watkins Sec . 6 ,  T1 2 S , R12W . 

1 2 . Carner ian "A"  Sand 1 0 , 6 3 6  feet to 1 0 , 6 9 0  feet in Pan Am 
Gul f  # 2  Land li E II Sec . 3 6 , T1 2 S , R1 2W . 

1 3 . Carner ian " c "  S and 1 0 , 3 4 6  feet to 1 0 , 4 5 7 feet in Pan Am 
# 2 - Brown-Odorn Sec . 2 8 , T1 2 S , R1 2 W .  

1 4 . Carnerian " B " S and 1 0 , 2 0 6  feet to 1 0 , 2 8 7  feet in Pan Am 
# 2  Brown-adorn Sec . 2 8 , T1 2 S , R1 2W . 
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B . 3 . 2 . 2  Water Environment 

The B l ack Bayou s a lt dome is lo cated in Hydro logic unit 9 
o f  s outhwe stern Lou i s i ana within the e s tuar ine part o f  the 
S abine Bas in . The location of Hydrologic unit 9 is shown 
in Fi gure B . 3- 7 . The dome lies  primari ly beneath marshland 
interl aced with a ne twork of natural channe l s  and manmade 
canal s .  The surface water system i s  underlain by c lays which 
are nearly impervious to water pas s age . As at Wes t  Hackberry 
the annual rainfall i s  heavy , but the area generally experiences 
a mo i s ture shor tage for vegetation dur ing the growing season 
( from February through November ) . 

The surface water sy stems descr ibed in Section B . 3 . 2 . 2 . l  re
pre sents the pr imary source of  l eaching/displ acement water 
as we l l  as the pr imary s ite for brine dispo s a l . The subsur
face water sys tems di scus s ed i n  Section B . 3 . 2 . 2 . 2 ,  cons titutes 
a secondary source for. water . 

B . 3 . 2 . 2 . l  Surface Water Sys tems 

Hydrologic Unit 9 has already been des cr ibed in Section B . 3 . l . 2 . l .  
The general arrangement o f  the surface water bod ies i n  the 
vicinity of Black Bayou is depicted in Figure B. 3 - 2 2 . 

B lack Bayou and Rel a ted Water Bodies 

B l �ck Bayoll i s  approxim�tely 19 mi les long wi th a mean width 
o f  1 7 0  feet and a depth of  3 feet ( Barre tt , 1 9 7 0 ) . Thl S bayou 
constitute s the pr imary source of leaching/displacement water 
at the Black Bayou s ite . As i nd icated in Figure B . 3 - 2 2 . 
bayous intersects the ICW approximately 2 - 1 / 2  mi l e s  north o f  
the dome v i a  three channe l s , two o f  whi ch appear t o  be  manmade . 
To the s outhwe s t  the bayou empties into the East P a s s  of  the 
S abine River j u s t  upstream of S abine Lake . Two tr ibutari e s , 
Right Prong and Greens Bayou , j o in B l ack Bayou between the 
dome s i te and the S ab ine River . The Bancroft Canal intersects 
the bayou to the east of the dome . Approximately 4 miles south 
o f  the dome s i te l i e s  S tarks Canal , wh ich forms the northern 
boundary of the S ab i ne National wildlife Re fuge . The western 
boundary o f  the re fuge coincides wi th the north- south segment 
o f  the same canal extending southward from Right Prong . At 
the southwe s tern corner o f  the re fuge ( approximately 1 0  mi l e s  
south of  the dome ) , thi s  s egment o f  Starks Canal i nters ects 
Wil low Bayou Canal/Central Canal which extend from east to 
wes t . Three mi l e s  further sQuth Starks Canal turns to the 
�es t - toward Sabine Lake . I n  the coastal area Hami l ton ' s  Lake 
and Old North Bayous are located between the S ab ine National 
Wi ldl i fe Refuge and the Gul f of Mexico . All ava i l able data 
concerning the phy s i cal d imens ions of a l l  of  the water bodies 
noted are summari zed in Tab le B . 3 - l 2 . 

B . 3 - 7 0  
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s tate water qua l i ty standards fo r Bl ack Bayou are provided 
in Appendix D .  As indic ated by the s e  s tandards the bayou i s  
to b e  used for secondary contact recreation and for the prop aga
tion of fish and wildl i fe .  The bayou is c l as s i fied as tidal 
by the s e  standards . Reco rds of the S ab ine National wi l dl i fe 
Re fuge show a mean s a l inity o f  ab out 3 . 2  ppt fo r Ri ght Prong . 
S al inity data for Bl ack Bayou have not been l oc ated . 

Co astal Waters o f  the Gul f o f  Mexico near Bl ack Bayou 

I n  order to reach a depth of 3 0  feet , the brine di ffuser 
s i te would be loc ated at least 5 mi l e s  offshore . The bottom 
compo s i ti on and s al inity characteris tics are very s imi l ar to 
tho s e  previ ous ly di s cus sed for the We s t  Hackberry s i te . 

S urface currents in the area are vari ab l e ,  being s trongly 
a f fected by winds , tide s , and other condi ti ons . Mean sur face 
currents 15 miles s outheast of the di spo s al are a ,  as indi cated 
by the current rose in Figure B . 3 - 1 2 tend to set to the we s t  
w i tt>. a dri ft o f  1 kno t ( Bureau o f  Land Management , 1 9 7 5 d ) . 
The diurnal tidal range i s  approximate ly 2 feet . The wind 
ro s e  shown in Figure B . 2 - 1 1  indi cate s that the mo s t  l i kely 
wind i s  from the southeast at 1 1 . 6  kno ts . Addi tional deta i l ed 
oceano graphic data are provi ded in a rel ated report ( NOAA , 
1 9 7 7 ) .  Final ly , a detailed de scription o f  s i te speci fic 
phy s i c al oce anography determined during a field s tudy for 
thi s E I S , is pres ented in Appendix U . 2 .  

B . 3 . 2 . 2 . 2 Subsur face Water Sys tem 

The base o �  fresh ground water in the Bl ack Bayou dome area 
is - 5 0 0  feet ms l ( me an sea l evel ) .  S l i ghtly s a l ine water 
oc curs in the approximate depth interval of - 5 0 0  to - 9 0 0  
feet msl . The prec i s e  depth o f  the Chicot aqu i fer i s  no t 
known at Bl ack Bayou dome . A dri l l e r ' s  log o f  we l l  Cu- 8 6  at 
Cameron Farms , 5 miles east of the dome , indicates the 
" 7 0 0 - foot" s and o f  the lower Chi cot occurs between 7 1 8  and 
8 3 8  feet below the sur face . The s al inity o f  ground water at 
various depths te s ted in thi s  wel l  are as fo l l ows : 

S and I nterval Te s ted 

5 2 5 - 5 3 5  feet 
6 3 1 - 64 1  feet 
8 0 6 - 8 1 2  feet 

CI ( ppm ) 

1 7 1  
3 6 4  

1 2 5 0  

D i s s o lved S o l i ds ( ppm ) 

5 3 1 
9 0 8  

3 14 0  

The s tronges t  influence o n  l ocal ground water movement i s  
the regional e ffect o f  ground water pump ing a t  Lake Charl es , 
Loui s i ana . The dome o f  depre s s ion in the " 5 0 0 - foot" s and o f  
the Chi cot centered on L ake Charles i s  shown i n  Figure B . 2 - 5  
( Harder e t  aI , 1 9 6 7 ) .  Bl ack Bayou dome i s  loc ated on the 
s outhwe s tern edge o f  the cone o f  dep re s s i on and water in the 
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Chicot at the dome move s no rtheas tward toward the pumping 
cente r .  Based on water leve l s  in the " 5 0 0 - foot " s and in 1 9 6 5  
the northeastward rate of ground water movement currently i s  
approximately 2 0 0  feet per year a t  B l ack Bayou . 

In the early 1 9 0 0 ' s , before s igni ficant deve lopment of  ground 
water re sourc e s  in southwestern Loui s i ana , the potentiometric 
surface of  the Chicot aqui fer ( the leve l to which water would 
r i se in a we l l  open to the entire aqui fer ) was at or above 
land surface in the Black Bayou area ( Jones , Turcan and Skibi
take , 1 9 5 4 ) . I n  1 9 6 5  the water level had dropped to approxi
mately 30 feet below land surface . Currently local ground water 
use is restri cted to a few we l l s  5 and 6 mi les east of the dome . 
Due to the marsh conditions and l imited fresh ground water s up
pl ie s , no  ground water use i s  deve loped within 5 mi les north , 
we s t ,  or south of the s ite .  

B . 3 . 2 . 3  Air Qual ity 

B . 3 . 2 . 3 . 1  Exi s t ing Ai r Qua l i ty 

S ince ons ite monitoring has not been conduc ted at the proposed 
Bl ack Bayou expansion s i te , the regional air quality leve l s  
e s tabl i shed i n  Section B . 2 . 3 . 3  are used t o  predict the existing 
air qua l ity at the Black Bayou s i te . Ba sed on the se data , the 
ambient concentrations o f  NHMC and photochemical oxidant are 
predicted to be high and might exceed the exi s ting standard s . 
Al l other po llutants are expected to be in compl iance with the 
app licable s tandards . 

B . 3 . 2 . 3 . 2  Proj ected Air Quality 

Proj ection of SPR activities at Black Bayou indicate that 
the nitrogen ox ides , carbon monoxide , and particulate con
centration are expected to be in comp l i ance with s tandards in 
the following 10 ye ars . However ,  sul fur oxides and NMHC are 
expected to exceed the ambient air quality standard due to 
the increased marine terminal operation . The high NMHC con
centration would result in the pro j ec tions of  oxidant leve l 
exceeding standard s . 

B . 3 . 2 . 4  Background Ambient Sound Leve ls 

Background noise leve l s  in and around the alternative SPR 
s i te at B l ack Bayou salt dome expan s ion are typical of  a 
secluded e s sent ial ly flat area . The area i s  s imilar in 
geography and s urrounding land use to that de scribed for 
the SPR region . No i se a s s e s sment of ambient leve l s  for the 
region are contained in Section B . 2 . 4 .  
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B . 3 . 2 . 5  Spe c i e s  and Ecosy stems 

B . 3 . 2 . 5 . 1  Environmental S e tting of  the Di s p laceme n t/Le aching 
Wate r Sys tem 

Th e water s upp ly s y s tem would re sult in e xte ns ive a l teration 
( s ee Fi gure A. 5 - 2 ) to the e a s tern s ide of B l ack Bayou acros s 
from the mai n  She l l  Oi l Company s torage tank s and a b arge 
docki ng locat ion which a l lows barge s to f i l l  with o i l  from 
the se tank s . The poi nt where the in take s truc ture and s ump 
would be p laced i s  immedi a te ly to the nor th o f  an eas t-vve s t  
trending marsh channe l . The water l ine would pass for only 
a s hort dis tance e a s t  in fres h to i ntermediate marsh and along 
the s o uthe rn end of a s tand of trees to the 4 0 , 0 0 0  bb l s urge 
tank . From the surge tank a l in e  wou ld pa s s  south acro s s  
th e marsh channe l and in mar s h  t o  the centra l p l ant . Organi sms 
present a long the water s upp ly sys tem components inc l ude 
fre sh and intermedi ate marsh p lants and animals  as discussed 
in S ection s B . 2 . 5 . 2 . 1 . Characteri s tics  of  Ecosystems in 
Wes tern Came ron Pari sh ; 13. 2 . 5 . 2 . 5 , Te rre s tr i al Vertebrates 
o f  the Texoma Region ; B . 2 . 5 . 4 . 2 ,  Importan t Commerc i a l Spe c i e s  
o f  the Region - An ima l s ; and B. 2 . 5 . 5 , Impor tant Re crea tional 
S pe c ie s of th e Area . Aquatic organi sms l ik e ly to be i n  the 
chann e l s  are a l so di scus sed in the above section s . The woods 
to the north o f  the surge tank are on a s l ight r idge which has 
been cal led " Goat I s land " or " Bird I s land " and contain main ly 
deCl duous tree s .  Oaks would be typical for the condi tions 
pres ent . The mar s h  and water channe ls near the water lines 
prob ab ly contai n s alt-to le rant fre shwate r fi sh , insect larvae , 
oli gochae te s ,  mo l lusks , crustacean s , b ird s , mamma ls , repti le s , 
phytop lank ton , z oop lankton , ep iphyti c and pe riphytic a l gae , 
and pe rhap s benth i c  algae . Th ere are bird s  and sma l l  mamma l s  
in the s tand of  wood s .  

B . 3 . 2 . 5 . 2  Environmental S e tting o f  the Brine Di spo s a l  Sys tem 

The br ine l ines would p a s s  from the we l lheads along the s ame 
paths as the o i l  and water s upp ly pipe lines . Th e s e  l ines would 
pas s thr ough mar sh and water channe l s  in the mar s h  near the 
water surge tank s and the central p lant . The narrow tree
bearing ridge mentioned in connection with the water s upply 
sys tem would be located in the s torage cavern f i e ld . Organi sms 
pre sent would be of the s ame type s as tho se discussed in re
lation to the water s upply s ts tem in Section B . 3 . 2 . 5 . 1 . F rom the 
central p lant area the brin� l i ne ( See  F i gure B . 3 - 2 2 )  would pas s 
to the southwe st past the She l l  ma in p lant a lonq a water cour s e  
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and then p as s  more to the s outh acro s s  expanses  o f  water 
connected to B lack B ayou , roads , marsh , and the Bayou 
i ts e l f  b e fore in te r sec ting with Tra nscontinental Gas P ipe
line Company ' s  pipe l ine ri ght-o f-way leading s outh through 
the S ab ine National Wi ld l i fe Re fuge , acro s s  the beach and 
i nto the ocean floor . In the S ab ine Nationa l Wi ld l i fe Re fuge , 
th e b r i ne pipe l ine would p a s s  through f i r s t  brack ish , then 
i nte rmed iate , then brack i sh , then intermediate , and finally 
brack i sh mar sh agai n  be fore coming to the shore of  the Gu l f  
o f  Mexico . Along i t s  course toward the Gu l f , the brine 
p ip el ine would cro s s  B lack B ayou a se cond time , o ld North 
B ayou near the southern boun dary of the w i ld l i fe refuge and 
Old Eas t B ayou near Ocean Vi ew Beach . From the beach the 
pipe l ine would cont inue in the ocean bottom to a required 
d i f fus er depth of 2 0  fee t . The types o f  marsh p l ants and 
a�i ma l s  present a long the route from the ce ntral p l ant are 
d is cussed in Sections B . 2 . S . 2 . 1 ,  B . 2 . S . 2 . S ,  B . 2 . S . 4 ,  and 
B . 2 . S . S in de ta i l . Aquat ic and marine organisms are a l s o  
di scussed in those sections . A r i c h  panop ly o f  marsh and 
chenier p l an t s , water fowl , f i sh ,  she l l fish , furbearing 
mamma l s , al li gators , and other organisms are present in 
th e vici nity of  thi s  p i pe l ine route . S andy cheniers ( ridge s )  
along the coas t i n  th is area typi cal ly are covered with 
Hui s ache , cactus , and brush or grove s o f  hackbe rry , ch ina
berry , and prick ly ash ( Lane and Tve ten , 1 9 7 4 ) . 

B . 3 . 2 . S . 3  Environmental Setti ng of the S i te 

The central plant location at th e s outhea s t  corner of the 
s torage s i te i s  near the roads and ma in o ffice o f  the She l l  
Oi l Comp any main plant . The gene ra l area where the s torage 
c averns and a s s o c i ated faci l i tie s are located i s  i n  the mi d s t  
o f  a vas t maz e o f  c anals running i n  mars h l and . A per iphe ral 
road nearby encircles the s torage are a . Th is road has nume r
ous conne c t ions to we l l  pads and s ome to s pur roads . The 
roads are she l l  and are e levated on f i l l . S c atte red tree s 
are pre s ent i n  some areas o f  s l i ghtly higher e levation and 
there is a s tand of tree s in the storage c avern field , as 
mentioned previous l y .  Th e types of  organisms present have 
a l re ady been cite d  in conne ction w i th the wate r s ypply 
s ys tem ( Se cti on B . 3 . 2 . S . 1 ) . 
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B . 3 . 2 . S . 4  Environmen tal S etting of the Oi l Di s tr ibution 
System 

The o i l  supp ly and d i s tributi on line i s  proposed to b e  buried 
in the Black Bayou Cutoff , a canal which passes  nearby due 
north from the s i te through the s urround ing canals and wet
land s to the I ntracoastal Waterway where i t  wou ld j o in the 
ES R  pipeline for We st Hackberry . The route from the ICW 
wes tward i s  identical with the same segment from thi s 
point already descr ibed for the West Hackbe rry oi l d i s tribution 
system ( Section B . 3 . I . S . 4 ) . The organi sms to b e  found along 
this route are additiona lly di scussed in Section B . 2 . S . 2 . 2  
( Charac ter i stics  o f  Ecosystems in We stern Calcasieu Par i s h )  
and B . 2 . S .  2. 3  ( Charac teri stics  o f  Ecosys tems in Orange County ) . 
Along the B lack Bayou Cutof f  por tion of  the route aquatic 
speci e s  pre s ent around the dome itse l f  should be present . 
The s e  we re c i ted in Sect ion B . 3 . 2 . S . 1  ( Environmental Se tting 
of th e Di splacemen t/Le aching System) . Th e b ank s o f  B l ack 
Bayou Cuto f f  are l ined by tre e s  over much of its e xtent 
toward the ICW from the propos ed s tor age s i te . Farther 
away from the Cutof f  b ank s , marsh and open wate r generally 
ho ld sway . The p ipe l i ne route along the I Ov runs mainly 
acro s s  mars h ,  cultivated and cleared lands , and spo i l  bank s . 
Wi th in Texas the pipel ine would p a s s  through a mos aic of  
marsh land type s , b ayous , channe l s , crop and pas ture land , 
d i f fe rent woody as sociations , and the Neche s Rive r .  The 
S ab ine Rive r would be crossed near th e we s tern end o f  the 
I CW in Lou i s i ana to admi t the pipe l ine into Texas.  
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B . 3 . 2 . 6  Natural and Scenic Re sourc e s  

Bl ack Bayou i s  a relatively hlgh qual i ty mar sh habitat .  The 
Shell O i l  fac i l ities al ready pre sent in the mar sh have been 
wel l  construc ted and are operated in such a manner that thi s  
marsh qua l i ty i s  maintained . B l ack Bayou i s  unique in that 
within a relatively sma l l  area there exi sts  a large comp lex 
of open water cana l s  and protected inlets i nto the mar sh gras s . 
Thi s type of  habitat attrac ts many waterfowl , bo th in terms 
of number of s pecies  and total individuals . The birds find 
protec tion within the mar sh gr a s s  whi le us ing the shal low 
open water s  for feeding . 

The propo sed brine l ine from B lack Bayou wou ld p a s s  through 
an l l -mile portion of the S abine National Wi ldlife Re fuge . 
I t  would fol low an exi s ting Transcontinenta l Gas P ipeline 
Company right-of-way for mos t  of the d i s tance . Th i s  pipe line 
corr idor i s  ad j acent to the we stern edge of  the large fresh 
water impoundment in the central portion of  the re fuge . 

B . 3 . 2 . 7  Archaeo logical , Hi stori cal and Cul tural Re sources 

There ar e thr ee recorded ar chaeo logical s ites in c lose proximity 
to the propo sed B lack Bayou oil and brine pipe lines . The first 
locat ion i s  a sma l l  s he l l  midden comp lex approximately 1 5 0  feet 
in length . This midden is within 5 0 0  feet of the brine pipe l ine 
route in the vicinity of Hamilton Lake , approximate ly one mi le 
from the Gu lf . Another s ite in the vicinity of the br ine pipe
line i s  within 2 0 0 0  feet of  the route and has indication s of  
hav ing been previous ly d i s turbed ( Thomas , et a l . , 19 7 7 ) . The 
third locat ion is a l so a shel l midden located within 2 0 0  feet 
of the ESR oil pipeline route adj acent to the Sabine Rive r in 
Loui s i ana . Black Bayou dome was randomly s amp l ed du ring a 
c ul tural re source s  survey and a l though no s ites were located , 
deep testing would be recommended to a f f i rm that no s i tes 
were pre sent in the proposed storage are a (Thomas , et a l . ,  1 9 7 7 ) 

No s i te s l i sted in the " National Reg i s ter of H i s toric P l ace s "  
( National Park S ervice , 1 9 7 7 ) , were found to b e  i n  the vicinity 
of the B lack Bayou dome or propo sed o i l  and brine pipe line s . 
There i s  one she l l  midden , mentioned in Section B . 2 - 7 , which 
has been proposed as a National Regi ster s i te . It is located 
1 - 1 / 2  miles from the ESR oil pipe l ine route south of  the 
S ab ine River in Loui s iana . 
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B . 3 . 2 . 8  S o c i oe c o n om i c  C h a r a c t e r i s t i c s  

B . 3 . 2 . 8 . l H i s to r y  and C u l t u r a l  P a t te r n s  

the Indian s  
o u t  o r  h ad l e f t .  
ne a r  t h e  G u l f  

When settlers arr ived i n  Cameron Par i s h , 
w h o  h a d  o n c e  l i ved t h e r e  h ad e i t he r d i ed 
P e op l e  made t h e i r  home s a l o n g  the bayo u s  
C o a s t and t h e  s h o r e s  o f  C a l c a s i e u  L ak e .  
i n  the i n t e r i o r o f  the P a r i s h r ema i ne d  
d om a i n o f  h u n t e r s  and t r appe r s . 

