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SUMMARY
STATEMENT TYPE: () DRAFT (X) FINAL STATEMENT
PREPARED BY: Strategic Petroleum Reserve Office,
Department of Energy, Washington, D. C. 20461
1. Type of Action: () Legislative (X) Administrative

2. Brief Description of the Proposed Action:

This document is a site specific environmental impact
statement (EIS) for the proposed storage of 24 million
barrels of crude oil at the Sulphur Mines salt dome located
in Calcasieu Parish, Louisiana. Sulphur Mines is a candidate
site for the Strategic Petroleum Reserve (SPR) program
currently being implemented by the Strategic Petroleum
Reserve Office (SPRO) of the Department of Energy (DOE).
Creation of the SPR was mandated by Congress in Title I,
part B of the Energy Policy and Conservation Act of 1975,
P.L. 94-163 (the Act) for the purpose of providing the
United States with sufficient petroleum reserves to minimize
the effects of any future o0il supply interruption. The Act
requires that within seven years, the SPR contain a reserve
equal to the volume of crude o0il imports during the three
consecutive highest import months in the 24 months preceding
December 22, 1975 (approximately 500 million barrels). To
implement the provisions of the Act, the Strategic Petroleum
Reserve Office transmitted to Congress on February 16, 1977,
the Strategic Petroleum Reserve Plan. The SPR Plan became
effective on April 18, 1977. 1In addition, the President has
proposed that the schedule for implementing the SPR be
accelerated, so that 250 million barrels is stored by 1978,
and 500 million barrels by 1980. An amendment to the SPR
Plan describing Program acceleration was transmitted to
Congress and became effective on June 20, 1977.

3. Summary of Environmental Impacts and Adverse Environmental
Effects.

This site-specific Environmental Impact Statement

(EIS) has identified particularly sensitive environmental
parameters that have been investigated in detail for the
Sulphur Mines, Louisiana site. The most sensitive para-
meters to be affected by oil storage development at this
site appear to be water quality and air quality. However,
the use through several cycles at the Sulphur Mines site
would be limited due to the close proximity of the caverns
to the periphery of the dome.




The adverse impacts to the physical environment that could
result from the program include: degradation of surface
water quality due to sedimentation from runoff and erosion
during pipeline construction activities which would increase
the amount of suspended particulates, toxic sulfides, heavy
metals, arsenic, pesticides and other toxic hydrocarbons; a
moderate increase in hydrocarbon emissions during transfer
and storage of 0il; locally significant increases in hydro-
carbon emissions during transport of oil from the Gulf of
Mexico to Sun Terminal; and the potential for an increase in
the frequency of o0il spills along the transportation corridors.
Changes in water quality would have a short-term impact on
the aquatic organisms in local areas and could result in
some minor sedimentation in downstream impoundments. Oil
spill releases to land and water environments could cause
localized losses to vegetation and fauna along the pipeline
corridor and at the terminals.

Brine disposal into subsurface aquifers appears to have

the necessary total capacity to accommodate the total volume
of brine to be disposed. However, excessive pressure
buildup may be anticipated from sands, and during the fifth
cycle pressure buildup would be close to the fracture

limit.

The transfer of crude oil at Sun Terminal would have a
minor adverse impact on the amount of hydrocarbons (in the
form of volatile vapors) released to the atmosphere. The
amount of hydrocarbons to be released has been estimated at
38.8 tons of hydrocarbons for a single fill cycle (a period
of 240 days). More significant hydrocarbon emissions would
occur during each fill operation at the following locations:
291 tons in the Gulf of Mexico; 74 tons at the Nederland,
Texas tanker docks. During the lifetime of the project,
assuming five withdrawals and fills of o0il, the equivalent
of approximately 2,767 barrels of oil would be emitted to
the atmosphere.

A total of 453 barrels of 0il are projected to be spilled
during the project lifetime in transporting the crude oil.
Of this total, 45 barrels would be released in the Gulf of
Mexico, 215 barrels into the inland water bodies, and the
remainder from the. pipelines. The maximum credible spill
size is 400,000 barrels for tankers and 10,000 barrels from
the pipeline system. A spill of this size could severely
pollute several hundred acres, depending on location, but
the probability of occurrence is extremely low.




4. Alternatives Considered:

Alternative Storage Sites
Cote Blanche Salt Mine
Ironton Salt Mine
Central Rock Salt Mine
Kleer Salt Dome Mine

Alternative Facility Components
Alternative Distribution Facilities
Alternative Distribution Terminal

Alternative Pipeline Connection to Existing Refineries
Alternative Brine Disposal Facilities
Alternative Displacement Water Supply

5. Date Made Available to CEQ and the Public

The draft statement was made available to the Council on
Environmental Quality and the public in September 1977.
This final statement was made available to the Council on
Environmental Quality and the public in March 1978.

6. Comments on the Draft Statement Have Been Received
from the Following:

Federal Agencies:

Department of the Army - New Orleans District Corps
of Engineers

Environmental Protection Agency

Department of the Interior

Department of Health, Education and Welfare

Advisory Council on Historic Preservation

Nuclear Regulatory Commission

State Agencies

Texas Department of Agriculture

Texas General Land Office

Texas State Department of Highways and Public
Transportation

Texas Industrial Commission

Texas Parks and Wildlife Commission

Texas Department of Water Resources
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1. DESCRIPTION OF PROJECT

1.1 BACKGROUND

This document is a site specific environmental impact
statement (EIS) for the proposed storage of crude oil

at the Sulphur Mines salt dome located in Calcasieu Parish,
Louisiana. Sulphur Mines is a candidate site for the
Strategic Petroleum Reserve (SPR) program currently being
implemented by the Strategic Petroleum Reserve Office of the
Department of Energy (DOE). Creation of the SPR was mandated
by Congress in Title I, Part B of the Energy Policy and
Conservation Act of 1975, P.L. 94-163 (the Act) for the
purpose of providing the United States with sufficient
petroleum reserves to minimize the effects of any future oil
supply interruption. The Act requires that within seven
years, the SPR contain a reserve equal to the volume of
crude o0il imports during the three consecutive highest
import months in the 24 months preceding December 22, 1975
(approximately 500 million barrels). To implement the
provisions of the Act, the Strategic Petroleum Reserve
Office (SPRO) transmitted to Congress on February 16, 1977,
the Strategic Petroleum Reserve Plan. The SPR Plan became
effective on April 18, 1977. 1In addition, the President

has proposed that the schedule for implementing the SPR be
accelerated, so that 250 million barrels is stored by 1978,
and 500 million barrels by 1980. An amendment to the SPR
Plan describing Program acceleration was transmitted to
Congress and became effective on June 20, 1977.

A final programmatic EIS (FES 76-2) addressing the effects
of the SPR program as a whole was filed with the Council
on Environmental Quality and made available to the public
on December 15, 1976. That statement considers several
different types of storage facilities, including the use
of existing solution-mined cavities in salt formations and
conventional mines, the construction of new solution-mined
cavities and conventional mines, the use of existing and the
construction of new conventional surface tankage, and the
use of surplus tanker ships. The final programmatic EIS
should be consulted for a description of each of these
storage methods and the potential impacts which might
result from its use. The programmatic EIS also assesses
the cumulative impacts which could be expected from use of
various combinations of the different facility types.

The Sulphur Mines salt dome is one of several candidate
storage sites that have been identified by means of a
screening process involving the application of a series
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of six criteria. These criteria are capacity, distribu-
tion accessibility, technical feasibility, potential en-
vironmental concerns, ease of acquisition, and cost.
Section II.E.1l of the programmatic EIS describes in detail
how the criteria were applied to approximately 300 salt
domes and approximately 300 existing mines to select 32
candidate sites.

In addition to the Sulphur Mines salt dome, eight other
candidate sites with existing storage space readily available,
have been identified. These include the West Hackberry salt
dome (Cameron Parish, Louisiana), the Bayou Choctaw salt dome
(Iberville Parish, Louisiana), the Bryan Mound salt dome
(Brazoria County, Texas), the Weeks Island salt mine

(Iberia Parish, Louisiana), and the Cote Blanche salt

mine (St. Mary Parish, Louisiana), the Ironton limestone

mine (Lawrence County, Ohio), the Central Rock limestone

mine (Fayette County, Kentucky) and the Kleer salt mine (Van
Zandt County, Texas). Final EISs on the eight alternative
candidate sites (FES 76-4 through 76-8, 76/77, 9-10 and

77-2) have been filed with the Council on Environmental
Quality and made available to the public. The first four
(West Hackberry, Bayou Choctaw, Bryan Mound and Weeks

Island) have been selected for use in the SPR. The remaining
four sites are addressed in Section 7.1 as alternatives to
Sulphur Mines.

1.2 PROPOSED FACILITIES

1.2.1 Concept for Storage in Salt Domes

The use of salt domes for petroleum storage is attractive
because of both the relative low cost of such bulk storage
and the extreme geological stability of rock salt masses.
In addition, being deep underground provides security from
most natural catastrophes or sabotage. 1In the Gulf Coast
region, over 50 salt domes, both onshore and offshore,
appear feasible for development (see Figure 1.1).

Salt domes are a major source of brine feedstock for
chemical and salt industries in the Gulf region. Cavities
are formed by dissolving the salt with circulating water

and pumping out the resulting brine (see Figure 1.2).

The process requires a large volume of leach water (about

7 barrels fresh water or about 8 barrels of 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 products
such as propane, ethylene, etc., as well as some fuel oil.

1-2
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Although crude o0il storage in solution cavities does not
present difficult technical problems, it has been done
principally in other countries. The one exception in the
United States is the Venice Dome in Louisiana.

Both existing salt dome cavities and new cavities to be
developed are being considered for the SPR. Salt domes
with existing cavities have been identified as candidates
for the ESR because they require less time to prepare for
0il storage. Approximately 900 cavities with a total
capacity of 300 million barrels are known to exist in salt
domes and bedded salt formations. 1In some cases, it is
feasible to enlarge existing cavities or to leach addi-
tional cavities at selected sites.

1.2.2 Proposed Storage Site

The proposed Sulphur Mines facility as currently designed
would provide up to 24 million barrels of the SPR requirements
in the Texoma/Lake Charles/Beaumont storage region. Five
existing brine caverns would be adapted to provide the
required storage volume.

The Frasch Method of sulfur mining was first developed
at the Sulphur Mines salt dome, and an estimated 9.4
million tons of the chemical were extracted from the
dome's caprock between 1903 and 1924.

The dome is presently used by Allied Chemical Corpora-
tion, Houston, Texas, for hydrocarbon product storage and
by PPG Industries, under lease from Allied, for brine
feedstock production. Sulphur Mines is a comparatively
small salt dome with only 1.1 cubic miles of salt above
the depth of 10,560 feet. The caprock is abnormally
thick, an average of 1,100 feet, with the subsurface
depths of caprock and salt being 315 and 1,460 feet,
respectively.

There are no salt mines at Sulphur mines. Therefore the
potential for conflicting use of the dome between crude oil
storage and radioactive waste isolation does not exist.

1.2.3 Location

The Sulphur Mines salt dome is located in central

Calcasieu Parish, Louisiana, about 2 miles west of the

city of Sulphur (population about 20,000) and 12 miles

west of Lake Charles (population about 85,000). The

site is one mile north of U.S. Highway 90 and the Southern
Pacific Railroad. Interstate Highway I-10 passes 2.5 miles
south of the dome (See Figure 1.3).
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A paved parish road provides access to the site from
the city of Sulphur. Access to most portions of the
dome is provided by a network of gravel roads servicing
the past and present operations at the site. The surface
area above the salt dome is mostly cleared land, with
elevations ranging from 12 to 18 feet above sea level;
the lowest portion is over the center of the dome where
sulfur extraction has caused subsidence. Much of the
area has been altered to meet various industrial needs
over the years. Large ponds with a total surface area
of around 252 acres have been constructed around the
dome periphery (see Figure 1.4).

A branch spur of the Southern Pacific Railroad passes
within 3,000 feet south of the proposed site. The Intra-
coastal Waterway is about 14 miles south of the dome.
Ship terminals at Lake Charles are connected via the
Calcasieu River Shipping Channel to the Gulf of Mexico,
some 34 miles to the south. Tankers using the shipping
channel are limited to about 50,000 deadweight ton (DWT).

1.2.4 Development Capacity

The total developed storage capacity of the existing avail-
able caverns in the Sulphur Mines dome is about 24 million
barrels, (see Appendix H). The caverns are currently used
for brine production, and Allied has commitments to PPG to
supply them with brine feedstock at the rate of approxi-
mately 2,500 gallons per minute (gpm). They are developing
an additional storage capacity of two million barrels per
year at their present brining rate. Allied has indicated
that they could develop replacement wells or increase their
brine production from Starks Dome to fulfill their obliga-
tions. Two other caverns developed by Allied have been
converted to ethylene storage and are under lease to Conoco.
PPG has developed a third ethylene storage cavern.

The Sulphur Mines dome has a limited capacity for leaching
new caverns. Although the surface area is small with res-
pect to other Gulf Coast domes (150 acres within the 2,000
foot contour) sufficient area remains to construct 5 ten
million barrel caverns at 20 acre spacing. Much of this
acreage, however, lies beneath the area where sulfur mining
operations were conducted and problems could be encountered
in completing wells through this mined zone. (See the
discussion of drilling procedures in Appendix H.)
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1.2.5 General System Description¥*

The proposed facility presently planned for Sulphur Mines
requires the conversion of 3 existing caverns from brine
production to crude o0il storage. Crude oil for filling
the cavities would be supplied by pipeline from the Sun
Terminal in Nederland, Texas. A new 17 mile spur pipe-
line would be required to connect the site to the West
Hackberry - Sun Terminal ESR main distribution pipeline.

One grade of crude o0il would be injected into the gallery
consisting of caverns 2-4-5, and caverns 6 and 7 (see Figure
1.5), by pumps located at a central pump building on the
storage site. The existing brine in the salt caverns would
be displaced and disposed of. If an agreement can be
reached, it is possible that a portion of the brine might

be marketed as feedstock to PPG and other chemical industries.
However, to date, no such willingness has been expressed by
these companies. Therefore, for purposes of analysis it has
been assumed that all of the brine will be injected. The
present plan for brine disposal is to drill 4 deep subsurface
injection wells southwest of the dome and to pump the waste
brine into deep saline aquifers.

To withdraw the stored o0il, displacement water from either
the onsite l162-acre reservoir (see Figure 1.5) or the nearby
Sabine River Diversion Canal** would be injected into

the lower portion of the storage cavity at sufficient
pressure to push the crude o0il out of the cavities and then
transfer pumps would deliver it through the pipeline to the
distribution terminal. The o0il would be distributed by
tankers and inland pipelines, including the Texoma pipeline
which originates at Sun Terminal, to local and regional
refineries

1.3 SITE DEVELOPMENT AND CONSTRUCTION

1.3.1 Physical Facilities

The 3 caverns proposed to be converted for SPR storage are
located on the western and southern edges of the large
subsided area over the center of the dome (see Figure 1.5).
The subsided area, caused by past sulfur extraction from the

*Derived from preliminary engineering designs. Details may
change as designs are finalized, so the maximum facility
requirements are assumed.

**The Sabine River Diversion Canal was previously called the
Houston River Canal and is sometimes referred to as the
Industrial Water Canal.
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dome's caprock, is about 40 acres in area and is currently
kept drained of rain water by sump pumps. As presently
planned, containment dikes would be constructed around

the storage wells so that any accidental o0il spill from
the wellheads would be diverted into the subsided area
which would act as a retention pond.

Central pumping facilities would be located south of the
storage well area, near the site entrance road, just north
of the brine pond location (see Figure 1.5). The injection
of crude o0il requires two 1000 hp centrifugal pumps,
handling a total of 2,900 gpm. Another three 1,500 hp
turbine pumps would be used to inject the displaced brine
into subsurface disposal zones at the same 2,900 gpm

rates. The injection of raw water during crude o0il with-
drawal operations will be accomplished by using the pumps
also used for brine disposal. 0Oil delivery to the distribution
terminal at a rate of 168,000 barrels/day (4,900 gpm) would
be accomplished by the same 1000 hp crude injection pumps.

A 100,000 barrel surge pit (400 feet by 400 feet) would be
located adjacent to the south side of the central pumping
plant. It would be used as a brine holding pond for the
displaced brine during oil fill operations, and for a raw
water surge pond during oil withdrawal operations. The pond
would provide temporary brine storage in event of a temporary
brine injection system breakdown, and would permit any in-
solubles which could damage pumps or clog the disposal

wells to settle out. A flow diagram showing the system
interfaces is given in Figure 1.6.

Buildings and Other Structures

All o0il handling pumps, brine injection pumps, and raw water
injection pumps, would be housed in an open air shelter
located adjacent to the brine holding pond (see Figure 1.5).
The main office and warehouse building would be located in an
~area nearby. The office/warehouse would contain the business
office, the maintenance and warehouse area, the central
control room, laboratory, the supervisory control equipment,
the communications equipment and the comfort and locker room
facilities for the on-duty workers. In addition, a motor
control center building would be constructed to contain the
motor controls and switch gear for the main equipment area
pumps.
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Brine Disposal

Brine which would be displaced during crude oil fill operations
would have a salt concentration of approximately 265 ppt.

It would be injected into subsurface saline aquifers off the
southeast flanks of the salt dome. The salinity of these
aquifers has been estimated to range from 35 to 44 ppt. The
salt concentration at which salt would precipitate out of
solution (called the saturation limit) has been estimated at
320 ppt for these aquifers. Therefore, the injection

aquifers currently range from being 11 to 19 percent saturated.
At the required oil injection rates, an average of 2,900 gpm
of brine would be produced over the 240 day fill period.

For purposes of impact assessment, it is assumed that this
entire amount would be injected.

The disposal system which is presently planned would require
four brine injection wells. Each well would accept an
average of 730 gpm and a maximum disposal volume of 1000
gpm. The four disposal wells, which would be spaced at 1000
foot intervals, will be located south-west of the site along
U.S. Highway 90.

The 12-inch brine disposal pipeline would run in a south-
west direction from the storage site to the disposal wells.
Its route would parallel the route of the o0il distribution
pipeline until reaching the eastern boundary of the disposal
field with both pipelines sharing a common right-of-way. At
that point the o0il line would continue in a south-west
direction and the brine pipeline would branch south for 700
feet to connect with the brine disposal area.

The joint brine disposal-oil distribution pipeline route
would require clearing of a 75 foot wide right-of-way during
construction and the maintenance of a 50 foot wide permanent
right-of-way.

Most of the land which would be required for brine disposal
system is wooded. Approximately 26.4 acres would be

cleared for construction of the brine disposal pipeline, for
injection well pads and for access roads into the brine
injection area. Twenty acres would remain permanently
cleared for inspection and maintenance of the brine disposal
system. Land requirements for o0il and brine pipeline routes
are listed in Table 1.1.




