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Appendix C
ENVIRONMENTAL IMPACTS OF THE PROPOSED AND ALTERNATIVE ACTIONS

C.1 INTRODUCTION

The environmental setting of the proposed project has been described
in Appendix B. This section describes the impacts which the project may
have on that environment.

Risks related to storage and transportation of oil and brine for each
proposed SPR storage site are summarized in Section C.2. Impacts associated
with construction and operation at the proposed site (Bryan Mound) are
presented in Section C.3; impacts associated with the four alternate sites
are described in Sections C.4 through C.7. References cited are included
as Section C.8.

1
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C.2 SPR OIL AND BRINE SPILLS FOR THE CANDIDATE STORAGE SITES

As the possible accidental release of o0il and brine during project
development and operation may have impacts on many aspects of the environ-
ment, the quantities of these fluids expected to be released to the environ-
ment are summarized here. Detailed descriptions of 0il and brine spill
risks, including methodology of calculation, dispersal in the environment,
and cleanup and prevention technology are provided in Appendix E.

Evaluation of the associated environmental risks expected to accompany
development of each site is provided in the site-specific descriptions
of impact in Sections C.3 through C.7.

0i1 spills which might accompany development of SPR storage facilities
would result from marine transport between the open Gulf of Mexico and
the DOE docks at Freeport, from pipeline transport between the docks and
the storage sites, and from terminal operation at the storage sites and
at the SEAWAY Tank Farm. The risk of cavern collapse is considered unlikely.
Estimates of spill frequency and total spill volume are provided in Tables
C.2-1 and C.2-2 (taken from Appendix E) during cavern fill and cavern with-
drawal operations, respectively, for the Bryan Mound early storage develop-
ment or for SPR expansion at each candidate site.

The greatest volume of 0il spill is expected to occur during cavern
fi11 (for each site) because of the VLCC tanker lightering operation in the
Gulf (during withdrawal, o0il is expected to be transported directly to
other ports by 45 to 50 thousand dead weight ton (MDWT) tankers or supplied
inland by the SEAWAY Pipeline. The greatest potential for large o0il spills
would occur with tanker transport between the Gulf and Freeport (60,000
barrels maximum credible spill; 1111 barrels average spill).

Because exposures are similar, the expected frequency and volume of oil
spills is basically a function of storage capacity. Thus, a 163 MMB storage
capacity at any combination of sites would produce roughly 2.6 times as much
0il spillage as the Bryan Mound early storage site alone (163 MMB/63 MMB).
Additional exposure would occur by deve1qp1ng Allen, West Columbia, Nash
or Damon Mound, rather than Bryan Mound because of greater pipeline
length and the additional terminal facility risks. 0i1 spill expectation

C.2-1
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TABLE C.2-1

Expected crude oil spills - cavern fill operations.

a
Averige Bryan Mound Bryan Mound Allen Dome West Columbia Nash Dorme Darion Mound Total Progran
01) Handling il farly Storage SPR Expansion SPR Expansion SPR Expansion SPR Expansion SPR Expausion Spiil Risk Cr[ed:a.e
Maze/Location Size - Spill Size
(bb1) No. Spills Barrels No. Spills Barrels No. Spills Barrels No. Spills Barrels No. Spills Barrels No. Spills Barrels No. Spills Barrels {boY)
Sulif
~Trans fers 12.9 14.6 189 23.2 300 23.2 300 23.2 300 23.2 330 23.2 300 3.8 489 1,000
-Vessel Casualty 1 0.018 20 0.029 32.2 0.029 2.2 0.029 32.2 0.029 32.2 0.029 32.2 0.047 52.2 60,00C
Freeport Harbor
-Transfers 2.7 2.9 63 4.6 100 4.6 100 4.6 100 4.6 100 4.6 100 7.5 163 500
Termirals
-Bryan Mound 500 0.0315 5.8 0.05 25 0.05 25 0.05 25 0.05 25 0.05 25 0.0815 40.8 5,000
~SEAMAY 1100 - --- -—- --- 0.05 55 0.05 55 0.05 55 0.05 55 0.05 55 5,000
-Alternative Storage Site $00 .- - - - 0.05 25 0.05 25 0.05 25 0.05 25 0.05 25 5.000
Pipelines
~Purmim;b 1100 0.0005 0.6 - e 0.0063 6.9 0.0158 17.3 0.0252 27.7 0.0252 1.7 0.0257 28.3 10,000
Total - Single Fill - 17.6 288.4 27.9 457.2 28.0 546.1 28.0 554.5 28.0 564.9 28.0 564.9 45.6 853.3
Total - 5 Fills - 87.8 1442.0 139.5 2286.0 140.0 2720.5 140.0 2772.5 140.0 2824.5 140.0 2824.5 228.0 4266.5

%Totals are for worst case combination of sites having 163 MB storage capacity, i{.e., Bryan Mound early storage and Nash or Oamon Mound SPR expansion.

bNo pipeline spills are allocated to Bryan Mound SPR expansion as 01l would be exposed to spillage due to standby storage with early storage facility.
site and Seaway Terminal.

for other SPR sites, pipcline spill exposures occur between
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TABLE C.2-2 Qi1 spill expectation model projections - cavern withdrawal operationsa
and project totals.