The v a s t we t l a n d s  
a w i l d e r n e s s ,  the 

Near the proposed brine pipel ine r i ght-of-way is 
a c ommu n i ty c a l l e d  " J oh n s o n s  B ay o u . "  I t  w a s  named f o r  
D a n i e l J oh n s o n  a n d  h i s  f am i l y , w h o  we r e  t h e  f i r s t  s e t t l e r s  
th e r e . O th e r  f am i l i e s  j o i ne d  t h em , and a s c h o o l  and p o s t 
o f f i c e  w e r e  e s t ab l i s h ed i n  t h e  l a t e  1 8 0 0 ' s .  J u s t  n o r t h  o f  
th e town i s  H am i l t o n  L a k e , named f o r  J oh n  H ami l ton w h o  moved 
t h e r e  a r o u nd 1 8 5 0 . The s e t t l e r s  made a l i v i ng by r a i s i n g  
co t t o n  a n d  c a t t l e , a n d  a s  the commu n i t i e s  g r ew , they w o u l d  
a d d  c � ll r c h e s , b l a c k s m i th ' s  s h op s , a n d  s to r e s . S h i p s  w o u l d  
s t op a l o n g  t h e  co a s t  a n d  b uy f u r  pe l t s a n d  a l l i g a t o r  h i d e s , 
w i ld f ow l  p a c k e d  i n  i c e , and c o t t o n . 

O il  wa s di scove red at the Came ron Meadows o i l field in 
1 9 2 9  when a t r appe r  who was l i g h t i ng a ma t c h  for h i s  
c i g a r e t t e , i g n i ted a p a t c h  o f  o i l  o n  the g r o u nd . A n  economic o i l  
boom r e s u l t e d , d u r i n g  wh i c h  a who l e  v i l l ag e  w a s  bu i l t  o n  
w h a r v e s  ove r t h e  ma r s h e s , to h o u s e  t h e  w o r k e r s  a t  the 
o i l f i e l d s  ( C ame r o n  P a r i sh H ome D e mo n s t r a t i o n  C l u b ,  1 9 6 6 ) . 

People of thi s area continue to make a l iving in the 
o i l  and g a s f i e l d s  and by r a i s i ng c a t t l e . A l a r g e  p r opo r t i on 
o f  the r e s i d e n t s  a r e  o f  f am i l i e s  th a t  h ave l i ved t h e r e  f o r  
g e ne r a t i on s . H u n t i ng , t r app i ng , and f i sh i ng a r e  t h e  ma j o r  
f o r m s  o f  r e c r e a t i o n . A s h o r t  d i s t a nce ea s t  o f  J oh n s on s  
B ayo u i s  C o n s t a nce B e a c h  w h i c h h a s a n umb e r  o f  va c a t i o n  
h omes a n d  l od g e s  f o r  to u r i s t s  who c o m e  to t h e  a r e a . 

B . 3 . 2 . 8 . 2  popu l ation 

This alternat ive s i te for the proposed petroleum 
s to r ag e  p r o j e c t  i s  l o c a t ed i n  a r u r a l  s e c t i on o f  C ame r on 
P a r i s h .  T h e  s i t e i t s e l f  l i e s  i n  a ma r s h l and t h a t  h a s  been 
u s ed e x t e n s i v e ly for o i l  and g a s  e x p l o r a t i o n . The r o ad to 
the s i te t r ave l s  al o n g  G um C o ve R i d g e  th r o ug h  a s ma l l  
s e t t l eme n t  k n ow n a s  C ame r on F a r ms . A l o ng t h e  r i d g e  a n d  a t  
C ameJ on F a rms th e r e  a r e  a bo u t  1 0  t o  2 0  b u i l d i ng s .  
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The proposed pipeline to carry brine from the so lution cavitie s 
to the Gul f  o f  Mexico would fol low a gas pipe l ine r ight-of-way 
along the Burton- Sutton Canal south and cro s s  H ighway 8 2  near 
a community called John son s  Bayou ( see  F i gure B . 3 - 2 3 ) . The com
muni ty i s  un in corporated , and i s  s trung out along the highway 
for a d i stance of abou t  1 0  mile s . There is a schoo l , a few 
churche s  and cemeter ies , and several commercial e s tab l i s hments . 
Traffic counts along Highway 8 2  in the vic inity o f  John sons Bayou 
regi s te red an average of 7 0 0  to 8 0 0  vehicles per day . The popu
lat ion of  John son s Bayou wa s about 7 0 0  in 1 9 7 0  and is proj ected 
to reach approximately 9 0 0  in 1 9 8 0  and 1 , 1 5 0  in 1 9 9 0  ( Imperial 
Calc as ieu Reg ional Planning and Deve lopment Commi s s ion , 1 9 7 5 ) . 

B . 3 . 2 . 8 . 3  Land U se Patterns 

The l and i n  the immed iate vicinity of the B lack Bayou s i te has 
been des ignated as an area for miner a l  extraction ( Impe r i a l  
Calcas i e u  Re g ional P l anning and Deve lopment Commi s s ion , 1 9 7 4 ) . 
The land s urrounding the s i te on its north , we s t ,  and south 
boundaries  is marshland , and not suitab l e  for deve lopment . The 
eas tern s ide of  the s ite is connected to Gum Cove Ridge , a natural 
topographic r i se which is used for farming and graz ing cattle . 

The brine pipe l ine to the Gul f of  Mex ico would cro s s  
t h e  ma r sh l ands and p a s s  t h r o ugh t h e  S ab i ne National 
Wild l i fe Re fug e , along an e x i s t i ng r i gh t-o f-way for t h e  

t r anspo r t  of nat u r a l  gas . The  r e fuge cove r s  1 3 8 , 9 4 2  
acr e s , o r  1 3  pe r ce n t  o f  the total a r e a  o f  the Par i sh .  

Gum Cove Ridge , which i s  used for acc e s s  to the s i te , 
i s  l i s ted as one of s eve r a l  po tent ial s tate par k s i t e s  i n  
S o u thwe s t e r n  L o u i s ia na by t h e  S t ate Pa r k s  and Re c r e a t i o n  
Comm i s s ion ( 1 9 7 4 publ i c a t i on ) . I t  w a s  s e l e cted beca u s e  o f  
t h e  p r e s e nce of p imp le  mound s  and p r a i r i e ma r s h ,  but i s  only 
one of  1 6 7  pot e n t i a l  s i te s  hav i ng commemo r a t ive , p r e s e r v at i o n , 
o r  r e c r eat i onal s i gni f icance i n  Lou i s i ana . 

Along the coast in the area where the brine pipe l i ne 
v.Duld e n t e r  the G u l f  wate r s , i s  Ocean V i ew Be ach . J u s t  
eas t of th i s  a r e a i s  a small c l u s t e r  of h o u s e s  known a s  
Cons tance Beach , and f u r th e r  e a s t  i s  Peve to Beach . Th e r e  
a r e a numbe r o f  lodg e s  alo ng the roadway s i n  th i s  a r e a , 
o f f e r i ng s h o r t - t e rm accommod a t i ons for  people who u s e  
t h e  be ach e s  i n  th i s  a r e a . A s  the popu l a t i o n  of L a k e  
C h a r l e s , S u lph u r , and o th e r  r e g i onal c i t i e s  g r ow ,  the s e  
be ach e s  w i l l b e  i nc r e a s i ngly u s ed a s  r e c r eat ional a r eas . 
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B . 3 . 2 . 8 . 4  Transportation 

The B l ack Bayou s ite i s  in an i solated part of Cameron P ar i sh . 
I t  i s  about 2 0  miles  from the nearest main highway , Inter state 
1 0 , and from the neare st town . Workers trave l i ng to the s i te 
would turn off Interstate 1 0  at Vinton and trave l south on Route 
1 0 8 and an unamed road (whi ch is not S tate maintained ) . At the 
point where thi s road cros s e s  the � ntracoastal  Waterway , there 
i s  a ferry . A tr affic count conducted j ust south of  the f erry 
in 1 9 7 1  reg i s tered an average of 1 4 0 vehic l e s  daily ( Lou i s i an a  
Department of  Highways , 1 9 7 1 ) . The pari sh road , wh ich mu st be 
taken to reach the s i te acces s  road , ends about 4 miles past its 
j unction with that road . The acc e s s  road i s  built on l and f i l l  
and material dredged from the con struction o f  the Bancroft C anal . 
The s it e  itse lf i s  surrounded by wet lands whi ch are reached by 
cana l s  r ather than roads . 

The In tracoas tal Waterway l i e s  about two m i l e s  north o f  the B lack 
Bayou s ite . A canal , B lack Bayou Cutoff , has been dredged from 
the In tracoastal Waterway to the s ite and connects w i th a network 
of sma l ler channe l s  that form a network around the s a lt dome . 
The s e  waterway s are currently u s ed for acc e s s  to the o i l  we l l s  
ar ound the dome . 

The nearest airports are tho se at  Lake Char les and Port Arthur . 
The Southern P a c i f i c  Rai lway pas s e s  through Vinton , 2 0  miles 
north of the s ite . 

B . 3 . 2 . 8 . S  Hous ing and Pub l i c  Servi ces 

S i nce there are no town s of apprec i able s i z e within a d i s tance 
o f  10 mi l e s  from the s i te , wo rkers for the pro j ect would commute 
to the Bl ack Bayou site , probably from Lake Charle s ,  Su lphur , and 
Orange . The se c i t i e s  wou ld provide school s  and med ical  fac i l ities 
for the workers fami l ies . ( De tai l ed information regarding hous ing 
and public services in the area is pre s ented in Section B . 2 . 8 . S  
and Section B . 3 . 1 . 8 . S ) . Firef ighting equipmen t and securi ty 
guards wou ld have to be provided at the s i te s i nce i t  i s  under 
the j ur i sdiction of  Cameron Par i sh , but is not readi ly acces s ible 
to the parish commun ities that house these service s . 

B . 3 . 2 . 8 . 6  Economy 

The maj or urban area loc ated near Bl ack Bayou i s  Orange , 
T e x a s , al s o  l o c a t ed n o r th o f  t h e  s i t e  i s  t h e  t own o f  V i n ton , 
L o u i s i a na . T h e  med i a n f am i ly i n come i n  1 9 6 9  i n  V i n t o n  w a s  
$ 7 , 4 0 2  and O r ange $ 8 , 8 3 9 ( C e n s u s  1 9 7 0 ) . An e x am i na t i on o f  
th e ma j o r  co r po r a t i o n s  l o c a t ed i n  O r a nge i nd i c a t e s  t h e  he avy 
d e p e n d e n c e  of the c ommu n i ty on the p e t r o c h em i c a l  i nd u s t r y , 
and o t h e r  i nd u s t r i e s  r e q u i r i ng the u s e  o f  o i l  and g a s  
p r od u c t s  s u c h  a s  c a r bo n  b l a c k  p r od u c t i o n . 
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The town of  Vinton i s  partial ly dependent upon the o i l  
and g a s  p r od u c t i on i nd u s t r y , and a l s o  s e r ve s  as a comme r c i a l 
ce nte r for the r i c e - f a r m i ng r e g i o n  of  we s t e r n  C alc as i e u  
P a r i s h .  M any r e t a i l  bus i n e s s e s  i n  V i n ton a r e  largely sup
-p o r t e d  by th e i n f l u x  of  pe r s o ns who are  a t t racted to  the 
l ocal D e l t a Downs race t r ack . 

B . 3 . 2 . 8 . 7  Gove rnment 

The B l ack Bayou s ite lies in Cameron Pari sh , and the construction 
and operat ion of fac i l ities there , would be within the j urisdiction 
of the Cameron Par i s h  Po�ice Jury . Communi tie s within Cameron 
Parish which would be af fected by the use  of the Bl ack Bavou 
s i te are Cameron Farms , which l i e s  a lonq the road to the s ite , 
and Johnsons Bayou , which l i e s  alonq the brine d i sposal pipeline 
route . Ne ither is an incorporated commun i ty , and of the two , 
only Johnsons Bayou has a s eparate spec i a l i z ed taxation a s s e s s 
ment d i s t r i c t  for pub lic service s - - the Johnsons Bayou Recreation 
Di stric t .  Governmental s ervices for the se communi t i e s  are ad
mi nis tered by the P ar i sh , and a more detai led description of  
Parish author i ty and f inance s i s  given in  Section B . 3 . l . 8 . 7 .  

B . 3 - 8 3  



B . 3 . 3  A l t e r n a t ive S i t e -V i n t o n  

B . 3 . 3 . 1  L and F e a t u r e s  

B . 3 . 3 . 1 . 1  Geomo r p h o logy 

V i nt on s a l t  dome is l o c a t e d  in S o u thwe s te r n  L o u i s i ana and 
in s o u thwe s t e r n  C a l c a s i e u  P a r i s h .  I t  i s  3 . 5  m i l e s  s o u th 
w e s t  o f  t h e  t o w n  o f  V i nt o n  a n d  i s  a bo u t  h a l fway between 
L a k e  C h a r l e s , L o u i s i ana and B e a umo n t , T e x a s . 

V i n t o n  D ome l i e s w i th i n  t h e  G u l f  C o a s t a l  p l a i n  phy s i og r aph i c  
p r ov i nc e .  V i n t o n  d ome i s  a ch a r a c te r i s t i c a l l y c e n t r a l  
s u n k e n  type dome s u c h  a s  P a l angana and W e s t  C o l umb i a  ( Thomp s o n  
and E i ch e l be r g e r , 1 9 2 8 ) . T h e  s i nk con t a i ns a f r e s h  w a t e r  
l a k e  k nown a s  G e d  L ak e . T h e  l a k e, wh i ch i s  only 3 f e e t  deep , i s  
o n  a mound wh i c h  i s  a bo u t  3 0  f e e t  above s e a  l e v e l  a n d  1 5  f e e t  
above t h e  s u r r o u nd i ng f e a t u r e l e s s  p l a i n .  

T h e  V i nton d r a i na g e  c a n a l  i s  one m i l e  e a s t o f  t h e  dome , 
a nd t h e  I CW i s  5 . 7  m i l e s  s o u th . 

B . 3 . 3 . 1 . 2  Geo l o g i c  S truc ture 

V i nt o n  i s  a s h a l l ow ly i ng p i e r cement s a l t  dome ( s e e  F i g u r e s 
B . 3 - 2 4 , B . 3 - 2 5 , B . 3 - 2 6 ,  and B . 3 - 2 7 ) . I t  i s  ne a r ly c i r c u l a r  i n  
h o r i z o n t a l  c r o s s - s ec t i on w i t h  s teep , ne a r ly ve r t i c a l  s i de s . 
T h e  s h a l l owe s t  dep th to s a l t  r ep o r t e d  i s  7 0 0  f e e t  ne a r  t h e  
s o u thwe s t  c e n t e r  o f  t h e  dome . 

A r e a s  w i th i n t h e  1 , 0 0 0 , 2 , 0 0 0 , and 3 , 0 0 0  f o o t s a l t  dep th con
t o u r s  a r e  app r o x i ma t e l y  1 5 5 ,  2 6 5 ,  and 3 5 5  a c r e s , r e spec t i ve ly . 
B o th a x e s  o f  t h e  dome a t  t h e  1 , 0 0 0 f o o t  dep th c o n t o u r  a r e  
a bo u t  2 , 5 0 0  f e e t  long ; t h e  n o r t h ea s t- s o u thwe s t m a j o r  a x i s  a t  
t h e  2 , 0 0 0  foo t l e v e l  i s  4 , 2 0 0  f e e t  l o n g  a nd t h e  m i no r  a x i s  
i s  3 , 3 6 0  f e e t .  T h e  n o r t h ea s t  a x i s  o f  t h e  dome a t  t h e  3 , 0 0 0  
f o o t dep th c o n to u r  i s  4 , 8 0 0  f ee t  l o ng a nd m i no r  a x i s  l e ng th 
i s  3 , 8 0 0 f ee t .  

B . 3 - 8 4  
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L i t t l e  i n f o r ma t i o n  o n  the f au l t i ng i n  t h e  s e d i me nt s  s u r r o u nd
i ng the v i n t o n  dome was f o u nd . H ow e ve r , the g e ne r a l  c h a r a c t e r  
o f  f au l t i ng a t  v i nt o n  c a n  b e  a s sumed t o  b e  s im i l a r  t o  
c h a r a c t e r i s t i c  f au l t i ng o f  p i e r c eme n t  dome s s i nc e  V i n t o n  i s  a 
p i e r ceme n t  dome . T h r o u g h o u t  the G u l f  C o a s t  a r e a  the p a t t e r n s  
o f  f au l t i ng g e n e r a l l y be come mo r e  comp l e x  w i th dep th and the 
f a u l t s  are g e ne r a l l y  normal g r a v i ty f au l t s  ( H a l b o u ty , 1 9 6 7 ) .  

C a p  r o c k  a t  v i nt o n  i s  comp o s e d  o f  an ave r ag e  ( f r om top t o  
bo t t o m )  o f  1 0 4  f e e t  o f  c a l c i t e ( C aC0 3 ) ,  2 3 2  f e e t  o f  
gyp s um ( C aS0

4 
2 H

2
0 ) , and a s  much a s  83 f e e t  o f  

a nh yd r i t e ( C aS0
4

T ,  f o r  a n  ave r age th i c k ne s s  o f  4 1 9  f e e t . 
O th e r  con s t i t u e n t s  i nc l ude an ave r ag e  o f  f o u r p e r c e n t  
s and a n d  s h a l e . 

T h e  p r e s e nc e  o f  s u l f u r  i n  t h e  cap r o c k  h a s  n o t  b e e n  ve r i f i ed .  
H oweve r , F r e epo r t  S u lp h u r  C ompa ny w a s  o n c e  a c t i ve i n  t h e  
a r e a  a n d  w a s  r e spon s i b l e  f o r  d r i l l i ng a t  l e a s t  f i v e  e xp l o r a t o r y  
h o l e s  i n t o  t h e  c a p  r o c k - - and p e r h ap s  i n t o  t h e  u nd e r l y i ng 
s a l t  s to c k . 

Ave r ag e  d e p th t o  t h e  t op o f  the c ap r o c k  i s  5 2 8  f ee t . 
I n f o r ma t i o n  conce r n i ng t h e  e x t e n t  o f  cap r o c k  i s  s p a r s e ,  
a n d  i t  h a s  n o t  be e n  d e t e r m i ned whe th e r  i t  e x t e n d s  ove r 
t h e  f l ank s o f  th e dome . 

B . 3 . 3 . 1 . 3  S tr at i gr aphy 

T h e  d e t a i l e d  s t r a t ig r aph i c  d a t a  is l a r g e ly p a r aph r as ed f r om 
T h omp s o n  and E i ch e l be r g e r  ( 1 9 2 8 ) . T h e  s and s and c l ay s i n  
t h e  f i r s t  2 0 0  f e e t  be l ow t h e  s u r f a c e  a t  V i n t on a r e  k nown a s  
th e B e aumo n t  C l ay a n d  a r e  P l e i s to c e n e  i n  age . T h e  o cc urrence 
o f  l arger g r a i n ed s an d  and gr ave l proba b l y  marks the 
b a se a t  4 0 0  f ee t  be l ow the sur face ( S ee F i gure B . 3 - 2 8) . 

T h e  L a f aye t t e  g r a v e l  l i e s  be l ow t h e  B e aumo n t  c l ay and 
is p r o b ably l a t e  P l i o c e n e  t o  e a r ly P l e i s to c e ne . T h o u g h  
gener a l ly r e f erred to a s  a grave l , t h e  format i o n  c o n t a i n s  
s and and sma l l  amo u n t s  o f  s h a l e .  I t s th i c k n e s s  r a ng e s  
f r o m  6 0 0  to 1 , 0 0 0  f ee t .  

B e l ow t h e  L a f ay e t t e  i s  t h e  F l e m i ng c l ay .  I t  i s  u nd i f
f e r en t i at e d  M i o c e ne a nd P l i oc e ne i mp e r v i ou s  c l ay w i th s ome 
s and . T h e  th i c k ne s s  r a ng e s  f r om s ev e r a l h u nd r e d  f e e t  a bove 
t h e  dome t o  3 , 0 0 0  f e e t  o n  t h e  f l a n k . 