Table 1.1 Land Requirements for Pipeline Routes

BRINE DISPOSAL OIL
PROPOSED DISTRIBUTION*

EXIST. ROADS M 0.1 0.1
P 0.6 0.6
C 0.9 0.9
DRY LAND ﬂ 0.1 7.4
P 0.6 44 .4
C 0.9 66.6
CULTIVATED M 4.3
P 25.8
C 38.7
WOODED M 2.0 2.3
P 12.1 13.8
C 18.2 20.7
MARSH M 0.4
P 2.4
C 3.6
SPOIL BANKS M 0.1
P 0.6
C 0.9
INLAND WATER M 0.2
P 1.2
C 1.8

TOTAL M 2.2 miles 14.6 miles

P 13.2 acres 88.8 acres

C 19.8 acres 133.2 acres

* YR

distance in miles

area required for permanent right-of-way in acres

area required for construction right-of-way in acres
the total length of the o0il distribution pipeline would
be 17 miles. However, the initial 2.2 miles of the

0il distribution pipeline would utilize the same
right-of-way which would be used for the brine dis-
posal pipeline. Therefore, the acreage requirements
for the right-of-way for this initial segment have

not been included here.
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Displacement Water Supply

The proposed source for raw water supplies for the Sulphur
Mines facility is the onsite reservoir at the western

edge of the salt dome. To replenish the reservoir during
and after each displacement cycle, the site would also be
connected by a 20 inch pipeline to the Sabine River Diversion
Canal one mile north of the onsite reservoir. The canal will
be a section of the Sabine River Diversion Project to bring
fresh water to Lake Charles area industries. Water to
replenish the reservoir would be available from the canal on
a contract basis. Approximately 7,350 barrels per hour
(5,145 gpm) of displacement water is required for crude oil
withdrawal operations. Due to the increased cavern size
resulting from the dissolution of salt by the fresh water
pumped into the cavity and the relative compressibility of
water, the raw water injection rate is about 5 percent
greater than the rate of o0il displacement (7,000 barrels per
hour) .

The present capacity of the onsite reservoir, which was
created during sulfur mining operations, is 20 million
barrels. 1In order to create a reservoir nearly suffi-
cient to supply to 25.2 million barrels of water for one
complete o0il withdrawal cycle, the existing reservoir
would be dredged out to a 25 million barrel capacity.

About one million cubic yards of bottom would be dredged
from the southern portion of the lake. Conventional clam-
bucket dredging would be the method used, and the spoil
would be deposited on Allied property in the northwest
corner of the onsite reservoir (see Figure 1.5). Spoil
would be contained between an existing dike surrounding the
reservoir and a second dike which would be constructed as a
backup in such a way that runoff from the disposal area
would be diverted back to the reservoir. Assuming a 10 foot
depth, the spoil area would cover approximately 60 acres.

Crude 0il Distribution

The proposed facility is designed so that the o0il may be
withdrawn in 150 days or less. For a planned storage capa-
city of 24 million barrels, a delivery rate of 168,000
barrels per day (4,900 gpm) is planned. This would allow

a 5 percent slack in withdrawal time to compensate for
short operational delays.
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The proposed method of crude o0il supply and distribution

for the Sulphur Mines site is to construct a new 20 inch
spur pipeline between the Sulphur Mines sites and the West
Hackberry-Sun Terminal pipeline. The spur pipeline would be
17 miles long and run in a south-south. westerly direction
from the Sulphur storage site (see Figure 1.7).

The ecologic setting of the o0il distribution pipeline

route is described in Section 2.4.1.2. Table 1.1 summarizes
acreage requirements for the various land types which would
be affected by pipeline construction. Major road and
waterway crossings which the o0il distribution route will
make include: Southern Pacific Railway, U.S. Routes 90 and
10, Choupique Bayou, Wing Gully, Spring Gully and the Gulf
Intracoastal Waterway.

The Sulphur Mines spur o0il distribution pipeline would
intersect the West Hackberry-Sun Terminal oil distribution
pipeline near Goose Lake on the south side of the Gulf
Intracoastal Waterway. The pipeline route supplement to the
West Hackberry Final Environmental Impact Statement (FES
76/77-4) describes the West Hackberry oil distribution
pipeline route and the Sun Terminal facilities. The distance
from the intersection to the terminal is 34.4 miles and the
length of the new connection would be 17 miles, for a total
distance of 51.4 miles between Sulphur Mines and the Sun
Distribution Terminal.

1.3.2 Land Requirements

Allied Chemical Corporation owns in fee all of the approxi-
mately 150 acres over the Sulphur Mines salt dome, plus
most of the surrounding area totaling roughly 4,000 acres.
DOE would acquire a simple fee tract of approximately

640 acres which would include the reservoir and the brine
disposal field (see Figure 1.8). The SPR facilities would
affect various portions around the dome vicinity (see Figure
1.5). The wells to be converted for storage are located on
the southwest border of the 40 acre subsided area over the
center of the dome. The subsided area would serve as a
crude o0il spill containment area for the storage wells.

The area to be developed around the wells, including the
subsided area, encompasses about 55 acres. The central
pumping facilities and brine pond, requiring a 6 acre plot,
are located several hundred feet south of the storage area.
Offices and warehousing facilities would require 8 acres.
The existing 162 acre water reservoir surrounding the
western side of the dome would be used for a raw water
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supply during o0il withdrawal. About 60 acres near the
reservoir would be required for disposal of dredge spoil

from deepening the lake. A pump station on the eastern

edge of the reservoir would require 2 acres. The pipeline
connecting the reservoir to the Sabine River Diversion Canal
would be 0.95 miles long and would utilize a 50-foot right-of-
way. Acreage requirements would be 5.8.

The maximum design for the brine disposal system requires
approximately 11,700 feet of pipeline connections between
the individual disposal wells. The pipeline would utilize
a 50 foot permanent right-of-way, thus requiring an area
of approximately 14 acres.

The distribution system would require additional properties.
The 17 mile distribution pipeline to the West Hackberry
distribution pipeline on the Intracoastal Waterway would
utilize a 50 foot permanent right-of-way, thus requiring

103 acres.

In total, approximately 813 acres are needed for the
project as planned.

1.3.3 Road Construction and Other Grading

There are existing roads to the various storage wells.
About 0.25 miles of new roads would be constructed to pro-
vide access for drilling and servicing the brine disposal
wells. These roadways would require a 40 to 50 foot right-
of-way through primarily mixed pine forest in which the
disposal system would be located. 1In addition, each dis-
posal well site would require clearing an area approximately
200 feet by 200 feet for the construction and maintenance
of the wells. About 2500 square feet of this area would be
used as a drilling-mud pit during drilling operations, but
would be restored after the wells are completed. The area
is mainly firm dry land and would only require clearing,
grading, and graveling for the road bed. A total of 8.8
acres would be disturbed for construction of roads and well
plots.

A levee system is planned to enclose the storage well area
and to divert runoff into the adjacent subsided area.

This is a precaution against o0il spills from a ruptured
wellhead which may contaminate the local environment.

The dikes would be approximately four to five feet in
height. Dike enclosures are a standard engineering prac-
tice for compliance with the Spill Prevention Control
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and Countermeasure Plan (SPCC). Construction of the
containment dikes at both locations would require
moving an estimated 11,000 cubic yards of earth.

1.3.4 Pipeline Construction Techniques

The offsite pipelines would be constructed by the con-
ventional dry land method, since the majority of the land
is dry and capable of supporting heavy construction equip-
ment. A permanent right-of-way width of approximately 50
feet would be cleared with an additional 25-foot right-of-way
for the construction period. This additional construction
right-of-way is necessary for maneuvering equipment, and
stacking supplies and construction materials. Excavation
equipment digs the pipe ditches. The pipe joints are then
strung along the ditches and welded together, and the pipe
is lowered into the ditch which is backfilled to the proper
depth in accordance with 49 CFR Part 195.

The route lies mostly on dry ground; however, concrete
weights or coating would be used in low areas or where the
water table is high. Fusion bonded epoxy coating and im-
pressed current cathodic protection would be applied over
the entire length of the line.

1.3.5 Development Timetable

According to present plans, the proposed Sulphur Mines
facility would begin the cavity filling operations 16 months
into the development program (see Figure 1.9). The facility
is designed so that the cavities could be filled in 9
months. The main physical plant construction, including
cavity conversion, drilling of re-entry and brine disposal
wells, and installation of pumps and piping, would occur
over an eleven-month period.
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1.4 OPERATION AND MAINTENANCE

1.4.1 Operating Procedures

1.4.1.1 Storage Phase

The proposed facility at Sulphur Mines could have 24 million
barrels of 0il in storage by the end of the 21st month of
the project (see Figure 1.9). In the event that the oil

must be drawn while the facility is under construction, the
system would be equipped with 0il return bypass valves which
allow intermittent recovery of stored oil. However, it

is expected that there would be an interim period from the
time of facility completion until a need arises for emergency
distribution of the stored oil. During this interim period,
the only activities at the site would be security and
maintenance activities.

Security measures: Security measures planned for the
facility are standard for petroleum storage facilities.

The main storage site would be fenced and properly lighted.
All electrical equipment would be housed in a security
building. All pipelines would be monitored with pressure
switches at each end of the line for early detection of
leaks. The facility would maintain standard fire prevention
systems and warning devices.

Equipment testing and maintenance: During the storage
period, all equipment would be serviced and tested on a
regular basis to ensure proper working order. Pumps, pres-
sure valves, and safety equipment would be lubricated and
operated at least once a month. Maintenance crews would

be on duty on a 24-hour basis.

1.4.1.2 Extraction Phase

The SPR Program plans for an emergency delivery of stored
0il over a 5-month period. The plan would require delivery
rates for the 24 million barrel facility of 168,000 barrels
per day or an average of 7000 barrels per hour.

Recovery process: Crude oil stored in each salt cavity

would be recovered by pumping raw water into the bottom of
the cavity, thus displacing the o0il through the concentric
tubing at the top of the cavity. The o0il would leave each
wellhead and transfer pumps would boost it to a pressure
capable of transporting the o0il via pipeline to the distri-
bution facility.




Distribution: A 17 mile spur line would tie into the West
Hackberry distribution line to the Sun Terminal in Nederland,
Texas, a total of 51.4 miles away. From the terminal, the
0il would be transported inland by the Texoma pipeline and

to the East Coast and Caribbean markets by tankers.

1.4.1.3 Refill Phase

After an o0il supply crisis has ended and provided that
supplies are stabilized and new imports are sufficient for
additional storage reserves, refill of the storage facility

is planned. The rate of fill would depend on the availability
of surplus imports.

Refill process: The refill process is the reverse of the
recovery process. The crude oil would be injected into the
top of the storage cavity, thus displacing the brine which
would. go to the disposal wells. The brine disposal systems
and cavity injection system are sized to handle a refill
rate equal to the initial fill rate, i.e., 100 thousand
barrels per day (2,900 gpm) over a 240 day period.

Refill capacity: Although the cavern capacity enlarges
during each cycle, only the original amount of o0il desig-
nated for each cavity would be replaced in a subsequent
refill. The fact that a smaller percentage of fresh dis-
placement water would be introduced into the cavern during
successive displacement cycles reduces the continued
leaching process from about 101 percent enlargement to
about 75 percent over five withdrawal cycles. Furthermore,
due to casing limitations, total usage of the enlarged
capacity would not allow as rapid total displacement during
subsequent withdrawals.

1.4.2 ©Safety Procedures

The following is a list of normal safety and engineering
practices for o0il storage and o0il handling facilities which
will be followed at the Sulphur Mines storage site.

1.4.2.1 Protective Control Devices

All storage cavity wellheads would be equipped with (1)
hydrocarbon detection devices to protect against overfill,
(2) pneumatic gate valves on crude and brine wellhead
openings with high-low pressure switches for remote control
of safety valves, and (3) valve limit switches, signal
devices, and alarms.




Pump control and protective devices would be installed on
all major pumping equipment to monitor critical operating
variables and to automatically shut down the affected
equipment in the event that an unsafe operating condition
develops.

Pump station emergency shutdown systems would be installed
at all stations to allow the shutdown and isolation of the
pumping station in the event of an emergency. Pipelines
would have meter bases and pressure switches monitored and
would be visually inspected as a precaution against leaks.
Pressure relief valves would be installed on piping, equip-
ment, and pressure vessels as needed to prevent these
systems from exceeding safe limits.

1.4.2.2 Fire Protection

Pump stations and meter stations would be provided with
portable fire extinguishers to be selected, installed, classi-
fied, and rated in accordance with applicable standards of

the National Fire Protection Association. Two fire pumps

(one diesel and one electric) would be located at the intake
station on the water reservoir. Surface oil holding tanks

at the distribution terminal would be equipped with standard
foam fire prevention systems.

All buried portions of the pipelines would be externally
coated with a fusion bonded epoxy coating and protected by
impressed electrical currents. Sealed casings are required
at highway or railway crossings, with insulators and spacers
to electrically isolate the pipelines from the casing.

1.4.2.3 Protection from External Damage
All electrical equipment and control systems would be housed

in buildings and elevated on fill where required for protec-
tion against flooding.

Protection of the pipelines from external damage would be
provided by burying them and by marking their location.
Additional weight and mechanical protection for those por-
tions of the pipeline in areas of swamp or marsh, and at
waterway crossings, would be provided by the external
coating of wire-mesh reinforced concrete.




1.4.2.4 Protection of Local Surface Environment

0il which normally leaks from pumps and valves in and

around pumping stations, and oil that may be drained from

the system during normal or emergency operations or mainten-
ance, would be collected and piped into a central waste o0il
sump of 500 barrel capacity, complete with skimming boom,

and oil/water separator, and drain system to return the
treated water to the site lake and the o0il to a slop tank.
Waste 0il collected in this manner would be returned periodi-
cally to the storage system or sold to local "slop oil"
marketers.

The surface tanks would be enclosed in adequate retention
dikes to protect the area environment from leakage of oil.

An oil/water separator would also be used to clean accumulated
rainwater. An SPCC Plan will be prepared and will comply

with the code of Federal Regulations 40 CFR 112 (0Oil Pollution
Prevention; Non-Transportation Related Onshore and Offshore
Facilities).

1.4.2.5 Security

The storage site access roadways would be equipped with
security guards to prevent any interference with the facil-
ity by unauthorized persons. Security personnel would be

on duty at all times. Pump stations would be fenced and/or
housed in pump buildings. All fenced facilities would have
warning signs posted conspicuously to warn the public of the
nature of the facility.







2. DESCRIPTION OF THE ENVIRONMENT
2.1 LAND FEATURES AND USES

2.1.1 Evolution of Salt Domes

The Sulphur Mines salt dome is one of nearly 450 salt domes
in the Gulf Coast region of the United States and Mexico.
The salt in these domes was originally deposited in a

broad shallow sea, probably during Jurassic time [135 to
190 million years ago, see Geologic Time Scale Appendix I
(Glossary)]. Then the salt basin was buried to depths of
35,000 to 65,000 feet by Miocene shallow marine sediments
(12-26 million years ago). In general the salt was
deposited in horizontal beds; however, in many places

the surface of the salt had topographically high areas.
Since the mechanism of initiating salt dome growth is one
of isostatic adjustment, these topographic highs began to
first rise and eventually formed the nucleus of present

day salt domes.l Salt begins to rise because the

overlying sediment column has an average density that is
greater than the density of the salt (2.164 gm/cm3).

The sediment overlying the topographic high has a lower
density than the sediments overlying the salt on all sides
of the high; consequently, the salt flows laterally and up
toward the area of least resistance, namely the topographic
high. In addition, any faults in the overlying sediment
are zones of weakness through which the salt can rise.
Approximately 4,000 feet of overburden is needed to exceed
the density of the salt, and a sediment degth greater than
that will initiate upward movement of salt<4 (see Figure
2.1). Growth of domes deforms the sediments above the

salt as well as those that have been pierced. Sediments
above the salt are subjected to tensional forces that
produce normal faulting. As the domes rise through aquifers
having water with a salinity low enough to dissolve the
salt, dissolution occurs, leaving various insoluble residues,
principally anhydrite, along with minor amounts of such
minerals as dolomite, calcite, barite, pyrite, and quartz.
Continued rise of the salt fractures the anhydrite caprock,
increases water circulation and results in the chemical
alteration of anhydrite to gypsum, and gypsum to sulphur and
calcite.

2.1.2 Physiography

The Sulphur Mines salt dome lies within the Gulf
Coastal Plain. This is an area of low topographic
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relief with elevations ranging from about 2 feet above sea
level on the flood plains of the Sabine and Calcasieu Rivers
to about 90 feet in the area northwest of the city of
DeQuincy. North of the Houston River the terrain is hilly,
with elevations ranging from about 20 to 90 feet. South

of the Houston River the terrain is a flat plain with
elevations ranging from 25 feet near the river to 2 feet

in the coastal marsh.

Meander scars, representing courses of ancestral streams,
and pimple mounds are present on the Pleistocene surface

" throughout Calcasieu Parish. The pimple mounds are low,
circular or elliptical hummocks, generally 30 to 50 feet in
diameter and about 1 to 5 feet high.

The flood plains are usually swampy in comparison to the
surrounding uplands so that plant growth on the flood plains
is quite different from that on the better drained Pleisto-
cene surfaces. The flood plains generally support growth of
oak, gum, and magnolia trees, and dense undergrowth, whereas
the Pleistocene surface which is not under cultivation
supports grassland and pine trees. 1In the vicinity of the
Sulphur Mines dome, the land has been cleared as a result

of petroleum, natural gas, sulfur, and salt extraction.

The elevation of the surface over the dome ranges from about

12 feet to 18 feet above sea level. Subsidence has occurred

in a 40 acre area over the center of the dome at Sulphur Mines.
This subsidence is attributed to the removal of sulfur from the
caprock of the dome. An attempt was made to inject mud into

the voids created during the sulfur mining operations. The
dredging of the mud resulted in the formation of the ponds

on 3 sides of the dome (north, west, and south). The total
area of these ponds is about 252 acres (see Figure 2.2).

2.1.3 Regional Geology

The Sulphur Mines salt dome lies within the Gulf Coast geo-
syncline. Within 3,000 feet of the dome center there is about
7,000 feet of poorly consolidated Miocene and younger sands
and shales. The dome is located north of the east-west tend-
ing axis of the Gulf Coast geosyncline which is approximately
parallel to the Louisiana coastline. During subsidence of the
geosyncline throughout Cenozoic time, thick wedge-shaped
deposits of clay, silt, sand, and gravel were laid down.
These deposits reached their greatest thickness (about
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65,000 feet) along the geosyncline axis. The monoclinal
strata of the geosyncline, through which the salt is rising,
dip in a southeasterly direction. The Miocene sediments are
faulted by normal faults that strike northeast and are
downthrown to the south. Regional faulting of sedimentary
rocks as young as Pleistocene has occurred in the vicinity
of the Houston River; and local deep-seated faults are
commonly found during exploration for oil. The dominant
direction (strike) of these normal faults is east to north-
east. The faulting mechanism is largely related to sediment
compaction and basin subsidence that is occurring toward the
south, and to local penetration of salt plugs into overlying
strata.

Recently, seismic activity in the Gulf Coast region has been
very low. The National Oceanic and Atmospheric Administra-
tion (NOAA) has classified the United States into 4 zones
with differing degrees of expected seismic risk. These
subdivisions are based upon the recorded history of past
seismic activity. Zone 0 covers areas having no reasonable
expectancy of surface earthquake damage; Zone 1, expected
minor damage; Zone 2, expected moderate damage; and Zone 3,
possible major destructive earthquakes.