Average 8ryan Mound Bryan Mound Allen Dome West Columbia Nash Dome Damon Mound b
) Total Program Max {
011 Handling Spin Early Storage SPR Expansion SPR Expansion SPR Expansion SPR Expansion PR i ax imum
Mode/Locatton Size SPR Expansion SPAM Size chle(l”::ek
(bb1) No. Spills Barrels Ko. Spills Barrels No. Spills Barrels No. Spills Barrels No. Spills Barvels No. Spills parrels No. Spills Barrels p(bb]) s

Gulf

~Transfers - ——— —— ——— —— ——— ——— - ——— - - - - .- - -
-Vessel Casualty m 0.0028 30 0.0045 5 0.0045 5 0.0045 5 0.0045 ) 0.0045 5 0.0073 8.1 60,000
Freeport Harbor

~Transfers 42 1.2 50.4 1.9 80 1.9 80 1.9 80 1.9 80 1.9 80 I 130.4 500
Terminals

~8ryan Mound 500 0.0315 15.8 0.05 25 0.02 10 0.02 10 0.02 10 0.02 10 0.0515 25.8 5,000
~SEAWAYC 1100 0.0189 20.8 0.03 33 0.05 55 0.05 535 0.05 S5 0.05 55 0.0689 75.8 $,000
-Alternative Storage Site - - — .- --- . 0.05 25 0.05 25 0.05 25 0.05 25 0.05 25.0 5,000
Pipel ines

-P\.llnlngd 1100 0.0008 0.9 - - 0.0016 1.8 0.0041 4.5 0.0066 7.2 0.0066 7. 0.0074 8.1 10,000
Total - Single Withdrawal -— 1.2 91.0 1.7 124.3 2.03 176.8 2.03 179.5 2.03 182.2 2.03 182. 3.29 273.2
Total - § Withdrawais - 6.3 455.0 8.4 621.5 10.1 884.0 10.1 897.5 10.1 911.0 10.1 9. 16.4 1366.0
Project Total - 5 Cycles - 9.1 1897.0 147.9 3001.0 150.1 3604.5 150.1 3670.0 150.1 3735.5 150.1 373S. 244.2 5632.5
Project Total with 0il

Stored in Pipeline - 94.1 1930 147.9 3001.0 150.2 3657.7 1€0.2 3303.0 150.3 3948.5 150.3 3948. 244 .4 5878.5

"During withdrawal it 1s assumed that about 40 percent of the nil {s shipped by tanker to the Gulf and about 60 percent {s delivered to the SEAYAY Pipeline.
b'lotals are for worst case combination of sites having 163 MMB storage capacity, {.e., 8ryan Mound early storage and Nash or Oamon SPR expansion.

CFor worst case exposure calculations, 1t is assumed that

all >{1 pumped from Allen, West Columbia, Nash, and Damon Mound sites is sub

dNo pipeline spills are allocated to Bryan Mound SPR expansion as ofil would be exposed to spillage due to standby storage with early storage facility. For other SPR sites, pipeline spill exposures occur between
site and SEAWAY Terminal,




for Bryan Mound early storage and Nash dome (163 MMB combined, maximum
pipeline length) is 5879 barrels; oil spill risks for Bryan Mound early
storage and SPR expansion (163 MMB, minimum pipeline length) is 4539
barrels.

A summary of brine and raw water spill risk expectations for the
candidate SPR sites is provided in Table C.2-3 for leaching, oil fill,
0il withdrawal and standby storage. Brine spill exposures occur from
pipelines during leaching, oil fill and standby storage; raw water exposures
occur from pipelines during leaching, oil withdrawal, and standby storage.

Total expected spillage of brine and raw water are very dependent on
site development selection because pipeline length is a principal exposure
parameter. For example, if Bryan Mound is selected for SPR expansion,
total spillage is calculated to be 310 barrels of brine (80 percent in the
Gulf) and 120 barrels of raw water (65 percent in the Gulf). If SPR
expansion occurs at either Damon Mound or Nash dome, however, the total
expected spill volume is 2492 barrels of brine (10 percent in Gulf) and
3026 barrels of raw water (3 percent in Gulf).