U nd e r ly i n g  t h e  F l e m i n g  c l ay i s  the O l i g o c e ne F o r ma t i o n  wh i ch 
i s  compo s e d  o f  s a n d s and s an dy s h a l e s .  T h i s  f o r ma t i o n  i s  n o t  
p r e s e n t  o n  t h e  w e s t  a nd s o u thw e s t  s i d e s  o f  t h e  dome . T h i s  
i s  n o t  ne c e s s a r i ly i nd i c a t i ve o f  a n  u n c o n f o r m i ty , b u t  
p o s s i b ly t h e  r e s u l t  o f  l o w e r  J ac k so n  s h a l e s  be i ng d r a g g e d  

B . 3 - 8 9  
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up by the r i s i ng sal t above the l e v e l  of depo s i t ion of 
the O l igoc ene sand s . The th i ck ne s s  of  th i s  fo rmat ion i s  
e s t imated a t  3 0 0  fee t .  

The Jackson s hale lies  be low t he Ol igocene format ion and 
i s  Eocene i n  age . No p r e c i s e i n f o r ma t i on on t h i c k n e s s  was 
avai l a b l e  but it is e s t i mated that on the e a s t  s i de of the 
dome it e x t ends f r om 1 , 5 0 0  to be l ow 5 , 0 0 0  feet and on the 
wes t f r om 3 , 3 0 0  to 5 , 0 0 0  feet be low the s u r f ace ( T h omp son and 
E i ch e l be r ge r , 1 9 2 8 ) . 

B . 3 . 3 . 1 . 4  S o i l  Charac teri s t i c s  

T h e  s o i l s  a t  t h e  V i nton s i te bel ong to t h e  Mo r ey Beaumont 
A s s o c ia t i on , ( F igure B .  3 - 2 8 a )  . 

The Mo r ey s o i l s  on the br oad flats  and dep r e s s e d  
a r e as ma k e  up abo u t  7 0  pe r c e n t  o f  t h e  a s s oc i a t ion . 
They have a very d a r k  g r ay o r  black s i l t  l o am o r  
s i l ty c l ay loam s u r face and a g r ay s i l ty c l ay 
loam s u b so i l  mo t t l e d  w i th y e l l ow i s h - b r own . The  
Be aumo nt s o i l s  on the f l a ts and d e p r e s sed ar eas 
mak e up abo u t  1 5  p e r c e n t  of the a s s oc i a t i on .  
Th ey have a ve ry d a r k  g r ay o r  black s i l ty c l ay 
loam o r  clay s u r face and a g r ay s i l ty c l ay or 
c l ay subso i l  mo t t l e d  w i th ye l l ow i sh-b r own . 
Mowata s o i l s  ma k e  up mo s t  of  the rema i n i ng 1 5  
p e r c e n t  o f  the a s s o c i a t ion , ( U SDA , 1 9 7 1 ) . 

T h e  o i l  d i s t r i bu t i o n  p i pe l i ne r o u te and the br i ne i n j e ct ion 
s i t e  enco unte r Mo r ey Beaumont and Ha r r i s F r e sh Wat e r  M a r sh 
A s s oc i at i on . 

Th e  ve ry poo r ly d r a i ned Ha r r i s  s o i l s  at the 
h i ghe r e l evat i o n s  ma k e  up abo u t  55 p e r cent  
of th e  association . They have a black clay 
s u r face and � gray c l ay subs o i l . Abo u t  3 0  
pe r ce n t of the associ a t i o n  a t  s l igh t l y 
l ow e r  e l ev at i ons co n s i s t s  mo s t ly of peat 1 8  
to 5 0  i n ch e s  th i c k ove r a g r ay c l ayey mate r i a l . 
Beaumo nt , Mo r ey , and sp o i l  bank s mak e up mo s t  
o f  the r ema i n i ng 1 5  pe r cent  o f  the a s s oc i a t i on , 
( U SDA , 1 9 7 1 ) . 

B . 3 . 3 . 1 . 5 Mi neral Re sources 

S i nce S a b i ne O i l  and M i ne r a l ' s  N o . 1 Johnson V i n c e n t  we l l  
be came the f i r s t  comme r c i a l p r oduce r at V i nton i n  1 9 1 0 ,  m i no r  
p r od u c t i on has oc c u r r ed a l l  ar ound the dome . G r e ate s t  dens i ty 
o f  d r i l l i ng has be e n  on the nor th and eas t s id e s . 

B . 3 - 9 1 



Figure B . 3 - 2 8  SOI L DISTRI BUTION MAP O F  SOUTHWESTERN 
CALCASIEU PARISH 

T E XAS 

9 

. _ ( ,L . .AL. ASI.EJ,L PARI$IL . 
/' CAMERON PARISH 

1 0  o 
I 

2 
I 

3 4 
I I � M I LES 

2 Wrightsvi l le·Arcadia Association - level to very gently sloping silty soils with 
clayey subsoils. 

3 Morey-Beaumont Association - level to depressed dark colored silt loam or 
silty clay loam_ 

4 MowataMorey-Crowley Association - nearly level to depressed si lty and clayey 
soils. 

5 Mowata Crowley Association - nearly level to depressed silty soils with clayey 
subsoils. 

6 Leaf-Bienvil le Association - depressed to gently sloping si lty and sandy soils. 
7 Bibb-Mantachie Association - frequently flooded bottomland soils. Silt loam 

surface si lty clay loam subsoil. 
8 Swamp - swamp land, mucky clay and silty clay. 
9 H arris Fresh Water Marsh Association - m ineral and organic fresh water marsh 

soils. Black clay surface, gray clay subsurface. 
1 0  Harris Salt Water Marsh Association - mineral and organic salt water marsh soils. 

Black clay surface, gray clay subsurface. 
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Lou i s i ana St ate D epartme nt of Conse rvat i on r e c o r d s  show 
that o i l  o r  gas i s  cu r r en tly be ing p r oduced f r om f i ve z o nes 
whos e tops range f r om 4 , 9 0 8  to 5 , 8 4 0  feet be low the s u r face 
( s e e  Table B . 3 - 1 3) . No know n o i l  or gas p r od u c t i on i s  located 

ove r  th e top o f  th e dome . 

S a l t  has not be en mi ne d  at V i nton Dome , th e r e f o r e , the r e  
a r e  no cave r n s  s u i t ab l e  for  cr ude o i l  sto r age . 
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Table B . 3-13 . Hydrocarbon Produc ing Interval s 

1 .  Zone II A " 5 , 0 8 4  feet to 5 , 1 1 8  feet in Union o i l ' s  
# l -e F . H .  Gray Un it Sec . 3 3 ,  T I O S , R1 2W . 

2 .  Zone li B II 4 , 9 0 8  feet to 4 , 9 14 feet in union O i l ' s  
# 3 -G Gray , Sec . 3 3 ,  T I O S , R1 2 W .  

3 .  Zone " e "  5 , 2 9 5  feet to 5 , 3 2 0  feet i n  Union o i l ' s  
# 1 2 -G Gray , Sec . 3 3 ,  T I O S , R1 2W . 

4 .  Zone " D "  5 , 6 8 5  feet to 5 , 7 1 5  feet in Union oil ' s  
# 8 -G Gray , Sec . 3 3 ,  T I O S , R1 2 W .  

5 .  Zone li E II 5 , 7 9 0  feet to 5 , 8 4 0  feet in Union O i l ' s  
# l l-G Gray , Sec . 3 3 ,  T I O S , R1 2W . 
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B . 3 . 3 . 2  Water Envi ronment 

The vinton s a l t  dome is located in southwe s tern Louis iana 
between the Cal casieu and Sabine River basins as shown in 
Figure B . 3 - 2 9 Ged Lake is located di rectly over the dome . 
Sur face water in the area varies  from fresh to brackish . 

The surface water sys tem in the region i s  under lain by c l ays 
which are nearly imperviou s to water pas sage . As is the case 
at we st Hackberry and B lack Bayou , the annua l rainfa l l  appears 
plentiful but the area generally exper iences a mo i s ture shortage 
for vegetation dur i ng the growing s eason ( from February through 
November )  . 

The surface water s y s tem , which i s  descr ibed in Section 8 . 3 . 3 . 2 . 1  
represents the primary source of leaching/displaceme nt water . 
The subsur face water sys tem , which i s  di scu s s ed in Section 
B . 3 . 3 . 2 . 2  cons titutes the primary s i te for brine d i sposal . 

B . 3 . 3 . 2 . 1  Surface Water Systems 

Vinton dome is located approximately 5 - 3 / 4  miles north of the 
lCW , 1- 1/4 mi le s we s t  of the vinton Canal . The surface water 
sys tem depicted in F igure B. 3-29 cons i s ts primarily of Ged Lake , 
surrounded by a ne twork o f  canal s ,  gulley s , and f l ume s . Mos t  
o f  thi s  ne twork ne are s t  the dome drains to the south and east 
into the Vinton Canal . S everal channe ls  somewhat removed 
from the dome , drain to the north into the S abine Canal . To 
the east of Ged Lake there are a number of small ponds or 
re servoirs . Al l avai l able data concerning the phys ical dime n
s ions of water bod i e s  in the area are summari zed in Table B . 3 - 1 4 . 

S tate water qua l i ty s tandards for the Vinton Canal are provided 
in Append ix D .  As indicated by the se s tandards the bayou is 
to be used for secondary contact recreation and for the pro
pagation of  f i s h  and wi l d l i fe . The canal i s  c l a s s i f ied as 
tidal by s tate s tandards . 

water i n  the vi nton Canal i s  predominantly fresh a l though some 
s a l t  water i ntrusion doe s occur . S everal of  the irrigation 
canals in the area have s a l t  water barriers instal led at the ir 
j unc tions with the Vinton Canal ( Rocca , 1 9 7 7 ) . 

B . 3 . 3 . 2 . 2  Subsurface Water Systems 

Vinton s a l t  dome is located approximately 8 miles north of 
Black Bayou Dome . Hence , the general geohydrologic desc ription 
of B lack Bayou Dome app l i e s  also at Vinton . A general pic ture 
of the arrangement of the shal low aquifers can be obtained 
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V l' n ton s u r f a c e  water S y s t em Figure B . 3 - 2 9  
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Tab le B .  3-14 . 

Water B ody 

Ged Lake 

vi nton Canal 

Grays Canal 

Gum Gu l l y  

Goo s e  Lake 

Webb Gu l l y  

I n traco a s t a l  

Waterway 

S u r f a c e  Water 

D i s tance 

f r om Dome 

0 . 1  

1 . 3  

1 . 8  

1 . 3  

4 . 0  

4 . 0  

7 . 0  

B od i e s  i n  t h e  V i c inity o f  

D i rec t io n  D i r e c t ion 
from Dome o f  F l ow 

" 

SE 

E S 

SW S 
m-J S 

"k 
S I 

S\-J I 

S E 

,', 
Indet erminate f l ow i s  ind ica ted b y  the l e t t e r  " I " . 
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Vinton Dome 

Length vl idth Depth Area 

( �1i l e s )  ( f e e t )  ( f eet)  S q . I', 

0 . 5  1 3 2 0  1 5  0 . 1 :' 

1 0 . 0  6 0  9 0 . 1 1 

2 . 8  4 0  3 . 0  . 0 :-': 

2 2 . 0  3 0 0 8 . 0  5 . 9 5 



from the geohydro log ic section presented in Fi gure B . 3 - 3 0  
s tation 2 i n  th is section i s  loc ated appproximately 6 miles  
north of  the Vinton dome . Addi tional geohydrologic data 
are presented in Append ix D .  Ana l y s i s  of a l l  avai lab le 
data indicates that at the Vinton dome the base of fresh 
water is between - 9 0 0  and - 6 0 0  feet ms l .  S l ightly sal ine 
water occurs at a mi nimum depth - 6 0 0  feet msl . The base 
of fresh ground water i s  gener ally coinc ident with the base 
of the Chicot aqu i f er . Becaus e the base of the Chicot i s  
upl i f ted b y  the Vinton dome the max imum depth of fresh water 
is reduced over the dome . In the vicinity of the dome the 
Chicot behaves as a confined aquifer , separated from the 
surface by near ly 2 0 0  feet of c lay or shale ( based on the 
dri ller ' s  log of water we l l  Cu- 5 2 6 * )  . 

Vinton dome i s  s l ightly c loser to the center of pumping at 
Lake Char l e s  than B l ack Bayou dome . Thus , the same or 
s l ightly greater e f fects of local dec l ine in water leve l s  
and movement of ground water are present . 

Several water we l l s  ex i s t  in the Vinton area . The ir use , 
depth of  compl etion and water qua l i ty records as of  1 9 6 0  are 
given in Tab l e  B . 3 - 1 5 . The locations of  the we l l s  are indicated 
in Figure B . 3 - :n .  

Deep Aquifers 

A thick sequence of " undi f f erentiated " Miocene s ands , con
ta ining only sal ine water , begins within a few thousand feet 
o f  the surface ( exact depth unknown at Vinton)  and extends to 
approximately - 7 0 0 0  feet ms l .  The s e  s ediments cons i s t  of  
medium to fine-grained quartz sand , montmori l l ioni te and 
il lite clay and organic ma tter ( Jones , 1 9 6 9 ) . I n  wel l  logs 
the Miocene section appears as a repeati ng a l ternation of 
clays or sha l e s  and sands of varying thickne s s . I ndividual 
beds are continuous for a few feet to a few miles . Sand bed 
thickne s s e s  vary widely and in some cases reach 4 0 0  feet of 
uninterrupted s and . The wa ter sal inity and temperature in 
the s e  s ediments i ncreas es w i th depth . Figures B . 3-32 and 33 
show temperature/depth relationships for the Manches ter 
f ie ld in e a s tern Calcas ieu Parish and d i s solved sol ids content/ 
depth relationships for a we l l  in Hackberry f i e ld respective ly 
( S chmidt , 1 9 7 3 ) . 

* The location of  water we l l  Cu- 5 2 6  i s  shown i n  Figure B . 3 - 2 9 . 
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Table B . 3 - l S  W a t e r  We l l s  a t  V i n t o n  ( H ar d e r , 1 9 6 0 ) 

We l l  

C u - 1 

C u- 2  

C u - 1 0 8  

C u - 2 2 5  

C u - 2 2 6  

Cu- 2 5 6  

C u - 4 8 8  

C u - 5 3 6  

Q'J - 5 2 9  

� u - 5 3 3  

C u - 5 3 1  

C u - 5 4 4  

C u - 5 5 5 

* 

D e p t h  o f  
We l l  
( F t )  

5 8 5  

4 2 2  

6 6 8  

3 3 8  

5 0 0  

5 1 6  

6 0 0  

6 5 2  

2 7 6  

5 9 5  

5 1 4  

5 3 5  

6 0 2  

S c r e e n e d 
I n t e r va l 

5 3 6 - 5 8 5  

6 4 8 - 6 6 8  

3 0 8 - 3 3 8  

6 2 0 - 6 5 2  

2 6 1 - 2 7 6  

5 1 5 - 5 9 5  

4 2 2 - 5 1 4 

5 1 3 - 5 3 4  

5 1 7 - 5 9 7  

A qu i f e r 

" 5 0 0 - f t "  

" 5 0 0 - f t "  

" 7 0 0 - £ t " 

" 5 0 0 - f t " 

" 5 0 0 - l' t "  

" 5 0 0 - f t "  

" 7 0 0 - £ t "  

" 5 0 0 - f t "  

" 5 0 0 - f t " 

" 5 0 0 - f t " 

" 5 0 0 - L t "  

" 5 0 0 - f t " 

" 5 0 0 - £ t " 

C h em i c a l  C o n s t i t u e n t s 
* 

U s e  C h l o r i d e  D i s .  
So l . p H  

P 3 3 3  3 9 8  7 . 4  

A 
I 1 6 0  

I 1 4  

II 9 0  

D 
I 

I 

D 
I r  

I r  1 1 6  

I 

P 

U s e : A ,  a b a n do n e d ; D ,  d o me s t i c ; I ,  i n d u s t r i a ] ; ,  I r ,  i r r i g a t i o n ; P ,  p u b l i c . 
( a l l  d a t a i n  t h i s t ab l e  f r om H a r d e r ,  1 0 6 0 ) 
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Figure D . 3 - 3 2  Measured temperature versus Depth 

in E a s tern C a l c a s i eu P a r i s h  

2 '�.--------Ana l y s e s  o f  P roduced 

o Ana l y s e s  of 
4 Produced and Dst 

Waters , Manchester 
F i e l d  5 

7 

Top-H igh P r e s sure 

Water s ,  Hac kberry F i e l d  
( No H i gh P r e s sur e )  

9 / Zone Manch e s ter Z F i e ld 
P< 1 0 QJ Cl - - -- - -p- - -1 1 

2 0 4 0 6 0 8 0 1 0 0 1 2 0 1 4 0 1 6 0 1 8 0 2 0 0  
Total D i s so lved S o l i d s  X 1 0 0 0  ( MG/L) 

Figure B .  3- 3 3 Change s in total d i s so lved so l id s  concentrations 

o f  produced wat e r s  from sand s tones with depth , 

from wel l s  where high pres sure i s  present and 

not present . 
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Brine di sposal  by inj ection into the Miocene sands i s  proposed 
in an area south of  Vinton dome . Fourteen we l l s  ex i s t  within 
an area exte nding 1 0  miles east and we st and tangent to the 
southern flank of the dome and extendi ng south from the dome 
5 mi le s . The w i ldcat we l l s  in thi s area are widely spaced , 
making correlat ions o f  individual s ands impo s s i b le . The lateral 
continuity of  sands in th i s  area may be l imi ted by faul ting 
as s ociated with the domal s tructure and by the erratic nature 
of the de l taic depos its of the Miocene section . Figure B . 3 - 3 4  
a generali z ed map o f  the maj or fau l ts in the area ( Wa l l ace , 
Fau l t  and S a l t  Map o f  South Louisi ana )  . 

Three repre sentat ive we l l  logs were s tudied to de termine the 
relat ive amount of Miocene sand pre sent in the Vinton dome area . 
The volume of  s and and shale was determi ned for each log be
ginning at approximately - 1 5 0 0  feet ms l and continuing to the 
base of the sand s equence , u sual ly at about - 7 0 0 0  feet . Below 
thi s  depth a thick shale uni t ,  the Hackberry wedge , i s  pres ent . 
The three we l l s  and the i r  re spec tive s and and shale percentage s 
are shown in Tab l e  B. 3-m . A minimum of 1 1  sands , 5 0  feet thick ; 
7 sands , 1 0 0  feet thick ; and 3 s ands , 1 5 0  thick were pres ent at 
each wel l . 

B . 3 . 3 . 3  Air Qua l i ty 

B . 3 . 3 . 3 . 1  Exis tinq Air Qua l i ty 

S ince ons i te monitoring has not been conducted at the proposed 
Vinton expan s i on s ite , the regional air qua l i ty leve l s  e s tab
l i shed in Sect ion B . 2 . 3 . 3  are used to predict the exis ting a i r  
qua l i ty a t  the Vinton S i te . Based o n  these data , the ambient 
concentrations of  NMHC and photochemic al oxidant are predi cted 
to be high and might exceed the ex i s t ing standards . Al l other 
po l lutants are expected to be in comp l i ance with the app l icab le 
s tandards . 

B . 3 . 3 . 3 . 2  Proj ected Air Quality 

Proj ection of  SPR activities at Vinton indicate that the n i trogen 
oxide s , carbon monoxide , and particulate concentration are 
expe cted to be in comp l i ance with s tandards in the fo l lowing 
10 year s . However ,  sulfur ox ide s and NMHC are expected to exceed 
the ambient air qual i ty s tandard due to the increased marine 
terminal operat ion . The high NMHC concentration wou ld result 
in the pro j ections of oxidant level exceeding standard s . 

B . 3 . 3 . 4  Background Ambi ent Sound Leve l s  

Background no i s e  leve l s  in and around the alternative SPR 
s i te at  Vinton salt dome �xpan s ion are typ ical of a rural area 
in the SPR reg ion . S e e  S �ction B . 2 . 4. 

B . 3 - 1 0 3  
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Tab le B. 3-l6 . Results of Well Log Analysis Near Vinton Dome 

Top o f  Log Base o f  Miocene Percent 
(feet)  Sand (feet)  sand 

Cyprus Oil Co . Sec . 22-TllS ; 1814 7850 52 
B.  M. adorn 111 R13W 

Union Oil Calf . 9-TllS ; 
Matilda Gray et al . R12W 1392 7 100 47  
l i S " , 112 

Roy R .  Gardner Sec . 10-TllS ; 1834 7190 5 3  
Mecom 111 R13W 

A minimum of 11 sands 50 feet thic k ,  7 sands 100 f ee t  thick , and 3 sand s 
150 feet thick were present  in each well 
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B . 3 . 3 . 5  Specie s and Ecosy stems - Vinton 

B . 3 . 3 . 5 . 1  Environmental Se tting of the Displ acement/Leaching 
Water Sy stem 

Di splacement/Le aching water would be drawn from the Vinton drain
age canal about 5 0 0 0  feet east of  the dome . Initially the pipe
l ine would proceed from the central p l ant area south acro s s  the 
dome for . 5  mi le s , cove ring land wh ich is at the pre sent t ime 
being used as cattle and hor se pastureland . I t  would then turn 
east for about . 7 5 mi l e s  and northeast for 1 . 0  mile un t i l  it 
intersects with the canal . Shortly after the pipe l ine turn s east , 
it would cro s s  d i s turbed land with se cond-growth gra s s e s  and 
shrub s . After . 5  mi l e  sma l l  group s of  tree s are encountered . 
This open fore st cont inue s for . 6 5 mi l e s  unt i l  d i s turbed second
growth gr a s s l ands again appear . The propo sed route then con 
tinue s through this d i s turbed area for . 3 5 mi l e s  unt i l  it inter
sects with the Vinton drainage canal . For the last mile of  the 
route the pipe l ine would para l l e l  a l i ght-duty road . 