The Sulphur Mines dome project area lies within the boundary
of seismic risk Zone 1. However, in order to acquire more
specific information, an earthquake data search was requested
from the NOAA seismic information service. This NOAA office
has catalogued the records of all known tremors occurring
since the mid 1800s. The data search was requested to cover
the rectangle from 28055' north to 30°19' north, and

from 90°10' west to 95945' west. The results of the

search indicated that only one earthquake was reported in
this area. It occurred on October 19, 1930 at an epicenter
approximately 4 miles southeast of Donaldsonville, which is
140 miles east of Sulphur Mines. A Richter magnitude was
not recorded but the intensity was recorded as VI on the
modified Mercalli scale at Donaldsonville. The modified
Mercalli scale appears in Appendix F.

2.1.4 Local Geology

The Sulphur Mines salt dome is circular in plan (top) view
and in profile it is flat topped and steep-sided. The dome
is a piercement structure that is located within the Texas-
Louisiana coastal salt dome belt. Because this dome has

been extensively explored and drilled for sulfur, salt, and
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petroleum, the geologic structure, stratigraphy, and dome
configuration are well documented.

Sulphur Mines is a comparatively small salt dome whose
diameter at the 2,000 foot depth contour is approximately
1/3 to 1/2 mile. Partially consolidated silt, clay, sand,
and gravel of Pliocene, Pleistocene, and Recent age with an
aggregate thickness of 350 to 400 feet overlie the dome.
Local stratigraphy suggests that during Pleistocene deposi-
tion the older sediments above the dome were elevated above
mean terrain resulting in deposits 100 to 300 feet thicker
around the periphery of the dome than over the top. Immedi-
ately adjacent and peripheral to the dome, these sediments
have been dragged upward by the rising salt plug (see Figure
2.3).

Caprock

The Sulphur Mines salt dome has an unusually thick caprock
(see Figure 2.3). It averages about 1,100 feet in thickness;
the bottom 900 feet, which is in contact with the salt plug,
is nearly pure anhydrite (CaSOg4). Above that, sulfur

occurs in a zone of brecciated dolomite, calcite, gypsum,
anhydrite and limestone 100 to 120 feet thick. Above the
sulfur-bearing zone there is an o0il saturated zone 100 to

150 feet thick which consists of brecciated to vuggy lime-
stone with secondary filling by veins and blebs of calcite
together with some arenaceous and dolomitic limestone.

The sulfur deposits scattered throughout the upper layers of
caprock are the result of bacterial separation of free

sulfur from sulphates. The residual is calcium carbonate
("limestone"). The sulfur is finely disseminated in the voids
and fractures of the caprock.

A geological cross-section A-A' (Figure 2.3), constructed
using electric logs, shows the local sedimentary sequences
and their relationship to the piercement salt rock.

The caprock is intensely fractured, faulted, and brecciated
as a result of the compressive forces exerted by the rising
salt stock. The permeability and water circulation in the
caprock is increased by the fracturing. The increased cir-
culation, if it extends to the salt/caprock interface and
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if the water is not salt saturated, would result in dissolu-
tion of salt and formation of new caprock from the insoluble
residues.

Removal of sulfur from the caprock leaves many small voids
which can collapse. This collapse, if the total void space
is large, may result in subsidence which can damage surface
facilities such as roads, pipelines, pumping equipment,
storage tanks, and ponds.

Salt

A subsurface map (Figure 2.4) contoured on the top sur-

face of the salt stock, and the geologic cross-section A-A'
(see Figure 2.3) show the shape of the salt mass as indicated
by data from approximately 70 drill holes reported to have
intersected and terminated in salt. It is a sharp, pierce-
ment structure whose symmetrical shape is nearly circular in
plan. The top of the salt plug is almost flat and located

at a depth of about 1,460 feet below sea level. The sides

of the dome are in contact with the enclosing sediments
which dip 75° to 80° away from the stock.

The composition of the salt varies throughout the dome. 1In
general, however, finely bedded and disseminated anhydrite is
present in amounts of perhaps 3 to 7 percent; other in-
soluble minerals comprise less than one percent of the

volume of the dome. Blocks of sandstone and shale through
which the piercement structure has passed may be imbedded

in the outer margins of the salt.

2.1.5 Soils
There are two general soil associations at Sulphur Mines,
the Wrightsville-Acadia Association and the Morey-Beaumont

Association.

The USDA Soil Conservation Service describes the Wrights-
ville-Acadia Association as

"...an area of level to very gently sloping
soils on low ridges and broad flats mostly in
the central part of the parish. This area is
dissected by numerous small drainageways. These
soils are used for cultivated crops, pasture and
woodland. The poorly drained Wrightsville soils
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on the broad flats and depressed areas make up
about 55 percent of the association. They have
a gray silt loam surface and a gray silty clay
subsoil mottled with brown or red. The some-
what poorly drained Acadia soils on the low
nearly level to gently sloping ridges make up
about 25 percent of the association. They

have a grayish-brown silt loam surface and a
brownish-yellow silty clay loam upper subsoil
mottled with gray and red and a gray clay lower
subsoil mottled with red and brown. Gore,
Caddo, and Beauregard soils and soils in small
drainageways make up most of the remaining 20
percent of the association.”

The Morey-Beaumont Association is described as

"...an area of level to depressed, poorly
drained soils on broad flats mostly in the
southwestern and southeastern part of the
parish. These soils are used mostly for
cultivated crops and pasture. The Morey soils
on the broad flats and depressed areas make up
about 70 percent of the association. They

have a very dark gray or black silt loam or
silty clay loam surface and a gray silty clay
loam subsoil mottled with yellowish-brown.

The Beaumont soils on the flats and depressed
areas make up about 15 percent of the associa-
tion. They have a very dark gray or black silty
clay loam or clay surface and a gray silty clay
or clay subsoil mottled with yellowish-brown.
Mowata soils make up most of the remaining

15 percent of the association."”

2.1.6 Land Use

The land use in the vicinity of the Sulphur Mines dome is
devoted entirely to o0il and gas production, and brining
operations. Sulfur mining was a major activity here until
1924; very little sulfur has been mined since. There are no
agricultural uses of the land and the nearest residences are
2 miles away in the city of Sulphur.

0il and Gas Production

0il was first produced from Union Sulphur Company's Fee No.
719 well. It appears that production has been uniformly
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distributed around the rim of the salt dome. However,

the greatest density of drilling is on the western and
southern flanks of the dome. Interpretation of the salt
structure map and geologic cross-sections suggests that oil
and gas occur on the.flanks of the dome in Miocene or later
sediments that are faulted or pinched out against the sides
of the dome.

Although some minor oil deposits are known to occur in the
limestone portion of the caprock, no wells are producing
over the top of the dome in the area proposed for the
storage facility.

Sulfur Production

The technology of sulfur mining using the Frasch process was
developed at Sulphur Mines. The Louisiana Petroleum and
Coal 0il Company was formed to drill for oil on the Sulphur
Mines dome in 1867; and although this drilling failed to find
commercially significant amounts of o0il, a large deposit of
native sulfur was discovered in the caprock at a depth of
650 feet. Many attempts were made in the next 30 years to
mine the sulfur using conventional shaft-sinking techniques,
but they were all doomed to failure due to uncontrollable
encroachment of water, quicksand or lethal hydrogen sulfide
gas.

During the 1890s, Herman Frasch, a petroleum research chemist,
developed an approach to mine this type of sulfur deposit.

He injected hot water into a well bore, melted the sulfur

and forced the liquid sulfur up the borehole to the surface.
With improvements to this process over a number of years,

the United States replaced Italy as the world's leading

sulfur producer by 1912.

Sulfur mining was conducted at Sulphur Mines dome until 1924
and resulted in a cumulative production of approximately
9,400,000 tons or 153,500,000 cubic feet of sulfur. There
have been occasional attempts to resume sulfur production

at Sulphur Mines dome, but the resulting low yields have not
made the operation profitable.

After the sulfur has been melted and evacuated from the host
formation, the voids can collapse. Underground collapse is
sometimes manifested in surface subsidence over the dome.

This subsidence can create surface problems related to pipe-
lines, roadways, surface equipment, and drainage. Subsidence
of as much as 10 feet in places has occurred in a 40 acre area
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within the 100 acre area of sulfur mining. The likelihood
of further collapse has been greatly reduced by injecting
mud into the voids left by sulfur removal. The mud was
dredged from the ponds on the north, west and south sides
of the dome.

Storage Caverns

There are six solution-mined cavities in the Sulphur Mines
dome. Figure 2.5 shows the location of all eight wellheads
associated with those cavities. Three of those caverns

are currently being used for the storage of ethylene
(Numbers 1, 3, and PPG). Sonar-caliper surveys for those
three caverns are not available nor is the storage capacity
available to DOE for those three caverns. The remaining

3 caverns at Sulphur Mines have been used for

brine production. Two of those caverns, Number 6 and 7

are available for the storage of petroleum products.

Wells 2,4, and 5 enter the three-cavern gallery which is
located on the southern flank of the Sulphur Mines dome and
covers a surface area of about 15.5 acres. The 3 wells in
this gallery were completed in 1946, 1949, and 1953, res-
pectively, and have been leached to a total estimated volume
of 15 million barrels. From sonar profiles conducted at
wells 2, 4, and 5 in September 1977, it is determined that
the three caverns have coalesced. This 3 cavern gallery has
been successfully pressure tested in September of 1977.
Figure 2.6 is a profile of Caverns Numbers 6 and 7 as
obtained by the sonar-caliper technique. This diagram also
shows the relative position of the 2 caverns. At the
nearest point, caverns 6 and 7 are separated by about 150
feet. Figures 2.7 and 2.8 illustrates the relative position
of caverns 2,4,5. This is the best two dimensional
representation of complex three dimensional cavern
configurations and areas of coalescence in several planes.
Dotted lines indicate corridors through which these caverns
have coalesced. The descrepancy between reflecting surfaces
recorded by the caliper from two different wells is a
function of the 5° increments of the vertical scan and the
fact that the cross-section plane is not exactly in the
plane of one of the 8 profiles recorded for each cavern.

For example the location of a reflecting surface on a near
horizontal roof of a coalescence corridor would be significant
depending on relative depth of the caliper and the angle of
the vertical scan.
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Sonar caliper

and on October 14,

A

of Cavities Number 6 and 7 Showing Their Relative Size and Proximity.

1975,
(Well strings are assumed to be vertical.)

surveys were conducted at caverns 6 and 7 on October 15,
1975, respectively.
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2.2. WATER ENVIRONMENT

The Sulphur Mines salt dome is located in approximately
the center of Calcasieu Parish, southwestern Louisiana,
on the periphery of the Calcasieu River basin. Surface
water in the area is generally fresh although salt water
intrusion has been encountered in the Calcasieu River to
the east and the Sabine River to the west. Undisturbed
inland streams throughout southwestern Louisiana typically
are soft, have a pH of about 7, and contain less than 100
ppm of dissolved solids. They are low in calcium and
magnesium bicarbonates, sodium chloride, sulfates, and,
reputedly, suspended sediments. Silica is generally below
25 ppm but may be one-fourth to one-half of total dissolved
solids.3 Annual precipitation is on the order of 55
inches.? The region general}y experiences a winter-
spring precipitation surplus of approximately 16 inches.
In spite of the apparent abundance of rainfall, during
certain months of the growing season, which extends from
February through November, there is a moisture shortage for
. . o s . s s %%
vegetation. This precipitation deficit amounts to
approximately 6-7 inches per year.6 Detailed precipi-
tation charts for the region are provided in Appendix
D.1l.

5

The surface water system represents the primary source
of displacement water. The shallow aquifers represent
an alternate source of displacement water while the deeper
aquifers represent the primary site for brine disposal.

2.2.1 Surface Water System

Surface bodies of water in the immediate vicinity include:
(1) a number of reservoirs and ponds dredged at the mine
site, (2) marshes in the vicinity of the dome, (3) seasonal
water standing in terraced rice fields and drainage
ditches, (4) Bayou Choupique and Bayou D'Inde, and (5) an
extensive canal system. 1In addition to these surface

water bodies, the Sabine River to the west of the site, the
Houston River to the north, and the Intracoastal Waterway

*Precipitation surplus represents the "extra" precipita-
tion which is not utilized for evapotranspiration or
soil moisture recharge; the surplus, therefore, represents
water available for ground water recharge or surface
runoff.®
**The deficit is defined as the difference between actual
and potential evapotranspiration; it represents an index
of moisture shortage for vegetation.
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to the south, must be considered. The general arrange-
ment of the surface water system is shown in Figures
2.9 and 2.10. o

2.2.1.1 Local Ponds and Reservoirs

In the immediate vicinity of the Sulphur Mines site

there are several man-made ponds or reservoirs. The
location of these bodies of water is indicated in Figure
2.11, and some of their characteristics are included in
Appendix D.3. The primary source of displacement water
would be the South Sector of Salt Water Reservoir, also
known as Reservoir No. 3. The entire Salt Water Reservoir
has a volume of 4,244,000 cubic yards. 1In the past it has
been periodically used as a dilution reservoir for brackish
water from Frasch process sulfur mining. The reservoir was
used in this manner most recently during the period from
approximately 1966 to 19707 when sulfur extraction

was resumed on a small scale, after many years of no
mining. As authorized by a state permit, waste water

was discharged from those operations into Bayou D'Inde

via a drainage ditch after reservoir spray aeration

for hydrogen sulfide removal.’ An average of 200,000
gallons of water a day was released once the salty water
was sufficiently diluted.’ The reservoir has also been
used in the past as a dilution pond for waste water from
0il production operations. The reservoir presently has a
slight crust of long dried-up, hardened o0il along its
edge.8 Contrary to its name, the reservoir currently
appears to be fresh or nearly fresh water with higher life
forms present.9 No water quality data are available for
the reservoir.

The other ponds and reservoirs in the area have nearly
always contained fresh water. The only exception appears
to be the Waste 0il Residue Pit. This pit, however, has
been out of service for a number of years and currently
retains rainwater to a shallow depth. No water quality
data are available for any of these bodies of water.
Several of the shallow ponds/reservoirs, including No. 15
(Freshwater Reservoir), No. 16 (Waste 0Oil Residue Pit)
and No. 17 (North Tank Battery Lake), normally dry up
during periods of low precipitation. Water levels in
deeper ponds on the site seem to be little affected by
periods of low precipitation and are presumed to be
partly maintained by recharge from ground water.
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The total surface water volume of all ponds and reservoirs
in the vicinity is 5,836,000 cubic yards (28 million
barrels).

2.2.1.2 Marshes

Marshes are prevalent around the north and east peri-
phery of the dome site. 1In addition, to the southwest,
between the South Sector of Salt Water Reservoir and the
northeastern sector of Crystal Lake (No. 6), lies Onion
Grass Marsh. No water quality data for any of these
marsh areas are available.

2.2.1.3 Surface Water Drainage

The clay subsoil in the region around Sulphur Mines is
relatively impervious to water penetration. Since area
stream channels do not generally cut entirely through
the clay layer, most of the water in the streams is
surface runoff.3 Portions of area canals are enclosed
by levees, and water in them frequently is at a higher
elevation than the surrounding land surface. The levees
impede drainage. Drainage ditches are present at the
Sulphur Mines location. The largest part of the system
is connected to Brimstone Ditch, which carries runoff

to the east. The impermeable clay layer beneath the
soil contributes to the area's suitability for cultiva-
tion of rice since it permits water retention in surface
storage.3 A study is currently underway to identify
surface drainage patterns in more detail. The results
of this study will be used to assure that facilities
will not interfere with surface drainage patterns

or agricultural activities.

2.2.1.4 Bayous

The two bayous nearest the site are Bayou Choupique to the
southwest and Bayou D'Inde to the east and southeast.

Nearly all runoff from the dome site is channeled to the east
via Brimstone Ditch to Bayou D'Inde, which flows to the
southeast and empties into the Calcasieu River approximately
3 1/2 miles south of Lake Charles. Bayou Choupique flows

to the south-southeast and empties into the Intracoastal
Waterway near the junction of the Waterway with the Calcasieu
River. Bayou Choupique is little affected by surface

runoff from Sulphur Mines. No streamflow data concerning
either bayou is available. No specific state water quality
standards exist for Bayou Choupique. For Bayou D'Inde

the specific state water quality standards are provided

in Appendix D.2. The state standards specify that
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Bayou D'Inde can be used for secondary contact recrea-
tion and for propagation of fish and wildlife. These
standards classify the bayou as tidal and thus the
most pertinent EPA numerical criteria would be those
for marine life, which are included in Appendix D.2.

A limited amount of water quality data for the two bayous
is available and is presented in Appendix D.4. An
evaluation of the available data for Bayou D'Inde reveals
levels of pH consistently below the State standards.
Similar values of pH occur in Bayou Choupique.

Bayou D'Inde serves as the receiving stream for domestic
wastes from the city of Sulphur as well as industrial
wastes from several industrial facilities. A summary

of such domestic and industrial wastes are included in
Appendix D.4. Water quality data for the effluent from
one of these facilities, the Cities Service Refinery,

is also provided in Appendix D.4. There is no requirement
for such effluent to satisfy the specific state criteria
or the EPA numerical criteria. However, the level of

pH in the effluent exceeds both the state standards and
EPA criteria. The level of ammonia is approximately

12 times the level recomended by the EPA numerical
criteria. Because of the limited amount of data avail-
able, a complete picture of the water environment in Bayou
D'Inde cannot be developed. Based on the available data,
however, the bayou can be characterized as polluted.10

2.2.1.5 Canal Systems

A number of canals have been constructed in the general
area of the dome. This discussion is limited to those
canals which would be affected by the construction or
operation of the facility. During the main period of
sulfur mining, which extended into the late 1920's, fresh
water was supplied to the mining site via an unnamed canal
which joined the northwestern corner of the North Sector of
Salt Water Reservoir to the Houston River Canal, approxi-
mately 1.5 miles north of the dome. At that time, the
Houston River Canal was connected to both the Houston River
and the Sabine River. The unnamed canal has been abandoned
since the late 1920's when the primary sulfur mining
operations ceased. The Sabine River Diversion Canal, which
was previously called the Houston River Canal is currently
being enlarged and modified as part of the Sabine River
Diversion Project. The purpose of the project is to supply
fresh water to industries in southwestern Louisiana between




the Sabine and Calcasieu Rivers. As the new name suggests,
the primary source of water for the enlarged canal system is
the Sabine River, with the Houston River serving as an
alternate source. The enlargement process is primarily
being accomplished by widening and raising the levees. As
indicated in Figures 2.9 and 2.10 the new canal system is
primarily composed of an east-west segment, which is the
main canal, and a north-south branch®, which passes
approximately 1 mile east of the Sulphur Mines site.

The east-west canal width will be 112 feet at the top and

60 feet at the bottom with a depth of 13 feet.1ll When

the canal is opened (expected late 1978), it will have

a maximum flow rate of 340 cfs supplied by three 50,000-
gallon per minute pumps located at the junction of the

canal with the Sabine River. At a later date, a fourth
50,000-gallon per minute pump will be added and the maximum
flow rate will be increased to 450 cfs. 1In addition to the
pumping station on the Sabine River, two 35,000-gallon per
minute pumps are being installed at the junction of the canal
with the Houston River. A third pump of similar capacity
will be installed later if the need arises. The pumps at
the Houston River are designed to provide an alternate or
backup source of water to the Sabine River. Flow velocities
in the canal will normally be approximately 1 to 1.5 fps
from west to east.