In describing site-specific impacts to water quality, ecology, and
other aspects of the environment, in Section C.3, reference will be made
to the spill expectations given in Tables C.2-1 through C.2-3.

C.2-4
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TABLE C.2-3 Brine and raw water spi]]a expectation model projections during project 1ifetime.

_Cavern FiN)__
Raw Water

Standby Storage
rine Raw Water

T Brine T N " Brine
TilT “nshore Gulf{ ~Onshore " Tl " fnshore

Storage Facility

Bryan Mound No. Spills - - - - 0.012% 0.0072% - - 0.003% 0.M16 0.0078 L0035
Early Storage Barrels - - - _ - 65 _ S - - w 68 39 U
Bryan Mound No. Spilis 0.0 0.002 - 0.001 0.0195 0.0010 - - 0.0043 0.0019 b b
SPR Expanslon  Barvels S0 Y0___ - S5 975 201 _ - [T A N SN SR
Allen Dome No. Spills n.01 0.024 - 0.023 0.019% 0.047 - - b 0.0717 b 0.0
SPR Expansfon Barrels .50 120 975 2~ b 359 b 359
West Colimbia No. Spills 0.0 0.048 - 0.047 0.0195 0.091 - - b 0.1% b 015
SPR Expansion  Barvels 50 240 - 2% 9.5 4SS - - b 750 b 750
Nash Dome Ho. Spitls 0.01 0.072 - 0.0707 0.0195 0.142 - - b 0.237 h n.237
SPR Expansion Barrels 50 30 - IS _ 97.5 70 - A 112 b 1142
Damon Mound No. Spills 0.00 0.072 - 0.071 0.0175 0,142 - - b 0.237 b 0.2
SPR Expansfon ~ Barvels 50 _ 360 - 355  97.5 no - s b LY b 1142
Total ram No. Spills n.01 0.07? - 0.071 0.032 0.1445 - - n.00e 0.2410 [Mrdy)’8 n.2440
Spitl jl,l_skcv _._Barrels _..%%0 - 355 10 723 - - 39 . 1160 19 1160

'Average spi1l from brine pipelines taken to he 5000 barrels; maximan credihle spill taken to he 30,000 barrels: computed
for five cavern fill/withdrawal operations,

Losses from these SPR operations would occur in any case as a result of Rryan Mound early <toraqe and are attributed to
these facilities.

cI'r:';qram totals are for worst case cawhination of sites having 163 MMA storage capacity, i.e.. Aryan Mound early
storage and Nash or Namon Mound SPR expansion.

Ail{ Onshore fulf  Onsinie  Aulf Onshove Gulf Onshore Auif  Onshore fulT

011 Withdrawal _
rine Raw Mater

. - 0.0005 0.0160
e 25 605
. . b 0.038
sz b 168

0.0115 0.0295

- - ... 5.5 1415
- - 0.0735 0.0295
.- 1S
- - 0.036 0.0295

e . 1415
- - 0.036 0.0295
- - 1801415

0.036% 0.0498

- 183 219

Project Lifetime

rine. "
Onshare Ruli

Raw Water
On<hove

0.0041 0.01%5 0.0076
205 18 3.5
0.0079 b 0.001
1 b8
n.143 b 0.178
ne b 295
0.289 h n.a7l

b es3
0.451 b 0.582
212 b 2910
0.15) h 0.5%A27
22 b 2910

0.158  0.015% 0.5096
2213 " 294







C.3 PROPOSED SITE FOR SPR EXPANSION - BRYAN MOUND

The candidate site proposed for expansion of storage capacity in
the Seaway Group is Bryan Mound. As explained in Section 2.3, Bryan
Mound has previously been selected for early storage development of 63
MMB of existing cavern space. The following facilities are required for
early storage development and therefore would be available for site
expansion (Figure A.2-3): a pump station and control house; 100,000
barrel brine settling pond; a blanket o0il system; four 200,000 barrel
0il surge tanks; a 30-inch diameter o0il pipeline connecting the storage
site with the SEAWAY Docks 3 miles to the east and with the SEAWAY Tank
Farm 4 miles to the northwest; a raw water intake system with desander
at the Brazos River Diversion Channel; and 5 backup brine disposal wells
located along the pipeline corridor to the northeast. The environmental
impacts of construction and operation of these facilities, including
storage of 63 MMB of 0il in four existing salt dome cavities, have been
addressed in FES 76/77-6 and its supplement.