B�. 3 . 3 . 5 . 2  Environmental Settin g  o f  the Brine D i sposal System 

The current des ign spe c i f i e s  br ine di sposal into sub s ur face 
s a l ine aqu i fer s .  The br ine pipe l ine to the di sposal we l l s  would 
fol low the di spl acement/leaching water sy stem corridor south for 
. 5  miles and then east for . 7 5 mile s . Most of  thi s 
land has been referred to previous ly as pasture land and disturbed 
gra s s l and . The route then turns south for 1 . 5  miles  acro s s  d i s 
turbed gra s s l and and scattered tre e s . The pipe l ine a t  th i s  
point j oins the we l lhead area which con s i s t s  o f  1 0  we l l s  in a 
l inear array with 1 0 0 0  foot interva l s . The we l l  he ad area lie s 
within a comp lex o f  fre sh water mar sh and gra s s l and with 6 of  the 
1 0  we l l s  lying within the mar sh . ( F igure A . 6 . 4 ) . 

t . 3 . 3 . 5 . 3  Environmental Sett ing of the S ite 

The plant area would require approx imate ly 6 0  acre s o f  land for 
the p l acement of  ponds , tank s , bui ldings , we l lheads , and acce s s  
road s , with an adj acent equipment yard o f  roughly the same s i ze . 
I t  i s  anticipated that the p lant and equipment yard would be p laced 
in pasture land we st of  Ged Lake and east of  bui ldings wh ich are 
already on the dome . The existing bu i ldings con s i s t  of a large 
summer house , hor se s table s , barn and 4 - 6  smal ler house s .  Tre e s  
o n  the dome are found on ly in the immediate vicinity of  the 
bui ldings and it i s  anticipated that no c learing o f  land would 
be nece s s ary for the si te instal lation . From the buildings , the 
pasture land i s  re latively flat with a gentle s lope in the direction 
o f  the l ake . 
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Placement o f  s torage cavern we l lheads would a l so involve no 
c learing of vegetation as a l l  we l lhead locations , with the 
po s s ible exception of two , are in pas ture land . One of these two 
we l lheads i s  the wes tern mos t  of  the group , whi le the other 
is located 8 0 0  ft . northe a s t  of  the firs t . These two may 
require the c learing of nearby trees . 

B . 3 . 3 . 5 . 4  Environmental S etting of  the O i l  
D i s tr ib ution Sys tem 

Crude o i l  woul d  be transported in a 3 l -mi le pipel ine system 
between vinton and Sun Terminal in Nederland , Texas . The 
proposed new 7 . 5  mile link to the exi s t ing ESR di s tribution 
sys tem wou ld proceed wes t  from the s i te for 1 mi le , 
i n i t i a l ly cro s s ing pas ture land and later pass ing through 
d i s turbed s econd-growth gras s l and . The route would then j o in 
an e x i s ti ng pipel ine r ight-o f-way ( TCGP L )  which it would 
fol low to the Intracoas tal Waterway . When the pipe l i ne j o ins 
the TCGPL corridor it would trave l in a southwes t  d irection 
for 2 . 2 5 miles through d i s turbed s econd-growth grass land and 
freshwater marsh . The route would then turn south covering 
2 mi l e s  of  prairie and . 2 5 miles o f  marsh , followed by a 1 
mi le port ion composed of hal f grass land and ha lf  mars h . 
From thi s point the route is south to the I CW through . 7 5 miles 
of grass land and . 5  mi l es of mar s h . The mar shl and between the 
vinton dome and the I CW becomes increasing ly sa line the 
further south marsh is encountered . Immediately south of the 
dome the mar sh is e s s enti a l ly of a freshwater type whi le 
near the lCW , a mor e  intermediate sa l ine mar s h  i f  found . The 
p ipe l ine would then cro s s  the lCW to j oin with the ESR dis
tr ibution pipe l i ne between We s t  Hackberry and S un Termina l . 
The portion of  thi s  route from the point at which the pipe
l i ne j oins the ESR di strib ution sys tem t o  the S un Terminal 
has a lready been described in Sec tion B . 3 . l . 5 . 4  ( E nvi ronmental 
S etting of  the o i l  D i s tribution Sys tem for Wes t H ackberry . 

B . 3 - l 0 7  



B . 3 . 3 . 6  Natural and S cenic Re source s 

The sur face land ar ound Vinton dome i s  at the pre sent time be ing 
u t i l i zed as  a cattle and hor s e  ranch . Al though i t  i s  on private 
land and c lo sed to the pub l i c , it i s  a very s c en i c  ranch wi th 
s evera l large house s ,  s tab l e s , and b arn s . Adj acent to the hou s e s  
i s  Ged Lake , a fre s hwater impoundment o n  the h i g h  ground of the 
dome . It is one of the few freshwater l akes  in the area which 
doe s not have a mar sh surrounding part of  the lake . 

B . 3 . 3 . 7  Archaeolog ical , Hi storical and Cul tura l Re source s  

The on l y  recorded archaeological s ite in the vic inity of  the 
Vinton dome and i t s  a s soc iated pipel i ne routes is a s h e l l  
midden whi ch i s  within 2 0 0  f e e t  of  the E S R  o i l  p ipe l ine ad j acen t 
to the S ab in e  River in Loui s iana . 

As mentioned in Sect ion B . 2 . 7 ,  the pond on the Avery I s land s a l t  
dome yie lded valuab l e  art i f acts when a n  archaeologica l  inve sti
gat ion of the pond s ed iment was  made . A recently comp leted 
cu l tural r e s ources survey of Vinton dome indicates that presence 
of seve ral s ite s in the Ged Lake are a ( Thoma s , e t  a l . , 1 9 7 7 ) . 
The extent and s ign i ficance of the s e  s ites has yet to be deter
mined , pending a dec i s ion on deve lopment of  the s ite . 

No s i te s  l i sted in the " Na tional Regi ster of Hi s toric Places " 
(National Park Service , 1 9 7 7 ) , were found to be in the vicinity 
of the Vinton dome or propos ed o i l  and brine pipe line s . A 
recently comp l e ted cultural re sources survey of Vinton dome 
ind icates the pre s ence of s everal she l l  midden s i tes in 
the Ged Lake area ( Thomas , et a l . , 1 9 7 7 ) . The extent and 
sign i f icance of the s e  are as has yet to be deterrlined , pending 
a dec i s i on on development of  the s i te .  
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B . 3 . 3 . 8  Socioeconomic Charac teri st i c s  

B . 3 . 3 . 8 . 1  H i s�ory and Cultur al Patterns 

The area around the Vinton dome s ite was in the di sputed border 
territory between Span i sh and French l and c l aims in the New 
Wor ld . Thi s  was an area in fe s ted with outlaws , pirate s , and 
smugglers . The first trading post in We st Calcasieu was 
e s tabl i shed at Niblett ' s  Bluff , near the pre sent town of  
Vinton . One of  the two main trade routes from the Mi s s i s s ippi 
River to Texas was along a trail that l ay approximately where 
Hi ghway 9 0  and Inte r s tate 10 cro s s  the fields through thi s  
area . Vinton was e stabli shed along that route in about 1 8 8 0 , 
and has strong ties to the We stern i n f luences of  Texa s a s  we l l  
a s  to the Acadian French cul ture o f  south central Loui s i ana . 

B. 3 . 8 . 2  Population 

The Vinton s a l t  dome i s  in Calcas ieu P ar i sh about a mi l e  and a 
hal f  south of  the town of  Vinton . The population of  Vinton 
was recorded as 3 , 4 5 4  in 1 9 7 0 , a 1 5 . 6  percent increase over the 
previous count of 2 , 9 8 7  in 1 9 6 0 . Re s idential growth has spread 
we s tward from Vinton toward the sma l l  v i l l age of  Toomey and 
toward Niblett Bluff  ( see Figure B. 3 - 3 5 ) . Vinton i s  best known 
as the home of  De lta Down s , a horse race track which attracts 
s pe ctator s from Texas as we l l  as from the Southwest Loui s iana 
region . The track has a capac ity for seating 1 , 2 0 0  peop l e . 

Population Proj ec tions 

Calcas ieu Par i s h  experienced a growth r ate of  62 percent be
tween 1 9 5 0  and 1 9 6 0 , when the population expanded from 8 9 , 6 3 5  
to 1 4 5 , 4 7 5 .  I n  the fo llowing decade , the Pari sh had a marginal 
decl ine in population to a total o f  1 4 5 , 4 1 5  wh ich repre s ents a 
l o s s  o f  l e s s  than one percent . Mos t  o f  the fluctuation in 
growth occurred in the urban areas of  the pari sh . The Vinton 
Dome is in Ward 7 ,  a predominatly rural area where the popula
tion increased by 10 percent between 1 9 5 0  and 1 9 6 0  when i t  grew 
from 4 , 1 6 6  to 4 , 5 8 1 , and by 1 9  pe rcent between 1 9 6 0  and 1 9 7 0  
when i t  reached a total o f  5 , 4 7 1 . The salt dome and brine 
d i sposal field wou ld be about 3 mi l e s  south of Inte r s tate H i ghway 
1 0 , and mo st o f  the growth in Ward 7 ha s occurred north of the 
Highway . 

Population proj ections for the Vinton urban area , e s t imated 
by the Imper ial  Cal c a s ieu Regional P l anning Commi s s ion , are 
as fol lows : 

1 9 7 0  1 9 8 0  1 9 9 0  

Vinton 3 , 4 5 4  4 , 3 0 0  5 , 1 0 0  
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Thi s  ind icate s a growth rate of  2 4  percent in the current decade , 
and 1 9  percent i n  the next one . The proj ected growth rate s of  
the Vinton urban area are only sl ightly above those forecast 
for a l l  urban areas in Calcas ieu Par i sh .  The total population 
o f  all urban areas is expected to increase by 2 1  percent between 
1 9 7 0  and 1 9 8 0 , and by 1 8  percent between 1 9 8 0  and 1 9 9 0 .  The 
popul ation of the Vinton urban are a  con s t i tutes only 3 percent 
of the urban population in the pari s h , and a lthough its growth 
rate is s l ightly higher , i t s  proportionate s hare of urban pop
u l ation wil l  remain at about 3 percent through 1 9 9 0 . 

8 . 3 . 3 . 8 . 3 Land Use Patterns 

Calcas ieu P ar i sh is one of the five par i she s that comprise the 
Imperial Calcasieu P l anning Region . The current di str ibution 
o f  l and in the par ish i s  as fol lows : 

agr icultura l l ands 3 3 6 , 9 0 4  acre s 4 9 . 1 6 %  

forests  1 8 3 , 3 4 9  acre s 2 6 . 7 5 %  

undeve lopable wet land s 9 2 , 9 4 6  acres  1 3 . 5 6 %  

res idential , commerc ia l , 
and indu s tr i a l  are as 5 1 , 1 8 7  acre s 7 . 4 7 % 

public/semi-pub l ic and 
recreational l and s *  1 5 , 2 4 5  acre s 2 . 2 3 %  

water bodies 5 , 6 9 6  acre s 0 . 8 3 %  

TOTAL 6 8 5 , 3 2 7  acre s 1 0 0 . 0 0% 

Land use p l ans for Vinton a llow for i t s  urban acreage to in
crease by 5 9 6 . 12 acres  or 6 7  percent by � 9 9 0 .  The ma j or i ty 
o f  the acreage i s  anticipated to be used for res idential de
ve lopment which wi l l  occur we s tward of  the present town , a long 
Interstate H ighway 9 0 .  Some industr ial  growth is expected 
to occur south of Vinton , on State H ighway 1 0 8 . E f forts are 
being made by regiona l planners to d i s courage commerc i a l  s trip 
deve lopment a long ma j or highways and to encourage buffer zones 
o f  open space or park s between industrial and res idential zones 
( Imperial Calcas ieu Regional P l anning and Deve lopment Commis s ion , 
1 9 7 4 )  . 

* Inc lude s the Lake Charles  Munic ipal Airport , Chennault Air 
Force Base , S am Houston State Park , and the S abine I s land 
Wildl i fe Man agement Area . 
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The proposed s torage s it e  i s  a t  Ged Lake . There are a few homes 
on t he shore of  the lake , and the surrounding pasture lands are 
graz ed by hor s e s  and c a t t le . S everal producing o i l  we l ls are 
located on the periphery of t he s a l t  dome . The brine d i sposal 
f i e ld wou ld be located farther south , on the edges of  th e mar she s .  
The pipel ine right-of -way leading to t he br ine di spos a l  f ield 
wou ld cros s these pas ture s ,  and the one l eading to the propo sed 
oil pipe line along the Intracoas t a l  Waterway would cross the 
pasture s ,  mar shes , and the Waterway i t s el f .  

B . 3 . 3 . 8 . 4  Transport a t ion 

The Vinton s a l t  dome l i e s  under Ged Lake and an agr icu l tural 
s e c t ion of Calcasieu P ari s h .  South of t he dome are uninhab i t ed 
marshes .  Workers t ravel i ng t o  the Vinton s a l t  dome would arrive 
at the t own of Vinton via I nt e r s t a te 10 from Su lphur and Lake 
Char le s , which are 1 3  and 2 2  mi le s ea s t , re spect ively , and from 
Orange which i s  1 1  mi l e s  we s t . The number of  vehicles us ing 
I nter s ta te 1 0  in t he vicini ty of  Vinton ranges from an average 
o f  9 , 0 7 0  j u s t  e a s t  of the town to 1 1 , 0 0 0  at the bridg e  over the 
S ab ine Rive r , we s t  of  Vinton ( Loui s i ana Depar tment of Highway s , 
1 9 7 1 ) . Workers would then travel over a grave l road ( which i s  
not s tate mai ntained ) t o  the s torage s i t e . U s e  o f  thi s gravel 
road amoun t s  t o  an average of about 6 0  vehic l e s  per day . The 
road ends at the southwe s t  end of Ged Lake and is used primar i ly 
for acce s s  t o  the r es ident i a l  home s and o i l  we l l s  around the 
l ake . 

The dome l i e s  w i thin 6 mi les nor th of  the Intracoa s t a l  Wat erway . 
Approximat e l y  5 , 2 0 0  s e l f- prope l l ed ves s e l s  trave l each d ire c t i on 
yearly on t h i s  wat erway ( Corps of  Engineers 1 9 7 5 ) . The Vi nton 
Drai nage Canal is a navigable waterway lying 1 . 5  mi l e s  eas t of 
the s a lt dome . Ve s se l s  in the Intracoa s t a l  Wat erway can reach 
the Vinton por t fac i li t i e s  via thi s Cana l . I n  1 9 7 5 , the Corp s 
of Enginee r s  regis t ered a t o t a l  o f  6 s e l f-prop e l led ve s s e l s  us ing 
the canal during t he year . The canal can accommodate ves s e l s  
having a draft o f  u p  to 9 fee t . 

Airpo r t s  neare s t  t he s it e  are located a t  Lake Char les and Port 
Ar thur . The Southern Pac i f i c  Rai lway pas s e s  through Vi n ton , 
1 . 5  mi l e s  nor th of the s it e . 

There are severa l oi l and gas pipe lines cro s s ing through the 
area around the dome . Ci t i e s  Service has a 6 inch o i l  pipe l ine 
that branches out to o ther oi l f i e lds nor th and southea s t  of 
the Vinton dome , and a 20 inch p ipe l ine that runs eas t and we s t  
very near the dome . Bayou Pipeline also has an o i l  line cro s s 
ing eas t and wes t  in t h e  v ic i n i ty o f  the dome . Gas pipe l ines 
through t hi s  area inc lude a 6 inch Continental l ine running 
nor theas t to so uthwe s t , and the Tran sco n tinent a l  Gas Pipe 
L ine ' s  2 0  inch and 1 2  inch l ine s runn ing nor th and south about 
a mi le we s t  of  the s ite . 
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B . 3 . 3 . 8 . 5  Hous ing and Pub l i c  Servi ces  

During the 1 9 7 0  C ensus , Vi nton was found to have a total of  1 , 0 7 3  
hous ing uni t s . Of thes e , 2 were for s a le and 1 7  were for rent . 
Al though Vinton is a fast-growing communi ty ,  a greater s upp ly 
of  avai lable hou s i ng to accommodate pro j ect workers i s  located 
in the maj or c ities  nearby . The c l o s e s t  of  these cities  i s  
Orange ,  Texas whi ch i s  described in detail i n  the reg ional en
vironment descr iption . 

Hea l th fac i l i ties  at Vinton are l imited to a few private doc tors ' 
o ff i ce s . However , the re are fire protect ion s e rvice s  that 
provide as s i stance in emergency s i tuations . 

B . 3 . 3 . 8 . 6  Economy 

The economy o f  we stern Calcas ieu par i sh i s  dependent on 
agriculture and the production o f  o i l  and gas . The pr imary 
c rop i s  rice , the value of which has r i sen sharp ly s ince 
1 9 7 1 . Income from the r ice harve st in the who le state had 
been generally at a leve l  o f  about 1 0 0  mi l l ion do l l ars during 
the late 1 9 6 0 ' s ,  and near ly tripled in the e arly 1 9 7 0 ' s  
( Loui s ian a  Almanac 1 9 7 5 - 7 6 ) .  Calcasieu Par i s h  i s  a prime 

r i ce growing p art of  the state . 

Cattle production i s  also a maj or source of  income for the area . 
S tretche s of  mar shl and along the coastal prairie are o ften used 
to augment pasture s as a graz ing area for the cattle . 

On shore production o f  o i l  and gas in the south western co asta l  
region o f  Lou i s ian a  i s  de cl ining . Crude o i l  production in 
Calcas ieu Par i s h  in 1 9 7 2  wa s about 7 . 1  mi l l ion barre l s , com
pared to 1 2 . 8  mi l l ion barre l s  in Cameron Parish for the s ame 
year . Dur ing the s ame year , Calcas ieu Par i s h  production o f  
n atural g a s  was 5 4 . 6  mill ion cubic feet , compared t o  3 9 3 . 4  
m i l l ion cub ic feet in Cameron Parish . The l and surrounding the 
Vinton s a l t  dome i s  part of the Vinton o i l  and gas f ie ld , one 
of over 2 5  o i l  and gas fie ld s  in the par i s h  we st of the 
Calcas ieu Rive r . 

A sma l l  port fac i l i ty at Vinton ships out local products and 
commodities to the larger cities  in the region via the 
I ntracoas ta l  Waterway . In  1 9 7 5  about 8 , 0 0 0  tons o f  c rude 
pe tro leum were shipped , in addition to nearly 6 , 0 0 0  tons of  
unmanufactured mar ine she l l s . 
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B . 3 . 3 . 8 . 7  Government 

Vi nton was incorporated in 1 9 1 0  and is governed by a mayor 
and board of aldermen . The s e  five aldermen are e lected by 
the popul ation at l arge , and each s erve s a term of four 
years . Vinton has for many years owned its local uti l i ty sys tem 
whi ch has served as a cource of r evenue to cove r the expense of 
runn ing the town . The port fac i l i ties  on the Vinton Drainage 
Cana l lie outs ide the pre sent boundar i e s  of  the town , and are 
des ignated for tax purposes as the Vinton Harbor and terminal 
di s trict . 

Vinton and the Vinton S a l t  Dome are in Calca s i eu Par i sh . The 
total a s se s s ed va lue of taxab le property in Calcasieu Par i s h  
i n  1 9 7 3  was $ 3 0 7 , 1 7 2 , 7 6 0 .  The value of r e a l  e s tate contributed 
3 2  p ercent , persona l property : 5 1  percent , and pub l i c  s ervice 
corporations : 17 percent . The proport ionate value of personal 
property in the par i sh i s  high compared to the S tate average of  
31  percent in that ca tegory . Taxes levi ed for s choo l s  are 
higher than tho s e  for roads , drainage , and general administration , 
and contribute more for edu cat ion than mo st other parishe s . 