The north-south canal (Canal No. 5) has a width of 76 feet
at the top and 40 feet at the bottom with a depth of
approximately 9 feet. It has a designed capacity of 125
cfs with a maximum flow velocity of approximately 0.4 fps.
User demand for Canal No. 5, as currently projected,
amounts to 40% of its capacity.

Industries which are currently using or will in the near
future begin using water from the Sabine River Diversion
Canal system include:

Olin Corporation.

PPG Industries,

Firestone Synthetic Rubber and Latex Company,
Cities Service 0il Company, and

Gulf States Utilities Company.

Oo0O0OO0O0

*This branch is referred to as Canal No. 5 of the Sabine
River Diversion Canal System.




Although the individual water requirements of each of
the preceding industrial facilities are not known, the
total water requirements represented by all industries
currently using or planning to use water from the canal
are well within the initial capacity of the canal system
(340 cfs).l2

2.2.1.6 Sabine River

As noted in the preceding subsection, the Sabine River
represents the primary source of water for the canal
system. The river in this region actually is divided

into three widely separated branches. The junction of

the Sabine River Diversion Canal with the Sabine River

is located approximately 3 miles north of Niblett Bluff
on the most eastern branch, which is called the 0l1d River.

Approximately 4 miles upstream near Ruliff, Texas”™ both
volumetric flow data and water quality data** are

available. Volumetric flow data are presented in Appendix
D.5. The volumetric flow of the river during the period
October 1974 through September 1975 varied from a minimum of
774 cfs in October to a maximum of 40,600 cfs in May.

Based on earlier studies of the Sabine River, it would
appear that approximately 50% of the total volumetric flow
of the river passes through the 01d River.l3 The river

flow is regulated by releases from Toledo Bend Reservoir.

State water quality standards for the river are provided in
Appendix D.2. According to such standards the water is
classified as fresh and is to be used for primary and
secondary contact recreation, propagation of fish and
wildlife, and domestic raw water supply. The most per-
tinent EPA numerical criteria would be those for domestic
water supply and freshwater aquatic life, which are also
presented in Appendix D.2.

The available water quality data is presented in Appendix
D.5. The results of a comparison of the available data
with the pertinent standards and criteria are summarized

*This point is upstream of the region where the river is
divided into three separated branches.

**Water quality data are pertinent because of the problem
of compatibility of waters for brine injection discussed
in Appendix D.8.




in Table 2.1. As indicated by the table and the data in
Appendix D.5 the level of fecal coliform in the river
exceeded the state water quality standards in six out of
eleven samples.

A limited amount of sediment data is also provided in
Appendix D.5. This data, which is limited to pesticides
and other toxic hydrocarbons, indicates that the sediment
is free of contamination with respect to such compounds.

No data regarding municipal or industrial discharges into
this reach of the river are available. With respect to
water utilization, the states of Louisiana and Texas share
the water on an equal basis. Each state is currently
authorized to withdraw 90,000 acre feet (698 million
barrels) annually at a maximum rate of 454 cfs, free of
royalty. In Louisiana all of the 90,000 acre feet of
royalty-free water is to be used for the irrigation of
rice land. 1In Texas 48,000 acre feet are to be used in a
similar fashion with the remaining 42,000 acre feet to be
used for municipal and industrial facilities.l® 1t is
noteworthy that the initial capacity of the Sabine River
Diversion Canal (340 cfs) represents approximately 1.9
billion barrels annually. Unlike the royalty-free water
previously noted, the water for the canal must be
purchased.

2.2.1.7 Houston River

As described in subsection 2.2.1.5, the Houston River
represents an alternate or backup source of water for

the Sabine River Diversion Canal. The junction of the
canal with the river is in the vicinity of the point

where State Highway 27 crosses the river, approximately
4.5 miles northeast of the Sulphur Mines site. The river
flows to the southeast and joins the West Fork of Calcasieu
River approximately 10 miles downstream of the canal
junction. No quantitative hydrologic data for the Houston
River is available. The river is, however, part of
"Ungaged Area B"? and the monthly and weekly steam flows
for this region from 1947 to 1951 suggest an extreme
variation of flow in the region ranging from 2.2 to 3500
cfs. This extreme variation was one of the reasons the
river was not considered suitable as the primary source of
water for the Sabine River Diversion Canal.




Table 2.1. Summary of Water Quality Analysis for Sabine River.

Body of Sample Violates Exceeds EPA*
Water Station Date State Standards Numerical Criteria
Sabine Ruliff, 1974 Fecal Coliform Cadmium
River Texas Iron
Lead
Mercury
Phosphorous
pH

LZ-2

*1976 EPA criteria for freshwater aquatic life provided in Appendix D.2.




No water quality data for the Houston River are available.
The specific Louisiana State Water Quality Criteria for
the river are included in Appendix D.2. These criteria
apply to fresh water and indicate that the river should
be suitable for the propagation of fish and wildlife.

2.2.1.8 1Intracoastal Waterway (ICW)

The ICW lies approximately 14 miles south of the Sulphur
Mines facility as shown in Figqure 2.10. The waterway
extends generally in an east-west direction, with a

width of 300 feet and a controlled depth of 12 feet™.
Currents in the waterway are variable, being strongly
influenced by winds and tides. Flow rates in the Sabine
River to the west are generally greater than the flow
rates in the Calcasieu River to the east. Thus, there is a
general tendency for water in the canal to flow from west
to east.

A limited amount of water quality data has been collected
on the waterway at Station 13, 12.5 miles west of the
Calcasieu River and is included in Appendix D.4. The
applicable state water quality standards are included in
Appendix D.2. These standards classify the waters as
tidal, and indicate that the water is to be used for
secondary contact recreation, and the propagation of

fish and wildlife. Because the waters in the waterway
are classified as tidal the most pertinent EPA numerical
criteria would be those for marine and aquatic life which
are included in Appendix D.2. Results of a comparison
between the available data and the applicable state
standards and EPA criteria are summarized in Table 2.2.

2.2.2 Subsurface Water System

The subsurface water system may be affected by the
Sulphur Mines facility in two distinct depth

*During World War II the segment of the ICW under con-
sideration was dredged to a depth of 30-40 feet. This
depth, however, has not been maintained by dredging.
Currently the maximum depth of the waterway is reported
to be 14 feet.
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Table 2.2 Summary of Water Quality Analysis for Intracoastal Waterway

Violates
State Standards

Exceeds EPA*
Numerical Criteria

Sample
Body of Water Station+
Intracoastal 13

Waterway

03-23-75 None violated

Phosphorous, Arsenic,
Mercury, Toxaphene,
Lindane, Heptachlor,
Aldrin, Chlordane,
Dieldrin, Endrin,
O,P' -DDT

+The location of sample Station 13 is shown in Figure D.4-2.
*Marine water constituents, provided in Appendix D.2-4.




intervals. First, shallow subsurface aquifers,*

which represent an alternate source of displacement
water, are encountered in the depth interval from
approximately 30 to 2,900 feet. These aquifers are
described in Subsection 2.2.2.1. At greater depths,
between 5,000 and 7,000 feet, Miocene-Oligocene sub-
surface aquifers are encountered, as described in Sub-
section 2.2.2.2. These aquifers are the proposed site
for brine disposal.

2.2.2.1 Shallow Aquifers
In the vicinity of the Sulphur Mines site, two aquifers
are encountered within 2,900 feet of the surface. The

upper is the Chicot aquifer; the lower is the Evangeline.

Chicot Aquifer

The Chicot aquifer (Pleistocene Age) represents an alter-
nate source of displacement water. Examination of well
logs shown in Appendix D.6 in the vicinity of Sulphur
Mines has revealed a layer of silt and clay approximately
30 feet thick separating this aquifer from the surface
water. This layer of sediment acts as an aquitard** and
it would thus appear there is not, in general, a natural
connection between the shallow subsurface aquifers and the
surface water. The man-made reservoirs and ponds in the
area may be sufficiently deep in some cases, however,

to provide limited connections.

The Chicot aquifer consists of a massive sand sequence
which extends down from 30 feet to approximately 800 feet.
This sand sequence is broken by several thick and extensive
clays (30 feet or more) between the surface and 350 feet
and a single clay zone from approximately 550 to 600

feet. The aquifer is continuous for more than 100 miles
east-west and north-south. Well No. 3 (in Figure D.6-1

of Appendix D.6) is located at Sulphur Mines and shows

the sequence of aquifers and clays. The Chicot aquifer

*An aquifer is a water-bearing stratum of permeable
rock, sand, or gravel.

**An aquitard is a geologic formation of a rather
impervious and semi-confining nature which transmits
water at a very slow rate compared with an aquifer.
Over a large area of contact, however, it may permit
passage of large amounts of water between adjacent
aquifers.




in Calcasieu Parish is commonly divided into the "200-foot",
"500-foot" and "700-foot" sands, on the basis of the depth
of such sands in the Lake Charles industrial area. The
"200-foot" sand generally consists of one or more thin

sands of variable occurrence in northern and western
Calcasieu Parish and western Cameron Parish. The "500-foot"
sand can be traced as a thick sequence of lenticular sands
which in Calcasieu Parish is divided into upper and lower
units by a lenticular bed of clay. The base of the lower
unit (the "700-foot" sands) is the base of the Chicot
aquifer. Clays separating the "200-," "500-" and 700-foot"
sands are locally absent, allowing the sands to be
hydraulically connected. In the Lake Charles industrial
area these local connections permit water to move from the
"700-foot" sand into the "500-foot" sand.

The slope of the aquifer is gulfward, 18 feet/mile

(0.3% slope), but this general slope is significantly
distorted in the vicinity of the dome, where the aquifers
must rise up nearer the surface. Thus, relative to the
dome center, a quaquaversal condition exists (along any
radial line proceeding outward from the dome center, the
slope is downward). Figure D.6-1, which is based on data
at least nine years o0ld, indicates that in the vicinity of
Sulphur Mines the Chicot aquifer contains no saline water,
with the fresh water-salt water (horizontal) interface
occurring in the aquiclude* between the Chicot and Evangeline
aquifers. Because of the effects of industrial pumpage in
the vicinity of Lake Charles approximately 10 miles to the
east, there is the distinct possibility that, in the nine
or so more years since the basic data was obtained, saline
water has penetrated the basal sands of the Chicot aquifer
near the site. According to the data presented in Appendix
D.6 the fresh water-salt water (vertical) interface lies
approximately nineteen miles to the southeast of the site.
There is evidence which indicates that this interface is

*An aquiclude is a geologic formation so impervious that for
all practical purposes it completely obstructs the flow of
ground water (although it may be saturated with water
itself), and completely confines other strata with which

it alternates in deposition.
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moving northward toward the Lake Charles area at a rate of
from 70 to 200 feet per year. Thus, the current distance
between the vertical interface and Sulphur Mines is
probably slightly less than the distance in 1967.

Recharge* of the Chicot aquifer occurs at the outcrop 30
miles north of Sulphur Mines. An effective line of
recharge occurs a few miles northwest of Sulphur Mines.
This is not from surface recharge, but may result from
changes in the form of the aquifer (thickening) or may
represent recharge from connections with deeper sands.

Water compatibility for brine injection is discussed in
Section 3.2.2.2 and Appendix D.8. 1In general, as noted in a
study conducted in 1967, ". . . water in the Chicot aquifer
is primarily of a sodium calcium bicarbonate type. As this
water in the west is less likely to be mixed with that from
other aquifers, the water typifies that generally contained
in the Chicot aquifer. 1In typical water of the Chicot
aquifer, sodium plus potassium make up more than 35 percent,
but less than 50 percent of the cations present, and bicar-
bonate plus carbonate make up more than 55 percent, but
generally less than 90 percent of the anions."18

Typical concentrations of silicon, iron, and chloride ions
in fresh water from the Chicot aquifer are provided in
Appendix D.6. All hardness in the water is carbonate
hardness as indicated in the table. Other factors influ-
encing the chemical composition of fresh water in the
Chicot aquifer are recharge from the underlying Evangeline
aquifer and diffusion of salt water in the vicinity of_the
fresh-salt water interfaces within the Chicot aquifer.

The Chicot aquifer is a source of fresh water. The city

of Sulphur, approximately 2.5 miles east of the site

draws its water from 5 wells in the depth interval from

540 to 560 feet. The volumetric flow rate is approximately
4 x 106 gallons per day.1l2 Approximately 10 miles to

the east, the city of Lake Charles also utilizes the
shallow subsurface aquifers for its municipal water supply
source. The water well depths range from 500 to 700 feet.

*An aquifer is "recharged" when the water pressure is
replenished by ground seepage of rainfall, or by other
water sources.
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The total yield is approximately 9 x 106 gallons per

day.20

In addition to serving as a source of municipal water,
the Chicot aquifer also provides water for industrial

use in the Lake Charles area.

Approximately 121 million

gallons per day are currently withdrawn from the aquifer
for industrial use with the majority coming from the

"500-foot" sands.

The combined municipal and industrial rate of withdrawal
of water from the Chicot aquifer is plotted versus time for

the period from 1935 through 1965
indicated in the figure, the rate
increased during that time period
withdrawal is projected to exceed

in Figure 2.12.18 Aas

of withdrawal steadily

and by 1980 the rate of

140 million gallons per day.

These large withdrawal rates have created and will continue
to create a cone of depression in the water level within

the three major sand beds which comprise the aquifer. For
the "500-foot" sand, these cones of depression are presented
in Figure 2.13 for the period from 1903 to 2000.21

These cones of depression indicate that in the 20-year
period from 1980 to 2000 in the vicinity of the Sulphur
Mines site the water level in the "500-foot" sands will

drop approximately 70 feet due to pumpage in the Lake
Charles area.

Evangeline Aquifer

The Evangeline aquifer lies beneath the Chicot aquifer

in the depth interval from approximately 800 to 2,800 feet.
This aquifer consists of unconsolidated fine-to-medium-
grained sand. Throughout central and south Calcasieu
Parish in general, and specifically in the vicinity of
Sulphur Mines, the aquifer consists of saline water.
Because saline subsurface water is not in so great a demand
as fresh subsurface water, the characteristics of the
Evangeline aquifer in Calcasieu Parish are not as well
defined as those in the Chicot aquifer. Apparently no map
of the base of the aquifer exists. 1Individual sand beds
within the aquifer are generally thin with average sand
thicknesses from 10 to 27 feet in the upper portion of the
aquifer.* Available evidence indicates that these beds

are interfingered and have relatively poor continuity from
one to another. 1In spite of the poor continuity the

*In the lower portion the sand thickness appears to be
greater.
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individual sand beds are connected and form a continuous
hydraulic system.1l8 Further information is included in
Appendix D.6.

Specific water quality data for the Evangeline aquifer in
the vicinity of Sulphur Mines are not available. Based on
an analysis of saline ground water charts,22 the upper

300 feet of the aquifer (from 800 down to 1,100 feet)
contains water with a salinity of from 3 ppt to 10 ppt.
Below 1,100 feet the salinity is greater than 10 ppt. 1In
the upper 300-foot interval the yield of an individual
well is estimated to be from 500 to 2,000 gallons per
minute while in the lower interval the yield is estimated
to range from 5,000 to 8,000 gallons per minute.*

Data concerning utilization of water from the Evangeline
aquifer is quite limited. Approximately 550,000 gpd were
withdrawn from the aquifer in Calcasieu Parish in 1969
for public use.2l sSuch withdrawal apparently occurred

in the northern part of the parish where some fresh water
is found in the upper portion of the aquifer.

The aquifer has been used to a considerable extent for
the disposal of salt water. 1In Calcasieu Parish in 1974
over 18 million barrels of salt water were injected into
the depth interval from approximately 1,220 to 2,750 feet
(which generally corresponds to the Evangeline aquifer).
At Sulphur Mines during that year, 152,061 barrels were
injected at a depth of 1,220 feet.

2.2.2.2 Deep Aquifers

For brine disposal the primary disposal site under con-
sideration is the depth interval from 5,000 to 7,000 feet
within the deep aquifers. As described in Appendix D.7,
nine wildcat well logs in the vicinity of Sulphur Mines

*The potential yield of an individual well is based on a
drawdown of 100 feet after one day of pumping. It is also
assumed that not more than 200 feet of sand is screened in
the well. If the sand thickness is less than 200 feet,
then the full thickness is assumed to be screened. The
diameter of the well screen is assumed to be 12 inches,
and the screened section is assumed to be 100 percent
efficient. The yields given are for individual wells, and
the estimates do not consider the interference effects of
pumping from other wells.




have been studied. Two potential disposal zones have been
identified within the proposed depth interval.

The upper potential disposal zone contains alternating
layers of Miocene sands and clays between 5,000 and 6,000
feet. This zone is distinguished by a 200-foot thick

clay and silt layer above and a 500-foot clay layer at its
base. 1Individual sand layers are continuous (mappable)*
for a distance of only a few miles. The entire zone,
however, is mappable in all the wells that were checked.
This gives a proven distance of correlation of the zone of
7 miles east-west and 5 miles north-south. Potential
reservoir sands typically range from as thin as 20 feet to
a thickness of 70 feet within a distance of one mile. The
average total thickness of sand in the Miocene zone is 600
feet. Typical existing wells penetrate 2 sands 100 feet
thick and 10 sands 50 feet thick with lateral continuity
of less than 2 miles.

The second potential disposal zone contains alternating
layers of Oligocene clays and sands from 6,500 feet to
7,500 feet. This zone is sandwiched between 500 feet of
clay above and more than 2,000 feet of clay below. This
zone is present in all wells. Individual sands vary
greatly in thickness from well to well and are definitely
correlated for only about 3 miles. Approximately 50
percent of the zone is sand. Typically 2 sands 100 feet
thick and 5 sands at least 50 feet thick are penetrated in
the Oligocene zone by existing wells.

Two potential hydraulic boundary conditions, which could
substantially reduce the areal extent, and therefore the
volume, of the reservoirs, must be considered. First,
numerous faults are characteristic of sediments surrounding
and overlying salt domes. At Sulphur Mines faults may
exist, as yet undiscovered, which could result in compart-
mentalization of sands surrounding the dome. 1In this
instance brine reservoir volume would be reduced, and
pressure increase due to injection would be limited by
fault barriers.

The secondary boundary condition that could affect brine
disposal operations at Sulphur Mines is the termination of

*Interception of a specific series of sediment, sand, or
rock strata at regular intervals provides data for maps
like the one shown in Figure D-6.1 (Appendix D.6).




sand formations against the salt dome. At a depth of

7,000 feet below sea level the eastern flank of the dome
may lie within 800 feet of the north-south line of proposed
injection wells at the closest point. At 6,000 feet below
sea level the distance between the salt and the proposed
injection wells is approximately 1,300 feet. These
potential boundary conditions must be considered in the
design and evaluation of the brine disposal system at
Sulphur Mines.

As shown in Appendix D.6 over 36 million barrels of salt
water were injected into subsurface aquifers in 1974 in
Calcasieu Parish. The deepest average disposal depth was
4,400 feet. A limited amount of data is also available

for certain types of industrial waste disposal wells
operating in the city of Lockport within Calcasieu Parish
in 1971. These data are provided in Appendix D.6, but do
not include the rate of disposal. At a depth of 3,500

feet two Cities Service Refining wells injected wastes
containing suspended and dissolved solids, hydrogen
sulfide, phenols, iron sulfate, and ammonia. At a depth

of 4,850 feet two Pittsburg Plate Glass Industries

injected wastes containing salt (sodium chloride), sodium
sulfate, sodium carbonate, mercury, calcium, and magnesium.
The available data for Calcasieu Parish indicates no
experience with injections at depths of 5,000 to 7,000
feet, the depth of brine disposal for the proposed project.