New facilities required for SPR site expansion include the following:
up to 12 leached storage cavities having a total capacity of 100 MMB
(for a site total of 163 MMB); roadways and sections of oil, brine, and
raw water pipelines to connect the new cavities with the central pump
and control house; a 30-inch diameter brine disposal pipeline and diffuser
to the Gulf; two tanker docks to be constructed, one adjacent to the
SEAWAY Docks and the other at Brazos Harbor. The present report considers
impacts associated with construction and operation of these new facilities
and with expanded use of the early storage development facilities.
Where impacts are increased by development of both storage facilities
(such as oil spills or hydrocarbon emissions), total impacts of the
entire facility are considered.

System alternatives which are considered include: 17 additional
brine injection wells for disposal into deep &ubsurface aquifers; brine
supply to the Dow Chemical Company plant in Freeport; use of a brine
diffuser system 12.5 miles into the Gulf, construction of a deepwater
monobuoy in the Gulf for oil fill and withdrawal; use of Phillips Petroleum

C.3-1




Company docks, as available; use of SEAWAY Docks instead of constructing
new docks (applicable only if SEADOCK is constructed); withdrawal of
ground water for leaching and oil displacement, supply of raw water from
Dow Chemical Company's Harris and Brazoria Reservoirs; and onsite gas
turbine power generation. Impacts of development and use of these
alternatives are also considered in the following subsections.

C.3.1 Impacts of Site Preparation and Construction

C.3.1.1 Land Features

Proposed Facilities

Grading and excavation at the 240 acre Bryan Mound storage site
would be confined to about 36 acres (Table A.3-1), most of which would
occur in areas already disturbed. Excavation of about 30,000 cubic
yards would be required. Before revegetation of disturbed areas is
complete, some erosion of the soil may occur.

Construction of the new tanker docks would require an estimated
1,050,000 cubic yards (cy) of dredging from the harbors and about 14
acres of dock site grading. As these facilities would be constructed on
disturbed industrial land, the environmental impacts would not be signifi-
cant. Suitable Tocations for spoil disposal are available nearby.

About 6000 cy of material would be temporarily displaced during
installation of a pipeline between the DOt early storage phase oil
distribution pipeline and the Brazos Harbor dock (Figure A.3-1). This
activity would temporarily disrupt soil on about 4 acres of marsh and 4
acres of cleared land.

Construction of the brine disposal system to the Gulf diffuser 5.8
miles offshore would effect 21 acres of coastal prairie, marshland and
beaches and 142 acres of Gulf bottom. About 38,490 cy of soil would be
displaced during onshore construction, and the excavated materials would
be temporarily stored on the pipeline right-of-way for refilling the
trenches. Offshore, 158,792 cy of bottom sediments would be displaced
during construction, with the majority resettling in the pipeline right-
of-way. These activities would have a significant but temporary impact
on land effected by construction. Careful recontouring and revegetation

C.3-2




of the beach sands crossings would be necessary to maintain long term
stability and prevent permanent alteration of the environment.

Leaching of 10 storage cavities in the Bryan Mound salt dome would
involve removal of 100 MMB of salt by leaching for disposal in the Gulf
of Mexico. This is equivalent to 20.8 x 106 cy of salt.

The alteration of land features, in addition to disturbance of 36
acres at the storage site required for site expansion, would be 10 acres
along pipeline rights-of-way, and 14 acres at the DOE Tanker Docks.
Accompanying quantities of earth excavation would be approximately 6000
cy.

Alternative Facilities

The alternative brine disposal system into deep aquifers would
require disturbance of 61 acres offsite and possibly up to 61,000 cy of
fi11 to construct the drill pads for 19 additional brine injection
wells. About 57,000 cy of material would temporarily be excavated for
pipeline installation.

The alternative brine diffuser 12.5 miles offshore in the Gulf of
Mexico would temporarily disrupt 326 acres of land, all but 21 of which
would be offshore. The construction would require 97,300 cy of excavation
offshore beyond that excavated for the 5.0 mile pipeline which would
resettle to the same general area after pipeline completion.

Alternative raw water supply from Dow Chemical Company would require
temporary excavation of about 32,000 cy of material in a 37 acre right-
of-way along existing pipeline rights-of-way to install an additional
pipeline. Alternative brine disposal to Dow would require no new pipe-
lines or earth excavation. Development of a well field to tap the
Evangeline aquifer would require 69 acres and 57,000 cy of excavation.

Onsite power generation would require no additional land disturbance.

Use of the Phillips docks for o0il distribution would require construc-
tion of a short pipeline, requiring excavation of an estimated 2500 cy
of material on 6 acres of land. Conversion of SEAWAY Dock capacity
would require minimal amounts of site grading adjacent to the Docks.

C.3
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Construction of a monobuoy for tanker offloading and loading in the
Gulf of Mexico would require a 30 mile pipeline to 100 foot water depth.
An estimated 369,000 cy of material would be excavated on 727 acres of
right-of-way in the Gulf.