Calca s i e u  Pari sh i s  unl ike other par i s hes in the State by 
virtue of  i t s  author i ty to pa s s  zoning restrictions af fecting 
l ands outside of munic ipa l boundarie s . I t  i s  currently in the 
proc e s s  of c la s s i fying lands in order to imp lement thi s pero
gative . The Parish Po l ice Jury has authori ty to i s s ue permi ts 
f o r the cons truction of bui l d ings and the cros s i ng of road s 
and waterways . 
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B . 3 . 4  Alte r n a t ive S ite - B ig H i l l  

B . 3 . 4 . 1  Land F e a t u r e s  

B . 3 . 4 . 1 . 1 Geomo r p h o logy 

T h e  B i g  H i l l  S a l t  Dome i s  l o c a t ed i n  s o u thwes t e r n  
J e f f e r s o n  C o u nty T e x a s , 2 2  m i l e s  s o u t hw e s t  o f  Por t A r t h u r , 
7 0  m i l e s  e a s t o f  Ho u s ton a nd 9 m i l e s  n o r t h  o f  t h e  G u l f  
o f  Me x i c o . 

T h e  r o u g h l y  c i r c u l a r  s u r f a c e  mo u nd o ve r l y i ng t h e  B i g  H i l l  
Dome i s  s u p e r i mpo s e d  o n  a low r i d g e  w h i c h  H e n l ey ( 1 9 2 5 )  
d e s c r i be s  as a n  o l d  s ho r e l i ne .  T h e  mo u nd i s  3 5  f e e t  above 
s e a  level on t h e  n o r t h  s i d e  a nd 31 f e e t  o n  the s o u th w i t h a 
s h a l l ow s ad d l e  b e t w e e n  t h e s e  two p o i n t s . T h e  s u r r o u nd i ng 
c o a s t a l  pl a i n  d i p s  t owa r d  t h e  G u l f at app r o x i ma t e l y  5 f e e t  
p e r  m i l e  and i n  p l ac e s  1 to 3 f e e t  p e r  m i l e  ( F i s h e r , 1 9 7 3 ) . 
T h e  ave r ag e  e l e v a t i o n  o f  the p l a i n  a r o u nd t h e  mo und i s  1 0  
f e e t . Le s s  t h a n  a m i l e  s o u th o f  t h e  d ome i s  t h e  n o r t h e r n  
b o u nd a r y  o f  t h e  i nt e r med i at e  ma r s h w h i c h  eve n t u a l ly g r ad e s  
i nt o  b r a c k i s h and s al i ne ma r s h  a t  t h e  c o a s t .  

T h e  s u r f ac e  o f  t h e  p l a i n  i s  o f  f l uv i a l a nd d e l t a i c  o r i g i n .  
M e a nd e r i ng s t r e ams d e p o s i t ed s e d i me n t s  i n  f l o o d  pl a i n  a nd 
f o rmed d e l t as t h r o u g h o u t  the a r e a  d u r i ng P l e i s t o c e ne t ime . 

B. 3 . 4 . 1 . 2  Geo l o g i c S tructu�e 

B i g  H i l l  S a l t  Dome i s  a p i e r cement d ome w i th a nea r ly 
c i r c u l a r  h o r i z o n t a l  c r o s s  s e c t i on , i r r e g u l a r  t op and 
s t eep s i d e s  w i th a n  o ve r h ang o n  the s o u th e a s t s i d e . 

A s  w i th mo s t  p i e r c e me n t  s a l t  d ome s t h e  s e d i me n t s  f l an k i ng 
B i g  H i l l  d ome h ave b e e n  d r agged u pw a r d  by t h e  r i s i ng s al t .  
T h e  f au l t  p at t e r n s  t h at d e ve l oped d u r i ng s a l t  moveme n t  i s  
ch a r ac t e r i s t i c  o f  p i e r c ement dome s . 

F i gure B . 3 - 3 � ,  a s tructure map c o n s tructed o n  a Mioce n e  mark e r  
bed ( F r i o  Ma r k e r ) ,  s h o w s  a ma j o r  n o r thwe s t e r ly t r e nd i ng f a u l t  
s y s t em w h i c h  po s s i b ly c o n t r o l l e d  s a l t  emp l a c e me n t . I n  
add i t i on , a s e r i e s o f  r ad i al f au l t s  h ave b e e n  i n t e r p r e t ed 
a lo n g  t h e  p e r i me t e r  o f  t h e  d ome . 

B . 3 - 1 1 5  



. � � 
• 

• 0 

� � 

4 

• . . 

A-35 1 

� 

166 
I 

1 7 3  I 

4 
-Q 

t ., • 

� 
• 

� 

: �+ .+ 

I 

� 

� 

A-376 

-Q-
• � I � 

• A-�92 
S. DAV I S  

�� 4 
e S � • I .0-

9 

III 

¢. 9 

.� 

'" VI I 

� · c 
L� 

(> 0  \ 
� 

09-
D . D .  

DYSON 
-

-<> 

9 

WM .  MCFADD I N  

9 1500 30.00 2 1 7 51 / 

FEET ("4270) 
Figure B . 3 - 3 6  S truc ture Map , Frio Marker Beds - Big Hi l l  Dome 

A - 2 7 7  I 
g 

[5 

1 6 9  

2 1 6 1  2 1 7 

B I G  H I LL DOME 
J E FFERSON COUNTY . T E XAS 

.STRUCTURE MAP 
F R I O  MAR KE R  B E DS 

LEGEND 
SAND TH I C KNESS '(£o ) 

FAULTS -

( BASE MAP BY Z I NGERY ) 



A c h a r a c t e r i s t i c  f au l t  p at t e r n  h as b e e n  f o u n d  t o  e x i s t  
i n  the cap r o c k  and a r o u nd t h e  f l an k s  o f  dome s whe r e  
e x t e n s i ve d r i l l i ng p r og r ams h ave b e e n  c o nd u c ted . T h i s  
p a t t e r n  r e f l e c t s  n o r ma l , r ad i a l f au l t i ng w i th s u b s i d i a r y ,  
a r c u a t e , c o n c e n t r i c ,  n o r m a l  f au l t s  betwe e n  t h e  r ad i a l 
f a u l t s . T h e  g r e a t e s t  d i s p l acement o f  t h e  f au l t s ad j a c e n t  
to a nd away f r om th e dome i s  g r e a t e r  a t  d e p th , a n d  b e come s 
p r og r e s s i ve l y  smal l e r  upwa r d . T h i s  type o f  f a u l t i n g  i s  
s e e n  on the we s t e r n  f l ank o f  the dome . S u ch f au l t s a r e  
b e l i e ve d  t o  d i e  ou t be f o r e  r e a c h i ng s h a l l ow e r ,  l e s s  s a l i ne 
a qu i f e r s . 

A g e o l og i c a l  c r o s s  s e c t i on ( F i g u r e  B . 3 - 3 7 )  w a s  co n s t r u c t ed u s i ng 
ava i l a b l e  e l e c t r i c  l o g s  to s how s ome o f  the l o c a l  s e d i me n t a r y 
s eq u ence s and t h e i r  r e l a t i o n s h i p  to the p i e r c e m e n t  s a l t mas s .  
F i g u r e  B . 3 - 3 8  i s  the s t r u c t u r e  map f o r  t h e  t op o f  the s a l t . 

T h e  cap r o c k  i s  compo s ed o f  a ve r y  po r o u s  l i mey s and s tone on 
t h e  o u t e r  edge o f  the c ap and a p o r o u s  d o l om i t i c  l i me s tone 
( n o t  p r i m a r y  l i me s to ne ) , gypsum , and anhyd r i t e a t  the bo t tom 
( H e n l e y , 1 9 2 8 ) . 

O v e r  t h e  ce n t r a l  p a r t o f  the d ome the r e  a r e  app a r e n t l y  few 
d r i l l  h o l e s  wh i ch p e ne t r a t e  f u l l y t h r o u g h  the cap r o c k  and 
i n t o  the s a l t .  I t  app e a r s , howeve r , th a t  s ome 1 , 2 0 0  to 
1 , 3 0 0  feet o f  c ap r o c k  are p r e s e n t  ove r t h e  dome . 

Top o f  the cap r oc k  app e a r s t o  r e a c h  i t s  s h a l l owe s t  d e p t h  o f  
1 9 5  f ee t  ne a r  th e c e n t e r  o f  t h e  d ome . I t  i s  be l i eved t h a t  
the d e p t h  to s a l t  i n  t h e  s ame a r e a  i s  n e a r  1 , 6 0 0  f ee t ,  mak i ng 
max i mum cap r o c k  th i c k ne s s  abo u t  1 , 4 0 0  f e e t . 

C ap r o c k  app a r e n t l y  cove r s  the e n t i r e s a l t  ma s s ,  be c a u se 
s ev e r a l  d r i l l h o l e s  a r o u nd the p e r i p h e r y  o f  t h e  dome r e po r t e d l y  
e nco u n t e r e d  c ap r o c k  bu t w e r e  n o t  d e e p  e n o u g h  t o  i n t e r s e c t  s a l t . 
T h e  g e o l og i c  c r o s s  s e c t i o n  i n  F i g u r e  B. 3 - 3 7  s h ow s  the l a t e r al 
e x t e n t  o f  the cap r o c k , and F i g u r e  B. 3 - 3 9  i s  an i n t e r p r e t at i on o f  
c ap r o c k  s t r u c tu r e  f r om ava i l ab l e  s u b s u r f ac e  d a t a . B e c a u s e  
t h e  e n t i r e c ap r o c k  i n t e r v a l  w a s  n o t  p e ne t r a t e d , c ap r o c k  
th i c k ne s s  i n  mo s t  o f  t h e s e  w e l l s  i s  i n f e r r e d . 

C ap r o c k  i s  u s u al ly i n t e n s e l y  f r a c t u r e d  and f au l t e d  d u e  t o  
upw a r d  p r e s s u r e s  e x e r t e d  b y  the r i s i ng s a l t  s to c k . T h e  
f a u l t i n g , f r a c t u r i ng a n d  l e ach i n g  a c t i o n  o f  pe r c o l a t i ng 
g r o u nd w a te r s  o c c u r r i ng i n  t h e  cap r o c k  o f te n  r e s u l t  i n  t h e  
f o r ma t i o n  o f  v u g g y  to c a ve r n o u s po r o s i ty and a s s o c i a t e d  h i gh 
p e rmea b i l i t i e s . As a r e s u l t ,  s eve r e  d r i l l i n g  f l u i d l o s s  i s  
o f t e n  e xpe r i e n c e d  w h i l e  d r i l l i ng t h e  c ap r o c k  i n t e r va l . T h e  
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e s t imated th i c knes s of B i g H i l l cap r ock i s  two o r  t h r e e  t imes 
that u s ually found ove r Gulf Coas t dome s and would p r obably 
i n c r e a s e  the d i f f i cul t i es of d r i l l ing .  

T he  s h a l l owes t known s a l t  occu r s  on the wes t  p e r i me t e r  at 
1 , 6 0 0  fee t be low sea level , and the d e epe s t  s a l t  top yet  
e ncoun t e r e d  i s  at 5 , 4 7 5  fee t on  the s o u th fla nk . D r i l l i ng 
h i s to r y  sugg e s ts that the top of the s a l t  l i e s  be twe en 1 , 6 0 0  
t o  1 , 7 0 0  f e e t  be low sea level . 

S u r face a r e a  enc l o s ed wi th in the 2 , 0 0 0  foot d e p th to s a l t  
co n t o u r  i s  5 0 7 a c r e s , and the a r e a  conf ined w i th i n t h e  3 , 0 0 0  
foot de pth co n t o u r  i s  abo u t  6 1 3  ac r e s . 

H oweve r ,  the s a l t  ove rh ang s that e x i s t on t h e  wes t ,  sou thwe as t ,  
s o u t h ea s t  and e a s t  s i gn i f i cantly d e c r e a s e s  the area o f  the 
d ome av ai lable for  s o l u t i on m i ned s to r age cave rn cons t r uc t i o n .  
I f  th o s e  a r eas whe r e  known s a l t  ove rhang occ u r s  are  e xc l uded 
f r om th e 2 , 0 0 0  foot contou r ,  only abo u t  3 8 2  a c r e s  of  s u r face 
a r ea are avai lable . And in  some a r e as , the e x tent of the 
ove r h a ng i s  no t f u l ly known becau s e  of the lack of d r i l l i ng 
d ata . 

B . 3 . 4 . 1 . 3  S tratigraphy 

B e c a u s e  of the i r r eg u l a r  t op the th i c k ne s s  of the sed i 
me n t s  ove r ly i ng t h e  dome var i e s  f r om 2 0 0  to 1 , 0 0 0  fe e t .  
Be aumont clay and Lafay e t t e  g r ave l s  ( bo th f o r mat i ons are  
d e s c r i be d  in  the V i n ton s t r a t i g r aphy d i sc u s s i on )  ove r l i e  th e 
dome . Unco nso l i d ated and par t i ally co nsol i d ated sand s 
and s h a l e s  of P l i ocene , M i o cene and O l igocene age e x tended 
downwa r d  t o  a depth below 1 0 , 0 0 0  fee t o f f  the flank s of the  
dome . 

T h e  t h i c kne ss  o f  M i ocene age sed iments i s  e s t imated at 6 , 0 0 0  
t o  6 , 5 0 0 fe e t ,  w i th the ba s e  o f  the M i ocene ind i c ated a t  abo u t  
9 , 5 0 0 fee t be low sea leve l .  T h e s e  s e d iments have been f o r ced 
upwa r d  in  the imme d i ate v i c i n i ty of the dome by the salt  
p i e r c ement , as sh own - i n the cross  s e c t i on i n  F i gu r e  B . 3 - 3 7 . 

B . 3 . 4 . 1 . 4  Soi l Character i s t{cs 

Th e r e  a r e  th r e e  s o i l  type s ove r ly i ng and s u r r o u nd ing Big H i ll  
D ome : Hock ley , C r owl ey , and Mor ey , F i g u r e  B . 3- 4 0  is  a s o i l  
d i s t r i bu t ion map . 

T h e  Hock ley s i l ty loam ove r l i e s  the s a l t  dome s i t e . Th i s  
so i l  i s  gently und u lat ing t o  ne a r ly level . S l opes r ang e f r om 
1 to 3 p e r cent however s lopes of . 5  pe r ce n t  and 5 pe r ce n t  do 
occ u r . S u r face laye r s  r ang e in  th i ck ne s s  f r om 14 to 30 i nch e s . 
T he  P h  o f  th i s  so i l  i s  ne u t r a l in  s ome ar eas . The  uppe r subs o i l  

B . 3 - 1 2 1  
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l ay e r s  are ve ry pa l e  br own i n  p l ace s .  The H o c k l ey s o i l  can 
h old  mode r a t e  amounts of mo i s t u r e  for p l ant u s e , and i t  ab s o r bs 
wate r r e ad i ly .  I n  the mo r e  ne a r ly l e ve l par ts of th i s  s o i l 
sma l l  a r e as of C r ow l ey s i l t  l o am a r e  i ncl uded i n  mapp ing 
s u ch as on the ent i r e  eas t e r n  half of  the dome o u t s ide of  the 
H oc k l ey so i l . 

The C r owl ey s i l t  l o am wh i ch occu r s  along the e a s te rn fla nk of 
the dome is u s u a l l y  l e vel to near ly l e ve l . A r e as of  mo r ey 
s i l t  l oam and H oc k l ey s i l t  l o am l e s s  than 5 a c r e s  in  s i z e  
ar e mapped a s  C r ow l ey .  The upp e r  1 2  i nch e s  gene r a l ly has a 
g r anu l a r s t r u ctu r e  i nt o  wh i ch water and pl ant r oo t s  can 
r ead i l y e n t e r . The s u b s o i l ,  howeve r ,  is much t ight e r . 

The Mo r ey s i l t  l o am mapp ing uni t occu r s  th r o ughou t the 
ne a r ly l e vel  coas t p r a i r i e  par t of the co unty . At B i g  
H i l l  i t  s u r r o u nds the we s t e r n  hal f o f  the dome . The s u r face 
laye r is gene r a l l y s i l t  loam , bu t in  a few inc l uded p l a ce s , 
i t  i s  clay l oam o r  ve ry f i ne s andv loam w i th few to many 
y e l l ow i sh-br own mo t t l e s . I rl pTaCtb the sub"soi l �± s  ul-±ve-
g r ay and mo t t l e s  occ upy f r om 5 to 20 per cent of an e xposed 
s u r f ace . In some p l a c e s  r e d  and y e l l ow i s h-br own mo t t l e s  are  
m i xed . Reac t i on of the sub s o i l  r a ng es  f r om s t r ong ly ac id to 
mod e r a t e l y  al k al i ne . Large conc r e t i ons that contain ca l c i um 
ca r bonate a r e  commo n i n  the l ow e r  sub s o i l  and parent mate r i a l s .  

L ow , sandy , c i r c u l a r  mo unds , 2 0  to 5 0  feet i n  d i ame t e r  and 1 to 
3 f e e t  h igh , are  u s u a l ly on the s u r face of the Mo r ey s o i l s . 
The i r  s u r face l aye r i s  g r ay v e r y  f i ne s andy loam 1 4  to 3 6  
i n che s  th i c k . The i r  sub s o i l  i s  very heavy , blocky , o l i ve 
sandy clay that i s  mo t t led w i th var i o u s  shad e s  of y e l low and 
br own . I n  mo s t  place s the sandy mo unds occ upy f r om 5 t o  1 5  
pe r cent of the mapp ing un i t .  In  a few place s they occupy as 
much as 2 0  p e r cent . In some ar eas the s o i l  at the ba se  of 
the mo unds is h igh in s o luble  s a l t .  Whe r e  the s u r face l aye r 
i s  smo o thed and s a l t  i s  e xposed on the s u r face , ve g e t at ion 
w i l l no t g r ow for seve r a l  year s .  Th e s e  spots a r e  r e f e r r e d  
to as s l i c k  spots . 

Ar eas l e s s  than 5 acr e s  in  s i z e  of Be aumon t clay , C r ow l ey s i l t  
l oam , and Wal l e r  s o i l s  ar e i nc l uded w i th Mo r ey s i l t  loam , i n mapp ing . 
I n  mo s t  pl ace s the s e  i nc l uded s o i l s  occ upy ing l e ss  than 5 p e r cent 
of  the mapp ing uni t ,  but in  s ome pl ace s they occ upy as much as 
1 0  pe rcent . Al so  inc l uded are s i z able a r e a s of a s o i l  that has a 
mo r e  fr i a b l e  upp e r  s u bso i l  than Mor ey s i l t  l o am . I t s  s u r face s o i l  
r ang e s  f r om sl igh t l y  ac i d  to ne u t r a l . 

Mo r ey s i l t  loam can ho ld  mo d e r at e  amounts of mo i s tu r e  for pl ant 
u s e . Common s u r face c r u s ts , plowpans , and the t i ght subso i l  
m a k e  i t  ve ry d i f f i c u l t  for wa t e r  t o  e n t e r  the so i l .  
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B . 3 . 4 . 1 . 5 Minera l Resource s 

S i nce o i l  was f i r s t  p r oduce d  f r om the H o u s ton O i l  C ompany 
w e l l  on S ep tembe r 1 ,  1 9 2 3 , p r oduct i o n has been deve loped on all 
but the east r i m o f  the s a l t  dome . The gr ea t e s t  dens i ty of  
d r i l l i ng is  on the  dome ' s  s o u theas t fl ank . 

No attemp t has been made to acqu i r e  d e t a i l e d  p r odu c t i on 
data , b u t  i n t e r p r e t at i on of the s t r u c tu r e  map and geo log i c  
c r o s s  se c t i on sugge s ts that o i l  and gas oc c u r  on the fl ank s 
of  th e dome in O l igocene and M i o cene sed ime n t s  that are  
fau l ted o r  p i nched o ut  ag ai ns t the  s i d e s  of the  dome . 
N ume r o u s  t r ap s  have appa r e n t l y  been fo rmed by the s a l t  
ove rhang o n  t h e  so u thwe s t  and s o u th p e r ime t e r  of the dome . 

N o  known o i l  o r  gas p r oduct i on i s  lo cated ove r the top of 
th e dome i n  the area p r oposed for  the s t o r age faci l i ty .  

P u re O i l  Comp any has two sol u t ion mined LPG s t o r age 
cave r n s on the no r t h r i m of  the s a l t  mas s .  The s e  cave r n s , 
whos e capac i t i e s  are  3 2 6 , 0 0 0  and 3 1 4 , 0 0 0  bar r e l s ,  are  located 
along th e nor th r i m o f  the S t ephen Ea ton A- 2 2  s u r vey ( see  
F i g u r e  B . 3 - 3 8 ) . One  of them i s  r ep o r ted to have a bas e at 
3 , 3 5 0  and t op of salt at 2 , 2 8 8  feet be low sea leve l . 

D e sp i t e  th e s e  two cave r n s  no act i ve s a l t  mining at B i g H i l l 
i s  r e p o r ted . 

