DOE/EIS-0021

Final Environmental Impact Statement

(Final of Draft EIS, FEA-DES-77-10 and of
Draft Supplement to Final EIS, FEA-FES-76/77-6)

STRATEGIC PETROLEUM
RESERVE

Seaway Group Salt Domes

(Bryan Mound Expansion, Allen,
Nash, Damon Mound and West Columbia)

Brazoria County, Texas

U.S. DEPARTMENT OF ENERGY

June 1978
Volume 2 of 3

Appendices A and B




Available from:

Price:

National Technical Information Service (NTIS)
U.S. Department of Commerce

5285 Port Royal Road

Springfieid, Virginia 22161

Printed Copy: $20.00 per 3 Vol. Set
Microfiche: $20.00 per 3 Vol. Set
Sold only as a 3 Volume Set




DOE/EIS-0021
uc-11,13, 92

Final Environmental Impact Statement
(Final of Draft EIS, FEA-DES-77-10 and of
Draft Supplement to Final EIS, FEA-FES-76/77-6)

STRATEGIC PETROLEUM
RESERVE

Seaway Group Salt Domes

(Bryan Mound Expansion, Allen,
Nash, Damon Mound and West Columbia)

Brazoria County, Texas

Responsible Official U.S. DEPARTMENT OF ENERGY

Washington, DC 20545
M June 1978

James L. Liverman Volume 2 of 3
Acting Assistant Secretary for Environment .
-Appendices A and B

Volume 2

Appendix A Detailed Description of Project
Appendix B Detailed Description of Environment







TABLE OF CONTENTS

Page
APPENDIX A -- DESCRIPTION OF PROJECT A1-1
LIST OF FIGURES ai
LIST OF TABLES aiii
A.1 INTRODUCTION A=
A.2 CONCEPT OF STORAGE IN SALT DOMES A.2-1
A.3 BRYAN MOUND - PROPOSED SITE A.3-1
A.4 ALLEN DOME ALTERNATIVE SITE A.4-1
A.5 WEST COLUMBIA DOME ALTERNATIVE SITE A.5-1
A.6 DAMON MOUND ALTERNATIVE SITE A.6-1
A.7 NASH DOME ALTERNATIVE SITE A.7-1
APPENDIX B -- DESCRIPTION OF THE ENVIRONMENT B.1-1
LIST OF FIGURES bi
LIST OF TABLES biv
B.1 INTRODUCTION B.1-1
B.2 REGIONAL ENVIRONMENT B.2-1
B.3 SITE SPECIFIC ENVIRONMENT - BRYAN MOUND B.3-1
B.4 SITE SPECIFIC ENVIRONMENT - ALLEN DOME B.4-1
B.5 SITE SPECIFIC ENVIRONMENT - WEST COLUMBIA DOME B.5-1
B.6 SITE SPECIFIC ENVIRONMENT - DAMON MOUND B.6-1
B.7 SITE SPECIFIC ENVIRONMENT - NASH DOME B.7-1
B.8 SUMMARY B.8-1
B.9 REFERENCES B.9-1







APPENDIX A
DESCRIPTION OF PROJECT







>

> > > »>» > > >

-1
.2-1

.2-3

.2-4
.2-5

.2-7

A.2-8

.3-1

.3-2

.3-3

.4-4

.5-1

.5-2

.5-3

.6-1

.6-2

LIST OF FIGURES

Seaway Group salt dome location map

Schematic representation of SPR facility operation
Schematic of crude o0il storage systems

Typical storage well casing diagram

A typical storage cavern

Concept for commencing storage while leaching

Alternate concept for concurrent leaching
and storage

SPR development timetable
Bryan Mound early storage facilities

Vicinity map - Bryan Mound dome (proposed site
for Seaway SPR development)

Site map - Bryan Mound dome (proposed site for
Seaway SPR development)

Plant layout - Bryan Mound dome (proposed site
for Seaway SPR development)

Proposed and alternative diffuser sites

Pipeline route map - Allen dome candidate SPR
storage site (alternative site)

Vicinity map - Allen dome candidate SPR
storage site (alternative site)

Site map - Allen dome candidate SPR storage
site (alternative site)

Plant area layout - Allen dome candidate SPR
storage site (alternative site)

Pipeline route map - West Columbia dome
candidate SPR storage site (alternative site)

Vicinity map - West Columbia dome candidate
SPR storage site (alternative site)

Site map - West Columbia dome candidate SPR
storage site (alternative site)

Pipeline route map - Damon Mound dome candidate
SPR storage site (alternative site)

Vicinity amp - Damon Mound dome candidate SPR
storage site (alternative site)

ai

Page

> > > > > >

>

.1-2
.2-2
.2-4
.2-6
.2-10
.2-17

.2-20
.2-30
.2-32

.3-3

.3-4

.3-8
.3-11

.4-2

.4-3

.5-2

.5-3

.5-6

.6-2

.6-4




A.6-3

A.7-1

A.7-2

A.7-3

Site map - Damon Mound dome candidate SPR
storage site (alternative site)

Pipeline route map - Nash dome candidate SPR
storage site (alternative site)

Vicinity map - Nash dome candidate SPR
storage site (alternative site)

Site map - Nash dome candidate SPR storage
site (alternative site)

aii

Paqe

A.6-6

A.7-2

A.7-3

A.7-6




A.3-1

A.4-1

A.5-1

A.6-1

A.7-1

LIST OF TABLES

Page
Land requirements - Bryan Mound (proposed
site for Seaway SPR development) A.3-13
Land requirements - Allen dome candidate SPR
storage site (alternative site) A.4-11
Land requirements - West Columbia dome
candidate SPR storage site (alternative site) A.5-9
Land requirements - Damon Mound dome candidate
SPR storage site (alternative site) A.6-8

Land reguirements - Nash dome candidate SPR
storage site (alternative site) A.7-8

aiii







APPENDIX A
DESCRIPTION OF PROJECT

A.1 INTRODUCTION

A.1.1 Group Description

The Seaway SPR Program Group consists of five salt domes in the
southeast Texas counties of Brazoria and Fort Bend (Figure A.1-1). The
sites were selected for their engineering feasibility, convertible
existing storage capacity, accessibility to pipeline and port facilities
for crude 0il distribution and their overall environmental suitability.
For the purposes of this report, SEAWAY salt domes are planned to have a
total of approximately 163 million barrels (MMB) of crude oil storage
capacity in existing and new solution-mined caverns. This 0il would be
distributed through the port facility at Brazosport (Port of Freeport,
Texas). From this facility, oil will be distributed to inland refineries
via SEAWAY Pipeline System and via tankers to East Coast, Gulf Coast,
and Caribbean refineries.

The potential storage sites are Bryan Mound, Allen dome, West Columbia
dome and Damon Mound in Brazoria County, and Nash dome in Fort Bend
County. For the early storage phase of the project, up to 63 MMB of
existing storage capacity is presently being modified at Bryan Mound.

Development of the SEAWAY Group to a total storage capacity of
approximately 163 MMB would require the further construction of at least
100 MMB of new storage at one of the five sites within the group. The
proposed development plan is to expand Bryan Mound by an additional
100 MMB. Development of 100 MMB of storage capacity at either Allen dome,
West Columbia dome, Damon Mound or Nash dome is an alternative to the
100 MMB expansion at Bryan Mound.

The proposed water source for the expansion is increased withdrawals
from the Brazos River Diversion Channel; alternatives include ground water
from the Evangaline Aquifer and reservoirs operated by the Dow Chemical
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Company. Displaced brine would be pumped to a brine diffuser in the
Gulf of Mexico for each of the sites. Deep brine injection wells will
provide a backup to the brine disposal system.

A.1.2 Presentation Format

Section A.3 of this appendix presents the proposed development of
the SEAWAY Group (early storage site combined with Bryan Mound expansion)
and details the construction and operation of proposed site facilities
and their alternatives.

Development alternatives are provided in Sections A.4 through A.7,
together with discussion of the proposed and alternative facilities for
each development combination.

Appendices B and C detail the existing environment and anticipated
environmeﬁfgi'ﬁmpacts, respectively, for the SEAWAY Group region and for
each individual site combination.-- Impact discussions include both pro-
posed and alternative facilities for each site combination.
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A.2 CONCEPT OF STORAGE IN SALT DOMES

A.2.1 Introduction

It has long been recognized that caverns in salt domes are attractive
storage sites for petroleum products due to both the relative low cost of
bulk storage and the geological stability of deep rock salt masses. The
formation of salt domes in the Gulf Coast region and the geological proper-
ties of the domes are discussed fully in the SPR Programmatic Environmental
Impact Statement (FES-2). The single property of salt that makes it most
attractive for crude oil storage is its in situ impermeability. No other
common rock type could contain crude oil as safely. In addition, under-
ground salt domes provide security from natural catastrophies or sabotage.

Salt domes are a major source of brine feedstock for the chemical
and salt industries in the Gulf region. The salt in the domes 1is removed
by conventional mining techniques or by solution mining. In the solution
mining process, salt is dissolved by injecting raw water into the dome,
and allowing the water to leach (or dissolve) the salt (Figure A.2-1). The
resulting brine is then displaced by injecting more raw water. Solution
mining of a salt dome requires that about 7 barrels of fresh water, or
about 8 barrels of sea water, be used to leach one barrel of cavern space.

Caverns may be mined specifically for use as storage of petroleum
products rather than as a by-product of obtaining brine feedstock. Expan-
sion of the SPR Program storage capacity will use the same solution
mining (Jleaching) method that has created many existing caverns except
that the brine created will exceed the needs for feedstock and will be
disposed of to the environment. To store petroleum products in the caverns
formed by the leaching of the salt, the products would be injected into
the dome to displace the brine (Figure A.2-1).

During an o0il supply interruption, the oil would be withdrawn from
the cavities (Figure A.2-1). The crude 0il would be distributed to
refineries by the SEAWAY Pipeline and tankers from the dock facilities at
the Port of Freeport, Texas. The raw (displacement) water would also
dissolve the walls of the storage cavities, enlarging them somewhat.
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Although crude oil storage in salt dome caverns does not present
particular technical problems, the technique has been utilized primarily
in other countries. In the United States, the products stored in salt
dome caverns have largely been fuel 0il and LPG products such as propane
and ethylene.

A.2.2 Generalized SPR Site Facilities

This section describes those construction and operating procedures
and methods that are common to all potential storage sites. Site-
specific procedures and methods are described in Sections A.3 through
A.7.

The storage system at each SPR site would consist of a series of
caverns. New caverns would be leached to a capacity of approximately 10
million barrels. Existing caverns that would be converted for 0il
storage would be solution mined (leached) caverns that have been developed
to obtain brine as feedstock for chemical plants. A solution mined o0il
storage cavern (basically a large subterranean pressure vessel connected
to the surface by at least two vertical pipelines) usually contains both
0il and brine. If oil is pumped into one of the pipelines, brine will
come out of the other (or vice versa). Because oil will float on brine,
the 0il pipeline must connect to the top of the vessel and the brine
1ine must connect to the bottom.

Control -of cavern construction and o0il storage withdrawal operations
would be established in a central pumping plant area, and each cavern
would be linked to the central plant by electronically controlled valves
and by oil pipelines plus water and brine lines as appropriate. All
controlling, monitoring, and metering operations would be performed in
the central plant area at the cavern storage sites. General operations
associated with a storage site are shown in the schematic drawing in
Figure A.2-2.

Raw water for cavern leaching and for oil displacement during
withdrawal would be supplied to each site from an off-site source. A
pipeline would connect the water source to the plant area. Sources of
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raw water could include nearby streams or other bodies of relatively
fresh water, subsurface aquifers containing either fresh or brackish
water, or sea water from the Gulf of Mexico.

Both cavern leaching and crude oil storage in leached caverns
require disposal of displaced brine. Brine would be piped to the Gulf
of Mexico or to subsurface disposal injection wells. Depending on
factors such as proximity to potential users, some brine could also be
sold as feedstock to chemical plant operators.

0il distribution would be handled through a regional facility and
pumped via pipeline to each storage site. During withdrawal, oil would
be pumped to the regional facility where transfer to tankers or pipeline
would be made. Crude 0il entering storage would be received from the
regional facility.

A.2.2.1 Construction Techniques

A.2.2.1.1 Cavern Storage System

As was stated previously, new caverns would be formed by solution
mining the salt domes. This section describes the general techniques
used in the construction of new caverns. Detailed descriptions of
construction processes are presented in subsequent sections.

Prior to commencement of actual leaching activities, an entry well
must be drilled. It is planned that conventional o0il well drilling rigs
would be used for this purpose. Well diameters are determined by the
desired leaching or o0il withdrawal rate, where the rate of 0il withdrawal
is based on emptying the cavern within 150 days.

During the drilling process, the casing string would be placed and
grouted in the borehole to provide a sealed passage between the salt
dome and the surface. Telescoping casing strings would be used, the
largest casing being approximately 42 inches in diameter. OQOuter casings
would use cement as the grouting material to prevent leakage into the
caprock and to protect freshwater and brackish aquifers from contamination
by brine or oil (Figure A.2-3). Cementing would also serve to stabilize
the casing against possible movement and damage. After the drill hole
penetrates through the dome caprock, a minimum additional five hundred
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feet would be drilled into the salt before the final casing would be
placed and grouted. The bottom of the casing would be the location of
the top of the cavern to be developed. Drilling then proceeds to the
bottom of the sump. (A sump is an extension of the cavern that provides
a place for insoluble material to stay in the cavity and not impair
operation as a storage cavern.)

The drilling equipment would then be removed and the strings of
pipe used for leaching inserted. Pipe strings for leaching would consist
of two pipes of different diameters which would be placed concentrically
in the well. The larger diameter pipe would extend just below the top
of the proposed cavern ceiling. The smaller inner pipe would extend to
the bottom of the drilled well. Each well would require 60 to 90 days
of rig time for preparation for leaching. During leaching operations, a
smaller, more portable workover rig would be used to adjust casings for
proper leaching.

Leaching a storage cavity of the desired size and shape would be
accomplished by varying the rate of raw water input and the positions of
casings within the well. Blanket oil would be installed on the brine
surface when necessary to restrict the ceiling of the cavity from further
upward migration. The finished cavern would be approximately 1000 feet
in height and 300 feet in diameter, with a conical sump about 400 feet
deep at the bottom. Each cavern would require about 24 months to be
leached to a 10 MMB capacity.

In an estimated 20 percent of the wells drilled, difficulty in
drilling through the caprock overlying the salt is expected. Difficulty
results when cavernous zones are encountered in the caprock. The cavernous
zones derive from natural leaching of the anhydrite and gypsum layers
during formation of the salt dome and may require the installation of a
smaller casing to get through the caprock. The smaller casing would
reduce the flow rates obtainable during oil withdrawal, agd less oil
could be removed during the 150-day withdrawal period. The cavern would
therefore be leached only to the capacity which could be withdrawn in
150 days, or about 5 to 6 MMB.
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Drilling muds utilized at each cavern site would be self-contained
within each site using mud tanks or mud pits for storage. At completion
of each well, the mud would be removed for reuse at other wells or
hauled away for disposal. Mud pits would then be buried.

Newly developed caverns will have a design capacity of 10 MMB,
although approximately 20 percent of the caverns will have reduced
capacities resulting from drilling difficulties. With each oil fill and
withdrawal cycle, up to five of which are anticipated over the life of
the project, the capacity of the cavern will increase, resulting in an
ultimate capacity of approximately 20 MMB. As discussed above, the
entry well diameter and casing size are determining factors in the rate
of 0il fill and withdrawal. It is planned that each cavern will only be
refilled to its original design capacity and that water introduced to
force the o0il out will remain in place to fill the excess capacity.

An 800-foot design spacing of storage cavities has been selected
(except Nash dome, where a 600-foot spacing would be used) which for
300-foot diameter caverns, would allow a minimum of 500 feet between
adjacent walls. A distance of 600 feet would be allowed from any cavity
to the estimated extremity of the dome flanks. A minimum salt barrier
of 500 vertical feet would be provided between the ceiling of each
storage cavity and the caprock.

Existing leached caverns (i.e., Bryan Mound) would potentially be
utilized and would require inspection, testing, and conversion prior to
inclusion in the storage program. Inspection and testing of existing
caverns would include both the well apparatus and the cavern itself.
Surface equipment and casing string integrity would be inspected using
conventional techniques. Through these procedures, all equipment would
be measured for wear and corrosion and checked for soundness and leakage.
Casing strings would be pressure tested to an appropriate safety factor
above working pressure. A sonar caliper survey would be performed on
each cavity to record actual existing size and shape, and proximity to
other existing and/or proposed caverns would be computed.
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Conversion procedures would depend on the type and size of existing
casing and surface equipment. Caverns with sound, adequately sized
casing would require only installation of equipment for crude o0il displace-
ment and connection to water, brine, and o0il pipelines. Other caverns
would require more substantial conversions, possibly including the
drilling of new entry wells to provide adequate flow rates.

Cavern Development

Underground caverns used for storage of crude o0il can be of two
basic types, solution-mined construction or conventionally mined. A
solution-mined storage cavern is basically a large subterranean pressure
vessel, connected to the surface by at least two vertical pipelines and
usually contains both oil and brine. If o0il is pumped into one of the
pipelines, brine will come out of the other (or vice versa). Because
0il will float on brine, the oil pipeline must connect to the top of the
vessel and the brine line must connect to the bottom. To insure stability
of the cavern, it is maintained in a continuously filled condition
(either brine or o0il or both), with the contents under an externally
applied pressure.

A completed solution-mined cavern usually has a cased borehole
terminating at the roof of the cavern and a suspended pipe terminating
near the floor. Water or brine is inserted into the suspended pipe to
displace 0il upward through the borehole annulus during withdrawal of
0il from storage. During filling, 0il is pumped into the annulus forcing
brine to surface through the suspended pipe (see Figure A.2-4) During
withdrawal, fresh or saline water is injected into the cavern to displace
the stored 0il, as a result the cavern walls are dissolved and brine is
formed.

0i1 storage caverns constructed using conventional mining methods
are designed with internal support provided by salt pillars, a technique
not available with solution mining. The maintenance of a continuously
filled condition is therefore not required for cavern stability. A
single vertical pipeline extending to the bottom of the cavern is used
as both the fill inlet and pump sump for withdrawal of oil. No brine is
produced by conventional mined storage.
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Size Relationship - Borehole Versus Cavern Size

Salt dome caverns are usually leached through single boreholes.
The size of those boreholes has a significant effect on both the rate of
cavern development and on the usefulness of the completed caverns. Many
commercial caverns storing LPG could meet operating requirements through
cased boreholes as small as nine inches, yet have been developed through
holes as large as 12-1/2 inches to facilitate rapid leaching.

The proposed strategic storage system presents a unique combination
of criteria. Unlike commercial facilities, the stored product will
rarely, if ever, be cycled. DOE has directed that caverns be designed
to tolerate enlargement caused by fresh water displacement of oil during
five cycles of storage. The basic objective is to develop the cheapest
possible system capable of delivering its contents within a period of
150 days. Since solution mining is very sensitive to scale, this
objective could be achieved by developing each cavern to the maximum
capacity that could be emptied through its borehole during the prescribed
period. There is, however, the consideration that to receive public
acceptance and to expedite regulatory approval, the strategic storage
cavern design must be based on proven technology.

A Timit of 20 million barrels was selected for the final cavern, a
size approximately equivalent to the largest salt dome caverns now used
for brine production. The initial cavern size that would permit five
cycles of storage without exceeding 20 million barrels was calculated
and an initial volume of 10 million barrels was selected. (A 10 million
barrel cavern cycled five times with fresh water and refilled each time
with 10 million barrels of o0il would grow to a size of about 18.6 million
barrels. If refilled to its maximum capacity after each cycle, it would
grow to about 22.1 million barrels. Design criteria for these caverns
is presented in Appendix F.

Because of the DOE criterion that a cavern would be refilled only
to its original capacity after each storage cycle, the borehole delivery

requirement would be only 10 million barrels in 150 days, regardless of
how large the cavern grew. This objective can be achieved in most cases
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through a 15-inch cased borehole. The mining rate for solution-mined
caverns would, however, require that 20-inch casing be used. If drilling
difficulties are encountered in the often unpredictable caprock, it is
sometimes necessary to set a string of 15-inch casing to complete the
hole. Thus even with the anticipated 20 percent T1ikelihood of drilling
difficulty, the oil withdrawal rate would not be altered. A related
standardization adopted as part of the design is a maximum rate of brine
discharge of 3000 gallons per minute for the 20-inch borehole, permitting
a rate of cavern enlargement of approximately 15,000 barrgls per day.
This rate represents a point on the power consumption curve where the
cost of accelerating flow may exceed the savings from accelerating
leaching.