C.3.1.2 Water Resources

Site preparation and construction of the proposed facilities at
Bryan Mound may impact the water resources of several water bodies,
including: the onsite lakes, the Intracoastal Waterway, the Brazos
River Diversion Channel, Freeport and Brazos Harbors, the Gulf of Mexico
and groundwater aquifers. Potential impacts are treated according to
specific aspects of facility development.

Raw Water Withdrawal

Water for leaching the caverns would be obtained from the early
storage phase intake on the Brazos River Diversion Channel. Withdrawal
of a maximum of 534,000 B/D (35 cfs) would be required. This is less
than 0.5 percent of the average daily flow of the Brazos River. Normal
river flow ranges from about 400 cfs to 20,000 cfs, and salinity is
frequently greater than 20 ppt. Under extreme low flow conditions (40
cfs), tidal dynamics in the Brazos River Estuary would still assure a
more than adequate supply of water, as the 10 foot channel promotes
inshore flow of Gulf water. During periods of Tow flow, a significant
natural increase in the salinity of the lower Brazos River is produced
by intrusion of sea water from the Gulf of Mexico. The additional
impact of withdrawal on water quality is expected to be undetectable.

Brine Disposal

Construction of the brine diffuser pipeline to the proposed diffuser
site would require the dredging of a submarine trench 5.8 miles into the
Gulf. This construction would cause a major increase in turbidity near
construction activities. Other anticipated effects would include increased
suspended nutrients in the water column, reduced dissolved oxygen concen-
tration, increased concentrations of trace metals in the water column,
and increased organic pollutants such as hydrocarbons and organic pesti-

cides. These effects are expected to be minor due to the limited duration




of construction activities, the mitigating effects of dispersion, and
the small areal extent of the impacts relative to the regional resource.

During cavern leaching, a maximum discharge of approximately 684,000
B/D of brine (~270 ppt) would be released to the Gulf of Mexico over 50
to 60 months through a pipeline and diffuser. Brine would be discharged
in 50 feet of water (ambient salinity of 30 to 35 ppt) 5.8 miles south
of Bryan Beach. In order to gain a quantitative indication of the
possible impacts of brine disposal on water quality in the Gulf of
Mexico, computer simulation analyses were performed using a time-
dependent model (NOAA, 1977). Model input included estimated current
fields that closely approximate actual conditions and observed current
patterns obtained from baseline monitoring at the Gulf diffuser site. A
summary of the study results is provided in Appendix G.

For the case of the most active current conditions, the predicted
maximum salinity concentration at the ocean floor was 3.5 ppt greater
than ambient (~10 percent) in the immediate vicinity of the diffuser.

The 1.0 ppt salinity excess contour at the bottom covered about 500
acres; the 0.5 ppt contour covered approximately 2000 acres. The salinity
excess values at mid-water depths did not generally exceed 0.1 ppt.

For the case of stagnant currents, the predicted maximum salinity
excess was greater than 5 ppt in the 25 acres immediately around the
diffuser. The 1.0 ppt salinity excess contour covered about 2000 acres
after 8 days of stagnation. However, the area affected by the smaller
concentration excesses (less than about 0.5 ppt) were often smallest for
the case with stagnation.

The results of the analyses show that the current sequence has only
a moderate effect on the maximum predicted concentration in the far
field, but it has a substantial influence on the shape of the calculated
concentration distribution. Periods of strong ambient current produce
long, narrow plumes. Concentrations near the diffuser are relatively
low due to the strong dependence of near field dilution on current
speed. During periods of stagnation, the plumes remain closer to the
diffuser. Concentrations near the diffuser are generally higher during
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stagnant conditions than for the strong net current cases due to salinity
concentration build-up. The expected average concentration of oil in the
displaced brine during cavern refills is 6 ppm (see Appendix D). Disposal
would occur for a 2.3-year period during each refill operation.

Discharge of the brine would effect water quality in the area in
several ways. The ion ratios of bulk constituents relative to "normal"
seawater are shown in Table G.3-4. Only sodium exceeds normal concentra-
tions while other ions, most importantly magnesium, are well below
existing conditions. Of greater importance is the distortion of the
Ca/Mg and K/Na ratios in the brine relative to seawater which have been
shown to be an important ecological factor in the physiological function
of several aquatic organisms. This imbalance may be as signigicant a
concern as increased osmotic stress due to excess salinity. Increases
in the concentrations of dissolved and precipitated chemical components
would parallel increased salinity. Having an affinity for the surface
of existing particles, the possible settling of these components could
influence sessile marine 1ife in the disposal area.