The r e  i s  no e v idence of sul phu r  p r oduct i on o r  e xplo r a t i on at 
B i g H i l l . 
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B . 3 . 4 . 2 water Environment 

The Big H i l l  dome i s  loca ted in the southeas tern Texas coastal 
zone approximate ly 1 7  mi l e s  we s t  of Sabine Lake . The s ite i s  
o n  the s outhwe s tern fr inge of  the S abine Neches River bas in . 
The l and i n  the immediate vicinity of  the dome is dry , but 
exte nsive marshlands are encountered approximately one mi le 
south of  the s ite . Annua l rainf a l l  in the area averages 
approximate ly 47 inche s , s l ightly l e s s  than amounts recorded 
for the Lou i s i ana s i te s . 

The surface water sys tem , which i s  described in Section 
B . 3 . 4 . 2 . 1 ,  repre sents the pr imary source of  leachi ng/di splace
me nt water and also the primary s i te for br ine d i spos al . The 
subsurface water sys tem , which is di scus s ed in Section B . 3 . 4 . 2 . 2 ,  
cons titutes a s econdary source of  water . 

B . 3 . 4 . 2 . 1  Surface Water Sys tems 

The general arrangement of the surface water sys tem in the 
vicinity of Big H i l l  i s  shown in Figure B . 3 - 4 1 . The dome i s  
s i tuated between Taylor Bayou and its tributaries ( 6 - 1 / 2  m i l e s  
t o  the north ) , and the I CW and Spindletop Ditch ( 4 - 5  mi les to 
the south ) . Spindl e top Marsh and S a l t  Bayou Marsh are s i tuated 
betwee n  the dome and the two manmade s treams . Surface drainage 
in the vicinity of  the s i te i s  gene ra l ly to the south and ea s t  
( Robertson , 1 9 7 7 ) . The Gul f  of  Mexico l i e s  4 miles beyond the 
ICW . A summary of the s urface water bodi e s  and their charac ter
i stics  i s  provided in Table B . 3- 1 7 . 

Subsequent d i s cu s s ion of  the surface water sys tem i s  divided as 
fol lows : 

• Taylor Bayou and tributaries 

• I ntracoa s ta l  Waterway and Spindletop Ditch 

• Spindle top Mar sh and S a l t  Bayou Marsh 

• S a l t  Bayou , S tar Lake and C l am Lake 

• Gul f  of  Mexico 

Taylor Bayou and Tr ibutar ies 

Taylor Bayou i s  a tidal river which origina l ly emp tied into 
Sabine Lake , but which currently empties into the S abine -Neches 
Canal near its southe�n j unction wi th the I CW . The bayou 
receive s  inf low from nine s ignif icant tributaries  ( inc lud i ng 
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Table B . 3'-17 . Surface Water Bod i e s  in the Vic inity of B ig H i l l  Dome 

Body of Water D is tanc e , Mi Direction Direction of Flow 

B i g  H i l l  Bayou 13 . 0  NE E 
* 

B ig H i l l  Re servoir 1 3  . 5  NE I 

Clam Lake 1 0 . 3  SE I 

Coffee Bean S lough 9 . 0  NE I 

H i l l ebrandt Bayou 1 6 . 0  NNE S 

I ntracoa stal Waterway 6 . 5  S Genera l l y  E 

L ittle Lake 3 . 7  S I 

Love l l  Lake 1 3 . 5  NNE I 

Mayhaw Bayou 5 . 0  N NE 

North Fork Taylor Bayou 8 . 0  N E 

S a lt Bayou 5 . 0  SE SE 

Shal low P rong Lake 1 3 . 5  NE E 

South Fork Taylor Bayou 6 . 7  NE E 

S pindl etop Bayou 7 . 0  W SE 

Spindletop Ditch 4 . 7  S SE 

S tar Lake 8 . 0  SE I 

Taylor Bayou 1 2 . 0  NE E 

W i l l i e  S lough Gul ly 6 . 0  E E 

W i l low S lough 6 . 0  E E 

* 
I me ans indeterminate f low direct ion . 

Connections 

Shal low Prong Lake 

S ha l low P rong Lake 

Lake Bayou ( Five M i l e  Cut ) 

S alt Bayou ( Ten M i l e  Cut ) 

Taylor B ayou 

Sp indl etop Ditch , S a l t  Bayou , 

S abine-Neches Cana l 

South Fork Taylor Bayou 

Taylor Bayou 

I ntracoas tal Waterway , S tar 
Lake 

B i g  H il l  Res evoir , B ig H i l l  

Bayou 

Mayhaw Bayou , Taylor Bayou 

Spindletop Ditch 

Intracoastal Waterway 

I n tracoastal Waterway 

S abine-Neche s Canal 



Mayhaw Bayou , South Fork , North Fork , and H i l l ebrandt Bayou ) 
and has a water shed area of approximately 4 6 4  mi l e s  ( Texas 
Water Qua l i ty Board , 1 9 7 5 ) . The bayou has its headwaters in 
the agricu ltural areas of Jefferson County where rice farming 
and cattle produc tion predomi nate . The lower portion of the 
bayou drains more urbani z ed areas before entering the S abine
Neches Canal . A s a l t  water barrier i s  located approxima tely 
one mile up s tream of the mouth of the bayou . 

Heavy BOD dis charges by munic ipalities and i ndu s trial u s ers 
occur i n  Taylor Bayou particular ly duri ng low- flow periods . 
High BOD loadings a l so result from agricul tural runo f f  
as sociated with cattle gr a z i ng operations . Ir rigation for 
rice causes some herb ic ide and p e s tic ide runo f f . 

Vo lumetric flow data for Taylor Bayou and its tributaries  are 
provided i n  Appendix D .  Thes e  data display cons iderable 
varia tions with respect to daily f low .  I n  1 9 7 5  the maximum 
f low rate near LaB e l l e  was 5 , 3 8 0  ft3/ s ec on June 1 ( USGS , Texas 
1 9 7 5 ) . The minimum flow could not be determi ned , but the data 
sugges ts  that flow drops to near zero qu i te frequently . 

The Texas S tate Water Qua l i ty S tandards for Taylor Bayou are 
inc luded in Appendix D .  According to the s e  s tandard s the 
bayou above the s a l t  water barrier is intended for recreation 
( contac t and noncontac t )  and the propagation of fish and wi ld-
l i fe . 

Water and sed iment qua l ity data were col lected at  7 s tations 
along the bayou and its tributarie s . The results of a com
parison of thes e  data with appropriate s tandards and criteria 
are summar i z ed in Tables  B . 3 -1 8  and B . 3 - 1 9 . 

I ntracoas tal  Waterway and Spind letop Ditch 

The s egment of  the ICW under cons ideration extends from the 
S ab ine-Neche s Canal southwestward along the Gu l f  Coa s t  toward 
Galve s ton . The waterway is approximate ly 2 5 0  feet wide with 
a control l ed depth of  1 2  feet . Flow i n  the waterway i s  in
f luenced by wi nds and tides but generally the direc tion of 
flow is to the no rthe as t .  Spindletop Ditch j oi ns the ICW 
approximately 5 - 1 / 2  mi les southeast of the s i te . The d i tch 
i s  roughly 1 5 0  fee t wide with a depth of  less than 6 fee t . 

The Texas S tate Water Qua l i ty S tandards for the ICW are in
cluded in Appendix D .  Accord i ng to the s e  s tandards the water
way is intended for noncontact recreation and the propagation 
o f  fish and wi ld l i f e . 

B . 3 - 1 2 8  
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Body o f  Wat e r  

Mayh all! Bayou 

So u t h  Fork , 
Tay l o r  Bayo u 

No r t h  Fork , 
T a y l o r  Bayo u 

Tay l o r B a y o u  

H i l l eb r an dt 
Bayou 

Tay l o r  Bayou 

Tay l o r Bayou 

Tab l e  B . 3- 1 8  S ummary of Ha ter Qua l i ty Ana l y s i s 

S amp l e  + 
S t a t i o n 

2 1  

2 0  

1 5  

1 4  

6 

2 

1 

Dat e 

07-24 -74 

07-24 -74 

0 7 - 14 - 74 

07-24-74 

07-24-74 

07-24-74 

07-24 - 74 

V i o l a t e s  
S t a t e S t a n d a r d s  

Low D i s so l ve d  
Oxy gen 

Low D i s s o l ved 
Oxygen 

Low D i s so l ve d  
Oxy gen 

Low D i s s o lved 
Oxygen 

* 
E x c e e d s  EPA 
Num o r i c a l  C r i t e r i a  

Low D i s so l ved 
Oxygen 

Low D i sso l v e d  
Oxygen 

Low D i s so l v e d  
Oxygen 

Low D i s s o l v e d  
O x y g e n  

+
The l o c a t i on o f  a l l s amp l e  s t at io n s  are s hown i n  F i gu r e  D . S - l . 

* 
Fre shwat e r  aquat i c  l i f e , p r o v i de d  i n  App e n d i x  D . 3 .  

P O S e' S  a 

P o s s i b l (, P r o l) l e c.' 

P h o s p hat e s  

P h o s p ha t e s  

Phosphat e s , Low 
D i s s o l ve d  O x y g e n  

P h o s p h a t e s  

P ho s p h at e s  

P ho s p hat e s  

P h o s p h at e s  
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Tab l e  E . 3 - 1 9  Sumwary o f  S e d iment An a l y s i s  

Body o f  Wat e r  
S amp l E:  + 
S t at ion 

Dat e 
Exceeds 
Recommen ded Cr i t e r i a  

* 

Tay l o r  Bayou 14 7 - 2 3 - 74 COD , TKN , Z i n c , and PCB' s 

" 2 7 - 2 3 -74 TKN , Z in c , an d PCB ' s 

" 1 7 - 2 3 - 74 TKN , O i l  and Greas e , Lead 
and Z i n c  

Hi l l ebrandt Bayou 6 7 - 2 3 - 74 COD , 
PCB ' s 

TKN , Lead , Z in c  and 

+ 
The l ocat ion o f  al l s amp l e  s t at ions are shown i n  F i gure D . S - l . 

* 
I n c l uded i n  Appen d i x  D . 3 .  



A limited amount o f  water qual ity data are ava i l able for the 
I CW and i s  included in Appendix D .  Two o f  the s ampl ing s tations 
invo lved were loc ated at the j uncti on of the I CW with the 
S abine -Neche s Canal and 2 - 1/2 miles s outhwe s tward al ong the 
waterway . S amp les from othe r stations in the I CW near the 
end o f  Big Hi l l  Road and in Sp indl etop D i tch were col lected 
and analyzed by the Texas Water Qua l i ty Bo ard for use in thi s 
report . The re sults o f  a compari son o f  the ava i l able data 
wi th appropri ate s tate s tandards and federal criteri a are 
summarized in Table B . 3 - 2 0  and Table B . 3 - 2 1 . 

Spindletop Marsh and S alt Bayou Marsh 

App roximate ly one mile s outh of Big Hi l l  dome l i es Sp indl etop 
Marsh . Thi s marsh i s  part o f  a l arge coastal wetl ands area 
whi ch al s o  inc ludes S alt Bayou Marsh to the s outhe ast of the 
s i te ,  and wi l l ow S l ough Marsh to the east . The s e  wetl ands 
naturally extend to wi thin 1/2 mile of the Gul f o f  Mexico , 
but due to the presence o f  the I CW and Sp indl etop Di tch , c i rcu
l ation of water in thes e  marshes has been re s tricte d ,  espec i al l y  
i n  the marshes north o f  the I CW .  A s  a result water qual i ty 
in thes e  marshes has su ffered . One o f  the contributing factors 
in the deterioration of water qua l i ty is the runo ff from rice 
farms in the area . 

S a lt Bayou , S tar Lake and C l am Lake 

S alt Bayou ori ginates in S alt Bayou Marsh approximately 3 - 1/2 
m i l e s  southe ast of the Big Hi l l  s i te . The b ayou naturally 
flows to the southeast unti l i t  reaches S tar Lake . Beyond 
thi s  l ake the bayou flows to the east approximately 3 miles , 
at whi ch po int Clam Lake i s  encountered . The bayou then con
tinues e as tward , ul timately emptying into the I CW .  The pre s ence 
o f  flood gates at the inters ecti on o f  the bayou with the I CW 
ne ar Big Hi l l  re s tricts the natural flow in the Bayou . Re s ults 
of water qual i ty s amp l ing of S alt Bayou performed by the Texas 
Water Qual i ty Bo ard are incl uded in Appendix D .  CQmp arison� 
wi th s tate s tandards and federal criteria are summarized in 
Tab l e  B . 3 - 2 0  and Table B . 3 - 2 1 . 

Shal low Coastal Waters o f  the Gu l f  o f  Mexi co near Big Hi l l  

The Gu l f  o f  Mexi co would be u s e d  t o  di spo s e  o f  brine from B i g  
Hi l l ,  and l i es approximate ly 1 0  miles southe ast o f  the dome . 
The prop o s ed brine dispo s a l s i te l i es approximately 5 miles 
o ffsho re in shal l ow water 3 0 - 3 5  feet deep . The bottom comp o s i 
ti on i n  thi s  area i s  s i lty clay ( Bureau o f  Land Management , 
1 9 7 5 ) . 

The s a linity o f  the water i s  affected by the dis charge o f  the 
S ab ine River Basin through S abine P a s s  1 7  mi les to the northeast . 
I n  S ab ine P a s s  the sal inity i s  on the o rder o f  2 8  ppt ( Fi sher 
et ai , 1 9 7 3 ) .  S imi l ar values have been repo rted 10 miles to 

B . 3 - 1 3 1 
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Table B . 3-20 Summary of Water Qual ity Analysis 

Body of Water Sample 
+ 

Dat e Violates Exceeds EPA* 
Stat ion S tat e Standards Numerical Criteria 

Intracoas tal Approxi- 1971 Low Dissolved Low Dis solved 
Waterway mately 2 1 / 2  Oxygen Oxygen 
(Texas miles S SW o f  
Segment ) j unct ion 

with Sab ine-
Neches Canal 

ICW Junt ion with 1971  Phosphorus 
Sab ine-Neches 
Canal 

ICW B 1 9 7 7  pH , Phosphorus 

Salt C 1 9 7 7  Phosphorus , 
Bayou Ammonia Nitrogen 

Salt A 1 9 7 7  Phosphorus 
Bayou 

Spindetop D 19 7 7  Phosphorus , 
Ditch Ammonia Nitrogen 

+
The locat ions of samp le stations are shown in Figure D . S-l and in Figure D . 8-l 

* 
Marine water cons t ituents ,  provided in Appendix D . 3 .  

Poses a Possible 
Prob lem 

Percent Saturation 

Nitrogen 

Lead 

Zinc 

Zinc 

Lead , Zinc 
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Table B . 3 - 2 l  S ummary of S ediment Analys is 

Body o f  Water 

lCW 

Salt 

Bayou 

Salt 

Bayou 

Spindle top 

Ditch 

S ample 
+ 

S tation 

B 

C 

A. 

o 

+
The locations of sample s tations are shown in F igure 0 . 8-1 

* 
Marine and Freshwater con s t i tuents , provided in Appendix 0 . 3 .  

Date 

19 7 7  

19 7 7  

1 9 7 7  

19 7 7  

Exceeds 

Recommended Criteria * 

COD , TKN 

COD , TKN 

COD , TKN 

COD , TKN , 

o i l  and grease 



the s outh near the seaward end o f  the S ab ine Bank Channel 
( U .  S .  Army Corp s  of Engineers , Galve s ton , 1 9 7 5 ) .  Surface 
s al ini ties at the Big Hi l l  di spos al s i te ,  as measured from 
S eptember to December 1 9 7 7 , ranged from 18 to 2 8  ppt . 

As i n  the case o f  the Loui s i ana ' coastal waters o f  the Gul f ,  
sur face currents i n  the area are vari able , being s trongly 
a f fected by winds , tides and other conditions . Mean surface 
currents 3 0  mi les to the we s t  of the disposal s i te tend to 
s e t  to the we s t  with a dri ft o f  l e s s  than 1 knot as shown in 
F i gure B . 3 - 12 ( Bureau o f  Land Management , 1 9 7 5 d ) . Approximate ly 
5 0  miles to the southe ast o f  the s i te the sur face current al s o  
s e ts t o  the we s t  with a s l i ghtl y gre ater dri ft . Wi nds 4 5  miles 
south o f  the dispos al area tend to b l ow from the s outhe ast at 
1 1 . 6  knots . Addi tional detailed oceanographic data are provided 
in a rel ated report ( NOAA , 1 9 7 2 ) .  Final l y ,  a detailed de scrip
tion o f  s i te spec i fi c  phys i c al oce anography determined dur ing 
a field s tudy for thi s  E I S ,  i s  pres ented in App endix U . 2 . 

B . 3 . 4 . 2 . 2  Subsur face Water Sys tems 

Big Hi l l  i s  a p i ercement salt dome whi ch r i s e s  to wi thin 2 0 0  
feet o f  the sur face . The dome penetrate s an undetermined thi ck
ne s s  of Chi cot aqui fer , which normally i s  as deep as - 1 2 0 0  
feet ms l i n  the local area ( We s s elman , 1 9 7 1 ) .  Fre sh water 
oc curs in the Chi cot aqu i fer to a depth of l e s s  than - 1 0 0  feet 
ms l immedi ately above the dome and to a depth of - 2 0 0  feet 
ms l less than 2 mi l e s  northwe s t  o f  the dome . S l i ghtly s al ine 
water i s  pres ent bene ath the fresh water of the Upper Chi cot 
to a depth of - 3 0 0  feet ms l at Big Hi l l  and to - 5 0 0  feet msl 
northwes t  o f  the dome at Winni e . S al i ne water is prob ably 
introduced into the shal l ower s ands o f  the Chicot aqu i fer by 
di s s o lution o f  s al t  from Big Hi l l  dome or from vertical movement 
o f  deeper s al ine water around the fl anks o f  the dome ( We s s e lman , 
1 9 7 1 ) . 

The maj or centers o f  ground water wi thdrawal in the Lower Chi cot 
aqu i fer are at Baytown ( 4 0 miles wes t  of Big Hi l l ) and the 
Beaumont-Port Arthur are a ( approximate ly 2 0  miles northe ast 
of Big Hi l l ) We s s elman , 1 9 7 1 ) . The dec l i ne in water l eve l s  
in thi s  aqui fer a t  Be aumont-Port Arthur i s  suffic ient to affect 
water leve l s  at Big Hi l l  and produce a s outhe ast to eastward 
movement o f  ground water from Big Hi l l . 

I n  the Upper Chi cot aqui fer the principal center o f  ground 
water withdrawal influencing water movement at Big Hi l l  i s  
l ocated at Winnie , about 8 miles northwe s t  o f  Big Hi l l ,  as 
mapp ed in 1 9 6 6 , the water l eve l at Winni e was more than 3 0  
feet below s e a  l evel due to industrial , muni cipal , and i rr i ga
tion pump ing . The water level at Big Hi l l  had dec l i ned a few 
feet from the 1 94 1  l eve l s  to sea l eve l in 1 9 6 6  ( We s s elman , 
1 9 7 1 ) . 

B . 3 - 1 3 4 
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WE LL 

PT-64-1 5-704 

PT-64-1 5-705 

WELL 

L 

DATE 

Sept. 22. 1 966 

COE F F IC I ENT OF 

TRANSMISSI BI L l TY 
(GPO P E R  FT) 

2 1 ,300 

2 1 ,600 

COE F F I C I ENT OF 
PE RMEABILITY 

(GPO PE R FT2) 

207 

2 1 6  

COE F F ICI ENT 
OF STORAGE 

S ed imentary S equence Above B ig H i l l  Dome (We s s e lman , 1 9 7 3 ) 

Topsoil 

Clay 

Well PT-64- 15-705 
Owner: P u re O i l  Co. 

D ri l l er:  Lay ne*Texas C o .  

TH ICKNESS 

( F E ET) 

2 

30 

S h a l e, b l u e  and seashells 277 

Sand, cut good 1 63 

S h a l e  8 

DEPTH 

( F EET) 

2 

32 

309 

472 

480 

SPECI F IC 
CAPAC ITY 

(GPM PE R FT 
OF D R AWDOWN) 

1 . 7 

R E M A R KS 

Recovery 

observation well .  

Recovery pu mped 

wel l ;  23-h o u r  

test. 