Leaching Well Design

Storage wells are drilled with "oil field" type rotary drilling
procedures. A rotary bit is connected to surface by pipe. The bit
supports the lower portion of the pipe, thereby deriving the downward
thrust necessary to penetrate the rock. The lower portion of pipe - a
series of drill collars - is very stiff, heavy, and resistant to buckling.
The upper pipe - known as drill pipe - is kept in tension and consequently
can be much more flexitle.

Most drilling is done by rotating the bit with torque transmitted
from the surface through the drill pipe and collars. Bits generally
consist of three rolling cones, each serrated with short, husky teeth.
As each tooth is presented against the bottom of the hole, a small chip
is fractured away from the parent rock.

For drilling to proceed, chips must be transported from the face of
the cutters to the surface. This is accomplished by pumping a fluid,
known as mud, down the pipe to the bit where it exists, picking up the
cuttings and carrying them to the surface through the borehole annulus.
Besides transporting cuttings, the mud also cools the bit and supplies a
stabilizing pressure to the borehole walls.

Many sedimentary rocks are so weak that they would cave if mud
support were not available. Maintaining the proper composition and
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quality of mud is a critical factor in any drilling program. The wrong
mud can cause hydration of shales, dissolve salt, slow drilling penetra-
tion, cause walls to fail and pipes to stick, and numerous other problems.

Regardless of how good the mud is, however, circulation must be
maintained if the mud is to do its job. Many rocks are porous, permeable,
and contain fluids existing at pressures less than that of the borehole
mud. Consequently, the mud must be able to seal the walls of the hole
or it will flow into the rock rather than back to the surface. Although
the drilling industry has developed muds for almost every drilling con-
dition, vugular or cavernous structures occasionally defy sealing, and
circulation fails. '

If the uncased borehole is composed of competent rocks when circula-
tion is lost, the driller can utilize many materials including cement to
seal the loss zone. In some instances, he may be able to proceed with
drilling by sacrificing his mud and allowing cuttings to be deposited
into the loss zone. If he can tolerate a reduction in hole size, he may
choose to place steel casing across the zone.

The leaching well design established for this study is considered
relatively conservative. Most of the problems encountered in drilling
into salt domes have stemmed from the unpredictability of caprock.
Adjacent holes in the same dome may behave quite differently from one
another. One may permit strong circulation throughout drilling and
cementing, while the other may prove so troublesome that an extra casing
string must be set to achieve completion. The standard design must be
conductive to successful completion, even under relatively difficult
conditions. A possible design is shown in Figure A.2-3.

If circulation problems develop while drilling the caprock, the
driller may choose from a number of options. He may try to reestablish
good circulation by blending filler materials into the mud, attempt to
advance to the projected casing point in the salt by drilling without
fluid returns using brine injection, or try to seal the void with cement.
If all else fails, he may attempt to set the 20-inch casing through the

problem zone, and if successful, proceed to set 15-inch casing into the
salt.
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Regardless of his tactics, his drilling fluid, be it mud or brine,
must be saturated with salt before penetrating the top of the salt mass.
If the salt is drilled with unsaturated fluid the borehole will enlarge,
causing problems in maintaining directional control, tool joint failures
from buckling of the drill collars, and difficulties in obtaining good
cementation of the product casing.

The cementing program should be designed to raise the cement column
well into the 30-inch pipe. In most instances, it would be unadvisable
to attempt cementation to surface in a primary stage. If full cementa-
tion is deemed imperative, a stage collar should be installed as the 20-
inch casing is run to permit secondary cement placement after the primary
stage has hydrated. If the hole has been completed without mud circulation,
special nitrogen procedures may be required to achieve primary cementation
into the 30-inch pipe.

Leach-Then-Fi11 Cavern Construction

The fundamental technique of cavern development is to expose the
salt in a drilled hole, inject raw (fresh or low salinity) water into
the hole, allow time for the water to dissolve the salt, and displace
the resulting brine from the hole. The hole enlarges as the salt dis-
solves, eventually forming a cavern. In actual practice, the procedure
for cavern development 1is somewhat more complex as described in the
following paragraphs.

Raw water injected into a cavern makes contact with salt by circula-
tion and diffusian. Circulation is the dominant factor, being caused by
both density and pressure differentials. Being lighter than brine, in-
jected raw water tends to rise, causing a "rolling" effect throughout
the cavern. This agitation is responsible for the major portion of the
dissolution. During the initial leaching effort, the pressure differential
between points of fluid entry and exit establishes the direction of
fluid movement across the salt face. As the cavern grows, the rolling
effect may cause fluid at the salt face to move in the opposite direction.

Two basic washing methods - direct circulation and reverse circula-
tion - are normally used. Direct circulation is more common, involving
injection of raw water near the bottom of the cavern and withdrawal of
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brine through the casing annulus near the top of the cavern. In reverse
circulation, water is injected down the casing annulus and enters near

the top of the cavern, displacing brine into the tubing at the bottom of
the cavern. Both methods employ the same drilling and casing procedures.

When direct circulation methods are used, the maximum diameter
occurs near the bottom of the cavern interval and the minimum diameter
forms near the top. The reverse circulation method causes development
of a large diameter cavern roof, with the diameter decreasing toward the
bottom of the cavern, resulting in the so-called "morning glory" type
cavern.

To construct large caverns for most storage purposes, modified
techniques using direct circulation initially, reverse circulation
during primary leaching, and blanket material for control of upward
growth are used. Casing strings would not be moved during cavern leaching.

Blanket material is any noncorrosive, lighter than water substance
(gas, propane, butane, diesel 0il, crude 0il) which occupies the space
in the topmost interval of the cavern. The purpose of blanket material
is to prohibit leaching of salt from around the cemented casing. It
also protects the casing from internal corrosion and can be used to
initially depress leaching to the bottom of the borehole for construction
of a sump.

The protective blanket is extremely important, requiring careful
monitoring and maintenance. Protection of cemented casing serves the
dual purpose of insuring a pressure-tight cavern and prohibiting develop-
ment of high spots from which the stored product could not be retrieved.

Some insoluble material is present in most salt. As leaching pro-
ceeds, an accumulation of insoluble material builds up in the bottom of
the cavern, sometimes plugging the wash pipe. This condition can be
rectified if a small cavern is first leached below the storage interval.
The pipe is then raised to wash the major cavern, allowing solids to
accumulate in the sump.

The above techniques would be utilized for all caverns, using the
casing configuration shown in Figure A.2-4, with an inner string of
8-5/8-1inch casing installed for leaching. After approximately two years
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of leaching, the cavern would be fully formed, the 8-5/8-inch casings
would be removed and the filling cycle begun. By sequencing the leaching
and filling operations at a storage site, relatively uniform leach and
fi1l coculd be achieved.

Leach/Fil11 Cavern Construction

A modified technique which permits the entire cavern interval to be
leached without moving the tubing strings is proposed for the SPR program.
The procedure involves setting blanket casing in the lower half of the
cavern interval, maintaining the blanket at the final cavern roof elevation,
and injecting raw water into the lower portion of the cavern. The
entire interval would be leached simultaneously, yet saturated brine can
be withdrawn from the bottom of the cavern. This method would be very
efficient (see Figure A.2-5).

The modified leaching procedure would also permit the upper portion
of the cavern to be used for cyclical storage while leaching continues.
Stored product would be used as blanket material and the blanket level
is lowered or raised as dictated by the storage cycle. During storage
periods the lower portion of the cavern would continue to enlarge. The
upper portion would be enlarged by removing the blanket material (crude
0i1). By introducing raw water at the correct depth, balanced cavern
growth could be achieved.

To develop caverns by this method, conventional o0il field techniques
would be used to drill a hole to about 500 feet below the projected
cavern floor. Casing would be cemented from the surface to the projected
cavern roof, at least 500 feet below the top of the salt. Blanket
casing would be suspended to the projected floor and concentric tubing
suspended to the bottom of the hole. 0il would be placed in the hole
around the blanket casing and raw water injected down the tubing. Brine
would be withdrawn from the blanket casing, thereby leaching the lower
portion of the sump. A few joints of tubing would then be removed and
the direction of water/ brine flow is reversed. Brine of increasing
salinity would be produced until the sump is of sufficient size to
handle anticipated insoluble material.
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After completion of the sump, the oil (blanket material) is withdrawn
to the elevation of the projected cavern roof and blanket casing relocated
at a point about 170 feet below the oil. Tubing is relocated at the top
of the sump. Raw water would be injected down the tubing and unsaturated
brine withdrawn from the blanket casing until the borehole has been
enlarged. Flow direction can then be reversed, causing raw water to
enter the cavern at the base of the blanket casing and saturated brine
to be withdrawn from the tubing. Blanket 0il would be added as required
until the cavern roof reaches a diameter of about 140 feet. The cavern
would then be ready for acceptance of stored crude oil at a rate equal
to the rate of cavern enlargement.

lhen the oil-water interface approaches the bottom of the blanket
casing, the casing must be repositioned to a point about 500 feet below
the roof of the cavern. When the oil-water interface approaches that
point, casing would again be repositioned, this time to a point about
840 feet below the roof. Leaching would continue under that condition
until the designed volume of 10 million barrels has been developed. The
two suspended pipes are then replaced with a single string of 9-5/8-inch
casing reaching to the top of the sump. The final increment of o0il
required to bring the total to 10 million barrels would be added and the
cavern would be complete.

The cavern's actual shape would depend on the rate and regularity
of oil additions, physical characteristics of the salt, and field decisions
regarding leaching procedures. Assuming reasonably steady conditions, a
trilobed cavern with a maximum diameter of about 330 feet would be
expected. More lobes of smaller diameter could be developed if the

suspended pipes were repositioned more frequently.

The preceding descriptions called for raw water to enter the cavern
at a point below the oil-brine interface. Thus, gravity stratification
of 0il over water would not be disturbed and no significant agitation
would occur to mix the oil with water. Since the types of crude that
will be stored or their tendencies to emulsify with brine is not known,
a standardized design that would minimize the risk of emulsification
would be used.
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A different procedure using fewer pipe movements and resulting in
an almost cylindrical cavern might be possible with specific types of
crude oil. If laboratory testing demonstrated that a particular crude
did not tend to emulsify, or that an emulsion quickly broke under cavern
conditions, it might be practical to allow the raw water to fall through
the o0il. Thus, the following procedure could be used to develop the
configuration shown in Figure A.2-6.

The sump would be completed as described in the preceding technique.
The 0il1 blanket would then be withdrawn to the elevation of the projected
cavern roof and blanket casing relocated to that point. Tubing would be
repositioned to the top of the sump. Raw water would be injected down
the tubing and unsaturated brine withdrawn from the blanket casing until
the borehole has been enlarged. Flow direction would then be reversed,
causing raw water to enter at the projected roof of the cavern and
saturated brine to be withdrawn from the tubing. Blanket oil would be
added as required until the cavern roof has reached a diameter of about
270 feet.

The cavern then would be ready for acceptance of stored crude oil
at a rate equal to the rate of cavern enlargement. If 0il were added at
about the same rate that leaching occurs, a relatively cylindrical
cavern should develop. Water would be moving rapidly enough down the
blanket casing to keep 0il from rising into that annulus and consequently,
water injection pressure would be essentially the same as would be
required in the earlier standardized design.

Startup pressure following any stoppage of water injection would be
much higher, however, for 0il would rise into the annulus during the
Tull. Following completion of leaching, the two suspended strings of
pipe would be replaced with a single string of 9-5/8-inch casing run to
the top of the sump.

Selected Cavern Development

Either the leach-then-fill or leach/fill cavern development technique
could be used for the SPR program. However, the leach/fill design has
not been widely used for crude oil and would require special precautions.
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If crude 0il is injected into a cavern during the period of cavern
development, the oil-brine interface is always in reasonable proximity
to the active leaching zones. Raw water dissolves the walls of the
cavity, becomes brine, and is displaced out of the cavern. If crude o0il
becomes mixed with the brine due to the agitation caused by injection,
it may be forced out of the cavern with the brine, resulting in the
release of hydrocarbons to the environment. If the leach/fill method is
used, it will first be tested to determine if hydrocarbon levels can be
maintained at Tow levels that would not be harmful to the environment.
It should be noted that leach/fill technology is being used successfully
in West Germany for the creation of a storage facility.

0i1 injection rates and water supply rates for the simultaneous
leach and fill process would be somewhat less than those required for
the separate leach then fill process. Brine disposal rates would
essentially be the same during cavern leaching which presents higher
brine rates than cavern filling. Therefore, the separate leach then
fill process would present the worst-case for environmental impact
consideration, and it is this more extreme case which is assumed in this
document for environmental impact assessment purposes.

A.2.2.1.2 Central Plant Area

The central plant area would contain all facilities necessary for
operation and maintenance of the storage site. During construction,
management activities and the fabrication and laydown yard would also be
located in the plant area.

Central plant areas would typically be 10 to 12 acres in size, with
about 5 to 6 acres required for construction and the remainder for
permanent facilities. Included in the central plant area are a pump
building, electrical equipment (transformer or generating station),
tanks for water and blanket oil, a brine pond, and a support building
for offices, laboratory, storage, and shops.

The pump building would house all pumps necessary to inject water
into the storage caverns, transport brine to the disposal area, and
transfer displaced crude o0il into the pipeline to the regional distribu-

A.2-21




tion network. Appropriate piping and valving would be located in or
adjacent to the pump building. Pumps and valves would be operated
remotely in the pump building.

Electrical power for operating the storage sites would be either
generated on-site or obtained from local utilities. A portion of the
plant area would be required for the generating or transformer equipment.

Blanket 011 would be used during cavern leaching to prevent unwanted
upward migration of the cavern ceiling. The 0il would be stored at the
surface in a tank (from 5000 to 20,000 barrel capacity) and piped to the
caverns or returned to the tank as required.

Raw water piped from a local supply would be stored in an on-site
tank or pond to provide a reservoir for charging the cavity injection
pumps and for fire protection. The tank level would be maintained
automatically and would act to remove surges from the raw water injection
pump lines.

Brine discharged from cavities would be directed through a Tined
brine pond for settling of solids prior to being pumped into the disposal
system. The pond would relieve line surges and eliminate insoluble
particles which could damage pumps or clog injection well screens.

The central plant area would contain a cluster of support buildings
necessary for operation and maintenance of the facility. The support
buildings would include an office, laboratory, warehouse, and shops.

A security fence would be constructed around the perimeter of each
site to prevent casual trespassers by identifying the site as a restricted
area. The fence would be of eight-foot chain 1ink or similar construction.

Roadways, Levees, and Filled Areas

Substantial lengths of roadway and acreages of filled area would be
required at some SPR sites, since these sites would be located in low-
lying areas. Several feet of fill would be required to provide permanent
access to wellheads and along pipeline routes and to provide protection
from storms.

Roadways through low-1lying areas would be constructed directly on
the existing vegetation, the fibrous nature of the vegetation and roots
providing a base for the roadway fill. Crushed rock or shells would be
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used to cap the roads and provide an all-weather surface. In soft
areas, felled trees, boards, or artificial mats might be utilized to
support the roadway. Due to the soft subsoils, proper compaction of
fill materials cannot be achieved, and all heavy structures such as
bridges or plant facilities would therefore be supported on piles.

Levees would be required at some sites for flood protection.
Depending on the degree of seepage integrity required, levees would be
constructed either directly on existing vegetation, or the vegetation
would be removed. Draglines would be used to construct levees, by
digging a ditch alongside and using the spoil for levee fill. A capping
of stone or shells would then be provided if the levee were to be used
as a roadway.

A.2.2.1.3 Pipelines

Three basic techniques of construction could be used for pipeline
construction: 1) conventional dry land method, 2) push-ditch method,
and 3) flotation canal method.

Conventional dry land construction methods would be used through
dry portions of pipeline routes where heavy construction equipment can
be supported. The push-ditch method of construction would be used in
freshwater swamp portions of pipeline routes where the ground can support
marsh buggy-mounted excavating and backfilling equipment, but cannot
support conventional dry land pipeline construction equipment. The
flotation canal method of construction would be required in marshy
portions of pipeline routes. The ground in marshy areas cannot support
heavy construction equipment. Therefore, the work would have to be done
on barges operating in the canal. Use of the potentially more environ-
mentally disruptive flotation canal method would be avoided where
possible, by utilizing the preceeding methods.

These methods, and procedures for construction of pipeline crossings,
are summarized below.

Conventional Dry Land Pipeline Laying

With the conventional dry land method, a right-of-way width of
approximately 100 feet is cleared. Excavation equipment then travels
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along the right-of-way digging the pipe ditch to a depth of approxi-
mately six feet so that the pipeline will have a minimum cover of three
feet. The pipe joints are then strung along the pipe ditch, welded
together, the required corrosion protection is applied, and the pipe is
lowered into the ditch and tested.

Pipeline backfill equipment then travels along the right-of-way,
backfilling the open ditch with the spoil removed in excavation.
Restoration of the right-of-way is made to permit continued use of the
land. A maintenance width of 75 feet is generally utilized.

Push-Ditch Method

In the push-ditch method of construction, a right-of-way width of
approximately 80 feet is cleared. The push ditch is then excavated down
the right-of-way by marsh buggy-mounted excavation and backfilling
equipment. The excavated ditch is full of water. Several push sites
are selected -at convenient locations along the right-of-way on dry land.
These sites are used to assemble the pipe joints into a completed pipe-
1ine and to push it into the ditch. The pipe in the ditch is then
floated into position.

The fabrication and assembly of the pipeline consists of welding
together joints of pipe (each pipe is about 40 feet long) on the push
site. When operations on each joint at the push site are complete, the
assembled pipeline is pushed forward into the push ditch by the length
of another joint of pipe, and the assembly procedure is repeated. A
marsh buggy, or similar equipment, travels along the right-of-way with
the front end of the pipeline to guide the pipeline down the push ditch
and to aid in starting and stopping the pipeline as the assembly continues.

After the pipeline is assembled and in its desired location, it is
filled with water, causing the line to sink to its final position, and
is then tested. Draglines, mounted on marsh buggies, then travel along
the right-of-way, filling the ditch with the spoil that was stockpiled
along the right-of-way.
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Flotation Canal Method

In the flotation canal (or barge lay) method, a canal is dug along
the surveyed pipeline route to accommodate construction barges. The
canal is dredged to provide a water depth of approximately 7 feet. The
canal may be 40 to 50 feet wide at the bottom and up to 75 feet wide at
the top. The equipment needed for construction includes a dredge, a
pipe lay barge, materials barges, personnel boats, and special equipment
barges required for tie-ins and work at pipeline crossing. The required
right-of-way is approximately 120 feet.

A pipe ditch is dug in each flotation canal to accommodate the
proposed pipeline. The spoil removed in dredging the flotation canal
and pipe ditch is placed alongside of the flotation canal until after
the pipeline has been installed. The pipe lay barge travels along the
flotation canal while the joints of pipe are being welded together. The
completed pipeline is lowered off the stern of the barge into the pipe
ditch. After hydrostatic testing, a barge-mounted dipper dredge travels
along the flotation canal backfilling the canal behind it.

River Crossings

Pipeline river crossings require the pipe to be buried in a trench
on the river bottom for protection from currents, floating debris, and
river traffic. River crossings are located in protected locations away
from hazards. An enlarged right-of-way is required at each end of the
crossing.

Barge-mounted excavation equipment is used to dig the pipe trench
from bank to bank, to a depth sufficient to completely bury the pipe and
provide a soil cover. The pipe is assembled on shore and is floated to
the desired location. The flotation devices are then removed or flooded,
the pipe is positioned in the trench, and the trench is backfilled.
Warnings of the pipeline crossing are posted at each bank.

Levee Crossings

Crossing of a levee with a pipeline requires that the water barrier
provided by the levee is not lessened by the pipeline installation.
Levee crossings are often constructed above grade for this reason. When
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below-grade construction is required, conventional pipeline lay methods
are used with the exception that steps are taken to reduce seepage along
the pipe and subsequent internal erosion of the levee. Clay or concrete
seepage barriers are sometimes constructed at intervals along the pipe-
line through the levee crossing. An expanded right-of-way is required
for crossing construction.