Some trace metals are found in higher than normal seawater concentra-
tions in the raw water from the Brazos River. Concentrations in the
leaching water could exceed EPA recommended guidelines during low river
flow or flooding conditions. When the raw water is retained in the
caverns for a sustained period of time such as during withdrawal and
refill, sedimentation of most heavy metals out of the brine would occur.

The 0il in brine analysis and experience gained during several years of
operation of a similar facility in Manasque, France has shown that concentrat
of 01l in the discharged brine should be well below the EPA recommended guide
1ine (see Appendix D).

Maximum o0il concentrations at the diffuser are expected to be less than

15 ppm and average 6 ppm over the project, and are not expected to have
adverse impacts. Depressed dissolved oxygen concentrations resulting

from elevated salinity and temperature are expected to be minor and
temporary.
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The 5-well backup brine disposal system would inject brine into
deep salt water bearing sands. These sands are relatively permeable;
thus, it is expected that the dense brine would flow downdip with a
relativeiy slow movement that would not induce extensive mixing with the
formation water. The high permeability of the sands would minimize the
T1ikelihood of migration of brine or saline water displaced up along
faults or improperly cased wells. No impact to water supply is anticipated.

Dock Construction

Dredging at the DOE dock sites adjacent to the SEAWAY Docks on the
01d Brazos River and in Brazos Harbor (1,050,000 cy) would result in
temporary increases in turbidity, and possible releases of toxic sulfides,
heavy metals, arsenic, pesticides, or other toxic materials trapped
within the bottom sediments. If the bottom sediments are polluted the
release of these pollutants cannot be avoided. Most researchers have
concluded that modern (hydraulic) dredging techniques have Tittle effect
on the water directly overlying the sediments (Slotte, 1974; Windom,

1972 and 1975; May, 1973; Seila, 1971; and Macklin, 1962). These investi-
gations report that dredging activities may increase water turbidity and
other parameters to a very minor degree up to a mile from the dredge

site under certain conditions. Significant increases in any parameter
have been reported only within 200 feet of the dredge.

The amount of dredging required for the DOE docks is comparable to
ongoing maintenance dredging (over 1 million cy annually) and proposed
deepening of the harbor channel (100 million cy). In 1975, the Corps of
Engineers measured water quality in Freeport Harbor and the Intracoastal
Waterway before, during, and after dredging (Appendix B). Increased
values of nitrogen and chemical oxygen demand were indicated during
dredging activity, but most parameters showed no significant change in
concentration as a result of dredging. Due to the present Tow quality
of water in Freeport Harbor and the 1iklihood that Tittle change in
overall water quality would occur from dredging activities, the construc-
tion of the DOE docks should have a negligible impact.

Construction of Surface Facilities

Sediment represents the major non-point source of water pollution
from surface construction sites. Sediment includes solid and organic
materials detached from the ground surface by erosion and carried into
the drainage system. Large volumes of sediment may ultimately reduce
the storage capacity of waterways, thereby increasing flooding hazards,
fouling and destroying aquatic habitats, and diminishing recreational
and property values. While the sediment is suspended in the water, it

c.3-7




may enhance the transport of pollutants such as human and animal sanitary
wastes, pesticides, and petrochemicals.

Site preparation and construction activities at Bryan Mound and
along the connector 0il pipelines would require displacement of approxi-
mately 31,300 cy of soil from 36 acres of land. The site soils are
highly erodable, presenting a potential impact to the onsite lakes and
the nearby Intracoastal Waterway. These impacts may include increased
sedimentation, and introduction of chemicals released from the soil or
from construction activities. Construction would include the building
of a storm-water runoff collection and treatment system to minimize
future impacts.

Numerous solid and Tliquid products, both organic and inorganic,
used in construction are a source of water pollution. They may be
broadly grouped under the following headings:

Petroleum products
Herbicides and pesticides
Fertilizers

Metals

Soil additives
Construction chemicals

O O O o O o o

Miscellaneous wastes

Of these, petroleum products, herbicides and pesticides, and ferti-
lizers are the best known and the best documented sources of chemical
pollution. Pollution from petroleum products generally occurs from
improper disposal of waste materials such as crankcase o0il and cleaning
solvents; leakage of fuels and oil from storage facilities, and damaged
or improperly maintained vehicles; fuel spills during equipment refueling;
and the use of oils for dust control on roadways. Herbicides and pesti-
cides are used on construction sites to control undesirable vegetation,
insects, and rodents. Fertilizers are extensively utilized in the
revegetation of areas affected by grading. The primary cause of pollution

from their use is the improper use, handling, and disposal of waste
materials. Volumes of pollutants from these sources would be small and,




except in the case of chronic releases, would have a small effect on
water quality.