2.3 METEOROLOGICAL CONDITIONS

2.3.1 Climatological Conditions™

The climate of the area including the permanent storage
facility at the Sulphur Mines salt dome site near Sulphur,
Louisiana and the crude o0il terminal at Nederland, Texas (39
miles southwest of the storage facility) is classified as
"humid-subtropical with strong marine influences." Seasonal
fluctuations are moderate. Sea breezes usually prevent
extremely high temperatures in summer and the area is
sufficiently far south so that the cold air masses of winter
are not severe. The average freezing season in the area is
from mid-December to mid-February with typically 5 to 10
days having temperatures equal to or less than 320F.23

The foggiest months at Lake Charles and Port Arthur are
December and January with 7 to 9 days per month of heavg fog
restricting visibility to less than a quarter mile.24,2
November through May is usually the windiest period with
mean wind speeds of 9 to 10 mph at Lake Charles and 10

to 12 mph at Port Arthur. The monthly percentage occurrence
of calms is largest in summer as illustrated in Figure
2.14.26,27

The November through March period is typically the coldest
with monthly normal temperatures in the 500's; January to
April is typically the driest period with less than 4.3
inches of rain each month. The monthly normal rainfall at
Lake Charles28 and Port Arthur2? is illustrated in

Figure 2.15. June, July and August are usually the hottest,
wettest, and most humid months, with monthly normal tempera-
tures in the low to mid 80°'s (Figure 2.16), normal July
rainfall of six inches and average relative humidity of 65
percent at noon. As illustrated in Figure 2.17, thunderstorm

*The nearest weather monitoring stations were within 10 miles
of the proposed facilities. The stations used were:

Lake Charles, La. (National Weather Service Station
(NWS) 72240, or Air Force Station 13941, approximately
10 miles east of the permanent storage facility,

for wind rose, fog and thunderstorm data.

Port Arthur, Texas (NWS Station 12917 at Jefferson
County Airport, 5 miles southwest of the Sun
Terminal at Nederland, for temperature and precipi-
tation normals, wind rose, fog and thunderstorm
data.

2-39




°7
O LAKE CHARLES
g - A PORT ARTHUR

PERCENT CALM

MONTH

Figure 2.14 Monthly Percentage Calm at Lake Charles2§
(5/42-10/44, 10/45-9/53) and Port Arthur?’/
(1/59-12/63).

7.00 -
O  HACKBERRY
&  PORT ARTHUR
£ 6.00 -
[%}
£
2
o
o~
L s.00 -
=
Q
w
[« <
a.
© 4.00 -
3.00

MONTH

Figure 2.15 Monthly Normal Precipitation at Lake Charles?4
and Port Arthur25, (1941-1970).

2-40




TEMPERATURE (°F)

Figure 2.16

NUMBER OF STOAMS

O HACKBERRY
A PORT ARTHUR

80 -

70 -

60 —

50 m— T T T 7] T T T T
J F M A M gy A s O N D

MONTH

20 -

ures at Lake Charles2?é

Monthly NMormal mperat
(1941-1970).

a
and Port Arthur23,

[STF )

O LAKE CHARLES

4 PORT ARTHUR

MONTH

Figure 2.17 Average Number of Thunderstorms Per Month

at Lake Charles24, (1962-1975) and Port

Arthur25, (1954-1975).

2-41




activity in the area is greatest in July and August; the
normal mean annual number of days with thunderstorms is 78
for Lake Charles and 65 for Port Arthur. The normal
annual rainfall in the area is approximately 55 inches and
the annual lake evaporation is approximately 51 inches.

Wind rose data for Lake Charles 28 and Port Arthur30

are illustrated in Figure 2.18. The annual pecent frequency
of winds by speed groups for Lake Charles?26 and Port
Arthur2’7 is given in Table 2.3. Seventy-seven percent

of the wind speeds observed at Lake Charles and 71% at

Port Arthur do not exceed 12 mph. Extreme winds are
projected at 95 mph for a 50 year recurrence_interval and
200 mph for a 100 year recurrence interval.

Atmospheric stagnation periods are minimal because of the
Gulf Coast winds. The total number of forecast days of
high meteorological potential for air pollution in a 5
year period ranges from approximately 5 to 10 days.32

The seasonal inversion frequency as percent of total hours
is reported to be approximately 35 percent for winter, 25
percegg for spring, 30 percent for summer, 40 percent for
fall.

Within the past twenty years, two storms passed through

the area with winds 100 miles per hour or greater. These
were Hurricane Audrey (25-29 June 1957), which passed west
of Lake Charles between Calcasieu Lake and Sabine Lake,

and Hurricane Edith (5-18 September 1971), which passed
southeast of the area.34 Hurricane Bertha (8-12 August
1957 was a lesser storm (recorded winds less than 100

miles per hour through its path), and passed from southeast
of Hackberry to just north of Port Arthur.34

Severe storm statistics within two 50 nautical mile strips
(57.6 statute mile strips) of Louisiana coastline surround-
ing West Hackberry35 are summarized in Table 2.4.

2.3.2 Existing Air Quality

The activities associated with the establishment, filling

and drawdown of the ESR facility at Sulphur Mines would

occur in the federally designated "Southern Louisiana-Southeast
Texas" Interstate Air Quality Control Region (Region 106).
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Table 2.3 Annual Percent Frequency of Winds by Wind Speed
Groups for Lake Charles and Port Arthur.

Annual Percent Frequency
Wind Speed Groups Lake Charles1? Port Arthurl®
(mph)
Calm 5.7 .7
1-3 11.0 ;6
4-12 60.2 63.2
13-24 21.1 28.7
25-31 1.7. 0.6
32-46 .3 0.1
>47 0.0 0.0
Mean Speed (mph) 8.8 10.0




Table 2.4 Summary of Severe Storm Statistics Within Two
50 Nautical Mile Strips of Louisiana Coastline

Surrounding Sulphur Mines Doimes.33

Number of Tropical Cyclones Reaching the Mainland 1886-1970‘

West
All Tropical Cyclones 12
All Hurricanes

Great Hurricanes

East
10
5
1

Number of Years Between Tropical Cyclone Occurrences

(Average for Period 1886-1970)

West
All Tropical Cyclones 7
All Hurricanes 12
Great Hurricanes 28

*x X
Risk of Tronical Cvclones

West
All Tropical Cyclones 14%
All Hurricanes 8%
Great Hurricanes 4%

East
8
17
85

East
12%
6%

a
0

!

*Dual numbers represent statistics for the 50 miles

west and east of Sulphur Mines.

Definitions:

Tropical Cyclone 39-73 mph.
Hurricane 74-124 mph.
Great Hurricane >125 mph.

**Risk requals the proability (%) that a tropical storm,
hurricane or great hurricane will occur in any one year

in a 50 nautical mile segment of coastline.
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In compliance with the Federal Clean Air Act, the states of
Louisiana and Texas have initiated Implementation Plans36,37
which provide for the implementation, maintenance and
enforcement of the Federal Air Quality Standards promulgated
by the Environmental Protection Agency (EPA) on 30 April
1971 (36 FR 8186). The Texas Air Quality standards are
identical to the federal standards as listed in Table 2.5,
with a few additions. The additions pertinent to the ESR
Program activities are listed in Table 2.6. The Louisiana
standards are listed in Table 2.7.

For the purpose of evaluating existing air quality, data
were obtained from the Lousiana Air Control Commission
(LACC) and the Texas Air Control Board (TACB). The nearest
LACC air monitoring stations in the vicinity of the permanent
storage facility at Sulphur are located in the highly
industrialized area 10 to 12 miles to the east, at Lake
Charles and West Lake. The data from these stations is
limited because of equipment problems. Tabulations of
suspended particulate, oxidant and sulfur dioxide data for
1975 are presented in Tables B-1 through B-5 of Appendix A.
A summary of the data for 1974 and 1975 is given in Table
2.8. It is indicated that (from Tables B-1 through B-3),
for a sample of 168 suspended particulate observations
during 1975 at the three locations in the Lake Charles area,
the 24-hour primary standard was not exceeded and the
secondary standard was exceeded on three occasions. Con-
tinuous oxidant measurements during 1975 indicated 36
violations of the l-hour federal standard (Table B-4).

There were no violations of the federal standard for sulfur
dioxide (Table B-5). It is obvious that these data are
somewhat limited in scope, and they are representative of an
industrialized area. The Sulphur Mines salt dome is in
Calcasieu Parish, and Cameron Parish is about 20 miles
south. Cameron Parish is a marsh-bayou dominated area.
Since Calcasieu Parish is essentially dry land, it is more
industrialized and urbanized than Cameron Parish. The measure
of emissions in tons/year36 is not a fair description to
compare parishes. Thus, these numbers were reduced to a
roughly common form of pounds per square mile per hour.
Table 2.9 shows these adjusted emissions for Cameron and
Calcasieu Parishes. Data on the predominant industry of
each parish, based on census statistics of the total work
force and the distribution among the various industry and
commerce operations in each parish, is also included in
Table 2.9. 1In Calcasieu Parish, high emissions come from
petroleum refineries, with the petrochemical industry
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Table 2.5 Federal Ambient Air Quality Standards

Pollutant

Particulates:
Annual Geometric Mean
24-hour Maximum

Sulfur Dioxides:
Annual Arithmetic Mean
24-hour Maximum
3-hour Maximum

Sulfur Acid Mist and/or

Sulfur Trioxide:
24-hour Maximumn
Ll-hour Maximum

Carbon Monoxideo:
8-hour Maxitmun
1-hour Maximun

Photochemical Oxidants:
1-hour Maximum
4-hour Maximum

Hydrocarbons (non-methane):

3-hour Maxiinum

Nitrogen Dioxide (NO_.):
Annual Arithmetic ﬁcan

Primary Standard

75ug/m3
2601y /m

80ug/m?(0.03 ppm)
3651g/m” (0.14 pjpm)
3
12ng/m

30ug/m

1Omg/m3(9 Ppe)
40mg/m~ (35 pjm)

3
160ug/m_ (0. 08 ppm)
98ug/m- (0. 05 ppm)

160ug/m3(0.24 Ppin)

lOOug/m3(0.OS P )

3 .
ng/m = Micrograms per Cubic Mcter

mg/m3

Milligrams per Cubic Meter
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Secondary Standard

3
()qu/m,i
1501g/m

60ug/mi(0.02 Ppm)
260119/11\:; (0.10 ppw)
1300ug/m™ (.5 ppm)

3
10mg/m. (9 ppm)
40mg/m” (35 ppmw)

lGoug/mi((). 08 i)
98ug/m” (0.0% ppin)

3
160ug/m (0.24 ppw)

3
loong/m (0.05 ppm)




Table 2.6 Texas Ambient Air Quality Standards
(As specified in conjunction with the
Federal Ambient Air Quality Standards).

Suspended Farticulates:

S-hour average lO()llg/m3
3-hour average 200;1q/m3
l-hour average 400uq/m3

Visible Emissions:
5-minute period not to exceecd -20% opacity

(for any stationary flue constructed after 31 January 1972)

Sulfur Dioxide (SOZJ:

30-minute average nct ground level concentration®*
Orange, Jeofferson 0.32 ppm
Countics
Harris, Galveston 0.28 ppm
Counties
All other counties 0.40 ppm
Hydrogen Sulfide (st):
30-minute average net ground lecvel concentration?*
(1) downwind concentration
effecting property used for
residential, business or
commerce purposes 0.08 ppm
(2) downwinsd concrntration
effecting property used for
other than the above
specificd land uses; eo,q.
vacant land, v.ange land,
industrial property 0.12 ppm

*not ground level concentration is the downwind concentration minus the
upwind concecntration.




Table 2.7 Louisiana Ambient Air Quality Standards.

POLIUTALIT'S STAMDARD  (max imuin permissible concentrations)
PRIMARY SECOLIDARY
Suspended Particulates: 3 3
Annual Gecometric Mean 75 pg/m 60 11g/m
Maximum 24-hour mean 260 lg/m 150 ug/m
L2
Dust Fall 20 tons/mi /month

Cocfficient of Haze:

Annual gcometric mean 0.06 COH/1000 lin. ft.
Annual arithmetic mean 0.75 Cai/1000 lin. ft.
Maximum 24-hr. mean- 1.50 COi/1000 lin. ft.~

Sulfur Dioxide (502) 3 3
Annual Mcan 80 jiIg/m 60 jigg/m
Maximum 24-hour mean 365 jig/m 260 1qg/in
Maximum 3-hour mean --- 1300 ug/m

Sulfur Acid Mist:
(Sulfur Trioxide or any
combination thercof)

Maximum Annual Mcan q Uq/m3
24-hour Mcan 12 jig/m- | not to be exceceded more than
l1-hour Mcan 30 ug/m” ) 1% of the time

Carbon Monoxide (CO): 3 3
8-hour Maximum 10 mg/m 10 mg/ms
1-hour Maximum 40 mg/m 40 myg/m

Hydrocarbons (non-methanc): 3 3
J-hour Maxiwmum 160 ug/m 160 pyg/m
between 6:00 and 9:00 a.m.

Total Oxidants:

. . 3 3
Annual Arithmetic Mean 58.8 lig/m 58.08 ]lq/m1
4-hour Maximum 98.0 JlIg/m 98.0 1"3/"‘3
l1-hour Maximum 160 1g/m 160 1g/m

Nitrogyen Diexide (NO.):

3
Annual Arithmetic Mean 100 ug/m3 100 Hg/m

Note: hourly means arc not to be exccceded more than once per year

Sourcec: Air Control Requlations, Louisiana Air Control

Commission, Ncw Orlcans, Louisiana, August 1, 1974.
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Table 2.8 Louisiana Air Quality Commission Air Quality Data.

CONCENTRATIONS IN MICROGRAMS PER CUBIC METER

1974 1975 (4)
WEST LAKE LAKE CHARLES WEST LAKE LAKE CHARLES

Suspended Particulates (1) (2) (3

Annual Geometric Mean 60 65 57 43 68

Daily Maximum 150 120 146 121 215
SO2

Annual Average 1.3 5.5 - - -

Monthly Maximum 11 27 - - -
NO2

Annual Average 48 66 - - -

Monthly Maximum 72 160 - - -
Oxidant (03)

Number of Violations of - - - - 36

the Federal l-hr standard

(.08 ppm)

NOTES: (1) Site at 701 Johnson Street
(2) Site at intersection of Ryan and McNeese Street

(3) sSite at 721 Prien Lake Road

(4) Data are representative only of concentrations during
stations operation.
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Table 2.9 Emissions and Industry Profiles for Calcasieu and Cameron Parishes (1970).

Predcminant (% of Total tork Force) Industry

Industry as % of
Manufacturing Work Force

Areca Pop. o) Hydrocarbons Particulates Tranccor-ation
~Parish Sg. Mi. Density lb/miﬁ—h: lb/miz-hr lb/mi A= Miring Manufacturing Chemical Equiprent
Cameron 1444 5.7 0.08 0.004 0.006 16% 11.8% 9% 11%
13% = Agrichlture, Forestry and Fisheries
(2 of Total work Force)
Calcasieu 1105 131.6 11.4 11.8 1.6 ~ 3.6% 19% 374 5%

% Petroleum Refinery

; .31 = . . .
and Petrochemnical 2 Agr1i:1§?r;ét§irgz§;ypa:: flsherles
Ogerations Pcint orce
Source Contribution 98% 35% 63% .

11% = Construction (% of Total Work Force)

% Chemical Industry
Point Source
Contribution 43% 8%

Source: Public Affairs Research Council of Louisiana, Inc., "Parish Profiles,"” Baton Rouge, Louisiana, 1973.

Enissions from LACC Implemzntation Plan.



point sources contributing greater than 95 percent of the
total parish sulfur oxide emissions. The combination of
petroleum refining, petrochemical, and chemical industry
point source emissions accounts for greater than 70 percent
of the total Calcasieu Parish emissions of hydrocarbons and
particulates. Cameron Parish is seen to be a very "clean"
parish; the only real emission sources are vehicles.

The current use of three cavities for ethylene storage, the
brine production and associated activities, and the gas and
0il production operations at the Sulphur Mines salt dome
cause a small elevation of air pollutant concentrations
locally. This is considered to be insignificant and should
pose no extraordinary constraints upon further development
of this area.

A large portion of the hydrocarbon emissions associated with
the Sulphur Mines ESR program would occur at the Sun Terminal
site (Nederland, Texas), mainly as a result of tanker
loading or unloading and surge tank crude o0il storage.
Nederland is located in the southeast corner of Texas Air
Quality Control Region X. The major economic activity in
this part of the region is petroleum refining and the
petrochemical industry. 1In this area there are seven
petroleum refineries and approximately 21 chemical plants.

A majority of these plants are located in the major metro-
politan area of Beaumont, Port Arthur and Orange.37

Tabular summaries of air quality data obtained by the TACB
in Nederland are presented in Appendix B (Tables B-6 through
B-11); an abbreviated summary of the Nederland air quality
data is given in Table 2.10. These data indicate that the
federal standards for nitrogen dioxide, carbon monoxide,
sulfur dioxide and suspended particulates were not violated
during 1974 and 1975. Concentrations of non-methane hydro-
carbons were observed to exceed standards at Nederland
(approximately 70 percent of the hours for which data were
available during 1974 and 1975 had concentrations exceeding
the federal standards). These high concentrations do not
correlate with ozone concentration statistics calculated
from measurements at the same location during the same
period; as indicated in Table 2.10, the concurrent ozone
measurements exceeded the federal standard approximately
three percent of the time. The occurrence of excessive
hydrocarbon concentrations may be attributed to the presence
of tank farms, petrochemical activities and the petroleum
deliveries in the Nederland area.

2-52




Table 2.10 Abbreviated Summary of Air Quality Data for Nederland, Texas.
Data Source: Texas Air Control Board.

Nitrogen Dioxide Non-Methane Ozone Carbon Monoxide Sulfur Dioxide Suspended
(ppm) Hydrocarbons (ppm) (ppm) (ppm) Particulates
(ppm) (ppm)
Federal
* * X
?;i?iZ;d? AAM = .05 3 hr. max. 1 hr. max. 8 hr. max. 1 hr. max. 24 hr. max. AGM = 75
Y = 0.24 = .08 =9 = 35 = .14 24 hr. max. = 26C
% hrs > % hrs > % hrs > % hrs > % hrs >
AAM .24 .08 9 35 14 AGM % hrs > 260
Mean Mean
ri) Data 1974 .01 71.3 .7 2.7 .028 0 0 0 53 0
(_Lﬂ 1975 .01 68.0 .6 3.4 .028 0 0 0 56 0

AAM = Annual Aritmetic Mean

*h
AGM = Annual Geometric Mean




2.3.3 Noise

Noise at the site and in the near vicinity of the Sulphur
Mines salt dome is typical of a secluded, essentially flat,
moderately forested area. In the winter and spring, the
contributing noise sources are wind in the trees, periodic
bird calls and the rustling of the grasses and brush. The
day-night weighted levels are around 48 dBA on reasonably
calm days (winds less than 10 mph).38 In the summer,
because of the high humidity and warmth, the marshland noise
is dominated by the buzz of mosquitoes and other insects,
frogs, crickets, and bird calls, and the noise of the
foliage on the trees and brush, as winds blow through. On a
normal summer evening, the noise levels can be as much as 10
to 15 dBA higher than winter levels because of activities of
native creatures and insects.