Highway Crossings

Pipelines crossing highways are constructed by ditching in the
conventional method or by tunneling under the roadway. Sufficient soil
cover or an outer casing is used to protect the pipeline from the weight
of passing traffic. Construction right-of-way widths are wider at the
highway crossing location.

Offshore Method

Offshore pipelines would be constructed from a conventional lay
barge which has the capability to dredge the submerged pipe trench and
lay the weighted pipe in a continuous operation. The pipelines would be
laid with a minimum 10 foot cover from onshore to the ten foot depth
contour and would then decrease to a three foot cover at greater water
depths.

Offshore Diffuser

The offshore brine diffuser pipelines would be buried at the same
three foot depth below the Gulf bottom in approximately 50 feet of water
using lay barges. Risers for the diffuser jets would stand at 5 feet
above and at a 90° angle to the Gulf bottom.

A.2.2.2 Operation

When the storage facility at each site has been completed and the
crude 0il is in storage, there would be an interim period during which
the only activities at the site would be security and maintenance checks.
However, readiness for activation during an emergency requires keeping
personnel available.

During that standby storage period, all equipment would be serviced
and tested on a regular basis to insure proper working order. Maintenance
crews would be on duty on a 24-hour basis.
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It is possible that certain national emergencies could occur before
the planned total reserve capacity of the SPR is met. In order to
prepare for such a contingency, the facilities are designed to provide
for 0il return bypass valves to allow immediate recovery of oil already
stored.

The SPR program plan calls for an emergency deliverability of
stored 0il1 over a 5-month period. The Seaway Group has a design capacity
of 1 MMB per day. The facility's systems would be designed to handle
this maximum capacity.

A.2.2.2.1 Cavern Operation

Initial Fill

Crude o0il to fill the SPR storage cavities will arrive at Freeport
Harbor terminal via tank ship. The terminal area currently can handle
ships up to 50,000 dead weight tons (DWT), about 160,000 barrels. It is
presently anticipated that Very Large Crude Carrier (VLCC) tankships
would transport oil from distant sources to the Gulf of Mexico. There,
the 0i1 would be lightered into 50,000 DWT tankers which would offload
at the terminals. The o0il would be pumped to the DOE terminal, from
which it would be transported to the storage cavities. Surges in the
011 distribution system would temporarily be stored in surge tanks at
Bryan Mound. The 0il would be metered at the dock and also at the
storage site for discharge detection purposes. One of these measurements
would provide data necessary for U.S. Customs requirements.

An automated crude oil sampling system would accumulate an approximate
20 gallon representative sample for each batch of crude o0il offloaded.
These samples would be gathered proportionally through the entire batch,
and would be analyzed for percentage content of basic sediment and water
(BS & W). As a part of custody transfer procedure, the percentage of BS
& W will be deducted from the temperature- and pressure-corrected batch
volume (gross 60°F volume) to yield a net volume for the crude o0il
batch. After gauging, the o0il would be tranferred from the surge tankage
to storage caverns by pipeline. Use of the surge tanks would permit a
smooth 0il fill rate into the cavities.

A.2-27




Injection of crude oil into the cavities would displace brine into
an on-site brine pit. After allowing time for solids to settle out,
brine would be pumped through a pipeline to underground disposal or into
the Gulf of Mexico. The brine disposal rate would equal the oil injection
rate.

0il Withdrawal

During an oil supply interruption, crude o0il stored in every cavity
would be withdrawn by injecting raw water into the bottom of the cavity,
displacing the oil through the annular space at the top of the cavity.
Injection of unsaturated water would cause additional leaching of the
cavities. It is anticipated that the cavities would gain up to 86
percent of their original volume during five cycles of storage and
withdrawal.

The crude oil would leave each site at a pressure capable of trans-
porting the oil to the SEAWAY Pipeline at the Tank Farm and to tankers
at the terminal docks.

Subsequent Refills

After an o0il supply interruption has ended, refill of the SPR
storage facility is planned. The rate of fill would depend on the
availability of crude, but is currently planned for fill over a 24-month
period. Refill is assumed to begin six months after the end of the
supply interruption.

Refills of the storage caverns would be operationally identical to
the initial fill, but the brine displaced would have been exposed to the
0il/brine interface and the oil in the cavern walls from the first
storage cycle. Another source of hydrocarbons in brine would result
from emulsions created at the brine/oil interface. Hydrocarbons in the
displaced brine would contribute to emissions during the period it is in
the brine pit and is a potential contaminant when injected into deep
formations or diffused into the Gulf of Mexico. Hydrocarbon concentrations

in the displaced brine are discussed in Appendix D.




A.2.2.2.2 General Safety Measures

Safety measures common to the o0il industry will be employed during
all phases of the project. Protective control devices will be installed
on well heads and on all major pumping equipment. Fire pumps and extin-
guishers will be available at critical points. Buried pipelines will be
coated with a protective coating. The main storage facility acreage
will be enclosed with a security fence. These and other precautions
will serve to protect the employees, the public, and the environment.

A.2.2.2.3 Development Timetable

The Seaway Group SPR facilities would consist of both the early
storage phase development currently under construction and new storage
caverns and associated facilities at one or more of the Seaway candidate
sites.

The present schedule for development of the required 100 MMB SPR
capacity reserve requires the leaching of five or six new caverns capable
of storing 50 MMB of crude oil during the first 32 months of the program.
Fi1ling of these caverns would then proceed while the remaining caverns
were leached.

The master development timetable (Figure A.2-7) shows the relationship
of solution mining to cavern filling. Estimates of water supply and
brine disposal rates (534 MB/D) indicate that five to six caverns could
be leached simultaneously. At this rate site development could be
complete in about 62 months (including initial fill).

A.2.2.3 Termination and Abandonment

The design 1ife of the SPR is five fill-withdrawal cycles. For
planning purposes, this is assumed to be on the order of 20 to 25 years
(although there is no physical 1imit to the amount of time that crude
0il could remain in cavern storage if the five cycles have not been
completed).

Once the storage capacity of the SPR is no longer needed, it is
intended that the facility continue to serve a beneficial use, perhaps
by storing light petroleum prbducts, LPG or other industrial products.
If no users could be found, the facility could be mothballed for future
use.
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Ultimately, the facility would be abandoned, even though it is not
possible to project a specific date this might occur. At that time,
surface equipment would be removed and sold or scrapped. Brine injection
wells and cavity access would be sealed with concrete (a common and
effective 0il field procedure). No long-term surveillance or maintenance
requirement 1is anticipated.

A.2.3 Early Storage Facilities at Bryan Mound

Facilities for the early storage phase (ESR) of the SPR program are
currently being developed at Bryan Mound. A total of 63 MMB of crude
0il will be stored in four existing caverns developed by Dow Chemical
Company to obtain brine feedstock for chemical plant operations.

Crude oil pipelines are being constructed to connect the dome with
the SEAWAY docks at Brazosport and the SEAWAY Tank Farm. In the event
of an o0il supply interruption, crude 0il would be withdrawn from storage
and piped to the SEAWAY Tank Farm (to be made available to inland refineries)
or back to the docks for shipment to Gulf Coast, Caribbean or East Coast
refineries via tanker. Other major support facilities to be constructed
as part of the early storage phase include: a raw water intake and
injection system; a deep well brine disposal system using 5 wells; four
200 MB floating roof storage tanks; a central pumping plant; and an
electrical power system (Figure A.2-8).

The raw water intake is to be located on the Brazos River Civersion
Channel and will provide water for displacement of the stored crude oil.
The system also may include a centrifugal desander for clearing excess
sediment from the water. Effluent from the desander will be returned to
the diversion channel; a desilting pond may be constructed if needed to
prevent silt buildup in the channel.

Displaced brine will be passed through a brine pit and pumped to
five brine injection wells (each with a 1000-gallon-per-minute capacity)
which will provide for brine disposal during early storage.

Four 400,000 barrel surge tanks were addressed in FES 76/77-6,
however DOE has determined that four 200,000 barrei tanks will be sufficient.
These are under construction at the Bryan Mound early storage facility.
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The four storage tanks suitably diked for spill protection will act
as surge tanks to provide a continuous flow to or from cavern storage.
The central pumping plant and connecting pipelines on-site provide for
all of the transfers of raw water, crude oil and brine. Power from the
Houston Lighting and Power Company (HL&P) substation in Freeport will be
supplied to an on-site transformer via a 1.5-mile transmission line.

Some of these support facilities will be constructed and placed in
operation as early as late 1977 (Figure A.2-7). A detailed description
of the early storage phase facilities at Bryan Mound and their environmental
impacts is provided in the Final Environmental Impact Statement (FES 76/77-6
and supplement).
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A.3 BRYAN MOUND (PROPOSED SITE)

The Bryan Mound SPR facility is planned to store a total of 163 MMB
of crude o0il for the Seaway Group. Early storage facilities capable of
storing 63 MMB are under construction and will be completed and filled
by December 1978. A detailed description of the early phase of the SPR
storage was assessed and described in FES 76/77-6 and its supplement of
December 2, 1977. Briefly, the site was chosen because of its proximity
to dock facilities at Freeport and to the SEAWAY Pipeline four miles to
the west. Through the Freeport dock facilities, crude can be delivered
to Bryan Mound for storage and subsequently transported to any refinery
serviced by port facilities. In addition, Bryan Mound crude can be
delivered to inland refineries serviced by the SEAWAY Pipeline.

Expansion and filling of the Bryan Mound storage facility by 100 MMB
to a total capacity of 163 MMB would take about five years after start
of construction. Most of this time would be required to solution mine
new storage cavities; most other site-related facilities with the ex-
ception of the brine diffuser to the Gulf of Mexico will have been
constructed for the early storage phase of the SPR.

A.3.1 Location

The Bryan Mound salt dome is in the southern part of Brazoria
County, Texas, about three miles southwest of the city of Freeport, 45
miles southwest of the Texas City/Galveston area, and 65 miles south of
Houston. The Brazos River Diversion Channel borders the site to the
west, the Intracoastal Waterway (ICW) and the Gulf of Mexico lie one and
two miles to the south, respectively.

A.3.1.1 Site Access

A paved road leads. from the city of Freeport, along the top of the
levee beside the Brazos River Diversion Channel, and past the entrance
to the storage site. Shell roads provide access to the facilities on
the site including the four wellheads at the caverns used for the initial
63 MiB storage facility. A shell road passes through the center of the
storage site, connects to the South Freeport Hurricane Protection Levee
and continues on top of the levee to Freeport Harbor. Roads constructed
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to all onsite facilities for early storage provide access to most of the
site. Access to the ICW is about one mile (via shell road) directly
south of the dome. Pipelines constructed for the early storage facility
will provide for distribution of crude 0il to the docks and tank farm,
raw water to and from the site and brine from the site to the injection
wells.

A.3.1.2 Site Description

Bryan Mound lies at the southwestern vertex of a triangular area
south of the city of Freeport which is protected by levees. At Bryan
Mound, the dome has an actual surface expression which rises about 15
feet above the surrounding marshland (Figure A.3-1). The 150 acre
barbed wire enclosed site in which the early storage facility is located
was previously owned by Dow Chemical Company to keep grazing cattle from
entering the site.

The site has been used for brine solution mining in the past by
Dow, while the surrounding land was used for grazing cattle. The brine
has been used as a feedstock for their chemical complexes in Freeport.
The dome is defined by numerous o0il and gas wells, but hydrocarbon
production ceased in 1964. Sulfur mining operations were conducted on
the dome from 1912 through 1935, and a pilot plant removed a small
amount of sulfur during 1967-1968. As a result of these activities many
areas of the dome were filled, excavated or otherwise modified, prior to
DOE's initial development for the early storage phase of the SPR.

A.3.2 Capacity

For the Strategic Petroleum Reserve Program, the Bryan Mound site
has been designed for a total 163 MMB capacity. This includes 63 MMB
existing early storage phase capacity and 100 MMB of new capacity to be
developed. New capacity would be created by drilling and brine solution

mining of up to twelve additional cavities (Figure A.3-2).
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A.3.3 General System Description

A.3.3.1 Proposed Systems

Introduction

The general physical plant for the proposed Strategic Petroleum
Reserve facility at Bryan Mound consists of storage cavities with pipe-
line connections to a central pumping and control facility, a crude oil
distribution network, crude oil surge tanks, a raw water supply system
and a brine disposal system utilizing injection wells. These systems
are being built at Bryan Mound for the early storage phase of the SPR.
During expansion of the site to the total 163 MMB storage capacity and
subsequent operation, increased use of these systems is planned. New
systems that would be built for the Bryan Mound expansion are described
below.

Storage Cavity System

Up to 12 new solution mined storage cavities with their crude oil,
raw water, and brine pipeline connections to the central pumping and
control areas are planned.

Crude 0i1 Distribution System

Crude 0l distribution would use pipelines to the SEAWAY docks and
tank farm and four 200,000 bbl o0il storage tanks constructed on the
Bryan Mound site for the early storage phase. New tanker terminal
facilities for the SPR program would be constructed at two sites in
Freeport Harbor. The first would be located adjacent to the SEAWAY
docks near the Brazosport Turning Basin. The second would be Tocated in
Brazos Harbor (Figure A.3-1).

Raw Water and Brine Disposal Systems

Raw water supply from the Brazos River Diversion Channel will use
early storage facilities at Bryan Mound. A new 5.8 statute mile (5.0
nautical mile) offshore pipeline to a brine diffuser in the Gulf of
Mexico would be constructed for brine disposal related to SPR activities
at Bryvan Mound. Five brine disposal wells (a part of early storage
facilities), each of 1000 gallons per minute capacity, would serve as a
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partial backup to the brine disposal to the Gulf. The raw water supply
and the brine disposal wells are discussed in the December, 1977 Supplement
to FES 76/77-6.

Power System

Power from the Houston Lighting and Power Company (HL & P) substation
in Freeport is supplied to the site via a 1.5 mile transmission line
(also a part of early storage facilities).

A.3.3.2 Alternative Systems

Crude 071 Distribution System

Construction of a Single Anchor-Leg Mooring (a type of Single Point
Mooring -SPM- system) monobuoy in deep water offshore would be an
attractive alternative dock facility if it were not for the long lead
time and licensing uncertainties associated with deep water port facilities.
Licensing work on the SEADOCK deepwater terminal has been in progress
for at least five years. Use of the SPM monobuoy facility would also
require considerable additional surge tankage on the site.

A second alternative would be to use the existing Phillips Petroleum
Company docks for cavern filling on a space-available basis. Due to
their committment to supply to Phillips refinery complex, they could
only be used on an "as available" basis during the storage phase. A
connecting pipeline to the oil pipeline to Bryan Mound would be re-
quired.

In the event of the construction of SEADOCK, the SEAWAY docks at
Freeport would have surplus capacity. Therefore, construction of a DOE
dock would not be necessary, and the conversion of one of the SEAWAY
docks to DOE use for loading capability would be an alternative to
construction of new docks. The uncertainties of licensing and development
of SEADOCK make this a high risk alternative.

Raw Water System

An alternative to the proposed use of surface water from the Brazos
River Diversion Channel as a raw water source would be the withdrawal of
ground water from the Evangeline aquifer, which is found at approximately
1200 foot depths. In this area, the aquifer is not potable. However
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the region has been experiencing problems of subsidence associated with
extensive withdrawal of potable water from near surface strata. An
additional withdrawal of large quantities of water could serve to
aggravate a condition already recognized as a regional problem.

Raw water for use at the site might be supplied from Dow Chemical
Company's Harris and Brazoria Reservoirs. A pipeline would be required
between Dow plant “B" in Freeport and the storage site.

Brine Disposal System

An alternative brine disposal system would involve expanded use of
deep subsurface aquifers for injection of brine. Brine ponds built for
the early storage phase would allow settling of insolubles and minimize
the chance of damage to the pumps or clogging of the wells.

A second alternative to the proposed brine disposal method is to
supply all or part of the brine produced to the Dow Chemical Company or
other industrial plants in Freeport. Existing pipelines from the site
to the plants would be utilized. The brine thus disposed would be used
as a chemical feedstock. The large quantities of brine and the re-
quirements of different receiving profiles limit this alternative,
however. A third alternative would be an extension of the brine disposal
pipeline and relocation of the diffuser to 12.5 statute miles (10.9
nautical miles) offshore. This is the farthest location from shore at
which the diffuser could feasibly be located without interfering with
nearby shipping.

Power System

An alternative to use of Houston Lighting and Power power would be
the construction of onsite power generating capacity. Gas turbine
generators, an exhaust stack, and a fuel reserve equal to four days
consumption would be stored onsite.

A.3.4 Site Development

A.3.4.1 Proposed Physical Facilities

Introduction

The storage site layout (Figures A.3-2 and A.3-3) presents both
early storage and expansion phase facilities. Early storage facilities
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include four existing solution mined cavities; pump and control build-
ings; the metering area; crude oil pipelines to SEAWAY tank farm and
SEAWAY dock areas; four 200,000 bbl crude oil surge tanks; the raw water
intake; the brine pits and five backup brine injection wells; the 1.5
mile power line to the Houston Lighting and Power substation in Free-
port, and onsite sanitary and storm water-handling facilities. The only
new site facilities constructed for the expansion of Bryan Mound to 163
MMB capacity would include: wup to 12 new solution mined o0il storage
cavities with crude oil, a new brine pipeline and diffuser system to the
Gulf of Mexico, raw water, and brine pipeline connections to the pump
house; new roadways to the wellheads; and new docks and connecting
pipelines, one in Brazos Harbor, and a second adjacent to the three
existing SEAWAY docks. These new facilities are addressed below. Early
storage phase facilities are discussed in FES 76/77-6 and its supple-
ment.

Storage Cavity System

Each new cavity would be leached to a maximum initial capacity of
10 MMB. General techniques of cavern construction have been described
in Section A.2.2. Each wellhead would be diked to contain minor (2000
gal) operational spills. Cavity wellheads would be connected to the
central pumping plant by pipelines for o0il, raw water, and brine. These
pipelines would be buried along site roadways.

New access roads would be constructed to each wellhead. In addition
to providing access, these roads would permit surveillance and maintenance
of the pipelines. The roadways would require some filling and grading.

Crude 0i1 Distribution System

Tanker docks would be constructed at two locations in Freeport
Harbor. One tanker dock would be built on SEAWAY property, adjacent to
the three existing SEAWAY Pipeline system docks. It is in the vicinity
of the Brazosport Turning Basin. The second dock is in an undeveloped
area on Brazos Harbor (Figure A.3-1). This new tanker berth would be
built on the south side of the harbor. It would be developed jointly
with a private company which would add dry bulk cargo handling capability
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to be used when 0il activities permit. A 0.6 mile connector pipe]ine
would be required from this new dock to the DOE bi-directional pipeline
between the SEAWAY docks and Bryan Mound. Each dock would require
dredging, installation of mooring dolphins, a trestle pier, 0il transfer
manifolds, and a small steel-framed office building. Construction of
dry bulk cargo handling facilities at the Brazos Harbor dock are not
part of the SPR program.

Raw Water System

The early storage phase raw water system will be used in the expan-
sion of Bryan Mound. An enlarged desilting pond covering approximately
12 acres will be built (if needed) to contain solids removed from the
raw water.

Brine Disposal System

A new brine disposal pipeline to the Gulf of Mexico and attached
diffuser system will be constructed, with five injection wells from the
early storage phase being used for backup. The proposed brine disposal
pipeline (Figure A.3-4) would be constructed from the main pump control
facility southeast at a true bearing of 147° across the Intracoastal
Waterway (ICWW) and a coastal marsh to Bryan Beach. From the shoreline
it would extend 5.8 statute miles (5.0 nautical miles) into the Gulf at
a bearing of 143°T to the diffuser location. The brine pipeline would
have a 30 inch outside diameter. The 34 port diffusers would be 2006
feet in length and be located in an area with an approximate water depth
of 50 feet. Each vertical port would use 5 feet above the surrounding
Gulf bottom. Operation of the diffuser would be required during solution-
mining or 0il filling activities and would accommodate a maximum flow rate
of 45 cubic feet per second.