The biological pollutants which generally enter receiving streams
and other water bodies as a result of construction activities are bacteria,
fungi, worms, viruses, and other less common organisms. Portable sanitary
facilities would be provided at the construction sites according to
Occupational Safety and Health Administration standards.

Accidental Brine Release

The estimated quantity of brine spilled during leaching of Bryan
Mound expansion cavities is 50 barrels into Gulf of Mexico waters and 10
barrels onto land and water bodies between Bryan Beach and the storage
site (Table C.2-3). 1In addition, an estimated 5 barrels of salt water
would be lost from the raw water supply system. Maximum credible spills
of up to 30,000 barrels are considered possible, though highly unlikely.

A brine spill at the site or along the disposal pipeline could
locally impact the water quality in the upper unit of the Chicot aquifer,
however. The brine would tend to migrate downward within the formation
and downdip along the formation due to density differences. A massive
spill, although highly unlikely, could possibly impact the quality of
municipal water supplies pumped from aquifers in the Brazosport area by
causing increased salinities in those aquifers. As local recharge of
near surface aquifers has been found to be minimal, potential seepage
from the membrane-Tined brine pit or minor pipeline spills are likely to
have negligible impact on water quality.

Hurricane surge studies conducted by the U.S. Army Corps of Engineers
indicate that the 100-year flood elevation, excluding wave runup, at
Bryan Mound is +12.0 feet MSL (Trahan, personal communication). As the
brine pond would be protected by an existing levee of elevation +19 feet
MSL, there is Tittle likelihood of a catastrophic failure that would
result in the release of the contents of the pond. Should a storm surge
of sufficient magnitude occur to breach the levee, impacts caused by
loss of the brine would not be distinguishable from storm wave and
saltwater damages.
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Construction and Use of Alternative Facilities

Alternative systems to provide raw water for cavern leaching and
0il displacement include supply from Dow Chemical Company's existing
reservoirs and withdrawal of saline ground water from the Evangeline
aquifer. Use of Dow's reservoirs would have negligible environmental
impact, as sufficient storage capacity is available at the reservoirs so
that withdrawal for this project would be insignificant. (The ultimate
source for this water remains the Brazos River.) Development of a
suitable well field to supply 534,000 B/D for cavern leaching is feasible,
based on aquifer characteristics provided in Section B.2.2.2. The
problem of surface subsidence remains, however. Development of a well
field with negligible potential for subsidence may require hundreds of
acres. Final design of the well field would depend on analysis of test
well results (Appendix A).

Impacts that might result from withdrawal of such large quantities
of water include lowering of the piezometric level in the pumped zone,
land subsidence, and intrusion of the pumped zone by waters of different
salinities. Land subsidence and saltwater intrusion result directly
from drawdown or reduction of the piezometric level in the aquifer.

This, in turn, depends upon such factors as pumping rate, well spacing
and completion, and aquifer thickness. With due consideration to well
spacing and completion methods and given the great thickness and high
permeability of sands containing moderately saline water in the site
vicinity, it should be possible to provide the required quantities of
water with less than 100 feet of drawdown in the vicinity of the well
field. Data provided in publications by Pettit and Windslow (1957),
Hammond (1969) and Sandeen and Wesselman (1973) indicate that about one
foot of subsidence results from 100 feet of drawdown in the Texas coastal
area. Subsidence on the order of 1.6 feet in Freeport and 2.7 feet in
Texas City had already occurred by 1959 from much smaller ground water
withdrawals than those that would be needed for operation of the Bryan
Mound oil storage facility. However, most of that pumping was restricted
to the freshwater zones of the upper Chicot aquifer, about 150 feet
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thick. The Tower unit of the Chicot aquifer and the Evangeline aquifer
provide a total of over 1500 feet of sand containing moderately saline
water.

Alternative brine disposal systems include providing all or part of
Dow's feedstock demand, construction of a brine diffuser system 12.5
miles offshore, and deep well injection into Miocene sands. Delivery of
brine to Dow would have few environmental impacts as the pipeline is
presently in place. Brine spillage of the order of tens of barrels could
be expected. This alternative appears impractical at this time since Dow
has been unwilling to accept brine at the rates and volumes necessary.

The nature of the impacts associated with the 12.5 mile diffuser system
would be similar to those discussed for the proposed diffuser system.
Brine diffusion may occur at a slightly slower rate at this site during
some seasons, due to stronger vertical stratification of the water column.
A complete description is provided in Appendix G. Deep well injection of
brine into saline water bearing sands would not affect potable water sup-
plies unless confining beds above the sands should be fractured, resulting
in upward displacement of saline water, or unless migration up improperly
plugged wells is initiated. Brine injection to deep salt water bearing
sands can impact water supplies in various ways including increasing the
salinity of the water in the sand formation, displacement of moderately
saline water from one portion of the sand formation into portions con-
taining fresh water, or inducing migration of brine or moderately saline
water from the sand into a fresh water aquifer via such avenues as faults
or abandoned wells. In certain geologic provinces where the rock is under
stress it may be possible to generate earthquakes or activate faults by
high pressure injection of waste water.