The Sulphur Mines site is characterized by remote area noise
patterns. Local activity nearby on public roads barely
penetrates to the site because of the sound attentuation of
moderately dense forests.

In preparation of the environmental impact report for the
proposed offshore superport, Seadock, Inc. performed a

brief ambient noise survey in the area of Jones Creek (a
small community southwest of Freeport, Texas) where the
onshore facilities will be located.38 while this study is
not site specific for Sulphur Mines, the area is similar (in
degree of urbanization relative to the closest residences to
Sulphur Mines) and the ambient levels and spectra can be
assumed to be representative of noise sensitive areas around
the site. Figures 2.19 and 2.20 show the daytime, evening,
and nightime octave band spectra for two sites chosen by
Seadock, Inc. on the basis of their sensitivity to interrup-
tion by noise. The first is approximately 2,000 feet from

a running creek, the second is at a small commmunity roadside.
These spectra were taken in early March when deciduous trees
are still barren and the insect population is relatively
low. Figure 2.21 is the ambient spectrum taken from a
Department of Transportation noise survey of the Florida
Everglades.39 This spectrum is a little "quieter" than

the Jones Creek area daytime spectrum which can be attributed
to the lack of human activity (road traffic in particular)
in the Everglades.
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The A—weighted* levels range from a low of 40 dBA (night-
time) to a high of 48 dBA (daytime). In the summer, these
ambient levels may be as high as 50 dBA in the evening.

*The A-weighting is a method of adjusting the sound pressure
level (dB re: 0.0002 bar) at each center octave band
frequency in much the same way that the human ear does in
attentuating incident sounds. Essentially, a young, normal
human ear is much more sensitive to sounds between 500Hz and
8000Hz than it is to low and high frequency sounds. The
apparent "attenuation" is very closely matched by the
A-weighted scale used in sound measurements.
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2.4 SPECIES AND ECOSYSTEMS

2.4.1 Natural Environments of the Area

The Sulphur Mines salt dome is near the center of Calcasieu
Parish, Louisiana. Orange and Jefferson Counties in Texas
would be impacted by the storage project along with
Calcasieu Parish since the o0il distribution pipelines would
lie in them also. The storage location is to the west of

a chain of lakes on the Calcasieu River. The higher 1land
(generally less than 30 feet above sea level) in all but
the northern part of the parish to the west of the river

is mainly former prairie which has been put to agricultural
uses. Naturally occurring trees are prevalent only along
flood plains on the marginal slopes of streams. However,
commercial timber is produced on some former prairie areas
and further to the north. There are stretches of swamp
forest and bottomland hardwoods along the Calcasieu River
flood plain (north of the city of Lake Charles) and along
the Sabine River, which forms the western boundary of the
parish. Flatwoods are present in the northern part of the
parish, and a different bottomland hardwood association is
present along the stream courses located there. Most of
this northern area has been greatly altered by lumbering,
with much of the area covered by stumps and low brush.

Such land frequently is used to provide pasture forage.

Intermediate, fresh, and brackish marshlands are present
in some of the southern part of the parish which is of
particular interest. Other portions of the area between
the Calcasieu and Sabine River systems are mainly former
prairie. There is an extensive network of canals in this
southern section of the parish which reaches northward
beyond the latitude of the storage site. At the south end
of the network is the Intracoastal Waterway (ICW), a
deepdraft channel important to regional water commerce.
The o0il distribution pipelines would pass along the
southern part of the ICW enroute to the Sun 0Oil Terminal
in Nederland, Texas.

The oil distribution pipelines would pass through the
south part of Orange County and thence slightly into
northeastern Jefferson County. The Sabine River, Cow
Bayou, and the Neches River are along this part of the
route. The southern part of Orange County contains
woodlands, cultivated lands (mainly located on former
prairie), marshes, swamps, and disposal areas for dredged
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spoil. The terminus of the o0il distribution lines in
northeastern Jefferson County, Texas, is an industrialized
area on the Neches River.

2.4.1.1 Ecosystems in Calcasieu Parish

For the purposes of this report, five main ecosystems in
Calcasieu Parish have been identified. These correspond
to units utilized in the Inventory of Basic Environmental
Data - South Louisiana.40 These ecosystems are:

i) woodlands
ii) prairie
iii) marshlands
iv) cleared lands
v) estuarine and inland waters

Characteristic flora and fauna of these ecosystems as well
as their environmental subcategories are summarized in
Table 2.11.

Woodlands

Dominant species within the region include the loblolly
(Pinus taeda) and the longleaf (Pinus palustris) pines.
Hardwoods, gums and oaks are relatively common in creek and
river bottoms (Table 2.11).

Vegetation within swamps is predominantly tupelo gum
(Nyssa sp.) and cypress (Taxodium sp.). Water oak,
(Quercus niger), mayhew (Crataegus SE.), tupelo gum, and
ironwood (Bumelia sp.) can be found4l in calcasieu
Parish along the Sabine, northern Calcasieu, and Houston
Rivers and associated tributaries.

Wildlife within woodland areas consists mainly of smaller
forms. The striped skunk (Mephitis mephitis), the cotton-
tail rabbit (Sylvilagus floridanus) and the swamp rabbit
(S. aguaticus) are common. Gray and fox squirrels (Sciurus
carolinensis and S. niger) are abundant in the bottomland
hardwood regions. Other wildlife throughout woodlands of
the study area are the raccoon (Procyon lotor), cotton
mouse (Peromyscus gossypinus), hispid cotton rat (Sigmodon

hispidus), and the nine-banded armadillo (Dasypus novemcinctus).
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Table 2.11

Representative Biota in Ecosystems in

Calcasieu Parish

Inland and
Prairie Cleared Estuarine
Ecosystems Woodlands Lands Marshlands Lands Waters
Fresh, Inter- Cropland, Lakes, Rivers
Environmental River Bottoms mediate and Suburban, and Intra-
Subcategory Flatwoods and Swamps Prairie Brackish and Urban coastal
Waterway
Typical Herbs, slash pine, hardwoods, bluestem, maiden cane, rice N/A
Grasses, and longleaf pine, | sweet gum, switch grass, | alligatorweed, soybeans
Trees oaks, tupelo gum, indian grass, |wiregrass,
magnolia, cypress, prairie wild- | widgeongrass,
palmetto loblolly pine grass bulltongue
Typical Mollusks | snails clams, snails clams, snails, snails shrimp, clams
and Crustaceans snails shrimp, crab snails, crabs
Typical Amphi=- tree frogs, tree frogs, grass snakes, | water snakes, N/A frogs,
bians and box turtles water snakes, land turtles alligators alligators
Reptiles alligators,
western
cottonmouth
Typical Mammals fox squirrel, fox squirrel, eastern nutria, muskrat, | domesticated | N/A
gray squirrel, |gray squirrel, | cottontail raccoon, mink, mammals,
rabbit, mice, swamp rabbit, rabbit, mice, | striped skunk Norway rat,
rats mice, rats, striped housemouse
mink, nutria, skunk
otter
Typical Fish N/A mosquitofish N/A gar, killifish, N/A mullet,
(swamp) crappie, catfish,
sunfish, shad,
catfish cyprinids
Typical Birds owls, owls, marsh hawk, Red-winged American ducks, herons,
bobwhite, woodpeckers, eastern Blackbird, Robin, gulls
mourning dove warblers meadowlark egrets, Starling,
songbirds ibises, shore House
birds, Marsh Sparrow,
Hawk, ducks Brown-
headed

Cowbird




Swamp forests within Calcasieu Parish contain mink

(Mustela vision), otter (Lutra canadensis) and white

tailed deer (Odocoileus virginianus). Predatory mammals
within woodlands include the bobcat (Lynx rufus), and the

red and gray fox (Vulpes fulva and Urocyon cinereoargenteus).
Bird populations of swamp forests and woodlands are

largely composed of the mourning dove (Zenaidura macroura),
bobwhite (Colinus virginus), Wilson's snipe (Capello
galinago) and several species of owls, woodpeckers, and
warblers.

Prairielands

The prairie area is largely used for agricultural purposes.
Vegetation found within remnants of the natural prairie
ecosystem consists predominantly of switch grass (Panicum
virgatum), big bluestem (Andropogon sp.), Indian grass
(Sorghastrum avenaceum), and prairie wildgrass (Sphenopholis
obtusata).

Predominant species of mammals located in the prairie
environment within the study area are mice and rats
(i.e.: Peromyscus gossypinus and Sigmodon hispidus), and
quadruped predators such as the coyote (Canis latrans),
fox and occasionally the red wolf (Canis niger).

Avian wildlife within this environment primarily consists
of small birds, field birds and migratory waterfowl. The
bobwhite (Colinus virginianus), killdeer (Haradrius
vociferus), common crow (Corvus brachyrhynchos), various
thrushes, starling (Sturnus vulgaris), Savannah sparrow
(Passerculus sandwichensis) and field sparrow (Spizella
pusilla) are only a few common birds known to inhabit the
region.

Marshlands

There are four distinct marsh types based primarily on
vegetation. Vegetation types have been described by
Chabreck (1972).42 Marsh types have been determined
based primarily on the salinity of water within the
marshlands. The three types represented in Calcasieu
Parish are:

o fresh water
o0 intermediate marsh, and
o brackish marsh
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Predominant species of vegetation within the fresh water
marshes of the region are Alternanthera philoxeroides
(alligator-weed), and Sagittaria falcata (bulltongue)
which comprise 48.8% of the vegetation. Other important
freshwater marsh vegetation species are: Eleocharis sp.
(spikerush) , Paspalum vaginatum, and Spartina patens
(wiregrass) which comprise 8.5 percent, 5.8 percent, and
7.9 percent of the vegetation, respectively. Others which
may be present include waterhyssop (Bacopa monnieri),
Bermuda grass (Cynoden dactylon), rattlebox (Daubentonia
texana), salt grass (Distichlis spicata), Walter's millet
(Echinochloa walteri), soft rush (Juncus effusus),
Maidencane (Panicum hemitomon), Bullwhip (Scirpus
californicus) (6.7 percent) and Scirpus olneyi (three-
cornered grass) (6.2 percent).

Brackish marsh vegetation is dominated (59.8 percent) by
Spartina patens. Other species within the environment
each account for less than 9.0 percent of the total
vegetation. Some of these lesser imporfant species are
Distichlis spicata, Bacopa monnieri, Paspalum vaginatum,
and Scirpus olneyli.

Avian wildlife within the marshes of the study area is
abundant and diverse. Numerous species of passerine
birds and waterfowl reside within the area as permanent
or transitory residents. Marshland furbearers within
the study area are dominated by nutria (Myocastor coypus),
northern raccoon (Procyon lotor), muskrat (Ondatra
zibethicus) and mink. White-tailed deer (Odocoileus
virginianus) are present. Small quadrupeds within the
marsh are limited to two species of rabbit (Sylvilagus
floridanus and S. aquaticus) and the striped skunk. The
diverse wildlife within the marshes include aquatic
reptiles and amphibians. The alligator (Alligator
mississippenis) and various snakes such as the western
cottonmouth (Agkistrodon piscivorus leucostoma) are
common.

Cleared Lands

Cleared lands within the Parish include agricultural,
suburban, urban, and industrial tracts. These
environments do not support a characteristic

fauna but they often provide habitats for immigrant
species from surrounding areas. Domestic livestock,
blackbirds and sparrows are typical wildlife. The
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most common crops are rice and soybeans. Dominant
pasture species are signal grass (Brachiaria platyphylla)
and goatweed (Croton capitatus). Several types of
improved pasture grasses have been introduced.

Estuarine and Inland Waters

Predominant water bodies within the central part of the
parish include Moss Lake, Prien Lake, Lake Charles, the
Calcasieu River and the Intracoastal Waterway. Saltwater
intrusion has extended as far inland as the Calcasieu

River and its tributaries above Lake Charles in the rice
growing district.3 To control this however a saltwater
barrier was constructed between miles 38.6 and 43.5 on the
Calcasieu River in 1968 and has been in operation since that
time.

Diatoms are the most abundant members of both the fresh-
water and estuarine phytoplankton communities.
Coscinodiscus spp. are most frequently reported in fresh-
water samples. Green algae (Pediastrum and Scenedesmus)
are also found in freshwaters. The most common larger
freshwater zooplankter in this vicinity is the cyclopoid
copepod (Eucyclops agilis) followed by the calanoid
copepod (Eurytemora affinis).

Benthic fauna in fresh waters is dominated by chironomid
and chaborinid dipterans (true and phantom midges),
oligochaetes (worms) and amphipod crustaceans. Freshwater
sponges are also abundant.

Major freshwater fish found in the study area include the
blue and channel catfish (Ictalurus furcatus and I.
puntatus), largemouth bass (Micropterus salmoides),
sunfish (Lepomis spp.), gar (Lepisosteus spp.), mosquito-
fish (Gambusia affinis), Fundulus spp., freshwater drum
(Aplodinotus grunniens) and buffalo (Ictiobus spp.).
Table 2.12 lists major commercial and sport fishes and
their major habitat types in coastal Louisiana.

Spoil and Canal Banks

A small area long the Intracoastal Waterway within Calcasieu
Parish is covered by spoil banks (2,892 acres). These

spoil banks have not been disturbed by addition of new

spoil within at least the past 30 years. Dredged material
was placed on both sides of the waterway and is bordered

by cleared, generally cultivated land; brackish marsh,
intermediate marsh, and fresh marsh. Width of the spoil
areas varies from about 100 feet to 1/4 mile. The spoil

is not continuous along the Waterway.
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Table 2.12 Freshwater Commercial and Sport Fishes in Coastal Louisiana+44,45,46,50,51
MAJOR TYPE HABITAT

Small Rivers, Oxbow, Swamps,
Large Flood Plain
Large River Tributary Sloughs
Name Status Channels Creeks Borrow Pitts

Blue Catfish* U X U X
Channel Catfish* X X X X
Black Bullhead X 0] X X
Yellow Bullhead* X U X X
Flathead Catfish* U X U X
Freshwater Drum* U X U X
Paddlefish U X U X
Bowfin* X X U X
Spotted Gar* X U X X
Alligator Gar* U X U X
Longnose Gar¥* X X X X
o Shortnose Gar U X U X
é Carp (Introduced) X - - -
m Smallmouth Buffalo* U X U X
Bigmouth Buffalo* U X U X
Gizzard Shad* X X X X
White Bass* X X U X
Yellow Bass¥* U X U X
Largemouth Bass* X U X X
Spotted Bass X U X U
White Crappie* X X 0] X
Black Crappie* X X U X
Warmouth* X X X X
Bluegill* X X X X
Redear Sunfish* X ] X X
Green Sunfish X U X U
Orange Spotted Sunfish* U X U U
Spotted Sunfish* X U X X
Longear Sunfish X X X X
Flier X U U -~

* Species that frequently occur in brackish or saline water.
U - Expected or known occurrences but probably uncommon.
X - Definitely known occurrence and existence of well-established populations.




The vegetation on the banks of the Intracoastal Waterway
is dependent on several factors, including time since
disturbance, drainage (as influenced by soil charac-
teristics and elevation) and characteristics of the
adjacent landscape, especially the salinity of the water.
Since little disturbance has occurred for at least 30
years, succession has proceeded to a near climax situa-
tion, except on maintained rights-of-way which are
periodically moved. From 1000 feet west of Black Bayou
Cutoff to the Texas border, right-of-way is maintained by
the Colonial Pipeline Company. In these areas, vegetation
is kept in an early state of succession by periodic mowing
to maintain accessibility to the pipeline.

Dredged material areas support a wide range of species,
particularly pioneer species which invade disturbed sites.
Taller vegetation in these areas includes eastern baccharis
or sea myrtle (Baccharis halimifolia), marsh elder (Iva
frutescens), wax myrtle (Myrica cerifera), black willow
(Salix nigra), roseau (Phragmites communis), rattlebox
(Daubentonia texana), sweet acacia (Acacia angustissima),
and bush palmetto (Sabal minor). Shrubs most frequently
observed along the Intracoastal Waterway disposal areas

are eastern baccharis, marsh elder, and elderberry (Sambucus
canadensis). Common ground cover species along the
Intracoastal Waterway are blackberry (Rubus duplaris),
roseau, ironweed (Sida rhombifolia), broomsedge (Andropogon
virginicus), giant ragweed (Ambrosia trifida), common
ragweed (Ambrosia artemisiifolia), and comphorweed (Pluchea
camphorata). Low-lying disposal areas bordering marshlands
often support thick carpets of alligatorweed (Alternanthera
philoxeroides) with typical marsh species interspersed.

Embankments of o0ld dredge material, bordering brackish to
intermediate marshes support vegetation different from the
marshes themselves, including sweet acacia, sedge (Cyperus
articulatus), rattlebox, roseau, broomsedge, rushes
(Juncus spp.), marsh elder, sea myrtle (Baccharis
halimifolia), peppergrass (Lepidium virginicum, and
vervain (Verbena brasiliensis). The most common species
on disposal sites in brackish areas include marsh elder,
eastern baccharis, wiregrass (Spartina cynosuroides) with

roseau and soft rush (Juncus Effusus) sometimes assuming
dominant status.




Giant cutgrass (Zizaniopsis miliacea), elephant's ear
(Colocasia antiquorum), and black willow often dominate
the fresh marsh/canal interface along the Intracoastal
Waterway disposal areas in fresh marsh situations, tallow
tree (Sapium sebiferum) often dominates some of the
better-drained disposal areas.

Some dredged material disposal areas along the Intra-
coastal Waterway are currently being managed for improved
pasture with vegetation being similar to other managed
coastal pastures, including such species as Bermuda grass,
St. Augustine grass (Stenotaphrum secundatum), white
clover (Trifolium repens), reversed clover (Trifolium
resupinatum) and various weedy annuals.

Dredging along the Calcasieu Ship Channel up to the level
of the salt water barrier, which spans the Calcasieu River
above Lake Charles, occurs on a variable basis. Spoil
banks in various stages of revegetation are present along
nearly the entire extent of this channel in western
Calcasieu Parish in close proximity to the lakes (Moss
Lake, Prien Lake, Lake Charles) along it. Revegetation
results in generally the same plant types as those present
on spoil banks along the Intracoastal Waterway. Plant
populations usually develop within 12 to 18 months following
deposition of new sediment.