Power System

Power is supplied to the early storage site via a 1.5 mile trans-
mission line. This line is capable of handling the increased power
requirements of the expanded storage site.
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Land Requirements

The expansion of Bryan Mound to 163 MMB storage capacity would
require 221 acres of land to be disturbed for construction offsite and
within the fenced area (Table A.3-1). The completed facilities would
commit a total of 193 acres to semi-permanent use for storage facilities
and their maintenance, including approximately 128 acres previously in
use for early storage reserves and 65 acres added for expansion of
storage. Overlying the Bryan Mound dome approximately 60 acres would be
used for pipelines, cavern wellhead pads, pumping and control facilities.
A total of approximately 390 acres overlying the dome would be enclosed
by a security fence, including the 60 developed acres. Offsite pipelines,
dockage and tank facilities would permanently occupy 133 acres.

The addition of up to 12 new caverns and associated pipeline connec-
tions at Bryan Mound would require maintenance of 30 acres of land
onsite. Offsite, new tanker docks would be constructed on 14 acres of
land at Brazos Harbor with a 0.6 mile pipeline connection to the existing
30" 0il1 pipeline to Bryan Mound using 6 acres for a right-of-way. The
proposed brine diffuser right-of-way extending offsite to the Gulf of
Mexico would cross 15 acres of coastal prarie, marsh and barrier flats.
A11 other acreages needed for maintenance of the storage facilities was
previously committed to similar use during early storage or do not
require a permanent dedication of lands.

A.3.4.2 Alternative Physical Facilities

Crude 0i1 Distribution System

Use of the Phillips Petroleum Company docks in Freeport Harbor
would allow greater flexibility in tanker scheduling for "topping off"
the SPR. A 0.5 mile connector pipeline would carry the 0il from the
Phillips docks to the DOE pipeline. Most of this pipeline would be
within the Phillips tank farm boundaries.

Construction of SEADOCK would eliminate the need for a new DOE dock
adjacent to the existing SEAWAY docks. Addition of tanker loading
facilities to one of the existing SEAWAY docks would still be required
since SEADOCK is nondirectional. No additional filling or dredging
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TABLE A.3-1 Land requirements - Brvan Mound nronosed SPR storaae site.

Required Right-of-Way and Affected Habitat {Acres)

Ftuvial and Coastal Brackish to Shell Ramp Coastal and Number of  Total Acreage
Total Mfles Excavation Cleared Land  0Oak “Wondlands Prairies Freshwater Marsh  Barrfer Flat  [nland Waters Hater Impacted
Pipelfne Row f{c.y.) Fill (c.y.) Constr/Maint® Constr/Maint? Constr/Maint? Constr/Maint? Constr/Maint® Constr/Maint? Crossings Constr/Maint?

SPR Facilities
1) Storage Site

a) Pipelines to Cavern 5.7 30,300 . 24/18 . s ——- - e e 24/18
Wellheads

b) Cavern Wellheas Pads - o Minimal 12/12 - —— . —— — - 12/12

c) Containment Ofkes at e — 700 — ——- — - — . ——— .-

Cavern Welltheais
Off Site

2)

a) Pipeline connections to ¢ 6,000 o 43 - — 472 —— - - 8/6
Brazos Harbor
b) New Tanker Docks - 1,050,000 - 14/14 - - il - i b 14/14

c) Brine Disposal to Gulf .
0f ffuser 1.8 177,300 - - - 23/ 20 1.5 142/0 F] 163/15

Sub-Total
SPR FaciTTtles 13.8 1,263,600 700 54/47 - 20/14 4/3 /.5 1820 H 22165

B. Early Storage Facilities
1) Storage Site - ——— o 30/30 ——— —— - Ladd
2) 0Ot 30" 011 Pipeline

a) Bryan Mound to Seaway
Tank Farm 4.1 27,400 - - - 39/30 8/6 i

b) Bryan Mound to Seaway ——
Docks 4.0 36,500 - 19/14 4/3 21/16 o - “w

- 30/30

— - a7/36

EL-e°y

3) Backup Brine Injection Wells
a) Pipeline Excavation 2.3 30,700 - —— ——- —— R .
b) Roadways to Wellheads - - 564,000 - —
c) Wellhead Pads .- 5,000 mn —
4) Crude 0il Storage Tanks - - 96,000 24/24 - w—— . - - —— 24/24

Sub-Total

Early Storage Facilities 10.4 94,600 665,000 74/69 - 43/33 33/26 - - 1 150/128

Total Land Requirements-
Earty Storage plus SPR 28.2 1,358,200 665,700 128/99 - 63/47 37/29 m 1420 3 371/193
at Bryan Mound

€. Alternatives to Proposed Systems

1) Crude 01 Distribution — 6/6 ——— - .- . —— ——
(Phitlips Dock) 0.5 2,500 / 8/6

2) Brine Disposal (Wells)

a) Pipeline Excavation 3.6 57,000 - - -m - a2/n - —— .- 42/N

b) Roadways to Wellheads - —em 42,300 - - - - —-— - - —

c) Wellhead Pads PR 19,000 - 18/18 - 19/19
3) Brine Disposal to

12.5 mi Guif Diffuser 14.2 274,600 —— ——— —— 20/14 W2/ 1/.5 305/0 2 326/15

3Construction Right-of-Way/Maintenance Right-of-Way
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TABLE

Required Right-of-tay and Affected Niabitat (cres)

Filuvial and Coas tal Brackish to eil Raia_ Coastal and Number of
Total Miles  Excavation Cleared Land_ 0Oak Woodlands Prairies Freshwater Marsn  Barrier Flat  [nland Waters Water
Pipeline (c.y.) Fi11 (c.y.) Constr/Maint® Constr/Maint? Constr/Maint? Constr/Maint? Constr/Maintd Constr/Maint®  Crossinas
Y g;:ﬁ:]g;ngsal to USES TXISTING FACILITIES
5) Groundwater Supply Wells
a) Pipeline Excavation 8.7 57.000 - - - 49/36 - .- —— 3
b) Roadways to Wellheads No Additional Land or F{11 Required
¢) Wellhead Pads - - Minimal - e 20/20 - R - -
§) Water Supply from Dow 6.0 31,700 22 5/5 28/28 2/0
7) Power Supply USES EXISTING FACILITIES
8) 0il Line to VLCC Monobouy  30.0 - - - - - - - - .
a) 50' ROW Land - 10,800 .- .- = R —— 3/3 10/0 -
b} 200' ROW Gulf - 369,000 .. - .- - .- - 727/0 ——

3Cons truct ion Right-of-Way/Maintenance Right-of-Way

Total Acreage
Impacted
Constr/Mai

49/36

20/20
37/35

13/3
727/0




would be required at the dock, but office and gauging areas would have
to be constructed at the converted dock. Construction of an SPM would
eliminate the need for docks in Freeport Harbor during cavern filling
only. Conversion of SEAWAY docks for loading tankers would still be
required.

Raw Water System

As an alternative, raw water would be supplied by Dow Chemical
Company. A 6-mile pipeline would be laid between Bryan Mound and Dow's
Plant "B" along the protected side of the levee adjacent to the Brazos
River. Within Dow's Plant "B", water would be taken from a canal which
brings water a distance of 15 to 25 miles to both Plants "A" and "B"
from two reservoirs, Brazoria Reservoir and Harris Reservoir, developed
and owned by Dow Chemical Company. The water for these reservoirs is
purchased from the Lower Brazos River Authority during high water
stages.

The 6-mile long pipeline between Dow Plant "B" and Bryan Mound
would be a concrete-reinforced pipe. This line would be laid along an
existing Dow right-of-way to the mound.

Surge capability for the displacement water supply system would be
handled through existing pits at the dome site. Water would flow into
the pit from the 24-inch line; then, as required, the water would be
pumped into the cavities by the appropriate onsite pumps to displace the
crude o0il.

Brine Disposal System

A system of 23 additional injection wells, each handling 1000
gallons per minute and spaced on 1000 foot intervals could be Tocated
southwest of the storage site. Because of the marsh environment,
elevated fill of several feet may be required for portions of access
roadways to the wellheads. In addition, where sufficient dry land is
not available, an area of fill would be required at each well site. This
alternative would also require a pipeline crossing of the Brazos River
Diversion Channel. An estimated total of up to 61 acres would be primarily
affected by the construction of this disposal system.. Drilling of the
wells from 5000
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to 7000 feet deep would be accomplished by typical oil field equipment.
Drilling mud pits would be reclaimed or buried after the completion of
each well.

An alternative brine diffuser site 12.5 statute miles offshore
would require an additional 6.7 statute miles of pipeline construction
in the Gulf. Typical offshore pipeline construction methods and land
requirements would occur. The alternative would be considered if its
impacts were significantly less than the proposed system.

A third alternative would be to supply part of the brine as feed-
stock to Dow Chemical Company plants in Freeport. Existing pipelines
from the site to the plants would be utilized. As part of the early
storage phase, brine from the existing caverns is currently being
delivered to Dow as the caverns are being filled with oil. However, the
Brazos Diversion Channel could not provide raw water of the quality
necessary to produce brine which could meet the specifications necessary
for the chemical feedstock. Therefore, use of this alternative would
have to be coupled with use of water from the Dow Reservoirs. Moreover,
Dow has not expressed a willingness to receive brine at the rates and
volumes necessary for leaching new caverns.

A.3.5 Construction Techniques

A.3.5.1 Storage Cavern Construction

Construction of up to 12 new storage caverns at Bryan Mound would
employ those techniques described in Section A.2, General Construction
Techniques.

A.3.5.2 Road Construction and Other Grading

The Bryan Mound dome site has a number of existing shell roads to
each of the early storage cavities. Since new well holes would be
drilled for each of the new cavities to allow access for the SPR project,
extensions to these roads will be required.

If alternative systems are chosen for brine disposal, access roads
along the pipeline routes to the drill pads for construction and mainte-

nance of the wells would be required.




Safety dikes would be constructed around each of the crude o0il
surge tanks as part of the early storage phase to contain any leakage.
Smaller dikes would be constructed around each wellhead to contain small
volumes of 0il spilled during operation or maintenance.

A.3.6 Development Timetable

The Bryan Mound SPR facility would consist of both the existing
early storage phase and new storage cavities. 0il storage will begin at
this site as soon as installation of injection pumps, raw water, crude
0il, and the brine deep-well injection disposal systems, and conversion
of existing cavity wells (all early storage phase facilities) are com-
pleted. Concurrent filling of these existing caverns and preparation of
new caverns and associated facilities could then proceed. The maximum
leach water supply rate would permit a maximum of 15,257 B/D per well of
storage space to be created. These rates allow for concurrent leaching
of five 10 MMB wells, thus the additional 100 MMB of cavern space could
be created and filled in 62 months. The development timetable (Figure
A.2-7) is based on these considerations.

A.3.7 Operation and Maintenance

A.3.7.1 General Safety Precautions

Protective Control Devices

A11 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 1imit 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 auto-
matically 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
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have meter bases and pressure switches monitored at each end as a pre-
caution against leaks. Pressure relief valves would be installed on
piping, equipment, and pressure vessels, as needed, to prevent these
systems from exceeding safe 1imits.

Fire Protection

Pump stations and meter stations would be provided with portable
fire extinguishers installed, classified, rated, and selected in accor-
dance with applicable standards of the National Fire Protection Associa-
tion.

Surface 0il holding tanks at the distribution terminal would be
equipped with standard sprinkler and foam fire prevention systems.

Corrosion Protection

A11 buried portions of the pipelines would be externally coated
with a protective coating. Where required, the pipeline would be
installed in breather casings at highway, railway, or levee crossings,
with insulators and spacers to electrically isolate the pipelines from
the casing.

Protection from External Damage

A11 electrical equipment, pumps, and control systems would be
housed in buildings and placed on concrete pads for protection against
flooding. Protection of the pipelines from external damage would be
provided by burying them and by marking their location. Additional
mechanical protection for that portion of the pipelines in areas of
marsh and at waterway crossings would be provided by an external coating
of wire mesh reinforced concrete.

Protection of Local Surface Environment

Points in and around pumping stations, where o0il may be drained
from the system during normal or emergency operations or maintenance,
would be appropriately diked or curbed and provided with waste sumps.
Waste oil collected in this manner would be returned periodically to the
storage system.
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A11 surface tanks are required to be enclosed in adequate retention
dikes to protect the area environment from leakage of crude oil. This
is consistent with the Spill Prevention Control and Countermeasures Plan
(SPCC plan) requirement of 40 CFR 112-7.

Security

The 150-acre main storage facility presently has a three or four
strand, barbed wire fence which keeps cattle grazing in the area from
entering the site. This fence from previous development may be replaced
by a more secure one, for example a 9-foot chain link fence, surrounding
the entire 390 acre SPR project area. This is a standard practice for
petroleum storage sites. Additional fencing would be needed around
high-voltage areas and other danger zones. Since the facility would
operate on a 24-hour basis, personnel would be on duty at all times.

A1l fenced facilities would have warning signs posted conspicuously to
warn the public of the nature of the facility.

A.3.7.2 Storage Phase

The storage or standby phase is that relatively dormant time period
between when the cavities are filled to design capacity and when the
crude is needed for a national emergency. During this interim period,
the only activities would be security and maintenance checks. However,
readiness for activation during an emergency would require keeping some
trained operations personnel available and familiar with the storage
facility.

Security Measures

Security measures for the Strategic Petroleum Reserve facility
would be those standard for petroleum storage facilities. The main
storage site would be fenced and properly lighted. A1l wellheads would
have pneumatic gate valves on brine and crude lines to allow for remote
control. These controls plus all electrical equipment would be housed
in a secured building. Also, all pipelines would be monitored with
pressure switches at each end of the Tine for early detection of leaks.
The facility would maintain standard fire prevention systems and warning
devices.
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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,
pressure 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.

A.3.7.3 Extraction Phase

The Strategic Petroleum Reserve Program requires an emergency
deliverability of stored oil over a 5 month period. Thus, average
delivery rates for a 163 million barrel facility would be 1,000,000
barrels per day (29,170 gallons per minute); however, considering that
delivery through tankers might be required, the system is designed for
simultaneous delivery of (typically) 60 percent to the SEAWAY Pipeline
and 40 percent to the docks. The facility's systems are designed to
handle maximum delivery rate. The o0il would be displaced by one million
barrels of water each day which would be pumped by three pumps, located
on an intake structure in the Brazos River.

Raw water would be delivered via a 36-inch pipeline to the battery
of injection pumps. These pumps force raw water into any combination of
the four existing and 12 new leached caverns. 0il displaced from each
cavern would be metered. Individual turbine meters would record volumes
of 0il from each well, and the meter bank would provide standby capability.
0i1 would be displaced directly from the wells into one of the four
surge tanks or to SEAWAY Docks or Tank Farm. Four pumps near the tanks
would deliver the crude 0il to the SEAWAY Tank Farm or the docks.
Manifolding at the pumps and valves in the 30-inch pipeline would allow,
if required, simultaneous delivery to tankers at the DOE docks, and to
the SEAWAY Tank Farm, about four miles to the northwest.

Distribution

Both the DOE docks at Freeport Harbor and the SEAWAY Pipeline
through the SEAWAY Tank Farm are anticipated distribution systems for
the Bryan Mound facility. Crude oil shipped through the dock facilities
would be loaded on tankers (up to 50,000 DWT) for transportation to
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refineries along the Atlantic, Gulf, or Caribbean coasts. The crude
distributed through the SEAWAY Pipeline system would reach inland refin-

eries.

A.3.7.4 Refill Phase

After an 0il supply interruption has ended, refill of the Strategic
Petroleum Reserve storage facility is planned, provided that supplies
are stabilized and crude 0il is available for additional storage reserves.
The rate of fill depends upon the availability of crude oil, but is
expected to take two years at an average fill rate of 150,000 bbl per
day (240,000 bbl per day maximum).

Refill Process

The refill process is the reverse of the withdrawal process. The
crude 0il is injected into the top of the storage cavity, thus dis-
placing the brine, which goes to the brine disposal system in the Gulf
of Mexico. The brine disposal system and distribution system is expected
to handle a fill rate of up to 240,000 B/D.

Refill Capacity

The Strategic Petroleum Reserve system is planned for five fill and
withdrawal cycles. Although the cavern capacity enlarges during each
cycle, only the original design capacity for each cavity would be
refilled.

A.3.8 Terminatjon and Abandonment

When the nation has developed sufficient independence, the oil
storage capacity at Bryan Mound dome may no longer be needed. It is
intended that the facility continue to serve a beneficial use, if possible.
Storage of light petroleum products, LPG, or other industrial products
is possible. If no users can be found, the facility could be mothballed
for later use.

Ultimately, the facility would be abandoned. Surface equipment
would be removed and sold. Brine injection wells and cavity access
would be sealed with concrete, a common oil field procedure. No long
term surveillance or maintenance is anticipated.
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A.4 ALLEN DOME ALTERNATIVE SITE

The Allen dome alternative site is designed to store 100 MMB of
crude oil. Solution mining and subsequent fill operation to reach this
storage capacity will be accomplished approximately five years after
start of construction of facilities at Allen dome, the docks in Freeport
and Brazos Harbors, and the pipelines to Bryan Mound.

Allen dome was chosen as a candidate site due to its proximity to
SEAWAY Tank Farm, and the Freeport Harbor docking facilities. Crude o0il
arriving at Freeport docks may be delivered to surge tanks at Bryan
Mound and then to the pipeline connecting to Allen dome. From the
storage site, crude oil can be piped to the SEAWAY Pipeline at the
SEAWAY Tank Farm or to the Freeport Harbor docks through the Bryan Mound
early storage facilities.

A.4.1 Location

The Allen dome site, located in southern Brazoria County, Texas,
lies about 15 miles west of the city of Freeport, 70 miles south of
Houston, and 7 miles north of the Gulf of Mexico. The SEAWAY Tank Farm
at Jones Creek lies 7 miles to the east and SEAWAY docks in the Freeport
Harbor 1ie 14 miles to the east (Figure A.4-1). The San Bernard River
borders the site on the east.

A.4.1.1 Site Access

Existing paved roads provide access to the site, however roads
would have to be constructed in the plant area to the wells and pipelines.

A.4.1.2 Site Description

The Allen dome is a small dome site covering 300 surface acres with-
in the -2000 foot salt contour (Figure A.4-2) and has been cleared for
use as pasture, leaving only scattered groves of trees. Property in the
vicinity of the site along the San Bernard River has already been parti-
tioned for residential and vacation home lots. Bernard Acres, a residen-
tial community lies adjacent to the proposed southern plant boundary.

A.4.2 Capacity

Proposed capacity for the site is 100 MMB of crude oil stored in
ten to twelve solution mined cavities. New caverns would be created by
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drilling and brine solution mining. Utilizing all available acreage,
the dome has a potential for approximately fifteen 10 MMB caverns.

A.4.3 General System Description

A.4.3.1 Proposed Systems

Development of the Allen dome will require use of the raw water
intake and crude o0il distribution system components built for the early
storage phase at Bryan Mound; new docks at Freeport Harbor and Brazos
Harbor; raw water and brine disposal pipelines connecting Allen dome to
Bryan Mound; brine disposal pipeline to a Gulf diffuser 5.8 miles offshore;
crude oil pipelines connecting SEAWAY Tank Farm and Allen dome; and the
construction of the site facilities at Allen dome.

The general physical plant proposed at Allen dome facility consists
of up to 12 new solution mined storage caverns and pipeline connections
to the central pumping and control areas, a crude oil distribution
system, a raw water supply system, a brine disposal system and a power
system provided by a commercial power company.

Raw water for leaching the cavities would be pumped to the Allen
dome storage site from the Brazos River Diversion Channel intake structure
which would be built for the early storage phase at Bryan Mound. Displaced
brine from the leached cavities would pass through a brine pit and be
disposed of by a pipeline to Bryan Mound and then to the new brine
diffuser in the Gulf of Mexico. Crude oil would be piped from the new
dock facilities in Freeport Harbor through the bi-directional early
storage phase crude 0il pipelines through Bryan Mound to the SEAWAY Tank
Farm, where they would connect with the new DOE pipeline to the Allen
dome storage caverns.

As 0il is injected into storage caverns, brine is simultaneously
displaced. During withdrawal, raw water would be injected to displace
crude oil. 01l would return through the DOE pipeline to SEAWAY Tank
Farm, where it would connect to the SEAWAY Pipeline for inland refineries,

or to the bi-directional early storage pipeline to Bryan Mound and Free-
port Harbor tanker docks, for delivery to Gulf of Mexico, East Coast or
Caribbean ports.