Chemical Analy s e s  from Water W e l l s  N ear B ig H i l l  Dome (W e s se lman , 1 9 7 3 )  

DEPTH HAlUl - SOD IUM- RES IDUAL SPECIFIC 

OR DATE OF S IL ICA IRON CAL- MAGNE- SOD IlIH POTAS - BICAR- SUL- CIILO- FLUO- NIIT ATE BORON DIS e NESS ADSORP- SODIUM CONDUCTAICE 

PRODUCING COLLECTION (SI02 ) (Fe) CIUM SlUM (Na) SlUM BONATE FATE RIDE RIDE (NO ) (B) SOLVED AS TION CARBONATE (11lCRC»III05 

INTERVAL (Ca) (lIg) (K) (HCO) (504 ) (C I )  (F) SOLIDS CaCO) RATIO (R5C) AT 2 5 'C )  

(FT ) (SAR) 
I I 705 4 1 5  Se p t .  23,  1966 - - - - -- - - - - - - - - - - n o  - - - - - - - - - - -- - - 3 , 890 

705 4 1 5  Sep t .  2 3 ,  1966 - - - - -- - - - - - - - - - - 960 - - - - - - - - - - - - - - 4 , 0 1 0  

705  4 1 5  Se p t .  2 3 ,  1966 - - -- - - -- - - -- - - - - 960 - - -- -- -- - - - - - - 4 , OlD 

705 4 1 5  Sep t .  23,  1 9 6 6  18  . 04 7 2  26 782 6 . 9  660 9 6  9 8 0  . 4  1 . 5  . 4 7  2 I 3 1 0  286 2 0 5 . 0 9  4 , 090 

- ---

pH 

--

- -

- -

7 .  ) 



Ground water wi thdrawal s at Wi nnie have two maj or re sults . 
Firs t ,  the s alt water- fre shwater interface in the Upper Chicot 
aqui fer are drawn northward toward Winni e . S econdly , as a 
resul t o f  the removal o f  ground water and the reduction in 
aqui fer pre s sure , s ome l and sub s i dence is l i kely . Thi s adds 
to the sub s i dence alre ady c aused by o i l  and gas removal at 
Big Hi l l . 

The hydraul i c  characteri stics o f  the Upper Chi cot aqui fer were 
determined us ing two wel l s  at Big Hi l l . The results are 
pres ented in Table B . 3 2 1 . 

B . 3 . 4 . 3  Air Qua l i ty 

B . 3 . 4 . 3 . 1  Ex i s ting Air Qua l i ty 

S ince on- s i te moni toring has no t been conducted at the proposed 
Big Hi l l  exp ans ion s i te , the regi onal air qual i ty l evel s e s tab 
l i shed in S ection B .  2 . 3 . 3 are used to predict the ex i s ting 
air qu al i ty at the Big Hi l l  s i te . Bas ed on thes e  data , the 
amb i ent concentrations o f  NHMC and photo chemical oxidant are 
predicte.d to be high and mi ght exceed the existing s tandards . 
All o ther p o l lutants are expected to be in comp l i ance with 
the app l i c ab l e  s tandards . 

B . 3 . 4 . 3 . 2  Proj ected Air Quality 

Proj ection o f  SPR activi ties at Big Hi l l  indic ate that the 
nitrogen oxide s , carbon monoxide , and p articul ate concentrati on 
are expected to be in comp l i ance with s tandards in the fo l l owing 
10 years . However , sul fur oxide s  and NMHC are expected to 
exceed the ambient air qua l i ty s tandard due to the incre ased 
marine terminal operati on . The high NMHC concentration would 
result in the proj ection of oxidant level exceeding s tandards . 

B . 3 . 4 . 4 Background Amb i ent S ound Leve l s  

Background no i s e  l evel s i n  and around the al ternative SPR s i te 
at Big Hi l l  salt dome exp ans i on are typical o f  a secluded e s s en
tially flat are a . The area i s  s imi l ar in geography and sur
rounding l and use to that des cribed for the SPR region . No i s e  
a s s e s sment o f  amb i ent leve l s  fo r the region are contained in 
s ection B .  2 . 4 .  

B . 3 - 1 3 6  



B . 3 . 4 . 5  Species  and Eco sys tems 

The propo sed Big H i l l  s torage fac i l i ty and a l l  of its 
a s soci ated p ipel ine and sys tem components would be loca ted 
wi thin or off-shore of Jefferson County , Texas . The eco systems 
which occur within thi s area , and which would be potent i a l ly 
impacted by construction and operation of the fac i l i ty , have 
been d i s cus s ed in deta i l  in Section B . 2 . 5 . 2 . 4  of thi s report . 
The fol lowing discus s ion wi l l  break down the propos ed com
ponents and wi l l  discuss  which of the s e  ecosys tems would be 
a s soc iated wi th the s e  components . The eco sys tem dis tribution 
of the Big H i l l  pro j ec t  area is shown in Figure B . 3 -42 . Aquatic 
ecosystems for th e pro j ec t  area are shown in Figure B . 3 - 4 3 . 

Big H i l l  salt dome i s  located in southwes t  Jefferson County i n  
a dry area j us t  north of  the band of marshland wh ich borders 
the coast ( s ee F igure B . 3 - 4 2 .  The elevation of  the land which 
surrounds Big H i l l  is 5 to 1 0  feet higher than the marshland 
e l eva tions . 

Three pipe l i ne sys tems would be a s s oc iated with the fac i l i ty 
des ign , both primary and al ternative route s have been propos ed 
for each pipe l i ne . S i nce thes e  a l ternative routes would 
traverse d i f ferent environmental a s s emb lage s . They have been 
indicated i n  Figure B . 3 - 4 3 .  

B . 3 . 4 . 5 . 1  E nvironmental S etting of the D i sp l acement/ 
Leaching Water Sys tem 

Raw water for leaching new caverns and for the displacement of 
s tored o i l  wi l l  be s upp l i ed from the ICW which i s  located 5 
mi l e s  south of  Big H i l l  dome . Two pipe l i ne routes have been 
propo s ed which wou ld connec t the s torage fac i l i ty wi th the I CW .  
They wou ld fol low the two proposed r ights -of-way for the brine 
d i sposal sys tem through prai r i e , brackish marsh , and inter
med iate marshl and ( s ee Section B. 3 . 4 . 5 . 2 ) , and would impac t the 
s ame spec ies and biologic a s s emb lage s . 

Both the primary raw water pipel i ne ( Route # 3 ) and the al ternate 
route ( Route # 6 ) would originate in an intake s tation which 
would be bui lt on an i nle t dredged in the I CW .  

B . 3 - 1 3 7  
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[21 Pra ir ie  grass land (most I S  � Salt  m a r s h  � F i l led,  graded land lliill Vegetdted strandr laon 

beIng u t i l ized a s  farmland ) 
f lat ,  foredlJne ridge an 
beach ridge 

[ll] Mixed p,ne and hardwood � I n t e r med,ate m a r s h  � Grass and s c r u b  oak W Inlet a n d  t ida l  delta 

forest covered rtdges 

� � Fresh marsh � � Upper shoreface Fluvial woodland -.,:: Open mar ine shelf 

� Subaqueous and � BrackIsh marsh 6 Undiffere n t iated shoreface � Lower shoreface 5uba ef la l spo I l 
F I G U R E  B . 3-42 ECOSYSTEM D I ST R I B U TI O N - B I G  H I L L  P ROJ ECT A R EA 
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Proposed 011 Pipeline 

Proposed Br,ne P i p e l i n e  
3 PrODosed W a t e r  Pipeline 

Alternate 011 Pipeline 

Alternate Brine Pipeline 

6 Alternate Water Plpelme 

ECOSYST E M  
T Y P E S :  
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The vege tation a long the banks of  the I CW i s  dependent 
upon several fac tors . The se factors include t ime 
s ince d i s turbance , drainage and characte r i s t i c s  o f  the 
adj acent landscape . The area at which p ipel ine Rou te 
# 3  would reach the ICW i s  an area o f  brac k i sh mars h . 
Waterway embankments bordering brac k i s h  mar sh support 
vegetation d i f ferent from the mar sh i tsel f ,  a lthough 
s pecies common to the mar s h  are presen t .  Common spec i e s  
i nc lude mar sh e lde r ,  e a s tern bracchar i s , wireg ra s s  
( Spartina patens ) , Bermuda gras s ( Cyndon dactylon ) , 

blackberry , and ro sea u .  

The area s urroundi ng the point a t  wh ich a lternate 
Route # 6  woul d  reach the I CW embankment i s  a gras s land 
area . The vegetation a l ong thi s embankment would inc l ude 
blue s tem ( Andropogon spp . ) ,  I nd ian gra s s  ( Sorghas trum 
spp . ) ,  and other s pec ies l is ted i n  Table 1 ,  Appendix K .  

An imal s  which are common to the embankment areas are 
smal l rodents and the waterfowl which u ti l i z e  the sur
rounding marshland s  for w intering or for permanent 
re s i dence . The se spec i e s  are d i scus sed i n  Sect ion 
B . 2 . 5 . 2 . 5 .  

B . 3 . 4 . 5 . 2 .  Environmental Setting o f  Brine Di sposal 
Sys tem 

According to the primary f ac i l i ty des ign , the proposed 
pipe l ine , Route 2 ,  for the br ine d i spo sal system a t  
B i g  H i l l  would c ro s s  9 . 2  mil e s  o f  dry l and and marsh 
and 4 mi l e s  o f  open wate r .  

The f i r s t  5 . 2  mi les  o f  p i pel ine would extend i n  a south
easte r ly direc tion from the dome unti l  it i nter s ects 
w ith the I CW .  The e cosystems a f fected would be 1 . 2  
mile s o f  prai r i e  gra s s lands and 4 mi l e s  o f  brackish and 
i ntermediate marsh and the dredge d i s po s a l  areas and 
s po i l  bank s o f  the I CW ( see Section B . 2 . 5 . 2 ) . Th i s  
four m i l e s  o f  mar s h  c ro s s i ng include the S a l t  Bayou and 
a d irt road . After c ro s s ing the I CW ,  the p ipel ine would 
p roceed another 3 . 5  mi l e s  over brac k i s h  and s a l t  water 
marshe s .  Duri ng this leg , the pipel ine would b isect a 
branch o f  S tar Lake , a brack ish water lake . The l a s t  
. 5  mi l e s  of  terre s trial  br ine p ipe l ine would c ro s s  State 
Route 8 7  on i t s  way to the coastal prarie and beach . 

The s ame p l ant and an imal spec i e s  d i scus sed i n  S ec tion 
B . 3 . 4 . 5 . 3  a re a l so found on the s egments of p rarie 
gra s s l and i n  the areas o f  the brine d i spo sal p ipel ine . 
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Two dis tinct mars h ecosystems ( brackish and intermedi ate ) 
are associated with the primary brine di sposal pipel ine 
system . The brackish-water marsh vegetation include s : 
marsh hay cordgras s  ( Spartina patens ) ;  big cordgras s  ( S .  
cynosuroi de s ) ,  and rushes ( Juncus spp . ) .  The animars
related to thi s  s ame environment are furbearers such as 
nutri a ,  muskrat , and mink . Al s o  various waterfowl species 
util ize thi s  area as a wintering ground . Intermedi ate 
marsh vegetation not only incudes cordgras s and rushe s , 
but al so contains cattails

. 
( Trrha l ati fo l ia ) , and coastal 

s acahuista ( Spartina spartinae . Simil ar animal s  o f  the 
bracki sh-water marsh ecosystems also dwe l l  in the inter
mediate marshes . 

On reaching the Gul f  of  Mexico , the brine di spo s al pipe
l ine would extend out 4 miles to a depth of approximately 
30 feet . Three dis tinct open water environments would be 
traversed in the proces s .  They are : upp er shoreface ; 
shoreface ; and shel f .  

The three open water ecosystem would have s imi l ar types o f  
p l anktonic forms . Di atoms and dinoflagel lates would be 
the prominant phytop l ankters , whi le the zoopl ankton would 
be made up o f  various copepods , ostracods , cl adocerans , 
and merop l ankters . The se pl anktonic organisms would be 
the primary and s econdary producers which form the bas i s  
o f  the food chain i n  the open water envi ronment . 

Various c l ams , urchins , snai l s , and starfish would be 
represented in the bentho s o f  the se three open water 
environments . Different species would be found in each 
sector due primarily to s al inity and temperature pre ferences .  
The maj ority o f  the se animal s  would be s e s s i l e  adult forms 
which have pl anktonic l arvae . Commercially important 
brown and white shrimp ( Penaesus aztecus and P .  setiferus ) 
and blue crab ( Cal l inecte s s apidus ) would al sO-be found in 
these environments . These crustaceans util ize the offshore 
grounds to spawn , so both adult and immature stages would 
be found in the se waters . Many di fferent species o f  fish 
would pass through the se ecosystems due to the natural 
abundance o f  nutri ents and foo d .  Various tropi c  leve l s  
would b e  represented,  such as : Pl anktonic feeders ( menhaden -
Brevoorti a patronus ) ,  benthic feeders ( croaker - Micropogon 
undul atus ) ,  and predatory feeders ( blue fi sh - Pomatomus 
s al tatrix )  . 

The al ternati ve brine di spos al pipel ine route , Route 5 ,  
would be s l ightl y longer than the primary route . The 
al ternati ve is  1 6 . 5  mi les as oppo sed to 13 . 2  mi l e s , but 
would traverse fewer mi les of marshl ands . 
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Like the primary route , the al ternative pipel ine would s tart 
in a southeasterly direction al ong a l i ght duty road for 
approximate ly 1 mi le . I t  would then turn e as t  whi l e  s ti l l  
fo l l owing the course o f  the road for another mile , cro s s ing a 
small c anal in the proce s s . Thes e  first 2 miles would cro s s  
a prairie gr as s l and environment . The route would then break 
away from the road and fo l low another unimproved dirt road 
for 2 miles s ti l l  over prairie gr as s l ands . It then would 
proceed in a more s outherly direction across . 5  miles o f  s alt
water marsh . Whi le s ti l l  fo llowing the road , the p ip e l i ne 
would cro s s  2 more miles o f  prairie gras s l and , and then head 
toward another unimproved di rt road for . 5  miles acro s s  a 
br acki sh-water marsh . At thi s  po int , the route proceeds due 
s outh al ong the unimproved di rt road for ab out . 5  miles over 
prairie gr as s l ands . The pipel ine would then cover 4 miles to 
the Gul f ,  cro s s ing both bracki sh and s alt water marshes on 
i ts way to the Gul f  o f  Mexi co . Dur ing thi s  s tretch , the route 
cros s e s  the l ew and Salt Bayou . Final l y ,  l i ke the primary 
route , the pipel ine b i s ects S tate Route 87 and coastal be ach 
b e fore extending 5 miles into the Gul f .  The s ame 3 op en water 
envi ronments would be affected for the al ternative br ine di s 
p o s al pipel ine . They are upper shore face ; shore face , and shel f .  
The only di f ferent ecosystem affect�ed by the alternative brine 
disposal p ipel ine would be s alt marsh . Vegetati on o f  the s a lt 
mar sh ecosystem includes cordgrass ( Spartina alterni flora ) ,  
glas swort ( S al i corni a sp . )  and s a l twort ( Bati s mar i tina ) . 
various species o f  duck ,  gee s e , and other water fowl dwe l l  
and feed i n  the s e  areas . For a detai led des cripti on o f  b i ol ogic 
a s s emb lages and dynamics ob s erved during a field s tudy con
ducted at the proposed brine disposal s i tes , for thi s  E I S , 
see Appendix U . 4 .  

B . 3 . 4 . 5 . 3 Environmental S etting o f  the S i te 

Big Hi l l  dome i s  a moder ate ly l arge dome which l ie s  ab out 9 
miles from the Gul f  o f  Mexico in an area typical o f  the prairie 
gr as s l and communi ty ( s ee s ection B . 2 . 5 . 2 . 4 ) . Thi s area i s  
p r imarily used for pasturel and but farming i s  be ing conducted 
in the are a .  The dome i tsel f r i s es mo re than 2 5  feet above 
the surrounding pl ain to a maximum elevation o f  3 7  feet above 
s e a  leve l and i s  l oc ated approximately one mile north of a 
b and o f  bracki sh and intermedi ate marshes whi ch border the 
Gu l f .  

The dome i s  covered by tal l prairie gr a s s  species including 
b luestem ( Andropogon spp . ) ,  I ndi angras s ( S orghas trum spp . ) 
and Johns on gr a s s  ( S orghum halepense ) .  S ome introduced p a s ture 
species may al s o  be pres ent at the s i te . The s e  would incl ude 
ryegras s ,  clover , and dal l i s gras s .  Animal species which are 
c ommon to the prairie and p as ture ecosystems include rodents 
such as the cotton rat and the p l a in ' s  pocket gopher , and fowl 
s uch as prairie chicken , quai l ,  and bobwhi te . The coyote i s  
the ma in predator in thi s ecosys tem , feeding o n  rodents and 
other sma l l  mamma l s . 
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Roadway s exists i n  the area and on the dome i t se l f . S i nce 
the dome is  used for g r a z i ng ,  l i ttle secondary succes s i on has  
occurred , but a sma l l  stand of oaks i s  loc ated on the northeast 
corner of the dome . Agricu l tural lands are found to the north
east and directly to the we st of the dome . A large grassy area 
l ie s  to the northe a s t  of the dome . 

B . 3 . 4 . 5 . 4  Oil  Dis tribution Sy stem 

Crude o i l  w i l l  be transported between Big H i l l  and the Sun 
Termina l in Neder land , Texas via one 3 6 - inch pipe l i ne . Two 
pipe l i ne route s have been proposed . Both routes would trave l 
in a no rtheast direction and would cros s prairie gra s s l and , 
agricultural , and pasture land ecosystems . The alternat ive route 
( # 4 ) i s  more northern and inland , and cro s s e s  the higher and 

dr i er wood land exosystems . 

The primary o i l  d is tribution p ip e l i ne ( Route # 1 )  would be 2 6  
mi l e s  long . The pipe l i ne would leave the s i te in a northeast 
direction and cro s s  approximately 2 mi les of  pra irie and pasture
l and . Species are thc se common to the prairie and pasture eco
sys tems . The route would then cro s s  tOle Wi l low S lough Canal , 
a fresh , raip fed water body wh ich i s  dry except dur ing periods 
o f  high rain fa l l . The canal feed s into Wi l low S lough Marsh , 
which l i e s  to the east of the pipel ine route , and wh ich i s  
an extens ive intermed iate mar sh . Spec i e s  common to a l l  the se 
systems are descr ibed in Se ction B . 2 . 5 . 2 . 4 .  

The pipeline route continue s in a northeas tern direc tion , 
cross ing , and para l l e l ing several roads , for a lmo s t  9 mi le s . 
Thi s  entire s tretch of the route cro s s e s  what was at  one time 
prairie gras s land , but wh ich i s  now predominantly farmland . 
Rice i s  the pr imary crop ( see Section B . 2 . 5 . 2 . 4 ) . Thi s  land 
is dry with e l evations exceeding tho se of the southern marsh 
areas . The mos t  s ignificant animal spec ies which are common 
to the s e  cropl ands are th e waterfowl which winter i n  the rice 
f i e lds and in the surrounding mar s he s . A large man-made water 
body l i e s  to the east  of the pipe l i ne route j u s t  south of 
Route 7 3 . 

The route would proceed to cro s s  �aylor Bayou and approximately 
. 5  mi l e s  o f  the fresh water marsh which borders it at  thi s  
po int . A t  thi s  point , Taylor Bayou i s  a fresh water s tream , 
with sal inities lower than 0 . 2  ppt ( Texas Water Qua l i ty Board 
19 7 4 ) . 

The pipe l ine route wou ld cont inue through another band of 
agricultural l and 3 . 5  miles wi de . Thi s  band is broken only by 
a sma l l  patch of fluvial  wood l and ( see  Sec tion 3 . 2 . 5 . 2 . 4 ) and a 
sma l l  canal . Pecan , hickory and l ive oak dominate the fluvial wocxUand 
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vegetation . Al though thi s  patch of vegetation i s  too sma l l  
to support whi te tailed dee r , gray squirre l , raccoon , and 
swamp rabb i ts are common . 

The route cro s s e s  H i l l ebrant Bayou and one mile of  surrounding 
fresh water mar she s near Vi terbo Reservoir . continuing through 
5 mi l e s  of agr icultural l ands and 1 mile of industrial develop
ment , the route would cros s the Port Arthur canal , a fres h  
water body . The remainder of  the route cro s s e s  what a r e  pri
mari l y  industrial and res ident ial areas , with l i ttle vegetation 
except introduced tree spec ies . 

The final 2 . 5  miles of  the route would fol low the spo i l  bank s 
o f  two cuto f f  channel s  of  the Neches River . Thi s  spo i l  b ank 
is bounded on the north by the McFadden Bend and Smith B luff 
cuto f f s , and on the south by a l arge area of  fre shwater swamp . 
Fresh swamps are wooded and the mo s t  common genera include 
cypr e s s  ( Taxodium spp . ) , tupe lo and gum ( Ny s s a  spp ) , oaks 
( Quercus spp . ) ,  and hickory ( Carya spp . ) . Nutr ia and mink 
are furbearers commo n to the area and are preyed upon by bob
cat , red and gray foxe s . The spec i e s  common to thi s  ecosys tem 
are detail ed in Section B . 2 . 5 . 2 . 4 .  