A number of canals have been dredged in approximately the
southern two-thirds of western Calcasieu Parish. The
levees produced as a result support vegetation similar to
that of natural levees44 if they are not mowed. This
generally could include loblolly pine, water oak, cherry,
bark oak, overcup oak, red gum, persimmon, hackberry, and
butter pecan and other trees.45

2.4.1.2 Ecosystems through which the 0il Distribution
Lines in Texas would Pass.

Within Texas the project's o0il distribution pipelines would
pass through marsh, former prairie, gum-oak cypress groves,
pine forest, other wooded land, and open water. The biota
of these ecosystems is similar to that described for the
same types of ecosystems in Calcasieu Parish, Louisiana.
The general biotic characteristics of Orange County are
presented in Figure 2.22.
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2.4.1.3 Endangered and Threatened Species of the Study Area

At the present time, the U.S. Fish and Wildlife service does
not recognize any plant species in Calcasieu Parish, Orange
County, or Jefferson County as being endangered or threatened.
However, the Rare Plant Study Center at the University of
Texas in Austin has described seven species found in Jefferson
County and three species found in Orange County as being

rare threatened or endangered for the State of Texas. They
are:

Jefferson County

Aureolaria dispersa (Beaumont aureolaria)
Carex alboutescens (yellow-white sedge)
Carex gracilescens (slender sedge)

Carex physorhyncha (hidalgo sedge)

Carex tribuloides (sand sedge)

Carya myristicaeformis (nutmeg hickory)
Thelypteris palustris var. haleana (southern
marsh fern)

Orange County

Conyza bonariensis (Buenos Aires conyza)
Ilex verticillata (black alder)
Ruellia pinetorum (pinebarren ruellia)

At the current time the Rare Plant Study Center is con-
sidering only two of these species for submission to the
Office of Endangered Species, Fish and Wildlife Service.
Ruellia pinetorum, a member of the Acanthus family, occurs
in low pine barrens of the coastal plain. Aureolaria
dispersa is found in sandy thickets and oak lands and has
been Egown to occur along streams in the long-leaf pine
belt.

Endangered or threatened animal species which at one

time inhabited the area, or which are currently present,
include: the red wolf (Canis rufus), brown pelican (Pelecanus
erythrorhynchos), masked duck (Oxyura dominica), bald eagle
(Haliaeetus leucocephalus), peregrine falcon (Falco
peregrinus), Atwater's greater prairie chicken (Tympanuchus
cupido), whooping crane (Grus americana), red-cockaded
woodpecker (Dendrocopus borealis), ivory-billed woodpecker
(Campephilus principalis), and the American alligator
(Alligator mississippiensis).




The red wolf is on the verge of extinction. The U.S. Fish
and Wildlife Service is trapping the remaining individuals
of the species to attempt to establish them elsewhere,
where a greater amount of suitable habitat is available.
The brown pelican and the bald eagle are slowly recovering
from a decline caused by food-chain accumulation of
chlorinated hydrocarbons. The whooping crane, ivory-billed
woodpecker, and Atwater's greater prairie chicken are no
longer present in the area. The masked duck, peregrine
falcon, and red-cockaded woodpecker have been sighted very
infrequently.

Information on sightings of uncommon birds in the coastal
marsh areas was grovided by an official of the National
Audubon Society.29 These sightings include records of

the great kiskadee (Pitangus sulphuratus), and white-winged
dove (Zenaida asiatia), species which are more common in
Mexico. The black francolon (Francolinus francolinus), a
pheasant-like bird, has also been sighted in the area. It
is not native to the U.S., but has established a breeding
population in the higher ground in Gum Cove, 5 miles
northeast of Black Bayou. Another bird, Audubon's
caracara (Caracara cheriwan), has been observed for a
number of years in the vicinity of the Intracoastal
Waterway south of Toomey, Louisiana. Indications are that
there are a pair of Caracara and they would represent the
northernmost occurrence of this species in the U.S. as
permanent residents. The waterways in this area have also
become a desirable habitat for the fish crow (Corrus
ossifraqus), and olivaceous cormorant (Phalacrocorax
olivaceus). They are very abundant around Sabine River
and Sabine Lake all winter and are uncommon for many miles
to the east and west.

The status of the American alligator is unique in Cameron,
Vermilion, and Calcasieu Parishes in Louisiana. In other
areas of the United States, the alligator is either classified
as threatened or endangered. These status listings prohibit
activities which would adversely affect this animal. But
because of its abundance in Cameron, Vermilion and Calcasieu
parishes, the alligator is listed as threatened there only

due to the 'similarity of appearance' provision: Section

17.42 of CFR 50 ‘allows the taking of the American Alligator

in these parishes, in accordance with State law. Controlled
harvesting has been permitted in Calcasieu Parish and the
other parishes referred to above. The status of the alligator
in Texas has recently been changed from "endangered" to the
less restrictive "threatened" classification.




2.4.1.4 Commercially Important Species

The vegetation of primary commercial interest is found

in the prairie region of the study area and consists of
agricultural products, in particular rice. Soybeans are
another crop of importance, but are secondary to rice. Of
those farms registered with the U. S. Department of
Commerce, Bureau of the Census in 1969, Calcasieu Parish
had 75,316 acres planted in rice, 29,100 acres of soybeans,
5,029 acres of hay, 294 acres of sorghum, 283 acres of

corn and 41 acres of wheat.®> Most of the longleaf pine
forests in Calcasieu Parish were cut for timber production
several decades ago. Some of the land has been reforested.
The area surrounding the salt dome is woodland. The impor-
tant crops in Orange County are generally the same as

those which are important in Calcasieu Parish.

Fur and fisheries harvests are not very important in the
areas which would be impacted by the project. Cattle
grazing is very prevalent in the area.

2.4.1.5 Vectors

There are several species found in the aquatic and semiaquatic
ecosystems of the proposed project area which are of concern
because they are vectors, (potential carriers of disease).

The organisms of concern include four genera of mosquitos
(Anopheles spp., Culex spp., Aedes spp., and Psorophora

spp.), horse flies (Tabanus spp.), and deer flies (Chrysops
spp.). These are biting insects which can transmit pathogens
to humans and animals.

The Anopheles mosquitos are carriers of the protozans which
cause malaria. Encephalitis, which can affect humans and
horses, can be caused by mosquitos of the Culex and Aedes
genera. Anthrax, which affects both man and animals is
carried by certain species of horse flies. Livestock
diseases such as anaplasmosis and swamp fever (infectious
anemia) can be carried by deer flies.

The larvae of all of these genera are aquatic, requiring a
permanent or slow moving aquatic habitat in which to develop.
The actual habitat requirements and length of development
vary from species to species. Concern is often raised when

a construction project may permanently increase standing
water, thereby creating new habitats for these organisms and
increasing the risk of disease for man and animals. Standing
water can be created by altering surface drainage patterns,
by improper backfilling of canals and other areas of excavation
or by closing off portions of a waterbody which previously
were subject to regular flushing action.
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2.4.2 Environmental Setting of the Sulphur Mines Site

The proposed Sulphur Mines Dome storage facility site
covers approximately 1,500 acres in central Calcasieu
Parish. The dome is dry to marshy with elevations ranging
from 12 to 18 ft. mean sea level (MSL). Lowest elevations
occur over the center of the dome where subsidence has
occurred. This area is pumped to keep it dry. Much of the
surrounding area is covered with mixed pine and deciduous
forests (see Figure 2.23).

The surface at the site has been altered in various
industrial uses. Sulfur mining was carried out in the
past. Presently the site is utilized for hydrocarbon
product storage and for brine feedstock production. A
network of gravel roads services most of the dome.

Large, shallow ponds with a total surface area of about
252 acres have been dredged on the periphery of the dome.

2.4.2.1 Terrestrial Ecology

The Sulphur Mines Dome is located in an area which historically
was prairies and mixed deciduous and longleaf pine forest.

At present, the prairies have been replaced with cropland

and pastureland, and longleaf pine shares dominance with
loblolly and slash pine. The dome and immediate vicinity

is now covered by pastureland, mixed pine forest, and

developed parts and bare areas. Some of the bare areas

were used for sulfur stockpiling and are essentially barren.

The forests in the dome vicinity have been managed for

some time. The Sulphur Mines owners, Union Texas Petroleum
have timber holdings to the east. Hunter 0il Company,
American Oil Company and Powell Lumber Company also have
holdings nearby. Although mainly mixed pines, these forests
include about 10 percent hardwoods.®7 The typical shrubs

of pinelands include saw palmetto (Screnoa repens), wax
myrtle (Mzrica spp.), gallberry (Ilex sp.) and St. Johnswort
(Hypericum spp.). Common herbs are violets (Viola spp.) and
yellow-eyed grass (Xyris iridifolia) .40,

The prairie type vegetation is primarily found in pasture-
land adjacent to the site. Cattle are grazed near the
airstrip to the west, to the north of the airstrip, and

to the east of the dome where the former sulfer workers'
camp was located. They are also pastured in surrounding
west and north about 3 to 3 miles away and soybeans are
raised about 3 miles to the south. Natural prairie vege-
tation found at the site is predominantly switch grass
(Panicum virgatum), big bluestem (Andropogon spp.), Indian
grass (Sorghastrum avenaceium), and prairie wildgrass
(Sphenopholis obtusata). However, improved pastures are
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likely to have ryegrass, coastal Bermuda, and/or lespedeza.

The mixture of two or more vegetation types as is found at the
site provides an edge effect which attracts some wildlife, such
as bobwhite, which may not be found in any one vegetation type
alone. In some instances these animals may be found in one
vegetation type but are more abundant near the edge where

both types may be utilized for feeding, cover, and/or nesting.

Common bird residents of the woodland prairie vegetation mixture
are the Eastern meadowlark (Sturnella Magna) American robin
(Turdus migratorius), downy woodpecker (Dendrocopus pubscews),
red-bellied woodpecker (Centurus carolinus), hairy woodpecker
(Dendracopos villosus), Carolina chickadee (Parus carolinensis),
tufted titmouse (Parus bicolor), Carolina wren (Thryothorus
ludovicianus), and red-shouldered hawk (Buteo lineatus).?%V

Mammals of the vicinity are the white-tailed deer, raccoon,
fox squirrel, cottontail rabbit, opossum, striped skunk,
armadillo, southern flying squirrel, white-footed mouse,
and bobcat.40

Typical herptofauna of the site may include king snakes
(Lampropeltis spp.), many species of turtles (Gragtemys SPP. .,

Malaclemys spp., and Terrepene spp.), and several spec1es of
toads and frogs (Bufo spp., Hyla spp., and Rana spp.). 40

2.4.2.2 Aquatic Ecology

Surface water on the Sulphur Mines storage facility site
includes several large, shallow ponds (totalling about 252
acres) around the edges of a central subsided area and marshy
areas on the north and east within the incomplete ring of these
ponds. There also is marsh at the north end of an arm of a pond
on the southwest edge of the area. This 40-acre pond and six
others totalling about 40 acres have developed into excellent
fishing habitats. The latter 6 ponds flank the east side of
the dome. The 40-acre pond has an average depth in different
parts ranging from about 10 to 19 feet. The mean depth of the
other ponds is about 8 feet. These ponds were created during
the early period of sulfur mining which ceased in the 1920's
(except for a 3-year period in the late 1960's). Typical
freshwater marsh plant species should be present in the marshes
and in the ponds. The main species in this type of marsh are
listed in the text under Marshlands in Subsection 2.4.1.1.

The main species of fish present include crappie, large-
mouth bass, sunfish, gar and carp (Cyprinus carpio)
Other fish which may inhabit the ponds 1nc1ude bowfin
(Amia calva) and catfish (Ictalurus spp.).
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Alligators are present but are unobtrusive. Nutria and
raccoons are sometimes found in the marshy areas. Ducks
are sometimes present in the marshes also, and on the water.
Water snakes such as Natrix spp. and water moccasins,
turtles and amphibians (cited in Section 2.4.2.1) are no
doubt present.

Benthic invertebrates known to occur in similar water
bodies include the dipteran larvae Procladius spp.,
Cryptochironomus spp., and Bezzia spp.; the oligochaete
worms (Limnodrilus spp. and Peloscolex spp); and the

amphipod Corophium spp.

Common zooplankton in the area include the copepod
genera Eucyclops, Eurytemora, Diaptomus and Cyclops, the
dipteran larvae Chaoborus spp., the cladocerans Bosmina
and Daphnia; and the rotifers Brachionus, Keratella,
Platyias and Kellicottia.44

The most common phytoplankters found in ponds of this type
include the diatoms Melosira spp., Coscinodiscus spp. and
Pleurosigma spp., the green algae Scenedesmus spp.,
Pediastrum spp. and Staurastrum spp., and the blue-green
algae Anabaena spp. and Oscillatoria spp.44 Other

genera which may be present include the diatoms Asterionella,
Tabelloria, and Fragiloria; Chrysophyceae such as Dinobryon
and Uroglena; colonial green algae such as Volvox, Pandorina,
and Eudorina; dinoflagellates such as Ceratium and Peridinium;
and others.>

2.4.3 Environmental Setting of the Displacement Water
Source

Displacement water would be pumped from the 162 acre Salt
Water Reservoir on the western edge of the salt dome, when
it becomes desirable to recover stored crude o0il from the
five Sulphur Mines storage caverns. This relatively
shallow pond was formerly used as a brine holding pond but
is now essentially fresh and supports fish and a few aquatic
macrophytes. Most of the land immediately bordering this
pond is cleared and disturbed. Replenishment water for

the reservoir would ultimately be obtained from the Sabine
River by a pipeline-canal complex (see Section 1.3.2).

Land adjacent to the Sabine River Diversion System main
canal (formerly Houston River Canal) is mostly agricultural.

Rice growing and cattle-raising predominate along a 25

mile section of this canal; 5 miles of the canal border
wooded areas and 2 miles border residential areas.?

Present construction activities on the canal have disturbed
vegetation and wildlife and affected water quality.
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2.4.4 Environmental Setting of the Brine Disposal Area

Displaced brine from the caverns would flow into a 100,000
barrel brine pond to be constructed on 3.7 acres of cleared
land before being injected deep underground. This area is
highly disturbed and virtually barren due to previous use as
a sulfur stockpile area. A retention dike and pumping
facility would also be placed in this barren area. Brine
would be pumped via a pipeline to a disposal field southwest
of the dome. This disposal field would be located primarily
in mixed pine forest with the disposal wells adjacent to an
Highway 90.

2.4.5 Environmental Setting of the Pipelines

A pipeline network would be required for distribution of
the displacement water utilized during recovery operations.
Land requirements for pipelines have not been finalized,
but the displacement water pipeline is projected to connect
to the Sabine River Diversion Canal north of the Salt

Water Reservoir. The pipeline would cross marsh and
partially cleared mixed woodland just north of the reser-
voir.

The crude o0il line would pass to the southwest from the
storage site across roads, miscellaneous dry land, cultivated
areas, wooded areas, marshland, spoil banks, and inland

water in its passage to the Intracoastal Waterway. An
ecological description of the systems through which the oil
distribution pipelines will cross is presented in Sections
2.4.1.1. and 2.4.1.2. The total length of the proposed oil
distribution pipeline is 17 miles, however, the initial 2.2
miles would utilize the same right-of-way as the brine
disposal pipeline.

The route would leave the southern side of the central

plant area and follow the western side of the site access
road 0.3 miles to a paved parish road. The route would
cross the road and enter woodland for 0.4 miles to the
Southern Pacific Railroad. It would cross the railroad and
continue for another 1.6 miles to Interstate Highway 90.
After crossing Route 90, the pipeline would traverse 0.8
miles of cleared land and on across through 0.6 miles of
woodland to Bayou Choupique. After entering 0.2 miles of
woodland on the other side of the Bayou, the route would
cross 0.4 miles of pasture and another 0.5 mile of woodland.
At this point the pipeline would cross Interstate Highway 10.




The highway has a wide median at this point and the

crossing would be 0.1 miles wide. After crossing 1.7 miles
of primarily cleared agricultural land, the route would
cross Wing Gully, a small stream. On the other side of this
water crossing the route would pass 0.8 miles through a
small pasture and a rice field to a medium duty parish road.
From there the route would cross 0.9 miles of pasture before
crossing an abandoned canal. Then 1.5 miles of mostly high
dry pasture would be crossed, also including a private road
and a Gulf State Power transmission line along the way, to
Spring Gully. The route would continue across this small
stream and 0.3 miles of pasture to Highway #108.

Continuing across the highway and 3.3 mile of mainly pas-
ture land, crossing one small creek and several drainage
ditches, the route would come to another parish road. After
extending across the road and 1.4 miles of pasture, the
route would turn due south crossing 0.3 miles of marsh and
another 0.8 miles of dry pasture land. Then turning in a
southwesterly direction, it would pass through 0.1 mile of
marsh and 0.7 mile of dry land, crossing one farm road, to
the north bank of the Intracoastal Waterway. Another 0.4
miles would take the route across the waterway and southern
spoil bank to the point of intersection with the other
proposed pipeline. See Table 1.3 for a summary of the land
types which would be affected by this pipeline connection.

From this point, the proposed mainline ESR pipeline between
West Hackberry and the Sun Terminal would be used. See the
supplement to FES 76/77-4 for a description of this pipeline
route and the Sun Terminal facilities. The distance from
the intersection to the terminal is 34.4 miles and the total
length of the new connection would be 14 miles, for a total
distance of 48.4 miles between Sulphur Mines and the Sun
Distribution Terminal.




2.5. SOCIOECONOMIC CHARACTERISTICS

2.5.1. Population

2.5.1.1 Population Density

The storage site is located in the central area of Calcasieu
Parish, which lies within the Southwest Louisiana Planning
District. The pipeline which would carry oil to and from
the storage site would lead southwestward from Sulphur Mines
to a point near Cameron Parish where it would be connected
to a planned oil pipeline that terminates at the Sun 0Oil
Terminal in Nederland, Texas. Local impacts from the
project are expected to be confined to Calcasieu and

Cameron parishes. Table 2.13 shows the population density
of the two parishes and the State of Louisiana, and the
proportion of urban and rural components. Cameron Parish is
shown as being entirely rural because it has no communities
with populations over 2,500. The project site is in a rural
area surrounded by woodlands.

2.5.1.2 Towns and Urban Areas

The major city in the area is Lake Charles, about 13 miles
east of the site. Along the corridor between the storage
site and the city lie several towns: Westlake, 8 miles
distant; Hollywood, 4 miles; Sulphur, 2 miles; and resi-
dential developments: Mossville and Maplewood. Lake
Charles and Sulphur are expected to bear the greatest impact
from the project. Figure 2.24 shows the centers of popu-
lation in relation to the site. Towns to the north and west
include: DeQuincy, 16 miles; Starks, 16 miles, and Vinton,
12 miles away. Carlyss is a residential area 6 miles
southeast of the proposed storage site. Calcasieu Parish
lies on the border of the State, and Orange, Texas is

25 miles from the site, across the Sabine River.

Sulphur

Some of the work force for the project will come from
Sulphur. This town takes its name from the sulfur that was
produced at the salt dome. The Sulphur Mines started as a
conventional mining operation in the 1880sand large numbers
of Mexicans came to town for the work. Conventional mining
methods failed, many miners were killed, and the operation
was forced to close. However, the Frasch method of sulfur
production was put into practice in the 1890s, and continued
until 1924 when the sulfur deposits were practically exhausted.
The city has grown rapidly since the 1940s due partly

to the establishment of 0il refineries and petrochemical
industries at Lake Charles, and partly to its own annexation
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Table 2.13 Population Density of Surrounding Parishes

Calcasieu Cameron Louisiana

Population

total 145,415 8,194 3,643,180

per square mile 131.6 5.7
Rural Population

farm 1,171 894 113,757

non-farm 35,816 7,300 1,118,627
Urban Population

% rural 25.2 100. 23.9

% urban 74.8 0 66.1

Source: Statistical Profiles of Calcasieu and Cameron Parishes,
published by the Public Affairs Research Council, Inc.,
Baton Rouge, Louisiana, 1973.
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of surrounding territory and expansion of municipal services.
The city now occupies slightly over 8 square miles. The
population was registered as 15,247 in 1970, a local census
taken in 1972 recorded 18,007 persons, and it is estimated
that the 1975 population was over 20,000.