A.4.3.2 Alternative Systems

Four alternative raw water supply systems are possible: surface
water from the San Bernard River east of the site; surface water from an
intake on the Brazos River above Freeport; saline water from the Gulf of
Mexico; and ground water from the Evangeline aquifer. Additional deep
wells spaced along the pipeline between Allen dome and SEAWAY Tank Farm
could provide an alternative to the proposed brine disposal system.
Brine disposal via a pipeline directly from the site to a diffuser
located in a different area of the Gulf of Mexico is an alternative to
use of the diffuser through a pipeline to Bryan Mound. Relocation of
the Bryan Mound diffuser to a point 12.5 miles offshore is another
alternative.

Alternatives to use of the docks at Freeport are the construction
of a Single Anchor-Leg Mooring (SALM) monobuoy in deep water offshore;
conversion of an existing SEAWAY dock in Brazos Harbor; and use of
Phillips Petroleum Company docks.

A possible alternative source of power is onsite generation.

A.4.4 Site Development

A.4.4.1 Proposed Physical Facilities

Introduction

A typical layout of surface facilities at Allen dome, shown in
Figure A.4-3, includes storage cavern wells, plant area, road and
pipeline alleys and the security fence.

Storage Cavity System

Twelve storage cavity wells, shown on Figure A.4-3, reflect the
estimate that 20 percent of the wells would encounter problems that
would reduce their capacity from the planned 10 MMB to 5 MMB. Thus,
twelve cavities would still meet the required 100 MMB capacity at the
Allen dome site.

Since the dome is small, the cavities have to be deeper and narrower
than those at Bryan Mound. The cavities would be leached in the -2000
to -3700 foot depth interval. Initially each cavern is expected to be
about 1700 feet high and 205 feet in diameter. If the crude o0il is
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withdrawn five times in response to severe import interruptions, the
ultimate diameter would be about 300 feet. The layout in Figure A.4-3
places caverns on 600-foot centers and a minimum of 600 feet from the
dome edge, thus providing a 200-foot wall around every cavern.

Each of the 12 planned storage wells would require the construction
of a 200 by 200-foot drilling pad. After drilling is completed, the pad
would be converted to a small permanent area to allow workover and con-
version work.

Onsite pipelines for water, o0il and brine would be buried alongside
the 20-foot roadways, allowing dual use of roads as pipeline alleys and
permitting vehicular access to storage wells.

Plant Area

An area about 10 acres would be required to accommodate facilities
necessary to operate and leach the storage cavities. This area (Figure
A.4-4) would contain the main pump building, control building, warehouses
and office, a blanket oil tank, a lined brine pit, and a raw water tank
to prime injection pumps. Adjacent to the plant area would be a material
and equipment yard to allow orderly delivery and storage of construction
equipment and materials.

The main pump building would be a prefabricated type steel structure
on a concrete slab foundation. The building area would be on fill at a
suitable height above ground level in order to minimize flooding concerns.
In addition to the main building, a smaller building of similar construc-
tion would be located nearby to house instrumentation, the office, lab,
warehouse, and shop area. A transformer bank would be placed adjacent
to the main pump building on the raised fill area.

A blanket 0il tank would be contained within a reservoir dike
equivalent in capacity to the total contents of the tank to contain any
spilled oil. A 3000 barrel raw water tank would be required to prime
the raw water injection pumps (Figure A.4-4).

A1l plant buildings and storage wells would be enclosed by 12,600
linear feet of nine foot high chain link fence. Also, fencing would be
required to enclose the material and equipment storage area.
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Crude 0i1 Distribution System

0i1 would be delivered to and withdrawn from the site through a 30-
inch 0il distribution pipeline which would connect Allen dome with the
DOE pipeline at the SEAWAY Tank Farm. The existing DOE 30-inch early
storage pipeline will connect SEAWAY Tank Farm to the DOE docks at
Freeport Harbor through Bryan Mound. These pipelines would be used
during both filling and withdrawal phases.

The 8 mile pipeline between the storage site and SEAWAY Tank Farm
would be bi-directional. It was sized at 30 inches to pick up oil at
the caverns for delivery to the tanker dock, via the SEAWAY Tank Farm
and Bryan Mound.

DOE would build one dock adjacent to the three SEAWAY docks in
Freeport Harbor to satisfy the cavern filling requirements. A second
dock facility would be built in Brazos Harbor (Figure A.3-1). These
docks would also be capable of loading out strategic oil in excess of
that required for inland distribution. Construction of these facilities
is discussed in Sectijon A.3.

Raw Water System

The source for providing the maximum 1 MMB per day of raw water
required at the site would be the Brazos River Diversion Channel. The
intake structure, part of the Bryan Mound early storage facility, is
discussed in detail in the supplement to FES 76/77-6.

The 36-inch pipeline from Bryan Mound to Allen dome would paraliel
the crude 0il pipeline and would be connected to the raw water injection
manifold located at the plant. This manifold would supply water to raw
water injection pumps. Those pumps would discharge into manifolds for
delivery to pipelines serving each storage well.

In addition to supplying water directly to water injection pumps,
the 36-inch pipeline would be connected to a 3000 bbl raw water tank.

Brine Disposal System

The means of disposing of brine from the Allen dome facility would
be by pipeline to the Gulf of Mexico via a diffuser extending 5.8 miles
offshore from the Bryan Mound ESR site at the rate of about 2000 gpm per
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10-MMB cavern, or a total of about 20,000 gpm (684,000 bbl per day).
The proposed route for the pipeline to Bryan Mound, shown in Figure
A.4-1, would run through the SEAWAY Tank Farm paralleling the crude oil
pipeline.

A system of three injection wells would be constructed as a backup
system.

Bryan Mound ESR Site

Tanker loading and unloading surge rates would be absorbed in four
200,000 bbl floating- roof type oil storage tanks located at Bryan
Mound. This tankage quantity gives two days of storage and may not be
adequate to allow continuous full rate operation of the system during
significant weather-caused delays.

Power System

Power would be supplied from a new 12-mile transmission line origi-
nating at Community Service Company's Brazoria substation north of the
site. Power would be delivered to the site and stepped down to required

-voltages for use by various pump motors. The total anticipated load for
this site would be about 21,000 hp.

Community Public Service Company does not anticipate any problem in
furnishing this demand for the time period required to construct the
facility. However, demand charges for the indeterminable storage period

“are expected to be very high, because the company's energy utilization
revenue would be quite small in relation to the very large demand load
it would have to maintain on a standby basis.

Land Requirements

The area dedicated to the SPR facility at Allen Dome and its asso-
ciated offsite systems would be approximately 160 acres. In addition,
the continued use of 128 acres of land previously commited at Bryan
Mound for early storage reserves would result in a total land requirement
for the program of 288 acres. A breakdown of land requirements by
-system components is provided in Table A.4-1.

The Allen Dome storage facility would be located on a fenced 184-acre
tract. Within this area approximately 31 acres would be in semi-permanent
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use for the plant area, the brine surge pond, roadways, pipeline alleys,
welThead pads and dikes. The remainder of the site would be relatively
undisturbed.

Offsite, approximately 129 acres would be maintained for use during
the SPR program. The oil, brine, and raw water pipelines to the SEAWAY
Tank Farm would semi-permanently use 74 acres along the pipeline alley.
The proposed brine disposal system from Bryan Mound to the Gulf of
Mexico would require maintenance of 15 acres of pipeline alleys. The
pipeline rights-of-way and wellhead pads for the back-up brine disposal
wells along the proposed pipeline right-of-way to the SEAWAY Tank Farm
would develop an additional 20 acres. The o0il pipeline connection to
Brazos Harbor and the new tanker docks would commit 20 more acres to SPR
use.

Construction activities would require 491 acres of land for relatively
short duration after which the 203 acres not required for maintenance
would be available for its previous, or other, use.

A.4.4.2 Alternative Physical Facilities

Alternative physical facility locations are shown in Figure A.4-1.
Acreages affected by these alternatives are summarized in Table A.4-1.
With each of these alternatives, early storage facilities at Bryan Mound
would still be required.

Raw Water System

Ground water is a possible source of raw water, however, withdrawing
great quantities of ground water in this area could cause land subsidence
and Jow ground water levels.

A second alternative would be to draw surface water from the San
Bernard River. As detailed in Section B.2.2, the San Bernard River dis-
charge is subject to wide fluctuations, but it is a tidal estuary at the
site. Due to salt water exchange with the Gulf of Mexico, sufficient
supply should be available to meet SPR requirements at all river stages.
Use of this water would require construction of an intake structure and
pump facilities. The pipeline would be onsite.
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A third alternative would be to obtain injection water from the
Gulf of Mexico. A pipeline would be required to deliver the water to
the injection pumps.

A fourth alternative raw water supply is an intake on the Brazos
River above Freeport. MWater would be obtained through an intake structure
similar to that constructed at Bryan Mound for the early storage program.
The water would have to be purchased from the Lower Brazos River Authority.
Other commitments of the water from the Brazos would 1limit the availability
of water to the project during low flows, and DOE storage project time
limitations would not be amenable to water supply interruptions.

Crude 0i1 Distribution System

Construction of a Single Anchor-Leg Mooring (a type of Single Point
Mooring (SPM) system) monobuoy in deep water offshore would be an
attractive alternative dock facility if it were not for the long lead
time and licensing uncertainties associated with deep water port facilities.
Licensing work on the SEADOCK deepwater terminal has been in progress
for at least five years. Use of the SPM monobuoy facility would also
require considerable additional surge tankage.

Another alternative would be the use of the Phillips Petroleum
Company docks for filling, on a space-available basis. Due to their
commitment to supply the Phillips refinery complex, they could only be
used on an "as available" basis during the storage phase. A connecting
pipeline to the oil pipeline to Bryan Mound would be required.

In the event of the construction of SEADOCK, the SEAWAY docks at
Freeport would have surplus capacity. Therefore, construction of an DOE
dock would not be necessary, and the conversion of one of the SEAWAY
docks to DOE use for loading capability would be an attractive alternative
to construction of new docks. The uncertainties of licensing and develop-
ment of SEADOCK and the necessity of having dedicated dock facilities
for the SPR program reduce the viability of this alternative.

Conversion of an existing SEAWAY dock in Freeport Harbor would have
less impact than dredging a berth for a new dock. An operations office,
monitoring equipment, and loading facilities could be added with only

minor disruptions.




Brine Disposal System

Brine disposal via a pipeline directly from the site to a diffuser
in the Gulf of Mexico is an alternative (Figure A.4-1). It would be ‘
independent of the proposed brine disposal system.

Deep well injection of brine would require a field of nineteen more
wells. They would be Tocated along the pipeline right-of-way between
Allen dome and SEAWAY Tank Farm. Each well would have a capacity of
1000-gallons per minute and would be spaced at about 1000-foot intervals.
An estimated 19 acres would be required for these injection wells.
Drilling of the wells to depths of 5000 to 7000 feet would be accomplished
by typical oil field equipment. Special design considerations to eliminate
adverse effects to overlying fresh water aquifers would be incorporated
into this design. Location of a brine diffuser 12.5 miles offshore
would extend the proposed offshore pipeline an additional 6.7 miles into
the Gulf.

Power System

An alternative to the purchase of power would be the construction
of a 22,000 hp generator with oil fuel tank and a 50-foot exhaust stack.

A.4.5 Construction Techniques

A.4.5.1 Storage Cavern Construction

Wells from which the caverns would be developed would be constructed
as outlined in Section A.2. If conditions require the use of smaller
casing than specified, cavern size would be reduced. This would necessi-
tate development of additional caverns to attain the required storage
volume. The storage site design showing 12, rather than 10 wells,
reflects this. The assumption is that no more than four wells would
encounter problems that would reduce their potential volume from 10 to
5 MMB each.

General techniques of cavern construction are described in detail
in Section A.2. For the Allen dome site, it would be necessary to
further define the configuration of the salt body. Final design of the
cavern arrangement is heavily dependent upon the extent of this relatively
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small dome. Cavern spacing for the present design allows 600 feet
between caverns. This would provide 200-foot minimum wall spacing
between developed caverns specified.

A.4.5.2 Road Construction and Other Grading

There is suitable access to the area by existing roads. However,
there are no roads over the proposed construction area. Therefore, it
would be necessary to construct an access road to the plant area, in
addition to roads for each storage well and along the raw water, crude
0il, and brine pipelines. It is anticipated that two miles of onsite
road construction would be required.

Surface facilities include the well completions, pump stations,
offices, 0il and raw water storage tanks, sanitary sewage holding tank,
and connecting pipelines. Access roadways would provide access to the
wellheads and connecting pipelines. All storage and pipeline facilities
would be constructed to applicable API standards. The main plant area
would be graded to be at least 1 foot above the 100-year flood or about
17 feet above the existing surface. Alternative construction methods
such as the use of platforms instead of fill were considered, however,
the relative economic costs of this alternative far outweighed the
potential environmental damage of the proposed methods.

Two new docks would be constructed: one in the 01d Brazos River
Harbor, adjacent to the three existing SEAWAY Docks and one in the
Brazosport Harbor. These locations provide ready access to the Gulf of
Mexico. Presently, the U.S. Army Corps of Engineers is widening the
turn at the entrance to the harbor. A 45-foot channel project has also
been authorized by Congress. Dredge volumes of approximately 50,000 cy
required for each tanker berth are considerably smaller than those in
the above mentioned projects.

Safety dikes would be constructed around the blanket oil tank to
contain any spilled oil should a leak occur. Small dikes would also be
constructed around each wellhead to contain small volumes of o0il spilled
during operation or maintenance.
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A.4.5.3 Pipelines

Pipeline construction techniques appropriate to the area and currently
employed by the 0il pipeline industry include push-ditch conventional
dry-land construction and barge lay methods as described in Section
A.2.2.4.3.

A.4.6 Development Timetable

The present schedule for developing the 100 MMB Allen dome SPR
facility requires leaching of five to six new 10 MMB caverns during the
first two years and then filling these caverns at the same time that
five to six more caverns are being developed.

The development schedule (Figure A.2-7) shows graphically the
relationship of cavern mining to cavern filling.

A.4.7 QOperation and Maintenance

A.4.7.1 General Safety Precautions

General Safety Precautions described in Section A.3.7.1 are directly
applicable to the Allen site.

A.4.7.2 Storage Phase

Operation and maintenance procedures for the storage phase are
described in A.3.7.2.

A.4.7.3 Extraction Phase

Operation and maintenance procedures for the extraction phase are
described in A.3.7.3.

A.4.7.4 Refill Phase

Operation and maintenance procedures for the refill phase are
described in A.3.7.4.

A.4.8 Termination and Abandonment

Termination and abandonment of the Allen dome SPR storage facility
would be the same as that described in Section A.3.8 for Bryan Mound.
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A.5 WEST COLUMBIA DOME ALTERNATIVE SITE

The West Columbia dome facility is designed for storage of 100 MMB
of crude oil. Solution mining and subsequent fill operations to reach this
storage capacity will be accomplished approximately 5 years after start
of construction of facilities at West Columbia dome, the docks in Freeport
and Brazos Harbors, and the pipelines to Bryan Mound.

The West Columbia dome was chosen as a candidate site due to its
proximity to SEAWAY Tank Farm, Bryan Mound, and the Freeport Harbor
docking facilities. Crude o0il arriving at Freeport docks may be de-
livered to surge tanks at Bryan Mound and then to the pipeline con-
necting to West Columbia dome. From the storage site, crude oil can be
piped to the SEAWAY Pipeline at the SEAWAY Tank Farm or to the Freeport
Harbor docks through the Bryan Mound early storage facilities.

A.5.1 Location

The West Columbia dome is in west central Brazoria County, Texas,
approximately 45 miles southwest of Houston and 1 mile north of the town
of West Columbia. The Brazos River lies approximately 2.7 miles southeast,
the San Bernard River lies 3.4 miles southwest and Varner Creek lies
about 1/2 mile east of the site. SEAWAY Tank Farm is located about 23
pipeline miles to the southwest (Figure A.5-1).

A.5.1.1 Site Access

There is good access to the site from existing roads in the area
so new road construction would be confined within the plant area. State
Highway 36 runs along the west edge of the dome. Access to SEAWAY Pipeline
right-of-way, 2-1/2 miles to the west, is good.

A.5.1.2 Site Description

The West Columbia dome is a small dome consisting of approximately
350 surface acres within the -2000 foot salt contour (Figure A.5-2).
There are few trees on the site. A marsh area covers the center of the
dome, and the remainder of the dome is grass covered and used for
grazing. O0il production is mainly centered north of the storage site,
although a few wells are located in close proximity south and east of
the site.
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A.5.2 Capacity

The capacity planned at this site is 100 MMB of crude o0il stored
in 10 to 12 solution mined cavities.

Utilizing all available acreage, the dome has a potential for
approximately seventeen 10 MMB caverns.

A.5.3 General System Description

A.5.3.1 Proposed Systems

Development of West Columbia dome would require the use of the
raw water intake, four 200,000 bbl 0il surge tanks, and crude oil
distribution system components built for the early storage phase at
Bryan Mound. Construction of new docks in Freeport Harbor; raw water
and brine disposal pipelines connecting West Columbia dome to Bryan
Mound; crude oil pipelines connecting SEAWAY Tank Farm and West Columbia
dome; a brine diffuser 5.8 miles offshore in the Gulf of Mexico; and
the site facilities at West Columbia dome will be required to complete
site development.

The physical plant proposed at West Columbia consists of up to 12 new
solution mined storage cavities with crude 0il, raw water and brine
pipeline connections to the central pumping and control areas, a crude
0il distribution system, a raw water supply system, a brine disposal
system and a power system provided by a commercial power company.

Raw water for leaching the cavities would be piped to the West
Columbia dome storage site from the Brazos River Diversion Channel in-
take structure which was built for the early storage phase at Bryan
Mound. Displaced brine from the leached cavities would pass through a
brine pit and be disposed of by a pipeline through Bryan Mound to a
brine diffuser in the Gulf of Mexico. Crude 0il would be piped from the
new dock facilities in Freeport Harbor through the bi-directional early
storage crude oil pipeline to Bryan Mound and from Bryan Mound to the
SEAWAY Tank Farm, where it would connect with the new DOE pipeline to
the West Columbia dome storage caverns. As o0il is injected into storage
caverns, brine would be simultaneously displaced. During crude o0il
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withdrawal, raw water would be injected to displace crude oil. 0il
would return through the DOE pipeline to SEAWAY Tank Farm, where it
would connect to the SEAWAY Pipeline to inland refineries, or to the bi-
directional early storage pipeline to Bryan Mound and Freeport Harbor
tankers, for delivery to Gulf of Mexico, East Coast or Caribbean ports.

A.5.3.2 Alternative Systems

Alternatives to use of the docks at Freeport are the construction
of a Single Anchor-Leg Mooring (SALM) monobuoy in deep water offshore;
conversion of an existing SEAWAY dock in Brazos Harbor; and use of
Phillips Petroleum Company docks.

Two alternative raw water supply systems are possible: surface
water from the Brazos River east of the site, and ground water from
the Evangeline aquifer. Deep wells spaced along the common pipeline
right-of-way between West Columbia dome and SEAWAY Tank Farm could
provide an alternative to the proposed brine disposal system. An
alternative location for the Gulf brine diffuser is 12.5 miles offshore.
A possible alternative to commercial power would be an onsite generator.

A.5.4 Site Development

A.5.4.1 Proposed Physical Facilities

Introduction

A typical layout of surface facilities at the West Columbia dome
storage site, shown in Figure A.5-3, includes the storage cavity
wells, plant area, road and pipeline alleys and the security fence.

Storage Cavity System

Twelve storage cavity wells, shown on the site map (Figure A.5-3),
reflect the estimate that 20 percent of the wells may encounter
problems that will reduce their capacity from the planned 10 MMB to
5 MMB. Thus, twelve cavities would still meet the required 100 MMB
capacity at the West Columbia dome site.

The cavities would be leached in the 1500 to 2500 foot depth
interval. Each cavern is expected to be about 1000 feet high and
300 feet in diameter after completion. If the crude 0il is withdrawn
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five times in response to import interruptions the ultimate diameter
of the caverns would be about 400 feet. The layout in Figure A.5-2
places caverns on 800-foot centers and a minimum of 600 feet from the
dome edge, thus providing a 400-foot wall around every cavern.