The a l ternative o i l  d i s tribution pipel ine ( Route 2 )  traverses 
many o f  the s ame ecosys tems as Route 1 .  I ts cours e ,  however , 
i s  more northern , or inland and rather than c ro s s i ng mar shland s , 
i t  cro s s e s  the higher and dryer f luvial woodl and ecosys tems 
which are the extens ion of the Taylor and H i l l ebrant Bayou 
marsh-swamp systems . The plant spec ies  which dominate the 
f l uvial woodl and eco sys tem are more me s ic than those which 
are common to swamp s . F luvi al woodland species  inc lude pecan , 
h ickory and s everal spe c i e s  o f  oaks . The s e  spec ies  are l i s ted 
in Appendix K ,  Tab l e  K . 7 -1 , Section B . 2 . 5 . 2 . 4 .  

Thi s  pipel ine would leave the s i te and travel in a northeasterly 
direct ion through 6 . 5  miles o f  agricultural land s . The route 
would cro s s  South Fork Taylor Bayou , and one mile of the 
surrounding fluvia l  woodl and s . I t  would continue through . 7 5 
mile s o f  agr icultural land and then cro s s  North Fork Taylor 
Bayou , its a s sociated f luvial woodland ecosys tem , and a narrow 
band o f  swamp . 

The pipeline would paral le l  existing roadways and p ipel ine routes 
for mos t  of  the remainder of the route . It would traverse 
another 3 . 2  mi l e s  o f  farml and , cro s s  Love l l  Lake , which i s  
actual ly a fre s h  water s lough , and an additional 2 . 7 5 mi l e s  
o f  agricul tural land . 
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The route would then cro s s  Hi l lebrant Bayou wi th its 
surrounding 1 . 2 5 m i l e s  of  f l uvial woodland and swamp . 

The final 1 1  miles  o f  pipe l ine would cro s s  farmland , 
industrial  development ,  and r e s idential areas . The 
route would borde r oh , but not enter , fresh water mar sh 
at the termination of the route . 

B . 3 . 4 . 6  Natural and Scenic Re sources 

Big Hi l l  s a l t  dome and i t s  as soc iated pipel ine are 
within a relative ly homoge neous l and area . Mos t  of  the 
l and is e i ther under cultivat ion or us ed as graz ing land . 
As s uch , the scenic value of  the area can be descr ibed 
as a rural coas tal Texas agricultural s e tting . 

B . 3 . 4 . 7  Archaeo logical , H i s torical and Cultural Resource s  

The re ar e n o  rec orded archaeological s i tes within 1/2 mi le 
of the Big H i l l  salt dome and the proposed oil and brine 
l ines . There are also no s i tes l i s ted or propo sed for 
i nc lus ion in the " National Regis ter of  H i s toric P l aces " in 
Big Hi l l  pro j ect area ( Nationa l Park Service , 
1 9 7 7 ) . A recently comple ted cultur a l  resources survey of  
propo sed o i l  and brine l ines indicated that because of  the 
great d i s tance of these lines and the numerous environmental 
zones through whi ch they pass, would make it likely that 
h i s toric s i te s  would lie near the impact area ( Thomas , et al . ,  
1 9 7 7 ) . Dur ing thi s s ame survey Big H i l l  dome was randomly 
samp led and al though no s ite s were encountered , further test
ing would be recommended to affirm tha t no s i tes were present 
in the propo s ed s torage s i te area . 
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B . 3 . 4 . 8  Soc ioeconomic Characteristic s 

B . 3 . 4 . 8 . 1  H i s tory and Cultural Pattern s 

In the early 1 5 0 0 ' s  when Span i sh and French explorers arrived 
a long thi s part of the Texas c oast , the region was inhabited 
by several tr ibe s of  I ndians , the Attakapas , the Deadose s , and 
the Arkoki sas . Over the cour s e  of the 1 8 0 0 ' s ,  Mexico won its 
independence from Spain , and Texas won its independence from 
MeKico . S ixteen ye ar s after its admi ss ion to the Un ion as a 
s tate , Texas j o ined the Con federacy in the Civil War . Not 
muc h of the Civil War was fought on Tex as so i l , but in one 
noteworthy battle , the Federal Navy gunboats arr ived at the 
Sabine Pass  and attacked the Con federate forces in Southeast 
Texas . 

After the Civi l War , s e ttlements appeared along the Sabine and 
Neche s Rivers . The rai lroad conne cting the east Texas coast 
to the interior p lains state s arrived in the 1 8 9 0 ' s ,  marking 
the s tart of industria l i zat ion in the area . Further impetus 
toward growth was added when oil was di scovered in Je ffer son 
County in 1 9 0 1 . 

Marked contrasts appear within the Coun ty . The northern sections 
are highly deve loped , with urban cen ters concentrated a long 
the Neche s River and Sabin e  Lake , and suburban areas s tretching 
south and we st . The Gu l f  coast sec tion contains vast expan s e s  
o f  mar sh wildern e s s  that remain inacce s s ible b y  road . The 
people of thes e  rural areas share a culture that is d i s tinctively 
Texan in its progr e s s ivenes s , individualism , and its enthu s i -
a sm for wide open spaces .  

B . 3 . 4 . 8 . 2  Population 

The Big Hi l l  s i te is in a rural par t of Je f fer son County . 
Whi l e  the county census in 1 9 7 0  recorded 2 4 4 , 7 7 3  peop l e , the 
part of the county in which Big H i l l  is located , Sabine Pass  
subdivi s ion , had a popu lation of 1 , 4 8 6 .  This was an increase 
o f  1 2 . 6  percent over the 1 9 6 0  popu l ation of  1 , 3 2 0  for the 
subdivi s ion . Over 9 9  percent of  the population of  Je f ferson 
County l ive s in the nor thern part of the country , away from 
the Gul f  coast . The popu l ation i s  concentrated in the 
Beaumont-Port Arthur region along the Neches River and Sabine 
Lake . 

The propo sed pipe l ine routes from Big Hi l l  to Nederland would 
cro s s  the LaBe l le subdivi s ion . Un l ike the Sabine Pass  sub
divis ion wh ich is primar ily compri sed of  marshlands , the 
LaBe l l e  subdivis ion i s  an area of farms , v i l l age s , and smal l 
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town s . I ts  population was 2 , 4 4 4  in 1 9 6 0 , and grew at a rate 
of 4 1 . 3 percent to a total of 3 , 4 5 3  in 1 9 7 0 . A sparcely
populated section o f  the Port Neche s -Neder land subdivi s ion 
would a l s o  be cros sed by the pipel ine s .  The subdivi s ion , as 
a whole , i s  a rapid ly-growing area . From a 1 9 6 0  population 
of 2 4 , 5 8 2 , i t  grew 3 4 . 6  percent to a 1 9 7 0  leve l  of  3 3 , 0 8 6 . 

Town s within a 1 0 -mi le radius o f  B i g  H i l l  are shown in Figure 
B . 3 - 4 4 .  The se are : Hamshire , Winnie , and Stowe l l . Fannett 
l ie s  j us t  beyond thi s rad ius , but is within five miles of the 
propo sed pipel ine corridors to Nede r l and . Al l o f  the se are 
un incorporated communitie s . 

Hamshire i s  a commun i ty wi th a population e stimated to be 
about 3 5 0 . There i s  a po st of fice and 5 busine s s  e s tabl i shments 
in the v i l lage . 

The popul ation of  Winnie was reg i s tered as 5 , 5 1 2  by the 1 9 7 0  
census . I t  i s  the large s t  o f  the se commun i tie s , and has 
about 8 3  commercial e stab l i shments and a medical center with 
a 6 0  bed c apac ity . 

S towe l l  i s  two miles south of  Winn ie , at the j unction of  
Route s 1 2 4  and 6 5 . Both Winnie and Stowe l l  are in Chamber s  
County . S towe l l  h a s  a popul ation of  1 , 5 9 2 , and 6 commerc ial 
e s tabl i shments . 

Fannett i s  a commun i ty o f  about 1 0 0  person s wh ich l ies  on 
Route 1 2 4  about midway be tween Winnie and Beaumont .  

The s e communities are centers of  social and commercial act ivity 
for the surrounding rural areas . Farmers of  thi s region o f  
Je f ferson and Chamber s  Countie s make the ir l iving primar i ly 
from growing rice and rais ing bee f  cattle . 

Popul ation Pro j ec ti ons 

The proposed s torage s ite at Big H i l l  and its associated 
pipe l ines wou ld l i e  within the South East Texas P l ann ing Region , 
which i s  compri sed of  Je f ferson and Orange counti es . Popu
l ation pro j ections for the region were formulated by the South 
East Texas Re gional Planning Commi s s ion in 1 9 7 2 . The Jeffer son 
County subdivis ions which would be affected by the proposed 
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pro j ec t  are a s  fol lows : 

S ubdivi s ions 1 9 6 0  1 9 7 0  1 9 8 0  1 9 9 0  

S ab ine P a s s  1 , 3 2 0  1 , 4 8 6  1 , 6 0 0  1 , 8 0 0  

LaBe l le 2 , 4 4 4  3 , 4 5 3  3 , 6 5 0  3 , 9 0 0  

Port Neche s-Neder land 2 4 , 5 8 2  3 3 , 0 8 6  3 4 , 6 0 0  3 7 , 1 5 0  

The se pro j ec tions indicate that the r apid growth expe rienced 
between 1 9 6 0  and 1 9 7 0  is not expected to continue . The 
f igure s are loc a l ly con s idered to be con servative and ref lec
t ive of  pol i cy cons iderat ions that take in to account de s irable 
population den s i ty leve l s . 

B . 3 . 4 . 8 . 3  Land Use Pattern s 

The B i g  H i l l  s i te i s  in an area u sed for graz ing cattle and 
produc ing o i l  and natural gas . Land use patterns in this 
portion o f  Je f fer son County are not expected to change sub
s tantially in the future , due to l imitations imposed by the 
mar shy terrain and the lack of  maj or roadways between Route s 
7 3  and 8 7 . There i s  suffic ient l and area avai l able north o f  
Route 7 3  t o  absorb urban expans i on from the Beaumont-Port 
Arthur metropol it an center s .  

Both pipe l ine routes to Nederland cro s s  a rice farming region . 
The southeastern route would cro s s  Taylor Bayou within hal f a 
mi l e o f  the Port Arthur Country C lub , and wou ld cro s s  Route 3 6 5 , 
which has scattered group s of  re s iden tial buildings a lon g the 
h ighway . The northwe s t  pipel ine route would cro s s  through two 
areas which are curren tly sparce ly populated , but are expe cted 
to be more inten s ive ly  developed as res idential l and by 1 9 9 0 .  
The se are the are as southeast o f  Fannett j u s t  be fore the p ipe
l ine turn s eastward , and the port ion of  l and northea s t  of  the 
point where the pipeline would cro s s  H i l l ebrandt Bayou in the 
Lovel l  Lake- H i l lebrandt area . 

Both of  the se a lternate pipe l ine route s wou ld cros s Memorial 
Highway ( Route s 2 8 7 , 9 6 , and 6 9 )  and Twin C i ty Highway ( Route 
3 4 7 )  which are the ma in traffic arter i e s  between Beaumont and 
Port Arthur . The first route continue s northe a s tward to the 
spo i l  bank a long the Neche s River , then fol lows the bank to 
the Sun Terminal . The l and cros sed by thi s  route is expected 
to be deve loped for industrial purposes . The second route would 
turn south and east after cro s s ing the Southern Pac i f ic Rai l 
road tracks and cro s s  throuqh land pr esently de s i gnated as 
Neder l and Extraterr i torial Area . Al though i t  i s  outs ide the 
present Nederland City Limits , it is being deve loped as re s i 
dent ial and commercial property . 
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B . 3 . 4 . 8 . 4  Transportation 

The northern part of Jef fer son County has an extens ive ly 
deve loped sys tem of  roads and highways . The area south of 
Big Hi l l  i s  composed primarily of  wetl ands and there are 
practic a l ly no road s along a belt 10 to 1 2  mi les inl and from 
the Gulf  Coas t , except for Texas Highway 8 7  which run s right 
a long the s hore . 

Main highway arteri e s  l eading toward the s i te are In ters tate 
1 0  and Texas Hi ghway 1 2 4  leading southeast out of Beaumon t ,  
and Highway 7 3  leading we s tward from Port Arthur . The 
interstate route has a daily average traffic volume of  over 
1 4 , 0 0 0  vehic le s . Highway 1 2 4 ,  which goes through F annett 
and H ampsh ire , bears a d a i l y  average of about 2 , 0 0 0 vehic l e s . 
The unpaved road leading to Big H i l l  intersects  wi th Hi ghway 
7 3  where the daily average traf fic amounts to about 3 , 0 0 0  
vehic le s .  Thi s unp aved road a l so provi des acce s s  to s everal 
rur al dwe l lings a long the roadway , and the traffic count near 
its j unct ion with 7 3  recorded a vo lume of  1 7 5  vehic l e s  daily 
( T exas Highway Department , 1 9 7 3 ) . 

The s a lt dome l i e s  ab out 6 mi les north of the Intracoastal 
Waterway . Approx imately 9 , 5 0 0  to 9 , 8 0 0  s e l f-prop e l led 
ve s s e l s  trave l l ed i n  each direction through thi s section of 
the Waterway in 1 9 7 5  ( Corps of Engineers ) .  Th i s  compare s with 
the p as sage of about 7 , 5 0 0  such ves s e l s  each way a long the 
Neche s  River from Beaumont to the Sabine Lake , and 5 , 6 0 0  
to 5 , 7 0 0  se lf-prope l l ed ve s s e l s  in and out of  the S ab ine P a s s  
which connects S ab ine Lake w i t h  the Gul f of  Mex ico . 

There are several landing str ips for sma l l  planes in the area 
of Winni e ,  Texas , about 8 miles  we s t  of Big Hi l l . The maj or 
airports se rved by commercial  air l ine s , however , are located 
at Nederland and Beaumont , 2 0  to 30 miles north of the s i te . 

A number of dif ferent rai lroad companies operate in the area 
aro und Big Hi l l , providing pr imar i ly frei ght service . The 
Atc hi s on ,  Topeka and Santa Fe Ra i lway has a line runn ing 
north and south j us t  8 mi les we st of  the s a l t  dome . The 
rai lway goes thr ough Beaumont whi ch i s  also served by the 
Kans a s  C i ty Southern , M is souri Pac i fic , and Southern Pac i f i c . 

There are many pipe l i ne s  in the area , and a large number o f  
them would be cro s sed b y  the proposed pipe l i ne leading from 
the o i l  storage s i te to the termi nal in Nederland . A S un 
Oi l pipel ine lead s  away from the eas tern s ide of the dome 
northeastward acros s Hi ghway 7 3  ( O i l  and Gas Journa l Pipel ine 
Map 1 9 7 3 ) . 
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B . 3 . 4 . 8 . 5  Hous ing and Public Services 

The neare st commun ity offering a sign i f icant number of  avai l
abl e hou s ing un its i s  Port Arthur , which i s  2 5  miles northeast 
o f  the s i te . Beaumont i s  a ma j or metropol i tan area on ly 3 0  
mi l e s  from the s ite , and i s  con s i�ered to be within commut ing 
d i stance . The vacancy rate of renta l  units in Port Arthur and 
Beaumont ranges from 1 1  to 1 3 , ind icat ing a capac ity to absorb 
a substantial number of  people migrating into the reg ion . 
( Further deta i l s  of  the hous ing accommodations in these two 
c i t i e s  i s  given in Table B . 3 - 2 2  of  the regional de scription , 
Sec tion B .  2 . 8 . )  . 

Although Winnie i s  in the ne ighbor ing coun ty , it i s  the neare s t  
town of  suffic ient s i z e  t o  provide commerc ial service s  t o  pro
j ect workers . I t  has a health c l in ic that provide s medical 
services to the surrounding rural sett lements . Protective servi
ces for the pro j ect s ite , however , would be under the j ur i sdic
t ion of  Je fferson County . 

Ma in highway arterie s leading toward the s i te are Interstate 1 0  
and Texas Highway 1 2 4  leading southeast out o f  Beaumont , and 
H ighway 7 3  lead in g  we stward from Port Arthur . The inter s tate 
route has a dai ly average traffic vol ume of over 1 4 , 0 0 0  vehicles . 
H ighway 1 2 4 , wh ich goe s  through Fannett and Hamshire , bear s a 
dai ly average o f  about 2 0 0 0  ve hic le s . The unpaved road lead ing 
to B ig Hil l  inter sects with H ighway 7 3  whe re the da ily average 
tra f f ic amounts to about 3 0 0 0  vehic les . This unpaved road a l so 
provide s ac c e s s  to several rura l dwe l l ings along the ro adway , 
and the tra f f ic c ount near its j unction with 7 3  recorded a volume 
o f  1 7 5  vehic les  dai ly ( Texas H ighway Department ,  1 9 7 3 ) . 

B . 3 . 4 . 8 . 6  Economy 

The economy of the area around B i g  H i l l  i s  ba sed on agr iculture 
and o i l  and gas production . The lands border ing the coastal 
marshes are used as pasture for gra z in g  cattle . Beef production 
is a maj or indus try throughout Texa s , and d i f ferent reg ion s tend 
to spec i a l i z e  in a particular facet of the industry , s uch as the 
feed lot fattening or the s l aughter ing of the bee f .  East Texa s , 
inc luding the Big H i l l  area , i s  a region whe re much o f  the breed
ing occur s for the beef herd s . 
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The two alternate pipel ine corr idor s l ead ing to port fac i l i t i e s  
at Nederl and cro s s  extens ive r ice farming areas . Rice r anks 
thi rd in value among Texas crops , exceeded by cotton and 
sorghum . The irr igated r ice f i e ld s  ar e highly mechan i zed , and 
air p lane s  are used for p lanting , ferti l i z ing , and app lying 
insec t i c ides and herbicide s . A record high yield was achieved 
in 1 9 7 1  when 5 , 1 0 0  pound s of rice per acre wa s harve sted . The 
average price per 1 0 0  pounds of r i ce wa s $ 6 . 4 4 in 1 9 7 2 , then 
more than doubl ed in 1 9 7 3  to a high of $ 1 4 . 8 0 .  The 1 9 7 4  price 
fe l l  to $ 1 1 . 0 0 per 1 0 0  pounds ( Texas Almanac 1 9 7 6 - 1 9 7 7 ) . 

O i l  has been produced in Je f ferson County s i nce the d i s cove ry 
of  the Spind letop re serve in  1 9 0 1 . The Spindletop f i e ld i s  
s t i l l  produc ing . Total crude o i l  produc tion i n  the county in 
1 9 7 4  totaled over 5 . 5  mi l lion barre l s , averaging about 
1 5 , 0 0 0  barr e l s  per day .  Pe tro leum re f in in g  is the ma j or 
indus try in Beaumont and Port Ar thur . 

Manufacturing , whole sale and retail sales , and large port 
fac i l i t i e s  are concentrated in the urban area in the nor th
eastern part of the county . Crude petroleum i s  the ma j or 
import from both for e i gn and dome s t i c  source s .  Gasol ine and 
fuel o i l  are the main exports . 

B . 3 . 4 . 8 . 7  Government 

The major c i t i e s  in Jef ferson County have horne rule . Beaumont 
rece ived i ts horne rule charter in  1 9 1 3 , Port Arthur in 1 9 1 5 , 
and Nederl and in  1 9 5 5 . All  three c i ties are governed by a c i ty 
c ouncil w ith a c i ty manager .  Each a l so has a mayor . Cons truc
t ion within the c i ties mus t  be authori zed by a bui lding permi t .  
Fees for the i s s uance o f  s uch permits netted for Beaumont in  
1 9 7 4  over $ 2 8  m i l li on , f o r  Port Arthur about $ 6 . 5  mi l l ion and 
for Nederland approx imat e ly $ 1 . 5  mi l lion . 

I n  Texas , e ach c ounty e s tab l i shes its  own rat io of  a s s e s sed 
valuati on to actual va lue and its  tax rate for the a s s e s sment 
of p roperty taxe s . For J e f fe r son County , the rati o  i s  set 
at 1 5  percent , and the total asse s s ed valuation of all taxab le 
property in  1 9 7 4  wa s over $ 5 3 5  mi l lion . Neighboring Orange 
County had an asses s ed valuation of about $ 1 9 0  mi l l i on , and 
Chamb e rs County (which is primari ly rural )  of nearly $ 2 0 3  
mi l l ion . 
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Each county i s  governed by a " commi s sioners court " which acts 
a s  an admini strative body , not a j udicial court . There are 
f our commi ss ioners in the court , each e lected from one of four 
separate precincts within the county . The commi ss ioners court 
is headed by a county j udge e lected by the county popu lation 
at large . 

The S tate has been divided into 2 4  reg ional coun c i l s  which have 
the respon sibility to e stab l i sh p lans for uni f ied deve lopment , 
ef ficiency , and the promot ion of  the economy of the i r  area . 
Je f fer son County i s  served by the South East Texas Reg ional 
P lanning Commi ss ion , a long with Orange County . Chambers County , 
whi ch l ies  about 8 miles  we s t  of the Big H i l l  s ite , i s  served 
by the Houston-Ga lve ston Area Counc i l . 
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