Lake Charles

The population of Lake Charles was about 78,000 in 1970

and has been projected to be about 85,000 in 1975.63 1t

is a major manufacturing center, particularly for the
chemical industry, and an important port for the region. A
deep water channel has been dredged through Calcasieu Lake
and the lower portion of the Calcasieu River to connect Lake
Charles with the Gulf of Mexico, 34 miles south. The lake
and city are named for one of the early French colonists,
Charles Sallier. Lakes Charles became the parish seat for
Calcasieu Parish in 1852.

2.5.1.3 Historical Growth and Trends

Population growth and projections for the area are shown

on Table 2.14. The population of Calcasieu Parish increased
by 62.3 percent between 1950 and 1960, but marginally
declined between 1960 and 1970. During this period of
decline for the parish, however, Sulphur grew by 33 percent
and Lake Charles by 23 percent. Cameron Parish increased

by 10.7 percent between 1950 and 1960, and by 18.6 percent
between 1960 and 1970.

Population projections for Calcasieu Parish vary greatly
because of uncertainties as to whether the decline noted
between 1960 and 1970 will continue. Recent estimates
by the Louisiana Technology College of Administration
and Business, in cooperation with the U.S. Census Bureau
indicate a 3.5 percent increase for Calcasieu Parish in
the 5 years since the 1970 census, and a population of
about 150,520 in 1975. This compares with a 3.5 percent
increase for the Southwest Louisiana Planning District
as a whole, and a 4.1 percent increase for the state
during the same 5 year span.

2.5.2 Cultural Patterns

For a number of years, Sulphur Mines, Louisiana was the
largest complex of sulfur mines in the world. A village
was constructed at the site to house the mine workers, and
a number of homes remained until the early 1950s when they
were sold and removed, leaving only the traces of streets
and the empty shells of two small concrete dormitories.
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Table 2.14 Population and Population Projections, by Parish

Calcasieu Cameron
1950
Population 39,635 6,244
1360
Population 115,475 5,509
90- change 62.3 lOo7
1970
Population 145,415 8,124
%3 change (-0.1) 18.6
1978
Series E* 135,000 7,600
Series C* 153,000 8,600
Statistical Abstract 163.382 9,304
1990
Series E* 138,000 7,800
Series C* 160,000 9,000
Statistical Abstract 181,647 10,617

*Figures are based on BEA Areas 138 and 139 and provide only the first
three significant figures.

Sources: Dept. of Commerce, Bureau of the Census, Characteristics of
the Population, 1960 and 1970; U.S. Water Resources Council,
OBERS Projections, Regicnal Econcmic Activity in the U.S.
Series C, 1970; U.S. Water Resources Council, OBERS Projec-—
tions, Regional Economic Activity in the U.S., Series E, 1972;
Louisiana State University, Division of Business and Economic
Research, 1974 Statistical Abstract of Louisiana, 5th Edition.




The culture of the area is a unique combination of Western

and French influence. Sulphur hosts a number of rodeos,
including those for youth clubs and for professional competitors.
The number of French speaking people in Sulphur is about

14.8 percent, compared to 23.8 percent in Calcasieu Parish

and 42.4 percent in Cameron Parish.

The Lake Charles area was settled by a mixture of English,
French, Spanish and Dutch colonists. When the city of
Lake Charles was primarily a lumber port, the citizens
were predominantly Anglo-Saxon. A later influx of French
people from the east and central parts of the state has
resulted in the city now having almost an equal mixture

of Anglo-Saxon and French cultural influence.
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2.5.3 Community Services

2.5.3.1 Housing

The housing situation in Calcasieu Parish reflects its
population pattern. There was a sharp increase in popu-
lation and housing between 1950 and 1960 followed by a
period during which the parish grew far more slowly than
neighboring parishes and the state. During the decade of
1960 and 1970, the number of year-round housing units in
Calcasieu Parish increased only 4.6 percent, and its median
value of housing (which is just under the state median)
increased by 16.22 percent, or less than half the increase
experienced in the state.

The number of housing units, occupancy, and availability of
housing in Calcasieu and Cameron Parishes and in Lake
Charles are shown on Table 2.15. The vacancy rate indicated
on these tables include a number of housing units that do
not have all the standard plumbing facilities, i.e., hot and
cold water faucets in the structure, flush toilet, and
bathtub or shower. The vacancy rate of units with complete
plumbing facilities is not available but can be assumed to
be lower than the vacancy rate of all units.

The median value of owner-occupied units in Cameron Parish
is substantially below that of the state: $8,800 compared
to $14,600.* A comparison of the percentages of increase

in housing value between 1960 and 1970 shows that wvalues are
rising slightly faster in Cameron Parish than in the State.
Also, the growth in the number of year-round housing units
in Cameron Parish is 35.4 percent in that same time period,
and is comparable to the 36.4 percent growth rate for the
state.

2.5.3.2 Education
The public school system in Calcasieu Parish is the fifth

largest in the state. The number of public and private
schools in the parish is as follows:

Public Private**
Elementary 37 7
Jr. High School 16
Sr. High School 14 1
Pupil Enrollment 38,300 3,000

*Based on one-family houses on less than 10 acres and
excluding mobile homes.

**Tncludes grades 1-8 in elementary schools and 9-12 in
high school.
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Tabhlae 2,18 Housing Units and Cccupancy, by Parish
Calcasieu Cameron
Year-round Housing Units 45,461 3,098
Occupancy and Tenure
Occupied Dwelling Units 42,065 2,310
Owner-Occupied 29,922 1,774
Renter-Occupied 12,143 536
Lacking Some or All Plumbing Facilities 2,865 476
Vacant For Sale or Rent 2,007 121
% Vacant For Sale or Rent 4.4 4.0
Median Value (Owner Occupied) $12,900 $8,800

Source: 1970 Census of Housing

Lake Charles

Year-Round Housing Units 24,893
Owner-Occupied 14,887
Renter-Occupied 8,186

For Sale 337
Homeowner Vacancy Rate 2.2

For Rent 1,014
Rental Vacancy Rate 11.0
With All Plumbing Facilities 948

Mobile Homes or Trailers 235
Owner-Occupied 192
Renter-Occupied 43




There is also a private academy for grades 1-12 with an
enrollment of about 200 students. The number of students
per teacher in the public schools of Calcasieu Parish

is 23.2 at the elementary grade level and 19.4 at the
secondary level.65 This compares favorably with the
Louisiana State guidelines which recommend a maximum of 27
pupils per teacher at the elementary grade level and 25 per
teacher at the secondary level. Sulphur public schools

have an enrollment of 6,365 pupils, and the church-supported
school has 230 students.

There are about 5 industrial and technical schools in
Lake Charles area, including proprietary institutions and
public vocational centers.

McNeese State University offers a variety of higher education
programs. It is located in South Lake Charles, and has

an enrollment of about 5,700 students. The university
started in 1939 as a junior college affiliated with Louisiana
University. Two-year degree programs are available in the
Department of Technology and the School of Continuing
Studies. Higher degree programs include: bachelors degrees
in both arts and sciences, a variety of masters programs,

and doctorates in education.

2.5.3.3 Police and Fire Protection

The police department in Sulphur is equipped with six
patrol cars and two motorcyles. In Lake Charles, there

is a force of 75 uniformed police officers, with additional
guards for night security patrol, school crossings, and
shoplifting detail.

The Calcasieu Parish Sheriff's Department will have juris-
diction in the site area and pipeline rights-of-way.

In Cameron Parish, the sheriff's deputies hold full time
jobs in addition to their law enforcement duties.

Fire protection equipment would be provided at the site

for all buildings and installations. Auxiliary fire-

fighting assistance would be available from the three fire
stations at Sulphur. The municipal fire department at Lakes
Charles has a staff of 111 paid firemen to serve the community.

2.5.3.4 Hospitals and Medical Personnel

The hospital facilities nearest the site are located at
Sulphur where the West Calcasieu-Cameron Hospital offers
operating facilities, an intensive care unit, and an
emergency department. It has 111 beds, a 262 member staff,
and an ambulance service affiliated with it.
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Lake Charles has 3 hospitals; Lake Charles Charity Hospital
with 110 beds; Lake Charles Memorial Hospital with 227 beds;
and St. Patrick Hospital of Lake Charles with 246 beds.67
An independent ambulance service operates out of Lake
Charles.

This area is part of the Lake Charles Health Service Planning
Region, which includes Beauregard and Jefferson Davis
Parishes as well as Cameron and Calcasieu Parishes.

Medical services for this region are concentrated in the

Lake Charles metropolitan area, which is centrally located

in the region. A study of health services relative to
population shows this region to be below the national norm

in availability of medical and health practitioners, but it
compares well with other regions of Louisiana.

2.5.3.5 Civic and Recreational Facilities

There are 7 civic organizations in Sulphur. The recently
founded Brimstone Historical Society is collecting information
about the*history of western Calcasieu Parish and developing

a museum. Several historical markers have been placed

by the society. Sulphur maintains the Frasch Park which
covers 191 acres in the southwest part of the city and

offers a variety of recreational facilities.

There are a number of community-sponsored cultural acti-
vities in Lake Charles, such as a civic orchestra, choir,
drama groups, and associations to promote concerts, exhibits,
and art educational programs in the city. McNeese State
University also sponsors cultural activities and sports
events.

In addition to boating and swimming, major forms of recrea-
tion include hunting and fishing. Statistics for the
1970-71 hunting and fishing season show that well over 1,600
resident hunting licenses were issued in Cameron Parish, or
about 1 for every 5 persons, while in Calcasieu Parish, the
ratio was slightly less than 1 license for every 8 persons.

*Mr. Glen Bonin, President and Founder of the Brimstone
Historical Society, was contacted regarding the relation-
ship of the society to the remains of a community named
"Brimstone" which lies within the storage site. That
community housed 200 to 300 people who worked in the
sulfur production operations. The homes were removed
around 1952, leaving only traces of streets and two empty
concrete dormitories. The Brimstone Historical Society
chose its name only because "brimstone" was the old
common term for sulfur.
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Calcasieu Parish issued over 4,700 big game licenses that
year, more than were issued in any other coastal parish.
The two parishes together issued over 2,000 licenses for
nonresident hunting trips, more than a quarter of all such
licenses issued in the state.

Fishing is especially important in Cameron Parish, where
over 4,000 resident fishing licenses were sold (although the
population of the parish is only about twice that number).
While Calcasieu Parish sold over 9,000 fishing licenses, the
ratio of licenses to population is only 1 to 16. A large
number of licenses are also granted for nonresident fishing
trips.

2.5.4 Economic Characteristics

2.5.4.1 Basic Economy of the Area
Minerals

Louisiana is a major oil producing state and has almost
one-third of the total U. S. reserves of natural gas. For
the state as a whole, onshore levels of o0il and gas exploration
and production are gradually dropping while offshore levels
increase. 1Its natural gas reserves and number of new gas
wells completed per year have remained fairly constant,
while 0il reserves have begun to show a decline. The
importance of this industry to the state is revealed by the
fact that during the 6 year period from 1964 to 1970, the
State of Louisiana received about 27 percent of its total
revenues from severance taxes on mineral production and from
mineral leases.?’0

The extraction of petroleum and natural gas ranks as the
primary income-producing industry in Cameron Parish. Over
$10,000,000 in severance taxes were collected each year in
the 5 year span from fiscal year 1966-67 through 1970-71,
and over 90 percent of this was derived from oil and gas
production. Revenue from gas extractions is about twice
that derived from oil.’l Cameron Parish far exceeds
Calcasieu in the production of petroleum and gas, as shown
on Table 2.16, and its economy is much less diversified.

The value of all mineral production in the two parishes for
the years 1969 through 1971 is shown on Table 2.17. Cameron
Parish is one of the ten leading parishes in production of
oil and gas in Louisiana, but the reserves of these commodities
are greater in the coastal parishes farther east.

In addition to direct employment in the o0il and gas fields,
a substantial number of persons are employed in those
industries that service the actual production.
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Table 2.16 Production of Crude 0il, Condensate, Casing Head
Gas and Natural Gas.

Calcasieu Cameron
_______ 1971 1972 1971 1972
Crude 0il
(barrels) 6,599,966 7,117,785 15,648,933 12,766,896
Condensate ) , =
(barrels) 3,102,304 2,710,327 6,642,130 4,267,184

Casing Head Gas
(Mcf, 15.025#Abs.) 4,961,691 4,369,532 19,234,167 16,247,238

Natural Gas
(Mcf, 15.025#Abs.) 64,370,789 54,636,536 553,602,812 393,403,690




Table 2.17 Value of Mineral Production

Minerals listed
in order of
their importance
in the ecoromy

19G69%*

1970%**

1971%**

Calcasieu Cameron State
Petroleum Natural Cas
Natural Gas Petroloeunm
Natural Gas Natural Cas
Liguids Liguids
Lime Salt
Salt Shell
Sand & Gravel
$61,156,::00 $270,883,000 4,685,326,000

$66,168,000

$63,506,000

$289,105,000

§312,357,000

5,102,321,000

5,553,009,000

* U.S. Dept. of Interior, Burcau of Mines. Minerals Yearbook, 1269, Vol. II,
Area Reports: Domestic, "The Mineral Industry of Louisiana, Washington,

D.C.

** Area Reports: Deomestic,

of Mines.

Minerals Yearbook,

p. 337-354. U.S. Dept. of the Interior, Bureau

1971, Vol. II, "The Mineral Industry at

Louisiana" by David A. Carleton and Leo W. Hough, Washington, D.C. 1973.

Source:

Corps of Engineers - Baton Rouge - New Orleans Inventory




Manufacturing

In 1946, Louisiana passed a law to exempt new industries
from direct taxation for a period of 10 years. Gas fields
led to the growth of industry in the state. The greatest
single source of employment in Calcasieu Parish is manufac-
turing, which accounts for about 10,000 jobs in the parish,
and a payroll of about $27 million. The manufacture of
chemicals and allied products comprises more than a third
of this employment.72 Among the local industries that
each employ 500 people are: Cities Service 0il Company,
Continental 0il Company, Firestone Synthetic Rubber and
Latex Co., Conaco, 0Olin Corporation, and PPG Industries.

Other manufacturing industries in Calcasieu Parish include:
lumber and wood products, fabricated metal products and
machinery, building materials, and food products, especially
dairy goods. The primary manufacturing industry in Cameron
Parish is the processing of fish: two firms produce packaged
fish, fish o0il, and fishmeal fertilizer.

Fishing

Louisiana is the leading state in the nation in terms of the
volume of commercial landings of fish and shellfish, though
it ranks third (after Alaska and California) in the dollar
value of these products. In 1973 and 1974, the commercial
catch exceeded one billion pounds® and netted over $98
million and $86 million in each year respectively. A record
landing for the state occurred in 1971 when slightly over one
billion four hundred million pounds of fish were harvested.

The menhaden catch accounts for the major volume of fish;
over one billion pounds were landed in 1974. The Louisiana
menhaden industry is the largest in the nation and in 1974,
it supglied 55 percent of the total domestic menhaden
catch.’3

Cameron ranked second among the nation's ports in terms

of the volume of commercial fish landings in 1974. Over 405
million pounds of fish were harvested, valued at $l8,724,000.73
The large catch of menhaden landed at Cameron accounts for

the high volume and relatively low value of fish. Most of

it is processed into fishmeal, menhaden o0il, and menhaden
solubles; the rest is used for bait.

*This indicates live weight for all items except univalue
and bivalue mollusks such as clams, oysters, and scallops
which are shown in weight of meats excluding the shell.
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The season for menhaden is from April to October, and

the heaviest harvest is during June, July, and August.
The fish are caught in purse seines (large nets with
floats along the top and weights on the bottom) which

are strung in a large circle and enclose the fish. This
manner of fishing does not employ great numbers of people
relative to the volume of fish caught.

Contract Construction

Contract construction is another major source of employment

in Lake Charles. A 1973 report shows that about 4,000

people were employed by this industry in mid-March, and

that the payroll for that quarter totaled nearly $9 million.72
Within this industry, employment distribution is nearly

equal among heavy construction contractors, general building
contractors, and special trades.

The work forces in both manufacturing and construction

are heavily unionized. Union membership in Lake Charles

has been estimated to be about 11,000 persons, producing

a situation whereby about one-third of the city's population
is in a union or union-supported.73 About three or

four years ago, the Committee of Contractors and Union
Representatives was established to arbitrate jurisdictional
disputes between individual trade unions.

Lake Charles Port Facilities

In tonnage of goods handled, the port at Lake Charles ranks
twentieth in the nation, tenth among the Gulf ports, and
third in Louisiana. Total tonnage handled for selected
years is as follows:44 :

Year Tonnage
1955 15,396,366
1960 17,433,441
1965 14,469,783
1967 16,697,672
1969 16,154,684
1970 17,600,000

In 1970, the tonnage at Lake Charles was 38,7 percent of
what was handled at Baton Rouge and 14.2 percent of that at
New Orleans. The overwhelming proportion of goods handled
at Lake Charles was in the domestic market. Crude petroleum
was the largest single item, followed by gasoline. Rice was
the largest foreign export in 1970, a total of 503,000 tons
were shipped out. Other exports include paper and lumber.
Automobiles, fertilizer, and coke are major bulk items that
are imported to the area.
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Barge traffic provides low-cost transport of such commodities
as petroleum and petroleum products, grain, soy beans, sand,
gravel, and other bulk products. The Intracoastal Waterway
near the project site is a major link between the industrial
centers of Beaumont and Port Arthur, Texas, and Lake Charles.

Agriculture

Agricultural income in this region of Louisiana is derived
mainly from growing rice and raising cattle. The quantities
of land, labor, and income from agricultural pursuits in the
two parishes are as follows:

Cameron Calcasieu
Acres 22,700 102,600
Paid Farmers 117 731
Value of Goods Sold $3,193,000 $13,332,000

There has been a trend in Cameron Parish to convert rice
acreage to pastureland. Growing rice requires large quantities
of fresh water, and since the dredging in ship channels

along Calcasieu Lake and the Intracoastal Waterway, fresh

water bodies have become contaminated with salt water from

the Gulf of Mexico.

2.5.4.2 Employment Distribution

The unemployment rate in this area is low (see Table 2.18,
Employment Status). The table also shows that few workers
are available in Cameron Parish, and it can be expected that
the majority of the project labor force would commute from
Calcasieu Parish. The percentage of unemployed persons in
1970 was substantially lower than what was recorded in 1960,
when Cameron Parish had 10 percent of its men unemployed,
and Calcasieu had 8 percent.

The number of men in the civilian labor force in the Lake
Charles metropolitan area in February 1976 was over 57,000.
Of these, 8.6 percent, or 4,925 were listed as unemployed.
Contract construction and oil and gas field explorations,
which form a substantial number of employment resources,
fluctuate widely in the number of jobs available for semi-
skilled and unskilled workers.




Table 2.18 Employment Status, by Parish

Calcasieu Cameron
Male Female Male Female
Tn Lakor Force* 33,863 16,682 2,062 672
Eaployed 32,033 15,615 1,984 617
Unemployed 1,830 1,067 78 55
% Uncmployed 5.4% 6.4% 3.8% 8.2%

* Excludes military personnel.

Source: P