Plant Area

Grading on the site will affect approximately 15 percent of the area
enclosed by the security fence. Almost half of this area is marshy,
requiring fill. Each cavity well would require construction of a 200-
foot square drill pad. Some of these would be located in marshy areas,
and would require fill. Twenty-foot wide roadway and pipeline alleys
would service each cavity well. Onsite pipelines would be buried.

Safety dikes would be constructed around each wellhead and oil storage
tank.

The plant area would contain a pump house of steel construction
which would house all pumps; a suitably diked blanket oil tank for
cavity construction; a raw water tank for priming the raw water injec-
tion pumps; a control building of steel construction, housing offices,
shops, and warehouse; a transformer area; and a lined brine pit. The
plant area layout is similar to the layout shown on Figure A.4-4.

Crude 071 Distribution

Crude o0il would be piped from the new dock facilities in Freeport
Harbor to the surge tanks at Bryan Mound through the early storage
phase bi-directional pipeline as far as the SEAWAY Tank Farm, where it
would be delivered to a new 23 mile DOE pipeline to West Columbia
dome. Crude oil stored at the West Columbia dome storage facility
would be piped through the DOE pipeline to the SEAWAY Tank Farm.

From there it would either be piped through the SEAWAY pipeline to
inland refineries or to the surge tanks at Bryan Mound and then into
tankers at Freeport Harbor for delivery to East Coast, Gulf of Mexico,
or Caribbean refineries.

Raw Water System

The early storage intake structure on the Brazos River Diversion

Channel would be used to pump raw water to a new DOE pipeline from
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Bryan Mound to West Columbia dome storage site along the DOE right-of-
way adjacent to SEAWAY Pipeline right-of-way.

Brine Disposal System

Brine displaced from the West Columbia storage cavities would
enter a brine pit on the West Columbia site, and then would be piped
through the new brine disposal pipeline along the DOE and SEAWAY
Pipeline right-of-way to Bryan Mound, where it would connect to the
new pipeline from Bryan Mound to the brine diffuser 5.8 miles in the
Gulf of Mexico.

The brine disposal pipeline from the storage site to Bryan Mound
would be manifolded to backup injection wells paralleling the pipeline.

Raw water injection rates, brine production rates and crude oil
distribution rates would be the same as those addressed in Section A.4
for construction and operation of the Allen dome site.

Power System

Power from the Community Public Service Co. West Columbia sub-
station would be supplied to the site via a 0.6 mile transmission line.

Land Requirements

A total of approximately 416 acres of land will be required for
operation of the SPR program using the West Columbia site. Early
storage facilities would continue to use 128 acres at Bryan Mound
while facilities associated with West Columbia would need 288 acres.
During construction 231 additional acres of land would be affected
for a brief period but would revert to other uses during operation.

The storage facilities would be located on a 232-acre tract
enclosed by a fence. Less than 15% (30 acres) of the site would be
put to semi-permanent use for storage facilities. Land requirements
for site development are summarized in Table A.5-1.

A11 the facilities at the central storage area overlying the
dome would require 30 acres. The brine disposal system would use
18 acres, 15 acres at Bryan Mound for a pipeline to the diffuser and
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TABLE A.5-1 Land reauirements - West folumhia dome candidate SPP storace site (alternative site).

Required Rignt-of-Way and Affected llabitat (Acres)

Fluvial and Coastal Brackish to Shetl Rem Coastal and Mymber of Totsl Acreage
Total Miles Excavation Cleared Land  Oak Woodlands Prairies freshwater Marsh  Freshwater Marsh  Barrier Flat [nland Waters Water Impacted
Pipeiine Row (c.y.) Fi1) {c.y.) Constr/Maintd Constr/Maint? Constr/Maint? Constr/Maint? Constr/Mainta Constr/Maintd Constr/Maintd  crossings Constr/Matnt?

6-G°Y

SPR Facitities
1) Storage Site

a) Central Plant Area - - 16,200 - —-- - 10/10 - - —— - 10/10
b) 8rine Surge Pond - - 19,000 ae- - --- N3 .- .- - . 3/3
c) Plant Access Road .- - 400 —— - —— ——- - — —— - .
d) Onsite Roads and Pipe

Alleys 2.2 34,000 8,400 - - - 5/5 .- Bl - - 5/%
e) Cavern Wellhead Pads —— — 17,800 .- - - 12/12 - —— - - 12/12
) Containment Dikes at . o 840 o - . - —— - . . .

Cavern lel lheads
2) Offsite

a) Backup 8rine Injection

Welly

1) Pipeline Excavation
2) Roadways to Wellheads

3) Wellhead Pads

011, Brine and Raw
Water Pipelines to
Seaway Tank Farm

b

c) Brine and Raw Water

Pipelines to Bryan Mound

d) Brine Qisposal to G.0.if.
diffuser from Bryan Mound

e
Brazos Harbor

f) New Tanker Oocks

Pipeltne Connections to

Follows Proposed nOE Right-of-wWay

2.3

23.0

4.

7.5

0.6

12,150

364,320

54,800
177.300

6,000
1,050,000

Hinimal Fill

a9/nz

130/98

Follows Proposed DOE Right-of-Way

4/3
14/14

20/14

4/3

279/210

163/15

8/5
14/14

Sub-Total SPR Facilities
- West Columbia Dome -

Early Storage Facilities
at Bryan Mound

39.7

10.4

1,700,370

94,600

62,640

665,000

1817

74/69

149/12

183/115

43/33

4/3

33/26

437/277

150/128

Total Land Requirements
Farly Storage plus SPHR

at West Columbia Dome

Alternatives to Proposed
Systems

1) Brine Disposal (Wells)
a) Pipeline Excavatfons
b) Roadways to Wellheads

¢) Wellhead Pads
2

12.5 at diffuser

3) Raw Water (Brazos River)

4) Raw Water (3roundwater
Supply Wells)

a) Pipeline Excavation
b) Roadways to Wellheads
c) Wellhead Pads

Brine Disposal to 6.0.M.

50.1

5.9

3Construction Riqght-of-Way/Maintenance Right-of-Way

1,794,970

727,640

Hinima)
Minimal

Minima)
Minimal

92/86

Tow:

149/112

196/148

Proposed DOE Right-of-Way

n?

34/25

2/2
20/14

30/30

37/29

1420

647/416

19/19

326/15
39/28



3 acres for backup wellpads. The o0il, brine and raw water pipelines
to Seaway Tank Farm would require 210 acres for maintenance. The pipe-

1ine connection to Brazos Harbor and the new tanker docks would use
20 acres.

A.5.4.2 Alternative Physical Facilities

Raw Water System

An alternative raw water supply system would draw ground water from
a well field in the immediate site vicinity. Present ground water use
in the area is not extensive. The town of West Columbia pumps water
from the lower unit of the Chicot aquifer at the (1967) rate of about
0.3 mgd (Sandeen and Wesselman, 1973). Land subsidence and lowering
of the ground water table caused by the withdrawal of ground water at
the required rates would have to be considered in the final design of
the well field.

A second alternative raw water system would be to withdraw surface
water from the Brazos River, near East Columbia. The water would have
to be purchased from the Lower Brazos River Authority. Other commit-
ments of the water from the Brazos would 1imit the availability of
water to the project during low flows and DOE storage project time
limitations would not be amenable to water supply interruptions.

Brine Disposal System

Deep well injection of all brine produced by leaching the cavities
at West Columbia dome would require nineteen 1000-gallon per minute
disposal wells, in addition to the three backup injection wells
discussed previously. These 22 wells could handle the maximum brine
production rate during cavity leaching with some backup capacity.
Additional brine injection pumps would be required for these wells.

An alternative brine diffuser 12.5 miles into the Gulf is described
in Section A.3.4.1.

Power System

Onsite power generation requirements are projected to be about

45,000 horsepower. The gas turbine generators would be housed near




the transformer area. A fuel o0il storage tank holding a four-day
supply (8500 bbl) and a 100-foot exhaust stack would be built onsite.

A.5.5 Construction Technigues

A.5.5.1 Storage Cavern Construction

Construction of wells and storage caverns would proceed generally
as outlined in Section A.2.2.1, wherein standard industry techniques
and practices are followed. To meet oil fill schedule requirements,
0il may be stored by either a Leach-Then-Fill or Leach/Fill schedule,
as described in Section A.2.2.

A.5.5.2 Road Construction and Other Grading

Roadway/pipeline alleys will be constructed between the plant area
and each storage well. Where they cross marshy soils, filling would
be required. Drill pads would also require filling in marshy areas.
General procedures for filling and grading are in Section A.2.3.

A.5.5.3 Pipelines

The conventional lay method (Section A.2.2.4.3) would be used for
pipeline construction, however the push ditch method may be required for
the brine and raw water pipelines between SEAWAY Tank Farm and Bryan
Mound, and the techniques described in Sections A.2.2.4.4, A.2.2.4.5,
and A.2.2.4.6 would be required for river, levee, and highway crossings,
respectively. Conventional offshore pipeline construction methods
would be used for the brine pipeline and diffuser in the Gulf (Sections
A.2.2.4.7 and A.2.2.4.8).

A.5.6 Development Timetable

Development of the West Columbia dome site would essentially follow
the same timetable as for Bryan Mound. The timetable for Bryan Mound
(Figure A.2-7) thus applies to this site. A1l pipeline construction
would take place concurrently with site construction.
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A.5.7 Qperation and Maintenance

A.5.7.1 General Safety Precautions

General safety precautions described in Section A.3.7.1 are
directly applicable to the West Columbia site.

A.5.7.2 Storage Phase

Operation and maintenance procedures for the storage phase are
described in Section A.3.7.2.

A.5.7.3 Extraction Phases

Operation and maintenance procedures for the extraction phase are
described in Section A.3.7.3.

A.5.7.4 Refill Phase

Operation and maintenance procedures for the refill phase are
described in Section A.3.7.4.

A.5.8 Termination and Abandonment

Termination and abandonment of the West Columbia dome would be the

same as that described in Section A.3.8 for Bryan Mound.




A.6 DAMON MOUND ALTERNATIVE SITE

The Damon Mound dome facility is designed for storage of 100 MMB of
crude oil. Solution mining and subsequent fill operations to reach
this storage capacity would be accomplished approximately 5 years after
start of construction of facilities at Damon Mound, the docks in Freeport
and Brazos Harbors, and the pipelines to Bryan Mound.

The Damon Mound dome was chosen as a candidate site due to its
proximity to SEAWAY Tank Farm, Bryan Mound, and the Freeport Harbor
docking facilities. Crude o0il arriving at Freeport docks may be delivered
to surge tanks at Bryan Mound and then to the pipeline connecting to
Damon Mound dome. From the storage site, crude oil can be piped to the
SEAWAY Pipeline at the SEAWAY Tank Farm or to the Freeport Harbor docks
through the Bryan Mound early storage facilities.

A.6.1 Location

The Damon Mound dome is in western Brazoria County, Texas, within a
mile of the Brazoria-Fort Bend County boundary. The small town of Damon
(estimated population 750) overlies a portion of the mound on the east.
The Brazos River, which passes 9 miles east of the dome, ranges from 100
to 200 feet in width and the San Bernard River, almost 50 feet wide,
comes within 4.2 miles of the dome. The dome is 36 miles from the Gulf
coast. SEAWAY Tank Farm is 32 miles southeast (Figure A.6-1).

A.6.1.1 Site Access

Access to the dome and SEAWAY Pipeline right-of-way is very good.
State Highway 36 lies adjacent to the east and there are several county
maintained, paved and surfaced roads over the dome. A1l roads are
suitable for use in development of the project with very little mainte-
nance required. The only new construction required would be from
existing roads up to the pump station building and to each of the
individual cavern wells.

A.6.1.2 Site Description

Damon Mound is clearly defined, rising approximately 80 feet above
the surrounding ground. The land overlying the dome is used primarily
for cattle grazing, a small limestone quarry is located just west of
the site and there is some 0il or gas production around the dome.
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Approximately 1,500 surface acres are within the -2000 foot salt contour
(Figure A.6-2). The south and southeast sides of the dome have some
tree cover; the facility location, however, is on the northern third of
the dome where no clearing will be required.

A.6.2 Capacity

Proposed capacity for the site is 100-million barrels of crude oil
stored in 10 to 12 solution mined cavities.

Utilizing all available acreage, less that occupied by the town of
Damon, the dome has a potential for approximately 40 ten million barrel
caverns.

A.6.3 General System Description

A.6.3.1 Proposed Systems

Development of Damon Mound would require use of the raw water
intake, four 200,000 bbl surge tanks and crude o0il distribution system
components built for the early storage phase at Bryan Mound. Con-
struction of new docks at Freeport Harbor and Brazos Harbor; raw water
and brine disposal pipelines connecting Damon Mound to Bryan Mound;
crude oil pipelines connecting SEAWAY Tank Farm and Damon Mound; a
brine disposal system and the construction of the site facilities at
Damon Mound will be required to develop the site.

The physical plant proposed at Damon Mound facility consists of up
to 12 new solution mined storage cavities with crude o0il, raw water and
brine pipeline connections to the central pumping and control areas, a
crude oil distribution system, a raw water supply system, brine disposal
system and a power system provided by an onsite generator.

Raw water for leaching the cavities would be pumped to the Damon
Mound storage site from the Brazos River Diversion Channel intake
structure which was built for the early storage phase at Bryan Mound.
Displaced brine from the leached cavities would pass through a brine pit
and be disposed of by a pipeline to Bryan Mound and then to the brine
diffuser 5.8 miles offshore in the Gulf of Mexico. Crude 0il would be
piped from the new dock facilities in Freeport Harbor through the bi-
directional early storage crude o0il pipeline to Bryan Mound and from

A.6

3




4)

2.7~

FIGURE§\

\

" "= DOE PLANT SITE
.. (SEE

Wandmill
Y67

W

2,000 FT.

-\

o Ve

SALT_ CONTOU

BRINE,

RAW W

s7
24
£
7R
E
RV
o
ST
= 4
[ M
~ —~ o
V\\/}.‘\\ I =l
.
H
gt

_/

1000 2000

FEET

~¢ BRAZORIA COUNTY, TEXAS

N\

/{.\
) %
e
N

o

*Tanks
S

ool

~ MOutiD.
CiL FELD
-

/
Ao
i

DAMON

A.6-4

ite (alternative site).

- Damon Mound dome candidate SPR storace s

icinity map

FIGURE A.6-2 V




Bryan Mound to the SEAWAY Tank Farm, where it would connect with the new
DOE pipeline to the Damon Mound storage caverns. As 0il is injected
into storage caverns, brine would be simultaneously displaced. During
crude o0il withdrawal, raw water would be injected to displace crude oil.
011 would return through the DOE pipeline to SEAWAY Tank Farm, where it
would connect to the SEAWAY Pipeline to inland refineries, or to the bi-
directional early storage pipeline to Bryan Mound and Freeport Harbor
tankers, for delivery to Gulf of Mexico, East Coast or Caribbean ports.

A.6.3.2 Alternative Systems

Alternatives to use of the docks at Freeport are the construction
of a Single Anchor-Leg Mooring (SPM) Monobuoy in deep water offshore;
conversion of an existing SEAWAY Dock in Brazos Harbor; and use of
Phillips Petroleum Company docks.

Two alternative raw water supply systems are possible: surface
water from the Brazos River east of the site, and ground water from the
Evangeline aquifer. Deep wells spaced along the common pipeline right-
of-way between Damon Mound and SEAWAY Tank Farm could provide an alterna-
tive to the proposed brine disposal system. Another brine disposal
alternative would be a diffuser located 12.5 miles offshore in the Gulf
of Mexico. A possible alternative to onsite power generation could be
to purchase commercial power.

A.6.4 Site Development

A.6.4.1 Proposed Physical Facilities

Introduction

A typical layout of surface facilities at the Damon Mound storage
site, shown in Figure A.6-3, includes the storage cavity wells, plant
area, road and pipeline alleys and the security fence.

Storage Cavity System

Twelve storage cavity wells, shown on the site map (Figure A.6-3),
reflect the estimate that 20 percent of the wells may encounter problems
that would reduce their capacity from the planned 10 MMB to 5 MMB. Thus,
twelve cavities would still meet the required 100 MMB capacity at the
Damon Mound site.
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The cavities would be leached in the 1500 to 2500 foot depth
interval. Each cavern is expected to be about 1000 feet high and 300
feet in diameter after completion. If the crude o0il is withdrawn five
times in response to import interruptions, the ultimate diameter would
be about 400 feet. The layout in Figure A.6-3 places caverns on 800-
foot centers and a minimum of 600 feet from the dome edge, thus providing
a 400-foot wall around every cavern.

Plant Area

Site grading would involve less than 15 percent of the total 232
acres dedicated to the storage site (Table A.6-1). Little fill should
be required. Roads and pipelines would service each storage well, with
a 20-foot wide alley. Safety dikes to contain spilled oil would be
constructed around each o0il storage tank and wellhead.

The plant area, similar to Allen dome (Figure A.4-4) would contain
a control building and a pump house of steel construction, a blanket 07l
tank, a raw water tank for priming the raw water injection pumps, a
transformer and generator area, and a lined brine pit.

Crude 0i1 Distribution

Crude oil would be piped from the new dock facilities in Freeport
Harbor to the surge tanks at Bryan Mound through the early storage phase
bi-directional pipeline. The surge tanks would supply crude oil to the
early storage bi-directional pipeline as far as the SEAWAY Tank Farm
where it would be delivered to a new 32 mile DOE pipeline to Damon
Mound. Crude 0il stored at Damon Mound storage facility would be piped
through the DOE pipeline to the SEAWAY Tank Farm. From there, it would
be piped either through the SEAWAY Pipeline to inland refineries or to
the surge tanks at Bryan Mound and then into tankers at Freeport Harbor
for delivery to East Coast, Gulf Coast or Caribbean refineries.

Raw Water System

The early storage intake structure on the Brazos River Diversion
Channel would be used to pump raw water to a new DOE pipeline from Bryan
Mound to Damon Mound storage site along the DOE right-of-way, adjacent
to the SEAWAY Pipeline right-of-way.




TABLE A.6-1 Land requirements - Namon Mound candidate SPR storace site (alternative site).

Required Right-of-Way and Affected Habitat (Acres)

fluvial and Coastal Brackish to Shell amp Coastal and Number of Total Acreage
Tota! P'I11e‘s1 Excavatfon Cleared Land“ Oak Woodlands Prairies Freshwater Marsh Barrier Flat [nland Waters Water Impac(;d 9
Pipeline Row (c.y.) Fi11 {c.y.) Constr/Maint® (Constr/Maintd  Constr/Maint? Constr/Maint? Constr/Maint? Constr/Maint?® Crossings Constr/Maintd
A. SPR Facilities
1) Storage Site
a) Central Plant Area - - Minimal p v 10/10 - - - - 10/10
b) Brine Surge Pond - --- t4{nimal - ——- 3/3 —— - .- - 3
c) Plant Access Road - - Minimal e - 5/5 e - —— — 5/5
d) Onsite Roads and
Pipe Alleys 6.0 31,680 Minimal .- - - - --- - - -
e) Cavern Wellhead Pads .- w- .- - - 12/12 - - - 12/12
f) Containment Dikes at o i 840 - - . - - ——
Cavern Wellheads T
2) Offsite ’
a) E:’i::p 8rine injection Follows Proposed DOE Right-of-Way
1) Pipeline Excavation 2.9 15,280 ——— —— —— ——— - - ——— ———
2) Roadways to Wellheads .- --- min. fil) - . — - —— —— —
3) Wellhead Pads - - Minimal - .- 3/3 - —— —— 13 3/3
b) 0i1, Brine and Raw Water
Pipelines to Seaway 32.3 511,632 - 5/4 182/136 2107158 - - - - 397/298
Tank Farm
c) Brine and Raw Water
= Pipelines to Bryan Mound 4.1 54,800 iy Follows Proposed DOE Right-of-Way
.
(@)] - 20/18
: d) :Hane Disposal to s 177,300 " — / 20 1/.5 142/0 2 163/15
.8 mi diffuser
© e) Pipeline Connection to
Brazos Harbor 0.6 6,000 - a/3 —— ——— a/3 - —— ——— 8/6
f) New Tanker Docks 1,050,000 P 1414 o - —— 14/14
Sub-Total SPR Facilities -
= Damon Mound - 53.4 1,846,692 840 23/2) 182/136 263 205 4/3 171 142/0 15 615/366
8. Early Storage Facilities
at Bryan Mound 10.4 94,600 665,000 74/69 e 43/33 33/26 - - 1 150/128
Total Land Requirements .
ar torage plus
»% Damon Mound 63.8 1,941,292 665,840 97/90 182/136 306/238 27129 " 142/0 16 7657494
C. Alternatives to Proposed Systems
1) Brine Disposal (Wells) Follows Proposed DOE Right-of-Way
a) Pipeline Excavation 3.2 17,000 .- - - - - - — — -
b) Roadways to We Il heads .- e Minimal P —— ——— - - —— - ——
c) Wellhead Pads e . Minimal - - 19/19 - .- - - 19/19
2) Brine Disposal to
12.5 mi diffuser 4.2 274,600 e == 20/14 .2/ /.6 305/0 326/15
3) Raw Water (Brazos River) 10.0 52,940 - . a/3 115/86 .- .- 3/3 4 122/92
4) Raw dater (Groundwater of-
Supply wells) Follows Proposed DOE Right-of-Way
a) Pipeline Excavation 6.1 32,280 -=- - .- o - - -. —— -
b) Roadways to We llheads - - Minimal “e- - o o - — - b
c) Wellhead Pads - - 22/22 /22

Tonstructica light-of.tlay/lizintenance Right-of-Way




Brine Disposal System

Brine displaced from the Damon Mound storage cavities would enter a
brine pit on the site, and then would be piped through the new brine
disposal pipeline along the DOE and SEAWAY Pipeline right-of-way to
Bryan Mound, where it would connect to the new pipeline from Bryan Mound
to the brine diffuser 5.8 miles in the Gulf of Mexico. Backup brine
disposal wells would be built along the common pipeline right-of-way.