The proposed receiving formations for injection of brine at Bryan
Mound range in depth from 3000 to 8000 feet, well below any aquifer
containing fresh or slightly saline water. The increase in salinity,
therefore, would be restricted to water that would not be economically
competitive for desalination due to the large quantities of slightly
saline water available in the region. Generally the only wells extending
to the depth of the injection zone are oil wells which are generally
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concentrated near the dome. Injection zone formations are not in a

state of stress and are relatively permeable, thus providing a path of
least resistance in preference to faults. Standard operating procedures
and routine monitoring of injection pressures should preclude hydro-
fracturing. In addition, the extremely dense brine would tend to move
downdip in the receiving formation and the relatively slow movement

would not induce mixing with the formation fluids. No adverse impact on
water supplies is foreseen should injection be selected for brine disposal.

Another potential problem associated with deep well injection of
brine concerns migration of o0il and gas resources due to displacement or
pressurization. This problem is discussed in Appendix H.

Should this deep well injection alternative be selected, all deep
wells 1in the disposal area would be investigated for potential migration
of oil and gas. Also, an extensive program to monitor pressure in the
receiving formation, would be initiated prior to and during brine injection.

Alternative methods of transporting oil include use of Phillips or
SEAWAY Docks in place of new DOE docks and construction of a marine
pipeline and monobuoy. As no dredging would be required to use the
industry docks, water quality impacts would be limited to minor quanti-
ties of erosion and release of construction wastes at the dock sites.
Construction of the offshore terminal facilities would produce signifi-
cant local, but temporary, suspension of bottom sediments and trapped
chemicals along the 6-mile pipeline right-of-way to single anchor leg
mooring. These impacts would be similar to those discussed for dredging
in Freeport Harbor.

Onsite electric power generation would have relatively minor impacts
on water resources. Cooling water in quantities much less than needed
for leaching would be taken from the Brazos River raw water supply
system and could be discharged through the brine disposal pipeline to
the Gulf.

C.3.1.3 Air Quality

The quality of the air in the vicinity of Bryan Mound would be
slightly affected during site preparation and construction; impacts
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would be short term and confined to a relatively small area. The principal
pollutant of concern would be hydrocarbon emissions since data presented

in Section B.2.3.3 indicate that hydrocarbon concentrations in the
vicinity of Bryan Mound frequently exceed the NAAQS.

Sources of Emissions

The quality of the air at the Bryan Mound site during construction
would be affected by the following pollution sources:

o general construction vehicles
0 drilling rig engines
o fugitive dust

During the site preparation phase, there would be clearing operations,
landfill, and road construction. This phase would last approximately
seven months. A number of machines and heavy vehicles would be used.

The diesel and gasoline engines would emit hydrocarbons (HC), 502, co,

N02, and particulates.

Accurate prediction of quantities of pollutants emitted during
construction is difficult because emissions depend upon many factors,
including type, number and model year of vehicles, duty cycle, speed,
cold operation fraction, and ambient temperature. Vehicular emission
rates given in Table C.3-1 were calculated using emission factors from
U.S. EPA publication AP-42 (1976) and estimates of the projected use of
construction equipment. The onsite vehicle sources are assumed to be 10
heavy-duty gasoline vehicles and 10 heavy-duty diesel vehicles, with a
conservative duty factor of 2000 hours/year and maximum speed of 10
miles per hour.

Drill rig equipment typically includes three large engines, and
other smaller engines. These engines would be assumed to total 4000
horsepower and, as a worst case, to be heavy-duty diesels. The drill
rig equipment is assumed to operate at 50 percent load for about 7000
hours/ year. Estimated emission rates are given in Table C.3-1. Except
for CO, the estimated drill rig equipment emissions are much larger than
vehicular emissions.
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TABLE C.3-1 Onsite emission rate during construction.

Vehicles? Drill Rigb
Pollutant (g/sec) (g/sec)
co 1.37 1.306
Hydrocarbons 17 0.482
NO, .212 6.86
S0, | .020 0.432
Particulates .015 0.418

40 heavy duty gasoline vehicles plus 10 heavy duty diesel vehicles
at a conservative duty factor of 2000 hr/yr, each.

bAssuming 2 heavy-duty diesel drill rigs, 4000 total horsepower operating
at 50 percent load, 20 hours per day.

Source: Compilation of Air Pollutant Emission Factors, Se