Raw water injection rates, brine production rates and crude oil
distribution rates are the same as those addressed in Section A.4 for
construction and operation of the Allen dome site.

Power System

Generating capacity at Damon Mound would consist of 45,000 HP of
gas turbine generator capacity. Storage of a four-day fuel supply to
run these generators would require an 8500 bbl fuel tank onsite. Fuel
would be trucked into the site. A 100-foot exhaust stack would be
required.

Land Requirements

The total land required for the Damon Mound storage site and
associated facilities would be approximately 366 acres. An additional
249 acres would be used during construction activities then allowed
to return to other uses. The storage site would be located within a
fenced 232 acre area immediately overlying the dome. Only approximately
13% of the area would hold SPR facilities. The land requirements for
each of the facility's systems is summarized in Table A.6-1.

The central plant area, wellheads and associated roads and pipe-
lines would require 30 acres at Damon Mound. The brine disposal system
would use 18 acres, 15 for the pipeline alley from Bryan Mound to the
Gulf and 3 acres for wellhead/pads for the backup injection wells.
Approximately 298 acres would be required for maintenance of the oil,
brine and raw water pipelines to Bryan Mound. The pipeline connection
to Brazos Harbor would use 6 acres and the new tanker docks would use
14 acres.
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A.6.4.2 Alternative Physical Facilities

Raw Water System

Sources of alternative supplies of raw water to leach the cavities
have previously been discussed. It would be logical to pump surface
water from the Brazos River near the Damon Mound site, instead of
pumping it a further distance from the Brazos River Diversion Channel.
However, water rights in the river near Damon Mound are under the juris-
diction of the Lower Brazos River Authority which may not be able to
meet the water supply requirements of the Damon Mound facility.

Ground water would also be a possible source of raw water, however,
withdrawing large quantities of ground water in this area could cause
land subsidence and low ground water levels.

Brine Disposal System

Deep well injection of all brine produced by leaching the cavities
at Damon Mound would require nineteen 1000-gallon per minute disposal
wells in addition to the three backup injection wells discussed pre-
viously. These 22 wells could handle the maximum production rate during
cavity leaching with some backup capacity. Additional brine injection
pumps would be required for these wells. Use of a 12.5 mile offshore
diffuser system would require 6.7 additional miles of offshore pipe-
line construction.

Power System

Purchase of power from a utility would require construction of a
power transmission line from the nearest Houston Lighting and Power sub-
station, but would eliminate the need for the generating equipment and
fuel tankage on the site. Standby charges for the facility may be
substantial, because of the large load which may periodically be re-
quired.

A.6.5 Construction Techniques

A.6.5.1 Storage Cavern Construction

General techniques of constructing the storage caverns in the salt

dome are discussed in Section A.2.2.1. Standard industry techniques and




practices would be used. To meet 0il fill schedule requirements, 0il
may be stored by either a Leach-Then-Fill or Leach/Fil1l schedule, as
described in Section A.2.2.

A.6.5.2 Road Construction and Other Grading

Roadway/pipeline alleys would be constructed between the plant area

and each storage well. General procedures are described in Section
A.2.3.

A.6.5.3 Pipelines

The conventional lay method (Section A.2.2.4.1) would primarily be
used for pipeline construction, however the push ditch method (Section
A.2.2.4.2) may be required for the brine and raw water pipelines between
SEAWAY Tank Farm and Bryan Mound, and the techniques described in Sections
A.2.2.4.4, A.2.2.4.5, and A.2.2.4.6 would be required for river, levee,
and highway crossings, respectively. Conventional offshore pipeline
construction methods would be used for the brine pipeline and diffuser
in the Gulf (Sections A.2.2.4.7 and A.2.2.4.8).

A.6.6 Development Timetable

Development of the Damon Mound site would follow essentially the
same timetable as Bryan Mound. Figure A.2-7 shows the relationship of
solution mining to filling. A1l pipeline construction would take place
concurrently with site construction.

A.6.7 Qperation and Maintenance

A.6.7.1 General Safety Precautions

General safety precautions described in section A.3.7.1 are directly
applicable to the Damon Mound site.

A.6.7.2 Storage Phase

Storage phase operations and maintenance procedures are described
in Section A.3.7.2.
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A.6.7.3 Extraction Phase

Operation and maintenance procedures for the extraction phase are
described in A.3.7.3.

A.6.7.4 Refill Phase

Operation and maintenance procedures for the refill phase are
described in A.3.7.4.

A.6.8 Termination and Abandonment

Termination and abandonment of the Damon Mound dome site would be

the same as that described in Section A.3.8.




A.7 NASH DOME ALTERNATIVE SITE

The Nash dome facility is planned for storage of 100 MMB of crude
0il. Solution mining and subsequent fill operations to reach this
storage capacity would take approximately 5 years after start of con-
struction of facilities at Nash dome, the docks in Freeport and Brazos
Harbors, and the pipelines to Bryan Mound.

The Nash dome was chosen as a candidate site due to its proximity
to SEAWAY Tank Farm, Bryan Mound, and the Freeport Harbor docking
facilities. Crude oil arriving at Feeport docks may be delivered to
surge tanks at Bryan Mound and then to the pipeline connecting to Nash
dome. From the storage site, crude o0il can be piped to the SEAWAY
Pipeline at the SEAWAY Tank Farm or to the Freeport Harbor docks through
Bryan Mound.

A.7.1 Location

Nash dome is located in southern Fort Bend County, extending into
the northern end of Brazoria County, Texas. The town of Richmond lies
approximately 25 miles north, and Houston is approximately 35 miles
northeast of the site. The Brazos River Ties approximately 6 miles east
of the dome, the Gulf of Mexico is 36 miles to the south, and Cow Creek
borders the dome on the south.

A.7.1.1 Site Access

Since there are existing roads providing suitable access to the
site, the only new road construction anticipated would be access roads
to the plant area and individual well locations. The site is located 32
miles northwest of the SEAWAY Tank Farm, providing good access for o0il
distribution (Figure A.7-1).

A.7.1.2 Site Description

The Nash Dome encompasses 600 surface acres within the -2000 foot
salt contour (Figure A.7-2). There is no surface expression of the salt
dome. There are trees on the southern reaches of the dome, but since
the facility area on the northern end has been cultivated, land clearing
will not be necessary. Three farmsteads are within the site boundaries
and would have to be displaced.
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0il1 production has been established around the dome, and some
sulfur has been mined on a 50 acre tract in the southwest corner of the
dome.

A.7.2 Capacity

Proposed capacity for the site is 100 MMB of crude o0il stored in
ten to twelve solution mined cavities. The dome has an ultimate deve-
lopment potential for approximately thirty 10 MMB caverns.

A.7.3 General System Description

A.7.3.1 Proposed Systems

Development of Nash dome would include use of the raw water intake,
four 200,000 bbl surge tanks and crude oil distribution system components
built for the early storage phase at Bryan Mound. Construction of new
docks at Freeport Harbor and Brazos Harbor; raw water and brine disposal
pipelines connecting Nash dome to Bryan Mound; crude oil pipelines
connecting SEAWAY Tank Farm and Nash dome; the brine diffuser system;
and the site facilities at Nash dome would be required to complete
development of this site.

The physical plant proposed at Nash dome facility consists of 12
new solution mined storage cavities with crude oil, raw water and brine
pipeline connections to the central pumping and control areas, a crude
01l distribution system, a raw water supply system, a brine disposal
system and a power system provided by an onsite generator.

Raw water for leaching the cavities would be piped to the Nash dome
storage site from the Brazos River Diversion Channel intake structure
constructed as part of the early storage phase at facilities at Bryan
Mound. Displaced brine from the leached cavities would pass through a
brine pit and be disposed of by a pipeline to Bryan Mound, and then to
the brine diffuser in the Gulf of Mexico. Crude 0il would be piped from
the new dock facilities in Freeport Harbor through the bidirectional
early storage crude oil pipeline to Bryan Mound and from Bryan Mound to
the SEAWAY Tank Farm, where it would connect with the new DOE pipeline
to the Nash dome storage caverns. As 0il is injected into storage
caverns, brine is simultaneously displaced. During withdrawal, raw
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water would be injected to displace crude 0il. O0il would return through
the DOE pipeline to SEAWAY Tank Farm, where it would connect to the
SEAWAY Pipeline for inland refineries, or to the bi-directional early
storage pipeline to Bryan Mound and Freeport Harbor tankers, for delivery
to Gulf Coast, East Coast or Caribbean ports.

A.7.3.2 Alternative Systems

Alternatives to use of the docks at Freeport are the construction
of a Single Anchor-Leg Mooring (SPM) monobuoy in deep water offshore;
conversion of an existing SEAWAY dock in Brazos Harbor; and use of
Phillips Petroleum Company docks.

Two alternative raw water supply systems are possible: surface
water from the Brazos River east of the site, and ground water from the
Evangeline aquifer. Deep wells, spaced along the common pipeline right-
of-way between Nash dome and SEAWAY Tank Farm, could provide an alterna-
tive to the proposed brine disposal system. An alternative brine diffuser
system 12.5 miles offshore from Bryan Mound could be constructed. A
possible alternative to onsite power generation would be to purchase
power from Houston Lighting and Power Company.

A.7.4 Site Development

A.7.4.1 Proposed Physical Facilities

Introduction

A typical layout of surface facilities at the Nash dome storage
site, shown in Figure A.7-3, includes the storage cavity wells, plant
area, road and pipeline alleys and the security fence.

Storage Cavity System

Twelve storage cavity wells, shown on the site map (Figure A.7-3),
reflect the estimate that 20 percent of the wells will encounter problems
that will reduce their capacity from the planned 10 MMB to 5 MMB. Thus,
12 cavities would still meet the required 100 MMB capacity at the Nash
dome site.

The cavities would be leached in the 1500 to 2500 foot depth
interval. Each cavern is expected to be about 1000 feet high and 300
feet in diameter after completion. If the crude 0il is withdrawn five
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times in response to import interruptions, the ultimate diameter would

be about 400 feet. The layout in Figure A.7-3 places caverns on 800-
foot centers and a minimum of 600 feet from the dome edge, thus providing
a 400-foot wall around every cavern.

Plant Area

The plant area Tayout is the same as shown for Allen dome site
(Figure A.4-4), including pump and control buildings, a blanket 01l
tank, a brine surge pond, and a raw water storage tank for priming the
raw water injection pumps. A combustion turbine generator and associated
0il fuel tank and 100-foot exhaust stack would also be required.

Grading of less than 15 percent of the land within the security
fence is anticipated (Table A.7-1). Little fill should be required,
except for retention dikes around oil storage tanks and each wellhead.
Onsite pipelines would be buried.

Crude 0i1 Distribution

Crude o0il would be piped from the new dock facilities in Freeport
Harbor to the surge tanks at Bryan Mound through the early storage phase
bi-directional pipeline. The surge tanks would supply crude oil to the
early storage bi-directional pipeline as far as the SEAWAY Tank Farm
where it would be delivered to a new 33-mile DOE pipeline to Nash dome.

As crude o0il is withdrawn from Nash dome storage facility it would be
piped through the SEAWAY Pipeline to inland refineries or to the surge
tanks at Bryan Mound and then into tankers at Freeport Harbor for delivery
to East Coast, Gulf Coast or Caribbean refineries.

Raw Water System

The early storage intake structure on the Brazos River Diversion
Channel would be used to pump raw water to a new DOE pipeline from Bryan
Mound to Nash dome storage site along the DOE right-of-way adjacent to
SEAWAY Pipeline right-of-way.

Brine Disposal System

Brine displaced from the Nash storage cavities would enter a brine
pit on the Nash site, and then would be piped through the new brine
disposal pipeline along the DOE and SEAWAY Pipeline right-of-way to
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TABLE A.7-1 Land requirements - Nash dome candidate SPR storaae site (alternative site).

Required Right-of-Way and Affected Habitat (Acres)

Fluvial and Coastal Brackish to Shell Ramp Coastal and Number of Tatal Acreage
Cleared Land Oak Woodlands Prairies Freshwater Marsh Barrier Flat [Inland Waters Water Impacted
FIN (c.y.) Constr/Maint® Constr/Maintd Constr/Maintd Constr/Maint? Constr/Maint2 Constr/Maintd Crossings Constr/Maint?

Total Miles Excavation
Pipeline Row (c.y.)

A, SPR Facilities
1) Storage Site
a) Central Plant Area - - Minimal 10/10 - b - - —— - 10/10
b) Brine Surge Pond - -e- Minimal 3/3 .- === i Ak R Eatd 3
c) Plant Access Road - Minimal - - hhtd o b il - hiaed --=
M d) Onsite Roads and - - - - - - S/S
Pipe Alleys S.7 30,100 - S/S 1
e) Cavern Wellhead Pads - - - 12/12 “-- Rt
f) Contairment Dikes at . e 840 . —— ——— —— - _— — o
Cavern Wellheads
2) Offsite
a) 5:?',"5‘" Brine Injection Follows Proposed DOE Right-of-Way
1} Pipeline Excavation 2.5 13,200 - - - faiald i it bt b -
2) Roadways to Wellheads - Minima) - - --- b b il el - bl
3) Wellhead Pads - - e - --- 3/3 e - - 14 33
b) 011, Brine and Raw
Water Pipelines to 32.6 S17,180 PR - 2107158 219/16S b - v - 429/323
b~ Seaway Tank Farm
* c) Brine and Raw Water —— Follows P d Right-of-Wa
I\‘ Pipelines to Bryan Mound 4.1 54,800 oflows Proposed DOE Right-o 4
d) Brine Disposal to —
o 5.8 mi dfffuser 1.5 177,10 o o 20714 -2/ V.5 14270 2 63715
e) Pipeline Connections to -
Brazos Harbor 0.6 6,000 T 473 T T a5 i b i 8/6
f) New Tanker Docks - 1,050,000 - 14/14 - - - == - - 14/14
Sub-Total SPR Facilities
T2 Nash Oome - 3.0 1,848,580 840 48/47 2107158 242/182 43 w 142/0 1 6477391
8. Early Storage Facilities
at Bryan flound 10.4 94,600 665,000 74/69 - 43/33 33/26 —— - 1 1507128
Tatal Land Requirements-
TarTy Storage plus 63. 4 1,943,180 665,840 122/16 210/158 285/215 37/29 " 1420 i} 797519
SPR at Nash Dome
C. Alternatives to Proposed
Systems
1) Brine Disposal (Wells) Follows Proposed NOE Right-of -Way
3) Pipeline Excavatfon 3.2 17,000 - ——- - —— - o - — —
b) Roadways to Wellheads - - Minima| - -—— —— —— - —— — ——
c) Wellhesd Pads — - Minima) ——— o 19/19 - — - —— 19/19
e 2) Brine Disposal to ’
12.5 mi diffuser 4.2 274.600 m - 20/14 2/ 1/.5 . 305/0 326/0
3) Raw Water (Brazos River) 6.1 31,820 .- - 4/3 69/52 - - - 2 73/55
4) Raw Wat Gi dwa t
) S:;pl‘; ::]gslio“" mater Fallows Proposed DOf Right-of-Way
a) pipeline Excavation 6.1 32,200 .- - .- o — —— — .
b) Roadways to Wellheads —— —— Minimai - .- —— — —— ——
¢) Wellhead Pads - - - . — 22722 - e _— o 22/22

dConstruction Right-af-Way/Maintznance Right-of-Way




Bryan Mound, where it would connect to a pipeline from Bryan Mound to
the brine diffuser 5.8 miles in the Gulf of Mexico. Three backup brine
disposal wells would be located along the DOE and SEAWAY Pipeline
right-of-way.

Raw water injection rates, brine production rates and crude oil
distribution rates are the same as those addressed in Section A.4 for
construction and operation of the Allen dome site.

Power System

A combustion turbine generator area, fuel tank, and 100-foot ex-
haust stack would be required for the 45,000 HP onsite power generator.
The fuel tank would provide a minimum of four days fuel supply and would
be constructed in accordance to API and ASME construction codes.

Land Requirements

Approximately 647 acres of land would be affected by the develop-
ment of storage facilities at, or related to, the Nash Dome site. Only
approximately 391 acres would be kept in a state of semi-permanent
development for facilities operation and maintenance. The storage
facilities at Nash would be located on a fenced 206 acre site only 13
percent of which would be directly developed. The land requirements for
each of the systems associated with the Nash site and its alternatives
are shown in Table A.7-1.

Approximately 30 acres would be in use at the storage site itself
for plant area, wellheads, brine pond, etc. The brine, 0il and raw
water pipelines to the SEAWAY Tank Farm would require maintenance of
approximately 323 acres along the pipeline right-of-way. The brine
disposal system would use approximately 18 acres, 15 for the pipeline
from Bryan Mound to the Gulf for the diffuser system, and 3 acres for
the wellhead pads for the backup wells. The oil pipeline connection to
Brazos Harbor and the new tanker docks would require 20 additional
acres.

A.7.4.2 Alternative Physical Facilities

Construction of SEADOCK would eliminate the need for a new DOE dock
adjacent to the existing SEAWAY Docks. Addition of tanker loading
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facilities to one of the existing SEAWAY Docks would be required. No
additional filling or dredging would be required at the dock, but office
and gauging areas would have to be constructed at the converted dock.

Raw Water System

Sources of alternative supplies of raw water to leach the cavities
have previously been discussed. It would be logical to pump surface
water from the Brazos River near the Nash dome, instead of pumping it a
further distance from the Brazos River Diversion Cannel. However, water
rights in the river near Nash dome are under the jurisdiction of the
Lower Brazos River Authority, which may not be able to meet the water
supply requirements of the Nash dome facility.

Ground water is also a possible source of raw water; however, with-
drawing large quantities of ground water in this area could cause land
subsidence and Tower the water level in the aquifers to be pumped.

Brine Disposal System

Deep well injection of all brine produced by leaching the cavities
at Nash dome would require nineteen 1000-gallon per minute disposal
wells in addition to the three backup injection wells discussed previously.
These 22 wells could handle the maximum brine production rate during
cavity leaching with some backup capacity. Additional brine injection
pumps would be required for these wells. Another alternative would
require the extension of the brine diffuser pipeline 12.5 miles offshore
Bryan Mound into the Gulf.

Power System

Power could be purchased from Houston Lighting and Power Company
and supplied to the site by a 6-mile transmission 1ine. Standby charges
might, however, make this power source economically unfeasible.

A.7.5 Construction Techniques

A.7.5.1 Storage Cavern Construction

Construction of wells and storage caverns would follow the general
procedures in Section A.2.2.1, where standard industry techniques and
practices are used. To meet 0il fill schedule requirements, oil may be
stored by either a Leach-Then-Fill or Leach/Fill schedule, as described
in Section A.2.2.
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A.7.5.3 Road Construction and Other Grading

Roadway/pipeline alleys would be constructed between the plant area
and each storage well. Safety dikes would be constructed around the
blanket 0il tank, small dikes would also be constructed around wellheads
to contain small volumes of 0il spilled during operation or maintenance.

Construction of site facilities, pipelines and drilling of wells
for cavern development would precede initial leaching operations by
three to four months. The maximum raw water supply rate would allow
concurrent leaching of five caverns. Each cavern could be leached at a
rate of 15,257 B/D of storage space created.

A.7.5.3 Pipelines

Conventional lay methods would be used for pipeline construction,
as described in Section A.2.2.4 for the brine and raw water pipelines
between SEAWAY Tank Farm and Bryan Mound, and the brine diffuser in the
Gulf.

A.7.6 Development Timetable

Development of the Nash dome site would follow essentially the same
timetable as Bryan Mound. Figure A.2-7 shows the relationship of
solution mining to filling. The additional pipeline construction would
be completed during construction of onsite facilities. A1l pipeline
construction would take place concurrently with site construction.

A.7.7 QOperation and Maintenance

A.7.7.1 General Safety Precautions

General safety precautions are described in Section A.3.7.1.

A.7.7.2 Storage Phase

Storage phase operations and maintenance procedures are described
in Section A.3.7.2.

A.7.7.3 Extraction Phase

Operation and maintenance procedures for the extraction phase are
described in Section A.3.7.3.

A.7.7.4 Refill Phase

Operation and maintenance procedures for the refill phase are
described in Section A.3.7.4.
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A.7.8 Termination and Abandonment

Termination and abandonment of the Nash dome site would be the same

as that described in Section A.3.8.
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APPENDIX B

DESCRIPTION OF THE ENVIRONMENT

B.1 INTRODUCTION

This chapter presents descriptions of the environment, both natural
and manmade in the region of the proposed project and in the immediate
vicinity of sites.

The regional environment, discussed in Section B.2, includes in-
formation on the "region" as this pertains to the specific disciplines
discussed. For land features, the region can be considered to include
the Gulf Coast of southeast Texas; for surface water, the region in-
cludes the Brazos and San Bernard River basins and the nearshore Gulf of
Mexico; and for socioeconomics, the region is the four-county area
including Brazoria, Fort Bend, Harris, and Galveston Counties.

In Section B.3, the environment of each of the five candidate
sites -Bryan Mound, Allen dome, West Columbia dome, Damon Mound, and
Nash dome -is presented. Because there are many environmental charac-
teristics which are similar at two or more sites, the description of the
proposed site, Bryan Mound, is most complete. The descriptions for the
four alternative sites are more abbreviated and are cross-referenced to
sections where similar site characteristics exist.

Aspects of the region and of the five sites which are of greatest
significance with regard to impacts of the project (discussed in Appen-
dix C) are summarized in Section B.4, and references cited are included
in Section B.5. Additional physical, chemical and biological oceanographic
data describing the region and the proposed sites from a supplemental
study 1is included in Appendix G and referred to in the text.
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B.2 REGIONAL ENVIRONMENT

B.2.1 Land Features
Physiography

The Seaway Group of SPR sites is situated in a region which includes
the gulfward margin of the Gulf Coastal Plain and the nearshore Gulf
Continental Shelf (Figure B.2-1). The Gulf Coastal Plain physiographic
province is characterized as a relatively flat, featureless prairie
terrace. Its poorly developed surface drainage is to the Gulf of
Mexico. Marshes, swamps, and low gradient streams are common (Figure
B.2-2), and natural levees are often found along the streams.

The Gulf Coastal Plain slopes almost imperceptibly toward the Gulf
of Mexico; at an average rate of about 5 feet per mile. The major topo-
graphic relief in the region is associated with salt dome structures
which have forcibly risen through younger sediments. Relief at Bryan
Mound salt dome, for example, is on the order of 15 feet above the
surrounding country, while at Damon Mound salt dome, the sediments rise
76 feet from the surrounding country to a maximum elevation of 146 feet
above sea level.

The coastal region in the vicinity of the Seaway Group of SPR sites
is located between Christmas Bay and East Matagorda Bay (Figure B.2-2).
It is unique for the Texas coast, because the barrier island chain is
separated from the mainland by narrow, restricted bays which are almost
filled by marshes. The broad, shallow bays characteristic of the rest
of the Texas coast are absent here.

The offshore region in the vicinity of the Seaway Group is in the
Gulf Continental Shelf physiographic province, the submerged extension
of the Gulf Coastal Plain province. Offshore, the bathymetry is virtually
featureless with the bottom sloping gently offshore to the 50 fathom
depth where it falls off rapidly. Typical offshore depths and distances
from shore are 30 feet at 2.5 miles, 60 feet at 6.5 miles and 90 feet at
19.5 miles. The bottom plain is occasionally broken by dredged channels
and small shell ridges, artificial reefs and offshore platforms. Also,
several coral heads are located off the mouth of the Brazos River Diversion

B.2-1
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FIGURE B.2-1 Coastal Plain and Continental Shelf of the Gulf Coast of the United States,
showing distribution of known salt domes and uplifts
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Channel. Significant bottom movements have occurred in the study area
in the last 40 years. Some bottom contours may have changed as much as
10 feet within the 40 foot contour and the shoreline within the area of
the proposed brine pipeline moved several thousand feet gulfward (U.S.
Department of Commerce, 1977).

Geology

The dominant geologic feature of coastal Texas is the Gulf Coast
geosyncline. The axis of this geosyncline generally corresponds with
the present coastlines of Texas, Louisiana, Mississippi, Alabama, and
Florida (Figure B.2-3). The stratigraphic record indicates that the
geosyncline has been slowly and more or less continuously subsiding
since Cretaceous times. Table B.2-1 presents a generalized geologic
time chart for the period subsequent to Cretaceous time. The area of
subsidence received voluminous deltaic accumulations of sediments, which
are derived from broad portions of central North America. These accu-
mulations are expressed as a large wedge of Mesozoic and Cenozoic sedi-
ments that progressively thicken toward the south. In the vicinity of
the coast, the wedge is reported to be about 40,000 feet thick (King,
1969). Individual stratigraphic units also thicken and dip southward.
The same depositional processes are still active. A generalized cross-
section of the Gulf Coast geosyncline is presented in Figure B.2-4.

Another dominant feature of the region is the presence of salt
domes scattered along the gulf coast (Figure B.2-1 and B.2-3). Typi-
cally, these domes are roughly cylindrical in shape, one to five miles
in diameter, and extend from a few tens or feet to several thousand feet
below the surface (Figure B.2-5). The domes are believed to be derived
from the thick Louann Salt Formation of probably Jurassic age which
rests near the base of the sediments. Aided by bouyancy provided by the
relatively low specific gravity of salt, local portions of the deep salt
layer have plastically protruded upwards and pierced the overlying
strata. In response to this upward flow, the adjacent strata are locally
upturned and create excellent traps for petroleum accumulation.

It should be recognized that at least some salt domes, particularly

offshore or coastal domes, are generally considered dynamic‘features,
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viscoplastically rising more or less continuously at a small but finite
rate on the order of 1 millimeter per year. The domes are concomitantly
consumed at the upper surface through dissolution by ground water.

Most investigators now agree that salt dome caprock represents an
accumulation of insoluble material, originally transported within the
salt. As the salt moved upward relative to the surface of the earth,
its upper face was apparently leached by unsaturated water from above.
As the salt dissolved, anhydrite was concentrated as an insoluble
residue. Gypsum, native sulfur and other minerals may have evolved as
the products of altered anhydrite.

Stratigraphy

The sediments in the upper Gulf Coast are principally Eocene to:
Miocene although rocks as old as Cretaceous are encountered in wells
along the inland margin of the area and Pliocene to Recent deposits
mantle the coastal belt. These sediments represent a complex of deltaic
deposits interfingering gulfward with marine wedges which carry a
sequence of well known fossil zones. The relatively simple homoclinal
regional structure often referred to as the north 1imb of the Gulf Coast
geosyncline is interrupted coastward by a series of strike faults and by
a number of salt domes which have produced the structural traps for
large accumulations of oil and gas.

Most of the shallow surficial sediments of the Texas gqulf coast are
composed of recently derived modern (Holocene) sediments which 1ie on
top of the older (Pleistocene) sediments. Pleistocene sediments crop
out in the Freeport area. There, they include clays, fine sands, shells,
and limey concretions indicative of their marine origins. A surface
geologic map of the region which includes the Seaway Group is presented
as Figure B.2-6. The three major units mapped include: barrier island
deposits composed of sand, silt, and clay (mostly sand); alluvium com-
posed of clay (dominant), silt, sand, and organic material; and the

Beaumont clay formation, with barrier island and beach deposits mapped
| separately. The Beaumont Formation was deposited about 100,000 years
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ago during a Pleistocene interglacial stage. The formation was formed
as a depositional plain, by a series of coalescing alluvial and deltaic
plains of ancient river systems.

The Beaumont Formation was deeply disected by streams during the
last glacial period when sea level was about 350 feet Tower than its
present level. The streams readjusted their gradients to the lower sea
level, and became well entrenched by eroding deep valleys in the coastal
areas. With the retreat and melting of the ice sheets, immense amounts
of water were released to the ocean, sea levels rose, and the entrenched
deep valleys of the streams were drowned and became estuaries. Present-
day examples of these estuaries in Texas are Galveston Bay and San
Antonio Bay. The Brazos, Colorado, and Rio Grande Rivers have filled
their estuary systems with sediment and these rivers now discharge
directly into the Gulf of Mexico (Hammond, 1969).

Structure

The major regional geologic structure is the Gulf Coast geosyncline.
Superimposed on the goesyncline are several minor structures (Figure
B.2-3). The most noticeable minor structure is a fault system that
approximately parallels the geosynclinal axis. Faults composing the
system are typically normal and downthrown to the south. The faulting
associated with this system is believed to have occurred gradually but
concurrently with the geosynclinal development. Many other smaller
faults are Tocally associated with individual salt domes. Reportedly,
they have resulted from salt plug emplacement (Johnson and Bredeson,
1971).

Seismicity

The National Oceanic and Atmospheric Administration (NOAA) has
classified the United States into four zones with differing degrees of
expected siesmic risk (Figure B.2-7). These sub-divisions are based
upon the recorded history of past seismic activity, using the Modified

Mercalli Intensity Scale (Table B.2-2). Zone 0 covers areas having no
reasonable expectancy of surface earthquake damage; Zone 1, expected
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TABLE B.2-2 Modified Mercalli Scale of Earthquake Intensity.

I. Not felt except by very few under especlally favorable circumstances.

II. Felt only by a few persons at rest, especlally on upper floors of
buildings. Delicately suspended objects may swing.

ITI. Felt quite noticeably indoors, especially on upper floors, but many
people do not recognize it as an earthquake. Standing motor cars may
rock slightly. Vibration like passing truck. Duration estimated.

IV. During the day felt indoors by many, outdoors by few. At night some
awakened. Dishes, windows, doors disturbed; walls make creaking sound.
Sensation like heavy truck striking building. Standing motor cars
rocked noticeably.

V. Felt by nearly everyone; many awakened. Some dishes, windows, etc.,
broken; a few instances of cracked plaster; unstable objects over-
turned. Disturbances of trees, poles, and other tall objects sometimes
noticed. Pendulum clocks may stop.

VI. Felt by all; many frightened and run outdoors. Some heavy furniture
moved; a few instances of fallen plaster or damaged chimneys. Damage
slight.

VII. Everybody runs outdoors. Damage negligible in buildings of good design
and construction; slight to moderate in well-built ordinary structures:
considerable in poorly built or badly designed structures; some chimneys
broken. Noticed by persons driving motor cars.

VIII. Damage slight in specilally designed structures; considerable in ordinary
substantial buildings, with partial collapse; great in poorly built
structures. Panel walls thrown out of frame structures. Fall of chimneys,
factory stacks, columns, monuments, walls. Heavy furniture overturned.
Sand and mud ejected in small amounts. Changes in well-water levels.
Disturbs persons driving motor cars.

IX. Damage considerable in specially designed structures; well-designed
frame structures thrown out of plumb; great in substantial buildings,
with partial collapse. Buildings shifted off foundations. Ground
craclied conspicuously. Underground pipes broken.

X. Some well-buillt wooden structures destroyed: most masonry and frame
structures destroyed with foundations, ground badly cracked. Rails
bent. Landslides considerable from river banks and steep slopes.
Shifted sand and mud. Water splashed over banks.

XI. Damage total. Waves seen on ground surfaces. Lines of sight and level
distorted. Objects thrown upwards into the air.
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minor damage; Zone 2, expected moderate damage; and Zone 3, possible
major destructive earthquakes. The Seaway Group region is within
Seismic risk Zone 0. ’

A computer-aided search of recorded seismic events within a 200
mile radius was conducted. The result is the following earthquake list:

LAT LONG INTEN MAGNI- DISTANCE

DATE (NORTH) (WEST) (MM) TUDE  REF (MILES)
8 JAN 1891 31.7 95.2 VII EQH 186
24 APR 1964 31.5 93.8 v 3.7 CGS 199
28 APR 1964 31.5 93.8 v 3.4 CGS 199
28 APR 1964 31.2 93.9 v 4.4 CGS 179
3 JUN 1964 31.3 94.0 Iv 4.2 CGS 182

Mineral and Energy Resources

Chief among the mineral and energy resources of the Texas coastal
zone are oil and gas. Important sources of sulfur; salt; chlorine and
magnesium bases for chemical products; shell, clay, and sand for con-
struction aggregate; and industrial sand are also found there.

The main petroleum producing horizon in the area is the 0Oligocene
Frio Formation. 0il and gas are extracted from natural traps in the
strata which are commonly associated with the disturbed strata around
salt domes. 0il production occurs in both onshore and offshore areas.

Sulfur and salt are extracted from salt domes. Salt is produced by
solution and conventional mining of the salt core of a dome. Most is
used as salt brine, primarily for a feedstock in the manufacture of
chlorine, soap, and soda ash.

Sulfur is produced by the Frasch process, in which superheated
water is pumped into wells open to sulfur-bearing caprock material to
melt the sulfur; the molten sulfur is forced up to the surface by
compressed air.

Chlorine and magnesium for chemical processes is derived from Gulf
of Mexico seawater. Dow Chemical Company in Freeport produces 93 per-
cent of the total United States production of magnesium metal.

Gravel for construction aggregate is scarce in the gulfward edge of
the Gulf Coastal Plain, therefore, reliance is on the locally available
fine sand and shell resources. About half of the shell production in
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the area goes to construction aggregate. The remainder is used in the
production of cement, 1ime and chemicals. Fine grained sand is used
extensively for fill.

Soils

The parent materials for soil development in the gulf coast are the
surface and near-surface Pleistocene and Holocene sediments. These are
fluvial and deltaic sediments deposited by the San Bernard and Brazos
Rivers.

Surficial soils in the region consist of sandy to clayey loam, with
minor concentrations of organics and salts.

For the purposes of mapping soils, soil associations are defined.
A soil association is a landscape that has a distinctive proportional
distribution of soils. It normally consists of one or more major soil
and at Teast one minor soil, and it is named for the major soil. The
soil associations found in the region include the Lake Charles-Edna-
Bernard, the Harris-Veston-Galveston, the Miller-Norwood-Pledger and the
Moreland-Pledger-Norwood. Their characteristics are summarized in Table
B.2-3. Figure B.2-8 shows the distribution of the major soil associations
which occur in the region. The map was taken from a portion of the
"General Soil Map of Texas" (Texas Agricultural Experiment Station,
1973).

A detailed description of offshore sediments is provided in Appendix G.

Recent studies indicate that the marine sediments in this section
of the Gulf are of Hologene origin and composed of loose, fine sands,
clays and silts ranging in thickness from a few feet to 50 feet along
the coast between deltaic areas. HNOAA studies indicate the bottom is
hard sand to the 18 foot depth and softer silts and clays out beyond the
50 foot depth with no bottom irregularities (U.S. Dept. of Commerce,
1977).

In the vicinity of river mouths, fans of sand and shell aggrade
offshore to silts and clay. Beyond the 5 fathom depth, the sand grain-
size distribution decreases to become silt and clays. Sediments along
the shelf in the areas 6 to 10 miles from the shore are primarily
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TABLE B.2-3 Soil characteristics of four reaional soil associations.
Annual Setting Mineral and Limitations
Soil Rainfall Parent Chemical Typical and special Land
Association on Soil Material Relief Properties Vegetation Features Uses
Lake Charles - Edna - [ 25-50 inches Clayey and Level to Montmorilionite, strong- | Tall grasses, |Wet, high shrink- | Crops,
Bernard loamy, deltaic | nearly ly acid to moderately live oak swell potential, irrigated
sediments level alkaline in surface very slow crops,
“ayer, increasing permeability; pasture,
alkalinity with depth high corrosion range,
potential; high wildlife,
sodium in lower
layers; severe
residential
foundation
problems
Harris - Veston - 25-55 inches Clayey to Level to Montmorillonite and Cord Wet, high Range,
Galveston sandy, marine gently mixed; neutral in grasses and corrosion poten- urban,
and deltaic undulating surface layer; other tial, high recreation,
sediments salinity common bunch grasses, [shrink-swell wildlife
sedages
Miller - Norwood - 38-45 inches Clayey and Level Mixed with mont- Hardwood High shrink- Crops,
Pledger loamy, cal- morillonite; moderate- forest, swell potential, irrigated
and careous recent ly alkatine and shade occasional crops,
Moreland - Pledger - flood plain calcareous to neutral tolerant flooding, high pasture,
Norwood alluvium in surface, moderate- tall corrosion urban,
ly alkaline and grasses potential parks
l calcareous below
Source: Texas Agricultural Experiment Station, 1973.
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heavily weathered, coarse grained sands (SEADOCK, 1975). A detailed
description of the sediments found in the offshore region is presented in
Appendix G.

B.2.2 MWater Environment

B.2.2.1 Surface Water Systems

Introduction

As described in Section B.2.1, the Texas Gulf Coastal Plain is a
fairly flat, low gradient prairie with poorly developed surface drain-
age. The major surface water systems in the region include the Brazos
River and its tributaries, the San Bernard River and its tributaries,
the coastal marshes, Freeport and Brazos Harbors, the Intracoastal
Waterway, and the Gulf of Mexico (Figure B.2-9).

The Brazos River

The Brazos River basin is the largest drainage basin in Texas. Its
area encompasses 44,340 square miles, about 15 percent of the state.
The tidal portion extends from the Gulf of Mexico to Brazoria, about 25
river miles. Estuarine conditions are present in the lower reaches of
the tidal Brazos River. Diurnal tidal range at the mouth is 1.8 feet.

The Lower Brazos River was diverted in the early 1940s to provide
a suitable harbor in the old river for the Freeport area. This diverted
channel, the Brazos River Diversion Channel, is about 6 miles long from
the point of diversion to the Gulf of Mexico (Figure B.2-9). Ten-foot
depths are reported between the Intracoastal Waterway and Brazoria.
Controlling depth at the mouth of the river is approximately 3 to 4
feet.

The U.S. Geological Survey (USGS) streamflow monitoring station
nearest to the proposed sites is station number 08116650 near Rosharon,
Texas. Streamflow characteristics over the period of record (since

April 1967) are summarized in Table B.2-4 below.
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TABLE B.2-4 Streamflow Characteristics of Brazos River at Rosharon, Texas

Flow
Cubic Feet Per Second
Event Date (cfs)
Period of Record (since April 1967)
Average Discharge Period of Record 8,357
Maximum Daily Discharge May 14, 1968 79,900
Minimum Daily Discharge April 7-10, 1967 40
Water year 1975 (October 1974 to September 1975)
Maximum Daily Discharge 61,900
Minimum Daily Discharge 1,660
Maximum Average Monthly
Discharge November 33,580
Minimum Average Monthly
Discharge August 4,395

The water of the Brazos River has not been widely developed for
municipal and industrial use because it is often too saline. Most of
the salt load is from solution of salt domes, and from springs and seeps
in the upper river basin. Several large reservoirs have been built in
the basin, but use of the stored water has been Timited due to high
salinity. However, the water is generally suitable for irrigation
(Texas Water Quality Board, 1976).

Dow Chemical represents the major industrial installation utilizing
the lower Brazos River, both as a source of water and as a waste water
receiving stream. During high water stages, Dow purchases fresh water
from the Lower Brazos River Authority and stores it in Brazoria and
Harris Reservoi